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I N T R O D U C T I O N

4-Thiazolidinones are the derivatives of thiazolidine which
belong to an important group of heterocyclic compounds con-
taining sulfur and nitrogen in five membered ring with a
carbonyl group at the 4-position. The literature survey revealed
that 4-thiazolidinone and their 5-arylidene derivatives con-
taining compounds were incorporate with a large range of
pharmacological activities such as antimicrobial, analgesic,
anticonvulsant, anti-inflammatory, local and spinal anesthetics,
CNS stimulants, hypnotics, anti HIV, hypoglycemic and
antitumor activity etc. [1-6]. The chemistry of 4-amino-1,2,4-
triazoles and their fused heterocyclic derivatives has received
considerable attention owing to their synthetic and effective
biological importance [7]. It is well known that the 1,2,4-
triazoles and their derivatives have number of applications in
agricultural, biological industrial fields [8,9]. For example, a
large number of 1,2,4-triazole-containing ring systems have
wide range of therapeutically important activities including
anti-inflammatory [10], CNS stimulants [11], antitubercular
[12], antitumor [13] and antimicrobial agents etc. [14,15].

Damage to cells caused by free radical is believed to play
a central role in the aging process and in disease progression.
Antioxidants are compounds capable to either delay or inhibit

A series of 1,2,4-triazolyl-4-(5-indolylidene)-thiazolidinone
derivatives were synthesized and screened for their antifungal and
antioxidant activity. Among these synthesized compounds 3d, 3g
showing good antifungal activity and compounds 3b, 3d, 3f and 3h
have high % antioxidant activity with lower IC50 value of 11.21, 20.89,
17.51 and 14.05 respectively. We report the antioxidant potential of
the said class of compound in which free radical is generated by
methelenic and 2nd carbon of thiazolidinone ring. The antifungal
activity reported against A. niger, C. albicans and A. flavus. The
antioxidant activity of all the synthesized compounds was screened
by H2O2, DPPH scavenging and by phosphomolybdenum method
with respect to ascorbic acid.
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the oxidation processes which occur under the influence of
atmospheric oxygen or reactive species. Antioxidants are invol-
ved in the defense mechanism of the organism against the
pathologies associated to the attack of the free radicals. Recen-
tly, antioxidants have attracted considerable attention in
relation to radicals and oxidative stress [16].

Here we are reporting the synthesis of new triazole bearing
aryl-4-oxo-thiazolidine moiety at position 4 and then their 5-
indolylidene-thiazolidinone derivatives have been synthesized.
All the synthesized compounds were characterized by their
physical and spectral studies. Thus in search for new bio-
dynamic potent molecule it assumed to incorporate thiazolidi-
none moiety with triazole nucleus and to study their antioxidant
activity. In the present work, the synthesis of a new series of
5-indolylidenyl-thiazolidin-4-one derivatives of 1,2,4-triazoles
with evaluation of their antifungal activity and DPPH, H2O2

radical scavenging capability and total antioxidant capacity is
described.

E X P E R I M E N T A L

High quality commercial reagents and anhydrous solvents
were used for synthesis of all the compounds. Follow up of
the reactions and the purity of the compounds was checked
by ascending TLC on precoated silica-gel in plates and the
spots were rendered visible by exposing the plates to UV light.
The FTIR spectra were recorded (νmax, cm-1) on Shimadzu FTIR
8400 spectrophotometer in KBr. 1H and 13C NMR spectra (data
reported in δ ppm) were recorded on a Bruker Avance II-400
MHz and Jeol series JNM-ECX-500 NMR spectrometer using
TMS as internal standard. The absorbance of compounds were
reported in Systronic 2201 double beam UV-visible spectro-
photometer.

General procedure for the synthesis of 4-(4-substituted-
benzylideneamino)- 4H-1,2,4-triazoles (Schiff bases, 1a-h):
The 1,2,4-triazole Schiff bases were synthesized by conden-
sation of 4-amino-4H-1,2,4-triazole with aromatic aldehydes
in presence of 2-3 drops of glacial acetic acid (Scheme-I). An
equimolar mixture of 4-amino-1,2,4-triazole (1) (0.02 mol)
and different aromatic aldehydes (0.02 mol) in ethanol 20 mL

was refluxed for 2-4 h [17]. The completion of the reaction
was monitored by TLC using chloroform and methanol (8:2)
as eluent. The excess of solvent was evaporated thus the solid
obtained was dried and recrystallized from methanol.

General procedure for synthesis of 4-(4-substituted-
phenyl-4-oxo-thiazolidinyl)-4H- 1,2,4-triazole (2a-h): A
solution of 4-(4-substituted-benzylideneamino)-4H-1,2,4-
triazoles (1a-h) (0.02 mol) in 25 mL ethanol, thioglycolic acid
(0.02 mol) added in presence of a pinch of anhydrous ZnCl2

stirred and refluxed the mixture for about 5-7 h. After comp-
letion of the reaction, the reaction mixture poured into ice
cold water and a saturated solution of NaHCO3 added. Then
filtered the solution and washed the solid product [18,19]. The
product was filtered, dried and finally recrystallized by ethanol
to give compounds (2a-h).

General procedure for synthesis of 5-(1H-indolylidene)-
3-(4H-1,2,4-triazolyl)-2-(substituted phenyl) thiazolidin-4-
one (3a-h): In a solution of 4-(4-substitutedphenyl-4-oxo-
thiazolidinyl)-4H-1,2,4-triazoles (2a-h, 0.02 mol) in 20 mL
ethanol, indole-3-carboxaldehyde (0.02 mol) was added with
stirring then 0.1 g of sodium ethoxide was added and refluxed
the mixture at 90 °C for 7-10 h [20]. The reaction was moni-
tered by TLC using CHCl3 and MeOH in 8:2 as eluent. After
completion the reaction, we kept the reaction mixture for 1 h
at room temperature for evaporation of solvent. The obtained
solid product was purified using column chromatography with
CHCl3 and MeOH in 8:2 to give compounds 3a-h.

Characterization of synthesized compounds 3a-h

5-(1H-Indolylidene)-3-(4H-1,2,4-triazolyl)-2-(3,4,5-
trimethoxyphenyl)thiazolidin-4-one (3a): Off white solid,
yield: 78 %, m.p.: 195 °C, C23H21N5O4S, IR (KBr, νmax, cm-1):
1685 (-C=O thiazolidinone), 3350 (N-CH thiazolidinone),
3102 (Ar, C-H), 2850 (C-S-C cyclic), 3430 (NH-indole) 761
(Ar-OCH3). 1H NMR (500 MHz, DMSO-d6, δ ppm): 7.15 (s,
2H, Ar–H), 3.8-3.9 (s, 9H, -OCH3), 4.82 (s, 1H, HC-N), 9.06(s,
2H, triazole), 9.8 (s, 1H, indolyl NH). 13C NMR (125 MHz, δ
ppm): 105 (2C, Ar-C), 140, 153 (3C, Ar -C-OCH3), 56-60 (3C,
-OCH3), 175 (1C, C=O), 125 (1C, arylidinonyl), 138.9 (2C,
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Scheme-I: Synthesis of 4-(5-indolylidene-4-substituted phenyl-4-oxo-thiazolidinyl)-4H-1,2,4-triazoles
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C=N triazole), 165 (1C, C-S), 75 (1C, N-CH thiazolidinone).
Elemental analysis: C, 59.60; H, 4.57; N, 15.11; O, 13.81; S,
6.92.

5-(1H-Indolylidene)-3-(4H-1,2,4-triazolyl)-2-(3-
ethoxy-4-hydroxyphenyl)thiazolidin-4-one (3b): Yellowish
crystals, yield: 75 %, C22H19N5O3S, m.p.: 170 °C, IR (KBr, νmax,
cm-1): 1690 (-C=O thiazolidinone), 3425 (N-CH, thiazoli-
dinone), 2780 (C-S-C, cyclic), 3480 (NH-indole), 3120 (Ar,
C-H), 768 (Ar-OCH3). 1H NMR (500 MHz, DMSO-d6, δ ppm):
1.3 (t, 3H, CH3), 4.0 (q, 2H, -OCH2), 4.85 (s, 1H, HC-N), 9.04
(s, 2H, triazole), 4.1(br. peak 1H, -OH), 8.06 (s, 1H, arylidinyl
H), 7.1-8.8 (m, aromatic-H), 9.8 (s, 1H, indolyl-NH). 13C NMR
(125 MHz, δ ppm): 125 (1C, arylidene C), 15(1C, CH3), 65
(1C, -OCH2), 147 (C-OH), 185 (1C, C=O), 145 (2C, C=N
triazole), 137(1C, C-S), 79.6 (1C, N-CH thiazolidinone) 118-
139 (aromatic C).

5-(1H-Indolylidene)-3-(4H-1,2,4-triazolyl)-2-(4-methyl-
phenyl)thiazolidin-4-one (3c): Light yellow solid, yield: 63 %,
C21H17N5OS, m.p.: 85 °C; IR (KBr, νmax, cm-1): 1726 (-C=O
thiazolidinone), 3362 (N-CH, thiazolidinone), 3102 (Ar, C-H),
2850 (C-S-C cyclic), 3430 (NH, indole) 2970 (Ar-CH3). 1H
NMR (500 MHz, DMSO-d6, δ ppm): 2.4 (s, 3H, Ar-CH3), 4.3
(s, 1H, HC-N), 9.11(s, 2H, triazole), 9.87 (s, 1H, indolyl NH),
7.1–8.3 (m, 10H, Ar–H), 13C NMR (125 MHz, δ ppm): 153 (3C,
Ar C-CH3), 23 (1C, CH3), 157 (1C, C=O), 123 (1C, arylidi-
nonyl), 140 (2C, C=N triazole), 165 (1C, C-S), 68 (1C, N-CH
thiazolidinone), 108-158 (12C, Ar-C).

5-(1H-Indolylidene)-3-(4H-1,2,4-triazolyl)-2-(4-
hydroxy-phenyl)thiazolidin-4-one (3d): Off white solid, yield:
79 %, C20H15N5O2S, m.p.: 130 °C; IR (KBr, νmax, cm-1): 1755
(-C=O thiazolidinone), 3328 (N-CH, thiazolidinone), 2750 (C-
S-C, cyclic), 3470 (NH, indole), 3120 (Ar, C-H), 3600 (-OH).
1H NMR (500 MHz, DMSO-d6, δ ppm): 5.12 (s, 1H, HC-N),
9.06 (s, 2H, triazole), 4.08 (br. peak 1H, -OH), 7.5 (s, 1H, arylidinyl
H), 7.2-8.5 (m, aromatic-H), 9.9 (s, 1H, indolyl-NH). 13C NMR
(125 MHz, δ ppm): 127 (1C, arylidene C), 150 (C-OH), 184.5
(1C, C=O), 149 (2C, C=N triazole), 135.6 (1C, C-S), 85.5
(1C, N-CH thiazolidinone), 110-140 (8C, aromatic C).

5-(1H-Indolylidene)-3-(4H-1,2,4-triazolyl)-2-(4-
chlorophenyl)thiazolidin-4-one (3e): White solid, yield: 72
%, C20H14N5OSCl, m.p.: 180 °C; IR (KBr, νmax, cm-1): 1725
(-C=O thiazolidinone), 3348 (N-CH, thiazolidinone), 2720
(C-S-C, cyclic), 3410 (NH, indole), 3135 (Ar, C-H), 772
(Ar-Cl). 1H NMR (500 MHz, DMSO-d6, δ ppm): 5.16 (s, 1H,
HC-N), 9.08 (s, 2H, triazole), 7.96 (s, 1H, arylidinyl H), 7.3-
8.4 (m, 9H, aromatic-H), 9.9 (s, 1H, indolyl-NH). 13C NMR
(125 MHz, δ ppm): 128 (1C, arylidene C), 185 (1C, C=O),
145 (2C, C=N triazole), 135 (1C, C-S), 145 (C, C-Cl), 86 (1C,
N-CH thiazolidinone), 108-162 (aromatic C).

5-(1H-Indolylidene)-3-(4H-1,2,4-triazolyl)-2-(4-
bromophenyl)thiazolidin-4-one (3f): Brown solid, yield:
76 %, C20H14N5OSBr, m.p.: 145 °C; IR (KBr, νmax, cm-1): 1645
(-C=O thiazolidinone), 3340 (N-CH, thiazolidinone), 2932 (C-
S-C, cyclic), 3326 (NH, indole), 640 (Ar-Br). 1H NMR (500
MHz, DMSO-d6, δ ppm): 4.92 (s, 1H, HC-N), 9.10 (s, 2H,
triazole), 7.9 (s, 1H, arylidinyl H), 7.0-8.2 (m, 9H, aromatic-
H), 9.81 (s, 1H, indolyl-NH). 13C NMR (125 MHz, δ ppm):
128 (1C, arylidene C), 175 (1C, C=O), 143 (2C, C=N triazole),

135 (1C, C-S), 135 (C, C-Br), 83 (1C, N-CH thiazolidinone),
115-153 (aromatic C).

5-(1H-Indolylidene)-3-(4H-1,2,4-triazolyl)-2-(2,4-
dichlorophenyl)thiazolidin-4-one (3g): White solid, yield:
71 %, C20H13N5OSCl2, m.p.: 150 °C; IR (KBr, νmax, cm-1): 1720
(-C=O thiazolidinone), 3345 (N-CH, thiazolidinone), 2715 (C-
S-C, cyclic), 3450 (NH, indole), 3135 (Ar, C-H), 770 (Ar-Cl).
1H NMR (500 MHz, DMSO-d6, δ ppm): 5.12 (s, 1H, HC-N),
9.1 (s, 2H, triazole), 7.5 (s, 1H, arylidinyl H), 7.3-8.4 (m, 8H,
aromatic-H), 9.9 (s, 1H, indolyl-NH). 13C NMR (125 MHz, δ
ppm): 125 (1C, arylidene C), 176 (1C, C=O), 143 (2C, C=N
triazole), 137 (1C, C-S), 165-168 (2C, C-Cl), 85.5 (1C, N-CH
thiazolidinone), 108-158 (aromatic C).

5-(1H-Indolylidene)-3-(4H-1,2,4-triazolyl)-2-(3-
nitrophenyl)thiazolidin-4-one (3h): Off white solid, yield:
66 %, C20H14N6O3S, m.p.: 165 °C; IR (KBr, νmax, cm-1): 1735
(-C=O thiazolidinone), 3370 (N-CH, thiazolidinone), 3110(Ar,
C-H), 2846 (C-S-C, cyclic), 3340 (NH, indole), 761(Ar-NO2).
1H NMR (500 MHz, DMSO-d6, δ ppm): 4.86 (s, 1H, HC-N),
9.12 (s, 2H, triazole), 7.5 (s, 1H, arylidinyl H), 7.3-8.3 (m,
aromatic-H), 9.86 (s, 1H, indolyl-NH). 13C NMR (125 MHz,
δ ppm): 121 (1C, arylidene C), 169 (1C, C=O), 143 (2C, C=N
triazole), 137 (1C, C-S), 83 (1C, N-CH thiazolidinone), 108-
158 (aromatic C), 150 (1C, C-NO2).

Evaluation of antifungal activity: The stock solutions
were prepared by dissolving of 500 µg of each synthesized
compound in 1 mL of dimethyl sulfoxide as solvent and diffe-
rent dilute solutions have made from this solution. The anti-
fungal activity of the synthesized compounds was evaluated
and MIC determines by the microbroth dilution method [20].
The antifungal activity was evaluated against human patho-
genic fungal strains, such as C. albicans (MTCC 227), A. flavus
(MTCC 277), A. niger (MTCC 282), which are often encoun-
tered clinically and were compared with standard drugs like
fluconazole. The zone of inhibition was measured in milli-
meter. The MIC was determined by measuring the absorbance
of microtiter plates at 530 nm. The optical density from each
well was compared with optical density from the positive
control wells, the lowest concentration with optical density,
< 0.1 signifies inhibition and considered as MIC [21].

Evaluation of antioxidant activity

DPPH radical scavenging activity [22-24]: The radical
scavenging activity of the synthesized compounds against
stable free radical 2.2-diphenyl-2-picrylhydrazyl hydrate
(DPPH, Sigma-Aldrich) was determined spectrophotomet-
rically. When DPPH reacts with antioxidant compounds, which
can donate hydrogen, it is reduced. Following the reduction,
its deep violet colour in methanol bleached to yellow, showing
a significant absorption decrease at 517 nm. Then 1 mL of
various concentration (25, 50, 100 and 200 µg/mL) of the
compounds 3a-h dissolved in methanol were added to 1 mL
of ethanol solution of DPPH. The mixture was shaken vigoro-
usly and allowed to stand at room temperature for 30 min.
Then the absorbance was measured at 517 nm in a spectro-
photometer (Systronic 2201 Double Beam UV-visible spectro-
photometer). Ascorbic acid was used as the reference. All tests
and analyses were done in three replicates and the results were
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averaged. Free radical DPPH inhibition in percentage (AA
%) was calculated as follows:

control test

control

A A
DPPH radical scavenging activity (%) 100

A

−= ×  (1)

where Acontrol is the absorbance of the control sample (DPPH
solution without test sample) and Atest is the absorbance of the
test sample (DPPH solution + test compound).

Hydrogen peroxide (H2O2) scavenging activity: Hydrogen
peroxide may enter into the human body through inhalation of
vapour or mist and through eye or skin contact. H2O2 is rapidly
decomposed into oxygen and water and this may produce
hydroxyl radicals (OH) that can initiate lipid peroxidation and
cause DNA damage in the body [25,26].

The H2O2 scavenging ability of the test compound was
determined according to the method of Ruch et al. [27,28]. A
solution of H2O2 (40 mM) was prepared in phosphate buffer
(pH 7.4). 25, 50, 100 and 200 µg/mL concentrations of the
test compounds in 3.4 mL phosphate buffer were added to
H2O2 solution (0.6 mL, 40 mM). The absorbance value of the
reaction mixture was recorded at 230 nm. The percent of
scavenging of H2O2 was calculated by using eqn. 2:

control test
2 2

control

A A
H O  scavenging activity (%) 100

A

−= × (2)

where Acontrol is the absorbance of the control sample (H2O2

solution without test sample) and Atest is the absorbance of the
test sample (H2O2 solution + test compound).

Total antioxidant capacity by phosphomolybdenum
method: This method is based on the reduction of phospho-
molybdic acid to phosphomolybdenum green complex by
sodium sulfide. In this method Mo(VI) reduced to Mo(V) by
the tested compounds, followed by formation of a green phos-
phate/Mo(V) complex at acid pH [29].

An aliquot of 0.1 mL of the test solution in DMSO was
mixed with 1 mL of a reagent solution (0.6 M sulfuric acid,
28 mM sodium phosphate and 4 mM ammonium molybdate).
The test tubes were capped and incubated at 95 °C for 90 min.
The samples were cooled at room temp. and then absorbance
was measured at 695 nm against the blank. The blank solution
was containing 1 mL of the reagent solution and an appropriate
volume DMSO. The total antioxidant capacity of the tested
compounds was calculated according to the eqn. 1.

R E S U L T S A N D   D I S C U S S I O N

Compounds 3a-h were successfully synthesized and charac-
terized quantitatively and qualitatively by using FTIR, 1H NMR
and 13C NMR spectroscopy. When the Schiff bases of 1,2,4-
triazole on reaction with equimolar amount of thioglycolic
acid in the presence of ZnCl2 as a catalyst in the trace amount,
gives the cycloaddition reaction and produced a five membered
4-thiazolidinone ring, as compound 2a-h. When all these com-
pounds 2a-h underwent the Knoevenagel condensation
reaction with indole-3-carboxaldehyde in the presence of sodium
ethoxide (C2H5ONa) to afford the compounds 3a-h (Scheme-
I). In the 1H NMR spectra of the these compounds, we have
found the disappearance of two methylene protons of
compounds 2a-h and an appearance of a new signal for

arylidene H in the range of 7.5-8.1δ ppm and a peak for 1H of
indolyl -NH- group in the range of 9.1-9.95 in the 1H NMR,
and a new signals for arylidene C in range of 121-129 δ ppm in
the 13C NMR spectra of compounds 3a-h. These all above
facts clearly confirmed the synthesis of all newly 5-arylidene
derivatives of 4-thiazolidnones as final products.

The compounds 3a-h were screened for their antifungal
and antioxidant activity. The antifungal activity results showed
that compounds 3d and 3f exhibit good activity against
A. flavus, compounds 3d, 3f and 3g exhibit good activity
against C. albicans, while compounds 3c and 3e exhibit good
activity against A. niger with lowest value (Table-1). It is also
found that thiazolidinone and their arylidene derivatives
containing –Cl, –Me and –OH group exhibited good antifungal
activity.

TABLE-1 
ANTIFUNGAL ACTIVITY AND DPPH SCAVENGING  

ACTIVITY OF SYNTHESIZED COMPOUNDS 

Antifungal activity  
(MIC value in µg/mL) Comp. -R 

C. albicans A. niger A. flavus 

3a 3,4.5-tri-OCH3- 125 125 250 
3b 3-OEt-4-OH- 125 250 125 
3c 4-CH3- 100 31.2 62.5 
3d 4-OH- 62.5 125 31.2 
3e 4-Cl- 125 62.5 62.5 
3f 4-Br- 32.5 125 62.5 
3g 2,4-di-Cl- 26.5 152.5 125 
3h 3-NO2- 62.5 125 100 

Fluconazole  – 25 25 25 

 
These synthesized thiazolidinone derivatives have shown

promising antioxidant activities by scavenging of H2O2 and
DPPH radical and by reduction of Mo(IV) to Mo(V). Free
radical scavenging activity of the 1,2,4-triazole derivatives is
concentration dependent, the radical scavenging activity
increases with concentration and lower IC50 value reflects
better protective action. From results, it may be postulated
that compounds 3a-h were able to reduce the stable free
radical DPPH to diphenylpicrylhydrazine exhibiting better free
radical scavenging activity than the standard antioxidant ascorbic
acid.

Some compounds have found to have low IC50 value (for
DPPH radicals scavenging) which is comparable to the ascorbic
acid (Table-2) compounds 3b (11.21 µg/mL), 3h (14.05 µg/mL)
and 3f (17.51 µg/mL) have found lowest IC50 value compa-
rable to ascorbic acid (9.4 µg/mL). From results of H2O2 assay
(Table-2), it is found that the compounds 3b, 3d, 3f and 3h have
good antioxidant activity. The structure activity relationship
showed that the antioxidant activity of these 1,2,4-triazole
derivatives could be due to that consists of atom with low electro-
negativity and species with relatively small ionization energy
compounds 3b, 3d, 3f and 3h have higher antioxidant activity
due to 3-OEt-4–OH, 4-Br, 4-OH and 3–NO2 group present
with the phenyl ring. It suggested that these compounds could
have great importance as therapeutic agents in preventing or
slowing the progress of aging and age associated oxidative
stress related degenerative diseases.
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Conclusion

A simple and straightforward synthetic procedures were
adopted for the synthesis of newly 3-(4H-1,2,4-triazol-3-yl)-
2-(4-substitued-phenyl)thiazolidin-4-one (2a-h) and 3-(4H-
1,2,4-triazol-3-yl)-2-(4-substitued-phenyl)-5-(indolyli-
dene)thiazolidin-4-one (3a-h) derivatives from the Schiff bases
of 1,2,4-triazoles. The compounds have been characterized
by spectral methods such as FT-IR, 1H NMR, 13C NMR and
Mass spectrometer. All the synthesized compounds have been
investigated for their antifungal and antioxidant activity. Some
of these compounds have good to moderate antifungal activity
and most of these compounds were found to be significant
scavengers of free radicals. From results of DPPH assay, it found
that the compounds 3b, 3d, 3f and 3h showed excellent anti-
oxidant activity with lower IC50 value which is comparable to
ascorbic acid. These results obtained by preliminary screening
of antioxidant activity suggested that the molecules from
5-arylideno-indolyl-thiazolidin-4-one class might serve as interes-
ting compounds which could have great importance as therape-
utic agents in preventing or slowing the progress of aging and
age associated oxidative stress related degenerative diseases.
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