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Recent articles on stereochemical aspects of hydrogen
abstraction by vinyl radicals (1) prompt us to submit this
report on the study, meanwhile having been under way (2), of
the stereochemical behaviour of styryl radicals in abstraction
of a halogen atom from carbon tetrachloride or from bromo-
trichloromethans.

Decomposition of di-trans-cinnamoyl peroxide in bolling
carbon tetrachloride under nitrogen gave carbon dioxide (150%)
and B-chlorostyrene (50%, transicis=281:19, as determined by
gas chromatography (Aplezon Grease L)). Similar experiments
.ca.rried out in bromotrichloromethane as solvent at the same
temperat;ure gave a mixture of trans- and cis~f-bromostyrene
in a ratio of 86:1l;. In the same way di-cis-cinnamoyl peroxide
'(5) was decomposed and the quantities of chloro- and bromo-
styrenes formed were determined. The results are summarized
in the table.

The homolytic nature of the decomposition of these per-
oxides i1s apparent; the point to be considered is the stereo=-
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Ratio of trans-~ to cis-Halogenostyrene formed from Styryl
Radicals in Carbon Tetrachloride or in Bromotrichloromethane

Source of radicals B~Chlorostyrene B=-Bromostyrene
trans els trans cis
Di-trans-cinnamoyl peroxide 81 19 86 1l
Di-eis-cinnamoyl peroxide 82 18 T3 27

chemlstry of styryl radicals thus produced. Separate experi-
ments showed that f-chloro- and f~bromo-styrene do not undergo
ois-trans isomerization under the present experimental condi-
tions. Coumarin (21%) was found in the decomposition of di-
6ls~-cinnamoyl peroxide in either of the two solvents used, but
not in the experiments with the trans peroxide; further, the
¢ls peroxide gave cis-cinnamic acid, but not trans-cinnamic
acid. These findings demonstrate that in the homolysis of the
e6ls and trans veroxide no geometrical isomerization takes place
between the orlginal peroxides as well as between the cis-
and trans-cinnamoyloxy radical produced from them.

The cis-cinnamoyloxy radical reacts in three ways:
1) decomposition giving styryl radicals and carbon dioxide,
2) formation of coumarin, the benzene nucleus being attacked
intramolecularly by the carbonyloxy group situated very close
to it, and 3) formatlon of cis-cinnamic acid by abstraction of
a hydrogen atom. The trans-cinnamoyloxy radical reacts simi-
larly except for the formation of coumarin. The styryl radi-
eal, vhether it is derived from elther the cis or the trans
veroxide, abstracts a chlorine atom from carbon tetrachloride
to give the same mixture of cis- and trans-f-chlorostyrene.
This fact indicates that either 1) an equilibriwa is quickly

established between the cis- and tranc-styryl radical, in which
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the odd electron occupies an sp2 hybrid orbital, before they
abstract a chlorine atom, or 2) a common intermediate radiocal
of linear configuration alone is involved, in which the hy-
bridization has undergone change from spa to sp at the radical
centre of styryl radicals. The latter possibility, however, 1is
ruled out since in bromotrichloromethane the ratio of the cis-
and trans-bromostyrene formed is different between the experi-
ments with the cis or trans peroxide. Assuming therefore that
the first possibility is the case and using the relevant equi~
librium and rate constants shown in the scheme below, the ratio
of the trans- to cis-f-chlorostyrene formed is expressed as

K'kt/ks=L.4. In the absence of any evidence available for

Ph P, H
trans Peroxide —» )c=o,} ke o lch=c,
H

cC1 :
p=
N P,
ois Peroxide ——> 00, = —to, Se=c
H H cc1), N

assessment of the equilibrium constant K, this value may de
assumed to be about unity, since it does mot seem that the
steric effect caused by the odd electron is significantly
different between the two isomeric radicals. Then, ky/k, will
be about l.l, 1.e., the trans-styryl radical abstracts a
chlorine atam about four times as fast as the ois radical does,
ovidently suggesting that in the ois radical the phenyl group
places steric hindrance against the abstraction reaction.

The fact that the ratio (86:1l) of the trans- to ocis-f-
bromostyrene formed from the trans peroxide is larger, whereas

the sorresponding ratio (7%:27) for the cis peroxide, smaller,
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than the ratio (81:19), in which the 1someric B-chlorostyrenes
are invariably formed, indicates that, contrary to the case in
oarbon tetrachloride the abatraction by the styryl radical of
a bromine atom from bromotrichloromethane competes with the
rapid ols-trans isomerization between the isomeric styryl radi-
eals, although the latter rate seems to be stlll much higher.
This conclusion 1s to be expected on account of the wealmess of
the C-Br bond in comparison with the C-Cl bond and is in keep~
ing with the fact that the homolytic addition of bromotrichlo-
ramethane to olefins takes place much more readily than that
of carbon tetrachloride and without formatlon of appreciable
quantity of telomeric producta (l).

Although . the present experimental results eliminate the
sole involvement of the linear-type styryl radical as inter-
mediate radicals, without the evidence from electron spin reso-
nance measurements (5) they would not exclude the possibility
that the linear radical may also be involved in a rapid equi-
1ibrium with the cis- and trans-styryl radicals, these three
species abstracting a halogen atom at their respeotive rates.
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