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The search for highly stereocontrolled routes for the
preparation of chiral compounds is an important goal in
organic chemistry.[1, 2] The asymmetric addition of nucleo-
philes to carbonyl groups is a cornerstone of organic synthesis
and as such has been extensively reviewed.[3] Although
asymmetric induction by stereogenic centers adjacent to
carbonyl groups has been widely studied, more remote
inductions are less well known.[1±3]

Thomas and co-workers reported the potential of the
allylstannane moiety in the construction of chiral compounds,
and showed many examples of remote asymmetric induction
by allylic tin reagents and oxocompounds.[4] Other outstand-
ing reactions that involve chiral allylstannanes were reviewed
by Marshall.[5]

Herein we report a highly efficient stereocontrolled addi-
tion of organometallic reagents to carbonyl groups in the
presence of a (Z)-b-stannylvinyl group. The remote stannyl
group induces a highly stereoselective attack from the same
face on which the tin center is found. To the best of our
knowledge, the long-distance control effected by the vinyltin
moiety has not been observed before. The role of the tin
center, the influence of the SnÿCO bond separation, and a
hypothetical mechanistic pathway that leads to this remark-
able stereocontrol are discussed herein.

The introduction of a vinylstannyl unit b to a carbonyl
group was achieved by stannylcupration of acetylene, fol-
lowed by treatment with a,b-unsaturated ketones. The
stannylcupration of allenes[6] and acetylenes[7] has emerged
as an important tool in the synthesis of allyl- and vinyl-
stannanes.[8, 9]

cis-2-(Tributylstannyl)vinyl cyanocuprates 1[7] react with
enones 2 ± 6 to give, after conjugate addition, cis-b-(tributyl-
stannyl)vinyl ketones 7 ± 11 in good yield (Scheme 1). The
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Scheme 1. Reaction of enones 2 ± 6 with cuprate 1. Reagents and
conditions: 1) 1 (1.0 equivalent), BF3 ´ Et2O, THF, ÿ78 8C, 30 min;
2) ÿ 78!0 8C, 1 h; 3) NH4Cl/H2O, 0 8C.

addition of one to two equivalents of BF3 to the cuprate prior
to the addition to the ketone increases the final yield
significantly.[10] (ÿ)-(5R)-Carvone (4) and (ÿ)-(1S,5S)-verbe-
none (6) underwent stereoselective conjugate addition to give
the optically active ketones (2R,3R,5R)-9 and (1S,4S,5R)-11,
respectively.[11a]

The behavior of 7 ± 9 toward typical organolithium reagents
shows that addition occurs with a high degree of stereo-
control. The reaction of 7 ± 9 with MeLi, BuLi, allyllithium,
and PhLi in THF at ÿ78 8C affords diastereoselectively the
tertiary alcohols 12 ± 14 (Scheme 2), respectively, in which the
addition of the alkyl or phenyl groups takes place syn to the
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Scheme 2. Stereoselective addition of organolithium reagents to b-stan-
nylvinyl ketones 7, 8, and 9. Reagents and conditions: 1) RLi (1.2 equiv-
alents), THF, ÿ78 8C, 30 min; 2) MeOH, ÿ78 8C.
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vinyltin moiety. The de values in all the studied examples is
greater than 98 % (GC-MS), except for the addition of PhLi
which in some experiments also gave up to 10 % of the other
diastereomer.

An indication of how this reaction might be applied to
asymmetric synthesis is shown in the successive conversion of
4!9!14 a[11b] , in which new stereogenic centers of defined
configuration are formed consecutively, starting from a chiral
building block.

The stereochemistry assigned to the resulting alcohols 12 ±
14 was confirmed by both physical (NOE, X-ray) and
chemical[12] methods. X-ray analysis of the phenylurethane
derivative of 13 b (Figure 1) reveals that the butyl and the
vinyltin groups are on the same side of the molecule in a cis di-
equatorial arrangement.[13]

Figure 1. X-ray crystal structure of the phenylurethane derivative of 13b.

Although the stereoselectivity observed in the reactions of
ketones 7 and 8 could be explained without the mediation of
the tin group, the diastereocontrol associated with ketone 9, in
which addition occurs from the same face as the tin center,
cannot be easily explained without the assistance of the
vinyltin group. Thus, in the case of ketones 7 and 8, torsional
strain and steric factors may lead to the observed high levels
of stereocontrol.[14] However, the conformationally rigid
ketone 9, which has the bulky stannylvinyl group in the an
axial position,[15] also shows selective nucleophilic transfer
from the face on which the tin center is found, when
equatorial attack anti to the stannylvinyl group should be
favored. This latter observation could be evidence for the
participation of tin in the stereochemical course of the
reaction.

The stereoselectivity of these reactions could be interpreted
if we assume that there exists a clear preference for the
organometallic group to approach from the face on which the
tin group is found. The high stereocontrol observed might
then indicate that the reactive species is an intermediate
pentacovalent stannate anion I (Scheme 3), which delivers the
alkyl or phenyl group by means of an intramolecular reaction.
The Z stereochemistry of the stannylvinyl unit could favor the
proposed intramolecular nucleophilic transfer. This directing
effect, which is promoted by the remote tin center, has not
been reported before.

The reaction of ketone 15 (readily available from stannyl-
cupration of 2) with organolithium reagents is significant.
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Scheme 3. Directing effect of the stannate moiety in the proposed
mechanism.

Compound 15 does not show any selectivity toward the attack
of methyllithium and gives an almost equimolar mixture of
diastereomeric alcohols 16 (Scheme 4). However, when
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Scheme 4. Reaction of ketone 15 with organolithium compounds. Re-
agents and conditions: a) MeLi, THF, ÿ78 8C, 86%; b) THF, ÿ78 8C.

allyllithium is used, the same selectivity and mode of addition
is observed again, affording the alcohol 17. Moreover, the
reaction of 15 with 2-butenyllithium takes place apparently
with complete allyl inversion to give 18 (Scheme 4). The lack
of selectivity in the reaction of 15 with MeLi could be a result
of the long spatial distance between the tin center and the
carbonyl groups which does not favor intramolecular delivery.
On the contrary, the three-carbon chain of the allyl or butenyl
group could compensate for that distance, thus favoring the
selective addition syn to the tin center. The allylic rearrange-
ment supports this hypothesis of an intramolecular pathway
(Scheme 4).

Although the proposed intermediate I explains the ob-
served stereoselectivity well, the absence of scrambling
reactions when the organolithium reagent is not BuLi is
surprising. Similarly, treatment of the trimethyltin analogue
19[7] with BuLi gives the 1-butylalcohol (trimethyltin deriva-
tive) 20 as the only product (Scheme 5). Moreover, reaction of
ketone 19 with deuterated MeLi leads to the alcohol 21, which
results from the selective addition of the deuteromethyl group
from the same face as the tin center (Scheme 5). We were not
able to detect scrambled methyl- and deuteromethylalcohols.
Evidently, intermediate I fails to explain the lack of scram-
bling. Also, the chemoselectivity observed in the deuterium-
labeling experiment is not consistent with a model as simple as
the one initially proposed.

It is feasible that the high diastereoselectivity found in these
processes could be ascribed to some kind of chelating effect
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Scheme 5. Reagents and conditions: a) BuLi, THF, ÿ90 8C, 30 min, 78%;
b) CD3Li (1.2 equivalents), THF, ÿ90 8C, 30 min, 75%.

with the tin and carbonyl groups anchoring the RLi in
between them. The results may be better rationalized if
instead of a tight complex such as I, we assume a chelation-
control model such as II (Scheme 3), in which the SnÿR and
SnÿR1 bonds have different strengths. The allyl inversion
observed in 18 could thus arise from this anchoring effect.

To support theoretical evidence of the proposed mecha-
nism, an ab initio molecular-orbital analysis of the reaction of
ketone 19 with MeLi was performed by using Gaussian 98,[16]

and two transition states (TSs and TSa) for the syn and anti
addition (relative to Sn) were localized (Figure 2). The
energies for the transition states when a methyl anion
approaches 19 were estimated and it was found that syn
addition is favored over the anti reaction by 10.7 kcal molÿ1.

Figure 2. The calculated structures of TSs and TSa.

Work in progress shows that high levels of stereocontrol are
also obtained when Grignard reagents are used instead of
organolithium compounds.
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