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Abstract
In the present study, 5-(4-substituted phenyl)-1, 2, 4-triazole-3-thiol (5a-e) were synthesized from 5-(4-substituted phenyl)-1, 3, 4oxadiazole-2-thiol (4a-e) and their structures were confirmed by IR, NMR, Mass spectral and elemental analysis. These synthesized
compounds were screened for the antimicrobial and cytotoxic activities. The results indicated that, compound 5(a) and 5(b) showed
the highest antibacterial activity. Compound 5(d) and 5(e) were observed to be the most potent antifungal agents. The structure
activity relationship discovered that the presence of electron withdrawing and electron donating substituents at para position of
phenyl ring of synthesized compounds enhance the antibacterial and antifungal activities, respectively. Further, the results of
cytotoxicity studies on breast cancer cell line (MCF-7) suggested that active antimicrobial agents 5(a), 5(b), 5(c), 5(d) and 5(e) are
accompanied with low cytotoxicity. The biological profiles of these 1, 2, 4-triazoles would be a fruitful matrix for further development
of safe and efficacious compounds.
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Introduction
The microbial infections are serious problem to human being and clinically useful antimicrobial drugs prevent the growth of
bacteria and infections. The factors are important to select the therapy based on known characteristics of organisms and
particular pharmacological features of antimicrobial agents [1]. The various antifungals like fluconazole, voriconazole
containing triazole nucleus and antibacterial heterocycles such as azetidinones and penicillins, are reported as clinically
useful compounds [2]. Therefore, 1, 2, 4-triazoles have been expected to be of considerable importance due to their precious
biological significance. Though, these reported drugs have been used clinically but they pose limitations due to their toxicity,
drug resistance and pharmacokinetic deficiencies. There is an urgent need of newer antimicrobial agents to rectify these
above-mentioned problems. In the literature, the substituted 1, 3, 4-oxadiazoles have been reported to possess antimicrobial
[3-5], anticonvulsant [6,7], antitubercular [8,9], anticancer [10] and anti-inflammatory activities [11,12]. Similarly, 1, 2, 4Citation: Upadhyay PK and Mishra P. Synthesis, Antimicrobial and Cytotoxic Activities of Some Bio-isosteres of 1, 3, 4-Oxadiazoles. Int
J Chem Sci. 2017;15(2):147.
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triazole derivatives are reported to impart antitumor [13,14], antimicrobial [15-17], antitubercular [18,19], antioxidant [20,21]
and anti-inflammatory activities [22,23]. From these published research work, it is proved that 1, 2, 4-triazole-3-thiol and
their analogs can be considered as promising antimicrobial agents due to the presence of toxicophoric part -N=C-N- in them
[24].

Thus, a look into the structures of 1, 2, 4-triazole and 1, 3, 4-oxadiazole, it can be said that it is only a matter of bio-isoteric
replacement of oxygen of 1, 3, 4-oxadiazole with nitrogen of 1, 2, 4-triazole nucleus. This may be attributed to the promising
biological activities of both the nuclei impart their appreciable difference in chemical properties. However, the conversion of
1, 3, 4-oxadiazoles to 1, 2, 4-triazoles were reported only in few research papers [25]. Therefore, it would be worthwhile to
synthesize 1, 2, 4-triazoles from 1, 3, 4-oxadiazoles and evaluate them for antimicrobial and cytotoxic activities.

Experimental
All chemicals and reagents were procured from Qualigens, Spectrochem (P) Ltd. and Rankem Chemicals, from Mumbai,
India. The melting points of compounds were determined in open capillaries and are uncorrected. The purity of the
compounds was checked by performing thin layer chromatography (TLC) on silica gel G coated glass plates using iodine
vapors as detecting agent and chloroform and methanol solvent system.

IR spectra (in KBr) were recorded on a Shimadzu IR Affinity-1 FTIR spectrophotometer. 13C NMR spectra in Dimethyl
Sulfoxide (DMSO) were recorded on a Brucker-400 NMR spectrometer using TMS as a reference standard (chemical shifts
expressed in parts per million (ppm) on δ scale). Mass spectra were scanned on a Schimadzu LC-MS 2010 Spectrometer.
Elemental analysis was produced using Perkin Elmer 2400 analyzer. The elemental analysis of C, H, N and S% established
for the synthesized compounds were found to be within ± 0.5% limits of theoretical values. The synthesized compounds were
recrystallized from various dilutions of ethanol in distilled water. All the 1, 2, 4-triazoles, 5(a-e) were prepared according to
method outlined in the SCHEME 1.
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SCHEME 1. Synthesis of 5-(4-substituted phenyl)-1, 2, 4-triazole-3-thiole, 5(a-e).
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Synthesis of methyl 4-substituted benzoate, 2(a-e)
The methyl benzoates, 2(a-e) were prepared according to reported method [26].

Synthesis of 4-substituted benzoic acid hydrazide, 3(a-e)
The acid hydrazides, 3(a-e) were prepared according to reported procedure [27] with some modifications. The ester [2(a-e),
0.1 mol] dissolved in methanol (100 ml) and was taken in round bottomed flask fitted with a reflux condenser. Hydrazine
hydrate (99%, 25 ml) was added and the reaction mixture refluxed for 6 h. The excess of hydrazine hydrate was distilled off
under reduced pressure. The crude product was washed with distilled water and recrystallized from aqueous ethanol.

Synthesis of 5-(4-substituted phenyl)-1, 3, 4-oxadiazole-2-thiol, 4(a-e) [28,29]
In a round bottomed flask, the acid hydrazide [3(a-e), 0.1 mol], carbon disulphide (0.12 mol), potassium hydroxide (0.1 mol)
were taken in methanol (250 ml) and stirred well. The reaction mixture was refluxed in the fume cupboard. Heating was
continued till evolution of hydrogen sulphide ceased. The excess of methanol was then distilled off under reduced pressure.
The product was washed with distilled water and precipitated by addition of dilute hydrochloric acid. It was then filtered,
dried and recrystallized from ethanol.

Synthesis of 5-(4-substituted phenyl)-1, 2, 4-triazole-3-thiol, 5(a-e) [30,31]
The substituted 1, 3, 4-oxadiazole-2-thiol [4(a-e), 0.02 mol] was dissolved in 50 ml of methanol in round bottomed flask and
hydrazine hydrate (99%; 0.08 mol) was added. This reaction mixture was refluxed for about 8 h. The excess of methanol and
hydrazine hydrate were removed under reduced pressure. On addition of ice-cold distilled water, the product separates out.
The separated product was washed with cold water; dried and recrystallized from ethanol.

TABLE 1. Physical data of methyl 4-substituted benzoic acid hydrazide, 3(a-e).

R

CONHNH2

Compound Code

R

Yield (%)

M.P. (°C)

3(a)

-F

91.3

158-60

3(b)

-Cl

93.4

161-63

3(c)

-OH

94.1

125-27

3(d)

-OCH3

94.6

131-33

3(e)

-OC2H5

94.0

141-43
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TABLE 2. Physical data of 5-(4-substituted phenyl)-1,3,4-oxadiazole-2-thiol, 4(a-e).

N

N
SH

O
4 (a-e)

R
5-(4-sustituted-phenyl)-[1,3,4]oxadiazole-2-thiol

Compound

R

code

Molecular

Molecular

formula

weight

Yield (%)

MP (°C )

Rf
value

4(a)

-F

C8H5FN2OS

196.20

71.2

174-76

0.74

4(b)

-Cl

C8H5ClN2OS

212.66

78.5

180-82

0.82

4(c)

-OH

C8H6N2O2S

194.20

80.6

184-86

0.86

4(d)

-OCH3

C9H8N2O2S

208.23

84.8

202-04

0.82

4(e)

-OC2H5

C10H10N2O2S

222.26

87.8

206-08

0.86

TABLE 3. Physical Data of 4-Amino-5-(4-substituted phenyl)-4H- [1, 2, 4] triazole-3-thiol, 5(a-e).
N

N

N

SH

R

5 (a-e)

NH2

4-Amino-5-(4-substituted-phenyl)-4H-[1,2,4]triazole-3-thiol
Compound

R

code

Molecular

Molecular

formula

weight

Yield (%)

MP (°C

Rf

)

value

5(a)

-F

C8H7FN4S

210.23

70.4

203-05

0.70

5(b)

-Cl

C8H7ClN4S

226.69

76.8

209-11

0.74

5 (c)

-OH

C8H8N4OS

218.24

74.9

207-09

0.78

5(d)

-OCH3

C9H10N4OS

222.27

80.1

216-18

0.76

5(e)

-OC2H5

C10H12N4OS

236.29

81.6

221-23

0.80

4-Amino-5-(4-Fluoro-phenyl)-4H- [1,2,4] triazole-3-thiol (5a)
IR (KBr ν, cm-1): 3392 (N-H stretching), 3078 (C-H str, aromatic), 2560 (S-H str), 1647 (C=N str, ring) 1566-1490 (C=C str,
aromatic), 1208 (C-N str), 1035 (C-F str); 13C NMR 400 MHz, (DMSO-d6, δ, ppm): 166.8 (C-3, C-SH), 162.6 (C-4’), 151.2
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(C-5), 128.7 (C-2’,C-6’), 125.4 (C-1’), 114.7 (C-3’,C-5’); LC-MS: m/z 210 (M+); Elemental analysis (C8H7FN4S), Found %
(calculated %): C, 45.58 (45.70); H, 3.30 (3.36); N, 26.52 (26.65); S, 15.18 (15.25).

4-Amino-5-(4-Chloro-phenyl)-4H- [1,2,4] triazole-3-thiol (5b)
IR (KBr ν, cm-1): 3396 (N-H stretching), 3090 (C-H str, aromatic), 2568 (S-H str), 1660 (C=N str, ring), 1574-1492 (C=C str,
aromatic), 1216 (C-N str), 782 (C-Cl str); 13C NMR 400 MHz, (DMSO-d6, δ, ppm): 166.1 (C-3, C-SH), 150.6 (C-5), 135.2
(C-4’), 128.9 (C-3’,C-5’), 128.1 (C-2’,C-6’), 126.7 (C-1’); LC-MS: m/z 226 (M+); Elemental analysis (C8H7ClN4S), Found %
(calculated %): C, 42.23 (42.39); H, 3.07 (3.11); N, 24.58 (24.72); S, 14.07 (14.14).

4-Amino-5-(4-Hydroxy-phenyl)-4H- [1,2,4] triazole-3-thiol (5c)
IR (KBr ν, cm-1): 3485 (O-H str), 3392 (N-H stretching), 3096 (C-H str, aromatic), 2902 (C-H str, aliphatic), 2570 (S-H str),
1662 (C=N str, ring), 1572-1490 (C=C str, aromatic), 1368 (C-H bend, aliphatic), 1204 (C-N str), 1171-1096 (C-O str); 13C
NMR 400 MHz, (DMSO-d6, δ, ppm): 167.8 (C-3, C-SH), 159.2 (C-4’), 152.1 (C-5), 130.9 (C-2’,C-6’), 124.3 (C-1’) 117.2
(C-3’,C-5’); LC-MS: m/z 218 (M+); Elemental analysis (C8H8N4OS), Found % (calculated %): C, 46.02 (46.14); H, 3.71
(3.87); N, 26.70 (26.91); S, 15.32 (15.40).

4-Amino-5-(4-Methoxy-phenyl)-4H- [1,2,4] triazole-3-thiol (5d)
IR (KBr ν, cm-1): 3402 (N-H stretching), 3098 (C-H str, aromatic), 2906 (C-H str, aliphatic), 2572 (S-H str), 1664 (C=N str,
ring), 1578-1494 (C=C str, aromatic), 1372 (C-H bend, aliphatic), 1210 (C-N str), 1161-1090 (C-O str); 13C NMR 400 MHz,
(DMSO-d6, δ, ppm): 167.2 (C-3, C-SH), 161.2 (C-4’), 150.9 (C-5), 131.3 (C-2’,C-6’), 123.1 (C-1’) 115.2 (C-3’,C-5’), 55.6
(Ar-O-CH3); LC-MS: m/z 222 (M+); Elemental Analysis (C9H10N4OS), Found % (calculated %): C, 48.49 (48.64); H, 4.47
(4.53); N, 25.17 (25.21); S, 14.36 (14.42).
4-Amino-5-(4-Ethoxy-phenyl)-4H- [1,2,4] triazole-3-thiol (5e)
IR (KBr ν, cm-1): 3404 (N-H stretching), 3104 (C-H str, aromatic), 2916 (C-H str, aliphatic), 2574 (S-H str), 1669 (C=N str,
ring), 1582-1498 (C=C str, aromatic), 1365 (C-H bend, aliphatic), 1202 (C-N str), 1157-1084 (C-O str); 13C NMR 400 MHz,
(DMSO-d6, δ, ppm): 166.9 (C-3, C-SH), 160.6 (C-4’), 149.4 (C-5), 130.8 (C-2’,C-6’), 122.7 (C-1’), 114.5 (C-3’,C-5’), 63.7
(Ar-O-CH2-CH3), 14.8 (Ar-O-CH2-CH3); LC-MS: m/z 236 (M+); Elemental analysis (C10H12N4OS), Found % (calculated %):
C, 50.64 (50.83); H, 5.01 (5.12); N, 23.58 (23.70); S, 13.48 (13.57).
Antimicrobial studies
The synthesized compounds 5(a-e) were evaluated for the antibacterial activities against Staphylococcus aureus
(MTCC7443; Gram +ve), Bacillus subtilis (MTCC121; Gram +ve), Escherichia coli (MTCC118; Gram -ve) and
Pseudomonas aeruginosa (MTCC424; Gram-ve) bacterial strains [32,33]. For antifungal activity, two fungal strains,
Aspergillus niger and Candida albicans were taken using disc diffusion technique [33,34]. Fluconazole and Ciprofloxacin
(20 μg/ml) were taken as standard drugs for antifungal activity and antibacterial activity, respectively. Test compounds (100
μg/ml) were made in N, N-dimethyl formamide (DMF).
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Sabouraud dextrose medium and Nutrient Agar medium were used for antifungal and antibacterial activity, respectively. The
nutrient broth having composition as beef extract (1.0 g), yeast extract (2.0 g), peptone (5.0 g) and sodium chloride (5.0 g)
which were dissolved in distilled water and volume made up to 1000 ml. The Nutrient Agar medium was prepared by adding
2.0% w/v of agar to nutrient broth and the pH adjusted to 7.4. For antifungal studies, Sabouraud’s dextrose medium with
peptone (10.0 g), dextrose (40.0 g) in 1000 ml of distilled water was used; having pH to 5.7. This medium was solidified by
adding 1.5% w/v of agar to it.

Whatman no. 1 filter paper was used to prepare about 6 mm in diameter paper discs. The media and discs were sterilized by
autoclaving at 121°C and 15 lb/inch pressure for 20 min. Molten agar medium was poured on petriplate aseptically. A
standard inoculum (5 × 105 c.f.u./ml) was properly distributed onto the surface of both sterile nutrient agar and dextrose
medium petriplates. Sterile discs soaked with the standard and test solutions were kept at centre on the agar culture plates.
The bacterial and fungal plates were incubated at 37 ± 1°C for 24h and 25 ± 1°C for 72 h respectively. The zone of inhibition
and percentage of inhibition were observed and compared with standard drugs (TABLE 4).

Minimum inhibitory concentrations (MIC) were determined by disc diffusion method for all the synthesized compounds. The
various concentrations of test compounds in DMF like 90, 80, 70, 60, 50, 40, 30 and 20 µg/ml were prepared in DMF and
observed for microbial inhibition. The concentrations showing inhibition or that not showing were taken and further diluted
and experiment performed similarly. This was continued till the actual inhibitory concentration was reached (TABLE 5).

Cytotoxicity studies
The in vitro cytotoxic activities of the synthesized compounds were evaluated against human breast cell line (MCF-7) using
Sulfo Rhodamine-B dye (SRB) assay [35,36]. The cell suspensions were prepared in the appropriate growth medium to
produce about 100 μl volume with the cell density of 1 × 104 cells/well. The 100 μl aliquots of cell suspensions were
transferred into 96-well micro-titer plates which were incubated for 120 h. The cell lines were kept at 37 oC in a 5% v/v CO2
with 95% humidity. Cultures were developed within a period of 7 days and culture medium changed at least one time in the 5
days. The 100 μl of culture with optimal cell density was taken in each well of 96-well titer plates. The test compounds were
properly dissolved in dimethyl sulphoxide (DMSO) which was diluted to obtain various concentrations of 10, 20, 40 and 80
μg/ml. 100 μl of each concentration was added to the wells containing the cell suspension and 100 μl of DMSO solvent to
control cells. The cells with the test compound were incubated for 48 h and fixed using 100 μl of cold 40% w/v of
trichloroacetic acid at 4oC for 1 h. Thereafter, the sufficient volume of cold distilled water was added to wash the plates for
five times. Aliquots of 50 μl of 0.4% w/v of SRB dye in 1% v/v acetic acid solution was added to each well of dried 96 wellplates and then cells were kept with dye stain for about 30 min. The dye was removed readily by washing the plates with 50
ml of 1% v/v acetic acid and rinsed 4-5 times till dye bonded with cells only, was retained. The 100 μl of 10 mM Tris base
maintaining pH 10.5 were added in each well of the dried plates to solubilize the contents of dye. A shaker was generally
used to tremble the treated plates smoothly for 20 min and therefore, in each well the absorbance was read on a plate reader at
492 nm. The same operation was done for all the samples and got the observations in triplicate as well as LC 50, (drug
concentration that kill the cell growth), TGI, (drug concentration that inhibit total cell growth) and GI50 values in μg/ml (drug
concentration that inhibit 50% of cell growth) were determined by comparing with doxorubicin used as standard drug
(TABLE 6).
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Results and Discussion
The 5-(4-substituted phenyl)-4H- [1, 2, 4] triazole-3-thiols, 5(a-e) were synthesized from 1, 3, 4-oxadiazoles, 4(a-e) by
treating with hydrazine hydrate as per SCHEME 1. The 1, 3, 4-oxadiazoles were obtained from benzoic acid hydrazides by
treating with carbon disulphide and alcoholic potassium hydroxide. The structures were characterized on the basis of spectral
data (IR, NMR and Mass spectra) and elemental analysis.

TABLE 4. Data for Antimicrobial Activity of 4-Amino-5-(4-substituted phenyl)-4H- [1,2,4] triazole-3-thiol, (5a-e)

Compounds

Diameter of zone of inhibition ± SD (mm)@

(100 µg/ml)

S. aureus

B. substilis

E. coli

P. aeruginosa

A. niger

C. albicans

5 (a)

15.17 ± 0.29

15.67 ± 0.29

15.83 ± 0.58

13.67 ± 0.29

14.00 ± 0.50

13.50 ± 0.87

(75.2%)

(73.1%)

(74.2%)

(67.2%)

(63.1%)

(65.9%)

13.67 ± 0.29

15.50 ± 0.50

14.83 ± 0.58

13.17 ± 0.29

13.00 ± 0.50

12.50 ± 0.87

(67.7%)

(71.5%)

(69.5%)

(64.8%)

(58.6%)

(60.9%)

12.67 ± 0.29

13.83 ± 0.58

13.67 ± 0.29

12.50 ± 0.50

13.83 ± 0.76

14.33 ± 0.58

(62.8%)

(63.8%)

(64.1%)

(61.5%)

(62.4%)

(65.0%)

12.50 ± 0.50

13.17 ± 0.29

13.50 ± 0.50

13.83 ± 0.76

16.83 ± 0.29

15.50 ± 0.50

(61.9%)

(60.7%)

(63.3%)

(68.0%)

(75.9%)

(75.6%)

13.00 ± 0.50

12.67 ± 0.29

14.00 ± 0.50

13.00 ± 0.50

17.67 ± 0.29

16.50 ± 0.50

(64.5%)

(58.5%)

(65.6%)

(63.9%)

(79.7%)

(80.5%)

Ciprofloxacin

20.17 ± 0.29

21.67 ± 0.58

21.33 ± 0.76

20.33 ± 0.58

--

--

(20 µg/ml)

(100%)

(100%)

(100%)

(100%)

Fluconazole

--

--

--

--

22.17 ± 0.29

20.50 ± 0.50

(100%)

(100%)

--

--

5 (b)

5 (c)

5 (d)

5 (e)

(20 µg/ml)
DMF

--

--

--

--

@ The percentage (%) zone of inhibition of test compounds was calculated against various microbial strains with reference
to standard and solvent control.
‘--’ indicates the zone of inhibition of control (DMF) was considered as negligible.

A perusal of the TABLE 4, show that the compound 5(a) and 5(b) were prominently active (with 67.7 to 75.1% inhibition)
against bacterial strains studied except P. aeruginosa. Rest of the compounds i.e., 5(c), 5(d) and 5(e) showed moderate
activities comparing with Ciprofloxacin.

Out of the five compounds studied, it is observed from the TABLE 4 that compounds 5(d) and 5(e) were found to be
prominent antifungal in nature showing 75.6 to 80.5% inhibition when compared with Fluconazole. All other compounds i.e.,
5(a), 5(b) and 5(c) showed moderate fungal toxicities.
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Since, the solutions of all test compounds and standard drugs were prepared in DMF and the zone of inhibition of DMF
solvent control was found to be negligible.
The MIC values of all synthesized compounds were found to be 30 to 42 μg/ml, 32 to 44 μg/ml, 34 to 46 μg/ml and 42 to 52
μg/ml for Staphylococcus aureus, Bacillus subtilis, Escherichia coli and Pseudomonas aeruginosa respectively. Compounds
5(a) and 5(b) were found to be most active antibacterial agents.
Similarly, MIC values were found to be 28 to 48 μg/ml for Aspergillus niger and 30 to 46 μg/ml for Candida albicans in the
antifungal studies. Out of five synthesized compounds; 5(d) and 5(e) were most potent antifungal agents as shown in TABLE
5.

From the above result, it was observed that the synthesized compound 5(a) (R=4-fluorophenyl on C-5 position of

triazole nucleus) produced highest antimicrobial activity against microbial strains while compound 5(b) (R=4chlorophenyl) possess significant antibacterial and moderate antifungal activity and the compound 5(c) (R=4hydroxy phenyl) exhibited moderate antibacterial as well as antifungal activities. In contrast to this, the
compounds 5(d) (R=4-methoxy phenyl) and 5(e) (R=4-ethoxy phenyl) showed moderate antibacterial but
prominent antifungal activities.
Thus, it can be said that electron density on 4-substituents of aromatic ring at C-5 position of 1, 2, 4-triazole nucleus
determine antibacterial and antifungal activities [37]. The enhancement in the antibacterial activity of these compounds may
be due to electron withdrawing ability of 4-substituents ((F and Cl atoms)) of phenyl group while antifungal activity most
likely depends on electron donating capability of 4-substituents ((methoxy and ethoxy groups)) of phenyl group at C-5
position. Therefore, electron withdrawing and electron donating groups are responsible for potency of antibacterial and
antifungal agents, respectively. In addition to state above, -N=C-N- toxicophoric part of triazole ring; play a crucial role in
retaining the antimicrobial profile because of structural similarities with standard drug.

TABLE 5. Minimum inhibitory concentrations of 4-Amino-5-(4-substituted phenyl)-4H-[1,2,4]triazole-3-thiol, 5(a-e)
#

Minimum inhibitory concentrations (MICs), μg/ml

Compounds

S. aureus

B. substilis

E. coli

P. aeruginosa

A. niger

C. albicans

5 (a)

30

32

34

42

48

46

5 (b)

36

34

38

44

ND

ND

5 (c)

42

44

46

52

42

40

5 (d)

ND

ND

ND

ND

28

26

5 (e)

ND

ND

ND

ND

32

30

Ciprofoxacin

18

20

20

24

ND

ND

Fluconazole

ND

ND

ND

ND

26

24

#

ND indicates the MIC of those compounds were not determined.
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The cytotoxicity of the synthesized compounds was evaluated by determining LC 50, TGI, and GI50 values in μg/ml using
sulforhodamine-B dye method. The compounds 5(a) possessing LC50 value >80; TGI value >80 and GI50=48.6 μg/ml and
5(b) with LC50 value >80; TGI value >80 and GI50=46.3 μg/ml exhibited low cytotoxicity while compounds 5(c), 5(d) and
5(e) exhibited very low cytotoxicity with same values of LC 50 >80; TGI values >80 but they have the GI50 values 59.4, 53.0
and 51.0 μg/ml respectively.

In accordance, with the data obtained from in vitro cytotoxicity studies (TABLE 6), all the synthesized compounds are
categorized as very low to low cytotoxic when compared with doxorubicin as a standard drug. The compounds 5(c), 5(d) and
5(e) have shown comparatively very low cytotoxicity, while 5(a) and 5(b) are categorized as compounds with low
cytotoxicity. It was also indicated that the bioactive compounds possessing log P values between 1.6 to 2.2 showed very low
cytotoxicity.
TABLE 6. Cytotoxicity of 4-Amino-5-(4-substituted phenyl)-4H-[1,2,4]triazole-3-thiol (5a-e).

S.No.

Compound Code

logP

1

5 (a)

2

a

b

LC50

TGI

GI50

Cytotoxicity

2.22

>80

>80

48.6

low

5 (b)

2.62

>80

>80

46.3

low

3

5 (c)

1.67

>80

>80

59.4

very low

4

5 (d)

1.94

>80

>80

53

very low

5

5 (e)

2.27

>80

>80

51

very low

Standard

Doxorubicin

2.82

>80

<10

<10

high

Control
DMSO
----a
LC50=drug concentration that kill 50% cell growth in μg/ml; TGI=drug concentration
that inhibit total cell growth in μg/ml; GI50=drug concentration that inhibit 50% cell
growth in μg/ml
b

Cytotoxicity categorizes to high, low and very low cytotoxicity of active antimicrobial
agents; ‘--’ indicates the activity of control was considered as negligible.

In this study, a series of 4-Amino-5-(4-substituted phenyl)-4H-[1,2,4]triazole-3-thiol were synthesized for evaluating
inhibitory action against the growth of cultured human breast cell line [37,38]. When an electron releasing group like
hydroxy group (compound 5c) was substituted at 4-position in the phenyl ring which possess very low cytotoxicity. The
replacement of the hydroxy group by less electron-releasing groups like methoxy (compound 5d) and ethoxy (compound 5e)
increase the cytotoxicity. From above discussion, it may be concluded that the bulkiness of the substituent results to enhanced
cytotoxicity except compound, 5(a).

Conclusion
In summary, SCHEME 1 represents a simple synthetic route of 4-substituted 5-phenyl-1, 2, 4-triazole-3-thiol, 5(a-e) and
synthesized compounds were evaluated for antimicrobial activity and cytotoxic activity on breast cancer cell line (MCF-7).
The compounds 5(a) and 5(b) exhibited good bacterial inhibition whereas compounds 5(d) and 5(e) showed prominent fungal
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inhibition comparing with standard drugs. The biological profiles of newly synthesized 1, 2, 4-triazoles would represent a
fruitful matrix for further development of newer compounds that could generate more safe and efficacious agents.

Acknowledgement
Authors are thankful to Faculty of Pharmacy, Jamia Hamdard, New Delhi for providing the spectral data and ACTREC, Tata
Memorial Centre, Mumbai for cytotoxic studies. Encouragement in the form of facilities provided by GLA University,
Mathura (U.P.) are gratefully acknowledged.

REFERENCES
1.

Barbuceanu SF, Saramet G, Almajan GL, et al. New heterocyclic compounds from 1, 2, 4-triazole and 1, 3, 4-thiadiazole class bearing
diphenylsulfone moieties. Synthesis, characterization and antimicrobial activity evaluation. Eur J Med Chem. 2012;49:417-23.

2.

Bayrak H, Demirbas A, Demirbas N, et al. Synthesis of some new 1, 2 ,4-triazoles starting from isonicotinic acid hydrazide and
evaluation of their antimicrobial activities. Eur J Med Chem. 2009;44:4362-6.

3.

Naveena CS, Boja P, Kumari NS. Synthesis, characterization and antimicrobial activity of some disubstituted 1, 3, 4-oxadiazoles
carrying 2-(aryloxymethyl) phenyl moiety. Eur J Med Chem. 2010;45:4708-19.

4.

Ramaprasad GC, Kalluraya B, Kumar BS, et al. Synthesis and biological property of some novel 1, 3, 4-oxadiazoles. Eur J Med
Chem. 2010;45:4587-93.

5.

Suresh Kumar GV, Rajendraprasad Y, Mallikarjuna BP, et al. Synthesis of some novel 2-substituted-5-[isopropylthiazole] clubbed 1,
2, 4-triazole and 1, 3, 4-oxadiazoles as potential antimicrobial and antitubercular agents. Eur J Med Chem. 2010;45:2063-74.

6.

Almasirad A, Tabatabai SA, Faizi M, et al. Synthesis and anticonvulsant activity of new 2-substituted-5-[2-(2-fluorophenoxy)
phenyl]-1, 3, 4-oxadiazoles and 1, 2, 4-triazoles. Bioorg Med Chem Lett. 2004;14:6057-59.

7.

Rajak H, Deshmukh R, Veerasamy R, et al. Novel semicarbazones based 2, 5-disubstituted-1, 3, 4-oxadiazoles: One more step
towards establishing four binding site pharmacophoric model hypothesis for anticonvulsant activity. Bioorg Med Chem Lett.
2010;20:4168-72.

8.

Mamolo MG, Zampieri D, Vio L, et al. Antimycobacterial activity of new 3-substituted 5-(pyridin-4-yl)-3H-1, 3, 4-oxadiazol-2-one
and 2-thione derivatives. Preliminary molecular modeling investigations. Bioorg Med Chem. 2005;13:3797-3809.

9.

Shashikant PR, Rabara PA, Jayashri PS. Synthesis and evaluation of some novel substituted 1, 3, 4-oxadiazole and pyrazole
derivatives for Anti-tubercular activity. Ind J Chem. 2009;48:1453-56.

10. Kumar D, Sundaree S, Johnson EO, et al. An efficient synthesis and biological study of novel indolyl-1, 3, 4-oxadiazoles as potent
anticancer agents. Bioorg Med Chem Lett. 2009;19:4492-94.
11. Jayashankar B, Lokanath Rai KM, Baskaran N, et al. Synthesis and pharmacological evaluation of 1, 3, 4-oxadiazole bearing bis
(heterocycle) derivatives as anti-inflammatory and analgesic agents. Eur J Med Chem. 2009;44:3898-3902.
12. Singh AK, Lohani M, Parthsarthy R. Synthesis, Characterization and Anti-Inflammatory Activity of Some 1, 3, 4 -Oxadiazole
Derivatives. Iran J Pharm Res. 2013;12:319-23.
13. Bhat KS, Poojary B, Prasad DJ, et al. Synthesis and antitumor activity studies of some new fused 1, 2, 4-triazole derivatives carrying
2, 4-dichloro-5-fluorophenyl moiety. Eur J Med Chem. 2009;44:5066-70.
14. Li X, Li XQ, Liu HM, et al. Synthesis and evaluation of antitumor activities of novel chiral 1, 2, 4-triazole Schiff bases bearin γbutenolide moiety. Org Med Chem Lett. 2012;2:1-5.
15. Sahin D, Bayrak H, Demirbas A, et al. Design and synthesis of new 1, 2, 4-triazole derivatives containing morpholine moiety as
antimicrobial agents. Turk J Chem. 2012;36:411-26.
16. Guzeldemirci NU, Kucukbasmaci O. Synthesis and antimicrobial activity evaluation of new 1, 2, 4-triazoles and 1, 3, 4-thiadiazoles
bearing imidazo[2,1-b] thiazole moiety. Eur J Med Chem. 2010;45:63-8.

10

www.tsijournals.com | June-2017
17. Patel NB, Khan IH, Rajani SD. Pharmacological evaluation and characterizations of newly synthesized 1, 2, 4-triazoles. Eur J Med
Chem. 2010;45:4293-9.
18. Mallikarjuna BP, Sastry BS, Suresh Kumar GV, et al. Synthesis of new 4-isopropylthiazole hydrazide analogs and some derived
clubbed triazole, oxadiazole ring systems. A novel class of potential antibacterial, antifungal and antitubercular agents. Eur J Med
Chem. 2009:44:4739-46.
19. Joshi SD, Vagdevi HM, Vaidya VP, et al. Synthesis of new 4-pyrrol-1-yl benzoic acid hydrazide analogs and some derived
oxadiazole, triazole and pyrrole ring systems: A novel class of potential antibacterial and antitubercular agents. Eur J Med Chem.
2008;43:1989-96.
20. Khan I, Ali S, Hameed S, et al. Synthesis, antioxidant activities and urease inhibition of some new 1, 2, 4-triazole and 1, 3, 4thiadiazole derivatives. Eur J Med Chem. 2010;45:5200-07.
21. Alkan M, Yuksek H, Gursoy-Kol O, et al. Synthesis, Acidity and Antioxidant Properties of Some Novel 3, 4-disubstituted-4, 5dihydro-1H-1, 2, 4-triazol-5-one derivatives. Molecules. 2008;13:107-21.
22. Almasirad A, Mousavi Z, Tajik M, et al. Synthesis, analgesic and anti-inflammatory activities of new methyl-imidazolyl-1, 3, 4oxadiazoles and 1, 2, 4-triazoles. DARU J of Pharm Sci. 2014;22:1-8.
23. Moise M, Sunel V, Profire L, et al. Synthesis and Biological Activity of Some New 1, 3, 4-Thiadiazole and 1, 2, 4-Triazole
Compounds Containing a Phenylalanine Moiety. Molecules. 2009;14:2621-31.
24. Eswaran S, Adhikari AV, Shetty NS. Synthesis and antimicrobial activities of novel quinoline derivatives carrying 1, 2, 4-triazole
moiety. Eur J Med Chem. 2009;44:4637-47.
25. Padmaja

A,

Muralikrishna

A,

Rajasekhar

C,

et

al.

Synthesis

and

Antimicrobial

Activity

of

Pyrrolyl/Pyrazolyl

Arylaminosulfonylmethyl 1, 3 ,4-Oxadiazoles, 1,3,4-Thiadiazoles and 1,2,4-Triazoles. Chem Pharm Bull. 2011;59:1509-17.
26. Furniss BS, Hannaford AJ, Rogers V, et al. ‘Vogel’s Textbook of Practical Organic Chemistry’. 4th ed. Delhi, India. Pearson Pvt Ltd.
2005.
27. Smith PA, Adams R. ‘Organic Reactions (vol III)’, 3th ed. John Wiley & Sons Inc, New York. 1946.
28. Ainsworth C. The condensation of carboxylic acid hydrazides with carbon disulfide. J Am Chem Soc. 1956;78:4475-78.
29. Britsun VN, Esipenko AN, Kudryavtsev AA, et al. Structure of the reaction product of anthranilic acid hydrazide with carbon disulfide
in alkaline medium. Russ J Org Chem. 2011;41:1333-6.
30. Padmavathi V, Reddy GS, Padmaja A, et al. Synthesis, antimicrobial and cytotoxic activities of 1, 3, 4-oxadiazoles, 1, 3, 4thiadiazoles and 1, 2, 4-triazoles. Eur J Med Chem. 2009;44:2106-12.
31. Patil BS, Krishnamurthy G, Lokesh MR, et al. Synthesis of some novel 1, 2, 4-triazole and 1, 3, 4-oxadiazole derivatives of biological
interest. Med Chem Res. 2013 22:3341-49.
32. Aneja KR. ‘Experiments in microbiology: Plant pathology and biotechnology’, 4th ed. New Age International (P) Ltd. Publishers, New
Delhi, India. 2007.
33. Upadhyay PK, Mishra P. Synthesis, antimicrobial and anticancer activities of 5-(4-substitutedphenyl)-1,3,4- thiadiazole-2-amines.
Rasayan J Chem. 2017; 10 (1): 254-62.
34.

Varma RS. ‘Antifungal Agents: Past, present and future prospects’. 5th ed. National Academy of Chemistry and Biology, Lucknow,
India. 1998.

35. Skehan P, Storeng R, Scudiero D, et al. New colorimetric anticancer assay for anticancer-drug screening. J Natl Cancer Inst.
1990;82:1107-12.
36. Houghton P, Fang R, Techatanawat I, et al. The sulphorhodamine (SRB) assay and other approaches to testing plant extracts and
derived compounds for activities related to reputed anticancer activity. Methods. 2007;42:377-87.

37. Desai NC, Bhatt N, Somani H, et al. Synthesis, antimicrobial and cytotoxic activities of some novel thiazole clubbed 1, 3, 4oxadiazoles. Eur J Med Chem. 2013;67:54-9.

38. Al-Amin M, Islam MR. Synthesis of some bis-triazole derivatives as probes for cytotoxicity study. Bangladesh J Pharmacol. 2006;1:216.

11

