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We have been prompted to investigate the effects of a-substituents on the 

inversion barriers of radicals 1 by the large difference in configurational 

stability between the unsubstituted cyclopropyl radicalA and an a-fluorocyclo- 

propyl radical.3 We report here our results on the inversion rates of an 

a-chlorocyclopropyl and an a-fluorocyclobutyl radical. 
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is known that reduction of an alkyl halide with tin hydride proceeds 

a radical intermediate. 
4 

We therefore decided to investigate the reduc- 

the two isomers of 7-bromo-7-chloronorcarane (1) with Ph3SnB as the 

distribution would give some indication of the relative rate of inver- 

the intermediate radical with respect to its rate of reduction. 

Scheme I 

The two isomers of & were separated by glpc (16 ft x 8 mm O.D. Pyrex 

column of 23% Carbowax 20M on 6O/SO mesh Gas Chrom $2 at 140°) to better than 

99% isomeric purity. Each isomer was reduced with Ph3SnIi at 30' and the 

isomeric composition of the products5 determined by glpc. Recovered L showed 

2531 



2532 NO.27 

no isomerisation and both isomers of 2 were stable to the reaction conditions. 

No 7-bromonorcarane was detected in the reaction mixture. The results of the 

reductions are shown in Table I. 

TABLE I 

Product Distribution from the Reduction of 1 with Ph3SnH at 30° 

Starting6 
Material 

[Ph3SnH] (M) % 2a %3b 
(max. error f 1.3%) 

h 3.95 84.2 15.8 

la 0.06 79.1 20.9 

A& 3.95 68.8 31.2 

lb 0.05 78.3 21.7 

The less stable isomer of 3 predominates in the product mixture. Thus it 

is apparent that steric hindrance to the approach of Ph3SnH to the intermediate 

radical must be an important factor in determining the product distribution. 

It is clear that complete equilibration of the intermediate radicals has 

not been achieved before reduction. From an examination of Scheme I, the fol- 

lowing expression can be derived for the reduction of Lb: 

[3bl k-k, k,[Ph,SnH] 
-+ 

-2 2 

m = k3k_2 k-2 

If it is assumed that k3, the rate constant for reduction7 of ti, is 5 x LO6 

M-l set-1, it can be shown that k2, the rate constant for inversion of this 

a-chlbrocyclopropyl radical, is 2 x LO7 -1 set _ 

The cis and trans 

were separated by glpc 

reduced in neat Ph3SnH 

by glpc. 

isomers of 1,1,2-trifluoro-2-bromo-3-phenylcyclobutane8 

to better than 97% isomeric purity. Each isomer was 

at 30° and the isomer ratios of the products determined 
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Scheme II 

The same 71:29 isomer ratio was obtained from each of the bromide isomers. If 

the a-fluorocyclobutyl radical is nonplanar, its rate of inversion is fast with 

respect to the rate of reduction with Ph3SnH, in marked contrast to the 

a-fluorocyclopropyl radical. 3 

The energy barriers for radical inversions, calculated using the CEBC/2 

approximation, 
9 
can be correlated with the trends observed in some radical 

inversions and should be useful for planning further experiments. Work is now 

in progress along these lines. 

TABLE II 

Results of CEDC/2 Calculations 

Radical Inversion Barrier 
(kcal/mole) 

VP 
10.5 

VCl 
10.5 

VH 
5.4 

c?;cl 
4.0 

OF 
1.9 

VH 
.S 

'CHFCl .7 
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