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N-Bromosuccinimide? (NBS) has been used exten-
sively in allylic bromination reactions while N-chloro-
succinimide (NCS) has been employed to a much lesser
extent. Very few studies have been reported which
compare the relative effectiveness of these reagents in
allylic halogenation reactions. Uceciani and Naudet?
have shown that in the reaction of these reagents with
methyl oleate the allylic bromide was obtained in an
879% vyield compared with a 99, yield of the allylic
chloride. Other comparative studies* have been con-
cerned mainly with halogenation in aromatic or hetero-
cyclic side chains and in saturated hydrocarbons. Asa
part of another program the need for both a-bromo-
methylstyrene and a-chloromethylstyrene arose and
prompted the present study.

a-Bromomethylstyrene has been prepared by re-
acting a-methylstyrene with NBSS in a reaction yield-
ing a-methyl-8-bromostyrene as a secondary reaction
product. The reaction of NCS with a-methylstyrene
has not been reported, although a-chloromethylstyrene
has been prepared by other methods.® Conditions
employed in the present reactions with either NBS or
NCS were similar to those described by Pines® with
the exception that the refluxing mixtures were not
cooled immediately in an ice-water bath, but rather,
cooled slightly below the reflux temperature and then
allowed to cool slowly to ambient temperature. After
removal of the succinimide by filtration, the reaction
products were isolated by distillation. In the re-
action with NBS the allylic and vinyl bromides were
obtained in yields of 73 and 5%, respectively, whereas,
in the earlier study® the corresponding yields were 47
and 179%. In contrast the NCS reaction gave the
allylic and vinyl chlorides in yields of 57 and 199,
respectively, along with 29 of an unidentified product.

It would appear from the resuits of the present study
that there is little difference in the total halogenating ef-
ficiency of these reagents on a-methylstyrene. The
ease and convenience of the halogenation reactions
present an attractive method for the laboratory prepara~
tion of the allylic halides.

Experimental”

a-Methylstyrene. A. NBS Reaction.—A mixture of 94.4
g. (0.8 mole) of a-methylstyrene, 90.0 g. (0.5 mole) of NBS,
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and 50.0 ml. of carbon tetrachloride contained in a flask fitted
with a reflux condenser and magnetic stirrer was heated in an
oil bath at 160-170° until the mixture was refluxing and the NBS
was dissolving at which point a very vigorous exothermic re-
action was noted. The reaction was moderated by intermittent
cooling in an ice—water bath in order to maintain a gentle reflux
until the NBS had completely dissolved (approximately 3—4
min.), As the exothermic reaction subsided, the temperature
dropped below the reflux temperature and the mixture was
allowed to cool slowly over a period of 3 hr. The precipitated
succinimide was separated by filtration and the carbon tetra-
chioride and the excess a-methylstyrene were removed under
reduced pressure. The residue was examined by gas chroma-
tography and found to contain a small quantity of a-methyl-
styrene and two unidentified components. Distillation of the
mixture yielded 84.8 g. of bromides, b.p. 56-64° (1 mm.).
Separation of the bromides was accomplished by fractional
distillation on an 18-in. spinning-band column to give 5.1 g.
(5%) of a-methyl-g-bromostyrene, b.p. 60-61° (0.9 mm.), n2p
1.5892 [lit.* b.p. 98° (10 mm.), n¥®p 1.5891], and 71.6 g.
(73%) of a-bromomethylstyrene, b.p. 66-67° (0.9 mm.), »¥p
1.5924 [lit.5b.p. 104-105° (10 mm.), n¥p 1.5925].

B. NCS Reaction.—A mixture of 94.4 g. (0.8 mole) of a-
methylstyrene, 66.8 g. (0.5 mole) of NCS, and 50 ml. of carbon
tetrachloride contained in a flask fitted with a reflux condenser
and magnetic stirrer was heated to reflux in an oil bath at 160
170°. An exothermic reaction occurred which required inter-
mittent cooling to maintain gentle reflux conditions. These
conditions were maintained until the NCS had completely dis-
solved (approximately 10-12 min.) at which point the mixture
was cooled slightly below reflux with the ice—water bath and then
allowed to cool slowly over the next 3 hr. The mixture of chlo-
rides, b.p. 46~-54° (0.6 mm.), was isolated as described for the
bromides. Gas chromatography showed the presence (2%)
of a third component, which was not separated sufficiently
pure for characterization. From this mixture 14.5 g. (199%,) of
a-methyl-g-chlorostyrene, b.p. 76° (4.0 mm.), »n¥p 1.5623
(lit.8 b.p. 102-105° (14 mm.)], and 43.5 g. (57%) of a-chloro-
methylstyrene, b.p. 53° (0.65 mm.), n?p 1.5633 [lit.%* b.p.
87-88° (5 mm.)], were obtained by fractional distillation on an
18-in. spinning-band column. The proton n.m.r. spectra were
obtained in carbon tetrachloride solution using a Varian As-
sociates A-60 n.m.r. spectrometer employing tetramethylsilane
as an internal standard. The proton n.m.r. spectrum of a-
chloromethylstyrene showed signals for the methylene group
(= 5.66), the proton trans to the methylene group (= 4.63), and
the proton cis to the methylene group (r 4.53). The coupling
constants were Jom,—H trane = 1.09 £ 0.1 c.p.s., JcE-B c1s =
<0.1 c.p.s., and Ju-g = 0.94 = 0.01 c.p.s. In the n.m.r.
spectrum of «-methyl-g-chlorostyrene the methyl group ap-
peared at = 7.85 and the vinyl proton at » 3.76 with a coupling
constant of Jem-x = 1.51 = 0.02 c.p.s. These data are in

agreement with that expected of the two isomers.

(7) All boiling points are uncorrected.
(8) D. Seyferth, S, O. Grim, and T. O. Read, J. Am. Chem. Soc., 82, 1510
(1960).
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A previous paper in this series! described the py-
rolysis of dibenzyl sulfone and a number of para-
disubstituted dibenzyl sulfones. These pyrolyses led
to 35-909, yields of the corresponding diarylethanes.
The present paper reports the extension of sulfone

(1) E. C. Leonard, Jr., J. Org. Chem., 27, 1921 (1962).
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pyrolyses to cover the preparation of poly-p-xylylenes,
styrenes, and acetylenes.

The earlier paper suggested that dibenzyl sulfones
undergo homolytic cleavage to form benzyl radicals and
sulfur dioxide. In the case of dibenzyl sulfone itself
there is essentislly a quantitative yield of the product
of the coupling reaction—1,2-diphenylethane. How-
ever, in three instances in which dibenzyl sulfone was
substituted in the para positions, it was noted that dis-
proportionation as well as coupling products occurred
during the pyrolysis, and that one of the dispropor-
tionation products was high molecular weight poly-p-
xylylene. In the work which will be described here,
poly-p-xylylenes have been produced as by-products in
the pyrolysis of di-p-xylyl sulfone, from bis(4~iso-
propylbenzyl) sulfone, and from bis(4-benzylbenzyl)
sulfone.

The pyrolysis of di-p-xylyl sulfone was carried out in
the temperature range 600-700°, at a pressure of less
than 10 mm. The yield of poly-p-xylylene has varied
from 5 to 209, with the yield of p-xylene being ap-
proximately equivalent to that of polymer and the
yield of 1,2-di~p-tolylethane invariably being in excess
of 509,. The infrared spectrum of poly-p-xylylene
prepared by sulfone pyrolysis and that of poly-p-
xylylene prepared by the pyrolysis of cyclodi-p-
xylylene? are identical. The polymer is soluble in
benzyl benzoate at elevated temperatures. There
was a possibility that the poly-p-xylylene obtained in
the reaction just described was the product, not of the
sulfone cleavage, but of the cleavage of a carbon-
carbon bond in 1,2-di-p-tolylethane. It has been
demonstrated by us, however, that, under the condi-
tions of our experiment, the carbon—carbon bond in 1,2-
di-p-tolylethane does not rupture and that poly-p-
xylylene cannot be formed in the 600-700° temperature
range by the pyrolysis of this compound.

The second sulfone which was found to yield a poly-
p-xylylene on pyrolysis was bis(4-isopropylbenzyl)
sulfone. The major product of the vacuum pyrolysis
of this sulfone in the temperature range 600-700°
was 1,2-bis(4-isopropylphenyl)ethane. The pyrolysis
has also yielded small amounts of poly(e,a-dimethyl-p-
xylylene), along with p-cymene.

BN A s,
o CH,S0,CH, cn =
CH, CH,
CHS\ /CHs
/CH@—CHZCHz—Q—CH +
CH;

NCH,
CH,
I 8 CH3\
(IJ—Q—CHZ + /CH@—CHa
SH, CH,

Poly(a,a-dimethyl-p-xylylene), unlike other mem-
bers of the poly-p-xylylene family, is soluble in aro-
matic hydrocarbons at 80°. The reduced viscosity of
the polymer was 1.5 and the softening temperature was
235-245°.

(2) The preparation of poly-p-zylylene by the pyrolysis of cyclodi-p-
xylylene is described, inter alia, in two Canadian patents issued to Union

Carbide Corp.: Canadian Patent 637,507 (March 6, 1962); Canadian Patent
638,335 (March 20, 1962).
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A third poly-p-xylylene, poly(a-phenyl-p-xylylene),
has been prepared by the pyrolysis of bis(a-benzyl-
benzyl) sulfone. Poly(a-phenyl-p-xylylene) appar-
ently is easily oxidized and during or subsequent to
its formation becomes cross linked. Only in one in-
stance, in which extreme care was used in opening the
pyrolysis tube, was a soluble sample (in toluene at
80°) of polymer obtained and in this case the reduced
viscosity was 1.2. It issuspected, although not proved,
that in this case the oxidation and cross linking take
place at the tertiary carbon atom.

In addition to the work which led to the isolation of
poly-p-xylylene, some other aspects of sulfone py-
rolysis have been examined. Since the pyrolysis of
single sulfone systems led to radicals, it was felt that
there was a possibility that the pyrolysis of disulfones,
in which both sulfone groups were attached to the
same carbon atom, would lead to carbenes.

SO:R
~—> RCH: + 80, + 2R:
SO.R

RCH

Dissulfones of the type shown are readily available
by a variation of the malonic ester synthesis which was
developed by Cronyn.? The vacuum pyrolysis of 1,1-
bis(ethylsulfonyl)-2-(2-methylphenyl)ethane was car-
ried out at 650°. The fate of the disulfone is shown

below.

CH

3 -/SOzEt -850

CHCH_ —

SO,Et
CH,
Ooscn. +

45% 20%

At 400° there was no evidence of decomposition of
the sulfone under our experimental conditions.

The results which were obtained can be explained by
a simple series of radical reactions. The formation of
indene, for example, can be explained by a ring closure
involving radical coupling and the subsequent dehydro-
genation of indan.

In a less complicated system than 1,1-bis(ethylsul-
fonyl)-2-(2-methylphenyl)ethane, the reaction is much
more straightforward. The pyrolysis of 1,1-bis(ethyl-
sulfonyl)-2-phenylethane at 650° gave a 909, yield of

styrene.
0,Et
CHy

SO, Et

g e
90%

In a new synthetic method related in a general way
to the Knoevenagel reaction, the previously unre-
ported bis(ethylsulfonyl)ethylenes have been prepared,
in each case in about 509 yield, by the base-catalyzed
reaction of the appropriate aldehyde and bis(ethyl-
sulfonyl)methane. These two compounds have been
pyrolyzed at 650° and are found, like their saturated

CH=CH2

(3) M. Cronyn, J. Am. Chem. Soc., T4, 1228 (1954).
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Bt C=CH
CH=C<SO R
SO,Et
SO,E¢
CH3©—CH= C —_— CH3©—CECH
SO,Et

analogs, to eliminate sulfur dioxide. One organic
product, formed in approximately 409, yield, is the
corresponding acetylene.

Experimental

The apparatus and experimental conditions used for the
pyrolysis of the sulfones are described in the previous paper.!
The preparation and physical properties of the sulfones are also
described in that paper.

Pyrolysis of p-Xylyl Sulfone.—The pyrolysis of p-xylyl
sulfone, which is described in the previous paper as yielding
869, 1,2-di-p-tolylethane at 600-700°, also yielded 5%, p-xylene,
which was identified by the refractive index and infrared spec-
trum and a 59, yield of poly-p-xylylene which was identified by
comparing the infrared spectrum of the polymer film with that
of an authentic sample of poly-p-xylylene prepared by another
route. The polymer was completely soluble in benzyl benzoate
at 305° and could be isolated as a tough pliable film in the exit
tube of the pyrolysis furnace.

Pyrolysis of Bis(4-isopropylbenzyl) Sulfone.—The pyrolysis
of bis(4-isopropylbenzyl) sulfone which resulted in the 669,
vield of 1,2-bis-(4-isopropylphenyl)ethane described in the
earlier paper! resulted also in a 109, yield of p-cymene, which
was identified by its infrared spectrum and refractive index,
and a 109, yield of a polymeric material, which had a reduced
viscosity of 1.5 (80°, 0.29, concentration) and a softening range
of 235-245°. The infrared spectrum of films of this polymer
had bands characteristic of poly-p-xylylenes with additional
bands characteristic of the methyl group.

Anal. Caled. for (CioHp)z: C, 90.90; H, 9.10. Found:
C,90.76; H, 8.98.

Pyrolysis of Bis(4-benzylbenzyl) Sulfone.—The pyrolysis of
bis(4-benzylbenzyl) sulfone resulted in a 90% yield of bis(4-
benzylphenyl)ethane and & 5% yield of poly(e-phenyl-p-xylyl-
ene), which, when isolated very carefully, had a reduced vis-
cosity of 1.2 in toluene at 80°. Unless the reduced viscosity
of the solution was measured very rapidly, cross linking occurred
and the polymer precipitated.

Anal. Caled. for (CiHyp),: C, 93.33; H, 6.67. Found:
C,93.24; H, 6.36.

Preparation of 1,1-Bis(ethylsulfonyl)-2-phenylethane.—Potas-
sium hydroxide (20 g., (0.35 moles) was dissolved in 250 ml. of
Diethyl Carbitol with heating. Bis(ethylsulfonyl)methane?
(68 g., 0.33 mole) was added to the cooled solution which was
then heated to 150-160° for 1 hr. with the removal of 6 ml. of
water. The mixture was cooled to 110° and 60 g. (0.35 mole) of
benzyl bromide was added. The mixture was held at 170°
for 2 hr. and then poured over ice. The solid was recrystallized
from ethanol. The yield was 42 g. (44%). The melting point
was 120-132° (lit.3m.p. 133-135°).

Preparation of Styrene by the Pyrolysis of 1,1-Bis(ethyl-
sulfonyl) - 2 - phenylethane.—1,1 - Bis(ethylsulfonyl) - 2 - phenyl-

Nores
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ethane (13 g., 0.044 mole) was distilled through the pyrolysis
furnace at pressures ranging from 0.5 to 15 mm, in 1 hr. The
temperature of the pyrolysis furnace was 600°. The 4 g. of
liquid isolated from the trap was identified by its infrared spec-
trum and refractive index as styrene. The yield was 909.

Preparation of 1,1-Bis(ethylsulfonyl)-2-(2-methylphenyl)eth-
ane.—Potassium hydroxide (12 g., 0.21 mole) was suspended
in 150 ml. of Diethyl Carbitol and the mixture was heated to 180°,
The solution was cooled to room temperature and 40 g. (0.20
mole) of bis(ethylsulfonyl)methane® was added. The mixture
was heated at 150-165° until 4 ml. of water was distilled over.
The temperature was allowed to fall to 110° and 37 g. (0.20 mole)
of o-tolyl bromide was added. The mixture was heated at 160°
for 1 hr. The contents of the flask were then poured over ice
and the solid was removed by filtration. The crude product was
recrystallized from ethanol. The yield was 48 g. (80%) of
material, m.p. 138-140°C. The analysis showed it to be the
prﬁviously unknown 1,1-bis(ethylsulfonyl)-2-(2-methylphenyl)-
ethane.

Anal. Ca.lcd fOl' C),:HzoO;Sg: C, 51.32; H, 6.58; S, 21.05.
Found: C, 51.69; H, 6.62; §,21.12.

Preparation of ortho-Methylstyrene by the Pyrolysis of 1,1-
Bis(ethylsulfonyl)-2-(2-methylphenyl)ethane.—Pyrolysis of 1,1-
bis(ethylsulfonyl)-2-(2-methylphenyl)ethane was carried out in
the standard apparatus at 650° and 0.3-mm. pressure. Analysis
of the pyrolysate by vapor phase chromatography showed a
459, yield of o-methylstyrene and a 209 yield of indene.

Preparation of 1,1-Bis{ethylsulfonyl)-2-phenylethylene.—A
mixture of 66 g. (0.33 mole) of bis(ethylsulfonyl)methane, 80
g. (0.66 mole) of benzaldehyde, 150 ml. of benzene, and 5 ml. of
piperidine was refluxed for 72 hr., most of the benzene was then
removed, and the solid material [excess bis(ethylsulfonyl)-
methane] was filtered off. The filtrate was steam distilled to
remove benzaldehyde and the solid residue was recrystallized
twice from ethanol to give 1,1-bis(ethylsulfonyl)-2-phenylethyl-
ene, m.p. 93-95°, yield 43 g. (45%).

Anal. Caled. for CioH1408,:: C, 50.00; H, 5.55; S, 22.22.
Found: C, 49.97; H,5.75; 8, 22.04.

Pyrolysis of 1,1-Bis(ethylsulfonyl)-2-phenylethylene.—1,1-
Bis(ethylsulfonyl)-2-phenylethylene (1.54 g., 0.0053 mole)
was distilled through the pyrolysis furnace at a pressure of 40-80
u and a furnace temperature of 650°, The amount of liquid
product was 0.43 g. A vapor phase chromatographic analysis
showed that the material contained 709, phenylacetylene (52%,
yield).

Preparation of 1,1-Bis(ethylsulfonyl)-2-(4-methylphenyl)-
ethylene.—A mixture of 66 g. (0.33 mole) of bis(ethylsulfonyl)-
methane, 56 g. (0.48 mole) of tolualdehyde, 150 ml. of benzene,
and 5 ml. of piperidine was refluxed for 18 hr. The procedure
for isolating the product was exactly the same as was the case
for the benzaldehyde derivative. The yield of recrystallized
1,1-bis(ethylsulfonyl )-2-(4-methylphenyl)ethylene (m.p. 105—
107°) was 25 g. (429,).

Anal. Caled. for CuH1:08:: C, 51.66; H, 5.99; S, 21.05.
Found: C, 51.66; H,6.07; 8,20.99.

Pyrolysis of 1,1-Bis(ethylsulfonyl)-2-(4-methylphenyl)ethyl-
ene.—Under the same conditions described in the previous py-
rolysis experiment, 15 g. of 1,1-bis(ethylsulfonyl)-2-(4-methyl-
phenyl)ethylene was distilled through the pyrolysis unit. Four
grams of liguid product was isolated which was redistilled,
giving 3 g. (50%) of product: b.p. 83-84 (210 mm.); v.p.c.
showed 96.4%, purity; n2p 1.5432 (lit. n%p 1.5447).

Anal. Caled. for CoHs: C, 93.10; H, 6.90. Found: C,
93.32; H, 7.08.



