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Abstract: The readily available (+)-N-Benzyl-(S)-mandelamide catalyzes the enantioselective addition of dimethylzinc to a-keto esters to
give a-methyl-a-hydroxy esters containing stereogenic quaternary centers with moderate to good yields (56–87%). A good enantioselec-
tivity of the reaction is obtained for aryl and heteroaryl keto esters. For these substrates ee values of 75–90% are obtained. The enantiose-
lectivity is somewhat lower for the substrates bearing an aliphatic chain.
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Introduction

The addition of organometallic reagents to a-keto esters
provides a straightforward synthetic way to a-hydroxy es-
ters containing stereogenic quaternary centers. This kind
of compounds are useful intermediates in the synthesis of
natural products and biologically active molecules, and
many are bioactive themselves.1 Control over the stereo-
selectivity of these reactions is an important concern since
biological activity of the products may change depending
on the absolute stereochemistry. This issue has been most-
ly approached with the use of chiral esters derived from a-
keto acids and chiral alcohols,2 and with the use of chiral
modifiers in stoichiometric amount.3 The use of organo-
zinc reagents for this reaction shows some advantages
with respect to other organometallic reagents: thus, they
are compatible with the presence of different functional
groups, and also they usually react slowly with carbonyl
compounds allowing the use of chiral modifiers in catalyt-
ic amount. a-Keto esters are reactive substrates for the ad-
dition of organozinc reagents. However, unlike the usual
ketones, the uncatalyzed reactions is rather fast, causing
difficulties in the development of an enantioselective ver-
sion, since the substrate itself can act as a chelating ligand,
thereby activating the alkylzinc reagent.4

The first catalytic enantioselective addition of dialkylzinc
reagents to a-keto esters was reported by Kozlowsky et
al.5 These authors use complexes of titanium with bifunc-
tional amine-salen type ligands. Enantiomeric excesses of
up to 83% can be attained with these systems for the addi-
tion of diethylzinc to methyl oxo(phenyl)acetate (88% ee
if 70% titanium isopropoxide is used), although other sub-
stituted keto esters give lower enantioselectivities (5–85%
ee). Shibashaki et al.6 have described an enantioselective
addition of dimethylzinc to a-keto esters using a proline-
derived aminodiol as pre-catalyst. The reaction proceeds
with enantioselectivities from fair to excellent (59–96%)
although the procedure requires slow addition of the re-
agent at low temperature (–20 °C) and long reaction times,
and diethylzinc is totally unreactive. A third catalytic sys-
tem has been described by Hoveyda et al.7 Transformation
is promoted by an aluminum complex with amino acid-
based ligands. The use of a Lewis base additive leads to a
significant improvement in efficiency and enantioselec-
tivity by enhancing the nucleophilicity of the alkylzinc re-
agent. Diethylzinc reacts to give the expected products
with enantiomeric excesses within 56–89% while dimeth-
ylzinc addition products are obtained with 56–95% ee.

In previous work, we have introduced mandelamides as
chiral ligands for the enantioselective addition of dialkyl-
zinc reagents to carbonyl compounds. Mandelamides are
easily prepared in one step starting from mandelic acid
and amines. This kind of ligands catalyze the addition of
dimethylzinc to aldehydes in the presence of titanium
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isopropoxide8 as well as the addition of mixed methyl-/
alkynylzinc reagents to aldehydes to give the correspond-
ing propargyl alcohols.9 

Mandelamides also catalyze the addition of dimethylzinc
to a-keto esters without the need of additional Lewis acid;
i.e., Ti(IV) or Al (III) reagents (Scheme 1).10 

Scope and Limitations

An optimization of the reaction conditions led to the ex-
perimental procedure described below. (+)-N-Benzyl-(S)-
mandelamide (3) emerged as the best ligand for this reac-
tion that is best carried out in toluene at 0 °C. By using this
ligand, products having the S configuration in the newly
formed quaternary stereogenic center are obtained
(Table 1).

The reaction requires the use of 20 mol% of ligand and 6.0
equivalents of dimethylzinc. A commercially available
2 M solution of dimethylzinc in toluene is used as the
source of the reagent.

The ester group in the substrate has some influence on the
enantioselectivity of the reaction. Medium-sized esters,
such as ethyl (entry 2) or isopropyl (entry 3) give better re-
sults than the small methyl (entry 1) or the bulky tert-butyl
esters (entry 4). 

Substrate generality has been studied with different ethyl
a-keto esters. In general, the reaction is complete in less
than six hours. Only the more hindered substrate ethyl (2-
naphthyl)oxoacetate (1k) requires longer times (entry 11).
With a-keto esters having aromatic and heteroaromatic
substituents (entries 1–13) addition of dimethylzinc takes
place with good yields and ee’s from moderate (62%) to
high (90%). The presence of electron-donating groups on
the aromatic ring increases the enantioselectivity of the re-
action (entries 7–9). Ethyl (4-methoxyphenyl)oxoacetate
(1g) gives the best result, the expected product being ob-
tained in 82% yield and 90% ee (entry 7). Remarkably, the
addition of dimethylzinc to methyl (4-methoxy)oxoace-
tate using Shibashaki’s system takes place with low yield
(42%) and similar enantioselectivity (92%), while Hovey-

Table 1 Addition of Dimethylzinc to a-Keto Esters 1 Catalyzed by 
3a 

Entry Substrate Time 
(h)

Yield 
(%)b

ee 
(%)c

1 a 5 80 65

2 b 1.5 80 81

3 c 4.5 82 78

4 d 6 87 46

5 e 4 87 63

6 f 3.5 82 81

7 g 2.5 82 90

8 h 4 87 84
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9 i 4 82 85

10 j 6 83 78

11 k 24 70 74

12 l 2 66 72

13 m 2.5 56 78

14 n 2 73 35

a Me2Zn: 6.0 equiv, 3: 20 mol%, toluene, 0 °C.
b Yield of isolated product 2.
c Determined by chiral GLC or chiral HPLC. S-configuration.

Table 1 Addition of Dimethylzinc to a-Keto Esters 1 Catalyzed by 
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da has reported lower yield (71%) and enantioselectivity
(84%). Keto ester 1n bearing an aliphatic chain linked to
the ketone carbonyl group reacts readily under the catalyt-
ic conditions but with lower enantioselectivity (entry 14).

As with Shibashaki’s system, the reaction is also limited
to dimethylzinc as the organozinc reagent. Treatment of
ethyl oxo(phenyl)acetate (1b) with diethylzinc yielded the
corresponding racemic reduction product.

In summary, this is an operationally simple and practical
procedure for the enantioselective addition of dimethyl-
zinc to a-keto esters. Additional advantages of this proce-
dure are the simplicity and easy preparation of the ligand
(also both enantiomers of the ligand are available starting
from the proper mandelic acid) and the not requirement
for additional Lewis acids. The yields and enantioselectiv-
ities with most substrates are comparable to those ob-
tained with other procedures, which require more
elaborated ligands and more operationally complicated
processes.

Herein we describe the procedure for the preparation of mandel-
amide ligand 3 and the procedure for the addition of dimethylzinc
to ethyl (4-methoxyphenyl)oxoacetate (1g) as representative exam-
ple for the substrates described in Table 1. 

All reactions were carried out with a magnetic stirring in oven-dried
(120 °C) glassware under N2. Melting points were measured on a
Büchi B-535 apparatus and are uncorrected. Optical rotations were
measured on a PerkinElmer 243. NMR spectra were recorded in
CDCl3 at 300 MHz for 1H NMR and at 75 MHz for 13C NMR in a
Bruker Avance 300 DPX spectrometer, and referenced to the sol-
vent as internal standard. Mass spectra were recorded on a Fisons
Instruments VG Autospec GC 8000 series spectrometer (EI, 70 eV).
Chiral GLC analyses were carried out in a Thermo Quest Trace GC
2000 series instrument equipped with a flame ionization detector.
Chiral HPLC analyses were performed in an Agilent 1100 series in-
strument equipped with a refraction index detector. 

(+)-N-Benzyl-(S)-mandelamide (3)
To a stirred solution of (S)-(+)-mandelic acid (5.0 g, 32.9 mmol) in
anhyd THF (140 mL) under N2 was added benzylamine (3.6 mL, 3.5
g, 32.9 mmol) via a syringe followed by N-hydroxysuccinimide (4.2
g, 36.1 mmol).11 The resulting mixture was cooled to 0 °C and N,N¢-
dicyclohexylcarbodiimide (7.5 g, 36.1 mmol) was added. After 15
min, the cooling bath was removed and the solution was stirred at
r.t. under N2 overnight (ca 20 h). After this time, the mixture was fil-
tered through a sintered glass plate and the dicyclohexylurea cake
washed with THF (2 × 10 mL). The solvent was removed under re-
duced pressure, and the residue was dissolved in EtOAc (300 mL).
The organic layer was washed successively with sat. aq Na2CO3 (70
mL), H2O (70 mL), aq 1 M HCl (70 mL), H2O (70 mL), and brine
(70 mL) and dried (MgSO4). After filtration, the solvent was re-
moved under reduced pressure and the crude product was purified
by flash chromatography on silica gel eluting with hexane–EtOAc
(8:2) to give 3 as a white solid: yield: 6.3 g (80%); mp 134–135 °C
(MeOH); [a]D

25 +83.2 (c 0.54, CHCl3); [a]D
25 +45.7 (c 0.52,

MeOH).
1H NMR (300 MHz, CDCl3): d = 7.41–7.28 (m, 8 H), 7.19 (dd,
J = 7.8, 1.8 Hz, 2 H), 6.60 (s, 1 H, NH), 5.06 (d, J = 3.7 Hz, 1 H),
4.43 (AA¢ system, 2 H), 3.78 (d, J = 3.7 Hz, 1 H, OH).
13C NMR (75 MHz, CDCl3): d = 172.2 139.4, 137.7, 128.8, 128.7,
128.6, 127.5, 126.8, 74.2, 43.4.

MS (EI, 70 eV): m/z (%) = 241 (2, [M+]), 107 (79), 91 (100), 79
(92), 77 (57).

HRMS (EI): m/z calcd for C15H15NO2 [M+]: 241.1103; found:
241.1031.

(S)-Ethyl 2-Hydroxy-2-(4-methoxyphenyl)propanoate (2g); 
Typical Procedure
A commercially available 2 M solution of Me2Zn in toluene (3 mL,
6 mmol) was added to a solution of ligand 3 (48 mg, 0.2 mmol) in
anhyd toluene (5 mL), under N2 at r.t. After stirring for 30 min, the
solution was cooled to 0 °C and ethyl (4-methoxyphenyl)oxoacetate
(1g; 208 mg, 1 mmol) was added. After 2.5 h, aq 1 M HCl (20 mL)
was added dropwise while keeping the mixture in the ice bath (Cau-
tion! Gas evolution). The mixture was extracted with Et2O (3 × 20
mL) and the organic layer was washed with brine (2 × 20 mL), dried
(MgSO4), and concentrated under reduced pressure. Purification by
flash chromatography eluting with hexane–EtOAc (9:1) gave 2g as
a slightly yellow oil; yield: 184 mg (82%); [a]D

25 +39 (c 0.51,
CHCl3, ee 90%).
1H NMR (300 MHz, CDCl3): d = 7.46 (d, J = 8.7 Hz, 2 H), 6.85 (d,
J = 8.7 Hz, 2 H), 4.29–4.11 (m, 2 H), 3.78 (s, 3 H), 1.73 (s, 3 H),
1.24 (t, J = 7.2 Hz, 3 H).
13C NMR (75 MHz, CDCl3): d = 175.8, 159.1, 135.0, 126.4, 113.5,
75.2, 62.3, 55.2, 26.6, 14.0.

MS (EI, 70 eV): m/z (%) = 224 (3, [M+]), 151 (100).

HRMS (EI): m/z calcd for C12H16O4 [M+]: 224.1049; found:
224.1055.

Enantiomeric Excess Determination
GLC (Supelco b-dex-225): Tinjector = 220 °C, Tdetector = 220 °C,
Tcolumn = 130 °C, N2 (1 mL/min), minor enantiomer (R) tR = 81.8
min, major enantiomer (S) tR = 85.3 min.

HPLC (Chiralpack AD-H): Hexane–i-PrOH (95:5), 1 mL/min, ma-
jor enantiomer (S) tR = 11.3 min, minor enantiomer (R) tR = 12.5
min.
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