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Recently, we (1) and Kampmeier and Fantazler (2) reported several 

examples where equilibration of vinyl radicals (1 d 2) occurs faster than 

hydrogen atom transfer from hydrocarbon solvents since the same cis/trans 

olefln product ratio is obtained from both isomerlc starting perester sources. 
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We now wish to present some observations of stereospecificity in the 

a-bromo-C-phenylvinyl radical system (Rl=C6H5, R2=H, R3=Br) where the t-butyl 

peresters of cls- and trans-o-bromocinnamlc acid serve as precursors for the 

vinyl radicals. 

The isomerically pure acids were obtained by separating a mixture of 

cis- and trans-a-bromoclnnamlc acids (3) through their barium salts (4). 

trans-t-Butyl a-bromoperclnnamate (m.p. 37.5-40.0") was prepared by treating -- 

the trans-acid chloride with sodium t-butylhydroperoxide in benzene solution 

at O". The cls-perester was available by the Staab synthesis (5) which con- 

sists of reacting the imidazolide (from the cis-acid and N,N'-carbonyl- 

diimldazole) with sodium t-butylhydroperoxide In ether solution at room tem- 

perature. cis-t-Butyl a-bromopercinnamate is an oil at room temperature and -- 
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was chromatographed on Florlsil prior to use. Satisfactory combustion 

ses were obtained on both peresters. Table 1 contains the n.m.r. data 

the acids and peresters. The perester samples used in this study were 

No.7 

analy- 

for 

at - 

least 95"/0 isomerically pure as readily determined by n.m.r. analysis. 

Table 1 

N.M.R. Data of the cis- and trans-a-Bromocinnamic Acids 

and their t-Butyl Peresters. - 

'gH5 /"' COOR 

'c=c 
'SH5 

'C=C / 

H/ 'COOR H/ \Br 
trans cis 

R Isomer Vinyl H Aromatic H H in R 

6a 

H cis 
b 

7.43 s 7.28 s 10.6 s 

transb 

0-C(CH3)3 Gc 

8.35 s 7.50 m 
7.90 m 

7.30 s 

7.50 m 
7.90 m 

11.5 s 

1.2 s 

1.4 s 

as = singlet, m = multiplet. bin chloroform -d. 'In carbontetrachlorlde. 

The peresters were decomposed in degassed and sealed Pyrex ampoules under 

the conditions described In Tables 2 and 3. It was necessary to protect the 

ampoules from light during and after decomposition because of facile photo- 

isomerization of the S-bromostyrenes. The acid yields were determined by 

gravimetric analysis while the olefin yields (cis- and trans+-bromostyrene) 

were measured by v.p.c. techniques (6). The cyclohexyl esters were isolated 

by chromatography on Florisil and identified by spectral comparison with 

authentic samples. 

It is observed in Tables 2 and 3 that (i) the major products arise from 

direct reactions of the 

olefin product ratio is 

The large yield of 

acyloxy radical is long 

acyloxy radicals (acids and esters) and (ii) the same 

not obtained from both isomeric starting sources. 

carboxyl containing product indicates that the 

enough lived (>lO-lo set) to become significantly 
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Perester 

trans 

CiS 

trans 

cis 

Product 
of cis- 

Solvent 

Cumene 

Cumene 

Table 2 

Compositions from the Thermal Decompositions 
and trans-t-Butyl a-bromoperclnnamates at llO". -- 

[Perester] Olefina Acid b EsterC cis- 
d 

Yield Yield Yield VZfin 

k! o/c.e 

0.041 40.3 59.4 
0.12 33.9 I I 25.2 
0.32 25.5 68.6 - 21.1 

o .048 14.8 32.1 

0.12 11.2 0.30 8.4 6410 1 2":: 

Cyclohexene 0.19 8.9 94.5 

0.23 10.3 0.32 5.8 54:2 2413 ;:.z . 

Cyclohexene 0.15 5.2 8.0 
0.19 
0.32 4519 1g:8 

16.0 
20.0 

aDetermined by v.p.c. 
170" 

analysis on a x"/0 carbowax on Chromsorb P column at 
, gas flow of 60 cc/min. Ret. times: cis, 23.5 min., trans, 27.5 min. 

b By gravimetric analysis. Acids were isomxcally pure of expected geometry. 
c Isolated by Florisil chromatography. 
geometry. 

Cyciohexyl esters were of expected 
d Based on total olefin yield. Olefin yields are accurate to 2 

) 3o/O and acid and ester yields to ca + 5"/O. -- 

Table 3 

Product Compositions from the Thermal Decompositions 
of cis- and trans-t-Butyl a-bromoperclnnamates in 
Benxe at lT0"7iTh added Dihydroanthracene (DRA). 

Perester [Perester] [DHAI Oleflna Acid b cis- C 

Yield Yield mfln 

!! k! ",.d 

trans ~.;;8 19.1 
. a.5 76:o K . 

cis o-075 0.38 
0.11 0.38 5415 
0.14 0.38 5.6 11.9 

aDetermined by v.p.c. analysis on a xo/0 Ucon on Chromsorb P column at 
180", gas flow 90 cc/min. Ret. times: 
bBy gravlmetric analyzdis. 

e, 19.5 min.; trans, 22.5 min. 
Acid yields were of expected geometry. CBased on 

total olefin yield. 
to ) 5"/0* 

Olefin yields are accurate to _c 3"/O and acid yields 
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involved In nongeminate bimolecular reactions. Previous studies (1,2) with 

vinyl peresters revealed little acid product indicating that decarboxylation 

in those systems (containing u-methyl and a-phenyl groups) was somewhat faster 

than hydrogen atom transfer to the acyloxy radical. The slower rate of decar- 

boxylatlon of the a-bromo-@-phenylvinyl radical may be due to extra stablllza- 

tion of the acyloxy radical through l-4 electronic interaction with the 

bromine and/or to an increase in the energy of the transition state for decar- 

boxylatlon by the inductive effect of the bromine. 

The vinyl radicals that result from decarboxylatlon of the acyloxy radl- 

cals clearly do not equilibrate prior to hydrogen atom transfer from the 

faster scavengers (cyclohexene and DHA). In view of our previous studies 

showing the importance of stereoselectivity In determining the cis/trans ole- -- 

fin product distributions in the a-methyl- and a-phenyl-@-phenylvinyl radical 

systems (l), an equilibrated vinyl radical system in the a-bromo case should 

lead to an olefin distribution of cis/trans Z 1 In cyclohexene and in benzene 

with DHA, and cis/trans Z 1.5 in cumene. The observed product distributions 

in the former two scavenging systems reveal various degrees of stereospeci- 

ficlty In the hydrogen atom transfer step. 

In cumene some stereospecificity may occur upon entry Into the vinyl radi- 

cal system from the cls-perester side at low substrate concentration. However, 

there seems to be a trend towards equilibrium in the olefin product at higher 

perester concentration (10). We do not have an adequate explanation for this 

apparent subsequent lsomerization of the p-bromostyrenes under the reaction 

conditions. No isomerlzation of cis+-bromostyrene is observed in cumene at 

llO" in the presence of .ll M trans-a-bromocinnamic acid or at 140' in the -- 

presence of decomposing di-t-butylperoxide (.05 g). Also, cis-$-bromostyrene 

Is lsomerized only 17"/0 to the trans-olefin when in solution with decomposing 

trans-t-butyl a-methylpercinnamate (.24 E In cumene) (1) at llO". -- 

The observed stereospecificity in hydrogen atom transfer to the a-bromo- 

@-phenylvinyl radicals may be due to (i) a rate of inversion which is competi- 

tive with hydrogen atom transfer for a mechanism as in Scheme 1, or (ii) a 

mechanism involving complexation of the acyloxy radical with the potential 
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hydrogen atom donor followed by decarboxylation and an enhanced rate of hydro- 

gen atom transfer as shown in Scheme 2. 

Scheme 2 

'SH5 'C=C' Br , 

H' 'COjBu-2 

H' 'H 

The first alternative requires that the rate constant for inversion of 

the o-bromo-S-phenylvinyl radical be < 10 set-1 (11). Recently, we argued 

that the rate constant for Inversion of the a-methyl-g-phenylvinyl radical 

must be > 103 set -l (1). A slower inversion rate for the a-bromo system is 

not unreasonable considering the difference In mass between methyl and bro- 

mine. 

There Is an excellent analogy for Scheme 2 In the work of Walling and 

co-workers on alkoxy radicals (12) which appear to complex with olefins and 

aromatic hydrocarbons. If Scheme 2 obtains, the inversion rate in the a- 

bromo+-phenylvlnyl radical is not necessarily slower than in the a-methyl 

system. Rather, an enhanced rate of hydrogen atom transfer from the complex 

stage could accommodate the results. 

Studies are in progress which hopefully will distinguish between the two 

possibilities. 
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