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CIDNP Studies on the P-Bromoetkyl Radical 
By J. H. HARGIS and PHILIP B. SHEVLIN* 

(Department of Chemistry, Auburn University, Auburn, A Eabavna 36830) 

S.ummavy CIDNP signals observed during the thermolysis 
of benzoyl-p-bromopropionyl peroxide show that the 
methylene protons in the P-bromoethyl radical are 

peroxide (2) produces, after rapid decarboxylation of the 
/?-bromopropionyloxy-radicalt the radical pair (3). The 
polarizations of products emanating from (3) will depend 

non-equivalent . 

THERE is considerable interest in the structure of P-bromo- 
alkyl radicals1 Explanations of the apparently increased 
stability of these radicals as compared to simple alkyl 
radicals have invoked either bridged structuresl"-Cpe (la ; 
X = Br) or radicals existing in a preferred conformation 
allowing hyperconjugative stabilization by halogen (1 b ; 
X = Br).lf A recent e.s.r. studylf of the P-bromoethyl 
radical (1) indicates a high spin density on bromine but 
does not distinguish between (la) and (1 b) . 

We report the results of a simple CIDNP2 experiment 
which establishes that the methylene groups in (1) are 
non-equivalent. Homolysis of benzoyl-P-bromopropionyl 

(la) ( lb )  

upon the structure of (1). I f  (la) is the ground-state 
configuration of (I) ,  all protons are equivalent and should 
exhibit the same polarization. Thus, the cage recombina- 
tion product, (4), should show the same polarization for 
both sets of methylene protons.$ Products resulting from 
diffusion of (la) from the solvent cage would show the same 

t By analogy with other acyloxy- radical^,^ the /3-bromopropionyloxy-radical is expected to  decarboxylate more rapidly than the 

$ I n  the absence of information about the g factor and the proton hyperfine splitting expected for (la), we can only predict that the 
This prediction is sufficient for the purpose of 

benzoyloxy-radical. 

a and fi  protons in products resulting from (la) will exhibit the same polarization. 
this study. 
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polarization in the two methylene groups, a polarization 
opposite to that observed in (4). 

0 0  
I1 II Heat - coz 

PhCOOCCH,CH,Br - PhCO,. -O,CCH,CH,Br -+ 
(2) PhCO,. C,H,Br 

A different CIDNP result is predicted from (lb). If the 
benzoyloxy-radical in (3) has the higher g factor, emission 
should be observed for the a-methylene protons in (4) while 
the P protons should show enhanced absorption. Should 
(Pb) have the higher g factor, the a protons in (4) will 
exhibit enhanced absorption while emission will result from 
the P protons. By analogy with studies on the decomposi- 
tion of other peroxides,, the benzoyloxy-radical, with 
unpaired spin density on oxygen, is expected to have the 
higher g factor. Addition of bromotrichloromethane to the 
reaction mixture should serve to trap the majority of the 
P-bromoethyl radicals which escape the solvent cage and 
produce 1,2-dibrornoethane (5).  The reaction of (lb) with 
BrCC1, would produce (5)  with little or no polarization as 
the oppositely polarized equivalent hydrogens in (5)  would 
cancel any effect. Abstraction of bromine by (la) is 

expected to yield (5 )  which will be polarized. A spectrum 
recorded during the 119" thermolysis of a chlorobenzene- 
bromotrichloromethane (3  : 1 v/v) solution of (2) gave 
emission a t  6 4.5 due to the a protons of (4) while an en- 
hanced absorption at  6 3-6 resulted from the /3 protons. An 
unpolarized singlet a t  6 3.4 corresponded to the methylene 
protons of lI2-dibromoethane. Decomposition of (2) in 
chlorobenzene containing no bromotrichloromethane yields 
the same polarization for the protons of (4) and an additional 
enhanced triplet a t  6 2.7. The unidentified species respons- 
ible for this triplet must result from a radical which has 
escaped the solvent cage since it disappears when BrCC1, is 
added. Even in the absence of BrCCl,, (5 )  showing no net 
polarization is produced by abstraction of bromine from (2). 

These CIDNP results establish conclusively that the 
ground state of (1) has non-equivalent methylene groups. 
Further, interconversion of the methylene groups v i a  
bromine migration cannot occur a t  a rate greater than the 
rate of diffusion from the cage. 

have shown that p substituted ethyl 
radicals ( lb;  X = C1, SR, SIR,, SnR,) exhibit unusually 
small values for the /3 proton hyperfine splitting. These 
low values have been taken as evidence that these radicals 
have the conformation shown in (lb). 

This study does not rule out a bridged radical in the 
transition state leading to (1 Is). Indeed, decarboxylation 
of the P-bromopropionyloxy-radical may be assisted by 
the bromine. 
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