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The question of bridging in B-substituted alkyl radicals continues to excite

1,2 Direct observation of potentially bridged species by e.s.r. is of

debate.
particular value in providing evidence for or against the bridging hypothesis,
Following the successful observation of the 2-chloroethyl radical3, we have
used steady-state photolysis to obtaln hyperfine coupling constants (table) for
several related P-chloroalkyl radicals. In addition a number of radical re-
arrangements have been observed which are believed to proceed via halogen bridging
The hyperfine coupling constants for éHZCHZCl are consistent wlth an un-
symmetrically bridgsd structure in which the chlorine atom eclipses the odd
electron orbital; the suggestion3 that there is some distortion from a regular
tetrahedral geometry at the P-carbon atom is supported by INDO cza\.lcula.t:i.ons.}Jr
The increase in agl and the decrease in ag, found on introduction of a-methyl
substituents indilcates an increased preference for the "bridged" conformation in
éHMeCHQCl and éMezcﬁzcl. A similar effect is found5 on comparing éHZGHzF
F

(ag = 27.4, af =147.8G at -60°) and CH,CHCH,F (a% =15.9, a

This behaviour 1s probably due to a combination of electronic and sterlic inter-

= 85,.3G at -60°),

actions, The .latter are presumably responsible for the decrease in agl found in
éMezCHMeCl and éMezCMeaCl as B-methyl substituents are Introduced. In ocontrast
substitution by a-chlorine atoms leads to a much more marked decrease in agl than
would be expected In terms of spin delocalisation onto the QG-chlorine. It would
thus appear that the tendency for "ridging" and hence the barrier to internal

rotatlon is reduced in éHClGMeQCl and éClzCHQCl. We suggest this behaviour 1is
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connected with the known pyramlidal character of G-chloroalkyl radioalsé.

Bending at the radlical centre and lntroduction of o-character 1nto the odd

electron orbital would be expected to reduce both hyperconjugation7

homoconjugation8 which are belleved to be lmportant in these systems. In

contrast to the behaviour of ag and agl in the other radicals, the small chlorine

and p-p

splitting of 3.5G in CH S1Me,Cl 1s temperature independent; there 1s apparently
relatively free internal rotation In the silicon contalning radical. This 1s
consistent with the 1dea that hyperconjugation 1s Important in determining the
strong conformational preferences found Iin the carbon radicals: such a mechanism
will be less important for an S1-Cl bond because it 1s stronger than C-Cl and
also because a sillcon-carbon double bond i1s less favoured than a carbon-carbon

double bond.
Table.

The hyperfine coupling constants (G) of some B-chloroalkyl radicals.

Radlcal Temp. °C ag a% agl age ail
CH,CHLC1 -60 21.5 11.5 17.4 - -
CHMeCH,4C1 -92 20.9 8.2 19.6 2.1 -
CMe 4CH,C1 100 - 6.5 21.l 21 -
CMe 4CHMeCL -60 - 6.0 19.4 21.3 -
(:JMeaCMe 301 -50 - - 17.4 21.1 ~
CHC1CMe 4C1 -60 19.9 - 13.4 - 3.0
601201{201 -0 - 10.5 10.5 - 3.5
CH,S1Me zC1 -60 21.0 - 3.5 - arge = 0.65

We have been unsuccessful In attempts to observe CHaCMe,Cl; even at -120°

it rapidly rearranges to a tertlary radical (scheme 1). This type of re-

9 to account for the chlorination

7

arrangement has been proposed previously
products of t-butyl hallides and to explaln an e.s.r. spectrum observed in
the radiolysis of t-butyl chlorlde. Similarly the radicals CClzCH, (scheme 2)
and MeéHCM%Cl rearranged too rapildly for us to detect thelr e.s.r. spectra.
However éHClCMeZCl shows no tendency to rearrange. The raplidity of these

rearrangements implies a low activatlion energy and appears more consistent

with an Intramolecular reaction (with a '"bridged" transition state) than with an
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elimination/addition mechanism.

Buto

. EtsS1-
[MeoC1CCH, ] —> Me ;CCH,Cl ===—= Mo ;CBrCH,Cl

Et,Si:
Me ,C1CCH,Br

Scheme 1.
-SnBuy . .
CC1l,CH,T -—-7:-—* [cClsCH] — CCl,CH,C1
...00
Scheme 2.

The hyperflne coupllng constants in the mono-f-chloroalkyl radicals indicate
the 'bridging" is unsymmetrical with an essentlally planar geometry at the
radical carbon. The avallable evidence suggests some deformation at the

B=carbon atom; the magnitude of such distortions 1s not yet established.
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