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A one-pot, convenient method for the preparation of optically
active homoallylic alcohols from allyl halides was developed. Al-
lyltrichlorosilanes were generated in situ from allyl halides and
trichlorosilane in the presence of cuprous chloride and tertiary
amine. Without isolation of the allyltrichlorosilanes, benzalde-
hyde and chiral biquinoline /V,/V'-dioxide were introduced into
the same flask, producing the corresponding homoallylic alco-
hols with good to high enantioselectivities.
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The asymmetric allylation of aldehydes to generate two
successive stereogenic centers has been the subject of investi-
gation in recent years."” While high enantioselectivities have
been achieved with allyltin or allylsilane reagents in the pres-
ence of chiral Lewis acids as catalysts,” these processes af-
ford preferentially syn homoallylic alcohols from both
stereoisomers of allyl metals via an acyclic transition state.
On the other hand, Lewis base-catalyzed allylations with al-
lyltrichlorosilanes as allylating reagents developed recently
by Kobayashi® are presumed to proceed via chair-like transi-
tion states involving hypervalent silicates,*> in which the
stereochemical information present in the allyltrichlorosi-
lanes is transmitted to an anti (from (E)-alkene precursors)
or a syn (from (Z)-alkene precursors) relationship about the
new C—C bond of the product. Asymmetric versions of the
Lewis base-catalyzed allylations using chiral HMPA or DMF
derivatives as catalysts reported by Denmark® and Iseki” af-
forded the homoallylic alcohols with moderate to good enan-
tioselectivities with rather modest catalytic activities. Re-
cently, we have developed an amine N-oxide-catalyzed allyla-
tion, which has been extended to enantioselective allylation
with high chemical and optical yield using a chiral bipyridine
N,N'-dioxide derivative ((S)-1) (Eq. 1).%?
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The most common procedure for the preparation of allyl-
trichlorosilanes which are often utilized in the Lewis base-
catalyzed allylation involves the silylation of the correspond-
ing allyl chloride with trichlorosilane followed by distil-
lation.'” Although the silylation in the presence of cuprous
chloride and tertiary amine proceeds almost quantitatively,
the distillation of the product often proves to be troublesome.
Since allyltrichlorosilanes are easily hydrolyzed to produce
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polymeric gum and hydrogen chloride, special care is re-
quired throughout the distillation, especially when labile
substrates are employed. From a synthetic point of view,
Kobayashi has developed a one-pot process for the prepara-
tion of homoallylic alcohols from allyl halides and aldehydes
wherein aldehyde and excess DMF as a Lewis base were
added to a solution of the allyltrichlorosilane generated in
situ from allyl halide and trichlorosilane in ether.’®’ However,
no one-pot process employing a catalytic amount of Lewis
base has been reported to date. Herein we describe the first
one-pot synthesis of optically active homoallylic alcohols
from allyl halides exploiting a catalytic amount of chiral N-
oxide as a Lewis base.

The major problem in one-pot synthesis is the reduction of
the Lewis base by excess trichlorosilane. To avoid the reduc-
tion of N-oxide, we removed the trichlorosilane from the re-
action mixture with a rotary evaporator before adding alde-
hyde and N-oxide to the same flask. As expected, the allyla-
tion proceeded smoothly without the reduction of N-oxide,
affording the homoallylic alcohol in good chemical and opti-
cal yields (95%, 87%ee), comparable to those obtained by
our original allylation procedure employing the isolated allyl-
trichlorosilane (89%, 88%ee).”

Some representative results under optimized conditions
are summarized in Table 1. Not only allyl chloride but allyl
bromide (entry 2) or allyl tosylate (entry 3) could be used as
precursors of allylating reagents without any loss of chemical
and optical yields. E-Crotyl- (66%, 86%ee vs. 68%, 86%ece
in the original allylation) and methallyl chloride (62%,
52%ee vs. 70%, 49%ee in the original allylation) also gave
almost the same results as in our original allylation proce-
dure (entries 4, 5). More noteworthy is that halides (entries
6—9), of which trichlorosilane derivatives are prone to iso-
merize or decompose during distillation, produce the corre-
sponding homoallylic alcohols in good yields. As expected,
anti- and syn-homoallylic alcohols were obtained from E-
and Z-cinnamyl chlorides (entries 6, 7), respectively, which
shows that the one-pot allylation in the presence of copper
salt proceeds via the same mechanism as the allylation in the
original method. Modest enantioselectivity with a-bro-
momethylstyrene (entry 8) as well as methallyl chloride
(entry 5) can be explained by the 1,3-diaxial-type steric re-
pulsion between the [-substituents (R?) of the allyl-
trichlorosilanes and the wall of the biaryl unit in the pro-
posed transition state involving hypervalent silicate (Fig. 1).¥

The representative procedure for one-pot enantioselec-
tive allylation is as follows: To a solution of E-cinnamyl
chloride (80 mg, 0.52 mmol), diisopropylethylamine (0.30 ml,
1.7mmol) and cuprous chloride (6.0mg, 0.061 mmol) in
ether (5ml) was added trichlorosilane (0.1 ml, 0.99 mmol) at
room temperature and the mixture was stirred for 1h under
an Ar atmosphere. Disappearance of the chloride was
checked by '"H-NMR of an aliquot of the reaction mixture.
Excess trichlorosilane and ether were evaporated in vacuo
with a rotary evaporator and the residue was dissolved
in dichloromethane (2ml). The solution of benzaldehyde
(50mg, 0.46mmol) and (S)-1 (15mg, 0.046 mmol) in
dichloromethane (1 ml) was added to the mixture at —78 °C
and the whole was stirred at the same temperature for 6h.
Aqueous work-up followed by silica gel column chromatog-
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Table 1. One-pot Enantioselective Synthesis of Homoallylic Alcohols from Benzaldehyde and Allyl Halides Catalyzed by (S)-1
/T‘ HSICh, 'Pr;EIN il PhCHO, (511 oH ®
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B3 CuCl, EL,0, t & PryEIN, CH,Cly, -78°C A e
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a) Isolated yield. b) Determined by HPLC analysis employing a Daicel Chiralcel OD, OJ, or Chiralpak AD. Configuration assignment by comparison with the values of op-

tical rotations in Reference 8, 11, 12. ¢) E:Z=97:3. d) syn:anti=3:97.

) E:Z=>99:<1. f)

syn:anti=<1:>99. g) E:Z=5:95. Reference 13. h) syn:anti=

95:5. Relative stereochemical assignment by comparison with chemical shift values of NMR in Reference 14. i) [0 —18.4 (¢ 1.3 CHCly). j) E:Z=<1:>99. k)

syn :anti=>>99 : <1. Relative stereochemical assignment by comparison with chemical shift values of NMR in Reference 15.

Fig. 1

raphy gave the homoallylic alcohol (76 mg, 76%) of 91%ee
on the basis of chiral HPLC analysis. Stereochemistry of the
alcol}gl was assigned by comparison with data in the litera-
ture.

The present modification of the N-oxide-catalyzed enan-
tioselective allylation provides a simple and versatile method
for the preparation of optically active homoallylic alcohols.
Further studies for the application of the present protocol to
the enantioselective synthesis of biologically active com-
pounds are under investigation in our laboratory.
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