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ABSTRACT 

A series of fluorine-containing triazoles 3 and thiadiazoles 4 were synthesized from thiosemica-rbazides 2. These 
reactions were carried out by green synthesis method such as ultrasonication and microwave technique. All products have 
been characterized by IR, 1H NMR, and Mass spectral study. All the compounds were screened for their antimicrobial 
activity using Bacillus cereus and Klebsiella pneumoniae bacteria. 
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INTRODUCTION 

It is known that introduction of fluorine atom in molecule may lead to significant influence on the 
biological and physical properties of compounds due to increase of membrane permeability, hydrophobic 
bonding, stability against metabolic oxidation1. Since fluorine containing compound is of promising 
pharmacological activities which are originated from their unique high thermal stabilities and lipophilicity2. 
Therefore, the development of synthetic methods for fluorine-containing compounds has been an important 
field in both organofluorine chemistry synthesis. Triazoles and their derivatives have enhanced considerable 
attention for the past few decades due to their chemotherapeutical value3. In particular fluorinated triazoles 
are of significant interested because they possess antitubercular4 and anticancer5 activity. Literature survey 
indicates that thiosemicarbazides are found to associate with antibacterial6, antifungal7 activities. 
Compounds containing 1,3,4-thiadiazole nucleus has been reported to be a variety of biological activities 
like fungitoxic8, CNS stimulant9, anticholinergic10 and anticonvulsant11. 

The advantageous use of ultrasound irradiation technique for activating various reactions are found 
in the literature such as synthesis of azoles and diazenes12, reformatsky reaction13, oxidation of substrates 
like hydroquinones14, pinacol coupling15, suzuki cross-coupling16. Commercial microwave-assisted organic 
reactions occurs more rapidly, safely and with higher chemicals yields17-19, render the microwave method 
superior to conventional method. The growing number of publication in microwave-assisted synthesis 
includes virtually all types of synthesis like knoevenagel condensation20.  

In the present investigation, we synthesize some triazole and thiadiazole derivatives by conventional 
and ultrasonication as well as microwave irradiation methods and their comparison have been made between 
three methods. The structures of synthesized compounds were confirmed on the basis of spectral data. The 
compounds were also tested for their antimicrobial activities by standard methods. 
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EXPERIMENTAL 

All melting points were determined in open capillary tubes and are uncorrected. The purity of the 
compounds was determined by thinlayer chromatography on silica gel-G plate. IR spectra were recorded on 
Perkin-Elmer FTIR spectrophotometer in KBr disc. The 1H NMR spectra of some of the compounds of this 
series were scanned on 400 MHz spectrophotometer respectively using DMSO-d6 as a solvent and TMS as 
an internal standard. Peak values are shown in δ ppm. Mass spectra were obtained by Finnigan mass 
spectrometer. Experiment under ultrasound irradiation was carried out in ultrasonic cleaner model EN-20U-
S manufactured by Enertech Electronics PVT. LTD, Mumbai, India having maximum power output of 
100W and 33 KHz operating frequency. All experiments under microwave irradiation were carried out in 
unmodified domestic microwave oven model MC-7148MS manufactured by LG Electronics India Pvt. Ltd, 
Noida, India having maximum power output of 800W and 2450 MHz frequency.  

Synthesis of 1-(2-(6-methyl-2-p-tolyl-1H-imidazo[1,2-a]pyridin-3-yl)-acetyl-4-phenyl thiosemi-
carbazides (2a-2e) 

Acid hydrazide (0.01 mol) (1) and aryl isothiocyanates (0.01 mol) were taken in 15 mL of ethanol 
and the reaction mixture was heated under reflux for 60 min. After completions of the reaction (monitored 
by TLC) contents were cooled to room temperature, the white product obtained was separated by filtration. 
The formation of the compounds (2) was confirmed by m.p., mixed m.p. and spectral data. Their 
characterization data is given in the Table 1. 

Spectral interpretation 

(2a) IR (KBr) v/cm-1: 3334 (-NH), 1669 (-C=O), 1582 (-C=N), 1506 (-C=S), 1102 (-C-F); 1H-NMR 
(400 MHz, DMSO-d6, δ, ppm): 2.36 (s, 3H), 2.56 (s, 3H), 4.03(s, 2H), 6.74 to 7.72 (m, 11H), 9.45 (s, 2H), 
10.54 (s, 1H); MS (m/z): 448 (M+1). 

(2b) IR (KBr) v/cm-1: 3329 (-NH), 1670 (-C=O), 1589 (-C=N), 1509 (-C=S), 1101 (-C-F); 1H-
NMR (400 MHz, DMSO-d6, δ, ppm): 2.35 (s, 3H), 2.57 (s, 3H), 4.01 (s, 2H), 6.78 to 7.74 (m, 10H), 9.46 
(s, 2H), 10.56 (s, 1H); MS (m/z): 466 (M+1). 

(2c) IR (KBr) v/cm-1: 3330 (-NH), 1668 (-C=O), 1615 (-C=N), 1519 (-C=S), 1110 (-C-F); 1H-NMR 
(400 MHz, DMSO-d6, δ, ppm): 2.33 (s, 3H), 2.38 (s, 3H), 4.08 (s, 2H), 7.06 to 8.19 (m, 10H), 9.63 (s, 2H), 
10.6 (s, 1H); MS (m/z): 566 (M+1). 

(2d) IR (KBr) v/cm-1: 3336 (-NH), 1672 (-C=O), 1609 (-C=N), 1409 (-C=S), 1101 (-C-F); 1H-
NMR (400 MHz, DMSO-d6, δ, ppm): 2.32 (s, 3H), 2.34(s, 3H), 4.08 (s, 2H), 7.02 to 8.18 (m, 10H), 9.59 (s, 
2H), 10.53 (s, 1H); MS (m/z): 566 (M+1). 

(2e) IR (KBr) v/cm-1: 3332 (-NH), 1671 (-C=O), 1608 (-C=N), 1408 (-C=S), 1103 (-C-F); 1H-NMR 
(400 MHz, DMSO-d6, δ, ppm): 2.33 (s, 3H), 2.39 (s, 3H), 4.09 (s, 2H), 7.03 to 8.19 (m, 11H), 9.60 (s, 2H), 
10.54 (s, 1H); MS (m/z): 498 (M+1). 

Synthesis of 5-((6-methyl-2-p-toly-lH-imidazo[1,2-a]pyridine-3-yl)methyl-4-phenyl 4H-1,2,4-
triazole-3-thiols (3a-3e) 

By conventional method: Thiosemicarbazide (2) (0.005 mol) and 10 mL of 2 N sodium hydroxide 
solution were taken in 100 mL RBF and the reaction mixture was heated under mild reflux for 90 min. 
Progress of the reaction was monitored by TLC. The reaction mixture was cooled and poured over ice water 
and acidified with dilute hydrochloric acid. Product was separated by filtration and crystallized with 
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DMF/water to afford the title compounds (3). The formation of the compounds (3) was confirmed by m.p., 
mixed m.p., and spectral data. Their characterization data is given in Table 1. 

Table 1: Characterization data of synthesized compounds 2, 3 and 4 

Conventional method Ultrasound method Microwave method 
Compd. Fluorinated 

group 
M.P. 
(oC) Time 

(min.) Yield (%) Time 
(min.) 

Yield 
(%) 

Time 
(min.) 

Yield 
(%) 

2a (3-F) 218 60 78 - - - - 

2b (2,5-F) 208 60 84 - - - - 

2c (3,5-CF3) 223 60 72 - - - - 

2d (3,4-CF3) 226 60 77 - - - - 

2e (4-CF3) 214 60 69 - - - - 

3a (3-F) 257 90 54 27 82 3.2 75 

3b (2,5-F) 268 90 57 30 81 3.0 72 

3c (3,5-CF3) 274 90 62 33 86 2.8 78 

3d (3,4-CF3) 286 90 55 30 76 2.5 71 

3e (4-CF3) 281 90 56 32 83 3.2 79 

4a (3-F) 240 120 63 30 89 3.0 78 

4b (2,5-F) 238 120 61 35 83 3.2 76 

4c (3,5-CF3) 255 120 65 32 86 3.4 72 

4d (3,4-CF3) 246 120 58 32 81 3.2 75 

4e (4-CF3) 251 120 64 35 88 3.5 81 

Abbreviations used: MP = melting point, min = minute 

By ultrasonic irradiation: Thiosemicarbazide (2) (0.005 mol) and 10 mL of 2 N sodium hydroxide 
solution was taken in a beaker (50 mL) and the reaction mixture was subjected to ultrasonic irradiated for 
30–35 min at room temperature. Progress of the reaction was monitored by TLC. The reaction mixture was 
then poured into ice water and acidified with dilute hydrochloric acid. Product was separated by filtration 
and crystallized with DMF/water to afford the title compounds (3). The formation of the compounds (3) 
confirmed by m.p., mixed m.p., and spectral data. Their characterization data is given in Table 1. 

By microwave method: Thiosemicarbazide (2) (0.005 mol) was taken in 50 mL borosilicate glass 
beaker with 10 mL of 2 N sodium hydroxide solution. The reaction mixture was irradiated inside a 
microwave oven for 1 min to 2.5 min at an output of 300W power, with short interruption of 15 s. TLC 
monitored progress of reaction. The reaction mixture was cooled and poured into crushed ice. Product was 
separated by filtration and crystallized with DMF/water to afford the titled the compounds. Their 
characterization data is given in Table 1. 

Spectral interpretation 

(3a) IR (KBr) v/cm-1: 3425 (-NH), 3031 (=C-H), 1675 (-C=N), 1583 & 1513 (aromatic), 1372 
(C=S), 1021 (-C-F); 1H NMR (400 MHz, DMSO-d6, δ, ppm): 2.34 (s, 3H), 2.56 (s, 3H), 4.07 (s, 2H), 7.29 
to 7.89 (m, 11H), 10.72 (s, 1H, -NH); MS (m/z): 430 (M+1). 
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(3b) IR (KBr) v/cm-1: 3411 (-NH), 3032 (=C-H), 1675 (-C=N), 1585 & 1507 (aromatic); 1372 
(C=S), 1024 (-C-F); 1H NMR (400 MHz, DMSO-d6, δ, ppm): 2.37 (s, 3H), 2.58 (s, 3H), 4.09 (s, 2H), 7.13 
to 7.91 (m, 10H), 10.67 (s, 1H, -NH); MS (m/z): 448 (M+1). 

(3c) IR (KBr) v/cm-1: 3382 (-NH), 2974 (=C-H), 1677 (-C=N), 1611 & 1515 (aromatic); 1365 
(C=S), 1112 (-C-F); 1H NMR (400 MHz, DMSO-d6, δ, ppm): 2.38 (s, 3H), 2.56 (s, 3H), 4.16 (s, 2H), 7.10 
to 8.12 (m, 10H), 10.78 (s, 1H, -NH); MS (m/z): 548 (M+1). 

(3d) IR (KBr) v/cm-1: 3419 (-NH), 3034 (=C-H), 1647 (-C=N), 1578 & 1505 (aromatic), 1394 
(C=S), 1092 (-C-F); 1H NMR (400 MHz, DMSO-d6, δ, ppm): 2.36 (s, 3H), 2.52 (s, 3H), 4.1 (s, 2H), 7.12 
to 7.95 (m, 10H), 10.23 (s, 1H, -NH); MS (m/z): 548 (M+1). 

(3e) IR (KBr) v/cm-1: 3432 (-NH), 3031 (=C-H), 1656 (-C=N), 1581 & 1512 (aromatic), 1392 
(C=S), 1094 (-C-F); 1H NMR (400 MHz, DMSO-d6, δ, ppm): 2.33 (s, 3H), 2.49 (s, 3H), 4.22 (s, 2H), 7.14 
to 7.98 (m, 11H), 10.3 (s, 1H, -NH); MS (m/z): 480 (M+1). 

Synthesis of 5-(6-methyl-2-p-tolyl-1H-imidazo[1,2-a]pyridine-3-yl)methyl-N-phenyl-1,3,4-thiadiazol-
2-amine (4a-4e) 

By conventional method:  Thiosemicarbazide (2) (0.005 mol) and concentrated sulphuric acid (5 
mL) were taken in a beaker (50 mL) and the reaction mixture was kept at room temperature for 2 h. The 
reaction mixture was then poured over ice water. Product was separated by filtration and crystallized with 
DMF to afford the title compounds 4. The formation of compounds 4 was confirmed by m.p., mixed m.p., 
and spectral data. Their characterization data is given in Table 1. 

By ultrasonic irradiation: Thiosemicarbazide (2) (0.005 mol) and concentrated sulphuric acid (5 
mL) were taken in beaker (50 mL) and the reaction mixture was subjected to ultrasonic irradiated for 30–35 
min at room temperature. Progress of reaction was monitored by TLC. The reaction mixture was then 
poured over ice water. Product was separated by filtration and crystallized with DMF to afford the title 
compounds (4). The formation of the compounds (4) was confirmed by m.p., mixed m.p., and spectral data. 
Their characterization data is given in Table 1. 

By microwave method: Thiosemicarbazide (2) (0.005 mol) was taken in 50 mL borosilicate glass 
beaker with 15 mL concentrated sulphuric acid. Reaction mixture was irradiated inside a microwave oven 
for 1–2.5 min at an output of 300W power, with short interruption of 15 s. Progress of the reaction was 
monitored by TLC. The reaction mixture was cooled and poured into crushed ice. Product was separated by 
filtration and crystallized with DMF/water to afford the titled the compounds. Their characterization data is 
given in Table 1. 

(4a) IR (KBr) v/cm-1: 3466 (-NH), 2911 (=C-H), 1618 (-C=N), 1545 & 1525 (aromatic), 1031 (-C-
F), 745 (-C-S); 1H-NMR (400 MHz, DMSO-d6, δ, ppm): 2.34 (s, 3H), 2.43 (s, 3H), 4.74 (s, 2H), 6.95 to 
8.52 (m, 11H), 9.98 (s, 1H, -NH); MS (m/z): 430 (M+1). 

(4b) IR (KBr) v/cm-1: 3372 (-NH), 2921 (=C-H), 1622 (-C=N), 1551 & 1524 (aromatic), 1031 (-C-
F), 750(-C-S); 1H-NMR (400 MHz, DMSO-d6, δ, ppm): 2.31 (s, 3H), 2.42 (s, 3H), 4.72 (s, 2H), 7.12 to 
8.53 (m, 10H), 9.91 (s, 1H, -NH); MS (m/z): 448 (M+1). 

(4c) IR (KBr) v/cm-1: 3413 (-NH), 3052 (=C-H), 1621(-C=N), 1571 & 1518 (aromatic), 1041 (-C-F), 
772 (-C-S); 1H-NMR (400 MHz, DMSO-d6, δ, ppm): 2.34 (s, 3H), 2.44 (s, 3H), 4.68 (s, 2H), 7.02 to 8.43 
(m, 10H), 9.64 (s, 1H, -NH); MS (m/z): 548 (M+1). 
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(4d) IR (KBr) v/cm-1: 3422 (-NH), 2951 (=C-H), 1655 (-C=N), 1564 & 1509 (aromatic), 1012 (-C-
F), 751 (-C-S); 1H-NMR (400 MHz, DMSO-d6, δ, ppm): 2.39 (s, 3H), 2.48 (s, 3H), 4.75 (s, 2H), 6.95 to 
8.13 (m, 10H), 9.94 (s, 1H, -NH); MS (m/z): 548 (M+1). 

(4e) IR (KBr) v/cm-1: 3424 (-NH), 2955 (=C-H), 1658 (-C=N), 1541 & 1519 (aromatic), 1018(-C-F), 
753(-C-S); 1H-NMR (400 MHz, DMSO-d6, δ, ppm): 2.41 (s, 3H), 2.56 (s, 3H), 4.68 (s, 2H), 7.08 to 8.29 
(m, 11H), 10.05 (s, 1H, -NH); MS (m/z): 480 (M+1). 

Antibacterial activity 

Antibacterial activities were determined by filter paper disc method against Bacillus cereus and 
Klebsiella pneumoniae bacteria. The antibiotic tetracycline (40 μgms) was used as control. The samples (40 
μgms) were dissolved in dimethyl formamide (DMF) and used for the antibacterial activity. The bacterial 
cultures of known inoculums size (0.2 CFU/mL) of test microorganism were spread on nutrient agar plates. 
The whatman filter paper discs of 5 mm were placed on the plate and the sample of appropriate 
concentration was added to the filter disc. The plates were further incubed for 18-24 hrs at 37 oC. The 
investigation of antibacterial screening data revealed that all the tested compounds 2, 3 and 4. showed 
moderate to excellent antibacterial activities against Bacillus cereus and Klebsiella pneumoniae.  

The 2a-c, 3a-c and 4a-c are active against Bacillus cereus and Klebsiella pneumoniae. Among these 
compounds, 4e and 3a exhibited less active than the Gatifloxacin against Bacillus cereus and Klebsiella 
pneumoniae bacterial strain respectively. The most active compounds 2a, 3b and 4a are passive for both 
gram-ve Bacillus cereus and gram+ve Klebsiella pneumonia. 2b, 2c, 3c and 4b compound also shows 
excellent activity against both bacterial strains. Their Antibacterial activity data is given in Table 2. 

Table 2: Antibacterial activity of synthesized compounds 2, 3 and 4  

Zone of inhibition 
Compound 

No. 
Fluorinated 

group Bacillus cereus        
(gram -ve) 

Klebsiella neumoniae  
(gram +ve) 

2a (3-F) 14.8 13.7 
2b (2,5-F) 14.1 13.1 
2c (3,5-CF3) 13.2 11.3 
2d (3,4-CF3) 8.7 7.1 
2e (4-CF3) 8.2 6.9 
3a (3-F) 7.8 7.1 
3b (2,5-F) 13.9 13.5 
3c (3,5-CF3) 12.7 12.1 
3d (3,4-CF3) 8.2 7.9 
3e (4-CF3) 7.9 7.3 
4a (3-F) 12.4 6.9 
4b (2,5-F) 7.2 11.7 
4c (3,5-CF3) 7.8 6.2 
4d (3,4-CF3) 7.7 6.8 
4e (4-CF3) 7.1 6.1 

Gatifloxacin - 18.3 15.4 
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Scheme 1: Synthesis of thiosemicarbazides 2, triazoles 3, thiadiazoles 4. 

RESULTS AND DISCUSSION 

This study reports the successful synthesis of the fluorinated azoles using green technique with 72–
88% yield. These green techniques required less time for the completion of the reaction as compared to 
conventional method. The newly synthesized heterocycles exhibited moderate to promising antimicrobial 
activity against moderate range of bacterial stains. These results make them interesting lead molecules for 
further synthetic and biological evaluation. It can be concluded that ultrasonicated synthesis is very clean, 
while microwave method required shorter time for completion and azoles certainly hold great promise 
towards the pursuit of discovering novel classes of antimicrobial agents.  
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