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Abstract 

A series of 20 new biologically active derivatives of 2-{4, 5-(substituted diphenyl)-4H-1,2,4-triazol-
3-ylthio}acetyl chloride has been synthesized, with the aim to investigate antimicrobial, free radical 
scavenging activity. All the synthesized compounds were characterized by spectroscopic data and 
elemental analysis. The final compounds were tested for antibacterial activity against Gram-positive 
bacteria: Staphylococcus aureus MTCC 3160, Bacillus subtilis MTCC 441; Gram-negative bacteria: 
Escherichia coli MTCC 443, and, for antifungal activity, against Candida albicans MTCC 227 and 
Aspergillus niger MTCC 281, taking ciprofloxacin as antibacterial and fluconazole as antifungal standard 
drugs. Compound 7a6 was found to be the most effective antibacterial (MIC = 3.12 µg/ml), and 
compounds 7a2 and 7d1 (MIC = 3.12 and 6.25 µg/ml) had the most effective antifungal effects on the 
selected strains, as compared to the standard drugs. The results of antioxidant studies revealed that 
compound 7b1 was found to be most active antioxidant, with 40.4±0.687 µg/ml, and compounds 7b3, 7d7, 
and 7d4 also showed promising free radical scavenging activity, as compared with the standard drug 
ascorbic acid. 

Keywords: Antibacteria, antifungus, MIC, antioxidant,structure activity relationship triazole 
 
 
Introduction 

The treatment of bacterial infections remains an important and challenging therapeutic problem, due 
to factors that include emerging infectious diseases and the increasing number of multi-drug-resistant 
microbial pathogens. In spite of the large number of antibiotics and chemotherapeutics available for 
medical use, the emergence of old and new antibiotic-resistant bacterial strains in recent decades 
constitutes a substantial need for new classes of antibacterial agents [1]. Oxidative stress is implicated in 
contributing to potentially harmful free radicals, which play a pivotal role in the pathogenesis of various 
diseases, including rheumatoid arthritis, immunosuppression, age-related degeneration, ischemic heart 
disease, inflammation, atherosclerosis, diabetes, hair loss, cancer initiation, and neurodegenerative 
diseases such as Alzheimer’s disease and Parkinson’s disease. The purpose of antioxidants is to prevent 
ROS concentrations from reacting up to harmful intracellular levels and instigating degenerative 
processes by various mechanisms, including scavenging of free radicals [2]. The nitrogen containing 
heterocyclic moiety has served as the foundation for many medicinal compounds. Triazole ring 
containing derivatives have attracted researcher attention in the past several years. A variety of 
derivatives were synthesized by various scientists, who reported various triazole compounds  which were 
active against several diseases [3,4]. These triazoles are 5-membered rings, with 2 carbon and 3 nitrogen 
atoms. Triazoles exist in isomeric forms, according to the position of nitrogen atoms, and are 
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characterized by the position of nascent hydrogen. Therefore, 1,2,4-triazoles exist in 2 forms, i.e., 1H and 
4H [5,6]. 

Triazoles have also been reported for their pharmacological activity, and are found in applications 
for the treatment of many disorders. Triazoles are associated with a wide range of biological activities, 
such as cytotoxic [7], antiviral [8], analgesic [9], antimalarial [10], antitubercular [11,12], antidiabetic 
[13], antifungal [14], antiurease [15], antihelmentic [16], anticonvulsant [17], antioxidant [18,19], and 
antiinflammatory [20] activities. In view of these facts, and as part of our efforts to discover potentially 
active new agents, we have synthesized some new triazoloe derivatives, and evaluation them for their 
antimicrobial, free radical scavenging activity. 
 
Materials and methods 

All reactions were carried out by standard techniques for the exclusion of moisture. Melting points 
were determined in open glass capillaries on a Sonar melting point apparatus, and were uncorrected. 
Reaction progress was monitored by thin layer chromatography on silica gel sheets (Merck silica gel-G) 
in the solvent system chloroform, benzene and glacial acetic acid (3:1:1), and the spots were located in 
iodine and a UV chamber. Infra-red (IR) analysis was performed on a SHIMAZDU FT-IR instrument 
using KBr pellets, and was recorded in cm-1. 1H NMR spectra were recorded on a Bruker DRX-300 
FTNMR spectrometer using DMSO-d6 solvent, and was expressed in parts per million (d, ppm) downfield 
from the internal standard TMS. 13C-NMR (Nuclear Magnetic Resonance) spectra were recorded on 
Bruker (400 MHz) and (100 MHz) spectrometers, using DMSO-d6 as a solvent and TMS as an internal 
standard. Elemental analysis of all the synthesized compounds was carried out on a Thermo Scientific 
Flash 2000 CHN analyzer. Mass spectra were taken on a Bruker Compass Data Analysis 4.0 mass 
spectrometer. 

General procedure for synthesis of ethyl aryl carboxylate 3(a-d) 
A mixture of substituted aromatic acid (0.001 mol) and absolute alcohol (50 ml) was heated under 

reflux for 6 - 8 h in the presence of a few drops of conc. H2SO4 in anhydrous condition. TLC was used to 
monitor the progress of the reaction. After completion of the reaction, the reaction mixture was poured on 
crushed ice and filtered under suction; the precipitate thus obtained was washed with water and 
recrystallized using ethanol. 
 

General procedure for synthesis of aryl carbonyl hydrazide 4(a-d) 
A mixture of ethyl aryl carboxylate (0.01 mol), hydrazine hydrate (0.2 mol), and absolute alcohol 

(50 ml) was heated under reflux for 6 - 8 h. A condenser with a calcium guard tube was attached to the 
flask, and the mixture was refluxed for 6 - 8 h. TLC was used to monitor the progress of the reaction. 
After completion of the reaction, the reaction mixture was poured on crushed ice. It was kept for 4 - 6 h at 
room temperature, and the solid mass separated out was filtered, dried, and recrystallized using ethanol.  
 

General procedure for synthesis of 5-substituted phenyl-1, 3, 4-oxadiazole-2-thiols 5(a-d) 
A mixture of substituted aryl carbonyl hydrazides (0.01 mol) in ethanol, potassium hydroxide 

(0.015 mol) in ethanol, and carbon disulphide (0.015 mol) was refluxed for 7 - 8 h. After completion of 
the reaction, the reaction mixture was detected by thin layer chromatography, acidified with dil. HCl, and 
the resulting solid collected, washed with distilled water, and dried in vacuum and recrystallized using 
ethanol. 
 

General procedure for synthesis of substituted 4, 5-diphenyl 4H-1, 2, 4-triazole-3-thiols 6(a1-8) 
(b1-3)(c1-2)(d1-7) 

A mixture of substituted 1,3,4-oxadiazoles (0.01 mol) in ethanol and 0.03 mol of different 
substituted anilines was refluxed for 8 - 10 h. TLC was used to monitor the progress of the reaction. After 
completion of the reaction, the reaction mixture was poured on crushed ice. The resulting product was 
filtered, dried in vacuum, and recrystallized using ethanol. 
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General procedure for synthesis of 2-{4, 5-substituted diphenyl)-4H-1, 2, 4-triazol-3-ylthio} 
acetyl chloride 7(a1-8)(b1-3)(c1-2)(d1-7) 

A mixture of substituted 4, 5-diphenyl 4H-1, 2, 4-triazole-3-thiols (0.01 mol) in ethanol, and 0.02 
mol of chloro acetylchloride was refluxed for 4 - 7 h. The reaction progress was monitored by thin layer 
chromatography on silica gel-coated glass plate, and the purity of the compound was ascertained by 
single spot on TLC sheet. The reaction mixture was poured on crushed ice. The solid product formed was 
filtered, dried, and recrystallized using ethanol as a solvent (Table 1). 
 
 
Table 1 Arrangement of substituents used for the target compound. 
 

Compd. R X Compd. R X 
7a1 4-NO2 2,3-Cl 7b3 2-OH 2-NO2 

7a2 4-NO2 2,4-CH3 
7c1 3,5-NO2 2,4-CH3 

7a3 4-NO2 4-Cl 7c2 3,5-NO2 2-NO2 

7a4 4-NO2 4-OCH3 7d1 4-NH2 2,4-CH3 

7a5 4-NO2 2-NO2 
7d2 4-NH2 4-Cl 

7a6 4-NO2 2,4-Cl 7d3 4-NH2 2-NO2 

7a7 4-NO2 4-NO2 
7d4 4-NH2 2,3-Cl 

7a8 4-NO2 H 7d5 4-NH2 4-NO2 

z 2-OH 2,3-Cl 7d6 4-NH2 H 

7b2 2-OH 2,4-CH3 
7d7 4-NH2 2,4-Cl 

 
 
Biological evaluation of final target compounds 

In vitro antimicrobial activity 
The test antimicrobial activity was performed against Gram-positive bacteria: Staphylococcus 

aureus MTCC 3160, Bacillus subtilis MTCC 441; Gram negative bacteria: Escherichia coli MTCC 443, 
and fungal strains: Candida albicans MTCC 227 and Aspergillus niger MTCC 281 by the tube dilution 
method, using ciprofloxacin and fluconazole as standard drugs for antibacterial and antifungal activity, 
respectively. The standard and test samples were dissolved in DMSO to give concentrations of 100 
µg/ml. Dilutions of test and standard compounds [ciprofloxacin (antibacterial) and fluconazole 
(antifungal)] were prepared in double strength nutrient broth-I.P (bacteria) and Sabouraud dextrose broth 
I.P. (fungi) [21]. The samples were incubated at 37 °C for 24 h (bacteria), at 25 °C for 7 days (A. niger), 
and at 37 °C for 48 h (C. albicans). After the mentioned incubated periods, the results were recorded in 
terms of minimum inhibitory concentration (MIC) (the lowest concentration of test substance which 
inhibited the growth of microorganisms) [22] (Table 2). 
 

Free-radical scavenging activity 
Free radical scavenging activity of synthesized compounds against stable free radical 2, 2-diphenyl-

2-picrylhydrazyl hydrate (DPPH) was determined spectrophotometrically. Electron-releasing ability of 
the corresponding compounds was measured from bleaching of purple-colored methanolic solution of 2, 
2-diphenyl-1-picrylhydrazyl (DPPH) [23]. Fifty microliters of various concentrations (25, 50, 75, and 100 
µg/ml) of the compounds dissolved in methanol was added to 5 ml of a 0.004 % methanol solution of 
DPPH. After a 30 min incubation period at room temperature, the absorbance was read against a blank at 
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517 nm. Compound concentrations providing 50 % inhibition IC50 were calculated by a method based on 
Bondet et al. [24]. Tests were carried out in triplicate, and ascorbic acid was used as a positive control. 
Scavenging of DPPH free radicals was calculated as: DPPH scavenging activity (%) = [(Ac-At) / Ac]×100, 
where Ac is the absorbance of the control reaction, and At is the absorbance of the test compound (Table 
3). 
 
 
Table 2 Minimum Inhibitory Concentration (MIC) of the target compound. 
 

Compound Bacterial species (MBC) Fungal species (MFC) 

S. aureus B. subtilis S.aureus C. albicans A.niger 
7a1 0.76 1.51 6.25 25 12.5 
7a2 1.09 2.19 25 3.12 6.25 
7a3 1.06 4.27 25 >50 25 
7a4 1.46 1.46 25 >50 25 
7a5 1.06 1.06 06.25 12.5 12.5 
7a6 2.02 1.01 3.12 12.5 12.5 
7a7 0.70 1.40 6.25 6.25 12.5 
7a8 0.51 2.06 >50 >50 12.5 
7b1 1.91 1.91 6.25 25 25 
7b2 0.70 2.79 25 6.25 6.25 
7b3 0.26 0.51 >50 12.5 >50 
7c1 1.91 1.91 >50 >50 >50 
7c2 1.40 0.70 >50 25 12.5 
7d1 1.03 1.03 25 3.12 6.25 
7d2 0.48 0.95 6.25 6.25 12.5 
7d3 1.27 0.63 6.25 12.5 12.5 
7d4 0.48 0.96 6.25 25 12.5 
7d5 0.84 1.68 25 12.5 25 
7d6 0.58 1.16 25 25 >50 
7d7 0.90 0.45 6.25 6.25 6.25 

Ciprofloxacin 0.74 1.49 3.12 - - 
Fluconazole 1.36 2.73 - 6.25 3.12 

 
 
Table 3 Free radical scavenging activity of the target compound. 
 

Compound IC50 (Mean ± S.D.)
 (µg/ml) Compound IC50 (Mean ± S.D.)

 (µg/ml) 
7a1 48.9±0.089 7b3 41.3±0.172 
7a2 63.2±0.118 7c1 69.4±0.473 
7a3 50.7±0.162 7c2 50.2±0.164 
7a4 64.8±0.210 7d1 47.4±0.473 
7a5 46.9±0.139 7d2 55.6±0.125 
7a6 44.9±0.089 7d3 43.8±0.789 
7a7 45.6±0.067 7d4 42.6±0.210 
7a8 52.6±0.067 7d5 45.8±0.210 
7b1 40.4±0.687 7d6 63.2±0.118 
7b2 45.5±0.586 7d7 41.8±0.148 

Ascorbic acid                        41.9±0.089 
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Results and discussion 

Chemistry 
The synthetic work to synthesize the target compound has been sketched in Figure 1. The 

substituted benzoic acid was refluxed with conc. sulphuric acid and ethanol for 6-8 h to form ethyl aryl 
carboxylate. Further into treatment with hydrazine hydrate, ethanol aryl carbonyl hydrazides were 
formed, which yielded 5-substituted phenyl-1, 3, 4-oxadiazole-2-thiols when refluxed with potassium 
hydroxide, carbon disulphide, and ethanol for 4 - 6 h, followed by acidification by dil. HCl. Further, the 
substituted 1,3,4-oxadiazole-2-thiols heated with substituted aniline derivatives yielded 4, 5-diphenyl 4H-
1, 2, 4-triazole-3-thiols. Finally, the chloracetylchloride was refluxed with 4,5-diphenyl 4H-1, 2, 4-
triazole-3-thiols, which synthesized the desired products. All the synthesized derivatives were purified 
and recrystallized using ethanol and were characterized using elemental analysis and spectroscopic 
techniques. The target compounds were in full agreement with their structures. The characteristic strong 
peaks at 3364, 1678, and 1813 cm-1 corresponded to the aromatic ring, and the presence of carbonyl 
groups confirmed the structure of the final compound. 
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Figure 1 Synthetic route followed for the synthesis of novel 2-{4, 5-(substituted diphenyl)-4H-1,2,4-
triazol-3-ylthio}acetyl chloride derivatives. 
 
 
2-(4-(2,6-dichlorophenyl)-5-(4-nitrophenyl)-4H-1,2,4-triazol-3-ylthio)acetyl chloride (7a1) 
Yield: 71.46 %, M.P.(˚C): 112-114, Solid white, Rf value: 0.76, IR (cm-1): 3042 (C-H str., aromatic), 1709 
(C=O str., carbonyl), 1549 (N-O sym. str., nitro), 1321 (C-N str., aromatic), 1691 (C=C str., aromatic 
ring), 1436 (C-C str., aromatic in-ring), 1436 (C-H bend., CH2), 768 (C-Cl str., aryl halide); MS ES + 
(ToF): m/z 639[M+ +1]; 1H NMR, δppm (DMSO-d6)4.48, 7.74, 8.25, 8.25, 7.74, 7.2, 7.1, 7.2. Elem. Anal. 
Calcd. C24H19N3O2S: C, 68.51; H, 4.61; N, 10.11; Found: C, 67.51; H, 4.33; N, 10.15. 
 
2-(4-(2,4-dimethylphenyl)-5-(4-nitrophenyl)-4H-1,2,4-triazol-3-ylthio)acetyl chloride (7a2) 
Yield: 73.26 %, M.P.(˚C): 122 - 124, Solid pale yellow, Rf value: 0.66 IR (cm-1): 3014 (C-H str., 
aromatic), 1654 (C=O str., carbonyl), 1504 (N-O sym. str., nitro), 1340 (C-N str., aromatic), 1686 (C=C 
str., aromatic ring), 1434 (C-C str., aromatic in-ring), 1448 (C-H bend., CH2), 738 (C-Cl str., alkyl 
halide); MS ES + (ToF): m/z 439[M+ +1]; 1H NMR, δppm (DMSO-d6)4.48, 7.74, 8.25, 8.25, 7.74, 6.9, 
6.9, 7.0, 2.35, 2.35. Elem. Anal. Calcd. C24H17N3O2S: C, 38.36; H, 3.00; N, 6.45; Found: C, 49.42; H, 3.37; 
N, 7.24. 
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2-(4-(4-chlorophenyl)-5-(4-nitrophenyl)-4H-1,2,4-triazol-3-ylthio)acetyl chloride (7a3) 
Yield: 61.36 %, M.P.(˚C): 140 - 142, Solid white, Rf value: 0.69 IR (cm-1): 3080 (C-H str., aromatic), 
1671 (C=C str., aromatic ring), 1345 (C-N str., aromatic), 1614 (C=O str., carbonyl), 742 (C-Cl str., aryl 
halide), 1437 (C-H bend., CH2), 1491 (N-O sym. str., nitro), 1437 (C-C str., aromatic in-ring); MS ES + 
(ToF): m/z 558 [M+ +1]; 1H NMR, δppm (DMSO-d6)4.48, 7.74, 8.25, 8.25, 7.74, 7.2, 7.3, 7.3, 7.2. Elem. 
Anal. Calcd. C12H11N3O4S: C, 47.24; H, 3.67; N, 13.32; Found: C, 48.17; H, 3.61; N, 14.17. 

2-(4-(4-methoxyphenyl)-5-(4-nitrophenyl)-4H-1,2,4-triazol-3-ylthio)acetyl chloride (7a4) 
Yield: 67.93 %, M.P.(˚C): 118 - 120, Solid white, Rf value: 0.71, IR (cm-1): 3098 (C-H str., aromatic), 
1638 (C=C str., aromatic ring), 1324 (C-N str., aromatic), 1678 (C=O str., carbonyl), 736 (C-Cl str., alkyl 
halide), 1437 (C-H bend., CH2), 1530 (N-O sym. str., nitro), 1400 (C-C str., aromatic in-ring); MS ES + 
(ToF): m/z 459 [M+ +1]; 1H NMR, δppm (DMSO-d6)4.48, 7.74, 8.25, 8.25, 7.74, 7.2, 6.8, 6.8, 7.2, 3.73. 
Elem. Anal. Calcd. C24H19N3O3S: C, 57.12; H, 4.34; N, 8.67; Found: C, 59.15; H, 4.41; N, 8.89. 

2-(4-(2-nitrophenyl)-5-(4-nitrophenyl)-4H-1,2,4-triazol-3-ylthio)acetyl chloride (7a5) 
Yield: 62.23 %, M.P.(˚C): 160 - 162, Solid yellow, Rf value: 0.65, IR (cm-1): 3014 (C-H str., aromatic), 
1624 (C=C str., aromatic ring), 1405 (C-N str., aromatic), 1686 (C=O str., carbonyl), 844 (C-Cl str., alkyl 
halide), 1434 (C-H bend., CH2), 1504 (N-O sym. str., nitro), 1340 (C-C str., aromatic in-ring); MS ES + 
(ToF): m/z 673 [M+ +1]; 1H NMR, δppm (DMSO-d6)4.48, 7.74, 8.25, 8.25, 7.74, 8.2, 7.5, 7.7, 7.5. Elem. 
Anal. Calcd. C23H16N3O3S: C, 48.89; H, 2.82 N, 7.10; Found: C, 48.25; H, 2.88; N, 7.12. 

2-(4-(2,4-dichlorophenyl)-5-(4-nitrophenyl)-4H-1,2,4-triazol-3-ylthio)acetyl chloride (7a6) 
Yield: 67.35 %, M.P.(˚C): 146 - 148, Solid pale white, Rf value: 0.59, IR (cm-1): 3035 (C-H str., aromatic), 
1638 (C=C str., aromatic ring), 1324 (C-N str., aromatic), 167 8 (C=O str., carbonyl), 736 (C-Cl str., aryl 
halide), 1437 (C-H bend., CH2), 1530 (N-O sym. str., nitro), 1400 (C-C str., aromatic in-ring); MS ES + 
(ToF): m/z 509 [M+ +1]; 1H NMR, δppm (DMSO-d6) 4.48, 7.74, 8.25, 8.25, 7.74, 7.3, 7.2, 7.1. Elem. 
Anal. Calcd. C13H12N3O5S: C, 47.10; H, 3.38; N, 13.39; Found: C, 45.25; H, 3.31; N, 12.43. 

2-(4,5-bis(4-nitrophenyl)-4H-1,2,4-triazol-3-ylthio)acetyl chloride (7a7) 
Yield: 72.09 %, M.P.(˚C): 165 - 167, Solid yellow, Rf value: 0.86, IR (cm-1): 3068 (C-H str., aromatic), 
1645 (C=C str., aromatic ring), 1388 (C-N str., aromatic), 1720 (C=O str., carbonyl), 774 (C-Cl str., alkyl 
halide), 1403 (C-H bend., CH2), 1530 (N-O sym. str., nitro), 1403 (C-C str., aromatic in-ring); MS ES + 
(ToF): m/z 508 [M+ +1]; 1H NMR, δppm (DMSO-d6)4.48, 7.74, 8.25, 8.25, 7.74, 7.5, 8.2, 8.2, 7.5. Elem. 
Anal. Calcd. C22H17N3O2S: C, 62.35; H, 4.01; N, 9.18; Found: C, 59.39; H, 4.07; N, 8.41. 

 2-(5-(4-nitrophenyl)-4-phenyl-4H-1,2,4-triazol-3-ylthio)acetyl chloride (7a8) 
Yield: 63.46 %, M.P.(˚C): 198 - 200, Solid yellow, Rf value: 0.73, IR (cm-1) 3067 (C-H str., aromatic), 
1625 (C=C str., aromatic ring), 1410 (C-N str., aromatic), 1716 (C=O str., carbonyl), 853 (C-Cl str., alkyl 
halide), 1440 (C-H bend., CH2), 1507 (N-O sym. str., nitro), 1345 (C-C str., aromatic in-ring); MS ES + 
(ToF): m/z 659 [M+ +1]; 1H NMR, δppm (DMSO-d6)4.48, 7.3, 7.3, 7.3, 7.3, 7.3, 7.74, 8.25, 8.25, 7.74. 
Elem. Anal. Calcd. C23H14N2O3S: C, 41.79; H, 2.46; N, 6.74; Found: C, 43.42; H, 2.24; N, 7.11. 

2-(4-(2,6-dichlorophenyl)-5-(2-hydroxyphenyl)-4H-1,2,4-triazol-3-ylthio)acetylchloride (7b1) 
Yield: 55.36 %, M.P.(˚C): 145 - 147, Solid pale white, Rf value: 0.76, IR (cm-1): 3014 (C-H str., aromatic), 
1643 (C=C str., aromatic ring), 1431 (C-N str., aromatic), 1728 (C=O str., carbonyl), 1481 (C-H bend., 
CH2), 846 (C-Cl str., alkyl halide), 3629 (O-H str.), 1341 (C-C str., aromatic in-ring); MS ES + (ToF): m/z 
645 [M+ +1]; 1H NMR, δppm (DMSO-d6)4.48, 6.79, 7.05, 6.88, 7.31, 5.0, 7.2, 7.1, 7.2. Elem. Anal. 
Calcd. C11H9ClN3O2S: C, 42.98; H, 3.07; N, 11.72; Found: C, 41.76; H, 3.21; N, 11.59. 

2-(4-(2,4-dimethylphenyl)-5-(2-hydroxyphenyl)-4H-1,2,4-triazol-3-ylthio)acetylchloride (7b2) 
Yield: 54.60 %, M.P.(˚C): 167 - 169, Solid pale white, Rf value: 0.68, IR (cm-1) 3045 (C-H str., aromatic), 
1588 (C=C str., aromatic ring), 1328 (C-N str., aromatic), 1666 (C=O str., carbonyl), 819 (C-Cl str., alkyl 
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halide), 1445 (C-H bend., CH2), 1402 (C-C str., aromatic in-ring), 3639 (O-H str.); MS ES + (ToF): m/z 
648 [M+ +1]; 1H NMR, δppm (DMSO-d6)4.48, 6.79, 7.05, 6.88, 7.31, 5.0, 6.9, 6.9, 7.0, 2.35, 2.35. Elem. 
Anal. Calcd. C22H17N2O2S: C, 60.35; H, 4.04; N, 9.27; Found: C, 64.18 H, 4.12; N, 9.11. 

2-(5-(2-hydroxyphenyl)-4-(2-nitrophenyl)-4H-1,2,4-triazol-3-ylthio)acetylchloride (7b3) 
Yield: 61.30 %, M.P.(˚C): 148 - 150, Solid yellow, Rf value: 0.70, IR (cm-1): 3059 (C-H str., aromatic), 
1570 (C=C str., aromatic ring), 1343 (C-N str., aromatic), 1624 (C=O str., carbonyl), 1438 (C-H bend., 
CH2), 741 (C-Cl str., alkyl halide), 1540 (N-O sym. str., nitro), 1395 (C-C str., aromatic in-ring), 3479 
(O-H str.); MS ES + (ToF): m/z 623 [M+ +1]; 1H NMR, δppm (DMSO-d6)4.48, 8.2, 7.5, 7.7, 7.5, 6.79, 
7.05, 6.88, 7.31, 5.0. Elem. Anal. Calcd. C24H16lN3O2S: C, 45.49; H, 2.65; N, 6.94; Found: C, 47.52; H, 2.42; 
N, 6.47.  
 
2-(4-(2,3-dimethylphenyl)-5-(3,5-dinitrophenyl)-4H-1,2,4-triazol-3-ylthio)acetylchloride (7c1) 
Yield: 52.79 %, M.P.(˚C): 172 - 174, Solid yellow, Rf value: 0.54, IR (cm-1): 3015 (C-H str., aromatic), 
1620 (C=C str., aromatic ring), 1344 (C-N str., aromatic), 1654 (C=O str., carbonyl), 1440 (C-H bend., 
CH2), 819 (C-Cl str., alkyl halide), 1507 (N-O sym. str., nitro), 1375 (C-C str., aromatic in-ring); MS ES + 
(ToF): m/z 429 [M+ +1]; 1H NMR, δppm (DMSO-d6)4.48, 8.80, 9.08, 8.80, 6.9, 6.9, 6.9, 2.35, 2.35. 
Elem. Anal. Calcd. C23H14N2O2S: C, 47.19; H, 2.26; N, 6.41; Found: C, 47.25; H, 2.41; N, 6.57. 
 
2-(5-(3,5-dinitrophenyl)-4-(2-nitrophenyl)-4H-1,2,4-triazol-3-ylthio)acetyl chloride (7c2) 
Yield: 71.23 %, M.P.(˚C): 145 - 147, Solid yellow, Rf value: 0.56, IR (cm-1): 3015 (C-H str., aromatic), 
1624 (C=C str., aromatic ring), 1435 (C-N str., aromatic), 1707 (C=O str., carbonyl), 1445 (C-H bend., 
CH2), 843 (C-Cl str., alkyl halide), 1506 (N-O sym. str., nitro), 1343 (C-C str., aromatic in-ring); MS ES + 
(ToF): m/z 369 [M+ +1]; 1H NMR, δppm (DMSO-d6)4.48, 8.2, 7.5, 7.7, 7.5, 8.80, 9.08, 8.80. Elem. Anal. 
Calcd. C12H10N3O4S: C, 43.68; H, 3.07; N, 11.82; Found: C, 42.84; H, 3.12; N, 11.98. 
 
2-(5-(4-aminophenyl)-4-(2,4-dimethylphenyl)-4H-1,2,4-triazol-3-ylthio)acetyl chloride (7d1) 
Yield: 70.36 %, M.P.(˚C): 122 - 124, Solid pale white, Rf value: 0.63, IR (cm-1): 3043 (C-H str., aromatic), 
1667 (C=C str., aromatic ring), 1487 (C-N str., aromatic), 1725 (C=O str., carbonyl), 1413 (C-H bend., 
CH2), 817 (C-Cl str., alkyl halide), 1337 (C-C str., aromatic in-ring), 3464 (O-H str.), 3362 (N-H str., 
amino); MS ES + (ToF): m/z 693 [M+ +1]; 1H NMR, δppm (DMSO-d6)4.48, 6.9, 6.9, 7.0, 2.35, 2.35, 
7.23, 6.52, 6.52, 7.23, 4.0. Elem. Anal. Calcd. C24H18N3O2S: C, 62.35; H, 4.02; N, 9.18; Found: C, 62.39; H, 
4.15; N, 9.21. 
 
2-(5-(4-aminophenyl)-4-(4-chlorophenyl)-4H-1,2,4-triazol-3-ylthio)acetyl chloride (7d2) 
Yield: 68.46 %, M.P.(˚C): 180 - 182, Solid white, Rf value: 0.78, IR (cm-1): 3053 (C-H str., aromatic), 
1674 (C=C str., aromatic ring), 1368 (C-N str., aromatic), 1708 (C=O str., carbonyl), 1403 (C-H bend., 
CH2), 1343 (C-C str., aromatic in-ring), 3358 (N-H str., amino), 767 (C-Cl str., aryl halide); MS ES + 
(ToF): m/z 483[M+ +1]; 1H NMR, δppm (DMSO-d6)4.48, 7.2, 7.3, 7.3, 7.2, 7.23, 6.52, 6.52, 7.23, 4.0. 
Elem. Anal. Calcd. C22H15Cl2N3O2S: C, 41.59; H, 2.26; N, 6.34; Found: C, 41.63; H, 2.18; N, 6.49. 

2-(5-(4-aminophenyl)-4-(2-nitrophenyl)-4H-1,2,4-triazol-3-ylthio) acetyl chloride (7d3) 
Yield: 63.20 %, M.P.(˚C): 174 - 176, Solid yellow, Rf value: 0.73, IR (cm-1): 3040 (C-H str., aromatic), 
1673 (C=C str., aromatic ring), 1374 (C-N str., aromatic), 1720 (C=O str., carbonyl), 1438 (C-H bend., 
CH2), 742 (C-Cl str., alkyl halide), 1344 (C-C str., aromatic in-ring), 3375 (N-H str., amino), 1509 (N-O 
str., nitro); MS ES + (ToF): m/z 453[M+ +1]; 1H NMR, δppm (DMSO-d6)4.48, 8.2, 7.5, 7.7, 7.5, 7.23, 
6.52, 6.52, 7.23, 4.0. Elem. Anal. Calcd. C11H10N2O4S: C, 41.98; H, 3.08; N, 11.82; Found: C, 41.92; H, 3.11 
N, 12.69. 
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2-(5-(4-aminophenyl)-4-(2,6-dichlorophenyl)-4H-1,2,4-triazol-3-ylthio) acetylchloride (7d4) 
Yield: 71.35 %, M.P.(˚C): 125 - 127, Solid white, Rf value: 0.76, IR (cm-1): 3036 (C-H str., aromatic), 
1624 (C=C str., aromatic ring), 1410 (C-N str., aromatic), 1717 (C=O str., carbonyl), 1436 (C-H bend., 
CH2), 3362 (N-H str., amino), 1344 (C-C str., aromatic in-ring), 743 (C-Cl str., aryl halide); MS ES + 
(ToF): m/z 473[M+ +1]; 1H NMR, δppm (DMSO-d6)4.48, 7.2, 7.1, 7.2, 7.23, 6.52, 6.52, 7.23, 4.0. Elem. 
Anal. Calcd. C22H17 Cl2N3O2S C, 57.54; H, 3.48; N, 8.43; Found: C, 38.50; H, 3.54; N, 8.68. 

2-(5-(4-aminophenyl)-4-(4-nitrophenyl)-4H-1,2,4-triazol-3-ylthio) acetyl chloride (7d5) 
Yield: 57.26 %, M.P.(˚C): 175 - 177, Solid yellow, Rf value: 0.66, IR (cm-1): 3072 (C-H str., aromatic), 
1627 (C=C str., aromatic ring), 1406 (C-N str., aromatic), 1716 (C=O str., carbonyl), 848 (C-Cl str., alkyl 
halide), 1437 (C-H bend., CH2), 3375 (N-H str., amino), 1343 (C-C str., aromatic in-ring), 1308 (N-O str., 
nitro) ; MS ES + (ToF): m/z 659[M+ +1]; 1H NMR, δppm (DMSO-d6)4.48, 7.5, 8.2, 8.2, 7.5, 7.23, 6.52, 
6.52, 7.23, 4.0. Elem. Anal. Calcd. C22H14N3O2S: C, 43.33; H, 2.28; N, 6.36; Found: C, 41.29; H, 2.26; N, 
6.32. 

2-(5-(4-aminophenyl)-4-phenyl-4H-1, 2, 4-triazol-3-ylthio) acetyl chloride (7d6) 
Yield: 62.70 %, M.P.(˚C): 163 - 165, Solid pale white, Rf value: 0.71, IR (cm-1): 3034 (C-H str., 
aromatic), 1674 (C=C str., aromatic ring), 1399 (C-N str., aromatic), 1717 (C=O str., carbonyl), 1443 (C-
H bend., CH2), 764 (C-Cl str., alkyl halide), 3366 (N-H str., amino), 1345 (C-C str., aromatic in-ring); MS 
ES + (ToF): m/z 383[M+ +1]; 1H NMR, δppm (DMSO-d6)4.48, 7.3, 7.3, 7.3, 7.3, 7.3, 7.23, 6.52, 6.52, 
7.23, 4.0. Elem. Anal. Calcd. C10H11 N3O4S: C, 38.72; H, 2.81; N, 11.39; Found: C, 38.48; H, 2.67; N, 10.95. 

2-(5-(4-aminophenyl)-4-(2,3-dichlorophenyl)-4H-1,2,4-triazol-3-ylthio)acetyl chloride (7d7) 
Yield: 62.70 %, M.P.(˚C): 189 - 191, Solid white, Rf value: 0.68, IR (cm-1): 3034 (C-H str., aromatic), 
1678 (C=C str., aromatic ring), 1407 (C-N str., aromatic), 1813 (C=O str., carbonyl), 1453 (C-H bend., 
CH2), 3350 (N-H str., amino), 1345 (C-C str., aromatic in-ring), 766 (C-Cl str., aryl halide); MS ES + 
(ToF): m/z 541 [M+ +1]; 1H NMR, δppm (DMSO-d6)4.48, 7.2, 7.1, 7.1, 7.23, 6.52, 6.52, 7.23, 4.0. Elem. 
Anal. Calcd. C24H1 Cl2N3O2S: C, 51.44; H, 3.16; N, 7.29; Found: C, 51.40; H, 3.22; N, 7.30. 
 

In vitro antimicrobial activity 
All the newly synthesized 2-{4, 5-(substituted diphenyl)-4H-1, 2, 4-triazol-3-ylthio} acetyl chloride 

derivatives were evaluated for their antibacterial and antifungal activity by the tube dilution method. 
(Figure 1). 

 From the observed MIC values, it was concluded that the compound 7a6 was found to be most 
active antibacterial against the selected strains; this may be due to the presence of strong electron-
withdrawing dichloro groups on the benzene ring attached to the triazole ring (Figure 2). Further, the 
compounds 7a1 = 7d4 > 7b1 > 7d1 were found to have significant antibacterial activity. The high 
antibacterial activity of compound 7a6, 7b1, and 7d4 due to presence of electron withdrawing groups is 
supported by the reports given by Hussain et al. [25]. The compounds 7a2 and 7d1 were found to have 
better antifungal activity against the selected strains when compared with the standard drug Fluconazole. 
Increases in antifungal activity may be contributed to by electron-donating dimethyl groups on the 
benzene ring attached to the triazole ring, while the compounds 7d7 = 7b2 > 7a7 > 7a5 = 7a6 were found to 
have moderate activity against the selected fungal strains. The role of electron-donating groups to 
increase antifungal activity is also supported by the study of Naika and Chikhalia [26]. Hence, from the 
synthesized triazole derivatives, a good antimicrobial activity was established.  
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Figure 2 Structural activity relationship of the synthesized compounds in relation to their antimicrobial 
activity. 
 
 

Free-radical scavenging activity 
The results of antioxidant activity showed that few synthesized compounds exhibited significant 

antioxidant activity. Chloro (7b1, 7d7, 7d4) and the substituted aromatic ring attached to the main triazole 
moiety showed a significant increase in antioxidant activity (among which 7b1 was most active 
antioxidant), which is also favoured by Paulrasu et al. [27]. The presence of the -OH group 7b1 and 7b3 on 
the phenyl ring increases the acidic character of phenyl ring, which leads to an easy release of H+,, which 
is responsible for the scavenging action of DPPH. This is also supported by Mondal et al. [28], who 
explained the role of OH in increasing antioxidant activity. Substitution of the nitro group also increased 
the radical scavenging activity of compound 7b3, which is supported by Trujillo et al. [29]. In general, the 
presence of the electron-withdrawing group on the phenyl ring causes increases in antioxidant activity. 
The order of the antioxidant efficacy of the active compounds in the series is: 7b1 > 7b3 > 7d7 > 7d4. 

 
Structural activity relationship 
From the results of the antimicrobial activity of the synthesized substituted 2-{4, 5-(substituted 

diphenyl)-4H-1,2,4-triazol-3-ylthio}acetyl chloride derivatives, the following structure activity 
relationships can be derived; 

1) The presence of electron-withdrawing groups on the phenyl ring (7a6, 7b1, 7d4) improved the 
antibacterial activity of the synthesized compound. 

2) The presence of electron-releasing groups (-CH3, -OCH3, compound 7a2, 7d1 and 7c1) increased 
the antifungal activity of the synthesized 1, 2, 4 triazole derivatives. 

3) The antioxidant activity results indicated that the presence of -OH group 7b1 and 7b3 on the 
phenyl ring improved the acidic character of the phenyl ring, which is responsible for the scavenging 
action of DPPH. 

4) The presence of the electron-withdrawing Chloro (7b1, 7d7, 7d4) group on the phenyl ring 
attached to the triazole ring increases free-radical scavenging activity. 

5) Substitution of nitro group 7b3 on the phenyl ring also increases free-radical scavenging activity. 
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Conclusions 

In the present study, the synthesis of novel 2-{4, 5-(substituted diphenyl)-4H-1,2,4-triazol-3-
ylthio}acetyl chloride derivatives has been reported. All the synthesized derivatives were evaluated for 
their in vitro antimicrobial activity and free-radical scavenging activity. Among the evaluated derivatives, 
compound 7a6 was found to be the most effective antibacterial, and compounds 7a2 and 7d1 had the most 
effective antifungal effect on the selected strains, as compared to the standard drugs. The results of the 
antioxidant activity showed that compound 7b1 was found to be most active antioxidant, with 40.4±0.687 
µg/ml. The results of the antioxidant assays proved that compounds 7b3, 7d7, and 7d4 had the most 
promising free radical scavenging activity. From these observations, it may be suggested that substitution 
of the electron-withdrawing groups enhanced the antibacterial effect, and electron-donating groups 
enhanced the antifungal effect with substitution on the triazoles ring. Hence, the study may become useful 
for further research to identify new antimicrobial compounds to combat the problems of infection. 
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