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IT has lately been shown that the fromtier electron demsity supplies an ex-
cellent reactivity index for the stereochemical orientation problems im E2
rmtiou.1 The purpose of this communication is to present a theoretical
account tor. the stereoselection iz homolytic halogemation reactions based
upon the frontier electron theory, which was already employed for the eluci-
dation of the reactivity of paraffinic hydrocarboas toward free radicals.’

Kooyman ot al. showed that the free-radical chlorimation of morbornane
gave two main products, 2-exo-chloromorborasne amd Z—Q-ehlorombm
with the predominance of the former.> The frontier electrom demsity at
esach hydrogen atom for homolytic nbltrutiom" wvhich was calculated by the
extended Etickel method” is indicated in Figure 1.
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Figare 1. The frontier electron demsity of hydrogens in morbornanme.
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Thus, we can expect that the gxo-hydrogen at carbon 2 (3, 5 or 6) would

bs removed by a radical more readily thanm any others. The chlorination

of norbornane mey take place in two stages, i.e. the abstraction of the
exo-hydrogen by the first attacking radical followed by the approsch of a
halogen donor molecule to the 2-norbornyl intermediate produced by the first
attack, One of the present authors recently gave a theoretical account for
the stereoselection in noncycloadditions,® indicating the direction of
extension of the frontier orbital at the reaction site would control the
spatial direction of approach of the reagent. It is one of interesting
problems in organic chemistry whether the trivalent carbon in a radical takes
a strictly sp’-planar configuration or a somewhat deformed one. The result
of calculstion with respect to 2-morbornyl radical is shown in Figure 2.
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Figure 2. An energy diagram of 2-norbornyl.
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In the configuration I, the hydrogen atom bomded to carbon 2 is located on
the plane determined by the carbon atoms 1, 2 and 3, while in II and III
the 2s atomic orbital (AO) of carbom 2 enters imto mixing with 2p AO in the
unpaired electron orbital, so that the hydrogen attached to carbom 2 gets
upvards and downwards out of the plane respectively. It ia seen that stadble
configurations lie on the side of III, in which this half-occupied molecular
orbital poasesses its maximum extemaion to the exo-direction at carbom 2.
This result mekes one guess that the exo-approach of the halogen domor would
be favourable. The difference in energy between configurations II and III,
although rather small ia these isolated systems, will be ealarged when the
halogen donor approaches from the directiom of the extension of the half-
ocoupied orbital accompanied with the change in the degree of hybridization
to form a tighter sigma overlapping.

The discussion disclosed above suggestas the prevalence of the exo-
hydrogen-abstraction of carbon 2 by the firat attacking radical followed by
the exc-approach of a halogen domor molecule in the second stage. This
course will obviously lead to the predomimant occurrence of 2-exo-
chloronorbormane. But the fact that the major product is the exo-compound
gives no evidence that the exo-abstraction is actually preferred to the
endo-abstraction since the radical produced by the emdo-sbstraction would
also give the exo-chloro compound preferentially. This point would become
clear by the experiment with e.g. 2-exo-deuterionorbornane.

It has been reported that 7-chloronorbormane is found in the product
although in small content.” The thecretical index in Figure 1 is not likely
to favour the occurrence of the direct abstraction of 7-hydrogens. We
are disposed to suggest a route to 7-chloronorbornane through the migra-
tion of 7-hydrogen to the 2-ex0 position. Notwithstanding the favourable

sterical situation the actual yield of the 7-chloro compound is rather poor.
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This fact might be attributed to the weak antibonding character between 1s
AO of the 7-hydrogen and the 2s and 2p AO's of carbon 2,

The deformation of radicals from the lpz plansr structure is observed
in the calculation by the extemded Hilckel method with respect to e.g.
chloroethyl and 2-chlorocyclohexyl in favour of the homolytic trans addition
of chlorine to ethylens and cyclohexene, and such a deformation seems to be
a general feature of radicals. This point will be discussed in a separate
paper in near future.

The ocalculations were carried out on an IBM 7090 computer under the

permission of UNICON Committee whom the authors wish to acknowledge.
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