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Abstract 
 The 1,3,4-thiadiazole family of compounds is crucial for the creation of novel pharmaceuticals. 
They possess fascinating pharmacophore that exhibit a wide range of biological activities. An 
intriguing building block that has been utilized to create a number of beneficial bioactive chemicals 
is the 1,3,4-thiadiazole scaffold. Because of the durability of the thiadiazole nucleus, medicinal 
chemists have altered the ring's structure in numerous ways. Two thiadiazole derivatives were 
synthesized using different reagents and procedures and then were evaluated to check their 
antibacterial; and antifungal activity. Both the compounds were synthesized and characterized 
using IR. The compounds were found to possess antibacterial and antifungal activity to a good 
extent. They were effective against two out of three bacterial strains that we used to test. 
Thiadiazole derivative can be effective and potent candidates for antimicrobial activity and can be 
further used to treat microbial infections. 
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Introduction 
For a very long time, research into the chemistry of heterocyclic molecules has been fascinating. 
The 1,3,4-thiadiazole heterocyclic nucleus group of chemicals is crucial for the creation of novel 
pharmaceuticals. One of the most significant and well-known heterocyclic nuclei, the 1,3,4-
thiadiazole nucleus is a typical and essential component of a number of natural products and 
therapeutic medicines. A wide range of pharmacological categories, including those for 
antibacterial, anti-inflammatory, analgesic, antiepileptic, antiviral, and antineoplastic medicines, 
include the thiadiazole nucleus as a key structural element. Thiadiazole and its derivatives have 
become pharmacologically relevant scaffolds because to their extensive and strong action. 
Thiadiazole is a flexible moiety with a diverse range of biological functions. The thiadiazole 
moiety functions as a "two-electron donor system" and a "hydrogen binding domain." 
Additionally, it serves as a restricted pharmacophore. Here, we examine thiadiazole compounds 
and their synthesis processes, chemistry, and anticonvulsant action based on the published 
literature. The antibacterial and antifungal effects of two synthetic thiadiazole derivatives against 
three microbial strains are examined in this research. 
Fischer initially reported 1,3,4-thiadiazole in 1882, and Bush and his colleagues continued to refine 
it, but Goerdler et al. were the first to show the real structure of the ring system in 1956. Thiadiazole 
research advanced significantly thanks to the introduction of sulphur medicines and the subsequent 
discovery of mesoionic compounds. Thiadiazole carrying hydroxyl, mercapto, and amino 
substituents can exist in many tautomeric forms. The 1,3,4-thiadiazoles can be conveniently 
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broken down into three subclasses: (a) aromatic systems, which include the neutral thiadiazoles 
and make up the majority of this paper; (b) Five-membered heterocycles known as mesoionic 
systems, which have a sextet of electrons attached to the five atoms making up the ring but are 
neither covalent nor polar; and (c) nonaromatic systems, The location of the double bond in partly 
reduced systems is indicated by the prefix Δ, with the double bond in question being a Δ2-1,3,4-
thiadiazole [1]. 
According to Foroumadi et al., 2002 [2], N-substituted piperazinyl bearing benzylthio- and 
benzylsulfonyl-1,3,4-thiadiazole on C-7 position of quinolone had an effect on actibacterial 
activity. MIC values for the majority of the produced compounds ranged from 1-64 µg/ml for 
Gram negative pathogens and from 0.03 to 4 µg/ml for Gram-positive bacteria, respectively. 

Material and methods 
(i) “l,3,4-thiadiazoles” synthesis by Acyl thiosemicarbazides dehydration Cyclization  
Cyclization of "thiosemi-carbazides" or a compound bearing fundamental structural units S- C- N- 
N- C- S is used to make 1,3,4-thiadiazolesin in general. Dehydrative cyclization of 
thiosemicarbazide yields "1,3,4-thiadiazoles". Cold concentrated sulphuric acid or methane-
sulphonic acid or 100 percent phosphoric acid have been used to make dehydration easier [3, 4]. 

 
Figure 1. "1,3,4-thiadiazoles" 
(ii) General procedure for “imidazo[2,l-b][1,3,4]thiadiazoles” synthesis 
To make "imidazo[2,l-b][l,3,4]thiadiazoles", condensation of a-halo ketone or direct treatment of 
"1,3,4-thiadiazoles" with ketones in the existence of NBS was done [5].  

 
Figure 2. "imidazo[2,l-b][l,3,4]thiadiazoles" 
(iii) Synthesis of “2-Alkyl-6-(benzofuran-2-yl)imidazo[2,1-b][1,3,4]thiadiazoles” 
Under reflux, “2-amino-5-methyl-1,3,4-thiadiazole” was made by reacting 
thiosemicarbazide with acetic acid. Under anhydrous circumstances, a combination of “2-
(2-bromoacety1)benzofuran” and “2-amino-5-methyl-l,3,4-thiadiazole” was refluxed in 
100% ethanol. TLC was used to verify the reaction's progress, and it was discovered to be 
finished in 6.0 hours. 

After concentration, a light brown colored precipitate was formed which was filtered, and 
the rinsed with water, and recrystallized using CH3OH. Light brown crystals were obtained 
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in a 54 percent yield, with a melting point of >250°C.  

The structure of the molecule was assigned as "6-(benzofuran-2-yl)-2-methylimidazo[2,1-
b][1,3,4]thiadiazole" (1) based on the preceding information.  

TLC was used to monitor the reaction's progress, and it was discovered that the reaction took 
2.5 minutes to complete (10 x 15 sec). The mixture was cooled down to room temperature, 
and after diluting with ice water, the product which precipitated was recrystallized using 
CH3OH, m.p. >250°C, which was determined to be similar to the compound obtained by 
Co-IR and Co-TLC thermal heating. "6-(benzofuran-2-yl)-2-methyl imidazo[2,l-
b][1,3.4]thiadiazole" was the name given to it (1). 

(iv) Synthesis of “2-Aryl-6-(benzofuran-2-yl)imidazo[2,l-b][l,3,4]thiadiazoles” 
“2-aryl-6-(benzofuran-2-yl)imidazo[2,l-b][l,3,4]thiadiazoles” synthesis was carried out & “6-
(benzofuran-2-yl)-2-(4-chlorophenyl)imidazo[2,l-8][l,3,4] thiadiazoles” was used as initial 
instance. “2-Amino-5-(4-chlorophenyl)-l,3,4-thiadiazole” was made by “l-(4-chlorobenzoyl)-3-
thiosemicarbazide” cyclisation with concentrated H2SO4 in reflux that was synthesized by 
potassium thiocyanate condensation and“4-chlorobenzoylhydrazine”. “2-amino-5-(4-
chlorophenyl)-l,3,4-thiadiazole” and “2-(2-bromoacetyl) benzofuran” mixture was vortexed in abs 
C2H5OH in anhydrous condition. TLC was used to test the reaction's progress and was reported 
to take 5.5h to finish.  
After concentration, mixture of reaction yielded a light brown solid that was then filtered, after 
then water washed, recrystallize from methanol to yield crystals having light brown color with 55 
percent yield, (M.P 200 to 201 °C).  
(v) IR characterization  
IR characterization was performed for both the synthesized compound. The preparation of KBr 
pellet and subsequent passing of it through an FTIR spectrophotometer to check for typical 
absorptions allowed for the creation of infrared absorption spectra for each of the produced 
substances. 

  

(a)                                                                      (b) 
Figure 3. (a) and (b) Infrared spectra of the synthesised 1,3,4 thiadiazole 
(vi) Antifungal activity 
Anti-fungal screening was performed in-vitro by utilizing a method known as the paper-disc 
method towards C. albicans at 100 ppm, 500 ppm, and 1000 ppm concentrations. Fluconazole's 
antifungal activity was used as a benchmark. 



 
 
 

5470 
 

Ann. For. Res. 65(1): 5467-5474, 2022 
ISSN: 18448135, 20652445 

ANNALS OF FOREST RESEARCH 
https://www.e-afr.org/ 

© ICAS 2022 

(vii) Antibacterial activity 
Antibacterial activity of synthesized compounds towards S. aureus, P. aeruginosa, and E. coli 
were evaluated in vitro using the paper disc technique. Dissolving the chemical in DMF (0.5, 1, 
and 0.1 mg/mL, accordingly) yielded solutions with varied concentrations of 100 ppm, 500 ppm, 
and 1000 ppm. A filter paper disc (6 mm) was then soaked within those solutions and then put into 
bacteria-inoculated nutrient agar plates. The plates so obtained were then incubated for 24 hours 
at 37°C before being evaluated for bacterial growth suppression. The inhibition zones in mm are 
shown on the plates. The antibacterial activity of ciprofloxacin was studied as a standard. There 
was no zone of inhibition in the DMF itself. 

Results 

❖ Synthesis of “2-alkyl-6-(benzofuran-2-yl) imidazo[2,1-b][l,3,4]thiadiazoles” 
 

 
Compound R R’ 
1 CH3 H 

Infrared spectroscopy revealed due to aromatic C-H stretching absorption at 3078 cm-1, due to 
C=C stretching absorption at 1583 cm-1, due to C-O stretching absorption at 1286 cm-1, due to 
C=N stretching absorption at 1628 cm-1, due to aliphatic C-H stretching absorption at 2987 cm-1, 
and due to C-N stretching absorption at 1409 cm-1, 1174 cm-1. The existence of a singlet at ẟ2.60 
in the 1H NMR spectra was ascribed to methyl protons, whereas a singlet at ẟ7.05 was given to 
C3-H. The 2 aromatic protons C, -H and C6 -H appeared as a multiplet at ẟ7.21-7.29, whereas 
aromatic C4-H and C7 -H protons showed as a multiplet at ẟ7.48-7.58. The C -H proton was given 
a singlet at ẟ8.00, confirming the cyclic structure. 
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❖ Synthesis of “2-aryl-6-(benzofuran-2-yl) imidazo[2,1-b][l,3,4]thiadiazoles” 
 

 
Compound R R’ 
2 4-Cl H 

IR of the compound indicates due to C=N stretching’s absorption at 1620 cm-1, absorptions at 3050 
cm-1 due to aromatic C-H stretchings, absorptions at 1583 cm-1 due to C=C stretching, absorptions 
at 1258 cm-1 and 1058 cm-1 due to C-O stretching’s and absorptions at 1471 cm-1, 1172 cm-1 due 
to C-N stretchings. Cali proton was ascribed to the presence of singlet at 87.10 in *H NMR spectra. 
At ẟ 7.26 to 7.62, the 7 aromatic protons appeared as a multiplet, singlet at ẟ 8.2 were ascribed to 
proton C5-H, while a doublet at ẟ 8.03 to 8.05 was assigned to 1 additional aromatic proton.  

❖ Antifungal activity 
All of the compounds were determined to be fungus active. Several studies have been conducted 
on the synthesis of novel powerful antibacterial and antifungal drugs since 1,3,4-thiadiazole has 
shown a wide range of action against diverse infections.  
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Table 1. Data of antifungal activity of “3-alkyl and 3-aryl-6-(chromon-3-yl)-5,6-dihydro-s-
triazolo[3,4-b][1,3,4] thiadiazole” at various concentration 
Compound 100 ppm 500 ppm 1000 ppm 
1 11 14 15 
2 11 14 16 
Std (Flu) 12 18 19 

The resulting conclusions was made from table-l. Both the compounds were less active at 100 ppm 
concentration. At 500 and 1000 ppm both the compounds showed their activity similar to the 
standard drug taken. 

❖ Antibacterial activity 
The findings demonstrated that, in comparison to the common medication ciprofloxacin, the 
examined compounds had antibacterial action. At 500 and 1000 ppm, both the compounds were 
observed to be more active against E. coli as compared to S. aureus. Both the compounds were 
found to be inactive against P. aeruginosa. The table 2 shows the zone of inhibition indicated by 
both synthesised compounds. 

Table   2. Data of Antibacterial activity of “2-aryl-6-(benzofuran-2-yl) imidazo[2,1-b] [1,3,4] 
thiadiazoles” at various concentration  

 
Pseudomonas 
aeruginosa (ppm) 

Escherichia coli (ppm) 
Staphylococcus aureus 
(ppm) 

Compound 100  500  1000  100  500  1000  100  500  1000  

1 - - - 18 20 23 15 15 17 
2 - - - 20 24 25 16 14 16 
Std (cip) 20 28 29 18 20 21 17 20 29 

*Standard: Ciprofloxacin (cip)   
*Control: DMF (-) 

Discussion 
During recent years there has been intense investigation of different classes of thiadiazole 
compounds, many of which known to possess interesting biological properties such as 
antimicrobial, antihypertensive, local anaesthetic, anticancer, and hypoglycaemic activities. These 
important biological activities encouraged several research groups to find out different methods 
for synthesis of new thiadiazoles using different synthones, such as chromones, 
thiosemicarbazides, thioacylhydrazines, and bithioureas. In this study, we synthesized 2 
derivatives of 1,3,4 thiadiazoles. Alkyl and aryl group was substituted at the 3rd position of 
thiadiazols along with chromone substituent at 6th position. They are showing the activity against 
two bacterial strains The compounds were then characterized using IR and their antimicrobial 
property was evaluated.  
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Thiadiazole chemistry was made possible by the pharmacological importance of heterocycles 
bridged by nitrogen created by "1,3,4-thiadiazoles." 1,3, thiadiazoles have been shown to have 
antiviral, antifungal, antidiabetic, antileishmanial, herbicidal, and antibacterial effects. 
In similar to our result, a number of “N-[5-[2-(N-substituted sulfamoyl)-4,5-dimethoxy benzyl]-
1,3,4-thiadiazole-2-yl-N-arylamines” were synthesized by Camoutsis et al., 2010. All of the newly 
developed sulfonamide-1,2,4-thiadiazoles were tested in vitro for their ability to inhibit the growth 
of a panel of chosen Gram-positive, Gram-negative, and fungal bacteria, and their effectiveness 
was compared to that of the respective reference drugs, ampicillin, streptomycin, bifonazole, and 
ketoconazole. Antimicrobial screening findings made it abundantly evident that the kind of 
substituents and how they were positioned on the 1,3,4-thiadiazole nucleus had an impact on the 
in vitro activity [6].  
Dhiman et al [7] observed that “1,3,4-thiadiazole” derivative showed high antibacterial action 
against P. mirahilis and S. aureus. Lu et al. produced “1,3,4-thiadiazole” derivative (5) and 
discovered that they had antifungal properties [8]. Pandey et al produced a "1,3,4-
thiadiazole" derivative. They discovered antifungal and antiviral activities in the molecules [9]. 
In order to test their antibacterial activity, Kadi et al., 2010 reported the synthesis of a brand-new 
series of “5-(1-adamantyl)-1,3,4-thiadiazole” derivatives. When antibacterial activity was tested, 
it was shown that practically all of the compounds, particularly compound 7, had more 
antibacterial activity against E. coli and P. aeuroginosa than reference medications (gentamicin 
and ampicillin) [10]. 
Conclusion 
The unique template 1,3,4-thiadiazole is linked to several biological processes. The commercially 
utilized medications acetazolamide, methazolamide, and megazol are only a few examples of 
potency of 4-thiazolidinone nucleus. Although the four main therapeutic applications are 
antibacterial, antitubercular, carbonic anhydrase inhibitors, and antiulcer, more potential targets 
need to be investigated. Wherever feasible, the literature has been thoroughly examined to provide 
a useful summary of the structural prerequisites for activity. Due to their wide range of 
pharmacological and therapeutic properties, including their antibacterial, anticancer, and 
antioxidant properties, thiazole moieties have assumed a crucial role in contemporary organic and 
medicinal chemistry. Thiazole nucleus played a significant role in the discovery of fresh leads and 
medications for several ailments. The use of thiazole against the microbiological strains has 
received considerable attention. Additionally, we have concentrated on the biological usage of 
thiazole derivatives. 
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