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ABSTRACT

The Wittig rearrangements of r-alkoxysilanes, promoted by the action of methyllithium were studied. Depending on both the substrate and
reaction conditions employed, [2,3]-, [1,2]-, or [1,4]-Wittig rearrangements can be realized. These rearrangements were shown to be initiated
by either Si/Li exchange or deprotonation r to the silane. Furthermore the sigmatropic shifts can often be followed by other synthetically
useful in situ chemical events.

The Wittig rearrangement is a very useful method for the
conversion of ethers (usually allylic or benzylic) into alcohols
with concomitant C-C bond formation.1 These reactions
proceed via metalationR to the ether oxygen, most generally
accomplished by deprotonation with a strong base. In 1978,
Still and Mitra introduced the idea of usingR-alkoxystan-
nanes which could be made to undergo selective tin-lithium
exchange, thereby providing regiocontrol overR-alkoxy
carbanion formation.2 While this Wittig-Still protocol works
well, it has the drawback of requiring the stoichiometric
employment of relatively toxic3 organostannanes.

As such, several groups have sought “tin free” alternatives
to the regioselective generation ofR-ethereal carbanions.
Some successful approaches to this problem have been based
on the reductive cleavage ofO,S-acetals with lithium
naphthalide,4 while others involve SmI2-mediated reduction

of diallyl acetals5 or vinyl halides capable of 1,5-hydrogen
transfer.6 Several years ago, Nakai7 examined this issue
through the study of fluoride ion-promoted [2,3]-Wittig
rearrangements ofC-silylated R-allyloxy esters. More re-
cently, we reported that a variety ofR-alkoxysilanes can be
made to undergo efficient Wittig rearrangement by desily-
lation with CsF.8

Interestingly, the more straightforward alternative to the
Wittig-Still rearrangement involving Si/Li exchange of
R-alkoxytrimethylsilanes has received little attention, even
though such exchange reactions are well precedented.9 To
the best of our knowledge, only two examples (Scheme 1),

both by Muzler and List,9a stand alone as the only reported
[2,3]-Wittig rearrangements triggered by Si/Li substitution.
We found this fact surprising because in addition to serving
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as a carbanion mask, the silyl moiety inR-alkoxysilanes can
also be viewed as an anion-stabilizing group.9b,c,10As such,
two Wittig rearrangement manifolds are available toR-alkox-
ysilanes: one involving Si/Li exchange and the other
deprotonation (Scheme 2). Although the deprotonation path

would afford a unique access to the synthetically malleable
R-hydroxysilanes,11 we are unaware of any examples where
the direct deprotonation ofR-alkoxysilanes has been used
to initiate a [2,3]-Wittig rearrangement.12,13

In light of these precedents, and in conjunction with our
recent development of a Lewis acid-catalyzed method for
the general synthesis of allyloxy and benzyloxyR-silyl
ethers,8 we thought it useful to evaluate theseR-alkoxysilanes
under “standard” Wittig rearrangement conditions.1 Thus we
began by subjecting a solution ofR-alkoxysilane114 in THF
to 1.5 equiv of a 1.4 M ethereal solution of MeLi (Scheme
3). We were immediately struck by the formation ofC-silyl-

containing reaction products (2a/b), providing clear evidence
of 1 undergoing deprotonation followed by subsequent Wittig

rearrangement. This is in contrast to exclusive silicon-
lithium exchange reported for the two Wittig precursors
studied by Muzler.9a TheC-silyl alcohols were accompanied
by a diasteromeric mixture of desilylated alcohols (3a/b)
along with a small amount of the corresponding silyl ethers
(4a/b).

The formation of such a reaction mixture posed several
challenges. First, although the level of stereocontrol displayed
by the reaction was poor,15 we wished to specifically identify
the stereochemistry of2a and2b. Fortunately, both diaster-
eomers proved readily separable by flash silica gel chroma-
tography. Therefore, we could subject pure2a (the major
isomer) to base-catalyzed Brook rearrangement (Scheme 4).16

Since such rearrangements proceed with an inversion of
configuration at carbon,17 the reaction afforded a single silyl
ether. Desilylation then afforded the known alcohol3b,15,18

which was theminoralcohol produced by the reaction. Thus
the Brook product could be assigned as4a, furthermore given
the stereospecificity of the Brook, we could also confidently
assign the relative stereochemistries of2a and2b.

Additionally, the contrasting (albeit small) stereoselective
preferences observed in the formation of theC-silyl alcohols
(synwith respect to the oxygen and Me group preferred) vs
the silyl ethers (anti with respect to the oxygen and Me group
preferred) is evidence that4a/b are the result of2a and2b
undergoing in situ Brook rearrangement. What was less clear
was the mechanistic origin of the desilylated alcohols (3a/
b). Obviously, Si/Li exchange-initiated [2,3]-rearrangement
would account for their formation, but an alternative path
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involving in situ loss of the silyl group from either2a/b or
4a/b was also envisaged.

While the stereochemical course of the reaction could
again be used to argue against the in situ conversion of4 to
3, the very low levels of selectivity made it difficult to rule
out this option with any significant degree of certainty. So
to bring more clarity to this issue, we decided to prepare
and react (Scheme 5) the deuterated analogue of1 (1-d1).

The starting material was prepared by LAD reduction of
methyl benzoate,19 followed by a retro-Brook sequence20 and
then etherifcation.14 Wittig rearrangement of1-d1 gave the
C-silyl, dessilyl, andO-silyl materials, although in this case
the dessilyl alcohols (2a/b-d1) were the major products,
reflecting a relatively large deuterium isotope effect.21

Significantly this material appeared to be fully deuterated
as judged by1H NMR, providing strong evidence that it is
produced solely via the Si/Li exchange pathway.

Having gained a reasonable understanding of the behavior
of 1 toward Wittig-Still conditions, we next subjected
several otherR-alkoxylsilanes14 to methyllithium (Table 1).
With substrates set up for [2,3]-Wittig reaction (entries 1
and 2), the overall efficiency of the rearrangements were
good. However, once again, the rearrangements proceeded
via both the Si/Li exchange andR-silyl anion manifolds. With
substrates set up to only undergo [1,2]-Wittig rearrangement
(entries 3 and 4), the anticipated reaction did occur but as is
often the observation with [1,2]-Wittigs,23 the yields were
low and again both Si/Li exchange andR-silyl anion
formation appeared operative. Unfortunately, our attempts
to drive these rearrangements down a single reaction path
via standard methods were less than fruitful.9,10

Intriguingly, when we moved from theR-alkoxylbenzyl-
silanes toR-alkoxylallylsilanes14 (entries 5-7), the extent

of Si/Li exchange was significantly curtailed. However, these
substrates did display a propensity for silyl migration to
afford â-silyl ketones. For example,R-alkoxylallylsilane21
gave theâ-silyl ketone22 in a remarkable 92% yield. We
propose that this product comes about via [2,3]-Wittig
rearrangement of theR-silyl anion followed by a net 1,3-
silyl migration24 (Scheme 6). In a further departure from the

R-alkoxylbenzylsilanes, allylsilane23 rearranged in high
yields albeit via a mixture of both [1,4]- and [1,2]-Wittigs
(24 and 25). Given the synthetic utility reported for both
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1998, 120, 8551-8552 and references therein.

Scheme 5

Table 1. Reaction ofR-Alkoxysilanes with MeLi22

Scheme 6

Org. Lett., Vol. 1, No. 7, 1999 1117



acylsilanes9c,25 and â-silyl ketones,9c,26 we are currently
investigating these rearrangements in greater detail. Ad-
ditionally, since both these compounds are formed via an
enolate intermediate, we are also looking at combining these
rearrangements with the capture of various electrophiles.

In summary,R-alkoxysilanes can be made to undergo
efficient Wittig rearrangement by direct deprotonation with
MeLi. Depending on the substrate, [2,3]-, [1,2]-, or [1,4]-

Wittig rearrangements can be realized. These sigmatropic
shifts can often be followed by other synthetically useful in
situ chemical events, such as silyl migration to affordâ-silyl
ketones. Further studies aimed at expanding the scope and
increasing our knowledge of these rearrangements are
currently underway and will be reported in due course.
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