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Formation of distinctly different products from the same
alkoxide intermediate indicates a strong dependence of
reaction pathways on counterions.

We have previously described1 that nucleophile-assisted Ar–Si
bond cleavage is particularly facile when the arene ring is
complexed with a Cr(CO)3 fragment (Chart 1). Stability of the
aryl anion intermediate anchored on Cr(CO)3 moiety is believed
to facilitate such desilylation. This reaction provides a very
useful method for introducing electron-withdrawing substi-
tuents on the arene ring by an ipso substitution of the SiMe3
group. The facility of Si–Ar bond cleavage is evident also in a
recently reported observation2 of facile Brook rearrangement3
(1,4+C-to-O) of the alkoxide resulting from addition of
methyllithium to o-SiMe3–benzaldehyde–Cr(CO)3 complex
(Chart 1).

The present paper describes a dramatic departure from this
seemingly simple picture. We report that a change of the
counterion of the alkoxide intermediate (e.g. replacing lithium
with magnesium) leads to an unexpected but decisive alteration
of reaction course.

In continuation of our on-going investigations with arene–
tricarbonylchromium complexes,4 we carried out addition of
allyllithium to an acyclic enone 1 (Scheme 1).5 When the

reaction was carried out at 278 °C and the reaction mixture was
quenched immediately after complete consumption of starting
material (15–30 min), the carbinol 2a was isolated in 39% yield
as a diastereomerically pure product6 (path a, Scheme 1).
Unexpectedly, a conjugate addition product 2A was also
obtained from the same reaction mixture in 47% yield as a pure
diastereomer. Clean conversion of 2a to 3 in presence of BuLi
(path c, Scheme 1) established that the conjugate addition
product 2A was not formed by an anionic oxy-Cope rearrange-
ment of the intermediate alkoxide during allyllithium addition
to 1; rather, it resulted from a competitive parallel reaction.
When the reaction was allowed to warm up to room temperature
after the addition of allyllithium and stirred for several hours,
complex 3 resulting from a Brook rearrangement was obtained
instead of carbinol 2a in 40% yield (path b, Scheme 1) along
with some 2A (45%).

On the other hand, reaction of allylmagnesium bromide and
complex 1 at 278 °C for 20 min showed poor diaster-
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eoselectivity and afforded isomeric carbinols 2a and 2b (as 1+1
mixture) in excellent yield (96%). When the reaction mixture of
allylmagnesium bromide and complex 1 was allowed to slowly
attain room temperature over several hours, isomeric five-
membered heterocycles (4a and 4b) were the only isolable
products7 (path d, Scheme 1). Two distinct three-proton singlets
corresponding to the two Si–Me groups at 0.50 and 0.66 ppm
are the diagnostic proton NMR features for isomer 4a. For 4b
these peaks appear at 0.45 and 0.68 ppm. Fortuitously, they
could be readily separated by fractional crystallization and the
structure of isomer 4a was confirmed by crystal structure
determination8 (Fig. 1). No Brook product was obtained in this
reaction.

That the heterocyclic product 4 was indeed formed by a
pathway dictated by magnesium counterion was readily ascer-
tained by treatment of lithium alkoxide A with a three-fold
excess of MgBr2–Et2O prior to warming up, which yielded 4a
instead of 2a or 3 as the product (path e, Scheme 1). Also,
addition of one equivalent of benzophenone in the reaction
mixture after allylmagnesium bromide had completely con-
sumed substrate 1 but before warming up, afforded diphenyl
methyl carbinol in 74% yield (yield of 4 was 82%), thereby
accounting for the methyl group that departed from silicon as a
nucleophile.

Based on the above observations, we propose that the
reaction proceeds via the common alkoxide intermediate A,
which can exist in equilibrium with a cyclic intermediate B
featuring a pentacoordinated silicon9 (Scheme 1). At low
temperature the equilibrium favors A. When lithium is the
counterion, and the temperature is raised, Ar–Si bond cleaves to
produce an aryl anionic species stabilized by tricarbonylchro-
mium complexation, with concomitant formation of O–Si bond,
affording the Brook product. It could occur in a stepwise
manner or by a concerted, intramolecular, SNi type displace-
ment10 at silicon by the alkoxide. The driving force behind
preferential rupture of a Si–Me bond mediated by magnesium
counterion, on the other hand, appears much less obvious at this
point.11 The intermediate B seems significant only when the
counterion is magnesium and temperature is raised from 278
°C. Formation of intermediate B is certainly facilitated12 by
gem-disubstitution at the chiral center (cf. Thorpe-Ingold
effect). One is prompted to invoke an analogy from the
literature13 to suggest a four-centered transition state for facile
expulsion of MeMgBr to complete—simultaneously—the het-
erocycle formation. Addition of methyllithium to 4 reverses the
steps of heterocyclization to provide the lithium alkoxide A,
eventually preferring Brook rearrangement as the kinetically
favored pathway at warmer temperatures.

In summary, we presented here an interesting example of
counterion dependence of reaction pathways involving argu-
ably the same intermediate alkoxide. Two different counterions

lead to two mutually exclusive products seemingly as a result of
kinetic selection. These results once again raise important
questions as to the exact role of counterions—the nature of ion-
pair, solvation, structure and stability of pentacoordinated
silicon intermediates, factors that precisely tune the energetics
of different mechanistic possibilities. Our current endeavors
strive to address some of these subtle yet significant issues, and
explore the scope and generality of these observations to invent
useful synthetic applications.
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Fig. 1 ORTEP diagram of 4a. Atoms are drawn at 50% probability.
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