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Thiazolidinone is considered as a biologically important active scaffold that possesses almost all types of
biological activities. Successful introduction of ralitoline as a potent anti-convulsant, etozoline as a anti-
hypertensive, pioglitazone as a hypoglycemic agent and thiazolidomycin activity against streptomyces
species proved potential of thiazolidinone moiety. This diversity in the biological response profile has
attracted the attention of many researchers to explore this skeleton to its multiple potential against sev-
eral activities. This review is complementary to earlier reviews and aims to review the work reported on
various biological activities of thiazolidinone derivatives from year 2000 to the beginning of 2011. Data
are presented for active compounds, some of which have passed the preclinical testing stage.

� 2012 Elsevier Ltd. All rights reserved.
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1. Introduction

There are numerous biologically active molecules which con-
tain various heteroatoms such as nitrogen, sulphur and oxygen, al-
ways drawn the attention of chemist over the years mainly
ll rights reserved.
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because of their biological importance. Thiazolidinones are thiazol-
idine derivatives and have an atom of sulfur at position 1, an atom
of nitrogen at position 3 and a carbonyl group at position 2, 4, or 5.
However, its derivatives belong to the most frequently studied
moieties and its presence in penicillin was the first recognition of
its occurrence in nature.1,2 Similarly 1,3-thiazolidin-4-ones are
heterocyclic nucleus that have an atom of sulfur and nitrogen at
position 1 and 3, respectively and a carbonyl group at position 4
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have been subjected to extensive study in the recent years. The 4-
thiazolidinone scaffold is very versatile and has featured in a num-
ber of clinically used drugs. They have found uses as antitubercu-
lar, antimicrobial, anti-inflammatory and as antiviral agents,
especially as anti-HIV agents. It has been extensively reported that
presence of arylazo,3 sulfamoylphenylazo4 or phenylhydrazono5

moieties at different positions of the thiazolidone ring enhanced
anti-microbial activity and its antibacterial activity may be due
to its inhibitory activity of enzyme Mur B which is a precursor act-
ing during the biosynthesis of peptidoglycan.6 Numerous reports
have appeared in the literature which highlight their chemistry
and pharmacological uses.7–9

In the present review, emphasis is given on diverse pharmaco-
logical properties associated with substituted thiazolidinones and
structurally related thiazolidines. The review covers advances
made in the last twelve years and provides a detailed discussion
on SAR.

2. Preparation of thiazolidinones derivatives

Several methods for the synthesis of 4-thiazolidinones are
widely reported in the literature. The main synthetic routes to
1,3-thiazolidin-4-ones involve three components that is an amine,
a carbonyl compound, and a mercapto-acid. The classical synthesis
reported can be either a one-pot three-component condensation or
a two-step process (Scheme 1). The reactions begin by formation of
an imine (the nitrogen of amine attacks the carbonyl of aldehyde
or ketone), which undergoes attack by generated sulfur nucleo-
phile, followed by intramolecular cyclization on elimination of
water.10–12

Eltsov et al. reported an convenient one-step cyclization reac-
tion protocol (Scheme 2) wherein the reaction of ethyl 5-phenyl-
thioureido-3H-imidazole-4-carboxylate with bromoacetic acid to
afforded (imidazolylimino)thiazolidinones. The cyclization reac-
tion proceeds by one of the nitrogen atoms of the nucleophilic cen-
ters in derivatives of 5-thioureido-3H-imidazole-4-carboxylic acid
give the desired thiazolidinone.13

Furthermore, novel route to the synthesis of 2-isopropyl-3-ben-
zyl-1,3-thiazolidin-4-ones and 2-phenyl-3-isobutyl-1,3-thiazoli-
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Scheme 1. Common synthetic route for the synthesis of 4-thiazolidinone
derivatives.
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din-4-ones by using 1:1:3 mole ratio of valine, arenealdehyde
and mercaptoacetic acid was reported by Cunico et al.14 and sug-
gested that the insertion of strong withdrawing group, NO2, pres-
ent on benzaldehydes favored the synthesis of hetero-cycle 1 in
good yields, whereas the methoxy and fluoro groups produces
the type 2 thiazolidinones. In continuation of research, authors
reported solvent-free synthesis of five-membered heterocyclic
thiazolidinones from phenylhydrazine and 2,4-dinitrophenylhy-
drazine as the amino cores.15 Pratap et al.16 have reported another
method of synthesis of 2,3-diaryl-4-thiazolidinones (3) wherein
Saccharomyces cerevisiae (baker’s yeast) that contained enzyme li-
pase was used as a catalyst which accelerated the formation of imi-
nes as well as cyclo-condensation of the aryl aldehydes, amines,
and thioglycolic acid.
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(3)
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Various quinazolinyl azomethines (4) on treatment with mer-
captoacetic acid in the presence of silica chloride that was used
as a heterogeneous catalyst to accelerate the intra-molecular
cyclocondensation under solvent-free condition, yield 4-thiazolid-
inones (5).17
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Furthermore, the reaction of aryl or alkyl isothiocyanate (6)
with a primary amine furnished the corresponding thiourea deriv-
ative (7), which was directly cyclized by treating with halo acetic
acid to the corresponding two isomeric 2-imino-thiazolidin-4-ones
of the general structures 8 and 9.18

Also, coupling reaction between a-chloro amide derivatives
(11) with isothiocyanate in the presence of a mild base afforded
the iminothiazolidinone derivatives (12).19
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hesis of 4-(imidazolylimino)thiazolidinones.
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Bolognese et al.20 prepared a range of 1,3-thiazolidin-4-one
derivatives (14) by the microwave-assisted reaction between ben-
zylidene-anilines (13) and mercaptoacetic acid in benzene at 30 �C
for 10 min. After purification by chromatography, the 1,3-thiazoli-
din-4-ones are isolated in 65–90% yield.
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R1 = H, -CH3, Cl, NO2; R2 = H, -CH3, Cl, NO2 
3. Biological activity of 4-thiazolidinones

The thiazolidinones ring has been incorporated into a broad
range of known biologically active compounds, either as a substi-
tutuent group or as a replacement of another ring inspired
researchers to synthesize several compounds containing this moi-
ety. There are several reports in the literature describing the thia-
zolidinone derivatives for their various biological activities and
some of them are covered in this review.

3.1. Antibacterial and antifungal activity

Thiazolidinones with C-2 and N-3 substituted positions, possess
diverse degrees of inhibition against bacteria and fungi. The dra-
matically rising prevalence of multi-drug resistant microbial infec-
tions in the past few decades has become a serious health problem.
Approximately all the positions of 4-thiazolidinone have been ex-
plored to improve the antibacterial and antifungal activity. The
SAR studies of thiazolidinone derivatives showed that they are
more effective on gram-negative bacteria as compared to gram-po-
sitive bacteria. The search for new antimicrobial agents will conse-
quently remain as an important and challenging task for medicinal
chemists. Liesen et al. reported 4-thiazolidinone derivatives ob-
tained from ethyl(5-methyl-1-H-imidazole-4-carboxylate). The
whole synthesized compounds were evaluated against variety of
pathogens for their antibacterial and antifungal activity. The re-
sults showed that the tested compounds possessed weak antibac-
terial and antifungal activities compared to standard drugs
chloramphenicol and rifampicin for antibacterial activity and keto-
conazole for antifungal activity. Compound (15) showed MIC of
270 lg mL�1 against B. subtilis.21
Please cite this article in press as: Jain, A. K.; et al. Bioorg. Med. Chem. (
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4-Adamantyl-2-thiazolylimino-5-arylidene-4-thiazolidinones (16)
was found to exhibit a remarkable inhibition of a wide spectrum
of gram positive and gram negative bacteria. The most significant
activity was observed for compounds having p-OH and 3,5-OCH3

group on arylidene moiety against tested strains with an MIC be-
tween 1.05 and 4.18 � 10�2 lmol/ml. It has been shown that the
introduction of arylidene moieties at different positions of the
thiazolidinone ring enhanced the antimicrobial activity. It is inter-
esting to point out that the isomeric m-Cl substituted compound
showed higher activity with respect to o/p chloro substitution.
Furthermore, studies have revealed that the presence of elec-
tron-withdrawing nitro group at para and meta position of arylid-
ene moiety encourages the activity profile. The introduction of
methoxy group at position 3 and 3, 5 in the 4-hydroxy derivative
in general lead to compounds with higher activity, whereas
replacement of hydroxyl group with methoxy in 4th position usu-
ally decreased activity.22
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R = p-Cl, m-Cl, o-Cl, p-NO2, m-NO2, o-NO2, p-OH, 

p-OH m-OCH3, p-OH and 3,5-OCH3, p-OCH3

Kocabalkanli et al.23 synthesized Mannich bases of some 2,5-
disubstituted 4-thiazolidinones and evaluated their antimicrobial
activity. They reported that the most active compound had a p-
chlorophenyl group on the oxadiazole, a methyl and a pyrrolidi-
nomethyl at the 5-position of the thiazolidinone (17), while the
least active one has a hydrogen atom in place of a chlorine and
a morpholine in place of a pyrrolidine. Further analogous of 2-
phenyl-3-(4,6-diarylpyrimidin-2-yl)thiazolidin-4-ones (18, 19)
have been synthesized by Gopalakrishnan et al.24 and tested for
their antibacterial activity against Staphylococcus aureus, b-hemo-
lytic Streptococcus, Vibrio cholera, Salmonella typhi, Shigella felxneri,
Escherichia coli, Klebsiella pneumonia, and Pseudomonas aeruginosa.
Ciprofloxacin was used as standard drug. Results revealed that p-
(OCH3) and p-(CH3) groups at phenyl ring attached to the pyrim-
idine ring exerted strong antibacterial activity against all the
tested bacterial strains on the other hand compounds with elec-
tron withdrawing p-Cl and p-F functional group at phenyl ring at-
tached to pyrimidine ring did not improved antibacterial activity.
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Singh et al. studied substituted thiazolyl-thiazolidinylbenzo-
thiazoles and showed that none of the compounds having 2-
substituted 4-thiazolidinone ring showed any antibacterial
activity but compounds were potent for insecticidal activity.
Electron withdrawing group at phenyl ring such as p-OCH3

(20) enhanced its insecticidal activity. Compound containing
the azetidinone moiety instead of thiazolidinone displayed anti-
bacterial activity against Gram-positive bacteria S. aureus and
E. coli.25 Thiazolidinone derivatives synthesized from chalcones
of 4-hydroxycoumarin (21) showed that compounds having
the methoxy group have increased antibacterial activity
while azetidinones were found to be more active than
thiazolidinones.26
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Antibacterial activity is strongly dependent on the nature of the
substituents at C-2 and N-3 of the thiazolidinone ring. Compound
3-(1,5-dimethyl-3-oxo-2-phenyl-2,3-dihydro-1H-pyrazol-4-yl)-2-
(2-hydroxy-3,5-diiodophenyl)-thiazolidin-4-one (22) having anti-
pyrine at N-3 and 3-iodo substituted phenyl ring at C-2 exhibited
zone of inhibition of 27, 24, 25 mm against E. coli, B. subtillis and
S. typhi, respectively.27
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(22)

Substituted 5-arylidene moiety plays an important role in
enhancing the antimicrobial properties of 2-(thiazol-2-ylimino)
thiazolidin-4-one (23). Substitution with chloro group at sec-
ond, third or forth position on benzene ring improved antibac-
terial activity (p-Cl substitution is most active) compared to
arylidene derivatives substituted with hydrophilic hydroxyl or
methoxy group or nitro group.28 Recently, a series of 5-arylid-
ene-4-thioxo-thiazolidine-2-one derivatives have been evaluated
for their antimicrobial and cytotoxic activities. Majority of the
tested compounds were active against Gram positive bacteria
B. subtillis. Thiazolidine-2,4-dione was inactive for all microor-
ganisms tested, however replacing the carbonyl group by thio-
carbonyl increased the antimicrobial activity. This study
demonstrated that the bioisosteric replacement of thiocarbonyl
instead of carbonyl in thiazolidine ring, resulted in an enhance-
ment of antimicrobial activity. Due to its antibacterial proper-
ties, especially against multidrug-resistant strains of clinical
isolates, the 5-arylidene-4-thioxo-thiazolidine-2-ones identified
may represent useful starting points for further lead optimiza-
tion. In this series, derivative 5-(2,3,5 trichloro benzylidene)-4-
thioxo-thiazolidine-2-one (24) showed a greater inhibitory
capacity.29
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Antibacterial activity of N-[coumarin-6-yl] spiro-indoloazeti-
din-2-ones/thiazolidin-4-ones derivatives was reported by Mul-
wad and Mir.30 Thiazolidinone ring instead of azetidinone did
not show significant activity, coumarin ring substituted with
methyl group at 4th and 7th position attached with 2-isatin-4-
thiazolidinone ring (25) showed moderate antibacterial activity
against S. aureus and B. subtilis. Aquino et al. synthesized a series
of 2-[(phenylmethylene)hydrazono]-4-oxo-3-phenyl-5-thiazoli-
dineacetic acids for their anti-T. gondii and antimicrobial activi-
ties. 4-Thiazolidinone derivatives were initially tested for
antimicrobial activity by the disc diffusion method and it was
found that compound (26) revealed the best activities against S.
aureus, S. faecalis, B. subtilis reduced and the percentage of in-
fected cells and mean number of tachyzoites per cell in 2 lM
concentration.31
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The antimicrobial activity of derivatives involving a series of

novel spiro[indole-thiazolidine]spiro[indole-pyran] derivatives

was studied in experiments in vitro with respect to three
Gram-positive bacteria (S. aureus, B. subtilis, and Staphylococcus
epidermis), four Gram-negative bacteria (E. coli, P. aeruginosa, S.
typhi, and K. pneumoniae). Most of the synthesized compounds
showed moderate to comparable activity, only 27 had more pro-
nounced activity and almost equipotent to Ciprofloxacin with re-
spect to Gram-positive and Gram-negative bacteria.32 Desai and
Desai have synthesized derivatives of 2-(aryl)-3-[2-(benzothiazol-
ylthio)-acetamidyl]-4-oxo-thiazolidines 28. All the compounds
have been screened for their antibacterial activity against Escher-
chia coli, Staphylococcus aureus and Bacillus substilis and some of
the compounds showed promising activity.33
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Bonde et al. prepared eight different derivatives of N0-[(2Z)-3-

(4-bromophenyl)-4-oxo-1,3-thiazolidin-2-ylidene]-2-(pyrazine-2-

yloxy) acetohydrazide and investigated for antimicrobial activity.
They reported that thiazolidine ring was not essential for impart-
ing the anti-bacterial activity to the compounds containing
pyrazine ring. Replacement of thiazolidinone ring by disubsti-
tuted-1,3-thiazol (29) increased its antibacterial activity
2012), http://dx.doi.org/10.1016/j.bmc.2012.03.069
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(MIC = 3–45 lg/ml).34 Analysis of 2-heteroarylimino-5-benzyli-
dene-4-thiazolidinones displayed good inhibition of the growth
of gram positive bacilli and staphylococci. In this series activity de-
pended on the substituents at the 5-benzylidene moiety, on the
other hand, both the bicyclic ring system benzo thiazoles and
benzisothiazoles revealed decrease in antibacterial properties
when compared to the corresponding thiazoles attached with
substituted 4-thiazolidinone, suggesting that these bicyclic sys-
tems played a negative role on the antimicrobial effectiveness of
this class. Compound 2-thiazolylimino-5-benzylidene-4-thiazolid-
inone (30) showed comparatively remarkable activity against all
the tested microorganisms than other compounds.35
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El-Gaby et al. recently synthesized a series of 2-thioxo-4-thia-
zolidinones and 4,40-bis(2-thioxo-4-thiazolidinone-3-yl)diphenyl-
sulfone derivatives. Most of the compounds were found moderate
in activity against tested strain of bacteria. Thiazolidinones (31)
with sulfamoyl and thioxo moieties were found to possess highest
antibacterial activity towards Bacillus cereus whereas thiazolidi-
none derivative (32) bearing pyrimidine nucleus, sulfamoylphenyl
and thioxo moieties revealed high activity against S. aureus.36
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Various isoniazidothiazolidinones and their imidoxy derivatives
showed moderate to significant activity against bacteria at concen-
tration of 100 lg/ml. Compounds (33 and 34) in which a nitro group
is present at the meta and para position of the aryl ring were shown to
increase antibacterial activity and electron donating group seemed
to be a non-profitable structural feature. The chlorine atom in place
of nitro group being a less electron withdrawing moiety, showed less
activity.37 Dave et al. synthesized substituted thiazolidinone deriva-
tives of 4-amino-3-mercapto-5-pyridin-30-yl-(1,2,4)-triazole deriv-
atives (35) and checked for their biological activity. They reported
that most of the synthesized compounds possessed significant
inhibitory activity against microbes whereas none of the compounds
showed antitubercular activity at 6.25 lg/ml.38
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N
S

N

S
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O

O

NO2

N

S

N

NNN
SH

O
R

33 = R = p-NO2, 34 = m-NO2         (35)
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Novel 7-(2-substituted phenylthiazolidinyl)-benzopyran-2-one
derivatives have been reported by Ronad et al. and were found to

inhibited the growth of various bacterial and fungal strains. The re-
sults showed that most of the compounds exhibited good antibac-
terial and antifungal activity as that of standard antibiotics
Ciprofloxacin and Griseofulvin at a concentration of 100 lg/ml.
Compound 36 found to be the most active derivative with varying
degree of inhibition against tested bacteria B. subtillis and S. sureus
and antifungal potency against Aspergillus niger.39 Sattigeri et al.
observed that replacement of –O– with –S– lead to completely lost
the antimicrobial activity in a series of thiazolidine-2-thione and
thiazolidin-2-one derivatives (37).40 4-Thiazolidinones have been
reported as novel inhibitors of the bacterial enzyme Mur B which
was a precursor acting during the biosynthesis of peptidoglycan.
Molecular modeling study on 4-thiazolidinones revealed that
insertion of phenyl group at C1 position of thiazolidinone ring
showed lack of bacterial enzyme Mur B inhibition while activity in-
creased when t-butyl-m-phenoxy group (38) was employed at that
position.41
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O
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Me
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(36) (37)

N S

O

HOOC

O

Me
Me
Me

O

N
H

NNH2

(38)

Similarly thiazolidinone derivatives of diflunisal do not show
any antibacterial activity against any strain. Subtitution at position
2nd and 3rd of thiazolidinone (39, 40) further did not improve its
antimicrobial activity.42
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S

F

F

OH

N
H

O N

R
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(39) (40)

R = 5-Nitro-2-furyl, C6H5,  p-Cl-C6H4,  

o-FC6H4, m-F-C6H4, p-F-C6H4, p-CH3-C6H4

Hassaneen et al. synthesized oxadiazole, thiazolidinone, N-

phthalimidoamino carbonyl and arylidene derivatives and checked
their antimicrobial activity. Incorporation of substituted 4-thiazo-
lidinone ring attached with benzofuranol (41) showed loss of activ-
ity while attachment of pthalamide group surprisingly increased
antimicrobial activity against tested strain.43 Several benzofurans
bearing various substituents at the C-2 position were widely tested
for different biological activities. Compound 5-(benzofuran-2-yl)-
N9-(4-oxo-3-phenylthiazolidin-2-ylidene)-1-phenyl-1H-pyrazole-
2012), http://dx.doi.org/10.1016/j.bmc.2012.03.069
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3-carbohydrazide (42), that contained thiazolidinone ring showed
zone of inhibition of 40 mm against Bacillus subitilis which was
superior in activity than standard drug amoxicillin.44

SN

O

O

N
H

OH

O
Me O

R

N

S

N NO
N
H

O
N

O

(41) (42)

R = Ph, p- OCH3- C6H4 , C6H2 (OCH3)3-3,4,5,

 C6H2-F (p) Cl (2,6)
Synthesis and antimicrobial evaluation of novel derivatives of
hydrazide-hydrazones, thiosemicarbazides and thiazolidinones
had been performed by Gihsoyl et al. All the synthesized com-
pounds were tested for antibacterial, antifungal and antimyco-
bacterial activity against different bacteria (S. aureus ATCC
6538, S. epidermidis ATCC 12228, K. pneumoniae ATCC 4352, P.
aeruginosa ATCC 1539, E. coli ATCC 8739, Shigella jlexneri, S. typhi,
Proteus mirabilis, Mycobacterium tuberculosis H37Rv) and C.
albicans ATCC 10231. They noted that none of the compounds
(43, 44) showed significant activity against the selected
microorganisms.45
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O
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MeO

MeO

43 = R = -C3H5 ,44 = R=  -C6H5

Novel 5-(R1-benzyl)-2-(R2-benzylidenehydrazono)-3-(2-furyl-

methyl) thiazolidin-4-one derivatives were synthesized and evalu-
ated for their antimicrobial activity by Tsyalkovsky et al.

Their findings revealed that methyl group at 4th position of
benzyl group was essential for activity while replacement of
methyl group by halogen (45, 46) resulted in the loss of antimicro-
bial activity.33
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(45) (46)

Bondock et al. synthesized thirteen compounds and screened
for antimicrobial activities against B. subtilis, B. megaterium,
E. coli. Most of the prepared thiazolidinone derivatives (47, 48) re-
vealed comparable activity against tested strains by taking ampi-
cillin and chloramphenicol in a concentration of 25 mg/mL as a
reference drug.46
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N

Cl

N
N

O S

N
Cl

N
N
H

Cl

O

(47) (48)
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A variety of new indolylthiadiazino-azetidinones and indolyl-
thiadiazino-thiazolidinone derivatives were synthesized by Kumar
et al. Out of eight indolylthiadiazino-thiazolidinone derivatives
only 5-methoxy-2,3-[20-(200-methoxy-phenyl-400-oxo-100,300-thiaz-
olidin-300-yl)-10,30,40-thiadiazino]indoles (49) showed moderate
antibacterial activity, but none of the compounds was found to
be more active than 5-methoxy-2,3-[20-(300-chloro-200-oxo-400-
methoxy-phenyl-100-azetidinyl)-10,30,40-thiadiazino]indoles.47 A
number of chalcone derivatives bearing the 2,4-thiazolidinedione
and benzoic acid moieties has been evaluated for antimicrobial
activity against six Gram-positive bacteria and tested compounds
did not exhibited any activity against Gram-negative strains. From
this series compound 50 was the best against multidrugresistant
Gram-positive bacterial strains (MRSA CCARM 3167, 3506; QRSA
CCARM 3505, 3519) with MIC values in the range of 0.5–2 lg/
mL, that showed eight-fold more potency than norfloxacin and
64-fold more activity than oxacillin. SAR study explained that free
carboxyl group at para position and Cl, Br and –OCH3 groups at
ortho position seem to be enhanced antibacterial activity.48

S
NN S

NNMeO

O

OMe
S N

COOHO

OO

(49) (50)

Biological screening of methylene-bis-pyrimidinyl-spiro-4-thia-
zolidinones showed that these compounds demonstrated relatively
good activity against the human pathogenic bacteria E. coli, K. pneu-
moniae, S. dysentriae and S. flexnei and antifungal activity against A.
niger, C. albicans, Aspergillus flavus and Rhizopus oryzae. 4-[4-
(4-chlorophenyl)-6-(5-{3-[6-(4-chlorophenyl)-2-(3-oxo-1-thia-4
-azaspiro[4.5]dec-4-yl)-4-pyrimidinyl]-4-hydroxybenzyl}-2-hyd-
roxyphenyl)-2-pyrimidinyl]-1-thia-4-azaspiro[4.5]decan-3-one (51)
showed high activity against all tested bacterial organisms and
compound 4-[4-(2-hydroxy-5-{4-hydroxy-3-[2-(3-oxo-1-thia-4-
azaspiro-[4.5]dec-4-yl)-6-(2-thienyl)-4-pyrimidinyl]benzyl}phe-
nyl)-6-(2-thienyl)-2-pyrimidinyl]-1-thia-4 azaspiro[4.5]decan-3-
one (52) was highly active against all the tested fungal
strains.49
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(51) (52)

Compound N-(2,3,4,6-tetra-O-acetyl-b-D-glucopyranosyl)-
5-[(3-(4-bromophenyl)-1-phenyl-1H-pyrazol-4-yl)methylene]-2-
thioxo-4-thiazolidinone (53) exhibited MIC of 143 lg/mL against
E. coli.50 Khan and Yusuf synthesized steroidal (cholesterol) deriv-
atives of thiazolidinone and evaluated against bacteria such as S.
aureus, S. pyogenes, S. typhimurium and E. coli. Compounds having
acetoxy (54) and chloro (55) substituents on the 3b-position of
the steroidal thiazolidinone ring showed maximum potency.51
2012), http://dx.doi.org/10.1016/j.bmc.2012.03.069
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(53) (54) (55) 

Fungicidal activity of 4,40-bis(200-aryl-500-methyl/unsubstituted-
400-oxo-thiazolidin-300-yl) bibenzyl had been studied by Siddiqui
et al. against Fusarium oxysporium and Penicillium citrinum. The re-
sults demonstrated that the presence of 5-methyl oxothiazolidine
nucleus with the bibenzyl nucleus (56) caused complete inhibition
of mycelial growth of the test fungi and enhanced the fungicidal
activity of these compounds. Further substitution on phenyl ring
on thiazolidinone did not improve its fungicidal activity.52 Pres-
ence of two fluorine atoms at 2nd and 6th positions of 2-phenyl-
thiazolidin-4-one (57) bearing a venlafaxine moiety represented
more potent antibacterial and antifungal agents.53
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(56) (57)

Some Gram-negative bacteria secrete proteinous toxins and vir-
ulence factor that are responsible for creating and maintain infec-
tion. Kline et al. have carried out the synthesis of some novel tris-
aryl substituted 2-imino-5-arylidenethiazolidin-4-one derivatives
and evaluated for their inhibitory activity of bacterial type III secre-
tion in Salmonella enterica. The results indicated that compound 58
and 59 acted directly to disrupt a protein-protein interaction. Anal-
ogous having N-3 carbalkoxy substituent (58) was shown to have
significant degree of SipA inhibition at concentrations of 1 lM or
less and the activity of compound 59 was due to the presence of
combination of a cationic group and a functional group having
the potential for hydrophobic interactions.54
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(58) (59)

Dimerization of compound 58 showed a substantial increases
its activity. Many of the synthesized dimers (60) inhibited the type
III secretion system reliant secretion of a virulence protein at con-
Please cite this article in press as: Jain, A. K.; et al. Bioorg. Med. Chem. (
centrations lower than that of the original monomeric com-
pounds.55 A series of 2,4-diaryl-3-azabicyclo[3.3.1]nonan-9-one
thiosemicarbazones upon cyclization with ethylbromoacetate in
the presence of sodium acetate–acetic acid buffer afforded novel
2-[(2,4-diaryl-3-azabicyclo[3.3.1]nonan-9-ylidene) hydrazono]-
1,3-thiazolidin-4-ones. From this series, two compounds were
found to be most active against E. coli and S. aureus, while some
derivatives were moderately active in antifungal assay. Results re-
vealed that the compounds with fluorine or chlorine substituents
(61) were found to be more active against all the tested bacterial
and fungal strains.56
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(60) 
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N

N
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R

R1
R2

R

R1
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(61) 

R= H, Cl , R1 = H, F, OCH3 , R2 = H, F, Cl, CH3, OCH3 

An attempt to prepare active compounds in the 2-substituted
benzimidazole derivatives was unsuccessful. Introducing a substi-
tuted or unsubstituted 4-oxothiazolidin at 2nd position on benz-
imidazole had no significant impact on activity while 5-chloro or
5-unsubstituted carboxylic acid group on 5th position of benz-
imidazole ring (62) was favourable for the activity.57 Upadhyay
et al. synthesized N-[(4-oxo-2-substitutedaryl-1,3-thiazolidine)-
acetamidyl]-5-nitroindazole derivatives by using microwave
method and screened them for antibacterial activity against
E. coli, B. subtilis and S. typhi at 50 and 100 lg/mL concentrations
and antifungal activity against A. flavus, P. citrinum and F. oxyspo-
rum at the same concentrations by filter paper disk technique.
Compounds 63 and 64 in which a nitro group was present at
ortho and meta positions of the aryl ring, respectively possessed
stronger antibacterial and antifungal activity against all tested
strains.58

N S
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O
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Cl

N SN
HN

N
O2N

O O

R

(62) 63 = R= m-NO2, 64 = o-NO2

Srinivas et al. reported that compounds 65 and 66 shows LD50

values of 210 and 240 ppm against D. myceliophagus and C. elegans,
respectively and were highly active against B. subtilis, S. aureus and
E. coli .59
2012), http://dx.doi.org/10.1016/j.bmc.2012.03.069
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(65) (66)

Antimicrobial activity of succinimido(2-aryl-4-oxo-3-{[(quino-
lin-8-yloxy) acetyl]amino}-1,3-thiazolidin-5-yl) acetates with re-
spect to five bacteria species S. aureus, S. albus, S. faecalis, K.
pneumoniae and P. aeuroginosa and antifungal activity against C.
albicans and A. fumigates showed compound 67 as highly active
against all tested strains.60 The antimicrobial activity of 2,3-dia-
ryl-1,3-thiazolidin-4-ones was studied. Most of synthesized
compounds 2,3-diaryl-1,3-thiazolidin-4-one derivatives having a
2,6-dichlorophenyl, antipyrine, or 1,2,4-triazole ring at N-3 and
variously substituted 3-iodo-or 3-bromo-phenyl rings at C-2
exhibited a marked degree of activity against bacteria at the min-
imum inhibitory concentration (MIC) of 50 lg/ml. Compound 68
exhibited a zone of inhibition of 27, 24, 25 mm against E. coli, B.
subtillis, S. typhi, respectively.61
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3.2. Antitubercular activity

Kucukguzel et al. reported antimycobacterial activity of substi-
tuted 4-thiazolidinones and found that only compounds 69 and 70
showed 90 and 98% inhibitions at 6.25 lg mL�1, respectively.62
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Jaju and co-workers had synthesized isonicotinylhydrazide
derivatives and screened their in vitro antimycobacterial activity
against M. tuberculosis H37Rv using alamar-blue susceptibility test.
Please cite this article in press as: Jain, A. K.; et al. Bioorg. Med. Chem. (
They found that the antitubercular activity was considerably af-
fected by various substituents on the aromatic ring of 4-thiazolid-
inone and it was proved by the fact that compounds with no
substitution at the aromatic ring did not show any considerable
activity. The hydroxyl and methoxyl group on aromatic ring substi-
tuted compound 71 was found to be more active (MIC = 0.31 lg/
mL).63 Karali et al. tested 4-(3-coumarinyl)-3-cyclohexyl-4-thiazo-
lin-2-one benzylidene hydrazone derivatives for antitubercular
activity. Most of the compounds showed less than 90% inhibition
and considered to be inactive and compound 72 showed maximum
inhibition of 42%.64
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Protein tyrosine phosphatases A (MptpA) and B (MptpB) se-
creted into the host cell by growing Mycobacterium tuberculosis
potently to be active selectively showed a target for the treatment
of tuberculosis. Vintonyak et al. designed a novel series of indo-
lin-2-one-3-spirothiazolidinones as a new class of potent and
selective inhibitors of MptpB. They studied the modification on
phenyl substituent on the thiazolidinone and 2-indolinone posi-
tions. The SAR studies suggested that two fluorine atoms or a
fluorine and a chlorine atom in meta and para positions of the
phenyl ring attached to thiazolidinone were found to be more po-
tent than analogues bearing mono or dialkyl substituents. Intro-
duction of sulfonamide, trifluoromethoxy or methoxy group led
to loss of inhibitory activity. Compound 73 was found to be
highly active against M. tuberculosis protein tyrosine phosphatase
B enzyme (IC50 1.1 lM).65 Babaoglu et al. reported the activity of
1,3-thiazolidin-4-ones (74) against M. tuberculosis by inhibition of
dTDP-rhamnose synthesis in an attempt to find new inhibitors of
the enzymes in the essential rhamnose biosynthetic pathway. A
virtual library of 2,3,5-trisubstituted-4-thiazolidinones was cre-
ated. Synthesized compounds were then docked into the active
site cavity of 6-hydroxyl; dTDP-6-deoxy-D-xylo-4-hexulose 3,5-
epimerase (RmlC) from M. tuberculosis.66
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(73) (74)

4-Dodecyl-3-oxo-8-phenyl-alanyl-1-thia-4,8-diazaspiro[4.5]
dec-2-yl) acetic acid hydrochloride (75) showed inhibition of
97%.67 Thiazolidinone derivatives (76) were found to be inactive
or poorly active against M. tuberculosis H37RV.68
2012), http://dx.doi.org/10.1016/j.bmc.2012.03.069
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Zitouni et al. reported the synthesis of N-pyridyl-N0-thia-
zolylhydrazine derivatives. Compound 77 showed high antituber-
culosis activity (IC50: 6.22 lg/mL and IC90: 6.78 lg/mL), its
structural details revealed that 2-pyridyl and 2-hydroxy-5-
methoxyphenyl group are essential for antimycobacterial activity
while 3-pyridyl, 4-pyridyl group were unfavorable for activity.69
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Series of 2-[3-methyl-2,6-substituted-4-hydrazono]-1,3-thiaz-
olidin-4-one (78) with respect to acid-resistant mycobacteria
showed investigated compounds to have pronounced activity with
respect to the mycobacteria of tuberculosis of the human type (the
H37Rv) strain and few of the synthesized compounds showed com-
parable activity with Rifampicin. It was also reported that all com-
pounds were found to be less active than isoniazid.70
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p-(Cl, Br)-phenyl, NH: phenyl, N-Me
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p-F-phenyl, NH
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A. flavus

Rhizopous spe.

(78)

Ar = Phenyl, p- (F/Cl/Br/OMe/Me)-phenyl; R= H, Me 

3.3. Anticancer activity

Chandrappa et al. reported the synthesis of 2-(5-((5-(4-chloro-
phenyl)furan-2-yl) methylene)-4-oxo-2-thioxothiazolidin-3-yl)
acetic acid derivatives and evaluation of their cytotoxic activity.
It was noticed that the compounds with electron donating groups
at C-terminal of the phenyl ring resulted in an increase in activity
by inducing cell death while compounds with electron withdraw-
ing groups (CN, F, CF3) exhibited decreased activity. Compound 79
was identified as the most potent one since it displayed the most
prominent cytotoxicity which could be attributed to its electron
donating methoxy group. Compound 79 also displayed DNA frag-
mentation of chromosomal DNA at 50 lM.71 In searching for bet-
ter anticancer agent Zhou et al. reported design, synthesis,
cytoselective toxicity, structure–activity relationships and phar-
macophore of thiazolidinone derivatives. Primary screening was
performed at a concentration of 10 lM against the cell panel.
Please cite this article in press as: Jain, A. K.; et al. Bioorg. Med. Chem. (
Changes in cell numbers and cell morphology in 96-well plates
at 24 and 48 h had been detected. Compounds that exhibited tox-
icity to both cancer cell lines but not to normal cells were se-
lected for the secondary confirmation assays. For a secondary
screening, the concentration (which was used in the primary
screening) was screened in triplicate. As a result, eleven com-
pounds were identified as potent agents for inducing cytoselec-
tive toxicity. Substitution on nitrogen atom in thiazolidinone
ring and the –-NMe2 group at the 4-position of phenyl ring did
not show any cytoselective toxicity. Compound (2E,5E)-5-(4-
(dimethylamino)benzylidene)-2-(phenylimino)thiazolidin-4-one (80)
showed IC50 of 0.50 and 0.21 lM against H460 and H460taxR.

72

O
N

S
MeO N

O

O

S

Cl

S

N
N

O N
Me

Me

(79) (80)

Gududuru et al. tested a series of 2-arylthiazolidine-4-carbox-
ylic acid amides for possible cytotoxic activity in prostate cancer.
Compound 81 was found to be most potent and selective cytotoxic
agent with IC50 of 0.55 lM and 38-fold selectivity in PPC-1 cells.
The SAR study showed that as the chain length increased from
C7 to C18, the potency also increased but further increase in the al-
kyl chain by one carbon unit caused a significant loss of activity, so
alkyl chain with C18 unit was optimal for effectiveness of thiazol-
idine analogues. Replacement of the phenyl ring with an alkyl or
cyclohexyl group reduced the potency while replacement with
furanyl ring derivative showed equivalent cytotoxicity.73 The same
research group designed new series of 2-aryl-4-oxo-thiazolidin-3-
yl amides (82) and all synthesized compounds were evaluated
against five human prostate cancer cell lines. They reported that
increase in the alkyl chain enhanced the antiproliferative activity
while replacement of the alkyl chain with aryl group reduced the
biological activity.74
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(81) (82)

Compound 2-(3-indolyl)-3-[4-(pyridin-2-ylamino)sulfonyl]
phenyl]thiazolidin-4-one (83) showed IC50 of 1.97 and 1.07 lg/
mL, respectively against HELA and MCF7. The activity mainly
dependent on 4-[(pyridin-2-ylamino) sulfonyl]benzene pharnm-
macophoric moiety while thiazolidi-4-one ring attached to phar-
macophoric moiety played a minor role. Docking study of above
compound exhibited the lowest binding free energy (DGb:
�9.07 kcal/mol) which exhibited one hydrogen bonds with
Thr670, and RMSD: 0.99 Å.75 4-Thiazolidinones containing benzo-
thiazolyl moiety had been synthesized by using reactions of (ben-
zothiazole-2-yl)hydrazine with trithiocarbonyl di-glycolic acid or
6-methyl-2 amino benzo-thiazole with 2-carbethoxymethylthio-
2-thiazoline-4-one. Among tested compounds, 2-{2-[3-(ben-
zothiazol-2-ylamino)-4-oxo-2-thioxothiazolidin-5-ylidenemethyl]
-4-chlorophenoxy}-N-(4-methoxyphenyl)-acetamide (84) was
2012), http://dx.doi.org/10.1016/j.bmc.2012.03.069
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found to be the most active candidate with average logGI50 and
logTGI values as �5.38 and �4.45, respectively. The SAR study re-
vealed that anticancer activity of compound 84 was affected by the
nature of substituent in position 5 of 4-thiazolidinone cycle and
introduction of 4-chlorophenoxy-N-(4-methoxyphenyl)-acetamide
group in 5-position of 4-thiazolidinone core enhanced potency.76
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A number of 5-bromo-3-[(3-substituted-5-methyl-4-thiazolidi-
none-2-ylidene)hydrazono]-1H-2-indolinones (85) had been
investigated for their primary cytotoxic activity against 3-cell line
panel consisting of NCI-H460 (Lung), MCF7 (Breast), and SF-268
(CNS). It was observed that thiosemicarbazone derivatives of ind-
olinones showed promising cytotoxicity activity.77
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R =  CH2-CH=CH2, n-C4H9, Cycl-C6H11, C6H5, p-CH3-C6H4, 

p-Br-C6H4, p- Cl-C6H4, p- F-C6H4, p- NO2-C6H4

Cyclooxygenase (COX) is a well-known enzyme that is responcible
for prostaglandins formation. COX-2 is over expressed in several
human tumors and production of Prostaglandin of the E series is
significantly increased in malignant tissue during the development
of colorectal cancer. Compound 86 did not interect with COX en-
zyme and inhibited the growth of HT29 cell line that do not express
COX-2, attained activity levels with IC50 ranging between 38.8 and
59.7 lM.78 Hafez et al. synthesized a series of substituted triazol-
o[4,3-a]pyrimidin-6-sulfonamide with an incorporated thiazolidi-
none moiety and reported for their antitumor activity. Most of the
synthesized compounds were found moderate in activity and com-
pound 87 displayed a good growth inhibitory activity on all tested
60 cell lines showing GI50 values between 5.89 and 37.1 � 10�6

lM. In fact, the presence of 4-methylpiprazin/morpholine on C-5
and thienyl group at C-2 of thiazolidinone seems to be very impor-
tant for anticancer activity.79
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2-(2-(5-Bromo-2-hydroxybenzylidene)hydrazinyl)thiazol-4(5H)-
one (88) displayed IC50 = 0.09 lm for EGFR and IC50 = 0.42 lm for
HER-2 kinase inhibitors. Compounds with aromatic ring showed
better inhibitory activity than those substituted with aliphatic
ring.80 Compound 89 was screened against nine types of human
cancer cells and showed significant cytotoxic activity in case of lung
cancer, melanoma and renal cancer, where the reduction in growth
was found to be 75%, 97% and 84%, respectively, at the concentra-
tion of 1.0 � 10�4 lm.81
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Compound 90 was screened against three human cancer cell
lines (HT-29, H460 and MDA-MB-231) by MTT assay and exhib-
ited IC50’s of 0.025, 0.075 and 0.77 lM, respectively. The SAR
study showed that substitution with smaller electron-withdraw-
ing fluorine atom at 5-position of the indolin-2-one ring and 3-
(diethylamino) propyl group at the 3-position of 4-thiazolidi-
none ring had positive contribution for increasing antitumor
activity.82 Gouda et al. reported DNA degraditive capacity of
thiazolidinone derivatives (91). Only few of synthesized
derivatives showed complete degradation of the calf thymus
DNA.83
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A number of isatin-based thiazolidines conjugates (92) have
been investigated as anticancer activity, their affinity to tyrosine
kinase, cyclin-dependent kinases and carbonic anhydrase isozymes
suggested their potential as novel anticancer agents. None of the
thiazolidinone conjugates showed greater activity than 1,3-dihydr-
oindol-2-one conjugates with 3,5-diaryl-4,5-dihydropyrazolyne
derivatives.84
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3.4. Antiinflammtory and analgesic activity

Inflammation constitute a complex biological response to the
harmful stimuli and is linked with many pathophysiological condi-
tions. In response to inflammatory stimuli, macrophages release
various pro-inflammatory molecules, including the short-lived free
radical nitric oxide (NO). Arylalkanoic acids constitute the basis for
the widely used nonsteroidal anti-inflammatory agents naproxen
and ibuprofen, these drugs inhibit the COX enzyme that catalyzes
the biosynthesis of prostaglandins and tromboxane from arachi-
donic acid. The mode of action of these drugs is correlated with un-
wanted side-effects such as gastrointestinal and renal toxicities. To
overcome the above mentioned side effects anti-inflammatory and
analgesic activity of new series of quinazolinone derivatives having
thiazolidinone at 2nd position was reported by Kumar et al. Inter-
estingly compound 93 which was substituted with chloro group at
2nd position of phenyl ring, showed almost equal anti-inflamma-
tory activity to that of phenylbutazone at 50 mg/kg.85 In another
study biphenyl-4-carboxylic acid 5-(arylidene)-2-(aryl)-4-oxo-
thiazolidin-3-yl amide derivatives exhibited significant anti-
inflammatory activity. Compound 94 with a substitution of bro-
mine on both the aromatic rings showed percentage inhibition of
44.59 and 55.73 at 2 and 4 h, respectively.86
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Series of 5-arylidene-2-imino-4-thiazolidinones exhibited sig-
nificant activity levels in carrageenan-induced paw and rats pleu-
risy edema models of acute inflammation. 5-(3-methoxy
phenylidene)-2-phenylimino-3-propyl-4 thiazolidinone (95)
showed inhibition level (85% at the 3rd h) similar to that of indo-
methacin. Moving the methoxy group from 3rd position to 4th
and substitution with 4-SCH3, 4-SO2CH3 indicated that sulfur
oxidation was slightly detrimental to the anti-inflammatory activ-
ity. 5-(4-Methoxyphenyl)methylidene-2-phenylimino-3-propyl-4-
thiazolidinone (96) revealed high levels of carrageenan-induced
paw edema inhibition comparable to those of indomethacin. Dock-
ing study of compound 96 showed that 4-methoxyarylidene moi-
ety can easily occupy the vicinity of the COX-2 secondary pocket
and make hydrogen-bonds interaction with Arg513, Arg 120 and
Tyr 355.87
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2-(3-Aryl-1-phenyl-1H-pyrazole-4-yl)-3-(4-fluorobenzyl)-4-oxo-
thiazolidine derivatives (97) was found to be associated with lesser
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degree of anti-inflammatory activity compared to indomethacin,
while thiazolidine carboxamide derivatives and thiazolidine car-
boxylic acid derivative appeared to exhibit higher anti-inflamma-
tory activity.88 Compound 3-([1-(5-bromo-1-benzofuran-2-yl)
ethylidene]amino)-2-(2-chloroquinolin-3-yl)-1,3-thiazolidin-4-one
(98) showed significant analgesic activity against carageenan in-
duced rat paw edema test.89
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Ottana et al. investigated 3,30-(1,2-ethanediyl)-bis[2-aryl-4-
thiazolidinone] derivatives (99), which showed interesting stereo
selective anti-inflammatory/analgesic activities and suggested
that these derivatives might preferentially interact with inducible
COX-2 isoform.90 Absence of 5-arylmethylidene moiety in 3-[2-
(4-methylphenyl)-2-oxo-l-phenylethyl]-2,4-thiazolidinedione
(100) enhanced its anti-inflammatory activity and decreased the
analgesic activity. Bulkiness at NH group of 2,4-thiazolidinedione
ring either decreased or abolished the anti-inflammatory
activity.91
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Compound (5Z,E)-3-[2-(4-chlorophenyl)-2-oxoethyl]-5-(1H-in-
dol-3-ylmethylene)-thiazolidine-2,4-dione (101) showed 67.2%
inhibition of inflammation at 3 mg/kg dose and attained peak
plasma concentrations between 0.5 and 1 h.92 Good level of
anti-inflammtory activity against carrageenan induced rat paw
edema was observed in compound 102 with 78% edema inhibi-
tion compared to celecoxib at the same dosage producing 45%
inhibition.93
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The CCR4 is a kind of receptor which is expressed on Th2-type
CD4+ T-cells which play a major role in allergic inflammation. Al-
len et al. synthesized trisubstituted thiazolidinones as a CCR4
antagonists for the treatment of allergic inflammation. Compounds
103 and 104 showed IC50 = 0.11, 0.14 lM, respectively and the
activity of those compound was due to presence of 2, 4-dichloro-
phenyl ring in the central position and terminal piperidine on the
2012), http://dx.doi.org/10.1016/j.bmc.2012.03.069
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left side along with a-methyl naphthyl and 3-chloro-2-methyl-
phenyl moieties on the right side for strong CCR4 receptor
binding.94

N S
N N

H

O
N
H

O
Me

O

Cl

Cl

N S
N N

H

O
N
H

O

O

Cl

Cl
Cl

Me

(103) (104)

Compound 2-(thiazole-2-ylamino)-5-(m-chlorophenylidene)-
4-thiazolidinone (105) showed highest COX-1 and COX-2 inhibi-
tory activity while changing the position of chloro group from
meta to other positions decreased the activity in a series of 2-
thiazolylimino/heteroarylimino-5-arylidene-4-thiazolidinones.
Substitution with hydroxy group at the para position or nitro
group at the meta or para position appears to be non-favorable
for their COX selective activity and decreased the efficacy of
substituted compounds.95
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The anti-inflammatory properties of 2-aryl-3-{5-[([1,3,4]thi-
adiazino[6,5-b]indol-3-ylamino)methyl]-1,3,4-thiadiazol-2-yl}-
1,3-thiazolidin-4-one (106) were studied using carrageenan in-
duced rat0s paw edema method. Bhati and Kumar noted that aze-
tidinones possessed more potent anti-inflammatory and
analgesic activities than that of their corresponding thiazolidinone
compounds.96
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R = C6H5, o-Cl-C6H4, p-Cl-C6H4, o-OCH3 C6H4, p-OCH3 C6H4, 

p-OHC6H4, p-N(CH3)2 C6H4, p-CH3-C6H4 

Amin et. al prepared several spiro [(2H,3H) quinazoline-2,10-
cyclohexan]-4(1H)-one derivatives. These compounds were evalu-
ated for their antiinflammatory, ulcerogenic and analgesic activi-
ties. Compound 107 with 2-thiophene substitution at C-2 of
thiazolidinone has shown most active anti-inflammatory activity
and considerable analgesic activity.97
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3.5. Anticonvulsant and antidepressant activity

A new series of clubbed thiazolidinone–barbituric acid (108)
and thiazolidinone–triazole derivatives (109) has been synthesized
by Shiradkar et al. to study the effect of a hydrophobic unit, hydro-
gen bonding domain and electron-donor group on the compounds
on its anticonvulsant activity. Their findings revealed that the pres-
ence of –OH function at the 4-position of the phenyl ring is essen-
tial for anticonvulsant activity, the removal or replacement of –OH
function by a –Cl, CH3 or –NO2 moieties responsible for loss of
activity. The replacement of the hydroxyl group responsible for
hydrogen bonding resulted in lack of a HBD (hydrogen bonding do-
main) leading to abolishment of the activity.98 In a series of thiaz-
olidinonyl 2-oxo/thiobarbituric acids derivatives compound having
p-methoxyphenyl (110) substitution at C-2 of thiazolidinone ring
was found to be favorable for activity and exhibited more potent
anticonvulsant activity as compared to standard drug sodium
phenytoin.99
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Ar, Ar´ = -2-OHC6H4 , -2-OHC6H4               Ar, Ar´ = -2-OHC6H4,  -2-OHC6H4

Ar, Ar´ = -2-OHC6H4 , -4-CH3C6H4              Ar, Ar´ = -2-OHC6H4 , -4-CH3C6H4 
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A number of substituted thiazolidinonyl carbazol derivatives
are potent antipsychotic and anticonvulsant agent. Compounds
having thiazolidinone ring demonstrated more potent antipsy-
chotic as well as anticonvulsant activities as compared to com-
pounds having azetidinone ring. Among these, compound 111
exhibited very good response against psychotic disorders by
recording their responses towards amphetamine induced stereo-
typed, cataleptic behavior by Rota rod performance and MES test
for anticonvulsant activity.100 Series of 3-[(3-substituted-5-
methyl-4-thiazolidinon-2 ylidene) hydrazono]-1H-2-indolinone
derivatives (112) are evaluate for CNS Depressant Activity. Com-
pound 112 having p-CH3-C6H4 on thiazolidinone ring exhibited
some anticonvulscant activity.101 Replacement of p-CH3-C6H4

with allyl group was found to increase its antidepressant
activity.
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Akula et al. synthesized 3-[1H-benzimidazole-2-yl-amino]-2-
phenyl-1,3-thiazolidin-4-one derivatives and compound with 4-
chloro (113) on phenyl ring showed promising depressant activity
among all the tested compounds.102

N S

N
H

N
N
H

O

Cl
(113)

3.6. Antiviral/anti-HIV activity

The activity of new 3-hydrazono-5-nitro-2-indolinone deriva-
tives with various substituents at 3rd and 5th position of thiazolid-
inone ring was screened against the yellow fever virus and bovine
viral diarrhea virus (BVDV).103 The presence of methyl group at C-5
of the thiazolidinone ring was found to be responsible for measur-
able levels of antiviral activity. 5-Non substituted 4-thiazolidinone
derivative exhibited no change in activity when compared to
substituted thiazolidinone. The EC50 values of compound 114
was found to be 13 lg/mL against BVDV. Structure activity rela-
tionship (SAR) studies on thiazolidinone ring revealed that sub-
stituent0s at C-2 and N-3 of the ring are responsible for the anti-
HIV activity. Some 2-adamantyl-substituted thiazolidin-4-ones
derivatives which is structurally related to TBZs have been studied
by Balzarini et al. They found that compound 2-adamantan-1-yl-3-
(4,6-dimethyl-pyridin-2-yl)-thiazolidin-4-one (115) represent
EC50 = 0.35 lM against typical non-nucleoside reverse transcrip-
tase. The activity of compound was due to the presence of adaman-
tyl moiety better at C-2 while instead of other derivatives bearing
the same N-substituent (i.e. 4,6-dimethyl-2-pyridyl), but lacking
the adamantyl moiety, was devoid of antiviral activity.104 In other
report 2-adamantan-1-yl-3-(4,6-dimethylpyrimidin-2-yl)-thiaz-
olidin-4-one (116) showed EC50 = 0.67 lM. The thiazolidinone con-
tain 4,6-dimethylpyrimidinyl group was only two times less potent
than the derivative bearing pyridin-2-yl (98).105
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Using QSAR study it has been observed that thiazolidin-4-ones
bearing a lipophilic adamantyl substituent has exhibited good anti-
HIV activity and for a series of 2-(2,6-dihalophenyl)-3-(4,6-di-
methyl-pyrimidin-2-yl)thiazolidin-4-ones (117) have been ob-
served higher anti-HIV activity compared to the other aryl
substituted ones (Fig. 1).106–109
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Chen et al. prepared various 2-(2,6-dihalophenyl)-3-(4,6-di-
methyl-5-(un)substituted-pyrimidin-2-yl)-thiazolidin-4-ones. The
structures of these newly synthesized compounds were confirmed
by their analytical and spectral data. These compounds were also
evaluated for their HIV-RT inhibitory activity. It was stated that
HIV-RT inhibitory activity would be majorly affected by high value
of hydrophobicity. It was reported that compound 118 and 119
having ethyl group at 5-position on N-3 position of pyrimidine ring
were the most potent ones with the IC50 value of 0.26 and 0.23 lM,
respectively. Their findings suggested that overall hydrophobicity
of the analogues, and steric and electronic features of meta/para-
substituents of 3-hetero-aryl moiety on thiazolidin-4-one led to a
substantial increase in antiviral activity.110
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In a series of 2-aryl-3-(4,5,6-trimethylpyrimidin-2-yl) thiazoli-
din-4-ones, HIV-RT inhibitory activity greatly affected by substitu-
tion at C-5 (unfavorable) and enhanced by introducing chlorine
atom on the phenyl at C-2. Compound 120 exhibited remarkable
anti-HIV-RT activity (IC50 = 2.95 lM).111
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It should be noted that 2-aryl-3-heteroaryl-2-ylmethyl-1,3-
thiazolidin-4-one derivatives were evaluated for human immuno-
deficiency virus type-1 (HIV-1) reverse transcriptase (RT) inhibi-
tory activity. It was found that some of compounds were
effective inhibitors of HIV-1 reverse transcriptase enzyme at
micromolar concentrations with less cytotoxicity. Compounds
121 and 122 showed activity at 0.20 and 0.21 lM concentration
compared to 0.35 lM concentration of TBZ-1 lead molecule in
MT-4 cells. Activity of this series is dependant on substitution at
C-2 and N-3 of the 4-thiazolidinone scaffold and a high activity le-
vel was observed for compounds that contain a 2,6-dihalophenyl
group at C-2 and a pyridine-2-yl or pyrimidine-2-yl ring at N-3.112
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Replacement of furan ring at N-3 with 4-methyl-pyrimidin-2-yl
and 4,6-dimethyl-pyrimidin-2-yl 123 was found to enhance re-
verse transcriptase (RT) inhibitory activity by 1.25-to 2.5-fold more
than nevirapine in MT-4 cells.113 In other way SAR of rhodanine
derivatives has been studied by Ramkumar et al. It was reported
that electron-donating substituents in ring A and strong electron-
withdrawing substitution in substructure B of thiazolidinone is
favorable for HIV-1 Integrase inhibitory activity. Compound 124
having hydroxyl groups at position 4 of ring A and strong elec-
tron-withdrawing and hydrophobic substitutions 3,5-diiodophenol
in substructure B showed IC50 value of 7 ± 3 lM and 3 ± 2 for 30-
processing and strand transfer, respectively.114
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Ar = 4-methyl-pyrimidin-2-yl and 4,6-dimethyl-pyrimidin-2-yl
1,3-Thiazolidinone-4-one derivatives were prepared by Ravi-

chandran et al. and their antiviral activity against Herpes simplex
virus-1 (KOS), Herpes simplex virus-2 (G), Influenza A H3N2 sub-
type and Influenza B was evaluated. Compound 125 was found to
be most active with an EC50 of 130.24, 161.38, 249.15 and
263.31 lM, respectively. They concluded that combination of 1,3-
thiazolidin-4-one and 2-pyridinyl ring (substituted) at N-3 with
an aromatic system namely 2,6-disustituted phenyl or 2-pyridinyl
ring at C-2 has enhanced the anti-viral effect. Compound 126 hav-
ing 2-pyridinyl substituent at C-2 and methyl group at the 6 posi-
tion of the pyridin-2-yl of N-3 of thiazolidinone was found to be
most active with an EC50 of 0.0078 lM against wild-type HIV-1.115
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3.7. Antidiabetic activity

3-Subsituted-2-[p-(4-bromo-3-trifluoro-5-substituted-pyrazol-
1-yl)benzenesulfonylimino]-4-oxothiazolidine derivatives (127)
were evaluated for their hypoglycemic activity using alloxan-trea-
ted female albino mice.116 Kini and Ghate studied the oral hypogly-
cemic activity of 3-[50-methyl-20-aryl-30-(thiazol-200-yl amino)
thiazolidin-40-one]coumarin derivatives (128) and reported that
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electro-negativity seemed to be responsible for variation in hypo-
glycemic activity.117
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Aldose reductase, is an enzyme that is in general found in many
parts of the body, and catalyzes the pathway that is responsible
for fructose formation from glucose. Aldose reductase activity in-
creases as the glucose concentration while its inhibition explore
a attractive molecular target to build up drugs able to prevent
the inception and succession of secondary pathologies associated
with DM, even in the presence of defective control of glycaemia.
In a series of 5-arylidene-2-thioxo-4-thiazolidinone derivatives
(129) most of the compounds were found to be moderate in aldose
reductase inhibitory effects at low micromolar doses and two of
them exhibited higher potency than epalrestat (130). Based on
the results structure–activity relationship (SAR) it was concluded
that acetic chain on N-3 position favored the activity and make a
strongest interactions to the polar recognition region of the ALR2
active site while removal of the acetic chain on N-3 of the thiazo-
lidinedione ring decrease its potency towards active site. Effect of
5-arylidene moiety on the inhibitory activity could become less
evident and replacement of the carbonyl group in position 2nd of
the 2,4-thiazolidinedione scaffold with the bioisoster thiocarbonyl
group can improve inhibitory efficacy.118 Similarly introduction of
vinyl moiety between the two aromatic rings or between the
methylidene group and the aromatic ring of the arylidene moiety
has been introduced in some derivatives to improve the activity
profile. Unsubstituted derivative (131) at para position of the distal
phenyl ring proved to be most active in this series.119
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Protein tyrosine phosphatase 1B (PTP1B) is an important en-
zyme that is responsible for down-regulating of the insulin signal-
ing through dephosphorylation of the insulin receptor. Inhibitors of
PTP1B normalize the increased plasma glucose level by increases
the insulin sensitivity and thus are useful therapeutic agents for
the treatment of diabetes. In view of above, Liu et al. studied a ser-
ies of novel PTP1B inhibitors containing a thiazolidinone-substi-
tuted biphenyl scaffold and reported that introduction of the 4-
2012), http://dx.doi.org/10.1016/j.bmc.2012.03.069
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oxothiazolidine-2-thione moiety showed better inhibitory activity
against PTP1B. Substitution with polar group at N of thiazolidinone
ring and alkyl group at the 40-position of the biphenyl scaffold led
to unfavorable for bioactivity. Compound 132 have benzyl group
lowered the fasting glucose levels and showed IC50 value of
0.48±0.07 lmol/L.120 Replacement of carbonyl group in position 2
of the 2,4-thiazolidinedione scaffold with a phenylimino moiety
enhanced its PTP1B as well as LMW-PTP inhibitory activity. Ottana
et al. reported that substitution with lipophilic arylidene moiety in
position 5 particularly favored the activity; phenoxy and benzyloxy
groups in the para and meta positions of the 5-benzylidene group
found to be better substituents for enzyme inhibition. Compound
4-{[4-oxo-5-(4-phenoxy-benzylidene)-2-phenylimino-thiazolidin-
3-yl]methyl} benzoic acid (133) showed PTP1B and LMW-PTP inhi-
bition at IC50 = 1.1, 3.1 lM, respectively.121
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In a series of benzylidene-2,4-thiazolidinedione, compound 134
substituted with 5-(2-(3,5-bis(trifluoromethyl) benzyloxy)-5bro-
mobenzylidene) at C-5 to the TZD ring was more potent in PTP1B
inhibition.122 Several derivatives of thiazolidine-2,4-diones deriva-
tives having carboxylic ester moieties at N-3 and benzyl and het-
eroaryl substituents at C-5 have been also screened for their
anti-hyperglycemic activity. Compound 135 emerged as the most
promissory anti-hyperglycemic activity.123
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3.8. Muscarinic receptor 1 agonist

M1 selective muscarinic agonists are highly lipophilic and are
capable of crossing the blood–brain barrier.109 Most of the potent
muscarinic agonists show central and peripheral adverse side ef-
fects, and non-selective or M2 > M1 selective. They decreases Ach
release due to its M2 autoreceptors inhibitory activity. N-alkyl/aryl
substituted thiazolidinone arecoline analogues were tested for
muscarinic receptor 1 agonist in Alzheimer0s dementia models.
Among all the synthesized compounds, four derivatives showed
high affinity for binding with receptor from its binding site. Com-
pound 2-(1-methyl-1,2,5,6-tetrahydropyridin-3-yl)-3-(4-phenyla-
mino-phenyl)-thiazolidin-4-one (136) (IC50 = 6.23 lM) was found
to be most potent ligand having biphenyl amine attached to nitro-
gen of thiazolidinone arecoline. Other compounds substituted with
n-butyl chain at nitrogen atom of biphenyl amine increases its
activity and further increases in chain length consequently de-
creased its activity towards muscarinic receptor.124 Chandra et al.
findings revealed that, affinity and potency of arecoline thiazolidi-
none molecules dependent on the length of carbon chain. As the
Please cite this article in press as: Jain, A. K.; et al. Bioorg. Med. Chem. (
length of carbon chain increases affinity and potency of these mol-
ecules towards M1 receptor decreases. The most active compound
among aromatic derivatives 137 which contain one electron donat-
ing methyl group at para position of aromatic ring showed signif-
icant affinity and potency towards M1 receptor (Ki = 26 lm and
IC50 = 143 lm).125
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3.9. FSH receptor agonist

Follicle-stimulating hormone receptor is a G-protein coupled
receptor that provides a surface for FSH binding which stimulate
adenylyl cyclase for its activity. Some of the thiazolidinone based
compounds have been found to be hFSHR agonists.126 Jetter
et al.127 evaluated few 5-alkylated thiazolidinones derivatives as
FSH receptor agonist. They reported that replacement of the 5-
hydrogen (138) with a 5-methyl moiety (139) lead to increased
agonist activity while replacement with allyl moiety displayed full
agonist efficacy. Oxidation of sulphur of thiazolidinone moieties
gave highly unstable and rapidly degradable compound.
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Several thiazolidinone analogs have been synthesized and
shown to have positive allosteric modulators of the follicle-stimu-
lating hormone receptor. Modification on aryl group at the 3rd and
5th position of thiazolidine was found to effect functional activity
of compounds which produces positive and negative allosteric
modulators. The leading compound 140 displayed full agonistic
activity in both the cAMP bioassay and aromatase bioassay with
EC50 were of approximately 80 and 50 nM for the cAMP and aro-
matase bioassay, respectively.128 Allosteric activation of the Folli-
cle-stimulating Hormone (FSH) Receptor by compound 141
showed EC50 = 1 nM.129
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3.10. Trypanocidal (anti-epimastigote) activity

A number of new 3-aryl-2-(a-naphtyl)-4-thiazolidinones has
been synthesized and tested for their biological activity. The syn-
thesized thiazolidin-4-one derivatives were screened for trypano-
cidal (anti-epimastigote activity, %AE), trichomonacidal activity
(growth inhibition,%GI) and unspecific cytotoxicity (expressed as
cytotoxicity percentage �%C) to macrophages. All synthesized
compounds exhibited a trypanocidal activity ranging from 79.4%
to 100% at the higher concentration assayed (100 lg/mL). The com-
pounds also showed unspecific cytotoxicity to macrophages at this
concentration. Compound 3-(4-bromophenyl)-2-(a-naphthyl)-1,3-
thiazolidin-4-one (142) showed 91.4% anti-epimastigote activity
which is lower than that shown by Nifurtimox.130 Similarly com-
pound 143 represented best selectivity (60%) as anti-T. cruzi. Dock-
ing study revealed that these compound did not inhibit cruzipain
enzyme site and is independent on the cystein protease activity.131
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3.11. Antiarrhythmic activity
The most common features of cardiac arrhythmias are atrial flut-
ter and atrial fibrillation which are associated with an increase in
heart failure, stroke, and mortality. Blockade of the Kv1.5 ion channel
is a potentially atrial-selective avenue for the treatment of atrial
fibrillation and atrial flutter. Jackson et al . reported synthesis and
biological evaluation of thiazolidinone-based blockers of Kv1.5.
The 3,4-dimethyl derivatives 144 (IC50 = 0.069 lM) and 145
(IC50 = 0.270 lM) were found to be the most potent compounds of
this series.132 In 2009, Bhandari and co-workers discovered 2-(2-
(4-(3-((5-substituted methylene)-4-oxo-2-(phenylimino)thiazoli-
din-3-yl)-2-hydroxypropylamino) benzoyl) hydrazinyl)-2-oxoethyl
nitrate derivatives and evaluated them for electrocardiographic,
antiarrhythmic, vasorelaxing and antihypertensive activity as well
as for in-vitro nitric oxide (NO) releasing ability and found that some
of these heterocycles are very potent. Compound 2-(2-(4-(3-(5-ben-
zyliden-4-oxo-2-(phenylimino) thiazolidin-3-yl)-2-hydroxy pro-
pylamino) benzoyl) hydrazinyl)-2-oxoethyl nitrate (146), was
found to be the most potent in this series.133
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4. Conclusion

The potency of 4-thiazolidinone nucleus is cleared from the
clinically used drugs. Though the antibacterial and antitubercular,
Please cite this article in press as: Jain, A. K.; et al. Bioorg. Med. Chem. (
antiviral and antidiabetic (PTP1B inhibitors) are the four major
areas of clinical use, other potential targets are still to be explored.
Most of the positions were explored to improve the antibacterial
and antitubercular profile of 4-thiazolidinone but still none of
the derivatives showed promising antitubercular activity. How-
ever, few derivatives with C-2 and N-3 substituted positions and
the presences of electron-withdrawing substitution on aromatic
ring on C-2 position of 4-thiazolinone presenting varied degrees
of inhibition against Gram-positive and Gram-negative bacteria
showing inhibition as good as to the standard drugs used. The
activity of the compounds depends upon the nature and position
of the substituents at the aryl moiety attached with thiazolidinone
ring. Hence further investigation in this direction may yield fruitful
results. No concerted conclusion has emerged regarding SAR and
potency of the reported derivatives. Hence further study in this
direction may be quite rewarding. From these observations, the
importance of the nucleus is highlighted. But there is much scope
in this promising moiety as a number of different molecular targets
is available for 4-thiazolidinone. The literature revealed that 4-
thiazolidinone has diverse biological potential, and the easy syn-
thetic routes for synthesis have taken attention of the researchers.
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