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Allylsilanes are the practically applicable building block
for selective organic synthesis, being utilized for efficient and
selective carbon-carbon bond formation with various cat-
ionic electrophiles.1 Of particular use is that allylsilanes
having a chiral center at the allylic carbon atom adjacent
to the silicon atom undergo regio- and stereoselective
carbon-carbon bond formation with the 1,3-chirality trans-
fer.2,3 However, the potential usefulness of intramolecular
cyclization with optically active allylsilanes has not been
exploited because of the synthetic inaccessibility of optically
active allylsilanes having functional groups.3-5

Recently, we have reported a new synthetic method for
highly enantioenriched (E)-allylsilanes having a stereogenic
carbon adjacent to the silicon.6 The new synthesis of
optically active allylsilanes, which involves an intramolecu-
lar bis-silylation of optically active allylic alcohols, proceeds
with highly stereoselective 1,3-chirality transfer, producing
optically active (E)-allylsilanes without loss of the enantio-
meric excesses of the starting alcohols (eq 1).

Herein, we describe stereoselective synthesis of enan-
tioenriched (E)-allylsilanes bearing hydroxy and amino
functionalities, which undergo intramolecular allylation via
acetal or aminal formation under acidic conditions, giving
highly enantioenriched 2,3-disubstituted cyclic ethers and
amines, respectively. Since the related heterocyclic struc-
tures are involved in many naturally occurring compounds
in enantiomerically pure forms, development of facile access
to the heterocycles is highly desirable. For instance, ac-
cording to the procedure reported by us,6 racemic disilanyl
ethers 3a and 3b, which were prepared from the corre-
sponding allylic alcohols with the terminal hydroxy groups
protected by THP, were subjected to the intramolecular bis-
silylation catalyzed by palladium isonitrile complex at 110
°C,7 followed by treatment of the resulting reaction mixture
with n-BuLi at 0 °C to give the expected allylsilanes 4a and
4b in good yields (Scheme 1).8 Subsequent deprotection of
the THP was carried out by a catalytic amount of pyridinium
p-toluenesulfonate in ethanol at 55 °C to afford allylsilanes
1a and 1b in high yields.

The allylsilanes 1 having a hydroxy group thus prepared
were reacted with isobutyraldehyde (1 molar equiv) in the
presence of trimethylsilyl triflate (TMSOTf, 1.1 molar equiv)
at -78 °C in CH2Cl2 to afford the corresponding cyclic ethers
5 and 6 (eqs 2 and 3).9 The intramolecular cyclization

reactions may involve oxonium ion intermediates generated
via the acetal formation from 1 and aldehydes. The stereo-
chemical discrepancy between the cyclic ethers 5 and 6 is
worth noting: 1a afforded exclusively cis-2,3-disubstituted
tetrahydrofuran, which is a 1:1 mixture of E and Z isomers
with respect to the olefin geometry, while 1b gave only trans-
2,3-disubstituted tetrahydropyran with an (E)-carbon-
carbon double bond.10 The stereochemical outcome suggests
that diastereofacial selection at the CdC as well as the Cd
O+ is highly controlled for the intramolecular allylation with
1b rather than 1a.

Next, enantioenriched allylsilane (S)-1b of 93.2% ee,11

prepared from the allylic alcohol (R)-2b of 93.6% ee, which
is synthetically available by the Sharpless procedure (eq 4),12

was subjected to the intramolecular cyclization under condi-
tions identical to those for racemic 1b (Table 1). As expected,
reaction with isobutyraldehyde furnished the trans-2,3-
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Scheme 1a

a Reagents and Conditions: (a) ClPh2SiSiMe2Ph, Et3N, THF, rt, 93%
(3a) and 99% (3b); (b) Pd(acac)2 (0.02 equiv), t-OcNC (0.15 equiv),
toluene, reflux; (c) n-BuLi, 0 °C, 73% (4a) and 75% (4b); (d) PPTS (0.2
equiv), EtOH, 55 °C, 96% (1a) and 90% (1b).
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disubstituted THP derivative 6a of 92.8% ee (entry 3),13

indicating the intramolecular cyclization proceeded with
nearly complete (>99%) chirality transfer. Cyclohexanecar-
boxaldehyde also provided enantioenriched trans-2,3-disub-
stituted THP (6d) diastereoselectively (entry 4). Acetalde-
hyde diethyl acetal as well as heptanal and pivalaldehyde
afforded enantioenriched trans-2,3-disubstituted THP (6b,c,e)
but with the respective cis isomers in ratios of g9:1 (entries
1, 2, and 5). Similarly, acetone underwent the cyclization
to give product 6f of 91.5% ee in high yield (entry 6).
Unexpectedly, the intramolecular allylation with R,â-
unsaturated aldehyde under identical reaction conditions
gave bicyclic organosilicon derivative 7 as a single diaste-
reomer in moderate yield (eq 5). The cyclization may

proceed through [1,2]-migration of the silyl group in the
â-silyl cationic species initially formed,14 followed by a second

cyclization with the CdC bond. Notable is that use of CH3-
CN solvent with the decreased amount of TMSOTf to 0.1
equiv successfully led to the expected formation of 6g of
92.0% ee in 72% yield along with bicyclic 7 in less than 5%
yield (entry 7). No formation of 5-decen-1-ol, which may
arise from protodesilylation of the starting allylsilane, was
observed in any case.

The 2,3-trans stereochemistry in the six-membered cyclic
products 6 indicates that the intramolecular cationic ally-
lation proceeds through a chairlike transition state, in which
the R group of the aldehyde and the CdC bond occupy the
equatorial positions (eq 6). Furthermore, the absolute (S)-
configuration at the 3-position in 6b, which was determined
according to the Trost’s procedure,15 reveals that the in-
tramolecular allylation takes place at the CdC π-face anti
to the silyl group.

The present methodology involving acetal formation fol-
lowed by intramolecular allylation was applicable to the
asymmetric synthesis of a piperidine derivative.16 Azidation
and subsequent reduction of (S)-1b afforded optically active
allylsilane (S)-8 having an amino functionality in good yield
(eq 7). Although the cyclization reaction of (S)-8 with

isobutyraldehyde hardly proceeded in the presence of TM-
SOTf, the reaction in the presence of CF3CO2H in refluxing
CH3CN gave trans-2,3-disubstituted piperidine 9 in high
yield (88%). The high ee of 9 reveals that the piperidine
ring formation also takes place with highly effective chirality
transfer as shown for the formation of THP derivatives.

In summary, the new optically active allylsilanes with an
hydroxy as well as an amino group were found to serve as
highly useful tools for the synthesis of optically active six-
membered ring heterocycles from aldehydes through the
effective chirality transfer.

Supporting Information Available: Detailed experimental
procedures and characterization of the new compounds, including
determination of the enantiomeric excesses of the enantioenriched
compounds (10 pages).
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Table 1. Asymmetric Synthesis of Tetrahydropyrans by
Stereoselective Cyclization of Enantioenriched
Allylsilane (S)-1b with Carbonyl Compoundsa

carbonyl compd

entry R R′ product 6 yield/% trans/cisb eec/%

1d Me H b 89 >10:1 93.4
2 n-Hex H c 92 >10:1 92.1
3 i-Pr H a 98 99:1 92.8
4 cyclo-Hex H d 99 99:1 92.3
5 t-Bu H e 88 9:1 93.6
6 Me Me f 95 91.5
7e CHdCMe2 H g 72 12:1 92.0
a (S)-1b (93.2 ( 0.2% ee), carbonyl compounds (1.1 equiv), and

TMSOTf (1.1-2 equiv) were reacted in CH2Cl2 at -78 °C unless
otherwise noted. b Stereochemistry in the six-membered ring. c The
values ((0.2) were determined by HPLC (entries 2-7) or GC (entry
1). d Acetaldehyde diethyl acetal was used. e Reaction in CH3CN
at -30 °C to rt in the presence of TMSOTf (0.1 equiv).
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