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ether extract was decolorized with charcoal, filtered and
dried over anhydrous sodium sulfate. After evaporation
of the ether at reduced pressure, a yellow solid (5.3 g.) re-
mained; recrystallization of the solid from ethyl ether—
benzene gave a white crystalline solid (4.35 g.) and a red
oil (0.86 g.). The white solid was identified as 2-hydroxy-
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3-nitropropionic acid (729 yield); m.p. 75-76°, lit. o1
76-77°; neut. equiv. (caled.) 135, (found) 134.6. The
red oil (filtrate) was characterized as glyoxylic acid by re-
action with 2,4-dinitrophenylhydrazine.
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The products obtained by the photochemical decomposition of 1-chlorocyclohexene have been shown to include hydrogen

chloride, cyclohexene, cis-1,2-dichlorocyclohexane and 3,3’-dichloro-1,1’-bi-2-cyclohexenyl.

The formation of these products

may be accounted for by a free radical chain reaction which involves homolytic cleavage of the carbon-chlorine bond as the

initial step.

Although considerable work has been done on the
photochemical decomposition of alkyl halides, no
similar studies on vinyl halides have come to our
attention except for the report of Bolland and
Melville? that 2-chlorobutadiene is dissociated to
hydrogen chloride and a residue, probably vinyl
acetylene, by light of wave length less than 2000

Accordingly, an investigation of the photolysis
of the vinyl halide, 1-chlorocyclohexene, has been
undertaken.

The products obtained by irradiation at 25-30°
with light of wave length 2537 A. were isolated and
identified as follows. Those more volatile than 1-
chlorocyclohexene comprised a liquid identified
as cyclohexene by its physical constants and by
oxidation to adipic acid, and a gas identified as
hydrogen chloride by precipitation of silver chlo-
ride. The less volatile products gave on distilla-
tion four main fractions: (A) b.p. 4142° (1-2
mm.), (B) b.p. 82-90° (1-2 mm.), (C) b.p. 110°
(1-2 mm.), and a higher boiling residue. Fractions
A and C were positively identified, and a tentative
structure has been proposed for fraction B as dis-
cussed later. i

Fraction A had an empirical formula approxima-
ting C¢H,0Cl; and its boiling point, refractive index
and infrared spectrum were in excellent agreement
with those reported for c¢is-1,2-dichlorocyclohex-
ane,’ab

Fraction C (28.09%, Cl) was shown to contain the
bicyclohexenyl ring system by simultaneous de-
hydrogenation and dehydrohalogenation to bi-
phenyl. Final identification was based on the
congruence of the infrared spectrum of the unknown
with those of samples of 3,3’-dichloro-1,1’-bi-2-
cyclohexenyl prepared by two different routes.
The absence of the corresponding 2,2’-dichloro
isomer was demonstrated by the same method.

The observed products may be accounted for by
assuming homolytic scission of the carbon—chlorine
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bond to give a cyclohexenyl free radical* and a
chlorine atom. Strong support for this proposal
is furnished by the formation of ¢is-1,2-dichloro-
cyclohexane which must be formed by attack by a
chlorine atom at the double bond of 1-chlorocyclo-
hexene. This process is entirely similar to the
formation of c¢us-1,2-dibromocyclohexane during
the peroxide or ultraviolet light catalyzed addition
of hydrogen bromide to 1-bromocyclohexene.?

Stabilization of the primary radicals by the
abstraction of hydrogen atoms accounts for the
observed products, hydrogen chloride and cyclo-
hexene. The isolation of 3,3’-dichloro-1,1’-bi-2-
cyclohexenyl, and the absence of the isomeric
2,2’-dichloro derivative, indicate that a radical of
type I is an intermediate species, and that free
radical attack on l-chlorocyclohexene occurs pre-
dominantly on the a-methylene group further re-
moved from the chlorine atom.
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O
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Finally, it appears that fraction B (17.559, Cl),
which was never obtained in pure form, may con-
tain the monochlorobicyclohexenyl II (18.05%
Cl) formed by combination of a cyclohexenyl
radical with I.

Experimental

Preparation of 1-Chlorocyclohexene.~—1-Chlorocyclohex-
ene was prepared from cyclohexanone and phosphorus pen-
tachloride, b.p. 143°, n%p 1.4788 (lit. values® b.p. 143°,
n¥p 1.4797).

Photolysis.—1-Chlorocyclohexene was distilled in a ni-
trogen atmosphere at a pressure of about 20 mm. into a ver-
tical condenser from which the condensate dripped into a
quartz tube surrounded by the spiral of a mercury resonance
lamp (principal output at 2537 A.). Displaced liquid was
returned to the distilling flask through an overflow tube
leading from the bottom of the quartz vessel. Thus, the
high boiling photolysis products were concentrated in the
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distilling flask while unchanged l-chlorocyclohexene was
recycled. More volatile products which escaped through
the condenser were collected in a cold trap. Runs were
conducted for about five days, after which the decomposi-
tion product (average 15 g. from about 100 g. of starting
material) was isolated by stripping off unchanged 1-chloro-
cyclohexene. The quartz tube was carefully cleaned be-
tween runs to remove traces of opaque film which reduced
the light intensity appreciably. The products of several
such runs were combined for characterization studies.

Isolation and Characterization of Photolysis Products.—
Hydrogen chloride was established as a degradation product
in preliminary experiments by passing a stream of dry nitro-
gen through an irradiated sample of 1l-chlorocyclohexene,
then through a cold trap and finally through a bubbler con-
taining aqueous potassium hydroxide. The presence of
chloride ion in the potassium hydroxide solution was dem-
onstrated by precipitation of silver chloride.

Cyclohexene.—Careful distillation of the volatile prod-
ucts collected in the cold trap (4 g.) gave a liquid, b.p. 81—
82°, n%p 1.4435, identified as cyclohexene by its physical
constants (lit. values b.p. 83°, #2p 1.44647), and by oxida-
tion with potassium permanganate to an acid, m.p. 146—
149°, which did not depress the melting point of an authentic
sample of adipic acid.

Higher Boiling Products.—By distillation of 24 g. of ac-
cumulated decomposition products, fractions were obtained
boiling at (A) 88-40° (1-2 mm.), »%p 1.4974, 2.5 g.; (B)
82-90° (1-2 mm.), #®p 1.5265, 4.5 g.; (C) 108-111° (1-2
mm.), #¥p 1.5358, 7 g.; and (D) higher boiling residue, 5 g.
Fractions A, B and C were characterized as described below.

cis-1,2-Dichlorocyclohexane. Fraction A.—After ozoni-
zation in carbon tetrachloride solution to remove a small
amount of unsaturated impurity, the major portion of the
sample was recovered as a clear liquid, b.p. 41-42° (1-2
mm.), #%p 1.4938. These constants are in excellent agree-
ment with the reported®? values, b.p. 101° (30 mm.),
#n2p 1.4945, for cis-1,2-dichlorocyclohexane and clearly elim-
inate the frans derivative, b.p. 85° (30 mm.), n®p 1.4879.
The cis configuration and 1,2-structure were confirmed by
refluxing a sample of the purified product with alcoholic
potassium hydroxide to obtain 1-chlorocyclohexene, b.p.
140-142°, n%p 1.4770. The latter was characterized by
oxidation with potassium permanganate to give an acid,
m.p. 147-148°, which did not depress the melting point of
an authentic sample of adipic acid.

3,3'-Dichloro-1,1’-bi-2-cyclohexenyl. Fraction C.—
Redistillation gave a viscous liquid, b.p. 110° (1-2 mm.),
which contained 28.099%, chlorine and had a molecular weight
of 2835. 1t darkened slowly on exposure to air, decolorized
bromine in carbon tetrachloride, and was readily oxidized
by neutral potassium permanganate. The carbon skeleton
of the product was established as follows. A sample of the
unknown was heated to 180-200° for 1 hr. in the presence of
palladium-on-charcoal (109, Pd). The reaction mixture
was treated with ether, filtered and distilled to obtain a
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product, b.p. 71~72° (1 mm.), which crystallized on cooling.
The solid, after recrystallization from ether, melted at 67-
69° and showed no depression in a mixed melting point
determination with an authentic sample of biphenyl.
These results clearly showed the product to be a dichloro-
bicyclohexenyl. The exact structure was established by
comparison of the infrared spectrum with those of samples
of 3,3'~dichloro-1,1’-bi-2-cyclohexenyl (Cl, 30.7%; mol.
wt., 231), prepared by two independent methods as de-
scribed below.

Synthesis of 2,2'-Dichloro-1,1’-bi-2-cyclohexenyl.—This
compound was prepared as described by Domnin® by heat-
ing 1,6-dichlorocyclohexene with zinc dust in moist dioxane.
A product, b.p. 95~110° (1 mm.), which partially crystal-
lized on cooling, was obtained. Recrystallization from
alcohol gave a white crystalline solid melting at 78-79°.
Domnin reported a melting point of 91-92°.

Anal. Caled. for CypH:sCli: Cl, 30.65.
30.47.

Synthesis of 3,3'-Dichloro-1,1’-bi-2-cyclohexenyl (Method
A).—The method is essentially that employed by Farmer
and Moore® for the preparation of 1,1’-bi-2-cyclohexenyl.
1-Chlorocyclohexene (96 g.) was heated with di-(¢-butyl)
peroxide (20 g.) at 140° for 48 hr. in a Parr bomb equipped
with a glass liner. A product, b.p. 106° (0.9 mm.), #¥p
1.5427, was isolated by distillation.

Anal. Caled. for CisHyCle: C, 62.35; H, 6.98; Cl,
30.68. Found: C, 62.92; H, 7.12; Cl, 28.50.1°

(Method B).—A solution of 15 g. of 3-bromo-1-chloro-
cyclohexene, prepared by the reaction of l-chlorocyclo-
hexene with N-bromosuccinimide,” in 15 ml. of dry ether
was dropped slowly into a stirred suspension of 10 g. of zinc
dust in 50 ml. of ether. The mixture was heated to reflux
during the addition and for two hours thereafter, filtered,
washed with water, dried and distilled to obtain a product
boiling at 112-114° (1-2 mm.), #2p 1.5410. The infrared
spectrum of the product showed an exact correspondence
with that of the product prepared as described above.

3-(1'-Cyclohexenyl)-1-chlorocyclohexene (?).—Fraction
B, a faintly yellow liquid which contained 17.559%, chlorine
compared to a calculated value of 18.059%, for a monochloro-
bicyclohexenyl, was unsaturated, and did not react with al-
coholic potassium hydroxide.
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