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ABSTRACT 

Purpose: The triazole nucleus is an important part of the therapeutically interesting drug candidate as antimicrobial, 
analgesic, anticancer, anticonvulsant and anti-inflammatory agents. Methods: Therefore, in this study, twelve 4,5-disu- 
bstituted-1,2,4-triazole-3-thiols were synthesized by the reaction of substituted isothiocyanates and hydrazides using the 
common method of base catalysed intramolecular dehydrative cyclization of substituted thiosemicarbazides 3(a-f) and 
4(a-f). The structures of these compounds were characterized by means of FT-IR, 1H-NMR, and elemental analysis data. 
All these compounds were screened for antibacterial, antioxidant, antitumor and cytotoxic activities. Results: Among 
these compounds: 5c, 5f and 6f were found active against gram positive cocci, the compounds 5a, 5b, 5d, 6a and 6f 
showed 85% free radical scavenging effect at 3 ppm when tested for antioxidant activity, 75% tumors inhibition was 
recorded using 5c, 5d and 6a and brine shrimps lethality assay declared 5a, 5b and 6d was 129.62 µg/ml, 161.577 µg/ml 
and 81.56 µg/ml respectively. Conclusion: Compounds carrying significant bioactivity can be further studied using 
animal models to establish their safety profile prior to initiating clinical trials. 
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1. Introduction 

The search for new agent is one of the most challenging 
tasks to the medicinal chemist. The synthesis of high ni- 
trogen containing heterocyclic systems has been attrac- 
ting increasing interest over the past decade because of 
their utility in various applications, such as propellants, 
explosives, pyrotechnics and especially chemotherapy. In 
the past few decades, the chemistry of 1,2,4-triazoles and 
their fused heterocyclic derivatives have received con- 
siderable attention owing to their diverse synthetic as 
well as biological importance. A large number of 1,2,4- 
triazole-containing ring systems, have been incorporated 
into a wide variety of therapeutically interesting drug 
candidates having anti-inflammatory, CNS-stimulant, se- 
dative, antianxiety and antimicrobial agents [1,2] and 
antimycotic activity such as fluconazole, intraconazole, 
and voriconazole [3]. Many drugs are known containing 
1,2,4-triazole moiety for example triazolam [4], alpra- 

zolam [5] etizolam [6] and furacylin [7]. Among these 
heterocycles, the thione-substituted 1,2,4-triazoles and 
their derivatives [8] have been found to have a variety of 
biological activities, for example antibacterial, antifungal, 
antitubercular, antimycobacterial, anticancer, diuretic, 
and hypoglycemic properties. Particularly, substituted-1,2, 
4-triazoles-3-thiols are among the various heterocycles 
that have received the most attention during the last two 
decades as potential antimicrobial agents [9-11]. The li- 
terature reveals that substituted1,2,4-triazole has diverse 
biological potential, and the easy synthetic routes for 
synthesis have taken attention of the chemists, pharma- 
cologists and researchers [12]. In addition to these im- 
portant biological applications, mercapto-1,2,4-triazoles 
are also of great utility in preparative organic chemistry, 
for example, in the present of various reagents, undergo 
different types of reactions to yield other heterocyclic 
compounds, e.g., thiazolotriazoles, triazolothiadiazoles, 
triazolothiazines, triazolothiazepines and triazolothiadi- 
azines. Recently the most common and useful procedures *Corresponding author. 
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for the preparation of the mercapto- and thione-substi- 
tuted 1,2,4-triazole and their utility for the synthesis of 
well-known heterocyclic ring systems have been revie- 
wed [8]. In view of the diverse biological activities of 
mercato triazoles, study was planned to synthesize new 
4,5-disubstituted-1,2,4-triazole-3-thiones and evaluate 
them for their antibacterial, antioxidant, antitumor and 
cytotoxic activities. 

2. Experimental 

The melting points were recorded on Gallenkamp digital 
melting point apparatus MFB-595-010M and are uncork- 
rected. FTIR spectra were recorded on Perkin Elmer 
Spectrum BX spectrophotometer as KBr pellets. 1H- 
NMR spectra were determined in DMSO-d6 at 300 MHz 
using a Bruker spectrophotometer AM-300 with chemi- 
cal shift values reported in δ units (ppm) relative to an 
internal standard (tetramethylsilane). The elemental ana- 
lyses were conducted using a LECO-183 CHNS analyzer. 
Antimicrobial, antioxidant and cytotoxic activity was 
carried out at the Riphah Institute of Pharmaceutical Sci- 
ences, Riphah International University Islamabad, Paki- 
stan. All chemicals were purchased from Merck and Al- 
drich, and were used without further purification. 

2.1. Synthesis of Carboxylic Acid Hydrazides 
(1a-f) 

Respective ester of carboxylic acids (0.041 mol) was 
dissolved in absolute ethanol (50 - 100 mL). Hydrazine 
hydrate (80%, 13 mL) was added to this solution and the 
reaction mixture was refluxed for 7 - 8 hours. The reflux 
time was monitored by TLC and after the completion of 
the reaction; the excess hydrazine was distilled off under 
reduced pressure. The crude solid was collected, washed 
with water and recrystallized from aqueous ethanol. 

2.2. Synthesis of 1, 4-Disubstituted 
Thiosemicarbazides (3a-f), 4(a-f) 

Respective carboxylic acid hydrazide (1a-f, 0.03 moles) 
was dissolved in ethanol (100 - 200 mL) and a solution 
of isothiocyanate (2, 0.03 moles) in minimum amount of 
ethanol was added to it with constant stirring. The reac- 
tion mixture was refluxed for 4 - 5 h. The progress of re- 
action was monitored by TLC. After completion, the re- 
action mixture was cooled to yield a solid product. The 
crude product was filtered and recrystallized from 70% 
ethanol. 

2.3. Synthesis of 2, 4-Dihydro-4,5-Disubstituted- 
3H-1,2,4-Triazole-3-Thiones 5(a-f), 6(a-f) 

General Procedure 
The thiosemicarbazides (3a-f) and 4(a-f) were dissolved 

in aqueous 4N sodium hydroxide solution and refluxed 
for 4 - 5 h with constant stirring. Progress and comple- 
tion of reaction was checked by TLC. The reaction mix- 
ture was cooled, filtered and the filtrate was acidified to 
pH of 4 - 5 with 4N hydrochloric acid. The solid product 
obtained was filtered off, washed thoroughly with water 
and recrystallized from 70% ethanol. 

Synthesis of 4-Hexyl-2,4-dihydro-5-phenyl-3H-1,2,4- 
triazole-3-thione (5a) Yield 76%, Powder, Mp 110˚C, IR 
max cm−1 (KBr,) 3260 (N-H), 1585 (C = N), 1270 (C = S); 
1H-NMR (DMSO-d6,  ppm) 0.79 (t, 3H, J = 6.0Hz, 
CH3), 1.19 (m, 6H, 3 × CH2), 1.67 (m, 2H, CH2), 4.06 (t, 
2H, J = 7.8Hz, CH2-N), 7.47 - 7.54 (m, 5H, Aromatic 
ring), 12.42 (s, 1H, NH/SH); Elemental analysis: 
C14H19SN3; Calculated: C 64.36%, N 16.09%, H 7.27%, 
Found: C 64.15%, N 15.98%, H 7.13%. 

Synthesis of 4-Hexyl-2,4-dihydro-5-(2-pyridyl)-3H-1, 
2,4-triazole-3-thione (5b) Yield 75%, Powder, Mp 106˚C 
- 108˚C, IR max cm1 (KBr) 3200 (N-H), 1600 (C = N), 
1468 (C = C), 1278 (C = S); 1H-NMR (DMSO-d6,  ppm) 
0.83 (t, 3H, J = 6.7 Hz, CH3), 1.28 (m, 6H, 3 × CH2), 
1.72 (m, 2H, CH2), 4.13 (t, 2H, J = 6.8 Hz, CH2-N), 7.36 
(dd, 1H, 7.0, H-5’ pyridyl ring), 7.80 (t, 1H, J = 7.8 Hz, 
H-4’ pyridyl ring), 8.01 (d, 1H, J = 7.9 Hz, H-6’ pyridyl 
ring), 8.60 (d, 1H, J = 4.6 Hz, H-3’ pyridyl ring), 12.65 (s, 
1H, SH/NH); Elemental analysis: C13H18SN4; Calculated: 
C 59.54%, N 21.37%, H 6.87%, Found: C 59.27%, N 
21.32%, H 6.56%. 

Synthesis of 4-Hexyl-2,4-dihydro-5-(3-pyridyl)-3H-1, 
2,4-triazole-3-thione (5c) Yield 72%, Powder, Mp 115˚C, 
IR max cm1 (KBr) 3240 (N-H), 1595 (C = N), 1495 (C = C), 
1278 (C = S); 1H-NMR (DMSO-d6,  ppm) 0.80 (t, 3H, J = 
6.9 Hz, CH3), 1.24 (m, 6H, 3 × CH2), 1.76 (m, 2H, CH2), 
4.08 (t, 2H, J = 6.8 Hz, CH2-N), 7.46 (dd, 1H, J = 7.8 Hz, 
J = 5.01, Hz, H-5’ pyridyl ring), 8.13 (d, 1H, J = 7.7 Hz, 
H-4’ pyridyl ring), 8.59 (d, 1H, J = 4.2 Hz, H-6’ pyridyl 
ring), 8.89 (d, 1 H, J = 1.8 Hz, H-2’ pyridyl ring); Ele- 
mental analysis: C13H18SN4; Calculated: C 59.54%, N 
21.37%, H 6.87%, Found: C 59.36%, N 21.29%, H 
6.48%. 

Synthesis of 4-Hexyl-2,4-dihydro-5-(4-pyridyl)-3H-1, 
2,4-triazole-3-thione (5d) Yield 75%, Powder, Mp 143˚C, 
IR max cm1 (KBr) 3252 (N-H), 1590 (C = N), 1272 (C = S); 
1H-NMR (DMSO-d6,  ppm) 0.89 (t, 3H, J = 6.2 Hz, 
CH3), 1.30 (m, 6H, 3 × CH2), 1.65 (m, 2H, CH2), 4.09 (t, 
2H, J = 6.9 Hz, CH2-N), 7.65 (d, 2H, J = 8.1 Hz, H-2’, 6’ 
pyridyl ring), 8.05 (m, 2H, J = 8.2 Hz, H-3’, 5’ pyridyl 
ring); Elemental analysis: C13H18SN4; Calculated: C 
59.54%, N 21.37%, H 6.87%, Found: C 59.45%, N 
21.35%, H 6.80%. 

Synthesis of 4-Hexyl-2,4-dihydro-5-(p-methylphe- 
nyl)-3H-1,2,4-tiazole-3-thione (5e) Yield 67%, Powder, 
Mp 90˚C, IR max cm1 (KBr) 3242 (N-H), 1590 (C = N), 
1270 (C = S); 1H-NMR (DMSO-d6,  ppm) 0.85 (t, 3H, J = 
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5.8 Hz, CH3), 1.52 (m, 6H, 3 × CH2), 1.70 (m, 2H, CH2), 
2.4 (s, 3H, CH3-Ar), 4.41 (t, 2H, J = 6.8 Hz, CH2-N), 
7.38 - 7.42 (m, 4H, Aromatic); Elemental analy- sis: 
C15H21SN3; Calculated: C 65.45%, N 15.27%, H 7.63%, 
Found: C 65.31%, N 15.25%, H 7.56%. 

Synthesis of 5-Benzyl-4-hexyl-2,4-dihydro-3H-1,2,4- 
triazole-3-thione (5f) Yield 69%, Powder, Mp 101˚C, IR 
max cm1 (KBr) 3226 (N-H), 1600 (C = N), 1380 (C = C), 
1280 (C = S). 1H-NMR (DMSO-d6,  ppm) 0.83 (t, 3H, J = 
6.0 Hz, CH3), 1.25 - 1.75 (m, 8H, 4CH2), 4.15 (t, 2H, 
CH2-N), 3.72 (s, 2H, CH2-Ph), 7.29-7.42 (m, 5H, Aro- 
matic); Elemental analysis: C15H21SN3; Calculated: C 
65.45%, N 15.27%, H 7.63%, Found: C 65.37%, N 
15.19%, H 7.60%. 

Synthesis of 4-Cyclohexyl-2,4-dihydro-5-phenyl-3H- 
1,2,4-triazole-3-thione (6a) Yield = 68%, Powder, Mp 
198˚C, IR max cm1 (KBr) 3215 (N-H), 1585 (C = N), 1415 
(C = C), 1282 (C = S). 1H-NMR (DMSO-d6,  ppm) 1.25 - 
1.28 (m, 4H, 2 × CH2 cyclohexyl), 1.70 - 1.81 (m, 6H, 3 
× CH2 cyclohexyl), 4.38 (m, 1H, CH - N cyclohexyl), 
7.32 - 7.38 (m, 5H, Aromatic), 9.0 (bs, 1H, NH/SH); Ele- 
mental analysis: C14H17SN3; Calculated: C 64.86%, N 
16.21%, H 6.56%, Found: C 64.35%, N 16.08%, H 
6.28%. 

Synthesis of 4-Cyclohexyl-2,4-dihydro-5-(2-pyridyl)- 
3H-1,2,4-triazole-3-thione (6b) Yield 75.4%, Powder, 
Mp 200˚C, IR max cm1 (KBr) 3210 (N-H), 1585 (C = N), 
1410 (C = C); 1285 (C = S). 1H-NMR (DMSO-d6,  ppm) 
1.23 - 1.28 (m, 4 H, 2 × CH2 cyclohexyl), 1.67 - 1.79 (m, 
6H, 3 × CH2 cyclohexyl), 4.28 (m, 1H, CH-N cyclohe- 
xyl), 7.29 (dd, 1H, 7.2, H-5’ pyridyl), 7.78 (t, 1 H, J = 7.5 
Hz, H-4’ pyridyl), 8.06 (d, 1H, J = 7.8 Hz, H-6’, 8.47 (d, 
1H, J = 5.7 Hz, H-3’ pyridyl), 12.65 (s, 1H, SH/NH); 
Elemental analysis: C13H16SN4; Calculated: C 60.0%, N 
21.53%, H 6.15%, Found: C 59.76%, N 21.43%, H 
6.06%. 

Synthesis of 4-Cyclohexyl-2,4-dihydro-5-(3-pyridyl)- 
3H-1,2,4-triazole-3-thione (6c) Yield 72%, Powder, Mp 
210˚C, IR max cm1 (KBr) 3208 (N-H), 1580 (C = N), 1413 
(C = C), 1282 (C = S); 1H-NMR (DMSO-d6,  ppm) 1.20 - 
1.31 (m, 4H, 2 × CH2 cyclohexyl), 1.60 - 1.75 (m, 6H, 3 
× CH2 cyclohexyl), 4.68 (m, 1H, CH-N cyclohexyl), 7.40 
(m, 2H, H-6’, 5’ Pyridyl), 7.70 (s, 1H, H-2’ Pyridyl), 8.35 
(d, 1H, J = 4.2 Hz, H-4’ Pyridyl), 12.65 (s, 1H, SH/NH); 
Elemental analysis: C13H16SN4; Calculated: C 60.0%, N 
21.53%, H 6.15%, Found: C 59.83%, N 21.50%, H 
6.10%. 

Synthesis of 4-Cyclohexyl-2,4-dihydro-5-(4-pyridyl)- 
3H-1,2,4-triazole-3-thione (6d) Yield 78%, Powder, Mp 
206˚C, IR max cm1 (KBr) 3211 (N-H), 1582 (C = N), 1410 
(C = C), 1285 (C = S); 1H-NMR (CDCl3,  ppm) 1.23 - 1.32 
(m, 4H, 2 × CH2 cyclohexyl), 1.59 - 1.78 (m, 6H, 3 × 
CH2 cyclohexyl), 4.65 (m, 1H, CH-N cyclohexyl), 7.72 
(d, 2H, J = 5.6 Hz, H-2’,6’ Pyridyl), 8.65 (d, 2H, J = 5.6 

Hz, H-3’,5’ Pyridyl); Elemental analysis: C13H16SN4; Cal- 
culated: C 60.0%, N 21.53%, H 6.15%, Found: C 
59.91%, N 21.39%, H 6.08%. 

Synthesis of 4-Cyclohexyl-2,4-dihydro-5-(p-methyl- 
phenyl)-3H-1,2,4-triazole-3-thione (6e) Yield 65%, pow- 
der, Mp 178˚C - 179˚C, IR max cm1 (KBr) 3210 (N-H), 
1580 (C = N), 1411 (C = C), 1280 (C = S); 1H-NMR 
(DMSO-d6,  ppm) 1.28 - 1.75 (m, 10H, 5 × CH2 cyclo- 
hexyl), 2.31 (s, 3 H, CH3-Ar), 4.45 (m, 1H, CH-N cyc- 
lohexyl), 7.21 - 7.35 (m, 4H, Aromatic); Elemental ana- 
lysis: C15H19SN3; Calculated: C 65.93%, N 15.38%, H 
6.95%, Found: C 65.82%, N 15.31%, H 6.89%. 

Synthesis of 4-Cyclohexyl-5-benzyl-2,4-dihydro-3H-1, 
2,4-triazole-3-thione (6f) Yield 68%, Powder, Mp 156˚C, 
IR max cm1 (KBr) 3200 (N-H), 1600 (C = N), 1420 (C = C), 
1285 (C = S); 1H-NMR (DMSO-d6,  ppm) 1.25 - 1.79 (m, 
10H, 5 × CH2 cyclohexyl), 3.36 (s, 2H, CH2-Ph), 4.50 (m, 
1H, CH-N ), 7.25 - 7.43 (m, 5H, aromatic); Elemental 
analysis: C15H19SN3; Calculated: C 65.93%, N 15.38%, 
H 6.95%, Found: C 65.91%, N 15.35%, H 6.93%. 

2.4. Screening of Compounds by Biological 
Assays 

2.4.1. Antibacterial Activity 
Agar well diffusion assay [13,14] was applied to evaluate 
the laboratory synthesized organic compounds.  

2.4.2. Sample Preparation 
0.1% solution of organic compounds by using dimethyl- 
sulfoxide (DMSO) as solvent was prepared. Ciproflox- 
acin was used as standard antibiotic in this assay and was 
prepared in the same way. All test tubes were identified 
and labeled accordingly.  

2.4.3. Test Organism and Inoculums 
10 bacterial strains were included and their susceptibility 
was tested against these compounds. 3 Gram-positive 
strains including Bacillus subtilis, Staphylococcus aureus, 
and Micrococcus luteus and 7 Gram-negative strains in- 
cluding Proteus mirabilis, Escherichia coli, Pseudo- 
monas aeruginosa, Salmonella typhi, Shigella flexineri, 
and Klebsiella pneumonia were used.  

2.4.4. Media Preparation and Sterilization 
Nutrient agar medium (28 g) was accurately weighed and 
suspended in 1000 ml of distilled water in a conical flask. 
It was heated on a water bath to dissolve the medium 
completely. Direct heating was avoided as it may lead to 
charring of the medium components and render it useless 
for the purpose. The conical flask containing the nutrient 
agar medium was plugged with the help of non-absorbent 
cotton bung and then cotton bung were properly covered 
with aluminum foil. The medium was then sterilized by 
autoclaving at 15-lbs per square inch pressure for 18 mi- 
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nutes. 

2.4.5. Procedure 
The already prepared solutions were tested for antibacte- 
rial activity using agar well-diffusion assay. The strains 
of microorganisms obtained were inoculated in conical 
flask containing 100 ml of nutrient broth. These conical 
flasks were incubated at 37˚C for 24 hours and were re- 
ferred to as seeded broth. Prepared media was poured on 
Petri dishes and inoculated with the test organisms from 
the seeded broth using sterile cotton swabs. Sterile stain- 
less borer of 4-millimeter width was used for well forma- 
tion. Each well was introduced with 40 μl of sample. The 
plates were incubated overnight at 37˚C. Antibacterial 
activity was assigned by measuring the inhibition zone 
formed around the wells. Ciprofloxacin was used as stan- 
dards. All data on antibacterial activity were average of 
triplicate.  

2.5. In Vitro Antioxidant Activity 

2.5.1. Sample Preparation 
1, 1-Diphenyl-2-picryl-hydrazyl (DPPH) was purchased 
from Sigma-Aldrich (USA). In this assay, ascorbic acid 
was used as “standard”; methanol was taken as “blank”, 
and DPPH was used as “control”. The solvents and other 
chemicals were of analytical grade. The reaction tubes, in 
triplicates, were wrapped in aluminum foil and kept at 
30˚C for 30 min in dark. All measurements were done 
under dim light. Spectrophotometric measurements were 
done at 517 nm using UV-visible Spectrophotometer. 

2.5.2. DPPH Radical Scavenging Activity 
The antioxidant activity of the samples, on the basis of 
the scavenging activity of the stable DPPH free radical, 
was determined by the method described by [15]. One 
milliliter of the sample (0.75, 1.5, and 3 µg/ml) was 
added to 3 ml of a 0.1 mmol/l methanol solution of 
DPPH. Absorbance at 517 nm was determined after 30 
min, and the percent inhibition activity was calculated 
using this formula: % DPPH radical scavenging activity 
= [(Absorbance of control-Absorbance of test sample)/ 
(Absorbance of control)] × 100. 

2.5.3. Crown Gall Tumors on Potato Discs: Antitumor 
Activity 

Crown gall assay was performed by using the potato 
discs according to Mclaughlin and Rogers, 1998 [16]. 
Fresh potato were used in this assay and was placed in 
bacto-agar, sample was poured onto the discs and incu- 
bated for three weeks. Each petri plate contains 5 discs 
and results were recorded in triplicates. Positive and ne- 
gative controls were included in the assay. The percent 
inhibition of crown gall tumors on potato discs were cal- 
culated using the following the formula: % inhibition 

= 100 – (average number tumors of sample/average num- 
ber tumors of control) × 100. 

2.6. Brine Shrimps Lethality Assay 

2.6.1. Hatching of Shrimp Eggs 
Brine shrimp lethality bioassay was carried out according 
to a method described elsewhere [17] to investigate the 
cytotoxicity of 4,5-disubstituted 1,2,4-triazole-3-thiols.  

In brief, a rectangular dish (22 × 32 cm) was divided 
into two unequal compartments with plastic divider of 2 
mm with several holes and filled with artificial seawater 
(prepared using 38 g sea salt per liter of water and ad- 
justed to pH 8.5 using 1 N NaOH, filter). Approximately 
25 mg eggs (Artemia salina Sera, Heidelberg, Germany) 
were sprinkled in the larger compartment, which was 
darkened, while the smaller compartment was illumi- 
nated to attract the hatched shrimps. After 48 hours, pho- 
totropic nauplii (brine shrimp larvae) were collected by 
pipette from the lightened side. 

2.6.2. Preparation of Vials for Testing 
The stock solution was prepared by dissolving 0.02 g test 
compound in 2 ml dimethyl sulphoxide (DMSO). 1.8 ml 
of the brine was added to 0.2 ml of the stock to give 1000 
ppm solution. Subsequent concentrations of 100 and 10 
ppm were obtained from this. Ten nauplii were drawn 
through a glass capillary and placed in test tube contain- 
ing 4.0 ml of brine solution and 0.5 ml of test compound 
concentration and made up to 5 ml with brine solution. 
Tests for each concentration were done in triplicate. A 
control experiment containing 5 ml of brine solution with 
two drops of DMSO and ten nauplii was set alongside. 
The experiments were maintained at room temperature 
for 24 h under light and the surviving larvae counted. 
The lethality of the extracts was calculated from the 
mean survival larvae of compounds treated and control 
using Finney’s probit analysis was used to determine the 
LD50 of each compound [18]. 

3. Results and Discussion 

4,5-disubstituted-3H-1,2,4-triazole-3-thiones 5(a-f), 6 
(a-f), were obtained in good yields by the dehydrative 
cyclization of 1,4-disubstituted thiosemicarbazides in the 
presence of sodium hydroxide following Scheme 1. The 
reaction, in general, was quite successful; however, the 
yields of 3-pyridyl group bearing 1, 2, 4-triazole-3-thi- 
ones were comparatively less than those of 2- and 
4-pyridyl substituted triazoles. Purity of synthesized tri- 
azoles was ascertained by TLC and a single spot was 
observed in each case. The physical data of the synthe- 
sized compounds is given in Table 1. 

The characterization of the isolated triazoles was based 
on IR spectral data, 1H-NMR and elemental analysis 
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Scheme 1. Synthesis of 2, 4-Dihydro-4, 5-disubstituteD-3 H-1, 2, 4-triazole-3-thiones 5(a-f), and 6(a-f). 
 

Table 1. Physical data of triazoles 5(a-f) and 6(a-f). data. The infrared spectra of all the triazoles showed ab- 
sorption due to C = S in the region 1270 - 1290 cm−1, in 
addition to an N-H absorption in the region 3170 - 3260 
cm−1. In each case the absence of carbonyl absorption 
(1675 - 1684 cm−1) in the IR spectra of the triazoles as 
compared to corresponding thiosemicarbazides indicated 
that the dehydrative cyclization reaction had occurred. 
Absence of SH and presence of NH and C = S absorp- 
tions established that the triazoles obtained are present in 
their thione form rather than the thiol form. This is in 
agreement to the previous observations. 

Compound
Molecular
formula 

MW 
calculated 

Physical 
state 

% 
Yield

Rf 
valuea

5a C14H19SN3 261 Powder 76 0.64 

5b C13H18SN4 262 Powder 75 0.53 

5c C13H18SN4 262 Powder 72 0.57 

5d C13H18SN4 262 Powder 78 0.50 

5e C15H21SN3 275 Powder 67 0.62 

5f C15H21SN3 275 Powder 69 0.65 

6a C14H17SN3 259 Powder 68 0.59 

6b C13H16SN4 260 Powder 75 0.54 

6c C13H16SN4 260 Powder 72 0.56 

6d C13H16SN4 260 Powder 78 0.49 

6e C15H19SN3 273 Powder 65 0.66 

6f C15H19SN3 273 Powder 68 0.70 

In the 1H-NMR spectra of 5(a-f) having 4-hexyl group 
attached to nitrogen atom, methyl protons were found to 
resonate at 0.79 - 0.83 ppm as triplet and a multiplet at 
1.19 - 1.25 ppm integrating to six protons was observed 
due to three methylene groups of hexyl moiety. Another 
multiplet due to two protons of methylene group ap- 
peared at 1.62 - 1.72 ppm. The methylene protons atta- 
ched to nitrogen atom resonated downfield as triplet in 
the region of 4.06 - 4.13 ppm. 1H-NMR spectra of com- 
pounds 6(a-f) exhibits a downfield multiplet at 4.39 - 
5.01 ppm due to CH attached with nitrogen. The other 
methylene protons of the cyclohexyl group exhibit two 
mutiplets each at 1.09 - 1.35 ppm and 1.60 - 1.83 ppm 

aTLC (Adsorbent Silica gel HF-254, Solvent System Ethyl acetate: Petro- 
leum Ether; 3:1). 
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respectively in all the 4-cyclohexyl substituted triazoles. 
The labile proton which is attached to nitrogen or sulfur 
due to tautomerization appeared downfield in the range 
12.40 - 12.65 ppm. In case of 5a and 6a, the phenyl pro- 
tons exhibited a multiplet at 7.47 - 7.54 ppm. In triazoles 
5, 6(b-d) bearing isomeric pyridyl groups, the pyridyl 
protons resonated in the expected region of 7.40 - 8.80 
ppm. 

In case of compound 5e and 6e, the singlet for p-me- 
thyl protons appeared at 2.3 ppm, whereas in 5f and 6f, 
the methylene protons of benzyl group resonated as a 
singlet at 3.72 ppm. The aromatic protons resonated in 
the region 7.29 - 7.42 ppm. 

3.1. Antibacterial Activity 

The antibacterial activity of synthesized compounds 
against the selected bacterial strains was checked by agar 
well diffusion assay. The well diffusion assay for anti- 
bacterial activity showed significant reduction in bacte- 
rial growth (Table 2). 

It has been observed that among all the tested bacterial 
organisms, the Gram positive bacterial strain, Staphylo- 
coccus aureus followed by the Micrococcus luteus were 
found to be more susceptible to the organic samples by 
giving maximum inhibition zone of 16 mm and 14 mm 
respectively and the Gram negative strains were least 
susceptible comparatively. Pyridyl substituted triazoles 
5b, 6b, 5c and 6c showed moderate activities against 
certain bacterial strains. 5c and 6f showed broad spec- 
trum activity against most of the selected bacterial strains 
including Gram positive and negative strains (Figure 1). 

3.2. DPPH Radical Scavenging Activity 

DPPH radical scavenging antioxidant activity is due to 
their hydrogen donating ability. DPPH is a stable free 
radical and accepts an electron or hydrogen radical to 
become a stable diamagnetic molecule. The reduction 
capability of DPPH radicals was determined by the de- 
crease in its absorbance at 517 nm induced by antioxi- 
dants. It is visually obvious as a dis-coloration from pur- 
ple to yellow. Hence, DPPH is usually used as a substrate 
to evaluate anti-oxidative activity of antioxidants. The 
antioxidant activities of the synthesized compounds at 
three different concentrations are given in Table 3. 5c 
(92.5%) and 5f (92.3%) have shown a significant de- 
crease in the concentration of DPPH radical due to the 
scavenging ability of these compounds. Ascorbic acid 
was used as standard which showed 95.7% scavenging 
effect at concentration of 3 µg/ml. These results showed 
that these organic compounds have a noticeable effect on 
scavenging free radicals. Free radical scavenging effect 
was also increased with an increasing concentration.  

3.3. Antitumor Activity 

Percent inhibition results showed that all samples had 
anti-crown gall activity. 75% inhibition was recorded for 
sample 5c followed 58% inhibition for 6d (Figure 2). 
Methotrexate when used as positive control demonstrated 
83% anti-crown gall activity on potato discs (Table 4). In 
general pyridyl substituted triazoles showed greater inhi- 
bition as compared to phenyl substituted triazoles. The 
mean tumors inhibition by these compounds has been 
shown in Figure 3. 

 
Table 2. Antibacterial activity of synthesized organic compounds against selected bacterial strains. 

Zone of Inhibition (mm) 
Serial # 

Selected Bacterial 
Strains 

5a 5d 5b 6c 5c 6d 5f 6f 5e 6a 6b 6e 

1 Proteus mirabilis 1 - 2 - 7 - 7 - - - 4 - 

2 Bacillus subtilis 4 2 - - 10 - - 2 - - 6 - 

3 E.coli - - - - - - - - - - - - 

4 Staph. aureus 6 5 12 10 6 5 16 8 6 4 8 4 

5 P. aeruginosa - - - - 8 4 2 2 - 2 2 2 

6 P. putida - - - - 4 - - 4 2 2 - - 

7 Salmonella typhi - 6 - 6 6 - - 8 - - 4 2 

8 M. luteus 2 4 4 4 8 10 6 14 - - 8 - 

9 Shigella flexineri - - - - - 4 4 5 - - 2 - 

10 K. pneumoniae - - - - 1 - - 2 - - - - 
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Figure 1. Activity of laboratory synthesized organic compounds against selected bacterial strains. Activity was measured in 
terms of zone of inhibitions (mm). 
 

 
Figure 2. Inhibition of crown gall tumors on potato disc (A) 
Methotrexate used as Positive Control (B) Agrobacterium 
tumefaciens as Negative Control (C) Sample compound 5c 
showed 75 % tumors inhibition (D) Sample compound 6d 
showed 58 % tumors inhibition. 

 
Figure 3. Mean tumors inhibition of laboratory synthesized 
compounds. Methotrexate was used as positive control 
which showed more than 80 % inhibition activity. 

3.4. Brine Shrimp Lethality Assay 

The brine-shrimp bioassay finds the lethality of samples 
toward brine-shrimp larvae (known as nauplii). The 
hrimp nauplii have been used for a number of experi-  s 
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Table 3. DPPH radical scavenging effect and % inhibition of our synthesized compounds. 

Serial # Standard/Samples Strength/concentration Sample Absorbance (As) Control Absorbance (Ac) % Scavenging Effect

3 µg/ml 0.0530 1.2441 95.7 

1.5 µg/ml 0.1598 1.2441 87.1 1 Ascorbic Acid 

0.75 µg/ml 0.3812 1.2441 69.3 

3 µg/ml 0.0925 1.2441 92.5 

1.5 µg/ml 0.1663 1.2441 86.66 2 5c 

0.75 µg/ml 0.1787 1.2441 85.6 

3 µg/ml 0.0802 0.5158 84.45 

1.5 µg/ml 0.0963 0.5158 81.3 3 5f 

0.75 µg/ml 0.1403 0.5158 72 

3 µg/ml 0.0336 0.4407 92.3 

1.5 µg/ml 0.0746 0.4407 83 4 5b 

0.75 µg/ml 0.0792 0.4407 82 

3 µg/ml 0.0529 0.4407 87.9 

1.5 µg/ml 0.0620 0.4407 85.93 5 6c 

0.75 µg/ml 0.0979 0.4407 77.78 

3 µg/ml 0.0403 0.4407 90.87 

1.5 µg/ml 0.0411 0.4407 90.6 6 5a 

0.75 µg/ml 0.0633 0.4407 85.6 

3 µg/ml 0.1131 0.6198 81.75 

1.5 µg/ml 0.1204 0.6198 80.5 7 6d 

0.75 µg/ml 0.2104 0.6198 66.05 

3 µg/ml 0.0640 0.6198 89.67 

1.5 µg/ml 0.1221 0.6198 80.30 8 6f 

0.75 µg/ml 0.2211 0.6198 64.32 

3 µg/ml 0.0529 0.4407 87.9 

1.5 µg/ml 0.0620 0.4407 85.93 9 5e 

0.75 µg/ml 0.0979 0.4407 77.78 

3 µg/ml 0.0403 0.4407 90.87 

1.5 µg/ml 0.0411 0.4407 90.6 10 6a 

0.75 µg/ml 0.0633 0.4407 85.6 

3 µg/ml 0.1131 0.6198 81.75 

1.5 µg/ml 0.1204 0.6198 80.5 11 6b 

0.75 µg/ml 0.2104 0.6198 66.05 

3 µg/ml 0.0640 0.6198 89.67 

1.5 µg/ml 0.1221 0.6198 80.30 12 5d 

0.75 µg/ml 0.2211 0.6198 64.32 

3 µg/ml 0.0746 0.4407 83 

1.5 µg/ml 0.0979 0.4407 77.78 13 6e 

0.75 µg/ml 0.2104 0.6198 66.05 
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Table 4. Anti-crown gall activities of synthesized com- 
pounds. 

Serial 
# 

Sample codes 
Average number 

of tumors per disc 
% age of tumor 

inhibition 

1 5b 6.00 50.00 

2 5f 8.00 33.33 

3 6f 6.00 50.00 

4 5c 3.00 75.00 

5 6d 5.00 58.33 

6 5a 6.00 50.00 

7 5d 5.00 75.00 

8 5e 6.00 58.33 

9 6a 8.00 33.33 

10 6b 5.00 58.33 

11 6c 3.00 75.00 

12 6e 8.00 33.33 

13 Positive control* 2.00 83.33 

14 Negative control* 12.00 - 

*Negative control: Agrobacterium tumefaciens; *Positive control: standard- 
methotrexate. 

 
ments in which various samples are tested at concentra- 
tion of 1000 μg/ml, 100 μg/ml and 10 μg/ml in vials con- 
taining 5 ml of brine and ten nauplii in each of the three 
replicates [17]. After enumerating the number of shrimps 
surviving after 24 hours, the values for these compounds 
were calculated using Finney’s probit analysis. The com- 
pounds (5a, 5b & 6d), exhibited significant brine shrimp 
lethality with ED50 values 129.62 µg/ml, 161.577 µg/ml 
and 81.56 µg/ml respectively, while compounds (5f, 6a 
and 6b) showed moderate lethality with LD50 values of 
200 µg/ml to 800 µg/ml. The results below 200 µg/ml are 
considered as significant values [19]. The degree of le- 
thality was found to be directly proportional to the con- 
centration of the extract. Maximum mortalities took pla- 
ce at a concentration of 1000 μg/ml whereas least mor- 
talities were at 10 μg/ml concentration (Figure 4).  

4. Conclusion  

The synthesis and in vitro biological activities of a series 
of 4,5-disubstituted-1,2,4-triazole-3-thiones 5(a-f) and 6 
(a-f) were performed in this study. In general, the com- 
pounds having pyridyl groups showed good antibacterial 
activity. All the compounds showed moderate to good 
antioxidant activity comparable to that of standard drug 
ascorbic acid. Free radical scavenging effect was also 
increased with an increasing concentration. Antitumor  

 

Figure 4. Cytotoxic activity analysis of laboratory synthe- 
sized organic compounds using brine shrimps. ED50 of 5a, 
5b and 6d was 129.62 µg/ml, 161.577 µg/ml and 81.56 µg/ml 
respectively. 
 
and cytotoxic activities were moderate to low for all the 
compounds. Keeping in view the results obtained, it is 
suggested that further analogs be synthesized and evalu- 
ated biologically in search in safe and potent drugs. 
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