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ABSTRACT
An efficient and solvent-free conditions for the synthesis of 5-arylidine-
2,4-thiazolidinediones by the Knoevenagel condensation of aromatic alde-
hydes with 2,4-thiazolidinedione in the presence of cellulose sulphuric acid
(CSA) as a catalyst carried out under the influence of microwave irradiation.
The major advantages of this method are short reaction time, high yields
and green aspects by avoiding toxic catalyst and hazardous solvent. More-
over, the CSA was successfully reused for four cycles without significant
loss of activity.  2015 Trade Science Inc. - INDIA

INTRODUCTION

The Knoevenagel condensation is a basic reaction
for carbon-carbon bond formation, which is of para-
mount importance in organic synthesis[1]. The
Knoevenagel condensation reactions are classically
catalyzed by base in liquid-phase systems; various cata-
lysts are known to effect the reaction with different al-
dehydes and active methylene group.

Thiazolidinedione represents a class of chemical
products with interesting pharmacological and a bio-
logical activity includes antibacterial[2], antifungal[3] and
antidiabetic[4]. Moreover, 2,4-thiazolidinedione deriva-
tives has remarkable antiproliferative effect on vascular
smooth muscle[5]. In additionally, thiazolidinedione based
molecules have been popular as small molecule inhibi-
tors such as aldose reductase[6]. Thus, the synthesis of
thiazolidinedione derivatives is currently of much im-
portance. There are several methods reported in the
literature for the synthesis of 5-arylidine-2,4-

thiazolidinediones such as piperidine in EtOH[7a],
NaOAc in DMF-AcOH[7b], thylenediammonium
diacetate in MeOH[7c], morpholine in AcOH[7d], poly-
ethylene glycol (PEG)[7e]. However, in above some re-
ported methods suffer from one or more drawbacks
like prolonged reaction times, use of environmentally
unfavorable solvents and frequently low yields. There-
fore, the development of mild, efficient and versatile
method is still strongly desirable.

Organic synthesis in the absence of solvent is a
powerful tool for the generation of structurally diverse
molecules due to their special selectivity, the ease of
set-up and work-up[8]. Moreover, solvent-free reac-
tions sometimes are faster, taking just a contact with
each other. This aspect, coupled with the lower overall
costs of running a reaction without solvent and no spe-
cially needed equipment.

The science of green chemistry is developed to meet
the increasing demand of environmentally benign chemi-
cal processes. The application of microwaves, as an
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efficient heating source for organic reactions and it has
been reported in the literature[9a,9b]. The main advan-
tage of microwave assisted organic synthesis is the
shorter reaction time using only small amount of energy.
Many microwave-assisted transformations offer addi-
tional convenience in the field of organic synthesis be-
cause of simple experimental procedure and high
yields[9c,9d].

In recent years, the uses of solid acids as heteroge-
neous catalysts have received tremendous attention in
different areas of organic synthesis[10]. Heterogeneous
solid acids are advantageous over conventional homo-
geneous acid catalysts as they can be easily recovered
from the reaction mixture by simple filtration and can
be re-used after activation or without activation thereby
making the process economically more viable. Herein,
we report a bio-supported, biodegradable and recy-
clable cellulose sulphuric acid (CSA) catalyst for the
synthesis of 5-arylidine-2,4-thiazolidinediones. Cellu-
lose sulphuric acid has emerged as a promising acid
catalyst have been reported in the literature for the vari-
ous organic reaction[11].

Experimental procedure

The uncorrected melting points of compounds were
taken in an open capillary in a paraffin bath. IR spectra
were recorded on Perkin-Elmer FT spectrophotom-
eter in KBr disc. 1H NMR spectra were recorded on
an 400 MHz FT-NMR spectrometer in CDCl

3
 /

DMSO-d
6
 as a solvent and chemical shift values are

recorded in units ä (ppm) relative to tetramethylsilane
(Me

4
Si) as an internal standard.

The required starting material i.e. 2,4-
thiazolidinedione[12] was prepared in an eco-friendly
way, by the reaction of thiourea with chloro acetic acid
in water.

General procedure

A mixture of aromatic aldehyde (1 mmol), 2,4-

thiazolidinedione (1 mmol) and CSA (1 mol%) were
taken in a beaker (50 mL). The reaction mixture was
mixed properly with the help of glass rod and irradiated
for a period of 5 sec at a time. The total period of mi-
crowave irradiation (180W) was 2-4 min. The progress
of reaction was monitored by TLC. After completion
of reaction, the reaction content cooled to room tem-
perature and extracted with diethyl ether (2 × 20 mL)

and the insoluble CSA directly recycled in subsequent
runs. The organic layer washed by brine (2 × 10 mL)

and dried over NaSO
4
 and solvent removed on rotary

evaporator under reduced pressure. The crude prod-
uct was recrystallized from ethanol to get pure product.

Spectral data of representative compound

Compound 3a

IR (KBr) cm-1 : 3155 (NH), 3049, 879 (CH; aro-
matic), 2868 (CH; aliphatic), 1739, 1691 (C=O).
1H NMR (CDCl

3
/DMSO-d

6
): 8.27 (1H, s, NH), 7.86

(1H, s, CH), 7.26 (5H, m, aromatic protons). MS m/
z (%): 206 (M+1).

Compound 3b
1H NMR (CDCl

3
/DMSO-d

6
): 7.47 (m, 4H, aro-

matic protons). MS m/z (%): 251 (M+1).

Compound 3g
1H NMR (CDCl

3
/DMSO-d

6
): 3.73 (3H, s,

OCH
3
), 7.26 (4H, m, aromatic protons). MS m/z (%):

(236 (M+1).

Compound 3h
1H NMR (CDCl

3
/DMSO-d

6
): 7.77 (4H, m, aro-

matic protons). MS m/z (%): 274 (M+1).

Compound 3i
1H NMR (CDCl

3
/DMSO-d

6
): 3.73 (3H, s,

OCH
3
), 6.68 (3H, m, aromatic protons). MS m/z (%):

252 (M+1).
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TABLE 1 : Synthesis of 5-arylidene-2,4-thiazolidinediones catalyzed by CSA under microwave irradiation

Compounda Aldehyde Time(min) Yield (%)b Mp (°C) 

3a H 2 95 240 

3b 3-NO2 3 93 180 

3c 3-Cl 3 92 270 

3d 2,4-(Cl)2 4 90 215 

3e 4-OH 3 92 281 

3f 2-OH 4 88 276 

3g 4-MeO 4 88 235 

3h 4-CF3 3 87 234 

3i 3-MeO,4-OH 3 86 194 

3j 4-NMe2 4 87 281 

3k 3,4-(OH)2 4 85 267 

 aAll compounds are known compounds, which were characterized by IR, and 1H NMR spectral data and melting points compared
with literature procedure[7a]. bIsolated yields based upon starting aldehyde.

TABLE 2 : Comparisons of results of other reported procedures with the present methoda

Entry Reagent Reaction condition Time Yield (%) References 

1 Piperidine EtOH/reflux 4 h 51-90 [7a] 

2 PEG- 300 reflux 3 h 75-80 [7e] 

3 CSA MW 2-4 min 85-95 [Present] 

 aSynthesis of 5-arylidine-2,4-thiazolidinediones

TABLE 3 : Recycling of CSA for the synthesis of 5-benzylidene-2,4-thiazolidinedionea [TABLE 1, compound 3a]

Entry 1 2 3 4 5 

Cycleb Fresh First reuse Second reuse Third reuse Fourth reuse 

Yield (%)c 95 93 91 90 90 

 aReaction condition: 1a (1 mmol), 2 (1 mmol) and CSA (1 mol%) under microwave irradiation; bReaction time 2 min; cIsolated
yield.

1H NMR (CDCl
3
/DMSO-d

6
): 2.85 (6H, s, CH

3
),

7.26 (4H, m, aromatic protons). MS m/z (%): 249
(M+1).

RESULTS AND DISCUSSION

In continuation of our research work on
Knoevenagel condensation[13] and development of
novel synthetic methodologies[14], herein, we would
like to report a simple, efficient and rapid method
for the synthesis of 5-arylidine-2,4-
thiazolidinediones.

In order to find optimum reaction conditions, the
reaction of benzaldehyde 1a with 2,4-
thiazolidinedione 2 was selected as model to inves-
tigate the effect of different amount of catalyst on the
yield. The best results was obtained by carrying out
the reaction with 1:1 mole ratios of benzaldehyde:

2,4-thiazolidinediones and 1 mol% of CSA under
solvent-free conditions using microwave irradiation
and under this conditions 3a was obtained 95% yield
after 2 min (TABLE 1, compound 3a). We were en-
couraged by the results obtained with model reac-
tion. In a similar fashion, we have taken different
heteroaryl aldehydes containing electron-withdraw-
ing or electron-donating compounds with 2,4-
thiazolidinedione. They all gave the expected results
with high yields in short reaction times.

We have developed a newer route for the con-
densation of various aldehydes with 2,4-
thiazolidinedione in the presence of CSA under sol-
vent-free conditions using microwave irradiation.
In this methodology, condensation reactions were
completed in a shorter time (2- 4 min) and with ex-
cellent yields (85-95%). The reactions were com-
patible with various substituents such as, nitro, me-
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thyl, chloro, hydroxyl, methoxy etc. No any signifi-
cant substituents effect was observed in regarding
the reaction time and yield of product (TABLE 1).
Thus, this is an excellent method for the Knoevenagel
condensation reaction.

Further investigation of the ability to recycle the
catalyst is important for potential large-scale. There-
fore, the recovery and reusability of CSA was ex-
amined. The catalyst can be separated and reused
after extracting the desired product. The reusability
of the catalyst was investigated in the model reac-
tion. The results illustrated in (TABLE 3) showed
that the catalyst could be used at least four times
without significant loss of activity.

In order to show the merits of present method in
comparisons with other reported methods for the
similar reactions, we have tabulated some of the re-
sults in TABLE 2. As it is evidence from the results,
present method found to be effective for the synthe-
sis of 5-arylidine-2,4-thiazolidinediones.

CONCLUSIONS

In conclusion, we have reported a new and ef-
fective methodology for the synthesis of 5-arylidine-
2,4-thiazolidinedione derivatives via the condensa-
tion of substituted aldehydes with 2,4-
thiazolidinedione in presence of CSA under solvent-
free conditions using microwave irradiation. The
notable merits offered by this methodology are
cleaner reactions, short reaction times, simple work-
up procedure and high yield. Moreover, the CSA
was successfully reused for four cycles without sig-
nificant loss of activity which makes the reaction
convenient and environmentally benign.
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