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“The Use of Liquid Phase Oxidation for the Preparation of Nuclearly Substituted

Styrenes. IV.!

m-~Chlorostyrene

By WiLrLiam S. EMERSON AND Victor E. Lucas?

m-Chlorostyrene has been prepared by heating
m~chlorophenylmethylcarbinol with potassium bi-
sulfate at reduced pressured 45 in yields as high as
83%,.* The carbinol was prepared by treating »e-
chlorebenzaldehyde with methylmagnesium io-
dide5 or by treating acetaldehyde with m-chloro-
phenylmagnesium bromide.?

We have found that chlorobenzene can be alkyl-
ated with ethylene in the presence of aluminum
chloride to give m-chloroethylbenzene in 37%,
conversion and 809, vield. Ozxidation of m-chlo-
roethylbenzene with air at 100 p. s. i, pressure in
the presence of a chromium oxide catalyst gave m-
chioroacetophenone in 269, conversion and 769,
yield. This ketone was hydrogenated to m-chlo-
rophenylmethylcarbinol in 949, yield by means of
hydrogen and copper chromite. While this prepa-
ration of the carbinol from chlorobenzene in-
volves three steps, the yields are good and the use
of such difficultly available intermediates as m-
chlorobenzaldehyde and m-chlorobromobenzene is
avoided. The 849, yield of m-chlorostyrene, ob-
tained by dehydrating m-chlorophenylmethylcar-
binol in the vapor phase over alumina, is compar-
able to the 83%, reported for the potassium bisul-
fate method.*

A still better method of synthesis was found to
involve the chlorination of m-chloroethylbenzene
in the presence of light and a phosphorus trichlo-
ride catalyst to give a,m-dichloroethylbenzene in
4497, conversion and 919, yield. When the vapors
of the latter compound, together with steam, were
passed over a calcium sulfate catalyst, m-chloro-
styrene was obtained in 93%, yield.

Experimental

m-Chloroethylbenzene.—Chlorobenzene was treated
with ethylene in the presence of aluminum chloride in an
autoclave equipped with a stirrer and gas inlet, The
charge consisted of 3178 g. of chlorobenzene, 45.4 g. of
ethyi chloride and 90.8B g. of anhydrous aluminum chloride.
While the temperature was held at 100°, 454 g. of ethylene
was introduced over a two-hour period. The mixture was
then cooled, removed from the autoclave and poured into
5 kg. of ice water coutaining 100 cc. of coucentrated hy-
drochiloric acid. After the complex had decomposed, the
organic layer was separated, dried over anhydrous potas-
sium carbonate and distilled. In this way there was ob-
tained 1702 g. (53.7% recovery) of chlorobenzene, b. p.
<68° at 14 mm., n®p 1.5213-1.5201; 1478 g. (37.3%
conversion and 80.29, yield) of m-chloroethylbenzene,
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b. p. 68-74° at 14 mm.,* »*p 1.5181-1.5160 (1103 g.,
b. p. 68-72° at 14 mm., »?%p 1.5171-1.5168); and 361 g.
(7.8% calculated as chlorodiethylbenzene) of more highly
alkylated material. The residue was 21 g.
m-~Chioroacetophenone.—Into a stirred autoclave
equipped with a reflux condenser and gas outlet, thermowell
and air infet there was placed 500 g. of m~chioroethyf-
benzene and 5 g. of chromium oxide, While this mixture
was stirred at a temperature of 140~155°, 3 cu. ft./hr. of
air at 100 p. s. i. was introduced for a six-hour period.
After cooling, the auteclave was opened, and the reactioa
mixture removed and filtered. By washing the solution
with aqueous alkali and acidifying the extract there was
obtained 8.1 g. (1.4%) of m-chlorobenzoic acid. The
organic layer was distilled to obtain 331.5 g. (66.2% re-
covery) of m-chloroethylbenzene, b. p. 63469° at 13 mm.,
np 1.5181-1.5161, and 140.6 g. (25.6 % conversion and
76.09, yield) of m-chloroacetophenone, b. p. 76-92° at
3 mm., n?%p 1.5462-1.5491. The tarry residue weighed
13.7 g. (2.5%,).
m-Chlorophenylmethylcarbinol.—A standard American
{nstrument Company hydrogenation autoclave was
charged with 100 g. of m-chioroacetophenone and 10 g.
of copper chromite. The initial hydrogen pressure was
980 p. s. i. at 27°. Hydrogenation was conducted at
140° for seven hours. After the catalyst was removed by
filtration, the product was distilled to give 94.9 g. (94%)
of m-chlorophenylmethylcarbinol, b. p. 85-89° at 2 mm.
(102-104° at 3 mm.),* n®p 1.5418 (»2%p 1.5438).4
m-~-Chlorostyrene.—A pyrolysis tube’ was packed with
activated alumina. Over a forty-minute period 74 g.
of m-chlorophenylmethylcarbinol, together with some
steam, was passed through the tube at 90 mm. pressure
and 313-340°. Upon cooling, the tube was washed out
with benzene and the distillate extracted with the same
solvent. The combined washings and extracts were dis-
tilled from a trace of sulfur and hydrequinone to give 55
g. (84%) of m-chlorostyrene, b. p. 75-79° at 15 mm. (62—
63° at 6 mm.),* #%p 1.5612 (#2% 1.5819).4
a,m-Dichloroethylbenzene.—A 1-liter three-necked flask
equipped with a stirrer, condenser, thermometer and gas
inlet tube was charged with 562 g. of m-chloroethylbenzene
and 3 g. of phosphorus trichloride. While the temperature
was maintained at 10-15° by means of an ice—salt-bath
and the flask was illuminated with ultraviolet light, chlo-
rine was introduced until a gain of 85 g. was observed.
Direct distillation of the reaction mixture yielded 292.6
g. (52.1% recovery) of m-chloroethylbenzene, b. p. 70°
at 17 mm.-74° at 16 mm., n¥p 1.5172-1.5183 and 306.2
g. (43.6% conversion and 91.4% yield} of a,m-dictilore-
ethylbenzene, b. p. 63-70° at 2 mm., n%p 1.5401-1.5423.
The tarry residue weighed 8.7 g. (1.0%,).
m-Chlorostyrene.—The pyrolysis tube was packed witk
calcium sulfate (Drierite). Over a one hundred sixty-
minute period 250 g. of «,m-dichloroethylbenzene, to-
gether with about three (liquid) volumes of steam, was
passed through the tube at 90 mm. pressure and 425-
475°, Upon cooling, the tube was washed out with 50
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cc. of benzene and the combined distillate and washings
were extracted three times with benzene, These combined
extracts were washed free of acid with aqueous soditmm
bicarbonate and then distilled from a trace of sulfur and
hydroquinone to give 183 g. (92.5%) of m-chlorostyrene,
b, p. 76-81° at 17 mm. (62-63° at 6 mm.),* n*p 1.5616
(n2%p 1.5619).4

Summary

The preparation of m-chlorostyrene from m-
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chloroethylbenzene by two routes has been de-
scribed. The first involves oxidation to m-chloro-
acetophenone, hydrogenation to m-chlorophenyl-
methylcarbinol and dehydration in the vaper
phase to m-chlorostyrene. The second imwolves
chlorination to am-dichloroethylbenzene fol-
lowed by dehydrochlorination in the vapor phase
to m-chlorostyrene.

Davron, Ouio Receivep NoveMsegr 3, 1947
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The Synthesis and Reactions of Disazodicarboxylates!’

By NorMAN RABJOHN

The azo group in esters of azodicarboxylic acid
is very reactive and will add to numerous com-
pounds possessing active hydrogen atoms. Alder,
Pascher and Schmitz? have shown that ethyl azo-
dicarboxylate forms adducts with natural and syn-
thetic rubbers.

The facility with which azo compounds of this
type add to rubber and related polymers suggested
that compounds containing two such active groups
in the same molecule should be useful cross-linking
agents. If current hypotheses concerning the na-
ture of vulcanization are correct, then such com-
pounds ought to be effective vulcanizing agents.
They conceivably could be of value in quantitative
vulcanization studies since they offer the possi-
hility of intreducing controlled numbers of cross-
kinkages between rubber molecules, or other simi-
larly unsaturated polymers, by a comparatively
simple addition reaction. Accordingly, the syn-
thesis of disazodicarboxylates and the investiga-
tion of their properties was undertaken as de-
scribed in the present paper.

A number of these azo esters have been obtained
by the following series of reactions

HOROH 4 2COClL —> CICO:ROCOCI (I) + 2HCI
H,NNH, + (R'0):CO —> H;NNHCO,R’(II) + R'OH

Re'N

CICO:ROCOC! + 2H,NNHCOR! ———>
(R’OCONHNHCO);R— (HI) + 2R,"N-HCl

0
(R’OCONHNHCOy);R— o]

(R'OCON=NCOp)s:R— (IV) + 2H,0

The nature of the R and R’ groups has been varied
and their combinations are shewn in Table II.
The dichlorocarbonates (I) were prepared by twe
different procedures. Aromatic dichlerocarbon-
ates were obtained by the method of Oesper,
Broker and Cook?; aliphatic dichlorocarbonates
were synthesized by merely adding a glyeol to an
excess of liquid phosgerre.  AM of the aliphatic di-
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(2) Abder, Pascher and Schwmita, Ber., T8, 27 (1943).

(3), Qesper, Broker and Cook, THis JoUrNaL, 47, 2600 (1923).

chlorocarbonates are high-boeiling liquids which
can be distilled in some cases under reduced pres-
sure without appreciable decomposition. Since
they could not be obtained in an analytically pure
condition, they were converted to the correspond-
ing diurethans (Table I) for the purpose of identi-
fication.

The esters of hydrazine monocarboxylic acid
were prepared according to the procedure of
Diels.* The bis-hydrazodicarboxylates (III)
(Table II) are all relatively high melting solids
which were obtained in yields of 80-90%. They
were oxidized to the corresponding disazodicar-
boxylates (IV) in good yields by means of nitric
acid or hypochlorous acid. The dis-azo esters are
i most instances viscous, orange-colored oils
which are thermally unstable above 125° and e¢an-
not be distilled without decomposition; however,
they appear to be stable at room temperature.
The dis-azo esters prepared from aromatic di-
chlorocarbonates are solids. They decomposed
within a few hours at room temperature or during
attempts to purify them by crystallization. Only
those disazodicarboxylates which are listed in
Table ITI were obtained in a satisfactory state of
purity. They absorbed the theoretical amount of
hydrogen when shaken over platinum oxide cata-
lyst, being regenerated to the bis-hydrazodicar-
boxylates. ,

All of the disazodicarboxylates reacted rapidly
with natural and synthetic rubbers at relatively
low temperatures; good vulcanizates were ob-
tained without the aid of other ingredients. The
vulcanization studies will be reported elsewhere.’

To gain an insight into the mauner in which
these dis-azo esters vulcanize rubber, a study was
made of the reaction between ethyl azodicarboxyl-
ate (V) and 2-methyl-2-butene (VI). Although
the former is momofunetional, its mode of addition
should be analogous to that of a disazodicarboxyl-
ate. The 2-methyl-2-butene may be considered
to be representative of am isoprene unit in matural

(4) Diels, Ber., 47, 2183 (1914).
(5) Flory, Rabjobm and Shaffer, forthcoming publication.
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