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Catalytic enantioselective addition of organozinc reagent
to aldehyde has been extensively studied as a valuable
method for the synthesis of optically active secondary alco-
hols.1 Most of the studies have focused on the use of chiral
protic ligands such as amino alcohols,2 amino thiols,3 diols,4

diamines5 and their derivatives.6 However, chiral aprotic
ligands have scarcely been investigated in this area, although
there is no doubt about their catalytic potential. Recently, we
have found that chiral norephedrine-derived amino thioace-
tate can be effectively used as an aprotic ligand in the enanti-
oselective reaction.7 As an extension of this work, we here
present new chiral amino thioacetates derived from L-proli-
nol, together with their applicability in the catalytic diethylz-
inc addition to aldehydes. 

Similarly to the reported procedure,3 the amino thioace-
tates 2 were readily prepared by mesylation of N-substituted
prolinols 1, followed by treatment with potassium thioace-
tate.8 The addition of diethylzinc to aldehydes was perfomed
in the presence of 5 mol% of 1 or 2. 

As can be seen from Table 1, high levels of enantiomeric
excess up to 97% were obtained along with nearly quantita-
tive conversion in the presence of the thioacetate catalyst 2b
or 2c. The results obtained are very superior to those for the
corresponding pyrrolidinylmethanols. (R)-Alcohols were
preferentially formed in all the examined cases. Among the
ligands employed, thioacetate 2c provided the highest enan-
tioselectivity. As the thioacetate was inert to the present
reaction condition, no change giving thiol was observed.

This catalytic system would not match with the gene
mechanistic model9 involving protic ligand. In the presen
reaction, the addition of Et2Zn may be related to a chira
complex (I ). The aldehyde is attacked on its Re face to
afford (R)-alcohol in accordance with the experiment
results. The N-alkyl substituent affected the ee result and
bulkier group gave a better ee. Some steric property of 
ligand plays a role on the enantioselectivity. However, t
origin of asymmetric induction by the ligand will requir
more detailed mechanistic studies. 

In summary, chiral prolinol-derived amino thioaceta
could be served as an effective aprotic ligand in the ena
oselective diethylzinc-aldehyde addition. This result clearly
indicates that the S-acyl moiety in the N,S-chelating liga
has a beneficial effect in enhancing the degree of chira
induction and reaction rate. The bulkiness of the N subst
ent on pyrrolidine ring was essential in maximizing the s
reodifferentiating ability of the catalyst. 

Table 1. Enantioselective Addition of Diethylzinc to Aldehydesa

Entry  R1 Ligand Time (h) Yieldb (%) e.e.c (%)

 1d Ph 1a 12 79 2 
2 Ph 1b 12 80 59 
3 Ph 1c 12 80(76) 59 
 4d Ph 2a 8 90 26 
5 Ph 2b 6 97 92
6 Ph 2c 6 95(91) 95 
7 p-ClC6H4 2b 6 99(95) 91 
8 p-ClC6H4 2c 6 98(95) 96 
9 o-MeOC6H4 2b 8 95 90 
10 o-MeOC6H4 2c 8 94 94 
11 p-MeOC6H4 2b 8 97 93 
12 p-MeOC6H4 2c 8 95 97 
13 2-naphthyl 2b 6 93 90 
14 2-naphthyl 2c 6 91 91 
15 cyclo-C6H11 2b 8 98 90 
16 cyclo-C6H11 2c 8 98(94) 95 

aReactions were carried out in hexane at 0 oC → 20 oC using 2 equiv. of
Et2Zn unless otherwise noted. Absolute configuration was assigned
the sign of the optical rotation and elution order from a chiral O
column. bMeasured as %-conversion into the product by GC. Figure
parentheses are isolated yields. cEntries 1-14: determined by HPLC
analysis (chiralcel OD column). Entries 15-16: determined GC anal
(β-DEX chiral column). dEther was used as solvent. 
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