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Polar nature of radicals, direct measurement of the  
latter, interpretation of analytical results

By way of our interest in the reactions of adaman- 
ty l1—3 and cyclohexadienyl radicals 4—6 we have re­
cently directed our attention to techniques of evaluat­
ing tne electronic nature of such radicals. We wish to 
comment on the uses and limitations of one commonly 
applied technique, namely the competition method. 
This has been used, for example, to study phenylation 
reactions 7 and more recently the nucleophilic diar- 
acter of bridgehead free radicals8. In general the 
method is based on the simplified reaction scheme be­
low:

^ r R* 6  <*>
1 2

I.e. the chosen radical is allowed to react homogen­
eously with a standard reference substance and the 
products 1 and 2 measured, usually by gas diromato- 
graphy. The ratio 1/2 is then taken to be a measure 
of the polar nature of R" 9.

We wish to point out the danger of interpreting 
such results solely on this basis. The basic error lies in 
the assumption that the reaction occurs in a single 
step 10. The role of cyclohexadienyl radicals in such 
reactions is now well documented 10 and hence it is 
more likely that 1 and 2 arise via reactions (2) and
(3).

+  possibly dimeric products.
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It is clear therefore that the ratio of end product 
concentrations will not only be controlled by initial 
preferences in reactivity but also the difference in the 
ratio of rate constants for the bimolecular decay of the 
primary cyclohexadienyl radicals. This effect will 
clearly place semiquantitative affinity series in doubt 
since it is highly unlikely that this latter ratio will re­
main constant along any given series. Thus in the 
likely event that

k4 (substituted cyclohexadienyl)
k4 (cyclohexadienyl)

does not remain constant along a series of radicals R 
then the product yields can do no more than reflect 
the composite effects of variations in k% and kA on 
traversing the series. This is clearly not a measure of 
the polar nature of R\ One method of overcoming 
these objections and at the same time enjoying the 
simplicities of a competition technique would Be to 
measure the relative yields of 3a and 3b under con­
ditions in which a. no significant decay of 3a or 3b 
occurs before measurement and b. in which a low 
stationary state of R‘ prevents complicating R* und R‘ 
reactions. A flash photolytic technique involving photo- 
decomposable compounds e.g. peresters as sources of 
R’ would appear applicable.
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