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PREFACE TO VOLUME VII 

THE general plan of this series as set forth in the preceding 
volumes has byen followed.in the present volume .. It is a great 
pleasure to ac~owledge the help oJ former and new contributors 
both in this and other countries. In this volume twenty-six. of 
the thirty preparations have been submitted by twenty-four 
contributors, four of whom are of foreign countries. 

Of the special features included in previous volumes, all have 
been retained except the collection of later references to prepara
tions in. preceding volumes. This will appear again in Volume 
VIII. A few corrections to some of'the earlier preparations are 
included in the Appendix. The editors acknowledge their 
appreciation of the help given by those submitting the correc
tions, and invite any comments on the preparations in any of 
the volurp.es. 

In the present volume, seventeen of the preparations use as 
starting materials substances for which directions appear in this 
or earlier volumes. By the use of these preparations it is possible 
to arrange interesting series of preparations each of which starts 
from the product of the preceding one. 

In addition to all other thanks which are due, the editor-in
chief of this volume wishes to thank his colleague, Louis Ehren
feld, for his invaluable assistance especially in checking all 
computations. 



TABLE OF CONTENTS 

PAGE 

I. 1!.NHYDRO-2-HYDROXYMERCURI-3-NITROBENZOIC ACID .••.• , . ••. . .• I 

II. P-ARSONOPHENOXYACETIC ACID. . . . . ..... .. . ........ .•....... . 4 

III. BENZANILIDE.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
IV. /1-BROMOtTHYLPIITHALIMIDE. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 8 

V. 2-BROMOJ3-NITROBENZOIC ACID. . . . . . . . . . . . . . . . . . . . . . . . . • . . . . • • 12 

VI. CHLOROACETAMIDE.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . • . . [6 

VII. P-CHLOROMERCURIBENZOIC ACID. . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • 18 

VIII. a.-CYANO-/1-PHENYLACRYLIC ACID. . . .. .... .. .. .. .. .. ........•.. 20 

IX. p-DIMETHYLAMINOBENZOPHENONE ..........................•. .' 24 

X. 3,5-DINITROANISOLE ............................. I. • • • • • • • • • • • 28 

XI. DlPHENIC ACID ............ ',' • . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 30 

XII. ETHYL BROMOMALONATE ..... 1 ••.• ··r· .. . .. . .... . ... ......... 34 

XIII. ETHYL n-BUTYLACETOACETATE. . . . . . . . . . . . . . . . . . . . . . . . . . . . . • .. 36 

XIV. FURAN. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 40 

XV. FURFURALACETONE. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 42 

XVI. 2-FURYLMETHYL ACETATE .... , ..... , ... , . . . . .. .. .... .... .. ... 44 

XVII. GUANIDINE NITRATE.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46 

XVIII. HYDROGEN CYANIDE (ANHYDROUS)............................ 50 
XIX. /1-HYDROXYPROPIONIC ACID ......... , .... ........ .. ........ ... 54 

XX. P-IODOBENZOIC ACID •••.....•.......... , ... ... . ..... .... . .... 58 
XXI. METHYL n-AMYL KEToNE.................................... 60 

XXII. a.-METHYL MANNOSIDE... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 64 

XXIII. NITROGUANIDINE. . . ........ ...... . .. ... ... . .......... ......• 68 

XXIV. 3-NITROPHTHALIC ACID ........ f" ••• , •••••••••••••••• ;. ...... 70 

XXV. 3-NITROPHTHALIC ANHYDRIDE.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74 

XXVI. PENTENE-2 ............. /. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76 

XXVII. PHTHALIMIDOMALONIC ESTER ......................... , ., .. '" 78 

XXVIII. TRIPHENYL STIBINE ......................... , .. .... .. .. . .... 80 

XXIX. XANTHONE.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 84 

XXX. XANTHYDROL... . • . • • • . . • . • . . • . . . . . . . . . . . . . . • . . . . • • . . . . . . . . .. 88 

ADDITIONS AND CORRECTIONS FOR PRECEDING VOLUMES. . . . . . . . . . . . . . .• 90 

AUTHOR INDEX... • • . • • • • • • • • • • . • . • • . • . . . . . . . . . . . • . . . • . . . . . . . . . . . . . . .. 9I 

SUBJECT INDEX..... • • • • • • • • • • • • . . . • • • . . . . • . • . • . . . . . . . . . . . . . . . . • . • • . •• 95 





ORGANIC SYNTHESES 

I 

Submitted by FRANK <;. WHITMORE, P. J. CULHANE and H. T. l'lEHER 
Checked by HENRY GUMAN and C. C. VERNON. ' 

I 

1. Procedure 

A SOLUTION of 80 g. (2 moles) of sodium hydroxide in 800 cc. 
of water is prepared in a 2-1. beaker. To the warm solution is 
added 2II g. (I mole) of 3-nitrophthalic acid (p. 70) (Note I) 
A small amount of in601uble material is removed by filtratioI 
through a large preheated Buchner funnel (Note 2). A solutior 
of 350 g. (LI moles) of mercuric acetate (Note 3) in a mixtun 
of 50 cc. of glacial acetic acid and 700 cc. of water is prepared b) 
heating and filtering while hot (Note 4). The two hot solutiom 
are poured into a 3-1. long-necked flask and !nixed by shaking. 
No precipitate should separate (Note 5). The flask is clamped 
in a large oil bath (Note 6) with the level of the oil almost to the 
neck of the flask. It is fitted with a reflux condenser provided 
with a tube leading to a large beaker placed on the desk (Note 7)' 
The temperature of the oil bath is raised to I700 over a period 
of about one hour. If any considerable amount of material 
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is driven through the condenser, it is poured back through the 
top of the condenser as soon as the reaction slackens. The 
heating at 165-1750 is continued for about seventy hours. 
After about sixty hours the end of the tube leading from the 
top of the condenser is introduced below the surface of about 
I cc. of mercury in a small test tube. The evolution of carbon 
dioxide can be followed by observing the bubbles which pass 
through the mercury. When not more than one or two bubbles 
escape per minute, the heating is discontinued (Note 8). 

The product is allowed to settle and the hot supernatant 
liquid is poured through a preheated suction filter. The filtrate 
deposits less than 10 g. of crude product on cooling. The 
product in the flask is shaken with several IOO-CC. portions of 
water, and all the fine material is transferred to the filter. ' Some 
lumpy material is usually left in the flask. This is transferred 
to a large mortar and ground to a paste with a little water and 
then transferred to the filter. After 'sucking as dryas possible, 
the suction is shut off, and 100 cc. of alcohol is poured over the 
material on the filter. After standing a few minutes, suction 
is again applied. The product is then dried to constant weight 
(Note 9). The yield of anhydro-2-hydroxymercuri-3-nitro
benzoic acid is 300-330 g. (82-90 per cent of the theoretical 
amount based on the 3-nitrophthalic acid used). It is a cream
colored powder which dissolves in an excess of dilute sodium 
hydroxide, leaving only a slight turbidity (Notes 10 and II). 

2. Notes 

1. 3-Nitrophthalic acid melting above 2000 (sealed tube) is 
pure enough for this preparation. 

2. Although the insoluble material is very small in amount, 
filtration without suction is too slow. 

3. Commercial mercuric acetate, about 90 per cent pure, 
was used. The equivalent amounts of mercuric oxide and 
acetic acid may be used if the acetate is not available. 

4. A small amount of mercurous compounds is removed by 
the filtration. 
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5. If more concentrated solutions are used, the mercuric salt 
precipitates and the reaction runs less smoothly. 

6. A large galvanized pail containing extra heavy lubricating 
oir was used. This oil does not fume even after heating for long 
periods. 

7. This beaker serves to catch any material which is carried 
over during a slightly violent react~n which sometimes takes 
place at the beginning. 

S. If a more accurate indication of\th~ end of the reaction is 
desired, a tube of mercury may be inverted in a small beaker of 
mercury and any gas evolved during\the later stages of the 
reaction may be collected over the mer:~ury. 

9. The wet material may be used \vithout drying for the 
preparation of 2-bromo-3-nitrobenzoic aciq (p. 12). 

ro. To dissolve the mercury compound\ it should be dusted 
into boiling sodium hydroxide solution. " 

II. By a similar procedure phthalic anhydride may be 
converted intd anhydro-o-hydroxymercuriberizoic acid. Thus, 
300 g. (2 moles) of phthalic anhydride and 750 g. (2.2 moles) 
of commercial mercuric acetate (Note 3) gives 550 g. of the mer
cury compound (S5 per cent of the theoretical a:rp.ount). With 
phthalic anhydride the reaction is complete in six to ten hours. 

3. Other Methods of Preparation 

The preparation of anhydro-2-hydroxymercuri-3-nitrobe!lzoic 
acid does not il-ppear in the literature. 



II 

p-ARSONOPHENOXYACETIC ACID 

ONa OCH2 C02Na o +CICH,CO,Na ~ 0 
As03HNa As03HNa 

+NaCl 

OCH2C02N a OCH2C02H o +,HCl -,0 
AS03HN a AS03I-b 

Submitted by C. S. PALMER and E. B. KESTER. 
Checked by J. B. CONANT. 

1. Procedure 

IN a 2-1. round-bottom flask is placed 218 g. (I mole) of 
p-hydroxyphenylarsonic acid (Note I) and 375 cc. of water. A 
solution of 180 g. (4.5 moles) (Note 2) of sodium hydroxide in 
375 cc. of water is added, and the mixture shaken until a homo
geneous solution is obtained. After cooling to 40-50° there is 
added 189 g. (2 moles) of chloroacetic acid in small portions 
(Note 3) with stirring, and the clear solution is refluxed for 
four hours. At the end of this time the mixture is cooled to 20°, 
filtered to remove a slight flocculent precipitate, and the 
p-arsonophenoxyacetic acid precipitated (Note 4) by the addition 
of 200 cc. (2.1 moles) of hydrochloric acid (sp. g. 1.19). The 
product is filtered on a Io-cm. Buchner funnel and w;ashed with 
three successive IOO-CC. portions of cold water. 'It is then 
crystallized from 2 1. of hot water (Note 5), filtered, and washed 

4 
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twice with roo-cc. portions of cold water, once 'with 25 cc. of 
acetone, and once with 25 cc. of ether. After drying at IlOo 

for one hour, there remains a pure white, anhydrous product 
weighing 110-120 g. (40-43 per cent of the theoretical amount) 
(Note 6). An arsenic analysis shows the product to be about 
99 per cent pure. 

t 
2. Notes \ 

1. Commercial phenolarsonic acid ~a:X be used, or 240 g. of 
sodium p-hydroxyphenylarsonate (Org .. 1 Syn. 4, 65) and 140 g. 
of sodium hydroxide may Qe ,s_ubstitut~d for the add and the 
larger amount of base. \ 

2. The use of less than 4.5 moles of 'alkali lowers the yield, 
while an increase in the alkali concentra:tion does not increase 
the yield. ~ 

3. Unless the chloroacetic acid is added 'cautiously, there may 
be a violent I reaction and the yield of p-~rsonophcnoxyacetic 
acid is lowered. 

4. The product sometimes does not precipitate readily 
without vigorous agitation and 'rubbing the inside wall of the 
vessel with a stirring rod. 

5. It is sometimes necessary to use decolorizing carbon in 
order to get a white recrystallized product. \ 

6. The odor of phenol is strong at the end o~ the reaction, 
but most of the p-hydroxyphenylarsonic acid wHich does not 

\ 
react with the chloroacetic acid is not hydrolyzed and can be 
recovered i~ the iiltrate from the p-arsonophenoxyaceti1: acid. 

3. Other Methods of Preparation 

p-Arsonophenoxyacetic acid has been made by heating 
aqueous sodium p-hydroxyphenylarsonate, two moles of chloro
acetic acid, and four moles of sodium hydroxide.1 

\ Ger. pat. 216,270; Frdl. 9, 1047 (1908-10). 
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BENZANILIDE 

C6H5NHz + C6H5C02H -> C6H5NHCOC6H5 + HzO 
Submitted by CARL N. WEBB. 
Checked by C. S. MARVEL and P. L. SALZBERG. 

1. Procedure 

IN a 3-1. round-bottom flask are placed 750 g. (8.r moles) 
of aniline (Note r) and r kg. (8.2 moles) of benzoic acid. When 
about two-thirds of the benzoic acid is in the flask the mixture 
is melted to make room for the rest. The flask is placed in a 
large oil bath and connected to'a condenser for distillation. 
The temperature of the oil is raised. quickly to r80-r90o, at 
which point distillation starts. The bath is held at this tem
perature until practically no more aniline and water distil (about 
two hours), and then the temperature is slowly raised to 225° 
and maintained at this temperature until no further distillation 
takes place (one to two hours). The oil bath is now removed 
and the contents of the flask are. allowed to cool below r800 
and 550 g. (5.9 moles) of aniline is added. The distilJations at 
r900 and 225° are repeated (about SLX hours). The hot mixture 
is poured into two 20-cm. evaporating dishes (hood) and is 
allowed to cool. The crude product weighs r600-2000 g., 
depending on the amount of aniline retained. 

The purplish-gray solid is ground (Note 2) in a large mortar 
and is poured with vigorous stirring into a r2-l. (3-gal.) crock 
containing 6 1. of approximately normal hydrochloric acid (5.5 1. 
of water and 500 cc. of concentrated hydrochloric acid). The 
stirring is continued for' one hour after all the benzanilide has 
been added, and then the solid is filtered on a 20-cm. Buchner 
funnel. The process of stirring with acid and filtering is repeated 
twice to remove the excess of aniline. The solid is stirred for 
two hours with 6 1. of water and is filtered. It is stirred for one 
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hour with 6 1. of normal sodium hydroxide solution to remove· 
the excess of benzoic acid and is then filtered. The stirring with 
alkali and filtering is repeated. The solid is next stirred for two 
hours with 7 1. of water and is filtered, sucked dry, and air-dried 
over night on paper. 

After drying on paper the purplish solid is dried to constant 
weight in three 2Q-cm. evaporating dishes at 90-100° (about 
two days) and is then repowdered. The product is light pur
plish-gray and weighs 1270-1325 g. (80-84 per cent of the 
theoretical amount). It melts at 157-160°. The product is 
pure enough for use in the preparation of p-dimetliylamino
benzophenone (p. 24) and fp~ most synthetic purposes. When 
100 g. of benzanilideis dissol~ed in 750 cc. of hot alcohol (Note 3) 
and the solut.ion is boiled witl). :i~out 10 g. of de colorizing carbon 
(Norite), filtered, and cooled to 10° over night, 80-86 g. of 
an almost colorless product nielting at 160-161° separates. A 
second crystallization from ah:ohol using decolorizing carbon 
gives a white product with apPEoximately the same loss in the 
mother liquors as in the first crrstallization. 

\ 
2. Not~s 

I. The ordinary "pure" aniline of commerce gives as good 
yields and as pure a product as redistilled aniline. 

2. The benzanilide must be finely ground in order that ,.aniline 
and benzoic acid may be completely extracted. 

3. Very little of the solid fails to go into solution. The hot 
solution must be filtered rapidly as the benzanilide crystallizes 
easily. \ 

3. Other Methods of Prep'aration 

Benzanilide has been prepared by th>-treatment of aniline 
with benzoyl chloride,! benzoic anhydride,2 'or benzoic acid.3 

The method described in the procedure is essentially that of 
Nageli. 

1 Gerhardt, Ann. GO, 311 (1846); Dehn and Ball, J. Am. Chern. Soc. 36, 2096 
(1914) . 

2J1.Ieyer and Sundmacher, Ber. 32,2123 (1899). 
3 Hubner, Ann. 208, 291 (1881); Nageli, Bull. soc. chim. [3J 11, 892 (1894). 
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!3-BROMOETHYLPHTHALIMIDE 

Oeo 
)NH+KOH 

eo 

Submitted by P. L. SALZBERG and J. V. SUPNIEWSKI. 
Checked by F. C. WHITMORE and H. C. BENEDICT, JR. 

1. Procedure 

A. Potassium Phthalimide.-In a 2-1. round-bottom flask 
fitted with a reflux condenser are placed 80 g. (0.54 mole) of 
phthalimide (Note I) and 1600 cc. of absolute alcohol. (Org. 
Syn. 5, 56.) The mixture is gently. boiled for about fifteen 
minutes or until no more of the phthalimide dissolves (Note 2). 
The hot solution is decanted from any solid into a specially pre
pared solution of 30.5 g. (0.54 mole) of potassium hydroxide 
(Note 3)' A precipitate of potassium phthalimide separates 
at once. The mixture is stirred and cooled quickly to roon;J. 
temperature, and the precipitate is filtered with suction. To the 
alcoholic mother liquors a second 80-g. portion of phthalimide is 
added, and the entire process is repeated. The two crops of 
crystals are united (Note 4) and washed with 200 ce. of acetone 

8 
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to remove any unchanged phthalimide. The yield of air-dried 
potassium phthalimide is 160-180 g. (79-89 per cent of the 
theoretical amount). 

B. {3-Bromoethylphthalimide.-In a I-I. two-necked round
bottom flask fitted with an efficient stirrer and a reflux con
denser are placed ISO g. (0.8 mole) of potassium ph thaI imide and 
450 g. (2·4 moles) of ethylene dibromide (Note 5). The stirrer 

'\ 
is started and the mixture is Uieated for about twelve hours in an 

I ~ 

oil bath maintained at 180-190\°. The condenser is then set for 
distillation, and the excess ~of \ ethylene dibromide is distilled 
under reduced pressure. Th~ recovery of the bromide amounts 
to 290-295 g. (Note 6). \ 

The crude bromoethylpnthalimide is extracted from the 
potassium bromide by refluxiAg with 300 cc. of alcohol (98-100 
per cent) (Nqte 7) until the dark oil is entirely dissolved. This 
requires about one-half hour. ?he hot solution is filtered with 
sl).ction, and the residue of salt is washed with a little hot alcohol. 
The alcohol is distilled under 'reduced pressure, and the dry 
residue is refluxed with 500 cC:'. of carbon disulfide for about 
fifteen minutes in order to separate the soluble bromoethylphthal
imide from the insoluble diphthalimidoethane (Note. -8). The 
warm solution is filtered with suction. The carbon disulfide is 
distilled under diminished pressure (Note 9). The bromo
ethylphthalimide remains as light tar crystals which melt at 78-
80°. The yield is 140-160 g. (69-7~. pper cent of the theoretical 
amount). \ 

The product thus obtained is pure ~nough for most purposes. 
However, a purer product may be obtained by recrystallization 
from dilute alcohol in the presence of decolorizing carbon. 
When 50 g. of crude product is dissolved in 200 cc. of 75 per cent 
alcohol, boiled for about ten minutes with 5 g. of decolorizing 
carbon (Norite), filtered, and the solution cooled to 0°, 40 g. of 
white product is obtained. The recrystallized product melts at 
80-81 0. A second recrystallization raises the melting point to 
82-83°. 
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2. Notes 

1. The phthalimide used was the crude product obtained as 
described in Org. Syn. 2, 75. 

2. The crude product always contains a small amount of 
material insoluble in alcohol. 

3. It is convenient to prepare enough potassium hydroxide 
solution for the two precipitations at one time. This solution 
is prepared by dissolving 61 g. of potassium hydroxide in 60 cc. 
of water. To this solution is then added 180 cc. of absolute 
alcohol. One-half of the resulting solution is used for each 8o-g. ' 
portion of phthalimide; 

4. After the first crop has filtered, most of it should be 
removed and the second crop should be filtered through the same 
paper. The alcoholic filtrate on distillation yields about 1500 cc. 
of 98 per cent alcohol. 

5. The ethylene dibromide which was used, boiled at 
129-131°. 

6. The last IS to 20 g. of this recovered product distils very· 
slowly. 

7. The alcohol recovered from the preparation of the potas
sium phthalimide may be used for this extraction. 

8. About 10 g. of crude diphthalimidoethane is obtained. 
9. If the carbon disulfide is distilled at ordinary pressures, 

the residue melts and turns very dark. The crude yield is not 
lowered, but the purification is made more difficult. 

3. Other Methods of Preparation 

The method described is based on that of GabrieJ.1 

1 Ber. 20,2224 (r887);.21, 566 (r888); 22, 1I37 (r889) 
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2-BROMO-3-NITROBENZOIC ACID 

Aco AC02Na 
1 1 )O+NaBr+Br2 --71 )1 +HgBr2 
",/Hg '" Br 

N02 N02 

(",)C02Na ACO~H 
I +HCl --7 \ I - + NaCl 
'" Br ",/Br 

N02 • N02 

Submitted by PAUL J. CULHANE. 
Checked by HENRY GILMAN and C. C. VERNON. 

1. Procedure 

A SOLUTION of 50 g. (1.25 moles) of sodium hydroxide in I.5 J 

of water is prepared in a 5-1. .flask, and the solution is heated tl 
gentle boiling. To the hot solution is added, in small quantitie~ 
330 g. (0.9 mole) of anhydro-2-hydroxymercuri-3-nitrobenzoi 
acid (p. r) (Note I). The mixture is stirred after the additiOJ 
of each portion of about 50 g. until the material has gone inb 
solution except for a small residue. The .flask is then fitted wit] 
a stirrer and addition tube (Note 2) and with a connection b 
a re.flux condenser. The material is heated to boiling and stirre< 
vigorously. There is slowly added with continuous stirrinl 
85 cc. (0·95 mole) (Note 3) of concentrated hydrochloric aci( 
(sp. g. 1.19). Heating is disqmtinued at this point, and 30 cc 
(0.5 mole) of glacial acetic acid (sp. g. 1.05) (Note 3) is adde( 

I 

slowly. A curdy precipitate forms. 
A solution of bromine is prepared by dissolving r03 g 

12 
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(I mole) of sodium bromide and 160 g. (55 cc., I mole) of dry 
bromine in ISO cc. of water (Note 4). The mixture is stirred, 
and the bromine solution is added as rapidly as possible through 
the shaft of the stirrer. The precipitate dissolves. The solution 
is heated to boiling for five minutes after the last of the bromine 
has been added. The solution is then made slightly alkaline 
by the addition of 20 g. (0.5 mole) of solid sodium hydroxide and 
filtered through a ~uted filter. The filtrate is)hen made acid to 
Congo Red, using. ,about ISO cc. of concentrated hydrochloric 
acid. The precipita.ted 2-bromo-3-nitrobenzoic acid is filtered 
with suction and s{lc~ed as dryas possible. It is then crystal
lized from I 1. of h?rt 30 per cent alcohol. The yield of product 
melting at I85-I87°\is 130-150 g. (53-61 per cent of the theoret
ical amount, based on the 3-nitrophthalic acid used). About 
25 g. of material melting at about 175 0 can be recovered from 
the mother liquor. 

I 

2. Notes 

1. The reaction product from the mercuration of 3-nitro
phthalic acid (r mole) is used. The mercury compound can be 
used without drying if desired. If this is done, solution takes 
place much more readily. 

2. A rapid distribution: of the added material is necessary 
to prevent a local excess 0\ the reagent added. This is very 
important when hydrochlori~ acid is added, as this tends to 
decompose the mercury comp~\lnd. A convenient arrangement 
consists of a 3-way tube of about Is-mm. bore. The stirrer 
operates through the center tube." The other arms are used for 
the condenser and for the addition of material. A three-necked 
flask provided with a long-stemmed separatory funnel reaching 
below the stirrer may be used. 

3. The addition of one mole of hydrochloric acid allows the 
formation of one mole of sodium chloride, which is of advantage 
in the subsequent addition of halogen, owing to the formation of 
a sodium salt of the chloromercuric acid, this being more soluble 
and hence more reactive than the anhydro c<;>mpound. Acetic 
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acid is used for the final acidification because it does not decom
pose the mercury compound. The replacement by bromine 
takes place best in a slightly acid medium. 

4. The mercury can be replaced by iodine in a similar manner. 
An iodine solution is made by dissolving 166 g. (1 mole) of potas
sium iodide and 255 g. (1 mole) of iodine in 250 cc. of water. 
This is used instead of the bromine solution. The mixture is 
filtered from the mercuric iodide and the filtrate acidified witl:l! 
200 cc. of concentrated hydrochloric acid. The precipitate is 
filtered and then stirred with a solution of 10 g. of potassiumj 
iodide in 250 ce. of water to remove mercuric iodide. Th~ 
mixture is filtered with suction and the precipitate crystallized 
from I liter of 50 per cent alcohol. The yield is 180 g. of 2-iodo-
3-nitrobenzoic acid melting at 204-205.5° (61 per cent of the 
theoretical amount, based on the 3-nitrophthalic acid used). 

3. Other Methods of Preparation 

2-Bromo-3-nitrobenzoic acid has been prepared by the 
nitration of 2-bromobenzoic acid, the 2,3 acid being separated 
from the 2,5 acid, which is the principal product of the nitration, 
by fractional crystallization of the potassium salts from water.l 

2-Iodo-3-nitrobenzoic acid has been prepared by the diazo
tization of 3-nitro-anthranilic acid.2 

1 Holleman and de Bruyn, Rec. tray. chim. 20, 2II (1901). 
2 James, Kenner and Stubbings, J. Chern. Soc. 117, 776 (1920). 





VI 

CHLOROACETAMIDE 

CICH2C'02C2H5+NH3 --t CICH2CONH2+C2H50H 
Submitted by W. A. JACOBS and M. HEIDELBERGER. 

Checked by C. S. MARVEL and D. D. COFFMAN. 

1. Procedure 

IN a 2-1. round-bottom flask fitted with a mechanical stirrer 
and surrounded by an ice-salt bath is placed 215 g. (1.75 moles) 
of ethyl chloroacetate (Note I). Vigorous stirring is started and 
to the cold ester (Note 2) 200 cc. of chilled-aqueous ammonia 
(sp. g. 0.9) is added. The solution is stirred in the cold for about 
fifteen minutes; then another 200-CC. portion of aqueous 
ammonia is added, and the stirring continued for about fifteen 
minutes. The mixture is then allowed to stand for thirty 
minutes, filtered with suction, and washed with two 25-cc. 
portions of cold water to remove ammonium chloride. The 
yield of air-dried material melting at II8-II9° (Note 3) is 128-
138 g. (78-84 per cent of the theoretical amount). 

This product contains traces of ammonium chloride which 
may be removed by crystallization from water. When 100 g. 
of crude product is recrystallized from 400 cc. of water, about 
80 g. of product is obtained. The recrystallized product melts 
at II9-120o. 

2. Notes 

1. The ethyl chloroacetate used may be a commercial grade 
which boils at 141-146°. The ethyl chloroacetate and the 
chloroacetamide have the usual irritating effect of chloroacetyl 
compounds. 

til 
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2. The temperature is best maintained at 0-5°. At higher 
temperatures there is more replacement of the chlorine and the 
yields are considerably lower. 

3. Traces of moisture lower the melting point considerably. 

3. Other Methods of Preparation 

Chloroacetamide has been prepared from chloroacetyl 
chloride and dry ammonia gas,! and by f,he treatment of ethyl 
chloroacetate 2 or methyl chloroacetat~ ~ with cold aqueous 
ammonia solutions. The directions give~ ~bove were developed fm:::: ::~~'H:f(~8:~t' and noge1\, aM Hille.

2 
2 W,illrn, Ann. 102, !IO (1857); Menschutkin and I errnoljew, Z. Chern. ISn, 5; 

Bauer, .Ann. 229, 165 (i88s); Scholl, Ber. 29, 2417 1896); Troger and Hille, ]. 
prakt. Chern. (2) 71, 204, (1905). 

3 Henry, Rec. tray. chirn. 2~, 165 (footnote 3) (19;05). 
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p-CHLOROMERCURIBENZOIC ACID 

CH3 o 
HgCl 

Submitted by FRANK C. WHITMORE and GLADYS E. WOODWARD. 

Checked by HENRY GILMAN and J. D. ROBINSON. 

1. Procedure 

FIVE hundred grams (1.6 moles) of crude p-tolylmercuric chlo
ride (Org. Syn. 3, 99) and 720 g. (4.5 moles) of potassium perman:" 
ganate are added to a solution of 1200 g. (30 moles) of sodium 
hydroxide in 181. of water contained in a large enamelled pail (or 
similar vessel) placed on a Is-cm. (6-in.) Fletcher burner and1pro
vided with a mechanical stirrer. The mixture is stirred and heated 
as near boiling as possible for fifteen minutes. The highest 
temperature conveniently obtainable is 95°. The tolylmercuric 
chloride dissolves (Note I), forming the sodium salt of p-hydroxy
mercuribenzoic acid. The solution is cooled somewhat and 
alcohol is added to react with the excess of potassium per
manganate (250 cc. is generally required to completely de colorize 
the solution). The manganese dioxide thus precipitated is 
removed by filtering with suction (Note 2). The filtrate should 
be clear and colorless. (If it is green, not enough alcohol has 
been added.) After the filtrate has become thoroughly cool, 
(Note 3), it is acidified with hydrochloric acid, about 1700 cc. 
of technical concentrated acid being necessary. The precipitated 
p-chloromercuribenzoic acid is difficult to filter because of its 

18 
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flocculent character. It is best to allow it to stand at least 
over night and then filter by suction after siphoning most of the 
clear supernatant liquid. The acid retains much water and 
should be dried at IIOO (Note 4). The yield is 350-420 g. (61-
74 per cent of the thes>retical amount). The crude acid may be 
purified by reprecipitation with hydrochloric acid from a solu
tion in sodium hydroxide. The crude acid is sufficiently pure 
for the preparation of p-iodobenzoic acid (p. 58). It can be 
used for "this purpose without drying. 

2. Notes 

1. The chief impurity ~Ip. the tolylmercuric chloride is mer
curous chloride, which is qonverted to the oxide and remains in 
the manganese dioxide pr~ciRitate. 

2. In filtering the manganese dioxide from the strongly alka
line solution, it is- best to sppport the filter paper by means of a 
cloth which is cut to fit tile funnel and placed under the filter 
paper. ~ 

3. It iS I necessary that tpe filtrate be cooled at least to 20° 
before acidifying to avoid ilie splitting of the C-Hg linkage. 

4. The caked acid loses~water very slowly, even at IIOO. 

Since the chief use of the acid is in preparing the p-halogen 
compounds, it need not be dried, but can be mixed with water 
while still wet. 

3. Other Methods of Preparation 

p-Chloromercuribenzoic acid has been prepared by the 
present process 1 and by heating\ the corresponding boric acid? 
(HO)zBC6H 4C02H, with mercuri\chloride. 

1 Whitmore and Woodward, ]. Am. Chern. Soc. 48, 534 (1926). 
2 Michaelis, Ann. 315, 35 (1901). 
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a-CYANO-,B-PHENYLACRYLIC ACID 

CICH2C02Na+NaCN -+ NCCH2C02Na+NaCl 

NCCH2C02Na+C6H 5CHO -+ 

C6H 5CH=C(CN)C02Na+H20 

C6H5CR=C(CN)C02Na+HCl-+ 

COR 5CR =C(CN)C02R+NaCl 
Submitted by ARTHUR LAPWORTH and WILSON BAKER. 
Checked by J. B. CONANT and W. C. BOYD. 

1. Procedure 

A. Preparation of Sodium Cyanoacetate Solution.-In a 3-1. 
round-bottom flask is placed 250 g. (2.65 moles) of mono
chloroacetic acid. To this are added 100 cc. of water and 375 g. 
(1.3 moles) of crystalline sodium carbonate (decahydrate), 
(Note 1), the mixture being gently warmed. The neutralization 
is completed by adding sodium carbonate solu~ion with litmus 
paper as an indicator. The flask is transferred to the hood, and a 
solution of 130 g. (2.65 moles) of sodium cyanide in 250 cc. of 
warm water is added in two approximately equal portions, 
waiting after the first addition until no further evolution of 
heat occurs, or the mixture ceases to boil. The cooled solution is 
neutralized with hydrochloric acid, using methyl orange as an 
outside indicator. The solution is then dilute,d with water to 
1000 cc. and filtered; it should be of a light straw color. 'It can 
be kept for long periods of time in a stoppered. hottle, although 
the color deepens somewhat. 

20 
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B. Condensation with Benzaldehyde.-To 400 cc. (1.06 
moles) of the sodium cyanoacetate solution is added a solution 
of 5 g. (0.13 mole) of sodium hydroxide in 400 cc. of water. 
The resulting alkaline solution is warmed to 40° and treated with 
100 g. (0.94 mole) of benzaldehyde which has been shaken with 
sodium carbonate solution and distilled under reduced pressure. 
The benzaldehyde dissolves after vigorous shaking for a few min
utes. After standing one hour, during which time some of the 
sodium cyanophenylacrylate crystallizes, the mi~\lre is acidified 
with concentrated hydrochloric acid until acid t6 iitmus and 40 
cc. additional concentrated acid added, and the ~h~\le is shaken 
vigorously. After another hour, the crystallin;l cyanophenyl
acrylic acid is\ filtered on a Bi.ichner funnel, washrd thoroughly 
with cold water, and dried in a steam oven. If i!i then shaken 
with 100 cc. of benzene, filtered on a Bi.ichner funnel, and further 
washed with 50 cc. of benzene anq dried. The yie\d of product 
melting at 178-179° is lOS-II 5 g. (65-70 per cent of tli,e theoretical 
amount). This \produ~t may have a slight pinkish \olor, which 
can be removed by recrystallization from 740 cc. of. alcohol or 
101. of hot water. The recovery is about 57 per cent ,for alcohol 
and 92 per cent for water (Note 2). The melting poiht remains 
unchanged. 

2. Notes 

I. In place of the crystallized sodium carbonate, the~qUiV
alent amount of dehydrated material (138 g.) and water 
(240 cc.) may be used. , ' 

2. Owing to hydrolysis in alkaline or neutral solutions, it 
is very difficult to free the acid from a slight odor of benzaldehyde 
if it is recrystallized from water, but a final washing with benzene 
removes this odor. 

3. Other Methods of Preparation 

a-Cyanophenylacrylic acid has been prepared by the hy
drolysis of the corresponding ester obtained by the condensation 
of benzaldehyde with cyanoacetic ester in the presence of sodium 
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alcoholate or acetic anhydride. l The direct condensation of 
benzaldehyde and cyanoacetic acid or its sodium salt takes 
place when the substances are heated 2 for some time at 180°. 

The most convenient method for the preparation of the acid 
(as the sodium or potassium salt) is by the action of benzaldehyde 
on an alkaline aqueous solution of sodium or potassium cyanoace
tate prepared by the interaction of salts of bromoacetic 3 or 
chloroacetic acids 4 with potassium or sodium cyanide in aqueous 
solution. 

1 Carrick, J. prakt. Chern. (2) 45, 501 (1892). 
2 Fiquet, Ann. chirn. (6) 29, 442 (r893); Bull. soc. chirn. (3) 7, II (r892). 
a Clarke and Francis, Ber. 44, 273 (r9II). 
4 Lapworth and McRae, J. Chern. Soc. 121, r699 (r922). 





IX 

p-DIMETHYLAMINOBENZOPHENONE 

CnH5CONHCnH5+CnH5N(CH3)2+POCh ---> 

P-(CH3)2NCuH4C(NCnH5)CnH5 

P-(CH3)2NCnH 4C(NC6H5)C6H5+ H 20+ HCI---> 

P-(CH3)2NCnH4COC6H5+CnH5NH2' HCI 

Submitted by CHARLES D. HURD and CARL N. WEBB. 
Checked by C. S. MARVEL and P. L. SALZBERG. 

1. ProcedUre 

FIVE hundred grams (2.5 moles) of dry, powdered benzanilide 
(p. 6), 1025 g. (8.4 moles) of technical dimethylaniline, and 
525 g. (3.4 moles) of phosphorus oxychloride are mixed (Note I) 
in a 3-1. round-bottom Pyrex flask (Note 2). The flask is 
fitted with a two-holed cork stopper which carries a reflux con
denser and a thermometer. The top of the condenser is pro
vided with a calcium chloride tube; the bulb of the thermometer 
reaches beneath the surface of the liquid 

The flask is warmed in a water bath until the appearance of 
a sudden exothermic reaction (Note 3), at which point the 
flask must be cooled at once by rotating it underneath the 
surface of cold water. The cooling is continued until the 
thermometer indicates a temperature of 125° or less. The flask 
is then immersed in a bath of boiling water for about three hours, 
after which the mixture is cooled to about 50°, and poured slowly 
into 2.5 1. of warm (Note 4) dilute hydrochloric acid, made 
from 325 cc. (about 4 moles) of concentrated acid, contained in 
a large crock of about IS 1. (4 gal.) capacity. The mixture is 
left for about three hours until hydrolysis is complete (Note 5). 

24 
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About 8 1. of water is added to precipitate the p-dimethyl
aminobenzophenone. The solution, milky at first, soon deposits 
sandy crystals of light green color, which are collected on a 
20-cm. Buchner funnel. They are transferred to a beaker and 
washed with 1.5 1. of water, after which they are again collected 
on the filter, washed, pressed as dryas possible, and air dried., 
With no further purification the melting point is 88-90°. The 
yield is 350-390 g. An additio*al 85-IOO g. of inferior product, 
m.p. 70-80°, is obtained by trea~ng the combined filtrates with 
a solution of 250 g. (6.2 mole's) \of sodium hydroxide. This 
product, air-dried as before, is ais~olved in 300-400 cc. of hot 
alcohol from which, by partial evaporation and cooling, more than 
half separates in good crysta11i~ form, m.p. 88-90.5°. This 
material may be combined with~\ the first product of similar 
melting point. The total yield is 4;10-440 g. (72-77 per cent of 
the theoretical amount) (Note 6). 

The crude product melts fairly sA,arply, but it is colored light 
green. I The color may be almost, completely removed by 
recrystallization from hot alcohol. r~e best result is obtained 
by dissolving 100 g. of the crude product in 600 cc. of boilil}g 
alcohol, heating with 5 g. of decolorizing carbon (Norite), ,filter
ing, and cooling the solutio,n in an ice-salt bath. The crystals 
are then separated from the mother liquor by centrifuging 
(Note 7). The yield of almost colorles~ crystals melting at 
89.5-90.5° is 80 g. 

2. Notes 

1. This causes an elevation in temperature to about 50°. 
2. Pyrex is essential to avoid breakage when the hot flask 

is cooled rapidly. 
3. This exothermic reaction usually begins at 90-IIOo, and 

the temperature rises in a few seconds to about 180°. In 
smaller runs, e.g., with 100 g. of benzanilide, it is not advisable 
to cool the flask before the temperature has reached about 180°, 
as some benzanilide may remain unchanged. The flask and the 
attached condenser should be readily detachable from the sup-
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porting ringstand so that the whole can be lifted and cooled 
quickly. A pail of cold water should be at hand for this purpose. 

4. The temperature of the acid is 500 at the start and about 
80 0 during the addition. . 

5. This should give a homogeneous solution. Should there 
be unused benzanilide, it will appear at this point and should 
be removed by filtration. 

6. It is impracticable to obtain a further yield of ketone 
by the addition of more sodium hydroxide to the filtrate. Nor 
does it seem practical to recover the aniline and "the excess of 
dimethylaniline. 

7. If the crystals are separated by suction filtration, it is 
very hard to remove all of the mother liquor. When such 
crystals are air-dried, the alcohol evaporates and leaves the 
outer layer of material colored deep green. 

3. Other Methods of Preparation 

p-Dimethylaminobenzophenone is best prepared from benz
anilide, dimethylaniline, and phosphorus oxychloride.! It has 
also been obtained by treatment of malachite green 2 with con
centrated hydrochloric acid at 1800

, and by the methylation 
of p-aminobenzophenone 3 with methyl iodide at 1800

• Di
methyl sulfate 4 has also been used as a methylating agent. 
It is noteworthy that the ketone has not been prepared by the 
Friedel-Crafts method, nor by condensation methods using zinc 
chloride. lhese methods give vigorous reactions, but no ketone 
has been isolated from the complex mixtures which are formed. 

1 Ger. pat. 41,751; Frdl.l, 44 [18871. Meisenheimer, Budkewicz and Kananow, 
Ann. 423, 84 (1921). 

2 Doebner, Ann. 217, 257 (1883); Ber. 13, 2225 (r880). 
3 Doebner, Ann. 210, 269 (188r). Doebner and Weiss, Ber. 14, r837 (1881). 
4 Baeyer, Ann. 354, 190 (1907). 
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3, 5-DINITROANISOLE 

N02 OCH3 

10 +CH30Na ---t II + NaN02 
02N", N02 02N /N02 

Submitted by FREDERIC REVERDIN. 

Checked by C. S. MARVEL and DOROTHY E. BATEMAN. 

1. Procedure 

A SOLUTION of sodium methylate is prepared by dissolving 
6.3 g. (0.27 mole) of sodium in 150 cc. of absolute methyl alcohol 
(Note I) in a I-I. flask provided with a reflux condenser. To 
this is added a solution of 50 g. (0.23 mole) of 1,3,5-trinitro
benzene (Org. Syn. 2, 93) in 550 cc. of absolute methyl alcohol. 
The mixture is boiled for about twenty minutes. The reflux 
condenser is then replaced by a still head and condenser, and 
about 300-350 cc. of alcohol is distilled. The residue in the flask 
is cooled to 20 0 and filtered. The crude product is purified by 
recrystallization from hot ordinary methyl alcohol. On account 
of the low solubility of the dinitroanisole in hot methyl alcohol, the 
best results are obtained by boiling the crude product with a few 
grams of de colorizing carbon (Norite) in about 500 cc. of methyl 
alcohol, filtering the hot solution through a hot funnel, cooling 
the solution, filtering, and using the mother liquors for apother 
extraction. After five extractions no more of the product is 
dissolved. The yield of pure product melting at 1050 is 29-35 g. 
(63-77 per cent of the theoretical amount). 
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2. Note 

1. One liter of ordinary absolute methyl alcohol was treated 
with 5 g. of magnesium turnings and 0.1 g. of mercuric chloride, 
refluxed for ten hours, and then distilled. 

3. Other Methods of Preparation 
I' \ 

3,5-Dinitroanisole has been made only by t:llis method.! 

1 Lobry de Bruyn, Rec. tray. chim. 9, 208 (r890). 
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DIPHENIC ACID 

O

C02H +CH3C02Na+2H20 
\ N20COCH3 

2 OC02H +2CuOH~<==>-~0 
N20COCH3 I I 

C02H C02H 

+ (CH3C02)2CU+Cu(OH)2+2N2 

Submitted by E. H. HU,NTRESS. 
Checked by H. T. CLARKE and Ross PHILLIPS. 

1. Procedure 

A. Preparation of Cuprous Hydroxide.-Cuprous chloride 
is prepared from a solution of 500 g. (2 moles) of crystallized 
copper sulfate and 150 g. (2.55 moles) of sodium chloride in 2.5 1. 
of water (Org. Syn. 3, 33) by the gradual addition of sodium 
sulfite (from ~IO g. of sodium bisulfite). After decanting the 
supernatant solution, the precipitate of cuprous chloride is 
added to a solution of 350 cc. of 6 N sodium hydroxide in I 1. of 

. water contained in the 4-1. beaker in which the main synthesis 
is to be performed, the last portion of solid cuprous chloride 
being washed in with I l. of water. After vigorously stirring for 
a few minutes, the heavy precipitate of deep orange-colored 
cuprous hydroxide is permitted to settle and the supernatant 
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liquid siphoned off. The cuprous hydroxide is washed free from 
salt by another 2 I. of water which is not removed until the 
cuprous hydroxide is to be used. 

B. Diazotization of Anthranilic Acid.-To IOO g. (0.73 mole) 
of anthranilic acid (m.p. I43-I44 0) in a I.S-I. beaker arranged 
for vigorous mechanical stirring and efficient external cooling 
are added 300 cc. of distilled water and I33 cc. of glacial acetic 
acid (2.3 moles) (Note I). A solution of SI go of sodium nitrite 
(0074 mole) in 200 CCo of distilled water is slowly added from a 
separatory funnel during about forty minutes (Note 2). 

C. Synthesis of Diphenic Acid.-When the diazonium solu
tion is ready for use, the last wash wl~r is siphoned from the 
cuprous hydroxide and the 4-1. beaker\ c'qntaining the latter is 
clamped in a I2-l. enamelled pail. T.h~ space between the 
beaker and the container is gradually fili,~d with ice water as the 
level of the'-reaction mixture,.rises in the beaker. Provision is 
'made for vigorous stirring of the re~~tion fuixture, and by means 
of a long tube a separatory funnel is artanged to deliver the 
diazonium solution (Note 3) below the surface of the liquid in 
the beaker. Then 300 cc. 'of distilled water 'and 270 CC. (4 moles) 

\ 
of conc~ntrated aqueous ammonia (sp. g, 0.90) are added 
(Note 4). Addition of the diazonium solution is begun at once 
and so regulated that all has been run in within about one hour. 
The thick foam is brokm from time to time ,by adding a few 
drops of ether (Note 5). After the diazonium solution is added, 
the ice-bath is removed while stirring is continued at room 
temperature for half an hour. 

The solution is then heated to boiling and care~ully acidified 
to Congo Red with concentrated hydrochloric acid\(sp. g. I.I9, 
about 600 cCo), which is added very slowly with cons~t stirring 
and scratching of the walls of the beaker. As the mixture be
comes acid, 'the foam disappears and the thick precipitate of 
copper hydroxide is replaced by a granular one of crude diphenic 
acid. The beaker is then placed in running water until thor
oughly cold; the crude diphenic acid is filtered by suction and 
washed with faintly acid, saturated ammonium chloride solu
tion until free from copper salts, and then with water. If dried 
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at this point, the crude gray acid melts at 210-225° and weighs 
65-83 g. 

The crude diphenic acid is next transferred to a 1.5-1. flask 
. and dissolved in 400-450 cc. of glacial acetic acid .. Then 100 cc. 
of hot water is added and the dark solution boiled not more than 
ten minutes with 15-20 g. of zinc dust (Note 6). Towards the 
end of this treatment, 4 g. of decolorizing carbon (Norite) is 
added, and the solution is filtered hot through a large preheated 
Buchner funnel. The clear deep-red filtrate is heated to boiling 
in a 2-1. flask and 700-800 cc. of hot water added slowly with 
stirring so that no permanent precipitation occurs. The flask 
is then allowed to cool somewhat and crystallization started 
by vigorously scratching the inside of the vessel (Note 7)\ 
The mixture is allowed to stand at room temperature for at 
least four hours. The diphenic acid is then filtered with suction 
and washed with 100-200 cc. of water. The yield of acid 
melting at 226-228° is 40-50, g. (46-57 per cent of the theoretical 
amount). 

2. Notes 

1. The substitution of acetic for hydrochloric acid. in the 
diazotization avoids the formation of o-chlorobenzoic acid and 
gives a crude product melting in some cases as high as 218-225°, 
as compared with 190-210° when hydrochloric acid is employed. 

2. In almost all samples of commercial anthranilic acid, 
even though showing the correct melting point, a small amount 
of insoluble material remains on diazotization. The clear liquor 
should be removed from this by decantation. 

3. Only a portion of the diazotized solution is placed in the 
separatory funnel, the remainder being kept in an ice-bath 
supplied as required. 

4. The use of more than this quantity of ammonia leads to 
its reaction with the diazonium ~alt and the formation of a 
brown tar, in the presence of whkh the diphenic acid fails to 
precipitate in the acetic acid purification. Less than this 
fLPl9UP.t leads to low yields. The quantity employed suffice~ t9 
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neutralize the excess acetic acid in the diazonium solution and 
the diphenic acid formed and still have 2.5 moles in excess. 

5. When commercial anthranilic acid is employed the foam 
is extremely troublesome. n-Butyl alcohol sometimes gives 
more satisfactory results than ether as an anti-foam agent. 

6. The zinc-dust treatment serves to reduce and remove 
small amounts of azo compounds (notably o-azobenzoic acid) 
which always discolor the crude product. Attempts to purify 
the crude product by rcrystallization from 33 per cent alcohol 
invariably led to a dark\r colored product with the same melt
ing point as the crude. ~ T~le decolorizing carbon is not intended 
to decolorize the solution but to clarify the filtrate before the 
precipitation of the dipHenic acid. 

7. Diphenic acid solJFons show a strong tendency to become 
supersaturated. Crystallization begins at once, however, on 

. II. 
scratchmg the wall of the contamer and, when allowed to proceed 
slowly, leaves most of the'\colored impurities in the solution. If 
suddenly chilled out of th"f acetic acid, however,_ or if rapidly 
thrown out by reckless addition of acid in the initial precipita
tion, large amounts of tar ~nd coloring matter will be carried 
down. The final product varies from very light gray to pure 

'\ 
whfre. ,/ 

/ 

3. Other Methods of Preparation 

Diphenic acid was first prepa,red by oxidizing phenanthrene
quinone with chromic acid.1 Ma~ later workers 2 have modified 
this process in minor details. Vorlandcr and Meyer 3 were the 
first to prepare diphenic acid from diazotized anthranilic acid 
and cuprous oxide, but their proces~ is not well adapted to 
large scaM preparation. Inasmuch as pure phenanthrene is now 
very difficult to obtain in quantity, the present process was 
devised for relatively large scale operation. 

1 Fittig and Ostermayer, Ann. 166, 367 (1873). 
2 Fittig and Schmitz, ibid., 193, II 6, (1878); Graebe and Aubin, ibid., 247, 

263 (1888); Oyster and Adkins, J. Am. Chern. Soc. 43, 209 (1921); Bischoff and 
Adkins, ibid., 45, 1°31 (1923); Roberts and Johnson, ibid., 47, 1399 (1925), 

3 Ann. 320, IJ8 (1902). 
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ETHYL BROMOMALONATE 

Submitted by C. S. PALMER and P. W. MCWHERTER. 

Checked by ROGER ADAMS and M. M. BRUBAKER. 

1. Procedure 

A 1-1. three-necked flask is fitted with a stirrer, a reflux 
condenser with a tube leading to a flask of water for absorption 
of hydrogen bromide, and a separatory funnel with a stem 
drawn to a fine tip which reaches almost to the blades of the 
stirrer. In the flask are placed 160 g. (I mole) of ethyl malonate 
(Note I) and ISO cc. of carbon tetrachloride. In the separatory 
funnel is placed 165 g. (r.03 moles) of dry bromine (Note 2). 
The stirrer is started, and a few cc. of bromine is run into the 
solution. A large electric bulb is held under the flask until the 
reaction starts. Then the rest of the bromine is added gradually 
at such a rate as to keep the liquid boiling gently. It is then 
refluxed until no more hydrogen bromide is evolved (about one 
hour). The mixture is cooled and washed five times with 50-cc. 
portions of 5 per cent sodium carbonate solution. It is then 
distilled under reduced pressure, fractions being taken up to 
130°/40 mm. and at 130--150°/40 mm. The residue amounts to 
about 20 g. The lower boiling fraction is redistilled. The 
combined fractions boiling at 130--150°/40 mm. are redistilled 
under reduced pressure. The .product boiling at 132-136°/33 
mm. (121-125°/16 mm.) amounts to 175-180 g. (7r75 per cent 
of the theoretical amount). Redistillation of the low fractions 
gives about 15 g. more of the product. 
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2. Notes 

I. Commercial ethyl malonate distilled under reduced pres
sure and collected over a 3 0 range was used. 

2. Commercial bromine was dried by shaking with an equal 
volume of concentrated sulfuric acid. A slight excess of bromine 
is used to insure complete bromination. 

3. Oih,er Methods of Preparation 
" , 

Ethyl bromomal4a\e is usua}ly prepared without the use of 
a solvent.l 

1 Knoevenagel, Rer. 21, ~356 (I888). 
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ETHYL n-BUTYLACETOACETATE 

CH3COCHzC02C2H5+ C2H50N a+ CH3(CH2)2CH2Br ~ 

CH3COCHC02C2H5 +C2H50H + N aBr 
I 

(CH2)3CH3 

Submitted by C. S. MARVEL and F. D. HAGER. 
Checked by FRANK C. WHITMORE and W. F. SINGLETON. 

1. Procedure 

A 5-l. round-bottom flask, fitted with an efficient mechanical 
stirrer (Note I), a reflux condenser, the upper end of which 
is protected by a calcium chloride tube, and a separatory funnel, 
is arranged for heating on a steam bath. / 

In the flask is placed 2.5 l. of absolute alcohol (Note ·2), 
and then there is added gradually 115 g. (5 moles) of metallic 
sodium cut into pieces. This requires three to four hours. 
After all the sodium has dissolved, 650 g. (5 moles) of ethyl 
acetoacetate (Note 3) is added. The stirrer is started and the 
solution heated to gentle boiling. To the boiling solution 
750 g. (5.47 moles) of n-butyl bromide (Note 4) is added over a 
period of about two hours. The refluxing and stirring are con
tinued until a sample of the solution is neutral to moist litmus 
paper. The time varies from six to ten hours. 

When the reaction is complete, the mixture is cooled, and 
the solution is decanted from the sodium bromide. The salt 
is washed with 100 cc. of absolute alcohol, and the washings are 
added to the main solution. The ;alcohol (Note 5) is separated 
from the substituted acetoacetic 'ester by distilling through a 
short column from a steam bath. The crude residue after removal 
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of the alcohol weighs about 925 g. It is satisfactory for hydroly-
sis to give the corresponding ketone (p. 60). If the pure 
ester is desired, the crude product is distilled under reduced 
pressure. The yield of product boiling at II2-II7°/r6 mm. 
is 642-672 g. (69-72 per cent of the theoretical amount) 
(Note 6). 

2. Notes 

1. The stirrer shoul? be efficient in order to prevent bumping 
due to the settling 0lthe sodium bromide which is formed 
during the reaction. ~ \ 

2. The grade of a sdlute alcohol is important. Alcohol 
dried with sodium eth~late (Org. Syn. 5, 56) is satisfactory. 
It is more effective to dJr alcohol with magnesium methylate if 
the presence of methyl alcohol in the absolute alcohol is per
missible. This may be done by dissolving 24 g. of magnesium 
turnings dn 200 cc. of ab~.olute methyl alcohol (the reaction is 
very vigorous) and then '?-dding three liters of the ordinary 
grade of absolute alcohol (about 99.5 per cent). The mixture 
is refluxed for about five hours and distilled into the flask in 
which the absolute alcohol is ,to be used. 

3. The ethyl acetoacetate, used in these experiments boiled 
over a range of five degree's under reduced pressure. The 
product prepared as described in Org. Syn. 6, 36, is satisfactory. 

4. The n-butyl bromide (Org. Syn. 1, 5) boiled over a range 
of three degrees. The excess wals used in order to decrease the 
time necessary to complete the r~action. 

5. The alcoholic solution shoula, be protected from moisture 
and the alcohol which is recovered by the distillation treated 
with sodium and boiled under a reflux condenser to remove the 
excess of alkyl halide. After distillation the alcohol may then 
be used in a subsequent preparation. 

6. This reaction is very general and other substituted aceto
acetic esters may be obtained in approximately the same yields 
if this procedure is followed. 
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3. Other Methods of Preparation 

Ethyl n-butylacetoacetate has always been prepared by the 
action of n-butyl bromide on the sodium salt of ethyl acetoacet
ate.1 The procedure given above is the usual one for alkylating 
ethyl acetoacetate. 

1 Tafel and JUrgens, Ber. 42, 2555 (1909); Shannon, Proc. Roy. Irish Acad. 
3GB, 322 (1924) (C. A. 19, 470 (1925) ); Hess and Bappert, Ann. 4U, 153 (I925). 
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FURAN 

CH-CH CH-CH 
II II ~II II 
CH C-C02H CH CH + C02 

""'/ ""'/ o 0 

Submitted by W. C. WILSON. 

Checked by ROGER ADAMS and C. G. GAUERKE. 

1. Procedure 

IN a 200-CC. round-bottom flask is placed 80 g. (0.71 mole) 
of crude 2-furancarboxylic acid (Org. Syn. 6, 44) (usually about 
95 per cent pure). To the neck of the flask is fitted an upright 
tube 2.5 cm. in diameter and IS cm. long, with a side arm of 
the same diameter leading out about 2 cm. from the top of the 
tube. This side arm is extended into the bottom of an efficient 
(2s-cm.) soda-lime tower (Note I) immersed in a water bath 
held at 40° to prevent condensation of the furan. From the 
top of the soda-lime tower an outlet tube (0.5 cm. in diameter) 
is extended to the top of an upright water condenser, to the 
lower end of which is attached a receiving flask surrounded by 
ice and salt (Note 2). 

The top of the upright tube in the reaction flask is closed by 
a cork stopper holding a glass plunger which may be used for 
pushing back into the flask any sublimed 2-furancarboxylic 
acid. 

The acid is heated just to its boiling point (200-205°) 
(Note 3), when it decomposes with the evolution of furan and 
carbon dioxide. The small amounts of 2-furan-carboxylic acid 
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that sublime are pushed back from time to time. The distillate 
is finally redistilled, when it is found to boil at 31-34° at 745 
mm. The yield is 33-36 g. (72-78 per cent of the theoretical 
amount). 

2. Notes 

I. The drying column removes carbon dioxide, moisture, and 
some of the 1ther by-products which are formed. The product 
which is colled~d is nearly pure, and the redistillation completes 
the purification! 

2. In a nu\nBer of experiments a second receiver was used in 
addition to t~e first one, but it was found that practically all 
of the furan cO\ldensed in the first receiver. 

3. Care shd,uld be taken in heating 2-furancarboxylic acid. 
If the temperaiure is too low, decomposition takes place too 
slowly; if too h~gh, much 2-furancarboxylic acid sublimes and 
causes difficulty.~ In one run a thermometer was placed in the 
melted acid. It' read 200-205° during the evolution of the 
furan. 

3. Other Methods of Preparation 

Limpricht,t in ~873, prepared furan by heating barium 
2-furancarboxylate with soda lime. It has since been prepared 
by the dry distillatio~ of barium 2-furancarboxylate; 2 in small 
amounts by distillation~f calcium succinate; 3 by the destructive 
distillation of resinous pine wood; 4 by heating succinaldehyde 
with water at 180°; 5 and by heating 2-furancarboxylic acid in a 
sealed tube.2 

1 Limpricht, Ann. 165, 281 (1873). 
2 Freundler, Compt. rend. 121, 1157 (1897); Bull. soc. chim. (3) 17,613 (1897). 
3 Metzner and Vorlander, Her. 31, 1886 (1898). 
4 Atterberg, Ber. 13, 879 (1880). 
5 Harries, Ber. 31, I496 (I90I). 
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FURFURALACETONE 

CH-CH 
II II +CH3COCH3 ~ 
CH C-CHO 
""-/ o 

CH-CH 
II II +H20 
CH C-CH = CHCOCH3 
""-/ ' 

o 
Submitted by G. J. LEUCK and L. CEJKA. 
Checked by FRANK C. WHITMORE and H. H. ROWLEY. 

1. Procedure 

IN a 5-1. round-bottom flask equipped with a mechanical stirrer 
are mixed 385 g. (335 cc.) (3.8 moles) of 95 per cent furfural 
(Org. Syn. 1, 49) (Note I) and 3 1. of water. Then 500 g. 
(630 cc.) (8.6 moles) of acetone is added. The mixture is stirred 
and cooled to 10

0 and to it is added 75 cc. of 33 per cent sodium 
hydroxide solu,tion (Note I), whereupon some heat is generated. 
Without cooling, the stirring is continued for four hours. At the 
end of this time 10 per cent sulfuric acid is added until the mix
ture is acid to litmus (about 350 cc.) (Note 2). The two layers 
which have formed are separated and the upper aqueous layer is 
distilled (Note 3) under ordinary pressure until the distillate no 
longer forms two layers. The bottom layer of this distillate is 
added to the original lower layer and distilled under reduced 
pressure from a I-I. modified Claisen flask (Org. Syn. 1, 40) pro
vided with an air condenser and heated in an oil bath. The 
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receiving :flask is placed in a large funnel connected with the 
drain. A stream of cold water is run over the receiver. '\Then 
a solid appears in the receiver, distillation is interrupted, the 
liquid distillate is discarded, and the distillation is continued. 
The product which distils at II4-II8° /10 mm. (135-145°/50 mm.) 
Note 4) weighs 310-340 g. (60-66 per cent of the theoretical 
amount, based on the furfural used). The yellow crystals melt 
at 37-39° and when melted sh0'Y1. a sharp freezing point of 37° 
(I'q" ote 5). • \. 

\ " 
2. Notes \ 

I. Commercial chemicals wele used. The use of purer 
chemicals, including furfural distilled over a 2° range under 
diminished pressure, gives no higHer yield, but the product is 
lighter colored, although the boilingipoint and melting point are 
the same as with the crude materials. , 

2. When the alkali is neutralized, the mixture loses its 
milky appearance and forms definite layers. 

3. The distillation of the water layer may be omitted, since 
it yields only 10-20 g. of the product. 

4. A large residue of higher boiling material remains jrr the 
flask. This residue contains much difurfuralacetone, the forma
tion 'of which takes place to a considerable extent in spite of the 
large excess of acetone used. \ 

5. The highest melting point recorde in the literature is 
39-40°. The crystals gradually become \ddish on standing 
eveh in the dark. This change is much slower when freshly 
distilled furfural is used. " 

3. Other Methods of Preparation 

The method 1 of condensation of furfural with acetone in the 
presence of bases is the only one reported as giving furfural.: 
acetone. 

1 Schmidt, Ber. 14, 574, 1459 (1881); Claisen, Ber. 14, 2468 (1881); Ann. 223, 
137 (1884). 
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2-FURYLMETHYL ACETATE 

(Furfuryl Acetate) 

HC-CH 
II II 

HC C-CH20H+(CH3CO)20 ~ 

"'/ o 
HC-CH 

II II 
HC C-CH20COCHa+CHaCOzH 

"'/ o 
Submitted by THE MINER LABORATORIES. 

Checked by ROGER, ADAMS and C. G. GAUERKE. 

1. Procedure 

A MIXTURE of I 1. of benzene, 600 g. (6.r moles) of 2-furyl
carbinol (Org. Syn. 6, 44) (Note I), 225 g. of fused and powdered 
sodium acetate, and 650 g. (6-4 moles) of a good grade of acetic 
anhydride are placed in a 5-1. round-bottom flask (Note 2) 
fitted with a mechanical stirrer (Org. Syn. 1, 4, Fig. rb) and a 
reflux condenser provided with a calcium chloride tube. The 
flask is heated on a steam bath (Note r) for four hours with 
stirring to prevent caking of the sodium acetate. 

The reaction mixture is allowed to cool and is poured into 
4 1. of cold water (Note 3)' The upper layer is s~parated and 
allowed to stand for two hours over about 500 ce. of 5 per cent 
sodium carbonate solution with frequent shaking or mechanical 
stirring. This decomposes any excess of acetic anhydride. It 

44 



2-FURYLMETHYL ACETATE 45 

is finally washed with about 3 1. of water. The benz~ne solution 
is distilled under ordinary pressure to remove the benzene 
(800-900 cc. is recovered). The 2-furylmethyl acetate is dis
tilled under diminished pressure, b.p. 69-70°/7 mm. The 
yield is 750-800 g. (87-93 per cent of the theoretical amount) 
(Note 4). 

2. Notes 
~, 

I. If the water-insoluble form of the~alcohol (Org. Syn. 6,46) 
\ 

is used, the mixture should be allowed t6 stand under a reflux 
condenser for about two hours before it is 'heated. During this 
period a certain amount of heat is ev~Jved, and sometimes it 
is sufficient to cause the benzene to boil ~igorously, thus making 
cooling necessary. After it has stood the required time, the 
mixture is refluxed as described above. I, 

2. Jf a two- or three-necked flask is a\\ailable it can be used 
to adv~ntage. \ 

3. The washing can best be done in a large separatory appa
ratus prepared by cutting the bottom out of an 18-1. (5-ga1.) 
glass carboy and wiring into its neck a piece of glass tubing carry
ing a rubber tube and pinch clamp. The inverted carboy forms 
a useful separatory funnel of large capacity. 

4. Saponification of the product with standard potassium 
hydroxide shows 93-94 per cent ester. It contains some fur
furyl alcohol, the removal of which by fraction'kdistillation is 
difficult, because the boiling points of the alcohol 169°/752 mm.) 
and the ester (175°/764 mm.) are so close toget er. Furfuryl 

I 

acetate darkens on standing. It may be redistilled with little 
loss to give an almost colorless product. '\ 

3. Other Methods of Preparation 

2-Futylmethyl acetate has been prepared by heating 2-furyl
carbinol with acetic anhydride alone, or with acetic . anhydride 
and sodium acetate. l 

1 Wissell and Tollens, Ann. 272, 303 (1892); Zanetti, J. Am. Chern. Soc. 47, 
535 (1925). 
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GUANIDINE NITRATE 

NHj!C(NH)NHCN +NH4N03 ~ 

NH2C(NH)NHC(NH)NH2· HNOo 

NH2C(NH)NHC(NH)NH2· HN03+NH4N03 ~-

2NH2C(NH)NH2· HNOa 
Submitted by TENNEY L. DAVIS. 
Checked by H. T. CLARKE and Ross PHILLIPS. 

1. Procedure 

IN a I-I. round-bottom flask is placed an intimate mixture 
of 210 g. of dicyanodiamide (2.5 moles) and 440 g. of ammonium 
nitrate (5.5 moles) (Note I). The flask is introduced into an 
oil bath at rrQ-I200 and the temperature of the oil is raised 
during about half an hour to 160°. The bath is then held at this 
temperature (Note 2) for three hours. During the first hour the 
mass melts to a clear liquid which begins to deposit crystals and 
finally sets to a solid cake (Note 3). At the end of three hours 
the flask is removed from the bath; the product is allowed to 
cool and is extracted on the steam bath with successive quan
tities of water (about 2 1. is necessary to bring all soluble mater:ial 
into solution) (Note 4). The solution is filtered to remove 
white amorphous insoluble material (ammeline and ammelide) 
(Note 5). 

The filtrate contains guanidine nitrate along with a small 
amount of ammonium nitrate and very small amounts of dicyano
diamide and biguanide nitrate (Note 6). The solution is con
centrated to about I 1. and the guanidine nitrate which crystal
lizes on cooling is filtered off. A second crop is obtained by 
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concentrating to 250 cc. (Note 7). The combined yield of crude 
guanidine nitrate is 520-560 g. (85-92 per cent of the theoretical 
amount). The product may be purified by recrystallization 
from I 1. of water (Note 8), taking a second crop after con
centrating the mother liquor to '250 cc. The yield of recrystal
lized guanidine nitrate melting at 21-3-2140 amounts to 500-
520 g. (Note 9). 

~ 
\ 

\ 

2. Notes '~ \ 

A f ·\ \. . db 
I. 10 per cent excess 0 ammomu~ mtrate IS Use ecause 

the biguanide mononitrate which is for~ed as an intermediate is 
strongly basic and tends to attack th~ unreacted ammonium 
nitrate, as is evidenced by the liberatibn of ammonia during 
the heating. The exceps of ammoniuml nitrate can be easily 
separated from the guanidine nitrate by tpe crystallization from 
water; and it does not interfere with the conversion of guanidine 

I 
nitrate into nitroguanidine by the action o~ strong sulfuric acid. 

2. When the molten mass reaches 1900 its temperature 
begins to rise above that of the bath, generally reaching 200

0 

during the course of five or six minutes. The mass should not ~ 
be stirred at any time, especially befOl;e the mixture has com
pletely melted; otherwise, the temperature may run somewhat 

higher. \ 
3. The guanidine nitrate begins to crystalli . soon after the 

temperature of the mixture begins to fall. 
4. THe hard cake goes into solution slowly and time must be 

given for each portion to become saturated before it is decanted. 
5· When the hot filtrate cools, it will deposit flocks of amme

lide along with the crystals of guanidine nitrate. Water may 
conveniently be added until the crystals dissolve, and the cold 
solution again filtered for the removal of ammelide. 

6. This filtrate on evaporation to dryness and baking at 
100

0 leaves a residue of 650 g., which is suitable for the prepara
tion of nitroguanidine (p. 68). 

7· At this point the mother liquor (about 200 cc.) may be, 
discarded as it contains mainly ammonium nitrate. 
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8. Alcohol is a satisfactory solvent for guanidine nitrate 
• but appears to have no advantage over water. A saturated 
. solution of guanidine nitrate in 'water contains about 10 per cent 

at IS°. 
9. The second mother liquor may advantageously be worked 

up with a subsequent run. 

3. Other Methods of Preparation 

Guanidine salts have been prepared by heating ammonium 
thiocyanate,! by hydrolysis of dicyanodiamide by acids,2 (whereby 
one molecule of the guanidine salt is produced), and by the 
action of ammonium salts on dicyanodiamide,3 from which two 
molecules of guanidine salt result. The nitrate has been pre
pared from the thiocyanate by the action of nitric acid. 4 

1 Delitsch, J. prakt. Chern. (2) 8, 240 (1873); (2) 9, 2 (1874); Volhard, ibid. 
(2) 9, IS (1874). 

2 Baumann, Bcr. 7, 1766 (1874); Davis, J. Am. Chern. Soc. 43, 669 (1921). 
3 Rathke, Ber. 18, 3107 (1885); Davis, J. Am. Chern. Soc. 43, 2234 (1921). 
4 Jousselin, Bull. soc. chim. (2) 34, 497 (1880). 
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HYDROGEN CYANIDE (ANHYDROUS) 

N aCN + H2S04 -7 HCN + N aHS04 
Submitted by K. ZIEGLER. 

Checked by HENRY GILMAN and L. C. HECKERT. 

1. Procedure 

A 5-1. round-bottom flask, set up in a good hood (Note I), 
is fitted with a three-holed rubber stopper that holds two 250-CC, 

separatory funnels, A and B (Fig. I). A small funnel, F. 
(about 3-4 cm. in diameter) is suspended directly under the 
outlets of the two separatory funnels and is attached to the 

rubber stopper by a loop of stiff copper wire. The discharge 
tube of the funnel is bent in the shape of a U so that 
its end is about one cm. below the top of the funnel. In the 
third hole of the rubber stopper is insert~d an inclined glass 
tube, C, of about 10 mm. internal bore and approximately 50 cm. 
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long. A mercury safety vent, D, is sealed in the side of this 
tube. C acts as an air condenser and leads to an empty gas 
bottle, E, of about 250 cc. capacity and then to three large 
U tubes, G, H, and I, filled with anhydrous calcium chloride. 
The gas bottle and the U tubes are contained in a water bath, 
W, warmed to 30-40°: The last calcium chloride tube is fitted 
with a three-way glass stopcock so that the gaseous anhydrous 
hydrogen cyanide may be used directly or diverted to an efficient 
condenser for liquefaction. The condenser is a glass coil of 
4-5 mm. bore and about 50 cm. long that is surrounded by ice 
(Note 2) contained in a percolator arrangement like that de-
scribed in Org. Syn. 6, 13. .~ 

One of the separatory funnels is fin\d with I 1. of sulfuric 
acid prepared by the careful addition of~9:Z g. (4 moles) (213 cc.) 
of concentr,?-ted sulfuric acid to 213 ct bf water. The other 
sep~ratory funnel is filled with a solution of 203 g. of commercial 
sodium cyanide (about 96 per cent). (4 Foles) dissolved in suf
ficient water to make 500 cC. of solution. Evolution of hydrogen 
cyanide takes place on the simultaneous addition of the two 
solutions. Practically all of the reaction occurs in the funnel, 
P, ana the sodium bisulfate solution continuously drains into the 

\ 
flask so that fresh solutions are always present. The solution 
in the funnel remains clear as long as su$cient sulfuric acid is 
present. An excess of sodium cyanide colors the solution yellow 
and leads to the formation of a muddy brown precipitate. By 
adjusting the flow of solutions the rate of evolution is easily' . .. . '" controlled, and the preparatIOn . reqUIres no attentIOn beyond 
that involved in the occasional replenishment of the solutions 
in the separatory funnels. The last par~ of the, 'hydrogen 
cyanide can be driven from the apparatus by boiling the bisulfate 
solutio·n for a few minutes. The yield of aci~ melting at - IS° 
to - 14.5° is 100-105 g. (93-97 per cent ~) the theoretical 
amount) (Notes 3 and 4). 

2. Notes 

I. Gattermann 1 recommends that the operator smoke during 
the preparation, for he found that a trace of hydrogen cyanide is 
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s~fficient to give the tobacco smoke a highly characteristic 
flavor. This preliminary warning is useful in case of leaky 
apparatus or a faulty hood. 

2. It is essential that the coil be cooled with ice only. A 
freezing mixture causes solidification of the hydrogen cyanide 
with consequent clogging of the apparatus. 

3. The hydrogen cyanide is best kept over anhydrous calcium 
chloride. In this way it remains clear and water-white for 
months; otherwise, it soon becomes yellow, owing to the forma
tion of azulmic acid. 

4. If larger quantities of hydrogen cyanide are desired, 
the apparatus may be modified as suggested by Lindemann 3 

by using a four~hole rubber stopper in the generating flask and 
fItting it with a siphon tube by means of which the sodium 
bisulfate solution can be removed from time to time. With 
this modification the generating flask need be of only 2- to 3-1. 
capacity. 

3. Other Methods of Preparation 

The only other method of preparative value for the genera
tion of hydrogen cyanide is the reaction between potassium 
ferrocyanide and sulfuric acid. l It is convenient for the prepara
tion of small amounts of hydrogen cyanide; however, it is too 
expensive in larger runs. The present method is based on the 
work of Ziegler:1 and Lindemann.3 

1 Gattermann, Ann. 357, 3IS (I907). 
2 Ziegler, Ber. 54, IrO (I92I). 
3 Lindemann, Ann. 431, 291 (r923). 





XIX 

!3-HYDROXYPROPIONIC ACID 

(Hydracrylic Acid) 

CH20HCH2CN + NaOH + H20 ~ CH20HCH2C02Na+ NH3 

2CH20HCH2C02Na+H2S04 ~ 2CH20HCH2C02H+Na2S04 

Submitted by R. R. READ. 
Checked by H. T. CLARKE and C. R. NOLLER. 

1. Procedure 

To a cold solution of I60 g. (4 moles) of sodium hydroxide 
in 500 cc. of water in a 2-1. round-bottom flask provided with a 
mechanical stirrer is added slowly 250 g. (3.5 moles) of ethylene 
cyanohydrin (Org. Syn. 3, 57), the temperature being kept below 
30° (Note I) by means of a cold water bath. The mixture is 
allowed to stand over night in the bath, when the flask is fitted 
with a two-holed rubber stopper bearing a capillary tube reaching 
almost to the bottom and a delivery tube bent slightly down
ward for attachment to a suction pump. The flask is then 
heated slowly to 80° during four hours by raising the tempera
ture of the surrounding water. A rapid current of air is drawn 
through the mixture during the heating. The mixture is now 
evaporated to dryness under reduced pressure by heating in an 
oil bath, the temperature of which is raised as rapidly as the 
boiling of the material will permit. The oil bath is finally 
held at I25° until the product becomes pasty. The flask is 
allowed to cool, and 50 cc. of water- is poured down one side 
of the flask, and the solid material at that point worked ca,re
fully into a paste with a stout stirring rod. 
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A cooled mixture of 200 g. (I09 cc.) of concentrated sulfuric 
acid (2 moles) and 300 cc. of water is now added slowly with 
careful cooling (Note 2), the pasty mixture being stirred with a 
thermometer and the temperature not being allowed to rise 
above 35°. Sodium sulfate crystallizes during this addition. 
The mass is now shaken vigorously with 400 cc. of ether and, 
allowed to stand for some minutes. The ether is then decanted 
as completely as possible and the residue filtered with suction. 
The sodium sulfate is now shaken with six successive 300-cc. 
portions of ether, the ether soluti~ being subsequently em
ployed for extraction of the filtrate. \ ~his latter requires IO-I4 
such extractions (each with 300-400 fC" of ether) for the satis
factory extraction of the iJ-hydroxyp\opionic acid. The com
bined ethereal solution is dried over 5q g. of anhydrous sodium 
sNlfate and the ether distilled from a water bath, the temperature 
of \Yhich is not allowed to rise above 50~. The product is then 
concentrated under reduced pressure froql a water bath main
tained at 55-60°. The 1residue should have attained constant 
weight after four to six hours of this treativent; it consists of a 
sirupy liquid df pale straw color which contains 75-80 per cent of 
iJ-hydroxypropionic acid (by titration) (Note 3). The yield 
is I20-I2'5 g. (28-3I per cent of the theoretical amount). 

2. Notes 

1. If the temperature of the mixture of nitrilt\ and sodium 
hydroxide is allowed to rise too soon or too rapidly, the evolution 
of ammonia may become almost explosive, as the 'reaction is 
irothermic. ~ 

. 2. The temperature during the addition of the sulfuric acid 
must be carefully controlled, as the heat of neutralization is 
sufficient to decompose the product. The use of a minimum 
amount of water is desirable in order to decrease the number of 
extractions. 

3. iJ-Hydroxypropionic acid is an uncrystallizable and 
hygroscopic sirup. The 20-25 per cent of impurity remaining 
in the final product is largely water. 
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3. Other Methods of Preparation 

(3-Hydroxypropionic acid has generally been prepared by the 
hydrolysis of (3-iodopropionic acid 1 or the corresponding bromo 
compound.2 Owing to the readiness with which ethylene 
cyanohydrin may now be prepared, this was considered to be 
the most suitable starting product, alkali 3 being regarded as a 
more suitable hydrolytic agent than acid.4 (3-Hydroxypropionic 
acid has also been prepared by the action of alkali upon acrylic 
acid. 5 

1 Beilstein, Ann. 122, 369 (r862); Socoloff, Ann. 150, r68 (r869); Heintz, Ann. 
157, 298 (r87r); Wislicenus, Ann. 166, ro (r873). 

2 Lossen, Ann. 342, 128 (r905). 
3 Wislicenus, Ann. 128, 6 (r863). 
4 Erlenmeyer, Ann. 191, 269 (r878). 
5 Erlenmeyer, Ann. 191, 281 (r878); Linnemann, Ber. 8, r095 (r875). 
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p-IODOBENZOIC ACID 

Submitted by FRANK C. WHITMORE and GLADYS E. WOODWARD. 

Checked by HENRY GILMAN and C. C. VERNON. 

1. Procedure 

ONE hundred fifty grams (0.6 mole) of iodine is dissolved in 
2.5 l. of 95 per cent ethyl alcohol in a 5-l. round-bottom flask set 
on a tripod and provided with a mechanical stirrer and a reflux 
condenser. To this solution is added 300 g. (0.S4 mole) of pow
dered dry crude p-chloromercuribenzoic acid (Note I) (p. IS). 
The mixture is stirred and he::tted. The acid gradually goes into 
solution and the color of iodine disappears. The hot ~tirred 
mixture is treated with iodine until a yellow color persists for 
at least ten minutes. This is conveniently done by weighing 
out iodine in IO-g. portions, dissolving in a little alcohol and 
adding through the condenser. The total amount of iodine 
required depends on the purity of the mercurated acid. It should 
not exceed 210 g. (0.S3 mole). If there is any insoluble material 
left after an excess of iodine has been added, it is removed by 
rapid filtration through a pre-heated suction filter. On cooling, 
the filtrate yields about 175 g. of p-iodobenzoic acid. Con
centration of the mother liquor yields crystals which are con
taminated with mercuric iodide. The latter may be removed 
by grinding the crystals in a mortar with water and enough 
sodium iodide or potassium iodide to destroy the red color of 
the mercuric iodide (Note 2). The mixture is filtered and the 
crystals are washed with a little sodium iodide solution and 
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then with water. The washed p-iodobenzoic acid melts at 
266-267°. The total yield is 150-170 g. (72-81 per cent of the 
theoretical amount). 

2. Notes 

I. The crude p-chloromercuribenzoic acid may be. sucked as 
dryas possible and transferred in this pasty form to the iodine 
solution. If, however, i}\ras caked at all, it must be thoroughly 
dried and powdered. At, r\!spirator should be worn as the dust 
is rather irritating. .~ \ 

2. Another method o~, removing mo~t of the mercuric iodide 
is to grind the crystals, sU('pend them in a little water, and pour 
off the lighter suspension Of iodobenzoic acid, leaving the heavy 

I 

mercuric iodide behind. Washing with iodide solution is neces
'I 

sary to remove the last of the mercuric iodide. 
\ \ 

\ 
3. Other Methods of Preparation 

p-Iodobenzoic acid has been prepared by the oxidation of 
p-iodotoluene with chromic acid mixture 1 and with nitric acid; 2 

from the nitrile obtained from p-iodonitrobenzene and potassium 
cyanide; 3 and from p-aminobenzoic acid by diazotization.4 

1 Korner, Z. Chern. 1868, 327. 
2 Cohen and Raper, J. Chern. Soc, 85, 1~73 (1904). 
3 Richter, Ber. 4, 553 (1871). . 
4 Marshall, Ber. 28, 338 (1895), 
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METHYL n-AMYL KETONE 

(Heptanone-2) 

CH3COCHC02C2H5+ NaOH ~ CH3COCHC02Na+C2H50H 
I I 

(CH2)3CH3 (CH2)3CH3 

2CH3COCHC02Na+H2S04 ~ 
I 

(CH2)3CH3 

2CH3CO(CH2)4CH3+2C02+Na2S04 

Submitted by JOlIN R. JOHNSON and F. D. HAGER. 
Checked by FRANK C. WIUTMORE and W. F. SINGLETON. 

1. Procedure 

IN a 12-1. round-bottom flask, fitted with an efficient mechan
ical stirrer, is placed 5 1. of a 5 per cent solution of sodium hydrox
ide (6.25 moles). To this is added the crude ethyl n-butyiaceto
acetate (about 925 g.) (p. 36) obtained from 5 moles of ethyl 
acetoacetate. The mixture is stirred at room temperature for 
four hours, during which time the mono-substituted acetoacetic 
ester is completely saponified and passes into solution. The 
mixture is then allowed to stand until the unsaponified 
material separates completely as an oily layer. The aqueous 
layer is separated (Note I) and transferred to a flask provided 
with a stopper fitted with a separatory funnel and a large bent 
glass tube leading to a condenser set for distillation. 

Through the separatory funnel is added slowly 500 cc. of 
50 per cent (sp. gr. 1.40) sulfuric acid (3.6 moles), which 
is somewhat more than the amount required to neutralize the 
alkali (6.25 moles) used in the saponification of the ester. 
When the evolution of carbon dioxi,de ceases to be vigorous, the 
reaction mixture is heated slowly to boiling, and from one-third 
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to one-half of the total volume is distilled. The distillate is 
make alkaline with solid sodium hydroxide (Note 2) and redis
tilled until 80-90 per cent has been collected. 

In the distillate the ketone layer is separated from the 
water, and the latter is distilled until one-third has been col
lected. The ketone layer in this distillate is separated, and the 
water layer is again distilled. This procedure is repeated as 
long as any considerable amount of ketone is obtained in the 
distillate (Note 3). '{'he combined ketone fraction is washed 
four times with one-thiid its volume of a concentrated solution 
of calcium chloride (s~. \r. 1.3 or greater) to remove alcohol 
(Note 4), then dried ov~r 50 g. of solid calcium chloride, filtered 
and distilled. The yieid of methyl n-amyl ketone boiling at 
148-151° at 750 mm. is 3~350 g. (52-61 per cent of the theoret
ical amount, based upon the original ethyl acetoacetate) . -
(Note 5). 

\ 
\2. Notes 

I. The insoluble layer is usually quite small in amount and 
may be discarded. On distillation it yields but a small amount 
of ketone and monosubstituted ester, along with considerable 
high-boiling material, presumably the disubstituted' ester, which 
was present in the crude ethyl n-butylacetoacetate. 

2. The distillate is rendered alkaline to remove any acids 
formed by the acid decompositiol\ of the substituted acetoacetic 
ester or unreacted ethyl acetoacetttte. 

3. With methyl n-amyl ketone this process was repeated three 
times after the first separation. In 'the case of higher ketones 
a fewer number of separations is required, while with the simpler 
ketones a greater number is advisable, on account of their solu
bility in water. 

4. With the lower molecular weight ketones it is advantageous 
to distil the calcium chloride solution to recover the dissolved 
ketone. This is carried out exactly as described for the separa
tion from the water. With methyl n-amyl ketone the loss is 
slight if a sufficiently concentrated solution of calcium chloride 
is employed. 
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5. Other ketones may be prepared by the same general 
procedure. Based upon the ethyl acetoacetate used, the follow
ing yields were obtained: 

Methyln-butyl ketone (hexanone-2) b.p. I26-I28°, 50 per cent. 
Methyl iso-butyl ketone (4-methylpentanone-2) b.p. II5-II9°, 

20 per cent. ( 
Methyl sec-butylmethyl ketone (4-methylhexanone-2) b.p. I39-

I42°, 30 per cent. 

The lower yields are due in some cases to the difficulty of isolating 
the products, and, in the last two, to the less complete reaction 
between the secondary alkyl bromide and the sodium derivative 
of ethyl acetoacetate. 

3. Other Methods of Preparation 

Methyln-amyl ketone has been prepared by the hydration 
of heptine-I and of heptine-2 under various conditions,! and by 
heating n-amyl propiolic acid with potassium hydroxide.2 It 
has also been obtained by the oxidation of methyl n-amyl 

I 
carbinol with chromic acid.3 

The procedure used in the ketone decomposition of ethyl 
n-butylacetoacetate is adapted from that used by Michael and 
Wolgast 4 for ethyl ethylacetoacetate. 

1 Behal, Ann. chim. phys. (6 15, 270 (r888); Desgrez, ibid. (7) 3, 228, 
234 (r894). 

2 Moureu and Delange, Bull. soc. chim., (3) 2J, 674 (r903). 
3 Schorlemmer, Ann. 11l1, 279 (r872). 
4 Ber. 42, 3r77 (r909). 
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a-METHYL MANNO SIDE 

(C6HlO05)n + nHzO + nCHaOH --7 

nCHzOH(CHOH)4 CH(OH)OCH3 

Submitted by C. S. HUDSON. 

Checked by FRANK C. WllITMORE and R. D. GREENE. 

1. Procedure 

ONE kilogram of dry finely ground vegetable ivory waste 
(Note I) is added gradually to 1250 g. of 85 per cent sulfuric 
acid in an 8-1. (2-ga1.) enamelled vessel (Note 2) at such a rate 
as to keep the temperature at 30-35° (one to two hours). The 
mass is well kneaded (Note 3) and then kept at about 25° for 
fifteen hours (Note 4). A mixture of I 1. of acetone-free 
methyl alcohol and 250 cc. of pure concentrated hydrochloric acid 
(sp. gr. 1.19) (Note 8) is kneaded into the soft mass, which is then 
transferred to a 12-1. flask. The flask is adjusted on a large 
steam bath (Note 5), 6 1. of absolute methyl alcohol is added, 
and the mixture is refluxed eight hours. At the end of this time 
the mixture is cooled somewhat, and 100 g. of decolorizing 
carbon and IS0 g. of infusorial earth or fuller's earth are added, 
and refluxing is resumed for half an hour. The solution is 
filtered hot with suction through a BUchner funnel previously 
heated by blowing steam into the side neck of the suction flask 
(Note 6). The cake is washed with 500 cc. of hot absolute 
methyl alcohol. The filtration is likely to be slow unless a large 
funnel (30 cm.) is used. The light yellow filtrate soon begins 
to deposit crystals (Note 7). It is kept in an ice box twenty 
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to fifty hours. The crystals are filtered off by suction, washed 
with 50 cc. of absolute methyl alcohol, then with 50 cc. of dry 
acetone, and dried on porous plates at room temperature. The 
yield is 480-520 g. The mannoside is pure enough for most 
chemical purposes. It melts at about 170° and has a rotation in 
water of +78.6°. If a purer product is desired, the mannoside 
may be crystallized froIl\\four parts of 80 per cent ethyl alcohol 
with 80-90 per cent reco,~ery if the mother liquors are worked 
up. Slight acidity in the\solutions used in recrystallization 
should be carefully neudaliied with ammonia. The recrystal
lized mannoside melts at \88-189° and has a rotation of [al;O, 
+80.8°. \ 

2. Notes 

1. The ivory nut waste '~as obtained from the Rochester 
~ 

Button Company, Rochester, N. Y. It was ground in a mill, 
I 

dried to constant weight at 100°, and sifted through a 20-.mesh 
screen (8 per em.). 

2. The bottom of an Elyria Gnamelled kettle wi!; used. A 
crock can be used almost as conveniently. On smaller runs a 
large porcelain mortar was used. 

3. The kneading ,can conveniently be clone by means of a 
heavy stick, the end of which has bee\ thoroughly charred in a 
fire and then polished to remove loose 'far bon. Stirring is not 
practical. 

4. A convenient method of heating is to suspend a 6o-watt 
electric light about 20 cm. above the mixture. 

5. The flask may be immersed half way in a large kettle of 
water heated on a large radial burner. 

6. Another convenient device for rapid filtration is to use a 
large Witt plate in a steam funnel attached to a suction flask. 

7. In some runs spontaneous crystallization is slow to start. 
It is advantageous to inoculate the solution with a crystal of the 
mannoside. 
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8. Later experiments indicate that the addition of hydro
chloric acid is not essential since the sulfuric acid is sufficient to 
cause the formation of the mannoside. (C. S. Hudson.) 

3. Other Methods of Preparation 

a-Methyl mannoside has been prepared from mannose and 
methyl alcohol in the presence of hydrochloric acid.1 The 
present method of preparing it directly from vegetable ivory has 
obvious advantages over any method for preparing it from 
isolated mannose. 

1 Fischer and Beensch, Ber. 29, 2928 (1896). 
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NITRO GUANIDINE 

Submitted by TENNEY L. DAVIS. 
Checked by H. T. CLARKE and Ross PHILLIPS. 

1. Procedure 

To 500 cc. (Note r) of concentrated sulfuric acid (sp. g. 1.84), 
previously cooled in a freezing mixture, is added in small portions 
and with hand stirring 560 g. of crude (Note 2) guanidine nitrate 
(obtained from 2ro g. of dicyanodiamide as described on p. 46). 
The temperature is not allowed to rise above 20

0 during the 
addition. When all has been added, the milky mixture is 
allowed to stand at room temperature with occasional stirring 
until it is homogeneous and free from crystals (Note 3). It is 
then poured with stirring into 6 1. of a mixture of cracked ice 
and water. The precipitated nitroguanidine is filtered, washed 
free from acid, and recrystallized from the least possible amount 
(4-5 1.) of boiling water (Note 4). The yield (Note 5) is 380-

390 g. (73-75 per cent of the theoretical amount, based on the 
dicyanodiamide used). The product melts with decomposition 

vat about 2320 (Nott: 6). 

2. Notes 

r. It has been found in checking that the use of 800 cc. of 
acid, while not necessary, gives a much less viscous solution, 
which becomes homogeneous more rapidly. 

2. This contains ammonium nitrate, which, however, does 
not interfere with the reaction. 
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3. The mixture has to stand fifteen to twenty hours before 
solution' is complete. 

4. The solution should be allowed to cool slowly, preferably 
over night, when the nitroguanidine separates in long needles 
which resemble sublimed phthalic anhydride. The mother 
liquor contains only 3-4 g. per liter, and may be discarded. 

5. In checking, yields amounting to 85-90 per cent of the 
theoretical quantity were obtained from pure guanidine nitrate. 

6. Melting points varying between 2200 and 2500 have been 
obtained on the same sample, according to the rate of heating. 

3. Other Methods of Preparation 

Nitroguanidine may be prepared by the nitration of guanidine 
salts by means of nitric acid,! or I?y the action of concentrated 
sulfuric acid upon guanidine nitrate'li\ The nitration of guanidine 
thiocyanate yields a product whichhJ\ains a small proportion of 
sulfur compounds, and the nitralion of the sulfate requires 

II 

vigorous treatment and gives poor ,yields. The present proce-
dure, which yields th~ alpha form,3 i~ simple and economical, and 
furnishes a good yield. \ 

'I 
1 Thiele, Ann. 270, 16 (1892). \ 
2 Jousselin, Cornpt. rend. 88, 1087 (1879); P.elIizzari, Gazz. chirn. ita!. 21 (II), 

406 (1891). 
'.3 Davis~ J. Am. Chern. Soc. 47, 1063 (1925). 
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3-NITROPHTHALIC ACID 

Submitted by P. J. CULHANE and GLADYS E. WOODWARD. 
Checked by HENRY GILMAN and C. C. VERNON. 

1. Procedure 

A 2-1. beaker placed on a piece of board in the bottom of a 
4-1. (I-gal.) crock is fitted with a mechanical stirrer (Note I). 
In the beaker are placed:6so cc. of commercial sulfuric acid 
(sp.g. 1.84) and 500 g. (3.4 moles) of technical phthalic anhy
dride. The mixture is stirred and steam is passed into the 
crock. When the mixture reaches 80°, the steam is shut off and 
210 cc. of fuming nitric acid (sp.g. LSI) is added slowly' from a 
separatory funnel at such a rate as to maintain the temperature 
of the stirred mixture at IOO-IIOo. The addition requires one 
to two hours. After the fuming acid has been added, 900 cc. of 
concentrated nitric acid (sp.g. 1.42) is added as rapidly as 
possible without causing the temperature to rise above IIO O 

(Note 2). The mixture is then stirred and heated by passing 
steam into the crock for two hours longer. The mixture is 
allowed to stand over night and then poured into 1.5 1. of water 
in a 4-1. (I-gal.) crock. After cooling, the solid mixture of 
3- and 4-nitrophthalic acids is filtered by suction through a 
Buchner funnel without a filter paper (Note 3) or through a 
filtros plate (Org. Syn, 5, 7). T~e wet cake is returned to the 
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crock and stirred thoroughly with 200 cc. of water, which dis
solves a large amount of the 4-nitrophthalic acid. The mixture 
is again filtered by suction (Note 4) and the wet cake is dis
solved by boiling with 200-300 cc. of water (Note 5). The 
solution is filtered hot and stirred mechanically until crystal
lization starts. It is then allowed to stand over night, as the 
crystallization is slow. The crystals are filtered by suction 
and air-dried. The product melts at 205-210° in a sealed tube. 
The yield is 200-220 g. (28-31 per cent of the theoretical amount) 
(Note 6). Recrystallization of 200 g. of the crude acid from 
300 cc. of water gives 170 g. of acid melting at 215-218° (capillary 
tube sealed 2 cm. f19m bottom). The washings and mother 
liquor from the crystallization may be saved for the recovery 

" \ 

of 4-nitrophthalic acid ~ote 7). 
\ \ 
\ 2. Notes 

1. A -large steam bJth may be used instead of the crock. A 
I 

motor should not be used directly above the nitration mixture 
'II 

because of the fumes evolved. The motor should be connected 
with the stirrer by a belt or, better still, a stirrer of the wind 
turbine type should be u\ed. If a hood is not available, a 3-1. 
three-necked flask provi&d with a glass tube to conduct the 
fumes outside has been foqnd satisfactory. When a beaker is 
used, it is recommended that two rectangular glass plates be 
placed across the top to redt,lce the danger of acid spattering. 

2. The indicated proportions of fuming nitric acid and con
centrated acid give as good results as fuming acid alone. The 
addition of the concentrated acid first does not work well. 

3. The filtrate is repeatedlY, poured through the filter until 
clear. The mother liquor cont\i~ing sulfuric acid and nitric 
acid cannot be worked up pro~bly for the recovery of the 
nitrophthalic acids. 

4. The mother liquor is saved for the recovery of 4-nitro
phthalic acid (Note 7). The product, if air-dried at this 
point, weighs about 500 g. 

5. The amount of water needed depends on the dryness of 
the cake of crude acids. 
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6. By various refinements the yields may be increased, but 
the cost of the 3-nitrophthalic acid obtained is also increased. 
Because of the extreme cheapness of phthalic anhydride, it is 
inadvisable to increase the labor cost unduly in order to improve 
the yield. If ~ purer product is desired, crystallization from 
acetic acid will give 3-nitrophthalic acid melting at about 2170 
(closed tube). 

7. The washings and mother liquors from crystallizations 
may be evaporated and esterified to separate the isomeric acids.3 

About 370 g. of air-dried solid material may be recovered 
from the mother liquors and washings. Care must be exercised 
in concentrating these solutions, as the solid material chars 
readily when the solution becomes concentrated. 

3. Other Methods of Preparation 

3-Nitrophthalic acid has been prepared by the oxidation of 
nitronaphthalene, l and by the nitration of phthalic acid in a 
variety of ways by many different workers. 2 The present 
method is based on those of Bogert and Boroschek·3 and of 
Lawrance. 4 

1 Beilstein and Kurbatow, Ann. 202, 217 (1880); de Aguiar, Ber. Ii, 899 (1872). 
2 Faust, Ann. 100, 57 (1871); Miller, Ann. 208, 223 (1881); Kenner and Mathews, 

J. Chern. Soc. 105, 2476 (r914); Cohen, Woodroffe and Anderson, J. Chern. Soc. 
109, 232 (1916); Littmann, J. Am. Chern. Soc. 47, 1980 (1925). 

3 J. Am. Chern. Soc. 23, 743 (1901). 
4 J. Am. Chern. Soc. 42, 1872 (1920). 
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3-NITROPHTHALIC ANHYDRIDE 

O

C02H + (CH3CO)20 ~OC>O+2CH3C02H 
C02H CO I 

N02 N02 I 
Submitted by B. H. NICOLET and J. A. BENDER. 
Checked by FRANK C. WHITMORE and W. F. SINGLETON. 

1. Procedure 

To ZII g. (I mole) of 3-nitrophthalic aciq (p. 70) in a 300-cc. 
round-bottom flask fitted with a reflux condenser is added 
205 g. (2 moles) of acetic anhydride (99-100 per cent). The 
mixture is heated to gentle boiling until the acid is completely 
dissolved and then for about ten minutes longer. The hot 
mixture is poured (hood) into a Is-cm. porcelain dish and 
allowed to cool. The crystal mass is ground thoroughly in a 
mortar and filtered by suction. The crystals are returned to the 
mortar and the filtrate (about 140 cc.) is placed in a 300-cc. 
distilling flask. The crystals are ground with ISO cc. of aIcohol
free ether (Note I) and filtered. They are again returned to 
the mortar and similarly washed. After drying in the air for a 
short time, the product is dried to constant weight at roSo. 
The yield of product melting at 163-164° is 170-180 g. (88-93 
per cent of the theoretical amount). The acetic acid filtrate is 
di,stilled with a thermometer in the liquid until the temperature 
is 150°. The distillate amounts to about 120 cc. The residue 
is poured into the mortar and, after cooling, is ground with 
some of the ether used in washing the original crystals. Thus 
about 10 g. of a product melting at 160-163° is obtained. 
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2. Note 

I. Dry ether is recommended because ordinary ether con
tains alcohol, and the formation of some mono-ethyl ester may 
take place. Ordinary u.s.p. ether· which has stood over cal
cium chloride for two days is satisfactorv. 

;~\ 
~. Other Methods of Preparation 

3-Nitrophtll,al{c anhydride has been prepared by heating the 
acid under various conditions 1 and by the action of acetic 
anhydride,2 ess\ntially as in the present method. 

1 Kahn, BeL 35,~ 3859 (1902). 
• McKenzie, r Chern. Soc. 79, 1137 (I90I). 
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PENTENE-2 

H2S04 
CH3CH2CH2CHOHCH3 --~ CH3CH2CH = CHCH3 + H20 

Submitted by JAMES F. NORRIS. 

Checked by FRANK C. WHITMORE. 

, 
I 

1. Procedure 

To a cooled mixture of 200 cc. of water and 200 cc. of con
centrated sulphuric acid in a I-I. round-bottom flask is added 
slowly 176 g. (2 moles, 214 cc.) of pentanol-2 (b.p", II8-1200) 
(Note I). The flask is connected with a long efficient con
denser for distillation (Note 2). The end of the co~denser is 
provided with an adapter which, passes well into a receiver 
surrounded by ice water (Note 2). The flask is heated on a 
boiling water bath as long as distillation takes place (two to 
three hours). 

The distillate is shaken in the receiver with about 25 cc. of a 
5 per cent solution of sodium hydroxide to remove any trace 
of sulfur dioxide that may be present. The hydrocarbon is 
separated and dried with 10 g. of anhydrous calcium chloride. 
It is then distilled, the fraction boiling at 35-4Io (Note 3) 
being collected. The yield is 92-II2 g. (65-80 per cent of the 
theoretical amount), 

2. Notes 

I. Bentanol-2 is now manufactured on a large scale from 
petroleum. As the quality of the commercial alcohol varies, 
the product should be distilled before use and the proper fraction 
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used. The material was kindly supplied by the Petroleum 
Chemical Corporation, Cambridge, Mass. (A. D. Little, Inc.). 

2. Because of the volatility of the product, unusual pre
cautions must be taken in its preparation to avoid loss. 

3. Most of the product distils at 36-37°. The product may 
contain a small amount of the isomeric pentene- I. By redistil
ling it through a 2s-cm. (Io-in.) fractionating column containing 
small pieces of glass rod, the pure hydrocarbon can be readily 

I obtained. Pentene-2 boils a.t 36.39°±0.04°/760 mm., melts at 
! ~ 138°±2° has the density d'ioo 0.6S55, and n 2i3 I.3839, 

3, Other Methods of Preparation 

\ Pentene-2 has been prepared 1 by treating the iodide made 
ftom diethylcarbinol with alcoholic potash, by dehydrating active 
aihyl alcohol by means of fused zinc chloride,2 and from 3-bromo-

& 1 I' pep.tane and a coho IC potash.3 

\ 
~ Wagner and Saytzeff, Ann. 175, 373 (1875). 
i'Tissier, BulL soc. chim. (3) 9, 100 (1893). 
3 Lucas and Moyse) J. Am. Chern. Soc. 47, I461 (192$). 
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PHTHALIMIDOMALONIC ESTER 

OC)NK+BrCHCCO:;C2H5)2 ~ 
CO 

O~NCH(CO,C,H');+ KBr 

Submitted by A. E. OSTERBERG. 

Checked by FRANK C. WHITMORE and H. C. BENEDICT, Jr. 

1. Procedure 

IN a 600-cc. beaker 210 g. (0.87 mole) of ethyl bromomal
onate (p. 34) (Note I) and 165 g. (0.89 mole) of potassium 
phthalimide (p. 8) are intimately stirred together. The mixture 
is stirred approximately every ten minutes. If no spontaneous 
reaction starts in half an hour (Note I), it is necessary to 
initiate the reaction by heating to lID-120°. The mixture then 
becomes liquid and can be stirred easily. It turns to a light 
brown color, especially near the top where it comes in contact 
with the air. When the temperature begins to drop, the mixture 
is heated in an oil bath at 110° for one hour to insure completion 
of the reaction. The mixture is then poured into a mortar 
where it solidifies to a solid mass (Note 2). When cold, the 
mixture is ground up with water and filtered to remove most 
of the potassium bromide. The precipitate is then reground with 
water and refiltered, finally washing the precipitate well with 
water. The solid material on the filter consists of some potassium 
bromide, some phthalimide, and the phthalimidomalonic ester. 
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Without drying, it is put into a r-l. flask with 400 cc. of benzene 
and heated to boiling. After cooling, the insoluble bromide 
and phthalimide are removed by filtration. The filtrate con
tains some water, which is removed by means of a separatory 
funnel. 

The benzene solution is dried with 20 g. of calcium chloride 
a~d the b~nzene removed by distillation under diminished pres
s~r.~ on a water bath. The residue is poured into a mortar 
wfe~e it solidifies. The crystalline mass is then ground with 
small\ amounts of ether (200 cc. in all), filtered, and washed with 
etiler (about roo cc.) until pure white. The yield of phthalimi
dolbalonic ester melting at 73-74° is r 55-r62 g. From the 
eth~r filtrate after distilling the ether, there may be recovered 
a fuhher amount by washing with a small.amount of ether to 
remo'ye the brown color. The total weight of ester obtained in 
the t",o crops is r80-r90 g. (67-71 per cent of the theoretical 
amount), 

2. Notes 
, . 

1. When freshly prepared ethyl bromomalonate is used, the 
temperature of the mixture may rise spontaneously to 140°. 
In such event no heat should be applied until the temperature 
falls again. \ 
. 2. If solid~cation does not take place as soon as. the mixture 
IS cold, about roo cc. of water should be added. ThIS accelerates 
the solidification. 

3. Other Methods of Preparation 

The present method is adapted from that of Sorenson.1 

1 Chern. Zentr. 1903, II, 33. 
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TRIPHENYL STIBINE 

C6H5Br+ Mg ~ CGH5MgBr 

3C6H5MgBr+SbCb ~ (C6H5)3Sb+3MgBrCl 
Submitted by G. S. HIERS. 

Checked by HEIIRY GILMAN and F. SCHULZE. 

1. Procedure 

IN a 2-1. round-bottom three-necked flask fitted with a mer
cury-seal mechanical stirrer, a reflux condenser, and a separatory 
funnel is placed 40 g. (1.65 moles) of magnesium turnings 
(Note I). This is covered with 200 cc. of dry ether, and there is 
then added 100 cc. of a mixture of 260 g. (1.65 moles) of dry 
bromobenzene and 800 cc. of dry ether. As ,soon as the reactio~ 
starts, 200 cc. more of dry ether is added and the remainder of 
the bromobenzene solution at such a rate as to cause gentle 
boiling (about two hours). With external cooling, the time 
may be shortened. 

·When all the bromobenzene has been added, there is added 
slowly through the separatory funnel a solution of 114 g. (0.5 
mole) of freshly distilled antimony trichloride (m.p. 67-73 0) 
in 300 cc. of dry ether. The reaction proceeds smoothly and 
even briskly with the freshly distilled chloride. However, if 
the latter has not been freshly prepared, gentle warming may be 
required to start the reaction. When all the antimony trichloride 
has been added (one to two hours), the mixture is heated on the 
steam bath for an hour longer. 

When cool, the reaction mixture i~ poured slowly with stirring 
into I l. of ice and water (Note 2). If the stirring is thorough, 
UlQst Qf the triphenyl stibine is to be found in the ether layer. 

SO 
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The hydrolysis mixture is filtered through a BUchner funnel and 
the residue on the filter extracted three times (Note 3) with 
l00-CC. portions of ether. The aqueous layer is separated and 
extracted twice with 200-CC. portions of ether. The combined 
ether portions are evaporated slowly on a steam bath to remove 
the ether, and there remains behind a yellow semi-solid which 
crystallizes to a white solid on cooling (Note 4). The yield of 
crude product melting at 49° is 145-160 g. (82-90 per cent of 
the theoretical amount). For~purification from a small amount 
of diphenyl which is presenfdn the crude product 90 g. of 
triphenyl stibine is dissolved \in 200 cc. of petroleum ether 
(b.p. 40-50°) by warming on ~ sleam bath. There is generally 
a small amount of insoluble ;residue which is filtered and the 
filtrate cooled in a freezing ·\mixture. The triphenyl stibine 
separates as small prisms and lweighs 58-65 g.; by further con
centration of the filtrate to an approximate volume of 50 cc. and 
then cooling again, an addition~l 15-20 g. of product separates. 
Both portions melt at 500. 

2. Notes 
~ 

I. The excess of the Grignarcl reagent insures the complete 
removal of all the halogen from t):le antimony. 

2. During the hydrolysis the usc of acids to dissolve the 
magnesium hydroxide must be avoided, for the presence of acid 
tends to decompose the antimony cqmpound. 

3. During the filtration some ethel\ evaporates and the stibine 
, compound is left on the filter with t.b.e magnesium hydroxide. 

Extraction is necessary to remove this 'product. 
4. The same method may be used for the preparation of 

tri-p-tolyl-stibine. Starting with 282 g. of p-bromotoluene 
(Org. Syn. 5, 21) and proceeding in the same manner as described 
there was secured 150-157 g. (n-80 per cent of the theoretical 
amount) of crude tri-p-tolyl-stibine. This product purified by 
recrystallization from methyl alcohol or ether melts at 125-1260. 
The reaction is somewhat more vigorous in this ca::;e and somv-
ti!n~? cooling is necessary at ijrst. 
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3. Other Methods of Preparation 

Triphenyl stibine has been prepared 1 from antimony tri
chloride and chlorobenzene dissolved in dry benzene in the 
presence of sodium. This yields triphenyl stibine dichloride, 
which on decomposition with hydrogen sulfide yields triphenyl 
stibine. Triphenyl stibine has also been prepared 2 by the 
action of phenyl magnesium bromide and antimony trichloride. 

1 Michaelis and Reese, Ann. 233, 42 (1886). 
2 Pfeiffer and Heller, Ber. 3'7, 4621 (1904). 
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XANTHONE 

Submitted by A. F. HOLLEMAN. 

CI\ecked by H. T. CLARKE. 

I 
1. Procedure' 

FIVE hundred grams (2.34 moles) of phenyl salicylate is 
heated in a I-I. special distilling flask having a wide (Note I) 
side-arm 20-25 cm. long, and fitted with two thermometers, one 
extending to the bottom of the flask, and the other juh below 
the side-arm. When the temp~rature of the liquid reaches 
275-285°, phenol begins to distil. The heating is so regulated 
that the temperature of the vapor. never exceeds I 75° and 
preferably remains below 170° (Note 2). In this way the 
phenol distils at the rate of 5-IO drops per minute. The tem
perature of the liquid rises gradually (Note 3), and after six to 
seven hours reaches 350-355°. At this point the distillation of 
the phenol practically ceases; the weight of the distillate is 
220-225 g. 

The receiver is now changed, the lower thermometer i~ raised 
from the liquid (Note 4), and the contents of the flask distilled 
as rapidly as possible (Note 5). Heating is continued until the 
tarry residue begins to foam; towards the end of the distillation 
the co~or of the vapor becomes deep yellow with a greenish 
fluorescence. The distillate weighs I65-170 g.; it is poured 
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while still molten into a cold dish and allowed to cool, ground 
in a mortar with 100 cc. of 5 per cent sodium hydroxide, and 
warmed on the steam bath for ten to fifteen minutes with 400 cc. 
of this solution. When cold, the xanthone is filtered off, washed 
free of alkali, and dried. A small amount of low-melting impu
rity is removed by boiling for ten to fifteen minutes with 250 cc. 
of methyl alcohol, cooling, filtering, and washing with the same 
solvent. A few grams can be recovered from the filtrate. The 
product melting at 170-I72°, after softening slightly at 168-170°, 
weighs I4I-I45 g. (6I-63 per cent of the theoretical amount). 
It is pure enough for the preparation of xanthydrol (p. 88). 
~ purer product may be obtained by recrystallization from 
t~enty parts of 95 per cent ethyl alcohol, from which it separates 
as 'pale yellow needles, melting at 173-174.° 

2. Notes 

I 1. The side-arm should have an internal diameter of at least 
IO,mm. in order to minimize the danger of stoppage by solidified 
distillate. This danger occurs particularly when the higher , 
melting xanthone first begins to distil. No condenser is em-
ployed, the flask used as a receiver being cooled sufficiently by 
the air to condense all the vapors. 

2. The regulation of temperature is difficult at first, but 
becomes easier after the first half-hour. 

3. In consequence of this gradual rise in temperature, it is 
necessary to increase the size of the flame gradually. 

4. Although the boiling point of xanthone is about 350°, the 
liquid i1 the flask reaches temperatures which would be dan
gerous ~\a mercury thermometer. 

5. If a Pyrex flask is used, it is not only safe, but advisable, 
to remove the wire gauze and heat directly with the free flame. 
This permits the xanthone to be distilled rapidly and with a 
minimum loss. 
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3. Other Methods of Preparation 

The procedure is based on the directions of Graebe, l which 
outline the most convenient method of preparing xanthone. 
Somewhat similar is that of Perkin,2 in which salicylic acid is 
first converted by boiling with acetic anhydride into salicylide, 
which on distillation is partially converted into xanthone. A 
practically quantitative yield of xanthone is stated to be obtain
able by warming o-phenoxybenzoic acid with concentrated. sul
furic acid,3 but the preparation of this intermediate product 
is less satisfactory. 

1 Ann. 254, 279 (1889): 
2 nero 16, 339 (1883). 
3 Graebe, Ber. 21, SOl (1888). 
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XANTHYDROL 

o 0 

ex n +zH ~ exl 11) 
AcA/ AcA 

/ "-It H OH o 
Submitted by A. F. HOLLEMA_N, 
Checked by H .. T. CLARKE and C. R. NOLLER, 

I 

1. Procedure 

AN amalgam prepared from 9.0 g. (0.39 mole) of sodium and 
756 g. (55 cc.) of mercury (Note I) is warmed to about 50° 
(Note 2) in a 500-cc. Pyrex round-pottom flask (Note 3). To'it 
is then added a cold suspension of 25 g. (0.13 mole) of xanthone 
(p. 84) in 175 cc. of 95 per cent ethyl alcohol. The flask is at 
once stoppered, held in a cloth, and vigorously shaken, raising 
the stopper from time to time to release any pressure. The 
temperature rises rapidly t6 60-70°. The solid xanthone 
rapidly goes into solution, a very faint and transient blue color 
being developed. At the end of about five minutes the alcoholic 
solution is clear and practically colorless. After shaking for ten 
minutes longer, the mercury is separated and washed with 10-15 
cc. of alcohol. The alcoholic solution is filtered while warm 
and slowly poured with stirring into 2 1. of cold distilled water. 
The precipitated xanthydrol is filtered with suction, washed with 
water until free of alkali, and dried at 40-50° to constant weight. 
The crystal1ine product, which weighs 23-24 g. (91-95 per cent 
of the theor~tical amount), melts at 12I-r23° and is practically 
pure (NoteI4). 
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2. Notes 

I. The amalgam may be conveniently prepared by placing 
the sodium in the 500-cc. flask, covering it with 15-20 cc. of dry 
toluene and cautiously melting the metal over a free flame. The 
flame is then extinguished and the mercury added in drops, with 
occasional shaking. The reaction is extremely vigorous at 
first, but the rate of addition may be rapidly increased after the 
first 2-3 cc. of mercury has been added. The addition is so 
regulated that the toluene boils continuously, and it is finally 
allowed to volatilize completely. The toluene vapor remaining 
a'1?ove the amalgam tends to protect it from the action of the air. 

2. The amalgam is semi-solid at room temperature, but is 
completely meIted at 50°. If made as in Note I, it is merely 
~nowed to cool to 50° before adding the alcoholic xanthone. 

~ 3. A thick-walled flask is necessary; although no great pres
sure is developed at any time, the impact of the mercury during 
sha!dng might break thin glass. 

{. Xanthydrol is employed as a reagent for the determination 
of urea, with which it forms an insoluble condensation product. 
The It,laterial obtained is entirely satisfactory for this purpose; 
if desired, however, it may be recrystallized from alcohol, 
whereupon the melting point is raised by about 1°. 

3. Other Methods of Preparation 

Xanthy~ol was first prepared by reducing xanthone by means 
of zinc dust in'the presence of boiling alcoholic sodium hydroxide; 1 

it was later shown by Fosse that it could be conveniently pre
pared by the action of a low percentage sodium amalgam upon 
xanthone in alcohol. The method is based upon the directions 
of Fosse. 2 

1 Meyer and Saul, Ber.26, 1276 (1393); Adrian, Rec. tray. chim. 35,130 
(1915). 

Z Ann. chim. (9) 6, 58 (1916). 



ADDITIONS AND CORRECTIONS FOR 
PRECEDING VOLUMES 

(The numbers following the name of a compound refer to the volume and page of 
"Organic Syntheses.") 

Allyl alcohol (1, IS), see 6, 103 
Benzoin (1, 33), see 6, 103 
n-Butyl n-butyrate (5, 23). If after the addition of the n-butyl alcohol, the 

oxidation mixture is heated on the steam bath to 90-100° until the supernatant 
liquid is practically colorless and then the reaction mixture is worked up as 
described, the yield of ester is increased to 147-149 g. (64-65 per cent of the 
theoretical amount). ' -

If the ratios of the starting materials are changed slightly the yield of 
ester is further increased. Thus when r48 g. (2 ~oles) of n-buiyl a]cohor. 
r87 g. (0.62 mole) of crystallized sodium dichromate Imd 500 g. (5.1 moles) of 
sulfuric acid (sp. g. 1.84) are used and the reaction mixture heated after the 
addition of the butyl alcohol the yield of ester is 57-6r g. (70-75 per cent of 
the theoretical amount). ,(Private communication from W. J. Hickinbottom.) 
(CompJ.re also Reilly and Hickinbottom, Scientific Proceedings of the Royal 
Dublin Society, 16, 246 (1921).) 

Cyclohexyl carbinol (6, 22). The amount of cyclohexyl bromide indicated in 
line 6 should be 163 g. (1 mole). 

9, ro-Dibromoanthracene (3,41), see 6, r03 
2-Furancarboxylic acid (6, 44) is most satisfactorily 'purified by recrystallizing 

from carbon tetrachloride. A few cc. of water should be added to coagulate 
and float the dark impurities. The clear subjacent liquid is separated and 
deposits colorless crystals of correct melting point. 

Furfural (1, 49), see 6, 103. 
Methylene iodide (1, 5:). The methylene iodide obtained after vacuum distilla

tion melts at 6°. 
Pinacol hydrate (5, 87). The mixture should be chilled and kept cold for several 

hours instead of a few minutes. 
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SUBJECT INDEX 
(This Index Comprises Materiaifrom all Volumes oj fhis Series.) 

(Names of compounds in small capital letters indicate wbstances for which directions 
are given. the numbers in bold face type refer to volumes of Organic Syntheses, numbers 
in italics ~efer to pages In those volumes ,~n which preparative directions are given, and 
numbers 10 Arabic refer to pages on whidh\the compounds or subjects are mentioned in 
connection with other preparations. For ~a!"ple: ACETOACETIC ESTER. 4, 45; 6, 36 indi
cates th~t acetoac:etic ~ster is. n:entioned in_tvol~me 4 on page 45 and that directions for its 
preparation are gIven In detail 10 volume 6'00 l>age 36; Acetophenone. 2. I indicates that 
this substance is mentioned in volume 2 on ~age 'I but that no directions for its preparation 
are given in this series.) 1 

A ~ Acetyl mandelic acid, 4, I 

ABSOLUTE ALCOHOL, 4, II, 29; 5, 53, ACETYL MANDELYL CHLORIDE, 4, I 

55, 56, 59; 7, 8, 10, 36, 37 (see also Acid potassium sulfate, 6, 2 
Ethyl alcohol) 4CROLEIN, 6, I 

ABSOLUTE METHYL A'LCOHOL, 7, 28, 29 Acrylic acid, 7,56 
ACETAL, 3, I Ahive amyl alcohol, 7, 77 
Acetaiation, 3, I Addition reactions, 4, 23; 5, 31, 99; 
Acetaldehyde,3, 1,91,92; 4,53; 6, 17 6; 28 
ACETAMIDE, 3, 3 Addition to ethylenic linkage, 5, 31, 99 
p-ACETAMINOBENZENE SULFINIC ACID, Addition to ethylene oxide linkage, 6, r2 

5, I, 3 Addition to quinone, 4, 35 ~ 
p-ACETAMINOBENZENE S U L F'O N Y L Addition to triple bond, 4, 23 

CHLORIDE,5, 1,3 Addition to a, {3-unsaturated com-
Acetanilide, 4,40; 5, 1,3 pounds, 4, 29; 6, 28 
AcetiC acid, 2, 18, 33, 64; 3, 3, II, 45; Addition tube, 3-way, 7, 13 

4, 5, 47; 6, 8, 52; 7,31, 32 ADIPIC Ac6, 5, 9, 37 
Acetic anhydride, 3, 21; 4, 35; 5, 17, Ajinomoto,~, 66 

83; 7, 22,44, 74, 86 Alcoholic potash, 7, 77 
ACETOACETIC ESTER, 4, 45; 6, 36; 7, Alcoholysis, 2,'27; 7,28 

36,137, 60 Aliphatic compounp.s -> aromatic com-
ACETOACETIC ESTER SYNTHESIS, 7, 36 pounds, 2, 4 
Acetone, 1, 45, 47, 53, 54; 2,41; 3, 17, Alkali fusion, 3, 37 

58,61; 4,39; 5,87; 6,40; 7,8,42,43 Alkylation, 4, II; 59 
ACETONE DICARBOXYLIC ACID, 5, 5, 53 ALKYL BROMIDES, 1, I 

Acetophenone, 2, I; 5,19 Alkylene bromides, 1, I, 8, 9 
ACETOPYRUVIC ESTER (ETHYL), 6, 40 ALLYL ALCOHOL, 1, 3, H, I5 
ACETOXlME, 3, 62 ALLYL BROMIDE, 1, I, 3, II, 17; 5, 
p-Acetotoluide, 6, 8 45, 99 
Acetylation, 4, 1,35,40; 6,8 Aluminum chloride, 4, 73,81; 6,17 
Acetyl chloride, 4, I AMINOACETIC ACID, 4, 3I 

Acetylene, 4, 23 p-Aminobenzoic acid, 7, 59 
95 
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p-Aminobenzophenone, 7, 26 
a-Aminocaproic Acid, 4, 3 
I, 4-AMINONAPHTHOL HYDROCHLORIDE, 

3,7; 5,79 
P-AMINOPHENYLACETIC ACID, 3, II 
P-AMINOPHENYLARSONIC ACID, 3, 13 
Aminothymol, 6, 93 
Ammelide, 7, 46 
Ammeline, 7, 46 
Ammonation, 2, 75 
Ammonia, 4, 19; 6, 28; 7, I7, 32, 47, 

55,65 
Ammonia, aqueous, 2, 37,75; 3, II; 4, 

3; 6, 2S, 72; 7, 16, 17, 31 
Ammonium acetate, 3,12 
Ammonium p-aminophenylacetate, 3,. 

II 

Ammonium carbonate, 2, 75; 3, 3, 4, 
4, 20 

Ammonium chloride, 1, 75; 79, 81; 3, 
67; 4,47,57; 7,16,31 

Ammonium nitrate, 7,46,68 
Ammonium phenyl dithiocarbamate, 6, 

72 

Ammonium sulfide, 3, II 
Ammonium tliiocyanate, 7, 48 
Ammonolysis, 4, 3; 7, 16 
iso-Amyl alcohol, 1, 4, 10 
Amyl alcohol, active, 7,77 
iso-AMYL BROMIDE, 1, I, 2,4, 10 
n-AMYL METHYL KETONE, 7, 60 
n-AmyI propiolic acid, 7, 62 
ANHYDRO - 0 - HYDROXYMERCURIBENZOIC 

ACID, 7,3 
ANHYDRO - 2 -HYDROXYMERCURI- 3-N1-

TROBENZOIC ACID, 7, I, 12 

Aniline, 2, 71, 79; 3, 7, 13; 4, 40; 5, 13, 
71; 6, 72; 7,6 

Aniline arsenate, 3, 13 
Aniline hydrochloride, 3, 95 
Anthracene, 3, 41 
Anthranilic acid, 2, 47; 7, 31, 32, 33 
Anti-foam agents, 7,33 
Antimony trichloride, 7, So 
ARSANILIC ACID, 3, IJ 
Arsenation, (see Arsonation) 
Arsenic acid, 3, 13, 14; 4, 65 
Arsc;nious oxide, 4, 5, 27 

ARSENOACETIC ACID, 4, 5 
Arsonation, 3, J3; 4,5,65 
ARSONOACETIC ACID, 4, 5 
p-ARSONOPHENOXYACETIC ACID, 7,4 
Asbestos stoppers, 5, 9 
o-Azobenzoic acid, 7, 33 
Azo compounds, 7,33 

B 

Barium arsonoacetate, 4, S 
Barium 2-furancarboxylate, ';, 41 
Barium chloride, 4, 5 
Barium hydroxide, 1, 45, 46; 4, 66; 

5,37 
BENZALACETONE,·3,17 
BENZALACETOPHENONE,2,1 
BENZALANILlNE, 6, 13 
Benzaldehyde, 1,; 33; 2, I, 5; 3, 17; 5, 

13, IS; 6, 5S; ,7, 21, 22 
BENZALPINACOLONE, 6, 15 
BENZANILIDE, 7,6,24,25,26 
Benzene, 4,25, SI; 5,87; 7, 21,44,79 
Benzeneazo-<l<-naphthol, 3, 8 
Benzenediazonium chloride, 3, 7 
BENZENESULFONYL CHLORIDE, 1, 21,71,. 

72, SI I 

BENZIL, 1, 25, 29, 30; 6, 6 
BENZILIC ACID, 1, 29; 3, 45 
p-Benzoboric acid, 7, 19 
Benzoic acid, 1, 30; 2, 5; 3, 21; 5, 77; 

7,6,7 
BENZOIC ANIIYDRIDE, 3, 21; 7, 7 
BENZOIN, 1, 25, 26, 33; 6, 6 
BENZOQUINONE, 2, 85; 4,35 
Benzoyl acetate, 3, 22 
Benzoyl chloride, 7, 7 
Benzyl alcohol, 2, 5 
BENZYL BENZOATE, 2, 5 
Benzyl chloride, 2, 9; 4, 59 
BENZYL CYANIDE, 2, 9, 27, 57, 63 
Benzylmagnesium chloride, 4, 59; 6, 21 
Biguanide nitrate, 7,46 
Binder, calcium chloride solution, 5, SI 
Borax,4,46 
Boric acid, 6, 78 
Bromination, 1, 35, 39; 3,41; 4,9; 6, 

S; 7, ~4 
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Bromine, 1, 2,3,35,39; 3,41; 4,9; 5, 
99; 6,8; 7, 12,34 

BROMINE, DRY, 7,35 
Bromine in glycerol, 4, 14, 38 
Bromoacetic acid, 7, 22 
3-Bromo-4-acetaminotoluene, 6, 9 
p-BROMOACETOPHENONE, 5, 17 
3-BRoMO-4-AMlNOTOLUENE, 6, 8, 16 
Bromobenzene, 5, 17, 77; 6, 32; 7, 80 
2-Bromobenzoic acid, 7, 14 
a-BRoMo-n-CAPROIC ACID, 4, 3,9 
2-Bromodecene-I, 6, 21, 27 
2-BROMOETHANOL, 6, 12 
{3-BROMOkTHYLPHTHALIMIDE, 7, 8 

• BROMOMALQNIC ESTER, 7,34,78,79 
~ \ 

a-BRoMoNAPHTHALENE,1,35 
2-BROMO-~-N\TRODENZOIC ACID, 7, 12, 

14 ~ 

2-Bromo-5tn.itrobenzoic acid, 7, 14 
o-Bromoph~nol, 1,40,41 
P-BROMOPH~NOL, 1,39 
{3-BROMOPROPIONIC ACID, 3, 25, 51; 7, 

56 I 

{3-Bromostyrere, 2, 67 
m-BRoMoTOLUENE, 6, 16 
p-BROMOTOLui\NE, 5, 21; 7,81 
Brucine, 6, 69 " 
Burner, Fletcher, 7, 18 
n-BUTYLACETOAC.ETIC ESTER (ETHYL), 

7,36, 60, 62 
n-Butyl alcohol, 1, 5, 6; 3, 69; 5, 23, 

27; 7,33 
sec.-Butyl alcohol, 5, 76 
It-BUTYL BROMIDE, 1, 2, 5, 10; 4, II; 

5, 77; 6, 54; 7,36,137 
sec.-Butyl bromide, 5,'75 
It-BUTYL n-BUTYRATE''SJ 23 
sec.-Butyl carbinol, 7, 7i' , 
It-BUTYL CHLORIDE, 5,27 
sec.-Butyl chloride, 5, 28 ' 
It-BUTYL MALONIC ESTER (ETHYL), 4, 

II 

n-Butyl nitrite, 4. J9, 20 

C 

Calcium carbide, 4, 25 
Calcium chloride, 3, I, 34, 84, 92; 7,61, 

79 

Calcium chloride tube, 7, 24 
Calcium cyanamide, 5, 45 
Calcium oxide, 4, 53 
Calcium meso-tartrate, 6, 83 
Calcium succinate, 7, 41 
Calomel, 3, 100; 7, 19 
Cannizzaro reaction, 6, 44, 47 
lz-Caproic acid, 4, 9 
Capryl alcohol (see Methyl hexyl car-

binol) 
Carbanilide, 3, 95 
Carbon dioxide, 5, 75; 7, I, 60 
Carbon disulfide, 1, 39, 41; 5,17; 6,72, 

86; 7,9 
Carbon tetrachloride, 1, 17, 67, 70; 2, 

23; 3,25,41,51,76; 4,29,81; 5,99; 
7,34 

Castor oil, 1, 61, 63, 65 
Catalysis, 4, 23 
CATECHOL,3,27,28 
Catechol monomethyl ether, 3, 28 
C-C linkage, formation of, 7, 30 
Chloral hydrate, 5, 71 
Chlorination, 6, 86 
Chlorine, 2, 37; 5,31; 6,86 
CHLOROACETAMIDE, 7, 16 
Chloroacetic acid, 3, 53, 83; 4, 5; 7,4, 

20,22 
p-Chloroacetophenone, 5, 19 
Chloroacetyl chloride, 7, 17 
{-Chloroaniline, 6, 18 
Chlorobenzene, 1, 21; 5,19; 7,82 
o-Chlorobenzoic acid, 7,32 
O-CHLOROCYCLOHEXANOL,5,3I ,35 
Chloroform, 1, 81; 3,68; 4,37; 5,55 
p-CHLOROMERCURIDENZOIC ACID, 7! 18, 

58,59 
O-CHLOROMERCURIPHENOL,4,I3 

p-Chloromercuriphehol, 4, 13 
2-Chloropentane, 5, 28 
p-Chlorophenol, 6, 78 
P-CHLOROPHENYL ISOTHIOCYANATE, 6, 

18 
P-CHLOROPHENYL MUSTARD OIL, 6, 18 
Chlorosulfonic acid, 5, 3 
O-CHLOROTOLUENE, 3, 33 
P-CHLOROTOLUENE, 3, 34 
Chr9!llic acid? 7, 33, 6~ 
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Chromic acid mixture, ';, 59 
Citric acid, 5, 5 
Claisen condensation, 2, I 

Condensation, 1, 33, 45; 2, I, 5,41 , 79; 
3,17; 4, 15,23, 29, 43, 45, 53, 73, 81; 
5, 15,37, 71, 83; 6,36,40, 78, 83; 7, 
4, 6, 20, 24, 42 

Condensation, acetoacetic ester, 6, 36 
Condensation, "aldol," 1, 45; 4,53 
Condensation, benzoin, 1, 33 

Condensation, benzyl benzoate, 2, 5 
Condensation, Claisen-Schmidt, 2, I; 

S, 17; S, IS; 7,42 
Condensation, "Crotonaldehyde," 2, 

41; 7,20 
Condensation, isatin, 5, 71 
Condensation, phenylurea, 3, 95 
Conden,ation, xanthone, 7, 84 
Congo Red, 3, IS, 61; 5, 39, 40, 72; 7, 

13,31 

Copper bronze, 6, 16 
Copper sulfate, 2, 38; 3, 33, 79; 5, 21; 

6,6; 7,30 
Copper turnings, 5, 21 
Cork-pine wood for diaphragms in elec-

trolytic reductions, S, 95 

Com cobs, I, 49, 51 
Coupling of diazonium salts, 2,47; 3, 7 
Coupling reacticn, 2, 47; 3, 7 
Creatin, 4, IS 
CREATININE, 4, 15 
Creatinine picrate, 4, 16 
Creatinine, zinc chloride, 4, IS 
P-CRESOL, 3, 37 
CUPFERRON,4, I9 
Cuprous bromide, 5, 2r 
Cuprous chloride, 3, 33, 34, 79; 4, 69; 

7,30 

Cuprous cyanide, 4, 69 
CUPROUS HYDROXIDE, 7,30 
Cuprous oxide, 6, 6; 7,33 
Cyanoacetic acid, 7, 22 
Cyanoacetic ester (ethyl), 7, 21 

Cyanohydrin Synthesis, 6, 58 
a-CYANo-{:l-PHENYLACRYLIC ACID, 7, 

20,21 

Cyclohexanol, 5, 9, 33 

CYCLOHEXENE, 5, 31, 33 ' 
I 

CYCLOHEXENE OXIDE, 5, 35 
Cyclohexyl bromide, 5, 77; 6, 20, 22 

3-CYCLOHEXYL-2-BROMOPROPENE-r, 6, 
20, 26 

CYCLOHEXYL CARBINOL, 6, 22 

Cyclohexyl chloride, 6, 24 

Cyclohexylmagnesium bromide, 6, 20 
Cyclohexylmagnesium chloride, 6, 24 
3-CYCLOHEXYL PROPINE-I, 6, 26 
CYCLOPENTANONE,5,37 

I-CYSTINE, 5, 29 

D 
De-ammonation, 3, 95 
Decarboxylation, 2, 93; 3, 83; 4, 63, 

77; 5, 5,37; 7,40 

Decine-I, 6, 27 
Decolorizingcarbon, 7,5,9,25,32, 33,6'\. 
Decomposition, 4, 39 
Dehydratiqn, 1, 49,53,67; 2,41; 3,3, 

21; 4,15;43,63; 5,5,33; 6,1; 7,68, 
70, 74, 76, 77 

Dehydrogenation, 1, 61 
Demethylation, 3, 28 
DIACETONAMINE HYDROGEN OXALATE, 

6, 28 
DIACETONE ALCOHOL, 1, 45, 53, 54 
Diagrams: 

Acetylene condensation, 4, 24 
Automatic extractor, 3, 88 
Automatic separation, 1, 64, 68; 2, 

23; 3, 29 
Concentmtion of liquids, 4, 54 
Condensation or low boiling liquids, 

1, 76 
Dehydration with solvent, 2, 23 

Distillation flask and column, 1, 40 

Electrolytic reduction, 5, 94 
Esterification of non-volatile acid, 5, 

60 
Evaporation under reduced pressure, 

4, 54 

Extraction and crystallization, 2, 49; 
3, 88 

Hopper, 3, 87 
Hydrogen cyanide apparatus, 7, 50 
Manipulation of gases, 4, 24 

Mechanical stirrer, 1, 4, 12; 3, 29 
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Diagrams: 
Mercury seal, 1, 4 
Pyrogenic decomposition, 4, 40 
Rapid evaporation, 4, 54 
Steam distillations, 1, So; 2, 80 

with superheated steam under 
reduced pressure, 5, 80 

Stirring devices with reflux, 1, 12 

DIALLYL AMINE, 5, 43 

DrALLYL CYANAMIDE, 5, 45 

Diazotization, 2, 47, 71,80; 3, 7, 9, 33 
~ 79, 87, 89, 91; 4, 69;. 5, 21; 6, 16; 

, ~, 30, 31 

~plJ-l,enzalacetone, 3, 18 
~ib~zyl ether, 2, 6 
:\Io-DlBROMOANTHRACENE, 3, 41 

I, \4-Dibromonaphthalene, 1,35,36 
2, 4,-Dibromophenol, 1, 40 
2, 3~IBROMOPROPENE, 5, 49; 6,20, 21 

Di-n-putyl amine, 5, 44 
Di-lt-hutyl cyanamide, 5, 44, 46 
a,7-D\cHLOROACETONE,2,I3 

Dichlorbhydrin, 2, 13 
Dicyanodiamide, ~, 46, 48 
Diethylcar):Jinol, 7, 77 
Diethyl malonate, 4, II, 27, 29; 7,34,35 

Diethyl sulfate, 4, 60 
Difuralacetone, 7,43 
DIHYDROXYMETHYLBENZOPYRONE, 4, 45 

Dimethylamine hydrochloride, 1, 81; 
3, 68 

p-DlMETHYLAMINOBENZALDEHYDE,2,I7 

P-DIMETHYLAMINO~ZOPHENONE' 7, 
24 

Dimethylaniline, 2, I .47; ~,24, 26 
Dimethyl sulfate, 6, 96; 7,26 

3, 5-DINITROANISOLE, 7, 28 

DlPHENIC ACID, 7, 30 
DiphenyI, 7,81 
DIPHEN1.'1.ACETIC ACID, 3, 45 
a, a-DlPHENYLETHYLENE, 6, 32 

Diphenylurea, 3, 95 
Diphthalimidoethane, 7,9, 10 

Disodium phosphate, 4, so 
Disproportionation, 1, 75, 79; 2, 5, 67; 

6,44 
Distillation under reduced pressure, '1, 9 
Di-p-TOLYLETHANE (UNSYM.), 4, 23 

Drying, 7, 7 
Dynamite glycerine, 6,4 

E 
EPICHLOROHYDlUN, 3, 47 

Esterification, 2, 23, 27; 3, 27, 51, 53; 
5, 23, 53, 59; 7, 44 

Ether (see Ethyl ether) 
Ethyl acetate, 3, 96; 6, 32, 36 
ETHYL ACETOACETATE, 4, 45; 6, 36; 

'2,36,37,60 
Ethyl acetoacetic ester (ethyl), 7,62 
ETHYL ACETONE DICARBOXYLATE, 5, 

53 
ETHYL ACETOPYRUVATE, 6, 40 
Ethyl adipate, 5, II 

Ethyl alcohol, 1, 6; 2, 23, 27; 3, I, 5r, 
54,68,69,91; 4, II, 2Qj 5, 15,45,53, 
55, 59, 103 

Ethylation, 4, 59 
Ethylbenzene, 4, 25 
ETHYL BROMIDE, 1, 1,6 
ETHYL BRoMoMALoNATE, 7, 34, 78, 79 
ETHYL Il-BROMOPROPIONATE, 3, Sf 
ETHYL ll~BUTYLACETOACETATE, 7, 36, 

60,62 

ETHYL n-BUTYLMALONATE, 4, II _ 

Ethyl chloroacetate, '1, 16, 17 
ETHYL CYANOACETATE, 3, 53; 7, 21 

Ethylene bromide, 7, 9, 10 
Ethylene bromohydrin, 6, 12 

Ethylene chlorohydrin, 3, 57 
ETHYLENE CYANOHYDRIN, 3, 25, 57; 7, 

54,56 
Ethylene oxide, 6, 12, 54 
Ethyl ether, 3, 47, 48; 4,59, 8r; 5,75; 

'2, 3I, 33, 74, 75 

Ethyl ether, anhydrous, 7, 75,80 
Ethyl ethylacetoacetate, 7,62 
Ethyl fumarate, 4, 29 

Ethyl glutarate, 5, II 
Ethyl hydracrylate, 3, S2 

Ethyl. malonate, 4, II, 27, 29; 7, 34, 
35 

ETHYL MESOXALATE, 4, 27 

Ethylm-nitrobenzoate, 3, 72 
ETHYLORTHOFORMATE,5,55 

ETHrt OXALATE, 2, 23; 5, 59; 6, 40 
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ETHYL OXOMALONATE, 4, 27 

ETHYL PHENYLACETATE, 2, 27 

ETHYL PROPANE-I, I, 2, 3-TETRACAR-

BOXYLATE,4,29,77 

Ethyl succinate, 5, 10 
Ethyl sulfate, 4, 60 
Extraction, 2, 49; 3, 88; 6, 98; '1, 6, 9 
Extraction of nutmegs, 6, 100 

F 

Fehling's solution, 1, 26 
Ferrous sulfate, 2, 79 
Ferrous sulfide, 3, 12 
Filtration, hot, '1, I 
Filtration of strongly alkaline solution, 

'1, 19 
Filtros plate, 2, 43; 4, 43; 5, 7, 6$, 95; 

'1,70 

Flour, 5, 63 
Flour, gluten, 5, 65 
Foam formation, '1,31 
Foam prevention, '1,33 
Formaldehyde, 2, 17; 3, 67; 4, 47, 53; 

6,23 
Formalin (see Formaldehyde) 
Formic acid, 1, IS, r8 
Fractionating column, 3, 2r 
Friedel and Crafts Reaction, 4, 73, 8r; 

5, 17; '1, 26 
Fuller's earth, 7, 64 
Fumaric ester (ethyl), 4, 29 
FURAN, '1,40 
2-FURANCARBOXYLIC ACID, 6, 44; '1, 

40, 41 
FURFURAL, 1, 49; 6,44; '1,42 

FURFURALACETONE, 7, 42 
FURFURYL ACETATE, '1, 44 

Furfuryl alcohol, 6, 44 
FUROIC ACID, 6, 44; '1,4°,41 

2-Furylcarbinol, 6, 44; 7,44 
2-FURYLMETHYL ACETATE, 7, 44 

Gallic acid, 6, 96 
Gelatine, 2, 37 
Glidine, 5, 66 
d-Glucose, 6, 64 

G , 

Glucoside formation, 7, 64 
GLUTAMIC ACID, 5, 63 
GLUTARIC ACID, 5, 10, 69 

Gluten, 5, 63 
Glycerol, 1, IS, 17; 2, 29,33, 79; 6, 2 

GLYCEROL-a,'Y-DICHLOROHYDRIN,2, 29; 

3,47 
GLYCEROL-a-MONOCHLOROHYDRIN, 2, 

33; 6,48 
a-GLYCEROL PHENYL ETHER, 6, 48 

GLYCINE, 4, 31 
GLYCOCOLL, 4, 31 
Grignard Reaction, 4, 59; 5, 75; 6, 20, 

22,32,54; 7, 80 
Grignard reagent and esters, 6, 32 
Grignard reagent and ethylene oxide, 

6, 54 
Grignard reagent and halides, 6, 20; 

7, 80 

Grignard reagent in the preparation of 
an acid, 5, 75 

Grignard reagent in the preparation of 
an alcohol, 6, 54 

Grignard reagent in the preparation of 
a hydrocarbon, 4, 59 

Grignard reagent to olefins, 6, 32 
Guaiacol, 3, 28 
Guanidine, 7, 69 
GUANIDINE NITRATE, 7, 46, 68, 69 
Guanidine sulfate, 7, 69 
Guanidine thiocyanate, 7,48,69 

H 

Hair, human, 5, 39 
Halogenation (see Bromination, etc.) 
Halogenation, indirect, 4, 37; 7,12,58 
p-Halogen benzoic acids, 7, r9 
Heptaldehyde, 6, 52 
HEPTANONE-2, '1,60 
Heptine-I, 7, 62 
Heptine-2, 7, 62 
n-HEPTYL ALCOHOL, 6, 52 

Heptylmagnesium bromide, 6, 2I 

Hexahydi-obenzobenzoic acid, 5, 77 
HEXANONE-2, '1,62 

n-HEXYL ALCOHOL, 6, 54 

Hood, 7, 20 
Hopper, 3, 47 
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HYDRACRYLIC ACID, 7,54 
Hydration, 7,62 
Hydrazine hydrate, 6, 74 
HYDRAZINE SULFATE, 2, 37 
Hydriodic acid, 3, 45 
HYDROBROMIC ACID, 1, I, 2, 4, 36, 39; 

3,25, 28,43; 4,31; 6,12 
Hydrochloride of aminonaphthol, 6, 94 
Hydrochloride of 3-bromo-4-aminotol-

uene, 6, 9 1\ 
a-Hydroformamine cyanide, 4, 47 ,I ~\ 
Hydrogen chloride generator, 2, 30 ~ 
HYDROGEN CYANIDE (ANIIYDROUS)~. 7,\ 

50 • \ 
Hydrogen peroxide, 3, 27 ,\ 
HYcl_rogen sulfide, 3, II; 6,93; 7,82" 
Hydrolysis, 1,49; 61; 2, 27, 59, 63; ~\' 

25, 28, 53, 61, 73; 4, 31, 77; 5, 39t, 
43,63, 69; 6,5&,66; 7,24,48,56,64 

Hydroquinone, 2, 85; 6, 2 I 
HYDROXYHYDROQU~NONE TRIACETATE, 

Isonitrosoacetanilide, 5, 71 
Isoni troso-p-toluidide, 5, 74 
I vory nuts, 7, 64 

Keratin, 5, 39 
KETENE, 4, 39 

K 

Ketone hydrolysis, 7, 60 
Ketone-splitting of acetoacetic 

7, 60 

L 

Lachrymation, 7, 16 
Lead nitrate, 6, 72 
Lauryl alcohol, 1, 7 
LAURYL BROMIDE, 1, 7 
Lime nitrogen, 5, 45, 46 
Litmus, 7, 20,42 

M 

ester, 

4, 35, 45 ~ 
HYDROXYLAMINE HYDROCHLORIDE, 3, IMagnesium, 4, 59; 5, 75, 87; 6, 20, 

61,; 5, 71 ' 22,3 2,54; 7,37,80 
Hydroxylamine sulfate, 5, 73 Magnesium methylate, 7,37 
p-Hydroxyphenylarsonic acid, 7, 4, 5 MiLlachite green, 7, 26 
P-HYDROXYFROPIONIC ACID, 7,54, 55 M~lonic ester (ethyl), 4, II, ~7, 29; 7, 
Hypochlorous acid, 5, 31 34, 35 

I 

Ice-bath, 7,32 
Ice-salt-bath, 7, 25 
Imide formation, 2, 75 
Infusorial earth, 7, 64 
Iopination, 4, 37 
Iodine, 1, 53, 54; 3,45; 4,37; 7, 14, 58 
p-IODOBENZOIC ACID, 7, 19,58, 59 
p-Iodobenzonitrile, 7, 59 
Iodoform, 1, 57, 58 
p-Iodonitrobenzene, 7, 59 
2-IoDO-3-NITROBENZOIC ACID, 7, 14 
3-Iodopentane, 7, 77 
O-IODOPHENOL, 4, 37 
P-Iodopropionic acid, 7,56 
p-Iodotoluene, 7,59 
Iron filings, 6, 52 
ISATIN, 5, 71 

Malonic ester synthesis, 4, II, 29 
MANDELIC ACID, 4, I; 6, 58 
Mandelonitrile, 6, 58 
Manganese dioxide, 7, 18, 19 
Mannose,' 7, 66 
Melanin, '0" 63 
Melting pOint, sealed tube, 7, 71 
Mercuration, 3, 65, 99; 4, 13; 7, I 

Mercuration, indirect, 3, 9); 7, I 

Mercuri-bis compounds, preparation of, 
3,65 

Mercuric acetate, 4, I]; 7, I 

Mercuric chloride, 3, 99; 5, ]1, 87; 
7,19 

Mercuric iodide, 4, 37; 7, 14, 58 
Mercuric oxide, 7, 2 

Mercuric sulfate, 4, 23 
Mercurous chloride, 3, 100; 7, 19 
MERCURY DI-P-ToLYL, 3, 65 
MESITYLENE, 2, 41; 4,25 
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MEsrm OXIDE, 1, 53; 6, 28 
MESOXALIC ESTER (ETHYL), 4, 27 
Metathesis, 2, 9; 8, 83; 5,45, 55, 103; 

6,48; 7,4,9,28, 78 
p-Methoxyacetophenone, 5, 19 
p-Methylacetophenone, 5, 19 
Methylal, 3, 67, 69 
Methyl alcohol, 3, 19, 71; ~,3, 15,31; 

6,64; 7, 28, 64, 85 
Methyl alcohol, absolute, 7, 37, 64 
METHYLAMINE HYDROCHLORIDE, 1, Sl; 

3,67 
Methyl n-amyl carbinol, 7, 62 
METHYL n-AMYL KETONE, 7, 60, 62 
.a-METHYL ANTHROQUINONE, 4, 43 
Methylation, 6, 64, 94, ;16 
Methylation by means of formaldehyde, 

1, 75, 79; 2, 17; 3,67 
Methyl benzoate, 3, 71, 72 
Methyl bromide, 3, 29 
METHYL n-BUTYL KETONE, 7,62 
METHYL iso-BUTYL KETONE, '1,62 
METHYL seC-BUTYLMETHYL KETONE, 

7,62 
Methyl chloroacetate, 7, 17 
Methyl cyanoacetate, 3, 56 
METHYLENE AMINOACETONlTRlLE, <l, 

31 ,47 
METHYLENE IODIDE, 1, 57 
!3-METHYL ESCULETIN, 4, 45 
dl- METRY ETHYL ACETIC ACID, 5, 75 
Methyl formate, 3, 67 
a-METHYL 7-GLUCOSIDE, 6, 64 
/'i-Methyl glucoside, 6, 65 
4-METHYLH~XANONE-2, 7, 62 
METHYL HEXYL CARBINOL, 1, 61 
Methyl iodide, 1, 57, 59; 7, 26 
5-Methyl isatin, 5, 74 
a-METHYL MANNOSIDE, '2, 64, 66 
METHYL m-NITRoBENZOATE, 3, 71, 73 
Methyl o-nitrobenzoate, 3, 72 
Methyl oxalate, 5, 60 
Methyl orange, 7, 20 

4-METHYL PENTANONE-2, 7, 62 
Methyl propyl carbinol, 7, 76 
METHYL RED, 2, 47 
Methyl sulfate, 6, 96; 7, 26 
Michael Reaction, 4, 29 

Mineral oil, 6, 26 
Monosodium glutamate, 5, 66 
MYRISTIC ACID, 6, 66. 

N 

Nitration,2,57; 3, 71; S,85; 7, 70 

o 
d- and l-OCTANOL-2, 6, 68 
n-Octyl alcohol, 1, 7 
sec.-Octyl alcohol, 6, 68 
n-OCTYL BROMIDE, 1, 7 
sec.-Octyl hydrogen phthalate, 6, pS 
Oenanthol,6,5 2 

Oil bath, ?, I, 3, 6, 46, 54 • 
OPTICALLY ACTIVE sec.-OCTYL ALO 

HOLS, 6, 68 
I 

Optical rotation, 7, 65 
ORTHOFORMIC ESTER (ETHYL), 5, 55 
Oxalic acid, 1,17, lSi 2, 23; 5,59,9 

6, 28 
OXALIC ACID, ANHYDROUS, 1, 18, 6 

5, 59 
OXALIC ESTER (ETHYL), 2, 23; 5, 5 

6, 40 
Oxidation, 1, 25; 2, 13, 34, 37, 39, 5 

79, 85, 95; 3, 27; 4, 27,49; 5, 9, 2 

79; 6, 6, 92; 7, IS, 59, 62, 72 
OXOMALONlC ESTER (ETHYL), 4, 27 

P 

Paraformaldehyde,l, 75, 79, SI; 6, 2 
PENTAERYTHRfTOL,4,53 
Pentanol-2, 7, 76 
PENTENE-2, 7, 76 
Perkin reaction, 5, 83 
Petroleum ether, 7,81 
Phenanthrene, 7, 33 
Phenanthrenequinone, 7, 33 
Phenol, 1, 39; 4, 13,65; 6,48; 7,84 
Phenolarsonic acid, 7, 4, 5 
Phenol burns, 4, 14, 38 
Phenolphthalein, 3, 83; 5, 71 

I Phenolsulfonic acid, 3, 51 
o-Phenoxybenzoic acid, 7, 86 
PHENYL ACETIC ACID 2, 10, 63 
PHENYLACETIC ESTER (ETHYL), 2, 27 
PHENYLACETYLENE, 2, 67 
4-Phenyl-z-bromobutene-I, 6, 27 
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Phenyl-4-bromo-2-butene-I, 6, 21 
PHENYLHYDRAZINE,2,7I 

.a-PHENYL HYDROXYLAMINE, 4, 19, 57 

PHENYL ISOTHlOCYANATE, 6, 72 
Phenylmagnesium bromide, 6, 32; 7, 

82 
Phenyl salicylate, 7,84 
4-PHENYLSEMICARBAZIDE, 6, 74 

PHENYLUREA, 8, 95; 6, 7~\ 
Phosphoric acid, 3, 21; 5,\92 
Phosphorus, 3, 45 ~ \ 
Phosphorus oxychloride, 1'i ~ 3, 75; 

7, 24, 26 
Phosphorus pentachloride,t}, 21, 22; 

3, 75, 76 \ 
Phosphorus trichloride, 4, 9 
Phthalic acid, 7, 72 \ 
Phthalic anhydride, 2, 7S; -t, 43, 73; 

6,68, 78; 7, 69, 70 l 
PHTALIU1l.>E, 2, 75; 7, 8, 78 \ 
Phthalimide synthesis, 7, 78 
PHTHALIMIDO MALONIC ESTER, '\' 78 
Picric acid, 4, 16 
PINACOL HYDRATE, 5, 87, 91 '\ 
PINACOLrNE, 5, 91 ~ 
PINACOLONE, 5, IS, 9I 
Pinacolone rearrangement, 5, 91 
Potassium acid sulfate, 4, 63 
Potassium benzilate, 1, 29, 30 
Potassium bromide, 7, 78 
Potassium cyanide, 7, 22, 59 
Potassium hydroxide, 1, 29; 2, 67; 3, 

37; 7, 45,62 
Potassium hydroxide, alcoholic, 7, 77 
Potassium iodide, 4, 37; 7, 14, 58 
Potassium permanganate, 7, 18 
POTASSIUM PHTHALIMIDE, 7, 8,78 
Potassium sulfate, 6, 2 

PROPANE-I, I, 2, 3-TETRACARBOXYLIC 

ESTER (ETIIYL), 4, 29, 77 
n-Propylbenzene, 4,59 
iso-Propyl chloride, 5, 28 
n-Propyl chloride, 5, 28 
Propylene bromide, 1, 3, II 
pyridine, 4,31; 6,6 
Pyrogenic decomposition, 1, 61; 4, 39 
PYROMUCIC ACID, 6, 44 
PYRUVIC ACID, 4, 63 

QUINIZARIN, 6, 78 
QcnNoLINE, 2, 79 
QUINONE, 2, 85 

Q 

R 
Racemization, 6, So, 82 
Rearrangement, 1, 29; 5, 91 
Rearrangement, Benzilic acid, 1, 29 
Rearrangement, Pinacolone, 5, 91 
Reduction, 1, 2, IS, 57, 71; 2, 71, 89; 

3,7, II, 45, 61, 91; 4,5,57, 8r; 5, I, 

87,93; 6, 16, 52, 86, 90; 7,30,88,89 
Reduction, electrolytic, 5, 93 
Removal of CO from a.-hydroxy acid, 5, 

5 
Removal of HX, 2, 67; 8, 47; 5,35,49; 

6,26 
Replacement of carboxyl by mercury, 

7,1 
Replacement of mercury by halogen, 4, 

37; 7, 12,58 
Replacement of methylene hydrogen 

by alkyl, 7, 36 , 
Replacement of nitro by methoxyl, 7, 28 
Resolution of dl-alcohols, 6, 68 
Resolution of racemates, 6, 68 
Respirator, 7, 59 
Ring closure, 4,43,45; 0, 71; 7,84 

s 
Salicylaldehyde, 3, 27 
Salicylic acid, 7, 86 

alicylide, '(, 86 
S~lting out, 4, 57 
Sandmeyer-Gattermann Reaction, 3, 33, 

79; 4,69; 5, 21 
Saponification, 3, 73; 6,66; 7, 45, 54 
Sealing filter plates, 5, 7 
SEMICARBAZIDE SULFATE, 5, 93 
Separation, automatic, 1, 64, 68j 2, 23 
Separatory apparatus, large, 7, 45 
Silica for sealing, 5, 7 
Skraup synthesis, 2, 79 
Soap, 5, 39 
Soda lime, 7, 41 
Sodamide, 6, 26 

\ 

Sodiurn,2, 5,42; 4, II, 29; 5,55; 6,36; 
7,36, 82 
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Sodium acetate, 2, 48; 5, 39, 40, 83; 
7, 1,44 

Sodium alcoholate, 4, II, 29; 7, 22 
SODIUM AMALGAM, 7, 88, 89 
Sodium arsenite, 1, 57, 58; 4, 5 
Sodium arsonoacetate, 4, 6 
Sodium benzenesulfonate, 1, 21, 22 
Sodium benzylate, 2, 6 
Sodium bisulfate, 7, 52 
Sodium bisulfite, 1, 62, 63; 3,33,45,61, 

79; 1>, 79; 6, 58; 7,30 
Sodium bromide, 1, 2, 6, 8, 10; 5, 21; 

7, 13 
Sodium carbonate, 7, 20 
Sodium chloride, 4, 13; 7,30 
Sodium cyanamide, 5, 45 
Sodium cyanide, 1, 33; 2, 9; 3, 53, 57; 

4,47,6); 1>,103; 6,58; 7,20,22,51 
Sodium cyanoacetate, '1, 22 
SODIUM CYANOACETATE SoLUTION, 7, 

20 

Sodium cyanophenylacrylate, 7, 21 
Sodium dichromate, 2, 13, 53, 85, 95; 

5,23,79 
Sodium ethyl acetopyruvate, 6, 40 
Sodium ethylate, 6, 40, 48 
Sodium formate, 3, 69 
Sodium 2-furancarboxylate, 6, 44 
Sodium hydrosulfite, 3, 8, 10 
Sodium hydroxide, 7, 42, 54, 60, 76 
Sodium hydroxide, alcoholic, 7, 89 
Sodium p-hydroxymercuribenzoate, 7,18 
SODIUM p-HYDROXYFHENYLARSONATE, 

4,65; 7,5 
Sodium hypochJorite, 2, 37 
Sodium hypophosphite, 4, 6 
Sodium iodide, 3, 65; 7, 58 
Sodium methylate, 7, 28 
Sodium nitrite, 2, 17, 47, 61, 71, 80; 

3, 7, 33, 61, 79, 83, 87, 91; 4, 6<); 
1>,21; 6, 16,92; 7,31 

Sodium 3-nitrophthalate, 7, r 
Sodium phenate, 6, 48 
Sodium silicate, 6, 3 
Sodium sulfate, 4, 6; 5,71; 7,55 
Sodium sulfite, 2,71; 3, .~3; 5, I; 7,30 
SODIUM p-TOLUENESULFINATE, 2, 89; 

3,99 

Sodium p-toluenesulfonate, 8, 37, 38 
Splitting C-C linkage, 4, 39 
Splitting C-Hg linkage, 7, 19 
Starch iodide paper, 3, 7, 79 
Steam distillation apparatus, 2, 80 
Steam distillation, reduced pressure, 1>, 

80 
Slirrer, 1, 4 
Stirrer, mercury-seal, 7, 80 
Stoppers, asbestos and water glass, 5, 9 
Stopper protection, tin foil for rubber, 

4,68 
Sublimation under reduced pressure, 5, 

80 
Succinaldehyde, 7,41 
Succinic acid, 1>, 10 
Succinic ester (ethyl), 5, 10 
Sulfonation, with chlorosulfonic acid, 

5, .3 
Sulfosalicylic acid, 3, 51 
Sulfur dioxide, 2, 71; 3, 9, 61 
Sulfuric acid, 7, 51, 55, 60, 64, 68, 69, 

70 ,76,86 
Sulfuric acid, fuming, 4, 43; 5, 5 
Superheated steam distillation, 5, 80 

T 

Tar formation, 7,32 
Tartaric acid, 1, 46; 4, 63 
d-Tartaric acid, 6, 82 
dl-TARTARIC ACID, 6, 82 

meso-Tartaric acid, 6, 82 
Tetrabromophenolsulfonphthalein, 3, 14 
TETRAHYDROXYMETHYLMETHANE (PEN-

TAERYTHRITOL) 4, 53 
Thiocarbonyl perchloride, 6, 86 
Thionyl chloride, 4, I 

THIOPHENOL, 1, 7I 
TmOPHOSGENE, 6, 86 
TUYMOQUINONE, 6, 92 

Tetrabromophenolsulfophthalein, 3, T4 
Three-necked flask, 7, 13 
Thymol, 6, 92 
Tin, 6, 88 
Toluene, 2, 48; 3, 27, 30, 42; 4, 23, 73 
p-Toluenesulfonyl chloride, 2, 89 
o-Toluidine, 3, 33; 4, 69 
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p-Toluidine, 3, 34; 4, 70; 6, 21, 74; 
6, 8 

O-TOLUNITRILE, 4, 69 
p-TOLUNITRILE, 4, 69 
p-TOLUYL-O-BENZOIC ACID, 4, 43, 73 
p-TOLYLMERCURIC CHLORIDE, 3, 65, 85, 

99; 7, 18, 19 
1,2, 3-TRIBROMOPROPANE, 6, 49, 99 
TRICARBALLYLIC ACID, 4, 77 
TRIMETHYLAMINE, 1,75 
TRIMETHYLAMINE HYDROCHLORIDE, 1, 

75,79 
TRIMETHYLENE BROMIDE, 1, 2, 8, 10, 

II; 6, 103 

Trimethylene bromohydrin, 1, II 1 
TRIMETHYLENE CYANIDE, 5,69,10 I 

Trimethylene glycol, 1, 8 \ 
TRIMETHYLGALLIC ACID, 6, 96 . ~ 
TRIMYRISTIN, 6, 66, 100 I 

I, 3, 5-TRINITROBENZENE, 2, 93, 9P; 
7 ~ r 

2,4', 6-TRINITROBENZOIC ACID, 2, 93, J{ 
2, 4, 6-Trinitrotoluene, 2, 93, 95 1 
Triphenylchloromethane, 4, 83 ~ 
TRIPHENYLMETHANE, 4, 81 
TRIPHENYL STIBIN'E, 7, 80 

Triphenyl stibine dichloride, 7, 82 

TRI-P-TOLYL STIBINE, 7,81 
Tyrosine, 6, 41 

U 
Urea, 3, 95 
Urea, determination, 7, 89 
Urea nitrate, 6, 85 

V 
II-Valerie acid, 5, 77 
Vegetable ivory, 7, 64 
Viscolizer, 2, 38 

W 

Water glass for sealing, 5, 7 
Williamson reaction, 6, 48 
Wo_l, 6, 40 

X 

XANTHONE, '(, 84, 85, 88 
XANTHYDROL, 7,88 
Xylene, 3, 65, 99; 4, 25 

Z 

Zeolite for removing ammonia, 4, 32 
Zinc chloride, 4, IS; 5,27; 7,77 
Zinc dust, 1, 71, 72; 2, 89; 4, 57; 7, 

I 32,33 
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