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additions to aldehydes
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Abstract—The first examples of the enantioselective titanium-mediated diethylzinc additions to benzaldehyde catalyzed by
optically active �-hydroxy acids are presented. (S)-1-Phenylpropanol has been obtained in up to 86% enantiomeric excess. © 2002
Elsevier Science Ltd. All rights reserved.

An enantioselective organometallic addition reaction to
aldehydes is a valuable method for the synthesis of
optically active secondary alcohols. Although several
efficient catalysts have so far been developed, asymmet-
ric addition reaction of diethylzinc to aldehydes has
remained a challenge.

Various types of chiral ligands can be used as ligands
for such additions. Since 1986, when DAIB was intro-
duced by Noyori,1 the amount of very useful and
efficient dialkylamino alcohols has grown dramati-
cally,2 and now includes not only dialkylamino alcohols
but also amino thiols,3 oxazolines4–6 and even diols,
such as TADDOLs7,8 and BINOLs.9–11 Further pro-
gress in enantioselective additions to aldehydes was
achieved, when Ohno and co-workers reported
diethylzinc additions in the presence of titanium tetra-
isopropoxide and chiral bissulfonamide as the ligand.12

Since then, extensive synthetic studies were conducted

and �-hydroxy sulfonamides and bissulfonamides were
proven as very efficient ligands for additions of
dialkylzincs.13–17 Albeit the exact mechanism of the
process is so far not known, recent structural and
mechanistic investigations showed that the active cata-
lytic intermediates could be an ethyltitanium species
derived from the transfer of an ethyl group from zinc to
titanium or a bimetallic species containing an ethylzinc
compound.15 Both ligand accelerated diethylzinc addi-
tions and alkyltitanium additions to carbonyl com-
pounds exhibit excellent chemoselectivity.18 For
mixtures of aldehydes and ketones, only addition to the
aldehyde carbonyl group is observed whilst ketones
remain intact. This led us to the conclusion that car-
boxylic acids can serve as ligands in Ti(OiPr)4-catalyzed
additions of diethylzinc to aldehydes. As a second
coordination site, we have chosen the hydroxy group so
that our ligands belong to the readily accessible family
of �-hydroxy acids.

Scheme 1. Diethylzinc addition to benzaldehyde in the presence of �-hydroxy acids as chiral ligands.
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Table 1. Enantioselective addition of diethylzinc to benzaldehyde with �-hydroxy acids as chiral ligands

Mol% Temp. (°C) Yield (%)Ligand ee (%)a,bEntry

20 rt 881 77 (S)3a
40 rt3a 882 79 (S)
60 rt3 893a 80 (S)
80 rt3a 854 80 (S)

100 rt 845 80 (S)3a
20 03a 876 80 (S)
20 −207 623a 76 (S)
20 −783a No reaction8 –
20 rt9 803b 85 (S)
20 rt3c 8510 85 (S)
20 rt11 733d 80 (S)
20 rt3e 7112 83 (S)

13 3f 20 rt 88 77 (S)
20 rt3g 8014 86 (S)

a Determined by HPLC analysis using a Daicel Chiracel OD column.
b Configuration of the major enantiomer in parentheses.

In order to confirm the considerations presented above,
we decided to use commercially available (S)-mandelic
acid as a ligand and benzaldehyde as a model carbonyl
compound. The reaction was conducted at room tem-
perature in methylene chloride in the presence of 0.2
equiv. of mandelic acid, 3 equiv. of diethylzinc and 1.4
equiv. of titanium tetraisopropoxide. The reaction pro-
ceeded very cleanly; we were very pleased to observe
almost 50% conversion after 4 h. The reaction was
stirred overnight, and after TLC showed complete con-
version, quenched with aqueous hydrochloric acid. The
mixture was extracted with ethyl acetate, washed with
brine and dried over anhydrous magnesium sulfate.
Flash chromatography using methylene chloride as elu-
ent gave 1-phenylpropanol in 88% yield. The enan-
tiomeric excess 77% ee in favor of the product with 1S
configuration was determined by HPLC using a
Chiracel OD column. Encouraged by this result, we
prepared series of optically active �-hydroxy acids 3b–g
by diazotization of �-amino acids19 and used them as
ligands for the addition to benzaldehyde (Scheme 1).
Also, the influence of the amount of the catalyst and
temperature on the enantioselectivity of the reaction
catalyzed by (S)-mandelic acid was studied. The results
are summarized in Table 1.

The results presented in Table 1 need some comments.
Asymmetric induction is only slightly dependent on the
amount of the chiral catalyst and it increased from 77
to 80% for 20 and 100 mol%, respectively (entries 1–5).
The reaction conducted at lower temperatures also
shows only a modest influence of the temperature on
the ee. As expected, the enantioselectivity depends on
the bulkiness of the R substituent in acid 3 and the
highest was obtained for (S)-2-hydroxy-3,3-dimethyl
butyric acid 3g (entry 14, R=tBu).

To the best of out knowledge, we have presented here
the first example of diethylzinc addition to an aldehyde
catalyzed by �-hydroxy acids. We believe, that due to
the availability of substituted carboxylic acids, our
findings open new possibilities for the enantioselective

additions to aldehydes. Further investigations on more
selective �-hydroxy acids, the application of �-amino
acids and the generality of the method are in progress
in our laboratory.
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