1-AMINOPYRIDINIUM IODIDE

(Pyridinium, 1-amino-, iodide)

_H;NOSOH_
2003 N"’NH ‘—P —NH2 I~

Submitted by R. GsL and A. MEUWSEN.!
Checked by N. A. FEDORUX and V. BOEKELHEIDE.

1. Procedure

To a freshly prepared solution of 11.3 g. (0.10 mole) of hydrox-
ylamine-O-sulfonic acid 2 (Note 1) in 64 ml. of cold water there
is added 24 ml. (24 g., 0.30 mole) of pyridine (Note 2). The mix-
ture is heated at about 90° on a steam bath for 20 minutes. Itis
then cooled to room temperature with stirring, and 13.8 g. (0.10
mole) of potassium carbonate is added. The water and excess
pyridine are removed from the mixture by heating it at 30-40°
in a rotatory evaporator in conjunction with a water aspirator.
The residue is treated with 120 ml. of ethanol, and the insoluble
precipitate of potassium sulfate is removed by filtration.

Fourteen milliliters (22 g., 0.10 mole) of 579, hydriodic acid is
added to the filtrate, and the resulting solution is stored at — 20°
for 1 hour (Note 3). The solid that separates is collected; weight
15.5-17.5 g. Recrystallization of this solid from about 100 ml. of
absolute ethanol gives 14-16 g. (63-72%,) of 1-aminopyridinium
iodide as almost-white crystals, m .p. 160-162° (Note 4).

2. Notes

1. Because aqueous solutions of hydroxylamine-O-sulfonic
acid are not very stable, it is very important to use freshly pre-
Pared solutions. The purity of hydroxylamine-O-sulfonic acid

should be checked by iodometric titration. If it is less than 85—
1
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909, pure, the yield of 1-aminopyridinium iodide will suffer.
The acid can be purified by dissolving it in an equal weight of
water and then precipitating it by stirring 7 volumes of acetic
acid into the solution.

2. The pyridine was distilled before use. When the conversion
is carried out in the presence of potassium carbonate using an
equimolar amount of pyridine instead of an excess, the yields ob-
tained are 20-309, lower.?

3. The temperature is kept at —20° or lower by a bath of dry
ice and methanol. If the temperature rises above —20°, an ap-

preciable quantity of 1-aminopyridinium iodide may redissolve -

and be lost.
4. The melting point recorded for 1-aminopyridinium iodide
is 161-162°.2

3. Methods of Preparation

The formation of 1-aminopyridinium chloride has been ac-
complished by the acid hydrolysis of N-(p-acetaminobenzene-
sulfonimido)pyridine.4 Also, the rearrangement of a substituted
diazepine has been observed to give a 1-aminopyridine deriva-
tive.s The present procedure is an adaptation of that described
by Gosl and Meuwsen.?

4. Merits of the Preparation

This procedure is a convenient and general method for prepar-
ing asymmetrically substituted hydrazines.? This is illustrated
by the following examples reported by the submitters 3 (% yields
in parentheses): methylamine to methylhydrazinium hydrogen
sulfate (49-53%); ethylamine to ethylhydrazinium hydrogen
oxalate (519); butylamine to butylhydrazinium hydrogen sul-
fate (49-56%); piperidine to 1-aminopiperidinium hydrogen
oxalate (329%); dibutylamine to 1,1-dibutylhydrazinium hy-
drogen oxalate (34%); trimethylamine to 1,1,1-trimethylhy-
drazinium hydrogen oxalate (79-85%); 2-picoline to 1-amino-2-
methylpyridinium iodide (57%); 2,4-lutidine to 1-amino-2,4-di-
methylpyridinium iodide (40%); 2,6-lutidine to 1-amino-2,6-

a-BENZYLIDENE-y-PHENYL-A#1-BUTENOLIDE 3

dimethylpyridinium iodide (349%); 2,4,6-collidine to 1-amino-
2,4,6-trimethylpyridinium iodide (309;); and quinoline to 1-
aminoquinolinium iodide (329).

Primary, secondary, and tertiary amines can be aminated by
chloramine also, but pyridine nitrogens have been aminated only
by hydroxylamine-O-sulfonic acid.

It has been shown that, on treatment with base, 1-aminopy-
ridinium iodide undergoes 1,3-dipolar addition with ethyl
propiolate or dimethyl acetylenedicarboxylate; thus the N-
aminoheterocycles may serve as convenient starting materials
for the synthesis of a variety of unusual fused heterocycles.®

! Institut fiir Anorganische Chemie der Universittit Erlangen, Erlangen, Ger-
many.

2 H. J. Matsuguma and L. Audrieth, Inorg. Syntheses, b, 122 (1957).

3 A. Meuwsen and R. G&sl, Angew. Chem., 69, 754 (1957); R. Gsl and A. Meuw-
sen, Chem. Ber., 92, 2521 (1959).
4J. N. Ashley, G. L. Buchanan, and A. P. T. Easson, J. Ckem. Soc., 1947, 60.

5 J. A. Moore, J. Am. Chem. Soc., 77, 3417 (1955); J. A. Moore and J. Binkert
J. Am. Chem. Soc., 81, 6045 (1959). ond J. Binkert

¢ R. Huisgen, R. Grashey, a.z;d R. Krischke, Tetrahedron Letters, 387 (1962).

a-BENZYLIDENE-y-PHEN YL-A?*-BUTENOLIDE
(Cinnamic acid, a-(B-hydroxystyryl)-, y-lactone)

(CH4C0),0

CeH;CHO + CHCOOH Gy co,xe > OsHsCH=C——C—0 + 2H0
CHzCOCeHs HOx o0
|
CgHs

Submitted by RosErT FILLER, EDMUND J. P1asek, and Hans A. Lerporn.!
Checked by S. TrormeENEO and B. C. McKusick.

1. Procedure

The apparatus ¢onsists of a 200-ml., three-necked, round-bot-
tomfzd flask fitted with thermometer, reflux condenser, and
gas-inlet tube. The flask is charged with 17.8 g. (0.10 mole)
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of 3-benzoylpropionic acid (Note 1), 10.6 g. (10.6 ml., 0.10 mole)
of benzaldehyde, 61.3 g. (57 ml., 0.60 mole) of acetic anhydride,
and 8.2 g. (0.10 mole) of powdered anhydrous sodium acetate
(freshly fused). The flask is placed in an oil bath maintained
at a temperature of 95-100° and is kept there for 2 hours while
dry oxygen-free nitrogen is passed through the reaction mixture
(Note 2). At the end of this time the flask is removed from the
oil bath, and the hot solution is decanted from the sodium acetate
into a 250-ml. Erlenmeyer flask. The solution is kept at 0-5°
in a refrigerator for 1 hour, during which time o-benzylidene-y-
phenyl-A%7-butenolide separates as an orange solid.

About 40 ml. of 95%, ethanol is added to the contents of the
flask, and the butenolide is brought into suspension by thoroughly
breaking up all lumps with a spatula. The suspension is filtered
with suction, and the filter cake is washed with 30 ml. of cold
959, ethanol and then with 100 ml. of boiling water to remove
any sodium acetate present. The butenolide is obtained as a
yellow solid, m.p. 149-154°, weight 11.1-12.4 g. (45-50%), after
being dried overnight in a vacuum desiccator. This product,
which is pure enough for most purposes, may be further purified
by crystallization from 959, ethanol (Note 3).

2. Notes

1. 3-Benzoylpropionic acid ? is available from Aldrich Chemi-
cal Co., Milwaukee, Wisconsin.

2. Oxygen is removed from the nitrogen gas by passing the
latter through Brady solution, which consists of zinc amalgam,
sodium hydroxide, and sodium anthraquinone-g-sulfonate.? It
has been shown that oxidizing agents induce formation of a
Pechmann dye, a deep red substance which is difficult to remove
from the butenolide.* ,

3. About 75 ml. of ethanol is used for every gram of butenolide
to be dissolved. Clarification of the solution with charcoal should
be avoided because the butenolide tends to separate from solution
during filtration and clogs the steam-jacketed funnel. The
crystallized butenolide melts at 150-152°.

a-BENZYLIDENE-y-PHENYL-A%7.BUTENOLIDE 5

3. Methods of Preparation

a—Benzylide.ne-'y—phenyl-AB'”’—butenolide has been prepared by
the condensation of benzaldehyde with 3-benzoylpropionic acid
in the presence of acetic anhydride and sodium acetate.5¢

4. Merits of the Preparation

The method described above may be used for the preparation
of a wide variety of butenolides substituted in the arylidene ring
with either electron-withdrawing or electron-releasing substit-
uents. <y-Lactones such as a-benzylidene-y-phenyl-A%7-bu-
tenolide are isoelectronic with azlactones, but have received much
less attention. Like the azlactone ring, the butenolide ring may
be opened readily by water, alcohols, or amines to form keto
acids, keto esters, or keto amides.” a-Benzylidene-y-phenyl-A®7-
butenolide is smoothly isomerized by aluminum chloride to 4-

phenyl-2-naphthoic acid # in 65-759, yield via intramolecular
alkylation.

! Department of Chemistry, Illinois Institute of Technology, Chicago 16, Illinois.
*L. F. Somerville and C. F. H. Allen, Org. Symtheses, Coll. Vol. 2, 81 (1943)
$L. J. Brady, Anal. Chem., 20, 1033 (1948). ’ .
4 E. Klingsberg, Ckem. Rev., 54, 59 (1954).
5 W. Borsche, Chem. Ber., 47, 1108, 2718 (1914).
:F. W Schueler and C. Hanna, J. dm. Chem. Soc., 78, 3528 (1951).
: R. Ffller and L. M. Hebron, J. Am. Chem. Soc., 81, 391 (1959).
R. Filler, L. H. Mark, and E. J. Piasek, J. Org. Chem., 24, 1780 (1959).
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2-BROMOALLYLAMINE

(Allylamine, 2-bromo-)

I?r
CHy—C—CH;Br + CgHioNy _CHCL,

]?r
+ —
CH,—C—CH,NCgH,;N; Br 4HCL 8HaQ
Br
| + — NaOH
6CH,0 + 3NHCl + CH,=—C—CH,NH3z Cl ——

Br

I
CH2=C—CH2NH2 + HZO 4+ NaCl

Submitted by ALBERT T. BoTTINI, VASU DEV, and Jane KrNck.!
Checked by A. S. Pacano and W. D. EMMONS.

1, Procedure

Caution! Contact with 2-bromoallylamine can cause severe €ye
and skin irritation. This preparation. should be carried out in a
good hood, and ihe operaior should wear protective goggles and rubber
gloves.

A. 2-Bromoallylhexaminium bromide. A 2. three-necked
flask fitted with a Hershberg stirrer,® a dropping funnel, and a
condenser is charged with a solution of 154 g. (1.10 moles) of

hexamethylenetetramine (Note 1) in 1250 ml. of chloroform.

The solution is stirred and heated under reflux while 200 g. (1.00
mole) of 2,3-dibromopropene (Note 2) is added dropwise over a
period of 1 hour. Precipitation of the product is noted soon after
the first addition of 2,3-dibromopropene. Adfter the addition is
complete, the reaction mixture is stirred under reflux for 3 hours
and allowed to stand overnight. The mixture is cooled in an ice
bath, and the salt is collected by suction filtration. After air-

2-BROMOALLYLAMINE 7

drying, the crude yellow 2-bromoallylhexaminium bromide weighs
292-308 g. (86-919,) and melts at 183-186°.

B. 2-Bromodllylamine. Crude 2-bromoallylhexaminium bro-
mide (204 g., 0.60 mole) is dissolved in a warm solution prepared
from 400 ml. of water, 2 1. of ethanol, and 480 ml. (5.8 moles) of
12N hydrochloric acid. A white precipitate of ammonium chlo-
ride forms within an hour. The reaction mixture is allowed to
stand for 24 hours, and the precipitate is removed by suction
filtration. The mother liquor is concentrated to a volume of 600
ml. (Note 3), and the precipitate (Note 4) is removed by suction
filtration. The mother liquor is evaporated to dryness (Note 5)
and the residue is dissolved in 300 ml. of water. The solution i;
cooled in an ice bath and made strongly alkaline (pH 13) with 6NV
sodium hydroxide solution.

The two-phase mixture is placed in a separatory funnel, and
the heavy red-brown oil is separated. The aqueous phase is ex-
tracted with 100 ml. of ether. The oil and the ether extract are
co§nbined, washed with 50 ml. of saturated sodium chloride, and
dried over potassium carbonate. The drying agent is rem’oved
by .ﬁltr.atiorﬁ, and the filtrate is distilled. Colorless 2-bromoallyl-
amine is collected at 65-68°/100 mm.; weight 49-59 g. (59~ ;
2 1.5075-1.5085 (Note 6)./ ghe 4359 g. (9-127%);

2. Notes

1. The submitters used hexamethylenetetramine obtained
from Matheson, Coleman and Bell.

2: The 2,{5-dibromopr0pene was obtained from Columbia Or-
ganic Chemicals Co., Columbia, South Carolina, and was redis-
tﬂled. befcfre use. The preparation of 2,3-dibromopropene is
described in an earlier volume of this series.?

) 3. The submitters divided the mother liquor into 6 equal por-
tions and concentrated each to a volume of 100 ml. at a pressure

1 of 25 mm. in a 1-1. round-bottomed flask on a rotary film evap-.

(érator. ’.I‘he‘ rotary - film evaporator used was obtained from
enco Scientific Co., Santa Clara, California.

. :11 The precipitate is ammonium chloride that contains vir-
ually no 2-bromoallylamine hydrochloride.
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5. The submitters used a rotary film evaporator to evaporate
the mother liquor at a pressure of 25 mm. in a water bath heated
to 90°.

6. 2-Bromoallylamine discolors slowly even when stored at 0°
in a dark container. The refractometer to be used for determina-
tion of the refractive index should be placed in a good hood.

3. Methods of Preparation

2-Bromoallylamine has been prepared by heating N-(2-bromo-
allyl)-phthalimide with hydrazine in methanol; ¢ by treatment of
2,3-dibromopropylamine hydrochloride with excess alcoholic
potassium hydroxide; ¢ by treatment of 1,2,3-tribromopropane
with alcoholic ammonia at 100°; ¢ and by the present procedure.”

4. Merits of the Preparation

This method gives better yields than other methods of prep-
aration of 2-bromoallylamine, and it is the most convenient
method for the preparation of large quantities of the compound.
The procedure illustrates a reaction, the so-called Delépine reac-
tion, that has been used for the preparation of many primary
aliphatic amines.®* A number of primary aliphatic amines
have been prepared by this method without isolation of the inter-
mediate hexaminium salt.! Several preparations of aliphatic
aldehydes via the hexaminium salt have been described in earlier
volumes of this series.?

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

2 P. S. Pinkney, Org. Syntheses, Coll. Vol. 2, 116 (1943).

3 R. Lespieau and M. Bourguel, Org. Syntheses, Coll. Vol. 1, 209 (1932).

+]J. A. Lamberton, Australian J. Chem., 8, 289 (1955).

8 C. Paal, Chem. Ber., 21, 3190 (1888).

¢ P, Galewsky, Chem. Ber., 28, 1067 (1890).

7 A. T. Bottini and V. Dev, J. Org. Chem., 27, 968 (1962).

& A. Wohl, Chem. Ber., 19, 1840 (1886).

" M. Delépine, Compt. Rend., 120, 501 (1895); 124, 292 (1897); Buli. Soc. Chim.
France, [3] 17, 290 (1897). '

10 M. Delépine and P. Jaffeux, Bull. Soc. Chim. France, [4] 31, 108 (1922).

1 A, Galat and G. Elion, J. Am. Chem. Soc., 61, 3585 (1939).

2 K. E. Schulte and M. Goes, Arch. Phorm., 290, 118 (1957).
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1 K. B. Wiberg, Org. Syntheses, Coll. Vol. 8, 811 (1955); S. J. Angyal, J. R. Tetaz,
and J. G. Wilson, Org. Syntheses, Coll. Vol. 4, 690 (1963); E. Campaigne, R. C.
Bourgeois, and W. C. McCarthy, Org. Syntheses, Coll. Vol. 4, 918 (1963).

BROMOCYCLOPROPANE

(Cyclopropane, broﬁo—)

z[>—cozn + HgO + 2Brp —»2[>—Br + 2C0; + HgBry + Hz0

Submitted by Jorn S. MEEK and Davin T. Osuca.l
Checked by F. S. Fawcerr and B. C. McKusIck.

1, Procedure

Twenty-four grams (0.11 mole) of red mercuric oxide (Note 1)
and 60 ml. of freshly distilled 1,1,2,2-tetrachloroethane are placed
in a 250-ml. three-necked flask equipped with a dropping funnel,
a reflux condenser, and a stirrer. A solution of 32.2 g. (0.20 mole)
of bromine and 17.2 g. (0.20 mole) of cyclopropanecarboxylic
acid in 50 ml. of tetrachloroethane is added dropwise to the stirred
suspension of mercuric oxide over a period of 45 minutes, the flask
being kept in a water bath at 30-35° (Note 2). The mixture is
stirred after the addition of the reactants until the evolution of
carbon dioxide ceases.

The flask is then cooled in ice water, and the contents are
fﬁltered with as little suction as possible (Note 3). The filter cake
1s pressed dry and washed with three 15-ml. portions of tetra-
chloroethane first used to rinse out the flask. The combined
filtrates are dried with a little calcium chloride. Sometimes the
solution contains a little bromine; it is removed by adding allyl
alcohol dropwise until the bromine color is discharged (usually
0.5-1.0 ml. suffices).

The solution is decanted into a 200-ml. round-bottomed flask
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containing a carborundum chip. The material is distilled through
a 20-cm. column of glass helices or a 30-cm. spinning-band
column. The fore-run boiling below 75°/760 mm. is bromocyclo-
propane pure enough for most purposes; weight 9.8-11.2 g.
(41-46%); n% 1.455-1.459; d2® 1.506 (Note 4). Redistillation
of this product gives pure bromocyclopropane, b.p. 69°/760
mm., #% 1.4570, with but slight loss.

2. Notes

1. The mercuric oxide used was Mallinckrodt or Baker pow-
dered red mercuric oxide, analytical reagent grade. Old mercuric
oxide gives variable results and may lower the yield. The
1,1,2,2-tetrachloroethane used was a technical grade and was dis-
tilled to make sure no low-boiling impurities were present. Rea-
gent-grade solvent has been used without distillation. The vapors
of this chlorinated hydrocarbon are toxic, and its distillation as
well as the reaction should be carried out in a hood. Suitable
cyclopropanecarboxylic acid ? is obtainable from Aldrich Chemi-
cal Company.

2. The reaction starts spontaneously and is mildly exothermic.
Moderating the temperature by use of a water bath diminishes
the amount of bromine and product carried off by the carbon
dioxide evolved. The reaction can be followed by use of a tetra-
chloroethane bubbler, and at the end of the reaction the solvent
in the bubbler can be used to wash the mercuric bromide. The
checkers followed the reaction with a wet test meter presaturated
with carbon dioxide; 52609, of the theoretical amount of carbon
dioxide was evolved.

3. The checkers used a sintered glass pressure filter (Corning

Glass Works, Cat. No. 34020) rather than a suction filter in order -

to minimize evaporation losses. An ordinary water aspirator
can cause the mixture to boil at room temperature. The flask
and filter can be cleaned readily with a little acetone, which dis-
solves mercuric bromide rapidly.

4. Once the boiling point starts to rise, it goes up quite rapidly.
The fractions collected between 75° and 90° contain a little prod-
uct and can be reworked if a second distillation is carried out.

BROMOCYCLOPROPANE 11

3. Methods of Preparation

Bromocyclopropane has been prepared by the Hunsdiecker
reaction by adding silver cyclopropanecarboxylate to bromine in
dichlorodifluoromethane at —29° (539, yield) or in tetrachloro-
ethane at —20° to —25° (15-209, yield).* Decomposition of
the peroxide of cyclopropanecarboxylic acid in the presence of
carbon tetrabromide gave bromocyclopropane in 439, yield.t
An attempt to prepare the bromide via the von Braun reaction
was unsuccessful.?

4. Merits of the Preparation

The present procedure is substantially simpler and quicker
than the best previous procedure,® which requires 4 days instead
of 4 hours. It is also safer, for no explosions have been encoun-
tered with the present procedure, even on a 1.2-mole scale,’
whereas care must be taken to prevent explosion of the inter-
mediate hypobromite when the Hunsdiecker method is used,?
and one detonation has been reported.® In comparison with the
peroxide method,* it is simpler and gives better yields.

The present procedure seems to be a general one for producing
alkyl halides from acids. To aid in isolating higher-boiling or
solid products, solvents such as carbon tetrachloride and cyclo-
hexane can be used.” In preparing a solid, the mercuric halide
can be removed by extraction with 57, potassium iodide.

:Department of Chemistry, University of Colorado, Boulder, Colorado.

.?- 11;1 1i\i{floskey and G. H. Coleman, Org. Syntheses, Coll. Vol. 8, 221 (1955).

. D. Roberts and V. C. Chambers, J. Am. Chem. Soc., 78, 3176, 5030 (1951).

¢E. Renk, P. R. Shafer, W. H. Graham, R. H. Mazur, and J. D. Roberts, J.
Am. Chem. Soc., 83, 1987 (1961). '
:A. A. Holzschuh, Dow Chemical Co., private communication.
, J. W. Rowe, Master’s Thesis, University of Colorado, 1952.
3. J. Cristol and W. C. Firth, Jr., J. Org. Chem., 26, 280 (1961).



12 ORGANIC SYNTHESES, VOL. 43

1-BROMO-2-FLUOROBENZENE

(Benzene, 1-bromo-2-fluoro-)

Br Br +
| NH, | N; PFg™

O/ (1) HNOs
—
(2) HDPFy
Br
| F
165°

/
— + N; + PF;

Submitted by K. G. RuteERFORD and W, REDMOND.!
Checked by M. Pavisrock and B. C. McKusICk.

1. Procedure

A. o-Bromobenzenediazonium hexafluorophosphate. A solution
of 95 ml. of 12N hydrochloric acid in 650 ml. of water is added
with stirring to 60 g. of o-bromoaniline (0.35 mole; Note 1) in a
2-1. three-necked flask equipped with stirrer and thermometer.
Solution is effected by heating the mixture on a steam bath (Note
2). A solution of 29 g. (0.42 mole) of sodium nitrite in 75 ml. of
water is added with stirring while the mixture is maintained at
—35° to —10° by means of a bath of ice and salt or of dry ice and
acetone. At the end of the addition there is an excess of nitrous
acid, which can be detected with starch iodide paper. Seventy-
four milliliters (134 g., 0.60 mole) of 65% hexafluorophosphoric
acid (Note 3) is added in one portion, with vigorous stirring, to
the cold solution of the diazonium salt. Cooling and slow stirring
are continued for an additional 30 minutes, and the precipitated
diazonium hexafluorophosphate is then collected on a Biichner
funnel. The diazonium salt is washed on the funnel with 300 ml.
of cold water and with a solution of 80 ml. of methanol in 320 ml.

~
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of ether (Note 4). The salt is partly dried by drawing air through
the funnel for 2 hours. It is then transferred to a pile of several
filter papers, powdered with a spatula,-and dried at about 25°/1
mm. for at least 12 hours. The dried o-bromobenzenediazonium
hexafluorophosphate is cream-colored; weight 108-111 g. (94—
97%); m.p. 151-156° (dec.) (Note 5). .

B. 1-Bromo-2-fluorobenzene. Caution! This step should be
carried out in a hood because the PFy evolved on thermal decomposi-
tion of the diazonium salt is poisonous. The apparatus consists of a
1-1., three-necked, round-bottomed flask equipped with a ther-
mometer, a condenser, a magnetic stirrer (optional), and a 250-ml.
Erlenmeyer flask that is attached by means of a short rubber
Goochd connecting tube. The dry powdered hexafluorophosphate
salt is placed in the Erlenmeyer flask, and 300 ml. of heavy min-
eral oil is placed in the round-bottomed flask. The mineral oil is
heated to 165-170° by means of an oil bath or electric heating
mantle and maintained at this temperature while the salt is
added rapidly in portions over a period of 30 minutes. The flask
is cooled rapidly to room temperature, the side flask is removed,
and 400 ml. of 109, aqueous sodium carbonate is added slowly
through the condenser. The mixture is steam-distilled until no
more oil is visible in the distillate.

The oil, which is heavier than water, is separated, and the
aqueous layer is extracted with three 50-ml. portions of methylene
chloride. The oil and extracts are combined, dried over anhy-
firous sodium sulfate, and distilled from a Claisen flask with an
indented neck. Colorless 1-bromo-2-fluorobenzene is collected
at §8-59°/17 mm. or 156-157°/760 mm.; weight 4547 g. (73—
759% based on o-bromoaniline); #% 1.5320-1.5325.

2. Notes

1. 0-Bromoaniline obtained from Eastman Kodak and used

- without redistillation is satisfactory.

2. The amine is dissolved to ensure its complete conversion to
the hydrochloride. The amine hydrochloride may partly crystal-

lize as the solution is cooled, but it redissolves as diazotization
proceeds. :
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3. The 65% hexafluorophosphoric acid (density 1.81) was ob-
tained from the Ozark-Mahoning Company, Tulsa, Oklahoma.
A graduated polypropylene (Nalgene ®) cylinder was used to con-
tain the measured quantity of the acid. Rubber gloves should be
worn as a precautionary measure against burns. Working in a
hood prevents any contact of exposed parts of the body with
fumes. In the event of accidental contact of the acid with the skin,
the affected place should be immediately washed well with running
water and then treated with a paste of magnesium oxide and glycerol *
or soaked in ice waler.

4. The methanol-ether filtrate has a slight yellow color. It
is not known what impurity is removed by this solvent pair.
However, the submitters found that this treatment improved the
yield of several aryl fluorides prepared according to the present

procedure.
5. The checkers had o-bromobenzenediazonium hexafluoro-

phosphate examined in laboratories of the Du Pont Co. Ex-
plosives Department to see if it could be detonated. It was found
sensitive to neither shock nor static electricity, and to decompose
but not detonate when rapidly heated to 250°. Hence it probably
does not present an explosion hazard, but it should be kept away
from heat, especially if in a closed container.

3. Methods of Preparation

1-Bromo-2-fluorobenzene has been prepared in 37% yield by
the Schiemann reaction from o-bromoaniline, nitrous acid, and
fluoboric acid.*4 The present procedure ® is a modification of
the Schiemann reaction.

4, Merits of the Preparation

This procedure is a general way of converting arylamines to
aryl fluorides, for it has been used to make fifteen other aryl

fluorides. It generally gives better yields than the Schiemann

reaction. ,

1-Bromo-2-fluorobenzene is used to prepare the highly reactive -

intermediate, benzyne.®

9-CHLOROANTHRACENE 15

1 Department of Chemistry, Essex College, Assumption Universi .
Windsor, Ontario, Canada. ’ ’ P niversity of Windsor,

1D, T. Flood, Org. Syntheses, Coll. Vol. 2, 297 (1943).
(191352). Bergmann, L. Engel, and S. Sandor, Z. Physik. Chem. (Leipzig), 10B, 117
4 M. S. Kharasch, H. Pines, and J. H. Levine, J. Org. Cke:
, g , J. Org. Chem., 3, 347 (1938).
(1956 i{) G. Rutherford, W. Redmond, and J. Rigamonti, J. O’rg. Chem., 26? 5149
8 G. Wittig and L. Pohmer, Chem. Ber., 89, 1334 (1956).

9-CHLOROANTHRACENE
(Anthracene, 9-chloro-)

Cl
Oﬁ N scuct N
N ? P + Cu.Cl; + HCI

Submitted by D. C. NONHEBEL.}
Checked by R. B. GREENWALD and E. J. CorEy.

1. Procedure

.In a dry, 1-1., two-necked flask, equipped with a mechanical
stirrer and a reflux condenser fitted with a drying tube, are
placed 17.8 g. (0.100 mole) of anthracene (Note 1), 27.2 g. (0.202
mole) of anhydrous cupric chloride (Note 2), and 500 ml. of car-
bon tetrachloride (Note 3). The reaction mixture is stirred
and Peated under reflux for 18-24 hours.. The brown cupric
chloride is gradually converted to white cuprous chloride, and
h‘ydrogen chloride is gradually evolved. At the end of the reac-
tion the cuprous chloride is removed by filtration, and the carbon
tetrac.hloride solution is passed through a 35-mm. chromato-
graphic .column filled with 200 g. of alumina (Note 4). Th.e
;?lumn is eluted with 400 ml. of carbon tetrachloride. The com-
ined eluates are evaporated to dryness to give 19-21 g. (89-99%)
of 9-chloroanthracene as a lemon-yellow solid, m.p. 102-104°

(Note 5). Crystallization of the product from petroleum ether
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(b.p. 60-80°) gives 16-17 g. (75-80%) of 9-chloroanthracene as
yellow needles, m.p. 104-106°,

2. Notes

1. Anthracene, B. D. H. (blue fluorescence), was used. Traces
of ethylene glycol, glycerol, ethanol, or water considerably re-
tard the reaction and lead to unsatisfactory results.

2. Anhydrous cupric chloride is dried in an oven at 110-120°
for several hours and stored in a desiccator or over phosphorus
pentoxide before use.

3. Chlorobenzene or sym-tetrachlorethane may be used instead
of carbon tetrachloride as solvént, in which case the reaction is
complete as soon as the mixture has reached reflux. The product
is liable to be contaminated by a small amount of 9,10-dichloro-
anthracene.

4. Merck alumina or Spence Type H alumina was used.

5. The 9-chloroanthracene at this stage usually contains a
small amount of unreacted anthracene.

3. Methods of Preparation

9-Chloroanthracene has been prepared by the action of

chlorine,? fert-butyl hypochlorite,® 1,3-dichloro-5,5-dimethylhy-

dantoin,* or phosphorus pentachloride ® on anthracene.

4. Merits of the Preparation

The present method is a one-step synthesis giving a high yield
of 9-chloroanthracene from readily available starting materials.

It is thought that the chlorination proceeds through a 7-com- .
plex between cupric chloride and anthracene, and that this com--

plex then undergoes homolytic dissociation.®* Hence aromatic
rings subject to attack by chlorine atoms can be chlorinated in

this way. Thus one can convert pyrene to 1-chloropyrene (90%
yield), but phenanthrene is not chlorinated. Analogous pro-
cedures using cupric bromide lead to 9-bromoanthracene (99% .

yield) and 1-bromopyrene (949, yield).”

1.CHLORO-1,44-TRIFLUOROBUTADIENE 17

t Chemistry Department, Royal College of Science and Technology, Glasgow,

Scotland.
V. Nagaki and M. Tanabe, Kégyé Kagaku Zasski, 60, 294 (1957) [C. A., 58,

8087 (1959)).
3J. W. Engelsma, E. Farenhorst, and E. C. Kooyman, Rec. Trav. Chim., 73, 884

(1954).
40. O. Orazi, J. F. Salellas, M. E. Fondovila, R. A. Corral, N. M. I. Mercere,
and E. C. Rakunas de Alvarez, Anales Asoc. Quim. Arg., 40, 61 (1952) [C. A., 47,

3244 (1953)]. -

§ B. M. Mikhailov and M. Sh. Promyslov, J. Gen. Chem. (USSR), 20, 338 (1950)
[English Language Edition, Consultants Bureau, p. 359).

¢ D. C. Nonhebel, J. Chem. Soc., 1963, 1216.

7D. C. Nonhebel, Proc. Chem. Soc., 1961, 307.

1-CHLORO-144-TRIFLUOROBUTADIENE
(Butadiene, 1-chloro-1,4,4-trifluoro-)

(o]
; F OCOCH3 Heat
CF;=CFCl + CH;—CHOCOCH3 —> . ~CH,CO,H
2

Cl

F
—> CFCl=—=CHCH=CF;

Fy

Submitted by R. E. Purnau, B. C. ANDERSON, and W. H. SHARKEY.!
Checked by R. D. BIRKENMEYER, M. A. REBENSTORF, and F. KAGAN.?

1. Procedure

A. 2-Chloro-2,3,3-trifluorocyclobutyl acetate (Note 1), A mix-
ture of 1.0 g. of hydroquinone, 3 drops of a terpene inhibitor
(Note 2), and 140 g. (1.63 moles) of inhibited redistilled vinyl
acetate (Note 3) is placed in a 400-ml. high-pressure shaker tube

- lined with stainless steet (Note 4). - The shaker tube is closed,
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cooled in a mixture of solid carbon dioxide and acetone, evac-
uated, and charged with 47 g. (0.40 mole) of chlorotrifluoro-
ethylene (Note 5). The shaker tube is heated with agitation to
215° in a period of about 1 hour and is then heated at 215° for
3 hours. The shaker tube is cooled to room temperature and is
bled slowly to remove excess chlorotrifluoroethylene. The black,
viscous reaction mixture (Note 6) is transferred to a distillation
flask and heated on a steam bath. After a fore-run of dichloro-
hexafluorocyclobutane and vinyl acetate is collected at atmos-
pheric pressure, a receiver cooled in solid carbon dioxide and ace-
tone is attached, and crude 2-chloro-2,3,3-trifluorocyclobutyl
acetate is rapidly distilled by gradually reducing the pressure to
about 10 mm. (Note 7). Redistillation through a 30-cm. column
packed with glass helices provides 22-30 g. (27-37%,) (Note 8)
of the acetate, b.p. 60-65°/100 mm., ny 1.3916-1.3921.

B. 1-Chloro-1,4,4-trifluorobutadiene. 'The apparatus is similar
to that described in a previous volume.22 It consists of a “Vycor”
glass reaction tube, 60 cm. long by 25 mm. outside diameter,
mounted vertically in an electric furnace about 35 cm. long (Note
9). Attached to the top of the tube is a graduated dropping
funnel. A thermocouple well extending to the center of the
heated section is inserted through the bottom of the tube. The
heated section of the tube is packed with quartz tubing (8 mm:
outside diameter), cut into 0.5-cm. lengths, and held in place by
indentations in the tube. Ten centimeters from the bottom of
the tube is a side arm leading successively to two traps cooled

with solid carbon dioxide and acetone, an inlet tube for nitrogen,

a manometer, and a vacuum pump. _
The system is evacuated to a pressure of 5-10 mm., and the
tube is heated to 700°, measured at the center of the heated zone.
2-Chloro-2,3,3-trifluorocyclobutyl acetate is admitted at the rate
of 10-20 g. per hour. From 70 g. (0.35 mole) of the cyclobutyl
acetate there is obtained 62-68 g. of mixed solid and liquid con-
densate (Note 10). Fractionation through a 30-cm. column
packed with glass helices affords 30-35 g. (60-70%) of 1-chloro-

1,4,4-trifluorobutadiene (Note 11), b.p. 50-51°, # 1.3870; 18-22
g. of acetic acid; and 7-18 g. of recovered 2-chloro-2,3,3-trifluoro-

cyclobutyl acetate (Note 12).
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2. Notes

1. The exact structure of the cyclobutane is not known. Any
of the possible isomers would undergo pyrolysis to give 1-chloro-
1,4 4-trifluorobutadiene. = 2-Chloro-2,3,3-trifluorocyclobutyl ace-
tate is now favored as the structure of the cycloadduct rather
than 3-chloro-2,2,3-trifluorocyclobutyl acetate as originally pro-
posed.? The basis for this preference is mass spectral data.
Tons of m/e 64 [(CFy=CH,)™, relative abundance 1.29,] and 138
[(CFCl==CHOCOCHj,)™, relative abundance 0.96%,] were much
more abundant than ions of m/e 80 [(CFCl=CH,)*, relative
abundance 0.109,] and 122 [(CF,=CHOCOCHj3)*, relative
abundance 0.0269].

2. The purpose of the terpene is to inhibit polymerization of
the fluorodlefin. Terpenes that are effective include dipentene
and terpinolene.

3. Ordinary commercial-grade vinyl acetate is redistilled. One
gram of hydroquinone per 100 g. of vinyl acetate is added to
inhibit polymerization of the latter, which is then stored at 0-4°
until needed.

4. A shaker tube equipped with a 1200-atm. rupture-disk
assembly was used by the submitters. The checkers used a
1270-ml. stainless steel rocking autoclave fitted with a thermo-
couple well that extended into the reaction mixture and a stain-
less steel 5000-p.s.i. rupture disk. The agitation rate was 58
cycles per second. Attempts to use a magnetically stirred auto-
clave were unsuccessful.

5. Chlorotrifluoroethylene is available in 1-lb. and 5-1b. cyl-
inders from the Matheson Company, East Rutherford, New
Jersey.

) 6. The checkers found the reaction mixture to be dark but not
viscous. In experiments in which a magnetically stirred auto-
clave was used, dark viscous reaction mixtures were obtained,
but no product. ‘ .

I?iﬁiculties encountered by the checkers when they used a mag-
netically stirred autoclave led the submitters to re-examine
the reaction. It was found that certain batches of vinyl acetate
gave very poor yields. In these cases, 27-37%, yields were ob-



20 ORGANIC SYNTHESES, VOL. 43

tained by heating to 175° in 1 hour followed by heating at 175°
for 16 hours.

7. The quantity of fore-run depends on the amount of poly-
merization of vinyl acetate. Distillation of the product through
a packed column goes more smoothly, with less heat having to be'
applied to the distillation flask, if the product has been separated
from high-boiling material by a quick preliminary distillation.

8. Up to 25%, by weight of the product is ethylidene diacetate.
The diacetate can be detected by gas chromatographic analysis
using a column of the diglyceride of 6,6,6-trifluorohexanoic acid
on firebrick at 120°.1 The checkers obtained yields ranging
from 24%, in a 0.75-scale experiment to 479, on a three-fold in-
crease in scale. |

9. A standard tube furnace such as the 120-volt “Multiple
Unit” electric furnace manufactured by the Hevi Duty Electric
Company was used.

10. Care must be taken to prevent plugging of the first cold
trap by solid acetic acid because the back-pressure pfoduced leads
to greatly reduced yields and appreciable carbonization. Should
plugging occur, the cooling bath is removed and the plug is melted
with warm acetone. Some diene will distil into the second trap
during this process.

11. 1-Chloro-1,4,4-trifluorobutadiene is a mixture of equal -

amounts of cis and #rans isomers. This has been demonstrated
by gas chromatographic analysis of the mixture on a packed
column of high efficiency using Dow-Corning silicone 703 oil or
200 oil on firebrick, or on a capillary gas chromatographic column
using squalane as the partitioning liquid.

12. The checkers did not isolate any recovered 2-chloro-2,3,3-
trifluorocyclobutyl acetate.

3. Methods of Preparation

The procedure for chlorotrifluorocyclobutyl acetate ? is a modi-
fication of one used by Coffman, Barrick, Cramer, and Raasch 4
for the preparation of tetrafluorocyclobutanes from tetrafluoro-

~ethylene.
The method for the pyrolysis of chlorotrifluorocyclobutyl
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acetate to chlorotrifluorobutadiene is that of Anderson, Putnam,
and Sharkey.?

4. Merits of the Preparation

The synthesis of 2-chloro-2,3,3-trifluorocyclobutyl acetate il-
lustrates a general method of preparing cyclobutanes by heating
chlorotrifluoroethylene, tetrafluoroethylene, and other highly
fluorinated ethylenes with alkenes. The reaction has recently
been reviewed.!! Chlorotrifluoroethylene has been shown to form
cyclobutanes in this way with acrylonitrile,® vinylidene chloride,?
phenylacetylene,” and methyl propiolate.? A far greater number
of cyclobutanes have been prepared from tetrafluoroethylene and
alkenes; %! when tetrafluorocthylene is used, care must be exercised
because of the danger of explosion. The fluorinated cyclobutanes
can be converted to a variety of cyclobutanes, cyclobutenes, and
butadienes.

The synthesis of chlorotrifluorobutadiene illustrates a general
method that has been used to make tetrafluorobutadiene *& and
substituted fluorodienes.® ¢ The same procedure can be used to .
transform fluorocyclobutenes and chlorofluorocyclobutenes to
the isomeric dienes; 2-methyl-1,1,4 4-tetrafluorobutadiene, 2-
chloro-1,1,4,4-tetrafluorobutadiene, and 1-chloro-1,4,4-trifluoro-
2-phenylbutadiene have been made thus.3

i Fontribution No. 597 from the Central Research Department, Experimental
Statlon,l E. I. du Pont de Nemours and Company, Wilmington, Delaware.
2Upjohn Co., Kalamazoo, Michigan.
@ 9.6 { .)L. Anderson, R. E. Putnam, and W. H. Sharkey, J. Am. Chem. Soc., 83, 382
¢D. D, Coffman, P. L. Barrick, R. D. Crame dM.S
Soo. 71490 (1949),. . T, AN . S. Raasch, J. Am. Chem.
:A. L. Barney and T. L. Cairns, J. Am. Chem. Soc., 12, 3193 (1950).
(195:? S. Raasch, R. E. Miegel, and J. E. Castle, J. Am. Chem. Soc., 81, 2678
:E. J. Smutny and J. D. Roberts, J. 4m. Chem. Soc., 77, 3420 (1955).
. J. L. Anderson and K. L. Berry, U.S. Patent pending.
. J. L. And?rson, U.S. Patent 2,754,323 (1956) [C. A., 51, 2026 (1957)].
N J. F. Harris, Jr., and F._ W. Stacey,J. Am. Chem. Soc., 83, 844 (1961).
. J. D. Roberts and C. M. Sharts, Org. Reactions, 12, 1 (1962).
R. E. Benson and B. C. McKusick, Org. Syntheses, Coll. Vol. 4, 746 (1963).
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1,4-DIHYDROBENZOIC ACID

(2,6-Cyclohexadiene-1-carboxylic acid)

?OzH CO.H

Na
-
NH3/C:H;OH

Submitted by M. E. KuErNE and B. F. LAMBERT.!
Checked by LoursE Kupa and V. BOEKELHEIDE.

1. Procedure

Ten grams (0.082 mole) of benzoic acid is added to 100 ml. of
anhydrous ethanol in a 2-1. three-necked flask equipped with a
mechanical stirrer and with loose cotton plugs in the side necks.

After the benzoic acid has dissolved, 600 ml. of liquid ammonia

(Note 1) is added to the stirred solution. Then 6.2 g. (0.27 g.
atom) of sodium is added in small pieces. When about one-third
of the sodium has been added, the white sodium salt of the acid

precipitates, and there is strong foaming of the reaction mixture. .

After all the sodium has been consumed, as evidenced by the dis-
appearance of the blue color, 14.6 g. (0.27 mole) of ammonium
chloride is added cautiously. The mixture is stirred for an addi-

tional hour and then allowed to stand until the ammonia has

evaporated.

The residue is dissolved in 300 ml. of water. The solution is
poured onto 200 g. of ice and acidified to a pH of about 4 by addi-
tion of 75 ml. of 109} hydrochloric acid. The resulting mixture is
extracted with four 100-ml. portions of peroxide-free ether, and
the combined extracts are washed with 50 ml. of a saturated aque-
ous solution of sodium chloride and dried over 2 g. of anhydrous
'magnesium sulfate (Note 2). The ether solution is separated from
the drying agent and concentrated at room temperature under
reduced pressure. The residual oil is distilled from a 25-ml
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Claisen flask with an indented neck. 1,4-Dihydrobenzoic acid is
obtained as a colorless oil; weight 9.0-9.7 g. (89-95%); b.p. 80—
98°/0.01 mm.; 5y 1.5011. This material is sufficiently pure for
most purposes. However, by a careful redistillation, a small
fore-run (b.p. 80-90°/0.01 mm.; #& 1.5000) can be separated,
and the remainder of the material (b.p. 91-97°/0.01 mm.; 7}
1.5019) solidifies on cooling; m.p. 15-17° (Note 3). It is stored
under nitrogen in a closed vessel (Note 4).

2. Notes

1. Arrangements for cooling or condensing the ammonia can
be made, but are not necessary. Most simply, the liquid am-
monia can be passed directly from a cylinder into the reaction ves-
sel through heavy rubber tubing.

2. 1,4-Dihydrobenzoic acid has a very penetrating, repulsive
odor, and care should be taken to avoid contamination of hands
or clothing,

3. Samples of the 1,4-dihydrobenzoic acid, after both the first
and the second distillations, are transparent in the ultraviolet
region between 220 mpu and 300 mp, indicating the absence of
benzoic acid or conjugated dihydrobenzoic acids. The refractive
index cited in Reference 3 is in error.

4. In the presence of air, 1 4-dihydrobenzoic acid slowly gives
benzoic acid and hydrogen peroxide.?

3. Method of Preparation

Apparently, 1,4-dihydrobenzoic acid has been prepared only
by the Birch reduction of benzoic acid, as illustrated by the
present procedure.”?

4. Merits of the Preparation

This procedure is illustrative of the general method of reduction
of aromatic compounds by alkali metals in liquid ammonia known
as the Birch reduction. The theoretical and preparative aspects
of the Birch reduction have been discussed in excellent reviews,**
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and there is another example of a Birch reduction in Organic
Syniheses.” Of particular interest in the present procedure is the
effect of having a group that forms a stable anion with the alkali
metal. For both simple aromatic acids and amides, a Birch re-
duction gives the corresponding 1,4-dihydro derivative. The
same is true when o-alkyl or o-methoxyl groups are present.
However, with p-alkyl or m-methoxyl substituents, the cor-
responding tetrahydro derivatives are formed. p-Methoxyl or
p-acetamino groups, which can form stable anionic fragments, are
lost during such reductions.

The following examples may be cited to illustrate these gen-
eralizations. p-Toluic acid under conditions of the Birch reduc-
tion essentially as given in this procedure yields mainly 1,2,3,4-
tetrahydro-p-toluic acid (cis and #rans) plus minor amounts of
1,4-dihydro-p-toluic acid (cis and trans).* o-Toluic acid gives
1,4-dihydro-o-toluic acid in 73% yield; ® m-methoxybenzoic acid
gives 1,4,5,6-tetrahydro-3-methoxybenzoic acid in 329, yield;®
o-methoxybenzoic acid gives crude 1,4-dihydro-2-methoxy-
benzoic acid in 809, yield;® 3,4,5-trimethoxybenzoic acid gives
1,4-dihydro-3,5-dimethoxybenzoic acid in 87% yield;® 4-acet-
aminobenzoic acid gives 1,4-dihydrobenzoic acid in 75% yield; ?
benzamide gives 1,4-dihydrobenzamide in 69%, yield; * m-meth-
oxybenzamide gives 1,4-dihydro-3-methoxybenzamide in 30%
yield; * 3,4,5-trimethoxybenzamide gives 1,4-dihydro-3,5-dimeth-
oxybenzamide in 73% yield;?* and 3,5-dimethoxybenzamide
gives 1,4-dihydro-3,5-dimethoxybenzamide in 599 yield.2 Thus
the present example of the Birch reduction illustrates a useful
and general synthetic method for preparing dihydro aromatic
derivatives.

1 Ciba Pharmaceutical Products Inc., Summit, New Jersey.

* H. Plieninger and G. Ege, Angew. Chem., 70, 505 (1958).

3 M. E. Kuehne and B. F. Lambert, J. Am. Chem. Soc., 81, 4278 (1959).

4 G. W. Watt, Ckem. Rev., 48, 317 (1950).

5 A. J. Birch, Quart. Rev. (London), 4, 69 (1950).

¢ A. J. Birch and H. F. Smith, Quart. Rev. (London), 12, 17 (1958).

7C. D. Gutsche and H. H. Peter, Org. Syntheses, Coll. Vol. 4, 887 (1963).

¢ A. J. Birch, J. Chem.. Soc., 1950, 1551.

v A. J. Birch, P. Hextall, and S. Sternhell, Australian J. Chem., 7, 256 (1954).
10 M. E. McEntee and A. R. Pinder, J. Chem. Soc., 1957, 4419.
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«-N,N-DIMETHYLAMINOPHENYLACETONITRILE

(Glycinonitrile, N,N-dimethyl-2-phenyl-)

NaHSOs (CH;)sNH

CGH5CHO —————— CsHs?HSO{;Na W C5H5CHCN

OH l\II(CHa)z

Submitted by HaroLp M. TavLor and CHaRLES R. HAUSER.!
Checked by W. Bruce Kover and JoaN D. ROBERTS.

1. Procedure

A mixture of 1.5 1. of water and 624 g. (6.00 moles) of sodium
bisulfite in a 5-1. beaker equipped with a mechanical stirrer is
stirred until solution is complete. Benzaldehyde (Note 1) (636
g., 6.00 moles) is added and the mixture is stirred for 20 minutes,
during which time a slurry of the benzaldehyde-bisulfite addition
product is formed. A 257, aqueous solution of dimethylamine
(1100 g.) containing 275 g. (6.13 moles) of the amine is run in,
and stirring is continued as most of the addition compound dis-
solves, The beaker is immersed in an ice bath, and 294 g. (6.00
moles) of sodium cyanide (Caution! Toxic) is added over a period
of 20-25 minutes.

The ice bath is removed after addition of the sodium cyanide,
and the mixture is stirred for 4 hours. The organic layer is sepa-
rate(.i, and the aqueous layer is extracted with three 500-ml.
portions of ether. The combined ethereal extracts and organic
la.).'er are washed with two 100-ml. portions of cold water and
dried over anhydrous magnesium sulfate. The ethereal solution

 isfiltered, and the ether is removed at atmospheric pressure. The

residue is transferred to a vacuum distillation system and distilled

- under reduced pressure (Cawiion/ See Note 2). The yield of

G*din}ethylaminophenylacetonitrﬂe boiling at 88-90°/1.9-2.1
mm. is 842-844 g. (87-88%,) (Notes 3 and 4).
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2. Notes

1. Eastman Kodak benzaldehyde (white label grade) was used
without further purification.

2. Occasionally the odor of hydrogen cyanide can be detected
during the distillation, even when a trap filled with sodium hy-
droxide pellets precedes the usual trap cooled in dry ice and ace-
tone to protect the pump. For safety, the vacuum pump should
be placed in a hood, or provision should be made for the pump
exhaust to be vented into a hood or out-of-doors during the dis-
tillation.

3. Anhydrous dimethylamine has been used by the submitters
in a slightly different procedure to give yields up to 959% of the
theory.

4. The checkers carried out the preparation with one-half of
the specified quantities without any decrease in the yield.

3. Methods of Preparation

The procedure described above is a modification of that of
Hauser, Taylor, and Ledford ? and of Luten 8 which avoids use of
anhydrous dimethylamine. It is related to the procedure of
Goodson and Christopher ¢ that employs benzaldehyde, aqueous
dimethylamine hydrochloride, and potassium cyanide.

The product can also be prepared from benzaldehyde, di-
methylamine, and potassium cyanide in cold acetic acid and
aqueous ethanol.®

4. Merits of the Preparation

The method can be used to prepare a number of a-aminonitriles
from aliphatic or aromatic aldehydes and ketones and secondary
aliphatic amines.®

The nitrile group of a-N,N-dimethylphenylacetonitrile can
generally be replaced by an alkyl or aryl group of a Grignard
reagent to form the corresponding tertiary amines.t? The a-
hydrogen of the aminonitrile can be alkylated,®" and the resulting

alkylation product can be converted to enamines ? or to ketones.” .
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1 Department of Chemistry, Duke University, Durham, North Carolina.

2 C. R. Hauser, H. M. Taylor, and T. G. Ledford, J. Am. Chem. Soc., 82, 1786
(1960).

3D. B. Luten, Jr., J. Org. Chem., 3, 588 (1939).

4 L. H. Goodson and H. Christopher, J. 4. Chem. Soc., 72, 358 (1950).

8T, 8. Stevens, J. M. Cowan, and J. MacKinnon, J. Chem. Soc., 1931, 2568.

8 See V. Migrdichian, The Chemistry of Organic Cyanogen Compounds, pp. 198—
217, Reinhold Publishing Company, 1947.

7H. M. Taylor and C. R. Hauser, J. Am. Chem. Soc., 82, 1960 (1960).

DIMETHYL
3-METHYLENECYCLOBUTANE-1,2-DICARBOXYLATE

(3-Methylenecyclobutane-1,2-dicarboxylic acid, dimethyl ester)

0 0
& & 0
C. HyC C =
-~ AN e ~C
HC c—CH HC==CCH,CH
CH;=—C=CH; + || \0 — | ? \0 2| )
HC._ HeC—CH / CHy /
2
0 o o
HaC ~0
H: CO2CH,
Ne—cff < H* e
ol é 0 + 2CH0H — ,
2C—CH c / HC—CH
X0 CO,CH;

Submitted by H. B. StevENsox, H. N. Cripps, and J. K. WiLLiams.!
Checked by R. D. BIRRENMEVER, W. E. Russey, and F. Kacan.?

1. Procedure

A. 3-Methylenecyclobutane-1,2-dicarboxylic anhydride. A 2-1.

.Stainless steel autoclave equipped with stirrer, pressure gauge, "

and thermocouple is charged with 500 g. (5.1 moles) of maleic

i anhydride, 645 ml. of benzene, and 0.25 g. of hydroquinone. The
-lutoclave is closed, cooled to —70° with stirring, and evacuated
. %oapressure of about 20 mm. Allene? (100 g., 2.5 moles) (Note 1)
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is sucked into the autoclave, and the mixture is heated with stir-
ring for 8-10 hours at 200-210°. During this time, the pressure
drops from 23 atm. to 15 atm. The vessel is cooled to 25°, and
unreacted allene (6-13 g.) is vented into a cold trap (Note 2).
The benzene solution is decanted, and about 500 ml. of acetone
is added to the autoclave and stirred until the dark viscous residue
goes into solution. The benzene and acetone solutions are com-
bined, filtered, and distilled through a 19-mm. x 1.8-m. Nester
spinning-band still.* When the pot temperature reaches 170°,
the pressure is reduced to 40 mm., and up to 250 g. of maleic
anhydride, b.p. 110-115°/40 mm., is recovered. Finally 119 g.
of crude anhydride mixture, b.p. 70-125°/3 mm. (Note 3), is
collected.

The crude anhydride is carefully fractionated through a 13-mm.
x 1.2-m. Nester still at a pressure of 25 mm. (Note 4) and a reflux
ratio of at least 10:1. After a fore-run of maleic anhydride, b.p.
50-100°/25 mm., and a small intermediate fraction, there is ob-
tained 75-90 g. (22-269%) of 3-methylenecyclobutane-1,2-dicar-
boxylic anhydride; b.p. 155-159°/25 mm.; 75 1.4935-1.4952

(Note 5). This material is of sufficient purity for most uses, but

it contains approximately 2-5%, of propargylsuccinic anhydride.
Redistillation through the Nester still gives 65-80 g. (19-23%) of

3-methylenecyclobutane-1,2-dicarboxylic anhydride; b.p. 155°/25 -

mm.; n5 1.4946-1.4955.

By continuing the distillation after removal of the cyclobutane
anhydride, there is obtained 25-30 g. (7-99,) of propargylsuccinic
anhydride; b.p. 162-168°/25 mm.; m.p. 63-68°. The melting
point is raised to 69-70° by one recrystallization from 100 ml. of
benzene (80% recovery of purified product).

B. Dimethyl 3-methylenecyclobutane-1,2-dicarboxylate. One liter
of methanol is added cautiously with occasional shaking to 276 g.
(2.00 moles) of 3-methylenecyclobutane-1,2-dicarboxylic an-
hydride (n¥ 1.4946-1.4955; Note 6) and 5 g. of p-toluenesulfonic
acid in a 2-l. three-necked flask fitted with a thermometer, a
condenser, and a dropping funnel. Refluxing starts after about
. two-thirds of the methanol has been added. The remainder is
added at a rate that maintains vigorous boiling. The solution is
" refluxed for 30-40 hours with the pot temperature increasing
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from 67° to 68° (Note 7). The mixture is cooled to 15°, and
methanol and water are removed by distillation under reduced
pressure at temperatures below 15°, using a large receiver cooled
with a mixture of solid carbon dioxide and acetone. When the
pressure goes below 1 mm., the temperature is increased to 50°
until the distillation is completed. One liter of methanol (Note 8)
is added to the residue, and the solution is heated under reflux
for an additional 3040 hours, during which time the pot tem-
perature increases from 67° to 67.5°. The solution is cooled to
15°, 1.7 g. of finely powdered anhydrous sodium carbonate is
added to neutralize the p-toluenesulfonic acid, and the methanol
and water are removed as before. Crude dimethyl 3-methylene-
cyclobutane-1,2-dicarboxylate is distilled rapidly at 65-85°/1
mm. through a 30-cm. Vigreux column (Note 9). The ester can
be purified by redistillation through a 13-mm. x 1.2-m. Nester
still, with the main fraction boiling at 134-137°/25 mm.; weight
297-338 g. (81-929,); n¥ 1.4624-1.4630.

2. Notes

1. Freshly distilled allene should be used. It should be free
of 2-chloropropene, usually present in allene prepared by zinc
dehalogenation of 2,3-dichloropropene,® to avoid formation of
chlorine-containing products that liberate hydrogen chloride
on distillation.

2. The impurities present in the original allene are concen-
trated in the recovered material. If recovered allene is to be re-
used, it should be fractionated first.

3. The checkers isolated 167 g. of crude anhydride mixture
boiling at 70-125°/3 mm. The large tarry residue contains allene
polymers and small amounts of 1,2,3,4,5,6,7,8-octahydronaph-
thalene-2,3,6,7-tetracarboxylic dianhydride, which can be re-
covered by diluting the residue with benzene and filtering.

4. Pot temperatures above 175°, which result from use of pres-
sures above 25 mm., cause formation of high-boiling by-products.

5. Collection of the product fraction should begin after a
few milliliters of an intermediate fraction has been collected at
155°/25 mm. This material has a low index of refraction.
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6. The checkers found that the use of anhydride with #Z
1.4937-1.4945 led to a product with a low index of refraction
(#% 1.4616).

7. The temperature rises because of disappearance of methanol
by conversion to the methyl ester. Attainment of equilibrium is
signified by the pot temperature reaching a constant temperature.

8. The second treatment with methanol increases the yield
from 609, to 90%.

9. Rapid distillation from the neutralized catalyst results in
much smaller loss of ester than is encountered in the more usual
procedure that includes washing with water and drying.

3. Methods of Preparation

The procedure used is essentially that described by Cripps,
Williams, and Sharkey.® The anhydride has been prepared in a
similar manner by Alder and Ackermann.® No other methods
have been described for the preparation of these materials.

4. Merits of the Preparation

The first step of this procedure illustrates a general reaction,

the addition of allenes to alkenes to form methylenecyclobutanes. -

The reaction has been reviewed recently.”

Since 3-methylenecyclobutane-1,2-dicarboxylic anhydride is
easily converted to 3-methyl-2-cyclobutene-1,2-dicarboxylic
acid,® it is an intermediate to a variety of cyclobutenes. The
dimethyl ester of 3-methylenecyclobutane-1,2-dicarboxylic acid
is also a versatile compound; on pyrolysis it gives the substituted
allene, methyl butadienoate,® and on treatment with amines it
gives a cyclobutene, dimethyl 3-methyl-2-cyclobutene-1,2-di-
carboxylate.®

1 Contribution No. 567 from the Central Research Department, Experimental
Station, E. I. du Pont de Nemours and Co., Wilmington, Delaware.

2 The Upjohn Company, Kalamazoo, Michigan.

3 H. N. Cripps and E. F. Kiefer, Org. Syntheses, 42, 12 (1962).

4 R. G. Nester, Anal. Chem., 28, 278 (1956).
~ 5H. N. Cripps, J. K. Williams, and W. H. Sharkey, J. Am. Chem. Soc., 81, 2723
© (1959). ]
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6 K. Alder and O. Ackermann, Chem. Ber., 90, 1697 (1957).

7J. D. Roberts and C. M. Sharts, Org. Reactions, 12, 1 (1962).

8 H. N. Cripps, J. K. Williams, V. Tullio, and W. H. Sharkey, J. Am. Chem. Soc.,
81, 4904 (1959).

9J. J. Drysdale, H. B. Stevenson, and W. H. Sharkey, J. Am. Chem. Soc., 81,
4908 (1959); H. B. Stevenson and W. H. Sharkey, Org. Syntheses, this volume,
p. 71.

DIPHENYLCARBODIIMIDE
(Carbodiimide, diphenyl-)
CH3
0\P l T
el
2CsHsNCO es > CgHzN=C=—=NGCgli; + CO
5

Submitted by T. W. CamMpBELL ! and J. J. MONAGLE.
Checked by W. S. WapsworrE and W. D. EMMONS.

1. Procedure

A 250-ml. four-necked flask is fitted with a sealed mechanical
stirrer, a condenser protected by a drying tube, a thermometer,
and a gas inlet. The flask is swept with a slow stream of nitrogen
(Note 1) and dried by flaming. One hundred milliliters (108 g.,
0.91 mole) of phenyl isocyanate (Note 2) is pipetted into the
flask. One gram (0.052 mole) of 3-methyl-1-phenyl-3-phos-
pholene 1-oxide ? is added (Note 3), and the reaction mixture is
heated at 50° under nitrogen for 2.5 hours (Note 4); at this point
only a faint test for carbon dioxide is obtained when the off-gas is
passed through saturated calcium hydroxide solution. The reac-
tion mixture is cooled and rapidly transferred to a Claisen flask.
Distillation yields 72-82 g. (82-93%,) of diphenylcarbodiimide,
obtained as a clear water-white oil, b.p. 110-112°/0.2 mm., >
1.6360-1.6362 (Note 5).

2. Notes

1. Commercial nitrogen is dried by passage through concen-
trated sulfuric acid.
2. Best results were obtained with material obtained from
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Eastman Kodak Company. Either freshly distilled material or
material from a freshly opened bottle may be used. Material
obtained from several other sources gave variable results even
after redistillation.

3. Since the phosphine oxides are very hygroscopic and the
reaction rate is sensitive to traces of moisture, the catalyst can
be conveniently stored and added to the reaction mixture in long-
necked, thin-walled glass ampoules. The catalyst may be dried
by distillation (b.p. 168-170°/1.4 mm.) into a receiver containing
the inverted ampoules. When sufficient catalyst has distilled to
fill the ampoules, nitrogen is bled into the receiver, forcing the
catalyst into the ampoules. An ampoule about 15 mm. in diam-
eter will hold about 1 g. of catalyst. A small air space should be
left to facilitate crushing the ampoule.

4. Use of more catalyst or higher temperature leads to an in-
creasingly vigorous evolution of carbon dioxide.

5. Diphenylcarbodiimide can be stored for several weeks at
0°. At room temperature it gradually solidifies to a mixture of
trimer and polymer. The monomer can be separated from the
solid by vacuum distillation.

8. Methods of Preparation

Carbodiimides have been prepared by desulfurization of thio-

ureas by metal oxides,® by sodium hypochlorite, or by ethyl
chloroformate in the presence of a tertiary amine; ° by halogena-
tion of ureas or thioureas followed by dehydrohalogenation of the
N,N’-disubstituted carbamic chloride; ® and by dehydration of
disubstituted ureas using p-toluenesulfonyl chloride and pyri-
dine.” " The method described above is a modification of that of
Campbell and Verbanc.®

4. Merits of the Preparation

This method may be applied to the synthesis of a variety of
aryl and alkyl carbodiimides.® Other catalysts may also be
used,’® but the especially active one described here is the one

most easily obtained. The method is superior to other methods.

DIPHENYLCARBODIIMIDE a3

reported in that it provides pure products under very simple and
mild conditions, allows the use of readily available isocyanates
with or without the use of solvent, and offers extremely easy
work-up.

1 Textile Fibers Department and Qrganic Chemicals Department, E. I. du Pont
de Nemours and Co., Wilmington, Delaware.
1W. B. McCormack, this volume, p. 73.

3 S. Hiinig, H. Lehmann, and G. Grimmer, An#n. Chem., 579, 77 (1953).
4 E. Schmidt and M. Seefelder, 4#n. Chem., 571, 83 (1951).

(19"6(1){).] F. Coles and H. A. Levine, U.S. Patent 2,942,025 (1960) [C. 4., 54, 24464a
¢ H. Eilingsfeld, M. Seefelder, and H. Weidinger, Angew. Chem., 72, 836 (1960).
7@G. Amiard and R. Heymes, Bull. Soc. Chim. France, 1956, 1360.

(19853;']w' Campbell and J. Verbanc, U.S. Patent 2,853,473 (1958) [C. 4., 58, 10126¢

(19962T). W. Campbell, J. J. Monagle, and V. S. Foldi, J. Am. Ckem. Soc., 84, 3673
10 J, J. Monagle, J. Org. Chem., 27, 3851 (1962).
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DOCOSANEDIOIC ACID
B .
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N
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NaOH HyNNH,
O NaOCO(CHz)5CO(CHz)s CO(CHz)5C0zNa ———2> HOCO(CH2)z0C0zH

Submitted by S. HiNiG, E. LiickE, and W. BRENNINGER.!
Checked by F. E. MUMFORD, E. A. LALANCETTE,
W. J. MmpreTON, and B. C. McKuUsICK.

1. Procedure

A. 2,2'-Sebacoyldicyclohexanone. A solution of 167 g. (1.00
mole) of 1-morpholino-1-cyclohexene ? and 101 g. (139 ml., 1.00
mole) of anhydrous triethylamine in 500 ml. of dry chloroform
(Note 1) is put in a 5-1., three-necked, round-bottemed flask
equipped with a mechanical stirrer, a dropping funnel, and a re-
flux condenser. Tubes of calcium chloride are inserted in the
open ends of the dropping funnel and reflux condenser. The
reaction flask is immersed in a water bath at 35°, and a solution of
120 g. (0.50 mole) of sebacoyl chloride (Note 2) in 200 ml. of dry
chloroform is added to the well-stirred reaction mixture over a
period of about 1.5 hours. The reaction mixture gradually as-
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sumes an orange to red color, and a solid precipitates. The reac-
tion mixture is stirred for an additional 3 hours at 35°, 500 ml.
of 209, hydrochloric acid is added, and the mixture is boiled under
reflux for 5 hours with vigorous stirring. The reaction mixture
is cooled to room temperature, and the chloroform layer is sepa-
rated and extracted with six 150-ml. portions of water. The
washings and the aqueous phase are combined, adjusted to a pH
of 5-6 with 259, sodium hydroxide solution, and extracted with
five 100-ml. portions of chloroform. The chloroform extracts are
combined with the chloroform layer, and the chloroform is re-
moved by distillation on a steam bath. The residue gradually
congeals to an oily solid on standing at room temperature under a
pressure of 10-50 mm. The yield of crude 2,2’-sebacoyldicyclo-
hexanone is 181-192 g. (100-106%,) (Note 3).

B. Disodium 7,10-diketodocosamedioate. A mixture of 120 g.
(3.00 moles) of sodium hydroxide and 1.4 1. of commercial abso-
lute ethanol is refluxed with mechanical stirring in a 5-1. round-
bottomed flask until all the sodium hydroxide is dissolved (about
2 hours). The solution is cooled to room temperature, and a
warm solution of the crude 2,2’-sebacoyldicyclohexanone from
Step A in 300 ml. of absolute ethanol is added. The mixture is
brought to a boil on a water bath or steam bath in the course of
about 15 minutes and is then refluxed for 1 hour. Colorless di-
sodium 7,16-diketodocosanedioate separates during the heating.
The reaction mixture, now a thick mush, is cooled to room tem-
perature, and the salt is collected on a 25-cm. Biichner funnel and
pressed as dry as possible, preferably with the aid of a rubber
dam. The moist salt is suspended in 1 1. of absolute ethanol with
mechanical stirring and is then collected on the Biichner funnel
as before. After being dried in air, the crude colorless disodium
7,16-diketodocosanedioate weighs 248-255 g. (112-115%, based
on l-morpholino-1-cyclohexene). It is pure enough for the fol-
lowing reduction to docosanedioic acid (Note 4).

C. Docosanedioic acid. All the crude disodium 7,16-diketodoco-

 sanedioate of Step B is added to 11. of triethanolamine in a 5.

round-bottomed flask equipped with a reflux condenser, a ther-
Inometer, a mechanical stirrer, and a deep oil bath. The mixture
is heated under reflux until all the salt dissolves (about 15 min-
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utes). The solution is cooled to 130°, 610 ml. (10 moles) of 82%
hydrazine hydrate is added through the reflux condenser, and
the mixture is refluxed for 4 hours (Note 5).

Potassium hydroxide (168 g., 3.0 moles) is dissolved in 400 ml.
of triethanolamine by heating the mixture to boiling in a 1-1.
Erlenmeyer flask (about 15 minutes is required). At the end of
the reflux period, the hot reaction mixture is transferred to a good
hood if it is not already in one, the condenser is removed, and the
hot potassium hydroxide solution is added cautiously but rapidly
to the stirred reaction mixture (Note 6). The open reaction mix-
ture is at least two-thirds immersed in the oil bath to help prevent
foaming over and is heated strongly and rapidly in order to drive
off water and excess hydrazine hydrate. After 2-3 hours the
temperature inside the flask reaches about 140°, and decomposi-
tion of the bis-hydrazone begins, with evolution of nitrogen and
considerable foaming. Foaming over is prevented by judicious
regulation of the heating, good stirring, and occasional addition
of a little silicone oil, which is a good antifoaming agent (Note 7).
The temperature is raised as rapidly as possible to 195° (about 2
hours is needed) and held at this temperature for 6 hours. The
final oil bath temperature is 200-220°.

The reaction mixture is cooled to about 100° (Note 5), washed

out of the flask with 5 L. of hot water (Note 8), and acidified to -

a pH between 2 and 3 with 1.4 1. of 12N hydrochloric acid. The
mixture is cooled to room temperature, and the docosanedioic
acid that has precipitated is collected on a 25-cm. Biichner funnel
and pressed as dry as possible (Note 9). The filter cake is sus-
pended in 5 1. of water with mechanical stirring and collected on
the Btichner funnel as before. The moist filter cake i3 dissolved
in 700 ml. of hot 2-methoxyethanol, the hot solution is filtered
through a fluted paper in a heated funnel, and the filtrate is
gradually cooled to 0-5°. The docosanedioic acid that crystal-
lizes out is separated on a Biichner funnel, pressed as dry as
possible, and suspended in 500 ml. of 95%, ethanol with mechani-
cal stirring. The acid is collected on a Biichner funnel, washed
. with a little 959, ethanol, dried in air, and pulverized. The
colorless docosanedioic acid thus obtained weighs 127-133 g.
© (69-72%, based on 1-morpholino-1-cyclohexene) and is nearly

DOCOSANEDIOIC ACID 37

pure; m.p. 124-126°; neutralization equivalent 181-184 (cal-
culated, 185) (Notes 10 and 11).

2. Notes

1. Satisfactory chloroform is obtained by washing 2 1. of com-
mercial chloroform with two 100-ml. portions of 2N sodium car-
bonate solution and two 200-ml. portions of water and distilling
it until no more water codistils and the boiling point is 61°.
The material remaining in the distillation pot is used without dis-
tillation.

2. Satisfactory sebacoyl chloride can be purchased from the
Eastman Kodak Co., Rochester, New York. The submitters
prepared it as follows. A mixture of 150 g, (0.74 mole) of sebacic
acid and 130 ml. of thionyl chloride is heated in a water bath at
60°. The acid gradually goes into solution with evolution of
sulfur dioxide and hydrogen chloride. When gas evolution ceases, -
the mixture is distilled as rapidly as possible under reduced pres-
sure. ‘The yield of sebacoyl chloride, b.p. 171-175°/15 mm., is
about 140 g. (79%). Caution! Toward the end of the distillation,
spontaneous decomposition of the residue with formation of a volu-
minous black foam frequently occurs.

3. The tetraketone can be obtained in a pure form by recrystal-
lizing it first from ether with the addition of decolorizing carbon
and then from s-butanol; yield 50-58%; m.p. 68-72°.

4. The submitters obtained pure 7,16-diketodocosanedioic acid
by the following procedure. A solution of 300 ml. of 12N hydro-
chloric acid in 3 1. of water is stirred into a warm solution of 250 g.
of the crude disodium 7,16-diketodocosanedioate in 3 1. of water.
Tl.1e resultant suspension of the diketo acid is boiled for a few
minutes to make the acid easier to filter, then cooled to room
temperature and collected on a Biichner funnel. The filter cake is
suspended in 3 1. of water with mechanical stirring and collected
on a Biichner funnel, and this procedure is repeated. The moist.
well-pressed filter cake is recrystallized from 600 ml. of 2-meth-

. oxyethanol. The recrystallized acid is suspended in 500 ml. of

95% ethanol, separated on a Biichner funnel, and dried in air.
About 120 g, (61%) of pure 7,16-diketodocosanedioic acid is ob-
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tained; m.p. 127-129°; equivalent weight 196 (—CO,H), 200
(>C=0) (calculated, 199). -

5. One may interrupt the procedure at this point and allow the
mixture to stand overnight at room temperature.

6. Tt is essential for good results that the procedure not be in-
terrupted from the time that the potassium hydroxide solution
is added until the time that the 6-hour heating at 195° is com-
pleted.

7. Additional security against foaming over is provided by a
glass tube that projects into the neck of the flask and is attached
to a water pump. The checkers found it helpful to use a Hersh-
berg stirrer with two wire blades; the upper blade was adjusted
so that its ends extended above the surface of the reaction mix-
ture and into the foam.

8. The aqueous mixture is not clear because the sodium salt is
sparingly soluble in water.

9. The precipitate can be more rapidly separated by means of
a centrifuge.

10. Very pure docosanedioic acid can be obtained by another
recrystallization from about 450 ml. of 2-methoxyethanol. The
recrystallized acid is collected on a Biichner funnel, and the well-
pressed filter cake is suspended in 200 ml. of 95% ethanol, re-
filtered, and dried in air; weight 112 g. (61%); m.p. 126-127°;
neutralization equivalent, 185-187.

11. The checkers found it slightly more convenient to recrystal-
lize the moist crude docosanedioic acid from 1 L. of methyl ethyl
ketone. The hot solution is filtered and cooled, and the acid is
collected on a Biichner funnel, washed with methyl ethyl ketone,
and dried in air.

’ 3. Methods of Preparation

Docosanedioic acid has been prepared by Wolff-Kishner reduc-
tion of 6,17-diketodocosanedioic acid, formed by reaction of the
half-ester acid chloride of adipic acid with the a,w-cadmium de-
rivative of decane (%26 overall yield).? Reduction of &-[5-(w-
carboxy-n-octyl)-2-thenoyl|caprylic acid by the Wolfi-Kishner
method, followed by simultaneous reduction and desulfurization
with Raney nickel of the 2,5-bis(w-carboxyoctyl)thiophene pro-
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duced, is reported to yield docosanedioic acid in 68%, overall
yield.t Other routes to docosanedioic acid include electrolysis of
the monomethyl ester of dodecanedioic acid (43% yield);®
oxidative coupling of 10-undecynoic acid to docosa-10,12-diyne-
dioic acid (909 yield) and reduction of this intermediate with a
palladium catalyst;® and reaction of a,w-diiodoeicosane with
potassium cyanide followed by hydrolysis of the dinitrile pro-
duced.”

The present method of making docosanedioic acid has been
described by Hiinig and Liicke.® The Wolff-Kishner reduction of
the diketonic intermediate is an application of the modification
of Gardner, Rand, and Haynes.?

4. Merits of the Preparation

The present procedure has been used to convert suberoyl
chloride to eicosanedioic acid (44%), and it is probably a general
method for increasing by twelve carbon atoms the chain length of
dicarboxylic acids whose chain length is eight or more carbon
atoms.® A variant of the method, in the first step of which the
ester chloride of a dicarboxylic acid is condensed with 1-mor-
pholino-1-cyclohexene, has also been used to prepare dicarboxylic
acids. Thus the mono-ester acid chloride of succinic acid has been
converted to sebacic acid (489,), that of suberic acid to tetra-
decanedioic acid (349), and that of sebacic acid to hexadec-
anedioic acid (329,).2 A general method of increasing the chain
length of a carboxylic acid by six carbon atoms is to employ a
monoacyl chloride in the present procedure; overall yields of
acids from nonanoic to tetracosanoic are 42-489,1® 1-Mor-
pholino-1-cyclopentene 1 can be used in the same sort of syntheses
as l-morpholino-1-cyclohexene; thus, by starting with it and
lauroyl chloride, heptadecanoic acid can be obtained in 60%
yield.”? Similarly, an enamine of cyclododecanone has been used
to lengthen the chain of monocarboxylic acids by twelve carbon
atoms, and of dicarboxylic acids by twenty-four; for instance,
stearic acid has been converted to triacontanoic acid (709,), and
suberic acid to pentatricontanedioic acid (40%).1¢

How to decide whether the enamine method or some other
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method is better for preparing a given mono- or dicarboxylic acid
is discussed in two papers.®1?

1 University of Marburg, Marburg, Germany.

*S. Hiinig, E. Lticke, and W. Brenninger, Org. Synéheses, 41, 65 (1961).

3 A. Kreuchunas, J. Am. Chem. Soc., 75, 3339 (1953).

4+ N. P. Buu-Hof, M. Sy, and N. D. Xuong, Bull. Soc. Chim. France, 1955, 1583.
5 R. Signer and P. Sprecher, Helv. Chim. Acta, 80, 1001 (1947).

¢ A. Seher, Ann. Chem., 589, 222 (1954).

1S, Shiina, J. Soc. Chem. Ind. Japan, Suppl., 42, 147B (1939).

8 S, Hiinig and E. Liicke, Chem. Ber., 92, 652 (1959).

9 P. D. Gardner, L. Rand, and G. R. Haynes, J. 4m. Chem. Soc., 78, 3425 (1956).
1 S. Hiinig, E. Liicke, and E. Benzing, Chem. Ber., 91, 129 (1958).

1 E, D. Bergmann and R. Tkan, J. Am. Chem. Soc., 78, 1485 (1956).

2 S, Hiinig and W. Lendle, Chem. Ber., 93, 909, 915 (1960).

3§, Hiinig and S. J. Buysch, unpublished results.

ETHYL INDOLE-2-CARBOXYLATE
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Submitted by Wavianp E. NoLaNp and FrEDERIC J. BAUDE.!
Checked by E. J. Corey and RoNaLD J. McCAULLY.

1. Procedure

A. Potassium salt of ethyl o-nitrophenylpyruvate. Anhydrous
~ ether (300 ml.) is placed in a’'5-1., three-necked, round-bottomed
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flask fitted with a 500-ml. dropping funnel, a motor-driven stirrer
(with seal), and a reflux condenser protected with a calcium
chloride tube. Freshly cut potassium (39.1 g., 1.00 g. atom) is
added. Coaution! Follow the precautions for handling potassium
described in an earlier volume.?

A slow stream of dry nitrogen is passed through the flask above
the surface of the stirred liquid, and a mixture of 250 ml. of com-
mercial absolute ethanol and 200 ml. of anhydrous ether is added
from the dropping funnel just fast enough to maintain mild boil-
ing. When all the potassium has dissolved (Note 1), the nitrogen
is shut off. The solution is allowed to cool to room temperature,
and 2.5 L. of anhydrous ether is added. Diethyl oxalate (146 g.,
1.00 mole) is added with stirring, followed after 10 minutes by
137 g. (1.00 mole) of o-nitrotoluene, Stirring is discontinued
after an additional 10 minutes, and the mixture is poured, with
the aid of a connecting tube, into a 5-1. Erlenmeyer flask. The
flask is stoppered and set aside for at least 24 hours. The lumpy
deep-purple potassium salt of ethyl o-nitrophenylpyruvate is
separated by filtration (Note 2) and washed with anhydrous ether
until the filtrate remains colorless. The yield of the air-dried salt
is 204-215 g. (74-78%).

B. Ethyl indole-2-carboxylate. Thirty grams (0.109 mole) of
the potassium salt is placed in a 400-ml. hydrogenation bottle and
dissolved by addition of 200 ml. of glacial acetic acid, producing
a yellow, opaque solution (Note 3). Platinum catalyst® (0.20
g.) is added, the bottle is placed in a Parr low-pressure hydrogena-
tion apparatus, and the system is flushed several times with hy-
drogen. With the initial reading on the pressure gauge about
30 p.s.i., the bottle is shaken until hydrogen uptake ceases and
then for an additional 1-2 hours (Note 4). The catalyst is re-
moved by filtration and washed with glacial acetic acid. The
filtrate is placed in a 4-1. beaker, and 3 1. of water is added slowly
with stirring. Ethyl indole-2-carboxylate precipitates as a yellow
golid. It is separated by filtration, washed with five 100-ml. por-
tions of water, and dried over calcium chloride in a desiccator.
It weighs 13.2-13.6 g. (64-66%; 47-51%, based on o-nitrotolu-
ene); m.p. 118-124°,
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The dried ester can be further purified by treatment with char-
coal and recrystallization from a mixture of methylene chloride
and light petroleum ether (b.p. 60-68°). This gives 11.3-11.7 g.
(41-449, based on o-nitrotoluene) of ethyl indole-2-carboxylate
in the form of white needles, m.p. 122.5-124° (Note 5).

2. Notes

1. Complete solution of the potassium takes 1.5-2 hours with
stirring and 2.5-3 hours without stirring.

2. Salt that sticks to the sides of the Erlenmeyer flask may be
loosened with a piece of 10-mm. glass tubing that has not been
fire-polished.

3. On addition of the acetic acid, a small amount of black
solid settles out, but this dissolves when the solution is swirled
for several minutes. The potassium salt of ethyl o-nitrophenyl-
pyruvate, although it undergoes no apparent change in color,
does not keep indefinitely in the dry state. After 3 weeks of
storage at room temperature, the salt still produced a yellow
solution when dissolved in acetic acid, but, after 3 months of

storage, the dry salt produced a deep-red solution from which an .

oil, rather than crystalline ester, was obtained after cata.lytic
hydrogenation.

4. The hydrogen pressure-drop corresponds to 0.325-0. 335
mole (99-102%,). When the hydrogen pressure drops below
about 15 p.s.i., the hydrogen should be replenished in the reservoir

tank to bring the pressure back up to about 30 p.s.i. The checkers

found a reduction period of 4-6 hours sufficient; the submitters
routinely used a 24-hour reduction period.
5. The reported melting points 45 range from 119°% to
125-126°.%8 .
3. Methods of Preparation

The potassium salt of ethyl o-nitrophenylpyruvate is prepared

essentially according to the method of Wislicenus and Thoma. "
However, the isolation of ethyl o-nitrophenylpyruvate has been

eliminated by liberating the ester from its potassium salt in the -
acetic acid used as solvent for the hydrogenation. Catalytic.
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hydrogenation of the ester is carried out essentially by the pro-
cedure of Brehm.®

Ethyl o-nitrophenylpyruvate 4 and o-nitrophenylpyruvic
acid 42 have been prepared by condensation of o-nitrotoluene
with diethyl oxalate in the presence of potassium ethoxide,*
sodium ethoxide, 52 or sodium methozxide.”? Sodium ethoxide is
less reactive, however, and cannot be substituted successfully for
potassium ethoxide in the present procedure, as it gives a very
poor yield and poor quality of precipitated sodium salt. With
sodium ethoxide the reaction does not appear to go to completion
even under the conditions of refluxing ethanol usually em-
ployed,'5*! which are considerably more severe than the room
temperature conditions employed with potassium ethoxide in
the present procedure. o-Nitrophenylpyruvic acid has aJso been
prepared by hydrochloric acid hydrolysis of o-nitro-a-acetamino-
cinnamic azlactone.

Ethyl indole-2-carboxylate 513 and the corresponding carbox-
ylic acid 41719222 have been prepared by reductive cyclization of
ethyl o-nitrophenylpyruvate and o-nitrophenylpyruvic acid, both
in the presence of reducing agents such as zinc and acetic acid,*
ferrous sulfate and ammonium hydroxide%1%% and sodium hy-
drosulfite,!%? and by platinum-catalyzed hydrogenation.®? The
ethyl ester has also been prepared by esterification 12 of the acid
in the presence of sulfuric® and hydrochloric 1 acid catalysts,
by the Fischer indole synthesis from ethyl pyruvate phenyl-
hydrazone catalyzed by polyphosphoric acid,** sulfuric acid and
acetic acid,'*'7 or zinc chloride, % and by stannous chloride re-
duction of ethyl 1-hydroxyindole-2-carboxylate.” Indole-2-car-
boxylic acid has also been prepared by the Fischer indole syn-
thesis from pyruvic acid phenylhydrazone catalyzed by zinc
chloride,* by the Madelung synthesis from potassium oxalyl-o-
toluidine,*” by zinc and acetic acid reduction of 1-hydroxy- and
1-methoxyindole-2-carboxylic acids,® by cyclizative demethanol-
af:ion of o-amino-a-methoxycinnamic acid,?® by reductive cycliza-
tion and hydrolysis of o-nitrobenzalrhodanine,> by alkaline
hydrolysis and decarboxylation of dimethyl indole-2,3-dicarboxyl-
?,te,3° and by fusion of 2-methylindole with potassium hydroxide
In the presence of air.3
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4. Merits of the Preparation

The procedure employs the least expensive commercially
available starting materials and requires the minimum number
of reaction steps.

Alkaline hydrolysis of ethyl indole-2-carboxylate yields indole-
2-carboxylic acid,* % %225 which can be decarboxylated to indole
by heating at 230°2¢2% The acid or its ester serves as a readily
accessible indole capable of electrophilic substitution at the
3-position,®# and as a precursor for the synthesis of indole-2-acyl-
amino derivatives of interest as model compounds in the study of
alkaloid synthesis %2*3 and as a degradation product of the mold
metabolite, gliotoxin.#%-% Reduction of the ester with lithium
aluminum hydride yields indole-2-methanol,® which can be oxi-
dized to indole-2-carboxaldehyde by potassium permanganate in
acetone.® Reduction of the acid chloride with lithium aluminum
tri-tert-butoxy hydride ® is a convenient synthesis of indole-
2-carboxaldehyde.™
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N-ETHYLPIPERIDINE
(Piperidine, 1-ethyl-)

O + CHy—=CHg ———> O
N N

: JszCﬂa

Submitted by J. WoLLENSAK and R. D. Crosson.!
Checked by C. D. VER Nooy and B. C. McKusick.

1. Procedure

) A 1. three-necked flask equipped with a reflux condenser, an
nflet for dry nitrogen, and a mechanical stirrer is flushed with dry
nitrogen. It is then charged with 340 g. (4.00 moles) of piperidine
(Note 1), 4.4 g. (0.19 g."atom) of sodium, and 5.0 g. (5.1 ml.,
0.06\? mole) of pyridine (Note 2). While a slow stream of nitrogen
continues to pass through the flask, the solution is heated under
reflux with high-speed stirring for approximately 10 minutes.
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During this time most of the sodium reacts without evolution of
hydrogen, and the dispersion darkens. The dispersion, which
contains some finely divided solids, is cooled and transferred to a
2-1. stirred autoclave (Note 3) under nitrogen. An additional
85 g. (1.00 mole) of piperidine is used to wash the last portions
of the dispersion into the autoclave.

The autoclave is pressured with ethylene (Note 2) to 400 Ib./in.?
with stirring (Note 4). It is then heated to 100° with stirring,
which causes the pressure to rise to about 5551b./in.%. Itismain-
tained at 100° with stirring until a gradual drop in pressure
ceases; this usually takes about 2.5 hours, but it may take as long
as 10 hours (Note 5). The autoclave is cooled to room tempera-
ture, and the excess ethylene is vented. The reaction mixture is
transferred to a 1-1. round-bottomed flask, the autoclave is rinsed
with 100 ml. of methanol that is added to the flask, and the mix-
ture is fractionated through a 90-cm. column packed with glass
helices. After a fore-cut of 50-100 g. distilling at 55-129°, 434
468 g. (77-83%) of N-ethylpiperidine is collected; b.p. 129-
130.5°; nZ¥ 1.443-1.444 (Note 6).

2. Notes

1. Piperidihe obtained from Eastman Kodak was fractionated-

through a 90-cm. column packed with glass helices, and the frac-
tion distilling at 105° was used for this work. This material con-
tained approximately 0.36 wt.%, of pyridine as indicated by vapor
phase chromatography and ultraviolet analysis.

2. Sodium from Ethyl Corporation, pyridine from Eastman
Kodak, and c.p. ethylene from Matheson are suitable.

3. The kind of stirrer is not important. The submitters ob-
tained similar results with a three-blade propeller .turning at
600 r.p.m. and a paddle stirrer turning at 78 r.p.m. They believe
that a rocking autoclave could be substituted for a stirred one.

4. Over half the ethylene pressured into the autoclave dis-
solves in the piperidine. It is essential to agitate the piperidine

during the pressuring operation so that the piperidine will become.

~ saturated with ethylene, for otherwise there will not be enough
ethylene for the reaction.
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5. The checkers found that it shortened the reaction time ap-
preciably to repressure the autoclave to 400-500 1b./in.? when-
ever the pressure dropped below 350 1b./in.?

6. The checkers got the same results using half the quantities
of reactants in a 1-1. stirred autoclave.

3. Methods of Preparation

The described procedure is essentially the method of Closson,
Kolka, and Ligett.? Since N-ethylpiperidine was first prepared
by Cahours by reaction of piperidine with ethyl iodide,’ a large
number of synthetic methods have been used for its preparation.
Reductive alkylation of pyridine with ethanol over Langenback
or Raney nickel catalyst gives N-ethylpiperidine in high yield.t
The compound may similarly be prepared by catalytic hydrogena-
tion of N-ethylpyridinium chloride with platinum oxide as
catalyst ® and by the alkylation of piperidine using ethanol and
Raney nickel catalyst under hydrogenating conditions.® Other
methods that have been used are electrolytic reduction of N-
ethylglutarimide,” interaction of pentamethylene oxide and
ethylamine at high temperature over aluminum oxide,? interac-
tion of ethylamine and 1,5-dibromopentane,® and reduction of
1-acetylpiperidine with lithium aluminum hydride.?®

4. Merits of the Preparation

The procedure is illustrative of a general method of ethylating
amines, wherein one reacts the amine with ethylene using an
alkali-metal salt of the amine as catalyst.? Di-#-butylamine and
#-hexylamine have been thus ethylated at 130-160°, aniline,
o-toluidine, and N-methylaniline at 240-275°. In general, higher
olefins add to amines only sluggishly.?

! Ethyl Corporation Research Laboratories, Detroit, Michigan.
*R. D. Closson, J. P. Napolitano, G. G. Ecke, and A. J. Kolka, J. Org. Chem., -
22, 646 (1957); R. D. Closson, A. J. Kolka, and W. B. Ligett, U.S. Patent 2,750,417

~ (1956).

? A. Cahours, Ann. Chim. Phys., (3) 38, 96 (1853).
¢ A. Majrich, Z. Nerad, and A. Klouda, Ckem. Listy, 50, 2038 (1956
5070 (105 8 ) ) ¥, 80, ( )v[C'- 4., 51,
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GUANIDINE NITRATE
WARNING

It is strongly recommended that our procedure * not be used to
prepare guanidine nitrate. Mixtures of ammonium nitrate and
organic materials not much different from the mixture in the
procedure are now used extensively as commercial explosives.
The aqueous mixture of Note 10 is similar to some aqueous
mixtures used in sizable quantities for rock blasting; a confined
mixture of this sort is especially hazardous. Only a few labora-
tories devoted to explosives research have the barricades and
remote control devices needed to run this preparation of guanidine
nitrate without risk.

Guanidine nitrate can be bought from Eastman Organic
Chemicals and other suppliers.

1 Org. Syntheses, Coll. Vol. 1, 302 (1941).
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p-HYDROXYPHENYLPYRUVIC ACID
[Pyruvic acid, p-hydroxyphenyl-]

CHo—CO HO CH—Cc———
o~ o 4 2 ! {Dram—p
2

HN___NH HN._ _NH
cO ~co”

3H=_;O {OH™) HCl
-COZ,—ZNH;; —@—CﬂchCOQNa—> HO- CHoCOCOzH

Submitted by GErRHARD BILLEK.!
Checked by Max TIsHLER and ARTHUR J. ZAMBITO.

1. Procedure

A. 5-(p-Hydroxybenzal)hydanioin. An intimate mixture of
6.11 g. (0.050 mole) of p-hydroxybenzaldehyde (Note 1) and 5.5 g.
(0.055 mole) of hydantoin (Note 2) is placed in a 250-ml. round-
bottomed flask. Dry piperidine (10 ml.) is added, a reflux con-
denser protected by a calcium chloride tube is fitted to the flask,
and the flask is immersed in an oil bath so that the level of the
reaction mixture is the same as the oil level of the bath. The oil
bath is heated slowly to 130° and is held at this temperature for
30 minutes; foaming and gentle boiling occur. The reaction mix-
ture is cooled, and 200 ml. of water at about 60° is added. The
contents of the flask are stirred by means of a glass rod until a
cle?,r red solution is obtained (Note 3). Any traces of tarry ma-
terial are removed by filtration. The solution is cooled to room
temperature, transferred to an Erlenmeyer flask, and acidified by
dropwise addition of 20 ml. of 12V hydrochloric acid. The mix-
ture stands at room temperature a few hours, and then the yellow



50 ORGANIC SYNTHESES, VOL. 43

precipitate of 5-(p-hydroxybenzal)hydantoin is collected on a
Biichner funnel and washed thoroughly with cold water (Note 4).
After being dried in a vacuum desiccator over potassium hy-
droxide, the crude hydantoin weighs 8.5-8.8 g. (83-86%). It
melts at 310-315° (dec.) and is sufficiently pure for the next step
and other preparative purposes (Note 5).

B. p-Hydroxyphenylpyruvic acid. Crude 5-(p-hydroxyben-
zal)hydantoin (8.5 g., 0.042 mole) and a few chips of porous plate
are placed in a 500-ml., three-necked, round-bottomed flask fitted
with a reflux condenser, a dropping funnel, and a gas-inlet tube
(Note 6). A slow stream of oxygen-free nitrogen (Note 7) is
introduced. As soon as the air has been swept out of the appara-
tus, 240 ml. of 20% aqueous sodium hydroxide solution (w/v) is
added through the dropping funnel. The mixture is boiled for 3
hours in an oil bath at 170-180° (Note 8). The 5-(p-hydroxy-
benzal)hydantoin dissolves rapidly, and a clear orange solution is
obtained that becomes less deeply colored during the reaction.
The reaction mixture is cooled by replacing the oil bath by a
bath of cold water. Without interrupting the stream of nitrogen,
100 ml. of 12N hydrochloric acid is added through the dropping
funnel at such a rate that foaming and heating of the mixture
are not excessive. The flask is disconnected, and 5 g. of sodium
bicarbonate is dissolved in the mixture (Note 9).

The liquid is transferred to a continuous extractor (Note 10)
and extracted with ether until the supernatant layer of ether re-
mains colorless (about 2 hours). The ethereal extract is discarded
(Note 11). The aqueous solution is transferred to a 1-1. beaker
and acidified by the cautious addition of 60 ml. of 12N hydro-
chloric acid (Note 12). The solution is returned to the extractor,
which is attached to a tared round-bottomed flask. The solution
is extracted with ether until no more p-hydroxyphenylpyruvic
acid is obtained (Note 13). The undried ether solution is evap-
orated to dryness on a boiling water bath to give crude p-hydroxy-
phenylpyruvic acid as a pale-yellow crystalline mass. The mass
is broken up with a spatula, and the flask is kept over potassium
hydroxide in a vacuum desiccator until its weight is constant.
The yield of crude acid is 6.9-7.2 g. (92-96%). It melts at 210-
215° (dec.) (Note 14).

Twelve milliliters of water for each gram of the crude acid
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(83-86 ml.) is added to the flask, which is then attached to a re-
flux condenser and immersed in an oil bath at 150°. After 10-20
minutes of hoiling, a clear pale-yellow solution is obtained. This
is filtered through a fluted filter into an Erlenmeyer flask. After
crystallization has started, 8.3-8.6 ml. of 12N hydrochloric acid
(1.2 ml. of acid for each gram of crude acid) is added, and the
mixture is allowed to cool slowly to room temperature, during
which period it is occasionally agitated. Crystallization is com-
pleted by keeping the flask in a refrigerator for at least 10 hours.
The product is separated by suction filtration and washed with a
small amount of ice water. The purified p-hydroxyphenyl-
pyruvic acid weighs 4.4-4.7 g. (59-63%,) and melts at 216-218°
(dec.y (Notes 14 and 15).

2. Notes

1. The p-hydroxybenzaldehyde used was a commercial product
(practical grade) melting at 114-117°.

2. Hydantoin can be prepared in a variety of ways, notably
from glycine ? or ethyl aminoacetate ® and potassium cyanate.
The checkers used Eastman Kodak “white label” hydantoin.

3. Because of the viscous nature of the reaction mixture, which
sometimes shows a tendency to crystallize, this is a slow process,
but a mechanical stirrer is not required.

4. The checkers found that three or four cold-water washes
are sufficient to wash the precipitate to neutral pH.

5. Further purification may be achieved by crystallization

from acetic acid (50 ml. per g.). A product melting at 315°
(dec.) is obtained.
) 6. The inlet tube, preferably in the center neck, is placed
In such a way that it nearly touches the bottom of the flask.
T}'lereby nitrogen bubbles effect some agitation of the reaction
mixture and prevent bumping of the boiling solution.

7. _;b-Hydroxyphenylpyruvic acid is rapidly oxidized in alkaline
solution. Commercially available compressed nitrogen may be
used .if the gas is further purified by passage through an alkaline
solution of pyrogallol (45 g. of pyrogallol dissolved in 300 ml.
of 509 sodium hydroxide solution).

8. This should be done in a hood because ammonia is evolved.
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9. The purpose of the first extraction is to remove phenolic
impurities. Care should be taken to adjust to the proper pH
range (6-7). At this pH the solution changes in color from orange
to yellow. A small amount of a flocculent precipitate is formed,
but, to avoid longer contact of the solution with air, it is not
filtered off.

10. A convenient type of extractor is described in Organic
Syntheses.* The submitter improved the efficiency of the ex-
tractor by stirring the aqueous phase with a magnetic stirrer.
The inner tube had no filter on the lower end of it and was sus-
pended so that this end was about 1 cm. above the magnetic
stirring bar. Tests show that magnetic stirring of the aqueous
phase increases the speed of extraction by a factor of 2 to 3.
It is convenient to use an extractor of such size that the same
apparatus can be used for both extractions. A greater volume of
solution must be handled in the second extraction than in the
first because of the addition of hydrochloric acid.

11. Evaporating the ethereal solution yields not more than

0.3 g. of brown tarry material consisting mostly of impure p-

hydroxybenzaldehyde.

12. Carbon dioxide and fumes of ether are evolved during the
addition of the acid. The solution is stirred by means of a glass
rod until the foaming ceases.

13. This is a slow process, and the extraction time depends on
the type of extractor used. With stirring as described in Note 10,
practically quantitative extraction of p-hydroxyphenylpyruvic
acid can be achieved within 6 hours. Extremely long extraction
times may cause decomposition of the product.

14. The checkers observed a decomposition point of 198-202°
for the crude acid, 211-214° for the purified acid.

15. A second crystallization from 10 parts of water raises the
melting point of the acid to 220°. Any prolonged contact of
the hot solution with air will cause some decomposition, notably
the formation of traces of p-hydroxybenzaldehyde. The checkers
preferred crystallization from 10 parts of glacial acetic acid
and 10 parts of 12N hydrochloric acid,® from which solvent a
white product was recovered in 75%, yield; m.p. 220° (dec.).

The purity of the p-hydroxyphenylpyruvic acid may be
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checked by paper chromatography. By the ascending method on
Schleicher and Schiill paper No. 2043b and #-butanol-acetic
acid-water (4:1:1) as solvent, the following R, values are ob-
tained: p-hydroxyphenylpyruvic acid, 0.71; p-hydroxybenzalde-
hyde, 0.85. Sprays: 2,4-dinitrophenylhydrazine (0.29% in 2N
hydrochloric acid) and Folin-Denis reagent.t

3. Methods of Preparation

p-Hydroxyphenylpyruvic acid has been prepared by alkaline
hydrolysis of the azlactone of a-benzoylamino-g-acetoxycin-
namic acid 7 and by a two-step hydrolysis of the azlactone of
a-acetamino-p-acetoxycinnamic acid.® p-Hydroxyphenylpyruvic
acid has also been prepared by alkaline hydrolysis of 5-(p-hy-
droxybenzal}-3-phenylhydantoin.® The procedure described here
is adapted from published directions for the preparation of
p-hydroxyphenylpyruvic-3-C'* acid.5 5-(p-Hydroxybenzal)hy-
dan‘i(o)in is prepared according to the method of Boyd and Rob-
son.

4, Merits of the Preparation

. #-Hydroxyphenylpyruvic acid plays an important role in the
biogenesis of compounds with a phenylpropane skeleton, and it
has been used as substrate in several enzyme studies. Published
procedures for its preparation are unsatisfactory in many ways.
The alkaline hydrolysis of the azlactone of a-benzoylamino-p-
acetoxycinnamic acid 7 makes necessary a tedious separation of
the resulting benzoic acid, and the yield is only 349, based on
p-hydroxybenzaldehyde. The hydrolysis of 5-(p-hydroxybenzal)-
3-phenylhydantoin ¢ requires a separation of phenylurea. Fi-
nally, the two-step cleavage of the azlactone of a-acetamino-p-
acetoxycinnar}lic acid ® does not proceed easily, and impure prod-
ufcts are obtained. In applying this procedure to the synthesis
ofa carboxyl-labeled p-hydroxyphenylpyruvic acid, the overall
?’Sljlldt?vas only 9.1 It must be kept in mind that any prolonged
- II?-plooliln]é)focedure will cause some decomposition of this sensitive

The method of preparing p-hydroxyphenylpyruvic acid pre-
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sented here has the advantage that only volatile by-products,
ammonia and carbon dioxide, are formed. Therefore the com-
pound can be obtained in high purity and good yield. There are
no difficulties in decreasing the amounts of starting materials to
the millimole scale, as shown by the application of this procedure
to the preparation of labeled p-hydroxyphenylpyruvic acid.®

Finally, this method is of general utility, for alkaline cleavage
of analogously substituted hydantoins has given a series of sub-
stituted phenylpyruvic acids.”®
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2-HYDROXYTHIOPHENE
[Thiophene-2-ol and 2(5§H)-thiophenone]

L O, e T
-C.H
. o < ¢HCO,MgBr

MgBr ) OC(CH3)s

H + Pe—————
—>  (CHjeO=CH; + | | g }
S OH S N0

Submitted by C. FriseLL and S.-O. LAWESSON.!
Checked by R. M. SCRIBNER, C. G. McK Ay and B. C. McKusIck.

1. Procedure

A. 2-tert-Butoxyihiophene. A dry 1-1. three-necked flask is
{itted with a mechanical stirrer (Note 1), a reflux condenser hav-
ing a take-off attachment, and a 250-ml. dropping funnel with a
pressure-equalizing side tube.? A nitrogen-inlet tube is connected
:I(:etrlcle top olf the ;(;lndenser, and a T-tube branch of thisisled toa

ury valve. e latter i - i
A mercur; | consists of a U-tube the bend of which

Ten grams (041 g. atom) of magnesium turnings (Note 2) is
plflc.eq in the flask and covered with 200 ml. of dry ether. Ten
;rnnlélglt:]is of a solution ?f 65.2 g. (0.40 mole) of 2-bromothiophene
. . of dry. ether is added, the Grignard reaction is started

y1 géntl)f warming the reaction flask, and the remainder of the
z:i;tlgnfls added dropwise during 45 minutes. The mixture is
i ed for 3.5 ho.urs, the last 15 minutes under reflux. The
rignard reagent is cooled to 0~5° by immersing the flask in ice
ivlllaitgl(‘). mtlert-Butyl perb.enzoate (62 g., 56 ml., 0.32 mole) (Note 3)
irrod .of dry eth‘er is added dropwise during 45 minutes to the
rred ice-cooled mixture. The reaction mixture is stirred over-
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night, poured into ice water, and acidified with concentrated
hydrochloric acid. The two phases are separated, and the water
phase is twice extracted with ether. The combined ether solu-
tions are extracted with three 60-ml. portions of 2N sodium
hydroxide solution (Note 4), washed until neutral with water,
dried over anhydrous sodium sulfate, and transferred to a dis-
tillation flask equipped with a Vigreux column. Caution! The
ether extract should not be distilled unless a lest shows that peroxides
are absent (Note 5). The ether is distilled off at atmospheric pres-
sure, and the residual oil is distilled under reduced pressure to
give 35-38 g. (70-76%) of 2-tert-butoxythiophene, b.p. 64-
66°/13 mm., 2% 1.4991.

B. 2-Hydroxythiophene. The 2-tert-butoxythiophene obtained
in Step A is placed in a distillation flask equipped with a short
Vigreux column and a capillary inlet for nitrogen, and 0.1 g. of
p-toluenesulfonic acid is added. The apparatus is placed in an
oil bath at 155°. Decomposition begins immediately. After
5-10 minutes the oil bath is removed, and the distillation as-

sembly is connected to a water pump (Note 6). 2-Hydroxy-

thiophene is distilled under reduced pressure, nitrogen gas being
drawn through the capillary during the whole procedure (Note
7). 2-Hydroxythiophene is collected at 91-93°/13 mm.; yield
20-23 g. (89-94%); n¥ 1.5613 (Note 8). .

2. Notes

1. Although a mercury seal is preferable, a rubber tube lubri-
cated with glycerol is an adequate seal.

2. Common laboratory magnesium is as satisfactory as ex-

tremely pure sublimed magnesium.

3. tert-Butyl perbenzoate is supplied by Lucidol Division,
Wallace and Tiernan, Inc., Buffalo, New York, and Light and Co.,
Colnbrook, Bucks, England.

4. Acidification of the basic solution gives 29-32 g. (80-88%)
of benzoic acid if the reaction has proceeded properly.

5. To make a peroxide test, place a few milligrams of sodium
iodide, a trace of ferric chloride, and 2-3 ml. of glacial acetic acid
in a test tube and carefully add 1-2 ml. of the ether solution.
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When unconsumed perbenzoate is present, a yellow ring is im-
mediately formed between the two phases. If this test indicates
the presence of peroxide, the extract should not be concentrated and
distilled until it has been extracted first with a solution of potassium
iodide in acetic acid to remove peroxide and then with aqueous sodium
thiosulfate to remove todine.

6. The decomposition is considered to be complete when the
pressure is constant.

7. 2-Hydroxythiophene resinifies on prolonged exposure to air.

8. It has recently been shown that 2-hydroxythiophene exists
mainly as 2(5SH)-thiophenone at room temperature.?

3. Methods of Preparation

The procedure described is essentially that of Lawesson and
Frisell.¢ 2-Hydroxythiophene has been prepared in low yields
by Hurd and Kreuz® from 2-thienylmagnesium bromide and
oxygen in the presence of excess isopropylmagnesium bromide.

4. Merits of the Preparation

The first step of the procedure illustrates a general way of
preparing aryl fert-butyl ethers.t® The second step is the best
way to prepare 2-hydroxythiophene, inasmuch as the yield is good
and tert-butyl perbenzoate is a readily available perester that is
relatively stable. The same procedure has been used to convert
several] other haloaromatic compounds to hydroxyaromatic com-
pounds in good yield ¢ and is probably quite general.

! Department of Organic Chemistry, Chemical Institute, University of Aarhus
Aarhus, Denmark. ,

5 *K. B. Wiberg, Laboraiory Technique in Organic Chemistry, p. 207, McGraw-Hill
ook Company, Inc., New York, 1960.
: S. Gronowitz and R. A. Hoffman, Arkiy Kemi, 15, 499 (1960).
‘S. -0. Lawesson and C. Frisell, Arkiv Kemi, 17, 393 (1961).
. C. D..Hurd and K. L. Kreuz, J. Am. Chem. Soc., 72, 5543 (1950).
C. Frisell and S. -O. Lawesson, Org. Syntheses, 41, 91 (1961).
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INDOLE-3-CARBONITRILE

CHO C=N
CH4CH,,CH, NO,
N N
H

H

Submitted by H. M. Brarter, H. LuraszEwskr, and G. DE STEVENS.!
Checked by Wavranp E. NorLano and KEnt R. Rusg.

1. Procedure

A mixture of 1.44 g. (0.0099 mole) of indole-3-carboxaldehyde,?
7.0 g. (0.053 mole) of diammonium hydrogen phosphate, 30 g.
(30 ml., 0.34 mole) of 1-nitropropane, and 10 ml. of glacial acetic
acid is refluxed for 12.5 hours. During the reflux period the pale-
yellow mixture becomes dark red. The volatile reactants and
solvent are removed under reduced pressure, and an excess of
water is then added to the dark residue. After a short time, crude
indole-3-carbonitrile precipitates rapidly. It is separated by
filtration and dried under reduced pressure; weight 1.20-1.34 g.
(85-959%,). Crystallization from acetone-hexane, with decoloriza-

tion by activated carbon, yields 0.68-0.89 g. (48-639%) of fairly |

pure indole-3-carbonitrile, m.p. 179.5-182.5° (Note 1).

2. Note

1. The checkers obtained pure indole-3-carbonitrile, m.p.
182-184°, by subliming the product at a pressure of 1.5 mm.
(bath temperature 165-170°) and recrystallizing the sublimate
from a mixture of acetone and light petroleum ether. The re-
covery was 84%.

3. Methods of Preparation

Indole-3-carbonitrile has been prepared by the dehydration of
indole-3-carboxaldehyde oxime,3-5 indole-3-glyoxalic acid ox-
ime,*¢ or indole-3-carboxamide;? by the action of cyanogen
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chloride on indolylmagnesium iodide; ¢ by the reaction of isoamyl
formate with o-aminobenzyl cyanide in the presence of metallic
sodium; *8 by mild basic hydrolysis of 1-acetylindole-3-carboni-
trile; 7 and by the present method.?

4, Merits of the Preparation

This synthetic process is applicable to the preparation of other
aromatic nitriles from aldehydes. The submitters have used it
to prepare 5-bromoindole-3-carbonitrile, 7-azaindole-3-carboni-
trile, p-chlorobenzonitrile, 3,4,5-trimethoxybenzonitrile, and #-
N,N-dimcthylaminobenzonitrile. There are several advantages
to its use. They include (a) readily available and inexpensive
reagents, (b) a simple, time-saving procedure, and (¢) fair to good
yields of nitrile obtained by a one-step method.

! Research Department, Division of Chemistry, CIBA Pharmaceutical Company,
Division of CIBA Corporation, Summit, New Jersey.

2P, N. James and H. R. Snyder, Org. Syntheses, Coll. Vol. 4, 539 (1963).

3F, P. Doyle, W. Ferrier, D. O. Holland, M. D. Mehta, and J. H. C. Nayler,
J. Chem. So-., 1956, 2853.

+K. N. F. Shaw, A. McMillan, A. G. Gudmundson, and M. D. Armstrong, J.
Org. Chem., 23, 1171 (1958).
( &S, Swaminathan, S. Ranganathan, and S. Sulochana, J. Org. Chem., 23, 707

1958).

§ R. Majima, T. Shigematsu, and T. Rokkaku, Chem. Ber., 57, 1453 (1924).

7 R. Pschorr and G. Hoppe, Chem. Ber., 43, 2549 (1910).

8 N. I. Gavrilov, Izvest. Peirov. Selskochos, Akad. (Russia), 1-4, 14 (1919) [C. 4.,
19, 505 (1925)].

9 H. M. Blatter, H. Lukaszewski, and G. de Stevens, J. Am. Chem. Soc., 83,
2203 (1961).
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IODOSOBENZENE

(Benzene, iodoso-)
C6H5I(OCOCH3)2 + 2NaOH —
CsH;I0 + 2NaOCOCH; + H,0

Submitted by H. SALTzMAN and J. G. SEAREFKIN.!
Checked by MELvIN S. NEWMAN and NARINDER GILL.

1. Procedure

Caution! This compound explodes if heated to 210°.

Finely ground iodosobenzene diacetate? (32.2 g., 0.10 mole)
is placed in a 250-ml. beaker, and 150 ml. of 3N sodium hydroxide
is added over a 5-minute period with vigorous stirring. The
lumps of solid that form are macerated with a stirring rod or
spatula for 15 minutes, and the reaction mixture stands for an
additional 45 minutes to complete the reaction. One hundred

milliliters of water is added, the mixture is stirred vigorously,

and the crude, solid iodosobenzene is collected on a Biichner fun-
nel. The wet solid is returned to the beaker and macerated in
200 ml. of water. The solid is again collected on the Biichner
funnel, washed there with 200 ml. of water, and dried by main-
taining suction. Final purification is effected by macerating the
dried solid in 75 ml. of chloroform in a beaker. The iodosoben-
zene is separated by filtration (Note 1) and air-dried; weight
18.7-20.5 g. (85-93%); m.p. 210° (Caution! Explodes!). Iodo-
metric titration 3 shows the product to be more than 999, pure
(Note 2).

2. Notes

1. The filtrate yields unreacted diacetate on evaporation.
2. The purity of the iodosobenzene depends on the purity of
the diacetate used.
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3. Methods of Preparation

Todosobenzene has been prepared by the action of sodium or
potassium hydroxide solution on iodobenzenc dichloride *¢ and
by addition of water to the dichloride.®

4. Merits of the Preparation

This method of preparing iodoscbenzene is preferable to older
ones based on iodosobenzene dichloride because iodosobenzene
diacetate ? is more stable and more conveniently prepared than
the dichloride ® and the overall yield is greater (759, versus

54%).

The procedure seems to be a general way of preparing iodo-
soarenes with electron-donating substituents, for the submitters
have used it to obtain good yields of 0-, m- and p-iodosotoluene,
2- and 4-iodoso-m-xylene, 2-iodoso-p-xylene, o-iodosophenetole,
and 4-iodosobiphenyl.

Todosoarenes are useful in the preparation of iodonium salts,
Aer+X“‘.6

I Department of Chemistry, Brooklyn College of the City University of New
York, Brooklyn 10, New York.

2 J. G. Sharefkin and H. Saltzman, this volume, p. 62.

3H. J. Lucas, E. R. Kennedy, and M. W. Formo, Org. Syntheses, Coll. Vol. 3,
483 (1955).

¢ C. Willgerodt, Chem. Ber., 25, 3494 (1892); 26, 357, 1802 (1893); P. Askenasy
and V. Meyer, Chem. Ber., 26, 1354 (1893); C. Hartmann and V. Meyer, Chem. Ber.,
27, 502 (1894). :

8 C. Willgerodt, Chem. Ber., 26, 357 (1893); G. Ortoleva, Chem. Zentr., 1900, 722.

8 ¥. M. Beringer, R. A. Falk, M. Karniol, I. Lillien, G. Masullo, M. Mausner,
and E. Sommer, J. Am. Chem. Soc., 81, 343 (1959); C. Hartmann and V. Meyer,
Chem. Ber., 21, 426, 504 (1894).
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IODOSOBENZENE DIACETATE

(Benzene, iodoso-, diacetate)
C6H5I + CH3CO3H + CH3C02H: -
(CeHsIOCOCH;) T (CHZCO0) ™ 4 Hy0

Submitted by J. G. SHEAREFKIN and H. SarTzMan}
Checked by J. Diekmany and B. C. McKusIck.

1. Procedure

Caution! Avoid inhaling the vapor of peracelic acid or allowing
the liguid to come into contact with the skin. The reaction is best
carried out in a hood (Note I).

The apparatus consists of a 200-ml. beaker equipped with a
magnetic stirrer or any other type suitable for stirring a small
volume of liquid. The flask is charged with 20.4 g. (0.10 mole)
of iodobenzene ¢ and is immersed in a water bath maintained at
30° (Note 2). Thirty-six grams (31 ml., 0.24 mole) of commercial
4097, peracetic acid (Note 3) is added dropwise to the well-stirred

jodobenzene over a period of 30-40 minutes. Stirring is con-

tinued for another 20 minutes at a bath temperature of 30°, dur-
ing which time a homogeneous yellow solution is formed. Crys-
tallization of iodosobenzene diacetate may begin during this
period.

The beaker is chilled in an ice bath for 1 hour. The crystalline
diacetate that separates is collected on a Biichner funnel and
washed with three 20-ml. portions of cold water. After drying
for 30 minutes on the funnel with suction, the diacetate is dried
overnight in a vacuum desiccator containing calcium chloride
(Note 4). The dried diacetate weighs 26.7-29.3 g. (83-91%) and
melts at 158-159° with decomposition. The purity of the di-
acetate, determined by the titration method of Lucas, Kennedy,
and Formo,? is 97-98%, which is good enough for most purposes.
The purity can be increased to 99-1009, by a recrystallization
from 5M acetic acid.
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2. Notes

1. Rubber gloves should be worn when handling vessels con-
taining peracetic acid, for traces of the liquid can cause severe
irritation. Skin that has come into contact with peracetic acid
should be washed immediately and treated with sodium bicar-
bonate. Details for the safe handling of peracetic acid are found
in Bulletin 4 supplied by Buffalo Electrochemical Corp.

2. Appreciable amounts of iodoxybenzene are formed if the
temperature of the bath is allowed to go above 30° or if the addi-
tion of peracetic acid is faster than indicated.

3. Satisfactory 409, peracetic acid is obtainable from Buffalo
Electrochemical Corp., Food Machinery and Chemical Corp.,
Buffalo, New York. The specifications given by the manu-
facturer for its composition are: peracetic acid, 40%; hydrogen
peroxide, 5%; acetic acid, 39%; sulfuric acid, 19,; water, 15%,.
Its density is 1.15 g. per ml.

A fresh sample of this 409, peracetic acid contains about 1.54
equivalents, or 0.77 mole, of peroxide per 100 ml. of solution,
corresponding to 1.34 equivalents per 100 g. The concentration
can be determined by treating the peroxide solution with potas-
sium iodide and titrating the liberated iodine with standard
sodium thiosulfate. The concentration of peroxide in peracetic
acid decreases somewhat on long standing and should be checked
before the peracetic acid is used. The yield of diacetate is lowered
if the concentration of the peroxide is less than 1.0 equivalent per
100 g. of peracetic acid. The total amount of peroxide used
should be 2.4 moles, or 4.8 equivalents, for each mole of iodo-
benzene.

4: The surface of the diacetate may become yellow during the
drying, but this does not affect its usefulness for most purposes.

3. Methods of Preparation

Willgerodt ¢ prepared iodosobenzene diacetate by adding
chlorine to iodobenzene and hydrolyzing the dichloride to iodoso-
benzene, which was then reacted with acetic acid. Pausacker ®
used this method to synthesize a number of analogs but found it
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inferior to his modification of the method of B&eseken and
Schneider ¢ in which iodobenzene is treated with 309, hydrogen
peroxide and acetic anhydride. Arbusov 7 obtained the diacetate
in 799, yield by the action of a mixture of peracetic and acetic
acids on iodobenzene. Quantitative yields of the diacetate have
been claimed for the reaction of iodobenzene dichloride with lead
tetraacetate in glacial acetic acid containing 109, acetic an-
hydride, followed by precipitation of the lead as the chloride.?

4. Merits of the Preparation

Todosobenzene diacetate is best prepared by the action of
peracetic acid and acetic acid on iodobenzene. The present
procedure is superior to earlier ones 5-8 because it uses inexpen-
sive, commercially available peracetic acid, is faster, and gives
higher yields. The procedure seems general for aryl iodides with
electron-releasing substituents, for the submitters have obtained
good yields of diacetates from o-, m- and p-iodotoluene, 2- and
4-iodo-m-xylene, 2-iodo-p-xylene, o-iodophenetole, and 4-iodobi-
phenyl.

Todosobenzene diacetate is used as a reagent for the prepara-
tion of glycol diacetates from olefins,’ for the oxidation of aroma-

tic amines to corresponding azo compounds,® for the ring acetyla- -

tion of N-arylacetamides,* for oxidation of some phenols to
phenyl ethers,? and as a coupling agent in the preparation of
jodonium salts.® Its hydrolysis to iodosobenzene constitutes the

best synthesis of that compound.**

1 Department of Chemistry, Brooklyn Coliege of the City University of New
York, Brooklyn 10, New York.

:H.J. Lucasand E. R. Kennedy, Org. Syntheses, Coll. Vol. 2, 351 (1943).

3H. J. Lucas, E. R. Kennedy, and M. W. Formo, Org. Syntheses, Coll. Vol. 3,
483 (1955).

4 C. Willgerodt, Chem. Ber., 25, 3495 (1892).

5 K. H. Pausacker, J. Chem. Sor., 1953, 107.

8 J. Béeseken and G. C. C. C. Schneider, J. Prakt. Chem., 131, 285 (1931).

7B. A. Arbusov, J. Prakt. Chem., 131, 351 (1931).

s R. Neu, Chem. Ber., 72B, 1505 (1939).

9 R. Criegee and H. Beucker, 4nn. Chem., 541, 218 (1939).

10 K. H. Pausacker, J. Chem. Soc., 1953, 1989.

1 G. B. Barlin and N. V. Riggs, J. Chem. Soc., 1954, 3125.
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13 K. H. Pausacker and A. R. Fozx, J. Chem. Soc., 1957, 295.

13 F. M. Beringer, R. A, Falk, M. Karniol, 1. Lillie
f . . , I n, G. Masullo. M. M.
and E. Sommer, J. Am. Chem. Soc., 81, 342 (1959). Hsen
4 H. Saltzman and J. G. Sharefkin, this volume, p. 60.

IODOXYBENZENE

(Benzene, iodoxy-)
CeHsI + 2CH3CO3H — CgHsIO, + 2CH,CO.H

Submitted by J. G. SEAREFKIN and H. SaLTzMAN.}
Checked by E. J. Corey and C. P. LiLLvA.

1. Procedure

Caution! Avoid inhaling the vapor of peracetic acid or allowing
the l'iquid to come inlo contact with the skin. The reaction is best
g(gz'cz’ed out in a hood (Note I). Todoxybenzene explodes if heated to

A 500-ml. three-necked flask fitted with reflux condenser, stir-
rer, and dropping funnel and containing 20.4 g. (0.10 moie) of
lodobenzene ? is immersed in an oil bath maintained at 35°
Sevejnty—ﬁve grams (65 ml., 0.50 mole) of commercial 409, per:
ac.etlc acid (Note 1) is added with vigorous stirring over a 30-
ml-nute period. Solid may begin to form before all the peracetic
a..c1d I}as been added, but, although this may slow down the stir-
Iing, it does not decrease the yield or cause a rise in temperature

AfFer all the peracetic acid has been added, the reaction mix:
ture is diluted with 80 ml. of water and heated from 35° to 100°
over a 20-minute period (Note 2). It is then kept at 100° for 45
minutes. The flask is cooled to 0-5° in an ice bath, and the solid
lodo?(ybenzene is collected on a Biichner funnel and’air—dried with
suct'lon for 1 hour. Additional material is obtained by concen-
,tIfatmg the filtrate to one-fourth of its volume (Caution! Note 3)

he t.wo crops of crude iodoxybenzene are combined and drieci
overnight in a desiccator; weight 19.6-20.5 g.; m.p. 230° (Cau-

. atlon }l W ]ly 1() l)e
tlo7l ( ) (0] 61]](: tlt]: t SIIOWS the pur



66 ORGANIC SYNTHESES, VOL. 43

Purification of the crude iodoxybenzene is effected by grinding
it to a powder in a mortar, macerating it with 70 ml. of chloro-
form, and separating the solid by filtration. The chloroform ex-
traction is repeated and the solid is dried; weight 17-19 g. (72—
80%,); purity 99.0-99.9% by iodometric titration.®

2. Notes

1. For a source and the specifications of 40%, peracetic acid
and precautions in handling it, see Notes 3 and 1 under the
preparation of iodosobenzene diacetate, p. 62.

2. Ti the temperature of the bath is not raised slowly, foaming
is difficult to control. Although the gradual rise in temperature
causes considerable foaming, the reaction mixture remains within
the flask.

3. The filtrate must not be evaporated to dryness because
iodoxybenzene explodes when heated.

4. The major by-products in this reaction are iodobenzene and
jodosobenzene diacetate. An excess of 20 ml. of peracetic acid
over the 65 ml. recommended results in an increase in the amount
of iodobenzene. Both impurities are removed from the product
by washing with chloroform.

3. Methods of Preparation

Todoxybenzene has been prepared by the disproportionation of
jodosobenzene,*® by oxidation of iodosobenzene with hypo-
chlorous acid or bleaching powder,” and by oxidation of iodo-
benzene with hypochlorous acid or with sodium hydroxide and
bromine.! Other oxidizing agents used with iodobenzene include
air,? chlorine in pyridine,® Caro’s acid,'*" concentrated chloric
acid,”? and peracetic acid solution.’* Hypochlorite oxidation of
jodobenzene dichloride has also been employed.™

4. Merits of the Preparation

This one-step method of preparing iodoxybenzene is prefera-
ble to earlier methods because it is simpler and the yield is sub-
stantially higher. The procedure seems general for iodoxyarenes,
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at least those with electron-releasing substituents, for the sub-
mitters have used it to obtain good yields of o-, #- and p-iodoxy-
toluene, 2- and 4-iodoxy-m-xylene, 2-iodoxy-p-xylene, o-iodoxy-
phenetole, 4-iodoxybiphenyl, and o-iodoxybenzoic acid.

Todoxyarenes are useful in the preparation of iodonium salts,
AI'21+X —16

1 Department of Chemistry, Brookl i iversi
ok D N Yorlz. yn College of the City University of New
2H. J. Lucas and E. R. Kennedy, Org. Syntheses, Coll. Vol. 2, 351 (1943).
3 C. Willgerodt, Chem. Ber., 25, 3500 (1892); 26, 358 (1893).
4 C. Willgerodt, Chem. Ber., 26, 1307, 1806 (1893).
5 P. Askenasy and V. Meyer, Ckem. Ber., 26, 1356 (1893).
¢H. J. Lucas and E. R. Kennedy, Org. Synikeses, Coll. Vol. 8, 485 (1955).
7 C. Willgerodt, Chem. Ber., 29, 1568 (1896).
8 C. Willgerodt, Chem. Ber., 29, 1571 (1896).
9 G. Ortoleva, Chem. Zentr., 1900, 723.
10 E. Bamberger and A. Hill, Ckem. Ber., 33, 534 (1900).
U I. Masson, E. Race, and F. E. Pounder, J. Ckem. Soc., 1935, 1678.
2 R. L. Datta and J. K. Choudhury, J. Am. Chem. Soc., 38, 1085 (1916).
13 B. A. Arbusov, J. Prakt. Chem., 131, 357 (1931).
¥ M. W. Formo and J. R. Johnson, Org. Syntheses, Coll. Vol. 8, 486 (1955).
18 C. Hartman and V. Meyer, Chem. Ber., 27, 504 (1894).
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2-MERCAPTOPYRIMIDINE
(2-Pyrimidinethiol)

CH(OC2Hs)2 NH;
| | HCl | TSN-HC NaOH
CHa + (lj—s —aC,H,OH /I\ 5

Z
CH(OC2Hs)g NH» N SH

XN
‘ /k + NaCl + H0
N7 sH

Submitted by DoNaLp G. CrOSBY, ROBERT V. BERTHOLD,

and HErBERT E. JOBNSON.!
Checked by B. BELLIN, J. L. GiBBs, and V. BOEKELHEIDE.

1. Procedure

A. 2-Mercaptopyrimidine hydrochloride. Thiourea (61 g., 0.80
mole) and 600 ml. of ethyl alcohol (Note 1) are placed in a 2-1.
three-necked flask equipped with a sealed mechanical stirrer, a
reflux condenser, and a stopper. The stirrer is started, and 200
ml. of concentrated hydrochlorig acid is added in one portion
through the open neck. After several minutes, when the warm
mixture has become homogeneous, 176 g. (0.80 mole) of com-
mercial-grade 1,1,3,3-tetracthyoxypropane (Note 2) is added
rapidly, the open neck is stoppered, and the yellow solution is
boiled for about 1 hour with continuous stirring. During this
period the reaction mixture darkens in color and the product
separates (Note 3).

The reaction mixture is chilled to about 10° by immersing it in
an ice bath for about 30 minutes, and the yellow crystalline
precipitate is collected on a Biichner funnel. It is then washed
with 100 ml. of cold alcohol and air-dried at room temperature.
The yield of 2-mercaptopyrimidine hydrochloride is 71-76 g-

2-MERCAPTOPYRIMIDINE 69

(60-64%). The product is pure enough for most purposes (Note
4), but it may be recrystallized by dissolving it in 12V hydro-
chloric acid (10 ml. per gram of solid) at about 75°, filtering the
hot solution through glass wool or a sintered glass filter, chilling
the filtrate in ice, and collecting the golden-yellow crystals on a
sintered glass filter. Recovery is 60-65%, (Note 5).

B. 2-Mercaptopyrimidine. Crude 2-mercaptopyrimidine hy-
drochloride (23 g., 0.17 mole) is suspended in 50 ml. of water in a
beaker and stirred rapidly while a 209, aqueous solution of so-
dium hydroxide (about 27 ml.) is added until the pH of the mix-
ture is 7-8 (Note 6). The precipitated solid is collected on a
Biichner funnel and washed on the funnel with 50 ml. of cold
water. The damp product is dissolved by heating it in a mixture
of 300 ml. of water and 300 ml. of alcohol on the steam bath, and
the hot solution is filtered through a fluted paper and allowed to
cool slowly to room temperature. The crystals of 2-mercapto-
pyrimidine are collected, washed with about 50 ml. of the aqueous
alcohol, and dried either at room temperature overnight or for
several hours in an oven at 110°. The yield is 15-16 g. (80-85%,)
of yellow needles, m.p. 218-219° (sealed tube).

2. Notes

1. Either commercial absolute alcohol or the 959, grade may
be used.

2. 1,1,3,3-Tetraethoxypropane is available from Kay-Fries
Chemicals, Inc., New York 16, New York, or from Distillation
Products Industrics, Rochester 3, New York, and may be used
without further purification.

3. Longer boiling does not affect the yield but causes the prod-
uct to be somewhat dark-colored. A shorter heating period or
lack of mechanical stirring decreases the yield.

4. Electrometric titration shows the purity to be at least 959,.
The product does not melt below 300°.

5. If concentrated sulfuric acid is substituted for the hydro-
chloric acid in the procedure, 2-mercaptopyrimidine bisulfate is
Obta‘ined in about 509, yield. Recrystallization from aqueous
acetic acid provides the bisulfate as yellow needles, m.p. 186-
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186.5°. (Anal. Calcd. for CsHgN204S2: C, 22.9; H, 2.9. Found:
C, 23.1; H, 2.9.)

6. pH indicator paper may be used, or the solution may be
made weakly basic to litmus. Excess base dissolves the product
and should be avoided.

3. Methods of Preparation

The synthesis of 2-substituted pyrimidines from 1,3-dicarbonyl
compounds and urea derivatives was first described by Evans*
and was later improved by Hunt, McOmie, and Sayer * for the
preparation of 2-mercapto-4,6-dimethylpyrimidine. ~Burness*
employed 3-ketobutyraldehyde acetal in this procedure to give
2-mercapto-4-methylpyrimidine. 2-Mercaptopyrimidine has
been prepared from 1,1,3,3-tetracthoxypropane and thiourea by
variations of this basic method %56 as well as by the reaction of
2-chloropyrimidine with thiourea 7 or sodium hydrosulfide.®

4, Merits of the Preparation

This preparation describes a convenient and general method of
synthesis of substituted pyrimidines from compounds containing
a B-dicarbonyl group, either intact or as the corresponding ketal.
The usefulness of the 2-mercaptopyrimidines is enhanced by the
ease of removal of the mercapto group by desulfurization ®
or oxidation 1° and its replacement by other functional groups.*®

1 Research Department, Union Carbide Chemicals Company, South Charleston,
West Virginia.

2P, N. Evans, J. Prakt. Chem., [2] 48, 489 (1893).

$R. R. Hunt, J. F. W. McOmie, and E. R. Sayer J. Chem. Soc., 1959, 525.

+D. M. Burness, J. Org. Chem., 21, 97 (1956).

8T, V. Protopopova and A. P. Skoldinov, J. Gen. Chem. (USSR), 27,1276 (1957).

6 J. W. Copenhaver and R. F. Kleinschmidt, Canadian Patent 534,307 (1956).

7M. P. V. Boarland and J. F. W. McOmie, J. Chem. Soc., 1951, 1218.

8R. 0. Roblin. Jr., and J. W. Clapp, J. Am. Chem. Soc., 72, 4890 (1950).

9 G. R. Pettit and E. E. van Tamelen, Org. Reactions, 12, 364 (1962).

10 G. W. Kenner and A. Todd in R. C. Elderfield, Heferocyclic Compounds, Vol. 6,
pp. 283-287, John Wiley and Sons, New York, 1956.
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METHYL BUTADIENOATE

(Butadienoic acid, methyl ester)
CO9C.
ch\\ oCHy
_Heat . (H,=C=CH—COoCH; + CH;=CHCO,CH3
COoCH3

Submitted by H. B. STEVENsoN and W. H. SHARKEY.!*
Checked by R. D. BIRKENMEYER, W. E. Russey, and F. Kacan.!®

1. Procedure

A “Vycor” tube 550 mm. long and 25 mm. in outside diameter
is packed for 500 mm. of its length with 6-mm. x 6-mm. quartz
rings and mounted vertically so that the upper section is encased
in a tube furnace 150 mm. long and the lower section is encased
in a tube furnace 300 mm. long. The upper furnace, which serves
as a preheater, is monitored by a thermocouple placed between
the tube and the furnace heating elements. The temperature of
the lower furnace is monitored by a thermocouple located in the
center of the Jower packed section. The upper end of the pyroly-
sis tube is fitted with a Y-tube carrying the thermocouple well
and a graduated addition funnel with a pressure-equalizing arm.
The lower end is attached through one 500-ml. trap and two 200-
ml. traps, each immersed in a mixture of solid carbon dioxide and
acetone, to a regulated vacuum scurce. One gram of hydro-
quinone is placed in the first trap.

The pyrolysis tube is flushed with nitrogen, the lower section
is heated to 600° and the upper section to 300° (Note 1), and the
pressure is regulated at 25 mm. Then 184 g. (1.00 mole) (Note 2)
of dimethyl 3-methylenecyclobutane-1,2-dicarboxylate? is ad-
mitted over a period of 3 hours (Note 3). The product, which
amounts to 172-177 g., collects in the traps. It is distilled
through a 13-mm. x 1.2-m. Nester spinning-band still.3 First
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there is 41-47 g. (48-55%) of methyl acrylate, g 1.4010, b.p.
34-36°/150 mm., then 30-43 g. (40-44%,) of methyl butadienoate,
n25 14635 (Note 4), b.p. 59-60°/52 mm. or 48-49°/26 mm. By
continuing the distillation, 20-30 g. of starting matcrial, b.p.
125-150°/25 mm., can be recovered.

2. Notes

1. The temperature of the lower section is quite critical and
should be maintained within the range 590-610°. However, the
preheater section is needed only to volatilize the ester, so any
temperature between 200° and 400° is satisfactory.

2. Since an estimated 3-5 g. of carbon is deposited in the tube
during the pyrolysis, it is advisable to pyrolyze only 1 mole of
ester at a time and to burn out the carbon with a slow stream of
air at 600° between pyrolyses.

3. The space velocity is approximately 125 1. of standard gas
per L. of free space per hour, and the contact time is approximately
0.3 second.

4. The checkers used a 10-mm. x 0.76-m. Nester spinning band
still and obtained material having 7% 1.4620 that could not be
purified by redistillation. Analysis by vapor-phase chromato-

graphy (silicone gum rubber, 20% w/w on firebrick, 120-cm. x

6-mm. outside diameter column at 125°) showed this material
to be 95%, methyl butadienoate contaminated by small amounts
of two other materials.

3. Methods of Preparation

The method used is described by Drysdale, Stevenson, and
Sharkey.* The methyl ester of butadienoic acid has not been
described previously, but the free acid contaminated by 2-bu-
tynoic acid has been prepared by Wotiz, M atthews, and Lieb ®
by carbonation of propargylmagnesium bromide. Ethyl bu-
tadienoate has been prepared by Eglinton, Jones, Mansfield, and
Whiting ® by alkali-catalyzed isomerization of ethyl 3-butynoate
prepared from 3-butynol by chromic acid oxidation and esterifica-
tion.
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4. Merits of the Preparation

This procedure gives a product free of acetylenic groups. It
illustrates the synthesis of an olefinic compound by cracking a
cyclobutane into two fragments.

1a Contribution No. 568 from the Central Research Department, Experimental
Station, E. I. du Pont de Nemours and Co., Wilmington, Delaware.

1 Upjohn Co., Kalamazoo, Michigan.

2 H. B. Stevenson, H. N. Cripps and J. K. Williams, this volume, p. 27.

3 R. G. Nester, Anal. Chem., 28, 278 (1956).

47]. J. Drysdale, H. B. Stevenson, and W. H. Sharkey, J. Am. Ckem. Sor., 81,
4908 (1959).
5 J. H. Wotiz, J. S. Matthews, and J. A. Lieb, J. Am. Chem. Scc., 78, 5503 (1951).

&6 G. Eglinton, E. R. H. Jones, G. H. Mansfield, and M. C. Whiting, J. Ckem. Soc.,
1954, 3197.

3-METHYL-1-PHENYL-1-PHOSPHA-3-CYCLOPENTENE
1-OXIDE

(3-Phospholene, 3-methyl-1-phenyl-, 1-oxide)

CHj3

H,C CHj; ql
= \/
CgHsPCl, + ——> CgHs—P
= /

HyC Cl

CHs

(0]
H20 \Pi ”
CsHs/

Submitted by W. B. McCogruack.!
Checked by S. N. Lewis and W. D. EMMONS.

1. Procedure

A. 1,1-Dichioro-1-phenyl-3-methyl-1-phospha-3-cyclopentene. A
dry 1-1. suction flask (Note 1) is charged with 179 g. (1.00 mole)
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of dichlorophenylphosphine (#5 1.592; Note 2), 300 ml. (about
204 g., 3.0 moles) of commercial isoprene (Note 3), and 2.0 g. of
Tonole (Note 4). The flask is then stoppered, the side arm is
sealed with tubing and a clamp, and the homogeneous solution is
allowed to sit at room temperature in the back of a hood for 5-7
days. White solid is usually apparent within 2—4 hours, and after
the reaction period the liquid phase is full of a white crystalline
adduct, 1,1-dichloro-1-phenyl-3-methyl-1-phospha-3-cyclopen-
tene. The granular adduct is crushed, slurried with petroleum
ether, collected on a sintered glass Biichner funnel, and washed
with petroleum ether; exposure to moisture of the air is minimized
by covering the funnel with a clock glass (Note 5).

B. 3-Methyl-1-phenyl-1-phospha-3-cyclopentene  1-oxide. The
adduct is hydrolyzed by stirring it into 700 ml. of ice water, and
stirring is continued until essentially all of it is in solution (Note
6). The total amount of acid in the solution is determined by
titrating an aliquot, and the solution is nearly neutralized by slow
addition of about 93% of the theoretical amount of 309, sodium
hydroxide with good stirring and sufficient ice to keep the tem-
perature below 25°. The solution generally contains about 1.62
equivalents of acid, which calls for 150 ml. (1.50 equivalents) of
309, sodium hydroxide. The pH is then adjusted to 6.5 with
sodium bicarbonate solution (Note 7). After saturation of the
aqueous solution with sodium chloride, the product is extracted
with three 250-ml. portions of chloroform. The chloroform ex-
tracts are combined, dried briefly over calcium sulfate, filtered,
and concentrated at atmospheric pressure until the temperature
of the liquid in the distillation flask is 130°. The residual liquid
is fractionated through a 30-cm. packed column. A water
aspirator is used initially to strip small amounts of low boilers at
100° (Note 8), and then a mechanical pump is used. There
is a fore-shot of a partially solidifying oil, weight 2-3 g., b.p.
163-168°/0.6-0.7 mm. Then 110-120 g. (57-63%) of 3-methyl-
1-phenyl-1-phospha-3-cyclopentene 1-oxide, b.p. 173-174°/0.7
mm., is collected. It is a viscous liquid of a very pale yellow color
that solidifies to a white solid, m.p. 60-65° (Note 9). A small
amount of residue remains (Note 10).
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2. Notes

1. A suction flask provides a strong-walled reactor that is con-
veniently stored for the reaction period.

2. Material obtained from the Victor Chemical Works is suita-
ble after redistillation.

3. Shell Chemical material (929 minimum purity) was used.
It was noted by the checkers that redistilled isoprene gave slightly
better yields. The excess isoprene serves both as a solvent and
for mass action. Moreover, dichlorophenylphosphine tends to
dissolve in the product, and excess isoprene, by extracting the
solid, promotes completion of reaction.

4, Ionol® is a commercial antioxidant, 2,6-di-fert-butyl-p-
cresol, manufactured by Shell Chemical Corp. Inhibitors appear
to minimize formation of polymeric side products, although with
isoprene the effect is often small.

5. Sometimes, as with less pure reagents or on heating, a vis-
cous oil, red to dark in color, will form instead of a white solid.
At other times the solid is rather gummy. In these cases, mixing
with petroleum ether as much as possible and decanting must
suffice.

6. On occasion, gelatinous material is apparent; in time it
usually dissolves or swells greatly.

7. The product is relatively sensitive to basic conditions, show-
ing both polymerization and addition of water. Therefore
alkaline conditions must be avoided. Neutralization serves to
convert monophenylphosphinic acid (formed by hydrolysis of
unreacted, unextracted dichlorophenylphosphine) to the mono-
sodium salt, thereby preventing its subsequent extraction from
water along with the phosphine oxide.

8. The crude mixtures all have strong odors of aromatic phos-
p.hines. “Some of this odor presumably arises from disproportiona-
tion of monophenylphosphinic acid to phenylphosphine. It is
recommended that manipulations be carried out with rubber
gloves to prevent transfer of these rather durable odors to the
skin, and that all equipment be washed with a bleach such as
Clorox ® before it is taken from the hood.



76 ORGANIC SYNTHESES, VOL. 43

9. The distilled product can be used as a catalyst, although it
usually has a relatively strong phenylphosphine odor. It is
quite deliquescent, and it has not been satisfactorily recrystal-
lized. If rigorous purification and deodorization are desired, the
product is dissolved in water, a small amount of hydrogen perox-
ide is added to oxidize the phosphines, the solution is reneutral-
ized, saturated with salt, and extracted with chloroform, and the
product is refractionated. One cycle is normally enough. Pure
product is essentially odorless, very hygroscopic, and soluble
in polar solvents.

10. This residue is mostly the linear copolymer

S
P—CHy—CH=C—CHg
[

CeHs

of nearly 1:1 composition. On occasion it can be present in sub-
stantial amounts, especially if higher temperatures are used to
increase the reaction rate.

3. Methods of Preparation

3-Methyl-1-phenyl-1-phospha-3-cyclopentene 1-oxide has been
prepared only as described here.?

4. Merits of the Preparation

The reaction given here has been described before as a general
reaction,? and there can be a wide variety of alkyl, aryl, and halo
substituents on the diene and phosphorus. Dibromophosphines
are appreciably more reactive than dichlorophosphines.  If
a free-radical catalyst is used instead of an inhibitor, the copoly-
mers can be made in good yield? The 1,4-addition of dichloro-
phosphines to 1,3-dienes is of theoretical interest because of its
analogy to the well-known 1,4-addition of sulfur dioxide to 1,3-
dienes. '

The unsaturated cyclic phosphine oxides are active catalysts
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for the conversion of aryl isocyanates to carbodiimides.t The
polymeric material ® and the saturated cyclic phosphine oxides 8
are also catalysts but are less active. The unsaturated cyclic
phosphine oxides show properties analogous to those of the un-
saturated cyclic sulfones from dienes and sulfur dioxide in that
the double bond is quite reactive to basic reagents and relatively
resistant to acidic reagents. Physically these cyclic phosphine
oxides are stable to over 300°, are very powerful hydrogen bond
acceptors, and are excellent solvents for polar materials.

! Contribution No. 317, Organic Chemicals Department, E. I. du Pont de
Nemours and Co., Wilmington, Delaware.

2 W. B. McCormack, U.S. Patent 2,663,737 (1953) [C. 4., 49, 7601a (19553)].

3 W. B. McCormack, U.S. Patent 2,671,079 (1954) [C. 4., 48, 6738c (1954)].

+T. W. Camobell and J. J. Verbanc, U.S. Patent 2,853,473 (1958) [C. A., 53,

10126e (1959)]; T. W. Campbell and J. J. Monagle, this volume, p. 31.
8 W. B. McCormack, U.S. Patent 2,663,739 (1953) [C. 4., 49, 7602f (1955)).

4-METHYLPYRIMIDINE
(Pyrimidine, 4-methyl-)

CH3COCH;CH(OCHp), + 2HCONH, NH,Cl

N
K | + 2CH0H + CO 4+ 2H:;0
CH;

Submitted by H. BREDERECK.!
Checked by Max TisHLER, G. A. StEIN, W. F. JANKOWSKI,
and J. TEN BROEKE.

1. Procedure

A 2-1. three-necked flask is equipped with a stirrer, a ther-
mometer, an addition funnel, and a wide-bore reflux condenser
(Note 1). A second condenser set downward for distillation is
connected to the top of the reflux condenser by means of a head
provided with a thermometer well. The thermometer well should
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be positioned in the connecting head in such a manner that the
thermometer gives the temperature at the head of the reflux con-
denser. Caution! The flask should be in a hood so that the carbon
monoxide evolved cannot be a hazard.

The three-necked flask is charged with 750 ml. of formamide,
25 ml. of water, and 50 g. of ammonium chloride {(Note 2). The
mixture is heated to 180-190° in an oil bath, and 400 g. (3.02
moles) of 4,4-dimethoxy-2-butanone (Note 3) is added dropwise
with stirring over the course of 6 hours (Note 4). The flow of
cooling water in the reflux condenser should be adjusted to a rate
such that the methanol and methyl formate formed during the
reaction distil out (Note 5). After all the acetal has been added,
heating is continued for 1 hour (Note 6). The mixture is allowed
to cool and is poured into 1 1. of 1N sodium hydroxide. The
resultant solution is extracted with chloroform in a liquid-liquid
extractor for 24 hours. The chloroform is separated, dried over
sodium sulfate, and removed by distillation through a short
column on a steam bath.

The residue is distilled under reduced pressure, and all the dis-
tillate boiling at 60-80°/15 mm. is collected (Notes 7 and 8).
Pure 4-methylpyrimidine is obtained by redistillation through a
short column at atmospheric pressure; b.p. 140-142°%; ni 1.4936;
weight 153-180 g. (54-63%,).

2. Notes

1. A wide-bore condenser is employed to prevent clogging of
the tube by ammonium salts that may sublime from the reaction
mixture (Note 5). A Liebig condenser is most suitable because
it can be cleaned from the top with a rod or wire during the reac-
tion.

2. An acidic salt must be present so that the acetal bonds will
be hydrolyzed. Other salts, such as ammonium formate, may
be substituted for ammonium chloride.

3. 4 4-Dimethoxy-2-butanone from Chemische Werke Huls,
Huls, Germany, was used by the submitter. The checkers used
4,4-dimethoxy-2-butanone (practical grade) from Eastman Or-
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ganic Chemicals Co., Rochester, New York; it was 957, pure by
vapor-phase chromatography.

4. The checkers found that, during the course of the addition,
the internal temperature fell from 190° to 140°.

5. The checkers found that, if the temperature at the head of
the reflux condenser is kept at 50-55°, no ammonium salts collect
in the condenser and, therefore, there is no problem of clogging.

6. The checkers found that the temperature of the reaction
mixture remains at 140° during the additional hour of heating.

7. It is advisable to carry out a vacuum distillation prior to the
final distillation because the tarry residues obtained by distillation
at atmospheric pressure retain a considerable amount of product.

8. The checkers collected their product at 50-70°/30 mm.

3. Methods of Preparation

4-Methylpyrimidine has been obtained by the present method 2
and by a three-step method that begins with the condensation
of acetoacetic ester with urea to give 2,6-dihydroxy-4-methyl-
pyrimidine; the latter is treated with phosphorus oxychloride
to give 2,6-dichloro-4-methylpyrimidine, which is reduced by
zinc dust and water 8 or by catalytic hydrogenolysis.!

4, Merits of the Preparation

The present one-step procedure for making 4-methylpyrimidine
is simpler and easier than the three-step method used in the past.
The present procedure and modifications of it have been used to
make a variety of 4- and 4,6-substituted pyrimidines.2 5

! Institut ftir Organische Chemie, Technische Hochschule, Stuttgart, Germany.

2 H. Bredereck, R. Gompper, and G. Morlock, Ckem. Ber., 90, 942 (1957).

38. Gabriel and J. Colman, Chem. Ber., 32, 1534 (1899).

4 W. Pfleiderer and H. Mosthaf, Ckem. Ber., 90, 733 (1957).

S H. Bredereck, R. Gompper, and G. Morlock, Chem. Ber., 91, 2830 (1958);
H. Bredereck, R. Gompper, and H. Herlinger, Chem. Ber., 91, 2832 (1958).
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2,3-NAPHTHALENEDICARBOXYLIC ACID

CH;
/ 2Na2Cro07
_—
AN
CH;
COzNa
7 /
+ 2Cry0; + 2NaOH + H,0
x AN
COQN&L
COgNa /COQH
AN N X N
CO;Na CO.H

Submitted by LesTER FRIEDMAN!
Checked by G. A. BoswetL and B. C. McKusick.

1. Procedure

An autoclave (Note 1) is charged with 200 g. (1.28 moles) of
2,3-dimethylnaphthalene (Note 2), 940 g. (3.14 moles, 23% ex-
cess) of sodium dichromate dihydrate, and 1.8 1. of water. The
autoclave is closed, heated to 250°, and shaken continuously at
this temperature for 18 hours. The autoclave is cooled with con-
tinued agitation (Note 3), the pressure is released, and the auto-
clave is opened. The contents are transferred to a large \fessel
(Note 4). To effect complete transfer, the autoclave is rinsed
with several 500-ml. portions of hot water. Green hydrated
chromium oxide in the reaction mixture is separated on a large
Biichner funnel and washed with warm water until the filtrate is
colorless. The combined filtrates (7-8 1.) are acidified with 1.3 1.
of 6N hydrochloric acid. The acidified mixture is allowed to
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cool to room temperature overnight. The 2,3-naphthalene-
dicarboxylic acid that has precipitated is collected on a large
Biichner funnel, washed with water until the filtrate is colorless,
and dried to constant weight in a vacuum oven at 50°/20 mm. or
by long standing in air. The 2,3-naphthalenedicarboxylic acid is
a white powder; m.p. 239-241°; weight 240-256 g. (87-939%,).

2. Notes

1. An autoclave fitted for stirring or shaking is essential for
good yields. The submitter used a hydrogenation autoclave of
the type supplied by the American Instrument Company, catalog
No. 406-21, having a capacity of 3.2 1. The autoclave is shaken
by means of a “Bomb Shaker”” in which it is placed. If a stirred
autoclave or “Magne-Dash” is used, the reaction time can be
shortened to 3-5 hours. At 250° the gauge pressure is about 600
Ib./in.%. The checkers’ yield was 9297 in a shaker tube, but only
75% in a rocker tube; the latter yield was raised to 829, by ex-
tending the reaction time to 40 hours.

This oxidation does not poison the autoclave for subsequent
hydrogenations.

2, Material produced by Ruetgerswerke A. G. is satisfactory.
This can be obtained in the United States from Terra Chemicals
Inc., New York, New York; Aldrich Chemical Co., Milwaukee 10,
Wisconsin; and K and K Laboratories Inc., Jamaica 33, New
York.

3. It is convenient to empty the autoclave while the contents
are still warm.

4. Commercially available 10-quart polyethylene pails are
very satisfactory.

3. Methods of Preparation

2,3-Naphthalenedicarboxylic acid has been prepared by the
present method * and by hydrolysis of 3-cyano-2-naphthoic acid,
which is obtainable from 3-amino-2-naphthoic acid by the Sand-
meyer reaction.’
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4. Merits of the Preparation

This procedure illustrates a general method for the preparation
of aromatic carboxylic acids by oxidation of the corresponding
alkylarenes.? For example, 2-naphthoic acid (360 g., 939, yield;
m.p. 184-185°) was obtained from 2-methylnaphthalene (320 g.,
2.25 moles), sodium dichromate (975 g., 3.26 moles, 457 excess),
and water (1.8 L.).

2,3-Naphthalenedicarboxylic acid is useful in the synthesis of
linear polyacenes,? 3-halo-2-naphthoic acids,* and 3-amino-2-
naphthoic acid.

1 Chemistry Department, Case Institute of Technology, Cleveland, Ohio.

2L, Friedman, D. L. Fishel, and H. Shechter, in press.

2 L. Waldmann and H. Mathiowetz, Chem. Ber., 64, 1713 (1931).
4+ L. Friedman, unpublished data.
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N-NITROMORPHOLINE

(Morpholine, 4-nitro-)
ONO2
| + (CH3C0)20 + HNO3 —— | + 2CH3CO;H
(CH3):C—CN (CH3)eC—CN

ONO; S\ / \

+ 20 NH —> O N—NO, +
(CH3),C—CN \ /
0 N—?(CHe,)z + H0
/L

Submitted by JEREMIAR P. FREEMAN and INELLA G. SHEPARD.!
Checked by C. G. BorroMLEY and B. C. McKusIck.

1. Procedure

Caution! The nitrating mixture consisting of fuming nitric acid
and acetic anhydride is an extremely active one, and combinations of
1t and organic materials are potentially explosive. The nitration
should be carried out bekind adequale safely shields. Acetone cyano-
hydrin nitrate is moderately explosive (Note 6) and all operations
with it, but particularly its distillation, should be carried out behind
safely shields.

A. Acetone cyanokydrin nitrate. White fuming nitric acid
(106 ml., 158 g., 2.3 moles) (Note 1) is added dropwise to 380 ml.
(408 g., 4.00 moles) of acetic anhydride at 3-5° contained in a
2-1. three-necked flask fitted with a stirrer, a thermometer, and a
dropping funncl and immersed in an ice bath. After the addition,
which requires 45 minutes, the mixture is stirred at 5° for 15
minutes (Note 2). Acetone cyanohydrin (92 ml., 85 g., 1.00
mole) (Note 3) is added dropwise to the mixture at 5-10° over a
45-minute period. After the addition, the ice bath is removed
and the mixture is allowed to warm to room temperature and is
stirred there for 30 minutes. It is then poured into 600 g. of ice
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and water, and the resulting mixture is stirred for 90 minutes to
dissolve the acetic anhydride.

The mixture is extracted with four 100-ml. portions of methyl-
ene chloride. The cxtracts are combined, washed successively
with 100 ml. of water and four 100-ml. portions of 5%, sodium
carbonate solution (Note 4), and dried over anhydrous mag-
nesium sulfate. The methylene chloride is removed by evapora-
tion at 30-40° under the pressure of a water aspirator, and the
residue is distilled through a 30-cm. Vigreux column to yield
85-90 g. (65-69%) (Note 5) of acetone cyanohydrin nitrate
(Note 6); b.p. 62-65°/10 mm.; 77y 1.4170-1.4175 (Note 7).

B. N-Nitromorpholine. Morpholine (34.8 g., 0.40 mole) and
26 g. (0.20 mole) of acetone cyanohydrin nitrate are mixed in a
50-ml. round-bottomed flask equipped with a thermometer well.
A condenser is attached, and the mixture is heated slowly. At
about 60° an exotherm ensues that raises the temperature of the
mixture to 110°. The mixture is allowed to cool to 80° and main-
tained there for 1 hour. It is poured into 200 ml. of 109} hydro-
chloric acid (Caution! Do in a hood! Note §) and extracted with
three 100-ml. portions of methylene chloride (Note 9). The ex-
tracts are combined, washed successively with two 100-ml. por-
tions of water, 100 ml. of 109, hydrochloric acid, and 100 ml. of
water, and dried over anhydrous magnesium sulfate. The solvent
is removed by evaporation on a water aspirator at room tempera-
ture to yield a pale-yellow oil (Note 10).

The oil is dissolved in 80 ml. of absolute ethanol. The solution
is cooled to 0-5°, causing white crystals of N-nitromorpholine to
precipitate; weight 15-17 g. (57-64%); m.p. 52-54° (Note 11).

2. Notes

1. This is 909% nitric acid, d. 1.48-1.50. In order to remove _

dissolved nitrogen oxides from it, 0.5 g. of urea is added and the
mixture is air-sparged for 20 minutes. The acid should be color-
less before it is added to the acetic anhydride.

2. The nitrating mixture should be colorless at this point.
If it is not, 0.5 g. of urea should be added and the mixture air-

sparged until colorless.
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3. Suitable acetone cyanohydrin can be purchased from the
Rohm and Haas Co. and other commercial sources, or it can be
prepared as described in Organic Syntheses.?

4. Washing with the carbonate solution should be continued
until the organic layer is free of acid. Traces of acid may cause
extensive decomposition during the distillation.

5. Similar yields were observed in preparations on three times
this scale.

6. Acetone cyanohydrin nitrate should be regarded as a moder-
ately explosive material and should be handled carefully and
distilled behind a safety shield. TFor purposes of comparison,
the drop-weight sensitivities on the Olin-Mathieson drop-weight
tester of three materials are: propyl nitrate, 10 kg.-cm.; acetone
cyanohydrin nitrate, 40 kg.-cm.; nitromethane, 60 kg.-cm.

7. The product obtained from this distillation usually contains
small amounts of acetone cyanohydrin acetate, as evidenced by
an ester carbonyl band at 1740 cm.™! in its infrared spectrum.
This material does not interfere with the nitration reactions of
the reagent. It may be removed by fractionation through a
more efficient column.

8. This operation should be carried out in a good hood because
hydrogen cyanide is evolved at this point.

9. The aqueous solution contains a-morpholinoisobutyronitrile
in the form of its hydrochloride. It is formed by condensation of
morpholine with the acetone and hydrogen cyanide formed in
the nitration reaction. It is because of this side reaction that the
excess amine is employed.

10. Occasionally this oil solidifies after removal of the last
traces of solvent; in these instances it is necessary to warm the
ethanol slightly to effect solution.

11. In nitrating amines other than morpholine, particularly
on a larger scale, it may be desirable to carry out the reaction in
acetonitrile to control the temperature better.?

3. Methods of Preparation

N-Nitromorpholine has been prepared by the oxidation of
N-nitrosomorpholine with peroxytrifluoroacetic acid,* by the
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chloride ion-catalyzed reaction of nitric acid with morpholine,’
by the action of nitric acid and acetic anhydride on N-formyl-
morpholine,® by the reaction of dinitrogen pentoxide with mor-
pholine,” and by alkaline nitration of morpholine with acetone
cyanohydrin nitrate.?

4. Merits of the Preparation

This synthesis of N-nitromorpholine is representative of a
rather general reaction for the preparation of both primary and
secondary nitramines.® It represents the simplest process for ob-
taining both types of compounds. The reaction is unique in that
a nitration is carried out under neutral or alkaline conditions.
Acetone cyanohydrin nitrate may also be used for the nitration
of many active methylene compounds.®

1 Rohm and Haas Company, Redstone Arsenal Research Division, Huntsville,
Alabama. This research was carried out under Ordnance Contract W-01-021-ORD-
334.

3R. F. B. Cox and R. T. Stormont, Org. Syntheses, Coll. Vol. 2, 7 (1943).

3W. D. Emmons and J. P. Freeman, J. Am. Chem. Soc., 77, 4387 (1955).

4W. D. Emmons, J. Am. Chem. Soc., 76, 3468 (1954).

8W. J. Chute, G. E. Dunn, J. C. MacKenzie, G. S. Myers, G. N. R. Smart,
J. W. Suggitt, and G. F. Wright, Can. J. Res., 26B, 114 (1948).

¢ J. H. Robson, J. Am. Ckem. Soc., 77, 107 (1955).

7?W. D. Emmons, A. S. Pagano, and T. E. Stevens, J. Org. Chem., 23, 311 (1958).
8W. D. Emmons and J. P. Freeman, J. Am. Chem. Soc., 77, 4391 (1955).

NITROSOMETHYLURETHANE
WARNING

Nitrosomethylurethane ! has been reported to be a potent

carcinogen by Druckrey and Preussmann.? These investigators

suggest that nitrosomethylurethane be handled with greatest
care or, preferably, be replaced whenever possible with p-tolyl-
sulfonylmethylnitrosamide,? which was shown to be practically
non-toxic and non-carcinogenic under conditions for which the
urethane was toxic and/or carcinogenic.

1W. W. Hartman and R. Phillips, Org. Syntkeses, Coll. Vol. 2, 464 (1943).
2 H. Druckrey and R. Preussmann, Nature, 195, 1111 (1962).
3 Th. J. DeBoer and H. J. Backer, Org. Syntheses, Coll. Vol. 4, 943, 250 (1963).
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4-NITRO-2,2,4-TRIMETHYLPENTANE

(Pentane, 2,2,4-trimethyl-4-nitro-)
(CH3)3CCH2(I.-:(CH3)2 + 2KMI‘104 —

NH,
(CHg)gCCHzCI:(CH;;)z + 2Mn02 + 2KOH

NO;

Submitted by NATEAN KORNBLUM and WILLARD J. JONES.!
Checked by WiLLIAM G. DAUBEN and PAUL R. RESNICK.

1. Procedure

A solution of 25.8 g. (0.20 mole) of 4-amino-2,2,4-trimethyl-
pentane (fert-octylamine) (Note 1) in 500 ml. of c.p. acetone is
placed in a 1-1. three-necked flask equipped with a “Tru-Bore”
stirrer and a thermometer and is diluted with a solution of 30 g.
of magnesium sulfate (Note 2) in 125 ml. of water. Potassium
permanganate (190 g., 1.20 moles) is added to the well-stirred
reaction mixture in small portions over a period of about 30 min-
utes (Note 3). During the addition the temperature of the mix-
ture is maintained at 25-30° (Note 4), and the mixture is stirred
for an additional 48 hours at this same temperature (Note 5).
The reaction mixture is stirred under water-aspirator vacuum
at an internal temperature of about 30° until most of the acetone
is removed (Note 6). The resulting viscous mixture is steam-
distilled; approximately 500 ml. of water and a pale-blue organic
layer are collected. The distillate is extracted with pentane, the
extract is dried over anhydrous sodium sulfate, and the pentane
is removed by distillation at atmospheric pressure. The residue
is distilled through a column (Note 7) at reduced pressure to give
22-26 g. (69-829;) of colorless 4-nitro-2,24-trimethylpentane,
b.p. 53-54°/3 mm., n 1.4314, m.p. 23.5-23.7°.
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2. Notes

1. The fert-octylamine employed was redistilled commercial-
grade material, b.p. 140°/760 mm., #% 1.4240.

2. The magnesium sulfate was purified dried powder of J. T.
Baker Chemical Co. This is approximately 709, magnesium
sulfate and 309, water.

3. Good agitation prevents the permanganate from caking on
the bottom of the flask. The formation of a cake results in local
overheating and consumption of the permanganate as mentioned
in Note 4.

4. If a constant-temperature bath is not available, a bucket
of water, initially at 25°, serves to dissipate the heat of reaction.
At higher temperatures the potassium permanganate is rapidly
consumed, presumably by reaction with the acetone.

5. At the end of the reaction time there was no unreacted
amine as shown by the following test: A 10-ml. aliquot was filtered
through “Supercel” to remove the manganese dioxide, and the
filtrate was added to a mixture of 25 ml. of benzene and 25 ml.
of water. Extraction of the benzene layer with 109, hydrochloric
acid, followed by the addition of sodium hydroxide, gave no oil
layer or characteristic odor of the free amine.

6. If agitation becomes difficult during the concentration,
100 ml. of water can be added to give a more fluid mixture.

7. A 60-cm. x 1-cm. externally heated column packed with
4-mm. glass helices and equipped with a total-reflux variable
take-off head was used.

3. Methods of Preparation

The procedure described is that of Kornblum, Clutter, and
Jones.? 4-Nitro-2,2,4-trimethylpentane has been prepared previ-
ously, in low yield, by allowing isodctane to react with concen-"
trated nitric acid in a sealed tube at elevated temperature.?

4. Merits of the Preparation

This is a general method of preparing trialkylnitromethanes
from the corresponding (trialkylmethyl)amines.>¢ Table I lists

4-NITRO-2,2,4-TRIMETHYLPENTANE 89
TABLE I
SYNTHESIS OF TRIALKYLNITROMETHANES, R3CNO,
Nitro Compound Yield, %
2-iNtro-2-methylpropane @ 83
2-Nitro-2,3-dimethylbutane 71
2-Nitro-2,4-dimethylpentane 82
1-Nitro-1-methylcyclopentane 72
1-Nitro-1-methylcyclohexane 73
1-Nitro-1,4-dimethylcyclohexane 70
1,8-Dinitro-p-menthane 61

¢ This oxidation was carried out in water.

seven prepared in this way. The procedure is simple and reliable,
and the yields of product are high. Other methods give mixtures
of products and low yields of nitro compounds and are incon-
venient to perform.

1 Department of Chemistry, Purdue University, West Lafayette, Indiana. This
research was supported by the United States Air Force under Contract No. AF
18(600)-310 monitored by the Office of Scientific Research, Air Research and De-
velopment Command.

2N. Kornblum, R. J. Clutter, and W. J. Jones, J. Am. Chem. Soc., 78, 4003
(1956).

3S. 8. Nametkin and K. S. Zabrodina, Doklady Akad. Nauk SSSR, 75, 395 (1950)
[C. 4., 45, 6998 (1951)].

4 N. Kornblum, Org. Reartions, 12, 101 (1962).
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1,2,3,4,5-PENTACHLORO-5-ETHYLCYCLOPENTADIENE

(Cyclopentadiene, 1,2,3,4,6-pentachloro-5-ethyl-)

a Cl

Cl Cl

o cu,0np CoHj

+ (C2H50)2POC1
Cl Cl
Cl Cl
Cl cl

Submitted by V. Maxk, R, E. WANN, and H. C. Gopr, Jr.!
Checked by WiLriam E. PargaM, Wavrano E. NoLAND,
and G. PAuL RICHTER.

1. Procedure

A solution of 183 g. (1.10 moles) of triethyl phosphite (Note 1)
in 200 ml. of petroleum ether (b.p. 30-60°) is added to a 3-1,
three-necked, round-bottomed flask equipped with a mechanical
stirrer, a thermometer, a dropping funncl, and an air condenser;
the open end of the condenser is connected to a drying tube filled
with calcium sulfate or calcium chloride. The flask is immersed
in a freezing mixture of sodium chloride and ice, and the stirrer is
started. When the temperature of the phosphite solution reaches
0°, a solution of 273 g. (1.00 mole) of hexachlorocyclopentadiene
(Note 2) in 100 ml. of petroleum ether (b.p. 30-60°) is added
through the dropping funnel at such a rate that the temperature
remains between 0° and 10°. The addition requires about 4-6
hours. After the addition is complete, the freezing mixture is
removed, and the brown, clear solution is allowed to warm up to
room temperature. A

The air condenser is replaced by an efficient water condenser
set downward for steam distillation. One liter of water is added
in one portion to the stirred reaction mixture, and stirring is con-
tinued for 30 minutes (Note 3). The dropping funnel is replaced
by a steam-inlet tube reaching into the liquid, and steam is passed
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through the mixture until first the petroleum ether, then, sepa-
rately, the ethylpentachlorocyclopentadiene is completely re-
moved. The diene is separated from the steam distillate as a
pale-yellow heavy oil. The aqueous phase of the steam distillate
is extracted with petroleum ether, and the extract is combined
with the diene and dried over calcium sulfate (Note 4). The
petroleum ether is removed by evaporation on a steam bath or
through a water aspirator at room temperature, leaving 245-257
g. (92-96%,) of 1,2,3,4,5-pentachloro-5-ethylcyclopentadiene as a
pale-yellow oil, #% 1.5387-1.5400. The diene can be distilled
without appreciably lowering the yield; b.p. 51-53°/0.2 mm.;
% 1.5308.

2. Notes

1. Triethyl phosphite can be obtained from Virginia Carolina
Chemical Corp., Eastman Kodak Co., Aldrich Chemical Co.,
K and K Laboratories, and Matheson, Coleman and Bell. The
presence of dialkyl hydrogen phosphite or trialkyl phosphate is
not deleterious, but a correction for assay is required. Fractiona-
tion readily separates triethyl phosphite (b.p. 48-49°/11 mm.)
from diethyl hydrogen phosphite (b.p. 72°/11 mm.) and triethyl
phosphate (b.p. 90°/10 mm.). The presence of amines and amine
hydrochlorides may seriously interfere with the alkylation, es-
pecially in the case of trimethyl phosphite (see Table I). The
checkers redistilled triethyl phosphite obtained from Matheson,
Coleman and Bell.

2. A commercial product obtained from Matheson, Coleman
and Bell was used.

3. Water hydrolyzes diethyl phosphorochloridate [chloro-
diethoxyphosphorus(V) oxide] readily but does not affect the
diene. Alternatively, the reaction mixture can be processed by
fractionation. Evaporation of the petroleum ether and fractiona-
tion of the residue through a 25-cm. x 2.2-cm. column of glass
helices yields 170 g. (98.539%,) of diethyl phosphorochloridate,
b.p. 34-36°/0.2 mm., n 1.4210-1.4250 (the refractive index
indicates that it contains 5-109; of the title compound), and
240-255 g. (90-96%,) of 1,2,3,4 5-pentachloro-5-ethylcyclo-
pentadiene, b.p. 51-53°/0.2 mm., n% 1.5398.
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The reaction mixture can also be processed by chromatography.
The crude reaction mixture is poured on a 90-cm. x 4.5-cm.
column of alumina (e.g., Fisher “adsorption grade”) and eluted
with about 2 1. of technical-grade pentane. This yields a pale-
yellow solution that is free of diethyl phosphorochloridate.
Evaporation of the pentane gives 240-255 g. (90-96%) of
1,2,3,4,5-pentachloro-3-ethylcyclopentadiene.

4. Calcium chloride or sodium sulfate can also be used.

3. Methods of Preparation

1,2,3,4,5-Pentachloro-5-ethylcyclopentadiene has been pre-
pared only by the present procedure.?

4. Merits of the Preparation

5-Alkyl-1,2,3,4,5-pentachlorocyclopentadienes are a novel class
of compounds.? The alkylation of hexachlorocyclopentadiene by
trialkyl phosphites is a synthetic procedure of considerable scope
(Table I) and represents a new method of forming carbon-to-
carbon bonds. The products, 5-alkylpentachlorocyclopentadi-

TABLE 1
SYNTHESIS OF 5-ALKYLPENTACHLOROCYCLOPENTADIENES, RC;Cl;
Tempera- B.P, %
Rs ture, °C. % °C./mm. ny Yield
Methyl 20-22 45-47/0.3 1.5465 89
Isopropyl 2-5 67-68/0.4 1.5397 95
Butyl 5-10 72-74/0.3 1.5270 84
Isobutyl 5-10 73-75/0.4 1.5254 72
sec-Butyl 20-25 90-92/0.7 1.5370 89
2-Ethylhexyl 5-10 105-107/0.3 1.5172 90
Dodecyl 5-10 130-135/0.2 1.5043 78 -
Allyl 20-22 63-65/0.5 1.5450 75
Methallyl 25-40 80-83/0.5 1.5385 80

s All the trialkyl phosphites required for the preparations listed are avail-
able from the suppliers mentioned in Note 1.
® Temperature range during the addition period.
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enes, show the manifold reactions of the parent chlorocarbon
and undergo a variety of substitution and addition reactions,
including Diels-Alder reactions.

! Monsanto Chemical Co., Agricultural Chemicals Division, St. Louis, Missouri.
2 V. Mark, Teirahedron Letters, 1961, 296.

PEROXYBENZOIC ACID

CeHsCOH 4 Hy0, (70%) —22%H, 0 H,CO;H + H,0

Submitted by LEoNARD S. SILBERT, ELAINE SIEGEL, and DANIEL SWERN.!
Checked by A. S. Pacano and W. D. EmMmONSs,

1. Procedure

Caution! All reactions in which 509, or more concentrated
hydrogen peroxide is employed must be conducted behind a safety
shield. Beakers are recommended as reaction vessels to permit rapid
escape of gas and avoidance of pressure build-up in the event of a
rapid decomposition.

Twenty-two grams (0.45 mole) of 709, hydrogen peroxide (Note
1) is added dropwise with efficient agitation to a slurry or partial
solution of 36.6 g. (0.30 mole) of benzoic acid (Note 2) in 86.5 g.
(0.90 mole) of methanesulfonic acid (Note 3) in a 500-ml. tall-
form beaker. The reaction temperature is maintained at 25-30°
by means of an ice-water bath. The reaction is exothermic dur-
ing the hydrogen peroxide addition, which requires approximately
30 minutes. During this period the benzoic acid completely dis-
solves.

The solution is stirred for an additional 2 hours and is then
cooled to 15°. Fifty grams of chopped ice and 75 ml. of ice-cold
saturated ammonium sulfate solution are cautiously added in
sequence while the temperature is maintained below 25° during
the dilution (Note 4). The contents of the beaker are transferred
to a separatory funnel, and the peroxybenzoic acid solution is
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extracted with three S0-ml. portions of benzene at room tempera-
ture (Note 5). The aqueous layer is discarded, and the combined
benzene extracts are washed twice with 15 ml. of cold saturated
ammonium sulfate solution to ensure complete removal of
methanesulfonic acid and hydrogen peroxide, dried over an-
hydrous sodium sulfate, and filtered. Iodometric titration of an
aliquot of the benzene solution (Note 6) indicates that the con-
version of benzoic to peroxybenzoic acid is 85-90%,. This solution
can be used directly for epoxidation or other oxidation reactions
without further treatment (Note 7).

2. Notes

1. Hydrogen peroxide of this concentration can be obtained
from various commercial sources. The submitters have also used
509 and 959, hydrogen peroxide instead of the 709, concentra-
tion. With 509, hydrogen peroxide, conversion to peroxybenzoic
acid is only about 759%,. With 959 peroxide, the reaction pro-
ceeds more rapidly and is slightly more exothermic, and conver-
sions of benzoic acid to peroxybenzoic acid are about 90-959,
instead of 85-909%. Little advantage is seen in using the more
concentrated hydrogen peroxide in the preparation of peroxy-
benzoic acid except when a high yield of pure crystalline material
is needed (Note 7).

2. Benzoic acid of analytical reagent grade is used.

3. Methanesulfonic acid, Eastman Chemicals, practical grade,
is satisfactory.

4. Dilution of the methanesulfonic acid is exothermic. Since
peroxybenzoic acid has an appreciable solubility in agueous
methanesulfonic acid, dilution and washing are conducted with
minimal quantities of saturated ammonium sulfate solution.

5. In the first extraction, 909, of the available peroxybenzoic

acid is extracted. The second extraction removes 7%, and the.

third 2%. The first benzene extract is an approximately 40%
solution of peroxybenzoic acid (2.8M).

6. A 1-ml. or 2-ml. aliquot of the benzene solution of peroxy-
benzoic acid is pipetted into an iodine flask, the walls of the flask
are rinsed with a small quantity of chloroform, and 15 ml. of

PEROXYBENZOIC ACID 95

acetic acid is added. Two milliliters of a saturated aqueous
solution of analytical reagent grade sodium iodide is added.
After a reaction period of about 5 minutes, 50-75 ml. of water
is added, and the liberated iodine is titrated with 0.1V sodium
thiosulfate solution (starch indicator). One milliliter of 0.1N
sodium thiosulfate is equivalent to 0.00691 g. of peroxybenzoic
acid.

The analytical method described is also used in following the
consumption of peroxybenzoic acid or other peroxy acids during
an oxidation reaction; it has also been used in determining the
conversion of other carboxylic acids to peroxy acids when solvent
extraction has been used in the isolation.

7. If a solvent other than benzene must be used in an oxidation
reaction, peroxybenzoic acid can be isolated by evaporation of
the benzene in an evaporating dish in the hood under a stream of
nitrogen gas, or preferably in a rotary evaporator. Evaporation
of the solvent from the peroxybenzoic acid solution is preferably
conducted as rapidly as possible from a water bath at a tempera-
ture below 30°. Caution! This operation must be carried out be-
hind a good shield. A heavy explosion once occurred during such
evaporation of a chloroform solution of perbenzoic acid.” Owing
to the volatility of peroxybenzoic acid, some is lost during solvent
evaporation; overall recovery of peroxy acid is 70-909,. The
crude peroxybenzoic acid obtained as a residue is a pale-yellow
mushy solid or liquid if it still contains traces of benzene, The
peroxy acid should be stored in a refrigerator if it is not used
immediately.

Analytically pure solid peroxybenzoic acid decomposes at the
rate of about 2-39%, per day at room temperature, but it can be
stored for long periods in a refrigerator without significant loss
of active oxygen. Crude preparations lose active oxygen more
rapidly. Pure peroxybenzoic acid can be obtained readily from
peroxybenzoic acid of 90-95% purity by crystallization at —20°
from olefin-free 3:1 petroleum ether/diethyl ether cosolvent.
About 4.5 ml. per gram of crude peroxy acid is needed, and the
solution should be seeded at about 5°. From 15 g. of crude
peroxy acid, 9-10 g. of the pure acid, m.p. 41-42°, is obtained as
long white needles. To obtain reaction products containing
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90-95%, peroxybenzoic acid, 959, hydrogen peroxide must be
used in the preparation.

3. Methods of Preparation

Numerous methods of preparing peroxy acids are described in
the literature,>? and many of them have been applied to the
synthesis of peroxybenzoic acid. A common way of preparing it
has been by the action of sodium methoxide on benzoyl peroxide
followed by acidification.? The present method is adapted from
one in a recent publication.t

4. Merits of the Preparation

The present procedure for peroxybenzoic acid is easier and more
reliable than earlier ones. Thus that in an earlier volume of
Organic Syntheses® has been found by the submitters to be
difficult to reproduce, and yields are frequently low. The modi-
fied procedure of Kolthoff, Lee, and Mairs % is an improvement,
but it is tedious and indirect.

There are other methods for converting aliphatic acids directly
to peroxy acids, but this is the first that converts aromatic acids
directly to peroxy acids. With suitable modifications it is ap-
plicable to a wide variety of aliphatic and aromatic peroxy
acids.t The methyl ester may be used in place of highly insoluble
acids. Water-insoluble peroxy acids such as p-nitroperoxybenzoic
acid (an outstanding epoxidizing agent®), p-feri-butylperoxy-
benzoic acid, and peroxystearic acid require 90-939, hydrogen
peroxide for best results; the procedure is essentially the same
except that grealer precautions are necessary with hydrogen peroxide
of such high strength.*

! Eastern Regional Research Laboratory, Philadelphia 18, Pennsylvania.

¢ D, Swern, Chem. Rev., 45, 1 (1959); M. Vilkas, Bull. Soc. Chim. France, 1959,
1401; W. E. Parker, C. Ricciuti, C. L. Ogg, and D. Swern, J. Am. Chem. Soc., 77,
4037 (1955).

* G. Braun, Org. Syntheses, Coll. Vol. 1, 431 (1941).

1 L. S. Silbert, E. Siegel, and D. Swern, J. Org. Chem., 27, 1336 (1962).

5 I, M. Kolthoff, T. S. Lee, and M. A. Mairs, J. Polymer Sci., 2, 199 (1947).

¢ B. M. Lynch and K. H. Pausacker, J. Chem. Soc., 1955, 1525; M. Vilkas, Buil.
Soc. Chim. France, 1959, 1401.

7 P. Westerhof, private communication.
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4-PYRIDINESULFONIC ACID
X
(1) 250C1L 34Na, 50
2| J e “® G, H 00 > < CNH (CIm)y —278
N

SO3Na SO0sH

2NaCl + %% SOz + % Hs0 + O fj fj + NaCl

Submitted by RusseLL F. Evans,? HERBERT C. BROWN,!
and H. C. vaN DER Pras?
Checked by Jaues CasoN and TAYSIR JAOUNI.

1. Procedure

A. N-(4-Pyridyl)pyridinium chloride hydrochloride. In a 2-1.
round-bottomed flask equipped with a ground joint (Note 2) is
placed 395 g. (5.00 moles) of dry pyridine (Note 3). As this flask
is cooled by swirling in a bath of cold water (Note 4), there is
added during a few minutes 1190 g. (10.0 moles) of a good com-
mercial grade of thionyl chloride (Note 1). After completion of
the addition, the flask is protected by a drying tube, and the reac-
tion mixture is allowed to stand at room temperature under a
hood for 3 days. During this period, the color of the mixture
changes from deep yellow through brown to black.

The flask is fitted with a Claisen head, and excess thionyl
chloride is distilled at reduced pressure (water pump) and col-
lected in a receiver cooled in a mixture of dry ice and acetone
(Note 5). The flask is heated with a water bath that is slowly
raised from room temperature to about 90°, then held at that
temperature until no more distillation occurs and a black residue
remains.

The black residue is cooled to 0°, and 100 ml. of ice-cold
ethanol is added very cautiously to react with residual thionyl
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chloride. An additional 400 ml. of ice-cold ethanol is added, and
the solid mass left at the bottom of the flask is broken up with the
aid of a rod (Note 2). The resultant light-brown powder is col-
lected by suction filtration, preferably on a sintered glass funnel,
and washed with five 150-ml. portions of ethanol. The yicld of
crude N-(4-pyridyl)pyridinium chloride hydrochloride is 230-
257 g. (40-459,). This product is very deliquescent and should
be used immecdiately or stored over phosphorus pentoxide.

B. 4-Pyridinesulfonic acid. A 115-g. (0.50 mole) quantity of
N-(4-pyridyl)pyridinium chloride hydrochloride is dissolved in
750 ml. of water in a 2-1. round-bottomed flask, and 378 g. (1.50
moles) of solid sodium sulfite heptahydrate is added cautiously.
After the evolution of sulfur dioxide has ceased, the solution is
gently heated under reflux in a nitrogen atmosphere for 24 hours.
After slight cooling, 20 g. of charcoal is added to the mixture,
and it is heated under reflux for an additional hour. The result-
ant mixture is filtered through a fluted paper, the filtrate is
evaporated to dryness on a steam bath under reduced pressure,
and the residue is air-dried at 100-110° (Note 6). This solid is
now continuously extracted with absolute ethanol for 24 hours in
a Soxhlet apparatus. The alcohol is distilled from the extract
on a steam bath, and the crude sodium 4-pyridinesulfonate is
dissolved in about 160 ml. of hot water. After 320 ml. of 12N
hydrochloric acid has been added with mixing, the solution is
cooled to room temperature. The precipitate of sodium chloride
is filtered, and the filtrate is evaporated to dryness under reduced
pressure on a steam bath. Crystallization of the residue from 600
ml. of 709, aqueous ethanol yields 27-30 g. of colorless crystals
of 4-pyridinesulfonic acid, m.p. 313-315° (dec.). Concentration
of the mother liquor affords about 10 g. of additional product
which is less pure. The total yield is 3640 g. (45-509) (Note 7).
Recrystallization from 709, aqueous ethanol affords a purer
specimen, m.p. 317-318° (dec.). (Note 8).

2. Notes

1. Although N-(4-pyridyl)pyridinium chloride hydrochloride
is formed by reaction of pyridine with thionyl chloride, followed
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by treatment with ethanol, the intermediates involved in the
reaction have not been well established. It has been suggested 45
that 1 mole of thionyl chloride converts 2 moles of pyridine to the

compound
— H /—
N* N—socl ¢~
W @

This intermediate would be further oxidized by thionyl chloride
and solvolyzed by ethanol to the pyridinium chloride hydro-
chloride. According to this reaction route, the stoichiometric
ratio of pyridine to thionyl chloride for the overall process would
be about 1:1. Varying ratios of thionyl chloride have been
used ®# and varying yields of the product have been reported,
ranging from 609, of crude product? to 48%, of recrystallized
product.® In one run in which the checkers used one-half the
specified amount of thionyl chloride, the yield was unaffected.
The submitters report yields in the range 58-62%, by the proce-
dure described here.

2. Thionyl chloride attacks rubber so rapidly that all-glass
apparatus is highly desirable for this procedure. Since breaking
up the residual product in a flask results in a high mortality of
flasks, the checkers preferred a distilling vessel with a removable
top of the type used with vacuum desiccators (e.g., Corning Glass
Works, No. 3480).

3. Since moisture reacts with thionyl chloride to give hydrogen
chloride, which forms the salt of pyridine and thus inactivates it,
the pyridine should be dried over barium oxide for 24 hours, then
distilled under anhydrous conditions shortly before use.

4. Provided that this addition is carried out rapidly, ingress
of moisture is not significant, and more complicated apparatus
is not recommended.

5. Since thionyl chloride ruins all rubber tubing with which
it comes in contact, efficient cooling of the receiver is recom-
mended.

6. Alternatively, to decrease the time required to complete
drying at 100~110°, the moist solid residue may be triturated with



100 ORGANIC SYNTHESES, VOL. 43

chloroform and the chloroform distilled from the steam bath.
The checkers used a vacuum oven for drying.

7. The submitters report yields in the range 63-70%,.

8. Because the sulfonic acid melts with decomposition, the
value observed for the melting point is highly dependent on the
rate of heating of the sample.%-12

3. Methods of Preparation

The preparation of N-(4-pyridyl)pyridinium chloride hydro-
chloride follows the procedure of Koenigs and Greiner,® while
the preparation of the sulfonic acid is a modification of a patent
procedure.®

4-Pyridinesulfonic acid has been prepared by oxidation of
4-pyridinethiol with hydrogen peroxide in barium hydroxide
solution,® with hydrogen peroxide in glacial acetic acid,'® with
nitric acid-chlorine or nitric acid-chlorine-hydrochloric acid mix-
tures,™ and with nitric acid alone.!**»* The latter reaction gives
a mixturc of 4-pyridinesulfonic acid and other products, e.g.,
di-4-pyridyl disulfide dinitrate, and this has led to some confusion
in the literature.10-12.14

Sodium 4-pyridinesulfonate has been obtained from the oxida-
tion of 4-pyridinethiol with hydrogen peroxide in sodium hy-
droxide solution, !* and from the reaction of 4-chloropyridine with
aqueous sodium sulfite.® The salt has been converted to the free
acid by treatment with a cation-exchange resin ! or with sul-
furic acid.

4. Merits of the Preparation

This is the most convenient preparation of 4-pyridinesulfonic
acid, a useful intermediate for the synthesis of various pyridine
derivatives.

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

2 National Chemical Laboratory, D.S.LR., Teddington, Middlesex, England.

3 Landbouwhogeschool, Laboratorium voor Organische Chemie, Wageningen,
Holland.

4 F, Krohnke, Angew. Chem., 63, 623 (1953).

5. Jerchel, H. Fischer, and K. Thomas, Chem. Ber., 89, 2921 (1956).

8 E. Koenigs and H. Greiner, Chem. Ber., 64, 1049 (1931).
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?B. Bak and D. Christensen, Acta Chem. Scand., 8, 390 (1954).

8 K. Bowden and P. N. Green, J. Chem. Soc., 1954, 1795.

9 R. F. Evans and H. C. Brown, Chem. Ind. (London), 1958, 1559.

12 A. M. Comrie and J. B. Stenlake, J. Chem. Soc., 1958, 1853.

1 J. Angulo and A. M. Municio, Chem. Ind. (London), 1958, 1175.

211. J. den Hertog, H. C. van der Plas, and D. J. Buurman, Rec. Trav. Chim., 77,
963 (1958).

18 A, E. Tiesler, U.S. Patent 2,330,641 (1943) [C. A., 38, 1249 (1944)].

4 E. Koenigs and G. Kinne, Chen. Ber., 54, 1357 (1921).

15 H. King and L. L. Ware, J. Chem. Soc., 1939, 873.

18 E. Ochiai and L. Suzuki, Pkarm. Bull. (Tokyo), 2, 247 (1954) [C. 4., 50, 1015
(1956)]. .

TROPYLIUM FLUOBORATE

(Cycloheptatrienocarbonium fluoborate)

2 + 3PCls —> (C7H;t PCls™)WC7H7+ C1™) + 2PCl;  + 2HCI

(C7Hy* PCls™ ) (C7H;* C17) + 2HBFy — 2C:H;¥BF¢ + PCls + 2HCI

Note CyHpt s

Submitted by KENNETH CoNrOW.!
Checked by D, W. WiLEY and B. C. McKusIcK.

1. Procedure

A suspension of 100 g. (0.48 mole, 339, excess) of phosphorus
pentachloride in 800 ml. of carbon tetrachloride is prepared in a
1-1. flask equipped with an efficient stirrer and an exit valve for
the hydrogen chloride that is evolved (Note 1). Tropilidene
(cycloheptatriene; 24.2 g. of 919 material; 0.24 mole) (Note 2)
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is added all at once, and the mixture is stirred for 3 hours at room
temperature (Note 3).

Absolute ethanol (400 ml.) is vigorously stirred in a 1-1. wide-
necked Erlenmeyer flask immersed in an ice bath (Note 4).
The tropylium hexachlorophosphate-tropylium chloride double
salt ? is separated from the reaction mixture by suction filtration,
washed briefly with fresh carbon tetrachloride, and transferred
as rapidly as possible into the cold, well-stirred ethanol (Note 5).
The salt dissolves rapidly and exothermally to give a reddish solu-
tion. Fifty milliliters (0.39 mole) of 509} aqueous fluoboric acid
is added rapidly to the cold stirred solution (Note 6). The dense
white precipitate of tropylium fluoborate that forms is separated
by suction filtration, washed with a little cold ethanol and with
ether, and air-dried at room temperature (Note 7); weight 34~
38 g. (80~899%,); decomposition point about 200°; A%LY HC 218
my (log € 4.70), 274 mp (log € 3.61). The product is 98-100%,
pure (Notes 8 and 9).

2. Notes

1. The use of a flask just large enough to hold the reaction mix-
ture obviates the necessity for an inert atmosphere, for the evolv-
ing hydrogen chloride soon displaces the small amount of air over
the reaction mixture.

2. Cycloheptatriene containing 99, toluene is available from
the Shell Chemical Company, New York. Less pure cyclo-
heptatriene, obtained by pyrolysis of bicycloheptadiene followed
by a crude distillation, has been used successfully in this prepara-
tion. The quantity of the tropilidene/toluene mixture is ad-
justed in accord with its purity as estimated by vapor-phase
chromatography on didecyl phthalate.

3. The mixture thickens rapidly. After about an hour, even
an efficient stirrer often fails to stir the whole mixture, but after a
time the mixture thins again and the reaction is completed with-
out incident.

4. Stirring is most conveniently accomplished with a magnetic
stirrer. A large plastic bucket is used to contain the ice used for
cooling.
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5. Exposure of this salt to the atmosphere causes discoloration
that may persist in the final product. A slight discoloration at
this stage does not appear to affect the quality of the final product.
A rubber dam is helpful on days of high humidity.

6. Use of perchloric acid gives the perchlorate. However, the
perchlorate is so dangerously explosive that its use should be
avoided.?

7. Additional salt is precipitated by the addition of ether to the
ethanolic filtrate, but the quantity is so small that this treatment
is not worth while.

8. The product may be crystallized from a large volume of
ethyl acetate or from acetonitrile-ethyl acetate. However, there
is little reason to do this, for losses are heavy and the purity, as
measured by ultraviolet spectroscopy, is hardly affected.

9. In a variation of this procedure that gives a nearly quantita-
tive yield of good material, the intermediate salt is dissolved in
250 ml. of glacial acetic acid in a 2-1. beaker, and 100 g. of 50%
fluobhoric acid is added with stirring. When the evolution of gas
has stopped, 1 1. of ethyl acetate is added to precipitate tropylium
fluoborate. The fluoborate is separated by filtration, washed
successively with ethyl acetate and ether, and dried in an oven
at 40°.¢

3. Methods of Preparation

This method is a modification of the method originally pub-
lished by Kursanov and Vol’pin.? Tropylium salts have also
been prepared by bromination-dehydrobromination of tropili-
dene,® and by the hydride-exchange reaction between tropilidene
and triphenylmethyl carbonium ion.”

4. Merits of the Preparation

Tropylium salts are starting materials for the preparation of a
wide range of substituted tropilidenes. The fluoborate is the
salt of choice for work involving the tropylium ion because it is
indefinitely stable, non-hygroscopic, and, unlike the perchlorate,
non-explosive. Its preparation by this method avoids the use of
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triphenyl carbinol, which is an unnecessarily expensive reagent
in the quantities required for tropylium ion preparation.

! Department of Chemistry, Kansas State University, Manhattan, Kansas.

2D. Bryce-Smith and N. A. Perkins, J. Chem. Soc., 1962, 1339.

3P. G. Ferrini and A. Marxer, Angew. Chem., Intern. Ed. Engl., 1, 405 (1962).

4 C. V. Wilson, Eastman Kodak Co., private communication.

5D. N. Kursanov and M. E. Vol'pin, Doklady Akad. Nauk SSSR, 113, 339
(1957) [C. 4., 51, 14572f (1957)].

¢ W. von E. Doering and L. H. Knox, J. Am. Chem. Soc., 79, 352 (1957).

TH. J. Dauben, L. R. Honnen, and K. M. Harmon, J. Org. Chem. 25, 1442
(1960).

SUBJECT INDEX

(This index comprises material from Volumes 40-43 only; for previous volumes
see Collective Volumes 1,2, 3, and 4).

Names in small capital letters refer to the titles of individual preparations. A number in
ordinary boldface type denotes the volume. A page number in boldface italics indicates that
the detailed preparative dircctions 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 compotnd or subject is mentioned in connection with other

preparations.

Acetal formation, by azeotropic distil-
lation, 42, I
cyclohexanone diallyl acetal from cy-
clohexanone, allyl alcohol, and
acetone dimethyl acetal, 42, 34
ACETANILIDE, a,@,a-TRICHLORO-, 40, 103
Acetic anhydride, acetylation of glu-
conolactone with, 41, 79
acetylation of hexahydrogallic acid
with, 42, 63
acetylation of tetraacetylgluconic acid
with, 41, 80
in dehydration of maleanilic acid, 41,
94
ACETOACETIC ACID, lerf-BUTYL ESTER,
42, 28
o-Acetoacetochloranilide, reaction with
potassium amide in ammonia to
yield 3-acetyloxindole, 40, 1
Acetone cyanohydrin, conversion to the
nitrate, 43, 83
Acetone cyanohydrin nitrate, reagent
for nitrating amines to nitra-
mines, 43, 83
ACETONE DIBUTYL ACETAL, 42, 1
Acetone dimethyl acetal, reaction with
n-butanol, 42, 1
ACETOPHENONE, 2-AMINO-, HYDROCHLO-
RIDE, 41, 82
Acetophenone, bromination to 3-bromo-
acetophenone, 40, 9
chlorination to 3-chloroacetophenone,
40,9
ACETOPHENONE, 3-BROMO-, 40,7

ACETOPHENONE, 4’-METHOXY-2-{p-
METHOXYPHENYL)-, 40, 16
3B-ACETOXY-5-ANDROSTENE-178-CAR-
BOXYLIC ACID, 42, 4
3B-ACETOXYETIENIC ACID, 42, 4
38-Acetoxy-5-pregnen-20-one, conver-
sion to 3B-acetoxyetienic acid, 42,
5
3-ACETYLOXINDOLE, 40, 1
Acid chlorides, from acids and chloro-
vinylamines, 41, 23
from cyanoacetic acid, 41, 5
from pentaacetylgluconic acid, 41, 80
ACRYLAMIDE, N-BENZYL-, 42, 16
Acrylonitrile, reaction with benzyl al-
cohol, 42, 16
Acylation, of enamines by acid halides,
43, 34
of ethyl acetoacetate by y-carbeth-
oxybutyryl chloride, 48, 41
ADAMANTANE, 42, 8
Addition, allyllithium to 4-methyl-2-
pentanone, 41, 30
allylmagnesium bromide to acrolein,
41, 49
dichlorocarbene to dihydropyran, 41,
76
dihalophosphines to 1,3-dienes, 43, 76
Alkylation, of dithiobenzoic acid by
chloracetic acid, 42,102
of hexachlorocyclopentadiene by tri-
alkylphosphites, 48, 92
of pentane-2,4-dione by methyl io-
dide, 42, 75

105
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Alkylation, sodium sodiophenylacetate
in, 40, 38, 40
Alkyl bromides by action of bromine
and mercuric oxide on carboxylic
acids, 43, 9
Alkyl chlorides from alcohols and chlo-
rovinylamines, 41, 23
S-Alkyl-1,2,3,4,5-pentachlorocyc]open-
tadienes from hexachlorocyclo-
pentadiene and trialkyl phos-
phites, 43, 90
ALLENE, 42, 12
addition to maleic anhydride, 43, 27
ALLYLAMINE, 2-BROMO-, 43, 6
Allyl bromide, in preparation of allyl-
magnesium bromide, 41, 49
in preparation of allyltriphenyltin, 41,
31
2-ALLYLCYCLOHEXANONE, 42, 14
Allyllithium, 41, 30
from allyltin derivatives, 41, 32
reaction with 4-methyl-2-pentanone,
41, 30
Allylmagnesium bromide, 41, 49
reaction with acrolein, 41, 49
5-Allyl-1,2,3,4,5-pentachlorocyclopen-
tadiene, 43, 92
Allyltriphenyltin, 41, 31
reaction with phenyllithium, 41, 30
Aluminum chloride, as catalyst, for
isomerization, 42, 9
for nuclear bromination and chlo-
rination of aromatic aldehydes
and ketones, 40, 9
as Friedel-Crafts catalyst, 41, 1
Amidation, of aniline with maleic an-
hydride, 41, 93
of o-toluidine with formic acid, 41, 102
N-Amination of amines by hydroxyl-
amine-O-sulfonic acid, 43, 1
#-Aminoacetanilide, oxidation to 4,4'-
diaminoazobenzene, 40, 18
2-Aminocyclohexanone, hydrochloride
of, 41, 87
2-Aminocyclopentanone, hydrochloride
of, 41, 87
1-Amino-2,4-dimethylpyridiniumiodide,
43, 2

1-Amino-2,6-dimethylpyridinium io-
dide, 43, 2

2-Amino-4,4-dimethyl-1-tetralone, hy-
drochloride of, 41, 87

2-AMINOFLUORENE, 40, §

3-Amino-2-heptanone, hydrochloride of,
41, 87

a-Aminoketones, 41, 87

1-Amino-2-methylpyridinium iodide, 48,
2

a-Aminonitriles from aldehydes and
secondary aliphatic amines, 43,
25

2-Amino-2-phenylacetophenone, 41, 87

1-Aminopiperidinium hydrogen oxalate,
43,2

1-AMINOPYRIDINIUM IODIDE, 43, 1

1-Aminoquinolinium iodide, 43, 3

2-Amino-1-tetralone, hydrochloride of,
41, 87

4-Amino-2,2,4-trimethylpentane, oxida-
tion to 4-nitro-2,2,4-trimethyl-
pentane, 43, 87

1-Amino-2,4,6-trimethylpyridinium
iodide, 43, 3

a-Aminovalerophenone, hydrochloride
of, 41, 87

Ammonium acetate as catalyst for con-
densation of furfural with cyano-
acetic acid, 40, 47

Ammonium nitrate, explosion hazard
of, 43, 48

ANILINE, 4,4'-az0DI-, 40, 18

Aniline, reaction with hexzachloroace-
tone to form a,a,a-trichloro-
acetanilide, 40, 103

reaction with maleic anhydride, 41, 94

Anisoin, reduction to deoxyanisoin by
tin and hydrochloric acid, 40,
16

Anthracene, chlorination by cupric
chloride, 43, 15

ANTHRACENE, 9-CHLORO-, 43, 15

ANTHRACENE, 9,10-DIHYDRO-, 42, 48

Apparatus, for continuous extraction,
43, 52

for Kolbe electrolysis, 41, 25, 33=34,

35=36
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Apparatus, for reactions in liquid ammo-

nia, 40, 1
for solvent stripping, 40, 8¢

Aromatic aldehydes, nuclear bromina-
tion and chlorination of, 40, 9

Aromatic amines, reaction with hexa-
chloroacetone to form a,o,e-tri-
chloroacetanilides, 40, 104

Aryl tert-butyl ethers from arylmag-
nesium halides and fert-butyl
perbenzoate, 43, 55

7-Azaindole-3-carbonitrile, 43, 59

Benzaldehyde, bisulfite addition prod-

uct of, 43, 25
condensation with 3-benzoylpropionic
acid to give a-benzylidene-y-
phenyl-af 7-butenolide, 43, 3
condensation with triphenylcinnamyl-

phosphonium chloride to form
1,4-diphenyl-1,3-butadiene, 40, 36

BENZENE, 0-BIS(BUTYLTHIO)-, 42, 22

BENZENE, 1-BROMO-2-FLUORO-, 48, 12

BENZENE, 1-1000-2,4-DINITRO-, 40, 34

BENZENE, 10D0S0-, 43, 60

BENZENE, 10D0SO-, DIACETATE, 43, 62

0-BENZENEDITHIOL, 42, 54

BENZENEHEXOL, 42, 66

1,2,4-BENZENETRIAMINE, S5-NITRO-, 40,
96

Benzhydryl chloride, alkylation of
sodium sodiophenylacetate with,
40, 39

Benzil, 4,4"-bis(diethylamino)-, 41, 3

BEnzin, 4,4'-B1S(DIMETHYLAMINO)-, 41,
1

Benzil, 4,4"-bis(di-n-propylamino)-, 41, 3

Benzoic acid, conversion to peroxy-
benzoic acid, 48, 93

reduction to 1,4-dihydrobenzoic acid, ;

43,22

BENZ0IC ACID, DITHIO-, CARBOXYMETHYL
ESTER, 42, 100

BenzopyrazoLE, 42, 69

3-Benzoylpropionic acid, condensation
with benzaldehyde to give a-
benzylidene-y-phenyl-a%7-bu-
tenolide, 43, 3

N-Benzylacetamide, 42, 18
N-BENZYLACRYLAMIDE, 42, 16
Benzyl alcohol, reaction with acryloni-
trile, 42, 16
a-BENZYLIDENE-y-PHENYL-AS 7-By-
TENOLIDE, 43, 3
Benzyl isocyanide, 41, 14
1-BENZYLPIPERAZINE, 43, 19
Bicycro[4.1.0/rErPTANE, 41, 72
BrpHENYL, 2,2'-pIFORMYL-, 41, 41
2-BIPHENYLCARBOXYLIC ACID, 2'-
FORMYL-, 41, 46
methyl ester of, 41, ¢7
Birch reduction of benzoic acid, 43, 22
1,2-B1S(n-BUTYLTHIO)BENZENE, 42, 22
1,4-Bis(n-butylthio)benzene, 42, 24
4,4'-Bis(diethylamino)benzil, 41, 3
4,4"-B1s(DIMETHYLAMINO)BENZIL, 41, I
Bis(dimethylamino)methane, reaction
with ferrocene to yield dimethyl-
aminomethylferrocene, 40, 31
4,4'-Bis(di-n-propylamino)benzil, 41, 3
Bis-(N-methyl-N-nitroso)terephthal-
amide, preparation of diazometh-
ane from, 41, 16
1,4-Bis-(4-phenylbutadienyl)benzene,
40, 86
1,2-Bis(phenylthio)benzene, 42, 24
1,4-Bis(phenylthio)benzene, 42, 24
¢-Bis(trifluoromethyl)benzene, 41, 106
2,4-Bis(trifluoromethyl)chlorobenzene,
41, 106
Biurer, 1-rEHENYL-2-THIO-, 42, 87
Bromination, nuclear, aluminum chlo-
ride as catalyst for, 40, 7
of cyclopropanecarboxylic acid to
bromocyclopropane, 43, 9
of phthalide using N-bromosuccin-
imide, 42, 26
Bromine, reaction with furan in meth-
anol to yield 2,5-dimethoxy-2,5-
dihydrofuran, 40, 29
3-BROMOACETOPHENONE, 40, 7
2-BROMOALLYLAMINE, 43, 6
2-Bromoallylhexaminium bromide, 43,
6
o0-Bromoaniline, conversion to 1-bromo-
2-fluorobenzene, 43, 12
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o-Bromoaniline, diazotization and con-
version to o-bromoiodobenzene,
40, 105
in formation of triphenylene via
benzyne, 40, 106
9-Bromoanthracene, 43, 16
3-Bromobenzaldehyde, 40, 9
Bromobenzene, conversion to Grignard
reagent, 41, 91
o-Bromobenzenediazonium hexafluoro-
phosphate, 43, 12
3-Bromo-4-teri-butylacetophenone, 40,
9
BROMOCYCLOPROPANE, 43, 9
1-BROMO-2-FLUOROBENZENE, 43, 12
1-Bromo-2,5-hexadiene, 41, 51
3-Bromo-1,5-hexadiene, 41, 51
Bromohexadiene (mixture), 41, 50
dehydrobromination to 1,3,5-hexa-
triene, 41, 50
isomer mixture of, 41, 51
5-Bromoindole-3-carbonitrile, 43, 59
o-Bromoiodobenzene, reaction with lith-
ium to form triphenylene, 40,
106
3-Bromo-4-methylacetophenone, 40, 9
#-Bromophenacylamine, hydrochloride
of, 41, 87
3-BROMOPHTHALIDE, 42, 26
3-Bromopropiophenone, 40, 9
1-Bromopyrene, 43, 16
2-Bromothiophene, 2-hydroxythiophene
from, 43, 55
3-Bromo-4-tolualdehyde, 40, 9
BUTADIENE, 1-CHLORO-1,4,4-TRIFLU-
ORO-, 43, 17
1,3-BUTADIENE, 1,4-DIPHENYL-, 40, 36
BUTADIENOIC ACID, METHYL ESTER, 43,
71
Butenolides from aryl aldehydes and
rv-keto acids, 48, 5
2-tert-Butoxythiophene from fert-butyl
perbenzoate and 2-thienylmag-
nesium bromide, 43, 55
tert-BUTYL ACETOACETATE, 42, 28
sec-Butyl acrylate, 41, 62
sec-Buty) alcohol, esterification of cro-
tonic acid with, 41, 60

sec-Butyl alcchol, esters with «,8-unsat-
urated acids, 41, 62
tert-Butyl alcohol, drying with CaHos, 41,
7
oxidation to a,a,o’,o'-tetramethyltet-
ramethylene glycol by hydrogen
peroxide and ferrous sulfate, 40,
90
reaction with cyanoacetyl chloride,
4,6
n-Butyl bromide, preparation of #-butyl
Grignard reagent from, 41, 61
sec-Butyl cinnamate, 41, 62
sec-Butyl crotonate, 41, 60
reaction with #-butyl Grignard re-
agent, 41, 61
tert-BUTYL CYANOACETATE, 41, 5
sec-Butyl 8,8-dimethylacrylate, 41, 62
Butylhydrazinium hydrogen sulfate, 43,
2
tert-Butyl hypochlorite, N-chlorination
of amines with, 41, 82
n-Butyl isocyanide, 41, 14
tert-Butyl isocyanide, 41, 14
n-Butylmagnesium bromide, 41, 61
reaction with sec-butyl crotonate, 41,
61
sec-Butyl methacrylate, 41, 62
sec-Butyl 3-methylheptanoate, 41, 61
hydrolysis of, 41, 62
5-Butyl-1,2,3,4,5-pentachlorocyclo-
pentadiene, 43, 92
5-sec-Butyl-1,2,3,4,5-pentachlorocyclo-
pentadiene, 43, 92
tert-Butyl perbenzoate, 2-feri-butoxy-
thiophene from, 43, 55
reaction with phenylmagnesium bro-
mide, 41, 91
p-tert-Butylperoxybenzoic acid, 43, 96
sec-Butyl tiglate, 41, 62
2,3-dimethylheptanoic acid from, 41,
63
2-BUTYNOIC ACID, 43, 97

Cadmium chloride as catalyst in con-
version of dipotassium 1,8-naph-
thalenedicarboxylate to 2,6-naph-
thalenedicarboxylic acid, 40, 72
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Calcium hydride, for drying of teri-
butyl alcohol, 41, 7
CARBODIIMIDE, DIPHENYL-, 43, 31
Carbodiimides, from isocyanates, 43,
31
Carboxylic acids, conversion to 1,1,1-
trifluoro compounds, 41, 104,
106
from enamines, 43, 39
Chlorination, nuclear, aluminum chlo-
ride as catalyst for, 40, 9
of anthracene by cupric chloride, 43,
15
of pyruvic acid by sulfuryl chloride,
40, 54
on nitrogen of amines, 41, 82
with tert-butyl hypochlorite, 41, 82
Chlorine in oxidation of methyl disulfide
to methanesulfiny] chloride, 40,
62
3-Chloroacetophenone, 40, 10
9-CHLOROANTHRACENE, 43, 15
3-Chlorobenzaldehyde, 40, 10
p-Chlorobenzonitrile, 43, 59
2-Chloro-6-methylphenyl isocyanide,
41, 103
p-Chlorophenacylamine, hydrochloride
of, 41, 87
o-Chloropheny! isocyanide, 41, 103
#-Chlorophenyl isocyanide, 41, 103
1-Chloropyrene, 43, 16
Chloropyruvic acid, 40, 54
2-Chloro-1,1,4,4-tetrafluorobutadiene,
43, 21
1-CaLORO-1,4,4-TRIFLUOROBUTADIENE,
43, 17
1-Chloro-2,3,3-trifluorocyclobutene, 42,
45
2-Chloro-2,3,3-trifluorocyclobutyl ace-
tate from chlorotrifluoroethylene
and vinyl acetate, 43, 17
Chlorotrifluoroethylene, addition to
viny] acetate, 43, 17
reaction with aqueous sodium cyanide
to form 3-chloro-2,2,3-trifluoro-
propionic acid, 40, 11
1-Chloro-1,4,4-trifluoro-2-phenylbuta-
diene, 43, 21

3-Chloro-2,2,3-triflucropropionamide as
by-product in synthesis of 3-
chloro-2,2,3-triftuoropropionic
acid, 40, 12
3-CBLORO-2,2,3-TRIFLUOROPROPIONIC
ACID, 40, 11
CHOLESTANE, 38-METHOXY-, 41, 9
Cholestanol, etherification of, 41,9
CHOLESTANYL METHYL ETHER, 41, 9
Cinnamaldehyde, reaction with Wittig
reagent, 40, 86
CINNAMIC ACID, @-(8-HYDROXYSTYRYL)-,
¥-LACTONE, 43, 3
Condensation, of benzaldehyde with
3-benzoylpropionic acid to give
a-benzylidene-y-phenyl-af7-
butenolide, 43, 3
of carbon dioxide and sodium methyl-
acctylide, 42, 97
of cyclohexanone and morpholine, 41,
65
of cyclohexene with methylene iodide,
41,72
of cyclohexylamine with ethyl for-
mate, 41, 14
of diacetyl monozime and 3-methyl-
pentane-2,4-dione, 42, 93
of diethylamine with trichloroacetyl
chloride, 41, 21
of dihydropyran and ethyl trichloro-
acetate, 41, 76
of 4,4-dimethoxy-2-butanone with
formamide to give 4-methylpy-
rimidine, 43, 77
of ethyl oxalate with o-nitrotoluene
to give potassium salt of ethyl
o-nitrophenylpyruvate, 43, 40
of formaldehyde and nitromethane,
41, 67
of p-hydroxybenzaldehyde with hy-
dantoin to give 5-(p-hydroxy-
benzal)hydantoin, 43, 49
of malonitrile with tetracyanoethyl-
ene, 41, 99
of 2-methyl-1,3-cyclohexanedione
with methyl vinyl ketone, 41,
38
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Condensation, of oxalyl chloride, with
di-n-alkylanilines, 41, 3
with dimethylaniline, 41, 1
of 1,1,3,3-tetraethoxypropane with
thiourea to give 2-mercaptopy-
rimidine, 43, 68
Coupling of p-aminoacetanilide to 4,4’-
bis(acetamido)azobenzene using
sodium perborate and boric acid,
40, 19
Crotonic acid, esterification with sec-
butyl alcohol, 41, 60
Crystal Violet, from condensation of
oxalyl chloride with dimethyl-
aniline, 41, 2-4
oxidative removal of traces by hydro-
gen peroxide, 41, 2, 34
Cupric chloride as chlorinating agent,
43,15
Cuprous #-butylmercaptide, 42, 22
Cuprous chloride as catalyst for 1,4
addition of Grignard reagents
to a,B-unsaturated esters, 41, 63
CYANOACETIC ACID, ferf-BUTYL ESTER,
41, 5
Cyanoacetic acid, condensation with
furfural to yield 3-(2-furyl)acry-
lonitrile, 40, 46
with phosphorus pentachloride, 41, 5
Cyanoacetyl chloride, 41, §
2-Cyano-4,6-dimethylpyridine, 42, 33
1-Cyanoisoquinoline, 42, 33
2-CYANO-6-METHYLPYRIDINE, 42, 30
2-Cyanopyridine, 42, 33
4-Cyanopyridine, 42, 33
2-Cyanoquinoline, 42, 31
Cyclization, of o-acetoacetochloroanilide
to 3-acetyloxindole, 40, 1
polyphosphoric acid in, 40, 43
Cycloaddition, of allenes to alkenes to
form methylenecyclobutanes, 43,
30
of 1,1-dichloroethylene to chlorotri-
fluoroethylene, 42, 45
of fluoroethylenes to alkenes to give
cyclobutanes, 43, 21
Cycloheptatriene, oxidation to tropy-
lium fluoborate, 43, 101

CYCLOHEPTATRIENOCARBONIUM FLUO-
BORATE, 43, 101
2,5-CYCLOHEXADIENE-1-CARBOXYLIC
ACID, 43, 22
CYCLOHEXANE, METHYLENE-, 40, 66
CYCLOBEXANECARBOXYLIC AcID, 3,4,5-
TRIACETOXY-, 42, 62
CYCLOHEXANECARBOXYLIC ACID, 3,4,5-
TRIOL, 42, 62
1,3-CYCLOHEXANEDIONE, 2-METHYL-, 41,
56
CYCLOHEXANONE, 2-ALLYL-, 42, 14
Cyclohexanone, condensation with mor-
pholine, 41, 65
in preparation of methylene cyclo-
hexane, 40, 66
CYCLOHEXANONE DIALLVL ACETAL, 42,
34
rearrangement to 2-allylcyclohex-
anone, 42, 14
Cyclohexene, purification of, 41, 74
reaction with zinc-copper couple and
methylene iodide, 41, 73
2-CYCLOHEXENONE, 40, 14
Cyclohexvlamine, reaction with ethyl
formate, 41, 14
N-Cyclohexylformamide, 41, 14
dehydration with phosphorus oxy-
chloride, 41, 13
CYCLOHEXYL ISOCYANIDE, 41, 13
Cyclopentadiene, conversion to sodium
salt, 41, 96
preparation from dimer, 41, 97; 42, 50
CYCLOPENTADIENE, 1,2,3,4,5-PENTA-~
CHLORO-S-ETHYL-, 43, 90
CYCLOPENTENEDIOL, 42, 50
2-Cyclopentene-1,4-diol, 42, 51
3-Cyclopentene-1,2-diol, 42, 51
2-CYCLOPENTENE-1,4-DIONE, 42, 36
2-CYCLOPENTENE-1-ONE, 48, 38
2-CYCLOPENTENONE, 42, 38
CYCLOPROPANE, BROMO-, 43, 9
Cyclopropanecarboxylic acid, conver-
sion to bromocyclopropane, 43,
9

Decarboxylation, intermolecular, of iso-
cyanates to carbodiimides, 43, 32

SUBJECT INDEX m

Dehalogenation of 1,1,2-trichloro-2,3,3-
trifluorocyclobutane, 42, 45
Dehydration of formamides with phos-

phorus oxychloride to isocy-
anides, 41, 13, 101
Delépine reaction, to prepare 2-bromo-
allylamine, 43, 6
DEOXYANISOIN, 40, 16
Deoxybenzoin, 40, 17
Deoxypiperoin, 40, 17
Desylamine, 41, 87
N,N’-Diacetyl-4,6-dimethyl-m-xylene-
a,o’-diamine, 42, 18
N,N’-Diacrylyl-p-xylene-a,a’-diamine,
42, 18
N,N-Dialkyl-1,2,2-trichlorovinyl-
amines, 41, 23
Diallyldiphenyltin, allyllithium from,
41,32
4,4'-DIAMINOAZOBENZENE, 40, 18
DIAZOMETHANE, 41, 10, 16
analysis of solutions of, 41, 11
etherification of cholestanol with, 41,
9
explosion hazard in use of, 41, 17-
18
precautions in use of, 41, 17-18
3,4-Dibromoacetophenone, 40, 9
o-Dibromobenzene, conversion to 1,2-
bis(n-butylthic)benzene, 42, 23
3,5-Dibromo-4-methylacetophenone, 40,
9
2,3-Dibromopropene, conversion to 2-
bromoallylamine, 43, 6
Di-sec-butyl a-(2-hexyl)-g-methylglutar-
ate, 41, 63
1,1-Dibutylhydrazinium hydrogen oxa-
late, 43, 2
Dichloramine B in N-chlorination of
amines, 41, 84
m-Dichlorobenzene, nitration to yicld
1,3-dinitro-4,6-dichlorobenzene,
40, 96
N,N-Dichlorobenzensulfonamide in
N-chlorination of amines, 41,
84
Dichlorocarbene, addition to dihydropy-
ran, 41, 76

7,7-DIcHLORO-2-0XABICYCLO[4.1.0]mEP-
TANE, 41, 76
N,N-Dichloro-a-phenylethylamine, 41,
82
conversion to phenacylamine hydro-
chloride, 41, 83
1,1-Dichloro-1-phenyl-3-methyl-1-
phospha-3-cyclopentene from
isoprene and dichlorophenyl-
phosphine, 43, 73
Dichlorophenylphosphine, addition to
isoprene, 43, 73
2,3-Dichloropropene, dehalogenation to
allene, 42, 12
Dicyclopentadiene, conversion to endo-
tetrahydrodicyclopentadiene and
to adamantane, 42, 8
DIETHYL ACETAMIDOMALONATE, 40,
21
Diethyl acetylenedicarboxylate as di-
eneophile, 490, 86, 87
Diethylamine, condensation with tri-
chloroacetyl chloride, 41, 21
Diethyl aminomalonate, from reduction
of diethyl isonitrosomalonate, 40,
24
reaction with hydrogen chloride to
form diethyl aminomalonate hy-
drochloride, 40, 25
DIETHYL AMINOMALONATE HYDROCHLO-
RIDE, 40, 24
p-Diethylaminophenyl isocyanide, 41,
103
N,N-Diethylaniline, condensation with
oxalyl chloride, 41, 3
DIETEYL BIS(HYDROXYMETEYL)MALO-
NATE, 40, 27
Diethyl isonitrosomalonate, danger of
explosion on attempted distilla-
tion, 40, 25
formation from diethyl malonate, 40,
21
reduction to diethyl acetamido-
malonate, 40, 22
DIETEYL 3-KETOPIMELATE, 42, 41
Diethyl 8-ketosuberate, 42, 44
Diethyl malonate, conversion to diethyl
isonitrosomalonate, 40, 21
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Diethyl malonate, reaction with for-
maldehyde to form diethyl bis-
(hydroxymethyl)malonate, 40,
217

Diethyl oxalate, condensation with o-
nitrotoluene, 43, 40

N,N-Diethyl-N’-phenyl-2,2-dichloro-
acetamidine, 41, 23

Diethyl succinate, reaction with 3-hy-
droxycinchoninic acid to yield 3-
hydroxyquincline, 40, 56

N,N-Diethyl-2,2,2-trichloroacetamide,
41, 21

reduction with tri-n-butylphosphine,
41,22

N,N-DiergYL-1,2,2-TRICHLOROVINYL-

AMINE, 41, 21

reaction with acids and alcohols, 41,
23

reaction with aniline, 41, 23

2,2-DIFLUOROSUCCINIC ACID, 42, 44

9,10-DIHYDROANTHRACENE, 42, 48

1,4-Dihydrobenzamide, 43, 24

1,4-DIRYDROBENZOIC ACID, 43, 22

Dihydrocholesterol, etherification of, 41,
9

1,4-Dihydro-3,5-dimethoxybenzamide,
43, 24

1,4-Dihydro-3,5-dimethoxybenzoic acid,
43, 24

1,4-Dihydro-3-methoxybenzamide, 43,
24

1,4-Dihydro-2-methoxybenzoic acid, 43,
24

Dihydropyran, purification of, 41, 77

reaction with dichlorocarbene, 41,
76
Dihydroresorcinol, 41, 56
methylation of, 41, 56
reaction with ethanol to yield 3-
ethoxy-2-cyclohezenone, 40, 41

DIHYDRORESORCINOL MONOETHYL
ETHER, 40, 41

1,4-Dihydro-o-toluic acid, 43, 24

DIEYDROXYCYCLOPENTENE, 42, 50

Diisobutylene, oxidation to neopentyl
alcohol by hydrogen peroxide,
40,76

Diketene, reaction with fert-butyl alco-
hol to give fert-butyl acetoace-
tate, 42, 28
7,16-Diketodocosanedioic acid, 43, 37
1,2-DIMERCAPTOBENZENE, 42, 54
1,4-Dimercaptobenzene, 42, 56
4,4'-Dimercaptobipheny], 42, 56
2,5-Dimercaptotoluene, 42, 56
DIMESITYLMETHANE, 42, 57
4,4-Dimethoxy-2-butanone, condensa-
tion with formamide to give
4-methylpyrimidine, 43, 77
3,8-DIMETHOXY-4,5,0,7-DIBENZO-1,2-
DIOXACYCLOOCTANE, 41, 46
conversion, to diphenaldehydic acid,
41, 46
to diphenic acid, 41, 47
to methyl ester of diphenaldehydic
acid, 41, 47
2,5-DIMETHOXY-2,5-DIHYDROFURAN, 40,
29
1,2-Dimethoxyethane, as solvent for
preparation of sodium cyclo-
pentadienide, 41, 96
purification of, 41, 97
1,3-Dimethyladamantane, 42, 10
$-N,N-Dimethylaminobenzonitrile, 43,
59
N,N-DIMETHYLAMINOMETHYLFERRO-
CENE METHIODIDE, 40, 31
in preparation of hydroxymethylfer-
rocene, 40, 52
reaction with potassium cyanide to
yield ferrocenylacetonitrile, 40,
45
-N,N-DIMETHYT.AMINOPHENYLACETO-
NITRILE, 43, 25
N,N-Dimethylaniline, condensation
with oxyalyl chloride, 41, 1
in reaction of cyanoacetyl chloride
and teri-butyl alcohol, 41, 6
N-(2,4-Dimethylbenzyl)-acetamide, 42,
18
Dimethylbenzylamine, dehydrobromi-
nation of bromohexadienes with,
41, 50
2,7-DIMETHYL-2,7-DINITROGCTANE, 4%,
24
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2,3-Dimethylheptanoic acid, 41, 63
4,6-DIMETEYL-1-HEPTEN4-OL, 41, 30
2,5-Dimethyl-3-hexyne-2,5-diol, conver-
sion to 2,2,5,5-tetramethyltetra-
hydro-3-ketofuran, 40, 88
Dimethyl B-ketoadipate, 42, 44
DiMETEYL 3-METHYLENECYCLOBUTANE-
1,2-DICARBOXYLATE, 43, 27
pyrolysis to methyl butadienoate, 43,
7
2,3-Dimethylnaphthalene, oxidation to
2,3-naphthalenedicarboxylic
acids, 43, 80
DIMETHEYL OCTADECANEDIOATE, 41, 33
2,6-Dimethylphenyl isocyanide, 41,
103
2,2-DiMETHYL-1-PROPANOL, 40, 76
N,N-Dimethyl-1,2,2-trichlorovinyl-
amines, 41, 23
2,4-Dinitrochlorcbenzene, reaction with
sodium iodide to yield 2,4-di-
nitroiodobenzene, 40, 34
1,3-Dinitro-4,6-dichlorobenzene, from
nitration of m-dichlorobenzene,
40, 96
reaction with ammonia to yield 1,3-
dinitro-4,6-diaminobenzene, 40,
97
2,4-DINITROIODOBENZENE, 40, 34
1,8-Dinitro-p-menthane, 43, 89
1,6-Droxo-8a-meTHYL-1,2,3,4,6,7,8,8a-
OCTAHYDRONAPHTHALENE, 41, 38
DIPHENALDEHYDE, 41, 41
DIPHENALDEHYDIC ACID, 41, 46
methyl ester of, 41, 47
Diphenic acid, 41, 47
1,4-DreEENVYI-1,3-BUTADIENE, 40, 36
DIPHENYLCARBODIIMIDE, 43, 31
o,8-DIPEENYLPROPIONIC ACID, 40, 38
Dipotassium 1,8-naphthalenedicarbox-
ylate, conversion to 2,6-naphtha-
lenedicarboxylic acid, 40, 71
N,N-Di-n-propylaniline, condensation
with oxalyl chloride, 41, 3
Disodium 7,16-diketodocosanedioate,
43, 35
DISULFIDE, BIS-(m-NITROPHENYL), 40,
80

DOCOSANEDIOIC ACID, 43, 34
5-Dodecyl-1,2,3,4,5-pentachlorocyclo-
pentadiene, 43, 92

Eicosanedioic acid, 43, 39
Electrolysis, Kolbe synthesis, of 2,7-
dimethyl-2,7-dinitroéctane, 41,
24
of dimethyl octadecanedioate, 41,
33
two-compartment cell for, 41, 25,
29
Elimination of hydrogen bromide from
bromohexadienes with dimethyl-
benzylamine, 41, 50
Enamines, 41, 65
uses of, 41, 66
Esterification, of cyanocacetic acid, 41,
5
of gluconolactone, 41, 79
of tetraacetylgluconic acid, 41, 80
of a-B-unsaturated acids, 41, 62
preparation of sec-butyl crotonate by,
41, 60
ETHANOL, 2-NITRO-, 41, 67
conversion to nitroethylene, 41,
7
ETHER, fer!-BUTYL PHENYL, 41, 91
Etherification of cholestanol, with diazo-
methane, 41, 9
3-ETHOXY-2-CYCLOHEXENONE, 40, 41
reduction to 2-cyclohexenone, 40,
14
2-(2-Ethoxyethoxy)ethanol in prepara-
tion of diazomethane, 41, 16
Ethyl a-acetyl-8-(2,3-dimethoxy-
phenyl) propionate, cyclization
to ethyl 6,7-dimethoxy-3-methyl-
indene-2-carboxylate by phos-
phoric acid, 40, 43
N-Ethylation of amines by ethylene, 43,
45
Ethyl carbamate, reaction with hydrox-
ylamine to form hydroxyurea,
40, 60
Ethyl crotonate, 3-methylheptanoic
acid from, 41, 63
Ethyl di-#-butylamine, 43, 47



114 SUBJECT INDEX

ETRYL 6,7-DIMETHOXY-3-METHYLIN-
DENE-2-CARBOXYLATE, 40, 43

Ethylene, addition to piperidine, 43, 45

5,5’-Ethylene-1,2-bis-(2-furyl)-ethane,
42, 86

5,5"-Ethylene-1,2-bis-(2-thienyl)-eth-
ane, 43, 86

Ethylene carbonate, reaction with po-
tassium thiocyanate, 42, 59

ETHYLENE SULFIDE, 43, 59

Ethyl formate, reaction with cyclo-
hexylamine, 41, 14

Ethyl-n-hexylamine, 43, 47

5-(2-Ethylhexyl)-1,2,3,4,5-pentachloro-
cyclopentadiene, 43, 92

Ethylhydrazinium hydrogen oxalate,
43,2

ETHYL INDOLE-2-CARBOXYLATE, 43, 40

Ethy! isocyanide, 41, 15

N-Ethy{-N-methylaniline, 43, 47

Ethyl o-nitrophenylpyruvate, potassium
salt of, 43, 40

N-ETHYLPIPERIDINE, 43, 45

Ethyl-o-toluidine, 43, 47

Ethyl trichloroacetate for generation of
dichlorocarbene, 41, 76

Ferrocene, reaction with bis(dimethyl-
amino)methane to yield di-
methylaminomethylferrocene
40, 31

FERROCENYLACETONITRILE, 40, 45

Fluoboric acid as catalyst for diazo-
methane etherifications, 41, 9, 10

9-FLUORENONE, 2,4,5,7-TETRANITRO-,
42, 95

2-FLUORENYLAMINE, 40, §

Formaldehyde, reaction with diethyl
malonate to form diethyl bis-
(hydroxymethyl)malonate, 40, 27

Formamide, condensation with 4,4~
dimethoxy-2-butanone to give
4-methylpyrimidine, 43, 77

Formic acid, and hydrogen perozide,
with indene, 41, 53

in conversion of thiosemicarbazide to
1-formyl-3-thiosemicarbazide, 40,
9

Formic acid, in preparation of o-tolyl-
formamide, 41, 102

1-Formyl-3-thiosemicarbazide, conver-
sion to 1,2,4-triazole-3(5)-thiol,
40, 100

Furan, reaction with bromine and meth-
anol to yield 2,5-dimethoxy-2,5-
dihydrofuran, 40, 29

FURrAN, 2,5-DIHYDRO-2,5-DIMETHOXY-~,
40, 29

2-FURANACRYLONITRILE, 40, 46

3(2)-FURANONE, 4,5-DIRYDRO-2,2,5,5-
TETRAMETHYL-, 40, 88

Furfural in preparation of 3-(2-furyl)-
acrylonitrile, 40, 47

3-(2-FURYL)ACRYLONITRILE, 40, 46

GLUCONIC ACID, PENTAACETYL-, D-, 41,
79

D-Glucono-3-lactone, acetylation of, 41,
80

GLUCONYL CHLORIDE, PENTAACETYL-, D-,
41,79

GLYCINONITRILE, N,N-DIMETHYL-2-
PHENYL-, 43, 25

Grignard reaction, addition of allyl-
magnesium bromide to acrolein,
41,49

1,4-addition of Grignard reagents to
sec-butyl esters of a,f-unsatu-
rated acids, 41, 60-64
of arylmagnesium halides with fert-

butyl perbenzoate to give aryl
teri-butyl ethers, 41, 91; 43, 55

GUANIDINE NITRATE, warning against
synthesis from ammonium ni-
trate, 43, 48

Heptadecanoic acid, 43, 39

Heprang, 1,1,1-TRIFLUORO, 41, 104

HEPTANOIC ACID, 3-METHYL-, 41, 60

Heptanoic acid, reaction with sulfur
tetrafluoride, 41, 104

1-HEPTEN-4-0OL, 4,6-DIMETHYL-, 41, 30

Hexachloroacetone, reaction with ani-

line to form a,x,a-trichloroacet-

anilide, 40, 103
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Hexachloroacetone, reaction with a
variety of amines to form the
corresponding  a,a,a-tri-chloro-
acetamides, 40, 104

Hexachlorocyclopentadiene, ethylation
to 1,2,3,4,5-pentachloro-5-ethyl-
cyclopentadiene, 43, 90

Hexadecanedioic acid, 43, 39

1,5-Hexadien-3-01, 41, 49

conversion to bromide, 41, 50

1,1,1,10,10,10-Hexafluorodecane, 41, 106

1,1,1,6,6,6-Hexafluoro-3-hexene, 41, 106

Hexafluorophosphoric acid in conversion
of arylamines toaryl fluorides, 43,
12 A

HEXAHYDROGALLIC ACID, 42, 62

HEXAHYDROGALLIC ACID TRIACETATE,
43, 62

HEXAHYDROXYBENZENE, 42, 66

ITexamethylenetetramine in formation
of 2-bromoallyhexaminium bro-
mide, 43, 0

2,5-HEXANEDIOL, 2,5-DIMETHYL-, 40, 90

1,3,5-HEXATRIENE, 41, 49

cis-trans isomers of, 41, 52

Hofmann decomposition of p-methyl-
benzyltrimethylammonium bro-
mide, 42, 86

Hydantoin, condensation with p-hy-
droxybenzaldehyde, 48, 49

Ilydration of norbornene by formic
acid, 42, 79

Hydrazine hydrate, in preparation of
sulfonylhydrazides, 40, 93, 95~

in reduction of 2-nitrofluorene to 2-
aminofluorene, 40, 5
in Wolff-Kishner reduction, 43, 34

Hydrazines, asymmetrically substituted
by N-amination of amines by
hydroxylamine-O-sulfonic  acid,
43,2

ITydriodic acid in reduction of m-pitro-
benzenesulfonyl chloride to m-
nitrophenyl disulfide, 40, 80

Hydrogenation, of diethylisonitroso-
malonate to diethyl aminomalo-
nate over palladium-on-charcoal,
40,24

Hydrogenation, of gallic acid with
rhodium-alumina catalyst, 42, 62
of resorcinolto dihydroresorcinol, 41, 56
Hydrogen peroxide, and formic acid,
with indene, 41, 53
in oxidation of benzoic acid to peroxy-
benzoic acid, 48, 93
in oxidation of fers-butyl alcohol to
aa’ o -tetramethyltetra-
methylene glycol, 40, 90
in oxidation of fert-butylamine to
a0’ o -tetramethyltetra-
methylenediamine, 40, 92
in oxidation of Crystal Violet, 41, 2,
34
in oxidation of diiscbutylene to neo-
pentyl alcohol, 40, 76
in oxidation of pivalic acid to a,a,e/,-
o'-tetramethyladipic acid, 40, 92
in oxidation of pivalonitrile to
aa,a’ a’-tetramethyladiponitrile,
40,92
Hydrolysis, of an acyl enamine to a
ketone, 43, 34
of a 1,3-diketone to a 8-keto acid, 43,
34
of iodosobenzene diacetate to iodoso-
benzene, 43, 60
of phenylhydantoins to phenylpy-
ruvic acids, 43, 49
p-Hydroxybenzaldehyde, condensation
with hydantoin, 43, 49
5-(p-Hydroxybenzal)hydantoin, 43, 49
3-Hydroxycinchoninic acid, 40, 55
reaction with diethyl succinate to
vield 3-hydroxyquinoline, 40,
56
2-HYDROXYISOPHTHALIC ACID, 40, 48
Hydroxylamine hydrochloride, reaction
with ethyl carbamate to form hy-
droxyurea, 40, 60
Hydroxylamine-O-sulfonic acid for N-
amination of pyridine, 43, 1
Hydroxylation of indene, 41, 53
2-Hydroxy-3-methylbenzoic acid, oxi-
dation to 2-hydroxyisophthalic
acid by lead dioxide, 40, 48
HYDROXYMETHYLFERROCENE, 40, 52
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p-HYDROXYPHENYLPYRUVIC ACID, 43,
49

3-HYDROXYQUINOLINE, 40, 54

2-HYDROXYTRIOPHENE, 43, 55

HYDROXYUREA, 40, 60

1,2-Indanediol monoformate, 41, 53
conversion to 2-indanone, 41, 54
2-INDANONE, 41, 53
INDAZOLE, 42, 69
INDENE, 6,7-DIMETHOXY-3-METHYL-2-
CARBETHOXY-, 40, 43
Indene, hydroxylation of, 41, 53
Indole, methylation to 1-methylindole,
40, 68
INDOLE, 1-METHYL-, 40, 68
INDOLE-3-CARBONITRILE, 43, 58
Indole-3-carboxaldehyde, conversion to
indole-3-carbonitrile, 43, 58
INDOLE-2-CARBOXYLIC ACID, ETHYL
ESTER, 43, 40
Iodobenzene, conversion to iodosoben-
zene diacetate, 43, 62
oxidation to iodoxybenzene, 43, 65
Todosoarenes from iodosoarcne diace-
tates, 43, 61
TODOSOBENZENE, 43, 60
JODOSOBENZENE DIACETATE, 43, 62
hydrolysis to iodosobenzene, 43, 60
4-Todosobiphenyl, 43, 61
4-Todosobipheny! diacetate, 43, 64
o-Iodosophenetole, 43, 61
o-Todosophenetole diacetate, 43, 64
m-Lodosotoluene, 43, 61
o-Todosotoluene, 43, 61
p-Todosotoluene, 43, 61
m-TIodosotoluene diacetate, 43, 64
o-Iodosotoluene diacetate, 43, 64
p-Todosotoluene diacetate, 43, 64
2-Iodoso-m-xylene, 43, 61
2-Todoso-p-xylene, 43, 61
4-Todoso-m-xylene, 43, 61
2-Todoso-m-xylene diacetate, 43, 64
4-Todoso-m-xylene diacetate, 43, 64
2-Todoso-p-xylene diacetate, 43, 64
N-IODOSUCCINIMIDE, 43, 73
Todoxyarenes by oxidation of aryl io-
dides, 48, 66

JODOXYBENZENE, 43, 65

o-Iodoxybenzoic acid, 43, 67

4-Todoxybiphenyl, 43, 67

o-Todoxyphenetole, 43, 67

m-Todoxytoluene, 43, 67

o-Iodoxytoluene, 43, 67

p-Todoxytoluene, 43, 67

2-Todoxy-m-xylene, 43, 67

2-Todoxy-p-xylene, 43, 67

4-Todoxy-m-xylene, 43, 67

{IrON, [(CYANOMETHYL)CYCLOPEN-
TADIENYL]CYCLOPENTADIENYL-},
40, 45

{IRON, CYCLOPENTADIENYL[(DIMETHYL-
AMINOMETHYL)CYCLOPENTA-
DIENYL]-, METHIODIDE }, 40, 31

{IRON, CYCLOPENTADIENYL[(HYDROXY-
METHYL)CYCLOPENTADIENYL]-},
40, 52

Isatin, reaction with chloropyruvic acid
to vyield 3-hydroxycinchoninic
acid, 40, 55

1(3H)-ISOBENZOFURANONE, 3-BROMO-,
42, 26

5-Isobutyl-1,2,3,4,5-pentachlorocyclo-
pentadiene, 43, 92 '

Isocyanides, synthesis from formamides,
41, 13, 103

2-TSOINDOLINEACETIC ACID, @-BENZYL-1,
3-D10X0-, L-, 40, 82

ISOPHTHALIC ACID, 2-HYDROXY-, 40, 48

Isoprene, addition to dichlorophenyl-
phosphine, 43, 73

Isopropyl isocyanide, 41, 14

5-Isopropy!-1,2,3,4,5-pentachlorocyclo-
pentadiene, 43, 92

Kolbe electrolysis, see Electrolysis

Lead dioxide as oxidizing agent for con-
version of 2-hydroxy-3-methyl-
benzoic acid to 2-hydroxyiso-
phthalic acid, 40, 48

Lithium aluminum hydride, in purifica-
tion of 1,2-dimethoxyethane, 41,
97

in purification of tetrahydrofuran, 41,

31
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Lithium aluminum hydride, in reduc-
tion of 3-ethoxy-2-cyclohexenone
to 2-cyclohexenone, 40, 14

Lithium ethoxide in condensation of
benzaldehyde with triphenylcin-
namylphosphonium chloride to
form 1,4-diphenyl-1,3-butadiene,
40, 36

Lithium in formation of triphenylene
from o-bromoiodobenzene, 40, 106

Magnesium for drying methanol, 41,
85 7
Maleanilic acid, 41, 93
conversion to N-phenylmaleimide, 41,
93
Maleic anhydride, addition to allene,
43, 27
rcaction with aniline, 41, 93
MALEIMIDE, N-PHENYL-, 41, 93
MALONIC ACID, ACETAMIDO-, DIETHYL
ESTER, 40, 21
MALONIC ACID, AMINO-, DIETHYL ESTER,
HYDROCHLORIDE, 40, 24
MALONIC ACID, BIS(HYDROXYMETHYL)-,
DIETHYL ETHER, 40, 27
Malonitrile, condensation with tetra-
cyanoethylene, 41, 99
2-MERCAPTOPYRIMIDINE, 43, 68
hydrochloride of, 43, 68
Mercuric oxide in preparation of bromo-
cyclopropane, 43, 9
Mesityl isocyanide, 41, 103
5-Methaliyl-1,2,3,4,5-pentachlorocyclo-
pentadiene, 43, 92
METHANE, DIMESITYL-, 42, 57
METHANESULFINYL CHLORIDE, 40, 62
Methanesulfonic acid, solvent for mak-
ing peroxybenzoic acid from
benzoic acid, 43, 93
Methanol, as solvent for ozonolysis, 41,
41, 46
purification of, 41, 85
N-(4-Methoxybenzyl)-acetamide, 42, 18
1-Methoxy-2-methylpyridinium methyl
sulfate, 42, 30
p-Methoxyphenacylamine, hydrochlo-
ride of, 41, 87

p-Methoxyphenyl isocyanide, 41, 103
1-Methyladamantane, 42, 10
p-Methylbenzyltrimethylammonium
bromide, 42, 83
METHYL BUTADIENOATE, 43, 71
Methyl crotonate, reaction with #-butyl
Grignard reagent and cuprous
chloride, 41, 63
2-METHYL-1,3-CYCLOHEXANEDIONE, 41,
56
condensation with methyl vinyl ke-
tone, 41, 38
Methyl e,y-di-(2-hexyl)-acetoacetate,
41, 63
Methyl disulfide, oxidation to methane-
sulfiny] chloride by chlorine, 40,
62
3-METHYLENECYCLOBUTANE-1,2-DICAR-
BOXYLIC ACID, DIMETHYL ESTER,
43,27
3-Methylenecyclobutane-1,2-dicar-
boxylic anhydride, 43, 27
Methylenecyclobutanes by addition of
allenes to alkenes, 43, 30
METEVLENECYCLOHEXANE, 40, 66
Methylene iodide, reaction with zinc-
copper couple and cyclohexene,
41,73
Methylenetriphenylphosphine, 40, 66
in preparation of methylenecyclo-
hexane, 40, 66
Methyl 2'-formyl-2-diphenylcarboxyl-
ate, 41, 47
3-METHYLHEPTANOIC ACID, 41, 60
Methythydrazinium hydrogen sulfate,
43,2
Methyl hydrogen sebecate, 41, 34
Kolbe electrolysis of, 41, 33
1-METHYLINDOLE, 40, 68
Methyl iodide, methylation of dihy-
droresorcinol with, 41, 57
Methyl isocyanide, 41, 15
Mcthyl 4-methyl-4-nitrovalerate, hy-
drolysis to acid, 41, 24
N-Methyl-N-nitrosoterephthalamide,
preparation of diazomethane
from, 41, 16
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4-Methyl-4-nitrovaleric acid, 41, 24
2-Methyl-2-(3"-oxobutyl)-1,3-cyclo-
hexanedione, 41, 39
5-Methyl-1,2,3,4,5-pentachlorocyclo-
pentadiene, 43, 92
3-METHYLPENTANE-2,4-DIONE, 42, 75
4-Methyl-2-pentanone, reaction with
allyllithium, 41, 30
p-Methylphenacylamine, hydrochloride
of, 41, 87
3-MEeTHYL-1-PHENYL-1-PHOSPHA-3-CY-
CLOPENTENE 1-OXIDE, 43, 73
catalyst for converting phenyl iso-
cyanate to diphenylcarbodiimide,
43, 31
6-METHYLPICOLINONITRILE, 42, 30
4-METHYLPYRIMIDINE, 43, 77
2-Methyl-1,1,4 4 tetrafluorobutadiene,
43, 21
Methyl vinyl ketone, condensation with
2-methyl-1,3-cyclohexanedione,
41, 38
MONOPERPHTHALIC ACID, 42, 77
Morpholine, condensation with cyclo-
hexanone, 41, 65
conversion to N-nitromorpholine, 43,
84
MORPHOLINE, 4-(1-CYCLOHEXENYL)-,
41, 65
MORPHOLINE, 4-NITRO-, 43, 83
1-MORPHOLINO-1-CYCLOHEXENE, 41, 65
2,2’-sebacoyldicyclohexanone from,
43, 34

2,3-NAPHTHALENEDICARBOXYLIC ACID,
43, 80

2,6-NAPHETHALENEDICARBOXYLIC ACID,
40,71

1,6-NAPETHALENEDIONE, 1,2,3,4,6,7,8,-
8a-OCTAHYDRO-8a-METHYI-, 41, 38

1,8-Naphthalic anhydride, reaction with
potassium hydroxide to yield 2,6-
naphthalenedicarbozxylic acid, 40,
4l

2-Naphthoic acid, 43, 82

2-Naphthyl isocyanide, 41, 103

N-a-Naphthylpiperidine, 40, 75

N-8-NAPHTHYLPIPERIDINE, 40, 74

NEOPENTYL ALCOHOL, 40, 76

Nickel catalyst for hydrogenation of
resorcinol, 41, 56, 57

Nitramines from amines and acetone
cyanohydrin nitrate, 43, 84

Nitration, of amines to nitramines by
acetone cyanohydrin nitrate, 43,
83

of 9-fluorenone with fuming nitric

acid, 42, 95

Nitric acid, removal of nitrogen oxides
{rom, 43, 84

Nitriles from aromatic aldehydes, diam-
monium hydrogen phosphate,
and l-nitropropane, 43, 59

m-Nitrobenzenesulfonyl chloride, reduc-
tion to m-nitrophenyl disulfide
by hydriodic acid, 40, 80

2-Nitro-2,3-dimethylbutane, 43, 89

1-Nitro-1,4-dimethylcyclohexene, 43, 89

2-Nitro-2,4-dimethylpentane, 43, 89

2-NITROETHANOL, 41, 67

conversion to nitroethylene, 41, 71

Nitroethylene, 41, 71

2-Nitrofluorene, reduction to 2-amino-
fluorene, 40, 5

Nitrogen, purification of, 41, 97

Nitromethane in condensation with
formaldehyde, 41, 67

1-Nitro-1-methylcyclohexzane, 48, 89

1-Nitro-1-methylcyclopentane, 43, 89

2-Nitro-2-methylpropane, 43, 89

N-NITROMORPHOLINE, 43, 83

p-Nitroperoxybenzoic acid, 43, 96

p-Nitrophenacylamine, hydrochloride
of, 41, 87

m-NITROPHENYL DISULFIDE, 40, 80

p-Nitrophenyl isocyanide, 41, 103

Nitrosation of o-acetotoluidide by oxides
of nitrogen, 43, 69

N-Nitroso-N-methyl-N’-nitroguanidine,
diazomethane from, 41, 10

NITROSOMETHYLURETEANE, warning
because a carcinogen, 43, 86

o-Nitrotoluene, condensation with ethyl
oxalate, 43, 40

4-N1TRO-2,2,4-TRIMETHYLPENTANE, 43,
87
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Nitrous acid in oxidation of 1,2,4-tri-
azole-3(3)-thiol to 1,2,4-triazole,
40, 100

2-NORBORNANONE, 42, 79

2-exo-Norborneol, 4}( 8

2-exo-Norbornyl formate, 42, 79

NORCAMPHOR, 42, 79

NORCARANE, 41, 72

OCTADECANEDIOIC ACID, DIMETHYL
ESTER, 41, 33
OCTANE, 2,7-DIMETHYL-2,7-DINITRO-, 41,
24
2-OxA-7,7-DICHLORONORCARANE, 41, 76
Oxalyl chloride, condensation, with
N,N-diethylaniline, 41, 3
with N,N-dimethylaniline, 41, 1
with N,N-di-n-propylaniline, 41,
3
Oxidation, of acids to peroxy acids by
hydrogen peroxide, 43, 96
of alkylarenes to aromatic carboxylic
acids, 43, 80
of p-aminoacetanilide to 4,4’-diamino-
azobenzene by sodium perborate,
40, 18
of aryl iodides, to iodosoarene diace-
tates, 43, 62
to iodoxyarenes, 43, 66
of tert-buty] alcohol to a,e,a’,a’-tetra-
methyltetramethylene glycol by
hydrogen peroxide and ferrous
sulfate, 40, 90
of tert-butylamine to ee,a’,a’-tetra-
methyltetramethylenediamine by
hydrogen peroxide and ferrous
sulfate, 40, 92
of 1-chloro-2,3,3-trifluorocyclobutene
by permanganate, 42, 45
of Crystal Violet with hydrogen per-
oxide, 41, 2, 3-4
of cycloheptatriene to tropylium fluo-
borate, 43, 101
of dihydroxycyclopentene mixture by
chromium trioxide, 42, 36
of diisobutylene to neopentyl alcohol
by hydrogen peroxide, 40, 76

Oxidation, of Grignard reagents with
peresters, 41, 91; 43, 55
of 2-hydroxy-3-methylbenzoic acid to
2-hydroxyisophthalic acid by
lead dioxide, 40, 48
of indene, 41, 53
of methyl disulfide to methanesulfinyl
chloride by chlorine, 40, 62
of 2-exo-norbornyl formate by chro-
mic acid, 42, 79
of pivalic acid to aya,0,a'-tetrameth-
yladipic acid by hydrogen per-
oxide and ferrous sulfate, 40, 92
of pivalonitrile to a,a,’,a'-tetrameth-
yladiponitrile by hydrogen per-
oxide and ferrous sulfate, 40, 92
of trialkylmethylamines to trialkyl-
nitromethanes, 43, 87
of 1,24-triazole-3(5)-thiol to 1,24-
triazole by nitric acid, 40, 100
Ozidative decarboxylation, potassium
ferricyanide in, 40, 86
OXINDOLE, 3-ACETYL-, 40, 1
Ozone, reaction with phenanthrene, 41,
41, 46
Ozonolysis, methanol as solvent for, 41,
41, 46
of phenanthrene, 41, 41, 46

Palladized charcoal in reduction of 2-ni-
trofluorene to 2-aminofluorene,
40, 5
[2.2]PARACYCLOPHANE, 42, 83
Paraformaldehyde, condensation with
nitromethane, 41, 67
2,3,4,5,6-PENTA-O-ACETYL-D-GLUCONIC
ACID, 41, 79
conversion to acid chloride, 41, 80
2,3,4,5,6-PENTA-O-ACETYL-D-GLUCONYL
CHLORIDE, 41, 79
1,2,3,4,5-PENTACHLORO-5-ETHYLCYCLO-
PENTADIENE, 43, 90
Pentacyanopropenc, 41, 100
acid strength of, 41, 100
PENTANE, 2,2,4-TRIMETHYL-4-NITRO, 43,
87
2,4-PENTANEDIONE, 3-METHYL-, 42, 75
Pentatricontanedioic acid, 43, 39
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Peracetic acid, for oxidation of iodo-
benzene to iodosobenzene diace-
tate, 43, 62
for oxidation of iodobenzene to io-
doxybenzene, 43, 65
iodometric analysis of, 43, 63
Performic acid, reaction with indene, 41,
53
Peroxides, test for, 41, 92
Peroxy acids from carboxylic acids and
70% hydrogen peroxide, 43, 96
PEROXYBENZOIC ACID, 43, 93
iodometric analysis of, 43, 94
Peroxystearic acid, 43, 96
PHENACYLAMINE HYDROCHLORIDE, 41,
82
Phenanthrene, ozonization of, 41, 41,
46
Phenylacetic acid, 43, 82
alkylation of disodium salt of, 40,
39
L-Phenylalanine, reaction with phthalic
anhydride to yield N-phthalyl-L-
phenylalanine, 40, 82
PHENYL fer{-BUTYL ETHER, 41, 91
a-Phenylethylamine, N-chlorination of,
41,82
conversion to phenacylamine hydro-
chloride, 41, 82
a-Phenylethyl chloride, alkylation of so-
dium sodiophenylacetate with,
40, 40
Phenyl isocyanate, conversion to di-
phenylcarbodiimide, 43, 31
Phenyl isocyanide, 41, 103
Phenyllithium, reaction with allyltri-
phenyltin, 41, 30
standardization of, 41, 32
Phenylmagnesium bromide, 41, 91
reaction with fert-butyl perbenzoate,
41,91
N-PHENYLMALEIMIDE, 41, 93
p-Phenylphenacylamine, hydrochloride
of, 41, 87
N-Phenylpiperidine from sodium ben-
zenesulfonate and piperidine, 40,
75
Phenylpropiolic acid, 42, 99

Phenylpyruvic acids by hydrolysis of
phenylhydantoins, 43, 49
1-PEENYL-2-THIOBIURET, 42, 87
1-Phenyl-2-thio-4-ethylisobiuret, 42, 89
1-Phenyl-2-thio-4-methylisobiuret, 42,
87
3-PHOSPHOLENE, 3-METHVL-1-PHENYL-,
1-oxmE, 43, 73
Phosphorus oxychloride, dehydration of
formamides with, 41, 13, 101
removal from reaction of cyanoacetic
acid and phosphorus pentachlo-
ride, 41, 5,7
Phosphorus pentachloride, for conver-
sion of pentaacetylgluconic acid
to acid chloride, 41, 80
for oxidation of cycloheptatriene
to tropylium fluoborate, 43, 101
with cyanoacetic acid, 41, 5
Phosphorus tribromide, reaction with
1.5-hexadien-3-0l, 41, 50
Phthalic anhydride, reaction with
L-phenylalanine to yield N-
phthalyl-L-phenylalanine, 40, 82
PHTHALIC MONOPERACID, 42, 77
N-Phthalyl-r-alanine, 40, 84
N-Phthalyl-g-alanine, 40, 84
N-Phthalylglycine, 40, 84
N-PHTHALYL-L-8-PHENYLALANINE, 40,
82
PIMELIC ACID, §-0XO-, DIETHYL ESTER,
42, 41
Pinacol rearrangement of 1,2-indane-
diol, 41, 53
Piperazine, N-alkylation with benzyl
chloride, 42, 19
PIPERAZINE, 1-BENZYL-, 42, 19
Piperidine, addition to ethylene, 43, 45
as catalyst for Claisen-Schmidt con-
densation, 41, 40
PIPERIDINE, 1-ETHYL-, 43, 45
PIPERIDINE, 1-(2-NAPHTHYL)-, 40, 74
Pivalic acid, oxidative coupling to a,a,
o' o/-tetramethyladipic acid, 40,
92
Pivalonitrile, oxidative coupling to a,a,-

o' o/ -tetramethyladiponitrile, 40,

92
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Polyphosphoric acid in cyclization of
ethyl a-acetyl-8-(2,3-dimethoxy-
phenyl)propionate to 6,7-dimeth-
oxy-3-methylindene-2-carboxyl-
ate, 40, 43

Potassium amide ip-conversion of
o-acetoacetochloroanilide to
3-acety15xindole, 40, 1

Potassium lert-butoxide, 41, 101

in dehydration of formamides to iso-
cyanides, 41, 101

Potassium cyanide, reaction with N,N-
dimethylaminomethyl ferrocene
methiodide to yield ferrocenyl-
acetonitrile, 40, 45

Potassium ferricyanide in oxidative de-
carboxylation, 40, 86

Potassium permanganate for oxidation
of (trialkylmethyl)amines to tri-
alkylnitromethanes, 43, 87

Pregnenolone acetate, conversion to 38-
acetoxyetienic acid, 42, 5

PROPANE, 2,2-DIBUTOXY-, 42, 1

Propargylsuccinic anhydride, by-prod-
uct in addition of maleic anhy-
dridc to allene, 43, 27

1-PROPENE-1,1,2,3,3-PENTACARBONI-
TRILE, TETRAMETHYLAMMONIUM
SaLT, 41, 99

PRrOPIONIC ACID, 3-CHLORO-2,2,3-TRI-
FLUORO-, 40, 11

PROPIONIC ACID, 2,3-DIPHENYIL-, 40, 38

PYRIMIDINE, 4-METHYL-, 43, 77

2-PYRIMIDINETHIOL, 43, 68

Pyridine, amination to 1-aminopyri-
dintum iodide, 43, 1

as base in dehydration of formamides
with phosphorus oxychloride, 41,
13
as catalyst, for condensation of
malonitrile and tetracyanoeth-
ylene, 41, 99
for reaction of furfural with cyano-
acetic acid, 40, 47
conversion to 4-pyridinesulfonic acid,
43,97
4-PYRIDINESULFONIC ACID, 43, 97
PyRrRmINTUM, 1-AMINO-, IODIDE, 48, 1

N-(4-Pyridyl)pyridinium chloride hy-
drochloride, 43, 97

PyrroLE, 2,3,4,5-TETRAMETHYL-, 43,
92

Pyrrolidine as catalyst for Claisen-
Schmidt condensation, 41, 39

Pyruvic acid, chlorination to chloro-
pyruvic acid by means of sulfuryl
chloride, 40, 54

PYRUVIC ACID, p-HYDROXYPHENYL-, 43,
49

Pyrolysis, of 2-terf-butoxythiophene to
2-hydroxythiophene, 43, 55

of dimethyl 3-methylenecyclobu-

tane-1,2-dicarboxylate to methyl
butadienoate, 43, 71

3-QUINOLINOL, 40, §4
QUINONE, TETRAHYDROXY-, 42, 90
p-QUINQUEPBENYL, 40, 85

Rearrangement, acid-catalyzed, of cy-
clohexanone diallyl acetal to 2-
allylcyclohexanone, 42, 14

of endo-tetrahydrocyclopentadiene to
adamantane, 42,9
pinacol, of 1,2-indanediol, 41, 53
Reduction, see also Hydrogenation
electrolytic, see Electrolysis
of anisoin to deoxyanisoin by tin and
hydrochloric acid, 40, 16
of aromatic compounds to dihydro-
aromatics by sodium and am-
monia, 43, 23
of arylsulfony! chlorides to aryl di-
sulfides by hydriodic acid, 40,
81
of 1,2-bis(n-butylthio)benzene by so-
dium and ammonia, 42, 54
of diethyl isonitrosomalonate, to di-
ethyl acetamidomalonate by zinc
dust and acetic acid, 40, 22
to diethyl aminomalonate by hy-
drogen over palladium-on-char-
coal, 40, 24
of N,N-diethyl-2,2,2-trichloroacet-
amide with tri-n-butylphosphine,
41, 22
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Reduction, of 1,3-dinitro4,6-diamino-
benzene to 2,4,5-triaminonitro-
benzene by sodium polysulfide,
40, 97

of 3-ethoxy-2-cyclohexenone to 2-cy-
clohexenone by lithium aluminum
hydride, 40, 14

of ketone groups to methylene groups
by hydrazine, 43, 34

of m-nitrobenzenesulfonyl chloride to
m-nitrophenyl disulfide by hy-
driodic acid, 40, 80

of 2-nitrofluorene to 2-aminofluorene
by hydrazine hydrate over
palladium-on-charcoal, 40, 5

of peroside with sodium iodide, 41,
41

of tetrahydroxyquinone by stannous
chloride, 42, 66

Reductive cyclization of the potassium
salt of ethyl o-nitrophenylpyru-
vate to ethyl indole-2-carboxyl-
ate, 43, 40

Replacement, of aromatic chlorine
atoms, by amino groups using
ammonia, 40, 97

by iodine atoms using sodium
iodide, 40, 34
of 3-bromo in 2,3-dibromopropene
by amino, using hexamethylene-
tetramine, 43, 6

Resolution of optically active alcohols,
42,7

Resorcinol, hydrogenation of, 41, 56

Ritter reaction, N-benzylacrylamide,
42, 18

Ruthenium, conversion to trichloride,
41,97

RUTHENIUM, DICYCLOPENTADIENYL-, 41,
96

Ruthenium trichloride, in preparation
of ruthenocene, 41, 96

RUTHENOCENE, 41, 96

Schiemann reaction, hexafluorophos-
phate modification in preparation
of 1-bromo-2-fluorobenzene, 43,
12

Sebacic acid, 43, 39
Sebacoyl chloride, 43, 37
2,2'-Sebacoyldicyclohexanone, 43, 34
Sodium amide, as catalyst for carbona-
tion of methylacetylene, 42,
98
for formation of sodium sodiophenyl-
acetate, 40, 38
for methylation of indole, 40, 68
for reaction of sodium benzenesulfon-
ate with piperidine, 40, 75
for reaction of sodium «- and g-naph-
thalenesulfonates with piperi-
dine, 40, 74
Sodium benzenesulfonate, reaction with
piperidine to form N-phenylpi-
peridine, 40, 75
Sodium cyanide, reaction with chloro-
triffuoroethylene to form 3-
chloro-2,2,3-trifluoropropionic
acid, 40, 11
Sodium cyclopentadienide, 41, 96
Sodium dichromate for oxidation of
alkylarenes to aromatic car-
boxylic acids, 43, 80
Sodium iodide, in conversion of 2,4-di-

nitrochlorobenzene to 2,4-dinitro-

iodobenzene, 40, 34
reduction of peroxide with, 41,
41
Sodium methoxide, 41, 85
for generation of dichlorocarbene, 41,
76
in Kolbe electrolysis, 41, 33
reaction with N,N-dichloro-a-phenyl-
ethylamine, 41, 83
Sodium a-naphthalenesulfonate, reac-
tion with piperidine to form N-a-
naphthylpiperidine, 40, 75
Sodium @-naphthalenesulfonate, reac-
tion with piperidine to form N-§-
naphthylpiperidine, 40, 74
Sodium nitrite in conversion of diethyl
malonate to diethyl isonitroso-
malonate, 40, 21
Sodium perborate, coupling of p-amino-
acetanilide to 4,4’-bis(acetamido)-
azobenzene using, 40, 19
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Sodium polysulfide as agent to reduce
1,3-dinitro-4,6-diaminobenzene
to 2,4,5-triaminonitrobenzene,
40,97

SUCCINIC ACID, 2,2-DIFLUORO-, 42, 44

SuccINIMIDE, N-10D0-, 43, 73

Sulfonation of pyridine, 43, 97

Sulfur tetrafluoride, in conversion of
carboxylic acids to 1,1,1-trifluoro
compounds, 41, 104/

toxicity of, 41, 105 7

Sulfuryl chloride, reaction with pyruvic
acid to yield chloropyruvic acid,
40, 54

2,3,4,6-Tetra-O-acetyl-p-gluconic acid
monohydrate, 41, 79
acetylation of, 41, 80
Tetraallyltin, allyllithium from, 41, 32
2,3,5,6-Tetrachloro-4-methylacetophe-
none from aluminum chloride
catalyzed chlorination of p-
methylacetophenone, 40, 10
Tetracyanoethylene, condensation with
malonitrile, 41, 99
Tetradecanedioic acid, 48, 39
1,1,3,3-Tetraethoxypropane, conden-
sation with thiourea to give
2-mercaptopyrimidine, 43, 68
endo-Tetrahydrodicyclopentadiene from
dicyclopentadiene, 42, 8
Tetrahydrofuran, purification of, 41, 31
1,4,5,6-Tetrahydro-3-methoxybenzoic
acid, 43, 24
1,2,3 4-Tetrahydro-p-toluic acid, 43, 24
TETRAHYDROXYQUINONE, 42, 90
a,a,0’ o' -Tetramethyladipic acid from
pivalic acid, 40, 92
a,a,0’ o -Tetramethyladiponitrile from
pivalonitrile, 40, 92
Tetramethylammonium chloride as
source of tetramethylammonium
cations, 41, 99
TETRAMETHYLAMMONIOM 1,1,2,3,3-PEN-
TACYANOPROPENIDE, 41, 99
N,N,N’,N’-Tetramethylmethylenedi-
amine, 40, 32
2,3,4,5-TETRAMETHYLPYRROLE, 42, 92

2,2,5,5-TETRAMETHYLTETRARYDRO-3-
KETOFURAN, 40, 88
a,aa o -Tetramethyltetramethylenedi-
amine from fert-butylamine, 40,
92
a0 o - TETRAMETHYLTETRAMETHYL-
ENE GLYCOL, 40, 90
2,4,5,7-TETRANITROFLUORENONE, 42, 95
Tetraphenyltin from phenyllithium and
allyltriphenyltin, 41, 30
TETROLIC ACID, 42, 97
THIOBENZOYLTHIOGLYCOLIC ACID, 42,
100
Thionyl chloride for conversion of
pyridine to N-(4-pyridyl)pyri-
dinium chloride hydrochloride,
43,97
Thionyl fluoride, as by-product in sulfur
tetrafluoride reactions, 41, 105
toxicity of, 41, 105
THIOPHENE-2-0L, 43, 55
2(5H)-THIOPHENONE, 43, 55
Thiosemicarbazide, in synthesis of
1,2,4-triazole, 40, 99
reaction with formic acid to yield
1-formyl-3-thiosemicarbazide,
40, 99
Thiourea with 1,1,3,3-tetraethoxypro-
pane to give 2-mercaptopyrim-
idine, 43, 68
Tin in reduction of anisoin to deoxy-
anisoin, 40, 16
p-Toluenesulfonic acid, as catalyst, for
formation of enamines, 41, 65
for reaction of dihydroresorcinol
with ethanol, 40, 41
#-TOLUENESULFONIC ACID, HYDRAZIDE,
40, 93
p-Toluenesulfonyl chloride in prepara-
tion of p-toluenesulfonylhy-
drazide, 40, 93
$-TOLUENESULFONYLEYDRAZIDE, 40, 93
o-Toluidine, conversion to N-o-tolyl-
formamide, 41, 102
N-o-Tolylformamide, 41, 102
dehydration to o-tolyl isocyanide, 41,
102
0-TOLYLISOCYANIDE, 41, 101, 103
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Trialkylnitromethanes from (trialkyl-
methyl)amines by oxidation, 43,
87
Triallylphenyltin, allyllithium from, 41,
32
2,4,5-TRIAMINONITROBENZENE, 40, 96
1,2,4-TRIAZOLE, 40, 99
1H-1,2,4-Tr1AZOLE, 40, 99
1,2,4-Triazole-3(5)-thiol from 1-formyl-
3-thiosemicarbazide, 40, 100
Tri-n-butylphosphine, reduction of
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of phthalic anhydride with -
phenylalanine, 40, 83
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TRIPHENYLENE, 40, 105
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bromide, 40, 66
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from, 41, 31, 32
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TROPYLIUM FLUOBORATE, 43, 101

UREA, HYDROXY-, 40, 60

Vinyl acetate, addition to chlorotri-
fluoroethylene, 43, 17

VINYLAMINE, 1,2,2-TRICELORO-N,N-DI-
ETHYL-, 41, 21

Vinyllithium, preparation from vinyltin
derivatives, 41, 32
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quephenyl, 40, 85
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reaction with methylene iodide and
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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 Absiracts 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 sgodld 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 or 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
except 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



vi NOMENCLATURE

the current style sheet may be obtained from the Secretary 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 unneces-
sary to mention methods which have been published but are of
no practical synthetic value. In Section 4, Merits of the Prepa-
ration, a statement should be made indicating why the prepara-
tion is published in Organic Syntheses. Among the obvious
reasons for publication would be the novelty of the procedure,
general scope of the synthetic method, specific interest in the
compound or its use as an intermediate for preparing other com-
pounds, convenience of the method, and improvement in yields.
Two copies of each procedure should be submitted to the Sec-
retary 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.

EDITOR’S PREFACE

Organic Syntheses was founded by Roger Adams, Hans T.
Clarke, James B. Conant, and Oliver Kamm in 1921. At that
time few compounds could be bought and, in the words of the
preface in Volume 1, “the preparation of materials for re-
search, always time consuming and annoying,” was “made in-
creasingly so by the inexactness of the published information,
which so often omits essential details.” Organic Syntheses was
founded primarily to provide research chemists with detailed, re-
producible “methods of preparation of some of the most needed
organic chemical reagents,” and it is a measure of the progress
chemical technology has made since 1921 that, when Volume 1
was published, allyl alcohol, furfural, and trimethylamine were
among the compounds for which good directions were urgently
needed by research chemists. The procedures of Organic Syn-
theses also served as models for carrying out various types of
reactions, but that was a secondary aim in the early years.

Although there are some 1400 procedures in the 43 volumes
that have appeared annually since the founding, there is no sign
that the supply of suitable procedures is running out. However,
there has been a gradual change in emphasis in the types pub-
lished. This change has come about because the number of
commercially available compounds has risen steadily during the
43 years of Orgamic Syntheses’ history and is now in the
thousands. As a result, the need for procedures describing
§peciﬁc compounds has decreased relative to the need for those
}llustrating general reactions. This trend is particularly evident
In recent volumes of Organic Syntheses, which have emphasized
examples of relatively new reactions of general usefulness.

In the present volume, easily three-fourths of the preparations
fall into this class. Thus the preparation of docosanedioic acid
(. 34) demonstrates how acylation of an enamine can be used to

prepare long-chain acids. The preparation of N-nitromorpholine
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(p. 83) shows a general way of putting a nitro group on the
nitrogen of secondary amines. Three general types of cyclo-
addition are illustrated: addition of an allene to an alkene
(dimethyl 3-methylenecyclobutane-1,2-dicarboxylate, p. 27),
addition of a fluorodlefin to an alkene (1-chloro-1,4,4-tri-
fluorobutadiene, p. 17), and addition of a chlorophosphine to a
1,3-diene (3-methyl-1-phenyl-1-phospha-3-cyclopentene 1-oxide,
p. 73). Improved versions of the Schiemann reaction (1-bromo-
2-fluorobenzene, p. 12) and the Hunsdiecker reaction (bromo-
cyclopropane, p. 9) exemplify modern methods of introducing
halogen into molecules. 1,4-Dihydrobenzoic acid (p- 22) illus-
trates the Birch reduction.

The chief value of several procedures lies in current research
interest in the products. Tropylium fluoborate (p. 101) is a good
example.

I appreciate the help in assembling this volume that I received
from Dr. Norman G. Fisher, who advised me on nomenclature,
Dr. Wallace Copeland, who checked most of the references, and
Mrs. Irene Dutton, who typed the manuscript and checked proof.

Bramwve C. McKusick
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