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We analyze the stereoselectivity of singlet oxygen-olefin reactions, concluding that a
biradical peroxyl intermediate is involved and that experimental results are inconsistent with
perepoxide intermediates.

Recently Conia et al. 1 have reported the results of a series of experiments on the
reaction of singlet oxygen with methoxy-substituted olefins. They found the methoxy group to
play a surprising role in directing the course of these reactions. For example, the regio-
specific nature of the following reactions,
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show clearly a strong preference for H-abstraction cis to the methoxy group. These results,
and similar unpublished results of Foote, have been mterpreted by Fukui et al. 2 to offer strong
support for the intermediacy of a peraxirane or perepoxide species (5) in these reactions.

We have recently reported3 the results of accurate ab initio (GVB-CI)

calculations that indicate perepoxide structures are extremely unstable (in V

the parent case, the perepoxide is found to be 7 keal above the -CCOO ¢ Q
biradical). In this communication we show that the results of Conia et al. 1 / \
are completely consistent with a biradical mechanism and in fact are counter —C——C—
to that expected of perepoxide intermediates. / ) \
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the nature of the anomeric effect, >° The anomeric effect results from a delocal-

ization of a heteroatom lone pair into the region of an adjacent polar bond, as shown

here. The result is an increased stability (~ 5 kcal each) of configurations in

which a lone pair is in the same plane as an adjacent polar bond. Thus, for example,

the lowest energy conformation of methanediol is one in which the two O-H bonds

are approximately perpendicular to the C-C-O plane.6 This effect has also been invoked to
explain differences in the reactivities of aldehyde acetals toward ozone. 7

Before discussing the details of the proposed mechanism, we review briefly /{
LN

Cur proposed mechanism for the 1O2 reaction is shown in Figure 1. Considering first
the reaction with compound (1), initial attack of the singlet oxygen will be directed toward the
methoxy-~substituted carbon (anomeric effect). We estimate (using the group additivity approach
of Bensong) the resulting biradical (6) to be 6 kcal/mole more stable than the biradical (8)
arising from attack at the other end of the C-C double bond.9 Again, as a result of the anomeric
effect, biradical (6) will have two preferred conformations, shown in Figure 2, with a 3-5 keal
barrier to rotation about the C-O bond. Of these two conformations, B will be unreactive
(there are no abstractable hydrogens adjacent to the radical center). Conformation A, how-
ever, would be expected to abstract a hydrogen from the adjacent methyl group, leading to the
observed cis abstraction product.

An analogous argument leads to the prediction of cis abstraction products for the reaction
of compound (2). In this case, however, the unfavorable thermochemistry (the cis abstraction
product is ~ 10 kcal higher than the trans abstraction product) leads to a mixture of cis and
trans abstraction products (predominantly gls_) 10

Moreover, the observed isotope shifts™’ 11 are consistent with the biradical mechanism
but not with a concerted mechanism, the energetics of the biradical mechanism are consistent
with the observed activation energy, 1 and the expected stereoselectivity agrees with experi-
ment. Thus, we conclude that the formal ene reaction proceeds through a peroxyl biradical
intermediate.

Analysis of the proposed perepoxide intermediate in terms of the anomeric effect leads
us to conclude that the conformation in which the terminal oxygen is trans to the methoxy
substituent will be more stable (~ 3-5 kcal) than the cis conformation (see Figure 3). 13
Assuming the trans perepoxide conformation to be more stable, then the perepoxide mech-
anlsm predicts trans products and hence the results of Conia et al.* can be interpreted as
evidence against the intermediacy of perepoxides. 14

In conclusion, we have shown the results of Conia et al. to be completely consistent
with a biradical mechanism. In addition, we conclude that these results constitute persuasive
evidence against the intermediacy of perepoxides.
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