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Lewis acid-promoted allylation and crotylation reactions of
chiral R-substituted aldehydes have been extensively studied
and continue to be an active area of research.1 By way of
analogy, chiral allyl metal reagents may be thought of as
propionate- and acetate-enolate equivalents for diastereo- and
enantioselective construction of stereochemically well-defined
homoallylic alcohols. Because these reactions complement the
aldol reactions, they are among the most important groups of
organometallic reagents available for the control of acyclic
stereochemistry. It is perhaps interesting to note that, in contrast
to the aldol reaction, there is no known biological model for
crotylation.2 During the stereochemical course of this reaction
type, as well as the Mukaiyama aldol reaction3 the emerging
hydroxyl-bearing stereocenter is generally controlled by the
inherent diastereofacial bias of the aldehyde.4 In this paper,
we report that the stereochemical course of these double-
stereodifferentiating reactions is determined by the local chirality
of the individual reaction partners. We have demonstrated that
under nonchelation-controlled reaction conditions the diaster-
eomeric relationships betweenR-methyl andâ-alkoxy group
of the chiral aldehydes does not reinforce carbonylπ-facial
selectivity.5 We have previously demonstrated that diastereoface
selectivity can be turned over with chiral silane reagents in the
presence of TiCl4 and chiral R-alkoxy aldehydes. Those
experiments have shown that this common organizational feature
of a bidentate Lewis acid can be reinforced or prevented by
choice of protecting group on the aldehyde. Specifically, with
â-alkyl-substituted silane reagents,6 the configuration of the
C-SiR3 center determines the absolute stereochemistry of the
center bearing the methyl group, while the chirality of the
aldehyde controls the absolute stereochemistry of the oxygen
bearing stereocenter. The unique features of these reagents are
illustrated using the stereochemical models in Figure 1, where
open TS models are depicted for the enantiomeric silanes and
aldehyde2b. For example, the reaction of (S)-3-(benzyloxy)-
2-methylpropanal (2a)7 with â-alkylsilane reagent (S)-1 and
TiCl4, a bidentate Lewis acid-promoting chelation, produced
the 5,6-syn-6,7-anti homoallylic alcohol38 with a good level

of diastereoselectivity (Table 1). However, the TiCl4-promoted
reactions of2a with (R)-silane produced the 5,6-anti-6,7-anti
homoallylic alcohol4 with an excellent level of diastereose-
lectivity.9 Presumably, these reactions proceed through a Cram
chelate transition state model.10,11 It is observed that 6,7-anti
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Figure 1.

Table 1. Lewis Acid-Promoted Additions of Chiral
(E)-Crotylsilanes to Chiralâ-Alkoxy Aldehydes

aRefers to the stereochemical relationship of the newly formed C5-
C6 bond.b All reactions were carried out in CH2Cl2 at -78 °C with
TiCl4 (1.1 equiv). Ratios of diastereomers (5,6-syn:5,6-anti) were
determined by1H NMR analysis on the crude reaction mixtures. Yields
are reported for pure diastereomers after purification by chromatogra-
phy.
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product is preferred under chelation-controlled conditions, while
the absolute stereochemical relation of the methyl bearing
stereogenic center at C5 is dictated by the absolute configuration
of the C-SiR3 bond. In contrast to the (benzyloxy)-substituted
case, the reaction of (S)-3-((tert-butyldiphenylsilyl)oxy)-2-
methylpropanal (2b) and the silane reagent (R)-1 with TiCl4
produced the 5,6-syn-6,7-synhomoallylic alcohol5with a high
level of Felkin induction.12 In this example, chelation is
prevented by the use of the bulky silyl protecting group.13

However, reaction of2b with (S)-1 silane and TiCl4 provided
the complementary 5,6-anti-6,7-synhomoallylic alcohol6with
Felkin induction. These results suggest that Felkin induction
controls the stereochemistry of emerging C6 hydroxy group
while stereochemistry of the methyl bearing stereogenic center
at C5 is independently controlled by the absolute configuration
of the C-SiR3 bond.
Aldehydes7 (Figure 2) bearing stereogenic centers at theR-,

â-, andγ -positions were designed to provide a closer analogy
to bond constructions and synthons that are likely to be
encountered in the synthesis of polypropionate-derived antibiot-
ics. Reactions of silane reagents (S)-1 and (R)-1 with the
silyloxy aldehydes7a-d, were used to probe the diastereose-
lectivity of double-stereodifferentiating crotylation methodol-
ogy.14 The results of those experiments are summarized in
Table 2. We have examined the reactions of the illustrated
silane reagents with highly oxygenated aldehydes bearing silicon
protecting groups to prevent chelation with TiCl4.15 Aldehydes
7a and 7c are chosen for our discussion to determine the
influence on diastereoselection in the presence ofR-, â-, and
γ-stereocenters bearing opposite relative stereochemical rela-
tionships, where we have shown that the absolute configuration
of the newly formed hydroxyl stereocenter is determined by
the diastereofacial bias of the chiral aldehyde and that the
absolute stereochemistry of the emerging methyl group is
determined by chirality of the silane reagent.
For example, the reactions of aldehyde7a with the silane

reagent (R)-1, aldehyde7c with (S)-1, and 7d with (R)-1
produced 5,6-syn-6,7-synhomoallylic alcohols8, 9, and10with
nearly complete stereocontrol for Felkin induction. The comple-
mentary 5,6-anti-6,7-synhomoallylic products11, 12, and14
are formed, respectively, in the reactions of aldehydes7a, 7b,
and7d with the silane reagent (S)-1 and13 is formed from7c
with (R)-1, with high levels of Felkin induction. Importantly,
these complex aldehydes exhibit excellent levels of Felkin
induction with the stereochemistry of the emerging methyl group
at C5 being determined by the absolute chirality of the silane
reagent. An important trend associated with this set of experi-
ments is that silane reagents (R)-1 and (S)-1 override the 1,3-

induction associated with chiral aldehydes5 and are consistently
predisposed to Felkin induction as long as the aldehydes contain
oxygen protecting groups that prevent chelation (i.e., silicon-
based protecting groups).9

In summary, we have documented that in double-stereodif-
ferentiating crotylation reactions, the diastereoselection and the
absolute stereochemistry are determined by the local chiralities
of the aldehyde and the silane reagent. The chemistry should
be useful in the synthesis of complex organic molecules and
polypropionate-derived natural products.
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Figure 2.

Table 2. Lewis Acid-Promoted Reactions of Chiral Aldehydes

aRefers to the stereochemical relationship of the newly formed C5-
C6 bond.b All reactions were carried out with 1.1 equiv of TiCl4 in
CH2Cl2 at -78 °C. Ratios of diastereomers (5,6-syn:5,6-anti) were
determined by1H NMR analysis on the crude reaction mixtures. Yields
are reported for pure diastereomers after purification by chromatogra-
phy.
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