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sevaal years ago, SW and co-workers (1) reportedthatstyrylradicals derived fran 

cis- and trans-cinnmm - yl peroxide &hens 1) were partially stereospecifically scavenged by 

brcsotrichloxm&hane (kl, k_lz kt, kc) while with carbon tetrachloride, equilibration of the 

isaneric bent styryl radicals presumably 

cis/trans olefin ratio was observed fran -- 

SCHEME1 

is faster than the scavenging steps since the same 

either starting peroxide. 

trans-Peroxide++ 
C&p /H 

,c=c %\ C&\ . 

H - \ C=C,t_ w &-Peroxide 

kt k-l 'ikH C 

A xcc13 

cis-64alostyrene - 

We were surprised that the styryl~dical could be scavengedbefore equilibrationin 

ixonmtrichlororrethane since eprdata on the simple vinyl radical (2) indicate an inversion 

barrier of < 2 kcal/nole. Semi-empirical calculations bylbpchikand Kampmsier Gsxterded 

Huckel) (3) and by us (CND3) (4) similarly predict low inversion barriers for the vinyl 

radical, 2.8 and < 1 kcal/sole, respectively. If we asswne the inversion barrier in the styryl 

radical is also small C-2-3 kcal/nrole), the reported (1) partial stereospecific scavenging by 

bromotiichlmmethane would need to be at, or very close to, the diffusion limit. We re- 

examined the scavengingofthe styrylradical in bronrotrichlorwrethane and carbontetnachloride 

with special attention to sane important control experiments. Cur results follow. 

Thermal decomposition of trans.-c innsn~yl peroxide, m.p. 132-3O, lit., 127-30' (51, at 76O 

in lmon-otrichloromethane and carbontetrachlorideledtothe product mixtures shown inTable I. 

The olefin product ratios are within experimental error of those ratios obtained under equil- 

ibrating conditions. F&h=, an additionsl major @uct from the reaction in both solvents 

is w-6-trichloromsthylstyrene which was rot mentioned by 9' inemuraandco-warkers,while in 
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kxormotrichloronmthane, 1,2,2-tribromo-1-phenylethane is also isolated. The structures of both 

products were determined by rmr and high resolution mass spectroscopic analyses which will be 

detailed in a later paper. The apparent equilibration of the olefin products under the reaction 

conditions and the appearance of these new products prompted us to carry out severdl additional 

exp&lnants. 

SOlV& lMalostymesa 
trans/cis Yield -- 

trar~5-6-Trichloro-~ 1,2,2-Tribzorro-l-phenyl-b 
methylstyrene ethane 

&Cc13 

ccl4 

nnrole of product/mrole of diacylperoxide' 

5.49 f O.lod 0.10 0.66 0.22 

4.40 + 0.15e 0.60 0.54 0.00 

aAnalysis by vpc with interndl standard. &Chlczostg? enes on Carbowax 20 M, 35% on Chrcmsorb P. 
&&onosQrenes on Apiezon L, 10% on Chtwnsorb P. 

'100% theoretical yield corresponds to ratio of 2.00. 
Analysis by nmr with internal standard. 
dF+ilibration of B-b~~~m~styrenes in 

cumene with trace of azo-isobutyrylnitrile and -thiccresol at 76O leads to trans/cis = 6.69 f 
1.03. +?o eEquili.bration of f3-chlorostyrenes in car n tetrachloride with trace-e at 76O 
leads to trans/cis = 4.26 f. 0.29. -- 

Tables 2 ard 3 reveal the fate of the &halosQrenes sent though the reaction conditions 

inthe presenceandabsenceofdeccanposingtrans-c~ylperoxide. Note, we add 6-brcmo- 

styrene to the carbon tetrachloride run (where 6-chlorostyrene is being formed) (Table 2) so 

that wa can follow accurately any isceerization of the added halostyrene without interference 

fromhalostyrene forming from styrylradicalscavenging. The experiments inTable 3 were 

similarly designed. These two sets of experiments clearly show that the B-halostyrenes are 

isomerized and cons& under the reaction conditions of Table 1 so that conclusions on the 

stereochemical capabilities of the styryl radical based on such data are inappropriate. 

We propose Scheme 2 as an explanation for the 6-halostyrene isomsrization and formation 

of trans-trichlorwnethylstyrene and 1,2,2-trim-l-phenylethane. Eq. 1 is irreversible (6) 

so that the addition of trichlorwnethyl radical to 6-halcolefin is responsible for the con- 

smption but not the iscmsrization of the latter. The observed iscmerization is caused by 

reversible addition of X. (from eq. 2) to the B-halostyrenes (eq. 3). We assume that the 

isolated single iscmer of B-tiichloromethylstyrene has the trans structure. (7) The 1,2,2- 

triml-phenylethane could result from trapping of C6H5kHBr2 according to eq. 4. 
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TABLE 2. coNsmETIoN AND I -TICIN OF 6-BROSTYRENE LURIW THE THERMOLYSIS OF TRANS- 
CINWQYL PERCKIBE AT 76" IN Ccl,,. 

Conditionsa S-&ollW~~b 
Before Reaction After Reaction %LossC 

(trans/cis) -- 
t-CP (0.010 M) 5.94 f 0.70 6.14 f 0.10 20.8 * 0.90 
F-CP (0.010 m 0.143 f 0.006 6.35 f 1.00 21.5 f 1.5 
GCP (0.000 m 5.94 * 0.70 6.28 f 0.18 tmce 
E-CP (0.000 m, 0.143 f 0.006 0.379 f 0.050 trace 

at-CPistrans-cinnanu b ca 0.05 M in all cases. 
&es. cobserved 10sfo~~~styrene kds conditions. 

Reactiontim 2Ohrs. inall 

TABLE 3. CONSUMPT‘ION AND I WGRIZATION OF 6-CHlDROSTYFZNE DURItG THE THERMOLYSIS OF TRANS- 
CINNAMCYL PEROXIDE AT 76O IN Ba-CC13. 

Corditionsa B-Chlorostyreneb 
Before Reaction After Reaction %LossC 

(trans/cis) -- 
t-CP (0.010 M) 4.68 * 0.03 4.29 f 0.90 81.3 f 1.0 
z-CP (0.010 R) 1.40 + 0.04 4.43 + 0.44 79.6 + 1.6 
t-CP (0.000 fgd 4.68 + 0.03 5.57 f 0.30 trace 
E-CP (0.000 ;I 1.40 * 0.04 1.67 f 0.04 trace 

"t-CP is *sns-c' 3nnemyl peroxide. b0.05 
%bservedzof added B-chlorostyrene. 

inallcases. 
&am 

Reaction time 20 hm. in all cases. 
ied out at 100° for 19 hrs. 

C6H5CH=CH% + 'Ccl3 ___$ C6H5kH(X1CC13 (1) 

C6H5kH(X)CC13 ___5) e-C6H5CH=CIEC!13 + X. (21 

--C6H5CH=CHX + X* e 
. 

c6H5amx2 + cis-C6H5~~=~~ + x. (31 

In BdKC13, l C6H5WHBr2 + BzCC13 ---+ C6H5CH(Br)~2 + *Ccl3 (4) 

in support of Scheme 2, we find that the pmpenylbenzenes (starting trans/cis = 0.068) -m 

are consmed but rmtiscanerized in the presenceofdemmposingbenzoylpemxideat76° in 

carbontetrachloride. In this system, X. is not released as it is with the B-halostyrenes 

(i.e. eq. 1 and 2). Further, theismerizationof &lwamstyrene inthe pmasence ofdecmposing 

peroxide in carbon tetrachloride can be retarded by the addition of cmene as a X. trap (Table 

4). We assumethatat 3.6 M_cumene, isanerizationvia eq. 3 was eliminated for the B-chkmo- 

Styrene products as well as for the 6-brunostyrene probe. Accordingly, the product ratio 
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TABLE 4. CONSJMPTION AND ISCMERIZATION OF &BRO~SlYRENE DURING THE THERMOLYSIS OF TRANS- 
CINM4MOYL PERCXIDE AT 76O IN CC14 IN THE PRESENCE OF ADDED CUMENE. 

Cumene @J 

:::5 
3.62 

% Loss of &Chlomsqmne 
6-Bmmstyrene (trans/cis) -- 

0.053 0.053 5.36 0.43 34.2 23.1 4.40 3.40 
0.053 0.056 12.2 2.86 

trans/cis = 2.86 represents the kinetic prcduct ratio of (ktk_l)/(kckl). (10) Our results -- 

me consistentwilh earlierwrkon the freeradicaladditionof perhslanethanesto 

olefins. (11, 12) 
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