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ABSTRACT 

 

A new synthetic approach has been applied to obtain a compound 3,4-diamino-1H-1,2,4-triazole-

5(4H)-thione (2) by using 5-amino-1,3,4-thiadiazole-2-sulfonamide (1) and hydrazine hydrate as 

starting materials. New Schiff bases (3a-d) are obtained by the reaction of the compound 3,4-diamino-

1H-1,2,4-triazole-5(4H)-thione (2) and varied aldehydes. The structures of the new compounds were 

characterized by spectral (IR, 
1
H and 

13
C NMR) and elemental analysis. 

 

Keywords:  Thione,  Schiff base, Sulfonamide, Triazole, Hydrazine hydrate. 

 

1. INTRODUCTION 

 

Due to the development of resistance to existing antibiotics, there is increasing interest in the 

synthesis of new and effective antibacterial agents [1-3]. 1,2,4-Triazoles have interested of the 

medicinal chemists because of their strong biological activity in a wide range of areas such as 

antimicrobial [4,5], antibacterial [6,7], antifungal [8],  anticancer [9-11], antitubercular [12], 

antioxidant [13], anticonvulsant [14], antiviral [15, 16], antitubulin [17,18] and inflammatory [19]. 

1,2,4-triazole and derivatives have biological properties as well as environmental, [20] industrial [21, 

22] and agricultural [23] activities. In order to increase the therapeutic effect of the 1,2,4-Triazole 

compound, its derivatives were obtained by incorporating it into different compounds [24-26]. 

Nitrogen-containing heterocyclic molecules, which are a part of many natural products and drugs that 

are vital for improving the quality of life, constitute a very large part of chemical substances [24]. 

Schiff bases containing imine groups are formed as a result of condensation of primary amines with 

aldehydes or ketones [27, 28]. Schiff bases formed from aromatic aldehydes are more stable than 

those of aliphatic aldehydes [29]. Schiff bases of 1,2,4-triazoles have been found to have extensive 

biological properties and a variety of applications [30]. Derivatives of 4-amino-4H-1,2,4-triazole-3-

thiones have been synthesized in different synthetic ways [31-38]. 

 

To our knowledge, no example of 1,2,4-triazole yielded from 5-amino-1,3,4-thiadiazole-2-

sulfonamide (1) was reported. In this study, we synthesized the known 3,4-diamino-1H-1,2,4-triazole-
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5(4H)-thione (2) compound from 1 and  hydrazine hydrate with a different approach from the 

literature [39, 40]. In addition, the new Schiff bases 3a-d were obtained from the condensation of 

compound 2 with benzaldehyde and substituted benzaldehyde. The structures of the 2 and new Schiff 

bases 3a-d were characterized by IR and NMR (
1
H and 

13
C) spectra and elemental analysis. 

 

2. EXPERIMENTAL 

 

2.1. General Methods and Materials 

The chemicals used in the reactions were used without further purification. The compound 1 was 

synthesized as in the literature [41]. A Leco CHNS-932 instrument was used for elemental analysis 

Bruker Avance DPX-400 MHz spectroscopic instrument for 
1
H and 

13
C NMR spectra, and Bruker 

Optics vertex 70 device for IR spectra taken with ATR. 

 

2.2. Synthesis of 3,4-diamino-1H-1,2,4-triazole-5(4H)-thione (2) 

To a solution of 1 (554 mmol) in ethanol/xylene (10/5 ml) hydrazine hydrate (554 mmol) was added. 

The resulting solution was refluxed for 3 days. The volatile component was vaporized using vacuum 

and then the crude product was crystallized from water to give colorless crystals of 2. Suggested 

mechanism for this synthetic approach is given in Figure 1. 

 

Crystals (85 %.), melting point 231-233˚C. 
1
H-NMR (d6-DMSO) δ/ppm: 12.42 (s, 1H, NH), 5.23 (s, 

2H, H2N-C), 5.95 (s, 2H, H2N-N). 
13

C-NMR (d6-DMSO) δ/ppm: 163.87 (C=S), 152.75 (C=N). IR 

(cm
-1

): 3385, 3297/3182 (NH2/NH), 1651 (C=N)triazole, 1269 (C=S). Anal. Calcd. %, for C2H5N5S (Mr 

= 131.16): C 18.31, H 3.84, N 53.40,  S 24.45;  found: C 18.47, H, 3.88, N 53.90,  S 24.50.  

  

 
Figure 1. Synthesis of 2. 

 

2.3. General Procedure for the Preparation of the  Schiff Bases (3a-D) 

The mixture of 2 (0.40 mmol) in water (10 mL) and benzaldehydes (benzaldehyde, 3,4-

dimethoxybenzaldehyde, 4-N,N’-dimethylbenzaldehyde, 2-hydroxybenzaldehyde) (0.36 mmol) in 

EtOH (10 mL) with the addition of a few drops of CH3COOH was stirred for two days. The solid was 
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filtered, washed with water and dried in air. Ethanol was used for the recrystallization of the obtained 

compounds (3a-d) (Figure 2). All prepared compounds are soluble in DMSO solvent and stable in air. 

  

N

NHN

NH2

N S
+

HC

O

HC

R1,R2

3a: R1 = H, R2 = H

3b: R1 = 3-OCH3, R2 = 4-OCH3

3c: R1 = 4-N(CH3)2, R2 = H

3d: R1 = 2-OH, R2 = H

3a-d

N

NHN

NH2

H2N S

2

R1,R2

 

Figure 2. Syntheses of Schiff bases 3a-d 

 

2.3.1. (E)-4-amino-3-(benzylideneamino)-1H-1,2,4-triazole-5(4H)-thione (3a) 

Light green crystals (68 %), melting point 212-214˚C. 
1
H-NMR (d6-DMSO) δ/ppm: 13.73 (s, 1H, 

NH), 8.05 (s, 1H, CH=N)imine, 7.63-7.53 (m, 5H, C-H)ar, 5.80 (s, 2H, NH2). 
13

C-NMR (d6-DMSO) 

δ/ppm: 178.02 (C=S), 160.00 (CH=N)imine, 152.10 (C=N)triazole, 133.70 (C=C)ar, 132.54 (C=C)ar, 

129.51 (C=C)ar, 128.37 (C=C)ar. IR (cm
-1

): 3394, 3281/3191 (NH2/NH), 3137 (C-H)ar, 1654 

(CH=N)imine, 1636 (C=N)triazole, 1602-1461 (C=C)ar, 1268 (C=S). Anal. Calcd. %, for C9H9N5S (Mr 

= 219.27): C 49.30, H 4.14, N 31.94,  S 14.62;  found: C 49.37, H 4.18, N 31.98,  S 14.70.  

  

2.3.2. (E)-4-amino-3-((3,4-dimethoxybenzylidene)amino)-1H-1,2,4-triazole-5(4H)-thione (3b) 

Light green crystals (75 %), melting point  252-254˚C. 
1
H-NMR (d6-DMSO) δ/ppm: 13.85 (s, 1H, 

NH), 8.10 (s, 1H, CH=N)imine, 7.46-7.23 (m, 3H, C-H)ar.,   5.82 (s, 2H, NH2), 3.90 (s, 3H, OCH3), 3.85 

(s, 3H, OCH3). 
13

C-NMR (d6-DMSO) δ/ppm: 187.23 (C=S), 163.32 (CH=N)imine, 151.32, (C-OCH3),  

150.67 (C-OCH3), 148.42 (C=N), 129.98 (C=C)ar, 125.79 (C=C)ar, 119.07 (C=C)ar, 118.34 (C=C)ar, 

117.63 (C=C)ar, 58.24 (OCH3). IR (cm
-1

): 3392, 3259/3189 (NH2/NH), 3103 (C-H)ar, 2953 (C-H)aliph, 

1651 (CH=N)imine, 1601 (C=N)triazole, 1572-1462 (C=C)ar, 1269 (C=S). Anal. Calcd. %, for 

C11H13N5O2S (Mr = 279.32): C 47.30, H 4.69, N 25.07,  S 11.48;  found: C 47.53, H, 4.76, N 25.14,  S 

11.70.  

  

2.3.3. (E)-4-amino-3-((4-(dimethylamino)benzylidene)amino)-1H-1,2,4-triazole-5(4H)-thione (3c) 

Yellow crystals (80 %), melting point 226-228˚C. 
1
H-NMR (d6-DMSO) δ/ppm: 8.12 (s, 1H, 

CH=N)imine, 7.25 (d, 2H, J = 7.60 Hz,  C-H)ar, 6.85 (d, 2H, J = 7.60 Hz, C-H)ar, 5.85 (s, 2H, NH2), 

3.15 (s, 6H, CH3). 
13

C-NMR (d6-DMSO) δ/ppm:  190.16 (C=S), 165.23 (CH=N)imine, 155.33 

(C=N)triazole, 153.48 (C-NCH3), 133.15 (C=C)ar, 125.38 (C=C)ar, 111.42 (C=C)ar, 40.24 (N(CH3)2). IR 

(cm
-1

): 3112, 3061 (C-H)ar, 2845 (C-H)aliph, 1660 (CH=N)imine, 1642 (C=N)triazole, 1618-1458 

(C=C)ar, 1271 (C=S). Anal. Calcd. %, for C11H14N6S (Mr = 262.33): C 50.36, H 5.38, N 32.04, S 

12.22;  found: C 50.45, H, 5.42, N 32.13,  S 12.38.   
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2.3.4. (E)-4-amino-3-((2-hydroxybenzylidene)amino)-1H-1,2,4-triazole-5(4H)-thione (3d)   

Colourless crystals (78 %), melting point 230-232˚C. 
1
H-NMR (d6-DMSO) δ/ppm: 12.98 (1H, NH), 

9.10 (s, 1H, OH),  8.50 (s, 1H, CH=N)imine, 7.46 (d, 1H, J = 7.51 Hz, C-H)ar, 7.33 (t, 1H, J = 7.52 Hz, 

C-Har), 6.95 (t, 1H, J = 7.52 Hz, C-H)ar, 6.02 (d,1H, J = 7.52 Hz,  C-H)ar, 5.62 (s, 2H, NH2). 
13

C-NMR 

(d6-DMSO) δ/ppm:  185.00 (C=S), 165.32 (CH=N)imine, 163.18 (C-OH), 152.76 (C=N)triazole, 131.01 

(C=C)ar, 130.00 (C=C)ar, 120.00 (C=C)ar, 118.03 (C=C)ar, 117.68 (C=C)ar. IR (cm
-1

): 3454(s) (OH), 

3385, 326373171 (NH2/NH), 3069 (C-H)ar, 1637 (CH=N)imine, 1617 (C=N)triazole, 1566-1472 

(C=C)ar, 1244 (C=S). Anal. Calcd. %, for C9H9N5OS (Mr = 235.27): C 45.95, H 3.86, N 29.77, S 

13.63;  found: C 45.98, H 3.90, N 29.73,  S 13.70.   

  

3. RESULTS AND DISCUSSION 

 

3.1. FT–IR Measurements of 2 and 3a-d 

The IR spectroscopy data are given in Table 1 for 2 and 3a-d (Figures A1-A5). The band of ν(OH) 

stretching vibration in the aromatic ring was observed at 3454 cm
-1

 and a band showing extensive H-

bond interaction was also observed at 2974 cm
-1 

in the same region for 3d. The NH2 group gives two 

N-H vibration absorption bands, asymmetrical and symmetrical. Asymmetrical stretching vibration is 

observed at higher frequency than the symmetrical one. Asymmetrical (as) and symmetrical (s) 

stretching vibrations of NH2 group were found to be 3385 and 3297 cm
-1

 for 2. These bands were 

located in the range of 3394-3385 and 3281-3259 cm
-1

, respectively in the IR spectra of compounds 

3a-d.  It has been reported in the literature that N-H asymmetrical and symmetrical vibrations of the 

triazole-based compound are observed at 3331 and 3253 cm
-1

 [42]. The N-H vibration band of 1,2,4-

triazole was found as 3182 cm
-1

 for 2, 3191 cm
-1

 for 3a, 3189 cm
-1

 for 3b and 3171 cm
-1

 for 3d. This 

band was not observed in compound 3c due to the very rapid thione-thiol tautomerism exchange. 

Aromatic ν(C-H) stretching vibration bands were observed at 3137 cm
-1 

for 3a, 3103 cm
-1

 for 3b, 

3112 and 3061 cm
-1

 for 3c and 3069 cm
-1

 for 3d. Sharp absorption bands belonging to imine groups 

ν(CH=N) of compounds 3a-d showing Schiff base formation were observed in the range of 1660-

1637 cm
-1

.  

 

Table 1. Some selected IR
a
 frequencies (cm

-1
) of the prepared compounds 2 and 3a-d. 

Comp O-H NH2/ NH (C-H)ar (C-H) 

aliph 

CH=N 

 

C=N 

 

C=C C=S 

2  3385(w) 

3297(w) 

3182(w) 

   1651(s)  1269(m) 

3a   

3394(w)) 

3281(w) 

3191(w) 

3137(w)  1654(s) 1636(s) 1602-

1461(s) 

1268(m) 

3b  3392(w) 

3259(w) 

3189(w) 

3103(w) 2974(w)  1652(s) 1636(s) 1620-

1457(s) 

1277(m) 

3c   3112(w) 

3061(w) 

2845(w) 1660(s) 1642(s) 1618-

1458(s) 

1271(m) 

3d 3454(s) 3385(w) 

3263(w) 

3171(w) 

3069(w)  1637(s) 1617(s) 1566-

1472(s) 

1244(m) 
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a
 ATR technique. 

w: weak, m: medium, s: sharp. 

 

IR spectroscopy is of great importance in the structure analysis of triazoles.  Stretching vibration 

bands observed at 1572 and 1562 cm
-1

 for C=N group are characteristic bands for the triazole ring [43, 

44]. The stretching vibration bands of ν(C=N) for compound 2 and 3a-d were observed at 1651 cm
-1

 

and 1642-1617 cm
-1

, respectively. The aromatic vibration bands of ν(C=C) were exhibited in the 

range of 1602-1461 cm
-1

 for 3a, 1620-1457 cm
-1

  for 3b, 1618-1458  cm
-1

 3c and 1566-1472 cm
-1

   for 

3d. The IR spectrum is also important in elucidating the thione-thiol tautomeric structures of 2 and 3a-

d compounds (Figure 3).  

 

 
 

Figure 3. Tautomeric forms of 2. 

 

Stretching vibration band of C=S group gives characteristic band for thione at 1258 cm
-1

 [45], 1189 

cm
-1

 [46] and 1166 cm
-1

 [47] cm
-1

. The indicator of the synthesized 2 and 3a-d compounds in the form 

of thione is the formation of a sharp C=S vibration band at 1269 cm
-1

.and in the range of 1271-1244 

cm
-1

, respectively. Because the C=S bond is weaker than the C=N bond and is observed at lower 

frequency [48, 49]. The examinations on the thione-thiol tautomer have shown that the predominant 

form in the gas phase and solution is the thione tautomer [Hata! Yer işareti tanımlanmamış.].  

 

3.2. 
 1
H-NMR and 

13
C-NMR spectra of 2 and 3a-d. 

NMR (
1
H and 

13
C) spectra of compounds 2 and 3a-d (Figures A1-A5) were taken in DMSO-d6 

solvent at 25 °C and TMS was used as internal standard. NMR (
1
H and 

13
C) assignments were given 

in Table 2 and 3  for compounds 2 and 3a-d. Compound 2 can exist in two tautomeric forms, 4,5-

diamino-4H-1,2,4-triazole-3-thiol and 3,4-diamino-1H-1,2,4-triazole-5(4H)-thione. The spectral 

analysis of compound 2 exhibits that it exists in the second form. It was determined that the peak 

observed at δ 12.42 ppm in the 
1
H-NMR spectrum belonged only to NH instead of SH. Confirmation 

of this comes from the absence of the (S-H) absorption band, which should be observed at 2500 cm
-1

 

in the IR spectrum. The 
1
H NMR spectrum of 2 also displayed two singlets with intensity of 2H for 

two NH2 group protons at  5.23 (C-NH2) and  5.95 ppm (N-NH2). The NMR spectra of  3a, 3b and 

3d exhibited downfield signal with 1H intensity appearing  at  13.73, 13.85 and 12.98 ppm, 

respectively were attributed to the NH proton. This peak was not observed in compound 3c because of 

the rapid exchange of thione-thiol tautomerism. The peak observed at 5.23 ppm in the starting 

material (2)  for NH2 protons attached to a carbon atom of triazole ring was not observed in the new 

3a-d. In addition, the observation of a new peak of CH=N proton in 3a-d indicates the formation of 

Schiff Bases. The CH=N proton in the 3a-d compounds appeared in the range of 8.50-8.05 ppm. 
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These data are in good agreement with the values (8.62 and 9.69 ppm) of similar compounds [50, 51]. 

If the formation of Schiff base was with the NH2 group attached to the nitrogen atom in the 1,2,4-

triazole ring, the CH=N proton should have been observed in the lower field due to the disshielding of 

C=S group [Hata! Yer işareti tanımlanmamış., 52]. It was understood that a singlet with 1H 

intensity observed at  9.10 ppm in the NMR spectrum of 3d belonged to the OH proton of the 

aromatic ring. The differently substituted aromatic rings protons in compounds 3a-d were observed in 

the range  7.63-6.02 ppm. On the other hand NH2 moieties on 1,2,4-triazole rings  of  Schiff bases 

3a-d were shifted downfield ( 5.95-5.62 ppm) when compared to the chemical shift of NH2 group in 

compound 2 ( 5.23 ppm). The protons of NH2 and OH groups were observed at 5.78 and 10.21 ppm, 

respectively in similar compounds [Hata! Yer işareti tanımlanmamış., 50].  Two singlets for two 

OCH3 protons with 3H intensity each have been seen at 3.90  and 3.85 ppm for compound 3b. A 

singlet for N(CH3)2 protons with 6H intensity was observed at 3.15 ppm for compound 3c. 

 

Table 2. 
1
HNMR chemical shifts (ppm) with coupling constants and assignments for compounds 2 

and 3a-d.      

 
Comp NH OH (CH=N)imine (C-H)ar C-NH2 

 

N-NH2 OCH3 or 

N(CH3)2 

2 12.42 

 (s, 1H) 

 

   5.23 

(s, 2H) 

 

5.95 

(s, 2H) 

 

 

3a 13.73  

(s, 1H) 

 8.05 

(s, 1H) 

7.63-7.53 (m, 5H)  5.80 

(s, 2H) 

 

3b 13.85 

 (s, 1H) 

 8.10 

(s, 1H) 

7.46-7.23 (m, 3H)  5.82 

(s, 2H) 

3.90 

(s, 3H) 

3.85 

(s, 3H) 

3c   8.12 

(s, 1H) 

7.25 (d, 2H 
3
J= 

7.60 Hz) 

6.85 d, 2H 
3
J= 

7.60 Hz) 

 5.85 

(s, 2H) 

3.15 

(s, 6H) 

3d 12.98 

 (s, 1H) 

9.10 

(s, 1H) 

8.50 

(s, 1H) 

7.46 (d, 1H, 
3
J= 

7.51 Hz)  7.33 (t, 

1H, 
3
J= 7.52 Hz) 

6.95 (t, 1H, 
3
J= 

7.52 Hz) 6.02 

(d,1H, 
3
J= 7.52 

Hz) 

 5.62 

(s, 2H) 
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Thiol and thione tautomers can also be characterized by the 
13

C NMR spectra. In the 
13

C NMR spectra 

of the compounds, the peak of the C=S carbon atom was observed at 163.87 ppm for 2, 178.02 ppm 

for 3a, 187.23 ppm for 3b, 190.16 ppm for 3c and 185.00 ppm for 3d. Carbon atoms of CH=N and 

C=N groups also showed down field signals in the ranges of 165.32-160.00 and 155.33-148.42 ppm, 

respectively for 3a-d. Substituted carbons resonated at 151.32 and 150.67 ppm for 3b, at 153.48 ppm 

for 3c and at 163.18 ppm for 3d. Compound 2 shows a signal at 152.75 ppm for C=N group carbon of 

triazole ring. This band was observed in the range of aromatic ring carbons (C=C)  were observed in 

the aromatic region for the Schiff bases in the range 133.70-128.37 ppm for 3a, 129.98-117.63 ppm 

for 3b, 133.15-111.42 ppm for 3c and 131.01-117.68 ppm for 3d. A peak has been seen at 58.24 ppm 

for OCH3 carbons in the 
13

C NMR spectrum of 3b. 
13

C NMR spectrum of 3c showed a peak at 40.24 

ppm for two CH3 carbons.  

 

Table 3. 
13

C NMR chemical shifts (ppm) and assignments for compound 2 and 3a-d.        

 
Comp C=S  (CH=N)imine  C-OCH3  

C-N(CH3)2 

 C-OH  

(C=N)triazole  (C=C)ar OCH3 

or CH3 

2 163.87   152.75   

3a 178.02 160.00  152.10 133.70-128.37  

3b 187.23 163.32 151.32 and 

150.67 

148.42 129.98-117.63 58.24 

3c 190.16 165.23 153.48 155.33 133.15-111.42 40.24 

3d 185.00 165.32 163.18 152.76 131.01-117.68  

 

4. CONCLUSIONS 

In conclusion, we have synthesized 2 from the starting materials 1 and hydrazine hydrate. New Schiff 

bases of 2 with various aromatic aldehydes have also been prepared. All of the synthesized 

compounds were characterized by spectral (IR,
 1

H and 
13

C NMR), and elemental analysis. The results 

obtained from the analyzes are compatible with the proposed structure of 2 and newly synthesized 

compounds 3a-d as shown in Figures 1 and 2. 

 

ACKNOWLEDGEMENTS 

 

This study was supported by Kütahya Dumlupınar University (Grant No: 2008-1). 

 

 

 

 

 

 



 
 

 
 
 

Büyükkıdan et all., Journal of Scientific Reports-A, Number 48, 25-41, March 2022. 
 

 
 

32 
 

REFERENCES 

 

[1] Klimeˇsova, V., Zahajka, L., Waisser, K., Kaustova, J., M¨ollmann, U., (2004), Synthesis    and 

antimycobacterial activity of 1,2,4-triazole 3-benzylsulfanyl derivatives, Il Farmaco, 59, 279–

288. 

 

[2] Zani, F.,  Vicini, P., Incerti, M., (2004), Synthesis and antimicrobial properties of 2-

(benzylidene-amino)-benzo[d]isothiazol-3-ones, Eur. J. Med. Chem. 39, 135–40. 

 

[3] Tehranchian, S., Akbarzadeh, T., Fazeli, M. R., Jamalifar, H., Shafiee, A., (2005),  Synthesis and 

antibacterial activity of 1-[1,2,4-triazol-3-yl] and 1-[1,3,4-thiadiazol-2-yl]-3-methylthio-6,7-

dihydrobenzo[c]thiophen-4(5H)ones, Bioorg. Med. Chem. Lett. 15, 1023–1025. 

 

[4] Sahoo, S.,  Patwari, P. K., Kumar, M. C. B.,  Setty, C. M., (2013), Synthesis and Biological 

Activity of Certain Mannich Bases Derivatives from 1,2,4-Triazoles,  Iranian J. Pharma. Sci., 

9(4), 51–60. 

 

[5] Al-Khuzaie, M. G. A., Al-Majidi, S. M. H., (2014), Synthesis, Characterization and Evaluation 

Antimicrobial Activity of Some New substituted 2-Mercapto-3-Phenyl-4(3H)- Quinazolinone, 

Iraqi J. Sci., 55(2B), 582–593.. 

 

[6] Mahmoud, M. R., Abou-Elmagd, W. S. I.,  . El-Shahawi,  M. M., Hekal, M. H., (2014),  Novel 

Fused and Spiro Heterocyclic Compounds Derived from 4-(4-Amino-5-mercapto-4H1,2,4-

triazol-3-yl)phthalazin-1(2H)-one, Eur. Chem. Bull., 3(7), 723–728. 

 

[7] Hanif, M.,  Saleem, M., Hussain, M. T.,  Rama, N. H.,  Zaib, S., Aslam, M. A. M., Jones, P. G.,  

Iqbal, J., (2012),  Synthesis, Urease Inhibition, Antioxidant and Antibacterial Studies of Some 4-

Amino-5-aryl-3H-1,2,4-triazole-3- thiones and Their 3,6-Disubstituted 1,2,4-Triazolo[3,4- 

b]1,3,4-thiadiazole Derivatives, J. Braz. Chem. Soc., 23(5), 854–860. 

 

[8] Hope, W. W.,  Lewis, R.,  Smith, J. A., (2010), Clinical Primer: Potential Hepatic Complications 

with Triazole Therapy, USA: University of Wisconsin-Madison School of Medicine and Public 

Health, School of Pharmacy, and School of Nursing and Fallon Medica LLC. 

 

[9] Boraei, A. T. A.,  Singh, P. K.,  Sechi, M.,  Satta, S.,  (2019), Discovery of novel functionalized 

1,2,4-triazoles as PARP-1 inhibitors in breast cancer: Design, synthesis and antitumor activity 

evaluation. Eur. J. Med. Chem., 182, 111621. 

 

[10] Arul, K.,  Smith, A. A., (2014), In-Silico Design, Synthesis and in vitro Anticancer Evaluation of 

Some Novel 1,2,4- Triazole Derivatives, The Experiment, 21(1), 1439–1452. 

 

[11] El-Sherief, H. A. M.,  Youssif, B. G. M.,  Abbas Bukhari, S. N.,  Abdelazeem, A. H., Abdel-

Aziz, M.,  Abdel-Rahman, H. M., (2018), Synthesis, anticancer activity and molecular modeling 

studies of 1,2,4-triazole derivatives as EGFR inhibitors. Eur. J. Med. Chem., 156, 774–789. 

 

[12] Meenaxi, M. M., Ainapure, R.  Patil, P. B., Bhat, A. R., (2011), Triazolone and Their Derivatives 

for Anti-Tubercular Activities, Asian J. Res. Chem., 4(7), 1050–1054. 



 
 

 
 
 

Büyükkıdan et all., Journal of Scientific Reports-A, Number 48, 25-41, March 2022. 
 

 
 

33 
 

 

[13] Abdul Hameed, A., Hassan, F.,  (2014), Synthesis, Characterization and Antioxidant Activity of 

Some 4- Amino-5-phenyl-4H-1,2,4-triazole-3-thiol Derivatives, Int. J. App. Sci. Tech., 4 (2), 

202–211. 

 

[14] Jess, S., Kildea, S., Moody, A., Rennick, G., Murchie, A. K., Cooke, L. R., (2014), European 

Union policy on pesticides: implications for agriculture in Ireland. Pest Management Science, 

70(11), 1646–1654.  

 

[15] Abdullah, H. M.,  Jassim, I. K., Safi, M. N., (2012), Synthesis and Characterization of New 

Heterocyclic Compounds with Studying Its Biological Activity, Kerbala J. Pharm. Sci., 4, 115-

135. 

 

[16] Pandey, V. K.,  Tusi, Z.,  Tusi, S.,  Joshi, M., (2012), Synthesis and Biological Evaluation of 

Some Novel 5-[(3-Aralkyl amido/imidoalkyl)phenyl]-1,2,4-triazolo [3,4-b]-1,3,4- thiadiazines as 

Antiviral Agents, ISRN Org. Chem., 1-7. 

 

[17] Mustafa, M., Anwar, S., Elgamal, F., Ahmed, E. R., Aly, O. M., (2019), Potent combretastatin 

A-4 analogs containing 1,2,4-triazole: Synthesis, antiproliferative, anti-tubulin activity, and 

docking study. Eur. J. Med. Chem., 183, 111697. 

 

[18] Mustafa, M.,  Abdelhamid, D., Abdelhafez, E. S. M. N., Ibrahim, M. A. A., Gamal-Eldeen, A. 

M., Aly, O. M., (2017), Synthesis, antiproliferative, anti-tubulin activity, and docking study of 

new 1,2,4-triazoles as potential combretastatin analogues Eur. J. Med. Chem., 141, 293–305. 

 

[19] Mousa, M. N., Al-jadaan, S. A. N.,( 2012),  Evaluation of the Anti-Inflammatory Activity and 

Ulcerogenic Liability of 5-(3-Chloro-1-benzothien-2-yl)-4-phenyl-4H-1,2,4- triazole-3-thiol, 

Bas. J. Vet. Res., 11(1), 122-127. 

 

[20] Kavakli, C., Kavakli, P. A.,  Güven, O., (2014), Preparation and Characterization of Glycidyl 

Methylacrylate Grafted 4- Amino-1,2,4-triazole Modified Nonwoven Fiber Absorbent for 

Environmental Application, Rad. Phys. Chem., 94, 111-114. 

 

[21] Hassan, F. A.,  Younus, K. W.,  (2012), Biological Evaluation of Some Azole Derivatives in 

Cooling Fluids (Lubricant Oils), Res. J. Bio. Sci., 7(1), 48-51. 

 

[22] Sripriya1, S.,  Subha, C.,  Selvaraj, A., (2013), The Inhibition Chemistry of 2-Amino, 5-Phenyl 

1, 3, 4-Triazole for Aluminium in Hydrochloric Acid Solution, IOSRJAC, 6(2), 25-29. 

 

[23] Shukla, P. K.,  Soni, N.,  Verma, A.,  Jha, A. K., (2014), Synthesis, Characterization and in vitro 

Biological Evaluation of A Series of 1,2,4-Triazoles Derivatives & Triazole Based Schiff Bases, 

Der Pharma Chemica, 6 (3), 153- 160. 

 

[24] Sun, S., Lou, H., Gao, Y., Fan, P., Ma, B., Ge, W., Wang, X., (2004), Liquid chromatography–

tandem mass spectrometric method for the analysis of fluconazole and evaluation of the impact 

of phenolic compounds on the concentration of fluconazole in Candida albicans. J. Pharmöl and 

Biomed Anal., 34(5), 1117–1124.  



 
 

 
 
 

Büyükkıdan et all., Journal of Scientific Reports-A, Number 48, 25-41, March 2022. 
 

 
 

34 
 

 

[25] Clemons, M., Coleman, R., Verma, S., (2004), Aromatase inhibitors in the adjuvant setting: 

bringing the gold to a standard?, Cancer Treatment Reviews, 30(4), 325–332.  

 

[26] Johnston, G., (2002), Medicinal Chemistry and Molecular Pharmacology of GABA-C Receptors. 

Curr. Top. Med.. Chem., 2(8), 903–913.  

 

[27] Grivani, G., Tahmasebi, V., Eskandari, K., Khalaji, A. D., Bruno, G., & Rudbari, H. A. 

(2013). Synthesis, characterization, crystal structure determination and computational study of 

the two new bidentate O, N Schiff bases derived from bromosalicylaldehyde and amines 

containing alkyl halide pendant groups. J. Mol. Struct., 1054-1055, 100–106. 

 

[28] Przybylski, P., Huczynski, A., Pyta, K., Brzezinski, B., Bartl, F., (2009), Biological Properties of 

Schiff Bases and Azo Derivatives of Phenols. Curr. Org. Chem., 13(2), 124–148.  

 

[29] Wu, S., Zhang, W., Qi, L., Ren, Y., Ma, H., (2019), Investigation on 4-amino-5-substituent-

1,2,4-triazole-3-thione Schiff bases an antifungal drug by characterization (spectroscopic, XRD), 

biological activities, molecular docking studies and electrostatic potential (ESP). J. Mol. Struct., 

1197, 171-182. 

 

[30] Bekircan, O., Bektas, H., (2006), Synthesis of New Bis-1,2,4-Triazole Derivatives. Molecules, 

11(6), 469–477.  

 

[31] Potts, K. T., Huseby, R. M., (1966), 1,2,4-Triazoles. XVI. Derivatives of the s-Triazolo[3,4-

b][1,3,4]thiadiazole Ring System1. J. Org. Chem., 31(11), 3528–3531.  

 

[32] Eweiss, N. F., Bahajaj, A. A., Elsherbini, E. A., (1986). Synthesis of heterocycles. PartVI. 

Synthesis and antimicrobial activity of some 4-amino-5-aryl-1,2,4-triazole-3-thiones and their 

derivatives. J. Heterocyclic. Chem., 23(5), 1451–1458. 

 

[33] George, T., Mehta, D. V., Tahilramani, R., David, J., Talwalker, P. K., (1971), Synthesis of some 

s-triazoles with potential analgesic and antiinflammatory activities. J. Med. Chem., 14(4), 335–

338.  

 

[34] Bhalerao, U. T., Muralikrishna, C., Rani, B. R., (1994), Laccase enzyme catalysed efficient 

synthesis of 3-Substituted-1,2,4-triazoto(4,3-b)(4,1,2)benzothiadiazine-8-ones. Tetrahedron, 

50(13), 4019–4024.  

 

[35] Invidiata, F. P., Furná, G., Lampronti, I., Simoni, D., (1997), 1,2,4-Triazoles. Improved synthesis 

of 5-substituted 4-amino-3-mer-cato-(4H)-1,2,4-triazoles and a facile route to 3,6-disubstituted 

1,2,4-triazolo[3,4-b][1,3,4]thiadiazoles. J. Heterocyclic Chem., 34(4), 1255–1258.  

 

[36] Cartwright, D. D. J., Clark, B. A. J., McNab, H., (2001), Gas-phase pyrolysis of 4-amino-3-allylthio-

1,2,4-triazoles: a new route to [1,3]thiazolo[3,2-b][1,2,4]triazoles, J. Chem. Soc. Perkin Trans, 1, 424. 

 

[37] Vainilavicius, P., Smicius, R., Jakubkiene, V., Tumkevicius, S., (2001), Synthesis of 5-(6-

Methyl-2,4-dioxo-1,2,3,4-tetrahydro-3-pyrimidinyl)-methyl-4-amino-1,2,4-triazole-3-thione and 



 
 

 
 
 

Büyükkıdan et all., Journal of Scientific Reports-A, Number 48, 25-41, March 2022. 
 

 
 

35 
 

its Reactions with Polyfunctional Electrophiles. Monatshefte Fuer Chemie/Chemical Monthly, 

132(7), 825–831.  

 

[38] Shaker, R. M., & Aly, A. A. (2006). Recent Trends in the Chemistry of 4-Amino-1,2,4-triazole-

3-thiones. Phosphorus, Sulfur, Silicon Relat Elem., 181(11), 2577–2613.  

 

[39] Hoggarth, E. J. Chem. Soc. 1952, 4817. 

 

[40] Ali, T. E.-S. (2009). Utility of thiocarbohydrazide in heterocyclic synthesis. J. Sulfur Chem., 

30(6), 611-647.  

 

[41] Bülbül, M., Kasimoğullari, R., Küfrevioğlu, Ö. I., (2008), Amide derivatives with pyrazole 

carboxylic acids of 5-amino-1,3,4-thiadiazole 2-sulfonamide as new carbonic anhydrase 

inhibitors: Synthesis and investigation of inhibitory effects. J. Enzyme. Inhib. Med. Chem., 

23(6), 895–900. 

 

[42] Kumar, M. S., Kumar, S. L. A., Sreekanth, A., Anticorrosion Potential of 4-Amino-3-methyl-

1,2,4-triazole-5-thione Derivatives (SAMTT and DBAMTT) on Mild Steel in Hydrochloric Acid 

Solution. Ind. Engineer. Chem. Res, 51(15), 5408–5418, (2012).  

 

[43] Shneine, J. K, Alaraji, Y. H,  (2014), Chemistry of 1, 2, 4-Triazole: A Review Article, Int. J. Sci. 

Res., 5: 1411-1423.. 

 

[44] Subashchandrabose, S., Krishnan, A. R., Saleem, H., Thanikachalam, V., Manikandan, G., 

Erdogdu, Y., (2010), FT-IR, FT-Raman, NMR spectral analysis and theoretical NBO, HOMO–

LUMO analysis of bis(4-amino-5-mercapto-1,2,4-triazol-3-yl)ethane by ab initio HF and DFT 

methods. J. Mol. Struct., 981(1-3), 59–70. 

 

[45] Krishnakumar, V., Xavier, R. J., (2004), FT Raman and FT–IR spectral studies of 3-mercapto-

1,2,4-triazole. Spectrochim. Acta A Mol. Biomol. Spectrosc., 60(3), 709–714.  

 

[46] Bahgat, K., Fraihat, S., (2015), Normal coordinate analysis, molecular structure, vibrational, 

electronic spectra and NMR investigation of 4-Amino-3-phenyl-1H-1,2,4-triazole-5(4H)-thione 

by ab initio HF and DFT method. Spectrochim. Acta A Mol. Biomol. Spectrosc., 135, 1145–

1155. 

 

[47] Snehalatha, M., Ravikumar, C., Hubert Joe, I., Sekar, N., Jayakumar, V. S., (2009), 

Spectroscopic analysis and DFT calculations of a food additive Carmoisine. Spectrochim. Acta 

A Mol. Biomol. Spectrosc.,  72(3), 654–662. 

 

[48] Zamani, K.,  Faghihi, K.,  Sangi, M. R.,  Zolgharnein,  (2003), Synthesis of Some New 

Substituted 1,2,4-Triazole and 1,3,4-Thiadiazole and Their Derivatives, Turk. J. Chem. 27, 119-

126. 

 

[49] Mohamed, G. G., Omar, M. M., Hindy, A. M. M., (2005), Synthesis, characterization and 

biological activity of some transition metals with Schiff base derived from 2-thiophene 



 
 

 
 
 

Büyükkıdan et all., Journal of Scientific Reports-A, Number 48, 25-41, March 2022. 
 

 
 

36 
 

carboxaldehyde and aminobenzoic acid. Spectrochim. Acta A Mol. Biomol. Spectrosc.,  62(4-5), 

1140–1150.  

 

[50] Bagihallia, G.B.,  Patila, S.A.,  Badamib, P.S., (2009), Synthesis, Physicochemical Investigation 

and Biological Studies of Zinc(II) Complexes with 1,2,4-Triazole Schiff Bases, J. Iran. Chem. 

Soc., 6(2), 259-270. 

 

[51] Joshi, R., Kumari, A., Singh, K., Mishra, H., & Pokharia, S. (2020). Triorganotin(IV) complexes 

of Schiff base derived from 1,2,4-triazole moiety: Synthesis, spectroscopic investigation, DFT 

studies, antifungal activity and molecular docking studies. Journal of Molecular Structure, 

127639. 

 

[52] Rafiq, M., Saleem, M., Hanif, M., Kang, S. K., Seo, S.-Y., Lee, K. H., (2015), Synthesis, 

structural elucidation and bioevaluation of 4-amino-1,2,4-triazole-3-thione’s Schiff base 

derivatives. Arch. Pharm. Res., 39(2), 161–171.  

 

APPENDICES 

 

 

 

 



 
 

 
 
 

Büyükkıdan et all., Journal of Scientific Reports-A, Number 48, 25-41, March 2022. 
 

 
 

37 
 

 
Figure A1. 

1
H and 

13
C NMR  and IR spectra of 2. 

 

 
 

 
 



 
 

 
 
 

Büyükkıdan et all., Journal of Scientific Reports-A, Number 48, 25-41, March 2022. 
 

 
 

38 
 

 
Figure A2. 

1
H and 

13
C NMR  and IR spectra of 3a. 
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Figure A3. 

1
H and 

13
C NMR  and IR spectra of 3b. 
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Figure A4. 

1
H and 

13
C NMR  and IR spectra of 3c. 
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Figure A5. 

1
H and 

13
C NMR  and IR spectra of 3d. 


