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Enantioselective addition of diethylzinc to aldehydes in the
presence of chiral aprotic ligands
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Abstract—Optically active amino thiocyanate derivatives of (�)-norephedrine were found to act as effective aprotic ligands for enan-
tioselective addition of diethylzinc to aldehydes. This reaction provided optically active secondary alcohols with ee up to 96%.
� 2005 Elsevier Ltd. All rights reserved.
Enantioselective addition of organozinc reagent to alde-
hyde in the presence of a catalytic amount of chiral
ligand has emerged as an attractive method for the
synthesis of optically active secondary alcohols.1 The
enantioselectivity of this process is mainly dependent
on the chiral ligand, and therefore the search of new
ligands for the asymmetric catalysis is a field of continu-
ous interest. The catalysts used for the reaction have
been based on chiral protic ligands such as amino alco-
hols,2 diols,3 diamines4 and their derivatives,5 whereas
aprotic ligands have been scarcely studied in this area.6a

Thus, it should be of interest to explore the catalytic
ability of aprotic ligands. Herein, we present new chiral
N,S-chelate aprotic ligands 2 and 3, together with their
catalytic applicability in the diethylzinc–aldehyde
addition.
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a: R = C4H9 a: R1 = Ph

b: R1= CH3b: R2 = (CH2)5
The amino thiocyanates 2a and b7 were readily prepared
in 80% yields by treatment of the corresponding (�)-N,N-
dialkylnorephedrines 1a and b2a with methanesulfonyl
chloride (1.0 equiv) and triethylamine (1.0 equiv) in
methylene chloride at �20 �C, followed by subsequent
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displacement with sodium thiocyanate (2.4 equiv) in
H2O at 30 �C, respectively. This substitution proceeds
with retention of configuration.6 The presence of thiocy-
anate group in the compound 2 was confirmed by a
strong sharp infrared band at �2090 cm�1. In contrast,
isothiocyanate group shows a very broad band over the
region from 2200 cm�1 to 2000 cm�1.8 The synthesis of
3a was also achieved by treatment of sodium thiometh-
oxide in THF instead of sodium thiocyanate in H2O.
At first, the catalytic behaviour of the aprotic ligands 2
were examined in the addition of diethylzinc to benzalde-
hyde.9 Gratifyingly enough, the initial trial of the addi-
tion with 5 mol% of ligand 2a took place in excellent
enantioselectivity of 96% with remarkable reactivity
(Table 1, entry 1). The reaction was carried out in hexane
at rt for 3 h. Toluene or hexane–toluene gave rise to sli-
ghtly lower selectivity but with high conversions (entries
2 and 3). Other aromatic aldehydes were also converted
to the corresponding (R)-secondary alcohols with high
optical purity in high yields. For an aliphatic aldehyde,
heptanal, good enantioselectivity was recorded (entry
12). Similar results were obtained from ligand 2b. It is
noteworthy that amino thiocyanates 2 give higher reac-
tion rate and better or comparable asymmetric induction
than previously reported amino alcohols 1.2a This cata-
lytic system involving aprotic ligands 2 would not match
with the general mechanistic model1 of the diethylzinc–
aldehyde addition because the aprotic ligands do not
possess an acidic hydrogen atom. An unusual mecha-
nism may be operative in the addition. We assume that
simple coordination of nitrogen and sulfur atoms to
the zinc of diethylzinc generate an efficient chiral catalyst
4. Next we examined the use of amino sulfides 3 in the
addition of diethylzinc to benzaldehyde (entries 13 and
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Table 1. Enantioselective addition of diethylzinc to aldehydes with

chiral aprotic ligands 2 and 3a
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Entry R Ligand Time (h) Yieldb (%) ee (%)c

1 Ph 2a 3 98 96

2d Ph 2a 3 96 92

3e Ph 2a 3 94 90

4 Ph 2b 3 95 95

5 p-Cl-C6H4 2a 3 97 95

6 p-Cl-C6H4 2b 3 96 93

7 o-MeO-C6H4 2a 9 96 90

8 o-MeO-C6H4 2b 9 91 90

9 p-MeO-C6H4 2a 9 95 91

10 p-MeO-C6H4 2b 9 92 90

11 2-Naphthyl 2a 6 95 93

12 C6H13 2a 6 82 75

13 Ph 3a 12 85 41

14 Ph 3b 18 70 3

a Reactions were carried out in hexane using 2.0 equiv of Et2Zn unless

otherwise noted. Absolute configuration was assigned by the sign of

the optical rotation and elution order from a chiral OD column.
bMeasured as % conversion into product by GC.
c Determined by HPLC analysis (chiralcel OD column) or GC analysis

(DEX chiral column).
d Reaction in toluene.
e Reaction in hexane–toluene, 1:1.
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14). The reaction proceeded smoothly and poor ee was
observed. Interestingly, the amino thiocyanates led to
fast reaction with high ee, whereas the amino sulfides
dramatically decrease the enantioselectivity. This fact
suggests that the enantioselectivity strongly depends on
the electronic environment around the sulfur atom. In
conclusion, we have demonstrated that new chiral apro-
tic amino thiocyanates catalyze efficiently the enantio-
selective addition of dialkylzinc to aldehydes. Our study
may open the way to the use of aprotic ligands in the
dialkylzinc–aldehyde addition.
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