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As part of a program directed toward the development
of new families of chiral nucleophilic catalysts and new
classes of chiral ligands, we have begun to explore the
chemistry of 2-substituted heterocycles that are π-bound
to transition metals (e.g., 1).1 Such complexes are chiral
by virtue of the presence of MLn and the differentiation
of R from H, and the asymmetric environment around
the Lewis-basic heteroatom can readily be “tuned” by
varying the steric bulk either of the metal fragment or
of R. We recently demonstrated that enantiopure planar-
chiral heterocycles function as efficient nucleophilic acy-
lation catalysts for the kinetic resolution of secondary
alcohols.1 In this paper, we report that they also serve
as effective chiral ligands,2 catalyzing the enantioselec-
tive addition of organozinc reagents to aldehydes.

Because an array of â-amino alcohols are known to
catalyze the asymmetric addition of diethylzinc to alde-
hydes,3 we focused our initial efforts in this area on
planar-chiral â-amino alcohol 2a. Treatment of benzal-
dehyde with 3 mol % of (-)-2a and 1.2 equiv of ZnEt2
results in the formation of (S)-1-phenyl-1-propanol with
modest enantioselectivity (51% ee; eq 1).

We next chose to follow the lead of Hoshino, who has
established that O-alkylation of a chiral â-amino alcohol
with 1,1-diphenyloxirane can enhance the stereoselec-
tivity observed for organozinc additions to aldehydes.4

Alkylation of the potassium salt of 2a affords tridentate
ligand 2b (eq 2), which has indeed proved to be a more

effective asymmetric catalyst than 2a. Thus, reaction of
benzaldehyde with ZnEt2 in the presence of 3 mol % of
(-)-2b produces (S)-1-phenyl-1-propanol in 90% ee (eq
3; cf. eq 1).5,6 Several striking examples of asymmetric
amplification have been reported for amino alcohol-
catalyzed additions of organozinc reagents to aldehydes;7
in the case of 2b, however, the relationship between the
ee of the catalyst and the ee of the product is essentially
linear (Figure 1).
A study of the addition of ZnEt2 to 4-substituted

benzaldehydes reveals that catalyst 2b provides high
enantioselectivity regardless of the electronic character
of the aromatic ring (eq 48). However, consistent with
other amino alcohol-catalyzed ZnEt2 reactions,3c some-
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Figure 1. Product ee as a function of catalyst ee for the
reaction of benzaldehyde with ZnEt2 in the presence of 3 mol
% of 2b.
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what lower stereoselectivity is observed when the aro-
matic ring is replaced with an n-alkyl group (63% ee; eq
5).

We have also explored the reactions of ZnMe2 and
ZnPh2 with aldehydes in the presence of catalyst (-)-2b.
In the case of ZnMe2, addition to benzaldehyde provides
(S)-1-phenylethanol in good enantiomeric excess (83% ee;
eq 6), while the reaction of ZnPh2 with 4-chlorobenzal-
dehyde proceeds with moderate stereoselectivity (57% ee;
eq 7).9
In conclusion, we have established that 2-substituted

heterocycles that are chiral by virtue of π-complexation

to a metal serve as effective catalysts for the enantiose-
lective addition of organozinc reagents to aldehydes. To
the best of our knowledge, this is the first application of
this family of ligands in asymmetric catalysis, and our
current efforts are focused on extending their utility to
an array of transition metal-catalyzed reactions.
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(9) Crystalline ZnPh2 (Strem) was used in these reactions. To the
best of our knowledge, this is the first example of the catalytic
enantioselective addition of ZnPh2 to an aldehyde. The few previous
reports of asymmetric catalysis with “ZnPh2,” prepared by mixing
phenylmagnesium halide and zinc chloride, appear not to involve
ZnPh2. For a discussion, see ref 3c, pp 846-847.
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