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NOMENCLATURE

Preparations are listed under the names which are used com-

monly for the compounds. For the convenience of those who
wish to make a complete survey of the literature on any prepara-

tion, the Chemical Abstracts indexing name for each compound is

given as a subtitle when that name differs from the title of the

preparation.

NOTICE TO SUBMITTERS OF PREPARATIONS

Organic Syntheses invites the submission of preparations of

compounds which are of general interest or which illustrate

useful synthetic methods. Preparations are welcomed particu-

larly from those who have had occasion to work out the optimum
conditions of preparation. The directions should be written in

the style employed in the latest volume of Organic Syntheses. Full

details for all steps should be included, and the range of yields

should be reported rather than the maximum yield obtainable.

Two copies of the directions should be sent to the Secretary.

Additions, corrections, and improvements to previously pub-
lished preparations are likewise welcomed.



ACROLEIN ACETAL AND p-ETHOXYPROPIONALDEHYDE
ACETAL

(Acrolein, diethyl acetal, and propionaldehyde, p-ethoxy-,

diethyl acetal)

CH2=CHCHO -^^
HCl

CH2=CHCH(OC2H5)2 + C2H5OCH2CH2CH(OC2H5)2

Submitted by F. P. PINGERT.

Checked by NATHAN L. DRAKE and W. MAYO SMITH.

1. Procedure

A mixture of 158 g. (5.6 moles) of acrolein (Note 1) and

450 ml. of absolute alcohol (Note 1) is placed in a 1-1. Florence

flask. The neck of the flask is closed by a plug of cotton,
1 and

the flask is then immersed up to its neck in an ice bath containing
about 1.5 kg. of ice. When the temperature of the mixture is

about 0, 50 ml. of absolute alcohol containing 2 g. of hydrogen
chloride is added with swirling. The temperature is apt to rise

very rapidly. The flask is clamped firmly in place and left 48-60

hours; the ice is allowed to melt and is not renewed.

The contents of the flask are transferred to a 1.5-1. round-

bottomed flask, 0.5-1 g. of copper carbonate is added, and the

liquid is fractionally distilled in vacuo with the aid of a Fenske

column (Fig. 1) (Notes 2 and 3). The following fractions are

collected.

Below 45/24 mm. Acrolein and alcohol (Note 4)

45/24 mm. Acrolein acetal (Note 5)

80-84 /21 mm. /3-Ethoxypropionaldehyde acetal (Note 6)

The yield of acrolein acetal is 89-108 g. (24-30%), and of

0-ethoxypropionaldehyde acetal, 104-132 g. (21-26%) (Note 7).

1
Org. Syntheses, 20, 9 (1940).



ORGANIC SYNTHESES

2. Notes

1. The commercial products are used. The stabilizer in

acrolein is not removed.

2. This design of a Fenske 2

fractionating column (Fig. 1) con-

sists essentially of a packed glass tube (A)

which is provided with two heat-insulat-

ing jackets (B and C) and a total reflux

variable take-off head (Z), ,
and F).

It is constructed of Pyrex glass and

filled with single helix copper spirals.
3

Although the dimensions are probably
not critical, trial and error have proved
this particular design to be efficient, rug-

ged, and well adaptable to numerous

laboratory separations. Mixtures of com-

pounds boiling from about to 400 at

1 to 760 mm. have been fractionated suc-

cessfully by means of this column.

The heating element (H) consists of

about 165 turns of No. 24 B & S gauge
nichrome wire wound onto the jacket (B)

directly or, preferably, over strands of

asbestos string glued longitudinally to

this jacket OB) an arrangement that

prevents side-slipping and short-circuit-

ing of the individual wire loops. The

central jacket (B) should not be omitted,

and the heating element should not be

wound directly onto the column (A) itself.

This would be poor economy, as it would

largely defeat the purpose of maintaining

a heat gradient throughout the column and would introduce the

hazard of cracking by local overheating, particularly in work

under reduced pressure. The cork spacers (L and K) between the

2 Whitmore and Lux, J. Am. Chem. Soc., 54, 3448 (1932).

*0rg. Syntheses, 20, 96 (1940).

18 mm O.D.-

28mm O.D.-+I

FIG. 1.



ACROLEIN AND 0-ETHOXYPROPIONALDEHYDE ACETAL

jackets must be carefully fitted with the aid of sandpaper and a

rasp, since the whole weight of the column is supported by the

outer jacket. If this adjustment is not made with precision and

care, a single bump of a superheated distilland may shatter the

column. If replacement of the cork spacers becomes necessary,

the apparatus need not be torn down, but the new spacers may be

sawed diametrically and the halves cemented after appropriate

fitting. The outer jacket (C) may be re-

placed by pipe insulation, but glass is pref-

erable in experimental work.

The heating element is connected to a

110-volt line through a rheostat (such as

a 140-ohm, 3-ampere resistor), and the

temperature is adjusted with the aid of

two thermometers (7\ and T2), a reason-

able differential, depending upon the ma-

terials to be distilled, being allowed.

The water condenser () should be suf-

ficiently large to permit a high rate of re-

flux; with high-boiling substances it may
be advantageous to cool with air or with

steam. An attachment (G) provides for

vacuum distillation with the aid of a glass

Y and pressure tubing. An all-glass head
2

is more elegant but not so flexible. Ground-glass joints at J\

and /2 are convenient but not essential.

Details of the lower end of the column are shown in Fig. 2. 5
is a rubber stopper to fit the still pot, and L and K are cork stop-

pers. The outer jacket (C) ends at the bottom of K. M is a

stack of asbestos disks which serve as a bumper between the stop-

pers S and K; they are indispensable for operation under reduced

pressure. The disks are easily removable and provide for flexi-

bility in the choice of stopper sizes. Still pots of 250 ml. to 12 1.

can be attached to this column.

3. By taking advantage of the relatively high vapor pressure

of the fore-run, the acrolein acetal may be collected practically

automatically, as follows. The stopcock at F is closed, and the

FIG. 2.
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pressure is reduced-to 25 mm. No heat is supplied to the still pot,

and the cooling water is adjusted to minimum flow. The fore-

run escapes at G and is collected, if desirable, in suitable traps.

When evaporation ceases (4-5 hours), stopcock F is opened, the

flow of cooling water is increased sharply, the heating jacket is

adjusted to 45 (at r2), and the still pot is heated gently with

low-pressure steam. After suitable adjustment of the reflux and

take-off rates at F, the acrolein acetal distils without further at-

tention. It is convenient to do this overnight. The cutting of

fractions is automatic, inasmuch as the higher-boiling /3-ethoxy-

propionaldehyde acetal will not come over under these conditions

and distillation simply ceases. An oil bath is needed to distil the

higher fraction. Though some loss may be incurred in this short-

cut procedure, it is more than offset by the economy in operator's

attention and the higher purity of the product.

4. The recovered acrolein and alcohol fractions may be use9

in subsequent runs after suitable drying.

5. Other boiling points of acrolein acetal are 40/18 mm. and

52/36 mm.
6. Other boiling points for -ethoxypropionaldehyde acetal

are 78/14 mm. and 92/32 mm.
7. Among the advantages of this procedure over an alterna-

tive synthesis
4 are the following. The material is obtained in one

step by a method which obviates most of the disagreeable features

of the older two-step procedure. The overall yield by the older

method is at best 25% and falls off badly if the hydroxide is not

meticulously dry. Furthermore, the acrolein acetal prepared by
the dehydrohalogenation of 0-chloropropionaldehyde acetal 5 does

not keep well, whereas samples of the product obtained by this

procedure showed no discoloration and no change in boiling point

on storage in an ice chest for 18 months. Only a faint odor of

acrolein was noted at the end of that period.

3. Methods of Preparation

These have been recently summarized. 4

4
Org. Syntheses Coll. Vol. 2, 17 (1943).

6
Org. Syntheses Coll. Vol. 2, 137 (1943).



2-AMINO-4-NITROPHENOL

2-AMINO-4-NITROPHENOL

(Phenol, 2-amino-4-nitro-)

3Na2S + 6NH4C1 -

2H2 + 6NH3 + 6NaCl + 3S

Submitted by W. W. HARTMAN and H. L. SILLOWAY.

Checked by H. R. SNYDER and J. WAYNE KNEISLEY.

1. Procedure

In a 5-1. three-necked flask, suspended over a steam bath,

are placed 300 g. (1.63 moles) of technical 2,4-dinitrophenol and

2.5 1. of water. The flask is fitted with an efficient stirrer, a reflux

condenser, and a thermometer which dips below the surface of

the mixture. After the stirrer has been started, 600 g. (11.6

moles) of ammonium chloride and 100 ml. of concentrated aque-

ous ammonia (about 28%) are added, and the mixture is heated

to 85. The steam is turned off, and the mixture is allowed to

cool. When the temperature reaches 70 (Note 1), 700 g. (5.4

moles) of 60% fused sodium sulfide is added in portions of about

100 g. at 5-minute intervals. After two or three such additions

the temperature of the reaction mixture reaches 80-85; it is kept

in this range either by adding the remaining portions of sodium

sulfide at 10-minute intervals or by wrapping the flask with a wet

cloth and continuing the additions at 5-minute intervals. After

all the sodium sulfide has been added, the reaction mixture is
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heated at 85 for 15-minutes and then filtered through a heated

6~in. Blichner funnel (Note 2).

The hot filtrate is transferred to a 5-1. round-bottomed flask

and cooled overnight by a stream of cold water. The mixture is

filtered, and the crystals are pressed nearly dry. The solid is dis-

solved in 1.5 1. of boiling water, and the solution is acidified with

glacial acetic acid (about 100 ml. is required, Note 3). The
solution is heated with 10 g. of Norite, filtered hot, and cooled to

20. The brown crystals are collected and dried for several hours

in an oven at 65 or in a vacuum desiccator (Note 4). The yield

of 2-amino-4-nitrophenol melting at 140-142 is 160-167 g.

(64-67%). If a purer product is desired, the crude substance is

recrystallized from 1.5 1. of hot water; 147-153 g. (58-61%) of

material melting at 142-143 is obtained.

2. Notes

1. If the reaction is run at temperatures below 70 it is im-

possible to obtain a pure product even after several recrystalliza-

tions.

2. The Biichner funnel is preheated by inverting it over a

steam bath and passing a lively current of steam through it for at

least 10 minutes. During the filtration, suction is applied gently

and at intervals to avoid excessive cooling by evaporation in the

lower part of the funnel. If the filtration is not performed rapidly

and carefully, the crude product will crystallize in the funnel.

The filtration can be omitted, but the presence of insoluble mate-

rials complicates the next step by making it difficult to determine

when solution of the crude product is complete.

3. The amount of acid required varies with dryness of the fil-

ter cake. The acidification can be followed by observing the color

of a thin layer of the solution splashed against the side of the con-

tainer. The color changes from dark red to olive brown at the

end point. Both colors are so deep that they are not easily

distinguished except when thin layers are viewed. After the

end point is observed, an additional 10 ml. of acetic acid is

added.



BENZOYLACETANILIDE 7

4. Unless properly dried the substance will melt at 80-90,

owing to the presence of water of crystallization.

3. Methods of Preparation

2-Amino-4-nitrophenol has been prepared by the partial re-

duction of 2,4-dinitrophenol chemically
1 " 6 and electrolytically,

6

and by the action of sulfuric acid on 3-nitroazidobenzene. 7

BENZOYLACETANILIDE

(Acetanilide, a-benzoyl)

C 6H 5COCK2C02C2H5 + C6H 5NH2 ->

C6H5COCH 2CONHCoH5 + C2H5OH

Submitted by CHARLES J. KIBLER and A. WEISSBERGER.

Checked by R. L. SHRINER and FRED W. NEUMANN.

1. Procedure

A 250-ml. three-necked, round-bottomed flask is fitted with a

dropping funnel, a mechanical stirrer, and a steam-jacketed

column (15-20 cm. long) terminating in a still head. The still

head carries a thermometer and is connected to a condenser set

for downward distillation. In the flask are placed 42.2 g. (0.22

mole) of ethyl benzoylacetate
l

(Note 1) and 50 ml. of dry xylene,

and the flask is immersed in an oil bath. The bath is heated to

145-150, stirring is begun, and 18.2 ml. (18.6 g., 0.20 mole) of

1 Laurent and Gerhardt, Ann., 75, 68 (1850).
2 Post and Stuckenberg, Ann., 205, 72 (1880).
8 Auwers and Rohrig, Ber., 30, 995 (1897),
*
Pomeranz, Ger. pat. 289,454 [Frdl., 12, 117 (1914-1916)].

6
Gershzon, J. Applied Chem. (U.S.S.R.), 9, 879 (1936) [C.A., 30, 7554 (1936)].

Hofer and Jacob, Ber., 41, 3196 (1908).
7 Kehrmann and Idzkowska, Ber., 32, 1066 (1899).

RENZOYLACETANILIDE

I
0rg. Syntheses, 23, 35 (1943).



8 ORGANIC SYNTHESES

aniline is added drc-pwise during 30 minutes. About 5 minutes

after the addition has begun, the temperature in the still head

rises to 75-78 as alcohol begins to distil. Approximately 12-

14 ml. of distillate (Note 2) is collected in a 25-ml. graduate in

about 1 hour; the end of the reaction is indicated by the fall of the

temperature in the still head.

The reaction flask is removed from the oil bath, and the

solution is poured into a 250-ml. beaker to crystallize; 10 ml. of

benzene is used to rinse out the flask. When crystallization sets

in, 50 ml. of petroleum ether (b.p. 35-55) is added to the warm
mixture with manual stirring. After the mixture has been chilled

in an ice bath, the product is filtered by suction and washed with

100 ml. of a 1 : 1 petroleum ether-benzene mixture. It is then

removed from the funnel, stirred into a slurry with 100 ml. of the

mixed solvent, filtered, and again washed with 50 ml. of the sol-

vent. These washings remove the bulk of the color, and a

powdery white product remains. After standing overnight in a

warm place, the product weighs 35.5-36.5 g. (74-76%) and melts

at 104-105. It may be purified further by recrystallization from

benzene (3.7 ml. per g.). The yield of colorless benzoylacetanilide

melting at 106-106.5 cor. is 32-34 g.

2. Notes

1. The ethyl benzoylacetate, aniline, and xylene should be

redistilled before use. It is necessary that the flask and reagents

be free from moisture. Impure starting materials and particu-

larly traces of acids lower the yields. The submitters obtained

82-83% yields of benzoylacetanilide by using Eastman xylene

(histological) .

2. The distillate consists of a mixture of xylene and alcohol.

By adding 100 ml. of water, the xylene layer can be separated

and measured. Of 14 ml. of distillate, about 3.5 ml. is xylene and

the balance, 10.5 ml. (89% of the theoretical amount), is alcohol.



0-n-BUTOXYNITROBENZENE 9

3. Methods of Preparation

Benzoylacetanilide has been made by heating aniline and

methyl benzoylacetate in an autoclave at 150 2 and by heating
the anil C6H5NHCOCH2C(=NC6H5)C6H5 with dilute acid.2

o-n-BUTOXYNITROBENZENE

(Ether, butyl o-nitrophenyl)
OH

N02

'^v
'

CH3CH2CH2CH2Br + K2CO3

OCH2CH2CH2CH3

NO2

KBr + KHCO3

Submitted by C. F. H. ALLEN and J. W. GATES, JR.

Checked by W. E BACHMANN and G. DANA JOHNSON.

1. Procedure

A mixture of 28 g. (0.2 mole) of 0-nitrophenol (Note 1), 30 g.

(0.22 mole) of w-butyl bromide, 28 g. (0.2 mole) of anhydrous

potassium carbonate, and 200 ml. of dry acetone in a 1-1. round-

bottomed flask is refluxed on a steam bath for 48 hours (Note 2) .

At the end of this time the acetone is distilled from the mixture,

200 ml. of water is added to the residue, and the product is ex-

tracted with two 100-ml. portions of benzene. The combined

benzene extracts are washed with three 100-ml. portions of 10%
sodium hydroxide, the benzene is removed by distillation at

'Knorr, Ann., 245, 372 (1888).
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ordinary pressure,, and the residual oil is distilled under reduced

pressure. The yield of product boiling at 118-121 /! mm.
(Note 3) is 29-31 g. (75-80%) (Notes 4 and 5).

2. Notes

1 . A technical grade of o-nitrophenol was used
;
the yield is no

better with the pure material. In place of w-butyl bromide,
a corresponding amount (36.8 g.) of the iodide can be used with

no change in yield.

2. The checkers shook the flask occasionally during the first

1.5 hours in order to prevent caking of the contents.

3. The boiling point is 126-129 at 2 mm. and 171-172 at

19 mm.
4. Other nitrophenyl ethers can be prepared in a similar man-

ner and in essentially the same yields. When the size of the run

was increased to 2 moles, the yields were increased to 85-90%.
The hexyl derivatives require 72 hours for reaction.

The boiling points of some ethers prepared by the present

procedure are as follows: w-n-butoxynitrobenzene, 120-124/2

mm.; /?-w-butoxynitrobenzene, 150-154/5 mm.; /?-isopropoxyni-

trobenzene, 283-286/760 mm.; 0-w-hexoxynitrobenzene, 145-

148/1 mm.; ^-w-hexoxynitrobenzene, 170-174/5 mm.
5. The alkoxyanilines are obtained readily by reduction of the

alkoxynitrobenzenes in alcohol in the presence of Raney nickel

catalyst.
1 The boiling points of some of these are as follows:

w-w-butoxyaniline, 120-124/2 mm.; />-w-butoxyaniline, 135-

138/5 mm.; />-isopropoxyaniline, 145-147/20 mm.; p-n-hexoxy-

aniline, 155-158/5 mm.

3. Methods of Preparation

The present procedure, which avoids the preparation of the

salts of the phenols, is of general utility. It was first used by
Claisen 2 for allyl ethers. 0--Butoxynitrobenzene has been

1

Org. Syntheses, 22, 9 (1942).
* Claisen and Eisleb, Ann., 401, 39, 59 (1913).



n-BUTYLBENZENE 11

prepared in a similar manner previously.
8 The w-nitro- and

^-nitrobutoxybenzenes have been obtained by alkylation of the

phenol salts. 4 - 8 The corresponding amines have been prepared

previously by reduction of the nitro compounds by means of iron

and water 3 and by stannous chloride and hydrochloric acid. 6

n-BUTYLBENZENE

(Benzene, butyl-)

CoH 5Br + 2Na + w-C4H9Br -> n-C4H9C6H5 + 2NaBr

Submitted by R R READ, L. S. FOSTER, ALFRED RUSSELL, and V. L. SIMRIL.

Checked by C F. H. ALLEN and JAMES VAN ALLAN.

1. Procedure

A dry, 3-1., three-necked, round-bottomed flask (Notes 1

and 2) is fitted with an efficient reflux condenser (Note 3) pro-

tected by a drying tube, a dropping funnel, and a thermometer

which extends well into the reaction mixture (Note 4) ;
the flask

is arranged so that it can be cooled externally (Note 5). In the

flask is placed 161 g. (7 gram atoms) of sodium cut into shavings

1-2 mm. in thickness (Notes 6 and 7) ;
the sodium is just covered

with dry ether (about 300 ml.) (Note 8). A mixture of 411 g.

(321 ml., 3 moles) of n-butyl bromide and 471g. (3 15 ml. ,3 moles)

of bromobenzene (Note 9) is added slowly from the dropping fun-

nel over a period of about 2.5 hours, the temperature being kept

as near 20 as possible; the mass acquires a bluish color.

After the flask and contents have been allowed to stand at

room temperature for 2 days with occasional shaking, the liquid

is decanted (Note 10). Three hundred milliliters of methanol is

then added carefully, and the mixture is refluxed on a steam bath

Li and Adams, /. Am. Chem. Soc., 57, 1567 (1935).
4 Hodgson and Clay, /. Chem. Soc., 1983, 661.

6 Gutekunst and Gray, /. Am. Chem. Soc., 44, 1742 (1922),
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for 4 hours. Then PO ml. of water is added to dissolve the salt,

and the hydrocarbon layer is separated and added to the decanted

liquid. The aqueous layer is extracted once with 250 ml. of ether

(Note 11), and the combined hydrocarbon fraction, decanted

solution, and ether extract are dried over 40 g. of calcium chlo-

ride. Most of the ether is removed on a steam bath, and the

residual liquid is distilled through an electrically heated, jacketed

column (Note 12). The fraction which boils at 180-182.5/750
mm. is collected as w-butylbenzene (Notes 13 and 14) ;

the yield is

261-281 g. (65-70%) (Note 15).

2. Notes

1. The size of the pieces of sodium, the control of tempera-

ture, and the use of an electrically heated, jacketed fractionating

column are important factors in the successful preparation of the

compound.
2. A copper flask and copper condenser reduce the hazard

from breakage but are not essential and are less convenient with

the quantities indicated.

3. Unless the reaction gets out of hand, the only function of

the condenser is to prevent loss of ether. If the temperature gets

above 30, the reaction becomes violent and cannot be controlled

by a single condenser.

4. A thermometer on which the scale is well above the sur-

face of the reaction mixture is advisable; one reading from 50

to 50 is convenient.

5. The temperature range is critical. Below 15 reaction is

extremely slow, but in time a vigorous reaction suddenly sets in

and blows a good part of the reactants out through the condenser.

Above 30 the reaction gets out of hand (Note 3) .

6. This is a very tedious task. It is best accomplished by

flattening the usual bars of sodium with a hammer and cutting

the flattened strips with scissors. Alternatively the sodium, in

1-lb. lots, can be rolled under a heavy lawn roller (Read and

Foster).

7. If the sodium is too thick, much of it fails to react, whereas
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sodium "sand" reacts very vigorously but gives poor yields of the

desired product.

8. Larger runs require more ether. The ether may be dried

over calcium chloride and used directly.

9. The n-butyl bromide and bromobenzene need not be

redistilled.

10. Read and Foster recommend extracting the residue with

benzene, using an automatic extractor.

11. Although this extract contains but 2-3 g. of hydrocarbon,
its use facilitates drying later on and reduces loss through an

occasional imperfect separation of layers.

12. A column such as the Whitmore-Lux or Fenske column

(p. 2, Fig. 1) provided with an electrically heated jacket is

essential.

13. Alternatively, a crude fraction boiling at 160-185 is col-

lected; on redistillation, the product which boils at 181-184 is

collected (Read and Foster).

14. The fore-run amounts to about 45 g. The residue is

largely biphenyl. Small additional amounts of product can be

secured by combining these fractions from several runs and re-

fractionating.

15. Without a heated column, the yield drops to 221 g. (54%).

3. Methods of Preparation

n-Butylbenzene has been prepared by the action of sodium

(a) on benzyl chloride or bromide and w-propyl bromide without

diluents,
1 or (b) on w-butyl bromide and bromobenzene without a

solvent 2 or in benzene
;

3

by a Clemmensen reduction of w-butyr-

ophenone ;

4 and by the action of benzylmagnesium chloride on

w-propyl />-toluenesulfonate.
5 Other procedures do not appear to

be of preparative value.

1
Radziszewski, Bcr., 9, 261 (1876).

2 Read and Foster, J. Am. Chem. Soc., 48, 1606 (1926).

3
Balbiano, Ber., 10, 296 (1877); Gazz. chim. ital., 7, 343 (1877).

4 Clemmensen, Bcr., 46, 1839 (1913).
6 Oilman and Beaber, /. Am. Chem. Soc., 47, 523 (1925).
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1-n-BUTYLPYRROLIDINE

(Pyrrolidine, 1-butyl-)

(n-C4H9) 2NH 4 (M-C4H9)2NC1
'

S
| >N C4H9-H

Submitted by GEORGE H. COLEMAN, GUST NICHOLS, and TED F. MARTENS.

Checked by C. F. H. ALLEN and J. VAN ALLAN.

l.|Procedure

This preparation must be carried through the ring closure with-

out interruption.

The apparatus is arranged as in Fig. 3. In a bottle of about

1.5-1. capacity are placed 64.5 g. (0.5 mole) of di-tt-butylamirie,
1

350 ml. of ligroin (Note 1), and 350 ml. of 3 N sodium hydroxide

(Note 2). The bottle is fitted with an inlet tube which passes

only 1 in. through the stopper. The mixture is cooled in an ice

bath (Note 3), and chlorine from a cylinder is passed in under

pressure (Note 4) . The bottle is kept in the ice bath and is shaken

during the addition to aid in absorption of the gas. The rate of

shaking and the valve on the chlorine cylinder are so regulated

that the pressure as indicated on the manometer is maintained

between 100 and 150 mm. (Note 5). The addition of the chlorine

is continued until the white fumes of the hydrochloride ;
which

form when chlorine comes in contact with the amine vapor, dis-

appear, and the non-aqueous layer takes on a greenish yellow

color, due to a slight excess of chlorine. This indicates that

chlorination is complete (Note 6).

The ligroin solution of the chloramine is separated from the

aqueous layer in a chilled, short-stemmed 1-1. separatory funnel

and washed successively with 50 ml. of ice-cold 3 N sodium

hydroxide (Note 7), 50 ml. of ice water, and 50 ml. of cold 2 N
I
0rg. Syntheses Coll. Vol. 1, 202 (1941).



1-n-BUTYLPYRROLIDINE 15

sulfuric acid. The ligroin solution becomes nearly colorless.

The chloramine is extracted from the solution with sulfuric acid

in the following manner. An ice-cold mixture of 200 ml. of con-

centrated sulfuric acid (sp. gr. 1.84) and 80 ml. of water is

allowed to stand in contact with the ligroin solution for 10 min-

utes without shaking, then for 20 minutes with occasional shaking;

Manometer Safety bottle

FIG. 3.

Reaction bottle,

ice and water bath

the mixture is kept cool by immersion in an ice bath. After sep-

aration from the acid layer, the ligroin is extracted with two

60-ml. portions of cold concentrated sulfuric acid. The combined

sulfuric acid extracts are used for ring closure (Note 8). The

ligroin, which contains not more than a trace of chloramine,

is discarded.

A 1-1. wide-mouthed Erlenmeyer flask, fitted with a propeller-

type stirrer and a thermometer, is set in an oil bath. A mixture

of 40 ml. of concentrated sulfuric acid and 10 ml. of water is

placed in the flask, the oil bath is heated to 120, and the cold
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sulfuric acid solution of the chloramine is allowed to flow into the

heated acid from the short-stemmed separatory funnel (Note 9).

The addition, which requires 30-40 minutes (Note 10), is carried

out at such a rate that the temperature of the reaction mixture in

the flask is dropped from 120 rapidly to 95 by the addition of the

cold chloramine solution, and thereafter at such a rate that the

temperature of the reaction mixture remains at 90-100, prefera-

bly at 95. The reaction is exothermic, and the rise in tempera-

ture is controlled by the addition of the cold chloramine solution.

To avoid an undue rise in temperature after the last addition of

the chloramine, the oil bath is removed, and the flask and con-

tents are allowed to come to room temperature.

A 5-1. flask is fitted with a separatory funnel and arranged for

steam distillation. 2 Two liters of crushed ice is placed in the

flask, and the sulfuric acid solution, cooled to 0, is slowly added.

The amines are then liberated (Note 11) by adding cold concen-

trated sodium hydroxide solution (650 g. in 1.5 1. of water)

through the separatory funnel. The amines are steam-distilled

and collected in a solution of 100 ml. of concentrated hydro-
chloric acid (sp. gr. 1.19) and 200 ml. of water (Note 12). Distil-

lation is continued until all amine has passed over, as indicated by
a negative test with litmus paper. About 2 1. of distillate is

usually required.

The amine hydrochloride solution is evaporated nearly to

dryness on a steam bath (Note 13) and transferred with about

300 ml. of water to a 1-1. three-necked flask equipped with a

stirrer,
3

separatory funnel, and condenser. The stirrer is started,

and the acid solution is cooled to by immersing the flask in an

ice bath. The amines are liberated by adding slowly 100 g. of

sodium hydroxide dissolved in 250 ml. of water.

Ilinsbcrg separation. To this solution, which should be cold

(5-8), is now added 23 g. of benzenesulfonyl chloride,
4 and the

mixture is stirred vigorously for 30 minutes. The separatory

funnel is replaced by a stopper bearing a thermometer, and the

*Org. Syntheses, 22, 10, Fig. 1 (1942).
8
0rg. Syntheses Coll Vol. 1, 33, Fig 2B (1941).

*Org. Syntheses Coll. Vol. 1, 84 (1941).
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contents of the flask are warmed to 40 and stirred until the odor

of the acid chloride is no longer noticeable. This usually requires

about a half hour. The 1-n-butylpyrrolidine is separated (Note

14) from the non-volatile di-w-butylbenzenesulfonamide by
steam distillation, the amine being collected in dilute acid (Note

12) as before. The acid solution is then evaporated to dryness,

and the amine is liberated by adding 20% sodium hydroxide solu-

tion until the aqueous layer turns red litmus blue. The amine is

extracted by one 200-ml. portion of ether, and the ethereal solu-

tion is dried over 15-20 pellets of potassium hydroxide. After

the ether has been distilled from the decanted solution, the resi-

due is distilled from an oil bath. The yield of 1-w-butylpyr-

rolidine boiling at 154-155/758mm. is 44-51 g. (70-80%); n%
1.437 (Note 15).

2. Notes

1 . Any fraction boiling within the range 60-90 may be used.

2. This is obtained by dissolving 42 g. of sodium hydroxide in

350 ml. of water.

3. All equipment, the solutions, and the chloramine solution

should be kept ice-cold to prevent decomposition during the

preparation. Apparatus may be stored in a refrigerator.

4. As the addition of chlorine is started, the stopper in the

reaction bottle is loosened momentarily and the chlorine is

allowed to replace most of the air in the system.

5. As the chlorine passes initially into the bottle, the pressure

rises rapidly. Shaking greatly increases the rate of absorption,

and the pressure drops. The chlorine valve is then regulated so

as to maintain the proper pressure with shaking. One hundred

millimeters was selected as the approximate pressure, since the

rate of chlorination under this pressure is satisfactory.

6. A large excess of chlorine is undesirable and may result in

greatly decreased yields. The time required varies widely, being

dependent upon the chlorine pressure maintained and the vigor

of the shaking. The checkers found that 20 minutes was ample

under their conditions; the submitters reported that 60-90 min-

utes was required.
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7. If the green color, due to excess chlorine, is not removed

by one washing, the operation is repeated as many times as may
be necessary.

8. The sulfuric acid layers are transferred directly into the

500-ml. short-stemmed separatory funnel to be used in the next

step. The solution, which usually has a light brown color, should

be cold and well mixed before the ring-closure operation. The

ratio of acid to water is important, and only the amounts speci-

fied should be used.

9. The funnel and contents may be supported over the reac-

tion flask during the addition without cooling.

10. The rate of addition should be as rapid as possible pro-

vided that the proper temperature is maintained. Deviation of

more than 5 from the optimum reaction temperature of 95 re-

sults in reduced yields.

11. This reaction is vigorous, and the solution of alkalf

should be added slowly while the flask is shaken gently with a

rotary motion.

12. An adapter (rubber connector and glass tube) from the

lower end of the condenser should extend below the surface of the

absorbing acid in the receiver. To reduce fuming, a 3- to 4-mm.

layer of ligroin is placed over the acid solution. The acid solution

may be stirred occasionally.

13. Use of reduced pressure considerably diminishes the time

required.

14. The amine can be separated from the sulfonamide by ex-

tracting both with ether, drying this extract over solid potassium

hydroxide, and fractionating. The pyrrolidine distils smoothly,

but the yield is slightly lower.

15. Several other pyrrolidines of this series can be prepared

by the same general method. The temperature required for ring

closure and the percentage yield of pyrrolidine vary with the

different amines used. The following temperatures are given as

approximately correct for the ring closure of the N-chloro deriva-

tives of the amines listed. With lower-boiling pyrrolidines,

incomplete separation from the ether may result in lower

yields.
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AMINE OPTIMUM TEMPERATURE PYRROLIDINE FORMED

Methyl-n-butyl 100-110 1-Methylpyrrolidine

Ethyl-w-butyl 110-115 1-Ethylpyrrolidine

-Propyl--butyl 80-85 1-w-Propylpyrrolidine

Methyl-n-amyl 90-100" 1,2-Dimethylpyrrolidine

Ethyl-rc-amyl 80-90 1 -Ethyl-2-methylpyrrolidine

Methyl-n-octyl 60-70 1 -Methyl-2-w-butylpyrrolidine

3. Methods of Preparation

1-tt-Butylpyrrolidine can be prepared also by heating the

corresponding N-bromoamine in concentrated sulfuric acid 6

and by the catalytic reduction of N-butylpyrrole.
6 The pro-

cedure described is adapted from the preparation reported in

earlier work 7 in less detail.

p-CARBOMETHOXYPROPIONYL CHLORIDE

(Propionic acid, P-(chloroformyl)-, methyl ester)

CH2COv CHaOH CH2C02CH3 socll
CH 2CO2CH3

CH2CCK CH2C02H CH2COC1

Submitted by JAMES CASON.

Checked by C. F. H. ALLEN and C V. WILSON.

1. Procedure

A. Methyl hydrogen succinate. A mixture of 400 g. (4 moles)

of succinic anhydride (Note 1) and 194 ml. (4.8 moles) of metha-

nol (Note 2) in a 1-1. round-bottomed flask is refluxed on a steam

bath. After about 35 minutes the mixture is swirled frequently

until it becomes homogeneous (this requires 15-30 minutes); the

flask is then half immersed in the steam bath for an additional

30-25 minutes (Note 3).

Britton, U. S. pat. 1,607,605 [C.A., 21, 249 (1927)).

Ochiai, Tsude, and Yokoyama, Ber,, 68, 2293 (1935).
7 Coleman and Goheen, /. Am. Chem. Soc.

t 60, 730 (1938).
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The excess methanol is removed by distillation in vacua

(water pump) from a steam bath, and the residual liquid is poured
into an 18- to 25-cm. evaporating dish which is cooled in a shallow

pan of cold water. As the half ester crystallizes, it is stirred and

scraped off the dish in order to prevent formation of a solid cake.

After being dried to constant weight in a vacuum desiccator

(5-8 days), the product weighs 502-507 g. (95-96%) and melts

at 57-58 (Notes 4 and 5).

B. fl-Carbomethoxypropionyl chloride. In a 1-1. flask (Note 6)

bearing a reflux condenser are placed 264 g. (2 moles) of methyl

hydrogen succinate and 290 ml. (4 moles) of thionyl chloride

(Note 7), and the solution is warmed in a bath at 30-40 for 3

hours (Note 8). The condenser is replaced by a modified Claisen

still head, the excess thionyl chloride is removed on a steam bath

in vacuo, and the 0-carbomethoxypropionyl chloride is distilled

(Notes 9 and 10). The yield of colorless product is 270-278 g.

(90-93%), b.p. 92-93/18 mm. (Notes 11 and 12).

2. Notes

1. Eastman's succinic anhydride (m. p. 115-116) was used.

2. Synthetic methanol was used. Since this anhydrous
alcohol is hygroscopic, partially filled bottles that have been

opened intermittently in the laboratory should be rejected.

3. Thirty minutes is allowed if solution resulted after 15 min-

utes of swirling; 25 minutes if 30
<

minutes was needed for homo-

geneity.

The time factor is very important. In one run in which the

mixture was heated for a total of 55 minutes, a product was ob-

tained which was shown by titration to contain about 6% of an-

hydride. Longer heating than that specified increases the yield

of diester. Any change in quantity of materials used may
necessitate a new set of conditions in order to obtain the maximum

yield.

4. The checkers prefer the following procedure, which can

be carried through in one day. A suspension of approximately

one-half of the crude product in 750 ml. of carbon disulfide is
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warmed on a steam bath; two layers form, in which some solid

remains in suspension. This is dissolved by the addition of

350 ml. of ether. The whole is chilled to 0, and the solid is fil-

tered by suction. The other half of the crude product is now
dissolved in this filtrate, the solution is again chilled to 0, and
the solid is filtered. The combined yield of acid ester, m.p.

57-58, is 438-449 g. (83-85%). A further 32-37 g. (6-7%) of

less pure material (m.p. 56-57) can be obtained by concentrat-

ing the filtrate to half its volume and chilling to 0.
5. The product, which is sufficiently pure for the next step,

contains at least 98% methyl hydrogen succinate as shown by
titration or distillation through an 18-in. Podbielniak-type
column.

6. Equipment with ground-glass joints is used throughout.
7. Eastman's thionyl chloride (b.p. 75-76) was used. The

checkers obtained equivalent yields of the choride by using only

20% excess of thionyl chloride. The mixture was heated for

1 hour at 40, allowed to stand overnight, and heated again for

2 hours at 40.

8. Since hydrogen chloride is evolved, it is advisable to

work in a hood or employ a gas trap.
1

9. An electric heating mantle *
is convenient.

10. Other boiling points are 85.5-87/13 mm. and 89-90/15
mm. The use of as low a pressure as possible is advisable, since

the substance tends to lose methyl chloride and form succinic

anhydride.

11. The submitter obtained the same yield when phosphorus

pentachloride was used instead of thionyl chloride. Consistent

results were obtained with the former reagent only when the acid

chloride was distilled at pressures below 3 mm. (b.p. 58-59/2.5

mm.).
12. Ethyl hydrogen adipate and ethyl hydrogen sebacate may

be converted to the corresponding ester acid chlorides by this

procedure in about the same yields. Distillation should be car-

ried out rapidly at a pressure of 4 mm. or lower.

1
Org. Syntheses Coll. Vol. 2, 4 (1943).

* Such as supplied by the Glas-Col Apparatus Company, Terre Haute, Indiana.
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J3.
Methods of Preparation

Methyl hydrogen succinate has been prepared by heating

succinic acid with methyl succinate,
2
by treating ethyl succinate

with sodium methoxide,
8 and by heating succinic anhydride with

methanol.4 ' 6 ' 6

0-Carbomethoxypropionyl chloride has been prepared from

methyl hydrogen succinate by the use of thionyl chloride 6 or

phosphorus pfcntachloride.
5

2-CHLOROCYCLOHEXANONE

(Cyclohexanone, 2-chloro-)

H2 H2
c c

H2C CO H2C CO
I

I + C12 -
I I

+ HC1
H2C CH2 H2C CHC1
\ / \ /
C C
H2 H2

Submitted by M. S. NEWMAN, M. D. FARBMAN, and H. HIPSHER.

Checked by C. S. HAMILTON and C. W. WHITEHEAD.

1. Procedure

In a 3-1., three-necked, round-bottomed flask, fitted with a gas

inlet tube reaching almost to the bottom, a sealed mechanical

stirrer (Note 1), and a gas outlet tube connected to a mercury
valve (Note 2), are placed 294 g. (3 moles) of cyclohexanone

(Note 3) and 900 ml. of water. After the reaction vessel has been

2 Fourneau and Sabetay, Bull. soc. Mm., (4) 45, 841 (1929).

'Komnenos, Monatsh., 32, 77 (1911).
4
Bone, Sudborough, and Sprankling, /. Chem. Soc., 85, 539 (1904).

Cason, /. Am. Chem. Soc., 64, 1107 (1942).

Ruggli and Maeder, Helv. Chim. Acta, 25, 943 (1942).
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swept out with chlorine, the gas outlet tube is connected to the

mercury valve, the flask is cooled in an ice bath, the stirrer is

started, and 215 g. (slightly more than 3 moles) of chlorine is

bubbled in as rapidly as the gas is absorbed (about 45 minutes)

(Note 4).

The heavier chlorocyclohexanone layer is separated and com-

bined with three 150-ml. ether extracts of the aqueous phase, and

washed with 150 ml. of water and then with 200 ml. of saturated

sodium chloride solution. After filtration (gravity) through

anhydrous sodium sulfate the ether is removed and the residue

vacuum-distilled in a modified Claisen flask. The fraction

(300-340 g.) boiling below 100 at 10 mm. (Note 5) Is collected

(Note 6). This material is then fractionated carefully under re-

duced pressure by means of a 42-in. modified Vigreux column

(heated) with a total condensation variable takeoff head (Note

7). The yield of 2-chlorocyclohexanone boiling at 90~91/14-15
mm. is 240-265 g. (61-66%) (Notes 8 and 9).

2. Notes

1. A large propeller-type stirrer is satisfactory. The blades

should be pitched to drive the liquid upwards, and the propeller

should be located just below the surface of the liquid to provide

splashing. The checkers used a glycerol-lubricated rubber-tube

seal. 1

2. The mercury valve consists of a tube dipping about 0.5 in.

into some mercury in a vented test tube. This allows the reaction

to be carried out under a slight pressure of chlorine. The checkers

found a water v^lve to be more satisfactory. The outlet tube was

made to dip about 7 in. into water in a vented glass tube. A trap

(125-ml. suction flask) was placed between the water valve and

the reaction flask to prevent water from being sucked into the

reaction mixture.

3. The checkers used Eastman's cyclohexanone boiling at

154-156. The submitters report that the Practical grade gives

just as good yields.

1
Ofg. Syntheses, 21, 40 (1941).
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4. Careful control of the temperature is unnecessary as ap-

proximately the same results are obtained when the temperature
is allowed to rise to about 50 or is kept below 20. However, at

the lower temperature a greater amount of cyclohexanone is

recovered.

5. Or below 110/13 mm., or 92/4 mm.
6. This preliminary purification is advisable prior to careful

fractionation.

7. The head used was similar to that described by Turk and

Matuszak 2
except for the stopcock which was of the variety

described by Newman. 8

8. This material shows a long flat at 23.2 cor. in a time-

temperature cooling curve. It can be stored in a refrigerator in

paraffin-covered stoppered bottles for long periods of time with-

out discoloration.

9. About 15-40 g. (5-13%) of cyclohexanone, b.p. 52/14-lS

mm., is recovered.

3. Methods of Preparation

2-Chlorocyclohexanone can be prepared by chlorinating cyclo-

hexanone in glacial acetic acid as the solvent,
4
by passing chlorine

into a mixture of cyclohexanone
6 or cyclohexanol

8 and water in

the presence of powdered calcium carbonate, by the electrochemi-

cal chlorination of cyclohexanone in hydrochloric acid,
7
by the

action of monochlorourea in acetic acid on the ketone,
8 and by

the oxidation of 2-chlorocyclohexanol.
9

2 Turk and Matuszak, Ind. Eng. Chem., Anal Ed., 14, 72 (1942).
8 Newman, Ind. Eng. Chem., Anal Ed., 14, 902 (1942).
4 Bartlett and Rosenwald, /. Am. Chem. Soc., 66, 1992 (1934).
* Kotz and Grethe, /. prakl Chem., (2) 188, 487 (1909).

Ebel, Helv. Chim. Ada, 12, 9 (1929); Bouveault and Chereau, Compl rend.,

142, 1086 (1906) ; Meyer, Helv. Chim. Acta, 16, 1291 (1933) ; Vavon and Mitchovitch,

Bull soc. chim., (4) 45, 961 (1929).
7
Szper, Bull soc. chim., (4) 51, 653 (1932).

8 Godchot and Mousseron, Bull soc. chim., (4) 51, 361 (1932).
9
Detoeuf, Bull. soc. chim., (4) 31, 178 (1922).
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a-CYCLOHEXYLPHENYLACETONITRILE

(Cyclohexaneacetonitrile, o-phenyl)

-GHOST]
Na+

Submitted by EVELYN M. HANCOCK and ARTHUR C. COPE.

Checked by NATHAN L. DRAKE and W. MAYO SMITH.

1. Procedure

A 1-1. three-necked flask is equipped with a mercury-sealed

stirrer, an inlet tube, and a reflux condenser which is connected

through a soda-lime tube to a gas-absorption trap.
1 The appara-

tus is dried in an oven and assembled rapidly to exclude mois-

ture; it is advisable to set up the apparatus in a hood to vent

ammonia which may escape by accident. The flask is cooled in

a Dry Ice-trichloroethylene bath, and 200 ml. of anhydrous (re-

frigeration grade) ammonia is introduced through the inlet tube

from an ammonia cylinder which is either inverted or equipped
with a siphon tube. Just before the apparatus is assembled,

8.1 g. (0.35 gram atom) of sodium is cut, weighed, and kept under

kerosene in a small beaker. The Dry Ice bath is removed, the

inlet tube is replaced by a rubber stopper, and a crystal of hy-

drated ferric nitrate (about 0.2 g.) is added. A small (about

5-mm.) cube of the sodium is cut, blotted rapidly with filter

paper, and added quickly to the liquid ammonia. The solution is

stirred until the blue color disappears, after which the remainder

of the sodium is added in narrow, thin strips about as rapidly as

*0rg. Syntheses Coil. Vol. 2, 4 (1943).
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it can be cut and blotted, while the solution is stirred vigorously

(Note 1). After tKe solution has turned from blue to gray, the

flask is swirled by hand until the blue flecks of sodium which have

spattered onto the upper part of the flask are washed into the

solution.

The flask is again cooled in the Dry Ice bath, and 41 g. (0.35

mole) of benzyl cyanide (Note 2) is added during about 10 min-

utes through a dry dropping funnel. The Dry Ice bath is re-

moved, and the clear solution is stirred for about 15 minutes, after

which 200 ml. of dry sulfur-free toluene (Note 3) and 25 ml. of

anhydrous ether are added dropwise through the funnel while the

ammonia evaporates. The solution is allowed to stand or is

warmed in a water bath until it comes to room temperature; the

ammonia may be vaporized at any rate which does not cause

gas to escape through the mercury seal on the stirrer. The

remainder of the ammonia is removed by turning off the water ia

the reflux condenser, warming the flask in a hot water bath, and

distilling most of the ether (and ammonia) through the reflux

condenser.

A fresh drying tube is attached to the reflux condenser, the

cooling water is turned on, and to the warm solution is added

65.2 g. (0.4 mole) of bromocyclohexane (Note 4) during approxi-

mately 20 minutes. The reaction is vigorous and may require

cooling. Refluxing is continued by heating the mixture in an

oil bath for 2 hours. The reaction mixture is cooled and washed

with 300 ml. of water. The aqueous layer is extracted with two

50-ml. portions of benzene, and the combined benzene and toluene

solutions are washed with two 50-ml. portions of water and dis-

tilled from a 500-ml. modified Claisen flask under reduced pres-

sure. The yield of a-cyclohexylphenylacetonitrile boiling at

174-176/13 mm. (Note 5) is 45-53 g. (65-77%); the distillate

solidifies to a crystalline mass which has a melting point of

50-53.5. The nitrile can be recrystallized from commercial

pentane with approximately 15% loss; it then melts at 56-58.
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2. Notes

1. Vigorous stirring and addition of the sodium in small

pieces decrease the time required for complete conversion of the

sodium into sodamide.

2. Redistilled benzyl cyanide
2 was used, b.p. 108-1 10/13 mm.

3. The toluene (Merck reagent grade) was kept dry by storage

over sodium wire. Dry thiophene-free benzene may be used

instead but is less convenient because it freezes when added to

the liquid ammonia solution.

4. Bromocyclohexane obtained from the Eastman Kodak

Company was dried over calcium chloride and redistilled.

5. Another boiling point is 16S-167/9 mm.

3. Methods of Preparation

a-Cyclohexylphenylacetonitrile has been prepared by treat-

ing the sodium derivative obtained from benzyl cyanide and

sodamide with bromocyclohexane in benzene 3 and in ether.4

*Org. Syntheses Coll. Vol. 1, 107 (1941).
8 Venus-Danilova and Bol'shukon, J. Gen. Chem. (U.S.S.R.), 7, 2823 (1937)

[C.A., 32, 2925 (1938)].
<
Vasiliu, Bui. Soc. Chim. Romdnia, 19A, 75 (1937) [C.A., 33, 4207 (1939)].
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DIAZOMETHANE

(Methane, diazo-)

(CH3)2C=CHCOCH3

H'NH>
) (CH3)2C CH2COCH3

NH

(CH3) 2C CH2COCH3
-

M. 1 X JL

CH3

Sodium alkoxide

N NO

CH3

(CH3)2O=CHCOCH3 + CH2N2 + H2O

Submitted by C. ERNST REDEMANN, F. O. RICE, R. ROBERTS, and

H. P. WARD.
Checked by NATHAN L. DRAKE, CHARLES M. EAKER, ROBERT K.

PRESTON, and W. MAYO SMITH.

1. Procedure

A. N-Nitroso-0-methylaminoisobutyl methyl ketone. In a 2-1.

three-necked flask, fitted with a mechanical stirrer, a thermome-

ter, and a dropping funnel, is placed 250 ml. (2.1 moles) of 30%
aqueous methylamine (Note 1). The flask is surrounded by an

ice bath, and the stirrer is started. When the temperature of the

solution has dropped to 5, 196 g. (2 moles) of mesityl oxide is

added through the dropping funnel at such a rate that the tem-

perature remains below 20 (Notes 2 and 3). After the mesityl

oxide has been added, the mixture is allowed to stand without

cooling for 30 minutes.

The solution is then cooled to 10 by means of the ice bath,

and 125 ml. of glacial acetic acid is added through the dropping

funnel at such a rate that the temperature remains below 15;
then an additional 75 ml. of the acid is added rapidly.

The ice bath is removed, and 300 ml. of 8 N sodium nitrite
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(Note 4) is added in 20-30 minutes to the stirred solution, which

is kept at 25-35 by intermittent cooling with the ice bath.

Stirring is then discontinued, and the mixture is allowed to stand

for 6 hours or longer (Note 5).

The oily layer is separated from the aqueous layer, the aque-
ous layer is extracted with two 200-ml. portions of ether, and the

combined extracts and oil are dried over calcium chloride. The

drying agent is removed by filtration, and the ether is distilled on

a water bath; finally, all low-boiling material is removed from the

mixture on a boiling water bath under the lowest pressure obtain-

able with a water pump (Note 6). The nitrosoaminoketone

which remains in the flask is sufficiently pure for the preparation

of diazomethane (Note 7). The yield is 221-257 g. (70-80%
based on mesityl oxide).

If a purer product is desired for other purposes, the nitroso-

aminoketone is distilled at low pressure (see Caution). The sub-

stance boils at 119/5 mm., at lll/3 mm., or at 101/1.5 mm.

CAUTION

Only a small quantity of the nitrosoaminoketone should be dis-

tilled at a time. It is reported that the substance occasionally under-

goes violent decomposition. If the distillation is carried out, the

operator should be protected by a suitable screen or plate of safety

glass (Note 8).

B. Diazomethane. Sodium isopropoxide method (Note 9).

CAUTION

Diazomethane is very toxic; its preparation should be carried

out only in a well-ventilated hood. Individuals differ in their sus-

ceptibility; some develop symptoms similar to asthmafrom very small

concentrations, whereas others notice no ill effects from much larger

quantities. The use of a safety screen is also recommended.

Thirty milliliters of a solution of sodium isopropoxide, pre-

pared from 1 g. of sodium and 100 ml. of isopropyl alcohol,
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is placed in a 250-ml. Claisen flask arranged for heating in a

water bath. The flask is provided with a dropping funnel, a con-

denser, and a receiver cooled in a Dry Ice bath; this receiver is

connected to a second one containing 20 ml. of anhydrous ether;

the inlet tube of the second receiver should dip below the surface

of the ether.

The water bath is heated to 70-75, and one half of a solution,

prepared by dissolving 15.8 g. (0.1 mole) of N-nitroso-0-methyl-

aminoisobutyl methyl ketone in a mixture of 80 ml. of anhydrous
ether and 12 ml. of isopropyl alcohol, is added through the drop-

ping funnel at a rate slightly greater than that of distillation.

When the separators funnel is empty, an additional 15 ml. of the

solution of sodium isopropoxide is added; the remainder of the

solution of nitroso compound is then added as before. Anhydrous
ether is then added gradually through the dropping funnel until

the condensing ether becomes colorless. The diazomethai>e

comes over with the ether as a golden yellow distillate. The

process can be continued until all the nitrosoaminoketone has

been decomposed. The yield of diazomethane, which varies with

the purity of the nitrosoaminoketone, is 1.9-2.5 g. (45-60%).

C. Diazomethane. Sodium cyclohexoxide method (Note 10).

A solution of sodium cyclohexoxide is prepared from 4 g. of

sodium and 100 ml. of cyclohexanol (Note 11) in a 2-1. flask;

the cyclohexanol is heated to boiling under reflux to speed up
the formation of the alkoxide. As soon as the sodium has dis-

appeared, heating is discontinued and the condenser is removed.

When solid begins to separate from the solution, the mixture is

stirred with a stout rod to prevent the formation of a hard cake.

The flask is surrounded by an ice bath, and, when the tempera-

ture of the mixture has dropped to 10, 300 ml. of dry ether and

a solution of 49 g. (0.33 mole) of N-nitroso-0-methylaminoiso-

butyl methyl ketone dissolved in 600 ml. of dry ether are added.

The flask is connected to a 25-cm. fractionating column and an

efficient water-cooled condenser (Note 12). The delivery end of

the condenser should be connected to an adapter which dips

below the surface of 50 ml. of ether contained in a 1-1. Erlenmeyer
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flask immersed in an ice bath. The mixture is heated by a water

bath whose temperature is maintained at 50-55. Distillation is

continued until the condensing ether is colorless; usually 700-

750 ml. of distillate containing 10-11 g. (77-84% yield) (Note 13)

of diazomethane is collected (Notes 14 and 15). The diazo-

methane-ether solution may be purified further with only slight

loss by drying over potassium hydroxide pellets (Note 16) and

redistillation through a fractionating column.

2. Notes

1. Methylamine is available from several manufacturers.

The Commercial Solvents Corporation and Rohm and Haas

Company offer an aqueous solution containing 30% to 33% of

amine. Solutions of other strengths are satisfactory if appropriate

quantities are employed. The amine solution may be prepared
from the hydrochloride by adding slowly 210 ml. of 10 N sodium

hydroxide solution to an ice-cold solution of 142 g. (2.1 moles) of

methylamine hydrochloride in 250 ml. of water. The resulting

solution is used without further treatment.

2. The mesityl oxide should be freshly distilled.

3. The length of time needed for this addition varies with the

efficiency of the cooling bath; a period of 30 minutes to 1 hour is

usually required.

4. The nitrite solution is very nearly saturated. The sodium

nitrite need not be of C.P. grade; if it is less pure, appropriate

allowance must be made when the solution is prepared.

5. It is preferable to allow the mixture to stand overnight;

care should be taken, however, that its temperature does not

exceed 35 at any time.

6. The pressure should not be above 30 mm.
;
a pressure of

20 mm. is desirable.

7. Because of the low cost of the starting materials and the

stability in storage of the nitrosoaminoketone, this substance

is an excellent intermediate for preparing diazomethane. One

of the submitters (Redemann) reports that a sample of the

crude material was kept in the laboratory in a brown bottle for
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more than" 2 years without evident decomposition; the trace of

acetic acid remaining in the ketone tends to stabilize it.

8. One of the submitters (Redemann) reports that he has

never experienced difficulty during distillation of this ketone.

9. Submitted by F. O. Rice, R. Roberts, and H. P. Ward.

10. Submitted by C. Ernst Redemann.

11. The cyclohexanol may be replaced by benzyl alcohol.

Benzyl alcohol is reported to give a slightly increased rate of

formation of diazomethane and a slightly more concentrated

ethereal solution; however, the over-all yield is somewhat lower.

If only a small amount of diazomethane is wanted, concentrated

aqueous sodium hydroxide may replace the solution of the

alkoxide of cyclohexanol. The yield under these conditions is

40-50%.
12. A column with smooth packing or smooth inner surface

should be used; rough surfaces catalyze the decomposition ot

diazomethane. A column helps to remove mesityl oxide.

13. The diazomethane content of the ethereal solution may be

determined by the method described previously.
1

14. A solution of diazomethane in dry ether may be stored in a

smooth flask or bottle in a refrigerator for several weeks. Since

slow decomposition of the diazomethane occurs, the concentration

of the solution should be checked before use.

15. Other alkyl diazo compounds can be prepared readily by
the same general method with some alterations because of the

lower volatility of the higher homdlogs.
2

16. Pellets are recommended because their smooth surface

causes little decomposition of diazomethane.

3. Methods of Preparation

Diazomethane has been prepared from nitrosomethylurea,
1

from nitrosomethylurethane,
8 4 and from a mixture of chloroform

1
Org. Syntheses Coll. Vol. 2, 165 (1943).

8 Adamson and Kenner, /. Chem. Soc, t 1987, 1551.

v. Pechmann, Ber., 27, 1888 (1894); 28, 855 (1895).
4 Meerwein and Burneleit, Ber.

t 61, 1845 (1928).
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and hydrazine hydrate by reaction with potassium hydroxide.
5

The methods described are adapted from the work of Kenner.' *

Two recent reviews of the reactions and uses of diazomethane

have appeared.
8 ' 9

2,5-DIMETHYLMANDELIC ACID

(Mandelic acid, 2,6-dimethyl-)

+ CO(COOC2H5)2
SnCU

CH3

^\-C(OH)(COOC2H5) 2 H(OH)COOH

CH3

Submitted by J. L. RIEBSOMER and JAMES IRVINE.

Checked by H. R. SNYDER and R. L. ROWLAND.

1. Procedure

A. Ethyl 2,5-dimethylphenylhydroxymalonate. One hundred

and seventy-four grams (1 mole) of ethyl oxomalonate (Note 1)

and 265 g. (2.5 moles) of ^-xylene are mixed in a 1-1. three-

necked flask equipped with a good stirrer, a dropping funnel, and

a calcium chloride drying tube. Suitable precautions are taken

to exclude moisture from the reaction mixture. While the mix-

ture is cooled in an ice-water bath and stirred vigorously, 325 g.

B
Staudinger and Kupfer, Ber., 45, 505 (1912).

8
Jones and Kenner, /. Chem. Soc., 1933, 363.

7 Adamson and Kenner, /. Chem. Soc., 1936, 286; 1987, 1551.

Smith, Chem. Revs., 23, 193 (1938).
1
Eistert, Z. angew. Chem. t 64, 99, 124 (1941).
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(1.25 moles) of anhydrous stannic chloride is added dropwise
from the funnel. After the addition is complete, the cooling bath

is removed and stirring is continued for 3 hours. The reaction

mixture is poured with stirring into about 300 g. of cracked

ice containing 50 ml. of concentrated hydrochloric acid. On

standing this mixture separates into two layers. Two hundred

milliliters of ether is added, and the ether layer is washed with

100-ml. portions of water until the wash water is free from chlo-

rides. The ether solution is dried with anhydrous sodium sulfate

and distilled. After removal of the ether and the excess of re-

agents (Note 2), the fraction boiling at 154-156/5 mm. is col-

lected. The yield of 2,5-dimethylphenylhydroxymalonic ester is

144.5-160 g. (51.5-57%).

B. 2,5-Dimethylmandelic acid. A mixture prepared from

140 g. (0.5 mole) of 2,5-dimethylphenylhydroxymalonic ester and

a cold solution of 140 g. of potassium hydroxide in 560 ml. o

water in a 1-1. round-bottomed flask is warmed on a steam bath

for 5 hours. The alkaline solution is cooled and extracted with

one 100-ml. portion of ether to remove any material not soluble in

alkali. The alkaline solution is acidified with 300 ml. of concen-

trated hydrochloric acid and then warmed on a steam bath and

stirred Cor 2 hours (or until there is no further evidence that car-

bon dioxide is escaping). The mixture is cooled, the oily layer is

extracted with ether, the ethereal solution is dried with anhydrous
sodium sulfate, and the ether is distilled under partial vacuum

(Note 3). The oily residue is crystallized from benzene. The

yield of 2,5-dimethylmandelic acid melting at 116.5-117 is

55-63 g. (63-70%) (Note 4).

2. Notes

1. The ethyl oxomalonate must be of good quality. It has

been found possible to use nitrogen peroxide (now available in

cylinders from the du Pont Company) in the preparation of this

reagent. The general conditions are the same as in the previous

method in Organic Syntheses
l

except that the generating flask

*
Org. Syntheses Coll. Vol. 1, 266 (1941).
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containing arsenious oxide and nitric acid is replaced with a

cylinder of nitrogen peroxide. This method is much more satis-

factory.

2. The excess ^-xylene can be recovered easily.

3. It is important to avoid long heating after removal of the

ether. The mandelic acid tends to react with itself.

4. This general method has been applied to the synthesis of a

variety of alkyl-substituted mandelic acids.2

3. Methods of Preparation

2,5-Dimethylmandelic acid has been prepared by the pro-

cedure described above;
2 and by the reaction between 2,5-

dimethylphenylmagnesium bromide and chloral, followed by
alkaline hydrolysis.

8

2,4-DIMETHYLTHIAZOLE

(Thiazole, 2,4-dimethyl-)

CH3CONH2 + P2S6 -> CH3CSNH2

SH C1CH2 S CHii i ii

CH3 C + C CH3
- CH3 C C CH3 + H2

II II \ /
NH O N-HC1

Submitted by GEORGE SCHWARZ.

Checked by C. S. HAMILTON and EDWARD J. CRAGOE, JR.

1. Procedure

In a 2-1. round-bottomed flask provided with a reflux con-

denser is placed 200 ml. of dry benzene (Note 1). A mixture of

*
Ando, /. Chem. Soc. Japan, 56, 745 (1935) [C.A., 29, 7960 (1935)]; Ricbsomer,

Irvine, and Andrews, /. Am. Chem. Soc., 60, 1015 (1938); Proc. Indiana Acad.

Sci., 47, 139 (1938); Riebsomer, Baldwin, Buchanan, and Burkett, /. Am. Chem.

Soc., 60, 2974 (1938); Riebsomer, Stauffer, Click, and Lambert, /. Am. Chem. Soc.,

64, 2080 (1942).
'
Bavarian, Compt. rend., 146, 297 (1908) (C.A., 2, 1443 (1908)].
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300 g. (5:08 moles) of finely divided acetamide and 200 g. (0.9

mole) ofpowdered phosphorus pentasulfide is prepared quickly and

transferred immediately to the flask. To this is added 20 ml. of a

mixture of 400 ml. (4.97 moles) of chloroacetone (Note 2) and

150 ml. of dry benzene. The exothermic reaction is started by
careful heating in a water bath. The water bath is removed, and

the remainder of the chloroacetone-benzene mixture is intro-

duced gradually through the reflux condenser (Notes 3 and 4).

When all the chloroacetone has been added and reaction is no

longer apparent, the mixture is refluxed on the water bath for 30

minutes.

About 750 ml. of water is added to the mixture with shaking.

After 30 minutes the mixture is poured into a separately funnel,

and the reddish upper layer containing the benzene with some im-

purities is discarded. The lower layer is made alkaline (Note 5)

by the addition of 5 N sodium hydroxide or potassium hydroxide,

and the crude thiazole, which separates as a black upper layer, is

removed with ether, and the aqueous lower layer is extracted

with five 120-ml. portions of ether. The combined ethereal ex-

tracts are dried over anhydrous sodium sulfate and filtered

through glass wool. The ether is removed by distillation from a

steam bath (Note 6), and the residual oil is fractionated at at-

mospheric pressure; the fraction boiling at 140-150 is collected

and redistilled. The yield of 2,4-dimethylthiazole boiling at

143-145 (Note 7) is 210-230 g. (41-45% based on the phos-

phorus pentasulfide).

2. Notes

1. Commercial benzene is satisfactory after being dried over

calcium chloride and distilled.

2. Commercial chloroacetone is distilled, and the fraction

boiling at 116-122 is used.

3. The progress of the reaction is controlled by the portions of

chloroacetone added. If too much is added at once the reaction

may become too vigorous. Portions of 20 ml. are safe. Toward

the end of the reaction, larger portions may be added.
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4. As soon as the reaction has begun, the mixture becomes a

gray-black oily liquid.

5. The alkalinity of the deeply colored solution can be tested

with phenolphthalein paper. The edges of the wetted paper be-

come visibly red. One should be sure to test the aqueous solution

and not the separated thiazole floating on top of the liquid.

6. The thiazole is hygroscopic and should be protected from

moisture.

7. Reported boiling points are 144-145.5/719 mm. 1 and

143 .
2 No 2,4-dimethyloxazole (b.p. 108) was obtained during

the distillation.

3. Methods of Preparation

2,4-Dimethylthiazole has been prepared from chloroacetone

and thioacetamide,
1 but forming the required thioacetamide in

the reaction mixture is to be preferred since no additional manip-
ulation is involved. The method here described is substantially

that of E. Merck.2 Other substituted thiazoles can be prepared

by practically the same method.2
2,4-Dimethylthiazole has been

obtained by dry distillation of 2-methylthiazyl-4-acetic acid,
8 and

also by heating 2,4-dimethylthiazole-5-carboxylic acid with cal-

cium oxide.4

*
Hantzsch, Ann., 250, 265 (1889).

1 E. Merck, Ger. pat. 670,131 [C.A., 33, 2909 (1939)].
8
Steude, Ann., 261, 41 (1891).

4
Rubleff, Ann., 259, 266 (1890).
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DITHIZONE

2C8H8NHNH2 + CS2 -* C6H8NHNH C SH.NH2NHC6H8

1

C6H5NHNH C SH-NH2NHC6Hs

H2S
CeHsNHNH

C6H6NHNHCSNH2 + C6H6NKfe
CeHsNHNH

Submitted by JOHN H. BILLMAN and ELIZABETH S. CLELAND.

Checked by LEE IRVIN SMITH and BURRIS D. TIFFANY.

1. Procedure

A. Phenylhydrazine salt of fl-phenyldithiocarbazic acid. In

a 1-1. three-necked flask, fitted with a mechanical stirrer, a con-

denser, and a dropping funnel, is placed a solution of 128 ml.

(1.3 moles) of pure redistilled phenylhydrazine in 600 ml. of

ordinary ether. To the vigorously stirred mixture, 52 ml. (0.86

mole) of carbon disulfide is added in the course of 30 minutes

(Note 1). After the mixture has been stirred for an additional 30

minutes, the precipitate is filtered with suction, washed with

SO ml. of ether, and spread on filter paper for 15-20 minutes to

allow evaporation of the ether. The yield of the salt is 181-185 g.

(96-98%).
B. Diphenylthiocarbazide. The above salt is transferred to

a 1-1. beaker, and, while it is continuously stirred by hand

(Note 2), it is heated (Hood) in a water bath maintained at

96-98 (Note 3). After about 10-15 minutes the material softens
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to a taffylike mass, becomes yellow, foams, and evolves hydrogen
sulfide. After about 20-30 minutes ammonia is evolved. When
a distinct odor of ammonia is first detected (Note 4), the beaker is

removed from the bath, placed in a pan of cold water for 1 minute

(Note 5), and then surrounded immediately by cracked ice.

About ISO ml. of absolute alcohol is added, the mixture is warmed

slightly to loosen the mass, and the taffylike material is stirred

until it is transformed into a granular precipitate. After the mix-

ture has stood at room temperature for 1 hour, the precipitate is

collected on a Biichner funnel and washed with 50 ml. of absolute

alcohol (Note 6). The yield of crude diphenylthiocarbazide is

100-125 g. (60-75% based on phenylhydrazine) (Note 7).

C. Dithizone. The crude diphenylthiocarbazide is added to a

solution of 60 g. of potassium hydroxide in 600 ml. of methanol

in a 1-1. round-bottomed flask. The flask is immersed in a boiling

water bath, and the mixture is refluxed for exactly 5 minutes

(Note 8). The red solution is cooled with ice water and filtered

by gravity. Ice-cold 1 N sulfuric acid (900-1100 ml.) is added to

the filtrate, which is stirred vigorously by means of a mechanical

stirrer, until the solution is just acid to Congo red paper (Note

9). The blue-black precipitate is filtered with suction and

washed with 50 ml. of cold water (Note 10). The crude carbazone

is dissolved in 500 ml. of 5% sodium hydroxide solution, the mix-

ture is filtered with suction, and the filtrate is cooled in an ice

bath and acidified immediately with ice-cold 1 N sulfuric acid

(about 650 ml. is required) until it is just acid to Congo red paper.

The precipitate is filtered with suction and then washed by trans-

ferring it to a 2-1. beaker and stirring it thoroughly with 1.6-1.8 1.

of cold water. The mixture is filtered, and the process of washing

is repeated until there is no trace of sulfate in the washings (Note

11). After air has been drawn through the precipitate on the

Biichner funnel for 20-30 minutes, the solid is dried in an oven at

40. The product at this stage weighs 63-85 g. For purification,

a portion of 5-10 g. of the carbazone is placed in the thimble of a

Soxhlet extractor (Note 12), covered with ether, allowed to stand

for 1 hour, and then extracted for 1.5 hours. The material in the

thimble is transferred immediately to a beaker, stirred with 50 ml.
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of ether, and th^ mixture is filtered with suction until most, but

not all, of the liquid is removed. The wet product is then dried by

pressing it between filter papers. The yield of pure dithizone

(diphenylthiocarbazone) which decomposes sharply at a tempera-
ture between 165 and 169 is 43-54.8 g. (50-64% based on

phenylhydrazine) (Note 13).

2. Notes

1. A precipitate is formed immediately upon addition of the

carbon disulfide; the mixture becomes warm, and the temperature
soon approaches the boiling point. The temperature is main-

tained just below the boiling point; cooling with ice water may be

necessary to keep it there. As the carbon disulfide is added, the

mixture soon becomes pasty, then more fluid, and finally pasty

again.

2. A heavy glass rod, bent or flattened at the bottom, serves

as an efficient stirrer.

3. Care must be taken that the temperature of the bath

does not exceed 98. If the material remains above 98 for a long

period of time and/or if it is not immediately cooled after removal

from the water bath, the product decomposes violently after

standing for 10-15 minutes.

4. Ammonia can be detected by means of litmus paper before

the odor is noticeable, but the heating should be continued until

there is a distinct odor of ammonia (but no longer). The yield

depends upon the rapidity with which the heating is stopped after

the first sign of ammonia is detected.

5. The mass may be olive-green or brown while hot, but it

becomes light brown on cooling.

6. The precipitate is almost pure white. More diphenyl-

thiocarbazide crystallizes from the red alcoholic filtrate and wash-

ings, if they are allowed to evaporate slowly. When the mixture

is allowed to stand for some time before it is filtered, the amount

of precipitate is increased and that of the material left in the

filtrate is decreased.

7. Diphenylthiocarbazide does not have a sharp melting



DITHIZONE 41

point. The compound is reported to become green at 130

and melt at 150 to a dark green liquid which decomposes on

further heating.

8. The solution is heated until it is definitely boiling; then it

is allowed to boil for 5 minutes only. If the solution is boiled for a

longer time, the yield of product is decreased.

9. When the end point is reached, the mother liquor is no

longer red but colorless.

10. Care should be exercised in handling this precipitate or

suspensions of it. If any of it is spilled or splashed, it should be

removed at once, for it dries to a light, fine powder which is

readily scattered; it dyes the skin black and other material pink.

11. Four or five washings are usually necessary.

12. The Soxhlet extractor used by the submitters had a ca-

pacity of 85 ml. to the top of the siphon tube. The size of the

thimble was 33 by 80 mm.
13. The pure compound is completely soluble in chloroform.

3. Methods of Preparation

This method of preparation is a modification of the method

used by Emil Fischer. 1 Similar methods have been described by
H. Fischer,

2 Wertheim,
3 and Grummitt and Stickle. 4

1 E. Fischer, Ann., 190, 118 (1878); 212, 316 (1882).
2 H. Fischer and Leopoldi, Wiss. Verojfentl. Siemens-Konzern, 12, 44 (1933)

[C.A., 27, 3418(1933)].
8
Wertheim, Organic Chemistry Laboratory Guide, 2nd ed., p. 504, P. Blakiston's

Son & Co.
4 Grummitt and Stickle, Ind. Eng. Chem., Anal. Ed., 14, 953 (1942).
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ETHYL BENZALMALONATE

(Malonic acid, benzal-, diethyl ester)

Piperidinc

C6H5CHO + CH2(COOC2H5)2

C6H5CH=C(COOC2H5)2 + H2

Submitted by C. F. H. ALLEN and F. W. SPANGLER.

Checked by R. L. SHRINER and FRED W. NEUMANN.

1. Procedure

In a 1-1. round-bottomed flask, which is fitted with a Clarke-

Rahrs column l with a unit for removing water and surmounted

by a reflux condenser, are placed 100 g. (0.63 mole) of ethyl mal-

onate (Note 1), about 72-76 g. of commercial benzaldehyde

(Note 2), 2-7 ml. of piperidine (Note 3), and 200 ml. of benzene.

The mixture is refluxed vigorously in an oil bath at 130-140

until no more water (total, 12-13 ml.) is collected; this operation

requires 11-18 hours. After the mixture has been cooled, 100 ml.

of benzene is added and the solution is washed with two 100-ml.

portions of water, with two 100-ml. portions of 1 N hydrochloric

acid, and then with 100 ml. of a saturated solution of sodium bi-

carbonate. The aqueous wash solutions are shaken with a single

50-ml. portion of benzene, the benzene extract is added to the

original organic layer, and the organic solution is dried with 30 g.

of anhydrous sodium sulfate. After the benzene has been re-

moved under reduced pressure on a steam bath, the residue is dis-

tilled under reduced pressure from a 250-ml. modified Claisen

flask 2 well wrapped with asbestos. The yield of colorless ethyl

benzalmalonate boiling at 140-142/4 mm. (Note 4) is 137-

142 g. (89-91%) (Note 5).

1
Org. Syntheses, 24, 72 (1944). The column can be purchased from the Precision

Optical Company, Rochester, New York.

Org. Syntheses, 22, 11, Fig. 2 (1942).
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2. Notes

1. B.p. 94-96/16 mm. The checkers used redistilled ethyl

malonate.

2. Commercial benzaldehyde which contains 2-8% of ben-

zoic acid is eminently satisfactory. The acid content is deter-

mined (conveniently by titration of a sample in neutral ethanol

with standard alkali), and a quantity of aldehyde containing 70 g.

(0.66 mole) of benzaldehyde is used. The checkers used 76 g. of

commercial benzaldehyde which contained 8% of benzoic acid.

If pure benzaldehyde is employed, then 2 g. of benzoic acid

should be added.

It has been shown 8 that piperidine salts and not the free base

act as the catalyst in the Knoevenagel reaction. The checkers

obtained only a 71% yield with benzaldehyde containing less than

0.2% of benzoic acid.

3. The amount of piperidine that is employed depends on the

benzoic acid content of the aldehyde; it should be slightly in ex-

cess of that required to neutralize the benzoic acid. About

1.2 ml. of piperidine per gram of acid is satisfactory.

4. Another boiling point is 179-181/10 mm. The boiling

points reported for ethyl benzalmalonate vary widely. The

temperature observed depends on the degree of superheating

and the rapidity of distillation.

5. Methyl benzalmalonate (b.p. 143-146/2 mm., 169-

171/10 mm.) can be prepared in the same manner and in the

same apparatus in yields of 90-94%.

3. Methods of Preparation

Ethyl benzalmalonate has been prepared by the esterification

of benzalmalonic acid in the presence of concentrated sulfuric

acid;
4
by the action of benzal chloride on sodiomalonic ester;

6
by

the condensation of benzaldehyde and malonic ester in the pres-

8 Kuhn, Badstubner, and Grundmann, Bcr., 69, 98 (1936).
<
Stuart, /, Chem. Soc., 47, 158 (1885).

6
Avery and Bouton, Am. Chem. /., 20, 510 (1898).
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ence of hydrogen^ chloride,
6 ' 7 acetic anhydride,

8 or alcoholic

piperidine or ammonia; 9 and by the action of phenylmagnesium
bromide on hydroxymethylenemalonic ester. 10

ETHYL (l-ETHYLPROPENYL)-METHYLCYANOACETATE

(3-Pentenoic acid, 2-cyano-3-ethyl-2-methyl-, ethyl ester)

(C2H5)2C=C(CN)COOC2H5

NaOC*HS
[CH3CH=C(C2H6)C(CN)COOC2H5]

~

CH3CH=C(C2H5)C(CH3) (CN)COOC2H5

Submitted by EVELYN M. HANCOCK and ARTHUR C, COPE.

Checked by H. R. SNYDER and J. H. SAUNDERS.

1. Procedure

A solution of sodium ethoxide is prepared from 9.2 g. (0.40

mole) of freshly cut sodium and 400 ml. of absolute alcohol (Note

1) in a 1-1. three-necked flask fitted with a dropping funnel, a

thermometer, a mercury-sealed stirrer, and a condenser protected

by a drying tube (Note 2). To the stirred solution, which is kept

at 5 (conveniently by partially immersing the flask in a Dry
Ice bath), 72.4 g. (0.40 mole) of ethyl (l-ethylpropylidene)-cyano-

acetate (p. 46) is added dropwise from the funnel during 8-10

minutes. After the mixture has been stirred for an additional 20

minutes at 5, 62.5 g. (0.44 mole) of methyl iodide is added

from the dropping funnel as rapidly as possible. The flask is

heated immediately with a strong flame which is withdrawn just

as the solution reaches the boiling point. The alkylation is vig-

orous, but the flask is not cooled unless loss of material through

8
Claisen, Ber., 14, 348 (1891).

7 Claisen and Crismer, Ann., 218, 131 (1883).

Knoevenagel, Ber., 31, 2591 (1898); Gravel, Nat. canadien, 57, 181 (1931)

[C.A., 28, 169 (1934)].

Ger. pat. 97,734 [Frdl., 5, 906 (1898-1900)].
M
Reynolds, Am. Ghent. /., 44, 314 (1910).
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the reflux condenser appears imminent (Note 3). After the spon-

taneous reaction has subsided, the solution is refluxed until a

piece of red litmus paper dipped into the liquid and subsequently

moistened shows a neutral reaction (15-30 minutes).

The solution is cooled and diluted with 1 1. of water, and the

ester layer is separated. The aqueous layer is extracted with four

50-ml. portions of benzene, and the combined ester and benzene

extracts are washed with two 25-ml. portions of water and then

distilled from a 500-ml. modified Claisen flask. The fraction

(about 75 g.) which is collected at 95-118/10 mm. is shaken

mechanically for 4 hours with 100 ml. of 20% sodium bisulfite

solution (Note 4). The ester layer is separated, the aqueous

layer is extracted with three 25-ml. portions of benzene, and the

combined ester and benzene extracts are washed with 25 ml. of

water. The product remaining after removal of the benzene is

distilled under reduced pressure from a 250-ml. modified Claisen

flask or through a Widmer column. The yield of ester boiling at

112-113/8 mm. is 63.5-68 g. (81-87%).

2. Notes

1. Commercial absolute alcohol is dried with sodium and

ethyl phthalate
l and redistilled. The checkers obtained a con-

siderably lower yield in a run employing alcohol dried over mag-
nesium methoxide.

2. The various pieces of apparatus are dried in an oven and

assembled rapidly in order to exclude moisture.

3. Excessive cleavage (alcoholysis) of the product is avoided

by carrying out the alkylation rapidly. This procedure mini-

mizes the time during which the product is in contact with sodium

ethoxide.

4. This treatment removes ethyl (l-ethylpropylidene)-cyano-

acetate as a water-soluble sodium bisulfite addition product (p.

46).

1
Org. Syntheses Coll. Vol. 2, 155 (1943).



46 ORGANIC SYNTHESES

~ 3. Methods of Preparation

The above procedure illustrates a general method for prepar-

ing homologous ethyl (dialkylvinyl)-alkylcyanoacetates by the

alkylation of ethyl alkylidenecyanoacetates.
2

ETHYL (1-ETHYLPROPYLIDENE)-CYANOACETATE

(2-Pentenoic acid, 2-cyano-3-ethyl-, ethyl ester)

(C2H6) 2CO + CH2(CN)COOC2H5

(C2H5) 2C=C(CN)COOC2H5 + H2O

Submitted by ARTHUR C. COPE and EVELYN M. HANCOCK.

Checked by H. R. SNYDER and J. H. SAUNDERS.

1. Procedure

In a 500-ml. round-bottomed flask attached to a modified

Dean and Stark constant water separator
l
(Note 1) which is con-

nected to a reflux condenser are placed 67.8 g. (0.60 mole) of ethyl

cyanoacetate (Note 2), 56.8 g. (0.66 mole) of diethyl ketone

(Note 3), 9.2 g. (0.12 mole) of ammonium acetate, 30 g. (0.48

mole) of glacial acetic acid, and 100 ml. of benzene. The flask is

heated in an oil bath at 160-165, and the water which distils out

of the mixture with the refluxing benzene is removed from the

separator at intervals. Refluxing is continued for 24 hours (sev-

eral hours after the separation of water has ceased) (Note 4).

The solution is cooled and washed with three 25-ml. portions

of 10% sodium chloride solution, after which the benzene is re-

moved by distillation under reduced pressure. The residue is

transferred to a 1-1. bottle, a solution of 78 g. (0.75 mole) of com-

mercial sodium bisulfite in 310 ml. of water is added, and the

*
Cope and Hancock, /. Am. Chem. Soc., 60, 2903 (1938).

ETHYL ( 1 -ETHVLPROPYLIDENE)-CYANOACETATE

1

Cope, Hofmann, Wyckoff, and Hardenbergh, /. Am. Chem. Soc., 63, 3452

(1941).
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mixture is shaken on a mechanical shaker for 2 hours. The turbid

solution is diluted with 500 ml. of water and extracted with three

SO-ml. portions of benzene. The extracts are discarded (Note 5).

The bisulfite solution is then cooled in an ice bath, and an ice-cold

solution of 32 g. (0.8 mole) of sodium hydroxide in 130 ml. of

water is added dropwise with mechanical stirring. The ester

which separates is extracted at once with four 25-ml. portions of

benzene (Note 6). The benzene solution is washed with 50 ml.

of 1% hydrochloric acid, dried for a short time over 20 g. of

anhydrous sodium sulfate, filtered into a 250-ml. modified Claisen

flask, and distilled under reduced pressure. The yield of ester

boiling at 123-125/12 mm. (Note 7) is 65.4-75 g. (60.5-68%)

(Notes 8, 9, and 10).

2. Notes

1. Another suitable separator is described in Organic Syn-
theses.* Any continuous water separator which will return the

benzene to the reaction mixture may be used.

2. Commercial ethyl cyanoacetate (Dow Chemical Com-

pany) was redistilled before use; b.p. 93-94/12 mm.
3. Diethyl ketone was either purchased from the Eastman

Kodak Company and redistilled, or prepared by passing pro-

pionic acid slowly over a mixture of manganous oxide and clay

plate chips in a tube furnace at 420-440
;

8 the apparatus was

similar to one described in Organic Syntheses* When prepared by
this method the ketone was distilled, dried over potassium car-

bonate, and redistilled; b.p. 100-101.

4. The water layer (20-25 ml.) contains some acetic acid and

acetamide, the acetamide being formed from the ammonium
acetate catalyst.

5. Extraction of the aqueous solution removes ethyl cyano-

acetate from the aqueous solution of the sodium bisulfite addition

product of ethyl (l-ethylpropylidene)-cyanoacetate.

6. The unsaturated ester is regenerated when the bisulfite is

neutralized with sodium hydroxide. The solution is kept cold

*
Org. Syntheses, 23, 38 (1943).

Sabatier and Mailhe, Compt. rend., 168, 831 (1914).

Org. Syntheses Coll. Vol. 2, 389 (1943).



48 ORGANIC SYNTHESES

during neutralization and extraction, and but little excess sodium

hydroxide is used in order to prevent hydrolytic cleavage of the

ester to diethyl ketone and ethyl cyanoacetate.

7. Other boiling points are 135-137/25 mm. and 88-89/l
mm.

8. A number of ketones have been condensed with ethyl

cyanoacetate by this procedure. Reactive ketones such as ali-

phatic methyl ketones and cyclohexanone condense with ethyl

cyanoacetate much more rapidly and give better yields of alkyli-

dene esters. It is advantageous with such ketones to use a lower

ratio of ammonium acetate-acetic acid catalyst.
1

9. The sodium bisulfite purification step may be omitted,

and the alkylidene ester purified directly by distillation. Care

must be taken to separate the product from ethyl cyanoacetate

by fractionation through a moderately efficient column. Purifi-

cation through the bisulfite addition compound is recommended

for alkylidene cyanoacetic esters derived from ketones containing

four and five carbon atoms, but not for the higher homologs.

The checkers obtained a slightly higher yield by the method

employing fractional distillation (64% vs. 60.5%) but the quality

of the product appeared to be slightly inferior (n& 1.4645 vs.

1.4649).

10. A trace of a water-soluble white solid may cause the dis-

tillate to be slightly turbid. It may be removed by washing the

product with water and redistilling.

3. Methods of Preparation

The above procedure is a very slight modification of a recently

described *

general method for condensing ketones with ethyl

cyanoacetate. Ethyl (1-ethylpropylidene)-cyanoacetate also has

been prepared by condensing diethyl ketone with ethyl cyanoace-

tate in the presence of piperidine or acetic anhydride and zinc

chloride,
5 or piperidine and anhydrous sodium sulfate in a pres-

sure bottle at 100 .
6

Birch and Ron, /. Chem. Soc. t 1928, 2448.

Cowan and Vogel, /. Chem. Soc. t 1940, 1528.
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OH

OCH3

o-EUGENOL

BrCH2CH=CH2

K2CO,
->

OCH2CH=CH2

OCH3

Heat

CH2CH=CH2

,OH

OCH3

Submitted by C. F. H. ALLEN and T. W. GATES, JR.

Checked by W. E. BACHMANN and N. C. DENO.

1. Procedure

A. Guaiacol allyl ether. A mixture of 63 g. (0.5 mole) of guaia-

col, 66 g. (0.55 mole) of allyl bromide,
1 70 g. of anhydrous potas-

sium carbonate (0.5 mole), and 100 ml. of dry acetone in a 500-

ml. round-bottomed flask is refluxed on a steam bath for 8 hours

and cooled. The mixture is diluted with 200 ml. of water and

extracted with two 100-ml. portions of ether. The combined ex-

tracts are washed with two 100-ml. portions of 10% sodium hy-
droxide (Note 1) and dried with 50 g. of anhydrous potassium
carbonate. After removal of the solvent, the residual oil (Note 2)

is distilled under reduced pressure. The yield of guaiacol allyl

ether boiling at 110-113/12 mm. is 66-75 g. (80-90%).

B. o-EugenoL The allyl ether (70 g.) is cautiously (Note 3)

brought to boiling in a 500-ml. round-bottomed flask, refluxed for

1 hour, and cooled. The oil is dissolved in 100 ml. of ether (Note

4), and the solution is extracted with three 100-ml. portions of

10% sodium hydroxide. The combined alkaline extracts are then

acidified with 100 ml. of concentrated hydrochloric acid diluted

1
Org. Syntheses Coll. Vol. 1, 27 (1941).
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with 100 ml. of water, and the mixture is extracted with three

100-ml. portions of ether. The combined ether extracts are dried

with 50 g. of anhydrous sodium sulfate and evaporated, and the

residual oil is distilled under reduced pressure. The yield of

o-eugenol boiling at 120-122/12 mm. (Note 5) is 56-63 g. (80-

90%).

2. Notes

1. A sm$ll amount of guaiacol may be recovered by acidifying

the alkaline wash and extracting with ether.

2. When this crude guaiacol allyl ether was rearranged with-

out prior distillation, the yields of 0-eugenol were about 10%
lower than those obtained with the distilled ether.

3. This rearrangement is sometimes quite vigorous and needs

little heat once it is started. Dimethylaniline is said to be a good
solvent for use in this type of rearrangement.

2

4. Benzene may be substituted for ether throughout.
5. Other boiling points are 250-251/760 mm., 125/14 mm.,

and 115/9mm.

3. Methods of Preparation

Guaiacol allyl ether has been prepared from guaiacol, alco-

holic potassium hydroxide, and allyl iodide;
8 or from guaiacol,

allyl bromide, and potassium carbonate in acetone.4 6
0-Eugenol

has been prepared by the rearrangement of guaiacol allyl ether;
4 5

from 3-methoxy-2-allyloxybenzaldehyde by heating to 210,
e

and from 3-methoxy-2-allyloxybfenzoic acid by heating above

110 .
7

'Tarbell, Org. Reactions, 2, 24 (1944).

Marfori, Anndi di chimica e difarmacologia, (5), 12, 115; Jahresb., 1890, 1196.

Claisen and Eisleb, Ann., 401, 52 (1913).

Claisen, Ber., 45, 3161 (1912); Ger. pat. 268,099 [Chem. Zentr., 1014 I, 308;

Frdl., 11, 181 (1912-1914)].

Claisen and Eisleb, Ann., 401, 112, 114 (1913).

Claisen, Ann., 418, 117(1919).
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FURYLACRYLIC ACID

(2-Furanacrylic acid)

H2C(C02H)2

\ / CHO

II I + H2O + CO2

V, ) CH=CHCO2H

Submitted by S. RAJAGOPALAN and P. V. A. RAMAN.
Checked by C. S. HAMILTON and R. A. ALBERTY.

1. Procedure

In a 1-1. round-bottomed flask fitted with a reflux condenser

are placed 192 g. (166 ml., 2 moles) of freshly distilled furfural

(Note 1), 208 g. (2 moles) of malonic acid (Note 2), and 96 ml.

(1.2 moles) of pyridine (Note 3). The flask is heated on a boiling

water bath for 2 hours, and the reaction mixture is cooled and

diluted with 200 ml. of water. The acid is dissolved by the addi-

tion of concentrated aqueous ammonia, the solution is filtered

through a fluted filter paper, and the paper is washed with three

80-ml. portions of water. The combined filtrates are acidified

with an excess of diluted (1:1) hydrochloric acid with stirring.

The mixture is cooled by running water and then allowed to

stand in an ice bath for at least 1 hour. The furylacrylic acid

is filtered, washed with four 100-ml. portions of water, and

dried. The yield of practically colorless needles melting at 141 is

252-254 g. (91-92%). If a purer product is desired, recrystalliza-

tion is best effected from dilute alcohol (Note 4). On slow cool-

ing of the solution, needles melting at 141 separate.

2, Notes

1. Commercial furfural is subjected to a single distillation;

b.p. 160-161.
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2. Commercial malonic acid is dried at 100 for 2 hours and

stored in a stoppered bottle.

3. The pyridine, which may be a commercial grade, is dried

over sticks of potassium hydroxide for a few hours and filtered.

4. A convenient procedure is to dissolve the acid in a slight

excess of 50% alcohol, reflux the solution with charcoal (5 g. per

100 g. of acid) for 5-10 minutes, and filter through a fluted filter

in a preheated funnel. Any solid material that separates toward

the later stages is redissolved by the addition of a few drops of

alcohol. The residue is thoroughly washed with boiling water.

The hot solution is then diluted with cold water until crystals

separate, heated to boiling, cooled slowly, and allowed to stand

in a refrigerator for several hours. When the mother liquors are

used for subsequent batches, the usual loss (2-3%) by recrystalli-

zation is more than halved.

3. Methods of Preparation

The acid has been prepared through the Perkin reaction,
1

by
the condensation of furfural with malonic acid in the presence of

pyridine,
2
and, on a large scale, by the modified Perkin procedure

of Johnson.
3

1
Marckwald, Ber., 10, 357 (1877); Gibson and Kahnweiler, Am. Chem. /., 12,

314 (1890).
*
Dutt, /. Indian Chem. Soc., 1, 297 (1925); Kurien, Pandya, and Surange, /.

Indian Chem. Soc., 11, 824 (1934) [C.A., 29, 3325 (1935)].
8
Johnson, Org. Syntheses, 20, 55 (1940).
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p-cf-GLUCOSE-2,3,4,6-TETRAACETATE

(d-Glucose, 2,3,4,6-tetraacetate of 0-)

-0-

2CH2 CH CH CH CH CHBr + H2 + Ag2C03

OAc OAc OAc OAc

-O
I

^
I

2CH2 CH CH CH CH CHOH + 2AgBr + C02

OAc OAc OAc OAc

Submitted by CHESTER M. MCCLOSKEY and GEORGE H. COLEMAN.

Checked by C. S. HAMILTON, ROBERT ANGIER, and IVAN BAUMGART.

1. Procedure

A solution of 82.2 g. (0.2 mole) of acetobromoglucose
1

(Note 1) in 125 ml. of dry acetone (Note 2) in a 250-ml. flask is

cooled to in an ice bath. To the cold solution is added 2.3 ml.

of water and then 46.5 g. (0.17 mole) of silver carbonate (Note 3)

in small portions in the course of 15 minutes. The mixture is

shaken well during the addition and for 30 minutes longer

(Note 4). The mixture is then warmed to 50-60 and filtered.

The mass of silver salts is washed with 65 ml. of dry acetone

(Note 5), removed from the funnel, warmed in a flask with 65 ml.

more of acetone, filtered, and washed again on the funnel.

The combined filtrates are concentrated under reduced pres-

sure in a 500-ml. filter flask (Note 6) until most of the solution is

filled with crystals. The mixture is warmed to dissolve the

crystals, the solution is poured into a 600-ml. beaker, and an equal

volume of absolute ether and a similar volume of ligroin are added.

The resulting solution is cooled in a freezing mixture with gentle

stirring. The crystals of the tetraacetate form quickly and after

*
Org. Syntheses, 22, 1(1942).
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about 10 minutes are filtered and air-dried. The crystals so ob-

tained melt at 132-134 (Note 7). If a purer product is required,

the product is dissolved in acetone, and ether and ligroin are

added to the solution in the manner described. The yield of

once-crystallized product melting at 132-134 is 52-56 g. (75-

80%).

2. Notes

1. The acetobromoglucose which was used had a melting

point of 87-88.

2. The acetone was dried over calcium chloride.

3. The silver carbonate should be freshly prepared and finely

ground. Silver carbonate can be prepared by the addition of a

solution of sodium carbonate (53 g. in 600 ml. of water) to one of

silver nitrate (172 g. in 2 1. of water). This is a very slight excess

of the silver nitrate. The sodium carbonate solution is added

slowly (10 minutes), and the reaction mixture is stirred vigor-

ously with a mechanical stirrer. The silver carbonate is filtered,

washed with a little acetone to facilitate drying, and then air-

dried. All operations are carried out in dim light.

4. At the end of this time, evolution of carbon dioxide should

no longer be appreciable. The time required for the reaction de-

pends largely on the agitation of the silver carbonate. In large

runs mechanical stirring is required.

5. Anhydrous chemicals are used throughout as the presence

of any appreciable amount of water interferes with the crystal-

lization of the tetraacetate.

6. The solution is not heated during the concentration, and

thus the temperature is maintained below that of the room by the

evaporation of the solvent. If a capillary is used it should be

equipped with a drying tube.

7. 0-d-Glucose-2,3,4,6-tetraacetate (2,3,4,6-tetraacetyl-M-

glucose) decomposes slightly on prolonged standing and after one

to two months has a melting range of 5-8 degrees. Such material

can be purified by recrystallization.
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3. Methods of Preparation

0-d-Glucose-2,3,4,6-tetraacetate has been prepared usually by
the hydrolysis of acetobromoglucose.

2

m-HYDROXYBENZALDEHYDE

(Benzaldehyde, m-hydroxy-)

m-N02C6H4CHO -> w-NH2C6H4CHO *
HCl HC1

(w-ClN2C6H4CHO)2-SnCl4 -^> m-HOC6H4CHO
Heat

Submitted by R. B. WOODWARD.
Checked by C. S. HAMILTON and RAYMOND J. ANDRES.

1. Procedure

A solution of 450 g. (2 moles) of powdered stannous chloride

dihydrate (Note 1) in 600 ml. of concentrated hydrochloric acid in

a 3-1. beaker provided with an efficient mechanical stirrer is cooled

in an ice-salt bath. When the temperature of the solution has

fallen to 5, the ice bath is removed, and 100 g. (0.66 mole) of

w-nitrobenzaldehyde (Note 2) is added in one portion. The tem-

perature rises slowly at first, reaching 25-30 in about 5 minutes.

As it then rises rapidly to about 100 the ice-salt bath is again

placed around the beaker. Stirring must be vigorous or the reac-

tion mixture may be forced out of the beaker (Note 3). During
the reaction the w-nitrobenzaldehyde dissolves, and an almost

clear red solution is obtained. The solution is cooled with very

slow stirring (Note 4) in an ice-salt mixture for 2.5 hours. The

orange-red paste of the stannichloride of m-aminobenzaldehyde

(Note 5) is filtered on a sintered glass funnel (Note 6).

2 Fischer and Delbruck, Ber., 42, 2776 (1909); Georg, Helv. Chim. Acta, 15,

924 (1932); Hendricks, Wulf, and Liddel, /. Am. Chem. Soc., 58, 1998 (1936h

McCloskey, Pyle, and Coleman, /. Am. Chem. Soc., 66, 349 (1944).



58 ORGANIC SYNTHESES

A suspension of the material in 600 ml. of concentrated hydro-

chloric acid is stirred mechanically in a 3-1. beaker which is set in

an ice-salt bathT A solution of 46 g. of sodium nitrite in 150 ml.

of water in a 250-ml. dropping funnel fixed with its stem below the

surface of the suspension is added slowly while the temperature
of the mixture is kept at 4-5 (Note 7). After the addition is

completed (in approximately 80 minutes), stirring in the ice-salt

bath is continued for 1 hour to crystallize completely the stan-

nichloride of the diazonium salt. The reddish brown salt is fil-

tered on aWintered glass funnel (Note 6).

The damp salt is added cautiously in small portions to 1.7 1.

of boiling water in a 4-1. beaker in the course of 40 minutes. Dur-

ing the reaction, the water lost by vaporization is replaced

(Note 8). The solution is treated with 4 g. of Norite, boiled a few

minutes, and filtered hot. The red filtrate is kept in an icebox

for 12-16 hours; during this time scratching is employed occasion-

ally to induce crystallization (Note 9). The yield of orajige

crystals melting at 99-101 is 48-52 g. (59-64%). A solution of

this product in about 1 1. of boiling benzene is treated with

Norite, filtered, and concentrated to 300 ml. On cooling, 41-

45 g. (51-56%) of light tan crystals melting at 101-102 is

obtained (Note 10).

2. Notes

1. A chemically pure grade of stannous chloride (SnCl2
-

2H2O) should be used. Lower yields are obtained with technical

stannous chloride.

2. A practical grade of w-nitrobenzaldehyde (m.p. 52-55)
was used by the submitters. The checkers used Eastman's

w-nitrobenzaldehyde (m.p. 57-58).
3. Less satisfactory yields are obtained when the reaction

is moderated by the addition of the w-nitrobenzaldehyde in sev-

eral portions.

4. Stirring must be very slow since gradual cooling is neces-

sary in order to obtain particles large enough to permit fairly

rapid filtration.
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5. The exact formula of the w-aminobenzaldehyde stanni-

chloride is not known.

6. As a substitute for the sintered-glass funnel, a large

Biichner funnel provided with an asbestos fiber mat under the fil-

ter paper will serve. The asbestos mat can be washed and used

repeatedly.

7. Best results are obtained by keeping the temperature

during diazotization at 4-5. Below the speed of diazotiza-

tion is greatly decreased, and above 5 the diazonium salt begins

to decompose.

8. Concentrating the solution below 1.7 1. results in markedly
decreased purity.

9. If scratching does not succeed in inducing crystallization,

a small portion of the solution may be removed and evaporated
for seed.

10. According to the submitter, further purification can be

effected by sublimation: the material is placed in the bottom of a

Pyrex desiccator which is then evacuated and placed on a steam

bath overnight. The mat of interwoven needles can be removed

easily. One crystallization from benzene gives 37-40 g. (47-

49%) of needles melting at 103-104.

3. Methods of Preparation

w-Hydroxybenzaldehyde has been made by reduction of

w-hydroxybenzoic acid with sodium amalgam in weak acid solu-

tion;
1

by oxidation of the arylsulfonic ester ArSC^OCeH^CI^
with manganese dioxide and sulfuric acid to the corresponding de-

rivative of w-hydroxybenzaldehyde ArSC^OCeH^CHO and hy-

drolysis of the latter with concentrated sulfuric acid;
2 from

m-dichloromethylphenyl benzoate by heating with water and cal-

cium carbonate under a pressure of 4-5 atmospheres.
8 The

1 Sandmann, Ber., 14, 969 (1881).
1 Ger. pat. 162,322 (Chem. Zentr., 1905 II, 726),

'Raschig, Ger. pat. 233,631 (Chem. Ztntr., 1911 1, 1388; Frdl., 10, 163 (1910-

1912)].
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present -method is derived from that of Tiemann and Ludwig
4

and is similar iff the procedure for the preparation of w-chloro-

benzaldehyde.
6

ISOBUTYRAMIDE

(CH3) 2CHCOOH - (CH3)2CHCOC1 - (CH3) 2CHCONH2

Submitted by R. E. KENT and S. M. MCLVAIN.
Checked by C. R. NOLLER and D. FRAZIER.

1. Procedure

A. Isobutyryl chloride. A 1-1. three-necked flask is equipped
with a 250-ml. dropping funnel, an efficient stirrer sealed with a

glycerol-lubricated rubber tube,
1 and an efficient condeiTser

(Note 1). The water supplied to the condenser is cooled to 0,
and the flask is cooled in a large water bath. The apparatus is

set up in a hood, and a gas-absorption trap
2

is attached to the

top of the condenser.

In the flask is placed 542 g. (4.55 moles) of thionyl chloride;

to this is added dropwise, and with rapid stirring, 352 g. (4 moles)

of isobutyric acid (Note 2). A vigorous evolution of hydrogen
chloride and sulfur dioxide takes place. When all the acid has

been added, the water bath is heated to 80 and is kept at this

temperature for 30 minutes. ^Stirring is continued throughout

the heating. The reaction mixture is then distilled through a

30-cm. Vigreux column by means of an oil bath heated on a hot

plate (Note 3). The fore-run boiling up to 89 weighs 44 g. The

isobutyryl chloride which is collected at 89-93 weighs 351 g.

The residue weighs 49 g. On combining the fore-run and residue

4 Tiemann and Ludwig, Ber., 16, 2045 (1882); see also Rieche, Ber., 22, 2348

(1889); Ger. pat. 18,016 [Frdl., 1, 586 (1888)]; Subak, Monatsh., 24, 167 (1903).

*0rg. Syntheses Coll. Vol. 2, 130 (1943).

ISOBUTYRAMIDE

1
Org. Syntheses, 21, 40 (1941).

*Org. Syntheses Coll. Vol. 2, 4 (1943).
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and redistilling slowly, an additional 33 g. of isobutyryl chloride

is obtained; the total yield is 384 g. (90%). Redistillation gives

a faintly yellow product boiling at 90-92 (Notes 4 and 5).

B. Isobutyramide. In a 3-1. flask, equipped with an efficient

stirrer and a SOO-ml. dropping funnel, and surrounded by an ice-

salt freezing mixture, is placed 1.25 1. of cold concentrated aque-
ous ammonia (about 28%). To this 318 g. (3 moles) of isobutyryl

chloride is added dropwise with rapid stirring at such a rate that

the temperature of the reaction mixture does not rise above 15,
and the evolution of white fumes (mostly ammonium chloride)

does not become vigorous. Stirring is continued for 1 hour after

the addition of the acid chloride is finished.

The flask is heated by steam in a large can, and the reaction

mixture is evaporated to dryness under reduced pressure (Note 6) .

The dry residue of ammonium chloride and isobutyramide is

boiled 10 minutes with 2 1. of dry ethyl acetate, and the boiling

solution is filtered quickly through a fluted filter paper on a large

hot funnel. The residue on the filter is extracted in the same way
with two 1-1. portions of ethyl acetate. The combined ethyl

acetate extracts are cooled to 0, and the crystalline amide which

separates is removed by filtration. The filtrate is concentrated to

about 300 ml. and chilled, and a second crop of amide is collected

(Notes 7 and 8) . The two crops of isobutyramide are combined

and dried, first in an oven at 70 for 3 hours and then in a vacuum

desiccator. The yield of glistening white needles melting at

127-129 is 203-215 g. (78-83%) (Note 9). This material is

suitable for the preparation of isobutyronitrile.

2. Notes

1. A Friedrichs condenser is recommended. This efficient

condenser has an inner cooling coil around which the vapors pass

and condense. The submitters used rubber stoppers throughout.

2. Eastman's Technical grade of isobutyric acid was distilled,

and the fraction boiling at 151-153 was used.

3. The submitters used an electrically heated oil bath.

4. When 5 moles of thionyl chloride and 4 moles of isobutyric
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acid were used, the yield on the first distillation was 83%, and

redistillation of the fore-run gave an additional 7%. There was

practically no high-boiling material.

5. The submitters obtained the same percentage yields in runs

four times as large.

6. The steam can should be large enough to contain the entire

reaction flask; otherwise the evaporation is very slow.

7. If the mixture of amide and ammonium chloride is not

thoroughly dry, the ethyl acetate removed at this point will con-

tain water and must be dried and redistilled before further use.

8. The filtrate from the second crop of amide may be evapo-
rated to dryness and the residue crystallized from a mixture of

ethyl acetate and ligroin (60-68) . It is profitable to work up this

third crop of amide only when the mother liquors from several

runs are combined.

9. The submitters obtained the same percentage yield in runs

twice as large.

3. Methods of Preparation

Isobutyramide has been prepared by the action of concen-

trated aqueous ammonia on isobutyryl chloride 8 or methyl iso-

butyrate;
4
by distillation of ammonium isobutyrate

6 or a mix-

ture of isobutyric acid and potassium thiocyanate.
6

Hydrolysis

of isobutyronitrile also results in the formation of isobutyr-

amide. 7

Aschan, Ber.
t 31, 2348 (1898).

4
Meyer, Monatsh., 27, 43 (1906).

'Hofmann, Ber., 15, 982 (1882)

Letts, Ber. t 6, 671 (1872).
7 de Hoffmann and Barbier, Bull. soc. Mm. Belg., 46, 565 (1936) [C.A., 31, 919

(1937)].
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ISOBUTYRONITRILE

(CH3)2CHCONH2 -> (CH3)2CHCN + H2O

Submitted by R. E. KENT and S. M. MCELVAIN.

Checked by C. R. NOLLER and D. FRAZIER.

1. Procedure

To 308 g. (2.1 moles) of phosphorus pentoxide (reagent grade)

in a 3-1. round-bottomed flask is added 174 g. (2 moles) of finely

powdered, dry isobutyramide (Note 1). The flask is tightly

stoppered, and the two dry solids are thoroughly mixed by shak-

ing. The flask then is attached to a water-cooled condenser set

for downward distillation; a 500-ml. suction flask connected to the

condenser by a rubber stopper is a convenient receiver. A cal-

cium chloride tube is attached to the side arm of the receiver r and

the receiver is surrounded by crushed ice. The reaction flask is

heated for 8-10 hours in an electrically heated oil bath main-

tained at 200-220. The nitrile starts to distil almost at once.

The reaction mixture becomes a thick, brown syrup which foams

considerably toward the end of the distillation. The time of reac-

tion may be cut to 1-2 hours by connecting the distillation system
to an aspirator and intermittently removing the nitrile under re-

duced pressure (Note 2). Very little additional nitrile can be ob-

tained by further heating of the reaction mixture.

The contents of the receiver are transferred to a 500-ml. modi-

fied Claisen flask,
1 10-15 g. of phosphorus pentoxide is added

(Note 3), and the product is distilled from an oil bath held at

145-155. After only a few drops of fore-run, the main fraction

distils at 99-102/740 mm. The yield is 96-120 g. (69-86%).

The product is colorless when first distilled but acquires a yellow

tint after standing a few days. If it is again distilled from phos-

phorus pentoxide or Drierite, it boils at 101-103 and remains

colorless; WD 1.3713.

1
Org. Syntheses Coll. VoL 1, 130 (1941).
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2. Notes

1. The amide must be thoroughly dry or immediate reaction

will take place with considerable generation of heat, and the

yield will be lowered owing to the failure to obtain proper mixing
of the reactants. If the amide is not finely powdered the yield of

nitrile falls off sharply.

2. The yield is not altered by this procedure if care is taken

not to evaporate the nitrile in the receiver. Keeping the flask

surrounded by crushed ice and using a Dry Ice-acetone safety

trap between the receiver and aspirator will guard against such

loss.

3. When phosphorus pentoxide is added to isobutyronitrile,

the liquid sets to a semi-solid gel which is difficult to transfer

from a flask. Hence, the addition of one to the other should be

made only in the flask from which the distillation is to be made.

3. Methods of Preparation

Isobutyronitrile has been prepared by a number of catalytic

vapor-phase reactions at elevated temperatures: isobutylamine

over copper
2 or nickel,

8
isobutyramide over alumina,

4 a mixture

of ammonia and isobutyraldehyde over thorium dioxide,
5 and a

mixture of ammonia and isobutyl alcohol over copper.
6 Iso-

butyronitrile also has been obtained by decarboxylation of

2-methyl-2-cyanopropanoic acid 7 and from the reaction of iso-

butyric acid with potassium thi9cyanate.
8 The above procedure

is a modification of the method used by Walter and McElvain. 9

8 Mailhe and de Godon, /. pharm. chim., (7) 16, 225 (1917) (Chem. Zenlr., 1918,

I, 819).
* Mailhe and de Godon, Bull. soc. Mm., (4) 21, 288 (1917).
4 Boehmer and Andrews, /. Am. Chem. Soc., 38, 2504 (1916).
5
Mailhe, Compt. rend., 166, 216 (1918).

Kara and Komatsu, Mem. Coll. Sci. Kyoto Imp. Univ., 8A, 241 (1925) [C.A.,

19, 3248 (1925)].
7 de Hoffmann and Barbier, Bull. soc. chim. Belg., 45, 565 (1936) [C.A., 81,

919 (1937)].

Letts, Ber. t 5, 671 (1872).

Walter and McElvain, /. Am. Chem. Soc., 66, 1615 (1934).
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MALONONITRILE

2NCCH2CONH2 + POC13
- 2CH2(CN) 2 + HP03 + 3HC1

Submitted by ALEXANDER R. SURREY.

Checked by C. F. H. ALLEN and J. VAN ALLAN.

1. Procedure

In a 12-1. three-necked, round-bottomed flask, fitted with a

powerful stirrer (Note 1) and a reflux condenser, are placed 1260 g.

(IS moles) of cyanoacetamide,
1

1 kg. of salt (Note 2), and 5 1. of

ethylene dichloride. After the mixture has been stirred rapidly

for IS minutes, 800 ml. (8.75 moles) of phosphorus oxychloride is

added and the mixture is refluxed for 8 hours in an oil bath (Note

3). After the mixture has been cooled to room temperature, it is

filtered and the solid is washed with 500 ml. of ethylene dichloride.

The solvent is distilled from the combined filtrates in a 12-1. flask,

and the residual crude nitrile is decanted into a 1-1. flask (Note 4)

from any solid that may have separated. A fractionating column,

condenser, and fractionating receiver are attached, and the mal-

ononitrile is distilled under reduced pressure. The fraction boil-

ing at 113-118/25 mm. weighs 570-654 g. (57-66%) (Note 5).

This material may be freed from a small amount of phosphorus

oxychloride which is. present by redistillation. After a fore-run of

about 5 ml., the malononitrile distils smoothly at 92-94/8 mm.

2. Notes

1. A heavy motor-driven stirrer is advisable, because fre-

quently the solid that separates contains some viscous material

that makes stirring difficult.

2. The addition of salt gives a lighter-colored, granular solid

that can be easily removed by filtration and washed.

1
Org. Syntheses Coll. Vol. 1, 179 (1941).
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3. The reaction can be done in a hood, or the hydrogen chlo-

ride which is evolved can be absorbed in a gas trap.
2

4. Ground-glass equipment is advisable. The fractionating

column is the standard modified Claisen type.

5. The submitter obtained a 70-72% yield at this point in a

run of this size and 80% yields in small runs. He also obtained

yields of the same order by using a mixture of phosphorus oxy-

chloride and a small amount of phosphorus pentachloride.

3. Methods of Preparation

The methods of preparation have already been given,
8
except

for this new modification of the submitter.4

1
Org. Syntheses Coll, Vol. 2, 4 (1943).

*
Org. Syntheses Coll. Vol. 2, 379 (1943).

4
Surrey, /. Am. Chem. Soc., 66, 2471 (1943).
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H3C

MESITYLACETIC ACID

(a-Toluic acid, 2,4,6-trimethyl-)

CH2C1

.CH3 HaQ ,CH3

NaCN

CH2COOH
H3Q

Submitted by REYNOLD C. FUSON and NORMAN RABJOHN.
Checked by W. E. BACHMANN, E. L. JENNER, and G. DANA JOHNSON.

1. Procedure

A. a 2
-Chloroisodurene. In a 2-1. round-bottomed flask,

equipped with a sealed mechanical stirrer (Note 1), a gas inlet

tube, and a reflux condenser, are placed 200 g. (1.66 moles) of

mesitylene, 1 1. of concentrated hydrochloric acid, and 63 ml.

(0.84 mole) of formaldehyde solution (concentration, 37%)

(Note 2). Hydrogen chloride is introduced below the surface

of the mixture (Note 3), which is stirred vigorously and heated in

a water bath kept at 55. These conditions are maintained

throughout the reaction, which requires a total of 5.5 hours. At

the halfway point, an additional 63 ml. (0.84 mole) of formalde-

hyde solution is added (Note 4).

After the mixture has been cooled to room temperature

(Note 5), it is extracted with three 300-ml. portions of benzene.

The combined benzene extracts are washed successively with

water, dilute sodium hydroxide, and water, dried over calcium
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chloride," and filtered. The mixture is distilled through a still

head under reduced pressure; the pressure is reduced only slightly

while the benzene is distilling. The yield of a*-chloroisodurene

boiling at 130-131/22 mm . is 155-170 g. (55-61%) (Note 6); the

distillate solidifies to a crystalline mass which melts at 37.

B. Mesitylacetonitrile. In a 1-1. three-necked flask, fitted with

a mechanical stirrer, a reflux condenser, and a dropping funnel,

are placed 77 g. (1.57 moles) of sodium cyanide, 110 ml. of water,

and 160 ml, of alcohol. The flask is heated in a boiling water

bath, and the contents are stirred until all the sodium cyanide is

dissolved. Then 152 g. (0.90 mole) of a 2-chloroisodurene is

added slowly, and stirring and heating are continued for 3 hours.

The reaction mixture is allowed to cool to about 40 (Note 7)

and extracted with three 300-ml. portions of benzene. The ben-

zene solution is washed well with water, dried over calcium chlo-

ride, filtered, and distilled under slightly reduced pressure to

remove all the benzene. The residue is then distilled in vacuo

from a Claisen flask with a wide-bore side arm. The yield of

mesitylacetonitrile boiling at 160-165/22 mm. is 128-133 g.

(89-93%) (Note 8). This product is sufficiently pure for the

next step. When recrystallized from petroleum ether, it melts at

79-80.

C. Mesitylacetic acid. To 900 ml. of water in a 3-1. three-

necked flask is added 750 ml. of concentrated sulfuric acid.When

the mixture has cooled to about 50, 127 g. (0.80 mole) of mesityl-

acetonitrile is added (Note 9), and the mixture is refluxed and

stirred mechanically for 6 hours. At the end of this period, a

large amount of mesitylacetic acid has precipitated from the

solution. The contents of the flask are cooled and poured into

3 1. of ice water. The acid is collected on a Blichner funnel and

washed well with water. A solution of the acid in dilute alkali

is boiled with Norite, and the acid is precipitated from the fil-

tered solution by acidifying with dilute hydrochloric acid. The

mesitylacetic acid is collected on a filter, washed well with water,

and dried in an oven at about 80. The yield of mesitylacetic

acid melting at 163-166 is 123 g. (87%). After recrystallization

from dilute alcohol or ligroin, the acid melts at 167-168.
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2. Notes

1. The checkers used an Ace Tru-bore stirrer. This con-

venient sealed stirrer, which owes its seal to the snug fit between

a ground-glass section of the stirrer shaft and a ground-glass bear-

ing, can be obtained from the Ace Glass Company, Vineland,

New Jersey.

2. Commercial formalin was used. This aqueous-methanolic
solution contains 37% formaldehyde by weight. It is sometimes

called "40% formalin" because 100 ml. of the solution contains

40 g. of formaldehyde.

3. The hydrogen chloride is introduced at such a rate that the

bubbles form a little faster than they can be counted.

4. The yield of monochloromethyl compound seems to be im-

proved slightly by adding the formalin in two portions instead of

introducing the entire amount at the beginning of the reaction.

5. If the reaction mixture is cooled to too low a temperature,

the chloromethyl derivatives will solidify. It is much easier to

carry out the extractions while the mixture is still liquid.

6. The residue consists chiefly of a 2
,a

4
-dichloropentamethyl-

benzene. The fraction boiling at 131-200/22 mm. is collected

and recrystallized from petroleum ether; m.p. 105.

7. If the reaction mixture is allowed to cool much below this

temperature, it will solidify in the flask.

8. This method has been applied successfully to the prepara-

tion of 2,4,6-triethylphenylacetonitrile (b.p. 127/3-4 mm.;

yield, 72%); durylacetonitrile (m.p. 80-81; yield, 75%); and

isodurylacetonitrile (m.p. 74-75; yield, 74%).
9. If the mesitylacetonitrile has not been purified by distilla-

tion, or if it is added to a boiling solution of sulfuric acid, the re-

action mixture has a tendency to become very dark.

3. Methods of Preparation

a2-Chloroisodurene can be prepared by the action of chloro-

methyl ether on mesitylene in the presence of stannic chloride l

1
Sommelet, Compt. rend., 157, 1443 (1913).
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or acetic acid.2 *The procedure described is based on that of

Nauta and Dienske.8

Mesitylacetonitrile can be prepared by the action of potassium

cyanide on a 2-chloroisodurene 4 or by treating
2
-chloroisodurene

with cuprous cyanide in the presence of pyridine.
6 The procedure

described is based upon the method for the preparation of benzyl

cyanide from benzyl chloride.

Mesitylacetic acid has been prepared from 2,4,6-trimethyl-

acetophenone by treatment with yellow ammonium sulfide and

hydrolyzing the resulting amide with alkali,
6
by the dry distilla-

tion of 2,4,6-trimethylmandelic acid,
7
by heating 2,4,6-trimethyl-

phenylglyoxylic acid with hydriodic acid and red phosphorus,
8

and by treating mesitylacetonitrile with potassium hydroxide.
4

* Vavon and Bolle, Compt. rend^ 204, 1826 (1932).

Nauta and Dienske, Rec. trav. Mm., 66, 1000 (1936).
*
Hoch, Compt. rend., 192, 1464 (1931).

Newman, /. Am. Ckem. Soc., 69, 2472 (1937).

Glaus, J. prakt. Chcm., (2) 41, 508 (1890); Willgerodt, /. prakt. Chem., (2) 80,

185 (1909); Willgerodt and Merk, /. prakt. Chem., (2) 80, 193 (1909).
' Meyer and Molz, Bcr., 80, 1274 (1897).
' Dittrich and Meyer, Ann., 264, 140 (1891).
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METHYL w-CYANOPELARGONATE

(Pelargonic acid, 0-cyano-, methyl ester)

CONH2 CN

(CH2)8 -^% (CH2)8 + H2

COOCH3 COOCH3

Submitted by W. S. BISHOP.

Checked by C. F. H. ALLEN and J. VAN ALLAN.

CAUTION

Tetrachloroethane is toxic; the operations shoM be conducted

in a hood.

1. Procedure

In a 1.5-1. Erlenmeyer flask to which is attached a reflux con-

denser, 190 g. (0.88 mole) of methyl sebacamate (p. 71) is dis-

solved in 200 ml. of boiling tetrachloroethane. The solution is

allowed to cool to 40-50 (Note 1), 95 g. (0.67 mole) of phos-

phorus pentoxide is added (Note 2), and the mixture is stirred

well by means of a glass rod. The mixture is heated in an oil

bath to 120 (thermometer in oil), and a second 95-g. portion of

phosphorus pentoxide is added. After the mixture has been

heated at 145 for 30 minutes with occasional hand stirring, the

liquid is decanted. The residue is heated at 145 with 200 ml. of

tetrachloroethane for 30 minutes with occasional stirring, and the

liquid is decanted. This process is repeated once. The com-

bined extracts are placed in a 1-1. flask, and most of the solvent

is distilled under the reduced pressure of a water pump. The

residue is transferred to a 300-ml. flask, and the remainder of the

solvent is removed (Note 3). When no more distillate comes

over, the receiver is changed, the water pump is replaced by an

oil pump, and the residue is fractionated (Note 4). The yield
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of methyl w-cyanopelargonate boiling at 121-124 /! mm. (Note

5) is 119-124 g. (69-71%).

2. Notes

1. The slush that results on cooling is easily mixed with the

phosphorus pentoxide.

2. The phosphorus pentoxide is weighed rapidly on a piece of

paper, from which it can be slid quickly into the flask.

3. About 550-560 ml. of tetrachloroethane is recovered.

Ground-glass equipment is preferable for the distillations.

4. There is no fore-run. At 1 mm., the thermometer reads

about 118 when the first drop appears at the end of the side

tube of the distilling flask. There is a 5- to 6-g. fraction, b.p.

124-135 /! mm., and some residue.

5. Other boiling points are 154/5 mm. and 170/14 mm.*

3. Methods of Preparation

Methyl w-cyanopelargonate has also been prepared by esteri-

fication of w-cyanopelargonic acid with methyl sulfate 1 or meth-

anol ,
2 The procedure described appears in the recent literature. 1 8

1
Biggs and Bishop, /. Am. Chem. Soc., 68, 944 (1941).

2
Biggs, U. S. pat. 2,339,072 [C.A., 38, 3990 (1944)].

Bishop, U. S. pat. 2,277,033 [C.A., 86, 4636 (1942)].
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METHYL SEBACAMATE

(Sebacamic acid, methyl ester)

COOH COC1 CONH2

CH2

COOCH3 COOCH3 COOCH3

J^ciftO. -^(CH2) 8

Submitted by W. S. BISHOP.

Checked by C. F. H. ALLEN and J. VAN ALLAN.

1. Procedure

A. u-Carbomethoxypelargonyl chloride. A mixture of 216 g.

(1 mole) of methyl hydrogen sebacate (Note 1) and 147 g. (1.24

moles) of thionyl chloride in a 2-1. round-bottomed flask attached

by a standard ground-glass joint to an upright condenser is re-

fluxed on a steam bath for 5 hours. The condenser is then re-

placed by a still head having a modified side arm, and the unused

thionyl chloride is removed. The residual co-carbomethoxypelar-

gonyl chloride is suitable for the next step. If a purer product

is desired it is distilled under reduced pressure. The yield of ester

chloride boiling at 158-160/10 mm. is 194-201 g. (83-86%).

B. Methyl sebacamate. Two and one-half liters of concen-

trated aqueous ammonia (about 28%) in a 4-1. beaker or enameled

pot (Note 2) is stirred vigorously with an off-center stirrer and

chilled to 8 in a cooling bath. The crude chloride from part A
is added slowly from a dropping funnel to the solution which is

kept below 8 throughout the addition. A vigorous reaction takes

place, and methyl sebacamate precipitates immediately. After

the addition has been completed, the product is filtered by suc-

tion and washed with 200 ml. of cold water. After 3 days' drying

in a vacuum desiccator, the methyl sebacamate weighs 200-204 g.

(93-95%) and melts at 72-74 (Note 3).
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2. Notes

1. Methyl hydrogen sebacate (b.p. 168-170/3 mm.) was

prepared by the checkers in yields of 52-61% from sebacic acid

and methanol by the procedure described for the ethyl analog.
1

The ethyl ester can be used to obtain ethyl sebacamate. The

preparation of the acid chloride from ethyl hydrogen sebacate is

mentioned in Note 12, page 21.

2. A variety of enameled-steel pots known as bain-marie is

available from the American Specialty Company, Rochester,

New York.

3. The yield is no higher with the distilled chloride.

3. Methods of Preparation

These compounds are described only in the recent literature.2 - 8

1
Org. Syntheses Coll. Vol. 2, 276 (1943).

1
Biggs and Bishop, /. Am. Chem. Soc., 68, 944 (1941).

'
Bishop, U. S. pat. 2,277,033 [C.A., 86, 4636 (1942)].
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NAPHTHORESORCINOL

(1,3-Naphthalenediol)

C2H6OH + Mg + CH2(COOC2H6)2
-

C2H6OMgCH(COOC2H5)2 + H2

+ C2H5OMgCH(COOC2H6)2

CHzCOCl
OC2H5

H2S0 4

COOC2H5

COOH

Submitted by KARL MEYER and HENRY S. BLOCK.

Checked by H. R. SNYDER and CURTIS W. SMITH.

1. Procedure

A. Ethyl phenylacetylmalonate. A 1-1. three-necked, round-

bottomed flask is equipped with a dropping funnel (Note 1) and a

reflux condenser provided with a calcium chloride tube. Before

the apparatus is assembled, it is washed in the following manner

with absolute alcohol which has been prepared in a distilling flask

(Note 2). Ninety milliliters of the anhydrous ethanol is dis-

tilled through the dropping funnel into the apparatus, used for

rinsing, and discarded. In the reaction flask are placed 12.5 g.

(0.52 atom) of magnesium turnings, 1 ml. of carbon tetrachloride
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(Note 3), and 40 g. (0.25 mole) of malonic ester (Note 3); then

90 ml. of absolute alcohol is distilled into the dropping funnel and

transferred to the flask. The reaction is started by heating and is

controlled by applying an ice bath when the condenser begins to

flood. When the reaction has subsided, 40 g (0.25 mole) more of

malonic ester is added at one time. After this reaction has sub-

sided, the flask is cooled slightly, 180 ml. of dry ether is added,

and the reaction mixture is heated on a steam bath for 1 hour.

Then 88 g. (74 ml., 0.57 mole) of phenylacetyl chloride, diluted

with 90 ml. of dry ether, is added slowly (in about 30 minutes)

from the dropping funnel in portions at such a rate that the vigor-

ous reaction subsides between additions. When the addition has

been completed, the flask is warmed for 10 minutes on a steam

bath. After the mixture has been cooled, 100 ml. of water is

added dropwise in about 30 minutes. The oily layer is washed

with two 100-ml. portions of water and dried over sodium sulfate,

and the ether is removed by distillation under reduced pressure

(water pump). The crude phenylacetylmalonic ester (87 ml.)

which remains is a reddish, somewhat viscous oil.

B. Ethyl l,3-dihydroxy-2-naphthoate. In a 1-1. flask 1 volume

(87 ml.) of the crude ester is added in one lot to 3 volumes

(261 ml.) of concentrated sulfuric acid without cooling, and the

solution is allowed to stand for about 1 week (Note 4). The whole

mixture, including any precipitate which may have formed, is

poured slowly with stirring into a mixture of 1 kg. of ice and

500 ml. of water (Note 5); the solid yellow ester is filtered with

suction, washed with a small amount of cold water, pressed in the

filter for 30 minutes with a rubber dam, and finally dried in a

vacuum desiccator. The yield of ester melting at 80 is 58-68 g.

(50-59%, based on the malonic ester used).

Recrystallization of 50 g. of the ester from 300 ml. of 70%
alcohol (Note 6) yields 45 g. of yellow, needlelike crystals melting

at 82.

C. 1,3-Dihydroxy-2-naphthoic acid. In a 1-1. three-necked,

round-bottomed flask, fitted with a mechanical stirrer, nitrogen

inlet tube, and a condenser carrying a separatory funnel attached

by means of a notched cork, is placed 20.9 g. (0.09 mole) of the
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recrystallized ester dissolved in 300 ml. of dioxane. The appara-
tus is flushed with nitrogen, the solution is stirred and heated on a

steam bath, and a solution of 40 g. (0.13 mole) of barium hydrox-
ide octahydrate in 500 ml. of water is added in the course of 1

hour. Heating and stirring are continued for 3 hours. The pre-

cipitated barium salt, which may vary in color from yellow to

greenish gray, is filtered from the hot solution and transferred im-

mediately to a cool (25) solution of 11 ml. of concentrated sul-

furic acid in 185 ml. of water in a 500-ml. three-necked, round-

bottomed flask fitted with a nitrogen inlet tube, a mechanical

stirrer, and a condenser. The mixture is stirred in an atmosphere
of nitrogen for 5 minutes without heating (Note 7). The precipi-

tate is removed by filtration, washed with a small amount of

distilled water, transferred to a beaker, and extracted with two

100-mi. portions of hot absolute alcohol. To the warm filtrate is

added 200 ml. of water, and the solution is allowed to cool in an

ice bath for 2 hours. The yield of the crude acid which is ob-

tained by filtration as a fine, yellow powder melting at 135

(Note 8) is 16.5 g. (90%).

D. Naphthoresorcinol. In a 200-ml. three-necked, round-

bottomed flask, equipped with a nitrogen inlet tube, a stirrer, and

a condenser, is placed 65 ml. of water; the water is then boiled to

expel dissolved oxygen. To the boiling water is added 16.5 g. of

the crude acid (Note 9), and the mixture is boiled with stirring for

2 hours in an atmosphere of nitrogen. The water is decanted

from any pasty residue; the residue is boiled with 35 ml. of water

for 2 hours, and the supernatant liquid is decanted through a filter

and combined with the first solution. Just enough sodium hydro-

sulfite (about 0.3 to 0.5 g.) is added to decolorize the red solution,

15 g. of sodium chloride is dissolved in the solution, and the mix-

ture is allowed to stand at 5 for 24 hours. The naphthoresorcinol

precipitates first as an oil, which solidifies to a reddish solid on

further cooling, and then as colorless or slightly yellow plates.

The yield is 7.0-7.3 g. (54-56%). After standing over calcium

chloride in a vacuum desiccator for 1 day, the white or slightly

yellow plates melt at 119-122 and the reddish solid melts at

110-118.
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To 100 ml. of hot water are added 3.5 g. of the reddish solid,

just enough sodium hydrosulfite to remove the red coloration, and

0.3 g. of Norite. The mixture is filtered, 7 g. of sodium chloride

is dissolved in the filtrate, and the solution is allowed to stand in a

closed container at 5 for 24 hours. The yield of naphthoresor-

cinol, which separates as large, nearly transparent plates melting
at 122-124 (Note 10), is 2.6 g. (75% recovery).

2. Notes

1. In order to measure the volume of alcohol to be used, an

equal volume of water (90 ml.) is placed in the dropping funnel

and a label is pasted at the level of the water. The funnel is then

emptied and carefully dried.

2. A liter of commercial absolute alcohol is dried by means

of sodium and ethyl phthalate
l in a 2-1. distilling flask equipped

with a reflux condenser. A short section of rubber tubing closed

by a screw clamp is attached to the side arm of the flask. In the

next step the condenser is set for downward distillation.

3. The carbon tetrachloride, ether, and malonic ester are

dried over anhydrous magnesium sulfate. The malonic ester is

distilled before use.

4. The yield of ethyl l,3-dihydroxy-2-naphthoate is de-

creased to 45% if the sulfuric acid solution is allowed to stand for

only 2 days.

5. After about 25 ml. of tjie sulfuric acid solution has been

added, the mixture is stirred until a yellow solid separates. Pre-

cipitation of the main portion of the product then occurs very

smoothly as the remainder of the sulfuric acid solution is added.

6. The ester may be recrystallized also by solution in dioxane

and precipitation by water.

7. An alternative procedure consists in decomposing the

barium salt with hydrochloric acid. However, in the checkers'

hands this procedure did not yield a barium-free product.

8. The submitters obtained the pure acid as follows : To 0.5 g.

of the crude acid was added 200 ml. of boiling water, and the mix-

1
Org. Syntheses Coll. Vol. 2, 155 (1943).
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ture was heated for an instant to effect solution and filtered

immediately. The filtrate was cooled by vigorous shaking in an

ice bath. Addition of 1 ml. of concentrated hydrochloric acid to

the solution caused the separation of crystals, which were col-

lected after 30 minutes' additional cooling in ice, washed with ice

water, and dried in vacuum over phosphorus pentoxide. The

recovery of material melting in the range of 138.5-140.5 to

146.5 was 62%.
9. The solid has a tendency to assume a semi-plastic con-

sistency, but the size of the mass decreases as decarboxylation
occurs.

10. If part of the material separates as an oil and solidifies,

the appearance of the product may be poor, although the melting

point is 122-124. Separation as an oil may be prevented by slow

cooling with shaking and seeding. An alternative procedure for

final purification of naphthoresorcinol consists in sublimation at

120-130/5 X 10~ 4 mm.

3. Methods of Preparation

Naphthoresorcinol has been prepared by heating l-amino-3-

hydroxy-4-naphthalenesulfonic acid or its salt in water or slightly

acidic solution 2 and by cyclization of ethyl phenylacetylmalo-

nate 3 or of ethyl phenylacetoacetate.
4

Phenylacetylmalonic ester

has been prepared by condensing phenylacetyl chloride and

malonic ester in ether with sodium. 3

'Friedlander and Rudt, Ber., 29, 1609 (1896); Ger. pat. 84,990 {Frdl., 4, 229

(1894-1897)]; Ger. pat. 87,429 [Frdl., 4, 584 (1894-1897)]; Ger. pat. 90,096 [Frdl. t

4, 585 (1894-1897)].

'Metzner, Ann., 298, 374 (1897); Wagreich, Roberts, and Harrow, Chemist-

Analyst, 81, 59 (1942).
4 Soliman and West, /. Chem. Soc. t 1944, 53.
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2-NITRO-4-METHOXYANILINE

(/KAnisidine, 2-nitro-)

NHCOCH3

(CH,CO)jO HN03

NHCOCHs
.NO,

NH2

N02

Submitted by PAUL E. FANTA and D. S. TARBELL.

Checked by W. E. BACHMANN and N. C. DENO.

1. Procedure

A. 2-Nitro-4-methoxyacetanilide. In a 2-1. three-necked,

round-bottomed flask equipped with a mechanical stirrer and a

thermometer are placed 123 g. (1 mole) of ^-anisidine (Note 1),

300 ml. of glacial acetic acid, and 217 ml. of water. Stirring is

started, and, when the ^-anisidine has dissolved, 350 g. of ice is

added. When the temperature reaches 0-5, 103 ml. (1.1 moles)

of acetic anhydride is added all at once with rapid stirring. Within

several seconds the contents of the flask set to a crystalline mass

and the temperature rises to 20-25. The flask is heated on a

steam bath until the crystalline material dissolves and is then

cooled with stirring to 45, at which temperature crystals begin to

separate. An ice bath is applied, and 100 ml. (55% excess) of

concentrated nitric acid (sp. gr. 1.42) is added all at once. The
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temperature rises rapidly to 70 and soon begins to fall. By
suitable adjustment of the cooling bath the temperature is main-

tained at 60-65 for 10 minutes and then brought down to 25

in the course of 10 minutes (Note 2).

The solution is chilled overnight in an ice chest, and the pre-

cipitated yellow crystals are collected on a 19-cm. Biichner fun-

nel. The crystals are washed with 270 ml. of ice-cold water and

pressed as dry as possible with a rubber dam. The filter cake can

be dried (Note 3) in air or in a vacuum desiccator over calcium

chloride and soda lime. The yield of 2-nitro-4-methoxyacetani-

lide melting at 116-116.5 is 158-168 g. (75-79%).

B. 2-Nitro-4-methoxyaniline. A mixture of 160 g. of 2-nitro-4-

methoxyacetanilide and 250 ml. of cold Claisen's alkali (Note 4)

in a 2-1. beaker is stirred and warmed on a steam bath for 15

minutes; it first becomes liquid and then sets to a thick, red

paste. After the addition of 250 ml. of hot water the mixture is

stirred and digested on a steam bath for an additional 15 minutes

and then cooled to 0-5. The product is collected on a 19-cm.

Buchner funnel, washed with three 160-ml. portions of ice-cold

water, and pressed as dry as possible with a rubber dam. The

yield of vacuum-dried product melting at 122.5-123 is 122-4 g.

(95-97%).

2. Notes

1. Eastman Kodak Company's Practical grade of ^-anisidine

was used.

2. In a run in which the mixture was allowed to cool spon-

taneously from 65 the product became dark.

3. Drying is unnecessary if the 2-nitro-4-methoxyacetanilide

is used in step B. The material may be recrystallized with 97%
recovery from dilute aqueous alcohol (2 ml. of 95% alcohol and

4 ml. of water per gram). The product so obtained melts at

116.5-117.

4. Claisen's alkali is prepared by dissolving 88 g. of potassium

hydroxide in 63 ml. of water, cooling, and diluting to 250 ml. with

methanol.
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* 3. Methods of Preparation

2-Nitro-4-methoxyacetanilide has been prepared by the nitra-

tion of ^-acetaniside.
1 The procedure described for the nitration

is essentially that used by Lothrop.
ld

2-Nitro-4-methoxyaniline has been prepared by heating nitro-

hydroquinone dimethyl ether with aqueous ammonia; 2
by heat-

ing the t^tramethylammonium salt of 3-nitro-4-aminophenol;
8

by the hydrolysis of 2-nitro-4-methoxyacetanilide
Io with alco-

holic potassium hydroxide
16 lc or hydrochloric acid;

ld and by the

hydrolysis of the ^-toluenesulfonamide,
4 the 3-nitrobenzenesul-

fonamide,
6 the 3-nitro-^-toluenesulfonamide,

6 and the acetyl

derivative of the ^-toluenesulfonamide
8 of 2-nitro-4-methoxyani-

line with concentrated sulfuric acid.

NITROSOBENZENE

C6H6N02
- C6H5NHOH > C6H6NO
NH4C1

Submitted by GEORGE H. COLEMAN, CHESTER M. MCCLOSKEY,
and FRANK A. STUART.

Checked by W. E. BACHMANN, N. C. DENO, and R. F. EDGERTON.

1. Procedure

A mixture of 250 ml. (2.44 moles) of nitrobenzene (Notes 1 and

2) and a solution of 150 g. of ammonium chloride in 5 1. of water in

l
(a) Hinsberg, Ann., 292, 249 (1896); (b) Reverdin, Ber., 29, 2595 (1896);

Jakresb., 1896, 1156; Bull. soc. Mm., (3) 17, 115 (1897); (c) Hata, Tatematsu, and

Kubota, Bull. Chem. Soc. Japan, 10, 425 (1935) [C.A., 30, 1056 (1936)]; (d) Lothrop,

/. Am. Chem. Soc., 64, 1698 (1942).
1
Scheidel, Ger. pat. 36,014 [Frdl., 1, 221 (1888)].

Hahle, /. prakt. Chem., (2) 48, 66 (1891).
4
Reverdin, Ber., 42, 1525 (1909); Simonov, /. Gen. Chem. (U.S.S.R.), 10,

1580 (1940) [C.A., 86, 2870 (1941)].

Reverdin and de Luc, Ber., 45, 352 (1912),

Reverdin and de Luc, Ber., 48, 3461 (1910).
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a 5-gal. crock (Note 3) is stirred vigorously (Note 4), and 372 g.

(5.15 moles) of zinc dust (90% zinc) is added in small portions
over a period of 5 minutes. About 5 minutes after the addition of

the zinc, the main reaction occurs and the temperature rises.

When the temperature reaches about 65, enough ice is added to

the stirred mixture to bring the temperature down to 50-55

(Note 5). Twenty minutes after the addition of zinc was started,

the solution is filtered through a 24-cm. Buchner funnel and the

zinc oxide residues are washed with 3 1. of boiling water. The
filtrate and washings are combined in a 6-gal. crock (Note 6) and

cooled immediately (Note 7) by the addition of enough ice to

bring the temperature to to 2 and leave at least 1 kg. of

ice unmelted.

To this cold solution or suspension of j8-phenylhydroxylamine,

a cold solution of sulfuric acid (750 ml. of concentrated acid and

sufficient ice to bring the temperature down to 5) is added

with stirring. An ice-cold solution of 170 g. of sodium dichromate

dihydrate in 500-750 ml. of water is added as rapidly as it can be

poured into the mixture, which is stirred or swirled (Note 8).

After 2 to 3 minutes, the straw-colored precipitate of nitrosoben-

zene is collected on a Buchner funnel and washed with 1 1. of

water (Note 9).

The crude nitrosobenzene is steam-distilled (Note 10), and the

distillate is collected in a receiver cooled by ice (Note 11), The

nitrosobenzene is finely ground in a mortar, transferred to a

Buchner funnel, and washed with water until the washings are no

longer brown. After it has been sucked as dry as possible on the

filter the nitrosobenzene is pressed between layers of filter paper

(or other porous paper). One or two changes of paper may be

necessary. The yield of nitrosobenzene melting at 64-67 is 128-

138 g. (49-53%) (Notes 12 and 13). If a purer product is de-

sired, the crude nitrosobenzene can be recrystallized from a

small amount of alcohol with good cooling, and the product dried

over calcium chloride at atmospheric pressure.
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2. Notes

1. Commercial nitrobenzene of good quality is satisfactory.

2. Contact with nitrobenzene, phenylhydroxylamine, and

nitrosobenzene or prolonged breathing of the vapors should be

avoided.

3. The checkers used a 12-1. round-bottomed flask.

4. Vigorous stirring is necessary in order to prevent the zinc

dust from caking on the bottom of the crock. The submitters em-

ployed two mechanically driven stirrers in order to keep the

zinc dust in suspension. The checkers used a single paddle

stirrer successfully.

5. At higher temperatures secondary reactions take place.

6. The checkers used a 22-1. round-bottomed flask.

7. Since 0-phenylhydroxylamine decomposes on standing,

the filtrate should be cooled as soon as the filtration is completed,

and the oxidation to nitrosobenzene should be carried out imme-

diately. An excess of ice should be present since the oxida-

tion reaction is exothermic and the temperature of the solution

should still be near after the oxidation. At higher tempera-

tures oxidation products other than nitrosobenzene are produced.

8. It is important to add the dichromate solution rapidly

in order to obtain a good yield of easily filterable product. In a

run in which the dichromate solution was added over a period of

25 minutes, only a 10% yield of nitrosobenzene was obtained.

9. This product is stable for about a week if kept at 0.

10. Connections should be of glass since cork and rubber are

attacked readily. Since nitrosobenzene decomposes at the ele-

vated temperature, it should be steam-distilled as rapidly as

possible. If several runs are made, not more than four or five

should be combined for distillation. A Hopkins still head is

effective for preventing contamination.

The nitrosobenzene condenses to a green liquid which solidi-

fies to a white solid. Care should be taken that the solid does not

clog the condenser. Distillation is stopped when yellow oily

material appears in the condenser.
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11. Cooling of the receiver is necessary because the nitroso-

benzene has a very high vapor pressure at room temperature.

12. Yields as high as 65-70% have been obtained in smaller

runs.

13. Nitrosobenzene can be kept at room temperature in a

closed container for 1-2 days. Over longer periods it should be

stored at 0.

3. Methods of Preparation

Nitrosobenzene can be prepared by the oxidation of aniline

with permonosulfuric acid 1 or peracetic acid 2 and by the oxida-

tion of 0-phenylhydroxylamine,
3 which is prepared by the reduc-

tion of nitrobenzene.

1
Caro, Z. angew. Chem., 11, 845 (1898).

2 D'Ans and Kneip, Ber., 48, 1144 (1915).
3
Bamberger, Ber., 27, 1555 (1894); Parsons and Bailar, /. Am. Chem. Soc., 58,

268 (1936).
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*

4-PENTEN-l-OL

CH2 CH2 c H N
| |

+ SOC12 *'-*
CH2 CHCH2OH

O ,

CH2 CH2

| |
+ SO2 + HC1

CH2 CHCH2C1

CH2 CH2

| |
+ 2Na - NaOCH2CH2CH2CH=CH2 + NaCl

CH2 CHCH2C1

O

NaOCH2CH2CH2CH=CH2 + H2 ->

HOCH2CH2CH2CH=CH2 + NaOH

Submitted by L. A. BROOKS and H. R. SNYDER.

Checked by NATHAN L. DRAKE and W. MAYO SMITH.

1. Procedure

A. Tetrahydrofurfuryl chloride. In a 2-1. three-necked flask,

fitted with a mechanical stirrer, a dropping funnel, and a ther-

mometer, are placed 408 g.
v

(4 moles) of freshly distilled tetra-

hydrofurfuryl alcohol (Note 1) and 348 g. (4.4 moles) of pyridine.

To the rapidly stirred mixture which is cooled in an ice bath,

500 g. (4.2 moles) of freshly distilled thionyl chloride (Note 1)

is added from the dropping funnel at the rate of 3-5 drops per

second. When one-third to one-half of the thionyl chloride has

been added, a pasty crystalline mass begins to separate and the

temperature begins to rise rapidly. The temperature should not

be allowed to go above 60. As more thionyl chloride is added

the mass redissolves and a dark brown liquid forms. When the

addition is complete, the bath is removed and the mixture is

stirred for 3-4 hours. The liquid (or the slurry, if some crystalli-
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zation has occurred) is poured into a beaker (Note 2) and ex-

tracted seven times with 500-ml. portions of ether (Note 3) ;
the

ether extracts are decanted and combined. The ether is removed

by distillation, and the residue is washed three times with 100-ml.

portions of water, dried over anhydrous magnesium sulfate, and

distilled under reduced pressure. The yield of tetrahydrofurfuryl

chloride boiling at 41-42/ll mm. (47-48/15 mm.) is 354-360 g.

(73-75%).

B. 4-Penten-l-ol. A 2-1. three-necked flask containing 112 g.

(4.87 moles) of powdered sodium (Note 4) under 700 ml. of an-

hydrous ether is fitted with a mechanical stirrer, a separatory

funnel, and a reflux condenser with a drying tube. A few milli-

liters (2-3) of a mixture of 300 g. (2.5 moles) of tetrahydrofurfuryl

chloride and 300 ml. of anhydrous ether is added to the rapidly

stirred suspension. A vigorous reaction occurs, and the solution

turns blue. The remainder of the solution of the chloride is then

added dropwise over a period of 5 hours, during which time the

flask is cooled in an ice bath (Note 5). When the addition is

complete, stirring is continued for 2 hours. The suspension is

decanted from any sodium that remains (Note 6) into a dry beaker

and decomposed with sufficient ice water to give two liquid layers.

The ether layer is separated and dried over magnesium sulfate.

After the removal of the ether by distillation on a steam cone, the

residue is distilled. The yield of 4-penten-l-ol boiling at 134-137

is 161-178 g. (76-83%).

2. Notes

1. Undistilled commercial thionyl chloride and Eastman

Practical tetrahydrofurfuryl alcohol may be used, but the yields

are slightly lower (65-70%).

2. The checkers found it easier to separate the ethereal extract

from the residue when the mixture was in a large separatory

funnel.

3. The yield will be low if extraction is incomplete. It is

advisable to stir with a heavy glass rod and break up any lumps

that have formed.
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4. The powdered sodium is prepared under hot xylene
l with

the aid of a Hershberg stirrer;
2 the xylene is decanted and re-

placed with ether.

5. The ice bath is not used until the reaction has definitely

started.

6. Occasionally a little sodium is left on the bottom of the

flask.' This is destroyed with alcohol and the flask is washed with

ice water.

3. Methods of Preparation

Tetrahydrofurfuryl chloride has been prepared from the alco-

hol and thionyl chloride 3 or phosphorus trichloride. 4-Penten-

l-ol has been prepared from tetrahydrofurfuryl bromide or

chloride and magnesium or sodium. 4" 6

^-PHENYLAZOBENZOIC ACID

(Benzole acid, />-phenylazo-)

C6H5NO + H2NC H4COOH -> C6H6N=NC6H4COOH + H2O

Submitted by HARRY D. ANSPON.

Checked by W. E. BACHMANN and N. C. DENO.

1. Procedure

Fifty-four grams (0.39 mole) of ^-aminobenzoic acid is dis-

solved in 390 ml. of warm glacial acetic acid in a 1-1. Erlenmeyer

flask. The solution is cooled to room temperature, 42 g. (0.39

mole) of nitrosobenzene (p. 80) is added, and the mixture is

shaken until the nitrosobenzene dissolves. The flask is stop-

1
Org. Syntheses, 20, 8 (1940).

*0rg. Syntheses Coll. Vol. 2, 117 (1943).
8
Kirner, /. Am. Chem. Soc., 52, 3251 (1930).

4
Paul, Bull. soc. Mm., (4) 53, 424 (1933); (5) 2, 745 (1935).

6 Robinson and Smith, /. Chem. Soc., 1936, 196.

8
Gambert, Linstead, and Rydon, J. Chem. Soc., 1937, 1972.
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pered, and the solution is allowed to stand for 12 hours at room

temperature. The product begins to crystallize after about 15

minutes.

The ^-phenylazobenzoic acid' is collected on a Biichner funnel

(Note 1) and washed with acetic acid and with water. The yield

of air-dried acid melting at 245-247 cor. is 62 g. (70%). By
recrystallization from 95% alcohol (60 ml. per g.) the acid is ob-

tained as orange-gold plates which melt at 248.5-249.5 cor.; the

yield is 54 g. (61%).

2. Notes

1. The solution is not cooled below room temperature before

filtering; cooling below 20 brings down impurities.

3. Methods of Preparation

The method employed here is essentially the one described by

Angeli and Valori. 1

j>-PHENYLAZOBENZOYL CHLORIDE

(Benzoyl chloride, >-phenylazo-)

C6H5N=NC6H4C02H + SOC12 ->

C6H5N=NC6H4COC1 + HC1 + SO2

Submitted by GEORGE H. COLEMAN, GUST NICHOLS, CHESTER

M. MCCLOSKEY, and HARRY D. ANSPON.

Checked by W. E. BACHMANN and N. C. DENO.

1. Procedure

Fifty grams (0.22 mole) of recrystallized />-phenylazobenzoic

acid (p. 86) (Note 1) and 50 g. (0.47 mole) of anhydrous sodium

carbonate (Note 2) are placed in a 1-1. flask and thoroughly mixed

by shaking. To this mixture is added 250 ml. (3.5 moles) of

1
Angeli and Valori, AM accad. Lincei, 22, 1, 132 (1913) [C.A., 7, 2223 (1913)].
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thionyl chloride (Note 3) ;
a reflux condenser with a drying tube is

fitted to the flask, and the mixture is refluxed for 1.5 hours (Note

4). A condenser is set for distillation, and as much as possible of

the thionyl chloride is distilled on a steam bath (Note 5).

The acid chloride is dissolved by refluxing with 500 ml. of

90-100 ligroin, and the hot solution is decanted from the sodium

carbonate onto a fluted filter. This process is repeated with three

150-ml. portions of ligroin. The combined filtrates are concen-

trated to 500 ml., filtered if necessary, and cooled to 0. The acid

chloride is collected on a Blichner funnel and pressed as dry as

possible. It is washed twice with 30-60 petroleum ether and

stored in a vacuum desiccator over phosphorus pentoxide and

paraffin shavings (Note 6). The yield of orange-red crystals

melting at 94.5-95.5 is 48 g. (89%).

2. Notes

1. The checkers found that 50 g. of unrecrystallized acid gave
45 g. of acid chloride melting at 92-94. When this was recrystal-

lized from 90-100 petroleum ether (10 ml. per g.), 41.5 g. of

orange-red crystals melting at 94.5-95.5 was obtained. The

over-all yield of pure acid chloride on the basis of unrecrystallized

acid is the same. The use of unrecrystallized acid has an advan-

tage in that the volume of solvent required for recrystallization of

the acid chloride is much less than for the acid.

2. The use of sodium carbonate is unusual. It is claimed that

the sodium carbonate prevents decomposition and tar formation

during the reaction.

3. The checkers used Eastman Kodak Company's best grade

of thionyl chloride.

4. Refluxing should be carried out under a hood or in an

apparatus provided with a gas trap.
1

5. About 170 ml. of good thionyl chloride can be recovered.

6. The acid chloride holds the petroleum ether tenaciously.

About a week is required for complete removal of the petroleum

ether.

1
Org. Syntheses Coll. Vol. 1, 97 (1941).
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3. Methods of Preparation

/>-Phenylazobenzoyl chloride (azoyl chloride) has been pre-

pared by the action of thionyl chloride on the acid.2 - 3 The method
used is a modification of that of Ladenburg, Fernholz, and Wallis. 8

P-PHENYLETHYLDIMETHYLAMINE

(Phenethylamine, N,N-dimethyl-)

C6H5CH$CH2NH2 + 2HCHO + 2HCOOH ->

/CH3

C*H5CH2CH2N( + 2C02 + 2H2OXCH3

Submitted by ROLAND N. ICKE and BURNETT B. WISEGARVER
with GORDON A. ALLES.

Checked by H. R. SNYDER and JAMES H. SAUNDERS.

1. Procedure

To 51.2 g. (1 mole) of 90% formic acid in a 500-ml. round-

bottomed flask (Note 1), cooled in running tap water, is added

slowly 24.2 g. (0.2 mole) of 0-phenylethylamine.
1 To the result-

ing clear solution are added 45 ml. (0.6 mole) of formaldehyde
solution (concentration, 37%) (Note 2) and a small boiling-stone.

The flask is connected to a reflux condenser and is placed in an

oil bath which has been heated to 90-100. A vigorous evolution

of carbon dioxide begins after 2 or 3 minutes, at which time the

flask is removed from the bath until the gas evolution notably

subsides (15-20 minutes); then it is returned to the bath and

heated at 95-100 for 8 hours.

1
Reich, Biochem. /., 33, 1001 (1939).

8 Ladenburg, Fernholz, and Wallis, /. Org. Chem., 3, 294 (1938).

0-PHENYLETHYLDIMETHYI.AMINE

1
Org. Syntheses, 23, 71 (1943).
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After the solution has been cooled, 100 ml. of 4 N hydrochloric

acid is added and the solution is evaporated to dryness under re-

duced pressure (water pump) from a water bath; the receiver is

cooled in an ice bath. The pale yellow syrupy residue (or crystal-

line solid) is dissolved in 60-75 ml. of water, and the organic base

is liberated by the addition of SO ml. of 18 N sodium hydroxide

solution. The upper (organic) phase is separated, and the lower

(aqueous) phase is extracted with two 30-ml. portions of benzene.

The combined organic base and benzene extracts are dried over

10 g. of anhydrous granular potassium carbonate (Note 3). After

the benzene has been distilled slowly under slightly reduted pres-

sure from a 125-ml. Claisen flask, the pressure is lowered further,

and the product is distilled. The yield of colorless /3-phenylethyl-

dimethylamine boiling at 97-98/22 mm. (Note 4) is 22-24.7 g.

(74-83%) (Note 5).

2. Notes

1. A flask of this size is used because of the tendency of the

solution to froth during the gas evolution. Frothing usually is

not bad with this amine but is quite bothersome when the higher

aliphatic amines (decylamine to octadecylamine) are methylated.

2. U.S.P. formaldehyde was used. The commercial aqueous-

methanolic solution contains 37% formaldehyde by weight. It is

sometimes called "40% formalin" because 100 ml. of the solution

contains 40 g. of formaldehyde.

3. If complete separation of the benzene extracts from the

aqueous solution is difficult, it is advantageous to dry the benzene

solution roughly over 10 g. of the anhydrous potassium carbonate

and to decant the resulting clear solution into another flask where

it may be dried over 5 g. of fresh drying agent. The spent drying

agent is rinsed with 15-20 ml. of benzene, and the rinsings are

added to the main solution.

4. Another boiling point is 66-68/6 mm. If the product is

distilled through a short column (12-15 cm.) packed with glass

helices, it boils constantly at 98/22 mm. The recovery is some-

what lower when a column is used.
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The product gives a negative carbylamine test and hence con-

tains no significant amount of unchanged primary amine.

5. This methylation procedure is quite generally satisfactory

for simple primary and secondary amines. For methylation of a

secondary amine only half as much formaldehyde is required, al-

though a larger amount does no harm. The submitters also have

prepared, in uniformly good yields, benzyldodecylmethylamine

(b.p. 180-182/4 mm.) from benzyldodecylamine, and a-amyl-

hexyldimethylamine (b.p. 115/16 mm.) from a-amylhexylamine.
It is reported

2 that the reaction can be successfully applied to the

methylation of butylamine, benzylamine, tetramethylenediamine,

piperidine, and a-phenyl-a-aminobutyric acid.

3. Methods of Preparation

The procedure given above is an adaptation of the methylation

method first used by Sommelet and Ferrand 3 and developed more

fully by Clarke, Gillespie, and Weisshaus. 2
0-Phenylethyldi-

methylamine has been prepared from /9-phenylethylamine by

alkylation with dimethyl sulfate;
4
by the reaction of /3-phenyl-

ethylamine and of N-methyl--phenylethylamine with formalde-

hyde;
5
by catalytic reduction of phenylacetonitrile in the pres-

ence of dimethylamine;
6
by the reaction of dimethylamine with

/3-phenylethyl chloride 7 8 9 and with /3-phenylethyl bromide;
9

and by the reaction of phenylacetaldehyde with dimethylamine.
10

2
Clarke, Gillespie, and Weisshaus, /. Am. Chem. Soc., 55, 4571 (1933).

3 Sommelet and Ferrand, Bull. soc. chim., (4) 36, 446 (1924).
4
Johnson and Guest, /. Am. Chem. Soc., 32, 761 (1910).

6 Decker and Becker, Ber., 45, 2404 (1912); Ann., 395, 344 (1913).
8
Buck, Baltzly, and Ide, J. Am. Chem. Soc., 60, 1789 (1938).

7
Barger, /. Chem. Soc., 95, 2193 (1909).

8 Tiffeneau and Fuhrer, Bull. soc. chim., (4) 15, 173 (1914).
9 v. Braun, Ber., 43, 3209 (1910).
" Ger. pat. 291,222 [Frdl., 12, 802 (1914-1916)].
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PHENYLPROPARGYL ALDEHYDE

(Propiolaldehyde, phenyl-)

C6H5CH=CHCHO -5^> C6H6CHBrCHBrCHO

C6H5CH=CBrCHO
"C(oc

**>
KOH

C6H5CH=CBrCH(OC2H5)2

C6HSC=CCH(OC2H5)2 --> C6H5C==CCHO

Submitted by C. F. H. ALLEN and C. O. EDENS, JR.

Checked by C. D. HEATON and C. R. NOLLER.

1. Procedure

A. ot-Bromocinnamic aldehyde. A mixture of 44 g. (0.33 mole)

of cinnamic aldehyde and 167 ml. of acetic acid in a 500-ml. three-

necked, round-bottomed flask, surrounded by a cold water bath

and fitted with a stirrer, reflux condenser, and dropping funnel, is

stirred vigorously while 17.1 ml. (53.5 g., 0.33 mole) of bromine

is added. This is followed by the addition of 23 g. (0.17 mole)

of anhydrous potassium carbonate. When the evolution of gas

has ceased, the mixture is refluxed for 30 minutes, then cooled and

poured into 435 ml. of water in a 1-1. flask; a lower, reddish layer

of crude a-bromoaldehyde separates. The flask is stoppered,

cooled under running water, and shaken vigorously. The result-

ing granular solid is filtered with suction and dissolved without

drying by warming with 220 ml. of 95% alcohol. After the addi-

tion of 50 ml. of water, the solution is warmed until it becomes

clear and is then set aside to crystallize at room temperature and

finally in a refrigerator. a-Bromocinnamic aldehyde separates as

nearly colorless needles, which are filtered with suction, rinsed

with 17 ml. of 80% alcohol, and air-dried. The yield of product

melting at 72-73 is 52-60 g. (75-85%) (Note 1).

B. a-Bromocinnamic aldehyde acetal. In a 250-ml. flask are

placed 45 g, (0.21 mole) of a-bromocinnamic aldehyde, 50 ml.
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(0.3 mole) of ethyl orthoformate,
1 40 ml. of absolute ethanol, and

0.5 g. of ammonium chloride. After the mixture has been re-

fluxed for 30 minutes, it is transferred to a modified Claisen

flask,
2 and the low-boiling constituents are removed at atmos-

pheric pressure and a bath temperature up to 150 (Note 2). The

yield of acetal boiling at 146-149/5 mm. and with n
2
^ 1.5500 is

50-52 g. (82-86%).

C. Phenylpropargyl aldehyde acetal. A solution of 20.7 g.

(0.25 mole) of potassium hydroxide in 200 ml. of absolute ethanol

is added to 50 g. (0.18 mole) of a-bromocinnamic aldehyde acetal

in a 500-ml. flask. The mixture is refluxed for 1.5 hours and

poured into a 3-1. separatory funnel containing 1.5 1. of water.

The oil which separates is extracted with three 170-ml. portions

of chloroform, and the combined chloroform extracts are washed

with three 75-ml. portions of water and then dried over 15 g. of

anhydrous sodium sulfate. The chloroform is removed by distil-

lation, and the residual oil is distilled from a modified Claisen

flask. The yield of phenylpropargyl aldehyde acetal boiling at

153-156/19 mm. is 28-31 g. (80-86%).

D. Phenylpropargyl aldehyde. Twenty-nine grams (0.14

mole) of the acetal is added to 140 ml. of water containing 10 ml.

of concentrated sulfuric acid, and the mixture is heated on a

steam bath with occasional shaking for 30 minutes. The alde-

hyde is then steam-distilled and extracted from the distillate

with two 250-ml. portions of ether. The ethereal solution is dried

over 20 g. of anhydrous sodium sulfate, the solvent is removed,

and the residue is distilled from a 100-ml. modified Claisen flask.

The yield of phenylpropargyl aldehyde boiling at 114-117/17

mm. and with WD 1.6032 is 13-15 g. (70-81%).

2. Notes

1. The same percentage yield is obtained in runs three times

as large.

1
Org. Syntheses Coll. Vol. 1, 258 (1941).

*0rg. Syntheses Coll. Vol. 1, 130 (1941).
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2. Both the reaction and the distillation can be carried out in

the same flask.

3. Methods of Preparation

The procedure given for the preparation of phenylpropargyl

aldehyde is a modification of Claisen's directions 8 in part due to

Kalff.4 The monobromocinnamic aldehyde was described by
Zincke.5 Other methods of possible preparative value for the

acetal are the interaction of sodium phenylacetylene,
8" 9 or the

Grignard reagent from phenylacetylene,
10 ' 11 and ethyl ortho-

formate.

*
Claisen, Ber., 81, 1020 (1898).

*
Kalff, Rec. trav. chim., 46, 594 (1927).

8 Zincke and Hagen, Ber., 17, 1815 (1884).
6 Moureu and Delange, Compt. rend., 183, 106 (1901).
7 Moureu and Delange, Bull. soc. chim., (3) 81, 1329 (1904).
8
Brachim, Bull. soc. chim., (3) 85 1165 (1906).

9 Charon and Dugoujon, Compt. rend., 137, 126 (1903).
10 Moureu and Delange, Compt. rend., 188, 1341 (1904).
11 Moureu and Delange, Bull. soc. chim., (3) 31, 1332 (1904).
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SEBACONITRILE AND w-CYANOPELARGONIC ACID

(Sebaconitrile and 6-cyanopelargonic acid)

COOH NH2 CONH2

(CH2)8 + CO - (CH2) 8 + H2 + C02

COOH NH2 CONH2

CONH2

| Stron8,y
- NC(CH2) 8CN

I heated

CONH2

heated _^ NC(CH2)8COOH

Submitted by B. S. BIGGS and W. S. BISHOP.

Checked by C. F. H. ALLEN and J. VAN ALLAN.

1. Procedure

A. Sebaconitrile. A 3-1. three-necked flask (Note 1), equipped

with a mechanical stirrer (Notes 2 and 3) and a thermometer

which dips into the liquid, is heated in an oil bath to 160. In the

flask are placed 505 g. (2.5 moles) of commercial sebacic acid

(Note 4) and 180 g. (3 moles) of urea (Note 5), and the melt is

heated with stirring for 4 hours at about 160 (Note 6). The oil

bath is removed, the surplus oil is wiped off, the flask is insu-

lated (Note 7), and the temperature is then raised, as rapidly

as foaming permits, to 220 by means of a triple burner and wire

gauze. It is important to continue the stirring for at least 5

minutes after 220 is attained; otherwise the mass will foam over

during the subsequent distillation.

The stirrer is then replaced by a short still head connected

to a long (90-cm.) air condenser and receiver (Note 8), and the

product is distilled at atmospheric pressure as long as any distil-

late is obtained. The temperature of the vapor rises gradually to

340. The distillate, which consists chiefly of water, dinitrile,
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acid nitrile, ancUsebacic acid, is poured into a large (2-1.) separa-

tory funnel and, after the addition of 500 ml. of ether (Note 9),

is extracted three times with 650-ml. portions of 5% ammonium
carbonate (Note 10). The crude dinitrile which remains after the

removal of the ether is distilled in vacua; after a small fore-run

(20-25 ml.) the main product is collected at 185-188/12 mm.

(Note 11). The yield of sebaconitrile is 190-200 g. (46-49%)

(Note 12).

B. w-Cyanopelargonic acid. The combined ammoniacal ex-

tracts are heated nearly to boiling in a large enameled pot or 4-1.

beaker and neutralized to phenolphthalein with concentrated hy-

drochloric acid (about 120 ml.) (Note 13). A hot solution of

400 g. of barium chloride is then added slowly with 'stirring, and

the hot solution is filtered from the precipitated barium sebacate

(Note 14) through a fluted filter paper or "Shark Skin" filter paper

(Note 15) on a 20-cm. Buchner funnel. The barium salt of"the

cyano acid that separates on cooling is filtered on the same sized

funnel and dissolved in 1 1. of hot water, and the solution is

acidified to litmus with concentrated hydrochloric acid (about

30 ml.). The cyano acid separates as a clear oil. The filtrate

from which the barium salt was filtered is acidified likewise to

litmus with concentrated hydrochloric acid (about 50 ml.). The

two oils are combined. The cyano acid is washed by decantation

with three 200-ml. portions of hot water, separated completely

from water, and dried in a vacuum desiccator over calcium

chloride. The yield of w-cyan6pelargonic acid melting at 48-49

is 146-155 g. (32-34%) (Note 16).

2. Notes

1. Ground-glass equipment is preferable, since the final

temperature is high enough to decompose rubber or cork stop-

pers.

2. The stirrer is a bent glass rod that will break up the foam

produced.

3. Attention is called to the powerful but compact com-

pressed-air stirrer, Catalog No. 9224, of the A. H. Thomas Com-
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pany. When a compressed-air line is available, such a stirrer is

preferable to an electric motor.

4. Commercial grades of sebacic acid (m.p. 127-130) and

urea (m.p. 132-134) were used; pure sebacic acid (m.p. 132-

133) gives only a slightly (13%) higher yield. Since the acid is

light and bulky, it is convenient to melt it in an enameled pot

(p. 72, Note 2) and pour the liquid into the preheated flask.

5. It is important to use the amount of urea which is speci-

fied. When 2 moles of urea per mole of sebacic acid was em-

ployed, the yield of sebaconitrile was only 27%.
6. At the end of this time the product consists almost entirely

of sebacamide, which may be isolated if desired.

7. This insulation is easily accomplished by wrapping with

asbestos rope, starting at the neck and winding as far down the

bulge of the flask as possible. After the flask is clamped in place

on the wire gauze, asbestos paper is bent around to enclose the

bottom. Magnesia can also be used.

8. If the condenser is short, it is advisable to have a second

receiver with a reflux condenser attached, because some dinitrile

may be carried through by uncondensed steam. A water-cooled

condenser should not be placed ahead of the first receiver, how-

ever, since the distillate contains some solid products (sebacic

acid and products from urea).

9. Although not absolutely essential, the ether facilitates the

operation. Benzene is not satisfactory.

10. Ammonium hydroxide (about 3%) is equally satisfactory.

The aqueous extracts are saved.

11. Another boiling point is 201-203/16 mm.
12. The submitters obtained 410-450 g. (50-55%) in runs

twice this size.

13. The checkers used a pH meter and neutralized to pR 7.8.

14. This amounts to 43-45 g.

15. S & S "Shark Skin" filter paper has "high wet-strength'
'

and a high resistance to acids and alkalies.

16. If the cyano acid obtained from the precipitated barium

salt is worked up separately, it melts at 51-52.
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3. Methods of Preparation

Sebaconitrile has been obtained by heating sebacic acid in

a stream of ammonia,
1 and from sebacamide by pyrolysis

2
- 3

or by dehydration with phosphorus pentachloride
4 or phosphorus

oxychloride.
6 Sebacamide has been prepared from ethyl seba-

cate 6 or sebacyl chloride and ammonia,
7 and by heating sebacic

acid with urea 2 - 3 - 8 or ammonium thiocyanate.
9

1 Greenewalt and Rigby, U. S. pat. 2,132,849 [C.A., 33, 178 (1939)].
8
Biggs and Bishop, /. Am. Chem. Soc., 63, 944 (1941).

8
Biggs, U. S. pat. 2,322,914 [C.A., 38, 118 (1944)].

4 Phookan and Krafft, Bcr., 25, 2252 (1892).
8
Wilcke, U. S. pat. 1,828,267 [C.A., 26, 735 (1932)].

Rowney, Ann., 82, 123 (1852).
7
Aschan, Ber., 31, 2350 (1898).

8 D'Alelio and Reid, U. S. pat. 2,109,941 [C.A., 32, 3419 (1938)].
9
Ssolonina, /. Russ. phys. chem. Ges.

y 28, 558 (1896).
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(This cumulative index comprises material from Volumes 20 through 25 of this

series; for previous volumes see Collective Volumes 1 and 2.)

Names in small capital letters refer to the titles of individual preparations. A number in

ordinary bold-face type denotes the volume. A number in bold-face italics refers to a page
which gives preparative directions for substances formed either as principal products or as

by-products; numbers in ordinary type indicate pages on which a compound or a subject is

mentioned in connection with other preparations. For example, Acetone cyanohydrin, 20, 42,

43, indicates that acetone cyanohydrin is mentioned on page 42, and that directions for its

preparation are given in detail on page 43, of Volume 20.

Absorbent cotton, 20, 8, 9

Acenaphthene, 20, 1; 21, 1, 2; 24, 1

ACENAPHTHENEQUINONE, 24, 1

ACENAPHTHENOL-7, 21, /

ACENAPHTHENOL ACETATE, 21, 1

Acenaphthenone, 21, 3

/9-3-ACENAPHTHENYLCARBONYLPROPI-
ONIC ACID, 20, /

ft- ( 1
-ACENAPHTHOYL)-PROPIONIC ACID,

20, 4

/3-(3-ACENAPHTHOYL)-PROPIONIC ACID,

20,1

Acetal, 23, 8; 25, 1

ethyl formate method, 25, 93

Acetaldehyde, 23, 61, 84; 24, 62

ACETALDEHYDE, AMINO-, DIETHYL

ACETAL, 24, J

ACETALDEHYDE, BROMO-, DIETHYL

ACETAL, 23, 8; 24, 3

Acetamide, 25, 36

^-ACETAMINOBENZENESULFINATE,

SODIUM, 22, 31

a-Acetamino-3,4-methylenedioxycin-

namic acid, 22, 93

ACETANILIDE, a-BENZOYL, 25, 7

Acetic acid, 22, 57, 87; 23, 37; 24, 76

ACETIC ACID, BENZOYL-, ETHYL ESTER,

23, 35; 25, 7

ACETIC ACID, BROMO-, ETHYL ESTER, 23,

37

Acetic anhydride, 20, 6, 55, 75, 102;

21, 13, 105; 22, 1, 54, 56, 91; 23, 37,

64; 24, 18, 76, 85; 25, 78

ACETOACETANILIDE, 21, 4; 24, 68

ACETOBROMOGLUCOSE, 22, /; 25, 53

Acetone, 20, 6, 8, 40, 43, 62; 22, 101; 23,

66, 79

drying, 20, 7; 25, 54

pyrolysis to ketene, 21, 64, 65

Acetone cyanohydrin, 20, 42, 43

Acetonitrile, 24, 6

Acetophenone, 20, 32; 21, 39; 22, 99; 23,

30, 48, 68; 24, 9, 82

ACETOPHENONE, 2,4-DiHYDROXY-, 21,

103

Acetophenoneoxime, 22, 27

ACETOPHENONEPHENYLHYDRAZONE, 22,

98, 99

l-ACETOXY-3-NAPHTHALDEHYDE, 21, 87

ACETYLACETONE, 20, 6; 21, 68

copper salt, 20, 6

Acetylation, 20, 21, 74

of an amine in aqueous solution, 25,

78

of gentiobiose, 22, 54

of glucose, 22, 1

of 6-trityl-/3-<J-glucose, 22, 56

ACETYLBENZOYL, 23, 1

Acetyl bromide, 23, 102

99
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Acetyl chloride, 20, 21; 21, 46; 23, 100,

103, 105; 24, 41

Acetylene, 20, 40; 22, 101

ACETYLKETENE, 21, 64

Acetylsalicylyl chloride, 23, 66

Acetylsalicylyl peroxide, 23, 66

Acetyl-0-toluidine, 22, 94

substituted, conversion to indoles, 22,

95

Acetylxylidines, conversion to indoles,

22,95

ACRIDINE, 5-(9-)AMINO-, 22, 5

Acridone, 22, 5

Acrolein, 25, 1

ACROLEIN, DIETHYL ACETAL, 25, 1

ACROLEIN ACETAL, 25, 1

Acylation by an ester, 23, 35

Acylchlororesorcinols, 20, 58

Acylresorcinols, 20, 58

Adapter for steam distillation, 22, 11

Addition, of bromine to a double bond,

22, 50; 23, 9; 24, 33

of bromine to an unsaturated acid,

22, 76, 82

of bromine to an unsaturated alde-

hyde, 25, 92

of chlorine to aromatic iodo com-

pounds, 22, 69, 70

of a cyanide to a lactone, 22, 30

of ethanol to acrolein, 25, 1

of hydrogen bromide to ethyl acrylate,

20,65
of hydrogen bromide to methyl acry-

late, 20, 64

of hydroxylamine to cinnamic acid,

22,26
of a lithium aryl to an aldehyde, 23,

84

of a lithium aryl to ethylene oxide, 23,

85

of methylamine to ethyl acrylate, 20,

36

of methylamine to mesityl oxide, 25,

28

of methylamine to methyl acrylate,

20,37
of phenylhydrazine to carbon di-

sulfide, 25, 38

Addition tube, 20, 21

Air trap, 23, 42

Alanine, 23, 15

ALANINE,/3-(3,4-DIHYDROXYPHENYL)-N

METHYL-, 22, 89, 91

(//-ALANINE, CK-PHENYL-, 24, 9

Alcoholic hydrochloric acid, 22, 77, 83

standardization, 22, 80

Alcoholysis, 20, 67

of dibromoethyl acetate, 23, 8

Aldehyde synthesis, 20, 14

from acid chlorides by Rosenmund

reaction, 21, 84, 87, 88, 110

Gattermann, 23, 57

ALDEHYDOACID, 23, 76

Alkoxyanilines, 25, 10

Alkoxynitrobenzenes, 25, 10

Alkylation, of alkylidenecyanoacetic

esters, 25, 46

of nitrophenols, 25, 9

of thiourea, 22, 59

Alkylchlororesorcinols, 20, 59

Alkylene bromide, 20, 24

Alkylidenecyanoacetic esters, 25, 48

Alkyl phenyl selenides, 24, 91

S-ALKYLTHIURONIUM HALIDES, 22, 60

J/-ALLOTHREONINE, 20, 104

ALLOXAN, 23, 3

DIHYDRATE, 23, 3, 6

MONOHYDRATE, 21, 5

TETRAHYDRATE, 23, 3

Allyl bromide, 25, 49

Allyl chloride, 24, 97

Allyl cyanide, 24, 96, 97

Alumina, activated, 23, 25

regeneration of, 23, 25

Aluminum, commercially pure (2S), 21,

9

Aluminum alloy (17ST), 21, 9

ALUMINUM /er/.-BUTOXiDE, 21, 8t 18, 39

Aluminum chloride, 20, 1, 29

anhydrous, 21, 25; 23, 57, 102; 24, 26,

70

Aluminum ethoxide, 21, 9

Aluminum isopropoxide, 21, 9

AMALGAMATED ZINC, 20, 57; 23, 86

Amide, 20, 37, 62, 66; 25, 58, 71
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Amide Continued,

from an acid and urea, 25, 95

preparation by ammonolysis, 20, 62

Animation, by reduction of a ketone in

the presence of ammonia, 23, 68

of bromoacetal with use of high-pres-

sure hydrogenation bomb, 24, 3

of a-bromoisocaproic acid, 21, 75

of a-bromo-/3-methylvaleric acid, 21,

62

of a-bromo-0-phenylpropionic acid,

21, 101

of 3-hydroxy-2-naphthoic acid, 22, 19

AMINOACETAL, 24, 3

Aminoacetic acid, 22, 59

Amino acid, 20, 81, 101; 22, 13, 23, 26,

59, 90, 93; 24, 9

9-AMINOACRIDINE, 22, 5

basic strength of, 22, 8

9-Amlnoacridine hydrochloride, fluores-

cence of, 22, 7

9-AMINOACRIDINES, SUBSTITUTED, 22, 7

W-AMINOBENZALDEHYDE STANNICHLO-

RIDE, 25, 55

/>-Aminobenzoic acid, 25, 86

2-Aminobenzothiazole, 22, 18

O-AMINOBENZYL ALCOHOL, 21, 10

tt-AMINOBENZYL CYANIDE, 22, 23, 25

2-AMINO-/>-CYMENE, 22, 9

a-AMINODIETHYLACETIC ACID, 22, 13

4-AMINO-2,6-DIMETHYLPYRIMIDINE, 24, 6

a-AMINO-a-ETHYLBUTYRIC ACID, 22, 13

2-AMINOHEPTANE, 23, 70

4/-/3-AMINOHYDROCINNAMIC ACID, 22, 26

a-AMINOISOVALERIC ACID, 20, 106

2-AMINO-6-METHYLBENZOTHIAZOLE, 22,

16

-AMINO-/3-METHYLVALERIC ACID, 21, 60

3-AMINO-2-NAPHTHOIC ACID, 22, 19

l-Amino-2-naphthol-4-sulfonic acid, 21,

91,94

2-AMINO-4-NITROPHENOL, 25, 5

2-Amino-5-nitrotoluene, 20, 73; 22, 44

(W-O-AMINOPHENYLACETIC ACID, 22, 23

<#-a-AlINO--PHENYLPROPIONIC ACID,

24,9

<#-<X-AMINO-/3-PHENYLPROPIONIC ACID,

21,99

<#-/9-AMINO-0-PHENYLPROPIONIC ACID,

22,26

4-AMINO-l,2,4-TRIAZOLE, 24, 12

hydrochloride, 24, 13

Ammonia, 20, 87; 22, 19; 23, 14

alcoholic, 23, 23

chloroform solution of, 22, 6

liquid, 20, 62; 21, 70, 71; 23, 20, 68,

71; 24, 3; 25, 25

action on a copper safety disk, 23,

70

introduction into a bomb, 23, 69, 71

methanolic, 23, 72

Ammonium acetate, 25, 46

Ammonium carbonate, 20, 42; 22, 6

Ammonium chloride, 22, 13, 23; 24, 9

Ammonolysis, 20, 62

n-Amyl cyanide, 23, 72

Amylene, 22. 82

tt-Amylhexyldimethylamine, 25, 91

Analysis of iodoso and iodoxy com-

pounds, 22, 71, 72, 73, 74

Anilide from an ester, 25, 7

Aniline, 21, 4; 25, 7

ANILINE, ,'-SULFONYLBIS-, 22, 31

0-Anisidine, 24, 24

/j-Anisidine, 25, 78

^-ANISIDINE, 2-NITRO-, 25, 78

Anisoyl chloride, 23, 66

ANISOYL PEROXIDE, 23, 66

Anthracene, 20, 11

9-ANTHRALDEHYDE, 20, 11

Anthranilic acid, 21, 10

ANTHRAQUINONE, 2,3-DiMETHYL-, 22, 37

Antioxidant, 20, 65

Apparatus, adapter for steam distilla-

tions, 22, 10, 11

automatic water trap for azeotropic

distillation, 23, 38; 25, 42, 46

bain-marie ware, 25, 72, 97

Claisen flask modified with column,

22, 11

continuous extractor, 23, 49

enameled steel pots, 25, 72, 97

for absorption of gases, 23, 48

for adding a solid without exposure to

air, 23, 59, 102

for catalytic dehydration, 22, 40
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Apparatus Continued

for chlorination under slight pressure,

25, 14, 22

for distillation of solids, 20, 20

for fractional distillation, 20, 26, 52,

96; 25, 1

for generating dry methyl amine, 20,

35

for heating under pressure, 20, 85

for introduction of bromine in a cur-

rent of air, 23, 9, 75

for manipulation of liquid ammonia,

23,27
for partial condensation during distil-

lation, 20, 26, 27

for preparation of sodamide, 20, 87

for steam distillation, 20, 2

shaking extractor, 23, 78

spray trap, 23, 1

tf-ARABINOSE, 20, 14

(f-ARABINOSEDIPHENYLHYDRAZONE, 20,

IS

Asbestos fiber mat for Buchner funnel,

25,57

Autoclave, 20, 82, 85, 102; 21, 72

stirring, 22, 20

use of hydrogenation bomb as, 21, 68;

22, 20

cleaning, 22, 21

Autooxidation, 22, 81, 85

Azeotropic distillation, 20, 66, 106; 23,

38

Azide, formation from a hydrazine, 22,

96

AZOBENZENE, 22, 28

AZOVL CHLORIDE, 25, 87

Azulene, removal from a hydrocarbon,

24,86

Bain-marie ware, 25, 72, 97

Barbier-Wieland, degradation of car-

boxylic acid by method of, 24, 38, 41

Barbituric acid, 21, 5

Barium carbonate, 22, 86

Barium chloride, 23, 17

Barium hydroxide, 22, 87, 91; 25, 75

Barium malonate, 23, 17

Barostat, 23, 46, 47

Bayberry wax, 20, 67

BENZALBARBITURIC ACID, 21, S

Benzaldehyde, 21, 5, 51, 108; 22, 24

determination of acid content, 25, 43

BENZALDEHYDE, W-HYDROXY-, 25, 5$

BENZALDEHYDE, O-NITRO-, 24, 75

BENZALMALONIC ESTER, 25, 42

Benzene, dry, thiophene-free, 23, 95, 97,

102, 103

use in azeotropic esterification, 23, 38;

24,72

BENZENE, BUTYL-, 25, 11

BENZENE, IODO-, DICHLORIDE, 22, 69

BKNZENE, IODOSO-, 22, 70

BENZENE, IODOXY-, 22, 72, 73

BENZENE, TRIAZO-, 22, 96

Benzil, 20, 48; 23, 92

BENZILMONOHYDRAZONE, 20, 47, 48

Benzohydryl benzoate, 24, 55

Benzoic acid, 21, 27, 22, 48, 49

BENZOIC ACID, 2,5-DiNiTRO-, 22, 44

BENZOIC ACID, 3,5-DiNiTRO-, 22, 48, 49

BENZOIC ACID, /H?HENYLAZO-, 25, 86

Benzoin, 23, 86

BENZONITRILE, 2,6-DiMETiioxY-, 22, J5

Benzophenone, 23, 99

Benzophenone azine, 24, 55

Benzophenone hydrazone, 24, 54

BENZOPYRROLE, 23, 42

BENZOTHIAZOLE, 1 -AMINO-S-METHYL-,

22,76

BENZOTHIAZOLE, 2-AMINO-6-METHYL-,

22,76

1,2,3-BENZOTRIAZOLE, 20, 16

BENZOYLACETANILIDE, 25, 7

BENZOYLACETIC ESTER, 23, 35

Benzoylation of acetoacetic ester by

ethyl benzoate, 23, 35

Benzoyl chloride, 24, 14

purification of, 24, 15

BENZOYL CHLORIDE, ^-PHENYLAZO-, 25,

87

BENZOYL CYANIDE, 24, 14, 16

BENZOYLFORMIC ACID, 24, 16

Benzoyl-o-toluidines, conversion to in-

doles, 22, 95

Benzoylxylidines, conversion to indoles,

22,95
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Benzyl alcohol, 23, 14

Benzylamine, methylation of, 25, 91

BENZYLAMINE, CK-METHYL-, 23, 68

BENZYL CARBAMATE, 23, 14

Benzyl chloride, 21, 99

BENZYL CHLOROFORMATE, 23, 13

Benzyl cyanide, 23, 71; 25, 25

Benzyldodecylmethylamine, 25, 91

Bisulfite compound, use for purification

of an aldehyde, 23, 78

use for purification of alkylidenecy-

(.noacetic esters, 25, 47

use for purification of a ketone, 23, 79

Blanc reaction, 20, 59; 24, 30; 25, 65

Blood, defibrinated, 21, 53

Booster pump, use of, for hydrogena-

tion, 23, 69

Boron trifluoride, 20, 6

Bromination, 20, 18, 81, 92, 101

of acetic acid, 23, 37

of a lactone, phthalide, 23, 74

of sulfanilamide by hydrogen peroxide

and hydrobromic acid, 24, 48

Bromine, 20, 18, 23, 81, 92, 101; 21, 61,

93; 22, 50, 76, 82; 25, 92

dry, 20, 93, 106, 108; 21, 74, 101; 23,

9, 37, 74, 94; 24, 33

BROMOACETAL, 23, 8, 45; 24, 3

BROMOACETIC ACID, 23, 37

3-Bromo-4-aminotoluene, 23, 11

W-BROMOANILINE, 23, 12; 24, 24

o-Bromoanisole, 24, 24

Bromobenzene, 21, 79; 23, 83, 93, 98;

24,42, 85, 89; 25, 11

^-Bromobenzoyl chloride, 23, 66

^-BROMOBENZOYL PEROXIDE, 23, 66

7-Bromobutyronitrile, 23, 22

a-BROMOCINNAMIC ALDEHYDE, 25, 92

a-BROMOCINNAMIC ALDEHYDE ACETAL,

25, 92

O-BROMO-^-CRESOL, 23, 11

Bromocyclohexane, 25, 26

l-BROMO-2-ETHOXYETHANE, 23, 32

3-BROMO-4-HYDROXYTOLUENE, 23, 11

a-BROMOISOCAPROIC ACID, 21, 74

a-BROMOISOVALERIC ACID, 20, 106

Bromomesitylene, 21, 77

a-BROMO-/3-METHOXY-W-BUTYRIC ACID,

20, 101

a-BROMO-/3-METHOXYPROPIONIC ACID,

20,82

0-Bromo-^-methylanisole, 23, 12

a-BrOmo-/3-METHYLVALERIC ACID, 21, 61

a-Bromonaphthalene, 21, 89

6-BROMO-2-NAPHTHOL, 20, 18

tw-Bromophenol, 23, 12

a-BROMO-/3-PHENYLPROPIONIC ACID, 21,

100

^-Bromophenylselenophenol, 24, 91

2-BROMOPHTHALIDE, 23, 74

0-Bromopropionic acid, 20, 65

7-Bromopropylphthalimide, 24, 44, 46

3-Bromosulfanilamide, 24, 51

1,3-BUTADIENE, 2,3-DIMETHYL-, 22, 39,

40

2-BUTENE-l,4-DIONE, 1 ,4-DIPHENYL-,

20,29

0-BUTENOIC ACID, 24, 96

3-BUTENONITRILE, 24, 97

w-w-Butoxyaniline, 25, 10

--Butoxyaniline, 25, 10

m-w-Butoxynitrobenzene, 25, 10

0-tt-BUTOXYNTTROBENZENE, 25, 9

/er/.-BUTYL ACETATE, 20, 21

acetic anhydride method, 24, 18

acetyl chloride method, 24, 19

n-Butyl alcohol, 23, 43

ter/.-Butyl alcohol, 20, 21; 21, 8, 39; 23,

42; 24, 18, 19,20,21

anhydrous, 23, 46

w-Butylamine, methylation of, 25, 91

n-BUTYLBENZENE, 25, 11

n-Butyl bromide, 25, 9

sec.-Butyl bromide, 21, 60

**r*.-Butyl chloroacetate, 24, 21

tert.-Butyl cinnamate, 24, 21

ter/.-Butyl isobutyrate, 24, 20

tert.-Butyl isovalerate, 24, 21

jeC.-BUTYLMALONIC ACID, 21, 61

n-Butyl nitrite, 24, 25

tert.-Butyl propionate, 24, 20

1-n-BuTYLPYRROLIDINE, 25, 14

w-Butylselenol, 24, 91

W-BUTYL ^-TOLUENESULFONATE, 20, 51

3-BUTYN-2-OL, 2-METHYL-, 20, 40
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n-Butyric anhydride, 21, 14

Butyrylchlororesorcinol, 20, 58

0-Butyrylphenol, 20, 58

^-Butyrylphenol, 20, 58

Calcium carbonate, 22, 54

Calcium chloride, 23, 103

n-Caproic acid, 21, 13

n-CAPROIC ANHYDRIDE, 21, 13

Caproylchlororesorcinol, 20, 58

0-Caproylphenol, 20, 58

^-Caproylphenol, 20, 58

Caproylresorcinol, 20, 58

tt-Carbethoxypelargonyl chloride, 25, 21

6-Carbethoxyvaleryl chloride, 25, 21

CARBINOL, TRIPHENYL-, 23, 98

CARBINOL, TRIS-^-PHENYLPHENYL)-,

23, 95, 97

Carbitol, 22, 32

CARBOBENZOXYALANINE, 23, IS

CARBOBENZOXYCHLORIDE, 23, 13

CARBOBENZOXYGLYCINE, 23, 14

W-CARBOMETHOXYPELARGONYL CHLO-

RIDE, 25, 71

0-CARBOMETHOXYPROPIONYL CHLO-

RIDE, 25, 19

Carbon dioxide, 23, 74

solid (Dry Ice), 21, 71, 77; 22, 101

Carbon dioxide atmosphere, 22, 78, 84, 91

Carbon disulfide, 21, 81; 25, 38

Carbon tetrachloride, 23, 102

Carborundum crystals, 20, 96

as column filling, 22, 39; 23, 22

CARBOSTYRIL, 4-METHYL-, 24, 68

Carboxyaldehyde, 23, 76

0-CARBOXYBENZYL CYANIDE, 22, 30

0-CARBOXYPHENYLACETONITRILE, 22,

30,61

Caro's acid, 22, 44, 74

CARVACRYLAMINE, 22, 9

Catalyst, alumina, 22, 40

boron trifluoride, 20, 6

copper bronze, 20, 45

copper-chromium oxide for decar-

boxylation, 22, 67

copper oxide for decarboxylation, 22,

67

hydrobromic add, 22, 39

Catalyst Continued

palladium-barium sulfate, 21, 85, 110

piperidine benzoate, 25, 42

poison, for use in Rosenmund reduc-

tion, 21, 85, 87

pyridine, 25, 51

sodium bicarbonate, 20, 26

sulfuric acid, 22, 1

CATALYST, RANEY NICKEL, 21, 15, 108;

22,9, 12; 23, 68, 71, 90; 25, 10

estimation of quantity of, 21, 17

storage under alcohol, dioxane, and

methylcyclohexane, 21, 16

Cellosolve, 23, 32

Centrifuge, 22, 77, 83

Cerelose, 22, 2

Chloral hydrate, 20, 37

Chlorination, of a ketone, 23, 48; 25, 22

of secondary amines, 25, 14

of sulfanilamide by hydrogein per-

oxide and hydrochloric acid, 24, 47

Chlorine, 22, 69; 23, 48; 25, 14, 22

Chloroacetal, 24, 5

Chloroacetic acid, 23, 53

drying, 23, 54

Chloroacetone, 25, 36

Chloroacetyl chloride, 24, 21, 26

9-CHLOROACRIDINE, 22, 6, 7

N-Chloroamines, 25, 14

cyclization to N-alkylpyrrolidines, 25,

19

w-Chloroaniline, 24, 24

0-Chloroaniline, 24, 22

Chlorobenzene as a solvent, 22, 16

4-Chlorobiphenyl, 23, 95, 97

tft-Chlorobromobenzene, 24, 24

0-CHLOROBROMOBENZENE, 24, 22

7-Chlorobutyronitrile, 23, 20; 24, 36

2-CHLOROCYCLOHEXANONE, 25, 22

Chloroform, 22, 35, 57, 63, 71

anhydrous, 22, 69

al
-CHLOROlSODURENE, 25, 6S

W-CHLOROISONITROSOACETOPHENONE,

24,25

2-CHLOROLEPIDINE, 24, 28

Chloromethylation, 20, 59; 24, 30; 25, 65

I-CHLOROMETHYLNAPHTHALENE, 24, 30

W*-(Chloromethyl)-naphthalene, 24, 31
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a-Chloronaphthalene, 21, 90

0-Chloronitrobenzene, 20, 45

^-Chloronitrobenzene, 22, 32

CHOLESTENONE, 21, 18

Cholesterol, 21, 18

Chromium trioxide, 21, 6; 24, 39, 76

Cinnamic acid, 20, 77; 22, 26; 24, 21

ClNNAMOYL CHLORIDE, 20, 77; 24, 21

Citral, bisulfite compound, 23, 78

purification of, 23, 78

Claisen reaction, 20, 7, 32

Claisen rearrangement, 25, 49

Claisen's alkali, 25, 79

Clarke-Rahrs column, 24, 73

Clayton yellow paper, 22, 20, 22

Cleavage, of a disulfide, 20, 23

of a tetrahydrofuran ring, 25, 84

of 6-trityl group in 6-trityl-/3-<f-glu-

cosetetraacetate, 22, 57

Clemmensen reduction, 20, 57

Clintose, 22, 2

Cocoanut oil, 20, 69

Condensation, of an acid and an amine,

20,66
of an aldehyde and an acid, 20, 55

of an aldehyde and creatinine, 22, 90

of an aldehyde and malonic acid, 24,

92; 25, 51

of an aldehyde and malonic ester, 25,

42

of benzil with dibenzyl ketone, 23, 92

of citral and acetone, 23, 79

of an ester, 20, 26

of a ketone and an anhydride, 20, 6

of a ketone and cyanoacetic ester, 25,

46

of a ketone and an ester, 20, 7, 32

of a ketone and a hydroxy acid, 20, 62

of a nitroso compound and an amine,

25,86
of a sodium sulfinate and -nitro-

chlorobenzene, 22, 31

Condenser, partial, 20, 26

Congo red, 22, 20, 63, 66, 92, 93

Copper acetate, 20, 6; 21, 46, 47

COPPER ACETYLACETONE, 20, 6

COPPER BRONZE, 20, 45

Copper-chromium oxide, 22, 67

COPPER ETHYL DIACETYLACETATE, 21, 46

Copper helices, 20, 96

Copper oxide, 22, 67

Copper reaction vessel, 23, 102

Copper sulfate, 24, 23

Cotton, absorbent, for drying, 20, 8, 9;

25,1

Cottonseed oil, 22, 78, 85

use of hydrogenated, as oil bath, 24,

15

COUMARILIC ACID, 24, 33

Coumarin, 24, 33

COUMARIN DIBROMIDE, 24, 33

COUMARIN, 4-METHYL-, 24, 69

Coupling of two aryl residues, 20, 45

Creatinine, 22, 90

/>-CRESOL, 2-BROMO-, 23, 11

Crotonaldehyde, 24, 92

Crotonic acid, 20, 101; 24, 98

Cupric carbonate, basic, 24, 64

Cuprous bromide, 24, 22, 23

Cuprous cyanide, 21, 89; 24, 14, 97

Curtius reaction, 24, 94

Cyanoacetamide, 23, 60; 25, 63

Cyanohydrins, 20, 44; 22, 13, 16

W-CYANOPELARGONIC ACID, 25, 96

a-CYANO-0-TOLUIC ACID, 22, 30, 61

Cyclization, 20, 16, 26, 42, 73

acetoacetanilide to 4-meth>lcarbosty-

ril, 24, 68

acet-0-toluidide to 2-methylindole, 22,

94

arylthiourea to aminobenzothiazole,

22, 17

N-chloroamines to N-alkylpyrroli-

dines, 25, 19

y-chlorobutyronitrile to cyclopropyl

cyanide, 24, 36

cr-diketone and ketone to a cyclopen-

tadienone, 23, 92

ethyl phenylacetylmalonate, 25, 74

indole synthesis, 23, 42

ketone phenylhydrazone to indole, 22,

98

malonic ester synthesis of cyclobutane

acids, 23, 16

phenylanthranilic acid to chloroacri-

dine, 22, 5
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Cyclization Continued

tartaric acid dinitrate to imidazole-

4,5-dicarboxylic acid, 22, 66

CYCLOBUTANECARBOXYLIC ACID, 23, 18

1,1-CYCLOBUTANEDICARBOXYLIC ACID,

23,16

CYCLOHEXANEACETONITRILE, CK-PHENYL,

25,25

Cyclohexanone, 20, 42; 25, 22

Cyclohexene, 20, 28

Cyclohexyl bromide, 25, 26

a-CYCLOHEXYLPHENYLACETONITRILE,

25,25

CYCLOPENTADIENONE, TETRAPHENYL,

23, 92

CYCLOPROPANE, CYANO-, 23, 20; 24, 36

CYCLOPROPANECARBOXYLIC ACID, 24, 36

CYCLOPROPYL CYANIDE, 23, 20; 24, 36

/>-Cymene, 21, 96

CYSTEIC ACID MONOHYDRATE, 20, 23

Cystine, 20, 23

Deacetylation, 22, 34

Debromination, of hexabromostearic

acid, 22, 83

of tetrabromostearic acid, 22, 77, 81

DECAMETHYLENE BROMIDE, 20, 24

Decamethylene glycol, 20, 25

DECANE, I,!O-DIBROMO-, 20, 24

Decarboxylation, 23, 18

of l,3-dihydroxy-2-naphthoic acid,

25,75
of imidazole-4,5-dicarboxylic acid/ 22,

67

of an oximino acid to an oxime, 22,

27

Decomposition, diazonium salt to phe-

nol, 23, 11; 25, 56

W-DECYL ^-BROMOBENZENESULFONATE,

20,51

n-Decyl mercaptan, 21, 38

Degradation, 20, 14

Dehydration, 20, 48, 74

catalytic, 22, 39, 40

of an amide, 25, 61, 63, 69, 95

of 3, 12-dihydroxy-w0r-cholanyldi-

phenylcarbinol, 24, 41

DEHYDROACETIC ACID, 20, 26; 21, 66

Dehydrogenation, by air and alkali, 22,

37

by bromine, 23, 94

by sulfur, 24, 85

Demethylation of a phenolic ether by
hydriodic acid, 22, 91

Desiccator, vacuum, "dumb-bell" type,

23, 105

Desoxycholic acid, 24, 41, 42

6wnor-Desoxycholic acid, 24, 40

nor-DESOXYCHOLi ACID, 24, 38

Desulfonamidation, of 3,5-dichlorosulf-

anilamide, 24, 48

of 3,5-dibromosulfanilamide, 24, 49

Diacetalylamine, 24, 5

3,12-Diacetoxy-nor-cholanic acid, 24, 39

3,12-DlACETOXY-fo\M0r-CHOLANYLDI-

PHENYLETHYLENE, 24, 38, 41

4,4'-Diacetylaminodiphenylsulfone, 22,

34

DlACETYLMETHANE, 20, 6

DlAMINOBIURET, 24, 58

4,4
/

-DlAMINODIPHENYLSULFONE, 22, 31

l,2-DlAMINO-4-NITROBENZENE, 21, 20

0-Dianisidine, 21, 31

1,3-DiAZOLE, 22, 65

DIAZOMETHANE from N-nitroso-/3-

aminoisobutyl methyl ketone, 25,

28

drying of, 25, 31

Diazonium salt, reduction of, 21, 30

Diazotization, 20, 16, 73; 21, 31, 32, 34;

23, 11; 24, 22; 25, 56

/rattJ-DlBENZOYLETHYLENE, 20, 29

DlBENZOYLMETHANE, 20, 32

Dibenzyl ketone, 23, 92

2,6-DlBROMOANILINE, 24, 47

w-Dibromobenzene, 24, 24

1,10-DlBROMODECANE, 20, 24

1,5-DlBROMOPENTANE, 23, 67

3,5-DlBROMOSULFANILAMIDE, 24, 48

Di-w-butylamine, 24, 44; 25, 14

Di-w-butylamine hydrobromide, 24, 45

Di-w-butylaminoethanol, 23, 24

0-Dl-tf-BUTYLAMINOETHYLAMINE, 23, 23

Di-n-butylaminoethyl bromide hydro-

bromide, 23, 23
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7-Dl--BUTYLAMINOPROPYLAMINE, 24,

44

y-Di-n-butylaminopropylamine dihy-

drochloride, 24, 45

Dl-0-CARBETHOXYETHYLMETHYLAMINE,

20, J5

Dl-0-CARBOMETHOXYETHYLMETHYL-

AMINE, 20, 37

<X,a-DlCHLOROACETAMIDE, 20, 37

,-DlCHLOROACETOPHENONE, 23, 48

2,6-DlCHLOROANILINE, 24, 47

0-Dichlorobenzene, 20, 11

3,5-Dichlorosulfanilamide, 24, 47

a,'-DlCYANO-/3-METHYLGLUTARAMIDE ,

23,60
Diels-Alder reaction, 22, 37; 23, 93

Diene synthesis, 22, 37, 40; 23, 93

Diethylamine hydrochloride, 23, 31

DlETBYLAMINOETHYLAMINE, 23, 24

0-DlETHYLAMINOPROPIOPHENONE HY-

DROCHLORIDE, 23, 31

7-Diethylaminopropylamine, 24, 46

DlETHYL BENZYLMALONATE, 21, 99

DlETHYL MC.-BUTYLMALONATE, 21, 60

Diethyl ketone, 22, 13; 25, 47

Diethyl malonate, 21, 60, 99; 25, 42

1 ,4-DlHYDRO-2,3-DIMETHYLANTHRA-

QUINONE, 22, 37

2,3-DlHYDROPYRANE, 23, 25

2,6-DlHYDROXYACETOPHENONE, 21, 22

3,5-DlHYDROXYBENZOIC ACID, 21, 27

l,3-DlHYDROXY-2-NAPHTHOIC ACID, 25,

74

DlKETENE, 21, 64

a-Diketone synthesis, 23, 1

1,3-Diketone, 20, 6, 32

2,6-DlMETHOXYBENZONITRILE, 22, 35

3,3'-DlMETHOXYBIPHENYL, 21, 30

0-(3,4-DlMETHOXYPHENYL)-ETHYL-

AMINE, 23, 72

/3,0,-DlMETHYLACRYLIC ACID, 23, 27

Dimethylamine, 21, 84

Dimethylamine hydrochloride, 23, 30

/5-DlMETHYLAMINOPROPIOPHENONE HY-

DROCHLORIDE, 23, 30

Dimethylaniline, 24, 19, 20, 21

2,3-DlMETHYLANTHRAQUINONE, 22, 37

3,3'-DlMETHYLBIPHENYL, 21, 30

2,3-DlMETHYLBUTADIENE-l,3, 22, 37, 39,

40

2,4-DlMETHYL-3-ETHYLPYRROLE, 21, 67

DlMETHYLETHYNYLCARBINOL, 20, 40;

22,101

5,5-DlMETHYLHYDANTOIN> 20, 42

2,5-DlMETHYLMANDELIC ACID, 25, 33

N,N-DlMETHYLPHENYLETHYLAMINE,
25,59

1,2-Dimethylpyrrolidine, 25, 19

2,4-DlMETHYLTHIAZOLE, 25, 35

jyw.-Dimethylthiourea, 21, 84

Di-1-naphthylmethane, 24, 31

2,4-Dinitroaniline, 21, 21

w-Dinitrobenzene, 22, 35

2,5-DlNITROBENZOIC ACID, 22, 44

3,4-DlNITROBENZOIC ACID, 22, 47

3,5-DlNITROBENZOIC ACID, 22, 48, 49

2,2
/

-DlNITROBIPHENYL, 20, 45

2,4-Dinitrophenol, 25, 5

2,5-Dinitrotoluene, 22, 46

Dioxane, 20, 72; 22, 36, 83; 23, 27

use of, in hydrogenations with Raney

nickel, 21, 16

DlPHENYLACETYLENE, 22, 50

l,4-DlPHENYL-l-BUTENE-l,4-DIONE, 20,

29

DlPHENYLDIAZOMETHANE, 24, S3

assay of, 24, 55

Di(a-phenylethyl)-amine, 23, 70

Di-(/3-phenylethyl)-amine, 23, 72

1,2-Diphenylethylene, 22, 50

Diphenylhydrazine, 20, 15

Diphenylhydrazine hydrochloride, 20,

15

DlPHENYLIODONIUM IODATE, 22, 52

DlPHENYLIODONIUM IODIDE, 22, 52, 71

Diphenyiiodonium salts, 22, 71

DlPHENYLKETENE, 20, 47

l,3-DlPHENYL-l,3-PROPANEDIONE, 20,

32

Diphenyl selenide, 24, 91

DlPHENYLTHIOCARBAZIDE, 25, 38

DtPHENYLTHIOCARBAZONE, 25, 38

Dl-n-PROPYLAMINOETHYLAMINE, 23, 24

7-Di--propylaminopropylamme, 24, 46

Disproportionation, of diphenylthio-

carbazide, 25, 38
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Disproportionation*-C0w/zwwJ
of an iodoso and an iodoxj compound,
22,52

of iodosobenzene by steam distilla-

tion, 22, 72

DlTHIZONE, 26, 38

syw.-Diundecyl urea, 24, 95

Dodecanol, 20, 50

-Dodecyl alcohol, 20, 50

w-Dodecyl bromide, 21, 36

H-DODECYL ^-BROMOBENZENESUL-

FONATE, 20, 57

n-DODECYL MERCAPTAN, 21, 36

S-Dodecylthiuronium bromide, 21, 37

n-DODECYL ^-TOLUENESULFONATE, 20,

SO

Dry Ice, 20, 37, 41; 21, 64; 22, 101; 24,

3; 20, 25

cooling medium for condenser, 23, 20

use of, for internal cooling during ni-

tration, 21, 96

Drying, use of absorbent cotton, 20, 8, 9;

25,1

"Dumb-bell" vacuum desiccator, 23,

10S

Durylacetonitrile, 25, 67

DYPNONE, 21, 39

Elimination, of hydrogen bromide from

a dibromide, 22, 50; 25, 92

with rearrangement, 24, 33

of hydrogen bromide from a vinyl

halide, 25, 93

Emulsin, 22, 53

Enzymatic synthesis, 22, 53

1,5-EPOXYPENTANE, 23, 67, 90

1,5-EPOXYPENTENE-l, 23, 2S

Esterification, 20, 4, 21, 24, 50, 77; 24,

18, 19, 20, 21; 25, 72

by azeotropic distillation with ben-

zene, 23, 38

by nitric acid, 22, 65

of desoxycholic acid, 24, 41

of linoleic acid, 22, 77

of linolenic acid, 22, 83

of pyruvic acid with use of methyl

ester column, 24, 72

ETHANE, 1-BROMO-2-ETHOXY-, 23, 32

Ether, anhydrous, 22, 57

ETHER, BUTYL O-NITROPHENYL, 25, 9

/9-Ethoxyethyl alcohol, 23, 32

0-ETHOXYETHYL BROMIDE, 23, 32, 33

0-ETHOXYETHYL CYANIDE, 23, 33

Ethoxymagnesiomalonic ester, 25, 73

2-ETHOXY-l-NAPHTHALDEHYDE, 20, 11

0-ETHOXYPROPIONALDEHYDE ACETAL,

25,7

0-ETHOXYPROPIONITRILE, 23, 33

Ethyl acetate, 20, 8; 23, 9

dry, 20, 10

Ethyl acetoacetate, 20, 26; 21, 23, 46,

67; 23, 35; 24, 69

Ethyl acrylate, 20, 36

Ethyl alcohol, anhydrous, 22, 59; 23, 9,

16, 24; 25, 45, 76

Ethyl alkylidenecyanoacetates, 25, 48

Ethyl-n-amylamine, 25, 19

ETHYL BENZALMALONATE, 26, 42
*

Ethyl benzoate, 20, 32; 23, 35, 98

ETHYL BENZOYLACETATE, 23, 3$; 26, 7

Ethyl bromide, 22, 59

as solvent, 23, 67

ETHYL BROMOACETATE, 21, 51; 23, 37

Ethyl a-bromoisobutyrate, 21, 53

ETHYL /S-BROMOPROPIONATE, 20, 65

Ethyl-n-butylamine, 25, 19

ETHYL CAPRYLATE, 20, 69

Ethyl carbonate, 23, 95, 97

Ethyl chloroacetate, 24, 82

Ethyl chlorocarbonate, 21, 81; 24, 60

Ethyl chlorocinnamate, 24, 83

2-ETHYLCHROMONE, 21, 42

Ethyl cyanoacetate, 25, 46

ETHYL DIACETYLACETATE, 21, 46

copper derivative, 21, 46

Ethyl (dialkylvinyl)-alkyIcyanoace-

tates, 25, 46

ETHYL DIAZOACETATE, 24, 56

ETHYL l,3-DIHYDROXY-2-NAPHTHOATE,

25,74

ETHYL 2,5-DIMETHYLPHENYLHYDROXY-

MALONATE, 25, 33

ETHYL a,a-DIMETHYL-/3-PHENYL-0-HY-

DROXYPROPIONATE, 21, 53

Ethylene chloride, 20, 28; 22, 76; 25, 63
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ETHYLENEDIAIONE, N,N-DIBUTYL-, 23,

23

Ethylene oxide, S3, 85

ETHYL (I-ETHYLPROPENYL)-METHYL-

CYANOACETATE, 25, 44

ETHYL (I-ETHYL PROPYLIDENE)-CYANO-

ACETATE, 20, 46

Ethyl formate, 24, 12

ETHYL I^-HEXADECANEDICARBOXYL-

ATE, 21, 48

ETHYL HYDRAZINECARBOXYLATE, 24, 58

Ethyl hydrogen adipate, 25,' 21

Ethyl hydrogen sebacate, 21, 48; 25, 21

electrolysis of, 21, 48

Ethyl isothiocyanate, 21, 82

Ethyl lactate, 21, 71

ETHYL LAURATE, 20, 69

ETHYL LINOLEATE, 22, 77

ETHYL LINOLENATE, 22, 83

Ethyl malonate, 23, 16

Ethyl mercaptan, 22, 59

Ethyl N-methyl-/3-aminopropionate, 20,

37

l-Ethyl-2-methylpyrrolidine, 25, 19

ETHYL MYRISTATE, 20, 69

Ethyl orthoformate, 25, 93

Ethyl oxomalonate, 25, 33

ETHYL PENTANE-1,1,5,5-TETRACARBOX-

YLATE, 23, 18

Ethyl phenylacetylmalonate, 25, 73

ETHYL /J-PHENYL-^-HYDROXYPROPIO-

NATE, 21, 51

Ethyl propionate, 21, 43

1-Ethylpyrrolidine, 25, 19

Ethyl thiourea, 21, 84

S-ETHYLTHIURONIUM BROMIDE, 22, 59

ETHYL N-TRICARBOXYLATE, 24, 60

Ethynylcarbinols, 22, 101

1-ETHYNYLCYCLOHEXANOL-l, 20, 41

Extraction, continuous, 20, 99; 23, 49

hot, 20, 30

Extractor, continuous, 23, 49

shaking, 23, 78

O-EUGENOL, 25, 49

Fatty acids, from natural oils, 22, 75, 76,

79.82

linseed, distilled, 22, 84

Fatty acids- Continued

saturated, separation from unsatu-

rated, 22, 76

unsaturated, 22, 75, 82

hexabromide test for, 22, 78

Fermentation, 22, 53

Ferric nitrate, 23, 20; 25, 25

Fieser's solution, 21, 110

Filter fabric, Pyrex glass, 22, 33, 65

Vinyon, 22, 33, 67

Filter paper, hardened, 22, 45

"Shark skin/' 25, 97

Fischer indole synthesis, 22, 98

Flash distillation, 21, 85

Flask, modified Claisen, 22, 11

Fluorescence of 9-aminoacridine hydro-

chloride, 22, 7

Formaldehyde, 20, 60; 24, 64

Formalin, 22, 66; 25, 65, 89

Formhydrazide, 24, 13

Formic acid, 20, 66, 102; 23, 43; 25, 89

FORMIC ACID, CHLORO-, BENZYL ESTER,

23, 13

0-Fonnotoluide, 23, 43

FORMYL-J/-METHYLTHREONINE, 20, 103,

104

Fractionating column, Fenske type, 25,

2

packed, 20, 96

Whitmore-Lux type, 21, 14, 66; 24, 16

Friedel-Crafts reactions, 20, 1, 29; 23,

102; 24, 26

Fries rearrangement, 21, 25

Froth dissipation, 20, 3

Fructose, 24, 64, 66

FUMARYL CHLORIDE, 20, 29, 51

FURAN, 2-(BROMOMETHYL) TETRAHY-

DRO-, 23, 88

2-FURANACRYLIC ACID, 20, 55; 25, 51

Furfural, 20, 55; 23, 70; 25, 51

FURFURYLAMINE, 23, 70

Furnace, construction of, 22, 40

hot tube, 23, 25

FURYLACRYLIC ACID, 20, 55; 25, 51

Fusion, alkaline, of an aryl sulfonate,

21,29

Fusion pot, 20, 86



110 SUBJECT INDEX

Gas trap, 20. 1, 12, 29, 60, 77, 92, 106;

83,48
Gattermann reaction, aldehyde syn-

thesis, 23, 57

0-GENTIOBIOSE OCTAACETATE, 22, S3

Glass helices, 20, 96

Glucose, 20, 75; 22, 1, 53

anhydrous, 20, 97

GLUCOSE OXIME, 20, 73

GLUCOSE PENTAACETATE, 22, /

0-J-GLUCOSE-l ,2,3,4-TETRAACETATE, 22,

56

0-<J-GLUCOSE-2,3,4,6-TETRAACETATE, 25,

S3

GLUTARIC ACID, /^-METHYL-, 23, 60

Glycerol, 22, 75, 82

GLYCIDIC ACID, /S-METHYL-^-PHENYL-,

ETHYL ESTER, 24, 82

Glycine, 22, 59; 23, 14

ethyl ester hydrochloride, 24, 56

GLYCOCYAMINE, 22, 59

Glycolic acid, 24, 63

Glycoside, hydrolysis of, 22, 86

Glyoxal, 24, 63

GLYOXAL BISULFITE, 24, 61

GLYOXALINE, 22, 6S

GLYOXYLIC ACID, PHENYL-, 24, 16

Grignard reaction, p-bromophenylsele-

nophenol, 24, 91

n-butylselenol, 24, 91

3, 12-dihydroxy-n0r-cholanyldi-

phenylcarbinol, 24, 41

l-hydroxy-l-phenyl-l,2,3,4-tetrahy-

dronaphthalene, 24, 85

selenocresols, 24, 91

selenophenol, 24, 89

thiophenols, 24, 91

GUAIACOL ALLYL ETHER, 25, 49

GUANIDOACETIC ACID, 22, 59

Haloform reaction, 23, 27

Helices, 20, 96

HEMJN, 21, 53

Hempseed oil, 22, 85

Heptabromostearic acid, 22, 83, 85

Heptaldehyde, 23, 70

Heptane, 20, 41

Heptanoylchlororesorcinol, 20, 58

0-HEPTANOYLPHENOL, 20, 57, 58

^-HEPTANOYLPHENOL, 20, 58

n-HEPTYLAMINE, 23, 70

n-Heptyl mercaptan, 21, 38

0-tt-HEPTYLPHENOL, 20, 57

Hershberg stirrer, 20, 8; 22, 74; 23, 33

HEXABROMOSTEARIC ACID, 22, 82

n-HEXADECYL jp-BROMOBENZENESUL-

FONATE, 20, 51

n-HEXADECYL />-TOLUENESULFONATE,

20,57

HEXAHYDROPSEUDOIONOL, 23, 81

HEXAMETHYLENE BROMIDE, 20, 25

HEXAMETHYLENETETRAMINE, 22, 66

j^-w-Hexoxyaniline, 25, 10

0-tt-Hexoxynitrobenzene, 25, 10

^-n-Hexoxynitrobenzene, 25, 10

W-HEXYLAMINE, 23, 72

Hinsberg separation, 25, 16

HOMOPHTHALIC ACID, 22, 61

HYDRATROPALDEHYDE, 24, 87

Hydrazine, anhydrous, 24, 53

Hydrazine hydrate, 20, 48; 21, 68, 70;

24, 12, 53, 58

Hydrazine sulfate, 21, 70

Hydriodic acid, 22, 91

Hydrobromic acid, 20, 82, 102, 103;

22,39

48%, 23, 67; 24, 22

recovery as constant-boiling acid, 23,

68

Hydrochloric acid, 23, 86

Hydrocyanic acid, 22, 25

Hydrogen, electrolytic, 21, 85, 111

Hydrogenation, apparatus for high-

pressure, 21, 108

dangers and precautions, 22, 10

of nitro compounds, 22, 10; 25, 10

Hydrogenation bomb, use of, as auto-

clave, 24, 3, 54

Hydrogen bromide, 20, 2.5, 64; 22, 2, 57

bromine-free; 20, 65, 22, 3

Hydrogen chloride, 20, 60, 79; 23, 57, 63;

24,25

generator, 23, 58

Hydrogen peroxide, 20, 70; 23, 66; 24,

47, 48, 49, 50
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Hydrogen sulfide, 20, 15; 21, 21; 22, 14;

23, 7; 24, 65, 85

Hydrolysis, 20, 82, 92, 98; 25, 33, 74

of an acetal, 25, 93

of an acetylamino compound, 22, 32;

25,79
of an amide to an acid, 22, 14; 23, 61

of a creatinine derivative to an amino

acid, 22, 91

of a glucosidic bromide, 25, 53

of an isonitroso ketone to an a-dike-

tone, 23, 1

of a methylglycoside, 22, 86

of a nitrile to an acid, 22, 23, 61; 24,

16, 36, 96; 25, 66

of a nitrile to an amide, 22, 13

Hydroquinone, 20, 64

as an inhibitor, 22, 39, 41

0-Hydroxyacetophenone, 21, 43, 45

W-HYDROXYBENZALDEHYDE, 25, 55

Hydroxylamine, 20, 74

Hydroxylamine hydrochloride, 20, 74;

22,26

/8-Hydroxylaminocinnamic acid, 22, 26

4(5)-HYDROXYMETHYLIMIDAZOLE HY-

DROCHLORIDE, 24, 64

Hydroxymethylimidazole picrate, 24, 64

2-HYDROXY-l-NAPHTHALDEHYDE, 22, 63

3-Hydroxy-2-naphthoic acid, 22, 19

2-HYDROXY-l,4-NAPHTHOQUINONE, 21,

56

2-HYDROXY-5-NITROBENZYL CHLORIDE,

20,59

2-03-HYDROXYPROPYL)-PYRIDINE, 23, 83

2-(7-HYDROXYPROPYL)-PYRIDINE, 23, 5

Hypophosphorous acid, 21, 31

IMIDAZOLE, 22, 65

lMIDAZOLE-4,5-DICARBOXYLIC ACID, 22,

66

4-IlODAZOLEMETHANOL HYDROCHLO-

RIDE, 24, 64

INDAZOLE, 20, 74

INDOLE, 23, 42

INDOLE, 2-METHYL, 22, 94

INDOLE, 2-PHENYL, 22, 98

Inhibitor, 20, 36, 48, 65; 22, 39, 41

Iodine value, 22, 79, 84

lodobenzene, 22, 69, 71, 72, 73

lODOBENZENE DICHLORIDE, 22, 69, 70, 73

^-lodobenzyl alcohol, 24, 81

^-lodobenzyl bromide, 24, 81

lODONIUM COMPOUND, 22, S2

lodoso and iodoxy compounds, differ-

entiation, 22, 71

IODOSOBENZENE, 22, 52, 70, 72

lODOTOLUENE DICHLORIDES, 0-, W-, -,

22,70

lODOXYBENZENE, 22, 52, 72, 73

Iron powder as reducing agent, 22, 12

Irradiation, 20, 81, 92, 101

Isobutyl alcohol, 23, 43

ISOBUTYRAMIDE, 25, 58

ISOBUTYRONITRILE, 25, 61

ISOBUTYRYL CHLORIDE, 24, 20; 25, 58

Isocaproic acid, 21, 74

ISOCAPROIC ACID, a-AMINO, 21, 74

Isodurylacetonitrile, 25, 67

/3-ISODURYLALDEHYDE, 21, 110; 23, 57,

59

0-ISODURYLYL CHLORIDE, 21, 77

(fMSOLEUCINE, 21, 60

Isonitrosopropiophenone, 23, 1

^-Isopropoxyaniline, 25, 10

p-Isopropoxynitrobenzene, 25, 10

Isopropyl alcohol, 24, 26

Isopropyl ether, recrystallization from,

22,2

removal of peroxides from, 22, 3

Isopropyl nitrite, 24, 26

Isovaleric acid, dry, 20, 106

Isovaleric acid monohydrate, 20, 106

Isovaleryl chloride, 24, 21

Kerosene, purified, 24, 7

Ketene, 21, 13, 64

KETENE, DIETHYL KETAL, 23, 45

KETENE DIETHYLACETAL, 23, 45

KETENE DIMER, 21, 4, 64

"Ketene lamp," 21, 65

Keto acid, 20, 2

Knoevenagel condensation, 23, 60; 24,

92; 25, 42, 51

Kolbe synthesis of an alkyl of,w-dicar-

boxylate, 21, 48

KRYPTOPYRROLE, 21, 67
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LACTAMIDE, 21, 71

Laurel wax, 20, 68

Lauroyl chloride, 24, 94

Lauryl alcohol, 20, 50

LAURYL MERCAPTAN, 21, 36

S-LAURYLTHIURONIUM BROMIDE, 21, 37

LAURYL ^-TOLUENESULFONATE, 20, SO

Lead acetate, 24, 62

Lead dioxide, 21, 1

Lead hydroxide, 22, IS

Lead tetraacetate, 21, 1, 3

LEPIDINE, 2-CHLORO-, 24, 28

<*/-LEUCINE, 21, 74

LlNOLEIC ACID, 22, 73

TETRABROMIDE, 22, 76

LlNOLENIC ACID, 22, 82

HEXABROMIDE, 22, 82, 85

LlNOLIC ACID, 22, 75

Linseed oil, 22, 82, 84, 85

Lithium, 23, 83

cutting, 23, 84

sand, 23, 84

Magnesium, 21, 46, 77, 79; 24, 41, 85, 90

in malonic ester synthesis, 25, 73

Magnesium powder, 20, 21

Maleic anhydride, 20, 51; 23, 93

Malonic acid, 24, 92

drying of, 25, 52

substituted, 21, 61

bromination of, 21, 61, 100

decarboxylation of, 21, 61, 101;

25, 33, 51

MALONIC ACID, BENZAL-, DIETHYL

ESTER, 25, 42

MALONONITRILE, 25, 63

MANDELAMIDE, 20, 62

MANDELIC ACID, 20, 62; 23, 48

MANDELIC ACID, 2,5-oiMETHYL-, 25, 33

Mannich reaction, 23, 30

J-MANNOSE, 22, 86

Manometer, 25, 15, 22

/-Menthol, 23, 52

/-MENTHOXYACETIC ACID, 23, 52, 55

J-MENTHOXYACETYL CHLORIDE, 23, 55

Mercuric acetate, 20, 81, 101

Mercuric chloride, 20, 57; 21, 8; 23, 86

Mercuric oxide, 20, 47, 103

yellow, 24, 54

Mercury, 22, 91, 92

Mercury valve, 25, 15, 22

MESITALDEHYDE, 21, 110; 23, 57, 59

MESITOIC ACID, 21, 78

MESITOYL CHLORIDE, 21, 77, 1 10

MESITYLACETIC ACID, 25, 65

MESITYLACETONITRILE, 25, 66

Mesitylene, 23, 57; 25, 65

Metalation of a-picoline by phenyl

lithium, 23, 84

Metal bath, 20, 48

adhering to glass, prevention of, 22,95

Metal reaction vessel, 23, 102

METHANE, CHLOROTRIPHENYL-, 23, 100, %

102

METHANE, DIAZO-, 25, 28

METHANE, DIAZODIPHENYL-, 24, 5J

Methoxyacetonitrile, 21, 79

W-METHOXYACETOPHENONE, 21, 79

5-(3-METHOXY-4-HYDROXYBENZAL>-

CREATININE, 22, 90, 93

5-(3-METHOXY-4-HYDROXYBENZYL)-

CREATININE, 22, 90

2-METHOXY-l ,4-NAPHTHOQUINONE, 21,

57

METHYL -(!-ACENAPHTHOYL)-PROPIO-

NATE, 20, 4

Methyl acetoacetate, 24, 70

4-METHYL-7-ACETOXYCOUMARIN, 21, 24

Methyl acrylate, 20, 64, 81

METHYLAL, 20, 60

Methylamine, 20, 36

anhydrous, 20, 35

30% aqueous solution, 25, 28

35% aqueous solution, 21, 81

generator, 20, 35

hydrochloride, 21, 82

N-Methylaminoaromatic acids, 22, 93

Methyl-n-amylamine, 25, 19

Methyl amyl ketone, 23, 70

Methylaniline, 20, 11, 66

Methylation, 20, 97; 25, 44, 91

METHYL -BROMO-^-METHOXYPROPIO-

NATE, 20, 81

METHYL -BROMOPROPIONATE, 20. 64

Methyl-w-butylamine, 25, 19
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l-Methyl-2-n-butylpyrrolidine, 25, 19

Methyl carbitol, 22, 32

4-METHYLCARBOSTYRIL, 24, 28, 68

4-METHYLCOUMARIN, 24, 69

METHYL W-CYANOPELARGONATE, 25, 69

Methylcyclohexane, 21, 16

Methyl desoxycholate, 24, 41

Methyl a,0-dibromopropionate, 20, 82

N-METHYL-3,4-DIHYDROXYPHENYL-

ALANINE, 22, 89, 91, 93

0-(3,4-METHYLENEDIOXYPHENYL)-

ETHYLAMINE, 23, 72

Methyl ester column, 24, 72, 73

METHYLETHYLETHYNYLCARBINOL, 20,

41

5-METHYL-5-ETHYLHYDANTOIN, 20, 44

Methyl ethyl ketone, 20, 41

Methyl ethyl ketone cyanohydrin, 20,

44

N-METHYLFORMANILIDE, 20, 11, 66

0-METHYLFORMANIL1DE, 23, 43

Methyl 0-formylpropionate, 21, 88

o-Methylglucoside, 20, 99

0-METHYLGLUTARIC ACID, 23, 60

METHYL HYDROGEN SUCCINATE, 25, 19

4-METHYL-7-HYDROXY-8-ACETYLCOUMA-

RIN, 21, 25

4-METHYL-7-HYDROXYCOUMARIN, 21, 23

2-METHYLINDOLE, 22, 94

METHYL ISOTHIOCYANATE, 21, 81, 83

a-Methyl-d-mannoside, 22, 86

N-METHYL-(3-METHOXY-4-HYDROXY-

PHENYL)-ALANINE, 22, 91

METHYL MYRISTATE, 20, 67

Methyl-n-octylamine, 25, 19

METHYL PALMITATE, 20, 67

METHYLPHENYLDIKETONE, 23, 1

0-(2-METHYLPHENYL)-ETHYLAMINE, 23,

72

0-(3-METHYLPHENYL)-ETHYLAMINE, 23,

72

0-(4-METHYLPHENYL)-ETHYLAMINE 23,

72

1-Methylpyrrolidine, 25, 19

METHYL PYRUVATE, 24, 72

METHYL SEBACAMATE, 25, 71

Methyl sulfate, 20, 97

antidote, 20, 97

METHYLTHIOUREA, 21, 83

Mineral oil, 23, 103

Monel-metal stirrer, 20, 99

MONOPERPHTHALIC ACID, 20, 70

MYRISTIC ACID, 20, 69

Myrtle wax, 20, 68

0-NAPHTHALDEHYDE, 21, 84; 23, 63

2-NAPHTHALDEHYDE, 21, 84; 23, 63

1-NAPHTHALDEHYDE, 2-HYDROXY-, 22,

63

/3-Naphthaldehydimine-stannichloride,

23,63

Naphthalene, 24, 30

1,3-NAPHTHALENEDIOL, 25, 73

1,(2)-NAPHTHALENONE, 3,4-DIHYDRO-,

20, 94

Naphthalic anhydride, 24, 1, 2

0-Naphthoic acid, 21, 86

2-NAPHTHOIC ACID, 3-AMINO-, 22, 19

0-Naphthol, 20, 18; 22, 23, 63

I-NAPHTHONITRILE, 21, 89

2-Naphthonitrile, 23, 63

1,4-Naphthoquinone, 22, 37

l,2-Naphthoquinone-4-sulfonate, am-

monium, 21, 56

1 ,2-NAPHTHOQUINONE-4-SULFONATE,
AMMONIUM AND POTASSIUM, 21, 91

NAPHTHORESORCINOL, 25, 73

0-NAPHTHOYL CHLORIDE, 21, 85

0-Naphthylamine, 22, 23

0-Naphthyl ethyl ether, 20, 11

Nef reaction, 20, 40

Nichrome helices, 20, 96

Nickel-aluminum alloy, 21, 15, 16

Nitrate ester preparation, 22, 65

Nitration in acetic acid, 25. 78

Nitric acid, anhydrous, 21, 105, 106

fuming, 22, 48, 65; 23, 3

Nitrile formation, 20, 74; 21, 89; 25, 61,

63, 66, 69, 95

4-NlTRO-4'-ACETAMINODIPHENYLSUL-

FONE, 22, 32

3-Nitro-4-aminotoluene, 22, 47

0-NlTROBENZALDEHYDE, 24, 75

m-Nitrobenzaldehyde, 25, 55

o-Nitrobenzaldiacetate, 24, 75
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Nitrobenzene, 20, 1; 22, 28; 24, 70; 25,

80

^-Nitrobenzoic acid, 23, 66

w-Nitrobenzoyl chloride, 23, 66

^-Nitrobenzoyl chloride, 23, 65

W-NlTROBENZOYL PEROXIDE, 23, 66

^-NlTROBENZOYL PEROXIDE, 23, 65

-NlTROBENZYLACETATE, 24, 79, 81

^-NlTROBENZYL ALCOHOL, 24, 81

/>-Nitrobenzyl chloride, 24, 79

-Nitrochlorobenzene, 22, 32

2-NiTRO--CYMENE, 21, 96; 22, 9

Nitrogen atmosphere, 22, 94; 23, 42, 83

Nitrogen peroxide, 25, 34

5-NlTROINDAZOLE, 20, 73

2-NITRO-4-METHOXYACETANILIDE, 25, 78

2-NITRO-4-METHOXYANILINE, 25, 78

2-NITRO-6-METHOXYBENZONITRILE, 22,

3S

3-NlTRO-4-NlTROSOTOLUENE, 22, 47

0-Nitrophenol, 25, 9

^-Nitrophenol, 20, 60

Nitrosation, of /8-methylaminoisobutyl

methyl ketone, 25, 28

of phenacyl chloride, 24, 25

NlTROSOBENZENE, 25, 80

N-NlTROSO-0-METHYLAMINOISOBUTYL
METHYL KETONE, 25, 28

2-NITROSO-5-NITROTOLUENE, 22, 44

0-Nitrotoluene, 24, 76

^-Nitrotoluene, 21, 97

Nitrous acid, 22, 96

NONAMETHYLENE BROMIDE, 20, 25

n-Nonyl mercaptan, 21, 38

OCTADECANEDIOIC ACID, D1ETHYL ESTER,

21, 48

-OCTADECYL ^-BROMOBENZENESULFO-

NATE, 20, 51

w-Octadecylmercaptan, 21, 38

n-OCTADECYL ^-TOLUENESULFONATE,

20,52

Octanoylchlororesorcinol, 20, 59

0-Octanoylphenol, 20, 58

^-Octanoylphenol, 20, 58

Octanoylresorcinol, 20, 58

n-Octyl mercaptan, 21, 38

Oxidation, by air, 20, 94

Oxidation Continued

by air and alkali, 22, 37

by bromine water, 20, 23

by fuming nitric acid, 23, 3

by hydrogen peroxide, 20, 70

by potassium chlorate, 23, 6

by potassium permanganate, 20, 79

by sodium dichromate and sulfuric

acid, 25, 81

of an aldehyde by selenious acid, 24,

61

of an amine to a nitroso compound,
22, 44, 47

of a hydrocarbon to a quinone, 24, 1

of a hydroxylamine to a nitroso com-

pound, 25, 81

of iodobenzenedichloride to iodoxy-

benzene, 22, 73

of a methyl group to a carboxyl group,

22, 45, 47

of a nitroso compound to a nitro com-

pound, 22, 45, 47

of 0-nitrotoluene to 0-nitrobenzaldi-

acetate, 24, 75

of an olefin to an acid, 24, 39

Oxides of nitrogen, 23, 3

Oximation, 20, 75

PALMITIC ACID, 20, 69

Paraffin, 23, 103

Paraformaldehyde, 23, 30; 24, 30

Paraldehyde, 24, 61

PELARGONIC ACID, 0-CYANO-, METHYL

ESTER, 25, 69

0-Pelargonylphenol, 20, 58

/>-Pelargonylphenol, 20, 58

PENTAACETYL ^-GLUCONONITRILE, 20,

14, 74

PENTAMETHYLENE BROMIDE, 23, 67

PENTAMETHYLENE OXIDE, 23, 67, 90

PENTANE, 1,5-oiBROMO-, 23, 67

2,4-PENTANEDIONE, 20, 6

2-PENTENOIC ACID, 2-CYANO-3-ETHYL-,

ETHYL ESTER, 26, 46

3-PENTENOIC ACID, 2-CYANO-3-ETHYL-2-

METHYL-, ETHYL ESTER, 25, 44

4-PENTEN-l-OL, 25, 84

Pentose synthesis, 20, 14
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Peracid, 20, 70; 22, 44

Perkin reaction, 20, 55

PEROXIDE, BIS(^-NITROBENZOYL-), 23,

65

Peroxides, removal from isopropyl ether,

22,3

removal from a-tetralone, 20, 95

PERPHTHALIC ACID, MONO-, 20, 70

Petroleum ether, 23, 102, 104

Phenacyl chloride, 24, 25, 26

PHENETHYLAMINE, 23, 71

Phenol, 20, 77; 22, 6; 24, 69

PHENOL, 2-AMINO-4-NITRO-, 25, 5

Phenol red, 22, 91

9-Phenoxyacridine, 22, 7

(ft-PHENYLALANINE, 21, 99

a-Phenyl-a-aminobutyric acid,methyla-
tion of, 25, 91

N-Phenylanthranilic acid, 22, 5

PHENYL AZIDE, 22, 96

^-PHENYLAZOBENZOIC ACID, 25, 86

0-PHENYLAZOBENZOYL CHLORIDE, 25, 87

Phenylbenzoyldiazomethane, 20, 48

PHENYL CINNAMATE, 20, 77

1-Phenyldialin, 24, 84

0-PHENYLDITHIOCARBAZIC ACID, PHEN-

YLHYDRAZINE SALT, 25, 38

0-Phenylenediamine, 20, 16

a-PHENYLETHYLAMINE, 23, 68

0-PHENYLETHYLAMINE, 23, 71; 25, 89

PHENYLETHYLAMINE, N,N-DIMETHYL-,

25,59

0-PHENYLETHYLDIMETHYLAMINE, 25, 89

<#-PHENYLGLYCINE, 22, 23

a-PHENYLGLYCOLIC ACID, 23, 48

Phenylhydrazine, 22, 96; 25, 38

PHENYLHYDRAZINE HYDROCHLORIDE, 22,

96

0-Phenylhydroxylamine, 25, 80

2-PHENYLINDOLE> 22, 98

PHENYLLITHIUM, 23, 83

Phenylmagnesium bromide, 21, 79; 23,

98; 24, 84, 89

reaction with benzophenone, 23, 99

reaction with ethyl benzoate, 23, 98

PHENYLMETHYLGLYCIDIC ESTER, 24, 82,

87

I-PHENYLNAPHTHALENE, 24, 84

PHENYLPROPAHGYL ALDEHYDE, 25, 92

PHENYLPROPARGYL ALDEHYDE ACETAL,

25, 93

OrPHENYLPROPIONALDEHYDE, 24, 87

2,4-dinitrophenylhydrazone of, 24, 88

Phenylthiosemicarbazide, 25, 38

Phosgene, solution of, in toluene, 23, 13

Phosphoric acid, 24, 30

Phosphorus, red, 22, 91

Phosphorus oxychloride, 20, 11; 22, 5;

24, 29; 25, 63

Phosphorus pentachloride, 21, 86

Phosphorus pentasulfide, 25, 36

Phosphorus pentoxide, 25, 61, 69

Phosphorus tribromide, 23, 32, 88

precautions and dangers in use of, 23,

33

Phosphorus trichloride, 20, 106; 21, 74

precautions and dangers in use of, 23,

33

Photoflood lamps, 20, 84, 104

PHTHALALDEHYDIC ACID, 23, 74

Phthalic acid, 24, 45

Phthalic anhydride, 20, 70

PHTHALIC ANHYDRIDE, TETRAPHENYL-,

23, 93

PHTHALIC MONOPERACID, 20, 70

Phthalide, 22, 30, 62; 23, 75

Phthalimide, potassium, 24, 46

Phthaloyl chloride, 20, 51

a-Picoline, 20, 79; 23, 84

PlCOLlNIC ACID HYDROCHLORIDE, 20, 79

a-PlCOLYLLITHIUM, 23, 84

Picric acid, 24, 65

PlNACOL, ANHYDROUS, 22, 39, 40, 41

Pinacol hydrate, 22, 39

Pinacolone, 22, 39, 41

Piperidine, 23, 61
; 25, 42

Polyglyoxal, 24, 63

Polyoxymethylene, 23, 30; 24, 30

Poppyseed oil, 22, 78, 85

Potassium, 23, 42, 45

precautions in use of, 24, 100

Potassium acetate, 20, 55

POTASSIUM AMIDE, 20, 91

Potassium bromide, 20, 81, 101

POTASSIUM /erJ.-BUTOXiDE, 23, 42, 4$

Potassium carbonate, 20, 21
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Potassium chlorate, 23, 6

Potassium cyanide, 20, 38, 44; 22, 35

Potassium dichromate, 22, 45

Potassium ethoxide, 23, 42

Potassium hypochlorite, 23, 27

Potassium iodide, 22, 52, 71; 24, 97

Potassium methoxide, 23, 43; 24, 6, 7t

100

Potassium permanganate, 20, 79

Potassium persulfate, 22, 44

Pressure reaction, 20, 40, 81, 101; 22,

9, 19; 23, 68, 70, 71, 72, 81, 90

use of "booster" pump, 23, 68

1,3-PROPANEDIONE, 1,3-DIPHENYL-, 20,

32

1,2-PROPANEDIONE, 1-PHENYL-, 23, /

2-PROPANOL, l-(2-PYRIDYL)-, 23, 83

3-PROPANOL, l-(2-PYRIDYL)-, 23, 8$

PROPIOLALDEHYDE, PHENYL-, 25, 92

PROPIONALDEHYDE,j8-ETHOXY-, DIETHYL

ACETAL, 25, /

PROPIONIC ACID, /S-S-ACENAPHTHENYL-

CARBONYL-, 20, 1

PROPIONIC ACID, 0-3-ACENAPHTHOYL-,

20,1

PROPIONIC ACID, -(CHLOROFORMYL)-,
METHYL ESTER, 25, 19

PROPIONIC ACID, /^/S'-METHYLIMINO-

BIS, DIETHYL ESTER, 20, J5

Propionic anhydride, 21, 14

PROPIONITRILE, /S-ETHOXY-, 23, 33

Propionyl chloride, 24, 30
,

PROPIOPHENONE, -DIETHTILAMINO-, 23,

31

PROPIOPHENONE, /S-DIMETHYLAMINO-,

23, JO

tt-Propyl-w-butylamine, 25, 19

1-n-Propylpyrrolidine, 26, 19

Protective screen, 22, 97

PSEUDOIONONE, 23, 78

bisulfite compound, 23, 79

PYRAN, DIHYDRO-, 23, 25

PYRAN, TETRAHYDRO, 23, 67, 90

Pyridine, 20, 50; 21, 89; 23, 37, 88; 24,

10,92

anhydrous, 22, 56

l-(a-PYRIDYL)-2-PROPANOL, 23, S3

l-(a-PYRIDYL)-3-PROPANOL, 23, 85

Pyrolysis, 25, 38

PYRROLE, 2,4-DiMETHYL-3-ACETYL-5-

CARBETHOXY-, 21, 68

PYRROLE, 2,4-DiMETHYL-3-ETHYL-, 21,

67

PYRROLIDINE, I-BUTYL-, 25, 14

Pyruvic acid, 24, 72

Quinoline, 21, 87

Quinones, 22, 37

RANEY NICKEL CATALYST, 21, 15^ 22, 9,

12; 23, 68, 71, 81, 90; 25, 10

Rearrangement, Claisen, 25, 49

o;,o>-dichloroacetophenone to mandelic

acid, 23, 49

retropinacol, 22, 41

Red lead, 21, 1, 3

Reduction, by amalgamated zinc and

hydrochloric acid, benzoin to stil-

bene, 23, 86

by hydrogen and Raney nickel, at

high pressures, 22, 9

at low pressures, 22, 12

alkoxynitrobenzenes to alkoxy-

anilines, 25, 10

benzylcyanide to phenethylamine,

23,71

dihydropyrane to tetrahydropy-

rane, 23, 90

pseudoionone to hexahydropseudo-

ionol, 23, 81

with simultaneous amination by

ammonia, acetophenone to a-

phenylethylamine, 23, 68

by hydrogen sulfide, 23, 7

by sodium sulfide and ammonium

chloride, 25, 5

by stannous chloride, Stephen reduc-

tion of 0-naphthonitrile to /3-naph-

thaldehyde, 23, 63

by zinc and alkali, 22, 28

by zinc and ammonium chloride, 25,

80

by zinc and hydrochloric acid, 20, 57

Clemmensen, 20, 57
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Reduction Continued

electrolytic, SI, 10

of a double bond by sodium amalgam,

22,90
of a hydroxylamino acid to an amino

acid by hydroxylamine, 22, 26

of a nitro compound by stannous

chloride, 22, 32; 25, 55

of a nitro compound to an amine, 22,

9; 26, 5, 55

of a nitro compound to an azo com-

pound, 22, 28

of a nitro compound to an hydroxyl-

amine, 25, 80

Rosenmund (Pd-BaSO4), 21, 84, 110

Reformatsky reaction, 21, 51

Reimer-Tiemann reaction, 22, 63

Replacement, amino group by a bromine

atom (diazo reaction), 24, 22

amino group by hydroxyl group (diazo

reaction), 23, 11; 25, 55

bromine atom by a cyano group, 21,

89; 23, 33

bromine atom by a hydroxyl group,

23,76

chlorine atom by an amino group, 22,

6

chlorine atom by a cyano group, 24,

97; 25, 66

chlorine atom by a sulfone group, 22,

31

glycosidic hydroxyl group by a bro-

mine atom, 22, 2

glycosidic bromine atom by hydroxyl

group, 25, 53

hydrogen atom by a cyano group, 22,

35

hydroxyl group by an amino group,

M.19
hydroxyl group by a bromine atom,

with phosphorus tribromide, S3,

32

with phosphorus tribromide and

pyridine, 23, 88

hydroxyl group by a chlorine atom,

22, 5; 24, 28

with thionyl chloride, 25, 84

Replacement Continued

hydroxyl group by chlorine or bro-

mine with acetyl halides, 23, 100,

102

nitro group by a methoxyl group, 22,

35

sulfonamide group by hydrogen, 24,

48,49

RESACETOPHENONE, 21, 103

Resorcinol, 21, 23, 103

a-RESORCYLIC ACID, 21, 27

Ring opening by hydrolysis with bar-

ium hydroxide, 22, 91

Rosenmund synthesis, aldehyde, 21, 84,

110

nitrile, 21, 89

Salt bath for heating, composition of,

21,90
Sand as diluent to prevent caking, 22,

98

Sandmeyer reaction, 24, 22

Saponification, of ethyl linoleate, 22, 78

of ethjl linolenate, 22, 84

of natural oils, 22, 75, 79, 82

of ^-nitrobenzyl acetate, 24, 81

Screen, protective, 22, 97

Seal, rubber tube, for stirrer shaft, 21,

40

SEBACAMIC ACID, METHYL ESTER, 25, 71

Sebacamide, 25, 95

Sebacic acid, 25, 95

SEBACONITRILE, 25, 9S

Selenious acid, 24, 61, 62

SELENIUM, 24, 63

powdered, black, 24, 90

Selenium compounds, ease of oxidation,

24,91

precautions when working with, 24,

89

sensitivity to light, 24, 90

Selenium dioxide, 24, 62

Selenocresols, 24, 91

Selenophenol, 24, 89

Selenophenols from hydrolysis of aryl

selenocyanate, 24, 91

SENECIOIC ACID, S3, 27
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Separatory funnel, large, construction

of, 23, 10S

<#-SERINE, 20, 81

Shaking extractor, 23, 78

Silver acetate, 20, 15

Silver carbonate, 25, 54

Skellysolve B, 24, 70

Snyder column, 20, 68

Sodamide,ie Sodium amide

Sodium, 20, 7, 74, 88; 21, 42, 60, 68, 99;

22, 92; 23, 16, 18, 20, 53, 95, 97;

24, 60, 87; 25, 11

Sodium acetate, 20, 6, 11, 56, 75; 22, 54;

24,79

Sodium amalgam, 22, 90, 92

SODIUM AMIDE, 20, 40, 87; 22, 94; 23,

0/24, 83; 25, 25

grinding, 20, 41, 88; 22, 95

handling, 20, 41, 88

residues, destruction of, 20, 90

Sodium azide, 24, 94

Sodium bicarbonate, 20, 26; 23, 78

Sodium bisulfite, 20, 43; 23, 78, 79; 24,

2,62
Sodium bromide, 24, 23

Sodium carbonate in preparation of an

acid chloride, 25, 87

Sodium cyanide, 20, 44; 22, 13, 23; 23,

33; 24, 9; 25, 66

Sodium cyclohexoxide, 25, 30

Sodium dichromate, 24, 1

Sodium ethoxide, 20, 7, 9, 33; 22, 26;

23,35, 79; 24, 87; 25, 44

by "inverse" procedure, 23, 18

Sodium hypochlorite, 22, 73

Sodium isopropoxide, 25, 29

SODIUM /-MENTHOXIDE, 23, 52

Sodium methoxide, 20, 14, 74

by "inverse" procedure, 23, 18

Sodium nitrite, 21, 31, 67; 22, 96; 23, 1 1
;

24, 22, 27, 56; see also Diazotiza-

tion

Sodium />-nitroperbenzoate, 23, 66

Sodium peroxide, 23, 65

Sodium powder, 20, 8; 23, 96; 25, 86

Sodium sulfate, anhydrous, 22, 57

Sodium sulfide, 25, 5

Sodium sulfite, 23, 78; 24, 23, 33

Sodium thiocyanate, 22, 17

Sodium zincate, 22, 28

SORBIC ACID, 24, 92

Spray trap, 23, 1

Stannic chloride, 25, 33

Stannous chloride, anhydrous, 23, 64

Stannous chloride dihydrate, 22, 32; 23,

63; 25, 55

Starch-iodide test paper, use in follow-

ing diazotizations, 24, 23

Steam distillation, 20, 2

Stephen reduction, 23, 63

*ran$-STiLBENE, 22, 50; 23, 86

STILBENE DIBROMIDE, 22, SO

Stirrer, air, 25, 96

brass, 21, 44

glycerol-sealed, 21, 40

Hershberg, 20, 8; 22, 23, 74; 23, 33

"Lightnin" mixers, 21, 97

Monel-metal, 20, 99

stainless-steel, 23, 54

Tru-bore, 25, 67

Strecker synthesis, 22, 13, 23; 24, 9

Sublimation in vacuum desiccator, 25,

57

Succinic anhydride, 20, 1

Sulfanilamide, 24, 47, 48, 49, 50

SULFONE, 22, 31

Sulfur dioxide, 22, 92

Sulfuric acid, 22, 48, 49; 23, 11

as cyclizing agent, 25, 14, 73

fuming, 21, 27

Sulfuryl chloride, 22, 17

Sunflower seed oil, 22, 75, 80

Superheater for steam, 23, 64

d-Tartaric acid, 22, 65; 23, 79, 80

TARTARIC ACID DINITRATE, 22, 65

TEREPHTHALALDEHYDE, 20, 92

2,3,4,6-TETRAACETYL-a-d-GLUCOPY-
RANOSYL BROMIDE, 22, 1; 25, 53

1 ,2,3,4-TETRAACETYL-0-</-GLUCOSE, 22,

56

2,3,4,6-TETRAACETYL--d-GLUCOSE, 26,

S3

Tetraacetylglucose-6-mononitrate, 22,

58

TETRABROMOSTEAMC ACID, 22, 76
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a,a,a',a'-TETRABROMO-/>-XYLENE, 20, 92

Tetrachloroethane, 83, 57

precautions in use of, 23, 58; 25, 69

n-TETRADECYL ^-BROMOBENZENESUL-

FONATE, 20, SI

W-TETRADECYL ^-TOLUENESULFONATE,

20,51

Tetrahydrofurfuryl alcohol, 23, 25, 88;

25,84
TETRAHYDROFURFURYL BROMIDE, 23, 88

TETRAHYDROFURFURYL CHLORIDE, 25,

84

TETRAHYDROPYRANE, 23, 67, 90

Tetralin, 20, 94

a-TETRALONE, 20, 94; 24, 85

Tetramethylenediamine, methylation

of, 25, 91

2,3,4,6-TETRAMETHYL-rf-GLUCOSE, 20, 97

TETRAMETHYLMETHYLGLUCOSIDE, MIX-

TURE OF a AND ft, 20, 100

Tetramethyl-tt-methylglucoside, 20, 99

TETRANITROMETHANE, 21, 10$

Tetranitromethane as reagent for de-

tecting double bonds, 21, 107

TETRAPHENYLCYCLOPENTADIENONE, 23,

92,93

TETRAPHENYLDIHYDROPHTHALIC ANHY-

DRIDE, 23, 93

TETRAPHENYLPHTHALIC ANHYDRIDE, 23,

93

THTAZOLE, 2,4-DiMETHYL, 25, 35

Thioacetamide, 25, 36

Thionyl chloride, 20, 77; 21, 78; 23, 55;

24, 21; 25, 19, 58, 71,84,87

Thiophenols, 24, 91

Thiourea, 21, 36; 22, 59

<tf-THREONINE, 20, 101

Tin, 20, 19

TOLAN, 22, SO

<>-Tolidine, 21, 32, 34

Toluene, 20, 66; 22, 53; 23, 12, 52, 65

TOLUENE, a-cm,ORO-2-HYDRoxY-5-

NITRO-, 20, 59

^-Toluenesulfonic acid, 24, 72

^-Toluenesulfonyl chloride, 20, 50

a-TOLUlC ACID, a-AMlNO, dl, 22, 23

a-TOLUIC ACID, 0-CARBOXY, 22, 61

a-TOLUIC ACID, 2,4,6-TRIMETHYL-, 25, 65

m-Toluidine, 21, 108

0-Toluidine, 23, 43

^-Toluidine, 22, 16

W-TOLUIDINE, N-BENZYL, 21, 108

/>-Toluidine sulfate, 22, 17

W-TOLYLBENZYLAMINE, 21, 108

0-Tolylbenzylamine, 21, 109

/>-Tolylbenzylamine, 21, 109

^-TOLYLTHIOUREA, 22, 17

Toxkity, 20, 97; 23, 58; 24, 89

Trap for absorbing gases, 23, 13, 55, 102

1,3,4-TRIAZOLE, 1-AMINO-, 24, 12

TRIBIPHENYLCARBINOL, 23, 95, 97

jyw.-Tribromoaniline, 24, 51, 52

3,4,5-Tribromobenzoyl chloride, 23, 66

3,4,5-TRIBROMOBENZOYL PEROXIDE, 23,

66

N-TRICARBOXYLIC ESTER, 24, 58, 60

2,4,6-TRIETHYLBENZALDEHYDE, 23, 60

1,3,5-Triethylbenzene, 23, 60

2,4,6-Triethylphenylacetonitrile, 25, 67

2,4,6-TRIISOPROPYLBENZALDEHYDE, 23,

60

1,3,5-Triisopropylbenzene, 23, 60

2,4,6-TRIMETHYLBENZALDEHYDE, 21,

110; 23, 57, 59

TRIMETHYLENE BROMIDE, 20, 25; 23, 16;

24,46

Trimethylthiourea, 21, 84

TRIPHENYLBROMOMETHANE, 22, 57; 23,

102

TRIPHENYLCARBINOL, 23, 98, 100

TRIPHENYLCHLOROMETHANE, 22, 56; 23,

100, 102

TRIPHENYLMETHYL BROMIDE, 22, 57; 23,

102

TRIPHENYLMETHYL CHLORIDE, 22, 56;

23, 100, 102

Tritylation of glucose, 22, 56

TRITYL BROMIDE, 22, 57; 23, 102

TRITYL CHLORIDE, 22, 56; 23, 100, 102

6-TRITYL-0-(J-GLUCOSE-l,2,3 l
4-TETRA-

ACETATE, 22, 56

Two-bulb distilling flask, 20, 20

Ullmann synthesis, 20, 45

UNDECYL ISOCYANATE, 24, 94
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n-Undecyl mercaptan, 21, 38

o-Undecylylphenol, 20, 58

jp-Undecylylphenol, 20, 58

Urea, 23, 11; 25, 95

Urethan, 24, 60

Uric acid, 23, 6

Vacuum desiccator, "dumb-bell" type,

23, 105

Valerylchlororesorcinol, 20, 58

o-Valerylphenol, 20, 58

l-Valerylphenol, 20, 58

<tf-VAUNE, 20, 106

Vanillin, 22, 90

Vigreux column, 20, 22, 52

Vinyl acetate, 23, 9

VlNYLACETIC ACID, 24, 96

Walnut oil, 22, 85

Water separator, 23, 38; 25, 46

Wax, bayberry, 20, 67

myrtle, 20, 68

Widmer column, 20, 7, 9, 22, 41, $2, 68,

84

Wilson rings, 20, 52

Wire helices, 20, 96

Wurtz-Fittig reaction, 25, 11

Xylene, 23, 96

dry, 20, 8, 9

purified for Rosenmund reduction, 21*

85

^-Xylene, 20, 92

Yeast, 22, 53

Zinc, 20, 57; 22, 77, 83

amalgamated, 20, 57; 23, 86

Zinc chloride, 20, 52; 22, 19

anhydrous, 21, 103; 22, 98; 24, 18

Zinc cyanide, 23, 57

Zinc dust, 21, 51, 68; 22, 28; 23, 86; 25,

80

purification of, 21, 52
















