2-AMINO-4-ANILINO-6-(CHLOROMETHYL)-s-TRIAZINE

[s-Triazine, 2-amino-4-anilino-6-(chloromethyl)-]

.
CGH5NHCNHCNH2 + CICH2002C2H5 d
CH,CI
NN
+ C,H;0H + H,0
"\ / 2115 2
CHsNH N NH,

Submitted by C. G. OVERBERGER and FraNcis W. MICHELOTTI.!
Checked by B. C. McKusick and F. W. STacEY.

1. Procedure

Methanol (225 ml.) is placed in a 500-ml. two-necked flask
equipped with a mechanical stirrer and a reflux condenser.
Sodium (6.8 g., 0.30 g.-atom) in small pieces is dropped down
the condenser into the stirred methanol. The resultant solution
is cooled to room temperature, and 64 g. (0.30 mole) of 1-phenyl-
biguanide hydrochloride (Note 1) is added. The mixture is
stirred at room temperature for 20 minutes. The sodium chloride
that precipitates is separated on a Biichner funnel and washed
with 25 ml. of methanol.

The combined filtrates, which contain 1-phenylbiguanide as
the free base, are placed in a 500-ml. three-necked flask equipped
with a mechanical stirrer, a drying tube containing calcium chlo-
ride, and a dropping funnel, and 36.8 g. (0.30 mole) of ethyl
chloroacetate (Note 2) is added at room temperature with stir-
ring. The mixture is stirred at room temperature for 14 hours,
during which time 2-amino-4-anilino-6-(chloromethyl)-s-triazine
precipitates as a white solid. After being separated by filtration
and air-dried, the triazine weighs 37-40 g. and melts at 138-140°.
The methanol filtrate is added to 500 ml. of cold water. The

mixture is cooled in an ice bath with stirring for 2 hours and
1
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filtered to remove an additional 10-12 g. of gray triazine, m.p.
140-142°. The total yield of crude product is 47--52 g.

The triazine is purified by recrystallizing it from 250 ml. of
dioxane, using 2 g. of decolorizing carbon and filtering hot. The
recrystallized triazine is dried for 5 hours at 60° (1--5 mm. pres-
sure) in a vacuum oven (Note 3). It then weighs 31-33 g.
(44-479) (Note 4), m.p. 142-143° (Note 5).

2. Notes

1. 1-Phenylbiguanide hydrochloride can be obtained from
American Cyanamid Company. If 1-phenylbiguanide itself is
available, the triazine can be prepared in the same way by dis-
solving 53 g. (0.30 mole) of 1-phenylbiguanide in 250 ml. of
methanol, adding 36.8 g. of ethyl chloroacetate, and proceeding
as before. The same yield is obtained whether one starts with
the free base or its hydrochloride.

2. Ethyl chloroacetate from Fisher Scientific Company was
used.

3. The checkers found that less rigorous drying failed to re-
move all the dioxane.

4. An additional 3-5 g. of the triazine, m.p. 141-143°, can be
obtained by concentrating the dioxane filtrate to about 60 ml.
and cooling the concentrate.

5. 2-Chloromethyl-4,6-diamino-s-triazine can be prepared in
829, yield by stirring a mixture of biguanide and ethyl chloro-
acetate in methanol in the same way.

3. Methods of Preparation

2-Amino-4-anilino-6-(chloromethyl)-s-triazine has been prepared
from 1-phenylbiguanide and ethyl chloroacetate in the presence
of sodium methoxide at —40°2 The present procedure is simpler
and more convenient.

1 Department of Chemistry, Polytechnic Institute of Brooklyn, Brooklyn, New

York.
2 Shapiro and Overberger, J. Am. Chem. Soc., 76,97 (1954).

2-BENZYLAMINOPYRIDINE 3

2-BENZYLAMINOPYRIDINE
(Pyridine, 2-benzylamino-)

@ + CoHsCH,0H — s | o
2N R ow” L NHCH,CeH; + H,0
N “NH, N

Submitted by YATR SPRINZAK.!
Checked by Max TisHLER and MATTHEW A. KOZLOWSKI.

1. Procedure

A 500-ml. Claisen flask with a 35-mm. indented side arm
(Note 1) is attached downward to a Liebig condenser for distil-
lation. A thermometer, held by a cork stopper, is inserted
through the neck of the flask and adjusted so that its bulb is
close to the bottom. The flask is heated by means of a mantle
or air bath. To the flask are charged 94 g. (1.0 mole) of 2-amino-
pyridine (Note 2), 150 g. (1.39 moles) of benzyl alcohol, and 9 g.
of potassium hydroxide. The mixture is heated to boiling and
boiled vigorously enough to cause slow distillation of water ac-
companied by as little benzyl alcohol as possible (Note 3). The
temperature of the boiling mixture rises gradually from 182° to
250° during a period of 30 minutes. The mixture is maintained
at 250° for 3 minutes, then allowed to cool. The distillate
amounts to 19-20 ml. of a water-rich layer and 24 ml. of a
benzyl alcohol-rich layer.

The residual product is cooled to about 100° (Note 4) and
poured into 250 ml. of water. The crystallized solid is crushed
and collected on a 12-cm. Biichner funnel. Slight suction is
applied at first, but, after most of the mother liquor has been re-
moved, the crystals are pressed down with strong suction. The
product is then washed thoroughly with water. After drying, the
yield of colorless 2-benzylaminopyridine (Notes 5 and 6), m.p.
95-96°, amounts to 180-183 g. (98-999, of the theoretical
amount). ‘The product may be recrystallized from isopropyl
alcohol with 909, recovery. Tor each gram of amine 3 ml. of
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solvent is employed. The melting point of recrystallized material
is 96.0-96.7° (cor.), lit.2 m.p. 97-98°.

2. Notes

1. A short Vigreux column or any other short column for
distillation may be used.

2. 2-Aminopyridine was obtained from Matheson, Coleman
and Bell, Inc., East Rutherford, New Jersey.

3. If the reaction mixture is heated too strongly or the vapors
are inadequately fractionated, correspondingly greater amounts
of benzy! alcohol will distill, with concomitant loss of yield. The
distillate should be clear, not milky.

4. If the product has partially solidified, it should be melted
for easy handling.

5. By essentially the same procedure N,N’-dibenzyl-p-phenyl-
enediamine has been obtained in 929, yield. The heating period
requires 1 hour, and the final temperature is 260°.

6. N-Benzylaniline has been obtained in 90-949, yield by an
appropriate modification  of this method.

3. Methods of Preparation

For 2-benzylaminopyridine the methods of significance in
the literature are condensation of 2-pyridinesulfonic acid and
benzylamine,* condensation of the alkali metal salts of 2-amino-
pyridine with benzyl chloride,’ reductive alkylation of 2-amino-
pyridine in the presence of benzaldehyde and formic acid,?
oxidation of N-benzyl-N-pyridylaminoacetonitrile or N-benzyl-
N-pyridylaminoacetaldoxine,® and the method described here
modified by use of an inert solvent.”

1 The Weizmann Institute of Science, Rehovoth, Israel.

2 Kaye and Kogon, Rec. trav. chim., 71, 309 (1952).

3 Sprinzak, J. Am. Chem Soc., 78, 3207 (1956).

4 Mangini and Colonna, Gazz. chim. ital., 73, 313 (1943) [C. 4., 41, 1224 (1947)].

5 Huttrer, Djerassi, Beears, Mayer, and Scholz, J. Am. Chem. Soc., 68, 1999
(1946).

¢ Bristow, Charlton, Peak, and Short, J. Chem. Soc., 1964, (616).

“ Hirao and Hagashi, J. Phurm. Soc. Japan, 74, 853 (1954) [C. 4., 49, 10308
(1955)].

BENZYLTRIMETHYLAMMONIUM ETHOXIDE

4]

BENZYLTRIMETHYLAMMONIUM ETHOXIDE

C:H;0H + —
Ce¢H5CH,Cl + N(CHg)s — CgHsCH,N(CH3)5Cl

CyH;0H
2C.H;0H + 2Na —— 2NaOC,H;5 4+ H,

+ - C:H;0H
Ce¢HsCH,N(CHj3)3Cl + NaOCoHy ———

+ —
CgH5CH2N (CH3) 3OC2H5 + NaCl

Submitted by W. J. CroxarL, MariaN F. FEGLEY, and H. J. SCHNEIDER.!
Checked by Joun C. SHEEHAN and M. GERTRUDE HOWELL.

1. Procedure

A 3-1. three-necked flask (flask A) is fitted with a nitrogen
inlet, a reflux condenser protected by a soda-lime tube, and a
reflux condenser fitted with a dropping funnel protected by a
soda-lime tube.

A second 3-1. three-necked flask (flask B) is fitted with a gas-
tight modified Hershberg stirrer (Note 1), a gas inlet tube, and
an appropriately designed gas outlet tube bearing a thermometer
and connections leading to a soda-lime tube and an open-end
mercury manometer. All rubber stoppers and connections are
wired in place with 16-gauge copper wire.

Sodium metal (69 g., 3 g. atoms) is introduced into flask 4,
which had been flushed previously with nitrogen (Note 2).
Ethanol (1.2 kg.) (Note 3) is added at such a rate that a con-
tinuous reflux is maintained. After the sodium is completely
dissolved, the solution is allowed to cool to room temperature.
During this period the benzyltrimethylammonium chloride is
prepared.

A solution of 379.5 g. (3 moles) of benzyl chloride (Note 4)
dissolved in 750 g. of anhydrous ethanol (Note 3) is placed in
flask B. The system is flushed with trimethylamine previously
dried by passage through a soda-lime tower. The gas outlet is
closed and connected to the manometer. Over a period of 80



6 ORGANIC SYNTHESES, VOL. 38

minutes, 195 g. (3.3 moles) of trimethylamine (Note 5) is intro-
duced with stirring. The reaction is exothermic and must be
cooled to keep the temperature below 50°. After the amine
addition is complete, the solution is kept at 50° under an amine
pressure of 5 cm. of mercury above atmospheric pressure for 1
hour. The mixture is then cooled to room temperature under
an amine atmosphere.

The inlet tube of flask B is replaced by a rubber stopper bear-
ing a short glass outlet tube and a glass inlet tube which is
connected to an appropriately designed glass siphon outlet tube
extending to the bottom of flask 4. Gentle suction applied to
the outlet tube of flask B draws the ethoxide solution slowly into
flask B. The benzyltrimethylammonium chloride solution is
stirred throughout the addition of the sodium ethoxide. After
the transfer of the sodium ethoxide is completed, the finely
divided precipitate of sodium chloride is allowed to settle over-
night. When the sodium chloride has completely settled, the
stopper bearing the inlet and outlet tubes is replaced by a stopper
bearing a 15-in. length of 19-mm. glass tubing which is attached
in turn by a gum rubber connection to a clean, dry, 1-gal. bottle
fitted with an inlet tube and an outlet tube protected by soda-
lime. The bottle is flushed with nitrogen before use. The 15-in.
tube is adjusted so that the bottom is approximately }4 in. above
the level of the precipitated sodium chloride. With the open-end
manometer sealed off by a screw clamp, nitrogen pressure is
applied through the outlet tube of the flask until 1.7-1.9 kg. of
supernatant liquor is forced from the flask into the bottle (Note
6). This solution contains 24-309, benzyltrimethylammonium
ethoxide (2.1-2.7 moles), as determined by titration with 0.1 N
hydrochloric acid, using methyl red as indicator. This represents
a yield of 67-90%. An additional 270-400 g. of solution is ob-
tained by filtration of the residual mixture under nitrogen. To
ensure rapid filtration, a filter aid, such as Filtercel (Note 7,
must be employed. The filtrate contains 24-30%, benzyltri-
methylammonium ethoxide (0.3-0.7 mole). The total yield is
89-1009,. The solutions are stored under nitrogen and refrigera-
tion in bottles scaled with rubber stoppers which are wired in
place (Note 8).

BENZYLTRIMETHYLAMMONIUM ETHOXIDE 7

Three hundred and thirty-five grams of the 259, ethanolic
solution of benzyltrimethylammonium ethoxide (0.43 mole) is
placed under nitrogen in a 3-1. three-necked flask equipped with
a gas inlet tube, a gas-tight modified Hershberg stirrer (Note 1),
and a gas outlet tube fitted with a thermometer. All stoppers
and rubber connections are wired in place with 16-gauge copper
wire. There is obtained by evaporation at 40° (Note 9) under
reduced pressure (Note 10) 97 g. (0.40 mole) of the ethoxide

containing an equivalent of ethanol. The vacuum is broken
with dry nitrogen.

2. Notes

1. The stirrer is of the type designed by Hershberg,> but
it has a single paddle of 16-gauge Nichrome wire.

2. A bubble counter is employed for indicating nitrogen flow.

3. The water content of the ethanol, determined by Karl
Fischer analysis, is 0.02-0.109.

4. Benzyl chloride is redistilled before use. The fraction col-
lected at 40-41°/6 mm. is used.

5. The flask is disconnected periodically from the gas train
and stirring mechanism for weighing.

6. In small-scale preparations (approximately 0.5 mole) cen-
trifugation of the total mixture is a convenient method for
separation of the product from sodium chloride.

7. Filtercel is supplied by Johns-Manville Corporation.

8. This method is more satisfactory than storage of the benzyl-
trimethylammonium ethoxide monoethanolate. The excess etha-
nol is removed as necessary.

9. The temperature is maintained by surrounding the flask
with a warm water bath. Higher temperatures are not recom-
mended because of the tendency of the quaternary ammonium
cthoxide to decompose.

10. The bulk of the ethanol was removed by using a water
pump (40-50 mm.) and collected in 1-1. and 200-ml. dry ice traps
connected in series.  The remaining ethanol was removed by
using an oil pump protected with two 300-ml. Dry Ice traps.
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3. Methods of Preparation

The procedure described is adapted from the preparation out-
lined by Meisenheimer.? The method has been applied by the
authors to the preparation of benzyltrimethylammonium meth-
oxide, tetramethylammonium ethoxide, dibenzyldimethylammo-
nium methoxide, bisisopropylbenzyltrimethylammonium meth-
oxide and benzyltriethylammonium ethoxide.

1 Rohm and Haas Company, Philadelphia 37, Pennsylvania.

¢ Hershberg, Ind. Eng. Chem., Anal. Ed., 8, 313 (1936).
3 Meisenheimer and Bratring, 4Ann., 397, 295 (1913).

4-BROMO-2-HEPTENE
(2-Heptene, 4-bromo-)

O
V4
CHo—
N
CH3CH2CH2CH2CH=CHCH3 + /NBI' g
CHo—
AN
O
O
V4
CH,—C
N
CH;CH,CH,CHCH=CHCHj3; + /NH
I|3r CHy—C
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0O

Submitted by F. L. GREENwoOD, M. D. KELLERT, and J. SEDLAK.!
Checked by Joun D. RoBErTs and A. T. BOTTINI.

1. Procedure

Tn a 500-ml. round-bottomed flask fitted with a stirrer, nitrogen
inlet tube, and reflux condenser are placed 40 g (0408 mole) ol

4-BROMO-2-HEPTENE 9

2-heptene, 48.1 g. (0.272 mole) of N-bromosuccinimide, 0.2 g. of
benzoyl peroxide, and 250 ml. of carbon tetrachloride (Note 1).
The reaction mixture is stirred and heated under reflux in a
nitrogen atmosphere for 2 hours (Note 2). The succinimide is
removed by suction filtration, washed twice with 15-ml. por-
tions of carbon tetrachloride and the carbon tetrachloride wash-
ings are combined with the filtrate (Note 3). The carbon
tetrachloride solution is transferred to a 500-ml. Claisen flask
modified so that the distilling arm carries a 25 x 300 mm. section
packed with glass helices. The capillary is attached to a source
of nitrogen and the carbon tetrachloride removed at 36-38°/190
mm. (Note 4).

The residue is transferred to a 125-ml. Claisen flask modified
so that the distilling arm carries an 18 x 180 mm. section packed
with glass helices. Nitrogen is led into the capillary, and, after
a forerun of 1-3 g., there is collected 28-31 g. (58-649) of
4-bromo-2-heptene, b.p. 70-71°/32 mm., #% 1.4710-1.4715
(Note 5). A residue of 7-10 g. remains in the distilling flask
(Note 6).

2. Notes

1. The 2-heptene was the pure grade material purchased from
Phillips Petroleum Company, Bartlesville, Oklahoma. This ole-
fin is comparable to material prepared by a Boord synthesis.
The N-bromosuccinimide was obtained from Arapahoe Chem-
icals, Inc., Boulder, Colorado. The benzoyl peroxide was used as
received from Distillation Products, Rochester, New York. The
carbon tetrachloride was reagent grade, from J. T. Baker Chem-

ical Company, Phillipsburg, New Jersey.

2. The reaction is not rapid, and benzoyl peroxide is necessary
to effect reaction. Longer reflux times lead to darkening of the
reaction mixture.

3. The succinimide recovered corresponded to 97-989, of the
theoretical amount and analyzed for 0.49, active bromine.

4. Removal of the carbon tetrachloride at a lower pressure re-
sults in loss of product. Distillation at a pressure much above
200 mm. causes considerable darkening of the liquid. Carbon
tetrachloride removed at the higher pressure gives no precipi-
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tate with aqueous silver nitrate; this indicates the absence of
product.

5. When first distilled, the product is nearly colorless. On
standing under nitrogen in the refrigerator for several days, the
material acquires a pale yellow color. Evidence for the identity
of the product as 4-bromo-2-heptene is outlined in reference 3.

6. This includes the liquid wetting the helices as well as the
small amount of dark residue in the flask.

3. Methods of Preparation

Ziegler and coworkers ? indicated that allylic methylene groups
undergo bromine substitution more readily than allylic methyl
groups. This has been shown ® to be true, and the treatment of
2-heptene with N-bromosuccinimide gives rise to 4-bromo-2-
heptene.

! Department of Chemistry, Tufts University, Medford, Massachusetts.

% Ziegler, et. al., Ann., 551, 80 (1942).

8 Greenwood and Kellert, J. Am. Chem. Soc., 75, 4842 (1953).

2-BROMO-3-METHYLBENZOIC ACID 11

2-BROMO-3-METHYLBENZOIC ACID

(m-Toluic acid, 2-bromo-)

NO, NO.
Fe
+ Bry — @ + HBr
| \Br
CH;
NO,

CHj;

+ KCN + 2H,0 —

Br
CHj
COOH
/

N
CH,

Submitted by J. F. BuNnNETT and M. M. Raunut.!
Checked by Joun D. RoBERTS and MARC S. SILVER.

+ KNO,; + NHj;
Br

1. Procedure

A. 2-Bromo-4-nitrotoluene. In a 200-ml. three-necked, round-
bottomed flask provided with an efficient reflux condenser bearing
a suitable trap for absorbing hydrogen bromide, a 100-ml. separa-
tory funnel, and a ball-joint or mercury-sealed mechanical stirrer
are placed 68.5 g. (0.5 mole) of p-nitrotoluene (Note 1) and 1.0
g. of iron powder. The mixture is heated to 75-80° by means of
a water bath, vigorous stirring is begun, and 30.5 ml. (92.0 g.,
0.57 mole) of bromine is added over the course of 30 minutes.
After the addition of bromine is complete, the reaction mixture
is maintained at 75-80° with continuation of stirring for an addi-
tional 1.5 hours.

The reaction mixture is poured with vigorous stirring into 750
ml. of ice-cold 10%, sodium hydroxide solution, the solid is
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allowed to settle, and the supernatant liquid is decanted. To
the residue is added 250 ml. of glacial acetic acid, and the mix-
ture is heated until the solid is completely melted. The two
liquid phases are thoroughly mixed by stirring, the mixture is
cooled to 5° in an ice bath, and the supernatant liquid is de-
canted. The product is then heated with 500 ml. of 109, acetic
acid until molten, stirred thoroughly, and cooled to room temper-
ature. The aqueous liquor is decanted, and the cycle is repeated
with 500 ml. of 19, sodium hydroxide solution (Note 2). The
solid 2-bromo-4-nitrotoluene is collected on a Biichner funnel and
thoroughly washed with water. The moist product may be used
directly in the next stage of the synthesis. It can be dried to
yield 93-97 g. (86-909,) of light-brown material melting at
75-76°.

B. 2-Bromo-3-methylbenzoic acid. Caution! This procedure
must be carried out in a hood with a good draft, because poisonous
hydrogen cyanide gas is evolved. In a 5-1. round-bottomed flask
are placed 90 g. of potassium cyanide, 900 ml. of 2-ethoxyethanol
(Note 3), 850 ml. of water, and the moist 2-bromo-4-nitrotoluene
obtained above. A reflux condenser is attached, and the mixture
is boiled for 16 hours (Note 4). To the hot, dark-red solution is
then added 1.51. of water, and the mixture is acidified with
concentrated hydrochloric acid. (Caution! Hydrogen cyanide is
evolved.) The acidified mixture is boiled for 15 minutes to expel
hydrogen cyanide and then allowed to cool to 35-40°. Five
grams of diatomaceous earth is stirred in, and the mixture is
filtered through a Biichner funnel precoated with a little diato-
maceous earth. The solid is discarded, and the filtrate is ex-
tracted three times with 200-ml. portions of chloroform. The
chloroform extracts are combined and extracted with three 100-
ml. portions of 59, ammonium carbonate solution. The basic
extracts are combined, acidified with concentrated hydrochloric
acid, and cooled in an ice bath. The oil which first forms soon
crystallizes.

The tarry solid is collected on a Biichner funnel, washed with
50 ml. of water, and dried. The dried solid is pulverized and
boiled under reflux for 3 hours with 500 ml. of petroleum cther
(b.p. 90-100°). The hot mixture is then filtered (fluted filter

2-BROMO-3-METHYLBENZOIC ACID i3

paper), and the solid is discarded. The filtrate is allowed to cool
to room temperature, and the 2-bromo-3-methylbenzoic acid is
collected by filtration. The white acid when dry weighs 7.5-8.5
g. (7-89,, based on the p-nitrotoluene) and melts at 134-136°
(Note 5).

2. Notes

1. Eastman Kodak Company practical grade p-nitrotoluene
was used.

2. The hot mixture of 2-bromo-4-nitrotoluene and 19 sodium
hydroxide solution should be stirred vigorously during cooling in
order to avoid obtaining the product as a solid cake. If stirring
is omitted, subsequent treatment is less convenient.

3. Commercial Cellosolve was used.

4. An electric heating mantle is a convenient heat source.

5. The submitters report 11-14 g. (10-139},) of material having
m.p. 132-135°, which yields, after crystallization from benzene,
9-13 g. of product having m.p. 135-137°.

3. Methods of Preparation

Although 2-bromo-4-nitrotoluene has been obtained by several
routes, it is most easily prepared by bromination of p-nitro-
toluene.? The procedure given is adapted from that described
by Cavill3 2-Bromo-3-methylbenzoic acid has not been prepared
by any other means; evidence for its structure is presented else-
where.*

1 University of North Carolina, Chapel Hill, North Carolina.

2 Scheufelen, Ann., 231, 152 (1885); Lucas and Scudder, J. 4m. Chem. Soc., 50,
244 (1928); Frejka and Vitha, Publs. fac. sci. univ. Masaryk, 20 (1925) [Chem.
Zentr., 96, 11, 1153 (1925)]; Higginbottom, Hill, and Short, J. Ckem. Soc., 1937,
263; Truce and Amos, J. Am. Chem. Soc., 73, 3013 (1951).

3 Cavill, J. Soc. Chem. Ind. (London), 65, 124 (1926).

4 Bunnett and Rauhut, J. Org. Chem., 21, 936 (1956).
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3-(0-CHLOROANILINO)PROPIONITRILE

(Propionitrile, 3-o-chloroanilino-)

Q“NHz 4 CHp—CHCN e B0,
\
C1

<\ />—NHCH2CH2CN
N
cl

Submitted by S. A. HEININGER.
Checked by Jorn C. SgEEHAN and ALma M, BosToN.

1. Procedure

A 500-ml. three-necked flask equipped with a stirrer, reflux
condenser, and thermometer is charged with 255 g. (2.0 moles)
of o-chloroaniline, 106 g. (2.0 moles) of acrylonitrile, and 10.2 g.
(4.0% by weight of the amine) of cupric acetate monohydrate
(Note 1). The mixture is then stirred and heated to reflux, be-
ginning at about 95°. Refluxing is continued for 3.0 hours
(Note 2), with the pot temperature rising to about 130° (Note 3).

The dark mixture is then transferred to a 500-ml. distilling
flask fitted with a 15.2-cm. modified Vigreux column and the un-
changed acrylonitrile (17-20 g.) collected at 100 mm. (water
pump). The distillation is continued (vacuum pump) and the
unchanged o-chloroaniline (110-120 g.), b.p. 57-60°/0.5 mm.,
is recovered. The 3-(o-chloroanilino)propionitrile (182-192 g.) is
obtained as a colorless, somewhat viscous liquid, b.p. 139-
141°/0.3 mm., #3y 1.5728-1.5735 (Note 4).

A pot residue of 30-35 g. remains (Note 5). The conversion
of o-chloroaniline to 3-(o-chloroanilino)propionitrile is 50.5-53%,,
with a yield of 90-959, based on o-chloroaniline, and 53 65%,
based on acrylonitrile (Note 6).

3-(0-CHLOROANILINO)PROPIONITRILE 15

2. Notes

1. The commercially available monohydrate form of cupric
acetate was used. Anhydrous cupric acetate gives the same re-
sults. From 29, to 59, of catalyst by weight of the amine em-
ployed gives good yields of cyanoethylated products from a
variety of anilines.

2. Slightly improved yields may be obtained by use of longer
reaction times.

3. Maintaining the temperature at 100-110° for the same
period of time gives equivalent results.

4. Physical constants for pure 3-(o-chloroanilino)propionitrile
are: b.p. 139-141°/0.3 mm., n}; 1.5734, d3; 1.2103.

5. The residue consists mainly of polyacrylonitrile and copper
or copper salts. It is slowly soluble in acetone, more readily
soluble in polyacrylonitrile solvents such as dimethylformamide
or dimethyl sulfoxide, especially when warmed.

6. An attempt to prepare 3-(o-chloroanilino)propionitrile by
the Cymerman-Craig procedure (o-chloroaniline hydrochloride,
diethylamine, and acrylonitrile) 2 gave no isolable product, with
recovery of 759, of the o-chloroaniline as its acetyl derivative,
m.p. 86-87°. Reported m.p. 87-88°.2 Thus representative ortho-
substituted anilines can be cyanoethylated in much better yields
by use of the cupric acetate catalyst than by the Cymerman-
Craig route, which is known to be subject to steric interferences.*
Comparative yields for cyanoethylation of o-toluidine sub-
stantiate this conclusion; cupric acetate gave 629, whereas
Cymerman-Craig reported 259,.4 Bulky N-substituents appear
to affect yields similarly: methyl-, ethyl-, »-propyl-, and
isopropylanilines gave yields of 65%,, 419, 17.5%,, and 0.59, by
the exchange reaction,* whereas, with cupric acetate, #-butyla-
niline was cyanoethylated in 689, yield.

3. Methods of Preparation

Cupric acetate is an efficient catalyst for the cyanoethylation
of all but nitro-substituted aromatic amines. It is particularly
ceffective with anilines which give poor yiclds by known methods,
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i.e., those with substituents on the nitrogen atom or in the ortho
position. . '

Other known catalysts for cyanoethylation of aromatic amines
include acetic acid,®¢ acetic acid-cuprous chloride mixtures,’®
aniline salts,® and choline.’* 3-Anilinopropionitriles may also be
prepared by an exchange reaction between the aniline hydro-
chloride and diethylaminopropionitrile.>*

1 Research Department, Research and Engineering Division, Monsanto Chem-
ical Company, Dayton, Ohio.

2 Cymerman-Craig and Moyle, Org. Syntheses, 36, 6 (1956).

3 Beilstein and Kurbatow, 4nn., 182, 100 (1876).

4 Bates, Cymerman-Craig, Moyle, and Young, J. Chem. Soc., 1956, 388; and
earlier papers.

8 Braunholtz and Mann, J. Chem. Soc., 1952, 3046.

6 Cookson and Mann, J. Chem. Soc., 1949, 67.

7 Smith and Yu, J. Am. Chem. Soc., 74, 1096 (1952).

8 Braunholtz and Mann, J. Chem. Soc., 1953, 1817.

9 Bekhli and Serebrennikov, J. Gen. Chem. U.S.S.R., 19, 1553 (1949); [C. 4.,
44, 3448 (1950)].

10 Pietra, Gazz. chim. ital., 86, 70 (1956).

DIBROMOACETONITRILE

(Acetonitrile, dibromo-)
CH,—CO
l H;0
NCCH,COOH + 2 \ NBr —
CH,—CO
’ CH,—CO
AN
NCCHBr; + 2 HN + CO,
CH,—CO

Submitted by James W. Wit and James L. DieBorp.!
Checked by B. C. McKusick and H. E. KNIPMEYER.

1. Procedure

A solution of 63.8 g. (0.75 mole) of cyanoacctic acid (Note 1)
in 750 ml. of cold water is placed in a 2-1. beaker. N-Bromo-
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succinimide (267 g., 1.5 moles) (Note 2) is added in portions with
good mechanical stirring over a period of about 6 minutes (Note
3). The slightly exothermic reaction which attends the separa-
tion of the dibromoacetonitrile as a heavy oil is completed in
about 20 minutes, after which time the beaker is placed in an
ice bath and allowed to cool for 2 hours (Note 4).

The precipitated succinimide is collected on a large Biichner
funnel atop a 2-1. filter flask and is washed with six 50-ml. por-
tions of methylene chloride. The lower organic layer in the
filtrate is separated from the aqueous phase, which is extracted
with two 25-ml. portions of methylene chloride. The organic
layer and the extracts are combined, washed vigorously with 50
ml. of a 595 sodium hydroxide solution (Note 5) and three 80-ml.
portions of water, and dried over 10 g. of anhydrous sodium sul-
fate for several hours in a flask wrapped with aluminum foil
(Note 6).

The colorless dried oil is distilled through a 45-cm. Widmer
column (Note 7). Most of the methylene chloride is removed
by heating the contents of the distillation pot to 75° at atmos-
pheric pressure. The pressure is then lowered to about 20 mm.,
and 112-129 g. (75-879,) of dibromoacetonitrile is collected as a
colorless oil, b.p. 70-72°/20 mm., np 1.540-1.542, d5° 2.369
(Notes 8 and 9).

2. Notes

1. Commercial cyanoacetic acid (Eastman Kodak Company),
m.p. 67-71.5°, about 987, pure, was found satisfactory for this
preparation.

2. N-Bromosuccinimide obtained from Matheson, Coleman

~and Bell, Inc., as well as from Arapahoe Chemicals, Inc., was

used as received. The N-chlorosuccinimide (see Note 9) was
commercial material from Arapahoe Chemicals, Inc.

3. The N-bromosuccinimide should be added as rapidly as
possible consistent with the foaming produced by evolution of
carbon dioxide.

4. About onc-third of the succinimide (50-53 g.) precipitates
from the solution during the cooling period, thus rendering the
subsequent purification of the nitrile casier.  Sometimes the solu-
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tion must be seeded to start the precipitation. The checkers
found it necessary to store the mixture in a refrigerator over-
night in order to obtain 50-33 g. of succinimide.

5. The basic aqueous phase becomes pink through action of
the base on dibromoacetonitrile.

6. Pure dibromoacetonitrile is fairly stable to air and light,
but traces of basic impurities cause it to become discolored (see
Note 5). Protective shielding retards this coloration.

7. Unless an efficient column is used, some nitrile distils over
with the methylene chloride. The checkers used a 120-cm. spin-
ning-band column.

8. The product shows good shelf stability, but, as a precau-
tionary measure, it is best stored under nitrogen in a sealed brown
vessel. Dichloroacetonitrile (Note 9) is less sensitive and may
be stored in an ordinary glass-stoppered brown bottle.

9. In exactly the same fashion, from 63.8 g. (0.75 mole) of
cyanoacetic acid and 200.3 g. (1.5 moles) of N-chlorosuccinimide
there may be obtained 45-54 g. (55-65%) of colorless dichloro-
acetonitrile, b.p. 110-112°/760 mm., nf 1.439, di° 1.369. Since
this reaction is slightly slower, 30 minutes should be allowed for
the reaction before chilling.

3. Methods of Preparation

Dibromoacetonitrile has been prepared by the dehydration of
dibromoacetamide with phosphorous pentoxide ** and by the
present method.* An early report that dibromoacetonitrile can
be obtained from cyanoacetic acid by treatment with bromine,’
a method similar to that described here, was later shown to be
wrong.?

1 Loyola University, Chicago, Illinois.

2 Steinkopf, Ber., 38, 2694 (1905).

3 Ghigi, Gazs. chim. ital., 71, 641 (1941).

4 Wilt, J. Org. Chem., 21, 920 (1956).
5 van’t Hoff, Ber., 7, 1382, 1571 (1874).
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DICYCLOPROPYL KETONE
(Ketone, dicyclopropyl)

0 O
V4
\ NaOCH;3 \ \ HC1
2 —% 0 o| —
/ CH30H / /
CHy;—CH, CH,—CH, CH,—CH,
l: ﬁ) CH, 0] CH,
CICH,CH,CH,CCH,CH,CH,Cl EO_H’ \CH—g—Cﬁ ‘
2 CH,

Submitted by OMER E. Currrs, Jr., JosErr M. SANDRI,
RicrarD E. CROCKER, and HaroLp HarT.!
Checked by V. BOEKELHEIDE, R. TABER, and D. S. TARBELL.

1. Procedure

A solution of sodium methoxide is prepared from 50 g. (2.17
g. atoms) of freshly cut sodium and 600 ml. of absolute methanol
(Note 1) in a 3-1. three-necked flask placed on a steam bath and
equipped with a sealed stirrer (Note 2), dropping funnel, and a
condenser set downward for distillation (Note 3). To the stirred
solution is added in one portion 344 g. (4.0 moles) of y-butyro-
lactone (Note 4), and the flask is heated until methanol distils
at a rapid rate. After 475 ml. of methanol is collected, a filter

flask or other suitable device equipped with a side arm is con-

nected to the condenser. This receiver is surrounded by an ice
bath, and reduced pressure from an aspirator is applied cautiously
(frothing) with continuous stirring. An additional 50-70 ml. of
methanol is collected in this way. The residue presumably is
dibutyrolactone (Note 5).

The condenser is set for reflux, and the steam bath is replaced
with a more potent source of heat (clectric heating mantle, oil
bath, or direct lame).  Concentrated hydrochlorie acid is added
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with stirring, cautiously at first because a considerable amount of
carbon dioxide is evolved. A total of 800 ml. of acid is added in
about 10 minutes (Note 6). The mixture is heated under reflux
with stirring for 20 minutes, then cooled in an ice bath (Note 7).
A solution of 480 g. of sodium hydroxide in 600 ml. of water is
added to the stirred mixture as rapidly as possible, without
allowing the temperature to go above 50° (Note 8). The mix-
ture is then heated under reflux for an additional 30 minutes.

The condenser is arranged for downward distillation, and a
total of 650 ml. of ketone-water mixture is collected as distillate.
Sufficient potassium carbonate is added to saturate the aqueous
layer, and about 130 ml. of ketone is separated. The aqueous
layer is extracted with three 100-ml. portions of ether, and the
combined ether and ketone layers are dried over 25 g. of anhy-
drous magnesium sulfate. The product remaining after removal
of the ether is distilled through an efficient column. The yield of
dicyclopropy! ketone boiling at 72-74°/33 mm., n3; 1.4654,is114~
121 g. (52-55%,) (Note 9).

2. Notes

1. Commercial sodium methoxide (117 g.) in 520 ml. of metha-
nol may be used instead of metallic sodium.

2. The stirrer should be sturdy and capable of giving vigorous
agitation.

3. It is desirable to have the condenser arranged for reflux
during preparation of the methanolic sodium methoxide, if it is
made from sodium metal.

4. Commercial lactone (available from General Aniline and
Film Corporation, 435 Hudson Street, New York 14, New York)
should be redistilled, b.p. 88-90°/12 mm., before use.

5. Dibutyrolactone can be isolated as a crystalline solid, m.p.
86-87°, from this residue.? The preparation can be interrupted
at this point without jeopardizing the yield.

6. The color of the mixture changes from yellow through dark
orange to dark reddish brown.

7. At this point, the following procedure may be used to pre-
pare 1,7-dichloro-4-heptanone. To the cooled, stirred solution is
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added 200 ml. of ether, which brings the dense dichloroketone to
the upper layer. The latter is separated, and the acid layer is
extracted with two 100-ml. portions of ether. The combined
ether layers are dried over 25 g. of anhydrous calcium chloride.
After removal of the solvent, the residue is distilled through an
efficient column. The yield of 1,7-dichloro-4-heptanone, b.p. 106—
110°/4 mm., n3 1.4713, is 263-278 g. (72-769). The material
takes on a purple cast rapidly and should be stored in a re-
frigerator.

8. Considerable salt separates at this point but does not inter-
fere with the subsequent steps.

9. According to the submitters, a similar procedure can be
applied to substituted lactones; di-(2-methylcyclopropyl) ketone
b.p. 65-67°/7 mm., n% 1.4600, has been made from 'y—valerolac-’
tone in 509 yield.

3. Methods of Preparation

This procedure is a modification of one recently described in
the literature? The first step is based on early work of Fittig 4
and Volhard ® as modified by Spencer and Wright.2 The third
step, ring closure of a y-haloketone, is well known.®® Dicyclo-
propyl ketone was reported to form in small amounts from the
decarboxylation of cyclopropanecarboxylic acid over thoria,” but
!:here is some doubt ? about the product. Dicyclopropyl k’etone
is available in research quantities from the Aldrich Chemical
Company, Milwaukee 12, Wisconsin, and from Columbia Organic
Chemicals, Inc., Columbia, South Carolina.

1 Departmen i ichi iversi i ichi

+ Spincor and Wriht, . dm. o Soes 8, 1361 (oo e

3 H‘ar.t and Curtis, Jr., J. Am. Chem. Soc., 78, 112 (1956).

* Fittig, Ann., 256, 50 (1889); Fittig and Stom, Ann., 267, 191 (1892).
8 Volhard, Ann., 267, 78 (1892).

8 Org. Syntheses, 31, 74 (1951).

7 Michiels, Bull. soc. chim. Belges, 24, 396 (1910) [Chem. Zentr., 82, T, 66 (1911)].
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DIETHYL METHYLENEMALONATE
(Malonic acid, methylene-, diethyl ester)

Raney Ni

[CoHsOCH=C(CO,C,Hs)2 + Ho]
[CoH;O0CH,CH(CO5CoHs)l

A
[C2H5OCH2CH(CO2C2H5)2] e
CH2:C(C02C2H5)2 + CszOH

Submitted by Way~NE FEELY and V. BOEKELHEIDE.!
Checked by Max TISHLER, BARBARA P. BIrT, and ARTHUR A. PATCHETT.

1. Procedure

A solution of 108 g. (0.5 mole) of diethyl ethoxymethylene-
malonate (Note 1) in 100 ml. of commercial absolute alcohol is
placed in an apparatus for high-pressure hydrogenation togethfar
with 10 g. of Raney nickel catalyst (Note 2). The pressure in
the bomb is raised to 1000-1500 1b. with hydrogen, and the
temperature is adjusted to 45° (Note 3). The bomb is shakf:n,
and the reaction is allowed to proceed for 12-20 hours, during
which time 0.5 mole of hydrogen is absorbed.

The apparatus is allowed to cool to room temperature, .the
pressure is released, and the catalyst is removed by filtration.
Concentration of the filtrate under reduced pressure at room
temperature yields a colorless oil (Note 4).

The residual oil is transferred to a distillation flask (Note 5),
and the flask is carefully warmed with a small flame (Note 6).
After a fore-run of ethanol is collected, the variable transformer
controlling the heating tape is set at a voltage to give an inter.nal
temperature in the distilling head of 80-100° before distillation.
The flask is then heated to effect slow distillation at atmos-
pheric pressure. About 10-13 g. of fore-runis collected before t}}e
temperature of the distillate vapor reaches 200°. The main
fraction (68-71 g., 79-829,) is collected between 200° and 216°
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as a colorless oil. For most purposes, the fore-run is sufficiently
pure that it can be combined with the main fraction to give an
over-all yield of 78-81 g. (91-949,) (Note 7). Diethyl methylene-
malonate polymerizes on standing to a white solid, from which
the monomer can be recovered by slow distillation. The diethyl
methylenemalonate should be distilled just prior to use (Note 8).

2. Notes

1. Diethyl ethoxymethylenemalonate can be prepared by the
method of Parham and Reed.? The submitters used diethyl
ethoxymethylenemalonate obtained commercially from Kay-
Fries Chemicals Inc., 180 Madison Avenue, New York 16, New
York.

2. Raney nickel catalyst can be prepared by the method of
Mozingo.* The submitters used Raney nickel catalyst obtained
commercially from the Gilman Paint and Varnish Company,
Chattanooga, Tennessee.

3. At higher temperatures (about 70°) the diethyl ethoxy-
methylmalonate formed tends to eliminate ethanol, forming di-
ethyl methylenemalonate which is hydrogenated to diethyl
methylmalonate.

4. This oil, #}] 1.4254, is presumably diethyl ethoxymethylmal-
onate, as evidenced by its infrared and ultraviolet absorption
spectra. It is relatively stable and can be stored at room temper-
ature without change. If the concentration of the filtrate under
vacuum is carried out by heating on a steam bath instead of by
keeping it at room temperature, the diethyl ethoxymethylmalo-
nate undergoes elimination of ethanol to some extent, giving di-
cthyl methylenemalonate directly. The yield of diethyl methyl-
cnemalonate obtained eventually is not altered by this procedure.

5. The distillation apparatus is shown in Fig. 1. The upper
part of the flask and the short column are wrapped in electrical
heater tape, which is operated during distillation of the product.

6. The elimination of ethanol is slightly exothermic. It is
advisable to heat the flask cautiously with a small flame until
the reaction starts and then to remove the flame until the re:
action subsides.
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3-in. immersion thermometer
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7. The fore-run has a refractive index (usually about i)
1.4154) lower than that of the main fraction (about n3; 1.4250).
The combined fractions show refractive indices in the range
122 1.4210-1.4259.

8. When the solid polymer from the above preparation was
slowly distilled to recover diethyl methylenemalonate, there was
obtained 57 g. of colorless oil, b.p. 210-216°/730 mm., niy 1.4220.

3. Methods of Preparation

Diethyl methylenemalonate was first prepared by Perkin *
from formaldehyde and malonic ester. An alternative procedure
involving the reaction of methylene chloride or iodide with
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sodiomalonic ester was developed by Tanatar.® Diethyl methyl-
enemalonate is also formed when hexaethyl pentane-1,1,3,3,5,5-
hexacarboxylate is treated with methylene iodide and sodium
ethoxide.® Bachman and Tanner? have prepared diethyl
methylenemalonate by both vapor and liquid phase reactions of
formaldehyde and diethyl malonate in the presence of various
catalysts.

! Department of Chemistry, University of Rochester, Rochester, New York.
2 Parham and Reed, Org. Syntheses, Coll. Vol. 3, 395 (1955).

3 Mozingo, Org. Syntheses, Coll. Vol. 3, 181 (1955).

4 Perkin, Ber., 19, 1053 (1886).

8 Tanatar, Ann., 273, 48 (1893).

6 Bottomley and Perkin, J. Chem. Soc., 77, 294 (1900).

7 Bachman and Tanner, J. Org. Chem., 4, 493 (1939).

5,6-DIMETHYL-2-n-PENTYLTETRAHYDROFURAN
(Furan, tetrahydro-2,2-dimethyl-5-pentyl-)

OH
| H3POy4
(CH3)»C(CH,),CHOH(CH,),CH; ——
CH,—CH,

| |
(CHj)2C CH(CH;)4CHs + H,0

0]

Submitted by J. CoLONGE and R. MAREY.!
Checked by V. BOEKELHEIDE and H. KAEMPFEN.

1. Procedure

In a 100-ml., three-necked, round-bottomed flask, fitted with
a sealed mechanical stirrer, a reflux condenser, and a thermom-
eter reaching to the bottom of the flask, are placed 37.6 g. (0.2
mole) of 2-methyl-2,5-decanediol > and 17 g. of 859, phosphoric
acid. The limpid liquid obtained is heated and maintained at
125° for 40 minutes. Then the acidic lower layer is discarded,
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and the organic layer is washed with three or four 50-ml. portions
of lukewarm distilled water.

Distillation of the resulting crude oil using a simple fractionat-
ing column gives 32-33 g. (94-979) of pure 5,5-dimethyl-2-%-
pentyltetrahydrofuran as a colorless liquid boiling at 31-33°/1.5
mm.; #3y 1.4257 (Note 1).

2. Note

1. The submitters have also prepared 5,5-dimethyl-2-heptyl-
tetrahydrofuran (n3 1.4360) by a similar dehydration of 2-
methyl-2,5-undecanediol obtained from the reaction of methyl-
magnesium bromide and y-undecanoic lactone.

3. Methods of Preparation

There is no previous report on the preparation of 5,5-dimethyl-
2-n-pentyltetrahydrofuran.

1 Fcole de Chimie Industrielle de Lyon and Etablissement Descollonges Freres
(Lyon).
2 Org. Syntheses, 38, 41 (1958).

DIPHENYLACETALDEHYDE
(Acetaldehyde, diphenyl-)
C¢Hs O H
N/ N\ ./ BF;-0(C:Hy)s
ct——¢ 0

/ AN
H CeHs

Submitted by DoNaLD J. ReIF and HErRBERT O. House!
Checked by M. S. NEwMAN and W. H. POwELL.

(CeHj5).CHCHO

1. Procedure

In a 1-1. separatory funnel is placed a solution of 39.2 g. (0.2
mole) of trans-stilbene oxide (Note 1) in 450 ml. of reagent ben-
zene.  To the solution is added 13.2 ml. (0.1 mole) of boron tri-

DIPHENYLACETALDEHYDE 27

fluoride etherate (Note 2). The solution is swirled, allowed to
stand for 1 minute (Note 3), and then washed with two 300-ml.
portions of water. The organic layer is separated, and the
benzene is removed by distillation (Note 4). The residual crude
aldehyde is purified by distillation under reduced pressure. The
product, collected at 115-117°/0.6 mm., amounts to 29-32 g.
(73-839%,), niy 1.5875-1.5877 (Note 5).

2. Notes

1. The trans-stilbene oxide 2 should be free from frans-stilbene,
since the stilbene, if present, is not altered by the reaction con-
ditions and will contaminate the final product.

2. A practical grade of boron trifluoride etherate, purchased
from Eastman Kodak Company, was redistilled before use. The
pure etherate boils at 126°.

3. Longer reaction times result in a marked decrease in the
yield of diphenylacetaldehyde.

4. The submitters found that distillation of the benzene solu-
tion is necessary to obtain an anhydrous product. If the benzene
solution is dried over magnesium sulfate and the benzene re-
moved under reduced pressure, the diphenylacetaldehyde is con-
taminated with water.

5. The product obtained by this procedure, when treated with
2 A-dinitrophenylhydrazine,? produced the 24-dinitrophenylhy-
drazone of diphenylacetaldehyde, m.p. 146.8-147.8° in 949
yield.

3. Methods of Preparation

Diphenylacetaldehyde has been prepared by the isomerization
of 1,2-dihydroxy-1,2-diphenylethane either thermally ¢ or in the
presence of sulfuric acid 57, oxalic acid,® or acetic anhydride.?
The aldehyde has also been produced by the reaction of 2,2-
diphenyl-2-hydroxyethyl ether with sulfuric acid ”# or oxalic
acid,®'0 by the reaction of hydrochloric acid with 2-amino-1,1-
diphenylethanol," by the reaction of hydrobromic acid with
2-dicthylamino-1,1-diphenylethanol,™ by the hydrolysis of g,8-
diphenylvinyl ethyl cther,™ by the thermal rearrangement of
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deoxybenzoin,* and by the hydrolysis and decarboxylation of the
glycidic ester obtained from ethyl chloroacetate and benzophe-
none.” Diphenylacetaldehyde has also been prepared by the
isomerization of #frams-stilbene oxide in the presence of sodium
bisulfite * or the isomerization of either cis- or trans-stilbene
oxide in the presence of boron trifluoride etherate.? The proce-
dure chosen illustrates the ready isomerization of substituted
ethylene oxides to carbonyl compounds. The procedure is appli-
cable to substituted epoxides in which one of the carbon atoms
of the oxirane ring is bonded either to two other carbon atoms or
to an aromatic nucleus or a carbon-carbon double bond.

! Department of Chemistry, Massachusetts Institute of Technology, Cambridge,
Massachusetts.

2 Org. Syntheses, 38, 83 (1958).

3 House, J. Am. Chem. Soc., 77, 3070 (1955).

4 Ramart-Lucas and Salmon-Legagneur, Compt. rend., 186, 1848 (1928).

5 Henze and Leslie, J. Org. Chem., 15, 901 (1950).

¢ Tiffeneau, Compt. rend., 142, 1537 (1906); Ann. chim. (Paris), [8]10, 322 (1907).

7 Stoermer, Ber., 39, 2288 (1906).

8 Danilov and Venus-Danilova, Ber., 59B, 1032 (1926).

8 Tiffeneau, Compt. rend., 150, 1181 (1910).

10 Behal and Sommelet, Bull. soc. chim. France, [3]31, 300 (1904).

1t Thomas and Bettzieche, Z. physiol. Chem., 140, 261 (1924).

2 Sou, Bull. fac. sci. univ. franco-chinoise Peiping, 1935, No. 5, 1 [C. A., 30,
4463 (1936)].

18 Buttenberg, Ann., 279, 324 (1894).

¥ Brueur and Zincke, Ann., 198, 141 (1879).

5 Ecary, Ann. chim. (Paris), {12]3, 445 (1948).

16 Klager and Kessler, Ber., 39, 1753 (1906).
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N-ETHYL-p-CHLOROANILINE

(Aniline, p-chloro-N-ethyl-)

HS04
p-CIC¢H,NH; 4+ (C.H50);CH ——

p-CIC¢H NCHO + 2C,H;0H
C.H;
p-CIC¢HyNCHO + H20 H—Cl> p-CICeH NHC;H; 4+ HCO.H
C.Hj

Submitted by RoysToN M. RoBERTS and PauL J. Voct.!
Checked by James CasoN and MILTON FINGER.

1. Procedure

A. N-Eihyl-p-chloroformanilide. In a 300-ml. round-bottomed
flask, equipped with a side tubulature just large enough to accom-
modate a thermometer, are placed 63.8 g. (0.50 mole) of p-chloro-
aniline and 111 g. (0.75 mole) of triethyl orthoformate (Note 1),
and then 2.0 g. (0.02 mole) of concentrated sulfuric acid is added
with mixing. The flask is attached to a 30-cm. column 2 cm. in
diameter packed with glass helices (Note 2), which is surmounted
by a distillation head equipped with a thermometer and con-
denser. A thermometer is connected through a slip joint made
from a short section of rubber tubing to the side tubulature so
that its bulb is in the reaction mixture; then the flask is heated
in an oil bath. When the temperature of the oil bath reaches
115-120°, the reaction mixture begins to boil, and ethanol soon
begins to distil at a vapor temperature of 78-80° at the top of
the column. During the course of about 1 hour the bath temper-
ature is raised to about 175°. This promotes a steady distillation
of ethanol at a rate which begins to decrease after 30 minutes.
The amount of ethanol that distils (70-75 ml.) is always in ex-
cess of the stoichiometric amount. Finally, the reaction mixture
is kept in the oil bath at 175-180° for 30 minutes (Note 3); an ad-
ditional small amount of volatile material distils during this time.
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After the reaction mixture has cooled somewhat the flask is
disconnected from the column, a Claisen head is attached, and
the product is distilled at reduced pressure (Note 4). After a
fore-run of about 20 g. (not readily condensed below 40 mm. pres-
sure), the faintly yellow product is collected at 124-126°/3 mm.,
weight 73-79 g. (80-86%), n% 1.5525-1.5540 (Note 4).

B. N-Ethyl-p-chloroaniline. In a 500-ml. round-bottomed
flask are placed 70 g. (0.38 mole) of N-ethyl-p-chloroformanilide
and 170 ml. of 109, hydrochloric acid. The mixture is heated
under reflux for 1 hour, cooled, then neutralized, and finally
made basic with 159, potassium hydroxide solution. The lower
layer of N-ethyl-p-chloroaniline is separated, and the aqueous
layer 1s saturated with potassium carbonate and extracted
with two 200-ml. portions of ether. The ether extracts are
combined with the bulk of the product, washed with two
100-ml. portions of water, and then dried over calcium chloride.
After the ether has been removed by distillation, the residue is
distilled at reduced pressure from a 125-ml. Claisen flask. N-
Ethyl-p-chloroaniline is collected at 108-110°/5 mm. or 149-
150°/40 mm., #% 1.5650-1.5661, weight 52-55 g. (87-929)
(Note 5).

2. Notes

1. The checkers used, without purification, white label grades
of p-chloroaniline and triethyl orthoformate from Eastman
Organic Chemicals; the submitters used triethyl orthoformate
from Kay-Fries Chemicals Inc., New York.

2. It is most convenient to make connections with standard
taper joints. The checkers used with equal satisfaction a 50-cm.
column randomly packed with short sections of glass tubing.

3. The submitters report that during this heating period the
temperature of the reaction mixture may rise as high as 185-
190° on account of an exothermic reaction; however, the checkers
did not observe this temperature rise of the reaction mixture.
The submitters also report that in some of the preparations
mentioned in Note 5 the reaction is more exothermic and the
temperature may rise as high as 244°, but this does not cause
difficulty.
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4. The submitters distilled the product through the 30-cm.
packed column which was wrapped with a heating tape for this
purpose. If this is done, there are collected about 20 g. of re-
covered triethyl orthoformate at 65-67°/40 mm. and about 2 g.
of ethyl N-p-chlorophenylformimidate at 82-83°/40 mm., fol-
lowed by the product, which has 77, 1.5559. The checkers
obtained the same results when this distillation was carried out
through a fractionating column; however, the yield and prop-
erties of N-ethyl-p-chloroaniline obtained from this material were
the same as those of amine obtained from material distilled
through a Claisen head.

5. This method is suitable for the mono-N-alkylation of other
primary aromatic amines. Trimethyl and triethyl orthoformate
are commercially available, and other alkyl orthoformates can be
obtained readily from them by transesterification.? The follow-
ing have been prepared in a similar manner by the submitters.?

Product Yield, 9, B.P.,°C./mm. np (¢, °C)
N-Methylaniline 44 104-105/40 1.5701 (22)
N-Ethylaniline 66 92-93/16 —
N-Isoamylaniline 58 149-151/40 1.5212 (25)
N-Methyl-m-toluidine 67 120-121/40 1.5557 (25)
N-Ethyl-m-toluidine 69 125-127/40 1.5451 (23)
N-Methyl-p-chloroaniline 77 141-142/40 1.5799 (25)

3. Methods of Preparation

N-Ethyl-p-chloroaniline has been prepared by alkylation of
p-chloroaniline with ethyl bromide #° and by reduction of aceto-
p-chloroanilide with lithium aluminum hydride.® The present
procedure, which is based on the results of an investigation by
Roberts and Vogt,? is a convenient general method for prepara-
tion of pure N-alkyl aromatic amines.

1 Department of Chemistry, University of Texas, Austin, Texas.

2 Alexander and Busch, J. Am. Chem. Soc., 74, 554 (1952); Roberts, Higgins,
and Noves, J.- Am. Chem. Soc., 77, 3801 (1955).

3 Roberts and Vogt, J. Am. Chem. Soc., 18, 4778 (1956).

1 Hofmann, Ann., 74, 143 (1850).

b Crowther, Mann, and Purdic, J. Chem. Soc., 1943, 58.

% Bory and Mentzer, Bull. soc. chim. France, 1958, 814,
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5-FORMYL-4-PHENANTHROIC ACID
(4-Phenanthroic acid, 5-formyl-)

Og T CQ

CO,H CHO

Submitted by R. E. Dessy and M. S. NEwMAN.!
Checked by J. D. RoBerTs and D. 1. SCHUSTER.

1. Procedure

A solution of 25 g. (0.125 mole) of pyrene (Note 1) in 100 ml.
of dimethylformamide (Notes 2 and 3) is treated with a 509
excess of ozone (Note 4). The solution of the ozonide is added
at a moderate rate, with stirring, to 500 ml. of 19}, aqueous acetic
acid. The suspension is allowed to stand overnight (Note 5),
and the resulting solid is collected by filtration and washed with
water.

The moist solid is suspended in 200 ml. of 109, aqueous potas-
sium hydroxide solution, and the suspension is boiled for 5 min-
utes. The hot solution is filtered, and the remaining solid is again
extracted, using 100 ml. of potassium hydroxide solution.

To the dark-brown combined filtrates is added 100 ml. of
potassium hypochlorite solution (Note 6), and the resulting solu-
tion is permitted to stand overnight. The mixture is then heated
on a steam bath for 4 hours. The resulting orange solution is
filtered while hot, and 100 ml. of 359 sodium hydroxide solution
is added. The solution is cooled to 5°, the resulting solid is
collected by filtration and washed with a small amount of satu-
rated sodium chloride solution.

The moist sodium salt is digested with 50 ml. of cold 6 N hy-
drochloric acid, and after several hours the mixture is filtered
and the resulting solid acid dried.
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The crude acid is dissolved in 100 ml. of boiling dimethylform-
amide, and 100 ml. of hot glacial acetic acid is added. Water is
added to the hot solution until it becomes cloudy, and then just
enough dimethylformamide is added to render the solution clear
again. Itis cooled to 5°, and the resulting acid collected by filtra-
tion and washed with glacial acetic acid. Upon drying, 10-11.5
g. (32-389) of 5-formyl-4-phenanthroic acid (Note 7), melting
at 272-276° (Note 8), is obtained.

2. Notes

1. Technical pyrene, Reilly Tar and Chemical Corp., was
employed. Purification did not improve the over-all yield, and
purer pyrene is not sufficiently soluble in dimethylformamide.

2. Freshly distilled dimethylformamide should be employed.
The yields with the technical grade solvent were very erratic.

3. Complete solution is attained by heating the mixture for 5
minutes on a steam bath.

4. An ozonizer similar to that described by Henne and Peril-
stein 2 was employed. At an oxygen flow rate of 30 1./hr. it pro-
duced about 30 millimoles of O3 per hour (39, conversion).
Under these conditions the ozonization of 25 g. of pyrene requires
about 6 hours.

5. Filtration of the hydrolyzate immediately after decomposi-
tion is difficult because of the fine nature of the solid. Upon
standing, coagulation takes place to yield a granular brown
solid.

6. The potassium hypochlorite solution was prepared * from
the calcium hypochlorite sold by Mathieson Chemical Corpora-
tion under the trade name HTH. If the HTH reagent used is
not fresh, it is found that subsequent heating of the filtrate
with the potassium hypochlorite solution does not result in an
orange solution. The solution remains dark brown, and the
product is distinctly brown. The yield is not affected.

7. Unpublished experiments indicate that S-formyl-4-phenan-
throic acid exists mainly in the cyclic hydroxylactone form.

8. The checkers Tound that the melting point depends on the
rate of heating. A reproducible melting point was obtained if
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the sample was placed in the bath at 270° and the temperature
raised at the rate of two degrees per minute.

3. Methods of Preparation

The only reported method of preparation of 5-formyl-4-phe-
nanthroic acid is by the reaction described here.*

1 The Ohio State University, Columbus, Ohio.

2 Henne and Perilstein, J. Am. Chem. Soc., 65, 2183 (1943).

3 Newman and Holmes, Org. Synitheses, 17, 66 (1937).
¢ Vollmann, Becker, Corell, and Streeck, Ann., 531, 65 (1937).

HENDECANEDIOIC ACID

(Undecanedioic acid)
0]

I NNH; .
HO,C(CH,)4C(CH,) COH % HO,C(CHy)oCOoH

Submitted by Lois J. DuraaM, DoNaLp J. McLEOD, and James Cason.!
Checked by N. J. LEoNaRrD, D. H. DyBvIG, and K. L. RINEHART, JR.

1. Procedure

A 500-ml. round-bottomed flask is attached by a well-lubri-
cated ground-glass joint to a reflux condenser with a side take-off
having a stopcock which may be opened to permit distillation.
In the flask are placed 170 ml. of commercial diethylene glycol
and 30 g. (0.46 mole) of potassium hydroxide (u.s.p., or reagent
grade, 859). This mixture is heated carefully (Caution! Note 1)
until the potassium hydroxide begins to melt and go into solu-
tion; then the heat is removed intermittently until the exo-
thermic dissolution is completed. After the solution has been
cooled to 80-100°, the condenser is removed and there are added
to the flask 35 g. (0.152 mole) of 6-ketohendecanedioic acid ? and
22 ml. (22.4 g., 0.38 mole) of commercial 859, hydrazine hydrate.
The condenser is immediately replaced, and the mixture is
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warmed cautiously until any exothermic reaction is complete and
then heated under reflux for 1 hour.

A thermometer is suspended through the condenser by copper
wire so that the bulb is in the heated liquid, the stopcock of the
take-off attachment is opened, and the mixture is distilled suf-
ficiently slowly so that the froth does not rise out of the flask.
When the liquid temperature has reached 205-210° (after about
30 ml. of distillate has been collected), the stopcock in the take-
off is closed, the thermometer is removed, and the mixture is
heated under reflux for 3 hours. If the temperature is checked
during this heating period, it is usually found to be in the range
190-200°.

At the end of the heating period the reaction mixture is cooled
to about 100-110° (at lower temperatures a gelatinous precipi-
tate separates) and is then poured into 150 ml. of water con-
tained in a 1-1. Erlenmeyer flask. An additional 100 ml. of water
is used to rinse the reaction flask. The diluted mixture is acidi-
fied to Congo red by slow addition of 6 N hydrochloric acid as
the mixture is stirred vigorously to ensure conversion of any pre-
cipitated potassium salt to the free acid. The mixture is then
cooled by tap water for at least 30 minutes (Note 2). The white
precipitate is collected by suction filtration, transferred to a
beaker, and is heated with about 250 ml. of water until the
solid has melted (Note 3). As the mixture is cooled, it is stirred
vigorously by hand until the oil has resolidified. After the
mixture has been cooled again, the precipitated acid is col-
lected by suction filtration, washed with water, and dried (Note
4). The yield of hendecanedioic acid, m.p. 110.5-112° (Note
5), is 28.5-30.6 g. (85-939).

2. Notes

1. When the temperature becomes high enough for the potas-
sium hydroxide to melt under the diethylene glycol, solution
occurs rapidly with evolution of heat sufficient to drive material
out of the top of the condenser if the source of external heat is
not removed immediately.  For this reason it is wise not to add
the compound being reduced until after solution has been accom-
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plished ; moreover, in the case of keto acids there is some evidence
that yields are lowered somewhat if the acid is added before solu-
tion of the potassium hydroxide. Since diethylene glycol does
not present a serious fire hazard, this initial heating is probably
best done with a small flame which may be easilyremoved quickly.
Subsequent heating with an electric mantle is recommended.

2. Somewhat higher yields appear to be obtained when the
mixture is allowed to stand overnight.

3. Remelting the solid acid over water removes occluded im-
purities, including salt and diethylene glycol. Moreover, acid
which has crystallized in lumps is dried faster than the initial
fine precipitate.

4. The submitters suggest recrystallization from benzene as
a means of purification.

5. The acid is probably polymorphic,? since the melting point
varies somewhat with the rate of heating and a solidified melt
remelts more sharply than do the original crystals.

3. Methods of Preparation

Hendecanedioic acid has been prepared by hydrolysis of the
corresponding dinitrile, obtained from 1,9-dibromononane or 1,9-
diiodononane; +* by oxidation of 11-hydroxyhendecanoic acid; "#
by the Arndt-Eistert synthesis from 9-carbethoxynonanoyl ¢ and
nonanedioyl chloride; 1 and by the Willgerodt reaction on un-
decylenic acid.® The present method, previously described
briefly 1213 appears to represent the most convenient preparation
of dibasic acids having an odd number of carbon atoms greater
than ten. It has been applied to several other dibasic acids.*

1 Department of Chemistry, University of California, Berkeley, California.

2 Durham, McLeod, and Cason, Org. Syntheses, 38, 38 (1958).

3 Dupré la Tour, Ann. phys., 18, 199 (1932).

4 von Braun and Danziger, Ber., 45, 1970 (1912).

5 Chuit, Helv. Chim. Acta, 9, 264 (1926).

6 Arosenius, Stillberg, Stenhagen, and Tagtstrom-Eketorp, Arkiv Kemi Mineral.
Geol., 26A, No. 19 (1948) [C. 4., 44, 3883 (1950)].

7 Walker and Lumsden, J. Chem. Soc., 79, 1191 (1901).

8 Verkade, Hartman, and Coops, Rec. trav. chim., 45, 373 (1926).

» Kawasaki, J. Pharm. Soc. Japan, 70, 485 (1950) [C. 4., 45, 5624 (1951)].

10 Canonica and Bacchetti, AU accad. nasl. Lincei Rend. Classe sci. fis. mat. e
nat., 10, 479 (1951) |C. A., 48, 6377 (1954)].
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1 Pattison and Carmack, J. Am. Chem. Soc., 68, 2033 (1946).

12 Cason, Taylor, and Williams, J. Org. Chem., 16, 1187 (1951).

18 Canonica and Bacchetti, A#ti accad. nazl. Lincei Rend. Classe sci. fis. mat. e
nat., 18, 278 (1953) [C. 4., 49, 8121 (1955)].

14 Blomquist, Johnson, Diuguid, Shillington, and Spencer, J. Am. Chem. Soc.,
74, 4203 (1952).

3-HYDROXYTETRAHYDROFURAN
(Furan, 3-hydroxy-1,2,3,4-tetrahydro-)
OH
HOCH,CH,CHOHCH,0H — O
@)

Submitted by Hans WYNBERG and A. BANTJES.!
Checked by Joun C. SHEEHAN and GREGORY L. BOSHART.

1. Procedure

A 500-ml. flask is charged with 318 g. (3 moles) of 1,2,4-tri-
hydroxybutane (Note 1) and 3 g. of p-toluenesulfonic acid mono-
hydrate. A few Carborundum boiling chips are added, the flask
is equipped with a 30.5-cm. Vigreux column, condenser, and re-
ceiver arranged for vacuum distillation, and the contents are
heated, with swirling, to dissolve the acid (Note 2). The flask
is then heated in a bath held at 180-220° so that 300-306 g. of
distillate, b.p. 85-87°/22 mm., is collected over a period of 2-2.5
hours (Note 3). The colorless liquid obtained is refractionated,
the same apparatus being used, and two fractions are collected:
the first, 50-60 g., b.p. 42-44°/24 mm., %% 1.3343, is mainly
water. After a negligible intermediate fraction, 215-231 g.
(81-889,) of pure 3-hydroxytetrahydrofuran, b.p. 93-95°/26
mm., 7% 1.4497, d2° = 1.095, is collected (Note 4).

2. Notes

1. Supplied by the General Aniline and Film Corporation.
2. Considerable darkening occurs even when the acid is well
dispersed. ‘The yield appears not to he afTected.
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3. Other temperatures are: b.p. 75-77°/16 mm.; 90-92°/28
mm. This first distillate contains 149, (£39) of water as de-
termined by interpolation of the refractive indices.

4. Caled. Mp = 21.64. Found: 21.72. As obtained by this
single fractionation the submitters found the alcohol to be analyt-
ically pure: Calcd. for C4HgO,: C, 54.53; H, 9.14. Found: C,
54.74; H, 9.32. Others have reported: b.p. 50°/1 mm., ny
1.4486, d2° = 1.090;2 and b.p. 81°/13 mm., 4" = 1.07, np
1.447823

3. Methods of Preparation

3-Hydroxytetrahydrofuran has been obtained during the prepa-
ration of 1,2,4-trihydroxybutane? by hydrolysis of 4-chloro-
methyl-1,3-dioxane ? and by acid catalyzed dehydration of 1,2,4-
trihydroxybutane.r The present procedure is similar to that
described by Reppe.*

! Department of Chemistry, Tulane University, New Orleans, Louisiana.

2 Price and Krishnamurti, J. Am. Chem. Soc., 72, 5335 (1950).

3 Pariselle, Ann. chim. (Paris), (8124, 315 (1911).

¢ Reppe, Ann., 596, 1 (1955), see p. 112; DBP 841 592 (1942), BAST (H. Krzi-
kalla, E. Woldan).

6-KETOHENDECANEDIOIC ACID

(Undecanedioic acid, 6-oxo-)

0
(1)N(CoHe)s ”
2CH;05C(CH2)4C0C1 — = HO,C(CHz)sC(CHz)sCO-H
(3) HCL

Submitted by Lors J. DurmaM, DoNALD J. McLEOD, and James Cason.!
Checked by N. J. LEoNarp, D. H. Dysvig, and K. L. RINEHART, JR.

1. Procedure

In a 1-1. three-necked flask fitted with a sealed mechanical
stirrer, a 125-ml. dropping funnel, a thermometer, and a drying
tube filled with calcium chloride, are placed 500 ml. of dry ben-
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zene (Note 1) and 89.3 g. (0.5 mole) of §-carbomethoxyvaleryl
chloride (Note 2). The thermometer is adjusted to extend into
the stirred liquid but not into the path of the stirrer. The mix-
ture is cooled, with stirring, to 3-5° in an ice bath, then 50.6 g.
(0.5 mole) of triethylamine (Note 3) is added as rapidly as is
consistent with keeping the temperature of the reaction mixture
below 25° (3-5 minutes). When the mildly exothermic reaction
has subsided, the ice bath is removed and a warm water bath is
used to raise the temperature of the reaction mixture to 33-35°
during 10-15 minutes. A heavy white precipitate of triethyla-
mine hydrochloride separates. After the reaction mixture has
been warmed to about 35°, the water bath is removed and stir-
ring is continued without heating for 30 minutes.

The reaction mixture is filtered (Note 4) with suction, and the
amine salt is washed with about 200 ml. of benzene. The filtrate
and washings are combined and transferred to a 1-1. round-
bottomed flask, benzene is removed at reduced pressure, and to
the residue is added 500 ml. of 2 N aqueous potassium hydroxide.
This mixture is heated under reflux for 4 hours, by which time
the solution should become completely homogeneous. The cooled
solution is extracted with three 100-ml. portions of ether, then
acidified to Congo red with concentrated hydrochloric acid (ap-
proximately 95 ml.). After the solution has been cooled in ice
for at least 1 hour, the precipitated white solid is collected by
suction filtration, washed with water, and recrystallized from a
minimal amount of hot water (105-125 ml. required at about
90°). The yield of colorless 6-ketohendecanedioic acid, m.p. 108
109° (Note 5) is 35-37 g. (60-649).

2. Notes

1. A quantity of thiophene-free benzene is conveniently dried
by distilling about one-fourth of it, then cooling the residue with
protection [rom moisture by use of a calcium chloride tube.

2. This ester acid chloride is prepared by allowing 100 g.
{0.63 mole) of redistilled commercial methyl hydrogen adipate
(b.p. 155 156°/7 mm., 172 173°/13 mm.) to stand overnight at
room temperature with 150 g (1.25 moles) of thiony! chloride.
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A Claisen head is attached, and the thionyl chloride is removed
at aspirator pressure on a steam bath. A pump is attached, and
the ester acid chloride is distilled; the yield is at least 94 g.
(849), b.p. 114-115°/1 mm.

3. Triethylamine purified by drying over sodium hydroxide
pellets and distilling from a-naphthyl isocyanate was found to
give no better results than amine which had been distilled
through a half-meter Vigreux column and collected over the
range 89.5-90°.

4. Frequently the flocculent precipitate of triethylamine hy-
drochloride is filtered with some difficulty; accordingly, a suffi-
ciently large Biichner funnel should be used for the filtration.

5. Titration of this acid gives an equivalent weight in the
range 115-116 (theory, 115). The highest melting point re-
corded for this acid is 111°.2

3. Methods of Preparation

6-Ketohendecanedioic acid has been prepared by the reactions
described ** by the dialkylation of diethyl acetonedicarboxylate
with ethyl y-iodobutyrate in the presence of sodium ethoxide
followed by hydrolysis and decarboxylation,>® and by the per-
manganate oxidation of 6-(1’-cyclohexenyl)-1-hexene.® The pres-
ent method is a simplification of the procedure originally de-
scribed by Sauer This method is practical for the preparation
of symmetrical keto dibasic acids and esters.”

1 Department of Chemistry, University of California, Berkeley, California.

2 English, J. Am. Chem. Soc., 63, 941 (1941).

3 Sauer, J. Am. Chem. Soc., 69, 2444 (1947).

¢ Cason, Taylor, and Williams, J. Org. Chem., 16, 1187 (1951).

5 Leonard and Goode, J. Am. Chem. Soc., 72, 5404 (1950).

6 Kreuchunas, J. Am. Chem. Soc., 75, 4278 (1953).

7 Blomquist, Johnson, Diuguid, Shillington, and Spencer, J. Am. Chem. Soc., 14,
4203 (1952).
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2-METHYL-2,5-DECANEDIOL
(2,6-Decanediol, 2-methyl-)
CH3(CH2)4CH(CH2)2(]?O + ZCHgMgBr b d

0]
CH;

| 2
CH;3(CH,)4CH(CH3)2COMgBr Ec?

OMgBr CH,
CHj (CH2)4CHOH(CH2)2(|:(CH3)2
OH

+ MgBrs,Mg(OH),

Submitted by J. CoLoNGE and R. MAREY.!
Checked by V. BOEKELHEIDE and H. KAEMPFEN.

1. Procedure

A 2-1. flask containing 1.0 1. of anhydrous ether (Note 1) is
fitted with a stopper bearing an inlet tube dipping below the
surface of the ether and an outlet tube protected by a calcium
chloride drying tube. After the ether has been cooled thor-
oughly in an ice-salt bath, the flask is placed on a balance and
cold methyl bromide (Note 2) is introduced through the inlet
tube until the gain in weight is 200 g. (2.1 moles).

In a 3-1. three-necked flask, equipped with a sealed mechanical
stirrer, reflux condenser, and a pressure-equalizing separatory
funnel (Note 3), are placed 48 g. (2 g.-atoms) of magnesium turn-
ings, 500 ml. of anhydrous ether, and a small crystal of iodine.
The cold methyl bromide solution is transferred to the separa-
tory funnel and slowly added, with stirring. The reaction starts
spontaneously, and the remainder of the methyl bromide is
added at a rate such that the solution boils gently under reflux.
Generally, the addition is complete at the end of 1 2 hours and
all the magnesium should be dissolved.  After the stirred solu-
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tion of methylmagnesium bromide is well cooled by using an ice
bath, a solution of 78.0 g. (0.5 mole) of y-nonanoic lactone (Note
4) in 100 ml. of dry ether is added slowly over a period of 30
minutes. When the addition is complete, the mixture is placed
on a steam bath and boiled under reflux for 2 hours. Then the
condenser is arranged for downward distillation (Note 5), and the
ether is removed.

To the thick, syrupy residue is added 200 ml. of benzene, and,
after the solution is cooled in an ice bath and the condenser is
set for reflux, 350 ml. of water is slowly added through the separa-
tory funnel, with stirring. This is followed by the cautious addi-
tion of 325 ml. of a 209, solution of hydrochloric acid, and
stirring is continued until all the precipitate dissolves. The
organic layer is then separated, and the aqueous layer and flask
are washed with 50 ml. of benzene. The combined benzene ex-
tracts are washed successively with water, a 59 solution of
sodium carbonate, and again with water. Concentration of the
benzene solution gives 88.5 g. of an oily residue. Careful frac-
tional distillation (Note 6) of this residue gives, after a fore-run,
53.0 g. (579) of the pure 2-methyl-2,5-decanediol boiling at 65-
69°/2 mm., n¥ 1.4420.

2. Notes

1. Commercial anhydrous ether should be dried over sodium
or sodium hydride before use.

2. Commercial methyl bromide (Eastman Kodak Company,
Rochester, New York) was used without purification.

3. The separatory funnel is fitted to an adapter tube extend-
ing to the bottom of the flask so that the methyl bromide solu-
tion is introduced below the surface of the mixture. A drying
tube is placed in the condenser outlet.

4. Commercial ~y-nonanoic lactone (Aldrich Chemical Co.,
Milwaukee, Wisconsin) was purified by distillation prior to use.
The refractive index of the pure lactone is 3 1.4449.

5. As the removal of ether proceeds, the viscous solution be-
comes difficult to stir and stirring may be stopped without harm.

6. The checkers found that an ordinary Vigreux column was
inctlective in separating lower-boiling impuritics.  An eflicient
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fractionating column 1 m. in length and of 5 mm. I.D. gave ex-
cellent results. The infrared spectrum of the product gave no
evidence of impurities.

3. Methods of Preparation
The preparation of 2-methyl-2,5-decanediol has not been de-
scribed elsewhere in the literature.

t Fcole de Chimie Industrielle de Lyon and Etablissement Descollonges Fréres
(Lyon).

trans-2-METHYL-2-DODECENOIC ACID
(trans-2-Dodecenoic acid, 2-methyl-)

CH; CH;

| 12 | CH;30
CHjy(CHa)sCH,CHCO,H _PZ_> CH3(CH2)8CH2!CCOBr LN
13

Br
CH;
I CoH7N
CH3 (CH2)80H2?CO2CH3 EE—
Br
CH, CH,

| (H)KOH I
CH3(CH2)8CH———-—C002CH3 ﬁ) CH3(CH2)8CH=CC02H

Submitted by C. FREEMAN ALLEN and Max J. Kaim!
Checked by Wirriam S. JorNsoN and H. W. WHITLOCK, JR.

1. Procedure

Caution! The bromination and dehydrobromination steps should
be carried out in a hood.

Thirty grams (0.14 mole) of 2-methyldodecanoic acid is bro-
minated exactly as described in the preparation of 2-methylene-
dodecanoic acid.? The crude product, after the 18-hour heating
period, is allowed to cool; then 56 ml. (1.4 moles) of commercial
absolute methanol is added at such a rate that the exothermic re-
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action is kept under control (Note 1). The resultant pale-orange
two-phase mixture is heated under reflux with stirring for 15 min-
utes, cooled, and diluted with 150 ml. of water containing about 2
g. of sodium sulfite. The bromo ester is extracted with two por-
tions (75 ml. and 25 ml.) of petroleum ether (Note 2). The
extracts are combined, washed with water, and dried over anhy-
drous sodium sulfate. The solvent is removed by flash distillation
of the filtered solution from a 250-ml. flask heated on a steam
bath, and the last traces of solvent are eliminated by reducing the
pressure with a water aspirator. The crude bromo ester remaining
amounts to 41.5-42.5 g. and is thermally unstable to distillation
at reduced pressure.

The crude bromo ester is mixed with 82.5 ml. (0.70 mole) of
pure quinoline (Note 3) in a 250-ml. round-bottomed flask
equipped with an air condenser, and the mixture is heated for 3
hours with an oil bath maintained at 160-170°. The black mix-
ture is cooled, treated with 150 ml. of 209, hydrochloric acid,
then shaken thoroughly with 200 ml. of petroleum ether (Note 2)
until most of the tarry material has dissolved (Note 4). The
aqueous phase is separated and washed with an additional 200 ml.
of petroleum ether, and the combined organic extracts are washed
with 109, hydrochloric acid and then with water. This washing
cycle is repeated until the washes are colorless (two acid washes
usually suffice); finally, the petroleum ether solution is washed
once more with water. The organic layer is dried over anhydrous
sodium sulfate, the solvent is flash-distilled as described above,
and the residual liquid ester is distilled through a 61-cm. Pod-
bielniak-type column (Note 5). The colorless unsaturated ester
(Note 6) distils at 153-154°/14.5 mm. after a small fore-run.
The yield is 22-27 g. (70-85.5%, based on 2-methyldodecanoic
acid), 7% 1.4520-31, Apax 214 my, € 12,300, in hexane (Note 7),
Amax 217 mu, € 12,800, in 959, ethanol.

The ester is hydrolyzed by heating under reflux for 1.5 hours
with 50 ml. of 959, ethanol and 4.4 g. of 859, potassium hydrox-
ide (0.066 mole) for each 10 g. (0.044 mole) of ester. Two-thirds
of the ethanol is removed by distillation; then the residue is
diluted with five volumes of water and acidifiecd to Congo red
with 5 N sulfuric acid. The organic acid is extracted with two
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150-ml. portions of petroleum ether (Note 2), washed with water,
and dried over anhydrous sodium sulfate. The petroleum ether is
removed from the extracts by flash distillation as described above,
and the residual acid is distilled at reduced pressure through a
61-cm. Podbielniak-type column (Note 5). The 2-methyl-2-dode-
cenoic acid, distilling at 166-168°/3 mm., is obtained in 68-83%
over-all yield (20-24.5 g. from 22-27 g. of ester) (Notes 8 and 9),
m.p. 28.5-32° to 29.5-32.4°, Amax 218 my, € 12,900, in hexane
(Note 7), Amax 216-217 mp, € 12,800, in 959, ethanol.

2. Notes

1. About 20 minutes is required. It may be desirable to cool
the flask during the addition.

2. Commercial hexane, b.p. 65-68°, from petroleum fractiona-
tion is satisfactory.

3. Eastman Kodak Company white label synthetic quinoline
was used. The use of coal tar quinoline introduces non-extract-
able aromatic impurities which contaminate the product.

4. The tarry material apparently consists of quinoline salts
and some insoluble polymers.

5. A simplified Podbielniak column was employed.? Other
columns of comparable efficiency should be suitable.

6. This methyl frans-2-methyl-2-dodecenoate is contaminated
with 10-159; of methyl 2-methylenedodecanoate. Little, if any,
cis isomer, which boils at the same temperature as the methylene
isomer, is present. The methylene ester, which boils less than
10° below the desired isomer, can be separated by careful frac-
tionation through an efficient column such as the 1.5-m. simple
Podbielniak-type column.® The esters are more easily frac-
tionated than are the higher-boiling acids.

A significant fraction of the «,8-unsaturated ester is trans-
formed into an unidentified material of similar molecular weight
when stored for several weeks in contact with air. The con-
taminant cannot be separated by ordinary distillation. The acid
is much more stable to storage.

7. Optically pure hexane is preferred to ethanol as a solvent
for absorption measurements below about 220 mu. Commercial
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hexane from petroleum fractionation can usually be rendered
optically pure by stirring overnight twice with 159, fuming
sulfuric acid (1 1b. of the acid to about 3 1. of hexane), followed
by a wash with 59, aqueous sodium hydroxide and distillation
from sodium hydroxide pellets.

8. The carbon-carbon double bond is not isomerized to a
detectable extent during saponification of the ester or distillation
of the acid; thus the 2-methyl-2-dodecenoic acid will have the
same isomeric composition as the sample of ester from which it
was obtained, and it consists entirely of «,8-unsaturated isomers.

9. trans-2-Methyl-2-dodecenoic acid, freed from isomeric impu-
rities by fractionation through a 1.5-m. Podbielniak-type column,
distilled at 146-147°/1.4 mm., Amax 217 my, € 14,500, in hexane.
Since several consecutive fractions showed these properties, they
are believed to represent the properties of the pure isomer. The
quantity of such material recovered is entirely dependent on the
efficiency of the column and the distillation procedure. Pure
samples of solid acids may be readily secured by crystallization.
Those prepared ¢ by this procedure include: 2-methyl-2-eicosenoic
acid, m.p. 66.3-67.6°, Amax 217 mu, e 13,490, in 549, yield;
2-methyl-2-hexacosenoic acid, m.p. 85.4-86.2°, Apax 217 my,
¢ 14,000, in 209, yield; 24-dimethyl-2-pentacosenoic acid, m.p.
69.5-70.3°, Amax 218 my, € 14,550, in 199, yield. The lowered
yields arise from difficulties in purification of the higher molecular
weight isomers.

3. Methods of Preparation

2-Methyl-2-dodecenoic acid has been prepared by bromination
of methyl 2-methyldodecanoate with N-bromosuccinimide, fol-
lowed by dehydrobromination with quinoline and saponification
of the ester.! The present procedure is an adaptation of the
method of Cason, Allinger, and Williams.®

1 Department of Chemistry, University of California, Berkeley, California.

2 Org. Syntheses, 38, 47 (1958).

3 Cason and Rapoport, Laboratory Text in Organic Chemistry, p. 237, Prentice-
Hall, Inc., Englewood Cliffs, New Jersey, 1950.

4 Cason and Kalm, J. Org. Chem., 19, 1836 (1954).

5 Cason, Allinger, and Williams, J. Org. Chem., 18, 842 (1953).
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2-METHYLENEDODECANOIC ACID

(Dodecanoic acid, 2-methylene-)

CH, CH;
| Bry | KOC(CHa)z
CH3(CH,),CHCO,H 250 CH3(CH2)9?COBI’ ————>
Br
CH2 CH2
” (1) NaOH ”
CH;3(CHz)gCCO,C(CH3)s m CH3(CH;)yCCOH

Submitted by C. FREEMAN ALLEN and Max J. Karm.!
Checked by WiLrLiam S. JorNsoN and KENNETH L. WILLIAMSON.

1. Procedure

Caution! The bromination step should be carried out in a hood,
and appropriate precautions should be employed in handling potas-
stum (Note 1).

A 250-ml. three-necked flask fitted (glass joints) with a sealed
mechanical glass stirrer, an addition funnel, and a reflux con-
denser capped with a calcium chloride drying tube is charged
with 30.0 g. (0.140 mole) of 2-methyldodecanoic acid (Note 2)
and 13.7 ml. (0.144 mole) of phosphorus tribromide (Note 3).
Stirring is commenced, and 14.6 ml. (0.284 mole) of dry bromine
(Note 4) is introduced slowly from the addition funnel until the
reaction mixture retains a deep bromine coloration. The addi-
tion requires about 10 minutes to this stage (Note 5). The re-
mainder of the bromine is then added all at once, and the flask
heated in a bath maintained at 85-90° (Note 6) for 1.5 hours.
An additional 3.6 ml. (0.07 mole) of bromine is then added and
the heating at 85-90° continued for 18 hours. The mixture is
cooled to room temperature and poured into a 1-l. separatory
funnel containing about 150 ml. of water and 200 g. of cracked
ice. The transfer is completed with the addition of 150 ml. of
benzene, and the separatory funnel is shaken vigorously for
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about 10 minutes, during which time most of the ice melts and
the originally denser organic phase becomes the upper phase.
The aqueous layer is separated and washed with 100 ml. of ben-
zene, while the organic layer is vigorously shaken with another
200-ml. portion of ice water. This ice-water wash is also shaken
with the 100-ml. portion of benzene and is then discarded. The
combined benzene extracts are filtered through anhydrous sodium
sulfate to remove suspended water; then the benzene and re-
sidual bromine are removed under reduced pressure (water aspi-
rator) at a bath temperature of 70° or below (Note 7). The
crude bromo acyl bromide is added slowly, at room temperature,
to a solution of 13.7 g. (0.35 g. atom) of potassium metal
(Note 1) in 300 ml. of dry fert-butyl alcohol (Note 1) con-
tained in a well-dried 1-1. flask fitted with a reflux condenser that
is protected from moisture with a calcium chloride drying tube.
The resultant suspension is heated at reflux for 1 hour, cooled,
and diluted with three volumes of water. The mixture, contain-
ing insoluble fert-butyl 2-methylenedodecanoate, is extracted
with two 100-ml. portions of low-boiling petroleum ether (Notes
8 and 9). The combined petroleum ether extracts are washed
with water and filtered through anhydrous sodium carbonate into
a distilling flask from which the solvent is flash-distilled. The
residual tert-butyl 2-methylenedodecanoate is then distilled
through a 61-cm. Podbielniak-type column (Note 10) at 129-
130°/3.0 mm.; the yield is 18.5-21 g. of semipurified ester, n%
1.4405-1.4413 (Notes 11 and 12).

The fert-butyl 2-methylenedodecanoate is hydrolyzed by heat-
ing under reflux with ethanolic potassium hydroxide for 6 hours;
40 ml. of 959, ethanol and 3.7 g. (0.056 mole) of 859, potassium
hydroxide are used for each 10 g. (0.037 mole) of the ester. The
hydrolysis mixture is cooled, diluted with three volumes of water,
and extracted with two 100-ml. portions of petroleum cther
which are discarded. The aqueous phase is acidified to Congo
red with 5 ¥ sulfuric acid, and the 2-methylenedodecanoic acid
is extracted with two 150-ml. portions of low-boiling petroleum
ether (Note 8). These extracts are combined, washed with three
100-ml. portions of water to insure complete removal of fert-
butyl alcohol, and dried by filtration through anhydrous sodium
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sulfate. The solvent is removed by flash distillation, and the
acid is subjected to rapid distillation from a Claisen flask (Note
13). 2-Methylenedodecanoic acid containing less than 59, of
2-methyl-2-dodecenoic acid is collected at 149-151°/1.7 mm.,
m.p. about 32°, Amax 209 mpu, € 7800, in hexane (Note 14).
The yield is 10.5-12 g. (35-419), from 2-methyldodecanoic acid),
not including the acid obtained on acidification of the dehydro-
halogenation mixture (Note 9).

2. Notes

1. The precautions for handling potassium and the procedure
for preparing anhydrous potassium feri-butoxide have already
been described.?

2. 2-Methyldodecanoic acid was prepared as follows according
to the method of Cason, Allinger, and Williams.? A three-necked
flask fitted with a sealed mechanical stirrer, dropping funnel, and
efficient reflux condenser is charged with 1.4 1. of absolute
ethanol; then, while stirring, 48.3 g. (2.1 g. atoms) of sodium
metal is added gradually in small pieces. The dropping funnel
is charged with 383 g. (2.2 moles) of diethyl methylmalonate
(Matheson, Coleman and Bell) which is added to the sodium
ethoxide solution over a period of about 20 minutes; then the mix-
ture is boiled under reflux for 5 minutes. The dropping funnel
is charged with 442 g. (2.0 moles) of n-decyl bromide (Eastman
Kodak Company, white label brand) which is added to the mix-
ture as rapidly as is allowed by the exothermic reaction. After
the addition is complete (about 20 minutes), the mixture is
boiled under reflux for 2 hours, then neutralized with a few drops
of glacial acetic acid. About two-thirds of the alcohol is re-
moved by distillation, and 2 1. of water is added to the residue.
The organic phase is separated, and the aqueous phase extracted
with three 250-ml. portions of benzene. The organic phase and
extracts are combined, washed with water, and dried over anhy-
drous sodium sulfate. The residue obtained upon evaporation
of the solvent is treated with a solution of 447.5 g. of 859, potas-
sium hydroxide pellets in 3.5 1. of 957, cthanol and the mix-
ture heated at reflux, with stirring, for 4 hours.  About two-
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thirds of the solvent is removed by distillation, 3 1. of water
is added, followed by sufficient (about 2 1.) 6 N sulfuric acid
(cooling is necessary) to bring the pH of the solution to 1-2.
The organic phase is separated, and the aqueous phase (contain-
ing some precipitated sulfates) is extracted with two portions of
ether. The organic phase and extracts are combined, washed
with water, then with saturated sodium chloride solution, and
finally dried over anhydrous sodium sulfate. The residue ob-
tained upon evaporation of the ether is heated at 180-190°,
at which temperature decarboxylation occurs smoothly over a
20-minute period. The material is then distilled from a modified
Claisen flask. The yield of product, b.p. 159-161°/4.4 mm., is
262-318 g. (61-749,), nyy 1.4404-1.4408.

3. Phosphorus tribromide (Eastman Kodak Company, white
label brand) was freshly distilled before use. The full molar
equivalent accelerates the desired a-bromination.

4. Bromine is conveniently dried over phosphorus pentoxide,
then filtered into the addition funnel through a plug of glass wool.

5. The first mole equivalent of bromine reacts with the phos-
phorus tribromide to form the solid pentabromide which, in turn,
is rapidly consumed in the formation of the acyl bromide.

6. The temperature is critical. At lower temperatures the re-
action is very slow, and at higher temperatures partial dehydro-
bromination and subsequent allylic bromination result in con-
tamination of the product with dienoic acid, as evidenced by the
characteristic intense absorption at 275 my in hexane.

7. Higher temperatures at this point tend to promote dehydro-
bromination under the acidic conditions with the formation of
2-methyl-2-dodecenoic acid.

8. Commercial hexane from petroleum fraction (b.p. 65-68°)
is satisfactory.

9. Acidification of the alkaline aqueous layer to Congo red
with 5 N sulfuric acid liberates 2-4 g. of crude 2-methylenedo-
decanoic acid which can be isolated by extraction with petroleum
ether as described below. Distillation of such material gave a
product which did not crystallize readily.

10. A simplified Podbielniak column ¢ was employed. Other
columns of comparable cfficiency should be suitable.
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11. If the distillation is carried out in a Claisen flask, the final
product is impure, apparently contaminated with about 109, of
2-methyl-2-dodecenoic acid.

12. Pure fert-butyl 2-methylenedodecanoate may be isolated
by refractionation of this product through an efficient column.
The yield in such an experiment was 15-17 g. of material with
n% 1.4400.

13. Fractionation through a column results in some isomeri-
zation.

14. 2-Methylenedodecanoic acid, free from any isomeric im-
purities, can be obtained by recrystallization from acetone. The
pure acid is recovered in over 709, yield, m.p. 33.3-34.2°, Apmax
210 mup, € 7500, in hexane. It is very difficult to obtain pure
methylene acid from Claisen-distilled ters-butyl ester (cf. Note
11).

3. Methods of Preparation

This preparation is based on the method of Cason, Allinger,
and Williams.?

1 Department of Chemistry, University of California, Berkeley, California.

2 Org. Syntheses, 30, 18 (1950).

3 Cason, Allinger, and Williams, J. Org. Chem., 18, 842 (1953).

4 Cason and Rapoport, Laboratory Text in Organic Chemistry, p. 237, Prentice-
Hall, Inc., Englewood Cliffs, New Jersey, 1950.
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B-METHYLGLUTARIC ANHYDRIDE
(Glutaric anhydride, 3-methyl-)

NaOCyHs
CHz(C02C2H5)2 + CchH=CHC02CH3
(|3H2CO2C2H5
CH3;CH
CH(CO,C5Hj)-
(as sodio derivative)
CH,CO,CoHj
| (1) H0, H*
CH3|CH -“m_—coz> [CHgCH(CH2C02H)2]
CH(CO5,CyHjy),
(as sodio derivative)
O
4
/CHz—C\
Acetic
[CH3CH(CH,CO5H),] p—— CH3;CH /O
CH,—C
AN
0

Submitted by James Cason.!
Checked by B. C. McKusick, R. D. SmitH, and W. R. HATCHARD.

1. Procedure

A. Triethyl 2-methyl-1,1,3-propanetricarboxylate (not isolated).
A 1-1. three-necked flask is fitted with a mechanical stirrer, a re-
flux condenser protected by a calcium chloride tube, and a 250-ml.
dropping funnel. All parts of the apparatus should be scrupu-
lously dry. Three hundred milliliters of anhydrous ethanol
(Note 1) is placed in the flask, and 14.1 g. (0.61 g. atom) of clean
sodium, cut in pieces as large as will easily pass through a neck
of the flask, is added rapidly. The neck of the flask is imme-
diately closed, and the mixture is stirred until all the sodium has
dissolved; the cooling bath is removed, and heat is applied if the
reaction becomes sluggish at the end.
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After all the sodium has dissolved, a mixture of 115 g. (0.72
mole) of diethyl malonate (Note 2) and 60 g. (0.60 mole) of
methyl crotonate (Note 2) is added from the separatory funnel.
This addition is made as rapidly as is consistent with keeping the
exothermic reaction under control. After the exothermic re-
action has subsided, the mixture is heated for 1 hour under reflux
with stirring. An oil bath is recommended for heating. At the
end of the heating period the condenser is changed to a position
for distilling, and the temperature of the oil bath is raised suffi-
ciently to distil alcohol fairly rapidly from the stirred mixture.
Distillation is continued until most of the alcohol has been dis-
tilled. There is left a residue of the sodio derivative of triethyl
2-methyl-1,1,3-propanetricarboxylate (Note 3). If water is
added to obtain the free ester, considerable heat is generated
and cooling must be adequate to prevent partial hydrolysis of
the ester by the alkali liberated. For present purposes there is
no advantage in attempting isolation of the ester, and the resi-
due is processed as described below.

B. B-Methylglutaric ankydride. The residue described above is
cooled in an ice bath during the successive addition of 200 ml. of
water and 450 ml. of concentrated hydrochloric acid. The re-
sultant mixture is heated under reflux, with stirring, for 8 hours
(Note 4). The condenser is again set for distillation, the bath
temperature is raised, and, with continued stirring, water and
alcohol are distilled. The bath is finally heated to 180-190° until
gas evolution ceases (usually about 1 hour)."

The stirrer is removed, 125 ml. of technical acetic anhydride is
added to the residue, and, after thorough mixing, the mixture is
heated on a steam bath for 1 hour. The condenser protected by
a calcium chloride tube is left attached, and the other necks of
the flask are closed. At the end of the heating period salt is re-
moved from the cooled reaction mixture by filtering it with suc-
tion, using a filter aid mat, into a 250-ml. Claisen flask. The
reaction vessel and filter are washed with a few milliliters’ of
acetic acid.

The combined filtrate and washings are distilled at reduced
pressure, using a water pump, until all acctic acid and acetic
anhydride have been removed.  An oil pump is then connected,
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and the distillation is continued. B-Methylglutaric anhydride is
collected at 118-122°/3.5 mm. The yield of semisolid anhydride
(Note 5) is 46-58 g. (60~769)) (Note 6).

2. Notes

1. Commercial absolute ethanol from a freshly opened bottle
is often satisfactory. Otherwise it can be dried by treatment
with sodium,? sodium. ethoxide and diethyl phthalate? mag-
nesium methoxide,* or aluminum fer-butoxide.?

2. Because commercial diethyl malonate is likely to contain
small amounts of water and acid, it should be distilled from a
Claisen flask at reduced pressure before use. The material used
should be collected over a two- or three-degree range. The boiling
point of malonic ester is 98°/20 mm.

Commercial methyl crotonate is rather impure and should be
distilled at atmospheric pressure through a simple Vigreux or
packed column which is 40-60 cm. in length. The fraction used
should be collected over a two-degree range, and 70-859, of
material boiling in such a range may usually be obtained from
the commercial product. The boiling point is 117-118°.

3. Because of transesterification, the ester is principally the
triethyl ester.

4. Sometimes the mixture becomes homogeneous after 3-5
hours, and heating can be stopped. At other times oily material
remains even after 8 hours, but nothing is gained by further
heating.

5. Pure B-methylglutaric anhydride melts at 46°% The
B-methylglutaric anhydride obtained in this preparation varies
in its appearance at 25° from an almost completely crystalline
mass to a mixture of about one-third solid and two-thirds liquid.
However, the submitter has found that product of either appear-
ance can be converted to methyl hydrogen B-methylglutarate in
80-859, yield. Further purification is troublesome, and the
product of the present procedure is pure enough for most purposes.

6. The submitter has obtained yields of 85-909.
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3. Methods of Preparation

B-Methylglutaric anhydride is obtained from the acid, which
has been prepared by condensation of acetaldehyde with cyano-
acetamide.”® The present method, which is a simplification of
that published by Stéllberg-Stenhagen,? gives a higher yield and
is much better adapted to the preparation of large quantities.

! Department of Chemistry, University of California, Berkeley, California.

? Kaufmann and Dreger, Org. Syntheses, Coll. Vol. 1, 259 (1941).

3 Manske, Org. Syntheses, Coll. Vol. 2, 155 (1943).

4 Marvel and Hager, Org. Syntheses, Coll. Vol. 1, 249 (1941).

8 Adkins and Gillespie, Org. Syntheses, Coll. Vol. 8, 672 (1955).

§ Darbishire and Thorpe, J. Chem. Soc., 87, 1717 (1905).

? Day and Thorpe, J. Ckem. Soc., 117, 1465 (1920).

8 Kent and McElvain, Org. Syntheses, Coll. Vol. 8, 591 (1955).

® Stillberg-Stenhagen, Arkiv Kemi Mineral. Geol., 25A, No. 10 (1947) [C. 4.,
42, 5851 (1948)].

METHYL HYDROGEN HENDECANEDIOATE

(Undecanedioic acid, monomethyl ester)

+
HO,C(CH,)gCOH + 2CH,0H —s
CH,0,C(CH,)sCO,CH; + 2H,0

Ba(OH); H7*
CH302C(CH2)9C02CH3 _— —> CH302C(CH2)9COOH

Submitted by Lors J. DurraM, DoNaLp J. McLEop, and JamEs CasoN.!
Checked by N. J. LEoNarD, D. H. DyBvIG, and K. L. RINEHART, JR.

1. Procedure

Dimethyl hendecanedioate is prepared by heating 23 g. (0.106
mole) of hendecanedioic acid ? under reflux for 2 hours with a
solution of 8 ml. of concentrated sulfuric acid in 80 ml. of metha-
nol. After the reaction mixture has been diluted with 3 volumes
of water, it is extracted with two 75-ml. portions of benzene.
The benzene extracts are washed successively with 250-ml. por-
tions of water, 59¢ aqueous sodium carbonate solution, and
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water. After benzene has been removed under reduced pressure,
the residue (Note 1) is transferred to a 250-ml. Erlenmeyer flask
containing 127 ml. of a 0.915 N solution of barium hydroxide
(0.058 mole) in commercial anhydrous methanol (Note 2). The
flask is immediately closed with a soda-lime tube and swirled to
mix the solution. The barium salt of the half ester begins to
precipitate after about 2 minutes.

After the flask has been allowed to stand at room temperature
(20-25°) for at least 17 hours (Note 3), the barium salt is col-
lected by suction filtration and washed with about 20 ml. of
methanol (Note 4). The moist barium salt is shaken for a few
minutes in a separatory funnel with a mixture of 100 ml. of 4 ¥
hydrochloric acid and 100 ml. of ether. The aqueous layer, to-
gether with any precipitated barium chloride, is removed and
extracted again with 100 ml. of ether. The two ether extracts
are combined and washed with three 100-ml. portions of water, the
solvent is removed, and the residue (Note 5) is distilled through
a half-meter column (Note 6). There is essentially no fore-run
(see Note 4). The pure half ester is collected at 165-168°/2
mm., weight 14.6-15.7 g. (60-64%), m.p. 44-46° (Note 7).

2. Notes

1. The submitters state that the residue may be distilled to
give dimethyl hendecanedioate in 987 yield (25.5 g.).

2. An approximately 1.0 N solution of ankydrous barium hy-
droxide in methanol is prepared, and the exact normality is
determined by titration. The checkers employed 143 ml. of an
0.814 N solution of barium hydroxide in anhydrous methanol.
This procedure is not suitable for making ethyl esters on account
of the low solubility of barium hydroxide in ethanol.

3. Periodic titration of aliquots of the reaction mixture has
shown that after 16 hours about 959, of the original barium
hydroxide has reacted.

4. If an insufficient amount of methanol is employed to wash
the precipitate, a considerable quantity of recovered diester, b.p.
ca. 145°/2 mm., is obtained as a fore-run in the fractional distil-
lation of the product. The diester may be recovered by dilution
of the filtrate with water and extraction.
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5. The crude product obtained directly from the barium salt
is 90-959, half ester, and the remainder is diacid. This material
may be used directly in reactions where small amounts of diacid
are not objectionable; however, distillation is necessary in order
to obtain a pure sample of half ester. This distillation is simpli-
fied because there is no lower-boiling diester and only a small
amount of higher-boiling diacid.

6. The submitters used a simple type of Podbielniak column.?
The checkers used a 122-cm. column of similar design.

7. Titration of this half ester gives an equivalent weight,
within experimental error, of the calculated value of 230.3. The
yield in this preparation may be regarded as close to theoretical
on the basis of recovery and re-use of diacid and diester.

3. Methods of Preparation

Methyl hydrogen hendecanedioate has been reported as a by-
product in the ozonolysis of methyl 11-dodecenoate,® but the
only preparative procedure reported is that presently described.®
Half esters have usually been prepared by partial esterifica-
tion ¢ and direct fractional distillation of the three products of
the reaction; however, some modification 7 of this procedure is
required for the higher-boiling half esters. The present method *8
is considerably less laborious than the partial esterification pro-
cedure, and is a particular advantage for higher-boiling esters
where a prolonged fractional distillation at high temperatures
permits disproportionation of the half ester. This method is not
satisfactory for lower-molecular-weight half esters, for their salts
are too soluble in methanol. Sebacic acid gives satisfactory re-
sults by this method; azelaic acid, poor results; and lower-
molecular-weight dibasic acids fail to give significant amounts of
half ester.

! Department of Chemistry, University of California, Berkeley, California.

2 Durham, McLeod, and Cason, Org. Syntheses, 38, 34 (1958).

3 Cason and Rapoport, Laboratory Text in Organic Chemistry, p. 237, Prentice-
Hall, Inc., Englewood Cliffs, New Jersey, 1950.

* Lycan and Adams, J. Am. Chem. Soc., 51, 025 (1929).

» Cason, Taylor, and Williams, J. Org. Chem., 16, 1187 (1951).

S Swann, Ochler, and Buswell, Org. Syutheses, Coll. Vol. 2, 276 (1043).

T lones, S Am, Chem. Soc., 69, 2350 (1047).

K Signer and Sprecher, Hele, Chim, Acta, 30, 1001 (1947).
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1-METHYLISOQUINOLINE
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Submitted by J. WEINSTOCK and V. BOEKELHEIDE.!
Checked by N. J. LEoNarD, TERRY W. MILLIGAN, and WILLIAM R. SHERMAN.

1. Procedure

Caution! All the operations should be carried out in a well-
ventilated hood because of the toxic nature of hydrogen cyanide and
the cyanide solutions.

A. I-Cyano-2-benzoyl-1,2-dihydroisoquinoline ® (Reissert’s com-
pound ?) (Note 1). In a 5-1. three-necked flask equipped with a
Hershberg stirrer, a dropping [unncl, and a condenser is placed a
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solution of 391 g. (6.0 moles) of potassium cyanide in 2.5 1. of
water and 258 g. (2.0 moles) of isoquinoline (freshly distilled from
zinc dust). The mixture is maintained below 25° by immersion
in an ice bath (Note 2). The stirrer is started, and, when the
isoquinoline has formed an emulsion with the aqueous solution,
562 g. (4.0 moles) of benzoyl chloride is added over 3 hours. The
stirring is continued another hour or until the Reissert’s com-
pound has separated as small, hard, tan spheres. The reaction
mixture is cooled further in the ice bath, and the product is col-
lected on a large Biichner funnel. It is washed on the funnel
with successive portions of 400 ml. of water, 400 ml. of 3 N
hydrochloric acid, and 500 ml. of water. The product is then
recrystallized from 2-3 1. of commercial absolute ethanol using
2.5 g. of activated carbon to effect partial decolorization of the
solution. The hot filtration to remove the carbon is done by
means of a heated Biichner funnel. The filtrate is cooled in an
ice bath and filtered when cold. Long standing in the presence
of the supernatant liquid causes the adsorption of dark material
by the product. The cream-colored crystals which éeparate are
collected on a Biichner funnel, washed with 100 ml. of cold 959,
ethanol, and dried in air overnight. The yield of dry 1-cyano-2-
benzoyl-1,2-dihydroisoquinoline, m.p. 125-127°, sufficiently pure
for use in the next step, is 303400 g. (58-779%).

B. 2-Bengoyl-1-cyano-1-methyl-1,2-dikydroisoquinoline. A 3-l.
round-bottomed flask, a 500-ml. dropping funnel, a condenser,
and a stirrer are dried in an oven and then arranged so that a
nitrogen atmosphere can be maintained in the flask with the use
of a mercury bubbler. The apparatus is flushed with dry nitro-
gen for 1 hour, and 83.5 g. (0.32 mole) of 1-cyano-2-benzoyl-
1,2-dihydroisoquinoline, 350 ml. of dry dioxane (Note 3), and
100 ml. of anhydrous ether are added. The stirrer is started,
and, when the solid is dissolved completely, the flask is immersed
in an ice-salt bath at —10°. Then 450 ml. of a 0.78 N ether
solution of phenyllithium (0.35 mole) (Note 4) is added drep-
wise, with stirring, during 30 minutes. The reaction mixture
turns a deep red, and as the addition is continued a red solid
separates. Ten minutes after the addition is complete 56.2 g.
(0.40 mole) of methyl jodide is added, and the reaction mixture
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is stirred in the cold for 2 hours, then overnight at room temper-
ature. The reaction mixture is transferred to a separatory funnel
and washed with three 50-ml. portions of water. The organic
solution is filtered, and the solvent is removed under reduced
pressure. If the residue does not crystallize immediately upon
evaporation of the solvent, crystallization may be induced by
scratching the sides of the flask and cooling. The crystals are
transferred to a Biichner funnel, washed on the funnel with 50
ml. of cold 959 ethanol, and dried. The yield of dry 2-benzoyl-
1-cyano-1-methyl-1,2-dihydroisoquinoline in the form of cream-
colored crystals, m.p. 120-122°, is 62-63 g. (71-72%,) (Note 5).

C. I-Methylisoquinoline. In a 500-ml. round-bottomed flask
equipped with a reflux condenser are placed 62.2 g. (0.227 mole)
of 2-benzoyl-1-cyano-1-methyl-1,2-dihydroisoquinoline, 50 ml. of
959, ethanol, and a solution of 32.0 g. (0.57 mole) of potassium
hydroxide in 100 ml. of water. The mixture is heated under re-
flux for 1.5 hours, during which time the solid dissolves and the
solution becomes homogeneous. After the solution has cooled,
it is extracted with four 75-ml. portions of ether. The combined
ethereal extracts are washed with two 25-ml. portions of water
and dried with anhydrous magnesium sulfate. After removal of
the drying agent by filtration and of the solvent by concentra-
tion under vacuum, the residue is distilled under reduced pressure
to give 24-26 g. (74-809%,) of colorless 1-methylisoquinoline,
b.p. 81°/1 mm.; #% 1.6102, 3 1.6119 (Note 6).

2. Notes

1. This is essentially the procedure of Padbury and Lindwall.?

2. If the mixture is not kept cold during the addition of the
benzoyl chloride, the product is likely to be highly colored.

3. The dioxane is dried as described by Fieser.* It is kept in
a glass-stoppered bottle sealed with wax. The ether is com-
mercial anhydrous ether dried over sodium wire.

4. A convenient preparation of phenyllithium is described by
Wittig.®> The ethereal solution may be titrated by adding an
aliquot to water and titrating to the methyl orange end point
with standardized hydrochloric acid.
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5. Another 10 g. (119)) of impure 2-benzoyl-1-cyano-1-methyl-
1,2-dihydroisoquinoline may be obtained by adding water to the
cold mother liquor until it becomes turbid. The mixture is
heated until the turbidity disappears, and the resulting solution
is cooled slowly, then refrigerated. The additional product
obtained by this method is contaminated with Reissert’s com-
pound and should not be used in the next step if pure 1-methyl-
isoquinoline is desired.

6. This method may be used to prepare other 1-substituted
isoquinolines. The submitters have prepared 1-benzylisoquino-
line and 1-butylisoquinoline by this method.®

3. Methods of Preparation

1-Methylisoquinoline has been prepared by the catalytic de-
hydrogenation of 1-methyl-3,4-dihydroisoquinoline prepared by
the Bischler-Napieralski reaction, which involves treating g-phen-
ylethylacetamide with a strong dehydrating reagent at elevated
temperatures.” 1-Methyl-34-dihydroisoquinoline has been pre-
pared from g-phenylethylacetamide by using polyphosphoric
acid, and the same reagent produced some 1-methylisoquinoline
from N-acetyl-dl-phenylalanine.® 1-Methylisoquinoline has also
been prepared from g-phenyl-g-hydroxyethylacetamide by using
phosphorus pentoxide,* and by cyclization of the Schiff base
obtained from acetophenone and aminoacetal * or from a-phenyl-
ethylamine and glyoxalsemiacetal.!s

I Department of Chemistry, University of Rochester, Rochester, New York.

2 Padbury and Lindwall, J. Am. Chem. Soc., 67, 1268 (1945).

8 Reissert, Ber., 38, 3427 (1905).

4 Fieser, Experiments in Organic Chemisiry, 2nd ed., p. 369, D. C. Heath and Co.,
Boston, 1941.

5 Wittig, Newer Methods of Preparative Organic Chemistry, p. 576, Interscience
Publishers, Inc., New York, 1948; see also Org. Syntheses, Coll. Vol. 3, 757 (1955).

& Boekelheide and Weinstock, J. Am. Chem. Soc., 74, 660 (1952).

7 Whaley and Hartung, J. Org. Chem., 14, 650 (1949).

8 Leonard and Boyer, J. Am. Chem. Soc., 72, 2980 (1950).

? Spith, Berger, and Kuntara, Ber., 63B, 134 (1930).

9 Burrows and Lindwall, J. Am. Chem. Soc., 64, 2430 (1942).

" Dey and Ramanathan, Proc. Natl. Tnst. Sci. India, YA, 193 (1943).

2 Pictet and Kay, Ber., 42, 1973 (1909).

B Snveer and Werber, J. Am. Chem, Soc., 72, 2062 (1950).
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M Mills and Smith, J. Chem. Soc., 121, 2724 (1922); Pictet and Gams, Ber., 43,
2384 (1910).

5 Pomeranz, Monatsh. Chem., 15, 299 (1894).

18 Schlittler and Miiller, Helv. Chim. Acta, 31, 914 (1948).

METHYL p-TOLYL SULFONE
(Sulfone, methyl p-tolyl)
p-CH3CgH4SO,Cl + NapSO3 + 2NaHCO; —
p-CH3CeH,SO,Na + HyO + NaCl 4 NagSO04+4-2CO,
2p-CH3CeH4SOsNa 4 (CHj)250, —
2p-CH3CgH4SO,CH3 + NagSOy

Submitted by L. FieLp and R. D. Crark.!
Checked by Jorn C. SHEEHAN and M. GERTRUDE HOWELL.

1. Procedure

In a 4-1. beaker (Note 1) provided with a mechanical stirrer
and thermometer are placed 600 g. (4.76 moles) of anhydrous
sodium sulfite, 420 g. (5.0 moles) of sodium bicarbonate, and
2.4 1. of water. The mixture is heated on a hot plate at 70-80°
and is maintained at this temperature by switching the hot plate
off occasionally, while 484 g. (2.54 moles) of p-toluenesulfonyl
chloride (Note 2) is added in portions of 5-10 g., with stirring,
during 3 hours. When addition is complete, the mixture is
heated and stirred at 70-80° for 1 hour (Note 3). The mixture
is then removed from the hot plate and allowed to stand for 4 to
(preferably) 10 hours.

The solid sodium p-toluenesulfinate which separates is col-
lected by filtration and mixed with 400 g. (4.76 moles) of sodium
bicarbonate and 490 g. (370 ml., 3.88 moles) of dimethyl sulfate
(Note 4) in a 3-1. three-necked round-bottomed flask equipped
with a mechanical stirrer, a reflux condenser, and a 1-1. separa-
tory funnel containing 925 ml. of water. Water (75-100 ml.) is
added from the separatory funnel to make the mixture fluid
cnough for stirring. ‘The remainder of the water is then added
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dropwise, with stirring, during 3 hours. The mixture is then
heated under reflux for 20 hours.

After the mixture is cooled to 75°, 200 ml. of benzene is added
(Note 5). The mixture is stirred briefly, and the liquid is de-
canted from the solid into a 3-1. separatory funnel. The aqueous
layer is separated and extracted again with 200 ml. of benzene.
The aqueous layer is then returned to the separatory funnel,
and the solid in the reaction flask is washed in with it by means of
2 L. of water. The mixture is shaken with 200-ml. portions of
benzene until all solid has dissolved (usually three portions of
benzene suffice). All the benzene extracts are combined and
dried with 20 g. of anhydrous calcium chloride. The drying
agent is removed by filtration and washed with two 20-ml. por-
tions of benzene. Benzene is removed from the filtrate by dis-
tillation under reduced pressure (Note 6), and the solid which
separates is dried further at about 10 mm. and room temperature
to constant weight. The yield (Note 2) of methyl p-tolyl sulfone
is 298-317 g. (69-739%,), m.p. 83-87.5°. Further purification is
generally unnecessary, but, if desired, the product may be re-
crystallized from carbon tetrachloride or ethanol-water (1:1).
The submitters state that the method may be extended to the
preparation of methyl phenyl sulfone and, presumably, of methyl
aryl sulfones generally (Note 7).

2. Notes

1. A porcelainized metal bucket is a convenient alternative.

2. The submitters used Eastman Kodak Company practical
grade; although the solid is somewhat oily, the m.p. is 66-68°.
The checkers used p-toluenesulfonyl chloride purchased from
Matheson, Coleman and Bell and obtained a yield of 78-829%.

3. The volume at the end of the heating period should not
exceed 2.4 1. If, after 1 hour of heating, the volume exceeds
2.4 1., the mixture is heated longer.

4. Eastman Kodak Company practical grade was used, bp
69-70°/10 mm. Dimethyl sulfate is toxic and must be handled
with caution. This part of the preparation should be run in a
hood with provision for containing the contents should breakage
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occur. It is unlikely that any dimethyl sulfate survives the 20-
hour reflux period however, and the submitters reported that no
difficulty whatever was encountered in handling the mixture af-
ter this point without special precautions; nevertheless, they
recommend that the possible presence of dimethyl sulfate be
borne in mind. Ammonia is a specific antidote for dimethyl sul-
fate and should be at hand to destroy any accidentally spilled.
A solution of a detergent in dilute ammonia water may be used
to clean glassware used in transfers. For hazards, see Sax.?

5. Extraction with benzene improves the yield somewhat but
offers the more important advantage of permitting effective dry-
ing of the sulfone when it is to be used in metallation reactions.
If this advantage is not sought, the reaction mixture simply can
be allowed to cool to room temperature and let stand until
crystallization is complete (2-3 hours). The solid is then col-
lected by filtration and washed with water (about six 200-ml.
portions) until the washings give no precipitate with barium
chloride solution. The yield is 272 g. (639%,); it can be increased
by 12.6 g. (669,) by extraction of the mother liquor and wash
water. The sulfone thus obtained contains only 0.25%, of
benzene-insoluble material and has m.p. 86.5-87.5°.

6. If the benzene is removed at a temperature not exceeding
50°, the sulfone is obtained as well-formed crystals.

7. According to the submitters, methyl phenyl sulfone? is
obtained similarly from benzenesulfonyl chloride in 66-699%,
yields, m.p. 86-88°.

3. Methods of Preparation

Methyl p-tolyl sulfone has been prepared by oxidation of
methyl p-tolyl sulfide with hydrogen peroxide ° or ruthenium
tetroxide,, by alkylation of sodium p-toluenesulfinate with
methyl iodide "3 or with methyl potassium sulfate,® by decar-
boxylation of p-tolylsulfonylacetic acid,” by thermal decomposi-
tion of tetramethylammonium p-toluenesulfinate,!® by reaction
of cis-bis-(p-tolylsulfonyl)-ethene with sodium hydroxide (low
yield),!* by the reaction of methanesulfonyl chloride with tolucne
in the presence of aluminum chloride (mixture of isomers),' by
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reaction of alkali with 3-p-tolylsulfonyl-7-hydroxynaphtho-a-

pyrone,® and by heating allyl p-tolyl sulfone with sodium
hydroxide.!*

The method described here is that of Field and Clark?® It
involves preparation of sodium p-toluenesulfinate by the proced-
ure of Oxley et al.8 and alkylation by modification of a method
used by Baldwin and Robinson » for the preparation of methyl
phenyl sulfone.

! Department of Chemistry, Vanderbilt University, Nashville, Tennessee.

2 Sax, Handbook of Dangerous Materials, p. 147, Reinhold Publishing Corpora-
tion, New York, 1951.

3 Field and Clark, J. Org. Chem., 22, 1129 (1957).

4 Zincke and Frohneberg, Ber., 43, 837 (1910).

5 Gilman and Beaber, J. Am. Chem. Soc., 47, 1449 (1925).

$ Djerassi and Engle, J. Am. Chem. Soc., 75, 3838 (1953).

7 Otto, Ber., 18, 154 (1885).

8 Oxley, Partridge, Robson, and Short, J. Chem. Soc., 1946, 763.

9 Otto and Artmann, Ann., 284, 300 (1895).

10 Meyer, Chem. Zentr., 80, 1800 (1909).

1 Truce and McManimie, J. Am. Chem. Soc., 76, 5745 (1954).

2 Truce and Vriesen, J. Am. Chem. Soc., 75, 5032 (1953).

13 Troger and Dunkel, J. prakt. Chem., 104, 311 (1922).

¢ Backer, Strating, and Drenth, Rec. trav. chim., 70, 365 (1951).

5 Baldwin and Robinson, J. Ckem. Soc., 1932, 1445,

MONOBENZALPENTAERYTHRITOL
(Pentaerythritol, monobenzal-)

.
CoHsCHO + C(CH,0H); —o
O—CH, CH,0H
/ ANV
C6H5CH C + HZO

7\
0o—CH, CH,0H

Submitted by C. H. IsstpormES and R. GULEN.!
- Checked by M. S. NEwmAN and ARLEN B. MEKLER.
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1. Procedure

In an open 3-1. three-necked flask are placed 180 g. (1.32 moles)
of pentaerythritol (Note 1) and 1.3 1. of water. The flask is fitted
with an efficient mechanical stirrer and a graduated dropping
funnel containing 147 g. (1.38 moles) of benzaldehyde (Note 2).
The mixture in the flask is heated until all the solid dissolves and
is then allowed to cool undisturbed (Note 3).

When the solution has cooled to room temperature, stirring is
started and 6.6 ml. of concentrated hydrochloric acid is added
through the open neck of the flask, followed by 30 ml. of benzalde-
hyde from the dropping funnel. When the precipitate of mono-
benzalpentaerythritol starts forming, dropwise addition of
benzaldehyde is begun (Note 4). After the addition of benzalde-
hyde is completed, the mixture is stirred for an additional 3 hours
(Note 5). The precipitate is collected (Note 6) on a Biichner
funnel and washed with ice-cold water which has been made
slightly alkaline by addition of sodium carbonate. The solid is
transferred to a 3-1. round-bottomed flask, 1 1. of water (slightly
alkaline with sodium carbonate) is added, and the mixture is
heated to 100° (Note 7). After about 10 minutes at this tempera-
ture the hot mixture is filtered quickly through a fluted filter
paper (Note 8). The solid remaining on the filter paper is washed
with 50 ml. of hot water (made slightly alkaline with sodium car-
bonate) (Note 9). The combined aqueous filtrates are cooled in
an ice bath for several hours, and the crystals are collected on a
Biichner funnel and dried. The dry product is heated under re-
flux for 15 minutes in an Erlenmeyer flask with 200 ml. of toluene,
and the hot mixture is allowed to cool to room temperature, with
continuous agitation (stirring rod) to prevent formation of hard
lumps. Finally, the mixture is cooled in an ice bath for 5 hours,
and the solid product is collected on a Biichner funnel and dried
(Note 10). The yield of monobenzalpentaerythritol melting at
134-135° is 215-227 g. (73-719,).
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2. Notes

1. Eastman Kodak Company white label pentaerythritol was
used. The checkers used a commercial sample obtained from the
Heyden Chemical Corporation.

2. The third neck may be left open and used later for addition
of hydrochloric acid and for introduction of the thermometer.

3. The temperature of the solution should not be allowed to go
below 25°; otherwise pentaerythritol will precipitate.

4. The addition should take about 2.5 hours. The temperature
of the mixture should be kept at 25-29°.

5. If stirring is continued for a substantially longer period, the
yield of monobenzalpentaerythritol is somewhat decreased.

6. The product should be collected immediately, as losses
result if there is delay at this point.

7. The mixture should be stirred continuously during the
heating. The use of a mechanical stirrer is recommended.

8. Use of a steam-heated funnel is recommended.

9. The solid remaining finally on the filter paper may be re-
crystallized from 1-butanol to give 1-2 g. of dibenzalpenta-
crythritol melting at 159-160°.

10. The product and the toluene in the Erlenmeyer flask form
a solid mass which is difficult to remove. The operation is made
easicr by adding 70 ml. of ice-cold toluene to the flask and stirring,
before transferring the product to the Biichner funnel. One or
two additional 20-ml. portions of cold toluene may be used to
remove the product completely.

3. Methods of Preparation

The procedure described is based on the method of E. Bogra-
chov.?

! American University of Beirut, Beirut, Lebanon.
415 Bograchov, J. Am. Chem. Soc., 72, 2268 (1950).
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MONOBROMOPENTAERYTHRITOL

(1,3-Propanediol, 2-bromomethyl-2-hydroxymethyl-;
pentaerythritol monobromohydrin)

C(CH,0H), + HBr — BrCH;C(CH;0H);3 + H,0

Submitted by S. WAWZONEK, A. MATAR, and C. H. ISSIDORIDES.!
Checked by Craries C. Price and G. VENKAT Rao.

1. Procedure

In a 3-1. two-necked flask (Note 1) fitted with a dropping funnel
and a reflux condenser are placed 200 g. (1.47 moles) of penta-
erythritol, 1.5 1. of glacial acetic acid, and 17 ml. of 489, hydro-
bromic acid (Note 2). After a reflux period of 1.5 hours, 170 ml.
of 489, hydrobromic acid is added and the solution is heated
under reflux for an additional 3 hours. At the end of this time
96 ml. of 489} hydrobromic acid is added and the heating under
reflux is continued for 3 hours. The solution is distilled under
reduced pressure to remove as much of the acetic acid and the
water as possible, first on a steam bath and finally for 15 minutes
in an oil bath at 140-150°, as the pressure is reduced to 10 mm.
The viscous residue is transferred to a 2-1. flask and treated with
750 ml. of 989, ethanol and 50 ml. of 489, hydrobromic acid.
The flask is provided with an efficient fractionating column
(Note 3), and the solution is fractionated slowly until about 500
ml. of distillate is collected. Then a second 750-ml. portion of
ethanol is added, and the fractionation is continued slowly until
750 ml. more distillate is collected (Note 4). Finally, the flask
is fitted with a Claisen head and a condenser set for downward
distillation, and the remaining alcohol is removed as completely
as possible under reduced pressure.

Benzene (500 ml.) is added to the residue and distilled at
atmospheric pressure. The last traces of benzene are removed
by heating for 15 minutes in an oil bath at 150°; as the pressure
is reduced to 8 mm. The same procedure is repeated, using a
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second 500-ml. portion of benzene (Note 5). The viscous residue
is then heated under reflux for several hours with 500 ml. of dry
ether, with frequent shaking, until it becomes white and granular
(Note 6). After cooling thoroughly, the ether is decanted, and
the solid is washed twice with two 200-ml. portions of dry ether.
The solid is powdered thoroughly and dried in a vacuum desicca-
tor. The dry solid is then extracted exhaustively in a Soxhlet
extractor with 600 ml. of dry ether (Note 7). The ether extract
is cooled overnight in an ice bath, and the precipitated mono-
bromopentaerythritol is collected by filtration and washed with
two 200-ml. portions of cold, dry ether. The yield of crude
product melting at 72-73° is 145-160 g. (49-549, of the theoreti-
cal). One recrystallization from a mixture of 3 parts of chloro-
form and 2 parts of ethyl acetate by volume raises the melting
point to 75-76°, recovery 75-859,.

2. Notes

1. For best results the flask should have standard-taper,
ground-glass fittings.

2. Eastman Kodak Company white label pentaerythritol and
489, hydrobromic acid were used.

3. A 40-cm. column packed with glass beads is satisfactory.

4. The fractionation should be carried out slowly to ensure
complete alcoholysis of the bromoacetate. The boiling point
during the collection of the first 500 ml. of distillate remains
constant at around 72°, corresponding to the ethanol-ethyl
acetate azeotrope.

5. The purpose of this operation is to remove completely the
water present in the product. Toluene may be substituted for
benzene.

6. If the product has a tendency to form a hard mass, it is
advisable to break up the solid with a stirring rod.

7. The extraction is very slow and requires several hours for
completion, depending upon the rate of refluxing of the ether.
Usually crystals of the monobromopentaerythritol begin to de-
posit on the walls of the extraction flask after the first hour. At
the end of the extraction 30-35 g. of unchanged pentaerythritol
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remains in the extraction thimble. Dibromopentaerythritol,
formed as a side product, is present in the ether washings.

3. Methods of Preparation

Monobromopentaerythritol has been prepared by the action
of 669, hydrobromic acid on pentaerythritol in glacial acetic
acid? and by the action of 669, hydrobromic acid on penta-
erythritol 3 at 120°. The procedure described is a modification
of the method of Beyaert and Hansens.?

L State University of Iowa, Iowa City, Iowa.

2 Beyaert and Hansens, Natuurw. Tijdschr. (Ghent), 22, 249 (1940) [C. 4., 37, ‘

5373 (1943)].
3 Barbiere and Matti, Bull. soc. chim. France [5]5, 1565 (1938).

MONOVINYLACETYLENE

(1-Buten-3-yne)
cl
KOH

— ", H,C—CH—C=CH
HOCH:CH2OH

|
Cl—CH,CH=C—CHj

Submitted by G. F. HenxioN, CHARLES C. PRICE, and

TroMmas F. McKEoON, Jr.!
Checked by Max TiseLER and JoRN E. ALLEGRETTI.

1. Procedure

A 2-1. three-necked flask, heated by a Carbowax bath, is
equipped with a motor-driven Trubore stirrer, Teflon paddle,
Trubore bearing (Note 1), a Friedrichs condenser, and a 250-ml.
dropping funnel. The dropping funnel is connected to the flask
by a 24/40 ground-glass joint with a side arm made of 7-m.m.
tubing. The side arm is connected through a calcium chloride
drying tower and a bubbler to a nitrogen tank.

The top of the condenser is connected to a horizontal tube
(ca. 2 x 25 cm.) partially filled with granular anhydrous calcium
chloride. The horizontal tube is then connected to a 100-ml.
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graduated cylinder immersed in an acetone-Dry Ice mixture for
collection of the product. The cylinder is also equipped with an
escape tube protected by a calcium chloride drying tube.

Four hundred grams of powdered technical potassium hy-
droxide flakes (Note 2) is placed in the flask, and 500 ml. of
ethylene glycol is added. This mixture is stirred vigorously
while adding 100 ml. of #-butyl Cellosolve (Note 3). The sys-
tem is swept with a rapid stream of nitrogen for 15-20 minutes
while the temperature of the oil bath is raised to 165-170°. The
flow of nitrogen is then reduced to a rate just sufficient to main-
tain an atmosphere of nitrogen in the system.

One hundred and twenty-five grams of 1,3-dichloro-2-butene
(1.0 mole) (Note 4) is added at a rate of about 3 drops per
second. Addition should be complete in 0.75-1 hour (Note 5).
During the addition the temperature of the oil bath is main-
tained at 165-170° (Note 6), and the reaction mixture is stirred
vigorously. Heating is continued for 1 hour after the addition
of dichlorobutene is complete.

The yield of crude product obtained is 31.2 g. (39 ml., 60.09,)
(Notes 7 and 8). The crude product may be purified by distilla-
tion through a low-temperature column (Note 9) to yield 22.4-
24.8 g. (28-31 ml., 43.8-47.89) of monovinylacetylene, b.p. 0-6°
(Note 10) The storage of monovinylacetylene in the presence
of oxygen has been reported to lead to explosive compounds.
It is therefore suggested that the product be stored under an
inert atmosphere.

2. Notes

1. An oil-sealed stirrer was found unsuitable because the pres-
sure drop through the system was greater than the pressure drop
across the oil-sealed stirrer. The Trubore stirrer and bearing
were purchased from Ace Glass Inc., Vineland, New Jersey.

2. The potassium hydroxide was weighed as flakes, then ground
rapidly with a mortar and pestle to roughly the consistency of
granulated sugar, and added as soon as possible to the reaction
flask to minimize moisture uptake. The flakes may be used
dircetly without grinding, the only difference being that the mix-
ture of potassium hydroxide, glycol, and Cellosolve should be
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Thermometer
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tightly wound
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N
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Fic. 2. Low-temperature distillation column.
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heated for a slightly longer time before any dichlorobutene is
added in order to allow as complete a dispersion as possible.

3. The butyl Cellosolve is added to control the foaming dur-
ing the reaction.

4. The dichlorobutene used was Eastman Kodak Company
technical grade. Distillation before use was not observed to in-
crease the yields.

5. The rate of addition is very important. If the time of
addition of 1 mole of dichlorobutene goes much beyond 1 hour,
the yield will decrease noticeably.

6. This is apparently an optimum temperature. Lower tem-
peratures lead to lower yields, while higher temperatures do not
change the yield appreciably.

7. The calculations of yields are based ond~3° = 0.8 extrap-
olated from data at higher temperature.?

8. The preparation also has been run on a 2-mole scale, using
double the quantities specified in a 3-1. flask. The yields obtained
were comparable to those obtained on the 1-mole scale.

9. The low-temperature column shown in Fig. 2 was 75 cm.
long, made of 7-mm. glass tubing. The entire column was sur-
rounded by an evacuated, silvered jacket. The column, for the
lower 60 cm., was a tightly coiled spiral (3.8 cm. diameter). The
remaining length was straight and was surrounded by a coolant
cup in which liquid of any temperature could be placed to con-
trol the refluxing temperature. For the purpose, a calcium
chloride-water-Dry Ice mixture was used to keep the temperature
of the cup at approximately —5 to 0°. The vapor from the
column was condensed and collected in a graduated cylinder
immersed in an acetone-Dry Ice bath (Note 10). The major fea-
tures of infrared spectra of the vapor from redistilled product are
summarized in Table T (Note 11).

10. Warming the still pot with 60° water was necessary to
distil all the volatile gases toward the end of the distillation.

11. "The spectrum of the fractionated monovinylacetylene was
comparable, in band peaks and intensities, with previously re-
ported spectra. - A previously reported band at 5.8 u, however,
was not found in any of the samples, suggesting that an im-
purity was present in the sample previously reported.
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TABLE 1

THE MAJOR BANDS FOR THE INFRARED SPECTRUM OF
MONOVINYLACETYLENE GAS

(350 mm. pressure, 5-cm. cell)

Wavelength, 4 Absorption, 9%  Wavelength, u  Absorption, %

3.02 93 6.20 87

3.22 62 7.0-7.15 33
3.30 67 7.9-8.1 98
4.73 9 9.17 49
5.13 19 9.37 18
5.41 59 10.2-11.2 99
5.46 52 13.67 27
5.80 —

3. Methods of Preparation

Monovinylacetylene has been prepared by the decomposition
of a diquaternary ammonium base,? by the dimerization of acety-
lene,* and by the dehydrohalogenation of dihalobutenes in liquid
ammonia.® The last method produces a metal salt. The pro-
cedure described has been published.®

1 University of Notre Dame, Notre Dame, Indiana.

2 Kuchinskaya and Anitina, Khim. Referat. Zhur., 2, No. 5, 65 (1939) [C. 4.,
34, 2783 (1940)].

3 Willstatter and Wirth, Ber., 46, 535 (1913).

4 Nieuwland, Calcott, Downing, and Carter, J. Am. Chem. Soc., 83, 4197 (1931).

5 Croxall and Van Hook, U. S. Patent 2,623,077 (December 23, 1952, to Rohm
and Haas Co.); J. Am. Chem. Soc., 76, 1700 (1954).

¢ Hennion, Price and McKeon, J. Am. Chem. Soc., 76, 5160 (1954).
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1-NITROOCTANE
(Octane, 1-nitro-)

CH3(CH2)7BI' + AgN02 - CH3(CH2)7N02 + AgBr

Submitted by N. KorNBLuM and H. E, UNGNADE.}
Checked by JorN C. SEEEHAN and M. GERTRUDE HOWELL.

1. Procedure

1-Bromodctane (96.5 g., 0.5 mole) (Note 1) is added dropwise
during 2 hours to a stirred suspension of silver nitrite (116 g.,
0.75 mole) (Note 2) in 150 ml. of dry ether (Mallinckrodt anhy-
drous), contained in a 500-ml. three-necked round-bottomed flask
equipped with dropping funnel, reflux condenser, and a sealed
Hershberg-type stirrer (Trubore) and immersed in a 1-gal. Dewar
flask filled with ice and water (Note 3). The mixture is stirred
for 24 hours in an ice bath. The bath is removed, and stirring is
continued at room temperature (26-28°) until the supernatant
liquor gives a negative test for halides (approximately 40 hours,
Notes 4 and 5).

The silver salts are removed by filtration, slurried with two
100-ml. portions of dry ether, and the ether washings are added
to the ethereal solution of reaction products (Note 6). The
combined ethereal solutions are distilled at atmospheric pressure
through a 2x45 cm. column packed with 4-mm. Pyrex helices
(Note 7). The residue remaining after removal of the ether is
fractionated under reduced pressure. The yellow liquid distilling
at 37°/3 mm. has #% 1.4127-1.4129 and weighs 11.3 g. (149);
this is 1-octyl nitrite. It is followed by an interfraction of b.p.
38-70°/3 mm., »% 1.4133-1.4320, yield 6.83 g., which contains
some nitrite, some 1-octanol, and a little 1-nitrodctane. Finally,
pure, colorless 1-nitrodctane distils at 66°/2 mm., 3 1.4321-
1.4323, yield 59.6-63.6 g. (75-809%,) (Notes 8 and 9).
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2. Notes

1. 1-Bromodctane b.p. 50-51°/0.8 mm., 7% 1.4526, was
employed.

2. Silver nitrite can be prepared as follows: silver nitrate
(169.9 g., 1 mole) dissolved in 500 ml. of distilled water is added
in small portions, with vigorous shaking, to a solution of 76 g.
(1.1 mole) of sodium nitrite, dissolved in 250 ml. of distilled
water contained in a 1-1. Erlenmeyer flask. (These operations
are best carried out under a yellow safelight or, in any case, with
minimum exposure to light.) Then the mixture is allowed to
stand in the dark for 1 hour. The yellow precipitate is then
collected by filtration with suction, suspended in 250 ml. of dis-
tilled water, and again filtered. The washing is repeated twice,
and the product is collected by filtration and dried to constant
weight in a vacuum desiccator over potassium hydroxide pellets;
yield 134 g. (869;). The silver nitrite drying process can be
facilitated by washing the material with methanol.

3. It is preferable to carry out the entire reaction in a dark
room equipped with a yellow safelight. The reaction mixture
should be protected from moisture by means of drying tubes.

4. The stirrer is stopped, and the precipitate is allowed to
settle. Unchanged alkyl halide is detected in the supernatant
liquor by the Beilstein test (copper wire spiral) or by adding a
few drops of the ethereal solution to alcoholic silver nitrate.

5. According to the submitters, with primary straight-chain
bromides the time needed to reach a negative test for halide is
24 hours at 0° followed by 48 + 12 hours at room temperature.
When primary straight-chain iodides are employed, the reaction
time is shorter: 24 hours at ice temperature followed by 36 + 12
hours at room temperature.

6. It is more difficult to remove an alcohol from the correspond-
ing nitroalkane than it is to separate the nitrite ester and the
nitroalkane. Minimal exposure to a moist atmosphere is, there-
fore, desirable since anhydrous ether is hygroscopic and nitrite
esters hydrolyze readily, especially if a little acid is present.

7. A column of high efficiency is undesirable because of the
thermal instability of the nitrite, and a column of lesser efliciency
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cannot accomplish a complete separation of the products. The
column used by the submitters was equipped with a total conden-
sate, partial take-off head with small holdup.

8. 1-Nitrotctane is completely soluble in aquéous alkali. Itis
converted to a crystalline colorless sodium salt on shaking with
209, aqueous sodium hydroxide, and this salt dissolves com-
pletely on adding enough water to make the solution 109}
aqueous base. That the nitro compound is free from nitrate is
shown by the absence of the infrared absorption bands at 6.15,
7.85 and 11.6 u characteristic of nitrate esters.

9. A recent study ? has shown that this is a general reaction
for primary straight-chain bromides and iodides; in contrast,
primary chlorides fail to react. Primary bromides and iodides
having branched chains also give excellent yields of nitro com-
pounds, especially if the branching is not on the carbon alpha to
the one holding the halogen (Table I).

TABLE 1

Y1ieLps oF NiTrRo COMPOUNDS

Halide RNO,, 9% Halide RNO,, %
n-Butyl Br 73 #n-Octyl I 83
n-Butyl 1 74 Isoamyl Br 72
n-Hexyl Br 76 Isoamyl 1 78
n-Hexyl I 78 Isobutyl Br 18
n-Heptyl Br 79 Isobutyl I 59
n-Heptyl 1 82 Neopentyl I 0
n-Octyl Br 80

The reaction of silver nitrite with secondary halides gives
yields of nitroparaffins in the vicinity of 159, while with tertiary
halides the yields are even lower (0-59;). There is no question
that the reaction of silver nitrite with alkyl halides is useful only
for the synthesis of primary nitroparaffins.

3. Methods of Preparation

The present procedure is based on a recently published paper.?
1-Nitrotetane has previously been prepared from 1-iododctane
and silver nitrite,* from octane by boiling with nitric acid,** and
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from 1-nitrodctylene by catalytic hydrogenation.® 1-Nitroctane
has also been obtained from n-octyl p-toluenesulfonate and
sodium nitrite in 179, yield.”

! Department of Chemistry, Purdue University, Lafayette, Indiana.

2 Kornblum, Taub, and Ungnade, J. Am. Chem. Soc., 76, 3209 (1954).

8 Eichler, Ber., 12, 1883 (1879).

¢ Worstall, Am. Chem. J., 20, 213 (1898); 21, 228 (1899).

5 Urbanski and Slon, Roczniki Chem., 17, 161 (1937) [C. 4., 31, 6190 (1937)].
¢ de Mauny, Bull. soc. ckim. France, 7, 133 (1940) [C. 4., 34, 5413 (1940)].

7 Drahowzal and Klamann, Monatsk. Chem., 82, 975 (1951).

1,4-PENTADIENE
7 o
CH,CO,CH,CH,CH,CH,CH;0,CCH; ——
CH,—CHCH,CH=CH, + 2CH;COOH

Submitted By R. E. Bexsown and B. C. McKusick.!
Checked by N. J. LEonarp and A. G. Cook.

1. Procedure

The apparatus (Fig. 3) is similar to that described in previous
volumes.>? It consists of a Pyrex glass reaction tube, 90 cm. long
by 45 mm. in outside diameter, mounted vertically in an electric
furnace about 50 cm. long. Attached to the top of the tube are
a graduated dropping funnel (Note 1), an inlet tube for nitrogen,
and a thermocouple well extending to the bottom of the heated
section and holding a movable thermocouple. The entire heated
section, which begins 10 cm. from the top of the tube, is packed
with Pyrex glass rings 10 mm. in outside diameter by about 10
mm. in length held in place by a plug of glass wool supported by
indentations in the tube. The lower end of the tube is attached
to a 1-1. round-bottomed flask immersed in an ice bath and hav-
ing a side arm from which vapors pass successively through a
trap immersed in an ice bath and a trap immersed in a bath of
Dry Ice and acetone. Each trap is capable of holding about 200
ml. of liquid. The temperature of the hottest part of the tube,
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which is located near the middle of the heated section, is raised
to 575° == 10° while nitrogen (Note 2) is passed successively
through a flowmeter and the tube at a rate of 46 1./hr. Under
these conditions (Note 3),
658 g. (645 ml., 3.5 moles) (]
of 1,5-pentanediol diacetate

%

(Note 4) is added to the tube
over a period of 3.5 hours.
The contents of the three re-
=

ceivers are combined and dis- (/R

tilled at atmospheric pressure
through a 15-cm. indented
Claisen-type still head; the
condenser is cooled with ice
water, and the receiver is im-
mersed in an ice bath. The
fraction boiling at 25-55°,
wt. 170-190 g., is redistilled
through a 60-cm. column
packed with glass helices or a
column of similar efficiency
to give 150-170 g. (63-719,)

of 1,4-pentadiene, b.p. 26— 0
f7?;g;{7(61:)1021?)., n% 1.3861- ‘ /l-mm;Nt#ggsten
. . \ J f
2. Notes 1.1-1.2 mm. bore
1. A Hershberg dropping

funnel 4+ modified by addition
of a pressure-equalizing arm
(Fig. 3) makes it easy to add
the diacetate at a constant Fie. 3.

rate.

2. A dry, oxygen-free grade of commercial nitrogen is used.
Nitrogen can be omitted without diminishing the yield by more
than a few per cent.

3. As the addition of the diacetate begins, the temperature of
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the hottest part of the tube (the location of which generally
shifts lower at this time) decreases, necessitating an increase in
current in the electric furnace.

4. 1,5-Pentanediol diacetate ¢ b.p. 85-90°/0.9 mm., n% 1.4253,
is obtained in 92-949 yield by adding a 109, excess of acetic
anhydride to 1,5-pentanediol 7 at 120-140°, refluxing the mix-
ture for 2 hours, and distilling it at reduced pressure. The prac-
tical grade of 1,5-pentanediol sold by the Eastman Kodak Com-
pany may be used.

5. The residue from the first distillation is a mixture of acetic
acid, 4-penten-1-ol acetate, and 1,5-pentanediol diacetate. An-
other 15-35 g. (6-159,) of 1,4-pentadiene can be obtained by
passing the residue through the pyrolysis tube under the condi-
tions described above.

3. Methods of Preparation

1,4-Pentadiene has been prepared by the interaction of allyl
bromide and vinyl bromide in the presence of magnesium,® by
the pyrolysis of 1,5-pentanediol diacetate *° or 4-penten-1-ol ace-
tate,®® and by the reaction of a-allyl-g-bromoethyl ethyl ether
with zinc.?%1t The present procedure is based on the work of
Schniepp and Geller ® and of Paul and Tchelitcheff.®

! Chemical Department, Experimental Station, E. I. du Pont de Nemours and
Company, Wilmington, Delaware.

2 Ratchford, Org. Syntheses, Coll. Vol. 3, 30 (1955).

3 Bourns, Embleton, and Hansuld, Org. Syntheses, 34, 79 (1954).

¢ Hershberg, Org. Syntheses, Coll. Vol. 2, 129 (1943).

5 Schniepp and Geller, J. Am. Chem. Soc., 67, 54 (1945).

¢ Paul and Tchelitcheff, Bull. soc. chim. France, [5]15, 108 (1948).

7 Kaufman and Reeve, Org. Syntheses, Coll. Vol. 3, 693 (1955).

8 Kogerman, J. Am. Chem. Soc., 52, 5060 (1930).

9 Paul and Normant, Bull. soc. chim. France, [S]11, 367 (1944).

10 Shoemaker and Boord, J. Am. Chem. Soc., 53, 1505 (1931).

1 Kistiakowsky, Ruhoff, Smith, and Vaughan, J. Am. Chem. Soc., 58, 146 (1936);
Flsner and Wallsgrove, J. Inst. Petrol., 35, 259 (1949).
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a-PHTHALIMIDO-0o-TOLUIC ACID
(o-Toluic acid, a-phthalimido-)
CH,

©/ \ O\ HCON(CHs)z
. 1\{CO‘\
O

CO
\COOK
CO

/ N AN H,0
CH,N | + CH;COOH —
/ \C / F
O

\COOK

CO

N\
CH,N O + CH,COOK
S

CO
COOH

Submitted by J. BorNsTEIN, P. E. DRUMMOND, and S. F. BEDELL.
Checked by Jorn C. SEEEHAN and Y. L. YEH.

1. Procedure

A 2-1. three-necked round-bottomed flask, fitted with a sealed
stirrer and a reflux condenser carrying a drying tube, is charged
with 100 g. (0.75 mole) of phthalide (Note 1), 150 g. (0.81 mole)
of potassium phthalimide (Note 2), and 500 ml. of dimethyl-
formamide (Note 3). The stirred suspension is heated under
reflux by means of an electric mantle for 5 hours; the deep blue
solution is then cooled to room temperature (Note 4). A solu-
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tion of 300 ml. of glacial acetic acid in 500 ml. of water is added
in one portion to the stirred reaction mixture, and the resulting
yellow suspension, which becomes slightly warm, is stirred for an
additional 30 minutes.

The precipitate is separated by suction filtration, pressed on
the funnel, and washed successively with three 100-ml. portions
of water and two 100-ml. portions of 957, ethanol. The product
is transferred to a 1-1. Erlenmeyer flask, boiled for 10 minutes
with 400 ml. of 609, ethanol with occasional stirring, filtered hot,
washed twice with 50-ml. portions of 959, ethanol, and then dried
in an oven at 90-100° for 6-12 hours. The crude a-phthalimido-
o-toluic acid, which weighs 140-155 g., is divided into two equal
portions, and each portion is dissolved in boiling propionic acid
(Note 5). Each solution is treated with 1 tablespoon of Norit
and filtered through an electrically heated gravity funnel. The fil-
trates are allowed to cool slowly to room temperature and are
then refrigerated overnight. The crystals from the two portions
are collected by suction filtration in one funnel and washed on
the funnel with 400 ml. of 959, ethanol. The product is dried
over potassium hydroxide in a vacuum desiccator. The yield of
nearly white crystals of a-phthalimido-o-toluic acid is 126-141 g.
(60-679, based on phthalide), m.p. 265.0-266.5°.

2. Notes

1. The phthalide was prepared according to Organic Syniheses *
and was also purchased from Aldrich Chemical Company. The
commercial product (200 g.) was recrystallized in 50-g. portions
from 1.5 1. of water, the mother liquor from the first crop being
employed for recrystallization of the subsequent portions. Each
portion was treated with 2 tablespoons of Norit, filtered hot,
allowed to cool to room temperature with occasional stirring, and
then cooled to 5° before collecting the crystals which were washed
on the funnel with small quantities of cold water. Final drying
was effected in a vacuum desiccator containing phosphorus
pentoxide.

2. Eastman Kodak Company potassium phthalimide (200 g.)
was digested with 450 ml. of boiling acetone for 15 minutes,
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filtered hot, washed on the funnel with 100 ml. of acetone, and
dried at 100° for 6 hours.

3. The dimethylformamide was obtained from Eastman Kodak
Company and was used without further purification.

4. The reaction mixture is most conveniently cooled by allow-
ing it to stand at room temperature overnight. Occasionally the
potassium salt of a-phthalimido-o-toluic acid precipitates at this
point, but this does not interfere with the subsequent operations.

5. Approximately 1.33 1. of propionic acid is required for
78 g. of the crude a-phthalimido-o-toluic acid. Glacial acetic
acid may be used as the solvent, but considerably larger volumes
are required than when propionic acid is employed. This step
should be carried out in a hood, since hot propionic acid vapors
are very irritating.

3. Methods of Preparation

The present procedure is that described by the submitters.?
a-Phthalimido-o-toluic acid has also been prepared by the
acidolysis of the corresponding ethyl ester, obtained from the
reaction of ethyl a-bromo-o-toluate with potassium phthalimide.?

I Department of Chemistry, Boston College, Chestnut Hill, Massachusetts.

2 Org. Syntheses, Coll. Vol. 2, 526 (1943).
3 Bornstein, Bedell, Drummond, and Kosloski, J. Am. Chem. Soc., 78, 83 (1956).

trans-STILBENE OXIDE
(a,a’-Epoxybibenzyl)

C6H5 H C6H5 8] H
\\ / CH3COsH \ / \ /
c—C —— c—=
/7 N\ / AN
H CgH5 H C6H5

Submitted by DoNALD J. REir and HERBERT O. HOUSE.!
Checked by MELVIN S. NEwMAN and Donarp K. Priries.



84 ORGANIC SYNTHESES, VOL. 38

1. Procedure

In a 1-1. three-necked flask equipped with stirrer, dropping
funnel, and thermometer is placed a solution of 54 g. (0.3 mole)
of irans-stilbene (Note 1) in 450 ml. of methylene chloride. The
methylene chloride solution is cooled to 20° with an ice bath, and
then the cooling bath is removed. A solution of peracetic acid
(0.425 mole) in acetic acid (Note 2) containing 5 g. of sodium
acetate trihydrate is added dropwise and with stirring to the re-
action mixture during 15 minutes. The resulting mixture is
stirred for 15 hours, during which time the temperature of the
reaction mixture is not allowed to rise above 35° (Notes 3 and 4).
The contents of the flask are poured into 500 ml. of water, and the
organic layer is separated. The aqueous phase is extracted with
two 150-ml. portions of methylene chloride, and the combined
methylene chloride solutions are washed with two 100-ml!. por-
tions of 109, aqueous sodium carbonate and then with two 100-
ml. portions of water. The organic layer is dried over magnesium
sulfate, and the methylene chloride is distilled, the last traces
being removed under reduced pressure. The residual solid is re-
crystallized from methanol (3 ml./g. of product) to yield 46-49
g. (78-839) of crude trans-stilbene oxide, m.p. 66-69° (Note 5).
An additional recrystallization from hexane (3 ml./g. of product)
sharpens the melting point of the product to 68-69°. The yield
is 41-44 g. (70-759,).

2. Notes

1. frans-Stilbene (Eastman Kodak Company) may be used
directly. A slightly higher yield is obtained if the stilbene is
crystallized once from alcohol.

2. Approximately 409, peracetic acid in acetic acid is available
(Becco Chemical Division, Food Machinery and Chemical Corpo-
ration, Buffalo 7, New York). Sodium acetate is added to neu-
tralize a small amount of sulfuric acid which is present in the
commercial product. The peracetic acid concentration should be
determined by titration.? The peracetic acid solution used by
the submitters contained 0.497 g. (0.00655 molc) of peracid per
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milliliter. Consequently 65 ml. (0.425 mole) of this solution was
used in the reaction.

3. Without further cooling, the temperature of the reaction
mixture usually rises to 32-35° after 1-2 hours and then grad-
ually falls.

4. The progress of the epoxidation can be followed by measur-
ing periodically the optical density of the reaction mixture at
295 mu. The reaction time and temperature specified in the
procedure were found to reduce the optical density of the re-
action mixture at 295 mp (and, accordingly, the #rans-stilbene
concentration) to less than 39 of its initial value. If more than
this amount of unchanged #rans-stilbene remains in the crude
product, it cannot be removed by recrystallization from either
methanol or hexane. Even after repeated crystallization the
melting point of the product does not rise above 66-67°. Pure
trans-stilbene oxide can be isolated from such a mixture if the
mixture is treated with additional peracetic acid to convert the
remaining frans-stilbene to frans-stilbene oxide.

5. This melting point and yield are obtained after the crystal-
line product which separates from methanol has been dried under
reduced pressure for 12 hours. This drying process is unneces-
sary if the product is subsequently to be recrystallized from
hexane. :

3. Methods of Preparation

trans-Stilbene oxide has been prepared by the reaction of silver
oxide with the methiodide of 1,2-diphenyl-2-dimethylaminoetha-
nol,>* by the reaction of hydrazine with hydrobenzoin’ and by
the reaction of peracetic acid &7 or perbenzoic acid 8 with #rans-
stilbene. The procedure described illustrates the use of a com-
mercially available peracetic acid solution for the epoxidation of
carbon double bonds. Since the reaction of irans-stilbene and
other olefins conjugated with aromatic nuclei with peracids is
slow, the procedure for the epoxidation of unconjugated olefins
should be modified by the use of a lower reaction temperature, a
shorter reaction time, and a longer period of time for the addi-
tion of the peracid.
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1 Department of Chemistry, Massachusetts Institute of Technology, Cambridge,
Massachusetts.

2 Greenspan and MacKellar, Anal. Chem., 20, 1061 (1948).

3 Read and Campbell, J. Chem. Soc., 1930, 2377.

4 Rabe and Hallensleben, Ber., 43, 884 (1910).

8 Miiller and Kraemer-Willenberg, Ber., 57B, 575 (1924).

¢ Boeseken and Elsen, Rec. #rav. ckim., 47, 694 (1928).

7 Boeseken and Schneider, J. praki. Ckem., 131, 285 (1931).

8 Tiffeneau and Levy, Bull. soc. chim. France, {4139, 763 (1926).

2-VINYLTHIOPHENE
(Thiophene, 2-vinyl-)

Q + CH3CHO + HCl — Q-CHC]CH;; + H,0

(1) Quaternization

- + CsHsN ———
ﬁ\ J—CHGCH3 v @4

S
+ CsH;N-HCI
[glcmim o

Submitted by W. S. EMERSON and T. M. PATRICK, JR.
Checked by Max TiSHLER, P. TISHLER, and F. W. BOLLINGER.

1. Procedure

A 2-1. three-necked flask is fitted with a thermometer, a stirrer,
a gas inlet tube which will reach beneath the surface of the liquid,
and a vent. The flask is placed in a bath of acetone to which Dry
Ice can be added. To the flask are charged 336 g. (318 ml., 4.0
moles) of thiophene (Note 1), 176 g. (177 ml., 1.33 moles) of
paraldehyde, and 300 ml. of concentrated hydrochloric acid.
While this mixture is stirred and maintained at 10-13° (Note 2)
by means of Dry Ice, gaseous hydrogen chloride is bubbled in.
At the end of 25 minutes the solution is saturated (Note 3).

The contents of the flask are poured onto 300 g. of ice, the layers
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are separated, and the organic portion is washed three times with
200-ml. portions of ice water (Note 4). The organic layer is
added, with some cooling (Note 5), to 316 g. (322 ml., 4.0 moles)
of pyridine and 2.0 g. of a-nitroso-g-naphthol in a 1-1. distilling
flask. The aqueous layer is extracted with two 100-ml. portions
of ether, and the combined ethereal extract is used to wash each
aqueous wash in turn (Note 6). The ethereal layer is concen-
trated on the steam bath under a stream of nitrogen and com-
bined with the organic mixture in the distilling flask. The mix-
ture is allowed to stand for 1.5 hours before distillation. The
distillation is performed under reduced nitrogen pressure. The
distillate is collected over 1.0 g. of a-nitroso-g-naphthol in an ice-
cooled receiver at successively lower pressures ending at 125°/50
mm. (Note 7). The distillate is poured onto a mixture of 400 g.
of ice and 400 ml. of concentrated hydrochloric acid. The layers
are separated, and the organic portion is washed successively
with 100-ml. portions of 19, hydrochloric acid, water, and 29,
ammonia.

The organic layer is filtered through 1 cm. of anhydrous mag-
nesium sulfate on a sintered-glass funnel into a 500-ml. distilling
flask. The aqueous layer is extracted with two 100-ml. portions
of ether which are combined and used to extract the aqueous
washes. The ethereal layer is washed with 50 ml. of saturated
salt solution and filtered through the same funnel into a fresh
suction flask. The funnel is finally washed with two 50-ml.
portions of ether. The ethereal washes are concentrated on a
steam bath under nitrogen (Note 8) and combined with the fil-
trate in the distilling flask. The filtrate is fractionally distilled
under nitrogen through a 2-cm. column, 35 cm. high, packed with
6-mm. glass helices (Note 9). The column is jacketed and pro-
vided with a heater inside the jacket to minimize heat losses
during distillation. The receiver is cooled in an ice bath, and the
distillate is collected in three fractions, thiophene 45.6-27.9 g.,
b.p. 36°/150 mm.-35°/100 mm. (Note 10), intermediate 11.8-
4.8 g., b.p. 35°/100 mm.-80°/98 mm., and 2-vinylthiophene
(Notes 11 and 12) 191.3-224.0 g., b.p. 65-67°/50 mm., n} 1.5701,
lit.2 h.p. 65.5 66.5°/48 mm., lit.* u}y 1.4698. The yield is 50-557,
of the theoretical amount hased on the thiophene consumed.
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The undistilled residue amounts to about 27 g. and the distillate
in the Dry Ice-acetone trap to about 4 g.

2. Notes

1. Specific gravities at 25° were used to determine the volumes
of reagents. Eastman Kodak Company thiophene, b.p. 83-85°,
np 1.5252, and v.s.p. paraldehyde were used.

2. The submitters used an ice-salt bath, but the checkers
found a Dry Ice-acetone bath more convenient and almost in-
dispensable. Temperature control is important. Small devia-
tions from the prescribed range result in a lower yield.

3. When the solution is saturated, copious fumes of hydrogen
chloride are evolved from the vent. The reaction should not be
continued beyond this point. With an ice-salt bath the time re-
quired for addition of hydrogen chloride was 35 minutes.

4. The yield will be much lower if the washing process is not
carried out quickly.

5. If the mixture is too cold, the quaternization reaction will
be delayed. On the other hand, if no cooling is provided, the
reaction mixture may boil over spontaneously because of the exo-
thermic nature of the reaction. Heat cracks the quaternary
compound to 2-vinylthiophene which, if not removed by distilla-
tion, may undergo thermal polymerization.

6. Omission of this ethereal extraction will reduce the quoted
yield by about 2 per cent.

7. At this temperature and pressure volatilization of pyridine
hydrochloride occurs. Passage of vapors during the distillation
through a Dry Ice-acetone trap yields 8.8 g. of thiophene con-
taminated with its original odoriferous impurities and 2.2 g. of
an aqueous layer, both of which were discarded.

8. Omission of this ethereal extraction will reduce the quoted
yield by about 6 per cent.

9. A packed column is essential to achieve the degree of frac-
tionation required.

10. The distillation is conducted so as to keep the pot tempera-
ture below 90° until about 90, of the product has been distilled.
This is done to minimize thermal polymerization of the product.
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11. If the intermediate and product fractions are not to be
used immediately, a-nitroso-g-naphthol is added as a stabilizer.

12. 5-Chloro-2-vinylthiophene and 5-bromo-2-vinylthiophene
have been prepared in 479, and 359, yields, respectively, by
essentially the same procedure.

3. Methods of Preparation

2-Vinylthiophene has been prepared by the dehydration of a-
(2-thienyl)ethanol,>® by the condensation of vinyl chloride with
2-thienylmagnesium bromide in the presence of cobaltous chlo-
ride,, and by the dehydrochlorination of a-(2-thienyl)ethyl
chloride.”

I Monsanto Chemical Co., Dayton 7, Ohio.

2 Schick and Hartough, J. Am. Chem. Soc., 70, 1646 (1948).

3 Mowry, Renoll, and Huber, J. Am. Chem. Soc., 68, 1105 (1946).

4 Kuhn and Dann, Ann., 547, 293 (1941).

5 Nazzaro and Bullock, J. Am. Chem. Soc., 68, 2121 (1946).

6 Strassburg, Gregg, and Walling, J. Am. Chem. Soc., 69, 2141 (1947).
7 Emerson and Patrick, J. Org. Ckem., 13, 729 (1948).
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(This cumulative index comprises material from Volumes 30-38; for previous vol-
umes see Collective Volumes 1, 2, and 3.)

Names in small capital letters refer to the titles of individual preparations. A number in
ordinary bold-face type denotes the volume. A page number in bold-face italics indicates that
the detailed preparative directions are given or referred to; entries so treated include principal
products and major by-products, special reagents or intermediates (which may or may not be
isolated), compounds mentioned in the text or Notes as having been prepared by the method
given, and apparatus described in detail or illustrated by a figure. Page numbers in ordinary
type indicate pages on which a compound or subject is mentioned in connection with other

preparations.

For example, Allylbenzene, 31, 85, 86 indicates that allylbenzene is mentioned

on page 85, and that directions for its preparation are given on page 86, of Volume 31.

ABIETIC ACID, 32, 1
acid sodium salt of, 32, 4
diamylamine salt of, 82, 2
Acetaldehyde, 36, 60
ACETALDEHYDE, DIPHENYL-, 38, 26
Acetal formation, from pentaerythritol
and benzaldehyde, 38, 65
Acetamide, 31, 17
AceTaMIDE, N-BROMO, 31, 17
«a-PHENYL-, 32, 92
ACETANILIDE, a~-BENZOYL-, 37, 2
Acetanilide, a-benzoyl-2-methoxy-4-
nitro, 37, 4
ACETIC ACID, BENZOYL-, ETHYL ESTER,
37,3, 32
CHLOROFLUORO-, ETHYL ESTER, 34, 49
a-CHLOROPHENYL, 36, 3
CYANOPHENYL-, ETHYL ESTER, 30, 43
diazo, esters, 36, 27
DIAZO-, ETHYL ESTER, 36, 25
glacial, 31, 8, 11, 19, 78; 32, 6, 45
THIOL-, 31, 105
Acetic anhydride, 30, 82; 31, 106; 32, 54;
33, 1, 39, 70; 36, 58; 38, 53
ACETOACETONITRILE, 2-($-CHLORO-
PHENYL)-4-PHENYL-, 36, 30
Acetone, 82, 22, 32
Acetonedicarboxylic acid, 87,74, 75
ACETONITRILE, CHLORO-, 80, 22
DIBROMO-, 88, 16
P-METHOXYPHENYL-, 36, 50

Acetophenone, 33, 7
ACETOPHENONE, $-(2,5-DIHYDROXY-
PHENYL)-, 34, 1
2-HYDROXY-5-METHOXY-, 31, 90
0-NITRO-, 30, 70
2’-Acetoxy-a,B-dibromochalcone, 32, 75
Acetylacetone, 31, 43
9-ACETYLANTHRACENE, 30, I
Acetylation, of 2-p-acetylphenylhydro-
quinone, 34, 1
of hydrogen sulfide, 31, 105
a-Acetyl-y-butyrolactone, 31, 74
Acetyl chloride, 30, 1
@-ACETYL-3-CHLORO-y-VALEROLACTONE,
31, 1
1-ACETYLCYCLOHEXANOL, 35, 1
Acetylene, 30, 15; 32, 27, 71
dimagnesium halide of, 32, 72
ACETYLENE, DIPHENYL-, 34, 42
y-HYDROXYPROPYL, 33, 68
ACETYLENEDICARBOXYLIC ACID, DI-
METHYL ESTER, 32, 55
2-p-Acetylphenylhydroquinone, 34, 1
8-ACETYL-#-VALERIC ACID, 31, 3
Acid chlorides, synthesis of, 87, 69
Acid isomerization of diterpenic acids,
32,1
Acid number, 32, 3
Acidolysis, of ethyl a-chlorophenyl-
acectate by acetic acid, 36, 4
of vinyl acetate by fatty acids, 80, 106
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Acrolein, 37, 75
ACROLEIN ACETAL, 32, §
ACROLEIN DIETHYL ACETAL, 32, §
ACRYLIC ACID, frans-B-(0-NITRO-
PHENYL)-q-PHENYL-, 35, 89
Acrylonitrile, 30, 80, 36, 6; 38, 14
ACRYLONITRILE, TRIPHENYL-, 31, 52
Acylation of ethanolamine with phthalic
anhydride, 32, 19
Acyloin reaction, 36, 79
2-Acylpyridines, phenylhydrazones of,
32, 85
Addition, of acetylene to cyclohexanone,
32,70
of aniline to acrylonitrile, 36, 6
of aniline to benzonitrile, 36, 64
of benzylmagnesium chloride to
N-benzylidenemethylamine,
34, 65
of bromine to oleic acid, 37, 77
of bromine to 10-undecenoic acid,
32, 104
of enanthaldehyde to diethyl maleate,
34, 51
of ethanol to chlorotrifluorethylene,
34, 16
of ethyl phenylcyanoacetate to
acrylonitrile, 30, 80
of hydrogen chloride to cyclopenta-
diene, 32, 42
of hydrogen cyanide to a-phenyl-
cinnamonitrile, 82, 63
of hydrogen iodide to cyclohexene,
31, 66
of hydrogen sulfide to methyl
acrylate, 30, 65
of hypochlorous acid to cyclopentene,
30, 24
of isocaproyl chloride to acetylene,
32, 27
of malonic acid to isobutylene, 34, 26
of methanol, to cyanamide, 34, 67
to o,B-unsaturated ketone, 32, 79
of methyl iodide to benzyldimethyla-
mine, 34, 61
of p-nitrophenyldiazonium chloride
to butadiene, 31, 80
of 2-nitropropane to methyl acrylate,
32, 86

Addition, of potassium cyanide to diethyl
benzalmalonate, 30, 84
of sodium bisulfite, to cyclo-
heptanone, 34, 25
to phenanthrenequinone, 34, 76
Adipyl azide, 36, 70
Adipyl hydrazide, 36, 69
Alanine, 33, 1
Aldehyde-collidine, 30, 42
Aldehydes, stabilization against
autoxidation, 37, 40
Aldehyde synthesis, 31, 92
from benzyl halides and nitropropane,
30, 99
Sommelet, 30, 67
Alizarin indicator, 37, 33
N-Alkyl amines, formation of, 38, 29
Alkylation, of acetylene, 30, 15
of amines with alkyl orthoformates,
38,29
of 2-aminopyridine with benzyl
alcohol, 38, 3
of aniline with triphenylcarbinol,
30,5
of e-caprolactam with dimethyl
sulfate, 31, 72
of diethyl malonate with 3-chloro-
cyclopentene, 32, 52
of diethyl methylmalonate with
n-decyl bromide, 38, 49
of diethyl phthalimidomalonate,
30,7
of ethyl acetoacetate, 31, 1
of maleic anhydride with allyl-
benzene, 31, 85
of phosphorus trichloride with
benzene, 31, 88
of potassium phthalimide with
phthalide, 38, 81
of Reissert’s compound with methyl
iodide, 38, 59
of sodium p-toluenesulfinate with
dimethy! sulfate, 38, 62
of triisopropyl phosphite with methyl
iodide, 31, 33
of trimethylamine with benzyl
chloride, 38, 5
using Raney nickel, 36, 21
Alkyl bromides, 86, 42
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Alkyl fluorides, 36, 42
N-Alkylformanilides, formation of,
38, 29
Alkylphosphonyl dichlorides, 37, 84
Alloxan monohydrate, 33, 3
ALLOXAN MONOHYDRATE, 32, 6
ALLOXANTIN DIHYDRATE, 33, 3
Allylbenzene, 31, 85, 86
Allylbromide, 31, 86; 36, 61
a-Allyl-8-bromoethyl ethyl ether, 36,
62
Aliyl chloride, 36, 63
Allylmagnesium bromide, 36, 61
Allylmagnesium chloride, 36, 63
Alumina, 34, 79; 35, 73
preparation for chromatography,
37,75
Aluminum bromide, 33, 99
Aluminum chloride, 30, 1, 63; 31, 88;
32, 10; 33, 37; 36, 64; 37, 82
Aluminum chloride-phosphorus
oxychloride complex, 31, 88
Aluminum isopropoxide, 35, 40
Amberlite IR-4B resin, 32, 13
Amberlite IR-120 resin, 37, 56
Amidation, of isocyanic acid with bro-
moaniline and other aromatic
amines, 31, 8
of thiocyanic acid with o-chloro-
aniline, 31, 21
Amide formation, from a carboxylic
acid and urea, 37, 50
from 2-amino-5-nitroanisole and
ethyl benzoylacetate, 87, 4
from aniline and ethyl benzoyl-
acetate, 37, 3
Amino acids, synthesis of, 30, 7
2-AMINO-4-ANILINO-6-(CHLORO-
METHYL)-S-TRIAZINE, 38, 1
p-Aminobenzaldehyde, 31, 6
hydrazone, 31, 7
oxime, 31, 7
phenylhydrazone, 31, 7
m-Aminobenzoic acid, 36, 95
2-AMINOBENZOPHENONE, 32, 8
e-AMINOCAPROIC ACLD, 32, 13
e-Aminocaproic acid hydrochloride,
32, 13
4-AMINO-3-CILOROPIIENOL, 88, 23

5-Amino-2,2-dimethylpyrroline-N-
oxide, 32, 61
N-B-Aminoethylethylenimine, 30, 39
B-Aminoethylsulfuric acid, 30, 38
1-(Aminomethyl)cyclohexanol, acetic
acid salt, 34, 22
1-Amino-2-naphthol hydrochloride,
31, 13
2-Amino-5-nitroanisole, 37, 4
2-Amino-5-nitropyrimidine, 32, 96
2-AMINO-3-NITROTOLUENE, 35, 3
2-AMINO-5-NITROTOLUENE, 35, 5
o-Aminophenol, 30, 57
2-Aminopyridine, 38, 3
3-AMINOPYRIDINE, 30, 3
2-Aminopyrimidine, 35, 34
$-AMINOTETRAPHENYLMETHANE, 30, §
p-Aminotetraphenylmethane hydro-
chloride, 30, 5§
3-Amino-2,4,6-tribromobenzoic acid,
36, 94
Ammonia, 31, 52; 34, 4
liquid, 30, 15, 73; 34, 46, 62; 35, 20,
52; 37,77, 80
Ammonium acetate, 32, 94
AMMONIUM CHLORIDE, CHLOROFORMYL-
METHYL, TRIMETHYL-, 35, 28
Ammonium hydroxide, 30, 41, 46
Ammonium nitrate, 32, 5
Ammonium thiocyanate, 31, 21; 32, 40
Ammonolysis, of diethyl fumarate, 30,
46
of methyl coumalate, 36, 44
of potassium 4-chloro-3,5-dinitro-
benzenesulfonate, 31, 46
n-Amylacetylene, 30, 17
N-Amylaniline, 36, 22
Amylbenzene, 31, 63, 64
n-Amyl fluoride, 36, 42
Aniline, 31, 48; 34, 79; 36, 64; 37, 3
ANILINE, p-CHLORO-N-ETHYL-, 38, 29
2,6-DINITRO-, 31, 45
Aniline, reaction with ethyl orthofor-
mate, 35, 65
Aniline benzenesulfonate, 36, 7
Aniline hydrochloride, 30, 5, 6, 36, 6
Anilines, ortho-substituted, cyano-
cthylation of, 38, 15
p-Anisidine hydrochloride, 31, 12
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Anisyl alcohol, 36, 50
Anisyl chloride, 36, 51
Anthracene, 30, 1; 31, 78
ANTHRACENE, 9-NITRO-, 31, 77
Anthranilic acid, 31, 96; 32, 9
Anthraquinone, 31, 79; 34, 77
Apparatus, for acetate pyrolysis, 38, 79
for acyloin cyclization, 36, 79
for alternately evacuating and intro-
ducing nitrogen, 30, 19
for bromination of m-aminobenzoic
acid, 36, 95
for constant-temperature reaction,
34, 51, 52
for continuous reaction, 37, 3, 67
for continuous return of heavy liquid,
32, 82
for countercurrent extraction, 37, 30
for distillation of diethyl methylene-
malonate, 38, 24
for distilling sulfur trioxide, 34, 87
for electrolytic reduction, 35, 22
for ion-exchange reactions, 32, 14
for low-temperature distillation,
38,72
for preparation of sodium amide,
37,77
for pyrolysis of ammonium salt of
azelaic acid, 34, 5
for pyrolytic condensation of tetra-
hydropyran with aniline, 84, 79
for reaction of ethanol with chloro-
trifluoroethylene, 34, 17
Arbusov reaction, 31, 33
“Arochlors” as flow-rate-indicating
fluid, 32, 21
Arsenic trichloride, 30, 96
Aryl isothiocyanates, 36, 57
Arylureas, 31, 8, 10
DL-ASPARTIC ACID, 30, 7
ATROLACTIC ACID, 33, 7
Autoclave, use of hydrogenation bomb
as, 30, 42
Azelaic acid, 32, 67; 34,6, 7
Azelanitrile, 34, 5
Azeotropic distillation, 30, 30, 31; 34,
31; 88, 69
AZIDE, BENZOYL, #-NITRILE, 33, 53
Azlactone preparation, 37, 5

1,1’-Az0BIS-1-CYCLOHEXANENITRILE,
32, 16, 48, 51
2,2'-Azobis-isobutyronitrile, 32, 17, 48

Barbituric acid, 32, 7
Barium p-gulonate, 36, 39
Behenic acid, 37, 69
Beilstein test, 34, 38
Benzaldehyde, 30, 100; 33, 70; 34, 65;
38, 66
BENZALDEHYDE, $-AMINO, 31, 6
P-DIMETHYLAMINO-, 33, 27
Benzaldehyde, purification of, 33, 71
Benzalmalonic acid, ethyl ester, 37, §
4-Benzal-2-phenyl-5-oxazolone, 37, §
BENzAMIDINE, N,N’-DIPHENYL-, 31, 48
N-PHENYL-, 36, 64
Benzanilide, 31, 48
BENZENE, (CHLORO-ferf-BUTYL)-, 32, 90
2-CHLORO-1,3-DINITRO-, 32, 23
ETHYNYL-, 30, 72
HEXAMETHYL-, 35, 73
1,2,3-TRIMETHYL-, 34, 56
Benzenediazonium chloride, 32, 84
Benzenesulfenyl chloride, 35, 101
Benzenesulfonyl chloride, 31, 83
Benzhydrol, 38, 11
Benzidine, 36, 21
BEeNziDINE, N,N’-DIETHYL-, 36, 21
Benzidine dihydrochloride, 36, 22
Benzil, 34, 42
Benzil dihydrazone, 34, 42
Benzilic acid, 83, 37
2-BENZIMIDAZOLETHIOL, 30, 56
1,2-Benzo-3,4-dihydrocarbazole, 30, 91
BENZOFURAN, 3-METHYL, 33, 43
BENZOFURAZAN OXIDE, 31, 14, 15; 37, 1
BENZOGUANAMINE, 33, 13
Benzoic acid, 32, 94; 37, 21
BENZOIC ACID, $-ACETYL-, METHYL
ESTER, 32, 81
THIO, 32, 101
2,4,6-TRIBROMO-, 36, 94
Benzoic anhydride, 32, 75, 103
Benzoic-carbonic anhydride, 37, 21
as benzoylating agent, 87, 21, 22
Benzonitrile, 32, 67; 83, 13; 36, 64
Benzophenone, 30, 19; 81, 53, 104; 32,
65; 35,97
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BENZOPHENONE, 2-AMINO, 32, 8
THIO-, 35, 97
p-Benzoquinone, 35, 26
BENZOYLACETANILIDE, 37, 2
Benzoylacetic acid, ethyl ester, 87, 3
BENZOYLACETIC ACID, ETHYL ESTER,
37, 32
Benzoylation, of o-hydroxy-
acetophenone, 32, 72
of malonic ester, 87, 20
with benzoic-carbonic anhydride,
37, 21
o-Benzoylbenzoic acid amide, 32, 12
Benzoyl chloride, 30, 11; 31, 49; 32, 101;
37, 32; 38, 5, 59
BENZOYLCHOLINE CHLORIDE, 30, 10
BENZOYLCHOLINE IODIDE, 30, 10
Benzoylcholine picrate, 30, 13
2-Benzoyl-1-cyano-1-methyl-1,2-
dihydroisoquinoline, 38, 59, 61
Benzoy!-2-methoxy-4-nitroacetanilide,
37, 4
0-Benzoyloxyacetophenone, 82, 72
Benzoyl peroxide, 33, 96; 34, 51; 38, 9
3-BENZOYLPYRIDINE, 87, 6
4-Benzoylpyridine, 37, 7
Benzyl alcohol, 38, 3
BENZYL ALCOHOL, 0-METHYL-, 34, 58
Benzylamine, 35, 91
BENZYLAMINE, 2,3-DIMETHOXY-N-
METHYL, 30, 59
N,N,0-TRIMETHYL-, 34, 61
2-BENZYLAMINOPYRIDINE, 38, 3
N-Benzylaniline, 36, 22; 38, 4
Benzyl chloride, 34, 65; 88, 5
Benzyl cyanide, 31, 53; 32, 64, 65, 92
N-Benzylidenemethylamine, 34, 65
Benzyl isocyanide, 31, 54
1-Benzylisoquinoline, 38, 61
Benzylmagnesium chloride, 34, 65
3-BENZYL-3-METHYLPENTANENITRILE,
35, 8
3-BENZzYL-3-METHYLPENTANOIC ACID,
36, 6
B-BENZYL-B8-METHYLVALERIC ACID,
35, 6
Benzylthiosulfuric acid, 32, 103
Benzyltrimethylammonium chloride,
88,5,6
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BENZYLTRIMETHYLAMMONIUM
ETHOXIDE, 38, §
Benzyltrimethylammonium hydroxide,
32, 86
Benzyltrimethylammonium iodide,
34, 61
Betaine hydrochloride, 35, 28
Bibenzyl, 31, 29
BIBENZYL, 4,4’-DINITRO-, 34, 35
Bicycro[2.2.1]HEPT-2-ENE, 37, 65
[BicycLOBEXYL]-1,1’-DICARBONITRILE,
32, 48
Biguanide, 38, 2
Biphenyl, 31, 29
BIpHENYL, 4,4’-DIBROMO-, 31, 29
3-NITRO-, 33, 56
p-Biphenylyl isothiocyanate, 36, 57
1-(2-Biphenylyl)urea, 31, 10
1-(4-Biphenylyl)urea, 31, 10
Bis-4-chlorobutyl ether, 37, 55
BISCHLOROMETHYL ETHER, 36, 1
N,N’-Bis-2-cyanoethyl-o-phenylene-
diamine, 36, 7
N,N’-Bis-2-cyanoethyl-p-phenylene-
diamine, 36, 7
1,1-Bis(diethylaminomethyl)acetone,
37,18
Boron trifluoride etherate, 38, 26
Bromination, of acetamide to N-bromo-
acetamide, 31, 17
of m-aminobenzoic acid, 36, 94
of a-chloroethyl ethyl ether, 36, 60
of cholesterol, 35, 43
of cyanoacetic acid, 38, 16
of diphenyl, 31, 29
of dodecanoic acid, 37, 29
of 2-heptene, 38, 9
of isobutyric acid, 33, 29
of 2-methyldodecanoic acid, 38, 47
of 3-methylthiophene, 33, 96
of p-nitrotoluene, 38, 11
of pentaerythritol, 38, 68
of o-xylene, 34, 82, 100
Bromine, 30, 3; 31, 17, 29; 32, 104; 33,
99; 34, 82, 100; 86, 61, 87, 95; 317,
29, 77; 38, 11
N-BROMOACETAMIDE, 31, 17
p-Bromoacetophenonc, 385, 12
p-Bromoaniline, 81, 8
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p-Bromobenzaldehyde, 30, 100
Bromobenzene, 30, 97
a-Bromo-n-butyric acid, 30, 62
a-Bromo-n-butyryl chloride, 30, 62
B-BROMOETHYLPHTHALIMIDE, 32, 18
3-Bromoflavanone, 32, 75
N-Bromoglutarimide, 37, 49
4-BrROMO-2-HEPTENE, 38, 8
a-Bromoisobutyryl bromide, 33, 29
#-BROMOMANDELIC ACID, 35, 11
2-BrOMO-3-METHYLBENZOIC ACID, 38, 11
2-Bromo-4-nitrotoluene, 38, 11, 13
1-Bromodctane, 38, 75
p-Bromophenyl isothiocyanate, 36, 57
1-(p-Bromophenyl)-3-phenyl-2-pro-
panone, 35, 33
m-Bromophenylurea, 31, 10
o-Bromophenylurea, 31, 10
p-Bromophenylurea, 31, 8,9
a-Bromopropionic acid, ethyl ester,
33, 35
N-Bromosuccinimide, 33, 96, 97; 38, 9,
16
5-Bromotoluquinone, 35, 27
5-Bromo-2-vinylthiophene, 38, 89
Biichner funnel, cooling jacket for,
37, 25
Butadiene, 30, 93
1,3-BUTADIENE, 1-(p-NITROPHENYL)-,
31, 80
1-PHENYL-, irans-, 80, 75
Butadiene monoxide, 31, 3
BUTANE, 1,4-p110DO-, 30, 33
1,4-DINITRO-, 34, 37
1-BUTANESULFONIC ACID, 4-HYDROXY-,
8-SULTONE, 37, 55
2-BUTANONE, 3-ACETAMIDO-, 33, 1
4-DIETHYLAMINO-, 37, 18
2-Butene, 2,3-dinitro-, 37, 25
1-BUTEN-3-YNE, 38, 70
tert-Butyl acetate, 34, 28
#-BUTYLACETYLENE, 30, 15
tert-Buty! alcohol, 30, 19, 20; 32, 20;
38, 48
anhydrous, 34, 54, 55
N-n-Butylaniline, 36, 22; 38, 15
tert-Butylbenzene, 32, 91
teri-Butyl o-benzoylbenzoate, 34, 28
n-Butyl bromide, 30, 16

tert-Butyl bromoacetate, 34, 28
sec-Butyl a-bromopropionate, 35, 15, 17
sec-BUTYL a-n-CAPROYLPROPIONATE,
35, 15
tert-Butyl chloroacetate, 34, 28
tert-Butyl a-chloropropionate, 34, 28
tert-Buty! B,8-dimethylglutarate, 34, 28
tert-Butyl esters, sensitivity to acid,
37, 36
tert-Butyl glutarate, 34, 28
n-BUTYL GLYOXYLATE, 35, I8
tert-BUTYL HYPOCHLORITE, 32, 20
n-Butyl iodide, 30, 34
1-Butylisoquinoline, 38, 61
Butylketene dimer, 31, 71
tert-Butyl 2-methylenedodecanoate,
38, 48, 51
p-teri-Butylphenyl salicylate, 32, 26
tert-Butyl succinate, 34, 28
2-Buryn-1-0L, 35, 20
BUTYRCHLORAL, 33, I5
BUTYRIC ACID, @,y-DICYANO-a-PHENYL-,
ETHYL ESTER, 30, 80
@-NITRO-, ETHYL ESTER, 37, 44
y-Butyrolactone, 35, 95; 37, 47; 38, 19

Calcium carbide, 32, 70

Calcium carbonate, 32, 81

Calcium cyanamide, 34, 67; 36, 10

Calcium formate, 31, 102

Calcium hydride, 34, 55; 37, 60

Calcium hypochlorite, 38, 33

v-Caprilactone, 34, 53

Caproaldehyde, a-ethyl-, 37, 38

CAPROIC ACID, e-AMINO, 32, 13

e-Caprolactam, 31, 72; 32, 15

e-CaprOLACTIM, O-METHYL-, 31, 72

n-Capronitrile, 35, 15

CAPRONITRILE, ¢-ETHYL, 32, 65

Caproyl chloride, 31, 71

CARBAMYL CHLORIDE, DIETHYLTHIO-,
35, 55

CARBANILINONITRILE, 0-CHLORO, 31, 19

CARBAZOLE, 1,2,3,4-TETRAHYDRO, 30, 90

B-CARBETHOXY-7,y-DIPHENYLVINYL-~
ACETIC ACID, 30, 18

p-Carbomethoxybenzaldehyde, 30, 100

5-Carbomethoxyvaleryl chloride, 88, 39

Carbon disulfide, 30, 57
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Carbonic-carboxylic anhydrides, 37, 21
Carbon monoxide, 34, 14
Carbon oxysulfide, 32, 103
Carbon tetrachloride, 32, 27; 37, 8
Carbonylation, of pyrogallol-1,3-di-
methyl ether with hexa-
methylenetetramine, 31, 92
of pyrrole with dimethylformamide,
36, 74
of thiophene with N-methylforman-
ilide, 31, 108
o-Carboxycinnamic acid, 34, 8
2-Carboxy-3,5-dichlorophenyl
diazonium chloride, 31, 97
2-CARBOXYHYDROCINNAMIC ACID, 34, 8
3-Carboxy-4-hydroxyquinoline, 37, 5§
4-(o-Carboxyphenyl)-5,6-benzo-
coumarin, 34, 10
B-(0-CARBOXYPHENYL)PROPIONIC ACID,
34,8
Catalyst, alumina, 34, 79; 35, 73
ammonium acetate, 31, 25, 27
boron trifluoride etherate, 38, 26
copper chromite, 31, 32; 36, 12
cupric acetate monohydrate, 38, 14
cuprous oxide-silver oxide, 36, 36, 37
ferric nitrate, hydrated, 31, 53
phosphoric acid, 38, 25
piperidine, 31, 35
piperidine acetate, 31, 57
Raney nickel, 36, 21; 38, 22
sulfuric acid, 34, 26
Catechol, 33, 74
Cetylmalonic acid, 34, 16
CETYLMALONIC ESTER, 34, 13
Chlorination, by sulfuryl chloride, 33,
45; 317, 8
of anthranilic acid, 31, 96
of cyanoacetic acid, 88, 18
of 2-methylcyclohexanone, 37, 8
of nicotinamide-1-oxide, 37, 12
Chlorine, 30, 24; 31, 96; 32, 20, 22; 33,

15; 37,1
Chlorinolysis of tetraethylthiuram
disulfide, 38, 55
Chloroacctamide, 30, 22
a-Chloroacetoacetic acid, ethyl ester,
83, 43, 45

CHLOROACETONITRILE, 80, 22

2-Chloro-4-aminophenol, 35, 27
o-Chloroaniline, 31, 21; 38, 14
p-Chloroaniline, 38, 29
o-Chloroaniline thiocyanate, 31, 21
3-(0-CHLOROANILINO) PROPIONITRILE,

38, 14
Chlorobenzene, 30, 96; 31, 45
CHLORO-p-BENZOQUINONE, 35, 22
N-CHLOROBETAINYL CHLORIDE, 35, 28
3-Chloro-2-buten-1-0], 35, 20
a-Chlorocrotonaldehyde, 33, 16
2-Chlorocyclohexanol, 32, 40
trans-2-CHLOROCYCLOPENTANOL, 30, 24
3-CHLOROCYCLOPENTENE, 32, 41, 52
1-Chloro-2,4-dinitrobenzene, 32, 24
1-CHLORO-2,6-DINITROBENZENE, 32, 23
2-Chloroethyl benzoate, 30, 11
a-Chloroethyl ethyl ether, 36, 60
Chlorohydroquinone, 35, 27
p-Chloromandelic acid, 85, 14
Chloromethylation, 30, 68
2-CHLORO-2-METHYLCYCLOHEXANONE,

37, 8
2-Chloromethyl-4,6-diamino-s-triazine,

38, 2
1-Chloromethylnaphthalene, 30, 67, 68
2-CHLORONICOTINONITRILE, 37, 12
m-Chloronitrobenzene, electrolytic

reduction, 35, 25
o-Chloronitrobenzene, 35, 23
1-Chloro-1-nitroethane, 87, 25
1-Chloro-1-nitropropane, 37, 23
2-Chloro-2-nitropropane, 37, 25
5-Chloro-2-pentanone, 31, 74
a-CHLOROPHENYLACETIC ACID, 36, 3
4-Chlorophenylacetonitrile, 35, 31;

36, 52
0-CHLOROPEENYLCYANAMIDE, 31, 19
2-Chlorophenylhydroquinone, 34, 4
o-Chlorophenylhydroxylamine, 35, 25
o-Chlorophenyl isothiocyanate, 36, 57
-(4-CHLOROPHENYL)-y-PHENYLACETO-

ACETONITRILE, 35, 30, 32
1-(p-CHLOROPHENYL)-3-PHENYL-2-

PROPANONE, 36, 32
o-Chlorophenyl salicylate, 32, 26
p-CHLOROPHENYL SALICYLATE, 32, 25
0-CHLOROPHENYLTHIOUREA, 31, 19, 21
o-Chlorophenylurea, 31, 10
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Chloropicrin, 32, 68
2-CHLOROPYRIMIDINE, 35, 34, 58
N-Chlorosuccinimide, 38, 18
Chlorosulfonic acid, 36, 1
3-Chlorotoluquinone, 35, 26
5-Chlorotoluquinone, 35, 27
Chlorotrifluoroethylene, 34, 17
2-CHLORO-1,1,2-TRIFLUOROETHYL
ETHYL ETHER, 34, 16, 49
Chlorourea, see Monochlorourea
B-CHLOROVINYL ISOAMYL KETONE, 32,
27,79
B-CHLOROVINYL METHYL KETONE, 32, 29
5-Chloro-2-vinylthiophene, 38, 89
3,4-s¢c0-AP-CHOLESTEN-3,4-DIOIC ACID,
35, 38
A*-CHOLESTEN-3,6-DIONE, 35, 36
A% CHOLESTEN-3-ONE, 35, 39, 43
AS-CHOLESTEN-3-ONE, 35, 43
Cholesterol, 85, 36, 40, 43
CHOLINE CHLORIDE, BENZOATE, 30, 10
CHOLINE IODIDE, BENZOATE, 30, 10
Chromatographic alumina, 37, 75
Chromic oxide, 31, 4; 32, 6; 33, 50;
34, 76
Chromium oxide, 32, 81
Chromium trioxide, 36, 58, 59, 67
Cinnamaldehyde, 30, 75, 77; 33, 60
CINNAMALDEHYDE, 0-NITRO, 33, 60
CINNAMIC ACID, 2,3-DIMETHOXY-, 31, 35
«a-PHENYL, 33, 70, 88
Cinnamic acid dibromide, 33, 98, 99
Cleavage of tetrahydrofuran, 80, 27, 33
Collidine, 37, 9
Condensation, of acetoacetic ester, acid
catalyzed, 32, 76
of acetone, in the Mannich reaction,
37,18
with ethyl formate, 32, 32
of 2-amino-5-nitroanisole and ethyl
benzoylacetate, 37, 4
of aniline and ethyl benzoylacetate,
37,3
of aniline and tetrahydropyran, 34, 79
of aniline and tripheny] carbinol,
30,5
of benzene with butyrolactone, 86, 95
of benzoyl chloride and ethyl aceto-
acetate, 37, 32

Condensation, of benzyl cyanide and
benzophenone, 31, 52
of carbon tetrachloride with phos-
phorus trichloride, 37, 82
of 1-chloro-1-nitropropane by alkali,
37,23
of 4-chlorophenylacetonitrile with
ethyl phenylacetate, 35, 31
of cyclohexanone, with cyanoacetic
acid, 31, 25
with ethyl chloroacetate, 34, 54
with sodium cyanide and hy-
drazine, 32, 50
of dichloracetic acid with sodium
ethoxide, 35, 59
of diethyl carbonate and phenyl-
acetonitrile, 30, 43
of diethyl oxalate, with ethyl stearate,
34,13
with urea, 37, 71
of diethyl succinate with a ketone,
30, 18
of 2,3-dimethoxybenzaldehyde with
malonic acid, 31, 35
of ethyl acetoacetate with 2,3-di-
methoxybenzaldehyde, 31, 56
of ethyl cyanoacetate and urea, 37, 15
of ethylene and dicyclopentadiene,
37, 65
of formaldehyde with cyclohexanone,
31,101
of guanidine with ethyl cyanoacetate,
32, 45
of hydrazine with benzil, 34, 42
of malic acid to coumalic acid, 31,
23
of malonic ester, 33, 23
of methylamine with benzaldehyde,
34, 65
of methyl ethyl ketone with ethyl cy-
anoacetate and ammonia, 36, 28
of nicotiny! chloride and benzene,
37,6
of o-nitrobenzaldehyde with phenyl
acetic acid, 35, 89
of nitroethane with o-methoxybenzal-
dehyde, 35, 74
of paraldehyde with diethyl malonate,
32, 54
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Condensation, of 1-phenylbiguanide and
ethyl chloroacetate, 38, 1
of sodium formylacetone with cyano-
acetamide, 32, 32
of thiophene, paraldehyde, and hydro-
gen chloride, 38, 86
of thiourea with furfuryl alcohol,
35, 66
Continuous reactor, 37, 3, 67
Cooling bath, Dry Ice and ethylene
glycol monomethyl ether, 32, 43
Dry Ice and methylene chloride, 34,
38
Dry Ice and trichloroethylene, 31, 53;
34, 46
Cooling jacket for Biichner funnel,
37, 25
Copper chromite, 32, 58; 33, 88; 34, 31;
35, 87; 36, 12
Copper powder, 31, 104; 32, 57
CouMALIC ACID, 31, 23; 36, 44
4,6-DIMETHYL-, 32, 76
ETHYL ESTER, 32, 76
methyl ester, 36, 44
Coumarilic acid, 3-methyl-, 33, 44
ethyl ester, 33, 43
Countercurrent extraction, Kies appa-
ratus for, 87, 30
Coupling, of benzenediazonium chloride
with acetoacetic acid, 82, 84
of diazotized p-aminoacetophenone
with quinone, 34, 1
of diazotized 3,5-dichloro-2-aminoben-
zoic acid to give 4,4',6,6'-tetra-
chlorodiphenic acid, 81, 96
of diphenyldichloromethane to tetra-
phenylethylene, 31, 104
Creased flask, 37, 55
CrEOSOL, 33, 17
Crotonaldehyde, 33, 15; 34, 29
diethy! acetal, 82, 5
Cupric acetate monohydrate, 36, 77
Cuprous oxide-silver oxide, 36, 36, 37
Cyanamide, 34, 67; 36, 8
Cyanoacetamide, 32, 34
Cyanoacetic acid, 81, 25; 38, 16, 18
Cyanoacetylurea, 37, 16
p-Cyanobenzaldehyde, 80, 100
p-Cyanobenzaldiacetate, 86, 59

1-Cyano-2-benzoyl-1,2-dihydroiso-~

quinoline, 38, 58
3-Cyano-5,6-dimethyl-2(1)-pyridone,

32, 34
N-2-CYANOETHYLANILINE, 36, 6
N-2-Cyanoethyl-p-anisidine, 86, 7
Cyanoethylation, of aniline, 36, 6

of o-chloroaniline, 38, 14

of ethyl phenylcyanoacetate, 30, 80
N-2-Cyanoethyl-m-chloroaniline, 86, 7
Cyanogen, 32, 31
CYANOGEN IODIDE, 32, 29

complex with sodium iodide, 32, 31
N-Cyanoguanidine, 35, 69
Cyanohydrin formation, 83, 7
3-Cyanoe-6-isobutyl-2(1)-pyridone,

32,34
3-CYANO-6-METHYL-2(1)-PYRIDONE,

32, 32
1-Cyano-3-a-naphthylurea, 36, 11
1-CyYANO-3-PHENYLUREA, 36, 8
Cyclic acyloins, 36, 82
Cyclization, 2-amino-4-anilino-6-

(chloromethyl)-s-triazine from

1-phenylbiguanide hydrochloride

and ethyl chloroacetate, 38, 1

B-aminoethylsulfuric acid to ethyl-
enimine, 30, 38

1,2-benzo-3,4-dihydrocarbazole from
phenylhydrazine and a-tetralone,

30, 91

o-benzoyloxyacetophenone, 32, 73
o-carboxycinnamic acid to phthalide-

acétic acid, 34, 10

1,4-dichlorobutane to tetrahydrothio-

phene, 36, 89

1,7-dichloro-4-heptanone to dicy-

clopropyl ketone, 38, 20

dimethyl glyoxime to dimethyl-

furazan, 34, 40

3,5-dimethylpyrazole from acetyl-

acetone and hydrazine, 31, 43

5-ethyl-2-methylpyridine synthesis,

30, 41

hexahydro-1,3,5-triacyl-s-triazines
from nitriles and formaldehyde,

30, 51

o-hydroxydibenzoylmethane, acid
catalyzed, 82, 72
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Cyclization, malic acid to coumalic acid,
31,23
2-mercaptobenzimidazole from
o-phenylenediamine, 30, 56
2-mercaptobenzoxazole from o-amino-
phenol, 30, 57
methyl cyclopropy! ketone from
5-chloro-2-pentanone, 31, 74
2-methyl-2,5-decanediol to 5,5-di-
methyl-2-n-tetrahydrofuran,
38, 25
1-methyl-3-ethyloxindole from
N-methyl-a-bromo-#n-butyran-
ilide, 30, 63
2-methylquinoxaline from o-phenyl-
enediamine, 30, 88
a-phenoxyacetoacetic acid, 33, 43
quinoxaline from o-phenylenedi-
amine, 30, 86
sebacoin from dimethyl sebacate,
36, 79
1,2,3,4-tetrahydrocarbazole from
phenylhydrazine and cyclo-
hexanone, 30, 90
of 1,2,4-trihydroxybutane to 3-hy-
droxytetrahydrofuran, 38, 37
Cyclobutanecarboxylic acid, 33, 24
1,1-CYCLOBUTANEDICARBOXYLIC ACID,
DIETHYL ESTER, 33, 23
Cyclodecane, 36, 15
1,2-CYCLODECANEDIOL (cis and frans),
36, 12
1,2-CYCLODECANEDIONE, 36, 77
CYCLODECANONE, 36, 14
HYDROXY-, 36, 79
semicarbazone, 36, 15
CYCLOHEPTANONE, 34, 19, 24
2-PHENYL, 35, 91
AL2_ CYCLOHEXANEACETIC ACID,
a-CYANO-, 31, 25, 26
CYCLOHEXANECARBONITRILE, 1,1'-
AZODi-, 32, 16
1,1’-HYDRAZODI-, 32, 50
1,2-CYCLOHEXANEDICARBOXYLIC ACID,
DIETHYL ESTER cis-, 30, 29
Cyclohexanedione, 32, 35
1,2-CYCLOHEXANEDIONEDIOXIME, 32, 3§
CYCLOHEXANOL, 1,1’-ETHINYLENEDI-,
32,70

CYCLOHEXANOL, 2,2,6,6-tetrakis (HY-
DROXVYMETHYL)-, 31, 101

Cyclohexanone, 80, 90; 31, 25, 101; 32,
35, 50, 70; 34, 19, 24, 54; 35, 40,
94

CYCLOHEXANONE, 2-CHLORO-2-METHYL-,
37, 8

2,3-EPOXY-3,5,5-TRIMETHYL-, 37, 58
2-methyl-, 37, 8, 10

Cyclohexanone oxime, 32, 15

Cyclohexene, 31, 66

1-Cyclohexene-1-acetonitrile, 81, 25, 26

4-CYCLOHEXENE-1,2-DICARBOXYLIC AN-
HYDRIDE, cis-, 30, 93

Cyclohexene oxide, 32, 39, 40

CYCLOHEXENE SULFIDE, 32, 39

2-CYCLOHEXENONE, 2-METHYL-, 37, 8

1-CYCLOHEXENYLACETONITRILE, 31, 25,
26

Cyclohexylidenecyanoacetic acid, 31,
25, 26

1,2-Cyclononanedione, 36, 78

Cyclopentadiene, 32, 41; 36, 32, 35

CYCLOPENTANOL, 2-CHLORO-, {rans-,
30, 24

Cyclopentene, 30, 25

CYCLOPENTENE, 3-CHLORO-, 32, 41

2-CYCLOPENTENE-1-MALONIC ACID,
DIETHYL ESTER, 32, 52

Cytosines, 3-alkyl-5-cyano-, 37, 54

Debromination of cholesterol dibromide
by zinc, 35, 53
2,5-DECANEDIOL, 2-METHYL-, 38, 41
Decarbonylation of a-ethoxalylstearate,
34, 14
Decarboxylation, of enanthylsuccinic
acid, 34, 53
of isodehydroacetic acid, 32, 57
of 3-methylcoumarilic acid, 33, 44
of m-nitrocinnamic acid, 33, 62
of phenylcinnamic acid, 33, 88
Dechlorination of 1,1-dichloro-2,2-
difluoroethylene, 36, 19
Decomposition of o-nitrophenylazide to
benzofurazan oxide, 31, 14
n-Decyl bromide, 38, 49
n-Decyl fluoride, 36, 42
Decylketene dimer, 31, 68
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Dehydration, of chloroacetamide, 30, 22
of crotonaldehyde chlorohydrin,
33, 15
of ethyl 4-ethyl-2-methyl-3-hydroxy-
octanoate, 37, 39
of 2-ethylhexanamide with thionyl
chloride, 32, 65
of fumaramide, 30, 46
of trans-methylstyrylcarbinol, 30, 76
of nicotinamide, 33, 52
of nicotinamide-1-oxide, 37, 12
of a-phenylglutaric acid to a-phenyl-
glutaric anhydride, 30, 82
of tartaric acid, 85, 49
of p-toluenesulfonic acid mono-
hydrate, 36, 91
Dehydrobromination, of 2-bromo-
dodecanoic acid, 37, 29
of 10,11-dibromohendecanoic acid
with sodium amide, 32, 104
of 9,10-dibromoéctadecanoic acid
with sodium amide, 37, 77
Dehydrochlorination, of acid chlorides,
31,68, 71
of carbamyl chlorides, 31, 62
of 2-chloro-2-methylcyclohexanone,
37,9, 10
of 1,3-dichloro-2-butene, 35, 20; 38, 70
of 1-(p-nitrophenyl)-4-chloro-2-
butene, 31, 80
with collidine, 87, 9
with lithium chloride, 87, 10
with pyridine, 38, 87
Dehydrogenation of hydrazo com-
pounds with bromine, 32, 16
Dehydrohalogenation by sodium amide,
30, 72; 32, 104; 37, 77
Dehydrosulfidation, 31, 19
Desulfonation, 31, 45
Desulfurization of arylthioureas, 31,
20, 21
DIACETYL-d-TARTARIC ANHYDRIDE,
35, 49
Dialuric acid monohydrate, 83, 6
2,4-DIAMINO-6-HYDROXYPYRIMIDINE,
32, 45
4,6-Diamino-2-thio-1,3,5-thiadiazine,
88, 72
Diaminouracil bisulfite, 87, 16

DIAMINOURACIL HYDROCHLORIDE, 37, 15
Diamylamine, 32, 2

Di-n-amy] ketone, 81, 71
2,4-Di-tert-amylphenoxyacety! chloride,

37, 69
N,N’-Diarylformamidines, 31, 51
Diazomethane, 34, 24, 99
DIAZOMETHANE, 36, 16
Diazotization, of p-aminoacetophenone,

34,1

of 2-aminopyrimidine, 35, 34
of 3-amino-2,4,6-tribromobenzoic
acid, 36, 95
of 3,5-dichloro-2-aminobenzoic acid,
31, 96
of m-nitroaniline, 83, 56
of o-nitroaniline, 31, 14
of p-nitroaniline, 31, 80
Dibenzalpentaerythritol, 38, 67
Dibenzoyl disulfide, 32, 103
Dibenzoyl sulfide, 32, 103
N,N’-Dibenzyl-p-phenylenediamine,

38, 4
N,N-Dibromoacetamide, 31, 18
DIBROMOACETONITRILE, 38, 16
4,4'-Dibromobibenzyl, 31, 29
a,a’-Dibromobibenzyl, 31, 30
4,4'-DIBROMOBIPHENYL, 31, 29
S5a,63-DIBROMOCHOLESTAN-3-ONE,

35, 45
2,6-Dibromocyclohexanone, 32, 38
a,8-Dibromoethyl ethyl ether, 36, 61
10,11-Dibromohendecanoic acid, 32, 105
Dibromopentaerythritol, 38, 70
Dibromostearic acid, 37, 77
N,N’-Dibutylbenzidine, 36, 22
Di-tert-BUTYL MALONATE, 33, 20; 34, 26
Di-n-buty! d-tartrate, 35, 19
Dibutyrolactone, 38, 19
N,N’-Dicarbethoxyputrescine, 36, 72
Dichloroacetaldehyde, 32, 48
Dichloroacetic acid, 82, 47; 35, 60
Dichloroacetonitrile, 38, 18
Dichloroacetyl chloride, 32, 46
3,5-Dichloro-2-aminobenzoic acid,

31, 96
1,4-Dichlorobutane, 36, 89
1,3-Dichloro-2-butene, 38, 20; 88, 71
p-Di(chloro-tert-butyl)benzene, 33, 91
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4,4'-DICHLORODIBUTYL ETHER, 30, 27
1,1-D1cHLORO-2,2-DIFLUOROETHYLENE,

36, 19
2,2-DICHLOROETHANOL, 32, 46
1,7-Dichloro-4-heptanone, 38, 21
2,6-Dichloro-4-methylpyrimidine,

35, 82
1,1-Dichloro-1-nitroethane, 87, 25
2,5-Dichloroquinone, 35, 26
Dicyandiamide, 33, 13; 35, 69
1,1’-Dicvano-1,1'-BICYCLOBEXYL,

32, 48
1,2-D1-1-(1-CYANO)CYCLOHEXYL-

HYDRAZINE, 32, 16, 50
a,o’-Dicyano-g-ethyl--methylglu-

tarimide, 36, 29
1,2-D1-2-(2-cyano)propylhydrazine,

32, 51
Dicyclopentadiene, 32, 41; 86, 33; 37, 65
DICYCLOPROPYL KETONE, 38, 19
Dr1e1s acp, 35, 38
Diels-Alder reaction, of acrolein with

n-butyl cyclohexenyl ether, n-

buty! vinyl ether, and ethyl iso-

propenyl ether, 34, 30

of butadiene with maleic anhydride,
30, 93
of ethylene with dicyclopentadiene,
37, 65
of ethyl vinyl ether with acrolein,
benzalacetone, benzalacetophe-
none, cinnamaldehyde, croton-
aldebyde, a-ethyl-g-n-propyl-
acrolein, B-furylacrolein, metha-
crolein, and methyl vinyl ketone,
34,30
of methyl vinyl ether, with acrolein,
34, 30
with crotonaldehyde, 34, 29
Diene synthesis of cis-A%-tetrahydro-
phthalic anhydride, 30, 93
Diethoxymethylenimine, 32, 62
Di-(p-ethoxyphenyl)urea, 31, 12
Diethyl acetylenedicarboxylate, 32, 56
Diethyl adipate, 31, 32; 36, 69
Diethylamine, 36, 7, 34
Diethylamine hydrochloride, 37, 18
1-DIETHYLAMINO-3-BUTANONE, 37, 18
3-Diethylaminopropionitrile, 36, 7

Diethylaniline, 31, 111
Diethylaniline hydrochloride, 31, 112
Diethyl benzalmalonate, 30, 84
N,N-Diethylbenzenesulfenamide,

35, 101
N,N’-DIETHVLBENZIDINE, 36, 21
DIETHYL BENZOYLMALONATE, 37, 20
Diethyl bromoacetal, 35, 52, 53
Diethyl carbonate, 30, 44
DIETHYL CETYLMALONATE, 34, 13
Diethylchloroacetal, 34, 46
Diethylcyanamide, 36, 25
DIETHYL A%-CYCLOPENTENYLMALONATE,

32, 52
Diethylene glycol, 31, 83; 34, 32
Diethyl ethoxymethylenemalonate, 38,

22,23
DIETHYL ETHYLIDENEMALONATE, 32, 54
Diethyl ethylphosphonate, 31, 34
Diethyl fumarate, 30, 46
DIETHYL HEPTANOYLSUCCINATE, 34, 51
DIETHYL ¢s-HEXAEYDROPHTHALATE,

30, 29
Diethyl hydrogen phosphite, 31, 112
Diethyl maleate, 34, 51
Diethyl malonate, 30, 70; 82, 52, 54, 55;

33, 23; 37, 20, 34; 38, 53
benzoylation of, 37, 20
DIETHYL MERCAPTOACETAL, 35, 51
DIETHYL METHYLENEMALONATE, 38, 22
Diethyl methylmalonate, 38, 49
Diethyl methylphosphonate, 31, 34
Diethyl o-nitrobenzoylmalonate, 30, 71
Diethyl oxalate, 34, 13; 37, 71
Diethyl w-phthalimidobutylmalonate,
32,15
N,N-Diethylselenourea, 36, 25
Diethyl sodium phthalimidomalonate,
30,7
Diethyl succinate, 30, 19
DIETHYL ¢is-A*TETRAHYDRO-
PHTHALATE, 30, 29
DIETHYLTHIOCARBAMYL CHLORIDE,
35, 55
3,4-DIHYDRO-2-METHOXY-4-METHYL-
2H-PYRAN, 34, 29, 71
3,4-D1ayDRrO-2(1H)-NAPHTHALENONE,
32, 97, 99
5,8-Dihydro-1-naphthol, 37, 81
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9,10-DIEYDROPHENANTHRENE, 34, 31
Dihydropyran, 30, 48
5,5-DIRYDROXYBARBITURIC ACID, 32, 6
#-(2,5-DIHYDROXYPHENYL) ACETOPHE-
NONE, 34, I
Dihydroxystearic acid, 37, 69
1,4-D1IopoBUTANE, 30, 33; 34, 37
1,6-DI11oDOHEXANE, 31, 31; 34, 38
1,5-Diiodopentane, 34, 39
1,3-Diiodopropane, 34, 38
DIISOBUTYLTHIOCARBAMYL CHLORIDE,
35, 57
Diisopropyl ethylphosphonate, 31, 34
DIISOPROPYL METHYLPHOSPHONATE,
31, 33
DI1SOPROPYLTHIOCARBAMYL CHLORIDE,
36, 57
Dimerization of styrene, 35, 83
Dimethoxybenzaldehyde, 30, 60; 31,
35, 55
2,3-DIMETHOXYCINNAMIC ACID, 31, 35
2,3-Dimethoxyphenylacetamide, 32, 94
3,4-Dimethoxyphenylacetamide, 32, 94
DIMETHYL ACETYLENEDICARBOXYLATE,
32, 55
Dimethylamine, aqueous, 32, 61; 33, 57
reaction with 2-chloro-pyrimidine,
35, 58
reaction with formaldehyde and 2-
methylfuran, 85, 78
B-Dimethylaminoethanol, 31, 37
B-DIMETHYLAMINOETHYL CHLORIDE
HYDROCHLORIDE, 31, 37
2-(DIMETHYLAMINO)PYRIMIDINE, 35, 58
Dimethylaniline, 83, 20, 27
2,3-Dimethylbenzyl acetate, 34, 60
2,3-Dimethylbenzy! alcohol, 34, 60
2,3-Dimethylbenzyldimethylamine,
34, 63
2,3-Dimethylbenzylethyldimethyl-
ammonium bromide, 34, 60
2,3-Dimethylbenzyltrimethyl-
ammonium iodide, 34, 56, 63
2,3-Dimethyl-2-butene, 31, 67
4,6-DIMETHYLCOUMALIN, 32, 57
Dimethylcyanamide, 32, 62; 36, 24
Di-(2-methyleyclopropyl) ketone, 38, 21
Dimethylformamide, 33, 27; 36, 74, 89;
37, 10, -}

Dimethyl fumarate, 30, 47
DIMETHYLFURAZAN, 34, 40
8,8-DIMETHYLGLUTARIC ACID, 31, 40
Dimethylglyoxime, 34, 40
Dimethyl hendecanedioate, 38, 55
Dimethyl cis-hexahydrophthalate,
30, 32
2,3-Dimethyl-2-iodobutane, 31, 67
DIMETHYL KETENE, 33, 29
DIMETHYL MERCAPTOACETAL, 35, 51
2,4-Dimethyl-2-pentacosenoic acid,
38, 46
5,5-DIMETHYI-2-#-PENTYLTETRAHYDRO-
FURAN, 38, 25
3,5-DIMETHYLPYRAZOLE, 31, 43
4,6-Dimethyl-1,2-pyrone, 32, 78
5,5-Dimethyl-2-pyrrolidone, 32, 59;
33, 33
Dimethyl sebacate, 36, 79
N,N-DIMETHYLSELENOUREA, 36, 23
Dimethyl sulfate, 31, 72, 91; 38, 62
Dimethyl sulfoxide, 37, 45
Dimethyl cis-A*-tetrahydrophthalate,
30, 31
Dimethylthiocarbamate, 32, 63
DIMETHYLTHIOCARBAMYL CHLORIDE,
35, 57
asym-DIMETHYLUREA, 32, 61
Di-a-naphthylthiourea, 36, 57
2,6-DINITROANILINE, 31, 45; 32, 23
$,2’-DINITROBIBENZYL, 34, 35
1,4-DINITROBUTANE, 34, 37
2,3-Dinitro-2-butene, 37, 25
1,6-Dinitrohexane, 34, 38
3,4-DINITRO-3-HEXENE, 37, 23
1,4-Dinitropentane, 34, 39
1,1-Dinitropropane, 37, 24, 25
1,3-Dinitropropane, 34, 38
Dioxane, 32, 35; 34, 85
m-DIOXANE, 4-PHENYL, 33, 72, 76
Dioxane sulfotrioxide, 34, 85
Dipentaerythritol, 31, 84
dl-DIPHENIC ACID, 4,4',6,6'-TETRA-
CHLORO-, 31, 96
DIPHENYLACETALDEHYDE, 38, 26
Diphenylacetamidine, 31, 51
a,y-Diphenylacetoacetonitrile, 35, 32
a,v-Diphenylacetonitrile, 35, 34
DIPHENYLACKETY LN, 34, 42
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1,4-DIPHENYL-5-AMINO-1,2,3-TRIAZOLE,
37, 26
N,N’-Diphenylbenzamidine, 31, 48
Diphenylbenzamidine hydrochloride,
31, 49
«,8-DIPHENYLCINNAMONITRILE, 31, 52
Diphenyldichloromethane, 31, 104
N,N’-Diphenylformamidine, 35, 65
1,3-Diphenyl-2-propanone, 35, 33
DIPHENYL SUCCINATE, 34, 44
a,a’ -DIPHENYLSUCCINONITRILE, 32, 63
meso-a,e’-DIPHENYLSUCCINONITRILE,
32, 64
Diphenylsulfoxide, 37, 7
Disodium monohydrogen phosphate
dodecahydrate, 34, 83; 37, 74
Distillation apparatus, 31, 70
low-temperature, 38, 72
2,4-DITHIOBIURET, 35, 70
Di-p-tolylacetylene, 34, 43
Dodecanoic acid, 37, 29
2-bromo-, 37, 29
2-methyl-, 88, 43, 47, 49
DODECANOIC ACID, 2-METHYLENE, 38, 47
2-Dodecenoic acid, 2-methyl-, 38, 49,
50
trans-2-DODECENOIC ACID, 37, 27
2-METHYL-, 38, 43
3-Dodecenoic acid, 37, 31
DoODECYLAMINE, N-METHYL-, 36, 48
n-Dodecyl fluoride, 36, 42
Doebner reaction, 381, 35
Drying methods, diethyl phthalate,
31,2
magnesium ethoxide, 31, 2
DuLciN, 31, 10

ELECTROLYTIC APPARATUS, 35, 22

Electrolytic reduction of ¢-chloronitro-
benzene, 35, 23

Emulsion, minimizing of, 37, 31

Enanthaldehyde, 34, 51

ENANTHALDEHYDE, €-METHYL-3-OXO0-,
DIMETHYL ACETAL, 32, 79

Enanthic acid, e-oxo, 31, 3

Epichlorohydrin, 31, 1

Epoxidation of trans-stilbene with pera-
cetic acid, 38, 83

/-l POXYBIBENZYL, 38, 83

Esterification, by azeotropic distillation
with toluene, 30, 30, 31
of coumalic acid with methanol, 36, 44
of diethoxyacetic acid, 35, 59
of ethanol with phosphorus tri-
chloride, 31, 111
of hendecanedioic acid with methanol,
38, 55
of malonic acid with isobutylene,
34, 26
of mandelic acid with ethanol, 36, 3
of monoethyl malonate with iso-
butylene, 37, 35
of pentaerythritol with benzene-
sulfonyl chloride, 31, 82
of potassium acid salt of acetylene-
dicarboxylic acid with methanol,
32,55
of salicylic acid with p-chlorophenol,
32, 25
of stearic acid with ethanol, 34, 15
of succinic acid with phenol, 34, 44
Ester interchange, between ethyl a-
bromo-propionate and sec-butyl
alcohol, 35, 17
between vinyl acetate and fatty acids,
30, 106
Ethane, 1-chloro-1-nitro-, 37, 25
1,2-ETHANEDITHIOL, 30, 35
ETHANOL, 2,2-DICHLORO-, 32, 46
Ethanolysis, 33, 25
ETHER, BENZHYDRYL 2-CHLOROETHYL,
33, 11
BIS(4-CHLOROBUTYL), 30, 27
BIS(CHLOROMETHYL), 36, I
2-CHLORO-1,1,2-TRIFLUOROETHYL
ETHYL, 34, 16, 49
ETHYL ETHYNYL, 34, 46
Ethereal iodine, 32, 65
ETHOXYACETYLENE, 34, 46
B-Ethoxycrotonaldehyde diethyl acetal,
32, 34
2-Ethoxy-3,4-dihydro-2H-pyran, 37,
74,75
Ethoxymagnesiummalonic ester, 37, 20
o-Ethoxyphenylurea, 31, 10
p-Ethoxyphenylurea, 31, 10, 11
Lithyl acetoacetate, 31, 1, 57; 32, 70, 81;

33, 45; 37, 32
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Ethyl a-acetyl-8-(2,3-dimethoxy-
phenyl)acrylate, 31, 56, 58

Ethyl a-acetyl-8-(3,4-dimethoxy-
phenyl)acrylate, 31, 58

ETHYL a-ACETYL-3-(2,3-DIMETHOX Y-
PHENYL)PROPIONATE, 31, 56

Ethyl a-acetyl-8-(3,4-dimethoxy-
phenyl)propionate, 31, 58

ETHYLAMINE, 2-cELORO-N,N-DI-
METHYL-, HYDROCHLORIDE, 31, 37

N-METHYL-1,2-DIPHENYL-, 34, 64
reaction with chloroform, 35, 64

N-Ethylaniline, 36, 22; 38, 31

Ethyl benzalmalonate, 37, 5

Ethyl benzoylacetate, 82, 85; 37, 3

ETHYL BENZOYLACETATE, 37, 32

ETHYL N-BENZYLCARBAMATE, 85, 91

ETHYL 3-BENZYL-2-CYANO-3-METHYL-~
PENTANOATE, 35, 7

Ethyl bromide, 34, 58; 36, 87

Ethyl a-bromobutyrate, 87, 44

Ethyl a-bromopropionate, 85, 17; 37, 38

ETHYL sec-BUTYLIDENECYANOACETATE,
35,7

ETHYL lert-BUTYLMALONATE, 37, 34

O-Ethylcaprolactim, 81, 73

Ethyl a-n-caproylpropionate, 35, 18

Ethyl chloroacetate, 30, 7; 34, 54; 38, 1

N-ETHYL-p-CHLOROANILINE, 38, 29

Ethyl chlorocarbonate, 35, 91; 37, 21

ETHYL CHLOROFLUOROACETATE, 34, 49

N-ETHYL-p-CHLOROFORMANILIDE, 38, 29

Ethyl B-chloroisocrotonate, 32, 78

Ethy! a-chlorophenylacetate, 36, 3

N-Ethyl-p-chlorophenylformimidate,
38, 31

Ethyl cyanoacetate, 32, 45; 35, 7; 36,
29; 37, 15

Ethyl 2-cyano-3-ethyl-3-methylpen-
tanoate, 35, 10

Lthyl 2-cyano-3-methyl-3-phenyl-
pentanoate, 35, 10

ETHYL DIAZOACETATE, 36, 25

Ethyl dichloroacetate, 32, 47

ETHYL DIETHOXYACETATE, 36, 59

FTHYL ENANTHYLSUCCINATE, 34, 51

Iithylene, 32, 100; 37, 65

[rnyeENe, 1,1 pienrLoro-2,2-
DIFLUORO , 36, 19

ETHYLENE, TETRAPHENYL-, 31, 104
Ethylene chloride, 34, 85, 86
Ethylene chlorohydrin, 30, 11; 83, 11
Ethylene dibromide, 30, 35
Ethylene diisothiuronium bromide,
30, 36
Ethylene glycol, drying of, 37, 42
Ethylene glycol monomethyl ether,
32,43
ETHYLENESULFONYL CHLORIDE, 2-
PHENYL-, 34, 85
ETHVLENIMINE, 30, 38
toxic properties of, 30, 40
Ethyl o-ethoxybenzoate, 32, 75
Ethyl 4-ethyl-2-methyl-3-hydroxy-
octanoate, 37, 39, 40
Ethyl 4-ethyl-2-methyl-2-octanoate,
37, 39, 41
Ethyl 4-ethyl-2-methyl-3-octenoate,
317, 39, 41
Ethyl formate, 32, 32
Ethyl glycidyl ether, 81, 3
Ethyl glycinate hydrochloride, 36, 26
Ethyl glyoxylate, 35, 19
2-Ethylhexanal, 37, 38
2-Ethylhexanaldoxime, 32, 67
2-Ethylhexanamide, 32, 65
2-Ethylhexanenitrile, 32, 65
2-Ethylhexanoic acid, 32, 66
Ethyl hydrogen malonate, 37, 34
4-Ethyl-4-hydroxy-2-methyloctanoic
acid, y-lactone, 387, 40
Ethylidene bromide, 32, 55
Ethyliodide, 31, 34
reaction with silver cyanide, 35, 63
reaction with silver formanilide,
35, 66
ETHYL ISOCYANIDE, 35, 62
ETHYL ISODEHYDROACETATE, 32, 76
Ethyl lactate, 31, 59, 60
Ethylmagnesium bromide, 36, 87
Ethyl mandelate, 36, 3
Ethyl N-methylcarbamate, 85, 94
B-ETHYL-8-METHYLGLUTARIC ACID,
36,28
4-1ithyl-2-methyl-3-hydroxyoctanoic
acid, cthyl ester, 37, 39, 40
4-1ithyl-2-methyi-1,4-octanolide, 37,
40
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4-ETHYL-2-METHYL-2-OCTENOIC ACID,

37, 37
ethyl ester, 37, 39, 41

4-Ethyl-2-methyl-3-octenoic acid, ethyl
ester, 37, 39, 41

S-ETHYL-2-METHYLPVRIDINE, 30, 41

ETHYL N-NITRO-N-BENZYLCARBAMATE,
35, 92

ETHYL a-NITROBUTYRATE, 37, 44

Ethy!l a-nitrocaproate, 37, 46

Ethyl a-nitroisobutyrate, 37, 46

Ethyl a-nitroisovalerate, 37, 46

Ethyl a-nitrophenylacetate, 37, 46

Ethyl a-nitropropionate, 37, 46

Ethyl orthocarbonate, 32, 68

Ethyl orthoformate, 32, 5; 35, 65; 37,
53; 38, 29

Ethyl orthosilicate, 82, 5

ETHYL 8,8-PENTAMETHYLENEGLYCI~
DATE, 34, 54

Ethyl phenylacetate, 35, 31

Ethyl phenylazoacetoacetate, 32, 85

ETHYL PHENYLCYANOACETATE,
30, 43, 80

Ethyl 8-phenyl-B-cyanopropionate,
30, 84

p-Ethylphenyldichlorophosphine, 31, 89

ErHYL N-PHENYLFORMIMIDATE, 35, 65

Ethyl phenylpropiolate, 32, 75

ETHYL PHOSPHITE, 31, 111

ETHYL PYRUVATE, 31, 59

Ethyl stearate, 34, 13

N-Ethyl-m-toluidine, 38, 31

Ethyl vinyl ether, 37, 75

1-Ethynylcyclohexanol, 35, 2

1,1"-ETHYNYLENE-bis-CYCLOHEXANOL,
32,70

Extraction apparatus, Kies, 37, 30

Extractor, continuous, 30, 4

Ferric chloride, 36, 31; 37, 77

FERROCENE, 36, 31, 34

Ferrous chloride solution in tetrahy-
drofuran, 36, 31, 34

Fischer indole synthesis, of 1,2-benzo-
3,4-dihydrocarbazole, 30, 91

of 1,2,3,4-tetrahydrocarbazole, 30, 90
Flavilium chloride, 32, 75
I'LavonE, 32, 72

Flow meter, 34, 7

Fluorene, 34, 32

9-Fluorenecarboxylic acid, 33, 37

a-(4-Fluorophenyl)-y-phenylaceto-
acetonitrile, 85, 32

1-($-FLUOROPHENYL)-3-PHENYL-2-
PROPANONE, 38, 33

Formaldehyde, 30, 51; 33, 72; 36, 1

FORMIMIDIC ACID, N-PHENYL-, ETHYL
ESTER, 35, 65

a-Formylethyl methyl ketone, 32, 34

Formy! isobutyl ketone, 32, 34

5-FORMYL-4-PHENANTHROIC ACID, 38, 32

Friedel-Crafts reaction, 30, 1; 31, 88;
32, 10

with nicotinyl chloride and benzene,

37,6

Fumaramide, 30,46

FUMARONITRILE, 30, 46

FuraN, 3-HYDROXY-1,2,3,4-TETRA-
HYDRO-, 38, 37

TETRAHYDRO-2,2-DIMETHYL-5-

PENTYL-, 38, 25

2-FURANMETHANOL, 35, 66

FurazaNn, 3,4-DIMETHYL-, 34, 40

Furfural, 33, 39; 36, 36

FURFURAL DIACETATE, 33, 39

Furfuryl alcohol, 35, 67; 36, 37

FURFURYLAMINE, N,N,5-TRIMETHYL-,
35, 78

Furfuryl chloride, 85, 68

2-Furfuryl disulfide, 35, 68

S-2-Furfurylisothiourea, 35, 67

2-FURFURYL MERCAPTAN, 35, 66

2-FUROIC ACID, 36, 36

Furylacrylic acid, 33, 25

Fusion, caustic, of vanillin, 30, 103

Glutaraldehyde, 37, 74, 75
GLUTARIC ACID, 30, 48; 37, 47
B,8-DIMETHYL-, 31, 40
3-ETHYL-3-METHYL, 36, 28
Glutaric acid monoamide, 37, 47
GLUTARIC ANHYDRIDE, 3-METHYL, 38, 52
a-PHENYL, 30, 81
GLUTARIMIDE, 37, 47
Glycerol, 82, 72
Glycerol-a,y-dichlorohydrin, 81, 2
Glycidic ester condensation, 84, 54
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Glycine, 33, 1
Glyozxal-sodium bisulfite, 30, 86
GLYOXYLIC ACID, #-BUTYL ESTER, 35, 18
ETHYL ESTER, DIETHYL ACETAL, 35, 59
Grignard reaction, addition to ethyl sec-
butylidenecyanoacetate, 35, 7
allylmagnesium bromide with a,8-di-
bromoethyl ethyl ether, 36, 61
allylmagnesium chloride with «,8-di-
bromoethyl ethy! ether, 36, 63
ethylmagnesium bromide with tin
tetrachloride, 36, 86
N-methyl-1,2-diphenylethylamine,
34, 64
methylmagnesium bromide with -
nonanoic lactone, 38, 41
trans-methylstyrylcarbinol, 30, 77
tetraphenylarsonium chloride hydro-
chloride, 30, 97
Guanidine, 32, 96
Guanidine hydrochloride, 32, 45
GUANYLTHIOUREA, 35, 69
D-GULONIC ACID, y-LACTONE, 36, 38

Half ester, of malonic acid, 37, 34
of undecanedioic acid, 38, 55

Heating tape, 387, 4, 68

Heat transfer salt, 37, 49

Hell-Volhard-Zelinsky reaction, 33, 29;
317, 29

HEMIMELLITENE, 34, 56

HENDECANEDIOIC ACID, 38, 34, 55

HENDECYNOIC ACID, 32, 104

n-HEPTAMIDE, 37, 50

n-Heptanoic acid, 37, 50

2-Heptene, 38, 9

4-BROMO-, 38, 8

1-HEPTEN-3-ONE, 1-CHLORO-6-METHYL-,
32, 27

n-Heptylamine, 37, 52

3-n-HEPTYL-5-CYANOCYTOSINE, 37, 52

2-Heptyl-5,5-dimethyltetrahydrofuran,
38, 26

n-Heptyl fluoride, 36, 42

N-n-Heptylurea, 37, 52

3-n-Heptylureidomethylenemalononi-
trile, 37, 52

HEXADECANOIC ACID, 2-SULFO-, 36, 83

n-Hexadecyl fluoride, 36, 42

Hexahydro-1,3,5-triacetyl-s-triazine,
30, 52
Hexahydro-1,3,5-triacrylyl-s-triazine,
30, 52
Hexahydro-1,3,5-tribenzoyl-s-triazine,
30, 52
Hexahydro-1,3,5-tri-(8-chloropro-
pionyl)-s-triazine, 30, 52
Hexahydro-1,3,5-trimethacrylyl-s-tria-
zine, 30, 52
HexARYDRO-1,3,5-TRIPROPIONYL-S-
TRIAZINE, 30, 51
HEXAMETHYLBENZENE, 35, 73
Hexamethylenediamine, 31, 62
Hexamethylenediammonium chloride,
31, 62
HEXAMETHYLENE DIISOCYANATE, 31,
62, 63
Hexzamethylenetetramine, 30, 67; 381,
92; 33, 93
HEexANE, 1,6-p110DO-, 31, 31
1-FLUORO-, 36, 40
1,6-Hexanediol, 31, 31
1,6-HEXANEDIOL, DIISOCYANATE, 31, 62
1-Hexene, 31, 67
3-HEXENE, 3,4-DINITRO-, 37, 23
n-Hezxylacetylene, 30, 17
n-Hexyl alcohol, 36, 42
N-Hexylaniline, 36, 23
n-Hexyl bromide, 36, 41
n-HEXYL FLUORIDE, 36, 40
1-Hexyne, 30, 15
Hofmann degradation, 80, 3
Hydration of 1-ethynylcyclohexanol,
35, 1
Hydrazine hydrate, 34, 42; 36, 69;
38,34
Hydrazine sulfate, 31, 43; 32, 50
Hydrazinolysis of diethy! adipate, 36,
69
Hydrazoic acid, 31, 16
2,2'-Hydrazo-bis-isobutyronitrile, 32, 51
HYDROCINNAMIC ACID, a-ACETYL-2,3-
DIMETHOXY-, ETHYL ESTER, 31, 56
2-CARBOXY-, 34, 8
Hydrogenation, of a double bond,
80, 30, 32; 81, 56, 57
of a nitro compound to an amine with
Rancy nickel, 84, 20
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Hydrogenation, of diethyl ethoxy-
methylenemalonate over Raney
nickel, 38, 22

of 5,8-dihydro-1-naphthol, 37, 81

of y-ketocapric acid over Raney
nickel, 34, 53

of B-methylglutaraldehyde over
Raney nickel, 34, 71

of phenanthrene, 34, 31

of sebacoin, 36, 12

over copper chromium oxide, 34, 31;
36, 12

over palladium, 30, 32; 31, 57

over platinum, 30, 30, 32

over Raney nickel for reductive
alkylation, 30, 60, 61

Hydrogen chloride, 32, 42, 44; 34, 3, 66,
68; 36, 5, 63; 38, 86

Hydrogen cyanide, 83, 7; 38, 12

Hydrogen fluoride, catalyst for alkyla-
tions, 32, 91

Hydrogen iodide, 31, 32

Hydrogenolysis of 2-thio-6-methyl-
uracil, 35, 81

Hydrogen peroxide, 30, 97; 36, 53; 37,
58, 63

Hydrogen selenide, 36, 24

Hydrogen sulfide, 30,65; 31,106; 32,103

in pyridine, 32, 103
Hydrolysis, amide to acid, 33, 7
and decarboxylation, of a-acetyl-
y-butyrolactone, 31, 74
of an acylmalonic ester, 30, 71
of 2-benzoyl-1-cyano-1-methyl-1,2-
dihydroisoquinoline, 38, 60
of a-phenyl-a-carbethoxyglutaro-
nitrile, 30, 81
of triethyl e-phthalimidoethane-
a,a,B-tricarboxylate, 30, 8
nitrile to amide, 33, 7
of 2-p-acetylphenylhydroquinone
diacetate, 34, 1
of benzyl cyanide, 32, 92
of 3-benzyl-3-methylpentanenitrile,
35,8
of tert-butyl 2-methylenedodecanoate,
38, 48
of a-(4-chloropheny!)-y-phenylaceto-
acetonitrile, 36, 32

Hydrolysis, of 2-chloro-1,1,2-trifluoro-
ethyl ethyl ether, 34, 49
of a,a’-dicyano-g-ethyl-8-methyl-
glutarimide, 36, 29
of 3,4-dihydro-2-methoxy-4-methyl-
2H-pyran, 34, 71
of dihydropyran, 30, 48
of ethyl 3-benzyl-2-cyano-3-methyl-
pentanoate, 35, 8
of N-ethyl-p-chloroformanilide, 38, 30
of ethyl enanthylsuccinate, 34, 53
of ethyl 8-phenyl-8-cyanopropionate,
30, 84
of o-methylbenzy! acetate, 34, 58
of y-phenylallylsuccinic anhydride,
31, 85
of a,a,0’,&’-tetrabromo-o-xylene to o-
phthalaldehyde, 34, 83
of p,a,e-tribromoacetophenone, 35, 11
partial, of dimethyl hendecanedioate,
38, 56
Hydroperoxide, quantitative estimation
of, 34, 92
HYDROPEROXIDE, (1,2,3,4-TETRAHYDRO-
1-NAPHTHYL)-, 34, 90
Hydroquinone, 32, 28; 34, 29
as stabilizer for aldehydes, 37, 40
o-Hydroxyacetophenone, 32, 72
4-HYDROXY-1-BUTANESULFONIC ACID
SULTONE, 37, 55
2-Hydroxycyclodecanone, 36, 79
2-Hydroxycyclononanone, 36, 78
o-Hydroxydibenzoylmethane, 32, 74
B-Hydroxyethylphthalimide, 32, 19
Hydroxylammonium chloride, 32, 36
Hydroxymethylation of cyclohexanone,
31,101
1-(2-Hydroxy-1-naphthyl)urea, 31, 13
6-HYDROXYNICOTINIC ACID, 36, 44
2-Hydroxypyrimidine hydrochloride,
35, 35
3-HYDROXYTETRAHRYDROFURAN, 38, 37
8-Hydroxyvaleraldehyde, 30, 48, 50
Hypophosphorous acid, 36, 96

5-Imino-2,2-dimethylpyrrolidine, 82, 60
Iodination, of thiophene, 30, 53

of veratrole, 36, 46
Iodine, 30, 53; 82, 29, 31; 86, 47
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IODOCYCLOHEXANE, 31, 32, 66

2-Iodoethyl benzoate, 30, 11

2-Todohexane, 31, 67

p-Todomandelic acid, 35, 14

Todometric determination of active
oxygen, 34, 92

2-Iodo-5-nitrothiophene, 30, 55

1-Iodopropane, 31, 32

2-IODOTHIOPHENE, 30, 53; 35, 85

4-IODOVERATROLE, 36, 46

Ton exchange in the preparation of e-
aminocaproic acid, 82, 13

Ion-exchange resin, 37, 55, 56

IRON, DICYCLOPENTADIENYL-, 36, 30, 34

Iron powder, 36, 31; 38, 11

Isoamylacetylene, 30, 17

N-Isoamylaniline, 36, 23; 38, 31

2H-ISOAZEPINE, 3,4,5,6-TETRAHYDRO-
7-METHOXY-, 31, 72

N-Isobutylaniline, 36, 23

Isobutylene, 34, 26; 37, 35

Isobutyranilide, 33, 30

Isobutyric acid, 33, 29

ISOCAPROIC ACID, y-NITRO, METHYL
ESTER, 32, 86

Isocaproyl chloride, 32, 27

ISOCYANIC ACID, HEXAMETHYLENE
ESTER, 31, 62

ISODEHYDROACETIC ACID, 32, 57, 76

Isomerization of A%- to A*-cholesten-3-
one, 35, 43

Isomerized wood rosin, 32, 2

Isonicotinic acid, 87, 7

2-Isonitrosocyclohexanone, 82, 38

Isophorone, 37, 58

ISOPHORONE OXIDE, 37, 58

Isopropyl alcohol, 31, 112

Isopropyl iodide, 30, 34; 31, 33

p-Isopropylphenylacetamide, 32, 94

p-Isopropylphenyldichlorophosphine,
31, 89

Isoquinoline, 38, 59

1-METHYL-, 38, 68

Isoquinolines, 1-substituted, 38, 61

ISOTHIOCYANIC ACID, 1-NAPHTHYL
ESTER, 36, 56

['TACONYL CHLORIDE, 83, 41

Japp-Klingemann reaction, 33, 85

B-Ketobutyraldehyde, dimethyl acetal,
32, 80
v-Ketocapric acid, 34, 53
6-K ETOHENDECANEDIOIC ACID, 38, 34,38
2-Ketohexamethylenimine, 32, 13
B-KETO-ISOOCTALDEHYDE DIMETHYL
ACETAL, 32,79
KETONE, 9-ANTHRYL METHYL, 30, I
CYCLOPROPYL, 38, 19
CYCLOPROPYL METHYL, 31, 74
1-HYDROXYCYCLOHEXYL METHYL,
35, 1
PHENYL-3-PYRIDYL, 37, 6
Ketone synthesis, 33, 84
Kies extraction apparatus, 37, 30

v-Lactones, formation from B,y-un-
saturated acids, 37, 39
Lauric acid, 30, 106; 31, 69; 37, 29
a-bromo-, 37, 29
LAURIC ACID, VINYL ESTER, 30, 106
LAURONE, 31, 68
Lauroyl chloride, 31, 68
LAURYLMETHYLAMINE, 36, 48
Lead acetate trihydrate, 31, 19
Lead sulfide, 31, 19
Lead tetraacetate, 35, 18
Lithium aluminum hydride, 32, 46; 33,
33, 82; 36, 49
reduction of disulfides by, 35, 54
Lithium chloride, as dehydrochlorinat-
ing agent, 37, 10
Lithium metal, 37, 80

Magnesium, 30, 70, 97; 34, 65; 36,
61, 87

Magnesium bromide hydrosulfide,
32, 103

Magnesium derivative of malonic ester,
37, 20

Magnesium oxide, 33, 84

Maleic anhydride, 30, 93; 31, 85; 34,
31, 32

Malic acid, 31, 23

MALONALDEHYDE, NITRO-, SODIUM
DERIVATIVE, 32, 95

Malonic acid, 81, 35; 83, 20, 62; 34, 26

MALONIC ACID, BENZOYL, DIETHYL
ksTER, 37, 20
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MALONIC ACID, CETYL-, DIETHYL ESTER,
34, 13
DI-feri-BUTYL ESTER, 34, 26
Malonic acid, ethyl half ester, 37, 34
MALONIC ACID, ETHYLIDENE, DIETHYL
ESTER, 32, 54
ETHYL lert-BUTYL ESTER, 37, 34
METHYLENE-, DIETHYL ESTER, 38, 22
Malonic ester, acylation by o-nitro-
benzoyl chloride, 30, 70
ethoxymagnesium derivative, solu-
tion of, 30, 70; 37, 20
Malonic ester syntheses, 30, 7
Malononitrile, 37, 53
Malonyl dichloride, 33, 20
Mandelic acid, 36, 3
p-bromo-, 35, 11
Mannich reaction, with acetone, 37, 18
MERCAPTOACETALDEHYDE, DIETHYL
ACETAL, 35, 51
2-MERCAPTOBENZIMIDAZOLE, 30, 56
2-Mercaptobenzoxazole, 30, 57
Mercuric cyanide, 32, 31
Mercuric oxide, 34, 42; 36, 48
Methallyl chloride, 32, 90
METHANE, DIAZO-, 36, 16
METHANESPHOSPHONIC ACID, DIISO-
PROPYL ESTER, 31, 33
Methanesulfonic acid, 30, 58
METHANESULFONYL CHLORIDE, 30, 58
Methone, 31, 40
o-Methoxybenzaldehyde, 35, 75
2-Methoxy-4-methyl-3,4-dihydro-H-
pyran, 35, 88
0-METHOXYPHENYLACETONE, 35, 74
$-METHOXYPHENYLACETONITRILE,
36, 50
2-(m-Methoxyphenyl)cycloheptanone,
35, 94
2-(0-Methoxyphenyl)cycloheptanone,
36, 94
2-(p-Methoxyphenyl)cycloheptanone,
35, 94
1-(0-METHOX YPHENYL)-2-NITRO-1-PRO-
PENE, 36, 74
1-(p-Methoxyphenyl)-3-phenyl-2-pro-
panone, 35, 33
p-Methoxyphenylurea, 81, 10, 13
Methoxyquinone, 35, 27

METHYL p-ACETYLBENZOATE, 32, 81
Methyl acrylate, 30, 65; 32, 86
y-Methylallophanate, methyl, 32, 62
Methylamine, 30, 60; 34, 65, 97
Methylamine hydrochloride, 37, 74
4’-Methyl-2-aminobenzophenone, 32, 12
N-METHYLAMINOPYRIMIDINE, 35, 59
N-Methylaniline, 30, 62; 31, 110; 38, 31
N-Methylarylamines, preparation by
reductive alkylation, 30, 59, 60
Methylation, of e-caprolactam, 31, 72
of quinacetophenone, with dimethyl
sulfate, 31, 91
with methyl iodide, 31, 90
2-Methyl-3,1,4-benzoxaz-4-one, 32, 12
o-Methylbenzyl acetate, 34, 58
0-METHYLBENZYL ALCOHOL, 34, 58
2-METHYLBENZYLDIMETHYLAMINE,
34, 61
2-Methylbenzylethyldimethylam-
monium bromide, 34, 58
2-Methylbenzyltrimethylammonium
iodide, 34, 63
Methyl bromide, 38, 41
N-Methyl-a-bromo-n-butyranilide,
30, 63
O-METHYLCAPROLACTIM, 31, 72
Methyl Cellosolve, 32, 43
Methyl chloride, 32, 22
N-Methyl-p-chloroaniline, 38, 31
Methyl coumalate, 36, 44
Methyl crotonate, 38, 53
2-Methylcyclohexanol, 31, 4; 37, 10
2-Methylcyclohexanone, 37, 8, 10
2-METHYL-2-CYCLOHEXENONE, 37, 8
METHYL CYCLOPROPYL KETONE, 31,
74,75
2-METHYL-2,5-DECANEDIOL, 38, 41, 25
N-METHYL-2,3-DIMETHOX YBENZYL-
AMINE, 30, 59
N-METHYL-1,2-DIPHENYLETHYLAMINE
AND HYDROCHLORIDE, 34, 64
2-Methyldodecanoic acid, 38, 43, 47, 49
2-Methyl-2-dodecenoic acid, 38, 49, 50
trans-2-METHYL-2-DODECENOIC ACID,
38, 43
2-Methyl-2-eicosenoic acid, 88, 46
2-METIYLENEDODECANOIC ACID, 38, 47
Mecthyl p-ethylbenzoate, 32, 82
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Methyl ethyl ketone, 36, 29
1-METHYL-3-ETHYLOXINDOLE, 30, 62
N-Methylformanilide, 31, 109
2-Methylfuran, 35, 78
S5-METHYLFURFURYLDIMETHYLAMINE,
35,78
B-Methylglutaraldehyde, 34, 72; 35, 88
B-Methylglutaric acid, 35, 88
B-METEVLGLUTARIC ANHYDRIDE, 38, 52
METHYLGLYOXAL-@-PHENYLHYDRA-~
ZONE, 32, 84
2-Methyl-2-hexacosenoic acid, 38, 46
Methyl hydrogen adipate, 38, 39
METHYL HYDROGEN HENDECANEDIOATE,
38, 55
Methy! hydrogen B-methylglutarate,
38, 54
4-METHYL-6-EYDROX YPYRIMIDINE,
35, 80
Methyliodide, 31, 33, 90; 34, 61; 38, 59
2-Methyl-1-iodopropane, 31, 32
2-Methyl-2-iodopropane, 31, 32
1-METHYLISOQUINOLINE, 38, 58
METHYLISOUREA HYDROCHLORIDE,
34, 67
N-Methyllauramide, 36, 49
Methylmagnesium bromide, 30, 75; 38,
26, 42
Methyl cis-2-methyldodecenoate, 38, 45
Methyl 2-methylenedodecanoate, 38, 45
METHYL ~-METHYL-y-NITROVALERATE,
32, 59, 86
N-Methylmyristamide, 36, 49
Methylmyristylamine, 36, 49
3-METHYL-4-NITROPYRIDINE-1-OXIDE,
36, 53
Methylnonylamine, 36, 49
Methyl orthoformate, 88, 31
3-METHYLOXINDOLE, 37, 60
N-Methylpelargonamide, 36, 49
3-METHYL-1,5-PENTANEDIOL, 34, 71;
35, 87
p-Methylphenylacetamide, 32, 94
2-(o-Methylphenyl)cycloheptanone,
36, 94
2-(p-Methylphenyl)cycloheptanone,
36, 94
1-METHYL-3-PHENYLINDANE, 36, 83
Mcthyl phenyl sulfone, 88, 63

2-Mcthyl-5,6-pyrazinedicarbozxylic acid,
30, 89
3-Mcthylpyridine, 36, 55
3-Methylpyridine-1-oxide, 36, 53, 54
2-Mcthylquinoxaline, 30, 88, 89
a-Methylstyrene, 35, 84
trans-Methylstyrylcarbinol, 30, 77
4-Methyl-1-tetralone, 35, 96
METHYL 2-THIENYL SULFIDE, 35, 85
METHYL $-THIODIPROPIONATE, 30, 65
2-Methylthio-6-methyluracil, 35, 82
3-Methylthiophene, 33, 96; 34, 73
1-(p-Methylthiophenyl)-3-phenyl-2-
propanone, 35, 33
N-Methy!-p-toluenesulfonamide, 34, 97
N-Methyl-m-toluidine, 38, 31
METHYL p-TOLYL SULFONE, 38, 62
2-Methyl-2,5-undecanediol, 38, 26
B-METHYL-5-VALEROLACTONE, 35, 87
Methyl vinyl ether, 34, 29
Methyl vinyl ketone, 37, 19
Michael condensation, between diethyl
malonate and methyl crotonate,
38, 53
between 3-nitropropane and methyl
acrylate, 32, 86
MONOBENZALPENTAERYTHRITOL, 38, 65
MONOBROMOPENTAERYTHRITOL, 38, 68
Monochlorourea, 30, 24, 25, 26
Monoethanolamine, 32, 19
Monoethyl malonate, 37, 34
MONOVINYLACETYLENE, 38, 70
Mucobromic acid, 32, 95

1-NAPHTHALDEHYDE, 30, 67, 68

Naphthalene, 33, 50

Naphthalene-1,5-disulfonic acid, 32, 88

NAPHTHALENE-1,5-DISULFONYL CHLO-
RIDE, 32, 88; 33, 47

1,5-NAPHTHALENEDITHIOL, 33, 47

1(2H)-NAPHTHALENONE, 3,4-DIHYDRO-,
35, 95

1-Naphthol, 37, 80

5,8-dihydro-, 87, 81

1-NapHTHOL, 5,6,7,8-TETRAHYDRO-,
37, 80

2-Naphthol, 82, 11, 100; 84, 9

1,4-NAPHTHOQUINONE, 83, 50

1-Naphthylacetamide, 83, 94
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a-Naphthylcyanamide, 31, 20
B-Naphthyl ethyl ether, 32, 97
o-NAPHTHYL ISOTHIOCYANATE, 36, 56
B-Naphthyl! isothiocyanate, 36, 57
B-Naphthyl methyl ether, 32, 100
a-Naphthylphenylacetylene, 34, 43
a-Naphthylthiourea, 36, 56
NEOPHYL CHLORIDE, 32, 90
Niacinamide, 37, 64
Nickel, dicyclopentadienyl-, 36, 35
Nicotinamide, 30, 3; 33, 52; 37, 63
NICOTINAMIDE-1-0XIDE, 37, 12, 63
Nicotinic acid, 37, 6
NICOTINIC ACID, 6-HYDROXY-, 36, 44
NICOTINONITRILE, 33, 52

2-CHLORO-, 37, 12

1,2-DIHYDRO-6-METHYL-2-0X0-, 32, 32
Nicotinyl chloride, 37, 6
Nioxime, 32, 36
Nitration, of anthracene, 31, 77

of chlorobenzene, 31, 45

of cinnamaldehyde, 33, 60

of 3-methylpyridine-1-oxide, 36, 53

of o-toluidine, 35, 3

of veratraldehyde, 33, 65
Nitric acid, 30, 48

concentrated, 31, 78

fuming, 36, 53
0-NITROACETOPHENONE, 30, 70
p-Nitroacetophenone, 30, 71
Nitroalkanes, preparation of, 38, 75
m-Nitroaniline, 33, 56
o-Nitroaniline, 31, 14; 37, 1
p-Nitroaniline, 31, 80
p-Nitroaniline hydrochloride, 31, 80
9-NITROANTHRACENE, 31, 77
m-Nitrobenzaldehyde, 33, 62
o-Nitrobenzaldehyde, 35, 89
0-NITROBENZALDIACETATE, 36, 58
p-NITROBENZALDIACETATE, 36, 58
p-Nitrobenzoic acid, 36, 59
2-Nitrobenzophenone, 32, 12
m-Nitrobenzoy! chloride, 33, 53
o0-Nitrobenzoyl chloride, 30, 70
-NITROBUTYRIC ACID, ETHYL ESTER,

37, 44
o-Nitrochlorobenzene, 32, 24
9-Nitro-10-chloro-9,10-dihydroanthra-
cene, 31,78

m-Nitrocinnamic acid, 33, 62

a-Nitro esters, 37, 46

Nitroethane, 35, 74

Nitrogen, oxygen-free, 33, 5

1-(Nitromethyl)cyclohexanol, 34, 20

sodio derivative, 34, 20

1-NITROOCTANE, 38, 75

o-Nitrophenyl azide, 31, 14

1-(p-NITROPHENYL)-1,3-BUTADIENE, 31,
80, 81

1-(p-Nitrophenyl)-4-chloro-2-butene,
31, 80

trans-0-NITRO-q-PHENYLCINNAMIC ACID,
35, 89

p-Nitropheny! salicylate, 32, 26

2-Nitropropane, 30, 100; 32, 86

Nitrosation, of 6-aminouracil, 37, 15

of N-methyl-p-toluenesulfonamide,

34, 97

a-Nitroso-B-naphthol, as antioxidant,
38, 87

m-Nitrostyrene, 33, 62

o-Nitrotoluene, 36, 58

p-Nitrotoluene, 31, 6; 34, 35; 36, 58;
38, 11

Nitrourea, 32, 61

~v-Nonanoic lactone, 38, 42

n-Nonyl fluoride, 36, 42

NORBORNYLENE, 37, 65

9-OCTADECYNOIC ACID, 37, 77

OCTANE, 1-NITRO-, 38, 75

OCTANOIC ACID, 2-METHYL-3-0X0-, sec-
BUTYL ESTER, 35, 15

1-Octanol, 38, 75

2-OCTENOIC ACID, 4-ETHYL-2-METHYL-,
37, 37

Octyl alcohol, 34, 3

n-Octyl fluoride, 36, 42

1-Octyl nitrite, 38, 75

Oleic acid, 37, 66, 68, 77

OLEOYL CHLORIDE, 37, 66

ORTHOCARBONIC ACID, TETRAETHYL
ESTER, 32, 68

1-OxASPIRO[2,5]OCTANE-2-CARBOXYLIC
ACID, ETHYL ESTER, 34, 54

Oxidation, by nitric acid, 30, 48

of aldehyde to carboxyl group, 30, 49

of 4-amino-3-chlorophenol, 35, 23
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Oxidation, of an a-hydroxyketone to an
a-diketone, 36, 77
of benzil dihydrazone with mercuric
oxide, 34, 42
of cholesterol, by cyclohexanone,
35, 39
by dichromate, 35, 36
of cyanide ion with iodine, 32, 29
of cyclohexanone with selenous acid,
32, 35
of di-n-butyl d-tartrate, 35, 18
of ethyl p-ethylbenzoate by air, 32, 81
of ethyl lactate to ethyl pyruvate,
31, 59
of furfural to 2-furoic acid, 36, 36
of hydroxyl to carboxy! group, 30, 49
of isophorone with peroxide, 37, 58
of methone to glutaric acid, 31, 40
of 2-methylcyclohexanol, 31, 3; 37, 10
of 2-methylquinoxaline to 2-methyl-
pyrazine-5,6-dicarboxylic acid,
30, 89
of naphthalene by chromic oxide,
33, 50
of B-naphthol by peracetic acid, 34, 8
of nicotinamide with peroxide, 37, 63
of o-nitroaniline to benzofurazan
oxide, 87, 1
of o-nitrotoluene, 36, 58
of p-nitrotoluene, 34, 35; 36, 58
of phenanthrene by chromic acid,
34, 76
of propargyl alcohol, 36, 66
of pyridine by peracetic acid, 83, 79
of quinoxaline to 2,3-pyrazinedicar-
boxylic acid, 30, 87
of sebacoin, 36, 77
of tetralin by oxygen, 34, 90
of thenaldehyde, 83, 94
of triphenylarsine to triphenylarsine
oxide, 30, 97
of vanillin, by caustic fusion, 30, 103
by silver oxide, 30, 101
Oxidative reduction, of mucobromic
acid and sodium nitrite, 32, 95
of p-nitrotoluene to p-aminobenzal-
dchyde, 81, 6
OXINDOLE, 3-1THYL-1-METIIYVL, 30, 62
3-METHYL-, 87, 60

Ozone, 38, 32
Ozonolysis of pyrene, 38, 32

Palladium on charcoal catalyst, 37, 81
Palmitic acid, 36, 83; 37, 69
Palmitonitrile, 32, 67
Palmitoy] chloride, 37, 69
PARABANIC ACID, 37, 71
Paraffin-oil test for water in ethanol,
32, 69
Paraformaldehyde, 31, 101; 36, 1; 37, 18
Paraldehyde, 30, 41; 32, 54; 36, 60;
38, 86
1,4-PENTADIENE, 36, 60; 38,78
Pentaerythritol, 31, 83; 38, 66, 68
PENTAERYTHRITOL, MONOBENZAL-,
38, 65
MONOBROMOHYDRIN, 38, 68
Pentaerythrityl benzenesulfonate,
31, 83
PENTAERYTHRITYL TETRABROMIDE,
31, 82
1,5-Pentanediol, 88, 80
1,5-PENTANEDIOL, 3-METHYL-, 34, 71
1,5-Pentanediol diacetate, 38, 79, 80
4-Penten-1-ol acetate, 38, 80
3-Pentyl a-bromopropionate, 35, 17
4-PENTYN-1-0L, 33, 68
Peracetic acid, 33, 79; 34, 8, 10; 38, 84
Phenanthrene, 34, 76
PHENANTHRENE, 9,10-DIHYDRO-, 34, 31
Phenanthrene, purification, 34, 31, 32
PHENANTHRENEQUINONE, 34, 76
sodium bisulfite adduct, 34, 77
4-PHENANTHROIC ACID, 5-FORMYL-,
38, 32
9-Phenanthryl isothiocyanate, 86, 57
p-Phenetidine hydrochloride, 31, 11
Phenol, 34, 44
reaction with methanol, 35, 73
a-Phenoxyacetoacetic acid, 33, 44
Phenylacetamide, 32, 92
Phenylacetic acid, 32, 93, 94; 33, 70;
35, 89
imino cther hydrochloride, 32, 94
N-Phenylacetimidochloride, 81, 51
Phenylacetonitrile, 80, 44; 32, 92; 87, 26
Phenylacetylene, 80, 72
v PHENYLALLYLSUCCINIC ACID, 81, 85
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v-Phenylallylsuccinic anhydride, 31, 86
4-PHENYL-5-ANILINO-1,2,3-TRIAZOLE,
37, 27
Pheny! azide, 81, 16; 37, 26
Phenylazoacetoacetic acid, 32, 85
N-PHENYLBENZAMIDINE, 36, 64
Phenyl benzoate, 32, 103
1-Phenylbiguanide, 38, 1
1-Phenylbiguanide hydrochloride, 38, 1
a-Phenyl-y-(4-bromophenyl)aceto-
acetonitrile, 35, 32
trans-1-PHENY1L-1,3-BUTADIENE, 30, 75
~-Phenylbutyric acid, 33, 91; 35, 96
+-Phenylbutyry! chloride, 35, 96
a-PHENYL-a-CARBETHOXYGLUTARONI-
TRILE, 30, 80, 82
a-Phenylcinnamonitrile, 32, 63
2-PHENYLCYCLOHEPTANONE, 35, 91
Phenyldiazomethane, 35, 94
Phenyldichlorophosphine, 31, 88
0-PHENYLENE CARBONATE, 33, 74
o-Phenylenediamine, 30, 56, 86
a-Phenylglutaric acid, 30, 82
a-PHENYLGLUTARIC ANHYDRIDE, 30, 81
Phenyl glycidyl ether, 31, 3
Phenylhydrazine, 30, 90; 37, 60
2-Phenyl-2-hydroxyethane-1-sulfonate,
34, 89
Phenyl isocyanate, 31, 69; 36, 9
Phenyl isothiocyanate, 36, 57
Phenyllithium, 38, 59
Phenylmagnesium bromide, 30, 97; 31,
86; 32, 103
a-Phenyl-y-(4-methoxyphenyl)aceto-
acetonitrile, 35, 32
a-Phenyl-y-(4-methylphenyl)aceto-
acetonitrile, 85, 32
a-Phenyl-y-(4-methylthiophenyl)aceto-
acetonitrile, 35, 32
a-Phenyl-y-phenylacetoacetonitrile,
36, 32
o-Phenylphenyl salicylate, 32, 26
p-Phenylphenyl salicylate, 32, 26
1-PEENYLPIPERIDINE, 34, 79
PHENYLSUCCINIC ACID, 30, 83
Phenylsuccinic anhydride, 30, 85
Phenylthiourea, 31, 22
Phenyl p-toly! sulfone, 32, 10
v-Phenylvaleric acid, 36, 97

v-Phenylvaleryl chloride, 35, 97

Phloroglucinol, 37, 44

Phosgene, 31, 62; 32, 26; 33, 74

PHOSPHINE, DICHLOROPHENYL-, 31, 88

Phosphoric acid, 31, 66

ortho-, 30, 33, 34; 31, 66

Phosphoric anhydride, 30, 33; 31, 31, 67

Phosphorus, red, 33, 29

Phosphorus heptasulfide, 34, 73

Phosphorus oxychloride, 80, 27; 31, 50,
88, 109; 32, 25, 26; 33, 27; 34, 4;
36, 74; 37, 12, 39

Phosphorus pentachloride, 31, 48, 104;
32, 10, 26, 75, 88; 33, 41, 91,

34, 86; 37, 12

Phosphorus pentoxide, 30, 22, 46; 33,
52; 36,91

Phosphorus trichloride, 31, 88, 111; 32,
26; 37, 82

0-PHTHALALDEHYDE, 34, 82

Phthalic acid, 32, 67

Phthalic anhydride, 32, 19

Phthalide, 38, 81

Phthalideacetic acid, 34, 10

PHTHALIMIDE, N-2-BROMOETHYL-, 32, 18

a-PHTHALIMIDO-0-TOLUIC ACID, 38, 81

3-PICOLINE, 4-NITRO-, 1-OXIDE, 36, 53

3-Picoline-1-oxide, 36, 54

PIMELIC ACID, y-OXO-, DIETHYL ESTER,
33, 25

PIPERIDINE, 1-PHENYL-, 34, 79

Piperidine acetate, 32, 33

Potassium, 30, 19, 20; 34, 54

directions for safe handling of, 30, 20

Potassium acid acetylenedicarbozylate,
32, 55

Potassium 4-amino-3,5-dinitrobenzene-
sulfonate, 31, 46

Potassium feri-butoxide, solution of, 30,
19; 82, 72; 34, 54, 37, 29

Potassium 4-chloro-3,5-dinitrobenzene-
sulfonate, 31, 46

Potassium cyanate, 31,9

Potassium cyanide, 30, 84; 32, 31, 63;
37, 47

Potassium ethyl malonate, 37, 34

Potassium ethyl xanthate, 30, 56

Potassium fluoride, 36, 40

Potassium hypochlorite, 38, 32
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Potassium iodide, 30, 34; 31, 31, 66
Potassium metal, 37, 29, 30
Potassium methyl sulfate, 31, 73
Potassium nitrate, 31, 46
Potassium 1-nitropropylnitronate,
37,24
Potassium oxalate, 34, 83
Potassium permanganate, 30, 87; 31, 59
Potassium phthalimide, 38, 81
Potassium sulfide, 32, 103
Potassium thiobenzoate, 32, 101
Potassium thiocyanate, 32, 39, 40
Prins reaction, 83, 72
PROPANE, 1,3-D1BROMO-2,2-bis-(BROMO-
METHYL)-, 31, 82
1,3-PROPANEDIOL, 2-BROMOMETHYL-2-
HYDROXYMETHYL-, 38, 68
1-PROPANOL, 3-PHENYL-, 33, 76
2-PROPANONE, 1-($-CHLOROPHENYL)-
3-PHENYL-, 85, 32
1-(0-METHOXYPHENYL)-, 38, 74
Propargyl alcohol, 36, 67
PROPIOLALDEHYDE, 36, 66
ProrroNIC AcCID, 8,8'-THIODI-, DI-
METHYL ESTER, 30, 65
Propionic anhydride, 87, 60
Propionitrile, 30, 51
PROPIONITRILE, B-ANILINO-, 36, 6
3-0-CHLOROANILINO-, 38, 14
B-Propionylphenylhydrazine, 87, 60
n-Propylacetylene, 30, 17
N-Propylaniline, 36, 22
N-Propylbutylamine, 36, 23
Propylene oxide, 81, 3
ProryNaL, 36, 66
Propynyl magnesium bromide, 35, 21
PSEUDOPELLETIERINE, 37, 73
PSEUDOUREA, 2-METHYL-, HYDROCHLO-
RIDE, 34, 67
PUTRESCINE DIHYDROCHLORIDE, 36, 69
2H-PYRAN, 3,4-DIEYDRO-2-METHOXY-
4-METHYL-, 34, 29, 71
2,3-PYRAZINEDICARBOXYLIC ACID, 30, 86
PYRAZOLE, 3,5-DIMETHYL-, 31, 43
Pyrazolines, 32, 78
5-Pyrazolone from sec-butyl a-n-cap-
roylpropionate, 35, 17
Pyrenc, 88, 32
1-Pyrenyl isothiocyanate, 36, 57

Pyridine, 33, 79
as isomerizing agent for triazoles,
37, 27
PYRIDINE, 3-AMINO-, 30, 3
2-BENZYLAMINO-, 38, 3
S-ETHYL-2-METHYL-, 30, 41
3-Pyridinecarboxylic acid, 37, 6
PyrmINE-N-OXIDE, 33, 79
PyrIMIDINE, 2-CHLORO-, 35, 34
2-DIMETHYLAMINO, 35, 58
4-PYRIMIDINOL, 6-METHYL-, 35, 80
4-PYRIMIDOL, 2,6-DIAMINO-, 32, 45
2(1)-PYRIMIDONE, 3-#-HEPTYL-4(3)-
IMINO-5-CYANO-, 37, 52
Pyrogallol-1,3-dimethyl ether, 31, 92
Pyrolysis, apparatus for, 38, 78
of ammonium salt of azelaic acid,
34,4
of 1,1’-azo-bis-1-cyclohexanenitrile to
1,1’-dicyano-1,1"-bicyclohexyl,
32,48
of dicyclopentadiene to cyclopenta-
diene, 32, 41
of dimethylglyoxime in the presence
of succinic anhydride, 34, 40
of ethyl a-ethoxyalylstearate, 34, 14
of 1,5-pentanediol diacetate to 1,4-
pentadiene, 38, 78
of sodium methylsuccinate with phos-
phorus heptasulfide, 34, 73
of tetrahydropyran and aniline, 34, 79
Pyrrole, 36, 75
PYRROLEALDEHYDE, 36, 74
Pyrrolidine, 33, 36
PYRROLIDINE, 2,2-DIMETHYL-, 32, 59
1-PYRROLIDINEACETIC ACID, a-METHYL,
ETHYL ESTER, 33, 35, 83
PYRROLIDINEETHANOL, 8-METHYL-,
33, 82
2-PYRROLIDONE, 5,5-DIMETHYL-, 32, §9
Pyruvic acid, 31, 39, 61
PyYRUVIC ACID, ETHYL ESTER, 31, 59
PyYRUVIC ALDEHYDE, 1-PHENYLHYDRA-

ZONE, 32, 84

Pyruvic aldchyde-sodium bisulfite,
30, 88

Quaternnry ammonium salt, hbenzoyl

choline chloride and iodide, 80, 10
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Quinacetophenone, 31, 90

Quinacetophenone dimethyl ether,
31, 91

Quinacetophenone monomethyl ether,
31, 90

Quinoline, 33, 88; 38, 44

Quinone, 34, 2

$-QUINONE, CHLORO-, 35, 22

Quinoxaline, 30, 86, 87

Raney nickel catalyst, 32, 59; 34, 20, 32,
53,71; 38, 22
Reactor, continuous, 37, 3, 67
Rearrangement, of 2-bromo-3-methyl-
benzoic acid, 38, 12
of trans-stilbene oxide to diphenyl-
acetaldehyde, 38, 26
Reduction, and amidation of methyl -
methyl-y-nitrovalerate, 32, 59
and hydrolysis of 8-naphthyl ethyl
ether, 32, 97
by lithium aluminum hydride, 32, 32;
33, 33, 82; 36, 48
by nickel-aluminum alloy (Raney
catalyst) and sodium hydroxide,
34,8
Clemmensen, 33, 17
of aminoester to aminoalcohol, 33, 82
of an a-hydroxyketone to a ketone,
36, 14
of a quinone with sodium hydro-
sulfite, 34, 2
of dichloroacetyl chloride with lith-
ium aluminum hydride, 32, 46
of 5,8-dihydro-1-naphthol, 37, 81
of 2,3-dimethylbenzyltrimethylam-
monium iodide with sodium
amalgam, 34, 56
of 6-ketohendecanedioic acid, 38, 34
of 1-(o-methoxyphenyl)-2-nitro-1-
propene, 35, 75
of nicotinamide-1-oxide, 37, 12
of 5-nitroso-6-aminouracil, 37, 16
of 4-phenyl-m-dioxane by sodium,
33, 76
of sulfonyl chloride to thiol, 33, 47
of p-toluenesulfonyl chloride to
sodium p-toluenesulfinate, 38, 62

INDEX

Reduction, Wolff-Kishner, 38, 34
Reductive alkylation of methylamine
by 2,3-dimethoxybenzaldehyde,
30, 59
Reductive oxidation of p-nitrotoluene to
p-aminobenzaldehyde, 31, 6
Reformatsky reaction, 37, 38
Reissert’s compound, 38, 58
Reissert reaction, 38, 58
Replacement, benzenesulfonate groups
by bromine atoms, 31, 82
bromine, by a thiol group, 30, 35
by fluorine, 36, 40
chlorine, by an amino group, 31, 45
by a thiol group, 32, 101
by iodine, 30, 11
by methoxyl, 32, 79
by nitrile, 36, 50
in an imido-chloride group by an
anilino group, 31, 48
chlorine and nitro by ethoxyl radicals,
32, 68
diazonium group, by chlorine atom,
32, 23
by hydrogen, 36, 95
dimethylethylammonium bromide
group by acetate, 34, 58
hydrogen of hydroxyl by chlorine
atom, 32, 20
hydroxyl group, by bromine atom,
32, 19
by chlorine atom, 31, 37; 86, 3, 50
by iodine atom, 31, 31
iodo by nitro group, 34, 37
nitroamino group by dimethylamino,
32, 61
oxide oxygen atom by sulfur, 32, 39
sulfonic-acid hydroxy! groups by
chlorine, 32, 88
Ricinoleoy! chloride, 37, 69
Rosin, wood, 32, 1

SALICYLIC ACID, p-CHLOROPHENYL
ESTER, 32, 25
Salol, 32, 26
Saponification, of ethyl 3-methylcou-
marilate, 33, 44
of o-methylbenzyl acetate, 34, 58

with sodium hydrosulfite, 37, 16

Sarcosinge, 33, 1
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Schotten-Baumann reaction, 31, 49

Seal for mechanical stirrer, 30, 54

SeBAcIL, 86, 13, 15,77, 78

SeBACOIN, 36, 12, 14, 77, 79

Selenium dioxide, 82, 37, 75

Selenous acid, 32, 35

Silica gel, 34, 6, 7

Silver acetate, 36, 48

Silver chloride, 80, 12

Silver cyanide, 35, 63

Silver nitrite, 34, 37; 38, 75, 76

Silver oxide, 30, 102; 33, 94; 36, 47

Silver trifluoroacetate, 36, 47

Sodamide, see Sodium amide

Sodium, 30, 15, 44, 73, 96; 31, 1, 53; 32,
45, 97, 106; 33, 76; 34, 32, 62;
36, 80

Sodium acetate trihydrate, 36, 75

Sodium acetylide, solution in liquid am-
monia, 30, 15

Sodium amalgam, 34, 56, 57

Sodium amide, 31, 52, 54; 32, 104, 106;
35, 20; 37, 77

solution of, 30, 73; 33, 68; 34, 46, 61

Sodium azide, 31, 14

Sodium bisulfite, 32, 98; 34, 25, 76

Sodium bromide, 31, 83

Sodium carbonate, 32, 5, 9

Sodium cyanate, 31, 8; 37, 52

Sodium cyanide, 32, 29, 50; 36, 51

Sodium dichromate, 37, 10

Sodium dihydrogenphosphate, 34, 47

Sodium ethoxide, 30, 44, 45; 32, 68;
33, 23

solution of, 30, 99; 32, 103; 34, 13, 16

19; 37, 15

Sodium formylacetone, 32, 32

Sodium hydrosulfite, 37, 16

Sodium hypobromite, solution of, 30, 3

Sodium hypochlorite, solution of, 31, 41;
37,1

Sodium iodide, 30, 11

Sodium methoxide, 32, 32; 37, 26, 53;
38, 1, 19

Sodium methylsuccinate, 34, 74

Sodium nitrite, 81, 14; 32, 95; 84, 2, 20,
97; 36, 70, 96

Sodium nitromalonaldehyde mono
hydrate, 82, 95

Sodium phenoxide, 32, 75; 33, 43, 45
Soprum B-STYRENESULFONATE, 34, 85
Sodium succinate, 34, 75
Sodium sulfhydrate, 31, 7
Sodium sulfide nonahydrate, 31, 6;
36, 90
Sodium sulfite, 37, 55
Sodium p-toluenesulfinate, 38, 62
Sodium p-toluenesulfinate dihydrate,
34, 93
Sommelet reaction, 33, 93
SORBIC ACID, §-HYDROXY-3-METHYL, §-
LACTONE, 32, 57
Stannic chloride, 33, 91
Stearic acid, 34, 15
STEAROLIC ACID, 37, 77
STEARONE, 33, 84
¢is-STILBENE, 33, 88
trans-Stilbene, 33, 89; 38, 84
lrans-STILBENE OXIDE, 38, 26, 83
Stirrer, for caustic fusion, 30, 104, 105
seal for, 30, 54
Stobbe condensation, 30, 18
Styrene, 33, 72; 34, 85
reaction with sulfuric acid, 35, 83
Styrene dibromide, 30, 73
Styrene oxide, 31, 3
B-STYRENESULFONYL CHLORIDE, 34, 85
Succinic acid, 34, 44
SUCCINIC ACID, a-BENZHYDRYLIDENE-,
«-ETHYL ESTER, 30, 18
CINNAMYL-, 31, 85
DIPHENYL ESTER, 34, 44
HEPTANOYL-, DIETHYL ESTER, 34, 51
PHENYL-, 30, 83
Succinic anhydride, 34, 40
Succinimide, 38, 9, 17
SUCCINONITRILE, ,3-DIPHENYL-, 32, 63
SULFIDE, METHYL 2-THIENYL, 38, 85
a-Sulfobehenic acid, 36, 85
a-Sulfolauric acid, 36, 85
a-Sulfomyristic acid, 86, 85
Sulfonation, of palmitic acid, 36, 83
of styrence, 34, 8BS
SULFONE, METHYL p TOLYL, 38, 62
Sulfonyl chloride, from sodium sul
fonate, 34, 8BS
from sulfonic neid, 80, 58
a SULFOPALMITIC ACID, 36, A3
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a-Sulfostearic acid, 36, 85

Sulfur, 31, 6

Sulfuric acid, fuming, 81, 23, 45

Sulfur trioxide, 34, 85; 36, 83

Sulfuryl chloride, 83, 45; 87, 8

SULTONE OF 4-HYDROXY-1-BUTANE-
SULFONIC ACID, 37, 55

SYRINGALDEHYDE, 31, 92

Tangential apparatus, 37, 67
Tartaric acid, 35, 50
TARTARIC ANHYDRIDE, DIACETATE OF d-,
35, 49
a,a,¢ @' -Tetrabromo-o-xylene, 34, 82
Tetra-n-butyltin, 36, 88
1,1,1,2-Tetrachloro-2,2-difluoro-
ethylene, 36, 19
dl-4,4',6,6'-TETRACHLORODIPHENIC
ACID, 31, 96, 97
n-Tetradecyl fluoride, 36, 42
1,1,1’,1’-TETRAETHOXYETHYLPOLY-
SULFIDE, 35, 51
Tetraethylthiuram disulfide, 35, 55
TETRAETHYLTIN, 36, 86
1,2,3,4-TETRAHYDROCARBAZOLE, 30, 90
Tetrahydrofuran, 30, 27, 33; 33, 33
Tetrahydrofurfuryl chloride, 33, 68
Tetrahydronaphthalene peroxide, 35,
96
ar-TETRAHYDRO-a-NAPHTHOL, 37, 80
5,6,7,8-Tetrahydro-2-naphthylacet-
amide, 32, 94
cis-A%-Tetrahydrophthalic anhydride,
30, 30, 93
Tetrahydropyran, 34, 80
Tetrahydroquinone indicator, 37, 56
TETRAHYDROTHIOPHENE, 36, 89
Tetralin, 31, 63; 34, 91
TETRALIN HYDROPEROXIDE, 34, 90
o-Tetralone, 30, 92; 33, 90; 35, 95
B-TETRALONE, 32, 97, 99
bisulfite addition product, 32, 98
Tetralone blue test, 32, 100
1,1,1’,1’-Tetramethoxyethyl polysulfide,
35, 53
2,2,6,6-TETRAMETHYLOLCYCLO-
HEXANOL, 31, 101
Tetramethylsuccinonitrile, 32, 48
Tetraphenylarsonium bromide, 30, 98

TETRAPHENYLARSONIUM CHLORIDE
HYDROCHLORIDE, 30, 95
TETRAPHENYLETHYLENE, 31, 104
Tetra-n-propyltin, 36, 88
3-THENALDEHYDE, 33, 93
3-THENOIC ACID, 33, 94
3-THENYL BROMIDE, 33, 93, 96
7-Ta1aBicycLo(4-1-0)HEPTANE, 32, 39
THIOBENZOIC ACID, 31, 101
THIOBENZOPHENONE, 35, 97
Thiocarbony! perchloride, 32, 69
THIOLACETIC ACID, 31, 105
Thiol esters, 37, 22
2-THI10-6-METHYLURACIL, 35, 80
Thionyl chloride, 30, 58, 62; 31, 37, 69;
32, 65; 33, 20, 53; 34, 93; 35, 28;
36, 3; 37, 6, 66; 38, 39
Thiophene, 30, 53; 31, 109; 34, 75;
38, 86
THIOPHENE, 2-10D0-, 30, 53
3-METHYL-, 34, 73
TETRAHYDRO-, 36, 89
2-VINYL-, 38, 86
2-THIOPHENECARBOXALDEHYDE, 31, 108
Thiophosgene, reaction with amines,
35, 58
Thiourea, 30, 35; 32, 40
Thiourea condensation with ethyl aceto-
acetate, 35, 80
Tiffeneau rearrangement, 34, 19
Tiglic aldehyde, diethyl acetal, 32, §
TIN, TETRAETHYL-, 36, 86
Tin tetrachloride, 36, 87
0-TOLUALDEHYDE, 30, 99
TOLUENE-@,a-DIOL, 0-NITRO-, DI-
ACETATE, 36, 58
$-NITRO-, DIACETATE, 36, 58
$-TOLUENESULFENYL CHLORIDE, 36, 99
$-TOLUENESULFINYL CHLORIDE, 34, 93
$-TOLUENESULFONAMIDE, N-METHYL-
N-NITROSO-, 34, 24, 96
p-Toluenesulfonic acid, 30, 30, 31
monohydrate, 36, 92; 38, 37
$-TOLUENESULFONIC ANHYDRIDE, 36,
91
p-Toluenesulfonylanthranilic acid, 82,
8,11
p-Toluenesulfonylation of anthranilic
acid, 82, 8
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p-Toluencsulfony! chloride, 32, 9; 34,
97; 38, 62
p-Toluenethiol, 36, 99
m-ToLuiCc AcID, 2-BROMO, 38, 11
0-TOLUIC ACID, a-PHTHALIMIDO-, 38, 81
o-Toluidine, 38, 15
0-TOLUIDINE, 6-NITRO-, 35, 3
p-TOLUIDINE, a,a,a-TRIPHENYL-, 30, 5§
p-Tolunitrile, 36, 59
Toluquinone, 35, 26
p-Tolyldichlorophosphine, 31, 89
p-Tolyldisulfide, 85, 101
1-(p-Tolyl)-3-phenyl-2-propanone,
35, 33
1-m-Tolylpiperidine, 34, 81
1-0-Tolylpiperidine, 34, 81
1-p-Tolylpiperidine, 34, 81
p-Tolylsulfonylmethylamide, 34, 97
p-Tolylsulfonylmethylnitrosamide, 34,
24, 96; 36, 17
m-Tolylurea, 31, 10
o-Tolylurea, 31, 10
p-Tolylurea, 31, 10
Transetherification of acrolein and ethyl
orthoformate, 32, 5
Triazine, 1-m-nitrophenyl-3,3-di-
methyl-, 33, 56
s-TRIAZINE, 2-AMINO-4-ANILINO-6-
(CHLOROMETHYL)-, 38, 1
2,4-DIAMINO-6-PHENYL-, 383, 13
HEXAHYDRO-1,3,5-TRIPROPIONYL-,
30, 51
1H-1,2,3-TRIAZOLE, 5-AMINO-1,4-pI-
PHENYL-, 37, 26
4-PHENYL-5-(PHENYLAMINO)-, 87, 27
1,2,3-Triazoles, titration of, 37, 28
$,a,a-TRIBROMOACETOPHENONE, 35, 11
2,4,6-TRIBROMOBENZOIC ACID, 36, 94
TRICHLOROMETHYLPHOSPHONYL DI-
CHLORIDE, 37, 82
12-TRICOSANONE, 31, 68
Triethylamine, 31, 68; 33, 70; 37, 21;
38, 39
Triethylamine hydrochloride, 31, 68
Triethyl 2-methyl-1,1,3-propanetri-
carboxylate, 38, 52
sodio derivative, 38, 53
Triethyl orthoformate, see Ethyl ortho-
formate

TRIETHYL PHOSPIHITY, 31, 34, 111
Triethyl e-phthalimidocthane-a,e,8-

tricarboxylate, 30, 7
Trifluoroacetic acid, 36, 47
p-Trifluoromethylbenzaldchyde, 30, 100
1,2,4-Trihydroxybutane, 38, 37
Triisopropy! phosphite, 31, 33, 112
Trimethylamine, 30, 12; 32, 87; 38, 6
1,2,3-Trimethylbenzene, 34, 56
Trimethylene chlorobromide, 33, 23
1,1,2-Trimethylisourca, 32, 63
1,1,3-TRIMETHYL-3-PHENYLINDANE,

35, 84
Trioxane, 80, 51
Triphenylarsine, 30, 96
Triphenylarsine oxide, 30, 97
Triphenylcarbinol, 80, 5, 6
a,$3,3-TRIPHENYLPROPIONIC ACID, 33, 98

UNDECANEDIOIC ACID, 38, 34
UNDECANEDIOIC ACID, MONOMETHYL
ESTER, 38, 55
6-oxo-, 38, 38
10-Undecanoic acid, 32, 104
n-Undecyl fluoride, 36, 42
10-UNDECYNOIC ACID, 32, 104
a,B-Unsaturated acids, purification of,
37, 30
separation from B,y-isomers, 37, 41
a,B-Unsaturated esters, equilibration
with B,y-isomers, 37, 41
B,v-Unsaturated esters, conversion to
vy-lactones, 37, 39
cquilibration with «,B-isomers, 87, 41
Unsaturation, quantitative estimation
by bromate-bromide titration
method, 34, 86, 89
URAciL, 5,6-DIAMINO-, HYDROCHLORIDE,
37, 15 ‘
S-nitroso-6-amino-, 37, 15
Urea, 30, 24; 31, 11; 37, 15, 50, 71
Urea, 1-(p-BROMOPHENYL)-, 31, 8
1-(0-CHLOROPHENYL)-2-THIO-, 31, 21
1-cyano-3-aryl-, 36, 10
1-cYANO-3-PHENYL-, 36, 8
1,1-piMETIIYL-, 32, 61
1,1-DIMETHYL-2-$ELENO-, 36, 23
diphenyl-, 86, 9
N-n heptyl , 87, 52
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UREA, 1-(p-PHENETYL)-, 31, 11
2-THIO-3-GUANYL-, 35, 69

VALERIC ACID, @-ACETYL-8-CHLORO-

Y-HYDROXY-, v-LACTONE, 31, 1
S-HYDROXY-3-METHYL, §-LACTONE,

35, 86

~v-Valerolactone, 35, 96; 38, 21

VANILLIC ACID, 30, 101, 103

Vanillin, 30, 102, 104; 33, 17

Veratraldehyde, 31, 58; 33, 65

VERATRALDEHYDE, 6-NITRO-, 33, 65

Veratrole, 36, 47

VERATROLE, 4-10D0-, 36, 46

Vinyl acetate, 30, 106

Vinyl caprate, 30, 108

Vinyl caproate, 30, 108

Vinyl caprylate, 30, 108

Vinyl 10-hendecenoate, 30, 108

VINYL LAURATE, 30, 106

Vinyl myristate, 30, 108
Vinyl oleate, 30, 108

Vinyl palmitate, 30, 108
Vinyl pelargonate, 30, 108
Vinyl stearate, 30, 108
2-VINYLTHIOPHENE, 38, 86
Vinyl undecylenate, 30, 108

Water separator, 31, 25, 56; 34, 65

0-Xylene, 34, 82, 100

0-XYLENE, a,&’-DIBROMO-, 34, 100
p-Xylose, 36, 38

0-Xylyl bromide, 30, 100
0-XYLYLENE DIBROMIDE, 34, 100

Zinc dust, 36, 14, 19, 62

Zinc dust amalgam, 33, 48

Zinc foil, preparation for Reformatsky
reaction, 37, 38
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NOMENCLATURE

Preparations appear in the alphabetical order of common names
of the compounds. For convenience in surveying the literature
concerning any preparation through Chemical Abstracts subject
indexes, the Chemical Abstracts indexing name for each compound
is given as a subtitle if it differs from the common name used as
the title.

SUBMISSION OF PREPARATIONS

Chemists are invited to submit for publication in Organic Syn-
theses procedures for the preparation of compounds which are of
general interest, as well as procedures which illustrate synthetic
methods of general utility. It is fundamental to the usefulness
of Organic Syntheses that submitted procedures represent opti-
mum conditions, and the procedures should have been checked
carefully by the submitters, not only for yield and physical prop-
erties of the products but also for any hazards that may be in-
volved. Full details of all manipulations should be described,
and the range of yields should be reported rather than the maxi-
mum yield obtainable by an operator who has had considerable
experience with the preparation. For each solid product the
melting point range should be reported, and for each liquid
product the range of boiling point and refractive index should
be included. In some instances, it is desirable to include addi-
tional physical properties of the product, such as ultraviolet,
infrared, or nuclear magnetic resonance spectra. The methods
of preparation of sources of the reactants should be described in
notes, and the physical properties (such as boiling point, index of
refraction, melting point) of the reactants should be included
cxcept where rather standard commercial grades are specified.

Procedures should be written in the style and format employed

in the latest published volume of Organic Syntheses. Copies of
v
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the current style sheet may be obtained from the Sccretary of
the Editorial Board. In section 3, Methods of Preparation, there
should be described other practical methods for preparing the
compound which have appeared in the literature. It is unncces-
sary to mention methods which have been published but are of
no practical synthetic value. There should also be included a
statement of the merits of the preparation which recommend it
for publication in Organic Syntheses (synthetic method of con-
siderable scope, specific compound of interest, method gives better
yield or is less laborious than other methods, etc.). This informa-
tion is necessary because subsequent volumes of Organic Syntheses
will have a fourth section in each preparation which will explain
why the preparation is published in Organic Syntheses. Two
copies of each procedure should be submitted to the Secretary of
the Editorial Board. It is sometimes helpful to the Board if
there is an accompanying letter setting forth the features of the
preparation which are of interest.

Additions, corrections, and improvements to the preparations
previously published are welcomed and should be directed to the
Secretary.
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