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Abstract—Pd-catalyzed inter- and intramolecular allylic alkylations of optically active a-alkenyl-a-acyloxysilanes are described. The
reactions proceeded in a regio- and stereoselective manner to give the corresponding (E)-vinylsilanes in which the ee of the starting
material was completely transferred to the product.
� 2005 Elsevier Ltd. All rights reserved.
OAc MeO2C CO2MeCH2(CO2Me)2 (4.2 equiv)
NaH (4.2 equiv)
During the course of our recent studies regarding the
syntheses and reactions of optically active a-hydroxy-
silane,1 we found that an acidic treatment of a-alkenyl-
a-hydroxysilane (>95% ee) proceeded through a puta-
tive a-silyl cation2 to give a rearranged c-hydroxyvi-
nylsilane with partial racemization (27% ee) (Eq. 1).3

These results prompted us to examine a chirality-trans-
ferring carbon–carbon bond formation via the chiral
cationic complex, which can be generated from a-alke-
nyl-a-acyloxysilane as a p-allyl palladium complex
(Eq. 2). It is of interest to examine the regioselectivity
upon alkylation and the extent of the chirality transfer.
In this letter, we describe highly enantio- and regio-
selective inter- and intramolecular Pd-catalyzed allylic
alkylations of a-alkenyl-a-acyloxysilanes with carbon
nucleophiles.4
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Initially attempted was an intermolecular Pd(0)-cata-
lyzed allylic alkylation of optically active a-acyloxy-
silane 1.5 Reaction of (R,E)-1 (90% ee)3 with dimethyl
malonate (4.2 equiv) under our standard reaction condi-
tion {NaH (4.2 equiv), Pd(PPh3)4 (0.13 equiv), and PPh3

(0.1 equiv) under reflux in THF for 4 h} (method A)
promoted intermolecular alkylation to give (E)-vinyl-
silane 2 in 84% yield (Scheme 1). The ee of the product
was 90%, and its absolute configuration was R (Supple-
mentary data).6 Thus, we found that not only the optical
purity of the starting material was completely trans-
ferred to the product but also the reaction occurred
exclusively at c to Si and the products had (E)-olefin.
These results suggested that the allylic alkylation of
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a-acyloxysilane 1 with Pd(PPh3)4 proceeded through an
inversion–inversion (net retention) mechanism via a p-
allyl palladium intermediate in the same manner as that
of a conventional Pd(0)-catalyzed allylic alkylation
(path a, Scheme 2).7 The c-regioselectivity would be ex-
plained by both (1) steric effect, that is, a sterically bulky
TBDMS group compared to a methyl group (a:c =
< 1:>99), and (2) electric character, that is, the more
electrophilic property of c-carbon than that of a-
carbon.8

We next examined the reaction of the (Z)-isomer of the
a-acyloxysilane 1 (>95% ee)3 under the same reaction
conditions. However, the reaction was quite slow
(23 h) and gave (S,E)-vinylsilane (38%, >95% ee) along
with recovery of the starting 1 (52%, >95% ee) (Table
1, entry 1). To improve the yield of the reaction,
Pd2(dba)3–CHCl3 was employed as a catalyst (method
B). The reaction under the standard conditions gave
an increased yield of (E)-2 (entry 2). However, the prod-
uct possessed an R configuration that of a net inversion
Table 1. Pd-catalyzed allylic alkylation of a-acyloxyallylsilane 1

Pd(0) (cat.), PP
CH2(CO2Me)2 

(R)-1
NaH (4.2 equi
 THF, reflux

Entry (R)-1a Methodb PPh3 (equiv) Time (h)

1 Z A 0.1 23

2 Z B 0.04 23

3 E B 0.04 4

4 Z B 0.08 23

5 Z B 0.16 23

6 Z B 0.33 23

7 Z B None 23

8c Z B 0.04 23

a (R,E)-1 (90% ee), (R,Z)-1 (>95% ee).
b Method A: Pd(PPh3)4 (0.13 equiv), CH2(CO2Me)2 (4.2 equiv), NaH (4

CH2(CO2Me)2 (4.2 equiv), NaH (4.2 equiv), THF, reflux.
c CH3CN, 90 �C.
d In each case, the recovered 1 retained the optical purity of the starting 1.
product, without loss of its optical purity.6 We screened
the reaction by changing the substrate, amount of the
phosphine ligand, and the solvent as summarized in
the following: (1) (R,E)-1 gave a net retention product
(R,E)-2 (entry 3), (2) with increased amount of PPh3,
the product ee was decreased (entries 4 and 5) and the
product configuration was inversed to S by the addition
of 0.33 equiv of PPh3 (entry 6), while without PPh3 gave
rise to (S,E)-2 (entry 7),9 (3) the use of CH3CN as the
solvent gave a net retention product (S,E)-2 in 87% yield
with 92% ee (entry 8) in contrast to the use of THF in
entry 2.10 To the fact that the reaction of (R,Z)-1 using
method B (0.04 equiv of PPh3 in THF) gave a net inver-
sion product (R,E)-2, it would be produced via internal
syn-oxidative addition of Pd(0)11 (retention) and subse-
quent attack of the nucleophile from the backside of
the Pd atom (inversion) (path b) as shown in Scheme
2. The reaction with an increased amount of PPh3 would
proceed through paths a and b in a competitive manner.
An alternative mechanism that involves a transmetala-
tion followed by an internal delivery of the nucleophile
h3, 
(4.2 equiv)

(E)-2
v)

(E)-2 Yield (%) ee (%) Recovery of 1 (%)d

S 38 >95 52

R 67 >95 27

R 86 73 0

R 40 65 51

R 62 38 31

S 41 24 40

S 6 19 78

S 87 92 6

.2 equiv), THF, reflux. Method B: Pd2(dba)3–CHCI3 (0.04 equiv),
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from the p-allyl-Pd complex generated by anti-oxidative
addition (path c) is less likely under the reaction condi-
tions because the transmetalation does not generally
proceed in the case of soft nucleophile such as malonate
anion.4 The use of a polar solvent would accelerate path
a to give (S,E)-2.11 Thus, it was found that each enantio-
mer could be prepared in good yields by the use of
Pd2(dba)3–CHCl3 in THF or CH3CN.

Next, we turned our attention to an intramolecular
Pd(0)-catalyzed allylic alkylation of a-acyloxyallylsilane
toward the construction of optically active carbocy-
cles.12 Three cyclization precursors 3a–c (n = 3, 4, and
5) were synthesized in optically active forms except for
n = 5 (Supplementary data). As a preliminary experi-
ment, (R)-3b n = 4 was treated with NaH, Pd(PPh3)4,
and PPh3 in THF (Scheme 3). The reaction gave the
esired six-membered carbocycle 4 having (E)-vinylsi-
lane,13 while the yield was low (33%) and diene 5
(27%) was a by-product (entry 1). The optical purity
of the starting material was completely transferred to 4
(87% ee), and its absolute configuration was S (a net
retention product, Supplementary data). Next, we
attempted to optimize the reaction conditions relative
to (1) amount of NaH, (2) other Pd catalysts, (3) effect
of phosphine ligand, and (4) solvent. It was considered
that in situ generated AcOH would accelerate b-elimina-
tion of the Pd(II) species in the g1-allyl palladium(II)
intermediate 7 to give diene 5. The use of excess NaH
would eliminate such reaction pathway. Indeed, the
use of 2 equiv of NaH did not give the diene at all,
but the yield of 4 was not satisfactory (entry 2).14 To
increase the yield of the cyclized product, we screened
several phosphine ligands and Pd catalysts. The use of
Pd2(dba)3–CHCl3 (0.05 equiv) and PMePh2 (0.3 equiv)
was a suitable combination to give 4 in 55% yield (entry
3).15 Finally, the reaction was optimized by the use of
DMF (100 �C) as the solvent. The reaction was com-
pleted within 3 h to give (S)-4 in 84% yield (87% ee)
(entry 4).16 This would be due to high solubility of the
reactant in DMF since the use of benzene (18%) or ace-
tonitrile (13%) resulted in low yields, respectively.17

Reaction of (R)-3a (n = 3, 86% ee) under the optimized
conditions afforded five-membered product (S)-8 (88%
ee) in 78% yield (Scheme 4).13 On the other hand, reac-
tion of 3c (n = 5) gave only a trace amount of cyclized
product 9,18 probably due to a latent ring strain in a
medium-size ring. These results suggested that the pres-
ent Pd(0)-catalyzed reaction would undergo an intramo-
lecular allylic alkylation of a-alkenyl-a-acyloxysilane via
a conventional net retention pathway through a p-allyl
palladium intermediate.

In summary, Pd(0)-catalyzed allylic alkylations of opti-
cally active a-alkenyl-a-acyloxysilanes were examined.
The reaction proceeded in a stereo- and regioselective
manner to give the corresponding acyclic and cyclic
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(E)-vinylsilanes. The products completely retained the
optical purity of the starting materials. Thus, a novel
chiral a- or c-silyl cation species was trapped as a p-allyl
palladium intermediate. Further studies using the pres-
ent chirality-transferring carbon–carbon bond forming
reaction are in progress.
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