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Much interest has been focused on the development of new
and versatile organosilicon reagents which may be utilized for
organic synthesis. Allylsilanes are one of the convenient
organosilicon reagents which have made possible some useful
regio- and stereoselective allylations and [3+ 2] cyclizations.1

Accordingly, the preparation of enantio-enriched allylsilanes is
highly desirable. However, widely applicable synthetic methods
for their preparation are still limited.2-6

It was previously reported by us that intramolecular bis-
silylation of carbon-carbon double bonds was achieved by the
use of a palladium(tert-alkyl isocyanide) catalyst.7 The bis-
silylation reaction with various homoallyl alcohols proceeded
with high regio- and diastereoselectivities, ultimately leading
to the stereoselective synthesis of polyols via oxidative cleavage
of the resultant silicon-carbon bonds.
Herein, we disclose a new synthesis of geometrically pure

(E)-allylsilanes with high enantiopurity by the intramolecular
bis-silylation with chiral (E)- or (Z)-allylic alcohols, which
proceeds with extremely high diastereoselectivity. This highly
enantioselective synthesis of allylsilanes involves stereospecific
1,3-transfer of chirality (eq 1).

Disilanyl ether (E)-1a, which was prepared from the corre-
sponding allylic alcohol and 1-chloro-2,2-dimethyl-1,1,2-tri-
phenyldisilane, was heated for 2 h in thepresence of Pd(acac)2

(2 mol %) and 1,1,3,3-tetramethylbutyl isocyanide (8 mol %)
under reflux in toluene (eq 2). The mixture of (E)-allylsilane
3a (49%) and six-membered cyclic siloxane2 (46%) thus

produced was separated and isolated by column chromatogra-
phy. Treatment of the latter (2) with n-butyllithium in THF at
0 °C led to the formation of3a in high yield. The transforma-
tion of 2 to 3amay be rationalized by cleavage of the silicon-
oxygen bonds of2 followed by Peterson-typesyn-elimination.8
It is noted that the relative stereochemistry of the three
consecutive stereogenic centers in2 as well as the trans
geometry of the carbon-carbon double bond in3a was
completely controlled.

The palladium-catalyzed bis-silylation followed by treatment
with n-butyllithium was carried out in one flask without isolation
of 2 to afford allylsilane (E)-3a in 93% yield (Table 1, entry
1).9 The one-pot syntheses of allylsilanes via the bis-silylation
of disilanyl ethers1b-e bearing various terminal silyl groups
are summarized in Table 1.10 In the case of1ewith the terminal
triisopropylsilyl group, the bis-silylation reaction sluggishly
proceeded under forced conditions (see Table 1) to give only
allylsilane 3e in moderate yield without formation of the
corresponding cyclic siloxane2 (entry 5). It should be noted
that the (E)-allylsilane3awas obtained also from (Z)-1a in 83%
yield according to the one-pot procedure with phenyllithium
(eq 3).

As we proposed in an earlier paper,7c the intramolecular bis-
silylation may involve a bis(organosilyl)palladium(II) complex
4, which undergoes intramolecular insertion of the carbon-
carbon double bond (eq 4). It is presumed that the insertion
reaction proceeds through the “exo” complex, which is ac-
companied by less steric repulsion than the “endo” one.11

Indeed, the high diastereofacial selection in the intramolecular
bis-silylation led to the stereoselective formation of2 and (E)-
3. Probably, a four-memberedtrans-5 initially formed under-
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wentsyn-elimination under the reaction conditions to give (E)-
allylsilane3with Ph2SidO, which rapidly reacted, in turn, with
trans-5 to afford siloxane2.12,13

The highly selective formation of (E)-allylsilanes prompted
us to use enantio-enriched allylic alcohols, which were readily
available by asymmetric syntheses, e.g., Sharpless kinetic
resolution.14 The palladium-catalyzed reaction of (R)-(E)-1a
(99.7% ee) gave (E)-3a with (S)-configuration (96.1% ee)
together with 2, which was subsequently treated withn-
butyllithium to also give (S)-(E)-3a with 99.1% ee.15 The
mechanism proposed above is in accord with the observed

chirality transfer during the transformation of the allylic alcohol
to the corresponding (E)-allylsilane. Thus, (S)-(E)-3a with
97.3% overall ee was obtained from (R)-(E)-1a in 87% yield
by a procedure similar to that used for the synthesis of racemic
allylsilanes (eq 5; Table 2, entry 1).16 The enantiomer, (R)-
(E)-3a, was complementarily synthesized from the (Z)-isomer
with the same absolute configuration (eq 6; entry 2). Reactions

with some disilanyl ethers of highly enantio-enriched allylic
alcohols (E)-1f-h successfully gave the corresponding allyl-
silanes (E)-3f-h with high enantiopurities in good yields. Thus,
the diastereoselective bis-silylation offers a convenient synthetic
access to (E)-allylsilanes with high enantiomeric purity. The
present method has the advantages of being a general preparation
for highly enantiomerically enriched allylsilanes with complete
selectivity for the (E)-isomer and of having manipulative
simplicity.
Supporting Information Available: Detailed experimental pro-

cedures and characterization of the new compounds (5 pages). This
material is contained in many libraries on microfiche, immediately
follows this article in the microfilm version of the journal, can be
ordered from the ACS, and can be downloaded from the Internet; see
any current masthead page for ordering information and Internet access
instructions.
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(15) Enantiomeric excess was determined by HPLC analysis with a chiral
stationary phase column. The column used is specified in the supporting
information.

(16) For the synthesis of enantio-enriched allylsilanes, palladium catalyst
was removed prior to the treatment with RLi by passing the mixture through
a short column of Florisil.

Table 1. One-Pot Synthesis of Racemic (E)-sec-Allylsilanesa

entry rac-1 R′′R′2Si rac-3 (yield/%)b

1 (E)-1a PhMe2Si (E)-3a (93)
2 (E)-1b Me3Si (E)-3b (82)
3 (E)-1c t-BuMe2Si (E)-3c (88)
4 (E)-1d Et3Si (E)-3d (92)
5 (E)-1e i-Pr3Si (E)-3e(55)

aReagents and conditions for entries 1-4: (1) Pd(acac)2 (2 mol %),
1,1,3,3-tetramethylbutyl isocyanide (8 mol %), toluene reflux 2 h; (2)
n-BuLi (1.5 equiv), THF, 0°C, 0.5 h. For entry 5: Pd(acac)2 (3 mol
%), 1-adamantyl isocyanide (45 mol %), xylene reflux 2 days.b Isolated
yield.

Table 2. Synthesis of Enantiomerically Enriched
(E)-sec-Allylsilanes

entry 1 (ee/%) R1 R2 3 (yield/%)a ee/%b

1 (R)-(E)-1a (99.7) Me n-hex (S)-3a (87) 97.3
2 (R)-(Z)-1a (96.0) Me n-hex (R)-3a (84) 95.4
3 (S)-(E)-1f (>99.0) Ph n-hex (S)-3f (95) 96.3
4 (R)-(E)-1g (99.8) c-hex n-hex (S)-3g (96) 98.0
5 (R)-(E)-1h (98.2) Me Ph (R)-3h (85) 94.8

a Isolated yield after treatment withn-BuLi (for entries 1, 3, and 4)
or PhLi (for entries 2 and 5).bDetermined by HPLC.
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