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Abstract. A stdy of the effect of vinylic fluorine substituents on the S-hexenyl radical
cyclization indicates that substituents at the 6-position, or vicinal 5,6-difluoro substitution
have little effect on the rate, whereas a 5-fluoro substituent slows down the rate by a factor of
10.8, and 5,6,6-trifluoro substitution enhances the rate by a factor of 2.3. The results are
explained in terms of a combination of steric and enthalpic effects, with possible intervention
of polar influences in the trifluorovinyl case. Copyright © 1996 Elsevier Science Ltd

It is commonly recognized that reactivity in radical additions to alkenes derives from a
combination of steric, polar and thermodynamic factors which are dependent upon the nature of the
substituents that are on both the radical and the alkene.'” Radical cyclization reactions which, by their
nature, have much more restricted conformational and stereoelectronic requirements,™ are influenced in
their own way by these same three factors, and there has been considerable effort devoted to gaining
understanding of how these influences affect the rates of 5-hexenyl radical cy(:lizations.s 7

Free radical additions constitute a major class of reactions of fluoroolefins,*’ and free radical chain
oligomerizations and polymerizations of fluoroolefins are important commercial processes.'’
Nevertheless, in spite of such interest in free radical reactions of fluoroolefins there is little quantitative
data presently available dealing with the fundamental rates of radical additions to fluoroolefins.

Tedder, Walton and Low’s relative rate studies on the addition of methyl radicals to
fluoroolefins,'! as summarized below, provides the most reliable of the limited data available to date on
the kinetic influence of olefinic fluorine substituents on alkyl radical addition reactions, but the brevity of
the Table clearly demonstrates the relative lack of information on this subject.

Table. Relative Rates of Addition of Methyl Radical to Some Fluoroethylenes™"!
CH,;=CH, CH,=CHF CHF=CH, CHF=CF, CF;=CHF
CHy 1.0 0.9 0.2 19 39

* for addition to italicized end of olefin

In this paper we report results from an investigation of the effect of olefinic fluorine substitution
on the rates of 5-hexenyl radical cyclizations."* To obtain the cyclization rate constants for our series of
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fluorinated 5-hexenyl radical systems, 1-5, competition studies were carried out as depicted in Scheme
1, where competitive free radical chain processes were established between unimolecular cyclization of
the respective radical species A to eventually form C, and the bimolecular hydrogen atom transfer to A
by a reductant of appropriate reactivity to form B."**
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As can be seen from the rate data given in Scheme 2 below, fluorine substitution on the double
bond of the 5-hexenyl radical has remarkably little effect upon the observed rates of cyclization.

Scheme 2. Cyclization Rates at 30 °C
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Only the 5-fluoro- and the 5,6,6-trifluoro-5-hexenyl radical systems exhibit any significant deviation
from the cyclization rate of the parent system, with the former being slowed by a factor of 10.8 and the
latter enhanced by a factor of 2.3.

Since a single fluorine substituent stabilizes an alkene,'” much like a methyl substituent, and since
any substituent at the 5-position should exert a detrimental steric influence on the 5-exo addition
transition state, it is not surprising that the S-fluoro-5-hexenyl radical cyclizes slower than the
unsubstituted parent. What is somewhat surprising is that the reaction remains regiospecific, within the
limits of our NMR analytical methodology (+ 4%). In contrast, the 5-methyl system, presumably
because of the steric impact of the methyl substituent, undergoes preferential 6-endo addition (63 %).5

On the other hand, the trifluorovinyl group should have a relatively reactive n-bond, as indicated
by the large heat of hydrogenation of trifluoroethene (-45.7 kcal/mol, 13 kcal/mole greater than that of
ethylene.)'® Moreover, the 1,1-difluoroalkyl radical which is formed by the cyclization process should
have a similar stability to that of the analogous hydrocarbon radical.’" In view of the kinetic result, one
must conclude that the enthalpic enhancement of the cyclization of the 5,6,6-trifluoro-5-hexenyl radical
is sufficient to overcome the steric inhibition of its 5-fluoro-substituent to give rise to an overall slight
enhancement. Although, polar influences could also be playing some role in the observed enhanced rate
for the trifluorovinyl system, they should not be playing a significant role in most of these cyclizations,
since the reported electron affinities of ethylene (-1.78 eV), fluoroethene (-1.91 eV), 1,1-difluoroethene
(-2.39 eV), cis- and trans-1,2-difluoroethene (-2.18 & -1.84 eV), and 1,2,2-trifluorocthene (2.45 eV)
encompass a total range of only 0.7 V.2 In the olefin addition reactions of the more nucleophilic tert-
butyl radical, Fischer observed a rate variation of only ~5 for olefins with a 0.7 eV difference in EA.”
Therefore one would not expect polar influences to be very significant for our systems.

In rationalizing the results for the other fluorine-substituted systems, the lack of significant
influence of single or geminal fluorine substituents at the 6-position or of vicinal, 5,6-difluoro
substituents likely derives from a canceling out of advantageous and disadvantageous effects in each
case. The single 6-fluoro substituent should stabilize by approximately the same amount, both the
olefin'” and the radical which results from cyclization;>'® hence no resultant net effect. Geminal 6,6-
difluoro substituents appear to slightly stabilize the -system, based upon the 3.7 kcal/mol greater -
bond dissociation energy (D,") of CH,=CF, than that of ethylene.'® As mentioned earlier, the stability of
the radical which results from cyclization should be virtvally unaffected by the 1,1-difluoro
substituents.™'® Thus geminal fluorine substituents at the terminal site should have little impact on
cyclization rate. Thermodynamic data indicate that vicinal fluorination, such as in the 5,6-difluoro
system, destabilizes the 7-system by ~5 kcal/mol.’® This, combined with the small stabilization of the
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cyclized radical, are apparently enough to offset the steric inhibition of the 5-fluoro substituent to give
the observed kinetic result.

In conclusion, a systematic examination of the effect of vinylic fluorine substituents on the 5-
hexenyl radical cyclization indicates that one or two substituents at the 6-position, or vicinal 5,6-difluoro
substitution leads to little impact on the rates of cyclization. A 5-fluoro substituent has the greatest
effect, slowing down the rate of cyclization by a factor of 10.8, whereas 5,6,6-trifluorosubstitution
slightly enhances the rate. The results are rationalized largely in terms of a combination of steric and
enthalpic effects, with polar influences perhaps intervening to some extent in the trifluorovinyl case.
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