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Letters
A mild, efficient and environmentally friendly method for the regio-
and chemoselective synthesis of enaminones using Bi(TFA)3 as

a reusable catalyst in aqueous media
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Abstract—Bismuth(III) trifluoroacetate has been found to be an extremely efficient catalyst for the preparation of b-enaminones in
water. In addition, by employing this catalyst, high regio- and chemoselective enamination of carbonyl compounds was achieved.
� 2004 Elsevier Ltd. All rights reserved.
Enamination of b-dicarbonyl compounds forming
b-enaminones, is an important and widely used trans-
formation in organic chemistry.1 Such compounds are
important precursors for the synthesis of a variety of
heterocycles2 and pharmaceutical compounds.3 Due to
the importance of these compounds as intermediates in
organic synthesis, a simple and high yielding one-pot
approach for this transformation is highly desirable.
Despite their wide range of pharmacological activity3

and synthetic applications, the synthesis of b-enami-
nones has received little attention. The most well-known
route to b-enaminones involves the direct condensation
of b-dicarbonyl compounds with amines at reflux in an
aromatic solvent with azetropic removal of water.4

Several improved procedures have been reported
including the reaction of amines and 1,3-dicarbonyl
compounds supported on silica with microwave irradi-
ation,5 clay K10/ultra-sound

6 or NaAuCl4.
7 Recently,

these compounds have been prepared by direct con-
densation of b-dicarbonyl compounds and primary
amines in water as solvent.8 However, these methods
suffer from drawbacks such as long reaction times,
unsatisfactory yields, low selectivity or the use of toxic
solvents that limit these methods to small-scale synthe-
sis. Lewis acid catalyzed organic reactions in water,
because they allow environmentally friendly processes
under mild conditions, are currently one of the most
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challenging topics in organic synthesis.9 Many recent
papers describing the use of bismuth compounds in
organic transformations pointed out that their use is
ecologically friendly.10 In addition, bismuth derivatives
have been widely used in medicine.11 They have
attracted much attention because they are easy to han-
dle, are low in cost and are relatively insensitive to air
and moisture.12 In the course of our research on Bi(III)
salts we found that bismuth(III) trifluoroacetate is rel-
atively nontoxic, readily available at low cost and fairly
stable to water, unlike common Lewis acids (e.g.,
AlCl3), which decompose readily in aqueous media.13

We herein report a green, mild and efficient method for
the regio- and chemoselective enamination of b-dicar-
bonyl compounds in water, in good to excellent yields,
catalyzed with Bi(TFA)3 (Scheme 1).

The experimental procedure for this reaction is
remarkably simple and does not require the use of
organic solvents or inert atmospheres. A catalytic
quantity of Bi(TFA)3 (5mol%) and the required amine
were added to a stirred solution of the 1,3-dicarbonyl
compound in water, and the mixture stirred at room
temperature. The generality of this process was illus-
trated by the wide range of aromatic and aliphatic
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Table 1. Enamination of b-dicarbonyl compounds in water catalyzed by Bi(TFA)3

Entry R1 R2 R3 Time (min) Producta Yield (%)b

1 CH3(CH2)2CH2
c

CH3 OC2H5 5
 -C=CHCOC2H5

CH3

O

CH3(CH2)2CH2NH 98

2 H2NCH2CH2 CH3
c

OC2H5 7

CH 3

O

NH NH-C=CHCOC2H5

CH3

O

C2H5OCCH=C 95

3 HOCH2CH2 CH3 OC2H5 10 HOCH2CH2NH-C=CHCOC2H5

CH3

O

93

4 C6H5CH2 CH3 OC2H5 5         CH2NH-C=CHCOC2H5

CH3

O

97

5 C6H5 CH3 OC2H5 10         NH-C=CHCOC2H5

CH3

O

86

6 4-CH3C6H4 CH3 OC2H5 45         NH-C=CHCOC2H5

CH3

O

CH3 84

7 C6H5 CH3 Ph 60         NH-C=CHC-Ph

CH3

O

63

8 4-CH3C6H4 CH3 Ph 45         NH-C=CHC-Ph

CH3

O

H3C 66

9 C6H5CH2 CH3 Ph 50         CH2NH-C=CHC-Ph

CH3

O

70

10 H2NCH2CH2 CH3
c

Ph 45

CH3

O

NH NH-C=CHC-Ph

CH3

O

PhCCH=C- 76

11 HOCH2CH2 CH3 Ph 30 HOCH2CH2NH-C=CHC-Ph

CH3

O

83

12 C6H5
c

CH3 CH3 60         NH-C=CHC-CH3

CH3

O

64

13 4-CH3C6H4
c

CH3 CH3 150         NH-C=CHC-CH3

CH3

O

H3C 68

14 H2NCH2CH2 CH3
c

CH3 60

CH3

O

NH NH-C=CHCCH3

CH3

O

CH3CCH=C- 83

15 HOCH2CH2
c

CH3 CH3 60 HOCH2CH2NH-C=CHCCH3

CH3

O

77

16 CH3CH2CHCH2
c

CH3 CH3 180

CH3

O

CH3CH2CHNH

CH3

-CH=CHCCH3 63
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Table 1 (continued)

Entry R1 R2 R3 Time (min) Producta Yield (%)b

17 C6H5

O
O

O CH3

150

O
O

H3C NH-
82

18 4-CH3C6H4

O
O

O CH3

50

O
O

H3C NH- CH3

79

19 C6H5CH2

O
O

O CH3

180

O
O

H3C NHCH2-

84

20 HOCH2CH2

O
O

O CH3

10 h

O
O

H3C NHCH2CH2OH

93

aAll products were identified by comparison of their physical and spectral data with those of authentic samples.
b Isolated yields.
c 2mmol.
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primary amines and b-dicarbonyl compounds examined.
The results are shown in Table 1.

The reactions proceeded smoothly at room temperature
and the products were obtained in excellent yields and
chemoselectivity. Both activated and weakly activated
anilines formed enaminones in nearly quantitative
yields. Although Stefani et al. stated that the synthesis of
these compounds was limited to amines soluble in
water,8 we have now shown that in the presence of
Bi(TFA)3 water insoluble amines were also converted
efficiently to the corresponding enaminones in good to
high yields. However, anilines with strongly electron-
withdrawing groups such as 4-nitroaniline did not yield
any product under the present reaction conditions.

Aliphatic amines also reacted efficiently to produce the
corresponding enaminones. In the case of 1,2-diamino-
ethane, 2 equiv of b-dicarbonyl compounds were used
giving products with two enaminone groups (entries 2,
10 and 14).

This method was successfully applied to enamination of
b-diketones (entries 7–16), linear (entries 1–6) and cyclic
b-ketoesters (entries 17–20). In all cases, amine attack
took place only at the methyl ketone carbonyl for dike-
tones and ketoesters. The use of Bi(TFA)3 as a hetero-
geneous catalyst showed rate enhancements, high yields
and short reaction times. The other advantage of the use
of this Lewis acid for this transformation, is the recy-
clability of the catalyst. Since Bi(TFA)3 is only slightly
soluble in water, it could be separated by simple filtra-
tion, washed with CH2Cl2 and dried at 80 �C under re-
duced pressure and reused in three runs without any loss
of activity.

In conclusion, the present procedure demonstrates a
new, regio- and chemoselective method for the enam-
ination of b-dicarbonyl compounds with aromatic and
aliphatic amines under mild conditions in aqueous
media where the catalyst could be recovered readily and
reused, in good to excellent yields. Furthermore, the low
toxicity of the catalyst and media, make this procedure
environmentally acceptable. Moreover, the low cost of
Bi(TFA)3, fast reaction rates and highly catalytic nature
of this Lewis acid as a water stable catalyst, make the
present method a practical protocol for the enamination
reaction.

General procedure. A mixture of the b-dicarbonyl com-
pound (1mmol), the amine (1mmol) and Bi(TFA)3
(0.05mmol) in water (5mL) was stirred at room tem-
perature for the appropriate time (Table 1). After
completion of the reaction as indicated by GLC or TLC,
Bi(TFA)3 was removed by filtration, washed with
CH2Cl2 (3 · 10mL) and dried over MgSO4. Evaporation
of the solvent followed by chromatography on a silica-
gel plate or silica-gel column gave the pure enaminones
in 63–98% yields.14
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