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Efficient Enantioselective Synthesis of Allylsilanes
by Wittig Olefination of a-Silylaldehydes
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Abstract: Allylsilanes 2 of high enantiomeric purity (ee = 90 - 2 98 %) are prepared in good yields from optically
active o-silylaldehydes 1 via Wittig olefination with various alkylidene triphenylphosphoranes in high E:Z
selectivities (90:10 - 97:3) and without racemization of the a-silylaldehydes. The latter are easily obtained from
simple aldehydes and silylating agents employing the SAMP/RAMP-hydrazone method.

Allylsilanes are outstandingly useful intermediates in organic synthesis, especially as important carbon
nucleophiles reacting with a wide variety of electrophilic reagents in a highly regio- and stereoselective
manner 1. In the last twelve years a large number of methods have been developed for the preparation of
allylsilanes 2 and created the basis for the rapid growth of allylsilane chemistry and the numerous synthetic
applications of these reagents 13 Recently, the trend has been towards using them in asymmetric synthesis
and several general approaches for the synthesis of optically active allylsilanes, such as the Pd-catalyzed
asymmetric Grignard cross-coupling reaction 4, the hydrosilylation of olefins 5, and several other techniques
6, have been reported. Chiral allylsilanes of type A, bearing the stereogenic center in allylic position o to
silicon, may be retrosynthetically traced back to a-silylaldehydes B and thus, to simple aldehydes and
silylating agents (C).

R? %_SiR *_ SiR .
Vg e 3 /= % + XSiR,
% TN

R!
A B C

A few years ago we described a general and efficient asymmetric synthesis of o-silylated aldehydes and
ketones via SAMP-/RAMP-hydrazones 7 and a number of applications of a-silylated ketones. 8 We now wish
to report that a-silylaldehydes 1 can be converted into optically active allylsilanes 2 by a racemization free
Wittig reaction with a number of phosphonium ylides in good to excellent yields and high ee-values and E/ Z
- ratios (Scheme 1).
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Scheme 1

The results are summarized in Table 1. Use of NaNH2 or KDA as a base to generate the alkylidene
triphenylphosphoranes lead to substantial racemization of the chiral a-silylaldehydes and therefore, resulted in
allylsilanes of lower enantiomeric purity (Table 1, footnote d). On the other hand, use of #-BuLi (0.9 equiv.) as
the base to generate the ylides at -78 ©C from the alkyltriphenylphosphonium salts (1.0 equiv.), followed by
slow addition of the ylide to a precooled solution (-78 OC) of a-silylaldehydes (0.5 M in THF) lead to high
yields (up to 92 %) of the allylsilanes of high enantiomeric purity (ee = 90 - > 98%) . The enantiomeric
excesses of the allylsilanes 2 were determined by polarimetry and chemical correlation. Alternatively, in a
few cases the allylsilanes were subjected to ozonolysis followed by reductive work-up with dimethyl sulfide
at -78 OC to furnish the parent o-silylaidehydes 1 free of racemization. The stereochemistry of the CC double
bond was assigned either by 13C NMR spectroscopy or by gas chromatography. As indicated in Table 1,
both enantiomers of chiral allylsilanes 2 are available based on the flexibility of the SAMP-/ RAMP-
hydrazone method (auxiliary and synthon control)78.

General procedure for the synthesis of highly enantioenriched allylsilanes:

To a well stirred suspension of alkyltriphenylphosphonium halide (16 mmol) in dry THF (50 mL) cooled to
-78 OC is added n-BuLi (10 mmol, 1.6 M in hexane) in ca. 20 min under argon atmosphere and the reaction
mixture is allowed to warm up to room temperature (ca. 20 ©C) in 2 h. In a separate flask, the chiral o-
silylaldehyde 1 (10 mmol) is dissolved in dry THF (20 mL) with stirring and cooled to -78 ©C. The
pregenerated ylide is then added slowly to the aldehyde via a double ended needle. The color of the ylide
disappears instantaneously. The reaction mixture is stirred for additional 1-1.5 h and then poured on crushed
ice. The reaction mixture is extraced with pentane (4 x 25 mL) and the organic phase is washed with water (25
mL), brine (25 mL), dried (MgSO4), filtered and evaporated under reduced pressure (ca. 20 ©C, 15 Torr). The
residue is purified by flash chromatography over silica gel (ether:pentane, 1:49, Rf 0.8) to furnish 40-92 %
yield of pure allylsilanes. In the case of relatively unstable and highly volatile ¢-silylaldehydes, the
corresponding o-silyl-SAMP-hydrazone is cleaved by ozonolysis in dry pentane at -78 ©C and the reaction
mixture is used directly for the Wittig olefination after evaporation of the solvent at ca. 0 °C under reduced
pressure (15 Torr).
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Table 1. Synthesis of Optically Active Allylsilanes from a-Silylaldehydes by Wittig Reaction

Entry  Allylsilanes 2 EZa Yield [a]p?? eeb Config. ¢
Rl RZ  SiR3 (%) (c in C6Hg) (%)
1 PhCH2 H  +BuMeSi  _ 92 +12.2 (1.18) 298 d R
2 PhCH H  PhMe2Si ~ 51¢ -26.7 (1.06) f S
3 PhCH H  Eu3Si _ 49¢ -12.98 (1.15) f S
4 PhCH2 Me rBuMeSi  94:6 92 +10.93 (1.18) 2984 R
5 PhCH2 Me PhMeSi  97:3 50¢ -7.56 (1.14) 958 S
6 nCéH13 H  rBuMeSi  _ 80 +5.67 (1.02) 298 S
7 n-CeH13 Me  -BuMeSi  97:3 81 -29.8 (1.0) 298 R
8 n-CeH13 Me r-BuMeSi  97:3 80 +30.0 (0.56) 298 S
9 Me Ph  Ph3Si 90:10 40 +18.94 (0.47) 90 d.b S
10 Me H  Ph3Si _ 40 -27.12 (0.95) f 0y
11 Me Me Ei3Si 7:93 55¢ +28.5 (1.03) 93gh S
12 Me H  rBuMepSi _ 87 -25.83 (1.18) 298 S

a) The E:Z ratio of the allylsilanes was determined by capillary GC and 13C NMR spectroscopy. b)
Determined by ozonolysis in CH2Cl2 at -78 ©C followed by reductive work up to furnish the starting o-
silylaldehydes, which showed no change in optical rotation (Scheme 1). ¢) Based on the configuration of a:—
silylaldehyde used. d) Use of NaNH2 or KDA lead to partial racemization (e.g. entry 1, 95 % ec; entry 4, 85
% ce and entry 9, 60 % ee). €) Combined yield of ozonolysis of a-silylaldehyde hydrazones and subsequent
Wittig reaction. f) The % ee of these allylsilanes could not be determined accurately. g) Based on the result of
an electrophilic reaction of the allylsilane with aldehydes catalyzed by TiCl4.12 h) Based on optical rotations
in comparison with those reported for the corresponding E-allylsilanes.4¢

In summary, we can offer a simple and efficient method for the synthesis of allylsilanes of high enantiomeric
purity in a single step procedure starting from readily available a-silylaldehydes or in four steps from the
corresponding aldehydes and silylating agents via the SAMP/RAMP-hydrazone method.?
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