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The synthesis of substituted 2-aminothiophenes is attrac-

tive to chemical researchers as they are important inter-

mediates in organic synthesis and frequently used as the

scaffold motif of a variety of agrochemicals, dyes, and

biologically active products.1 Thus, because of their wide

utility, researchers have synthesized the substituted 2-

aminothiophenes via efficient and convenient methods. The

one-pot cyclocondensation of ketones with an activated α-

hydrogen, a cyanomethylene containing an electron-with-

drawing group such as cyanoacetate and elemental sulfur in

the presence of organic base, for example, morpholine, di-

ethylamine, etc, known as the Gewald reaction,2 has been

one of the most well-studied multicomponent reactions in

recent years. To extend the scope of the reaction, many

alterations have been made to the original Gewald’s base-

catalyzed, two-component combination of α-mercapto ketones

with cyanoacetate3 by varying the components4 and the

conditions.5-7

However, the major problem associated with these reac-

tions in most of the published procedures is that high catalyst

loading (normally 50-100 mol % or even more), and the

usual long reaction time periods required for the reactions.

Therefore, the development of a suitable method using

additional reagents and catalysts6 for the efficient synthesis

of 2-aminothiophenes in a one-pot reaction remains an

attractive field to researchers. In the recent years, the solid

base catalysts derived from alkali earth metallic precursors

has played an important role in heterogeneous catalysis.

These catalysts have several advantages over homogeneous

organic basic catalysts, such as easy recovery of the catalyst,

simple product isolation and reusability. Therefore, the solid

base catalysts have been considered as potential alternatives

to homogeneous organic basic catalysts.

In this context, we have found that the Gewald reaction

occurs efficiently in the presence of cesium carbonate (Cs2CO3)

as a heterogeneous solid base catalyst under heating condi-

tions by refluxing in ethanol (Scheme 1). 

A variety of ketones were reacted with ethyl cyanoacetate

(or malononitrile) and elemental sulfur in the presence of

Cs2CO3 as base catalyst (Table 1). To the best of our know-

ledge, there is no report in the literature on the use of

Cs2CO3 in the synthesis of 2-aminothiophenes. This reaction

was studied under conventional heating conditions by

refluxing in ethanol (Table 1). In all the cases, the reaction

proceeded, well to produce 2-aminothiophene derivatives in

good yields. All the products are known and were identified

by comparison of their physical and spectroscopic data (IR,

NMR) with those of authentic samples.3,6,7

To show merit of the present work in comparison with

reported results in the literature, we compared, results of

Cs2CO3 with general method of Gewald reaction,3 L-pro-

line,5 ethylenediammonium diacetate (EDDA)5 and KF-

alumina6 as catalysts in the reaction of cyclohexanone and

ethyl cyanoacetate. As shown in Table 2, Cs2CO3 can act as

high efficiency catalyst with fast time and high yields of the

obtained products.

Reusability of the catalyst was also investigated. For this

purpose, the reaction of cyclohexanone and ethyl cyano-

acetate was studied in refluxing ethanol. After the com-

pletion of the reaction, the catalyst was separated by simple

Scheme 1. Synthesis of substituted 2-aminothiophenes catalyzed
by Cs2CO3.

Table 1. Cs2CO3 catalyzed synthesis of 2-aminothiophenes

Entry R1 R2  X

Yield% 

(Reaction 

time, min)a

mp 

(Found)

mp 

(Reported)

1 CH3 CH3 COOEt 85 (180) 90 91 3

2 Ph CH3 COOEt 92 (130) 94 93 3

3 Ph H COOEt 90 (150) 96 98 3

4 CH3 COCH3 COOEt 80 (100) 161 161 3

5 - (CH2)4 - COOEt 91 (160) 117 115 6

6 CH3 CH3 CN 85 (120) 142 141 3

7 - (CH2)4 - CN  89 (140) 145 147 6

8 Ph H CN 87 (145) 142 142 6

9 4-Br-Ph H CN 88 (135) 192  190 7

aIsolated yields. All the products are known and were identified by
comparison of their physical and spectroscopic data (IR, NMR) with
those of authentic samples.
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filtration, washed with methanol, dried at 120 °C for 2 h and

reused for the similar reaction. As it is shown in Figure 1, the

catalyst could be reused at least three times without signifi-

cant loss of activity.

In conclusion, we have reported a new simple catalytic

method for the synthesis of 2-aminothiophenes via Gewald

reaction using Cs2CO3 as an efficient, reusable and green

heterogeneous catalyst under heating conditions in refluxing

ethanol. The catalyst could be recycled after a simple work-

up and reused at least three runs without appreciable

reduction in its catalytic activity. Low catalyst loading, clean

reaction profiles, simple experimental and workup proce-

dures and high yields are some advantages of this protocol.

Experimental Section

All chemicals were commercially available and used with-

out further purification. All yields refer to isolated products

after purification. All the products were characterized by

comparison of spectroscopic data (IR, 1H NMR spectra) and

melting points with authentic samples. Melting points were

recorded on an electrothermal type 9100 melting point

apparatus. 2-aminothiophenes were prepared according to

the following general procedure:

Ketone (1.0 mmol), nitrile (1.0 mmol), elemental sulfur

(0.035 g, 1.1 mmol), Cs2CO3 (0.05 g, 0.15 mmol) in 20 mL

ethanol, were heated at reflux for the time showed in Table

1. When the reaction was complete (Thin-Layer Chromato-

graphy), the catalyst was filtered off, solvent was removed

by evaporation under reduced pressure and the crude

product was purified by recrystallization in ethanol to 2-

aminothiophenes in high yields.
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Table 2. Comparison results of cesium carbonate with general
method of Gewald reaction3, L-proline5, KF-alumina6, and ethylene-
diammonium diacetate5 as catalysts in the reaction of cyclohexa-
none and ethylcyano acetate

EntryCondition Catalyst Time/min Yield%

1 Ethanol, 70 °C Diethylamine 240 82

2 Ethanol, 70 °C KF-alumina 210 89

3 DMF, 60 °C L-Proline 1440 84

4 Ionic liquid, 50 °C Ethylenediammonium 

diacetate

240 84

5 Ethanol, 70 °C Cesium carbonate 160 91

Figure 1. Recyclability of Cs2CO3 in the reaction of cyclohexa-
none, ethylcyanoacetate and elemental sulfur in refluxing ethanol.


