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Polymer-supported synthesis has rapidly emerged as an
important strategy in synthetic organic chemistry. This notion
is supported by the large body of literature associated with
polymer-supported reactions, which are aimed at generating
libraries of molecularly diverse compounds for biological
evaluation in either a lead discovery or an optimization process.1

However, methods for stereoselective bond construction on solid
support remain highly underdeveloped.2,3 Our interest in this
area is to extend our asymmetric crotylation bond construction
methodology4 to a solid phase format to achieve the synthesis
of stereochemically well-defined small molecules. Such bond
formation methodology holds enormous potential in constructing
stereochemically well-defined biopolymer-like molecules and
polypropionate-like subunits on solid support.
The purpose of this paper is to report the preliminary results

of our investigation concerning the development of chiral (E)-
crotylsilane-based bond construction methodology on solid
support. We have already established that chiral crotylsilane
reagents1 and2 are capable of providing excellent levels of
diastereo- and enantioselectivity in condensation reactions with
various acetals and aldehydes in solution phase.4 The reaction
of (E)-crotylsilanes with achiral/chiral acetals and aldehydes
(through in situ generated oxocarbenium ions) exhibitsyn-
selectivity in homoallylic ether generation.5 Mechanistic con-
siderations have lead us to conclude that the silane reagents
may be ideally suited for asymmetric synthesis on solid phase.
Equation 1 illustrates these reactions with their accompanying
transition state, which may be used to explain the facial bias of
the silane reagents.
In our first series of experiments, the asymmetric crotylation

reaction was performed with polymer-supported chiral silane
reagents. The preparation of reagent6 was initiated with the
LiAlH 4 reduction of chiral silane reagent (R)-16 to primary

alcohol 3,7 which was then coupled to the carboxylated
polystyrene4 through the corresponding acid chloride5 to afford
the immobilized chiral (E)-crotylsilane reagent (R)-6with greater
than 90% loading yield (Scheme 1).
In order to evaluate the reactivity and stereoselectivity of the

polymer-supported silane reagent in the asymmetric crotylation
reaction, a range of aryl and alkyl acetals were surveyed. Silane
reagent (R)-6when combined with excess acetal in the presence
of trimethylsilyl triflate (TMSOTf) at low temperature afforded
the polymer-supported homoallylic ether7. Linker cleavage
was achieved by base hydrolysis (K2CO3, THF/MeOH) to
provide the functionalized homoallylic ether8. The important
results of this study in the construction of homoallylic ethers
are summarized in Table 1 (8a-f).8 The crotylation reactions
of (E)-crotylsilanes with aldehydes via reaction within situ
generated oxocarbenium ions9 were also successfully performed
with the immobilized silane reagent6. In this three-component
reaction, immobilized silane reagent6with excess aldehyde and
methoxytrimethylsilane (TMSOMe) in CH2Cl2 was treated with
TMSOTf under similar conditions as those used for the acetal
reactions to provide functionalized homoallylic ethers8g-i with
high yield and diastereo/enantioselectivity (Scheme 1). The
results of this reaction are summarized in Table 1. The ratio
of the syn- to anti-adduct was measured by1H NMR analysis
of the crude product8 after linker cleavage with the diastereo-
selectivity ranging from 7:1 to 30:1 (syn/anti).10 The purity of
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the addition products8was also measured by1H NMR analysis
to be greater than 90% (syn+ anti). The yields reported for
the four-step process were based on the initial loading level of
carboxylic acid on the polymer support4. The results show
that solid phase reactions gave similar or higher (for8a, syn/
anti is 20:1 in solid phase reaction and 13:1 in solution phase
reaction4a) level of diastereoselectivity compared to the solution
phase reactions.
Gratifyingly, we have successfully extended this methodology

to the synthesis of polypropionate-like subunits through an
iterative crotylation sequence (Scheme 2). Aldehydes9 were
loaded on to the polymer support5 through an ester linkage.
The polymer-supported aldehyde10with excess TMSOMe and
chiral silane reagent (R)-1 in CH2Cl2 was treated with TMSOTf
at low temperature to afford resin-bound homoallylic ether11.
The expected homoallylic ether12 could be hydrolytically
cleaved from the polymer support (K2CO3, THF/MeOH) in good
yield and high diastereoselectivity (Scheme 2). To perform the
iterative crotylation reaction, polymer-supported homoallylic
ether 11 was subjected to ozonolysis to generate the chiral
aldehyde13. A two-step sequence which included the formation
of acetal 14 from aldehyde13 [cat. pyridinium p-toluene-
sulfonate (PPTS), CH(OMe)3]11 followed by the crotylation
reaction with silane reagents (S)-1 or (R)-1 in the presence of

BF3‚OEt2 gave 15 or 17 after cleavage from the polymer
support. In order to conduct the third crotylation, the double
bond of the resin bound homoallylic ether16awas oxidatively
cleaved (O3, Me2S, CH2Cl2/MeOH). The resulting resin bound
aldehyde18awas then transformed to the dimethyl acetal19a.
This material was mixed with silane reagent (R)-212 and treated
with BF3‚OEt2 at low temperature, followed by linker cleavage
(K2CO3, THF/MeOH), to afford the final product20a. It is
worth noting that this compound contains three propionate units
and six stereogenic centers, and the overall yield is 37% for 10
steps (based on the initial loading level of carboxylic acid on
the polystyrene support4).
In conclusion, we have successfully applied the chiral (E)-

crotylsilane reagent-based asymmetric crotylation reaction in a
solid phase format. The reaction provides functionalized chiral
homoallylic ethers with high yield and diastereoselectivity. A
new and useful procedure has been developed for the preparation
of stereochemically well-defined polypropionate-like subunits
on solid support. The methodology shall be a powerful tool in
constructing complex molecules on solid support.
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Table 1. Reactions of Polymer-Supported (E)-Crotylsilane
Reagent (R)-6 with Acetals and Aldehydes

Method A: Silane6, acetal (2 equiv), TMSOTf (1 equiv), CH2Cl2,
-78 f -55 °C, 72 h. Method B: Silane6, aldehyde (2 equiv),
TMSOMe (2 equiv), TMSOTf (1 equiv), CH2Cl2, -78f -55 °C, 72
h. c The yield is based on the initial loading level of carboxylic acid
on the polymer support (4 steps overall).d The ratio is determined by
1H NMR (400 MHz) analysis of the crude products.
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