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GENERAL INTRODUCTION 

American Chemical Society Series of 

Scientific and Technologic Monographs 

By arrangement with the Interallied Conference of Pure and 
Applied Chemistry, which met in London and Brussels in July, 
1919, the Amencan Chemical Society was to undertake the pro
duction and publication of Scientific and Technologic Mono
graphs on chemical subjects. At the same time it was agreed 
that the National Research Council, in cooperation with the 
American Chemical Society and the American Physical Society, 
should undertake the production and publication of Critical 
Tables of Chemical and Physical· Constants. The American 
Chemical Society and the National Research Council mutually 
agreed to care for these two fields of chemical development. 
The American Chemical Society named as Trustees, to make 
the necessary arrangements for the publication of the mono
graphs, Charles L. Parsons, Secretary of the American Chemical 
Society, Washington, D. C.; John E. Teeple, Treasurer of the 
American Chemical Society, N cw York City; and Professor 
Gellert Alleman of Swarthmore College. The Trustees have 
arranged for the publication of the American Chemical Society 
series of (a) Scientific and (b) Technologic Monographs by the 
Chemical Catalog Company of New York City. 

The Council, acting through the Committee on National Policy 
of the American Chemical Society, appointed the editors, named 
at the close of this introduction, to ha \'e charge of securing 
authors, and of considering critically the manuscripts prepared. 
The editors of each series will endeavor to select topics which 
are of current interest and authors who are recognized as author
ities in their respective fields. The list of monographs thus far 
secured appears in the publisher's own announcement elsewhere 
in this volume. 



4 GENERAL INTRODUCTION 

The development of knowledge in all branches of science, and 
especially in chemistry, ha5 been so rapid during the last fifty 
years and the fields covered by this development have been so 
varied that it is difficult for any individual to keep in touch with 
the progress in branches of science outside his own specialty. 
In spite of the facilities for the examination of the literature 
given by Chemical Abstracts and such compendia as Beilstein's 
Handbuch der Organischen Chemie, Richter's Lexikon, Ostwald's 
LehrLuch der Allgemeinen Chemie, Abegg's and Gmelin-Kraut's 
Handbuch der Anorganischen Chemie and the English and 
French Dictionaries of Chemistry, it often takes a great deal 
of time to coordinate the knowledge a,'ailable upon a single topic. 
Consequently when men who have spent years in the study of 
important subjects are willing to coordinate their knowledge 
and present it in concise, readable form, they perform a service 
of the highest value to their fellow chemists. 

It was with a clear recognition of the usefulness of reviews of 
this character that a Committee of the American Chemical 
Society recommended the publication of the two series of mono
graphs under the auspices of the Society. 

Two rather distinct purposes are to be served by these mono
graphs. The first purpose, whose fulfilment will probably render 
to chemists in general the most important service, is to present 
the knowledge anlilable upon the chosen topic in a readable 
form, intelligible to those whose activities may be along a wholly 
different line. Many chemists fail to realize how closely their 
investigations may be connected with other work which on the 
surface appears far afield from their own. These monographs 
will enable such men to form closer contact with the work of 
chemists in other lines of research. The second purpose is to 
promote research in the branch of science covered by the mono
graph, by furnishing a well digested survey of the progress 
already made in that field and by pointing out directions in 
which im'cstigation needs to be extended. To facilitate the 
attainment of this purpose, it is intended to include extended 
references to the literature, which will enable anyone interested 
to follow up the subject in more detail. If the literature is so 
voluminous that a complete bibliography is impracticable, a 
critical selection will be made of those papers which are most 
important. 
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The publication of these books marks a distinct departure in 
the policy of the American Chemical Society inasmuch as it is 
a :::erious attempt to found an American chemical literature with
out primary regard to commercial considerations. The success 
of the venture will depend in large part upon the measure of 
cooperation which can be secured in the preparation of books 
dealing adequately with topics of general interest; it is earnestly 
hoped, therefore, that e\"Cry member of the various organizations 
in the chemical and allilOd industries will recognize the impor
tance of the enterprise and take sufficient interest to justify it. 
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BOARD OF EDITORS 
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Preface. 

At the present time the field of organic arsenicals is probably the 
subject of more extensin chemical, biological and chemotherapeutic 
inyestigations than that of any other metal. This is dependent, in a 
large measure, upon the observations of the pioneers in this field, that 
carbon possesses a strong affinity for arsenic. As a result many satis
factory methods for the synthesis of organic arsenicals have been 
deyeloped. The elaboration of these deriYatiYes has also been greatly 
facilitated by the fact that it is often possiblr to isolate them in pure 
form-in many cases crystalline compounds are obtained. 

For seveml centuries prior to 1900 there existed conflicting ideas 
regarding the practical value of arsenic in medicine, but all doubt as to 
its therapeutic efficiency ,vas finally di8pelled with the demonstration 
of striking curative effects produced by organic arsenicals. Among the 
earliest observations made with this class of compounds were those of 
Thomas, Breinl and Kinghorn, who in 1905 noted that atoxyl exerted a 
favorable influence in experimental trypanosomiasis. This led to the 
extensive innstigations of Ehrlich and his collaborators, which cul
minated in -the elaboration of arsphelwmine and directed the attention 
of the scientific world to the field of organic arsenicals. 

During the past ten years this branch of chemistry has developed 
at such a rate that treatises on the subject written only a few years 
ago seem now to be inadequate. The authors have felt for some time 
that a more modern book on arsenicals is necessary and, accordingly, 
we have written thi" monograph with the hope that it may serve to 
facilitate inYestigations in thi" field. It has been our aim to include 
practically eyery compound of thi~ type reported in the literature up to 
date, and ''Ie haY(' consulted almo8t all of the original articles and patents 
published in the Engli:3h, German, French and Russian languagcs. With 
the exception of a few extremely important compounds and their inter
mediates, no detailed methods of preparation luwe been ginn because 
of lack of space. The list of references, however, in the back of the book 
was made a~ complete as possible in order to assist the inyestigator in 
finding details of the original work. The arsenicals without C - As link
age haye not bcrn treatrd as completely as the rest of the monograph 
becau:"e, stril'tly ~peaking, they do not lie within the srope of this woric 

In order to acquaint the chemist with the signifirance of the organic 
arsenicals in medicine a special rhapter on the chemotherapy of these 
compounds has been included. This may also be of ;-alue to the biologist 

7 



8 PREFACE 

as it represents an attempt to treat chemotherapy as a distinct branch of 
medical science, and to describe its aims and the modern methods em
ployed in chemotherapeutic investigations. 

The authors are indebted to Mr. William R. Winicov, one of our 
associates at the Dermatological Research Laboratories, for his whole
hearted cooperation and invaluable assistance both in the writing of this 
book and in its preparation for publication; to Dr. Jay F. Schamberg, 
Dr. John A. Kolmer, Dr. Alfred S. Burdick, and the Abbott Laboratories 
of Chicago for their encouragement and assistance; to Dr. Austin M. 
Patterson for his suggestions regarding the nomenclature, and to Mr. 
Barrett C. Fisher for his assistance in the reading of the proof. Finally, 
we desire to express our thanks to Mr. Asa Don Dickinson, librarian 
of the University of Pennsylvania, and to Mr. Alfred Rigling, librarian 
of the Franklin Institute of Philadelphia, for their kindness in granting 
us access to various journals in the above libraries. 

Graduate School of Medicine, 
University of Pennsylvania, 
Philadelphia, Penna. 
June, 1923. 

G. W. R. 
J. L. G. 
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ORGANIC ARSE~~ 
COMPOUNDS 

Historical Sketch. 

Although the number of known organic arsenicals now extends into 
the thousands, they are all synthetic products, with the possible excep
tion of diethylarsine, which is claimed to be the gaseous product liberated 
by certain moulds from carpets or wall papers containing arsenical pig
ments.1• 2, 3, 4 The first recorded observations of the production of an 
organic arsenic compound were made in 1760 by L. C. Cadet de 
Gassicourt,5 who may be regarded as the father of this class of com
pounds. He distilled a mixture of equal parts by weight of arsenic 
trioxide and potassium acetate in a glass retort luted to a receiver of 
the same material, and obtained two liquids, one being volatile and 
exhibiting acidic properties, while the other less volatile product was a 
heavy, fuming liquid inflammable in the air and having an intensely 
disagreeable garlicky odor. The latter became known as "Cadet's fum
ing arsenical liquid." This experiment was repeated by de Morveau, 
Maret and Durande, who also separated the two liquids and confirmed 
Cadet's observations regarding the heavier substance. The spontaneous 
inflammability of the latter they attributed to a new compound formed 
by the union of the arsenic trioxide and potassium acetate. These note
worthy observations, however, failed to arouse much interest among 
the other chemists of that time; they were satisfied with the knowledge 
that it contained arsenic, and that it was either poisonous or at least 
very irritating to the throat. 

It was not until 1804 that interest in Cadet's fuming liquid was 
revived. After some experimentation Tbenard 8 concluded that it was 
a complex arsenical acetate containing partially deoxidized arsenic tri
oxide. Subsequently such prominent chemists as Berzelius, Laurent, 
J. B. Dumas and Gerhardt studied the same compound and evolved 
various theories as to its constitution without being able to confirm their 
ideas with experimental evidence. In 1837 Bunsen 7 began a systematic, 
quantitative study of Cadet's liquid, which lasted for a period of six 
years. He applied the name "alkarsin" to the above liquid, and regarded 
it as a polymeric alcohol with the oxygen replaced by an equal number 
of arsenic atoms, corresponding to the formula As(CHa)2' J. B. Dumas,8 

17 



18 ORGANIC ARSENICAL COMPOUNDS 

working along the same lines, also concluded that alkarsin was an 
oxygen-free compound of the composition C4H 12As2 , and sought to 
explain its formation by the action of acetic acid upon hydrogen arsenide. 

After the appearance of Bunsen's first article, Berzelius became 
interested in this compound. He regarded alkarsin as the oxide of a 
compound radical C4H 1ZAs2 , which he named "kakodyl" on account of 
the disagJ;eeable odor of its derivatives. Further light was thrown upon 
this subject when Bunsen 9 repeated his first experiments-this time with 
a carefully purified sample-and found that it contained oxygen and 
corresponded to the formula C4H 12AszO. He later described and deter
mined the formulas of normal and basic cacodyl halides, the cyanide, 
sulfide, disulfide and selenide, double :oalts of cacodyl chloride and the 
halides of heavy metals, and similar compounds of cacodyl oxide.10 

In 1842 Bunsen finally succeeded in isolating cacodyl by treating 
cacodyl chloride with zincY This was an eyent of great importance, 
as it helped to clear up the composition of Cadet's fuming liquid. It 
was, however, of even greater significance at that time, when numerous 
attempts were being made to isolate compound radicals supposed to be 
capable of existence in accordance with the theory of Berzelius. The 
following year 12 he published the results of his investigation of cacodylic 
acid, hitherto designated as "alkargen." He ascribed to it the formula 
C4H14As20 4, and described several of its salts as well as some of the 
metallic salts of thiocacodylic acid. It is interesting to note that Bunsen 
also examined the physiological action of cacodyl and its derivatives. 

The constitution of cacodyl now became the subject of considerable 
discussion. Frankland, who had discovered that zinc reacted with alkyl 
halides to form zinc dialkyls, regarded it as a compound of arsenic and 
the methyl radical. According to him its structure was analogous to 
that of arsenic disulfide, while cacodyl oxide and cacodylic acid corre
sponded to arsenic trioxide and arsenic acid respectively Y Kolbe con
sidered cacodyl as a coupled radical consisting of two equivalents of 
methyl and one of arsenic, and hence was closely related to zinc and 
tin dialkyls.14 It remained for Cahours and Riche 15 to definitely estab
lish the correct constitution of cacodyl, which they obtained together 
with trimethylarsine and tetramethylarsonium iodide by the interaction 
of methyl iodide and sodium arsenide. They also showed that cacodyl 
reacts with alkyl halides according to the equation: 

(CHS)2As -As(CHs)2 + 2RX ~ (CHs)2R2AsX + (CHa)2AsX, 

and that upon heating arsenic with alkyl iodides there are obtained 
double salts of tetra alkyl arsonium iodides and arsenic triiodide, e. g., 

2As + 4CHsI ~ (CHa)4AsI.Asla. 

The interest aroused in Cadet's liquid led other investigators to 
experiment along the same line by replacing potassium acetate with 
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salts of the higher homologous acids. Accordingly, in 1848 Wohler 16 

obtained inconclusive results on distilling equal parts by weight of 
arsenic trioxide and potassium butyrntc, while five years later appeared 
the observations noted by Gibbs 17 on distilling white arsenic and potas
sium valerate. In 1854 Landolt 18 synthesized ethyl cacodyl by Cahours 
and Riche's method, employing ethyl iodide. He also prepared tri
ethyl arsine and ethylcacodylic acid, and showed that these ethyl deriva-

. tives corresponded with the cacodyl compounds in almost every respect. 
The next important advance in the field of organic arsenicals was 

made by Baeyer.19 In 1858 he distilled Cadet's liquid with concen
trated hydrochloric acid and mercuric chloride, and obtained pure cacodyl 
chloride, which upon distillation with potassium hydroxide yielded pure 
cacodyl oxide. He also showed that cacodyl chloride was unsaturated 
by combining it with chlorine to form a trichloride which was identical 
with the compound prepared by Baeyer from cacodylic acid and phos
phorus pentachloride. He further observed that the trichloride may be 
converted into cacodylic acid by hydrolysis; that warming at a moderate 
temperature decomposes it into methyl chloride and methyldichloro
arsine, and that the latter can be employed as the starting material in 
the preparation of other arsenicals, such as methylarsinetetrachloride, 
methyldiiodoarsine, methylarsinesulfide and methylarsonic acid. 

In 1859 Cahours 20 found that by heating alkyl iodides with zinc or 
cadmium arsenite, it was possible to obtain double salts of the arsonium 
iodide and the metallic iodide, e. g., (CHa) 4AsI.ZnI2 or CdI2 , from 
which the quaternary iodide could be isolated by treatment with aqueous 
caustic potash. He showed that this was a general method of preparing 
quaternary compounds, and that the latter could be converted into 
tertiary arsenicals by distillation either alone or over solid caustic potash. 
In addition, Cahours prepared tetramethyl- and tetraethyl arsonium tri
iodides, compounds similar to the corresponding ammonium triiodides 
previously obtained by Weltzien. The arsonium triiodides, he found, 
could be decomposed by distillation into an alkyl iodide and a dialkyl 
iodoarsine; the latter, upon heating with iodine, could then be converted 
into the corresponding alkyl diiodoarsine, and this in turn into arsenic 
triiodide. He thus clearly showed the simple relationship existing among 
the four series of organic arsenicals: 

RAsI2 , R 2AsI, RaAs, R,AsI. 

In 1861 Hofmann 21 prepared an interesting compound, triethyl-w
bromoethylarsonium bromide, from which he obtained triethylvinylar
sonium hydroxide and double salts of the corresponding chloride with 
platinic and gold chlorides. These were the first arsenicals to be pre
pared which contained an unsaturated radical. The same investigator 
also prepared diarsonium compounds/2 e. g., 
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(C2H~) aAsCH2 .CH2As(C2H&) I, 

I I 
Br Br 

(C2H5)sAsCH2.CH2.NHs, and phos-
arsammonium salts,23 e. g., I I 

Br Br 
(C2H 5 ) sAsCH2 • CH2P (C2H&) 3. 

pharsonium compounds/! e. g., I I 
Br Br 

The next year Cahours 2" synthesized pentamethylarsine, the only 
arsenical ever prepared in which five alkyl or aryl radicals are attached 
to a single arsenic atom. 

The investigations of Hofmann and Cahours mark the end of the 
first epoch in the history of organic arsenicals, during which time the 
pioneers in this field had dealt solely with aliphatic compounds. The 
distinction of preparing (though unknowingly) the first aromatic com
pound of arsenic belongs to Bechamp.26 In 1860, while studying the 
conditions under which magenta is produced from aniline, he noted that 
aniline arsenate when heated with an excess of aniline did not yield 
colored products until a temperature of 190-200° had been reached. 
Three years later he described a colorless product which he had obtained 
by heating aniline arsenate under the above conditionsY He regarded 
this new substance as an acidic anilide of the formula C12H sOaAsN; pre
pared its sodium, potassium, silver and barium salts, and concluded that 
it was a monobasic acid. Nothing further was said about this compound 
for the next forty years. 

In 1875 Michaelis 28 began his investigation of aromatic arsenicals, 
which ultimately resulted in the synthesis of a large number of these· 
compounds, embracing almost every type known at the present time. 
The first compound in this series was phenyldichloroarsine, which he 
obtained by heating mercury diphenyl and arsenic trichloride in a sealed 
tube, the reaction proceeding according to the equation: 

Hg(C6H 5 )2 + 2AsCl3 ~ 2CaH5AsCl2 + HgCI2 • 

This method was generalized so that it became possible to obtain a series 
of aryl dihalogenated arsines. From the above dichloroarsine he then 
prepared the first pentayalent aromatic arsenical, phenylarsinetetra
chloride.29 

LaCoste 30 in 1881 noted that the methyl group of 4-methylphenyl
arsonic acid could be oxidized to a carboxyl by means of potassium 
permanganate in alkaline solution, forming a carboxyphenylarsonic 
(benzarsonic) acid. In the same year Michaelis and Schulte 31 prepared 
the first arseno compound, arsenobenzene, by reducing phenylarsine
oxide with phosphorous acid in alcoholic solution. The following year 
they prepared the same compound by similarly reducing the correspond-
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ing arsonic acid. This disconry was destinerl to bc of the utmost 
importance to the domain of chemotherapy, as it was Ehrlich's obsen'a
tion of the trypanocidal and spirillicidal action of arsellO compounds, 
that led to the elaboration of the remarkable drugs, arsphenamine and 
neoarsphenamine. • 

An important method of preparing tertiary aromatic arsines was 
developed by Michaelis and Reese 32 in 1882. It consists in treating 
a mixture of an aryl halide and arsenic trihalide with metallic sodium 
in the presence of a suitable anhydrous medium: 

3RX + AsX3 + 3N a2 ~ R3As + 6N aX. 

In 1883, Meyer 33 developed a very interesting method of preparing 
primary aliphatic arsonic acids from sodium arsenite and alkyl iodides, 
the reaction proceeding according to either of the following equations: 

or 

/ONa 

As-ONa+RI ~ 

'ONa 

,,0 
~ RAs-ONa + NaI 

"" ONa 

/ONa ,,0 ,,0 
As - ONa ~ NaAs - ONa + RI ---+ RAs - ONa + Nal. 

"" ONa "" ONa "" ONa ' ' 

This method, known as "Meyer's Reaction," was modified by Klinger 
and Kreutz 34 in 1889, and extended by Dehn 35 in 1905. 

Up to 1894 the belief existed that arsenic, unlike nitrogen and phos
phorus, could not form primary or secondary alkyl or aryl arsines. 
This theory was partially disproved when Palmer 36 succeeded in obtain
ing dimethyl arsine from cacodyl chloride b:v reduction with platinized 
zinc and hydrochloric acid, and completely broken down seven years 
later when the same investigator, in collaboration with Dehn, prepared 
methyl- and phenylarsines.37 

Partheil and Amort 58 obtained in 1898-9 a series of double salts of 
"hexaalkyldiarsonium" iodides and mercuric iodide by heating alkyl 
iodides with mercuric arsenide in a sealed tube. Mannheim repeated 
these experiments in 1905, and showed that the above compounds were 
in fact double salts of tetraalkylarsonium iodides and mercuric iodide,39 

In 1902 there appeared two important articles by Michaelis 40 which, 
in addition to the description of a large number of arsenicals, con
tained a new general method for the preparation of primary dihalo
genated arsines by heating tertiary arsines with arsenic trichloride in a 
sealed tube. Among the new compounds contained in these articles 
were naphthalene derivatiyes and tri (sulfophenyl) arsine oxide. The 
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latter was the only sulfonated msenical prepared up to 1922, when Hill 
and Balls 41 isolated a sulfonaphthylarsonic ~1Cid. 

In 1905 Dehn investigated Meyer's reaction for the preparation of 
alkyl arsonic acids, and found that better yields could be obtained by 
employing potassium arsenite instead of the sodium salt, and that alkyl 
Iodides were better suited for this reaction than 'Lhe bromides.4~ In the 
same paper he described ethylarsine and also various arsonium com
pounds prepared from ethyl- and phenylarsines and alkyl iodides accord
ing to the equation: 

RAsH2 + 3R' I ~ RR'sAsI + 2HI. 

The following year Dehn and Wilcox prepared the only known sec
ondary nromatic arsine, diphenylarsineY In the same year Delm and 
McGrath 44 extended Meyer's reaction to the preparation of yariom 
other aliphatic arsonic acids, and also described the most favorable con
ditions for obtaining the best yields. 

About this time the initial researches in the field of chemotherapy 
were begun. In 1903 L:tveran found that although arsenious acid kills 
trypanosomes in the test-tube, it is incapable of destroying them in the 
animal body. In the snme year Ehrlich, who together with Shiga had 
been conducting exten"iI"C im'estigations in the chemotherapy of trypa
nosome infections, undertook the study of atoxyl and obsernd that it 
did not exhibit any parasiticidal actiyity. In 1905, however, Thomas,'" 
and in the following yem Breinl and Kinghorn,46 published papers in 
which they presented positive evidence that atoxyl has a therapeutic 
effect in experimental trypanosomiasis. Their results encouraged Ehrlich 
to such an extent that he again undertook the study of this compound, 
and also made plans for the preparation of new deriyatives which might 
haye a greater therapeutic effect and a lower toxicity. His initial diffi
culties were caused by the incorrect explanation of the constitution of 
atoxy]. As we han already seen, Bech:lmp had regarded his colorless 
product obtained from aniline and arsenic acid as an anilide of ortho 
arsenic acid whose structure, according to our modern notation, would 

correspond to the formula C6Ho (NHAS II gH). Since atoxyl was 

"" OH 
regarded as the monosodium "alt of the above compound containing 
two molecules of water of crystallization, the possibility of producing 
new derivatives through the amino group seemed very remote. In 
addition, it was presumed that all account of the N-As linkage the 
arsenic Hcid rndical would be easily split off by the usual hydrolyzing 
agents. Great was the surprise, therefore, when Ehrlich found that on 
treating atoxyl with nitrous acid there was obtained a substance which 
behaved like [t diazo-compound and could be coupled with the usual 
azo components to form yellow, reel or orange dyestuffs containing 
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arsenic. These reactions could not be reconciled with the accepted 
formula of atoxyl, which he and Bertheim soon pro,·ed to be incorrect, 
the true structure of the compound correeponding to a monosodium salt 
of para aminophenylarsonic acid. The free acid they named "arsanilic 
acid" on account of the eimilarity between its method of preparation 
and that of sulfanilic acid. 

The recognition of the correct constitution of atoxyl proYed to be 
of the utmost importance to chemotherapy, as it opened a wide field 
for chemical and biological investigation. Thus, by attacking the amino 
group, a large number of new compounds were prepared, among the first 
of which was 4-acetylaminophenylareonic acid isolated by Ehrlich. Its 
sodium salt ("arsacetin") ",oas superior to atoxyl in therapeutic ,oalue, 
but despite the occasional cures obtained with it in mice infected with 
trypanosomes, the results were not satisfactory, because of the uncer
tainty of its after-effects upon the animal. As both atoxyl and arsacetin 
exhibited no trypanocidal properties in the test-tube but exerted a thera
peutic action when injected into the body, Ehrlich concluded that the 
drugs must undergo some change before they can effectively act upon 
the parasites. Now, in previous investigations, particularly on the 
"oxygen requirements of the body," Ehrlich had found that many tissues 
act as reducing substances. This prompted him to assume that penta
valent arsenicals, such as atoxyl and arsacctin, probably undergo reduc
tion in the animal body before acting upon the trypanosomes. Accord
ingly, he reduced the arsonic acids to arseno compounds by means of 
suitable reducing agents, e. g., sodium hydrosulfite, and observed that 
the products were stronger trypanocidal agents. Among the first of 
these was arsenophenylglycine, a single injection of which was sufficient 
to sterilize experimental animals. At this time Ehrlich, in an address 
before the "Deutsche Chemische Gesellschaft," remarked that even if 
arsenopheny 19lycine, which had thus far exhibite.d the best re>,ults in 
animal experimentation, should not fulfill his expectations in human 
therapy, the way was clearly indicated-the reduction of the arsenical 
should not be left to the human body, but should be accomplished in the 
test-tube. By introducing suitable groups into the aromatic nucleus he 
hoped to diminish the toxicity of the arsenicals, from which number he 
would select those possessing the maximum affinity for the arsenie 
receptors. Accordingly, a series of new arsenicals were prepared and 
tested out upon experimental anima!:", among which were a number of 
amino arsonic acids, N-acylated derivatives of the same, di(4-amino
pheny 1) arsinic acid, hydroxy arsonic acids, 4-aminophenylarsineoxide 
and arseno compounds. The latter ,yere found to possess the undesirable 
property of rapidly oxidizing in the air to form toxic compounds. 

The problem was finally soh'ed by utilizing the results obtained in 
other fields of research. 'Yhile engaged in chemotherapeutic studies of 
azo dyestuffs, Ehrlich noted that compounds containing the hydroxyl 
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and amino groups in ortho position to each other were the most active 
in destroying trypanosomes. He applied this to the arsenicals, and with 
the assistance of his collaborators prepared among other products 
4-oxaly laminopheny larsonic acid, 3-nitro-4-oxaly laminopheny larsonic 
acid, 3-nitro-4-aminophenylarsonic :wid and 3-nitro-4-hydroxyphenyl
arsonic acid. By reducing the latter with sodium hydrosulfite they 
finally obtained 3,3' -diamino-4,4' -dihydroxyarsenobenzene and its dihy
drochloride, which proved to be the best medicament in the treatment of 
syphilis. It. was first known as "606" on account of the fact that 605 
other preparations were made before its discOYerers finally elaborated 
this most efficacious drug, which was marketed under the trade name 
"Salvarsan." Later a similar produrt was manufactured in England and 
named "Kharsinm"; also by the French who called it "Arsenobenzol," 
while in the United States the name "Arsphenamine" was adopted. The 
results obtained with this new drug exceeded all expectations, for not 
only trypanosomes, but also spirillm and spirochetes were removed from 
the blood of the infected animals in a remarkably short time. Subse
quent therapeutic investigations in syphilis, frambcesia, recurrent fever, 
etc., proved it to be the most valuable remedy yet produced for treat
ing these diseases. 

The work of Ehrlich and his co-workers did not terminate with the 
elaboration of arsphenamine-they continued their search for still more 
effective remedies: As a result, numerous derivatives of arsphenamine 
were prepared and investigated biologically, the most important of which 
was "Neosalvarsan," a product very easily soluble in water with a 
neutral reaction, and prepared from 3,3'-diamino-4,4'-dihydroxyarseno
benzene and sodium formaldehydesulfoxylate. Although this substance 
is not quite as therapeutically effective as arsphenamine, it has a lower 
toxicity and is tolerated much better by patients. The use of neoars
phenamine has been increasing continually, so that to-day it is the most 
widely employed arseniral in the treatment OI syphilis. 

The same inYestigators prepared yarious polyamino arseno com
pounds and senral isomers of arsphenamine, ·which did not compare 
with the latter as a therapeutic agent. They also noted that the arseno 
compounds can be further reduced tu nrsines, compounds so easily 
oxidizable that they cannot find practical application in therapy, but are 
quite valuable in various syntheses. Thus, they react with arsineoxides 
to yield atseno compounds: 

RAsH2 + R' AsO -----,) RAs = AsR' + H 20. 

If Rand R' are different radicals, the resulting products are unsym
metrical arseno compounds. The latter were also produced by the same 
investigators upon reducing it mixture of two different arsonic acids: 
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or by the interaction of two different symmetrical arseno compounds: 

RAs = AsR + R' As = AsR' ~ 2RAs = AsR'. 

They also showed that the arsines could be condensed with aryl 
dihalogenated stibines or with bismuth trihalide to form arseno-stibino 
and arseno-bismuth compounds respectively: 

RAsHz + R'SbClz ~ RAs = SbR' + 2HCI 

{

RASH2 + BiCls ~ RAs = BiCI + 2HCI 

2RAs = BiCI + RAsHz ~ RAs < ~~ !:~ + 2HCI 

Finally, Ehrlich and his collaborators prepared various metallic coordi
nation products of arseno compounds containing either one or two 
molecules of the metal, but the exact composition of these substances 
has not yet been definitely established. According to the followers of 
Ehrlich the metal attaches itself to the arsenic, the compounds corre-

fRAs ... Me]X 
sponding to the formula L II , where M = the metallic element 

RAs ... Me X 
and X the acid radical. On the other hand, Binz and his collaborators 
claim that arseno compounds containing no amino groups are unable to 
form coordination products with metallic salts, and that the metal must 
therefore be attached to the nitrogen. Thus, the substance obtained 
from arsphenamine and silver nitrate would be represented by the 

AsC6Ha (OH) (NH2 .AgCI) 
formula II . This discussion has recently as-

AsC6Hs (OH) (NH2 .AgCI) 
sumed considerable importance on account of the appearance on the 
market of a new drug, silver arsphenamine, but no definite conclusions 
have thus far been reached. 

Bertheim was not only the co-author of most of the papers published 
by Ehrlich on chemical subjects, but he also published a number of 
papers under his own name and in collaboration with others. In 1908 
he described the preparation of an isomer of p-arsanilic acid by reducing 
Michaelis' nitrophenylarsonic acid, but he did not know whether the 
new acid was an ortho or a meta compound.47 In the same year he 
obtained phenylarsonic acid, 4-hydroxy-, ethoxy-, chloro- and carboxy
phenylarsonic acids from p-arsanilic acid by diazotizing and treating as 
in the case of non-arsenated aromatic amines.48 In 1910 he prepared 
various nuclear halogenated derivatives of p-arsanilic aeld; 49 in 1911 he 
described various derivatives of 4-aminophenylarsineoxide,so 4-oxalyl
aminophenylarsonic acid, 3-nitro-4-aminophenylarsonic acid, 3,4-di
aminophenylarsonic acid and various derivatives of the latter,51 and, 
together with' Benda,5z demonstrated that in Michaelis' nitrophenyl
arsonic acid the nitro group was in the meta position to the arsenic. 
In the following year appeared the account of his further studie~ on 
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3-amino-4-hydroxyphenylarsonic acid, in which were described com
pounds containing one, two and three methyl groups attached to the 
nitrogen, and their corresponding arseno derivatives. 53' In his next 
article on arsenicals, which appeared in 1914, he described his discovery 
that upon heating an arseno compound with methyl iodide in a sealed 
tube the following reaction takes place: 

RAs = AsR + 3CHsI ~ R(CHs)sAsI + RAsI2 .54 

In the succeeding year his last article was published posthumously.:;:; It 
deals with the extension of Meyer's reaction to the preparation of ali
phatic-aromatic arsinic acids by treating an aryl arsine oxide with an 
alkyl iodide in alkaline solution: 

RAsO + R'X + NaOH ~ RR'AsO .. OH + NaX (R = an aryl and 
R' an alkyl radical). 

Benda, one of the later collaborators of Ehrlich, prepared in 1908 a 
number of amino aryl arsonic acids and their derivatives by Bechamp's 
method. In these investigations he was assisted by Kahn.56 In the 
same year he described for the first time di (4-aminopheny 1) arsinic acid, 
di (3-methy 1-4-aminopheny I) arsinic acid, their acetyl derivatives, di (4-
hydroxyphenyl) arsinic acid and di (3-methyl-4-aminophenyl) arsinic 
acid.57 In the following year he succeeded in obtaining amino aryl 
arsonic acids in which the amino group is ortho to the arsenic by heating 
para substituted amines with arsenic acid.58 In 1911 he described 
2,5-diaminophenylarsonic acid and showed that it could be converted 
into m-arsanilic acid.GD In the same year he prepared for the first time 
o-arsanilic acid and several of its derivatives; 60 obtained 3-nitro-4-
hydroxyphenylarsonic acid from 3-nitro-4-aminophenylarsonic acid by 
heating with caustic potash,61 and described the conversion of 3-nitro-
4-aminophenylarsonic acid into 4-amino-3-hydroxyphenylarsonic acid, 
from which he obtained an isomer of arsphenamine, 4,4' -diamino-3,3'
dihydroxyarsenobenzene.62 In 1912 he showed that upon nitrating 
p-arsanilic acid under the proper conditions there results a 3,5-dinitro 
derivative whose amino group may be replaced by a hydroxyl on warm
ing with aqueous caustic potash.63 Two years later he described the 
first methoxy amino aryl arsonic acid, 3-methoxy-4-aminophenylarsonic 
acid, and various derivatives of the same,B4 also the preparation of 
3,4,5-triaminophenylarsonic acid by reducing 3,5-dinitro-p-arsanilic 
acid.65 Finally, in 1917 he prepared for the first time a number of 
arsenical derivatives of anthraquinone.66 

The first publication on arsenicals by Karrer, another disciple of 
Ehrlich, appeared in 1912, and contains a description of 4-nitrosophenyl
arsonic acid.67 The following year he described diazimidophenylarsonic 
acid, its various nuclear substituted derivatives, 3,4-dinitrosophenyl
arsonic acid and several phenazine dyes containing arsenic.68 In the 
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same year he showed that 3-nitro-4-hydroxyphenylarsonic acid can be 
prepared from 3-nitro-4-dimethylaminophenylarsonic acid by heating 
with concentrated aqueous caustic soda.69 In 1914 he was the first to 
describe 4-iodochloride-, iodoso- and iodoxyphenylarsonic acids,1° and the 
method of converting 3,5-dichloro-4-aminophenylarsonic acid into 
3,5-dichlorophenylarsonic acid, 3,5-dichloro-4-iodophenylarsonic acid, 
3,5 - dichloro - 4 - diazimidopheny larsonic acid and 5,5' - dichloro - 4, 4' -
diamino-3,3' -dihydroxyarsenobenzene.71 He observed an interesting phe
nomenon in connection with 2-nitrophenyldichloroarsine, namely, that 
when its solution in hydrous ether is preserved in a sealed tube exposed 
to direct sunlight it seems to change successively into 2-nitrophenyl
arsineoxide, 2-nitrosopheny larsinedioxide and 2-nitropheny larsonic acid. 72 

He also claimed that arsenicals containing two amino groups in meta 
position to each other dissolve in soda or sodium bicarbonate in the 
presence of free carbon dioxide, forming carbamino derivatives. 73 In 
the following year appeared his important article dealing with stilbene 
arsenicals,74 and also one in which are described various carboxylated 
arsenicals, whose carboxy groups are in ortho position to the arsenic!5 
Later in the same year, in conjunction with Ehrlich, he published an 
article on the constitution of the arseno-metallic coordination products, / 
in which was expressed the view that the metal is attached to the 
arsenic.76 In 1916 he described a third method of preparing unsym
metrical arseno compounds by the interaction of two different sym
metrical arseno derivatives. 77 Finally, in 1919 appeared his most recent 
article on arsenicals,78 in which he offers further evidence in confirmation 
of his original view as to the constitution of the metallic coordination 
products of arseno compounds. 

Following the elucidation of the chemical constitution of atoxyl, 
Pyman and Reynolds in 1908 prepared other amino aryl arsonic and 
arsinic acids by the Bechamp reaction. 79 In the same year Barrowcliff, 
Pyman and Remfry converted the above amino compounds into hydroxy 
derivatives by diazotizing and subsequently proceeding in the usual 
manner; they coupled the diazo compounds with various phenolic and 
amino compounds; and also prepared phenazine diarsonic acids by treat
ing a dilute sulfuric acid solution of an amino aryl arsonic acid with 
ammonium persulfate.80 In the same year Dehn 81 published the results 
of his further study of organic arsines. This article contained the first 
descriptions of diisoamylarsine, benzylarsine, diisoamyldimethylcacodyl 
and also several new aliphatic arsonium compounds which he obtained 
from secondary arsines and alkyl iodides: 

R2AsH + 2R'I ---7 R2R' 2AsI + HI 

At this time Michaelis developed a very satisfactory method of pre
paring 4-dimethylaminophenylarsonic acid from the corresponding arsine
oxide by oxidation with hydrogen peroxide in alkaline solution.82 This 
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method was subsequently generalized. In 1908 Morgan and Mickle
thwait prepared dicamphorylarsinic acid and its oxychloride,BB and the 
next year they isolated tricamphorylarsine dihydroxide.B4 At the same 
time Mameli found that o-nitroaniline could be arsenated directly by 
the Bechamp reaction.85 

A very valuable general method for synthesizing aromatic arsonic 
and arsinic acids was developed by Bart in 1912.86 The arsonic acids 
are obtained by diazotizing an amine, coupling with sodium arsenite, and 
warming until the nitrogen is completely removed: 

ti° 
RN = NX + NagAsOg ~ RAs - ONa + NaX + N 2 • 

"ONa '~ 

If, however, the diazo compound IS coupled with an aryl arsenite, the 
product is a diary I arsinic acid: 

ONa 0 
RN=NX+R'As( -~ RR'As{ +NaX+N2 • 

'ONa 'ONa 

This procedure, known as "Bart's Reaction," has been found very efficient 
in preparing new arsenicals, and has facilitated the preparation of many 
compounds already known. The method was later modified by Bart, 
who at first discovered that the alkaline medium can be dispensed with 
if copper salts are present,Br and then subsequently obtained still better 
results with various metallic catalysts in alkaline solution.s8 . In 1919 
Mouneyrat modified Bart's method of synthesizing arsonic acids by caus
ing normal diazo compounds to react with cold or warm, aqueous or 
dilute alcoholic solutions of arsenious acid in an acid, alkaline or neutral 
medium, and in the presence of special catalysts depending upon the 
particular medium selected.89 The following year H. Schmidt 90 claimed 
that Bart's reaction proceeded most smoothly on treating normal diazo 
compounds with potassium arsenite in neutral or slightly acid medium 
without the aid of a catalyst. 

Fourneau and Oechslin in 1912 prepared the stovaine and several 
interesting alkaloid esters of p-benzarsonic acid as well as their corre
sponding arseno derivatives.91 In the same year Winmill attempted to 
resolve several arsonium compounds containing asymmetric arsenic 
atoms into optically active components, but obtained no striking results.92 

In 1913 Frankel and L6wy succeeded in preparing quinaldinearsonic 
acid by condensing p-nrsanilic acid with acetaldehyde. They1 also 
described the corresponding arsineoxide.93 About the same time Michaelis 
and Schafer determined the molecular weights of arsenobenzene and 
p-arsenotoluene, and found them to correspond with the formulas 
C6H5As = AsC6H5 and CrHrAs = AsCrHr respectively, thereby further 



HISTORICAL SKETCH 29 

demonstrating the structural similarity between arseno and azo com
pounds.94 In the same year Danysz 95 observed that by employing a 
combination of arsphenamine and silver nitrate in the treatment of 
experimental trypanosomiasis, better therapeutic results can be obtained 
than with arsphenamine alone. In the following year he described three 
new compounds, prepared by combining arsphenamine with silyer chlo
ride, bromide and iodide,96 and finally a triple combination of arsphen
amine, silver bromide and triyalent antimony, which was introduced into 
therapy under the name of "Luargol." 97 In 1914 E. Fischer announced 
that the higher fatty acids of the acetylene series, e. g., behenolic or stear
olic acid, when heated with arsenic trihalides, combine to form acid com
pounds containing arsenic. The best known of these is chloroarsinoso
behenolic acid, whose strontium salt has been introduced into therapy 
under the name of "Elarson." 98 In the same year K. Oechslin prepared 

arsonic acids of the type H 2 0 3AsRN < ~~2COOR" by heating N-phenyl

alkylglycine esters with arsenic trichloride in the presence of pyridine, 
and oxidizing with hydrogen peroxide. The corresponding arsinic acids 
are also formed at the same time. He also saponified the above arsonic 
acid esters and reduced the resulting acids to arseno derivatives. By 
applying this method to monoalkylated aryl amines he obtained alkylated 
amino arsonic and the corresponding arsinic acids.99 

A valuable method of synthesizing dihalogenated arsines was devel
oped by Roeder and Blasi 100 in 1914. It depends upon the treatment of 
arsenic trihalides with a mercurihalide of the type RHgX, where R 
represents an aliphatic, aromatic or heterocyclic radical, the reaction 
proceeding according to the equation: 

RHgX + AsX3 ~ RAsX2 + HgX2. 

If the aromatic or heterocyclic mercurihalide contains groups capable 
of reacting with the arsenic trihalide, e. g., COOH, OH, NH2 , etc., they 
must first be protected by alkylation, as otherwise the haloid acid formed 
will split off the mercury. 

In 1915 Finzi 101 prepared the first arsenical derivatives of thiophene 
by reacting arsenic trichloride with mercurydithienyl, or better with 
thienylmercurichloride, and oxidizing the resulting thiophene-2-dichloro
arsine to the corresponding arsonic acid by means of hydrogen peroxide 
in alkaline solution. He also isolated the corresponding arsineoxide and 
2,2' -dithienylarsinic acid. In collaboration with Furlotti 102 he also 
prepared 5-nitrothienyl-2-arsonic acid, the corresponding amino and 

• acety lamino derivatives, and di (5-nitrothieny 1) arsinic acid. At this 
time Griittner and Wiernik 103 described two methods of preparing aryl
cyclopentamethylene arsines, the reactions proceeding according to the 
equations: 
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CH < CH2.CH2.MgBr + Cl> A C H ~ 
2 CH2.CH2.MgBr Cl s 6 5 

CH2 < g~:: g~: > AsCsH 5 + MgCl2 + MgBr2' 

CH < CH2.CH2.Br + 4N + Cl > A C H 
2 CH

2
.CH2.Br a Cl s s 5 

(CH2)5 = AsCsH5 + 2NaCI + 2NaBr. 

The same investigators also described several derivatives of the above 
arsines containing pentavalent arsenic. In the following year Grlittner 
and Krause 104 obtained phenylcyclotetramethylenearsine and derivatives 
similar to those described under the pentamethylene compounds. 

In 1915 appeared an article by Michaelis in which were described 
0- and p-arsenobenzoic acids.100 This publication marked the conclusion 
of Michaelis' investigations in the field of organic arsenicals. He was 
the first deliberately to prepare aromatic arsenicals, of which he pre
pared a greater number than any other investigator up to the present 
time. Some of his methods of synthesis are still being used. As a 
result of his personal investigations and those in collaboration with his 
assistants, the chemistry of the aromatic arsenicals was placed on a firm 
foundation, and the way cleared for future triurilphs in the new science, 
chemotherapy. 

In 1916 Sieburg lOG described several higher aliphatic esters of 4-arsin
oxybenzoic acid, arsinoxy compounds derived from 4-dichloroarsino
benzoyl chloride and various aliphatic and aromatic amino acids in 
alkaline solution, their corresponding arsonic acids and arseno deriva
tives. In the same year Zappi described mcthylcyclopentamethylene
arsine (Methy larsepidine J and ~ome of its deriyatives.107 

Steinkopf and Bauermeister in 1917 descfibed a method of separating 
thienyl-2-dichloroarsine, 2,2'-dithienylchloroarsine and 2,2' ,2"-trithienyl
arsine from the mixture obtained by reacting arsenic trichloride with 
mercurydithienyl or thiophenemercurihalide.108 In 1920 Steinkopf in 
collaboration with Mieg lOU first prepared isoamyldichloroarsine, phenyl
methy lchloroarsine and ethy larsineoxide; obtained (l-na phthy Idichloro
arsine and cacodyl chloride in pure form, and described the first thio
cyanoarsines, the cacodyl- and diphenyl derivatives. In the following 
year, Steinkopf with various collaborators published five additional arti
cles dealing with arsenicals. With Muller 110 he prepared triethylarsine 
cyanobromide by condensing triethylarsine and cyanogen bromide in 
the complete absence of moisture, which readily converts the addition 
product into triethylarsine hydroxy bromide. He noted that in the above 
arsine cyanobromide the negative CNBr group has a greater affinity 
for arsenic than for the nitrogen of the corresponding amine derivative. 
He also prepared a similar cyanobromide with phenylcyclopenta-
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methylenearsine.1ll Wit!1 the cooperation of Schwen 11" he explained 
the simultaneous formation of arsonium iodides and triiodides by the 
interaction of aromatic arseno compounds and methyl iodide in the 
following manner: 

CHaI 
RAs = AsR -----i> 

CHaI 
R - As - AsR -----7 

/ "'-
CHa I 

R R 
CHa> is-tS<CHs 

1 I 
4CH sI 

-----7 2RCHsAsI 2R(CHs)sAsIa; 

2R(CHs)aAsIs + RAs = AsR ~ R(CHa)aAsI + 2RAsI2 ; 

showed that a similar reaction oecurs between eacody 1 and un excess of 
methyl iodide: 

CH H CHsI II) ( 3)2As-As(C a)2 ---7 (C s zAs 
I 
I 

3CH31 
(CHs)2AsI + (CHs)sAs --? (CHs).AsIs + (CHs).AsIi 

that secondary iodo arsines and methyl iodide combine to form arsonium 
triiodides: 

and that secondary chloro-,. bromo- or cyanoarsines yield with methyl 
iodide a mixture of an ar~oniull1 monoiodide and triiodide, while cacodyl 
bromide and methyl bromide interact to form trimethylarsine dibromide: 

(CHa)2AsBr + CHsBr -......;;. (CH3)3AsBr2' 

The same authors obtained tetramethylnrsonium iodide and phenyl
diiodoarsine from tetramethylarsonium triiodide and symm. dipheilyldi
iododiarsine: 

CsH} > As - As < fsH5 + (CHs) 4AsIs ~ (CHs) 4AsI + 2CeH5AsI2' 

and also dipheny ldimethy larsonium cnneaiodide, (CsHo) 2 (CHa) 2Asl . Is, 
from the corresponding triiodide and iodine in a saturated alcoholic iodine 
solution. In subsequent articles these two inycstigators described sey
eral new tertiary aliphatic-aromatic arsine cyanobromides, hydroxy 
halides and picrates; 113 the results of their studies Oil the pyrogenic 
decomposition of tertiary aliphatic-aromatic arsine hydroxybromides,'H 
and also seyeral addition products of iodoform and arsonium halides. l L, 

The most recent work of Steinkopf, in collaboration with Donat and 
Jaeger, was published in 1922,"0 and deals with further studies of addi
tion products of cyanogen bromide and tertiary arsines, including ethyl-
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cyclopentamethylenearsine. In the same article the authors describe 
several new tertiary arsines, their hydroxy bromides and picrates, and 
dialky lcyclopentamethy lenearsonium halides. 

In 1918 Zappi and Landaburu 117 described several new salts of 
As-dimethylarsepidine which they had prepared from the corresponding 
hydroxide by treatment with mineral acids. In the same year Jacobs 
and Heidelberger utilized Bart's method for the preparation of a number 
of hitherto undescribed nitro aryl arsonic acids. They also devised a 
method of reducing these to the corresponding amino compounds by 
means of ferrous sulfate in alkaline medium.l1S In the following year 
they published the results of their studies on the action of arsenic acid 
upon phenol, in which they deinonstrated that the action is more com
plicated than had been hel,''ltofore assumed, and that in addition to 
4-hydroxyphenylarsonic acid there are also formed the ortho and meta 
isomers, di (2-hydroxyphenyl) arsinic acid and 2,4' -di (hydroxyphenyl)
arsinic acid. Thus, they were the first to prepare 0- and m-hydroxy
phenylarsonic acids, the identity of which they proved by synthesizing 
the same compounds from the corresponding amino acids by diazotizing 
and replacing the diazo group with a hydroxyl in the usual manner.ll9 

In 1919 Raiziss 120 described a number of aryl arsonic acids contain
ing nuclear mercury. The ncxt year the same investigator published the 
results of his studies on the ehemistry of arsphenamine and its relation 
to toxicity,121 while in 1921 there appeared a similar article on neoars
phenamine,122 demonstrating that the commercial drug is a non-uniform 
mixture of the mono and di-N-mcthylenesulfinic acid derivatives of 
arsphenamine together with uncombined sodium formaldehydesulfoxylate, 
sodium sulfate and chloride. In 1922 Raiziss, after a series of diffusion 
experiments with arsphenamine and some of its metallic coordination 
products, came to the conclusion that the latter are not homogeneous 
substances, as Bauer had claimed, but intimate mixtures of arsphenamine 
and the metals in colloidal form.123 In the same year 124 he also described 
several condensation products of arsphenamine and various aldehydes of 
the type, 

[RCH(OH)NH] (HO)CaHgAs = AsCaH 3 (OH) [NH(HO)HCR]. 

In 1919 Jacobs and Heidelberger outlined a plan of procedure for 
the synthesis of arsenicals for chemotherapeutic research.125 They first 
prepared amides and alkyl amides of N-arylglycinearsonic acids by the 
interaction of sodium amino aryl arsonates with the ami des or alkyl 
amides of chIaro fatty acids: 126 

H 20 aAsRNH2 + CICH2CONHR' ~ 
H 20 aAsRNHCH2CONHR' + HCI. 

The most important compound of this series is N- (phenyl-4-arsonic 
acid) glycineamide or "Tryparsamide," H20aAsC6H4NHCH2CONH2' In 
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a similar -manner they obtained ureides and ~-substituted ureides of 
N -ary 19lycinearsonic acids.127 With chloroacety lure a or its simpler 
~-alkyl derivatives the reaction could be accomplished by boiling in 
aqueous solution with the sodium amino arylarsonates. In the prepara
tion of the ~-arylureides of phenylglycinearsonic acid, however, involving 
the use of the very sparingly soluble chloroacetyl-substituted phenyl
ureas, the reaction proceeded most satisfactorily in 50 per cent. alcohol 
and only after sodium iodide had been added to bring about the inter
mediate formation of the more reactive iodoacetyl compounds. In the 
succeeding papers they described a number of aromatic ami des of N-aryl
glycinearsonic acids/28 also N -substituted glycylarsanilic acids,129 
N- (phenyl-4-arsonic acid) -u-phenylglycine and its amides,130 substituted 
benzyl, phenoxyethyl and phenacylarsanilic acids,13l the amides of 
(4-arsonic acid) -phenoxyacetic acid and the isomeric phenoxyacetyl
arsanilic acids,132 diazoamino compounds of p-arsanilic acid and its 
derivatives,133 and finally azo dyes derived from arsanilic acid.134 

A study of the composition of commercial arsphenamine was made 
in 1920 by Fargher and Pyman who found that samples of the drug 
precipitated from methyl alcoholic solution by means of ether contain 
no methyl alcohol of crystallization. They also found that when the 
drug is prepared from 3-nitro-4-hydroxyphenylarsonic acid by reduction 
with sodium hydrosulfite, it contains from 1 to 3 per cent. of sulfur, of 
which one part is in the form of the group - NH. S03H, another part is 
attached to the arsenic, while the remainder is probably physically asso
ciated with the compound.135 In the same year Burrows and Turner 
made the interesting observation that tertiary aliphatic-aromatic arsines 
combine additively with methyl-, ethyl- or phenyldiiodoarsine, to form 
compounds of the type R3As. R' AsI2 , which may be separated into their 
constituents by dissolving in benzene.136 In the following year the same 
investigators described several arsenicals containing asymmetric arsenic 
atoms. These compounds they found to be resolvable into optically 
active components, which, however, racemized so rapidly that the observed 
rotation was smalU 37 Later in the same year they described additional 
products of phenyldimethylarsine with the iodides of phosphorus, arsenic, 
antimony, bismuth and quadriyalent tin, also similar products from 
phenyltrimethylarsonium iodide and the iodides of cadmium, lead and 
bivalent mercury.l3B 

The question of sulfur in commercial arsphenamine was again investi
gated in 1921 by King,139 who claims that the principal sulfur-containing 
impurities are the hydrochloride of 5-sulfo-3,3'-diamino-4,4' -dihydroxy
arsenobenzene, (HCI. HeN) (HO) CaH3As = AsCsH 2 (OH) (NH2 ) (S03H), 
and arsphenamine sulfate. In the same year Christiansen investigated the 
indirect reduction of 3-amino-4-hydroxyphenylarsonic acid to arsphen
amine; suggested a method of preparing a relatively non-toxic sample 
of the latter, and described a polyarsenide of arsphenamine.140 Later 
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he showed that a relationship exists between the toxicity and the mode 
of synthesis of arsphenamine.'41 Thus, by altering the conditions under 
which the nitro group of 3-nitro-4-hydroxyphenylarsonic acid is reduced, 
the toxicity of the product can be made to fluctuate within wide limits. 
Arsphenamine of comparatively low toxicity and sulfur content, he 
found, is more consistently obtained by using pure 3-amino-4-hydroxy
phenylarsonic acid as the starting material. In addition, he noted that 
the relatively toxic by-products with a high sulfur content, formed during 
the preparation of the drug from 3-nitro-4-hydroxyphenylarsonic acid, 
are not due to impurities in the commercial sodium hydrosulfite.142 

In 1921 Wieland and Hhcinheimer described a long series of phen
arsazine compounds.H3 About the same time Kalb published an account 
of the preparation of arsanthrene (diphenylenediarsine) and ,a number 
of its deriYatiYes,144 while Green and Price described B-chlorovinyldi
chloroarsine, di (~-chloroyinyl) chloroarsine and tri (~-chlorovinyl) 
arsine 145 which they obtained by the interaction of dry acetylene and 
arsenic trichloride in the presence of aluminium chloride. In the same 
year W. Lee Lewis published three articles on Ilrsenicals. In the first,146 
he described 6-chlorophenoxarsine and a number of its deriYatiYes, and 
pointed' Oilt the close resemblance between the chemical properties of 
the parent compound and those of diphenylchloroarsine; in the second, 
he described a method of condensing 4-dichloroarsinobenzoyl chloride 
with benzene, toluene, anisole, phenetole and diphenyl ether in the 
presence of aluminium chloride, with carbon bisulfide as a solvent,147 
while the third paper contained an account of 7-chloro-7,12-dihydro-y
benzophenarsazine, prepared by condensing phenyl-o.-naphthylamine with 
arsenic trichloride, and also a number of its derivatiyes_148 

In 1922 Roger Adams published the results of his extensive investi
gations of various arsenical compounds. By employing alkyl bromides 
or chlorides instead of the iodides, he eliminated several objectionable 
features connected with the i~olation of alkyl arsonic acids prepared by 
Meyer's reaction. He also prepared \·arious aliphatic and mixed ali
phatic-aromatic arsinic acids by a further application of the same 
reaction, employing alkyl halides and sodium alkyl or aryl arsenites 
respectiyely. By the same method he was also able to obtain many 
compounds of the general formula HOeAsRCH2CONHR', where R is a 
phenyl, 4-aminophenyl or 4-acetylaminophenyl group, and R' is a phenyl 
or substituted phenyl group.149 In a second article he showed that 
primary aryl arsines and aldehydes may react in three ways, depending 
upon the conditions of the experiment, forming bis (o.-hydroxyalkyl)
arylarsines, tetrahydro-1,4,2,5-dioxdiarsines or arseno compounds/50 

while in a subsequent paper 151 he described 1- (4' -arsonophenyl)-
2-phenyl-4,5-diketopyrrolidine and a number of derivatives of this series 
which he obtained by the action of pyruvic acid upon amino arylarsonic 
acids and aromatic aldehydes. He also found that those of the above 
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amino acids which contain substituents in ortho position to the amino 
group form benzylidene derivatiYes which do not react further with the 
pyruvic acid. 

The importance of the impulse gi"en by Ehrlich to the development 
of chemotherapy in general and to the expansion of the field of organic 
arsenicals in particular cannot be oYerestimated. The interest in these 
two sciences has penetrated all the civilized countries, where physicians, 
chemists, bacteriologists and protozoologists are now united in their 
search for specifics of even greater therapeutic value than arsphenamine 
to aid humanity in its struggle against such dreaded diseases as cancer, 
tuberculosis, etc., which either entirely resist or are only slightly affected 
by the therapeutic agents now at our disposal. I, , 

\ 

\, 



Chapter I. Trivalent Aliphatic Arsenicals. 

A. Primary Derivatives. 

1. Alkyl Arsines, RAsH2 .-Unlike the corresponding amines and 
phosphines, the members of this group are prurtically devoid of basic 
properties, with the exception of ethylarsine which combines with sul
furic acid to form a salt easily decomposed by water. They are pre
pared by reducing primary arsonic acids with amalgamated zinc dust 
and hydrochloric acid in alcoholic medium, with the exclusion of atmos
pheric oxygen. The pure products, obtained by distilling under reduced 
pressure, are colorless, mobile, transparent oils of high refractive power, 
readily soluble in alcohol or ether, slightly so in water, and possessing 
disagrees.ble odors and powerfully virulent properties. In contrast with 
arsine (AsH3), they readily absorb oxygen from the air, the affinity for 
this element increasing with the number of alkyl groups attached to the 
arsenic. Thus, methyl arsine is first partially oxidized to methylarsine
oxide, which then reacts with the remaining arsine to form a glistening 
red polymer of arsenomethane, (CH3As) 4; ethy larsine yields a light
yellow substance, while the secondary and tertiary arsines spontaneously 
inflame in the air, the former yielding dialkylarsinic acids, RzAsO. OH, 
and the latter trialkylarsine oxides, R3AsO. Dilute nitric acid oxidizes 
the primary arsines to all(ylarsonic acids, but the concentrated reagent 
decomposes them, oxidizing the alkyl groups to the corresponding fatty 
acids, and the arsenic to a mixture of arsenic- and arsenious acids. They 
are also oxidized to arsonic acids by silver nitrate. Dry halogens react 
with the primary arsines to form alkyldihalogenated arsines, the reaction 
probably proceeding as follows: 

RAsH2 + X 2 ~ RAsHX. HX -~ RAsHX + HX 
RAsHX + X 2 ~ RAsX2 • HX ~ RAsX2 + HX 

In the presence of a solvent, howe\'er, oxidation to the arsonic acid 
occurs. 

When heated with alkyl halides in a scaled tube at 110°, the arsines 
react to form arsonium compounds: 

CH3AsH2 + 3CH3I ~ (CH3)4As1 + 2HI. 

At ordinary temperature, however, there are obtained white or slightly 
yellow, iridescent crystals which are stable in dry air, but are decom
posed by moisture with the simultaneous manifestation of a cacodyl 

36 
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odor. No analyses of these compounds have been made, but they prob
ably correspond to the formula R 2AsH. HI. By heating the arsines in 
sealed tubes at high temperatures, they decompose into the respective 
hydrocarbons, metallic arsenic and hydrogen; with ethyl arsine a second 
reaction evidently occurs, as triethylarsine is also produced. 

Methylarsine, CH3AsH2.-Sodium methylarsonate and an excess of 
amalgamated zinc dust are introduced into a large flask and treated 
with the proper amount of hydrochloric acid diluted with an equal 
volume of alcohol. The generator is connected in series with a wash 
bottle containing water, a long drying tube filled with soda lime, and a 

Fig. 1 

condenser of special form, fixed in a wooden vessel charged with solid 
carbon dioxide or a freezing mixture of ice and salt as shown in Figure 1. 
Its exit tube is connected with two wash bottles, the first containing 
concentrated sulfuric acid to exclude moisture, and the second concen
trated nitric acid to destroy any uncondensed arsine. All connections 
must be made by sealing the glass together as rubber is rapidly attacked. 
Air must be excluded from the entire apparatus at the beginning of and 
during the reduction. 

The condensed arsine is collected in the receiver (D) filled with 
hydrogen and preserved in sealed tubes.152 It is a colorless, transparent 
mobile liquid of high refracti\'e power, b. p. 2° /755 mm., 17°/1.5 atrnos.; 
soluble in alcohol, ether or carbon bisulfide, but very sparingly in water. 
The arsine has a disagreeable, penetrating odor like that of cacodyl, is 
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very poisonous, and fumes in the air, but is not spontaneously inflam
mable. It exhibits but very feebly basic properties, combining only to 
a very slight extent with hydrogen chloride under ordinary temperature 
and pressure, even after standing for a period of two weeks. It is 
oxidized by iodine solution to methylar~onic acid: 

CHsAsHz + 61 + 3H20 ~ CH 3AsO(OH)z + 6HI. 

On standing over mercury in contact with pure, dry oxygen, it is rapidl~ 
converted into the arsineoxide: 

upon continued !"tanding, howeyer, furtlH'r oxidation to the arsonic acid 
occurs: 

The last oxidation c:m be prewnted b:; remm'inlJ; the W:lter formed in 
the firf't phase of the reaction by means of fused calcium chloride. 

'''ith eoncentrated nitric acid tIl(' arsine yields methybrsonic, formic 
and arsenie acids; with mercuric chloride, mercuric methylarsonate is 
formed, while in a neutral or alk:-dine 8olution of silnr nitrate, oxidation 
to the arsonic ueid oecurs. By dceolorizing an alcoholic solution of 
iodine with meth)'lnrsine and e\Oaporating the r(';;:ulting solution to dry
ness, amber-colored needle" of meth~olC\iiod()arsine separate: 

but an rXf'C8" of ar~ille produ('cs an unidentified, browll, amorphous mass. 
Bromine in carbun bisulfide solution def'omposcH the arsine thus: 

CH3A~I-L + 6Br -~ Af'Br, + 2HBr + CH0Br; 

with cOllcentrated hydriodie acid ll1ethy ldiiodoarsine results; with hydro
gen sulfide there is a 8light formation of !l1cth)Olar~inesulfide: 

CHj'c8H" + H"S --~ CH"AsS + 2H~; 
while nlk:d iodides in 8('aled tubes filled with carbon dioxide at 100-150° 
for 6-8 hours, yield ar80nium compounds: 

vVhen heated in a sealed tube \vith carbon dioxide for 3 hours at 310°, 
methylarsine decomposes into methane, free arsenic: and hydrogen: 

Mdhylarsineoxide reacts witll mcthylnrsinc forming a pol)Omer of arseno
methane: 

, 
I 
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The pha~e" of t he reaction may be reprr~('nt('d tl1U~: 

CHs-As = 0 CHs-As-OH CHg-At.; 

II ~ I -7 I +H20 

CHg-As = Hz CHs-As-H CHs-As 

I 
J, 

combines with another mole
cule to form 

CHs-As-As-CHs 
I I 

CHs-As-As-CHs 
I 

\ 
Ethylarsine is prepared like the preceding compound from magnesium 

ethylarsonate, employing a freezing-mixture of salt and ice instead of 
solid carbon dioxide.153 If the alcohol is omitted in the above reduction. 
the product is arsenoethane. 

Ethylarsine is a yirulent liquid. of an extremely disngreeable, penr
trating odor, b. p. 36°, d. 1.217/22 0

; yery slightly soluble in water. and 
slowly oxidizing in air, forming light-yellow products. ,\Vith dry ()X~'gen 
it forms ethylarsinroxide; with concentrated nitric acid it yields ethyl
arsonic. acetic and arsenic acids, while with silver nitrate, metallic sil\'Cr 
is precipitated. epon pnsf'ing the arsine through concentrated sulfurie 
acid and allowing the liquid to stand for a numher of day", beau
tiful white, compact crystals separate which arc difficult to obtain 
fr-ee from sulfuric acid. It is probabl~' a salt of the composition 
(C2 H"AsHJ 2' H 2S0 4 , With iodine or bromine in a ;;:ealed tube contain-
ing ether the arsine react" to form ethyldiiodo- and dibromoarsine \\ 
respcctinly; with l"ulfur in a sealed tube fHlrd with carbon dioxide ethyl
arsinesulfide is obtained: 

with mercuric chloride or -iodide, or ,,,ith stannic chloride the dihalo
genated arsine results, while with phosphorus trichloride the products 
are the dichloroarsine and an unidentified compound. 'When equimolar 
quantities of arsenic trichloride and ethylarsine are brought together 
in a sealed tube containing ether, a polymer (CzH"As) x, metallic arsenic, 
and ethyldichloroarsine arc produced: 

8C2H J AsH2 + 8AsC!:; -~ (C2H"As)., + 4C2 H J AsCI2 + 16HCI + 8As. 

Antimony trichloride reacts similarly, forming a reddish-brown, amor
phous solid which slowly turns jet blark, and when dried inflames spon-' 
taneously. On heating the arsine in a scaled tube at 235° for three 
hours it decomposes into ethane and triethy larsine: 
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2C2H 3AsHe ~~ 2C"HG + 2As + H2 
3CzH 3AsH2 ---'? (C2H 3 ) sAs + 2As + He; 

but it is unaffected by heating with water in a sealed tube at 180 0 for 
six hours, or with concentrated hydrochloric acid at 70° for two hour~. 
·With alkyl iodides in sealed tubes at 70° it forms arsonium iodides. 

n-Propylarsine, prepared by reducing the corresponding arsonic acid, 
IS a volatile liquid.154 

2. Alkyl Dihalogenated Arsines, RAsX2 (X = halogen atom). 
Within recent years this class of arsenicals has been the subject of con
siderable inyestigation, with the result that during the ·W orld War, 
methyl- and ethyldichloroarsines were employed on account Jli. their 
extremely irritating action upon the mucous membranes of the eyes and 
nose, and other deleterious effects upon the human body. They were 
produced on a large scale from the readily available arsenic trioxide, 
which was first transformed into sodium arsenite, and then converted 
into either disodium methylarsonate, CH3As03Na2, by means of dimethyl 
sulfate, or into the corresponding ethyl derivative with ethyl chloride. 
By reduction with sulfur dioxide the abm"e arsonates yielded the 
respective alkyl arsineoxides, ,yhich with hydrochloric acid gas gave the 

. desired dihalogenated arsines.155, 156 The reactions inyolyed are as 
follows: 

{
Na3As03 + (CH3)2S04 ~ CH3As03Na2 + NaCH3S04 • 

Na3As03 + C2H 5CI ----? CZH5As03Naz + NaC!. 
RAs03Na2 + 2HCl + SOz -~ RAsO + H 2S04 + 2NaCl. 
RAsO + 2HCI ~ RAsCl2 + H 20. 

These compounds may also be obtained: 

1. From primary alkyl arsineoxides and haloid acids as shown above. 
2. By the action of dry halogens on primary arsines: 

{ 
RAsH2 + X 2 ~---;. RAsHX. BX ~---;. RAsHX + HX. 
RAsHX + Xc ~---;. RAsX". HX ----;. RAsX2 + HX. 

3. From primary alkyl arsonic acids and phosphorus trichloride: 

RAsO(OH)2 + PCl3 ~~ RAsCI:! + HP0 3 + HC!. 

4. As a result of the interaction of arsenic trichloride and mercury 
dialkyls: 

5. Upon distilling dialkylarsine trillalides: 

R 2AsX3 -~ RAsX2 + RX. 
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6. By condensing arsenic trihalides with alkyl halides by means 
of sodium: 

RCI + AsCl3 + 2Na ~ RAsCl2 + 2NaCl. 

The primary aliplwtic dihalogennted nrsines nrc colorless liquids 
generally soluble in alcohol or ether, but decomposed by wnter. The 
exceptions to the latter are mcthyl- and cthyldichloroarsines and methyl
diiodoarsine which are slightly soluble. 

Methyldichloroarsine, CH3AsCI 2 , is prepared commercially by dis
solving arsenic trioxide in caustic soda, converting the resulting trisodium 
arsenite into disodium methy larsonate with dimethyl sulfate at 85 0, and 
reducing to methylarsineoxide by means of sulfur dioxide. As a result 
of the action of sulfur dioxide upon the excess of sodium hydroxide, there 
is also formed sodium bisulfite which is decomposed at the end of the 
reduction by adding sulfuric acid. Hydrogen chloride is now passed into 
the mixture to com'ert the arsineoxide into the corresponding dichloro 
compound, the introduction of the gas being continued until an excess 
of about 20 per cent is obtained, thereby producing a constant boiling 
mixture which distills without decomposition, and also tends to prevent 
the reconversion of any dichloroarsine to the arsine oxide. Toward the 
end of the introduction of hydrogen chloride the temperature must 
be kept above 85° to preyent the Jormation of arsenic trichloride. 
Finally, upon distilling the liquid, the distillate separates into two 
layers, the lower containing the methyldichloroarsine and the upper, 
the constant boiling hydrochloric acid, from which any dissolved 
dichloroarsine is salted out by the addition of a saturated solution 
of calcium chloride. The entire yield of ehloroarsine is finally freed 
from water, methyl alcohol and hydrochloric acid by fractional 
distillation, collecting the portion coming over between 129° and 
132°.155 . 

The same product is formed when cacodyl trichloride decomposes at 
40-50° according to the equation: 

by treating dimethylarsine with an excess of dry chlorine; 158 by care
fully introducing methy larsonic acid into an excess of well-rooled phos
phorus trichloride and fractionating; 15!l or by warming together cacodylic 
and hydrochloric acids.160 

Methyldichloroarsine is a colorless, non-fuming liquid boiling at 133°, 
and is rcadily hydrolyzed by watcr." OM Its vapors h[we a terribly 
irritating effect upon the mucous membranes, and when inhaled produce 
swelling of the eyes, nose and face and a peculiar gnawing pain extending 
into the throat. It absorbs chlorine at - 10° forming methylarsine
tetrachloride. Magnesium does not act upon it in anhydrous ether, but 
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in the presence of water there is a violent reaction with the formation 
of methylarsine, hydrogen, methane and a precipitate of (CHsAs)x. 
With zinc a similar reaction occurs.161 

M ethyldiiodoarsine, CH3AsI2 .-Prepared by the action of hydriodic 
acid upon an alcoholic solution of methy larsineoxide; 162 by reducing 
methylarsinetetraiodide with sulfur dioxide; 163 or by treating methyl
arsonic acid with sulfur dioxide in the presence of hydrochloric and 
hydriodic acids.164 In the last method it is not necessary to actually 
isolate the arsonic acid, as the above diiodoarsine results upon allowing 
methyl iodide to react with sodium arsenite in aqueous alcoholic solution 
for 20 hours, distilling off the solvent, acidifying the residual solution, 
and saturating with sulfur dioxide.165 

It crystallizes from alcohol in elongated, yellow, lustrous needles, 
m. p. 25°, readily soluble in alcohol, ether or carbon bisulfide, sparingly 
in water, and volatilizing unchanged above 200°. 

Ethyldichloroarsine results from the interaction of mercury diethyl 
and arsenic trichloride at low temperature.166 It may also be obtained 
by permitting ethyl iodide and potassium arsenite to react in alcoholic 
solution according to the method of Dehn, with the formation of ethyl
arsonic acid. The alcohol and any ethyl ether formed are distilled off 
on a water-bath, the remaining mixture exactly neutralized with sulfuric 
acid, and then treated with dimethyl sulfate at the water-bath tem
perature to eliminate iodine. To the residue one volume of hydrochloric 
acid is added, the whole filtered, and the filtrate saturated with sulfur 
dioxide, when ethyldichloroarsine separates as a yellow oily liquid, which 
is purified by rectification in vacuo.167 A third method consists in warm
ing ethyldiiodoarsine with calcium chloride and anhydrous sodium 
carbonate on a water-bath for ty hours, and treating the resulting arsine
oxide with hydrochloric acid.b8 Commercially the compound is pre
pared from arsenic trioxideY6 This is converted into sodium arsenite 
with concentrated caustic soda solution and stirred with ethyl chloride 
for 12 to 16 hours under a pressure of 10 to 15 atmospheres. The excess 
of ethyl chloride and the alcohol formed during the reaction are distilled 
off, and the residue dissolved in water, neutralized with sulfuric acid 
and saturated with sulfur dioxide. The mixture is then heated to 70°, 
and the ethylarsineoxide, which separates out as a heavy oil, is mixed 
with hydrochloric acid and saturated with hydrogen- chloride at a tem
perature not above 95°. 

Ethyldichloroarsine is a colorless liquid with a faint fruity odor, 
b. p. 156° (LaCoste), 145-150° (Steinkopf), very soluble in water, and 
miscible with alcohol, ether or benzene in all proportions. It has an 
extremely irritating effect upon the mucous membranes of the eyes and 
nose, leaves painful blisters upon the skin, and when inhaled causes 
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difficulty in breathing, faintness and prolonged paralysis of the 
extremities. 

Ethyldibromoarsine is obtained together with an insoluble, red-brown 
amorphous solid by the interaction of equimolecular quantities of ethyl
arsine and bromine in ethereal solution.· It exists as an oil boiling at 
192 0 and combining additively with platinic chloride to form a yellow
ish-white crystalline compound, C2H 5AsBr2 • PtC14 .169 

Ethyldiiodoarsine.-Prepared from equimolar quantities of ethyl
arsine and iodine in a sealed tube containing ether,169 or from diethyl
arsinetriiodide by splitting off ethyl iodide yo Mare recently it has been 
made by reducing ethylarsonic acid with sulfur dioxide as in the case 
of the corresponding methyl derivative; 165, 168 also by gradually adding 
ethyldichloroarsinc (26 g.) to a solution of sodium iodide (45 g.) in dry 
acetone (300 c.c.), allowing to react for several hours, distilling off the 
acetone from the filtrate and extracting the residue with ether. From 
the latter the diiodoarsine is obtained by removing the solvent, and dis
tilling the remaining liquid under diminished pressure.l7l 

The compound is a liquid, b. p. 122.7 0 /11 mm.; with pyridine and 
quinoline it forms crystalline compounds soluble in excess of the reagent 
and reprecipitated by ether. 

n-Butyldichloroarsine, C4H 9AsCI2 , is produced by dissolving n-butyl
arsonic acid (150 g.) in concentrated hydrochloric acid (300 c.c.), add
ing a few crystals of potassium iodide as a catalyst and saturating with 
sulfur dioxide, when the crude dichloroarsine separates. After purifying 
by fractionation under diminished pressure, the pure compound IS 

obtained as a colorless oil, b. p. 192-4 0
•
172 

Isoamyldichloroarsine, C5H llAsCI2.-A chloroform solution of phos
phorus trichloride is allowed to drop into a similar solution of isoamyl
arsonic acid, and the whole refiuxed for one-half hour on a water-bath. 
The liquid is then filtered while hot, the filtrate distilled on a water-bath 
until nothing further comes over, and the residue fractionated in vacuo, 
the product consisting of a colorless liquid, b. p. 88.5-91.5 0 /15 mm. It 
has the characteristic odor of amyl compounds, irritates the nasal 
mucous membrane, and is decomposed by water in which it is insoluble.173 

Ethoxydichloroarsine, (C2H 50) AsC12 , prepared from equimolar 
amounts of sodium ethoxide and arsenic trichloride, is a colorless, fuming 
liquid, b. p. 145-6°/751 mm. When poured into cold water it decom
poses with the separation of arsenic trioxide.114 

~-Chlorovinyldichloroarsine, CHCl = CH.AsC12 , is obtained together 
with di (~-chlorovinyl) chI oro arsine and tri (~-chlorovinyl) arsine upon 



44 ORGANIC ARSENICAL COMPOUNDS 

introducing dry acetylene into a cooled mixture of anhydrous arsenic
and aluminium trichlorides, allowing the whole to react for six hours, 
decomposing with ice-cold hydrochloric acid, and fractionating the 
resulting oil in a current of hydrogen chloride. It is a colorless or faintly 
yellow liquid, b. p. 93 0 /26 mm., 96 0 /30 mm.; insoluble in water or dilute 
acids, but soluble in all common organic solvents. Cold, dilute alkali 
hydroxides cause a vigorous re~ction, acetylene being evolved with brisk 
effervescence. It rapidly absorbs halogens, forming a yariety of products. 
Thus, with bromine in carbon tetrachloride solution it yields a bromo 
compound, consisting of leaflets melting at 122 0

• The dichloroarsine is 
a very marked vesicant and a powerful respiratory irritant.115 

3. Alkyl Arsineoxides, RAsO.-These may be regarded as ortho 
/OH 

arsenious acid, As - OH, with one hydroxyl replaced by an alkyl group, 

" OH 
/R 

As - OH. The latter, however, do not exist as free acids, since they 

" OH immediately lose one molecule of water forming alkyl arsineoxides which 
are devoid of acid properties. On the contrary, they exhibit basic prop
erties, reacting with haloid acids to form alkyl dihalogcnated arsines 
and water as shown in the previous chapter. The methods of prepara
tion are: 

1. The action of alkali hydroxides or carbonates upon primary alkyl 
dihalogenated arsines: 

RAsCl2 + 2KOH ~ RAsO + 2KCI + H20 
RAsCl2 + K 2COa ~ RAsO + 2KCI + CO2, 

2. Reduction of primary arsonic acids by means of sulfur dioxide: 

RAsO(OH)2 + S02 ~ RAsO + H 2S04 , 

3. Alkylation of sodium arsenite and subsequent reduction with sulfur 
dioxide as already described under methyl and ethyl dichloroarsines. 

4. The oxidation of primary arsines by means of atmospheric oxygen: 

RAsH2 + 0 ~ RAsO + H 20. 

Methylarsineoxide, CHaAsO.-Prepared from methyldichloroarsine 
by treating with potassium hydroxide or carbonate solution; 176 by reduc
ing disodium methylarsonate with sulfur dioxide; 177 from methyldiiodo
arsine and sodium carbonate in benzene solution; 159 or from sodium 
arsenite by first methylating with dimethyl sulfate and then reducing 
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with sulfur dioxide as described under the preparation of ll1cthyldichloro
arsine.155 

It consists of colorle~s rrY::itals with an odor of asafetida, 1l1. p. 95°; 
soluble in water, alc:ohol, ether, carbon bisulfide or hot benzene, and 
slightly volatile in steam. Distilled with potassium hydroxide, it decom
poses il,1to ~acody I oxide and arsenic trioxide: 

4CH3AsO -~ As20 3 + [(CH3 )2AS]ZO. 

W.ith hydrogen sulfide it forms the corresponding arsinesulfide. 

Ethylarsineoxide is obtained from ethyldichloronrsine and potassium 
carbonate in benzene medium."o For large scale produetion it is pre
pared from arsenic trioxide as described under ethyjdichloroarsine, by 
being first converted into sodium arsenite, then cthylated by mcans of 
ethyl chloride under pressure, and the resulting product reduced to the 
arsineoxide with sulfur dioxide. 156 It is a colorless oil, b. p. 1580 /10 mm., 
which oxidizes rapidly in air, ~.llld is readily soluble in ether, benzene or 
acetone. 

4. Alkyl Arsinesulfides, RAsS.-Compounds of this type may be 
regarded as arsineoxides with the oxygen replaced by sulfur. This is 
borne out by the action of hydrogen sulfide upon arsineoxides, which 
proceeds according to the equation: 

RAsO + H 2S ----? RAsS + H 20. 

Other methods of preparation depend upon: 
1. The action of hydrogen sulfide upon primary dihalogenated 

arsines: 

2. The interaction of sulfur and primary aliphatic arsmes: 

RAsH2 + S2 ----? RAsS + H 2S. 

M ethylarsinesulfide, CHaAsS.-Prepared from methyldichloroarsine 
or methylarsineoxide and hydrogen sulfide."u It erystallizes as colorless 
leaflets or small prisms, m. p. 110°; has an odor re~embling asafetida, is 
readily soluble in carbon bisulfide, less so in alcohol or ether and 
insoluble in water. It is stable in air but is decomposed on heating, 
yielding arsenic trisulfide. 

Ethylarsinesulfide.-\Yhen one mole of ethy larsine and two atomic 
equivalents of sulfur are brought together in a ~enled tube filled with 
carbon dioxide, the sulfur rapidly dissolves and a viscid, colorless liquid 
results: 
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~-Chlorovinylarsineslllficle, CHCI::;: CH.AsS, is formed on treating 
a carbon tetrachloride solution of the corresponding dichloroarsine with 
hydrogen sulfide. The product obtained thus far is impure, consisting 
of a pale yellow liquid haying a garlicky odor, and solidifying to a hard 
resinous mass on cooling.181 

5. Aliphatic Arseno Compounds.-Arscnomethane, CHsAs = AsCHa) 
'obtained by reducing methylarsonic acid with hypophosphorous acid in 
the presence of sulfuric acid at water-bath temperature, is a heayy yellow 
oil with a strong garlicky odor, b. p. 1900/13 mm.; slightly soluble in 
alcohol or benzene, more readily in hot glacial acetic acid, but immii:3Cible 
with water. It oxidizes slowly in air, more rapidly in benzene solution; 
yields methyl dih1,llogenated arsines with halogeWl, while with methyl 
iodide at 1000 it forms tetrnmethylarsonium iodide and methyldiiodo
arsine, thereby resembling arscnobenzene, ,vhich under similar circum
stances yields tetraphenylarsonium iodide and phenyldiiodoarsine: IS2 

CHsAs = AseHa + 3CHsI ---3> CH 3AsI2 + (CHs).AsI. 

A red polymer, CHsAs - AsCHa, is obtained during the reduction of 
I I 

CHsAs - AsCHa 
methyl arsonic acid to the arsine when alcohol is omitted. It is also 
formed by the action of methy larsine upon the corresponding arsineoxide: 

2CHaAsHz + 2CHsAsO ---3> (CHS)4As + 2H2 0.1K3 

Its addition product with arsenic trioxide, (CH3AsJ4.AsZOS' "Erytrar
sin" is a red substance isolated by Bunsen from among the decomposi
tion products of cacodyl or impure cacodyl oxide and -chloride."" 

Another polymer, (CH3As) x, is a dark-brown, insoluble powder 
obtained by reducing methylarsonic acid with hypophosphorow; acid in 
the presence of hydrochloric instead of sulfuric acid. 1b5 It is abo pro
duced by heating dimethylarsine in a scaled tube at 335 0

•
1bG \rhen dis

tilled in hydrogen it decomposes quantitatively into tnmethylarsine and 
arsenic, resembling arsenobenzene which, on heating, quantitatiyely 
yields tripheny larsine and free arsenic: 

3CHaAs ~ (CHa)sAs + Asc• 

B. Secondary Derivatives. 

1. Dialkyl Arsines, RzAsH.-Although the first member of this 
ser,es, dimethylarsine, was prepared by Pulrner,36 it remained for Dehn 187 

to extellsively investigate and develop the compound~ included in this 
chapter. Like the primary aliphatic arsines, the secondary compounds 
possess but feebly basic properties. The one exception is the strongly 
basic dimethyl arsine, which combines additively with sulfuric acid, yield-
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ing a well-defined crystalline salt, [(CRg ) 2AsR] 2' H2S04 , decomposing 
slowly in moist air, but very rapidly in water. It also forms very 
unstable salts of the type, (CHg ) zAsR. HX, with haloid acids, while 
with platinic chloride it forms double salts analogous to those of the 
corresponding amine. 

The dialkylated arsines are more reactive than the primary com
pounds. Thus, dimethylarsine reacts very readily with such inorganic 
substances as oxygen, sulfur, halogens, haloid acids, halides of heavy 
metals, oxides, sulfides, oxygenated acids and their salts. As to the 
organic compounds, its reactions with alkyl halides and those substances 
upon which it acts as a 'reducing agent are the most characteristic. 

With halogens, compounds of the type R zAsH.X2, R2AsX and R2AsXa 
are formed: 

RzAsH + X 2 ____,. R2AsH. X 2 ____,. R2AsX + HX Xz R2AsXs ; 

with haloid acids, salts of the type R2AsH. HX are first produced, but 
these very quickly decompose into dialkyl halogenated arsines and 
hydrogen: 

R2AsH + HX ~ R2AsH. HX ~ R2AsX + H 2 • 

Heavy metal halides form dialkylhalogenated arsines: 

R 2AsH + l\1Xz ~ R 2AsX + M + HX (M = metal) ; 

while sulfur yields either mono- or disulfides depending upon the amount 
employed: 

2RzAsH + 82 -~ (RzAs)zS + RzS 
2RzAsH + Ss -~ (R2A~)2S2 + H2S. 

The affinity of aliphatic arsines for oxygen increases with the number 
of alkyl groups present. Thus, hydrogen arsenide does not react with 
that dement at ordinary temperatures; the primary arsines readily react 
but not with the spontaneous inflammability characteristic of the sec
ondary and tertiary arsines. The dialky 1 arsines may be oxidized to 
compounds of the type R2As. AsR2 , R2As. 0 . AsR2 or RzAsO .OH, 
depending upon the oxidizing agent employed. With alkyl halides, 
especially the iodides, addition products of the type R2AsH. R'l, and 

. RzR'2AsI are formed: 

J R 2AsH + R' I -~ R 2AsH. R'l ____,. RzR' As + HI 
I RzR' As + R' I ~ R2R' zAsL 

The secondary aliphatic arsincs may be prepared: 
1. By reducing the corresponding oxides or arsinic acids with amal

gamated zinc dust and hydrochloric acid: 

(R2As)20 + 2Hz ____,. 2R2AsH + HzO 
RzAsO.OH + 2H2 -~ RzAsH + 2HzO. 
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2. From dialkyl halogenated arsines by reduction with platinized zinc 
and hydrochloric acid in alcoholic solution: 

H2 AsX + H2 ~ R2 AsH + EX. 

3. By the dry distillation of tetranlkylar~Olliuln compounds. In the 
preparation of these compounds the a('el'~" of either air or moisture 
must be carefully guarded against. 

Dimethylarsine, (CHs) 2AsH, was first prepared by reducing cacodyl 
chloride with nascent hydrogen. Platinized zinc is covered with alcohol, 
enough hydrochloric acid added to gener;ate a rapid stream of hydrogen 
and a mixture of cacodyl chloride, hydrochloric acid and alcohol is 
gradually introduced. The resulting gaseous mixture of hydrogen and 
dimethylarsine is w!-ished by passing through two U-tubes containing 
water, then dried by passing through a third tube containing granular 
calcium chloride, and finally collected in a receiver immersed in a mix
ture of ice and salt, the dimethylarsine condensing, while the hydrogen 
and other volatile products remain unaffected and are subsequently col-' 
lected over water. If the cacodyl chloride is introduced too rapidly, or 
if an insufficient amount of hydrochloric acid is present, the main product 
obtained is cacodyl which, because of its high boiling point, either 
remains behind in the generator or is retained in the U-tubes containing 
the water.S6 

Since the preparation of cacodyl chloride from cacodyl oxide by 
treatment with mercuric chloride and hydrochloric acid IB8 is attended 
with considerable inconvenience, an easier method of securing the above 
arsine was developed by Dehn, which depended upon the direct reduc
tion of the crude "arsenical liquor of Cadet." 18U The yields thus 
obtained were not very tJatisfactory, due to the small amounts of cacodyl 
oxide present in the aboYe "liquor." By employing cacodyl oxide alone, 
however, the product was obtained in good yields. Zinc dust, cacodyl 
oxide and alcohol arc introduced into a round-bottomed flask and con
centrated hydrochloric acid slowly admitted. The generator is joined 
in series with a water wash-boUle, a l:-tube filled with soda-lime, a 
bulb condenser for dimethyiarsille surrounded with ice and salt, and 
two wash-bottles-one containing ~ulfurie and the other nitric acid. 
The connections throughout mU8t be of glass and cork, as rubber is 
easily attacked by the arsine. Whell air is present in the apparatus a 
red substance always appears; this contains a polymeride of arseno
methane and is identical with Bunsen's "Erytrarsin." In the above 
procedure reduction takes place in two stages: 

J [(CHa)2As]20 + H2 -- (CHS)2As.As(CHg)2 + H20 
1 (CHS)2As.As(CHs)2 + H2 ~ 2 (CHg)2AsH. 
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The product, which ran only be presen'ed in sealed tubes, is a colorless 
/ mobile liquid, b. p. 35.6°/747 mm., 55° /l.74 atmos.; d. l.213/29°. It 

has a characteristic cacodylic odor, and is miscible in all proportions 
with alcohol. ether, rhloroform, carbon bisulfide or benzene. It is very 
yolatile, infi:tming spontaneously in the air eYen at 0-10° and burning 
with a blue-white arsenical flame. When ('xpo>'ed to dirert sunlight for 
two weeks in an almost completely evacuated sealed tube, then heated 
for one hour at 192 0 and for two more hours at 242°, no eyident change 
is obsen'ed. But upon continued heating for another hour at 335 0

, the 
inner surface of the tube becomes ronred with a beautiful, lustrous, 
black, metallic mirror of the polymer (CHgAs) x, with the simultaneous 
liberation of a gas which burns with a blue flame. The reaction involved 
is either: 

X(CHs)eAsH ~ (CH3As)x + XCH4 

x x 
or X(CHa)2AsH ~ (CHaAs)x +2CeH 6 +2Hz. 

Dimethylarsine acts as a reducing agent-it precipitates metallic 
silver from aqucous silver nitrate; redures the oxides of nitrogen to 
either nitrous oxide or nitrogcn, while it is itself variously oxidized, 
cacodylic acid being the product generally obtained: 

2(CH3)2AsH + 4NO -~ UCH3)2As]20 + HeO + 2NeO 
2(CHa)2AsH+ N20 4 -~ 2(CH3)2AsO.OH+N2 
8(CHa)2AsH + N20 4 -~ 4[ (CHa)"As1 2 + N2 + 4HzO 
(CH3)2AsH + 2HNOz ~ (CH3)zAsO.OH + NzO + H 20. 

With nitric acid it yields cacodylic acid: 

(CHa)2AsH + 4HN0 3 ~ (CHS)2AsO.OH + 4NOe + 2H20. 
5(CHa)2AsH + 4HN03 ~ 5(CHs)zAsO.OH + 2N2 + 2HzO; 

with small amounts of chromic acid, cacodyl, but with an excess of the 
reagent cacodylic acid results: 

6(CH3 )zAsH + 2H2Cr04 -~ 3[ (CHs)2Aslz + 2Cr(OH)3 + 2H20 
3(CHa)2AsH + 4HeCr04 + 2HzO -~ 3(CH3)2AsO.OH + 4Cr(OHh 

Potassium chromate is reduced to CrOz. H 20; lead peroxide or mercuric 
chloride to the metal; ferric chloride to the ferrous salt; potassium ferri
cyanide in alkaline solution to the ferrocyanide, and molybdic acid to 
the hydrated molybdenum dioxide: 

j 4(CHs)2AsH + 5PbOe --~ 2f (CH3 H\sOzleP b + 3Pb + 2HzO 
14(CHs)2AsH + PbOz -~ 2[ (CHs)2As12 + Pb + 2H20 

(CHa)zAsH + HgCl2 ~ (CHs)eAsCI + Hg + HCI 
(CHa)2AsH + 2FeCl3 -~ (CH3)2AsCI + 2FeCl2 + HCI 
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{ 

(CHa)2AsH +.4KsFe(CN)6 + 5KOH ~ 4K4Fe(CN)6 + 
(CHS)2AsO.OK + 3H20 

4(CHs)2AsH + 4KaFe(CN)6 + 4KOH -~ 2[ (CHg)2As]2 + 4H20 + 
K4Fe(CN)6; 

2H2Mo04 + (CHa)2AsH -~ (CHg)2AsO.OH + 2Mo02H 20. 

With sulfur dioxide the following reactions occur: 

{

7(CHa)2ASH + 4802 ~ 2CHs)aAs8 + 2CHgAs8 + 3(CHa)2AsO.OH 
+2H20 

7(CHa)2AsH + 4802 ~ 2[ (CHS)2As]2S2 + 3(CHa)2AsO.OH 
+2H20; 

with sulfur monochloride dimethylchloroarsine is obtained: 

2(CHa)2AsH + S2C12 ~ 2(CHa)2AsCl + S + H 2S. 

Stannic chloride reacts with dimethylarsine forming dimethyl'lrsine
chlorostannide, (CHa) 2As. SnCls, which upon sublimation yields beauti
ful, large, colorless, deliquescent needles, having a very disagreeable, 
penetrating odor, and readily soluble in ether or carbon bisulfide, though 
less so in chloroform. 

With phosphorus-, arsenic- or antimony trichloride, dimethylarsine 
forms cacodyl chlorine, hydrochloric acid and other unidentified products, 
while heating with arsenic trioxide in a sealed tube filled with carbon 
dioxide at 100° for five hours and allowing to stand for two years yields 
a dark brown solid, largely (CHsAs) 4: . 

2CHsAsH + As20 a ~ (CHsAs)4 + H 20 + O2 •
190 

With sulfur, dimethyl arsine forms either the mono or disulfide depending 
upon the quantity of sulfur; with dry chlorine at ordinary temperature 
the final product is mainly methyldichloroarsine; with bromine, 
(CHs)2AsBr.HBr; and with iodine, (CHa)2AsI.HI. Bromine in the 
presence of water, however, produces cacodyl bromide and a dark-brown, 
amorphous solid which is probably identical with Bunsen's "Erytrarsin," 
while aqueous iodine yields cacodylic acid: 

(CHa)2AsH + 41 + 2H20 ~ (CHa)2AsO.OH + 4HI. 

With pure, dry hydrobromic acid, the product is a hydrobromide, 
(CHahAsH.HBr, which decomposes at -10 to 20° into dimethyl
bromoarsine and hydrogen. The latter two products are also obtained 
directly on heating dimethyl arsine with a slight excess of aqueous hydro
bromic acid in a sealed tube at 1250 for 24 hours. Dry hydriodic acid 
produces a white crystalline mass which soon becomes. effervescent and 
changes to cacodyl iodide. 

With an excess of platinic chloride the arsine forms a double salt, 
(CHa)2AsH.H2PtCI6' which decomposes with liberation of hydrogen and 
hydrochloric acid, yielding the compound (CHa)2AsCl.PtC14, but with an 
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excess of the arsine the product is [(CHs)2AsH]2H2PtCla. These com
pounds have not been obtained in pure form. Auric chloride in aqueous 
solution is redllced to the metallic condition, the dimethylarsine being 
oxidized to a mixture of cacodyl, cacodyl chloride and cacodylic acid. 

When equill1o1ar quantities of dimethylarsine and ethyl chlorocar
bonate are brollght together in a sealed tube filled with carbon dioxide 
no reaction is evident, but upon opening the tube combustible vapors are 
evolved. The residual oil is cacodyl chloride and is produced according 
to the reaction: 

(CHS)2AsH + CIOOCC2 H 5 -~ (CHs)2AsCI + HOOCC2H 5 .191 

Oxygen acts upon dimethyl arsine according to the following equa-
tions: 

1. 6(CHs)2AsH + 302 -~ 2(CHsAskAs20 S + 2C2H a + 3H20. 
2. 4(CHs)2AsH + O2 -~ 4 (CHsAs) x + 2C2 Ha + 2H20. 
3. 4 (CHsLAsH + 0" -~ AS4 + 4C2Ha + 2H20. 
4. 2 (CHs) 2AsH + 902 -------7 As2 0 S + 4C02 + 7H20. 
5. 4(CHs)2AsH + O2 -------7 2[ (CHS)2As]2 + 2HzO. 
6. 2(CHs)2AsH + O2 -~ [(CHS)2As]20 + H20. 
7. (CHS)2AsH + O2 -~ (CHS)2AsO.OH. 

The arsine reacts with dimethylchloroarsine, yielding cacodyl: 

(CHS)2AsH + (CHs)2AsCI -~ (CHS)2As.As(CHs)2 + HCI; 

while with dibromosuccinic acid, cacodyl bromide is obtained: 

2 (CHS)2AsH + C2H 2Br2(COOH)2 -------7 2 (CHS)2AsBr + C2H 4(COOH)z. 

Upon mixing dimethylarsine with concentrated sulfuric acid in a 
sealed tube filled with carbon dioxide, colorless prismatic crystals of the 
sulfate, [(CHS)2AsH]2 .. H2S04, are produced. This decomposes slowly 
in air but rapidly in water, regenerating its components. 

Diethylarsine has not been definitely prepared. According to Gosio 1 

various species of moulds, such as mucor mucedo, aspergillus glaucus and 
especially penicillium brevicaule, act upon arsenic compounds generat
ing a very poisonous gas containing arsenic and capable of killing a 
mouse in a few seconds. The same phenomenon was noted by other 
observers,s who had not identified the gaseous product. Gosio also con
cluded that poisoning cases occurring in rooms furnished with wall papers 
or carpets containing arsenical coloring matters were due to the above 
phenomenon, although the composition of the toxic compound remained 

. unknown. O. Emmerling,2 upon repeating Gosio's experiments was 
unable to confirm the latter's conclusions. He therefore advanced the 
theory that the cases of arsenical poisoning previously mentioned are not 
due to any volatile arsenical but to the inhalation of dust particles of 
the arsenical compound present in the wall papers or carpets. 
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Finally, Biginelli 4 thoroughly imestigated the gas noted by Gosio, 
and found that upon passing it into a hydrochloric acid solution of 
mercuric chloride, there separate colorless, tabular, triclinic crystals of 
the composition [(C2H 3 ) 2AsH .2HgC12h It sinters at 239-40°, decom
poses at 255-6°, and dissolves in boiling water, from which, upon cooling, 
a small quantity of a substance decomposing at 250-1 ° is obtained 

/ AsH(C2H 5 J2 

together with the oxide, ~ I .4HgC12 • The latter separates 

AsH (C2H5)2 
in shining scales sintering at 270° but is not completely fused at 290°. 
When treated successively with concentrated aqueous caustic potash and 
an ethereal solution of iodine it yields hygroscopic, straw-yellow needles 

/AsH(C2 H 5 )2.1 

of Z I ' m. p. 102°, which with silver sulfate forms the 

AsH (C2H 5) 2. I 
sulfate (C4HllOAs) 2804, m. p. 210° ; with moist silver oxide, deliquescent 

needles of the dioxide, (CzH5)2H.As<g>As.H(C2H5)2; and with potas

sium permanganate in nitric acid solution, the compound 0 [AsH (C2H 5 ) 2. 

OH J 2. KN03 - hygroscopic, acicular prisms melting at 129-31 ° and 
exploding at higher temperatures. By passing the arsenical gas evolved 
by P. brevicaule into mercuric nitrate solution there is precipitated an 
insoluble, infusible, yellow substance, (C2 H5) 2AsH. 2HgN03, which is 
not decomposed by boiling water. 

Although he was unable to isolate diethylarsine itself, Biginelli con
cluded that the formation of the foregoing compounds is sufficient evi
dence of its production from arsenical compounds contained in wall 
paper. 

Di-n-propylarsine, (C3H 7 ) 2AsH, is obtained together with other 
decomposition products in the dry distillation of the so-called "hexa
propyldiarsonium hydroxide," but actually tetrapropylarsonium hy
droxide, in an atmosphere of hydrogen.192 

Diisoa.mylarsine, (C5Hn) 2AsH, prepared by reducing diisoamyl
:1rsinic acid with amalgamated zinc duet and hydrochloric acid in the 
presence of ether, is a colorless liquid, b. p. 1500 /99 mm., having an odor 
resembling that of isoamyl alcohol. On exposure to air it oxidizes with
out inflaming, yielding diisoamylarsineoxide and the corresponding arsinic 
acid.193 When heated at 240-60° for 3 hours it decomposes according 
to the following equations: 

6(CsH u)AsH -....,> 4(C5Hll)3As + 2As + 3H2 
2(C5H ll )AsH -....,> C5HlO + C5 HI2 + C1oH 22 + 2As.194 
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2. Dialkyl Halogenated- and Cyanoarsines, R 2AsX.-As we have 
already seen, the hydrogen of the secondary arsines may be readily 
replaced with a halogen, by means of a lIaloid acid: 

R2AsH + HX ~ RzAsX + Hz, 

thereby furnishing conclusive evidence as to the chemical constitution of 
the secondary halogenated arsines. On the other hand, they may be 
regarded as arsenic trihalides in which two of the halogen atoms ha"e 
been replaced by alkyl groups. This is well borne out by a general 
method of synthesis consisting of the interaction of one molecular equiva
lent of arsenic trihalide with two of an alkyl halide in the presence of 
two molecules of sodium: 

From a practical standpoint, the most satisfactory method of preparation 
consists in reducing an arsinic acid with hypophosphorous acid in the 
presence of the respective haloid acid. This procedure offers a distinct 
advantage over that in which the haloid acid is permitted to react with 
secondary arsines, because of the difficulty involved in handling the 
latter. 

The methods employed in the preparation of secondary halogenated 
aliphatic arsines depend upon: 

1. The action of haloid acids upon secondary arsines: 

2. Condensation of arsenic trihalides with alkyl halides by means 
of metallic sodium. 

3. Reduction of aliphatic arsinic acids with hypo phosphorous acid 
in the presence of a haloid acid, e. g.: 

2(CHal zAsO.OH + 3HaP02 + 2HCI -~ 2RzAsCI + 3HgPOa + H 20. 

4. The action of phosphorus tl,'ichloride upon arsinic acids, e. g.: 

2(CHal2AsO.OH + 2PClg -~ (CHa)2AsCI + POCla + HPO g 

or 3(CRalzAsO.OH + 4PCIg -~ 3(CHal 2AsCI + 3POCIg + RaPOg • 

5. Distillation of secondary arsine oxides with concentrated haloid 
acids in the presence of mercuric chloride, e. g.: 

[(CRgl 2As 1z0 + 2HgClz + 2HCI -~ 2 (CHgl zAsCI + R 20 + 2HgC12 • 

6. The interaction of halogens and aliphatic cacodyls in ethereal 
solution: 
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7. The action of alkyl halides upon tetraalkyldiarsines: 

(CHS)2As.As(CHs)2 + 2CH3I -~ (CHs)2AsI + (CHS)4AsI. 

The dialkyl halogenated arsines arc virulent, oily liquids with an 
unbearable odor. They can be readily obtained pure by distilling in 
vacuo or in an atmosphere of inert gas, are generally insoluble in water, 
soluble in the usual organic solvents, and oxidize readily on exposure to 
air. 'Vhen heated with alkyl halides in a scaled tube, they yield tetra
alkylarsonium halides. 

The dialkyl cyanonrsines, R2AsCN, are extremely poisonous com
pounds which may be obtained by the action of either hydrocyanic acid 
or mercuric cyanide solution upon the corresponding arsineoxides. The 
dimethyl compound is a solid at ordinary temperatures, while the diethyl 
derivative is a liquid. A particularly interesting method of pre
paring the latter consists in distilling tridhylarsine bromocyanide, 
(C2H 5 ) 3AsCN. Br, under reduced pressure, the reaction proceeding 
according to the following equation: 

(C2H5)sAs.CN.Br ~ (C2H5)2As.CN + C2H5Br. 

In addition, a dimethylthiocyanoarsine, (CRS)2As.CNS, has been 
prepared by the action of sodium thiocyanate upon dimethylchloro
arsine, thereby differing from both the primary aliphatic and aromatic 
dihalogenated arsines, which do not yield the corresponding dithiocyano
arsines with sodium thiocyanate-an indication that arsenic is incapable 
of combining with two CNS radicals. 

Dimethylchloroarsine (Cacodyl chloride), (CRs) 2AsCl.-The earliest 
method of preparation consisted in mixing "Cadet's crude arsenical 
liquid" with an excess of concentrated hydrochloric acid and treating 
with an excess of powdered mercuric chloride, the mixture setting to a 

, thick, crystalline magma. This was rendered liquid by the addition of 
more hydrochloric acid and distilled. The wcodyl chloride obtained in 
the distillate was dried with calcium chloride, freed from excess of hydro
chloric acid with powdered calcium carbonate and then rectifwd.195 
A more modern procedure consists in dissolving cacodY'lic acid in an 
excess of concentrated hydrochloric acid and reducing with a solution of 
hypophosphorous acid in the same reagent below 50°. The latter solu
tion is divided into two portions, the second being added after the 
reaction with the first is completed. Cacodyl chloride separates as a 
heavy faint-yellow oil which is remond in a separatory funnel, dried 
with calcium chloride and distilled in an atmosphere of carbon dioxide. '96 

According to another method cacodylic acid is gradually introduced into 
well-cooled phosphorus trichloride, cold, concentrated hydrochloric acid 
added to decompose the phosphorus oxychloride which forms, and the 
whole subjected to fractional distillation.197 
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Cacodyl chloride is a colorless, ethereal, non-fuming liquid heavier 
than water, boiling at 106.5-107°, soluble in alcohol in all proportions, 
insoluble in water or ether, and cannot be solidified at - 45°. It has a 
very penetrating and stupefying odor, and an intensely irritating action 
upon the eyes and nose. Oxygen converts it into a well-defined, crystal
line oxidation product, but when heated in the air it burns with a pale 
flame. vVith chlorine it forms dimethy larsinetriehloride; with alkalis
cacodyl oxide, while with soluble silnr salts, silver chloride is precipi
tated. Zinc and hydrochloric acid reduce it to dimethyl arsine. It forms 
double salts with metallic chlorides. Thus, the platinichloride, 
[(CHa) "AsCll 2. PtCI4, is a brick-red precipitate soluble in hot water 
to a colorless solution, from which the compound, [(CHa) 2As] 20. PtCI2. 
H 20, separates in colorless needles which are dehydrated at 160°, and 
also react with potassium bromide or iodide, silver nitrate or sulfate 
yielding respectiyely [(CHa) zAs] zO.PtBr2.H20 (colorless), [(CHa) zAs]20. 
PtI2.HzO (yellow), [(CH3)2AsLO.Pt(N03)z.H"0 and [(CH3)2As]20. 
PtS04.H20,l!l8 while with cuprous chloride a white precipitate of the 
double salt, [(CH3 ) "AsCI] 2. Cu2Clz, is formed. loD On heating a mixture 
of cacodyl chloride and methyl iodide in a sealed tube for 3 hours at 
100°, tetramethylarsonium triiodide, (CHa) 4AsI. 12 , and methyl chloride 
are obtained.zoo 

Dimcthylbromoarsine (Cacodyl bromide) is prepared either by dis
tilling cacodyl oxide-mercuric chloride with very concentrated hydro
bromic acid; 201 from cacodyl and methyl bromide; 202 or from dimethyl
arsine by heating in a scaled tube with a 45 per cent solution of 
hydrobromic acid at 125° for 24 hours: 20a 

(CH3)2AsH + HBr ~ (CHa)2AsBr + H 2. 

The most conyenient method, however, consists in reducing a solution of 
cacodylic acid in hydrobromic acid with hypophosphorous acid as 
described under the corresponding chloride.204 

It is a yellow oil, b. p. 128-9° in an atmosphere of carbon dioxide. 
When heated with methyl iodide in a scaled tube for two hours at 100°, 
it forms tetramethylarsonium triiodide; with methyl bromide in a sealed 
tube filled with dry carbon dioxide for three hours in a boiling water 
bath, trimcthylarsine dibromide results, while heating with methyl
arsonium triiodide under the same conditions for six hours yields the 
corresponding arsonium iodide together with unchanged triiodide.205 

The hydrobromide, (CHa) 2AsBr. HBr, is obtained by the interaction 
of dimethylarsine and an excess of bromine in a sealed tube. It forms 
white tabular crystals slightly soluble in hot chloroform, less so in carbon 
bisulfide, and insoluble in ether. It is stable in air, but is slowly decom
posed by cold water, more readily upon heating, yielding the bromo
arsine and hydrobromic acid.206 
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Dimethyliodoarsine (Cacodyl iodide) has been obtained b~' distill
ing cacodyl oxide with concentrated hydriodic acid; 207 in small amounts 
together with tetrnmethylarsonium iodide by the interaction of methyl 
iodide and cacodyl; 202 and from dimethylarsine and hydriodic acid.20s 

The· following are the modern methods of preparation: l. An aqueous 
solution of cacodylic acid and potassium iodide is saturated with sulfur 
dioxide, 1: 1 hydrochloric acid being added from time to time. The 
cacodyl iodide then separates af' a yellow oil. ",hieh is dried over calcium 
chloride and distilled. 20o 2. Meth~'ldiiodoar"ine and meth~'l iodide are 
permitted to react in alcohol-concentrated aqueous caustic soda solution 
over night, the solycnt distilled off, the residue acidified with hydro
chloric acid and saturated with sulfur dioxide."'" 3. Cacodyl chloride 
is gradually added to a solution of sodium iodide in dry acetone and the 
resulting solution permitted to stand for several hours in an atmosphere 
of carbon dioxide. After filtering and distilling off the acetone from 
the filtrate, the residue is taken up wit.h ether, the solvent removed from 
the extract by distillation, and the -residue redified in an atmosphere of 
carbon dioxide.211 

Cacody 1 iodide is a yellow oil boiling at 154-7°, and solidifying at 
- 35° to pale yellow crystab. It has a penetrating, nauseating odor 
like the corresponding rhloride, is insoluble in water but dissolyes readily 
in alcohol or ether. It does not fume in the air, but on st.anding for a 
short time is converted into prismatic rrystals, while upon heating it 
burns with the evolution of iodine vapors. Both sulfuric and nitric acids 
cause decomposition with liberation of iodine. By heating cacodyl iodide 
with methyl iodide in a sealed tube for one hour at 100°, tetramethyl
arsonium triiodide is obtained. 

The hydriodide, (CH3 ) 2Asl. HI, is made from equimolar amounts of 
dimethyl arsine and iodine in a sealed tube at ordinar~' temperature. 
It forms large, pale yellow needles, m. p. 175", soluble in alcohol with 
decomposition, insoluble in ether or chloroform. Water dccomposcs it 
into cacodyl iodide and hydriodic acid. 212 

Dimethylfluoroarsine (Cacodyl fluoride), a colorless liquid with an 
unbearable, repulsive odor, was first prepared by Bunsen in a manner 
similar to the corresponding chloride. The product has a corrosive 
action upon glass and must therefore be preserved in platinum containers. 
It is insoluble in water but is apparently decomposed by it. 20' 

Basic dimethyl halogenated aT81:ncs [(CH3 ) 2AsX J G' r (CR 3 ) "As ]20.
Basic dimethylchloroarsine, formed by a distilling cacodyl oxide with 
dilute hydrochloric acid, is a liquid, b. p. 109··; 213 the bromo rompound, 
similarly prepared, is a yellow fuming liquid/'" while the yellow, crystal
line iodo derivative is formed together with c<leodyl iodide upon dis-
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tilling cacodyl oxide with concentrated hydriodic ncid. 214 Bayer, how
ever, questions the existence of these compounds.215 

Diethyliodoarsine, (C2H"LAsI, is obtained upon ~aturating ar 
ethereal solution of rth~'1 racodyl with a similar solution of iodine and 
evaporating in YHeuo.21

" It may also be pre'parcd b~' heating together 
ethyl iodide and metalli(· ar:-:enic, distilling the re:mlting red, crystalline 
substance, (C2 H,,) .As!. AsI", and collecting the fraction coming over 
between 228° and 232 o .m It is a vellow oil, soluble in ether or alcohol, 
'insoluble in water, and deromposed' by nitric or sulfuric acid with libera
tion of iodine. 

MethylethY{1~odoarsine, (CH,,) (CzH,,) AsI.-An aqueous caustic alka
line solution of ethyldiiodoarsine.is refluxed for a few hours with methyl 
iodide, the solution neutralized, freed from al('ohol, acidified with hydro
chloric acid and finally saturated with sulfur dioxide. The resulting 
oil is coUerted. dried and distilled under reduced prct'sure, yielding a 
yeUow, oily liquid, b. p. 65°/14 mm. Cnder ordinary pressure it boils 
with slight decomposition, spontaneous ignition occurring occasionaUy.z," 

M ethyl-y-phenylpropylchloroarsinc, I. CR3 ) (CoH". CaR,,) AsCI.-
y-Phenylpropyldimethylar~inc dissol\'Cd in ('arbon tetra('hloride, is treated 
with a solution of ('hlorine (1 mole) in the same reagent. the soh'ent 

'removed by distillation, and the residue heated at 160-80°, when methyl 
chloride, volatile chloroarsines and y-chloropropy lbenzene arc evolved. 
Upon distilling the final residue under diminished pre~sure the desired 
compound is obtained as a rolorlet',; liquid, b. p. 164-7°/14 mm. which 
cannot be obtained free from traces of the parent arsine. By gently 
boiling for three hours with carbon bisulfide and aluminium chloride and 
subsequently de('omposing with ice. As-methyltetrahydroarsinoline, 

is produced.219 

M ethyl-y-phenylpropylbromoarsine. prepared like the preceding com
pound, is n colorless liquid. b. p. 177-86°/16 mm. 21 " 

Basic diisoamylchloroarsinc, [(C5 R l1 )zAsCI]6' [(CGRll)2A"]20.-A 
mixture of 2 moles of isoamyl chloride and one of arsenic trichloride is 
slowly added to 4 atomic equivalents of sodium in dry ether in an 
atmosphere of carbon dioxide. The reaction, which is very violent, is 
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complete in two hours. The filtered solution is fractionated, a white, 
soapy solid, probably diisoamylarsineoxide, separating. The red by
product, invariably formed during the above condensation, probably 
resembles Bunsen's "Erytrarsin," for when treated successively with 
bromine and ammonia it dissolves to form the ammonium salts of arseni
ous, isoamylarsonic and diisoamylarsinic acids. 

Basic diisoamylchloroarsine is a colorless oil, b. p. 263°/750 mm., 
148° /33 mm.; has a peculiar, characteristic odor less intense thnn cacodyl 
chloride; is soluble in the usual organic solvents but insoluble in water. 
With bromine in dry ether it forms diisoamylarsinechlorodibromide, 
(C6H ll ) zAsCl.Brz.220 

Diethoxychloroarsine, (C2H 60) 2AsCl, is prepared by regulating the 
action of sodium ethoxide upon arsenic· trichloride. A solution of 30 g. 
of metallic sodium in 600 C.c. of alcohol is slowly added to 118 g. of 
arsenic trichloride. This requires about two and one-half hours. After 
standing for twenty four hours at ordinary temperature, the mixture is 
warmed for one hour,-the sodium chloride separated, the excess alcohol 
removed, and the residual liquid distilled under diminished pressure.221 

The product is a colorless liquid boiling at 64-5°/20 mm., 159-
60° /760 rom., and forming a precipitate of arsenic trioxide with water. 

Di(~-chlorovinyil) chloroarsine, (CHCI = CH)zAsCI, is one of the 
products formed during the interaction of acetylene and arsenic tri
chloride in the presence of aluminium chloride. It is a colorless or pale 
yellow liquid, b. p. 130-33°/26 mm., 108°/7 mm., or 250° at ordinary 
pressure. It has less marked vesicant properties than the corresponding 
primary compound but is a more intense respiratory irritant. It is 
insoluble in water or dilute acids, soluble in the common organic solvents. 
It forms additive compounds with halogens, and is oxidized by nitric 
acid to a crystalline substance melting at 97°.175 

Dimethylcya'hoarsine (Cacodyl cyanide), (CH3)2AsCN, may be pre
pared by distilling cacodyl oxide with concentrated hydrocyanic acid: 

The product thus obtained is contaminated with unchanged cacodyl 
oxide, the removal of which is very difficult because of the great oxidiz
ability and terribly poisonous character of the cyanoarsine. A better 
method consists in treating cacodyl oxide with concentrated mercuric 
cyanide solution and subsequently distilling: 
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Recently it has been prepared by heating cacodyl oxide with five times 
the calculated amount of dry hydrocyanic acid in a sealed tube for two 
hours at 100°, removing the excess of hydrocyanic acid by a current 
of carbon dioxide and distilling the residue, cacodyl cyanide coming 
over at 160° .223 

The product has a remarkable capacity for crystallizing in lustrous, 
colorless prisms melting at 33°, boiling at 140° and readily subliming 
at ordinary temperature. When heated in air it burns with a violet 

_ flame. It is the most poisonous compound of the cacodyl series, the 
inhalation of air containing only a very slight amount, rapidly producing 
numbness of the extremities, giddiness, stupor, and finally leading to 
complete unconsciousness. These symptoms, however, are merely tran
sient and without after-effects, providing exposure to this compound has 
not been unduly prolonged. It is slightly soluble in water, readily in 
ether or alcohol. Heating with methyl iodide for two hours at 100° 
in an atmosphere of carbon dioxide converts it into tetramethylarsonium 
iodide and -triiodide. 

On boiling cacodyl cyanide for 12 hours with dilute sulfuric acid, it 
is converted into dimethylarsinoformic acid, (CH3 ) 2As. COOH, which 
is isolated through the calcium salt. The free acid reddens blue litmus 
paper and forms stable sodium, calcium, magnesium, manganese, iron, 
cerium, mercury, quinine and strychnine salts.224 

Diethylcyanoarsine results on heating triethylarsine cyanobromide 
up to 110° in a sulfuric acid-bath under 12 mID. pressure, the diethyl
cyanoarsine coming over at 74°/12 mID. It is purified by rectification, 
has a typical cacodylic odor, and melts at - 50° .225 

Diisobutylcyanoarsine, b. p. 116°/16 mm., is formed on heating ethyl-
diisobutylarsine cyanobromide.226 : 

Dimethylth1:ocyanoarsine (C acodyl thiocyanate) , (CH3 ) 2As. CNS, 
from cacodyl chloride and sodium thiocyanate in acetone solution, is a 
colorless oil which gradually turns yellow, has a strongly irritating odor, 
and is readily soluble in alcohol, ether, benzene or acetone.227 

3. Dialkyl Arsineoxides, (R2As)20.-Compounds of this type may 
be regarded as anhydrides of dialkylated arsenious acids: 

/OR /R 
As-OR ~ As-R 

'" OR '" OR 
-RoO 

2R2AsOR ~ R 2As.0.AsR2 • 

Up to the present time but two members of this series are known, 
dimethyl- and diisoamylarsineoxides. The former, together with cacodyl, 
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was first prepared by Cadet 228 in 1760 and is the foundation upon whieh 
rests the deYelopment of the organic compound~ of arsenic. It con
stitutes the major portion of "Cadet's fuming arsenical liquid" prepared 
by the dry distillation of arsenic trioxide with potassium acetate accord
ing to the following equation: 

4CH3 COOK + AS"03 --;> r (CHabt\sLO + 2KcCO" + 2CO". 

The subsequent in\"estigation~ of TIl(~nard,G Bun~en c2" and .T. B. 
Dumas,230 howeyer, established the fact that the abO\'e pquation does 
not quantitatively represent the course of the rea('bon, for in addition 
there occurs reduction of some of the arsenic trioxide to metallic arsenic, 
charring of a portion of the potassium acetate accompanied by cyolution 
of methane and unsaturated hydrocarbons, and reduction of a slight 
amount of cacodyl oxide to cacodyl, the latter furnishing Cadet's liquid 
with its fuming and inflammable characteristics. 

The dialkylarsine oxides are obtained 
1. From th~ corresponding halogenated arsines by treatment with 

ca ustic potash solution: 

2R2AsX + 2KOH __,. (R2As)20 + 2KX + H20. 

2. By the partial oxidation of dialkylarsines on exposure to aIr: 

2R2AsH + O2 --;> (R2As) 20 + H 20. 

Unlike the arsines, the oxides are not inflammable in air, but are readily 
converted into arsinic acids by oxidizing agents. They are insoluble in 
water, readily soluble in organic solvents, and form double salts with 
mercury and platinum salts. 

Dimethylarsineoxide (Cacodyl oxide), [(CH3 ) 2As120, is isolated in 
pure form from the crude arsenical liquid of Cadet, by first com'erting 
it into the corresponding chloride by distilling with mercuric chloride and 
hydrochloric acid. The cacodyl chloride is dried with calcium chloride, 
freed from excess hydrochloric acid with powdered calcium carbonate, 
rectified, and finally distilled with aqueous sodium- or potassium 
hydroxide, the cacodyl oxide passing over in steam. The oily distillate, 
when dried and rectified in an atmosphere of carbon dioxide, yields the 
pure oxide as a colorless oil, sp. gr., 1.462/15°; b. p. 120°.231 It crystal
lizes in scales at - 25°, does not fume or ignite in air, has an intolerable 
tear-exciting odor, and is sparingly soluble in water. With oxidizing 
agents such as mercuric oxide, it forms dimethylarsinic acid, the latter 
being reconverted into the arsineoxide by reduction with phosphorous 
acid. Although it reacts neutral, the oxide yields the corresponding 
halides when distilled with concentrated haloid acids. 

The mercurichloride, [(CH3 ) 2As] 20. 2HgClz, prepared from its com
ponents in alcoholic solution, consists of rhombic plates soluble in alcohol 
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or hot water and yields ~acodyl chloride upon distillation with concen
trated hydrochloric acid; the corresponding mercuribromide, similarly 
prepared, is 11 white ('f~·~talline powder possessing the same solubilities 
as the chloride; while the platiniehloride, [(CH3) ~As lzO. PtClz • H 20, 
obtained as colorless needles by reerystallizing cacodyl chloride-platini
chloride from boiling ,Yater, may be transposed with potassium bromide 
or -iodide, silwr nitrate or -sulfate, yielding the following com
pounds respectively: [ (CH3 LAs lzO. PtBrz. HzO, colorless crystals j 
[(CH3)zAs]eO.PtI2.HzO, fine, yellow scales; [(CH3)2AslzO.Pt(N03)Z' 
H20; and [(CH3)zAsizO.PtS04.HzO. 

Diisoarnylarsineoxide, [~C5Hll)zAsJ20, is a white, soapy solid formed 
in the preparation of basic diisoamylchloroarsine/32 or by the oxidation 
of diisoamylarsine in air.193 

4. Dialkyl Ars1:nesulfides, [RzAs lzB.-The same relationship exists 
between these compounds and the corresponding arsineoxides as that 
observed in the case of the primary arsinesulfides and -oxides. They 
are obtained: 

1. From secondary aliphatic arsines by heating with sulfur: 

2RzAsH + Bz -~ (RzAs)zS + HzS. 

With an excess of sulfur, however, the corresponding disulfide IS pro
duced: 

2. From secondary halogenated arsines by treating with barium 
hydrosulfide or hydrogen sulfide: 

2RzAsX + Ba(SH)z -~ (RzAs)2S + HzS + BaXz 
2RzAsX + HzS -~ (RzAs)zS + 2HX. 

3. By the action of barium hydrosulfide upon secondary arsineoxides 
in acid solution: 

(RzAs)zO + 2CH3COOH + Ba(SH)z -~ (RzAs)zS + (CH3COO)zBa 
+ HzS + H 20. 

4. Upon reduction of dialkyl arsinic acids by means of hydrogen 
sulfide: 

2RzAsO.OH + 3HzS -~ (RzAs)zS + Sz + 4HzO. 

Only two dialkylarsinesulfides are known, the dimethyl and diiso
amyl compounds, both of which are insoluble in alcohol or ether. 

Dimethylarsinesulfide (Cacodyl sulfide), [(CH3) zAsJzS.-Prepared 
by passing hydrogen sulfide through a concentrated alcoholic solution of 
cacodylic acid; m by distilling cacodyl chloride with barium hydro-
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sulfide; 234 from the acid upper layer obtained in Cadet's distillation by 
treating with the same reagent,235 the latter reaction proceeding accord- . 
ing to the equation: 

[(CHS)2As]20 + 2CHsCOOH + Ba(8H)2 --?> 

[(CHS)2As]28 + (CHSCOO)2Ba + H 20 + H 2S. 

Finally, it may be prepared by heating dimethylarsine (2 moles) with 
less than one mole of sulfur in a sealed tube, and allowing to stand for 
two or three days. The resulting liquid consists of a mixture of cacodyl 
sulfide and trimethylarsine sulfide, which are separated by fractional 
distillation.2s6 

Cacodyl sulfide is a colorless oil with a repulsive odor resembling 
those of mercaptan and cacodyl oxide. It boils at 211 0, is distillable in 
steam, insoluble in water, miscible with alcohol or ether, and is decom
posed by hydrochloric acid, forming cacodyl chloride and hydrogen sul
fide. It inflames in the air, burning with a pale arsenic flame. With 
sulfur in alcoholic solution the disulfide, [(CRs) 2AsJ 282, is obtained; 
with oxygen cacodylic acid results, while with cupric nitrate in alcoholic 
solution it yields well-defined, lustrous octahedra of the cuprisulfide, 
[(CH3)2As ]28.3Cu8.237,238 

Diisoamylarsinesulfide, [(C5H l1 ) 2As ] z8, prepared by passing hydro
gen sulfide through a suspension of the corresponding ehloride in water, 
forms white needles, m. p. 29-30 0

, readily soluble in ether or carbon 
bisulfide, sparingly in alcohol and insoluble in water.230 

Dimethylarsinedisulfide (Cacodyl d1:sulfide) [(CHg ) 2AsJ 282, may be 
prepared either by the direct union of cacodyl sulfide and sulfur,240 or 
from dimethylarsine and an excess of sulfur in a sealed tube at ordinary 
temperature. 236 It crystallizes either in the form of small prisms or 
rhombic plates, m. p. 50°, readily soluble in alcohol, but sparingly in 
ether. 

Dimethylarsineselenide (Cacodyl selenide) , [(CR,) zAs ] 2Se, IS made 
by distilling cacodyl chloride with aqueous sodium selenide: 

2(CHs)2AsCl + Na2Se --,) [(CH3)2As]2Se + 2NaCl. 

It is a transparent, yellow liquid with a repulsive, penetrating odor; is 
insoluble in water, readily soluble in alcohol or ether, and burns in air 
with a blue flame, evolving selenium dioxide.241 

5. Tetraalkyldiarsines (Cacodyl Compmmds) , RzAs-AsRz.-The 
cacodyls may be considered as secondary arsines whose hydrogen has 
been removed: 
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They may be prepared: 
1. From secondary halogenated arsmes by heating with ZInC: 

2ReAsX + Zn ---) (ReAs) 2 + ZnX2 • 

2. By condensing secondary arsines with secondary halogenated 
srsines: 

R2AsH + R' 2AsX ----) R2As. AsR' 2 + HX. 

3. From arsinic acids by reduction with hypophosphorous acid. 
4. In small yields by the interaction of alkyl iodides and sodium 

arsenide. 
The products are heayy, oily liquids with a repulsiye odor; are spar

ingly soluble in water, and very easily oxidized, the methyl and ethyl 
compounds igniting spontaneously in air. They combine directly with 
oxygen, sulfur, halogens or alkyl halides, the latter producing tetraalkyl 
arsonium compounds and dialkyl halogenated arsines: 

R'X : 
R2As - AsRz ~ R2As -+- AsR2 ~ R2AsX + R2R' As 

I ill X : R' ~ 
R 2 R'2AsX. 

Tetramethyldiarsine (Cacodyl), (CH3)2As.As(CH3)2.-As has al
ready been mentioned, this substance is one of the constituents of "Cadet's 
arsenical liquid." The pure compound may be obtained by heating 
cacodyl chloride with zinc at 90--100° in an atmosphere of carbon 
dioxide.242 It is also formed upon reducing cacodylic acid either in 
hydrochloric acid solution with hypophosphorous acid/43 or in 2 N -sul
furic acid by an electrolytic method; 244 and in small amounts, together 
with trimethylarsine and tetramethylarsonium iodide, from methyl iodide 
and sodium arsenide. 245 

It is a colorless, highly refractiYe oil with a repulsiye odor; is heavier 
than water in which it is but slightly soluble; boils at 170°, decomposes 
at 400-500 0

, yielding arsenic and hydrocarbons but no free carbon, and 
solidifies at - 6°, forming crystals. It inflames spontaneously in air or 
in an atmosphere of chlorine, but by regulated oxidation with moist air 
or preferably mercuric oxide, it yields successiyely cacodyl oxide and 
cacodylic acid. It also combines with sulfur and halogens, while with 
alkyl halides tetraalkylarsonium halides result. e46 According to Cahours, 
the products obtained with methyl bromide are tetramethylarsonium 
bromide and dimethylbromoarsine. Recently, however, Steinkopf and 
Schwen 247 showed that upon heating cacodyl with methyl bromide in 
a sealed tube filled with carbon dioxide for three hours at 100 0

, a mixture 
of tetramethylarsonium bromide and trimethylarsine hydroxybromide are 
obtained. With 2 moles of methyl iodide in a sealed tube filled with 
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carbon dioxide, cacodyl reacts at low temperature to form tetramethyl
arsonium iodide, while with 5 moles of methyl iodide under similar con-
ditions, both tetramethylarsonium iodide and -triiodide are obtained.247 

• 

Ethyl, amyl and allyl halides also react with cacodyl, yielding respec
tively dimethyldiethyl-, dimethyldiamyl- and dimethyldiallyl arsonium 
halides together with cacodyl halide. When heated with methyl sulfide 
in a sealed tube at 150-60° for several hours, cacodyl yields methyl
arsinesulfide and cacodyl sulfide. . 

Tetraethyldiarsine (Ethyl cacodyl) is made by mixing sodium arsenide 
with four to five times its weight of quartz sand, and refluxing with 
ethyl iodide in an atmosphere of carbon dioxide. When the reaction is 
completed, the whole is cooled, extracted with ether in an atmosphere 
of carbon dioxide, and the extract mixed with absolute alcohol. The 
ether is quickly removed and the alcoholic residue diluted with oxygell
free water, whereupon ethyl cacodyl separates as a pale yellow, yery 
refractive oil, heayier than water, and boiling at 185-90° .2!8 It has an 
unpleasant garlicky odor; is insoluble in water, slightly soluble in alcohol 
or ether, and oxidizes yery rapidly in air, bursting into a flame which 
giyes off arsenic trioxide. Concentrated nitrir arid rompletely oxidizes 
it with generation of light and heat; while with dilute nitric acid there 
is obtained a light red powder, analogous to BUI1f:en's "Erytrarsin," 
which slowly turns brown, and on exposure to the air finally becomes 
white. Unlike triethylarsine, ethyl cacodyl has a powerful reducing 
action on salts of silYer, mercury and the noble metal~ .. It also com
bines directly with oxygen, sulfur or hnlogent', and differs, from other 
alkyl cacodyls in that when incompletely ignited it always yields as a 
secondary product the red substance analogous to Bunsen':; "Erytrarsin." 

Dimethyldiisoamyldiarsine, (CH3 ) "As. As (C"Hll ) ".-When equimolar 
quantities of dimethylarsine and diisoamylchloroarsine are brought to
gether in a scaled tube filled with carbon dioxide, no change is apparent 
to the eye even after heating for fiye hours at 100°, but on opening the 
tube no pressure is observed, showing the absence of any free dimethyl
arsine. The contents when treated with water yield:- the cacodyl com
poupd as a fuming oil possessing the odor of am~·larsine. TIH' readion 
evidently proceeds according to the cqua Lion: 

(CHa)2AsH + (C"Hll)2AsCl --? (CHa)2As.As(CGHll)2 + He!."'\) 

Wohler,'6 on distilling a mixture of equal parts by weight of potas
sium butyrate and arsenic trioxide, obtained a mixture of two liquids 
together with a considerable amount of reduced arsen.ic and some mal
odorous gas. The heavier oily liquid, although not spontancou::;ly inflam
mable, burned with a white, smoky flame, giving off an arsenical odor, 
and yielded a white crystalline precipitate with rnercurie ehloride. On 
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boiling the liquid with zinc and hydrochloric acid, an odor resembling 
that of cacodyl was evolved, while boiling with concentrated hydrochloric 
acid alone produced a pungent odor affecting the mucous membranes of 
the eyes and nose. These reactions are highly suggestive of a cacodyl 
derivative, but the exact composition of the compound has not been 
ascertained. 

W. Gibbs 11 obtained similar inconclusive results on distilling equal 
parts by weight of potassium valerate and arsenic trioxide. The product 
consisted r>f a heavy, pale yellow, oily liquid having an unpleasant odor, 
and fuming in air without inflaming. It yielded a heavy white precipi
tate with mercuric chloride, reduced mercuric oxide to the metal, and 
formed a crystalline solid on exposure to air. 

C. Tertiary Derivatives. 

1. Trialkyl Arsines) RgAs.-The members of this class of compounds 
correspond to hydrogen arsenide with the three hydrogen atoms replaced 
by alkyl groups. Although arsine itself cannot be employed directly in 
the synthesis of such derivatives, its trihalides furnish suitable starting 
materials, the three halogen atoms being directly replaced by alkyl 
radicals upon interaction with either zinc dialkyls or alkylmagnesium 
iodides. The trialkyl arsines result: 

1. From the interaction of zinc dialkyls or alkylmagnesium halides 
and arsenic trichloride: 

3ZnRz + 2AsXg ~ 3ZnX2 + 2RgAs 
3RMgX+ AsXa ~ R 3As+ 3MgX2 • 

2. From primary or secondary halogenated arsines and zinc dialkyls: 

RAsXz + ZnR' 2 ~ RR' zAs + znX2 

2R2AsX + ZnR' z ~ 2RzR' As + ZnX2 • 

3. By the interaction of sodium arsenide and alkyl iodides: 

N agAs + 3RI ~ RaAs + 3N aI. 

4. Upon decomposing tetra alkyl arsonium halides by distillation with 
solid caustic potash: 

R4AsX ~ RaAs + RX. 

5. By treating secondary arsines with alkyl halides and decomposing 
the resulting salt with water: 

HzO 
R 2AsH + R'X ~ RzR' As. HI ~ R 2R' As + HI. 

The products are all colorless liquids of repulsive odor, soluble in 
alcohol or ether. They possess basic properties, forming haloid salts 
.which are quite stable in dry air but are decomposed by water. With 
halogens, oxygen or sulfur they readily combine to form the correspond-
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ing dihalides, oxides or sulfides, while with alkyl halides they readily 
form arsonium compounds. By heating in sealed tubes at high tem
peratures, the tertiary arsines decompose, yielding compounds of the 
type (RAs) 4 and higher aliphatic hydrocarbons. 

Trimethylarsine, (CHs) sAs, is prepared by distilling tetramethyl
arsonium iodide or its double salt, (CH3 )"AsI.AsIg , with solid potassium 
hydroxide; 250 from methyl magnesium iodide and arsenic tribromide in 
ether solution,251 unsatisfactory results being obtained with arsenic tri
chloride; 252 or from zinc dimethyl and arsenic trichloride.25s, 254 If the 
last method is carried out in :1nhydrous ether medium, a white solid is 
obtained which is first dissolyed in water, an excess of concentrated 
alkali added, and the whole distilled on a water bath. The distillate 
upon fractionation yields but a sm:111 amount of trimethylarsine, appar
ently on account of the fact that ether and trimethylarsine form a 
mixture difficult to separate by fractionation, for upon repe:1ting the 
experiment with xylene as a diluent, the yield obtained is much more 
satisfactory. Trimethylarsine may also be obtained together with 
(CHgAs)4 by heating crude cacodyl for two hours at 340 0 in a sealed 
tube filled with carbon dioxide,255 or as a by-product during the inter
action of sodium arsenide and methyl iodide, the main product being 
tetramethy larsonium iodide.245 

The compound is a colorless, highly refractive liquid, boiling below 
100°, and possessing a sickening, garlicky odor. With an excess of 
mercuric chloride solution, it forms a voluminous white precipitate of 
the double salt, [(CHs)sAs]2.HgCI2, which when recrystallized from 
hot water separates as pearly-white leaflets. The arsine combines with 
oxygen, yielding the corresponding arsine oxide; with sulfur the arsine 
sulfide results, while with an excess of bromine in ethereal solution, a 
red arsine perbromide is formed. 

Triethylarsine is derived from arsenic trichloride and ZIllC 

diethyl; 258, 256 from tetraethylarsonium iodide or the double salt, 
(C2H5)4AsI.AsIg, by distillation with solid caustic potash; 257 and to
gether with ethyl cacodyl and tetraethylarsonium iodide by mixing 
sodium arsenide with quartz sand and warming with ethyl iodide in a 
reflux apparatus.258 A very satisfactory method consists in adding an 
ethereal solution of arsenic trichloride to a strongly-cooled solution of 
ethylmagnesium bromide in the same solvent, and decomposing the 
reaction product with ice and hydrochloric acid. The ethereal layer is 
then removed, dried with calcium chloride, and the solvent distilled off 
in an atmosphere of carbon dioxide, the last traces in vacuo. From the 
residual liquid, triethylarsine is obtained by first distilling in vacuo and 
then rectifying the distillate in an atmosphere of carbon dioxide. It 
is preserved in sealed ampules filled with carbon dioxide.259 
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The substance is a rolorless, fuming liquid with an unpleasant odor, 
b. p. 140°/736 mm.; sp. gr., 1.151/16.7°; insoluble in water but miscible 
with alcohol and ether. Heating at 265 0 for three hours deromposes it 
according to the equation: 

4~C"Ho LAs --,> (C"H5 As), + 4C,H ,IJ . 

With merCUrlC dlloride in all'oholic f'olution, it forms white needles 
readily soluble in alcohol or hot water, and decomposed by ammonia 
with the precipitation of mcrrUfOU,", oxi(ic. The arsine dissolyes in dilute 
nitric acid, forming triethylarsine nitrate; docs not reduce the oxides 
of the noble metab, but on warming with concentrated sulfuric acid 
the latter is redured to "ulfurou~ acid. It forms addition products with 
halogens, sulfur or oxygen. "'ith platinic chloride, two isomeric varieties 
of the double salt, 2 (e'eH:;)". PtCI2 , are obtained, which may be sepa
rated by extraction with ether. The ether soluble yariety crystallizes in 
amber-yellow crystals, while the insoluble \'[lriety crystallizes from hot 
alcohol in long, pale yellow prismE'. Thesc isomers are analogous to 
those obtained from tridhylphosphine and platinic chloride. 'With pal
ladium chloride, triethy larsine forms transparent, orangc-~'ellow prisms 
of 2 (C2 H 5 ) 3As. PdCI 2 , while aurous chloride yields ('010rle8s prisms of 
(C2 H 5 ) 3As. AuC!. In preparing the latter it i" ne('e~sary to ayoid too 
high a tf2mpcrature, a" reduet-ion to metallic gold 0('curs.2

(;1J 

Tri-n-propylarsl:nc, an oil boiling Ht 167 0 /90 mm., 158 0 /73 mm., is 
prepared by distilling the double iodide, ~ C3H,) .As!. AsI3 , with dry 
potassium hydroxide/'il or by condensing n-propyl chloride and arsenic 
trichloride with metallic sodium in ether, primary and secondary n-propyl 
derivatiYCs being obtained a:o by-products.2H2 'Yhen heated for two hours 
at 295 ° , a polymer t CaH,A8) I i~ obtained: 

4( CaH, ) "As --,> (C3 H,As) 4 + 4C6 H 14 • 

Dimethylethylarsine, tCHa)2tC2H5)As, from cacodyl iodide and an 
excess of zinc dicthyl by heating in a scaled tube on a water-bath, is a 
colorless mobile liquid "'ith a disgusting odor resembling that of tri
methylarsine.263 

Dimethyl-n-propylarsinc hydriodide, (CHs ) 2 ~ C3 H, )As. HI, is obtained 
by permitting ll-propyl iodide and dimethylarsine to react for a number 
of days in a sealed tube filled with carbon dioxide.26

.! 

Dimethy'-y-phcnylpro]Jyl(1rsinc, ~CH3L(C6H5,C3H6)As, a colorless, 
highly refractiyc liquid boiling at 133 0 /14 mm., is prepared by slowly 
adding a benzene solution of dimeth~'liodoarsine to an ethereal solution 
of y-phenylpropylmagnesium bromide and warming for one hour. With 
dimethyliodoarsine it forms an additive compound, (CH3 ) 2 (C6Ho. 
C3H 6)As. (CH3)2AsI, which crystallizes from ether, methyl alcohol or 
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oncentrated hydrochloric acid in colorless prisms melting at 78-81 0
, 

nd completely dissociating into its components in benzene.265 

Dimethylallylarsine, (CR3) 2 (CaR5) As, from dimethyl arsine and allyl 
)dide, is a pale yellow liquid with a disagreeable odor, b. p. 160 0

• With 
romine in ether solution it forms the corresponding arsine dibromide.266 

Methyldiethylarsine, (CRa) (C2R5)2As, resulting from the interaction 
f methyldiiodoarsine and an excess of zinc diethyl in a sealed tube at 
rater-bath temperature, is a colorless liquid of very unpleasant odor, 
eavier than water, and readily forming additive compounds with halo
ens or sulfur.267 

Ethyldi-n-propylarsine, (C2R 5) (C3R7)2As, from n-propylmagnesium 
romide and ethyldichloroarsine in an oxygen-free atmosphere, is a 
~fractive liquid boiling at 60-64°/14 mm.268 

Ethyldiisobutylarsine, (C2R 5) (C4R9)2As, similarly prepared from 
:obutylmagnesium bromide in ethereal solution, IS a colorless, highly 
~fractive liquid, b. p. 86°/16 mm.Z69 

Tri(~-chlorovinyl)arsine, (CRCI = CR)3As, is obtained together 
'ith the corresponding primary and secondary chloroarsines on con
ensing acetylene with arsenic trichloride in the presence of aluminium 
110ride. It is a colorless liquid, b. p. 151-5°/28 mm., m. p. 3-4°, fairly 
;able in air, and insoluble in water, dilute acids or alcohol. It is neither 
strong vesicant nor a powerful respiratory irritant, but induces violent 

leezing.175 Its double salt with aurous chloride, (CRCI = CH) aAs. 
uCl, consists of small, heavy, white crystals, m. p. 123° with decom
Jsition, and slowly turning purplish-gray on exposure to light. With 
!tlladous chloride in alcoholic solution the arsine forms an addition 
roduct, [(CRCl = CR) 3As] 2' PdCI2 , long, yellowish-brown needles 
>luble in ether or acetone, and melting at 196° with decomposition. 
Tith chloroplatinic acid in aqueous alcoholic solution there is obtained 
mixture of long, pale yellow needles and lemon-yellow prisms. By 
~itating this mixture with benzene, there remains a crystalline substance 
robably corresponding to the formula, [(CRCI = CR) aAS]2Pt(CR = 
RCl) 2, which separates from alcohol in almost white needles and 
'Om benzene in pale plates, m. p. 198° with decomposition. When the 
:sine is carefully treated with nitric acid it yields a hydroxynitrate, 

JHCl = CH)sAs <g~a' m. p. 103°, which may be converted into the 

>rresponding arsine oxide by treating its aqueous solution with caustic 
.da. On boiling an acetone solution of the arsine with Chloramine T 
l mole) for 20 minutes, there is formed a compound (CHCl = CR)3As 
: N.S02C6H 4 (CRa) .H20, consisting of colorless plates melting at 
~4 0,270 



Chapter II. Pentavalent Aliphatic Compounds. 

A. Primary Derivatives. 

1. Alkyl Arsl:netetrahalides, RAsX4 .-Compounds of this type may 
be regardrd rit-her as arsonic acids with the oxygen and hydroxyl groups 
replaced by halogen". or as arsenic pentahalides with one of the halogens 
replaced by an aiky I radical: 

//0 
RAs - OH -----i> 

"OH 

Very little work has been done on this class of compounds, methylarsine
tetrachloride and -tetra iodide being the only deriyatives prepared to 
date. They arc both unstable at room temperature and can only be 
preser\'Cd at - 10° or below. 

M ethylarsinctctrachloride, CH3AsCL, prepared by passing chlorine 
through a mixture of methyldiehloroarsine and carbon bisulfide at - 10°, 
is obtained in large crystals whieh cannot be separated from the liquid, 
as they decompose with the eyolution of a gaseous product as the 
temperature approaches 0 0

• The reactions involved are: 

CH3AsCl2 + Cl2 ~ CH3AsCI4 -~ AsCI3 + CH3CI.271 

M cthylarsinetetraiodide is made by the action of concentrated hydri
odic acid upon sodium methylnrsonate.163 It crystallizes in red-brown, 
hexagonal plates, whieh form a beautifully crystalline compound with 
trimethylsulfonium iodide, and yield methyldiiodoarsine with sulfurous 
acid. 

2. Alkyl Arsonic Acids.-The members of this 'chapter are theo
retically derind from arsenic acid, AsO (OH)a, by replacing one of the 
hydroxyl groups by an alkyl radical, and may be represented by the 

//0 
structural formula, R - As - OH. The proof of the direct union of 

~OH 
carbon with arsenic lies in their ready reduction to the corresponding 

69 
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arsines, which unquestionably contain such direct carbon-arsenic linkage, 
and which may be very easily reoxidized to the arsonic acids. 

jRAsO(OH)c + 6H ~ RAsHc + 3H2 0. 
[RAsH" + 30 -~ RAsO(OHle. 

That the arsenic is in the pentnynlent rondition may be deduced from 
the stability of the arsonic acids toward ~uch oxidizing agents as nitric 
acid, chlorine or bromine, which readily oxidize all tri,oalent arsenicals. 
The above structural formula also indicates the presence of two hydroxyl 
groups, which is borne out by the fact that the acids form salts with 
alkalis containing either one or two atoms of the metal. 

Several methods are available for the preparation of aliphatic arsonic 
acids: 

1. Hydrolysis of the corresponding alkyl arsineoxyhalides or -tetra
halides: 

RAsOX" + 2H"0 -~ RAsO(OHL + 2HX 
RAsX4 + 3H20 ~ RAsO(OH)" + 4HX. 

2. Oxidation of primary aliphatic dihalogenated arsines by means of 
moist silver oxide or hydrogen peroxide: 

RAsX2 + Ag2 0 + 2H2 0 -~ RAsO(OH)2 + 2HX + 2Ag 
RAsX2 + 2H20 2 -~ RAsO(OH)2 + 2HX + O. 

3. Oxidation of alky larsines by atmospheric oxygen: 

2RAsH2 + 302 ~ 2RAsO(OHh 

4. The reaction of alkyl halides with alkali arsenites. 
The last method is theoretically the most interesting of nil and can 

be readily employed on an industrial scale. It was devised by G. 
Meyer 33 and is dependent upon the fact that alkyl iodides first com
bine additiyely with sodium arsenite in alkaline solution, producing 
compounds in which the arsenic exists in a pentavalent condition. These 
intermediate products then lose one molecule of alkali iodide, forming 
a dialkali arson ate : 

/ONa /ONa 1/ 0 
As - ONa + RI ~ R.As - ONa ~ RAs - ONa + NaL 

a O:Na' a '" ON ~'...... '" ON 
:1 : 

It is also possible that in this reaction sodium arsenite assumes a tauto
meric structure so that the alkylation proceeds according to the equation: 

I/O 
Na-As-ONa + RI 

'" ONa 

//0 
-~ R-As-ONa +NaL 

'" ONa 
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This method was modified by Klinger and Kreutz 34 and later elaborated 
and extended by Dehn.272 The latter performed a number of interesting 
experiments in order to determine the ll).ost favorable conditions and 
the extent of its applicability. As a result, the following procedure was 
found most satisfactory: the alkali arsenite is treated with the alkyl 
iodide in sufficient water and alcohol to insure homogeneous solution, 
and after reacting either at ordinary temperature or at higher temper
ature in sealed tubes the solution is evaporated to dryness on a water
bath, the residue dissolved in water, feebly acidified with dilute sulfuric 
acid and rendered alkaline with sodium bicarbonate. The amount of 
unchanged arsenite may be determined by titrating the final solution 
with iodine, the alkyl arsonic acids remaining unaffected. In addition, 
Dehn noted the following facts in connection with this procedure: 
1. That the reaction is almost complete in one hour and entirely so at 
the end of twenty four hours; 2. That by employing potassium iniOtead 
of sodium arsenite much less alcohol is required and the yield is prac
tically doubled; 3. That the alkyl bromides arc not as well adapted for 
alkylation as the iodides; 4. That although alkylation continues to take 
place with the higher alkyl halides, the yields vary inversely as their 
molecular weights. 

The method as developed by Dehn is generally applicable to the 
preparation of the primary aliphatic arsonic acids with very good yields. 
Valeur and Delaby 273 recently reinvestigated this modification of Meyer's 
method, and found that in aqueous-alcoholic solution potassium arsenite 
is converted into the arsonate much less rapidly than indicated by Dehn. 
Furthermore, in preparing ethylarsonic acid by means of ethyl iodide, 
over 50 per cent of the latter is converted into ethyl ether by reacting 
with the ethyl alcohol present, thereby necessitating a large excess of 
alkyl iodide to completely utilize all of the arsenite. By carrying out 
the reaction in aqueous medium, however, without the addition of any 
alcohol, the disappearance of the theoretical quantity of ethyl iodide is 
parallel with the formation of potassium ethylarsonate. In addition, 
the speed of the reaction can be improved either by employing more 
vigorous agitation and efficient refrigeration or by operating under 
pressure. 

Quick and R. Adams/H in preparing the higher aliphatic arsonic 
acids according to the method of Meyer, found the isolation of the 
products difficult because the sodium salts thus obtained are soluble 
in dilute alcohol and do not crystallize from the reaction mixture. Hence, 
they employed alkyl bromides or chlorides instead of iodides, so that the 
free arsonic acids may be isolated directly upon acidification; this is 
not possible when an alkyl iodide has been used, because the liberated 
hydriodic acid immediately reduces the arsonic acid. They adopted 
several suggestions of Valeur and Delaby, using water alone as the 
solvent, with heating and stirring to hasten the reaction. To isolate the 
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arsonic acid the solution was concentrated, the alkali halide filtered off, 
and the filtrate acidified. With the higher, less soluble homologues it 
is not even necessary to concentrate the reaction mixture, as precipita
tion occurs immediately upon acidification with hydrochloric acid. 

The acids and their salts are, as a rule, beautiful, white, crystalline 
substances easily soluble in wflter or hot alcohol but insoluble in ether. 
The eolubilities decrease with increasing molecular weights, while the 
melting points, on the other hand, increflse. 

Methylarsonic acid, CH3AsO (OH) 2, may be obtained by keeping 
sodium arsenite and methyl iodide in dilute alcoholic solution in a closed 
vessel at ordinnry temperature for se\"ernl days and isolating through 
the sodium salt,275 or better, by heating the components at 75 0 for 
several hours and isolating through the cnlcium salt.33 The acid may 
also be derived from methyldichloronrsine by trentment with moist silyer 
oxide or from methylarsineoxide and mercuric oxide, the product being 
isolated in both methods through the barium salt.276 Finally, it results 
upon oxidation of methy larsine.217 

The compound crystallizes from absolute alcohol in long, spenr
shaped plates unaffected by dry air and yery soluble in water or absolute 
alcohol, more so than cncodylie acid. It is a strong acid capable of 
decomposing carbonates, and has a pleasant acid taste. Its metallic 
salts are generally crystalline. It alw forms an ammonium salt, which 
is not the case with cacodylic acid. It yields a precipitate with magnesia 
mixture in ammoniacal solution only upon warming, a distinction from 
arsenic acid which is characteristic of both aliphatic and aromatic arsonic: 
acids in general. 

Salts.-The disodium salt, CH3AsO(ONa)2.6H20, is a white crystal
line powder readily soluble in water but sparingly in alcohol. It has been 
employed in medicine under the name of "Arrhenal." With an equimolar 
amount of mercury salicylate it forms a water-soluble salt "Enesol." 
The monosodium salt, CHaAsO.OH.ONa.3H20, prepared by concen
trating an aqueous solution of equimolar quantities of the disodium salt 
find the free acid,278 is not precipitated from aqueous solution by alcohol. 
It loses its water of crystallization at 1300

• The dipotassium salt may 
be prepared like the disodium salt from potassium arsenite; the calcium 
salt, CHaAsOaCa. H 80, is made by warming together solutions of sodium 
methy larsonate and calcium chloride; 279 the magnesium salt, containing 
5H20, is easily soluble in acids but difficultly in water, and is prepared 
in a manner similar to the raJrium salt; the barium snIt, precipitated 
from aqueous solution by the uddition of alcohol, consists of white 
needles containing 5 molecules of \yater of crystallization, and is much 
more soluble in warm water than the calcium and magnesium salts; 280 

the disilver salt, obtained by treating an aqueous solution of barium or 



PENTAVALENT ALIPHATIC COMPOUNDS 73 

disodium methylarsonate with silver' nitrate/ s1 forms lustrous crystals 
which contain no water of crystallization, remain unchanged at 100°, 
but decompose with strong detonation at higher temperature. It is quite 
stable in air and sunlight, and begins to darken only after long exposure. 
Mercurous, mercuric/ 82 and iron salts 283 haye also been prepared. Alka
loidal methylarsonates result upon mixing equimolar quantities of the 
alkaloidal sulfat.e and disodium mcthylarsonate to tl thick paste with 
water, evaporating to dryness and extracting the desired salt from the 
residue with alcohol. The following salts have been thus prepared: 
strychnine, quinine, atropine, cinchonine, quinidine, brucine, pilocarpine, 
codeine, morphine, aconitine, narceine, papaverine, thebaine, narcotine, 
berberine, caffeine and heroine.2s

, The yohimbine salt melts at 203 0
•
285 

On boiling an aqueous solution of disodium methylarsonate with molyb
denum trioxide and finally treating with an exC'('ss of guanidinium chlo
ride, a mixture of two compounds is obtained - rectangular plates cor-

[ 
CH3 ] 

responding to the formula, (CN3H e)2 As (M020 7 )3 llH20, and r CRg CHg 
] 

needles of a compound, (C:N3He) 8H2 LAs (MozOr ) 4 (MozO r ),As 8H20.286 
-M020 7 -

Diiodomethylarsonic acid, (CH12) AsO (OHh is obtained together 
with bis (diiodomethy 1) arsinic acid from amorphous an;enic with iodo
form by warming in a neutral solvent such [IS benzene or toluene on a 
water-bath for several hours, and finally distilling off the solvent. A 
dense black, oily crystalline magma remaim, which is oxidized in the 
cold by nitric acid, the resulting product extracted with cold water, 
filtered and the filtrate concentrated at 40-50°. The diiodo acid crystal
lizes out upon cooling. The residue remaining after the extraction with 
water is first boiled with benzene or toluene to remove free iodine, then 
dissolved in ammonia and the tetrniodocacodylic acid, (CHlzhAsO. OH, 
repreeipitated with cold t1cetic or nitric acid: 

3CH13 + 2As -~ CHI2.Ad2 + (CHlz)2As1 
CH1z.As12 + 4HNO" -~ CH12.AsO(OH)z + 4NOz + H 2 0 + 1z 
(CH12)2As1 + 3HNO'1 -~ (CHI2 )zAsO.OH + 3N02 + H20 + 1. 

Diiodomcthylarsonic acid crystallizes with IHzO in the form of large, 
yellow, efflorescent tablets. ·When boiled with nitric acid, it is decom
posed with liberation of iudine, the arsenic being oxidized to arsenic acid, 
while boiling with alkali decomposes it according to the equation: 

CH12 .AsO"Hz + 2NaOH -~ CHzlz + NazHAs04 + H 20. 

The sodium salt, CH12. AsO. OH. ON a. H 20, is soluble in water, but its 
white silver salt is insoluble.2B7 
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Pyrobismethylarsonic acid, CHaAsO (OH) .0. (OH)OAsCHa, is pre
pared by heating methyl arsonic acid at 130 0 in a current of hydrogen, 
one molecule of water being split off. At higher temperatures (170-80°) 
it decomposes into methyl alcohol and arsenious oxide. The corre
sponding sodium salt is obtained in a similar manner by heating mono
sodium methylnrsonate. Water connrts the salt as well as the acid into 
the corresponding arsonic acid deriyative.~s8 

Ethylarsonic acid, C2HGAsO (OH)z, is prepared like the methyl 
derivatin from potassium arsenite and ethyl iodide, and is finally pre
cipitated as the magnesium salt, from which the free acid is obtained 
by decomposing with sulfuric acid and extracting with boiling alcohoJ.272 
A simpler method consists in employing ethyl bromide and sodium 
arsenite, the arsonic acid being subsequently precipitated with hydro
chloric acid, thereby eliminating the precipitation with magnesia mix
ture."S9 The same compound has also been made either by digesting 
ethyldichloroarsine with dilute nitric acid on a water-bath and isolating 
through the potassium salt/90 or by treating ethyldiiodoarsine with silver 
oxide.291 

The product crystallizes from alcohol in beautiful white crystals 
melting at 99.5°, and readily soluble in water or alcohol. The sodium 
and potassium salts form colorless crystals soluble in hot alcohol; the 
magnesium salt consists of f'mall globular masses easily soluble in acids, 
while the silyer salt crystallizes in yellowish scales with a mother-of
pearl luster. 

La Coste made an unsuccessful attempt to prepare glycylarsonic acid, 
HOOCCHzAsO (OH)z, by oxidizing ethyl arsonic acid with potassium 
permanganate in alkaline solution, but instead the acid decomposed into 
acetic and arsenic acids.2a2 

n-Propylarsonic acid, C3H7AsO (OH) 2, is made in the same manner 
as ethylarsonic acid by employing potassium arsenite and n-propyl iodide 
at ordinary temperature, some ethylpropyl ether being formed at the 
same time. The acid is isolated through its magnesium salt.293 It may 
also be derived from sodium arsenite and n-propyl bromide.289 The 
acid crystallizes in needles, m. p. 126-7°; soluble in water or alcohol but 
insoluble in ether. 

Allylarsonic acid, CSH5AsO (OH) 2, m. p. 128-90
; IS produced from 

sodium arsenite and allyl halides.28D
, 294 

n-Butylarsonic acid, C4 HgAsO (OH) 2, from n-butyl bromide and 
sodium arsenite, melts at 159-60° and resembles the other arsonic acids 
in general properties. It forms an imoluble magnesium salt with mag
nesia mixture.289 
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Isoamylarsonic acid, C5HllAsO(OH)2' obtained from potassium 
arsenite and isoamyl iodide,295 is a pearly white, crystalline substance 
melting at 194°; soluble in water or alcohol but insoluble in ether. By 
heating for four hours at 285 0 it decomposes thus: 

2C"HllAsOsHz --';> 2C5H llOH + AszOs + H~O.296 
~-Chlorovinylarsonic acid, (CHCl = CH)AsO(OH)2, is formed by 

oxidizing the corresponding dichloroarsinc with concentrated nitric acid. 
It crystallizes from acetone-carbon tetrachloride in long needles, m. p. 
1300

• Its monosodium salt crystallizes in hexagonal plates or long 
needles, m. p. 163° with decomposition. On heating the free acid at 
110-15 0

, it loses one molecule of water forming the anhydride,' CHCI = 
CH.AsOz, a white, hygroscopic powder decomposing violently at 242°.181 

3. Alkyl Arsinedisulfides.-Theoretically, the alkyl arsinedisulfideE 
may be regarded as arsonic acid anhydrides with the oxygen replaced 
by sulfur: 

Arsonic Acid Anhydride Disulfide 

That there is actually an exchange of sulfur for oxygen, may be assumed 
from the general method of preparation which consists in passing hydro
gen sulfide through aqueous solutions of the arsonic acids, the reaction 
proceeding according to the following equation: 

Moreover, by employing certain oxidizing agents the disulfides can 
be converted into the corresponding arsonic acids with the liberation of 
sulfur, further indicating the mutual exchangeability of the sulfur and 
oxygen in these two classes of arsenicals. The members of this group 
are yellow oils having a repulsive odor, and generally dissolve in the 
usual organic solvents. 

Methylarsinedisulfide, CHsAsS2, is prepared by passing hydrogen 
sulfide through a solution of methylarsonic acid,ss. 297 separating slowly 
in the form of clear yellow oily drops which on cooling first become turbid 
and finally semi-solid. After washing with water and drying over 
calcium chloride, it is dissolved in chloroform and the latter evaporated 
off, the disulfide remaining as a yellow, gummy mass, which cannot be 
SOlidified. According to Meyer it is not necessary to isolate the arsonic 
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acid for the preparation of the disulfide, for upon heating sodium arsenite 
and methyl iodide together in a sealed tube, dissolving the melt in warm ~ 
water, acidulating with hydrochloric acid and treating the solution with 
hydrogen sulfide, the above disulfide may be obtained. 

The product, which may be purified by means of carbon bisulfide, 
has a repulsive smell, is soluble in ether, alcohol, chloroform, carbon 
bisulfide, or warm caustic soda solution, but difficultly so in ammonia. 
Dilute nitric acid oxidizes it to methylarsonic acid which may be identi
fied by its calcium and silyer salts. According to Meyer, the disulfide 
decomposes on heating into methyl sulfide and arsenic trisulfide: 

2CHsAsS2 ~ (CHS)2S + As2SS' 

This would resemble the observation made by Baeyer upon heating 
methyl arsine tetrachloride 276 when methyl chloride and arsenic tri
chloride are produced: 

CHsAsC14 ~ CHsCI + AsCls. 

Dehn, however, claims 298 that the disulfide when heated decomposes 
into trimethylarsine sulfide and arsenic penta sulfide : 

3CHsAsS2 ~ (CHs) sAsS + AS2S5 • 

Ethylarsinedisulfide slowly separates on passing hydrogen sulfide 
through a hydrochloric acid solution of magnesium ethylarsonate.299 It 
is a yellow, highly viscid oil of a peculiar, disagreeable odor; sp. gr. 
1.836/24°; sparingly soluble in ligroin, readily in benzene, chloroform 
or carbon bisulfide, and insoluble in water, alcohol or ether. Like arsenic 
trisulfide, methylarsinedisulfide or phenylarsinesulfide it does not dissolve 
in concentrated hydrochloric acid, but is readily soluble in caustic alkalis 
or alkali sulfides. Dilute nitric acid dissolves it, yielding ethylarsonic 
acid, while concentrated nitric acid acts on it with explosive violence, 
yielding ethylarsonic, acetic and arsenic acids. 

n-Propylarsinedisulfide, similarly prepared from magnesium n-propyl
arsonate/oo is a viscid oil changing to a gummy mass below - 10°. Its 
density is 1.8 at ordinary temperature. 

Isoamylarsinedisulfide is a viscid, pale yellow oil wh'ich cannot be 
solidified in a freezing mixture and cannot be distilled without decom
position. It is prepared like its lower homologues.so1 

B. Secondary Derivatives. 

1. Dialkyl Arsinetrihalides, R 2AsXs.-Although but few of these 
qompounds have been prepared, they are more stable than the primary 
alkyl tetrahalides which decompose at room temperature. 
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Dimethylarsinetrichloride (Cacodyl trichloride), (CHa) zAsCla, is 
prepared by passing chlorine into a carbon bisulfide solution of cacodyl 
chloride: 

(CHs)2AsCI + Cl2 -~ (CHa)2AsCla, 

or by slowly introducing powdered cacodylic acid into phosphorus penta
chloride or -oxychloride in the presence of dry ether: 

(CHa)2AsO.OH + 2PCl5 -~ (CHs)zAsCla + 2POCIa + HCl. 

The product crystallizes from ether in prisms or leaflets readily hydro
lyzed by water, and decomposing at 40-50° into methyldichloroarsine 
and methyl chloride.aoz 

Diethylarsinctrichloride.-When a dilute alcoholic solution of mer
curic chloride is gradually introduced into an alcoholic solution of diethyl
arsine, a white precipitate forms and the whole deyelops an unbearable 
odor, which gradually disappears as more bichloride is added. By warm
ing the mixture on a water-bath a clear solution results, which when 
cooled yields a white, crystalline powder. Two other compounds are 
formed at the same time, one settling to the bottom of the container in 
the form of heavy, oily drops which solidify upon cooling to a hard, 
brittle, amorphous, greenish-gray mass; the other separating in the form 
of colorless needle~ upon filtering off the above two substances and con
centrating the filtrate. These latter two compounds have not been 
identified. 

The above white, crystalline powder, (C2H 5 ) 2AsCls .4HgO, is odor
less, difficultly soluble in eold, more readily in hot water, and almost 
insoluble in alcohol. It is unaffected by dilute nitric acid, but is decom
posed by the concentrated reagent. When heated it decomposes, form
ing mercuric chloride and volatile arsenical products.ao3 

Diisoamylarsinechlorodibromide, (C5Hll ) 2AsCl.Br2, separates on 
adding bromine to a dry ethereal solution of diisoamylchloroarsine as 
long as decolorization oeeurs on gentle warming, eyaporating off the sol
vent and permitting the residual oil to stand. It forms white crystalline 
granules with an odor resembling chloral hydrate; melts at 124-5°; is 
readily soluble in ether, chloroform or ammonia, less so in water or ben
zene, and is converted into diisoamylarsinic acid by aqueous ammonia.304 

2. Dialkyl Arsinic Acids, R 2A.sO. OH.-These acids constitute an im
portant chapter of organic arseni.cals chiefly because of the historical 
and practical importance attached to the first member of the series, 
dimethylarsinic- or cacodylic acid, which attracted the attention of such 
-notable pioneers as Bunscn, Berzelius, J. B. Dumas, Frankland, Kolbe, 
Cahours, Landolt and von BaeyeI'. It is characterized by a remarkable 
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stability toward oxidizing agents and by its non-toxicity in the animal 
body, 

Although Auger had prepared cacodylic acid in 1903 by Meyer's 
method, he was unsuccessful with the higher homologues, so that it 
appeared as though this method could not be employed for the synthesis 
of dialkyl arsinic acids in general. 

In 1921, howenr, Quick and R. Adnms succeeded in obtnining ali
phatic arsinic ncids by this method. They first prepared nrsonic acids 
according to Meyer's procedure, and by reduction with sulfur dioxide 
in the presence of hydrochloric acid converted them into dichloroarsines. 
The latter were then dissolved in four moles of sodium hydroxide form
ing dis odium alkyl arsenites, and converted into arsinic acids by treat
ment with alkyl halides under the same conditions as those employed 
in the preparation of primary arsonic acids. The reactions take place 
rapidly, a maximum of four hours being required to prepare the final 
products. Their isolation is slightly more difficult than that of the 
arsonic acids, due to their greater solubility in water, but precipitation 
is readily effected by neutrnlizing the reaction mixture, concentrating, 
filtering off inorganic salts and finally acidifying. 

The activity of the halogen in alkyl halides and the solubilities of 
the latter are very important factors in determining the speed of reaction 
between alkyl chlorides or bromides and sodium arsenite or sodium alkyl 
arsenites. Thus, benzyl chloride, allyl bromide and ethylene chlorhydrin 
react from fi,'c to ten times as rapidly as ethyl- or isopropyl bromide. 
Moreover, with n series of alkyl halides the speed of reaction diminishes 
as the molecular weight increases. Ary I halides cannot be used in the 
above reaction. 

The acids of this group may also be prepared from secondary tri
valent aliphatic arsenicals by oxidntion with oxygen or mercuric oxide; 
from alkyldichlotoarsines and bromine in the presence of water, or by the 
action of mercuric oxide upon alkyl arsineoxides. They consist of well
defined crystalline substance? soluble in water or alcohol, and are readily 
reduced to trinllent arsenicals by nascent hydrogen. They form metallic 
salts, but cacodylic acid also possesses basic properties forming salts 
with acids. The acids do not yield a precipitate with magnesia mixture 
either in the hot or cold, thereby differing from both arsenic- and the 
primary arsonic ncids. 

Dinwthylarsinic (Cacody:ic) acid, (CHS)2AsO.OH, is obtained in 
practically theoretical yields by oxidizing the corresponding arsineoxide 
with mercuric oxide under water, the reaction being, so vigorous thnt it 
must be regulated by outside cooling. ",Vhen the odor of cacodyl oxide 
has entirely disappeared, the supernatant fluid is poured off from the 
metallic mercury and cacodyl oxide added drop by drop until, on warm
ing, metallic mercury no longer separates, thereby indicating the com-
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plete decomposition of any mercury cacodylate formed. The solution is 
then concentrated and the product finally recrystallized from aicoho1.305 

Auger 306 prepared the same acid by further application of Meyer's 
reaction. Disodium methylarsonate is first reduced to methylarsine
oxide by dissolving in a minimum amount of luke warm water, saturating 
with sulfur dioxide at ordinary temperature and boiling in a reflux appa
ratus. The excess of sulfur dioxide is neutralized with sodium carbonate, 
the whole evaporated to dryness in vacuo, and the arsineoxide removed 
from the residue by repeated extraction with hot benzene. The product 
is then dissolved in methyl alcohol, and refluxcd with one mole of methyl 
iodide in the presence of two moles of caustic soda. When the reaction 
is completed, the alcohol is distilled off, and the residue treated with 
dilute sulfuric acid and aqueous sodium nitrite. After filtering off the 
liberated iodine, the filtrate is saturated with sodium carbonate, evapo
rated to dryness, and the sodium cacodylate extracted from the residue 
by means of absolute alcohol. 

The free acid exists as colorless, odorless, obliquely truncated prisms 
melting at 200 0

; has a slightly acid taste; is neutral to methyl orange 
but acid to phenolphthalein, and readily dissolves in water or alcohol. 
It" is a remarkably stable compound, remaining un decomposed by the 
action of fuming nitric acid, aqua regia or potassium permanganate even 
upon heating,307 but deflagrating when heated with dry chromic acid. 
When electrolyzed in alkaline solution, it is oxidized to arsenic acid. 308 

Cacodylic acid is also unaffected by sulfurous acid, oxalic acid, ferrous 
sulfate, nascent hydrogen or other milder reducing agents, but is reduced 
to cacodyl oxide by warming 'with phosphorous acid, to cacodyl chloride 
by stannous chloride, to cacodyl and dimethy larsine by electrolysis in 
2N-sulfuric acid solution,30B while with metallic zinc, cacodyl oxide and 
zinc cacodylate are formed. On passing hydrogen iodide over the dry 
acid, much heat is evolved, cacodyl iodide, free iodine and water being 
formed. Similar results are obtained with hydrobromic acid. With 
hydrogen chloride, methyldichloroarsine and methyl chloride are formed; 
with hydrogen sulfide, cacodyl sulfide, sulfur and water result, while 
with phosphorus pentachloride, cacodyl trichloride is obtained. 

It is amphoteric, forming salts with bases and also acids, e. g., 
(CHa)2As02H.HCI, (CH3)2As02Na. According to Hantzsch, conduc
tivity measurements with cacodylic acid show that when treated with 
an excess of caustic alkali, it does not react strictly as a monobasic 
acid, but partly as the sodium salt of a tribasic acid. He concluded that 
in the presence of one molecule of sodium hydroxide the acid is mono
basic, but with an excess of alkali it forms the molecular aggregate 
(CHa)2As(OH) (ONa)2, so that the acid is capable of functioning in the 
tribasic form, (CH3)2As(OH)3. This effect is very slight, however, and 

disappears entirely in ~ solution.309 
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At 1200 the acid reacts with easily meltable condensation products 
of phenols and formaldehyde, forming resinous substances in which the 
arsenic is held in an ester-like combination. These form water-soluble 
salts with alkalis, and are soluble in the same solvents as the parent 
phenolic condensation compounds, upon which their melting points are 
also dependent.310 

S(1[ts.-With potassium or sodium hydroxides the acid forms deliques
cent salts, of which the sodium compound is the more stable. The silver 
salt, prepared by dissolving pure silver oxide or carbonate in cacodylic 
acid, crystallizes in long needles readily soluble in water and dark
ening in sunlight. It combincs with the free acid, forming a salt, 
(CH3)2As02Ag.2(CH3)zAsOcH, und also with silver nitrate, forming 
the compound, (CH3 ) 2As02Ag. AgI\H13-scales readily soluble in water, 
sparingly in alcoho1.011 Mercuric cacodylate is obtained almost pure by 
dissolving freshly precipitated mercuric oxide in un excess of a concen
trated solution of the acid. It crystallize~ in fine ~white needles which 
when heated yield metallic mercury and a mixture of volatile products 
having an odor like "Alkarsin." 312 The copper salt, [{CH3)2AsO. 
O]2Cu.7CuC12, results upon mixing alcoholic solutions of cacodylic acid 
and copper chloride, a slimy, greenish sediment being formed at first 
which becomes granular on boiling. It is soluble in wuter, and decom
poses when heated, yielding cacodyl, copper chloride, copper arsenite, 
arsenic and carbon.313 In addition, there htl ve been prepared lithium, 
calcium, barium, magnesium, iron, strychnine, codeine and untipyrine 
salts. 

Rare Earth Cacodylates.-Praseodymium cacodylate, [{CH")~As(\J6 
Pr2 . 16H2 0, prepared by dissolying praseodymium hydroxide in a boiling 
solution of cacodylic acid, forms pale green crystal" soluble in wtlter.014 
Neodymium cacodylate is similarly obtained as small crystals of a very 
pale amethyst color and soluble in water. Samarium cacodylate forms 
almost white crystals very soluble in boiling water, much less in cold, 
and insoluble in alcohol or acetone.314

, 315 Yttrium cC1codylate is pre
cipitated by boiling a neutral solution of yttrium chloride with a slight 
excess of sodium cacodylate, and consists of small white crystals very 
slightly soluble in boiling water and insoluble in cold. Thulium caco
dylate, prepared like the praseodymium salt, is a crystalline powder 
practically insoluble in boiling water. 

Perhaps the most remarkable property of the above compounds is 
the euse with which they form double salts with rare earth chlorides, 
nitrates, sulfates, etc. Thus, douhle salts of lanthanum cacodylate 
and lanthanum chloride, -bromide, -iodide, -nitrate, -sulfate and 
-metlwnetrisu]fonato hn\"o been prepared. Cerium chloride cacodylate, 
2Ce L \ CH3) 2As02J 3' CeC13 . 18H20, consists of white fibrous crystals; 
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cerium sulfate cacodylate is obtained as a thick precipitate by mixing 
the sulfate and cacodylate solutions, while neodymium chloride caco
dylate forms Ycry pale amethyst crystals of a fibrous nature.S14 

The hydrochloride, (CH3)~As02H.HCI, prepared by the direct com
bination of its components, crystallizes in leaflets which are readily 
decomposed into their constituents by means of water. The correspond
ing hydro bromide is a yery unstable syrupy mass, while the hydro
fluoride is supposed to correspond to the formula, [(OHg)2As02H. 
HF] (CHs)2AsFa• On treating monosodium cacodylate with four 
moles of molybdenum trioxide in boiling water, a sodium salt, 

[ 

(CHg)2 ] 
NazH As(Moz0 7 )z , is obtained, which when treated with an 

(OH)z 
excess of guanidinium chloride yields colorless plates of a compound, 

r (CH3)2 1 
(ONsH6)zHLAS(M0201)2J' The corresponding potassium, silver, cop-

(OH)2 
per and lead salts have also been prepared.316 The thiosinamine salt, 

S = 0 < ~~; CaH
5 • (OHa) zAsOzH, prepared from its components, is a 

crystalline compound, m. p. 74 0
; readily soluble in water or alcohol, less 

so in ether, and difficultly in ligroin or benzene.S17 

Diethylarsinic acid, (C2H 5) zAsO .OH, is prepared by oxidizing an 
alcoholic solution of ethylcacodyl with oxygen, or treating ethylcacodyl 
with finely ground mercuric oxide under water and isolating through the 
barium salt. 318 

Another method consists in permitting ethyl bromide to react with 
ethyl dichloroarsine in alkaline solution.319 It forms lustrous, deliques
cent leaflets melting at 1900 and decomposing at higher temperature, 
yielding arsenic acid and other arsenical decomposition products. When 
heated in air it burns with a pale yellow flame. It is readily soluble in 
water or alcohol, sparingly in ether; has an acid reaction; and a taste 
which is at first acid and finally bitter. It decomposes alkali carbonates, 
liberating carbon dioxide. The acid is' a very stable substance, remain
ing unaffected by oxidizing agents such as concentrated nitric acid or 
aqua regia, and by weak reducing agents like sulfurous acid or ferrous 
sulfate. Phosphorous acid reduces it upon warming, yielding an oily 
liquid with a penetrating odor, probably diethylarsineoxide. Its barium 
salt, [(02H5) zAs02JzBa. (CZH 5 )zAsOzH .2H20, is a deliquescent, crystal
line substance easily soluble in water, less so in alcohol, and decompos
ing when heated. The silyer salt is a very unstable substance darken
ing readily at ordinary temperature, more so upon warming. When dry 
it is a black amorphous powder unaffected by dilute hydrochloric acid, 
but soluble in the concentrated acid with decomposition. On account 
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4. By the action of Grignard's reagent upon arsenic trihalides. 
The products are solids which generally dissolve in water with 

hydrolysis. When distilled they decompose into a dialkyl halogenated 
arsine and an alkyl halide: 

R3AsX2 -~ R 2AsX + RX. 

Tertiary arsines combines with cyanogen bromide in an atmosphere free 
of moisture, forming trialkyl cyanobromides: ' 

The latter are extremely sensitin to moisture, the cyanogen group being 
replaced by a hydroxyl with the formation of the corresponding hydroxy
bromide: 

R3As.CN.Br + rCa -~ R"As.OH.Br + HCN. 

Trimethylarsine dibromide, (CH3)3AsBrz.-Upon adding an excess of 
bromine to an ethereal solution of trimethylarsine, a red precipitate of 
trimethylarsinetctrabromide, (CH3)3AsBr{, is formed, \vhich is converted 
into the dibromide by treatment with acetone.323 It may also be pre
pared by heating together cacodyl bromide and methyl bromide .in a 
sealed tube filled with dry carbon dioxide for three hours in a boiling 
water-bath.2l1 It is a colorless crystalline substance melting between 
150 and 1600

, and dissolving in water with hydrolysis. 

Trimethylarsine diiodide is prepared from trimethylarsine and 
iodine.3H Upon distillation it decomposrs into dimethyliodoarsinc and 
methyl iodide: 

Triethylarsine dichloride.-Landolt obtained traces of this compound 
by treating triethylarsine oxide with concentrated hydrochloric acid in 
alcoholic solution.32G By the action of mercuric chloride upon triethyl
arsine he obtained needles of (C2H,) 3AsO. (C2H 5 ) 3C12. Hg2C12 .320 An 
attempt to prepare the dichloride by decomposing the corresponding 

, diiodide with mercuric chloride proved unsuccessful. 

Triethylarsine dibromide, (C2 H,J 3AsBrz, is prepared by adding 
bromine to triethylarsine in alcoholic solution,327 or by the action of 
concentrated hydrobromic acid upon triethylarsine sulfide.""S Accord
ing to Landolt it is a pale yellow, crystalline mass, but Dehn obtained 
it in practically white, deliquescent needles with a bitter taste and an 
irritating odor. When treated with chlorine or nitric acid, bromine is 
liberated, while with concentrated sulfuric aciel hydrobromic acid is 
obtained. Upon heating it melts and finally burns with a white flame. ' 
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Triethylarsinc rliiorlidr.-Prep:ued from trirthylar"ine and iodine in 
ethereal t30Iution,'·2" or by di"tilling the compound ICcR,) ,AsT. A8I".030 
It consists of sulfur-yellow flakes melting at 160° and boiling at 190.° 
It is very unstable; exposed to the air for a short time it turns brown 
and melts to a dark syrupy liquid. The compound is readily soluble in 
water, alcohol or warm hydrochloric acid, sparingly so in ether, and is 
decomposed by nitric or sulfuric acid with separation of iodine. Aqueous 
caustic potash com'erts it into the corresponding arsine oxide. 

Dimethylallylarsine dibromide, (CR3 ) 2 (C3R 5 ) AsBr2 , is obtained as 
a yellow flocculent precipitate by treating dimethylallylarsine with 
bromine in ether solution.331 

Tri(~-ch[orovinyl)ar8ine d1·bromide, (CRCI = CR)3AsBrz, from· the 
tertiary nrsine and bromine in light petroleum solution at freezing tem
perature, consists of colorless needles melting at 107°.332 

Triethylarsine hydroxybromidc, (CzR 5 LAs. OR . Br.-When a dry 
ethereal solution of trieth:vlarsine (1: 10) is slowly treated with a similar 
solution of an equimolecular [lmount of dry cynnogen bromide at 10"" 
temperature, a white, cr)'stalline hydroxy bromide separates out. In 
this reaction the cyanobromide is first formed, but is immediately hydro
lyzed by atmospheric moisture. It crystallizes from acetone in needles, 
m. p. 149-50°; readily soluble in water with an acid reaction, also in 
alcohol, chloroform, glacial acetic acid, phenol or warm acetone, and 
insoluble in ether, ligroin or carbon bisulfide.333 

Ethyldi-n-propylarsinc hydroxllbromidc, (C ZR 5 ) (C3 R 7 ) 2As. OR .Br,· 
is prepared by di8solving the C'orrc:"ponding cyanobromide in a little 
alcohol and cOllccntrating in yacuo. It exists as crystals which are "0 

hygroscopic that they melt immediately on coming in contaet with air. 
H forms a hydroxypicratc, m. p. 85.5°, with picric acid in alcoholic 
solution.260 

Ethyldi1·sobutylarsinc hydroxybrornidc, (C:,R.,) (C4 R,,) eAs. OR. Br, is 
made either by allowing atmo:-pheric moisture to [lct on the cyano
bromide, or by bringing together cthyldiisobutylarsine and cyanogen 
bromide in moist ether. It exists in a liquid or salve-like form. Its 
hydroxllpicratc crystallizes in fine, yellow needles melting at 82° .226 

Tricthylarsine cllarlOuromide, (CeRJ 3As. CN. Br.-Triethylarsine 
dissoh'ed in absolute petroleum ether i8 mixed with a similar solution 
of one mole(:ular equi\':dent of anhydrous cyanogen bromide in an atmos
pherp of carbon dioxide which has been dried by passing successively 
through calcium chloride, sulfuric acid and phosphorous pentoxide. 
After standing for some time, crystals of the cyanobromide separate 
out. It melts at 67°, and absorbs moisture with great avidity, the 
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hydroxy bromide bein~ formed.33± Distilled in yacuo, it decomposes, 
yielding dicthylcynnoarsille and ethyl bromide: 

(C2H 5) 3As. CN . Br ---? (C2H 5 ) 2As. CN + C2H5Br. 

Ethyldi-n-pTopylaTsine cyanobTornidc, (C2 R 5 ) (CaH,) 2As. CN. Br, 
from the corresponding tertiary arsine and cyanogen bromide like the 
preceding compound, is fl granular substance very sensiti"e to moisture. 
'Vhen heated under special conditions, it breaks up into a mixture of 
ethyl- and n-propyl bromides on the one hand and a mixture of ethyl
n-propyl- flnd di-n-propylcyanoarsines on the other.26B 

EthyldiisobutylaTsine cyanobTornidc, (CcHo) (C4 Hg) 2As. CN. Br, 
similarly prepared, is a solid melting at 69 D

• On heating it decomposes 
into ethyl bromide flnd diisobutylcyanoarsine. 226 

2. TrialkylaTsine Oxides.-This class of compounds may be regarded 
as having been derived from ortho arsenic acid by replacing its hydroxyl 
groups with alkyl radicals: 

/OH 
OAs-OH --~ 

'" OH 

/R 
OAs-R. 

"'R 
They result when tertiary arsines are exposed to the action of the air. 
Unlike the arsonic and arsinic acids the trialkylarsine oxides possess no 
acid properties. They have a neutral reaction toward litmus, but 

'possess feebly basic properties. Thus, the trimethyl, triethy I and 
tri (~-chloroviny 1) deriyatiyes form nitrates with nitric acid. 

TTimcthylaTsine oxide, (CRs) sAsO, is obtained as colorless deliques
cent crystals, when trimethylarsine is exposed to the air,335 or from 
cacodyl oxide by Meyer's reaction: 

[(CH3)2As]20 + 2CH31 + 2NaOH -~ 2(CH3l3AsO + 2NaI + H 20.BaG 

With molybdenum trioxide in boiling water, it forms a yellowish 
microcrystalline powder consisting of 

If guanidinium chloride be added to the solution before the above com
pound crystallizes out, there are finally obtained white, microcrystalline r (CHa)3 (CH3)3 1 
platelets of a compound, (CNBHG) BHa LAS (Moz0 7 ) 2 (Moz0 7 ) 2As J .337 

-0-
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Triethylarsine oxide, (C2H5)aAsO.-When an ethereal solution of tri
ethyl arsine is allowed to evaporate spontaneously in the air at ordinary 
temperature, the oxide is obtained as a colorless, oily liquid with a faint 
garlicky odor. It is contaminated with other oxidation products, the 
nature of which has not been further investigated. It can be prepared 
in larger quantities by the action of ethyl iodide on 80dium arsenide. 
In this method the product is first extracted with ether, then with alcohol, 
the solvent evaporated off from the latter extract and the residual liquid 
distilled. The oxide is a faint yellow, oily liquid insoluble in water, 
hydrochloric or sulfuric acid, soluble in ether or alcoho1.338 It dissolves 
in nitric acid, forming a nitrate which can also be prepared from triethyl
arsine and nitric acid. 

Tri-n-propylarsine oxide, (C3H 7) 3AsO, is obtained by the dry dis
tillation of tetra-n-propylarsonium hydroxide. Its mercurichloride, 
(C3H7)3AsO.2HgC12, consists of white needles, m. p. 60-60.5°.m 

Tri(~-chlorovinyl)arsine oxide, (CHCI = CH)3AsO, is formed by 
treating an aqueous solution of the corresponding hydroxynitrate with 
the proper quantity of sodium hydroxide and extracting with chloroform. 
It is also formed on treating the corresponding dibromide with caustic 
soda. It crystallizes in long, colorless needles or small plates, m. p. 154 0 

with decomposition.332 

3. Trialkylarsine Sulfides, R 3AsS.-The arsenicals included in this 
group are analogous to those of the preceding chapter, as they are formed 
from trialkylarsines by direct combination with sulfur. They also 
result when the corresponding arsine oxides are treated with hydrogen 
sulfide. This conversion of oxygen compounds into the corresponding 
sulfur derivatives is accomplished more easily than that of the primary 
or secondary arsenicals. 

A very interesting method of preparation has been employed by Dehn. 
It consists in heating an alkyl arsine disulfide to a high temperature, a 
tertiary alkylarsine sulfide being formed together with arsenic penta
sulfide: 

3RAsS2 ~ RaAsS + AS2S5. 

Thus it can be seen that the above tertiary compounds are very stable, 
a fact which Landolt had previously pointed out. 

Trimethylarsine sulfide, (CH3) sAsS, may be prepared by combining 
trimethylarsine with sulfur; 340 by dissolving trimethylarsine dibromide 
in absolute alcohol, converting into the oxide by means of two moles of 
potassium ethylate, and treating this with hydrogen sulfide; 341 or by 
heating methy larsinedisulfide: 

3CHaAsS2 ~ (CHa)3AsS + AS2S5 .298 
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It forms colorless prisms or ncedlrs soluble in alcohol, chloroform or 
carbon bisulfide, m. p. 168° (RantzsC'h), 174° (Dehn), 177.5° (Dehn, 
Wilcox}.342 With methyl iodide it forms an additive compound, 

(eRg) sAs < ~. eRg or (eRg) gAsS < fR8 , which crystallizes from hot 

alrohol in white needles melting with dC('omposition at 180° and decom
posed by water, yielding methyl mercaptan."41 

Triethylarsine sulfide, (ecHo) gAsS, is derived from triethylarsine and 
flowers of sulfur in ether medium. The prodUC't thus obtained is con
taminated with sulfur and triethylar~illc oxide.:") It may also be 
prepared b~' heating eth~'lar"inediRulfidc at 180-95°; 2"8 by boiling tri
ethy!arsine oxide with aqueouR potassiulll penta sulfide ; 2'" or from tri
ethylarsine by heating with four parts of (':1rbon bi;;:ulfide and three parts 
of absolute alcohol in a sealed tube at 1200 for 10 hours, eyapomting off 
the excess of carbon bisulfide anl\ nlC'oilol, anl\ fradionating the residual 
oil. The fraction obtained aboye 200 0

, on Rtanding for a number of 
da~';, deposits the abO\'e 8ulfi(ie as long needles. At present no equation 
can be giyen that will represent thi-s peculiar reaction. 3t4 

The mlfide consists of feather? cr~'~tah or ,yhite needles with n bitter 
taf'te; f10luble in warm ,Yatpr, boiling ether or alcohol; melts at 119.5°; 
and f'ublimes at higher tcmperntures. Ac('ording to Landolt it is odor
less, while Dehn found that it posses,.:eC' a wr~' peculinr, penetrating and 
disagreeable odor. 1t is deC'()mpo~e(1 by cUJ1('l'l1trated nitric acid, the 
sulfur being oxidized to sulfuric acid, but is unaffected by boiling with 
caustic potash. 

TTimethylarsine 8c[cnid!', (CH::I::A"Se, formed from the tertiary arsine 
and powdered selenium ill ethereal C'olutioll, crystallize;.: in long, thin 
needles unstable in air, "dying off an odor similar to that of trimethyl
arsine, and rapidl~' forming a hrirk-red deposit Oil the surfare. This 
reddish substance is i'olllewhat soluble in ah'ohol or carbon bisulfide, and 
is probably amorphous selenium. The abO\"e crystals are fairly stable 
when conred with alcohol or ether or when dissolnd in water, especially 
if kept in the dark. On expo:,urc to light, llOwen'r, the reddening occurs 
even when cO\"erecl with alcohol. l'pon heating, the compound begins 
to decompose appreciably at 100°, c\,oh'ing nlpors which are probably 
those of trimethylarsine, and finally leaying a black residue of selen
iUill. 345 

D. Quaternary Derivativ~s. 

1. Tetraa1kyl Arsonium Compollnds, R.AsX.-Lnndolt, in 1854,"46 
was practically thc first to preparc a compound of this type. By the 
interaction of sodium arsenide Hnd ethyl iodide, he obtained a mixture 
of several arsenicals, from which he sU<.:ceeded in isolating triethylarsine. 
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He found that this compound could be combined additively with ethyl 
iodide forming a product which we now know as tetraethylarsonium 
iodide. He also noted that the iodine of the latter could be replaced by 
a hydroxyl upon treatment ,,·ith moist ~il\"er oxide: 

2(C2H5)4AsI + Ag20 + H2'O ---c) 2(C2H o),As.OH + 2AgI. 

Cahours and Riche 15 repeated Landolt's experiments with sodium 
arsenide using methyl- instead of ethyl iodide, and obtained principally 
tetramethylarsonium iodide along with small amounts of cacodyl and 
trimethy larsine. They also pre par cd the arsonium hydroxide from the 
iodide by means of silver oxide. The 8ame im'estigators later modified' 
the preparation of arsonium ('ompounds by heating alkyl iodides with 
metallic ari-ienic in sealed tubes at 160-75° for 20 to 24 hours, obtaining 
double compounds of the ar"onium iodide and arsenic triiodide: 

4RI + 2As ~. R.AsI. AsI3 • 

By boiling with concentrated potassium hydroxide solution these were 
decomposed into the arsonium compound, potassium iodide, potassium 
arsenite and ,Yatrr, while upon distillation with solid caustic potash, 
trimethylarsine resultcd.::" By employing zinc- or cadmium arsenide 
instead of metallic arsenic they obtained double compounds of the formula 
R4AsI. ZnI2 or -CdI2 respectively, which upon boiling with concentrated 
caustic potash solution yielded the arsonium iodide, a metallic oxide and 
potassium iodide.34s 

The arsonium iodides have also been obtained from primary arsines 
by heating with an excess of alkyl iodide: 

RAsH2 + 3R'I ~ RR'3AsI + 2HI. 

In 1897-98 Partheil and Amort prepared a mercuric arsenide, HggAs2 , 

by the action of arsine upon mercuric chloride: 349 

2AsH3 + 3HgCl2 ~ As2Hg3 + 6HCl. 

Upon heating this substance with alkyl iodides in u sealed tube they. 
claimed that double salts of hexaalkyldiarsonium iodides and mercuric 
iodide were formed, which with moist silver oxide yielded the free hexa
alkyldiarsonium hydroxides: 

[ 
R3As - AsR3 ] 

Hg3As2 + 6RI -~ i i .2HgI2 + Hg 

R GAszl z .2HgI2 + 3AgzO + H 20 ---c) RoAs2 (OH)2 + 6AgI + 2HgO.320 

Mannheim 350 repeated Partheil's experiments and found that the 
products obtained were double salts of tetraalkylarsonium iodides and 
mercuric iodide and suggested thnt the so-called "hexaalkyldiarsonium 
compounds" be eliminated from the list of organic arsenic compounds. 
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The tetra alkyl arsonium compounds are analogous to the correspond
ing ammonium and phosphonium derivatives. Although the arsenic 
atom in the pentavalent form is negative, its combination with four alkyl 
groups constitutes a positive univalent radical, forming salts with halo
gens. The halides, of which the iodides crystallize best, are not decom
posed by aqueous caustic potash-only upon distillation with the solid 
alkali does decomposition occur, the corresponding tertiary arsine result
ing. The halogen may be replaced by various acid radicals by treatment 
with silver salts, silver halide being precipitated, e. g., 

R4AsI + AgNOa ~ R4As. NOa + AgI. 

With moist silver oxide they yield arsonium hydroxides-strong bases 
absorbing moisture and carbon dioxide from the air, and forming well 
defined, crystalline salts with acids. The arsonium chlorides form double 
salts with platinic-, auric- or mercuric chloride, while the arsonium 
iodides combine with iodine, forming triiodides: 

R4AsI + 12 -~ R4AsIa. 

Tetramethylarsonium iodide, (CH3) 4AsI, may be produced directly 
from trimethylarsine and methyl iodide. It is the chief product formed 
by the interaction of sodium arsenide and methyl iodide,351 or when 
mercuric arsenide and methyl iodide are heated at 120°.352 In the last 
method it is obtained as the double salt (CH3) 4AsI. HgI2 • Other methods 
of preparation consist in heating methyl iodide with finely powdered 
arsenic in a sealed tube at 160-75° for 20-24 hours/53 or with zinc- or 
cadmium arsenide at 175-80°, forming the double salts (CHa) 4AsI. AsIa, 
(CHa) 4As.I. ZnI2 and (CHa)4AsI.Cdlz respectively, from which the 
arsonium iodide is liberated by warming with concentrated aqueous 
potassium hydroxide.354 The same arsonium compound results on heat
ing methyl iodide with methyl arsine in a sealed tube at 110° for 
eight hours: 

CHsAsH2 + 3CHaI --7 (CHa)4AsI + 2HI,355 

Finally, it may be made from cacodyl and two moles of methyl 
iodide: 356, 247 

With five molecular proportions of methyl iodide a mixture of tetra
methylarsonium iodide and -triiodide is obtained which may be sepa
rated by acetone, the triiodide alone dissolving. From the latter the 
monoiodide may be obtained by warming with concentrated caustic 
potash solution. 

The arsonium iodide crystallizes from alcohol in cubical crystals or 
lustrous leaflets decomposing at 170-80°, but melting according to 
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Steinkopf at 328 0 with violent decomposition. It is readily soluble in 
water or alcohol, insoluble in ether, and decomposes with the formation 
of trim ethyl arsine when distiIIed over solid potassium hydroxide. It 
combines additively with iodine, forming lustrous, brown needles of the 
triiodide, which upon heating decomposes into methyl iodide and cacodyl 
iodide. 

The mercuriiodide, (CHa) 4AsI. HgI2' prepared either from mercuric 
arsenide and methyl iodide at 120°,352 or from tetramethylarsonium 
iodide and mercuric iodide in alcoholic solution/57 crystallizes from hot 
alcohol in yeIIow needles, m. p. 184°, soluble in acetone or hot alcohol 
and insoluble in ether. 

With iodoform in absolute alcoholic solution the arsonium iodide 
forms an addition product, I[ (CHa) 4AsJ ... IaCH, which can also be 
obtained by decolorizing a hot saturated alcoholic solution of tetra
methylarsonium triiodide with alcoholic potash, and recrystaIIizing the 
resulting precipitate from alcohol. The product melts at 165 0

; is easily 
soluble in hot alcohol or acetone but insoluble in cold water, ether or 
ligroin.358 

Tetramethyla.rsonium bromide is a highly deliquescent substance pro
duced together with cacodyl bromide from cacodyl and methyl bro- . 
mide: a56 

[(CHa)2As]2+2CHaBr ---,) (CHa)4AsBr+ (CHa)2AsBr. 

According to Steinkopf,247 however, on heating the above components 
in a current of carbon dioxide at 100° for three hours, a mixture of the 
arsonium bromide and trimethylarsine hydroxybromide is obtained. The 
arsonium chloride is derived from the corresponding hydroxide and hydro
chloric acid. Its mercurichloride separates from alcohol in white needles, 
m. p. 175-6°; sparingly soluble in cold, readily so in hot water; a59 the 
platinichloride, [(CHg)4AsCI]2 .PtCI4 , forms yeIIow crystals decompos
ing at 250-60°; sparingly soluble in cold, readily in hot water/so while 
the aurichloride, (CHg) 4AsCl. AuClg, consists of yellow needles which 
do not melt up to 233 0, are readily soluble in acetone or alcohol and 
insoluble in ether.a6l 

Tetramethylarsonium hydroxide, (CHa)4As.OH, is obtained from the 
iodide by the action of moist silver oxide. It is a deliquescent, crystal
line, strongly caustic substance resembling sodium- or potassium 
hydroxide-it forms salts with acids, even carbonic; turns red litmus 
blue; precipitates hydroxides of heavy metals from their soluble salts, 
and saponifies fats. a5l 

Tetramethylarsonium triiodide, (CHa)4AsIa, may be derived from 
cacodyl halides by heating with methyl iodide in a sealed tube at 
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100°,200 ,204,211 or from cacodyl and five molecular proportions of methyl,' 
iodide.247 In the last method the corresponding arsonium iodide is also 
formed, but separation is effected by acetone, in which the latter is 
insoluble. The triiodide crystallizes in brownish-red needles melting at 
133° and yielding the monoiodide on warming with concentrated potas
sium hydroxide solution. 

Tetraethylarsonium iodide, (C2H 5 ) 4AsI, is prepared from triethyl
arsine and ethyl iodide,s40 or like the methyl compound from powdered 
arsenic, zinc- or cadmium arsenide and ethyl iodide.302 It forms colorless 
prisms decomposing at 160°, readily soluble in water or alcohol and 
insoluble in ether. With silycr sulfate in the presence of sulfuric acid it 
forms the acid sulfate, (C2H3)4As.HS04' 

The mercuriiodide, (CzHGl 1As!. HgIz, prepared like the corresponding 
tetramethyl compound, crystallizes from alcohol in yellow needles readily 
soluble in acetone, sparingly in cold alcohol, insoluble in water or ether, 
and melting at 112° .3G3 The bismuthiiodide, [(C2H 5 l 4AsIJ a2BiI3' is 
formed from the arsonium triiodide by treatment with the double iodide 
of bismuth and potassium, 2BiIa. 3KI. It separates as lustrous, brick
red, hexagonal plates insoluble in cold alcohol, ether or water, soluble 
in warm aqueous potassium iodide or hydrochloric acid, and decomposed 
by alkali hydroxides or carbonates.364 

Tetraethylarsonillrn bromide, from the hydroxide and hydrobromic 
acid, consists of deliquescent crystals soluble in water or alcohol, and 
behaves like potassium bromide with solutions of metallic salts, 
nitric or sulfuric acid. 365 Its double salt with bismuth bromide, 
[(C2H5)4AsBr]s.2BiBr3, is obtained from the arsonium triiodide by the 
addition of a solution of hydrated bismuth oxide in concentrated hydro
bromic acid, separating as lemon-yellow crystals which decompose upon 
warming with alkali hydroxides or carbonates.3GG 

The arsonium chloride results on treating the hydroxide with hydro
chloric acid, and consists of deliquescent crystals readily forming double 
salts with metallic chlorides.SG

' Its mercurichloride consists of white 
needles melting at 139 0 and dissolving in hot water; the platinichloride 
forms sparingly soluble, orange-yellow crystals, m. p. ~24° with decom
position; the aurichloride crystallizes in yellow needles melting at 171 0, 
and dissolving in alcohol; 368 the bismuthichloride forms colorless 
crystals. 369 

The arsonium hydroxide is obtained from the iodide by treatment 
with moist silver oxide. It is a highly caustic, white, deliquescent mass 
absorbing carbon dioxide from the air, liberating ammonia from am
monium salts, and precipitating the hydroxides of heavy metals from 
solutions of their salts.346 

The triiodide, from the mono iodide and iodine in alcoholic solution, 
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consists of brown, lustrous leaflets, m. p. 55-6°; soluble in ethyl alcohol, 
sparingly so in ether and insoluble in carbon bisulfide. With mercury 
it forms the mercuriiodide, (C2 H,,) 4As!' HgI~.3'O 

Tetra-n-propylarsonium iodide, (C3 H 7 ) 4AsI, is prepared from arsenic 
and n-propyl iodide by heating at 180° for 24-30 hours, and decomposing 
the resulting double iodide, ~C3H7) 4As!' AsI3 , by boiling with concen
trated caustic potash solution. It crystallizes from water in white needles 
decomposing at 150°, readily soluble in water or alcohol and insoluble 
in anhydrous ether.301 Its mercuriiodide, from the arsonium iodide and 
mercuric iodide, or from mercuric arsenide and n-propyl iodide at 1800

, 

forms needles melting at 1200
, soluble in acetone, sparingly so in cold 

alcohol, insoluble in water or ether, and yields the corresponding mercuri
chloride, (C3 H 7 ) 4As!. HgCI2 , with freshly prepared silver chloride."'" 

The corresponding arson11On chloride is deriyed from the hydroxide 
by neutralizing ,vith hydrochloric acid. Its mercurichloride exists as 
white needle!:), m. p. 169 0

; the platinichloride as yellowish-red crystals 
melting at 189 0

, ,vhile the aurichloride crystallizes in needles melting at 
127 0

•
373 

The arsonium hydroxide has been obtained in impure form from the 
corresponding iodide or its mereuriiodide and moist silver oxide. When 
distilled it decomposes, yielding principally tri-n-propylarsine oxide."H 

Tetmisopropylarsoniwn I'odide, prepared like the normal compound 
from arsenic and isopropyl iodide, crystallizes in colorless needles dark
ening at 150 0

, readily soluble in alcohol and insoluble in ether."" Its 
mereuriiodide consistl:) of yellow needles, m. p. 114°; insoluble in water 
or ether but ~oluble in acetone. The arsonium hydroxide, obtained in 
the usual manner from the iodide, reacts with hydrochloric acid yielding 
the corresponding chloride. 37G The latter forms a mercurichloride which 
crystallizes in needles soluble in acetone or hot water, and melting at 
171 ° ; its platinichloride decomposes at 211 ° , while the aurichloride, m. p. 
186-8°, decomposes on exposure to lightY7 

Tetraallylarsoniurn iodide mercuTiiodide, (CaH,,) .AsI. HgIz, from 
mercuric arsenide and allyl iodide at water-bath temperature, crystal
lizes in yellow leafiets or plates, m. p. 74°; sparingly soluble in alcohol, 
readily in acetone. With freshly prepared silver chloride the double 
salt, (C3H 5 ) 4Asl. HgClz, m. p. 72.5°, results. J78 Other allylarsonium 
compounds, such as the hydroxide, chloride and double salts of the lattf'T 
can only be obtained in the form of oils. 

Tetra-n-butyla,rsoniurn iodide, (C4H u).AsI, from arsenic and n-butyl 
iodide at 170-80°, forms small needles decomposing at 145-50°; soluble 
in water or alcohol and insoluble in ether.';;" The mercuriiodide consists 
of yellow needles, m. p. 109 0

; soluble in acetone, imioluble in water or 
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ether.s80 The hydroxide and chloride are obtained like the correspond
ing derivatives previously described. The mercurichloride is a radiating 
crystalline mass; the platinichloride, reddish-yellow crystals gradually 
darkening and finally decomposing at 220 0

; the aurichloride, needles 
melting indefinitely at 131°.381 

TrimethylethylarsonilWL iodide, (CHs)s(C2H 5 )AsI, is prepared by 
heating ethyl arsine with an excess of methyl iodide: 

C2 H 5AsH2 + 3CH3I --;> (CHs)s (C2H 5 )AsI + 2Hl. 

It consists of lustrous needles softening at 300° and sintering at 320°; 
soluble in water, chloroform or hot alcohol, difficultly so in cold alcohol 
or concentrated potassium hydroxide solution and insoluble in ether.382 

Trimethylallylarsonium iodide, (CH3 ) 3 (CgH 5 )AsI, is derived from 
methyl iodide and dimethylallylarsine. 331 

Trimethyl-w-bromoethylarsonium bromide, 

(CHs)s (CH2Br. CH2 ) AsBr, 

from trimethylarsine and ethylene bromide in a closed vessel at 100-105°, 
crystallizes from hot alcohol in fine prismatic plates, m. p. 239°; very 
easily soluble in water but difficultly in cold alcohol. The corresponding 
picrate, m. p. 189 0

, is difficultly soluble in cold water or alcohol but 
more readily in hot. When heated with water in a closed vessel at 
180° for four hours, the above bromoethyl compound is converted into 
trimethyl-w-hydroxyethyjarsonium bromide, a deliquescent solid melting 
at 2190

, soluble in alcohol and insoluble in ether.sss The corresponding 
arsonium chloride, (CR))s(CH20H.CH2 )AsCI, is prepared from tri
methylarsinc by heating with glycol chlorhydrin at 120-5° for four hours 
in a closed vessel. It forms very deliquescent, prismatic crystals, m. p. 
218-20°; very easily soluble in alcohol, slightly so in chloroform and 
insoluble in ether. Its aqueous solution yields no precipitate with 
hydrogen sulfide. It forms a crystalline mercurichloride; yields a white 
precipitate with Mayer's reagent; a brown, greasy precipitate with potas
sium iodide, and a voluminous white deposit with phosphotungstic acid. 
The corresponding arsoni~lm iodide consists of deliquescent needles easily 
soluble in alcohol; the stt'fate is also deliquescent, dissolves in alcohol, 
and melts at 240°; the diiodosalicylate is stable in air, easily soluble in 
water, insoluble in ether and melts at 140°; the picrate, prisms melt
ing at 249 0

, is difficultly soluble in cold water or alcohol, readily in hot 
water or acetone and insoluble in ether or cold benzene. The arsonium 
hydroxide, (CH3)3(CH20H.CH2 )As.OH, prepared from the correspond
ing chloride in the usual manner, is a thick mass having the odor of 
trimethy larsine and reacting strongly alkaline. It is easily soluble in 
water or alcohol and insoluble in ether.384 



PENTAVALENT ALIPHATIC COMPOUNDS 9fi 

Triethyl-ro-bromoethylarsonium bromide, (C2 H 5 ) 3 (CH2Br. CH2 ) AsBr, 
is prepared by the interaction of triethylarsine and ethylene bromide in 
a sealed tube at 50° 21 or at 100-105° .383 It forms rhombic dodecahedra 
'readily soluble in water or hot alcohol and melting at 225°. With silver 
chloride it yield" the corresponding arsoniwn chloride; heating witti 
water at 1800 converts it into the hydroxyethylarsoniwn bromide,"ss 
while moist silver oxide liberates hydrobromic acid, forming triethyl
mnylarsoniurn hydroxide, (C ZH 5 )3(CHz = CR)As.OR. This is in direct 
contrast with the corresponding phosphorus compound which under the 
same conditions yields triethyl-ro-hydroxyethylphosphonium hydroxide. 
When the above vinylarsonium hydroxide is neutralized with hydro
chloric acid it yields the corresponding chloride which forms a platini
chloride consisting of moderately soluble octahedra, and also a sparingly 
.30Iuble, yellow, crystalline aurichloride.2' 

Triethyl-ro-hydroxycthylarsonium chloride, 

(CzRo) 3 (CRzOR. CRz) AsCI, 

is prepared from triethylarsine and glycol chlorhydrin at 120-5°. It 
forms fine deliqueseent needles very easily soluble in alcohol but insolu
ble in ether. The eorresponding di1:odosalicylate is stable in air, melts 
at 118°, is easily soluble in water or alcohol but insoluble in ether; the 
triborate is stable in air and easily soluble in hot water or alcohol; the 
picmte is fairly easilY soluble in hot, difficultly so in cold water, insoluble 
in ether and melts at 152 0

• The corresponding arsonium hydroride, 
prepared from the chloride in the usual manner, is a thick mass resem
bling the trim ethyl homologue.a8

'; 

Dimethy:diethylarsonimn iodide, (CRa) 2 (C2 R 5 ) zAsI, consists of 
colorless prisms obtained by the action of ethyl iodide on cacodyl m a 
sealed tube at ordinary temperature: ""5 

(CR3 ).Asz + 2CzR5I ---',> (CR3 )2(CzR 5 )2Ad + (CR3 )2AsI. 

It combines with iodine to the triiodide-brown needles with a metallic 
luster.'''" The corre~ponding bromide is derived from cacodyl and ethyl 
bromide at ordinary temperature; the chloride from cacodyl and ethyl 
chloride at 180°. The latter forms a platinichloride (orange-red needles), 
a mercurichloride (white needles) and an aurichloride (golden-yellow 
needles). The hydroxide, (CR 3 )z (C2R 5 )zAs. OR, is made from the 
bromide or iodide and moist silver oxide; 3"5 the neutral sulfate crystai
lizes in octahedra soluble III water or alcohol, while the nitrate forms 
deliquescent granules. 

Dimethyldi-n-propylarsoniurn iodide, (CR3 ) 2 (CaR7) zAsl, from 
cacodyl and n-propyl iodide at 140°, exists as pale yellow crystals. Its 
mercurichloride separates from hot water in white leaflets."K< 
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Dimethyldiisopropylarsonium iodide, from dimethyl arsine and iso
propyl iodide; white crystals, m. p. 230°; soluble in chloroform.3ss 

Dimethyldiallyladonium iodide, (CRs) 2 (C3R 5) 2As1, from cacodyl 
and ally I iodide, 38" or from dimethy larsine and allyl iodide.390 

Dimethyldiisobutylarsonium iodide, (CR3 ) 2 (C4Ro) 2AsI, is made by 
heating dimethylarsine and isobutyl iodide in a sealed tube at 1100 for 
five hours. It is a white crystalline solid, m. p. 155 0

; soluble in alcohol 
or chloroform, insoluble in ether.s91 

Dimethy-ldiisoarnylarsonium iodide, (CRs) 2 (C5Ru) 2AsI, consists of 
leaflets obtained from cacodyl and isoamyl iodide.392 With isoamyl 
bromide the corresponding arsonium bromide results.39s 

Dimethyldicetylarsoniurn iodide, (CR3 ) 2 (C16R 3ahAsI, from dimethyl
arsine and cetyl iodide at 100° for five hours, is a white crystalline solid, 
m. p. 53-4° .388 

Dimethyl-n-propylisoarnylarsonium iodide, (CHa) 2 (CaH7) (C5H ll ) AsI, 
from dimethyl-n-propylarsine and isoamyl iodide at 120°.394 

Di-n-propyldiisoamyla?'soniurn iodide, (CsH7) 2 (CSHll ) 2AsI, is ob
tained from diisoamylarsine and n-propyl iodide at 160° for two hours.394 

Methyltriethy:arsonill1n iodide, (CHa) (C2Rs)3AsI, forms white crys
tals on heating methyl artiine and ethyl iodide at noo for eight hours.355 

Methyltri(~-chlorM'inyl)arsonium iodide, (CRa) (CRCI = CR)aAs1, 
exists as lustrous, colorlet3t3 needles, m. p. 209°. It is formed by heating 
equimolar amounts of the tcrtiMY arsine and methyl iodide in a sealed 
tube at 100° for 27 hours.394 

Ethyl-tri-n-propylarsonium iodide, (C2H 5) (C3H7) 3AsI, from ethyl
arsine and n-propyl iodide at 110° for three hours, melts at 2370 with 
decomposition, and forms a yellow-white mercuriiodide.154 

Ethyltriisopropylarsoniurn iodide, prepared like the n-isomer, decom
poses upon heating according to the following reactions: 395 

(C2R 5) (CaH7)aAsI -~ (CaH7)sAs + C2H51 
2(C2Hs) (CsR7)sAsI -~ (CaR7)aAsI2 + C4H lO + (CSR 7)sAs 

Ethyltriisoamylarsonium iodide, (C2H5) (CSHll)sAsI, from ethyl
arsine and isoamy liodide at 140° for eight hours, crystallizes from alcohol 
in compact crystals unmelted at 250°, easily soluble in isoamyl- or ethyl 
alcohol, difficultly in chloroform and insoluble in ligroin or acetone,SS6 
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2. Ethylenehexaethyldiarsonium Compounds, 
(02H 5) sAs. OH2 - H 20. As (02H5) s. 

* ± 
Ethylenehexaethyldiarsonillm bromide, 

(02H5) sAs. OH2 - H20.As(02H5)S' 
I I 

Br Br 
is prepared by the addition of triethylarsine and triethyl-w-bromoethyl
arsonium bromide at 1500

• With moist silver oxide it forms the corre
sponding hydroxide, a basic substance which forms salts with min
eral acids. The chloride forms a double salt with platinic chloride, 
[ (02H5) sAs. 01. OH2] 2Pt014, a pale yellow precipitate difficultly soluble 
in water, and an aurichloride, [(02H5) aAs. 01. OH2]2' 2AuOla-yellow 
crystals.22 

By condensing triethyl-w-bromoethylarsonium bromide with ammonia 
at 100°, ethylenetriethylarsammonium bromide, 

(02H5)aAs.OH2 - H2C.NHs, 

I I 
Br Br 

is obtained. This behaves like the previous compound. The platini
chloride, [(02H5) 3 (Ol)As. 02H4' NHs. 01]PtcI4 , is obtained as needles 
from hot hydrochloric acid; the aurichloride, 

[(02H5)S (01)As.02H 4.NHs. Ol] .2AuOls, 

consists of yellow leaflets.23 

Triethylarsine and triethyl-w-bromoethylphosphoniumbromide com
bine at 100° to ethylenehexaethylphospharsonium bromide, 

(02H5)3As.OH2 - H 20.P(02H 5)3' 
I I 
Br Br 

With silver oxide in the cold it forms the corresponding hydroxide, which 
decomposes upon warming according to the equation: 

(02H5)aAs.OH2 - H20.P(02H5)s -~ 
I I 
OH OH 

(02H5) sP. OH2 - OH20H + (02H5) sAs. 
I 
OH 

The base reacts with mineral acids, forming salts which crystallize in 
needles and readily form double salts; the platinichloride, 

[(02H5) sAs (01) . 02H4'P (01) (02H5) s]Pt014 , 

crystallizes from hydrochloric acid in orange-red, triclinic prisms.2~ 



98 ORGANIC ARSENICAL COMPOUNDS 

E. Pentaalkyl Arsines, RoAs. 

Pentarnethylarsine, tCH3)5As, was obtained by Cahours in small 
amounts by the action of zinc dimethyl upon tetramethylarsonium iodide: 

2(CH3 ).AsI +Zn(CH3 )2 ~ 2(CH3)5As +ZnI2 • 

The main product of the reaction is trimethylarsine from which the less 
yolatile pentaalkyl compound is separated by fractional distillation. 
The latter is very unstable, arid is decomposed by both iodine and hydro
chloric acid to the corresponding tetramethylarsonium compounds: 397 

(CH3 )5As;t- 12 -~ (CB3 ).AsI + CHaI 
tCH3 )5As + HCI-~ (CH3 ).AsCI + CH •. 



Chapter III. Unsaturated Aliphatic Arsenicals. 

It has been found that the hydrocarbons or arids of the acetylenE: 
series react with arsenic trihalides or a mixture of arsenious acid and 
thionyl chloride forming derivative!" corre~ponding to .the general formula, 
RC = CR' ,which on subsequent treatment with water yield arsine-

I I 
X AsX2 

oxides, RC = CR'. With suitable oxidizing agents both these classes 
I I 

X AsO 
of compounds may be converted into the corresponding arsonic acids, 
RC=CR' 

I I 
X AsO(OH)2 

Ch!oroarsinosoheptine, C,H12Cl.AsO, results upon refluxing heptine 
with arsenic trirhloride (2 parts) at 100° for 16 hours. After distilling 
off the unchanged arsenir trichloride in "acuo, the oily residue is dis
solved in moist ether, and treated with aniline until a filtered sample 
gives no further precipitate with aniline. The whole is finally filtered, 
and the ethereal solution washed first with water rontaining hydrochloric 
acid and then with pure water until the washings no longer react acid to 
congo. After drying over sodium sulfate, the ether is distilled off in 
vacuo, when the desired arsineoxide remains as a thick, dark liquid 
which slightly attacks the skin.39s 

Bromoarsinosooctine, CSH14Br. AsO, similarly prepared from octine 
and arsenic tribromide, is a dark brown, oily liquid miscible in all pro
portions with ether, chloroform or benzene."!J8 

Phenylpropiolic acid and arsenic trirhloride reart as above to form 
colorless leaflets easily soluble in hot acetone, rhloroform or benzene, 
less so in ether and insoluble in water. When arsenic tribromide is em
ployed there are obtained yellowish-brown crystals, m. p. 255-8°; soluble 
in acetone or benzene, pradirally insoluble in petroleum ether and 
entirely so in water. With caustic alkalis at low temperature the above 
two propiolic acid derivatives yield the ('orresponding alkali salts. 39g 

C hloroarsinostearolic acid, C"H320 2CI. AsO, is prepared by heating 
stearolic acid with arsenic trichloride in a closed vessel at 140° for six 
hours, and removing the unchanged inorganic arsenic from the reaction-

99 
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product either by distilling in vacuo or by dissolving the whole in ether, 
and shaking repeatedly with water. The ethereal solution is carefully 
concentrated, poured into cold aqucous caustic potash, and the resulting 
solution finally acidified with hydrochloric acid. The precipitated fatty 
mass is then dissolved in ether, the solution dried with calcium chloride 
and the solvent evaporated Off.400 The same product may be obtained 
by heating stearolic acid with powdered arsenic and sulfuryl chloride at 
145 0 for 5-6 hours.401 By purification with petroleum ether, it is obtained 
as a brownish, semi-fluid product insoluble in water but soluble in the 
usual organic solvents. The strontium salt, (C1sH",0"Cl.AsO)2Sr, pre
pared by dissolving the acid in alcohol aIllI pouring into a well-cooled 
methyl alcoholic solution of strontium chloride saturated with ammollia, 
is a flesh-colored powder insoluble in water. The calcium salt has 
essentially the same properties. The ethyl ester is derived from the acid 
by warming with ethyl alcohol and sulfuric acid. It is a brown oil 
easily soluble in chloroform or benzene but insoluble in water.402 

Bromoarsinosostearolic acid is a semi-solid mass obtained by passing 
hydrogen bromide into a mixture of stearolic arid, arsenic trioxide ane! 
anhydrous magnesium sulfate for one hour at 135 0

, and maintaining the 
whole at the same temperature for ten more hours.403 

C hloroarsinosobehenolic acid, C22H,002Cl. AsO, may either be pre
pared like the stearolic acid derivative; 401 by passing dry hydrogen 
chloride into a mixture of behenolic acid, arsenic trioxide and anhydrous 
cupric sulfate at 140 0

, until all of the arsenic trioxide has disappeared 
and then heating for 5-6 hours at the same temperature; 403 or by heating 
a mixture of behenolic acid and arsenic trioxidc with thionyl chloride 
at 135 0 for six hours, and treating with alkali. 4Ol The product is a pale 
brownish-rcd oil insoluble in water, but easily soluble in nlcohol, ether, 
benzene, chloroform or olive oil. When heated in a test tube, it decom
poses with the formation of an arsenic mirror. On treating its alcoholic 
solution with normal potassium hydroxide and warming on a water-bath 
for two hours it decomposes, yielding behenolic acid, which may be 
isolated by cooling the liquid and saturating with hydrochloric acid. 
It reacts vigorously with thionyl chloride, the product condensing with 
aniline to form chloroarsinosobehcnolanilidc_'02 Its alkali salts re:oemble 
soaps and are soluble in water. A carefully neutralized solution of the 
potassium salt may be kept for beycral hours without uecomposition, 
but in the presence of an excess of alkali, hydrolysis occurs. The stron
tium salt, known as "Elarson," is prepared like the corresponding salt 
of stearolic acid, and is insoluble in water, difficultly soluble in alcohol, 
ether or olive oil, decomposes when strongly heated, and yields the acid 
derivative when treated with cold dilute hydrochloric acid in the pres
ence of a little ether. The calcium salt has also been prepared.405 The 
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ferric salt is a red-brown powder insoluble in water or alcohol; the basic 
ferric salt is a light-brown powder insoluble in water or alcoho1,40

6 

while the yohimbine salt is a faintly colored powder, m. p. 90°, soluble 
in water, alcohol or acetone. 285 The methyl ester. from methyl beheno
late and either arsenic trichloride or arsenic trioxide and thionyl chlo
ride,402 or from chloroarsinosobchenolic acid by warming with methyl 
alcohol and concentrated sulfuric aeid,407 is a brown oily liquid easily 
soluble in ether or benzene but difficultly so in alcohol.402 

Chloroarsinosobehenolic anhydride, from behenolic anhydride and 
arsenic trichloride, is a brown, fairly solid mass easily soluble in benzene 
or chloroform.402 

Bromoarsinosobehcnolic acid is a brown, semi-solid compound pre
pared like the chloro compound from arsenic tribromide.408 Its anhy
dride is derived from the above acid by dissolving in benzene, treating 
successively with pyridine and a 25 per ccnt phosgene-benzene solution, 
and allowing to stand for two days. It is a brown mass easily soluble 
in benzene or chloroform!02 

C hloroheptinearsom:c acid, C7H 12CI. AsO (OH) 2, is formed upon 
oxidizing the corresponding arsineoxide with hydrogen peroxide in acetone 
solution. It rrystallizes from hot water in clusters of white needles 
melting at 115°. Its monosodium salt consists of lustrous white leaflet" 
easily soluble in water.398 

Bromooctinearsonic acid, CSH 14Br. AsO (OH) 2, is either prepared 
from the arsineoxide like the preceding acid or directly from octine and 
arsenic tribromide. The latter two substances are warmed together on 
a steam-bath for 15 hours, the unchanged arsenic tribromide distilled off 
in yacuo, and the residue oxidized with bromine in dry carbon bisulfide 
solution. The product crystallizes from hot water in long, colorless, 
lustrous needles melting at 129-30°.398 

The methyl estcr of chlorobehenolarsonic acid, 
\ 
'\ 

is prepared by oxidizing the methyl ester of the corresponding arsinoso 
compound with bromine in carbon bisulfide solution at low temperature, 
and purifying through the strontium salt. The acid is a thick, yellowish 
oil decomposed by strong heating, and easily soluble in alcohol, ether, 
chloroform, benzene or petroleum ether. On boiling with methyl alco
holic potash, the methyl group is split off, yielding a dibasic acid.·07 

An arsenical derivati\'e of distearine has been obtained by heating it 
with alcoholic arsenic acid either under ordinary pressure or in \'acuo for 
ten hours at 135-40°. The solidified reaction mass is dissolved in hot 
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carbon tetrachloride. filtered, the solvent distilled off, and the residue 
extracted with low-boiling petroleum ether to remove the unchanged 
distearine. It may also be prepared by' grinding distearine together 
with arsenic acid and heating in an autoclave at 120-40° for 14 hours. 
The product is a fatty mass, m. p. 85-7°; easily soluble in chloroform, 
hot alcohol or ether but difficultly in petroleum ether.409 



Chapter IV. Trivalent Aromatic Arsenicals. 

A. Primary Derivatives. 

1. Aryl Arsines, RAsH2 .-Although the corresponding aliphatic com
pounds possess very feebly basic properties. the unsubstituted primary 
aromatic arsines are entirely devoid of such characteristics. The products 
containing nuclear substituents, however, behave both like arsines and 
the corresponding non-arsenated organic compounds. They may be 
generally prepared by reducing arsonic acids, arsineoxides or arseno 
compounds with nascent hydrogen in acid solution: 

RAsO(OH)2 + 4H2 ----'> RAsH2 + 3H20 
RAsO + 2Hz ----'> RAsH2 + H 20 
RAs = AsR + 2Hz ----'> 2RAsH2 • 

In several instances it has been found possible to reduce arsonic acids 
electrolytically. The arsines are generally solids, with the exception of 
a few which are liquids. By regulated oxidation they may be converted 
into arseno compounds, arsineoxides or arsonic acids: 

2C6H5AsH2 + O2 ----'> CeR,As = AsCeH5 + 2H20 
C6H5AsHz + O2 ----'> CcH5AsO + H 20 
2CcH 5AsH2 + 302 ----'> 2C6 R,AsO(OH)2' 

When treated with halogens, replacement of the hydrogen occurs, yield
ing dihalogenated arsines: 

RAsH" + X 2 ----'> RAsHX. HX ----'> RABHX + HX X2---,> 
RAsX2 • HX -----'> RAsXc + HX; 

while with alkyl halides they form nryltrialkylan,onium halides: 

RAsHz + 3R'X ----'> RR' 3AsX + 2HX. 

The arsines form various arseno deriyatives with compounds of the type 
RAsO, RAsCl 2 , RSbO, RSbCl 2 , SbCla and BiCI3 or BiBr3: 

RAsHz + RAsO ----'> RAs = AsR + H 2 0 
RAsHz + RAsClz ~ RAs = AsR + 2HCI 
RAsHz + Sbel3 ~ RAs = SbC] + 2HCl. 

They may also be condensed with aldehydes, forming bis-a.-hydroxy
tertiary arsines, tetrahydro-I,4,2,5-dioxdiarsines or arseno compounds, 
depending upon the conditions of the experiment. 

103 
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Phenylarsine, Cr,HoA3H~.-Pure calcium phenylarsonate is mixed in 
a reflux apparatus with an excet's of amalgamated zinc dust, the mixtu"Ce 
rm'ered with water and a layer of ether, and reduction effected by adding 
hydrochloric acid at the rate of 5-10 drops per minute. The ethereal 
byer is then dried onr calcium rhloride and distilled, the arsine coming 
oYer at 93°/70 mm. It is preser\'ed in an atmosphere of carbon 
dioxideYo. m The arsine mrty also be prepared from phenybrsonic acid 
by reducing either in a similar manner,412 or elertrolytirally in an 
aqueous alcoholic hydrochloric acid medium.413 The product is a color-

less, highly refraetin oil, b. p. 148°/760 mm., 93° /70 mm.; d~~ , 1.356; 

has an odor like phenylisocyanide, but on dilution it resembles that of 
hyacinths; is readily soluble in alcohol, ether or carbon bisulfide, and 
oxidizes on exposure to air, forming arsenobenzene, phenybrsineoxide and 
phenylrtrsonic acid. It produces painful blisters on coming in contnet 
with the skin, and i~ highly irritating to the mucous membrane. Heated 
for three hours at 240° in a sealed tube ,,,ith carbon dioxide, it decom
poses. into tripheny larsine: 

3CGH5AsH2 --'_> (CnR.,LAs + ASe + 3H2.<Jl1 

'Vith hromine it ~'icld~ bromobenzene imrl arsenic tribromide, phenyldi
bromoarsillc being formed as an intermediate product: 

Br., 
CGH5AsH2 + 2Br2 --'.> C6H sAsEr2 + 2HBr ----'_> C6H5Br + AsBr3; 

. with iodine it forms phenyldiiodoarsine and phenylarsonic acid: 

2CGH5AsH2 + 101 + 3H20 --'_> CGH5AsI2 + C6H5As03H2 + 8HI ; 

while with alkyl iodides phenyltrirtlkylarsonium iodides result. 
Various aldehydes are reduced by the arsine with the formation of 

arsenobenzene and either the corresponding alrohol or other redurtion 
products. Thus, with benzaldehyde, anisaldehyde, p-chlorobenzaldehydc 
or rinnamic aldchyde the reaction procceds according to the following 
equation: 

2CGH5AsH2 + 2RCHO --'_> C"Hc.As = AsCGHc. + 2RCH20H; 

with m-nitrobenzaldehyde, the products arc arsenobcnzene and an un
identified substance containing a reduced nitro group, the btter assump
tion being based on the fact that phenylarsine reduces nitrobenzene, 
forming hydrazobenzenc and arscnobemenc: 

4C 6HJ',O" + 10C"H5AsHe ---:> 2CGH"NH. HNCuHs + 5CGH 5As = 
AsCGR + 8HeO; 

with crotonie or salicyl aldehyde there arc obbinrcl ar:,enobel1zene and 
other produrts as yet unidentified, while with chloral or chloral hydrate 
the end products arc aeetylaldchycle and phenylrlichloroarsine: 

3CGH oAsH2 + 2CC13 • CHO --'_> 3C6HsAsCl2 + 2CH3CHO. 



TRIVAljENT AROMATIC AR8ENICAL8 105 

During the latter reaction a slight amount of arsenobenzene also results 
due to the interaction of phenylarsine and the dichloroarsine.415 

The arsine has been condensed with a(,etaldehyde, paraldehyde, pro
pionaldehyde, butyraldehyue, isovaleraldehyde, n-heptylaldehyde, ben
zaldehyde, p-ehlorobenzaldehyde, p-ll1etllOxybenzaldehyde and o-carboxy
mdhoxybenzaldehydc to form the corresponding bis-(a-hydroxy alkyl or 
aryl) phenylarsinc::i; and with paraformaldehydc, acetaldehyde, propion
aldehyde, butyraldehyde, isovaleraldchyde and furfural, yielding tetra
hydro-1 ,4,2,5-dioxdiarsines. 416, 417 

.H'v1 ethylphenyLarsine, (CH3 ) C 6H.,AsH2 , obtained by reducing 
p-tolylarsonic acid aceording to the method employed for the prepara
tion of phenylnrsine, is a colorless liquid, b. p. 113.5° /44 mm. By freez
ing it can be obtained as white lustrous plates, m. p. 20°.418 It has been 
condensed with both para1dehyde and benzaldehyde. 

2-Methylphenylarsine, prepared like the preceding isomer, is a color
less oil, b. p. 121 0 /93 mm. On exposure to air it rapidly oxidizes to the 
arseno compound, which can be separated from traces of the arsonic 
acid formed at the same time by means of sodium hydroxide.419 Con
densation products of the arsine with paraldehyde and benzaldehyde have 
been prepared. 

Benzylarsine, CGH 5 • CH2AsH2 , is made from the corresponding arsonic 
acid like the previous compounds.,s4 It is a faintly yellow liquid boiling 
at 140°/262 mm., and forming a black, amorphous platillichloride, 
C6 H GAsH2 • PtCI 4 • Heated with hydriodic acid at 140° for one hour, 
the arsine yields hydrogen, a brown-black solid and an oil (evidently 
benzyldiiodoarsine); with bromine at ordinary temperature, hydrogen, 
transparent crystals and a heavy dark oil result. On exposure to air 
the arsine is oxidized to benzylarsonic acid and a reu product, arseno
phenylmethane (CGH5.CH~.As = As.H2 CCGH 5 ), while heating in a 
sealed tube for two hours at 250:0 produces a black polymer of arseno
pheny Imethane, (C,H,As) 4: 

4CeH5CHcAsH~ --c> (CGH 5CH2As)4 + 4H2 • 

4-Chlorophcnylarsinc, CiCGH 4AsH2 , from 4-chlorophenylar:oonic acid 
by reduction with zinc amalgalll and concentruted hydrochloric acid in 
methy 1 alcohol,420 is a liquid, b. p. 116° /33 mIll., 159 0 /200 mm.; distill~ 
able in steam. When l:oolcd it crystallizes in thin, transparent leaves, 
m. p. 30.5-30.7°. 

2-C hlorophenylarsinc, prepared like plH'IlY larsinc, boils at 206 0 and 
is distillable in steam.421 

4-Aminophenylul'l5inc.. (H2~ ) C 6H 4AsH 2 .-p-Arsanilic acid dissolved 
in methyl alcohol is reJuced with zinc du"t and concentrated hydro-
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chloric acid, the filtrate rendered alkaline, distilled in steam and the 
distillate extracted with ether. After distilling off the solvent, the arsine ~ 

remains as a colorless oil, b. p. 132°/10 mm.; 801uble in alcohol, ether or 
glacial acetic acid but only sparingly in water. It oxidizes very readily 
in the air, turning yellow and forming 4,4' -diaminoarsenobenzene. Upon 
heating it darkens and finally decomposes at about 130°.422 The arsine 
may also be obtained by the electrolytic reduction of the above arsonic 
acid in mineral acid solutions with the exclusion of air.423 

4-Acetylaminophenylarsine, (CHoCO. HN) C6 H 4AsHz, obtained by 
reducing the corresponding arsonic acid with zinc dust and hydrochloric 
acid, is a white powder soluble in methyl alcohol or dilute hydrochloric 
acid.424 

N- (p-Arsylphenyl) glycine, [Phenylglycine-4-a.rsine J, 
(HOOCCHz • HN) C6H 4AsHz. 

The corresponding arsonic acid is dissolved in concentrated hydrochloric 
acid and reduced at moderate temperature by the gradual introduction of 
zinc dust. A yellow precipitate is first formed; this dissolves to a yellow 
solution which finally becomes colorless. Sodium acetate is then added 
to the filtrate, a 'white precipitate of the zinc salt of phenylglycine-4-
arsine separating out. This is warmed with an excess of aqueous sodium 
carbonate solution, the resulting zinc carbonate filtered off, and the 
filtrate acidified with hydrochloric acid. The free arsine separates as a 
faint yellow precipitate very difficultly soluble in water, alcohol or ether. 
It assumes a deeper yellow coloration on exposure to air, and decom
poses when heated at 100°.422 

4-HydroxyphenylarS1·ne, HO. C6H 4AsHz, results upon reducing the 
corresponding arsonic acid in methyl alcohol. It is isolated by filtering 
the reaction mixture, extracting the filtrate with ether, removing the 
arsine from the extract by means of caustic soda, and reprecipitating by 
a current of carbon dioxide. It is a white powder gradually turning 
yellow and finally red due to oxidation to 4,4' -dihydroxyarsenobenzene. 
It is soluble in caustic soda, sparingly so in water, alcohol or ether; 
darkens at 75°, and decomposes at 155° without melting.422 

3-Amino-4-hydroxyphenylarsine, (H2N) (HO)CGH 3AsHz, - 3,3'-Di
amino-4,4' -dihydroxyarsenobenzene dihydrochloride (arsphenamine) is 
suspended in concentrated hydrochloric acid and reduction effected by 
gradually adding zinc dust at 40°. After dilution ,vith water, the excess 
zinc dust is filtered off, the filtrate first treated with saturated sodium 
acetate solution, and then extracted with ether. The ethereal layer is 
separated, filtered and the filtrate evaporated to dryness in an atmos-
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ph ere of nitrogen, when a white crystalline deposit of the arsme IS 

obtained. The crude product is purified by repeatedly dissolving in 
caustic soda solution and reprecipitating with glacial acetic acid at low 
temperature in an atmosphere of nitrogen. A variation of this procedure 
consists in adding an excess of methyl alcoholic hydrochloric acid to 
the above filtered ethereal extract, evaporating the resulting solution 
to dryness in an atmosphere of nitrogen, dissolving the residue in a slight 
amount of water, and precipitating the arsine with alkali. The whole 
is then extracted with ether and the ethereal solution evaporated to 
dryness as in the previous instance!25 

The same arsine has also been obtained by reducing 3-nitro-4-
hydroxyphenylarsonic acid with zinc and concentrated hydrochloric acid 
at moderate temperature. At the beginning of the reduction a pre
cipitate forms which finally redissolves to a dark solution. This is 
diluted with water, the solution warmed until colorless and then filtered. 
On cooling, the double zinc salt separates; this is decomposed with 
sodium acetate and the arsine removed by extraction with ether. From 
the latter it is extracted by means of caustic soda solution and repre
cipitated by acetic acid.422 The yields thus obtained are very small. 

A modification of this method consists in dissolving the nitro arsonic 
acid in ethyl alcohol, reducing with zinc dust and hydrochloric acid, and 
introducing the filtrate into aqueous sodium acetate solution. After 
standing for some time in the cold, the arsine separates out.426 

The pure product is a white powder with a yellowish tint, soluble in 
dilute caustic soda, hydrochloric acid, ether, methyl or ethyl alcohol, and 
insoluble in acetone, benzene, toluene, chloroform, carbon tetrachloride 
or carbon bisulfide. On heating it decomposes without melting.425 The 
arsine forms an N -condensation product with 3-sulfobenzaldehyde in 
alkaline solution,427 and yields coordination products with auric chloride, 
silver nitrate or copper chloride. The gold compound is a brown powder 
readily soluble in water, alkalis, acids or methyl alcohol; the silver 
derivative is a black powder soluble in water, acids or alkalis, while the 
copper compound is a yellowish-red powder soluble in concentrated 
alkalis. They are prepared by bringing the two constituents together 
in methyl alcohol-hydrochloric acid and precipitating with ether.428 

3-Carbethoxyamino-4-hydroxyphenylarsine, 

(C2H500C.HN) (HO)C6H gAsH2 , 

is a white crystalline powder, m. p. 155-60°; prepared by the electro
lytic reduction of the corresponding arsonic acid. By treating with sul
furous acid and subsequently hydrolyzing, 3-amino-4-hydroxyphenyl
arsine is obtained.429 With palladous chloride in methyl alcohol-glacial 
acetic acid solution it forms a black addition product which is precipi
tated by ether.428 
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4-Carboxyphenylarsine, HOOC. C6H 4AsHz, results when the corre
sponding arsonic acid is reduced with zinc dust and hydrochloric acid in 
methyl alcoholic solution. It crystallizes from ether in colorless, com
pact, prismatic crystals, m. p. 79-80°; readily soluble in alcohol, acetone, 
ether, glacial acetic acid, chloroform or hot water, less so in benzene or 
ligroin. It rapidly oxidizes in the presence of moisture to the arseno 
derivative, but when presen'ed for a prolonged period in a dry condition, 
it is converted into the arsineoxide.106 

Methyl ester of 3-carboxY-4-aminophenylarsine (Methylanthranilyl
arsine), (CH300C) (HzN) C6H3AsHz, prepared from the corresponding 
arsonic acid by reduction with zinc and hydrochloric acid, is a difficultly 
soluble, yellow powder.430 

2. Condensation Products of Aryl Arsines with Aldehydes.416 · 417_ 

Under certain definite conditions it is possible to direct the course of 
reaction between primary aromatic arsines and aldehydes in three dif
ferent ways, according to the following equations: 

1. RAsHz + 2R'CHO ~ RAs(CH.OH.R')2' 

R' 
I 

O-CH 

/" . 
2. RAsH2 + 4R'CHO ~ RAs AsR + 2R'CHzOH. " / CH-O 

I 
R' 

3. 2RAsH2 + 2R'CHO ~ RAs = AsR + 2R'CH20H. 

The first reaction readily takes place when the arsine and an excess 
of aldehyde (aromatic or aliphatic) are vigorously stirred together at 
low temperature in the presence of a little concentrated hydrochloric 
acid, either with or without a solvent. Although anhydrous hydrochloric 
acid gas is most efficient in the case of aromatic aldehydes, it cannot be 
employed with aliphatic aldehydes. The resulting bis-a-hydroxytertiary 
arsines, RAs(CHOHR')2, which are generally oils in the aliphatic series 
and solids in the aromatic, decompose on strong heating over a free 
flame into aldehyde and arsine, the latter becoming immediately oxidized 
to arsenobenzene in the presence of air. They are stable toward water, 
cold or hot dilute alkalis and cold dilute acids; are, as a rule, slowly 
oxidized in the air, more rapidly in carbon tetrachloride solution, and 
readily by oxidizing agents such as potassium permanganate or nitric 
acid, the products being an aryl arsonic acid and the respective aldehyde: 

RAs(CHOHR')2 + 30 ~ RAsO(OH)2 + 2R'CHO. 



TRIVALENT AROjlIATIC A!?8FXICALQ 109 

The aliphatic deri,"atives may be titrated quantitati\"ely with iodine in 
ether solution as follows: 

RAs(CHOHR')e + 212 --c) RAsI2 + 2HI + 2R'CHO. 

With the aromatic aldehyde dC'ri,'ati\"C's iodine reaets slowly, but quan
titative titration is impossible. Bromine rearts violently with these 
condensation products leaying [l heavy reddish oil, which behayes like 
phenyldibromoarsine with nitric acid, yielding an nrylarsonic acid and 
free bromine. The reaction is probably similar to that of iodine, although 
the formation of an aldehyde has not been pronn. Chlorine also behaves 
like iodine, producing first an aryl dichloroarsinc, which by the continued 
action of the halogen in the presence of water is oxidized to the arsonic 
acid. With phosphorus pentachloride aryl dichloro:lri'ines and the parent 
aldehydes are formed: 

RAs(CHOHR')2 + PCl5 --c) RAsClz + 2HCl + 2PCl3 + 2R'CHO, 
while phenyldichloroarsine produces arscnobenzel1es and the original 
aldehydes: 

C6HoAs(CHOHR)z + C6H5AsCl2 --c) 

C6H5As = AsC6H5 + 2HCI + 2RCHO. 

In the cold without a solvent, in pyridine solution, or in the Schotten
Baumann reaction acid chlorides arc without effect. Toward reducing 
and dehydrating agents (excepting anhydrous hydrogen chloride, acid 
chlorides, or anhydrides under certain conditions) these compounds are 
very stable. The aliphatic derivatiycs form unstable addition products 
with haloid acids and stable compounds with chloroplatinic acid, but do 
not react with the Grignard reagent. 

The second type of compounds, tdrahydro-1,4,2,5-dioxdiarsines, can 
be obtained directly from primary aromatic ar~ines and aliphatic alde
hydes by allowing a mixture of the components to remain for a day or 
two in the presence of anhydrous hydrogen chloride at ordinary tem
perature. Similar compounds with aromatic aldehydes have not yet 
been isolated. The reaction takes ': place in two steps: first, bis-a
hydroxy tertiary arsines are formed,' which subsequently condense to 
tetrahydro-1,4,2,5-dioxdiarsines by the loss of two molecules of alcohol, 
thus: 

,'CliOHIF"'Hi OCHR' 
)L ...... ............... 1 "" 

RAs AsR ----7 "" , ................ "',\..., 
R'CHO: H R'HOCHi 

: --.: 

O-CH.R' 

// "" 
RAs AsR + 2R'CH20H. 

"" / R'.CH-O 

The same products may be obtained by the action of acetyl chloride, 
acetic anhydride or anhydrous hydrogen chloride upon bis-a-hydroxy
tertiary arsines prepared from aliphatic aldehydes. 
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The dioxdiarsines are stable toward water, dilute acids or alaklis 
and eYen hot 10 per cent alcoholic caustic potaEh. They are oxidized· 
by air to aryl arsineoxide" and aldehydes, while with "tronger oxidizing 
agentE :ouch as nitric acid, aryl arwnic acids and aldehydes are obtained. 
With iodine in ether solution they decompm'e to aldehydes and aryl di
iodoarsines, while ,,·jth pho:3pliorus pentachloride they yield aryl dichloro
arsines. They nrc decomposed by haloid arids, and form double salts 
with chloroplatinic acid or cupric chloride. 

The reduction of aldehydes by aromatic primary arsines as repre
sented by equation 3 takes place either at higher temperature with or 
without a catalyst, or on standing for a long time at room temperature 
without a catalyst. If, howenr, the aldehydes and arsines are mixed 
in proportions different from tho:3e indicated in the equation, the reactions 
take pl::1.ce in a somewhat different way and more complex products are 
formed. 

Bis- (a-hydroxyalkyl or aryl) arylarsines. 

Bis- (a-hydroxyethyl) phenylarsine, C"H5A.'3( CHOHCH3 ) 2.-Prepared 
froin phenylarsine, acetaldehyde or paraldehyde and a slight amount of 

concentrated hydrochloric acid. It is a colorless oil; d ~~, 1.252; n ~, 
1.5619. With hydriodic acid it forms a yellow hydriodide, m. p. 94-f)0; 
insoluble in water, slightly soluble in organic soh'ents and stable 
toward alkali; the hydrobromide melts at 117-8°; the ehloropiatinnte, 
C6HSAs (CHOHCH s ) 2' H 2PtC16 , is a pale yellow powder, m. p. 
169-70°.431 

Bis- (a-hydroxy-n-propyC) phcnylarsine, CCH6As (CHOHCeH;,) 2, is a 

colorless oil; d ~~, 1.176; n iJ, 1.5425; its chloroplatinate melts at 

148_9°.432 

Bis- (a-hydroxy-n-blltyl) phenyla-rsine, CGH3As I CHOHC:1H, .1", color

less oil, b. p. 187°/10 mm.; d~~, 1.116; n~, 1.5271; hydriodicle, m. p. 

157-8°; hydrobromide, m. p. 111-12°; chloroptltinute. m. p. 119-21o.m 

Bis- (a.-hydroxyisovaleryl) phenylarsine, c.JC~s (CHOHCjH, Ie, color

le~s oil, b. p. 1700 /6 mm.; d ~~, l.079: n i~, 1.5202. By ~trong cooling 

::nd i'ubsequent recrystallization from ethn it is obtained as needles, 
111 p. (,2'; cldoroplntinnte. m. p. 84-5° .""2 

Bis-\o.-hydroxy-n-hcptyliphcnylarsine, Cr,Hc,As(CHOHC(iH,::i", b. p. 

21,:)-4 0 /2 mIll.; d ~~, 1.069; n ~,1.4650. Upon freezing it solicLtiei' but 

doe:3 not cry"tallizc!::e 
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Bis- (a-hydroxybenzyl)phenylarsine, CaH5As (CHOHC6H 5 ) 2, white, 
silky needles, m. p. 1930

; insoluble in water, slightly soluble in hot 
alcohol or ether, more readily in hot benzene or ehlorobenzene.433 

Bis- (u-hydraxY-4-chlarabenzyl)phenylarsine, 

CaH 5As(CHOHC6H 4 Cl)2, 

colorless needles from chlorobcnzene, m. p. 164 0; more soluble lD the 
usual organic solvents than the previous compound. 433 

Bis- (u-hydraxY-4-methoxybenzyl) phenylarsine, 

C6H3As (CHOHC6H40CH3)2, 

yellowish oil insoluble in water, readily soluble in organic soh'ents except 
petroleum ether.433 

Bis-[ 0- (carboxymethoxy) -a-hydroxybcnzylJ phenylarsine, 

C6H3As (CHOHCeH40CHzCOOH) 2, 

colorless powder, m. p. 145-7° with loss of carbon dioxide; soluble m 
glacial acetic acid. It forms a disodium salt.434 

Bis- (a-hydroxyethyl)p-to[ylarsine, CHa . CGH4As (CHOHCH3 ) 2. 

When a mixture of paraldehyde, p-tolylarsine and a few drops of hydro
chloric acid are allowed to stand for 15 hours there is obtained a color-

less oil, b. p. 176-7°/22 mm.; d. ~~, 1.2331; n~, 1.5570. It oxidizes 

readily on exposure to air.405 

Bis- (a-hydraxybenzyl) p-tolylarsine, GH3 • C6H4As(CHOHC6 H 5 ) 2, 

white needles from benzene-alcohol mixture, melting at 208°.418 

Bis- (a-hydroxyethyl) a-talylarsine, a colorless oil, b. p. 1650 /21 mm.; 

d ~~, 1.244; n ~,1.5573. It has a slightly greater tendency to oxidize 

than other analogous compounds.419 

Bis- (a-hydroxybenzyl) a-talylarsine, white needle-like crystals from 
ether, m. p. 1400

•
419 

Bis- (a-hydroxyethyl) 4-chlarophenylarsine, CICGH4As (CHOHCHs) 2, 

a colorless oil, b. p. 183°/23 mm.; d ~~, 1.336; n ~, 1.5728.136 

Bis- (a-hydroxy benzyl) 4-chloraphenylaTsine, 

CIC6H4As (CHOHC6H 5 ) 2, 

from 4-chloropheny larsine and benzaldehyde; white, silky needles from 
chlorobenzene-alcohol mixture, U1. p. 218-218.5°.436 
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Bis- (a-hydroxybenzyl)2-chlorOI)henylarsine separates from alcohol or 
ether as white crystals melting at 146-7° .42,1 

Tetrahydro-l, 4, 2, 5-dioxdiarsines. 

Tetrahydro-2,5-diphen y l-l ,4,2,5 -dioxdiarsine, 
O-CH2 

/ "'-
CaH5As AsCaH5. 

"'- / 
CH2 -O 

Obtained from pam formaldehyde, phenylarsine and concentrated hydro-

chloric acid as a colorless oil, b. p. 215-6°/9 mm.; d ~~, 1.547; n ~, 
1.6522; readily oxidizing in air.43! 

Tetran ydro-S,6-dimetA yl-2,5 -dLpAen y l-l ,4,2,5 -dioxdiarsinc, 
O-CH.CHs 

/ '\. 
CaH5As As. CaH5, 

"'- / 
CHs.CH-O 

is a colorless oil, b. p. 257° /10 mm. with slight decomposition, d ~~, 1.369; 

n ~, 1.6332. Prepared either from phenylarsine, acetaldehyde and 

hydrogen chloride; by heating bis- (a-hydroxyethy 1) pheny larsine with 
half its weights of acetic anhydride under a reflux condenser in an oil 
bath at 140-50° for seven hours, or by merely allowing bis- (a-hydroxy
ethyl)phenylarsine to stand for a few days in the presence of anhydrous 
hydrogen chloride and then distilling. The chloroplatinate melts at 
130-1 ° ; the cuprichloride at 150-2°.437 

Tetrahydro-3,6 -die th y l-2,5 -dip hen y l-l ,4,2,5 -dioxdiarsine, 
O-CH.C2H S 

/ "'-
CSH5As As. CSH5, 

"'- / C2H5.CH-O 

b. p. 212°/2 mm.; d~~, 1.336; n~, 1.6217.437 

Tetrahydro-3,6-di-n-propy l-2,5 -dipheny l-l ,4,2,5-dioxdiarsine, 
O-CH.CsHr 

/ "'-
CaH5As AsCaH5, 

"'- / CaHl.CH-O 
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a pale yellow oil, b. p. 241-2° /2 mm.; d ~~, 1.297; n ~, 1.5856; obtained 

from phenylarsine and n-butyraldehyde in the presence 'of gaseous hydro
chloric acid, or by refluxing a mixture of acetic anhydride and bis- (a
hydroxy-n-butyl)phenylarsine for six hours.437 

Tetrahydro-3,6-diisobutyl-2.5-diphenyl-l/t,2,5-dioxdiarsine, 

0-CH.C4H 9 

/ "-CSH5As AsCsH 5, 

"- / 
C4H 9. CH -0 

from phenyl arsine and isovaleraldehyde; an almost colorless oil com

paratively stable in air; d ;~, 1.296; n ~, 1.5869; chloroplatinate, m. p. 

76-7° ; cuprichloride, m. p. 78-9°.4"8 

Tetrahydro-3,6-difuryl-2,5-diphcnyl-l ,4,2,5-dioxdiarsine, 

0-CH.C4H aO 

/ "-CSH5As AsCeH 5, 
"- / 

C4H sO.CH-0 

from furfural and phenylarsine, is an insoluble powder resembling zinc 
dust in appearance, and burns without melting, leaving no residue.438 

3. Aryl Dihalogenated Arsines, RAsXe.-These compounds were first 
directly prepared by Michaelis from mercury diaryl~ and arsenic tri
chloride according to the equation: 

HgR2 + 2AsCIs -~ 2RAsCl2 + HgCI2 • 

This method, however, is limited to the preparation of dihalogenated 
arsines with hydrocarbon or phenol-ether residues. In addition, the' 
preparation of mercury diaryls is associated with difficulties. On account 
of these disadvantages it was abandoned in fay or of a more conyenient 
method, which consists in heating tertiary aromatic arsines (easily pre
pared by condensing halogenated hydrocarbons and arsenic trichloride 
by means of metallic sodium) with arsenic trichloride: 

RaAs + AsCla -~ 3RAsCI~. 

Later, Roeder and Blasi modified the mercury diaryl synthesis by 
employing arylmercurichlorides. These are very conveniently prepared 
by first forming nrylmercuriacetates from benzene, its homologues, or 
various derivatives of the same, with mercuric acetate in acetic acid 
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solution, and converting these into the corresponding chlorides by means 
of calcium chloride or some other suitable metallic chloride. The aryl
mercurichlorides react with arsenic trichloride at 100° according to the 
eq~ation: 

RHgCl + AsCl3 ----c> RAsCl2 + HgCl2. 

In employing this method it is necessary to observe that any carboxyl, 
hydroxyl, amino or other groups present be first protected by alkylation 
or acylation, as otherwise the haloid acid formed will cause mercury 
to split off from the arylmercurichloride. The above reaction is prac
tically a general one for the preparation of para substituted arsenicals, 
for it has been established that in mercurating aromatic compounds the 
metal enters the para or ortho position or both, but the para compound 
is much more readily reactive. It is probable, though it has not yet 
been definitely borne out by results, that ortho mercurated compounds 
may be converted into the corresponding dichloroarsines by reacting 
with arsenic trichloride in closed vessels under pressure. 

In addition to these three direct methods, the following indirect pro
cedures may also be employed for the preparation of primary aryl 
dihalogenated arsines: 

1. The action of haloid acids upon aryl arsineoxides: 

RAsO + 2HX ----c> RAsX2 + H 20. 

It is not necessary to isolate the arsineoxide itself, as a solution of the 
corresponding arsonic acid in the hal aid acid yields the dihalogenated 
arsine upon reduction with sulfur dioxide. This procedure is particu
larly useful in obtaining dichloro derivatives. 

2. The reduction of arsonic acids with hydriodic acid: 

RAsO(OH)2 + 4HI ~ RAsI2 + 3H20 + 12 , 

3. The interaction of phosphorus trichloride and arsonic acids: 

RAsO(OH)z + PCl3 ----c> RAsClz + HPO g + HCl. 

4. From arseno compounds by the action of halogens: 

RAs = AsR + 2X2 ~ 2RAsX2 • 

The lower members of the series are colorless liquids which can be 
obtained in pure form by distillation under ordinary, but preferably 
under diminished pressure. The higher homologues are crystalline solids 
readily recrystallizable from various organic solvents. The unsubsti
tuted members are very poisonous and have a powerfully irritating action 
upon the skin. They possess odors which are faint at ordinary tem
peratures but very penetrating and irritating at higher temperatures. 
The compounds are sparingly soluble in water, the higher members being 
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slowly converted into the arsine oxides while the lower homologues, as 
a rule, remain unaffected. Alkali hydroxides or carbonates easily dis
solve the dihalogenated arsines, forming the corresponding arsineoxides. 
The dichloro compounds readily absorb chlorine yielding the correspond
ing arsinetetrachlorides, but no addition products are obtained with 
bromine, an excess of the latter causing a splitting off of arsenic, e. g., 

CsH5AsCIz + 2Brz -~ CsH4Brz + AsBrClz + HBr. 

Although they may be converted into arsonic acids by oxidizing agents, 
they are more resistant to such agents than the other trivalent aromatic 
organic arsenicals. An exception is furnished by benzyldichloroarsine 
which is unstable toward water, chlorine or atmospheric oxygen. The 
dihalogenated arsines are conyerted into arseno compounds either by 
reduction, e. g., with phosphorous acid, or by interaction with primary 
aromatic arsines: 

2RAsXz + 2Hz -~ RAs = AsR + 4HX 
RAsX2 + R' AsH2 -~ RAs = AsR' + 2HX. 

Sodium alcoholates or phenolates react with dichloroarsines, forming 
esters of ary larsenious acids: 

RAsCl2 + 2NaOR' -~ RAs(OR')2 + 2NaCl. 

Phenyldichloroarsine, C6H 5AsCl2 , was first obtained by passing vapors 
of benzene and arsenic trichloride through a heated tube. The product 
thus obtained, however, is always admixed with diphenyl, which cannot 
be readily removed by distillation or crystallization.439 It is more con
veniently prepared by gradually adding mercury diphenyl with continu
ous stirring to an excess of arsenic trichloride, rapidly heating up to 254° 
and fractionating the filtrate. 439• 440 At lower temperatures the product 
is contaminated with phenylmercurichloride. Pbenyldichloroarsine is 
also formed on heating phenylmercurichloride with arsenic trichloride at 
100° for four or five hours; 4H by heating triphenylarsine with arsenic 
trichloride in a sealed tube at 2500 for 30 hours, fractionating and col
lecting the portion coming over at 250-2°; 442 or by the action of chlorine 
upon arsenobenzene. 443 The product is a colorless, highly refractive, 
somewhat viscid liquid, b. p. 252-5°. At ordinary temperature it has 
a faintly unpleasant odor which at higher temperatures becomes very 
pungent. It has an extremely irritating action upon the skin; is un
affected by hot or cold water, but readily dissolves in aqueous caustic 
alkalis, yielding unstable dialkali salts of phenylarsen-ious acid, which 
are readily soluble in absolute alcohol, and are readily converted into 
the parent compound by means of concentrated hydrochloric acid. The 
dichloroarsine forms no addition product with oxygen either at ordinary 
or elevated temperatures; combines additively with chlorine forming 
phenylarsinetetrachloride, but does not unite with bromine, an excess of 
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the latter causing decomposition with the formation of dibromobenzene, 
arsenic bromodichloride and hydrobromic acid. Primary and secondary 
aliphatic amines react vigorously with the dichloroarsine, yielding com-

/NH.R / NR2 

pounds of the types CSH5As and CSH5As with liberation 

"'Cl '" Cl 
of hydrochloric acid. With butyl and dibutyl amines, for exnmple, the 

/ NH.C4H9 / N(C4H 9 )2 

compounds CsH"As and CSH5As respectively are 

'" Cl '" CI 
/NH.CcHr; 

obtained, while aniline yields a similar product, CSH5As 

"'Cl 
which is readily hydrolyzed by moisture to phenylarsineoxide and aniline 
hydrochloride. Tertiary aliphatic amines form addition products, e. g., 

/CI 
with triethylamine, the product CSH5As - CI results. With 

" N(C2H 5 )a 
dimethylarsine there is also obtained a white crystalline addition product, 
CGH 5AsC12. (CHa) 2AsH, which is decomposed by atmospheric mois
ture.444 

As-Phenylarsylenimine [PhenylarsenimideJ, CSH5As = NH.-When 
pure dry ammonia is passed into a benzene solution of phenyldichloro
arsine, a vigorous reaction occurs, ammonium chloride separating: 

CsHsAsCl2 + 3NHa ~ CSH5As = NH + 2NH4Cl. 

After standing for some time, the clear solution is poured off and the 
residue extracted several times with benzene. The combined extracts 
are distilled on a water-bath under reduced pressure to remove the 
solvent, leaving a thick, yellow oil which partially crystallizes upon 
standing for several days. By the addition of absolute ether, the arseni
mide is obtained as a beautiful white crystalline mass sintering at 2650

, 

m. p. 270" ; readily soluble in benzene or xylene and sparingly in ether or 
absolute alcohol, separating from the latter in leaflets. Water or dilute 
acids readily hydrolyze it to phenylarsineoxide and ammonia: 

CSH5As = NH + H 20 --7 CSH5AsO + NHa_445 

Phenyldibromoarsine, from phenylarsineoxide by warming with con
centrated hydrobromic acid,446. 417 is a colorless or faintly yellow liquid, 
b. p. 285° with slight decomposition; d. 2.0983/15°. It is unaffected 
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by water but is vigorously decomposed by bromine into bromobenzene 
and arsenic tribromide: 

CSH5AsBr2 + Br2 ~ CoH"Br + AsBr3 • 

Phenyldiiodoarsine is obtained from phenyl arsine oxide 443 and con
centrated hydriodic acid (d. 1.7). More recently it has been preparcd 
from phenyldichloroarsine and sodium iodide in either absolute alcohol 
or acetone at ordinary temperature.209• 171 According to Michaelis it 
is a red, oily liquid, while both Burrows and Steinkopf obtained it in 
the form of lemon-yellow needles, m. p. 15 0

; b. p. 1900 /12 mm., 
185 0 /10 mm. Phosphorous acid reduces it to diiodoarsenobenzene, 
C6H5AsI - AsICeH 5. 

2-Methylphenyldichloroarsine, (CHs )CsH 4AsClz, from mercury di-o
tolyl and arsenic trichloride,448.449 is a colorless liquid, b. p. 2640 in a 
current of carbon dioxide; has a faint aromatic odor at ordinary tem
perature which becomes very irritating at higher temperature. It is 
insoluble in water, soluble in alcohol, ether or benzene, and absorbs 
chlorine, forming 2-methylphcnylarsinetetrachloridc. The dichloro
arsine does not combine additiyely with bromine, but when 'warmed with 
an excess of the latter is decomposed into dibromo-2-methylbenzene, 
arsenic-, hydrochloric and hydrobromic acids. 

3-M ethylphenyldichloroarsine results upon heating tri (3-methy 1-
phenyl) arsine with 10 P[lrts of arsenic trichloride in a sealed tube at 
3000

• It is a colorless, highly refractive liquid, b. p. 2700
, and readily 

absorbs chlorine, yielding the cOl'responding arsinetetrachloride.450 

4-Methylphenyldichloroarsine.-Prepared from mercury di-p-tolyl 
and arsenic trichloride like its ortho isomer.449. 451 More quantitative 
yields, howe,'er, are obtained by heating tri(4-methylphenyl) arsine with 
10 parts of arsenic trichloride for 60 hours at 230-400

.452 It exists as 
colorless, highly refractil'e plates, m. p. 31 0

; b. p. 267 0 in a current of 
carbon dioxide; has a faint, not unpleasant aromatic odor at ordinary 
temperatures, but when heated becomes very irritating; insoluble in 
water, readily soluble in alcohol, ether or benzene. With chlorine it 
forms 4-methylphenylarsinctetrachloride, but bromine decomposes it as 
in the case of the ortho isomer. It forms tertiary arsines with various 
zinc dialkyls, e. g., with zinc dimethyl there is produced p-tolyldimethyl
arsine.453 

Benzyldirhloroars1'ne, C6H 5. CH2AsCJ2.-From tribenzylarsine and 
nrsenic trichloride by heating in a sealed tube at 160-800 for 12 hours.454 
It is a colorless oily liquid, b. p. 175 0 /50 mm.; cannot be solidified by 
freezing, and produces p[linfuJ blisters upon the skin. It is far less stable 
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than purely aliphatic or aromatic dichloroarsines as evidenced by the 
following properties: water decomposes it into arsenic trioxide and either 
benzaldehyde or benzoic acid; chlorine conyerts it into benzyl chloride 
and arsenic trichloride, while atmospheric oxygen produces benzyl 
chloride and arsenic oxychloride: 

CGH5 . CH2AsCIz + 0 ~ CeR,. CH2CI + AsOCl. 

2,4-Dimethylphenyldichloroarsine (m-X ylyldichloroarsine), 

(CH3 ) 2C6H sAsClz, 

is obtained from mercury di-lll-xylyl and arsenic trichloride, or by heat
ing tri-m-xylylarsine with arsenic trichloride in a sealed tube at 2400.m 

It exists as colorless needles, m. p. 42-3°; b. p. 215°/320 mm., 278° at 
ordinary pressure. On standing in the air it is gradually transformed 
into the arsineoxide, more readily upon warming in water. It is less 
stable toward water than the lower homologues. With chlorine it forms 
the corrcsponding arsinetetrachloride, while bromine decomposes it into 
dibromo-m-xylene, arsenic trichloride and hydrobromic acid. 

2,5-Dimethylphenyldichloroarsine (p-X ylyldichloroarsine). - Pre-
pared like the previous compound. Recrystallized from petroleum ether, 
it separates in tufts of needles, m. p. 63°; b. p. 285°.456 

2,5-Dimethylphenyldiiodoarsine is obtained by dissolving the ·corre
sponding arsineoxide in warm hydriodic acid. It forms yellow crystals, 
m. p. 45° .457 

The corresponding dibromoarsine cannot be obtained pure. 

2,4,5 - Trimethylphenyldichloroarsine (Pseudocumyldichloroarsine) , 
(CHs) sCGH zAsCI2 .-Tripseudocumylarsine is heated with four parts of 
arsenic trichloride at 200° for 48 hours and the product fractionated 
under 30 mm. pressure. It forms needles from ether, m. p. 82.5°; b. p. 
190° /30 mm.458 

4-I sopropylphenyldichloroarsine (p-Cumyldichloroarsine), 

(CSH7) CeH4AsCI2' 

from tri-p-cumylarsine and arsenic trichloride at 170° for 48 hours,459 
is an oil, b. p. 170°/30 mm. 

Tcrtiary-bntylphenyldichloroarsine, [(CHs) sC]C6H1AsClz, is pre
pared by heating tri (tertiary -buty lpheny I) arsine with arsenic trichlo
ride for 24 hours at 200° . It is a colorless liquid, b. p. 175-80°/20 mm.460 

a-N aphthyldichloroarl)1·ne, CloH,AsCI2 , may be obtained either by 
heating tri-a-naphthylarsine with arsenic trichloride at 270° for 40 



TRIVALENT- AROMATIC ARSENICALS 119 

hours,461 or from mercury di-a-naphthyl and arsenic trichloride by heat
ing in a reflux apparatus.462 It crystallizes from petroleum ether as a 
white, crystalline powder, m. p. 63° (Michaelis), 68° (Steinkopf); b. p. 
180° /5· mm.; soluble in alcohol or petroleum ether. 

~-N aphthyldichloroarsine.-Since tri-~-naphthylarsine is obtained 
with difficulty, the most convenient method of preparation consists in 
boiling mercury di-~-naphthyl with arsenic trichloride in a reflux appa
ratus for one hour.461 It forms warty aggregates of needles, m. p. 69°; 
soluble in ether, alcohol or benzene, and is slowly hydrolyzed by water 
to the arsineoxide and hydrochloric acid. By reduction with phosphor
ous acid, it is conYCrted into arseno-~-naphthalene. 

4-Phenylphenyldichloroarsine (Diphenyl-4-dichloroarsine) , 

(CeHa) CsH4AsCl, 

m. p. 74°, is made by boiling the corresponding arsineoxide with con
centrated hydrochloric acid.463 

2-Bromophenyldich 'oroarsine, BrC6H4AsCb. - The corresponding 
bromoarsonic acid is reduced by means of sulfur dioxide in fuming 
hydrochloric acid solution with a slight amount of hydriodic acid as a 
catalyst. It is a reddish oil crystallizing from petroleum ether in color
less plates, m. p. 63°; b. p. 158°/12 mm.; readily soluble in orgamc 
solvents.464 

4-Iodophenyldiiodoarsine, ICaH 4 AsI2.-Prepared by the action of 
concentrated hydriodic acid upon 4-iodophenylarsonic acid: 

IC6H4AsO(OH)2 + 4HI -~ ICsH 1AsI2 + 3H20 + 12 • 

lt also results as a by-product in the preparation of 4-iodophenylarsonic 
acid from p-arsanilic acid. 460 It consists of golden-yellow needles, m. p. 
80° ; soluble in glacial acetic acid or the usual organic solvents, and yield
ing the corresponding arsineoxide with water, alkali hydroxides or car
bonates. 

2-Nitrophenyldichloroarsine, (02N) CsH4AsCI2 .-2-Nitrophenylarsine
oxide is suspended in commercial ether, and alcoholic hydrochloric acid 
added drop by drop until a faintly yellow solution is obtained. From 
this, upon exposure to strong sunlight for several weeks in a sealed tube, 
a yellowish-brown crystalline deposit separates. The latter possesses 
the following characteristic properties: (1) it is readily soluble in sodium 
carbonate or bicarbonate, thereby resembling an arsonic acid; (2) ana
lytical results correspond to the formula CsH a0 4NAs; (3) it is insoluble 
in boiling water, which is a distinction from 2-nitrophenylarsonic acid. 
Karrer regards it as a highly polymerized form of a nitroso compound 



120 ORGANIC ARSENICAL COMPOUNDS 

produced in the presence of water by the migration of an oxygen 
from the nitro group to the arsenious radical: 466 

AsO,,, AsOz 
/' / 

C6H4 ~ C6H4 

'" -0" '" N 0 NO 

atom' 

3-Nitropheny:dichloroarsine.-Upon passing chlorine into a chloro
form suspension of 3,3' -dinitroarsenobenzene, a solution results, from 
which upon evaporation, long needles of 3-nitrophenylarsinetetrachloride 
separate. By treating a chloroform solution of the latter with an excess 
of 3,3' -dinitroarsenobenzene, filtering and distilling off the solvent from 
the filtrate, the dichloroarsine remains as an oil, which when desiccated 
separates as small white rrystals, m. p. 46-7°; unaffected by water.467 

3-Nitrophenyldl:brornoarsine is prepared by adding bromine to a sus
pension of 3,3' -dinitroarsenobenzene in petroleum ether (b. p. 50° or 
below). It forms white crystals readily soluble in chloroform, sparingly 
so in petroleum ether, and unafferted by water.467 

The corresponding diiodoarsine has not been obtained crystalline. 467 

3-Nitro-4-rnethylphenyldibrornoarsine, (02N)C6H 3 (CH3 )AsBrz, is 
prepared like the previous compound in a chloroform medium. It crp
tallizes in lustrous, browniBh-white scales sintering at 260° with decom
position, readily soluble in alcohol, ether, chloroform or aqueous alkaline 
solutions, and forms no addition product with bromine.468 

2,4-Dinitrophenyldichloroarsine, (02N) 2CsH3AsClz, is prepared from 
the corresponding arsineoxide and hydrochloric acid in alcoholic or 
ethereal medium.469 

3-Nitro-4-arninophenyldiiodoarsine, (H2N) (OzN) CGHcAf'Iz. from the 
corresponding arsonic acid by gently warming with concentrated h~'dri
odic acid, melts at 96° .85 

4-Arninophenyldichloroarsine hydrochloride, (HCl. HeN) C6H,AsCl z. 
-From the corresponding arsineoxide and hydrochloric acid; 470 or 
directly from sodium-4-aminophenylarsonate (atoxyl) by acidifying its 
concentrated aqueous solution with hydrochloric acid, filtering off the 
sodium chloride which separates, and saturating the filtrate with sulfur 
dioxide in the presence of a trace of hydriodic acid. After 12 hours the 
above hydrochloride begins to crystallizeyl It is also obtained in 
impure form by the action of phosphorus trichloride upon 4-amino
phenylarsonic acid.472 The salt crystallizes in needles, m. p. 139-40°, 
decomposing at higher temperatures into arsenic triehloride and aniline: 

(HCI. H2N) CsH4AsCl2 ---:) AsCIg + C6H 5NH2. 
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It is readily soluble in water, methyl or ethyl alcohol, sparingly in 
acetone or ethyl acetate and insoluble in cold glacial acetic acid, ether, 
benzene or chloroform. The aqueous solution upon neutralization with 
ammonia yields the arsineoxide. 

4-Aminophcnyldibrornoarsine hydrobromidc rc:mlts from the action of 
hydrobromic acid upon the arsineoxide. It is a yellow, crystalline mass, 
m. p. 134°; decomposing like the preceding compound at higher tem
peratures. It is readily soluble in water, acetone, methyl or ethyl 
alcohol, and spnringly so in cold glacial acetic acid, ether, ethyl acetate, 
chloroform or benzene.473 

4-Aminophcnyldiiodoarsine hydriodidc can be prepared like the two 
preceding halogen compounds, but the best method consists in reducing 
4-aminophenylarsonic ac·id with hydriodic acid. It is a yellow, crystal
line powder, readily soluble in acetone, methyl or ethyl alcohol, yery 
sparingly so in cold glacial acetic acid, ether, ethyl acetate, benzene or 
chloroform, and is hydrolyzed by water. When strongly heated it decom
poses like the two previous compounds.474 

4-Acetylaminophenyldichloroarsine semi-hydrochloride, 

[(CH3CO.HN)C6H4AsCl~12' HCI, 

is derived from 4-acetylaminophenylarsonic acid by suspending in dry 
ethyl acetate and reducing with phosphorus trichloride.475 It crystallizes 
in wart-like aggregates, m. p. 137° with much foaming; soluble in 
acetone, glacial acetic acid, methyl or ethyl alcohol, sparingly in cold 
ethyl acetate and praetieally insoluble in water or ether. With aqueous 
caustic sodn it forms the corresponding arsineoxide. 

Phenylglycine-4-dichloroarsine hydrochloride (4-Dichloroarsino-
phenylglycine hydrochloride), (HCl. HOOCCH~NH) C6H 4AsCI2.-A con
centrated hydrorhloric arid solution of phenylglycine-4-arsonic acid, to 
which a slight amount of hydriodic acid has been added, is saturated at 
- 10° with sulfur dioxide, the dichloroarsine hydrochloride separating as 
white crystals which decompose at 1200

, are readily soluble in water or 
methyl alcohol and are converted into the arsine oxide by aqueous 
alkalis.476 It is deromposed into 4-chloromercuriphenylglycine and 
arsenious acid by means of aqueous mercuric chloride.477 

4-Dimethylaminophenyldichloroarsine hydrochloride, 

L HCl (CH3 ) 2N J C6H 4AsCI2 , 

from the corresponding arsineoxide and hydrochloric acid, crystallizes in 
white needles, m. p. 116°; readily soluble in water or dilute hydrochloric 
acid but sparingly in the concentrated acid. The corresponding dibromo-
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arsine hydro bromide is similarly prepared. It is soluble in alcohol, from 
which it is reprecipitated by ether.478 The diiodoarsine hydriodide may 
be obtained either from the arsine oxide and hydriodic acid, or by adding 
potassium iodide to the corresponding dichloroarsine hydrochloride in 
aqueous or alcoholic solution. It is a yellow, unstable precipitate, turn
ing deep red upon drying. 479 

2-Chloro-4-dimethywminophenyldichloroarsine hydrochloride, 

[HCI (CHa) 2NJ C6H 3CI. AsCI2, 

prepared from the corresponding arsineoxide and concentrated hydro
chloric acid, is easily soluble in alcohol, acetone or water; melts at 116°, 
and is converted into the arsineoxide by aqueous alkalis.480 

2-Bromo-4-dimethylaminophertyldichloroarsine hydrochloride melts 
at 115 0

; the corresponding dibromoarsine hydro bromide at 145 0
, and the 

diiodoarsine hydriodide at 132 0 with decomposition.48t 

4-Diethylaminophenyldichloroarsine hydrochloride, 

[HCI (C2H 5 ) 2NJ C6H 4AsCI2 , 

consists of snow-white needles, m. p. 1390
; extremely soluble in water, 

sparingly in concentrated hydrochloric acid.482 

4-Dimethylamino-2-methylphenyldichloroarsine hydrochloride, 

[HCI (CHa) 2NJ C6H3 (CHa)AsCI2 , 

melts at 112°.483 

4--Dimethylamino-3-methyl{phenyldichloroarsine hydrochloride con
sists of needles, melting at 145° ; has a pungent odor, is readily soluble in 
water or dilute hydrochloric acid and practically insoluble in the con
centrated acid. The dibromoarsine hydrobromide forms rhombohedric 
plates, m. p. 168 0

, while the diiodoarsine hydriodide is a deep red crys
talline powder.484 

4- - Dimethylamino - 2,5 - dimethylphenyldichloroarsine hydrochloride, 
[HCI(CH3)2N]C6H2(CR3)2.AsClz, melts at 158 0

; the dibromoarsine 
hydro bromide at 160 0

•
485 

2-Dimethylamino-a-naphthyld1'chloroarsine hydrochloride, 

[HCI (CRa) ~NJ CtoR 6AsCI2 , 

melts at 1580
; the dibromoarsine hydro bromide at 1680

•
486 

4-Dimethywmino-a-naphthyldichloroarsine hydrochloride and the 
dibromoarsine hydro bromide are prepared like the previous compounds
from the arsineoxide and the respective haloid acid.487 
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2-Hydroxyphenyldichloroarsine, HO. CeH 4AsC12. - Dry hydrogen 
chloride is conducted into a petroleum ether suspension of the anhy-

As-O-As 
dride of 2-hydroxyphenylarsineoxide, CaH4 <6 6> C6H 4 , while 

warming and shaking, sulfur dioxide being also introduced to prevent 
oxidation. The resulting solution, after being dehydrated by means of 
calcium chloride and filtered while hot, deposits the dichloroarsine upon 
cooling in the form of fiat, pale yellow, spear-shaped crystals. The yield 
may be increased by conducting more hydrogen chloride through the 
mother-liquor. It is possible that in the warm solution one molecule of 
hydrochloric acid splits off from the hydroxy dichloroarsine, leaving a 

AsCI 
compound, C6H4 < I , which upon further addition of hydrogen chlo-

o 
ride is again converted into the dich10roarsine. The 1atter me1ts at 
74~800; is readily soluble in ether, benzene or carbon bisulfide, sparingly 
so in petroleum ether, and is easily hydrolyzed by water to the anhydride 
of 2-hydroxyphenylarsineoxide and hydrochloric acid.488 

4-M ethoxyphcnyldichloroarsinc, (CH30) C6H 4AsC12 , results when 
tri(4-methoxyphenyl)arsine is heated in a sealed tube with arsenic tri
chloride at 200° for 24 hours.489 It may also be obtained by heating 
4-methoxyphenylmercurichloride with arsenic trichloride on a water-bath 
for five hours.49o 

According to Michaelis and Weitz, the product is a colorless liquid, 
b. p. 230 0 /117 mm., while according to the later investigations of 
Goppelt 491 it solidifies on strong cooling to a colorless, crystalline mass, 
m. p. 48°; b. p. 160°/30 mm. With aqueous sodium hydroxide or car
bonate solution it yields the corresponding arsineoxide. It readily 
absorbs chlorine in the cold, forming 4-methoxyphenylarsinetetrachloride. 
Hydrogen peroxide oxidizes a glacial acetic acid solution of the dichloro
arsine to 4-methoxyphenylarsonic acid. 

4-M ethoxyphenyldiiodoarsine is obtained together with p-anisyltri
methyl arsonium iodide on heating 4,4'-dimethoxyarsenobenzene with 
methyl iodide in a sealed tube at 100°.492 

4-Ethoxyphenyldichloroarsine, (C2H 50) C6H4AsC12, is prepared by 
heating tri (4-ethoxypheny 1) arsine with arsenic trichloride at 220° for 
24 hours. It is a colorless liquid, b. p. 198°/28 mm.; is converted into 
the arsineoxide by acqueous sodium carbonate; absorbs dry chlorine, 
forming the arsinetetrachloride; in the presence of water, however, the 
corresponding arsonic acid results.4gB 

3-Amino-4-hydroxyphenyldichloroarsine hydrochloride, 
(HCl. H2N) (HO) C6HsAsC12, 
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may be obtained either from the rorresponding arsineoxidc and an excess 
of hydrochloric acid; .". by adding a warm, aqueous men·uric. chloride 
solution to an aqueous solution of arsphenamine, filtering off the mer
curous chloride formed, and pa:"O'ing hydrogen chloride into the fil
trate; 4"5 or by reducing the corre~ponding arsonic acid with sulfur 
dioxide in the presence of hydriodic acid at low temperature""" It crys
tallizes in colorless needles melting indefinitely at 200 0

, and decomposing 
when treated with mercuric chloride in alkaline solution. With cupric 
chloride in methyl alcoholic medium it forms a brown, amorphous co
ordination product easily O'oluble in water or sodium hydroxide. 

4-Dimethylamino-3-methoxyphenyldichloroarsine hydrochloride, 

[RCI (CR3 ) 2N] CeR, (OCR3 ) AsCI2 , 

m. p. 152°, the corresponding dibromoarsine hydrobromide, and the 
diiodoarsine hydriodide, m. p. 92°, are prepared from the arsineoxide 
and the respective haloid acid.497 

4-Carboxyphenyldichloroarsine (p-Benzarsenious chloride), 

HOOC. C6H 4AsCI2 , 

is derived from the corresponding diiodoarsine by heating its ethereal 
solution with freshly prepared dry silycr chloride in a sealed tube at 
100°. A better procedure consists in treating 4-carboxyphenylarsonic 
acid with phosphorus trichloride at ordinary temperature: 

AsCl2 

/ 
HOOC. C6H.AsO (OH) 2 + 2PCla ~ C 6R. + POCla + HaPOa. 

"-COCI 

The excess phosphorus trichloride is distilled off at 100°, the oily residue 
dissolved in benzene, and water cautiously added to decompose the 
phosphorus oxychloride. The benzene layer is then separated, dehy
drated by means of calcium chloride and concentrated, the carboxy
phenyldichloroarsine crystallizing out in colorless needles, m. p. 157-8°; 
decomposed upon boiling with water.498 

According to Fourneau and Oechslin,499 the above reaction does not 
yield CI2As. CeH4' COCI as stated by LaCoste, but proceeds according 
to the equation: 

HOOC.C6H4AsO(OH)2 + PCl3 ~ HOOC.CeH.AsCI2 + HPOa +HCI. 

4-Carboxyphenyldiiodoarsine, from the corresponding arsonic acid by 
warming with concentrated hydriodic acid containing a slight amount of 
red phosphorus, crystallizes from chloroform in yellow, felted needles, 
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m. p. 1530 (LaCoste), 1720 (Bertheim); readily soluble in alcohol or 
ether. It is partially decomposed b:-.; atmospheric moisture, more com
pletely by boiling with water, into 4-carboxyphenylarsenious- and hydri
odic acids. GOO, G01 

AsCl2 
/ 

4-Dichloroarsinobenzoyl chloride, CSH4 .-To a chloroform 

"-COCI 
solution of 4-carboxyphenylarsonic ncid, a similar solution of phosphorus 
triddoride i", slowly added and the reaction completed on a water-bath. 
After decanting from phosphoric acid, crystals of 4-carboxyphenyldi
chloroarsine separate, to which phosphorus pentachloride is immediately 
added, and the whole warmed for one hour. Finally, the chloroform and 
yolntilc chlorides of phosphorus arc distilled off and the residue frac
tionated in vacuo. The same product is obtained by treating 4-carboxy
phenylarsenious acid with either phosphorus tri- and pentachlorides 
successively, or with the latter alone; also by the action of phosphorus 
pentachloride upon 4-carboxyphenyldichloroarsine in chloroform solu
tion.502, 503 

The compound is a mobile liquid, fuming in moist air, b. p. 
189-900 /19 mm.; soluble in chloroform,- ether or benzene; yields a white 
precipitate with water; reads like benzoyl chloride with alcohols, phenols, 
amino-alcohols, ammonia or alkaloids, such as quinine or morphine, 
vvhich possess alcoholic or phenolic properties. \Vith dimethylaminodi
methylethylcarbinol in benzene solution it forms It condensation product, 
dichlm'oarsinobenzoyldimethylaminodirnethylethylcarbinol hydrochloride 

AsCl2 
/ 

(ft-Dichloroarsinostovaine) , CSH4 C2H 5 This 

"- /, 
CO.O.C-CH 3 \ 

"- CH2N(CH3 )2.HCl. 
compound separates from absolute alcohol in white needles, m. p. 1.94 0

; 

readily soluble in water, sparingly in alcohol, insoluble in acetone. By 
treating its aqueous solution with soda and extracting with ether, the 
corresponding arsineoxide is obtained.504 

4. Aryl Arsineoxides and Dihydroxyarsines, RAsO, RAs(OH)2'
The unsubstituted oxides are readily obtained by treating the corre
sponding dihalogenated arsines with alkali hydroxides or carbonates: 

RAsX2 + Na2C03 ----'? RAsO + 2NaX + CO2 , 

They form white, crystalline substances readily soluble in organic sol
vents, sparingly in alcohol, insoluble in water, and are unaffected by 
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the latter two solvents eyen on boiling. Haloid acids regenerate the 
dihalogenated arsines: 

RAsO + 2HX ~ RAsX2 + H 20; 

while heating above their melting points decomposes the compounds into 
tertiary arsines and arsenic trioxide: 

3RAsO ~ R3AsO + As20 S • 

Oxidizing agents convert them into arsonic acids, and reducing agents 
to arseno compounds: 

RAsO + 0 + H 20 ~ RAsO(OH)z; 
2RAsO + 2Hz ~ RAs = AsR + 2HzO. 

The arsine oxides are amphoteric, dissolving in both concentrated 
acids and aqueous caustic alkalis, but only very sparingly in ammonia 
or alkali carbonates. With mercuric chloride in alkaline solution, re
placement of the arsenic by mercury occurs, yielding either mercury 
diaryls or arylmercurichloridcs and sodium arsenite. 

Although unsubstituted ar:,-·l dihydroxyarsines or -arsenious acids 
corresponding to the formula RAs (OHL h:l\·e not as yet been isolated, 
yarious esters of pheny larsenious acid ha ,·e been suceessfully obtained 
by the interaction of pheny ldichloroarsine and ~()dium alcoholates or 
phenolates, except in the case of catechy I ester \"hen the lead salt of 
catechol is employed: 

C6 H 5AsCI" + 2RONa -~ C"HoAI"' (OR) " + 2NaCl. 

lYith the exception of the f)-naphthyl and cateehyl compounds, which 
are crystalline solids, the esters are all liquids di:otillable under dimin
ished pressure, and are readily hydrolyzed by water or alkalis, yielding 
phenylarsineoxide and the corrcsponding alcohol or phenol: 

CCH5As(ORh + H"O -~ CCH5AsO + 2ROH. 

\Yith chlorine or bromine decomposition oceurs, except in the cases of 
the dimethyl and diethyl ester, which readily combine with ehlorine to 
form additive compounds easily hydrolyzed by water or alcohol to 
phenylarsonic acid, the respetiye alcohol and hydrorhloric acid, e. g., 

{

CCH5AS(OCHC;)2 + Cle ~ CcH 5As(OCH3 )".CI" 
CeH5As(OCH3J2.Clz + 3HzO -~ 

CcH5 AsO(OH)2 + 2CH/)H + 2HCl. 

Substituted aryl arsine oxides may be prepared like the unsubstituted 
compounds from dihalogenated arsines. A more convenient method, how
ever, consists in reducing the corresponding ar:oonic aeids with either 
sulfurous acid (employing hydriodic acid as a catalyst), phenylhydrazine 
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or phosphorus triehloride in the presence of an indifferent diluent such 
as ether or ethyl acetate: 

RAsO(OH)e + He -~ RAsO + 2HeO. 

The reduction may be effected with sulfurous [lcid alone, but the process 
is Yery slow. If, howenr, a small amount of hydriodic acid is added 
the reaction proeceds very smoothly. The arsonic acid reacts with the 
hydriodic acid liberating free iodine: 

RAsO(OH)z + 2HI ~ RAsO + 2H20 + 12 • 

But oxidation of the arsineoxide to the arsonic acid by the liberated 
iodine is prevented by the sulfurous acid, which reduces the iodine to 
hydriodic acid, so that the above reduction is continuous, and enables 
a small amount of hydriodic acid to reduee large quantities of the 
arsonic acid. 

The reduction by means of phosphorus trichloride in the presence of 
an indifferent diluent is of particular advantage in dealing with arsine
oxides which are either deeomposed by water or readily dissolved by it. 
But in those instances where the ar:o:onic acid is only sparingly soluble 
in the solvent employed the reaction is incomplete, and the method 
unsatisfactory. 

The presence of amino or substituted amino groups in the nucleus 
increases the reactivity and sen8itivity of the arsineoxides to such an 
extent that their isolation in pure form is difficult. The hydrochlorides 
of K-alkylated aminoarylnrsineoxides may be prepared directly from 
tertiary amines by heating with arsenic trichloride at water-bath tem
perature. The product is isolated by rendering aLkaline, filtering and 
either acidifying the filtrate with hydrochloric acid and neutralizing with 
sodium carbonate or ammonia, or by adding a calculated quantity of 
ammonium chloride to the alkaline solution: 

{

R.N(R'RII) + AsCl3 -~ [HCI. (R'R") N] RAsCl2 

HCI. (R'R")N.RAsClz + 3NaOH ~ 
~R'R") N. RAsO + 3NaCI + 2HzO. 

It is interesting to note that while unsubstituted aryl dihalogenated 
arsines react with alkalis yielding arsine oxides, the presence of nuclear 
nitro or carboxyl groups influences this reaction so that dihydroxyarsines 
(arsenious acids) result. 

PhenJ}!arsineoxide, CsH5AsO, is prepared from phenyldichloroarsine 
by treating its suspension in warm water with sodium carbonate, filter
ing, and recrystallizing the residual solid from hot alcohol. The arsine
oxide separates in the form of colorless, crystalline crusts, m. p. 119-20°; 
slightly volatile in steam, and decomposing when heated above its melt
ing point, yielding triphenylarsine and arsenic trioxide. At ordinary 
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temperature it has a characteristic anise-like oum, which upon warming 
becomes very irritating to the nasal mucous membrane. It is readily 
soluble in benzene, warm alcohol or caustic soda, sparingly in aqueous 
alUIllonia, insoluble in water, and is conyerted into the corresponding 
dichloroarsine when warmed with hydrochloric acid. An addition 
product, phenylarsineoxychloride, C6H"AsOClz, is obtained with chlorine, 
while with bromine the arsineoxide reacts vigorously, yielding the corre
sponding arsineoxybromidc, together with bromobenzene and arsenic 
oxybromide: 

2C6H5AsO + 2Br2 --0) C6H5AsOBr2 + CGHsBr + AsOBr .. 

Upon reduction, for example with phosphorous acid, sodium amalgam or 
zinc and hydrochloric acid, arsenobenzene is formed. ooo, 506 \Vhen 
warmed with mercuric chloride in alkaline solution the arsenic is split 
off, yielding mercury dipheny1.496 

Esters of Phenylarsenious Acid [Phenyldi(alkyl- or aryloxy) ar
sines] .007 - Dimethylphenylarsenite, C6H"As l OCR")2' - From sodium 
methylate and phenylclichloroarsine in dry ethereal t'olution. It is a 
colorless liquid with a characteristic odor, b. p. 220° with partial decom
position, 116°/18 mm.; d, 1.343/20°; readily hydrolyzed by water or 
alkalis to phenylarsineoxide and methyl alcohol. It ab~orbs dry chlorine, 
forming colorless crystab of GoHGAs lOCH,,) cClc, 111. p. 90°; easily 
hydrolyzed by water or akohol to phenylarsonic ~l<'id, methyl alcohol 
and hydrochloric acid: 

C6H5As(OCHs)2Clz + 3HzO --0) CGR 5AsO(OH)" + 2CIl,OH + 2RCl. 

The ester forms no additi\'e compound with bromine which decomposes 
it into phenylarsineoxybrumide, methylene brumide, ar~eni(' tribromide 
and dibromobenzene. 

Diethylphenylan,enite, CuH"As (OCzHo) 2, prepared like the preced
ing ester employing sodium ethy late, is a ('olorles~ liquid \yith an un
pleasant odor, b. p. 122 0 /15 nUll. It is dCCOlIlpO~l'd by brominc, but 
readily combincs with chlorinc, forming an oxychloride which ('ol1"i:-;ts of 
cubical crystals melting at 95°. 

Diphenylphenylarscnite, C6HoAs (OC,;115 ) 2, is obtained from ,;odium 
phenolate and phenyldichloruarlSine, or by heating the laU(')' with phenol 
at 200°. It is a culorless liquid becoming \'i::l~ou::i but not sulid when 
strongly cooled; b. p. 245°/15 mm.; d, 1.32/20°; readily hydrolyzed by 
moisture to phenylarsineoxide and phenol, llnd dccompo::;ed by chlorinc 
or bromine thus: 

C6H5As(OC6Hsh + 8Glz --7 C6HoAsCl4 + 2CuH 2Ct(OH) + ollC!. 
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Di-p-cresylphenylarsenite, C6H5As (OC6H •. CHa) 2, from the sodium 
salt of p-cresol and phenyldichloroarsine in xylene medium, is a pale 
yellow oil, b. p. 285 0 /12 mm.; d, 1.2989/130

• 

Dibenzylphenylarsenite, CCH5As (OCH2CcH 5 ) 2, obtained like the pre
ceding compound, is a pale yellow oil with an odor like benzyl alcohol, 
b. p. 2950 /30 mm.; d, 1.2853/13° i decomposed in a similar manner by 
both chlorine and bromine, e. g., 

C6H 5As (OCH2C6H 5 )2 + 5C12 ~ 
CcH.C12 + 3HCl + AsCla + CsH4Cl. COOH + CCH 5CH2Cl. 

Di-~-naphthylphenylarsenite, C6H5As (OC1oH 7 ) 2, from sodium-~
naphthoxide and phenyldichloroarsine in ethereal solution, forms colorless 
needles melting at 113-4°, and readily hydrolyzed by water. 

o 
/". 

Catechylphenylarsenite, C6H5As C6H 4.-When phenyldichloro-
"./ o 

arsine is added to the lead salt of catechol suspended in xylene at ordi
nary temperature, a vigorous reaction occurs which is completed by 
heating in an oil-bath. The ester is obtained as a white crystalline mass, 
m. p. 83°; b. p. 197-8°/15 mm.; readily hydrolyzed by water. By the 
interaction of phenyldichloroarsine with the sodium salt of catechol, there 
is formed a solid containing chlorine and melting at 63°. It is probably 
a mixture of several distinct compounds. 

2-MethylphenylarSLrteoxidc, (CH,,)CsH.AsO.-Prepared from the cor
responding dichloroarsine by boiling with concentrated sodium carbonate 
solution. It is a white powder, m. p. 145-6°; has a faint, not unpleasant 
aromatic odor; is sparingly soluble in caustic alkalis, and absorbs both 
chlorine and bromine, forming the respective oxyhalides, C7H 7AsOX2 • 

When warmed with concentrated hydrochloric acid it is converted into 
the corresponding dichloroarsine.449 • 508 

3-Methylphenylarsineoxide, made like the preceding isomer, is a 
pasty, stringy mass. On warming its alcoholic solution with phosphorous 
acid, it is reduced to 3,3' -dimethylarsenobenzene.509 

4-M ethylphenylarsineoxide, m. p. 156° ; possesses properties similar to 
those of its two isomers. When heated above its melting point it decom
poses, yielding tri- (4-methylphenyl) arsine, while heating with an excess 
of phosphorous acid on a water-bath reduces it to the corresponding 
arseno compound. It absorbs both chlorine and bromine forming the 
corresponding oxyhalide.449• 508. 452 
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2,4-Dimethylphenylarsineoxide, (CHS)2C6HsAsO, is a viscous mass 
which can be obtained as a granular solid melting at 2200 by permitting 
its alcoholic solution to drop into very cold water. It readily absorbs 
chlorine, forming an oxychloride-flat needles, m. p. 1500

• By reduction 
with phosphorous acid the corresponding arseno compound is obtained, 
while with hydrogen sulfide in alcoholic solution it forms an arsine
sulfidl?510 

2)5-Dimethylphenylarsineoxide, m. p. 165 0
, is reduced by phos

phorous acid to the corresponding arseno compound.451 

Tertiary-butylphenylarsineoxide, (CH3 )sC.C6H4AsO, consists of a 
white crystalline powder, m. p. 89 0

, which is reduced by phosphorous 
acid to arseno tertiary-butylbenzene.46o 

a-Naphthylarsineoxide, C1oH 7AsO, exists as a white powder, m. p. 
2450

; sparingly soluble in boiling alcohol and insoluble in water, ether 
or benzene. Upon distillation it does not yield tri-a-naphthylarsine
oxide, but decomposes into naphthalene, carbon and elemental arsenic.511 

f3-Naphthylarsineoxide, prepared by the action of alcoholic potash 
upon the corresponding dichloroarsine, is a white granular powder, m. p. 
2700

; sparingly soluble in alcohol, and practically insoluble in the usual 
solvents. It may be reduced by phosphorous acid to the arseno com
pound.512 

4 .. Phenylphenylarsineoxide (Diphenyl-4-arsineoxide) ,( C6H 5 ) C6H 4AsO, 
melts at 1980

•
51s 

co 
/ " Anthraquinone-a-arsineoxide, CeH4 CeHsAsO, IS formed on " / CO 

warming arsenoanthrahydroquinone in aqueous sodium carbonate. It is 
a dull yellow powder practically insoluble in the ordinary solvents, but 
soluble in concentrated sulfuric acid to a brownish-yellow solution. It 
is oxidized to the arsonic acid by hydrogen peroxide in hot alkaline 
medium, and reduced to arsenoanthrahydroquinone by sodium hydro
sulfite.514 

4-Chlarophenylarsineoxide, CICsH 4AsO, is made by reducing the cor
responding arsonic acid with sulfur dioxide in the presence of hydriodic 
acid. On warming with mercuric chloride in alkaline solution, it yields 
mercury di(4-chlorobenzene).496 . 

4-Iodophenylarsineoxide is obtained by the action of either water or 
alkali hydroxides or carbonates upon 4-iodophenyldiiodoarsine. It melts 
at 245-500 

I and is soluble in all of the usual solvents except alcohol.51s 
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3-Nitrophenyldihydroxyars1~ne (3-Nitropheny:rarsenious acid) J 

(02N) C6H4As (OH) z, 

131 

results upon dissolying the corresponding dichloro- or dibromoarsine in 
aqueous alkali, and precipitating either by a stream of carbon dioxide 
or by cautiously adding hydrochloric acid at low temperature. The 
dihydroxyarsine separates in white flakes readily soluble in alkali 
hydroxide solution or aIr-oho!. less so in aqueous alkali carbonate and 
insoluble in water.'il6 

4-Nitrophcny'arsenious arid is prepared by reducing the correspond-
• ing ar"onic acid with sulfur dioxide, using hydriodic acid as a catalyst. 
It is a powder inf'oluble in water but f<oluble in caustic soda from which, 
in contrn~t to' the ('orn'8ponding ar~onic acid, it is reprecipitated by 
carbon dioxide. 86 

2,4-Dinitrophenylarsincoxidc, (O"N) "C6 H.,AsO. - Phosphorus tri
chloride is gradually added to a suspension of 2,4-dinitrophenylarsonic 
aeid in ether until the reaction and eyolutioh of gns is completed, when 
the resulting ethereal solution is first washed with two yolumes of w~ter, 
then ;;;haken with three yolumes of samc,' and finnlly allowed to evapo
rate. The arsineoxide separates in yellow ('rusts soluble in alcohol or 
ether containing hydrochloric acid, with the formation of the correspond
ing dich~oroarsine. It is also soluble in an excess of caustic soda but 
inf'oluble in water or dilute acids."" 

2-Arninophenylarsincoxide, (HzN) C6H4AsO.-A hydrochloric acid 
solution of the corresponding arsonic acid, to which a slight amount of 
potas~ium iodide has been added, is reduced with sulfur dioxide, and the 
aminophenylarsineoxide precipitated by neutralizing with alkali. It is 
a white powder readily f30luble in aqueous caustic soda or dilute acids, 
and insoluble in sodium carbonate or ammonia. 'When allowed to stand 
for some time, it acquires a bluish tinge.,·tS 

4-Arninophenylarsineoxidc.-p-Arsanilic acid, ditisolved in dilute sul
furic acid to which a i'llight amount of pota~sium iodide has been added, 
is treated with sulfur dioxide at 20° for six hours, the whole then chilled 
to 5-10° and graduall~' rendered alkaline with concentrated ammonia 
while stirring yigorously. The erude product, which slowly precipitates, 
IS purified by dissolving in dilute caustic soda, extracting with ether, 
and salting out by the addition of ammonium chloride solution to the 
aqueous layer. 

The same compound results when a concentrated aqueous solution of 
atoxyl is acidified with hydrochloric acid, the precipitated sodium chlo
ride filtered off, and the filtrate saturated with sulfur dioxide. After 
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twelve hours the hydrochloride of 4-aminophenyldichloroarsine begins to 
crystallize out. The solution is now saturated with hydrochloric acid, 
the above hydrochloride introduced into cold water, rendered alkaline 
with concentrated aqueous caustic soda, and the free arsine oxide salted 
out by saturating with sodium chloride. 

It may also be obtained by boiling p-arsanilic acid with phenylhydra
zine in methyl alcohol solution. After all of the nitrogen has been 
evolved, the alcohol is remond, the residual oily product mixed with 
dilute caustic soda and extracted with ether. Ammonium chloride is then 
added to the filtered aqueous layer and crystallization of the arsineoxide 
facilitated by scratching the walls of the vessel. 

Another method of preparation consists in suspending p-arsanilic acid 
in dry ethyl acetate and adding phosphorus trichloride, whereupon a 
vigorous reaction ensues without producing a clear solution. After two 
hours absolute ether is added, the mixture allowed to stand for three 
more hours, and the precipitate, consisting of a mixture of unchanged 
arsonic acid and the hydrochloride of the corresponding dichloroarsine, is 
filtered off. From this the arsineoxide is obtained by dissolving in 
N-sodium hydroxide, filtering Hnd adding ammonium chloride to the 
filtrate.519 

The compound crystallizes with two molecules of water in well
defined, lustrous needles softening at 80°, and melting at 100° with 
foaming. The anh¥drous compound softens at 90 0

, partially melts at 
1000

, and upon further heating, first resolidifies and then melts at 185-60
• 

It exhibits but feebly acidic properties, dissolving readily in caustic 
soda but not in sodium carbonate or ammonia. On the other hand, its 
basic properties are very pronounced, dissolving not only in dilute mineral 
acids but in aqueous acetic acid as well. It is readily soluble in hot 
water, cold methyl or ethyl alcohol, glacial acetic acid, acetone or 
pyridine, sparingly in cold water, ether or ethyl acetate and insoluble in 
chloroform or benzene. \Vhen boiled with dilute hydrochloric acid it 
yields tri (4-aminopheny 1) arsine and arsenic trioxide: 

The arsineoxide readily reduces Fehling's solution or ammoniacal silver 
nitrate upon boiling, and is easily oxidized to the arsonic acid either 
by hydrogen peroxide in alkaline solution or by iodine in acetic acid 
solution. The latter is a quantitative reaction. It also behaves like 
an unsaturated compound, yielding 4-aminophenylarsinoacetic acid, 

o 
II 

H2N . C6H4As - OH , with chloroacetic acid in alkaline solution. 

'" CH2COOH 
Like all primary aromatic amines it can be diazotized and coupled with 
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various azo components, red dyes being obtained with R-salt or ~-naph
thoquinonesulfonic acid. It is decomposed by mercuric oxide in alkaline 
solution, yielding mercury dianiline!96 

The arsineoxide is therapeutically more efficient than the arsonic 
acid, acting upon trypanosomes e\'Cn in yitro, while the acid under such 
conditions remains inactiye. 

4-Amino-3-methylphenylarsincoxl~dc, H~N. CuHs (CH3 )AsO, prepared 
by reducing the corresponding arsonic flC'id with sulfur dioxide, consists 
of ,yhite crystals 80ftening below 100° flnd melting at 160° ; soluble in hot 
water, [11rohol, acetone, dilute hydrochloric acid or caustic nlkalis.520 

4-Acctylmniliophcnylarsincoxide, CH3COHN. Cr,H.,AsO, exists in two 
"forms: an indefinitely crystalline, anhydrous yariet~i and a hydrous, 
rr_\'stalline modification. The first is preparcd by reducing 4-acetyl
aminophenylnrsonic acid with sulfurous acid, employing hydriodie acid 
as n c[1talyst. It melts nt 288-9°, is soluble in cnustic soda or hot 
50 per cent acetic acid, sparingly in hot water or glacial acetic acid and 
insoluble ,in methyl or ethyl alcohol, sodium carbonate, ammonia or 
dilute mineral acids. The second variety, obtained by acetylating 
4-aminophenylnrsineoxide, forms wedge-shaped crystals containing one 
molerule of water and cannot be dehydrated or decomposed. At 100° 
it partially melts with foaming, then solidifies and finally remelts at 
271 o. "Ohen preserved in a desiccator for a long time it melts at 260° 
without exhibiting a preliminary melting point. It is readily soluble in 
hot water, methyl or ethyl alcohol, acetone, pyridine, glacial or 50 per 
cent acetic acid-the solutions occasionally exhibiting a turbidity due 
to the presenre of a slight amount of the anhydrous yariety-and is 
insoluble in ether, eth,vI acetate or benzene. The rr~ostalline product 
may be prepared from the anhydrous modification by dissolving in 
2N -raul"tic soda solution, filtering into an excess of 2N -acetic acid 
and inducing crystallization by the addition of a few crystals of the 
desired prodU('t. Both varieties may be readily oxidized to the arsomc 
acid by means of dilute iodine in acetic acid solution.521 

4-Carbethoxyaml~nophcnylarsincoxide, C2 H 500CHN. CaH4AsO, re
sults upon reducing the corresponding arsonic acid in dilute sulfuric acid 
solution ",ith sulfur dioxide at 15°, employing hydriodic acid as a 
catalyst. It may also be obtained from the arsonic acid by suspending 
in ethyi acetate, chloroform or carbon tetrachloride and treating with 
phosphorus trichloride. The dichloroarsine, obtained as an intermediate 
product, is then dissolved in dilute caustic soda, and the arsineoxide pre
cipitated by the addition of ammonium chloride solution or dilute acetic 
acid. A third method ('onsi.'ts in dissolving one mole of 4-aminophenyl
arsineoxide in an equimolar amount of caustic soda, and gradually adding 
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to the well-cooled solution slightly more than one mole of ethyl chloro
carbonate. After standing for one hour the solution is acidified, and 
the precipitated product purified by dissoh'ing in diluted alkali and 
reprecipitating 'with an acid.G22 It is a colorle88, odorless powder soluble 
in hot water, glacial acetic acid, alcohol or dilute alkalis, sparingly in 
cold water and insoluble in sodium carbonate, chloroform, petroleum 
ether, carbon bisulfide, ether or benzene. Heated to 270°, it darkens 
and decomposes without melting. 'Vith hydrogen sulfide in alkaline 
solution, the ox:vgen of the arsineoxy gI:0UP i" replaced by one or more 
sulfur atoms. 

Phcnylglycinc-4-arsincoxide, (HOOCCH". HN) CeH,A~O, is deri"ed 
from the corresponding arsonic acid by reduction with sulfur dioxide m 
the usual manner.5n 

'" 4-Methylaminophenylarsincoxide, (CH.,.HK)C,;H4AsO, m. p. 65°, is 
made by heating a mixture of methylaniline and arsenic trichloride at 
water-bath temperature. 524 

4-DimethylaminophenY'arsineoxide, (CHe) ~N. CeH,AsO, is a white 
powder, m. p. 75°; easily soluble in chloroform or hot alcohol and 
insoluble in water. It exhibits both basic and feebly acidic properties, 
dissolving in dilute acids and in an excess of concentrated sodium 
hydroxide solution.525 

4-Diethylaminophenylarsineoxide, (C2H,,) 2N. CeHjAsO, exists as a 
pale yellow powder, m. p. 58°; soluble in hot alcohol or dilute mineral 
acids.526 

4-Dimethylamino-2-mcthylphcnylarsineoxide, 

(CH3) 2N. COH3 (CH 3 ) AsO, 
melts at 80° .52, 

4-Dimethylamino-3-mcthylphcnylarsineoxide, from arsenic trichloride 
and dimethyl-o-toluidine at water-bath tempcrature,528 is a white amor
phous powder, m. p. 55°; readily soluble in alcohol, ether, chloroform or 
dilute acids but sparingly in water. Reduction with phosphorous acid 
in alcoholic solution converts it into the corresponding arseno compound, 
while oxidation with red mercuric oxide in aqueous suspension yields 
the arsonic acid. 

4-Dimethylamino-2,5-dimethylphenylarsineoxide, 

(CH3) 2N. CeH2 (CH~) 2AsO, 
melts at 95° .529 
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2-Dimethylamino-a-naphthylarsineoxide, (CH3 ) 2N. CloHoAsO, melts 
at 1280

,530 and 4-dimethylamino-a-naphthylarsineoxide at 125° .531 

2-Chloro-4-methylaminophenylarsineoxide, (CHaHN) CoH 3Cl. AsO, 
obtained from 3-chloromethylaniline and arsenic trichloride, is a white, 
amorphous powder melting at 1200

, decomposing at higher temperature 
and readily soluble in acetone, chloroform or a1coho1.532 

2-Chloro-4-dimethylaminophenylarsineoxide, [(CHe:) 2N]CGH3Cl.AsO, 
is a white powder, m. p. 88°; soluble in chloroform, benzene or dilute 
acids, insoluble in alcohol or ether. With concentrated hydrochloric 
acid it yields the hydrochloride of the corresponding dichloroarsine.533 

2-Bromo-4-dimethylaminophenylarsineoxide melts at 92°. 534 

3-Nitro-4-aminophenylarsineo.ride, (OeN) (HeN) CGli:,AsO, obtained 
I by reducing the corresponding arsonic acid, is a yellow powder soluble 

in alkalis to a brown-red solution.535 

3-Nitro-4-triazophenylarsineoxicle, (OeN) {N,) C6H 3AsO, is made from 
3-nitro-4-aminophenylarsonic acid by first conyerting it into its diehloro
arsine with phosphorus trichloride, then diazotizing and treating with 
sodium azide. It is a colorless powder readily soluble in caustic soda, 
methyl or ethyl alcohol, but only sparingly so in sodium carbonate solu
tion.5aG 

3-Amino-4-carbethoxya1ninophenylarsineoxicle, 

CeROOCHN . CGHa (NH2 ) AsO. 

Prepared from the corresponding arsonic acid in the same manner as 
4-carbethoxyaminophenylarsineoxide. It is a slightly colored, amor
phous powder without a definite melting point; readily soluble in glacial 
acetic acid, alcohol, or dilute acids and practically insoluble in the 
ordinary organic soh·ents. It dissoh'es readily in caustic alkalis, from 
which it is "('eprecipitated with difficulty.322 

2-H ydroxyphenylarsineoxide anhydride, 

/
A A /""- 0 - As /""-

I "n f~( 'I or( "( I X ""-
" FAe-O-As~" ) \)j ) 
. ""-/ V V As - 0 ""-/ 

Upon introducing a solution of 2-diazophenylarsonic acid into an equal 
volume of a cold saturated aqueous solution of sulfurous acid, there is 
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obtained a deep yellow liquid which is rapidly decolorized with a vigor
ous evolution of nitrogen, while the rcaction product separates as a 
practically colorless powder. It crystallizes from hot glacial acetic acid 
in colorless, granular crystals, m. p. 177°; soluble in benzene, sparingly 
so in ether, and becoming dehydrated when dissolved in caustic soda 
solution. The above anhydride may also be made by hydrolyzing 
2-hydroxypheny Idichloroarsine. 518 

4-Hydroxyphenylarsineoxide, HO. c',H4AsO.-Prepared by reducing 
the corresponding arsonic acid with sulfur dioxide in the prescnce of 
hydriodic acid. The resulting solution is saturated with sodium chloride, 
extracted with ether, and the ethereal extract, after neutralization with 
aqueous sodium carbonate solution, concentrated to crystallization. The 
same product may be obtained by employing other mild reducing agents 
such as phenylhydrazine, thionyl chloride or phosphorus trichloride. 

The arsineoxide is a white, crystalline mass unaffected by hcating up 
to 2400

; readily soluble in water, methyl or ethyl alcohol, acetonf', 
glacial acetic acid, or ethyl acetate and sparingly in benzene, chloroform 
or carbon bisulfide. When reduced with sodium hydrosulfite it is con
verted into 4,4' -dihydroxyarsenobenzene. 537 

4-Methoxyphenylarsineoxide, CH30. CaH.AsO, is a colorless crystal
line mass obtained from the corresponding dichloroatsine by treatment 
with sodium hydroxide or carbonate.489 

4-Ethoxyphenylarsineoxide, C2H GO. CsH,AsO, prepared like the prf'
vious compound, melts at 1050

, and is readily reduced by phof'phorouiO 
acid to the arseno compound.4D3 

3,5-Dichloro-4-hydroxyphenylarsineoxidc, HO. CaH 2CI". AsO, is made 
by reducing the arsonic acid. It crystallizes in small prisms sparingly 
soluble in water but readily so in alcohol, aqueous sodium hydroxide or 
carbonate.538 

3-Nitro-4-hydroxyphenylarsineoxide, (OeN) (RO) CaR3AsO, from the 
corresponding arsonic acid by reduction with sulfur dioxide, is a pale 
yellow powder decomposing upon heating; readily soluble in alkalis, 
glacial acetic acid, methyl or ethyl alcohol and sparingly in cold water.539 
It decomposes when warmed with mercuric chloride in alkaline solution, 
yielding mercurydi (3-nitro-4-hydroxybenzene) .49G 

3-Amino-4-hydroxyphenylarsineoxide [((Arsenoxide"], 

(HeN) (RO) CSH3AsO. 

To a solution of 46.8 g. of 3-amino-4-hydroxyphenylarsonic acid in 
360 c.c. of water and 208 c.c. of hydrochloric acid (d, 1.12) there is added 
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10 g. of potassium iodide, and the whole satumted with sulfur dioxide 
a.t ordinary temperature. Concentrated ammonia is then gradually intro
duced at low temperature with continuous stirring until the whole 
assumes an alkaline reaction, and the arsineoxide completely precipitated 
by the addition of 220 g. of sodium chloride. From the impure product 
thus obtained, it is' practically impossible to isolate the pure compound 
because of its sensitiyeness and great solubility. It is readily soluble 
in water, mineral acids, methyl or ethyl alcohol, acetic acid, alkali 
hydroxides or carbonates but insoluble in absolute ether.540 When boiled 
in acid solution it decomposes, yielding di (3-amino-4-hydroxyphenyl)
arsine oxide as an intermediate, and o-aminophenol as the final product.541 

The hydrochlon:de, (HCI.H2N) (HO)CGH 3AsO.iC2H oOH, is readily 
obtained pure by dissolving the crude arsine oxide as completely as pos
sible in absolute alcohol, filtering off inorganic impurities, adding absolute 
ether, refiltering and adding to the well-cooled filtrate a calculated 
amount of ethyl alcohol-hydrochloric acid drop by drop. The hydro
chloride separates as a white pulyerulent precipitate containing one half 
of a molecule of ethyl alcohol; is readily soluble in water, methyl or 
ethyl alcohol, sparingly in glacial acetic acid and practically insoluble in 
acetone or ether. The aqueous solution reacts neutral to congo but acid 
to litmus. It condenses with sodium-~-naphthoquinonesulfonate to a 
dark-red product soluble in alkalis, and also yields condensation products 
with phenol-aldehydes. In moist air the hydrochloride deliquesces, and 
after drying the molten mass to constant weight over calcium chloride 
contains one molecule of water instead of one half of a molecule of 
ethy 1 alcohol. Sodium hydro sulfite reduces it to 3,3' -diamino-4,4'
dihydroxyarsenobenzene, while with stannous chloride and an excess of 
hydrochloric acid the dihydrochloride of the same arseno compound is 
obtained. 

4-Amino-3-hydroxyphcnylars1:ncoxide, prepared from the correspond
ing arsonic acid like the prcyious ('ompound, is a white powder readily 
soluble in acids or alkalis. 5

"" 

4-Dime thylamino-3-methoxyphenylarsineoxide, 

[(CH3)2N] (CH30)C6 H 3AsO, 

m. p. 60°, is obtained from 2-methoxydimethylaniline and arsenic tri
chloride by heating at water-bath temperature and treating the resulting 
dichloroarsine with caustic soda.543 

5-Sulfo-3-amino-4-hydroxyphcnyl-dihydroxyarsinc or -arseniaus acid, 
(HO) 2As. CGHz (SO:.11) (OH) (NHz) .-On reducing 3-nitro-4-hydroxy
phenylarsonic acid in dilute alkaline solution at - 2° with sodium 
hydrosulfite and allowing to stand over night at low temperature, crys-
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tals of 3-amino-4-hydroxyphenylarsonic acid first separate. These are 
removed, the filtrate rendered slightly acid with concentrated hydro
chloric acid and kept at 0° or below for one week, when a mixture of 
sodium sulfate, the above dihydroxyarsine and the corresponding arseno 
compound precipitates out. The sodium sulfate is first removed by 
water at 40°, the remaining solid dissoh'ed in ammoNia and the calcium 
salt of the arseno compound precipitated by the addition of a 4 per cent 
solution of calcium chloride. The dihydroxyarsine is then precipitated 
from the filtrate upon acidification with hydrochloric acid. The same 
product is also obtained upon reducing the corresponding arsonic acid 
with sulfur dioxide in the presence of hydriodic acid. It crystallizes in 
white, minute, elongated plates remaining unmelted up to 280°, prac
tically insoluble in water and entirely so in acids. Its sulfur is not 
removed by heating with lead acetate in alkaline solution, and it is 
remarkably stable to hot dilute aqueous caustic soda. Its ammoniacal 
solution, in contrast to that of the corresponding arsonic acid, gives no 
precipitate with lithium chloride, calcium chloride or magnesia mixture 
either in the cold or hot, but forms a crystalline precipitate immediately 
upon the addition of barium chloride at room temperature. The dihy
droxyarsine rapidly reduces ammoniacal silver nitrate solution to the 
metal in the cold. It can be readily diazotized and coupled with alkaline 
~-naphthol, yielding a deep reddish-brown, soluble dye.544 . 

4-Carboxyphenyldihydroxyarsine (4-Carboxyphenylarsenious acid, 
p-Benzarsenious acid), HOOC. C6H4As (OHh-Upon the addition of 
4-carboxyphenyldiiodoarsine to an aqueous solution of sodium carbonate 
an evolution of carbon dioxide occurs, and a crystalline precipitate of 
the dihydroxyarsine is obtained upon acidulating with dilute hydro
chloric acid. When recrystallized from hot water, it separates in color
less needles which lose 1H20 at 145-160° and are converted into 4-carb
oxyphenylarsineoxide. The latter consists of needles which do not melt 
up to 2800

• The dihydroxyarsine is readily soluble in alcohol or warm 
water, and remains unaffected on prolonged boiling with concentrated 
hydrochloric acid, in contrast to phenyl- and the three methylphenyl
arsine oxides which yield the corresponding dichloroarsines. Upon boil
ing the free acid in water with calcium carbonate and concentrating the 
filtrate, a calcium salt, [(HO) 2As. C6H4COO] zCa, separates in iridescent 
leaflets sparingly soluble in hot water and losing 1H20 above 100°, 
forming the salt, (OAs. C6H4COO) 2Ca. With silver nitrate it yields a 
white precipitate of the corresponding silver salt. 545 

The ethyl ester of 4-carboxyphenylarsineoxide, C2H500C.C6H 4AsO, 
is prepared by dissolving dichloroarsinobenzoyl chloride in absolute 
alcohol and precipitating with dilute sodium carbonate solution. It is 
an amorphous powder, m. p. 277°; insoluble in water, sparingly soluble 
in alcohol and readily so in hot amyl alcohol. Caustic soda solution 
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readily hydrolyzes it to 4-carboxyphenylarsineoxide.499 The myricyl 
estt!r, CaoH6100C. C6H 4AsO, results upon the addition of a benzene 
solution of myricyl alcohol to 4-dichloroarsinobenzoyl chloride in the 
presence of pyridine. It separates from alcohol in white scales sparingly 
soluble in ether or hydrocarbons and insoluble in water or caustic 
alkalis. The cholesterin ester, C27H4400C. C6H 4AsO, consists of white 
flakes, and is prepared like the myricyl ester.106 The guaiacol ester, 

AsO 
/ 

CSH4 , is made from 4-dichloroarsinobenzoyl chloride 

"-CO.O. C6H 40CHa 
and guaiacol in benzene solution. It crystallizes from acetone-ether in 
tufts of small, white needles soluble in acetone or alcohol, insoluble in 
water or ether, and melting at 191°. It may be oxidized to the corre
sponding arsonic acid by means of hydrogen peroxide in acetone solu
tion.546 The ester with dimethylaminodimethylethylcarbinol ('4-Arsin-

AsO 
/ 

oxystovaine) , C6H4 CH2N (CHa)2, IS obtained by the action 

"- / CO.O.C-CHa 

"-C2H5 

of sodium carbonate upon the corresponding dichloroarsine. It is a 
viscous oil whose hydrochloride has a similar consistency.499 

4-Amino-3-carboxyphenylarsineoxide, (H2N) (HOOC) C6HaAsO, is 
obtained from the corresponding arsonic acid by reduction with sodium 
amalgam. It forms a black gold compound with auric chloride solu
tion.494 

4-Acetylamino-3-carboxyphenylarsineoxide, 

(CHaCOHN) (HOOC) C6HaAsO, 

is produced from 3-methyl-4-acetylaminophenylarsonic acid by boiling 
with phenylhydrazine in methyl alcohol solution, distilling off the greater 
part of the solvent and dissolving the residue in water. The excess 
phenylhydrazine is removed with ether, and the remaining aqueous solu
tion concentrated in vacuo at 30-40°. The residue is then saturated 
with sodium chloride and acidified with dilute sulfuric acid at low tem
perature, the desired arsineoxide separating as a white powder decom
posing at 300°; readily soluble in alkaline hydroxide or carbonate 
solutions, and in hot dilute hydrochloric acid, sparingly so III glacial 
acetic acid or hot water and insoluble in alcohol or ether.520 
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AsO 
/ 

4-Arsinoxybenzoylglycine, CaH4 . - From 4-di-

" CONHCH2COOH 
chloroarsinobenzoyl chloride by treatment with an alkaline solution of 
aminoacetic acid.547 

AsO 
/ 

4-Arsinoxybenzoylalanine, CaH4 is a white 

"CONHCH (CHa) COOH, 
amorphous powder obtained from 4-dichloroarsinobenzoyl chloride by 
treating alanine in the presence of sodium bicarbonate. It is readily 
soluble in alkalis or alcohol, sparingly so in ether and insoluble in 
water.10a 

4-Arsinoxybenzoylphenylalanine, 
AsO 

/ 
CaH. 

" CONHCH (CHz. CaHs) COOH, 
is prepared like the alanine derivative. 

AsO 
/ 

4-Arsinoxybenzoylleucine, CaH4 

"-
is obtained as above. 

CONHCR[CH2 .CH(CHa)2]COOR, 

AsO 
/ 

4-ArsinoxybenzoyLaspartic acid, CaH. 

is slightly soluble in cold water. 

4-Arsinoxybenzoylglutamic acid, 
AsO ,. 

/ 
C6H. 

" 

"-CONHCH(CHzCOOH) COOH, 

CONHCH (CHz. CHzCOOH) COOH, 
changes into a glassy mass on continued standing in air. 

4-Arsinoxybenzoyltyrosine, CsR. 

AsO 
/ 

" CONRCH (CH2 • C6H,OH) COOH, 
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prepared from 4-dichloroarsinobenzoyl chloride and tyrosine III the 
presence. of an excess of caustic soda, is a white amorphous powder 
soluble in alcohol or alkalis, and only very sparingly in water. 

N,N' -Pentamethylenebis (p-arsinosobenzamide) , 

resulting from the interaction of 4-dichloroarsinQbenzoyl chloride and 
pentamethylencdiarnine in the presence of an excess of caustic soda, is a 
white powder soluble in caustic soda solution but insoluble in the usual 
solvents. lOG 

4-Arsinoxybenzophenone (Benzophenone-4-arsineoxide) , 

AsO 
/ 

C6H4 

"'-COCeH 5 • 

A solution of 4-dichloroarsinobenzoyl chloride (20 g.) in dry carbon 
bisulfide (100 c.c.) is added to 25 C.c. of dry benzene, and 25 g. of 
anhydrous aluminium chloride introduced in 5 g. portions to reduce the 
intensity of the reaction. After refluxing on a water-bath at 50° for 
two hours, the warm reaction-mixture is poured upon 300 g. of cracked 
ice, 10 C.c. of concentrated hydrochloric acid is added, and the carbon 
bisulfide and excess benzene removed by steam distillation. The aqueous 
layer is then removed, and the remaining gummy mass warmed with 
400 C.c. of dilute sodium carbonate and 50 C.c. of 6N-sodium hydroxide 
until practically complete solution is effected. After filtering and 
cooling, the arsineoxide is precipitated by dilute hydrochloric acid. 
It is an amorphous solid readily soluble in warm alkalis, sparingly in 
absolute alcohol, benzene, ether or boiling water. Hydrogen peroxide 
in alkaline solution oxidizes it to the corresponding arsonic acid.548 

4-Dihydroxyarsinobenzophenone (Benzophenone-4-arsenious acid) 
As(OH)2 

/ 
C6H4 , prepared by boiling the arsineoxide with water, is a 

"'-COCaH5 

crystalline solid readily soluble in alkalis, sparingly in absolute alcohol, 
and insoluble in ether or benzene.548 
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AsO 
/ 

4-Arsinoxy-4' -methylbcnzophcnone, C6H4 from 4-di-

'" COOaH 4 .,OH3 , 

chloroarsinobenzoyl chloride and toluene, is difficult to obtain in the pure 
state on account of its amorphous character.549 

As(OH)2 / . 

4 - Dihydroxyars·ino - 4' - methylbenzophenone, OaH4 

'" COOaH4. CHa, 
consists of fine needles soluble in alkalis, sparingly so in ethyl alcohol 
and insoluble in ether or benzene. It is obtained from the arsineoxide 
by boiling with water.549 

AsO 
/ 

4-Arsinoxyphenylthioglycollic acid, CaH4 results upon 

'" S.CH2COOH, 
reducing the corresponding arsonic acid with·phenylhydrazine in methyl 
alcoholic solution.550 

5. Aryl Arsincsulfides and -8esquisulfides, RAsS and R 2As2S3.-The 
unsubstituted aromatic arsinesulfides are crystalline solids generally 
soluble in benzene or chloroform and only sparingly so in alcohol or 
ether. The most convenient method of preparation depends upon the 
interaction of hydrogen sulfide'" with the corresponding arsineoxide or 
dichloroarsine, generally in alcoholic solution: 

RAsO + H 2S --,) RAsS + H20 
RAsCl2 + H2S ----7 RAsS + 2HCl. 

The same compounds are also obtained by the addition of two atoms of 
sulfur to one molecule of an arseno compound: 

RAs = AsR + S2 ----7 2RAsS. 

Nuclear substituted arsinesulfides are not only obtaInable by the 
above methods, but in addition may be prepared by the action of 
hydrogen sulfide upon the corresponding arsonic acids: 

RAsO(OH)2 + 2H2S ----7 RAsS + S + 3H20. 

In several instances boiling with hydrochloric acid converts the 
arsine sulfides into the corresponding dichloroarsines with evolution of 
hydrogen sulfide. They form sulfa salts with either alkali poly sulfides 
or alkali sulfides and sulfur: 

RAsS + Me2S + S --,) RAsS(SMe)2, (Me = an alkali metal), 
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The primary aryl arsinesesquisulfides are generally derived from 
arsonic acids by treating with hydrogen sulfide in alkaline solution, and 
subsequently acidifying with hydrochloric acid. The reactions involved 
are: 

{
RASO(OMe)2 + 3H2S ~ RAsS(SMe)2 + 3H20 
2RAsS(SMe)2 + 4HCl ~ R 2As2Sa + 2H2S + S + 4MeCl. 

The products are well-defined, crystalline substances usually soluble in 
alkalis or organic solvents. They also dissoln in alkali polysulfides, 
forming sulfo salts: 

R2As2Sa + Me2S2 + Me2S ~ 2RAsS(SMe)2. 

The nuclear substituted compounds combine the properties of the sulfur 
derivatives and those of the corresponding non-arsenated organic com
pounds. 

Phenylarsinesulfide, C6HsAsS, is prepared by saturating a dilute 
alcoholic solution of the corresponding arsineoxide or dichloroarsine with 
hydrogen sulfide,551 or by heating one mole of arsenobenzene with two 
atoinic equivalents of sulfur.50Z It crystallizes from benzene in white, 
felted needles melting at 1520

, and readily soluble in carbon bisulfide, 
hot benzene or caustic soda. It also dissoh-es in yellow ammonium sul
fide, the resulting solution yielding the corresponding arsinesesquisulfide 
with acids. The sulfide is difficultly soluble in alcohol, ether, ammonia, 
cold benzene or colorless ammonium sulfide; is unaffected by hydro
chloric acid but oxidized to pheny larsonic acid by nitric acid. With 
mercury diethy 1 it forms pheny Idiethy larsine: 

C6HSAsS + Hg (CzHs) 2 -~ C6H5 (C2Hs) 2As + HgS. 

Heated above its melting point in an atmosphere of carbon dioxide, the 
sulfide decomposes in a similar manner as the arsineoxide, yielding tri
pheny larsine and arsenic trisulfide: 

3CaHsAsS ~ (C6Hs)aAs + AszSa. 

4-M ethylphenylarsinesulfide, (CHa) C6H4AsS, consists of lustrous 
white crystals, m. p. 1460

; readily soluble in benzene or chloroform and 
practically insoluble in alcohol or ether.ss3 

2,4-Dimethylphenylarsinesulfide, (CHa) zC6HaAsS, fine white needles 
from ether or benzene-alcohol, m. p. 1690

•
510 

2,5-Dimethylphenylarsinesulfide, yellow needles, m. p. 188°.5H 

Tertiary-butyphenylarsinesulfide, (CHa) aC. CaH4AsS, lustrous leaf
lets, m. p. 292 0

.461 
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4-Phenylphenylarsinesulfide, (CSH5) CsH4AsS, m. p. 1900
•
555 . 

3-Nitro-4-methylpheny:arsinesuljide, (02N)CsHs (CHs ) AsS.-Hydro
gen sulfide is introduced into an aqueous solution of the corresponding 
arsonic acid at 70° for two hours, the whole permitted to stand for 
twelye hours, again warmed to 70°, and treated with hydrogen sulfide 
as before. After repeating this procedure two more times, the resulting 
mixture of the arsine sulfide and sulfur is purified by the addition of 
ammonia, which dissolves the arsenical while the sulfur remains un
affected. After filtering, the solution is neutralized with hydrochloric 
acid, and the reSUlting precipitate further purified by dissolving in 
benzene and reprecipitating with alcohol. It forms yellow needles melt
ing at 141-2° and de'flagrating at higher temperatures; is readily soluble 
in benzene or caustic alkalis, sparingly in alcohol and insoluble in water 
or ether.55s 

S-AmI:nophenYlarSI·ncsuljide, (H"N) C6 H4AsS.-A concentrated am
moniacal solution of 3-nitrophenylarsonic acid is saturated with hydrogen 
sulfide, warmed on a water-bath for twelve hours, fresh ammonia added 
and the whole operation repeated. It is finally evaporated to dryness, 
the residue taken up with water, and the arsinesulfide dissolved by the 
addition of dilute hydrochloric acid. After filtering off the free sulfur, 
the solution is rendered ammoniacal, producing a white voluminous 
precipitate of the arsinesulfide.557 

According to Michaelis, ammonium aminopheny lthioarsonatc is 
formed as an intermediate product which is decompo~ed by the hydro
chloric acid yielding the arsinesulfide: 

(H2N) CsH4AsS (SNH4 ) 2 + 2HCI -~ 
(H2N) C6H4AsS + S + H 2S + 2NH4 Cl. 

Bertheim/58 however, claims that in the above reduction a mixture of 
3-aminophenylarsine mono- and di- sulfides are obtained. 

The aminophenylarsinesulfide is a white, uncrystallizable powder 
softening at 182° and melting at 1880 to a yellow liquid. It is readily 
soluble in dilute hydrochloric acid or concentrated alkalis, sparingly in 
dilute alkalis, insoluble in water or the usual organic solvents. It is 
very sparingly soluble in concentrated hydrochloric acid, forming a 
hydrochloride which yields a white amorphous precipitate of the sulfate 
with dilute sulfuric acid. When boiled with hydrochloric acid the sulfide 
is conyertcd into the corresponding dichloroarsine and hydrogen sulfide. 

4-Aminophenylarsinesulfide results when a dilute hydrochioric acid 
solution of p-arsanilic acid is saturated with hydrogen sulfide, and the 
resultlIlg precipitate freed of sulfur by extraction with carbon bisulfide. 
The l1rsmesulfide may also be prepared by dissolying the corresponding 
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arsineoxide in methyl alcohol and introducing hydrogen sulfide into the 
cooled solution as long as a precipitate is produced. It is a yellowish
white crystalline powder sintering at 1650 and melting at 1800

; readily 
soluble in aniline or pyridine, less so in acetone, sparingly in alcohol 
and insoluble in glacial acetic acid, benzene, chloroform or carbon bisul
fide. It readily dissolves in warm caustic soda, from which it is first 
reprecipitated and then redissolved by an excess of mineral acids, except 
in the case of concentrated hydrochloric acid when a precipitate of the 
hydrochloride is obtained.559 

4 - Dimethylaminophenylarsinesulfide, (CHs) 2N. C6H 4AsS, white 
needles from chloroform, m. p. 1870

; insoluble in alkalis or hot water, 
and soluble in cold dilute hydrochloric acid. The latter solution decom
poses upon heating, yielding the hydrochloride of the corresponding 
dichloroarsine and hydrogen sulfide.479 . 

4-Diethylaminophenylarsinesulfide, (CZH5 ) 2N. CsHAsS, exists as 
white needles, m. p. 1550

; readily soluble in chloroform and insoluble in 
alcohol. 482 

4-Dimethylamino-2-methylphenylarsinesulfide, 

(CHs) 2N. CsHs (CHa)AsS, 
melts at 1680

•
560 

4-Dimethylamino-3-methylphenylarsinesulfide is a pale-yellow, crys
talline powder, m. p. 65-70 

; readily soluble in ether or chloroform, spar
ingly in alcohol.561 

4-Dimethylamino-2,5-dimethylphenylarsinesulfide, 

(CHs)zN .C6H2 (CHS )2AsS, 
melts at 1620

•
5a1 

4 - Dimethylamino - a - naphthylarsinesulfide, 
m. p. 1480

•
487 

2-Bromo-4-dimethylaminophenylarsinesulfide, (CHa) 2N. CaHsBr .AsS, 
m. p. 1980

.562 

3-Amino-4-hydroxyphenylarsinesulfide, (H2N) (HO)CsHaAsS, is a 
white powder resulting from the action of hydrogen sulfide upon 3-amino-
4-hydroxyphenylarsineoxide. With palladium chloride in methyl alco
holic medium it forms a brown, complex double-salt readily soluble in 
water or caustic soda.494 
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4-Dimethylamino-3-methoxyphenylarsinesulfide, 

[(CH3)2NJ (CHaO)C6H 3AsS, 
m. p. 90° .563 

Phenylarsinesesquisulfide, (CeH5) 2As2Sg.-An ammoniacal solution 
of phenylarsonic acid is saturated with hydrogen sulfide and acidified 
with hydrochloric acid, the sesquisulfide separating as a yellow resinous 
mass which may be obtained crystalline from benzene.o64 The same 
product is formed by dissolving the arsinesulfide in yellow ammonium 
sulfide and reprecipitating with acids. Another method of preparation 
consists in heating one mole of arsenobenzene and two atomic equivalents 
of sulfur together with a freshly prepared solution of ammonium sulfide 
in a sealed tube.55l The product crystallizes from benzene in pale yellow, 
transparent prisms, from glacial acetic acid in long, narrow leaflets, and 
from alcohol or ether in fine, white needles melting at 1300 and decom
posing at higher temperatures. It is readily soluble in benzene or carbon 
bisulfide, less so in boiling glacial acetic acid, sparingly in alcohol or 
ether, slightly in caustic soda, and practically insoluble in ammonia. 
The compound dissolves very easily in sodium polysulfide, forming sodium 
phenyltrithioarsonate, C6H5AsS (SN a) 2; is unaffected by hydrochloric 
but oxidized by nitric acid to phenylarsonic acid with separation of free 
sulfur. 

4-M ethy lphcny larsinesesquisulfide, (CHg . C6H 4) 2As2Sg, is prepared 
by saturating an ammoniacal solution of the corresponding arsonic acid 
with hydrogen sulfide. It forms white needles from benzene-alcohol, 
m. p. 119-20°; readily soluble in benzene or carbon bisulfide, sparingly 
in hot glacial acetic acid, alcohol or ether.553 

3-Nitrophenylarsinesesquisulfide, (02NCeH4) 2As2Sg. - An aqueous 
solution of 3-nitrophenylarsonic acid is saturated with hydrogen sulfide 
at 50-60°, allowed to stand for twelve hours, and the whole process 
repeated four times. Ammonia is then added to the turbid solution, free 
sulfur removed by filtration, and the filtrate acidified with mineral acid. 
The sesquisulfide separates as a yellow precipitate which may be obtained 
in the form of yellow crystals from benzene-alcohol. It melts at 119° 
and intumesces at higher temperatures; is readily soluble in alkalis or 
benzene, sparingly so in alcohol, chloroform or carbon bisulfide and 
insoluble in water, ether or ligroin. Oxidizing agents readily convert it 
into 3-nitropheny larsonic acid. 565 

4 - Acetylaminophenylarsinesesquisulfide, (CHgCOHNC6H 4 ) 2As2Sg, 

prepared by the action of hydrogen sulfide upon the corresponding arsonic 
acid in ammoniacal solution, forms lustrous needles from alcohol, m. p. 
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2080
; is readily soluble in aniline or pyridine, less so in alcohol or glacial 

acetic acid and sparingly in toluene or chloroform.s59 

3-Nitro-4-hydroxyphenylarsincsesquisulfide, 

[(OzN) (HO)C6H3]2AszS3' 

is obtained by saturating a solution of the arsonic acid in caustic soda 
with hydrogen sulfide at ordinary temperature and acidifying with 
hydrochloric acid. It is purified by recrystallizing first from acetone
water and then from boiling xylene, the product separating in hard, 
warty aggregates of yellow crystals melting at 160 0 with decomposition, 
and dissolving in alkalis to a reddish-brown solution.5G6 

3-Amino-4-hydroxyphenylarsinesesquisulfide, 

[(H2N) (HO) C6Hs] 2As2S3, 

derived from the arsonic acid by treatment with hydrogen sulfide in 
either acid or alkaline solution, is soluble in acids, alkalis or methyl 
alcohol, and is reprecipitated from the latter by means of ether. When 
boiled with lead acetate in alkaline solution it loses its sulfur.56G 

Bis 1 p- [(acetylmercapto) amino]phenylarsylene \ trisulfide, [Bis (8-
acetylhydrosulfaminophenyl) -4,4' -arsinesesquisulfide] , 

[ (CH3CO.S.NH)C6H4]2As2Sa, 

is formed together with the corresponding arsinedisulfide from atoxyl 
and formaldehydesulfoxylate. It separates from pyridine upon the addi
tion of methyl alcohol as a yellow, amorphous substance, melting at 
1590 with decomposition. 56. 

Hydrochloride of 4-aminophenylarsineselenide, (HCl. H2N) C6H 4AsSe, 
separates on passing hydrogen selenide through an alcoholic solution 
of the corresponding dichloroarsine 5G8 or arsineoxide .. 56D It is an 
orange-yellow powder quite difficultly soluble in water or dilute hydro
chloric acid. 

By passing hydrogen telluride through an alcoholic solution of 
4-aminophenyldichloroarsine hydrochloride, the corresponding arsine
telluride, (HCL.H2N)C6H 4AsTe, is obtained as a red-brown substance 
sparingly soluble in dilute hydrochloric acid. GOB 

6. Arseno Compounds, R.As = As.R.-Of' all organic arsenicals, 
the most interesting chemically and the most valuable therapeutically 
are those containing the characteristic group - As = As - which is 
the exact analogue of the azo group, - N = N -. Unlike the latter, 
however, it is at best only weakly chromophoric; in addition, the arseno 
compounds are much less stable than the corresponding azo derivatives. 
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The older and most frequently used method of preparation con
sists in reducing the corresponding arsonic acids or arsine oxides with 
various reducing agents. As the acids contain pentavalent arsenic, the 
reduction to the arseno condition is more difficult than in the case of 
the arsineoxides, in which the element is already in the trivalent form. 
Compounds of the latter type can, therefore, be reduced at ordinary or 
slightly elevated temperatures, while the arsonic acids usually require 
prolonged digestion. The reagents commonly employed for trivalent 
compounds are phosphorous or hypophosphorous acid, stannous chloride 
and hydrochloric acid, sodium amalgam in methyl alcoholic medium, 
or sodium hydrosulfite in neutral solution. The same reagents may be 
used with arsonic acids; in the case of phosphorous acid, howeYer, it 
is further necessary to heat under pressure; with stannous chloride and 
hydrochloric acid a catalyst such as hydriodic acid is required; while 
with sodium hydrosulfitc reduction is complete only upon warming at 
moderate temperatures. With the latter reagent the reaction generally 
proceeds smoothly, but the final product is often contaminated with 
impurities derind either from the reagent itself or formed as a result 
of a side-reaction. This is especially true in the case of 3-nitro-4-
hydroxy-phenylarsonic acid, the resulting arsphenamine base being con
taminated with more or less of an unidentified sulfur-containing arsenical. 
It has been claimed that the formation of this impurity may be limited, 
but not entirely prevented, by the presence of certain salts mch as 
magnesium chloride. 

Within recent years another satisfactory method for the prepara
tion of arseno compounds has been developed, depending upon the con
densation of a primary arsine with an arsineoxide, dihydroxy- or di
chloroarsine: 

RAsH2 + R' AsO --7 RAs = AsR' + H 20 
RAsH2 + R'As(OH)2 --7 RAs = AsR' + 2H20 
RAsH2 + R' AsCl2 --7 RAs = AsR + 2HCl. 

This method is not only very satisfactory for the synthesis of arseno 
compounds in general, but is especially adapted for the production of 
those derivatives which contain two different hydrocarbon residues, and 
are known as Unsymmetrical Arseno Compounds. The latter may also 
be prepared by reducing mixtures of (1) two arsonic acids, (2) two 
arsineoxides, (3) an arsonic acid and an arsineoxide, or by the inter
action of two symmetrical arseno compounds in warm solution: 

RAsO(OH)2 + R'AsO(OH)2 + 4Hz --7 RAs = AsR' + 6H20 
RAsO + R' AsO + 2H2 --7 RAs = AsR' + 2H20 
RAsO(OH)2 + R'AsO + 3H2 --7 RAs = AsR' + 4H20 
RAs = AsR + R' As = AsR' --7 2RAs = AsR'. 

The unsubstituted derivatives are generally crystalline substances 
with definite melting points, and do not dissolve in water, acids or 
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alkali~. They arc oxidized ycr~' slo\\"I~' on exposure to air, but may 
be readily ('ollycrted into :\r~olli(' acid" b:'o' stronger oxidizing agentOi. 
When heated abo\"8 their melting points the compound" decompose into 
triary larsines and free arsenic according to the equation: 

3RAs = AsR ~ 2R3As + As4 • 

They form coordination products with various metallic salts, and react 
with alkyl halides, yielding among other products arsonium mono- and 
trihalides. With sulfur, aryl arsinesulfides are usually obtained, while 
with chlorine the resulting products are either dichloroarsines or arsine
tetrachlorides, depending upon the amount of halogen employed: 

RAs = AsR + 82 ~ 2RAs8 2Cl .. 
RAs = AsR + Cl2 ~ 2RAsCl2 ___:_,_. 2RAsCI4 • 

The arseno m- and p-xylenes possess the singular property of com
bining additively with two atoms of iodine in alcoholic medium to form 
symm. dixy ly Idiiododiarsines: 

(CH3)2CsH3As = AsCsH 3(CH3)2 + 12 ~ 
(CH3) 2C6H 3As - AsCsH 3 (CH3 ) 2 

I I 
I I 

The preparation of pure substituted arscno derivatives is generally 
attended with great difficulty, as in most cascs they are amorphous 
products insoluble in water or the usual organic solvents. Although some 
compounds can be purified by dissolving in a 80lvcnt such as alrohol 
and reprecipitating with ether, no general procedure has thus far been 
developed, as the organic impurities seem to possess the same solubilities 
as the arseno compounds themselves. The substituted derivatiYCs ex
hibit not only the characteristic properties of an arseno compound, but 
also those of the corre"ponding substituted h:'o,drocflrbons. Thus, the 
msenoarylamines form water-soluble salts with hydrochloric acid, in
soluble sulfates with sulfuric acid, and comlcnsation products with 
aldehydes, or salts such as sodium formal<lrhydesulfoxylate. Further
more, the arylflrseno phenols or carboxylic ncids form soluble faIts with 
alkalis, while those containing both acid and basic groups are nmphoteric. 

The introduction of substituents into the nuclei of arseno compounds 
increases their sensitinness to oxygen to such :m extent that on ex
posure to air they are oxidized more or less rapidly, depending upon 
the configuration of the individual molecule. The oxidation is more 
rapid in solution and even more so in the presence of alkalis, forming 
at first arsine oxides and finally arsonic acids. Furthermore, they readily 
reduce ammoniacal si"'er solutions and inorganic or organic mercurials 
to the metnl, and are readily oxidized by nitric acid or iodine solution 
even at ordinary temperature. 

Upon reducing a mixture of equimolar amounts of an organic arsine-
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oxide or arsonic aricl and an inorganic. arsenic compound, there is ob
tained a product whose constitution probably corresponds to the formula, 

As = AsR. 
I 

As = AsR. 

The derivatives formed with proportionately larger quantities of the 
inorganic arsenical, however, contain more arsenic than that required 
by the above formula, and are also darker in color. The reaction may 
be carried out in the cold as well as at higher temperatures, depending 
upon the particular reducing agent selected. The products, which may 
also be prepared by passing arsine (AsHa) through solutions of various 
dichloroarsines or arsineoxides, are generally yellow powders resembling 
the corresponding arseno compounds both with respect to their solubilities 
and reactions. 

Similarly, by treating dichloroarsines or arsineoxides with phosphines 
or stibines, products called Arsenophosphides and -antimonides respec
tively are obtained. The latter may also be prepared by treating 
aromatic arylarsines with antimony trihalides or antimonous salts such 
as antimony I chloride or tartar emetic: 

RAsHz + SbX3 --') RAs = SbX + 2HX (X = a halogen atom); 

by reducing mixtures of either arsine oxides or arsonic acids and stibonic 
acids by means of sodium hydrosulfite; or by condensing arsines with 
aryl stibineoxides or dihalogenated stibines. 

The phosphides are generally yellow and the antimonides brownish 
amorphous substances possessing properties similar to those of the cor
responding arseno compounds. 

Finally, product~ containing bismuth attached to arsenic by a double 
link, and known as Arseno-bismuth compounds, have been prepared by 
condensing arylarsines with bismuth trihalides in methyl alcoholic solu
tion containing the corresponding haloid acid. They are black amorphous 
products decomposing gradually when treated with acids or alkalis. 

Arsenobenzene, CaH5As = AsC6H", is prepared by reducing phenyl
arsineoxide or the corresponding arsonic acid with phosphorous acid.31 
In the latter case, the reduction may be more rapidly effected by employ
ing hypophosphorous acid.570 The product crystallizes in pale yellow 
needles melting at 1960 (Michaelis), 2080 (Binz), decomposing at higher 
temperature into triphenylarsine and free arsenic. It dissolves readily 
in carbon bisulfide, chloroform or benzene, forming solutions which 
readily resinify; is difficultly soluble in alcohol, ancl insoluble in water 
or ether. The arseno compound is converted into phenyl arsonic acid 
by oxidizing agents, and combines directly with chlorine or sulfur, 
yielding pheny ldichloroarsine and pheny larsinesulfide respectively. When 
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heated in a sealed tube with two atoms of sulfur in the presence of 
freshly prepared ammonium sulfide, it is partly converted into phenyl
arsinesesquisulfide. With mercury diethyl at 1500

, phenyldiethylarsine 
is obtained: 

(C6Hs)2As2 + 2Hg(C2Hs )2 ~ 2C6H 5 (C2H5)2As + Hg2 ; 

while with hydriodic acid at 1000 for four hours, benzene, arsenic triodide 
and free arsenic are formed: 

3 (C6Hs)2As2 + 6HI ---') 6C6H6 + 2AsI3 + As,. 

The products obtained upon heating arsenobenzene with methyl iodide 
in a sealed tube at water-bath temperature, are phenyltrimethylarsonium 
iodide, -triiodide, and pheny Idiiodoarsine; 571 with ethyl iodide, pheny 1-
triethylarsonium iodide, phenyldiiodoarsine and symm. diphenyldiiododi
arsine; 572 while with phenyltrimethy larsonium triiodide, the correspond
ing arsonium iodide and phenyldiiodoarsine are obtained. 20o By treating 
the arseno compound with silver nitrate in either pyridine or aqueous 
medium, there is formed a black coordination compound; with aqueous 
gold chloride a similar product is obtained; while a yellowish-brown co
ordination compound with cupric chloride results upon reducing a 
mixture of phenylarsonic acid and cupric chloride with hypophosphorous 
acid.570. 57a 

2,2' -Dimethylarsenobenzene (o-Arsenotoluene) , 

(HaC) C6H.As = AsC6H. (CHa) , 

is formed when the corresponding arsine oxidizes in air. It may be 
purified by crystallization from benzene and melts at 205-8° .419 

3,3' -Dimethylarsenobenzene (m-Arsenotoluene) is a white amorphous 
powder, m. p. 106°, obtained by reducing the corresponding arsineoxide 
with phosphorous acid in alcoholic solution. It is insoluble in the usual 
organic solvents except carbon bisulfide or cymene.509 

4,4' -Dimethylarsenobenzene (p-Arsenotoluene), prepared like its 
isomer, crystallizes in lustrous needles melting at 184°. Chlorine con
verts it successively into the dichloroarsine and arsinetetrachloride; nitric 
acid oxidizes it to p-tolylarsonic acid.452 \Vith methyliodide at 100°, 
it yields p-tolyltrimethylarsonium iodide and p-tolyldiiodoarsine.574 

2,4,2' ,4' -Tetramethylarsenobenzene (Arseno-m~xylene), 

(CHa)2C6H aAs = AsC6Ha(CHab 

crystallizes from chloroform-ether in lustrous needles, m. p. 194-6 0
) and 

combines with iodine in alcoholic suspension to form symm. di-m xylyldi
iododiarsine.575 
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2,5,2' ,5' -Tctramcthylarscnobcnzcnc (Arscno-p-xylene), is a white 
powder melting at 2080

, and rombining with iodine in alcoholic medium 
like its m-isomer!'" 

Di(tertiary-butyl) arscnobenzcnr, (CH1 ) ,CCr,H4As=AsC6H,C (CH3 ) 0' 

melts at 1980 .~60 

Arsena-a-naphthalene, CloH7As = AsC10H 7, exists as yellow needle:", 
m. p. 221 0

, sparingly soluble in alcohol, benzene, carbon bisulfide or 
rhloroform, and insoluble in water or ether. It behaycs in the usual 
manner with chlorine, sulfur or nitric a('id. "1. "tt 

Arsena-f)-naphthaicilc ~epnrates from xy lent' as yellow needles, m. p. 
234°.",6 

4A'-Diphenylarscllo[JcI1ZC7IC, (C"H·,I(\H,A~ = AsCr.H,(CflH5), is 
prepared by reducing the corresponding arsineoxide with phosphorous 
aeid.577 

Arsenoanthrahydmquinone, 

obtained by reducing anthraquinonean'onic acid with sodium hydrosulfite, 
is a brown amorphous solid soluble in alcohol, ether or N -alkali, and 
insoluble in 2N-sodium carbonate. lis alkaline solution rapidly oxidizes 
to the parent arsonic acid on exposure to air.O;R 

4,4'-Diiodoarsenobcnzene, IC"H,A~ = AsC"H,I, is a yellow powder, 
insoluble in the usual organic solwnts nnd melts at 145-50°. It is 
formed upon reducing the corre:-ponding nrsinroxide with phosphorous 
ul'id,<65 When heated with methyl iodide nt 100°, it yirlds 4-iodophenyl
trimethy larsonium iodide and 4-iodopheny ldiiodoarsine. 574 

3,3' -Dinitroarscnobcnzenc, (OeN) C"H4As = AsC6H4 (NO") , results 
upon heating 3-nitrophenylarsonic ncid with phosphorous acid in a sealed 
tube at 115° for 12 hours. It is a yellow, insoluble powder which 
intumesces without melting, forms additive compounds with halogens 
or sulfur, and is oxidized to the parent substance by nitric acid,5,D 

3,3' -Dinitro-4 ,4' -dimethylarscnobenzene, 

(02N) (H"C)CuH"As = AsCC.H3(CH3) (NO e), 

similarly prepared, is a yellow powder decomposing at 165°, and 111-

soluble in the usual solvents.G80 
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? -Dinitro-2,5,2' ,5' - te trame thy larsenobenzene, 

(02N) (H3C) 2C6H 2As = AsC6H2 (CH3) 2 (N02 ), 

is a yellow powder sintering at 165° and intumeseing at higher tempera
tures. It is derived from the corresponding arsonic acid like the pre
ceding compound.554 

2,4,2',// -Tetranitroarsenobenzene, (02N) 2C6H3As = AsCGH3 (N02) 2.

From the corresponding arsonic acid by warming with hypophosphorous 
acid at 50-60° in the presence of a slight amount of hydriodic acid, and 
working up the resulting red-brown precipitate in an atmosphere of 
nitrogen or carbon dioxide. The product is soluble in the usual organic 
solvents!G9 

The following three arseno compounds, prepared by reducing the 
corresponding arsonie acids with boiling hypophosphorous acid, are sol
uble in alkalis, and yield the parent compounds upon oxidation with 
hydrogen peroxide: 

3,3' -Bis (2-amino-3,6-disulfo-l-naphthylazo) arsenobenzene, 

AsCGH •. N = NC10H 4 (SOsH) 2 (NH2) 
II 

AsC6H 4 • N = NClOH 4 (SOsH) 2 (NH2), 
,-

a brownish-red powder; 4,4' -Bis (1-amino-8-hydroxY-3,6-disulfo-7-naph
thylazo) arsenobenzene, 

AsCsH4.N = NC10Hs(S03H)2(OH) (NH2 ) 

II 
AsC6H4.N = NC10H s (S03H h(OH) (N;H2), 

a dark powder with a metallic luster; 581 and 4,4' -Bis{2-amino-6-sulfo-
8-hydroxy-l-naphthylazo) arsenobenzene, 

AsCsH4.N = NC1oH.(SOaH) (OH) (NH2) 
/I 

AsC6H •. N = NC10H 4 (S03H) (OH) (NH2 ), 

a violet-red powder.582 

2,2' -Diaminoarsenobenzene (o-Arsenoaniline), 

(H2N) C6H4As = AsCGH. (NH2)' 

is a greenish-yellow powder produced by the electrolytic reduction of 
2-nitrophenylarsonic acid in hydrochloric acid solution, and aerating the 
resulting liquid.244 

4,4' -Diaminoarscnobenzene (p-Arsenoaniline) results upon reducing 
4-aminophenylarsineoxide with sodium amalgam in methyl alcoholic so
lution,583 with stannous chloride-hydrochloric acid,584 or electrolytically 
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in an alkaline medium.585 It may also be obtained from 4-aminophenyl
arsonic acid by treatment with sodium hydrosulfite at 50° ,58a by 
electrolysis in alkaline solution,585 or by reduction with stannous chloride
hydrochloric acid,587 especially in the presence of a slight amount of 
hydriodic acid.588 The same product is precipitated upon condensing 
4-aminopheny larsine with 4-aminopheny larsineoxide in hydrochloric acid 
solution and neutralizing with sodium acetate.523 

The compound consists of pale-yellow flakes, m. p. 260°; soluble 
in pyridine, dilute hydrochloric acid, glacial or 50% acetic acid, and 
insoluble in water, aqueous alkalis or the usual organic solvents. Con
centrated hydrochloric acid precipitates the hydrochloride from dilute 
acid solutions, while with dilute sulfuric acid an insoluble sulfate is 
obtained. The arseno compound possesses strong reducing powers, lib
erating the free metal from ammoniacal silver solution even in the cold. 
It is oxidized to p-arsanilic acid by hydrogen peroxide in alkaline or 
ammoniacal suspension, as well as by iodine in acetic acid solution. In 
addition, it exhibits the characteristic properties of a primary amine-· 
it may be diazotized and coupled with azo components, and forms 
condensation products with aldehydes or ~-naphthoquinonesulfonic acid. 
It also condenses with sodium benzaldehyde bisulfite, forming a soluble 
product.427 

The dihydrochloride, (HCl. H 2N) CaH4As = AsCaH4 (NH2. HCl), is a 
yellow crystalline powder, decomposing at 151 ° without melting; soluble 
in dilute hydrochloric acid, but insoluble in water or the usual organic 
solvents. The sulfate and the basic sulfite, 

[H2N.CaH4As = AsC6H4.NH2]2.H2S0S, 

are also insoluble compounds, while the platinichloride is a yellowish
brown powder easily soluble in pyridine or dilute hydrochloric acid.589 

4,4' -Diamino-a-arsenonaphthwlenc, H2N. C10HaAs = AsClOHa. NH2, 
separates as a yellow insoluble dihydrochloride on reducing 4-riitro-a
naphthylarsonic acid with stannous chloride-hydrochloric acid in methyl 
aloholic solution. The free base, formed by hydrolyzing the above 
salt with water and 95% alcohol, has a reddish-brown color and, like 
its dihydrochloride, oxidizes very rapidly in moist air.590 

5,5' -Diamino-1,1' -arseno-2,2' -stilbene, 
As As 

/ '" H2N. CaHs C6HS. NH2, 

'" / CH=HC 
is derived from 5,5' -diamino-2,2' -stilbenediarsonic acid by reduction with 
sodium hydrosulfite at 50-60° as a yellow precipitate insoluble in alkalis, 
and slightly soluble in excess of mineral acids.5el 
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3,5,3',5' -Tetranitro-4,4' -diaminoarsenobenzene, 
(H2N) (02N)2C6H 2As = AsC6Hz(NOz)z(NH2 ), 

is a reddish-brown powder difficultly soluble in mineral acids and in
soluble in alkalis or the usual organic solvents. It is prepared from 
3,5-dinitro-4-aminophenylarsonic acid and phosphorous acid in alcoholic 
solution.592 

2,4,2',i/-Tetraaminoarsenobenzene, (HzN)2C6H 3As = AsC6H 3 (NH2)z. 
-The corresponding arsonic acid is warmed to 70-80° with stannous 
chloride and hydrochloric acid containing a few drops of potassium 
iodide solution, cooled to 40°, and poured into glacial acetic acid. The 
resulting yellowish-white precipitate, consisting of a double chloride of 
the arseno compound and tin, is decomposed by dissolving in 2 to 3 
N-hydrochloric acid, and adding successively glacial acetic acid and 
ether, the arseno compound separating as a yellowish-white precipitate. 
It is not only an extremely oxidizable compound, but is also readily 
hydrolyzed by water to m-phenylenc diamine, arsenious and arsenic 
acids. It behaves like a meta diamine, coupliRg with diazo compounds 
to form azo dyes without loss of arsenic, and producing an azo-dye of 
the Bismarck-brown type with nitrous acid.4S9 . 

3,4,3',i/ -Tetraaminoarsenobenzene results upon boiling 3-nitro-4-
aminophenylarsonic acid with' hypophosphorous acid in glacial acetic 
acid solution and finally adding potassium iodide.593 With sodium 
formaldehydesulfoxylate it forms a condensation product which combines 
additively with cupric chloride to a yellowish-red powder soluble in 
alkalis.594 

3,4,5,3' ,4' ,5' -H exaaminoarsenobenzene, 
(H2N) gC6H2As = AsC6H2 (NH2 ) 3, 

may be prepared directly from 3,5-dinitro-4-aminophenylarsonic acid by 
reduction with either tin and hydrochloric . acid 595 or sodium hydro
sulfite,s96 or indirectly by first converting the above arsonic acid into 
3,5,3' ,5' -tetranitro-4,4' -diaminoarsenobenzene by means of phosphorous 
acid in alcoholic solution, and finally reducing with stannous chloride
concentrated hydrochloric acid.592 The same product is also obtained 
on warming 3,4,5-triaminophenylarsonic acid with hypophosphorous 
acid.592 The free base is a very unstable product, darkening rapidly on 
exposure to air. Its hydrochloride is a yellowish-green powder easily 
soluble in water or dilute acids, but insoluble in alkalis or the usual 
organic solvents. Upon adding aqueous sodium carbonate to a dilute 
hydrochloric acid solution of the salt, and thoroughly mixing the evolved 
carbon dioxide with the liquid, a precipitate of the free base is obtained 
which rapidly redissolves to a clear solution remaining unchanged upon 
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the addition of aqueous caustic soda. The solution is not very stable as 
the free base separates out within a very short time.597 The hydro
chloride yields an unsymmetrical arseno compound when warmed with 
either arsphenamine or bismethyl-3,4,5,3' ,4' ,5' -hexaaminoarsenobenzene 
hydrochloride.598 

4,4' -Dioxalyldiaminoarsenobenzene, 

HOOCCONH. C6H4As = AsC6H 4. NHCOCOOH. 

Obtained by reducing the corresponding arsonic acid with sodium hydro
sulfite in sodium chloride solution at - 150

, separating as a pale yellow 
precipitate insoluble in organic solvents, but soluble in alkalis. Upon 
warming its alkaline solution an insoluble compound is produced.587 

4-Arsenophenylglycine, 
HOOCCH2HN . C6H4As = AsC6H 4 • NHCHzCOOH, 

is a reddish-brown, readily oxidizable powder soluble in aqueous alkalis, 
aniline or pyridine, and insoluble in ~lcohol, ether, benzene or dilute 
mineral acids. It is obtained by warmIng the arsonic acid with sodium 
hydrosulfite which has been previously neutralized by the successive 
additions of dilute caustic soda and magnesium chloride. 

The disodium salt, 
N aOOCCH2 HN . C6H4As = AsC6H 4. NHCH2 COON a, 

[((Spirarsen", "Spirarsyl", "418" (in Ehrlich's series], produced from 
the acid derivative by dissohoing in the requisite amount of concen
trated sodium hydroxide solution and precipitating with alcohol, is a 
bright yellow, microcrystalline, water-soluble powder oxidizing in air to 
the corresponding arsineoxide.5~7 It exhibits marked trypanocidal prop
erties and has a comparatiyely low toxic action upon experimental 
animals, but the results obtained in human syphilis are not so favorable. 
This substance is of particular interest, as it was the first arseno com
pound whose biological behayior was so exhaustively studied by Ehrlich 
and his collaborators.599 

A very stable derivative of 4-arsenophenylglycine is prepared by 
adding the requisite amount of 40% formaldehyde to its slightly alkaline 
solution, and precipitating with cold absolute alcoho1.60o With aqueous , 
auric chloride the arseno compound forms a grayish-yellow addition 
product in which the gold is very firmly fixed. It is easily soluble in 
water or aqueous alkalis.60l 

4-Arseno- (2-methylphenylglycine) , [p-Arseno-o-tolylglycine] , 
(HOOCCH2NH) (HsC) C6HSAs = AsC6HS (CHs) (NHCH2COOH), 

prepared like the preceding compound, is a yellowish-brown powder 
which darkens when heated above 200 0

, and is easily soluble in alkali 
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hydroxides or carbonates, sparingly so in the usual orgamc solY8nts 
except pyridine or aniline, and insoluble in water.520 

3,5,3' ,5' -Tetranitro-4,4' -bismcthylaminoarsenobenzene, 

[ (HsC) HN] (OzN) zCGHzAs = AsCGRz (NOz) z [NH (CR,)], 

is a slightly dark powder intumescing upon heating, readily soluble in 
acids, but insoluble in alkalis or the usual organic solvents. It results 
upon reducing the corresponding arsonic acid with phosphorous acid.GOZ 

3,5,3' ,5' -Tetraamino-4A' -bismethylaminoarsenobenzene, [" Arsalyt" ] , 

[ (HsC) HNJ (HzN) "C6H zAs = AsC 6Hz (NHz) z [NH (CH3 ) J, 
may be obtained from 3,5-dinitro-4-methylnitroaminophenylarsonic acid 
by reduction with either tin,fl03 zinc dust or stannous chloride and hydro
chloric acid,GU4 or by hypophosphorous acid containing a slight amount 
of hydriodic acid; GOO from 3,5-dinitro-4-methylaminophenylarsonic acid 
by warming with sodium hydrosulfite; or by treating either 3,5,3' ,5'
tetraaminoarsenophenylmethylhydrazine or 3,5,3',5' -tetranitro-4,4' -bis
methylaminoarsenobenzene, with tin and concentrated hydrochloric 
acid. 60G The free base is a yellowish-green powder, darkening on expo
sure to air, m. p. 95° with decomposition, readily soluble in acetone, 
acetic or hydrochloric acid, sparingly so in alcohol and insoluble in water. 
The hydrochloride is soluble in water, but insoluble in concentrated 
hydrochloric acid. A stable solution of the base is obtained by dissoly
ing the hydrochloride in water and adding an excess of alkali bicarbonate 
either in "acuo or in an atmosphere of carbon dioxide.607 

3,5,3' ,5' -Tetraarnino-4,4' -dipipcridinoarsenobenzene, 

[(HeC) oN] (HzN) 2CGHzAs = AsCGRz (NHz)dN (CH2)5], \ 
separates as a hydrochloride on treating the corresponding dinitroarsonic 
acid with stannous chloride and hydrochloric acid containing a few 
drops oi potassium iodide solution. It is a yellow powder easily soluble 
in water, but insoluble in alkalis or organic solvents. 60S 

p,p' -Arsenobis (N -methyl-N -phenylglycine), 

~C C~ '" / N. C6R4As = AsC6 H4. N 

/ '" HOOCCHz CH2COOH 

is a yellow powder soluble in alkali hydroxides or carbonates, but 
insoluble in acids or the ordinary organic: solyents. It results upon 
reducing the corresponding arsonic acid with sodium hydrosulfite. From 
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its neutral solution in sodium hydroxide or carbonate, alcohol or aceton4 
precipitates the bright-yellow, water-soluble sodium salt.609 

p,p' -Arsenobis (N -ethyl-N -phenylglycine) , 
HSC2 C2H5 

"- / 
N. C6H4As = AsCaH 4 • N 

/ "-HOOCCHz CH2COOH 
and the corresponding amyl compound, 

HU C5 C5HU 

"- / N. C6H4As = AsC6H 4 • N 
/ "-

HOOCCH2 CH2COOH 
resemble the methylglycine derivative both with regard to method 0: 
preparation and properties.99 

p,p' -Arsenobis [N -methyl-N - (2-aminophenyl) glycine], 

H~ C~ 

"- / N(H2N)C6HSAs = AsC6H s (NHz)N 

/ "-HOOCCH2 CHzCOOH 
is obtained from the corresponding nitroarsonic acid by reducing witt 
sodium hydrosulfite. Its disodium salt, which is very soluble in watel 
but insoluble in organiC' soh-ents, can only be preserved in the dry statE 
111 vacuo. 

The corresponding ethyl and amyl glycine derivatives resemble thE 
methyl compound. 'Ho 

p,p' -Arsenobis[N-methyl- (3-aminophenyl) glycine] separates as thE 
HaC CHs 

"- / N N 
/"- /"-

anhydride, OCCH2 C6HsAs = AsC6HS CHzCO, on treating thE 

I-Ni "NH_I 
corresponding nitroarsonic acid like the preceding compound.6lo It is 
insoluble in alkalis, acids or organic solvents. Upon oxidation witb 
hydrogen peroxide, the following water-soluble acid is obtained, 

NH 

H20aASC6H: ~ CH2• 

"-/ 
N(CHa) 
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p,p: -Arsenobis (N-acctyl-X -phenylglycine) , 

CHsCO COCH3 

'" / N. C6H4As = AsC6H 4. N 

/ '" HOOCCH2 CH2COOH 

obtained by treating the arsonic acid with sodium hydrosulfite, or by 
acetylating 4-arsenophenylglycine in sodium carbonate solution at 5° 
with the exclusion of air, is a yellow powder which is much more stable 
than 4-arsenopheny 19lycine. 611 

4,4' -Te trarncth y Id1(l1ninoarsenobenzene, 

~HsC)zN .COH4As = AsCoH •. N ~CH3h 

from 4-dimdhylaminophenylarsineoxide and sodium amalgam in alco
holic solution, is a yellow, granular, crystalline powder, m. p. 202°; 
readily soluble in chloroform or dilute acids, and insoluble in water or 
alcohol. It is easily oxidized to the parent compound when exposed to 
the air either in the dry state or in solution. Heated with concentrated 
hydrochloric acid in a sealed tube at 150°, it completely decomposes into 
dimethylaniline, arsenic trichloride and free arsenic: 

Its dihydrochloride is a red crystnlline masS readily soluble in water, 
and mpidly oxidizing in air to the hydrochloride of the corresponding 
arsineoxide.'''" 

4,4' -Tetraethyldiaminoarsenobcnzcne is n yellow, crystalline powder, 
m. p. 180° ; readily soluble in chloroform or acids, but insoluble in aleohol. 
The hydrochloride is a red, crystalline, readily oxidizable salV8

" 

4,4' -Tetrame th y Idiamino-2,2' -dime th y larscnobenzcne, 

[(HSC)2N] (HsC) COH3As = AsCGH3 (CHs) [N (CH3)2], 

prepared from the arsineoxide like the two preceding compound~, melts 
at 155 0

•
5GO 

4,4'-Tetramethyldiarnino-3,S'-dirnethylarsenobenzene, is a stable, pale 
yellow powder, m. p. 75°; obtained from the arsincoxide by warming 
with phosphorous acid in alcoholic solution. The hydrochloride 113 a 
red hygroscopic mass. 5Gl 

4,4' -Tetramethyldiaminoarsenonaphthalenc, 

(HaC) 2N. C10HsAs = AsC10HG. N (CH3) 2, 

m. p. 148°, IS formed from the arsincoxide anti sodium amalgam.GIS 
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3,3' -Diamino-4,4' -tctramcth yldiaminoarsenobenzcne, 
r(H3C)eN] (H"N)CuH 3As = AsCsH 3(NH2) [N(CHs)2], 

consists of a yellow powder prepared from the corresponding nitrodi
methylaminophenylar~oni(; acid and sodium hydrosulfite at 50-60°. Its 
tetrahydrochloridc is a yellowish-white powder formed by dissolving the 
base in methyl alcoholic hyclrorhloric arid and precipitating with ether.614 

3,5,3' ,5' -Tetraamino-4,l/ -tetramethyldiaminoarsenobenzene, 
l (H3C)2N ] (H"N)zCuH 2As = AsCsH z(NH2)2[N(CH3)2], 

is isolated as the hydrochloride by reducing the corresponding dinitro
dimethylaminophenylnrsonic acid with stannous chloride and hydro
chloric acid l'ontaining a few drops of potassium iodide solution. The 
salt is a yellowi::;h-white powder easily soluble in water, more difficultly 
so in alcohol, and insoluble in alkalis or organic solvents. SOB 

3,5,3',5' -Tetraamino-4,4' -tetracthyldiaminoarsenobenzene resembles 
the preceding compound with regard to properties and method of prepa
ration. 60s 

3,5,3' ,5' -Tetraaminoarsenophenylmethylhydrazine, 

HaC CHs 

'" / N(HzN)zCuHzAs = AsC6H2(NH2)2N 

/ '" HzN NH2 

3,5-Dinitro-4-rnethylnitraminophenylarsonic acid is treated with stan
nous chloride and hydrochloric acid below 50°, and the arseno base 
precipitatcd by ncutralization with caustic soda. It darkens in air, 
melts at 102-5° with decompo"itioll, and is insoluble in water or the 
usual organic soh'cnts. It~ hydroddoride is a grayish-green powder, 
which also darkens in air, and is easily soluble in water or dilute acids, 
but insoluble in alkalis.615 

3,5,3' ,5' - Tetraarnino - 2,4,2',4' - tetramethyUetraarninoarsenobenzene, 
(HaC.HN)z(HeN)"C6HAs = AsCsH(NHz)2(NHCH3)2, is obtained as a 
yellow hydrochloride upon rcducing 4-methylnitramino-3,5-dinitro-2-
methy laminopheny larsonic acid with tin and hydrochloric acid. Its 
dilute sodium carbonate solution remains stable for an indefinite period 
in an atmosphere of nitrogen or carbon dioxide.sl6 

2,2' -Dibrorno-4,4' -tetramethyldiarninoarsenobenzene, 
[(H3C) 2N]BrCsH3As = AsCsH3Br[N (CHs) 2], 

m. p. 235°, is formed from the corresponding arsineoxide and sodium 
amalgam."" 
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2,2' -Dichloro-3,5,3',5' -tetraamino- 4,4' - bismethylaminoarsenobenzene, 
[(HgC)HN] (H2N)2CIC6HAs = AsC6HCI(NH2)2[NH(CHa)], prepared 
from 2-chloro-3,5-dinitro-4-methylnitraminophenylarsonic acid by reduc
tion with zinc or tin and hydrochloric acid, rapidly darkens on exposure 
to the air, is soluble in dilute hydrochloric acid, and insoluble in water. 
It also dissolves in aqueous sodium bicarbonate, forming a yellow solu
tion which is stable in an atmosphere of carbon dioxide.6lB The hydro
chloride is a yellowish-green powder easily soluble in water, sodium 
carbonate or bicarbonate solution.618 

2,6,2' ,6' -Tetrachloro -3,5,3',5' -tetraamino-4,4' - bismethylaminoarseno
benzene, [(HgC)HN] (H2N)2CI2C6As = AsC6CI2(NH2)dNH(CHg)], is 
a yellow powder prepared like the preceding compound. It forms a 
stable solution with aqueous sodium or ammonium bicarbonate. The 
hydrochloride is soluble in water, while the sulfate is insoluble.616 

2,2' -Dibromo -3,5,3',5' - tetraamino-4,4' - bismethylaminoarsenobenzene 
resembles the corresponding chlorine derivative both with regard to 
method of preparation and properties.616, 618 

4,4' -Dihydroxyarsenobenzene (p-Arsenophenol), 

HO.C6H4As = AsC6H 4 .OH. 

Obtained by reducing the corresponding arsineoxide,619 or arsonic acid 
with sodium hydrosulfite,G20 It is a yellowish-brown powder decompos
ing above 2000

; readily soluble in aqueous caustic soda, alcohol, acetone 
or ether, and insoluble in dilute mineral acids, benzene or chloroform. 
The disodium salt is a yellow powder readily soluble in water but only 
sparingly in methyl or ethyl alcohol. With auric chloride III concen
trated aqueous solution, it forms a black addition product.594 

4,4' -Dihydroxy-3,3' -dimethylarsenobenzene [p-Arseno-o-cresol], 

(HO) (HaC) C6HaAs = AsC6Ra (CRa) (OR), 

resembles the preceding compound both as to properties and method of 
preparation.620 

5,5' -Dihydroxy-1,1' -arseno-2,2' -stilbene, 

As = As 

/ '" RO . C6Ha C6Ha . OR, 

'" / CR=RC 

is formed by reducing the corresponding diarsonic acid with sodium 
hydrosulfite.621 
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4,4' -Dimethoxyarsenobenzene (p-Arsenoanisole), 

CH30. COH4As = AsC6H 4. OCHa, 

obtained by treating the corresponding arsonic acid with aqueous phos
phorous acid in a sealed tube at 1000

, is a yellow powder, m. p. 2000 

with decomposition. With methyl iodide at 1000
, it yields 4-methoxy

phenyltrimethylarsonium iodide, and 4-methoxyphenyldiiodoarsine.493 

4,4' - Diethoxyarsenobenzene (p-Arsenophenetole), from 4 - ethoxy
phenylarsineoxide and phosphorous acid, is a yellow powder which 
readily becomes resinous.G22 

p-Arsenophcnylglycol'lic acid, 

HOOCCH2 • O. C6H,As = AsC"H4 • O. CH2COOH, 

is a yellow powder formed upon reducing the corresponding arsonic acid 
with sodium hydrosulfite. It reduces ammoniacal silver solution at ordi
nary temperature. The dis odium ·salt is a yellow powder easily soluble 
in water but difficultly so in alcohol.623 

p-Arsenophenylthioglycollic acid, 

HOOCCH2 • S. CGH4As = AsCeH 4 • S. CH 2COOH, 

is prepared in two stages: the corresponding arsonic acid is first con
verted into the arsineoxide by means of phenylhydrazine in methyl 
alcoholic solution, and the oxide in turn reduced with sodium amalgam. 
The free acid, as well as its dis odium salt, behaves like the previous 
compound.623 

3,3' -DihydroxY-4,4' -dimcthoxyarscnobenzenc, 

(CHaO) (HO)CsHaAs = AsC6H 3 (OH) (OCHa), 

separates as a colorless precipitate upon warming the corresponding 
arsonic acid with a dilute solution of hypophosphorous acid. G24 

4,4' -Dihydroxy-2,2' -dimethoxyarsenobenzene, similarly prepared, is a 
yellow powder readily soluble in aqueous sodium hydroxide, but insolu
ble in sodium carbonate.625 

4,4' -Dihydroxy-3,3' -dimcthoxyarsenobenzenc, IS a colorless precipi
tate.626 

3,4,3' ,4' -Tetramethoxyarsenobenzene, 

(CHaO)2CaHaAs = AsC6H 3 (OCHa)2, 

is a white amorphous precipitate.627 
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3,5,3',5' -Tetrachloro-4,4' -dihydroxyarsenobenzene, 

(HO) C13CaHzAs = AsC6H2C12 (OH), 

separates upon warming the corresponding arsonic acid with sodium 
hydrosulfite at 50° as a yellow powder soluble in alcohol, ether, alkali 
hydroxides or carbonates but insoluble in water.628 

3,5,3',5' - Tetrabromo-4,4' - dihydroxyarsenobenzene, similarly· pre
pared,a28 is a yellow powder which is oxidized upon the addition of an 
excess of methyl alcoholic silver nitrate to its pyridine-methyl alcohol 
solution, yielding two compounds, one of which has been identified as a 
pyridine-silver arsonic acid derivative of the fullmving composition, 
(3) Br 

"-(5) Br - CoH"As03H3. C5HSN, m. p. 157-8°.6
"9 When aqueous silver 

/ 
(4) AgO 
nitrate (2 mols.) is added to a solution of the disodium salt of the arseno 
compound, a brown precipitate of the disilver salt, 

AgO. C6H2Br~As = AsC6H2Br2. OAg, 
is obtained.Doo 

3,5,3',5' -Tetraiodo-4,4' -dihydroxyarsenobenzene resembles the above 
two tetrahalogenated arsenophenols.628 

3,3' -Dinitro-4,4' -dihydroxyarsenobenzene, 

(OzN) (HO)C6HSAs = AsC6H3 (N02)OH. 

Prepared from 3-nitro-4-hydroxyphenyl arsonic acid or arsineoxide by 
reduction with either stannous chloride-hydrochloric acid containing a 
slight amount of hydriodic acid at low temperature, or with hypophos
phorous acid in the absence of air at water-bath temperaturt\.6S0 It is 
a bright yellow powder which becomes electrified by friction, is soluble 
in alkali hydroxides or carbonates but only sparingly in excess of these 
reagents, very sparingly soluble in the usual organic solvents, and insolu
ble in water. The dry compound should be handled carefully, as it has 
a tendency to inflame spontaneously. 

5,5' -Dinitro-3,3' -dihydroxY-4,4' -dimethoxyarsenobenzene, 

HO OH 

"- / CH30 - CaH2As = AsCaH 2 - OCHs. 

/ "-
OzN NOz 

A bright yellow precipitate obtained by reducing the corresponding 
arsonic acid with hypophosphorous acid.e2& 
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5,5' -Dinitro-4-,4' -dilt ydroxy-3,3' -dilllethoxyarsenobenzene IS similarly 
prepared.63l 

3,5,3' ,5' -Tetranitro-4-,4-' -dihydroxyarsenobenzene, 

(02N)z(HO)CsH 2As = AsC6H z(OH) (N02 )2, 

is a yellow powder resulting upon warming the corresponding arSODlC 
acid with hypophosphorous acid in glacial acetic acid medium.605 

4,4' -Dihydroxy-3,3' -bis (2" -hydroxyna"phthaleneazo) arsenobenzene, 

(HO.CloHa.N = N) (HO)CaH3As = AsCsH 3 (OH) (N = N.C10H 6.OH), 
is a dark red powder prepared by boiling the corresponding arsonic acid 
with hypophosphorous acid.582 

4,4' -DihydroxY-3,3' -bis (2",1/',6." -trihydroxy-l-azo) arsenobenzene, 
[(HO)3C6H 2 N = NJ (HO)C6HaAs = AsCaH 3 (OH) [N = N.C6H 2 (OH)a], 
is a red powder soluble in alkalis, and is oxidized by hydrogen peroxide 
to the parent compound. It is prepared like the preceding compound. 581 

3,5,3',5' -Tetraamino-4,4' -dihydroxyarsenobenzene, 

(H2N)z(HO)CaH zAs = AsC6H 2 (OH) (NH2 )z, 

is a pale yellow powder obtained from 3,5-dinitro-4-hydroxyphenyl
arsonic acid either by reducing with sodium hydrosulfite,632 or by warm
ing with hypophosphorous acid in the presence of glacial acetic acid, 

. adding potassium iodide, and precipitating with sodium carbonate.605 

It darkens and decomposes at 155-7°, is easily soluble in alkalis or dilute 
hydrochloric acid, and insoluble in water or the usual organic solvents. 

The tetrahydrochloride has been prepared by dissolving the base in 
dilute hydrochloric acid and precipitating with the concentrated acid; 60S 

or by introducing the base into methyl alcoholic hydrochloric acid, 
filtering and precipitating with ether.633 According to Raiziss it appears 
to exist in two modifications-one easily soluble in methyl alcohol, and 
the other only sparingly so. Both products are yellow, amorphous sub
stances easily soluble in cold water or caustic alkalis, and oxidizing 
more rapidly than arsphenamine on exposure to air, especially in alkaline 
solution. The base is gradually precipitated from the latter solution 
by atmospheric carbon dioxide. 

5,5' -Diamino-2,4,2',4' -tetmhydroxyarsenobenzene, 

(H2N) (HO)2CSH2As = AsCaH2(OH)z(NH2 ), 

separates as a dihydrochloride upon gently warming 5-nitro-2,4-dihy
droxyphenylarsonic acid with stannous chloride in alcoholic hydrochloric 
acid, adding glacial acetic acid, and gradually introducing the filtrate 
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with stirring into an ice-cold mixture of concentrated hydrochloric, 
glacial acetic, and a slight amount of hydriodic acids. The resulting 
yellow water-soluble precipitate, when treated with the proper amount 
of caustic soda, yields the free base which is soluble in excess of the 
reagent. The alkaline solution turns blue on exposure to air due to 
oxidation.634 

3,5,3' ,5' -Te traamino-2,4,2',4' -tetrahydroxyarsenobenzene, 

(H2N) 2 (HO) 2C6HAs = AsC6H (OH) 2 (NH z ) 2' 

3,5-Dinitro-2,4-dihydroxyphenylarsonic acid is first reduced to the cor
responding diamino compound by warming with stannous chloride and 
hydrochloric acid, a small quantity of potassium iodide added to the 
resulting solution, and the whole gradually introduced with stirring into 
ice-cold concentrated hydrochloric acid, the tetrahydrochloride of the 
above arseno compound separating as a fine yellow precipitate soluble 
in water or dilute hydrochloric acid. Upon boiling its aqueous solution, 
the arsenic is split off, yielding 2,4-diaminoresorcinol. From an aqueous 
solution of the tetrahydrochloride, caustic soda precipitates the free 
base which is soluble in excess of the reagent, as well as in sodium 
carbonate or bicarbonate. Its alkaline solution oxidizes in the air and 
turns blue due to the formation of an iodophenol dye. In mineral acid 
the arseno compound forms a light yellow diazo derivative, but in acetic 
acid it yields a deep-brown precipitate which is probably a dye of the 
Bismarck-brown type formed by the splitting off of arsenic from the 
molecule. A similar removal of arsenic occurs upon attempting to 
couple the arseno compound with diazo-p-nitroaniline in alkaline solu
tion, a brownish-red dye resulting.635 

3,3' -DiacetyLdiamino-4,l/ -dihydroxyarsenobenzenc, 

(CH"CO.HN) (HO)CsH"As = AsCsH" (OH) (NH.COCH,i) 

is a pale yellow powder obtained by reducing 3-acetylamino-4-hydroxy
phenylarsonic acid with sodium hydro sulfite. It melts at about 200°, is 
soluble in acetone, aqueous sodium hydroxide or carbonate, difficultly 
so in alcohol and insoluble in water, methyl alcohol, ether, dilute acids 
or sodium bicarbonate.6a6 

3,5,3' ,5' -Tetraacetyltetmamino-4,l/ -dihydroxyarsenobenzene, 

(CH3CO.HN)2(HO)C6H 2As = AsC6Hz (OH) (NH.OCCHa)2, 

obtained by reducing the corresponding arsonic acid with sodium hydro
sulfite at 55-60°, is a white powder soluble in glacial acetic acid, aqueous 
caustic alkalis or sodium bicarbonate, and insoluble in water, dilute 
hydrochloric acid or the usual organic solvents.637 
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5,5' -Diacety ldiamino-2,4,2' ,4' -tetrah ydroxyarsenobenzene, 

(CH3CO.HN) (HO)2CeHzAs = AsCeH z(OH)2(NH.OCCHg ). 

A yellow powder insoluble in water, but readily soluble in aqueous caustic 
soda. It is derived from the corresponding arsonic acid by reduction 
with hypophosphorous acid containing a slight amount of hydriodic 
acid.s35 

3,5,3',5' - Tetraacetyltetraaml:no-2.4,2',4' - tetrahydroxyarsenobenzene, 
(CH3CO.HN)z(HO)zCsHAs = A"C"H(OH)"IN"H,COCH"L. is a brown 
powder, readily soluble in Rodium rurbonate or birarbonate. It is pre
pared by acetylating 3,5,3',5' -tetraamino-2,4,2' .4' -tetrahydroxyarseno
benzene with aretic anhydride.G"O 

3.3' -Dicarbethoxydiamino-4.4' -dihydroxyarscnobrnzcne, 

A pale yellow powder soluble in nlrohol, aretone, alkali h:vdroxides or 
carbonates, insoluble in ether, benzene or dilute arids; prepared by 
reducing the corresponding arsonic arid with hydrosulfite. "\Vhen warmed 
with hydrochloric acid it decomposes, yielding 3,3' -diamino-4,4' -dihy
dro~arsenobenzene.638 

4,4' -Dl:carbethoxydiamino-2,2' -dihydroxyarsenobenzene results upon 
treating a methyl alcoholic solution of the rorresponding arsonic acid 
with hypophosphorous acid containing a slight amount of potassium 
iodide. It separates as a pale yellow precipitate soluble in caustic 
soda.63D 

3,3' -Dicarbarm·do-4.4' -dihydroxyarsenobenzenc, 

A pale yellow powder decomposing above 200 0 without melting, readily 
soluble in acetone, alcohol or sodium carbonate, and insoluble in water, 
ether or dilute mineral acids. It is prepared from the arsonic acid by 
reduction with sodium hydrosulfite.G38 

3,3' -N -Di (methylamino) -4,1/ -dihydroxyarsenobenzene, 

(H3C.HN) (HO)C6H"As = AsC6H 3 (OH) (NH.CH3 ), 

is derived from the corresponding arsonic acid like the preceding com
pound. Its dihydrochloride is a grayish-white or yellow microcrystalline 
powder which with a dilute hydrochloric acid solution of 4-dimethyl
amino benzaldehyde yields a brownish-orange liquid, but, unlike arsphen
amine, no subsequent precipitate. The sparingly soluble sulfate is 

... 
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formed by adding dilute :sulfuric arid to an aqueout' solution of the 
dihydrochloride.H4O 

3,3' -Di(N -methylacetylamino) -4,4' -dihydroxyarsenobenzene, 

is prepared by adding acetic anhydride to an alkaline solution of the 
preceding compound. The precipitate is readily soluble in aqueous 
alkalis, but insoluble in dilute hydrochloric acid.641 

3,3' -Tetramethyldiamino-4,4' -dihydroxyarsenobenzene, 

is made like the corresponding dimethyl compound. Its dihydrochloride 
is a yellowish-white powder easily soluble in water or methyl alcohol 
and slowly yields a precipitate with sulfuric acid in aqueous solution.641 

3,3' -Hexamethyldiammonium-4,4' -dihydroxyarsenobenzene, 

is a light yellow powder easily soluble in aqueous caustic soda or dilute 
hydrochloric acid, but insoluble in wl;,lter. It is prepared by reducing 
3-trimethylammonium-4-hydroxyphenylarsonic acid with sodium hydro
sulfite at ordinary temperature.642 

3,3' -Diamino-4,4' -dimethoxyarsenobenzene, 

may be prepared either from 3-acetylamino-4-methoxyphenylarsonic 
acid by hydrolyzing with hydrochloric acid, rendering alkaline, and 
reducing with sodium hydr08ulfite, or from 3-nitro-4-methoxyphenyl
arsonic acid by reducing with the same reagent. The dihydrochloride, 
a yellow, water-soluble powder containing 2H20, results upon dissolving 
the base in absolute methyl alcoholic hydrochloric acid and precipitating 
with ether. With an excess of caustic soda, the salt yields a yellow 
insoluble precipitate, which dissolves to a colorless solution upon oxida
tion with iodine. Sodium sulfate, added to an aqueous solution of the 
dihydrochloride, precipitates the sulfate; sodium acetate, the free base; 
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while 4-dimethylaminobenzaldehyde yields an orange-colored precipitate. 
Upon diazotizing with sodium nitrite in dilute hydrochloric acid solution, 
there is produced a yellow solution, which couples with a-naphthylamine 
hydrochloride in alcoholic solution to a deep purple coloration. Ferric 
chloride oxidizes the aqueous solution of the dihydrochloride more slowly 
than in the case of arsphenamine.s43 

3,3' -Diamino-4// -dimethoxy-5]5' -dimethylarsenobenzene] 

(HeN) (CHsO) (HsC)CsH2As = AsC6H 2 (CHg ) (OCH3 ) (NH2 ). 

Prepared by reducing the corresponding nitro arsonic acid with sodium 
hydrosulfite.644 The dihydrochloride is a faintly yellow powder readily 
soluble in water or methyl alcohol, less so in ethyl alcohol, and insoluble 
in ether or acetone. It contains two molecules of water and decomposes 
at 186 0

• Concentrated hydrochloric acid reprecipitates the dihydro
ehloride from aqueous solution, but dilute sulfuric acid produces no 
precipitate. 

3]3' -Diamino-4,4' -dihydroxy-6]6' -dimethoxyarsenobenzene] 

The corresponding arsonic acid is reduced with hypophosphorous acid 
containing a slight amount of potassium iodide, and the arseno compound 
precipitated either as the hypophosphitB by gradually introducing the 
resulting yellow solution into acetone with continuous stirring in an 
atmosphere of carbon dioxide, or as the dihydrochloride by employing 
conrentrated hydrochloric acid. Upon warming an aqueous solution of 
the latter salt, the arsenic is split off yielding 4-amino-3-hydroxy-1-
methyl ether.645 

3]3' -Diamino-4]6//]6' -tetramethoxyarsenobenzene] 

Prepared from the corresponding nitro arsonic acid by redudion with 
hydrosulfite. Its dihydrochloride separates upon dissolving in methyl 
alcoholic hydrochloric acid and precipitating with ether.646 

3]3' -Tetramethyldiamino-4,4' -dimethoxyarsenobcnzene] 

[(H3 C)2N] (CH30)CeH 3As = AsC6H3 (OCH3) [N (CHg )2], 

results upon adding acetic anhydride to an alkaline solution of the 
corresponding tetramethyldiaminodihydroxyarseno compound. It is 
readily soluble in dilute hydrochloric acid, but dissolves very slowly in 
aqueous caustic soda.641 
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5,5' -Dichloro-3,3'-dia-mino-4,4'-dihydroxyarsenobenzene dihydrochlo-

(

HCI. HzN NHz. HCl) 
. '" / 

ride, HO / CeH 2As = AsCeHz '" OH .2CHgOH, is a 

Cl Cl 
greenish-yellow powder prepared by reducing the corresponding nitro 
arsonic acid with sodium hydrosulfite at 55°, dissolving the resulting 
arseno compound in methyl alcoholic hydrochloric acid, and precipitating 
with absolute ether. With an excess of aqueous silver nitrate in diluted 
methyl alcohol, it forms a yellow disilver chloride addition product, 
(AgCl.H2N) (HO)ClCeHzAs = AsCeHzCl(OH) (NHz.AgCl); with cupric 
chloride it yields a yellowish-brown addition product, 

Cu 
[ (H2N) (02 ) ClCsHzAs = ] 2. CuCI2 , 

containing four molecules of water.647 

5,5' -Dichloro-4,l/ - diamino -3,3' - dihydroxyarsenobenzene. - 3,5-Di
chloro-p-arsanilic acid is diazotized with potassium pyrosulfite and con
centrated nitric acid, treated with sodium acetate, and stirred until 
coupling with R-salt no longer takes place, indicating a complete replace
ment of one of the chlorine atoms by a hydroxyl group. The product 
is now coupled with alkaline ~-naphthol, the resulting azo dye collected, 
redissolyed in hot water, and the dye acid precipitated by acidifying 
with mineral acid. The precipitate is dissolved in water containing 
sodium hydroxide and acetate, and warmed with sodium hydrosulfite 
at 40-45 ° until decolorization occurs. After cooling, the precipitated 
1-amino-~-naphthol is filtered off, and the filtrate reduced to the arseno 
compound by warming with more hydrosulfite at 60°. The product is 
a yellow powder readily soluble in aqueous caustic soda or dilute hydro
chloric acid. The dihydrochloride is precipitated by concentrated 
hydrochloric aeid.648 

5,5' -Diiodo-3,3' -d7:amino-4,4' -dihydroxyarsenobenzene, 

The therapeutic propcrt'8s of this rompound haye been studied by 
Ehrlich.649 
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5,5' -Disulfo-3,3' -diamino-4,4' -dihydroxyarsenobenzene, 
H2N NH2 

"'- / 
HO - C6H2As = AsC6H2 - OH 

/ "'-HOaS SOaH 
may be obtained from the corresponding arsonic acid by suspending in 
l!-cetic acid containing a crystal of potassium iodide, and warming with 
hypophosphorous acid at 55°,650 or from the corresponding arsenious 
acid by reducing either with sodium hydrosulfite at 50°, or with hypo
phosphorous acid in acetic acid medium at 100°.651 According to King, 
this compound is one of the sulfur derivatives formed in the preparation 
of arsphenamine from 3-nitro-4-hydroxyphenylarsonic acid and sodium 
hydrosulfite. He succeeded in obtaining it in small amounts by reducing 
an alkaline solution of the above nitro compound with sodium hydro
sulfite at - 2° and allowing to stand in the cold over night. After 
filtering off the crystals of 3-amino-4-hydroxyphenylarsonic acid, the 
filtrate is rendered slightly acid with concentrated hydrochloric acid and 
maintained at 0° or below for one week, when a mixture of sodium sul
fate, 5-sulfo-3-amino-4-hydroxyphenylarsenious acid and 5,5' -disulfo-
3,3' -diamino-4,4' -dihydroxyarsenobenzene separates out. The first is 
removed with water at 40°, the remaining mixture of the two arsenicals 
suspended in water, dissolved with the aid of ammonia, and the calcium 
salt of the arseno compound precipitated by the addition of calcium 
chloride solution. The free arseno compound is then obtained from the 
salt by treating with hydrochloric acid.5H 

The dried product is a fawn-colored powder insoluble in water or 
acids, and may be diazotized to a deep yellow solution. Although it 
dissolves in dilute ammonia, sodium hydroxide or carbonate solution, it 
is reprecipitated by an excess of the concentrated reagent. The product 
also dissolves in aqueous sodium bicarbonate or acetate. The am
moniacal solution yields a copious gelatinous precipitate with calcium or 
barium chloride, magnesia mixture, lanthanium or thorium nitrate, and 
only a very slight precipitate with lithium chloride. 

2,2' -Dicarboxyarsenobenzene (o-Arsenobenzoic acid), 
HOOC. CaH.As = AsC6H •. COOH, 

prepared from 2-carboxyphenyldiiodoarsine by boiling with phosphorous 
acid in alkaline solution, is a yellow powder easily soluble in alkali 
hydroxides or carbonates, and practically insoluble in alcohol, benzene, 
ether, chloroform or hot water. Heated over a direct flame, it first melts, 
and then partially decomposes with the separation of free arsenic.so2 

4,4'-Dicarboxyarsenobcnzene (p-Arsenobenzoic acid), is a yellow 
powder decomposing on heating without melting, soluble in alkalis, and 
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insoluble in water or the usual organic solvents. It is obtained by 
heating an aqueous solution of p-benzarsenious acid with phosphorous 
acid. The sodium salt is a yellowish-brown amorphous powder easily 
soluble in water but difficulty in dilute caustic soda.653 

p-Arsenomyricylbenzoate, 

H6l Cao . 0 . OC . CeH4As = AsCaH4' CO . 0 . CaoHa1' 

from the arsineoxide and phosphorous acid in boiling acetone solution, is 
a pale yellow powder soluble in· alcohol, ether or benzene.106 

p-Arsenocholesterylbenzoate, 

H44C27 . O. OC. C6H4As = AsC6H4 • CO. O. C27H44 , 

a yellow powder soluble in benzene or chloroform, is prepared like the 
previous compound.l06 

\ p-Arsenoquininebenzoate, 

02N 2H23C20 . 0 . OC. C6H4As = AsCaH4 • CO . 0 . C20H23N 202, 

is a bright yellow powder soluble in acids, difficultly so in organic sol
vents, and insoluble in water, alkali hydroxides or carbonates. It results 
upon warming a sodium carbonate solution of the quinine ester of 4-car
boxyphenylarsonic acid with sodium hydrosulfite at 50-60° .504 

p-Arsenostovaine, 

C2H5 \ C2H5 "'- \ / 
CH3 - COOC~H4As = AsCaH4COOC - CHg 

/ "'-(CHs)zNCHz CHzN(CHs)z, 

obtained from the corresponding arsineoxide and sodium hydro sulfite, 
is a golden-yellow powder soluble in acids and insoluble in water or 
alkalis. When freshly prepared, it dissolves in organic solvents.54a 

p-Arsenohippuric acid, 

HOOCH2CHNOC. C6H4As = AsCsH4 • CONHCH2COOH, 

from the corresponding arsonic acid and sodium hydrosulfite, is a yellow 
powder forming unstable solutions with alkali carbonates or phosphates, 
but stable solutions with caustic alkalis in the absence of air.547 

The following six arseno compounds, prepared by reduction of their 
respective arsineoxides, are yellow amorphous powders practically insol
uble in water, and difficultly soluble in alcohol: p-arsenobenzoylalanine 
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CHs CHs > CH. HNOC. CaH4As = AsCaH4. CONH. CH < 
HOOC COOH 

p-arsenobenzoylphenylalanine, 

C6H5 . CHz CHz . CSH5 

'" / CH. HNOC. CaH4As = AsCsH,. CONH. CH 

/ '" HOOC COOH 

p-arsenobenzoyltyrosine, 

AsCaH4CONHCH<g~o~H4 (OH) 

II ASC6H4CONHCH<g~O~H4 (OH) 

p-arsenobenzoylleucine, 

AsCsH4CONHCH<gg6~r(CHa)2 

II ASC6H4CONHCH<g~6W (CHa) 2 

p-arsenobenzoy laspartic acid, 

HOOCCH2 CH2COOH 

'" / CH. HNOC. C6H4As = AsCsH4. CONH. CH 

/ '" HOOC COOH 

and p-arsenobenzoylglutamic acid, 

AsCsH4CONHCH <g~O<:2COOH 

II AsCsH4CONHCH<g~OW2COOH 
4.,4' -Diacetyldiamino-3,3' -dicarboxyarsenobenzene, [Arsenoacetylan

thranilic acid], 

(CHaCO.HN) (HOOC)CaHaAs = AsCaHs(COOH) (NHCOCHa). 

A pale yellow powder soluble in alkalis, also in alcohol when freshly 
precipitated, and insoluble in water. It is made from the corresponding 
arsonic acid by reduction with sodium hydrosulfite at 30-400

•
520 
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4,.·f -Dihydroxy-2,2' -dicarboxyarsenobenzene, 

(HOOC) (HO)CGH 3As = AsCaH 3 (OH) (COOH). 

4-Amino-2-carboxyphenylarsonic arid is diazotized f\t 5°, the diazonium 
salt warmed until all nitrogen has been evolyed, and the resulting solu
tion of 4-hydroxy-2-rarboxyphenylarsonic acid reduerd with hypophos
phorous acid containing a small amount of potassiulll iodide.uS! 

5,5' -Dinitro-4,4' -dihydroxY-2,2' -dicarboxyarsenobcnzcnc, 

(02N) (HO) (HOOC)CaH 2As = AsCaH 2 (COOH) (OH) (N02 ). 

Prepared by boiling the corresponding arsonic acid with hypophosphorous 
and glacial acetic acids.655 

5,5' -Diamino-4,4' -dihydroxy-2,2' -dicarboxyarsenobenzenc, 

(H2N) (HO) (HOOC)CGH 2As = AsCsH 2 (COOH) (OH) (NH2 ), 

is obtained from the preceding compound by susprmling in dilute acetic 
acid and adding a slight amount of potassium iodide. It is easily soluble 
in sodium hydroxide, carbonate, bicarbonate or acetate solution, spar
ingly in dilute or concentrated hydrochloric acid, and forms a red con
densation product with 4-dimcthylaminobenzaldehyde. Like other 
primary amines it can be readily diazotized. Heating a dilute sodium 
acetate solution of the arseno compound in a scaled tube for ten hours 
on a water-bath, converts it into 4-amino-3-hydroxybenzoic acid.655 

5,5' -Diamino-4,l/-' -dihydroxy-3,3' -dicarboxyarsenobenzenc is obtained 
by reducing the corresponding nitro arsonic acid.G5a 

3-Amino-4-hydroxybenzenearscnornethane, 

(H2N) (HO)CsH3As = AsCHs, 

is prepared by reducing a mixture of 3-amino-4-hydroxyphenylarsine
oxide and methylarsineoxide in dilute methyl alcoholic solution with 
sodium hydrosulfite, or by digesting a mixture of disodium methyl
arsonate and 3-amino-4-hydroxypheny larsonic arid with alkaline hydro
sulfite and magnesium chloride at 50°. The product is a yellow powder 
soluble in dilute hydrochloric acid or caustic soda. 

Its yellow hydrochloride is obtained by reducing a methyl alcoholic 
hydrochloric acid solution of 3-amino-4-hydroxyphcnylarsonic acid and 

, methylarsineoxide at - 20° to _10° with un acetone solution of stan
nous chloride and concentrated hydrochloric acid in the presence of a 
slight amount of hydriodic acid.s57 

3-Amino-4-hydroxyarscnobcnzene, (H2N) (HO) CSH3As = AsCaH 5.

Obtained by reducing a mixture of 3-amino-4-hydroxyphenyl- and phenyl 
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arsineoxides,538 or by condensing 3~amino-4~hydroxyphenylarsine i~ 
methyl alcoholic hydrochloric acid solution with phenyl arsine oxide dis
solyed in benzene, and treating the resulting hydrochloride with the 
requisite amount of caustic soda.523 The base is a pale yellow powder 
soluble in alcohol, acetone, dilute hydrochloric acid or caustic soda, and 
insoluble in water, benzene, chloroform or aqueous sodium carbonate. 
The hydrochloride is a yellow powder soluble in water, methyl or ethyl 
alcohol. 

4-Amino-4' -hydroxyarsenobenzcne, H2N. C6H4As = AsC6H 4. OH, is a 
yellow powder decomposing at 200 0

, soluble in hydrochloric acid or 
caustic soda, and insoluble ill water or the usual organic solvents. It 
results upon mixing a methyl all'oholic solution of 4-hydroxyphellyl
arsineoxide with a dilute hydrochloric acid ~olution of 4-aminophenyl
arsine, allowing to stand for "eYernl hours, ;tnd linal1y precipitating with 
sodium acetate solution.523 

3,4' -Diamino-4-hydroxyarscnobcnzcnc dihydrochloride, 

(HCI. H 2X) C6H4As = AsCGH3 (OH) (NH2 • HCI). 

A mixture of equimolar quantities of 3-amino-4-hydroxyphenylarsonic 
acid and either 4-aminophenyl arsonic acid or arsineoxide in methyl al
coholic hydrochloric acid is reduced with alcoholic stannous chloridc
hydrochloric acid containing a slight amount of hydriodic acid. It 
separates as a yellow, microcrystalline precipitate soluble in water to a 
clear solution, which yields no precipitate with an eXCCS8 of alkali indicat
ing the absence of any 3,3' -diaminoarsenobenzenc. Dilute suJj'urie acid 
precipitates a pale yellow, insoluble sulfate." '8 

3-Amino-4-hydroxyarsenobenzene-4' -glycine, 

(H2N) (HO)C6HaAs = AsC6H 4(NH.CH2 COOH). 

Prepared by mixing a methyl alcoholic solution of 4-dichloroarsino
pheny Iglycine hydrochloride and 3-amino-4-hydroxypheny larsineoxide 
with dilute caustic soda and reducing with sodium hydrosulfite,G:J8 or by 
condensing 3-amino-4-hydroxyphenylarsine with either 4-dichloroarsino
phenylglycine or the corresponding arsineoxide.52

:l The product is a 
brO\ynish powder darkening at 120 0 and decomposing at 150 0 without 
melting. It is insoluble in water, alcohol or the usual organic solvents, 
but is easily soluble in aqueous sodium hydroxide, carbonate or bi
cnrbu:1ate, dilute hydrorhloric, glacial acetic or roncentrated sulfuric 
acid. ~When heated with tin and hydrochloric acid, it decomposes, yield
ing p:lCny 1 (-4-g1ycine) - and 3-amino-4-hydroxypheny 1 arsines. 
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3' ,5' -Dichloro-S-arnino-4,4' -dihydroxyarsenobenzene, 
(HeN) (HO)CsH 2As = AsCsH zCI2(OH), 

results upon reducing an alkaline methyl alcoholic solution of 3,5-
dichloro-4-hydroxypheny larsineoxide and 3-amino-4-hydroxypheny 1-
arsineoxide with sodium hydrosulfite. The product is a bright yellow 
powder insoluble in water, soluble in ether, acetone, methyl or ethyl 
alcohol, dilute hydrochloric acid, aqueous sodium hydroxide or carbonate, 
and less so in sodium bicarbonate.538 

3-Amino - 4 -hydroxy-S',4' ,5' -triaminoarsenobenzene trihydrochloride, 
(HzN) (HO) C6HSAs = AsC6H2 (NHz)s, 3HCl.-A mixture of 3,4,5,3',4', 
5('~hexaaminoarsenobenzene hydrochloride and arsphenamine in aqueous 
solution is rapidly warmed to 80° and poured into concentrated hydro
chloric acid, the above hydrochloride separating in yellow flakes which, 
unlike hexaaminoarsenobenzene, are easity soluble in aqueous sodium 
hydroxide and in contrast with arsphenamine are also soluble in sodium 
bicarbonate.598 

4-J,f ethylamino-3,5,3' ,4' ,5' -pentaaminoarsenbenzene tetranydrochlu
ride, (HzN) 3CsH zAs = AsC6H2 (NH2) 2 (NH. CH3), 4HCl.-Prepared like 
the preceding compound from 3,4,5,3',4',5' -hexaaminoarsenobenzene and 
4,4' -bismethylamino-3,5,3' ,5' -tetraaminoarsenobenzene hydrochlorides by 
precipitating with glacial acetic acid. The product is easily soluble in 
water, and forms a stable carbonate derivative with sodium bicar
bonate.5uB 

5-Sulfo-3,3' -diarnino-4,4' -dihydroxyarsenobcnzene hydrochloride, 
(HCl.HzN) (HO)C6H3As = AsC6H 2 (OH) (NHz) (S03H ), 

is obtained by reducing a mixture of equimolar amounts of 5-sulfo-3-
amino-4-hydroxyphenylarsonic acid and 3-nmino-4-hydroxyphenylarsonic 
acid either with a mixture of hypophosphorous and acetic acids contain
ing a small quantity of potassium iodide at 60°, or with sodium hydro
sulfite at 50-55°, and treating the resulting base with aqueous hydrochlo
ric acid. It is sparingly or slowly soluble in water, insoluble in aqueous 
sodium bicarbonate, and readily soluble in dilute caustic soda, but is 
reprecipitated by an excess of the latter. It is also soluble in dilute 
or concentrated ammonia, and slowly in aqueous sodium carbonate, from 
which it is not reprecipitated by an excess of the reagent. The am
moniacal solution yields gelatinous precipitates with calcium, barium 
or magnesium chlorides, and with an excess of lithium chloride. GOB 

Polyarsenides. 

Upon adding sodium hydrosulfite and magnesium chloride to a neu
tral solution of pheny larsonic acid and sodium arsenite, and allowing 
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to stand for 24 hours at ordinary temperature, a light yellow precipitate 
of the polyarsenide is formed. It contains about 54% of arsenic, is 
easily soluble in chloroform, sparingly so in the other organic soh'ents, 
and insoluble in water, mineral acids or alkalis.659 

Upon passing arsine through an alcoholic solution of phenyldiehloro
arsine, there is obtained a yellow precipitate insoluble in water, alcohol 
or ether.56B 

4-Aminophenylarsineoxide yields a poly arsenide when mixed with 
one molecular proportion of arsenic trichloride in methyl alcohol, and 
reduced with a cold solution of stannous chloride and concentrated hydro
chloric acid in the same solvent. The product separates as a brownish
yellow precipitate soluble in moist pyridine or hot dilute hydrochloric 
acid. The latter solution yields a precipitate with dilute sulfuric acid 
or an excess of caustic soda.659 

A yellow precipitate soluble in pyridine or dilute hydrochloric acid 
is obtained by treating an alcoholic solution of 4-aminophenyldichloro
arsine with arsine.50B 

When a mixture of equimolar amounts of 3-amino-4-hydroxyphenyl
arsonic acid and sodium arsenite is reduced with sodium hydrosulfite at 
50-55°, an orange-yellow precipitate containing 48.9% of arsenic is 
obtained. It is difficultly soluble in ether, benzene, alcohol or con
centrated hydrochloric acid, readily soluble in aqueous caustic soda or 
dilute hydrochloric acid, and forms a sparingly soluble sulfate. When 
oxidized with hydrogen peroxide in alkaline solution, it yields arsenic
and 3-amino-4-hydroxyphenylarsonic acids.6GO Its methyl alcoholic hydro
chloric acid solution reacts with metallic salts, yielding coordination 
compounds which can be precipitated by ether. The product with 
cuprous chloride is a pale brown powder soluble in water or methyl 
alcohol, and forms a sparingly soluble sulfate. Its copper is not pre
cipitated by caustic alkalis. The mercuric chloride addition product, 
an orange powder insoluble in water or methyl alcohol, is blackened 
by caustic soda due to decomposition. Its coordination compound with 
silver nitrate is a brown powder readily soluble in water or methyl 
alcohol, and does not give the ionic reactions of silver.661 The cupric 
chloride compound is obtained as a hydrochloride by reducing a mixture 
of 3-amino-4-hydroxyphenylarsineoxide, arsenic trichloride and hydrated 
cupric chloride with a cold solution of stannous chloride in concentrated 
hydrochloric and glacial acetic acids. It forms a brown powder soluble 
in water, methyl alcohol or aqueOUtl caustic soda. 589 

With two moles of sodium arsenite, the above arsonic acid yields 
a brownish-red polyarsenide containing 57% of arsenic. It is easily 
soluble in dilute sodium hydroxide, the solution remaining clear when 
acidified with hydrochloric acid, even though the original product dis
solves with difficulty in hydrochloric acid alone. Sulfuric acid precipi
tates the sulfate from the above hydrochloric acid solution.659 
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Polyarsenides containing "urying amounts of arsenic may be ob
tained from 3-amino-4-hydroxyphenylarsonic acid by first converting 
into the arsineoxide, mixing with varying amounts of sodium arsenite, 
and reducing with hypophosphorous acid.662 

On passing arsine through either an alcoholic solution of 3-amino-4-
hydroxyphenyldichloroarsine hydrochloride,G68 or a glacial acetic acid 
solution of the corresponding arsineoxide,569 and subsequently precipitat
ing with ether, there is obtained a yellowish-brown powder easily soluble 
in dilute hydrochloric acid or alkalis. 

Arsenophosphides. 

An alcoholic solution of phenylarsineoxide, when treated with phos
phine, yields a yellow precipitate which is very difficultly soluble in 
water, alcohol, acids or alkalis.569 

Similarly, 4-aminophenyldichloroarsine hydrochloride or the corre
sponding arsineoxide yields a bright yellow powder easily soluble in 
water, from which it is reprecipitated by alkalis.56B It forms a black 
addition product with silver nitrate.663 

From 3-nitro-4-aminophenyl dichloroarsine 568 or arsineoxide,569 a 
yellow powder soluble in dilute hydrochloric acid separates. 

On passing phosphine through an alcoholic solution of 3-amino-4-
hydroxyphenyldichloroarsine and precipitating with ether, a yellow 
powder is obtained which is easily soluble in water, dilute hydrochloric 
acid or alkalis.848 Its addition product with cupric chloride, a red-brown 
powder soluble in alkalis or dilute hydrochloric acid, loses none of its 
copper when treated with either hydrogen sulfide or sodium hydro
sulfi teo 663 

Arsenoantimonides. 

An alcoholic solution of 4-aminophenyldichloroarsine hydrochloride, 
when treated with stibine, yields a dark brown product soluble in dilute 
hydrochloric acid.56B 

3-Amino-4-hydroxyphenylarsineoxide, by treatment with stibine in 
glacial acetic acid solution and subsequent precipitation with ether, 
yields a brown powder soluble in dilute alkalis or hydrochloric acid.569 

On mixing a methyl alcoholic hydrochloric acid solution of 3-amino-
4-hydroxyphenylarsine with a one mole of antimony trichloride in methyl 
alcohol and precipitating with ether, a reddish-brown product is obtained 
which is soluble in water, caustic alkalis, dilute hydrochloric acid, methyl 
or ethyl alcohol, glycerine or glycol. With dilute sulfuric acid a diffi
cultly soluble suJfate is produced.664 The above product appears to be 
a mixture of 
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As = SbCI 
A I I and 

",)NH2. HCI 

OH 

As=Sb--As--Sb=As 

ONH,.HCI ONH,.HCI ONH,.HCI 
OH OH OH 

Its coordination compound with cupric chloride, prepared by mIxmg 
equimolar quantities of 3-amino-4-hydroxyphenylarsine, antimony tri
chloride and hydrated cupric chloride in methyl alcohol and precipitating 
with ether, is readily soluble in dilute hydrochloric acid or alkalis.66a 

A brown powder, difficultly soluble in water or methyl alcohol, is ob
tained by boiling a glacial acetic acid solution of antimonyl chloride and 
the methyl ester of anthranilylarsine, (CHaOOC) (H2N) C6HsAsH2 , in the 
absence of air.4aO 

p-(Bromostibarseno)acetanilide, (CHaCO.HN)C6H4.As = SbBr, is 
a red-brown powder soluble in water or dilute hydrochloric acid; pre
pared by mixing 4-acetylaminophenylarsine and antimony tribromide 
in methyl alcoholic hydrochloric acid, and precipitating with ether.665 

Hydrochloride of 1- (acetoxystibarseno) -3-amino-4-hydroxybenzene, 
(HCl.H2N) (HO)C6HaAs = Sb.O.COCHs. - Prepared by boiling 
3-amino-4-hydroxyphenylarsine in methyl alcoholic solution with a 
glacial acetic acid solution of tartar emetic, the product separating as a 
brownish-yellow precipitate easily soluble in water, aqueous alkalis or 
dilu~e hydrochloric acid. The latter solution yields a sparingly soluble 
sulfate with sulfuric acid, and a precipitate of a Schiff base with 
4-dimethy laminobenzaldehyde. 4S0 

Upon reducing a mixture of 3-amino-4-hydroxyphenylarsonic acid 
and tartar emetic with sodium hydrosulfite at 50-55°, a reddish-brown 
powder is obtained, which is soluble in dilute hydrochloric acid or aqueous 
caustic soda.666 

4-Hydroxyphenylarsenostibinobcnzenc, HO. C6H4As = SbCsH5, pre
pared by condensing phenylstibineoxide, C6H 5 • SbO, with 4-hydroxyphen
ylarsine,4ao is a brown powder soluble in aqueous alkalis. 

4,4' -Dihydroxyarsenostibinobenzene, HO. C6H4As = SbC6H 4 • OH, is 
deriyed from a mixture of the sodium salts of 4-hydroxyphenylarsonic 
and 4-hydroxyphenylstibonic acids by reducing with sodium hydrosulfite 
until precipitation is complete. The product is a brownish-black powder 
insoluble in water, but readily soluble in aqueous caustic soda, pyridine, 
acetone, methyl or ethyl alcohoI.666 

3-Amino-4-hydroxyarsenostibinobenzene, 

(H2N) (HO)C6HsAs = SbC6H~. 



TRIVALENT AROMATIC ARSENICALS 179 

Prepared by reducing a mixture of 3-amino-4-hydroxyphenylarsineoxide 
and phenylstibonic acid with sodium hydro sulfite at ordinary tempera
ture. It is a brownish-yellow powder readily soluble in aqueous caustic 
soda, moist pyridine or methyl alcoholic hydrochloric acid.66B 

The hydrochloride is obtained directly by mixing 3-amino-4-hydroxy
phenyl arsine and phenyldichlorostibine, Cr,H5SbC12 , in methyl alcoholic 
hydrochloric acid and precipitating with ether. The product is a yellow
ish-brown amorphous powder easily soluble in water, aqueous alkali, 
d~lute hydrochloric acid, methyl alcohol, glycerine or glycol. Sulfuric 
acid precipitates a difficultly soluble sulfate.GG

' It forms a yellowish
brown coordination product with gold chloride and a brownish-green 
product with osmium chloride, both compounds being readily soluble 
in water, but insoluble in ether.GG3 

3-Amino-4-hydroxyarseno-4' -acetylaminostibinobenzene hydrochlo-
ride, (HC!. H 2N) (HO)CeH3As = SbCGH 4 (NH. COCH 3 ), separates as 
dark brown flakes soluble ill water, methyl alcohol or caustic soda on 
mixing a glacial acetic acid solution of 4-acety1aminophenyldiiodostibine 
with a methyl alcoholic hydrochloric acid solution of 3-amino-4-hydroxy
phenylarsine and precipitating with ether.668 

3-Amino-4-hydroxyarseno-3' -amino-4' -chZorostibinobenzene, 
(H2N) (HO)C6HaAs = SbCGHaCI(NH2 ), 

is a stable compound.669 

4' -Acety laminopheny Istibinoarseno-4-phen y 19 lycine, 
(HOOCCH2 • HN) C6H4As = SbC6H. (NHCOCHs ) , 

is obtained by reducing a mixture of phenylglycine-4-arsonic acid and 
4-acetylaminophenylstibonic acid with sodium hydrosulfite in alkaline 
solution. It is a brownish-black powder insoluble in water, alcohol or 
acetone, but soluble in aqueous alkalis or moist pyridine.6GG 

Arseno·Bismuth Compounds. 

On mixing a methyl alcoholic hydrobromic acid solution of 4-acetyl
aminophenylarsine with bismuth tribromide in methyl alcohol solution 
and precipitating with ether, a black, sparingly soluble product IS 

obtained which is gradually decomposed by acids or alkalis.G'o 

Tris (3-amino-4-hydroxyphenylarseno) dibismuth trihydrochloride, 
As = Bi --- As---Bi=As 
/"'-. /"'-. A 

( "'-. / "'-. ("'-. 
/1 NH2 • HCI l ) NH2 • HCl "'-.. )NH2' He) 

V V V 
OH OH OH 
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A mixture of 3-amino-4-hydroxyphenylarsine and bismuth trichloride in 
methyl alcoholic hydrochloric acid, when precipitated with ether, yields 
a black product readily soluble in methyl alcohol, glycerine or caustic 
alkalis, but very slowly in water. It is gradually decomposed by acids 
or alkalis, more readily by boiling the aqueous solution. Hydrogen 
peroxide in alkaline solution rapidly oxidizes it to 3-amino-4-hydroxy
phenylarsonic acid and bismuth pentoxide.G71 

Arsphenamine. 

(" Salvarsan," "Arsenobenzol," "Diar senol," "Kharsivan," "ArsenobiUon," 
"606" of Ehrlich's series.) 

Although arseno compounds were first prepared by Michaelis in 
1881, it remained for the genius of Ehrlich to build up step by step the 
remarkable substance which we know as Salvarsan, the dihydrochloride 
of 3,3' -diamino-4,4' -dihydroxyarsenobenzene. The clinical results fol
lowing the administration of this drug during the past twelve years have 
definitely established the fact that it is the most remarkable synthetic 
chemical compound introduced into medicine. It is the premier medica
ment in the treatment of syphilis, yaws (frambcesia), relapsing fenr and 
spirochetal infections in general. Mercury, which for four centuries 
had been employed in the treatment of syphilis, now occupies a position 
of secondary importance. That arsphenamine is superior to mercury is 
a virtually established fact. Its superiority is based not alone on the 
extremely rapid disappearance of syphilitic manifestations after its use, 
nor its success where mercury has failed, nor on its greater influence 
on the Wassermann reaction. Strongly supportive of the clinical evidence 
are laboratory studies on both animals and men. 

Commercial samples of arsphenamine contain impurities, the exact 
nature of which is as yet undetermined. It has been found that samples 
obtained by reducing 3-nitro-4-hydroxyphenylarsonic acid with sodium 
hydrosulfite always contain small amounts of sulfur, the quantity depend
ing upon the rate at which the solution of the nitrohydroxyphenylarsonic 
acid is introduced into the hydrosulfite solution, the initial temperatures 
of the two solutions, the rate of heating up to 55-60°, and the rate of 
stirring. Even in arsphenamine obtained by the hypophosphorous acid 
reduction of 3-amino-4-hydroxyphenylarsonic acid a very small amount 
of sulfur may be found, although in this case the quantity is smaller 
than that produced with any other method.1518 According to Fargher 1519 

the sulfur in arsphenamine exists partly in the form of a sulfamino group, 
- NH. S03H, the remainder being either attached to the arsenic or in 
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physical association with the arseno compound. King, however,t52{) 
regards the main sulfur impurity as the monohydrochloride of 3,3' -di
amino-4,4' -dihydroxy-5-sulfoarsenobenzene associated with "arying pro
portions of the sulfate of arsphenamine base. 

Up to the present time it has not been definitely established whether 
the formula of arsphenamine should be written with two molecules of 
water or one of methyl alcohol. On the one hand, Ehrlich 1521 and 
Kober 1522 claim that arsphenamine separates with 1CH"OH when pre
cipitated by the methyl alcohol-ether method, while, on the other hand, 
Gaebel 1523 and Myers 1524 assume that it contains 2H20. Fargher 1519 
found that arsphenamine precipitated as above contains no methyl 
alcohol, free or combined, while I}ieger 1525 obtained positiye tests with 
American, German and Canadian products. Kober further claims thnt 
arsphenamine precipitated in aqueous hydrochloric acid contains either 
one or two molecules of water, depending upon the drying; that it is 
practically colorless when pure; and that the yellow tint of the other 
commercial samples may be due to their sulfur contents. Raiziss and 
Falkov analyzed a number of commercial snmples of arsphenamine for 
carbon and hydrogen and found that some products contained one 
molecule of methyl alcohol, others contained two molecules of water of 
crystallization and the remainder contained both water of crystallization 
and methyl alcoho1.672 

In the course of his researches on salvarsan, Ehrlich investigated the 
interaction of this drug and various metallic salts, and as a result there 
was synthesizcd a series of new coordination compounds in which either 
one or two molecular proportions of the metallic salt enters into intimate 
combination with the arseno compound. In these new complex com
pounds the metal is held in a non-ionizable condition so that its ordinary 
ionic manifestations are practically entirely masked. The formation of 
these metallic complexes applies not only to all arseno compounds but 
also to arsineoxides and arsines. The latter, however, in addition to this 
strong residual affinity, haye a tendency to simultaneously act as reduc
ing agents. The ab\lity of the arsineoxides to form coordination com
pounds is less pronounced than that of the arseno compounds because 
the residual affinity of their arsenic is weaker, and is apparently greatly 
influenced by the substituents in the aromntic nucleus. 

The coordination compounds of nrsphennmine hnve been most thor
oughly investigated on nccount of their thernpeutic importance. They 
may be genernlly prepared by simply mixing the drugs with the metnllic 
salt in methyl nlcoholic solution nnd precipitating with ether. It is not 
necessary to first isolate arsphenamine, ns the coordination compounds 
nre formed directly upon redu'cing mixtures of the metallic salts and 
the arsonic acid or arsineoxide. In a similar mnnner metnllic 
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addition products have been obtained with the dialkali salts of arsphen
amine. 

There has been considerable discussion as to the constitution of these 
metallic coordination compounds, especially that of "silver arsphen
amine." According to Karrer the metal attaches itself to the arsenic 
atoms, the resulting products corresponding to the formula 

fRAs ... Mel X 
. II 
lRAs ... MeJ X 

where Me represents the metallic and X the acid element or radicle. 
In accordance with this theory, the reaction between arsphenamine and 
two moles of silver nitrate proceeds in the manner indicated below: 

On the other hand, Binz and his collaborators claim that arseno com
pounds containing no amino groups form no complexes with metallic 
salts, so that in silver arsphenamine the metal is attached to the nitrogen, 
the reaction proceeding according to the equation: 

(HCl.H2N) (HO)C6HSAs = AsCsHs(OH) (NH2 .HCI) + 2AgNOa ~ 

As As 

~ CIAgOH'N(j ()NH' A~I + 2HNO, 

,,/ ,,/ 
OH OH 

The silver compound dissolves in four molecular equivalents of aqueous 
sodium hydroxide, forming a disodium salt, 

which immediately loses one molecule of water, yielding the anhydride 
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As As 

~'NO ONHr 
l ONa ONa f 

Ag --------- -- 0 -- - --- ---.-'~ Ag 

With one mole of silver nitrate arsphenamine forms a compound of the 
formula, (H2N) (HO) CaH3As = AsCeH 3 (OR) (NH2 • AgN03), which 
upon dissolying in three moles of caustic soda solution yields the silver 
hydroxide derivative, 

the latter immediately losing 1H20 and producing the anhydride 

As As As As 

H.NO 
ONa 

A \ A 

I Ii' lJ 
'vNH2' .. Ag- 0 -Ag ... H2N 

ONa ONa 

ONH .. 
ONa 

Bauer, after conducting a series of diffusion experiments and ultra
microscopic studies, concluded that silver arsphenamine is a chemically 
homogeneous substance in which the silver is held in complex combina
tion. Raiziss, upon repeating these diffusion experiments not only with 
silver, but also with gold and platinum arsphenamines, found that 
although the arsenical completely passed through the membrane, the 
metal in each instance remained within the parchment bag. These 
results are in direct contrast to those of Bauer, and indicate that the 
metallic coordination compounds of arsphenamine are intimate mixtures 
of the drug and a colloidal form of the metal. The investigation of 
these compounds has been rendered difficult on account of the fact that 
they cannot be satisfactorily purified. 

Very recently Binz and Ludwig claimed to have isolated two isomeric 
monosilver arsphenamine derivatives apparently corresponding to the 
formulffi, (HCl.H2N) (HO)CaH3As = AsCaR 3(OH) (NH2.AgCl) and 
(HCl.H2N) (HO)C6H 3As 

. "which are converted into the correspond-
(H2N) (HO) C6H3As. AgCl, 

ing silver hydroxide derivatives by means of alkalis. The exact formulffi, 
however, have not been definitely established. 

Raiziss and Blatt prepared a new series of compounds consisting of 
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condensation products of arsphenamine and yarious aldehydes, in whirh 
one molecule of the aldehyde is attached to each amino group, and 
corresponding to the general formula, 

[RCH(OH)HN](HO)Cr,H,l'l\.s = AsC IlH 3 (OH) [NH(HO)HCRI. 

They are prepared from dis odium arsphenamine by mixing with 8lightly 
more than two moles of the aldehyde in methyl alcoholic solution in an 
atmosphere of nitrogen, either at ordinary or water-bath temperature, 
and finally neutralizing with hydrorhloric arid. The compounds are 
solids varying in color from yellow to reddish-brown, cannot be rerrys
tallized from the ordinary organic solvents, and are all, with the excep
tion of the salicylaldehyde addition produrt, yery sparingly soluble in 
alkali. The last property mny be attributed to the fart that the solu
bility of phenolic compounds in dilute aqueous alkali is diminished by 
the introduction of groups into the phenol molecule: first, because of 
the resulting increased size of the molerule; and serond, on account of 
the decreased acidity of the parent substance due to the nature and 
position of the group introduced. 

Although wonderful results have been obtained in the treatment of 
syphilis by means of arsphenamine, the preparation of its solution for 
intravenous administration is not very convenient for the average physi
cian. The drug must be dissolved in sterile water or physiological salt 
solution, and converted into its dis odium salt by the careful addition 
of four molecular proportions of sodium hydroxide. Since this pro
cedure complicates the practical application of the product, many 
attempts have been made to convert it into a stable compound having 

. . .. (maximum tolerated dose) 
a SImIlar therapeutIc mdex ( . . t . dId ' and not only mlllImum rypanocI a ose) 
dissolving in water with a neutral reaction, but requiring no further 
preliminary treatment. This has been successfully attained in the elabo
ration of the drug "Neoarsphenamine," while of the numerous other, 
less efficient compounds the most prominent are "Sulfarsenol," "Galyl" 
and "Ludyl." Neoarsphenamine is a derivative of arsphenamine in 
which hydrogen of the amino groups is replaced by a sodium methylene
sulfinate radical or radicals, the exact composition of the final product 
remaining as yet indefinite. In 1912, Ehrlich, in discussing this com
pound, merely described it as a condensation product of salvarsan with 
sodium formaldehydesulfoxylate, but furnished no analytical data as to 
its constitution. Later, Bertheim, in his monograph on organic arsenicals, 
ascribed to it the formula 

but Lehmann, after determining the arsenic content of several samples 
of the drug, concluded that the second amino group was not entirely 
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free. Nevertheless, it had been generally assumed that neoarsphenamine 
was the sodium salt of 3,3'-diamino-4,4'-dihydroxyarsenobenzene-N
methylenesulfinic acid. In 1921, howenr, Raiziss and Falkov made a 
complete study of the commercial product and found that it was a 
mixture of the N-mono- and N,N'-dimethylenesulfinates containing 
varying amounts of ullcombined sodium formaldehydesulfoxylate, sodium 
sulfate and sodium chloride. It exhibits nIl the characteristic reactions 
of an arseno compound as well as the sodium salt of a substituted 
amino acid. 

N-Substituted derivatives of arsphenamine haye also been prepared 
by the interaction of its disodium salt with a-halogenated fatty acids. 
The products are generally yellow, amorphous substances soluble in 
alkalis, more or less so in dilute hydrochloric or sulfuric acid, and 
insoluble in the usual organic solvents. These compounds have not as 
yet been obtained in pure form, as no method has been developed for 
the removal of the admixed impurities or by-products which are always 
precipitated along with the main products. 

3,3' -Diamino-4,4' -dihydroxyarsenobenzenc (Arsphenamine base), 

(H2N) (HO)CGHaAs = AsCGH3 (OH) (NHJ. 

Various methods have been employed in the preparation of this most 
valuable therapeutic agent, but the most satisfactory procedure depends 
upon the direct reduction of 3-nitro-4-hydroxyphenylarsonic acid by 
means of sodium hydrosulfite. Into a constantly stirred aqueous solution 
(13 1.) of crystallized magnesium chloride (513 g.) and sodium hydro
sulfite (2950 g. of 80 per cent) there is slowly introduced a cold solution 
of the above arsonic neid \197 g. = 0.75 mol.) in water (4.5 1.) con
taining sufficient caustic soda to form u dis odium salt, and complete 
reduction effected by vigorous stirring at 55-60° for 1% to 2 hours. 
The resulting yellow precipitate of the arsphenamine base is allowed to 
settle, the supernatant liquid siphoned off, the residue transferred to 
suction funnels and washcd with distilled water in an atmosphere of 
inert gas until the washings no longer exhibit an acid reaction. It is 
then sucked as dryas possible, pressed on porous plates, and finally 
dried in vacuo O\'er sulfuric acid. The crude 3,3'-diamino-4,4'-dihy
droxyarsenobenzene 'is contaminated with mineral ash and small quan
tities of arsenical compounds containing sulfur,S,g the greater part of 
which is eliminated when the base is converted into its dihydrochloride. 
It has been claimed by Ehrlich,"74 that the magnesium chloride used in 
conjunction with the sodium hydrosulfite in the abo\'e reduction limits 
the formation of arsenic-sulfur compounds. 

According to Kober's modification,'173 the mixture of the arsonic acid 
and hydrosulfite solutions is either permitted to stand at room tem
perature or is warmed on u water-bath at 40° until the suspension first 
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formed seems to agglutinate and about to settle, when it is rapidly filtered 
off, and the filtrate digested on a water-bath at 50-60° for 2-2% hours. 

Another method consists in boiling 3-nitro-4-hydroxyphenylarsonic 
acid (20 g.) with 25 per cent hypophosphorous acid (100 c.c.) and 
glacial acetic acid (70 c.c.), redissolving the precipitate of 3,3' -dinitro-
4,4' -dihydroxyarsenobenzene by adding potassium iodide (12 g.) and 
finally precipitating the arsphenamine base by neutralization with 
soda.676 This method may be modified by boiling the above arsonic acid 
(20 g.) with 100 C.c. of water, 60 g. of crystalline phosphorous acid, 
80 C.c. of glacial acetic acid and 20 g. of potassium iodide.676 

The same nitro compound may be reduced in successive stages by 
first forming 3-amino-4-hydroxyphenylarsonic acid, then 3-amino-4-
hydroxyphenylarsineoxide, and finally arsphenamine base. Sodium 
amalgam (28.8 g. of 4 per cent Na) is added to a solution of the 
arsineoxide {4.98 g., in water (30 c.c.) and 2N-acetic aeid {32 c.c.), and 
the whole shaken from time to time at room temperature. When the 
amalgam has been completely utilized, a further addition of 25 C.c. of 
2N-acetic acid and 28.8 g. of sodium amalgam is made, and the above 
treatment repeated until reduction is complete, as shown by testing a 
portion of the filtrate with sodium hydrosulfite. The precipitate of 
arsphenamine base is then washed and dried in the manner previously 
described.677 

The above arsincoxide may also be reduced with hypophosphorous 
acid in precisely the same manner as the corresponding nitro arsonic 
acid.676 

The 3-amino-4-hydroxyphenylarsonic acid yields the pure arseno 
compound directly upon warming with hypophosphorous acid and a small 
amount of potassium iodide at 60° for two hours in an atmosphere of 
carbon dioxide, and precipitating with a slight excess of 10 per cent 
sodium carbonate solution.67s 

Finally, arsphenamine base is obtained by condensing 3-amino-4-
hydroxyphenylarsine with an equimolar amount of 3-amino-4-hydroxy
phenylarsineoxide in ethyl alcoholic hydrochloric acid solution.1i23 

The product is a pale yellow powder, soluble in dilute hydrochloric 
acid or aqueous alkali hydroxides, practically insoluble in aqueous 
sodium carbonate, and entirely so in water, sodium bicarbonate, dilute 
sulfuric acid or ether. It is rcprccipitated from alkaline solution by 
neutralization with acids or by carbon dioxide. It is on account of the 
latter that an alkaline solution of arsphenamine becomes turbid on 
standing exposed to the air. 

Dihydrochloride of 3,3' -diamino-4,4' -dihydroxyarsenobenzene ("Ars
phenamine," "Salvarsan," "606" of Ehrlich's series, "Kharsivan," 
"Arsenobillon," "Diarsenol," "Arsenobenzol"), 
(HCl.H2N) (HO)C6HSAs = AsCsH 3 (OH) (NH2 .HCl)2H20 or lCHaOH. 



TRIVALENT AROMATIC ARSENICALS 187 

Arsphenamine base (366 parts) is suspended in methyl alcohol (3000 
parts) and dissolved by the addition of 25 per cent methyl alcoholic 
hydrochloric acid (292 parts). The solution is filtered, introduced into 
ten volumes of cold absolute ether with yigorous stirring and the result
ing precipitate of the dihydrochloride filtered, washed with ether and 
thoroughly dried in vacuo over sulfuric acid. These operations should 
be carried out as much as possible under exclusion of air.677, 679 

Another method consists in filtering off the precipitate of the base 
(obtained by reducing 3-nitro-4-hydroxyphenylarsonic acid with sodium 
hydrosulfite],675 first washing with, then suspending in distilled water 
at 0 0

, and finally dissolving in the least amount of 2N-caustic soda at 
the same temperature. After filtering through an anaerobic filter, the 
solution is treated with 1: 1 hydrochloric acid (150 c.c.) at 0 0

, the result
ing liquid diluted to 1700 C.c. with distilled water, and slowly introduced 
with vigorous stirring into 1: 1 hydrochloric acid (3250 c.c.) at 00

• 

The precipitate thus obtained, after settling for one hour, is filtered off 
and dried in vacuo over calcium chloride and solid caustic soda.sso 

The intermediate isolation of arsphenamine base may be avoided by 
the direct reduction of 3-amino-4-hydroxyphenylarsonic acid. The pure 
acid (23 g.) is mixed with water (736 c.c.), 50 per cent hypophosphorous 
acid (138 c.c.) and 3 per cent potassium iodide solution (11.5 c.c.), and 
the whole maintained at 55-60 0 for Ilh hours. After cooling the result
ing deep-yellow solution to 100, the dihydrochloride is precipitated by 
pouring into 1: 1 hydrochloric acid (1640 c.c.) at 2 0 while stirring vigor
ously.681 The corresponding arsineoxide may be employed instead of 
the arsonic acid in the above method, the reduction being carried out 
at room temperature instead of at 55-60 0 .662 

Arsphenamine is a pale yellow powder, which has been obtained with 
a gray color by both Kober and Fargher. It is permanent when dry 
and preserved in vacuo or in an inert gas; is soluble in water, methyl 
alcohol, ethylene-glycol or glycerine, sparingly so in ethyl alcohol, and 
very sparingly in glacial acetic acid, acetone, ether or concentrated 
mineral acids. Its greenish-yellow aqueous solution reacts strongly acid 
to litmus, and is not visibly affected by concentrated phosphoric or 
dilute mineral acids, except dilute sulfuric acid. Arsphenamine base is 
completely reprecipitated from an aqueous solution of the salt by adding 
two moles of caustic alkali; a third mole redissolves the precipitate form
ing a monosodium phenolate, while a fourth mole produces a disodium 
salt, (NaO) (H2N)C6H3As = AsCsHs(NH2) (ONa). It has recently 
been demonstrated that an aqueous solution of the latter is more effi
cacious in the treatment of syphilis than the monosodium salt. When 
a solution of the disodium salt is exposed to the air, it becomes more 
toxic due to a partial oxidation to 3-amino-4-hydroxyphenylarsineoxide,42 
which, according to Ehrlich,682 is twenty times more toxic than arsphen
amine, but according to Myers, is only six or seven times more toxic.6sB 
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The above base may also be obtained from the salt b~' treatment with 
sodium carbonate or acetate; it does not redissolve, however, in an excess 
of these reagents. 

With phosphotungstic acid solution arsphenamine yield" a dirty gray 
precipitate insoluble in excess of the reagent, but soluble to a deep blue 
solution in sodium carbonate or ammonia; with phosphomolybdic acid 
solution a similar ('olor reaction is produced upon acidulating with 
hydrochloric acid after the addition of the alkali; while with l\'lillon's 
reagent a yellow precipitate is obtained. 4-Dimethylaminobenzaldehyde 
added to a dilute hydrochloric acid solution of arsphenamine produces 
first an orange coloration and finally a precipitate of the same color. 
This reaction, distinct e\'en in considerable dilutions, is rendered more 
so by the addition of mercuric chloride, and is suitable for detecting 
arsphenamine in animal tissues. When treated with sodium nitrite in 
dilute hydrochloric acid solution, the abm'e arseno derivative forms a 
diazo compound having a greenish-yellow fluorescence, and producing a 
beautiful violet coloration with alcoholic a-naphthylamine, a light-brown 
color with alcoholic ~-naphthylamine, and a deep red color with a 
freshly prepared alkaline solution of resorcinol. 

Like other arseno compounds, arsphenamine is readily oxidizable
on exposure to the air, it oxidizes to the arsineoxide very slowly in 
aqueous solution, and even more slowly in the dry state. Although the 
solid can be preserved unchanged indcfinitely in evacuated ampoules, its 
aqueous, methyl-alcoholic and especially its alkaline solutions undergo 
decomposition when kept for some time in evacuated and sealed con
tainers. These solutions gradually darken, and finally deposit an intense 
reddish-brown precipitate possessing a complex structure and completely 
new properties, while the supernatant liquid becomes colorless. Since 
the earliest stages of this decomposition can scarcely be detected by 
chemical or physical means, biological and toxicological tests must be 
employed, the slightest alteration or decomposition of the drug causing 
an increase in toxicity. With iodine or alkaline hydrogen peroxide, 
arsphenamine is oxidized to 3-nmino-4-hydroxyphenylarsonic acid; with 
mercuric chloride the corresponding arsineoxide is obtained. 495 

Arsphenamine sulfate is a yellowish-white precipitate very sparingly 
soluble in water, obtained by adding sulfuric acid or a soluble sulfate 
to an aqueous solution of the dihydrochloride. 

Disodium salt of 3,3' ~diamino-4// -dihydroxyarsenobenzene (;Sodium 
Arsphenamine), (NaO) (H2N)CGHaAs = AsC6H 3 (NH2 ) (ONa) ,-A 5 per 
cent solution of sodium methylate (190 g.) is added to a suspension of 
arsphenamine base (73 g.) in mrthy I alcohol (700 c.c.), and the resulting 
solution filtered into a mixture of absolute alcohol (1 1.) and ether (4 1.) 
accompanied by vigorous stirring. The precipitate formed is filtered off, 
washed with a mixture of equal parts of alcohol and ether, and dried in 
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vacuo. The entire procedure should be carried out in the complete 
absence of air. 

The product is a greenish-yellow powder, readily soluble in water, 
but after long exposure to the air, its original solubility is diminished.684 

It is precipitated along with I'odium formaldehyde sulfoxylate on adding 
the latter to a ('old meth.d alcoholic I:'olution of the arseno compound, 
and pouring into an ice-cold mixture of alcohol and ether in the absence 
of air. The product is a pale-yellow powder readily soluble in water, 
but sparingly in alcohol.H

'" 

The dipotassium salt resembles the preeeding compound, and is 
obtained by adding a methyl alcoholic solution (150 c.c.) of caustic 
potash (11.2 g.) to a ~uspension of arsphenumine base (36.6 g.) in methyl 
alcohol (120 c.c.), and precipitating with a mixture of alcohol (1 1.) 
and ether (3 1.) at 5°. Like the disodium compound, it must be pre
pared in the absence of air. o8

' 

An arsphenamine preparation, which is stable in evacuated ampoules, 
may be produced by dissolying arsphenamine (47.5 g.) in water (200 
c.c.), converting into the disodium salt with ION-sodium hydroxide 
(40 c.C. = 4 mols.) , adding a solution of mannitol (17.2 g.) in water 
(100 c.c.), and precipitating with a mixture of absolute alcohol (4 1.) 
and ether (4 1.). The yellow powder obtained after drying is probably 
an intimate mixture of disodium arsphenamine and mannitol. It is 
readily soluble in water, "ery slightly so in alcohol or ether, and yields 
arsphenamine base with dilute hydrochloric acid.""; Stable compounds 
are also obtained by mixing aqueous solutions of arsphenamine with 
the sodium salt of nucleinic acid, casein, protalbinic or lysalbinic aeid. 
The resulting precipitate may be filtered off, washed and dried, or con
verted into the alkaline salt by dit<solving the necessary amount of 
caustic alkali and either reprecipitating with alcohol-ether, or concen
trating under diminished pressure. The free acid derivatives are yellow 
amorphous substances, while the colors of the sodium salts vary from 
green to light gray. The latter are easily soluble in water but insoluble 
in organic solvents.687 

Co-ordination Compounds. 

Ar:;phenmnine-Silver Compounds.-LJpon mixing equimolar quan
tities of arsphenamine and silver nitrate in methyl alcoholic solution and 
precipitating with ether, a brownish-yellow product is obtained which 
is very easily soluble in water, methyl alcohol or glycerine. The silver 
exists in a non-ionizable condition, and cannot be eliminated by the 
addition of reducing agents. 6

'8 "\Vhen slightly less than one molecular 
proportion of silyer nitrate is added to an aqueous solution of arsphen
amine, und the whole treated with concentrated aqueous sodium car
bonate, a pale brown amorphous precipitate is obtained in which the 
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silver is attached to the amino group. It is insoluble in ammonia or soda 
solution, readily soluble in dilute hydrochloric acid or caustic soda, and 
is stable toward hypophosphorous acid. On adding aqueous caustic 
soda to the above mixture of the silver salt and arsphenamine, and 
passing carbon dioxide through the resulting solution, there is formed 
a dark brown precipitate whose sih'er is attached to the arsenic. It is 
soluble in ammonia, dilute hydrochloric acid, sodium hydroxide or car
bonate, and yields metallic silver when warmed with hypophosphorous 
acid.689 With two moles of silver nitrate nrsphenamine yields a brown 
precipitate ensily soluble in water, caustic soda or methyl alcohol, and 
yielding a brownish-yellow amorphous solid with sodium chloride.688 

The dis odium salt of the mono silver compound (Silver Arsphen
amine) is prepared from arsphenamine either by dissoh'ing in methyl 
alcohol, adding caustic soda solution (6 moles), mixing with methyl 
alcoholic silver nitrate solution (1 mole) and precipitating with absolute 
ether, or by mixing in aqueous medium with one mole of a silver salt, 
such as silnT mlfate, nnd evnporating to dryness in vacuo.6DO It is a 
brownish-black powder, unstable in moist air, readily soluble in cold 
water, excess of dilute hydrochloric or nitric acid, concentrated sulfuric 
or nitric acid, but insoluble in f'aturated f'odium bicrrrbonate solution, 
dilute sulfuric or concentrated hydrochlorie Heid. rpon the addition of 
dilute sodium hydroxide to nn aqueou::< solution of "8ih'er arsphenamine" 
no immediate change is noticeable, but upon exposure to air or oxygen, 
a silver mirror forms at the surface and !l;rndually proceeds downward. 
With phosphotungstic acid a reddish precipitate is obtained; with phos
phomolybdic acid a reddish-brown precipitate. In the presence of 
sodium carbonate, howe\,er, the latter two reagents produce a dirty green 
coloration. Picric acid added to an aqueous solution of silver arsphen
amine produces a yellmv precipitate, wbilc ferric ehloride yields first a 
reddish-colored solution, Hnd finallY a precipitate with an excess of the 
reagent."u, According to Bauer/D2 sih'er arsphenamine is a chemically 
homogeneous substame, but the results of Raiziss and On \Ton G93 indicate 
that it is an intimate mixture of arsphenamine and colloidal silver. 

A mixture of 3,3' -diamino-4,4' -dihydro.ryarscnobenzene disilver 
iodide, C12H12AS202N 2' 2AgI, and the hydriodide of the corresponding 
monosilver iodide, C12H12Asz02N2' Agl. HI, i" obtained by di",,,olving 
arsphenamine base (6.6 g.) in ,vater (100 c.l'.) and 2.9X-hydriodic acid 
(10 c.c.), and adding a solution of silver nitrate (3 g;.) in water (75 c.c.). 
The resulting orange-colored precipitate, which turns brick red upon 
drying, forms a soluble sodium salt."U4 

A monosilver bromide-arsphenamine is obtained by adding a potas
sium cyanide solution of silver bromide (1 mole) drop by drop to a 
solution of arsphenamine (1 m<3le) until a permanent precipitate is 
formed, and, after redissolving with hydrochloric acid, the coordination 
product is precipitated as a sulfate by the addition of sulfuric acid. 
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The product is an orange-yellow to dark brown powder soluble in water 
rendered slightly alkaline by soda. The corre~ponding chloro and iodo 
derivatives may be similarly prepared.% 

3,3' -Diamino-4,4' -dihydrox yarscnobcnzcnc-silver bromide-antimonyl 
snlfate ("Luargol"i, IC 1"H,"OJ\'"As"i".AgBr.SbO(H":::lO.i t , is prepared 
from the preceding eompound by treating with antimony trichloride and 
precipitating with sulfuric acid.''' 

Arsphenamine-Gold ('ornpollnds.-To an aqueous solution of ars
phenamine (5 (·.C. of a 5 per cent solution), an equimolar amount of 
aqueous auric chloride or ~odium aurate (2 c.c. of a 10 per cent solution) 
is added, and the coordination compound isolated either by concentrating 
in vacuo or by precipitating with alcohol-ether or aleohol-acetone.""' 
The same product may be obtained by dissohoing 3-amino-4-hydroxy
phenylarsineoxide in a calculated quantity of dilute hydroehlorir acid, 
adding an aqueous solution of 2.25 g. of auric chloride, and reducing 
with sodium bydrosulfite."l' The brownish-yellow product is readily 
soluble in water, yields no precipitate of auric hydroxide with alkali, 
and loses none of its gold when treated ,yith formaldehyde or sodium 
hydrosulfite in alkaline :::olution. 

A compound containing two molet) of aurie chloride may be obtained 
by mixing methyl alroholic solutions of arsphenamine (1.5 g.) and auric 
chloride (2 g.) and precipitating with ether. The product is a brownish
yellow powder soluble in water, caustic soda solution or alcohol.G96 

Silver and Gold Arsphenamine.-To a methyl alcoholic solution of 
arsphenamine (1.5 g.) there are added sU('cessinly t<imilar solutions of 
silver nitrate 10.55 g. = 1 molei and auric chloride 11 g. = 1 mole), and 
precipitntion effected by means of ether. The resulting compound exists 
as a browni~h-red powder easily ~oluble in wat(T, glycerine or other 
hy<iroxylic solvents, and contains oIle molecular proportion of arsphen
amine, sih'er nitrate and Huric (·hloridc.O!l7 

Arsphenamine-Platinum Compolilld.-A brown pmyder, soluble in 
water, caustic soda or aleohols, i~ obtained by ('ombining equimoleculnr 
proportions of the constituents either in meth~ol alcoholic o!ln or in aqueou~ 
~olution ''''', and isolating like the corresponding gold ('ompound. Its 
di~odium salt is similarly prepared in alkaline :,:olution.(lliC

• 

A coordination eompound of ar~phenamine and palladium prepared 
like the platinum deriYatin, is a brcmnish-bbH'k pomier easily soluble 
in water or aqueous caustic sodn.'"'' 

Arsphenamine-Copper Compollnds.-A coordination product with 
one moi('('uie of cupric ehloride is obtained by di,,~oh'ing ar~phennmine 
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(100 g.) in methyl alcohol (1600 c.c.), adding successively saturated' 
methyl alcoholic hydrochloric acid (16 c.c.), and a solution of crystalline 
cupric chloride (35.8 g. of CuCI2.2H~O = 1 mole) in methyl alcohol 
(400 c.c.) with stirring, and precipitating the coordination compound. 
The entire procedure should be carried out in an atmosphere of nitrogen 
or carbon dioxide.699 The product may be similarly prepared in aqueous 
medium; 700 as well as by reducing either a hydrochloric acid solution of 
3-amino-4-hydroxyphenylarsineoxide (2 moles) and crystalline cupric 
chloride (1 mole) with stannous chloride,701 or a mixture of 3-amino-4-
hydroxyphenylarsonic acid (2 moles) and cupric chloride (1 mole) with 
sodium hydrosulfite at 50° .702 The product is an orange-yellow powder 
easily soluble in water, glycerine or ethylene glycol, and does not yield 
cupric hydroxide with aqueous alkalis in the cold, cupric oxide, however, 
separating upon warming. 

The corresponding disodium salt is prepared either from the above 
coordination compound (40 g.) by dissolving in 2N-caustic soda (240 c.c.) 
and precipitating with alcohol (4 liters), or from a mixture of aqueous 
arsphenamine (5 g. in 40 c.c.) and aqueous cupric chloride (1.8 g. of 
CuCI2 .2H20 = 1 mole in 15 c.c.) by rendering alkaline with ION-caustic 
soda (8 c.c.) and precipitating with alcohol ~900 c.c.). All operations 
in these two methods should be performed in all atmosphere of 
nitrogen.703 

A di-cupric chloride derivative is similarly prepared from arsphen
amine and 2 moles of the salt in methyl alcoholic solution.GDO 

A mono cuprous derivative results upon mixing a methyl alcoholic 
solution of arsphenamine (3 g. in 20 c.c.) with a methyl alcoholic hydro
chloric acid solution of cuprous chloride (1.24 g. = 1 mole) and pre
cipitating with ether. It Oieparates as a brick-red powder easily solublE 
in water.697 

Arsphenamine - Mercuric Compound. - On di"soh·ing equimolar 
quantities of arsphenamine and mercuric chloride in methyl al('ohol con
taining a slight amount of hydrochloric acid :md precipitating with 
ether, an orange colored powder is deposited. It i" easily t'oluble in 
methyl alcohol, glycerine or acidified potassium iodide solution, insoluble 
in sodium chloride or potassium iodide solution, and is decomposed by 
water or aqueous caustic soda with separation of metallic mereury. If 
mercuric iodide is employed instead of the chloride, there is obtained 
a yellowish-red, water soluble product which is more stable than the 
mercuric chloride compound.o 8s 

Mercury and Antimony Arsphenarnine.-\Vhen a methyl :dcoholic 
solution of arsphenamine (10 g. in 100 c.c.) is mixed with ;;;imil:tr ~olu
tions of antimony trichloride (4 g. In 4 c.c.) and mercuric iodide (1 g. ill 
90 c.c.) a cherry red solution is obtained from which ether precipitates 
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a yellowish-red powder easily soluble in water or a slight excess of 
aqueous caustic soda. Its methyl alcoholic alkali solution yields with 
ether a precipitate of a sodium compound containing arsphenamine base, 
mercuric iodide and an antimonyl radical_704 

Condensation Products of Arsphenamine and Various Aldehydes. 

3,3' -Bis [ (hydroxymethyl) amino] -4,4' -dihydroxyarsenobenzene dihy
drochloride, 

is prepared by warming a methyl alcoholic solution of arsphenamine, 
formaldehyde (2 moles) and N-hydrochloric acid (5 moles) for two 
hours in an atmosphere of nitrogen, and finally precipitating with an 
excess of hydrochloric acid. It is a yellowish-brown powder decompos
ing at 190 0 without melting, soluble in methyl alcohol or hot water, 
sparingly in cold water or aqueous caustic soda, and insoluble in ether.105 

3,3' -Bis (a- hydroxy - m -nitrobenzylamino) -4,.4-' -dihydroxyarsenoben-
zene, 

AsC6HS (OH) [NH (OH) HCCsH 4 • N02 ] 

II 
AsC6Hs(OH) [NH(OH)HCCsH 4 .N02 ] 

derived from disodium arsphenamine and 3-nitrobenzaldehyde (2 moles) 
by refiuxing in methyl alcoholic medium for two hours in a current of 
nitrogen, is a yellow powder decomposing at 247-50° without melting, 
insoluble in water, dilute hydrochloric acid, methyl or ethyl alcohol, 
ether or benzene, and sparingly soluble in acetone, ethyl acetate or dilute 
caustic soda solution, gradually decomposing in the latter.70S 

3,3' -Bis (o,a-dihydroxybenzylamino) -4,4' -dihydroxyarsenobenzene, 

AsCsHg (OH) [NH (OH) HCCsH 4 • OH] 
II 

AsCeHs (OH) [NH (OH) HCCeH 4 • OH] 

is a yellowish-brown powder, m. p. 182 0
, soluble in methyl alcohol or 

sodium hydroxide, sparingly so in glacial acetic acid, and insoluble in 
dilute mineral acids or organic solvents. It is prepared like the preced
ing compound by employing salicylaldehyde at ordinary temperature, 
and is completely precipitated upon acidifying the reaction mixture with 
hydrochloric acid. The corresponding dihydrochloride. is obtained by 
the interaction of arsphenamine and salicylaldehyde (2 moles) in methyl 
alcoholic-hydrochloric acid solution and subsequently precipitating with 
ether. It is an orange-yellow powder soluble in dilute aqueous caustic 
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soda, sparingly so in hot acetone, and insoluble in acids or the usual 
organic solvents.'OG 

3,3' -Bis (a- hydroxy - p -methoxybenzylamino) -4,4' -dihydroxyarscno
benzene, 

from disodium arsphenamine and p-nnisaldehyde in the absence of air, 
is n yellow powder gradually decomposing on heating, sparingly soluble 
in dilute caustic soda solution, acetone or ethyl acetate, and insoluble 
in water, dilute hydrochloric acid, ether, methyl or ethyl alcohoL'''" 

3,3' -Bis (p,a-dihydroxy - m - methoxybenzylamino) -4,4' -dihydroxyar
senobenzene, 

is a reddish-brown powder, m. p. 175-6°, soluble in aqueous sodium 
hydroxide or carbonate, methyl or ethyl alcohol, and insoluble in water, 
ether or sodium bicarbonate. It is p'repared like the preceding com
pound by employing vanilline. 70G 

3,3' Bis (a-hydroxy-y-phenylallylamino) -4,4' -dihydroxyarsenobenzene, 

AsC6H,(OH) [NH(OH)HCCH = CHC6H 5 ] 

II 
AsC6 H;] (OH) [NH(OH)HCCH = CHCoH5 ] 

results upon reftuxing disodium arsphenamine and cinnamic aldehyde in 
methyl alcoholic solution for two hours in an atmosphere of nitrogen. 
It is a yellow powder decomposing at 195-200° without melting, slightly 
soluble in dilute alkalis, acetone, methyl or ethyl alcohol, and insoluble 
in water, ether or dilute acetic acid. It assumes a reddish-brown color 
with dilute mineral acids.705 

A stable solution of a condensation product is also formed upon 
adding arsphenamine base to an aqueous solution of sulfobenzaldehyde, 
and warming with sodium hydroxide or carbonate. Upon the addition 
of alcohol, a yellow sodium salt is precipitated.427 

Arsphena.mine Deriva.tives. 

Sodium 3,3'- diamino - 4,4' -dihydroxyarsenobenzene - N - methylenesul
finate ("Neoarsphenamine," "Neosalvarsan," "Novarsenobillon," "Neo-
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kharsivan," "Noyarsenobenzol," "Nrodiarsrnol," "914" of Ehrlich's 
series) , 

AsC"H3 (OH) (NH" ) 
II 

AsC6H" (OH) (~H.CHeOSONa) .lCH30H or 2HeO 

To an aqueous solution of arsphenamine (25 g. in 250 c.e.) is added lOS{) 
aqueous sodium formaldehydesulfoxylate (250 c.c.), and one hour later 
1070 sodium carbonate solution (80 c.c.). From the resulting liquid, 
hydrochloric acid (100 (' .('. of 12(iC) precipitates 3,3' -diamino-4,4' -dihy
droxyarsenobenzene-X -methylenesulfinic acid, which is then com'crted 
into its sodium salt (neoarsphenamine) by ~uspending in water (20 g. 
in 70-80 c.c.), adding 2N-sodium h~'droxidc (20 c.c.), and pouring the 
solution in a thin stream into one litcr of alcohoi.'°7 

The formation of this product is facilitated by operating in solu
tions of alcohol8, particularly meth~'1 or ethyl alr-ohol, glycol or gl~'cerine. 
To a solution of arsphenamine (50 parb) in glycol (200 part,,) therr 
is added a solution of sodium formaldeh:vdesulfoxylate (31 part" in 50 
parts of watrr), the whole stirred for flH minutes, neutralized with 
sodium carbonate, and finally preeipitated with ethyl aleohol, acrtone 
or a mixture of alcohol and ether. This mrthod may be modified by 
adding sodium carbonate 8olution (40 c.c. of 12.5~~ ) with "tirring to a 
solution of arsphenamine (25 g.) in gl:Hol (200 e.c.) and 25 c.c. of 
water. The resulting, fincl~' di"ided prccipitate of ar"'phenamine base 
is now treated with an aqueout< solution of sodium formaldehyde sul
foxy late (15 g. in 30 c.c.), thc whole stirred at 35° until completely 
dissoh'ed, and the neoarsphenamine precipitated by introducing into a 
mixture of alcohol and ethrr.'''' 

Neoarsphenamine ma~' :tl~o be prepared from 3,3' -dinitro-4,4' -di
hydroxyarsenolwnzene, 3-llitro or amino-4-hydroxyphenyl ar:3incoxide or 
arsonic acid. A f'olution of 3,3' -dinitro-4,4' -dihydrox~'arsellobcnzene 
(100 g.) in "odium hydroxide (60 g. of 40° Be) and W:ltcr (1 l.l is 
,,,armed with sodium formaldehydesulfoxylnte solution 1200 g. in 1 
liter of water) on a mlter-bath for b\"o hour", and after cooling and 
filtering, thc frre sulfinic acid deri\"ati\"c is fir8t preeipitatcd with dilute 
sulfurie acid a nd then com'crted into the f'odium snit. "10 

3-Nitro-4-hydroxyphcnylarsineoxidc (l00 g.) is disRolwd in aqueous 
sodIUm hydroxide (1 l. of 1.5(;~), grntiy warmed for 1-2 hours with an 
aqueou>< solution of sodium formaldehyde>"ulfoxylate (200 g. in 1 l.), 
and the sulfinic acid prec'ipitntcd with dilute ~ulfuric acid.71O 

3-AmiIlo-4-h~'droxypheny lar"incoxide (10 parts), dissolYCd in caustic 
soda (5.7 parts of 40° Be NaOH in 100 parts of water), is warmed with 
:-odium formaldehydcsulfoxylate (10 partR in 50 parts of water) for 
seyeral hours at 50-60°, and after cooling, the whole if' acidified with 
hydrochloric acid."u 

Upon warming a solution of sodium 3-nitro-4-hydroxyphenylarsonate 
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in water (5 parts) with sodium formaldehydesulfoxylate (2 parts in 10 
parts of water), the free sulfinic acid slowly separates.111 

A solution of 3-amino-4-hydroxyphenylarsonic acid (10 parts) in 
sodium carbonate (2.3 parts in 100 parts of water) is mixed with sodium 
formaldehydesulfoxylate (20 parts in 100 parts of water) and N-hydro
chloric acid (43 parts), and after warming for several hours at 40-60°, 
the sulfinic acid is precipitated by acidification with dilute sulfuric 
acid.111 

Neoarsphenamine is an orange-yellow deliquescent powder, darkening 
on exporure to air, readily soluble in water or glycerine, but only slightly 
so in methyl or ethyl alcohol, acetone or ether. Its freshly prepared 
aqueous solution is yellow in color, reacts neutral toward litmus, de
colorizes indigo carmine, and is very sensitive to oxidation/712 as in
dicated by its increased toxicity upon exposure to the air. With dilute 
as well as concentrated mineral acids, or warm acetic acid (36%) 
it yields precipitates; no visible effects are observed with aqueous sodium 
hydroxide or carbonate; solutions of barium or calcium hydroxide pro
duce either turbid solutions or faint precipitates. Its behavior with 
oxidizing agents is similar to that of arsphenamine, while with MilIon's 
reagent a brown precipitate results. Unlike arsphenamine, the neo 
compound, when boiled with dilute hydrochloric acid, yields a violet 
coloration upon the addition of Schiff's reagent. The diazotized solu
tion gives with a-naphthyl amine hydrochloride and resorcinol color re
actions similar to those obtained with arsphenamine. According to 
Binz/95 mercuric chloride reacts with an excess of neoarsphenamine, 
yielding colloidal mercury, 3/3/-diamino-4,4/-dihydroxyarsenobenzene-N
methylenesulfinic acid, the corresponding sulfonic acid derivative, 

(HzN) (HO)CsHaAs = AsCsHa(OH) (NH.CH20S02H), 

3-amino-4-hydroxyphenylarsineoxide, 3- (iminomethylenesulfonic acid)-
4-hydroxyphenylarsineoxide, OAsCaHa (OH) (NH. CH20S02H), and for
maldehydesulfonic acid, CH2 (OH) OSOzH. 

The analysis of neoarsphenamine always yields lower results for 
arsenic 713 than that required by the empirical formula, 

ClaH1304N2ASzSNa.lCHaOH or 2H20, 

while those obtained for sulfur are invariably higher. This has been 
attributed to the presence of varying amounts of the corresponding 
N,N/-dimethylenesulfinate, uncombined sodium formaldehydesulfoxylate, 
sodium sulfate and sodium chloride.1l4 

Coordination Compounds of Neoarsphenamine.115 

With Silver Nitrate.-An aqueous solution of silver nitrate (0.77 parts 
in 100 parts of water) is slowly added with stirring to a concentrated 
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aqueous solution of neoarsphenamine, and precipitated with alcohol-ether. 
The product is a black powder dissolving in water to a markedly fluores
cent solution. 

With Gold Chloride.-A very soluble brownish-red product is ob
tained by mixing molecular proportions of the constituents in aqueous 
solution and precipitating with alcohol-ether. 

With Platinic Chloride.-A soluble brown powder prepared like the 
preceding compound. 

lVith Cupric Chloride.-A yellow powder prepared like the gold 
compound. It gins none of the reactions of ionic copper in the cold, 
the coordination product decomposing only on boiling. 

Disodium 3,3' -diamino-4,l/ -dihydroxyarsenobenzene-N,N' -dimethyl
enesulfinate, 

(NaOSOH2C.HN) (HO)C6H 3As = AsCeH 3 (OH) (NH.CH20SONa), 

is prepared by adding a solution of sodium formaldehydesulfoxylate 
(25 g.) in water (60 c.c.) to an aqueous suspension of arsphenamine base 
(21 g.), dissolving by gently warming on a water-bath, precipitating the 
disulfinic acid with concentrated hydrochloric acid (25 c.c.), and con
verting into the disodium salt in the manner described under neo
arsphenamine.707 

3,3' -Diamino-4,4' -dihydroxyarsenobenzene-N -methylenesulfonic acid, 
(HeN) (HO)C6HaAs = AsC6H 3 (OH) (NH.CH20S02H).-To a suspen
sion of arsphenamine base (1 part) in wuter (3 parts) are added suc
cessively formaldehyde solution (0.3 parts of 40%) and sodium bisulfite 
1 part of 40%, the whole warmed on a water-bath until complete solu
tion results, and the above acid precipitated by the addition of hydro
chloric acid.716 It may also be prepared by adding mercuric chloride 
(6 g. in 50 C.c. of water) to aqueous neoarsphenamine (50 C.c. of 12%), 
filtering off the precipitated mercury, introducing successively hydro
chloric acid (10 C.c. of 2N) and sodium hypophosphite (3 g.), and 
allowing to stand for 12 hours.495 It is a bright yellowish-red powder, 
which when heated decomposes without melting, sulfurous acid being 
liberated. It is easily soluble in aqueous alkali hydroxides or carbonates, 
difficultly so in pure water, and insoluble in alcohol, ether, benzene, 
acetone or acids. 

Its sodium salt (Sldfarsenol) is prepared by suspending the free acid 
in water (3 parts), dissolving by means of aqueous sodium hydroxide 
or carbonate, and reprecipitating with alcohol or acetone (10-15 volumes) 
with stirring, or by evaporating a neutral solution of the acid to 
dryness in vacuo. It forms a reddish-brown powder, dissolving very 
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easily in water to a stable solution which is claimed to be neutral, 
but according to Voegtlin,717 it is slightly acid to litmus. The produrt 
is insoluble in strong alcohol, and decomposes without melting when 
heated. The corresponding potassium and ammonium salts are similarly 
prepared.716 

Disodium 3,S' - diamino - 4,4' -dihydroxyarsenobenzene - N,N' - dimeth
ylcne sulfonate (Sulpharsphenamine), 

(Na02SOCH:.HN) (HO)C 6H aAs = AsCGH 3 (OH) (NH.CH 20SO:!Na), 

is prepared by treating a dilute alcoholic solution of arsphenamine suc
ressiyely with formaldehyde solution (2 or 3 moles) and aqueous sodium 
bi"ulfite (4 or 6 moles), and finally precipitating with 95% alcohol. 
The product is a light yellow precipitate easily soluble in water, and 
does not decolorize indigo carmine. Its aqueous solution is yery stable 
and does not increase in toxicity on standing in contact with air for 
24 hours.718 

Galyl (Ii 1116" of Mouneyrat's Series) .-3-Amino-4-hydroxyphen~·I
arsonic acid (23.3 g.) is dissolnd in water (300 c.c.) and caustic soda 
190 C.c. of 36° Be), mixed with 90% aleohol 1350 c.c.), the whole 
cooled and stirred, and phosphorous oxychloride (27 c.c.) introduced. 
The liquid is then neutralized with caustie soda (18 c.C. of 36° Be), 
poured into a solution containing water (1800 c.c.), magnesium chloride 
(100 g.) and sodium hydrosulfite (500 g.), and finally heated at 50° C. 
for four hours. The resulting yellow precipitate, consisting of a mix
ture of tetrahydroxydiphosphotetraarninodiarsenobenzene, 

(HO)OP < HN(OH)C6H aAs = AsC6H 3 (OH)NH > PO(OH) 
HN(HO)C6H aAs = AsC6H 3 (OH)NH 

and tetrahydroxyrnonophosphotctraarninodiarsenobenzenc, 

H:!N(HO)Cr,H'lAs = AsCr,H3 (OH)NH > PO(OH) 
H:!N(HO)C6HaAs = AsCaH 3 (OH)NH ' 

is soluble in dilute sodium carbonate or hydrochloric acid, and reduces 
Fehling's, Nessler's or Tollens' reagent in alkaline solution.71O 

l\10re recently a "new" Galyl, a sodium salt of the "old" product, 
was prepared by precipitating a solution of the latter "by means of a 
solution of sodium hydrosulfite," the resulting compound separating with 
five molecules of sodium sulfite and containing 18 per cent of arsenic. 
According to a report of the Council on Pharmacy and Chemistry of 
the American Medical Association,72o a solution of the above product 
responds to practically all the tests for sodium arsphenamine, except 
that there are present sodium phosphate, sodium sulfite and sugar. The 
same report also states that the new sodium salt, if present as claimed 
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by its manufacturer, is easily hydrolyzed into sodium phosphite and 
sodium arsphenamine; that there is no evidence of a linkage between the 
sulfite groups and the arsphenamine compound; and that the administra
tion of Galyl amounts to the administration of sodium arsephenamine. 

Benzene- m"-3',3' - disulfamino- bis-3 -amino-4,4' -dihydroxyarsenoben
zene (Ludyl, "1151" of Mouneyrat's series) 

~ 
""-OH 
/ 

This complex arsenical, prepared from bcnzene-m-disulfonic chloride 
and arsphenamine by the Schotten-Baumann reaction, is a yellow or 
yellowish-gray powder soluble in aqueous sodium carbonate but in
soluble in water. Its sodium salt, prccipitated from aqueous solution 
by means of alcohol or sodium chloride, dissolves in water ,'lith 11 

neutral reaction and remains unchanged for several days in the absence 
of air.721 

N -Substituted Fatty Acid Derivatives of Arsphenamine. 

4,4' -Dihydroxy-3-arninoarsenobenzene-3' -aminoacetic acid, 

(HeN) (HO) CeH3NH. CH2COOH. 

Prepared by heating a methyl alcoholic suspension of arsphenamine base 
with aqueous chloroacetic acid at 60-65° in an inert atmosphere, the 
reaction being accelerated by the addition of potassium iodide. A 
modification of this procedure consists in employing disodium arsphen
amine and sodium chloroacetate instead of the free acid compounds. 
The product is a yellow powder readily soluble in alkalis or excess of 
acids, but insoluble in the usual organic solvents. 

The sodium salt is prepared by dissolving the acid derivative m 
concentrated aqueous alkali and either precipitating with alcohol or 
acetone, or concentrating in vacuo. It is a yellowish-brown powder 
readily soluble in water to a neutral solution, and insoluble in alcohol 
or acetone. The potassium and ammonium salts have similar properties, 
but the latter in addition slowly dissociates at ordinary temperature.722 
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4,1/ -Dihydroxyarsenobenzene-3,3' -diaminoacetic acid, 

(HOOCHzC.HN) (HO)C6HSAs = AsCsH 3 (OH) (NH.CHzCOOH), 

may be obtained either from the preceding compound by heating with 
aqueous chloro or bromo acetic acid at 60-65° in an atmosphere of 
nitrogen,723 or from methyl alcoholic dis odium arsphenamine, aqueous 
sodium chloroacetate, and a slight amount of copper turnings as a catalyst 
by refluxing for five hours under the same conditions as above, diluting 
with water, and finally acidifying with dilute hydrochloric acid.672 The 
product is a yellow powder readily soluble in methyl alcoholic hydro
chloric acid, aqueous sodium hydroxide, carbonate or bicarbonate, but 
insoluble in water, ether, methyl or ethyl alcohol. It is readily oxidized 
to the corresponding arsonic acid by iodine solution. Its yellowish
brown disodium salt, [NaOOCCH2HN) (HO)CsHaAs = ]2, is readily 
soluble in water but insoluble in alcohol or acetone. 

4,4' -Dihydroxy-3-aminoarsenobenzene-3' -amino-a.-propionic acid, 

CH3 

(HzN) (HO)CaHgAs = AsCaHs(OH)NH.CH < 
COOH 

is a yellow powder soluble in alkalis or excess of dilute hydrochloric 
acid, insoluble in the usual solvents, and prepared like the corresponding 
acetic acid derivative by employing a.-bromopropionic acid.722 Its yellow 
sodium salt is soluble in water but insoluble in organic solvents. 

4,4' ..:Dihydroxyarsenobenzene-3,3' -diaminopropionic acid, 

HsC CHa 

) HC.HN(HO)C6HSAs = AsC6H s(OH)NH.CH < 
HOOC COOH 

Prepared like the corresponding diacetic acid derivative without acidify
ing the reaction mixture after dilution with water. It is a yellow powder 
soluble in methyl alcohol, aqueous alkali hydroxide, carbonate or bicar
bonate, dilute hydrochloric or sulfuric acid, insoluble in ether, and is 
oxidized to the arsonic acid by iodine.S72 

4,4' -Dihydroxyarsenobenzene-3,3' -diamino-n-butyric acid, 

H 5CZ CZH 5 

) HC. HN (HO) CsHaAs = AsCsHs (OH) NH. CH < 
HOOC COOH 

from disodium arsphenamine and a.-bromobutyric acid like the previous 
compound, is a yellow powder soluble in methyl alcohol, dilute alkalis 
or acids but insoluble in water.672 
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4,1/ -Dihydroxyarsenobenzene-3,3' -diaminoisobutyric acid, 

(HaC)2 (CHa)2 

)C.HN(HO)CsHaAS = AsCsHa(OH)NH.C ( 

HOOC COOH 
resembles its isomer.612 The ethyl ester, prepared from ethyl bromoiso
butyrate, is a yellow powder soluble in 95% methyl alcohol, dilute 
sodium hydroxide or carbonate or ammonia, and insoluble in water, 
ether, dilute hydrochloric or sulfuric acid. It may be readily hydrolyzed 
to the corresponding isobutyric acid derivative by warming with con
centrated caustic potash in an atmosphere of nitrogen.672 

4,4' -Dihydroxyarsenobenzene-3,3' -diamino-n-valeric acid, 

H7Ca CaH 7 

",-. / 
/ HC. HN (HO) CoHaAs = AsC6H3 (OH) NH. CH "'-

HOOC COOH 
A yellow powder soluble in methyl alcohol, sodium hydroxide or car
bonate, slightly so in dilute hydrochloric or sulfuric acid, and insoluble 
in water or aqueous sodium bicarbonate.672 

The corresponding isovaleric acid derivative resembles its isomer 
except that it is more readily soluble in dilute mineral acids. 

4,4' -Dihydroxyarsenobenzene-3,3' -diamino-n-heptylic acid, 

HllC6 CSHll > HC.HN(HO)CsHaAs = AsCsHa(OH)NH.CH < 
HOOC COOH 

When the filtrate of the reaction mixture obtained by the usual pro
cedure from dis odium arsphenamine and a-bromoheptylic acid is diluted 
with three volumes of water, a brown resinous mass separates. From this 
the heptylic acid derivative is isolated by dissolving the dried product 
in 95% Il1ethyl alcohol and precipitating with absolute ether. It forms 
a yellow powder soluble in methyl alcohol, sodium hydroxide or car
bonate, insoluble in sodium bicarbonate, ether or dilute mineral acids.672 

4,1/ -Dihydroxyarsenobenzene-3,3' -diaminostearic acid, 

H 3aC16 C16H aa > HC.HN(HO)C6HaAs = AsC6Ha(OH)NH.CH < 
HOOC COOH 

obtained in small yield upon diluting the filtrate of the reaction mix
ture with water, exists as a yellow powder having the same solubilities 
as the preceding compound.672 
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Isomerides of Arsphenamine. 

4,1/ -Diarnino-2,2' -dihydroxyarsenobenzene, is ifolated as its dihydro
chloride upon reducing 4-amino-2-hydroxyphenylarsonic arid with stan
nous chloride and concentrated hydn)('hloric acid at - 5° in the pref3ence 
of glacial acetie acid and a "mall amount of hydriodic acid. The salt 
is a bright yellow powder readily Eoluble in water, from which sodium 
hydroxide liberates the free base as a yellow precipitate soluble in excess 
of the reagent. The sulfate i", sparingly soluble.G3

\) 

5,5' -Diarn1'no-2,2' -dihydroxyarsenobenzene, a yellow powder soluble 
in aqueous cam,tie alkalis or hydroehloric aeid, is formed by reducing 
the corref'ponding nitrohydroxyarsonic acid with sodium hydrosulfite. 
\Vhen oxidized together with p-xylenol by means of sodium hypochlorite 
in alkaline solution, it yields an intenEe cornflower-blue :"olution of the 
corresponding iodophenolarsonie aeid.'23 A eondcnsation product with 
sodium benzaldehydesulfonate results upon allowing the components 
to stand in slightly alkaline solution in the abEence of air, and precipitat
ing with alcohol.427 

2,2' -Diamino-3,3' -dihydroxyarscnobenzene, lustrous leaflets melting 
with decomposition at 205-8°, is obtained by reducing the correl'ponding 
nitrohydroxyarsonic acid with sodium hydrosulfite at ordinary tcmpera
ture.'04 

4,4' -Diamino-3,3' -d1'hydroxyarsenobenzene, may be obtained by re
ducing 4-amino-3-hydroxyphenylarsonic acid with sodium hydrosulfite at 
60-65o.m Another method consists in diazotizing 3-nitro-4-aminophenyl
arEonic aeid, t.reating with sodium l\('etate to replace the nitro group by 
a hydroxyl, coupling with ~-naphthol in alkaline solution, dissoh'ing the 
resulting dye, H"03A~.C6R,(OHJ.N = N.C10H,;.OH, in water contain
ing sodium hydroxide and acetate, and finally warming with sodium 
hydrosulfite at 35-8° until complete decolorization occurs. The solution 
iE now cooled to 10°, the precipitated l-amino-2-naphthol filtered off, 
the remainder precipitated from the filtrate by I'nturating with carbon 
dioxide, and the final filtrate warmed for two hours at 65-70°, when 
the above arscno compound gradually separates out.'",; 

The product is a yellow, readily oxidizable powder, scarcely soluble 
in water, but easily ~o in dilute alkalis or mineral acids. The dihydro
ehloride, prepared b~' dis~oh'illg the base in alcoholic hydrochloric acid 
and precipitating with ether ill the absence of air, is a pale yellow powder 
caEily soluble in water, the free base being reprecipitated by the addi
tion of sodium carbonate or acetate. It diazotizes to an intensely 
yellow colored diazo compound yielding a Eplendid blue azo color when 
coupled with l-amino-8-hydroxynaphtha1ene-4-sulfonic acid in alkaline 
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solution. The sparingly soluble sulfate, [HZS04 • H2N. CeH3 (OH) As = h 
is prepared by adding sulfuric acid or an alkali sulfate to a solution of 
the dihydrochloride. 

2,2' or 6,6' -Diarnino-5,5' or 3,3' -dihydroxyarsenobenzene IS similarly 
prepared.'27 

Homologues of Arsphenamine. 

3,3' -Diarnino-4,4' -dihydroxy-5,5' -dimethylarscnobenzene, 

H2N NH? "'- / -
OH - CGH2As = AsCeHz - OH 

/ "'-H 3C CHa 

prepared by reducing the corresponding nitro arsonic acid with sodium 
hydrosulfite, is a pale yellow po\nler melting at 165-7° with decomposi
tion, easily soluble in alkalis or dilute hydrochloric acid, but only 
sparingly in water or organic solvrnts. Its dihydrochloride, a pale yellow 
powder containing two molecule~ of water, is readily soluble in water 
or methyl alcohol, less so III ethyl alcohol, and practically insoluble 
in ether or acetone. 72

" 

3,3' -Diamino-4,4' -dihydroxy-U,6' -dimethylarsenobenzene IS similarly 
prepared. 720 

3,3' -Diamino-4,4' -dihydroxy-a-arscnonaphthalene dihydrochloride, 

Hel. H,N NH,. HCI -> C1oHoAs = AsC1oH 5 < -
HO OH 

is a brownish-yellow, insoluble powder obtained by reducing the corre
sponding nitro arsonic acid with stannous chloride and hydrochloric acid 
in methyl alcollolic solution. 5

!)O 

5,5' -Diamino-4,4' -dihydroxy-1,1' -arseno-2,2' -stilbene, 

As As 
A A 

( "ICH~HC ( I 
H2N",- / "'- / NHz• 

V "'-/ 
OH OH 
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Obtained by reducing the corresponding dinitrodihydroxystilbenedi
arsonic acid with either sodium hydrosulfite in alkaline solution, or with 
stannous chloride and hydrochloric acid containing a slight amount of 
potassium iodide. It is a yellowish-brown powder readily soluble in 
caustic soda but insoluble in acids.730 

B. Secondary Derivatives. 

1. Diaryl Arsines, RzAsH.-The fact that, up to the present time, 
diphenylarsine is the only known member of this class of arsenicals may 
probably be accounted for by the many difficulties involved in their 
preparation, purification and preservation. 

Diphenylarsine, (COH5) zAsH.-Diphenylarsinic acid is mixed with 
an excess of amalgtlmated zinc dust covered with a layer of ether, and 
reduced by the gradual addition of concentrated hydrochloric acid 
accompanied by vigorous agitation. When the reaction is completed, 
the ethereal solution is dried over fused calcium chloride and distilled 
in an atmosphere of carbon dioxide. Throughout the process it is very 
essential that air or moisture be excluded. 

The product is a' clear, colorless oil boiling at 174 0 /25 mm., and 
possessing an odor resembling that of phenylarsine, but less pleasant. 
Its concentrated vapor produces catarrhal symptoms and sneezing. It 
is soluble in alcohol, ether or other organic 801vents but insoluble in 
water. When exposed to the air the arsine is instantly oxidized to a 
white, or faintly yellow, hard mass consisting of diphenylarsinic acid 
and some diphenylarsineoxide. With bromine or iodine it yields the 
corresponding halogenated dipheny larsine: 43 

(CeH5)zAsH + Xz ____" (CeH5)2AsX + HX. 

When heated for three hours at 295 0 it decomposes according to the 
equations: 

j6(CeH5)zAsH -~ 4(C6H5)3As + 2As + 3Hz 
l2(CeH5)3As -~ 3C12H10 + 2As.262 ' 

2. Secondary Halogenated, Cyano and Thiocyano Arsines, R 2AsX, 
RzAsCN, R2AsCNS.-The secondary aromatic halogenated arsines are 
of particular importance because they serve as the stnrting materials 
for the preparation of many other arsenicals ns, for example, diaryl 
arsineoxides, -arsinic acids, -cyanoarsines, esters of diarylarsenious acids 
or diarylarsinetrihalides. During the recent war diphcnylchloro- and 
cyanoarsines were manufactured on a large scale for military purposes. 
The English method of preparing the chI oro compound depended upon 
the interaction of diphenylamine and arsenic trichloride, while accord
ing to the German procedure aniline was converted into benzene dia-
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zoniurn ehloride, the latter condensed with sodium arsenite to disodium 
phenylarsonate, which in turn was reduced to phenyl arsenious acid by 
means of sodium sulfite. By condensing this arsenious acid with benzene 
diazonium chloride, diphenylarsinic acid was obtained, which on reduc
tion with sulfur dioxide in hydrochloric acid solution yielded diphenyl
chloroarsine. 

In addition to the aboi'e methods, the purely aromatic or aromatic
aliphatic secondary halogenated arsines may be obtained: 

1. On heating triarylarsine dihalides at 160-200°, or by distilling 
under reduced pressure: 

RaAsX2 ~ R2AsX + RX. 

If the tertiary ar::;inedihalide contains one aryl and two alkyl radicals 
there is formed all aromatic-aliphatic halogenated arsine together with 
one moleeule of alkyl halide. 

2. From secondary arsineoxides by heating with concentrated haloid 
acids: 

[H2AshO+2HX ~ 2RzAsX+ HzO. 

3. By heating aryl dihalogenated arsines \vith mercury diary Is: 

2RAsXz + Hg H' z ~ 2RR' AsX + HgXz• 

4. \Vhen tetranryldiarsines are treated with halogens 111 the pres
ence of a solvent such as benzene: 

R2As - AsRz + X 2 -----? 2RzAsX. 

5. From triary!arsines and arsenic trihalides at high temperatures: 

2RJAs + AsX3 ~ 3RzAsX. 

In this method a dihalogellatell arsine is also obtained, a portion of 
which may react with the tertiary arsine to form the secondary Com
pound: 

H3As + HAsX2 ~ 2R2AsX. 

6. When arylmagnesium halides react with arsenic trihalides aCcord
ing to the equation: 

2RMgX + AsX3 --? R 2AsX + 2MgX2 • 

7. By the interaetioll of iodine with secondary arsines: 

H 2AsH + 12 --? R2AsI + HI. 

8. Upon reducing arsinie acids with concentrated hydriodic acid and 
red phosphorus. 

9. For the preparation of, aromatic-aliphatic halogenated arsines 
aryl arsineoxides nrc treated with alky I halides in alcoholic sOdiu~ 
hydroxide solution, acidified, pota~"ium iodide added, and the Whole 
saturated with sulfur dioxide. 
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The unsubstituted halogenated compounds are practically all color
less or yellow, transparent, oily liquids which are very irritating to the 
nasal mucous membrane. They are generally insoluble in water, soluble 
in organic solvents, and are converted into the corresponding arsineoxides 
by means of alkalis-yery slowly in aqueous solution but much 
more rapidly in alcoholic medium. With halogens they combine to form 
the corresponding diarylarsinetrihalides. When heated with alkyl iodides 
in a sealed tube, dialkyldiarylarsonium triiodides are produced: 

R~AsX + 2R'X --- R2R'zAsX3 • 

They react with sodium alkoxides forming arylalkoxyhalogenated 
arsines: 

R 2 AsX + NaOR' -~ R(R'O)AsX (R = an aryl and R' an 
alkyl radical). 

The nuclear substituted halogenated arsines are crystalline solids 
possessing the same general properties as the unsubstituted derivatives, 
except that they react more readily with aqueous alkalis, forming either 
the arsineoxide or the alkali salt of diarylarsenious acid: 

2RzAsX + NazCOs -~ (R2 As)20 + 2NaX + CO2 

R 2AsX + 2NaOH ___ RzAsONa + NaX + H 20. 

The secondary aromatic cyano- and thiocyanoarsines are closely 
related to the halogenated arsines, from which they can be readily 
obtained by treatment with alkali cyanides and thiocyanides respectively. 
Mixed aliphatic-aromatic cyanoarsines may also be prepared by decom
posing aryldialkylarsine cyanobromides, the smallest alkyl group 
splitting off with the halogen, e. g., 

(CoHo) (CHs) (CzHr,)As.CN .Br -~ (CoHo) (CzH:;)As.CN + CHsBr. 

Both the cynno- and thiocyano- compounds arc characterized by the 
readiness with which the -CN and -CNS radicals may be eliminated by 
the action of water. 

Phenylmethylchloroarsinc, (CeH,,) (CH3 ) AsCI, is prepared by heating 
phenyldimethylarsine dichloride in an oil-bath at 180° for one-half 
hour,,31 or from phenylmethyliodoarsine by treating with a calculated 
amount of cau~tic soda, and shaking the resulting art'lineoxide repeatedly 
with small quantities of concentrated hydrochloric acid.732 It is a pale 
yellow liquid resembling phenyldiehloroarsine both in appearance and 
physiological properties, and boiling at 229-32°, 113.5°/14 mm. When 
heated with methyl iodide in a sealed tube at 100° for two hours, it 
forms phenyltrimethylarsonium triiodide. 733 
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Phenylmethylbromoarsinc, similarly prepared from phenyldimethyl
arsine dibromide, is a colorless liquid, b. p. 250 0

.734 

Phcnylmcthyliodoarsine.-Upon the addition of methyl iodide to a 
well-rooled solution of phenylarsincoxide in akollOlie sodium hydroxide, 
a vigorous readion occurs, which is allowed to proceed to completion 
over night. The reaction mixture is then acidified, the alcohol removed 
by distillation, potassium iodide added, and the whole saturated with 
sulfur dioxide, when the iodoarsine separates as a dark oil which is 
purified by drying over calcium chloride and subsequently distilling.732 
Another method of preparation consists in adding methyl iodide to a 
solution of phenyldichloroarsine in alcoholic sodium hydroxide and per
mitting the reaction to continue for 24 hours. The product is then 
neutralized with hydrochloric acid, filtered to remove any sodium 
chloride, and the alcohol in the filtrate distilled off. Finally, the residue 
is dissolved in water, acidified with hydrochloric acid and saturated with 
sulfur dioxide.265 It may also be obtained by gradually adding phenyl
methylchloroarsine to a solution of sodium iodide in dry acetone.733 

The compound is a golden-yellow, oily liquid, b. p. 138-40°/12 mm., 
143-4 ° /17-8 mm.; soluble in organic solvents but not in water. Heated 
with methyl iodide in a sealed tube at 100° for two hours, it forms 
phenyltrimethylarsonium triiodide. 

Phenylethylchloroarsine, (C6HS) (C 2H G) AsCI, prepared from phenyl
diethylarsine dichloride by heating at 160-80° for twenty minutes in an 
open flask, is a colorless, highly refractiYe liquid, b. p. 249° with decom
position. ,35 

The corresponding bromoaTsine is obtained when phenyldiethylarsine 
dibromide is heated at 200 0 in a current of carbon dioxide. It is a 
practically colorless liquid which upon distillation under atmospheric 
pressure decomposes to a black tar.'35 

Phenylethoxychloroarsine, (C6HS) (C2H GO)AsCl.-Sodium ethoxide is 
. gradually added to pheny Idichloroarsine, and the mixture heated on the 
water-bath for two and one-half hours: 

CeH5AsC12 + NaOC2 H5 ---? (CeHG) (C2 H 50)AsCl + NaCl. 

The product is a colorless oil boiling at 125-6 0 /12 mill., and gradually 
hydrolyzing in water to a white solid ,vhich crystallizes from petroleum 
in needles, m. p. 127-30 0

• It is interesting to note that this product has 
a higher melting point than that ascribed to phenylarsineoxide. 736 

Diphenylchloroarsine, (CeH,) eAsCl.-Mercury diphenyl is heated 
with an excess of phenyldiehloroarsine in a reflux apparatus on a sand 
bath at 320 0 for 5-10 minutes, and the resulting dark liquid decanted 
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and fractionated. The fradion boiling above 300 0 is maintained in a 
current of carbon dioxide at a temperature slightly below its boiling 
point for some time to insure the complete removal of any unchanged 
phenyldiehloroarsine. The greater part of the remaining liquid distills 
over at 333 0 and con~isb of pure diphenylchloroarsine.m . ~3S The same 
product results upon eonl'erting triphenylarsine into its dichloride, dis
tilling under 13-14 mm. pressure, and separating the diphenylchloroarsine 
and ('hlorobenzene by fradionation.'3\l It is also obtained, together 
with phenyldichloroarsine, by heating triphenylarsine with arsenic tri
chloride at temperatures ranging between 250 and 350 0 under atIll()~
pheric pressure: 140, 741 

f (C6H 5 )aAs + 2AsCI3 --') 3C6H5AsCl 2 

- 2(CGH5)3As + A"CI" ~--7 3(C\;l-IJ2AsCl 
lCGHj'u;Clc + (C"Hj);A,~ ---~ 2 (C6H")2AsCl. 

Other methods consist ill grudually ~ldd iug pheny llllagnesiulll bromid\' 
to a large ex~css of arsenic trichloride ill tIll' pre:oen('e of ether,742 or in 
treating dipheny larsineoxide with hydrochloric a~id.""' 744 

The following procedure for large scalc production was developed 
in Germany during the recent war. Aniline is dissolnd in the requisite 
amount of hydrochloric acid, diazotized with sodium nitrite at 0-5 0

, and 
the resulting benzene diazonium chloride eonnrted into dis odium pheny 1-
arsonate by condensation with sodium arsenite: 

CaH5N2CI + Na3As03 --') C6H5A:;03Nu2 + NaCl + N 2 • 

This is first transformed into the free ar:sonic acid Ly neutl'~dization 
with hydrochloric acid, and then reduced to pll\'llyldih.rdroxyar~ille 
(phenylarsenious acid) by means of sodium sulfite: 

C6H5As03Hz + N11 2803 ___,. C6H GAslOH)2 + Na 2SO j • 

After dissolving in caustic soda, the dihydroxyarsine i" condeu::ied with 
benzene diazonium chloride to form the sodium salt of diphenyiarsinit: 
acid, which is then neutralized with hydrochloric acid, yicldin;!; the free 
arsinic acid: 

By dissolving in three volumes of hydrochloric aeid and introducing an 
excess of sulfur dioxide, the diphenyl::usinic acid is connrted into the 
chloroarHine, with the intermediate formation of' the arsineoxide: 

12 (c.J-U cAsO .OH + 2802 + H 20 --') [(CcR) cAs LO + 2H2SO •. 
-\ llC"HJ2.-\:-;LO + 2HCl --') 2lC"H;')2AsCl + H/). 

The oily prodmt is finally heated under reduced prC8~ure to remove 
moi::::ture and hydrochloric acid.H5 
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The English method of preparation originally consisted in heating 
diphenylamine with arsenic trichloride, but this procedure was subse
quently improved so thflt arsenic trioxide could be employed instead of 
the trichloride. Fused diphenYlamine is first converted into the hydro
chloride by henting with 1.1 ~oles of hydrochloric Rcid (d, 1.18) with 
continuous agitation until the water has been almost entirely eliminated, 
and the residual ""hite powder dried at 50-60° and fused with arsenic 
trioxide, while stirring continuously. When fusion is complete, the heat
ing and stirring are continued for four more hours, during which time 
the temperature gradually rises to 200°. The reaction is regarded as 
completed when the evolution of water vapor ceases.H6 

Diphenylchloroarsine is a pale yellow, oily liquid, b. p. 333° in a 
current of carbon dioxide, 230°/13-14 mm.; d, 1.42231/15°; does not 
fume in air, and has a faint odor at ordinary temperature which becomes 
very irritating when heated. According to Norris, however, it has a 
disagreeable odor, causing sneezing and temporary illness. 745 It is solu
ble in absolute alcohol, ether or benzene, difficultly in aqueous caustic 
alkalis and insoluble in water, ammonia or sodium carbonate solution. 
With chlorine or bromine it combines additively, forming the corre
sponding diphenylarsinetrihalides, while continued boiling with concen
trated nitric acid oxidizes it to diphenylarsinic acid. Heated with 
methyl iodide in a sealed tube at 100° for three hours, the chloroarsine 
yields diphenyldimethylarsonium triiodide and diphenyliodoarsine.141 

Diphenylbromoarsine is made from the corresponding arsineoxide by 
heating with fuming hydrobromic acid in a sealed tube,74s. 749. 100 or by 
heating triphenylarsine with arsenic tribromide at 300-50° for three 
hours.74~ According to LaCoste and Michaelis it is a yellow, oily liquid 
boiling at 356 0

, but both Pope and Steinkopf claim it to be a practically 
colorless crystalline solid melting at 54-6°. Heated with methyl iodide 
for six hours at 100° it yields methyl bromide, diphenyliodoarsine and 
dipheny Idimethy larsonium triiodicie. 

Diphenyliodoarsine was first obtained as a deep red olive by Dehn,751 
who heated diphcnylarsine in a sealed tube with slightly less than two 
moles of iodine in ethereal solution. More recently it has been pre
pared, by heating diphenylarsineoxide with fuming hydriodic acid in a 
sealed tube for two hours at 100 0

; also from triphenylarsine by heating 
with arsenic triiodide at 350-60° for six hourS.749 Another method con
sists in adding diphenylchloroar::;ine to an anhydrous acetone solution 
of sodium iodide, allowing to stand for 24 hours, filtering off the sodium 
chloride, and remoying the solvent from the filtrate by evaporation. 
The residual oil is taken up with ether, filtered, the solvent evaporated 
off from the filtrate, and crystallization effected by adding a few crystals 
of pure dipheny liodoarsine.750 
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According to Pope 749 the compound crystallizes from benzene in 
yellow crystalline scales, m. p. 45-6°; b. p. 204-18°/18 mm., while 
Steinkopf's product 750 crystallizes from absolute alcohol in lustrous, 
yellow, transparent, hexagonal crystals, m. p. 40.5°; readily soluble in 
ether, acetone, benzene, chloroform, carbon bisulfide or carbon tetra
chloride and insoluble in water. Heated with methyl iodide in a sealed 
tube at 100° for five hours, it forms diphenyldimethylarsonium triiodide. 

Phenyl-p-tolylchloroarsine, (CSH5) [CSH4 (CHg ) ] AsCl.-On boiling a 
mixture of 30 g. of mercury-di-p-tolyl and 180 g. of phenyldichloroarsine 
for five hours, cooling and mixing the decanted, supernatant liquid with 
anhydrous petroleum ether, there occurs a separation of mercury-p
tolyl-chloride as a dark brown oil which subsequently solidifies. This 
is filtered off, the filtrate first warmed on a steam-bath to remove 
petroleum ether, and then subjected to fractional distillatIon in a current 
of carbon dioxide, the unchanged phenyldichloroarsine distilling over up 
to 300°. In order to prevent decomposition, the secondary chloroarsine 
is then obtained by continuing the distillation under reduced pressure
at 29 mm. it distills between 215 and 237°, at 50 mm. between 215 and 
240°. It is a colorless, oily, non-fuming liquid unaffected by moisture. 
With chlorine it forms the corresponding arsinetrichloride; with alcoholic 
potash, the arsineoxide.752 

Di- (p-tolyl) chloroarsine, (CHa. CSH4) ~AsCI, is made by boiling 
mercurydi-p-tolyl with 3-4 parts of 4-methylphenyldichloroarsine in a 
reflux apparatus/53 or by distilling tri-p-tolylarsine dichloride under 
reduced pressure.754 According to Michaelis the product consists of 
colorless crystals, m. p. 45°; b. p. 340-5°, while according to LaCoste 
it is a pale yellow oil which cannot be crystallized. With dry chlorine 
it forms the arsinetrichloride. 

Di-a.-naphthylchloroarsine, (C1oH 7 ) eAsCI, is obtained ·by gradually 
adding a.-naphthylmagnesium bromide to a large excess of arsenic tri
chloride in the presence of ether.742 

Di (3-nitropheny l) chloroarsine, (02N. CSH4) zAsCl.-Chlorine is intro
duced into a suspension of tetra (3-nitrophenyl) diarsine in benzene until 
complete solution results, and the unstable di (nitrophenyl) arsinetrichlo
ride thus obtained converted into the chloroarsine by mixing with an 
excess of the above diarsine! It forms pale yellow needles, m. p. 112°; 
readily soluble in benzene or chloroform, sparingly in ether, and yields 
the corresponding hydroxy arsine on boiling with water. The chloro
arsine readily dissolves in alkalis, excepting ammonia, forming salts of 
di (nitropheny 1) arsenious acid.743 
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Di(3-nitrophcnyl) bromoarsine, prepared like the chloro compound, 
consists of colorless transparent leafiets, m. p. 93°. With bromine in 
benzene solution it forms the corresponding arsinetribromide.743 

D i (3-aminophcn y I) chloroarsinc hydrochloride, 

[ (HCI. H2N) C6H.] "AsCI. 

Obtained from the corresponding arsine oxide by treatment with con
centrated hydrochloric acid. It forms colorless needles extremely soluble 
in water, and is converted into the arsineoxide by means of sodium car
bonate. 755 

D£ (4-methoxyphenyl) chloroarsine, [Di-p-anisylchloroarsine J, 
(CHgO. C6H')2AsCl, 

from the corresponding arsineoxide by treating with concentrated hydro
chloric acid, crystallizes from ether in pale yellow needles, m. p. 79-80°; 
readily soluble in ether, less so in alcohol. It is converted into the 
arsineoxide by caustic soda.756 

The corresponding iodoarsine 756 is a heavy red oil obtained by 
warming tri-p-anisylarsine with hydriodic acid (d, 1.56): 

(CHsO.CoH4)sAs + HI ---7 (CHsO.CoH4)2AsI + C6H 5 .OCHa• 

Di (4-carboxyphenyl) iodoarsine [Di-p-benzarsenious iodide], 

(HOOC. COH4) 2AsI, 

prepared by heating the corresponding arsinic acid with concentrated 
hydriodic acid and red phosphorus, is a yellowish-white, ill-defined 
crystalline mass melting above 280°; soluble in alcohol, ether or chloro
form. When boiled with water it decomposes yielding hydriodic acid. 757 

Di (3-amino-4-hydroxyphcnyl) chloroarsine hydrochloride, 

[(HCI.II2K) (HO)C6H s ]2AsCI. 

Di (3-nitro-4-hydroxypheny I) arsinic acid is dissoh"ed in dilute caustic 
30da, reduced with sodium hydrosulfite at 60° in an atmosphere of 
Jarbon dioxide, and the resulting gray powder dissolycd in methyl 
1lcohol-hydrochloric acid, filtered and finally reprecipitated with con
Jentrated hydrochloric acid. The abon salt forms lustrous leaflets, 
ffi. p. 215°; readily soluble in water or methyl alcohol, sparingly in 
Joneentrated hydrochloric acid.758 

COR5 
Phenylchloroarsinoacctic acid, )AsCl, IS made by dis-

ROOCCR2 

,olving phenylarsinoacetic acid in concentrated hydrochloric acid, adding 
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a few crystals of potassium iodide and saturating with sulfur dioxide. 
It crystallizes in plates melting at 102-3°, and yields phenyldichloro
arsine with phosphorus pentachloride in chloroform solution. The cor
responding bromo compound, similarly prepared by employing hydro
bromic acid, melts at 113_14 0

•
759 

CaH5 

Phenylbromoarsinoacetanilide, )AsBr, 1S prepared 

CaH5NH. COCH2 

from pheny lursinoacetanilide like the preceding compound. After recrys
tallization from methyl alcohol it melts at 108-10 0 

.'GO 

Phenylethylcyanoarsine, (CoHo) (C2H5)As. CN, results upon heating 
phenylmethylethylarsine with cyanogen bromide. The corresponding 
arsine cyanobromide forms at first, but is immediately decomposed into 
methyl bromide and the above cyanoarsine, b. p. 148-50 0 /23 mm.'"1 

Phenyl-n-propylcyanoarsine, similarly prepared from phellylmethyl
n-propylarsine, boils at 150-55°/20 mm.'":) 

Diphenylcyanoarsine, (CaH5) 2As. CN, was manufactured on a large 
scale in Germany by vigorously 'stirring dephenylchloroarsine with a 
saturated aqueous solution of sodium or potassium cyanide at 60 0

: 763 

(CaH5)2AsCI + NaCN ~ (CaH5)2As.CN + NaCl. 

It· may also be obtained from diphenylarsineoxide by treating with 
anhydrous hydrocyanic acid either at ordinary temperature,'30 or by 
heating in a sealed tube at 100 0 for two hours; 764 or by allowing it to 
react with 90 per cent hydrocyanic acid for 24 hours. 70S 

[(CaH5)2As]20 + 2HCN -~ 2(CoH5)2As.CN + H20. 

Other methods consist in heating diphenylethoxyarsine in a current 
of dry hydrocyanic acid at 140 0 for three hours; 7:lG heating diphenyl
chloroarsine with an excess of freshly prepared, dry silver cyanide at 
150-600 for three hours: 

(CaH5)2AsCI + AgCi\' -~ (CGHJ2As.CN + AgCI; 

heating diphenylarsinesulfide with mercurie cyanide at 160-200° or with 
silver cyanide at 1600

: 

[(CaH 5)zAshS + JHg(CN)2 -~ 2(C6Hs)2As.CN + J HgS 
12AgCN I Ag2S, 

or reacting tetraphenyldiarsine with mercuric cyanide at 250 0
: 765 

(CaHs)2As-AS(CaH5)2 + Hg(CN)2 --~ 2(CaH5)2As.CN + Hg. 
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The eyanoar"ine ('f~Aallizr" in :tlm(l~t ('()l(lrlr~" plair", Ill. p. 35° 
(Sturi:liolo). 30-40 (Md(cnzie). 28-300 (::'.lorgan). 31.5 ° (Steinkopf); 
b. p. 200-1°/13.5 mIll. (Steinkopi), 213°/21 mm. (McKenzie). It pos
sesses an odor resembling both garlic and bitter almond!', and is very 
irritating to the nasal mucous mrmbrane, inducing sneezing. Moist air 
attacks it liberating hydrocyanic acid. It is conyerted into the corre
sponding arsineoxide by distilling either in a current of steam or under 
reduced pressure (100 mm.), by heating with water, or by treating with 
caustic alkalis. Heating with concentrated nitric acid on a water-bath, 
or treatment at ordinary temperature with either hydrogen peroxide 
(2 per cent) or bromine water, causes oxidation of the cyanoarsine to 
dipheny larsinic acid. 7CG On passing chlorine into a benzene solution of 
the cY:llloarsine, a solid, probably [(C6Ho) "AsCI2 ] "0, is obtained which 
fumes in air, melts indefinitely at about 115°, and dissolves in boiling 
water, yielding needles of diphenylarsinic acid upon cooling. From the 
filtrate of the aboye oxychloride a crystalline deposit of diphenylcyano
arsine dichloride, (C6H")2As.CN.CI2 , m. p. 130-3°, is gradually formed. 
When heated with methyl iodide in a sealed tube at 100 0 for six hours 
the cyanoarsine yields diphenyldimethylarsonium iodide and -triiodide, 
together with a very slight amount of an unidentified compound melting 
at 160-8°. 

Diphcnylarsinoformamide, (CGHo) 2As. CONHc , is precipitated upon 
thoroughly shaking diphenyleyanoarsine with dilute hydrogen peroxide, 
rendering alkaline and gently warming: 

By diazotizing in dilute sulfuric acid and warming the resulting solution, 
it is connrted into diphenylarsinoformic acid, (C6H3)2As.COOH: 

The latter may be also obtained directly from diphenylcyanoarsine 
by boiling for 12 hours with 1: 1 sulfuric acid, cooling and isolating 
through the barium salt.m 

Diphenylthiocyanoarsine, (CeHc,) 2As. CNS. - The corresponding 
chloroarsine is allowed to react with sodium thiocyanate in acetone solu
tion for about thirty minutes and then worked up like cacodyl thio
cyanate. It is a liquid with a hint brown color, probably due to slight 
decomposition; b. p. 230-3 0 /22-3 mm.; miscible in all proportions with 
benzene or acetone. 'Yater causes the elimination of the CNS radical, 
leaving an unidentified solid.731 By heating with methyl iodide in a 
sealed tube at 100° for six hours, the thiocyanoarsine yields diphenyl
dimethy larsonium triiodide and dipheny liodoarsine. 767 
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3. Diaryl Arsineoxides and Hydroxyarsincs (Diaryl AnwnioHs 
Acids), (RzAs)"O and R2AS.OH.-The compounds described in this 
chapter are more stable than the corresponding aliphatic derivatiycs 
due to the presence of the more negative aryl radicals. Although the 
unsubstituted hydroxyarsines, with the ('xception of the dibenzyl com
pound, can only be isolated in the form of esters, stable deri"ati';es may 
be obtained by introducing into the ring negative substituents, such as 
nitro or carboxyl groups. Both the arsineoxides and hydroxyarsincs arc 
generally crystalline compounds, with the exception of methylphcnyl
and phenyl-p-tolylarsineoxides, which are liquids. They are insoluble 
in water, and are converted into the corresponding monolmlogenated 
arsines by concentrated haloid acids. The oxides result from the inter
action of diaryl monohalogenatcd arsines and alkalis: 

2R2AsX + 2KOH ~ (R2As) 20 + 2KX + H 20 (X = a halogen atom). 

The hydroxyarsines may be obtained either by the same method accord
ing to the equation: 

RzAsX + KOH --.? RzAs.OH + KX (when R contains negntivc 
substituents), or by the mild reduction of the corresponding diaryl 
arsinic acids: 

Phenylrnethylarsineoxide, [(C6H 5 ) (CH3 )AsJ"0, results upon wnrm
ing the corresponding bromo arsine with potassium hydroxide in alcoholic 
solution. It is a practically colorless, strongly refractive oil, b. p. 94 ° /11 
mm.; soluble in alcohol and only very slightly so in water.76S 

DiphenyLarsineoxide, [(C6H5)2As]20.-Prepared by warming eli...; 
phenylchloroarsine with either alcoholic potash/59 or aqueous sodium 
hydroxide; 770 or from phenylmagnesium bromide and arsenic trioxide 
in ether medium.771 It crystallizes in warty aggregates melting at 91-2° 
(LaCoste), 89-910 (Pope), 92.5-93.5° (McKenzie), and volatilizing at 
higher temperatures with partial decomposition. It combines additively 
with chlorine, forming the corresponding oxychloride, while with phos
phorous acid in alcoholic solution it yields tetraphenyldiarsine.51l 

The ethyl ester of diphenylarsenious acid (Diphenylethoxyarsine) , 
(CoH5) 2As. OC2H,,) results upon heating diphenylchloroarsine with 
sodium ethoxide on a water-bath for one hour. Tao The phenyl ester 
(Diphenylphenoxyarsine) , (CoH" LAs. OC6H o) dBriycd from sodium 
phenolate and diphenylchloroareine in xylene solution, is a colorless 
liquid, sp. gr. 1.3113/11 0; b. p. 230-1 ° /15 mm. It cannot be solidified 
by freezing, and, unlike the isomeric triphenylarsineoxide, is completely 
hydrolyzed by boiling water. It combines additiyely with halogens 
alone, in marked contrast to the corresponding phosphorus compound, 
(CsH5) 2P, OCeRs , which unites with oxygen, sulfur, selenium or methyl 
iodide.772 The free acid is too unstable to be isolated. 
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Phenyl-p-tolylarsineoxide, [C6R5(C6R4.CRs)As]zO, is a pale yellow, 
syrupy liquid which cannot be solidified. With chlorine it forms the 
corresponding oxychloride.173 

Di-p-tolylarsineoxide, [( CcR •. CR3 ) 2As) 20 .-Color less silky needles 
from ether melting at 98°, and yielding tri-p-tolylarsine on heating. 7G3 

Dibenzyl hydroxyarsine or -arsenious acid, (06R5' ORe) zAs. OH, is 
obtained on warming benzylmagnesium bromide and arsenic trioxide in 
ethereal solution. It separates in the form of lustrous needles melting 
at 214° and practically insoluble in ether, but when recrystallized from 
alcohol it crystallizes in leaflets, m. p. 215-6° .774 

Di (3-nitrorphenyl) hydroxyarsine or -arsenious acid, 

(02N. C6R.) 2As. OR. 

White felted needles from alcohol, m. p. 149°; prepared from the cor
responding chloroarsine and alkali. The compound, which reduces silycr 
nitrate, is unaffected by heating at 110° for three hours, but is gradually 
decomposed with darkening at higher temperatures. Despite the stability 
of the free acid, its salts are very unstable. 775 

Di (4-nitrophenyl) arsenious acid results upon reducing the corre
sponding arsinic acid with hydriodic acid in glacial acetic acid solution. 
The product intumesces upon heating, is insoluble in water, alcohol or 
aqueous sodium carbonate, but readily dissolves in glacial acetic acid 
or caustic soda.776 

Di(3-aminophenyl)arsineoxidc, UHzN.06H4)2As]20, obtnined from 
the corresponding dinitroarsinic acid by reduction with powdered iron 
and a slight amount of ferric chloride in boiling water, is insoluble in 
alkali, and yields the dihydrochloride of the corresponding chI oro arsine 
with concentrated hydrochloric acid.755 

Di (4-methoxyphenyl) arsine oxide [Di-p-anisylarsineoxide] , 

[(CRsO .C6R')2As]20, 

has been indirectly obtained from tri-p-:lllisylarsine by warming with 
hydriodie acid, and heating the resulting mixture of di-p-anisyliodo
arsine and anisole with aqueous caustic soda. When recrystallized from 
alcohol or benzene the product melts at 130° .756 

Di (4-carboxyphenyl) hydroxyarsine [Di-p-benzarsenio118 acid], 

(HOOC. CuR4) 2As. OR, 

is a white crystalline precipitate obtained by dissolving the correspond
ing iodoarsine in aqueous sodium carbonate and precipitating with 
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hydrochloric acid. It is readily soluble in alcohol but sparingly III 

water or dilute mineral acids. Its calcium salt, 

HO .As[ (CaH4' COO) e] Ga. 2H20, 

is a white pulverulent precipitate.777 

4. Diaryl Arsinesulfides, (ReAs) eS.-Compounds of this type may 
be prepared: 

1. From diaryl monohalogenated ~1r"ines by treatment with sodium 
sulfide, hydrogen sulfide, or sodium h:-.odrosnlfidc, 

2R2AsX -+ H);; -~ I R .\~ I)~ -+ 2HX. 

2. By the action of hydro~cn Rulfid(, upon the corresponding ar~ille
oxide~, 

I 

3. B~o treating ar8ini(' :I('i(18 ,,,it}! ammonium ,mlfidc and sub~e-

quently acidifying, c. g., 

{ 

(OeN.C6Hl)eAsO.ONH.-+8(NHl)eS -~ (H)\.C6H4)2AsS.SNH4-+ 
GH20 -+ 68 -+ 16:i'\H, 

2 (HeN. C 6 H.) cAsS. SNH4 -+ 2RCI -~ r (HeN. CGR 4 ) 2 As 128 -+ 
L 2KH4Cl -+ ReS -+ B2 • 

4. From tctraaryldiarsiues by cumbining with I'ulfur, 

ReAs - AsRe -+ S -~ (R2As) eS. 

With the exception of the oily phenyl-p-tolyl compound, they are 
generally cry0 8talline f'oli(b wllieh nre d('('omposco. by concentrated haloid 
acids, yielding the corresponding mOllohalogenated arsine3 and hydrogen 
sulfide. 

Diphenylarsincslllfi.dc, [( CcH,,) eAs] );;.-Obtained by passing hydro
gen sulfide through an alcoholic 30lution of diphenylarsineoxide or 

" -chloroarsine; 775 also by treating the latter with either sodium sulfide 778 

or sodium hydrosulfide."" It crystallize" from alcohol in colorless, silky 
needles, m. p. 64-7°; eai'ily soluble in benzene, chloroform or carbon 
bisulfide, less so in nleoltol, ether or glacial acetic acid and insoluble in 
alkalis or alkali monosulfides. 'Vith concentrated hydrochloric acid 
diphcnylrhloroarsine nlld h~'drogeJl sulfide arc obtained. 

Phenyl-p-tolylal'sincsulfirle, [CcHJ(CR3,C6H..)As]~8, IS a viscid oil 
whieh cannot be solidified. 7so 

Di(3-nitrophenyl) arsincsulfide, [(02N. CeR4) ~As 12S.-Warty aggre
gates of yellow needles, Ill. p. 156 0

; obtained by boiling an excess of 
tetra (3-nitrophenyl) diarsine with a benzene solution of sulfur.781 
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Di (3-aminophenyl) arsinesulfide, [(HzN. CSH4) zAs J zS.-Obtained by 
passing hydrogen sulfide through a strongly ammoniacal .solution of 
di (3-nitrophenyl) arsinir acid, and subsequrntly acidifying with hydro
chloric acid. After filtering and rendering ammoniacal, the sulfide 
separates as a white precipitate melting at 110° and forming soluble 
salts with acids. 'With bromine it forms bis (di- or tribromoamino
phenyl) arsinic acid, depending upon the temperature. The sulfate, 
[ (H2N. CSH4) As] zS. 2HzS04 , crystallizes in sIlow-white leaflets. 781 

Di(3-acetylaminophenyl) arsinesulfide, [(CH3 COHN. CsH.) zAs J2S, is 
prepared by acetylating the preceding compound. It melts at 175 0

, i~ 
readily soluble in alcohol and insoluble in ether.7H 

Tetraphenyldiars1'ned-isu/fide, [ (CsHJ zAs LSz, is obtained from 
diphenylnrsinie :I<'id either by saturating its ammoniacal solution with 
hydrogen sulfide and acidifying with hydrochloric acid, or by treating 
its glacial acetic acid l'olution with hydrogen sulfide.'"Z It crystallizes 
from alcohol in white leaflets sintering at 000, melting at 110 0

, and dis
solving readily in yellow ammonium suWde with tile probable formation 
of ammonium di]lhen~·lthioarsinate. Its behavior with organic solvents 
is similar to that of diphenylarsinesulfide. 

Tetra (3-nitrophenyl) diarsinetrisulfide, [ (02N. CSH4) 2As] 2S3' is a 
yellow powder, m. p. 69 0

; obtained by boiling a suspension of the tetra
(nitrophenyl) diarsine in benzene with an excess of sulfur. 752 

5. Aromatic Cacodyls, R 2As - AsR2.-The derivatives of this group 
are less reactive than the corresponding members of the aliphatic series, 
and are chiefly prepared by reducing secondary aromatic arsineoxides 
or arsinic acids with phosphorous or hypo phosphorous acid: 

(R2As)20 + H SP03 ~ R 2As-AsR2 + H 3P04 

2R2AsO. OH + 3H3P03 -~ RzAs - AsR2 + 3H3P04 + H 20. 

The products are generally crystalline substances either sparingly 
soluble or entirely insoluble in the usual organic solvents. They form 
the corresponding arsineoxides with oxygen, diarylarsinetrihalides with 
halogens, and arsonium compounds with alkyl halides under pressure 
in an atmosphere of carbon dioxide. 

Symm. Diphenyldimethyldiarsine (Symm. Phenylmethylcacodyl) , 

CHa CHa 

'" / /As-As", 

CaH5 C6H 5 

Upon refluxing an absolute alcoholic solution of phenylmethylarsineoxide 
with crystallized phosphorous acid, the diarsine separates as an oil which 
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soon solidifies to crystals stable in air and melting at 70°. With methyl 
iodide or bromide in a sealed tube filled with carbon dioxide it forms the 
corresponding pheny ltrimethy larsonium halide. 783 

Tetraphenyldiarsine (Phenylcacodyl) , (C6H 5 ) zAs - As (C6H 5 ) z, 1S 

prepared by refluxing alcoholic diphenylarsineoxide with an excess of 
phosphorous acid; 511, 783 by heating alcoholic diphenylarsinic acid with 
a large excess of the same reducing agent in a sealed tube for ten hours 
at 100°; 744 or by stirring diphenylchloroarsine with phosphorous acid 
at 100°.778 It forms either a white, crystalline mass or elongated needles, 
m. p. 135 0

; slightly soluble in alcohol, less so in ether, and rapidly oxidiz
ing in air either to the anhydride of diphenylarsinic acid, (CSH5) 4As20J, 
or diphenylarsineoxide. With chlorine the diarsine forms diphenylar
sinetrichloride; with methyl iodide in a sealed tube filled with carbon 
dioxide, diphenyldimethylarsonium iodide Hnd diphenyliodoarsine are 
obtained, while upon dry distillation it decomposes into triphenylarsine 
and free arsenic: 

3(C6H5)4Asz ~ 4(CoH5)3As + As2 • 

Tetra (3-nitrophenyl) diarsine, (O"NCoH4) zAs - As (COH 4N02 )z, results 
upon reducing di (3-nitrophenyl) arsinic acid with a slight excess of phos
phorous acid in boiling glacial acetic acid, and separates in glistening 
leaflets melting at 200° and intumescing at higher temperatures. It is 
insoluble in the ordinary solvents; combines readily with chlorine bro
mine or sulfur, and on boiling with a large excess of the latter in benzene 
medium, is converted into tetra (3-nitrophenyl) diarsinetrisulfide,784 

Tetra (3-aminophenyl) diarsine, (H2N. C6H 4 ) zAs - As (CSH4. NH2 ) 2, 

is derived from the corresponding dinitroarsinic acid either by reduction 
with tin and hydrochloric acid at 60°,785 or with phosphorous acid in 
boiling glacial acetic acid solution.78B In the latter method the above 
diarsine is obtained as the acetate together with the corresponding tetra
acetyl derivative, separation being effected by pouring the cold reaction 
mixture into water, filtering off the insoluble yellow acetyl compound, 
and neutralizing the filtrate with dilute caustic soda, whereupon the 
free diarsine separates as white flakes which readily turn gray. It can
not be obtained crystalline. 

The tetraacetyl derivative, 

is more stable than the corresponding amino compound, and can be pre
cipitated from glacial acetic acid or alcoholic solution by the addition 
of water, forming a white powder, m. p. 162 0

•
786 
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Di (3-amino-4-hydroxypheny l) dirnethy ldiarsine, 

CHa-As As-CH3 

A A 
/ '" / '" 

HJ, j l /NH,. 
V V 
OH OH 

When 3-amino-4-hydroxyphenylmethylarsinic acid, 

CHa 
>AsO.OH 

(H2N) (OH)C6H g 
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is treated with hypophosphorous acid (d, 1.136) containing a little hydri
odic ficid (d, 1.7), the difirsine separ:1tes as a hypophosphite which upon 
drying forms white crystals readily soluble in aqueous caustic alkalis 
or mineral acids, and insoluble in aqueous sodium carbonate. It yields 
a yellow diazo solution with sodium nitmte, reduces both Fehling's 
and Tollens' solutions, and intumesces violently when introduced into 
concentrated nitric acid. On shaking with methyl alcoholic hydrochloric 
acid, the hypophosphite is converted into the hydrochloride which may 
be precipitated by the nddition of nn excess of concentrated hydro
chloric acid. It exists as a white crystalline powder readily soluble in 
water with n neutral reaction toward Congo paper. Both the hypo
phosphite and the hydrochloride are irritating to the mucous mem
brane.787 

Tetra (3~arnino-4~hydroxyphenyl) diarsine tetrahydrochloride, \ 

Di (3-amino-4-hydroxyphenyl) arsinic acid is reduced like the preced~ 
ing compound in an atmosphere of carbon dioxide at 60°, and the result
ing solution introduced into hydrochloric acid. The white precipitate 
of the tetrahydrochloride is readily soluble in water or methyl alcohol.758 
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Symm. Diphenyldiiododiarsinc, C6HsAs - AsC6H s. - Obtained 

I I 
I I 

either directly by the reduction of phenyldiiodoarsine with phosphorous 
acid in alcoholic solution/511 or by treabng phenylarsineoxide with con
centrated hydriodic acid (d, 1.7), and then reducing in the same man
ner.443 It is an unstable compound crystallizing in bright yellow, 
deliquescent needles readily oxidizable in air to phenyldiiodoarsine and 
phenyl arsonic acid. With iodine it yields phenyldiiodoarsine, while with 
nitric acid oxidation to phenylarsonic acid occurs with separation of 
iodine. When heated alone it decomposes into triphenylarsine, arsenic 
triiodide and free arsenic, but with methyl iodide at 100° it forms 
4-iodopheny ltrimethy larsonium iodide, and 4-iodopheny ldiiodoarsine. 574 

According to Steinkopf,78R howen-r, the products obtained in the latter 
reaction are phcnyltrimcthylar80nium iodide and -triiodide, together 
with phenyldiiodoarsine. 

Symm. Di-m-xylyldiiododiarsine, 

(CH3 LC6H,.As - AsC6H 3 (CH3 )z, 

I I 
I I 

is a pale yellow, crystalline mass, m. p. 89°; obtained by adding iodine 
to an alcoholic suspension of arseno-m-xylcne.575 

Symm. Di-p-xylyldiiododiarsinc is similarly prepared, and melts at 
97°.457 

Symm. Di (4-aminophenyl) dihydroxydiarsine, 

H,N. C6 R.As - AsCeR •. NRz, 

I I 
OR OR 

consisting of pale yellow flakes, m. p. 227°, is' obtained as an interm~diate 
product in the reduction of 4-aminophenylarsineoxide to the arseno com
pound by means of sodium amalgam in methyl alcoholic solution. It 
is soluble in dilute hydrochloric acid.587 

C. Tertiary Derivatives. 

1. Tertiary Arsines, R3As.-1n this chapter are included not only 
those compounds containing three aromatic radicals attached to one 
atom of arsenic, but also those of the mixed type in which both aromatic 
and aliphatic groups are present. The latter are colorless, highly refrac
tive liquids which can be distilled undecomposed at reduced pressure 
nnd in some cases even at ordinary pressure in an atmosphere of carbon 
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dioxide. They han more or less unple:lsant odors, are insoluble in 
water, generally soluble in alcohol, ether or benzene, and are mostly 
neutral in reaction, only a few of them exhibiting feebly basic properties. 
They combine additiyely with halogens, forming compounds of the type 
R 3AsX2 ; yield arsonium compounds with alkyl halides; and form with 
alkyl- or ary ldiiodoarsines addition products of the type R3As. R' AsIe. 

In benzene the latter are completely dissociated into their constituents, 
so that upon subsequent treatmcnt with methyl iodide an arsonium iodide 
is precipitated while the alkyl- or aryldiiodoarsine remains in solution. 

The mixed aliphatic-aromatic tertiary arsines are generally prepared: 
1. From aryldihalogenated ursines and zinc dialkyls in ether medium: 

RAsX2 + ZnR' 2 ~ R' "RAs + ZllXz (X = a halogen atom) . 
• 

2. By treating aryldihalogenated arsines with alkyl magnesium 
halides in ether or ligroin: 

RAsX 2 + 2R'11gX --"7 R' "RAs + 2MgX2 • 

3. From secondary lllollohalogenated arsilles and the GrignaI'd reagent 
in ether or benzene: 

llR' AsX + R"MgX ~ RR' R" As + MgX2 • 

4. By employing zinc dialkyls in ether instead of the Grignard re
agent in the preceding method: 

2RR' AsX + ZnR" 2 ~ 2RR' R" As + ZnX2 • 

5. By condensing secondary halogenated arsines with an aromatic 
hydrocarbon in the presence of aluminium chloride. 

On the other hand, the purely aromatic tertiary arsines are obtained: 
1. By condensing aryl halideiO with arsenic trihalides by meallS of 

sodium in the prescnt:e of ether or xylene: 

3RX + AsX3 + GNa ~ R3As + GNaX. 

2. By employing aryl dihalogenated arsines instead of arseme tri
halides in the above reaction: 

2RX + R'AsX2 + 4Na ~ R 2 R'As + 4NaX. 

This method is especially suitable for preparing tertiary arsines with 
mixed aromatic radicals. 

3. F pon treating ar:;enic trihalides or trioxide with the Grignard 
reagent: 

3HMgX + AsX3 ---7 R3As + 3MgX~. 
4. From primary aromatic arsineoxides by the action of heat: 

3RAsO ~ RsAs + AS20 3 • 

5. By reducing triaryl arsine oxides with phosphorous aeid in alcohol, 
or with hydrogen sulfide or nascent hydrogen in glacial acetic acid: 

R3ASO - 0 --"7 R3As. 
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The products arc crystalline solids insoluble in wuter, more or less 
soluble in various organic solvents, and, in contradistinction to the cor
responding aliphatic compounds, possess no basic properties. Thus, they 
do not form salts with mineral acids unless one or more basic substitu
ents arc present in the nucleus, in which case the acid attaches itself to 
the basic radicals. In the same way it is possible to obtain alkaline 
salts, the metal replacing the hydrogen of u nuclear carboxyl or hydroxyl 
group. The arsines form double salts with mercuric, platinic or auric 
chloride; combine additi\'Cly with halogens to the corresponding triaryl
arsine dihalides, with sulfur to the arsine sulfides and with alkyl halides 
to the arsonium compounds. 'With sulfur monochloride in an indifferent 
solyent sueh as dry ether or carbon bisulfide, they form addition products 

Cl 

of the type R3As( , whieh are decomposed by water to the corre-

8.S.Cl 
sponding triary larsine oxides: 

R;JAsS 2CI2 + H 20 --'? R3AsO + 2HCI + 82 , 

Heating ,vith arsenic trihalides conyerts the tertiary arsmes into 
primary dihalogcnated nrsines: 

R3As + 2AsXa --'? 3RAsX2 • 

Pheny!dimethylarsine, \ CoHo) (CHs) zAs, may be obtained from 
phenyldichloroarsine by' treatment with zinc dimethyl/39 with methyl
magnesium bromide ill anhydrous cther,·gO or with methylmagnesium 
iodide in light petroleulll."" Still more satisfactory results are obtained 
upon mixing dimetbyliudoursine, bromobenzene and magnesium in ether 
medium, allmving to stand at ordinary temperature for two hours, and 
adding ice and dilute hydrochloric acid. The ethereal layer which sepa
rates is dried oyer anhydrous sodium sulfate, the solvent removed by 
evaporation, and the residue distilled under diminished pressure,,91 when 
the arsine comes onr as a colorle:3s, refractin, moderately limpid liquid 
with an acute repulsi\'C odor; b. p. 200 0

, 85 0 /14 mm.; soluble in alcohol 
or benzene but insoluble in water. With bromine it forms phenyl
dimethylarsine ·dibromide and with alkyl or aryl halides, arsonium 
salts. Addition products are also obtained with various inorganic 
iodides ,92 or organic dihalogenated arsines/9s forming compounds of the 
types C6H5 (CH3 ) "As. R'I and C6H5 (CHs) 2As. RAsI 2 respectively, where 
R' represents an inorganic element and R either an alkyl or aryl radical. 

(C6Ho) (CHs)~As.PI3' prepared from equimolar amounts of its con
stituents in carbon bisulfide medium, crystallizes in orange prisms melt
ing at 140 0 and very difficult to purify owing to the readiness with which 
it absorbs water. (CoH5) (CH3 ) zAs. AsIa consists of orange-red leaflets, 
m. p. 153 0

, and very sparingly soluble in the usual solvents. 
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(C6R 5 ) (CRa) "As. SbL crystallize" from benzene solution III orange 
prisms, m. p. 165 0

; sparingly soluble in the usual solyents. 

(Call, HCH3 ) 2As. BiI3 

separates from hot akohol in yery "paringly soluble nrmilion pri,.:ms, 
m. p. 198-200°, while 2~C6H;,) (CH")2As.SnI. forms chocolatc-colored 
leaflets, m. p. 140-5 0

• 

(C6RJ ~ CH3 hAs. CH3AsI 2 , lemon-yellow needles from a mixture of 
acetone and ether, melts at 93-4 0

, and is completely dissociated into it" 
constituents in benzene solution at l'onrentrntions up to fi \'e per cent. 
Methyl iodide in benzene solution connrts it into phenyltrimcthylnr
sonium iodide and methylcliiocloarsine. (C.;H;,) (CH,,) "As. C"H,;A,,{" 
separates from alcohol in .rello.w crystal", m. p. 44 ° ; 

~ CuH,,) ~ CR,,) "A,; . CnHoAd" 

in orange pri"m"" Ill. p. 69°; and (enHol (CH"LAs.CnHoAsCI in colorle"s 
needles, m. p. 36°. 

4-Methylphenyldimethylarsine, (CHa.CaRI) (CH3 LAs, is obtained 
as n double zint: salt by the interaction of 4-methylphenyldichloroarsine 
and zine dimethyl in ether medium. On decomposing with caustic soda 
the free arsine is liberated as a colorless liquid with an unpleasant odor; 
b. p. 220 0 in an atmosphere of carbon dioxide!"3 

a-.VaphthyldimethylaTsine, I CloH,) \ CH3 LAs, from dimethyliodo
arsinc and a-napthylrnagncsiulll bromide, is a liquid boiling at 163-5° /13 
mm. Its additiye eompound with methyldiiodoar"ine (Ty"tallizes from 
alcohol in yt'llow needle", 1Il. p. 76-7° .'''' 

Phenyldicthylarsine is prep:lred from pheny ldicllioroarsine b_\' treat
ment with zine dietlly I in benzene, ether "" or light petroleum medium,'tlH 
or better with methylmngnesiurn iodide in benzene solution.'''3 It also 
results upon heating arC'enobenzene and mercury dietllyl in a t_;ealed tube 
at 1500 : ,·,01 

CaH3A,", = AsCGHo + 2HgtC"H:.)e2(CGIU IC"H"i"A,- + Hg. 

Tilt' prodUC't i" a rolorlt',,~! highly reiractiYe liquid ,vith n faint unpleas
ant odor, b. p. 240 0

, 111-15°/14 mm., and is unaffected by concentrated 
hydrochloric acid. ~With halogens it combines aclditinly to the ('orre
sponding arsineclihalides, with alkyl or aryl halide~ to arsonium com
pound,., and vv·ith alkyl dihalogenated arsine~ to compounds like th08e 
mentioned under pheny ldimethy larsine. The product obtained with 
methyldiiodoarsine, (CBHo) ~ CeHo) "As. CHoA"C, cr.\Aallizes from alcohol 
or acetone in bright yellow needles, m. p. 78-9°."., 

4-lIIethylphenyldiethylarsine, tCH3 .CoR.) tC2 H o) "A:-:, prepared like 
the dimethyl compound by employing zinc diethyl, i~ a colorle~s, highly 
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refractive liquid with a faint, unpleasant odor; b. p. 250 0
; does not 

freeze at - 21 0
, and combines with alkyl iodides to form arsonium com-

pounds.7us . 

4-Carboxyphcnyldiethylarsine [Diethylarsinobenzoic acid], 

(HOOC.CaH{). (C2Hs)2As. 

The corresponding arsine hydroxychloride is reduced in aqueous alcoholic 
solution with tin and hydrochloric acid, and the tin precipitated as the 
oxychloride by the addition of water, whereupon the arsine separates as 
a yellow oil. This is extracted with ether, the solyent evaporated off, 
and the oily residue dissolved in dilute ammonia, from which the free 
arsine is reprecipitated by hydrochloric acid. By recrystallization from 
dilute alcohol it is obtained as fine white needles, m. p. 58 0

; readily 
soluble in alcohol, ether or chloroform, insoluble in water or petroleum 
ether, and is reduced by nasrent hydrogen to diethylarsine and benzoic 
acid. It possesses the properties of both a tertiary arsine and an acid, 
forming addition products with mercuric chloride, halogens, sulfur or 
methyl iodide, and yielding metallic salts. Of the latter only the alkali 
derivatives arc soluble in ,vater. The ammonium salt is a white crystal
line mass, while the neutral barium and lead salts are white precipitates. 
The mercurichloride forms white silky leaflets, m. p. 171-2°; difficultly 
soluble in water.'"" 

Phenylmethylethylarsinc, (CaHs) (CHa) (C2 H5)As, results upon heat
ing either phenylmethyliodoarsine 797 or the corresponding chloroarsine 800 

with ethylmagnesium bromide in benzene solution. It is a colorless oil 
boiling at 97°/12-13 mm., and possessing chemical and physical prop
erties intermediate between those of the corresponding dimethyl and 
diethyl derivatives.'"7 Its addition product with methyldiiodoarsine 
crystallizes from alcohol in yellow needles melting at 84°, while that 
produced with phenyldiiodoarsine separates from alcohol in orange
yellow prisms melting at 55° .'94 

Phenylmethyl-n-propylarsine, (COH5) (CH3 ) (CSH 7 )As, from phenyl
methylchloroarsine and n-propylmagnesium bromide, is a liquid, b. p. 
105-6° /12 mm.761 

Phenylmethyl-y-phenylpropylarst'rte, (COH5) (CH3 ) (COH5' C3Ho)As, 
results from the interaction of phenylmethyliodoarsine and y-phenyl
propylmagnesium bromide in ethereal solution as a colorless, highly 
refractive liquid, b. p. 208 0 /17 mm. With methyl iodide it forms the 
corresponding arsonium compound.sol 

Phenylmethylallylarsine, (CoHo) (CH3 ) (C3H 5 )As.-When magnesium 
powder is added to a mixture of molecular quantities of phenylmethyl
bromoarsine and allyl iodide in dry ether, a vigorous reaction occurs 
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with the formation of the above arsine together with a slight amount of 
diallyl. The purest product obtained thus far is a colorless liquid boil
ing at 192°, which cannot be further purified because it undergoes slight 
decomposition upon distillation and is too feebly basic to form stabl< 
salts.802 

Phenylethyl-n-propylarsine, (CeHo) (C2H 5 ) (CaH7) As, derived from 
phenylethylbromoarsine and zinc di-n-propyl in ethereal solution, is a 
colorless liquid with a characteristic odor, and boils at 245°. It has 
but feebly basic properties; is insoluble in concentrated hydrochloric 
acid, and oxidizes very slowly on exposure to air. With equimolar 
amounts of benzyl iodide at 40-50°, it combines to form phenylbenzyl
ethy 1-n -propy larsonium iodide.803 

Diphenylmethylarsine, (CaHr,)z(CH3 )As, is. prepared by the inter
action of zinc dimethyl and diphenylchloroarsine in cold benzene solution 
in an atmosphere of carbon dioxide; 803 from phenylmagnesium bromide 
and methyldiiodoarsine,794 or by gently heating phenylmethylchloro
arsine with benzene in the presence of aluminium chloride.219 The arsine 
is a colorless, highly refractiYe, oily liquid, b. p. 306°, 163-70°/15 mm.; 
readily soluble in alcohol or benzene and insoluble in water. It exhibits 
but a very slight tendency to form additive compounds. 

Di(2-methylphenyl)methylarsine, (C7HJz(CH,)As, is a pale yellow 
oil, b. p. 178-82°/12 mm.; solidifies on freezing and remelts at 42°/12 
mm. It is prepared from methyldiiodoarsine and o-tolylmagnesium 
bromide.805 

Phenylbenzylmethylarsine, (CuH5) (C7H 7 ) (CH3 )As, from phenyl
methylchloroarsine and benzylmagnesium bromide, boils at 174-7°/17 
mm.762 

Phenyl - a - napthylmethylarsine, (C6Hs) (C1oH7) (CH3 ) As, from 
phenylmethyliodoarsine and a-naphthylmagnesium bromide, is a color
less, crystalline solid, m. p. 58°; b. p. 236-8°/17 mm.; readily soluble in 
ether. It is best crystallized from alcohol.80G 

Diphenylethylarsine, (C6H 5 ) 2 (C2H 5 ) As, is a colorless liquid with a 
fruity odor; b. p. 320°, 162-3°/10 mm.; obtained from diphenylchloro
arsine and zinc diethyl 807 0r ethylmagnesium bromide.808 

• Phenyl-p-tolylethylarsine, (C6 H,) (CrHr) (C2H 5 )As, from zinc diethyl 
and phenyl-p-tolylchloroarsine, is a colorless oil with a fruity odor, 
boiling at 210-25° /50 mm.soo 

Triphenylarsl:ne, (C6Hol gAs, has been the subject of many investiga
tions, and various methods have been developed for its preparation. 

, 
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Very satisfactory results have been obtained from the interaction of 
phenylmagnesium bromide and either arsenic trichloride,810, 742 tri
iodide,811 or trioxide.812 An equally satisfactory method consists in con
densing phenyl chloride or bromide with arsenic trichloride by means 
of sodium in an ethereal 813, 442 or xylene medium.814 It may also be 
obtained by heating triphenylarsine oxide at 180°; 815 from triphenyl
stibine and finely powdered arsenic in a sealed tube at 350° for eight 
hours: 816 

by heating symm. diphenyldiododiarsine: m 

and as a by-product in the preparation of diphenylchloroarsine from 
phenyldichloroarsine and mercury diphenyl.817 

The compound crystallizes from alcohol in colorless, Yitreous, trans
parent, triclinic plates, d, 1.306; m. p. 58-60°; and boiling undecomposed 
above 360° in an atmosphere of carbon dioxide. It is readily i30luble in 
ether, benzene or hot alcohol, difficultly in cold alcohol and insoluble 
in wnter, hydrochloric or hydriodie :1rids. It dissolyes in ethyl iodide 
but does not form an arsonium compound even at 100°; by prolonged 
heating with arsenic trichloride in a scaled tube at 250°, phenyldichloro
arsine is obtained, while "'ith phosphorw3 at 300° for four hours the 
corresponding phosphine is formed: 

The arsine combines additi\"(~ly with IlHlogens, sulfur, methyl iodide, 
chloroacetic acid, metallic snIts and 8ulfur monochloride. The mercuri
chloride, obtained from its components in akoholic medium, separates 
from dilute solutions as narreous leaflct~. and from concentrated solu
tions as white, pulverulent crystals easil~' soluble in hot absolute alcohol, 
less so in dilute and pra('ti('ally insoluble in water. It is unaffected by 
cold aqueous potassium hydroxide, but upon boiling yields triphenyl
arsine dihydroxide, potassium chloride and mercury. The arsine may be 
liberated from its mereurichloride by treatment with cold alcoholic 
potash, or by passing hydrogen sulfide into its alcoholic solution: 

(CGH5)3As.HgClz + 2KOH -~ (Cr,H5 LAs + HgO + 2KCl + H 20 
(C6H5)3As.HgCI2 + HzS -~ (C6H5)3As + HgS + 2HCl. 

This ability of triphenylarsinc to ('ombine with mercuric chloride can 
be utilized in separating it from diphenylchloroarsine which forms no 
such addition product. Sl" The platinichloride crystallizes from alcohol 
or chloroform in pale-yellow leaflets, m. p. 285°.819 
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Cl 

The sulfur monochloride addition product, (CsHo) 3AS( 

227 

S-S-CI 
prepared by refluxing a dry ethereal solution of its constituents with 
the exclusion of atmospheric moisture, is a yellowish-white, crystalline 
precipitate 'which cannot be purified on account of its instability. It 
melts at 200 0

; is readily soluble in carbon bisulfide, chloroform or 
alcohol, difficultly so in petroleum ether or benzene, insoluble in ether 
and easily soluble in water with the separation of sulfur. When boiled 
with aqueous ammonia it is com'erted into triphenylnrsine dihydroxide. 8e" 

Tri(2-mcfhylphenyl) arsine, (C"H-l' CH,,) "As, from o-tolylmagnesium 
bromide and ,lr"rnic triiodide, crystallizes from aleohol in rolorle~s needles 
melting at 98°.'" 

Tri(3-mcthylphcnyi) arsme is prepared from m-bromo-toluene, arsenic 
trichloride and ~odium in anhydrous ether. It separates from alcohol 
as white leafict~, from ether as prismatic and tabular crystals of the 
rhombic system, m. p. 96 0

; d, 1.31/18 0
; readily soluble in ether, alcohol, 

benzene or glacial aretic acid and sparingly so in ligroin. It readily 
forms arsoniuIIl compounds with alkyl iodides. The mercurichloride, 
m. p. 174 0

, is fairly soluble in glacial acetic acid but only sparingly 
in alcohol. 821 

Tri (4-methylphenyl) arsine.-The most convenient method of prepara
tion consists in adding sodium shavings or wire to a solution of 4-bromo
toluene and arsenic trichloride in anhydrous ether.8e! It may also be 
obtained from p-tolylmagnesium bromide and arsenic trioxide in ethereal 
solution,774 or by heating p-tolylarsine in a sealed tube at 3600

,"25 

forming large colorless crystals, m. p. 145 0
; b. p. above 360 0 without 

decomposition; readily soluble in ether, chloroform, carbon bisulfide, 
glacial acetic acid or benzene, but less so in alcohol. Its mercuri
chloride is a white crystalline powder, m. p. 246°; soluble in hot glacial 
acetic acid. 

Tri (4-ethylphenyl) arsine, (C2H 5 • CeH4) 3As, from 4-bromoethy Iben
zene, arsenic trichloride and metallic sodium, is a crystalline solid, 
m. p. 78 0

; readily soluble in ether, but sparingly in alcohol. Its mercuri
chloride melts at 132 0

."2S 

Tribenzylarsine, (CGH;;. CH2 ) 3As, results upon refluxing for 5-6 hours 
a mixture of arsenic trichloride and benzyl chloride (2 moles) in dry 
ether, to which sodium sha\'ings (5 moles) and a small amount of pure 
ethyl acetate ha\'e been added. After cooling, another small quantity 
of ethyl acetate is added and the reaction permitted to continue for 
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12-14 hours longer, when the greater part of the arsine rrystallizes out. 
The filtrate contains the remaining fraction of the arsine together with 
dibenzy larsinetrir hloride and tribenzy larsine dichloride. 

The arsine crystallizes from alrohol in rolorless, transparent, mono
clinic prisms, m. p. 104 0

; easily soluble in ether, benzene or glacial acetic 
acid, sparingly in cold alcohol and insoluble in water. It combines 
additiYely with halogens, sulfur or alkyl iodides; is oxidized by hot 
dilute nitric acid to benzoic and arsenic acids, but is unaffected by 
hydrochloric acid, even upon boiling in concentrated solution.B2G The 
mercurirhloride crystallizes from alcohol in white needles, m. p. 159 0

, 

which upon boiling with aqueous or, better, alcoholie caustic pota:-;h is 
decomposed into the arsine and mercurie oxide, while with hydrogen 
sulfide the free arsine together with a slight amount of tribenzy Jarsine 
sulfide is obtained.82

' 

Diphenyl-4-rnethylphenylarsine, (C"H j ) 2 (CoH 1. CH::) As, results upon 
warming p-tolyldichloroarsine, bromobenzene 12 moles) and thinly sliced 
sodium in anhydrous ether for about three days. It may be obtained 
in small, transparent crystals melting at 50 0

, by maintaining its alcoholic 
solution at low temperatures for weeks. The mercurichloride crystallizes 
from hot glacial acetic acid and melts at 147°, while the platinichloride 
is a yellow precipitate, m. p. 233°."22 

Phenyldi(4-rnethylphenyl) arsine, (CoH,) (CoH •. CH,,) 2As, results 
from the interaction of phenyldichloroarsine, 4-bromotoluene (2 moles) 
and finely divided sodium in dry ether, the temperature of the reaction 
being regulated by external cooling. It crystallizes from hot alcohol 
in well-defined, white rhombohedra, m. p. 101 0

; easily soluble in ether, 
chloroform, benzene or hot alcohol and sparingly in cold alcohol or glacial 
acetic acid. Its mercurichloride forms white crystals melting at 210 0 

and soluble in hot alcohol, while the platinidJ]oride, 

[C6HO (C,H7 ) 2As] 2. H 2PtCL" 

consists of yellow erystals, m. p. 256 o .. m 

Phenyldi(2,4-dimethylphenyl) arsine, IC"H,,) [C6H"(CH3)2]2As, is 
similarly prepared from 4-bromo-m-xylene. It separates from aleohol
ether in highly refractive, trie]inic erystab, m. p. 99 0

; readily soluble 
in most organic solvents but sparingly in eold alcohol. The mercuri
chloride separates from nleohol-chloroform a:i lustrous needle:', m. p. 
224 0

; the platinichloride (Ty::;tallize::; from alcohol in yellow felted needles 
melting abO\'e 300 0 with decomposition. b

"" 

Tri (2,4-dimethylphenyl) arsine, [CuH" (CHB ) 2] 3As, is quantitatively 
obtained by the interaction of bromo-m-xylene, arsenic trichloride and 
sodium in dry ether at ordinary temperature. Recrystallized from 
alcohol-petroleum, it forms lustrous, transparent prisms, m. p. 166 0

; 
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easily soluble in ether, benzene or petroleum ether, but only ~pnringly 
III alcohol. Its mercurichloride melts at 257° .'30 

Tri (2,5-dimethylphenyl) arsine, prepared like the preeeding isomeride 
from bromo-p-xylene, erystallizes from a mixture of alcohol, petroleum 
ether and benzene in lustrou", white prisms, m. p. 157 0

; readily soluble 
in ether, chloroform or benzene, sparingly in alcohol or petroleum ether. 
The mercurichloride melts at 236 0

•
831 

Phenyldi(2,4,5 - trimcthylphcnyl) arsine, (CGH,,) [CGH~ (CH,,) ,,] "As, 
from phenyldiehloroarsine, bromopseudoeumene and I'odium, melti'l at 
138.5°; is readily soluble in most organie solYents but only i3paringly 
in eold aleohol. Upon oxidation with potassium permanganate in alkaline 
solution no uniform aeids arc produeed; this is attained only by 
heating with nitric aeid in scaled tubes. The mercuriehloride crystallize,; 
from hot glacial acetic neid as silvery leaflets, m. p. 233 0

; ea,;ily soluble 
in chloroform and sparingly so in alcohol or glacial acctic acid; the 
platinichloride forms yellow rosets, m. p. 287 0 

; readily soluble in chloro
form; the aurichloride, CcHo (CaHll ) ~As. HAuCl", eonsists of colorless 
aggregates melting at 177 0 to a golden yellow mass. S33 

Tri(2,4,5-trimcthylphenyl) arsine, [CuHe (CH3 ) ,LAs, is obtained lik< 
the xylyl eompounds from bromopseudocumene, the reaction being com
pleted by prolonged warming on a water-bath. It crystallizes in snow
white needles, m. p. 223 0

; easily soluble in warm benzene, sparingly in 
alcohol or petroleum ether and practically insoluble in ether.833 

Tri(2,4,6-trimethylphcnyl)arsinc, similarly prepared from bromo
mesitylene by heating in a reflux apparatus for several days, form8 tufts 
of prisms from hot alcohol, m. p. 1700

; readily soluble in ether, chloro
form, or petroleum ether and sparingly in alcohol or glacial acetic 
acid. 834 

Tri( 4-isopropylphcnyl) an)l~nc, ICGH •. CR (CR3 ) d ,As, from 4-bromo
('umenc at ordinary temperature, separates from ether-alcohol as colorless 
prisms, m. p. 139-40°; readily soluble in ether, chloroform or hot alcohol. 
The mercurichloride consists of white needles, m. p. 243 0

.'33 

Tri(tcrtiary-butylphenyl) arsinc, l CGH •. C (CH3) 3] :lAs.~Tertiary-bu
tylbromobenzene in benzene solution is refluxed with arsenic trichloride 
and metallic ~odium, the filtrate coneentrated to incipient crystalliza
tion; and the arsine ('ompletely precipitated by the addition of alcohol. 
It forms white crystals, m. p. 235 0

; readily soluble in benzene, chloro
form or carbon tetrachloride and sparingly in nlcohol or ether.'"G 

Tri-a-naphthylarsinc, I CoH,) "As.~ To a dry ethereal solution of 
a-bromonaphthalene are added arsenic trichloride and metallic sodium, 
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the whole permitted to reart at ordinary temperature in a reflux ap
paratus for 24 hours, and then warmed on a water-bath for 15-20 hours. 
'When the reaction is completed the product is filtered, the residue 
extrarted with ether, and the latter eyaporated from the combined filtrate 
and extract. From the remaining dark brown, oily mass admixed tarry 
produ('ts are remoyed by means of ether, and the residual erude ar~ine 
purified by dissolying in hot benzene and r('precipitating with an equal 
yolume of alrohol.S37 More satisfartory yields are obtained by warming 
a-naphthylmagnesium bromide and arsenie tri('hloride in abf'olute ether 
for two bours on a water-bath, and subsequently decomposing with ice 
and dilute h~'drochlorie acid.'4e, "" 

The arsine cr~'stallizes from benzene-alcohol in prif'ms, from benzene 
in rhombir plates. In. p. 250-2 0

; readily soluble in carbon bisulfide or 
hot benzene, sparingly in nlrohol, ether, chloroform or cold benzene and 
insoluble in petroleum ether. rnlikf' it" f)-isomer, it forms no mercuri
ehloride. B:; warming with mlfur monochloride in carbon bisulfide 
solution, it forms a crystalline addition product, In. p. 175° with de
composition; readil~' soluble in warm aleohol or chloroform and diffi
cultly so in ether, carbon bisulfide or benzene. 

Tri-(3-naphthylarsine is prepared like its a-if'omer from ~-bromonaph
thalene. After distilling off the ether from the filtrate, the residue is 
extrarted successiyel~' vvith alcohol and petroleum ether to remoye any 
naphthalene and tarry impurities, and the remaining ('rude arsine purified 
through its mercurichloride. The latter, after recrystallization from hot 
glacial acetic acid, is decomposed by hydrogen sulfide to the free arsine 
and mercuric sulfide. 

The product forms colorless (T~'stals, m. p. 165°; readily soluble in 
benzene, carbon bisulfide or chloroform and ::;paringly in ether or hot 
glacial acetic acid. The mercuriehloride forms leaflets, m. p. 247 0

•
830 

Tn: (4.-phenyfphenyli arsine, (Cr,H".C.;H.,)"As, m. p. 183°, is obtained 
from 4-bromodiphenyl, arscnie trichloride and metallic sodium in ether.84u 

Tri(3-nitrophenyl) arsine, (n,N. C"li.1 ) "As, produced by warming the 
corresponding arsineoxide with crystallized phosphorous acid in alcohol, 
is a yellow, crystalline powder, m. p. 250 0

; soluble in alcohol.841 

Tri.( ?-chloro-3-nitrophenyl) arsine, (O"N. Cr.H"Cl) 3As, similarly pre
pared from the correspondin~ arsineoxide, is a white powder, m. p. 252 0 

; 

readily soluble in alcohol, ehloroform or glacial acetic acid.842 

Tri (3-nitro-4.-methylphenyl) arsine, (OzN . C6H g. CH3 ) gAs, is made 
like the previous two compounds from the arsineoxide. It crystallizes 
from alcohol in white needles, m. p. 201 0; easily soluble in chloroform 
or hot alcohol.842 
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3,3' -Dindro-3" -aminotriphenylarsinc, (OeN. CeH,) e (HeN. CeH.) At', is 
a grayish-white :"olid. m. p. 205 0

, obt.aincd b~' passing h~'drogen sulfide 
through a glacial !lcetic acid solution of tri (3-nitrophenyl) arsine oxide.s43 

Tri(3-aminophenyl) arsine, (HeN.C6H4)3As, results upon reducing a 
glacial acetie acid solution of tri (3-nitrophenyl) arsine oxide vvith tin and 
eoncenirated hydrochloric acid. 'When the reaction is completed, the 
entire mixture is poured into water, an excess of concentrated aqueous 
caustic soda added, and the resulting curdy, white precipitate 01 the crude 
aminoarsine filtered off, dissoh'ed in dilute hydrochloric acid, and treated 
with hydrogen sulfide to precipitate the last traces of tin. After neu
tralizing the filtrate, the rcsulting precipitate is further purified by 
dissolving in hot alcohol, concentrating and reprecipitating with water 
when a colorless, crystalline mass, m. p. 1760

, is obtained.844 Michaelis, 
however, isolated the same compound by reducing the nitro arsineoxide 
as above, diluting with hydrogen sulfide water, and precipitating the 
last traces of tin with hydrogcn sulfide. Upon neutralization with caustic 
soda, he obtaincd a white precipitate which rapidly turned gray in the 
air.845 

The arsine is solublc in alcohol, insoluble in water, and forms 
soluble salts with dilute mineral acids. The trihydrochloride, 

consists of pale rcd crystals and forms a ~'ellow platinichloride, 
[ (HCI. H 2NC6H 4 ) :lAs] 2 (PtCI.) 3, insoluble in cold but slightly soluble 
in hot water. The sulfate, [(H2N. CeH.) 3As k 3H"S04, is a stable sub
stance readily soluble in dilute hydrochloric acid but sparingly so III 

cold water. 

Tri (4-aminophenyl) arsinc.-A dilute hydrochloric acid solution of 
4-aminophenylarsineoxide is boiled for a ,"cry short time, and after 
standing for sm'eral hours is poured into an excess of ice-cold caustie 
soda solution. The arsine then separates as snow-white flakes which 
crystallize from alcohol-water in lustrous, quadrangular plates, m. p. 
173-40

• The reaction, although not quantitative, is exprcssed by the 
equation: 

The compound is easily soluble in acetone, pyridine, ethyl acetate or 
glacial acetic acid, less so in methyl or ethyl alcohol, sparingly in benzene 
or chloroform and insoluble in water, ligroin or aqueous caustic soda. 
It dissolves in dilute mineral acids with the formation of crystalline 
salts.846 

Tril3-arnino-4-rnethylphenyl) arsine, (H2N. C6H 4. CH3 ) 3As, is pre
pared from the corresponding trinitro arsine or trinitro arsine oxide by 
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reduring with tin and h~'clrodJlori(' acid. It crystallizes from hot alcohol 
in stable, white pri~m". m. p. 198°; soluble in dilute acids and sparingly 
in cold alcohol, ether or water. The hydrochloride is precipitated by 
concentrated hydrochloric acid and forms fine white needles; the sulfate 
[ (H"N. CGR,. CH,.) 3As]". 3HeS04 , is a crystalline precipitate sparingly 
soluble in hot dilute hydrochloric acid and almost insoluble in water.84' 

Tri (3-acetylaminophenyl) arsine, (CH3 COHN. C6H.) 3As, crystallize~ 

in colorless needle", m. p. 230° (Philips), 233° (Michaelis); easily soluble 
in glacial acetic acid and sparingly in alcohol. It is prepared by warm
ing the corre~ponding amino compound with acetic anhydride.B4R 

Tri (4-acetylaminophenyl) arsine crystallizes with one mole rule of 
water when prepared by boiling the amino compound with acetic 
anhydride for one minute, then with methyl alcohol for five minutes, and 
finally precipitating by the gradual addition of water. It forms warty 
aggregates of small, white needles which lose their water of crystallizH
tion at .110 0

, melt at 170-1 0
, and upon further heating resolidify and 

finally remelt at 232-3°. 
An anhydrous variety may be obtained by treating the amino com

pound with acctic anh~'dride as abo\"C and allowing to stand for 24 hours. 
It crystallizes from ab"olutc alcohol in warty aggregates of transparent 
prisms, m. p. 243 0

• Both modifications are soluble in glacial acetic acid, 
methyl or ethyl alcohol and insoluble in water, ether, benzene or dilute 
mineral acids. The arsine is oxidized to the corresponding arsine oxide 
by iodine in aqueous acetic acid solution containing sodium acetate. B4D 

Tri (3-acetylamino-4-rnethylphcnyl) arsine, 

(CH3 COHN. CoH,. CR,) oAf', 

obtained by dissoh'ing the corresponding amino compound 111 acetic 
anhydride, melts at 228°.800 

Tri{3-benzoylarninophcnyl) arsine, (C,JLCOHN. C,;H,) "As, IS a 
crystalline powder melting at 271 0, insoluhle in all ordinary :,:olwnts, 
and results upon warmin!!; the amino compound with benzoyl chloride.']Ol 

Tri (3-benzylarnino-4-methylphenyl) arsine, 

(CGH"CH"HN.C"H",.CR,)"As, 

is obtained as a hydrochloride by warming the amino arsine with benzyl 
chloride.''-2 

Tri\ 4-d?:mcthylarninophenyl) arsine, \ (CH")2N.CGH']3As, is precIpI
tated a" a white, CHFeOUF ma~s upon mixing dimethylaniline and arsenic 
trichloride at ordinary tempcratUl:c, stirring the resulting syrupy mass 
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into water, and treating the filtrate with an excess of concentrated caustic 
soda. The an:ine is purified by remm'ing the excess of dimethylaniline 
with "tenm. di~"oh'ing the ref'idual product in chloroform and reprecipi
tating with alcohol.",;l· ",J It separate:,; from hot alcohol in long, white 
needles, m. p. 240 0

; readily soluble in dilute acids, from which it is 
reprecipitated unchanged b~; alkali~. \"hen boiled with sulfur mono
chloride in ('arbon bi,.:ulfide I'olution, it forms a crystalline addition 
produet, m. p. 137-41 0

; readily soluble in ehloroform, diffieultly so in 
carbon bisulfide or ether, and deeomposing in dilute hydroehlorie acid 
with the separation of sulfur and the simultaneous formation of tri (4-
dimethylaminophenyl) arsine oxide. \Yith 2-nitrophenylsulfur mono
chloride in benzene ::,olution the arsine combines additiYely, forming the 

compound, / [(CHa) zN . C 6H 4 ] 3As",-

Cl 

S-C6H •. N02 

which melts with 

decomposition at 201 0
, is easily soluble in carbon bisulfide or chloro

form, difficultly so in benzene, ether or alcohol, and is decomposed 
by water into the corresponding tertiary arsineoxide and di (2-nitro
phenyl) disulfide, (OeN . CsH4) 28 2 .

855 

Tri (4-methoxyphenyl) arsine, (CHaO. C6H.) "As.-Upon adding a 
slight amount of ethyl acetate to a mixture of 4-bromoanisole, an ex
cess of arsenic trichloride and finely sliced sodium in ether, a "igorous 
reaction ensues, and the greater part of the arsine formed separate,", out 
along with sodium chloride, ;,:ome unattackcd :sodium and metallic ar,;enic. 
The sodium is first removed by means of ,Yater, and the dried residue 
extracted with hot benzene from which, after concentration, the arsine 
separates in hard crystals which can be further purified from a mixture 
of benzene and alcohol. The produdJorms colorless, transparent, cubical 
crystals, m. p. 156 0

; easily soluble in benzene, difficultly so in alcohol 
or ether, and combines with halogens less readily than tripheny larsine. 
It is completely conycrted into arsenic acid when heated with bromine 
and water at 150o

•
s0U Heating with hydriodic a('id at higher tempera

tures decomposes it into p-anisolc and arsenie triiodide."'" 

Tri(4-ethoxyphenyl) arsine, (CeH"O.C"H.)"As, m. p. 88-9°, is ob
tained in \'Cry poor yield from 4-brolllophenetole like the pre(,eding rom
pound, but on Hc('ount of its great t'olubility in ether, i" isolated by 
eyapornting off the latter, extra('ting the rC',.:idue with absolute alcohol 
and remm'ing the soh·ent. sc,7 

Tri (4-carboxyphenyl) arsine [Tri-p-benzarsenious acid, Arsinotriben
zoic acid], (HOOC. CoH;)aAs, which results upon reducing the corre-
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sponding arsine dihydroxide with hydriodic acid and red phosphorus, 
crystallizes from ether in colorless needles melting with decomposition 
at high temperatures. Its sodium salt, (NaOOC,C6H4)3As.2HzO, ob
tained but once, separated from hot water as colorless needles, while 
the silver salt, (AgOOC. C6H 4 ) 3As, is a pale yellow precipitate.858 



Chapter V. Pentavalent Aromatic Arsenicals. 

A. Primary Derivatives. 

1. Aryl Arsinetetrahalides and -Oxyhalides, RAsX4 , RAsOX2.-The 
aromatic arsinetetrahalides, which are more stable than the corresponding 
aliphatic compounds, may be readily obtained by the addition of halogens 
to the corresponding dihalogenated arsines: 

RAsX2 + X 2 ~ RAsX4 • 

In the case of 3-nitrophenylarsinetetrachloride, however, the starting 
material is the corresponding nitro arseno compound: 

02N. CaH4As = AsCaH 4. N02 + 4C12 -~ 202N. CaH4AsC14, 

while the hydriodide of 4-aminophenylarsinetetraiodide results upon re
ducing the amino arsonic acid with hydriodic acid: 

H2N. CaH4AsO (OH) 2 + 5HI ~ (HI. H2N) CaH4AsI4 + 3HzO. 

The products are generally crystalline compounds with the exception of 
2-methylphenylarsinetetrachloride which is a viscous liquid, and the 
corresponding 4-methylphenyl compound which is a semi-solid mass at 
ordinary temperature. They are readily decomposed by water to the 
corresponding arsonic acids with the intermediate formation of the 
oxy halides: 

5 RAsX4 + H 20 ~ RAsOX2 + 2HX 
l RAsOX2 + 2H20 ~ RAsO(OH)2 + 2HX. 

When heated they decompose into aryl halides and arsenic trihalides: 

RAsX4 ~ RX + AsXa• 

With an excess of bromine the arsenic radical is split off, yielding a 
dibromobenzene derivative. 

The oxyhalides are crystalline compounds formed upon the direct 
addition of halogens to arylarsineoxides: 

RAsO + X2 -~ RAsOX2 • 

They are also readily decomposed by water to the corresponding arsonic 
acids, and by heat to an aryl halide and arsenious oxychloride: 

RAsOX2 -~ RX + AsOX. 
. 235 
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In addition, this chapter includes seYeral esters of phenylarsineoxy.! 
chloride, C6H5As (OR') C12 , prepared by the action of chlorine upon the. 
corresponding esters of phenylarsenious acid (phcnyldialkoxyarsines): 

These are crystalline compounds readily hydrolyzed by water to phenyl
arsonic acid: 

Phenylarsinetetrachloride, C6H 5AsC14 , prepared by saturating phenyl
dichloroarsine with (,hlorine, consists of broad, yellow needles fuming 
in air and melting at 45 0. In its violent decomposition by water it 
resembles the corresponding phosphorus compound, but, unlike the latter, 
it acts as a chlorinating agent with organic acids, replacing a hydrogen 
atom by a chlorine, while the phosphorus compound replaces a hydroxyl 
group by a chlorine atom. Thus, when phenylarsinetetrachloride is 
warmed with acetic acid, chloroacetic acid is formed: 

On heating the arsinetetrachloride in an open vessel, it dissociates into 
the corresponding dichloroarsine and chlorine, but heating in a sealed 
tube at 150° decomposes it into phenyl chloride and arsenic trichloride. 
It does not react with one mole of bromine, but is decomposed by an 
excess, yielding p-dibromobenzene.859 

2-M ethylphenylarsinetetrachloride, CHg • C6H 4AsCI4 , similarly pre
pared, is a dark yellow, viscous liquid which upon treatment with 
water yields the corresponding arsonic acid.s6o 

3-111 ethylphcnylarsinetctrachloride IS a crystalline solid melting at 
38°.509 

4-Methylphenylarsinetctrachloride is a yellow, semi-solid mass at 
ordinary temperature, but solidifies upon cooling.860 

2,4-Dimethylphenylarsinetetrachloride, (CHs) zCaHsAsC14, IS a white 
crystalline mass. 861 

4-Phenylphenylarsinetetrachloride, (CeH5) C 6H 4AsCl4, has also been 
prepared.555 

3-Nitrophenylarsinetetrachloride, 02N. C6H.AsCl4 , is derived from 
3,3' -dinitroarsenobenzene by suspending in chloroform and introducing
chlorine. It forms long needles readily absorbing moisture from the 
air with the formation of the corresponding arsonic acid. 516 
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4-Aminophenylarsinetetraiodidc hydriodidc, (HI. H2N) C 6H 4AsI., is 
made by warming the corresponding arsonic acid with hydriodic acid 
(d, 1.7). It crystallizes from hot glacial arctic arid in orange-red 
crystals, m. p. 1400

; insoluble in the usual organic soh'ents, and yielding 
the corresponding arsineoxide with water,SG2 

Phenylarsineoxychloride, CGH"AsO. Cle, may be obtained by regulat
ing the action of water upon the arsinetctrachloridc, A more satisfactory 
method, hO\veyer, consists in permitting ('hlOl'inc to interact with phenyl
arsineoxide. It is a white, crystalline substance fuming in air, melting 
at about 100°, and readily dissoh'ing in water with the formation of 
phenylarsonic acid. Heated in a sealed tube at 120 0 for sCYeral hours, 
it decomposes into chlorobenzene and arsenious oxychloride,863 

Phenyldimethoxyarsine dichloride, CoHGAs (OCH 3 ) 2C12' from phenyl
dimethoxyarsine and chlorine, forms colorless crydals melting at 90 0

, 

and hydrolyzed by ~ither water or alcohol to phenylarsonic acid, methyl 
alcohol and hydrochloric acid. The diethyl ester consists of cubical 
crystals melting at 95° .864 

Phcnylarsineoxybromide is obtained together with bromo benzene by 
the action of ,bromine upon phenylarsineoxide. 8

"" 

2-Methylphenylarsineoxychloride is deriyed from the arsineoxide and 
chlorine.86G 

4-j~1 ethylphenylarsineoxychloridc melts at 69°, but decomposes into 
4-rhlorotoluene and arscniou:-3 oxychloride when heated in a sealed tube 
n bo\'e 200 0

• HoG The corresponding arsineoxybromide has also been 
prepared.867 

2,4-Dirnethylphenylarsineoxychloride melts at 1500
,"") and its 2,5-

isomer at 178 0
,;57 

2. Aryl Arsonic Acids. RAsO(OH)2' Despite the fact that Rose
mund 8G8 recently succeeded in obtaining a slight amount of phenylarsonic 
acid by heating bromo benzene with aqueous tripotassium arsenite and 
a little copper sulfate in a sealed tube at 180-200 0 for six hours, it 
can be safely stated that no method has as yet been de"ised by which 
aromatic hydrocarbons may be directly arsenated. In 1910, howeyer, 
Bart 86 patented a "ery satisfactory and efficient method of preparing 
aryl arsonic acids whieh consists in dinzotizing arylamines and treat
ing the resulting diazo, or better isodiazo, compounds with sodium arsenite 
in either alkaline or neutral solution, the reaction proceeding according 
to the equation: 

RN = NX + :NaaAs03 ~ ,RAsO(ONa)2 + NnX + N2. 
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In the preparation of phenyl arsonic acid by this method, the yields 
obtained with the normal diazobenzene compound are very small, but 
with potassium benzeneisodiazo oxide the results are more satisfactory. 
If, however, the stnrting materials are nuclear substituted arylamines, 
the reactivity of the corresponding normal diazo compound is inereased 
to such an extent that conversion into the arsonic acid proceeds \'Cry 
readily without the necessity of first preparing the isodiazo compound. 
This procedure is not only suited for the preparation of primary arsonic 
acids, but also of diary larsinic acids and triary larsine oxides: 

RN = NX + RAs(ONa)" ~ R2AsO.ONa + NaX + N2 
RN = NX + R 2AsONa --,'> R3AsO + NaX + N z • 

Later it was noted that the reaction with normal diazo compounds 
could be facilitated by the U8e of catalysts such as metallic copper, 
cuprous hydroxide or other copper salts in the absence of free alkali.87 

In 1912 Bart further improved his original method by employing as 
catalysts metallic copper, silver, nickel, cobalt or their salts in alkaline 
solution, thereby facilitating the removal of the diazo-nitrogen at low 
temperatures, and at the same time obviating the formation of by
products.88 

According to H. Schmidt, however, a neutral or slightly acid medium 
is most suitable for the interaction of normal diazo compounds and 
potassium arsenite without the assistance of any catalyst. In this 
procedure various arsenated as well aR non-arsenated by-products arc 
obtained. Thus, in the preparation of phenylarsonic acid there is also 
obtained 4-phenylphenylarsonic acid, while the products derived from 
3-nitrodiazobenzene are the corresponding nitroarsonic acid and 4?- (3'
nitropheny 1) -3-nitropheny larsonic acid.90 

In 1919 Mouneyrat modified Bart's process so that arsonic acids could 
be prepared by causing normal diazo compounds to act upon cold or 
warm aqueous or dilute alcoholic solutions of arsenious acid in an 
acid, neutral or alkaline medium, in the presence of special catalyzers. 
The characteristic feature of this process consists in the simultaneous 
use of two catalysts, one a copper salt, and the other a reducing agent 
the nature of which varies according to the acidity or alkalinity of the 
medium. If an acid medium is employed, an aeid reducing agent such 
as hypophosphorous acid, cuprous hydrate, etc., must be used; in a neu
tral medium, sodium hydrosulfite or sodium formaldehydesulfoxylate 
may be employed, while in an alkaline solution, the latter two reducing 
agents or an excess of alkali arsenite are satisfactory.8Q 

The arylarsonic acids may also be obtained: 
1. From aminoary larsonic acids by diazotizing and replacing the 

diaw group with a hydrogen atom in the usual manner. 
2. By oxidizing arylarsines, e. g., with nitric acid: 

RAsH2 + 30 --,'> RAsO(OHb 
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3. From dichloroarsine by chlorinating in the presence of water, or 
by oxidizing with hydrogen peroxide in glacial acetic acid solution: 

RAsCl2 + Cl" -~RAsCI4 3H20 ~ RAsO(OH)2 + 4HCl 
RAsCI" + H 20 2 + H 20 -~ RAsO(OH)2 + 2HCl. 

4. Upon oxidizing arsineoxides, e. g., \"ith hydrogen peroxide m 
alkaline solution: 

RAsO + 0 + HeO __,. RAsO(OH)2. 

5. By oxidizing arseno compounds, e. g., with iodine: 

I RAs = AsR + 212 + 2H20 __,. 2RAsO + 4Hl 
-\ 2RAsO + 12 + 2H20 -~ 2RAsO(OH)2 + 2HI. 

6. By hydrolyzing arsinetetrahalides or -oxyhalides: 

RAsX4 + 3H20 -~ RAsO(OH)2 + 4HX 
RAsOX2 + 2H20 -~ RAsO(OH)e + 2HX. 

Meyer's reaction has not been found applicable in the synthesis of aro
matie an-onic acids, the only exception being benzylarsonie acid. 

The un substituted arylarsonic acids are well-defined crystalline sub
stances soluble in hot water or alcohol and insoluble in ether. They 
are yery stable, some remaining unaffected even upon boiling with 
concentrated nitric acid. The degree of firmness with which the arsenic 
is attached to the nucleus depends upon the nature of the other sub
stituents present, but is practically always quite high. In many cases 
heating above the melting point causes a loss of one molecule of water 
with the formation of the corresponding anhydrides, which are recon
verted into the acids by warming with water: 

This dehydration occurs much less readily if negative groups are present 
in the nucleus. Upon fusing with potassium hydroxide the arsono group 
is replaced by a hydroxyl. Mild reducing agents such as sulfurous acid 
in the presence of hydriodic acid com·ert the arsonic acids into the 
corresponding arsineoxides; stronger reducing agents, e. g., sodium hydro
sulfite in alkaline medium at 55-60°, or heating with phosphorous acid 
in sealed tubes, produce arseno compounds; nascent hydrogen causes a 
further reduction to the primary arsines, while with hydrogen sulfide 
arylarsine sulfur compounds result. The acids are not affected by 
chlorine or bromine, but may be readily nitrated to nitroarylarsonic 
acids which are reduced to dinitroarsenobenzenes by phosphorous acid 
and to diaminoarsenobenzenes by warming with sodium hydrosulfite in 
alkaline solution. Benzylarsonic acid furnishes an exception to the 
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other members of this group in that it is readily decomposed by mineral 
acids. 

The arylarsonic acids readily form salts: the alkali and alkali earth 
compounds are generally soluble, crystalline acid salts, while the heavy 
metal derivatives arc insoluble neutral compounds. In practically no 
case is a precipitate obtained with magnesia mixture in the cold, but 
upon heating a magnesium sRlt settles out. The same phenomenon 
is observed with ammoniacal calcium chlorido solution, and constitutes 
a characteristic distinction from the pentavalent inorganic arsenicals. 

Esters may be prepared by two general methods: 
1. From sodium alkoxides and arylarsineoxychlorides, e. g., 

C6H5AsOC12 + 2RONa ----,) C6H5AsO(OR)2 + 2NaCl; 

2. By double decomposition between alkyl iodides and silver arson
ates, e. g., 

C6H 5AsO(OAg)2 + 2RI ----,) CeH uAsO(OR)2 + 2AgI. 

The last reaction occurs in dry ether medium even at ordinary tempera
tures but is completed in a reflux apparatus. A calculated amount of 
the alkyl iodide must be employed since an excess results in the forma
tion of alkyl-arylarsenites and free iodine, e. g., 

C6H 5AsO(OAg)2 + 4CHa1 ---7 

C6H 5As(OCHs )2 +2Ag1 + 12 + (CHs ) 20. 

The esters are liquids with disagreeable odors, and are readily hydro
lyzed by water into the arsonic acid and the respective alcohol. 

Phenylarsonic acid, CeH5AsO (OH) 2, has been prepared by adding 
potassium arsenite to an aqueous solution of potassium benzeneisodiazo 
oxide, stirring and warming until the evolution of nitrogen is com
plete. After neutralizing the excess of alkali with acid, the liquid is 
filtered, the filtrate evaporated to dryness and potassium phenylarsonate 
extracted from the residue by means of alcohol. The salt is then dis
solved in water and the free acid isolated by neutralizing with hydro
chloric acid.B6 The compound has also been obtained from benzene
diazonium chloride and sodium arsenite in the presence of cuprous oxide, 
without an excess of alkali; B6D from the same diazo compound and 
an aqueous or dilute alcoholic solution of arsenious acid in a cold 
or warm acid, neutral or alkaline medium in the presence of two 
catalysts, one consisting of a copper salt and the other a reducing agent 
capable of acting in the selected medium; 89 or by Schmidt's modifica
tion of Bart's method. 870 The same acid results on diazotizing p-arsanilic 
acid, introducing into a solution of sodium hypophosphite and hydro
chloric acid at a temperature not exceeding 2 0

, digesting for 18 hours 
at 2_50 and finally isolating successively through the barium, zinc and 
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sodium salts.871 Other methods consist in decomposing phenylarsine
tetrachloride or -oxychloride with water; 446 suspending phenyldichloro
arsine in water and oxidizing with chlorine; 872 or oxidizing pheny larsine 
with concentrated nitric acid. 873 Finally, it has been,obtained in small 
yields by heating bromobenzene with concentrated aqueous tripotassium 
arsenite and copper sulfate in a sealed tube at 180-2000 for six hours.8a 

Phenyl arsonic acid crystallizes in colorless, elongated prisms fairly 
soluble in cold water, readily in absolute or aqueous alcohol, caustic 
alkalis or hot water. It softens at 158 0

, and upon continued heating 
loses 1H20, yielding the corresponding anhydride. The acid is only 
slightly soluble in ether. but the latter readily extracts it from aqueous 
solutions containing an excess of mineral acid. It is a very stable 
compound, remaining unaffected by hot concentrated nitric or chromic 
acid. It is reduced to pheny larsine by nascent hydrogen; is decomposed 
into phenol and potassium arsenite when fused with caustic potash; 
and yields arscnobenzene upon heating with phosphorous acid in a sealed 
tube at 1800

: 

2CaH 5AsO(OH)z + 4HgPO g --4 CsH5As = AsCeH5 + 4HsP04 + 2H20. 

Salts.-The acid ammonium salt forms crystals which readily 
effloresce in the air and give off ammonia. The acid potassium salt is 
a white, amorphous, very hygroscopic substance. The acid barium salt 
consists of short needles readily soluble in cold water, dilute hydro
chloric or nitric acid, less soluble in warm water than in cold. It is 
prepared by dissolving the acid in baryta water, precipitating the 
excess barium by means of carbon dioxide and concentrating the filtrate, 
or by adding first barium chloride and then ammonia to a hot con
centrated solution of the arsonic acid. Two calcium salts are known
an acid compound, (C6 H 5AsO.OH.O)zCa, and a neutral derivative, 
CsHr,AsOsCa.2H20. The first, prepared like the corresponding barium 
salt by employing calcium chloride and ammonia, crystallizes in leaflets 
with a nacreous luster and a greasy texture; sparingly soluble in either 
hot or cold water and readily in warm dilute acids. The neutral salt 
is obtained by cautiously adding ammonia to a cold, dilute aqueous 
solution containing both phenylarsonic acid and calcium chloride in 
such a manner that the two liquids do not mix, and allowing to stand 
for several days. The salt crystallizes out in acicular aggregates with 
a bright luster and greasy texture.875 The magnesium salt, CSH5AsOsMg, 
is prepared by heating a solution of the acid with magnesia mixture. 876 

Of the heavy metal derivatives may be mentioned the zinc salt; 877 the 
copper salt-a blue-green precipitate; the silver salt which separates 
as a white, microcrystalline powder or platelets with a nacreous luster; 
and a white, amorphous lead salt, prepared from lead acetate and sodium 
phenylarsonate. If lead nitrate is employed instead of the acetate, there 
is obtained a precipitate consisting of lead phenylarsonate and lead 
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nitrate, from which the latter cannot be removed by washing with hot 
water.878 The yohimbine salt melts at 140°.285 On adding molybdenum 
trioxide to a hot aqueous solution of sodium phenylarsonate, filtering, 
concentrating the ,filtrate and adding guanidinium chloride, there is ob
tained a mixture of two crystalline compounds which may be separated 
by hot water.879 The least soluble compound, consisting of white leaflets, 
is not affected by boiling with guanidinium carbonate and corresponds 

r CSH5 ] 
to the formula, (CN3 H 6 )H

L
AS .H2 0. The more soluble de-

(MoO.) 3 

white needles which, when gently heated with guanidinium carbonate, 
yield microscopic, hexagonal plates of the formula, 

[ 

CeH5 CSH5 l 
As As 

(CN3H 6 )6H 2 • (Mo04 )3 (Mo04 )3 • J .4H20. 
OH OH 

MoO, 

Esters.-Methyl phenylarsonate, CGH5AsO (OCHa)~, IS a colorless 
liquid with an unpleasant odor; b. p. 188° /95 mm.; d, 1.394:6/23°; 
readily hydrolyzed by water. The ethyl ester boils at 168-70°/15 mm.; 
d, 1.318/15°; and is conycrted by chlorine into phenylarsineoxychloride, 
chloral and hydrochloric acid.sso 

Phenylarsonic anhydride, CeH5AsO", is a white amorphous powder 
which on continued heating decomposes without melting. It is readily 
transformed into the arsonic acid by dissolving in water.8Sl

, 882 

2-Methylphenylarsonic acid, CH;J' CaH,AsO (OH)2' itl prepared by the 
aetion of water on the corresponding arsinetctrachloride or -oxychlo
ride/s3

, 884 or from o-toluidine by Bart's reaction.885 It crystallizes in 
colorless needles melting at 160 0

, but when maintained at this tempera
ture for some time, it gradually loses 1H20, yielding the anhydride. Its 
calcium and barium salts are white crystalline solids; the silver salt is 
a white, amorphous precipitate slightly soluble in water or dilute 
alcohol. 88G 

3-M ethylphenylarsonic acid, from the corresponding arsinetetrachlo
ride and water, crystallizes from hot water in acicular aggregates, m. p .. 
150 0

• It is distinguished from its ortho and para isomers in that it melts 
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in hot water before dissolving, while its isomers do not. At 220-30° it 
loses one molecule of water, forming the anhydride. Its alkali and 
alkali earth salts are easily soluble in water; the ammonium salt con
sists of crystalline crusts; the calrium salt is characterized by its ready 
solubility in cold but difficult solubility in hot water. A white silver 
salt, a pale blue copper salt, as well as tin, lead, iron and cobalt com
pounds have also been prepared. The phenylhydrazine salt, 

CrH,AsO. OH. ONH3 • NHCaH" 

prepared from the acid and phenylhydrazine in aqueous medium, rrys
tallizes from alcohol in lustrous leaflets.s8' 

4-]1,1 ethylphenylarsonic acid is prepared by treating the correspond
ing arsinetetrachloride or -oxychloride with water; 'Se. RkS from p-toluidine 
by Bart's reaction,SG or lVIouneyrat's modification of the same,"') or by 
oxidizing 4-methylphenyldiehloroarsine with either chlorine in aqueous 
medium, hydrogen peroxide in glacial acetic acid solution or with nitric 
acid.889 It com:ists of elongated needles darkening at 300° without 
melting and losing 1H2 0 at 105-10° with the formation of the anhydride. 
Potassium permanganate in alkaline solution oxidizes it to 4-carboxy
phenylarsonic acid. Its acid potassium salt is a white deliquescent 
powder; the acid barium salt forms white needles; the acid calcium salt 
crystallizes in lustrous leaflets with a greasy texture; the neutral silver 
salt is a white precipitate which can be obtained crystalline from hot 
dilute alcohol; the neutral copper salt is blue-green, while the corre
sponding lead salt is white.80o 

Benzylarsonic acid, C 6H 5CH2AsO (OH 12 ) IS prepared by Meyer's 
reaction from benzyl iodide and potassium nrsenite,"J1 or from benzyl 
chloride and sodium arsenite.S

"" It forms ,yhite, lustrous needles, m. p. 
167 0

; sparingly soluble in cold water but rea'dily in alcohol or hot water. 
It is odorless; has an, irritating effect upon the epidermis and mucous 
membranes, and has a peculiar bitter taste. Unlike the other arsonic 
acids it is easily decomposed by mineral acids-with concentrated hydro
chlori~ acid benzyl chloride and arsenious acid are formed: 

while with sulfuric acid dibenzyl, benzaldehyde and arsenious acid are 
obtained: 

2,4-Dimethylphenylarsonic acid, (CH3 ) 2C6HsAsO (OH) 2, separates 
from dilute alcohol as rectangular crystals melting at 210°. The acid 
ammonium, neutral silver, copper, lead, cobalt and iron salts have been 
prepared. G,G 
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2,5-Dimethylphenylarsonic acid crystallizes from hot water in elon
gated needles, m. p. 223 0

; readily soluble in hot water or alcohol, 
sparingly in cold water. Its neutral silver, lead, copper and ferrous 
salts are insoluble in water.554 

2,4,5-Trimethylphenylarsonic acid, (CH3) 3C6H2AsO (OH) 2, consists 
of white needles, m. p. 224 0

; readily soluble in hot water or alcohol. It 
forms a neutral silver salt.459 

4-Isopropylphenylarsonic acid, (CH3)2CH.CaH4AsO(OH)2, exists as 
lustrous, snow-white needles, m. p. 152 0

; readily soluble in hot water or 
alcohol, and yielding 4-carboxyphenylarsonic acid when oxidized with 
potassium permanganate in alkaline solution.459 

Tertiary-butylphenylarsonic acid, (CH3) 3C. CaH4AsO (OH) 2, crys
tallizes in tufts of needles, m. p. 193 0

; readily soluble in alcohol, spar
ingly in hot water. It forms a white, amorphous, neutral silver salt.460 

4-Phenylphenylarsonic acid, (C6H 5 ) C6H4AsO (OHh, is prepared from 
the corresponding dichloroarsine by oxidation with hydrogen peroxide in 
glacial acetic acid.893 It is also formed as a by-product in the prepa
ration of phenylarsonic acid from aniline by Schmidt's modification of 
Bart's method.810 The compound separates from water or dilute alcohol 
as an almost colorless, crystalline powder, m. p. 275 0 (L.), unmelted up 
to 300 0 (S.); readily soluble in alcohol, caustic alkalis or ammonia. 

(J.-N aphthylarsonic acid, ClOH1AsO (OH) 2, is obtained either from the 
arsinetetrachloride in the usual manner 462 or from a-naphthylamine by 
Bart's reactionY It forms colorless needles melting at 197 0

, soluble in 
hot water, acetone, methyl or ethyl alcohol and insoluble in mineral 
acids, benzene, carbon bisulfide, carbon tetrachloride, chloroform, toluene 
or xylene. When treated with fuming sulfuric acid (d, 1.9), it yields 

AsOaH 2 

/ 
?-sulfonaphthylarsonic acid, ClOHa , which crystallizes from 

"'SOaH 

water in glistening white, slightly hygroscopic plates easily soluble in 
hot water, alkalis, acetone, methyl or ethyl alcohol, difficultly so in ether 
and insoluble in mineral acids or the other organic solvents. It neither 
melts nor decomposes below 250 0

, and yields upon oxidation a viscous 
liquid of indefinite composition.41 

~-N aphthylarsonic acid consists of needles, m. p. 1550
; readily soluble 

in alcohol or hot water.516 
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, is derived 

from a-amino anthraquinone by Bart's method. It crystallizes from 
75 per cent acetic acid in colorless needles difficultly soluble in hot water, 
almost insoluble in methyl or ethyl alcohol and easily soluble in con
centrated sulfuric acid, 2N-sodium carbonate, N-sodium hydroxide or 
warm 2N-sodium acetate. The acid is reduced to the arseno derivative 
by warming with sodium hydro sulfite in alkaline solution, but with 
sodium amalgam the arsenic is split off, yielding anthraquinone. Upon 
heating on a sand bath the arsonic acid decomposes with the formation 
of arsenious acid and erythrohydroxyanthraquinone. The sodium, 
barium, calcium and magnesium salts have been prepared.894 

The ~-isomer, similarly prepared, crystallizes in faintly yellow needles 
which do not melt up to 270 0

• It is slightly soluble in boiling water, 
readily in ammonia, concentrated sulfuric acid, 2N-sodium carbonate, 
N-sodium hydroxide or hot alcohol. Magnesia mixture added to the 
ammoniacal solution produces an amorphous precipitate in the cold, 
while calcium chloride yields a crystalline precipitate. Its alkaline 
solution is colored deep red when treated with sodium hydrosulfite, and 
unlike the a-isomer yields but a slight amount of anthraquinone with 
sodium amalgam, thereby indicating that its arsenic is more firmly 
attached to the nucleus. 895 

3. Aryl Diarsonic Acids.-o-Phenylenediarson,ic acid, 

CaH 4 (AsOaHz) 2, 

is prepared by treating an alkaline solution of 2-diazophenylarsonic acid 
with aqueous sodium arsenite in the presence of a little ammoniacal 
copper sulfate, forming a white, microcrystalline powder containing one 
molecule of water of crystallization. It is difficultly soluble in water, 
either very difficultly so or entirely insoluble in the usual organic sol
vents, does not melt below 360 0

, and intumesces slightly on strongly 
heating in the test tube. When warmed with dilute copper sulfate it 
yields a very bright insoluble copper salt, while boiling bisulfate solution 
converts it, after temporarily going into solution, into an insoluble 
arsineoxide.896 Upon treating a solution of the acid in warm fuming 
hydrochloric acid with a little aqueous potassium iodide and introducing 
sulfur dioxide, there are ultimately obtained almost colorless, tetragonal 
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Cl 
/ 

As 

/ '" plates of the oxychloride, C6H4 0, which melts at 148°, and is very 

'" / As 

'" CI 

easily soluble in hot ether, benzene or cmbon bisulfide. 897 

m-Phenylencdiarsonic aC1:d is derived from m-arsanilic acid by Bart'~ 
method, and forms 1'010rles8 leaflets easily soluble in water or 96 per 
cent ::dcohol, difficultly in ethyl acetate and almost insoluble in acetone 
or ether. It has no melting point, but is decomposed at high tempera
tures with intumescence. The sodium salt crystallizes with 10 molecules 
of water.S98 Upon reducing this acid or its p-isomer with phosphorous 
acid in a sealed tube at 220-35° and 210-20° respecti'vely for severn I 
hours, there are produced yellow, amorphous compounds insoluble in 
the ordinary organic solvents and decomposing at high temperatures. 
It has not yet been determined whether the formulas of these are 

/ /" / " <-As=As ) ·and < -As=AS-), or 

" / "'- / 
As -- As 

As As /"'- /'\ 
I I / '" / , 

/ " / I 

J 
/ '" / "'- and j '" / "'- / 

"'- / / 
I I "'- "'-As As "'-/ "'-/ 

As As 

respectively. They arc readily. oxidized by hydrogen peroxide, more 
violently by warm dilute or cold coneentrated nitrie acid, to the corre
sponding diarsonic acids. On boiling with amyl alcohol they dissolve, 
separating on cooling as colorless amorphous products.899 

p-Phenylenediarsonic acid is obtained from atoxyl by Bart's method 
as abon, and crystallizes in colorless, frequently needle-shaped, leaflets 
quite soluble in water, difficultl), so in alcohol and insoluble in ether, 
acetone or benzene. Its alkali salti' are readily soluble in water, but only 
sparingly in alcohoL86. 90U 



PENTAYALENT AROMATIC ARSE1'"rICALS 247 

4. Halogenated Aryl ArsOTvic Acids.-Compounds of this group are 
generally derived: 

1. From halogenated arylamines either by Bart's reaction or 
Mouneyrat's modification of the same. 

2. From diazo aminoarylarsonic acids by employing GaHermunn's 
modification of Sandmeyer's reaction. 

A very singular method, applicable only to the preparation of mono
and dichloro-2,4-dimethylphenylarsonic acids, consists in treating the 
corresponding dichloroarsine with chlorine, which causes simultaneous 
chlorination and oxidation to the arsonic acid. 

The halogenated arsonic acids are crystalline solids which, as a rule, 
are difficultly soluble in cold water, but dissolyc more readily in hot 
water or yarious organic solvents. 

4-Iodophenylar:-<onic acid serves as the stnrting material for the 
preparation of se\'eral interesting compounds. Thus, with chlorine it 
forms an addition product, 4-iodochloride phenylarsonic acid, which IS 

converted into an iodm:o compound by the action of caustic soda: 

H eO"AsC6H11 + ele -~ H"03AsC6H1ICl:l 
H~03AsCGR,lel" + 2NaOH ------'? H:!OBAsCnH4IO + 2NaCI + H"O. 

On treating the iodo or iodoso compound with sodium hypochlorite, oxi
dation to the iodoxy derivative occurs: 

H:10 3AsCt)H 4 IO + NnCIO -~ H:10 3AsCeH,IO e + NaCl 
H"03AsCuH 41 + 2NaClO -~ H:lO:JAsCeH4IOe + 2NnCl. 

Both the iodoso and iodoxy compounds are strong oxidizing agents, and 
decompose violently 'when heated. 

2-C hlorophenylaTsonic acid, CICoHJA~O"H~, If' prepared from 
2-ehloronniline by Bart's method.oo1 

4-C hlorophenylarsonic acid is obtained either by adding copper 
powder to a hydrochloric acid solution of 4-diazopheny lar80nic acid at 0 0 

and subsequently precipitating as the copper salt,902 or from 4-chloro
aniline by Mouneyrat's modification of Bart's method.s9 The compound 
is characterized by its bnrium snIt, [ClC6 H4AsO. OH. O]2Ba, which 
crystallizes in white leaflets upon boiling a suspension of the copper 
salt with barium hydroxide, removing the excess of barium with carbon 
dioxide, and concentrating the filtrate. 

2-BrO'lnophenylaroonic acid, made from 2-bromoaniline hydrochloride 
by Bart's process, separates as white leaflets difficultly soluble in 
water.903 
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4-Bromophenylarsonic acid may be prepared from 4-bromoaniline 
either by Bart's method,86 or by Mouneyrat's modification.89 It crys
tallizes in the form of white needles sparingly soluble in water, but 
readily in methyl or ethyl alcohol. 

4-Iodophenylarsonic acid is formed, along with some 4-iodophenyl
diiodoarsine, as a yellow precipitate on slowly adding to 4-diazophenyl
arsonic acid a solution of potassium iodide, copper sulfate and sodium 
thiosulfate in hydrochloric acid. Recrystallized from alcohol, the acid 
forms fine reddish-vvhite needles soluble in alkali hydroxides or car
bonates, hot alcohol, acetone or acetic acid, sparingly in water, alcohol 
or carbon bisulfide and insoluble in benzene, ether, chloroform, dhy I 
acetate, petroleum ether or toluene. It is not precipitated from am
moniacal solution by magnesia mixture!65 

4-Iodochloride phenylarsonic acid, H cO"AsCr,H4IClz, crystallizes as 
a yellow powder when a glacial acetic acid solution of 4-iodophenyl
arsonic acid is saturated with chlorine.904 

4-Iodosophenylarsonic acid, Hz03AsCnH4IO, results upon dissolving 
the preceding compound in dilute caustic soda and precipitating with 
dilute hydrochloric acid. It is a white, microcrystalline substance readily 
soluble in alkalis or sodium acetate but sparingly so in alcohol, acetic 
acid or water. It explodes on heating, and is a powerful oxidizing agent, 
liberating iodine from an acetic acid solution of potassium iodide, decom
posing litmus and bleaching indigo. 90S 

4-Iodoxyphenylarsonic acid, HzOgAsCsH.IOz.-When a cold solution 
of 4-iodophenylarsonic acid in N-sodium hydroxide is saturated with 
chlorine and then acidified with dilute sulfuric acid, a white granular 
precipitate is obtained whose oxidizing power surpasses that of the iodoso 
compound. It explodes sharply when heated and is practically insoluble 
in the ordinary organic solvents,905 

4-C hloro-2-rnethylphenylarsom~c acid, CIC6H g (CHg ) AsO (OH) 2, ob
tained from the corresponding chlorotoluidine by Bart's method, is prc
cipitated as the magnesium salt, from which the free acid can be isolated 
by decomposing with hydrochloric acid. The product, m. p. 199 0

, is 
readily soluble in hot water but sparingly in cold.906 

4-Chloro-3-rnethylphenylarsonic acid is prepared by decomposing the 
diazo solution of the corresponding amino acid with cuprous chloride. 
It crystallizes from alcohol in needles melting at 1800

•
90

, 

?-Chloro-2,4-dimethylphenylarsonic acid, CICeH 2 (CH3 ) zAsO (OH) 2, 

is deposited as needles, m. p. 165 0
, on passing chlorine into an aqueous 

suspension of the corresponding dichloroarsine.908 

• 
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2,4-Dichlorophenylarsonic acid, ClzCsH3As03Hz, obtained from 2,4-
dichloroaniline by Bart's method, crystallizes from water in fine 
needles.909 

3,5-Dichlorophenylarsonic acid.-An intimate mixture of 3,5-dichloro
p-arsanilic acid and potassium pyrosulfite is gradually introduced into 
ice-cold nitrir acid (d, 1.49), and a solution of the diazo compound 
obtained by the addition of icc. The clear liquid is then warmed with 
alcohol and a little finely di\·ided copper until the evolution of nitrogen 
is complete, when, upon cooling, the dichloro acid separates as well
defined, snow-white leaflets soluble in hot water, methyl or ethyl alcohol 
but sparingly in cold water.910 

?-Dichloro-2,4-dimethylphenylarsonic acid, CleC6H (CH3 ) 2AsO (OH)~. 
-Formed on passing chlorine through a solution of the corresponding 
dichloroarsine in glacial acetic acid. It can be recrystallized from 
dilute alcohol and melts at 193°.908 

3,5-Dichloro-4-ioclophenylarsonic acid, (C12 ) (I) C6H2AsO (OH) 2'-

The diazo solution obtained in the preparation of 3,5-dichlorophenyl
arsonic acid is allowed to crystallize, the resulting crystals redissolved 
in water, and treated with 10 per cent potassium iodide solution until 
the evolution of nitrogen ceases, when the desired acid separates out. 
It crystallizes from 50 per cent acetic acid in white felted needles spar
ingly soluble in either hot or cold water.648 

5. Nitro Aryl Arsonic A.cids.-Nitro groups may be readily intro
duced into the nuclei of aromatic arsonic acids by the usual methods of 
nitration. The same products are obtained by treating nitroarylamines 
either according to Bart's original method, Mouneyrat's modification of 
this procedure, or H. Schmidt's variation, in which potassium instead of 
sodium arsenite is employed. The acids are crystalline solid:; sparingly 
soluble in cold water, alcohol or acetic acid, but more readily so on 
heating. With certain reducing agents, such as stannous chloride in 
hydrochloric acid, the nitro groups alone are reduced, forming amino 
arsonic acids; reagents like phosphorous acid reduce only the arsonic 
acid group, yielding the corresponding nitro arseno compound, while 
with strong reducing agents, such as sodium hydrosulfite in warm alkaline 
solution, both the nitro and arsonic acid groups are reduced, resulting 
in the production of aminoarseno derivatives. 

When a nitromethylphenylarsonic acid, in which the nitro group is 
in para position to the methyl, is warmed with concentrated aqueous 
sodium hydroxide solution, it yields a mixture of dinitroso-, azoxy-, 
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and azostilbenediarsonic arids, which are analogous in structure to such 
commercial dyes as Mikado-Brown, Mikado-Orange and Turmeric: 

This redurtion of the nitro group to nitroso, etc., can be prevented by 
the addition of an oxidizing agent surh as sodium hyporhlorite. Thus, 
5-nitro-2-methylphenylarsonir ariel, when boiled with sodium hydroxide 
and 80dium hyporhloritp, yield~ 5,5' -dinitro-2,2' -stilbenediarsonic acid. 

By reducing the mixture of the above f'tilbene compounds in alkaline 
solution first with zinc dust and then with sodium hydrosulfite, there 
is obtained a single product consisting of the disodium :-alt of diamino
stilbenediarsonie arid, who"e strurture mny be represented as follows: 

AS03HN a AS03HN a 

/""- /""-
( jCH=HC( I 

H2N ",,-) ",,-) NH2 

v V 

The latter may be further reduced with sodium hydrosulfite to form 
the corresponding arseno stilbene, 
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As As 
A /"'-

/ iCH=HC( I 
H2N",- / "'- /NH~ 

"'-/ V 
or it may be diazotized Hnd the diazo groups replaced by hydroxy Is, 
producing the corresponding dihydroxystilbenediarsonic acid, which upon 
reduction i:-: conyerted into the arseno deriyatiye. 

2-N1:trophenylarsonic acid, OeN.Cr,H,AsO(OH)2. IS obtained from 
o-nitraniline either by Bart's method,sr" 811 or by H, Schmidt's modifica
tion of the same.912 \Vhen recrystallized from water, it "epamte:" as 
pale yellow, glistening, hexagonal plates (J aeob~) or almost colorless 
needles (Bart, Schmidt) containing one molecule of water of cry:;:talliza
tion. The anhydrous acid melts with decomposition at 235-40 0 (J.) or 
232 0 (S.), is soluble in hot alcohol but sparingly in cold alcohol, chloro
form or acetone. The acid does not giye any precipitate on boiling 
with magnesia mixture, the magnesium salt separating only on prolonged 
standing at ordinary temperature. The hydrated acid is readily soluble 
in hot water, sparingly in cold and "lightly in acetic aeid, erystallizing 
from the latter in a practirally insoluble, presumnbl~' dehydrated modi
fication. 

3-;Yitrophenylarsonic acid re::.:ult" upon nitrating phenylar:-:onie acid 
with either 100 per cent nitric acid or a mixture of concentrated t'ulfuric 
and nitric acids. s ," If, however, the latter nitration be eondurten in a 
Realed tube at 155-65 0 for 3 hours, there is also obtained a small amount 
of an iRomer, which does not dif'solyc in hot water."") A third method 
consists in treating m-nitraniline according to Srhmidt's modification of 
Bart's mcihod,913 

The constitution of the abm'e acid has been established by the fad 
that it is identical with the 3-nitTophenylarsonie arid obtained by the 
following two methods: (a) 3-nitro-p-arsanilie acid is diazotized, treated 
,,'ith a bydrochloric acid solution of sodium hypophosphite, and the 
3-nitrophenylarsonic acid isolated surecssively through the barium, zinc, 
and sodium "alt8,9H (b) p-Nitranilinear>,onie aeid i" diazotized and the 
diazo-solution treated with nleohol and ropper-bronze. When the c"olu
tion of nitrogen has ceased, the filtrate is concentrated and treated with 
strong raustic soda until faintly aeid to tongo, the 3-nitro-arid crystal
lizing out on cooling.9J5 

The product consists of leaflets readily solublc in alcohol or hot 
water, less so in cold water, slightly in benzene or chloroform and 
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insoluble in ether or ligroin. At 180 0 it loses water, :md carbonizes 
above 230 0 without previous melting. If, howeyer, the tube eontaining 
the acid is suddenly introduced into sulfuric acid heated to 200 0

, it mclt~ 
at once and then quickly resolidifies to the anhydride. Heated with 
bromine water at 200 0 it decomposes, yielding '2-nitrobromobenzene, 
hydrobromic and arsenic acids. With tin and hydrochloric acid an 
unidentified, dark, amorphous mas:; is obtained; with stannous chloride 
and hydrochloric acid Michaelis on aIle occasion obtained a crystalline 
double salt of 3-nminophenylarsonic acid and stannous chloride, 
(HCI. H2N) Cr.H4As03H". SnCl". 4H"O, while phosphorous acid reduc-es 
the nitroarsonic acid to the corrcsponding nitroarseno derivatiYe. 

Salts.-The alkali salts are not crystallizable. Upon conccntrating a 
solution of the diammonium salt, half of the ammonia splits off, lea villg 
the acid salt. The calcium salt, obtained by treating an aqueous solu
tion of the acid with calcium carbonate and boiling the filtrate, crystal
lizes in fine lustrous leaflets which do not lose their water of crystalliza
tion even at 110 0

, probably due to their constitution which may be 

° J 
represented by the following formula, 02N. CSH4As - OH The 

'" . O.Ca(OH) 
barium salt, [02N. C6H4AsO. OH. OJ 2Ba, crystallizes in crusts; the 
cupric salt is a blue crystalline substance whose water of crystallization 
cannot be removed by heating; the silver salt is a white. amorphous 
deposit easily soluble in ammonia or nitric acid; the magnesium salt 
may be obtained by boiling the acid with magnesia mixture.9l6 

. 

4-Nitrophenylarsonic acid, from p-nitraniline by Bart's mcthod,SC, 
crystallizes from water in pale yellow aggregates of minute leaflets whirh 
do not melt below 275 0

, are sparingly soluble in hot methyl alcohol or 
acetic acid, cold water or ethyl alcohol, but dissolve rel1dily in the 
latter on heating.917 

J,.-Nitro-2 or 6-methylphenylarsonic acid, 02N. C6Ha (CHa)AsO(OH)", 
is prepared from 5-nitro-o-toluidine by Bart's reaction, forming almof't 
colorless needles melting with decomposition at 235-40°. It is readily 
soluble in hot water, alcohol or acetic acid and practically insoluble in 
acetone or chloroform.918 

5-Nitro-2-methylphenylarsonic acid may be obtained by nitrating the 
corresponding arsonic acid with nitric-sulfuric acid at 20-35° ,919 or from 
4-nitro-o-toluidine by Bart's reaction.no It forms white felted needles 
darkening at 230° and melting at 261 0 (Karrer), or pale yellow, glisten
ing plates melting at 225 0 with the evolution of a gas, then resolidifying 
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and finally melting with decomposition at 261-3° (Jacobs). It is very 
sparingly soluble in cold water, alcohol or acetic acid, though readily 
on heating; is soluble in methyl alcohol but practically insoluble in 
acetone or chloroform. ~When heated with aqueous alkalis at 90° for 
15 minutes, it undrrgoe~ a complicated series of reactions, yielding a 
mixture of dinitroso-, azoxy- and azostilbenediarsonic acids, which is 
soluble in alkalis but not in the u~ual sol\"Cnts.nl 

5,5' -D Z:nitro-2 ,2' -8 tilbenediarso11 ic acid, 

(H"03As) (OeN)Ct;H3.CH = HC.C6H 3(NOz) (AsOgHz), 

results upon warming the preceding arsonic acid with aqueous sodium 
hydroxide and hypochlorite for fiye minutes at 90° and then acidifying 
with concentrated hydrochloric acid. It separates as a white crystalline 
precipitate sparingly soluble in water or alcohol. Warming its alkaline 
solution with a little acetone produces a reddish-brown condensation 
product, but with phenylhydrazine-merely a red coloration.919 

6-Nitro-2-methylphenylarsonic acid is prepared from 3-nitro-o
toluidine by Bart's method, and, when recrystallized from hot water, 

. separates as star-shaped aggregates of pale yellow, delicate needles 
decomposing at 228-30°. It is practically insoluble in cold water, spar
ingly in hot, more soluble in hot alcohol or glacial acetic acid and readily 
in methyl alcohol.922 

2 or 6-Nitro-4-methylphcnylarsonic acid, which results on treating 
3-nitro-p-toluidine according to Bart's method, forms faintly yellow, 
minute rods, m. p. 255-60° with decomposition; yery sparingly soluble 
in cold water, alcohol or acetic acid but more soluble on boiling.922 

3 or 5-Nitro-4-methylphenylarsonic acid may be obtained either from 
2-nitro-p-toluidine by Bart's reaction,on or by slowly nitrating 4-methyl
phenylarsonic acid with a mixture of concentrated sulfuric and fuming 
nitric acids at low temperature.D2

' It crYi'itallizes from hot water in 
lustrous needles which do not melt below 300° and intumesce at higher 
temperatures. The acid is readily soluble in hot water, acetic acid, 
methyl or ethyl alcohol, less so in benzene or chloroform, difficultly in 
cold water, acetic acid or acetone and insoluble in ligroin or ether. 
'Yhen heated it loses water, but decomposition begins before one molecule 
is split off. 

Salts.-The alkali salts are not crystallizable; the silver salt is a 
white amorphous powder; the barium salt consists of small white needles, 
while the calcium and cobalt salts form small lustrous leaflets and 
yiolet crystals respectiyely. The latter two, together with the cupric 
salt, have the same general composition, 02N.CaHs(CHs)AsOsR.H20, 
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the molecule of water being so firmly held that it cannot be remoyed 
without partial decomposition of the salts.925 

?-N£tro-2,4-dirnethylphenylarsonic aC1:d, 02N. C6R2 (CR3 ) 2AsO (OR) 2, 

prepared by nitrating the corresponding arsonic acid with fuming nitric 
acid at low temperature, crystallizes in short, white needles melting at 
207 0

, decomposing with intumescence above 306 0 and readily soluble 
in water, though less so in alcohol or ether. Its silver salt has been 
prepared.5' 0 

?-Nitro-2,5-dimethylphenylarson£c acid, similarly produced, crystal
lizes from alcohol in white needles, m. p. 205 0

; difficultly soluble in water 
but much more easily in alcohol. On heating with phosphorous acid 
in a sealed tube, the corresponding arseno-compound is obtained.'·"4 

4-Nitro-2,5-dirnethylphenylarsonic acid is obtained from 2,5-dimethyl
p-nitraniline by Bart's reaction. It crystallizes from 50 per cent acetic 
acid in pale yellow, spindle-shaped prisms, wedge-shaped platelets, or 
long, flat plates melting with decomposition at 290 0

, sparingly soluble 
in boiling water but readily so in hot aleohol or ~\cetic acid. It is not 
identical with the preceding isomer."2(; 

4-Nitro-a-naphthylarsonic an'd, OJ\'.C,()R,,A,,OIOH)2, from a-nap
thylarsonic Hcid nnd WHrm nitric aeid Id, 1.41, sepnr:tteF< from alcohol 
in small, pale yellmv needles soluble in methyl, le8~ So in ethyl alcohol, 
difficultly in hot water and practically insoluble in cold. Mineral acids 
produce a precipitate which redissolYCs in an excess of the reagent. The 
arsenic is completely removed either by heating with concentrated 
hydrochloric acid at 1200 for 3-4 hours; by fusion with solid potassium 
hydroxide; or by treatment with phosphorus pentachloride, but only to 
a slight extent by bromine and not at all by iodine.""" 

4-C hloro-S-nitrophenylarsonic acid, I02N) (CI) ('nR;A~O (OR) 2, is 
prepnred from 4-chloro-m-nitraniline by Mouneyrat\ modifJ('ation of 
Bart's method,'" or by nitrating 4-chlorophenylar:"onic acid,"'" and 
('fystallizes from dilute alcohol in the form of white lenflet~ which on 
heating decumpose with intumescence. On boiling with ~tque()u~ caustic 
pot,1~h, the chlorine is replaced by a hydroxyl. 

6-Chloro-3-nitrophenylarsonic acir;i, made by nitrating 2-chlorophenyl
nrsonic acid, consists of white needles difficultly ~()luhle in water. ea~ily 
III hot alcohol and intumescing on heating.""] 

4-Brorno-S-nitrophenylarsonic acid may be prepared from 4-broIno
aniline by .Mouneyrat's modification of Bart's method.'" 
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4-C hloro-5-nitro-2-rnethylphenylarsonic acid, 

separate~ in white, lustrous leaflets on nitrating the corresponding arsonic 
acid with nitric-sulfuriC' acid at 30-40°, but when recrystallized from 
water, it forms beautiful scales melting at 215°. On warming with 
aqueous caustic soda for 15 minutes, diluting and t1hen acidifying, a 
flocculent, brown stilbene-dye results. uOG 

4,4' -Dichloro-5,S' -dinitro-2,2' -stilbenediarsonic acid; 

(H"03As) (02N) (CI)CsH 2 .CH = HC.CsH 2 (CI) (N02) (AsOaH 2), 

a white crystalline powder sparingly soluble in hot water, is obtained 
upon warming the preceding arsonic acid with sodium hydroxide and 
hypochlorite at 90° for five minutes and acidifying with hydrochloric 
acid.1ao 

4-Chloro-5-nitro-3-rnethylphenylarsonic acid is derived from the cor
responding arsonic acid by nitration with nitric-sulfuric acid, and 
crystnllizes from alcohol in yellowish needles, m. p. 310°; soluble in 
dilute aqueous caustic soda.g07 

2,4-Dichloro-5-nitrophenylarsonic aCI·d, 02N. Cl2CsH 2AsO (OH) 2, is 
obtained by nitrating the corresponding dichloro arsonic acid.90o 

2,4-Dinitrophenylarsonic acid, (02N)2CsHsAsO(OH)2.-The intro
duction of arsonic acid groups into aromatic nuclei by Bart's diazo
reaction is usually carried out in alkaline or neutral solution. With 
diazotized 2,4-dinitroaniline, however, this synthesis does not take place 
under such conditions, and can only be carried out in the presence of 
an excess of acid. 

2,4-Dinitroaniline is added to a cold mixture of concentrated sul
furic acid and sulfuric acid containing 59% of nitrosylsulfate, the re
sulting solution poured upon ice, treated with aqueous sodium arsenite, 
and the eyolution of nitrogen completed by heating with steam. After 
clarifying with animal charcoal, the acid crystallizes in felted needles, 
m. p. 199-200°; moderately soluble in cold water and readily in aqueous 
alkalis, sodium acetate, glacial acetic acid, methyl or ethyl alcohol. 
The aqueous solution turns congo paper violet.D27 

4-Chloro-3,5-dinitrophenylarsonic acid, (02N) 2CICsH 2AsO (OR) 2, is 
obtained when 4-chloro-3-nitrophenylarsonic acid is energetically nitrated 
with nitric-sulfuric acid. It consists of white crystals soluble in alcohol, 
hot water or strong hydrochloric acid.928 
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3-Nitro-?- (m-nitrophenyl)phenylarsonic acid, 

(02N. CaH4)CaHa (N02)AsO (OH)2' 

Formed as a by-product in the preparation of 3-nitrophenylarsonic acid 
from 3-nitraniline. It is a light brmvn powder soluble in alkali or 
ammonia and darkening but not melting below 260 0

• In concentrated 
solution a precipitate with magnesia mixture results even in the cold, 
but in dilute solution-only on boiling.920 

AsOaH2 
/ 

4-Nitrosophenylarsonic acid, CaH4 .-Atoxyl is gradually 

"'- NO 
introduced into an ice-cold solution of neutral monopersulfuric acid, 
H 2S05 (200 C.c. = 1.67 g. 0), the whole rendered slightly alkaline with 
sodium carbonate, and allowed to stand for 30 minutes. Upon acidifying 
the filtrate, the nitroso compound separates in yellow crystals readily 
soluble in alkali hydroxides or carbonates, acetic acid or hot water, 
sparingly in cold water, methyl or ethyl alcohol, ether, chloroform, 
pyridine, etc. At 180 0 it deq)mposes, and intumesces at higher tempera
tures. Sulfuroui:i acid reduces it to 4-aminophenylarsineoxide while with 
sodium hydrosulfite the torre"ponding diamino arseno compound results. 
It reacts quantitatiYCly with phenylhydrazine (2 moles), the nitrogen 
of the latter being completely eyolnd. The above arsonic acid behaves 
like a typical nitro:-io compound: it liberates iodine from acidulated 
potassium iodide, or sulfur from hydrogen sulfide water; condenses to 
an intense reddish-brown nzo eompound when warmed with aniline and 
acetic acid; yields a brown coloration with ferrous sulfate and con
centrated sulfuric acid, and a blue color with diphenylamine sulfuric 
acid; exhibits the Liebermann reaction with phenol and concentrated sul
furic acid; and with (:I-naphthol alld hydroxylamine yields first a brown 
and then a red coloration due to the formation of an azo dye.""" It con
denses with p-phenylenediaminc or 2,5-diaminophenylarsonic acid in 
glacial acetic acid medium to form diazo dyes containing arsenic.931 , 9a2 

3,4-Dinitrosophenylarsonic acid, (ON) 2C6HaAsOsH2, prepared by 
heating 3-nitro-4-triazophcnylarsonie acid up to 73-5°, decomposes at 
230 0

, is soluble in aqueous alkalis, aleohol or glacial acetic acid, but 
very difficultly so in cold water.""" 

Azoxybenzene-4,4' -diarsonic acid, H 20 gAsCaH 4N - NCaH4AsOaH 2.-

"'-/ o 
An aqueous solution of ntoxyl is oxidized with potassium ferricyanide ill 
alkaline solution, and the azoxy compound i"obted as the barium ~alt. 
The corresponding di~odium snIt is a brownish powder.!l33 
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Hydrazobenzene-2,2' -diarsonic acid, 

is produced together with a small amount of 2-aminophenylarsonic acid 
by the electrolytic reduction of 2-nitrophenylarsonic acid in sodium 
acetate solution. It is a light brown powder soluble in ammonia or 
concentrated acids; forms a silver mirror with ammoniacal silver nitrate 
solution; and oxidizes to the corresponding azo derivative upon ex
posure to the air.9s4 

6. Amino Aryl Arsonic Acids.-The compounds resulting from the 
introduction of an amino radical into primary arsonic acids constitute 
one of the most important groups of aromatic arsenicals, for their 
great reactivity renders them invalunble as the parent substances in the 
synthesis of many other arsenic derivatives. They may be prepared 
directly from primary amines by condensing with arsenic acid at high 
temperatures: 

CxHyNH2 + HsAs04 --7 CxHyNH2.HsAs04 --7 

H 20sAs 
> CxHY_ 1 + H 20. 

H2N 

In this procedure known as the Bechamp reaction, the arsenic enters 
the ring in the position para to the amino group. However, if this 
position is already occupied, it either enters the ortho position or no 
arsenation occurs. The amino acids may also be obtained: 

1. By the reduction of the corresponding nitro acids with various 
reagents, such as ferrous sulfate or chloride and caustic soda, sodium 
amalgam in methyl alcoholic medium, sodium hydrosulfite at low tem
perature, or hydrogen under pressure in the presence of palladous 
hydroxide. 

2. By applying Bart's reaction to aromatic diamines. 
3. From diaminoarsonic acids by diazotizing with l' mole of sodium 

nitrite, and replacing the diazo group with a hydrogen atom by means 
of copper powder in the presence of alcohol. 

4. By hydrolyzing N-acylated aminoarylarsonic acids. 
The compounds are colorless, crystalline substances soluble in dilute 

mineral acids, alkalis, hot water, methyl or ethyl alcohol, sparingly 
in the latter three solvents at ordinary temperature or glacial acetic acid 
and generally insoluble in the other organic solvents. With potassium 
iodide and dilute sulfuric acid they usually yield 4-iodoarylamines. The 
amino arsonic acids can be readily diazotized and the diazo group re
placed by a hydrogen, halogen, hydroA),1 or a second arsonic acid radical 
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The diazo derivatives may be coupled with yarious amino compounds 
or azo components, yielding diazo-amino derivatiyes and azo dyes 
respectiyely. 

The aminoarylarsonir acids can be readily acylntcd: 
1. By treating anhydrous sodium arsonates with anhydrous arid". 
2. By the action of acid anhydrides upon the abm'c salts either in 

the dry form or in aqueous solution. 
3. By allowing arsonic acids to reart with arid anhydrides m the 

presence of either an anhydrous salt of the arid rorresponding to the 
same anhydride or a little ronrentrated sulfuric acid. 

4. As a result of the interartion of acid chlorides and arsonir acid" 
either directly or in the presence of a reagent which combines with 
the generated hydroehloric aeid, such as pyridine or cam:tic soda. 

5. By heating arsonic acids with various esters. 
These products are generally well-defined crystalline solids ~olubl(' 

in alkalis, and considerably less basic than the amino aeids. Thus, they 
dis so lye in concentrated mineral acids, but are reprecipitated upon dilu
tion with water. They do not exhibit the chararteristic reactions of a 
primary amine, e. g .. they cannot be diazotized or condensed with alde
hydes or sodium ~-naphthoquinonesulfonate. When boiled with ron
centrated alkalis or mineral acids the acyl radicals are split off. 

The amino acids may be alkylated directly by the usual methods, 
yielding well-defined crystalline products readily soluble in dilute aeids 
or alkalis. The same products are more readily obtained by oxidizing 
the corresponding arsineoxides with red mercuric oxide in aqueous 
medium or, even better, with hydrogen peroxide in alkaline solution. 

2-Aminophenylarsonic acid (o-Arsanilic acid), H2N. Cr,H4AsO (OH) 2, 
is obtained by hydrolyzing its oxnnilide wit.h 2N-sulfuric arid and isolat
ing through the barium salt,"35 or by reducing 2-nitrophenylarsonic acid 
with either ferrous sulfate 936 or ferrous chloride 151 in alkaline solution. 
It forms needles, m. p. 153 0

; readily soluble in water, glacial a('eti(~ 

acid, alkalis, mineral acids, methyl or ethyl alcohol but sparingly in 
ether. When heated with potassium iodide and dilute sulfuric acid 
at 80-5 0 it is converted into 2-iodoaniline. On diazotizing and coupling; 
with R-salt, a reddish-orange dye is obtained, whose color is less in
tense than those of the dyes derived from the m- and p-isomers. The 
magnesium salt is obtained only upon boiling the free acid with 
magnesia mixture, while the silver salt, resulting upon the addition of 
silver nitrate to the sodium salt, separates at first as a curdy white 
precipitate which spontaneously changes into well-defined lustrous 
needles. 

The acid is more soluble in water; has a lower melting point; is 
more toxic and less stable than the p-isomeride. In addition, its arsonic 
acid group can be replaced by iodine at a lower temperature. When 
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warmed with benzaldehyde in alcoholic solution, the arsonic acid forms 
a condensation product, benzy lidene-o-arsanilic acid, 

H 2 0 3 AsC6H;.N = HC.CsHo, 
m. p. 228-30° .L-,J 

3-Aminophcllylanwnic ncid \m-A.rsaniLic acid) .~Cpon reducing 3-
nitrophenylarsonic acid with ammonium sulfide, Michaelis had found 
that both the nitro and arsonic groups were affected, resulting in the 
formation of 3-aminophenylarsine:mlfide."" Later Bertheim succeeded 
ill obtaining J1l-arsanilic acid by treating the above sulfide with copper 
sulfate in an alkaline medIUm, and isolating succe::i8ively through the 
zinc and sodium ::oults.''''s The acid may also be prepared by reducing 
3-11itropheny lartionic acid in methyl alcohol with sodium amalgam, dis
tilling off the soh'ent and i:;olating the compound either through the 
zinc salt,""' or by acidifying with hydrochloric acid, removing the sodium 
chloride and subsequently neutralizing with sodium acetate."36 The 
reduetion of the 3-nitro acid may also be effected by llleans of ferrous 
hydroxide,!>3u or hydrogen in the presence of palladous hydroxide.ool 

Finally, it may be made by diazotizing 2,5-diaminopheny larsonic acid 
with one mole of sodium nitrite, and replacing the diazo group with 
hydrogen by means of alcohol anel copper powder, the a<.:id remaining 
in solution. From thi:; it is isolated in pure form by again eliazotizing, 
coupling with I)-naphthol in alkaline solution, and treating the re:::;ulting 
dyestuff with sodium hydrosulfite at 25-37" .""" IlecrY8tallized from 
water, it form:::; colorless prisms melting at 2140; less soluble in water 
than the p-isomer, yery sparingly soluble in orgamc solvents, but readily 
in mineral acids, alkali hydroxlde~, carbonate8 or bicarbonates. Only 
two salts lw. ye been mentlOned, a \\"hite silver salt and a magnesium 
sait, the btter be1ng prepared by boiling an ammoniacal solution of 
the acid with magnet!ia Il11XtUn.:. It docs not couple with diazobenzene 
or diazosulfanilic :tl:id, but with 4-nitrodiazobenzene it yields a yellow 
dye soiubie in alkali with a red eolor. The diazotized m-arsanilic acid 
couples with the utiual azo-component~, forming azo-dyes readily soluble 
in soda solution. By warming the acid with acidified potassium iodide 
no arsenic is split off, while with bromine water it does not yield tri
bromo aniline, but a bromoaminopheny lar~onic acid (distinctions from 
the para -isomer) . 

4-Amino-2 or 6'-mcthyLphcnylarsonic acid, 

H2N. C6R3 (CRs) AsO \ OR) 2, 

is prepared from m-toluidine and arsenic acid by the Bechamp re
action; 'HU or by reducing 4-nitro-2 or 6-methylphenylarsonic acid with 
ferrous sulfate >J[' or ferrous chloride JOl and sodium hydroxide. It 
crystallizes from water in microscopic needles and pri13ms, m. p. 180 0 



260 ORGANIC ARSENICAL COMPOUNDS 

(Benda) darkening and decomposing at 222-24°. (Jacobs). Upon di
azotizing and coupling with R-salt it yields an orange-red solution. 
The acid condenses with benzaldehyde and pyruvic acid forming 1- (4-
arsono-3' -methy Ipheny 1) -2-pheny 1-4,5-diketopyrrolidine.151 

5-Amino-2-methylphenylarsonic acid, resulting upon treatment of the 
corresponding nitro acid with ferrous sulfate and alkali, consists of 
cream-colored prisms decomposing at 235-45°, sparingly soluble in hot 
water, acetic acid, methyl or ethyl alcohol. It yields a cherry-red 
coloration on coupling its diazo solution with R-salt.918 

5,5' -Diamino-2,2' -stilbenediarsonic acid, 

AsOaH2 AsOsH2 

A A 

( 

"'- CH - HC / "'-

H,N ) - l )NH' 
V V 

The mixture of dinitroso-, azoxy- and azostilbenediarsonic acids, ob
tained by warming 5-nitro-2-methylphenylarsonic acid with concentrated 
aqueous caustic soda, is dissolYCd in dilute sodium hydroxide and re
fluxed for 12 hours, during which time zinc dust is gradually introduced. 
The liquid is then treated with sodium hydrosulfite and filtered into 
an excess of dilute hydrochloric acid, when the crude product is obtained 
as a brown amorphous precipitute. This is purified by dissolving in 
hot aqueous sodium carbonate, decolorizing with sodium hydrosulfite, 
and transposing the resulting dis odium salt with mineral acid. The 
compound consists of yellow flakes readily soluble in alkalis or excess 
of mineral acids, and forming a red Schiff base with dimethylamino
benzaldehyde in hydrochloric acid solution. Its disodium salt crystallizes 
with four molecules of water as bright, iridescent, yellowish-brown 
leaflets which are very hygroscopic, and dissolve readily in hot but only 
sparingly in cold water.941 

6-Amino-2-methylphenylarsonic acid is prepared like its preceding 
isomer, and crystallizes from hot water in rosets or plates decomposing 
at 175-80°, soluble in glacial acetic acid, methyl or ethyl alcohol, but 
less so in acetone or water at ordinary temperature. Its diazo solu
tion does not give a strong color with R-salt.923, 151 

4-Amino-3-methylphenylarsonic acid may be obtained by condensing 
o-toluidine with arsenic acid according to the Bechamp reaction. It 
forms tabular crystals melting at 195° (Benda), 198-200° with de
composition (Wellcome); is sparingly soluble in cold water, or alcohol, 
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more so on warming, insoluble in ether or benzene and readily soluble 
in dilute mineral acids, alkali hydroxides or carbonates. It may be 
diazotized and coupled with phenols. Heating with potassium iodide 
and dilute sulfuric acid converts the amino arsonic acid into the cor
responding iodotoluidine.942. 940, 943 

The acid forms a cream-colored condensation product with benzalde
hyde (Benzylidene-4-amino-3-methylphenylarsonic acid), 

CH3 

/ 
H 20 gAsCGH 3 

" N= HC.CRH 5 

m. p. 202-5° with def'omposition, while with 4-chlorobenzaldehyde there 
is obtained 4' -rhlorobcnzylidene-4-amino-3-methylphenylarsonic acid, a 
pale yellow pmvder melting at 255-60° with decomposition.15l The 
amino acid can be readily converted into the acetylamino deri,'atiYe by 
treatmrnt ,yjth flcrtic anhydride. 

The sodium salt ("Kharsin") , HzN . Cr,H3 (CH:JAsO .OH .ONa, which 
crystaIIiz€s from alcohol with 3tHzO and from water with 5HzO, is 

. readily soluble in water, sparingly in alcohol and insoluble in ether 
or benzene.944 

a-Amino-3-mcthylphcnylarsonic acid, from p-toluidine by direct 
arsenation nt 195-200°, consists of felted llC'edlcs, m. p. 176°; readily 
soluble in hot water, methyl or ethyl alcohol, sparingly in cold water, 
,'ery sparingly in ether and insoluble in benzene. 945 

;2 or 6-Amino-4-methylphenylarsonic acid may be obtained by re
during the corresponding nitro compound with ferrous sulfate and sodium 
h:vdroxide. It forms colorless needles melting at 180°, readily soluble 
in water, glacial acetic acid, methyl or ethyl alcohol but sparingly in 
acetone or ether. 'Yhen diazotized and coupled with R-salt, it forms 
a weak orange-red dye.922 

3-Amino-4-mcthylphenylarsonic acid, prepared like the previous com
pound, exists as microscopic needles melting at 172-5°, sparingly soluble 
in water, acetic acid, methyl or ethyl alcohol at ordinary temperatures, 
but readily on warming. Its diazo solution gives a cherry-red colora
tion with R-salt.923 

4-Amino-2,5-dimethylphenylarsonic acid, 

H2N. C6H2 (CH3) 2AsO (OH) 2, 

produced by arsenating p-xylidene,946 or by reducing the corresponding 
nitro compound with alkaline ferrous sulfate,941 crystallizes from water 
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in practically colorless platelets containing 1RcO. The anhydrous sub
stance melts at 215 0

• 

2-Amino-3,5-dimethylphcnylarsOlli.c acid. obtained b~' ar~enating 
m-xylidene, is a microcrystalline powder Illclting at ] 99-200°, readily 
soluble in hot water, methyl or ethyl aleohol. sparingly in ('old water 
and practically insoluble in ether or benzene. When warmed with 
potassium iodide and dilute sulfuric acid. it i::: eom'erted into 1-iodo-2-
amino-3 ,5-dimethy 1 benzene. 9" 

4-Amino-a-naphthylarsonic acid, R"N. C1"R"AsO (OR)", if' deriwd 
from dry a-naphthyl amine by the Be('hamp reaetion, and crystallize,.: in 
prisms melting at 175 0

, readily soluble in hot water or alcohol, I'paringly 
in ether and insoluble in ehloroform or petroleum. It may bc diazotized 
and coupled with "arious azo-dye eomponentc:. The alkali salts are \"Cry 
soluble in water, from which they arc precipitated by alcohol.H6 . 9~\). "gO 

4-Aminoanthraquinonearsonic acid, 

As03R" 
/'" CO /'" 

/ '" / "'/ '" 
I I I I '" /'" /'" / V CO V 

NRc 

is prepared from 1 ,4-diaminoanthraquinone b~' Bart's method. and iso
lated through the sodium salt. It is a \"Crmilion-colored crystalline 
powder decomposing at 278° without melting, almost insoluble in boil
ing water, completely so in methyl or ethyl alcohol, and soluble in con
centrated ammonia, N-caustic soda, 2N-sodium carbonate or hot sodium 
acetate, concentrated sulfuric acid or hot 5N-hydrochloric acid. the 
hydrochloride separating from the latter in reddish-gray crystal". Its 
diazo compound. best preparrd with "Nit rose" * in concentrated sulfuric 
acid, couples red with R-sult and yellow-orange with resorcin. With 
magnesia mixture the ammoniacal solution of the ar80nic :1cid gi\"es a 
red precipitate ewn in the ('old. while barium hydroxide produces a 
fiery-red precipitate. The sodium salt crystallizes in brick red needles 
containing water of crystallization and is soluble in hot water.'''o 

7. Derivatives of Amino Aryl Arsonic Acids.-2-diazophenylarsonic 
acid, R 20 3AsC6R 4 • N = N. OR, is obtained as a stable, pale yellow 
liquid by diazotizing a fuming hydrochloric arid solution of o-arsanilic 
acid with sodium nitrite at - 8° .951 

* A solution of nitrosylsulfuric acid in sulfuric acid, formed in the lead-chamber 
process. 
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Diazo-2-methylphenyl- (4-arsonic acid) -p-aminophenoxyacetic methyl 
ester is obt.ained as a sodium salt. by diazotizing 2-met.hyl-4-amino
phenylarsonic acid, adding a large excess of saturated sodium acetate 
solution and coupling with the hydrochloride of 4-aminophenoxyacetic 
methyl ester. It crystallizes in spherules of drab, microscopic needles. 
The free ester acid forms flat needles decomposing at 130-2°. 

The free p-aminophenoxyacetic acid derivative has not been obtained 
crystalline. Its disodium salt separates from water-alcohol as minute 
brownish leaflets.952 

Diazo-2-bromophenyl- (4-arsonic acid) -p-aminophenoxyacctic methyl 
ester, prepared in a similar manner from diazotized 3-bromo-4-amino
phenyl arsonic acid and the above amino ester hydrochloride, forms 
spherules of brownish needles intumescing at 123-5°. The sodium salt 
crystallizes in pinkish, hair-like, microscopic needles. 

The free p-aminophenoxyacetic acid derivative is obtained as drab
colored microscopic crystals intumescing at 130°. Its disodium salt con
sists of spherules of minute crystals.952 

o-Azobenzenediarsonic acid, 

HZ03As AS03HZ 

/ '" / '" 
/ "'N-N/ '" '" / - '" / '" / '" / 

is obtained either by reducing 2-nitrophenylarsonic acid with zinc dust 
and ammonia in the presence of ammonium chloride, or as a by-product 
in the preparation of diphenylarsinic acid-o-arsonic acid or o-phenylene
diarsonic acid. It crystallizes in yellow to orange-yellow needles, m. p. 
272 0

; soluble in caustic alkali and practically insoluble in water or 
organic solvents.953 

m-Azobenzenediarsonic acid.-m-Arsanilic acid is diazotized, treated 
with sodium arsenite at 0°, slowly' warmed up to 40-50°, and finally 
acidified with hydrochloric aciel. On concentrating the filtrate the crude 
product separates as a reddish-brown powder, which may be purified 
through the sodium salt. The free acid crystallizes in long, orange
yellow needles very easily soluble in watcr and not melting below 240°. 
Its sodium salt consists of orange-yellow needles containing 11 molecules 
of water of crystallization.954 

2-H ydroxynaphthaleneazobenzene-3' -arsonic acid, 

HO. CloHo. N = N. CaH4As03Hz, 
may be prepared from m-arsanilic acid by diaznt;zing and coupling 
with ~-naphthol, or indirectly from 2,5-diaminophenylarsonic acid by 
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diazotizing with one molecular proportion of sodium nitrite, treating 
with alcohol and copper bronze, diazotizing with another mole of sodium 
nitrite, and finally coupling with alkaline ~-naphthol. The product is 
H red powder soluble in hot water or dilute aqueous soda. When reduced 
with alkaline hydrosulfite, it yields m-arsanilic acid. 955 

2-A mino-3,6-disuljonaphthalene-l-azobenzene-3' -arsonic acid, 

(H2N) (SOsH) 2ClOH 4 • N = N. CSH4AsOsH2' 

is formed upon diazotizing m-arsanilic acid and coupling with ~-naph
thy lamine-3,6-disulfonic acid.581 

4-Dimethylaminobenzene-13' -azotoluene-5' -arsonic acid, 

(CHS )2N.C6H 4 .N = N.CsHs(CHg)AsOgHz, 

results upon diazotizing 4-amino-3-methylphenylarsonic acid (2-amino
tolyl-5-arsonic acid), and coupling with dimethyl aniline in acid solution. 
It is a red crystalline powder forming salts with both acids and base~. 
Its monosodium salt, containing 5HzO, is a red crystalline powder mod
erately soluble in hot water, while the disodium salt is a red powder 
soluble in cold water, and contains 4HzO.956 
1IIl:!: 

4-H ydroxybenzene-2' -azotoluene-5' -arsonic acid, 

HO.CsH •. N = N.CsH3(CHs)AsOsHz, 

is prepared like the preceding compound by coupling with an alkaline 
solution of phenol. The product is a light red, crystalline powder prac
tically imoluble in boiling water or the usual organic solvents but 
readily soluble in alkalis. Its monosodium snlt, which crystallizes from 
water in red leaflets containing 2~H20, is sparingly soluble in cold and 
moderately soluble in hot water. The dis odium salt is a water-soluble 
red powder containing 41H20.951 

2-A minoazonaphthalene-4' -arsonic acid, 

H 2NC10H 6N = NCIOH6AsOsH2, 

obtained as a hydrochloride by diazotizing 4-aminonaphthylarsonic acid 
and coupling with ~-naphthylamine hydrochloride, is a dark red pre
cipitate soluble in excess of aqueous alkali.590 

4-SulJoazobenzene-5' -arnino-2' -arsonic acid is a light brown powder 
resulting upon diazotizing sulfanilic acid and coupling with p-arsanilic 
acid in alkaline solution. The product yields a lustrous, brownish-black 
powder when diazotized and coupled with an alkaline solution of H 
acid.582 . 



PENT AV ALENT AROMATIC ARSENICALS 265 

2-Hydroxynaphthaleneazobenzene-2' -hydroxY-4' -arsonic acid, 

(HO)C10HsN = NCsHs(OH)AsOsH2 • 

3-Nitro-4-aminophenylarsonic acid is diazotized, treated with sodium 
acetate to replace the nitro group by a hydroxyl, and the resulting 
product coupled with alkaline ~-naphthol. The dye acid consists of 
lustrous red crystals which may be reduced to 4-amino-3-hydroxyphenyl
arsonic acid either by sodium hydrosulfite at 25-40° or aluminium powder 
at 40-60°. At 65-70° hydrosulfite reduces the above dye to 4,4' -diamino-
3,3' -dihydroxyarsenobenzcne. 958 

2,4,6-Trihydroxyazobenzene-6' -hydroxy-S' -arsonic acid, 

(HO)sC6H 2N = NCaH3 (OH)AsOsH2 , 

is prepared by coupling diazotized 3-amino-4-hydroxyphenylarsonic acid 
with phloroglucinoP81 . 

2-Hydroxynaphthaleneazobenzene-6' -hydroxy-S' -arsonic acid is a 
bright red, alkali-soluble precipitate obtained by diazotizing 3-amino-4-
hydroxyphenylarsonic acid and coupling with alkaline ~-naphthol.582 

2-Amino-6-s1djo-8-hydroxynaphthaleneazobenzene-6' -hydroxy - 3' -ar
sonic acid, obtained like the preceding compound by coupling with 
2-amino-6-sulfo-S-hydroxynaphthalene (Gamma Arid), is a lustrous, 
purplish-black powder.582 

l-Amino-8-hydroxy-S' ,6-disuljonaphthaleneazobenzene-6' -hydroxy-S'
arsonic acid.-A lustrous, purplish-black product obtained by treating 
4-hydroxy-3-diazophenylarsonic acid with an alkaline solution of H 
acid.582 

8. N -Substituted Derivatives oj Amino Aryl Arsonic Acids.-4-Acetyl
amino-2-methylphenylarsonic acid, HcOeAsCsHg (CHs) NHCOCHg , pro
duced by acetylating the corresponding arsonic acid with acetic anhy
dride and a little concentrated sulfuric acid, crystallizes in colorless 
prisms more soluble in water than the 3-methyl lsomer. It darkens 
at 240 0

, but is not entirely decomposed at 350 0
•
90

(1 

4-Acetylarnino-S-methylphenylarsonic acid separates as slender 
needles or acicular prisms on reacting sodium-4-amino-3-methylphenyl
arsonate with acetic anhydride. It decomposes at 306° without previous 
melting, is insoluble in water, alcohol, ether, or dilute acids, but dis
solves readily in methyl alcohol (Wellcome), or alkalis. nGo

, 959 Its mono
sodium salt ("Orsudan") crystallizes from 50 per cent alcohol with 5, 
and from water with 7H20.944 
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4-Acetylamino-2,5-dimethylphenylarsonic acid, 

H20aAsC6H2 (CHa) 2NHCOCHs, 

crystallizes from water in prisms, turning brown at 240° and decompos
ing with frothing at 278° .959 

3-Carbethoxyaminophenylarsonic acid, H20sAsC6H4NHCOOC2H5' is 
obtained as beautiful needles melting with decomposition at 180°, upon 
adding ethylchlorocarbonate to a sodium carbonate solution of 
m-arsanilic acid at 0-5°, and finally acidifying.724 

AsO(OH)2 
/ 

6-0xalylarnino-3-methylphenylarsonic acid, CaHs-CHg 

'" NHCOCOOH 
is made from the sodium salt of the corresponding arsonic acid and 
oxalic acid by heating at 130-40° until all the water is removed, then 
further at 160° until pulverulent, and finally acidifying with hydrochloric 
acid. The anhydrous product is sparingly soluble in hot alcohol, ethyl 
acetate or acetone, more readily in hot water, and easily in 50 per cent 
acetic acid, from which it crystallizes in elongated rhombic prisms. On 
nitration with nitric-sulfuric acid, 5-nitro-6-amino-3-methylphenyl
arsonic acid results.96l 

0,0' -Diarsono-oxanilide [N ,N' -Oxaly lbis-o-arsanilic acid], [2-A mino
phenylarsonic acid oxanilide], CO.HNC6H4AsOaH2' is obtained when 

I 
CO. HNC6H4AsOaH2 

2,5-diaminophenylarsonic acid oxanilide is diazotized, and then warmed 
with alcohol and copper bronze at 55-60°. Leaflets with a silvery 
luster.935 

4-Carbamido-3-methylphenylarsonic acid, 

CHs 
/ 

H 20sAsCaHa 

'" NHCONH2 
is prepared by acidifying an aqueous solution of sodium 4-amino-3-
methylphenylarsonic acid and potassium cyanate with acetic acid, and· 
saturating, after 24 hours, with hydrochloric acid.962 

N -4-Allylthiocarbamido-2-methylphenylarsonic acid, 

H20aAsC6Ha (CHa) NHCSNHCsHo, 

derived from 4-amino-2-methylphenylarsonic acid and allylthiocarb
imide in methyl alcohol, decomposes at 170° .963 
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2-Methylphenyl- (4-arsonic acid) glycine, 

H 20sAsCsH3 (CHa) NHCH2COOH, 

from sodium 4-amino-3-methylphenylarsonate and chloroacetic acid, 
melts with decomposition at 220°, is very sparingly soluble in hydro
chloric acid, but readily in hot water, alkalis or a1coho1.520 

N - (Phenyl-2-arsonic acid) glycineamide, 

H20aAsC6H4NHCH~CONH2' 

is formed when o-arsanilic acid, dissolyed in N-sodium hydroxide solu
tion, is treated with chloroacetnmide. Unlikc the meta and para isomers, 
this acid is not displaced completely from its salts by so weak an 
acid as acetic. The substance consists of long, thin, narrow plates 
soluble in hot 50 per cent alcohol or boiling water, sparingly in hot methyl 
or ethyl alcohol and decomposing on rapid heating at 198-9° .964 

N - (Phenyl-3-m'sonic acid) glycineamide results on boiling m-arsanilic 
acid and chloroacetamide in N -sodium hydroxide solution. Prismatic 

I needles, readily soluble in hot glacial acetic acid, methyl or ethyl alcohol 
or warm water, quite soluble in cold water, but practically insoluble 
in hot acetone. When rapidly heated to 170° and then slowly, the 
substance melts at 175-7° to a liquid filled with bubbles.964 

N - (2-M ethylphenyl-4-arsonic acid) glycineamide, 

H 20 3AsC6H" (CHa) NRCH2CONH2 , 

from 4-amino-3-methylphenylarsonic acid and chloroacetamide. It forms 
Hggregates of glistening platelets, which deeompose at about 283° with 
previous darkening; are sparingly soluble in boiling water, but more 
readily so in boiling 50 per cent alcohol. 965 

N - (2-M ethylphenyl-5-arsonic acid) glycineamide, similarly prepared 
from 3-amino-4-methylphenylarsonic acid, consists of delicate interlaced 
needles which do not melt below 285°, and are soluble in methyl alcohol, 
warm water, ethyl alcohol or acetic acid.965 

N - (3-M ethylphenyl-4-arsonic acid) glycineamide, similarly obtained 
from 4-amino-2-methylphenylarsonic acid, is soluble in boiling 50 per 
cent alcohol or water, separating from the latter in lustrous, diamond
shaped platelets, which melt at 203-5° with gas evolution.965 

N - (2,5-Dimethylphenyl-4-arsonic acid) g lycineam ide, 

H20aAsC6H2 (CRs) 2NHCH2CONH2 • 

From 4-amino-2,5-dimethylphenylarsonic acid by boiling with chloro
acetamide in alkaline solution, and acidifying with hydrochloric acid. 
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The compound consists of aggregates of slightly brownish plates and 
prisms sparingly soluble in cold water, acetic acid or 50 per cent alcohol, 
but more eal':'ily on boiling. On rapid heating it melts and decomposes at 
236-7° with preliminary darkening and softening.965 

N - (Phenyl-3-arsonic acid) glycine methylamide, 

HzOgAsC6H.NHCH2CONHCHg, 

is formed on boiling chloroacetylmethylamine with a solution of sodium
m-arsanilate. It exists as microscopic needles or platelets readily soluble 
in hot water or 50 per cent alcohol but sparingly in cold. When rapidly 
heated it darkens and melts at 193-4.5° with gas evolution.o64 

N - (Phenyl-2-arsonic acid) glycineaniEde, 

HzOsAsC6H4NHCHzCONHCGH", 

from sodium-o-arsanilate and chloroacetanilide, crystallizes in radiating 
masses of minute prisms with 1HzO. The anhydrous substance softens 
at 158°, melts at 160-3° with slow gas evolution; dissolves readily in 
boiling 50 per cent alcohol, warm acetic add or cold methyl alcohol, 
sparingly in cold alcohol or acetic acid, and very difficultly in boiling 
water.966 

N - (Phenyl-3-arsonic acid) glycineanilide is obtained from m-arsan
ilic acid and chloroacetanilide in the form of rosets of minute, cream
colored prisms, containing solvent of crystallization. On rapid heating 
it decomposes at 217-18 a with preliminary darkening and softening. 
It is readily soluble in hot acetic acid or 50 per cent alcohol, fairly 
soluble in cold 95 per cent alcohol, and sparingly in hot water.96"1 

N· (Phenyl-2-arsonic acid) glycyl-2'-aminophenol, 

H20gAsC6H4NHCHzCONHC6H.OH. 

From o-arsnnilic acid and o-chloroacetylaminophenol by boiling in 
sodium hydroxide solution for one-half hour. It exists as glistening 
needles containing tHzO, and, when anhydrous melts with decomposition 
at 151-3°. From hot water, in which it is but sparingly soluble, it 
separates on cooling as long, silky needles fairly readily soluble in cold 
methyl or ethyl alcohol, and more so in hot 50 per cent alcohol. An 
alkaline solution couples readily with diazotized sulfanilic acid.966 

N - (Phenyl-2-arsonic acid) glycyl-3' -aminophenol, prepared in like 
manner from m-chloroacetylaminophenol, consists of bundles of pink 
microscopic platelets which, when air-dried, contain approximately 2HzO 
and melt at 103-5°. The anhydrous substance softens at about 125-30°, 
and melts with decomposition at about 180°. It is readily soluble in 
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methyl or ethyl alcohol, acetic acid or hot water, and in alkaline solution 
couples readily with diazotized sulfanilic acid. 9GB 

N - (Phenyl-2-arsonic acid) glycyl-4' -aminophenol. - Equimolecular 
proportions of o-arsanilic acid and p-chloroacetylaminophenol yield a 
heavy powder consisting of short, colorless, microscopic platelets. When 
rapidly heated the acid darkens and then melts with decomposition at 
208-9°. It is easily soluble in boiling methyl or 50 per cent ethyl 
alcohol, but very sparingly in boiling water. 9GB 

N - (Phenyl-3-arsonic acid) glycyl-2' -aminophenol. - Almost color
less, fiat, microscopic needles from m-arsanilic acid and o-chloroacetyl
aminophenol. When rapidly heated to 185°, then slowly, it darkens and 
softens, finally melting with decomposition at 190-2°. It is sparingly 
soluble in cold water, 50 per cent or 95 per cent alcohol, more easily on 
warming, and is readily soluble in cold methyl alcohol or boiling acetic 
acid. A solution of the acid in strong ammonium acetate slowly deposits 
the ammonium salt as minute needles. Although hydrochloric acid 
reprecipitates the acid from its salts as a gummy mass, an excess of 
acetic acid causes no immediate precipitation, but on long standing the 
arsonic acid separates slowly and incompletely as crusts of broad, 
microscopic needles.967 

LV - (Phenol-3-arsonic acid) glycyl-3' -aminophenol, prepared from 
m-arsanilic acid and m-chloroacetylaminophenol, is a light purple powder 
consisting of minute, irreguLu' platelets and fiat needles containing about 
liH20. On rapidly heating to 1500 the anhydrous substance sinters 
to a tar which decomposes at 180-90 0

• In the cold it dissolves more 
readily in methyl alcohol than in the other soh'ents, is fairly easily 
soluble in hot water, alcohol or acetic acid, and practically insoluble 
in acetone, benzene or ether.9fl9 

N - (Phenyl-S-aTsonic acid) glycyl-4' -aminophenol.-From m-arsanilic 
acid and p-chloroacetylaminophenol. On rapidly chilling its hot con
centrated aqueous solution it separates as a milky emulsion which then 
very slowly crystallizes, partly as a hydrate; on slow cooling, however, 
anhydrous microscopic platelets are obtained. It decomposes at 1800 

with previous sintering and darkening, is easily soluble in boiling water 
or hot ethyl alcohol, appreciably so in methyl alcohol, but sparingly in 
cold water or hot acetone. It dissolves in warm, dilute hydrochloric 
acid, but on the addition of more concentrated acid the hydrochloride 
gradually separates.970 

N - (2-M ethylphenyl-4-arsonic acid) glycyl-3' -aminophenol, 

H203AsCaH3 (eH3 ) NHCH2CONHCaH 40H, 
is obtained from sodium 4-amino-2-methylphenylarsonate and m-chloro
acetylaminophenol as long, fiat, microscopic needles practically insoluble 
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in boiling water, appreciably soluble in hot 50 per cent alcohol, and 
decomposing at 285° with preliminary darkening. Its alkaline solution 
couples readily with rliazotized sulfanilic acid.'J70 

N - (2-M ethylphenyl-4-arsonic acid) glycyl-4' -aminophenol, prepared 
like the preceding isomer, exists as microRcopic, spindle-shaped needles, 
very sparingly soluble in boiling water, "lightly more so in hot 50 per 
cent alcohol and dl'composing at 232-3° with preliminary darkening.970 

N - (3-M ethylp/;6nyl-4-arsonic acid) glycyl-3' -arninophenol is pre
pared like the two preceding isomers, starting with 4-amino-2-methyl
phenylarsonic acid. Aggregates of spindle-shaped microcrystals yery 
sparingly soluble i:l boiling water or alcohol, more readily in hot 50 per 
cent alcohol, and decomposing at 232-5° with preliminary softening and 
darkening. Its alkaline solution couples readily with diazotized sul
fanilic acid.971 

N- (2-Carboxyphenyl-4-arsonic acid) glycyl-3'-aminophenol, 

HOOC (H203As) C6HaNHCH2CONHCsH40H, 

results upon boiling for one hour a mixture of alkaline 4-amino-3-car
boxyphenylarsonic acid, acetic acid and m-chloroacetylaminophenol, the 
compound finally separating as thin, minute platelets containing one 
molecule of water of crystallization. The substance is practically 
insoluble in boiling water, somewhat soluble in hot alcohol or 50 per cent 
alcohol, and fairly readily in boiling methyl alcohol or glacial acetic 
acid. When rapidly heated the anhydrous acid darkens and swells, 
t.hen decomposes at 204-7°. Its alkaline solution couples readily with 
diazotized sulfanilic acid.971 

N - (Phenyl-2-arsonic acid) glycineureide, 

H20gAsC6H4NHCH2CONHCONH2, 

precipitates upon boiling an alkaline solution of o-arsanilic acid with 
chloroacetylurea. Minute, delicate needles, almost insoluble in the usual 
neutral solYents, and melting with decomposition at 231-2° with pre
liminary softening and yellowing.o72 

N- (Phenyl-3-arsonic Qeid)glycineureide, from m-arsanilic acid like 
the corresponding ortho compound, separates as colorless microscopic 
needles frequently grouped in bundles. It is soluble in boiling water or 
50 per cent alcohol crystallizing from the former in rosets of minute 
needles decomposing at 208-9° with preliminary softening.973 

N - (3-M ethylphenyl-4-arsonic acid) glycineureide, 

H20aAsC6Ha (CHa) NHCH2CONHCONH2 • 

Delicate needles from 4-amino-3-methylphenylarsonic acid and chloro
acetylurea in alkaline solution. The substance is sparingly soluble in 
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boiling water or 50 per cent alcohol, and decomposes OIl rapid heating 
at about 235°. The sodium salt, containing 2H"O, separates as glisten
ing plates on adding alcohol to the carefully neutralized [\ci(1.~73 

N - (2-Hydroxyphenyl-i5-aroonic acid) glycinenreidc, 

H 2 0 3AsC6H 3 (OIl) XHCH2CONHCONHe. 

Produced as aboye from 3-amino-4-hydroxyphenylarsonic acid and 
chloroacetylurea. Flat, minute, almost colorless, glistening; needles con
taining between one and one and one-Iulli molecules of water or crystal
lization. When anhydrous it decomposes at 203-5° .U74 

N - (Phenyl-2-arsonic acid) glycinemethyl1(reide, 

H203AsC6H4NHCH2CONHCONHCH3, 

results on boiling an alkaline solution of o-arsanilic acid with a-chloro
acetyl-~-methylurea until almost solid, and finally heating on a water 
bath. It forms balls of minute needles which readily dissoln in boiling 
acetic acid, sparingly in boiling water, alcohol or methyl alcohol, and 
decompose at 218° with slight preliminary softrning and darkening.972 

N - (Phenyl-3-arsollic acid) glycinemethylureide.-From m-arsanilic 
acid and a-chloroacetyl-~-methylurea. It melts with decomposition at 
213-3.5°; is sparing]!· soluble in boiling water or 50 per cent alcohol, 
depositing from the former in rosets of delicate needles.973 

N - (3-M ethylphenyl-4-arsonic acid) glycine-mcthylllreide, 

11203AsCcH3 (CH3 ) NIICH2 CONHCONHCH3 , 

results on boiling sodium-4-amino-3-111ethy Ipheny larsona te with a-chloro
acetyl-~-methylurea for one hour. It is sparingly soluble in hot water 
and readily in boiling 50 per cent alcohol, separating from the former 
as hair-like nerdles, and from the latter as radiating masses of minute 
needles. 'Yhen rapidly heated it decomposes at 218-9° .974 

4-Dimcthylamino-2-methylphenylarsonic acid, ' 

(CHs) 2NC6H3 (CH3) AsO (OH) 2, 

prepared by oxidizing the corresponding arsineoxide, decomposes at 
225°. 975 

4-Dimethylamino-3-methylphenylarsonic acid results on oxidation 
of the corresponding arsineoxide with an aqueous susprnsion of red 
mercuric oxide. It forms gray leaflets, m. p. 245° .";G 

4-Dimethylamino-2,5-dimethylphenylarsonic acid, 

(CH3)2NC6H2 (CH3 ) 2As03H C, 

decomposes at 216° ,97. 
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2-Dimethy~aminonaphthy[ar80m'c acid, (CHa)zNClOHaAsO(OH):z, 
decomposes at 309 0

•
908 

4-Dimethylaminonaphthylarsonic acid decomposes at 192 0
• 979 

9. p-Arsanilic Acid and Its Derivatives.-4-Aminophenylarsonic 
Acid (p-Arsanilic Acid). 

In 1863 there appeared a publication by Bechamp 27 in which he 
descrIbed a colorless product obtained by heating aniline arsenate at 
190-200°. He assumed it to be an acidic anilide of the formula 
C12HSAs06N, which in the ligllt of subsequent developments in organic 
chemistry, would be reprc8ented by the constitutional formula, 
C6H 3 • NH. As l OH) 2' Bechamp also noted that his new compound 
behaved like a monobasic ~l\'id which was not hydrolyzed by aqueous 
caustic potash and formed well-defined sodium, potassium, barium and 
sih'cr salts. The above formula was accepted as correct for the next 40 
years, when an arsenical by the name of "Ataxy!" began to find applica
tion in therapeutics, and because of its valuable spirocheticidal properties 
became the subject of numerous investigations. In 1907 Ehrlich 980 

claimed this drug to be identical with the monosodium salt of Bechamp's 
acid, except that it contained four instead of five molecules of water of 
crystallization; Fourneau 981 regarded it as the monosodium salt of the 
anilide of ortho arsenic acid containing 2H20, whose formula was 

ONa 
/ 

CuH5.NH.AsO .2H20, while a sample of the same compound inves-

"'OH 
tigated by Moore, Nierenstein and Todd 982 was found to contain 3H"O. 

It remained for Ehrlich and Bertheim to prove the real structure of 
atoxyl, which they declared to be the monosodium salt of p-nminophenyl
arsonic acid whose constitution may be expressed by the graphic formula: 

As conclusive evidence of their claims, they offered the following con
siderations: 
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1. On boiling an aqueous solution of the compound with alkalis, 
concentrated hydrochloric or 30 per cent sulfuric acid no aniline is split 
off, decomposition occurring only on heating the aqueous solution above 
its boiling point under pressure or by fusion with caustic alkalis. This 
is contrary to the behavior of ordinary anilides which are readily hydro
lyzed. 

2. The presence of a primary amino group can be' demonstrated by 
the fact that it behaves like an aromatic. amine, without losing its arsenic. 
Thus, it may be readily diazotized, and the resulting diazo compound 
coupled with amines or phenols to form azo dyes; it can be acety lated; 
and it yields an intensely red condensation product with sodium 
~-naphthoquinonesulfonate. 

3. Like typical arsonic acids, its ammoniacal solution yields no 
precipitate with magnesia mixture or calcium chloride in the cold, but 
only at boiling temperature. 

4. The relative positions of the arsonic acid and amino groups may 
be demonstrated upon replacing the first with iodine by means of hydr
iodie acid, when p-iodoaniline is obtained. 

They also explained the reactions involved in preparing p-amino
phenylarsonie acid from aniline and arsenic acid, saying that aniline 
arsenate is first formed, which upon further heating undergoes a 
molecular rearrangement, the arsonic acid radical entering the para 
position: 

On account of the similarity of this reaction with that occurring in the 
preparation of sulfanilic acid, they named the above arsonic acid 
"Arsanilic Acid." 983 

4-Aminophenylarsonic acid has served as the starting point for the 
preparation of a great number of new arsenicals. Thus, the hydrogen 
of the amino group has been replaced by various acyl and alkyl groups. 
In addition to the simple substituents, products have been obtained by 
condensing p-arsanilic acid or its sodium salt with chloro- fatty acids, 
acid amides, or chloroacylated alkyl- or arylamines j with a-chloro
acetyl ureas and various ~-alkyl or aryl derivatives of the same, 
ClCH2CO . HN . CO. NHR; with aromatic chloroacety lamino compounds, 

Cl 

'" CICHzCONHRj with a-phenylchloroacetylamines, CH.CO.NHR', 
/ 

C6Ha 
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and with chloroarylhalides containing the halogen in the side chain. 
Furthermore, it can be chloroacetylated, and the halogen of the acetyl 
group replaced by amino derivatives, yielding compounds of the type 

AsOaH 2 

/ 
COH4 One of the most interesting of these numer-

'" NH. COCH2NHR 
ous derivatives is N -pheny 19lycineamide-p-arsonic acid ("Trypar

AsOaH 2 

/ 
samide"), C6H4 , which has been the subject of con-

'" NH. CH2CONHz 
siderable investigation in the treatment of trypanosome and spirochete 
infections. 

p-Arsanilic acid can be readily diazotized and the resulting diazonium 
salt converted into well-defined diazo amino compounds by coupling 
with dialkyl or simple aryl amines, aminobenzoic acids, aryl glycines or 
aminophenoxyacetic acids. The coupling with secondary aliphatic- or 
simple arylamines proceeds smoothly in solutions which are neutral or 
acid with a weak acid like acetic. The aromatic amino acids usually 
couple smoothly, while the simpler aminobenzoic acids yield diazo com
pounds under carefully controlled conditions by using the amino acid 
itself as the coupler and isolating the products as the monosodium salts. 
In the case of aminophenoxyacetic acids, the coupling either does not 
proceed entirely in the desired sense, or the resulting diazo-amino com
pounds possess properties which render their isolation difficult. In such 
cases coupling can be effected with amino acid esters, yielding the diazo
amino esters, which can be readily hydrolyzed with caustic alkali to the 
diazo-amino acids. 

The diazonium salt of p-arsanilic acid may also be coupled with 
various azo components yielding azo dyes. Among the coupling agents 
employed have been aromatic amines, phenols, methoxynaphthylamines, 
substituted aminobenzoic acids, aromatic glycines, aromatic N-methyl 
sulfonic acids and substituted phenoxyacetic acids. The reaction between 
the diazotized ars[lllilic acid and the coupler usually proceeds smoothly, 
but the isolation and purification of the resulting dyes often present 
considerable difficulty, and much experimentation is necessary in each 
case to discover the best conditions for coupling and the best method for 
isolating the compound-whether as the free acid, the mono- or disodium 
salt. The monosodium salts are generally sparingly soluble in water, 
while the disodiulll compounds are readily so. The latter generally 
yield precipitates with salts of the heavier metals when in very dilute 
solutions, while their behavior with the salts of the alkaline earths is 
varied. 
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The azo dyes containing a free amino group may be further com
bined with another mole of 4-diazophenylarsonic acid in alkaline solu
tion, yirlding a disazo dye of the type, 

H 20 3As. CoH,. N = N . R. N = N . CsH4AsOaH2' 
Similar products may be obtained by diazotizing an aromatic diamine 
with two moles of sodium nitrite and coupling with two moles of 
p-arsanilic acid, or by rondensing 4-nitrof'ophenyiarsonic arid (2 moles) 
with a diamine. 

By diazotizing various para diamines, coupling with 2 moles of 
doubly roupling components and combining these intermediate dyes 
with one or two moles of 4-diazophenylarsonic acid, there are obtained 
tris- and tetraazo arsenical dye::; respectively. The procedure involved 
may be represented as follows: 

where R' repre~ents a doubly linking component such as H acid, 1-amino-
8-naphthol-4-sulfonic acid (S acid), or 1,8-dihydroxynaphthalene-3,6-
disulfonic acid (chromotropic acid). 

Finally, p-arsanilic acid in aqueous or aqueous alcoholic solution, 
in the presence of a condcn~ing agent may be condensed with aldehydes, 
especially aromatiC', to azomethine compounds of the formula 

RzOaAs. COR4' 1'1 = CR. R'. 
If a mineral acid be employed as the dihydrating agent, the product 
obtained is a salt. By condensing p-ars:milic acid with aromatic alde
hydes and pyruvic arid in alcoholic medium, there are formed 1-(4'
arsonopheny I) -2-pheny I or substituted pheny 1-4,5-diketopyrrolidines, 

/COCO 

corresponding to the formub HzOaAsCGH,::'\ / I (where 

'" I CH.CHz 

I 
R' 
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R' = a phenyl or substituted phenyl radical. In this manner products 
with benzaldehyde, 4.-chlorobenzaldehyde, salicylaldehyde methyl ether, 
anisaldehyde, and piperonal have been obtained. 

With mercuric acetate in aqueous solution at 100°, sodium-p
arsanilate yields a mixture of mono- and dihydroxymercuri-4-amino
phenylarsonic acids, the mercury entering the nucleus. 

4-AminophenyLarsonic acid (p-Arsanilic acid), first obtained by 
Bechamp 27 upon heating aniline arsenate at 190-200°, may now be 
prepared in a number of ways. The following unpublished method, 
developed by Raiziss and Gavron, has been found suitable for the pre
paration of the pure arsonic acid on both labomtory and factory scales. 
Crude arsenic acid (containing 70-75% of HaAsO.) is concentrated and 
simultaneously freed of oxides of nitrogen and other volatile impurities 
by warming on a water bath in vacuo, 4..3 kg. of the resulting liquid 
(containing 80-82% of H 3As04 ) is then thoroughly mixed with 2.5 1. 
of pure aniline (98-100°) in an enamel pot (diameter = 23 cm.; 
depth = 19 cm.), and the temperature gradually raised to 1600 in an 
oil bath, requiring 3.5 hours. The melt is then maintained at the above 
temperature for one-half hour, when it is first gradually diluted with 
41. of water, then rendered alkaline with 2.75 1. of 40% aqueous caustic 
soda, and finally allowed to settle for one-half hour. The upper layer 
is then distilled with steam to recover the unused aniline, while the 
lower layer, containing the sodium arsanilate, is mixed with 175 g. of 
"Filter Cell," allowed to stand at ordinary temperature for 14 hours, 
filtered, and the filtrate rendered slightly acid to congo-paper with 
hydrochloric acid. The crude product is then purified by dissolving 
in aqueous caustic soda, mixing with 350 g. of animal charcoal for 
four hours at ordinary temperature, filtering and acidifying as before. 

According to another method a mixture of pure dry arsenic acid 
(47 g.) and aniline (152 c.c.) is heated in a paraffine-bath at 150-160° 
for 12 hours. The liquid is then cooled, treated with 60 c.c. of 
6N -sodium hydroxide solution, and the aniline which separates out re
moved by means of a separatory funnel. The remaining sodium arsani
late solution is now clarified with 15-20 gms. of infusorial earth, and 
the filtrate acidified with 50 c.c. of 6 N-hydrochloric acid, whereupon 
the arsanilic acid generally crystallizes on cooling, although it is fre
quently necessary to stir the filtrate on account of its tendency to 
become supersaturated.9B4 

A modification of this method consists in adding practically 100% 
arsenic acid (obtained by heating 1 liter of 76% arsenic acid in an oil 
bath at 120-40° for 12-15 hours) to 1400 c.c. of constantly stirred dry 
aniline previously cooled to 0°, forming a salt of the approximate com
position, (CeH5NH2) a (H3AsO.) 2. A portion of the resulting mass 
(200 g.) is ground, thoroughly mixed, and then heated with stirring on 
an oil bath at 1600 until all is melted, when a reflux condenser is 
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attached, the liquid further heated for 1.5 hours at 160 0 -70 0 and for 
another hour at 180-185 0

.' The melt is then treated with 225 c.c. of 
6 N-caustic soda and 225 c.c. of water, and then worked up as before.9s5 

By a third method 4.8 gms. of 4-nitrophenylarsonic acid is dissolved 
in 150 c.c. of water to which either 20 c.c. of 2N-caustic soda or 5.6 
gms. sodium acetate has been added, and reduced with hydrogen gas 
under a pressure of 2-3 atmospheres in the presence of about 0.1 g. 
of precipitated palladous hydroxide with constant shaking. When re
duction is complete the palladium is filtered off, the solution concen
trated on a water-bath to about 30 c.c., and the product precipitated 
by the addition of dilute hydrochloric acid.901 

FinaUy the compound may be obtained by reducing the ~orresponding 
nitro acid with ferrous hydroxide,917 or by hydrolyzing acetyl-p-arsanilic 
acid.986 

The crude acid may be purified either by recrystallization from 
hot water or through its sodium salt. In the latter method the acid 
is dissolved in sufficient aqueous caustic soda to render the resulting 
solution faintly alkaline, decolorized with animal charconl, and pre~ 
cipitated in nlcoho1. The sodium salt ("Atm, .. yl") crystallizes out and 
is converted into the free acid by transposing with dilute hydrochloric 
acid. It forms white needles, readily soluble in excess of dilute mineral 
acids, alkalis, methyl alcohol or hot water, less so in ethyl alcohol or 
glacial acetic acid, sparingly in cold water, and practically insoluble in 
ether or acetone. At 150 0 it loses one molecule of water, but does not 
decompose below 300 0

• By boiling its aqueous solution with alkalis, 
concentrated hydrochloric or 30% sulfuric acid no aniline is split off, 
decomposition being only obtained either by heating the aqueous solu
tion above its boiling point under pressure, or by fusion with caustic 
alkalis. It forms condensation products with B-naphthoquinonesulfonic 
acid or aromatic aldehydes; it may also be acctylated or diazoti7,cd, the 
diazo solution yielding azo dyes upon coupling with amines or phenols. 
As a typical arsonic acid its arsenic may be replaced by iodine upon 
warming with hydriodic acid, and its ammoniacal solution yields a 
precipitate with magnesium salts only upon boiling. It may be quantita
tively determined by means of sodium nitrite. 

Its hydrochloride· is readily soluble in methyl or ethyl alcohol from 
which it may be precipitated by ether.98' . The monosodium salt 
("Atoxyl," "Arsamin," "Soamin," "Natrium Arsanilicum") crystallizes 
with two to six molecules of water depending on the solvent employed. 
It is a white crystalline compound readily soluble in water or methyl 
alcohol, but practically insoluble in ethyl alcoho1.988 When its neutral 
solution is treated with auric chloride a deep red liquid is obtained, from 
which the reduced gold completely separates on standing as a black 
powder. In alkaline solution, howeyer, a stable, ruby-red colloidal gold 
solution results. 989 On adding atoxyl to aqueous sodium formaldehyde 
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sulfoxylate at 70°, there is first formed 11 solution of sodium I1rsl1nilido
methylenesulfoxylate, which upon further treatment with magnesia mix
ture is precipitated as the sodium-magnesium salt of arsanilidomethyl
enesulfoxylic acid, MgOaAsCaH4. NHCH~OSONa. 2H20, soluble in dilute 
acids and reducing indigo carmine upon warming.990 Atoxyl also forms 
an addition product with hydroxymethylenecamphor upon warmmg an 
intimate mixture of the components at 110°901 

Upon adding successively molybdenum trioxide and guanidinium 
chloride to a hot aqueous solution of atoxyl, there is obtained a mixture 
of yellow needles and pale yellow leaflets which may be separated by 
recrystallization from water.992 The less soluble, pale yellow leaflets 

r C6H4.NH21 
correspond to the formula, (CN3H 6 )2L As J .5H20, 

(MoO.)a 
yellow needles have the formula, 

r C6 H4.NHz 
(CN3H 6 ) SH5 LAs l (Mo04)4 

while the 

The quinine salt of p-arsanilic arid, precipitated upon mixing solu
tions of atoxyl and soluble quinine salts, forms white needles, m. p. 
202°, soluble in hot alcohol or dilute mineral acids, sparingly in 1 % 
glycerine or water, and insoluble in ether, ligroin, benzene or carbon 
tetrachloride. The cinchonine salt, similarly prepared, forms micro
scopic prisms decomposing at 180°, soluble in dilute mineral acids, cold 
methyl or hot ethyl alcohol, but insoluble in alkalis, water, ether, chloro
form or carbon tetrachloride.993 The mercuric salt, 

is known as "Asiphyl" or "Aspirochyl," and is made either by the action 
of two molecular proportions of arsanilic acid upon one of mercuric 
oxide or by the interaction of atoxyl with mercuric chloride. It is a 
white powder, readily soluble in sodium chloride solution, sparingly in 
water, and decomposed by alkalis forming mercuric oxide.D94

, 995, 996 

When equimolar proportions of arsanilic acid and mercuric oxide react in 
the presence of two mols. of alkali, a salt, H2N. CaH4AsO. OH. OHgOH, 
IS formed, having the same propertles as the preceding compound.994 

4-Diazophenylarsonic acid (Benzenediazonium-4-arsonate) , 

AsO.OH.O 

C6H4/ I 
'" I N=N 
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prepared by diazotizing p-arsanilic acid in the ordinary way, may be 
precipitated as a white double salt with phosphotungstic acid. It 
exhibits the characteristic properties of diazonium salts: when warmed 
with dilute sulfuric acid it is converted into 4-hydroxyphenylarsonic 
acid; it yields 4-chlorophenylarsonic acid upon treatment with copper 
powder and hydrochloric acid, and also couples with phenols and other 
reactive bases such as m-toluylenediamine.991 

Unless otherwise specified the following diazo-amino compounds 
have been prepared by coupling 4-diazophenylarsonic acid with various 
amines: 998 

Dimethylamine.-Orange spears from a]eohol, intumescing at 182°, 
soluble in methyl alcohol, very difficultly in cold alcohol, and decompos
ing in boiling water with evolution of nitrogen. Its sodium salt crystal
lizes in lustrous, salmon-colored platelets readily soluble in water. 

Diethylamine.-Cream-colored needles which when anhydrous 
gradually soften and darken above 120°, finally decomposing at 195-200°. 
It is readily soluble in methyl alcohol or acetic acid. The sodium salt 
crystallizes in rosets of somewhat deliquescent cream-colored needles. 

Piperidine.-Pale drab spherules and rosets of platelets, m. p. 162-3° 
with effervescence; soluble in methyl or ethyl alcohol. Its sodium salt 
separates from 85% alcohol in platelets. 

Hexamethylene tetramine.-Upon coupling in sodium acetate solution 
formaldehyde is split off, the sodium salt of bis( 4-diazophenylarsonic 
acid) -pentamethylene tetramine crystallizing with 6H2 0 in lustrous 
colorless platelets. The free acid forms platelets decomposing in boil
ing water, and practically insoluble in neutral solvents. 

AniIine.-Yellow needles, m. p. 112-3° with decomposition, readily 
soluble in hot methyl or ethyl alcohol and decomposing in boiling water. 
The sodium salt crystallizes in orange platelets and fiat needles readily 
soluble in water. 

Methylaniline.-Orange-brown aggregates of minute needles effer
yescing at 160-2°, and soluble in dilute acid. Sodium salt-lustrous 
orange platelets. 

p-Toluidine.-Pale yellow needles intumescing at 130-2° and soluble 
in hot alcohol. Sodium salt-lustrous yellow leaflets. 

4-Chloroaniline.-Hexagonal platelets intumescing at 177°; prac
tically insoluble in neutral solvents. Sodium salt-almost colorless plate
lets from 50% alcohol. 

o-Anisidine.-Flat microscopic needles intumescing at 95-9°. Sodium 
salt-brown platelets readily soluble in water. 

p-Anisidine.-Pale brown leaflets soluble in methyl alcohol, de
composing at 110°, and intumescing at 116-19° when anhydrous. Sodium 
salt-rosets of pale brown leaflets from 50% alcohol. 

4-Aminoacetanilide.-Lustrous hexagonal platelets decomposing at 
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165-70° when anhydrous. Sodium salt-microscopic leaflets from 50% 
alcohol. 

4-Aminophenylbenzoate.-Prepared by diazotizing 4-aminophenyl
benzoate and coupling with p-arsanilic acid. It crystallizes from methyl 
akohol-water in yellow leaflets decomposing at 155-8°, and is prac
tically in~oluble in neutral solvents except hot methyl or ethyl alcohol. 

4-Aminophenol.-From the preceding compound by dissolying in four 
equiyalents of 2N-sodium hydroxide, allowing to stand for 15 minute" 
at room temperature, saturating with sodium acetate, and finally neu
tralizing at low temperature with acetic acid. The sodium snIt gradually 
separates, and may be obtained from 85% alcohol in rosets of yellow 
Iwcdles. The free arid is too unstable to be isolated. 

4-Aminoacetophenone.-Bright yellow needles intumescing at 
177 _8 0

, soluble in boiling methyl alcohol. Sodium saltr--brownish-yellow 
ro:o:ets of flat needles from 85% alcohol. 

2-Aminobenzoic acid.-Yellow needles intumescing at 160 0
, soluble in 

hot methyl or ethyl alrohol. Its monosodium salt ronsists of flat yelluw 
needles difficultly soluble in eold water, while the disodium salt crystal
lizes from 85% alcohol in long, fiat, yellow needles easily soluble in 
water. 

3-Aminobenzoic acid.-Buff-colored microcrystalline rosets m
tumesring at 141 0

, and soluble in hot methyl or ethyl alcohol. The 
monosodium salt is a eremn-rolored microcrystalline, anhydrous sub
stance. The disodium snit separates from 70'70 alcohol in long, thin, 
pale yellow needles. 

4-Aminobenzoic f\("id.--Micro:-:ropil' necclle8. From 50% alcohol the 
monosodium t'alt deposits in miero:"('opic needle" yery ",paringly soluble 
in cold water. 

3-Amino-6-metlloxyllC'nzoj(· tlll'tll:·1 ester. -Buff -colore(l aggregates 0 f 
platelet~ mPlting at 90-5° with ga" cyolution. and soluble in methyl or 
ct h~·l al('ohol. 

3-Amino-6-methoxyhenzoie acid.-Obtained :lS the disodium salt 
from the prcl'eding ester b~' warming with a\('oholi(, caustic soda. It 
separates from 70% alcohol in rosets of pale brownish-yellow hygroscopic 
needles. The free acid forms rosets of yellow microscopic needles de
eomposing at 140 0 when anyhdrous. 

3-Aminoanisic methyl ester.-Glistening yellow needles from 50% 
alcohol, decomposing at 150 0

, and readily "oluble in methyl alcohol. 
3-Aminonnisic aeid.-Obtained ns the dis odium salt either by 

saponifying the preceding compound, or by adding sodium-3-amino
anisate to a neutralized diazo solution of p-arsanilie arid and precipi
tating with an equal YOhllllC of absolute alrohol. It separates in balls 
of yellow needles from 70% alcohol. The free aeid forms aggregates 
of yellow microEcopic needles intumescing at 150-5° when anhydrous, 
and is difficultly soluble in hot methyl alcohol. 
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6-Aminopiperony lic methyl ester.-Almost colorless needles remaIn
ing unelecomposed below 280 0

, and practically insoluble in neutral 
solvents. vYhen saponified it does not yield the pure sodium salt, so 
that the free acid cannot be obtained. 

4-Aminocinnamic ethyl ester.--Obbined as the sodium salt by 
diazotizing the amino e:oter, coupling with p-arsanilic acid, and adding 
saturated sodium acetate solution. It forms bright yellow needles from 
70% alcohol and is sparingly soluble in cold water. The free acid con
sists of aggregates of yellow needles decomposing at 155-60°. 

4-Aminocinnamic acid.-The diwdium salt, obtained by saponifying 
the ethyl ester, erystnllizes from 7070 alcohol in yellow needles readily 
~oluble in water. The acid forms yellow needles deeomposing at 155-60° 
when anh~'drous, and appreciably soluble in boiling methyl alcohol. 

4-Aminophenylarsonic aeid.-Pale .\'ClIow needles from 9570 alcohol, 
intumescing at 1,54 0

• It::; mono1iodium salt consists of yellow, lustrous 
platelets, and tile di!'odium salt of yellow needles, both readily soluble 
in water. 

Phenylglycine.-HalO not been obtained free of the corresponding tlZO 

dye. The mono;;:odium salt, brmmish yellow needles, is sparingly soluble 
in cold water. 

p-Tolylglycine.-Flat needles intumescing at 148-9° and appreciably 
soluble in alcohol. Monosodium salt-tan-colored needles difficultly 
soluble in cold water. 

Benzylglycine.-Practically colorless, lustrous needles and prisms in
tumescing at 155-60°, and readily soluble in methyl alcohol. 

4-Methoxyphenylglycine ethyl ester.-Cannot be obtained crystalline. 
Sodium salt-yellowish-brown leaflets and needles easily soluble in 
water. 

4-Methoxyphenylglycine.-Cannot be obtained crystalline. The 
monosodium salt may be prepared either by saponifying the correspond
ing ethyl ester, or by coupling 4-diazophenylarsonic acid with the 
sodium salt of 4-methoxyphenylglycine. It crystallizes in yellow plate
lets readily soluble in warm wnter but sparingly in cold. 

4-Ethoxyphenylglycine ethyl ester.-Practically colorless rhombo
hedra from 25% alcohol. Sodium salt-lustrous cream-colored leaflets. 

4-Ethoxyphenylglycine.-Cannot be obtained crystalline. Its mono
sodium salt, prepared like the corresponding methoxy compound, exists 
,as yellow needles sparingly soluble in water. 

4-Aminophenoxyncetic ethyl ester.-Lustrous, salmon-colored leaflets, 
m. p. 132-3° with decomposition, readily soluble in warm methyl or 
ethyl alcohol. Sodium salt-aggregates of brownish needles from 85% 
alcohol. 

4-Aminophenoxyacetic acid.-Microscopic crystals melting and in
tumescing at 132°. Disodium salt-brown needles gradually darkening 
and decomposing on stantling. 
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4-Aminophenoxyacetamide.-Cream-colored needles m. p. 162 0 with 
effervescence. Sodium salt-drab-colored needles soluble in water. 

4 - Aminophenoxyacet - methylamide. - Glistening cream - colored 
needles, m. p. 1700 with decomposition. Sodium salt-pale yellow 
aggregates of hair-like needles. 

4-Methylaminophenoxyacetic acid.-Greenish-yellow aggregates of 
microscopic spindles decomposing at 155-60°. 

3-Methyl-4-aminophenoxyacetic methyl ester.-Minute needles, m. p. 
105-7° with decomposition. Sodium salt-reddish-brown needles. 

3-Methyl-4-aminophenoxyacetic acid.-Too unstable for isolation. 
Disodium salt-light-brown glistening plates. 

2-Methyl-4-aminophenoxyacetic methyl ester.-Purple-brown leaf
lets, decomposing at 143-4 0

, and soluble in hot methyl or ethyl 
alcohol. 

2-Methyl-4-aminophenoxyacetic acid.-Too unstable to be isolated. 
Disodium salt-pinkish-yellow needles gradually decomposing on ex
posure. 

2,5-Dimethyl-4-aminophenoxyacetic methyl ester .-Grayish-yellow 
needles decomposing at 120 0 and soluble in hot methyl alcohol. The 
dis odium salt cannot be obtained pure. 

2-Methyl-5-isopropyl-4-aminophenoxyacetic methyl ester.-Needles 
decomposing at 1450

, and soluble in hot alcohol. 
2-Methyl-5-isopropyl-4-aminophenoxyacetic acid.-Cannot be ob

tained. Its dis odium salt is obtained as brown needles. 
3-Methy 1-6-isopropy l-4-aminophenoxyacetic methy 1 ester.-Yellow 

leaflets from 85% alcohol. When rapidly heated it intumesces at 130 0
, 

but on slowly raising the temperature it turns orange above 120°, and 
then gradually darkens but does not melt below 275°. 

3-Methyl-6-isopropyl-4-aminophenoxyacetic acid.-Cannot be iso
lated. The dis odium salt crystallizes in lustrous yellow leaflets. 

2-Bromo-4-aminophenoxyacetic methyl ester.-Cream-colored needles 
decomposing at 154-5°. 

2-Bromo-4-aminophenoxyacetic acid.-Pale yellow needles decom
posing at 120° when anhydrous. Disodium salt-lustrous brownish
yellow needles. 

6-Bromo-4-amino-2-methylphenoxyacetic methyl ester. - Pinkish 
needles intumescing at 188 0

• It forms a yellow sodium salt. 
6-Bromo-4-amino-2-methy lphenoxyacetic acid.-Grayish aggregates 

decomposing at 155°. The disodium salt is an indefinitely crystalline 
product easily soluble in water. 

4-Amino-6-acetophenoxyacetic methyl ester.-Microscopic hair-like 
needles. 

4-Amino-6-acetophenoxyacetic acid.-Has not been obtained pure. 
The disodium salt crystallizes in pale brown leaflets. 
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p-Azobenzenediarsonic acid, H203AsCaH •. N = N. CaH.As03H2' re
sults' upon condensing 4-nitroso- with 4-aminophenylarsonic acid in boil
ing glacial acetic acid,999 or by allowing the corresponding hydrazo 
compound to oxidize in the air.244 The product is a dark brown powder 
readily soluble in alkalis, less so in glacial acetic acid or hot water, 
sparingly in dilute mineral acids or cold water, and practically insoluble 
in the usual organic solvents. It yields a purple-red solution with 
concentrated mineral acids. 

Azobenzene-4-arsonic acid, CaHs. N = N. CaH4' AsOsH2 , prepared by 
condensing 4-nitrosophenylarsonic acid with aniline, is a brown 
amorphous powder readily soluble in ammonia, alkali hydroxides or 
carbonates, and sparingly so in water or dilute acids.999 

Azo Dyes Derived from p-Arsanilic Acid. 

Hydrochloride of -2-aminonaphthalene-l-azobenzene-4' -arsonic acid, . 
(HCI. H 2N) CloHs. N = N. CsH.AsOsHz. - On diazotizing p-arsanilic 
acid and coupling with ~-naphthylamine hydrochloride, the above com
pound separates as a red crystalline precipitate soluble in aqueous sodium 
carbonate.looo The product can be obtained free of hydrochloric acid by 
coupling in the presence of sodium acetate. 

3-M ethyl-4,6-diaminoazobenzene-4' -arsonic acid, 

H203AsCsH •. N = N.CsH 2(CH3) (NH2)2' 

. is a dark red dye, soluble in caustic soda, made by coupling 4-diazo
phenylarsonic acid with m-tolylenediamine,l°ol or by condensing 4-nitro
sophenylarsonic acid with hydroxylamine, and coupling the resulting 
antidiazotate with m-tolylenediamine.loo2 

4-[ Phenyl- (4' -arsonic acid) azo ] -phenylglycine.-Orange-red aggre
gates of minute, lenticular platelets with a golden luster, sintering, melt
ing and slowly decomposing at 170-5 0

, and dissolving in dilute alkali, 
concentrated sulfuric or 1: 1 hydrochloric acid. It is prepared by coupling 
4-diazophenylarsonic acid with phenylglycine. The hydrochloride 
crystallizes in red needles with a purplish luster. loo3 

2-M ethyl-4- [phenyl- (4' -arsonic acid) azo] -phenylglydne consists of 
red-brown needles, leaflets and rhombic platelets intumescing at 157 0

, 

and soluble in methyl alcohol or concentrated sulfuric acid. Its hydro
chloride forms dark brown platelets.loo3 

2-M ethoxy-4- [phenyl- (4' -arsonic acid) azo] -phenylglycine is ob
tained as lustrous, steel-blue aggregates of platelets intumescing at 1670 

when anhydrous; soluble in dilute aqueous alkali hydroxides or car
bonates, concentrated sulfuric or 1: 1 hydrochloric acid, and methyl or 
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hot ethyl alcohol. The monosodium salt crystallizes in nacreous, orange
red platelets containing 2:}HzO, and is soluble in water.10G3 

2-EthoxY-4- [phenyl- (4' -arsonic acid) azo] -phcnylglycine.-Purplish
brown needles decomposing at 245-500

, soluble in alcohol, acetic or 
concentrated sulfuric acid. Its monosodium salt separates from 50% 
alcohol in orange-brown lustrous platelets soluble in water.1003 

a'-[Phcnyl-(4,-arsonic aC1'd)azo]-a-naphthylglycine is a crystalline 
product melting wih decomposition at 275 0

, soluble in concentrated 
sulfuric acid. The disodium salt is readily soluble in water.1004 

4- [Phenyl- (4' -arsonic add) azo J -phenylaminomethylsulfonic acid, 
H 1 0sAsC6H,.N = N.CGH,.NHCH2SOsH, is produced by coupling 4-di
azophenylarsonic acid with methylene-aniline sodium bisulfite, crystalliz
ing in red needles readily soluble in concentrated sulfuric acid or hot 
water, and sparingly in cold water. When heated the anhydrous product 
sinters and partially melts at 187-9°. The disodium salt consists of 
orange-colored needles readily soluble in water.1004 

2-M ethoxy-4-phenyl- (4' -arsonic acid) azo-phenylaminomethylsulfonic 
acid.-Violet needles soluble in concentrated f'ulfuric acid, and melting 
when anhydrous at 158-60° with eyolution of gas. Its soluble disodium 
salt forms orange-red needles.lOO

' 

4-Dimethyktminoazobenzcne-4' -arsonic acid, 

(CHS)2N.Cr,H,.N = N.C6H.AsOsHz. 

When the crude product, obtained b.v coupling 4-diazophenylarsonic acid 
with dimethyl aniline in hydro(·hloric acid solution, is purified through 
its monosodium salt, there results a red powder readily soluble in alkalis 
or mineral acids but insoluble in water or the usual solvents. The above 
salt separates from hot water in lustrous scarlet plates containing 51 
molecules of water, while the disodium salt containing 6HzO is a scarlet 
powder soluble in cold water.957 

4-H ydroxyazobenzene-4' -arsonic acid, 

HO. COH4' N = N. CGH 4As03H z. 

Prepared by coupling 4-diazophenylarsonic acid with phenol in alkaline 
solution, acidifying with hydrochloric acid and purifying the crude pro
duct through the monosodium salt. It is a light red powder insoluble 
in water or the usual organic solvents, but readily dissolves in alkalis. 
The monosodium salt, which crystallizes with 2iHzO, is sparingly soluble 
in hot water; the disodium salt is 11 light red powder containing 8H20, 
and is readily soluble in cold water.1005 
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2-HydroxYllajJhtlwLcneazobenzene-4' -arsonic acid, 

HO. CloHs . N = N. CGH.As03H z, 

is a bright red, alkali-soluble powder which results on diazotizing 
p-arsanilic acid and coupling with alkaline ~-naphthol solution. The 
monosodium salt, containing 5HeO, is a deep orange, crystalline pre
cipitate sparingly soluble in boiling water. The disodium salt is a dark 
red powder readily soluble in water, and contains 6tH2 0.IOOG, 100, 

l-Amino-2-methoxynaphthalenc-4-azobenzene-4' -arsonic acid.-
Bluish-black, gli8tening platelets remaining unmelted below 285°, and 
rlissolying in dilute caustic soda or concentrated sulfuric acid. luos 

l-Amino-4-methoxynaphthalcne-2-azobenzene-4' -arsonic acid COll

"ists of dark brown aggregates with a bronzy luster. It softens to a tar 
at about 195 0

, intulllesce:< at auout 225°, and is soluble in acetic acid, 
alcohol, dilute caustic' soda or eOlleentrated sulfuric acid.1(lOS 

3-Amino-U- [phenyl- (4' -arsonic acid) azo] -phenoxyacetic acid, 

H zO:lAsC6H,. N = N. C6Ha (NHz) (0. CHzCOOH). 

Made in the usual manner by coupling with 3-aminophcnoxyacetie acid, 
crystallizing in red, glistening needle8 i30luble in 1: 1 hydrochloric acid, 
concentrated sulfuric acid or dilute alkalii3. The anhydrous product 
docs not melt below 285 0

• Its h~'c1roehloride consists of orange-brown 
microscopic crystals. The monosodium salt IS an orange-colored micro
<Ty"talline compound. HIVS 

4 -M cthyl- 3 - amino -U - [ZJhcnyl- (.f' -arsonic acid) azo] - phenoxyacctic 
acid.-Dark red aggregates of needles intul1lescing at 242-3°, difficultly 
soluble in concentrated hydrochloric acid, but readily in dilute alkalis 
or eoncentrnted sulfuric acid. It forms an orange-red hydrochloride 
:\Ild a red crystalline monosodium salt.Hlo9 

2 - j1'[ ethyl-5 - amino -,~ - [phcnu1- (4' - arsonic acid) azo] - phenoxyacctic 
acid consists of lustrous purplish-brown needles intumescing at 187 _8 u

, 

readily soluble in methyl alcohol or concentrated sulfuric acid, le:ss 
>'0 in ethyl alcohol or concentrated hydrochloric acid. The h~'dro
chloride separates as dull red microcrystals.1(109 

a-Amino-~- [phcnyl- (_I.-arsonic acid)] azo-a' -napht.hoxyacctic acid is 
obtained as dark red needles with a golden luster, decomposing at 285 0

, 

and dissolying in concentrated sulfuric acid. Its disodiulll salt forms 
dark brown felted needles readily soluble in water.H)IO 

a-Amino-ex' - [phenyL- (.+-arsonic acid) 1 azo-[3-naZJhthoxya('ctic acid.
Hed -brown minoel'y,,;talline aggregates rClll:lining unmelted be low 285 ° . 
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The dis odium salt crystallizes in almost black aggregates of micro
scopic hairs soluble in water.lOlO 

-4 -A mino-5 - [pheny l- (-4' -m'sonic acid) azo] -1 ,2-pheny 'lenedioxyacetic 
acid exists as purplish-brown microcrystals soluble in concentrated sul
furic arid, and when anhydrous does not melt below 280 0

• Its mono
sodium salt forms purplish-brown spherules sparingly soluble in water, 
but readily in dilute alkali hydroxides or c!Hbonates.101o 

2-Hydroxy-5- [phcnyl- (4' -arsonic acid) azo ]-phenoxyacetic acid.
Brown platelets remaining unmelted below 280 0

, soluble in dilute sodium 
hydroxide, concentrated sulfuric acid or boiling alcohol. Monosodium 
salt-yellow, indefinitely crystalline globules.loll 

3-Amino-6- methoxY--4-[phenyl- (4' -arsonic acid)azo] -phenoxyacetic 
acid is obtained as glistening bronze needles soluble in methyl or ethyl 
alcohol, concentrated sulfuric or 1: 1 hydrochloric acid, and dilute alkali 
hydroxides or carbonates. It sinters at 175-85°, but when anhydrous 
intumesces at 208-13 0

• Its hydrochloride exists as dark brown micro
scopic platelets,l009 

4-Amino-6 -methoxy -3 -[phenyl- (4' -arsonic acid) azoJ -phenoxyacetic 
acid.-Glistening maroon-colored platelets which do not melt below 
280 0

, and dissolye in concentrated sulfuric or hot 1: 1 hydrochloric acid. 
The monosodium salt crystallizes in chocolate-colored needles sparingly 
soluble in water but readily in dilute alkalis. The hydrochloride con
sists of dark red needles.lolD 

fe-Amino -8- hydroxy -6 - suljonapht:'haleneazobenzene-4' -arsonic acid, 
obtained from 4-diazophenylarsonic acid and 2-amino-8-hydrol.'Ynaph
thalene-6-sulfonic acid (Gumma acid) in alkaline solution, is a dark 
violet-red powder easily soluble in water or methyl alcohol, but insoluble 
in chloroform or ether.582 

2-H y droxy-3,6 -disul f onaphthaleneazobenzene-4' -arsonic acid is a red, 
water-soluble powder isolated in, the usual manner by coupling with 
disodium-~-napht.hol-3,6-disulfonate (R salt) in alkaline solution.loor 

1- Amino -8 - hydroxy-3,6-disulfonaphthalene-2~azobenzene -4' -arsonic 
acid, (NH2 ) (OH) (SOaH)2C10Hg.N = N.C6H4AsOaH21 made by coupling 
with l,8-aminonaphthol-3,6-disulfonic acid (H acid) in either alkaline 
or acid solution, is a brownish-black powder easily soluble in water.IOO r 

i-C arboxynaphthaleneazobenzene-4' -arsonic acid is a brownish-black 
powder, soluble in water, obtained by coupling 4-diazophenylarsonic acid 
with sodium naphthionate.loo7 
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4-11'1 ethylamino-5-carboxyphenylazobenzene':1/ -arsonic acid. - Brick
red, glistening needles and plates not melting below 280 0

; soluble in 
concentrated sulfuric acid or dilute hydrochloric acid. On treating 
the latter solution with sodium nitrite, a pale salmon-colored precipi
tate is formed. The hydrochloride cryst.allizes in roscts of purplish-red 
plates; the monosodium salt in brownish-yellow microscopic needles, an(l 
the disodium salt in red needles readily soluble in water.'OOS 

The corresponding ethyl compound is isolated as lustrous, deep orange 
rolored platelets which do not melt below 275 0

, and are morc soluble 
ill methyl or boiling amyl alcohol t.han in the other neutral solvents.1ous 

The corresponding isoamyl compound forms orange-red glistening 
platelets soluble in concentrated sulfuric or hydrochloric acid or boiling 
alcohol. The hydrochloride separates in dark colored microscopic 
needles. The monosodium salt crystallizes in orange-colored leaflets 
very difficultly soluble in boiling water. '012 

4-Amino-2,3-dimethoxy-5-curboxyphenylazobenzene-4' -arsonic acid. 
-Orange-red platelets easily soluble in methyl alcohol, concentrated 
sulfuric acid or boiling dilute hydroehloric acid, and does not melt below 
275 0

• The hydrochloride forms brown platelets and needles, while the 
monosodium salt exists as brownish-orange needles. ,o12 

2-Amino-4,5-dimethoxY-3-carboxyphenylazobenzene-4' -arsonic acid 
IS obtained in brown leaflets and microcrystalline aggregates wit.h a 
purplish luster. It decomposes somewhat upon heating, but remains 
unmelted up to 290 0

; is easily soluble in dilute alkalis or concentrated 
sulfuric acid, diffic:ultly in the usual organic solvents, and only sparingly 
in concentrated hydrochloric acid. The hydrochloride separates as dark 
orange-red spherule~. Thc monosodium salt consists of orange-red 
microcrystals turning chocolate-brown when air-dried. It is difficultly 
i:ioluble in boiling water but readily in dilute alkalis. lo12 

Disazo Compounds Derived from p-Arsanilic Acid. 

A disazo compound may be obtained from l-amino-8-hydroxy-3,6-
disuHonaphthalene-2-azobenzene-4'-arsonic acid by treating with 4-di
azophenylarsonic acid in alkaline solution. The produrt is isolated as 
blue needles with a bronzy luster, soluble in water, acetic or concentrated 
;;ulfuric acid, and sparingly so in hot alcohol. '013 

A similar product, consisting of a light brown powder, results upon 
diazotizing tolidine with two molecular proportions of sodium nitrite, 
and coupling with an alkaline solution of two moles of p-nrsanilic 
acid.5s2 
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Disazobenzene-4,l/ -diarsom'c acid, 

is a black powder with a metallic luster; soluble in alkalis or concen
trated acids. It is obtained by condensing 4-nitrosophenylarsonic acid 
(2 mols.) with p-phenylenediamine in glacial acetic acid medium.9al 

Disazobenzene-4,2',4" -trim'sonic acid, 

H20aAs< ___ )N = N< ___ )N = N<. ___ )ASOaH2' 
;:..-
Ul o 
~ 

similarly prepared from 2,5-dinminophenylarsonic acid and 4-nitroso
phenylarsonic acid, is a black powder with a dark greenish luster, soluble 
in alkalis or concentrated acids. 932 

Trisazo and Telraazo Compounds. 

H acid-p-arsanilic acid 
/' 

Benzidine .-When benzidene is diazotized 
~ 

H acid 
with sodium nitrite (2 moles) and coupled with H acid (2 moles) there 
is obtained a violet colored dye, which is converted into a trisazo dye 
upon treatment with an alkaline solution of 4-diazophenylarsonic acid 
(1 mole). The dried product is a brownish-black powder soluble in 
water to a blue solution."oH 

S acid-p-arsanilic acid 
/' 

Dichlorobenzidine .-A bluish-black pow-
~ 
H add 

del', soluble in water or aqueous sodium carbonate, results upon diazotiz
ing dichlorobenzidine with sodium nitrite' (2 moles), coupling with 
1-amino-8-hydroxy -4-sulfonaphthaleneazobenzene-4' -arsonic acid, and 
combining the resulting product with H acid (1 mole) in alkaline solu
tion.lols 

H acid-p-arsanilic acid 

Benzidine/' .-The product thus obtained is 

~ 'l' 'd H acid-p-arsam tC act 
a brownish-black powder whose aqueous solution is dark blue.lOB 
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By substituting 2-amino-5-naphthol-4-sulfonic acid (2 moles) for the 
H acid in the preceding diagram, a water-soluble dye with a lustrous 
bronzy color is obtained, while with two moles of chromotropic acid 
there is formed a brownish-black powder soluble in water or aqueous 
sodium carbonate.1015 

2-amino-5-naphthol-7-sulfonic acid-p-arsanilic acid 
? 

Tolidine .-A 
'\l 

2-amino-5-naphthol-7-sulfonic acid--p-arsanilic acid 

lustrous bronzy powder dissolving in water to a violet solution.I014 

H acid-p-arsanilic acid 
? 

Chlorobenzidine .-The product is a dark 
'\l 

H acid-p-arsanilic acid 

brown powder yielding a deep blue aqueous solution.1014 If S acid 
(2 moles) is substituted for H acid, the resulting dye is a brown powder 
soluble in water with a violet-blue color which turns blue upon the 
addition of aqueous sodium carbonate.1015 

Triazo Compound. 

4-Triazophenylarsonic acid, H20sAsCsH4' N s,' is obtained as white 
crystals upon adding a solution of sodium azide to 4-diazophenylarsonic 
acid and recrystallizing from either dilute alcohol or dilute sulfuric acid. 
Its monosodium salt, prepared by boiling an alcoholic solution of the 
acid with sodium ethoxide, is a white powder readily soluble in water.10l6 

Azomethine Derivatives. 

Benzylidene-p-arsanilic acid, H"OsAsCsH4' N = HC. CSH5' is formed 
as a by-product in the preparation of 1-(4'-arsonophenyl)-2-phenyl-4,5-
diketopyrrolidine from p-arsanilic acid, benzaldehyde and pyruvic acid 
or ethyl pyruvate. It crystallizes from alcohol in heavy, white granular 
crystals melting with decomposition at 225 0

.151 

4-Dimethylaminobenzylidine-p-arsanilic acid, 

H20sAsCsH4.N = CH.CsH 4.N(CHs)2, 

is prepared by heating together p-arsanilic acid and 4-dimethylamino
benzaldehyde. Both the free acid and its salts are colored orange
red.1017 
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4-H ydroxybenzy lidine-p-arsanilic acid, 

H 20 gAsC6H 4 • N = CH. C6H 4 • OH, 

results on heating molecular proportions of p-arsanilic acid and 4-hy
droxybenzaldehyde at 140-50°. It is a yellow crystalline powder 
sparingly soluble in water or alcohol and insoluble in ether; is hydro
lyzed by hot water, but upon cooling the components reunite. With 
mineral acids it forms salts such as HCl(C6H 5.CH = HN.C6H4AsOgH 2 ). 

They may also be prepared directly by condensing p-arsanilic acid 
with 4-hydroxybenzaldehyde in concentrated water-alcohol solution in 
the presence of the particular mineml acid. The salts are yellow, 
hydrolyzable compounds readily dissolving in aqueous sodium carbonate, 
and more soluble in water than the free acid. lOl7 

2,4-Dihydroxybenzylidene-p-arsanilic acid, 

HzOsAsC6R,.N = CH.C6Hs (OH)z, 

is a yellow crystalline powder obtained by condensing resorcylaldehyde 
with p-arsanilic acid. loH 

10. N-Substituted Derivatives of p-A.rsanilic Acid.-4-Formylamino
phenylarsonic acid, HzOsAsC6H 4 .NHCHO, results on refluxing dry 
atoxyl with formic acid, distilling off the excess of the yolatile acid 
and treating with water. It crystallizes from either hot water or methyl 
alcohol in colorless needles insoluble in ether, and is characterized by 
the ease with which the formyl group can be split off, cold dilute hydro
chloric acid accomplishing this in a wry short time. l01s 

4-Acetylaminophenylarsonic acid, H 20 gAsC6H 4 • NHCOCHa, may be 
prepared from crystalline atoxyl and acetic anhydride; by refluxing 
anhydrous atoxyl with glacial acetic acid and distilling off the excess 
of the latter; by condensing p-arsanilic acid with acetylchloride in 
pyridine, or with acrtic anhydride in the presence of a little concen
trated sulfuric acid; 988, 101S or from 4-aminoacetanilide by Bart's method, 
using either sodium-s6 or potaE'sium arsenite.929 The compound forms 
white lustrous leaflets possessing but feebly basic properties. It is pre
cipitated from solutions of its salts by an excess of mineral acids or 
from its concentrated hydrochloric acid solution upon dilution with 
water. It does not react with naphthoquinone sulfonic acid j is un
affected by heating above 200 0

, but is readily hydrolyzed by boiling 
with acids or alkalis. Its monosodium salt (" Acetylatoxyl," "Arsacetin") 
crystallizes in white needles containing four or five molecules of water, 
and is obtained either by neutralizing the free acid/ooo or directly by 
Bart's method.s6 

4-n-Butyrylaminophenylarsom'c acid, H20gAsCeH4NHCOCgH" may 
be obtained by reacting p-arsanilic acid with n-butyryl chloride in dry 
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pyridine, precipitating with ether, and treating successively with water 
and hydrochloric acid; or by warming anhydrous atoxyl with n-butyric 
anhydride.101B 

4-Benzoylarninophenylarsonic acid, HzOsAsC6H4NHCOC6H5.-From 
p-arsanilic acid and benzoyl chloride by the Schotten-Baumann re
action.lols 

4-Carbethoxyaminophenylarsonic acid, H"OaAsCGH4NHCOOCzH5'
Needles, m. p. 330-40°; obtained by the action of ethylchloro('nrbonate 
upon p-arsanilic aciel in the presence of caustic soda."119

. :122 

4-Phenylsuljoneaminophenylarsonic acid, HzOaAsC6H.NHSOzCeH" 
may be obtained from 4-phenylsulfoncaminophenylamine by Mouneyrat's 
modification of Bart's method,S9 or from p-arsanilic acid and benzene
sulfonic chloride by the Schotten-Baumann reaction. 102O In the latter 
method the yield ill increased by employing sodium carbonate instead 
of the hydroxide.J02l The sodium salt is known :1S "Hectine" and the 
mercury salt, as ,( H ectal'gyre." 

4- Toltwnesuljoneaminophenylarsonic acid, H20aAsC6H4NHS02C7H7' 
produced from p-arsanilic acid and toluene-p-sulfonic chloride by the 
Schotten-Baumann reaction, crystallizes from hot water in colorless 
crystals. Its sodium salt is very soluble in water, slightly in alcoho1.1022 

4-0xaCylaminophenylal'sonic acid (Oxanil-p-arsonic acid), 

H 20 3AsCsH.NHCOCOOH, 

is prepared by heating either atoxyl or arsanilic acid with an excess 
of crystalline oxalic acid at 130-40° until all the water is removed, 
then further heating at 160° until pulverulent, and finally acidifying 
with dilute hydrochloric acid. It separates from 50% acetic acid as 
a white crystalline powder readily soluble in hot water, less so in 
glacial acetic acid, methyl or ethyl alcohol, and insoluble in acetone, 
ether, benzene or dilute mineral acids. It does not melt below 360°, 
and forms soluble salts with alkaIis.lo23 

4--M alonylaminophenylarsonic acid, HzOgAsCsH.NHCOCHzCOOH, 
results when p-arsanilic acid is heated with ethyl malonate in a reflux 
apparatus. It is insoluble in ether.lOlS 

4-Phtha[ylaminophenylal'sonic acid, HzOgAsCaH4NHCOCsH4COOH, 
is obtained from p-arsanilic acid and phthalyl chloride in alkaline 
medium by the Schotten-Baumann reaction.1018 

4--Chloroacetylaminophenylarsonic acid, HzOgAsCsH4NHCOCH2Cl, 
is made either by dissolving p-arsanilic acid in warm chloroacetyl-



292 ORGANIC ARSENICAL COMPOUNDS 

chloride, cooling and mixing with water; 1018 or by heating p-arsanilic 
acid with dry chloroacetic acid on the water-bath, and pouring the 
resulting mass into a saturated sodium chloride solution."024 It exists 
as minute platelets and leaflets which darken on rapid heating, but 
melt with decomposition when kept at 285° for a few moments. It is 
readily soluble in hot alcohol, sparingly in rold water, acetic acid or 
acetone, more soluble in hot water or aretic acid, and is slowly acted 
upon by moist air. 

4-Iodoacetylaminophenylarsonic acid, H z0 3A8CcH.NHCOCH2I, sep
arates upon treating p-arsanilic acid with iodoaeetylchloride in alkaline 
solution at 0° and subsequently neutralizing. It exists as lustrous 
needles, m. p. 196 0 with decomposition, readily soluble in alkalis, but 
insoluble in acids or the usual organic solvents." o25 

4-1odopropionylaminophenylarsonic acid, Hz03AsC6H4NHCOCzH.I, 
similarly prepared from iodopropionylchloride, crystallizes in needles 
decomposing at 224°, readily soluble in alkalis, and insoluble in the 
usual organic solvents." 025 

HNCsH4AsOaHz 
/ 

Symm. Diphenylurea-4A' -diarsonic acid, CO , re-

"'-HNCsH.AsOgH 2 

suIts on adding a calculated quantity of a 20% toluene solution of car
bonyl chloride to aqueous atoxyl at low temperature."018 

4-Carbamidophenylarsonic acid, Hz03AsCsH4NHCONHz.-Made by 
acidifying an aqueous solution of' atoxyl and potassium cyanate with 
acetic acid, and saturating, after 24 hours, with hydrochloric acid."C2 

N -4-M ethylcm'bamidophenylarsonic acid, 

H 2 0 aAsCsH.NHCONHCH a. 

From methylisocyanate by reacting with aqueous atoxyl, and subse
quently acidifying with hydrochloric acid.962 

N -4-P henylcarbamidophenylarsonic acid, 

HzOgAsCsH4NHCONHCcH5' 

Phenylisocyanate is added to a well-cooled, aqueous atoxyl solution, and 
the whole maintained at a low temperature for twelve hours. It is 
then extracted with ether, the aqueous layer separated, and the com
pound precipitated from the latter with hydrochloric acid.u62 

4-Thiocarbamidophenylarsonic acid, H20aAsC6H4NHCSNHz. - A 
saturated solution of p-arsanilic [1cid in aqueous potassium thiocyanate-



PENTAVALENT AROMATIC ARSENICAL,S 293 

hydrochloric acid is evaporated to dryness, and the residue warmed for 
two hours. After cooling it is dissolved in dilute alkali and reprecipitated 
with dilute hydrochloric acid.962 

N -4-Allylthioca1'bamidophenylarsonic acid, 

HzOsAsCsH.NHCSNHCaH5' 

is obtained by treating p-arsanilic acid with allylthiocarbimide in methyl 
alcohol at 30-5°. It forms snow-white needles and leaflets, m. p. 185 0 

with decomposition; practically insoluble in water or ethyl alcohol, 
and sparingly soluble in methyl alcoho1.963 

Glycyl-p-arsanilic acid, HcNCHzCONHCsH4As03Hz.-Chloroacet:fl
arsanilic aeid is warmed with concentrated aqueous ammonia at 30° 
until solution is complete, allow'ed to stand over night, and the excess 
of ammonia boiled off, when the crude product crystallizes along with 
the corresponding amino compound. Separation is effected by me:lllS 
of dilute hydrochloric acid in which the latter is insoluble. The crude 
glycyl-p-arsanilic acid is first reprecipitated by sodium acetate, and 
then purified by dissolving in dilute caustic soda solution and repre
cipitating with carbon dioxide. It forms minute, toothed, glistening, 
anhydrous plates which do not melt below 295°, and are "ery diffi
cultly soluble in boiling water or 50% alcohol. It functions as a yery 
weak acid, dissolving only in an excess of weak bases, such as ammonia, 
and is displaced from its salts by carbon dioxide.lo26 

Iminobisacetyl-p-arsanilic acid, (HzOsAsCsH4NHCOCHz)2NH, ob
tained as a by-product in the preparation of the preceding compound, 
consists of glistening rosets of microcrystals darkening at 280-5 0 with
out melting, and practically insoluble in the usual solvents.lo27 

N-Methylglycyl-p-arsanilic acid, CH3NHCHcCONHCsH4AsOsHz, is 
prepared by adding chloroacetylarsanilic acid to a methylamine solu
tion, allowing to stand for 24 hours, removing the excess of methyl
amine on the water-bath, and finally acidifying with acetic acid. 
Recrystallized from water it separates as long, silky, glistening needles 
containing about 2HzO, turning brown but not melting below 275 0

, 

practically insoluble in hot alcohol, slightly soluble in boiling water, 
but readily in dilute mineral acids. On adding sodium nitrite to its 
dilute hydrochloric acid solution the nitroso derivative deposits on 
rubbing as sheaves and spheres of microscopic needles. lo27 

N -Phenylglycyl-p-arsanilic acid (N -Phenylglycineanilide-p' -arsonic 
acid), C6H5NHCHeCONHCGH4AsOsHe.-This substance, isomeric with 
phenylglycineanilide-p-arsonic acid, is prepared by boiling together alco
holic aniline and alkaline chloroacetylarsanilic acid solutions for one-half 
hour under an air condenser. It crystallizes from 50% alcohol as 
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delicate, felted needles almost insoluble in boiling water and darken
ing slightly but not melting below 280°. On treating its suspension in 
hot 50 per cent acetic acid with an excess of sodium nitrite the nitroso 
derivative is formed. 1027 

p-Arninophenylglycyl-p-arsanilic acid, 

H2NC6H4NHCH~CONHC6H4AsOsH2' 

results upon hydrolyzing the succeeding acetylamino-compound with boil
ing hydrochloric acid, forming, when pure, microcrystalline aggregates 
which tend to become colloidal on washing with ,Yater. It is soluble 
in dilute mineral acids or alkalis. yery sparingly so in boiling 50% 
alcohol, practically insoluble in boiling water, and may be readily diazo
tized, giying a red color with R-salt. "Then rapidly heated the acid 
darkens and sinters, but docs not melt below 280°.1028 

p- Ace ty larninopheny Ig Lycy l-p-arsanilic acid, 

H"O"AsCG H 4NHCOCH"NHC 6 H ,NHCOCH", 

is prepared like the previous compounds using p-aminoacetanilide. It 
forms glistening, hexagonal platelets which do not melt below 275° and 
are yery sparingly soluble in boiling water or 50% alcohol. Its sodium 
salt crystallizes in flat glistening needles containing seven molecules 
of water of crystallization.1028 

m-Oxalylaminophenylglycyl-p-ar.sanilic acid, 

HOOCCOKHCaH;KHCH"CONHCaH,AsOsHz, 

made by boiling a ~olution of chloroacetylarsanilic acid and m-amino
oxanilic acid in aqueous caustic soda, is isolated as the hydrochloride, 
composed of aggregates of microseopic plumes which gradually lose 
hydrochloric aeid on standing in moist air. 

The free acid may be obtained by boiling the hydrochloride with 
water. It crystallizes with 1H"O, is practically insoluble in boiling 
water, and very sparingly soluble in 50% alcohol. When rapidly heated 
to 175°, then slowly, the anyhydrous acid effervesces at 179°, with 
preliminary softening and darkening." o2n 

p-Oxalylarninophenylglycyl-p-arsanilic acid is prepared like its meta 
isomer, and forms slightly purplish aggregates of microscopic crystals 
containing 1.5 molecules of water of crystallization. It is almost in
soluble in boiling water. "ery sparingly soluble in boiling 50% alcohol, 
and, when anhydrous, darkens above 200°, but does not melt below 
275 0. On heating with aqueous alkali the principal products recovered 
are either the unchanged oxamino compound or arsanilic acid, depend
ing on the length of heating and the strength of the alkali. Heating, 
however, with 1: 1 hydrochloric acid yields the amino compound.1028 
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p-Uraminophenylglycyl-p-arsanilic acid, 

H2NCONHC6H4NHCH2CONHC6H4AsOsH2, 

is made from chloroacetylarsanilic acid and p-aminophenylurea, crystal
lizing in spherular masses of microscopic leaflets soluble in boiling 50% 
alcohol, but very sparingly in water. When rapidly heated it changes 
color above 1500 and darkens markedly at about 2100

, but does not 
melt below 285 0

.1030 

p-Oxamylaminophenylglycyl-p-arsanilic acid, 

H2NCOCONHC6H4NHCHzCONHC6H4AsOaHz. 

From chloroacetyl arsanilic acid and p-aminooxanilamide. Clusters of 
microscopic needles remaining unmelted below 285 0

, and practically 
insoluble in boiling water or 50% alcoho1.1030 

N -Phenylglycineanilide-p-glycineamide-p' -arsonic acid, 

HzOsAsC6H4NHCOCHzNHC6H4NHCHzCONHz, 

is obtained from carefully purified p-aminophenylglycineamide as crusts 
of spherical aggregates of microcrystals which become ochreous in color 
on exposure to the air. ·When air-dried it contains about 1.5 molecules 
of water of crystallization. The anhydrous substance darkens at about 
200 0

, but does not melt below 285 0
, and is rather sparingly soluble 

in boiling water or 50% aicohoU031 

m-Hydroxyphenylglycyl-p-arsanilic acid, 

HOCoH4NHCHzCONHC6H4As03Hz, 

obtained from m-aminophenol, is purified through its hydrochloride sep
arating as pale pink, wedge-shaped, microscopic prisms containing 3.5 
molecules of water of crystallization. On rapid heating it melts at 
about 80 0 in its water of crystallization, then quickly resolidifies, and 
on further heating turns purple at about 1800

, gradually softening and 
charring as the temperature is raised. The compound is ensily soluble 
in methyl or ethyl alcohol, acetone or boiling water, separating from 
the latter on cooling ns a caseous mass. It is less readily soluble in 
glacial acetic acid, from which it separates in a different form, pre
sumably due to dehydration. The hydrochloride consists of slightly 
purplish microcrystals which do not melt up to 280 0 and lose most of 
the halogen on boiling with water.10320, 

p-Hydroxyphenylglycyl-p-arsanilic acid is prepared from p-amino
phenol and forms aggregates of microscopic hairs containing approxi
mately one molecule of water of crystallization. The substance is 
almost insoluble in boiling water or 50% alcohol, and, when anhydrous, 
blackens and sinters above 200 0

, but does not melt entirely below 280 0
• 
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Its sodium salt consists of microscopic needles containing IHcO, and j" 

sparingly soluble in water at 0 0
, but readily on warming, the solution 

slowly denloping a pale lilac color with ferric chloride.1032 

;V -Phenlllglycineanil1'de-p-hydroxyacetic ether acid-p' -arsonic acid, 
H:,03AsCsH4NHCOCH2HNC6HJOCH2COOH, prepared from chloro
acetylarsanilie acid and p-aminophenoxyacetic acid, crystallizes as 
minute, pale brown, wedge-shaped plates containing l.5 molecules of 
water of crystallization. The substance is almost insoluble in boiling 
water or 50% alcohol, darkens, when anhydrous abm'e 180 0

, and de
composes at about 275° ."033 

N -Phenylglycineanilide-p-hydroxyacetic ether acid amide-p' -arsonic 
acid, H20,AsCsH.NHCOCH2NHCsH40CH2CONH2, is made from 
p-aminophenoxyaretamide, separating as woolly masses of delicnte 
needles practically insoluble in boiling water or 50% alcohol, and dark
ening somewhat but not melting below 265° ,1034' 

The sodium salt crystallizes with four molecules of water in the 
form of slightly grayish rosets of fiat, glistening needles. Its dilute 
aqueous solution gin'S immediate precipitates ",ith silnr or copper ions, 
a slow-forming, crystalline precipitate with calcium ions, and none with 
barium ions. 

N -Phenylglycineanilide-p-hydroxyacetic ether acid w'eide-p' -arsonic 
acid, HcOsAsC"H!NHCOCH2NHCsH.OCH2CONHCONH2' - Feathery 
aggregates of minute platelets from p-aminophenoxyacetylurea. The 
substance is almost insoluble in boiling water or 50% alcohol, and when 
rapidly heated to 255°, then slowly, decomposes at 257-8° with prelimi
nary darkening. The sodium salt crystallizes with 4 molecules of water 
as minute leafiets." 034 

m-Carboxamidophenylglycyl-p-arsanil1'c acid, 

HcNCOC6H,NHCHcCONHC6H4As03H2, 

is made from m-aminobenzamide and purified through its sodium salt, 
which separates as radiating masses of fiat needles containing one 
molecule of water of cr~'stnllization. The free acid crystallizes in micro
scopic needles "ery difficultly soluble in hoiling water or acetic acid, 
but dissolving some1yhat morc easily in boiling 50% alcohol. When 
rapidly heated to 245°, thcn slowly, it darkens and decomposes at 
248 ° ,1035 ,< 

p~Carboxamidophenylglycyl-p-ar8anilic acid. - Derived from p
aminobenzamide as microscopic prisms which do not melt below 
275 0 and nrc practically insoluble in boiling water or 50% alcohol. The 
sodium salt, glistening platelets containing 2H20, is quite sparingly 
soluble in ice water, but more easily on warming.1036 
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N-Phenylglycineanilide-m-carboxureide-p' -arsonic acid, 

He03AsCr,H{NHCOCH2NHC6H.CONHCONH2' 

From m-aminobenzoylurea as spherules of microscopic needJes decompos
ing with darkening at about 280 0

, and almost insoluble in boiling water 
or 50% alcohol. The sodium salt erystallizcs with three molecules of 
water as fiat, microscopic needles.10S

" 

N -Phenylglycineanilide-p-acetamide-p' -arsonic acid, 

HeOsAsCGH4NHCOCH2NHCGH.CH"CONH2' 

Aggregates of microscopic platelets from p-aminophenylacetamide; is 
sparingly soluble in boiling water, more easily in boiling 50% alcohol 
or acetic acid. It darkens and softens above 1800, decomposing finally 
at 256_80.1033 

N -Phenylglycineanilide-p-acetureide-p' -arsonic acid, 

H203AsC6H.NHCOCH2NHC6H.CH2CONHCONH2, 

is obtained from p-aminophenylacetylurea as rosets of microscopic hairs 
containing 0.5 molecule of water of crystallization, and sparingly soluble 
in boiling water or 50% alcohol. The anhydrous compound darkens 
above 230 0 and decomposes at 270-3° .1033 

p-Acetophenylglycyl-p-Cl1'sanilic acid, 

CH3COC6H4NHCH2CONHC6H4AsOsH2, 

is prepared from p-aminoacetophenone, the pure compound existing as 
radiating masses of faintly yellow, microscopic needles which darken 
and decompose partially when heated, but do not melt below 290 0

• 

It is practically insoluble in boiling water and only very sparingly so 
in boiling 50% alcohoL The sodium snIt crystnllizes with 3 molecules 
of water as minute, narrow, pale yellow, glistening platelets sparingly 
soluble in cold water.103T 

\. 
N -Phenylglyrineanilidc-4,4' -dim'sonic acid, 

H20sAsC6H.NHCH2CONHC6H4AsOsHe, 

from p-arsanilic acid and chloroacetyl-p-arsanilic aeid, forms sheaves 
of microscopic needles containing 0.5 molecule of water of erystalliza
tion. The anhydrous substance does· not melt up to 280 0

, is insoluble 
in boiling water and but wry sparingly soluble in hot 50% alcohol. ,o:n 

Phenoxyacetyl-p-arsanilic acid, CGHGOCH2CONHC6H4As03H2, is 
prepared from arsanilic acid and phenoxyacctyl chloride in sodium 
acetate ~olution; or by boiling a solution of ehloroacety l-p-arsanilic acid 
in N-aqucous caustic soda with phenol under an air condenser. C010r-



298 ORGANIC ARSENICAL COMPOUNDS 

less microscopic crystals or wedge-shaped plates and prisms which do 
not decompose below 2800

, are soluble in boiling acetic acid, methyl 
or hot 50% ethyl alcohol, and ,"cry sparingly so in boiling water.103~ 

4' -Oxalylamino-phenoxyacetyl-p-arsanilic acid, 

HzOaAsC6H.NHCOCH20C6H4NHCOCOOH, 

is made from chloroacetylarsanilic acid and p-hydroxyoxanilamide, each 
dissolved in theoretical amounts of N -sodium hydroxide solution. It 
crystallizes with one molecule of water as rream-colored microscopic 
crystals unmelted below 280 0

, and appreciably soluble in boiling water 
or 50% alcohol.'°39 

4' -Uramino-phenoxyacetyl-p-arsanilic acid, 

H~03AsC6H4NHCOCH20C"H.NHCONH2' 

produced from chloroacetylarsanilic acid and p-hydroxyphenylurea in 
alkaline medium, is isolated through the sodium salt as aggregates of 
microscopic spindles practicnlly insoluble in boiling water or 50% 
alcohol, and decomposing at about 280-3° with preliminary darkening. 
Its sodium salt crystallizes with 3 molecules of water as radiating masses 
of minute needles."039 

2' -C arboxamidophenoxyacetyl-p-arsanilic acid, 

H20aAsC6H.NHCOCH20C6H4CONH2' 

is obtained from salicylamide as delicate needles which do not de
compose below 280 0

, are appreciably soluble in boiling 50% alcohol or 
acetic acid, less readily in the other hot solvents. Its sodium salt crystal
lizes with 5.5 molecules of water as prismatic needles."o4o 

4' -Carboxamidophenoxyacetyl-p-arsanilic acid, deriyed from p-hy
droxybenzamide, is isolated through its sodium salt as long, glistening 
needles remaining unmelted below 280 0

, and practically insoluble in 
the usual solvents. The sodium salt crystallizes with 7.5 molecules of 
water as rosets of long, fiat, delicate needles."04o 

Phenyl- (4-arsonic acid) glycine [Phenylglycine-4-arsonic acid], 

HOOCCH2HNC 6H.AsOgH 2 , 

results on refiuxing ataxy I with aqueous chloroacetic acid for 6-8 hours; 
or on heating p-arsanilic acid, sodium cyanide, 40% formaldehyde and 
water in an autoclave. for one to two hours, neutralizing the cooled 
solution, and then hydrolyzing the resulting nitrile with caustic soda. 
The compound is sparingly soluble in cold water, but readily in con
centrated hydrochloric acid, alkali hydroxides, carbonates or acetates, 
hot water or dilute hydrochloric acid."041 



PENTAVALENT AROMATIC ARSENICALS 299 

N - (Phenyl-4-arsonic acid) -a-phenylglycine, 

H20 aAsCaH.NHCH (CeHs) COOH, 

may be prepared either from p-arsanilic acid and a-phenylchloroacetic 
acid, or by boiling the corresponding amide, described below, with 10% 
caustic soda solution. The compound crystallizes in lustrous, rhombic 
plates sparingly soluble in cold, more readily in warm water, alcohol 
or acetic acid, and fairly soluble in methyl alcohol. It effervesces at 
202-3 0 with previous darkening and sintering.1042 

4-Sulfomethylaminophenylarsonic acid, H203AsC6H4NHCH2S03H, 
obtained by treating formaldehydesodiumbisulfite with a concentrated 
aqueous solution of atoxyl, and subsequently acidifying with dilute 
hydrochloric acid, forms snow-white needles decomposing at 148 0

• Its 
disodium salt is very soluble in water.I043 

N - (Phenyl-4-arsonic acid) glycine methyl ester, 

H203AsCsH.NHCH2COOCH3' 

is prepared by refiuxing for two hours a mixture of the preceding com
pound, dry methyl alcohol and a little concentrated sulfuric acid, 
and subsequently precipitating with water. It crystallizes from hot 
water or hot 95% alcohol in microscopic needles and thin plates, very 
sparingly soluble in cold water, cold alcohol or boiling acetone, and 
fairly easily in methyl alcohol, especially on warming. It decomposes 
at 285 0 with preliminary softening and darkening.lou 

N- (Phenyl-4-arsonic acid) glycine ethyl ester, 

H20aAsCsH.NHCH2COOC2Hs, 

prepared like the corresponding methyl ester, crystallizes from 50% 
alcohol in fiat, delicate needles which melt and decompose at about 
270 0 with preliminary darkening and softening. It is very difficultly 
soluble in cold water, but more soluble in cold alcohol, dissolving quite 
readily in either solvent on boiling.lD45 

N - (Phenyl- 4 - arsonic acid) glycineamide, [Phenylglycineamide-4-
arsonic acid, "Tryparsamide"], H203AsCsH.NHCH2CONH2, results 
upon refiuxing an aqueous atoxyl solution with chloracetamide,lo46 or 
from the action of ammonia upon N-(phenyl-4-arsonic acid)glycine 
methyl ester.I04S It separates as long, thin, lustrous plates readily 
soluble in hot water, acetic acid, or cold concentrated hydrochloric acid, 
sparingly in cold water, dilute hydrochloric acid, hot methyl or ethyl 
alcohol, and insoluble in cold methyl alcohol, acetone or chloroform. 
On boiling its solution in sodium hydroxide, ammonia is evolved. When 
rapidly heated it darkens and softens at 280 0 without melting. 
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Salts.-The monosodium salt is extremely soluble in cold water, 
and is prepared by neutralizing an aqueous suspension of the arsonic acid 
with 25% sodium hydroxide and subsequently precipitated with alcohol. 
The potassium and ammonium salts are prepared in the same way, 
and form thin, glistening, hexagonal, microscopic platelets. On add
ing a calcium chloride solution to a solution of the sodium salt, the 
calcium salt gradually separates as microscopic, wedge-shaped prisms 
containing no water of crystallization. Magnesia mixture causes no 
precipitate in the cold, but on warming the magnesium salt separates 
as a microcrystalline powder. Heavy metal salts give immediate pre
cipitates, the silver salt forming aggregates of thin microscopic 
needles. 

N - (Phenyl-it-arsonic acid) -a-methylglycineamide, or N - (Phenyl-4-
CHg 

/ 
arsonic acid) -a-aminopropionarnide, H 20 aAsCsH 4NHCH 

"- CONHe 
From p-arsanilic acid, dissolved in sodium hydroxide solution, by boil
ing with a-bromopropionamide for about an hour. The product is 
appreciably soluble in water at room temperature and readily on boiling, 
crystallizing on cooling as long, thin, hexagonal plates. It is also 
soluble in hot 50% alcohol. When rapidly heated it darkens above 255° 
and decomposes at 262-3.5°. Its sodium salt crystallizes from 95% 
alcohol as long, flat, microscopic needles containing about 2iH20 after 
air-drying.1041 

N- (Phenyl-4-arsonic acid) -a-phenylglycineamide, 

H 20 gAsCsH 4NHCH (CSH5) CONH2 , 

is made by boiling atoxy!, sodium iodide, phenylchloroacetamide and 
alcohol. The pure acid separates as microscopic needles which do not 
melt below 280 0

, and are sparingly soluble in boiling water or 50% 
alcohol. Its sodium salt crystallizes with 3i-5HzO as granular aggre
gates of plates readily soluble in water or boiling aicohoUo48 

Oxanilarnide-p-arsonic acid (p-Oxamylaminophenylarsonic acid), 
H20aAsCaH4NHCOCONH2.-Anhydrous atoxyl is heated with ethyl 
oxamate for two hours at 140-50°, the mixture digested with water 
and acidified with acetic acid. Minute needles which neither darken 
nor melt below 280°, and are sparingly soluble in boiling water or 50% 
alcohol. On boiling its dilute sodium hydroxide solution, ammonia is 
evolved.10H 
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N- (Phenyl-4-arsonic acid) glycine methylamide, 

H20aAsC6H4NHCHzCONHCH3, 

is made by refluxing an aqueous atoxyl solution with chloroacetylmethyl
amine. It separates as thin microscopic plates fairly easily soluble in 
hot water, from which it crystallizes in aggregates of curved spears. 
The substance is difficultly soluble in methyl alcohol, more readily in 
hot 50% ethyl alcohol, and decomposes at 285 0 with previous darken
ing and softening.1049 

N - (Phenyl-4-arsonic acid) glycine ethylamide, 

H203AsC8H4NHCH2CONHC~H", 

·is formed by condensing p-arsanilic acid and chloroacetylethylamine as 
in the previous compound. It is readily soluble in methyl alcohol, warm 
ethyl alcohol or water, but only sparingly so in the latter two at 
ordinary temperature. It darkens above 250 0 and decomposes at 
278_80°.1049 

N - (Phenyl-4-arsonic acid) glycine-n-propylamide, 

HzOsAsC6H4NHCHzCONHC3H,. 

From p-arsanilic acid and chloroacetylpropylamine. It consists of flat 
needles, plates or wedge-shaped prisms, sparingly soluble in boiling 
water, but. readily so in boiling 50% alcohol, from which it separat.es 
on cooling as shea yes of microscopic needles. It does not melt below 
2800.1049 

N - (Phenyl-J,-arsonic acid) glycineanilide, 

HzOsAsC6H4NHCHzCONHC6H5' 

may be prepared from atoxyl and chloro (or, better, iodo) acetanilide, 
or from N- (phenyl-4-arsonic acid) glycine methyl ester and aniline by the 
methods described in the preparation of the corresponding glycine
amide. It crystaUizes from 50% alcohol as minute delicate needles 
practically insoluble in the usual organic solvents at ordinary tempera
ture, appreciably soluble in hot glacial acetic acid, methyl or ethyl 
alcohol, or dilute hydrochloric acid, the hydrochloride separating from 
the latter on cooling. The arsonic acid does not melt below 285 0

, 

and exhibits the eharacteristic property of a secondary amine in form
ing a nitroso compound with nitrous acid. The sodium salt consists 
of glistening scales containing four molecules of water of crystalliza
tion. It is freely soluble in water, the dilute solution yielding no 
immediate precipitate with calcium or barium salts. With magnesia 
mixture a precipitate is formed only on heating, while heavy metal 
salts give insoluble precipitates at once.1050 
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N- (Phenyl-4-arsonic acid) glycine-2' -toluidide, 

H203AsCGH4NHCHzCONHC6H4CHs, 
is obtained in the usual manner from ehloracetyl-o-toluidine, in the pres
ence of a little '3odium iodide. It crystallizes from 50% alcohol in 
woolly masses of delirate needles which do not melt below 275 0; arc 
readily soluble in hot acetic acid, sparingly in hot water or acetone, in
soluble in cold, but appreciably soluble in boiling ethyl alcohol or cold 
methy I alcohol. Its sodium salt separates as aggregates of long, narrow 
platelets containing 2.5 molecules of water of crystallization.,o5' 

1V - Whenyl-4-arsonic acid) glycine-3' -tolllidide is derived from 
chloroacetyl-m-toluidine as aggregates of long, thin plates decomposing 
at about 285 0

, with preliminary darkening and softening. It is insoluble 
in boiling wilter or acetone, !lppreciably soluble in boiling methyl or 
ethyl aleohol, and readily in boiling acetic acid. loo2 

N - (Phenyl-4-arsonic acid) glycine-4' -toillidide, from chloroacetyl-p
toluidine, consists of minute needles which do not decompose belmv 
280 0; are practically insoluble in boiling water, sparingly soluble in 
boiling methyl or ethyl alcohol, but readily in boiling acetic acid. Its 
sodium salt separates as long, thin, cun·ed, glistening needles contain
ing 3H20, and sparingly soluble in cold water, even less so in the pres
ence of other sodium salts.1052 

N - (Phenyl-4-arsonic acid) glycine benzylamide, 

H203AsCGH.,NHCH2CONHCH2C6H5, 

resulting upon the prolonged refluxing of a mixture of atoxyl, ehloro
acetylbenzylamine, sodium iodide and alcohol, crystallizes from hot 85j~ 
alcohol as microscopic needles soluble in boiling 50% or 85% ethyl 
alcohol or boiling methyl alcohol, but very sparingly in boiling water. 
It decomposes at 282_40.1053 

N - (Phenyl-4-arsonic acid) glycine-a-naphthylamide, 

H20aAsC6H4NHCH2CONHC,OH7, 

is made from chloroacetyl-a-naphthylamine, and consists of aggregates 
of microscopic needles practically insoluble in boiling water or 50% 
alcohol. 'When rapidly heated it darkens slightly, but does not melt 
up to 2800. On heating in dilute sodium hydroxide solution the odor of 
a-naphthylumine is quickly noticeable. 'OG2 

N - (Phenyl~>{-arsonic acid) glycine-~-naphthylamide results when 
chloroacetyl-~-naphth.rlamine reacts with atoxy] in the presence of 
sodium iodide. Microscopic needles decomposing at 285-60 to a red 
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liquid, and practically insoluble in boiling water or 50% alcohol. Its 
sodium salt crystallizes from 50% alcohol as flat needles containing 
about 4.5 molecules of water of crystallization.1054 

N - (Phenyl-4-arsonic acid) glycinediphenylamide, 

H20sAsCaH4NHCH2CON (CaH 5) 2, 

is produced on boiling equivalent amounts of atoxy I, chloroacetyldi
phenylamine and sodium iodide in 50% alcohol as in previous examples. 
It forms long, thin, microscopic leaflets containing one molecule of water 
of crystallization. The anhydrous substance decomposes at 271-20 
with slight preliminary softening, and is very sparingly soluble in boil
ing water or 50% alcoho1.1054 

N - (Phenyl-4-arsonic acid) glycine-4' -chloroanilide, 

H203AsCaH4NHCH2CONHCaH4CI, 

is obtained through its sodium salt as toothed, microscopic leaflets which 
are often cross shaped. It docs not melt below 280 0

, and is almost 
insoluble in boiling water or 50% alcohol. The sodium salt is easily 
salted out from its solutions by sodium acetate.1055 

1'1 - (Phenyl-4-arsonic acid) glycine-4' -iodoanilide. - From chloro-
acetyl-p-iodoaniline. \Then purified through its sodium salt, it forms 
broad, minute needles which do not melt below 275 0

, and are practically 
insoluble in boiling water. Its sodium salt crystallizes from 85% 
alcohol in roset:; of needles containing 3tH20.1055 

N - (Phenyl-4-arsonic acid) glycine-4' -nitroanilide, 

H20sAsCoH4NHCH2CONHCaH4N02' 

For this compound chloroacetyl-p-nitroaniline is used, the substance 
crystallizing as long, thin, faintly yellow needles practically insoluble 
in boiling ,vater or 50% alcohol, and remaining unmelted below 2850.1055 

lv' - (Phenyl-4-al'sonic acid) glycine-4' -aminoanilide, 

H203AsCoH;NHCH2CONHCaH4NH2, 

may be prepared either by reducing the preceding nitro compound 
with freshly precipitated ferrous hydroxide, or by saponifying the fol
lowing acetylamino deri\'ative with hydrochloric acid. It separates as 
colorle::'s, microscopic needles or platelets decomposing at 253-4 0 with 
preliminary darkening, practically insoluble in boiling water or 50% 
alcohol, and soluble in dilute hydrochloric acid, the hydrochloride being 
precipitated by an excess of the a('id. The compound is readily di
azotized, coupling with R-salt to form a red dye.t°5~ 
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N - (Phenyl-4-arsonic acid) glycine-4' -acetylaminoanilide, 

H20aAsC6H1NHCH2CONHC6lilNHCOCHa, 

is made by heating atoxyl and p-chloroacetylamino(lcetanilide for four 
hours. It is isolated through its sodium 8alt as aggregates of micro
scopic needles whirh are practically insoluble in boiling water or 50% 
alcohol, and do not melt below 285 0

• Its sodium salt rOl1siFts of minute, 
lustrous, somewhat efflorescent platclets. '057 

N - (Phenyl-4-arsonic acid) glycine-4' -acetylaminobenzylamide, 

H20aAsC6H4NHCH2CONHCH2C6H4NHCOCHa, 

results when p-arsanilic acid is boiled with p-acetylaminochloroacetyl
benzylamine, and separates as fiat, microscopic needles almost insoluble 
in the usual solvents except hot 50% alcohol, from which it separates 
on cooling as diamond-shaped plates. It darkens and sinters partly, 
but does not melt below 280 0

• Thc sodium salt, containing 4~H20 
exists as microscopic needles readily soluble in water.1058 

N - (Phenyl-4 - arsonic acid) glycine-3' -methyl-!/ -acetylaminobenzyl
amide, H20aAsC6H4NHCH2CONHCH2C6Hs (CHa)NHCOCHa, is formed 
on condensing p-arsanilic acid with 3-methyl-4-acctylaminochloroacetyl
benzylaminc as an amorphous mass, which can be obtained crystalline 
by purification through its sodium salt. The frec acid separates from 
50% alcohol as fiat, minute needles decomposing at 278°, and soluble 
In boiling water or 50% alcoho).1059 

N - (Phenyl-4-arsonic acid) glycine-4' -uraminoanilid~, 

HzOaAsC6H4NHCH2CONHC6H4NHCONH2) 

derived from atoxyl and p-chloroacetylaminophenylurea, and subse
quently isolating through the sodium salt, exists as pale brown, micro
crystalline aggregates containing. iH20. It is \"ery sparingly soluble 
in boiling water, methyl or 50% ethyl alcohol, and decomposes, when 
anhydrous, at 230°, with preliminary darkening. Its sodium salt crystal
lizes in colorless microscopic needles containing 4HzO, and is soluble in 
hot water.1057 

N - (Phenyl-4-arsonic acid) glycine-4' -methyl-5' -uraminoanilide, 

HzOaAsC6H4NHCH2CONHC6H3 (CH,,) NHCONH2 • 

Starting with 5-ch10roacety1amino-2-methy1pheny1urea, the acid is 
finally isolated as microscopic platelets and hairs. containing about one
half molecule of water of crystallization. The anhydrous substance 
decomposes at 257-8°, with preliminary darkening and sintering, and 
is practically insoluble in the usual solvents. Its sodium salt is readily 
soluble in water.1060 



PE~YTA"VALEiVT AROMATIC ARSENICALS 305 

N- (Phcnyl-4-arsonic acid) glycinc-4' -1lraminobenzylamide, 

H~OsAsC6H1NHCH~CONHCH~C6H,NHCONH~, 

is prepared from p-ar"anilic acid and p-uraminochloroacetylbenzylaminc. 
Its sodium salt cannot be obtained crystalline by any of the usual 
methods.lo5s 

N- (Phenyl-4-arsonic acid) -a-phenylglycine-4' -uraminoanilide, 

H2 0"AsCr,H ,NHCH (Cell, ) CONHCr,H4NHCONH", 

is de rind from arsanilic acid and p-phcnylchloroacetylaminophenylurea 
as it gummy mass which gradually hardens. It decomposes at about 
2550 with preliminary darkening and softening, and is soluble in boiling 
50% alcohol, but very difficultly in boiling water."OB" . 

}'{ - (Phenyl-4-arsonic acid)glycine-3' -oxamyl.aminoanilide, 

H203AsC6H,NHCH2CONHC6H4NHCOCONH2, 

is obtained as slightly purplish, microcrystalline aggregates when 
m-chloroacet:vlaminooxanilamidc iR boilrd for six hours with the usual 
reaction mixture. It is almost insoluble in boiling water, but very 
sparingly soluble in boiling 50% alcohol. When heated it gradually 
darkens and partly dcr;omposes, but does not melt up to 2800."062 

N- (Phenyl-4-arsonic acid) glycine-4' -oxamylaminoanilide. - Owing 
to the insolubility of p-chloroacetylaminooxanilamide the heating is con
tinued for a long time. The product forms microscopic needles insoluble 
in all neutral solvents, and does not melt below 2800.1062 

N - (Phenyl-4-arsonic acid) glycyl-2' -aminophenol, or N - (Phenyl-4-
arsonic acid) glycine-2' -hydroxyanilide, 

H20sAsC6H4NHCH2CONHC6H40H. 

From o-chloroacetylaminophenol without the aid of sodium iodide, the 
product consisting of lustrous crystals which melt and decompose at 
190 0 with preliminary darkening. It is soluble in cold 95% alcohol, 
but more readily in boiling water, from which it separates on cooling 
itS long, narrow, glistening leaflets. An alkaline solution couples readily 
with diazotized sulfanilic acid, yielding an orange colored solution."o62 

N - (Phcnyl-4-arsonic acid) glycyl-3' -aminophenol has also been pre
pared, but not yet described in the literature."063 

N- (Phenyl-4-arsonic acid) glycyl-}f' -aminophenol,. or N - (Phenyl-4-
arsonic acid) glycine-1r' -hydroxyanilide, is obtained from atoxyl and 
p-chloroacetylaminophenoI as faintly pink, glistening platelets, darken
ing and melting to a black tar at 255-600, and almost insoluble in 



306 ORGANIC ARSENICAL rOMPOUNDS 

boiling water, 50% alcohol. 50% acetic acid or methyl alcohol. Its 
sodium salt is fairly soluble in cold water, and consists of lustrous 
platelets containing 4.5 molecules of water of crystallization.1os4 

N - (Phenyl-1;.-arsonic acid) -a-phenylglycine-3' -hydroxy anilide, 

H"03AsCSH4NHCH (CsH,,) CONHCsH.OH, 

is produced from m-phenylchloroacetylaminophenol, the pure product 
finally separating as purplish lenticular, microscopic platelets containing 
1.5 molecules of water and effervescing at 155-60°. It is insoluble in 
hot acetone, appreciably soluble in methyl or ethyl alcohol, or boiling 
water, separating from the latter on cooling as an emulsion. 'Vhen 
rapidly heated to 155°, then slowly, the anhydrous acid softens at about 
155-60°, finally melting with the evolution of gas at about 200-10° .'0S1 

N - (Phenyl-4-arsonic acid) glycine-2' -methyl-5' -hydroxyanilide, 

H203AsCsH.NHCH2CONHC6H3 (CH3 ) OH, 

is made from atoxyl and 4-methyl-5-chloroacetylaminophenol, forming 
glistening, pink platelets and microscopic prisms very sparingly soluble 
in boiling water, acetic acid, methyl or ethyl alcohol, and decomposing 
at 220-5° with preliminary darkening. Tn alkaline solution it couples 
with diazotized sulfanilic acid yielding it redder color than do similar 
compounds in which the position para to the hydroxy group is un
occupied.los4 

N - (Phenyl-1;.-arsonic acid) glycine-1;.' -methyl-5' -hlldroxyanilide is 
similarly obtained from atoxyl and 2-methyl-5-chloroacetylaminophenol. 
When isolated through the sodium salt, it yields prisms and branched 
leaflets which are very sparingly soluble in the usual solvents, and 
decompose at 258° with preliminary darkening and softening. It may 
be readily coupled, in alkaline solution, with diazotized sulfanilic 
acid.,os4 

N- (Phenyl-1;.-arsonic acid) glycyl-l' -amino-2' -naphthol, 

H203AsCsH(NHCH2CONHC,OHsOH. 

From a mixture of atoxyl, sodium iodide, 1-chloroacetylamino-2-naph
thol and alcohol by boiling for one hour. It separates as aggregates of 
microscopic plates and prisms containing 2H20, almost insoluble in 
water, appr~ciably soluble in boiling alcohol or acetic acid, and readily 
in methyl alcohol. The nnhydrous substnnce decomposes at 189-910 
with preliminary darkening and softening.,os5 

N - (Phenyl - 1;. - arsonic acid) glycine - 1;.',1' - hydroxynaphthalide, or 
N- (Phenyl-4-arsonic acid) glycyl-1;.' -amino-1' -naphthol.-l!'rom 4~chlorQ~ 
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acetylamino-l-naphthol as indicated above. It is purified through the 
sodium salt, yielding microscopic crystals containing approximately 1.5 
molecules of water of crystallization, and are practically insoluble in 
boiling water, sparingly soluble in alcohol, and readily in hot methyl 
alcohol. The anhydrous substance darkens above 200 0 and decom
poses at 240_2 0

•'066 

N - (Phenyl-4-arsonic acid) glycyl-4' -aminopyrocatechol, [N - (Phenyl-
4-arsonic acid) glycine-3',4' -dihydroxyanilide J, 

H"OsA::;CGH{;'\HCH2 CONHCGHs (OH) 2' 

On boiling atoxyl with 4-chloroacetylaminopyrocatechol there are ob
tained faintly pink, glistening leaflets which on rapid heating blacken 
above 200 0 and decompose at about 260-5 0

• It is soluble in hot 50 per 
cent alcohol, very sparingly in hot ethyl or methyl alcohol, but difficultly 
in boiling water, separating on cooling as long, narrow, lustrous plates. 
When dissolved in an excess of dilute sodium hydroxide solution it 
rapidly turns deep orange in color, while ferric chloride added to an 
aqueous solution of the acid causes a bluish-purple coloration. 'OG7 

N - (Phcnyl-4-arsonic acid) glycyl-3' -arnino-6' -bromophenol, 

Br 
H20gAsC6H4NHCH2CONHCsHa < , 

OH 

is made from 2-bromo-5-chloroacetylaminophenol as above, yielding 
lustrous leaflets which decompose at 255 0 with preliminary sintering, 
and are very sparingly soluble in boiling water, methyl or ethyl 
alcoho\.1067 

N - (PhenyL-4-an;onic acid) glycyl-S' -arnino-4' ,6' -dichlorophenol, 

H20aAsCGH{NHCH2CONHC6H2CI2 (OH), 

from 2,4-dichloro-5-chlorollcetylaminophenol by the usual sodium iodide 
-50 per cent alcohol method, forms flat, colorless, microscopic needles 
which begin to darken at about 2200, but melt and decompose at about 
280 0

• It is practically insoluble in boiling water or 50 per cent 
a1coho1.'°66 

N - (Phenyl-4-arsonic acid) glycine-p' -anisidide, 

H203AsC6H4NHCH2CONHCsH40CH3, 

formed in the usual m:mner from ch10roacetyl-p-anisidine in the pres
ence of sodium iodide, is isolated through its sodium salt as lustrous 
leaflets which darken and soften at about 230 0

• It is practically in-
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soluble in boiling water or 50 per cent alcohol, and gives a flesh-colored 
solution with concentrated sulfuric acid.1os5 

N - (Phenyl-4-arsonic acid) glycyl-3' -aminophenoxyacetic acid, 

H203AsC6H4NHCH2CONHC6H40CHzCOOH. 

From m-chloroacetylaminophenoxyacetic acid without the aid of sodium 
iodide. It forms radiating. masses of microcrystals containing about one 
molecule of water of crystallization, and fairly easily soluble in boiling 
water or 50 per cent alcohol. When rapidly heated the anhydrous 
substance softens at 180-90°, then darkens and finally decomposes at 
250-600 .1068 

ll- (Phenyl-4-arsonic acid) glycyl-4'-aminophenoxyacetic acid IS 

prepared like its meta isomer as a colorless powder which may be 
converted into aggregates of flat, microscopic needles and platelets dark
ening at 250° but remaining unmelted below 285°. It is appreciably 
soluble in boiling 50 per cent alcohol, but practically insoluble in hot 
water, methyl or ethyl alcohol. Its sodium salt consists of glistening, 
microscopic leaflets, containing three molecules of water of crystalliza
tion.106B 

N - (Phenyl- 4- arsonic acid) glycyl-3' -methyl-4' -aminophenoxyacetic 
acid, H20sAsCeH4NHCH2CONHCeHs(CHs)OCHzCOOH, made from 
atoxyl and 3-methyl-4-chloroacetylaminophenoxyacetic acid, is finally 
isolated as warty aggregates of microscopic needles decomposing at 270 0 

with preliminary darkening. It is appreciably soluble in methyl alcohol 
or boiling water, and readily in hot methyl or ethyl alcohol. The sodium 
salt forms well-defined needles easily soluble in water.1069 

N- (Phenyl-4-arsonic acid) glycyl-2'-aminophenoxyacetamide, 

H20aAsCsH4NHCHzCONHCeH40CHzCONH2' 

is made from o-chloroacetylaminophenoxyacetamide, forming a volumi
nous mass of microscopic needles containing one molecule of water of 
crystallization. The acid is very sparingly soluble in boiling water, 
and somewhat more so in hot 50 per cent alcohol. When anhydrous 
it decomposes at about 280° with preliminary darkening. lo7o 

N - (Phenyl-4-arsonic acid) glycyl-4' -aminophenoxyacetamide. - In 
this case p-chloroacetylaminophenoxyacetamide and sodium iodide are 
employed, the acid separating as sheaves and plumes of minute, flat 
needles very sparingly soluble in boiling water or 50 per cent alcohol, 
and not melting below 280°. Its sodium salt forms long, flat, micro
scopic needles containing fi,'e molecules of water of crystallization.lo71 
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N - (Phcnyl-4-arsonic acid) glycyl-4' -aminophenoxyacetylurea, 

H20sAsC6H4NHCH2CONHCeH.OCH2CONHCONH2' 

derived from p-chloroacetylaminophenoxyacetylurea, and purified 
through the sodium salt, forms microscopic needles containing iHzO. 
The anhydrous acid slowly decomposes at about 290 0 with preliminary 
darkening, and is very difficultly soluble in boiling water or 50 per cent 
alcohol. Its sodium salt contains four molecules of water of crystal
lization. lo71 

N - (Phenyl-4-arsonic acid) glycyl-anthranilic acid, 

H20sAsCeH4NHCH2CONHCGH4COOH, 

is made by saponifying its ethyl ester with dilute caustic soda at ordi
nary temperature. Characteristic octahedm decomposing at 230-5 0 

with preliminary softening and darkening, practically insoluble in boil
ing water, appreciably soluble in boiling methyl or ethyl alcohol or 
50 per cent alcohoU072 

N - (Phenyl-4-arsonic acid) glycyl-anthranilic ethyl ester, prepared 
from chloroacetylanthmnilic ethyl ester in the presence of sodium iodide, 
crystallizes from 50 per cent alcohol in rosets of delicate needles which 
do not decompose below 280 0

, and are readily soluble in hot methyl or 
ethy 1 aicohoU072 

N - (Phenyl-4-arsonic acid) glycyl-2' -aminobenzamide, 

H203AsC6H.NHCHeCONHC6H4CONH2' 

From o-chloroacetylaminobenzamide by the. sodium iodide-alcohol 
method. Faintly yellow, radiating masses of delicate, microscopic needles 
containing IHeO. \Vhen rapidly heated to 165 0 and then slowly it 
sinters and gradually melts at 170 0

• It is sparingly soluble in cold, 
readily in hot water or alcohol, and appreciably in cold methyl alcohol. 
Its sodium salt forms globules of minute, slightly yellow crystals con
taining 4tH20 and readily soluble in wate:r'.'°73 

N - (Phenyl-4-arsonic acid) glycyl-3' -aminobenzamide is prepared 
like the preceding compound, crystallizing from hot 50 per cent alcohol 
as rosets of microscopic spears containing 2-2iH20, and practically 
insoluble in boiling water. When rapidly heated it darkens and shows 
signs of decomposition above 200 0

, but does not decompose completely 
until 280 0

•
1074 

}-.; - (Phenyl-4-arsonic acid) glycyl-4' -aminobenzamide, formed like 
the preceding tvvo compounds, exists as nodules of microscopic needles 
which do not melt below 280 0

• Its sodium salt crystallizes in rosets of 
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thin, microscopic needles containing 41;2 molecules of water of crystal
lization, and readily dissolving in hot water. 10T5 

N - (Phenyl-4-arsonic acid) glycine-3' -carboxamidobenzylamide, 

H203AsC6H4NHCH2CONHCH2CeH4CONHz. 

PrE'pared like the preyious compound, employing; m-carboxamidochloro
acetylbenzylamine. It consists of microscopic needles sparingly soluble 
in hot water or boiling acetic acid, practically insoluble in boiling alcohol, 
and decomposing at 237-9° with preliminary darkening. On continued 
washing 'with water it tends to become colloidal. The sodium salt crys
tallizes with 5H20, and is freely soluble in water.lOTS 

N - (Phenyl-4-arsonic acid) -a-phenylglycine-3' -carbamidoanilide, 

H Z0 3AsC6H 4NHCH (C6H 5 ) CONHC6H 4CONHz• 

From m-phenylchloroacetylaminobenzamide as microcrystals which 
darken and soften slightly above 250 0

, melt with effervescence at 261-2 0
, 

and are practically insoluble in boiling water or 50 per cent alcohoJ.1°11 

N - (Phenyl-it-arsonic acid) glycyl-5' -aminosalicylamide, 

HZ03AsC6H4NHCH2CONHCGH3 (OH) CONH2 , 

from 5-chloroacetylaminosalicylamide by the sodium iodide method, 
yields glistening scales containing one molecule of water of crystalliza
tion. When rapidly heated the anhydrous substance softens above 1900 
and gradually decomposes until fluid at about 255 0

• It is very sparin~ly 
soluble in boiling water or 50 per cent alcohol, the resulting solutions 
giving a brownish purple coloration with ferric chloride. In alkaline 
solution it couples with diazotized sulfanilic acid. loT5 

N- (Phenyl-4-arsonic acid) glycyl-S' -aminobenzoylurea, 

H203AsC6H4NHCH2CONHCeH4CONHCONH2' 

is similarly prepared from m-chloroacetylaminobenzoylurea, and is iso
lated through its sodium sait as sheaves and plumes of microscopic 
needles which decompose at about 280 0 with preliminary darkening and 
sintering, and are practically insoluble in boiling water or 50 per cent 
alcohol. Its sodium salt consists of thick, colorless masses of delicate 
microscopic hairs containing 8H20.1074 

N - (Phenyl-it-arsonic add) glycine-S' -carboxure7'dobenzylamide, 

H20sAsCsH4NHCH2CONHCH2C6H4CONHCONH2' 

From atoxyl and m (w-chloroacetylaminomethyl) benzoylurea. Glisten
ing, microscopic aggregates of delicate needles decomposing at 239-400

, 

and practically insoluble in the usual neutral solvents.1058 
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N - (Phenyl-4-arsonic acid) glycyl-4' -aminoacetophenone, 

H20sAsCeH4NHCH2CONHCeH.COCHs. 

From p-chloroacetyIaminoaretophenone by the sodium iodide method. 
The acid separates from hot, dilute solutions of its salts on addition of 
acetic acid as long, fine hairs which do not melt below 2800. It is 
almost insoluble in boiling welter, sparingly soluble in hot 50 per cent 
alcohol, and dissolves in concentrated sulfuric acid with a yellow 
color."078 

N- (Phenyl-4-arsonic aC1'd) glycyl-it' -aminobenzenesnljonic acid, 

H20sAsCGR,NHCHzCONHCeH.SOsH, 

from atoxyl and sodium chloroacetylf'ulfanilate, forms flat needles con
taining two molerules of water of crystallization, and is readily soluble 
in hot, less in cold wnter, sparingly in ftlcohol or 10 per cent hydro
chloric acid, and pmciically insoluble in acetone. The anhydrous sub
stance slowly softens and decomposes at 245_60."079 

N - (Phenyl- 4 -arsonic ((cid) glycyl-4' .. amino -6' - hydroxybenzenesul
fonic acid, H20sAsCeH4NHCH2CONHCGH3(OH)SOsH, is produced by 
boiling atoxyl and the sodium salt of 4-chloroacetylamino-6-hydroxy
bcnzencsulfonic acid. The acid crystallizes with [tbout 1.5 molecules of 
water. is birl!" readily soluble in water at ordinary temperatures, but, 
like man!" other sulfonic acids, is less soluble in dilute hydrochloric 
acid. It separ8.tes from hot water on thorough chilling as microscopic 
leaflets difficultly soluble in hot acetic acid, methyl or ethyl alcohol. 
The anhydrous subetamc softens and darkens aboye 200 0

, but does not 
melt below 2750. In alkaline solution it couples readily with diazotized 
sulfanilic acid.1018 

N - (Phenyl-4-arsonic acid) glycyl-3' -aminobenzenesuljonamide, 

H20;JAsCeH1NHCH2CONHCeH4S02NH2, 

is prepared by the usual sodium iodide method, employing m-chloro
acetylaminobenzencsulfonamide. The product consists of flat, glisten
ing, micros('opic neodles, often grouped in rosets, which are decomposed 
at about 265 0 with preliminary darkening and dissolve in boiling water 
or 50 per cent alcohol with difficulty.1079 

N - (Phenyl-4-arsonic acid) glycyl-4' -aminobenzenesnljonamide, made 
in a similar manner, forms aggregates of thin microscopic leaflets and 
needles which are insoluble in boiling water or 50 per cent alcohol. 
On rapid heating it sillters slightly, but does not melt below 
2800.1018 
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N - (Phcll y/-4-0I'SOIi ie or;id) 9 /.IIe!l! -·r -cuni,wIlhcli iI/arcti(' acid, 

Hc()·,A"C"H,NHCH/'ONHCJ-I,CHeCOOH. 

!8 producpd from atoxyl and p-chlor()acct~'l:tmin()phenylacl'tic acid a,.: 
practically colorle,.:s, mi('!'o:-'l'opi,' [1;lobule:-:. The dried acid gradually 
darkens Oil llcating, firwll~' melting ~llld decompo,.:ing at 280 0

• The 
anh~'dr(lus :-:Ub:-:ttllu'e i,.: pale ~'e1!ow, lo:-,ing it,: color without dissoh'ing 
when boiled ,yith IYatl'I'. It:,.: quite :-:oluble in boiling 85 per cent alcohol 
or methyl alcohol. but Ollly :-:p;"ringh' ":0 n boiling acetic acidIo,,' 

.Y - (Phrll ,1//-.,+-0 r,~OIl i(' w'ld) gl!/cy!-.J' -01/1 illojlhell ylo('('tmniric. 

HcO ,A~( '"H ,:\BCH cO )XHCr;H+CHcCONH", 

l~ obtained b~' the abm'e nwthod from m-chloroa('etylaminophen~'l
acebmide a~ llWSf'('" of mi('ro;<copic !leedlC',: Iyh;ch ,larkeD ,:lightl~' aho\"e 
220 0

, dccompo"e at 27.1-800. and an' "oluhle in boiling water or 50 pcr 
cent aleohol.'n<" 

.Y - (Phcn y / -4-0 I'"on i(' (1(' id) U lye yl-4' -alii. ino Jihcl1 ylacc tmniilc, !"11l11-
Inrly prepared. forms plume" of mirros('opic hairs sparingly soluble in 
boiling water or 50 per ('ent alcohol, and docs not melt below 280°. 
It is ,"cry sen:sitin to fixed alkali because of the aliphatic amide linking. 
The sodium ~alt ~epnrate~ a~ gli~t('ning platelet" Iyhieh, after air drying, 
contain 2.5 molc('ules of water of (Ty!"tallization, and dissolye readiiy 
:n water. 'OgO 

A~ - (Phenyl-4-arsoni(' acid) -(.(-Jihcny/u1ycyl-.'t' -ominophcny/ucctamidc, 

H"03A.SCuH,NHCH (CcHo) CONHCr,H ,CHcCONHc, 

made from (].- pheny lehloroacety 1-p-aminopheny !acetamide. crystallizeR 
in minute plate~ and fiat needles with 0.5 molecule of water of crystal
lization, and is ~paringly soluble in boiling water, lllore e:lf'ily in boiling 
50 per cent alcohoL \Yhen anhydrous it turn" yellow and softens on 
heating, melting with decomposition at 222-3° ,10" 

N - (phcnyl-4-arsonic acid) glye !/1-4' -aminophcny/acetmcidc, 

H 20 3AsCr,H4NHCH/ 'OXHCuH,CH"CONHCONHz. 

From p-('hloroncetylaminoplienylal'et,durell are obtained plumes of 
minute hairs which darken slightly without melting below 280 0

, and 
are almost int-iolubie in boiling water Of 50 per rent alcohol. Its sodium 
salt separates as microscopic, hexagonal plates containing three molecules 
of water of crystallization.lo,o 

N - (Phenyl-4-arsonic acid) glycinclIl'cide, 

H"03AsC6H4NHCH2COKHCONH", 

"eparates on refiuxing atoxyl with rhlorOll!'etylurea for 15 minutes and 
further heating on the water-bath as aggregates of microscopic needies 
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sparingly ~oluble in boiling water or 50 per cent alcohol, and almost 
insoluble in methyl alcohol. When rapidly heated it sinters slightly 
above 230 0 and darkens. but clor" not melt below 2800. 

The sodium salt i~ obtained as well-defined, hexagonal or diamond
shaped, mirrosropic platelet:; h:' mIning a saturatrd sodium acetate 
solution to a neutral ~olutiori of ti1r ;H'id. When air-dried it contains 
two molecules of water of crystallization. and is readily soluble in 
water, the resulting :"olution yielding precipitates with salts of the· 
heavy metals. The silver salt forms colorless, mieroseopic needles, 
while magne:,ia mixture preeipitates the magnesium salt only on boil
ing. 'USI 

(t-N (Phen yl-~-(lr8onic acid) aminopropionylurea, 

H zO"A"Cul:I,:0IHCH (eH:) CONHCONH2 , 

prepared by boiling p-arsanilic flcid in sodium hydroxide solution with 
a-bromopropionylurea for one hour. crystallizes from 50 per cent alcohol 
in aggregates of minute needles sparingly soluble in water or methyl 
alcohol. When rapidly heated to 220 0

, then slowly. it decomposes at 
225_60.1082 

N- (Phcnyl-4-arsonic acid) -a-pltenylglycincureidc, 

HzO,AsC"H1NHCH (CGH .• )CONHCOKHz, 

similarly prepared from pheny lehloroacety lurea, separates as radiating 
masses of micro~('opic needles containing one molecule of water of crys
tallization. soluble iil boiling \Y;ttcr or 50 per cent alcohol, but sparingly 
so in cold. 'Vhcn rapidly hp;,ted the nllhydrou~ sub8tance swells 
and e"01"e5 gas at 195_7°.'018 

N - (Phcnyl-4-(ll'soll ie ((cid) glycinc-methylurcide, 

I-LO ,A~(;"H ,:i\HCHzCOKHCONHCH3 , 

i8 derind from atoxd b~' boiling with a-chloroacetyl-~-methylurea for 
one hour, and purif~-ing through the sodium salt. The substance is 
sparingly i'oluble in hot water, separating on cooling a,; long, thin, 
glistening needle~ delomposing at 224-5 0

• It is also difficultly soluble 
in boiling 50 per ('ent alcollOl, and practically insoluble in the usual 
organic soh-ents. 

The sodium salt cry~t:dliL('~ as microscopic platelets containing seven 
molecules of water of (T~·stallization. and is quite readily soluble in 
\\-ater, especially on warming. The solution of the sodium salt yields a 
precipitate with magnesia mixture only on boiling; other heavy metal 
"alts readily produce insoluble pre('ipitates, the silyer salt separating 
W:i thin, microscopic platelets. I 083 
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N - (Phenyl~4-arsonic acid) glycine-cthylureide, 

H203AsCsH4NHCH2CONHCONHC2H5. 

From a-chloroacetyl-~-ethylurca as in the case of methylureide. The 
substance is precipitated from the hot solution of its sodium salt by 
acetic acid as plumes of microscopic needles which are very difficultly 
soluble in hot water or methyl alcohol, but more readily so in 50 per cent 
alcohol. When rapidly heated to 220 0

, then slowly, it decomposes at 
223-5 0

• 

The sodium salt separates on treating a carefully neutralized solu
tion of the acid with alcohol in thin microscopic platelets, which when 
recrystallized from hot 85 per cent alcohol contain about 4.5 molecules 
of water of crystallization, and dissolve readily in water.l083 

N - (PhenyL-4-arsonic acid) glycine-phenylureide, 

H203AsCoH4NHCH2CONHCONHCoH5, 

is obtained by boiling an alkaline solution of p-arsanilic acid with 
chloroacetylphenylurea, sodium iodide and alcohol for four hours. 
Feathery aggregates of silky hairs, appreciably soluble in boiling 50 per 
cent alcohol, from which it separates on cooling as long, fine needles. 
It is almost insoluble in boiling water or methyl alcohol, and melts at 
2800 with slight preliminary darkening. The sodium salt consists of 
lustrous leaflets, but when recrystallized from 50 per cent alcohol, flat 
needles containing 5H20, are obtained.1084 

N - (Phenyl-4-arsonic acid) glycine-benzylureide, . 

H203AsCaH4NHCH2CONHCONHCH2CaH5, 

prepared by boiling p-arsanilic acid dissolved in N -sodium hydroxide 
solution, a-chloroacetyl-[:l-benzylurea, and a little alcohol for three 
hours, crystallizes from 50 per cent alcohol in rosets of delicate needles, 
which when rapidly heated to 220 0

, then slowly, decompose at 225 0
• 

It is sparingly soluble in boiling water, and practically insoluble in 
methy 1 alcoho1.'°82 

N - (Phenyl-4-arsonic acid) glycinc-4' -acetylaminophenylureide, 

H203AsCoH4NHCH2CO.NHl'ONHCoH4NHCOCH3. 

From atoxyl, alcohol p-acetylaminophenylchloroacetylurea and sodium 
iodide as above, separating ill clusters of flat, microscopic needles which 
decompose at 265-6 0 with preliminary sintering and darkening. The 
acid is almost insoluble in boiling water but is appreciably soluble in 
hot 50 per cent alcohol, separating OIl cooling as plumes of long, delicate 
hairs. The sodium salt consists of masses of flat needles containing 
five molecules of water of crystallization.l084 
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N - (Phenyl-ft.-arsonic acid) glycine-S' -oxamylaminophenylureide, 

H203AsC6H4NHCH2CONHCONHC6H.NHCOCONHz. 

Produced as nboye by employing m-chloroacetyluraminooxanilamide. 
It consists of a microcrystalline powder almo'st insoluble in boiling water, 
and appreciably in hot 50 per cent alcohol. When rapidly heated it 
decomposes at 223_40.1085 

'(; N - (Phenyl-ft.-arsonic acid) glycine-ft.' -hydroxyphenylureide, 

H203AsC6H.NHCH2CONHCONHCeH.OH, 

similarly formed from p-acetoxyphenylchloroacetylurea, is isolated 
through its $odium salt as microscopic needles containing 1.5 molecules 
of water of crystallization. The anhydrous substance darkens above 
200 0

, sinters <'lnd chars at a bout 250 0
, but does not melt up to 280 0

• 

The sodium salt crystallizes from 50 per cent alcohol in glistening leaflets 
containing 4-41;2HzO, and is fairly readily soluble in water, particularly 
on warming.1085 

N - (Phenyl-,~-arsonic acid) glycyl-ft.' -uraminophenoxyacetamide, 

H203AsC6H4NHCH2CONHCONHCGH.OCH2CONHz. 

[n this case p-chloroacetyluraminophenoxyacetamide is employed. The 
acid, isolated through its sodium salt, consists of glistening, diamond
shaped platelets almost insoluble in boiling water or 50 per cent alcohol. 
'When rapidly he[lted it decomposes at 243-4 0 with preliminary sintering 
and darkening, The sodium salt crystallizes from 50 per cent alcohol 
in aggregates of slightly purplish plates which are fairly soluble in 
water, especially on warming. lOSG 

N - (Phenyl-ft.-arsonic acid) alycyl-3' -uraminobenzamide, 

H203AsC6H.NHCHeCONHCONHC6H4CONHz. 

From m-chloroacetyluraminobenzamide by boiling for two hours, The 
acid separates as a rather voluminous, micro-crystalline powder, very 
sparingly soluble in boiling water, but somewhat more soluble in boiling 
50 per cent alcohol, from which it separates as sheaves of flat, micro
scopic needles. When rapidly heated it melts at 213-4 0 with efferves
cence and darkening. lOBB 

N - (Phenyl-ft.-arsonic acid) glycyl-ft.' -uraminobenzamide, - For the 
production of this compound p-chloroacetyluraminobenzamide is em
ployed, and the boiling continued for 5 hours. It consists of short, 
microscopic needles decomposing at 24.5 0 with preliminary darken
ing.losT 
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N- (Phenyl-4-arsonic acid) glycyl-S' -uraminophenylacetamide. 

H20gAsCGH4NHCHeCONHCONHC6H4CH"CONH2' 

Similarly prepared b~' boiling the reaction mixture containing Ill-chI oro
acetyluraminophenylacetamide for three hours. It crystallizes from hot 
water in felted needle~ soluble in 50 per cent alcohol and decomposing, 
when rapidly heated, at 214_6°.'08, 

N - (Phenyl-~-arsonic acid) glycyl-.r -ul'amillophcny'acetamiile. - In 
this case p-ehloroaeetyluraminophenylaeetamide is used, and the mixture 
boiled for t"wo bours. The t1eid is isolated through its sodium salt as 
plumes of delieate needles containing lR,O and Yery sparingly soluble 
in boiling water, though more readily ~o in boiling 50 per eent aleoho1. 
When rapidly heated the anhydrous substance decomposes at 218-210. 

Its sodium salt is salted out of solution with sodium acetate, am] 
separates from alcohol-water as microscopic, hexagonal platelets con
taining about 2.5 molecules of water of crystallization.1087 

N- (Phenyl-4-arsonic acid) glycyl-1V -methylanthranilic acid, 

H 20 3AsC"H4 NHCH2CON (CR?,) C6H 4 COOH, 

is best obtained by first preparing the corresponding ethyl ester and then 
hydrolyzing as aboye. It consists of microscopic aggregates of needles 
or short, flnt plates which darken and decompose at 230°, are \'ery diffi
cultly soluble in boiling water or methyl alcohol, but more readily 
soluble in hot 50 per cent alcohol, from which it can be recrystallized."072 

N- (Phenyl-4-arsonic acid) glycine dimethylarnidc, 

H203AsCeH4NHCH2CON (CRa) 2, 

consists of thin, microscopic needles, and is prepared by boiling 
p-arsanilic acid with chloroacetyldimethylamine. The substance is very 
sparingly soluble in the neutral solvents, and, when rapidly heated, de
composes at 241_2°,1088 

N - (Phenyl-4-arsonic acid) glycine diethylamide, 

H20sAsCeH4NHCH2CON (C2H,,) 2, 

is prepared as above from arsanilic acid and chloroacetyldiethylamine, 
forming microscopic aggregates of short needles which are difficultly 
soluble in boiling water, but readily in boiling methyl or 50 per cent 
ethyl alcohol. When rapidly heated it sinters and darkens above 195 0

, 

and melts at 199-201 0 with gas evolution."08s 

N- (Phenyl-4-arsonic acid) glycine pipcrididc, 

H20sAsC6H4NHCH2CONC5Hl0) 

is formed as above, employing chloroacetylpiperidine. It crystallizes 
from hot 50 per cent alcohol in characteristic sheaves of thin, micro-
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scopic needles decomposing at 218-210 with preliminary softening and 
darkening. The acid is t'oluble in hot meth)-l or ,50 per rent ethyl 
alcohol. but very sparingly ~o in hot water. 'O" 

Phenacyl-]J-ol'sonilic (I(·id. H/)"A"CHH,:I\HCHcCO( 'nH-,.--ln this 
case (J)-bromoncetophenolle i~ u~ed, the compouncl h\'ing finall)- obtailll~d 

as faintly yellow, arboresrent aggregates of de!il'atc. mino:"I'opie needle,:, 
decomposing at 185-7° with preliminary softening. It is onl~- sparingly 
soluble in the usual solvents, but dissolni' more readily in alkalis or 
concentrated sulfuric ariel. 'Osc' 

2' -Hydroxy-a' -acety/aminophenacyl-p-o)""oni:11' (((iii. 

OH 
/ 

fIcC\AsC"H,NHCHc('O(o"H. 
"'-., 
~HCOCH .. 

From p-arsanilic acid and 3-a('etylmllino-6-hydrox~-phcnncylbromide. 

A dark yellow pOInler consisting of agg;rcgatcs of microseopic pL~telcb 
whieh redden and decompose at 228 0

• di~s()h-e in concentrated sulfuric 
aeid with a rcddi:"h-brown ('olor. ~md ~,r(' pr<l('tic~t!ly il1301ublc in lIot 
water or 50 per cent alcohol. ""'" 

4-j~1 cthyiarn?:noplicllyia/'I)umc aeld. HJJ"AsCGH,NHCH;j' may be 
prepared by diazotizing 4-aminomethybcetunilicle by Bart's method and 
subsequently saponifying; JOt" by oxidizing the correspond,ng arsineoxide 
with hydrogen peroxide in the presence of caustic soda,1 oue or by con
densing methylaniline with arsenic trichloride in pyridlIle medium at 
106-8° for two hours, and oxidizing the resulbng dichloro~lrsine with 
hydrogen peroxide in either acid or alkaline solution. r n this ease, 
howenT, more or le8~ of the secondary compound, 

(CH". NH.CnH±)"AsO. OH, 

is formed at the same time, and is separated by dissoh-ing in an alcohol
ether mixture in which the primary acid is insoluble.'OU" The arsonic 
acid consists of leaflets readily soluble in water, alcohol or dilute acetic 
acid, and decomposing at 190 0

• With sih-er nitrate it forms a silver 
salt, CH3NH. CGH,AsO \ OAg) 2, a white crysblline powder soluble in 
ammonia or nitric acid, and darkening on exposure to light. 

The corresponding ethyl and amyl aminophenylqrsonic acids ha\'e 
also been prepared starting with the alkyl aniline as above. The amyl 
drrivatiye consists of colorless lamella; deeomposing at 172o.,on 

Benzyl-p-arsoniiic acid, CuI!;'CHcNHCGHjAsOaH", is formed on 
refluxing atoxy 1, benzy I chloride, sodium iodide and alcohol, separating 
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as fiat, lustrous, microt3copic needles. It crystallizes from hot 50 per 
cent alcohol as arborescent musses of micro-crystals and larger prisms, 
decomposing at about 255 0

, readily soluble in methyl alcohol, strong 
hydrochloric acid, boiling alcohol or acetic acid, sparingly in hot water, 
and insoluble in 10 per cent hydrochloric acid, On adding sodium 
nitrite to a hot acetic acid solution of the compound, yellow spherules 
of microscopic crystals, presumably the nitroso compound, separate on 
cooling and rubbing. The sodium salt con5ists of glistening platelets 
readily soluble in water.1120 

4' -Nitrobcnzyl-p-arsanilic acid, Hz03AsCeH4NHCHzC6H4NOz, sepa
rates on boiling atoxyl, p-nitrobenzylehloride and alcohol in the 
form of sheaves of fiat, yellow, microscopic needles which do not 
melt up to 280 0

• It is almost insoluble in boiling water, ami only 
sparingly soluble in boiling methyl alcohol, acetic acid or 85 per cent 
alcohol. lo95 

4'-Arninobenzyl-p-ursaliilit: acid, H"03AsC\;I-I1XHCH"C6H.NHz, pro
duced by redueing the preceding nitro eOlll]JOUllCi with ferrous hydroxide, 
consists of colorless aggregates of micTo:-'('upic leufiet::- decomposing at 
about 202 0

, and practically insoluble in hot water Ol' .50 per cent alcohol. 
On boiling its dilute mnmoniacal c:olution then' is precipitMed a white, 
amorphous alteration vroduct \,,'hich if) not obtaincd with fixed alkali. 
The pure acid is soluble in both :dkali :illd miner:d acit'[o::, a solution in 
the latter being readily diazotizable. euupling \\'ith H-:;alt to form a 
deep red dye.IO"e; 

4'-Carboxybcnzyl-Jl-arsaniiic ((t:id, ]-L03AsCsH,::\HCR,C,JI,COOH, 
results from the interaction of ll-c:trboxybenzyl chloride and atoxyl, 
finally crystallizing [is delicate, mino:'copic needle:, which do not melt 
below 280 0

, are ~paringly soluble in hut 50 per cent :tlcohol or acetic 
acid, and insoluble in the other neutml :30IYellt:3, It:; sodium ~:tlt ('on
sists of aggregates of fiat needles ('olltaining about 0 .. ') lllol(:'('ulc of 
water of crystallizntion,1081l 

4' -CarlJUxmnidoucllz ul-p-al's(lllilic acid, 

H~03AsCtlH.!::\HCH2C!JI,CONIC. 

Sheaves and plum~s of mieroscopic needle~ pl'epared from ntoxyl and 
p- (w-chloromethy I) benzamide, The acid docs not melt below 280 0

, ~\1ld 
is almost insoluble in boiling ,Yater, 50 ]Wl' CCllt alcohol or methyl 
alcohol. Its sodium s:tlt cry"tnllizes with 2.5 molr('ules of water as 
aggregates of thin plates easily soluble in i";lt('r, "",,; 
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3' -X itro--V -h ydro:ryucnz yl- p-al'sallilic acid, 

HeO ,A~C"H ,NHCHeCJf, (OH) (J\'()J) 

is obtained from at(lx~-l and ;3-11itro--1-h~-dr()x~'1)(,llzyl I'ldoride m alcohol 
medium, and ~qJHrate~ frolil 85 pCI' ('cnt alcohol a~ minutc, ~'cllow crys
t.als ('ontaining OIle ll101cndc of \Yater of lTystallization. '''hen rapidly 
heated tlte anhydrou~ ~ubi'tar]('(' darkcIl~ and ~intcr" ;\!Jm'c 2100

, and 
decomposes at about 245-50° ; it i" pradically illsoluble in boiling water, 
sparingly in ('old acetic acid, nwthyl or ethyl alcohol [lnd readily on 
boiling.' 0"5 

3' -Am ino-4' -h yrlro:rybcJlz!Jl-p-ar~a1Jilic ocid, 

H"03AsC"H.NHCH"CIlH:,iOH) (NH,,) , 

from the preccding compound by redudion with ferrous hydroxide, forms 
almost colorless, microf'copic platelet" containing 0.5 molccule of water 
of crY:-3tallization. It is sparingly soluble in boiling water or 50 pcr cent 
alcohol, and does not melt below 285 0

• """ 

Phenoxycthyl-p-msanilic acid. ('"H"OCH2CH!'NHC"H,AsO"He, is 
obtained by boiling nt(Jx~·1. phenox~'eth~'l bromide. sodium iodide and 
alcohol. the ueid separating as glistening :"('ale8 ('ontaining 1 HeO. wry 
sparingly soluble in boiling water or acetic acid. appreciably so in hot 
methyl or eth~'l al('ohol, and remaining undeeompo"ed below 280 0 when 
nnhydrou~. The ",odium salt. cry"talliz('s with 3,5 molecules of ,Yater 
:1" flat. micro:'('opic needle:3.1u\l~ 

4' -Accl .ilIa mil1ophclloxyethyl-p-arsanilir. al'id. 

CH:1CONHCaH.OCH"CH2 NHC"H.A"O"Hc. 

p-Arsanilic Heid i" eondensed as in the pre\-iou" example with p-aeetyl
aminophenoxyethyl bromide to form cklil,ate. gli:<tening needles and 
platelets which do not melt below 275 0

• It i~ pra('ti('all~' imoluble in 
boiling water, n:ry diffic'ultly 801uble ill hot methyl or ethyl alcohol, 
but. dissoln'~ in hot 50 per cent alcohol or glacial aectic acid. The 
sodium salt crystallizes with about 3 moleeules of W:ltC'f :\8 eolorles8 
microscopic platelets.H)OS 

;2' -C arbo:ramidophcnoxyethyl-p-arsanilic acid, 

H20aAsC"H,NHCH2CH20CaH4CONH", 

is made from salicylamidebromocthyl ether (2-bromoethoxybenzamide), 
erystallizing in wedge-shaped, microscopic prism~ wry diffif'ultly soluble 
in boiling water, Hnd sparingly in m08t hot ~olycnts except hot. acetic 
acid or 50 per cent alcohol. It. melt" on prolonged heating at 280 0

, but. 
not below this temperature. "l''' 
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N - (Phenyl-it-arsonic acid) acetylglycinc, 

H203AsC6H4~ l COCH3) (CH2COOH), 

IS prepared by condensing arsenic trichloride with acetylanilinoaceto
COCHs 

/ 
nitrile, CaH5N , oxidizing the resulting dichloroarsine to the 

'" CH2CN 
arsonic acid, and finally saponifying the nitrile groUp.611 

Amyl ester of N - (phenyl-it-arsonic acid)nitrosoglycine, 

H 2 0sAsC6H4N (NO) CH2 C02C5 Hll , 

is prepared by treating a solution of the amyl ester of N- (phenyl-4-
arsonic acid)methylglycine in 70 per cent sulfuric acid with a solution 
of sodium nitrite in the same soh-ent at 0°. The substance is colorless, 
insoluble in water or mineral acids, soluble in acetic acid, and more so 
in alcohol or dilute alkalis. It decomposQs with evolution of gas at 
1500

! and evolves nitric oxide when copper powder is added to its 
solution in fairly concentrated sulfuric acid. '099 

N - (Phenyl-4-arsonic acid) nitrosou1ycineamide, 

H z0 3AsCeH,N lNO) CH2CONHz, 

results upon treating an aqueous solution of the sodium salt of N - (phenyl-
4-nrsoni(' ueid) glycineamide with sodium nitrite and hydrochloric acid. 
It form;.; rosets and "henns of silky needles which intumesce at 182-3°, 
and are readily soluble in hot water, acetic acid, methy I or ethyl alcohol. 
Under sulfuric acid it tUfI1:-' yellow, dissoh-ing to an almost colorless 
solution giving n brown-red Liebermann test.1U 4

5 

N - Whenyl-4-arsonic acid) nitrosoglycineanilide, 

Hz03AsCeH4i\ (NO) CH2 CONHC6H 5 , 

is produeed by the action of sodium nitrite upon a glacial acetic acid 
suspension of N - (phenyl-4-nrsonic acid) glycinennilide. It separates 
as sheans of long, fiat, colorless needles containing 1HzO, effervescing 
at 190-2°, very sparingly soluble in boiling water, sparingly in cold 
95 per cent alcohol, readily in boiling 50 per cent alcohol and quite 
easily in acetic acid. It is turned brown by sulfuric acid, but dissolves 
to a colorless solution; in the presence of phenol, however, a brown 
solution is obtained, changing rapidly to deep green. IOO

' 

l-l-4-Nitroso mcthyLaminophcnylarsonic acid, 

H 20 3AsC(,HJ,\(CH3 ) (NO), 

may be produced by treating p-dimethylaminophenylarsonic acid, dis
solved in moderately strong sulfuric acid, with rt :solution of sodium 
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nitrite at 00 /°99 or by introducing the nitroso group into N -4-methyl
aminophenylarsonic acid. lonl It consists of white needles decom
posing at 182-900

, and difficultly soluble in alcohol or acetic acid. 
On warming with strong hydrochloric acid the nitroso group is 
split off. 

N -4-Acetyl methylaminophenylarsonic acid, 

H Z0 3AsCsH.N(CH3 ) (OCCH3)' 

is obtained by the method indicnted under methylarsanilic acid. It is 
a white crystalline powder, soluble in hot alcohol or water, and melting 
with sintering at 1950

• It can be saponified with dilute alkalis to 
methylarsanilic acid.'°9' 

N - (Phenyl-4-arsonic acid) methylglycine, 

H 20 3AsCsH.N (CHs) CHzCOOH, 

as well as the em'responding ethyl and amyl derivatives, are obtained 
by the hydrolysis of their esters with caustic soda. The first mentioned 
is a white crystalline powder which evolves carbon dioxide at higher 
temperatures, yielding 4-dimethy laminopheny larsonic acid. 

The esters just referred to may be obtained by reacting N-phenyl
alkylglycine esters with areenic trichloride or bromide in a pyridine 
medium at 108-100

, and oxidizing the resulting products with hydrogen 
peroxide in aqueous solution. In this way the ethyl, propyl and amyl 
esters of 1V - (phenyl-4-arsonic acid) methylglycine and ethyl and amyl 
esters of N - (2-methylphcnyl-4-arsonic acid) methylglycinc have been 
prepared. The propyl ester of N - (phenyl-4-arsonic acid) methylglycine, 
H"O"AsC6H,N (CHs ) CH~COOCsH7' is a white crystalline mass melting 
at 153-4 0 and blackening at 1900

• It is sparingly soluble in watBr, 
ether or mineral acids, but more so in alcohol, acetone or acetic 
acid.l1OD, 1101 

4-Dimethylaminophenylarsonic acid, (CH3 ) zNCsH.AsO (OH) z, may 
he formed from p-arsanilic acid by heating with an excess of dimethyl
sulfate, adding an excess of caustic soda to the product, and precipitat
ing with acetic acid; 1102 also by oxidizing dimethylaminophenylarsine
oxide either with a slight excess of mercuric oxide in aqueous 
suspension 1103 or with hydrogen peroxide in alkali medium. In the 
latter case it is not essential to isolate the oxide, it being merely neces
sary to condense dimethylaniline with arsenic trichloride and add caustic 
soda until the precipitated oxide is redissolved.1104 

The acid separates in long, colorless leaflets sparingly soluble in 
alcohol or water, more so in hot water, alcohol or dilute acetic acid, and 
readily in dilute mineral acids or alkalis. On heating it gradually 
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dc('ompo"ef' without melting. Ib mono~odium ,.:alt, cry~tallizes with 
fin~ mol('('ule,.: of water in the form of ,.:hiny leaflet,.:. 

11. Di- alld Trialllillo ,{ryl Arsollic Atids.-The preparation of 
arsonic acid,.: ('ontaining morC' than one amino group in the nudeu,.: ma)' 
be effeded by mildly reducing the ('orre"ponding nitroamino deriYilti\'Cs. 
The reagenb C'llIployed arc ,.:odiulll hydrosulfite at low temperature, fer
rou:" chloride or ,.:ulfatr in alkalinc medium, or bydrugcn under pre,,:-;ure 
in the pre,.:cn('c of palladou,.: hydroxide as a ('ably:'t. They may also 
be obtained by oxidizing the ('orfesponding tetra amino nr,.:eno com
pounds. 

The produ(,t" nre (')'y"tallilJP ,.:ubAnnce" "oluble in dilute alkalis or 
mineral acids. methyl alcohol, a('etie acid or hot water, :-:paringly in 
ethyl alcohol or eold water, and ini'oluble in the other organic :,olyent:5. 
They are le:-:,.; "table than the mOlloamino acids-their fdkaline :-:olutions 
oxidize more rapidly on expo"ure to air, and also reduee ammoniaral 
silver solution". The 3,4-diaminophenyl- and the 5,6-diamino-3-methyl
phenylarf'onic arid" giw chararteristic deep yiolct rolorations with 
potassium biehromate :,;olution in th(' pre:"eI1ce of dilute hydrochloric 
acid. It is interc,.:ting to note that on diazotizing 2,5-diaminophenyl
arsonic acid, only onc amino group is affected, and that the diazo group 
may be replaced by hydrogen. :-'idding m-arsanilie acid. On the other 
hand, the 3,4-diamino acid cannot be diazotizeCI. forming dinzimido
phenylarsonie Heid with one mole of nitrous acid at 0°. 

The N -substituted derivatives nre made either directly from the 
amino acids or by reducing the corresponding nitro Hcids. 

2J3-Diarninophellylar~ol!i(' acid, H"03AsCGH~ (NH") " may be ob
tnined at' IUtitrou" leaflet,.:, m. p. 205-8°. when the 2-nitro-3-amino acid 
is mildly reduced with sodium hydrosulfite at ordinary temperature, 
and the resulting product rerrystallized from water.'"4 

3,4-Dt'arninophellylarsoilic acid is prepared by the reduction of an 
alkaline solution of the corresponding nitro amino acid with either 
sodium hydrosulfite at 0° ,"OJ or with hydrogen under pre,.:;sure. palladous 
hydroxide being used ai" a catalyzer. flO

! It \Tystullizes from hot water 
in colorless prisms containing -}H"O, darkening at 140 0 and melting 
with deromposition at 158-9°. The compound is readily soluble in acids, 
alkalis, hot water, methyl alcohol, glacial or 50 per cent aeetic acid, 
sparingly in ('old water or aleohol, insoluble in acetone or ether, and 
reduees ammoniacal sih'er solution. Its aeid solution gives a deep yiolet 
color with a drop of potassium bichromate, while its alkaline solution 
darken:,: on standing in air. It beha\'e~ like a typical ortho diamine, 
yielding a diazimine with nitrous aeid, a carbamide derin,tiYe with 
phosgene and an azine with phenanthraquinone. 
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o-PhenylcrlclIrcafsonic acid (/)cllzimido(lz%IlC(lI'SOllic (lcidl, 

~H 

/ "'-H/);;A:::C"Il: CU. 
"'- / 

:l\H 

Prisms or platelets not melting at 300 0
, and only slightly soluble in 

water or the u,.:ual soln·nts. It is formed b~' treating a :"olution of 
3,4-dimninopl](,Il~'lar:,oni(' aeid in dilute "oda with a f'olution of pito:"gene 
in toluelle, ('xtraeting \"ith ether and Hcidifying. ll "" 

X 
/ '\ 

Diazoimiduphnl,lllof"ollic acid, HJ)::A"C;H:: X, made b~' treat-

"'- / XH 
ing a hydrochloric arid i'olution of 3,4-diaminophenylar,.:onic :l('ill with 
one molecular proportion of ~odium nitrite at 0°, cry,.:tallize~ as color
less pri"ms rarbonizing abow 300°. :::,oluble in alkali;;:. ('on('entrated 
mineral aeids, hot water, 50 per cent acC'ti(' ari(l. lllethy I or ethyl alcohol 
but onl~' sparingly so in gla('ial a('etic a('id. al'etone or ether. It forms 
no dyes with azo component"."'" 

2,o-Diaminophcny/al'sonlC acid I p-Phcn yicncdiaminc(1fsonir nrid).~ 
From 2-amino-5-nitrophenylarsonic acid in alknlim' ,.:olution b~' ],(·dur
tion ,\'ith ferrous chloride at ordinar~' temperature. It crystallize,.: a" 
fine needles whirh turn \'inlet Oil ('xpo"ure to air or ~unlight, dccompo;<e 
at 210-15°, arc ~jJarjngl~' ,.:oluble ill ('old mlter or alcohol, but readil~' ill 
hot water, 'dilute a('id"" alkali,; or ,.;odium a('etate ,;o]ution. On diazotiz
ing, only the amino group in po"ition 2 i" affected, the re~ulting diazo 
solution coupling rl':Hiily with re:-or('inol or I:I-llaphthol but slowly with 
R-salt. By treating the a\)o\'e diazo ,.;olutiol1 \"ith alcohol and copper 
powdrr, m-ar"1[nili(' 1[('id j" obtained.";:"· 11'" 

I~H.,l·. II --
:;,1J-Diulilino-8-methyljihclI!!/ar"ollic acid, H/\A"C"H" is 

"'CEra 

cieriyed from 5-nitro-G-<lmino-3-nwth~'lpheny br,.;oni(, acid by reduction 
"'ith ,.:o(liuIl1 hydro:-;ulfite in alkalinp !'olution at ~ 10. It crystallizes 
from \Yater \yith 1 }-2H) <l" c()lorle~:,: needles \"hi('h slowly deeompof'e 
on keeping, are fairly readily ~oluble in methyl al('ohol or ncetic acid but 
\'el'~' "parillgl~' ,,0 in ether, benzene or petroleum. ] t" "olution in dilute 
hydrochloric :H'id gi\'f'~ a charaderi~tic deep "iolet coloration with a 
drop of pota"",ium bi(,hromate "o)ution. 11

"" 
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3,4,5-Triaminophenylarsonic acid, H~OgAsC6H2 (NH2 ) g, results upon 
reducing an alkaline solution of 3,5-dinitro-4-aminophenylarsonic acid 
with ferrous chloride 1110 or sodium hydrosulfite at 0_5 0

.592 It exists 
as colorless needles which decompose at 170-5°, are practically in
soluble in alcohol, water or acetone, difficultly soluble in methyl alcohol, 
50% acetic acid or sodium acetate solution, but more easily upon warm
ing, and are readily soluble in dilute mineral acids, alkali hydroxides 
or carbonates. It can be diazotized to a yellowish diazo compound 
which couples orfinge with resorcin and brilliant bluish-red with R-salt. 
Its alkaline solution yields an unstable red coloration with potassium 
ferricyanide or sodium hypochlorite; its ammoniacal solution slowly 
reduces silver nitrate, while its concentrated sulfuric acid solution gives 
with one drop of nitric acid a brown coloration which rapidly changes 
to olive green and finally to pure blue. 

3-Amino-4-carbethoxyaminophenylarsonic acid, 

HzOsAsCsHs (NH2 ) (NH. COOC2H 5 ), 

is formed by reducing the corresponding nitrocarbethoxy compound with 
ferrous sulfate in the presence of an ammoniacal barium hydroxide solu
tion.s22 

3,4-Di (acetylamino) phenylarsonic acid, H 20sAsCeHs (NH. COCHs) 2, 

is produced by treating a methyl alcoholic solution of the corresponding 
diamino arsonic acid with a mixture of acetic acid and acetic anhydride, 
distilling off the alcohol, and boiling the residual solution. It crystallizes 
from water as a felted mass of fine needles retaining from 2-2t% of the 
solvent. On heating with water in a sealed tube at 130° for several 
hours, 2-methyl-1,3-benzodiazole-5-arsonic acid is formed. ll11 

2,5-Diaminophenylarsonic acid oxanilide, 

OC. HNCsHs (NHz) AsOsH2 

I 
OC. HNCeHg (NH2 ) AsOgH 2 

is obtained by reducing 5-nitro-2-aminophenylrrrsonic acid oxanilide with 
iron powder and dilute acetic acid.1112 

12. Halogenated Amino Ary[ Arsonic Acids.-Upon attempting to 
halogenate the aminoarylarsonic acids directly in aqueous or mineral 
acid solution, the C-As linkage is destroyed, and the products obtained 
are trihalogenated amines, arsenic- and haloid acids, e.g., 

H2N. CaH4AsOsH2 + 3Br2 + H20 ----,) 
H2N .C6H2Bra + HaAs04 + 3HBr. 

This decomposition can be almost entirely avoided by treating the 
above amino acids either with halogens in an anhydrous solvent such 
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as absolute methyl alcohol or glacial acetic acid, or with nascent halogens 
deriyed from sodium hypochlorite, sodium hypobromite or a mixture 
of potassium iodate, iodide and sulfuric acid. The resulting deriva
tives are sometimes contaminated with trihalogenated anilines formed 
during the reaction, but separation may be effected by means of sodium 
carbonate, in which the impurity is insoluble. 

Compounds of the same type may also be obtained by the direct 
arsenation of halogenated anilines according to the Bechamp reaction; 
from halogenated nitro arsonic acids by treatment with reduced nickel 
under pressure; or by hydrolyzing the corresponding N-acylamino arsonic 
acids. The latter may be prepared by treating halogenated monoacyldi
amino derivatiyes according to Bart's method, or by oxidizing the arsine
oxides with either mercuric oxide or hydrogen peroxide in alkaline 
solution. 

The halogenated amino acids are lustrous, well-defined crystalline 
l30lids readily soluble in alkalis, insoluble in aqueous mineral acids, and 
are less basic than the amino arsonic acids. The acids containing one 
halogen atom can be more readily diazotized than those with two such 
substituents. The resulting diazo solutions are very stable-they can 
be warmed without evolution of nitrogen or conversion into phenolic 
compounds, while their ability to couple with yarious azo components 
remains unaffeded. In addition they form triazo compounds with sodium 
azide. An interesting method of distindion between mono- and di
halogenated p-arsanilie acids is afforded by ~-naphthoquinonesulfonic 
acid which forms a red condensation produet with the first, but does 
not reaet with the second. 

5-C hloro-2-aminophenylarsonic acid, (Cl) (R2N) C6RsAsO (OR) 2, is 
prepared from arsenic acid and 4-chloroaniline by the Bechamp reaction, 
and consists of needles which melt at 207 0

, are sparingly soluble in 
cold water, ether or benzene but readily so in boiling water, methyl 
or ethyl alcoho1.948 

6-C h'oro-3-aminophenylarsonic acid is produced upon reducing the 
corresponding nitro deri\'ative in alkaline solution by means of hydrogen 
under pressure in the presence of reduced nickel. The product crystallizes 
in fine, white needles difficultly soluble in water, more easily in alcohol, 
and decomposing without melting when heated.9Ql 

3-Chloro-4-aminophenylarsonic acid may be obtained from 2-chloro
aniline by the Bechamp reaction,946 or by chlorinating acetyl-p-arsanilic 
acid with either chlorine in glacial acetic acid medium or with sodium 
hypochlorite in the presence of water, and subsequently removing the 
acetyl group by boiling with aqueous caustic soda.llis It consists of 
white needles, m. p. 305 0

; readily soluble in alkalis, methyl or ethyl 
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alrohol. :-:paringly ,,0 ill hot water. dilute mineral acid", or glacial ;lcetic 
acid and in"oluble in ether or acetone. When boiled with \Yater. sodium 
acetate and :.:odiulD-f3-naphtboquinonc"ulfonate, it yield" a red "OIUtiOll, 

from wbirh glacial a('etic acid precipitate" a n'd conden"ation produ(·t 
on "tanding. 

3-BI'01ilo-4-alllinopheniJ/arsunic (lcid re~ult" on hroIllin:lting p-ar":lnilic 
acid in gl!wial arctic l)(·id \yitll JudI' the theoretical amount of bromine: 

2Hc~.C"H,A~O,H" + Br" ~ 
IEI') (H"XIC,H,A"(),,Hc + IHBr.H"i'IC.,H,A"(),,H". 

It form::: white needle" not mdting belmy 25;jO; PO"i'cs:-:e:-: the :::anw ,.:olu
bilitics as the (·orn·"ponding cbloro- (·ompound. and read" similarl~' with 
:,ocliull1-!-l-naphthoquillonc"ul fonate. '1 H 

,J-]odo-4-amillophenylar:wni(' acid ,"'('pamte" Oil treating p-ar"<lnili(' 
acid in lllcthyl alcohol with iodinc in the presence of mercuric oxide. 
It consi"t" of almo,.:t eolor]e,,:, nccdle,.: re!1(lily soluble in methyl alcohol 
or alkali", \p"", ":0 in ('thy I aleohol. "paringly in glaeial acetic acid or 
hot water ane! in:,olublc in acetonc. It dccomposes abo\'(' 255 0

, and 
rend" with "o(liultl-I-l-nnphtllOquinone:,ulfonate like the preceding eorn
pound".111-. On adding ,",odium azide to it" diazo ,",olution, it ~-ielcls a 

white precipitatc of 3-iodo-4-triazophenylnr:-:onic acid, H:!O"A;:CuH" 

I 
/ 

"'" N;; 
\yhidl i" r('adil~- soluble in alkali", methyl or ethr1 alcohol but only 
sparingl~' so in ('old waterY"" 

2,6 - Dichlora - 4 - aminophenylarsonic acid, I H"N) CI:!C"HcA,.;()"H:!, 
Ill, p. 197'", i:-: made by hydrol~-zing thc ('orre:-:pollding acctyl deriyatiyc 
with dilute alkali.''''' 

:3,o-Dichlo)'o-4-aminophcllylarsolli(' al'iri, formcd on ('lIlol'inating 
p-arsanilie acid in glacial Hcdi(' acid, err,,,tnlJizes ill IU'"'trou>' n('('dles 
,yhieh do not melt \wlll\\' 255 0

, are readily "olublc in methyl alcohol or 
alkali", Ie,,:, ":0 in ethyl alrohol or glacial :\('ctie :\('id, "pnringly in hot 
water and in,.:oluble ill acetone. It does not reaet with "odium-I:l-naph
tlioquinonc:-ulfonatc. ll1 '; 1t :vicld:, a white, cry:-<tallille triazo eornpound 
upon diazotizing awl treating \yith :,ociium azide.'H>l 

3,o-Diui'omo-,~-(lminopheniJ/(lr,'iOni(' (1cid cxiA" a" almo,.:t ('olorless 
lleedles re~embling the ('orrespondillg' dirhloro derivatiw in it" properties. 
It is obtained b~' the action of ~odiul1l hypobromite upon p-ar~nnilic a(,id 
dissolved in colel dilute hydrochloric aeid. ll1

<i 
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3,o-Diiodo-4-arnino]Jhenylarsonic acid result::: upon adding aqueous 
potassium iodide to a similar solution of p-arsanilic acid, dilute sul
furic acid and potassium iodate and "'arming on a water-bath. The 
product crystallizes in almost colorlc::-5 needles readily soluble in alkalis 
or methyl alcohol, les~ 1'0 in ethyl alcohol or acetic acid, difficultly 
soluble in hot water and insoluble in ether or acetone. It docs not 
melt below 250 0 y17 

3-C hloro-4-acc tylaminophcnylarsonic acid, 

(CH"CO. HX) ClCflH"AsO (OH) e, 

is obtained by the aetion of either chlorine or ~odium h~'pochlorite upon 
ueetyl-p-arsanilic acid sUf'pendecl in glacial acetic acid. '118 

2-C hloro-4-allylthiocarbamidophenylarsollic acid, 

(C3HONHCSHN) (Cl)CflH,At'O(OH)c, 

prepared from 2-chloro-p-arsanilic acid and allyl mustard oil decom
poses without melting when heated.""" 

2,(j-Dichloro-4-acct uiaminophcnylarsonic arid, 

CI 
/ 

H"03AsCcHe - CI 

'" KHOCCH3 

IS made from l-amino-2.6-dichloro-4-acetylaminobenzene by Bart's 
method. It is inwluble in cold water, readily soluble in hot water, 
alcohol or alkalis, and does not melt at 250 0

•
6l6 

2-(' hloro-4-mct h yialll inophc nylarsonic acid, 

IH:C .HN) (CJ)C"H3Af'OjHe, 

IS prepared b~' oxidizing the ('orre~ponding ar~illcoxidc with hydrogen 
peroxide in alkaline ~olution. It i" a white powder melting at 211 0, 
insoluble in cold water, acetone or chloroform but soluble in hot water 
or alcohol. 53" 

2-(; hloro-4-dimcthylurninophcllylarsonic acid, 

[(CH3 )"N] (Cl) C 6 H 3AsO"H" , 

i~ produced like the prcceding acid, and consi~h' of n white powder melt
ing ahon' 300'. in"oluble in cold water or alcohol, slightly soluble in 
hot alcobol. ('01(1 cuncentrated hydrochloric acid or glacial acetic acid 
and easily ~uluble ill aqueous alkalis.''':3 
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2-Bromo-4-dimethylaminophenylarsonic arid decomposes at 235 0
• It 

is derived from the corresponding arsineoxide by oxidation with either 
mercuric oxide or hydrogen peroxide in alkaline solution.l119 

2,6-Dichloro-4-dimethylaminophenylarsonic acid, 

01 
/ 

Hz03AsOaH2 - 01 

'" N(OH3)2 

from 2,6-dichloro-4-aminophenylarsonic acid by treatment with di
methyl sulfate, is a reddish powder insoluble in dilute acids, cold water, 
benzene or acetone but soluble in alkalis, hot alcohol or glacial acetic 
acid.6la 

13. Nitro Amino Aryl Arsonic Acids.-Since direct nitration of un
substituted amino arylarsonic acids yields a mixture of various products, 
such as the mono- and dinitro derivatives, diazo arsonic acids, etC' .. 
various indirect methods have been devised for the introduction of nitro 
groups into the nuclei of amino arsonic acids, the most satisfactory of 
which depend upon: 

1. The nitration of carbethoxy-, acetyl- or oxalylamino arsonic acids 
and subsequent removal of the acyl group by hydrolysis. 

2. Replacement of the free amino group of a nitroacetyldiamine by 
an arsonic acid radical according to Bart's method, and splitting off the 
acetyl group. 

In one case the desired result has been obtained by replacing the 
halogen atom of a halogenated nitroarsonic acid with an amino group 
by heating with ammonia in an autoclave. In addition to these indirect 
methods, it has been found possible to arsenate both ortho and para 
nitroanilines directly by Bechamp's reaction. 

The products are yellowish crystalline solids which are soluble in 
alkalis or hot water, less so in mineral acids, and can be readily re
duced to the corresponding diamino acids. The most interesting member 
of this chapter is 3-nitro-4-aminophenylarsonic acid. When warmed 
with concentrated alkali solution, its amino group is split off as ammonia 
and replaced by a hydroxyl: 

AS03H2 

/ 
OsHs-N02 ---"""'7 

'" NH2 

It can be readily diazotized and the resulting diazo compound con
verted into a triazo derivative by treating with sodium azide; into 3-nitro-
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phenyl arsonic acid with hypophosphorous acid; or into a hydroxy-diazo 
arsonic acid by treating with sodium acetate: 

AsOsHz 
/ Sodium 

C6Ha- N02 
'" acetate 

N=NX 

On boiling the above nitro diazo arsonic acid in mineral acid solution, 
no replacement of the diazo group by a hydroxyl occurs, the arsenic 
being split off instead. The only dinitro amino acid thus far prepared 
is characterized by its inability to yield a diazo compound by any of 
the known methods. 

The N- substituted nitro amino arsonic acids which behave like a 
nitro compound as well as a substituted amino acid, are prepared by 
nitrating the corresponding N - substituted amino arsonic acids; from 
N - monosubstituted diamines by Bart's method; or from halogenated 
nitro arsonic acids by cohdensing with various ammo derivatives: 

+ HX (X = halogen). 

5-1Vitro-2-aminophenylarsonic acid, HzOsAsC6HS (NOz) NHz. - 4-
Nitroaniline, unlike other p- substituted aromatic bases, gives good results 
when condensed with arsenic acid by the Bechamp reaction at 210°. 
The product consists of lustrous, orange-yellow prisms melting with 
decomposition at 235-6°, sparingly soluble in water or dilute acids in 
the cold, but readily on heating, and readily soluble in alkali hydroxides 
or carbonates, sodium acetate, methyl or ethyl alcohol. It can be 
diazotized in mineral acid solution, yielding a soluble, almost colorless 
diazonium compound which couples readily to form azo derivatives, 
and whose diazo group may be replaced by hydrogen, forming 3-nitro
phenyl arsonic acid. Boiling the nitro amino arsonic acid with potassium 
iodide and sulfuric acid converts it into o-iodo-p-nitroaniline; on 
reduction it yields p-pheny lenediaminearsonic acid, while warming 
with caustic potash cause" f\ replacement of the amino group by a 
hydroxy 1. '120 

2-N itro-3-aminophenylarsonic acid is obtained by hydrolyzing the 
corresponding nitroearbethoxyaminophenylarsonic acid with concen
trated sulfuric acid at 70-80°, pouring on ice, and then neutralizing 
with caustic soda. It forms orange-yellow needles sparingly soluble 
in dilute mineral acids or hot water. It is converted into the corre-
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sponding nitro hydroxy ar:oonic acid by boiling concentrated potassium 
hydroxide solution,7"4 and into a granular, yellow triazo compound, 

NO~ 

/ 
H"03AsC6H 3 

'" 1\3 

by diazotizing and treating with sodium azide. 1121 

6-11/ itro-8-aminophcnylarsonic acid.-m-Arsanilic acid i" fir~t COI1-

yertecl into its oxalyl deriYati\'e, which is then dissolved in sulfuric 
a~id, nitrated at 0_5 0

, and the resulting substance hydrolyzed by boiling 
with 2X-hydrochloric acid. The product separates as pale yellow 
needlef', who~e amino group may be replaced by a hydroxyl as abo,"e." 22 

2-Nitro-4-aminophenylarsonic acid is prepared by treating 2-nitro-
4-aretyl-p-phenylenediamine aceording to Bart's method and fo'ubse
quently hydrolyzing to rem on the acet~'l group. It crystallize,.; in 
orange-yellO\y needles which darken at 240 0

, decompose at 258 0
, and 

are sparingly soluble in cold ,Yater, dilute mineral acids or alcohol, 
though more soluble in methyl alcohol, glacial acetic acid, alkalis or 
sodium acetate."n 

8-Nitro-4-aminophenylarsonic acid lllay be prepared either by nitrat
ing 4-oxalylaminopheny larsonic acid and subsequently hydrolyzing; lin:; 

by heating 4-dlloro-3-nitrophenylar:oonic acid with ammonia in an auto
dan at 120 0 and acidifying with hydrorhlorie acid; 928 by nitrating 
carbethoxy-p-ar8unilic arid at 0-5 0 and hydrolyzing; 1(1i9 or by the 
direct ar"cnation of o-nitroanilinc at 200-10.'" It forms yellow needles 
readily soluble in hot water, 50jn acetic acid, cold methyl or ethyl 
alcohol, alkalis or concentrated mineral acid:,;. sparingly in glacial acetic 
acid and insoluble in dilute acids, acetone or ether. 'With hydriodic acid it 
~'ields successinly 3-nitro-4-nminophenyldiiodoarsine and 4-iodo-2-nitro
aniline. On heating with alkali the amino group i~ rrplaced by a 
hydroxyl l distinction from these i:-omers in which the nitro and amino 
groups arc in meta or para position to each other 1." "4, ""' It ean be 
readily diazotized to 3-nitro-4-cliazophenylarwnic acid \yhich when 
coupled with R-salt in alkaline f'olution yields a red solution, while 
with resorcin an orange-yellow "olution results. By treating this diazo
compound with sodium acetate, the nitro group is replaced by a 
hydroxyl; 112e reduction with hypophospllOrous acid produces 3-nitro
pheny larsonic acid, while boiling in mineral acid solution splits off 
the arsenic. With "odium azide, the abon diazo compound yields the 
corresponding triazo compound. ThE' btter separates from dilute alcohol 
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a:-: a yellow, l'l'y"talline powder which lo~c" nitrogcIl 73-5 0
, forming 

3,4-dinitrof'ophenylar"onic acid.' J 21 

Thc sodium, ammoniulll, sib'er, barium, cakium and copper saltH, 
as well as the methyl and cth~'1 e"ter" of the abO\'c arsonic acid lun'c 
bcen prepared. 

5-1'1/ itro-i,-amino-S-mct Ii !I/plicIlY/Il)'"olli(' acid, 

K0 2 

/ 
H C0 3A"C,;Hc - ':\Hc , 

'" CH3 

rc~ults on nitrating either 4-acct~'laIllino-3-methy lpl!enylarsonic acid,1127 
or 4-oxnlylamino-3-mcthylphen~olar:-()lli(' :!l·id."';1 and removing the acyl 
group by hy<irolyt'i8, It exi8ts :t" orange J1l'edles containing 1! molecules 
of \yatcr of cry"tallization, and is readily soluble in hot water. The 
amino group is replaced by a hydroxyl on heating the acid with concen
trated caustic pota:,h "olution. 

S.5-Dinitro-4-uminoplu:Il!liarwni(· acid, H 2 0;:\sC.;Hz (KOc ) 2 (NHc), is 
produced by nitrating 3-nitro-p-arsanilir acid at 0_5 0

,"28 or by' Similarly 
trcating p-ar,,::lI1ilic acid in coneentrated f'ulfuric acid. solution at 5° 01' 

below, allowing to ~tand for two hour" :It 10-15° and then pOll1'ing 
upon iee.1128 The admixture of trinitroanilinc formed in the latter 
ml'thod is removed by dissohoing the preripitate in aqueous soda. and 
extrarting with ether. The acid "eparnte::: a" bnlwniO'h-ycllO\y, lustrous 
needles or leaflets. readily o<oluble in alkali hy'droxides or carbonates 
and in sodium acetate, sparingl:\' in water, alcohol or dilute mineral 
acids. It docs not givc the rharaeteristic red coloration of dinitro
ani lines with alcoholic potash, and cannot be diazotized. On treating 
itR alkaline solution with bromine, 4-.bromo-2.6-dinitroaniline is obtained, 
while on warming with dilute cau"tie pota"h. ammonia is liberated and 
the amino group rephll'ed by a hydroxyl. 'Yith concentrated cau8tic 
potash, howenr, it yields a violet coloration changing to brownish red, 

2-1\j itro-S-carbcthoxyamino phenylarsonic acid, 

H 20 3 AsCnH 3 (NQ,,) (NH, COOC2HO), 

obtained by nitrating the rorresponding carbethoxy arsonic acid at 0-5°, 
is a pale yellow, ('1'Yf't;dline powder ~paringly soluble in' wnter but 
readily in alkalis.,:?4 

s-Nitro-i,-carbe t h oxymnin 0 ph en ularsonic acid. similarl~o prepared, 
crystallizes in yellowish needles :olightly soluble in wuter. J01D 
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5-Nitro-2-acetylaminophenylarsonic acid, 

(CHsCO.HN) (OzN)C6HsAsOaHz, 

is made by acetyluting the corresponding amino arsonic acid.1120 

2-Nitro-4-acetylaminophenylarsonic acid is formed as an intermediate 
product in the preparation of 2-nitro-4-aminophenylarsonic acid from 
2-nitro-4-acetyl-p-phenylenediamine by Bart's method. It consists of 
yellowish-white, microcrystalline needles readily soluble in hot water, 
alcohol, glacial acetic acid or alkalis but sparingly in dilute mineral 
acids. On heating with dilute sulfuric acid the acetyl group is re
moved.1123 

2-N itrophenylglycine-4-arsonic acid, 

H20aAsC6Ha (N02 ) (NH. CH2COOH) , 

results upon refiuxing a solution of 4-chloro-3-nitrophenylarsonic acid 
in 5N-caustic soda with aminoacetic acid for 30 hours at 50°, and then 

_ acidifying. The yellow-colored product is insoluble in acetone, ether 
or glacial acetic acid, dissolves in hot alcohol, cold alkali or hot water, 
and decomposes with faint intumescence when heated.928 

3-N itro-4-benzenesulf amidopheny larsonic acid, 

HzOaAsCeHa (NO,,) (NH. SOzCeHr;). 

4-Chloro-3-nitrophenylarsonic acid and benzensulfonamide dissolved in 
5N-sodium hydroxide are heated in an autoclave at 120° for two hours, 
then 150° for 9 hours and finally precipitated with dilute acid. On 
removing the admixture of unchanged benzenesulfonamide with ether the 
product remains as a pale brown substanee easily soluble in alkali, hot 
water or alcohol, less so in acetone and insoluble in ether. 028 

5-Nitro-2-aminophcnylarsonic oxanilidc, 

CO. HN (NO,,) CaHaAsO (OH)" 
I 

CO. HN (NO,,) C6HoAsO (OH) 2 

may be prepared .by grinding together 5-nitro-2-aminophenylarsonic 
acid, oxalic acid and lO~-sodium hydroxide, heating the mass in an 
oil bath at 110-130° until all the water has been driven off, and finally 
heating the resulting f:olid at 160-5°·.1112 

2,6-Dinitrophenylglycine-4-arsonic acid, 

H20aAsC6H2 (N02 ) 2 (NH. CH2COOH), 

obtained from 4-chloro-3,5-dinitrophenylarsonic acid and aminoacetic 
acid dissolved in N-caustic soda, is a yellowish-green powder intumescing 
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on heating; dissolves in alkalis, hot water, alcohol, glacial acetic acid 
or acetone, but is insoluble in ether.928 

3,5-Dinitro-4-benzencsuljamidophenylarsonic acid, 

HZ03AsCsHz (NOz) 2 (NH. S02CsH5)' 
is made from 4-chloro-3,5-dinitrophenylarsonic acid and benzenesul
fonamide by the method employed in the preparation of the correspond
ing mono nitro compound. It is a brownish substance which decomposes 
with intumescence on heating; is soluble in alkalis, hot water, alcohol 
or glacial acetic acid and insoluble in ether, cold glacial acetic acid or 
dilute acids.928 

3-Nitro-4-rnethylaminophenylarsonic acid, 

H203AsCsH3 (N02 ) (NH. CH3), 

results on heating the sodium salt of 3-nitro-4-chlorophenylarsonic acid 
with methylamine hydrochloride in an autoclave at 100°. It is a yellow 
substance which intumesces on heating, is easily soluble in alkalis, 
sodium acetate or hot alcohol, difficultly so in cold alcohol, practically 
insoluble in water or dilute mineral acids and insoluble in acetone or 
ether.9z8 

2-C hloro-5-nitro-4-rnethylarninophenylarsonic acid, 

H20sAsC6Hz (N02 ) (CI) (NH. CH3 ), 

consists of yellow needles produced by warming 2,4-dichloro-5-nitro
phenylarsonic acid with an aqueous solution of methylamine. 909 

3,5-Dinitro-4-methylaminophenylarsonic acid, 

H203AsCsH2 (NOZ )2 (NH.CH3 ), 

is a lemon-yellow crystalline powder obtained by nitrating 3-nitro-4-
methylaminophenylnrsonic acid; 909 by warming alcoholic 4-chloro-3,5-
dinitrophenylarsonic acid with methylamine in the same solvent; 928 or 
by treating a sulfuric acid solution of 3,5-dinitro-4-methylnitramillo
phenylarsonic acid with mercury and shaking for some time, then pour
ing on ice, separating from metallic mercury, and finally decomposing 
the yellow precipitate with either sodium hydroxide or carbonate.6os The 
compound melts with decomposition at about 164 0

; dissolves in alkalis, 
hot water, alcohol, glacial acetic acid or aqueous sodium acetate, but is 
insoluble in mineral acids, acetone or ether. 

2-C hloro-3,5-dinitro-4-methylarninophenylarsonic acid, 

H 20 3AsCoHCl (NOz ) 2 (NH. CHs) , 

is prepared by nitrating the corresponding 5-nitro compound at 0°. It 
crystallizes from water in which it i" difficultly soluble, and melts with 
decomposition at 1960

•
909 
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3,5-Dini tro-4-rne thy lnitrarninopheny I arsonic acid, 

CH" 
/ 

HcO;)\sC,jHe (N(\) eN 

'" NOc 

is deriyed from aromatic arsenicals in which the p-position to the arsenic 
CHa 

/ 
is occupied by the group - N (where R stands for hydrogen 

'" R 
as in N -methylaminophenylarsonic acid, or for an acid residue flS in 
either N-acetylmethylaminophenylarsonic arid or N-nitrosomethyl
aminophenylarsonic acid), by nitrating with a mixture of fuming nitric 
and concentrated sulfuric acids. Ion It may also be obtained by similarly 
nitrating 3-nitro-4-methylaminophenylarsonic [lcid."28 4-dimethylamino
phenyldichloroarsine, the corresponding arsineoxide or arsonic acid.1129

, 1130 

In nIl cases the nitration-product is warmed on the water-bath for 
seycral hours prior to its precipitation upon ire, The product is readily 
soluble in hot alcohol or acetone, in glacial acetic acid, sodium acetate 
solution, alkali hydroxides or carbonates, but is insoluble in dilute 
mineral acids. When heated on a platinum foil it defiagrates. 

2-C h loro-3,5 -dinitro-4-methy l'nitraminophen y larsonic acid, 

CHs 
/ 

H 20 gAsCsHCI (NOz) zN 

'" N02 

IS formed on nitrating 2-chloro-4-dimethylaminophenylarsineoxide at 
50 like the preceding compound. It consists of a slightly yellowish 
powder soluble in aqueous sodium hydroxide, acetone, hot water, methyl 
or ethyl alcohol and insoluble in ether, chloroform or benzene. It ex
plodes on heating.s1s 

2-Bromo-3,5-dinitro-4-methylnitraminophenylarsonic acid is a yel
low powder resembling the preceding acid both in method of preparation 
and properties. 618 

3,5-Dinitro-2-methylamino-4-1nethylnitraminophenylarsonic acid, 

CH3 

/ 
H 20 3AsC"H (:N02 ) 2 (NH. CH3 ) N 

'" N02 
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is a yellow powder soluble in alcohol, acetone or glacial acetic acid, 
insoluble in ether, chloroform or benzene, and exploding when hea"ted. 
It results upon treating 2-chloro-3,5-dinitro-4-mcthylnitraminophenyl
arsonic acid with n solution of methylamine.GlG 

iY-(3-Nitrophenyl-4-aTsonic acid)methylglycine amyl ester, 

HaC 

i 
\ , Hn C500C . CH2 

'" N. CeHs (N02 ) As03H 2 , 

/ 

is prepared by treating 50 g. of N - (phenyl-4-arsonic acid) methylglycine 
amyl ester dissolved in 350 g. of sulfuric acid (228 c.c. conc. H2S04 

and 1f>2 g. H 20) with a mixture of one molecular proportion of nitric 
acid and 30 g. of 3: 2 sulfuric acid at 38-40°. The product is precipi
tated in water as a dark yellow substance, m. p. 130 0

, slightly soluble 
in hot \vater but easily in alcohol. The amyl group may be removed 
by hydrolysis, yielding the free acid which is quite soluble in waterP31 

S -1_2-S itrophcllyl-,~-arsonie aeiel) mcthylglycille amyl estcr is made 
like its isomer except that the sulfuric acid used ~n the nitrating mixture 
is more dilute \1:3) and the reaction-temperature lower (10-20 0

). The 
free acid is obtained in the same way.l1S1 

The ortho and meta nitro isomers of the corresponding ethyl- and 
amylglycines ha"e also been prepared.l1

:
l1 

2-Nitro-4-dimethylaminophenylarsonic acid, 

H20 3AsCGH3 (N02 ) N (CHs ) 2, 

results on nitrating the corresponding arsonic acid in concentrated sul
furic acid at 0°, and consists of golden yellow, long, fiat needles sparingly 
soluble in hot \vater or alcohol, and melting at 204 0

.1132 

3-N itro-4-dimethylaminophenylarsonic acid may be produced either 
by nitrating a suspension of 4-dimethylaminophenyl:wsonic acid in 
glacial acetic acid and subsequently adding acetic anhydride,1133 or by 
warming together on a water-bath alcoholic solutions of 4-chloro-3-nitro
phenylarEonic acid and dimethybmine.D2s It crystallizes in small, yellow 
needles soluble in water, ::tcids or hot alcohol, insoluble in ether or 
acetone, and intumescing on heating. 

?-Nitro-4-dimethylamino-2-methyLphenylarsonic acid, 

N02 

/ 
H 20 gAsCsHz - CHs 

'" N(CH3)2 
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is deposited on heating the corresponding dimethylamino arsonic acid 
with nitric acid (d, 1.2) in a sealed tube at 1800

• The compound in
tumesces upon heating.1134 

? -Nitro-4-dimethylamino-3-methylphenylarsonic acid, similarly pre
pared at 150 0

, decomposes at 208 0
•
U35 

3,5-Dinitro-4-dimethylaminophenylarsonic acid, 

(NOz) 2 

;{ 
HZ03AsC6Hz 

'" N(CH3 )z 

may be obtained by digesting 3,5-dinitro-4-methoxyphenylarsonic acid 
with a 30% dimethyl amine solution on a boiling water-bath; 60S or by 
nitrating the corresponding dimcthylnminoarsonic acid with 30% nitric 
acid either at 40° for two hours, or at ordinary temperature for three 
days.w2 It separates in the form of yellow r;:rystals melting with 
decomposition at 161 0

, almost insoluble in cold water, slightly more 
soluble in alcohol or. acetone, but very easily soluble in the above 
solvents when hot. 

The mother liquor of the second process yields another dinitro com
pound whose exact character has not yet been established. It con
sists of small red plates which are less soluble in hot water than the 
yellow variety, and melt with decomposition at 158 0

• 

3,5-Dinitro-4-diethylaminophenylarsonic acid, 

H 20 3AsC6H 2 (N02) 2 [N (C2H 5 ) 2], 

is prepared like the preceding homologue, employing diethylamine. It 
is a yellow, crystalline substance easily soluble in alkalis, quite difficultly 
so in cold but easier in hot water. 60S 

3,5-Dinitro-4-piperidophenylarsonic acid, 

(N02)2 

H20sAsCaH2 
;{ 

'" N(CH2)5 

formed upon heating 3,5-dinitro-4-methoxyphenylarsonic acid with a 
50% piperidine solution, is a yellow, crystalline substance moderately 
soluble in water. 60S 

2,6-Dichloro-3,5-dinitro-4-rnethylnitrarninophenylarsonic acid, 

1I20aAsCsCI2[N02]2[N (ClIa) (NOz)], 
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results upon nitrating 2,6-dichloro-4-dimethylaminophenylarsonic acid. 
It consists of a reddish powder decomposing at 200 0

, readily soluble in 
hot alcohol, aqueous sodium acetate or alkalis and insoluble III dilute 
acids, cold water or benzene.616 

14. Hydroxy Aryl Arsonic Acids.-Phenols, like amines, may be 
arsenated directly by the Bechamp reaction, the arsonic acid radical 
entering the para position to the hydroxyl. The acids of this group 
may also be obtained either from amino arsonic acids by diazotizing 
and replacing the diazo group with a hydroxyl in the usual manner, 
or by treating amino phenols according to Bart's method or Mouneyrat's 
modification of the same. The dihydroxy arsonic acids may also be 
prepared by the above methods, with the exception of 3,4-dihydroxy
phenylarsonic acid, which has been derived from the 4-hydroxy acid 
by treatment with potassium persulfate in alkaline solution. 

The acids are crystalline solids generally soluble in water, alkalis, 
methyl or ethyl alcohol, or hot glacial acetic acid, either sparingly so 
or entirely insoluble in the other organic solvents, and form water
soluble alkali salts. With nascent halogens they yield the correspond
ing dihalogenated hydroxy arsonic acids together with more or less of 
the trihalogenated phenols. Some of the compounds, like the 2 and 
3-hydroxy arsonic acids, couple readily with diazotized sulfanilic acid 
in alkaline solution, but the 4-isomer under these conditions gives up 
its arsenic in exchange for an azo group. 

The hydrogen of the hydroxyl may in many instances be replaced 
by various acyl or alkyl radicals in the usual manner, yielding O-sub
stituted hydrm .. 'Y arsonic acids. The same products may also be 
obtained by oxidizing either the corresponding dichloroarsines with 
chlorine in aqueous medium, or the arsineoxides with hydrogen peroxide 
in alkaline solution; by the direct arsenation of alkoxy compounds, or 
from the corresponding amines by Bart's method. 

2-Hydroxyphenylarsonic acid, H20 3AsCaH4 .OH, is prepared by 
diazotizing a hydrochloric acid solution of o-arsanilic acid and warm
ing until all the nitrogen is driven off.l136 It is also obtained as a 
by-product in the direct arsenation of phenol,1131 and in the preparation 
of o-phenylenediarsonic acid.891 It crystallizes in long needles, m. p. 
196 0 (J.), 190 0 (K.); readily soluble in methyl or ethyl alcohol, hot 
water or glacial aeetic acid and sparingly in eold water, hot acetone or 
chloroform. It is distinguished from the meta and para isomers by the 
characteristic wine-red color it gives with ferric chloride solution. In 
alkaline solution it couples readily with diazotized sulfanilic acid, yield
ing a bright orange solution. It is readily precipHated from concen
trated solutions of its salts by hydrochloric acid, redissolving in excess. 
Acetic acid does not readily liberate it from its salts. 

The monosodium salt crystallizes with four molecules of water as 
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hexagonal platelets soluble in water. Its aqueous solution gives no 
immediate precipitate with calcium or barium ions, the latter coming 
down as a basic salt only after rendering the solution alkaline to 
phenolphthalein. Heavy metal ions produce immediate precipitates. 

3-Hydroxyphenylarsom·c acid is made by diazotizin!!; m-arsanilic 
acid in sulfuric acid, expelling the nitrogen and isolating the compound 
through the lead salt. It crystallizes as rhombic crystals, m. p. 159-73°; 
readily soluble in water, methyl or ethyl alcohol, or in boiling acetic 
acid, sparingly so in hot acetone but insoluble in chloroform or benzene. 
In alkaline solution it couples readily with diazotized sulfanilic acid, 
producing a bright orange color. 

The monosodium salt crystallizes in rosets of fiat needles very soluble 
in water. Its aqueous solution yields precipitates with the salts of 
heavy metals but not with those of calcium or barium.11S8 

4-Hydroxyphcnylarsonic acid (Phenol-p-arsonic acid) may be ob
tained in a number of ways. A stirred mixture of phenol (94 parts) 
and crystallized arsenic acid (151 parts) are heated for four hours at 
150°, the resulting mass taken up with water, filtered and the filtrate 
evaporated to dryness in vacuo. From this solid the acid is extracted 
with acetone and finally recrystallized from glacial acetic acid.1139 A 
modification of this method consists in heating the mixture of the con
stituents at 155-60° for seven hours, removing the unchanged arsenic 
acid by means of barium hydroxide, and isolating the acid either as such 
or as the sodium salt.1l4O The yield may be increased by working up 
the mother liquorsY41 

By an easier method p-arsanilic acid (217 g.) is dissolved in water 
(2500 c.c.) and concentrated sulfuric acid (81.6 c.c.), diazotized with 
an aqueous solution of sodium nitrite (70 g. in 350 c.c.) at 0°, and the 
filtered solution warmed at 70° until all the nitrogen has been expelled. 
The excess of sulfuric acid is then remm'ed by boiling with barium 
carbonate, the filtered solution treated with anhydrous sodium sulfate, 
decolorized with animal charcoal, and concentrated until the sodium 
salt crystallizes on cooling.1142 This method has also been modified 
by diazotizing atoxyl in hydrochloric acid, evaporating the diazo solution 
to dryness, and extracting the dried residue with hot acetone, from which 
the free acid crystallizesY48 

Finally, the arsonic acid may be prepared from p-aminophenol either 
by Bart's original method,86, 1144 or by Mouneyrat's modification.89 

The free acid crystallizes in almost colorless prisms, m. p. 173-4°; 
readily soluble in cold water, alcohol or dilute mineral acids, less so in 
cold acetone and very sparingly in ether or ethyl acetate. It is decom
posed by bromine water, yielding tribromophenol, while on attempting to 
couple it with diazo compounds the arsenic is split off and replaced by 
the azo group, thereby resembling p-hydroxybenzoic acid. On the other 
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hand, it condenses readily with tetramethyldiaminobenzhydrol to the 
C6H4.N (CHS )2 

/ 
leuco compound, (H~03As) (HO)CsHs.CH which can 

"-CSH4' N (CHs ) 2 

be oxidized to the corresponding dye. 1145 

The sodium salt, HO. CSR4AsOaRNa, when treated successively with 
molybdenum trioxide and guanidinium chloride in aqueous solution, 
yields a mixture of white needles and pbtes/146 the first corresponding 

[ 
CSR4.0H] H 0 to the formula (CNaHsL As (Mo0

4
)a .2 2 • 

1;-H ydroxy-2-methylphenylarsonic acid (m-Cresol-p-m-sonic acid), 
OR 

/ 
R20aAsCGRa , results from the direct arsenation of m-cresol at 

"-CRa 
1700

• It sinters at 160°; melts with decomposition at 183-5°, and 
resembles the succeeding isomeride in its physical and chemical prop
ertiesys9 

4-Hydroxy-S-methylphenylarson£c add (o-Cresol-p-arsonic acid) 
may be obtained from o-cresol and arsenic acid by heating together at 
140°, extracting the cooled mass with aqueous sodium carbonate, and 
remoying the excess a-cresol with ether. The solution is then acidified, 
evaporated to dryness in yacuo, and the arsonic acid extracted there
from by means of acetoney3~ The compound may also be produced 
from 4-amillo-3-methylphenybrsonic acid by diazotizing in sulfuric 
acid solution and replacing the diazo group with a hydroxyl by means 
of steamY" The compound forms yellovvish crystals sintering at 150°, 
and melting with decomposition at 172°. It crystallizes from water as 
white prisms containing 1H:zO and melting ut 180 0

, but when dehy
drated it melts at 222 0 (Benda). It is readily soluble in hot water, 
methyl or ethyl alcohol, acetone, glacial acetic acid, alkali hydroxides 
or carbonates and in mineral acids, but sparingly in carbon bisulfide, 
benzene, ethyl acetate, ether, chloroform or ligroin. 

The monosodium salt crystallizes from water with 2H"O in the form 
of plates soluble in cold water with a neutral reaction but only sparingly 
soluble in a1coho1.1143 

4-Hydroxy-a-naphthylarsonic acid (a-JVaphthol-4-arsonic acid), 

R203AsC,OR6' OR, 

made by decomposing the diazo derinltive of u-naphthylnmillcarsonic 
acid with steam, is isolated through the sodium salt, which consists of 
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well-defined needles. The free acid forms colorless needles or platelets 
readily soluble in hot water or alcohol and practically insoluble in ¥ther, 
chloroform or petroleum ether. Its alkali salts are readily soluble in 
water, but those of the heavy metals are practically insoluble.949 

4-H ydroxyanthraquinone-l-arsonic acid, 

CO 

/ " (HZ0 3As) (OH)C6H 2 Cr,H4 • " / CO 
1,4-Aminohydroxyanthraquinone is dissol ved in concentrated sulfuric 
acid, diazotized with "nitrose" (containing about 47 per cent of nitro
sylsulfuric acid) and coupled with sodium arsenite. It is then warmed 
to about 60°, left over night, filtered, and solid sodium chloride added 
to precipitate the sodium salt, from which the free acid is obtained by 
treating its aqueous solution with hydrochloric acid. The compound 
consists of yellow, felted needles decomposing indefinitely above 200°, 
somewhat soluble in water, boiling methyl or ethyl alcohol, easily soluble 
in concentrated sulfuric acid, aqueous soda or alkali, hot sodium acetate 
or boiling glacial acetic acid. When dissolved in two molecular pro
portions of alkali and precipitated with alcohol, red flakes are obtained, 
but when three molecules of alkali are used the result is a brown-violet 
salt which is dissociated in water. Magnesia mixture produces a brown
red precipitate e\"Cn in the coldY48 

2,4-Dihydroxyphenylarsonic acid (Resorcinolarsonic acid), 

HZ03AsC6H3 (OH) 2, 

is made from resorcinol and 83 per cent arsenic acid solution by heating 
on a water bath for two days. It forms colorless prisms, m. p. 191 ° ; 
readily soluble in water, methyl or ethyl alcohol, sparingly so in glacial 
acetic acid or acetone and insoluble in ether, benzene or petroleum ether. 
With ferric chloride solution it gives a deep red coloration, but it does 
not reduce ammoniacal sil\"('r nitrate even upon warming.1149 

3,4-Dihydroxyphenylarsonic acid is prepared by treating an aqueous 
solution of 4-hydroxyphenylnrsonic acid successively with ION-caustic 
soda and powdered potassium persulfate. After 48 hours' stirring the 
liquid is mixed with hydrochloric acid, boiled for 15 minutes and treated 
with ammonia and an excess of magnesia mixture. On boiling there 
separates the magnesium salt, from whieh the free acid is obtained by 
treating with hydrochloric acid. The compound is extremely soluble 
in water and differs from 4-hydroxyphenylarsonic aeid in its powerful 
reducing action on ammoniacal silver nitrate in the cold, and by giving 
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with acid ferric chloride the green colonltioll characterit:tic of catechol 
derivatives.115o 

4,8-Dihydroxyanthraquinone-l,5-diarsonic acid, 

HO As03H" 
A co /""-

( V I ~ 
~ l A j 

V co V 
H 20 3As OH 

(Anthrarufindiarsonic acid), is formed from 1,5-diamino-4,8-dihydroxy
anthraquinone by Bart's reaction. It is a yellow to brownish-yellow 
microcrystalline compound soluble in ION-hydrochloric or concentrated 
sulfuric acid, N-sodium hydroxide, 2N-sodn and hot 2N-sodium ncetate, 
soluble in traces in hot water and entirely insoluble in methyl or ethyl 
alcohol, glacial or 50 per cent ncetic acid, or N -hydrochloric acid. TIll' 
diarsonic acid does not have a sharp melting or decomposition point, 
but when heated it turns violet at about 270 0

• Its disodium salt is 
violet while the tetra (1) sodium salt is orange.1151 

5,5' -Dihydroxy-2,2' -stilbenediarsonic acid, 

H 20"As(OH)CsH".CH = HC.CGH,(OH)AsO::Hc, 

is obtained from the corresponding diamino compound by diazotizing 
and replacing the diazo groups with hydroxyls in the usual manner.S21 

4-Acetoxyphenylarsom'c acid, (CH"eO. 0) C"H,AsO,H2 , is produced 
by acetylating the corresponding hydroxy acid with acetic anhydride 
in the presence of a small quantity of concentrate!l sulfuric acid. It 
crystallizes from acetone in clusters of fine needles whirh do not melt 
below 250 0

, are readily soluble in cold water but sparingly in COld 
alcohol or acetone. 

The monosodium salt crystallizes from water with 3H20 as clusters 
of fine silky needles readily soluble in water with a neutral reaction 
and sparingly in alcohol.1143 

CHs 
/ 

4-AcetoxY-3-methylphenylarsonic acid, H203AsCaH3 IS 

""-0.COCH3 
obtained from the corresponding hydroxy acid as in the preceding 
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homologue, and E'cparates in clusters of fine needles, m. p. 164-6°; "par
ingly soluble in cold water or acetone and rendily in alcohol. 

The monosodium salt crystallizes with four molecules of water in 
radial clusters of silky needles readily soluble in water with a neutral 
reaction and sparingly in alcohop152 

(Phenyl-4-arsonic acid) hydroxyacetic acid l Phenoxyacetic (lciil-p
arsonic acid; Phenylglycol-p-arsonic acid]) H 20 3AsC6H 4 (0. CH2COOH) . 
-From concentrated aqueous sodium 4-hydroxyphenylarsonate by refiux
ing for several hours with two moles of chloroacetic acid and 3.5 to 4 
moles of caustic soda. It crystallizes from water or glacial acetic arid 
as spear-shaped crystals or platelets soluble in methyl or ethyl alcohol 
but almost insoluble in ether or benzene. It sinters aboye 150 0

, car
bonizes at higher temperatures, und forms easily soluble salts with alkali 
hydroxides or curbonatesY53 

(Phenyl-4-arsonic add) hydroxyacctic methyl ester, 

H 20"As . CeRI (0. CH 2COOCH 3 ) , 

formed when the preceding ncid is refiuxed for t\yo hours with a mixture 
of dry methyl nlcohol nnd n little concentrated sulfuric ncid, crystallizes 
in lustrous plates which partially melt with gns C"olution at about 
192-5°, decompose at higher temperature, and dissolye readily in methyl 
alcohol, hot ethyl alcohol or water but sparingly in cold al.cohol or 
waterY54 

(Phenyl-4-arsonic acid) hydroxyacetamide, 

H 20 3AsCnH. (0. CH"CONHJ, 

it' prepared by the action of ammonia on the preceding compoun(l, and 
crystallizes as microscopic rhombic prisms, which do not mclt below 
280°, are sparingly soluble in cold water or hot alcohol but easily in 
boiling water. Its sodium salt separates slowly when the acid is di;;
solved in aqueous caustic soda, carefull~' neutralized with acetic acid, 
concentrated in "acuo to a small yolume and finally treated with alcohol. 
It exists as glistening platelets ensil)' soluble in water.1154 

(Phenyl-4-arsonic acid) hydro:ryacetanilirle, 

H~03AsC6H4 (OCILCO"NHC6Ho), 

results on boiling sodium 4-hydroxyphenyLtrsonate, ehloroacetanilide 
and sodium iodide with a mixture of N-sodium hydroxide and alcohol 
for three hours. It forms glistening platelets "paringly soluble in cold, 
appreciably ill llOt water, alcohol or acetic acid and quite soluble in 
methyl alcohol. It does not melt below 280° y55 
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(Phenyl-4-arsonic acid) hydroxyacetyl-3' -aminophenol, 

H~03AsC6H4 (OCH~CONHC6H40H), 

is produced by boiling sodium 4-hydroxyphenylarsonate together with 
m-chloroacetylaminophenol, and purifying through its sodium salt. The 
free acid is a heavy sandy, powder consisting of aggregates of irregular, 
microscopic leaflets which are slightly colored pink by impurities. They 
are sparingly soluble in boiling water or boiling acetic acid, more readily 
so in hot 50 per cent alcohol, and melt with decomposition at 238-40° .1155 

(Phcnyl-4-arsonic acid) hydroxyacctyl-4' -aminophcnol is similarly 
obtained by employing p-chloroacetylaminophenol, and separates as 
colorless, microscopic crystals which upon heating gradually darken and 
decompose at 238-40°. It is yery difficultly soluble in boiling water, 
methyl or ethyl alcohol but more easily in hot 50 per cent alcohol. 
On adding a few drops of sodium nitrite solution to a suspension of 
the acid in hot acetic acid, a clear, orange solution is obtained which 
deposits spherules of yellow crystals, probably a nitroso compound, on 
cooling.n56 

(Phenyl-4-arsonic acid) hydroxyacetyl-4' -aminophenylurea, 

He03AsC6H. (OCH2 CONHC6H4NHCONH2)' 

consists of aggregates of microscopic needles prepared from sodium 
4-hydroxyphenylarsonate and p-chloroacetylaminophenylurea by reflux
ing with a sodium iodide-alcohol mixture. It darkens and softens at 
about 230-40°, does not melt completely below 265 0

, and is practically 
insoluble in boiling water or 50 per cent alcohol_1038 

(Phenyl-4-arsonic acid) thioacetic acid [Phenylthioglycol-p-nrsonic 
(lcid] , H~03AsC6H4 (S. CH2COOH) .-p-Arsanilic acid is diazotized and 
('oupled in soda solution with potassium xanthogenate, forming 
C2li,OC. S. SC6H.As03HZ' This in turn is warmed with an alkaline 
solution of chloroacetic acid, concentrated and acidified. The prodU<'t 
crystallizes from water as yellowish needles sintering at 170 0 and melt
ing with decomposition at 187°. It is readily soluble in alkali hydroxides 
or carbonates, hot alcohol or glacial acetic acid but practically insoluble 
in ether or benzeneY53 

2-M ethoxyphenylarsonic acid, CHgO. C6H4AsOsH2' results upon 
treating pure o-anisidine according to Bart's method, and crystallizes 
from alcohol as ,,,hite needles, m. p. 193-4°.151 

4-Mcthoxyphcllylarsonic (lcid (p-Ani;;ylarsonic acid) may be pre
pared by dissolving 4-mdhoxyphcnylarsinetetrachloride in water ;48\' by 
oxidizing a glacial acetic acid solution of 4-methoxyphenyldiehloroarsine 
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with hydrogen peroxide; 4U3 by methylating an alkaline solution of 
:-odium 4-hydroxyphenylarsonate with dimethyl sulfate; 1151 and finally 
by treating 4-metholl.'}'aniline according to Mouneyrnt's modification of 
Bart's method.so The product forms hard, colorless, crystalline cru~t~ 
(M. & 'Y.) or white compact crystals (M.) readily soluble in alcohol 
or hot water, sparingly in cold water, and melting at 159-60° (]\.f. & W.), 
203 0 (M.), 179-80° (B.). On heating the arsonic acid for several hours 
at 190-200° it loses one molecule of water forming an anhydride, 
CRaO. C6H.,AsO~, the acid being regained by boiling the anhydride with 
water. When sih'er nitrate is added to n solution of the ammonium 
8nlt, a white precipitate of the disilver salt is obtained, while heating 
with [((lueous phosphorous twit! in a sealed tube at 100° produces 4,4'
dimethoxynrsenobenzene. 

CRa 
/ 

4-Metho:ry-3-m('thyl]lh(,1Iylnr,~onic ncid, R 20cAsC6Ra results 

"-OCR3 

on methylating an alkaline solution of monosorhum 4-hydroxy-3-metbyl
phenylarsonate with dimeth~'l f'ulfat(' a" in the preceding compound. 
It crystallizes from water in white, feathcr~' needles which do not melt 
below 260°.";;s 

~-{:'thoxYJ!hrll!llnrsol/i(' acid, CcR"O. CGH,As(}\H 2 , is obtained by 
treating 4-ethoxypheny Idichloronr,.;in(' with chlorine in the presence of 
warm water; 622 from p-etllox~'nniline b~' Mouneyrnt.'s modification of 
Bart's proees,.;; 89 and finally b~' dinzotizing a dry alcohol-hydrochloric 
a(,id solution of p-m~anili(' arid with ethy lnitrite and warming until 
the e\'olutioll of nitrogell is complete." \2 The product crystallizes from 
water as white pri"l1ls melting :HTording to J\Iirhaclis at 209-10°, 
although Bertheim found that on rapid heating it mc·lted at 185 0 with 
foaming, then resolidified and did not lllelt again below 245 0. Its 
rnlciuIn, copper and silver salts arc ini'oluble in water. 

OR 
/ 

4-J1fcthoxy-3-hydroxyphcny!u)'sollic acid, H 20 3AsC6H 3 is 

"-OCRa 
produced from 5-nitroguaiacol by first reducing with tin and hydro
chloric ncid, dinzotizing the re,.:ulting solution with sodium nitrite and 
then coupling with arsenious acid in alknline solution. The product 
crystallizes from water with one molecule of the solvent as short, 
fh;ttened pri"ms, m. p. 189 0 

; sparingly soluble in alcohol or the other usual 
organic soh·ents. The mnmonincal solutio]) yields a precipitate with 
calcium chloride, whil,' warming with hypophosphorous acid reduces it 
to the corresponding arseno compound.624 
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2-MethoxY-4-hydroxyphenylarsonic acid is mnde by henting the 
monomethyl ether of resorcinol with arsenic acid on a water bath for 
50 hours. It crystallizes as colorlE'sS crystals, m. p. 209 0

; readily soluble 
in water, glacial acetic acid, methyl or ethyl alcohol, sparingly in 
acetone and insoluble in ether.l1Coo 

3-M ethoxY-4-hydroxyphenylarsonic acid is prepared from 4-nitru
guaiacol like the 4-methoxy-3-hydroxy isomer, and crystallizes with 
one molecule of water as glistening, rhombic prisms which, after drying 
at 110 0

, melt at 190 0
• It is sparingly soluble in cold alcohol or water, 

but readily so in acetic acid ur hot water. The ammoniacal sulution of 
the acid yields a crysblline precipitate of the calcium salt with calcium 
chluride, while warming with dilute hypophosphorous acid yields the 
curresponding arsenu compuund.6

"" 

OCH" 
/ 

,f-Acetoxy-3-1nctlw:rypheltylursonic.: acid, R 20"AsC6R 3 

"'-O.COCR3 
separates from ethyl aeetatc containing a little alcohol as colorless, 
glistening plates meltillg [It 186 0

, easily soluble in water or alcohol but 
sparingly in ether or ethyl acetate.626 

3-AcetoxY-4-methoxyphenylarsonic acid crystallizes from benzene 
containing a little alcohol in woolly needles gradually decomposing above 
200 0

, readily soluble in water, alcohol or ethyl acetate but very spar
ingly so in benzene or light petroleum.62

' 

OCR3 
/ 

Benzoylguaiacolarsonic acid, RZ03AsCsR3 IS obtained 

"'-O.OCC6H 5 

by oxidizing the corresponding arsineoxide with hydrogen peroxide. It 
r;rystallizes from acetone as odorless needles decomposing at higher 
temperatures without melting, imoluble in ether but i301uble in acetone 
or soda solution.499 

2,4-Dimethoxyphenylarsom:c acid, R 2 0 3AsC6H3 (OCH3) 2, is made 
either by heating resorcinoldimethyl ether with arsenic acid on a water 
bath for eight days,l16O or by treating an alkaline solution of 2,4-dihy
droxyphenylarsonic acid with dimethyl sulfate at 30_500

,1161 The acid 
consists of lustrous needles, lll. p. 242-3° ; readily soluble in water, methyl 
ur ethyl alcohol and in glacial acetic acid but very sparingly in ether. 

3,4-Dimethoxyphenylarsonic acid is formed from aminoverutrole by 
Bart's method, and consists of colorless, rhombic prisms very sparingly 
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soluble in acetone but readily so in alcohol or hot water. When placed 
in a bath at 1700 it finally melts at 192 0

, but when slowly heated it 
sinters and remains unmelted between 180 and 1900 due to the readiness 
with which anhydride formation takes place. Its ammoniacal solution 
yields a precipitate of small needles on boiling with calcium chloride, 
and an amorphous precipitate with magnesia mixture. Warm dilute 
hypophosphorous acid reduces it to the corresponding arseno compound, 
while with hydrobromic acid at 100 0 or with hydrochloric acid at 130-600 
partial decomposition results.627 

15. Halogenated Hydroxy Aryl Arsonic Acids.-3-Chloro-4-hydroxy
Cl 

/ 
phenyl arsonic acid, H20aAsCaHa , is made by diazotizing 3-amino-

'" OH 
4-hydroxyphenylarsonic acid, and boiling the diazo compound with a 
hydrochloric acid solution of cupric chloride until the evolution of 
nitrogen has ceased. The whole is then treated with hot alkali, acidified 
and concentrated.1162 

C12 

3,5-Dichloro-4-hydroxyphenylarsonic acid, 
;{ 

H20aAsC6H2 is 

'" OH 
formed along with some trichlorophenol upon treating sodium 4-hydroxy
phenylarsonate with sodium hypochlorite and subsequently acidifying 
with hydrochloric acid. The admixture of trichlorophenol is removed 
with ether. The above arsonic acid forms prisms which do not melt 
below 260 0

, are readily soluble in acetone, methyl or ethyl alcohol, 
sparingly in water and insoluble in ether or chloroform.1163 

3,5-Dibromo-4-hydroxyphenylarsonic acid is similarly prepared em
ploying sodium hypobromite.11G3 

3,5-Diiodo-4-hydroxyphenylarsonic add may be obtained by allow
ing p-hydroxyphenylarsonic acid to react with potassium iodide, potas
sium iodate and sulfuric acid at water-bath temperature. It is a 
crystalline substance readily soluble in methyl alcohol but slightly so 
in ethyl alcohol, acetone or acetic acid. It does not melt below 260 0

, 

and decomposes at higher temperature with liberation of iodine. llG3 

16. Nitro Hydroxyaryl Arsonic Acids.-Unlike the amino arsonic 
acids, the corresponding hydroxy acids may be readily nitrated in the 
usual manner, yielding mono- or dinitro hydroxy arsonic acids, depend
ing upon the quantity of nitrating acid used and the temperature. The 
mononitro derivatives. may also be prepared from nitroaminophenol 
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by Bart's method; from either nitroaminoarsonic acids containing the 
nitro and amino groups in ortho position to each other, or nitrodimethyl
amino acids by warming with concentrated caustic alkalis; or by 
hydrolyzing nitromethoxyarsonic acids with aqueous soda. 

The products are yellowish crystalline solids soluble in alkalis, glacial 
acetic acid, acetone, methyl or ethyl alcohol or hot water, sparingly in 
cold water or mineral acids and insoluble in ether, benzene or ethyl 
acetate. In many cases they yield brominated phenols on treatment 
with bromine, the arsenic being entirely split off. With mild reducing 
agents, such as sodium amalgam in methyl alcoholic solution or sodium 
hydrosulfite at 0°, they yield aminohydroxyarsonic acids; with stronger 
reagents, e. g., hypophosphorous acid or stannous chloride-hydrochloric 
acid at low temperature, dinitrodihydroxyarseno compounds are ob
tained, while upon more intense reduction, as with sodium hydrosulfite 
at 50-60°, the products are diaminodihydroxyarseno derivatives. 

The O-substituted derivatives may be obtained either like the unsub
stituted compounds or from the latter by the methods usually employed 
in the preparation of similar phenolic compounds. 

OH 
/ 

4-Nitro-£-hydroxyphenylarsonic acid, H203AsCsH3 , is made by 

"-NOz 
Bart's method from 3-nitro-6-aminophenol, and isolated through its 
magnesium salt. It separates from hot water as crystals decomposing 
at 250°, and readily soluble in water, glacial acetic acid, acetone, methyl 
or ethyl alcohol. The nitro group may be reduced with iron filings 
and dilute acetic acidY64 

5-Nitro-2-hydroxyphenylarsonic acid is prepared from l-amino-2-
hydroxy-5-nitrobenzene by Bart's reaction; 86 or by warming 4-nitro
anilinearsonic acid with concentrated caustic potash solution at 90-5°, 
and isolating the acid through its potassium salt 1165 in the form of 
amber-colored crystals readily soluble in ammonia, caustic alkalis, 
sodium carbonate or acetate, acetone, acetic acid, hot water, methyl or 
ethyl alcohol, sparingly soluble in the latter three solvents when cold 
nnd insoluble in ether. It melts with decomposition at 247-8°, and may 
be reduced by means of sodium hydrosulfite to the corresponding diamino 
arseno compound. 

2-Nitro-3-hydroxyphenylarsonic acid is obtained by heating 2-nitro-
3-aminophenylarsonic acid with concentrated potassium hydroxide solu
tion. It may be reduced to the arseno compound as above.724 

3-Nitro-4-hydroxyphenylarsonic acid is of considerable practical im
portance, as it is the final intermediate product in the preparation of 
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arsphenamine base. It may be produced in a variety of ways-144 g. 
of dry monosodium-4-hydroxyphenylarsonate is disf'olved in 450 C.c. of 
concentrated sulfuric acid at low temperature and treated with a mixture 
of 39 C.c. of nitric acid (d, 1.4) and 39 C.c. of concentrated sulfuric acid 
at 0°. After allowing to stand for several hours at 10°, and subse
quently pouring into 2250 C.c. of cold water, the whole is again allowed 
to stand for 24-48 hours, whereupon the product separates out. This 
is filtered, washed free of sulfuric acid with a saturated sodium chloride 
solution, and the latter removed with water.11SS 

By another method 3-nitro-4-aminophenylarsonic acid is warmed 
with concentrated caustic potash at 80° until it can no longer be diazo
tized. The solution is then diluted with water, enough hydrochloric 
acid added so that it does not react alkaline to turmeric and finally 
filtered. On acidifying the solution with an excess of hydrochloric acid 
nnd allowing to stand for 24 hours, the nitro acid separates outP67 

A third method C'onsists in heating a solution of 500 g. of 3-nitro-
4-dimethylaminophenylarsonic acid in aqueous caustic potash (500 g. 
of potash in 1500 C.c. of water) at 80-90° until the mixture becomes 
almost solid. Two liters of icc water followed by concentrated hydro
chloric acid are then added, the resulting precipitate dissolved in hot 
water, filtered, and the liquid treated with sodium acetate and animal 
charcoal. The final product separates on acidifying the filtrate with 
hydrochloric acid.1l68 A similar procedure for obtaining the compound, 
using caustic soda instead of potash, has also been described.614 

According to a fourth method, a solution of 3-nitro-4-mcthoxyphenyl
arsonic acid in 15 per cent aqueous soda is heated on a water-bath, and 
subsequently treated with hydrochloric acidY69 • 

Finally, the desired arsonic acid is formed upon treating o-nitro
p-aminophenol either according to Bart's original method 86 or Mouney
rat's modification thereo£.S9 

When recrystallized from water the acid separates eithp~ ~o tufts 
of almost colorless needles, or yellow, rhombohedral plates which 
deflagrate on heating, are rendily soluble in methyl or ethyl alcohol, 
glacial or 50 per cent acetic acid, acetone or alkali, sparingly soluble 
in cold water, less soluble in dilute mineral acids and insoluble in ether 
or ethyl acetate. It is moderately soluble in hot water with a yellow 
color which almost entirely disappears upon the addition of mineral 
acids. With sodium amalgam in methyl alcoholic medium or sodium 
hydro sulfite at 0°, it yields 3-amino-4-hydroxyphenylarsonic acid; with 
hypophosphorous acid in aqueous medium or with stannous chloride
hydrochloric acid in methyl alcoholic solution at low temperature there 
is formed 3,3' -dinitro-4-,4' -uihydroxyarsenobenzene, while with sodium 
hydrosulfite at 55-60°, 3,3' -diamino-4,4' -dihydroxyarsenobenzene is 
'}btained. 

The acid forms three series of salts with alkalis--a mono-, di- and 
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trimeta1lic salt, depending on whether one, two or three molecular pro
portions of alkali are employed, They are all precipitated from solu
tion by alcohol. The aqueous solution of the pale yellow monosodium 
salt has an acid reaction, and yields the corresponding sesquisulfide with 
hydrogen sulfide, but an unidentified brown product with sodium sulfide 
in alkaline solution.lIeu The disodium salt is orange and has a neutral 
reaction, while the trisodium salt exists in two forms, colored orange and 
beautiful red respectively, the latter probably possessing a quinoid aci 
formula. 466 Both varieties may be easily converted one into the other
the red into the orange modification by simply heating in the dry state, 
and the orange into the red compound by warming with alcohol in the 
presence of an excess of alkalis. The aqueous solutions of both varieties 
react 'alkaline to litmus and neutral to phenolphthalein. 

CHa 

3-Nitro-4-hydroxy-2-methylphcnylarsonic 
. / 

aCid, HzOsAsCaH2 - OR , 

"'- NO~ 
results on nitrating 4-hydroxy-2-methylphenylarsonic acid with one 
molecular proportion of nitric acid. \Vhen warmed with concentrated 
aqueous sodium hydroxide no stilbene compound is formed,1l71 

5-Nitro-4-hydroxy-3-methylphenylaTsonic acid is prepared by nitrat
ing o-cresolarsonic aciel; 1m or by warming either 3-nitro-4-amino-5-
methylphenylarsonic acid 1173. 4"" or 3-nitro-4-chloro-5-methylphenylar
:,;onic aciel 90e with concentrated alkali. 'Yhen crystallized rapidly from 
boiling water it forms clusters of slender, yellow needles, but on crystal
lizing slowly from 50 per cent acetic acid, there are obtained well-defineu 
rhombic prisms. Both nlrieties decompose at 310° with explosive vio
lence. 

3-NitTo~4-hydroxy(1nthraquinonearsonic acid, 

CO OH 
/ "'- / 

CCH4 C6H - NOz 

"'- / "'-CO AsOsH2 

is obtained by dissolving 4-hydroxyanthraquinonearsonic acid in sulfuric 
acid monohydrate and nitrating with a nitric-sulfuric acid mixture at 0-5 0

• 

1 t crystallizes from boiling glacial acetic acid as yellow needles decompos
ing indefinitely at about 230 0

, and turning red in contact with even traces 
of alkalis. The compound is almost insoluble in water, methyl or ethyl 
alcohol, slightly soluble in boiling glacial acetic acid, dissolves in con
centrated sulfuric acid to a yellow solution, and forms a red solution 
with dilute aqueous alkali, sodium carbonate or acetate. vVhen sodium 
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amalgam is added to the red alkaline solution it gradually turns violet; 
on acidulating this solution brownish-violet flakes are precipitated.1174 

(N02)2 
II 

3,5-Dinitro-2-hydroxyphcnylarsonic acid, H 20 gAsCsH2 is 

""-OH 
made by nitrating 5-nitro-2-hydroxyphenylarsonic acid at 0-5 0

, and 
crystallizes from hot water in pale yellow needles, m. p. 237 0

• Its 
alkaline solution has a deeper yellow color than the mononitro com
pound, from whieh it is distinguished by the deep red coloration pro
duced by a very emaIl amount of sodium hydrosulfite added to its 
alkaline solution.723 

3,5-Dinitro-4-hydroxyphenylarsonic acid results either upon nitrating 
4-hydroxyphenylarsonic acid with an excess of nitric acid (d, 1.52) at 
15-20° ,1172 or upon heating 3,5-dinitro-4-aminophenylarsonic acid with 
10 per cent caustic potash solution.l175 It forms yellow, rhombohedral 
plates which deflngratc on heating and are readily soluble in hot water 
or methyl alcohol. Its aqueous solution has a deeper color than that of 
the 3-nitrohydroxy acid, and it may be detected in the presence of the 
latter by the deep red coloration produced upon adding a small amount 
of sodium hydrosulfite to an alkaline solution of the mixture. The yel
low color it imparts to wool is more intense than that imparted by the 
preceding isomer. Heating with 40-50 per cent caustic potash at 90-100° 
decomposes it with the evolution of ammonia. 

Its sodium salt forms yellow needles; the potassium salt consists of 
orange-red crystals. 

3,5-Dinitro-4-hydroxy-2-meth ylphenylarsonic acid, 

(N02)2 
II 

H20 3As06H - OH 

""-OHg 

obtained by nitrating 4-hydroxy-2-methylphenylarsonic acid with 2 
moles of nitric acid in concentrated sulfuric acid medium, crystallizes 
from water as hydrous yellow needles which turn white on dehydration. 
When warmed with concentrated aqueous caustic soda it yields a stil-
bene dye.591 

(OH)2 
II 

5 - Nitro - 2,4- - dihydroxyphenylarsonic acid, HzOsAsCeH2 

""-NOz 
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which results upon nitrating the corresponding dihydroxyarsonic acid 
below 0°, crystallizes from water in the form of pale yellow needles 
containing 2HeO. The anhydrous compound is colorless, melts at 223 0 

with decomposition, is readily soluble in alcohol, glacial acetic acid or 
hot water, sparingly soluble in cold water and insoluble in ether or 
benzene. With ferric chloride solution it yields a red coloration. With 
bromine in glacial acetic acid the arsenic is split off, 2,6-dibromo-4-
nitroresorcinol being formedY49 

(NO")" 
II 

3,5-Dinitro-2A-dihydTOxyphenylarsonic acid, H"O"AsCeH 
~ 
~OH)" 

re~ults on nitrating resorcinolarsonic acid at 60°. It separates from 
water as yellow CTystals melting with decomposition at 206 0

, soluble 
in water, alcohol or acetone, but less so in glacial acetic acid. It gi,·es 
a deep orange color with ferric chloride, while with bromine in alcoholic 
solution, 2,4-dinitro-6-bromoresorcinol results.11 ,e 

3,7 -Dinitro-4,8-dihydroxyanthraquinone-l ,5-diarsonic acid, 

OH AsOsH2 

/"'-. CO /"'-. 
/ "'-./ "'-./ "'-. 

O,N

1 

I I I 
"'-. /I_CO-\ ) NO" 

"'-./ "'-./ 
H 20sAs OH 

is formed upon treating 4,8-dihydroxyanthraquinonediarsonic acid with 
a nitrating mixture at 16-20°, warming at 25-30° for four hours, then 
raising the temperature to 80°, and finally precipitating in water. It is 
a greenish-yellow, microcrystalline powder which is soluble in con
centrated sulfuric acid, N-caustic soda or 2N-sodium carbonate, dif
ficultly so in water, methyl or ethyl alcohol and insoluble in N-hydro
(·hloric or glacial acetic acid. Sodium amalgam changes the yellowish
red color of its alkaline solution to violet, the diamino compound 
heing formed, while with sodium hydrosulfite the same alkaline solution 
YIelds a red vat-dye which on exposure to air beeomes bright blue. 
On the other hand, when a hot solution of the acid in sodium acetate 
is treated with sodium hydrosulfite there is obtained a brownish-violet 
precipitate which dissoh·es in caustic alkalis with a blue color. 

The disodium salt is a violet powder soluble in water or 50 per cent 
aeetic acid but insoluble in methyl or ethyl alcohol. With N-caustic 
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soda it forms a yellowish-red solution from which alcohol precipitates 
a beautiful bluish-red salt. ll ;' 

5,5' -Dinitro-4.,4' -dihydroxy-2,2' -stilbenediarsonic acid, 

H e0 3As AsOaH 2 

'" / OeN - CSH2 . CH = HC. CsHe - N02 

/ '" HO OH 

results upon warming 4,4' -dichloro-5,5' -dinitro-2,2' -stilbenediarsonic 
aeid with sodium hydroxide and sodium hypochlorite solutions on a 
water-bath for several hours. 7S \) 

N02 

/ 
4-Nitro-2-methoxyphenylarsonic (lcid, H20sAsCeHa. , prepared 

'" OOHa 
from 4-nitro-o-allisidillC by Bart's method, crystallizes from 90 per cent 
alcohol in pale yellow needles which do not melt below 2500

.151 

3-Nitro-4-methoxyphenylarsonic acid may be produced by nitrating 
4-methoxyphenylarsonic aeid at - 8° to 0° and precipitating the product 
with ice; 11S9, 110" by methylating 3-nitro-4-hydroxyphenylarsonic 
acid; 1179 or by treating 4-methoxy-m-nitroalliline according to Mouney
rat's modification of Burt's method. sD It forms yellowish-white crystals 
sparingly soluble in ('old water, though more so on heating, slightly 
soluble in methyl aleohol, and dissolving in alkalis to form yellowish 
salts. The acid begins to decompose above 290°. 

N02 

/ 
3-Nitro-4-ethoxyphenylarsullic acid, H20aAsOeHa can be 

'" 002H 5 

made by either nitrating 4-ethoxyphenylarsonic acid,1169 or from 
4-ethoxy-m-nitroaniline by Mouneyrat's modification of Bart's method.8s 

3-Nitro-4-methoxy-5-methylphenylarsonic acid, 

N02 

/ 
H"OsAsOeH2 - OOHa. 

'" OHa 
Pale yellow needles obtained by nitrating 4-methoxy-5-methylphenyl
arsonic acid, allowing thc temperature to rise to 15° and precipitating 
in water,uso 
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(3-Nitrophenyl-4-arsonic acid) hydroxyacetic acid, 

(H20 aAs) (02N) C6H 30CH2COOH, 

is made by nitrating the corresponding arsonic acid in the usual way, 
allowing the temperature to rise to 20° and precipitating in water. It 
forms coarse yellow prisms yery soluble in hot water but quite difficultly 
so in cold."80 

p-Toluenesulfonic acid ester of 3-nitro-4-hydroxyphenylarsonic acid, 
CHa. C6H 4S02. o. C6Ha (N02) AsOaH 2 , is prepared by dissolying 3-nitro-
4-hydroxyphenylarsonic acid in dilute sodium carbonate solution, digest
ing with p-toluenesulfonic chloride at 70°, and precipitating in ice 
cold dilute hydrochloric acid. It consists of bright, lustrous leaflets, 
m. p. 171 0; readily soluble in caustic alkalis, aqueous sodium bicar
bonate, methyl or ethyl alcohol, warm acetone or glacial acetic acid, 
sparingly so in ethyl aeetate and practically insoluble in water. It can 
be readily diazotized.1181 

5-Nitro-4-acetoxy-3-mcthylphcnylarsonic acid, 

N02 

/ 
H"OaAsC6H2 - CHs 

"- O.COCHs 
is obtained by acetylating the corresponding hydroxy arsonic acid with 
acetic anhydride in the presence of a trace of pyridine. It exists as 
colorless, spherical, anhydrous nodules fairly readily soluble in methyl 
or ethyl alcohol or boiling water, but only sparingly in cold water or 
ethyl acetate.1182 

5-Nitro-4-mcthoxy-3-hydroxyphenylarsonic acid, 

N02 

/ 
H C0 3 AsC 6 H c - on 

"- OCRs 

formed upon nitrating the ('orre"pouding arsonic acid, crystallizes from 
water, in which it is sparingly soluble, in stellate clusters of prismatic 
needles melting at 252° with preliminary darkening. Reduction with 
warm hypophosphorous acid yields the corresponding arseno compound, 
but with sodium hydrosulfite there is formed a brick red substance which 
contains two atoms of arsenic attached to each benzene nucleus, and 
whose exact structure has not been defiOnitely ascertained.624 

5-Nitro-2-methoxY-4-hydroxyphcnylarsonic acid is formed on nitrat
ing 2-methoxy-4-hydroxyphenylarsonic acid with nitric-glacial acetic 
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acids in glacial acetic acid medium. It forms pale yellow scales sparingly 
soluble in water, methyl or ethyl aleohol or glacial acetic acid.625 

5-N itro-3-methoxY-4-hydroxyphenylarsonic acid is made by nitrating 
the 3-methoxy-4-hydroxy compound in the usual way, and neutralizing 
the bulk of the mineral acid with anhydrous soda. It crystallizes from 
hot water as glistening leaflets which decompose gradually above 260 0 

without melting. Warming with dilute hypophosphorous acid produces 
the corresponding nitroarseno compound, but hydrosulfite in alkaline 
solution reduces the nitro group as well.ss1 

5-N itro-2,4-dirncthoxyphenyla1'8onic acid, H zOgAsC6H z 

(OCHS)2 
II 

"- NOz 
-Feathery needles with a slight tinge of greenish yellow, which are pro
duced by nitrating the dimethoxyarsonic acid,11so 

5-Nitl'o-3,4-dirnethoxyphenylal'sonic acid is prepared by nitrating the 
corresponding dimethoxy acid at low temperature, and may be crystal
lized from boiling water in clusters of minute needles melting with de
composition at 236°. On heating with concentrated hydrochloric acid 
at 1300

, hydrolysis of the methoxy groups occurs, whereas boiling with 
the same reagent at 160° decomposes the compound. 

The monosodium salt crystallizes with 6HzO as glistening, flattened 
prisms which lose their luster when drien in air, while the acid barium 
salt crystallizes with only three molecules of water in the form of faintly 
yellow needles.62

' 

Cl 
/ 

5-Chloro-3-nitl'o-4-hydl'oxyphenylal'sonic acid, H203AsCsHz - NOz, 

"-OH 
is produced by nitrating 5-chloro-4-h~'droxyphenylarsonic acid at 0°. 
On reduction with sodium hydrosulfite it yields the corresponding 
arseno compound.lI83 

5-Iodo-3-nitro-4-hydroxyphenylarsonic acid is obtained by adding an 
aqueous solution of iodine and potassium iodide in small portions to an 
aqueous suspension of 5-acetoxymercuri-3-nitro-4-hydroxyphenylarsonic 
acid contained in a glass-stoppered bottle, which is vigorously shaken 
after each addition until the color of the iodine is completely discharged. 
The mixture is then filtered ana precipitated with dilute sulfuric acid. 
The product is u very hygroseopic, light yellow powder insoluble in 
water, alcohol or ether but soluble in acetone, dilute sodium hydroxide 
or carbonate solutionys4 
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17. Amino Hydroxy Aryl Arsonic Acids.-The members of this group 
are obtained: 

1. By reducing the corresponding nitro acids with na:::;cent hydrogen 
(from sodium amalgam and meth:d all'ohol, iron filings and dilute 
acetic acid, sodium hydrosulfite at 0°, or by electrolysis). 

2. From nitroflminoarsonic acids, in which the N02 and NH2 groups 
are in ortho position to each other, by diazotizing with sodium nitrite, 
replacing the N02 by an OH with sodium acetate, coupling with an 
azo component like ~-naphthol, and redueing the resulting dye with 
either sodium hydrosulfite or aluminium powdcr: 

3. Upon oxidizing diaminodihydroxyarsenobenzenes with hydrogen 
peroxide or iodine 111 alkaline solution: 

HzN NH2 '" / RAs=AsR 

/ '" HO OH 

4. By similarly oxidizing the corresponding arsineoxides: 

H2N AS03H2 

'" / RAsO+O+H20 -~ R-NH2 

RO/ "'OR 

The. amino hydroxy arsonic acids are generally crystalline solids 
soluble in excess of dilute alkalis or mineral acids, more or less soluble 
in water, methyl or ethyl alcohol and generally insoluble in the other 
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organic solvents. They may be reduced to the arsine oxides by sulfur 
dioxide in the prescnce of a slight amount of hydriodic acid as a catalyst, 
while stronger reducing agents, like sodium hydrosulfitc, reduce them 
to the corresponding diamino dihydroxy arsenobenzenes. The alkaline 
solutions of 3-amino-4-hydroxy- and 3,5-diamino-4-hydroxyphenyl
arsonic acids darken on exposure to air, anci also reduce ammoniacal 
silver solution. 

The N-substituted deri,'uti,'es mar be prepared from the amino acids 
by the methods usually cmployed with ordinary amines; by reducing 
the corresponding nitro aciG~' from the corresponding substituted amino
phenols by the Bechamp reaction; or by applying Bart's reaction or 
Mouneyrat's modification of ~ame to N -mono~ubstituted diaminophenols. 
They are generally crystulline compounds soluble in alkalis. Mineral 
acids dissolye all of' the alkylated, and some of the acylnted derivatives. 

The O-substituted derivatives, prepared by reducing the correspond
ing nitro acids, are crystalline, water-soluble products which behave 
like arsonic acids, amines and substituted phenols. 

Although the free amino hydroxy arsonic acids themselves cannot 
be nitrated, their N- or O-substituted derivatives, or those compounds 
containing substituents in both the amino and hydroxyl groups, can be 
readily converted into the corresponding nitro derivatiYes, which upon 
hydrolysis yield either nitro amino hydroxy- or o-substituted nitro 
amino hydroxy arsonic acids. 

OH 
/ 

4-Amino-2-hydroxyphenylarsonic acid, H 20 3AsC6H 3 , may be 

'" NH2 
prepared either by reducing the corresponding nitro acid with Iron 
filings and dilute acetic acid; 1164 or by boiling the corresponding C:1r
bethoxy compound with dilute caustic soda solution and precipitating 
with sulfuric acid.G3U The product is readily soluble in water, methyl 
or ethyl alcohol, sparingly in acctone and insoluble in ether or hydro
carbons. It melts at 173 0

, and yields the ('arbcthm.,'y deriyati\'e when 
treated with ethyl chlorocarbonate. 

4-Amino-3-hydroxyphenylal'sonic acid is obtained by diazotizing 
3-nitro-4-aminopheny larsonic acid, treating with sodium acetate solu
tion, and warming the mixture at 18° until eoupling with R-salt no 
longer occurs. The diazo solution is then coupled with alkaline ~-naph
thol and the resulting azo dye isolated by ncutralizing with hydro
chloric acid and saturating ,yith 80dium ('hloride. The azo compound 
is now reduced ,viti! sodium hydrosulfite in alkaline solution, the pre
cipitate of 1-amino-2-naphthol filtered off, and the excess hydro sulfite 
in the filtrate oxidized by a current of air. The liquid is then con-
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centrated and neutralized with sulfuric [lcid, whereupon the ammo 
hydroxy arsonic acid separates as a fine, crystalline rmnler. Imtearl 
of reducing the above azo compound with sodium h~'drosulfite. aluminium 
powder may be used in alkaline solution at 40-60°. 

The acid is readily soluble in alkali hydroxides or carbonate", 
ammonia, sodium acebte or an excess of dilute mineral acids, sparingly 
so in cold water or alcohol and insoluble in ether. 'Yith sodium hypo
chlorite in alkaline solution a green coloration results, but in acid 
solution the coloration is dull red. On reduction with an excess of 
sodium hydrosulfite the corresponding arseno compound is obtained. 

The monosodium salt, (H2N) (HO)CsH 3As03 HNa.5H20, consists of 
lustrous scales readily soluble in water. On adding silver nitrate to 
its aqueous solution there separates a white, curdy precipitate of the 
siln'r salt which dissolves in ammonia or nitric acid. Magnesia mix
ture in ammoniacal solution produces a precipitate only upon warming) 1 s.> 

3-Amino-4-hydroxyphcnylal'sonic acid may be produced in a num
ber of ways. A solution of the corresponding nitro hydroxy acid in 
methyl alcohol is treated with sodium amalgam until the evolution of 
hydrogen ceases, and after distilling off the alcohol the residue is taken 
up with water, separated from the metallic mercury and treated with 
an excess of hydrochloric acid. The next day the impurities are re
moved by filtration, the liquid boiled with charcoal nnd rendered neutral 
to congo with caustic soda. The precipitation of the amino derivative 
is then completed by the addition of acetic acid.1186 

Other methods of reduction consist in subjecting an nlknline solu
tion of the 3-nitro-4-hydroxy acid to electrolysis,1169 boiling with ferrous 
sulfate,947 or treatment with sodium hydrosulfite in the presence of 
magnesium chloride at 00YS7 The snme product may nlso be obtained 
by oxidizing either an alkaline solution of arsphenamine base with 
hydrogen peroxide at low temperature,1188 or an aqueous solution of 
arsphenamine with iodine solution.1189 

The pure acid exists as practically colorless prisms readily soluble 
in excess of alkalis or mineral acids, sparingly in water, insoluble in 
the usual. organic solycnts, and decomposing at about 290° with pre
liminary darkening and softening. Its nlknline solution becomes dark 
brown on exposure to air; with alkaline hypochlorite solution it yields 
a deep green coloration, while the addition of a drop of potassium bi
chromate solution to a dilute mineral acid solution of the amino 
hydroxy acid produces it beautiful red color. Furthermore, the acid 
reduces ammoniacal sih'er solution, slowly in the cold but more readily 
upon warming, and is itself reduced to the corresponding arsineoxide 
by the action of "ulfurous Hcid in the presence of hydriodic acid. The 
monosodium salt <Tystallizes with one or two molecules of water, and is 
readily soluble in water. 
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3-Amino-4-hydroxy-5-methylphenylarsonic acid, 

CR3 

/ 
RZ03AsCGRz - NRz, 

"'- OR 

is prepared by reducing the corresponding nitro acid with sodium hydro
sulfite in alkaline solution. It is soluble in watrr, and may be salted 
out from aqueous solution b~' means of E'odium rhloride."190 

3-A mino-,~-h ydroxyanthraquinonearsonic acid, 

is made by reducing the corresponding nitro derivative with sodium 
amalgam at 65°, and is purified through its sodium salt. It separates as 
violet, silky crystals melting indefinitely at about 265°, readily soluble 
in ammonia, N-caustir soda, 2N-soda, ronrentrated sulfuric or hot 5N
hydrorhloric acid, and in boiling 2N-sodium acetate solution, difficultly 
soluble in glacial acetic aeid and insoluble in water, alcohol or N-hydro
chloric acid. On adding aleohol to its alkaline solution there separates 
a blue-violet sodium salt ,yhich disROlves in water with a fuchsin red 
color, while with magnesia mixture in ammoniacal solution a red-violet 
precipitate is formed. The acid may be diazotized, and the resulting 
diazo compound roupled with alkaline solutions of R-salt or resorcin, 
yielding violet and blue colorationi' respectively. On treating the alkaline 
solution of the an30nic acid with sodium hydrosulfite there is formed 
an orange-colored vat-dye whirh immediately turns yiolet on filter 
paper."191 

(OR)" 

5-Amino-2,4-dihydroxyphenylarsonic acid, RZ0 3AsCGR2 
f 

"'- NRz 
obtained by reducing the corresponding nitro compound with sodium 
hydrosulfite, forms aggregates of needles containing one molecule of 
water of crystallization. It is soluble in alkalis or mineral acids but 
yery sparingly in water, glacial acetic acid, acetone, methyl or ethyl 
alcohol. Its alkaline solution turns blue on exposure to air due to 
the formation of nn indophenol dye. The amino acid reduces ammoniacal 
silver nitrate at ordinury temperatures, and can be readily diazotized, 
yielding a blue-red compound when coupled with resorcin.1192 
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(NR2)2 

3,o-Diamino-4-hydroxyphenylarsonic acid, R20aAsC6H2 
II 

"- (OR) 
is formed upon reducing the corresponding dinitro compound with 
sodium hydrosulfite at low temperature. It crystallizes in white needles 
which darken during purification, are decomposed above 1700 with
out melting, dissolve in alkalis or dilute mineral acids but not in methyl 
or ethyl alcohol, ether, acetone, chloroform or benzene. Its alkaline 
solution darkens on exposure to air.u93 

3,5-Diamino-2,4-dihydroxyphenylarsonic acid, 

(NH2)2 

R20aAsC6H 
II 

" (OR)z 

In this case the reduction of the corresponding dinitro dihydroxy acid 
I is effected by means of stannous e-hloride and hydrochloric acid at 

35_400
•635 

3,7 -Diamino-4,8-dihydroxyanthraquinone-l ,5-diaTsonic acid, 

HO As03H" 
/"- CO /"-

R N/ "-/ "-/ "-

2 I I I I, 
"- /"- A /NR2 

"-/ co "-/ 
HZ03As OR 

is produced by reducing an alkaline solution of the corresponding dinitro 
compound with sodium amalgam at 5,1'5 0

, and purifying through its 
sodium salt. The diarsonic acid is a dark brown to blaek-violet powder 
with a metallic luster, soluble in concentrated sulfuric acid, ammonia, 
2N-soda or N-sodium hydroxide, almost insoluble in boiling water or 
glacial acetic acid and completely so in methyl or ethyl alcohol. When 
its sulfuric acid solution is strongly diluted with water, and the sus
pension of the precipitated red-violet flakes treated with sodium nitrite, 
a wine red diazo solution is obtained which couples green with a solu
tion of resorcin in soda. The ammoniacal solution of the acid gives a 
blue-violet precipitate with magnesia mixture, and one of pure blue 
with calcium chloride. With sodium hydrosulfite in alkaline solution 
there is formed an orange-yellow yat-dye, which bee-ames red-violet 
on exposure to air.1194 
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4-Acetylamino-S-hydroxyphenylarsonic acid, 

OH 
/ 

H20aAsCsH3 

'" NH.COCH" 

prepared by acetylating the corresponding amino acid, forms colorless 
needles easily soluble in hot methyl alcohol, water, N-hydrochloric 
acid, sodium carbonate or acetate solution but difficultly soluble in 
cold N-hydrochloric acid. It hydrolyzes on boiling.119ii 

3-Acetylamino-4-hydroxyphenylarsonic acid is an almost colorless, 
crystalline substance soluble in dilute alkalis but insoluble in hydro
chloric or acetic acid or the usual organic solvents.11n6 

3,5-Di (acetylamino) -4-hydroxyphenylarsonic acid, 

OH 
/ 

H 20 3AsC6H 2 

~ 
(NH. COCHs) 2 

is a pale brown, crystalline substance soluble in alkalis but insoluble 
in water, mineral acids or the usual organic solyents. It is prepared by 
acetylating the corresponding diamino acid.B33 

5 -Acety lamino-2,4 -dih ydroxyphen y larsonic acid, 

(OH)2 
If 

H 2 0 aAsC6H 2 

'" NH.COCHa 

similarly prepared, is soluble in water or concentrated hydrochloric acid 
but sparingly in the usual organic solnnts.B3{ 

4-Carbethoxyarnino-2-hydroxyphenylarsonic acid, 

OH 
/ 

H20aAsCsHa 

'" NH.COOC2H 5 

may be obtained either by treating 4-amino-2-hydroxyphenylarsonic 
acid with ethyl chlorocarbonate in alkaline solution,1164 or by heating 
3-carbethoxyaminophenol with arsenic acid on the water-bath for a 
week, and isolating the product through the ammonium salt.1197 The 
acid melts with decomposition at 213 0

, is readily soluble in methyl 
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or ethyl alcohol, glacial acetic acid, concentrated hydrochloric acid or 
hot water, but sparingly in cold water, acetone, benzene or ether. On 
boiling with concentrated sodium hydroxicte solution the carbethoxy 
group is split off. 

3-C arbethoxyamino-4-hydroxYlihenylarsonic acid is produced from 
3-amino-4-hydroxyphenylarsonic acid and ethyl chlorocarbonate as in 
the preceding iSOll1er,G38 or from 1-amino-3-carbethoxyamino-4-hydroxy
benzene either by Bart's method,1144 or Mouneyrat's modification. 8D 

The product may be recrystallized from water, and dissol"es in alkalis, 
methyl or ethyl alcohol, but is insoluble in acids, ether or benzene. 

3-Carbamido-4-hydroxyphenylarsonic acid, 

OH 
/ 

H20 3AsCeHg 

'" NH.CONH2 
results upon treating an alkaline solution of 3-amino-4-hydroxyphenyl
arsonic acid with potassium cyanate and glacial acetic acid, and allow
ing the mixture to stand over night. The product is then precipitated 
by adding hydrochloric acid.63s 

3-M ethylamino-4-hydroxyphenylarsonic acid, 

OH 
/ 

H 20 gAsCaH s 

'" NH.CHa 
separates on treating an alkaline solution of the amino hydroxy acid 
with dimethylsulfate (0.5 mole), and subsequently acidifying with a 
mixture of hydrochloric and acetic acids. It crystallizes from water 
with ~H20 in fan-shaped groups of needles melting with decomposition 
at 263-263.5°, easily soluble in methyl or ethyl alcohol, 50 per cent or hot 
glacial acetic acid, readily in water, alkalis or aqueous mineral acids, 
slightly in acetone and insoluble in ether. Its aqueous solutions must 
be concentrated in "acuo and at low temperature as otherwise de
composition occurs.l1BB 

4-Dimethylamino-2-hydroxyphenylarsonic acid, 

OH 

H20 3AsCeH 3 

/ 

'" N(CHg )2 
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is obtained from 4-dimethylamino-2-nitrophenylarsonic acid by simply 
heating with 40% sulfuric acid and subsequently rendering almost neu
tral with sodium carbonate; by treating the sulfuric acid solution of 
the same nitro compound with either copper powder or urea; or by 
warming its alkaline solution with ferrous sulfate. The product is 
easily soluble in water, dilute alkalis and in \'ery dilute sulfuric or 
acetic acidY 9G 

3-Dirnethylamino-4-hydroxyphcnularsonic acid is prepared by treat
ing an alkaline solution of the amino hydroxy l'ompound with two moles 
of dimethylsulfate. It separates from water as compact crystals which 
when dried in a desiccator change to a delicate, faintly colored, crystalline 
powder very easily soluble in methyl alcohol, easily soluble in hot 
water, alcohol, glacial or 50% acetic acid, alkalis or aqueous mineral 
acids, moderately so in cold water, sparingly in acetone and insoluble 
in ether. On rapid heating it softens at about 119° and melts with 
foaming at 119-21 0, turning reddish-brown at the same time.12Oo 

3-Trirnethy [ammonium -4 -h y drox yphenylarsonic acid, 

3-Amino-4-hydroxyphenylarsonic acid (21 g.) is shaken with methyl 
alcohol (210 c.c.), 1ON-sodium hydroxide (9 c.c.) and methyl iodide 
(6 c.c.). After several hours a second addition of the same quantities 
of alkali and methyl iodide is made, and the next day a third. Finally, 
the methyl alcohol is distilled off, and after adding glacial acetic acid 
and alcohol to the residue, the whole is permitted to stand for 24 hours, 
during which time a crystalline precipitate deposits. This consists of a 
mixture of the desired ammonium hydroxide derivative and the quater
nary iodide, which arc separated by recrystallizing the crude product 
from water, the more soluble iodide remaining in the mother liquor, 
while the pure acid separates out as shining, vitreous prisms melting 
with decomposition at 262-4°. It is easily soluble in glacial or 50% 
acetic acid, aqueous alkalis or mineral acids, moderately soluble in water 
with an acid reaction to litmus, sparingly in methyl alcohol and still less 
soluble in ethyl alcohol or acetone. \Vhen warmed for some time 
at 110-14° the acid loses one molecule of water, forming an inner 

N(CH3)3 
/1 

anhydride, H 20 3AsC6H g '" I 1201 

o 
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4-Amino-2-methoxyphenylarsonic acid, H 20 aAsCsH a (NH2 ) (OCHa), 

from the corresponding nitro acid by reduction with ferrous chloride in 
alkaline solution, crystallizes from water in white needles melting with 
decomposition at 203-4°, when heated slowly, and at 208-9° when the 
heating is rapid. It condenses with benzaldehyde and pyruvic acid, 
forming 1- (4' -arsono - 3' - metlloxyphenyl) - 2 - phenyl- 4, 5 - diketopyrrol
idine.151 

4-Amino-3-methoxyphcnylarsonic acid (o-Anisidine-4-arsonic acid). 
-The azo dye obtained from 3-nitro-4-aminophenylarsonic acid (as de
scribed under the preparation of 4-amino-3-hydroxyphenylarsonic acid) 
is ground together with calcined soda, reftuxed with methyl toluene-p
sulfonate and methyl alcohol, and the resulting methylated azo deriva
tive finally reduced with alkaline hydrosulfite. The desired product 
is obtained as long, colorless, shiny needles easily soluble in alkalis, 
mineral or 50% acetic acid, sodium acetate or hot water. Its diazo
derivati"e is colorless, coupling with R-salt to a blue-red coloration.1202 

3-Amino-4-methoxyphenylarsonic acid results upon reducing the cor
responding nitro derivative with sodium amalgam in methyl alcohol 
medium, separating as clusters of colorless needles melting with de
composition at 193 0 

.120 a 

2,4-Diamino-3-methoxyphenylarsonic acid, 

(NH2)2 

H 20 aAsCaH 2 

f 

"- OCHa 
is made by reducing an alkaline solution of 2-nitro-4-amino-3-methoxy
phenylarsonic acid with ferrous chloride, and isolating as the white, 
pulverulent magnesium salt which is hardly soluble in water, but very 
easily so in dilute mineral acids. The latter solution becomes intensely 
yellow on the addition of sodium nitrite, and then couples with R-salt 
to a red, and with resorcin to an orange-colored solution. 'With 4-nitro
diazobenzene in acetic acid solution the above arsonic acid yields a 
yellow-red arsenical dye which dissolves in 2N -sodium carbonate with 
an orange-red color (distinction from the succeeding isomer), while 
with diazosulfanilie acid there is also obtained an arsenical dye soluble 
in soda solution.1204 

4,G-Diamino-3-mcthoxyphenylarsonic acid is similarly prepared from 
6-nitro-4-amino-3-methoxyphenylarsonic acid. It crystallizes in color
less, felted needles vcry casily soluble in alkalis, sodium acetate solu
tion, dilute mineral acids and in hot glacial or 5070 acetic acid, easily 
soluble in hot but difficultly in cold alcohoL Its diazo solution couples 
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intensely blue-red with R-salt, and orange with resorcin. When treated 
with 4-nitrodiazobenzene in acetic acid or sodium acetate solution, the 
arsonic acid yields a vermilion-colored precipitate which contains no 
arsenic and is insoluble in soda or alkali solution. Diazosulfanilic acid 
also readily replaces the arsonic acid residue at ordinary temperature.1205 

5-Amino-2-methoxY-4-hydroxyphenylarsonic acid, 

OCRa 
/ 

R20aAsC6R" - NR2 , 

"- OR 
obtained by reducing the corresponding nitro compound with sodium 
hydrosulfite in alkaline solution, forms aggregates of needles contain
ing 2H20. It is sparingly soluble in water, glacial acetic acid, methyl 
or ethyl alcohol; darkens at 120 0

, and is completely decomposed at 
higher temperatures without melting. Its yellow diazo compound couples 
red with resorcin. The arsonic acid produces a red-brown solution with 
ammoniacal silver nitrate in the cold, but on warming reduction to 
metallic silver occurs .. 625 

(OCH2)2 
ff 

5-Amino-3,4-dimethoxyphenylarsonic acid, H 20 aAsC6H 2 

"- NR2 
is prepared by reducing the corresponding nitro derivative with ferrous 
hydroxide in alkaline solution. It forms radiating clusters of needles 
melting with decomposition at 173 0, readily soluble in dilute mineral 
acids or hot water but sparingly in cold water or alcohol. The hydro
chloric acid solution giyes a bright red coloration with a trace of 
potassium bichromate, and a deep red coloration on treating with 
nitrous acid and adding sodium B-naphthoxide. The aqueous solution 
develops a reddish-brown color with ferric chloride, while the ammoniacal 
solution gins a heavy, crystalline precipitate with calcium chloride. 
On reducing the arsonic acid with hypophosphorous acid a black, un
identified substance containing 93 per cent of arsenic is obtainedpo6 

4-Acetylamino-3-methoxyphenylarsonic acid, 

OCHa 

H"03AsC6 Ha 
/ 

" NHOCCHg 

\ 

is made by treating an alkaline solution of 4-amino-3-methoxyphenyl
arsonic acid with acetic anhydride at 20°. It exists as white, felt-like 
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needles soluble in warm water with an acid reaction and in hot N-hydro
chloric acid. The substance carbonizes and decomposes ~~t 285-7 0 with 
nn e"olution of gas." 207 

3-Acetylamino-4-rncthoxyphenylarsonic acid results upon treating an 
alkaline solution of 3-acetylamino-4-hydroxyphenylarsonic acid with di
methyl sulfate at 20_30°.64S 

4-Dimethylamillo-3-mcthoxyphenylarsonic acid, 

OCHs 
(\ / 

HzOsAsC6 HS 

"- N(CHs)2 

is produced by the oxidation of the corresponding arsineoxide with hydro
gen peroxide in alkaline solution, and is isolated either through the 
lead salt, or by acidifying with hydrochloric aeid, eyaporating to dry
ness and extracting with absolute alcohol. It crystallizes in leaflets 
decomposing at 1600 

p08 

~~. N02 . . / 
2-l"{itro-4-arnino-3-hydroxyphenylarsom·c acid, H 20 aAsCaH 2 - NH2 , 

"OH 
formed upon warmmg the corresponding acetylamino derivative with 
aqueous caustic potash on a water-bath for one and one-half hours, 
consists of brown-red needles yery easily soluble in hot water, difficultly 
so in methyl alcohol, ,·ery difficultly in ethyl alcohol, and gradually 
blackening but not melting below 280 0

• Its intensely yellow diazo 
compound gives a luminous blue-red coloration with an alkaline solu
tion of resorcin and a blue-violet color ,yith R-salt. vVhen boiled with 
2N -sulfuric acid the arsonic acid yields 2,6-nitroaminophenol, while on 
reduction with ferrous hydroxide a very easily soluble diamino hydroxy 
acid results."209 

NH2 
/ 

5-Suljo-3-arnino-4-hydroxyphenylarsonic acid, H 20 aAsCaH 2 - OH , 

"- S03R 
IS obtained from the corresponding arsenious acid by oxidation with 
3 per cent hydrogen peroxide at 40 0

• The compound decomposes at 
258 0

, and dissolves in four times its weight of boiling water. With 
nitrous acid it gins a deep yellow diazo solution which couples with 
alkaline ~-naphthol to form a deep reddish-brown soluble dye. It in
stantly reduces ammoniacal silver nitrate, while its ammoniacal solution 
yields precipitates with calcium, magnesium and barium salts. On 
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reduction with sulfur dioxide in the presence of hydriodic acid it IS 

converted into the corresponding arsenious acid."Ol 

2-lv~itro-4-(Jcetyl(Jmino-3-hydroxyphenyl(Jrsonic acid, 

N02 

/ 
H20aAsC6H2 - OH 

'" NH.COCHa 

is prepared by nitrating the corre8ponding acetylamino hydroxy arsonic 
acid at 5-lO u

, and crystallizes from boiling water as hard, lustrous, 
orange-colored needles easily soluble in methyl alcohol or hot water. 
Boiling with 2N-sulfuric acid t"onycrts it into 2-nitro-6-aminophenol, 
but with dilute caustic potash only the acetyl group is split off. The 
compound has no definite melting point; it begins to darken above 200 0

, 

and melts with frothing at 220°.'lllii 

2-Nitro-4-umino-S-methoxyphenylarsonic acid U3), and its Isomer 
6-nitro-4-arnino-3-uwthoxyphenylarsonic acid (a), 

N02 

/ 
H20aAsC6H2 - OCHa, 

'" NH2 

are simultaneously formed when the nitration product of 4-acetylamino-
3-methoxyphenylarsonic acid is hydrolyzed by warming with aqueous 
caustic potash on a water-bath. To separate thc isomers the solution 
is cooled to 40 0

, and treated with just enough sulfuric acid to turn 
congo paper brown, the u-i::lomer precipitating at once. The I)-com
pound is obtained by adding more sulfuric acid to the filtrate until the 
solution imparts a blue color to congo paper, and allowing the liquid 
to stand for about 12 hours. 

The a-derivative consists of orange-colored needles soluble in 2N-soda, 
N-caustic soda or sodium acetate solution with an intense orange-yellow 
color (distinction from its isomer). It is also soluble in warm glacial 
or 50 per cent acetic acid, hot N-hydrochloric acid and in 150 volumes 
of boiling water, but is difficultly soluble in methyl or ethyl alcohol, 
cold glacial or 50 per cent acetic acid and in cold N-hydrochloric acid. 
Its intensely lemon-yellow diazo compound couples red-violet with 
R-salt and yellowish-red with resorcin. 

The I)-compound is a bright orange-yellow substance resembling the 
a-isomer, but is much more soluble. It may be recr:nitallized from 
30-40 ,·olurnes oi water, and is soluble in N-hydrochloric acid, sodium 
acetate, carbonate or hyclroxide solution with a bright yellow color, 
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difficultly soluble in ('old but easily in hot acetic acid, methyl or ethyl 
alcohol. Its orange-colored diazo compound slowly couples with R-salt 
to a blue-violet and with resorcin to a bluish-red coloration. The above 
orange-colored diazo compound is identical with that obtained from 
2-nitro-4-amino-3-hydroxyphenylarsonic acid, and behaves like the 
latter in all reactions, forming the same azo dyes.l2lO 

2-Nitro-4-acetylamino-3-methoxyphenylarsonic acid (b) and its 
isomer 6-nitro-4-acetylamino-3-methoxyphenylarsonic acid (a), 

NOz 
/ 

Hz03AsCaHz - OCHa 

"'- NHCOCHa 

are simultaneously obtained on treating a solution of 4-acetylamino-3-
methoxyphenylarsonic acid in concentrated sulfuric acid with a nitrat
ing mixture at 5°. To separate the isomers, the product is recrystal
lized from boiling water, compound (b) remaining in solution. The 
a-isomer forms small, yellow needles soluble in water or methyl alcohol 
but difficultly in ethyl alcohol or cold N-hydrochloric acid. On warm
ing its alkaline solution saponification occurs, while warm N-hydro
chloric acid dissolves it with partial hydrolysis. On boiling with caustic 
potash, no ammonia is given Off."2"0 

18. Carboxy Aryl Arsonic Acids.-The arsenic of aromatic organic 
arsenicals is so firmly attached to the nuclear carbon, that any alkyl 
groups present in the nucleus may be oxidized to carboxyls by means oj 
potassium permanganate without affecting the C-As linkage. This 
reaction has thus far been found impossible of application with com
pounds of the aliphatic series; dimethylarsonic acid, for instance, is 
unaffected by the abon reagent, while diethylarsonic acid decomposes 
into arsenic- and acetic acids. The most convenient method of pre
paring carboxy arsonic acids consists in oxidizing the homologues of 
pheny larsonic acid with potassium permanganate in alkaline solu-
tion, e. g., 

K203AsCsH3 . CH3 + K2Mn20 S ~ 
K20 aAsCsH 4 • COOK + 2Mn02 + KOH + H 20. 

In some cases prolonged heating with concentrated nitric acid in a 
sealed tube gives the same results. If, however, the parent substance 
contains an amino group, the latter must be first protected by acylating 
before oxidizing the alkyl group. 

The carboxylic acid derivatives may also be prepared from amino 
arsonic acids by diazotizing, converting into nitriles and finally hydro
lyzing with alkali: 
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or from amino carboxylic acids by Bart's reaction. In one case, a 
carboxy arsonic acid has been obtained from a halogenated carboxylic 
acid by reftuxing with potassium arsenite, alcohol and. metallic copper. 

The members of this group are crystalline compounds soluble in 
water, glacial acetic acid, methyl or ethyl alcohol. They are reduced 
by hydriodic acid and red phosphorus to the corresponding diiodoarsines, 
which in tum react with sodium carbonate, yielding the corresponding 

As(OH)2 
/ 

carboxy aryl dihydroxyarsines or arsenious acids, R . The 

'" COOH 
COO 

/ ",. 
above arsonic acids generally form salts of the type R Ca with 

'" / AS03H 
bivalent elements like calcium, while with univalent elements, e. g., 

COOAg 
/ 

silver, compounds corresponding to the formula R are obtained. 

'" • As03Agz 
Esters of the type H 20 3As. R. COOR' ha \'e been prepared from the cor
responding arsineoxides by oxidation with hydrogen peroxide in alkaline 
solution. They are all crystalline solids soluble in alkalis or alcohol. 
The methyl ester of 4-carboxyphenylarsonic acid, however, has been 
derived frOID the trisilver salt by treating with methyl iodide. 

Arsonic acids containing the group - CONHR (where R = a radical 
like CHzCOOH), as well as those containing the grouping - COR' 
(where R' = an aryl radical) have been obtained by oxidizing the cor
responding ::trsineoxides with hydrogen peroxide in the usual manner. 
Both series of compounds consist of crystalline solids; those of the 
first are soluble in water or alcohol, while those of the second dissolve 
in hot water, alcohol or glacial acetic acid. 

2-Carboxyphenylarsonic acid (o-Benzarsonic acid), 

H 20 3AsC6H4COOH, 

may be prepared either from 2-aminobenzoic acid by Bart's method; 86 

from 2-methylphenylarsonic acid by heating with nitric acid (d, 1.12) 
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for 12 hours in a sealed tube at 1500
; 1211 or by refluxing a caustic 

potash solution of 2-bromobenzoic acid with aqueous potassium arsenite, 
alcohol and metallic copper at 90° for about 10-12 hours. 1212 It crys
tallizes from water in fine white needles soluble in methyl alcohol, and 
is distinguished from the p-isomer by the solubility of its aniline salt 
in water. On reduction with red phosphorus and concentrated hydriodic 
acid 2-carboxyphenyldiiodoarsine is formed, but with sodium hydro
sulfite the product obtained is the corresponding arseno compound. 

3-Carboxyphenylarsonic acid (m-Benzarsonic acid), from 3-methyl
phenylarsonic acid by oxidation with aqueous potassium permanganate 
in caustic potash solution, consists of lustrous leaflets readily soluble in 
water or alcohol. When heated it does not melt, but at 220° is trans
formed into the anhydride (m-arsinoxybenzoie acid), HOOC. C6H4AsO~, 
a yellowish powder whieh is reconverted into the acid by warming with 

COO 
/ "-

water. The calcium salt, CoH4 Ca, forms small, rectangular 
.' "- / 

As03H 
plates readily soluble in water. The silyer salt, . 

AgOOC. CoH4' AsO (OAg) 2, 

is a white precipitate insoluble in water.1213 

4-Carboxyphenylarsonic add (p-Benzarsonic acid) may be obtained 
by oxidizing 4-methylphenylnrsonic acid either with aqueous potassium 
permanganate in alkaline solution,1214 or by heating with dilute nitric· 
acid (d, 1.2) in a sealed tube for 13-14 hours at 1500

,1215 or for three 
hours at 170 0

•
106 The compound may also be derived from 4-amino

benzoic acid by Barl's method,B48 or from 4-aminophenylarsonic acid by 
treating its diazo solution with cuprous cyanide, and hydrolyzing the 
resulting 4-eyanophenylarsonie acid with potassium hydroxide. 501 The 
acid forms large, colorless, transparent leaflets or fine needles sparingly 
soluble in water, cold alcohol or hot glacial acetic acid, but readily 
soluble in hot alcohol and in alkali hydroxides or carbonates, forming 
salts with the last two reagents. The acid is very stable-it is not 
reduced by either zinc or aluminium in alkaline solution, and when 
heated with dry bromine in a sealed tube at 1000 yields the correspond
ing dibromo arsonic acid, the arsenic being split off only upon heating 
the acid with bromine water at 150°. When heated alone it loses one 

COOH 
/ 

molecule of water, forming an anhydride, C6H4 , a pale yellow 

"-As02 
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powder crystallizing from boiling alcohol in ill-defined crusts and decom
posing at 230 0

• 

Salts.-The acid potassium salt, 

HOOC . CaH4AsOsH2 . KOOC. C6H4AsOsH2' 

consists of triclinic plates soluble in warm water and insoluble in abso
lute alcohol. Its aqueous solution has an acid reaction and liberates 
carbon dioxide from alkali carbonates. Fused with caustic potash, it 
yields phenol, while with phosphorus pentachloride it gives a chlorinated 
product which is converted into benzarsonic acid upon the addition 
of water. The potassium is removed with difficulty on dissolving the 
salt in dilute hydrochloric acid, and evaporating to 'dryness on a water 

COO 

/ "-bath. The calcium salt, C6H4 Ca + H 20, consists of nacreous 

"- / AsOsH 
leaflets sparingly soluble in cold water and more readily in hot, while 

COOAg 
/ 

the silver salt, C6H4 IS a white, amorphous precipitate 

"AsO(OAg)2 
insoluble in water but readily soluble in ammonia or nitric acid.1216 

COOCHs 
/ 

Esters.-The methyl ester, CGH4 , is derived from silver 

"-AsO(OH)2 
benzarsonate by heating with methyl iodide in a sealed tube at 1100

• 

It consists of colorless, crystalline crusts which dissolve in alcohol, are 
insoluble in ether, do not melt on heating, and may be hydrolyzed by 
boiling with water but more readily with alkalis.1217 The ethyl ester, 
made by oxidizing the corresponding arsineoxide with hydrogen peroxide 
in alkaline solution, crystallizes in small, lustrous plates soluble in 
aqueous sodium carbonate, and melting at about 260 0 with the imme
diate formation of an infusible powder.1218 The cholesterin ester, 
H20gAsC6H4COOC27H43, as well as its potassium salt, consists of needles 
difficultly soluble in alcohol. The myricyl ester, H20sAsCaH4COOCsoHal' 
results upon oxidation of the corresponding arsineoxide with hydrogen 
peroxide in acetone solution, forming minute leaflets sparingly soluble 
in alcohol.lOu The guaiacol ester, HzOsAsC6H4COOC6H40CHs, simi
larly prepared, exists as thin, shiny, odorless needles very soluble in 
aqueous sodium carbonate, soluble in alcohol or hot acetone, insoluble 
in ether, and decomposing without melting at a very high temperature.546 
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The quinine ester, H20gAsCaH4COOC20H23NzO, is obtained by first boil
ing together chloroform solutions of 4-dichloroarsinobenzoyl chloride 
and anhydrous quinine, and then oxidizing the resulting dichloroarsino
benzoylquinine hydrochloride with hydrogen peroxide. The compound 
crystallizes from 50 per cent alcohol in small, brilliant cubical crystals, 
m. p. about 200 0

; easily soluble in dilute mineral acids, aqueous caustic 
soda, sodium carbonate or ammonia but slightly in water, alcohol or 
acetone.121B 

4- or 2-Carboxy-2 or 4--methylphenylarsonic acid (m-Toluarsonic 
COOH 

/ 
acid), H20 gAsC6Hg , is made by oxidizing 2,4-dimethylphenyl-

""-eHg 

arsonic acid with the calculated amount of potassium permanganate. 
At 1900 it losef one molecule of water, forming the anhydride, while 
above 3000 it decomposes without mel6ng. The acid is soluble in 
water, alcohol or ether, and forms a silver salt, 

(HOOC) (CHg)CsHgAsO(OAg)2.1219 

2-Carboxy-5-methylphenylarsonic acid (p-Toluarsonic acid) is pre
pared like the meta isomer from 2,5-dimethylphenylarsonic acid, form
ing white crystals, m. p. 208 0

; easily soluble in alcohol or ether but 
difficultly in water. It forms a white, amorphous silver salt.458 

2,4-Dicarboxyphenylarsonic acid (Isophthaloarsonic acid), 

H 20 gAsCsHg (COOH)2, 

from 2,4-dimethylphenylarsonic acid by oxidation with the calculated 
amount of potassium permanganate in alkaline solution, consists of 
colorless crystals decomposing without melting when heated.1219 

NOz 

4-Nitro-2-carboxyphenylarsonic acid, H203ASC6H~ 
""COOH 

IS ob-

tained as splendid white husks and needles on treating 5-nitroanthranilic 
acid according to Bart's method. With sodium hydrosulfite the com
pound does not yield the arseno derivative but an easily soluble sulf
aminic acid.1220 

3-Nitro-4-carboxyphenylarsonic acid is derived from 3-nitro-4-
methylphenylarsonic acid by oxidation with potassium permanganate 
in alkaline solution at 60-70 0

• It crystallizes in fine, white needles 
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easily soluble in water or alcohol, insoluble in ether or chloroform, and 
remaining unmelted below 3000

•
976 

NHz 
/ 

4-Arnino-2-carboxyphenylarsonic acid, HzOsAsC6Ha , results 

'" COOH 
either upon refluxing the corresponding acetylamino derivative with 
methyl alcoholic potash,122t or upon reducing the 4-nitro-2-carboxy 
derivative with ferrous sulfate in alkaline solution.1222 It separates as 
leaflets having the same properties as the succeeding isomer. 

4-Amino-3-carboxyphenylarsonic acid (Anthmnilarsonic acid) IS 

produced by hydrolyzing the corresponding acetylamino derivative in 
either acid or alkaline medium. It crystallizes from water or glacial 
acetic acid in needles melting with decomposition at 245 0

, soluble in 
methyl or ethyl alcohol, hot water or hot glacial acetic acid and spar
ingly in excess of cold hydrochloric acid, acetone or other organic sol
vents. The compound is a moderately strong acid. Its aqueous solution 
gives a reddish-yellow color with ferric chloride, but towards alkalis, 
magnesia mixture, calcium chloride or silver nitrate it behaves like its 
acetyl derivative. It can be yery readily diazotized, the resulting diazo 
solution exhibiting the usual diazo characteristics, and coupling with 
amines or phenols to arsenical azo dyes.1223 

4-Acetylarnino-2-carboxyphenylarsonic acid, 

COOH 
/ 

HzOaAsC6Ha 

'" NH.COCHa 

from 4-acetylamino-2-methylphenylarsonic acid by oxidizing with potas
sium permanganate in alkaline solution, crystallizes from water as short 
needles melting at 260 0 with decomposition. It behayes like its 3-carb
oxy isomer except that it is much more sensitiye to the action of strong 
acids, so that it cannot be hydrolyzed to the corresponding amino com
pound by such reagents.12Z4 

4-Acetylamino-S-carboxyphenylarsonic acid, prepared like the pre
ceding compound from the 4-acetylamino-3-methylphenyl derivative at 
80_95 0

,1225 crystallizes from water in long, thin, hair-like crystals con
taining one molecule of the solYent, and from glacial acetic acid as 
short, felted needles melting at 230 0 with decomposition. It is soluble 
in hot water, cold methyl or ethyl alcohol, acetone, glacial acetic acid, 
alkali hydroxides or carbonates and very sparingly so in dilute hydro-
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chloric acid or the other usual solvents. The compound is a moderately 
strong acid; from its solution in alkalis, alcohol precipitates the alkaline 
salts as white solids extremely soluble in water. It also forms calcium, 
magnesium and silver salts. The acetyl group may be readily split off 
by means of sodium hydroxide in the usual manner. 

4-Acety lamino-5 -carboxy-2-meth y lpheny larsonic acid, 

CHa 
/ 

H 20 3AsC6H 2 - COOH 

"'NH.COCH3 

is obtained from 4-acetylamino-2,5-dimethylphenylarsonic acid by oxi
dation with potassium permanganate in alkaline solution. It decom
poses at 255 0 _I226 

4-Acetylamino-2,5-dicarboxyphenylarsonic acid, 

(COOH)2 
f 

H20 aAsC6H2 

"'NH.COCH3 

is formed on further oxidizing the preceding compound with alkaline 
permanganate solution. It turns brown and decomposes at 3400

•1226 

4-C arbamido-3-carboxyphenylarsonic acid, 

COOH 
/ 

H 20aAsC6H 3 

"'NH.CONH2 

Aqueous disodium 4-amino-3-carboxyphenylarsonate is treated with four 
moles of potassium cyanate and four moles of glacial acetic acid, allowed 
to stand for 24 hours, and the carbamino compound precipitated with 
hydrochloric acid.962 

OH 

4-HydroxY-2-carboxyphenylarsonic acid, 
/ 

H20 aAs06Ha IS 

"'-OOOH 
made by' oxidizing an aqueous suspension of 2,2-dicarboxy-4,4-dihy
droxyarsenobenzene with 30 per cent hydrogen peroxide. It consists 
of snow-white needles easily soluble in water.1222 
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4-HydroxY-3-carboxyphenylKLrsonic acid (Salicylarsonic acid), is 
produced by diazotizing the 4-amino-3-carboxy derivative with sodium 
nitrite in sulfuric acid solution, and decomposing the diazo solution by 
means of steam. It crystallizes from water as transparent platelets 
which begin to decompose at 325 0

, are soluble in hot water, methyl or 
cthy I alcohol, acetone or glacial acetic acid but practically insoluble 
in the other usual organic solvents. Hydrochloric and sulfuric acids 
do not affect it in the cold, while boiling with nitric acid splits off the 
arsenic. Its aqueous solution turns red congo blue, yields a red solution 
with ferric chloride, and forms sparingly soluble silver, calcium, mag
nesium, barium, copper and iron salts. The alkali salts are precipitated 
from water by alcoho},1227 

5-Nitro-4-hydroxy-2-carboxyphenylarsonic acid, 

COOH 
/ 

HzOaAsC6Hz - NOz , 

"OH 

derived from 4-hydroxy-2-carboxyphenylarsonic acid by nitrating at 0 0
, 

consists of white needles decomposing at 350-5° .1228 

Hippuroarsonic acid, H 20sAsC6H 4 • CONHCHzCOOH, is obtained 
from the corresponding arsineoxide by oxidizing with hydrogen peroxide 
in alkaline solution, the benz arsonic acid, which is simultaneously 
formed, being easily removed by virtue of its insolubility in water. 
The hippuroarsonic acid is easily soluble in water, methyl or ethyl 
alcohol, almost insoluble in the fatty solvents, and gives precipitates 
with calcium, barium and magnesium ions. Its trisodium salt crystal
lizes with four molecules of water in strongly hygroscopic, colorless 
needles readily absorbing carbon dioxide from the air.547 

CHs 
/ 

4-Benzoylalaninearsonic acid, H 20sAsC6H 4 • CONHCH as 

"-GOOH 
well as the seven succeeding acids, are obtained by the oxidation of 
their corresponding arsine oxides with hydrogen peroxide in alkaline solu
tion. The above compound consists of minute, cubical crystals sparingly 
soluble in cold water but more easily on heating. The solution of its 
alkali salts, when treated with calcium chloride or magnesia mixture, 
becomes turbid only on warming; with copper salts it gives green 
precipitates soluble in ammonia to a deep blue solution from which 
azure blue needles containing arsenic and ammonia finally separate. 
With salts of other heavy metals there are obtained insoluble pre
cipitates. 
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4-Benzoylleuc7'nearsonic acid, 
CH2CH(CHa)2 

/ 
H 20 3AsC6H4. CONHCH 

"COOH 

crystallizes as minute needles sparingly soluble in hot water. 

4-Benzoylaspartic acid-1-arsonic acid, 

CH2COOH 
/ 

H20aAsC6H4 . CONHCH 

"COOH 

separates as whetstone-shaped crystals, frequently combined into husks, 
which are fairly soluble in cold water with an acid reaction. 

4-Benzoylglutamic acid-1-arsonic acid, 

H 20 3AsC6H 4 • CONHCH 

CH2 • CH2COOH 
/ 

"COOH 

consists in part of small cubical crystals, but for the most part it is 
a syrupy mass soluble in water in all proportions with an acid reaction. 

4-Benzoylphenylalaninearsonic acid, 

H 20 3AsC6H4CONHCH 

CH2 CsH 5 

/ 

"COOH 

exists as small needles soluble in alcohol or hot water, but otherwise 
resembling the alanine derivative. 

-Leaflets soluble in water or alcohopo6 

Benzophenone-4-arsonic acid, H 2 0 3AsC6H4. COC6H 5 , crystallizes 
from boiling water as lustrous clusters of elongated plates softening at 
195° but not melting below 260°. It is soluble in alkalis, alcohol or 
warm glacial acetic acid but insoluble in cold water, benzene or ether. 
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~OH 

II 
Its oxime, H 2 0 3AsC6 H,. C , is obtained by warming the acid ,vith 

'" C6 H.-, 
hydroxylamine I'ulfate in a "lightly alkaline alcollOlic ~olution, and 
crystallizes from hot water a" fine. ("olorlet''' needles which do not melt· 
below 260 0

.'34!l 

4' -M ethyllJenzophenonc-_+-arsolli'c acid, H,Cl :AsCeH,. CO('"H, (CH,,). 
-Transparent plate~ from hot water whi('h do not melt below 260 0

• arc 
easily soluble in alkali", somewhat soluble in ethyl alcohol and int'oluble 
in ether, benzenE', etc."4" 

() 

II 
3' -}v' itrobenzophenone-4-rll'sonic acid, H"O::AsC6H,. C 

'" C6 H •. NOe 
('on"isb of fine, light yellow needlet' obtairll'd by treating benzophenone
arsonic acid with fuming nitric acid, and warming on a water-bath."'" 

4' -AI cthoxybenzophenone-4-arsonic acid, 

o 
II 

H20aAsC6H •. C 

'" C6H1 .OCH" 

is prepared by condensing a carbon bisulfide solution of 4-dichloro
arsinobenzoyl chloride with anisole in the presence of aluplinium chlo
ride, converting the product into the arsine oxide b:,>' means of sodium 
carbonate, and oxidizing this oxide, without attempting to isolate it, by 
means of hydrogen peroxide. It may be recrystallized from hot 
water.1229 

4' -EthoxybenZOlJhenonc-4-arsonic acid, prepared in 11 "imilar man
ner from phenetole, ma:,>' be recrystallized only from glacial acetic acid 
or 95 per cent ethyl alcohol, as water di8solYes the compound with great 
diffieulty.1229 

4' -Phenoxybcnzophenone-4-arsonic acid is produced in the same way 
using diphenyl ether. It crystallizes from hot glacial acetic acid or 
95 per cent alcohol as colorless platelets which do not melt below 2600

, 

and are practically insoluble in boiling water. 12e
" 

19. Aryl Arsonic Acids Containing kI ercury.-TIl(' introduction of 
mercury into the nuclei of aryl arsonic acids has been found possible 
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by the interaction of solutions of the aboye acids or their sodium salts 
and mercuric acetate, forming acetox:vmercuriarsonic acids of the general 

HgOOCHs 
/ 

formula R 

"" AsO(OH)2 

Thel'e 1Il turn yi~ld, on subsequent treatment 

with dilute alkalis, the corresponding h:vdroxymercuri deriYatiycs of the 
HgOH 

/ 
formula H. , which react with still more alkali, forming salts. 

• "" AsO(OH)" 
The free acid" are general I ... ' insoluble in water or the usual organic 
sulYents, :-olublr ill alkali.s and, in many easei', in glacial acetic or 10 per 
cent hydruchlori(· aeid. The alkaline solutiuns, on prolonged exposure 
to air, gradually decompose, free mercury being deposited. 

HgOH 
/ 

3-HlIdroxllmercuri-4-aminophenlllarsonic acid, H~O:lAsCr,H" 

and 3,5-dihydroxymerclIri-4-mninophenylarsonic aC1'd, 

(HgOHL 
tf 

H Z0 3AsC6H" 

"" NHz 

"" NHz 

are simultaneously formed upon allowing sodium-p-arsanilate and 
mercuric acetate to interad in water at 100° for five hours. They are 
isolated through their disodium salts which are separated by fractional 
crystallization. The monuhydro~ymcr('uri compound forms small tab
ular crystals in~oluble in wat('r or the usual organic solvents, while the 
dihydroxymereuri deri\'ati\'e ~eparatcs as small plates. Their disodium 
salts crystallize with 4HcO in the form of small, glistening needles 
readily soluble in hot water but sparingl ... , in ('old.mo 

5-HlIdroxymerclIri-4-amino-3-meth1l1phen1l1arsonic acid. 

CH" 
/ 

HcO"AsCr,Hz - NH~ 

'" HgOH 

18 a crystalline solid soluble 1Il alkalis, forming mono- and di-metallic 
salts. '2"" 
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5-Acetoxymercuri-3-bromo-4-aminophenylarsonic acid, 

Br 
/ 

H203AsCaH2 - NH2 

"'HgOOCH3 
is a white powder soluble in dilute sodium hydroxide, 10 per cent hydro 
chloric or warm glacial acetic acid.12s1 

5-Acetoxymercuri-3-bromo-4-oxalylamino~henyla~80nic acid, 

Br 
/ 

HzOsAsCaH2 - NH. COCOOH. 

"'HgOOCCHs 
A white powder soluble in very dilute caustic soda, from which solutio 
metallic mercury is deposited on standing.1231 

5-Acetoxymercuri-3-nitro-4-aminophenylarsonic acid, 

N02 

/ 
H203AsCaH2 - NH2 

"'-HgOOCCH3 

consists of a bright yellow powder soluble in warm, very dilute sodiull 
hydroxide, 10 per cent hydrochloric acid, glacial or warm 15 per cen 
acetic acid but slightly soluble in methyl alcoho}.1232 

3,5-Dihydroxymercuri-4-hydroxyphenylarsonic acid, 

(HgOH)2 
;l 

H20sAsCsH2 

"'-OH 

is obtained as a crystalline solid soluble in dilute alkali, forming : 
water-soluble trisodium salt. When an aqueous solution of this sal 
is treated with sodium chloride and acidified with hydrochloric acid, 

white crystalline dichloromercuri derivative, HzOsAsCsH2 

results.1280 

(HgCI) 2 

;l 

"' OH 
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5-H ydroxymercuri-4-hydroxy-3-me th y lpheny larsonic acid, 

HgOH 
/ 

H20aAsC6H2 - OH 

" CHa 
also forms crystals which dissolve in dilute alkali to yield a water
soluble trisodium salt.1230 

5-Acetoxymercuri-3-nitro-4-hydroxyphenylarsonic acid, 

o N~ 
/ 

H20aAsC6H2 - OH 

" HgOOCCHs 
is a yellow powder soluble in dilute sodium hydroxide solution.1288 

2-Acetoxymercuri-3,5-dinitro-4-hydroxyphenylarsonic acid, 

(N02)2 
ff 

H20sAsC6H - OH 

" HgOOCCHs 
A pale yellow powder only partially soluble in dilute caustic soda, a 
pale yellow turbidity persisting.12s4 

2 or 6-Acetoxymercuri-3-amino-4-hydroxyphenylarsonic acid, 

NH2 
/ 

H20sAsC6H2 - OH 

" HgOOCCHa 
consists of a brown powder soluble in dilute caustic soda, from which 
solution metallic mercury is soon precipitated. It is also slightly soluble 
in cold glacial acetic or 10 per cent hydrochloric acids.1234 

2-Acetoxymercuri-S,5-diamino-4-hydroxyphenylarsonic acid, 

(NH2)2 
ff 

H20aAsC6H - OH 

" HgOOCCHa 
separates as a dark brown powder soluble in very dilute sodium hy
droxide, from which solution metallic mercury is deposited on standing. 
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It is also soluble in 10 per ccnt hydrochloric acid and partially in glacial 
acetic acid.1235 

2-Ace toxymerc uri-S.5 -di (a cc ty lamino ) -4 -hydroxy phe /I ylarsonic acid, 

(KH.eOeR,)" 
II 

H"03AsC6H - OH 

"'- HgOOCCH3 

is a gray prowder partially soluble in cold glacial acetic acid and soluble 
in dilute sodium hydroxide, from which solution metalli~ mercury pre
cipitates on standing.1236 

2-Acetoxymercuri-4-carboxyphcnylarsonic acid, 

HgOOCCH3 
/ 

H203AsCeH3 

"'- COOH 

is a cream-colored powder soluble in concentrated aqueous sodium 
chloride, dilute hydrochloric or warm glacial acetic acid. Aqueous 
sodium hydroxide does not dissolve it, but forms a yellow precipitate.1237 

3,5-Dihydroxymercuri-4-hydroxy -1'- methylazobe'nzene - 4'- arsonic 
CH3 

/ 
acid, H203AsCeH3 (HgOH)", consists of a scarlet 

"'- II 
N:N.CeH2 

"' OH 
amorphous solid soluble in aqueous caustic soda, forming a water":soluble 
trisodium salt.1230 

5,5' -M ercuri-bis (3-nitro-4-hydroxyphenylarsonic acid), 

H20 3As AS03H2 

'" / 02N - CaH2 . Hg. CaH2 - N02 

/ '" HO OH 

is produced by warming an alkaline solution of 5-acetoxymercuri-3-
nitro-4-hydroxyphenylarsonic acid with successiye portions of aqueous 
sodium hydro sulfide until the filtrate giyes a negative test with sodium 
stannite. The free acid, isolated by treating a hot solution of its 
Il>mmonium salt with an excess of dilute sulfuric acid, is a very hygro-
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scopic yellow powder imoluble in all organic i'oh'ents. and if' unaffected 
by sodium stnnnite in alkaline i"olution. Like other eompounds of thi;: 
type it has no melting point.l2:lS 

20. Aryl Trithioarsol11'c AC1:ds (//1(1 Arsillcrlisulfidc8.-H..A"S (SH):2 
and RAsS2 • On passing h~'drogen sulfide through ammoniacal "olutionf' 
of various arsonic acid~, there arE' formed ammonium salt" of the ('or
responding trithioarsonic a('id,.:. wili('h upon treatment with hydro('hlorie 
acid yield the free thio Hcids: 

RAsO(ONH!)2 -~ RAsS(SXH4)2 -~ RAsS(SH)2, 

• The latter. howen'r ;;I'e ,,0 ull~table that they decompose according to 
either OJl(' of the two follmying equations, depending upon thE' work
ing conditiom and the nature of the nuclear ~ubstituents: 

RAsS(SH):2 -~ RAsS2 + H 2S 
2RAsS (SH) 2 ~ R 2At'):;, + 2H2S + S. 

On the other hand, the alkali :"Hlts of trithioar~onic acids are very stable, 
and can be prepared from my larsinesulfides or -sesquisulfides by treat
merit with alkali f'ulfidci' and :,:ulfur, or with alkali polysulfides: 

RAsS + ~ a);; + ~~ -~ RAsSaN a 2 
I.,,_______r--_') 

Nn)'2 

H 2As 2:-i" + 2.:'\a 28 + S -~~ 2RAsS"N"a2 • 

It is intere,.:ting to note thnt the free 3-amino-4-methylphenyltrithio
ar,.:oni(' acid ha~ been obtained a~ a "ulfate by reducing the correspond
ing nitro ~us()llic acid with hydrogen ,.:ulfide. 

The di:mlfide,.: are formed by the action of hydrogen f'ulfide upon 
ar~onie n('id~: 

RA"OjH2 + 2H2S ~ RA"S2 + 3H20; 

b~' the decomposition of trithioarsonic acicl~; or upon the addition of 
~ulfur to ar,.:('no compound~: 

RAs = AsR + 2S2 -~ 2RAsS2 • 

~l\a 

/ 
Disodimn phcnyltritliioarsonate, C"H;AsS IS obtained by 

"" SNa 

treating phcny lar"inesulfide or -sesquisulfidc with a :"olution of sodium 
hydrosulfide ('ontaining "uHur. It forms fine needles easily soluble in 
water but difficultly in akohol. '2:l', 
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CRa 

3-Amino-4-methylphenyltrithioarsonic acid, 
/ 

H 2SsAsCaH 3 , is 

'" NR2 

prepared by saturating an ammoniacal solution of 3-nitro-4-methylphen
ylarsonic acid with hydrogen sulfide, warming on the water-bath for 
twelve hours, adding fresh ammonia, and again saturating with hydrogen 
sulfide. The compound is then isolated as the sulfate by evaporating 
the liquid to dryness, digesting the residue with very dilute hydro
chloric acid, and treating the filtered solution with dilute sulfuric acid. 
The salt is a yellowish, amorphous powder which begins to decompose 
at 155 0

, does not dissolve in water or organic solvents~ but is readily 
soluble in dilute alkalis, from which it is reprecipitated by sulfuric 
acid. In addition, concentrated hydrochloric acid appears to precipi
tate a difficultly soluble hydrochloride." 240 

Bemylarsinedisulfidc, CGRoCHcAsSc, slowly separates as a heavy, 
bright yellow oil, sparingly soluble in water, on treating an aqueous 
solution of benzylarsonic acid with hydrogen "ulfide. It dissolves rapidly 
in nitric acid with liberation of sulfur amI oxides of nitrogen. When 
heated alone, it decomposes, yielding hydrogen sulfide, arsenic trioxide 
and stilbene.1241 

2,5-Dimethylphenylarsinedisulfide, (CH3 ),CGH 3AsSz, remIts on sat
urating an ammoniacal solution of the corre"ponding ar:,ullic acid with 
hydrogen sulfide and acidulating with hydrochluric Hcid. It separates 
as a white precipitate which may be recrystallized from benzene, and 
melts at 95°.504 

AsSc 
/ 

3-Nitrophenylarsincdislilfidc, o.JI. lei made b:v boiling an 

'" N02 

aqueous suspension of dinitroarsenooenzelle with flower;.: of "uHur for 
about one hour, then rendering ammoniacal, filtering and precipitating 
with hydrochloric acid. It i" a white powder melting at about 80° 
and intumescing at higher temperatures, re:ldily soluble in ammonia 
or aqueous alkalis, slightly in alcohol or benzene out insoluble in water, 
ether or chloroform. 56" 

Phenylglycine-4-art)inedisuljide, HOOCCH~HN. CaH I . AsS", is a yel
lowish-white substances produced by saturating an aqueOU::i solution of 
the corresponding arsonic acid with hydrogen ~ulfide. The compound is 
soluble in soda but difficultly so in organic sol vents, with the exception 
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of the bases. It gradually assumes a yellow color on exposure to light, 
begins to sinter at 700, and deromposes at 142°.55D 

p- (Acetylmcrr:apto) (lIninophcnylarsylrme di~ulfidc [IS-Acetylhydro
sulfaminophcnyl-4-arsincdisulfidc], (CH3CO. S. HN) C6H4AsS~, is pre
pared by introducing atoxyl into aqueous formaldehydesulfoxylate at 
70 0

, and treating the cooled solution with thioacetic acid. After stand
ing over night there is formed at the bottom of the vessel a yellow 
solid which is purified by dissolving in pyridine and reprecipitating 
with methyl alcohol. The red compound obtained melts with decom
position at 1830

•
990 

B. Secondary Derivatives. 

1. Diaryl Arsinetrihalides and -Oxyhalides, R 2AsXg.-The simplest 
method of preparing compounds of the above type consists in treating 
diary I monohalogenated arsines with anhydrous halogens: 

RzAsX + Xz ~ RzAsXg 

The same products may be produced by the action of halogens upon 
aromatic cacodyls: 

RzAs . AsRz + 3X2 ~ 2R2AsXg; 

and by the interaction of diary larsines and halogens: 

RzAsH + 2X2 ~ R2AsX3 + HX. 

None of these methods, however, have been employed in the prepara
tion of dibenzylarsinetrichloride; it results upon heating tribenzyl
arsine with an excess of benzyl chloride in a sealed tube at 200 0

, and 
is also one of the products formed on condensing benzyl chloride with 
arsenic trichloride by means of sodium. The diaryl arsinetrihalides 
are solids generally decomposed by water, yielding the corresponding 
diary larsinic acids: 

R2AsXg + 2H20 ~ RzAsO. OH + 3HX 

Diaryl arsineoxides combine additively with dry halogens, forming 
the corresponding arsineoxyhalides, which are easily decomposed by 
water into diarylarsinic acids: 

(R2As)20 + 2X2 ~ (RzAsXZ)20 
(R2AsX2 )zO + 3H20 ~ 2R2AsO.OH + 4HX. 

Aryl esters of the hypothetical compound RzAs(OH)X2 are obtained by 
the action of halogens upon esters of diphenylarsenious acid in anhydrous 
solvents. They are crystalline substances which hydrolyze to phenol, 
diary larsinic and haloid acids: 
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R 2As(OR') + X 2 ~ R 2As(OR')X2 

R 2 As(OR')X2 + 2H2 0 -----7 R2AsO.OR + 2HX + R'OH. 

A dicamphorylarsineoxychloride corresponding to the formula RzAsOCl 
has been obtained by the action of phosphorus pentachloride upon di
camphory larsinic acid: 

R2AsO. OR + PClo --7 RzAsOCl + POCl3 + HCI. 

The above compound is the only representatiyc of this type of aromatic 
arsenicals. 

Diphenylarsinctrichloridc, (CuR;,) 2AsC13 , may be obtained either by 
the action of dry chlorine on diphenylchloroarsine,'242 or by bringing 
chlorine in contact with phenyl cacodyJ.1243 It crystallizes from warm 
benzene as colorless plates, m. p. 174 0

; easily decomposed by water 
into diphenylarsinic and hydrochloric acids. When heated gently in a 
current of carbon dioxide it decomposes into diphenylchloroarsine and 
chlorine, while heating in :t "waled tutw :\t 200 0 yields chlorobenzene 
and pheny ldichloroarsine. 

Diphenylarsincchlorobromidc, (C6 H,,) ".lECl. Bre, rei'ults upon allow
ing dry bromine vapors to act upon diphenylchloroarsine. It is a 
flesh-colored solid soluble in bot benzene or ether with partial decomposi
tion, and fuming slightly on exposure to nir. ,"" 

Diphenylarsinetribromirlc is prccipitated on allowing diphenylarsine 
to distil "lowly into ether cont:lining bromine. 1t {(Inn,.: golden-yellow 
plutes, m. p. 129 0

; attach the skin \"iUl great ~\yi(Ety, :\111\ j,; decomposed 
by water, forming diphcnylbromonrsine.\~'" 

Di (4-methylphenyl) arsinct richlond(, (CH3 • Coli) j\.sCl", is a pale 
yellow, pulnrulcllt mnss obtained by the action of dry chlorine upon 
the corresponding chloroarsine. lNG 

Dibenzylarsinetrichloride, \ CGH;;. CH,,) 2AsCl", is prepared either by 
condensing benzyl chloride and nTscllic trichloride b~· means of 
sodium,82G or by heating tribcllzy larsine with an excess of benzyl ddoride 
in a sealed tube at 200 0 .\"4, 

.... 
Di\3-nitrophenyl)arsinctrichloridc, (OeN .CGH 1 )"AsCl", n~sults upon 

treating a bellzene suspension of tetra 13-nitrophenyl) diar~ine ",ith 
chlorine until complete solution is effected.' 13 

Di (3-nitrophenyl) arsinetribromidc is ionneu from the ('orrr't'poncling 
bromoarsine ·by treating with bromine in bellzcne, and allowing to COIl

centrate in yacuo. It is a deliquesccnt solid l"('aclily com'erted into 
di (3-nitrophenyl) arsinic acid by moisture."3 
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C12 

II 
(C6H 5 )2As 

" o , formed by the action 
/ 

Diphenylarsineoxychloride, 

(C6H 5 )2As 
~ 

Cl2 

of dry chlorine upon dipheny larsineoxide, is a white powder, m. p. 117°; 
soluble in hot benzene, and easily decomposed by water into diphenyl
arsinic and hydrochloric acids.748 

r C
6H

5 J 
Phenyl-p-tolylars1:neoxychloride, IL ~ AsC12 20, similarly 

CH3.CSH4 

prepared, consists of colorless, fan-shaped aggregates of needles. 780 

Dicamphorylflrsineoxychloride, (C1oH 150) zAsO. C1. From potassium 
dicamphorylarsinate and phosphorus pentachloride. It crystallizes from 
chloroform and benzene as colorless crystals melting at 158 0

, and is 
rapidly decomposed on exposure 'to atmospheric moisture.1248 

Phenyl ester of diphenylarsinehydroxychloride, 

(C6H5) 2AS (OC6H 5)C12 , 

results when chlorine acts upon the phenyl ester of diphenylarsenious 
acid in petroleum ether solution. It crystallizes in white needles, m. p. 
121-2°; readily hydrolyzed by water to phenol, hydrochloric and di
pheny larsinic acids.1249 

The phenyl ester of diphenylarsinehydroxybromide is similarly ob
tained as yellowish-red crystals melting at 1000

, and hydrolyzing as 
above.775 

. C12 

II 
Diphenylcyanoarsinedichloride, (C6H5) 2As On passing chlo-

" CN 

rine through a benzene solution of diphenylcyanoarsine, filtering off 
the solid which separates, and allowing the filtrate to stand, the above 
product separates out in the course of a few days as a crystalline sub
stance melting at 130-33°. The compound is fairly stable when dry 
but is hydrolyzed upon boiling with water, needles of diphenyIarsinic 
acid separating on cooling.1250 
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2. Ars{nic Acids.-Arsinic acids in which the arsenic is attached to 
one aryl and one alkyl group may be prepared by a further application 
of Meyer's method. The procedure consists in treating an aryl arsine
oxide with an alkyl iodide in the presence of alkali, the resulting reaction 
being represented as follows: 

ONa 

RAsO NaOH / R'I 
RAs --~ 

"- ONa 

R' :' 
/ 

RAs=O + NaI. 

"- ONa 

The unsubstituted diarylarsinic acids may be obtained: 
1. From the corresponding arsinetrichlorides by treatment with water. 

It is not necessary to isolate the trihalide, as the arsinic acid separates 
directly upon treating the chloroarsine with chlorine in the presence of 
water, the following two reactions occurring simultaneously: 

2. By hydrolyzing the corresponding arsineoxychlorides: 

3. From diaryl cyanoarsines or arsineoxides by oxidation: 

R2AsON + 0 + H20 ----7 R2AsO. OH + HON 
(R2As)20 + 0 + H20 ----7 2R2AsO.OH. 

The unsubstituted arsinic acids which are well-defined crystalline com
pounds soluble in water; alcohol or acetic acid, are amphoteric, forming 
salts with both acids and bases. The alkali and alkali earth salts are 
~enerally hygroscopic and readily soluble in water, while those of the 
heavy metals are, as a rule, insoluble. The salts with acids are usually 
unstable and readily hydrolyzed by water. Unlike the aryl arsonic 
acids, the arsinic acids do not form anhydrides upon heating. When 
reduced with phosphorous acid they yield tetraaryldiarsines. 

Many nuclear substituted arsinic acids have also been obtained, in 
quite a few cases by methods similar to those employed in the prepara
tion of primary arsonic acids. They exhibit properties characteristic 
of both arsinic acids and the particular groups present in the ring. 
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CaR5 

"-Compounds of the general type AsO . ON a or 

C6H 5 

"-
/ 

RHNOCCH2 

/ 
HOOCCH2 

AsO. GNa are very easily produced from halogenated 

acids or -anilides and f'odium f1rylarsenites. The latter are not f1ctually 
isolated but arc formed as intermediate products. The procedure con
sists in dissolving an ar~'l dichloroarsine in four moles of alkali and 
gradually adding one mole of the halogen compound, generally at room 
temperature. The reactions usually proceed rapidly enough so that 
neither heating nor stirring is necessflry, and arc completed within a 
very few hours. To isolate the products, which for the most part are 
not very soluble in water, the reaction mixture is neutralized to phenol
phthalein with hydrochloric arid, causing a precipitation of any un
changed aromatic arsineoxide, and the filtrate rendered very slightly 
acid to congo, the desired product prcripitating in almost quantita
tive yield. The majority of these compounds han no melting points 
but have decomposition points varying considerably with the speed at 
which the temperature of the bath is raised. 

CH3 

Phenylmethylarsim·c acid, >AsO. OH.-Phenylarsineoxide, dis-
CSH 5 

solved in alcohol and caustic soda, is mixed with methyl iodide, allowed 
to react over night, \ the hydriodic arid removed by means of silver 
nitrate and nitric acid, and the filtrate treated successively with 
silyer nitrate and roncentrated ammonia. The silyer salt of the arsinic 
acid then separates as a white precipitate, from which the free acid 
is obtained by decomposing with 2N-hydrochloric acid. It crystallizes 
from water upon the addition of acetone, in silky needles, m. p. 179.5 0

; 

very soluble in water, alcohol or glacial acetic acid, but difficultly in 
acetone or ether. Its aqueous solution is neutral to methyl orange, 
but can be titrated with barium hydroxide in the presence of litmus. 

The compound is amphoteric, forming salts with metallic bases as 
well as with hydrochloric and nitric acids. The barium salt is a water
soluble, white, hygroscopic powder; the lead salt consists of a white 
powder easily soluble in water, while the white mercuric salt is less 
soluble than the silver salt.1251 
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C2R5 

""-AsO . OR, may be prepared like the 
/ 

PhenylethylJ:Lrsinic acid, 

CeR 5 

preceding compound through the silver salt, or by removing the hy
driodic acid from the reaction mixture with freshly precipitated silver 
chloride, and acidifying the filtrate with hydrochloric acid. When 
recrystallized from ethyl acetate it separates in colorless tetrahedral 
prisms, m. p. 108°; \'ery easily soluble in water, chloroform, glacial 
acetic acid, methyl or ethyl alcohol, less so in benzene or acetone and 
difficultly in ether or ligroin. '252 

C5Rll 

""- AsO. OR, is obtained in the same 
/ 

Phenylisoamylarsinic acisi, 

CeRs 

general way, forming colorless, partially star-shaped prismatic crystals 
which closely resemble phenylmethylarsinic acid. It melts at 108°, is 
easily soluble in methyl or ethyl alcohol, ether, acetone, glacial acetic 
acid, chloroform, ethyl acetate or benzene but difficultly in petroleum 
ether. When heated in water it first melts and then dissolves.1253 

Diphenylarsinic acid, (C6Rs) 2AsO. OR, is produced by the action of 
water upon diphenylarsineoxychloride,1254 or by suspending diphenyl
chloro arsine in water, introducing chlorine at 60-70° until all is dis
solved, and evaporating the solution to dryness. 786 A better yield is 
obtained by heating a mixture of triphenylarsine and arsenic trichloride 
at 2200 for 30 hours, cooling, pouring into water, and saturating the 
solution with chlorine. From the filtered solution the arsenic- and 
phenylarsonic acids are removed by boiling with magnesia mixture, 
and the arsinic acid precipitated from the filtrate by acidifying with 
hydrochloric acid.1255 The same product is derived from diphenyl
cyanoarsine by treating with hydrogen peroxide (2 per cent), with 
bromine water in the cold, or with concentrated nitric acid on a water
bath; also from the corresponding arsineoxide by oxidizing with hydrogen 
peroxide.7GS The compound consists of white needles, m. p. 1740; 
soluble in alkalis, water or alcohol and sparingly in hot ether or benzene. 
When heated at 190-200° it partially sublimes without forming an 
anhydride. It is unaffected by hot nitric or chromic acid, but forms a 
nitrate, (C6R 5) 2AsO. ON031 when illtroduced into a mixture of fuming 
nitric and concentrated sulfuric acids at low temperature. This salt 
crystallizes from glacial acetic acid as fine white needles melting at 
1250

, decomposing at higher temperatures, and insoluble in the ordinary 
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organic solvents. On boiling in water it first melts, and then hydrolyzes 
to diphenylarsinic and nitric acids. 

Salts.-The sodium salt is a very hygroscopic white powder; the 
ammonium salt is completely dissociated oYer sulfuric acid; the barium 
salt, [(CaRs) 2AsO. 0] 2Ba is a white, viscous, scarcely crystalline mass; 
the calcium salt forms very deliqueEcent fine needleE; the lead and 
silver salts exist as lustrous needles difficultly soluble in hot water, 
while with copper two salts nrc formed-a light blue precipitate of 
the neutral salt, [(CaRs) 2AEO. 0] "Cu, and a basic salt, 

(CcHo) cAsO. OCu (OR) .1256 

When the ar~llllC acid is dissolnd in nn excess of warm dilute hydro
('hloric aeid there separate, on cooling, colorless, monoclinic crystals 
haying the formula r (C6HJ 2AsO. OH] 2' HCI, m. p. 111-111.5°; soluble 
in chloroform and slightly so in benzene or ether. If, however, the 
~oh'ent is concentrnted hydrochloric acid the compound obtained melts 
at 1340 and has tIl(' composition (C 6H 5 ) zAsO. OH. HCI. These two 
compounds may be easily converted one into the other: the first into 
the second by dissolving in warm roncentrated hydrochloric acid, and 
the second into the first by heating in chloroform solution with an 
equimolecular quantity of diphenylnrsinic acidY57 Two similar hydro
bromides, m. p. 119.5-120° and 126-126.5° respectively, have also been 
prepared in the same way.1238 These four compounds are all hydrolyzed 
by water into their components. 

Upon treating nn aqueous solution of sodium diphenylarsinate with 
molybdic acid, and adding an excess of guanidinium chloride to the 
concentrated filtrate there is obtained a compound which crystallizes 
from water in hexagonal plates having the formula 

CaRs 

"-Phenyl-p-tolylarsinic acid, AsO. OR, is produced like 
/ 

CHs.C6H4 

diphenylarsinic acid from pure phenyl-p-tolylchloroarsine and chlorine 
in aqueous medium, separating at first as an oil which, after standing 
for several days, solidifies to an aggregate of white needles, m. p. 
158-60 0

• It is readily soluble in benzene, alcohol, concentrated nitric 
acid or hot water but very slightly in ether or cold water. It forms 
a white silver salt.780 
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C6R5 

'" Phenylbenzylarsinic acid, AsO. OR.-Phenv larsincoxidc / . " 

CoR5' CH~ 

in alkaline alcohol is mixed with freshl:-.' di"tilled benzyl chloride and 
allowed to stand for three days, when the sodium chloride is filtered 
off, the solution diluted wi.th water, and the unchanged benzyl chloride 
extracted with ether. Cpon neutralizing with hydrochlorir acid and 
recrystallizing from akolwl the free arid separates as pure wilite, shiny 
needles, m. p. 206-7°; easily soluble in methyl alcohol or glacial acetic 
acid but difficultly in water, aretone or ether. Hot" concentmted hydro
chloric acid split~ it into benzyl chloride and phenylarsineoxidc or 
pheny ldichloroarsinc .12"" 

Di(Jr-methylphenyl)ar.sim·(" acid, (C,H,\"AsO.OH.-On carefully 
treating the corresponding arsinetriehloride with water, the above acid 
is obtained as a white mass rrystallizing from alcohol in granular crys
tals, m. p. 167°; sparingl~· soluble in hot water or dilute hydrochloric 
acid. Its alkali and alkali earth !'alts are easily soluble in water, the 
former also dissoh'ing in alcohol. The silver salt is white.WG . 

Dibenzylarsinic acid, (C6 H;,. CH2 LAsO. OR, is obtained by condens
ing benzyl chloride and arsenic trichloride by means of sodium in dry 
ether containing a little pure ethyl acetate, and treating the dibenzyl
arsinetrichloride thus formed with caustic alkali.826 The acid crystal
lizes from alcohol in wilite, highly refractiYe, nacreous leaflets, m. p. 
210°; readily soluble in hot alcohol but sparingly in ether, benzene, 
acetone or hot water. It has a saline, bitter taste and a yery irritating 
effect upon the mucous membrane. Above 210° it decompmics accord
ing to the equation: 

2(C6 H 5 .CH2 )"AsO.OH -~ 
As" + 2HzO + 2CGH,CHO + (C6 H o.CH2 L; 

warming with concentrated hydroehloric acid decomposes it completely 
as follows: 

(C6H5.CH")2A~O.OH + + 4RCI -~ 
CGH.;CR"CI + CaR •. CH3 + AsCl3 + 2HzO; 

alkaline potassium permanganate or concentrated nitric acid oxidizes 
it to arsenic- and benzoic acids only after prolonged boiling, while red 
fuming nitric acid nitrates it in the cold but decomposes it at boiling 
temperature. The compound may be reduced with zinc or stannous 
chloride and alcoholic hydrochloric acid to an unidentified white, 
sparingly soluble powder which regenerates the dibenzylarsinic acid 
on exposure to air. 
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Like cacodylic acid it exhibits amphoteric properties, forming salts 
with both acids and bases. The hydrochloride 

is prepared by warming the arsinic acid '''lith dilute hydrochloric acid, 
and consists of white needles melting at 128°, unstable in air, and easily 
hydrolyzed by water; the hydrobromide is obtained in the 8nme way 
and has similiar properties, while the nitrate, c0ll8i8ting of silky needles 
melting at 128-9 0

, is comparatively more stable, and is hydrolyzed by 
water into its components. The alkali salts are well-defined, deliques
cent, crystalline substances soluble in water or alcohol; the barium salt 
crystallizes with eight and the calcium compound with six molecllies • 
of water, while the silver salt, an amorphous precipitate E'ensitiye to 
light, is soluble in dilute nitric acid, sparingly so in dilute ammonia nnd 
insoluble in water or alcoho}.l2ul 

Dibenzylthioarsinic acid, (CuH". CHe) cAsO. SH, rc;::nlts upon pnsf'ing 
hydrogen sulfide into an alkaline solution of dibenzylarsinic acid, and 
neutralizing with dilute hydrochloric acid. It crystallizes from alcohol 
in white, nacreous leaflets melting at 197-9° .12G2 

Dicamphorylarsinic acid, 

o 

" 

CH-As-CH 

// I I '" 
CSH 14 I I CSH14' "" / CO OR CO 

results 

from the interaction of f'odium camphor and arsenic trichloride in toluene 
with the exclusion of moisture. After successive crystallizations from 
benzene and alcohol, it is obtained as colorless, highly refractive, 
obliquely truncated prisms, m. p. 266° with decomposition, soluble in 
benzene, chloroform or alcohol, and almost insoluble in water ·or petro
leum. The salts of the alkali metals and ammonium are extremely 
soluble in water or :1lcohol. are stable in hot aqueous solution but hydro
lyze on evaporation with an excess of caustic alkali. Both the free 
acid and the alkali salts decompose at 300 0

• The calcium, strontium, 
barium, nickel and cobalt salts are not precipitated in aqueous solu
tions, while the ferric, mercuric and cupric salts are almost insoluble in 
water. The silyer salt is a white, sparingly soluble precipitate, 
amorphou~ at first hut gradually becoming crystalline, especially on 
warmmg. The cadmium salt is a sparingly soluble white crystalline 
compound. The free acid is liberated from aqueous solutions of its 
salts by acetic acid, but only to a very slight extent by carbonic acid.1263 
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Diphenylarsinic acid-2-arsonic acid, 

HO 0 
"- f 

As (I "('I A ,O,H, 

l/ l) 
is derived either from 2-tlminodiphenylar"inic acid by diazotizing and 
roupling with alkaline sodium arsenite,1264 or by mixing an ire-rold 
alkaline solution of phenyldichloroarsine with o-diazophenylarsonic acid, 
alIOiying to react for 12 hours, and neutralizing the filtrate with fuming 
hydrochloric acid. The admixture of o-azobenzenediarsonic acid is 
largely removed by dissolving the product in hot sodium carbonate solu
tion, and precipitating with hot acetic arid. The last traces of im
purity are removed from the filtrate by carefully adding hot hydrochlorir 
acid until a turbidity forms, treating with charcoal and filtering. The 
pure compound is then obtained by acidifying the filtmte. Upon neu
tralizing its hot dilute alkaline solution with hydrochloric acid it 
separates as mirroscopic, tetragonal leaflets darkening and melting at 
350° with evolution of gas, and very difficultly soluble in water, acetic 
acid or the usual organic solvents. It yields a precipitate on boiling 
with magnesia mixture, and forms insoluble barium and copper salts.12flo 

CoRs 

"-2-Nitrodiphenylarsinic acid, AsO. OR, crystallize" from 
/ 

02N.CsH4 
hot aleohol in yellow needles, and from hot water in pale yellow 
rhombohedra, m. p. 197-8°; easily soluble' in glacial aretic acid or hot 

. alcohol, less so in hot water. and almost insoluble in ether, benzene 
or cold water. It results upon mixing a diazo solution of 2-nitro
aniline ~ith an alkaline solution of phenyldichloroarsine at low tempera
ture' and subsequently neutralizing with dilute hydrochloric acid.953 

H 20 3AsC6H 4 

"-3' -Nitrodiphenylarsinic acid-2-arsonic acid, AsO. OR, 
/ 

02N.CsH4 
consists of colorless crystals which dissolve in alkalis to a yellow solu
tion. It is prepared by nitrating diphenylarsinic acid-2-arsonic acid 
with a mixture of fuming nitric and sulfuric acids at 20° .1266 

Di (3-nitrophenyl) arsinic acid, (02N. C6H 4 ) 2AsO. OR, prepared by 
nitrating the corresponding arsinic acid,1267 crystallizes from hot glacial 
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acetic acid in aggregates of yellowish, monoclinic prisms melting at 
256 0

, intumescing at higher temperatures, readily soluble in alkalis or 
glacial acetic acid, l"paringly in alcohol or hot water and insoluble in 
ether, benzene or chloroform, It forms soluble alkali and alkali earth 
salts; the neutral barium salt crystallizes in yellowish scales; the silver 
derivative is a white precipitate, while the copper srtlt has the formula 
(02N, C6R 4 ) zAsO. OCuOH, 

Di(4-nitrophcnyl)arsinic acid is obtained by adding an alkaline solu
tion of 4-nitrophenylarsenious acid to 4-nitrodiazonium chloride and 
acidifying with hydrochloric acid, The product separates as a yellowish 
precipitate difficultly soluble in water or alcohol but readily in alkalis,B6 

CHg 

"" 4-Aminophenylmethylarsinic acid, AsO, OH, results upon 
/ 

H 2N,CsH. 
treating an alkaline solution of 4-aminophenylarsineoxide with methyl 
iodide, and isolating the free acid either through the silver salt, as in 
the case of phenylmethylarsinic acid, or by removing the iodine with 
freshly precipitated silver chloride and concentrating the acidified 
filtrate, It separates from nlcohol-ether as a crystalline powder melt
ing at 201 0 ,12S8 

CSH5 

"" 2-Aminodiphc'nylanrinic acid, AsO, OR, IS obtained by 
./ 

H 2N,CsH. 
reducing the corresponding nitro compound with ferrous sulfate and 
powdered iron in hot water, The free acid forms a snow-white, crystal
line powder, In, p, 129-30°; easily soluble in alkalis, alcohol, glacial 
or hot dilute acetic aciel, moderately so In hot benzene and difficultly 
in hot waterP"" 

H20 3AsCaH. 

"" 2' -A rninodipheny/ul'sinic acid-2-al'sonic acid, AsO, OH. 
/ 

H2N.CsH. 
-The corre:::ponding nitro compound is reduced with ferrous hydroxide, 
Hnd the erude acid purified by dissolving in hydrochloric acid and neu
tralizing with sodium hydroxide and sodium acetate, It crystallizes 
in star-shaped aggregates of pale, rose-colored needles, and forms a 
soluble hydrochloride,1270 

Di (S-arninophenyl) arsinic acid, (H2N, C6H 4 ) zAsO. OH, is prepared 
from the corresponding dinitro compound like the preceding acid. It 
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crystallizes from dilute alcohol in faintly reddish leaflets easily soluble 
in dilute hydrochloric acid, from which the concentrated acid precipi
tates the crystalline hydrochloride.1271 

Di(4-aminophcnyl)arsinic acid results as a by-product in the prep
aration of p-arsanilic acid by Bechflmp's reaction. Separation may 
be effected by dissolving the mixture of the two acids in hot caustic 
soda solution, decolorizing with animal charcoal, and precipitating the 
atoxyl with alcohol. After distilling off the alcohol from the filtrate, 
the secondary arsinic acid is obtained upon neutralizing with hydro
ehloric acidP·2 Another method of separation consists in digesting the 
mixture with just sufficient aqueous caustic soda to give a faintly 
alkaline reaction with litmus, the p-arsanilic acid dissolving while the 
arsinir acid remains undissolved. The latter is converted into the cor
responding barium salt, and the free acid obtained by neutralizing with 
hydrochloric aeid.12

'
3 According to Kober 1204 the above arsinic acid 

may be obtained practically free of p-arsanilic acid by slowly heating 
a mixture of arsenic acid and an excess of aniline up to 230°, extracting 
with aqueous sodium hydroxide and precipitating with acetic acid. The 
crude product is then purified by dissolving in the least quantity of 
sodium hydroxide, removing the adhering aniline by steam distillation 
or aeration while boiling, slightly acidifying with acetic acid, adding 
a slight excess of acetic acid to the filtrate, and extracting the re
sulting precipitate with hot acetone, from which the arsinic acid sep
arates on standing in a cold place. Upon recrystallization from 50 per 
cent acetic acid, it separates in felted needles, m. p. 232 0 (Benda), 
248-9° (Pyman); soluble in excess of mineml acids, alkali hydroxides 
or carbonates, hot water, methyl or ethyl alcohol or glacial acetic acid, 
sparingly so in cold water and insoluble in ether, benzene or chloro
form. With silYer nitrate in neutral solution it forms a white precipi
tate soluble in ammonia or nitric acid. Upon boiling with sulfuric 
acid and potassium iodide it yields 4-iodoaniline, but no precipitate is 
obtained by boiling with magnesia mixture in ammoniacal solution (dis
tinction from p-arsanilic acid). The sodium salt, 

(HzN. C6H4 ) zAsO. ON a. 5-6HzO, 

which is very soluble in alcohol or water, crystallizes from the latter 
in monoclinic plates melting at 83°, but on further heating it loses water, 
resolidifies and does not melt up to 250 0

• The barium salt, 

[(H2N. C6H4 ) zAsO.O J2Ba. 7iHzO, 

crystallizes in prisms easily soluble in water but only sparingly in 
alcohol. 

Di (4-amino-3-mcthylphenyl) arsinic acid, 
[H2N . C6Ha (CHa) ] 2AsO .OH, 
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is obtained as a by-product in the arsenation of o-toluidine, and is 
separated from the primary arsonic acid in a manner similar to that 
described under the preceding compound.944

, 1275 The free acid crystal
lizes from hot water in highly refmctiyc, microscopic needles melting at 
247-9° with decomposition (Pym~m), and from 35 per cent acetic acid 
in short prisms melting at 243° (Benda). It is readily soluble in ex
cess of dilute alkalis or mineral acids.> hot glacial acetic acid, methyl or 
ethyl alcohol, difficultl,\· in hot water and practically insoluble in cold 
water, ether, acetone, benzene or chloroform. Upon boiling with dilute 
sulfuric acid and potassium iodide it yields 4-amino-3-methyliodo
benzene; with both sih'er nitrate and magnesia mixture it reacts like 
di (4-aminopheny I) arsinic acid. 

The sodium salt, [HeN.C6H3 (CH;;)]2AsO. ONa. 71H20, forms pris
matic needles melting at 74-5°; upon continued heating it loses water, 
resolidifies and does not remelt up to 250°. It is readily soluble in 
water or alcoho],1276 

4-Acetylaminophenylmethylarsinic acid, 

CH3 

'" AsO.OH, 
/ 

(CH3CO . HN) C6H4 

results from the interaction of 4-aretylaminophenylarsineoxide and 
methyl iodide in alkaline solution. It crystallizes from hot water in 
prisms, m. p. 260° with decomposition; soluble in acetic acid, methyl 
or ethyl alcohol and insoluble in acetone or ethyl acetate.12G8 

Di(4-acetylaminophcnyl) arsinic acid, 

[(CH3CO. HN) C6H4J 2AsO. OH. 

Upon acetylating the corresponding diamino deriYatiYe, and rerrystalliz
ing from water, the product separates in rosets of needles rontaining 
3H20 and melting at 275° (Pyman). When recrystallized from 30 per 
cent acetic acid, however, it separates as a white, crystalline powder 
melting at 260-2° (Benda). It is readily soluble in mineral acids, 
dilute alkalis, sodium carbonate, ammonia, hot water, alcohol or glacial 
acetic acid, sparingly in cold water or the usual organic solvents, and 
yields no precipitate with magnesia mixture. Its sodium salt crystal
lizes from water in prismatic needles containing 9H20 and melting 
at 50°, but the anhydrous salt does not melt up to 250° .1277, 1278 

Di (4-acetylarnino-S-methylphenyl) arsinic acid, 

[(CH3CO. HN) C6H3 (CH3 ) J 2AsO. OH, 
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crystallizes from hot water 1219 in highly refractive, microscopic prisms 
containing %HzO and melting at 242-4°, but separates from 25 per 
cent acetic acid in lustrous prisms vihich soften at 237° and decompose· 
at 255° with frothing.1280 It is insoluble in dilute mineral acids, cold 
water or the usual organic solvents, but dissolves readily in dilute 
alkalis or glacial acetic acid: Its sodium salt consists of silky needles 
containing 6HzO, melting at 106-7°, and soluble in water or alcohol. 
The anhydrous salt does not melt up to 250°. 

Di (4-oxalylaminophenyl) arsinic acid, " 

[ (HOOCCO . HN) CaH.] zAsO .OH, 

is prepared by heating sodium di (4-aminophenyl) arsinate with oxalic 
acid, first at 1400

, until most of the water is driven off, and finally 
at 1600

• The free acid, isolated through the barium salt, crystallizes 
in slender needles containing 4H20, is sparingly soluble in boiling water, 
methyl or ethyl alcohol and practically insoluble in acetic acid.1281 

Di(4-alkylaminophenyl)arsinic acids, (RHN.CsH 4 )2AsO.OH, re
sult upon warming monoalkylanilines with arsenic trichloride in 
pyridine for two hours at 115-20°, and oxidizing the resulting chloro
arsines with hydrogen peroxide in acid or alkaline solution. The products 
thus obtained contain more or less of the corresponding arsonic acids, 
RHN.CsH4AsO(OHh which may be removed by taking advantage 
of their insolubility in alcohol-ether mixture, in which the arsinic acids 
are soluble. In this way the methyl, ethyl and amyl derivatives have 
been prepared.128z 

Bis (dibromo-3-aminophenyl) arsinic acid, (HzN. CsHzBr2) zAsO. OH, 
melting at 187°. is derived frOll! di (~. aminophenyl) arsine sulfide by 
warming with bromine water at boiling water-bath temperature.1Z83 

Bis (tribromo-3-aminophenyl) arsinic add, (H2 N. CeHBr3) zAsO. OR, 
prepared like the preceding compound by warming over a free flame, 
separates as a brown mass, from which the pure product is obtained 
by dissolving in ammonia, clarifying with charcoal, and reprecipitatmg 
with hydrochloric acid. It forms a white powder more stable than the 
preceding compound, melts at 287°, is difficultly soluble in glacial acetIc 
acid and insoluble in alcohol.1283 

Di (3-nitro-4-aminophenyl) arsinic acid, 

r (02N ) (H2N) CsHs] 2AsO .OH, 

is a yellow crystalline powder very sparingly soluble in water or the 
usual organic solvents. It results upon nitrating di (4-oxalylamino
phenyl) arsinic acid and hydrolyzing the resulting product. Upon warm-
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ing with an excess of caustic potash the amino group is replaced by a 
hydroxy1.1281 

Di(4-hydroxyphenyl)arsinic acid, (HO.CaH 4)2AsO.OH, is obtained 
from the corresponding diamino arsinic acid by diazotizing in mineral 
acid solution and warming until the evolution of nitrogen ceases.1275, 1284 
It also results as a by-product in the direct arsenation of phenol.1285 

It crystallizes from 50 per cent acetic acid in thin plates, m. p. 239 0 

(Benda), 259 0 with decomposition (Fargher); readily soluble in alkali 
hydroxides or carbonates, hot water, methyl or ethyl alcohol, glacial 
acetic or normal hydrochloric acid, very sparingly in acetone or chloro
form and insoluble in ether, benzene or tigroin. It yields no precipi
tate with magnesia mixture. 

2,2' or 2,4' -Di (hydroxyphenyl) arsinic acid, also obtained as a by
product in the arsenation of phenol, forms lustrous prisms, m. p. 215-6 0

; 

soluble in methyl alcohol, dilute hydrochloric acid, alkali hydroxides or 
carbonates, boiling water, ethyl alcohol or acetic acid, very sparingly 
so in acetone or ether and insoluble in benzene or chloroform. It 
couples with diazotized sulfanilic acid in alkaline solution, yielding an 
orange solution.128a 

Di(4--hydroxy-3-methylphenyl) arsinic acid, 

[HO.C6HS(CHs) ]2AsO .OH , 

prepared like the corresponding di (hydroxyphenyl) compound, separates 
from 75 per cent acetic acid as a colorless, crystalline powder, m. p. 
247 0

; readily soluble in sodium hydroxide or carbonate, warm alcohol, 
glacial acetic or normal hydrochloric acid, sparingly in cold or warm 
water and insoluble in ether, benzene or ligroin. It is not precipitated by 
magnesia mixture.u8o 

3-Nitro-4--hydroxyphenylmethylarsinic acid, 

CHa 

"-AsO.OH, 
/ 

(02N) (HO)CaHg 

obtained from 3-nitro-4-hydroxyphenylarsineoxide and methyl iodide in 
methyl alcoholic caustic soda, crystallizes from 50 per cent acetic acid 
in prisms, m. p. 232-3 0 with decomposition; easily soluble in glacial 
acetic acid or methyl alcoholic hydrochloric acid, difficultly in water or 
methy 1 alcohol and insoluble in ether, acetone, chloroform or benzene.126o 

Di (3-nitro-4--hydroxyphenyl) arsinic acid, 

[(02N) (HO) CaHS]2AsO. OH, 
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~ be produced either by nitrating di (4-hydroxyphenyl) arsinic acid 
at - 5° to - 3° /284 or by warming di (3-nitro-4-aminophenyl) arsinic 
aeid with an cxcess of caustic potash solution.""' The product is almost 
insoluble in boiling water, fairly soluble in glacial acetic acid and 
sparingly so in 50 per cc'nt a('etil' acid, from which it separates in 
rhomboidal prisms melting at 230 0 with decomposition. 

3-Amino-4-hydroxyphenylmethylarsinic acid, 

CRa 

(R2N) (RO)CaRa 

"AsO.OR. 
/ ~I 

Upon reducing the corresponding nitro compound with sodium hydro
sulfite in alkaline solution up to 35°, then acidjfying with hydrochloric 
acid, and recrystallizing from water, the amino compound is obtained 
in almost colorless needles melting at 206-7° with vigorous decomposi
tion. It reduces Fehling's and Tollens' solutions, and with sodium 
nitrite yields a lemon-yellow, soluble diazo compound which couples 
with resorcin, producing a red colorationY"7 

Di(3-amino-4-hydroxyphcnyl) arsinic acid, 

[(R2N) (RO)CaRa]2AsO.OR, 

is a sandy, crystalline precipitate soluble in water or methyl alcohol 
but sparingly so in ethyl acetate. It is derived from the corresponding 
dinitro compound by reduction with sodium hydrosulfite in alkaline 
solution up to 30° .'58 

Di (3-methoxy-4-hydroxyphenyl) arsinic acid, 

[(CRoO) (HO)CaH3]2AsO.OR, 

obtained as a by-product in the preparation of 3-methoxy-4-hydroxy
phenylarsonic acid, separates from water in radiating clusters of minute 
prisms containing ItHzO, and melting at 234 0

• Its ammoniacal solu
tion yields a precipitate on warming with barium chloride.626 

Di (4-carboxyphenyl) arsinic acid (Di-p-benzarsinic acid), 

(HOOC. CaR4) zAsO. OR, 

results upon oxidizing di (4-methylphenyl) arsinic acid with four molecular 
proportions of potassium permanganate in a moderately concentrated 
alkaline solution at 50-60°, and neutralizing the filtrate with hydro
chloric acid. It crystallizes in lustrous leaflets decomposing at high 
temperatures without melting, is slightly soluble in hot concentrated 
hydrochloric acid or alcohol, practically insoluble in cold or hot water, 
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but dissolns readily in alkalis. Its salts eTystallize poorly and con
sist of mixtures of lleutm] and acid salts. Upon heating the mixture 
of silnr salts with methyl iodide in a sealed tube at 100 0

, and re
erystnllizing from alcohol, the methyl ester, (CBlOOC. CcH,) 2AsO. OH, 
is obtained in pale yellow crusts, m. p. above 280 0

•
1288 

C6H5 

'" Phenylarsinoacetic acid, AsO. OH, from phenyldichloro-
/ 

HOOCCH2 
arsine and sodium chloroacetate 1Il alkaline solution, melts at 141-2 0 

with decomposition. 759 

C6R5 

'" PhenylarsinoacetaniLide, AsO. OH, from disodium 
/ 

C"H5NHOCCH~ 

pheny larsenite and ehloroaeetanilide, melts at 182-3 0 with gas evolu
tion.'"g 

CoHs 

'" Phcnylarsinoacetphcnctidinc, AsO. OH, from 
/ 

C2 H 50CGH,NHOCCH2 

dis odium phcnylarscnite and chloToacetplJenetidine, crystallizes from 
alcohol in needles melting at 175 0 with decomposition.'GO 

P henylarsinoacctyl-p-arsanilic acid, 

C6H 5 

H20sAsCGH4NHOCCR2 

'" AsO.OH, 
/ 

from dis odium phenylarsenite and chloroacetyl-p-arsanilate, is a white 
solid insoluble in water or the usual organic solvents, soluble in alkalis, 
and does not melt below 250 0

•
760 

Phcnylarsino-2-acetylaminobenzoic acid, 

CeR5 

'" AsO.OH, 
/ 

HOOCCGH 4NHOCCH2 

similarly prepared from o-chloroaeetylaminobenzonte, is purified by boil
ing its alkaline solution with animal eharcoal, filtering and reprecipi-
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tating with hydrochloric acid. It melts at 198-200° with decomposi
tion. 7oo 

CaH5 

"-~-Phenoxyethylphenylarsinic acid, AsO. OR, prc-
/ 

CeH sOCH2CH2 
pared by hcating and stirring {3-phenoxycthyl bromide with disodium 
pheny larsenite for four to SIX hours, melts at 122-3° .760 

CeH 5 CoIL 

/ "-Hthylene diphenyldiarsinic acid, HO. OAs AsO. OH, 
"- ,/ 

CH2 -CH2 

fleparates as an oil on he:lting and c;tirring ('thy lene bromide with disodium 
phenylarsenite for four to eight hour~. epOll dissolving in dilute 
ammonium hydroxide, filtering and repre('ipitating by careful acidifica
tion with hydrochloric acid, an oil is obtained which gradually solidifies. 
It may be recrystallized from hot water or alcohol and melts at 209-11.'60 

R2N.CoH4 

"-4-Aminophenylarsinoacetic acid, AsO. OH.-An alkaline 
/ 

HOOCCHz 

solution of 4-aminophenylarsineoxide is treated with chloroacetic acid 
and precipitated as the calcium salt, from which the free acid is isolated 
by boiling with dilute aqueous oxalic acid. The reaction proceeds ac
cording to the equation: 

HzN. C6H4AsO + CH2CICOON a + 2N aOH ----;> 

H2N.CoH4 

"-AsO.OH + NaCI + H 20. 
/ 

NaOOCCHz 

The product crystallizes from dilute alcohol in platelets melting at 
162° with gas evolution, readily soluble in water, alkalis, glacial acetic 
or mineral acids, methyl or ethyl alcohol and insoluble in acetone, 
ether or benzene. It exhibits all of the properties of a primary amine: 
it liberates iodine from hydriodic acid, and is decomposed by bromine 
water, yielding tribromoaniline and a primary arsonic acid.128U 

H zN.CoH 4 

'" 4-Aminophenylarsinoacetanilide, AsO. OH, from 

C6H 5NHOCCH2 

/ 
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disodium-4-aminophenylarsenite and chloroacetanilide, melts at 181-2° 
with decomposition.471 

4-Aminophenylarsinoacetphenetidine, 
H2N.CsH4 

"AsO.OR, 
/ 

C2HsOCaH4NHOCCH2 
similarly prepared from chloroacetphenetidine, melts at 211.5-212.5o.m 

4-Aminophenylarsinoacetyl-p-arsanilic acid, 
H2N.CaH4 

H20sAsC6H4NHOCCH2 

"AsO.OR, 
/ 

does not melt below 250 0
• It is made from sodium chloroacetyI-p

arsanilate and disodium 4-aminophenylarsenite.1290 

4-Aminophenylq,rsino-4' -acetylaminobenzoic acid, 
H2N.CaH4 

"-AsO.OH, 
/ 

HOOCCsH 4NHOCCH2 

is derived from sodium 4-chloroacetylaminobenzoate like the preceding 
compound. It crystallizes from hot water in needles, m. p. 217 0 with 
decomposition.129o 

CHsCONH. C6H4 

"-4-Acetylaminophenylarsinoacetanilide, AsO. OH, 
/ 

CaHsNROCCH2 
is obtained from· the corresponding amino derivative by warming with 
a slight excess of acetic anhydride for 15 minutes after the initial re
action is over, and diluting with water. It crystallizes from hot water 
in plates, m. p. 205-6° with decomposition.471 

4-Acetylaminophenylarsinoacetphenetidine, 
OHsCONH. CaH4 

"-AsO.OH, 
/ 

C2HsOC6H4NHOOCH2 
similarly prepared, melts at 214-5° with decomposition.4ft 
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4-Acetylaminophenylarsinoacetyl-p-arsanilic acid, 

CRaCONR . C6R4 

"-AsO.OR, 
/ 

H20aAsCaH4NHOCCH2 

does not melt below 2500 .J.2~O 

4-Glycylaminophenylarsinoacetanilide, 

HOOCCHzNH. CGHl 

C6H 5NHOCCR2 

"AsO.OH, 
/ 

from 4-aminophenylarsinoacetanilide and chloroacetic acid in alkaline 
solution by refluxing for three-four hours, melts at 199 0 with decomposi
tion:17l 

c. Tertiary Derivatives. 

1. Tertiary Arsine Dihalides, Oxyhalides and Cyanohalides.-Terti
ary arsines readily combine additively with halogens either directly or 
in the presence of anhydrous solvents, forming the corresponding di
halides: 

RaAs + Xz -----',> R aAsX2 • 

The tribenzylarsine diiodide, however, has been prepared by the action 
of hydriodic acid upon an alcoholic solution of tribenzy larsine oxide. 

The dihalides consist of crystalline solids which are very sensitive 
to the action of moisture, yielding the corresponding hydroxyhalides: 

RsAsX2 + H 20 -----') R3As(OH)X + HX. 

With alkalis, however, they form either the corresponding arsine oxides 
or dihydroxides: 

/ 
RsAsX2 + 2NaOH 

RaAs(OH)2 + 2NaX 
/' 

"'\. 
RaAsO + 2N aX + R 20 

In many cases they combine with an excess of halogen, yielding the 
corresponding tetrahalides, while with alkyl iodides in a sealed tube 
at 100°, they often form arsonium compounds. Dihalides containing 
one or two aliphatic and two or one aromatic radicals respectively 
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ttached to the arsenic, decompose upon heating into an alkylhalide and 
secondary halogenated arsine: 

RR' 2AsX2 -----'> R' 2AsX + RX 
R2R' AsX2 ------7 RR' AsX + RX 

where R = an alkyl and R' an aryl group). 
'he hydroxyhalides arc formed: 

1. Upon treating tertiary arsine oxides or dihydroxides with haloid 
cids: 

R3AsO + HX ------7 R3As.OH.X 
RsAs(OH)2 + HX ------7 RsAs.OH.X + H"O. 

2. From the corresponding dihalides when treated with water: 

R3AsX2 + H 20 -----'> H3As. OH. X + HX. 

'he isolation of the dihalide is not essential, as the hydroxyhalides 
re formed directly upon adding halogen to a tertiary arsine in a 
10ist solvent. 

3. By the action of moisture upon triaryl cyanohalides: 

CN 
/ 

RsAs + H 20 ------7 R3As.OH.X + HCN. 

"-X 
'he compounds are crystalline solids generally soluble in water or aleo-
01. They react with silver nitrate to form silver halides and the 
orresponding triary larsine hydroxynitrates: 

RsAs.OH.X + AgN03 -----'> R3As.OH.N03 + AgX; 

'hile with picric acid they yield the corresponding hydroxy picmtes: 
~3As.OH.X + HO.C6H 2 (NOJ3 -----'> R 3As.OH.OC6H 2 (N02 )3 + HX. 
_ hydroxychromate has been obtained by treating triphenylarsine hy
roxychloride with potns:::ium chromate. ,Then heated at high tempera-
1res either under reduced or atmospheric pre~sure, the hydroxybromides 
re decomposed into yarious arsenical and non-arsenical compounds, 
1e decomposition being analogous to that occurring when trialkyl
mmonium hydroxy halides are heated either alone or with alcoholic 
otash. 

Tertiary arsines, unlike the analogous amines, combine additively 
-ith cyanogen halides in the complete absen('e of moisture to form 
18 corresponding arsine cyanohalides: 
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This property, however, may be completely destroyed by introducing 
strongly negative radicals into the nucleus. 

The resulting crystalline products are extremely sensitive to moisture, 
which transforms them into hydroxyhalides, but are decomposed by 
heat only at elevated temperatures. Thus triphenylarsine cyano
bromide decomposes upon heating into its components together with 
small amounts of cyanogen bromide, triphenylarsine hydroxybromide 
and an unidentified brown powder containing nitrogen. This decomposi
tion is similar to that of the corresponding phoi"phorus derivative, which 
proceeds according to the equation: 

Br 
/ 

2(CaH~)aP ~ (CN)2 + (CaH5)3P + (CaH 5 )sPBr2 • 

"'CN 

The mixed aliphatic-aromatic arsine cyanobromides, however, yield an 
alkyl bromide and a secondary cyanoarsme: 

CN 
/ 

RR'R"As ~ R"X+ RR'AsCN 

"'-X 

(where R" = an alkyl radical). If more than one alkyl group is pre
sent, the smallest radical is invariably split off in the above reaction. 

The greater stability of the arsine cyanobromides towards heat as 
compared with the corresponding amines is due to the more metallic, 
and therefore more positive, character of the arsenic. 

Phenyldimethylarsine dichloride, CaH;;(CHa) 2AsC12, separates upon 
passing chlorjne into .a cold petroleum ether solution of the correspond
ing arsine. It melts at 134° with decomposition.227 

The corresponding dibromide, prepared by adding bromine to an 
excess of phenyldimethylarsine in petroleum ether, is a white, crystalline, 
slightly hygroscopic compound melting at 128 0 with violent decom
position. With more bromine the above arsine yields the tetrabromide, 
CaH5 (CHa) 2AsBr4' dark red crystals melting at 61 0 and decomposing 
at 160° into phenyldibromoarsine and methyl bromide. 734 

The hydroxychloride, CaH5 (CHa) 2. AsOH. CI, is obtained as white 
needles, m. p. 163 0

, upon treating an alcoholic solution of the cor
responding arsine dihydroxide with concentrated hydrochloric acid.m1 

The hydroxybromide results upon exposing the corresponding cyano
bromide to the air, or upon mixing ethereal solutions of phenyldimethyl
arsine and cyanogen bromide in the presence of air. It crystallizes from 
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acetone in lustrous needle13, m. p. 162°; soluble in water, pyridine, 
nitrobenzene, phenol, methyl or ethyl alcohol, slightly 130 in benzene, 
toluene or cold acetone and insoluble in ether, ligroin or carbon bi
sulfide. It reacts quantitatively with aqueous silver nitrate, yielding 
silver bromide, and with picric acid it forms a hydroxypicrate, 

C6R5 (CRa) zAs (OR) [0. C6Re (NOz) 3], 

which crystallizes from alcohol in needles melting at 1320
.1292 When 

gradually heated up to 178 0 in an atmosphere of nitrogen at 13-15 mm. 
pressure, the hydroxy bromide decomposes into phenyltrimethylarsonium 
bromide, phenylmethylarsinic acid, phenylmethylbromoarsine, and small 
quantities of phenyldimethylarsine, phenyldibromoarsine, methylbro
mide, methyl alcohol and water. When heated up to 195 0 in a nitrogen 
atmosphere at ordinary pressure, the products obtained are phenyltri
methylarsonium bromide, phenylmethylbromoarsine, phenyldimethyl
arsine, methyl bromide, methyl alcohol, hydrobromic acid, diphenyl
bromoarsine and arsenic trioxide.1293 The hydroxyiodide is preparrd 
like the corresponding bromine compound, employing cyanogen iodide. 
It crystallizes in yellow needles, m. p. 117°; easily soluble in water, 
alcohol or acetone, sparingly in hot benzene or carbon tetrachloride and 
insoluble in ether or ligroin.1294 

Phenyldicthylarsinc dichloride, CaRD (CzR;,) zAsClz, is obtained like 
the corresponding dimethyl compound.1295 The dibromidc is a ,vhite, 
crystalline mass melting at 85° with decomposition, and rapidly de
composing at 120° into phenylethylbromoarsine and ethyl bromide,m 
while the diiodide is a yellow, microery;;:talline substance melting at 95° 
and decomposing at 105°. It results upon treating phenyldiethylarsinc 
with iodine in petroleum ether solution.803 

Phenylmethylethylarsine hydroxybromidc, 

(CSR5) (CRg) (CoR') As. OH. Br, 

is a white, crystalline mass, m. p. 83°, prepared from the correspond
ing arsine and cyanogen bromide without the exclusion of atmospheric 
moisture. When' treated with picric acid it forms the corresponding 
hydroxypicrate, a light yellow crystalline powder, m. p. 113.5° .800 

P hen y lmeth y l-n-propy larsine hydroxy bromide, 

(CoHo) (CHg) (C3H 7 )As.OH.Br, 

m. p. 146°, is obtained like the preceding compound. Its hydroxy
picrate consists of needles, m. p. 84 0

•
702 

Diphenylmethylarsine hydroxybromide, (CsRo) z (CH3 )As. OR.Br, 
crystallizes from acetone in lustrous, refractive crystals, m. p. 118°; 
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readily 80luble in 'Y:1ter. alcohol or hot aretone. diffirultly in rarbon 
bisulfide and insoluble in ether or ligroin. The corresponding hydroxy
picrate melts at 137° ,l206 

Phcnylbcnzylrnethylarsine hydroxybrornide, 

(CaHo) (CSH 5 .CHz) (CH3 )As.0II.Bl', 

is a microcrystalline powder melting at 147°. The hydroxypicrate con
~ist~ of yellow needles, m. p. 119° .1297 

Diphenylethylarsine dichloride, (CliB,) " (CzR;) AsClz, results upon 
passing chlorine into diphenylethylarsine. It consists of colorless neecllc~. 
m. p. 13T; fumes slightly in air, is easily decompo~cd by water, yield
ing h~'drochloric acid, and ,vhen heated with ethyl iodide in a sealed 
tube at 100°, forms diphenyldiethylarsonium iodide.120s 

The hydroxybrornide, (CnH"L(C2 H,,)As.OR.Br, exist,: as white 
rrystals mclting at 97.5°. With picric af'id it forms a hydroxypicrate, 
lustrous lemon-yellow leaflets, m. p. 116°.208 

Phenyl-p-tollliethylarsine dichloride, 

(CaHo) (C6R 4 • CH3 ) (CZH5) AsClz, 

crystallizes from benzene in white needles, m. p. 148°.809 

Triphenylarsine dichloride, (CcHs) 3AsClz, results from the interaction 
of triphenylarsine and chlorine. When recrystallized from hot benzene 
it separates in colorless plates sintering at 158°, melting at 204-5°, 
and readily soluble in water or alcohol. It is yery unstable in moist 
air, forming the hydroxychloride. At 280° it decomposes into diphenyl
chloroarsine and chlorobenzene: 1299 

The dibromidc, similarly prepared, forms white crystals sintering 
at 165°, melting at 215 0

, and is as unsbble as the dichlorideYoo The 
diiodide, obtained from triphen~'larsine and iodine in petroleum ether 
with the exclusion of atmospheric moisture, is an unstable yellow to 
orange-yellow powder melting ~lt 130-40°. \Yhen heated with methyl 
iodide in a sealed tube at 100° for three hour~, it forms triphenylmethyl
arsonium iodide.'G7 The tctraiodide, (CaH" LAsI" is obtained in stecl
blue needles, m. p. 142-4°, by the interaction of iodine and triphenyl
arsine in carbon tetrachloride solutioll. 1

"ul Tile dibromodiiodide, 
(CnRol 3AsBre. Ie, forms yellowish-red needles, lll. p. 120-1 0

, upon add
ing the corresponding amounts of bromine and iodine to a chloroform 
solution of triphenylarsine.1301 
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The hydroxychloride, (COH5) 3As. OH. Cl, may be obtained either 
by treating the dichloride with water, or by passing chlorine into a solu
tion of triphenylarsine in commercial chloroform.1302 It exists as 
vitreous crystals, m. p. 171 0, easily soluble in water or alcohol. Its 
platinichloride, [(CoR;) sAs. OH. CI] aPtC14, consists of yellow needles 
melting at 180-20. With potassium chromate, it forms a yellowish-red 
precipitate of the hyclroxychromate, (CGH5)3As.OH(O.Cr03H). The 
hydroxybromide results from the interaction of cyanogen bromide and 
triphenybrsine in commercial ether. It forms lustrous crystals, m. p. 
168 0

; easily soluble in alcohol, chloroform or hot acetone, difficultly 
in water, or carbon bisulfide, insoluble in ether or ligroin,t303 and de
composes upon heating up to 240-50 0 under diminished pressure/ 304 

yielding bromobenzene, triphenylarsine, diphenylbromoarsine, hydro
bromic acid and water. The hydroxypicrate crystallizes in yellow 
needles melting at 162-3 0 

y05 

Tri (3-methylphenyl) arsine hydroxychloride, (CR3. CoR.! 3As 

OH 
/ 

'" Cl 

is prepared by treating the tertiary arsine with chlorine in the pres
ence of hot wnter, forming beautiful crystals, m. p. 205 0

; ensily soluble 
in nlcohol but insoluble in ether or ligroinYoo The hydroxybromidc, 
resulting from the action of bromine upon a chloroform solution of the 
arsine, f'epnrates as rhombic crystals, m. p. 190 0

, soluble in alcohoJ.1307 

D/·phcnyl-4-mcthylphenylarsine dibrornidc, 

deri\"Ccl from the tertiary arsine and bromine in hot glacial acetic ncid 
medium.130s 

Phcnyldi (4-rncthylphenyl) arsine dichloride, 

forms a hard, transparent mass sintering at 1860 and melting at 1940
, 

when a chloroform solution of the arsine is saturated with chlorine, the 
?xcess of the latter remmoee! by a current of carbon dioxide, and the 
30lution e,oaporated in Y:leno. Its platinichloride consists of crystals, 
:D. p. 201 0 

y09 
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(CR3 • C6 R,) ~ OR 

The hydroxychlon'dc, 
~ / 

As is obtained from the 

/ '" CoR" Cl 
dichloride by the action of atmof'pheric moisture as a whitr powder 
soluble in alcohol or hot water, insoluble in ether, and melting at 142-3°. 
The hydroxybromide is similarly prepared." 3ID 

Tri(4-mcthylphenyl)arsillc dichloride. IC'R:j.C.Jf,l:A~Cl~, is a white, 
cr~·"talliJl(' substance, m. p. 228-230°, (leriYkl from the tertiar~' ar~ille 

and dllorillc in chloroform medium.'ll' The dibromidc, consisting of 
white ('ry~tal", m. p. 245°. i" formed from its eomponents in carbon 
tetrachloride (~ontaining a little ab~olute rtlier.,c'2 The diiodidc, reddish 
Iwedles. m. p. 172°, is "imilarly obtain('d h~' employing ft dilute iodine 
,.:olution. With an ex('('O's of iodine, hmH'H'l', the tetraiodide is formed 
n,.: "ted gray needles, m. p. 153° .1312 

The hydroxychloridc consists of white, feather:" crystals, m. p. 185°. 
It results on hydrolyzing the dichloride \yith hot water, and may be 
recrystallized from chloroform or cthcr. '3 '3 

Tribcnzylar:;inc dil'hloridc, (C 6 H". eHe) ::A"CI2, is formed along with 
tribrnzylarsine and dibcnzylarsinetrichloride by the interaction of 
benzyl chloride, aro:enic trichloride and :"odium in dry ether containing 
a little ethyl acetate. 1t h;;;-; not been io:olated. R21l The diiodide, pre
pared by the action of hydriodil' aeid upon the arsine oxide in alcoholic 
solution, separates a8 a pale yellow preeipitate, m. p. 95 0 ,1314 

OR 
/ 

The hydroxychloridc, (CoH:,. CRJ ::Af-' consists of colorless 

'" Cl 

erytitals, m. p. 162-3°. deriwd from tIl(' arsine oxide by the action of 
dilute hydrochloric aciel. 'm The hydroxybromide is similarly obt.ained 
as colorless, tabular crystals, melting at 128-9° ,1314 while the hydroxy
iodide, prepared either b~' recrystallizing the diiodide from alcohol, or 
by the interaction of tertiary arsine and iodine in eommercial ether, 
consists of colorless, tetragonal plates melting at 78°, and decomposing 
\'Cry readily with the liberation of hydriodic acid. The hydroxynitrate 
crystal1izes in white needles, m. p. 170° 'with deeomposition.1314 

Tri (4-ethylphenyl) arsine dichloride, (C ZR 5 • CGR 4 ) 3AsC12, melts at 
246°, and the dibromide at 212°.833 
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Phenyldi (2,4-dimethylphenyl) arsine dichloride, 

(C6R 5 ) [(CR3 ) 2C6R 3 ] zAsCle, 

is a very deliquescent substance, !D. p. 176 0
; the tetraiodide consists of 

red-violet crystals, !D. p. 127 0
, while the hydroxychloride melts at 

186°.1316 

Tri (2,5-dimethylphenyl) arsine dichloride, [(CRa) zCeRa] aAsClz, has 
been prepared.831 

Phenyldi (2,4,5-trimethylphfllyl) arsine dichloride) 

C6R 5 

"-AsCI2 , 

II 
lC6H 2 (CR3) 3] 2 

is a crystalline powder, m. p. 217°, precipitated by adding ether to a 
carbon tetrachloride solution of the arsine saturated with chlorine. The 
dibromide is a deliquescent, crystalline solid, while the diiodide con
sists of yellowi~h-red crystals, m. p. 163.5°. 

The hydroxychloride, obtained from the arsine and chlorine in com
mercial chloroform, forms transparent crystals, m. p. 173-5°. The 
hydroxybromide, m. p. 177°, and the hydroxyiodide, a pale yellow pre
cipitate melting at 153°, have also been prepared.l317 

Tri (2,4,5-trimethylphenyl) arsine dibromide, [(CR3 ) 3C6R2] 3AsBrz.
A yellow powder, m. p. 224-5°, derived from the tertiary arsine and 
bromine in ligroin. It is insoluble in organic solvents, and may be 
hydrolyzed by water to the hydroxy bromide, m. p. 108° _I31S 

Tri (2,4,6-trimethylphenyl) arsine dibromide is prepared like the pre
ceding isomer, and crystallizes from aleohol as well-defined rhombic 
crystals, m. p. 237°; readily soluble in chloroform or alcohol, and in
soluble in ether.13I9 The hydroxychloride consists of white prisms, 
m. p. 100°, obtained on eyaporating a solution of the arsine saturated 
with chlorine.834 

Tri (4-isopropylphenyl) arsine dichloride, [(CR3) 2CR. C 6R 4 ] 3AsCI2.
White needles, m. p. 276°, made by passing chlorine into a chloroform 
solution of the arsine. Its platinichloride [(CgRll ) 3AsClz] zPtC16 , crystal
lizes from hot alcoholic hydrochloric acid in golden-yellow needles. 
The dibromide, needles melting at 142°, is prepared like the dichloride.mo 

Tri(tertiary-butylphenyl) arsine dichloride, [(CR3 ) 3C. C6R.] 3AsClz, 
is similarly obtained. If, however, alcohol is added to the chloroform 
solution of the arsine, the hydroxychloride results.837 
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Tri(4-phenylphenyl) ars1:ne dichloride, (CSH5' C6H 4 ) 3AsClz, m. p. 
262 0

, is produced by the interaction of the arsine and chlorine in carbon 
tetrachloride solution. The dibromide is obtained in the same way, 
and melts at 168°. The hydroxychloride, m. p. 96°, and the hydroxy
bromide, sintering at 90° and melting at 145°, are similarly prepflred, 
employing commercial chloroform flS the 8olvent.1321 

• 

Tri-a-naphthylarsine dibromide, (C1oH 7) sAsBrz, separates as a 
dark brown resinous mass, which cannot be purified, upon adding bromine 
to a benzene solution of the arsine. When an excess' of bromine is 
added to u chloroform solution of the ursine, the tetrabromide is ob
tained as a powder, m. p. 180 0

, which apparently contains two bromine 
atoms attached to the arsenic and the other two to the naphthalene 
nucleus. The corresponding tetrachloride is a white powder, m. p. 
1440

•
1322 

The hydroxy bromide, pale brown crystals melting at 155 0
, is formed 

either on adding alcohol to the above impure dibromide or on rendering 
a benzene solution of the arsine turbid with alcohol, clarifying by 
means of a calculated quantity of bromine, concentrating to one-half 
of the volume and allowing to COO].1322 

Tri-~-naphthylarsine dibromide is tarry, and cannot be obtained 
pure.8S9 

Tri (3-nitrophenyl) arsine dibromide, (OzN. CsH.) aAsBr2' results on 
treating a chloroform solution of the arsine with bromine. It is a 
reddish-yellow precipitate, m. p. 204 0

; easily soluble in glacial acetic 
acid.1323 

Tri (?-chloro-3-nitrophenyl) arsine dichloride, (OzN. Cl. CsHa) 3AsClz, 
is deposited as colorless crystals, m. p. 228 0

, when a chloroform solu
tion of tri- (3-nitrophenyl) arsine is allowed to stand in a closed vessel 
in contact with chlorine. It is readily soluble in glacial acetic acid and 
sparingly in chloroform. The chlorine attached to the arsenic may be 
removed by treatment with silyer nitrate in glacial acetic acid solu
tion. The dibromide is a yellow substance melting at 209 0 and soluble 
in glacial acetic acid. It is formed from tri (chloro-3-nitrophenyl) 
arsine and bromine in chloroform solutioIl.1324 

Tri (?-chloro-3-nitro-4-methylphenyl) arsine dichloride, 

(02N. C1. CHs. CcH 2 ) sAsClz, 

precipitates on passing chlorine into a chloroform solution of tri (3-nitro-
4-methylphenyl) arsine, and may be recrystallized from alcohol-chloro
form. It melts at 170 0

) is easily soluble in alcohol but sparingly in 
chloroform.847 
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(HOOC. C6H 4) 

'" 4-Carboxyphenyldiethylarsine dichloride, AsClz, as 

(C2H5 ) 2 

f 

well as the dibromide and diiodide are prepared from the corre
sponding arsine and the respective halogen in chloroform medium. By 
evaporating off the solvent they may be obtained in the form of crystals 
which are readily converted by moisture into the corresponding hydroxy
halides. The latter may be obtained pure by recrystallizing from 
alcoho}.l325 

4-Carboxyphenyldiethylarsine hydroxy chloride, 
(HOOC. C6H 4) OH '" / As 

f '" (C2H 5 ) 2 CI 
may also be produced by shaking 4-methylphenyldiethylarsine with 
aqueous potassium permanganate, at first in the cold and finally at 
30-40°. The arsine is first oxidized to the oxide, and the methyl group 
then converted into a carboxyl. After completely decolorizing the liquid 
with a few drops of alcohol and filtering off the manganese dioxide, the 
filtrate is acidified with hydrochloric acid and the solution evaporated 
to dryness. Upon extracting the residue with alcohol and evaporating 
the extract, a thick syrup remains which upon cooling solidifies to a 
crystalline mass. This may be purified by dissolving in absolute alcohol 
and reprecipitating with anhydrous ether, forming small, white crystals, 
m. p. 162 0

, soluble in water or alcohol and insoluble in ether. With 
mercuric chloride in concentrated aqueous solution it forms a crystalline 
double salt, [(HOOC.C6H 4 ) (C2H5)2As.OH.CI]HgClz, which is readily 
soluble in hot ftlcohol, difficultly so in water, and melts at 182 0

• On 
passing hydrogen sulfide into an aqueous solution of the hydroxychloride, 

(C'2H 5)2 
~ 

the corresponding arsinesulfide, AsS, m. p. 1840
, precipi-

/ 
HOOC.C6H4 

tates.1325 The hydroxybromide crystallizes in white needles, m. p. 
144-5°, and the hydroxyiodide as brown leaflets, m. p. 84°.1326 

Ethyl ester of 4-carboxytriphenylarsine dichloride, 
(C6H 5 )2 

~ 
AsClz, 

/ 
CZH 500C. C6H4 
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results on saturating an alcoholic solution of the corresponding arsine 
oxide with hydrogen chloride and evaporating. Beautiful, white crys
tals, m. p. 1330.1327 

Diethyl ester of 4.,4' -dicarboxytriphenylarsinedichloride, 

(COR 5) 

"-AsClz, 

ff 
(C2H 500C.CsH.1)2 

is similarly prepared from the arsine oxide and hydrogen chloride. The 
greater portion of the alcohol is distilled off, and the residue allowed to 
evaporate in a desiccator. It crystallizes from alcohol as warty aggre
gates of needles, m. p. 1760, having a pungent, but not a disagreeable 
odor.1s28 

Ethyl ester of 4-carboxY-4' -methyltriphenylarsine dichloride, 

COH 5 

"-CHs. C6H4 - AsC12 , 

/ 
C2H 500C. C 6H4 

which is made like the preceding esters, melts at 94°, is soluble in alcohol 
and very hygroscopic.824 

(CHS)2 
'\ 

Phenyldimethylarsinc cyanobromidc, As.Br.CN, is produced 
/ 

(C6R 5 ) 

by the interaction of the tertiary arsine and cyanogen bromide in ligroin 
solution in the complete absence of moisture. It is a white, micro
crystalline powder melting at 94-6" with decomposition, and decompos
ing very quickly in the air with the formation of the corresponding 
hydroxybromide. On heating to 1400 the compound breaks up into 
methyl bromide, phenyltrimethylarsonium bromide and phenylmethyl
cyanoarsine.1292, 1294 The cyanoiodide is similarly obtained from 
cyanogen iodide, employing ether as a solvent. It exists as a yellow, 
finely crystalline powder, m. p. 93 0

, which is converted into the hydroxy
iodide, m. p. 117°, on exposure to air.1294 

Upon attempting to isolate phenylmethylethylarsine cyanobromide 
and phenylmethyl-n-propylarsine cyanobromide, immediate decomposi
tion occurs, yielding methyl bromide and the respective cyano
arsines.1S29 
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(OH3 ) ON 

Diphenylmethylarsine cyanobromide, 
"-l / 

As .-From di-
1/,"'. 

(OsH5)2 Br 

phenylmethylarsinc and cyanogen bromide in the usual manner. The 
product is a white, extremely light crystalline powder, m. p. 61-2°, which 
on exposure to air melts and then resolidifies to form the hydroxy
bromide. On heating the cyanobromide up to 100° it splits into methyl 
bromide and dipheny Icyanoarsine.12DG, 1303 

(OCH 5)2 
\. 

Diphenylethylarsine cyanobromide, As.ON.Br, is made III 

/ 
02H5 

the SLlme geneml way, and exists as a white solid melting at 75 0 tlnd 
unstable toward moisture. On gradually heating to about 140 0

, it splits 
into ethylbromide and diphenyleyanoarsine.1330 

ON 
/ 

Triphenylarsine cyanobromide, (CeHs) 3As , prepared as fibove, is 
"'. 

Br 

a white crystalline substance which begins to sinter at 120° and melts 
indefinitely at 130-40°. Moisture converts it into the corresponding 
hydroxybromide, while heating gradually to 175 0 breaks it up into a 
small quantity of cyanogen bromide, cyanogen, triphenylarsine, tri
pheny larsine hydroxy bromide and an insoluble brown unidentified 
powder.,s31 

2. Triarylarsine Dihydroxides and Oxides, R3As (OH)2 and RsAsO.
The corresponding arsine dihalides or hydroxyhalides readily exchange 
their halogens for hydroxyls when treated with water, caustic alkalis or 
ammOIlJa: 

R sAsX2 + 2NaOH --?> R3As(OH)2 + 2NaX 
RsAs.OH.X + NaOH __,. RsAs(OH)2 + NaX. 

ft is, however, unnecessary to isolate the above halogenated compounds, 
:lR treating n tertiary arsine successively with halogens and alkali gi\'cs 
the same results. The hydroxyhalides yield the same products on treat-
lIlent with moist silver oxide: ' 

RsAs.OH.X + AgOH --?> RsAs(OH)2 + AgX. 

The arsineoxides may be obtained in many cases from arsine dihalidcs 
or hydroxy halides and alkalis; by dehydrating dihydroxides: 

RsAs(OH)2 --?> RgAsO + H 20; 
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or by combining tertiary arsines with sulfur monochloride, and decom
posing the resulting [lddition products with W[ltcr: 

The un substituted dihydroxides and arsineoxides are, as a rule, white 
or colorless cryst[llline solids soluble in alcohol and either sparingly 
so or eribrely insoluble in water. They possess basic properties, form
ing hydroxy salts with acids such as nitric or picric .. In many cases 
the oxides yield the corresponding sulfides with hydrogen sulfide, while 
with nascent hydrogen tertiary arsines result. 

Tri (nitroaryl) arsine oxides are obtained from tertiary arsines by 
the action of a nitric-sulfuric arid mixture, nitration and oxidation 
occurring at the same time. A tri (aminophenyl) arsine oxide has been 
obtained directly from aniline and arsenic trichloride, and a tri (sulfo
phenyl) arsine oxide from triphenylarsine and concentrated sulfuric acid, 
the latter acting hoth as a sulfonating and oxidizing agent. Carboxyl
ated triarylarsine oxides or dihydroxides result upon oxidizing tertiary 
arsines containing nuclear alkyl groups with either potassium perman
ganate at 50-60° for seyeral weeks or, more rapidly, with nitric acid in 
a sealed tube. The latter compounds, generally crystalline, are sparingly 
soluble in water, more rcadily "oluble in alcohol, and form water-soluble 
salts with alkalis. 

CaH 5 

"-Phenyldirnethylarsine rlihydro:cidl') As(OH)2' is a very 

(CHa)2 
II 

hygroscopic substance resulting on treating an aqueous solution of the 
hydroxy bromide with freshly precipitated silver oxide. With alcoholic 
picric acid it yields the corresponding hydroxypicrate.1201 

CSH5 

"-Phenyl-a.-naphthylrnethylarsine oxide, C1oR 7 - AsO.-The corre-
/ 

CRa 

sponding tertiary arsine and bromine are allowed to react in chloroform 
at low temperature, the resulting solution shaken with a slight excess of 
aqueous caustic soda, and the chloroform layer removed and evaporated 
to dryness. The product crystallizes from toluene as colorless, well
defined prisms, m. p. 1750

•
Bo6 
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Triphenylarsine dihydroxide, (CoHo) 3As (ORb is derived from its 
dichloride by boiling with water or dilute ammonia; 1332 from the hy~ 
droxychloride by treatment with ammonia; 1301 or from the dibromide by 
boiling with coneentrated aqueous caustic soda.1333 Another method con~ 
sists in reftuxing a carbon bisulfide solution of the arsine with sulfur 
monochloride on a water-bath for one hour, evaporating off the solvent, 
boiling the residue with water, concentrating the turbid filtrate, and 
precipitating with ammonia.820 The compound forms colorless plates, 
white needles or hexagonal prisms, m. p. 115-6°; soluble in water or 
alcohol, difficultly in ether. N ascent hydrogen reduces it to the arsine. 
On treating its dilute aqueous solution with nitric acid, the hydroxy 
nitrate, (CSR5) 3As (OH) N03, is obtained as long, lustrous needles, m. p. 
160-10 (M.), while on dissolving the dihydroxide or oxide in eoncen~ 
trated nitric acid and evaporating to dryness on a water-bath, the 
nitrate, (CoRs) 3As (NOsh is obtained in the form of radiating aggre
gates readily affeeted by atmospheric moisture, and melting at 99-100°. 

The corresponding oxide, \ CsHJ 3AsO, is formed from the dihydroxide 
either by allowing it to stand over sulfuric acid; by heating at 105-
10°; 1334 or by keeping it in vacuo for two hours.'sS It melts at 189°, 
and forms a yellow amorphous molybdate upon dissolving in boiling 
dilute aqueous sodium molybdate and acidifying with hydrochloric 
acidY35 

Tri(S-methylphenyl)arsine oxide, (CR3.CsH4)3AsO, is a white, crys
talline mass, m. p. 170 0

; easily soluble in alcohol, though sparingly so 
in ether. It is produced by warming the arsine with an excess of bromine 
under water, and subsequently boiling with sodium hydroxide solution 
until decolorization occurs.130 ' 

(CSRS)'2 
\-

Diphenyl-4-rnethylphenylarsine dihydroxide, As (OR) 2. IS 

/ 
(07R 7 ) 

derived from the dibromide by boiling with an excess of aqueous caustic 
potu~h. "'hen crystallized from a benzene-ether solution, it melts at 
(i8 0, and is easily soluble in alcohol. Warming with dilute nitric acid 
produces the hydroxynitratc, white needles from alcohol-ether, m. p. 

(C6R 5 ) 

'" Phenyldi(4-methylphenyL) arsine oxide, AsO.-From the 
II 

(C,H,) 2 

corresponding halides by means of alkali. It is a white powder, m. p. 
81 0

, which on warming with dilute nitric acid yields the hydroxynitrate, 
rosets of intertwined needles, m. p. 94 ° .'310 
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Tri(4-methylphenyl)arsine dihydroxide, (CH3,CaH4)3As(OH)2' flat
tened crystals melting at 96°, results upon adding aqueous alkali to the 
corresponding dichloride or hydroxychloride.1312 

Tribenzylarsinc oxide, (CaHo. CHz) sAsO, is obtained by the action 
of caustic soda upon the hydroxychloride.1336 Recrystallized from dilute 
alcohol, it forms colorless, highly refractive prisms, m. p. 219-20°; 
readily soluble in alcohol or glacial acetic acid, less so in hot water and 
sparingly in cold water, ether or benzene. With the haloid acids, as 
well as with nitric acid, it forms hydroxy salts readily soluble in alcohol 
but practically insoluble in water or ether. The oxide is'reduced to the 
arsine by means of zinc and glacial acetic acid containing concentrated 
hydrochloric acid, the reduction being best carried out at 50-60°. Boil
ing with red phosphorus and hydriodic acid converts it into tetra benzyl
arsonium iodide. 

Tri(4-ethylphenyl)arsine dihydroxide, (CzH5,C6H4)aAs(OH)2, melts 
at 180° .833 

Phenyldi (2,4-dimethylphenyl) arsine dihydroxide, 

C6H S 

'" As(OH)z, 

[(CHa)2C6H a]2 
;{ 

is obtained by the action of alkalis upon the corresponding halides, and 
melts at 112°. When heated it loses a molecule of water and is con
verted into the arsine oxide, m. p. 120 0

• Both the oxide and dihydroxide, 
when boiled with dilute nitric acid,. yield a basic nitrate, 

C6H5 (CSH9) 2As. OH. NOa, 

consisting of transparent crystals, m. p. 126°.1337 

Tri (2,4-dimethylphenyl) arsine dihydroxide, [(CHa) 2C6Ha] aAs (OH) 2, 

results from the interaction of the dibromide and alkali. On warming 
at 100° it loses water, yielding colorless crystals of the arsine oxide.1338 

Phenyldi (2,4,5-trimethylphcnyl) arsine dihydroxide, 

[ (CHa) 3C6H 2] 2 

"-As(OH)z, 
/ 

C6Hs 
is prepared by adding a slight excess of alcoholic potash to an alcoholic 
solution of any of the corresponding halides, saturating with carbon 
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dioxide, filtering and evaporating the filtrate to dryness on a water-bath. 
On extracting the residue with alcohol and removing the solvent, the 
arsine dihydroxide crystallizes out in transparent, colorless prisms, m. p. 
113-4 0

• When dehydrated either by prolonged standing in an evacuated 
desiccator or, more rapidly, by heating at 100 0

, it is converted into the 
corresponding arsine oxide, m. p. 162.5°, which is soluble in alcohol or 
benzene but sparingly so in ether.1339 

Tri (2,4,5-trimethylphenyl) arsine dihydroxide, 

[ (CHa) aCaHz] 3As (OH)z, 

is made by hydrolyzing the corresponding dibromide or hydroxybromide 
with alcoholic potash, and crystallizes from dilute alcohol with four 
molecules of water. It effloresces in the air or, better, over sulfuric acid, 
while at 1200 it is converted into the corresponding arsine oxide, m. p. 
227_80.1340 

Tri (2,4,6-trimethylphenyl) arsine oxide is prepared from its halogen 
derivatives by the action of alcoholic potash. It is a white, crystalline 
powder, m. p. 203-40 _1341 

Tri(4-isopropylphenyl)arsine oxide, [(CH3)2CH.CaH 4]aAsO, forms 
white needles, m. p. 1290, which on warming with dilute nitric acid 
yield a hydroxynitrate, colorless crystals, m. p. 1470; easily soluble in 
hot water or alcohop320 

Tri(tertiary-butylphenyl)arsine oxide, [(CH3)3C,C6H4]3AsO, m. p. 
above 3600

, consists of a white, crystalline powder produced by treating 
the dichloride with water.8a7 

Tri (4-phenylphenyl) arsine oxide, (CaH5' C6H4) 3AsO, from the cor
responding dihalides and ammonia, melts at 2640.1342 

Tri-a-naphthylarsine dihydroxide, (C1oH 7 )sAs(OH)2, is formed by 
adding alcoholic potash to the dibromide or hydroxybromide and pre
cipitating with water/ 34S or by warming a carbon bisulfide solution of 
the arsine with sulfur monochloride, concentrating the solution, filtering 
and warming with dilute caustic potash.8ss The compound, m. p. above 
3000, crystallizes from alcohol with two molecules of water as colorless 
needles. Drying the dihydroxide at 1100 or boiling the hydroxy bromide 
with water yields the corresponding arsine oxide, while hydrogen sulfide 
reduces the dihydroxide to the corresponding tertiary arsine. 

Tri-~-naphthylarsine oxide, obtained by treating the impure tarry 
dibromide with alcoholic potash, crystallizes from alcoholic benzene in 
anhydrous needles.1344 
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Tricamphory!ar";,,, dihy<iroxid" [c.R<::].As (OR),,;' obtained 

as a by-product in the preparation of dicamphorylarsinic acid by con
densing sodium camphor and arsenic trichloride in dry toluene. The 
reaction product is extracted with aqueous caustic soda, neutralized 
with mineral acid, and the resulting precipitate extracted with benzene, 
the insoluble residue consisting of the secondary acid. From the benzene 
extract more of the latter separates. The mother-liquor is then evapo
rated to dryness, the residue dissolved in dilute sodium hydroxide, boiled 
with charcoal, and the filtrate concentrated to crystallization. The 
crystals, consisting of sodium dicamphorylarsinate, are then removed, 
the filtrate acidified, and the viscid precipitate again treated with ben
zene and sodium hydroxide to remove the last traces of the secondary 
acid. The final precipitate is a brown, uncrystallizable solid softening 
at 1100, melting indefinitely at 1300, and easily soluble in benzene, 
alcohol or acetic acid. Its sodium salt is very soluble, while the silver 
salt is a grayish-white precipitate. When the dihydroxide is heated 
with an excess of aqueous caustic soda at 130-40 0 it decomposes into 
camphor and arsenic acid_1345 

Tri(3-nitrophenyl)arsine oxide, (02N,C6H4)3AsO, is prepared by 
introducing into a well-cooled mixture of fuming nitric nnd concentrated 
sulfuric acids either triphenylarsine,841 or its dihydroxide.1346 In the 
latter case the red, tarry matter, which is simultaneously formed, is 
removed by boiling alcohol, and the arsine oxide purified by recrystal
lization from hot glacial acetic acid. When pure it consists of colorless 
crystals, m. p. 254 0

; easily soluble in glacial acetic acid, insoluble in 
alcohol or ether, and exploding when strongly heated. 

Tri(4-nitrophenyl) arsine oxide or dihydroxide, obtained by treating 
a solution of sodium di (4-nitrophenyl) arsenite with sodium 4-nitroiso
diazobenzene at 75-80 0

, exists as brown crystals soluble in glacial acetic 
acid or alkali, insoluble in water, alcohol or aqueous sodium carbonate, 
and intumescing on heating. 776 

(

02N ) 
Tri(3-nitro-4-methylphenyl) arsine oxide, )6H3 sAsO, is 

CHa 

made by introducing tri(4-methylphenyl)arsine into a cooled mixture 
of fuming nitric and concentrated sulfuric acids, and crystallizes from 
alcohol in yellow, highly refractive, monoclinic prisms, m. p. 212 0

; 
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easily soluble in glacial acetic acid or hot alcohol, sparingly III cold 
alcohol and insoluble in ether. If, however, fuming sulfuric acid is 
used and the mixture kept warm, the product obtained is a nitrate, 
[ (02N) (CH3 ) C6H.~] BAs (N03 ) 2, which crystallizes from glacial acetic 
acid in practically white crystals melting at 265 0

, and almost insoluble 
in alcohol. By heating with aqueous caustic potash it is converted into 
the corresponding oxide.1s47 

[ 

OzN J 
Tri (3-nitro-4··ethylphenyl) arsine oxide, )6H3 sAsO, meltfl 

C2H 5 

at 232°.833 

Trinitro-phenyldi(2,4-dimethylphenyl) arsine oxide, 

[(OzN) (CHs)2C6H 2]2 

~ 
AsO, 

/ 
02N.C6H. 

results upon nitrating phenyldi (2,4-dimethylphenyl) arsine, and separates 
from alcohol as pale yellow crystals, m. p. 245 0 .1837 

Trinitro-phenyldi (2,4,5-trimethylphenyl) arsine oxide, 

[ 

02N J 
(02N. C6H4 ) "b6H zAsO, 

/II 
(CHs)s 

similarly prepared, crystallizes from alcohol in pale yellow crusts, m. p. 
163 0

,1348 

[ 

02N ] 
Tri (3-nitro-4-isopropylphenyl) arsine oxide, )sHs sAsO, 

(CHS )2CH 
yellowish-white needles from hot alcohol, melts at 245 0 with decom
position.1s49 

Tri( ?-chloro-3-nitrophenyl) arsine oxide, (OzN. Cl. CsHs) sAsO.-
From the corresponding dichloride by treatment with concentrated 
caustic potash solution. It is a white, crystalline mass, m. p. 257 0

; 

difficultly soluble in alcohol.1350 

Tri(?-aminophenyl)arsine oxide, (HzN.C6H4)sAsO.-A mixture of 
arsenic trichloride and aniline in either dry benzene or toluene solution 
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is boiled for 50 hours and allowed to stand for three to eight wee 
out of contact with atmospheric moisture, when the reaction produ 
is rendered alkaline with sodium carbonate, and the excess anili 
removed by distillation with steam. The hard, resinous residue upc 
repeated crystallization from benzene first yields an unidentified CrySt2 
line compound, m. p. 189 0

, the tri (aminophenyl) arsine oxide being 0 

tained from the benzene mother liquors by concentrating and purifyil 
through the hydrochloride. It is an amorphous, hygroscopic mass decor 
posing indefinitely at 108 0

• Its trihydrochloride is very soluble in wat, 
and is precipitated as a gray, amorphous mass by passing hydrogc 

chloride into a benzene solution of the base. The platinichloriC 
2 (NH2 .4C6H 4 ) 3AsO. 3H2PtC16 , is an amorphous, yellow substance spa 
ingly soluble in water but insoluble in hydrochloric acid. The triacet'b 
and tribenzoylamino derivatives melt at 140-50° and 130-40° r 
spectively.1351 

Tri (4-dimethylaminophenyl) arsine dihydroxide, 

[(CHS)2N .CsH 4 ]sAs(OH)2' 

A carbon bisulfide solution of the corresponding arsine is refluxed wi: 
sulfur monochloride for one hour, the intermediate product filtered 0 

dissolved in hydrochloric acid to 'remove the sulfur, and the dihydroxic 
precipitated from the filtrate by means of aqueous caustic potash. R 
crystallized from ethyl acetate, it forms cubes, m. p. 257 0

; insoluble 
water, very difficultly soluble in benzene, ether or carbon bisulfide ar 
difficultly in methyl or ethyl alcohol. 

The corresponding arsine oxide results, on drying the precedil 
dihydroxide in vacuo at 1000 to constant weight and then recrystalli 
ing from alcohol. It consists of white crystals, m. p. 277°; easily solub 
in methyl or ethyl alcohol, difficultly in ethyl acetate, very difficultly 
ether or benzene and insoluble in water.1S52 

Tri (?-sulfophcnyl) aTsinc oxide, (HOsS, CeR,) 3AsO.-Triphenylarsil 
is first converted into its dihydroxide by heating on a water-bath wi1 
concentrated sulfuric acid and precipitating with aqueous caustic potas 
and then sulfonated by further heating with concentrated sulfuric ac 
to the boiling point of the latter. The compound is isolated as tl 
barium salt, a white, crystalline powder easily soluble in water.1353 

4-Carboxyphenyldiphenylarsine oxide, [Diphenyl-p-benzarsonic acid 

(CBH 5 )2 

~ 
AsO, 

/ 
HOOC.CaH4 
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is derived from diphenyl-4-methylphenylarsine either by heating with 
nitric acid (d, 1.2) in a sealed tube, or by oxidation with potassium 
permanganate for 4-5 weeks at 60°. It crystallizes from alcohol in 
crusts, m. p. 253-4 ° ; easily soluble in alcohol, alkalis or excess of mineral 
acids but insoluble in water or ether. With hydrogen sulfide in alcoholic 
solut.ion it yields t.he corresponding arsine sulfide, while with hydrogen 
chloride in the same solvent it forms the ethyl ester of 4-carboxytri
phenylarsine dichloride. 

The silver salt, a pulverulent precipitate sensitive to light, is pre
pared by treating an aqueous suspension of the acid with moist silver 
oxide and concentrating the filtrate. The acid barium salt is a white 
powder easily soluble in water.l354 

4-C arboxY-4' -methyltriphenylarsine oxide r Phenyl-p-tolyl-p-benzar

CeH5 

" sonic acid], C,H, - AsO.-When phenyldi (4-methylphenyl)· 
/ 

HOOC.CeH4 

arsine is oxidized with potassium permanganate at 50-60° for thl'€l 
weeks, it yields a mixture of the mono- and dicarboxylic acids, which 
are separated· by means of cold absolute alcohol, the monocarboxylic 
acid alone dissolving. The latter is insoluble in water, ether or benzene, 
and does not melt below 300°. Its silver salt forms needles which turn 
brown on exposure to air.l355 

,iA' -Dicarboxytriphenylarsine oxide [Phenyldi-p-benzarsonic acid], 

CaH5 

(HOOC. CeH4) 2 

" AsO. 

" 
A suspension of phenyldi(4-methylphenyl)arsine in water containing 
caustic potash is allowed to react with potassium permanganate for 
eight weeks at 50-60°, the whole being shaken vigorously from time to 
time. The desired product is isolated by filtering the reaction-mixture, 
concentrating the filtrate, and finally precipitating with hydrochloric 
acid. The compound crystallizes from hot glacial acetic acid as a white, 
crystalline powder soluble in hot alcohol or alkalis, insoluble in water, 
ether or chloroform, and remaining unmelted below 300 0

• It is a dibasic 
acid, forming a white, microcrystalline silver salt, a blue, pulverulent 
copper salt \vhich loses its one molecule of wat.er of crystallization at 
105°, and an acid barium salt consisting of white crystals easily soluble 
in water.la56 • 
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CeHs 

" Bis (carboxytollll)phenlllarsine oxide, AsO, is 
!l 

[HOOC.CeHs(CHg) ]2 

a dibasic compound formed on heating phenyldi (2,4-dimethylphenyl)
arsine with a calculated amount of nitric acid (d, 1.2) in a sealed tube 
at 110-70 0

• It crystallizes from alcohol as a pale yellow powder, m. p. 
196 0

; sparingly soluble in water.82S 

CsH 5 

" Bis (carbo:ryxylyl) phenylaroine o:ride, AsO, 
!l 

[HOOC. C6H2 (CH3)2]2 

IS derind from phenyldi 12,4.5-trimethylplH'Ilyl) arsine (2 g.) and 4.7 g. 
of nitrie acid (d, 1.2) by heating in a t'ealed tube for 12 hours at 
120-80 0

, and is purified by repeatedly dissolying in ammonia and repre
cipitating with hydrochloric acid. It crystallizes from hot dilute alcohol 
as a pale yellow powder, m. p. 199 0

; insoluble in water, ether or ben
zene.1357 

Tri (4-carboxyphenyl) arsine dihydroxide, r Tri-p-b enz arsonic acid], 
(HOOC. CsH.,) gAs (OHL, is prepared by oxidizing tri (4-methylphenyl)
arsine with alkaline potassium pcrmanganate, and may be recrystallized 
from ether in granular crystals somewhat soluble in water or hydro
chloric acid. When heated it loses water without melting. Its alkali 
and alkali earth salts indicate that the acid is tribasic, the silyer salt 
alone containing four atoms of thc metallic element. The potassium 
salt forms crystalline efuRts easily soluble in water; the calcium deriya
tiYe is a flocculent precipitate containing 1-2 molecules of water, while 
the silver salt appears to have the formula, 

C6H5 

" 2,4,2',1/ -Tetracarboxytriphenylarsine oxide, AsO, 
!l 

[ (HOOC)2C6H 3]Z 

is a tetrabasic acid obtained upon oxidizing phenyldi (2,4-dimethyl
phenyl)arsine with the ('alculated amount of nitric [leid (d, 1.2) in a 
sealed tube at 110-70°. Recrystallized from alcohol it melts at 213 0

, 

and is fairly easily soluble· in hot water or alcoho1.828 
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Bis (dicarboxytolyl) phenylarsine oxide, 

C6 H5 

! (HOOC) ~C6H2 (CHa) J 2 

"'-AsO, 
II 

m. p. 213°, is made like the corresponding dicarboxytetramethyl deriva
tive, using twice the amount of nitric acid.1357 

CBHo 

"'-Bis(tricarboxyphenyl)phenylarsinc oxide, AsO, IS pre-
II 

l (ROOCLC6R z]2 

pared like the preceding compound employing the proper quantity of 
nitric acid and heating for 13 hours at 110-50°. It crystallizes from 
dilute alcohol as hard, white crystals, m. p. 275 0

• The ('omposition of 
the silvpr salt and the ethyl ester suggest the exi"tence of an anhydride 
having the formula, 

C6H5 C6 H5 

/ "'-OAs - CeHz (COOH) a (ROOC) 3C6Hz - A"O. 
'" (COOH)2 (HOOC)" / 

'" II " / CBR" CoR" 

"'- / CO--O--OC 

The silver salt, a white powder sensitive to light, is obtained by the 
addition of sih'er nitrate to a solution of the ammonium salt, while 
the ethyl ester, silky needles, m. p. 193°, results on saturn.ting an aleo
holic solution of the acid with hydrogen ('hloride, allowing to e,'aporate 
in vacuo and finally recrystallizing from hot alcohol. The e::-ter contains 
no chlorine and is soluble in dilute alkali only on prolonged v,arming.1359 

3. Triarylarsine Sulfides.-The addition of sulfur nnd triary) arsines 
may be readily effected either in the presence of a mitable soh'ent such 
as carbon bisulfide, or by fusion. The same products arc obtained from 
the abo\'e ursinI's either by treatment with yellow ammonium sulfide 
in alcoholic solution, or by first combining with sulfur monochloride, and 
then decomposing the addition products with hydrogen sulfide: 

C1 

R3As/ H2S~ 
"'S.S.Cl 

R3AsS + 2HCl + 82 , 
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They also result ujJon boiling triarybrsine dihnlides with yellow ~\m
monium sulflde, or when hydrogen sulfide acts upon alcoholic i3olutions 
of triarylarsine dihalides, hydroxyhalides, dihydroxides or oxicle~. 

The products are crystalline solids generally soluble in hot, but Ic~s 
so in cold alcohol and insoluble in alkali sulfides .. The nuclear "ub
stituted compounds also possess properties characteristic of the particular 
substituents present. 

Triphenylarsine stdfide, (C6H 5 ) 3AsS, is made by boiling the dichloride 
with yellow ammonium sulfide; by prolonged boiling of the arsine and 
sulfur in carbon bisulfide solution, or by fusing triphenylarsine with 
sulfur.1360 A very efficient method of preparation consists in passing 
hydrogen sulfide through an alcoholic solution of triphenylarsine di
hydroxide,1333 while the same product results on .refluxing a carbon 
bisulfide solution of the arsine with sulfur monochloride on a water
bath for one hour, introducing hydrogen sulfide until fumes of hydrogen 
chloride are no longer evolved, and e"aporating off tJ1e solyentYi4 In 
each case the crude product is recrystallized from hot alcohol, form
ing lustrous needles, m. p. 162 0

; difficultly i301uble in rold alcohol and 
insoluble in water, :trids, ether or alkali sulfides. 

Tri(3-methylpheHyl) arsine sulfide, \CH". CGli,) aAsS, sill'ery needles, 
m. p. 186 0

, is obtained like the para isomer, avoiding an excess of 
sulfur .'307 

Diphenyl-4-methylphenylarsine sulfide, (C6H 5 ) 2 (CH3 • C6H.) AsS, re
sults on passing hydrogen sulfide through an alcoholic solution of the 
dihydroxide. It separates from alcohol as white, granular crystals, 
m. p. 1350.1361 

Phenyldi(4-methylphenyl) arsine sulfide, C6H., (CH3 • C6H 4 ) 2AsS, m. p. 
144 c, is similarly produced from the corresponding arsine oxide.1362 

Tri(4-methylphenyl) arsine suTfidc, (C,H,) 3AsS, may be obtained by 
saturating an aqueous solution of the hydroxychloride with hydrogen 
sulfide, or by warming the tertiary arsinc with sulfur in carbon bisulfide 
solution. It crystallizes from dilute alcohol as lustrous leaflets, m. p. 
170_10.'363 

Tribenzylarsine su.lfide, (C6H 5 • CH") .J\.sS.--Frolll the arsine oxide 
by passing hydrogen sulfide into its alcoholic solution, or by Warming 
the components together in glacial acetic ncid. It crystallizes in color
less, transparent, rhombic prisms, m. p. 212-14 0

; sparingly soluble in 
hot chloroform or glacial acctic acid and insoluble in alcohol, ether, 
benzene, carbon disulfide or acetone.'364 
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Tri (4-ethylphenyl) arsine sulfide, (CcH5' CaR,) 3AsS, melts at 1230
•
833 

Phcnyldi (2,4-dimethylphenyL) arsine snlfide, CoHo [ (CH,) CCSR3] zAsS, 
can only be obtained with difficulty.s29 

Tn: (2,4-rlimcihylphcn yl) arsine sulfidc, [ (CRa) 2C6Rs] sAsS, silky 
prisms melting at 145°, is made by the interaction of its ('.omponents.1338 

Phenyldi (2/i,5-trimcthylphenyl) arsine sulfide, 

C6Ho [ (CH3) 3C6H2] zAsS, 

is prepared by heating the arsine with alcoholic yellow ammonium 
sulfide in a sealed tube at 110°. From alcohol or alcohol-ether mixiure 
it crystallizes as transparent crystals, m. p. 1350."348 

Tri (4-isopropylphenyl) arsine sulfide, [(CRa) 2CH. CaH.] 3AsS, from 
the corresponding arsine oxide by passing hydrogen sulfide through its 
alcoholic solution, separates from hot alcohol as white crystals, m. p. 
149.5°."349 

Tri (4-phenylphenyl) m'sine sulfide, (CGH 5 • CoH.) 3AsS, melts at 228°, 
and is prepared by passing hydrogen sulfide through an alcoholic solu
tion of the corresponding arsine oxide, dihalide or hydroxy halide. It 
may be recrystallized from benzene.1342 

Tri-a-naphthylarsillc S1l lfi de, (CloR,) 3AsS.-Tri-a-naphthylarsine in 
carbon bisulfide solution is warmed on a water-bath with sulfur mono
chloride, treated with ammonium pentasulfide, nnd again warmed for 
some time. After filtering off the unchanged penta sulfide, the desired 
compound is obtnined by concentrating the filtrate. It crystallizes 
from alcohol in small, white plates, m. p. 285°; easily soluble in 
chloroform or ethyl acetate, difficultly in benzene or carbon bisulfide 
and insoluble in water.'365 

Tri-~-naphthylarsine sulfide is prepared by passing hydrogen sulfide 
through a dilute akoholic solution of the dibromide, forming well-de
fined tablets, m. p. 162 0

; re~ldily soluble in benzene or carbon bisulfide 
but sparingly in ether or alcohol. By refluxing its benzene solution with 
mercury the sulfur is remond, mercuric sulfide and the free arsine 
being obtained.,s44 . 

Tri (3-amino-4-methylphenyl) arsine sulfide, (R"N. C6H 3 CH3 ) 3AsS.
An alcoholic solution of the tertiary amino arsine is saturated first with 
ammonia, then with hydrogen sulfide, and finally refiuxed for some time. 
Upon standing the sulfide settles out together with sulfur, and is 
purified by treating with hot alcohol and carbon bisulfide. The com
pound is soluble in mo;ot dilute acids but ,insoluble in all organic sol
vents. \Vith dilute sulfuric acid the acid sulfate, 
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2 (NHz • C6H 3 • CH3 ) 3AsS .3HzS04 , 

is obtained as a white precipitate easily soluble in hot dilute hydro
chloric acid but insoluble in ,vater. 850 

Tri (4-dimethylarninophenyl) arsine sulfide, [(CHs ) 2N. C6H4J sAsS.
The corresponding arsine in carbon bisulfide solution is first refiuxed 
with sulfur monochloride and then with an excess of finely powqered 
ammonium pentasulfide, after which the precipitnted reaction-product 
is dissolved in hydrochloric acid, the :::ulfur filtered off, and the crude 
arsine sulfide reprecipitated with sodium carbonate. By dis80lving in 
chloroform and reprecipitating with absolute alcohol, the compound is 
obtained in the form of lustrous leaflets, m. p. 269-70 0

; difficultly soluble 
in carbon bisulfide, benzene, ether or alcohol but easily in chloroform.m2 

(C2H 6 )2 

" 4-Carboxyphenyldiethylarsine sulfide, AsS, formed 
/ 

(HOOC. C6H 4 ) 

on passing hydrogen sulfide into an aqueous solution of the hydroxy
chloride crystallizes in long, colorless, transparent needles, m. p. 1840.1366 

4-Carboxytriphenylarsine sulfide, 

(C6H 5 )2 

" AsS, 
/ 

(HOOC.C6H 4 ) 

separates as 

oily drops on passing hydrogen sulfide through an alcoholic solution of 
the arsine and evaporating off the solvent. On standing the oily sub
stance solidifies to a mass of beautiful white crystals, m. p. 178 0

•
823 

D. Quaternary Derivatives. 

1. Arsonium Compounds.-Tertiary aromatic arsines combine with 
alkyl or aryl halides to form quaternary arsenicals of the type R 4AsX, 
where X represents a halogen atom: 

R3As + R'X ~ R,A:::X. 

This reaction often occurs at ordinary or slightly elevated tempera
tures, but in several instances it has been found necessary to heat the 
components together in a sealed tube at water-bath or eYen higher 
temperatures, depending upon the nature of the individual arsine and 
alkyl or aryl halide employed. Thus, combination with methyl iodide 
takes place "ery readily, while with ethyl iodide and the halides of 
the higher homologues the reaction is not only more difficult, but in 
several instances does not take place at all. 
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Instead of tertiary arsines, cacodyls may be employed, in which 
case a secondary halogenated arsine is also formed. The reaction evi
dently proceeds according to the following equation: 

R2As. AsR2 + R'X ~ R 2As 
X 

R 2R' 2AsX + R 2AsX. 

Quaternary halides are also obtainable from pnmary aromatic 
arsines and alkyl halides: 

RAsH2 + 3R'X --7 RR' 3AsX + 2RX; 

from arsonium hydroxides and haloid acids: 

R4As. OR + HX ~ R4AsX + H 20; 

or by heating arseno compounds in a sealed tube with an alkyl iodide. 
According to Bertheim the latter reaction proceeds as follows: 

RAs = AsR + 3R'I --7 RR'gAsI + RAslz, 

while Steinkopf claims that the arsonium triiodide is first formed, and 
this in turn reacts with the unchanged arseno compound, yielding an 
arsonium iodide and an aryl diiodoarsine: 

i RAs = AsR + 6R'I ~ 2RR'gAsIg 
l RAs = AsR + 2RR' 3As1g ~ 2RR' gAsI + 2RAsI2. 

The last reaction can be actually carried out by bringing together 
arsenobenzene and phenyltrimethylarsonium triiodide in alcoholic solu
tion. 

The iodides and bromides are well-defined crystalline compounds, 
while the chlorides either crystallize poorly or exist as syrupy masses 
which form crystnlline addition products with platinic, mercuric or auric 
chloride. The arsonium halides are all generally soluble in water or 
alcohols but not in ether. Some of the iodides combine additively wit.h 
chlorine to form dichloroiodides, others yield double salts with 
cadmium-, lead- or mercuric iodide, and still others form triiodides 
with iodine, but they all possess the property of yielding the corre
sponding arsonium chloride when boiled with silver chloride. The 
bromides are converted into the iodides by heating with methyl or po
tassium iodide. 

When heated at elevated temperatures in an atmosphere of carbon 
dioxide, the arsonium halides generally split into their component 
tertiary arsines and alkyl or aryl halides. They react with silver d-a
bromocamphor-n:-sulfonate, yielding silver halide and the corresponding 
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arsonium bromocamphorsulfonate, while with freshly prepared moist 
silver oxide they form the corresponding arsonium hydroxides. The latter 
are strong bases readily· forming salts with acids-even with so weak 
an acid as carbonic, which they rapidly absorb upon exposure to air. 

It is interesting to note that arsonium compounds with an as
symetric arsenic atom have been prepared, and there appears to exist 
definite evidence that they may be resolved into optically actiye com
ponents, but the active compounds racemize so rapidly that the observed 
rotation is small. This racemization appears to occur as a result of 
the tendency of the quaternary salt to readily dissociate in solution. 
The arsonium salts of optically active acids, however, exhibit a molecular 
rotation which is practically equal to that of the acid ion itself. 

. The arsonium triiodides are prepared: 
1. From arseno compounds by heating with an excess of alkyl iodide 

in a sealed tube: 

R 
R'X R'X" 

RAs=AsR ~ RAs-AsR ~ R'-As 
I I / 

R X X 

R 
/ 4R'X 

As-X 

"a, I 
t 

2RR'aAsXa. 

2. In a similar manner from alkyl iodides and secondary mono
halogenated-, cyano- or thiocyanoarsines, or tertiary arsine dihalides: 

R'X , RX 
R2AsX -~ R2R AsX2 ~ R2R'2AsXa. 

3. By adding iodine to an arsonium iodide in a solvent such as 
alcohol: 

As we have already seen under the preparation of arsonium iodides, 
the triiodides give up their extra halogen to arseno compounds, con
verting the latter into two molecules of the corresponding diiodoarsines, 
while they themselves are changed to the arsonium iodides. In the case 
of diphenyldimethylarsonium triiodide, it has been found possible to 
effect combination with still more iodine, forming an enneaiodide, 
R4AsI.I8, a compound closely resembling the corresponding derivatives 
in the nitrogen series. 

Arsonium compounds containing carboxy groups may be prepared 
by oxidizing the nuclear alkyl radicals of ary larsonium compounds by 
means of potassium permanganate; from carboxylflted tertiary arsines 
and alkyl halides; or from tertiary arsines and halogenated fatty acids 
such as chloroacetic acid: 
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C1 
/ 

RsAs + C1CH2 • COOH --7 RsAs 

'" CR2COOR 

The abo\'e arsoniulll halides form addition products with platinic or 
auric chloride, but with alkalis the corresponding hydroxides or their 
inner anhydrides are obtained: 

R'COOR 
/ 

R' 

/ '" RsAs --7 RsAs CO. 

'" X '" / o 
The latter are basic compounds which yield arsonium salts upon treat
ment with acids. The anhydrides, unlike the corresponding phosphorus 
compounds, are very stable toward concentrated caustic alkalis, de
composition occurring only on prolonged boiling in alcoholic potassium 
hydroxide solution, 

Tertiary arsines also combine additiyely with co-halogenated ketones 
according to the equation:· 

The resulting halides, upon treatment with sodium carbonate, are con
verted into the corresponding hydroxides, known as arseniketobetaines. 
The latter form s:tits with acids but, unlike the other arsonium hy
droxides, are readily crystallizable, only slightly soluble in water and 
neutral in reaction. It has not been definitely determined whether 
they possess the structural formula 

RsAs 

CR2COCRs 
/ 

CR. OR 
/ '\ / 

, or RsAs C 

'" OR '" / '" o CHa 

In the case of triphenylmethylarseniketobetaine, it has been found pos
sible by heating to form an anhydride which yields the parent substance 
upon treatment with hydrous solvents. 

Phenyltrimethylarsonium chloride, CuRo (CRs) sAsCI, is obtained from 
the corresponding iodide by treating with silver oxide and adding hydro
chloric acid to the resulting compound. Its platinichloride, 

[CeRo (CRa) sAs] 2PtC16, 
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crystallizes in beautiful, red lamellll) melting at 219 0 and readily soluble 
in water.1367 

Phenyltrimcthylarlionium bromide rcwlts from the interaction of 
methyl bromidE; and either phenyldimethylarsine 7li8 or symm. dimethyl
diphenyldiarsine 1368 in a scaled tube. It separates from alcohol in 
compact crystals, 111. p. 284 0 with decomposition; soluble in water, 
methyl or ethyl alcohol, difficultly in warm acetone, chloroform, benzene 
or ethyl acetate and insoluble in ether or pyridine. Its platinichloride 
crYt-<bllizes in brown leaflets, 111. p. 197-200°. With picric acid the 
arsonium bromide yields the corresponding picrate, 

CoRo (eH 3 ) 3As. OCGR2 (N0 2 ) 3, 

orange-yellow needles melting at 145 0
• 

Phenyltrilllcthylul'soilimlL iodide Illay 1)(' obtained from phenyldi
methylarsinc ,;;cn or arsenobenzcllc 137" by ,,,arming in a scaled tube with 
methyl iodide; from symm. dimdhyldipbenyldiar::iine and methyl iodide 
in an atmosphere of carbon dioxide; 571 from the corresponding bromide 
by heating with methyl iodide; 200> or from pllenylarsine by heating with 
an excess of methyl iodide. '37' It crystallizes in white needles, m. p. 
244-50°; is easily soluble in cold water or alcohol, insoluble in ether, 
and decomposes into its constituents upon heating in a stream of carbon 
dioxide. With cadmium iodide it forms a double salt, 

[CGRs (CRa) 3As] 2' CdI4 , 

a white, crystalline preeipitate melting at 194 0
•' "7" \\"ith iodoform in 

absolute alcoholic solution the arsonium iodide forms an addition product, 
l[ (COR5) (CRa)3As] .... 13eR, which can also be obtained by reiluxing 
a mixture of either iodoform, pheny Idimethy larsine and methyl iodide, 
or phenyltrimethylarsonium hydroxide and iodoform. It cryetallizes 
in yellow needles, m. p. 143-5°; soluble in acetone or hot alcohol, diffi
cultly in ether, pyridine or chloroform, and is decompo::ied into its com
ponents on boiling with water.'373 

Phcnyltrimethylarsoniurn tTiiodide.-From phenylmethylchloro- or 
iodoarsine and methyl iodide in a i3ealed tube for two hours at 100°. 
On digesting the reaction product with ether and recrystallizing from 
alcohol, it forms long brown needles, m. p. 103 0

; easily soluble in hot 
ah:ohol or cold acetone, sparingly in cold alcohol and insoluble in 
water, ether or ligroin.'33 On refluxing it~ alcoholic solution with 
:OYllllll. diphenyldiiododiarsine, the resulting compounds are largely 
llheny ldiiouoar"ine and pllCll} Itrimethy larsonium iodide: :,77 
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4-A! ethoxyphenyltrimethylarsonium iodide, (CH30. CSH4) (CH3) 3AsI, 
is obtained along with 4-methoxyphenyldiiodoarsine upon heating 4,4'
dimethoxyarsenobenzene with methyl iodide in a sealed t.ube at 100°. It 
forms beautiful, long, white needles and prisms, m. p. 213 0

; soluble 
in water, methyl alcohol, glacial acetic acid, chloroform or pyridine, 
less so in acetone and insoluble in ether, ligroin or benzene.492 

4-Iodophenyltrimethylarsonium iodide, (1. CSH4) (CH3 ) 3AsI, from 
4,4' -diiodoarsenobenzene and methyl iodide, crystallizes in leaflet.s or 
prisms melting at about 300°, soluble in water, methyl alcohol or glacial 
acetic acid, lees so in acetone, sparingly in chloroform and insoluble in 
ether or ligroin.1374 

4-C arboxyphenyltrimethylarsonium chloride [Trimethylarseniben

(CHa)a 
~ 

zobetairle hydrochloride J, AsCI, prepared by the pro-
/ 

HOOC.CsH4 

longed oxidation of 4-methylphenyltrimethylarsonium chloride with 
alkaline potassium permanganate at 50°, crystallizes from water in 
clusters of small white needles easily soluble in hot, but less so in cold 
alcohol and decomposing above 400° into phenyltrimethylarsonium chlo
ride and carbon dioxide. Its platinichloride exists as small, pale yellow 
needles, Ill. p. 255 0

, while the aurichloride consists of golden-yellow 
needles, m. p. 1980

• 

C6H4 

/ "'-
The free betaine, (CHaLAs CO, results upon treating the 

"'- / o 
above arsonium chloride with sodium carbonat.e, and crystallizes from 
dilute alcohol in thin plates containing 2t molecules of water of crystal
lization. Heating decomposes it without melting; treatment with hydro
bromic acid yields the arsonium bromide, small needles decomposing 
without melting at 270 0

; aqueous nitric acid produces a nitrate, leaflets 
melting at 230 0

, while with sulfuric acid long, thin needles of an acid 
sulfate are produced. 'Vhen boiled with alcoholic potash the betaine 
decomposes into trimethylarsine oxide and benzoic acid.1375 

Phenyldimethylethylarsonimn iodide, (CSH5) (CHa)2(C2H5)AsI, IS 

made by reacting either phenyldimethylarsine and ethyl iodide,'Ul or 
pheny Imethy lethy larsine and methyl iodide.797 It crystallizes from 
alcohol as colorless needles, m. p. 142°. \Yith mercuric iodide in acetone 
solution it combines additiYely, forming pale yellow prisms of 
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(CaH5) (CH3 )2(C2H 5 )As.HgIs, m. p. 135°, while with lead iodide thc 
compound (CaH5) (CHs)2(CzHo)As.Pbla, m. p. 203°, is obtained. '372 

Phenylrnethyldiethylarsonium chloride, (CaH,) (CHa) (C2H5)2AsCl, 
is an oil which forms a crystalline double salt, m. p. 190°, with platinic 
chloride. '277 The arsoniulll iodide is readily prepared by combining 
phenyldiethylarsine with methyl iodide at ordinary temperature. It 
separates from alcohol-ether as prisms, m. p. 122 0 (M.) 75-7° (B.) .m. 1376 

4-Carboxyphenylmethyldiethylarsonium iodide, 

CHa 

" (C2H 5 ) 2 = AsI, 
/ 

HOOC.CaH4 

consists of white needles turning pale yellow on exposure to sunlight 
and melting at 1310. It is produced by refluxing the tertiary arsine with 
methyl iodide on a water-bath.1377 

1CHz 

Phenyliodornethyldiethylarsoniurn iodide, " (C2 H 5 )2 = As1, ::;eparates 
/ 

CaHs 

on warming phenyldiethylarsine with methylene iodide on a water-bath 
and finally cooling. It crystallizes from dilute alcohol as smull needles, 
m. p. 173 0

; difficultly soluble in hot water, alcohol or acetone, more 
readily in methyl alcoho1.1378 

Phenylcarboxymethyldiethylarsoniurn chloride [Phenyldiethylarseni

C6H 5 

betaine hydrochloride), " (CzH 5) 2 = AsCI, results on combining 
/ 

HOOC.CH2 

phenyldiethylarsine with monochloroacetic acid at water-bath tempera
ture. It crystallizes in white needles, m. p. 125 0

; is easily soluble in 
alcohol or water, and forms a lU:otrous, red, erystallinc platinichloride 
melting at HH C. The free betaine results on adding alcoholic potash 
to a similar solution of the above hydrochloride, removing the excess 
alkali with carbon dioxide and concentrating the filtrate. The ethyl 
ester of the hydrochloride is an oil obtained by heating phenyldiethyl
arsine together with ethyl chloroacetate in a s~aled tube at 100 0

, and 
extracting with ether. Its chloroplatinate crystallizes from alcohol III 

small needles melting at 125 0
, while the picrate melts at 90° .1379 
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Phenyltriethylarsonivm chloride, CoH" (C2H 5 ) aAsCl, may be deri"ed 
directly from the corresponding iodide either by boiling with freshly 
precipitated silnr chloride, or indirectly by heating with :m flqueous 
suspension of silYer oxide for scnnll hours in fl sCflled tube at 110 0

, 

neutralizing the resulting hydroxide with hydrochloric acid, and eynpo
rating the solution on the water-bath. It is a syrupy mass which can
not be obtained crystalline. With pbtinic chloride its aqueous solution 
yields a double salt consisting of gallien-yellow leaflets.'38o 

Phcnyltriethylarsonium iodide results upon heating either phenyldi
ethylarsine and ethyl iodide in a sealed tube at 100° ,J3R1 or phenylarsine 
and an excess of ethyl iodide in a sealed tube at 120 0

•'371 It crystallizes 
in rolorIess prisms, m. j). 112-3°; soluble in \Vater or alcohol, insoluble 
in ether, and having an extremely bitter taste. On exposure to sunlight 

• it acquires a yellow color due to the liberation of iodine, while heating 
in a current of carbon dioxide splits it into phenyldiethylarsine and 
ethyl iodide. When chlorine is conducted into its glacial acetic acid 
solution, a dark oil separates which soon solidifies to lustrous, dark 
yellow crystals of the nrsonium dichloroiodide, C6H5 (CZH5) aAs. 1CI2.137& 

Phenyltriethylarsoniurn hydroxide is obtaineu by treating the corre
sponding arsonium halides with moist silver oxide.1as2 

4-C arboxyphenyltriethylarsoniu1n chloride [Triethylarsenibenzo-

(CzH 5 ) 3 

\'\\ 
betaine hydrochloride], AsCI, prepared like the corre-

/ 
HOOC.C6H. 

'sponding methyl derivative, consists of hygroscopic acicular crystals, 
which are decomposed into triethylarsine oxide and benzoic acid only 
after prolonged boiling with alcoholic caustic potash: 

(HOOC.C6H 4 ) (C2 H 5 )3AsCl + 2KOH ~ 
(C2 H 5 )sAsO + C6H 5COOK + KCl + H 20. 

The chloroplatinate forms small, pale yellow leaflets, m. p. 2250
; its 

aurichloride crystallizes from alcohol in thin, yellow leaflets and from 
hot water containing hydrochloric acid in long, thin, golden-yellow 
needles, m. p. 165 0

, while the picrate, 

[(HOOC. C6H 4 ) (CzH5l3]As.OC6Hz (NOJs, 

is obtained as golden-yellow leaflets, m. p. 155 0
• 

The free betaine, derh'ed from its hydrochloride by treatment with 
an excess of sodium carbonate, separates as long, tabular, hygroscopic 
crystllls having a bitter taste. It forms no salts with alkalis.1383 
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C6H5 

'" Phenylethyl-n-propylaUylarsonium bromide, C2H 5 - AsBr, results 
// 

C3H7/ 
C3H5 

when phenylethyl-n-propylarsine and allyl bromide interact for 24 hours. 
It crystallizes from acetone in large, colorless plates, m. p. 86°; mod
erately soluble in water. The corresponding d-a-bromocamphor-rt-sul
fonate crystallizes readily from dilute alcohol, and melts at 1230

•
706 

Phenyltriisoamylarsoniurn iodide, CBH5 (C5H1~) sAsI, from isoamyl 
iodide and phenylarsine, exists as white crystals, m. p. 163 0

; soluble in 
alcohol or chloroform but insoluble in cold water, ether, benzene or 
ligroin.1371 

(CH3)3 
~\ 

4-Methylphenyltrimethylarsonium iodide, AsI, may be 
/ 

(CH3 .CBH 4 ) 

prepared either from 4-methylphenyldimethylarsine and methyl iodide/53 

or by heating arseno-p-toluene together with methyl iodide in a sealed 
tube for one hour at 100° .1374 It crystallizes from water as broad, flat 
plates or needles, m. p. 247.5°; soluble in water, glacial acetic acid, 
methyl or ethyl alcohol, difficultly so in acetone or chloroform and in
soluble in ether or ligroin. With platinic chloride it forms a double salt 
consisting of reddish-yellow needles, m. p. 225°. 

4-M ethylphenylmethyldiethylarsonium iodide, 

(CH3 • C6H 4 ) (CH3 ) (C2H 5 ) 2AsI , 

colorless leaflets, m. p. 220°, from 4-methylphenyldiethylarsine and 
methy I iodide.798 

(G2HJ3 
~ 

4-Methylphenyltriethylarsonium iodide, AsI, IS ob-
/ 

(CHS .CBH 4 ) 

tained from 4-methylphenyldiethylarsine and ethyl iodide as colorless 
prisms melting at 230 0

, and possessing a bitter taste. The corresponding 
arsonium hydroxide results on treating the iodide with moist sjJver oxide. 
On neutralizing a solution of the hydroxide with hydrochloric acid, the 
arsonium chloride separates as an oil which upon standing gradually 
solidifies to a crystalline solid. The latter forms with platinic chloride 
a double salt consisting of reddish-yellow leaflets, m. p. 210 0

; soluble in 
alcohol or hot water.798 
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y-Phenylpropyltr'£methylarsonium iodide, 

(C 6H 5 • CH2CH2CH2 ) (CHs) sAsI, 

prepared from y-phenylpropyldimethylarsine and methyl iodide, crystal
lizes from water in colorless needles melting at 144°.265 

a-N aphthyltrimeth ylarsonium t'odide, C1oH7 (CHs) 3AsI, is readily 
formed from its components, crystallizing from alcohol in colorless 
needles, m. p. 230° .'94 

(CH3)~ 

a-N aphthyldirnethyleth yLarsollilirtl iodidr, 
~ 

CzHs - AsI, produced by 
/ 

C1oH 7 

condensing a-naphthyldimethylarsine with ethyl iodide at 90-100°, crys
tallizes from alcohol in colorless leaflets, m. p. 218°.794 

(C6H 5 )2 

Diphenyldimethylarsonium iodide, 
~ 

AsI.-Methyl iodide 
;{ 

(CH3)2 

reacts vigorously with diphenylmethylarsine at ordinary temperature, 
forming, the corresponding arsonium iodide, which may be best crystal
lized from dilute alkalis as white, spicular crystals, m. p. 190°; easily 
soluble in alcohol or hot water, less so in cold water, insoluble in ether, 
and haying a bitter taste. When heated in a stream of carbon dioxide, 
it is split into its components; warming with moist silver oxide produces 
the arsonium hydroxide, which upon neutralization with hydrochloric 
acid yields the corresponding chloride. The latter forms with platinic 
chloride a double salt crystallizing from hot water in flattened, reddish
yellow needles, m. p. 219° with decomposition, and sparingly soluble 
in cold water.1384 

Diphenyldimcthylarsonium triiodidc results upon heating diphenyl
chloro-, bromo- or. iodoarsine with methyl iodide in a sealed tube for 
several hours at 100°, and consists of violet needles, m. p. 69.5°; easily 
soluble in chloroform, ethyl acetate, acetone or hot methyl or ethyl 
alcohol, sparingly in the cold alcohols and insoluble in water or 
ether.747, 750 

(C6H 5 )2 

~ 
D'iphcnyldimethylarsonium enneaiodide, AsI. Is.-When the 

;{ 
(CHsh 
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preceding triiodide and iodine are dissolved in a saturated alcoholic 
iodine solution by warming, and the whole allowed to cool, the ennea
iodide separates as lustrous, metallic, dark green needles which have a 
strong odor of iodine, readily turn brown on warming, and melt at 
56° .138G Its excess iodine may be casily split off. 

CHs 

'" Diphenylmethylethylarsonium iodide, C2H 5 - AsI, is best formed 
f 

(CSH 5 )2 

by heating either ethyl iodide and diphenylmethylarsine or methyl iodide 
and diphenylethylarsine in a sealed tube at water-bath temperature. It 
may be crystallized from weakly alkaline solutions, or by dissolving in 
alcohol and precipitating with ether, as white needles or rhombic prisms 
·sensitive to light, m. p.170° ; easily soluble in hot water, slightly in cold, 
insoluble in ether, and having a very bitter taste. When warmed in a 
current of carbon dioxide, it dissociates into diphenylmethylarsine and 
ethy I iodide. 

"Cpon \varming the compound with moist silver oxide, it yields the 
corresponding arsonium hydroxide, a syrupy liquid which absorbs carbon 
dioxide from the air, has an intensely bitter taste and a strongly alkaline 
reaction. When neutralized with dilute hydrochloric acid the arsonium 
chloride is formed. This in turn combines with platinic chloride to 
form a double salt crystallizing from hot water in yellowish-red to red 
needles, m. p. 214 0 with decomposition; difficultly soluble in cold water 
and insoluble in alcohol. Upon warming the above hydroxide with a 
solution of picric acid, the arsonium picrate, 

CH3 

'" C2H 5 - As. OC6H2 (N02 ) 3, 

(CaRs) 2 

f 

separates on cooling as a resinous lllass which after recrystallization 
from hot alcohol yields yellow needles. It is soluble in hot water, 
difficultly in cold, insoluble in ether, and melts at 95°, above which tem
perature it decomposes. 13s6 

(C2H s)2 

" Diphenyldiethylarsonium chloride, AsCl.-From the corre-
f 

(C6 H 5 )2 

sponding iodide by heating with moist silver oxide in a sealed tube for 
2-3 hours at 110°, and subsequently neutralizing with dilute hydro
chloric acid. 'With platinic chloride it forms a golden-yellow product 
which crystallizes in platelets difficultly soluble in water. 
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Diphenyldiethylarsonium iodide results upon heating diphenylethyl
arsine or .its dichloride with ethyl iodide in a sealed tube at 100°. It 
crystallizes from hot water as white, flattened needles, m. p. 184 0

; diffi
cultly soluble in cold water, readily in alcohol, and is somewhat sensitiye 
to light.1381 

Phenyl-4-methylphenylmethylethylarsonillm iodide, 

CH3 

~ 
C2H 5 -AsI, 

\ // 
COH5/ 

CH3 .C6H 4 

results from the interaction of the tertiary arsine and methyl iodide. 
It crystallizes in white, monoclinic, acicular needles, m. p. 150-1° (from 
water) and 145° (from alcohol). It is noteworthy because it contains 
five different radicals attached to the arsenic, s~ that stereoisomeric 
forms are theoretically possible. Although its alcoholic solution shows 
a slight optical activity, it has not been found possible to resolve it 
into optically actiye isomer ides by means of tartaric or aspartic acid. 
Moreover, fission fungi could not be employed as the arsenical has a 
toxic action upon them. The striking difference in the melting points 
of the crystals obtained from water and from alcohol is due to the fact 
that each consists of a mixture of yarious stereoisomers. The corre
sponding arsonium chloride obtained by the action of hydrochloric acid 
upon the hydroxide, is not crystallizable, but its plntinichloride crystal
lize8 from hot water in yellowish-red, triclinic prisms, nl. p. 214 o .,on 

(C2H 5 ) 2 

"-P heny [-,j-me til y lphe /I y ldie th y {arsonium iodide) C6H5-AsI, 
/ 

CH3 .C6H 4 

separates from water as monoclinic prIsms, m. p. 148° .1388 

Phenyl-4-rnethylphenylethyl-n-propyl- and isopropylarsonium iodides, 
(CoHo) (C7H 7) (CzHJ (03H7)AsI, consist of monoclinic crystals with no 
sharp melting pointsY88 

(CH3)'2 

Phenylbenzyldimethylarsonium iodide) "-COH5 - AsI, IS readily 
/ 

C6H 5.CH2 

produced b:" combining additively phenyldimethylarsine and benzyl 
iodide. It crystallizes from a mixture of acetone and ether in colorless 
needles, ID. p. 115_6°.701 
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Phenyl-ro-chlorobenzyldimethylarsonium chloride, 

(C6R 5) (C6R 5. CRCl) (CRg) 2AsCl, 

is made by heating phenyldimethylarsine with an excess of benzal 
rhloride, and precipitating the product with ether. It is a deliquescent 
substance whose -w-chlorine is replaced by a hydroxyl on dissolving in 
water. The hydroxy compound forms a double salt with platinic 
chloride.1389 

Phenylbenzylmethylallylarsonium iodide, 

(CaRs) (CaR 5.CR2 ) (CR3 ) (C3H 5 )AsI. 

On allowing a mixture of phenyl methyl allyl arsine and benzyl iodide to 
stand for several days, a hygroscopic, vitreous mass is formed which, 
after repeated recrystallizations from acetone, separates as large, color
less crystals, m. p. 1000

; readily soluble in acetone, alcohol or ethyl 
acetate but insoluble in water. It reacts with silyer d-a-bromocamphor
It-sulfonate under ordinary conditions to form the corresponding arsonium 
bromocamphorsulfonate, which crystallizes from a mixture of alcohol 
and acetone in large, colorless prisms, m. p. 189 0

•
802 

Phenyl-a-naphthylmethylallylarsonium bromide, 

(CaR5) (CloR 7 ) (CR3 ) (C3R 5 )AsBr, 

is easily made by combining the tertiary arsine with allyl bromide, and 
forms a colorless crystalline compound melting with decomposition at 
1400.1390 

Phenyl-a-naphthylphenacylmethylarsonium bromide, 

CR3 "-

CaR5~AsBr. 

CloR77 
C6R 5COCRz 

When phenyl-a-naphthylmethylarsine and w-bromoacetophenone are 
warmed together in molecular proportions, a glassy substance is pro
duced which in contact with warm alcohol slowly changes to a bulky, 
white, crystalline solid, m. p. 189 0

• It is sparingly soluble in cold, readily 
in hot alcohol and insoluble in acetone. The corresponding bromocam
phorsulfonate has becn obtained as a glassy mass which resisted repeated 
attempts at crystallization.139o 

Phenyl-a-naphthylhomopiperonylmethylarsonium bromide, 

CR
g

"" C5R5-AsBr, 

CloR'7 CSR 10 2 
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is readily formed upon warming together equimolecular quantities of 
homopiperonyl bromide and phenyl-a-naphthylmethylarsine. The com
pound crystallizes from nlcohol in colorless plntes, m. p. 174-5°. Its 
bromocamphorsulfonate crystallizes from absolute alcohol in needles con
taining alcohol of crystallization. l3OO 

Phenylbenzylethyl-n-propyla)"8onillrn iodide, 

(CSH5) (C,H,) (CzH,l (C3 H, )AsI, 

from molecular proportions of phenyleth:d-n-propylarsine and benzyl 
iodide at 40-,50° for two hours, crystallizes from ethyl acetate in small, 
rolorless crystals, m. p. ] 28°; soluble in alcohol but not in water. With 
silwr d-camphor-[-l-:-:ulfonate f'ilver iodide is precipitated, the corre
~ponding arsonium mmphor.sulfonatc remaining in solution. The latter 
may be isolated by c\'aporating the solution, and crystallizing the 
residue from n mixture of acetone and light petroleum.803 

PhI')) U1-y-ph enyl propy ldimethylarsonimit iodide, 

(C"Ho) (C"K. CRzCI-I,CRz) (CR3 ) 2AsI, 

is readily prepared from phenyl-y-phenylpropylmethylarsine and methyl 
iodide, crystallizing from water as colorless rhombohedra, m. p. 102°.801 

(CH3)2 
'\ 

Phcnyl-a-na]Jhthyldimethylarsonium iodide, CSR5 - AsI, similarly 
/ 

ClOR7 
prepared from the arsine and methyl iodide at water-bath temperature, 
separates from a concentrated alroholic solution as colorless plates, 
m. p. 175°.806 

(CH3 ) 2 

'\ 
Di (2-mcthylphcnyl) dimethylarsoni1l1n iodide, AsI, IS 

;{ 
(CR3 • CSH 4 )'2 

readily obtained from di (2-methylphenyl) methylarsine and methyl 
iodide, crystallizing from water as colorless needles, m. p. 195°.805 

Triphenylmethylarsonium iodide, (CeHo) 3 (CH3 ) AsI, prepared by 
refluxing triphenylarsine with methyl iodide on a water-bath, crystal
lizes from alcohol as yellowish leaflets and from water as colorless, 
feathery needles, m. p. 176°; easily soluble in alcohol or ether, less so 
in hot water and insoluble in cold water. By conducting chlorine into 
its glacial acetic acid solution, or by treating with sodium hypochlorite 
and hydrochloric acid the dichloroiodide, (CsR 5)3(CHa)AsI.C12 , is ob-
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tained. The same compound result~ on adding iodine ehloride solution 
to the eorresponding arsonium chloride, and crystallizes in yellow leaflets, 
m. p. ] 44 0

; e:18ily soluble in boiling alcohol, acetone or glacial aeetic 
acid but in:-oluble in wder or ether. By repeated eynporntion with 
W:lter the iodine is yolutilized, teaying the corresponding arsonium ('1110-
n:de. 1

.
w1 The latter i" abo obtained b~' neutralizing a ::3olution of the 

hydroxide with hydrochloric acid or by boiling the solution of the 
arsonium iodide with silyer chloride. Upon concentrating its solution 
a thick syrup i" obtained which, after several enlporations with water, 
is finally dissolycd in alcohol and reprecipitnted with cther, yielding 
white needles, m. p. 1210; soluble in water and alcohol. With platinic 
chloride it forms a double salt crystallizing from alcoholic hydrochloric 
acid in yellowish-red needles, m. p. 224-5° .""" 

Triphenylmethylursonimn triiodide if' obtained from triphenybr:-;ine 
diiodide and methyl iodide by heating for thrce hours in a i3ealed tube 
at 100°, or from the arsonium iodide nne! iodine in alcoholic solution. 
It crptallizes from alcohol in lw,trou::" hrown leaflet::" m. p. 107 0

; easil~' 
soluble in acetone or boiling alcohol, difficultly in carbon bisulfide or 
cold alcohol and inEoluble in water, ether, earbon tetrachloride or 
petroleum ether.'''; 

Triphenylmethylarsonill1n bromide, frOlil tripheny larsim' and methyl 
bromide in a sealed tube at room temperature for 14 days, melts at 195 0

; 

is insoluble in ether, benzene or ligroin, slightly soluble in acetone or 
water and readily in methyl or ethyl alcohol, hot water or chloroform. 
'Vith iodoform in hot absolute alcoholic solution it forms an addition 
compound, Brl (CoHo)3 (CH3 )As] ... leCH, brownish-yellow lamina', 
m. p. 124 0

; slightly soluble in warm ether, acetone, benzene, toluene or 
ligroin, readily in hot alcohol or chloroform, and is decomposed into its 
components on boiling with water.13U3 

Triphenylmethylarsonium hydroxide is best made by digesting an 
alcoholic solution of the iodide with moist silver oxide, and carefully 
concentrating the resulting :solution by keeping it in "aeuo oyer sulfuric 
acid. It consists of elongated, tran:::pnrent, prismatic. crystals soluble 
in water with an alkaline reaction, and melting at 125-6°. When heated 
at 1000

, the eompoundloses methyl alcohol, leaving pure triphenylarsine. 
Its aqueous solution absorbs carbon dioxide from the air, and on evapora
tion deposits large plates of the bicarbonate, 

[ (CeHG) 3 (CHJ As. HC03 ] • H 20, 

which effervesces with acids, forms a white precipitate with baryta water, 
and slightly reddens phenolphthalein in the cold, though more so on 
boiling. By adding an excess of nitric acid to a solution of the hydroxide 
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and concentrating, there is obtained a crystalline mass of the nitrate, 
which may be recrystallized from alcohol-ether in long needles.1392 

Tri (3-ndrophenyl) methylars.onium nitrate, 

(OeN .C6 H 4 )" (CHs)AsNO", 

is produced by treating either triphenylmethylarsonium nitrate or 
chloride with a mixture of fuming nitric and concentrated sulfuric acids 
at low temperature. The product is a yellow powder, m. p. 195 0

; soluble 
in hot alcohol, chloroform or glacial acetic acid, insoluble in water, and 
intumescing when heated. '394 

(CcHii)3 
~\ 

Triphenyliociomcthy[arsom'um iodide, AsI, produced upon 
/ 

(ICHz) 

heating triphenylarsine and methylene iodide in an oil bath at 130 0
, 

crystallizes from hot dilute alcohol as silyery needles, m. p. 227 0
; spar

ingly soluble in glacial acetic acid, chloroform or water and insoluble 
in anhydrous ether. By passing chlorine into its hot glacial acetic acid 
solution the corresponding chloromethylarsonium dichloroiodide, 

(CAHJ" (CH2CI)As. ICle, 

is obtained as intensely yellow crystals, m. p. 138 0
; readily soluble in 

boiling alcohol, sparingly in cold alcohol or glacial acetic acid. Upon 
warming with caustic soda solution it is decomposed into triphenylarsine 
dihydroxide and dichloroiodomethane: 

{

(C6HO)3 (CH2Cl)As. ICl2 + 2NaOH -......,. 
(C6 H 5 )3(CH2 Cl)AsI + NaCIO + NaCI + H 20 

(C6H 5 )3(CH"CI)As.IClz + NaCIO + NaOH -......,. 
(C6H5)3As(OH)z + CHIClz + 2NaCl. 

When an alcoholic solution of the iodomethylarsonium iodide is 
warmed with freshly precipitated silver chloride the corresponding 
arsonium chloride is obtained as lustrou:" needles, m. p. 208 0

; easily 
soluble in alcohol or waterY95 

Triphenylhydroxymethylarsonillm chloride, 

HO.CHz 

"'AsCl.-By 
//I 

(C6H 5 )3 

shaking a solution of the rorresponding iodomethylarsonium iodide with 
silY(~r oxide, both iodine atoms arc replaced by hydroxy Is, and the 
product is obtained as a syrup on concentrating. However, by first 
adding hydrochloric acid and then concentrating, the hydroxymethyl
arsonium chloride is obtained as a deliquescent. crystalline solid, m. p. 
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112°. With platinic chloride in alcoholic solution it forms a double 
salt consisting of lustrous needles, m. p. 224°. 

If hydriodic acid is employed in the above neutralization, the corre
sponding hydroxymethylarsonium iodide is formed along with some 
triphenylarsine which is removed with ether. The iodide crystallizes 
from alcohol as fiat, yellow needles, m. p. 171 0; easily soluble in water 
or alcohoU396 

Triphenyl-~-hydroxyethylarsonium chloride [Triphenylarsinocholine 
chloride], (C6Hs) 3 (HOCHz . CHz) AsCI, is derived from triphenylarsine 
by prolonged boiling with ethylene chlorhydrin. It is first precipitated 
by ether and then recrystallized from alcohol-ether as colorless needles, 
m. p. 215 0

• With platinic chloride it forms a double salt consisting of 
elongated golden-yellow needles, m. p. 223° .1397 

Triphenylcarboxymethylarsonium chlor-ide [Triphenylarsenibetaine 

hydrochloride] , is obtained as white needles, m. p. 

145°, and easily soluble in water or alcohol when equimolecular quan
tities of triphenylarsine and chloroacetic acid are heated together on a 
water-bath. It forms a light red platinichloride, m. p. 194 0

• With 
alcoholic caustic potash it yields the corresponding arsonium hydroxide
small, white needles, m. p. 125 0

; very easily soluble in water or alcohol. 
At 100° the latter loses one molecule of water, forming an inner anhy-

CH2 

/ '" dride, triphenylarsenibetaine, (CaHs) gAs CO.1398 

'" / o 
Triphenylacetonylarsonium chloride [Tripheny lmethyla.rseniketo-

(C6H 5 )3 

~ 
betaine hydrochloride] ! AsCl.-From tripheny larsine and 

/ 
CHsCOCH2 

chloroacetone by heating for several hours in an oil-bath at 120 0
• It 

crystallizes from alcohol-ether as rectangular crystals, m. p. 172 0
; easily 

soluble in water or alcohol. Its platinichloride is a reddish-brown pre
cipitate soluble in alcoholic hydrochloric acid. 
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CH2 OH 

The free 
/ "'-/ 

ketobetaine, (CaH5) sAs C , results upon adding 

"'- /"'-o CHs 
caustic soda or sodium carbonate solution to the hydrochloride and 
recrystallizing from hot water, forming nacreous, rhombic plates prac
tically insoluble in cold water, sparingly ~n ether and readily in hot 
water, alcohol or benzene. The compound melts at 123 0

, then resolidi
fies and remelts at 194°. This is due to the fact that the betaine gradu
ally loses one-half molecule of water, forming the anhydride, 

CH3 CHs 
CH2 I 1 CH2 

/ "'- 1/ "'-
(CaH5)sAs C-O-C As(CaH5)s, 

"'- / "'- / o 0 
which melts at the higher temperature. The anhydride may be recrys
tallized unchanged from benzene, but in hydrated solvents it reverts 
to the ketobetaine. By adding various acids to the alcoholic solution 
of the ketobetaine and subsequently precipitating with ether, salts may 
be obtained. 

Triphenylacetonylarsonium bromide, prepared from the ketobetaine 
and hydrobromic acid, forms colorless crystals melting at 165°, and 
dissolving in water or alcohol. The iodide, m. p. 161 0

, is readily soluble 
in alcohol or hot water but sparingly in cold water.1399 

Triphenylphenacylarsonivm bromide fTetraphenylarseniketobetaine 
hydrobromide), (CaH5) 3 (CH2COCeH 5 ) AsBr, results upon heating equal 
parts of triphenylarsine and bromoacetophenone on a water-bath. It 
forms silky needles, m. p. 178 0

; easily soluble in hot water or alcohol 
but sparingly in cold water. The corresponding chloride is soluble in 
water or alcohol and melts at 1660

; the platinichloride melts at 191 0
, 

while the iodide, prepared by adding a solution of potassium iodide to 
a hot solution of the bromide, melts at 157 0

, is easily soluble in alcohol, 
and sparingly in cold water. The nitrate, from the chloride or bromide 
and silver nitrate, consists of colorless needles, m. p. 184°; soluble in 
alcohol, sparingly in cold water. Upon treating the bromide with sodium 
hydroxide or carbonate, there is formed tetmphenylarseniketobetaine, 

CH2 CaHs 
/ "'-/ 

(CaH5)3As C 

"'- 0 / 'on 
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which may be crystallized from dilute alcohol in fine. \yhitc ll('edle~, 

m. p. 176 0
; readily soluble in alcohol but insoluble in cold watcr. 140

(' 

TriphenylethyZursoniu1n iodide. IC6R(;)3(C~Ro)Asl, result~ on rc
fluxing triphenylarsine with ethyl iodide. It mny be recrystallized from 
alcohol-ether as lustrous needles. m. p. 158 0

; difficultly soluble in water 
but readily in alcohol. The correE'pondillg chloride forms a platini
chloride melting at 2210. '401. 

Tri(2-methylphenyllmethylarsoniu1n iodide, (CR3 . C,;R,) 3 (CR3 )AsI, 
crystallizes from water in colorless needles, m. p. 1660.811 

Tri(3-methy{phenyllmethylarsonill'ln iodide, easily prepared by the 
interaction of the tertiary arsine and methyl iodide at ordinary tem
perature, crystallizes from water or alcohol in rhombic prisms, m. p. 
181 0

• The corresponding arsonium chloride is oily, but its platinich 10-
ride is a pale yellow precipitate. On warming the arsonium iodide wIth 
alkali, tri (3-methylphenyl) arsine is obtained.'307 

Tri(3-methylphenyl) ethylarsonium iodide, (C1R 1 )s (C2 RJAsI, crys
tallizes from dilute alcohol in distorted rhombohedra of the' triclinic 
system, m. p. 1300.'402 

Diphenyl-4-methylphenylmethylarsonium t'odide, 

(C6Rs)2(CR3.CsH4) (CRs) AsI, 

obtained like triphenylmethylarsonium iodide, crystallizes from water 
in white needles, m. p. 1520

• The corresponding chloride is oily and 
cannot be obtained crystalline, but the platinichloridc crystallizes from 
alcoholic hydrochloric acid in pale red crystals, m. p. 2090.1361 

Diphenyl-4-methylphenylethylarsonium iodide, 

(C6 H o)z(C;HT ) (CzH 5 )AsI, 

is an oil which cannot be solidified. The platinichloride forms pink 
crystals, m. p. 220 0

• 1S54 

Phenyldi (4-methylphenyl) me thy larsonium iodide, 

(C6H 5 ) (C1R 1 )2(CHs)AsI, 

made like triphenylmethylarsonium iodide, crystallizes from water in 
white needles, m. p. 840, which turn pale yellow on exposure to light. 
Its platinichloride crystallizes from hot dilute hydrochloric acid in lus
trous, golden-yellow needles, m. p. 2220.1403 

Phenyldi (4-methylphenyl) ethylarsonium iodide, 
II:: 

(CSR 5) (C7H7l2(C2Hs)AsI, 
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is an oily 8ub:-tallcC which ~olidific8 H'ry ~lowl~' to form "mall ydlowi;;;h 
~rystals, m, p, 125°,1:106 

Tri I.~-m('th ylphcllyl ) 1/1 et.hylarsonium iodide, 

('He' CJI. J" (ell,) AsI, 

1" pn'p~H('d like it" phel1:-:1 llOmnlugue, alld 1l]('lt~ at 11\.;": th.' ('I>iOi'I.;( 
forms large, transparent ('fy~tab. Ill. p. 87". \"hill' til(' pbtini(';l;Ul'ide 
con",i~ts of ~trongly refral'ti,'c, r('ddi~h-br()\\,ll pri~m~. By p:(",,,ing cldo
rine into a glacial acetic a('id "olutioll of the io(Ldc, thcre it' obtained 
\he dichloroiodidc, (C,H;)" ICH,,) A::i. I Cl", wllich OIl rccrystallization 
from alcohol separates as reddish-yellow (']'ystak m. p. 146°. 1

•
Hi

., 

T1'i (8-di1nethylamino-4-mcth ylphcn Ui J meth lIia1'80nill1/i iodide, 

Tri (3-amino-4-methy Ipheny I J art'ine it' r('fluxed \\'ith an exeest' of methyl 
iodide, the E'X(,C8::' of the latter distilled off, the f!'udi"b-Yl'llo"" crysLil
line residue dissoh'ed in water, alld tlJe' (il's.r('(l ('oll1)lonl1(l precipitate(l 
with caustic soda as a white powder, rn. p. 135 0

; en"ily soluble in a1<'ohol 
but sparingly in water."'2 

ICH2 

"-Tri (4-methylphcnyll iodometh ylul'sollil/U/ iodide, Ai3I, 
/II 

(CH". C"H. \:i 
prepared as abo\'e, consist" of ('olorle,,~ rry"tal" melting at 215 0

, and 
di:,~ol\'ing in alcohol. '363 

TTl t4-meth yllJhenyl) caTboxymethylaTSOrt1 11m (,hloride I Tri- p-tolyl

(CH",C"H.):,. 
~\ 

'1rscnibetainc hydrochloride], AsCI, is prepared as above, 
/ 

\HOOCCH"J 
but the eombination occurs le:"s readily. It i" a whit(', erystalline rna>'s, 
m. p. 146(), which form,.: a yellow piatiniddoridp, m. p. 206 0

• 'I'll(' free 
betaine ny"tallizps less readily than the ('orrp~i;ondillg phcnyl compound 
so that it cannot be obtained absolutely pure. J4'" 

Tri (4-methylphenyl) acetonylarsoniullt (,hloride I Tri-ZJ-tolylmethyl
aTseniketobetaine hydTochloTide} , I C,H, J:i J CH/_;OCH") AsCl.-Prepared 
by heating woleeular proportions of ehlorGarctonc and tri \ 4-rnethyl
phenyl) arsine in sealPd tube'S at 85 0

• It melts at 170°, and is readily 
soluble in water or aleoho1 but insoluble in ether. It forms a platini-
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chloride, consisting of yellow leaflets, m. p. 210°; sparingly soluble in 
water or alcohol. The arsonium bromide, obtained from the chloride 
and potassium bromide, exists as needles, m. p. 159 0

; easily soluble m 
alcohol, less so in water. The corresponding iodide melts at 144°. 

CH2 CH3 
/ ""-/ 

The free ketobetaine, (C,H7)3As C IS obtained by the 

""- /""-o OR 

action of alkali upon the chloride, and crystallizes from dilute alcohol 
in lustrous needles, m. p. 113°; easily soluble in alcohol, benzene or ether 
but insoluble in water.H05 

Tri(4-methylphenyl)phenacylarsonium chloride [Tri-p-tolylphenyl
arseniketobetaine hydrochloride], (C7H7) 3 (CeH 5COCH2 ) AsCI, is pre
pared as abo\'e by employing chloroacetophenone, and is recrystallized 
from alcohol-ether as white needles, m. p. 159°, which behave with 
solvents like the preceding chloride. Its plHtinichloridc forms yellowish
red needles, m. p. 205°. The bromide, abo dcrind as above, melts at 
182°, and the iodide at 148°. 

(TY:c'tallizes from 

alcohol containing a little water in tufts of lustrous needles melting 
at 160° .1406 

Tri(4-methylphenyl) ethylarsonillm iodide erystaHizes from water in 
fine, colorless needle:s, m. p. 158 o ."we; 

Diphenylbenzylrnethylarsonium iodide, 

from diphenylmethylarsine and benzyl iodide, melts at 1930.'"4 

Phenyl-4-methylphenylbenzylethylarsoniurn iodide, 

from phenyl-4-mdhylphenylcthylarsine and benzyl iodide. forms rhom
bic crystals, m. p. 150 0

• The corre8ponding chloride is un('ry~talliz
able.754 
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Phenylbenzyl-o.-naphthylmethylarsonium bromide, 

CRa 

"-C"H5 -AsBr. 
/ 

C6H 5 .CH2 / 

C1oH7 

Phenyl-o.-naphthylmethylarsine and benzyl bromide combine readily 
when heated on a water-bath, to form the arsonium bromide. It crys
tallizes in ('olorless prisms, m. p. 185°; readily soluble in cold dilute or 
hot absolute alcohol, sparingly in cold absolute alcohol and insoluble 
in water. With a calculated quantity of silver d-o.-bromocamphor-lt
sulfonate it forms the arsonium bromocamphorsulfonate which separates 
from acetone, alcohol-ethyl acetate or acetone-ether as colorless prisms, 
m. p. 187°; soluble in aqueous acetone or alcohol and almost insoluble 
in water. Its rotating power is [M] D281 0, which may be raised to 

300° by recrystallization.Ho7 

d-Phenylbenzyl-o.-naphthylmethylarsonium bromide is prepared like 
the iodide as colorless crystals, m. p. 187-8°, but racemization in solu
tion is very rapid, the highest molecular rotation observed being 
[M]D + 5°. The corresponding arsonium iodide is obtained when 

d-pheny Ibenzy 1- o.-naphthy Imethy larsonium - d - 0. - bromocamphor-lt-sulfo
nate in aqueous acetone is treated with aqueous potassium iodide, sep
arating in colorless needles, m. p. 186-7°, having a molecular rotation 
of [M]D 12°. It is soluble in cold chloroform or a mixture of alcohol 

and water, and in warm alcohol or acetone. The last two solutions 
deposit an inactive iodide, m. p. 183-4 0, upon cooling.1408 

Tribenzylalkylarsonium iodides are prepared by heating the arsine 
with a slight excess of alkyl iodides in sealed tubes at 100°. They are 
crystalline compounds readily soluble in alcohol or hot water, the sol
ubilities decreasing with increasing carbon content, while the solubilities 
in ether increase in the same order. They have an intensely bitter 
taste, turn yellowish in the air, and have melting points varying within 
but few degrees of each other. In alcoholic solution silver nitrate pre
cipitates silver iodide.1409 

Tribenzylmethylarsonium iodide, (C6H 5 • CH2 ) a(CH3 ) AsI, consists of 
colorless needles and rhombic crystals, m. p. 143°. Boiling with moist 
silver oxide converts it into the arsonium hydroxide-a highly caustic 
base which absorbs carbon dioxide from the air. However, on boiling 
the iodide with concentrated caustic potash, it decomposes with the 
formation of toluene. By neutralizing the hydroxide with hydrochloric 
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acid, the arsonium chloride is obtained as white needles, lll. p. 201 0
; 

readily soluble in alcohol or hot \Vater. Its aqueous solution combines 
with platinic chloride to form a yellow, double salt meJt.ing at 173°.1410 

Tribenzylethylarsoniurn iodide, (C Gli.,CH2 ) 3 (C2 H 5) AsI, consists of 
white leaflets, m. p. 1480

,1411 

Tri(4-ethylphenyl)rnethylarsoniurn iodide, (C2 H 5 . C 6H 4 ) 3 (CH3) AsI, 
from the arsine and methyl iodide, melts at 126 0

•
833 

Phenyldi (2,4-dirnethylphenyl) rnethylarsoniurn iodide, 

(CsHo) [(CH3J2CsH 3]2(CH3 )AsI, 

obtained from phenyldi (2,4-dimethylphenyl) arsine and methyl iodide, 
consists of lustrous white crystals, m. p. 1840

, while the corresponding 
arsonium hydroxide melts at 122°,133, 

Phenyldi (2,4-dirnethylphenyl) ethylarsoniurn iodide, 

(CuH5) [(CH3 )c.C 6H 3 ]z(CcH,,)A:·d, 

from the arsine and ethyl iodide, is a solid, m. p. 1570.1331 

Tri(2,4-dirnethylphenyl) methyiarwnill1n iodide, 

I (CH3 )2CGH 3 13 (CHelAsI, 

forms large, lustrouti ('r.n:tal~, Ill. p. 179 0
; sparingly ~oluble in water, 

easily in aleohol or chloroform; the chloride i:-i ;m ulll'rystallizable, 
enamel-like mass, but its platinichloride con:-;i~b of reddish-brown 
crystals, m. p. 245 0

•
133

'; 

Tri (2,5-dimethylphen yl) rneth ylarsun ium iodide exi~tti a~ white, tab
ular crystals, m. p. 175 0

; the platinichloride a::; pale yellow needles, 
m. p. 250°. \Yarming the h:vdruxide ~plit" it into the tertiary arsme 
and methyl alcohol. "" 

Phenyldi (2,4,5-trirncthy lphenyl) mcthyiarsonillrn iodide, 

C6Ho L C6Hz ' eH3 ) ,,] zCH"Ad, 

melts at 179 0
; the chloride at 192 0

, and the platinichloride at 266.5°, 
while the hydroxide, fonned by treating the iodide in all'ohol solution 
with moist silver oxide, exists as colorless needles, m. p. 151 0

, which 
on continued heating at 130 0 is split into methyl 'alcohol and the tertiary 
arsine. 1348 

Phenyldi\2,4,5-trimethylphenyl) ethylar;-.;onillm iodide, 

(C6H5) [ (CH3 ) 3CGH2J 2 (C"Ho) As!, 

forms colorless crystals, m. p. 189 0
• J 3" 
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Tri (2,4,6-trimethylphenyl) methylarsonium iodide, 

[(CHa) gC6 H2] a (CRa) AsI, 

is prepared from its components by warming together on a water-bath. 
It crystallizes from alcohol as yellowif'h-red prisms, but from hot water 
as white prisms, m. p. 186 0

; sparingly soluble in hot water and easily 
in alcohol or chloroform. The chloride separates from alcohol as tufts 
of crystals, m. p. 1920

, readily soluble in alcohol or water, while its 
platinichloride forms yellowish-red monoclinic crystals, m. p. 237 0

•1341 

Tri (4-isopropylphenyl) methylarsonium iodide, 

[(CHa)2CH.CsR4]a (CRa)AsI, 

forms white rosets, m. p. 103 0
•
1349 

Tri (4-isopropylphenyl) ethylarsonivm iodide, 

[(CHa) 2CR. C6R4J a (C2R 5 )AsI, 

Tri (tertiary-butylphenyl) methylarsonium iodide, 

[(CRa) aC. C6H4J a (CRa)AsI, 

consists of crystals, m. p. 125 0 with decomposition, while the hydroxide, 
m. p. 136 0

, crystallizes with four molecules of water which cannot be 
removed without decomposing the compound.837 

Tri (4-phenylphenyl) methylarsoni1{m iodide, 

(C6 R 5. CaR;) a (CRs) AsI, 

from the arsine and methyl iodide, crystallizes from benzene or alcohol 
in tufts of crystals, m. p. 155 0

; the corresponding chloride melts at 
1120

•
1412 

Tri (3-methylphenyl) -n-propylarsonium iodide, (C7R 7) a (CaR7) AsI, 
is prepared by the prolonged interaction of the tertiary arsine and 
n-propyl iodide at ordinary temperature. It crystallizes from dilute 
alcohol in needles, m. p. 143 0 Y02 The isopropyl derivative melts at 
1620

•
830 

Tribenzyl-n-propylarsoniwn iodide, (CaRs. CH2 ) 3 (CaR7) AsI, forms 
colorless, monoclinic plates, m. p. 145-6°; the isopropyl derivative con
sists of colorless, tabular crystab, m. p. 1430

/
411 while the isoamyl com

pound, (CaR5' CR2) a (C5H 11 ) AsI, is obtained as colorless crystals, m. p. 
1460

•
1418 
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Tri(4-methylphenyl)allylarsonium chloride, (C rH 7 )3(C3H 5 )AsCl, is 
a yellow oil, but its platinirhloride is a red powder, m. p. 225°. The 
corresponding bromide, fonned by refiuxing the arsine and allyl bro
mide on a water-bath for several hours, crystallizes from hot water as 
beautiful, white prisms, and from dilute alcohol as lustrous crystals, 
m. p. 82°; easily soluble in water, alcohol, chloroform and the other 
ordinary solvents except ether. With an exress of bromine in alcoholic 
solution a snow-like mass of tri (4-methylphenyl) -~, y-dibromop~opyl
arsonium bromide, (C rH 7 ) 3 (CHzBr. CHBr. CH2 )AsBr, is obtained. It 
is soluble in hot water, alcohol or benzene and sparingly in cold water. 
With alcoholic potash it does not yield a compound similar to 

Br 
/ 

(CHa)3N CH, 

" /11 CH CH 

but a viscid, uncrystallizable oil. By continued heating with water 
on a water-bath there is formed tri (4-methylphenyl) arsine, so that it 
seems to be a compound which is easily decomposed. At 120-30° it 
loses IHBr, a brown, resinous, uncrystallizable mass remaining. 

Tri(4-methylphenyl)allylarsonium iodide, made by treating the bro
mide with concentrated potassium iodide solution, crystallizes from 
aqueous alcohol in colorless prisms, m. p. 141 0; easily soluble in alcohol 
but sparingly in cold water.1414 

Tri (S-methylphenyl) benzylarsonium chloride, 

(C1H 1 ) a (C6HS' CH2 )AsCI, 

is prepared by the prolonged interaction of the arsine with benzyl chlo
ride at 30-40°, forming well-defined crystals, m. p. 102°; easily soluble 
in alcohol, sparingly in water. sao 

Tetrabenzylarsonium chloride, (CaHs. CH2 ) 4AsCl, is prepared by re
fluxing tribenzylarsine and benzyl chloride, or by heating the components 
in a sealed tube at 170-5° for three hours. It forms triclinic crystals 
containing one molecule of water of crystallization, melts at 160°, and 
dissolves in hot water or alcohol. Its aqueous solution yields a pre
cipitate with nitric acid, picric acid, potassium bichromate, thiocyanate, 
bromide or iodide. The mercurichloride crystallizes in white needles 
difficultly soluble in water and melting at 176°; the platinichloride is 
a yellow, insoluble precipitate, m. p. 197-8°, while the aurichloride forms 
very small needles melting indefinitely at 130° .1413, 1415 

Tetrabenzylarsonium bromide is made either by the addition of 
potassium bromide to a concentrated solution of the preceding chloride 



PENTAVALENT AROMATIC ARSENICALS 451 

or by neutralizing the arsonium hydroxide with hydrobromic acid. It 
separates from hot water or alcohol as felted needles, m. p. 173 0 

_H16 

The iodide, produced either like the bromide, or by refluxing tribenzyl
arsine oxide with red phm:phorus and hydriodic acid, ('rystallize,.; from 
alcohol in transparent needles sparingly soluble in hot water and melt
ing at 168 0

• Its crystalline mereuriiodide melts at 163 0
, is easily soluble 

in acetone but insoluble in water or ether.H1G.14l0 An arsonium tri
iodide is formed by the interaction of akoholie solutions of the mono
iodide and iodine, and crystallizes in lustrous, red leaflets, m. p. 149-50°. 
The arsonium hydroxide is obtained from the iodide and moist silver 
oxide. It is a syrup with an alkaline reaction, and solidifies on ex
posure to air due to the absorption of carbon dioxide. When neu
tralized with haloid acids it yields the corresponding arsonium halides, 
and when heated with alkalis decompo~es into toluene and tribenzyl
arsine oxide.1417 



-

Chapter VI. 
" 

Heterocyclic Arsenicals. 

1. Trivalent Compounds. 

C.AsCI2 

~" Thienyl-2-dichloroarsine, HC ", IS obtained upon mixing 

'1 /8 
HC CH 

arsenic trichloride and mercury dithienyl, allowing the mixture to react 
for 24 hours, fractionabng the filtrate in an atmosphere of hydrogen 
at 11 mm. pressure, and rectifying the portion obtained between 1160 

and 1300
• The product, b. p. 118-22°/11 mm., is a pale brown liquid 

of an unpleasant odorY18 

Thienyl-2-arsineoxide, C4H 3S.AsO, prepared from the corresponding 
arsonic acid by reduction with sulfurous acid, is a white powder in
soluble in water, but soluble in concentrated alkalis. It is reduced to 
the arseno compound by sodium hydrosulfite. lOl 

Quinaldinearsineoxide (a-M ethylquinolinearsineoxide) , 

CH 
A A 

OA'( X ) :HCH' 
"'/ "'/ N 

Upon reducing the corresponding arsonic acid with sodium and ethyl 
alcohol, and subsequently acidifying with acebc acid, the arsineoxide 
separates as a flocculent precipitate decomposing at 120 0

• It forms a 
picrate with picric acid in alcoholic solution.l419 

452 
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Dithienylchloroorsine, (C4H 3S) eAsCI, is obtained either by further 
rectifying the fra('tion ('ollected between 150° and 194°/11 mm. in 
the preparation of thienyldiehloroarsine,1418 or by boiling thiophene
mercurichloride (50 g.) with arseniC' trichloride (35 g.) in toluene 
(750 c.c.) for 6-7 hours.142o It is a brown liquid, b. p. 219-32°/13 mm., 
106-10° /0.5 mm. 

Phenarsazine chloride, 

AsCI 
/"'-. A /"'-. 

(

VV"'-. I I j , is made by heat-

"'-. /'" /"'-. 
V "'-./ V 

NH 

lllg arseme trichloride with either diphenylamine 1421 or diphenylhy
drazine.1422 It crystallizes from carbon tetrachloride, ether, benzene 
or xylene in yellow needles, m. p. 192-3°, whi('h may be sublimed in 
vacuo, and are soluble in concentrated sulfuric acid. When boiled with 
aqueous caustic soda the chlorine is replaced by a hydroxyl, while upon 
distillation with zinc dmt, carbazole is obtained. With dry ammonia 
in boiling anhydrous xy lene, it yields triphenarsazineamine, 

CaH4 

(HN( )AS)3N, 

CSH4 

a difficultly ~oluhle white precipitate, m. p. 295-300° with frothing, 
and soluble in glacial acetic acid with eyolution of ammonia and 
formation of phenarsazine acetate. When heated either in vacuo at 
200-300° or in high-boiling. indifferent f'olvents it decomposes into 
phenarsazine and ammonia.1423 

On boiling phenarsazine chloride with dry pyridine, triphenarsazine 

C6H1 C6 H4 CSH 4 

/ '" / ~ / ~ 
chloride, HN As - N As - N AsCI, is obtained '" / ~ / '" / CaH, CSH4 CSH 4 

as orange-yellow crystals, m. p. 260-3 ° ,1424 

C6H4 

/ '" Phenarsazine acetate, HN As. O. OCCH3 , results upon boil-'" / CaH, 



:54 ORGANIC ARSENICAL COMPOUNDS 

ng the rorresponding oxide or methyl ether with glacial aretic acid. 
t crystallizes in lustrous, greenish leaflets, m. p. 223_4 0

.1423 The sulfate 
s an orange-yellow precipitate. 

C6H3 (CH3 ) 

/ '" Dimethylphenarsazine chloride, HN AsCI. - Upon 

'" / C6H3(CHa) 

teating a mixture of equimolar quantities of di-p-tolylaminc and arsenic 
richloride at 180-90° and recrystallizing from glacial acetic acid or 
titrobenzene, the product separates as orange-colored leaflets, m. p. 
:60°, soluble in concentrated sulfuric acid or the above two solvents, but 
lifficultly so in benzene or hot alcohol. 1425 

CloHn 

/ '" a,a-i'v' aphtharsazine chloride, HN AsCI, similarly prepared 

'" / CloH6 

rom a,a-dinaphthylamine at 210°, crystallizes from nitrobenzene in 
;reenish-brown needles. m. p. 300°, soluble in concentrated sulfuric 
lcid, and almost insoluble in the usual organic solvents. When dis
illed over copper powder it yields a,a-dinaphthylcarbazol.'m 

~,~-.Vaphtharsazine chloride, prepared like the a-isomer at 200 0
, 

eparates from nitrobenzene in canary-yellow needles, m. p. abovc 300°. 
ts properties are similar to those of the preceding compound.1425 . 

7,12-Dihydro-y-benzophenarsazine chloride, [7 -C hloro-7,12-dihydro

CloH6 

/ '" '-benzophenarsazine] , HN AsCI, when recrystallized from 

'" / C1oH4 

:ylene, forms canary-yellow needles, m. p. 219°, insoluble in water, 
oluble in xylene, glacial acetic acid, alcohol, benzene or carbon tetra
:hloride, is unaffected by aqueous caustic soda, and has a slight ir
-itating action upon the mucous membranes of the nose and throat. 
t is prepared by gradually heating a mixture of phenyl-a-naphthyl
Imine and arsenic trichloride up to 200° _1426 

C6H 4 (OH) 

/ '" Dihydroxyphenarsazine chloride, HN AsCI, IS a 

'" / C6H,(OH) 
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greenish-gray, crystalline powder obtained by heating 4,4' -dihydroxy
dipheny lamine with arsenic trichloride.1425 

C6H4 
/ "-. 

N -M ethylphenarsazine chloride, HaC. N AsCI, obtained in 
"-. / 

C6H4 
very small yield by condensing methyldiphenylamine with arsenic tri
chloride, separates from a mixture of methyl alcohol and chloroform 
as yellowish-green needles, m. p. 203 0

, soluble in concentrated sulfuric 
acid. Concentrated nitric acid first dissolves and then nitrates it.1427 

AsCI 
A /"-. A 

/ "-./ V "-. 
Phenoxarsine chwriqe, I 1 1 I ' has been pre-

"-. / 
"-./ "-./ V 

0 
pared by gradually heating a mixture of diphenyl ether, arsenic tri
chloride and a small amount of aluminium chloride up to 200 0

, and 
distilling under reduced pressure. Bdter yields are obtained, however, 
by cooling the reaction mixture, pouring off the mother liquor from the 
crystals formed, and reheating the solution. The product, whirh may 
be recrystallized from alcohol, ether or glacial acetic acid, is readily 
soluble in benzene, acetone or chloroform, moderately so in alcohol, 
ether or glacial acetic acid, and slightly in ether or light petroleum. 
It is stable toward boiling water or aqueous caustic soda, and has 
an irritating effect upon the mucous membrane.1428 

DiphcnylencdiaTsinc dichloride (ATsanthrencchloride) , 

AsCI 

([rAJ 
v v V 

AsCI 

Through a warm fuming hydrochloric acid solution of diphenylarsinic 
acid-o-arsonic acid, to which a small quantity of potassium iodide has 
been added, a current of sulfur dioxide is passed, and the resulting oily 
product dried and distilled. The fraction coming over between 200 0 
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and 290 0 consists of a mixture of the above compound and diphenyl
chloroarsine-2-dichloroarsine, which ar,e separated either by fractional 
crystallization from benzene or chloroform, or by triturating in a mortar 
with ether in which arsanthrenechloride is difficultly soluble. The com
pound crystallizes from carbon tetrachloride in spear-shaped erystals, 
m. p. 182-3 0

, readily soluble in benzene, chloroforni, carbon bisulfide 
or ligroin, and difficultly in .ether. It is easily hydrolyzed by water_H29 

C12As.C6H4 

'" Diphenylchloroarsine-2-dichloroarsine, AsCI, crystal-
/ 

CaH5 

lizes in white needles, m. p. 153-5 0
, easily soluble in benzene, chloro

form, carbon tetrachloride or hot ligroin, and moderately in ether. Its 
solubilities are generally greater than those of arsanthrene chloride.1430 

Pentamethylenebromoarsine (Arsepidine bromide), 

CHz.CHz 
/ "-H 2C AsBr, 

"- / 
CH2 .CH2 

is an impure, reddish oil obtained when dibromomethylarsepidine is 
.varmed or allowed to stand in vacuo.1431 

C6H4 
/ "-

Phenarsazine bromide, HN AsBr, forms yellow crystals upon 

"- / 
CaH4 

heating diphenylamine with arsenic tribromide.1425 

7,12-Dihydro-y-benzophenarsazine bromide, [7 -Bromo-7,12-dihydro'_ 

CloHa 

/ "-y-benzophenarsazine] , HN AsBr, results upon refiuxing the cor-

"- / 
CaH 4 

responding phenoxy compound with an excess of concentrated hydro
bromic acid. It crystallizes from xylene in dark yellow needles, m. p. 
227 0

, soluble in benzene, toluene, xylene or glacial acetic acid, insoluble 
in water, and unaffected by dilute alkalis.1422 
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CaH 4 

/ "-Phenoxarsine bromide, 0 AsBr, IS obtained from the corre-

"- / 
CaH4 

sponding chloride by treating with sodium bromide in warm methyl 
alcoholic solution, or by reftuxing the corresponding oxide with concen
trated hydrobromic acid. It consists of yellow crystals, m. p. 1280 _I432 

7,12-Dihydro-y-benzophenarsazine iodide, [7-Iodo-7,12-dihydro-y-

ClOHa 
/ "-

benzophenarsazine], HN AsI, derived from the corresponding 

"- / 
CaH4 

phenoxy compound or oxide by warming with dilute hydriodic acid, 
crystallizes from xylene in beautiful red needles, m. p. 205 0

, soluble 
in benzene, toluene, xylene or glacial acetic acid.1422 

CaB4 
/ "-Phenoxarsine iodide, 0 AsI, crystallizes from ethyl alcohol 

"- / CaB4 

III bright yellow needles, m. p. 144 0
, easily solubJe in benzene, slightly 

so in methyl or ethyl alcohol. It is prepared from the corresponding 
chloride by treating with potassium iodide in methyl alcoholic solu
tion.1432 

CaH4 

/ "-Phenoxarsine thiocyanate, 0 AsCNS, prepared from the 

"- / CaH4 

chloride and potassium thiocyanate in ethyl alcoholic solution, crystal
lizes in bright yellow, monoclinic prisms, m. p. 1290

.1433 

0- and p-Nitrophenarsazine chlorides, 
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gether with the corresponding dinitro compound are obtained upon nitrat
ing phenarsazine chloride. The two isomeric mononitro derivatives are 
dissolved upon digesting the mixture with cold acetone, the solution con
centrated and allowed to cool, whereupon the last trace of dinitro com
pound sepamtcs out. The filtmtc is then evaporated to dryness, the 
residue extracted with warm benzcnc, and the resulting solution evapo
rated to dryness. Thc ortho dcrivatiyc is then removed by means of 
ether. It crystallizes from benzene or glacial acetic acid in scarlet 
needles, m. p. 156°. The para isomer separates from glacial acetic acid 
as dark greenish-yellow leaflets yielding a carmine-red solution with 
hydrogen peroxide in dilute alkaline solution, while with the ortho com
pound a brownish-red salt is obtained.1434 

CaH 3 (N02 ) 

/ "-p,p' -Dinitrophenarsazine chloride, HN AsCI, IS ob~ 

"- / 
CaH 3 (N02 ) 

tained upon nitrating phenarsazine chloride with fuming nitric acid in 
glacial acetic acid solution at 18-20°. On standing, the dinitro com
pound separates out along with the 0- and p-mononitro derivatives which 
are removed by cold acetone. The dinitro product crystallizes from 
nitrobenzene in light yellow needles, m. p. above 300°, which are oxidized 
to the corrcsponding arsazinic acid upon warming the dilute alkaline 
suspension with perhydrol. By adding a fcw drops of aqueous caustic 
soda to its alcoholic suspension, a reddish-violet solution of a quinoid
uci-nitro salt is obtained, which is decomposed upon the addition of 
water.1435 

m-Aminophenarsazine chloride, 

AsCI 

([[)NH" 
V V V 

NH 

is isolated in the form of yellowish-grcen leaflets of its hydrochloride 
upon heating 3-aminodiphenylamine and arsenic trichloride at 140-70° 
for five hours. When treated with sodium carbonate it forms the corre
sponding arsineoxide, while upon oxidation with perhydrol in alkaline 
solution it yields the arsazinic acid.143B 
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p-Aminophenarsazine chloride, 
AsCI 

(~xA"("yH' , 
'" / /'" / 
"'/ V "'/ NH 

459 

is the main product formed in the reduction of the corresponding nitro 
arsazinic acid with powdered iron and a small amount of ferric chloride, 
but it is more easily obtained by reducing the corresponding amino 
arsazinic acid with sulfur dioxide in concentrated hydrochloric acid 
containing a little hydriodic acid. It is known only in the form of its 
hydrochloride, which consists of lustrous, yellowish-green leaflets soluble 
in water, and extremely irritating to the mucous membranes of the eyes, 
nose and throat. It yields the corresponding oxide with soda, and 
forms a "iolet-red dyestuff with hydrogen peroxide in alkaline suspen
sion.1437 

Hydrochloride of rn-aminoarsanthrene chloride, 
AsCI 

(T[)NH'HCI' 
"'/ V "'/ AsCI 

results when a solution of m-aminodiphenylarsinic-o-arsonic acid in 
concentrated hydrochloric acid, to which a trace of potassium iodide has 
been added, is reduced with sulfur dioxide at 60-70°. It separates in 
colorless, amorphous flakes which may be occasionally obtained crystal
line by saturating its dilute aqueous solution with hydrogen chloride. 
It yields no dyestuffs with oxidizing agents in alkaline medium, but 
when treated with sodium carbonate in aqueous solution it is converted 
into the oxide which upon warming with perhydrol is oxidized to 
m-aminoarsanthrenic acid.1438 

<=> <---> 
Phenarsazine oxide, HN < > As - 0 - As < > NH, 

< ,'.~, > <==> 
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may be derived from phenarsazine chloride by treatment with alkalis,1489 
crystallizing from 80 per cent acetic acid, in pale yellow crystals, and 
from nitrobenzene or pyridine in colorless leaflets, m. p. above 350 0

• 

It is extremely irritating to the mucous membrane of the nose and 
mouth, is practically insoluble in alcohol, acetone, benzene, chloro
form, ether, alkalis or dilute acids, readily soluble in acetic or concen
trated sulfuric acid, is unaffected by alkalis even on heating, and behaves 
like an acid anhydride with alcohols forming ethers. Upon boiling with 
glacial acetic acid it is converted into the corresponding acetate. 

7,12-Dihydro-y-benzophenarsazine oxide, 

is a pale yellow precipitate which does not darken or melt below 250 0
, 

is soluble in glacial acetic acid, and insoluble in benzene, xylene or 
carbon tetrachloride. It is formed upon adding ammoniacal silver oxide 
to a xylene solution of the corresponding chloride.1440 

C6H4 C6H4 
/ "- / "-Phenoxarsine oxide, ° As - ° - As 0, results upon 

"- / "- / C6H4 CSH4 
treating phenoxarsine chloride with either alkalis, sodium methylate 
or ethylate, or with ammonia in alcoholic or benzene solution. It crys
tallizes from alcohol in needle-lik!~ fibers, from hot benzene in large 
diamond-shaped crystals, m. p. 182 0

, soluble in all common organic 
solvents, but insoluble in aqueous alkalis. It is readily converted into 
the corresponding halide by haloid acids. 1m 

Diphenylenediarsineoxide (Arsanthrene oxide), 

As 

( /I"V''' 
"~L1J' 

As 

prepared by treating the corresponding dichloride with aqueous sodium 
carbonate, crystallizes from alcohol in tetragonal leaflets, m. p. 196 0

1 
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sublimes undecomposed at low pressures in an atmosphere of carbon 
dioxide, is easily soluble in benzene, chloroform or carbon bisulfide, and 
difficultly in ether or alcohol. The ethereal solution becomes turbid on 
standing, due to the formation of a very difficultly soluble unidentified 
substance. The oxide is converted into the dichloride by treatment 
with ethereal hydrochloric acid in the presence of calcium chloride. 
Upon reduction it yields arsanthrene.1441 

C6H4 
/ "'-

M ethoxyphenarsazine, HN As. O. CHs, from the chloride and 

"'- / C6H4 
~o(lIum methylate, crystallizes in long, colorless needles, m. p. 194 0

, 

easily saponified by boiling water or alkalis to the corresponding oxide.1442 

ClOH 6 

/ "'-
7 -J1J ethoxy-7,12-dihydro-y-benzophenarsazine, HN AsOCHa, 

"'- / 
C6H4 

similarly prepared, separates from xylene in almost colorless crystals, 
m: p. 209 0

, soluble in benzene, acetone or carbon tetrachloride, insoluble 
in water, and decomposed by aqueous caustic soda. The ethoxy com
pound consists of colorless crystals, m. p. 165°, soluble in the common 
organic solvents, and decomposed by caustic soda. The n-propoxy 
derivative forms pale yellow crystals, m. p. 152 0

, soluble in benzene, 
acetone or carbon tetrachloride and attacked by hot alkalis. The 
n-butoxy compound partially softens at 1200

, but does not melt com
pletely up to 260°, is soluble in benzene, acetone or glacial acetic acid, 
and is unstable in alkalis. The phenoxy compound crystallizing in 
yellow needles, m. p. 1790

, and the almost colorless benzyl ether, m. p. 
154 0, behave like the alkyl ethers with various solvents or caustic 
alkalis.1H3 

<---> <---> 
Phenarsazine sulfide, HN <---> As - S - As <---> NH, is 

<===> <===> 
obtained upon saturating a methyl alcoholic solution of the correspond
ing oxide or methoxy compound with hydrogen sulfide. It crystallizes 
from chloroform or benzene-acetone in felted needles or leaflets, m. p. 
262 0

, from which hydrogen sulfide is split off on heating in high-boiling 
solvents, yielding phenarsazine.1424 
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7,12-Dihydro-y-benzophenarsazine sulfide, 

CloHa CloHs 
/ "-. / "-. 

NH As-S-As NH, 
"-. / "-. / 

CaH. C6H4 

from the corresponding chloride and hydrogen sulfide in absolute ethy 
alcohol, is a yellow precipitate, m. p. 204-5°, insoluble in the commor 
organic solvents.1422 

CaH. C6H4 
/ "-. / "-. 

6-Phenoxarsine sulfide, 0 As - S - As 0, preparec 
"-. / "-. / 

CsH. CsH 4 

like the preceding compound, crystallizes from glacial acetic acid ir 
straw-colored needles, m. p. 161 0

, and insoluble in the usual solvents. 1431 

CeH4 C6R~ 
/ "-. / "-. 

6,6-Bisphenoxarsine (Phenoxycacodyl), 0 As - As 0 
"-. / "-. / 

CsH. CsH 4 

results upon reducing the corresponding oxide with phosphorous acid ill 
boiling absolute alcoholic solution. It crystallizes in bright yello", 
needles, m. p. 159 0

, soluble in benzene, chloroform or hot acetic acid 
slightly in light petroleum-ether, and insoluble in hot or cold water 
alcohol, ether, hot dilute alkalis or hydrochloric acid. Upon exposure tc 
air it slowly oxidizes to a mixture of the oxide and phenoxarsinic 
acid.H33 

Arsenothiophene, S. C,H3As = As. C4 R 3 • S, is obtained by the reduc
tion of the corresponding arsineoxide with sodium hydrosulfite.101 

3,4,3' ,4' -Tetrahydroarsenobcnzodioxazolone, 

As As 
A /"-. 

HN( ) ( J 
Iv v I oc-o O-CO 

is derived from the corresponding arsonic acid by reducing its alkaline 
solution with sodium hydrosulfite in the presence of magnesium chloride, 
at 60° in an atmosphere of carbon dioxide. It forms a pale yellow, 
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pale yellow, granular powder soluble in water but insoluble in organic 
sol vents. 1445 

2,7,2',7' -Tetrarnethyl-5,5' -arseno-J ,3,J' ,3' -benzodiazole, 

and its dihydrochloride, resemble the prpceding arseno compounds with 
regard to method of prpparation, physical and chemical properties. 1H5 

4' -Arsenodi (1-phenyl-2,3-dimethyl-4-dmino-5-pyrazolone) is ob-
tained by reducing the correeponding nitroso arsonic acid with sodium 
hydrosulfite at 60-65 0

• Its dihydrochloride, prepared by dissolving the 
base in methyl alcoholic hydrochloric acid and precipitating with ether, 
forms yellow crystals easily soluble in water or methyl alcohoL1446 

N -4' -Arsenodi (1-phenyl-2,3-dimethyl-4-amino-5-pyrazolone) -mono
acetic acid, prepared by heating an aqueous suspension of the above base 
with bromoacetic acid at 60 0

, is a yellowish powder soluble in hydro
chloric acid, aqueous sodium hydroxide or carbonate, difficultly so in 
water, and insoluble in alcohol. By employing an excess of bromo
acetic acid in the above reaction, a diaretic derivati ue is obtained. ,"4,; 

N -4' -Arsenodi(1-phenyl-2,3-dimethyl-4-amino-5-pyrazolone) -mono
methylenesulfoxylic acid is obtained by the action of formaldehyde sulf
oxylate on either the hydrochloride of 4'-arsenodi (1-phenyl-2,3-dimethyl-
4-amino-5-pyrazolone) or 1- (phenyl-4' -arsonic acid) -2,3-dimethy 1-4-
nitroso-5-pyrazolone. It forms a yellowish powder soluble in aqueous 
alkalis or hydrochloric acid, difficultly in water, and insoluble in alcohol. 
Its yellow alkali salts are easily soluble compounds. A dimethylene
sulfoxylic acid derivative is obtained with a larger excess of formalde
hyde sulfoxylate.1446 

N -4' -Arsenodi (l-phenyl-2,3-dimethyl-4-amino-5-pyrazolone) methyl
enesulfurous acid, is similarly prepared by employing sodium bisulfite 
and formaldehyde. It is a yellow powder soluble in aeids or alkalis, 
and insoluble in water, ether or benzeneY4u 

5 - (3 - Amino - 4 - hydroxyphenylarseno) benz1:midazole 18' -Amino-4'
hydroxy-l ,S-diazole-5-1' -arsenobenzene] , 
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results upon reducing a mixture of molecular proportions of 3-amino-
4-hydroxyphenylarsonic and 1,3-benzodiazole-5-arsonic acids with 
sodium hydrosulfite in the usual manner. It is readily soluble in aqueous 
sodium hydroxide or methyl alcoholic hydrochloric acid. The hydro
chloride is a pale yellow powder containing 3HzO, readily soluble in 
water or methyl alcohol, less so in ethyl alcohol, and almost insoluble 
in ether or acetone. It decomposes at 206° without previous melting.1447 

CHz .CH2 

PhenYlCYclotetramethYlenearSine,) )s. COH5' obtained m 

CH2 .CHz 

absolute ethereal medium by the interaction of phenyldichloroarsine 
and the Grignard reagent prepared from 1,4-dibromobutane, is a color
less, mobile oil with a faint, unpleasant odor, b. p. 128.5°/15-16 mm., 

D 1] 1.2824, D ~ 1.2794, unaffected by air or light at ordinary tem

perature, easily soluble in alcohol, ether or most organic solvents, and 
but slightly in water. Its mercurichloride crystallizes from hot chloro
form in beautiful hexagonal leaflets, m. p. 160-2", easily soluble in 
pyridine but difficultly in the other organic solvents.H48 

M ethylcyclopentamethylenearsine (M ethylarsepidine) , 

CHz.CHz 

/ "-CH2 As.eHa, 

"- / 
CH2 .CHz 

prepared from methyldichloroarsine and the Grignard reagent from 
1,5-dichloropentane in the absence of air, is a colorless, refractive liquid 
with an odor of mustard oil, D 1.218/18°, b. p. 1560 /760 mm., 76°/36 
mm., 65°/20-22 mm., soluble in alcohol, ether, ligroin, benzene or carbon 
tetrachloride, insoluble in water or hydrochloric acid, and oxidizing in 
air to a colorless oxide. It slightly reduces ammoniacal silver nitrate 
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or alkaline permanganate solution; combines additively with halogens, 
methyl iodide or chloroplatinic acid, and yields free arsenic with strong 
reducing agents. It is decomposed when heated in a closed tube either 
alone or with calcium oxide; with hydriodic acid and red phosphorus 
at 230° for five hours it yields arsine, arsenic triiodide and a very 
volatile, inflammable liquid, probably pentane. It undergoes complete 
oxidation when heated with concentrated nitric acid in a sealed tube at 
250-80° for eight hours.1449 

r CR3] 
The platinich I oddc , L (CH').>As~ ~ ,PtCI" is a pale yello,,: 

powder, m. p. 163°, soluble in alcohol but sparingly in water.1450 

Ethylcyclopentamethylenearsine (Ethylarsepidine) , (CH2 ) 5As. C2H5, 
similarly prepared from ethyldichloroarsine and a Grignard solution of 
1,5-dibromopentane, is a liquid with an ethereal odor, b. p. 62-4°/12.5 
mm.1291 

Phenylcyclopentamethylenearsine (Phenylarsepidine), 

(CH2)5As.C6H 5 , 

is a colorless, viscous oil of a faint, unpleasant odor, b. p. 153-4°/18-20 
mm. in carbon dioxide, miscible with ether, benzene or carbon tetra
chloride, easily soluble in hot alcohol, but only slightly so in water. 
It may be obtained either like the corresponding methyl and ethyl 
derivatives, or by condensing 1,5-dichloro- or dibromo pentane with 
phenyldichloroarsine by means of metallic sodium in absolute ether in 
the presence of a small quantity of ethyl acetate.H51 

Its readily decomposable mercuriacetate crystallizes in long needles 
easily soluble in the usual solvents. With calcium chloride in methyl 
alcoholic solution it yields the corresponding mercurichloride which crys
tallizes from chloroform in long needles, m. p. 201.5-2°.1452 

4-Methylphenylarsepidine, (CH2)5As. (C6H4 .CH3), prepared like the 
corresponding phenyl compound, is a colorless, viscous oil having a 
faint, unpleasant odor, b. p. 162-3°/20 mm., 177-8°/50 mm. in car
bon dioxide, readily soluble in ether, ligroi:h, benzene, carbon tetra
chloride or hot alcohol, and slightly so in water. Its mercurichloride 
crystallizes from chloroform in long needles, m. p. 175°, very diffi
cultly soluble in all solvents except pyridine, in which it readHy dis
solves.1453 
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CH2 

/"" A 

As-M ethyltetrahydroarsinoline, l/ j""/ j"" CH
2 

.-A mixture 

"" CH2 

V V 
AsCHg 

of y-phenylpropylmethylchloro- or bromoarsine, carbon bisulfide and 
aluminium chloride is gently boiled for three hours, decomposed by ice, 
and the whole acidified and extracted with carbon tetrachloride. Upon 
distilling the extract under diminished pressure, a slightly impure product 
is obtained as a colorless, highly refractive liquid, b. p. 140°/14 mm. 
with an odor slightly resembling that of quinoline. It slowly oxidizes 
in air, and is soluble in concentrated sulfuric acid. Another method of 
preparation consists in gently heating the above chloroarsine with ben
zene in the presence of aluminium chloride. 

The platinichloride is a yellow, microcrystalline powder, m. p. 170°, 
the picrate and picronolate are well-defined, yellow crystalline salts, 
while with methyl iodide the arsinoline forms an additive compound 
which crystallizes from alcohol or water in colorless prisms, m. p. 235°.219 

Trithienylarsine, ~S. C4 H3 ) gAs, formed along with the mono and di
thienylhalogenated arsines by the interaction of mercury dithienyl and 
arsenic trichloride, is obtained from the fraction boiling aboyc 190°/11 
mm. by concentrating and redistilling with the aid of a Gaede pump. 
It is a pale yellowish-green, viscous, almost odorless liquid, b. p. 199-
200.5° /0.5 mm.141S 

phenarsazine methyl ether with freshly distilled diphenylmethylamine. 
An impure product may be obtained by heating any of the phenarsazine 
deri\'ati\'es in vacuo or high-boiling solycnts above 200°, when the 
residue attached to the arsenic and the hydrogen of the imino group are 
split off. The dry, coarsely crystalline product melts at 310°, is stable 
in dry air, easily soluble in nitrobenzene, diphenylmethylamine, ether or 
concentrated sulfuric acid, and difficultly in hot xylene. Moisture con
verts it into the corresponding oxide. It forms addition products with 
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alcohols, phenol, glacial acetic acid, amines or hydrochloric acid, all of 
which, with the exception of the last, may be resolved into their original 
components.1404 

0 
A A A 

/ ""-/ ""-/ ""-
As-Ethylphenoxarsine, I 1 1 I, IS derived from 

""- / 
V ""-/ ""-/ 

AsC2H 5 

the corresponding chloro derivative by treating with ethylmagnesium 
iodide in absolute ether. It crystallizes in white needles, m. p. 218 0

, 

soluble in alcohol, ether or benzene, and forms an arsonium compound 
with ethyl iodide.HOG 

Diphenylenediarsine (Arsanthrenc) , 

As 

(r~xA) 
"-/ "-/ V 

As 

Prepared by reducing the corresponding dichloride with zinc and fuming 
hydrochloric acid in warm alcohol, or by boiling the oxide with alcoholic 
phenylhydrazine. It crystallizes in orange-yellow, rhombic leaflets, m. p. 
340 0

, very difficultly soluble in glacial acetic acid, pyridine or phenyl
hydrazine, and insoluble in the usual solvents.H41 

2. Pentavalent Compounds. 

Thienyl-2-arsonic acid, 

CH = C - As03H2 

""""-
/ 

CH=CH 

s 

Thiophene-2-mercurichloride is treated with arsenic trichloride, the 
filtered solution rendered alkaline, and oxidized with hydrogen peroxide, 
when a mixture of the arsonic and corresponding arsinic acids is ob
tained. These are conyeried into the sodium salts in the presence of 
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ab:-olute akohol, the ar::,onate crystallizing out, while the arsinate remains 
in solution. The free arsonic acid cr~'stallizes from water in needles, 
m. p. 135.5°, easily soluble in water, alcohol, ethyl acetate or acetone, 
but difficultly in ether, chloroform or ligroin. At 105-8° it is com'erted 
into the anhydride, S. C 4H 3 • As0 2 • On reduction with sulfurous acid, 
it forms the corresponding arsineoxide. 

Salts.-The monosodium salt consists of rhombic scales easily soluble 
in water; the neutral magnesium salt is a white, crystalline precipitate; 
the acid barium salt, which is a white, crystalline precipitate soluble in 
cold but less so in hot water, is cOIlYerted into the neutral salt on 
boiling with ammonia; the disilver salt is an amorphous, white precipi
tate soluble in ammonia or acids.101 

3,4-Dihydrobenzoxazolone-l-arsoni~ acid, 
i 

As03H! 

/A" 

l INTI 
v/I 
O-CO 

.-An alka-

line solution of 3-amino-4-hydroxyphenylarsonic acid is treated with 
a toluene solution of carbonyl chloride at low temperature, and the 
aqueous layer first extracted with ether, and then ncidified with hydro
chloric acid, where the oxnzolone separates a;.: a sandy, crystalline pre
cipitate. It crystallizes from boiling water in colorless, prismatic needles 
decomposing at 250° without melting, sparingly soluble in alcohol, ane! 
readily in boiling water. On reduction with sodium hyclrosulfite it )'ields 
the corrcI:'poncling arseno compound.Hl4 

2-M ethylindolc-3-arsollic acid (;11 cthylkctolcarsonic (lcid), 

NH 
/"'- /"'-

l
/ ~/ 'iI C.CH 3 

) II C. As03 H e 

,,/ 
results upon warming a mixture of methyl ketole and arsenic acid. It 
crystallizes in white 'needles, m. p. 180-2°, ensily soluble in alcohol, 
glacial acetie acid or dilute c!lutltic soda, but insoluble in the other 
organic solvents. Its sodium salt, containing 2%H"0, melts at 225-35° 
with decomposition, and is readily soluble in water, while the qumme 
salt separates from diluted methyl or ethyl alcohol in fine needles 
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sintering at 155 0
, melting at 170-2 0

, and insoluble in chloroform or 
ether.1456 

5-C hloro-2-methylindole-3-arsonic acid, 

NH 
/"" A 

( ""/ "" 
CI I IIc.

CH

• 

"" / C. AS03H2 , ' 

""/ 
is obtained by treating a toluene solution of 5-chloro-2-methylindole 
with a solution of arsenic acid in alcohol, and refiuxing the mixture for 
2 hours. The compound crystallizes from dilute alcohol, and melts at 
185-6 0 with decomposition.1456 

a.-Naphthindolearsonic acid, Cl~HRN . As0 3H 2 , similarly prepared 
from a-naphthindole, is difficultly soluble in alcohol and insoluble in 
the other organic solvents.1456 

1,3-B enzodiazole-5-arsonic acid, 
NH 

/"" A 
/ ""/ "" 

H,O.Asl) I IN' 
""/ 

is derived from 3,4-diaminophenylarsonic acid by refiuxing with glacial 
formic acid. It crystallizes from water in clusters of minute prisms 
~ecomposing at about 297 0

.1457 

7-M ethyl-l ,3-benzodiazole-5-arsonic acid, 

CH3 NH 

H'O'A'(Y~N' 
V 

similarly prepared from 3,4-diamino-5-methylphenylarsonic acid, crys
tallizes in minute, prismatic needles, m. p. 300 0 with decomposition, 
sparingly soluble in water.1458 
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2-M ethyl-l,3-benzodiazole-5-arsonic acid, 

NH 
/""- A 

/ ""-/ ""-I l_jCoCH, 
H 20sAs",,- / N 

""-/ 

471 

is formed upon heating 3,4-diacetyldiaminophenylarsonic acid with ten 
parts of water in a sealed tube at 130 0

• It crystallizes in minute needles 
with 2~H20 and decomposes at 2700

.1109 

2,7-Dimethyl-l ,3-benzodiazole-5-arsonic acid, 

CHs NH 
A A 

\ ( '( ~:oCH', 
H208~S",,- / 

, ""-/ 
crystallizes from hot water in minute, prismatic needles containing 2H20. 
It is obtained by the prolonged action of boiling acetic acid upon 3,4-
diamino-5-methy Ipheny larsonic acid.1445 

7 -M ethyl-l ,2,3-benzotriazole-5-arsonic acid, 

CHs NH 
A A ( ! ~N, 

H 20sAs",,- / N 

""-/ 
is formed upon treating a dilute hydrochloric acid solution of 3,4-diamino-
5-methylphenylarsonic acid with one molecular proportion of sodium 
nitrite. It crystallizes from 50 per cent alcohol in lustrous needles, 
decomposing above 280 0

, sparingly soluble in water, but more readily 
in alcohol.1458 

1- (Phenyl-4' -arsonic acid) -3-methyl-5-chloropyrazole.-1,4' -Amino
phenyl-3-methyl-5-chloropyrazole is diazotized with sodium nitrite in 
hydrochloric acid solution, treated with an alkali arsenite, and the prod
uct precipitated by acidifying. When rapidly heated it melts at 192-5 0

, 
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forming the corresponding anhydride, which upon continued heating 
resolidifies and decomposes above 290° .1446 

1- (Phenyl-4' -arsonic acid) -3-rnethyl-5-pyrazolone results upon di
[lzotizing p-arsanilic acid, reducing the diazo solution with stannous 
chloride, and condensing the resulting phenylhydrazinearsonic acid with 
acetoacetic ester. The compound is easily soluble in alkalis, but only 
sparingly in cold water.H46 

1- (Phenyl-4' -arsonic acid) -2,3-dimethyl-5-pyrazolone is prepared by 
methylating either of the t"yO preceding compounds with dimethyl 
sulfate at 120°, and subsequently heating with aqueous sodium carbonate 
at 95°. It is easily soluble in dilute acids or alkalis.1446 

Qllinaldinearsonic acid (0.-111 ethylquinolinearsonic acid), 

CH 
/""-. /" 

/ ""-./ '\CR H,O,A'I I I 
""-. ~ )C.CH3 

V ""-.;1 
1" 

p-Arsanilie acid is treated with acetaldehyde, and the resulting product 
dissolved in hydrobromic arid (d. 1.49). The yellow, crystalline sub
stance which separates is then washed with water, dissolved in alcohol, 
and reprecipitated with water. The product begins to decompose at 
140°, is complete 1)" charred at 170°, is soluble in alcohol, and insoluble 
in water, ether, alkalis or mineral acids. Upon reduction with sodium 
and ethyl alcohol it yields the corresponding arsineoxides.1459 

1- (4' -Arsonophenyl) -2-phenyl-4,5-diketopyrrolidine," 

COCO 
/ 1 

HzOsAsCeH4N CHCH2 , 

""-.1 
C6R5 

results upon reftuxing a mixture of equimolar amounts of p-arsanilic 
acid and benzaldehyde in absolute alcohol until most of the acid is 
dissolved, adding one molecular proportion of pyruvic acid or ethyl 
pyruvate, and boiling for 31-4 hours. The crude product, which sep
arates from the filtrate upon cooling, may be purified by recrystallizing 

NOTE. This compound had preyiollsly been ueiicribed as 2-Phenylquinoline-4-
carboxylic acid-6-arsonic acid. 
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om alcohol, and consists of a cream-colored powder, m. p. 186-7° with 
~composition. It forms 11 neutral dis odium salt, a slightly alkaline tri
dium salt, and gives off one mole of carbon dioxide upon boiling 
ethyl benzoate. From a solution of the di80dium salt, copper sulfate 

'ecipitates a green salt; silver, lead, mercurous, mercuric and cadmium 
trates yield light yellow salts, while with cobalt and ferric nitrates, 
ddish-brown salts are formed. 1460

• 151 

1 - (4' - Arsonophenyl) - 2 - (4' - chloropheny[) -4,5-diketopyrrolidine is 
nilarly obtained, employing 4-chlorobenzaldehyde. It is a white 
)wder, m. p. 163-5° with decomposition.151 

1- (4' -Arsonophenyl) - 2 - (2' - metlLOxyphenyl) - 4,5 - diketopyrroHdine, 
)m salicylaldehyde methyl ether, is a pale yellow powder, m. p. 173-6° 
th decomposition.' c" 

1- (4' -Arsonophenyl) - ie - (4' - methoxyphenyl) - ,'F,o - diketopyrrolidine, 
nilarly prepared from anisaldehyde, consists of almost white crystals, 
. p. 164-5° with decomposition.l5l 

1- (4' -Arsonophenyl) -2- (3',4' -methylene dioxyphenyl) -4,5-diketopyr
(idine, from p-arsanilic acid, piperonal and pyruvic acid, is a light 
now powder, m. p. 176-8 ° with decomposition.l51 

1- (4' -Arsono-3' -methylpheny[) -2-phenyl-4,5-diketopyrrolidine from 
amino-2-methylphenylarsonic acid, benzaldehyde and pyruvic acid, is 
cream-colored powder, m. p. 180-6° with decomposition.l51 

1- (4' -Arsono-3' -methoxyphenyl) -2-phenyl-4,5-diketopyrrolidine, sim
,rly obtained by employing 4-amino-2-methoxyphenylarsonic acid, is a 
How powder melting at 175-6° with decomposition.151 

Phenanthrophenazinearsonic acid (Diphenylenequinoxalinearsonic 

N= C.CaH4 

id) 'H203ASC6H4~ II 1S derived from 3,4-diaminopheny lar-

N=C.C6H4 

nic acid by treating its hot methyl alcoholic solution with a hot glacial 
etic acid solution of phenanthrenequinone (1 moL). The pale yellow 
oduct neither melts nor decomposes below 300 0

, is very sparingly 
luble in the usual solvents, but dissolves in aqueous sodium carbonate, 
ncentrated sulfuric or nitric acid.1106 
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4-M ethylphenanthrophenazine-2-arsonic acid, 

is obtained by condensing molecular proportions of 3,4-diamino-5-methyl
phenylarsonic acid and phenanthroquinone in acetic acid solution. It 
forms an amorphous, yelluw powder sparingly soluble in water or the 
usual organic solvents, but readily in concentrated mineral acids. It 
also dissolves in dilute sodium hydroxide or carbonate, the sodium salt 
being precipitated upon the addition of an excess of the reagent.1458 

Phenazine-2,7-bisarsonic acid, 

prepared by treating a warm dilute sulfuric acid solution of p-arsanilic 
acid with ammonium persulfate, and purifying through the sodium salt, 
crystallizes with IH20, does not melt below 3000

, is insoluble in water 
or the usual organic solvents, very sparingly in alcohol or acetic acid, 
and dissolves in concentrated sulfuric acid with a blood-red colora
tion. At 150 0 it loses 2H20, forming an inner anhydride. Its tetra
sodium salt consists of a buff-colored crystalline powder containing 
llH20, soluble in cold water but insoluble in alcohol. On standing 
in vacuo it loses liH20 and turns bright red in color.1461 
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4,9-Dimethy lphenazine-2, 7 -bisarsonic acid, 

CHs N 
/"'- / "'- A / X ,,/ "'-
l ! jASOllH~ 

H 20 aAs A 
V "'-/ V 

N CHs 
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similarly prepared from 4-amino-3-methylphenylarsonic acid, is a buff
colored powder having the same properties as the preceding compound.H6z 

6-Nitrothienyl-2-arsonic acid, CH = C - AsOsHz, obtained by 

I ~s 
(OzN)C==CH 

nitrating the corresponding arsonic acid with a mixture of fuming nitric 
and concentrated sulfuric acids, crystallizes from water in small prisms, 
melting at 194 0 when rapidly heated, but remaining unmelted up to 
250 0 on slow heating. It is soluble in alkalis, boiling glacial acetic 
acid, alcohol or water, sparingly in cold water and insoluble in chloro
form or ether.102 

4-Nitroso-l- (phenyl-4' -arsonic acid) -2,3-dimcthyl-5-pyrazolone is a 
yery unstable, bluish-green substance obtained by treating 1- (phenyl-
4' -arsonic acid) -2,3-dimethyl-5-pyrazolone with sodium nitrite and 
dilute sulfuric acid. Upon reduction with sodium hydrosulfite at 60-5 0

, 

it yields the corresponding arseno compound.1446 

5-Aminothienyl-B-arsonic acid, CH = C - AsOsHz, results upon 

I ~s 
(H2N)C == C.H 

reducing the corresponding nitro acid either with sodium hydrosulfite, 
or with sodium amalgam in methyl alcoholic solution. It crystallizes in 
leaflets, m. p. 194 0 with complete decomposition, soluble in boiling 
glacial acetic acid, but difficultly in the other organic solvents. Its 
hydrochloride is a crystalline mass soluble in water or alcohol, but in
soluble in ether.102 
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2,3-Diaminophenazine-7 -arsonic acid, 

: obtained as a brick-red acetate by condensing 3-nitro-4-triazophenyl
rsonic acid with o-phenylenediamine in glacial acetic acid medium, and 
recipitating with ether. It il' readily l'oluble in glacial acetic acid or 
ilute hydrochloric Hcid, sparingly in alcohol, and insoluble in alkalis. 
,y neutralizing the arid solution with ammonia, the impure base is 
recipitated. The latter cannot be readily purified.H6s 

Azimidophenazine-7 -arsonic acid, 

a brown powder insoluble in alkalis, formed upon diazotizing the 
t'eceding compound in acetic acid solution.H64 

5-AcetylaminothienyL-2-arsonic acid, 

CH = C - AsOsH!, 

I ~s 
(CHsCO.HN)C == CH 

'Ystallizes from water in white prisms, m. p. 134 0 with decomposition 
1 rapid heating, but unmelted up to 200 0 with slow heating. It is 
Isily soluble in alcohol, glacial acetic acid or hot water.102 
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~,3-Di (acetyla1:nino ) phenazine-7 -arsonic acid, 

N 
/"'-. II "'-. /"'-. ( Y V INH(COCH,) 

li,O,As" /~ 1 / NH(COCH,)' 

"'-./ " / "'-./ N 
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is a yellowish-brown powder soluble in alkalis, resulting upon boiling the 
corresponding diumino compound with acetic anhydride in acetic acid 
solution.Hss 

2 or 3-Dimethylllmillophcnazinc-7-anwnic acid may be produced by 
condensing dimethy laniline with either 3,4-dinitrosophenylarsonic acid 
or 3-nitro-4-triazophellylarsoni<.; acid. The compound has a blue color, 
is readily soluble in alcohol, glacial acetic acid or aqueous caustic 
soda, less so in sodium carbonate, and sparingly in water, ether or 
benzene.536 

2 or 3-Dimethylarninophcnazine-8-arsonic acid, similarly prepared 
from 2-nitro-3-triazophenylarsonic acid, has a reddish tinge, is readily 
soluble in aleohol or gl~t('ial acetic acid, but insoluble in .caustic 
f'oda.'4G3 

2,2' -Dithienylarsinic acid, 
\ 

AsO.OR '\ 
/ "'-. 

/ "'-. 
CH=C C==CH, 

I "'-.S S/ /1 

I / "'-. I 
CH=CH CH=CH 

I" formed as a by-product in the preparation of thienyl-2-arsonic 
acid. After the latter has been precipitated as the sodium salt in 
alcoholic medium, the filtrate is evaporated to dryne~~, taken up with 
dilute hydrochloric acid, and the crude ar"inil' acid recrystallized 
from hot water. It separate" as prismatic needles, Ill. p. 172°, soluble 
in alcohol, difficultly so in told water, and insoluble in ether or ben
zene. 1 !)1 
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Phenarsazinic acid, 

AsO.OH 
/""- A /""-

( X X ) 
""-/ V ""-/ 

NH 

obtained by oxidizing either phenarsazine chloride in glacial acetic 
acid,146G or the corresponding oxide in dilute caustic soda, with perhy
droU 46G It crystallizes from dilute acetic acid with 1CH3COOH in color
less needles, In. p. abmoe 300 0

, soluble in dilute alkalis and insoluble in 
acetone, ether or alcohol. Its colorless sodium salt crystallizes in felt
like needles difficultly soluble in excess of alkali. 

C1oH 6 

/ ""-
y-Benzophenarsazinic acid, HN As (OH) 3, results upon oxidiz-

""- / C6H4 

ing the corresponding chloride with hydrogen peroxide in glacial acetic 
acid. It crystallizes from the latter in almost colorless needles remain
ing unmelted below 2{)0°, C'o]uble in alkalis or glacial acetic acid, and 
insoluble in the other organic solvents. At 1500 it loses 1H20, forming 
a compound with the u:3ual anlinie acid grouping, > AsO. OH. It sodium 
salt separates from 95 per cent alcohol as almost colorless, hygroscopic 
crystals which do not melt below 260 0

, are soluble in water, alcohol or 
acetone, and insoluble in benzene or xylene.144o 

C6H4 
/ ""-

Phenoxarsinic acid, 0 AsO. OH, is derived· from the corre-

""- / 
CaH. 

sponding chloride either by boiling with bromine water or by treating 
with hydrogen peroxide in glacial acetic acid. It crystallizes in lustrous 
needles, m. p. 219 0

, soluble in chloroform, alcohol or hot water. Its 
sodium salt separates from alcohol-ether in hexagonal plates con
taining 3H20, not melting below 2500

, and soluble in water or 
alcohol.1455 
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Diphenylene-o-diarsinic acid, 
AsO.OR 

/"'- A /"'-

( X X ) 
"'-/ V "'-/ 

AsO.OR 
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results upon warming the corresponding dichloride with nitric acid 
(d, 1.38), and subsequently diluting with water. It crystallizes from 
hot, dilute nitric acid (d, 1.2) in long, colorless prisms which change 
to a chalk-like powder on washing with water. It melts above 360°, 
and is very difficultly soluble in all solvents.HUI 

o-Nitrophenarsazinic acid, 
o OR 

" / As 

/"'- /"'- A 
( V V "-

"- J J ) 
"'-/ V "'-/ 

NH N02 

is obtained as pale yellow needles upon nitrating the corresponding 
acid with fuming nitric acid in glacial acetic acid solution at 16-28° ,140" 

or by oxidizing o-nitrophennrsazine chloride with perhydrol in the same 
solyent.14G8 It crystallizes from dilute acetic acid with 1R20, and 
from glncial acetic acid with 1CR3COOR. Its sodium salt forms 
brownish-yellow, felted needles. 

]J- lVitrophenarsazinic acid, 



" 
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is formed in small quantities along with the o-isomer upon nitrating 
phenarsazinic acid, but is best prepared from p-nitrophenarsazine chlo
ride and perhydrol. ,\Vith 2 moles of aqueous alkali it forms a cherry
red solution, from which the quinoid dibasic aci-nitro salt may be 
precipitated as lustrous, bronzy needles by the further addition of 
alkali.1468 ' 

Di (5-nitro-2-thienyl) arsinic acid, 

AsO.OH 

/ '" CH=C C ==CH 

I > < I 
(O~N)C== CH CH = C(NOz ) 

results upon nitrating the corresponding arsinic acid with fuming nitric 
and concentrated sulfuric acids at low temperature. It is a yellowish, 
amorphous or microcrystalline substance, m. p. 287 0 with decomposi
tion, slightly soluble in boiling glacial acetic acid, insoluble in boiling 
water or the usual solvents, but soluble in alkalis.102 

p,p'-Dinitrophenarsazinic acid, 

o OH 
"\/ 

As 

A A /'" 
O'N( Y jV j'" N02 

'" )'" '" "'/ V V 
NH 

may be obtained either by nitrating phenarsazinic acid or phenarsazine 
chloride with warm nitric acid (d, 1.4), by oxidizing the corresponding 
chloride with perhydrol,1469 or by refluxing a mixture of phenarsazine 
oxide, nitric add (d, 1.2) and acetic acid until complete solution 
occurS.14G6 The product may be obtained as bright yellow needles 
by recrystallizing from boiling glacial acetic acid, or as a bright yellow 
powder by dissolving in hot dilute ammonia and reprecipitating with 
dilute hydrochlorc acid. It decomposes with a bright flash on heating, 
is soluble in alkalis to a deep red solution, but sparingly in water or 
alcohol. The monosodium salt crystallizes from hot sodium carbonate 
solution in fine, yellow needles. On heating this solution it turns red, 
a small quantity of the aci-nitro salt being formed. The quinoid salt 
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is precipitated from solution as violet leaflets with a bronzy luster 
upon the addition of concentrated aqueous sodium hydroxide. Ex
posure to atmospheric carbon dioxide converts the aci salt into the 
yellow primary salt. 

CSH4 

o-Aminophenarsazinic acid, HN( ")ASO.OH, results upon 

CsHs(NHz) 
reducing the corresponding nitro acid with ferrous hydroxide in alkaline 
solution. Both the free acid and its hydrochloride separate from alcohol 
in pale, rose-colored leaflets containing lC2H50H. The free acid has 
no sharp melting point, chars at high temperatures, and is soiuble in 
mineral acids or alkalis. In contrast to the p-isomer, it is not auto
oxidizable, and yields no dyestuffs with oxidizing agents.1470 

m-Aminophenarsazinic acid, 

o OH 
,,/ 

As 

/"(V') lA1 NH,' 
,,/ v V 

NH 
prepared by oxidizing the corresponding chloride with perhydrol in 
alkaline medium, and neutmlizing with hydrochloric acid, crystallizes 
in prisms soluble in alkalis, the resulting solutions being unaffected by 
silver oxide. Its hydrochloride separates from concentrated hydro
chloric acid as colorless prisms.H71 

p-A1ninophenarsazinic acid, 
o OH ,,/ 

As 

A A /" 

lX)v)NH' 
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is prepared like the o-isomer, oxidation being avoided by the presence 
of a slight amount of sulfur dioxide. The acid oxidizes readily in air, 
especially when dissolved in alkali, with the formation of a violet dye
stuff. With ferric chloride it forms a cherry-red solution, from which 
an amorphous red dye gradually separates, while chromic acid pro
duced first a blue coloration followed by a greenish-black precipitate. 
Upon the addition of an excess of silver oxide to a neutral solution 
of the sodium salt, a cherry-red solution of the quinoid compound 
is produced, from which on evaporation in vacuo the sodium salt sep
arates in lustrous, bronze-colored lamella'. Upon the addition of mineral 
acid, the free quinoid acid quickly polymerizes, forming amorphous 
red flakes.H72 

p,p' -Diaminophenarsazinic acid, 
o OH 
'\./ 

As 

//""-",,-(AvA,,,,- H H,NI j IN , 
""- /""- ""- / 

""-/ V ""-/ 
NH 

similarly prepared from the corresponding dinitro acid, is isolated as 
the dihydrochloride which crystallizes in colorless leaflets. Like the 
p-amino acid, the aqueous solutions of its alkali salts yield a cherry
red coloration when shaken with silver oxide. On treating an aqueous 
solution of the dihydrochloride with ferric chloride, there is produced 
first a deep blue, then a \'iolet coloration, and finally a precipitate of 
a dark red oxidation product.1473 

m-Aminoarsanthrenic acid, 
o OH 
'\./ 

As 

('[[)NH' 
""-/ V V 

As 
,f",,-

o OR 
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m. p. 1500
, results upon oxidizing the corresponding dichloride with 

hydrogen peroxide in sodium carbonate solution.143s 

Phenylcyclotetramethylenearsine dichloride, 
CH2 • CHz C6Hs 

I "'-As / Cl 

/ "'-CH2 .CHz Cl 

prepared by saturating a carbon tetrachloride solution of the corre
sponding arsine with chlorine, crystallizes in hygroscopic, snow-white 
crystals, m. p. 120.5 0

, easily soluble in water or alcohol with de
composition.1474 

M ethylcyclopentamethylenear::;ine dichloride (M ethylarsepidine di
CHg 

/ 
chloride) , (CHz ) 5 > As - Cl IS derived from the corresponding 

'" Cl 
arsine by treating its aqueous suspension with chlorine. When dried 
it forms a very hygroscopic, viscous mass which cannot be further 
purified.1475 

The corresponding dibromide is derived from the arsine by treat
ment with bromine in carbon tetrachloride solution or with bromine 
water. When dried it consists of very hygroscopic crystals decompos
ing in vacuo or upon heating into methyl bromide and arsepidine
bromide.Hal 

The diiodide, prepared from its constituents in petroleum-ether, is a 
yellow, water-soluble powder, m. p. 1200 with decomposition. Upon 
heating its aqueous solution iodine is split off. Silver nitrate precipi
tates silver iodide with the simultaneous liberation of more or less 
methyl iodide, depending upon the concentration of the reagent.14S0 

CZH5 

/ 
Ethylarsepidine hydroxy bromide, (CHz) 5 > As - OH ,results upon 

"'- Br 
adding cyanogen bromide to ethylarsepidine in commercial ether. It 
melts at 71 0

, is easily soluble in water, alcohol, glacial acetic acid or 
hot nitrobenzene, and insoluble in benzene, toluene or benzine.1476 

CzHs 
/ 

The cyanobromide, (CH2 ) 5 > As - CN .-On distilling cyanogen 

"'- Br 
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bromide into an anhydrous petroleum-ether solution of ethyl arsepidine 
in an atmosphere of carbon dioxide, the addition product separates as 
a liquid which gradually solidifies. Its melting point could not be 
determined because it is extremely sensitive to moisture. When gently 
heated at reduced pressure it decomposes into its components, along 
with some ethyl bromide and an unidentified reddish-brown to violet 
crystalline iodo arsenical.1471 

Phenylcyclopentamethylenearsine dichloride (Phenylarsepidine di

CeHs 

chloride) , 
/ 

(CH2 ) s > As - CI , from phenylarsepidine .and chlorine In 

"'- CI 

dry carbon tetrachloride at low temperature, crystallizes in colorless, 
hygroscopic prisms or leaflets, m. p. 138-9°, easily soluble in water or 
alcohol with decomposition. Upon heating up to 1500 in an atmosphere 
of carbon dioxide and then distilling under diminished pressure (20 rum.), 
decomposition occurs, 1,5-dichloropentane coming over below 200 0

, while 
between 200 0 and 216° there are obtained two unidentified arsenicals, 
only one of which contains halogen.1478 

The dibromide is an oi1.1452 

The hydroxy bromide may be obtained either by exposing the cyano
bromide to the air, or by dissolving the corresponding dibromide in 
96 per cent alcohol and precipitating with ether. It separates in small 
prisms, m. p. 162.5°, soluble in water, methyl or ethyl alcohol, chloro
form, bromoform, carbon tetrachloride, hot acetone or glacial acetic 
acid, and practically insoluble in ethyl acetate, benzene or ether. It 
hydrolyzes in aqueous solution with the separation of hydrobromic acid, 
which may be quantitatively precipitated with silver nitrate but cannot 
be titrated with 0.1 N-caustic potash solutionY79 

Phenylarsepidine cyanobromide, a crystalline solid melting at 106-7°, 
is similarly prepared in ethereal medium. With bromine in an atmos
phere of carbon dioxide it yields cyanogen bromide and a yellow oil 
which gives up its arsenic to alkalis, leaving pentamethylenedibromide. 
On heating the fused cyanobromide up to 210° in vacuo, it yields a 
considerable quantity of hydrocyanic acid and a small amount of 
cyanogen. When heated in an atmosphere of carbon dioxide under re
duced pressure in a special apparatus there is obtained a yellow oil 
of unpleasant odor, h .. p. 135-56°/12 mm., which cannot be completely 
separated into its components.1480 

The diiodide consists of pale yellow crystals, while the tetraiodide 
is a brown oi1.1452 
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4-~ ethylphenylcyclopentamethyleneaTsine dichloTide (p- TolylaTsepi

C6R 4 .CR3 

/ 
dine dichloride), (CRz) 5 > As - CI , prepared like the preceding 

"- Cl 

compound, crystallizes in snow-white needles, m. p. 134 0
, soluble in 

alcohol with the formation of the corresponding dihydroxide. It de
composes like the phenyl compound on distilling under diminished 
pressure.H53 

CR3 

/ 
M ethylaTsepidine oxide, (CHZ)5 > As , is formed by the direct 

"0 
artion of atmospheric oxygen upon the arsine. It ronsists of small, 
white needles with a very agreeable aromatic odor, m. p. 150 0 with 
decomposition, soluble in alkalis, but insoluble in water_1450 

Phenylmethylcyclotetramethylenearsonium iodide, 

CSR 5 

/ 
(CHZ)4 > As - CRa , 

"- I 
from the arsine and methyl iodide, crystallizes from alcohol-ether as 
n white or faintly yellow crystalline powder, m. p. 135-6°, readily soluble 
in water or alcohol, but sparingly in ether.H8l 

The corresponding ethyl compound is a yellowish powder, m. p. 
85-6°; the n-propyl derivative crystallizes in fine, white needles, m. p. 
123-4°; the isopropyl compound is a faintly yellow, crystalline powder, 
m. p. 113-4° with decomposition, while the n- and isobutyl derivatives 
are non-crystallizable substances. They are all prepared from the arsine 
and the respective alkyl iodides. 

DimethylcyclopentamethyleneaTsonium chloride (Dimethylarsepidine 

CHa 
/ 

chloTide) , (CHz)s > As-CHs, from the corresponding hydroxide and 

"-Cl 

hydrochloric acid, is a black, crystalline, very hygroscopic, water
soluble substance, m. p. 2370 with complete decomposition. The bromide 
is a white, slightly hygroscopic solid, m. p. 277-80° with complete 
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decomposition.1482 The iodide, prepared from the arsine and methyl 
iodide in ethereal solution, crystallizes from water in colorless, rhombo
hedric crystals, melting and decomposing at 2900

, easily soluble in water 
or alcohol, and insoluble in ether or ligroin. It yields arsine and pentane 
with hydriodic acid, a s,oluble sulfide with hydrogen sulfide, and silver 
iodide with silver nitrate.1483 The sulfate, (CH2 h > As. (CH3 ) 2J 2S04, 

is a white, hygroscopic solid, decomposing at 232 0
, and soluble in water. 

The nitrate is faintly yellow, hygroscopic, melts indefinitely at 260 0
, 

and gives up its nitrogen as ammonia when reduced with zinc and sul
furic acid. The acid carbonate is dirty white in color, m. p. 156-70 with 
decomposition, has a disagreeable odor like methylarsepidine, and is 
very hygroscopic. It is decomposed by acids with evolution of carbon 
dioxide, but precipitates the salts of silver and iron like any alkali 
bicarbonate.1482 The picrate consists of yellow needles, m. p. 2580

, 

sparingly soluble in water.1484 Thc hydroxide results upon treating the 
iodide with moist silver oxide.1484 Its aqueous solution is strongly 
alkaline, forms salts with various mineral acids, even carbonic, and has 
a caustic action upon the skin. It cannot be obtained in solid form 
as it loses 1H20 upon drying, with the probable formation of the com
pound CH2 = CH.CH2 .CH2 .CH2 .As(CHs)2' 

Methylethylcyclopentamethylenearsonium iodide, 

CZH 5 

/ 
(CH2 ) 5 > As - CRa , 

'" I 
from ethylarsepidine and methyl iodide, melts at 276 0

, is easily soluble 
in water, chloroform or hot alcohol, slightly so in cold acetone, and 
insoluble in ether or benzenc.148

., TIle corresponding diethyl compound 
resembles the methylethyl derivatiye both as to method of preparation 
and properties.H86 

Phenylmethylcyclopentamethylenearsonium iodide, 

C6Rs 

/ 
(CH2 ) 5 > As - CHa , 

"'1 
prepared from the arsine and methyl iodide, consists of white leaflets, 
m. p. 179.5°; the ethyl compound forms white prisms, m. p. 1850

; the 
n-propyl derivatiYe, white crystals, m. p. 137-8°; the isopropyl com
pound, white crystals, while the n-butyl derivative consists of white, 
radiating crystals, m. p. 1400

.1'87 
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DiethylphcnoxarlJoniuln iodidc, 

o 

([[) 
"'--/ V "'--/ 

As 
/'\_ 

I «(jz!f5 )z 

results upon refluxing As-ethylphenoxarsine with the calculated amount 
of ethyl iodide. It crystallizes in pure white, translucent needles not 
melting below 300 0

,1488 



Chapter VII. ~1iscel1aneous Arsenicals. 

l. Protein Combinations Containing Arscnic.-A)bumin from egg
white is treated successiYely with phosphorus pentoxide and arsenic 
trichloride, allmved to stand for some time, the excess of inorganic re
agents decomposed with water, and the resulting phosphoric and arsenious 
acids H'moYed by washing with water. The product is a brown. 
amorphous mass insoluble in water, dilute acid or organic solYcnts, 
but easily soluble in dilute alkalis. It does not give the usual tests 
for arsenic with hydrogen sulfide or ammonium phosphomolybdate. 

By gradually adding sulfur trioxide to egg-white fit low tempera
ture, allowing the mixture to react with anoenic trichloride, and finally 
washing free of inorganic acids with water, ~l yellowish-brown. amorphous 
powder is obtained which is im:olublc in water, dilute acids, alcohol, 
ether, chloroform, benzene, toluene or other organic solvents, but dis
solves easily in dilute alkalis, nne] in concentrated acetic or lactic acid 
after prolonged digestion. Its alkaline solution is not coagulated on 
warming.1489 Similar compounds han been obtained from casein, plant
albumin, peptones and albumoses, the arsenic being so firmly combined 
that it docs not respond to the ordinary qualitative tests.1490 

An arsenical compound results on adding an alcoholic solution of 
arsenic trichloride to a suspension of gliadine or glutenine in the same 
reagent and stirring for six hours. By distilling off the Bolnnt in Y:lCUO, 
pulverizing the residue, washing with 99 per cent alcohol and drying 
in vacuo, the product is isolated as a brownish powder soluhle in hot 
water, in which, by continued boiling, the arsenic is split off amI can be 
identified by the usual reagents. The product is also soluble in aqueous 
sodium hydroxide or carbonate, partially in ammonia, and completely 
in concentrated acids with partial decomposition. It giycs the biuret 
reaction, and is insolublc in the stomach juires, the arsenic bcing 
gradually split off while the protein is digestedYDl 

Arsenic deriyatiws l1la~' nl80 be obtained by warming phosphatides 
dissolved in organic solnnts with ar~eni(' acid. It is not necessary 
to employ pure phosphatides, as materials containing them or extracts 
of the same yield similar results. The products "till retain the prop
erties of phosphatides-they are soluble in ether, fats or oils and may 
be emulsified. Such compounds han been obtained from lecithin, 
lecithin-albumin, ground oats or brain substance.J.l92 

On adding sodium cacodylate to n solution of nucleinic acid in 
aqueous sodium phenate and evaporating to dryness, a pale yellow 

488 
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powder is obtained which crystallizes from hot water in needles soluble 
in aqueous alkalis, and decomposing above 180° .1403 

2. Arsenicals without C - As Linkaae.-Alkyl and aryl arsenites 
ha \'e been preparect by refluxing crystallized ar:"enic trioxide with various 
alcohols or phenols in the presence of either c[llcium c[lrbide 1484 or 
anhydrous copper sulfate 14% as dehydrating agents. The aliphatic 
compounds also result upon refluxing arsenic trihalides and sodium 
alcoholates." 4

% Thus, there hnxe been prep:lred the methyl, ethyl, 
propyl, isobutyl, trimethylearbinyl, amyl, isoamyl, phenyl, 0, m, and 
p-tolyl- benzyl, ~-naphthyl and reso)'eyl arsenites. The ethyl ester 
may also be produced by heating arsenic trioxide and ethyl silicate in 
a sealed tube at 200°, or from ethyl iodide and disilver arsenite at 

o 
/ '" 150°. A alyeeryl derivative, As - 0 - C3H 5 , IS derived from the cor-

'" / o 
responding [lcetyl compound and gIyccrine_H97 'With the exception of 
the ~-naphthyl compound, they are all liquids generally soluble in 
methyl or ethyl alcohol, ether, benzene, chloroform or ethyl acetate, 
and readily hydrolyzed by water, yielding arsenic trioxide. 

Acetyl arsenite, As (0. COCH3 L. from arsenic trioxide and hot acetic 
anhydride, consists of white needles, m. p. 82°; b. p. 165-70°/31 mm.; 
easily soluble in chloroform or ethyl acetate, sparingly in cold benzene 
or carbon tetrachloride and practically insoluble in petroleum ether or 
carbon bisulfide. It is readily decomposed into acetic acid and arsenic 
trioxide by water or alcohols in the cold. 'Yhen fused \vith benzoic acid, 
it yields the corresponding benzoyl derivativc, As (0. COCfjH5 )s, a white, 
crystalline m[lSS, m. p. 155 0

; easily soluble ill chloroform, less so in ben
zene or ethyl acetate nnd difficultly in carbon bisulfide, carbon tetra
r:hloride or petroleulll ethel'. It i~ ea~ily decomposed by moist nir.1498 

~ll1ethyl and cthyl ar8cnatcs ban been prepared from dry silver 
arsenate [lnd the respectiye alkyl iodide at 100°. They are both liquids, 
the methyl ester boiling at 128-30°/60 mm., and the ethyl ester at 
148-500 /60 mm. Their densities are l.5591/14.So, [lI}(1 l.3264/0° re
spectiYely,1499 

Dibromobehenic acid yields nn ester on ,varming \vith sih'er arsenate 
at 125-70°, while bromolcC'ithin yields a silllilar compound in boiling 
toluene." GOO 

A complex ester, 0 = As (OCGH2I. OH. SO::1\a):;, results upon heating 
silver arsenate with aqueous ""odium 2.6-diiodophenol-4-sulfonate at 
100°,1500 
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Hexamethylenetetraamino arsenate, (CSH 12N 4 )a. (HaAs04)21 is pre
cipitated on mixing its components in alcoholic solution.1501 

Tri(methylamine) dithioarsenate, prepared from methylamine hydro
chloride and trisodium dithioarsenate, consists of white needles contain
ing water of crystallization. The corresponding ethylamine and organic 
ammonium salts may be similarly obtained.1502 

Trianiline-arsine hydrochloride, 

by the gradual addition of aniline to a cold heptane solution of 
arsenic trichloride, and purifying the crude product by sublimation. 
The compound is a light yellow, crystalline solid melting at 148-50° 
with slight decomposition, and insoluble in the common inert solvents. 
It is unstable, decomposing readily in hot water or absolute alcohol 
and oxidizing on exposure to air.1503 

Mono aniline arsenate, C6H5.NH3.0.AS{~OH)2 resultsuponadding 

an excess of syrupy arsenic acid to an alcoholic solution of aniline. 
It crystallizes in pearly leafiets, m. p. 147_8°.1466 

The corresponding dianiline salt is similarly obtained by adding 
an excess of aniline to an alcoholic solution of syrupy arsenic acid. It 
crystallizes in pearly leaflets, m, p. 143° .1504 

HO.C6H 4 .O 

Tripyrocatecholarsenic acid, "'-HO.C6H 4 .O -As = O.4H20, formed 
/ 

HO.CsH4'O 

on mlxmg arsenic and pyrocatechol in hot aqueous solution, separates 
in efflorescent plates, m. p. 103°; soluble in water, methyl or ethyl 
alcohol, ether, acetone or glacial acetic acid, slightly so in chloroform 
and insoluble in benzene. It hydrolyzes in dilute aqueous solution, 
especially on heating or upon the addition of acids. The compound 
is unaffected by diffused daylight, but turns greenish-black in direct 
sunlight. Its concentrated aqueous solutions form crystalline salts with 
ammonia or alkali hydroxides, as well as with salts of the alkali, alkaline 
earth or biyalent heavy metals. The alkali and ammonium salts may 
also be obtained from hot concentrated solutions of primary arsenates 
and pyrocatechol, but not from arsenates containing more than one 
equivalent of alkali. There have been prepared lithium, ammonium, 
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potassium, sodium, calcium, barium, magnesium, zinc, ferrous, nickel, 
cobalt, manganese, chromic, aluminium, mercurous, silver, thallium, 
cerium, lanthanum, yttrium, hexamminecobaltic, aquopentammineco
baltic, chloropentamminecobaltic, aquopentamminenickel, mono- and 
dipyridine, monoquinoline, mono- and dianiline, and ~uanidine salts. 
Various alkaloids (morphine, quinine, strychnine, colchicine, hydra
stinine, veratrine, coniine, apomorphine) as well as dilute peptone or 
albumin solutions form precipitates with the acid, some even at very 
great dilutions. 

The tetrahydrated acid may be converted into the dihydrate either 
by adding concentrated hydrochloric acid to its concentrated solution, 
or by crystallizing it from glacial acetic acid. The tetrahydrate is 
converted into a dimethyl or diethyl alcoholate by recrystallization from 
the respective alcohoJ.1505 

Pyrogallolarsenic acid, [(HO) 2C6Ha. O}aAsO, is made by condensing 
pyrogallol and arsenic acid.1506 

Iron salts of arsenitartaric and arsenicitric acid have been prepared 
either by treating the corresponding alkali salts with iron salts; from 
iron tartrate or citrate and arsenic acid; or from tartaric or citri~ 
acid and iron arsenate. The acid ferrous arsenitartrate is a grayish
white powder soluble in cold dilute caustic soda or ammonia; the acid 
ferrous arsenicitrate is a green powder; the acid ferric arsenitartrate 
consists of yellow crystals soluble in alkalis; the acid ferric arsenicitrate 
is a yellowish-green crystalline substance; the neutral sodium ferric 
arsenitartrate consists of deep yellow crysta.1s insoluble in alcoho1,1507 

Quinoline, tetrahydroquinoline and 8-hydroxyquinoline combine ad
ditively with arsenic trichloride in ethyl acetate solution, forming the 
compounds C9H7N . AsC13 , m. p. 138°; C9HllN . AsCla, m. p. 134°; and 
CvH7NO.AsCla, m. p. 168°, respectively. Both quinoline and tetrahydro
quinoline react with one molecular equivalent of arsenic acid to form 
the arsenates C9H7N. HaAs04 and C9 HllN. HsAs04 respectively.1508 

• 



.{\.ppendix I. The Chemotherapy of Organic 
Arsenicals. 

A. General . 
The comparatively new science of chcmotllerapy has within the past 

two decades become an import:mt bTflnch of rnedirine. It has not only 
contributed very useful drugs for the treatment of disease, but has also 
enriched medical knmvlcclge ,vitil valuable theories, and has assisted in 
the deyelopment of some of the most fruitful ideas regarding the relation
ship between chemical constitution and biological effect. 

To Ehrlich must be attributed the deYClopment of some of the most 
important theoretical conceptions and fundamental principles of chemo
therapy, such as the theories regarding the parasitotropism and organo-

.tropism of chemotherapeutic agents, and the conception of specific 
chemical receptors, the latter being based upon the discovery of the 
specific drug resistance of various parasites. In seeking an explanation 
of the manner in which (1) quinine causes malaria parasites to disappear 
from the blood; (2) mercury favorably influences syphilitic manifesta
tions, and (3) organic arsenicals destroy \'arious trypanosomes and 
spirillm, Ehrlich came to the conclusion that these results were due to 
the fact that parasites combine with the chemical in question. In other 
words, there exists between the parasites and the drugs a certain specific 
chemical affinity to which he applied the term parasitotropism. This 
can be casily demonstrftted either by the diminution of the mo,'cments 
of various motile parasites when brought in contact with certain chemi
cals under the microscope, or by similarly treating the microorganisms 
in a test tube, subculturing, and then observing the diminution of growth 
or its complete cessation. The destruction of microorganisms in the 
animal body is much more difficult, as all sterilizing agents are not only 
toxic toward the protoplasm of the bacteria but also toward the cells of 
the host, the latter property being known as organotropism. The value 
of a chemotherapeutic agent is, therefore, based on the relationship 
between its parasitotropism and organotropism. Thus, if a quantity of 
a mercurial compound, sufficient to destroy a certain number of a definite 
organism in the test tube, is injected into an animal containing the same 
number of parasites, we find that \'Cry little effect is produced because 
the mercurial acts upon the host rather than upon the parasite, i.e., its 
organotropism completely eclipses its parasitotropism. Therefore, only 
such chemical compounds can be considered as therapeutic agents which 
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have a great effect upon parasitcs, but only a slight action upon the 
animnl body. 

\Ylwn a ll10U~C infected with trYllanosollw,; i" treatc(l \vith para
fu(·hsin or tr~opar()san (chlorinated pamfuchsin) the parasites first dis
appear from the blood but reappear nfter sen,ral week". A second 
inj ('c·tion of pam fuchsin cames the abmoe phenomenon to be repeated; 
upon continuing the same experiment the action of the successive addi
tions of fuchsin gradually becomes weaker until it finally fnils to exert 
any influence upon the micro(irganisms, due to the resistance against 
fuchsin acquired by the parasites. This resistance is retained even upon 
transferring the parasite into another animal. In a similar manner there 
llave been obtained atoxyl-fast f'trains which cannot be destroyed by 
atoxyl even after 400 passages through normal animals. These strains 
are also resistant toward phenylarsonic acid, but not toward triphenyl
JIlethane dyes. It has also been demonstraird that trypanosomes, 
whi('h haye acquired a resistance agaillSt organic arsenical compounds 
('(illbining pentavalent arsenic, can still be readily influenced by those 
",it h triv~tlent arsenic, although resistance agaimt the lattet can also 
be dcn·loped in the aboye manner. To explain the~e phenomena, 
Ebrlich suggeste(i the idea that the protoplasm of the cells of micro
ori!ani~ms contains nuious groupings (chemical receptors) which are 
a bIe to combine ,,,ith definite chemical radicals. Accordingly, upon 
treating trypanosomes with arsonic acids only the arsonoceptor is 
affected, while upon further treatment with an ~m:ieno compound, e.g., 
arsenopheny 19lycille, the arsenoccptor ;md acrticoceptor are also 
;Iffected. 

In the field of practical thcr:IPY Ehrlich distinguished between the 
gradual and the immediate elimination of organisms from the body. In 
the fint case the patient is treated O\oer an extended period of time with 
successive quantities of the drug, each quantity being in::iufficient to 
completely destroy all of the parasites. T11i5 method, utilized by Koch 
in the treatment of sleeping sickness with atoxyl, is employed in the 
treatment of malaria and also in the therapy of syphilis by mercurials. 
ACl'ording to the second procedure, "therapia sterilisalls magna," com
plete "terilization and permanent cure is efIected by a single large dotie 
(if the chemotherapeutic agent. Despite the fact that Ehrlich claimed 
to han achieved such remarkable resuits in the treatment of experi
mental trypanosomiasis with arsenophenylglycine, the second method 
oJten involycs various dangers and difJicultieB, )Illr! )JaB therefore not 
been found practical in human therapy. More recently there has been 
dew'loped a third procedure which consists in introducing two or more 
medicalllent::: by different routes. Thus, in human syphilis the most 
satisfaetory results haye been obtained by employing intrayenous illjec
tions of ar:3phenamine or neoarsphenamine in conjunction with inunc
tiOllS of yarious mercuriab, while cures in rabbits' infected with 
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trypalloSOme::i han been effected by a small dose of ar;ienophenylglycine 
injected intnwenously and a large amount of tryparosan administered 
orally. 

In determining the chemotherapeutic .. alue of a substance in diseases 
caused by pathogenic microorganisms a complete study of its biological, 
clinical and chcmical properties is necessary so that some relationship 
ma~' be established bet\wen them and the chemical constitution of the 
compound. The bioiogical studies consist of the determination of the 
toxieity and thernpeutic "<tluc, both of which nre carried out with 
("xperiltlental animab. The toxicity may be established in several ways. 
t'Ollle experirnenter::i introduce the drug into the animal through the 
mouth, ,yhilc others employ subcutancous, intramuscular or intravenou,_ 
injcctions of an aqucoub solution uf definite concentration, noting the 
re~ulting metabolic disturhance~ or organic injuries. A shorter and at 
the ~ame time more accurate method ('on"i~t~ in establishing the mini
mum lethal dOt'e, i.e., the minimum amount neecssar}: to kill the animal 
and the maximum dose tolerated without causing death during a definite 
period (u~ually 7 to 10 days), both yalut's being expressed in terms of 
milligrams per kilogram of body weight. 

Technic of Toxicity Tests.-It is now well known that in testing the 
toxicity of drugs by intraycnous administration, the results may be 
modified by various factors, such as the degree of concentration of the 
solution, the rate of injection, etc. For comparatiye tests the technic must 
be uniform, the method employed being preferably the one standardized 
by the Hygienic Laboratory at Washington, D. C., whie!! Illay be brietly 
described as follows: 

Healthy, non-pregnant, white rats weighing betweeIl 100 and 150 g. 
and kept undcr observation for at lea::it ten to fourteen (l~\y:-; bciore being 
u~ell in these tests, are rc,Ycighed before injeetion, and tbe dOtie atitllin
i~tered in proportion to the body weight. All animab arc fed late in the 
afternoon of the pre\'ious day in order that the weight~ may be takm 
and the inj ections made after a period of about eightc('n hours' fatting, 
to render the dosage more accurate. The injection is made by the 
gravity method, employing a special apparatus, Fig. 2. 

This is composed of a 2 c.c. burette A divided into 0.01 c.c. and fitted 
with a bvo-,vay cock at the upper end B for filling by means of suction 
by vacuum C, and a water-tight cock at the lower cnd D for stopping the 
injection. The opening at E admits air to the pipette during the injec
tion when the cod\: at B is turned after filling the pipette with solution, 
to cut off the vaeuum. A long glass nozzle F is attached to the burette 
fitteci with a short piece of the best grade rubber tubing (_~ carrying a 
window near the end, ~llld a needic H of i\ o. 26 to ~ o. 22 gauge. 

Before injecting the ~olution, the needle and rubber tubing are 
sterilized by boiling, and the burette cleansed by copious flushing by 
mean::; of the \'at:UUlIl suction with sterile water, followed by the solution 
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FIG. 2 
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to be injected, and are collected in the bottle I interposed between the 
vacuum and the burette. \\'hen solutions are changed the apparatus is 
cleansed in the same manner. 

After the animal is bound upon the operating board. the skin of the 
anterior 8urface of the thigh i8 clean"'ed with alr'ohol and a :,mall incision 
made o\,er the saphenous \'ein, which is rendered prominent by pressure 
made in the inguinal region by an assistant. The ,'ein is grasped with 
fine forceps, due care being taken not to produce pain by grasping the 
nerye nlongside of it, the needle is inserted, and the co('k D gradually 
opened to regulate the fiow while the time in seconds is called off by an 
assistant, until the dose to be given, preyiousl~' marked off by the rider 
.J fastened to the burette, is injected. 

With this apparatus it is possible to inject a giycn amount of solution 
very Hcrurately and at a gi"en rate of fiow, the speed set down by the 
Hygienic Laboratory being 0.5 c.c. per sixty second:,. The amount of 
solution to be injected is calculated according to thc dose to be gi,'en 
per 100 g. of weight, and the rate of injection can be nicely regulated by 
means of the stop cock at D and timed with a ~top rlock. The appa
ratus is to be recommended for the intra\'enou~ injcction of rats, guinea
pigs and rabbits. 

Subcutaneous and intrmnmcular injection~ of ([rug" are often ,'ery 
irritating to the skin and muscles of the animal, and the results are 
seldom as "harp and clear cut as those following intraYenou~ injections 
In conducting therapeutic tests, the "election of the infectious micro
organisms is of the utmost importance, for upon it depends to a great 
measure the length of the experiment, the ~H'curacy of the compar;ttin 
enduation of the remedy and the proper interpretation of experimental 
findings in relation to the treatment of human infection. Thus, Trypa
nosoma lewisi which does not kill the animal, cannot be satisfactorily 
employed experimentally, as no idea can be gained as to the ability 
of a drug to prolong the life of the infected animal. Similar inconclusive 
results are obtained \vith Spirocheta recurrentis, the parasite of relapsing 
feYer, on account of the frequent remission:5 and the disappearance of 
the parasite from the peripheral hlood even without the assistance of 
chemothernpeutic agent". The mir'l'oorganism of chicken spirillosis has 
been frequently employed as a te"t parasite, but it is i'O easily influenced 
by yarious chemicals that it doel:' not sene as an ideal means of dis
tinguishing between drug" of' high and Imv effiriency. Treponema palli
dum, the spirochete of human syphilis, is not well adapted for animal 
experiments, as the disease produced takes a mild form and is chronic in 
character, necessitating obsen'ations for about four to six months. 
This not only causes great delay, but also renders the experiments very 
expensive on account of the housing and feeding of the numerous animals. 
Despite these disadvantages, however, the chemotherapeutic innstigH
tion of so called "rabbit syphilis" is beginning to be employed very 
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extensively. The work of Ehrlich and Hata,'50~ Kolle and his collabo
rators, Nichols,'0'o Brown and Pearce 1572 and others ha'"e thrown 80 

much light on the courEe of the Treponema pallidum infection in rabbits, 
that it is now pos:,ible to determine the curati,"e dose ,,,ith a fair degree 
of accuracy, or at least to draw a definite eomparison between the activity 
of yarious drug:,. In :,ome industrial b boratoric:< arsphenamine and 
neoarsphenamine nrc frequently tested by this method ns a eontrol upon 
the re;;;ults obtained in the routine therapeutic te"t;;; with other parasites 
more readily adapted for daily U8e. 

The rabbits nrc usually inocul:lted in both testicle" with an emulsion 
containing Epirochetes, and the latter allowed to multiply for about two 
weeks, when the testicles become considerably· enlarged and indurated, 
a marked infiltration being observed at the points of inoculation. The 
drug is now injected intrayenously or intrnmu;;;cularly, and if it reacts 
ftwombly, the regression of lesions proceeds rapidly, resulting in com
plete resolution by the ·end of senn to fourteen days. If the dose of 
the drug i:,; too small, or if the compound is not very efficient, residual 
lesions in the form of diffuse thickenings or cireumscribed nodules may 
still be seen. 'Yitll a sufficient amount of the proper drug, howeyer, no 
reinduration takes p\:tce for many month", and the animal is finally pro
nounced cured if at the expiration of ::::ix months no spirochete:::: can be 
found in the testicles. 

Ehrlich and his co-workers u!":'ed "ariou~ strains of trypanosomes as 
test parasites for determining the therapeutic [lctiyity of organic arseni
cals, and obtained highly satisfactory results. They found that the 
destructiye action of the arsenica\,.; Yarie" with different types of trypa
no:,ome;;;: Trypanosoma brucei (the parn:oite of N ngana disease of 
horses) is destroyed with difficulty by arsphenamine or neoarsphenamine, 
while Trypanosoma equiperdum is more easily influeneed. Schamberg, 
Kolmer and Raiziss 1092 suggested Trypanosoma equiperdum as the test 
parasite for the routine testing of organic arsenical compounds, partieu
larly those of the arsphenamine group. The inoculation of white rats 
with definite numbers of this trypanosome ean be made with sueh pre
cision, that the infections produced arc definite and uniform, the eyidence 
of therapeutic activity is sharp and decisive, and the period of obserya
tion required is not longer than two or three weeks. The assumption 
that there exists a close relationship between the results obtained with 
T. equiperdum in experimental animals and those obseryed clinically with 
T. pallidum has been confirmed by Sehamberg, Kolmer and Raiziss,"'92 
and also by Voegtlin and Miller,',l1 who found that eompounds possessing 
a high or low efficiency in one of the above infections behaved similarly 
with the other. The value of trypanocidal tests is, however, sharply 
limited, inasmuch as eertain other medicinals of ndue in the treatment 
of pallida infections, notably the merruriall-:',lG12 are unable to influence 
the course of experimental trypanosomiasis, due in part to their high 
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toxicity which prevents the administration of sufficiently large doses. 
These tests may, therefore, be regarded as indicators of the comparative 
therapeutic value of drugs possessing trypanocidal activity in \'iyo; 
medicinals such as the mercurials or bismuth compounds, however, which 
fail to influence experimental trypanosomim:is, may still possess spiro
cheticidal properties. 

As stated by Pearce and Brmvn,'513 the treatment of experimental 
trypanosomiasis of mice and rats is largely a matter of speed of action, 
yielding valuable data regarding the therapeutic activity of a compound 
in a relatively short time. These inycstigators, hOlve"er, have very 
properly indicated that experiments of this character do not involve 
the treatment of chronic tissue changes, as in trypanosomiasis of guinea
pigs and rabbits, which are more nearly analogous to the naturally 
acquired forms of the disease, but that the hyo types of infection supple
ment each other in the chemotherapy of experimental trypanosomiasis. 

Technic of Trypanocidal Tests.-The T. equiperdum appears in the 
peripheral blood (tail) within forty-eight to seventy-two hours after 
intraperitoneal infection; by the fifth to seventh da:; after infection 
enormous numbers of trypanosomes are to be found in the blood and 
may even outnumber the erythrocytes, the untreated animals usually 
dying at this stage 

The question of infection is very important in relation to the results 
of these tests. A satisfactory procedure consists in infecting the animal 
twenty-four hours before the injection of the drug. Now Kolmer 1514 has 
shown that the number of trypanosomes used in the infection greatly 
influences the results, a great number of the parasites requiring a much 
larger dose of the chemical for sterilization than a smaller number. In 
this connection the Kolmer method of counting the trypanosomes and 
infecting with approximately known numbers with blood removed 
asceptically from the heart of the seed animal lGlG has proved itself to 
be of distinct ntlue. It is only by using rats of approximately the same 
weight and infecting with approximately known numbers of trypa
nosomes by intraperitoneal injection that the experiments are rendered 
uniform and comparative.l516 The dose is prepared separately for each 
rat in small sterile vials, and is contained in 1 C.c. which is slowly injected 
with a syringe in a saphenous vein. The blood of each animal, including 
the controls, is examined each day over a period of three weeks by 
placing a drop from the tail on a cover-glass and allowing it to spread 
in a film when placed upon a slide. 

A shorter yet accurate method has been proposed by Voegtlin and 
Miller/5ll in which the final results are read twenty-four hours after the 
injection of the drug. The principle of the method is based on the fact 
that a well-defined dose of the drug is required to kill a certain number 
of parasites in the blood of infected rats, i.e., the parasiticidal power of 
the drug is measured in terms of the number of parasites killed. 
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Technic of Test.-Healthy albino rats from one breeding strain and 
weighing about 50 to 50 grams are put on a diet of milk, bread and oats 
until they reach a weight of 100 to 150 grams, when they are ready to 
be used for the test. A series of non-pregnant animals is inoculated 
with eitrated blood from a seed rat. The latter, showing about 200,000 
trypanosomes per cubic millimeter of blood, is bled by decapitation 
directly into 5 C.c. of saline solution containing 2 per cent of sodium 
citrate, and about 0.5 C.c. of the resulting suspension of parasites is 
injected intra peritoneally into each rat. The above amount of the 
suspension will usually produce in 24 hours an infection of about 100,000 
parasite:; per cubic millimeter of bluod, :md if left untreated the animals 
will dip, as a rule, two days later. 

The inj ection of the drug to be te;)tcd is carried out as follows: 
The drug i" dissolved in distilled water', and the concentration adjusted 
in such a way that the \'olume of the desired dose is within from 0.3 
to 0.9 c.c. An accurately calibrated tuberculin syringe, provided with a 
25-gauge Luer needle, is then filled with the freshly prepared solution, 
and the drug immediately injected at a slow rate into the leg vein pre
viously exposed by skin incision. The number of trypanosomes per 
eubic millimeter of blood should be within 100,000 to 250,000, preferably 
100,000 to 150,000, for, as Vocgtlin and Smith 1517 haye shown and 
subsequent experience has confirmed, the choire of n uniform grade of 
infection is ,'ery important for accurate work. 

This procedure is about to be adopted by the United States Public 
Health Service as a control test for the trypanocidal efficiency of various 
lots uf' ari:'phenamine and neoarsphenamine. Graded doses of' the drug 
are injected into a series of animals. It has been found that a variation 
of approximately 50 per cent between successive doses (1, 1.5, 2.25, 3.75, 
5, 7.5, 10, etc.) is all that can be expected of the accuracy of the test. 
This is due to the fact that quantitatiyc differences in the metabolism 
of the drugs and the rate of excretion of the arsenic in different rats are 
sufficiently great to produce considenlble variations in parasiticidal 
netion. These variations make it necessary to test at least five rats at 
each dose. At the end of 24 hours after the injection of the drug, the 
number of parasites in the tail blood is again determined, first by a 
preliminary examination of a drop for the presence or absence of para
sites, and then by a count of the blood specimens which were found 
positive in the preliminary examination. The method permits an 
ac('urate count of 1,000 or more parasites per cubic millimeter; below 
1,000 the count is unreliable. The dose required to bring the parasitic 
cuunt within 24 hours to a trace or negative, or, in other words, the dose 
which kills from 100,000 to 250,000 parasites per cubic millimeter of 
blood, is called the minimum effective dose. As a rule the blood is again 
examined at the end of 48 and 72 hours after treatment. 

From the foregoing it can be seen that in order to compare the chemo-
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thernpeutic value of ,'arious drugs, determinations of the toxic and 
the therapeutic or curative doses must be made upon the same species 
of animals and with the same parasite. In expre;;;sing comparative 
toxicity results it is necessary to state the animal employed a3 ,veIl as 
the method of administration of the drug, whether intravenou;;:ly, intra
muscularly, subcutancou:,:ly or orally. The yirulencc of an infectious 
microorganism is controlled by the effect of a drug selected as a stand
ard. Arsphenamine is often employed in the latter capacity as it yields 
comparatively eOllstant results with each type of microorganism. 

Recently a new term, chemotherapeutic index, has been adopted in 
the field of chemotherapy. It is the value obtained by dividing the 
maximum tolerated dose M. T. D. by the mlmmum curative do~e 

M. C. D., and is expressed by the equation: 

Ch h .. d I M.T.D. 
emot erapeutlc III ex = M.C.D. 

By comparing the figures thus obtained for different compounds under 
the ;;:ame experimental conditions, there is afforded a ready means of 
noting the comparative efficiencies of various drugs. Thu8, if the chemo
therapeutic index of a substance X is 40 and that of another compound 
Y is 50, then the latter is 1111 times more efficient "'ith the particulnr 
infection employed. 

The problem most "ital to the science of chemotherapy is the estab
lishment of a relationship between the chemic-al constitution of a sub
stance on the one hand and its chemotherapeutic index on the other, 
for once the influence of yarious radicals upon parasites or upon the 
animal body is definitely determined, the synthesis of new compounds 
will assume a more rntional course. 

The first investigations along these lines were carried out by.Ehrlich. 
He found that by producing various changes in the molecule of p-arsanilic 
acid there were produced a number of compounds, the toxicities of 
which were different from thnt of the parent substame. \Vhen employed 
in therapeutic experiments, howeyer, they proyed to be of little or no 
value. Favorable results are obtained upon introducing an acetyl radical 
into the amino group of arsanilic acid; the curatiw power of the 
acetyl derivatiye equals that of atoxyl, but in addition is three to ten 
times less toxic. Upon continuing his investigation" Ehrlich observed 
that although atoxyl and :usacetin, even in minute amounts, were 
trypanocidnl in the animal body, they failed to destroy the same organ
isms in the test tube in concentrations as high as 2 per cent. To explain 
this phenomenon, he assumed that in the animal body the pentavalent 
arsenic is first reduced to the tri"alent condition before action upon the 
infectious microorganisms begins. This assumption was subsequently 
substantiated by a 8tudy of two trivalent arsenical derinltives of 
p-arsanilic acid: 4-aminopheny larsine-oxide and 4,4' -diaminoarseno-
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benzene. This led to the discoyery of the remarkable trypanocidal 
and spirillicidal effects of the arseno group (- As = As -) . That the 
nature of the radical present in the nucleus of phenylarsonic acid has 
n yital influence upon it" toxic arbon mny be seen in the followin!l; 
table, showing the dilutions at whieh 1 r.r. of the various derivatiyes 
will kill a mouse weighing 20 g. 

Sodium salt A.sO Derivative As = As Derivative 
H:!O"AsCGH"NH2 

H:!O"AsC"H40H 
H 2 0 3AsCGH,NHCH 2 COOR 

1:200 
1:75 
1:20 

1 :15,000 
1: 13,000 
1: 1,000 

1 :6,000 
1: 1,000 
1 :70 

The tri\'nlent arsenicals nre also more trypanocidal than the pentavalent 
eompounds in the test tube, ns may be seen in the following example: 
4-hydroxyphenylarsonic acid does not kill trypanosomes in dilutions of 
1 to 2 per cent, while the corresponcling nrt'ineoxide, in a dilution of 
1: 10,000,000, produccs sterilization in one hour. Similar results are 
obtained in yivo: 1 C.c. of a 1 :40,000 solution of 4-hydroxyphenylarsine
oxide causes an immediate disnppearnnce of trypanosomes from an 
infected mouse, the animal remaining entirely free of parasites for 
"eyen days. 

The same inYestigator later found that in therapeutically effective 
benzene deriYlltives containing two different pharmncodYnami~ substitu
ents, one of which is a salt-forming groul_). (OR, NR 2 , etc.), the intro
duction of a third substituent in ortho posltlOn to the salt-forming group 
would nere"snril~- illf'reni'e the nrti\'ity of the compound. This ,yas 
dedured from studies with Trypnn-biue, par.a~uch".in, 'Trypan-red and 
its homologue". TllU":, in the rase of p-arsHlllhc aenl he found that its 
netiyitv \y~\S imreaf'ed bv the introduction of halogens in the ortho 
positio~l to the amino ra~lienI. Such Eubstituents are Said to haw a 
eutherapeutic artion. On the other hand, the introduction of a methyl 
or nitro group ortho to the amino radical in the abOve arsonic acid 
decreases the actiyity of the pnrrnt compound, in other words, they 
haye a distherapeutir effect. By introduc.ing iodin: int~ 4,4' -dihydroxy
arsenobenzene, howenr, the tr~'panocldal .. a~tl_on III experimental 
animals completely di~appenr"', whIle thc "pmlhCldal POWer is rrreatlv 
increased. FinaEy, after experimentation with :-nrious. groups, Ehrlich 
observed that the mo~t striking results were obtamed WIth 3,3' -diamino-
4,4' -dihydroxyarsenobenzene (arsphenamine base), the dihvdrochloride 
of which has since become one of the leading medienments in the treat
ment of syphilis. 

It is interesting to note that the introduction of two additional 
amino group" into arsphenamine, as in 3,5,3' ,5' -tetraamino-4,4'
diln-droxyarsenobenzene, inereases the toxicity of the parent substance 
39 'per c~nt, while the therapeutic dose remain:' the same. Numerous 
N -substituted deriYatiYes of arsphenamine haye altio been studied, and 
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the following figures will sern to indicate the significance of the mnino 
group in arsphenamine. Neoarsphenamine. a derivative of 3,3' -diamino-
4.4' -dihydroxyarsenobenzene, containing 11 sodium methylenesulfinate 
group attached to one and also part of the second amino radical, has 
a maximum tolerated dose of 254 mg. (approximately equivalent to 
50 mg. of elemental arsenic) per kilogram of body weight, while that of 
arRphenamine is 100 mg. (approximately equiyalent. to 30 mg. of 
arsenic). Here it is evident that the substitution in the amino group 
results in a reduction in toxicity amounting to about 40 per cent. The 
minimum therapeutic dose, however, is increased from 23 mg. in the 
caRe of arsphenamine to 40 mg. in the case of the neo compound, 
amounting to 16 per cent. Furthermore, by introducing various bUy 
acid groups into both amino radicals of arsphenamine, forming com
pounds of the type 

(HOOCCH2 .HN) (HO) CGH3As = AsC,;l-I3 (OH) (NH.CHeCOOH), 

the toxicity and therapeutic effects are lowered. From the preceding 
illustrations it is evident that a change in the chemical constitution of a 
compound affects its chemotherapeutic properties, but as yet no definite 
laws regarding this important subject have been established. 

B. Special 

Chemotherapeutic experiments with animals often yield "arying 
results; in the hands of different investigators the same compound ma:-' 
in many cases fail to act uniformly, chiefly on account of the individual 
susceptibility of the experimental animals, the technic nnd conditions 
of the experiment, and the yirulence of the strain of parnsites employed. 
Clinical observations arc even less uniform because of the difficultieC' 
im'oh'ed in stnndardizing the methods of treatment, the indi"idual 
idiosyncrasy of the patients, the interference of other medication, and 
the lack of strict cooperation on the part of the patients. Another cause 
of discrepancies in both clinical and experimental inYestigntions may be 
frequently attributed to some impurity in the drug; in many cases, e.g., 
arsphenamine and allied arsenicals, no methods of obtaining chemically 
pure products ha\'e been de,·eloped. This is of vital importance as the 
slightest trace of impurity often hns an enormous influence upon the 
toxic action of the compound. Hence, chemotherapeutic results can only 
be properly eynluatecl \\'hen all the conditions of the experiment are 
mentioned; in most cases the figures obtnined nre of value merely for 
purposes of comparison. In the following pages are indicated the results 
obtained ,vith some of the morc important organic arsenic compounds 
which haY(' appeared in thc litrrature. 

Inorganic arsenic compounds haye been employed in the therapy of 
various diseases for many years, but their high toxicity has prevented 
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them from finding ('xtended practical application. Thus, the maximum 
tolerated dose (M. T. D.) of sodium nr:,enite injected intral'enously into 
,yhitc rats is 3 mg. per kg. of body weight, while that of sodium arsenate 
is 50 mg. per kg. Furthermore. :"odium arsenite docs not influence 
trypunosomes in dOEE's of 3 mg. pCI' kg.; the snme is true of sodium 
arsenate in doses of 30 mg. pCI' kg.' ,eo. According to Yoegtlin and Smith, 
hmw\'er, the M. T. D. for sodium arsenite is 7.89 mg. per kg.; its mini
mum lethal dose (M. L. D.) 11.05 mg.; and minimum efferti>'e dose 
(1\1. E. D.) in Trypanosoma equiperclum infection, 11.05 mg. With 
sodium arsenate the M. T. n. i" 72.8 mg.; thc 1\I. L. D. 104 mg., and the 
M. E. D. 78 mg. per kg."527 

Disodium ethylarsonate ("Monarsone") is tolerated in doses of 
200 IlJg. per kg. but in experimental trypmlOsomiasis it is ineffective in 
do>,c,:: apprnnelling the maximum tolerated dOi'eY"" Nichols of the U. S. 
Arl1lY ?lIedi('al ~('ho()l found that the same compound has no effect on 
Spiro('heb p:dlid:l. ,o

"q 

Cacodylic acid, in the form of its sodium salt, has been employed in 
medic inc for many ~'ear~. :md i" still u,:ed intral'enou"ly in the treatment 
of certain Fkin di~eascs, malaria fmd secondary anemias. As early as 
1843 the abo\'(' acirl \ya" found b:,-' Bunscn to be comparntiyely non-toxic 
for frops C\'('11 in br~e doses. This he attributed to the fact that the 
arscnic is combined in a different manner than in the inorganic 
(·ompoUllCls. 12 Subscqucnt ilwestigatioll:<, howeyer, hayc shown that, 
like other ar"cnicaL-:. it produ(,es p1ltho]ogical ('hanges in the animal 
hody. and in caFe~ of lethal intoxic,ltion til<' po:<t-mortem findings show 
th:lt the effects arc analogou~ to tho:"e of arf'cnic poi8oning. In propor
tion to its arscnic content, ca(,odyli(, a(,id is Irss toxic than arsenious 
acid."'"" 'Yhcn introduccd into the bod~' it is larg(\l~' eliminated un
(·hanged in the urine, tIll' remaining portion being almost cntircl.v reduced 
in thc ~t()Il1arh. intestinel' and lil'er to the ('orresponding arsineoxide, 
and is rxhalecl as such. A small fraction of the cacodylic acid is also 
conycrted into arsenious and arscnic acids iyhich are ultimately found 
in the urine.1j30 

Tetramethylarsonium iodide.-Blirgi 1531 found that this com
pound exerts a parfdyzing influence on the ccntral neryous system but 
does not affect the heart of n frog or rabbit. It is not decomposed in the 
animal body, the greater part being eliminated in the urine. 

Tetraethylarsonium iodide behaves like the corresponding methyl 
('ompounclexcept that its act;on upon the central nen'ous system is about 
four times as strong.1G3~ 
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3-Amino-4-hydroxyphenylarsineoxide (Arsenoxide), inj ('eted intra
\'ellou;;;l~' in thr form of a 2 pcr ecnt ~olution of it;;; hydroehloride, pro
duce", a ri"e in the puIJllllnnr~' prl'""urt' of dog" similar to that cau"ed 
b~' a 2 per ('Pllt ,.:o;utioll of unalkaliniznl lIr~phenamille. The 1\1. L. D. 
oJ ib ;;:odiulll .~<I:t for "'hite r~:t" i" 21.8 Illg.; the .M. 1'. D. 16.4 mg.; the 
}l. E. D. for Tr~'pano"oll1a cquipl'rdum inf('etions in the abO\'e animnb 
1.64 mg .. lO•

e, and the minimum thl'r~:rrutic dose 2.4 mg. per kg."·"" 
According to Rata 1:.::;: the toler:ltcd do,.:e for mice by "ubrutnneous injec
tion is 16.5 mg., fur rat::: by intran'nOll": :ulministrdion 35 mg .. ,,,hile 
the clo,.:e tolerated by rabbit" intra\'enou~I~' it' 15 mg. per kg. [n chicken" 
inferted with spirilla> the tolerated do;;:e is 30 mg. and the curative dOee 
1.5 mg. pcr kg.j,,:Jj 

4-Arsenophenylglycine in the form of it" disodiulll "alt is tolerated 
intravenously by "'hite rntE' in maximum dosei' of 118 mg. per kg .. the 
::'vI. L. D. being 197 mg. and the M. E. D. in Tr~'pano"oma equiperdum 
infection 11.8 mg. prr kg. 1,", The tolerated do,.:c for hen~ i" 400 mg. 
intramus('ularly. but immediatc sterilization is obtained in chicken 
~pirillosi;; with doses of 100 to 200 mg. per kg., while with smailer doses 
"terilization OC('urs Ie"" rapidly. If.:", In rabbit ,.::,;philis the aboyc rom
pound acts more slowly than arsphenamine. 'Yith doses of 50 to 100 
mg. per kg. intra\'ellou"ly thc "piroehetu, do not dii'iappcar for "eyend 
day;;; with a dose of 150 mg" hmycycr, they disappear immediateiy.J:,"" 

4,4'-Bismethylam:no-3,5,3',5'-tetraaminoarsenobenzene is claimed to 
be \'Cry efficient in the treatment of cxperimental syphilis and recur
rent fcycr.J:,"' In the latter infection, a(,cording to ~liihlens, it is at leaf't 
as effectiye Ht' neoarsphenamine, nnd, in addition, ['an be more 8ati;;;fa('
tori;y employed in the tropirs as it" solution i" \'ery "tn ble in se:lierJ 
tubes. The compound also ~'ields good resulb in the treatment of 
malaria. ,038 

4,4' -Dihydroxyarsenobenzene produ('es permanent cures in mice in
fected with Spirocheta re('urrcntis by employing two ;;ubeutaneous injec
tion!' of the drug in do."f's of 25 mg. per kg. Its tetra('hloro and tetra
bromo deriYntiYes arc somewhat less cffccti"e with the same infection, 
permanent eures being obtained only o('cai:5ionttll~' e,'en when the infec
tion is weaker, and repeated injections of the maximum tolerated doses 
are employed,"'"" 

Arsphenamine,-This drug is recognized as the remedy of para
mount yalue in syphilis. Despite the fart that it docs not kill spirillm 
in the test tube it has a "ery pronounced effect upon them in \'i,'o due to 
its high parasitotropic influence and low organotropic cf[cC't. It i" not 
only about fifty times less toxic for experimental animal!" than men'ury, 
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but also ha~ a roborant or tonic effect, which mercury does not possess. 
Among the first experiments performed by Ehrlich after the elabora

tion of "~alnusan" (arf'phenaminr) was the determination of its toxic 
and therapeutic dosei' in mier. ratf', hens and rabbit~, ",hen trratrd intra
venout'ly, intramu>'('ularly and sub('utanrou~ly. He also noted that by 
injecting a ~uffieient quantit~· of the drug into an animal ":OIll(' time 
before infection, tIl(' latter ('an be repre,,:,ed, the drug ading as a thera
peutie and immunizing agent. [c,"" Since the day,.: of Ehrlieh the method 
of producing arsphenamine ha:-: been eontinuallY improycd so that the 
results of toxicit~· and therapeutic power as obtained to-day are much 
more favorable. The following table shows the most modern results 
obtained with yarious animals: ]f>4() 

Average 
Rmde of tolerated dose 

Animal injection mg. per kg. 
Mou"e I Subcutaneous ........... 143 

, ................ 1 Intra\'enous l ............. 143 
Rat ................... 1 Subcutaneous ........... 342 

I Intra \'enous ............. 105 
Hen I Intrayenous ............. 80 .................. I Intramuscular ........... 250 

Pigeon ................. IIntrayenous ............. 80 
/Intramuscular ........... 90 

Rabbit ................ I Subcutaneous ........... 150 
I Intravenous ............. 100 

The "low injection of therapeutic quantities of ar"phenamine in very 
dilute alkaline :,olution producE'>' no striking results in anesthetized 
dogs. Upon increa~ing the rate of injedion and the concentration of the 
drug, however, toxic symptoms H)OIl begin to manifest themselves. The 
earliest of these consist of a dilation of the heart, a progressively increas
ing pulmonary blood-pre!:'"ure and a ,,1m\, , grrldual. but not se\'ere, fall 
of the systemic prcst'ure.',',41 The rise in pulmonary pressure i" largely 
due to a mechanical blocking or to a ('onstricting action of the pul
monary \'essels, depending upon the amount of alkali used in making 
the solution. The ('ardillc dilation doc>, not ;1 ppear to be a dired effect 
of the aetion of the drug, but rather seeondary to the pulmonary obstruc
tion, causing the right heart to ,york under undue strain and, second
arily, to dilate.]042 

The ayerage therapeutic do~e of American-made arsphenamine admin
istered intrannously into rat~ infected 24 hours pre\'iomly ,yith Trypa
no,.:()ma cquiperdum ha~ been found to be 2 mg. per kg. by the method 
of Kolmer, Schambcrg and Raiziss."""· "'21' Raiziss and Severac/f>"· 
emplo~'ing white rats infected with 150,000 to 250.000 trypanosomes per 
cubic millimeter of blood, obtained temporary sterilization with doses of 
6 mg., and permanent "terilization with those of 8 to 12 mg. per kg. by 



506 ORGANIC ARSENICAL COMPOUNDS 

the method of Voegtlin. The results obtained for other microparasites 
may be found in the following table: 1541 

Animal Infection 
Mouse .......... 1 Recurrent feyer 

l Recurrent fever 
Hen ............ Spirillosis 
Rabbit .......... Syphilis 

Route of 
administration 
Subcutaneous 
Intravenous 
Intramuscular 
Intravenous 

Sterilizing 
dose 

mg. per kg. 
106.6 
106.6 

3.5 
23.5 

Among the first observations made by various syphilologists in the 
treatment of human syphilis with :1rsphenamine W:1S the occurrence of 
untoward symptoms or "reactions" which ·were at times very severe and 
in some cases even ended fataE~·. These symptoms may be classified 
under three heads: (1) those occurring immediately, e.g., flushing of 
the face, lachrymation, edema, swelling of the lips, tongue and eyelids, 
nausea, vomiting and retching, ullcunsciou~lless and, in rare instances, 
death; (2) those appearing within 24 hours, e.g., chilliness, rigor, head
ache, vertigo, diarrhcea and rise of temperature; (3) those observed after 
24 hours, e.g., epileptiform convulsions, dilation of the pupils, absent 
reflexes, coma and even death. In addition there have been observed 
various mild skin eruptions, also cases of exfoliative dermatitis, jallndice 
and serous apoplexy or hemorrhagic encephalitis. The causes of the 
varied "reactions" following the administration of arsphenamine have 
never been definitely determined. They are dependent upon factors 
related to (1) the patient, e.g., individual susceptibility, physical condi
tion; (2) the technic of administration, e.g., the purity, temperature 
and volume of water employed in dissolving the drug, the rate of 
injection, the alkalinity of the solution; and (3) the medicament itself, 
e.g., the nature and quantity of impurities.1545 The majority of investi
gators regard the latter as the probable cause of disturbances in the 
patient, despite the fact that the analytical study of arsphenamine 
shows that the amount of impurity present in the drug must be very 
smalU21 According to Danysz 1346 the "reactions" nre not due to the 
toxicity of the drug but to emboli caused by the intranLscular precipi
tation of the compound by an excess of certain inorganic ingredients of 
the blood. There is no adequate eyidence, however, that precipitation 
occurs after the use of a solution of the disodium s~Llt of arsphenamine.1547 

The introduction of arsphenamine into therapy about 14 years ago 
marked a new era in the treatment of ~yphilis. Its u~e has been attended 
by remarkable results upon syphilitic lesions in p~,rticular, and upon 
the course of the disease in general. "'hen inj ected intrayenously, the 
drug produces practically immediate rehef to the patient and in many 
cases causes the disappearance of spirochetes from lesions within 24 
hours. These results are not only due to the great destructive effect of 
arsphenamine upon the spirochetes of human syphilis but also to the 



THE CHEMOTHERAPY OF ORGANIC ARSENICALS 507 

low toxic it? of the drug, which permits of the administration of large 
doses. Such remarkable effects cannot be attained with mercury, even 
in massiw dose;;;. Raiziss ~,nd Senntc han~ observed the complete dis
appearance of trypanosomes from the blood of heavily infected rats as 
early as three hours after the intravenous administration of arsphen
amine or neoarsphenamine, so that these drugs may well be regarded as 
medicaments of inostimable value in the treatment and control of 
human syphilis. 

Sodium silver ar8phenamine, according to Knopf and Sinn,1548 is not 
more effective than arE'phennmine in the treatment of human syphilis, 
while Dreyfus 1GIO claims that it is not only less convenient to handle 
than neoarsphenamine but more frequently produces "reactions" in 
patients. On the other hnnd. Kolle 15;;0 found that it is superior to 
arsphenamine in both human and experimental syphilis; that the chemo
therapeutic index in mbbit syphilis is 25 to 30, and that it produces ster
ilization within a comparatively short time. Fabry 1501 also obtained 
rapid cures in syphilis, but observed that it was not free of "reactions." 
Lenzmann 1052 found that although the results obtained with the drug 
in adults are yory satidactory, it is not readily tolerated by children. 
Another disadn1ntage is the greater care required in the technic of 
administration. 

The introduction of methyl groups into the amino radicals increases 
the toxicity of arsphenamine. Thus, 3,3'-dimethyldiamino- and 3,3'
tetramcthy Idiamino-4,4' -dihydroxyar8enobcnzenes are about 10 times as 
toxic as the parent substance, while 3,3' -hexamethyldiammonium-4,4'
dihydroxyarsenobenzene is 3 to 5 times as toxic. In addition, the 
hexa- and tctrmnethyl derivatiycs were without effect upon animals 
infected with trypnnosomes, while the dimethyl compound sterilized the 
animal for a few days, aftcr which a rebpse occurred causing death.642 

The introduction of carboxyl groups into the benzene rings of 
ar8phenmnine has a disthernpeutic effect; 1553 iodine beh::wes similarly. 
Thus, 5,5' -diiodo-3,3' -diamino-4,4'-dihydroxyarsenobenzene produces a 
permanent cure in mice infected with Spirocheta recurrent is in doses of 
41.5 mg. per kg., but as the maximum tolerated dose is 50 mg. per kg., 
its chemotherapeutic index is much less than that of arsphenamine.649 

It has also been found that the introduction of amino groups into 
arsphenamine has an unfavorable infiuenc.e upon the toxicity. Thus, 
3,5,3' ,5'-tetraamino-4,4'-dihydroxyarsenobenzene is 39 per cent more 
toxic than arsphenamine, while its therapeutic effect is the same as that 
of the parent substance.155< 

Neoarsphena,mine, when injected intravenously into rats, is about 
two and one-half times less toxic than the arsphenamine from which it 
is made, the average maximum tolerated dose of the American product 
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being 254 mg. per kg.mo With other test animals the following figures 
have been obtained: 1544 

Average 
ROllte of 1.11. T. D. 

Animal administration mg. per kg. 

Mouse ............... II~ntbravtenou8 ............. 25
8

0
5 ". u ru aneous .......... . 

Hen ................. IIIInttravenousl ............. 6
1
0
0 n ramusru ar .......... . 

Pigeon \ Intravenous ............. 120 
................ IIntramusrular ........... 40 

Rabbit I Intravenous ............. 200 ................ I Subrutaneous ........... 100 

On the other hand, the average minimum rurative dose of neoarsphen
amine administered intravenously, arcording to the technic of Srham
berg, Kolmer and Raiziss,1',g2 into rats infected with Tr!'panosoma 
equiperdum, is 3 to 4 mg. per kg.152G Similar results were obtained b!' 
Raiziss and Severac, who, employing the same technic as well as that 
of Voegtlin, found the dose to be 4 to 6 mg. per kgY4! The values 
obtained with other animals are expressed in the following table: 1544 

Animal Infection 

I Recurrent fever 
Mouse ......... I Recurrent fever 
Hen ........... Spirillosis 
Rabbit ........ Syphilis 

Route of 
'1dmini,strat?:on 

Subcutaneous 
Intravenous 
Intramuscular 
Intravenous 

Sterilizing 
dose 

mg. per kg. 

166.5 
199.8 

6 
30-40 

Neoarsphenamine is, as a rule, better tolerated by patients than 
arsphenamine, but, like the latter, it also produces "reactions," the causes 
of which are as yet unknown. Unlike arsphenamine it has no effect 
on the pulmonary pressure when injected intravenously into dogs. 
Furthermore, it is not hemolytic, except in very dilute solutions (0.9 g. 
in 180 C.c. of water) or in extremely concentrated solutions (0.9 g. in 2 
to 3 c.c.) while arsphenamine is hemolytic in practically all concentra
tions in which it is used. Another fact of importance is the hydrogen
ion concentration of these two compounds-in the case of neoarsphen
amine it is 7 to 7.4, which is approximately the same as that of the 
blood, whereas a properly alkalinized solution of arsphenamine has a 
hydrogen-ion concentration beyond 9. Therefore, there is less bio
chemical disturbance of the blood and tissues after the administration 
of neoarsphenamine. 

Despite the fact that some syphilologists still regard arsphenamine 
superior to neoarsphenamine, the latter is nevertheless more widely 
employed, as it exerts practically the same favorable influence upon the 
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disease with [l greater degree of f'afety. The dictum enunciated man~' 
years ago, "Once a f'yphilitic, alway" a ~yphilitic." if' gradually giying 
way to the belief that f'yphilis is curable \"ith the aid of such powerful 
remedies as arf'phenamine and lleoarsplH'namine. The economic and 
social benefits to the communit!, effected h:,>' the U~l' uf arsphen:nnine 
and neoarsphenamine ha\'e been enormous. One of the lllost important 
results of the u"e of tilel"e powerful remeriie" i~ that thl' patient "nun 
after treatment is rendered relatively inllo('uou:< u" far :I" tr:lll"mitting 
the disease to others is coneerned. 'Ye can gain ,.:ome idea of t he extent 
of the use of arsphenamine and neoarsphenmn:ne in therap~' wheil W:' 

consider that about two million d08es of American-made products are 
employed annually in the United States. about one-half of whieh is 
dispensed to indigent patients by the various "tate board" of health. 
During the wnr our Army nnd l'\m'y nlone utilized hundred.~ of thous:wds 
of doses of these arsenicals manufactured in thi8 country. and the re"ults 
obtained were so 8triking that patientf' were again rendered fit for mili
tary service within a ver~' short time. ,,~ .. -, 

Silver neoarsphenamine.-The chemotherapeutic index of thi~ ('Olll

pound in rabbit syphilis almost equal~ that of sil\'Cr arsphenamine. The 
absolute quantity of the compound required to effect the complete dis
appearance of ehancrc~ i~ sli!l;htl~' larger than that of sih'er arsphen
amine, but smaller than that required ill the case of nt'oarsphenamine. 
Furthermore. silver neoarsphenamine is only a bout one-half as toxic 
as silver arsphenamine, Hnd slightly more toxic than neoHr~phennmjnl'. 
a:3 seen in the following \'alues obtained by Kolle: 1.-,,,\ 

111 axirnllm Tolerated Dose 
per kg. 

(Silycr neoarsphenamine .... . 
Mice ........... i ~ eoarsphenamine .......... . 

lSilver arsphenamine ........ . 
rSilver nemirsphenamine .... . 

Rabbit" ......... i Keoarsphenaminc .......... . 
l Silver arsphenamine ....... . 

278 mg. 
370 " 
167 (. 
160 mg. 
220 " 
110 

The most significant feature connected \yith it" clinical application 
is its failure to produce the angioneurotic symptom complex. It com
bines the ehemotherapeutie superiority of silY(T arsphenamine with the 
important practical advantages of neoarl'phenamine. such a~ ease of 
solubility and comparatively low toxi('it~,. In addition. it~ aqueous 
solution is practically stable in air. 

Sulpharsphenamine is tolerated intra\'Cnously by white rats in doses 
of 300-400 mg. per kg., while the minimum eurative dose in the same 
species infected with Trypanosoma equiperdum is two to three times 

\ 
\ 
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that of neoarsphennmine.1543 According to Voegtlin m the M. L. D. 
for white rats ranges from 320 to 480 mg., and the M. E. D. from 15.9 
to 31.5 m. per kg. when administered intravenously. 'Yhen injected 
subcutaneously in the same species, the 1\1. L. D. is 400 to 700 mg. and 
the M. E. D. 15.6 to 34 mg. per kg. In rabbits injected intrnyenously 
the M. L. D. is 320 mg. per kg. From these figures it ran be 8een 
that sulpharsphenamine is much le,5 toxic than arsphenamine and com
pares favorably in this respect with neoarsphenmniue. 

According to Voegtlin the trypanocidal povvcr of sui ph arsphenamine 
approximately equals that of the a\'erage sample of commercial neo
arsphenamine, but the results obtained by Raiziss ",how that it is inferior 
to the latter in this respect. In addition, it act" more slowly upon 
Trypanosoma equiperdum than either arsphenamine or neoarsphenamine. 
Sulpharsphenamine is best adapted for subcutaneous or intramuscular 
medication-the latter being generally preferred, especially in the treat
ment of children or when the nins arc small or inaccessible. 

3,3' -Diacetyldiamino-4,4' -dihydroxyarsenobenzene acts more fayor
ably than arsphcnaminc when injected subcutanc()uFly into mice, the 
M. T. D. beinir 500 mg. and tile millimum curatin; do~e, 83.5 mg. per kg. 
In rabbit syphilis or chicken ~pirillo"i". how('\'('r. it-s C'urative power is 
less than that of nrsphennmine."4" 

3,3' -Dicarbamido-4,4' -dihydroxyarsenobenzene cum- mice infected 
with Spirocheta recurrenti::; in do~('~ of 166.5 llll!,. per kg., while the 
M. T. D. is 500 mg. per kg."·:! 

The arsenostibino compounds exhibit :\11 appn'eiablc ematin power 
in animals infcded \\'ith trypallo~onw~. Thi", i~ e~Jleeiall)' true of 
3-amino-4-hyclroxy ~H"en()-4' -:ledy l:tlllilluo tibino!lcllZ(']H' !lY( lro(' hloricle." 056 

Phenylarsonic and 4-methylphenylarsonic acids are botl! effective 
trypanocides, but tlll'Y nre also nry toxi(·."-"" 

4-lodo-, lodoso- (111(1 lodoxyphenylarsonic acids kin' approximat.ely 
the same toxicity, \\'hich amounts to 25 mg. pel' kg. It i~ intere~ting 

to note that the iodo and iodo>,o deri\-nti'T~ prudw'(' ietcI'u" in mice, 
while the iodoxy compound docs not..""" 

p-Arsanilic acid and atoxyl.-A>:< early as 1902 Blumenthal 1,'"" 

showed thnt atoxyl produce~ fa \'(Jnlble I'('sults in cases of' chloro;:is, 
anemia and (':ncinoll1~\, while Schildt 1 '"" obtained cure" in xanthoma 
diabet.icoruIll and lichen 1'U\)I:I', and also imp]'()\'cmenb in ('U:'C:, ()1 p:,ori
asis by employing atoxyl subcutaneously. Three year::: later Thuma" 
and BreinI1'''11l found tlwt the same compound efIected cures ill experi
ment.al trypanosomiasis in mice. In 1907 Koch reported belJ?ficial 
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results in the treatment of sleeping sickness by means of atoxyPG61 
This wa~ followcd by a ~erief' of cxtensiyc inyc,,:tigations by many 
:"cienti~ts, aIllong \yhom \\'cre Ehrlich, Hata, Shiga, Leyaditi, MacIntosh, 
t;hlcnhuth, (;r()~~, ]\iantcufel,l.·,"2 ]\iulzer,l""" Bitter, Dreyer,150

9 Nieren
stein,"";{ Hi(·ke],1.,';·' Hof'fman, Ho~cltcr,IC''''; ",almon,lC'" Hallopeau,'G"8 
J\ict:"dlllikofL :;,\{'is~cr. L('~"cr and I yer:-:en, 1:,00 Tim", it "'as ~hown by 
Ehrlich and :-:;higa that atoxyl i:" without effc('t upon trypanosomes in 
yitro but is adi\'c in \·i\·o. More or k,,~ fayorable results were obtained 
by the aboye ill\'e~tigators in experimental tr~'pano"omiasis, chicken 
~pirillo~i~ and cn'n in human "~·phili,,. Later ;-;chambcrg, Kolmer and 
Ibiziss demon::;trated that complete cure,", may be obtained in white 
rat" infected with Trypanosoma equiperdulll. It soon became evident, 
howeyer, that the eompound is yery dangerous for human medication, 
as it produc'es neryous disorders and affects the optic nerve, causing 
either temporary or permanent blinclnest'. Although the greater part 
of the atoxy 1 introdmed into the bod~' appear,., in the urine unchanged, 
its toxic action is probabl~' due to a "plitting off of arsenic, which pro
duees the usual s~'mptom~ of ar~eni(' poisoning, and to the reduction of 
a part of the atox:;l by \"arious body ('ells, the resulting compound 
inducing local poisoning. 13

"" 

Within recent years Haizi~s ha:-; found that pure arsanilic acid is 
tolerated by white rat~ in dos('~ a:-; high a~ ] 50 mg. per kg. when intro
duced intn\ \'Cnou:-;ly, \"hile aceording to \" oegtlin and tlmith 152, the 
::\1. T. D. of anhydrou:" ~ltoxyl i~ 239 Illg., the :1\1. L. D. 358.5 mg, and 
the M. E. D. in experimental trypanosomiat'i,; is 89.6 mg. per kg. 

l"hlenhuth and hi~ ast-!oeiates im'estigated a rnercurated deriyati\"e 
of at()xyl with which they obtained better rc"ults in rabbit, chieken and 
human syphilis than \yith atoxyl itself. 

Sodium acetyl-p-arsanilate (Arsacetin) is tolerated, according to 
Ehrlich, in closes from 3 to 10 times a~ largc as that of ntoxyl, depending 
upon the individual experimental animal. 'G 'o Breinl found it effecti\'e 
in curing experimental trypanosomia~i", "'hile in experimental reeurrent 
fcwr Hata obsen'ed that it docs not produce prolonged sterilization, 
although it yield:,; bettcr re::iUlt~ than at()x~·l. In eases of relapsing 
fe\'er, patients treated 8UccessiyPiy with atoxyl and arsacetin become 
resi"tant toward the latter, thereby confirming Ehrlich's theory regard
ing drug-fastness in trypanosome or spirochetal infections. ' ''O(' Accord
ing to the most recent illYestigations the M. L. D. of arsacetin is 2.108 g., 
the M. T. D., 1.405 g., and the ~I. E. D., 105.4 mg. per kg.""' It is 
tolerated by healthy hens in doses of 125 mg. pcr kg., while the curatiye 
dose in chicken spirillosis is 30 to 40 mg, per k!!;.'G71 

4-Sulfomethylaminophenylarsonic acid.-The introduction of a 
:mlfomcthy 1- group into the amino radical of p-arsanilic acid reduces 
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not only the toxicity, but also the curative power of the parent com
pound.1043 

Tryparsamide (N-phenylglycineamide-4-arsonic acid) .--This com
pound yields satisfactory results by the yarious methods of adminis
tration and can be giyen in yery large doses. The following table shows 
the M. L. D. for various experimental animals arranged according to the 
method of injection: 

Animal 

Mouse ............. . 
Rat ................ . 
Guinea pig ......... . 
Rabbit ............. . 
Monkey ............ . 

Intravenous 
g. per kg. 

2.0 

0.75-0.9 
1.25-1.5 

I ntraperitoneal Subcutaneous 
g. per kg. g. per kg. 

2.~2.25 2.5-2.75 
0.75-1.75 1.0 

1.5 
1.1 

1..5 

The toxic effects of the drug are confined to doses relatively rlose to 
the M. L. D., and the recow~ry of animals from sublethal intoxications 
is remarkably rapid and complete. Thi" make3 possible the repeated 
administration of enon wry large dose>:' of the drug at comparatiyely 
short intervals, without incurring the dflnger" incident to cumulative 
action or to superposition of toxic effects. On the ('ontmry, by taking 
advantage of this peculiarity of action, it is possible to d('Yelop such a 
degree of toleran('e on the part of animals that the dot'e of the drug 
administered ('an be progressively in(,reased to a point well abo\'e that 
which is fatal to the normal animal. This "tam]:" out :t" the· feature 
of its toxicologic action, which is of greatest signiflcaurc in the use of 
the drug for therapeutic purposes. 

The minimum euratin dose vi:ith m1ee infected with Trypanosoma 
brucei is 275 mg. per kg. intraperitonenliy, and 200 mg. intrayenously. 
\Yith Trypanosoma equiperdum in the same ppecie~ the minimum cura
tive dose is 225 mg. per kg. intraperitonenlly; for rab, the d()~e required 
ranges from 250 to 500 mg. per kg. intrnperitonenlly, while in the case 
of guinea pigs cures are obtained with 150 to 250 mg. per kg. The 
rapidity of tho trypanocidal nction of the drug in the above animals 
is quite marked, i.e.) ,,,,ith C'uratin~ dOSC'8, the drug l>e(,011ll'03 quickly 
ayailable after its administration, and remains in nn active biologlrnl 
state long enough to accomplish its trypanocidal nction, for in 18 to 24 
hours after the treatment of a 24-hour infection, the peripheral blood is 
free of parasites. Its chemotherapeutie index for mire in the prpf'E'ding 
experiments is 8, for rats 3 and for guineh pigs 10. 

Tryparsamide also exhibits a marked trypanocidal actiyity in human 
trypanosomiasis caused by Trypanosoma gmnbiense, single doses of 0.5 
to 5.0 g. producing peripheral sterilization of the blood and lymph gland~ 
in from 6 to 12 houre. The immediate trypanoC'icinl c\C'tion nfter intra
muscular administration is as rapid as that following the intra nnou" 
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route, while the duration of peripheral sterilization is appreciably 
longer. The general beneficial effect of the drug is a noticeable feature 
of its action in both early and adyanc-cd cases as shown by the dis
appearance of subjective symptoms, by the return of the pulse and 
temperature to normal limits, by the pronounced improvement of the 
blood picture and by well-marked gains in weighL1572 

3,5-Dichloro-4-hydroxyphenylarsonic acid is tolerated by mice in 
doses of .666.5 mg. per kg., and sterilizes the same animals infected with 
Spirocheta recurrentis in doses of 500 mg. per kg. unfortunately, this 
compound subsequently produces disturbances in the nervous system of 
the experimental animals, and for this reason has never found practical 
application in therapy.1573 

3-Amino-4-hydroxyphenylarsonic acid can be tolerated by white rats 
in doses ns high as 500 mg. per kg., while the minimum sterilizing dose 
for the same spec-ics infected with Trypanosoma equiperdum is 80 mg. 
per kg., both tests being carried out intravenously.582 According to 
Rata 1574 it is tolerated by mice in doses as bigh as 1250 mg., while 
the sterilizing dose for recurrent fever in the same animal is 833.5 mg. 
per kg. Rowenr, it is claimed thnt it cannot be employed in practical 
therapy, as it. seriously affects the nervous system. The results obtained 
in white rnts by Voegtlin and Smith with the sodium salt of this acid are: 
M. L. D., 637.5 mg., M. T. D., 382.5 mg., while the M. E. D., employing 
Trypanosoma equiperdum, is 95.6 mg. per kg. '527 

]\IIercurated arsonic acids nre not superior to the corresponding non
arsenated mercurials vvith regard to germicidal or curative value. l541 

Elarson (strontium chloroarsinosobehenolate) is ineffective in mice 
infected with trypanosomef'. 'When injected intravenously, it not only 
lowers the blood pressure but is also more toxic than arsenious acid.107S 



Appendix II. Analyses of Organic Arsenicals. 

The following nwthods haye bee1\ employed by various inY(~"tigator" 
for the estimation of nn'enic: 

1. The method of Cariu,;. 
2. A mixture of the arsenical and soda-lime is heated in a current 

of oxygen, the re~ulting mass diswh~ed in hydrochloric acid. and the 
arsenic precipitated a~ the tri~ulfide b~o h~~drogen mlfide. The pre
cipitate is then tlissohed in hUlling nihil' acid and finally ,yeighed a" 
magnesium pyroarsenate. ' C,7(] 

3. The substance is decompose(l in n porcelain rrurible with n solu
tion of magnesium oxide in nitric acid I d, 1.38) by heating fin·:t on a 
water-bath, then in a Rand-bnth, and finnlly oyer a free flame. The 
residue is taken up with hydrochloric a('id. nnd tIlt' arsenic finally pre
cipitated with magnesia mixture." 577 

4. The compound is destroyed by warnling with rhrami(' and sul
furic acids. The arsenic is preeipitated as the trisulfide, \\'hieh is then 
oxidized with ammoniacal hydrogen peroxide. precipitated as magnrsiml1 
ammonium arsenate, and finaUy weighed as the pyroarsenate. '578 

5. The substance is decompo~ed b~o heating with pure zinc oxide. 
The mass is then dissolved in Heid, the arsenic precipitated as thr tri
sulfide which is then oxidized to arsenir aeid and finally weighed a~ 

magnesium pyroarsenate."579 

6. The organic arsenieal is fused with sodium peroxide in a silvcr 
crueible, the resulting mass dissohoed in water, evaporatrd twice witll 
nitric acid, and the arsenic weighed as magnesium pyronrsenate. ' "'o 

7. 0.2 to 0.3 g. of the finely powdered f'ubstancc is fm:ed with 10-] 5 
g. of a mixture of equal parts of sodium peroxide and sodium carbormte, 
the mass extracted with water and rinsed into a 450 c.r. conical fta~k. 
From 25 to 31 C.c. of sulfuric acid (1:1) arc cautiously added, and, if 
necessary, the solution is boiled down to 100 c.C. 1 g. of potassium 
iodide is now introduced, and the liquid further concentrated to 40 e.e. 
A few drops of dilute sulfurous acid are added to destroy the last traces 
of iodine, and the bright green solution is diluted with hot ,vuter and 
saturated with hydrogen sulfide. The arsenic trisulfide is washed about 
three times with hot water, dis:solved off the filter with 20 e.c. of 0.1 
N-sodium hydroxide and treuted with 30 c.C. of hydrogen peroxide, the 
excess being destroyed by heating all tllC water-bath for 10 minutes. 
After the frothing has subsided, a few drops of phenolphthalein are 
added, followed by 11 c.c. of sulfuric acid (1: 1). Potassium iodide 

514 
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(1 g.) is no\\' addeel to the liquid, which i~ then conrentmted to 40 c.c. 
mel the pale :vellow ('0101' removed h~' a fe\" drop~ of dilute sulfurous 
lcid. After :\(lding a volume of 10 pCI' cent "odium phosphate ~olution 
~qual to the number of ('ubi(' ('elltimeter~ of 0.1 N-iodine required in the 
itration, the a]'~enite ~()lllti()ll i" titrated ",ith ~t:\IIdanl i()(line ill the 
Isual way. 

A yariation of thi~ lllethod con~i~b in oxidizing the precipitate of 
lfsenic trisulfi<ie with alkaline hydrogen peroxide. and pre('ipitating as 
nagnesium ammonium arE'ena te. J 

'" 

8. 0.2 to 0.4 g. of the finely powdered eompound is fu;;:ed ,vith a 
nixture of 10 g. of fine I.', powdered, dr~' pota""iuIll nitrate and 5 g. of 
:odium peroxide in a ni('kel ('rucible. The melt i~ then dissolved in hot 
vater, and the "olution ('arefully aeidified with h~'drochloric acid. After 
iltf'ring, tbe liquid i, .. n('utralizcr] 1\'itll :mmwnia, Un' nrscnic prccipitated 
l~ lllagne~ium HllllllOniulIl a]'~enate and weighed as magnesium pyro
lrsellate. 'Gb

" 

9. 0.25 to 0.3 g. of the compound, is de('omposed by the Kjeldahl 
nethod, uf'ing 25 c .C'. of (,OlH'entrated mlfuric aeid, 10 g. of potassium 
ulf~\te and a \'ery \3m:dl (T;-'"bl of ('opper 8ulLttc. After the de\3truetion 
ff the organi(' matter and dilution \yith water, the arsenic is precipitated 
)y hydrogen sulfide, and determilled gra\'illlctri('all~' ill the u>,ual way 
.8 magnesium pyroarsenate .'.,1 

10. Lehmann's method: I G': The ~ubst.:lIl(·e (0.2 ~.) i" transferred to 
200 c.c. ground gla"s ~topperl'd ErkllllwY(T flask. ami 1 g. of finely 

100nlered potas"iullI perm[lnganate added, followed b~' [5 C' .('. of dilute 
ulfuric acid. The mixture is allowed to ~tancl for 5-10 minute", during 
,'hich time the Jia~k i~ frequentl~' rotated to in"ure the ('omplete mixing 
,f the materiab. 10 ('.('. oj' ('oll('entr:lted i'ulfuric a(,id arc now added in 
lortions of about 2 ('.('" the fla"k being rotated after each addition. 
\'hen the reaction Ita" ('ca~ed, 3 pCI' (,l'llt h~'drogen peroxide (5-10 c.c.) 
5 added in :-mall portions until all the manganese dioxide has been 
issolyed. To;,'ard the end the hydrogen peroxide "hould be added 
TOp by drop to a \'oid a large ex('C'l's. The liquid is then diluted with 
5 c.C, of distilled \Yate)' and boiled for about 10 minutes until the 
xees~ of peroxide Ita" been ('olllplctel~' dc"tro~·ed. The remaining solu
ion is then diluted ,,,ith 50 ('.C. of (li~tilled water, cooled and 2.5 g. of 
otassium iodide added. The fiar-k i" 11m\' tightly stoppered, allowed 
o stand for one llOur in a d!iI'k placc, and the liberated iodine titrated 
'ith standard sodium thiosulfate \\'ithout a ~tnrc'h indicator. 

Myers and Du::\lez J-,' i han found it pra(·ti('ally impossible to 
2moyc all of the ex('cs,;: of h~'clrogen peroxide by boiling, unless the 
Jlution is c\-aporat('d to a \"Cry ,.;mall \'olunw, whcn it is liable to 
e('ome ('olort'd browl1, clue to the further a(·tioll of the hot concentrated 
ulfuri(' acid. Accordingly, they r<'mowcl the last trace of hydrogen 
eroxide by adding a drop or t\yO of pcrmanganate solution (1 per cent) 
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and destroying the resulting pink color by the addition of a very slight 
excess of oxalic acid solution. The same inyestigators also suggested 
that a blank test be carried out under exactly the same conditions and 
the final reading corrected accordingly. Fargher's modification 1585 is 
the same as that of Myers and DuMez except that before the addition 
of the hydrogen peroxide the mixture is heated to gentle boiling for 
30 minutes ,yith 10 c.c. of water. 

The modified method is 8imple, accurate, reliable, inexpensive and 
rapid. It cannot be used with all organic arsenicals, howeycr, as certain 
compounds, e.g., benzarsonic aciel, are not completely oxidized by the 
preliminary treatment with potassium permanganate and sulfuric acid. 

11. The following method i" quoted from the Pharmacopmia Ger
manica: 1586 

The arsenic compound 10.2 g.1 is oxidized by means of 10 c.c. of 
concentrated sulfuric acid and 1 c J'. of fuming nitric acid in a long
necked 100 e.c. Jena flask. After boiling for one hour, the cooled mix
ture is treated with 50 C.l'. of water, evaporated, and the procedure 
repeated. To the cold solution arc now added suC'cessively 10 e.c. of 
water, 2 g. of potassium iodide in 5 e.c. of water, and sufficient water 
to dissolve the precipitate. After standing for thirty minutes, the 
liberated iodine is titrated "'ithout an indicator. 

12. Another procedure consists in transferring the sample (0.5 g.) 
into a 500 c.c. Erlenmeyer flask, adding about 10 C'.c. of water, then 5 ('.c. 
of nitric acid, heating on a hot plate, and adding ammonium penmlfate 
until the solution is water-white. If the decomposition is extremely 
difficult and a yellow color pcrsists, boiling for a fcw minutes with a 
few cubic centimeters of water and tieyeral grams of ammonium persulfate 
will produce decolorization. The solution is then diluted up to 100 c.('. 
and treated with a saturated solution of sodium ammonium hydrogen 
phosphate (5 c.c.) follmycel by an exces~ of magnesia mixture (about 
10 c.c.). If a precipitate forms it i" redissoh'ed in dilute nitric acid. 
The whole is then maintained at or near the boiling point, an excess of 
ammonia added, and the liquid allowed to stand for about two hour~. 
The resulting precipitate is filtered off, w<l"hecl with dilute ammonia, and 
:lissolved in 70 c.c. of dilute hydrochloric acid (3:2). To the solution 
are added successiyely 3 g. of potassium iodide di~solycd in 6 c.c. of water, 
and 70 c.c. of water, and the liberated iodine titrated with ~odium thiosul
fate, using starrb on approaching the end poinLlo 8, 

13. Ewins' method: The subsblllce (0.1 to 0.2 g. J is mixed in a 
300 c.c. Kjeidahl flaO'k with 10 g. of potassium sulfate, 0.2 to 0.3 g. of 
starch .and 20 c.c. of concentrated :<ulfurie acid. The whole is warmed 
gently over a Bumen flame for 10 to 15 minutes until the frothing 
diminishes, and then yigorously for about four hours, when complete 
oxidation occurs. The liquid is cooled, transferred to a 350 c.c. Erlen
meyer flask and rendered barely alkaline to litmus by means of 10-12 
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N -~odium hydroxide. The flask and it~ contents are then cooled to 
about 30-40;', ronrentrated sulfuric arid added drop by drop until the 
solution is again distinctl.\' acid, and a saturated solution .. of sodium 
bicarbonate added until the whole is di::;tinrtlv alkaline and an excess of 
5 to 10 C.c. of the reagent if' present. The nr~enioUi3 acid is then titrated 
with 0.05 N-iodine solution, 'emplo~'ing 2 c.r. of a 1 per cent starch 
solution as an indicator. Toward the end of the titration, the solution 
usually develops a reddi"h-"iolet tint ,,,hidl fade,.: on standing. The 
end point, however, is reaehed ,,,hen the "olution acquires the chnrac
tcristie permanent deep blue color giwn by free iodine in the presence 
of starch. 1

C,
R

8 

14. By another method 0.2 g. of thl' ,.;ubstance is weighed into a 
LiO ('.C. Er!eJlrne~'('r fla~k, and heated ,,,ith 5.5 C.c. of concentrated sul
furi(' acid and 1 (' .('. of fuming nitriC' acid for about one hour. The 
fla"k i~ then "light l~' ('ooled, 10 or 15 drops of fuming nitric a(,id added, 
and the ,,,hole heated for 5 minute:, to insure complete oxidation. After 
('autiousl." adding 1 g. of ~()lid ammonium ~ulfate, the flask is first shaken 
until the (','olution of nitrogm i" romplete, then rooled, and the liquid 
diluted with wat(T to 60 or 70 r.r. To the mixture are added 1 g, of 
potassium iodide and a few grain;;; of porous day plate, and a simple 
bulb trap, :-urh as all innrted 25 ('.C. flaRk with a side vent, is placed 
in the mouth of the Erl('nme~'er fla~k. The liquid ii:' now concentrated to 
a volume of 40 C.('. nncl the bulb trap rinsed into the flask. After remov
ing the iodine tint by menn~ of 0.01 X -thiosulfate, the solution is diluted 
to 100-120 ('.C. with ('ol(l \\':tter, tran~ferre(l to a 500 r.r. Erlenmeyer flask 
('ontaining 50 ('.('. of 4 I\~-",odiulIl ('arbonate ~olution, nnd the residual 
a(,id neutralized with H "light exress of ~odium birarbonate. Starch 
~olution i~ then added alld the ar,.:cnite prc:oent titrated with standard 
iodine solution. No blank is IlcC'essary,l.,,,, 

Carbon and hydrogen in organir arsenicab are determined: 
1. By rombustioll with a mixture of lead chromate and co})per 

uxide in a ('urrent of oxygen. 1
C,'" 

2. By a modification of the Dcnllstedt pro(,edure described by Falkm' 
and Raizil-'s.l ;,"0 Both the apparatus and the pro('edure are identical 
with those described by Dennstedt ",,)1 except that the wider part of the 

I 
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,FIG. 3.-IK:"oiICR TUBES FOIl A:O;.\LYSIS OF OHG.\XIC AnsExlcALS. 

A, porcelain boat with sllb"t~nc('; B, porcelain boat with red lead; P, it piece 
of broken porcelain to prennt the accidental deposition of any particles upon 
the catalyst. 
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inner tube is 5 or 6 em. longer, and that Boat B containing red lead is 
placed 3 cm. from Boat A (Fig. 3). 

The red lead reacts quantitatively 1vith the arsenic oxide formed dur
ing the combustion, forming lead an:'enate which does not decompose at 
comparatively high temperature.". This stability of the lead arsenate is 
of great conwnience as carbonaceous matter, which frequently Rettles 
upon it, can be entirely remond b~< continued heating. The red lend 
is prepared from pure lead peroxide, by dr:-"ing in an oyen at 1400 ~md 
then gradually heating it in a current of' oxygen until it is dark rcd, 
after which it is cooled and kept in a desiccator. 
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2-Bromo-3,5-dinitro-4-mej hy lnitraminophcnylarsonic acid, 334 
4-Bromo-3-nitrophcnylarsonic acid, 2,54 
Bromooctinearsonic acid, 101 
2-Bromophenylarsonic acid, 247 
4-Bromophenylarsonic acid, 248 
2-Bromophenyldichloroarsine, 119 
p- (Bromostibarseno 1 acetanilide, 178 
7-n-Butoxy-7,12-dihydro-y-benzophenarsazine, 461 
n-Butylarsonic acid, 74 
n-Butyldichloroarsine, 43 
4-n-Butyrylaminophenylarsonic acid, 290 

c 
Cacodyl,63 
Cacodyl bromide, 55 
Cacodyl chloride, 54 
Cacodyl cyanide, 58 
Cacodyl disuffide, 62 
Cacod)'l fiuondc, 56 
Cacodylic acid, 78, 50:3 
Cacodyl iodide, 56 
Cacodyl oxide, 60 
Cacodyl selenide, 62 
Cacodyl sulfide, 61 
Cacodyl thiocyanate, 59 
Cacodyl trichloriue, 77 
"Cadet's fuming liquid," 17, 54 
-l-Cnrbarnido-3-ca]'boxyphenyhr~onic acid. 373 
3-Carbamido-4-hydroxyphenylarsonic acid, 361 
-l-Carbamido-3-methylphenylan;onic acid, 266 
4-Carbamidophenylal'wnic acid, 292 
3-Cllrbethoxyarnino-4-hydroxyphenylarsine, 107 
-l-Carbethoxyamino-2-hydroxyphenylar"onic acio, 360 
;{-Cal'betllOxyamino-4-hydroxyphcnylar"onic :. cid, :l61 
cJ.-Carbethoxyaminophcny larsineoxidc, 133 
.3-Carbethoxynminophenylarsomc acid, 266 
4-Carbethoxyamillophellylariionic acid, 291 
4' -Carboxamidobenzyl-p-arsanilic acid, 318 
2' -Cafboxamidophcnoxyacctyl-p-arsanilic acid, 298 
4' -Carboxamidophclloxyacetyl-p-arsanilic acid, 298 
2' -Carboxamidophcnoxyethyl-p-arsanilic aciu, 319 
Ill-Carboxamidophenylglycyl-p-arsanilic acid, 296 
p-Carboxamidophcnylglycyl-p-arsanilic acid, 296 
:l-Carboxy-4-aminophenylarsine, methyl ester, 108 
l' -Carboxybcnzyl-p-arsanilic acid, 318 
~ or 2-Carbuxy-2 or 4-methylphcnylal'sollic acid, 371 
2-Carboxy-5-methylphenylarEonic acid, 371 
~-Carboxy-4' -meth~'ljripllf'nylar~ine dichloriLlf', cth~'l e~ter, 412 
~-Carboxy-4' -methyltriphenylarsine oxide, 421 
l-Carboxynaphthaleneazobenzenc-4' -aI'.,onic acid, 286 
,I-Carboxyphenylarsenious acid, 138 
-l-Carboxyphenylarsine, 108 
-l-Carboxyphenylarsineoxide and esters, 138 
2-Carboxyphenylarsonic aciu, 368, 
3-Carboxyphenylarsonic acid, 369 
4-Carboxyphenylarsonic acid, 369 
3-Carboxyphenylarsonic acid anhydride, 369 
4-Carboxyphenylarsonic acid anhydride, 369 
~ (2-Cal'boxypheIlyl-4-arsonic ac!ul!/:lycyl-3' -aminophpIlol, 270 
4-Carboxyphen~'ldi~hloroarsinc, 124 
4-C:l]'boxyphellyldicihyla~sille, 224 
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'l-Gal'boxypl1enylllIetnylar"me llibrolllllle, 411 
4-Cal'boxyphenyldiethylar~ine dichloride, 411 
4-Carboxyphenyldiethylarsine diiodide, 411 
4-Carboxyphenyldiethylarsine hydroxybromide, 411 
4-Carboxyphenyldiethylursine hydroxychloride, 411 
4-Carboxyphenyldiethylarsine hydroxyiodide, 411 
4-Carboxyphcnyldiethylarsine sulfide, 426 
4-Carboxyphenyldihydroxyarsine, 138 
4-Carboxyphenyldiiodoar,;me, 124 
4-Carboxyphenyldiphenylarsine oxide, 420 
4-Cul'boxyphenyllllethyldiethylarsonium iodide, 432 
4-CarboxyphenyltriethyJarsonium chloride, 433 
4-Carboxyphenyltriethylarsonium picrate, 433 
4-Cal'boxyphenyJtrimethylarwniulll acid ~ulfate, 431 
4-Carboxyphcnyltl'imethylarsoniulll bromide, 431 
4-CarboxyphenyltrimethylarsonlUm chloride, 431 
4-Carboxyphenyltrimethylarsonium nitrate, 431 
4-Curboxytriphenylarsine dichloride, ethyl estel', 411 
4-Curboxytriphenylarsine sulfide, 426 
Catechylphenylarsenite, 129 
3-Chloro-4-acetylaminophenylarsonic acid, 327 
4-Chloroacetylulllinophenylarsonic acid, 291 
2-Chloro-4-allylthiocarbamido phenylarsonic acid, 32'( 
5-Chloro-2-aminophenylarsonic acid, 325 
6-Chloro-3-aminophenylarsonic acid, 325 
3-Chlorb-4-aminophenylarsonic acid, 325 
Chloroarsinosobehenolic anhydride, 101 
Chloroarsinosobehenolic acid, 100 
Chloroarsinosobehenolanilide; 100 
Chloroarsinosoheptine, 99 
Chloroarsinostearolic acid, 99 
ChlorobehenolarsOIllc acid, methyl ester, 101 
4' -Chlorobenzylidene-4-amino-3-met hy I phenylarsonic acid 261 
;--Chloro-7,12-dihydro-y-benzophenan.;azine, 454 ' 
2-Chloro-4-dimethy laminopheny larsineoxide, 135 
2-Chloro-4-dimethylaminophenylursonic acid, 327 
2-Chloro-4-dimethylaminophenyldiehlol'oarsine hydrochloride 122 
?-Cholor-2,4-dimethylphenylal'~onic acid, 248 ' 
2-Chloro-3,5-dinitro-4-methylalllinophcnylarsonic acid. 333 
2-Chloro-3,5-dinitro-4-methylnitraminophcnylarsonic 1;cid 3M 
4-Chloro-3,5-dinitrophenylarsonic acid, 255 ' 
Chloroheptinearsonic aCid, 101 
3-Chloro-4-hydroxyphenylart!onic acid, 346 
2-ChlorO-4-methylaminophenylarsonic acid, 327 
5-Chloro-2-methylindole-3-arsonic acid, 470 
2-Chloro-4-methylaminophenylarsineoxide, 135 
!-Chloro-2-rllethylphenylarsonic acid, 248 
!-Chloro-3-methylphenylarsonic acid, 248 
2-Chloro-5-nitro-4-methylaminophenylarsonic acid, 333 
5-Chloro-3-nitro-4-hydroxyphenylarsonic acid, 354 
4-Chloro-5-nitl'o-2-methylphenylarsonic' acid, 255 
i-Chloro-5-nitro-3-methylphenylar"onic acid, 255 
i-Chloro-3-nitrophenylarsonic acid, 254 
6-Chloro-3-nitrophenylarsonic acid, 254 
2-Chlorophenylarsine, 105 
i-Chi oropheny larsine, 105 
4-Chlorophenylarsineoxide, 130 
2-Chlorophenylarsonic acid, 247 
4-Chlorophenylarsonic acid, 247 
~-Chlorovinylarsinesulfide, 46 
~-Chlol'ovinylu.rsonic acid, 75 
~-Chlorovinyldichloroarsine, 43 
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o-Cresol-p-arsonic acid, 339 
m-Cresol-p-arsonic acid, 339 
p-Cumyl, Cf. Isopropylphenyl-

°D 

3,5-Di (acetylamino) -4-hydroxyphcnylarsonic acid, 360 
Di(4-acetylamino-3-methylphenyl) arsinic acid, 395 
2,3-Di(acetylamino)phenazine-7-arsonic acid, 477 
Di (3-acety laminopb eny!) arsinesulfide, 217 
Di(4-acetylaminopheny!)arsinic acid, 395 
3,4-Di(acetylamino)phenylarsonic acid, 324 
4,4' -Diacetyldiamino-3,3' -dicarboxyarsenobenzene, 172 
3,3' -Diacetyldiamino-4,4' -dihydroxyarsenobenzene, 165, 510 
5,5' -Diacetyldiamino-2,4,2' ,4' -tetrahydroxyarsenobenzene, 166 
Di(4-alkylaminopheny!)arsinic acids, 396 
2,2' -Diaminoarsenobenzene, 153 
<l,4' -Diaminoarscnobenzene, 153 
<l,4' -Diamino-a-arsenonaphthalene, 154 
5,5'-Diamino-l,I' -arseno-2,2' -stilbene, 154 

. 3,7-Diamino-4.8-dihydroxyanthraquinone-l,5-diarsonic acid, 359 
4,4'-Diamino-2 ,2' -dihydroxyarsenobenzenc, 202 
5,5' -Diamino-2.2' -dihydroxyarsenobenzenc, 202 
2,2'-Diamino-3,3' -dihydroxyarseno benzene, 202 
4,4' -Diamino-3,3' -dihydroxya rsenobenzcllc, 202 
3,3'-Diamino-4,4'-dihydroxyarsenobenzenc, 185 
3,3' -Diamino-4,4' -dihydroxyarsenobenzene rlihydrochloride. 185 
2,2' -Diamino-5,5' -dihydroxyarsenobpnzcnc. 203 
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3,3' -Diamino-4,4' -dihydroxyarsenobf'nzene-N ,N' -dilllethylenesuifinic acid, disodium 
salt, 197 

3.3' -Diamino-4,4' -dihydroxyarscnobcnzene-N .N' -dirnethylenesulfonic acid, dis odium 
salt, 198 

3,3' -Diamino-4,4' -dihydroxyarscnobcnzclle-N -methylcnesulfinic acid, sodium salt, 194 
3,3'-Diamino-4,4'-dihydroxyarsenobcnzcne-N-methylenesu!fonic acid, 197 
3,3' -Diamino-4,4' -dihydroxyarsenobcnzene-silver bromide-antimonyl sulfate, 191 
3,3' -Diarnino-4,4' -dihydroxy-a-arsenonaphtbalenc dihydrochloride, 203 

\ 5.5' -Diarnino-4,4' -dihydroxy-l,l' -arscno-2,2' -~tilb('nc, 203 
5.5'-Diarnino-4,4' -dihydroxy-2,2' -dicarboxyarsenobcnzene, 173 
5.5' -Diamino-4,4' -dihydroxy-3.3' -dicarboxyarsenobenzcne, 173 
3.3' -Diamino-4,4' -dihydroxy-6.6' -dimethoxyarsenobenzenc, 168 
3,3' -Diam ino-4,4' -dihydroxy-5.5' -dirnethy larsenobenzenc, 203 
3.3'-Diamino-4,4' -dihydroxy-6.6' -di mel hylari'enobenzenp, 20:3 
3.5-Diamino-2,4-dihydroxyphenylarFonic acid. 359 
3,3' -Diamino-4,4' -dimethoxyarsenobenzcne. 167 
3,3' -Diarnino-4,4' -dimethoxy-5,5' -dirnethyiar,enolwnzf'lie. 168 
3,4' -Diamino-4-hydroxyarsenobenzene dihydrochloridf'. 174 
Di(3-amino-4-hydroxyphenyllarsinic acid, 398 
3.5-Diamino-4-hydroxyphenylarsonic aeid, 35() 
Di (3-amino-4-hydroxyphenyl) chloroarsinc hydl'cfchloritic, 211 
Di (3-amino-4-hydroxyphenyl) dimcthyldiarsine, 219 
2,4-Diamino-3-rnethoxyphenylarsonic acid. 363 
4,6-Diamino-3-methoxyphenylarsonic acid, 363 
Di(4-amino-3-methylphenyllarsinic acid, 394 
5,6-Diamino-3-methylphenylarsonic acid, 323 
p,p' -Diaminophenarsazinic acid, 482 
2,3-Diaminophenazine-7-arsonic acid, 476 
Di (3-aminophenyl)arsineoxide, 215 
Di (3-aminophenyl) arsinesulfide, 217 
Di (3-aminophenyl) arsinic acid, 393 
Di(4-aminophenyl)arsinic acid, 394 
2,3-Diaminophenylarsonic acid, 322 
2,5-Diaminophenylarsonic acid, 323 



546 SUBJECT INDEX 

3,4-Diaminophenylarsonic acid, 322 
2,5-Diaminophenylarsonic acid oxanilide, 324 
Di(3-aminophenyl) chi oro arsine hydrochloride, 211 
Syrnm. Di(4-aminophenyl)dihydroxydiarsin.e, 220 
5,5'-Diamino-2,2'-stilbenediarsonic acid, 260 
5,5' -Diamino-2,4,2' ,4' -tetrahydroxyarsenobenzene, 164 
3,3' -Diamino-4,6,4' ,6' -tetramethoxyarsenobenzene, 168 
3-3' -Diamino-4,4' -tetramethyldiaminoarsenobenzene, 160 
Dianiline arsenate, 490 
Di-p-anisylarsineoxide, 215 
Di-p-anisylchloroarsine, 211 
"Diarsenol," 180, 186 
0,0' -Diarsono-oxanilide, 266 
Diazoamino compounds, 279-282 
Diazo-2-bromophenyl-( 4-arsonic acidl-p-amillophenoxyacetic acid, 263 
Diazo-2-bromophenyl-(4-arsonic acid)-p-aminophenoxyacetic methyl ester, 263 
Diazoimidophenylarsonic acid, 323 
Diazo-2-methylphenyl-( 4-arsonic acid) -p-aminophenoxyacetic acid, 263 
Diazo-2-methylphenyl-(4-arsonic acid)-p-aminophenoxyacetic methyl ester, 263 
2-Diazophenylarsonic acid, 262 
4-Diazophenylarsonic acid, 278 
Di-p-benzarsenious acid, 215 
Di-p-benzarsenious iodide, 211 
Di-p-benzarsinic acid, 398 
Dibenzylarsenious acid, 215 
Dibenzylarsilletrichloride, 384 
Dibenzylarsinic acid, 390 
Dibenzylhydroxyarsine, 215 
Dibenzylphenylarsenite, 129 
Dibenzylthioarsinic acid, 391 
3,5-Dibromo-4-amillophenylarsollic acid, 326 
3,5-Dibromo-4-hydroxyphenylarsonic acid, 346 
2,2' -Dibromo-3,5,3' ,5' -tetraamino-4,4' -bisrnethylarninoarsenobenzene, 161 
2,2' -Dibrorno-4,4' -tetrarnethyldiarninoarsenobcnzene, 160 
Di-n-butylarsinic acid, 82 
Dicarnphorylarsineoxychloride, 385 
Dicarnphorylarsinic acid, 391 
3,3' -Dicarbarnido-4,4' -dihydroxyarsenobcnzcne, 166, 510 
3,3'-Dicarbethoxydiarnino-2,4' -dihydroxyarsenobenzene, 166 
4,4' -Dicarbethoxydiarnino-Z,2' -dihydroxyarscnobenzenc, 166 
2,2' -Dicarboxyarsenobenzene, 170 
4,4' -Dicarboxyarsenobenzene, 170 
Di (4-carboxyphenyl) arsinic acid, 398 
2,4-Dicarboxyphenylarsonic acid, 371 
Di (4-carboxyphenyl)hydroxyarsinc, 215 
Di (4-carboxyphenyl)iodoarsine, 211 
4,4'-Dicarboxytriphenylarsinc dichlorid(', diethyl CRt"'f, 412 
4,4' -Dicarboxytriphenylarsine oxide" 421 
2-6-Dichloro-4-acetylarninophenylarsonic :wid, 327 
3' ,5' -Dichloro-3-arnino-4,4' -dihydroxyarsenobenzene. 175 
2,6-Dichloro-4-arninophenylarsonic acid, 326 
3,5-Dichloro-4-arninophenylarsonic acid, 326 
4-Dichloroarsinobcnzoylchloride, 125 
4-Dichloroarsinobenzoyldirnethylarninodirnethylethylcarbin01 hydrochloride, 125 
4-Dichloroarsinophenylglycinc hydrochloride, 121 
4-Dichloroarsinostovaine, 125 
5,5' -Dichloro-3,3' -diarnino-4' ,4' -dihydroxyarsenobcnzene, 161 
5,5' -Dichloro-4,4' -diarnino-3,3' -dihydroxyarsenobenzene, 169 
2,6-Dichloro-4-dirnethylarninophenylarsonic acid, 328 
?-Dichloro-2,4-dirnethylphenylarsonic acid, 249 
2,6-Dichloro-3,5-dinitro-4-rnethylnitraminophenylarsonic acid, 336 
4,4' -Dichloro-5,5' -dinitro-2,2' -stilbenediarsonic acid, 255 
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3,5-Dichloro-4-hydroxyphcnylarsineoxide, 136 
3,5-Dichloro-4-hydroxyphenylarsonic acid, 346, 513 
3,5-Dichloro-4-iodophenylarsonic acid, 249 
3-5-Di (chloromercuril -4-hydroxyphenylarEonic acid, 378 
2,4-Dichloro-5-nitrophenylarsonic acid, 2;).~ 
2,4-Dichlorophenylarwnic acid, 249 
3,5-Dichlorophenylarsonic acid, 249 
2,2' -Dichloro-3,5,3' ,5' -tetraamino-4,4' -bismethylaminoarsenobenzene, 161 
3,5-Dichloro-4-triazophenylarsonic acid, 326 
Di CS-chlorovinyll arsmic acid, 82 
Di C S-chlorovinyl) chloroarsine, 58 
Di-p-cresylphenylarsenite. 129 
4,4' -Diethoxyarsenobcnzene, 162 
Diethoxychloroarsine, 58 
4-Dicthylaminophenylarsineoxide, 134 
4-Diethylaminophenylarsinesulfide, 145 . 
4-Diethylaminophenyldichloroarsine hydrochloride, 122 
Diethylarsine, 51 . 
Diethylarsinetrichloride, 77 
Diethylarsinic acid, 81 
Diethylarsinobenzoic acid, 224 
Diethylcyanoarsine, 59 .. 
Diethylcyclopentamethylcnearsonilllll iodide, ~86 
Diethyliodoarsine, 57 
Diethylphenoxarsonium iodide, 487 
Diethylphenylarsenite, 128 
7,12-Dihydro-y-benzophenarsazine bromide, 456 
7,12-Dihydro-y-benzophenarsazine chloride, 454 
7,12-Dihydro-y-benzophenarsazine iodide, 457 
7,12-Dihydro-y-benzophenarsazine oxide, 460 
7,12-Dihydro-y-benzophenarsazine sulfide, 462 
3,4-Dihydrobenzoxazolone-1-arsonic acid, 469 
4,4' -Dihydroxy-3-aminoarsenobenzene-3' -aminoacetic acid, 199 
4,4' -Dihydroxy-3-aminoarsenobenzene-o.-propionic acid, 200 
4,8-Dihydroxyanthraquinone-1,5-diarsonic acid, 341 
4,4'-Dihydroxyarsenobenzene, 161, 504 
4,4' -Dihydroxyarsenobenzene-3,3' -diaminoacetic acid, 200 
4,4' -Dihydroxyarsenobenzene-3,3' -diamino-n-butyric acid. 200 
4,4' -Dihydroxyarsenobenzene-3,3' -diall1ino-n-heptylic acid, 201 
4.4' -Dihydroxyarsenobenzene-3,3' -diall1inoi,obutyric acid, 201 
4.4' -Dihydroxyarsenobenzene-3,3' -diall1inoisovaleric acid, 201 
4,4' -Dihydroxyarsenobenzene-3,3' -diall1inopropionic acid, 200 
4,4' -Dihydroxyarsenobenzene-3,3' -diall1inostearic acid, 201 
4,4' -Dihydroxyarsenobenzene-3,3' -diamino-n-valeric acid, 201 
4,4' -Dihydroxyarsenostibinobenzene, 178 
5,5' -Dihydroxy-l,I' -arseno-2,2' -stilbene, 161 
4-Dihydroxyarsinobenzophenone, 141 
4-Dihydroxyarisno-4' -methylbcnzophenone, 142 
2,4-Dihydroxybenzylidene-p-arsanilic acid, 290 
4,4' -Dihydroxy-3,3' -bis (2" -hydroxynaphthaleneazo) arsenobenzene, 164 
4,4'-Dihydroxy-3,3'-bisC2",4", 6"-trihydroxy-l-azolarsenobenzene, 164 
4,4' -Dihydroxy-2,2' -dicarboxyarsenobenzene, 173 
3,3' -Dihydroxy-4,4' -dimethoxyarsenobenzene, 162 
4,4' -Dihydroxy-2,2' -dimethoxyarsenobenzene, 162 
4,4' -Dihydroxy-3,3' -dimethoxyarsenobenzene, 162 
4,4' -Dihydroxy -3,3' -dimethy larsenobenzene, 161 
3,5-Di (hydroxYll1ercuri) -4-all1inophenylarsonic acid, 377 
3,5-Di (hydroxymercuril -4-hydroxy-1' -methylazobenzene-4' -arsonic acid, 380 
3,5-Di (hydroxymercuri) -4-hydroxyphenylarsonic acid, 378 
Di( 4-hydroxy-3-ll1ethylphenyllarsinic acid, 397 
Dihydroxyphenarsazine chloride, 454 
2,2' or 2,4'-Di(hydroxyphenyl)arsinic acid, 397 
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Di(4-hydroxyphenyllarsinic acid, 397 
2,4-Dihydroxyphenylarsonic acid, 340 
3,4-Dihydroxyphenylarsonic acid, 340 
5,5' -Dihydroxy-2,2' -stilbenediarsonic acid, 341 
3,5-Diiodo-4-aminophenylarsonic acid, 327 
4,4' -Diiodoarsenobenzene, 152 
5,5' -Diiodo-3,3' -diamino-4,4' -dihydroxyarsenobenzene, 169 
3,5-Diiodo-4-hydroxyphooylarsonic acid, 346 
Diiodomethylarsonic acid, 73 
Diisoamylarsine, 52 
Diisoamylarsinechlorodibromide, 77 
Diisoamylarsineoxide, 61 
Diisoamylarsinesulfide, 62 
Diisoamylarsinic acid, 82 
Diisoamylchloroarsine, basic, 57 
Diisobutylcyanoarsine, 59 
4,4' -Dimethoxyarsenobenzene, 162 
Di(3-methoxy-4-hydroxyphenyl) al'sinic acid, 398 
Di (4-methoxyphenyl) arsineoxide, 215 
2,4-Dimethoxyphenylarsonic acid, 345 
3,4-Dimethoxyphenylarsonic acid, 345 
Di (4-methoxyphenyll chloroarsine, 211 
Di(4-methoxyphenylliodoarsine, 211 
3,3' -Di (N -methylacetylamino) 4,4' -dihydroxyarsenobenzene, 167 
Dimethylallylarsine, 68 
Dimethylallylarsine dibromide, 85 
4-Dimethylaminoazobenzene-4' -arsonic acid, 284 
4-Dimethylalllinobenzene-2' -azotoluene-5' -arsonic acid, 264 
4-Dilllethylaminobenzylidene-p-arsanilic acid, 289 
3,3' -N -Di (methylamino-4,4' -dihydroxyarsenobenzene. 166 
4-Dimethylamino-2,5-dimethylphenylarsineoxide, 134 
4-Dimethylalllino-2,5-dilllethylphenylarsinesulfide, 145 
4-Dimethylamino-2,5-dimethylphenylarsonic acid, 271 
4-Dimethylamino-2,5-dimethylphenyldibromoarsine hydrobrornide, 122 
4-Dimethylamino-2,5-dimethylphenylchloroarsine hydrochloride, 122 
4-Dimethylamino-2-hydl'oxyphenylarsonic acid, 361 
3-Dimethylamino-4-hydroxyphenylarsonic acid, 362 
4-Dimethylamino-3-methoxyphenylarsonic acid, 365 
4-Dimethylamino-3-methoxyphenylarsineoxide, 137 
4-Dimethy lamino-3-methoxypheny larsinesulfide, 146 
4-Dimethylamino-3-methoxyphenyldibl'omoarsine hydrobl'Omide, 124 
4-Dimethylamino-3-methoxyphenyldichloroarsine hydroehlol'ide, 124 
4-Dimethylamino-3-methoxyphenyldiiodoarsine hydriodide. 124 
4-Dimethy lamino-2-methy I pheny lal'sineoxide, 134 
4-Dimethylamino-3-methylphenylarsineoxicle, 134 
4-Dimethylamino-2-methylphenylarsinesulfide, 145 
4-Dimethy lamino-3-methyl pheny larsinesulfide, 145 
4-Dimethylamino-2-methylphenylarsonic acid, 271 
4-Dimethylamino-3-methylphenylarsonic acid, 271 
4-Dimethylamino-3-methylphenyldibromoal'sine hydrobromide, 122 
4-Dimethylamino-2-mcthylphcnyldichlol'oarsine hydrochloride, 122 
4-Dimethylamino-3-methylphenyldichloroarsine hydrochloride, 122 
4-Dimethylamino-3-methylphenyldiiodoarsine hyclriodide, 122 
2-Dimethylamino-a-naphthylarsineoxide, 135 
4-Dimethylamino-a-naphthylarsineoxide, 135 
4-Dimethylamino-a-naphthylarsinesulfide, 145 
2-Dimethylaminonaphthylarsonic acid, 272 
4-Dimethylaminonaphthylarsonic acid, 272 
2-Dimethylamino-a-naphthyldibl'omoarsine hydl'obromide, 122 
4-Dimethylamino-a-naphthyldibromoar~ine hydrobromide, 122 
2-Dimethylamino-a-naphthyldichloroarsine hydrochloride, 122 
4-Dimethylamino-a-naphthyldichloroar~ine hydrochloride, 122 
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2 or 3-Dimethylaminophenazine-7-arsonic acid, 477 
2 or 3-Dimethylaminophenazine-8-armnic acid, 477 
4-Dimethylaminophenylarsineoxide, 134 
4-Dimethylaminophenylarsinesulfide, 145 
4-Dimethylaminophenylarsonic acid, 321 
4-Dimethylaminophenyldibromoarsine hydrobromidc, 121 
4-Dimethylaminophenyldichloroarsine hydrochloride, 121 
4-Dimethylaminophenyldiiodoarsine hydriodide, 122 
2,2' -Dimethylarsenobenzene, 151 
3,3' -Dimethylarsenobenzene, 151 
4,4' -Dimethylarsenobenzcne, 151 
2,2' -Dimethyl-5,5' -arseno-L3,l' ,3' -bC'llzodiazole, 463 
7,7' -Dimethyl-5,5' -ar8eno-1 ,3.1' ,3' -benzodiazole, 463 
Dimethylarsepidine acid carbonate, 486 
Dirnethylarsepidine bromide, 485 
Dimethylarsepidine chloride, 485 
Dirnethylarsepidine hydroxide, 486 
Dimcthylarsepidine iodide, 486 
Dimethylarsepidine nitrate, 486 
Dimethylarsepidine picrate, 486 
Dimethylarsepidine sulfate, 486 
Dimethylarsine, 48 
Dimethylarsinedisulfide,62 
Dimethylarsineoxide, 60 
Dimethylarsineselenide, 62 
Dimethylarsinesulfide, 61 
Dimethylarsinetrichloride, 77 
Dimethylarsinic acid, 78 
Dimethylarsinoformic acid, 59 
2,7-Dimethyl-l,3-benzodiazole-5-arsonic, acid, 471 
Dimethylbromoarsine, 55 
Dimcthylchloroarsine, 54 
Dimethylcyanoarsine, 58 
Dimethylcyclopentamethylenearsonium chloride, 485 
Dimethyldiallylarsonium iodide, 96 
Dimethyldicetylarsonium iodide, 96 
Dimethyldiethylarsonium bromide, 95 
Dimethyldiethylarsonium chloride, 95 
Dilllethyidiethylarsonium hydroxide, 95 
Dimethyldiethylarsonium iodide, 95 \" 
Dilllethyidiethylarsonium nitrate, 95 . 
Dimethyldiethylarsonium sulfate, 95 
Dilllethyidiethylarsonium triiodide, 95 
Dimethyldiisoamylarsonium bromide, 96 
Dimethyldiisoamylarsonium iodide, 96 
Dimethyldiisoamyldiarsine, 64 
Dimethyldiisobutylarsonium iodide, 96 
Dilllethyldiisopropylarsonium iodide, 96 
Dilllethyldi-n-propylarsonium iodide, 95 
Dimethylethylarsine, 67 
Dimethylfluoroarsine, 56 
Dimethyliodoarsine, 56 
Dimethylphenarsazine chloride, 454 
4,9-Dimethylphenazine-2,7-bisarsonic acid, 475 
Dimethylphenylarsenite, 128 
2,5-Dimethylphenylarsinedisulfide, 382 
2,4-Dimethylphenylarsineoxide, 130 
2,5-Dimethylphenylarsineoxide, 130 
2,4-Dimethylphenylarsincoxychloride, 237 
2,5-Dimcthylphenylarsineoxychloride, 237 
Z,4-Dimethylphenylarsinesulfide, 143 
2,5-Dimethylphenylarsinesulfide, 143 
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2,4-Dirnethylphenylarsinetetrachloride, 236 
Di (4-rnethylphenyl)arsinetrichloride, 384 
Di (4-rnethylphenyl)arsinic acid, 390 
2,4-Dimethylphenylarwnic acid, 243 
2,5-Dimethylphenylarsonic acid, 244 
N-(2,5-Dimethylphenyl-4-arsonic acid)glycineamide, 267 
2,5-Dimethylphe.nyldibrornoarsine, 118 
2,4-Dimethylphenyldichloroarsine, 118 
2,5-Dirnethy 1 pheny Idichl oro arsine , 118 
2,5-Dirnethylphenyldiiodoarsine, 118 
Di(2-methylphenyl)dimethylarsonium iodide, 439 
Di (2-methylphenyl)methylar8inc, 225 
Dimethyl-y-phenylpropylarsine, 67 
Dimethyl-n-propylarsine hydriodide, 67 
Dimethyl-n-propylisoarnylarsonillm io(lii]e, 96 
Dimethylthiocyanoarsine, 59 
Di-o:-naphth,vlchloroarsine, 210 
Di-j3-naphthylphenylarsenite, 129 
Di (3-nitro-4-aminophenyl) arsinic acid, 396 
3,5-Dinitro-4-arnmophcnylarsonic acid, 331 
3,3' -Dinitro-3" -aminotriphenylan;ine, 231 
3,3'-Dinitroarsenobenzene, 152 
3"5-Dinitro-4-benczenesulfamidophE'n~'lar,,onic '1ci,L 333 
3,5-Dinitro-4-diethylarninophenylarsonic acid, 336 
3,7 -Dinitro-4,8-dihydroxyanthraquinone-1,5-diarsonic acid, 351 
3,3' -Dinitro-4,4' -dihydroxyarsenobenzene, 163 
5,5'-Dinitro-4,4' -dihvdroxv-2,2'-dicarboxvarscnolwnzpne, liS 
5,5' -Dinitro-3,3' -dihydroxY-4,41 -ctimet hO~Y'lrsenobenzenc, 16~ 
5,5' -Dinitro-'1, '1' -diliydroxy-3,3' -dimethoxyarsenobenzene, 164 
3,5-Dinitro-2,4-dihydroxyphenybrs0l1ie acid, 351 
5,51-Dinitro-4,4' -dihydroxy-2.2' -stilbenedial'sonic acid, 352 
3,5-Dinitro-4-dimethylaminophenylarsonir acid, 336 
3,3' -Dinitl'o-4,4' -dimethylarsenobenzene, 152 
3,5-Dinitro-4-hydroxy-2-rnethylphenylarsonic acid, 350 
Di (3-nitro-4-hydroxyphe'1yl)arsinic acid, 397 
3,5-Dinitro-2-hy&oxyphenylarsonic acid, 350 
3,5-Dinitro-4-hydroxyphenylarsonic acid, 350 
3,5-Dinitro-2-methylamino-4-methylnitmlllinophl'll)'J}lrl'onic acid, 334 
3,5-Dinitro-4-methylaminophenylar,;onic acid, 333 
3,5-Dinitro-4-methylnitraminopl1enylarsonic acid, 334 
p,p'-Dinitrophenarsazine chloride, 458 
p,p'-Dinitrophenarsazinic acid, 480 
Di(3-nitrophenyl)arsenious acid, 215 
Di(4.-nitrophenyl)arsenious acid, 215 
2,4-Dinitrophenylarsineoxide, 131 
Di (3-nitrophenyl)arsinesulfide, 216 
Di (3-nil rophenyllarsinetribromide, 384 
Di (3-nitrophenyl) arsinetrichl oride, 384 
Di(3-nitrophenyl)arsinic acid, 392 
Di(4-nitropheny!)arsinic acid, 393 
2,4-Dinitrophenylarsonic acid, 255 
Di (3-nitrophenyl) bromoarsine, 211 
Di (nitrophenyl) chloroarsine, 210 
Z,4-Dinitropllenyldichloroarsine, 120 
2,6-Dinitrophenylglycine-4-arsonic acid, 332 
Di (3-nitrophenyl) hydroxyarsine, 215 
Di (4-nitrophenyl)hydroxyarsine, 215 
3,5-Dinitro-4-pipendophenylarsonic acid, 336 
3,4-Dinitrosophenylarsonic acid, 256 
,5,51-Dinitro-2,2'-stilbencdiarsonic acid, 253 
?-Dinitro,2,5,21,5'-tetmmethylarsenobpnzene, 153 
Di(5-nitro-2-thienyl)arsinic acid, 480 
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DiC4-oxalylaminopheny])arsinic acid, 396 
4.4' -Dioxalyldiaminoarsenobenzcne, 156 
Diphenylarsenious acid, etlJYI ester, 214 
Diphenylarsenious acid, phenyl ester, 214 
4,4'-Diphenylarsenobenzene, 152 
Diphenylarsine, 204 
Diphenylarsinechlorobromide, 384 
Diphenylarsinehydroxybromide, phenyl ester, 385 
Diphenylarsinehydroxychloride, phenyl ester, 38.5 
Diphenylarsineoxide, 214 
Diphenyl-4-arsineoxide, 13D 
Diphenylarsineoxychloride, 385 
Diphenylarsinesulfide, 216 
Diphenylarsinetribromide, 384 
Diphenylarsinetrichlorirle, 384 
Diphenylarsinic acid, 388 
Diphenylarsinic acid-2-arsonic acid, 392 
Diphenylarsinoformamide, 213 
Diphenylarsinoformic acid, 213 
Diphenyl-p-benzarsonic acid, 420 
Diphenylbenzylmethylarsonium iodide. 44 
Diphenylbromoarsine, 209 
Diphenylchloroarsine, 207 
Diphenylchloroarsine-2-dichloroarsine, 456 
Diphenylcyanoarsine, 212 
Diphenylcyanoarsinedichloride, 385 
Diphenyl-4-dichloroarsine, 119 
Diphenyldiethylarsonium chloride. 436 
Diphenyldiethylarsonium iodide, 437 
Symm. Diphenyldiiododiarsine. 220 
Symm. Diphenyldimethyldiarsine, 217 
Diphenyldimethylarsoniulll chloride. 435 
Diphenyldimethylarsoniulll enneaiodide. 4 
Diphenyldimethylarsonium hydroxide, 43[ 
Diphenyldimethylarsoniurn iodide, 435 
Diphenyldimethylarsonium triiodide, 435 
Diphenylenediarsine, 468 
Diphenylenediarsinedichloride. 455 
Diphenylenediarsineoxide, 460 
Diphenylene-o-diarsinic acid, 479 
Diphenylenequinoxalinean;onic acid. 173 
Diphenylethoxyarsine. 214 
Diphenylcthylarsine, 225 
Diphenylethylarsine cyanobromide. '113 
Diphenylethylarsine dichloride, 406 
Diphenylethylarsine hydroxybromidc. 406 
Diphenyliodoarsine, 209 
Diphenylmethylarsine, 225 
Diphenylmethylarsine cyanobromide, 413 
Diphenylmethylarsine hydroxybromide, 405 
Diphenylmethlarsine hydroxypicrate, 406 
Diphenylmethylethylarsonium chlofide. 436 
Diphenylmethylethylarsonium hydroxide. 436 
Diphenylmethylethylarsonium iodide. 436 
Diphenylmethylethylarsonimn picrate, 436 
Diphenyl-4-methylphenylarsine, 228 
Diphenyl-4-methylphenylarsine dibrornide. 407 
Diphenyl-4-methyJphenylarsine dihydroxide, 415 
Diphenyl-4-rnethylphenylarsine hydroxynitrate, 415 
Diphenyl-4-rnethylphenylarsine sulfide, 424 
Diphenyl-4-rnethylphenylethylarsoniurn iodide, 444 
Diphenyl-4-methylphenylmethylarsonium chloride, 444 
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Diphcnyl-4-methylphcIly'Imcthylar"oni\11lI iodi(k, 441 
Diphenylphenoxyarsin(',214 
Diphenylphenylarsenitc, 128 
Diphen~·lthiocyanoar8ine, 213 
Sl/lIl1n. Diphenylurea-4,4' -diarsonic acid, 292 
Di-n-propylarsine, 52 
Di-n-propylarsinic acid, 82 
Di-n-propyldiisoamylarsonium iodide, 96 
Disazobenzene-4,4' -diarsonic acid, 288 
Di"azob(,nzene-4,2' ,4" -triar80nic acid, 288 
5,5' -Disulfo-3,3' -diamino-4,4' -clihydroxyarsenobenzene, 170 
Di (tertiary-buty])ar~enobenzene, 152 
2,2' -Dithienylarsinic acid, 477 
Dithicnykhloroarsine, 453 
Di-p-tolylarsineoxide, 215 
Di-p-tolylchloroarsine, 210 
F,ymm. Di-lll-xylyldiiododiar"ine, 220 
81/1IIm. Di-p-xylyldiiododiarsine, 220 

Ehrlich's "606," 180, 186 
Ehrlich's "914." 195 
"Elarson." 100. 513 
Enesol,72 
Ervtrarsine. 46 

E 

4' -Ethoxybcnzophenon('-4-ar~onie acid. 376 
EthoxvdiehloroarFin!'. 43 
7-Ethoxy-7 J2-dihydro-y-benzophI'IUl'"nzi ne. 461 
4-Ethoxyphenylan-ineoxide. 136 
4-Ethoxyphenylarsonic acid, 344 
2-Ethoxy-4-{pheny! (4' -ar,onie acid) azo)-phcnylglycine, 284 
4-Ethoxyphenyldichloroarsine. 123 
4-Et hylamino-5-carboxyphcnylazobenzcne-4' -arsonic acid, 287 
4-Ethylaminophenylarsonic acid, 317 
Ethyl arsenate, 489 
Ethyl arsenite, 489 
EI hylarsepidine, 466 
Ethylarsepidine cyanobromidc, 483 
Ethylarsepidine hydroxybromidc. 48:3 
Ethylarsine, 39 
Ethylarsinedisulfidc. 76 
Ethylarsineoxide, 45 
Ethylarsinesulfide, 45 
Ethylarsonic acid, 74 
Ethylcacodyl, 64 
Ethylcyclopenta meth:denearsine, 466 
Ethyldibromoarsine. 43 
E'thyldichloroarsine, 42 
Ethvldiiodoarsine. 43 
Ethyldiisobutylarsine, 68 
Ethyldiisobutylarsine cyanobromide, 86 
Ethyldiisobutylarsine hydroxybromide, 85 
Ethyldi-n-propylarsine. 68 
Ethyldi-n-propylarsine cyanobromide. 86 
Ethyldi-n-propylarsine hydroxybromidp, 85 
Ethylene diphcnyldiarsinic acid, 400 
Ethylenehexaethyldiarwnium brmnide, 97 
Ethylcnehcxaethyldiarsonium chloride. 97 
Ethylenehcxnethyldiar,oniuill hydroxide, 97 
Ethylenehexaethylphosphar"onium bromide, 97 
Ethylenehexaethylphospharsonium hydroxide, 97 
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E'thylenetriethylal'sammonium bromide, 97 
As-Ethylphenoxarsine, 468 
Ethyltriisoamylarsonium iodide, 96 
Ethyltrii~opropylarsonium iodide, 96 
Ethyltri-n-propylarsonium iodide, 96 

F 

4-Formylaminophenylarsonic acid, 290 

G 
"Galyl," 198 
Glyceryl arsenite, 489 
4-Glycylaminophenylarsinoacetanilicie, 402 
Glycyl-p-arsanilic acid, 293 

H 
"Hectargyre," 291 
"Hectine" 291 
3,4,5.3' ,4' :5' -Hexaaminoar:3lmobenzene, 155 
3,3' -HexUlnethyldiammoniu 111-4,4' -dihydroxyarsenuiJcnzenc, 167 
Hexamethylenetctruamino ar~enate, 490 
Hippuroarsonic acid, 374 
Hydrazobenzene-2,2'-diarsonic acid, 257 
2' -Hydroxy-5' -acetylaminophenacyl-p-arsanilic acid, 317 
4-Hydroxyanthraquinone-l-arsonic acid, 340 
4-Hydroxyazobcnzcne-4' -arsonic acid, 284 
4-Hydroxybenzene-2' -azotoluene-5' -arsonic acid, 264 
4-Hydroxybf'nzylidene-p-al'sanilic acid, 290 
4-Hydroxy-2-carboxyphenylarfonic acid, 373 
4-Hydroxy-3-earboxyphenylarwnic acid, 374 
2-Hydroxy-3.6-disulfonaphthalcneazobcnzene-4' -arsonic acid, 286 
5-Hydroxymcrcuri-4-arnino-3-111C'thylphcnylarsonic acid, 377 
3-Hydroxymercuri-4-aminophenylarsonic acid, 377 
5-Hydroxymercuri-4-hydroxy-3-methylphcnylarsonic acid. 379 
4-Hydroxy-2-methylphenylarsonic acid, 339 
4-Hyelroxy-3-rnethylphenylarsonic acid, 339 
2-Hyelroxynaphthaleneazobenzenc-2' -arsonic acid, 263 
2-Hyelroxynaphthaleneazobenzene-3'-arsonic acid, 263 
2-Hydroxynaphthaleneazobenzcne-o' -hydroxy-3' -arsonic aciJ 265 
2-Hyelroxynaphthaleneazobenzene-2' -hydroxy-4' -ar~onie acid: 265 
4-Hyelroxy-a-na ph thy lar~onic [l cid, 339 
2-Hydroxynaphthaleneazobenzene-4' -arsonic a citl, 285 
4-Hydroxyphenylarsenostibinobmzene, 1i8 
4-HydroxyphenylaI'8ine. 106 
4-Hydroxyphenylarsineoxide, 136 
2-Hydroxyphenylarsineoxide anhydride. 135 
2-Hydroxyphenylarsonic acid, 337 
3-Hydroxyphenylarsonic acid, 338 
4-Hydroxyphenylarsonic acid, 338 
2-Hydroxy-5-[ phenyl-( 4' -arsonic acid) :tzo l-phenoxyaectic Mid. 2SG 
N-(2-Hydroxyphenyl-5-al'sonic aciel)glycine1ll'eide, 271 
2-Hydroxyphenyldichloroarsine, 123 
m-Hyelroxyphenylglycyl-p-arsanilic acid, 295 
p-Hydroxyphenylglycyl-p-ar"anilic acid, 295 

Iminobi:;acelyl-p-arsanilic acid. 293 
4-Iodoacetylaminophenylarwnic arid. 292 
3-Iodo-4-alllinophenylaniOnic aciel, 326 
4-Io,lochloride phenylarsonic acid, 248 

I 
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7-Iodo-7,12-dihydro-y-benzophenarsazine, 457 
5-Iodo-3-nitro-4-hydroxyphenylarsonic acid, 354 
4-Iodophenylarsineoxide, 130 
4-Iodophenylarsonic acid, 248 
4-Iodophenyldiiodoarsine, 119 
4-Iodophenyltrimethylarsonium iodide, 431 
4-Iodopropionylaminophcnylarsonic acid, 292 
4-Iodosophcnylar~onic acid, 248, 510 
3-Iodo-4-triazophenylarsonic acid, 326, 510 
4-Iodoxyphenylarsonic acid, 248, 510 
4-Isoamylamino-5-carboxyphenylazob211zcne-4' -aniOnic acid, 287 
Isoamylarsincdisulfide, 76 
Isoamylarsonic acid, 75 
Isoamyldichloroarsine, 43 
Isophthaloarsonic acid, 371 
4-Isopropylphenylarsonic acid, 244 
4-Isopropylphenyldichlol'oarsine, 118 

"Kharsin," 261 
"Kharsivan," lBO, 186 

"Luargol," 191 
"Ludyl," 199 

4-Malonylaminophenylarsonic acid, 291 

K 

L 

M 

5,5' -Mercuri-bi,,(3-nitro-4-hydroxyphenylarsonic aCId), 380 
4'- Methoxybenzophenone-4-arsonic acid, 376 
7 -Methoxy-7 ,12-dihydro-y-benzophcnarsazinc, 461 
4-Methoxy-3-hydroxyphcnylarl'onic acid, 344 
2-Mcthoxy-4-hydroxyphenylarsonic acid, 345 
3-Mcthoxy-4-hydroxyphenylarsonic acid, 345 
4-Methoxy-3-methylpbenylarsonic acid, 344 
Methoxyphenarsazinc, 451 
4-Methoxyphcnylarsineoxide, 136 
2-11cthoxyphenylarsonic acid, 343 
4-Mcthoxyphenylarsonic acid, 343 
4-Methoxyphenylarsonic ncid anhydride, 344 
2-Mcthoxy-4-phenyl-( 4' -nrsonie acid) azo-phcllylaminOIlll'thylsulfonic acid, 284 
2-Mcthoxy-4-[phenyl-( 4'-arsonic acid)azo ]-phcnylglycine, 283 
4-Mcthoxyphcnyldicllloroarsine, 123 
4-Methoxyphcnyldiiodoarsine, 123 
4-MethoxyphenyltrilllethylarwnillIll iodide, 431 .-
3-Methylamino-4-hydroxyphenylni'~onic acid, 361 
4-Methylamino-5-carbox:vphE'n~'lazobenzene-4' -arsonic acid, 287 
4-11ethylamino-3,5,3' ,4' ,5' -pentaalllinohr~cnol)('nzene \ etrahydrot:hloridc, 175 
4-MethylaminophcnylarsinE'oxide, 134 
4-Methylaminophcnylar:<onic acid, 317 
4-Mcthyl-3-umino-6-[ phenyl-(4'-,m,onic acicl)l\z() 1-piwlloxyacetic acid, 285 
2-Methyl-5-amino-4- f phcnyl-( 4' -.1I'''onic aeicl \ ,\ZO \-pll('nox~'acetir acid, 285 
Methylanthrnnilylarsinc, lOS 
Methyl arsenate, 489 
l\letbylarsepidinc, 465 
Methylarsepidine dibromidc, 483 
Methylarscpidine dichloride, 483 
Methylarsepidine diiodide. 483 
Methylarsepidinc oxide, 485 
Methylarsine, 37 
Methylarsinedisulfide, 75 
Methylarsineoxide, 44 
Methylarsinesulfide, 45 
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Methylarsinetetrachloride, 69 
M ethylarsinetetraiodide, fi9 
Methylarsonic acid, 72 
2-Methyl-l,3-benzodiazole-5-arsonic acid, 471 
7-Methyl-l,3-benzodiazole-5-arsonic acid, 470 
4' -Methylbenzophenone-4-arsonic acid, 376 
7 -Methyl-l,2,3-benzotriazolc-5-arsonic acid. 471 
N-4-Methylcarbamidophenylarsonic acid, 292 
Methylcyclopentamethylenearsine, 465 
Methylcyclopentamethylenearsine dichloride, 483 
3-Methyl-4,6-diaminoazobenzene-4' -arsonic acid, 283 
Methyldichloroarsine, 41 \ 
Methyldiethylarsine, 68 \ 
Methyldiiodoarsine, 42 ' 
Methylethylcyclopentamethylenearsonium iodide, 486 
Methylethyliodoarsine, 57 . 
N-Methylg;Jycyl-p-arsanilic acid, 2113 \ 
2-Methylindole-3-arsonic acid, 469 
Methylketolearsonic acid, 469 
4-Methylphenanthrophenazinc-2-arsonic acid, 474 
N-Methylphenarsazine chloride, 455 
4-Methylphenylarsepidine. 466 
2-Methylphenylarsine, 105 
4-Methylphenylarsine, 105 
4-Methylphenylarsinesesquisulfide, 146 
2-Methylphenylarsineoxide, 129 
3-Methylphenylarsineoxide, 129 
4-Methylphenylarsineoxide, 129 
4-Methylphenylarsineoxybromide, 237 
2-Methylphenylarsineoxychloride, 237 
4-Methylphenylarsineoxychloride, 237 
4-Methylphenylarsinesulfide, 143 
2-Methylphenylarsinetetrachloride, 236 
3-Methylphenylarsinetetrachloride, 236 
4-Methylphenylarsinetetrachloride, 236 
2-Methylphenylarsonic acid, 242 
3-Methylphenylarsonic acid, 242 
4-Methylphenylarsonic acid, 243, 510 
2-Methylphenylarsonic anhydride, 242 
3-Methylphenylarsonic anhydride, 243 
4-Methylphenylarsonic anhydride, ~43 
2-Methyl-4-[phenyl-( 4'-arsonic acid)azo] -phenylglycinp, 283 
2-Methylphenyl-( 4-arsonic acid)glycine, 267 
N-(2-Methylphenyl-4-arsonic acid)glycineamide, 267 
N-(2-Methylphenyl-5-arsonic acid)glycineamide, 267 
N-(3-Methylphenyl-4-arsonic acid) glycineamide, 267 
N-(3-Methylphenyl-4-arsonic acid) glycine methyl ureide , 271 
N-(3-Methylphenyl-4-arsonic acid)glycineureide, 270 
N -(2-M ethy}phenyl-4-arsonic acid) gIycyl-3'-aminophenol, 269 
N -(2-Methylphenyl-4-arsonic acid) glycyl-4' -aminophenol, 270 
N-(3-Methylphenyl-4-arsonic acid) gIycy 1-3'-aminophenol, 270 
N-(2-Methylphenyl-4-arsonic acid) methyl glycine, esters. 321 
4-Methylphenylcyclopentamethylenearsine dichloride. 485 
4-Methylphenylcyclopentamethylenearsine dihydroxide, 485 
2-Methylphenyldichlol'oarsine, 117 
3-Methylphenyldichloroarsine, 117 
4-Methylphenyldichloroarsine, 117 
4-Methylphenyldiethylarsine, 223 
4-Methylphenyldimethylarsine, 223 
4-Methylphenylmethyldiethylarsonium iodide, 434 
Methyl-y-phenylpropylbromoarsine, 57 
Methyl-y-phenylpropylchloroarsine, 57 
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4-Methylphenyltriethylarsonium chloride, 434 
4-Methylphenyltriethylarsonium hydroxide, 434 
4-Methylphenyltriethylarsonium iodide, 434 
4-Methylphenyltrimethylarsonium iodide, 434 
u-Methylquinolinearsineoxide, 452 
u-Methylquinolinearsonic acid, 472 
As-Methyltetrahydrmrsinoline, 467 
Methyltri-(~-chlorovinyl)arsonjum ioJide, 96 
Methyltriethylarsonium iodide, 96 
"Meyer's Reaction," 21 
"Monarsone," 503 
Mouneyrat's "1116," 198 
Mouneyrat's "1151," 199 

u,«-N aphtharsazine chloride, 454 
~,~-Naphtharsazine chloride, 454 
a-Naphthindolearwnic acid. 470 
u-Naphthol-4-arsonic acid, 339 
a-N aphthylarsineoxide, 130 
~-NaphthylarsineoxiJe, 130 
u-Naphthylarsonic acid, 244 
t3-Naphthylarsonic acid, 244 
a-Naphthyldichloroarsine, 118 
t3-Naphthyldichloroarsine, 119 

N 

«-N aphthyldimethylarsine, 223 
a-Naphthyldimethylethylarsonium iodide, 435 
a-Naphthyltrimethylarsonium iodide, 435 
Natrium Arsanilicum, 277 
"Neoarsphenamine," 194, 195, 507 
Neoarsphenamine, metallic coordination compounds, 100 
"Neodiarsenol" 195 
"Neokharsiva~." 194 
"Neosalvarsan," 194 
5-Nitro-4-acetoxy-3-methylphenylarsonic aeid, 353 
2-Nitro-4-acetylamino-3-hydroxyphenylarsonic acid, 366 
2-Nitro-4-acetylamino-3-methoxyphenylarsonic acid, 367 
6-Nitro-4-acetylamino-3-methoxyphenylarsonic acid, 367 
5-Nitro-2-acetylaminophenylarsonic acid, 332 
2-Nitro-4-acetylaminophenylarsonic acid, 332 
2-Nitl'o-4-amino-3-hydroxyphenylarsonic acid, 365 
2-Nitro-4-amino-3-methoxyphenylarsonic acid. 366 
6-Nitro-4-amino-3-methoxyphenylarsonic acid, 366 
5-Nitro-4-amino-3-methylphenylnrsonic acid, 331 
3-Nitro-4-aminophcnylarsineoxide. 135 
5-Nitro-2-aminop~nylarsonic acid, 329 
2-Nitro-3-aminophenylarsonic acid, 329 
6-Nitro-3-aminophenylarsonic acid, 330 
2-Nitro-4-aminophenylarsonic acid, 330 
3-Nitro-4-aminophenylarsonic flcid, q30 
5-Nitro-2-aminophenylarsonic acid oxanilide, 332 
3-Nitro-4-aminophenyldiiodoarsine, 120 
3-Nitro-4-benzenesulfamidophenylarsonic acid, 332 
3' -Nitrobenzophenone-4-arsonic acid, 376 
4'-Nitrobenzyl-p-arsanilic acid, 318 
2-Nitl'o-3-carbethoxyaminophenylarsonic acid, 331 
3-Nitro-4-carbethoxyaminophenylarsonic acid, 331 
4-Nitro-2-carboxyphenylarsonic acid, 371 
3-Nitro-4-carboxyphenylarsonic acid, 371 
5-Nitro-2,4-dihydroxyphenylarsonic acid, 350 
5-Nitro-2,4-dimethoxyphenylarsonic acid, 354 
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.'i-N itro-3,4-dimethoxyphenylarsonic acid, 354 
'! -N itro-4-dimethylamino-2-111ethylphcny laroonic acid, 33;; 
'! -N itro-4-dilllethylamino-3-111ethy I pheny larsonic acid, 335 
2-Nitro-4-dimethylaminophenyiarsonic acid, 335 
3-Nitro-4-dimethylaminophenyhrsonic acid, 335 
'?-Nitro-2,4-dilllethylphenylarsonic acid, 2M 
?-Nitro-2,5-dimethylphenylarsonic acid, 254 
4-N itro-2,5-dimethylph('Ilylarsonic acid, 2.~4 
2-Nitrodiphmylarsinic acid 392 
3' -N itrodiphenylarsinic acid-2-arsonic acid, 392 
3-Kitro-4-ethoxyphenylursonic acid, 352 
3-N itro-4-hydroxyanthraquinollearsonic acid, 349 
3'-Nitro-4'-hydroxybenzyl-p-arsanilic acid, 319 
5-N itro-4-hydroxy-2-carboxyphenylarsonic acid, 374 
3-Nitro-4-hydroxy-2-methylphenylarwnic acid. 349 
.'i-N itro-4-hydroxy-3-methylphenylarsonic acid, 34\1 
3-Nitro-1-hydroxyphenylarsineoxide, 136 
3-N i tro-4-hydroxypheny larsinesesquisulfide, 1,17 
4-Nitro-2-hydroxyphenylarsonic acid, 347 
5-Nitro-2-hydroxyphenylarsonic acid, 347 
2-Nitro-3-hydroxyphenylarsonic acid, 347 
3-N itro-4-hydroxyphenylarsonic acid, 347 
3-Nitro-4-hydroxyphenylarsonic acid, p-toluenesulfonic acid ('ster, 353 
3-Nitro-4-hydroxyphenylmethylarsinic acid, 397 
5-:\ itro-4-methoxy-3-hydroxyphenylarsonic acid, 353 
5-N itro-2-mcthoxy-4-hydroxyphenylarsonic acid, 353 
5-N itro-3-methoxy-4-hydroxyphenylarsonic acid, 354 
3-Nitl'o-4-mcthoxy-5-methylphenylarsonic acid, 352 
4-Nitro-2-methoxyphenylarsonic acid, 352 
3-Nitro-4-methoxyphenylarsonic acid, 352 
3-Nitro-4-methylaminophenylarsonic acid, 333 
3-N itro-4-methy lphenylarsinesulfide, 144 
4-Nitro-2 or 6-methylphenylar"onic acid, 252 
5-Nitro-2-mcthylplwnylarsonic acid, 252 
6-N itro-2-methylphellylan30nic acid, 253 
2 01' 6-Kitro-4-methylphenylarwnic acid, 2,j3 
3 or 5-Nitro-4-mcthylphenylarsonic acid, 253 
3-K i tro-4-methylphenyldibrollloarsine, 120 
4-Nitro-a-naphthylal'sonic acid, 254 
3-N itro-? - (m-nitrophenyl) phenylarsonic acid, 256 
o-N itrophcnarsazinc chloride, 457 
p-N itrophcnarsazine chloride, 457 
o-~itl'Ophenarsazinic acid, 479 
p-Nitrophenarsazinic acid, 479 
3-Nitl'Ophenylarsenious acid, 131 
4-Nitrophenylarsenious acid, 131 
3-N itrophcnylarsinedisulfide, 382 
3-N itrophenylarsinesesquisulfide, 146 
3-N itrophenylarsinetetrachloride, 236 
2-Nitrophenylarsonic acid, 251 
3-Nitrophenylarsonic acid, 251 
4-Nitrophenylarsonic acid, 252 
N - (2-N itropheny 1-4-arsonic acid l amy 19lycine, 335 
N-(3-Nitl'Ophenyl-4-arsonic acidlamylglycine, 335 
N-(2-Nitrophellyl-4-arsonic acidlethylglycine, 3J5 
N-(3-Nitrophellyl-4-arsonic acidlethylglycille, 335 
(3-Nitrophenyl-4-arsonic acid)hydroxyacetic acid, 353 
N - (2-N i tropheny 1-4-arsollic acid l methy 19lycine aIily lester, 335 
N-(3-Nitrophenyl-4-arwnic acidlmethylglycine amylester, 335 
3-Nitl'ophenyldibromoarsine, 120 
2-Nitrophenyldichloroarsine, 119 
3-Nitrophenyldichloroarsine, 120 
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3-Nitrophenyldiiodoarsine, 120 
3-N itrophenyldihydroxyarsine, 131 
2-Nitrophenylglycille-4-arsonic acid, 332 
N -4-N itrosornethylaminopllCnylal'sonic acid, 320 
4-N itrosopheny larsonic acid, 256 
4-Nitro80-1-(phenylA' -ar~Ollle acid) -2,3-dimethyl-5-pyrazolone, 475 
5-1\ itrothicnrl-2-ar~onic acid, 475 
3-Nitro-4-triazophenylarsincoxide, 135 
3-Nitro-4-triazophenyiarsonic acid, 330 
"N ovarsenobenzol " 195 
"X ovarsenobillon.f' 194 

o 
"Ol'sudan" 265 
6-0xalyla~uino-3-methylphenylarsonic acid, 266 
4' -Oxaly lamino-phcnoxyacetyl-p-a",'anilic ~\cili, 298 
4-0xalylaminophenylarsonic acid, 291 
m-Oxalylaminoplll'nylglycyl-p-arsallljjc acid, 294 
p-Oxalylaminophcnylglycyl-p-arsanilic aeid, 294 
N,N'-Oxalylbis-o-arsanilic acid, 266 
p-Oxamylaminophcnylal'sonic aCId, 300 
p-OxClffiybminophenylglycyl-p-arsanilit; :lei,i, 2\)i) 
Oxanilamidc-p-ul'sunic acid, 300 
Oxanil-p-arionic aeid, 291 

p 
PcntamethYIaYsine, \}g 
N ,N' -Pentamethylcnebis (p-ar:;inosobenzamide), HI 
Pentamethylenebromo"r~me, 456 
Phenacyl-p-arsanilic aCId, 317 
Phenanthrophenazineal'sonic acid, 473 
Phenarsazine, 467 
Phenarsazine acetate, 453 
Phcnarsazine bromide, 456 
Phcnarsazine chloride, 453 
Phenarsazine oxide, 45!l 
Phenarsazine sulfide, 461 
Phenarsazine sulfate, 454 
Phemm,azinic acid, 478 
Phenazine-2,7-bisarsonic acid, 474 
Phcnetyl, Cf. Ethoxyphenyl-
Phcnol-p-arsonic acid, 338 
Phenoxarsine bromide, 457 
Phenoxarsine chloride, 455 
Phenoxarsine iodide, 457 
Phenoxarsine oxide, 460 
Pllcnoxarsine sulfide, 462 
Phenoxarsinc thiocyanate, 457 
Phenoxarsinic acid, 478 
Phenoxyacetic acid-p-arsonic acid, 342 
Phenoxyacetyl-p-arsanilic acid, 297 
4' -Phenoxybenzophenone-4-arsonic acid, 376 
Phenoxycacodyl, 462 
7-Phenoxy-7,12-dihydro-y-benzophenarsazine, 461 
Phenoxyethyl-p-arsanilic acid, 319 
f)-PhenoxY<:3thylphenylarsinic acid, 400 
Phenylarscnirnidc, 116 
Phenylar~('nlOus acid, esters of, 128 
Phenylarscpiciine, 466 
Phcnyla'fsepidine cyanobromide, 484 
Phenylar"cpidine dibromide, 484 
Phenylarot'pidine dichloride, 484 
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Phenylarsepidine diiodide, 484 
Phenylarsepidine hydroxybromide, 484 
Phenylarsepidine tetraiodide, 484 
Phenylarsine, 104 
Phenylarsineoxide, 127 
Phenylarsineoxybromide, 237 
Phenylarsineoxychloride, 237 
Phenylarsinesesquisulfide, 146 
Phenylarsinesulfide, 143 
Phenylarsinetetrachloride, 236 
Phenylarsinoacetanilide, 399 
Phenylarsinoacetic acid, 399 
Phenyiarsinoacetphenetidine, 399 
Phenylarsino-2-acetylaminobenzoic acid, 399 
Phenylarsinoacetyl-p-arsanilic acid, 399 
Phenylarsonic acid, 240, 510 
N-(Phenyl-4-arsonic acid)acetylglycine, 320 
N-CPhenyl-4-arsonic acid)-o.-aminopropionamide, 300 
u-N - (Phenyl-4-al'sonic acid) aminopropionylurea, 313 
N-(Phenyl-4-arsonic acid)amy!glycine, 321 
(1' -lPhenyl-( 4-arsonic acid)azo]-u.-naphthylglycine, 284 
4-[Phenyl-(4' -arsonic acid)azoJ -Phenylaminomethylsulionic acid, 284 
4- LPhellyl- (4' -arsonic acid) azoJ -phenylglycine, 283 
1-(Phenyl-4' -arsonic acid)-2,3-dimethyl-5-pyrazolone, 472 
N-(Phenyl-4-arsonic acid)ethylglycine, 321 
Phenyl-(4-arsonic acid)glycine, 298 
N-(Phenyl-4-arsonic aCid) glycine-4' -acetylaminoanilide, 304 
N-(Phenyl-4-arsonic acid)glycine-4' -acetylaminobenzylamide, 304 
N -(Phenyl-4-arsonic acid) glycine-4' -acetylaminophenylureide, 314 
N - (Phenyl-2-arsonic acid) glycineamide, 267 
N - (Phenyl-3-arsonic acid) glycine amide, 267 
N-(Phenyl-4-arsonic acid)glycineamide, 299 
N-(Phenyl-4-arsonic acid 1 glycine-4' -aminoanilide, 303 
N-(Phenyl-2-arsonic acid)glycineanilide, 268 
N -(Phenyl-3-arsonic acid) glycineanilide, 268 
N-CPhenyl-4-arsonic acid) glycineanilide, 301 
N-(Phenyl-4-arsonic acid)glycine-p'-anisidide, 307 
N-CPhenyl-4-arsonic acid)glycine benzylamidc, 302 
N-(Phenyl-4-arsonic acid)glycine-benzylureide, 314 
N-(Phenyl-4-arsonic acid) glycine-3' -carboxamidobenzylamide, 310 
N-(Phenyi-4-arsonic acid)glycine-3' -carboxureidobenzylamide, 310 
N - (Phenyl-4-arsonic acid) glycine-4' -chloroanilide, 303 
N-(Phenyl-4-arsonic acid)glycine diethylamide, 316 
N -(Phenyl-4-arsonic acid) glycine-3' ,4' -dihydroxyanilide, 307 
N-(Phenyl-4-arsonic acid)glycine dimethylamide, 316 

. N-(Phenyl-4-arsonic acid)glycine diphenylamide, 303 
.:{-(Phenyl-4-arsonic acid)glycine ethyl amide, 301 
N-(Phcnyl-4-arsonic acid)glycine ethyl ester, 299 
N-(Phenyl-4-arsonic acid)glycine ethylureide, 314 
N - (Phenyl-4-arsonic acid) glycine-2' -hydroxyanilide, 305 
N - (Phenyl-4-arsonic acid) glycine-4' -hydroxyanilide, 305 
N-(Phenyl-4-arsonic acid) glycine-4' ,1' -hydroxynaphthalide, 306 
N -(Phenyl-4-arsonic acid) glycine-4' -hydroxyphenylureide, 315 
N-(Phenyl-4-arsonic acidlglycine-4' -iodoanilide, 303 
N-(Phenyl-4-arsonic acid) glycine-3' -mcthyl-4' -acetylaminobenzylamide, 304 
N-(Phenyl-3-arsonic acid)glycine methylamide, 268 
N-(Phenyl-4-arsonic acid) glycine mcthylamide, 301 
N-(Phenyl-4-arsonic acid)glycine methyl ester, 299 
N- (Phenyl-4-arsonic acid) glycine-2' -mct hyl-5' -hydroxyanilide, 306 
N-(Phenyi-4-arsonic acid)glycine-4' -methyl-5' -hydroxyanilide, 306 
N - (Phenyl-4-arsonic acid) glycine-4' -methyl-5' -umminoanilide 304 
N-CPhenyl-2-arsonic acid)glycinemethylureidc, 271 1 
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~Phenyl-3-arsonic acid)glycinemethylureide, 271 
N-(Phenyl-4-arsonic acid)glycinemetbylureide, 313 
N - (Phenyl-4-arsonic acid) glycine-a.-naphtbylamide, 302 
N -(Phenyl-4-arsonic acid)glycine-~-naphthylamide, 302 
N -CPhenyl-4-arsonic acid)glycine-4' -nitroanilide, 303 
N-CPhenyl-4-arsonic acid) glycine-3' -oxamylaminoanilide, 305 
N- (Phenyl-4-arsonic acid) glycine-4' -oxamylaminoanilide, 305 
N- (Phenyl-4-arsonic acid) glycine-3' -oxamylaminophenYlureide, 315 
N-(Phenyl-4-arsonic acid)glycine-phenylureide, 314 
N-(Phenyl-4-arsonic acid)glycine piperidide, 316 
N -(Phenyl-4-arsonic acid)glycine-n-propylarnide, 301 
N-(Phenyl-4-arsonic acid)glycine-2'-toluidide, 302 
N -(Phenyl-4-arsonic acid) glycine-3' -toluidide, 302 
N -(Phenyl-4-arsonic acid) glycine-4' -toluidide, 302 
N-(Phenyl-4-arsonic acid) glycine-4' -uraminoanilide, 304 
N -(Phenyl-4-arsonic acid)glycine-4' -uraminobenzylamide, 305 
N-(Phenyl-2-arsonic acid)glycineureide, 270 
N-(Phenyl-3-arsonic acid)glycineureide, 210 
N-(Pbenyl-4-arsonic acid)glycineureide, 312 
N -(Phenyl-4-arsonic acid) glycyl-4' -ammoacetophenone, 311 
N -(Phenyl-4-arwnic acidlglycyl-2' -aminobenzamide, 309 
N-(Phenyl-4-arsonic acid)glycyl-3' -aminobenzamide, 309 
N-(Phenyl-4-arsonic acid) glycyl-4' -arninobenzamide, 309 
N-(Phenyl-4-arsonic acid) glycyl-3' -aminobenzenesulfonamide, 311 
N-(Phenyl-4-arsonic acid)glycyl-4'-aminobenzenesu!fonamide, 311 
N -(Phenyl-4-arsonic acid)glycyl-4' -aminobenzenesulfonic acid, 311 
N -(Pbenyl-4-arsonic acid)glycyl-3' -aminobenzoylurea, 3lO 
N-(Phenyl-4-arsonic acid)glycyl-3' -arnino-6' -bromophenol, 307 
N- (Phenyl-4-arsonic acid) glycyl-3' -amino-4' ,6' -dicbloropllenol, 307 
N-(Phenyl-4-al'sonic acid)glycyl-4' -amino-6' -bydroxybenzenesulfonic acid 311 
N-(Phenyl-4-arsonic acid)glycyl-1'-amino-2'-napbthol, 306 ' 
N-(Phenyl-4-arsonic acid)glycyl-4'-amino-1'-naphthol, 306 
N -( Phenyl-2-arsonic acid) glycyl-2' -aminophenol, 268 
N -(Phenyl-2-arsonic acid) glycyl-3' -aminophenol, 268 
N-(Phenyl-2-arsonic acid)glycyl-4' -aminophenol, 269 
N-(Phenyl-3-arsonic acid)glycyi-2'-aminophenol, 269 
N-(Phenyl-3-arsonic acid)glycyl.-3' -aminophenol, 269 
N-(Phenyl-3-arsonic acid)glycyl-4'-aminophenol, 269 
N-(Phenyl-4-arsonic acid)glycyl-2' -aminopbenol, 305 
N-(Phenyl-4-arsonic acid)glycyl-3'-aminophenol, 305 
N-(Pbenyl-4-ar~onic acid)glycyl-4' -aminophenol, 305 
N -(Phenyl-4-arsonic acid) glycyl-2' -aminophenoxyacetamide, 308 
N - (Phenyl-4-arsonic acid) glycyl-4' -aminophenoxyacetamide, 308 
N-(Phenyl-4-arsonic acid) glycyl-3' -aminophenoxyacetic acid, 308 
N-(Phenyl-4-arsonic acid)glycyl-4' -aminophenoxyacetic acid, 308 
N-(Phenyl-4-ar~onic acid)glycyl-4' -aminophenoxyacetylurea, 309 
N -(Phenyl-4-arsonic acid) glycyl-3' -arninophenylacetamicie, 312 
N-(Phenyl-4-arsonic acid)glycyl-4' -aminophenylacetamide, 312 
N - (Phenyl-4-arsonic acid) glycyl-4' -aminophenylacetic acid, 312 
N-(Phenyl-4-arsonic acid) glycyl-4' -aminophenylacetureide, 312 
N-(Phenyl-4-arsonic acid) glycyl-4'-aminopyrocatechol, 307 
N-(Phenyl-4-arsonic acid) glycyl-5' -amino_,;alicylamide, 310 
N -(Phenyl-4-arsonic acid) glycyl-a.ntbranilic acid, 309 
N -(Phenyl-4-arsonic acid)glycyl-anthranilic ethyl ester, 309 
N -(Phenyl-4-arsonic acid) g1ycyl-3' -methyl-4' -aminophenoxyacetic acid 308 
N-(Phenyl-4-arsonic acid)glycyl-N-ruethylanthranilic acid, 316 ' 
N-(Phenyl-4-arsonic acid)glycyl-3'-uraminobenzaruide, 315 
N-(Phenyl-4-arsonic acid) glycyl-4' -uraminobenzamide, 315 
N -(Phenyl-4-arsonic acid) glycyl-4' -uraminophenoxyacetamide 315 
N -(Phenyl-4-arsonic acid) glycyl-3' -uraminophenylacetamide :i16 
N-(Phenyl-4-arsonic acid) glycyl-4' -uraminophcnylacetamide' 316 
(Phenyl-4-arsonic acid)hydroxyacetamidc, 342 ' 
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(PhenyI-4-arsonic acidl hydroxyacctanilide, 342 
(Phenyl-4-arsonic acid)hydroxyacetic acid, 342 
(Phenyl-4-arsonic acid)hydroxyacetic n;eth?l ester, 342 
(Phenyl-4-arsonic acidlhvdroxyacetyI-3 -ammophenol, 343 
(Phenyl-4-arsonic acid)hydroxyacetyl-4' -aminophenol, 343 
(Phenyl-4-arsonic acid) hydroxyacetyl-4' -aminophenylurea, 343 
1-(Phenvl-4'-arsonic acidl-3-methvl-5-chloropyrazole. 471 
N-IPhenyl-4-arsonic acid)methylglycine and esters, 321 
N -(Phenyl-4-arsonic acid) -u-methylglycineflmide, 300 
I -(PhenyI-4' -arsonic acid) -3-methyl-5-pyrazoJone, 472 
N-(Phenyl-4-arsonic acid)nitrosoglycineamide. 320 
N-(Phenyl-4-arsonic acid)nitrosoglycine. I'my[ el\tn. 320 
N-(Phenyl-4-arsonic acid)nitrosog:lycineanilide. 320 
N -(Phenyl-4-arsonic acid)-a-phenylglycine, 299 
N-(Phenyl-4-arsonic acidl-o.-phenylglvcineamide. 300 
N - (Phen:rl-4-arsonic acid) -a-phenyl~~vcine-3' -c!lrbam idoanilide. 310 
N-(Phenyl-4-arsonic acidl-u-phenyl,dycinc-3' -hydroxyanilide, 300 
N-(Phenyl-4-arBonic acid)-a-pheny]glycinc-4'-m\lminoanilide. 30.5 
N-(Phenyl-4-arsonic acid)-a-phenvhdvcineureide. 313 
N-(Phenyl-4-arsonic acid )-a-phenylglycyl-4' -aminophenylacetamide. 312 
(Phenyl-4-arBonic acid)thioacetic acid, 343 
Phenylarsonic anhydride. 242 
As-Phenylarsylenimine, 116 
Phenylbenzylarsinic acid, 390 
PhenylbenzyldimethyJarsonillm iodide, 437 
Phenylbenzylethyl-n-propylarsonium iodide, 439 
Phenylbenzyleth:vl-n-prop~<larsoni\lm-d-camphor-~-sulfonr,te, 439 
Phenylbenzylmethylall~'larsonium iodide, 438 
Phenylbenzylmeihylallylarsonil1m-d-a-bromocamphor-Jr-sulfonate, 438 
Phenylbenzylmethylarsine, 225 
Phenylbenzylmethylarsine hydroxvbromide. 406 
d-Phenvlbenzyl-a-nnpbthylmethylarsoninm bromide. 447 
Phenylbenzyl-a-naphthylmethylari<onium bromide, 447 
Phenylbpnzyl-a-naphthv]methylarsonium-d-a-bromocamphor-rr-slllionate, 447 
d-Phenvlbenzyl-a-naphthylmethylarsonium iorlirle, 447 
Phen~'lbromoarsino8.cetanilide, 212 
Phenvlbromoarsinoacetic acid. 212 
Phen~'l-n-butylcyclopentamethylenear"onium iodide. 486 
Phenyl-n-butylcvclotetramethylenear~onium iodide. 485 
Phcnvlcacodyl. 218 
N-4-Phenylcarbamidophenylarsonic acid. 292 
PhenylcarboxymethyldiethyIarsonium chloride. 432 
Phenv1chloroar.oinoacetic acid, 211 
PhenyI-w-chlorobenzyldimethylarsonium chloride, 438 
Phenylcyclopentamethylenearsine. 466 
Phenylcyclopentamethylenearsine dichloride, 484 
PhenylcycIotetramethylenearsine, 465 
Phenylcyclotetramethylene8rsine dichloride. 483 
Phenyldi-p-benzarsonic acid, 421 
Phenyldibromoarsine, 116 
Phenyldichloroarsine, 115 
Phenyldi (2,4-dimethylphenyl) arsine, 228 
Phenyldi(2,4-dimethylphenyl)arsine dichloride. 409 
Phenyld!(2,4-djmethylphenyl)arsine dihydroxide, 416 
Phenyldl (2,4-dlmethylpheny]) arsine hydroxvchloride. 409 
Phenyldj(2.4-dimethylphenyl)arsine hydroxynitrate, 416 
Phenyldl (2,4-dimethylphenyl) arsine oxide, 416 
Phenyldi (2,4-dimethylphenyl } arsine sulfide, 425 
Phenyldi (2.4-dimethylphenyl)arsine tetraiodide. 409 
Phenyldi(2,4-dimethylphenyl)ethvlarsonium iodide 448 
Phenyldi(2,4-dimethylpheny])meihylarsonium hyd;oxide. 448 
Phenyldi (2,4-dimethylphenyl)methylarsonium iodide, 448 
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Phenyldiethoxyarsine dichloride, 237 
Phenyldiethylarsenibetaine, 432 
Phenyldiethylarsenibetaine hydrochloride, 432 
Phenyldiethylarsine, 223 
Phenyldiet.hylarsine dibromide, 405 
Phenyldiethylarsine dichloride, 405 
Phenyldiethylarsine diiodide, 405 
Phenyldiiodoarsine, 117 
Phenyldimethoxyarsine dichloride, 237 
Phenyldimethylarsine, 222 
Phenyldimethylarsine cyanobromide, 412 
Phenvldimethvlarsine cvanoiodide, 412 
Phenyldimethylarsine dibromide, 404 
Phenyldimethylarsine dichloride. 404 
Phenyldimethylarsine dihydroxide, 414 
Phenyldimethylarsine hydroxybromide, 404 
Phenyldimethylarsine hydroxychloride. 404 
Phenyldimethylarsine hydroxyiodide, 405 
Phpn~'ldimethylarsine hydroxypicrate, 405 
Phenvldimethylarsine tetrabromide. 404 
Phenvlrlimethylethylarsonium iodide. 431 
Phen~'ldi (4-methylphenyllarsine, 228 
Phenylrli (4-methylphenyl)arsine dichloride, 407 
Phenyldi (4-methylphenyl)arsine hyrlroxybromide, 408 
Phenyldi (4-methylt;lhenyDarsine hydroxychloride. 408 
Phenyldi (4-methylphenyllarsine hydroxynitrate, 415 
Phen:vlrli(4-methylphenyDarsine oxide, 415 
Phenylrli (4-methylpheny])arsine sulfide, 424 
Phenylrli (4-methylpheny])ethylarsonium iorlide. 444 
Phenyldl< 4-methvlphenvJ)met.hvlarsonillm iodide, 444, 
Phenyldi (2.4 .. 5-trimethylphenyl ) arsine, 229 
Phenylrli (2.4 5-trimethvlnhen~'])arsine rlibromide, 409 
Phenyldi (2.4.5-trimethylphenyl) arsine dichloride. 409 
Phenylrli (2.4.5-trimethylphenyl larsine dihydroxide. 416 
Phenvlrli (2.4.5-trimethvlnhrny])arsine rliiodide. 409 
Phenvlrli (2.4.5-trimethYlphenY)) arsine hydroxybromide, 409 
Phenylrli (2.4.5-trimethylphenyD arsine hydroxychloride. 409 
Phenyldi(2,4,5-trimethylphenyllarsine hydroxyiodide, 409 
Phenyldi (2.4.5-trimethylpheny)) arsine oxide, 417 
Phenylrli (2.4.5-trimethylpheny)) arsine sulfide. 425 
Phenyldi (2.4 .. 5-trimethylphenyJ)eth~rsonium iodide. 448 
Phenyldi (2.4.5-trimethylpheny)) methyl arsonium chloride. 448 
Phenylrli (2.4.!'i-trimethylphenyl) met hylarsonium hydroxide. 448 
Phenyldi (2.4.!'i-trimethylphenyllmethylarsonillm iodide, 448 
p-Phenylenediaminearsonic acid, 323 
o-Phenylenediarsineoxychloride, 246 
o-Phenvlenediarsonic acid. 245 
m-Phenylenediarsonic acid, 246 
p-Phenylenediarsonic acid, 246 
o-Phenyleneureaarsonic acid. 323 
Phenylethoxychloroarsine. 207 
Phenylethylarsinic acid, 388 
Pheuylethylbromoarsine, 207 
Phenylethylchloroarsine, 207 
Phenylethylcyanoarsine, 212 
Phenylethylcyclopentamethylenearsonium iodide, 486 
Phenylethylcyclotetramethylenearsonium iodide, 485 
Phenylethyl-n-propylallylarsonillm bromide, 434 • 
Phenylethyl-n-propylallylarsonium-d-a-bromocamphoNt-sulfonate, 434 
Phenylethyl-n-propylarsine, 225 
N-Phenylglycineanilide-p-acetamide-p' -arsonic acid, 297 
N-PhenyIglycineanilide-p-acetureide-p' -arsonic acid, 297 
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N-Phenylglycineanilide,p' -arsonic acid, 293 
N-Phenylglycineanilide-rn-carboxureide-p' -arsonic acid, 297 
N-Phenylglycineanilide-4,4' -diarsonic acid, 297 
N -Phenylglycineanilide-p-glycinearnide-p' -arsonic acid, 295 
N-Phenylglycineanilide-p-hydroxyacetie ether acid arnide-p'-arsonic acid 296 
N-Phenylglycineanilide-p-hydroxyacetic ether acid-p'-arsonic acid, 296 ' 
N-Phenylglycineanilide-p-hydroxyacetic ether acid ureide-p'-arsonic acid 296 
Phenylglycine-4-arsonic acid, 298 ' 
Phenylglycinearnide-4-arsonic acid, 299 
Phenylglycine-4-arsine, 106 
Phenylglycine-4-arsinedisulfide, 382 
Phenylglycine-4-arsineoxide, 134 
Phenylglycine-4-dichloroarsine hydrochloride, 121 
Phenylglycol-p-arsonic acid, 342 
N-Phenylglycyl-p-arsanilic acid, 293 
Phenyl-w-hydroxybenzyldirnethylarsoniurn chloriJe, 438 
Phenyliodomethyldiethylarsoniurn iodide, 432 
Phenylisoamylarsinic acid, 388 
Phenylisobutylcydotetrarnethylenearsonium iodide, 486 
Phenylisopropylcyclopentarnethylenearsoniurn iodide, 486 
Phenylisopropylcyclotetramethylenearsonium iodide, 485 
Phenylrnethylallylarsine, 224 
Phenylrnethylarsineoxide, 214 
Phenylrnethylarsinic acid, 387 I 

Phenylrnethylbrornoarsine, 207 \ 
Symm. Phenylrnethylcacodyl, 217 
Phenylmcthylchloroarsine, 206 
Phcnylrnethylcyclopentarnethylenearsoniurn iodide, 486 
Phenylrnethylcyclotetrarnethylenearsonium iodide, 485 
PhenylrnethylJiethylarsoniurn chloride, 432 
PhenylrnethyldIethylarsoniurn iodide, 432 
Phenylrncthylethylan;ine, 224 
Phenylrnethylethylar~ine cyanobrornide, 412 
Phenylmethylethylarsine hydroxybrornide, 405 
Phenylmethyliodoarsine, 207 
Phenyl-4-rnethylphenylbenzylethylarsoniurn chloride, 446 
Phenyl-4-methylphenylbenzylethylarsoniurn iodide, 44(} 
Phenyl-4-methylphenyldiethylarsoniurn iodide, 437 
Phenyl-4-methylphenylethyllsopropylarsoniurn iodide, 437 
Phenyl-4-111ethyjphenylethyl-n-propylar~onium iOJldc, 437 
Phenyl-4-methylphenylmethylethylarsoniurn chloride, 437 
Phenyl-4-methylphenylrnethylethylarsoniurn iodide, 437 
Phenylmethyl-y-phenylpropylarsine, 224 
Phcllylmethyl-n-propylarsine, 224 
Phenylmethyl-n-propylarsine cyanobromide, 412 
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Phenylmethyl-n-propylarsine hydroxybromide, 405 
Phenyl~a-naphthyldllliethylarsolllum iodiJe, 439 
Phenyl-a-naphthylhomoplperonylmethylarsonium bromiJe, 438 
Phenyl-a-naphthylhomopiperonylmethylarsonium-d-a-bromocamphor-lt-sulfonate 439 
Phenyl-a-naphthylmethylallylarsonium bromide, 438 ' 
Phenyl-a-naphthylmethylarsine, 225 
Phenyl-a-naphthylrnethylarsine oxide, 414 
Phenyl-a-naphthylphenacylmethylarsonium bromide, 438 
Phenyl-a-naphthylphenacylmethylarsonium-d-a-bromocamphor-;t-sulfonate, 438 
4-Phenylphenylarsineoxide, 130 
4-Phenylphenylarsinesulfide, 144 
4-Phenylphenylarsinetetrachloride, 236 
4-Phenylphenylarsonic acid, 244 
4-Phenylphenyldichloroarsine, 119 
Phenyl-y-phenylpropyldirnethylarsonium iodide, 439 
Phenyl-n-propylcyanoarsine, 212 
Phenyl-n-propylcyclopentarnethylenearsonium iodide, 486 
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Phenyl-n-propylcyclotetramethylenearsonium iodide, 485 
y-Phenylpropyldimethylarsine, 435 
y-Phenylpropyltrimethylarsonium iodide, 435 
2-Phenylquinoline-4-carboxylic acid-6-arsonic acid, 473 
4-Phenylsulfoneaminophenylarsonic acid, 291 
Phenylthioglycol-p-arsonic acid, 343 
Phenyl-p-tolylarsineoxide, 215 
Phenyl-p-tolylarsineoxychloride, 385 
Phenyl-p-tolylarsinesulfide, 216 
Phenyl-p-tolylarsinic acid, 389 
Phenyl-p-tolyl-p-benzarsonic acid, 421 
Phenyl-p-tolylchloroarsine, 210 
Phenyl-p-tolylethylarsine, 225 
Phenyl-p-tolylethylarsine dichloride, 406 
Phenyltriethylarsonium chloride, 433 
Phenyltriethylarsonium dichloroiodide, 433 
Phenyltriethylarsonium hydroxide, 433 
Phenyltriethylarsonium iodide, 433 
Phenyltriisoamyl~rsonium iodide, 434 
Phenyltrimethylarsonium bromide, 430 
Phenyltrimethylarsonium chloride, 429 
Phenyltrimethylarsonium iodipe, 430 
Phenyltrimethylarsonium picrate, 430 
Phenyltrimethylarsonium triiodide, 430 
Phenyltrithioarsonic acid, dis odium salt, 381 
4-Phthalylaminophenylarsonic acid, 291 
Polyarsenides and coordination products, 175 
7-n-Propoxy-7,12-dihydro-y-benzophenarsazine, 461 
n-Propylarsine, 40 
n-Propylarsinedisulfide, 76 
n-Propylarsonic acid, 74 
n-Propyl-n-butylarsinic acid, 82 
Protein arsen~lfls, 488 
Pseudocumyl, Cf. 2,4,5-Trimethylphenyl
Pyrobismethylarsonic acid, 74 
Pyrogallolarsenic acid, 491 

Quinaldinearsineoxide, 452 
Quinaldinearsonic acid, 472 
Quinoline arsenate, 491 

Resorcinolarsonic acid, 340 

Salicylarsonic acid, 374 
"Salvarsan," 180 
"Silver Arsphenamine," 190, 509 
"Soamin," 277 

Q 

R 

s 

"Sodium Arsphenamine," 188 
Sodium-3 ,3' -diamino-4,4' -dihydroxyarsen obenzene-N -methylencSlllfina t 
"Spirarsen," 156 
"Spirarsyl," 156 
"Sulfarsenol " 197 
5-Sulfo-3-a~ino-4-hydroxyphenylarsenious acid, 137 
5-Sulfo-3-amino-4-hydroxyphenylarsonic acid, 365 
5-Sulfo-3-amino-4-hydroxyphenyldihydroxyarsine, 137 
4-Sulfoazobenzene-5'-amino-2'-arsonic acid, 264 
5-Sulfo-3,3' -diamino-4,4'-dihydroxyarsenobenzene hydrochloride, 175 
4-Sulfomethylaminophenylarsonic acid, 299, 511 
?-Sulfo-a-naphthylarsonic acid, 244 
"Sulpharsphenamine," 198, 509 



SUBJECT INDEX 

T 

Tertiary-butylphenylarsineoxide, 130 
Tertiary-butylphenylarsinesulfide, 143 
IPrtiary-butylphenylarsonic acid, 244 
Tertiary-butylphenyldichloroarsine. 118 
Tdra (3-acetvlaminophcnyll diarsinc. 218 
3.5.3' .5' -Tetraacetyltctraamino-4.4' -dih~'droxyan'f'nob('nzene, 165 
3.5.3' .5'-Tetraacetyltrtraamino-2.4,2' .4' -tetrahydrox~'ar~enobenzen('. 166 
Td,raallylarsonium chloride. 93 
Tetraallylarsonium hydroxide, 93 
TetraaIlvlarsonium iodide-mercurichloride. 93 
TetraaIl~'larsonium iodidr-mercuriiodide, 93 
2.4.2' .4' -Tetraaminoarsenobenzene, 155 
3.4.3' .4'-Tetraaminoarsenobenzene, 155 
3.5.3' .5' -TetraaminoarsE'nophf'nylmeth~'lhydrazine, 160 
3,5.3' . .5'-Tetraa mino-4,4' -bi'mrt hyla min Oft rsenolwnzenr. 157. .'i04 
3.5.3' .5'-Tetraamino-4.4' -dihydroxyarspnobenzene, 164 
3.5,3' ,5'-Tetraamino-4.4' -dipiperidinoarsenobenzene, 1.~7 
Tetra (3-D mino-4-h:v(lrox~'phen~'I) diarsine. 219 
Tet.ra(3-aminophenylldiarRine, 218 
3.5.3' ,5' -Tetraamino-4.4' -tetraeth~·ldiaminoarsenobell7,('n('. 160 
3,5,3' .5'-Tetraamino-2.4,2',4' -tetrahydroxyarsenobenzene, 165 
3.5.3' .5' -Tetmamino-4 .4' -tetl'amet hvldia minoarsrnobenzene, 160 
3.5,3' ,5'-Tetraamino-2.4.2' .4' -tf'trB rrlrthyltetraaminoarscnobenzene, 160 
Tetrabenzylarsonillm bromide, 450 
Tetrahenzylarsonium chloride. 450 
Tet.rahenzylarsonillm hydroxide. 451 
Tetrabenzylarsonium iodide. 451 
Tetrabenzylarsonillm triiodide, 451 
3.5,3' ,5'-Tetrabromo-4.4' -dihydroxyarsenobcnzene, 163 
Tetra-n-butylar~onium chloride, 94 
Tetra-n-butylarsonium hydroxide, Q4 
Tetra-n-butylarsonium iodide, 93 
2.4.2' ,4' -Tetracarboxytl'iphenylarsine oxide, 422 
3.5,3',5' -Tetrachloro-4.4' -(1ihydroxyarsenohenzene, 163 
2.6.2' ,6'-Tf'trachl 01'0-3.5.3' ,5' -tetraamino-4,4' -bismethylaminoarscnobenzene, 
Tetraethylarsonium acid sulfate, 92 
'Tetraethylarsonium bromide, 92 
Tetraethylarsonium chloride, 92 
Tetraethylarsonium h~'droxide, 92 
Tetraethylarsonium iodide. 92. 503 
Tetraethylarsonium triiodide, 92 
4.4' -Tetraethyldiaminoarsenobcnzpne, 159 
Tetraethyldiarsine, 64 

\ 
'\ 

\ 

3.4,3' .4' -Tetrahydroar~en()henzodioxn wlone, 462 
Tetrahydro-3.6-diethyl-2,5-dipheny l-l.4,2.5-dioxdiarsine, 112 
Tetrahydro-3 .6-difu r~'1-2 .,5-di phen~' I -1.4.2,5-(lioxdiarsine, 113 
Tetrahydro-3,6-diisoblltyl-2,5-di phenyl-l ,4.2,5-dioxdiarsine, 113 
Tetrahydro-3.6-dimethyl-2.5-diphenyl-l,4,2,5-dioxdi:ll'sine, 112 
Tetrahydro-3,6-di-n-propyl-2.5-diphenyl-l,4.2.5-dioxdiarsinc, 112 
Tetrahydro-2,5-diphenyl-l,4.2,5-dioxdiarsine, 112 
Tetrah~'droq\linoline arsenate, 491 
Tctrah~'droxydipho"photctraaIllin()diarsenob8nzene, 198 
Tetrahydroxymonophosphotetraaminodiarscnobenzene, 198 
8.11111m, Tetraiodocacodylic acid, 82 
3.5.3' .5' -Tctraiodo-4.4' -dihydroxyarsenobenzene, 163 
Tctraisopropylar"onium chloride, 93 
Tetraisopropylarsonium hydroxide, 93 
Tetraisopropylarsonium iodide, 93 
3.4.3',4' -TetramethoxyarsC'nobenzene, 162 
2,4,2',4' -Tetramethylarsenobenzene, 151 
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2.5.2' .5' -Tetramethylarsenobenzene, 152 
2.7.2' .7'-Tetramethyl-5.5' -arseno-l.3,1',3' -benzodiazole, 464 
Tetramethylarsonium bromide, 91 
Tetramethylarsonium chloride, 91 
Tctramethylarsonium hydroxide, 91 
Tetramethylarsonium iodide, 90, 92, 503 
TetrrrmethyIarsonium triiodide. 91 
4.4'-Tpt.ramethvIdiaminoarsenobenzene. 159 
4.4' -Tetra1nethyIdiaminoarsenonaphthaIene, 159 
3.3'-Tdramet hyIdiamino-4,4'-dihydroxyaNenobenzenc. 167 
3.3' -Tctramethyldiamino-4.4'-dimethoxyarsenobenzene. 168 
4.4'-Tptramethyldiamino-2.2' -dimethyIarsenobenzene, 159 
4.4' -Tct.ramethyIdiamino-3,3' -dimethylarsenobenzene, 159 
Tetramethyldiarsine, 63 
2.4.2' .4' -Tetranitroarsenobenzene, 153 
3,,'5.3' .5'-Tetranitro-4.4' ~bismethylaminoarsenobf'llzene, 157 
3.5.3' .5'-Tetranitro-4,4'-diaminoarsenobenzene, 155 
3.5.3' ,5' -Tetranitro-4.4' -dihydroxyarsenobenzene, 164 
Tetra (3-nitrophenyDdiarsine, 218 
Tetra (3-nitrophenyl) diarsinetrislilfide, 217 
Tetraphenylarseniketobetaine, 443 
Tetraphenylarseniketobetaine hydrobromide, 443 
Tetraphenyldiarsine, 218 
Tetraphenyldiarsinedisulfide,217 
Tetra-n-propylarsonium chloride. 93 
Tetra-n-propyIarsonium hydroxide, 93 
Tetracn-propyIarsonium iodide, 93 
ThienyI-2-arsineoxide, 452 
ThienyI-2-arsonic acid, 468 
ThienyI-2-dichloroarsine,452 
Thiocacodylic acid, salts, 83 
4-ThiocarbamidophenyIarsonic acid, 292 
m-Toluarsonic acid, 371 
p-ToIuarsonic acid, 371 
4-ToluenesuIfoneaminophenyIarsonic acid, 291 
Toluidine, Cf. also AminomethyIphenyI
Tolyl. Cf. also MethylphenyI-
p-TolyIarsepidine dichloride, 485 
Tri (3-acetylamino-4-methylphenyI) arsine, 232 
Tri (3-acetylaminophenyl) arsine, 232 
Tri (4-acetyIaminophenyI) arsine, 232 
Tri ( ? -acetylaminophenyl) arsine oxide. 420 
Tri(3-amino-4-methylphenyl)arsine, 231 
Tri (3-amino-4-methylphenyl)arsine sulfide, 425 
Tri (3-aminophenyl) arsine, 231 
Tri (4-aminophenyl )arsine, 231 
Tri( ?-aminophenyl) arsine oxide, 419 
3.4.5-Triaminophenylarsonic acid. 324 
Trianiline-arsine hydrochloride, 490 
4-TriazophenyIarsonic acid. 289 
Tri-p-benzarsenious acid. 233 
Tri-p-benzarsonic acid, 422 
Tri (3-benzyIamino-4-methyIphenyI) arsine, 232 
Tri (3-benzoylaminophenyl) arsine, 232 
Tri ( ? -benzoylaminophenyl) arsine oxide, 420 
TribenzyIarsine, 227 
TribenzyIarsine dichloride, 408 
Tribenzylarsine diiodide, 408 
Tribenzylarsine hydroxybromide, 408 
Tribenzylarsine hydroxychloride, 408 
Tribenzylarsine hydroxyiodide, 408 
TribenzyIarsine hydroxynitrate, 408 
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Tribenzylarsine oxide, 416 
Tribenzylarsine sulfide, 424 
Tribenzylethylarsonium iodide, 448 
Tribenzylisoamylarsonium iodide, 449 
Tribenzylisopropylarsonium iodide. 449 
Tribenzylmethylarsonium chloride, 448 
Tribenzylmethylarsonium hydroxirle. 447 
Tribenzvlmethylarsonium iodide. 447 
Tribenzyl-n-propylarsonium iodide. 449 
Tricamphorylarsine dihydroxide, 418 
Tri (4-carboxyphenyl) arsine, 233 
Tri (4-carboxyphenyl) arsine dihydroxide. 422 . . 
Tri( ?-chloro-3-nitro-4-methylphenv!) arsine dJ('hlondf'. 410 
Tri( ?-rhloro-3-nitrophenyl) arsine. 230 
Tri (?-rhloro-3 nitrophenyl l arsine dibromide, 410 
Tri(?-chloro-3-nitropheny!)arsine dichloride, 410 
Tri (?-rhloro 3-nitrophenylhrsine oxide, 419 
Tri (R-rhlorovinv1) arsine. 68 
Tri(fl-chlorovin'·l)flf8ine bromide. 85 
Tri(fl-chlorovinv])fmine oxide. 87 
Tri (3-dimet h~'b;mino-4-met hylphenyl l methylflfsonium iodide, 445 
Tri(4-dimethylaminophenyllarsine.232 
Tri (4-dimet.hylaminophenyl)arsine dihydroxide. 420 
Tri (4-dimcthvlaminophenyl)arsine oxide. 420 
Tri (4-(iimethvlaminophenyl) arsine sulfide. 426 
Tri (2.4-dimethylpheny!) arsine, 228 .. 
Tri(2.5-dimethylphenyl)arsine,229 

, Tri (2.5-dimethylphmyl)arsine dichloride. 409 
Tri (2.4 dimethylphenyl l arsine dihydroxide, 416 
Tri(2.4-dimethylphenyl)arsine oxide. 416 
Tri (2.4-climeth~'lpheny!)arsine snlfide. 425 
Tri(2.4-dimethylphenyl)methylarsonium chloride. 448 
Tri(2 . .5-rlimpth~'lrhen~'Dmeth~'lnrsonillm hydroxide. 448 
Tri (2.4-dimeth~'lphenyl)methylarsonium iodide. 448 
Tri(2.5-dimethylphenyDmethylarsonium iodide, 448 
Tri (4-ethoxypheny!)arsine, 233 
Tri (et hvlamineldithioarsenate. 490 
Triethylarsenibenzobetaine, 433 
Tridh:dflrsenibenzobetaine hydrochloride, 4~'1 
Triethylarsine, 66 
Triethylarsine cyanobromide, 85 
Triethylarsine dibromide, 84 
Triethvlarsine dichloride. 84 
Triethylarsine diiodide. 85 
Triethylarsine hydroxybromide, 85 
Triethylarsine oxide. 87 
Trieth,'larsine sulfide. 87 
Triethyl-co-bromoethylarsonium bromide, 95 
Triethvl-w-bromoethvlarsonium chloride. 95 
Trieth~'I-m-hydroxyethylarsonium bromide, 95 
Triethvl-m hvdroxvethylarsonium chloride. 95 
Trieth~'l-m-h'ydroiyeth'ylarsonium diiodosalicylate, 95 
Triethyl-co-hydroxyethylarsonium hydroxide. 95 
Triethyl-m-hydroxyethylarsonium triborate, 95 
Tri (4-ethylphenyl) arsine, 227 
Tri(4-ethylphenyllarsine dibromide, 408 
Tri(4-ethylphenyllarsine dichloride. 408 
Tri(4-ethylphenyllarsine dihydroxide, 416 
Tri (4-ethylphenyl)arsine sulfide, 425 
Tri (4-ethylphenyllmethylarsoniulll iodide, 448 
Triethylvinylarsonium chloride, 95 
Triethylvinylarsonium hydroxide, 95 
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2.4.6-Trihydroxyazobenzene-6' -hydroxy-3' -arsonic acid, 265 
Tri (4-isopropylphenyllarsine, 229 
Tri (4-isopropylphenyl) arsine dibromide, 409 
Tri(4-isopropylphenyllarsine dichloride, 409 
Tri (4-isopropylphenyl)arsine hydroxynitrate, 417 
Tri (4-isopropylphenyl)arsine oxide, 417 
Tri(4 isopropylphenyl)arsine sulfide, 425 
Tri (4-isopropylphenyl)ethylarsonium iodide. 449 
Tri (4-isopropylphenyl)methylarsonium iodide, 449 
Tri( 4-me1 hoxyphenyl) arsine, 233 
Trimethylallylarsonium iodide, 94 
Tri (methylamine l dithioarsenate, 490 
3-Trimethylammonium-4-hydroxyphenylarsonic acid, 362 
Trimethylarsenibenzobetaine, 431 
Trimethylarsenibenzobetaine hydrochloride, 431 
Trimethylarsine,66 
Trimethylarsine dibromide, 84 
Trimethylarsine-diiodide,84 
Trimethylarsine oxide, 86 
Trimethylarsine selenide. 87 
Trimethylarsine sulfide, 87 
Trimethylarsine tetrabromide, 84 
Trimethyl-w-bromoethylarsonium bromide, 94 
Trimethylethylarsonium iodide, 94 
Trimethyl-w-hydroxyethylarsonium bromide, 94 
Trimethyl-w-hydroxyethylarsonium chloride, 94 
Trimethyl-w-hydroxyethylarsonium diiodosalicylate, 94 
Trimethyl-w-hydroxyethylarsonium hydroxide, 94 
Trimethyl-w-hydroxyeth}"larsonium iodide, 94 
Trimethyl-w-hydroxyethylarsonium picrate, 94 
Trimethyl-w-hydroxyethylarsonium sulfate, 94 
Tri (4-methylphenyl)acetonylarsonium bromide, 446 
Tri (4-methylphenyl) acetonylarsonium chloride. 445 
Tri( 4-methylphenyl)acetonylarsonium iodide, 446 
Tri (4-methylphenyDallylarsonium bromide, 450 
Tri (4-methylphenyl)allylarsonium chloride, 450 
Tri(4-methylphenyl)allylarsonium iodide, 450 
Tri(2-methylphenyl)arsine,227 
Tri(3-methylphenyl)arsine,227 
Tri ( 4-methyl phenyl) arsine, 227 
Tri(4-methylphenyllarsine dibromide, 408 
Tri(4-methylphenyllarsine dichloride, 408 
Tri (4-methylphenyl)arsine dihydroxide, 416 
Tri (4-methylphenyl)arsine diiodide. 408 
Tri (3-methylphenyl) arsine hydroxybromide, 407 
Tri (3-methylphenyllarsine hydroxychloride, 407 
Tri (4-methylphenyDarsine hydroxychloride, 408 
Tri(3-methylphenyl)arsine oxide, 415 
Tri(3-methylphenyl)arsine sulfide, 424 
Tri(4-methylphenyllarsine sulfide, 424 
Tri ( 4-methyl phenyl l arsine tetra iodide , 408 
2.4.5-Trimethylphenylarsonic acid, 244 
Tri(3-methylphenyl)benzylarsonium chloride, 450 
Tri( 4-methylphenyl)carboxymethylarsonium chloride, 445 
Tri (4-methylphenyl) -~, y-dibromopropylarsonium bromide, 450 
2.4,5-Trimethylphenyldichloroarsine, 118 
Tri (3-methylphenyl) ethylarsonium iodide. 444 
Tri(4-methylphenyl)ethylarsonium iodide, 446 
Tri (4-methylphenyl) iodomethylarsonium iodide, 445 
Tri(3-methylphenyl)isopropylarsonium iodide, 449 
Tri(3-methylphenyllmethylarsonium chloride, 444 
Tri (4-methylphenyl) methylarsonium dichloroiodide, 445 
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Tri(2-methylphenyl)methylarsonium iodide, 444 
Tri(3-methylphenyl)methylarsonium iodide, 444 
Tri( 4-methylphenyllmethylarsonium iodide, 445 
Tri(4-methylphenyl)phenacylarsonium bromide, 446 
Tri( 4-methylphenyl)phenacylarsonium chloride, 446 
Tri (4-methylphenyl) phenacylarsonium iodide, 446 

. Tri(3-methylphenyl)-n-propylarsonium iodide, 449 
Tri-a.-naphthylarsine, 229 
Tri-~-naphthylarsine, 230 
Tri-a.-naphthylarsine dibromide, 410 
Tri-~-naphthylarsine dibromide, 410 
Tri(-a.-naphthyl)arsine dihydroliide, 417 
Tri-a.-naphthylarsine hydroxybromide, 410 
Tri-a.-naphthylarsine oxide, 417 
Tri-~-naphthylarsine oxide, 417 
Tri-a.-naphthylarsine sulfide, 425 
Tri-~-naphthylarsine sulfide, 425 
Tri-a-naphthylarsine tetrabromide, 410 
Tri-a.-naphthylarsine tetrachloride, 410 
Tri(3-nitro-4-ethylphenyl)arsine oxide, 419 
Tri(3-nitro-4-isopropylphenyl)arsine oxide, 419 
Tri (3-nit1'o-4-methylphenyll arsine, 230 
Tri(3-nitro-4-methylphenyl)arsine nitrate, 419 
Tri(3-nitro-4-methylphenyl)arsine oxide, 418 
Tri (3-nitrophenyl) arsine, 230 
Tri(3-nitrophenyllarsine dibromide, 410 
Tri(3-nit1'ophenyl)arsine oxide, 418 
T1'i (4-nitrophenyl) arsine oxide or dihydroxide, 418 
Trinitro-phenyldi(2,4-dimethylphenyl)arsine oxide, 419 
TrinitrophenyJdi(2.4.5-trimethyJpllCnyl)arsine oxide, 419 
Tri (3-nitrophenyllmethylarsonium nitrate, 441 
Triphenarsazineamine, 453 
Triphenarsazine chloride, 453 
Triphenacetonylarsonium bromide, 443 
Triphenacetonylarsonium chloride, 442 
Triphenacetonylarsonium iodide, 443 
Triphenylarsenibetaine, 442 
Triphenylarsenibetaine hydrochloride, 442 
Triphenylarsine, 225 
Triphenylarsine cyanobromide, 413 
Triphenylarsine dibromide, 406 
Triphenylarsine dibromodiiodide, 406 
Triphenylarsine dichloride, 406 
Triphenylarsine dihydroxide, 415 
Triphenylarsine diiodide, 406 
Triphenylarsine hydroxybromide, 407 
Triphenylarsine hydroxychloride, 407 
Triphenylarsine hydroxychromate, 407 
Triphenylarsine hydroxynitrate, 415 
Triphenylarsine hydroxypicrate, 407 
Triphenylarsine nitrate, 415 
Triphenylarsine oxide, 415 
Triphenylarsine sulfide, 424 
Triphenylarsine tetraiodide, 406 
Triphenylarsinocholine chloride, 442 
Triphenylcarboxymethylarsonium chloride, 442 
Tnphenylcarboxymethylarsonium hydroxide, 442 
Triphenylethylarsonium chlQride, 444 
Triphe~ylethylarsonium iodide, 444 
Triphenylchloromethylarsonium dichloroiodide, 441 
Tnphenyl-~-hydroxyethylarsonium chloride, 442 
Tnphenylhydroxymethylarsonium chloride, 441 
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Triphenylhydroxymethylarsonium hydroxide, 441 
Triphenylhydroxymethylarsonium iodide, 442 
Triphenyliodomethylarsonium chloride, 441 
Triphenyliodomethylarsonium iodide, 441 
Tri pheny lmethy larseniketobetaine, 443 
Triphenylmethylarseniketobetaine hydrochloride, 442 
Triphenylmethylarsonium bicarbonate, 440 
Triphenylmethylarsonium bromide, 440 
Triphenylmethylarsonium chloride, 440 
Triphenylmethylarsonium dichloroiodide, 439 
Triphenylmethylarsonium hydroxide, 440 
Triphenylmethylarsonium iodide, 439 
Triphenylmethylarsonium nitrate, 441 
Triphenylmethylarsonium triiodide, 440 
Triphenylphenacylarsonium bromide, 443 
Triphenylphenacylarsonium chloride, 443 
Triphenylphenacylarsonium iodide, 443 
Tl'iphenylphenacylarsonium nitrate, 443 
Tri(4-phenylphenyl)arsine, 230 
Tri(4-phenylphenyl)arsine dibromide, 410 
Tri(4-phenylphenyl)arsine dichloride, 410 
Tri (4-phenylphenyl)arsine hydroxybromide, 410 
Tri(4-phenylphenyl)arsine hydroxychloride, 410 
Tri(4-phenylpbenyl)arsme oxide, 417 
Tri (4-phenylphenyl) arsine sulfide, 425 
Tri(4-phenylphenyl)methylarsonium chloride, 449 
Tri(4-phenylphenyllmethylarsonium iodide, 449 
Tri-n-propylarsine, 67 
Tri-n-propylarsine oxide, 87 
Tripyrocatecholarsenic acid, 490 
Tris~3-amino-4-hydroxyphenylarseno) dibismuth trihydrochloride 179 
Tri( ?-sulfopheny1) arsine oxide, 420 " 
Tri( tertiary-butylphenyl) arsine, 229 
Tri(tertiary-butylphenyl)ffrsine dichloride, 4{)9 
Tri (tertiary-buty I pheny I) arsine hydroxy chloride, 409 
Tri (tertiary-bu ty 1 phenyl ) arsine oxide, 417 
Tri(tertiary-butylphenyl) methylarsonium hydroxide, 449 
Tri Itertiary-butylphenyl)methylarsonium iodide, 449 
Trithienylarsine, 467 
Tri-p-tolylarsenibetaine,445 , 
Tri-p-tolylarsembetame hydrochlonde, 445 
Tri-p-tolylmethylarseniketobetaine, 446 , 
Tri-p-tolylmethylarsemketobetame hydrochlonde, 445 
Tri-p-toiylphenylarseniketobetaine, 446 
Tri-p-tolylphenylarseniketobetaine hydrochloride, 446 
Tri(2,4,5-trimethylphenyl)arsine, 229 
Tri(2,4,6-trimethylphenyl)arsine, 229 
Tri(2,4,5-trimethyiphenyl)arsine dibromide, 409 
Tri(2,4,6-trimethylphenyDarsine dibromide, 409 
Tri(2,4,5-trimethylphenyl)arsine dihydroxide, 417 
Tri (2,4,5-trimethylphenyl)arsine hydroxybromide, 409 
Tri(2,4,6-trimethylphenyl)arsine hydroxychloride, 4()9 ~ 
Tri(2,4,5-trimethylphenyl)arsine oxide, 417 / ::::~:-:-=:.:::. 
Tri(2,4,6-trimethylphenyl)arsine oxide, 417 //;--,,' 'tHt 
Tr~(2,4,6-tr~methylphenyl)methylarsonium ?hioride, 449 ~./.o" ,::0 ~ ~-'~ 
Trl(2,4,6-tnmethylphenyl)methylarsolllum lodide, 449 ,,/ «." ~~-

"Tryparsalnide "299 512 / r"'./·'" , , :.r: ,,) . 
U ./,,\, .. ~ 

4'~Uramino-phenoxyacetyl-p-arsanilic acid, 298 ~. <2}; \ 
p-Uralninophenylglycyl-p-arsanilic acid, 295 / ,I . • :_,.._r / ",':: 

(Ii & / ,. 
Xylyl~Cf. Dimethylphenyl X, 'i ~' ( 

',' ''l'. U :::. \ 
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