
.11m VOl. 70 WILLIAM s. EMERSON AND VICTOR E. LUCAS 

[ CONTRTEIUTIOX FROM THE CENTRAL R.FSFiAaacI DEPARTMENT, MONSANTO CHEMICAL COMPANY] 

The Use of Liquid Phase Oxidation for the Preparation of Nuclearly Substituted 
Styrenes. IV.' rn-Chlorostyrene 

BY WILUAM s. EMERSON AND VICToR E. LUCAS2 

m-Chlorostyrene has been prepared by heating 
m-cMorophenylmethylcarbinol with potassium bi- 
ssorlfate at reduced presst1re~8~J in yields as high as 
S30j0.4 The ra*inol wa3 prepared by treating m- 
chlorobenzaldehyde with methylmagnesium io- 
dide4J or by treating acetaldehyde with m-chloso- 
phenylmagnesium b r ~ m i d e . ~  

We have found that chloroberreene can be alkyl- 
ated with ethylene in the presence of aluminum 
chimide to give m-chloroethylbenzene in 37% 
conversion and So% yield. Oxidation of m-chlo- 
roetlrylbernzene with air a t  100 p. s. i. pressure in 
tlae presence of a chromium oxide catalyst gave m- 
chlmowetophenoae in =Yo conversion and 76Y0 
yield. This ketone was hydrogenated to m&o- 
rop%enylmethylcarbinol in 94y0 yield by means of 
hydrogen and mpper 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 rn-chlorobromobenzene is 
avoided. The yield of m-chlorostyrene, ob- 
tained by dehydrating mchlorophenylmethylcar- 
binol in the vapor phase over alumina, is compar- 
able to the 83% reported for the potassium bisul- 
fate m~od.' 

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 cr,wdichloroethylbnzene in 
Myo conversion and 91% 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-Chloroethylbzene.-Chkrobenzene was treated 

with ethylene in the presence of aluminum chloride in an 
autoclave equipped with a st i r rer  and gas inlet. The 
charge consisted of 3178 g. of chlorobenzene, 45.4 g. of 
ethyl chloride and 90.8g. of anhydrous aluminum chloride. 
While the temperature was held a t  loo', 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 containing 100 cc. of concentrated hy- 
dmxhloric 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 chlorobnzene, b. 
<68O at 14 mm., 1.5213-1.5201; 1478 g. (37 .38  
conversion and 80.2% yield) of m-chloroethylbenzene, 
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b. p. 68-74' at 14 mm.,' n z s ~  1.5181-1.5160 (1103 g.* 
b. p. 68-72' a t  14 mm., TPD 1.5171-1.5168); and 361 g. 
(7.6% calculated as chlorodiethylbenwne) of more highly 
alkylated material. 

m - C h f o m a c ~ e n o . - I n t o  a stirred autoclave 
equipped with are3ux condenser aad gasoutlet, thmowef l  
and air infet there was placed 500 g. of RecMmthy& 
benzene and 5 g. of chromium oxide. W l e  this mi- 
was stbrred at  a temperature of l&155e, 3 at. ft./br. d 
air at 100 p. s. i. was introduced for a six-horn period. 
After cooling, the autoclave was opened, and tire reactioe 
mixture removed and filtered. By washing tbe sdutaol, 
with aqueous alkali and acidifying the extract there 7c1u 
obtained 8.1 g. (1.4%) of m-chIoroben.toic acid. Thc 
organic layer was distilled to  obtain 331.5 g.  (66 .wo ~b 
covery) of m-ehloroethyIbenzene, b. p. 65-69'' at 13 mm., 
n% 1.5181-1.5161, and 140.6 g. (25.6 % conversion a d  
76.0% yidd) of m-ehloroacetophenone, b. p. 76-92" e4 
3 mm., n z 5 ~  1.5462-1.5491. The tarry residue weightd 
13.7 g. (2.5%). 
m-Cblomphenyhethylcarbinol.-A standard Am& 

Instrument Company hydrogenation autoclaw waa 
charged with 100 g. of m-chbroacetophenme and 10 g. 
of copper chromite; The initial hydrogen pressure was 
980 p. s. i. a t  27 . Hydrogenation was conduIcted &t 
140' for seven hours. After the catalyst was removed by 
filtration, the product was distilled to give $4.9 g. (94%) 
of m-chlomphenylmethylcarbinol, b. p. 85-89' at 2 ma. 
f102-104° at 3 ~nrn.),~ @D 1.5418 (&OD 1.5436).* 

m-Chlmstyrene.-A pyrolysis tube7 was packed with 
activated alumina. Over a forty-minute period 74 g. 
of m-chlorophenylmethylcbinol, together with sofplc 
steam, was p 0 m d  through the tube at 9Q 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 hydroquinone to give 55 
g. (84%) of m&brostyrene, b. p. 75-79' a t  15 mm. (62- 

~)m-Djchloroethylbenzene.-A 1 -liter three-necked &ask 
equipped with a stirrer, condenser, thermometer and gas 
inlet tube was charged with 562 g. of m-chloroethylbenzew 
and 3 g. of phosphorus trichloride. While the temperature 
was maintained a t  10-15O by means af an ice-salt-bath 
and the flask was illuminated with ultraviolet light, chlo- 
rine wa.s introduced until a gain of 85 g. was observed. 
Direct distilation of the reaction mixture yielded 292.! 
g. (52.1% recovery) of m-chloroethylbenzene, b. p. 70 
at 17 mm.-74' a t  16 mm., n% 1.5172-1.5183 and 306.2 
g. (43.6% conversion and 91.4'% yield) of cr,w-dichlwo- 
ethylbenzene, b. p. 63-70' at 2 mm., R ~ D  1,5401-1.5423. 
The tarry residue weighed 8.7 g. (1.0%). 

m-Chlorostyrene.-The pyrolysis tube was packed with 
calcium sulfate (Drierite). Over a one hundred sixty- 
minute period 250 g. of cr,m-dichloKtethylbenzene, to- 
gether with about three (liquid) volumes of steam, was 
passoed through the tube a t  90 mm. pressure and 425- 
475 . Upon cooling, the tube was washed out with 50 

The residue was 21 g. 

63Oat6 Rltn.f,41226D 1.5612 (?JZoD 1.5819).4 
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cc. of benzene and the comhined distillate and washings 
were extracted t h e e  times with benzene. These combined 
extracts were washed free of acid with aqueous sodium 
bicarbonate and then distilled from a trace of sulfur and 
hydroquinone t o  give 183 g. (92.5%) of m-chhrostyrene, 
b. p. 76-81’ a t  17 mm. (62-63’ a t  6 mm.),l @D 1.5616 
(n% 1.5619).4 

Summary 
The prepanstion of m-chforostyrene from m- 

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 vapor 
phase to m-chlorostyrene, The second involves 
ehlorination to a,m-dichloroethylbenzene fol- 
lowed by dehydrocldorination in the vapor phase 
to m-chlorostyrew. 
DAYTON, OHIO RECEIVED NOVEMBEK 3, 1947 
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The Synthesis and Reactions of Disazodicarboxylatesl 
BY NORMAN RABJOHN 

The azo group in esters of azodicarboxylic acid 
is very reactive and will add to numerous com- 
pounds posseshg active hydrogen atom. Alder, 
Pascher and Schmitz4 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 group 
in the same molecule should be useful cross-linking 
agents. If msrent 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- 
bility of introducing controlled numbers of c r ~ -  
linkages between rubber molecules, or &her simi- 
larly unsattna ted polymers, by a comparatively 
simple addition reaction. Accordingly, the syn- 
thesis of disaaodicslrboxylates and the investiga- 
Cion of their properties was undertaken as de- 
s d e d  in tke present paper. 

A number of these azo esters have been obtained 
by the followirtg series of readoLns 
ROROH + 2COClz + ClCOiROCOCl (E) + 2HC1 
H&”Hz + (R’O),CO + H~WNWCQjR’(1E) + R’OH 

Rs “ N 
ClCO~ROCOCl + 2HzNNHCOsR’ 

(R’OCONHNACO~}zR- (HI) + 2Ra”N-HCl 
P 1 

IR’OCOX HSH C 0 2 )  1R- + 
(R’OCOX=KCOz)zR- (IV) + 2H& 

TAe nature ofthe R and R‘ groaps has been varied 
and their cambiaations axe shown in Talde 11. 
The dichlwocarboaahes (1) were prepared by two 
different procedures. Ammatic dicMorocarbm- 
ates were obtained by the method of a spe r ,  
Broker and Cook’; aliphatic dkhIorocarbomtes 
were synthesized by merely adding a g l y d  to an 
excess of liquid phosgene. AH of the aliphatic di- 
(I); Preseded ip part a t  the September, 1946, Meeting d the 
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chlorocarbonates are high-boiling liquids which 
can be distilled in some cases under reduced gres- 
sure without appreciabIe 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 accsrhting to the procedure of 
Diels.‘ The bis-hydrazodicarboxylates (111) 
(Table 11) are all relatively high melting solids 
which were obtained in yields of SO-SO%. 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 
in m a t  inst- vkcous, wmge-colord & 
which axe thermally obnstabae above 125’ and can- 
not be distilled without decomposition; however, 
they appear to be stable a t  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 111 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- 
bmylates. 

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. wU he ~ ~ p ~ r t e d  elsewhere? 

To gain an insight into the manncr in whioh 
these dis-am esters vukanize rubber, a study was 
made of the reaction between ethyl azodica.rbasyL 
ate (V) and 2-methyL2-b.uteme (Vl). Although 
the former is momfunctional, its mode af &.&XI 
should be analogous to that of a disazodicarboxyl- 
ate. The 2-methyl-2-butene may be considered 
to be representative of an isoprene elnit in matural 

(4) Diels. Bet-., 47, 2183 (1914). 
( 5 )  Flory, Rabjobn and Shefier, forthconring puHieetbor. 


