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Abstract

A series of chiral ligands 2a–d were conveniently prepared from b-amino alcohols through a two-step
sequence and applied to catalysis of enantioselective addition of diethylzinc to benzaldehyde. Among
them ligand 2c was found to show the best asymmetric induction for the reaction and catalyze the
addition to various aromatic aldehydes to provide (R)-secondary alcohols in up to 98.3% ee. © 2000
Elsevier Science Ltd. All rights reserved.

Amongst asymmetric catalysis of C�C bond formation, enantioselective addition of
diorganozinc reagents to aldehydes in the presence of catalytic amounts of chiral b-amino
alcohols is a convenient method for the preparation of optically active secondary alcohols.1

Various catalysts derived from b-amino alcohols have been reported to catalyze this kind of
reaction with excellent asymmetric induction.2 Recently, pyridine derived carbinols3 and plane-
extended pyridyl alcohols4 have been developed as chiral ligands in the enantioselective addition
of dialkylzinc to aldehydes, but most of them gave only moderate ee. Herein, we demonstrate
an efficient synthesis of novel chiral ligands, N-a-pyridylmethyl-b-amino alcohols 2a–c and
N-benzyl amino alcohol 2d, through a two-step reaction approach and their application to the
enantioselective addition of diethylzinc to various aromatic aldehydes.

The synthesis of ligands 2a–d is shown in Scheme 1. The (S)-amino alcohol 1 (1b is the
commercially available (1R,2S)-(−)-norephedrine) and one equivalent of 2-pyridinecarboxalde-
hyde or benzaldehyde were mixed in dry benzene and refluxed for 2 hours using a Dean–Stark
trap to give the Schiff’s base in quantitative yield. Reduction of the Schiff’s base was carried out
in dry 1,2-dichloroethane with two equivalents of sodium triacetoxyborohydride.5 After a
standard workup, 2a–d were obtained in high yields (72–98%). All of the new chiral ligands were
characterized by elemental analysis, IR and 1H NMR spectra.6 Some of the results are listed in
Table 1. Recently, Christopher et al. have reported the synthesis of 2b using a similar method.7
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Scheme 1. Synthesis of 2a–d

Table 1
Some data about synthesis and characterization of 2

Product Yieldb (%)Timea (h) [a ]D (c=1.0, CH2Cl2)Mp (°C)

9824 +28.2c2a Oil
2b Oil 98 +3.90c24

812c −68.0d96 119–121
72 −40.8e133–134482d

a Refers to the time of reduction of the Schiff’s base.
b Isolated yields.
c The optical rotation was measured at 20°C.
d The optical rotation was measured at 23°C.
e The optical rotation was measured at 28°C.

The novel chiral ligands 2a–d were then evaluated to check their asymmetric induction
efficiency for the addition of diethylzinc to benzaldehyde. As shown in Table 2, 2c shows the
best asymmetric induction, 1-phenylpropanol with 91.8% ee was obtained by using 5 mol% 2c
as catalyst (entry 3 versus entries 1, 2 and 4). Obviously, the presence of two bulky phenyl
groups at the hydroxy-substituted carbon is crucial for the best asymmetric induction. It is
interesting to note that the a-pyridylmethyl group in 2c also plays a very important role for the
enantioselectivity of the reaction (entry 3 versus 4 and 7). Thus, it may be concluded that both
bulky groups at the a-carbon and the a-pyridylmethyl group at the b-amino nitrogen contribute
to the high asymmetric induction obtained using 2c. Temperature has little effect on the optical
yields (entries 3–5).

The chiral ligand 2c was then examined for the asymmetric addition of diethylzinc to a series
of aromatic aldehydes under the optimized conditions. The results are summarized in Table 3.
It was found that 2c was effective for various aromatic aldehydes, including ortho-, para- and
meta-substituted benzaldehydes (entries 1–6), thiophene-2-carboxaldehyde (entry 8) and ferro-
cenyl aldehyde (entry 7). The best asymmetric induction, as high as 98.3% ee, was obtained by
using ferrocenyl aldehyde as substrate.

In conclusion, a series of novel chiral ligands 2a–d has been prepared from b-amino alcohols
through a two-step sequence and 2c was found to be highly efficient for the enantioselective
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Table 2
Asymmetric addition of diethylzinc to benzaldehyde in the presence of 2a

Entry Temp. (°C) Solvent Time (h) Yieldb (%) eec (%) ConfigndCatalyst

2a rt T–He 5 69 2.5 R1
T–H 5 80rt 3.32 S2b
T–H 5 983 91.82c Rrt
T–H 6 85rt 34.54 R2d

02c T–H 8 98 90.1 R5
T–H6 122c 94 90.4 R−25
T–H 12 71 4.7 Rrt7 1c

a The reaction was carried out in toluene with 5 mol% of catalyst and 2.5 equiv. of diethylzinc (4.17 M solution in
hexane) relative to benzaldehyde.

b Isolated yields.
c Determined by HPLC using a chiral OD column.
d Configurations were determined by comparison of optical rotations with the literature.8
e Toluene and hexane, 4:1 (v/v).

Table 3
Asymmetric addition of diethylzinc to aromatic aldehydes in the presence of 2c

eed (%) ConfigneYieldc (%)Time (h)Entrya Aldehyde Solventb

91.5p-ClC6H4CHO T–H 5 97 R1
R2 p-MeOC6H4CHO T–H 6 96 92.3
R96.2g983 5T–Hp-MeC6H4CHO
R4 m-ClC6H4CHO T–H 5 70 90.2

5 a-Naphthaldehyde T–H 6 94 80.9 R
88.16 o-MeOC6H4CHO T–H R5 95

R98.37 FcCHOf 88T–H 5
95 94.4Thiophene-2-carboxaldehyde8 T–H 5 Ndh

a The reactions were carried out by using 5 mol% 2c at rt.
b Toluene and hexane, 4:1 (v/v).
c Isolated yields.
d Determined by HPLC using a chiral OD column.
e Determined by comparison of optical rotations with the literature.
f Ferrocenyl aldehyde.
g Determined by comparison of the optical rotation value with the literature value.9
h Not determined.

addition of diethylzinc to aromatic aldehydes. The excellent asymmetric induction due to 2c can
be attributed to the presence of steric effect due to the diphenyl groups at the hydroxyl
substituted carbon and the a-pyridylmethyl group at the b-amino nitrogen. This result provides
new information for the design of novel chiral tridentate ligands for this type of reaction.
Further work is undergoing to extend the variety of this type of chiral ligand and applications
of their metallic complexes to other types of asymmetric reactions.
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