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The Chloro- and Bromoisobutyronitriles

By CaLviIN L. STEVENS!

As early as 1898, Henry? reported the isolation
of a mixture of a-chloroisobutyronitrile (V) and
methacrylonitrile from the reaction of acetone
cyanohydrin with phosphorus pentachloride.
Later the preparation of a-chloroisobutyronitrile®*
and a-bromoisobutyronitrile® from the reaction
of acetone cyanohydrin with, phosphorus penta-
chloride and phosphorus tribromide, respectively,
was described.

Since siztable amounts of a-chloroisobutyro-
nitrile was needed in this Laboratory, the de-
velopment of a method that would give this
compound in good yields was undertaken. Dur-
ing this investigation, the halonitriles obtained
by the procedures of the earlier workers from
acetone cyanohydrin were found to have the
halogen in the @3- rather than in the a-position.
The purpose of this paper is to describe the prep-
aration of the a- and B-chloro- and bromoisobu-
tyronitriles by reactions that produce known
structures, and to report a new method for the
preparation of a-chloro and a-bromoisobutyroni-
trile in high yields.

Authentic samples of a-chloro and a-bromoiso-
butyronitriles were prepared by
dehydration of the corresponding

chloroisobutyric acid?; the higher boiling, isomeric
chloroacid chloride is, therefore, 8-chloroisobutyryl
chloride (III). The ea-chloroisobutyryl chloride
(IT) was converted to a-chloroisobutyronitrile (V)
in 599, yield. The dehydration of a-bromoisobu-
tyramide® gave a-bromoisobutyronitrile in 869,
yield. These o-halonitriles are different from the
halonitriles prepared from acetone cyanohy-
drin 345

B-Chloro and B-bromoisobutyronitrile may be
prepared by the addition of the appropriate hy-
drogen halide to methacrylonitrile. In this man-
ner, B-chloroisobutyronitrile® was prepared in 799,
yield and B-bromoisobutyronitrile in 729, yield.
These B-haloisobutyronitriles correspond in phys-
ical properties to the halonitriles obtained from
the reaction of acetone cyanohydrin with phos-
phorus pentachloride and phosphorus tribromide,
to which the «-halo structures had been as-
signed.34% Further evidence that the halogen
is in the B-position is the fact that methyl 8-
chloroisobutyrate (VIII) prepared from I11is iden-
tical with the ester obtained from VI by the fol-
lowing sequence of reactions

HCI HCI
CH;=C(CH;)CN —— CICH,CH(CH,)CN r>

a-haloisobutyramides.  «-Chlo- OCH,
roisobutyramide was prepared Vi
from isobutyric acid (I) by the H:O0 _ CICH,CH(CH;)COOCH;
sequence of reactions I to IV. VIII

gl‘he chlorination of I by the CICH:.CH(CHy)C(OCH)=NH-HCl — A CICH,CH(CH,) CONH.
method of Kharasch and Brown,? viI ? e ) *

followed by the fractionation of

the mixture of the chloroacid chlorides IT and III,
gave a 169, yield of a-chloroisobutyryl chloride
(II) and a 369, yield of B-chloroisobutyryl chlo-

ride (III). Kharasch and Brown® showed the
S0.Cl,
(CHy):CHCOOH ————>
I

SOCI
(CH):CCICOOH + CICH,CH(CH;)COOH ———>

(CHL,),CCICOCI + CICH,CH(CH:)COCl
l I 11

P,0
(CHy);CCICONH,; ——> (CH,):CCICN
v v

lower boiling chloroacid chloride to be a-chloroiso-
butyryl chloride by hydrolysis to the known a-
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B-Chloroisobutyramide (IX) could not be pre-
pared in the pure state by the action of ammonia
on the acid chloride (III). However, methyl 8-
chloroiminoisobutyrate hydrochloride (VII), de-
rived from the nitrile (VI), was quantitatively py-
rolyzed to B-chloroisobutyramide. A sample of 8-
bromoisobutyramide was prepared by hydration
of the 8-bromonitrile with sulfuric acid.®

The formation of the §8-chloronitrile (VI) from
the reaction of acetone cyanohydrin with phos-
phorus pentachloride undoubtedly results from
the initial formation of methacrylonitrile and the
subsequent addition of hydrogen chloride, which
1s present in the reaction mixture, to this nitrile.
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The validity of this conclusion is shown by the
fact that with milder conditions than those pre-
viously employed,®* methacrylonitrile was iso-
lated in 35%, yield from the reaction of phosphorus
pentachloride on acetone cyanohydrin.

During this investigation a new method of prep-
aration of a-chloro- and a-bromoisobutyronitriles
was developed. When equimolar amounts of iso-
butyronitrile and phosphorus pentachloride were
heated under reflux, hydrogen chloride was
evolved smoothly; distillation of the reaction
mixture yielded a-chloroisobutyronitrile (78%)
and phosphorus trichloride (809,). This reaction
is represented as

(CH,).CHCN + PCl, —>» (CH,),CCICN + PCl; + HCI

The chloronitrile obtained from this reaction is
identical with the one (V) prepared by the dehy-
dration of a-chloroisobutyramide (IV). Also, the
chloroamide corresponding to the chloronitrile
prepared from isobutyronitrile is identical with IV.

a-Bromoisobutyronitrile was prepared in a
similar manner from an equimolar mixture of
bromine, isobutyronitrile and phosphorus tribro-
mide. The a-bromoisobutyronitrile was isolated
in 769, yield and is identical with the bromonitrile
obtained by the dehydration of a-bromoisobutyr-
amide.’

The assistance of Professor S. M. McElvain is
gratefully acknowledged.

Experimental

a-Chloroisobutyramide.—To a solution of 150 ml. cf
concentrated ammonium hydroxide, which was cooled in
an ice-bath and stirred vigorously, 17 g. of a-chloroiso-
butyryl chloride® was added at such a rate that the tem-
perature did not rise above 10°. After the addition was
finished, the reaction mixture was stirred for fifteen min-
utes and then the precipitated amide was filtered from the
cold solution and dried. An additional 1 g. of amide was
obtained when the filtrate was concentrated to 25 ml. and
cooled. The dried solid was recrystallized from ethyl
acetate; 10.1 g. (70%) of a-chloroisobutyramide, m. p.
115-118°, was obtained from the ethyl acetate solution

and by concentration of the mother liquors. A sample,
recrystallized from water, melted at 117-119°.
Anal. Caled. for C,H:CINO: Cl, 29.2; N, 11.5.

Found: Cl, 29.2; N, 11.6.

a-Chloroisobutyronitrile. (a) From a-Chloroisobutyr-
amide.—a-Chloroisobutyramide (21 g., 0.17 mole) and
phosphorus pentoxide (30 g., 0.21 mole) were thoroughly
mixed and placed in a flask equipped with a short still-
head, which was attached to a Dry Ice trap. The mixture
was heated to 150°; after about ten minutes at this tem-
perature, a-chloroisobutyronitrile began to distil from the
reaction flask. After 12.5 g. of nitrile had been collected
and the rate of distillation began to diminish, the pres-
sure within the system was reduced to 100 mm. In this
way an additional 2.6 g. of nitrile was collected in the
cold trap. The total yield of a-chloroisobutyronitrile
was 15.1 g. (84%); b.p. 114-116°, n%¥p 1.4045; d%,
0.9

.9808.

(b) From Isobutyronitrile.—A mixture of 25 g. (0.36
mole) of isobutyronitrile and 75 g. (0.36 mole) of phos-+
phorus pentachloride was heated to the refluxing tempera-
ture. Hydrogen chloride was evolved smoothly and within
an hour the solid phosphorus pentachloride had dis-
appeared. -After refluxing the clear solution until the
hydrogen chloride ceased to be evolved (three hours),
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the reaction mixture was fractionated through a column
of 8 theoretical plates. The first fraction consisted of
39.4 g. (80%) of phosphorus trichloride, b. p. 74-76°,
After an intermediate fraction of 2.5 g., b. p. 76-114°,
the a-chloroisobutyronitrile (29 g., 78%) was collected
at 114-116°; n%p 1.4049.
Anal. Caled. for CHCIN:
Found: Cl, 33.8; N, 13.3.

One gram of this nitrile was heated with 2 g. of sulfuric
acid and poured ontocrackedice. The precipitated amide,
0.9 g., was filtered, dried, and recrystallized from petroleum
ether; m. p. 118-120°. The mixed melting point of this
amide with the a-chloroisobutyramide made from the
known a-chloroisobutyryl chloride showed no depression,
m. p. 118-120".

B-Chloroisobutyronittile.—Dry hydrogen chloride was
passed into 10 ml. of ether until 4.6 g. (0.12 mole) was
absorbed, and then 8.4 g. (0.12 mole) of me;hacrylonitrile
was added. After the ether solution had stood for twelve
hours at room temperature, it was distilled; 10.2 g. (79%)
of B-chloroisobutyronitrile,® b. p. 50-52° (6 mm.); #¥p
1.4323; 4%, 1.061, was obtained. This nitrile contained
13.29%, nitrogen (caled. 13.5%).

The chloronitrile obtained from the reaction of phos-
phorus pentachloride with acetone cyanohydrin by the
procedure of Sobieranski and Chrzaszczewski® had the
same physical properties as that prepared above from
methacrylonitrile.

Methyl g-Chloroiminoisobutyrate Hydrochloride.—A
solution of 15.8 g. (0.15 mole) of g-chloroisobutyronitrile
in 5.1 g. (0.16 mole) of absolute methyl alcohol was cooled
in an ice-bath and treated with hydrogen chloride until
5.9 g. (0.16 mole) was absorbed. The resulting homo-
geneous liquid was placed in a refrigerator for twenty-
four hours, during which time it solidified. An equal
volume of ether was added and the salt filtered off, dried
in a desiccator, and triturated with ether. After drying
again, the methyl B-chloroiminoisobutyrate hydrochloride
weighed 25.7 g. (99%).

Anal. Caled. for C;Hy, CINO: ionic Cl, 20.6.
ionic Cl, 20.6.

B-Chloroisobutyramide.—Five grams of the methyl g-
chloroiminoisobutyrate hydrochloride was heated to 115°
until methyl chloride ceased to be evolved. The resulting
amide, which crystallized on cooling, melted at 100-103°;
the yield was quantitative. One recrystallization from
a mixture of petroleum ether and ethyl acetate gave 3.2
g. (929%) of B-chloroisobutyramide, m. p. 104-105°.

Anal. Caled. for C;HgCINO: N, 11.5. Found: N,
11.4.

One gram of the G-chloroisobutyronitrile, prepared
from methacrylonitrile, was heated with 1.5 g. of sulfuric
acid and then poured onto 5 g. of cracked ice. The
precipitate was filtered off and recrystallized from a mix-
ture of benzene and petroleum ether. The yield of 8-
chloroisobutyramide, m. p. 102-104°, was 0.25 g. This
amide is identical with the one prepared from the g-
chloronitrile obtained from acetone cyanohydrin.

Attempts to recover the remainder of the amide from the
water solution by evaporation led only to an impure
product, m. p. 70-85°. All attempts to prepare f-
chloroisobutyramide from g-chloroisobutyryl chloride
gave a product that melted over a wide range (m. p. 60-
80°) even after numerous recrystallizations. This ma-
terial undoubtedly contained a considerable amount of
the dehydrochlorination product from the A-chloroiso-
butyric acid derivative.

Methyl B-Chloroisobutyrate.—Eight grams of methyl
g-chloroiminoisobutyrate hydrochloride was shaken with
15 ml. of water until the salt completely dissolved. Within
twenty minutes at room temperature the solution became
turbid and the methyl g-chloroisobutyrate began to form
a separate layer. After three hours the ester was sepa-
rated and the aqueous layer extracted with ether. The
ether extracts and product were combined, dried, and
concentrated. Distillation under reduced pressure gave

Cl, 34.3; N, 13.5.

Found:
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5.4 g. (85%) of methyl S-chloroisobutyrate,!! b. p. 93-
95° (106 mm.); n?¥Dp 1.4242; d%, 1.1031. This ester
contained 25.6%, chlorine (calcd. 26.0%,).

Methyl S-chloroisobutyrate also was prepared from the
B-chloroisobutyryl chloride obtained from the chlorination
of isobutyric acid with sulfuryl chloride.® The ester so
obtained had physical properties identical with those of
the methyl S-chloroisobutyrate prepared from AB-chloro-
isobutyronitrile.

The Isolation of Methacrylonitrile from the Reaction
of Acetone Cyanohydrin with Phosphorus Pentachloride.
—This reaction was carried out in ether solution instead
of benzene? to facilitate the isolation of methacrylonitrile.
To a solution of 25 g. (0.3 mole) of acetone cyanohydrin
in 25 ml. of absolute ether, 31 g. (0.15 mole) of phos-
phorus pentachloride was added slowly with cooling and
stirring. As the ether was heated to the refluxing tem-
perature, the phosphorus pentachloride dissolved and
hydrogen chloride was evolved. After two hours of re-
fluxing, 50 ml. of ether was added and the reaction mix-
ture poured onto cracked ice. The layers were separated,
the aqueous layer was extracted with ether, and then the
combined ether solutions were dried and the ether evapo-
rated. The only products that could be isolated from the
residue were 3.5 g. (35% based on the phosphorus penta-
chloride) of methacrylonitrile, b. p. 86-90°, and 7 g. of
unchanged acetone cyanohydrin; 5 g. of undistillable ma-
terial remained in the flask. Hydrogen chloride was
passed into the methacrylonitrile fraction at 50° until 1.5
g. was absorbed. Distillation of this reaction product
gave 3 g. (87%) of B-chloroisobutyronitrile, b. p. 52-56°
(9 mm.); n%p 1.4330.

a-Bromoisobutyronitrile. (a) From a-Bromoisobutyr-
amide.—The a-bromoisobutyramide® used in this prep-
aration was made by allowing a-bromoisobutyryl bro-
mide, b. p. 162-163%, to react with concentrated am-
monium hydroxide in the cold; after recrystallization
from petroleum ether, it melted at 147-148°. The amide
(18.6 g., 0.11 mole) and phosphorus pentoxide (21.3 g.,
0.15 mole) were intimately mixed and heated under
reflux at 140° for four hours. The a-bromonitrile was
distilled from the reaction mixture at atmospheric pres-
sure until the rate of distillation diminished, then the
last of the nitrile was collected by evacuation cf the system
to 100 mm. and condensation of the volatile material in
a cold trap. Redistillation gave 14 g. (86%) of a-bromo-
isobutyronitrile, b. p. 137-139°; #»%p 1.4460; d%, 1.376.

(b) From Isobutyronitrile.—A mixture of 25 g. (0.36
mole) of isobutyronitrile and 98 g. (0.36 mole) of phos-
phorus tribromide was cooled in an ice-bath and 58 g.
(0.36 mole) of bromine added with shaking. The re-
action mixture was heated gently until hydrogen bromide
ceased to be evolved (three hours), after which time the
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mixture was fractionated. The first fraction, after a small
forerun, was a-bromoisobutyronitrile, b. p. 137-140°.
The product was slightly colored due to an excess of
bromine; however, the color was removed by washing
an ether solution of the nitrile with a sodium bisulfite
solution. Redistillation gave 40.4 g. (76%) of the water-
white a-bromoisobutyronitrile, b. p. 138-140°; #%p
1.4447.

Anal. Caled. for C,H¢BrN:
Found: Br, 53.7; N, 9.2.

B-Bromoisobutyronitrile.—This nitrile was prepared in
the same manner as the B-chloronitrile. From 9.5 g.
(0.12 mole) of hydrogen bromide and 7.9 g. (0.12 mole)
of methacrylonitrile, 12.6 g. (72%,) of 8-bromoisobutyro-
nitrile, b. p. 60-62° (5 mm.), »¥p 1.4680, 4%, 1.465,
was isolated.

Anal. Caled. for CH¢BrN:
Found: Br, 53.7; N, 9.1.

g-Bromoisobutyramide was prepared by gently heating
0.5 g. of the B-bromonitrile and 0.75 g. of sulfuric acid on
a hot plate until a reaction occurred and then pouring the
mixture onto a small amount of cracked ice. The pre-
cipitated amide, 0.2 g., was filtered and recrystallized
from petroleum ether, m. p. 103-105°.
e 1Anatl. Caled. for C(HgBrNO: N, 8.4.

Br, 54.0; N, 9.45.

Br, 54.0; N, 9.45.

Found: N,

Summary

a-Chloroisobutyronitrile and a-bromoisobutyro-
nitrile have heen prepared by the dehydration of
the corresponding amides; «-chloroisobutyramide
is described for the first time.

B-Bromoisobutyronitrile was prepared by the
addition of hydrogen bromide to methacryloni-
trile. This nitrile has the same properties as the
compound isolated from the reaction of phos-
phorus tribromide with acetone cyanohydrin, to
which the a-bromoisobutyronitrile structure had
been assigned by earlier workers. Similarly, the
B-chloroisobutyronitrile corresponds to the nitrile
isolated from the reaction of phosphorus penta-
chloride on acetone cyanohydrin.

A new and simpler method is described for the
preparation of a-chloro and a-bromoisobutyroni-
triles in high yields by the halogenation of isobu-
tyronitrile with the appropriate phosphorus pen-
tahalide.
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