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ABSTRACT

Thiazolidinone, a saturated form of thiazole with carbonyl group on fourth carbon, has

been considered as a magic moiety (wonder nucleus) which posses almost all types of

biological activities. This diversity in the biological response profile has attracted the

attention of many researchers to explore this skeleton to its multiple potential against

several activities. Present article is sincere attempt to review chemistry, synthesis,

spectral studies and applications of 4-thiazolidinone.
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INTRODUCTION

Thiazolidinones are the derivatives of
thiazolidine which belong to an
important  group of  heterocyclic
compounds containing sulfur and
nitrogen in a five member ring. A lot of
research work on thiazolidinones has
been done in the past. The nucleus is
also known as wonder nucleus because
it gives out different derivatives with all
different types of biological activities.
Numbers of methods for synthesis by
using various agents are available in the
references.

Physical Properties

The 3-unsubstituted 4-thiazolidinones
are usually solids, often melting with

decomposition, but the attachment of an

alkyl group to the nitrogen lowers the
melting point. The 4-thiazolidinones that
do not contain aryl or higher alkyl
substituents are somewhat soluble in
water',

Chemistry

Considerable confusion concerning the
structure of 4-thiazolidinones exist in
the early literature and noncyclic
formulas were at first proposed for
pseudothiohydantoin and for rhodanine’.
4-thiazolidinones are derivatives of
thiazolidine with a carbonyl group at the
4 positionz. Substitution is possible at 2,
3 and 5 position. Various optical and
geometrical isomers are reported in the
references’. A series of regioselective

isomers has been reported in some
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works*”. The carbonyl group of 4-
thiazolidinone is highly unreactive. But
in few cases 4-thiazolidinone on
reaction with Lawesson’s reagent gives
corresponding 4-thione derivatives®. A
detail study of tautomerism in 2-
imnothiazolidine-4-one has been done
by Akerblom E.”.

Syntheses of 4-thiazolidinones

Several methods for syntheses are

available in literature which involve

conventional one pot, two pot
synthesis® and microwave as well as
combinatorial syntheses methods. The
dithiocarbamates formed by the reaction
of primary amine with carbon disulfide
in the presence of base react with
haloalkanoic acid in the presence of
NaHCOs; to give substituted 2-thiono-4-

9

thiazolidinones” as presented in the

scheme 1.

y 0
N s R,X
R \H/ oH T
S

SCHEME 1

R2
R
S O
The synthesis of 2-imino-4-

thiazolidinones-4-'*C has been reported
by using thiourea and sodium salt of
labeled  monochloroacetic  acid"?.
Another method of synthesis of 4-
thiazolidinones is by use of thiocyanate,
alkyl isothiocyanate with hydrazide/
acetamide followed by the treatment
with ethyl bromoacetate and sodium
acetate''. Schiff’s bases obtained by the
condensation of ketones and amines also

react with a-mercaptoacetic acid to give

2,2-disubstituted-4-thiazolidinones'*.

Desai KR et al'’ has carried out the
microwave  assisted  synthesis  of
thiazolidinone from the Schiff’s bases
(scheme 2) by using thiolactic acid. The
products were synthesized by
conventional and microwave synthesis
and the yield were compared with each
other. They concluded that the percent
yield with the microwave irradiated
synthesis ~ was  better than the

conventional.
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Conventional 15-16 hr
SHCH(CH3)COOH
Microwave 6-7 min

HaC

Cl

SCHEME 2
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CHO 1)DBU, CHCI, S
2)Thiourea

3)NaOH, H,0, DME
53%

SCHEME 3
Use of task specific ionic liquid as
synthetic equivalent of ionic liquid-
phase matrices for the synthesis of small
library of 4-thiazolidinone 1is also
possible. Ethylene glycol is
functionalized in good yields with 4-
(formylphenoxy) butyric acid by using
DCC/ DMAP catalyst. The synthesis
was performed by one pot three
component condensation under

microwave dielectric heating'®". Lot of

Attempt to synthesize combinatorial
libraries of 4-thiazolidinones are present
in the literature as reported by Look GC

et al'

. HPLC and Mass spectroscopic
analysis were done for checking the
purity and assure the quality
derivatives'>. Recently library of more
than 42,000 compounds were
synthesized by encoding 4-
thiazolidinone library on solid phase.
Three sets of 35 building blocks were
combined by encoded split-pool
synthesis to give a series of

compoundsw.

One pot three component synthesis
containing aldehyde, thiourea and
chloroform (scheme 3) to give 2-amino-
4-thiazolidinone derivatives was also
reported'’. Various imino thiazolidinones
were developed by using different
reaction

reagents  with  different

conditions.

work has been done on the microwave
dielectric heating based techniques
either one step three component or two

20-24 .
024 Microwave method

step processes
is easiest and rapid method of synthesis.
The yield of product obtained is better
than the conventional technique.
Generally  environmentally  benign
catalysts are used for the synthesis
which helps in the less pollution and

lower wastage of the reagents.
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Spectral study

Ultra violet spectra

The U.V. spectral study in tabular form
was present 1in earlier literature
reviews'’. The ultraviolet absorption
spectra of a series of 2-(arylimino)-4-
thiazolidinones  containing electron
donor and electron acceptor substituents
in the phenyl ring were studied”. When
substituents are present in the Para
position of the phenyl ring, the position
of characteristic thione absorption is
shifted. UV spectra of the 5-arylazo
derivatives of thiazolidin-4-one 5-
phenylazo-2-phenyliminothiazolidin-4-
One were synthesized in the literature™.
The displacement of the absorption
maximum of the N=N group to the long-
wave part of the spectrum by 42 nm in
the spectrum of 5-arylazo derivative of
substituted compound caused by the
presence of a nitro group in the chain of
conjugated double bonds with the azo
group is a confirmation of the existence
of the compound in the azo form.
Infrared Spectra

The infrared spectra of 4-thiazolidinones
are helpful in determining the structure
of the compounds. It is also useful in the
determination of configuration of cis
and frans isomers” .

The cis isomer is favored when H-

bonding is otherwise impossible. In

other circumstances the frans isomer is
the stable form™.

The carbonyl peak® in the 2-alkyl-4-
thiazolidinone was somewhere around
1680-1740 cm’', Characteristic N-H
stretching' was in the range of 3100-
3400 cm™.

NMR spectra

Both 'H and ">C NMR are important so
as to confirm the structure of the
derivatives and are also useful in
regioselective  synthesis of isomers.
Some articles describe 'H-NMR
spectroscopic study as a method to
distinguish between the intramolecular
and intermolecular hydrogen bonding in
(Z)-2-(5-ethoxycarbonylmethyl-4-
oxothiazolidin-2-ylidene)- 1-phenylethanone,
being an example of the thiazolidinone
series™.

Ferrocenyl-thiosemicarbazones and their
S-methylated derivatives can be used for
the synthesis of a variety of novel
ferrocenyl-substituted S,N- and N,N-
heterocycles The intramolecular S-O
and S-N close contact interactions seem
to be governing factors in the cyclization
reactions of thiosemicarbazone-reagents
which is described with the help of "*C
and 'H NMR™".

A series of substituted 4-thiazolidinones
in CDCls were synthesized the chemical

shift and C, H spin coupling constants

are given™ .
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Mass Spectra

The molecular ion peaks in the mass
spectra of 2-imno-4-oxothiazolidinyl-5-
acetatehave been assigned33. Various
spirothiazolidinones and fatty acid
chain-substituted thiazolidinones were
synthesized and characterized. In
contrast to spirothiazolidinones in which
the parent peaks usually are the base
peak, fatty acid chain-substituted
thiazolidinones showed very low
intensity M™ peaks two significant peaks
m/z 42 and 43, of comparatively
moderate intensity are also observed in
the spectra of all the three
thiazolidinones™.
N-tryptophyl-4-thiazolidinones and N-
tryptophyl-5-benzylidene-4-thiazolidinones
were  synthesized and  possible
fragmentation  patterns  of  these
compounds by electron impact mass
spectrometry ~ was reported3 Al
compounds have shown the same base
peak at m/z 143.

Pharmacological uses of 4-thiazolidinones
Anti-HIV activity

The anti-HIV activity of several series of
2,3-diaryl-1,3-thiazolidin-4-ones  (Fig.1)
has been studied. Which are reported as
a new family of antiviral agents acting

as NNRTIs with minimal cy‘tot())(icity36'3 .

Fig. 1: 2,3-diaryl-1,3-thiazolidin-4-ones
2-adamantyl-substituted  thiazolidin-4-
ones (Fig. 2) were synthesized and
evaluated for activity against HIV-1
(IIB) and HIV-2(ROD) in CEM cell
cultures, by taking Nevirapine as

3
reference compounds .

Fig. 2: 2-adamantyl-substituted thiazolidin-
4-ones as Anti-HIV agent

Some researchers reported 2-(2,6-
dibromophenyl)-3-heteroaryl-1,3-thiazolidin-
4-one derivatives as shown in the Fig 3.
A positive correlation between size of
the halogen substituent and HIV-RT
inhibitory activity was taken as logic for

the synthesis40.
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Br s

Fig. 3: 2-(2,6-dibromophenyl)-3-heteroaryl-
1,3-thiazolidin-4-one derivatives

Microwave-assisted synthesis of 2,3-
diaryl-1,3-thiazolidin-4-ones (Fig.4) was
performed in order to achieve striking
reductions in reaction times, better

yields, cleaner reactions*'.
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Fig. 4. Microwave-assisted synthesis
of 2,3-diaryl-1,3-thiazolidin-4-ones

Recently prediction of Anti-HIV activity
of 1,3,4-thiazolidinone dervatives were
made on the basis of QSAR. CoMFA
and CoMSIA were the two models used
for the analysis. Based on the structures
and biodata of previous thiazolidinone
analogs, 3D-QSAR studies have been
performed with a training set consisting

of 96 molecules™.

Anticonvulsant activity

Number of articles were found for the
anticonvulsant ~ potential of 4-
thiazolidinones where substitution on 2,
3,5 positions were done. Most of the
compounds were found to exhibit
protection against pentylenetetrazole

4348 Researchers

induced  seizures
reported the synthesis, characterization,
and anticonvulsant evaluation of new
N,N'-bis(arylidene)dihydrazide (Fig. 5)
and bis(4-thiazolidinone) (Fig.6)
derivatives. Upto 90% protection was

observed in the pentylenetetrazole

seizure®.
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Fig. 5: N,N'-bis(arylidene)dihydrazide
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Fig. 6: bis(4-thiazolidinone)
Synthesis of newer thiadiazolyl and
thiazolidinonyl quinazolin-4(3H)-ones
was done in 2002 by Archana, kumar

50
A”". The compounds were screened for
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their anticonvulsant activity and were
compared with the standard drugs,
phenytoin sodium, lamotrigine and
sodium valproate. Out of the 30
compounds the most active compound
was 3-({4-[2-(m-methoxy-hydroxyphenyl) -
4-ox0-1,3-thiazolidin-3-yl]-1,3,4-thiadiazol-

2-yl}methylamino)-2-methyl-6-bromo-

quinazolin-4(3H)-one.

Recently anticonvulsant activity of
clubbed Thiazolidinone-barbituric acid
and Thiazolidinone-triazole derivatives
have been reported”'. The compound in
(Fig 7), substituted with different
phenylthiazolidinonyl amino moieties at
the 5 position of barbituric acid, has
shown varying degrees of anticonvulsant
activity. While 3-(2-chloroacetyl)-2-
arylimino-5-[(Z)-arylmethylidene]-1,3-

thiazolan-4-ones on treatment with 5-(1-
phenoxyethyl)-4H-1,2,4-triazole-3-thiol
in identical conditions provided a set of
bulkier derivatives which have also

shown the anticonvulsant potential (Fig 8).

Fig. 7

g%*%k

Fig. 8
Antimicrobial activity
Bhoot et al have synthesized 2-(p-
tolylimino)-3-(4-tolyl)-5-[5'-(3,4-
dichlorophenyl)-2'-furylidene]-4-
thiazolidinone (Fig. 9) and derivatives as
an antimicrobial agents. compounds
were screened in vitro for their
antimicrobial activity towards variety of
bacterial strains such as B. mega, S.
aureus, E. coli, P. vulgaris and fungi
such as Aspergillus niger at a
concentration of 40 pg. And in

conclusion remarkable inhibition was

observed in compounds bearing
R=phenyl, 2-methoxyphenyl, 2-
methylphenyl, 3-methylphenyl  4-

nitrophenyl substituents.

Fig. 9: 2-(p-tolylimino)-3-(4-tolyl)-5-
[5'-(3,4-dichlorophenyl)-2'-furylidene]-
4-thiazolidinone

Various 5-substituted 5-(N,N-disubstituted
aminomethyl)-2-[(4-carbethoxymethylthiazol-
2-yl)imino]-4-thiazolidinones (Fig. 10)

were synthesized by Altintas et al.
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Derivatives were screened for their in
vitro antibacterial activity against
Staphylococcus aureus ATCC 6538,
Staphylococcus  epidermidis  ATCC
12228, Escherichia coli ATCC 8739,
Klebsiella pneumoniae ATCC 4352,
Pseudomonas aeruginosa ATCC 1539,
Salmonella typhi, Shigella flexneri and
Proteus mirabilis ATCC 14153 using
disk diffusion™.

CaHs

| 0

Fig. 10

Desai KG and Desai KR have
synthesized five membered sulfur-
containing heterocyclic derivatives 2-
(aryl)-3-[2-(benzothiazolylthio)-

acetamidyl]-4-oxo-thiazolidines (Fig. 11).
All the compounds have been screened
for their antibacterial activity against
Escherchia coli (Gram—ve), Staphylococcus
aureus and Bacillus substilis (Gram

+ve) *,

Fig. 11
Several derivatives of 2-aroylimino-3-

arylthiazolidin-4-ones were prepared

and were screened for antimicrobial
activity by Saeed A ®°. The compounds
were characterized by spectroscopic
techniques and molecular structure is

shown in the following figure (Fig. 12).

Fig. 12 : Molecular structure of 2-
aroylimino-3-arylthiazolidin-4-ones

A series of 2-(substituted phenyl)-3-[4-
(2,4-dichloro-5-fluorophenyl)-6-

(2-thienyl)pyrimidine-2-yl-ureido]-5SH/

methyl/carboxymethyl-4-thiazolidinones
(Fig. 13) were prepared. All the
derivatives were screened for
antibacterial activity56. Number of other
researchers  also  synthesized and

screened 4-thiazolidinone derivatives for

antimicrobial potential’”®.
F
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Fig. 13
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Follicle stimulating hormone (FSH)
receptor agonist activity

Follicle stimulating hormone (FSH) is a
38 kDa protein that triggers maturation
of ovarian follicles in women and
spermatogenesis in men. It is released
from the anterior pituitary gland,
following stimulation by gonadotropin-
releasing hormone (GnRH), and serves
as the naturally occurring agonist of the
FSH receptor.

Yanofsky SD et al. have shown the
allosteric activation of FSH receptor, by
screening  unbiased  combinatorial
chemistry libraries of thiazolidinone
derivatives (Fig. 14), using a cAMP-
responsive luciferase reporter assay®’.
They also have shown that discrete
modifications in the chemical structure
of the thiazolidinone agonists produced
compounds with different
pharmacological properties®. This was
done by preparing substituted 5—a1ky166,
Gama lactam substituted®’ 4-

thiazolidinone derivatives.

@)

@)
H,N HA

N_ S

(L

Fig. 14

Maclean et al. reported the FSH agonist
activity of an encoded 4-thiazolidinone
libraryég. Among the hits discovered in
these studies was compound 2-chloro-4-
[5-{[2-(3H-inden-1-yl)-ethylcarbamoyl]
-methyl }-2-(4-methixyphenyl)-4-oxo-
thiazolidin-3-yl]-benzamide, which possessed
moderate FSH  receptor  agonistic
activity®.

Anti cancer activity, antiproliferative
activity

Ten cytoselective compounds have been
identified from 372 thiazolidinone
analogues (Fig. 15) by applying iterative
library approaches. These compounds
selectively killed both non-small cell
lung cancer cell line H460 and its
paclitaxel-resistant variant H460taxR at
an IC50 between 0.21 and 2.93 uM
while showing much less toxicity to
normal human fibroblasts at
concentrations up to 195 uM. A
pharmacophore derived from active
molecules suggested that two hydrogen
bond acceptors and three hydrophobic

regions were common features’".

N— =
~ 0 N
F{1|_ HN 2
I - Y F
Fig. 15

Gududuru have synthesized a series of
2-aryl-4-oxothiazolidin-3-yl amides and

were evaluated for ability to inhibit
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prostate cancer cells. Few potent
compounds were detected, which were
effective in killing prostate cancer cells
with improved selectivity compared to
serine amide phosphates’".

Various 4-thiazolidinone derivatives
were  synthesized for in  vitro
antiproliferative activity on five cell
lines of human colon cancers, obtained
from the American type culture
collection*°.

Thiazolidinone  amides, carboxylic
acids, serine amides were synthesized
and tested for possible anticancer
activity’’.

Anti-inflammatory activity

Sparatore F has synthesized aromatic
Schiff bases and 2,3-disubstituted-1,3-
thiazolidin-4-one derivatives (Fig. 16) as
anti-inflammatory agents. Both types of
compounds displayed good level of
activity against carrageenan induced
edema in rat hind paw, while only
moderate activity was observed in the

writhing test in mice’®.

Kumar A have synthesized 3-[4’-(p-
chlorophenyl)-thiazol-20-yl]-2-[(substituted
azetidinone/thiazolidinone)-aminomethyl] -
6-bromoquinazolin-4-ones (Fig. 17).
Some of the compounds have shown

satisfactory anti-inflammatory activity””.

Fig. 17

A series of 4-thiazolidinone compounds,
represented by LY178002 (5-[3,5-bis
(1,1-dimethylethyl)- 4- hydroxyphenyl]
methylene-4- thiazolidinone), have been
described as potent inhibitors of
cyclooxygenase and S5-lipoxygenase,
also an inhibitor of phospholipase A 2
and cellular production of LTB4 by
human polymorphonuclear leukocytes
(PMNL). The results indicate that
LY178002 is more effective in
suppressing bone damage than the
edema®.

Ottana et al investigated 3,3’-(1,2-
ethanediyl)-bis[2-aryl-4-thiazolidinone]
derivatives, which showed interesting
stereo  selective  anti-inflammatory/
analgesic activities, suggesting that they
might preferentially interact with
inducible COX-2 isoform®'. Synthesized
2-imino-4-thiazolidinones and 5-arylidene-

2-imino-4-thiazolidinones were tested
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for in vivo anti-inflammatory activity in
models of acute inflammation such as
carrageenan-induced paw edema and
pleurisy assay in rats*>®. All derivatives
exhibited significant activity levels. In
addition, the ability of such a new class
of anti-inflammatory agents to inhibit
COX isoform was assessed in murine
monocyte/macrophage J774 cell line
assay.

Newbould studied the anti-inflammatory
activity of 2-[(butoxycarbonyl)
methylene]-4-thiazolidinone. The compound
was found to be devoid of activity
against most models of acute
inflammation. However it partially
inhibited Carageenan induced edema in
the rat and prevented completely the
development of secondary lesions in the
rats injected with adjuvant in the
footpad®. Geronikaki AA er al® has
performed computer aided discovery of
anti-inflammatory  potential of 4-
thiazolidinones by using  PASS
(Prediction of Activity Spectra for
Substances).

CFTR inhibitor

The cystic fibrosis transmembrane
conductance regulator (CFTR) is a
cAMP-regulated  chloride  channel,
which when mutated can produce the
hereditary disease cystic fibrosis. CFTR

inhibition is a potential strategy for

therapy of secretory diarrheas®.

Tonghui Ma®’ have shown that the 4-
thiazolidinones also have CFTR
inhibitory potential. The purpose of the
study was to identify high affinity CFTR
inhibitors for application to studies of
CF disease mechanisms and to the
treatment of secretory diarrheas. The
primary screening of 50,000 diverse
compounds identified a small set of
putative inhibitors of the 2-thioxo-4-
thiazolidinone compound class. These
compounds were unrelated structurally
to known CFTR activators and to the
CFTR  inhibitors  diphenylamine-2-
carboxylate (DPC), 5-nitro-2(3-
phenylpropyl-amino) benzoate (NPPB)
and glibenclamide. The most potent
CFTR inhibitor identified by screening
of library of structural analogs had a K;
of about 300nM for inhibition of CI
current in human airway cells. Inhibition
was rapid, reversible and voltage
dependant.

Sonawane ND88, have synthesized
thiazolidinone 3-[(3-trifluoromethyl)
phenyl]-5-[(4-carboxyphenyl) methylene]-
2-thioxo-4-thiazolidinone (CFTRinh-172)
which inhibits cystic fibrosis trans
membrane conductance regulator
(CFTR) chloride channel conductance
with sub-micromolar affinity and blocks
cholera toxin-induced intestinal fluid
secretion. Greatest CFTR inhibition

potency was found for 3-CF3 and polar
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group-substituted-phenyl rings, and a
thiazolidinone core. Two compounds
with CFTR inhibition potency and
solubility >180 IM(>10-fold more than
CFTRinh-172) were identified: Tetrazolo-
172, containing 4-tetrazolophenyl in
place of 4-carboxyphenyl, and Oxo0-172,
containing thiazolidinedione in place of
the thiazolidinone core. The same
researchers and their co workers have
shown the CFTR inhibitory activity of
thiazolidinone derivatives using
computational as well as conventional
methods™*.

Miscellaneous uses

Apart from pharmacological applications
the 4-thiazolidinones have also been
used in synthesis. One of the most older
use was in the synthesis of merocyanine
dyes which extend the sensitivity of
silver halide emulsions to wavelengths
within the visible region of the
spectrum. Pawelczyk A and Zaprutko L
have synthesized the 4-thiazolidinone
derivatives by microwave method as a
new fragrant substances and unsaturated
analogs  of jasmines91. The n-
pentylamine was mixed with
acetaldehyde. The mixture was stirred at
room temperature under condenser.
After 1 h ethyl thioglycolate (or
thioglycolic acid) was added. Reagents

were irradiated for 5 min with 160 W by

microwaves in a flask with condenser

and further treated with ethyl acetate.
(o]

OCH,CHz /\/\/CH3 + CH3CHO
+ HN

SH

160W MWI

(o)

S
e

SCHEME 4: Microwave assisted
jasmine analogues.
CONCLUSION
The literature  reveals that 4-
thiazolidinone has diverse biological
potential, and the easy synthetic routes
for synthesis have taken attention of the
chemists, pharmacologists and
researchers. The anticancer and anti HIV
activities are the most encouraging
activities for the pharmacists. Also the
research in  anticonvulsant, FSH
agonistic and CFTR inhibitory activity
has given positive results. By the present
scenario it can be concluded that 4-
thiazolidinones have a great potential
which remain to be disclosed till date.
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