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Using previously described methods l-5 we have determined the direction and relative rates 

of cyclization of a number of radicals (&Q) containing the hex+enyl system. Treatment 

of suitable halo compounds with Bu3SnEl in pentaue or benzene affords mixtures of olefinic (j) 

and oyclived ($5) products by further reactions of the initially generated radicals (1_), as 

illustrated. Gas chromatographio snalysis of the mixtures, and substitution of the results 

obtained into the appropriate Integrated rate equation l-3 enabled values of k15/kh and %,6/kh 

to be computed. 

The results are given in the Table together with values of k15/k16 and of k (rel), the 

rate constant for intrsmoleoular addition relative to that for 1,5_cyclization of the radical 

(l_a). The latter were calculated on the assumption that previously determined values of kh 

for hexyl, cyclohexyl, and t.-butyl radicals4 provide reasonable indices of relative reactivity 

for the primary, secondary, and tertiary radicals used in this study. 

Variations in k (rel) for radicals (*$), which differ only in the substitution pattern 

at C-l, are small and show that substituents at the radical oentre have surprisingly little 

effect on its reactivity. This contrasts with the relatively large differences in formation 

tendencies between primary, secondary, and tertiary radicals reported for weakly exothexmic 

atom-transfer reactions, 
6 
and suggests that in these addition reactions there is little change 

towsrde sp3 hybridization at the transition state. Substituents at the &position have 

similarly small effects on the rate constants for 1,5-oyolization in the radicals (Lff-5). 

The presence of subatituents on the olefinio bond at C-5 has a profound effect on the rate 

of 1,5-cyolization. Radicals (lj-2) all show low values of $,5 (rel) and relatively low 

values of 5,54,6. The unum.aa1195 predominanoe of six-membered cyclic products from 

reactions of the radicals (&j, l&, 1~) is seen to be mainly a consequenoe of particularly lor 
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Value8 of 4,5 rather than of enhanced values of k16, as might have been expected on eimple 

thennoahemioal ~uuds. 

Our data do not allow the effeots of substituents at 06 on the rate of 1,6-cyolization to 

be aaourately asseased. Rozewr, oomparison of%,6 (rel) for the radical (la) with values for 

radicals (+) suggests that they retard the reaction quite strongly. 

In @nereJ it appeers that steric factors ore muoh more important then electronic fectors 

in influenoing the rate of intramoleoulsr addition. The particularly low value far %,5 in the 

radioal (lo), in whioh both reaotive centres are tertiary, supports this view. However, the 

low values of k15 (rel) for those radioals @-XI) which beer no 1-substituent indioates that 

1,~steric hindrance is not the sole factor, and we conclude, therefore, that the major retard- 

ations seen in these radicals are due to B strain engendered at the 5-carbon atom by its ohenge 

towards sp3 hybridization. 

Our results may have relevence to the meohaniem of polymerization end other reactions 

involving intermolecular radioal addition to olefins. lhey suggest that the obzervedprefereme 

for radioal atteok at the less substituted terminus of an unsymmetrical olefin is due prdmarily 

to steric factors, and not, ae is often supposed, to the stabilizing effect of alkyl subetituenlm 

on the newly formed radio& The effects of eubetituents on the rates of reaotion of olefins 

with methyl 7 and with cyolopropyl radicals8 accords with this view. 

Finally, the fact that the rata of 1,5_oyclization in hex+enyl radioala 

to be more sensitive to the effect of substituents at C-5 than to those at C-1 

transition etate' is unsymmetrical and involves ooneiderable breakage of the n 

formation of the new r bond. 

generally appears 

suggest6 that the 

bond, but little 
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