
INTRODUCTION

Aromatic systems such as 1,2,4-triazoles having three

nitrogen atoms at symmetrical position have been studied

because of their broad spectrum of agricultural and industrial

activities1,2 as well as pharmacological properties such as

antibacterial, antimicrobial3,4, anticonvulsant5 and antiinfla-

mmatory6. The synthesis of these heterocycles has received

considerable attention in recent years7-11. In view of these facts

and in continuation of our work12 on the synthesis of biolo-

gically important heterocyclic compounds, we describe here

the synthesis of some new 5-substituted 4-amino-1,2,4-triazole-

3-thiols through the intramolecular cyclization of variably

substituted acid hydrazides to the corresponding 5-substituted

1,3,4-oxadiazoles-2-thiols and evaluation of their antifungal

activity. The structures of the compounds were assigned on

the basis of their physical and spectral data.

EXPERIMENTAL

Melting points of the synthesized compounds were

recorded on Gallenkamp digital melting point apparatus MFB-

595-101 M in open-end capillary tubes and were uncorrected.

Thin layer chromatography was carried out on pre-coated silica

gel plates (0.2 mm, E. Merck, 20 cm × 20 cm, 60F254). FTIR

spectral data were recorded on Bio-Red Merlin spectropho-

tometer using KBr discs. 1H NMR (300 MHz) and 13C NMR
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(75.43 MHz) spectra were recorded on Bruker AM-300 spec-

trometer in DMSO and CDCl3 solutions using TMS as internal

standard. EIMS was recorded on a GCMS Agilent VG: 70 SE

Mass spectrometer. Purity of the synthesized compounds was

also monitored by the same instrument.

Synthetic method

Preparation of 5-(4-nitrophenyl)-4-amino-1,2,4-

triazole-3-thiol (4a): Preparation of methyl-4-nitrobenzoate

(1a), 4-nitrobenzoic acid hydrazide (2a), 5-(4-nitrophenyl)-

1,3,4-oxadiazole-2-thiol (3a) have been reported earlier12.

5-(4-Nitrophenyl)-1,3,4-oxadiazole-2-thiol (4 g, 0.017

mol) and 80 % hydrazide hydrate (6 mL, 0.124 mol) in absolute

ethanol were refluxed in a 250 mL flask fitted with a condenser

and a guard tube. The reaction time was monitored through

TLC technique (silica; ethyl acetate:petroleum ether, 1:2). After

the completion of the reaction the solvent and excess hydrazine

hydrate were removed under reduced pressure using rotary

evaporator. The residue left behind was washed with diethyl

ether and recrystallized from ethanol. Same synthetic proce-

dure was adopted for the synthesis of compounds (4b-i).

Purification of synthesized compounds was achieved by

recrystallization and purity of each compound was monitored

by thin layer chromatography and gas chromatography.

5-(4-Nitrophenyl)-4-amino-1,2,4-triazole-3-thiol (4a):

5-(4-Nitrophenyl)-1,3,4-oxadiazole-2-thiol (4.0 g; 0.017 mol),



NH2-NH2 (6.12 g; 0.124 mol) were reacted according to the

general procedure. Colour reddish yellow; yield: 80 % (3.20

g); recrystallization from EtOH; m.p. 158-159 ºC; m.f.

C8H7N5O2S; m.w. 237. IR (KBr, νmax, cm-1): 3250 (N-H), 2606

(S-H), 1602 (C=C), 1553 (C=N); 1H NMR (DMSO-d6)

δ (ppm): 7.99-8.02 (dd, J = 7.4, 2.4 Hz, 1H, Ar H), 8.30 (dd,

J = 6.8, 3.1 Hz, 1H, Ar H), 8.30 (dd, J = 6.8, 3.1 Hz, 1H, Ar

H), 7.99-8.02 (dd, J = 7.4, 2.4 Hz, 1H, Ar H), 9.34 (s, 1SH ),

3.42 (s, 2H of NH2); 
13C NMR (DMSO-d6) δ (ppm): 131.02,

126.91, 125.04, 147.01, 125.04, 126.91 (Ar C), 160.04, 182.05

(triazole moity C). MS (m/z) 237 (100 %) (M+), 207 (58 %)

(loss of N2H2), 148 (59 %) (loss of NCSH), 46 (70 %) (loss of

NO2), 190 (60 %). Anal. calcd. (%) for C8H7N5O2S: C, 40.54;

H, 2.97; N, 29.55; found (%) C, 40.51; H, 2.89; N, 29.63.

5-(3-Nitrophenyl)-4-amino-1,2,4-triazole-3-thiol (4b):

5-(3-Nitrophenyl)-1,3,4-oxadiazole-2-thiol (5.0 g; 0.021 mol),

NH2-NH2 (6.40 g; 0.120 mol) were reacted according to the

general procedure. Colour brown; yield: 82 % (4.10 g);

recrystallization from EtOH; m.p. 162-164 ºC; m.f. C8H7N5O2S;

m.w. 237. IR (KBr, νmax, cm-1): 3201 (N-H), 2561 (S-H), 1580

(C=C), 1530 (C=N); 1H NMR (DMSO-d6) δ (ppm): 7.28 (dd,

J = 3.4, 5.8 Hz, 1H, Ar H), 7.84 (q, J = 6.8 Hz, 1H, Ar H), 8.24

(dd, J = 2.5, 7.2 Hz, 1H, Ar H), 8.31 (dd, J = 6.2, 3.3 Hz, 1H,

Ar H), 12.3 (s, 1SH ), 3.8 (s, 2H of NH2); 
13C NMR (DMSO-

d6) δ (ppm): 132.07, 128.59, 149.37, 125.66, 126.33, 127.02

(Ar C) 164.51, 181.33 (triazole moity C). MS (m/z) 237 (100

%) (M+), 207 (58 %) (loss of N2H2), 148 (59 %) (loss of

NCSH), 46 (70 %) (loss of NO2), 190 (60 %). Anal. calcd. (%)

for C8H7N5O2S: C, 40.54; H, 2.97; N, 29.55; found (%) C,

40.49; H, 2.88; N, 29.65.

5-Phenyl-4-amino-1,2,4-triazole-3-thiol (4c): 5-Phenyl-

1,3,4-oxadiazole-2-thiol (7.0 g; 0.036 mol), NH2-NH2 (6.60 g;

0.132 mol) were reacted according to the general procedure.

Colour red yellow; yield: 78 % (5.50 g); recrystallization from

EtOH; m.p. 175-177 ºC; m.f. C8H8N4S; m.w. 192. IR (KBr,

νmax, cm-1): 3213 (N-H), 2590 (S-H), 1575 (C=C), 1515 (C=N);
1H NMR (DMSO-d6) δ (ppm): 8.37 (dd, J = 4.2, 3.1 Hz, 1H,

Ar H), 7.61(m, 1H, Ar H), 7.89 (m, 1H, Ar H), 7.61 (m, 1H,

Ar H), 13.30 (s, 1SH ), 4.10 (s, 2H of NH2); 
13C NMR (DMSO-

d6) δ (ppm): 130.42, 127.41, 127.05, 125.01, 127.05, 127.41

(Ar C) 158.66, 185.72 (triazole moity C). MS (m/z) 192 (100

%) (M+), 162 (58 %) (loss of N2H2), 103 (59 %) (loss of

NCSH), 46 (70 %) (loss of NO2), 191 (60 %). Anal. calcd. (%)

for C8H8N4S: C, 50.04; H, 4.19; N, 29.18; found (%) C, 50.11;

H, 4.13; N, 29.25.

5-(4-Chloro-3-nitrophenyl)-4-amino-1,2,4-triazole-3-

thiol (4d): 5-(4-Chloro-3-nitrophenyl)-1,3,4-oxadiazole-2-

thiol (4.0 g; 0.014 mol), NH2-NH2 (6 g; 0.120 mol) were

reacted according to the general procedure. Colour yellow;

yield: 80 % (3.20 g); recrystallization from EtOH; m.p. 139-

140 ºC; m.f. C8H6N5O2SCl; m.w. 271. IR (KBr, νmax, cm-1):

3160 (N-H), 2575 (S-H), 1572 (C=C), 1525 (C=N); 1H NMR

(DMSO-d6) δ (ppm): 7.59 (dd, J = 3.2, 6.7 Hz, 1H, Ar H),

8.19 (d, J = 3.2 Hz, 1H, Ar H), 8.34 (d, J = 6.3 Hz, 1H, Ar H),

12.10 (s, 1SH ), 3.81 (s, 2H of NH2); 
13C NMR (DMSO-d6)

δ (ppm): 132.56, 130.02, 151.71, 138.37, 127.61, 129.61 (Ar

C) 160.02, 180.20 (triazole moity C). MS (m/z) 271 (100 %)

(M+), 241 (58 %) (loss of N2H2), 182 (59 %) (loss of NCSH),

46 (70 %) (loss of NO2), 224 (60 %). Anal. calcd. (%) for

C8H6N5O2SCl: C, 35.45; H, 2.23; N, 25.85; found (%) C, 35.51;

H, 2.12; N, 25.77.

5-(5-Chloro-2-nitrophenyl)-4-amino-1,2,4-triazole-3-

thiol (4e): 5-(5-Chloro-2-nitrophenyl)-1,3,4-oxadiazole-2-

thiol (6.0 g; 0.022 mol), NH2-NH2 (7 g; 0.140 mol) were

reacted according to the general procedure. Colour brown;

yield: 76 % (4.60 g); recrystallization from EtOH; m.p. 151-

153 ºC; m.f. C8H6N5O2SCl; m.w. 271. IR (KBr, νmax, cm-1):

3308 (N-H), 2575 (S-H), 1572 (C=C), 1525 (C=N); 1H NMR

(DMSO-d6) δ (ppm): 7.99 (d, J = 7.3 Hz, 1H, Ar H), 8.34 (dd,

J = 6.1, 2.8, 1H, Ar H), 8.05 (d, J = 2.3 Hz, 1H, Ar H), 11.06

(s, 1SH ), 4.12 (s, 2H of NH2); 
13C NMR (DMSO-d6) δ (ppm):

131.66, 155.01, 127.11, 125.04, 136.33, 126.21 (Ar C) 158.88,

189.01 (triazole moity C). 271 (100 %) (M+), 241 (58 %) (loss

of N2H2), 182 (59 %) (loss of NCSH), 46 (70 %) (loss of NO2),

224 (60 %). Anal. calcd. (%) for C8H6N5O2SCl: C, 35.45; H,

2.23; N, 25.85; found (%) C, 35.49; H, 2.15; N, 25.73.

5-(4-Methoxybenzyl)-4-amino-1,2,4-triazole-3-thiol

(4f): 5-(4-Methoxybenzyl)-1,3,4-oxadiazole-2-thiol (3.0 g;

0.012 mol), NH2-NH2 (4 g; 0.080 mol) were reacted according

to the general procedure. Colour orange; yield: 79 % (2.40 g);

recrystallization from EtOH; m.p. 180-182 ºC; m.f.

C10H12N4OS; m.w. 236. IR (KBr, νmax, cm-1): 3250 (N-H), 2536

(S-H), 1590 (C=C), 1528 (C=N); 1H NMR (DMSO-d6) δ

(ppm): 7.29 (dd, J = 2.4, 6.7 Hz, 1H, Ar H), 7.59 (dd, J = 3.2,

7.1 Hz, 1H, Ar H), 7.59 (dd, J = 3.2, 7.1 Hz, 1H, Ar H), 7.29

(dd, J = 2.4, 6.7 Hz, 1H, Ar H), 10.34 (s, 1SH ), 3.89 (s, 2H of

NH2), 3.20 (s, 3H, methoxyl H), 2.80 (s, 2H, methylene H);
13C NMR (DMSO-d6) δ (ppm): 130.21, 128.12, 126.61, 135.66,

126.61, 128.12 (Ar C) 162.44, 179.64 (triazole moity C), 25.12

(methylene C), 54.81 (methoxyl C). MS (m/z) 236 (100 %)

(M+), 206 (58 %) (loss of N2H2), 177 (59 %) (loss of NCSH),

235 (60 %). Anal. calcd. (%) for C10H12N4OS: C, 50.87; H,

5.10; N, 23.74; found (%) C, 50.51; H, 5.12; N, 23.68.

5-(2-Furoyl)-4-amino-1,2,4-triazole-3-thiol (4g): 5-(2-

Furoyl)-1,3,4-oxadiazole-2-thiol (5 g; 0.028 mol), NH2-NH2

(6.30 g; 0.126 mol) were reacted according to the general pro-

cedure. Colour dull yellow; yield: 81 % (4.00 g); recrystalli-

zation from EtOH; m.p. 172-173 ºC; m.f. C6H6N4OS; m.w.

182. IR (KBr, νmax, cm-1): 3220 (N-H), 2529 (S-H), 1577 (C=C),

1524 (C=N); 1H NMR (DMSO-d6) δ (ppm): 7.20 (d, J = 3.4

Hz, 1H, Ar H), 8.01 (m, 1H, Ar H), 8.34 (d, J = 3.7Hz, 1H, Ar

H), 11.50 (s, 1SH ), 4.11 (s, 2H of NH2); 
13C NMR (DMSO-

d6) δ (ppm): 134.01, 128.61, 125.21, 129.61 (Ar C) 160.28,

185.77 (triazole moity C). MS (m/z) 182 (100 %) (M+), 152

(58 %) (loss of N2H2), 123 (59 %) (loss of NCSH), 181 (60 %).

Anal. calcd. (%) for C6H6N4OS: C, 39.58; H, 3.31; N, 30.76;

found (%) C, 39.51; H, 3.12; N, 30.55.

5-(2-Phenethyl)-4-amino-1,2,4-triazole-3-thiol (4h): 5-

(2-Phenethyl)-1,3,4-oxadiazole-2-thiol (4.00 g; 0.018 mol),

NH2-NH2 (6.2 g; 0.124 mol) were reacted according to the

general procedure. Colour light brown; yield: 83 % (3.30 g);

recrystallization from EtOH; m.p. 160-162 ºC; m.f. C10H12N4S;

m.w. 220. IR (KBr, νmax, cm-1): 3330 (N-H), 2568 (S-H), 1568

(C=C), 1524 (C=N); 1H NMR (DMSO-d6) δ (ppm): 8.21 (dd,

J = 2.5, 6.7 Hz, 1H, Ar H), 7.95 (m, 1Hz, 1H, Ar H), 7.25 (m,

1H, Ar H ),7.95 (m, 1H, Ar H), 12.01 (s, 1SH ), 3.96 (s, 2H of
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NH2), 3.21 (t, J = 6.1, 3.8 Hz, 2H, methylene H), 2.82 (t, J =

6.1 Hz, 2H, methylene H); 13C NMR (DMSO-d6) δ (ppm):

132.05, 128.41, 126.01, 125.11, 126.01, 128.41 (Ar C) 160.09,

178.06 (triazole moity C), $0.21, 46.21 (methylene C). MS

(m/z) 220 (100 %) (M+), 190 (58 %) (loss of N2H2), 161 (59

%) (loss of NCSH), 219 (60 %). Anal. calcd. (%) for C10H12N4S:

C, 54.56; H, 5.47; N, 25.47; found (%) C, 54.63; H, 5.33; N,

25.59.

5-(3,4,5-Trimethoxyphenyl)-4-amino-1,2,4-triazole-3-

thiol (4i): 5-(3,4,5-Trimethoxyphenyl)-1,3,4-oxadiazole-2-

thiol (5 g; 0.017 mol), NH2-NH2 (6.10 g; 0.122 mol) were

reacted according to the general procedure. Colour red; yield:

80 % (4 g); recrystallization from EtOH; m.p. 210-212 ºC;

m.f. C11H14O3N4S; m.w. 282. IR (KBr, νmax, cm-1): 3315 (N-

H), 2529 (S-H), 1577 (C=C), 1533 (C=N); 1H NMR (DMSO-

d6) δ (ppm): 7.25 (d, J = 6.8 Hz, 1H, Ar H), 7.25 (d, J = 6.8Hz,

R OH

O
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R OCH3

O
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R NHNH2

O
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Reflux
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(ii) KOH
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Scheme-1: General scheme for the synthesis of 5-substituted 4-amino-1,2,4-triazol-3-thiols

-thiols
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1H, Ar H), 7.25 (s, 1H, Ar H), 11.89 (s, 1SH), 4.21 (s, 2H of

NH2), 3.90 (s, 9H, 3Methoxyl H); 13C NMR (DMSO-d6) δ

(ppm): 130.01, 130.66, 136.01, 136.01, 136.01, 130.66 (Ar

C) 158.32, 186.44 (triazole moity C) 54.33 (Methoxyl C). MS

(m/z) 282 (100 %) (M+), 252 (58 %) (loss of N2H2), 223 (59

%) (loss of NCSH), 281 (60 %). Anal. calcd. (%) for

C11H14N4O3S: C, 46.82; H, 4.98; N, 19.87; found (%) C,46.93;

H, 4.85; N, 19.87.

Antifungal activity evaluation: The synthesized comp-

ounds were tested by agar tube dilution method13 for their in

vitro fungicidal activity. Terbinafine (200 µg/mL) was used as

positive control. All experiments were done in three replicates.

Four fungal strains: Aspergillus flavus, Mucor species,

Aspergillus niger and Aspergillus fumigatus were used. All

fungal strains were grown on 6.5 % Sabouraud dextrose agar

(SDA), pH 5.7) at 28 °C and preserved at 4 °C in a refrigerator.

NN

N SH

O2N
NH2

+

-N2H2

NN

SH

O2N
m/z = 207 (58%)

m/z = 237 (100%)

NO2

m/z = 46 (70%)

+

NN

N SH

NH2

-H

NN

N S

NH2

+

m/z = 190 (60%)

O2N

N

N

NH2

m/z = 148 (59%)

-NO2

N

N

NH2

+

m/z = 102 (18%)

O2N

N

NH2

CHN2S

m/z = 73 (22%)

+

m/z = 164 (16%)

+

+

+

-NCSH

Scheme-II: Mass fragmentation of 5-(4-nitrophenyl)-4-amino-1,2,4-triazole-3-thiol (4a)

100 mm slants with sterilized SDA were prepared by adding

each compound in 200 µg/mL concentration. Terbinafine (200

µg/mL) was used as standard drug while DMSO was used as

negative control. Each slant was inoculated with 4 mm piece

of respective fungal strain and incubated at 28 °C for 7-10

days. Fungal growth was compared with negative control to

get the percentage inhibition.

RESULTS AND DISCUSSION

Nine 5-substituted 4-amino-1,2,4-triazole-3-thiols were

obtained in 76-83 % yield by converting variably substituted

organic acids (a-i) to the corresponding esters (1a-i) and acid

hydrazides (2a-i) by reaction with methanol and hydrazine

hydrate, respectively. The hydrazides were converted to 5-subs-

tituted 1,3,4-oxadiazole-2-thiols (3a-i) as described12. 5-Substi-

tuted 1,3,4-oxadiazole-2-thiols were subsequently converted
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to 5-substituted 1,2,4-triazole-3-thiols (4a-i) by refluxing in

the presence of 80 % hydrazine hydrate and absolute ethanol.

The reaction sequence leading to the formation of desired

heterocyclic compounds are outlined in Scheme-I.

Mass spectral data support the proposed structures.

Scheme-II shows the fragmentation pattern for 5-(4-nitro-

phenyl)-4-amino-1,2,4-triazole-3-thiol (4a) which serves as

an example for all the compounds mutatis mutandis. The mass

TABLE-1 
ANTIFUNGAL ACTIVITY OF 5-SUBSTITUTED 4-AMINO-1,2,4-TRIAZOLE-3-THIOLS (4a-i) 

Fungal strains/Inhibition (%) 

Compd. 
Structure of 5-substituted 4-amino-1,2,4-triazole-

thioester Aspergillus 
flavus 

Mucor 
species 

Aspergillus 
niger 

Aspergillus 
fumigatus 

4a 

NN

N
SHO2N

NH2
 

96.22 87.66 74.79 97.20 

4b 

NN

N
SH

O2N NH2

 

84.12 91.32 81.20 89.83.00 

4c 

NN

N
SH

NH2
 

69.00 40.90 65.20 57.00 

4d 

NN

N
SH

O2N

Cl

NH2

 

81.00 78.36 79.19 93.60 

4e 

NN

N
SH

NO2

Cl

NH2

 

71.00 85.89 89.99 75.37 

4f 

NN

N
SHCH2CH3O

NH2
 

27.00 15.58 24.39 55.19 

4g 

NN

N
SH

O

NH2
 

63.21 48.44 38.27 53.11 

4h 
CH2 CH2 SH

N

N N

NH2
 

54.00 21.22 20.00 42.17 

4i 

NN

N
SHCH3O

CH3O

CH3O NH2

 

50.00 19.48 51.99 38.31 

Terbinafine 

standard 

drug 

H2C
N

CH3

CH2

C

H

C
C

H

C
C

CH3

CH3

H3C

 

100.00 90.00 110.80 98.40 
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spectrum of (4a) showed characteristic peaks. The molecular

ion peak is the base peak, which appeared at m/z 237. A peak

at m/z 207 is due to the loss of N2H2 fragment. A peak at m/z

148 appeared due to the loss of CNSH fragment. Similarly,

the loss of nitrogen gives a characteristic peak at m/z 190.

The FTIR spectrum showed absorption bands at 3250,

2606, 1602 and 1553 cm-1 which indicate the presence of N-H

(amino), S-H (mercapto), C=C (aromatic) and C=N, respectively.

The 1H NMR spectrum of 5-(4-nitrophenyl)-4-amino-1,2,4-

triazole-3-thiol (4a) showed characteristic signals at 7.99-8.02

(dd) and 8.30-8.33 (dd) ppm which were assigned to the

aromatic protons. A signal at 3.42-3.44 ppm was attributed to

the amino proton. The prominent signal at 8.34 ppm was assigned

to the mercapto proton.

The 13C NMR spectrum of 5-(4-nitrophenyl)-4-amino-

1,2,4-oxadiazole-3-thiol (4a) showed characteristic peaks at

130.02, 126.91, 125.04 and 147.01 ppm which were attributed

to aromatic carbon atoms. The peaks at 160.04 and 182.05

were assigned to the carbon atoms of triazole moiety. On the

basis of physical and spectral data the structure of compound

(4a) was assigned the following structure:

NN

N
SH

NH2

O2N

Fig. 1. Structure of 5-(4-nitrophenyl)-4-amino-1,2,4-triazole-3-thiol (4a)

Similarly other members of the series of 5-substituted 4-

amino-1,2,4-triazole-3-thiols (4b-i) were synthesized by

refluxing 5-substituted 1,3,4-oxadiazole-2-thiols (3b-i) with

80 % hydrazine hydrate in the presence of absolute ethanol.

In the in vitro antifungal bioassay, the compounds 4a, 4b,

4d and 4e, were found to have significant antifungal activities

against four fungal strains (Table-1). In particular 4d and 4e

had high inhibitory effects on the growth of Aspergillus flavus,

Mucor species, Aspergillus niger and Aspergillus fumigatus.

Structure activity relationship comparison shows that the

presence of aromatic electron withdrawing groups present at

the 5-position of the triazole-3-thiol enhances the activity of

the compounds. The antifungal assay results also show that

the activity of the compounds 4c, 4f, 4g, 4h and 4i is relatively

low as compared to other members of the series due to the

absence of this type of grouping.
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