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ABSTRACT

The generation of (2-PyMe2Si)2CHLi was easily accomplished by the deprotonation of (2-PyMe2Si)2CH2 using n-BuLi in Et2O. Thus generated
(2-PyMe2Si)2CHLi was found to react with a variety of aldehydes and ketones to give the corresponding vinylsilanes in extremely high yields
with complete stereoselectivities.

The generation and reactions ofR-silyl carbanions are
subjects of great interest in organic synthesis.1 Despite many
useful reactions such as the Peterson olefination,2 nucleo-
philic hydroxymethylation,3 and their variants,R-silyl carb-
anion chemistry still suffers from its substrate dependence.
In most cases, the deprotonation methodology is only feasible
when the additional stabilizing effects by neighboring
heteroatom or electron-withdrawing groups can be expected.1

Recently, we have embarked on a program directed toward
the development of removable intramolecular ligands (direct-
ing groups), which control the metal-mediated and -catalyzed
processes by a complex induced proximity effect (CIPE).4

For example, the facile deprotonation of the otherwise
difficult trimethylsilyl group5 was achieved by utilizing a
2-pyridyldimethylsilyl (2-PyMe2Si) group as the intramo-
lecular ligand (Scheme 1).6 We envisioned that appending

multiple 2-PyMe2Si groups should lead to interesting reactiv-
ity. Herein, we report on our investigations ofR-silyl
carbanion chemistry using (2-PyMe2Si)2CH2 (2).

The starting material2 can be easily prepared in 63% yield
by the reaction of 2-PyMe2SiCH2Li, generated from1, and
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2-PyMe2SiH, as reported previously.6c At the outset, we
examined the deprotonation of2 to generate (2-PyMe2Si)2-
CHLi. It has been reported that the deprotonation of1 is
highly dependent on the lithiating agent employed:t-BuLi
leads to quantitative deprotonation, whereasn-BuLi leads
to a complex mixture.6b As in the case for1, the deproton-
ation of 2 was successfully accomplished by 1.1 equiv of
t-BuLi in Et2O at -78 °C, and subsequent reaction with allyl

bromide gave the corresponding adduct (2-PyMe2Si)2CHCH2-
CHdCH2 (3) in 82% yield. Anticipating the increased
reactivity of 2, we next employedn-BuLi under otherwise
identical conditions, and3 was isolated in 92% yield. Simple
alkyl bromides were not applicable in this reaction because
of their lower reactivities toward nucleophiles.

Having established the facile deprotonation of2, we further
investigated the reactions of (2-PyMe2Si)2CHLi with various

Table 1. Reactions of (2-PyMe2Si)2CHLi with Carbonyl Compoundsa

a Unless otherwise noted, the reactions were performed in dry Et2O using (2-PyMe2Si)2CHLi and carbonyl compounds (1.5 equiv) at-78 °C for 30 min
and then at room temperature for 1 h under argon.b Isolated yields.c Determined by1H and13C NMR analysis and NOE experiments.d The reaction was
performed using (2-PyMe2Si)2CHLi (2.5 equiv).
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carbonyl compounds. It has been reported6c that the reactions
of 2-PyMe2SiCH2Li with aldehydes and ketones gave the
â-hydroxysilanes without any formation of alkenes by a
Peterson-type elimination.2 However, in the case of2,
Peterson-type olefination was found to take place, after or
concurrently with the addition, to give the corresponding
vinylsilanes stereoselectively (Scheme 2). The results are
depicted in Table 1.

The reactions with primary, secondary, and tertiary
aliphatic and aromatic aldehydes gave the corresponding
vinylsilanes in quantitative yields (entries 1-7). Noteworthy
is that the reaction is also applicable to the sterically hindered
aldehydes (entries 3 and 6) and bisaldehyde (entry 7).
Ketones gave the disubstituted vinylsilanes with somewhat
lower yields (entries 8-10). Presumably, proton transfer
competed with addition for enolizable ketones such as
acetophenone (entry 9), where (2-PyMe2Si)2CHLi serves as
the base. The reaction can be applied to the stereoselective
synthesis of dienylsilanes as well (entries 11-13).

The extremely high stereoselectivities (>99%E) are worth
mentioning. It has been well documented that acid- or base-
catalyzed elimination from isolatedâ-hydroxysilanes is
highly stereoselective.7 However, this is not the case for the

direct addition/elimination sequences.7,8 For example, the
condensation of (Me3Si)2CHLi with benzaldehyde gave a
mixture of stereoisomers (E/Z ) 1.4/1).8b If the selectivities
are governed by the well-acceptedsyn-elimination2,7 from
the â-silyl alkoxide (A or B), the selectivity differences
between (2-PyMe2Si)2CHLi and (Me3Si)2CHLi should not
be as dramatic as it is (Figure 1). Moreover, the use of the

more sterically demandingt-BuMe2Si group instead of a
Me3Si group only led to a slight increase in theE selectivity,
indicating that the steric factor is not a sole decisive factor
for the high selectivity.7 There must be some contribution
from the pyridyl group in the observed high stereoselectivity.
We surmise that, before the elimination of the siloxy group,
the chairlike conformer (C or D) might be involved as a
stereodetermining intermediate where the intramolecular
coordination of the pyridyl group locks the conformation.8o

Of the two,D should be preferred overC, since both silyl
and RL groups can occupy the equatorial positions. Thus
preferredD may lead to the observedE-isomer. However,
we must stress that these discussions are purely speculative
with no experimental evidence.

To assess the elimination aptitude of the 2-PyMe2Si group
in the Peterson-type elimination, we next conducted a control
experiment using 2-PyMe2SiCH2SiMe2Ph (5). As reported
previously,5 can be prepared in 99% yield by the reaction
of 2-PyMe2SiCH2Li and PhMe2SiCl.6c The generation of
2-PyMe2SiCH(Li)SiMe2Ph was successfully accomplished
by the reaction of5 with t-BuLi in Et2O. The carbanion thus
generated was subsequently allowed to react with benzal-
dehyde to give the PhMe2Si-substituted styrene6 in 95%
yield (Scheme 3). The formation of a 1:1 mixture of two
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Figure 1. The origin of stereoselectivity.
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stereoisomers (EandZ) strongly denotes that the addition
process is nonselective, giving the two diastereomeric
intermediates. Moreover, it should be noted that the
2-PyMe2Si-substitued styrene was not observed at all in this
reaction. This observation underscores the greater elimination
aptitude of the 2-PyMe2Si group, and we assume the
following as plausible explanations: (i) the coordination of
the pyridyl group may force the conformation as inC or D
(Figure 1), thereby making the 2-PyMe2Si group eliminate
and (ii) the greater electrophilicity of the 2-PyMe2Si group
facilitates the alkoxide attack more readily.8u

Although the 2-pyridyl-substituted vinylsilane itself can
be expected to exert interesting reactivity, its conversion to
other vinylsilanes is also viable (Scheme 4). By using a
recently developed protocol, the 2-Py-Si bond can be
cleaved in a KF/MeOH system to afford methoxy(vinyl)-
silane.9 The resultant methoxysilane can be further allowed
to react with a Grignard reagent such as PhMgBr to give
the corresponding vinylsilane.10

In conclusion, we have developed the facile generation
and reactions of (2-PyMe2Si)2CHLi with a variety of
aldehydes and ketones, affording the corresponding vinyl-
silanes and dienylsilanes in extremely high yields with
complete stereoselectivities. This expeditious and versatile
protocol will find use in many organic reactions using
vinylsilanes and dienylsilanes.11
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