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Abstract—A Zn(OTf)2-catalyzed Mannich-type reaction of the electron-deficient aromatic amines with the electron-deficient aro-
matic aldehydes and diethyl malonic ester was described. This three-component reaction afforded the corresponding b-amino esters
in good yields.
� 2006 Elsevier Ltd. All rights reserved.
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b-Amino acids are important structure units of several
biologically active compounds, such as dolastins, astins,
onchidin, jasplakinolide, and motuporin,1 and useful
building blocks for b-lactams2 and b-peptides3 that are
present in a variety of drugs.4 Hence, there is high inter-
est in developing convenient methods for the synthesis
of b-amino esters. The Mannich-type reactions are clas-
sic methods for the preparation of b-amino carbonyl
compounds, including b-amino esters, and very impor-
tant carbon–carbon bond-forming reactions in organic
synthesis.5 These type of reactions have been extensively
used as a key step in the synthesis of various natural
products as well as in medicinal chemistry.6 It has been
reported that Lewis acids are able to promote the
Mannich-type reactions for the synthesis of b-amino
esters.5a,h,j,7 However, these methods suffer from some
disadvantages such as requiring a large amount of Lewis
acid (usually more than 10 mol %), a long reaction time,
or/and atmosphere sensitive reagents. Herein, we report
a Zn(OTf)2-promoted three-component Mannich-type
reaction of amine, aldehyde, and diethyl malonic ester,
which led to a rapid and efficient synthesis of b-amino
esters under mild conditions.

Our initial experiments were carried out using imine 1a
and diethyl malonic ester (2) in CH2Cl2 at room temper-
ature (Scheme 1). Several Lewis acids Yb(OTf)3,
Zn(OTf)2, and ZnCl2 were investigated.

8 It was observed
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that both Yb(OTf)3 and Zn(OTf)2 were more active than
ZnCl2. Using 1 mol % Zn(OTf)2 could give b-amino
ester 3a in satisfactory yield (95%).

We then examined a variety of imines using the opti-
mized conditions (Scheme 2, Table 1). It was found that
the imines containing electron-withdrawing groups gave
good to excellent yields (87–98%) (Table 1, entries 1–6,
10–12, and 16), while the imines containing strong elec-
tron-donating groups gave poor yields due to their elec-
tron-rich carbon–nitrogen double bonds (Table 1,
entries 13–15).
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Table 1. Reaction of imines with diethyl malonic ester using
Zn(OTf)2

Entry R1 R2 Product Yielda (%)

1 o-Cl p-Br 3a 95
2 p-Br p-Cl 3b 93
3 p-Br p-Br 3c 96
4 2,6-Dichloro p-Cl 3d 98
5 2,6-Dichloro o-Cl 3e 97
6 2,6-Dichloro m-Cl 3f 94
7 2,6-Dichloro o-CH3 3g 50
8 p-Br o-CH3 3h 40
9 p-CH3 m-Cl 3i 81
10 m-NO2 m-Cl 3j 87
11 o-Cl o-Cl 3k 90
12 o-Cl m-Cl 3l 89
13 p-CH3O p-Cl 3m 20
14 3,4-(OCH2O)– p-Cl 3n 5
15 p-CH3 p-CH3O 3o 10
16 H H 3w 50

a Isolated yield.

Table 2. Three-component reaction of aromatic amines, aromatic
aldehyde, and diethyl malonate

Entry R1 R2 Product Yielda (%)

1 o-Cl p-Br 3a 92
2 p-Br p-F 3p 90
3 p-F p-Cl 3q 91
4 2,6-Dichloro p-Br 3s 95
5 3,4-Dimethyl p-Br 3t 60
6 m-NO2 m-Cl 3j 96
7 o-Cl m-Cl 3l 88
8 2,6-Dichloro p-CH3O 3r 45
9 2,6-Dichloro o-CH3O 3g 42
10 3,4-(OCH2O)– p-Br 3u 6
11 p-CH3O p-CH3O 3v 0

a Isolated yield.
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The structure of the b-amino esters 3 is unambiguously
supported by an X-ray crystal structure analysis for 3c
(Fig. 1).9

In connection with our research program aimed at syn-
thesizing important functional structures by multicom-
ponent reactions (MCRs),10 we investigated the
possibility for improving this reaction by an one-pot
three-component tandem process in which imines 1 were
generated in situ from amines 4 and aldehydes 5
Figure 1. X-ray structure of compound 3a.
(Scheme 3).11 As shown in Table 2, the three-component
reaction of diethyl malonic ester with the electron-defi-
cient amines and the electron-deficient aldehydes affor-
ded the corresponding b-amino esters 3 in good to
excellent yields (85–95%) (Table 2, entries 1–7). How-
ever, the electron-rich amines or/and aldehydes gave
poor yields (Table 2, entries 8–10) or even no desired
product (Table 2, entry 11).

In summary, we have developed a versatile method to
synthesize b-amino esters via a Zn(OTf)2-catalyzed
Mannich-type reaction of diethyl malonate with imines
that can be in situ generated from the corresponding
aromatic amines and aromatic aldehydes. The protocol
is facile and efficient for the electron-deficient imines
or aromatic amines and aromatic aldehydes.
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