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The Lewis acid-promoted additions of various allylstannanes
(and their less reactive silane counterparts) to aldehydes are now
well established as powerful synthetic methods. Testament to
the utility of such methodology in organic synthesis is the
considerable effort expended to date to achieve enantioselectivity
insuch reactions using “reagent-based” procedures. Considerable
progress has been made in this area by Brown,! Roush,? Corey,?
and Hafner and Duthaler,* among others. Yamamoto® and
Marshall” have also reported examples of asymmetric addition
reactions of allylsilanes and allylstannanes, respectively, using
Yamamoto’s chiral acyloxyborane (CAB) as Lewis acid. How-
ever, Marshall reported no examples with the parent allylstannane,
and in the one reaction reported by Yamamoto using allyltri-
methylsilane (with benzaldehyde), the enantiomeric excess (55%)
was somewhat low.

Wedescribe hereintwo new procedures for the enantioselective
allylation of aldehydes which retain the useful characteristics of
the original tin- and silicon-based allylations. These processes
also possess the desirable feature of being catalyticin chiral Lewis
acid and employ a chiral ligand which is commercially available
as either enantiomer. Moreover, the chiral ligand is easily
recovered in high yield and recycled with no decrease in efficiency.

In the first procedure for the catalytic asymmetric allylation
(CAA) reaction, the chiral catalyst is prepared by heating a
mixture of (R)-or (S)-binaphthol and titanium tetraisopropoxide
(at 1:1 stoichiometry) with powdered 4-A molecular sieves at
reflux in dichloromethane for 1 h (method A).®2 The second
procedure (method B) is identical, except that 2:1 BINOL/
titanium stoichiometry is used and a catalytic amount of acid
(CF3SOsH or CF3CO,H) is required for best results. Both
catalysts are employed at 10 mol % (titanium to aldehyde) as
described in the experimental procedures provided. Results
obtained for representative achiral aldehydes are summarized in
Table 1.

t Dedicated to Professor E. J. Corey, a true pioneer and inspiring mentor,
on the occasion of his 65th birthday.
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Table I

R)LH

1) 10 mol % Catalyst®

HO,,, H
R./</\

2) /\/SnBus
R method  yield (%)® %eec configuration
CeHs A 88 95 (R)
B 98 92 ®)
¢-CeHyy A 66 94 ®)
B 95 92 B
(E)-C¢HsCH=CH A 42 89 R
B 78 77 B
CsHsCH,CH; A 93 96 ND¢
B4 98 96 ND
i-CsHy A 89 96 {R)
B 97 87 (R)
furyl A 73 96 ND
B 97 92 ND

4 See experimental procedures detailing catalyst preparation according
tomethods A and B. # Isolated yields of the product homoallylic alcohols.
¢ Determined by !H NMR with Eu(hfc)s, except for reactions with
3-phenylpropionaldehyde and isobutyraldehyde, where 1F NMR of the
Mosher ester was used. ¢ This example used 0.003 equiv of CF;CO,H
rather than CF3SO;H. ¢ ND = not determined.

These CAA procedures are the first to achieve high levels of
enantioselectivity for the allylation of aldehydes using catalytic
quantities of a chiral Lewis acid.® The levels of asymmetric
induction achieved are quite remarkable for such a simple process.
Extensions to more complex stannanes are obvious and are being
pursued, as are extensions to enantioselective versions of other
Lewis acid-mediated processes. Elucidating the structure of the
catalyst-substrate complex responsible for the reaction and the
sequence in the catalytic cycle will undoubtedly require consid-
erable effort, particularly since no crystalline materials corre-
sponding to catalyst or catalyst-aldehyde complexes have been
obtained to date.1?

Representative Experimental Procedures. Method A: Prep-
aration of (R)-(+)-1-Phenyl-3-buten-1-ol. A mixture of (R)-
(+)-1,1"-bi-2-naphthol (57.2 mg, 0.199 mmol), 1 M Ti(O-i-Pr),
in CH,Cl; (199 pL, 0.199 mmol), and oven-dried powdered 4-A
sieves (800 mg) in CH,Cl,; (4 mL) was heated at reflux for 1 h.
The red-brown mixture was cooled to room temperature and
benzaldehyde (209 mg, 1.97 mmol) wasadded. After beingstirred
for 10 min, the contents were cooled to -78 °C, and allyltri-n-
butylstannane (726 mg, 2.19 mmol) was added. The reaction
was stirred for 10 min and then placed in a =20 °C freezer for
70 h. Saturated NaHCO; (0.5 mL) was added, and the contents
were stirred for 1 h and then poured over Na,SO; and filtered
through a plug of Celite. The crude material was purified by
flash chromatography, eluting with 19:1 (v/v) hexanes/acetone
followed by 17:3 (v/v) hexanes/acetone to give (R)-(+)-1-phenyl-
3-buten-1-olasaclear 0il (256 mg, 88%). [«]3°p = +45.95 (¢ 7.4,
benzene) (lit.!* [a]?*p = —44.92 (¢ 7.38, benzene)). The
enantiomeric purity was determined to be 95% via 'H NMR
using the chiral shift reagent Eu(hfc); (0.25 equiv) in CDCl,.
The benzylic hydrogen was chosen for this determination relative
to (&)-1-phenyl-3-buten-1-ol.

Method B: Preparation of (R)-(+)-1-Phenyl-3-buten-1-0l. A
mixture of powdered 4-A molecular sieves (200 mg), (R)-(+)-

(9) The known Lewis acid-promoted reactions of allylstannanes withachiral
Lewis acids such as TiCly, SnCly, BF;-OEt,, MgBrs, etc. are stoichiometric
in Lewis acid. Note: (a) Roush, W.R.In Comprehensive Organic Synthesis;
Trost, B. M., Ed.; Pergamon Press: Oxford, 1991; Vol. 2, p 1. (b) Fleming,
I. Inref9a,p563. (c)Pereyre, M.; Quintard, J.-P.; Rahm, A. Tinin Organic
Synthesis; Butterworths: London, 1987; pp 211-230.

(10) A crystal structure and solution NMR data have been reported for
materials prepared by mixing (R)-BINOL and Ti(O-i-Pr)sat 1:1 stoichiometry.
However, neither of the materials prepared as described herein exhibits the
same spectral characteristics as those previously reported: Martin, C. A.
Ph.D. Thesis, MIT, 1988. We thank Professor Barry Sharpless for sharing
these data with us.
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1,1’ -bi-2-naphthol (26.9 mg, 0.094 mmol), Ti(O-j-Pr), (13.4
mg, 0.047 mmol), and CF;SO;H (0.048 mL of a saturated CH,Cl,
solution) in CH,Cl; (2.5 mL) was heated at reflux for 1 h. The
red-brown mixture was cooled to room temperature, and ben-
zaldehyde (49.8 mg, 0.470 mmol) was added. The mixture was
stirred for 30 min. The mixture was cooledto-78 °C,and allyltri-
n-butylstannane (466 mg, 1.41 mmol) was added down the inside
of the flask. The reaction was stirred for 10 min and then placed
in a ~20 °C freezer for 70 h. Saturated aqueous NaHCO; (0.5
mL) and additional CH,Cl, (2 mL) were added. The resultant
mixture was washed with brine (2 X 10 mL) and the organic
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layer dried (Na,SO,). Thesolvents were removed under reduced
pressure, and the crude material was purified by flash chroma-
tography, eluting with 19:1 (v/v) hexanes/ethyl acetate, to provide
1-phenyl-3-buten-1-ol as a colorless oil (68.2 mg, 98%, 92% ee).
The enantiomeric purity was determined via 'TH NMR using the
chiral shift reagent Eu(hfc); (0.25 equiv) in CDCl;.
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