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Hydroxyl ammonium ionic liquid-catalyzed simple and efficient synthesis of 5-arylidene-2,4-
thiazolidinediones under solvent-free conditions

Jun Zhang, Yuliang Zhang and Zhongqiang Zhou*

Key Laboratory of Catalysis and Materials Science of the State Ethnic Affairs Commission and Ministry of Education, College of
Chemistry and Materials Science, South-Central University for Nationalities, Wuhan, China

(Received 18 November 2013; final version received 13 February 2014)

A simple and efficient synthesis of 5-arylidene-2,4-thiazolidinediones by the Knoevenagel condensation of
aldehydes with 2,4-thiazolidinedione in the presence of 2-hydroxy ethylammonium propionate under solvent-free
conditions is described. The attractive features of this procedure are operational simplicity, high yields, short
reaction times, easy to prepare the catalyst, mild and environmentally benign reaction conditions, and recycle of
the catalyst.

Keywords: 5-arylidene-2,4-thiazolidinedione; Knoevenagel condensation; solvent-free conditions; 2-hydroxy
ethylammonium propionate

Introduction

2,4-Thiazolidinedione and its derivatives exhibit a
variety of pharmacological activities (1, 2). Thus, the
synthesis of 2,4-thiazolidinedione derivatives is cur-
rently of much importance. The most common method
for the synthesis of 5-arylidine-2,4-thiazolidinediones
is Knoevenagel condensation between aromatic alde-
hydes and 2,4-thiazolidinedione. It is reported that
such condensation can be accelerated by sodium
acetate in acetic acid (3–5). Catalysts like piperidine
(6–9), piperidinium acetate (10–13), glycine and
sodium carbonate (14), ammonium acetate (15), KAl
(SO4)2·12H2O (16), and baker’s yeast (17) have also
been reported for the synthesis of 5-arylidene-
2,4-thiazolidinediones. Various alternative methods
were also reported for the synthesis of 5-arylidene-
2,4-thiazolidinediones using solvent-free microwave
irradiation (18–19). Knoevenagel condensation of
various aromatic aldehydes with 2,4-thiazolidinedione
has been carried out in polyethylene glycol-300 (20).
Also, Kumar and co-workers (21) reported the syn-
thesis of 5-arylidene-2,4-thiazolidinedione derivatives
using aldonitrones in polyethylene glycol. However,
many of these methodologies are associated with
several shortcomings such as low to moderate yields,
long reaction times, tedious work-up procedures,
requirement of special apparatus, use of environmen-
tally unfavorable solvents, requirement of excess of
catalysts, and difficulty in recovery and reusability of
the catalysts. The use of ionic liquids as catalysts and
solvents for chemical reactions offers many advantages

from an environmental perspective (22–24). Recently,
synthesis of 5-arylidene-2,4-thiazolidinediones by
Knoevenagel condensation catalyzed by ionic liquids
[bnmim]Cl (25) and C3[min]2·2[Br-] (26) has been
reported. However, ionic liquids with imidazolium as
the cation are relatively expensive, which hinders their
industrial applications. Therefore, the discovery of a
new, easily available catalyst with high catalytic
activity for the preparation of 5-arylidene-2,4-thiazoli-
dinediones under mild and environmentally benign
conditions is still necessary. Elimination of volatile
organic solvents in organic synthesis is an important
goal in green chemistry. Solvent-free conditions for
organic synthesis have increased rapidly in recent years
(27). Herein, we report a simple and efficient synthesis of
5-arylidene-2,4-thiazolidinediones using easily available,
cheap ionic liquid 2-hydroxy ethylammoniumpropionate
as catalyst under solvent-free conditions (Scheme 1).

Results and discussion

In order to optimize the reaction conditions, the
reaction of benzaldehyde and 2,4-thiazolidinedione
has been considered as standard model reaction.
Reactions were carried out simply by mixing 2,4-
thiazolidinedione with benzaldehyde in the presence
of a catalytic amount of ionic liquid under solvent-
free conditions. During the reaction process, a solid
product spontaneously formed. After cooling, the
solid product was diluted with water. The separated
solid was suction filtered, washed with water, and
recrystallized from hot ethanol to obtain the pure
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product. The recovery of ionic liquid was made by
vacuum distillation of the filtrate.

We screened three different ionic liquids 2-hydroxy
ethylammonium formate (2-HEAF), 2-hydroxy ethy-
lammonium acetate (2-HEAA), and 2-hydroxy ethy-
lammonium propionate (2-HEAP) for the model
reaction. All the results are listed in Table 1. In an
initial study, the effect of reaction temperature on the
yield was examined using 20 mol% 2-hydroxy ethy-
lammonium propionate as catalyst under solvent-free
conditions. The results show that the higher reaction
temperature, the more efficiently the reaction could
proceed. The best result was obtained at 70°C for 3
minutes under solvent-free conditions. Raising the
reaction temperature from 70 to 80°C did not increase
the yield.

Furthermore, to determine the appropriate con-
centration of the catalyst, we investigated the model
reaction at different concentrations of catalyst like 10,
15, 20, and 25 mol% at 70°C, and the product formed
in 86, 93, 93, and 94% yield, respectively. This
indicates that 15 mol% of 2-hydroxy ethylammonium
propionate is sufficient for the best result.

Subsequently, other catalysts, 2-hydroxy ethylam-
monium formate and 2-hydroxy ethylammonium acet-
ate, were screened at 70°C (Table 1, entries 11 and 12),
and the results show that 2-hydroxy ethylammonium
propionate provided the highest yield (Table 1, entry 9).

The investigated ionic liquids had the same cation, the
results indicated that the anion of ionic liquids influ-
enced the reaction rate. It is noteworthy that in the
absence of a catalyst under the reaction conditions, no
product formation was observed after 60 min (Table 1,
entry 13). This result indicates that the catalyst exhibits a
high catalytic activity in this transformation.

Encouraged by these results, to show the generality
and scope of this new protocol, we have extended this
protocol to a variety of aldehydes. Considering the
reaction time and yield of product, 2-hydroxy ethy-
lammonium propionate was selected as the optimum
catalyst to promote the synthesis of 5-arylidene-2,4-
thiazolidinediones, and the results (Table 2) clearly
demonstrate that 2-hydroxy ethylammonium propion-
ate is an excellent catalyst. Several functionalities
present in the aryl aldehydes such as halogen, methoxy,
and nitro group were tolerated. In all the cases, the
corresponding 5-arylidene-2,4-thiazolidinediones were
obtained in good to excellent yield after 3–65 min. All
the products are known compounds and can be
confirmed by comparing their physical constants and
spectral data with reported results in literature.

Finally, the reusability of 2-hydroxy ethylammo-
nium propionate was investigated by stirring benzal-
dehyde (20 mmol), 2,4-thiazolidinedione (20 mmol),
and 2-hydroxy ethylammonium propionate (3 mmol)
under solvent-free conditions at 70°C (Table 3). The
recovered 2-hydroxy ethylammonium propionate can
be reused at least five additional times in subsequent
reactions with only negligible loss of catalytic activity.
Compared with the traditional catalysts, the easy
recycling performance is also an attractive property
of the ionic liquids for the environmental protection
and economic reasons.

Scheme 1. 2-Hydroxy ethylammonium propionate catalyzed
synthesis of 5-arylidene-2,4-thiazolidinediones.

Table 1. Effect of different reaction conditions on ionic liquids catalyzed synthesis of 5-benzylidene-2,4-thiazolidinedione.a

Entry Ionic liquids Amount of ionic liquid (mol%) Temperature (°C) Time (min) Yieldb (%)

1 2-HEAP 20 20 100 81
2 2-HEAP 20 30 60 83
3 2-HEAP 20 40 40 87
4 2-HEAP 20 50 10 91
5 2-HEAP 20 60 6 90
6 2-HEAP 20 70 3 93
7 2-HEAP 20 80 3 93
8 2-HEAP 10 70 3 86
9 2-HEAP 15 70 3 93
10 2-HEAP 25 70 3 94
11 2-HEAA 15 70 3 89
12 2-HEAF 15 70 3 72
13 No ionic liquid – 70 60 0

aReaction condition: benzaldehyde (10 mmol), 2,4-thiazolidinedione (10 mmol), solvent-free conditions.
bIsolated yield.
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In order to show the merits of present method, the
efficiency of 2-hydroxy ethylammonium propionate was
compared with that of other ionic liquids reported earlier
in the synthesis of 5-arylidene-2,4-thiazolidinediones by
Knoevenagel condensation of aldehydes with 2,4-thiazo-
lidinedione. The data summarized in Table 4 clearly
demonstrate that 2-hydroxy ethylammonium propionate
is effective catalyst for the synthesis of 5-arylidene-2,4-
thiazolidinediones. The present catalyst seems to be more
beneficial from the economical and accessibility view-
point (2-hydroxy ethylammonium propionate is easy to
prepare and very inexpensive compared with [bnmim]Cl
and C3[min]2·2[Br

−]).

Experimental

FT-IR spectra were obtained on a Nexus 470 spec-
trophotometer. Nuclear magnetic resonance (NMR)
spectra were recorded on a Bruker Avance III 400
with tetramethylsilane as internal standard. Melting
points were determined on a melting point apparatus.
2,4-Thiazolidinedione was prepared according to the
literature method (7). 2-Hydroxy ethylammonium
formate, 2-hydroxy ethylammonium acetate, and
2-hydroxy ethylammonium propionate were easily
prepared from cheaply available acid and ethanola-
mine by a simple acid–base neutralization reaction
(28, 29).

Table 2. 2-Hydroxy ethylammonium propionate-catalyzed synthesis of 5-arylidene-2,4-thiazolidinediones.a

M.p. (°C)

Entry R Time (min) Yieldb (%) Found Reported

1 C6H5 3 93 240–242 241–242 (26)
2 4-CH3C6H4 3 90 230–232 225–226 (26)
3 4-CH3OC6H4 3 81 218–220 218–219 (26)
4 4-FC6H4 8 90 223–224 220–221 (18)
5 3-CH3OC6H4 7 83 192–194 187–190 (9)
6 4-N(CH3)2C6H4 6 80 283–285 281 (16)
7 3-NO2C6H4 35 85 187–188 185–190 (18)
8 4-HO-3-CH3OC6H3 25 92 195–197 194 (16)
9 4-ClC6H4 7 84 226–228 223–224 (18)
10c 2,4-Cl2C6H3 15 94 213–215 215 (16)
11c 4-NO2C6H4 10 78 261–263 261–263 (5)
12 2-HOC6H4 65 87 228–230 225–226 (18)
13 4-HOC6H4 8 84 309–310 310–312 (26)
14 C6H5CH=CH 9 84 219–221 218–220 (18)
15 2-Furyl 2 91 231–233 230–233 (18)

aReaction condition: aldehyde (10 mmol), 2,4-thiazolidinedione (10 mmol), 2-hydroxy ethylammonium propionate (1.5 mmol) at 70°C under
solvent-free conditions.
bIsolated yield.
cReactions were carried out at 90°C.

Table 3. Recycling of the 2-hydroxy ethylammonium
propionate for the synthesis of 5-benzylidene-2,4-thiazoli-
dinedione.a

Run Time (min) Yieldb (%)

1 3 93
2 3 92
3 3 91
4 3 89
5 3 87
6 5 83

aReaction condition: benzaldehyde (20 mmol), 2,4-thiazolidine-
dione (20 mmol), 2-hydroxy ethylammonium propionate (3 mmol)
at 70°C under solvent-free conditions.
bIsolated yield.

Table 4. Comparison of ionic liquids used as catalysts for the
synthesis of 5-arylidene-2,4-thiazolidinediones in condensa-
tion of benzaldehyde with 2,4-thiazolidinedione.

Entry
Ionic
liquids Conditions

Time
(min)

Yield
(%) References

1 [bnmim]
Cl (50
mol%)

Solvent-
free, 80°C

50 95 (25)

2 C3[min]2·2
[Br−] (100
mol%)

Solvent-
free, 80°C

120 89 (26)

3 2-HEAP
(15 mol%)

Solvent-
free, 70°C

3 93 Present
work
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General procedure for the synthesis of 5-arylidene-2,4-
thiazolidinediones

A mixture of 2,4-thiazolidinedione (10 mmol), alde-
hyde (10 mmol), and 2-hydroxy ethylammonium
propionate (1.5 mmol) was stirred at 70°C for the
specified time. The progress of the reaction was
monitored by thin layer chromatography (ethyl acet-
ate/petroleum ether = 1/3 as eluent). After completion
of reaction, the reaction mixture was cooled to room
temperature and diluted with water. The separated
solid was suction-filtered and dried. It was further
purified by crystallization from ethanol. The filtrate
containing the ionic liquid was then evaporated to
dryness under reduced pressure, and the resulting
catalyst was reused directly for the next run.

Representative spectral data

(5Z)-5-Benzylidene-2,4-thiazolidinedione (Table 2,
entry 1)
IR (KBr) νmax/cm

−1: 3135,3029,1737,1690,1603. 1H
NMR (DMSO-d6, 400 MHz): δ = 7.49–7.62
(m, 5H, ArH), 7.80 (s, 1H, CH), 12.64 (s, 1H, NH).
(5Z)-5-(4-Methylbenzylidene)-2,4-thiazolidinedione
(Table 2,entry 2)
IR (KBr) νmax/cm

−1: 3163,3049,1736,1687,1599. 1H
NMR (DMSO-d6, 400 MHz): δ = 2.35 (s, 3H, CH3),
7.34 (d, J = 8.0 Hz, 2H, ArH), 7.49 (d, J = 8.0 Hz,
2H, ArH), 7.75 (s, 1H, CH), 12.58 (s, 1H, NH).
(5Z)-5-(4-Methoxybenzylidene)-2,4-thiazolidinedione
(Table 2,entry 3)
IR (KBr) νmax/cm

−1: 3229,3033,1732,1697,1589. 1H
NMR (DMSO-d6, 400 MHz): δ = 3.82 (s, 3H, OCH3),
7.09 (d, J = 8.8 Hz, 2H, ArH), 7.55 (d, J = 8.8 Hz, 2H,
ArH), 7.74 (s, 1H, CH), 12.52 (s, 1H, NH).
(5Z)-5-(4-Fluorobenzylidene)-2,4-thiazolidinedione
(Table 2,entry 4)
IR (KBr) νmax/cm

−1: 3131,3041,1729,1697,1589. 1H
NMR (DMSO-d6, 400 MHz): δ = 7.36–7.68 (m, 4H,
ArH), 7.81 (s, 1H, CH), 12.64 (s, 1H, NH).

Conclusion

In conclusion, we have described a simple, efficient, and
cleaner methodology for the synthesis of 5-arylidene-
2,4-thiazolidinedione derivatives by Knoevenagel
condensation of different aldehydes with 2,4-thiazoli-
dinedione using 2-hydroxy ethylammonium propion-
ate as catalyst under solvent-free conditions. The
attractive features of this procedure are the opera-
tional simplicity, the high yields, the short reaction
times, easy to prepare the catalyst, mild and envir-
onmentally benign reaction conditions, and recycle
of the catalyst, all of which make it a useful and

attractive strategy for the synthesis of 5-arylidene-2,4-
thiazolidinedione derivatives.
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