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The present work reports the synthesis of new bis-oxadiazole-bearing benzo[b]thiophene derivatives 
as well as assessments of their antimicrobial and antitubercular activity through both in vitro and in 
silico approaches. The novel benzo[b]thiophene-based oxadiazole derivatives (7a−7k) were 
synthesized via a three-step path involving the preparation of thioacetonitrile, followed by the 
conversion to acetimidamide, and finally cyclization with various functionalized benzoic acids. The 
structural elucidation of the prepared benzo[b]thiophene compounds was established by ¹H-NMR, ¹³C-
NMR, and HRMS spectroscopic analysis. In vitro antimicrobial activity against Gram-(–ve), Gram(+ve) 
and fungal microorganisms and antitubercular effect on the H37Rv strain were assessed for each 
synthesized compound. It was revealed that compound 7f showed well-established antibacterial 
affinities on S. aureus and P. aeruginosa with zones of inhibition of 39.95±0.82 and 37.29±0.33 mm in 
comparison to the reference drug gemifloxacin (37.02±0.92 and 36.10±2.17 mm). Notably, 
compounds 7c and 7h displayed the highest antifungal activity among the tested compounds, with 
selectivity towards the C. albicans ZI values of 30.15±0.28 and 31.37±1.32 mm, with respects to CLZ 
(ZI = 29.36±1.15 mm). Among them, oxadiazole conjugates 7a (MIC = 5.80 μM), 7f (2.89 μM), 
and 7h (3.10 μM) showed potent anti-TB activity on the tested H37Rv compared to the conventional drug 
STM. Moreover, in silico molecular docking studies indicate that these conjugates strongly interrelate 
and bind with the C. albicans and M. tuberculosis active sites (PDB codes: 5FSA & 4FDN). Compound 7c 
showed the best docking score (−11.77 kcal/mol), followed by ligand 7f (−10.68 kcal/mol), with key H-
bond interacting residues such as Gly⁷⁷(A), Ser⁷⁹(A), Arg⁷⁸(A), Thr¹⁴²(A), and Tyr⁴³⁵(A). Additionally, 
the synthesized compounds were screened for drug-likeness based on Lipinski’s rule of five and ADME-
Tox parameters. Overall, the study identifies promising oxadiazole-based inhibitors and provides a 
valuable insight for further optimization and development of potential antimicrobial targets. 
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1. Introduction 

Tuberculosis (TB) is one of the contagious, highly fatal, and pervasive 
respiratory infections caused by the gram-positive bacteria 
Mycobacterium tuberculosis (Mtb) [1]. Recent years have seen the 
resurgence of tuberculosis as a significant worldwide health issue, 
especially during the COVID-19 epidemic, which significantly hinders 
people in need of long-term care [2]. A major increase in the number of 
multiple drug-resistant (MDR-TB) and extremely drug-resistant (XDR-TB) 
cases, as well as the co-occurrence of TB with HIV infection and atypical 
mycobacterial infections, is the main cause of the substantial rise in 
infection and mortality rates during this pandemic, according to the World 
Health Organization's (WHO) report on TB. Despite these considerations, 
the development of MDR-TB makes TB therapy difficult [3]. 
Approximately 10 million people worldwide suffer from the illness, and 
1.5 million of them die from it every year [4]. According to the WHO 2022 
report, there were more than 1.4 million TB-related fatalities and more 
than 0.18 million HIV-TB coinfection-related deaths [5]. It is estimated 
that 1.7 billion people, or 23% of the global population, have a latent TB 
infection and are therefore at risk of contracting active disease at some 
point in their lives. Current anti-TB medications, such as isoniazid, 
ethambutol, ethionamide, and cycloserine, concentrate on inhibiting the 
cell wall-forming processes, whereas other medications, such as 
rifampicin, streptomycin, capreomycin, and linezolid, target distinct 

protein-making processes to prevent the mycobacterium's growth and 
spread [6]. 

Bacteria are microorganisms that significantly impact human health. 
They have an impact on the development of a variety of diseases and 
illnesses, ranging from minor conditions like pharyngitis and urinary tract 
infections to more severe and potentially lethal conditions like meningitis 
and pneumonia [7]. Bacterial toxins can damage organs and tissues, 
resulting in chronic health difficulties [8]. Antimicrobial resistance (AMR), 
which has been exacerbated by the COVID-19 pandemic, has posed a 
serious danger to public health and global economic development [9]. 
According to a WHO report, antibiotic resistance has made it more 
challenging to treat and control bacterial diseases. An estimated 1.27 
million fatalities and disability-adjusted life years are attributed to 
antimicrobial-resistant bacteria each year [10]. Therefore, there is an 
urgent need to create new antimicrobial medicines, especially those that 
fight Gram-negative bacteria [11]. Thankfully, other antibiotics have been 
approved for commercial use through structural modification of 
tetracyclines, quinolones, aminoglycosides, and other compounds, such as 
plazomicin, delafloxacin, moxifloxacin, and gemifloxacin. At the same time, 
certain natural antibacterial compounds have been the subject of clinical 
studies [12]. Fungal infections have also emerged as a growing threat to 
human health in recent years [13]. While there are several reasons for this, 
the increase in HIV-positive patients and the number of cancer patients 
undergoing chemotherapy are two important ones [14]. As a result, 
researchers are now looking for novel molecular targets for antifungal 
drugs. Some patients still have innate or acquired antifungal resistance, 
despite the fact that many new antifungal drugs have been introduced in 
the last five years. Additionally, several recently developed antifungal 
drugs have substantial negative effects. Therefore, there is a continuing 
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need for new antifungal drugs that can specifically target fungus without 
interfering with the metabolic functions of the host. 

The most significant traditional area of organic chemistry is 
heterocycles, and because of their industrial, antimicrobial, and medical 
uses, heterocycles are gaining more attention in research [15]. Numerous 
natural compounds, including as DNA, RNA, chlorophyll, hemoglobin, 
vitamins, and others, are formed in large part by the heterocyclic ring [16]. 
Numerous heterocycles are also the building blocks of proteins and other 
chemicals that comprise the body's structure, including the vital amino 
acid proline, the pigment chlorophyll, which is involved in photosynthetic 
processes, and the pigment hemoglobin, which transports oxygen [17]. 
Heterocyclic components are found in a number of substances, primarily 
of natural origin, including alkaloids, morphine, vinblastine, and reserpine, 
as well as a range of antibiotics, including cephalosporin, penicillin, and 
others [18]. Because of its many biological activities and drug-like 
properties, benzo[b]thiophene is a potentially intriguing and practical 
pharmacophore to study.  

Numerous pharmaceutical substances, such as zileuton, sertaconazole, 
and raloxifene, as well as naturally occurring chemical molecules, include 
these fundamental structures. Many biological actions, such as 
antitubercular [19], antimicrobial [20], antifungal [21], antioxidant and 
anti-inflammatory [22], anticonvulsant [23], anticancer [24], and 
antidepressant [25], are exhibited by benzo[b]thiophenes. From the 
standpoint of target-based drug design and medicinal chemistry, 
functional derivatives of the 1,2,4-oxadiazole ring are a special class of 
organic molecules. Indeed, compounds with the 1,2,4-oxadiazole moiety 
have several beneficial biological properties, such as antibacterial [26] and 
antimycobacterial [27], antifungal [28], antiproliferative [29], anti-
inflammatory [30], antiparasitic [31], antiviral, anti-infective, in general 
[32], and other activities. The 1,2,4–oxadiazole fragment is also known to 
be a building block for the synthesis of novel high-energy materials. 

1,3,4-oxadiazoles are nitrogen-containing heterocyclic compounds 
with significant pharmacokinetic properties and lipophilicity that may 
influence the drug's ability to permeate across membranes and reach the 
target. Because of their many biological actions, including anticancer [34], 
anti-tubercular [35], antibacterial, antifungal [36], antihypertensive, 
antiviral, antioxidant, anti-inflammatory, and antidiabetic, 1,3,4-
oxadiazole compounds are regarded as one of the most important moieties 
[37]. Excellent pharmacological actions are more likely to be caused by the 
linkage of -N=C-O- in the 1,3,4-oxadiazole ring structure [38]. Nesapidil, 
Zibotentan, Tiodazosin, Fenadiazole, Raltegravir, Pleconaril, Butalamine, 
Libexin, Fasiplon, and Arzoxifene are only a few of the many commercially 
licensed medications that include 1,3,4-oxadiazole, 1,2,4-oxadiazole, and a 
benzo[b]thiophene ring (Chart 1) [39]. Motivated by these discoveries, the 
present work centres on the synthesis, using hybridization and 
bioisosteric modification procedures, of three kinds of heterocyclic motifs 
via 1,3,4‒oxadiazole, 1,2,4‒oxadiazole substituted benzo[b]thiophene. A 
molecular docking study was conducted to examine these compounds' 
possible interactions with verified antibacterial and tuberculosis targets 
in order to further promote their development.  

This present work targeted important bacterial and tuberculosis 
enzymes with the PDB codes 5FSA and 4FDN in order to obtain more 
evidence and confirmation of the in vitro antibacterial activities we saw in 
our benzo[b]thiophene derivatives. To forecast their pharmacokinetic 
behavior and toxicity profiles, an in-silico Absorption, Distribution, 
Metabolism, Excretion, and Toxicity (ADMET) analysis was also carried 
out.  

Important characteristics, including as solubility, lipophilicity, 
intestinal absorption, metabolic stability, clearance, and toxicity risks, 
were assessed to determine their safety and drug-likeness. The results 
offer valuable insights into their mechanisms of action, pharmacokinetic 
behaviour, and potential limitations, thereby laying a solid foundation for 
their further development as effective and sustainable therapeutic 
candidates. 
 

 
Chart 1 Commercially available drugs containing benzo[b]thiophene, 1,3,4-
oxadiazole & 1,2,4-oxadiazole 

2. Results and Discussion 

2.1 Synthesis and Characterization 

Therefore, as part of our on-going research effort on the synthesis of 
novel bioactive heterocycles [40-42], we are very much engrossed in the 
design and synthesis of the title compounds. Firstly, cyclisation of 1-(2-
chlorophenyl)ethan-1-one group (1) with methyl 2-mercaptoacetate by 
stirring it with NaH in DMF for 3 h followed by dilution with ethyl acetate 
and washing with water and brine solution. Hydrazones (3) was prepared 
in the second step by refluxing with methyl 3-methylbenzo[b]thiophene-
2-carboxylate (2) in presence of ethanol for 6 h. Finally, cyclisation of 
hydrazones with carbon disulphide and potassium hydroxide in the 
presence of ethanol for 7 h, followed by washing with ethyl acetate in a 
vacuum under pressure (Scheme 1). Monitoring of the reaction was done 
by thin layer chromatography and completion of reaction was confirmed 
by single spot in TLC under UV lamp. As seen in Scheme 2, the 1,3,4-
oxadiazole-2-thiol was subsequently transformed into acetonitrile (5) 
while being exposed to 2-bromoacetonitrile, potassium carbonate, and 
acetone at reflux temperature for six hours. To prepare acetimidamide 
product (6) from 1,3,4-oxadiazol-2-thioacetonitrile (5) with hydroxyl 
amine hydrochloride in dichloromethane as the solvent with a base 
catalytic amount of triethyl amine at rt for 10 h. The second strategy is for 
the synthesis of compound 7a–7k was produced through the reaction of 
O-acylation and cyclization steps were conducted in a one-pot reaction 
with the corresponding acids in the presence of coupling reagent EDC.HCl. 
Next, oxadiazoles 7a–7k were obtained through reflux of the acylated 
intermediate in ethanol and in the presence of sodium acetate for 4-5 h 
(Scheme 2) [43]. All the compounds 7a-7k were obtained in moderate to 
be good yields and the structures of all compounds 7a-7k were confirmed 
by their spectroscopic data.  
 

 
Scheme 1 Preparation of intermediate benzo[b]thiophene with 1,3,4-oxadiazole 5 

 

 
Scheme 2 General synthetic procedure of the benzo[b]thiophene bearing 1,3,4-
oxadiazole-1,2,4-oxadiazole conjugates (7a-7k) 
 

Evaluation of the structure of novel derivatives was confirmed by 
spectroscopic methods such as 1H-NMR, 13C-NMR, and mass analysis. 
Derivatisation was confirmed by the disappearance of peaks of amine 
(NH2) and OH at 3345.23 and 3424.68 cm−1 of acetimidamide and the 
appearance of C=N and C=C at 1446.35 and 1603.25 cm−1 in compound 7a. 
Moreover, the peaks of COC and CSC linkers at 1167.28 and 
1254.58 cm−1 in compound 7a also confirmed the formation of 
oxadiazole. IR spectra peaks of sp2 (=CH) and sp3 (CH) functional groups 
were found at 3067.89 and 2846.28 cm−1 in the 7a derivative. In addition, 
the 1H-NMR of compound 7a recorded a singlet signal at δ 2.27 ppm for 
the benzo[b]thiophene methyl group and a 4.57 ppm singlet for one S-
methylene proton, in addition to one doublet and triplet signals at 7.61 and 
7.83 ppm for benzo[b]thiophene protons, respectively. 1H-NMR 
(multiplet) peaks at 7.42–7.52 ppm indicated the four aromatic protons. 
13C-NMR peaks at 176.25 and 162.46 ppm indicated the 1,2,4-oxadiazole 
carbons, whereas the other resonance peaks showed for 1,3,4-oxadiazole 
carbons at 159.23 and 143.51 ppm, respectively. Moreover, the resonance 
signals at δ 141.18 and 119.64 ppm indicated the formation of aromatic 
linkers in compound 7a. In the 13C-NMR signal, S-methylene and 
benzo[b]thiophene carbons exhibited at δ 35.48 and 15.82 ppm for 
compound 7a.  Besides, its HRMS spectrum revealed a molecular ion peak 
at m/z=441.0310 (100%) for the compound 5-(3-chlorophenyl)-3-(((5-
(3-methylbenzo[b]thiophen-2-yl)-1,3,4-oxadiazol-2-yl)thio)methyl)-
1,2,4-oxadiazole (7a). Additionally, the elemental analysis and mass 
spectrometric data were also found in conformity with the compound’s 
characterization. 
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2.2 Biological Evaluation   

Antibacterial, antifungal and antitubercular activities of the title 
compounds (7a–7k) was assessed using a reported in agar well diffusion 
and microplate alamar blue assays (MABA) assay and the results are 
described as zone of inhibition and MIC values in Table 1. To evaluate the 
anti-microbial and antitubercular potential of the compounds, 
gemifloxacin and streptomycin were used as the reference drugs [44, 45]. 
The in vitro antibacterial and antifungal activities were screened by agar 

well diffusion technique against Gram-(+ve) bacteria: Staphylococcus 

aureus, Streptococcus pyogenes, Gram-(-ve) Pseudomonas aeruginosa, 

Klebsiella pneumoniae, and fungal strains: Candida albicans, Aspergillus 

clavatus. Gemifloxacin and Clotrimazole were employed as reference 

drugs for antibacterial and antifungal activity correspondingly. All the 

compounds displayed good to moderate activity with respect to diameter 

zone of inhibition values when compared to reference drug. The 

compounds 7a, 7c, 7f, and 7h were observed as the most potent 
antibacterial compounds with zone of inhibition (ZI) values ranging from 
38.20 to 26.30 mm as compared to standard GMF (ZI=34.25 to 37.02 mm). 
From antibacterial screening results, compound 7a showed excellent 
antibacterial activity on the P. aeruginosa, K. pneumoniae, S. aureus, and S. 
pyogenes strains with ZI values 34.38±1.06, 33.70±2.02, 26.30±1.30, and 
28.90±0.62 mm, respectively. Specifically, compounds 7c and 7f showed 
promising antibacterial effects against K. pneumoniae, and S. pyogenes, 
with ZI values of 35.62±0.84, 33.68±1.39, 38.20±2.25, and 35.20±0.66 mm, 
respectively. Likewise, compound 7h displayed strongest bacterial 
against the P. aeruginosa and S. pyogenes microorganisms, with diameter 
zone values of 35.34±0.67, and 36.26±2.62 mm, respectively. Both 
compounds 7e, 7i and 7j demonstrated activity comparable to or 
moderate than GMF, which are exhibited ZI values of 22.58±0.36, 
17.47±0.52, and 23.20±1.19 mm against Pseudomonas aeruginosa, 
respectively. Also, these compounds showed moderate to less activities 
than GMF which are showed ZI values of 18.09±1.14, 15.23±2.02, and 
13.51±1.37 mm against Klebsiella pneumoniae, respectively. 

The results revealed that the highest antimicrobial potency is exhibited 
by the compounds 7c, 7d, and 7f with zone of inhibition values of 
27.67±2.06, 28.90±1.10, 39.95±0.82 mm on the Gram-(+ve) S. aureus 
strain and compared to GMF (37.02±0.92 mm). Additionally, compounds 
7h (ZI=27.57±2.36 μg/mL) and 7j (ZI=22.45±1.22 mm) also showed 
significant antimicrobial activity on the S. aureus microorganism (Fig. 1).  
 

 
Fig. 1 Visual antibacterial and antifungal sensitivity of final oxadiazole analogues 
(7a-7k) 

 
The other derivatives have week antibacterial activity with the ZI 

range values (8.12±1.80–11.01±1.32 mm, whereas, 7e, and 7i did not 
showed activity on the S. aureus. The prepared bis-oxadiazole analogues 
7a, 7c, 7f, and 7h displayed potent antifungal activity against C. albicans 
having zone of inhibition values 26.90±2.02, 30.15±0.28, 29.28±2.09, 
31.37±1.32 mm and compared to CLZ (ZI=29.36±1.15 mm). In addition, 
benzo[b]thiophene derivatives 7i and 7j had shown moderate activity 
with zone of inhibition of 20.26±0.08, 15.83±0.15 mm, whereas 
compounds 7d, and 7g were found to be less active on the fungal strain C. 

albicans. The antifungal activity of synthesized compounds 7c, 7e and 7j 

revealed as the most potent compounds (ZI 28.10±0.32, 19.36±0.26, 
18.45±1.16 for A. clavatus respectively) as compared to standard drug CLZ 
(ZI=27.23±1.54 mm). The prepared oxadiazoles 7d, 7g and 7i showed 
moderate antifungal activity against A. clavatus (ZI 14.10±0.18, 
15.10±0.25, and 12.09±0.20 mm), while the compound 7a, 7f and 7h have 
not showed antifungal activity against A. clavatus.  

The antitubercular activity results demonstrated a diverse range of 
activities among the synthesized compounds. The most potent TB-effects 
were observed with compounds 7a, 7c, 7f and 7h exhibiting excellent 
activity on H37Rv strain. Specifically, compounds 7f and 7h showed 

promising antitubercular effects against H37Rv strain, with MIC values of 
2.89, and 3.10 μM, respectively, when compared to streptomycin (STM) 
(MIC= 3.25 μM) (Fig. 2).  
 

 
Fig. 2 Graphical representation of anti-TB MIC concentrations of synthesized 
compounds (7a-7k and STM) 

 
Likewise, compound 7a and 7c displayed strong anti-TB activity 

against the same H37Rv strain, with MIC values of 5.80, and 6.23 μM, 
respectively. Both compounds 7b and 7g demonstrated activity 
comparable to or moderate than STM, which exhibited MIC values of 
14.58, and 16.56 μM against H37Rv, respectively. Also, the prepared 
analogues 7d and 7k showed less anti-TB activities which showed MIC 
values of 23.89, and 21.13 μM against H37Rv strain, respectively. The 
electron donating strongly activating methyl group in compound 7c may 
be responsible for better antimicrobial and anti-tubercular potency. The 
presence of weakly deactivating electron withdrawing nitro and chloro 
groups present in compound 7k and 7b have less antimicrobial and anti-
TB activity. With regards to the prepared analogues (7a-7k), their ZI/MIC 

were either equal to or two times less than the corresponding ZI/MIC. 
Overall, from the antimicrobial/TB activity study it can be concluded that 
the synthesized analogues having hydroxy/chloro substitution on the 3rd 

position of aromatic ring are utmost active amongst all the derivatives. 
 

2.3 Docking Analysis  

The potential of the newly created ligand (7h) to activate the Candida 
albicans active site from the 5FSA protein was examined using sterol 14-
alpha demethylase (CYP51) from a pathogenic yeast. We were able to 
acquire the protein molecules from the RCSB Protein Data Bank [46–49] 
and two strong ligands (7c and 7f) were permitted for docking studies 
using the DprE1 complex with the CT325-hexagonal crystal form of 
Mycobacterium TB (PDB ID: 4FDN). The most popular technique for 
calculating protein-ligand interactions is molecular docking, which is also 
an effective way to forecast possible ligand interactions. To ensure that 
powerful ligands have an inhibitory mechanism, molecular docking was 
used. This study significantly advances our understanding of molecular 
biological profiles. We carried out a molecular docking investigation on 
strong compounds that, according to biological evaluation, were the best 
inhibitors. Using the Autodock4.2 binding free energy/dissociation 
constant assessment to determine the optimal binding conformation, the 
native compounds in this investigation have been identified as 
antitubercular and antifungal protein inhibitors. According to the docking 
results, ligand molecules engage in several interactions with the enzymes 
in order to attach to the active site (Table 2, Figs. 3-5). Ligands 7c, 7f, and 
7h, with their respective negative scoring energy values of −11.77, −10.68, 
and −9.16 kcal. mol−1, produced the most stable combination with the M. 
tuberculosis and C. albicans targets. 

After, docking results of compound 7c with M. TB protein suggested the 
formation of the hydrogen bond (H-bond) between 1,2,4-oxadiazole and 
Gly77(A) at a distance 2.67 Å. Additionally, this ligand has been stabilized 
by residues such as Gly199(A), Ile203(A), Gly202(A), Met94(A), Thr142(A), 
Gly137(A), Lys438(A), Tyr80(A), Leu76(A), and Gly75(A) via hydrophobic week 
van der Waals forces. The binding orientation of the 1,2,3-triazole core 
exhibited two backbone H-bondings with Ser79(A) (2.94 Å), and Arg78(A) 
(2.68 Å) within the catalytic active site of M. TB. The graphical inspection 
afforded better details of the compound 7c which established three π-
sigma bondings, one π-sigma bond between 1,3,4-oxadiazole with 
Val141(A) (3.56 Å), second π-sigma bond with benzo[b]thiophene and 
Ile151(A) (3.23 Å) and another π-sigma interaction between mesityl and 
Ala73(A) (3.02 Å) active site residues, as shown in Fig. 3. The molecule is 
stabilized by π-alkyl & alkyl-alkyl residues such as Ile204(A), Ala148(A), 
Ala84(A) x 2, Arg74(A), Ala73(A), Ile151(A), Pro136(A) x 2, Ala437(A) x 3, 
Arg78(A), and Val141(A). This compound also exhibited two non-polar π-π 
interactions with the gatekeeper residue Gly144(A), His152(A) at a distance 
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3.26, and 3.53 Å respectively. Additionally, the benzo[b]thiophene core 
formed one hydrophobic π-donor H-bond interaction with Tyr435(A) in the 
hinge region, along with one carbon hydrogen (CH) bond with 
Gly145(A). π–π interaction between aromatic structures or sigma–π 
interactions between the positively charged portions of the ligand and 
aromatic surfaces in the protein have been observed. These interactions 
favour the localization and stability of the ligand at apolar sites in the 
binding pocket. 
 

 
Fig. 3 Visual representation of the 2D complex M. tuberculosis mutant [4FDN] 

 

 
Fig. 4 Visual representations of the 2D and 3D-complexs of C. albicans mutant [5FSA] 

 

 
Fig. 5 Ligplot docking confirmations of most active compounds 7c, 7f and 7h 

 
Compound 7f exhibited a binding energy of −10.68 kcal. mol-1 and a 

dissociation constant 308.17 nM. Within the M. TB domain, its 
benzo[b]thiophene moiety established one H-bond with Thr142(A) (2.90 Å) 
and sulphur linker showed one more H-bond with Arg78(A) (3.02 Å). The 
central 1,3,4-oxadiazole core contributed to CH-bond interaction with 
Gly145(A) at distance of 2.45 Å. Additionally, the benzo[b]thiophene moiety 
formed two hydrophobic π-π stackings with Gly144(A) in the hinge region. 
Within the benzo[b]thiophene and pyridin-3-amine motifs area of 
compound 7f engaged in two π-sigma stackings and five π-alkyl 
electrostatic interactions with Ala73(A), Ala437(A), Ile204(A), Ala73(A), and 
Ala148(A) x 3 residues respectively. After assessment of best docking pose 
of second most potent compound (7f) it was found to form fifteen van der 
Waals bonds among Ala114(A), Ile203(A), Gly202(A), Gly199(A), Asn198(A), 
Ala146(A), Ile151(A), Tyr435(A), Lys438(A), Tyr80(A), Ser79(A), Leu76(A), 
Gly77(A), Gly75(A), and Met94(A) with benzo[b]thiophene, oxadiazole and 
pyridin-3-amine groups (Fig. 3). The NH2 group of terminal pyridine ring 
established backbone H-bond with Tyr435(A) at an inter-plane distance of 
~ 2.71 Å (Fig. 5). 

The amino acid residues in the 5FSA-Compound 7h interaction show 
that the meta-hydroxy phenyl group connected to the hydrogen atom 
forms a hydrogen bond with Gln142(A) residue at distance (2.72 Å). Amino 
acids with π-sigma and π-sulfur hydrophobic side chains such as 
Leu376(A) and Met508(A) are shown to interact with the ligand. Such 
interactions play a critical role in ligand localization to the protein. 1,2,4-
Oxadiazole and meta-hydroxy phenyl units appeared as embedded in a 
large π-alkyl hydrophobic pocket framed by Met508(A), Ile304(A) x 2, 
Ile131(A) x 2, Leu300(A), and Lys143(A) (Fig. 4). Interactions such as π-π 

stacking attraction between benzo[b]thiophene and the negatively 
charged Tyr118(A), this ligand plays an important role in ligand binding. 
The van der Waal bonds formation by Phe233(A), Ser378(A), Ile379(A), 
Thr122(A), Tyr132(A), Leu139(A), Val130(A), Ala146(A), Ile471(A), Gly307(A), 
Gly303(A), and Thr122(A) residues indicates that the ligand is specifically 
stabilized with the 5FSA protein, and these bonds may play an important 
role. The interactions can increase its binding affinity and these bonds 
contribute to the binding stability of the ligand. 

 
2.4 ADME-Tox Analysis  

Using in silico simulations of membrane permeability, biomolecular 
interactions during absorption and excretion, and structural stability 
throughout the metabolic process, computational methods have become 
more popular in recent years for analyzing and forecasting ADME features. 
The target compounds' chemical structures were first sketched in 
ChemBioDraw Ultra 14.0 for this investigation, and their SMILES notations 
were taken out for additional computer analysis. SwissADME and ADMET 
lab3.0, two important prediction systems, were then used to process these 
SMILES strings. As reputable online servers, http://www.swissadme.ch/ 
and https://admetlab3.scbdd.com/server/screening conducted studies 
on drug likeness evaluation and ADME-T prediction of the produced 
compounds 7a-7k and reference substance streptomycin [50–53]. Tables 
3 and 4 provide a list of the collected data. All synthesized compounds 
meet the Lipinski Rule of Five, Pfizer Rule, Golden Triangle, and their 
molecular descriptors, including LogP, molecular weight (MW), hydrogen 
bond acceptor (HBA), hydrogen bond donor (HBD), and topological polar 
surface area (TPSA), fall within the acceptable range for drug-like 
properties, according to an evaluation of the data in Tables 3, 4 and Fig. 7. 
Total surface is a measure of the number of polar atoms. It is said to be 
related to passive molecule transport through membranes, which enables 
the computation of drug transport properties in the intestines and blood–
brain barrier transit. Furthermore, Veber et al. state that analogues with a 
TPSA of ≤ 140 Å2 and rotatable bonds of ≤ 10 are presumed to have great 
bioavailability. A ligand that has the most rotatable bonds is more flexible 
and may be adjusted to interact with the active site cavity more effectively. 
Compounds (7a–7k) in the current study showed a satisfactory drug-like 
profile, indicating improved oral bioavailability. It is anticipated that the 
selected analogues will have strong oral bioavailability because they are 
situated above the pink region zone on the bioavailability radar map, 
which considers the following characteristics. The target range of 
physicochemical space (LIPO: lipophilicity, SIZE: MWt, POLAR: TPSA, 
INSOLU: solubility, INSATU: Insaturation, and FLEX: flexibility) is shown 
by the pink area in the radar graphic (Fig. 6). The degree of insolubility and 
insaturation for compounds 7c and 7i is the sole property that 
significantly deviates from its ideal value. 
 

 
Fig. 6 Bioavailability radar plot form of 7c, 7i and STM 

 

 
Fig. 7 Bioavailability radar plot form of 7c, 7i and STM 

 
The novel target compounds fall into one of two categories: either they 

are non-toxic for the liver, or H-HT negative, with a value of 0 to 0.3 
(green/excellent), or they are toxic for the liver, or H-HT positive, with a 
predicted value of 0.3 to 0.7 (yellow/medium) for moderate toxicity and 
0.7 to 1.0 (red/poor) for strong toxicity. As a result, compounds 7c and 7d 
are classified as significant carcinogens and showed medium projected 
values of 0.593 and 0.744 respectively. The other derivatives, with 
expected ranges of 0.771–0.901, are classified as poor carcinogens. These 
days, the metabolism prediction model has focused on how target 
substances interact with cytochromes P450 monooxygenase enzymes 
(CYP1A2, CYP3A4, CYP2C19, and CYP2D6) which are concentrated in the 
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liver and catalysed the phase 1 metabolism of pharmaceuticals. One of the 
main mechanisms causing pharmacokinetic drug-drug interactions is the 
inhibition of cytochromes enzymes. Table 3 shows that all bis-oxadiazoles 
7a–7k based on benzo[b]thiophene were predicted to be non-inhibitors 
on three different enzymes CYP1A2, CYP2C19, CYP2D6, whereas these 
were predicted to inhibit the CYP3A4 enzyme. Furthermore, while the 
remaining compounds are all oxadiazoles, compounds 7j and 7k may not 
be suitable substrates for P-glycoprotein (Pgp). Furthermore, all of the 
compounds had low GI absorption since they were situated in the grey 
part of the egg, because they were situated close to the white part of the 
egg. Lastly, none of the benzo[b]thiophene-bis-oxadiazoles found in boiled 
egg yolks were able to cross the blood–brain barrier (Fig. 8).  
 

 
Fig. 8 BOILED-Egg predictive for the final bis-oxadiazole analogues 

 

 
Fig. 9 A). The toxicity radar chart of oxadiazole 7c. B). Comparison of input 
compound (7c) with dataset compound 

 

All of the target compounds 7a–7k have strong passive AMES 
permeabilities, ranging from 0.044 to 0.916 cm s−1, as shown in Table 4. 
With projected values of over 90% (range from 99.67% to 101.78%), it can 
be inferred from the information above that the oxadiazole associated 
with benzo[b]thiophene (7a–7k) has a high interaction with plasma 
protein. Furthermore, these substances might only have a marginal 
membrane-crossing efficiency and a low therapeutic index. The best-
docked oxadiazoles, according to our research, demonstrated suitable 
physio-chemical, pharmacokinetic, and bioavailability in silico without 
any toxicity or carcinogenicity (Fig. 9), suggesting that they might be a 
promising new class of antitubercular/antimicrobial drugs. 

Table 1 aAntibacterial/antifungal potency expressed as ZI (mm) of final bis-oxadiazole scaffolds. bAntitubercular activity expressed as MICs (μM) of 
benzo[b]thiophene derivatives on the H37Rv 
 

Entry  aBactericidal activity  

[Zone of inhibition in mm] ± SD 

Antifungal profiles  

[Zone of inhibition in mm] ± SD 

bAnti-TB  

Activity [MIC in μM] 

 Gram-(-ve) strains   Gram-(+ve) strains List of the fungal strains Strain  

P. aeruginosa K. pneumoniae S. aureus S. pyogenes C. albicans A. clavatus H37Rv 

7a 34.38±1.06 33.70±2.02 26.30±1.30 28.90±0.62 26.90±2.02 NA 5.80 

7b 12.34±0.95 7.20±1.13 11.01±1.32 9.35±1.22 NA 10±1.45 14.58 

7c NA 35.62±0.84 27.67±2.06 38.20±2.25 30.15±0.28 28.10±0.32 6.23 

7d 10.27±1.20 14.57±1.55 28.90±1.10 27.90±1.35 10.28±0.36 14.10±0.18  23.89 

7e 22.58±0.36 18.09±1.14 NA 16.72±1.26 NA 19.36±0.26 > 25 

7f 37.29±0.33 33.68±1.39 39.95±0.82 35.20±0.66 29.28±2.09 NA 2.89 

7g NA 26.12±0.06 8.12±1.80 NA 11.10±0.37 15.10±0.25 16.56 

7h 35.34±0.67 NA 27.57±2.36 36.26±2.62 31.37±1.32 NA 3.10 

7i 17.47±0.52 15.23±2.02 NA 15.83±1.42 20.26±0.08 12.09±0.20 19.04 

7j 23.20±1.19 13.51±1.37 22.45±1.22 NA 15.83±0.15 18.45±1.16 > 25 

7k 14.20±0.68 NA 9.09±1.26 17.14±1.30 NA 13.03±0.05 21.13 

GMFc 36.10±2.17 34.70±0.85 37.02±0.92 34.25±0.39 ND ND ND 

CLZd ND ND ND ND 29.36±1.15 27.23±1.54 ND 

STMe ND ND ND ND ND ND 3.25 
cGMF: Gemifloxacin, dCLZ: Clotrimazole, eSTM: Streptomycin, ZI (mm): 35–50 (very strong), 21–35 (strong), 11–20 (moderate), and 1–10 (weak). MIC (μM): 1–5 (very strong), 
5–10 (strong), 10–20 (moderate), and 20–25 (weak). NA: not active; ND: not done; Each value is an average of three replicates, ± denotes standard deviation among triplicates. 
The activity analysis of each compound was performed three times; > 25 μM: not active 

 
Table 2 Interaction analysis of new bis-oxadiazoles with 4FDN and 5FSA 

Ligands Docking energy Dissociation 

constant  

 

Hydrophobic amino acid residues  H-bond amino acid residues 

M. tuberculosis DprE1 complex with 4FDN 

7c −11.77 kcal. 

mol-1 

3.72 µM Van der Waals: Gly199(A), Ile203(A), Gly202(A), Met94(A), Thr142(A), Gly137(A), 

Lys438(A), Tyr80(A), Leu76(A), Gly75(A)  

π-alkyl & alkyl: Ile204(A), Ala148(A), Ala84(A) x 2, Arg74(A), Ala73(A), Ile151(A), 

Pro136(A) x 2, Ala437(A) x 3, Arg78(A), Val141(A) 

π-sigma: Ala73(A), Val141(A), Ile151(A); π-π stacked: Gly144(A), His152(A)  

CH-bond: Gly145(A); π-donor H-bond: Tyr435(A) 

Gly77(A), Ser79(A), Arg78(A) 

7f −10.68 

kcal. mol-1 

308.17 nM Van der Waals: Ala114(A), Ile203(A), Gly202(A), Gly199(A), Asn198(A), Ala146(A), 

Ile151(A), Tyr435(A), Lys438(A), Tyr80(A), Ser79(A), Leu76(A), Gly77(A), Gly75(A), 

Met94(A); π-alkyl & alkyl: Ile204(A), Ala73(A), Arg74(A), Ala84(A), Ala148(A) x 3, 

Cys149(A), Val141(A), Arg78(A); π-sigma: Ala73(A), Ala437(A) 

π-π stacked: Gly144(A) x 2; CH-bond: Gly145(A) 

Thr142(A), Arg78(A), Tyr435(A), 

Gly77(A) 

Sterol 14α-demethylase (CYP51) from antifungal pathogenic yeast C. albicans [5FSA] 

7h −9.16 

kcal. mol-1 

192.21 nM Van der Waals: Phe233(A), Ser378(A), Ile379(A), Thr122(A), Tyr132(A), Leu139(A), 

Val130(A), Ala146(A), Ile471(A), Gly307(A), Gly303(A), Thr122(A)    

π-alkyl & alkyl: Met508(A), Leu121(A), Phe228(A), Ile304(A) x 2, Ile131(A) x 2, 

Leu300(A), Lys143(A); π-π stacked: Tyr118(A) 

π-sigma: Leu376(A); π-sulfur: Met508(A) x 2, Phe126(A) 

Gln142(A) 
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Table 3 Physicochemical and pharmacokinetics properties of final bis-oxadiazole compounds (7a-7k) 

S.No Csp3 nRot  nHA  nHD TPSA iLogp Log S 

(Watersol.) 

GI absor. BBB 

Perm. 

P-gp sub. CYP 

1A2 inh. 

CYP2C19  CYP 

2D6  

CYP 

3A4  

7a 0.10 5 6 0 77.84 4.40 -6.48 Low No Yes No No No Yes 

7b 0.11 5 7 0 90.73 3.95 -6.04 Low No Yes No No No Yes 

7c 0.22 5 6 0 77.84 4.59 -6.78 Low No Yes No No No Yes 

7d 0.14 5 6 0 77.84 4.49 -6.19 Low No Yes No No No Yes 

7e 0.10 5 6 1 103.86 3.59 -5.53 Low No Yes No No No Yes 

7f 0.11 5 7 1 116.75 3.44 -4.89 Low No Yes No No No Yes 

7g 0.11 5 8 1 110.96 3.32 -5.10 Low No Yes No No No Yes 

7h 0.10 5 7 1 98.07 3.79 -5.75 Low No Yes No No No Yes 

7i 0.10 5 7 1 98.07 3.65 -5.75 Low No Yes No No No Yes 

7j 0.10 6 8 0 120.98 3.63 -5.93 Low No No No No No Yes 

7k 0.10 6 8 0 120.98 3.58 -5.93 Low No No No No No Yes 

STM 0.86 9 15 12 336.43 -0.06 2.18 Low No Yes No No No No 

 

Table 4 Medicinal chemistry and toxicity properties of final prepared oxadiazole scaffolds (7a-7k) 

S.No hERG H-HT AMES Skin 

Sen 

Carcinogen. Eye Irrita. SA 

score 

NP 

score 

Lipi. Rule Pfizer 

Rule 

Golden 

Tri. 

PPB T1/2 

7a 0.008 0.799 0.056 0.403 0.903 0.035 2.582 -2.40 Yes Yes Yes 101.77 0.045 

7b 0.005 0.834 0.073 0.237 0.906 0.044 2.793 -2.201 Yes Yes Yes 101.30 0.061 

7c 0.002 0.593 0.091 0.329 0.913 0.061 2.756 -1.936 Yes Yes Yes 101.57 0.044 

7d 0.006 0.744 0.096 0.399 0.908 0.055 2.529 -2.223 Yes Yes Yes 101.30 0.052 

7e 0.006 0.863 0.087 0.136 0.914 0.087 2.617 -2.103 Yes Yes Yes 100.76 0.055 

7f 0.005 0.901 0.219 0.22 0.888 0.071 2.83 -2.115 Yes Yes Yes 99.67 0.098 

7g 0.014 0.847 0.066 0.172 0.888 0.044 2.807 -2.032 Yes Yes Yes 100.25 0.152 

7h 0.011 0.777 0.044 0.227 0.898 0.095 2.641 -1.889 Yes Yes Yes 101.00 0.147 

7i 0.007 0.771 0.058 0.204 0.903 0.116 2.598 -1.918 Yes Yes Yes 101.09 0.126 

7j 0.069 0.89 0.916 0.438 0.914 0.09 2.644 -2.329 Yes Yes Yes 101.78 0.053 

7k 0.084 0.886 0.897 0.443 0.907 0.071 2.677 -2.397 Yes Yes Yes 101.77 0.066 

STM 0.142 0.329 0.067 0.024 0.009 0.001 5.678 1.772 No Yes No 20.43 0.183 

0-0.1 (---), 0.1-0.3 (--) [ : excellent]; 0.3-0.5 (-), 0.5-0.7(+), [ : medium]; 0.7-0.9 (++), and 0.9-1.0 (+++) [ : poor] 
 

Table 5 Prediction of Toxicity of active compounds by using Protox-II 

Targets Prediction/Probability 

 7c 7f 7h 

Hepatotoxicity Active/0.60 Active/0.63 Active/0.63 

Neurotoxicity Inactive/0.51 Active/0.52 Inactive/0.60 

Nephrotoxicity Inactive/0.54 Inactive/0.58 Inactive/0.50 

Respiratory toxicity Active/0.61 Active/0.69 Active/0.63 

Cardiotoxicity Inactive/0.83 Inactive/0.86 Inactive/0.76 

Carcinogenicity Active/0.51 Active/0.68 Active/0.50 

Immunotoxicity Inactive/0.99 Inactive/0.99 Inactive/0.96 

Mutagenicity Active/0.56 Active/0.56 Active/0.54 

Cytotoxicity Inactive/0.86 Inactive/0.84 Inactive/0.79 

BBB-barrier Active/0.87 Active/0.82 Active/0.72 

Clinical toxicity Inactive/0.56 Inactive/0.56 Inactive/0.55 

Androgen Receptor (AR) Inactive/0.91 Inactive/0.95 Inactive/0.92 

Estrogen Receptor Alpha (ER) Inactive/0.75 Inactive/0.77 Inactive/0.82 

GABA receptor Inactive/0.78 Inactive/0.79 Inactive/0.83 

Pregnane X receptor Inactive/0.65 Inactive/0.77 Inactive/0.71 
 

 

3. Experimental Methods 

3.1 Materials and Methods  

All chemicals and reagents, listed in the supplementary data, were 
purchased from Sigma-Aldrich and Merck were used without further 
purification. Reactions were monitored by thin-layer chromatography 
(TLC) silica gel plates containing, performed on silica gel glass plates 
containing 60 GF-254. Melting points were measured using a 9200 
electrothermal melting point apparatus and are presented without 
correction. 1H NMR and 13C NMR spectra were recorded using Bruker 
400 MHz and 100 MHz spectrophotometer. Chemical shifts (δ) are 
reported in parts per million relatives to tetramethylsilane (TMS) as the 
internal reference, while coupling constants (J) are given in hertz. The 
signal patterns are denoted as singlet (s), doublet (d), doublet of doublets 
(dd), triplet (t), and multiplet (m). Mass spectra and elemental analyses 
were recorded on Shimadzu Qp-2010 plus spectrometer. 
 

 3.2 Synthesis of Intermediate Compound 5 

As described in Scheme 1, 1-(2-chlorophenyl)ethan-1-one (1) (5.0g, 
32.46 mmol), methyl 2-mercaptoacetate (5.16g, 48.70 mmol) and sodium 
hydride (2.33g, 97.40 mmol) were stirred jointly into N, N-dimethyl 

formamide (50 mL) and the reaction was monitored at refluxing 
temperature for 3 h. After completion the reaction followed by 
evaporation of the solvent, then washing with acetone, to obtain the 
cyclised product (white solid, yield: 80%). The remaining intermediate 
compounds, up to 4 were prepared by using the previous literature [40] 
and used for further reaction without purification. 

 
3.3 Synthesis of 2-((5-(3-Methylbenzo[b]thiophen-2-yl)-1,3,4-oxadiazol-2-

yl)thio)acetonitrile (5) 

As described in Scheme 2, A solution of 5-(3-methylbenzo[b]thiophen-

2-yl)-1,3,4-oxadiazole-2-thiol (4) (4.0g, 16.12 mmol) and potassium 

carbonate (2.5g, 20.96 mmol) was prepared in acetone (40 mL) and was 

stirred for 15 min. Then, 2-bromoacetonitrile (2.49g, 20.96 mmol) was 

added at below rt for 20 min, and the reaction mixture was refluxed for 6 
h. The purity of the product was determined by TLC, the solvent system 

used was n-hexane: ethyl acetate (8:2). The reaction mixture was filtered 

and washed with dichloromethane/water, and the solvent were 
evaporated under reduced pressure. The obtained product was purified 
by flash column chromatography using hexane: ethyl acetate (8:2) to give 
the brownish product 5 (88%, 112-114 °C). 
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3.4 Preparation of (Z)-N'-hydroxy-2-((5-(3-methylbenzo[b]thiophen-2-yl)-

1,3,4-oxadiazol-2-yl)thio)acetimidamide (6) 

2-((5-(3-methylbenzo[b]thiophen-2-yl)-1,3,4-oxadiazol-2-

yl)thio)acetonitrile (5) (3.5g, 12.19 mmol) in dichloromethane (35 mL) 

was reacted with hydroxylamine hydrochloride (1.7g, 24.39 mmol) for 
half an hour at rt. Subsequently, triethylamine (2.46g, 24.39 mmol) was 
introduced to the reaction mixture, and after an instant reaction the 
contents were stirred for 10 hours. The progress of the reaction was 

monitored by thin-layer chromatography (TLC) [n-hexane: ethyl acetate 

(8:2)]. The light brownish colour solid product was formed in a reaction 

mixture. Upon completion, the solvent was removed and the crude 
product was washed with water and filtered and recrystallization from 
ethanol to yield the light brownish solid (83% yields, mp. 168-170 °C). 

 
3.5 General Procedure for the Preparation of Benzo[b]thiophene-1,3,4-

oxadiazole Linked to 1,2,4-Oxadiazole Molecules (7a-7k) 

Acetimidamide 6 (3.0g, 9.37 mmol), EDC.HCl (2.14g, 11.25 mmol) and 
the corresponding acid (m-chlorobenzoic acid) (2.19g, 14.06 mmol) were 
charged in 30 mL of DCM at 15 oC in a three-necked flask for the 
experiment, and it was agitated for 3–4 hours at reflux temperature. Then, 
the acylated intermediate was refluxing in the presence of sodium acetate 
(0.92g, 11.25 mmol) in ethanol for 4-5 h. Following TLC monitoring to 
verify acetimidamide 6 consumption (EtOAc: Hexane; 2:8). The reaction 
mixture was put into 100 mL of dil. NaHCO3, brine solution (50 mL) and 
150 mL of DCM before being moved into a separating funnel. Anhydrous 
Na2SO4 was used to dry the organic phase before it was filtered. After the 
target compound was purified using flash column chromatography, the 
solvent was extracted under vacuum, enabling its recovery.  

 
3.6 Spectroscopic Data  

3.6.1 5-(3-Chlorophenyl)-3-(((5-(3-methylbenzo[b]thiophen-2-yl)-1,3,4-

oxadiazol-2-yl)thio)methyl)-1,2,4-oxadiazole (7a) 

Yield 80%, White solid, mp 229 °C. 1H-NMR spectrum (DMSO−d6, 400 
MHz), δ, ppm: 2.27 s (3H, Ar-CH3), 4.57 s (2H, SCH2), 7.42-7.52 m (4H, Ar-
H), 7.61 d (1H, J=8.6 Hz, Ar-H), 7.83-7.91 t (2H, J=9.2 Hz, Ar-H), 8.02 s (1H, 
Ar-H). 13C NMR spectrum (DMSO-d6, 100 MHz), δC, ppm: 15.8, 35.5, 119.6, 
122.8, 125.2, 126.5, 128.8, 130, 132.2, 135.3, 136.4, 138.2, 141.2, 142.4, 
143.5, 159.2, 162.4, 176.2. Mass spectrum, m/z: 441.0310 [M+H]+, 
442.0504 [M+2H]+. Elemental analysis: Calculated, C 54.48; H 2.97; Cl 8.04; 
N 12.71; S 14.54. C20H13ClN4O2S2. Found, C 54.37; H 2.88; Cl 7.95; N 12.60; 
S 14.43. 

 
3.6.2 5-(6-Chloropyridin-2-yl)-3-(((5-(3-methylbenzo[b]thiophen-2-yl)-

1,3,4-oxadiazol-2-yl)thio) methyl)-1,2,4-oxadiazole (7b) 

Yield 72%, Brownish solid, mp 210 °C. 1H-NMR spectrum (DMSO−d6, 
400 MHz), δ, ppm: 2.28 s (3H, Ar-CH3), 4.52 s (2H, SCH2), 7.31 d (1H, J=8.6 
Hz, Ar-H), 7.44 t (1H, J=9.2 Hz, Ar-H), 7.63-7.68 m (2H, Ar-H), 7.91 d (1H, 
J=8.6 Hz, Ar-H), 8.30 t (1H, J=9.2 Hz, Ar-H), 8.48 d (1H, J=8.6 Hz, Ar-H). 13C 
NMR spectrum (DMSO-d6, 100 MHz), δC, ppm: 14.8, 35.7, 120.5, 125, 126, 
129.1, 130.7, 131.6, 132.5, 139.2, 141.6, 142.4, 144.4, 149.3, 157.3, 159.2, 
162.4, 164.8. Mass spectrum, m/z: 442.9865 [M+H]+, 443.9798 [M+2H]+. 
Elemental analysis: Calculated, C 51.73; H 2.84; Cl 8.12; N 15.94; S 14.61. 
C19H12ClN5O2S2. Found, C 51.64; H 2.74; Cl 8.02; N 15.85; S 14.51. 

 
3.6.3 5-Mesityl-3-(((5-(3-methylbenzo[b]thiophen-2-yl)-1,3,4-oxadiazol-2-

yl)thio)methyl)-1,2,4-oxadiazole (7c) 

Yield 73%, White solid, mp 192 °C. 1H-NMR spectrum (DMSO−d6, 400 
MHz), δ, ppm: 2.18 s (3H, Ar-CH3), 2.32 s (3H, Ar-CH3), 2.70 s (6H, Ar-CH3), 
4.50 s (2H, SCH2), 7.03 s (1H, Ar-H), 7.42 t (1H, J=9.2 Hz, Ar-H), 7.59 t (1H, 
J=9.2 Hz, Ar-H), 7.74 d (1H, J=8.6 Hz, Ar-H), 7.93 d (1H, J=8.6 Hz, Ar-H). 13C 
NMR spectrum (DMSO-d6, 100 MHz), δC, ppm: 14.8, 18.9, 22.7, 36.1, 120.3, 
122.7, 125, 126, 126.5, 129.1, 132, 136.2, 137.2, 139.6, 141.2, 142.5, 144.8, 
159.8, 162.4, 175.7. Mass spectrum, m/z: 449.0477 [M+H]+. Elemental 
analysis: Calculated, C 61.67; H 4.57; N 12.57; S 14.37. C23H20N4O2S2. 
Found, C 61.58; H 4.48; N 12.48; S 14.27. 

 
3.6.4 3-(((5-(3-Methylbenzo[b]thiophen-2-yl)-1,3,4-oxadiazol-2-yl)thio) 

methyl)-5-(p-tolyl)-1,2,4-oxadiazole (7d) 

Yield 70%, Off-white solid, mp 185 °C. 1H-NMR spectrum (DMSO−d6, 
400 MHz), δ, ppm: 2.19 s (3H, Ar-CH3), 2.34 s (3H, Ar-CH3), 4.47 s (2H, 
SCH2), 7.28 d (2H, J=8.0 Hz, Ar-H), 7.49 t (1H, J=9.2 Hz, Ar-H), 7.60 t (1H, 

J=9.2 Hz, Ar-H), 7.77 d (1H, J=8.6 Hz, Ar-H), 7.90 d (1H, J=8.6 Hz, Ar-H), 
8.11 d (2H, J=8.0 Hz, Ar-H). 13C NMR spectrum (DMSO-d6, 100 MHz), δC, 
ppm: 15.2, 21.2, 36.4, 121.6, 124.2, 125, 126.2, 127.2, 129.2, 130.6, 132.9, 
136.3, 141.2, 142.8, 145.6, 161.2, 162.7, 178.9. Mass spectrum, m/z: 
421.8810 [M+H]+. Elemental analysis: Calculated, C 59.97; H 3.83; N 13.31; 
S 15.24. C21H16N4O2S2. Found, C 59.86; H 3.72; N 13.19; S 15.15. 

 
3.6.5 4-(3-(((5-(3-Methylbenzo[b]thiophen-2-yl)-1,3,4-oxadiazol-2-yl)thio) 

methyl)-1,2,4-oxadiazol-5-yl)aniline (7e) 

Yields 76%, Light brown solid; mp: 176 °C; 1H-NMR spectrum 
(DMSO−d6, 400 MHz), δ, ppm: 2.32 s (3H, Ar-CH3), 4.45 s (2H, SCH2), 5.45 
brs (2H, NH2), 6.68 d (2H, J=8.0 Hz, Ar-H), 7.43 t (1H, J=9.2 Hz, Ar-H), 7.52 
t (1H, J=9.2 Hz, Ar-H), 7.74 d (2H, J=8.0 Hz, Ar-H), 8.01 d (1H, J=8.6 Hz, Ar-
H), 8.18 d (1H, J=8.6 Hz, Ar-H). 13C NMR spectrum (DMSO-d6, 100 MHz), δC, 
ppm: 14.3, 33.7, 114, 115.7, 120.7, 122.7, 125.8, 128.2, 129.8, 132.1, 139.7, 
141.4, 142.6, 146.8, 159.7, 162.3, 176.9. Mass spectrum, m/z: 422.4275 
[M+H]+. Elemental analysis: Calculated, C 56.98; H 3.58; N 16.61; S 15.20. 
C20H15N5O2S2. Found, C 56.87; H 3.46; N 16.51; S 15.09. 

 
3.6.6 2-(3-(((5-(3-Methylbenzo[b]thiophen-2-yl)-1,3,4-oxadiazol-2-yl)thio) 

methyl)-1,2,4-oxadiazol-5-yl)pyridin-3-amine (7f) 

Yields 81%, Brown solid; mp: 194 °C; 1H-NMR spectrum (DMSO−d6, 400 
MHz), δ, ppm: 2.29 s (3H, Ar-CH3), 4.41 s (2H, SCH2), 5.70 brs (2H, NH2), 
7.16 d (1H, J=8.6 Hz, Ar-H), 7.29 t (1H, J=9.2 Hz, Ar-H), 7.41 t (1H, J=9.2 Hz, 
Ar-H), 7.85 d (1H, J=8.6 Hz, Ar-H), 8.08 d (1H, J=8.6 Hz, Ar-H), 8.23 d (1H, 
J=8.6 Hz, Ar-H). 13C NMR spectrum (DMSO-d6, 100 MHz), δC, ppm: 14.4, 
35.1, 122.5, 124.3, 126, 128.8, 131, 135.1, 136.4, 137.6, 141.7, 142.7, 145.1, 
157.9, 163.7, 167.6. Mass spectrum, m/z: 423.1281 [M+H]+. Elemental 
analysis: Calculated, C 54.12; H 3.43; N 19.97; S 15.26. C19H14N6O2S2. 
Found, C 54.02; H 3.34; N 19.89; S 15.18. 

 
3.6.7 6-(3-(((5-(3-Methylbenzo[b]thiophen-2-yl)-1,3,4-oxadiazol-2-yl)thio) 

methyl)-1,2,4-oxadiazol-5-yl)pyridin-3-ol (7g) 

Yields 76%, Brown solid; mp: 202 °C; 1H-NMR spectrum (DMSO−d6, 400 
MHz), δ, ppm: 2.21 s (3H, Ar-CH3), 4.47 s (2H, SCH2), 7.41-7.51 m (3H, Ar-
H), 7.70 d (1H, J=8.6 Hz, Ar-H), 7.90 d (1H, J=8.6 Hz, Ar-H), 8.22 d (1H, J=8.6 
Hz, Ar-H), 8.34 s (1H, Ar-H), 10.25 brs (1H, OH). 13C NMR spectrum (DMSO-
d6, 100 MHz), δC, ppm: 14.5, 35, 118.1, 119.4, 120.4, 123, 125.6, 125.7, 129, 
131.5, 137, 137.9, 149.1, 157.6, 163.2, 164.4, 165.9. Mass spectrum, m/z: 
424.0627 [M+H]+. Elemental analysis: Calculated, C 53.88; H 3.08; N 16.53; 
S 15.13. C19H13N5O3S2. Found, C 53.77; H 3.01; N 16.42; S 15.04. 

 
3.6.8 3-(3-(((5-(3-Methylbenzo[b]thiophen-2-yl)-1,3,4-oxadiazol-2-yl)thio) 

methyl)-1,2,4-oxadiazol-5-yl)phenol (7h) 

Yield 64%, Off-white solid, mp 175 °C. 1H-NMR spectrum (DMSO−d6, 
400 MHz), δ, ppm: 9.59 brs (1H, OH), 8.09 d (1H, J=8.6 Hz, Ar-H), 7.92 d 
(1H, J=8.6 Hz, Ar-H), 7.71 d (1H, J=8.6 Hz, Ar-H), 7.48 t (1H, J=9.2 Hz, Ar-
H), 7.32 d (1H, J=8.6 Hz, Ar-H), 7.21 t (1H, J=9.2 Hz, Ar-H), 7.02 s (1H, Ar-
H), 6.74 d (1H, J=8.6 Hz, Ar-H), 4.29 s (2H, SCH2), 2.37 s (3H, Ar-CH3). 13C 
NMR spectrum (DMSO-d6, 100 MHz), δC, ppm: 14.6, 35.6, 111.9, 115.3, 
120.1, 122, 123.2, 124.8, 127.6, 127.7, 128.9, 131.5, 138.6, 139, 142.8, 
157.8, 158, 162.3, 176.8. Mass spectrum, m/z: 423.0656 [M+H]+. Elemental 
analysis: Calculated, C 56.85; H 3.33; N 13.25; S 15.17. C20H14N4O3S2. 
Found, C 56.74; H 3.24; N 13.14; S 15.08. 

 

3.6.9 4-(3-(((5-(3-Methylbenzo[b]thiophen-2-yl)-1,3,4-oxadiazol-2-yl)thio) 

methyl)-1,2,4-oxadiazol-5-yl)phenol (7i) 

Yield 60%, Off-white solid, mp 170 °C. 1H-NMR spectrum (DMSO−d6, 
400 MHz), δ, ppm: 2.23 s (3H, Ar-CH3), 4.33 s (2H, SCH2), 6.90 d (2H, J=8.0 
Hz, Ar-H), 7.28 t (1H, J=9.2 Hz, Ar-H), 7.38 t (1H, J=9.2 Hz, Ar-H), 7.61 d 
(1H, J=8.6 Hz, Ar-H), 7.81 d (2H, J=8.0 Hz, Ar-H), 7.98 d (1H, J=8.6 Hz, Ar-
H), 9.82 brs (1H, OH). 13C NMR spectrum (DMSO-d6, 100 MHz), δC, ppm: 
14.2, 34.1, 116.2, 119.3, 120.4, 122.6, 125.9, 126.8, 129.3, 130.5, 140.6, 
141.9, 162, 162.8, 163.9, 176.1. Mass spectrum, m/z: 423.1481 [M+H]+. 
Elemental analysis: Calculated, C 56.94; H 3.42; N 13.33; S 15.03. 
C20H14N4O3S2. Found, C 56.85; H 3.33; N 13.25; S 15.17. 
 

3.6.10 3-(((5-(3-Methylbenzo[b]thiophen-2-yl)-1,3,4-oxadiazol-2-yl)thio) 

methyl)-5-(4-nitrophenyl)-1,2,4-oxadiazole (7j) 

Yield 78%, Yellow solid, mp 210 °C. 1H-NMR spectrum (DMSO−d6, 400 
MHz), δ, ppm: 2.30 s (3H, Ar-CH3), 4.39 s (2H, SCH2), 7.35 t (1H, J=9.2 Hz, 
Ar-H), 7.50 t (1H, J=9.2 Hz, Ar-H), 7.61 d (1H, J=8.6 Hz, Ar-H), 7.82 d (1H, 
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J=8.6 Hz, Ar-H), 8.32 d (2H, J=8.0 Hz, Ar-H), 8.62 d (2H, J=8.0 Hz, Ar-H). 13C 
NMR spectrum (DMSO-d6, 100 MHz), δC, ppm: 14.9, 34.6, 120.1, 123.5, 
124.5, 128.2, 128.6, 129.9, 134.7, 135.5, 137.5, 142.4, 143.8, 148.2, 157.7, 
160.1, 175.5. Mass spectrum, m/z: 452.0316 [M+H]+. Elemental analysis: 
Calculated, C 53.21; H 2.90; N 15.51; S 14.20. C20H13N5O4S2. Found, C 53.11; 
H 2.80; N 15.41; S 14.10. 

 
3.6.11 3-(((5-(3-Methylbenzo[b]thiophen-2-yl)-1,3,4-oxadiazol-2-yl)thio) 

methyl)-5-(3-nitrophenyl)-1,2,4-oxadiazole (7k) 

Yield 72%, Yellow solid, mp 221 °C. 1H-NMR spectrum (DMSO−d6, 400 
MHz), δ, ppm: 2.35 s (3H, Ar-CH3), 4.31 s (2H, SCH2), 7.32 t (1H, J=9.2 Hz, 
Ar-H), 7.43 t (1H, J=9.2 Hz, Ar-H), 7.75 d (1H, J=8.6 Hz, Ar-H), 7.86 t (1H, 
J=9.2 Hz, Ar-H), 7.88 d (1H, J=8.6 Hz, Ar-H), 8.29 d (1H, J=8.6 Hz, Ar-H), 
8.40 d (1H, J=8.6 Hz, Ar-H), 8.51 s (1H, Ar-H). 13C NMR spectrum (DMSO-
d6, 100 MHz), δC, ppm: 14.3, 33.6, 120.3, 121.8, 122.7, 123.4, 124, 125.1, 
129.6, 131.1, 139.2, 140.9, 142.3, 146.7, 159.7, 161.1, 176.9. Mass 
spectrum, m/z: 452.4855 [M+H]+. Elemental analysis: Calculated, C 53.31; 
H 2.98; N 15.60; S 14.29. C20H13N5O4S2. Found, C 53.20; H 2.89; N 15.50; S 
14.20. Experimental section of biological evaluation, docking protocol and 
the structures of these compounds were determined using analytical 
methods including NMR (1H/13C), and HRMS spectrometry. 
 

4. Conclusion 

This study aimed to investigate the antimicrobial/anti-TB potential of 
benzo[b]thiophene-based bis-oxadiazole derivatives (7a–7k) using an 
integrated approach in good yields that combined in vitro biological assays 
with computational analysis. The recently synthesized benzo[b]thiophene 
analogues were characterized through 1H/13C-NMR, IR and HRMS 
spectroscopy. These compounds were tested for their in vitro antibacterial 
activity on S. aureus, S. pyogenes, P. aeruginosa, and K. pneumoniae and 
antifungal potency against C. albicans and A. clavatus. Compound 7a, 7c, 
7f, and 7h were the most potent antibacterial oxadiazole molecules and 
showed ZI values ranging from 26.30 to 38.20 mm, compared to GMF, with 
ZI values of 34.25 to 37.02 mm, respectively. Specifically, compounds 7c 
and 7f showed promising antibacterial effects against K. pneumoniae, and 
S. pyogenes, with ZI values of 35.62±0.84, 33.68±1.39, 38.20±2.25, and 
35.20±0.66 mm, respectively. The anti-TB results of the compounds 7f, 
and 7h exhibited the potent activity against the H37Rv strain, with MIC 
values 2.89 and 3.10 μM, respectively, these two compounds showed 
greater activity than the reference drug STM. In fact, the ligand-7h had the 
most negative ΔG (−9.16 kcal. mol-1) that showed favourable hydrophobic, 
H-bond, and CH-bond interactions with the key amino acid residues at 
active site of C. albicans receptor (PDB: 5FSA). In-silico ADME/Tox 
profiling showed favorable pharmacokinetic properties for 
compounds 7a–7k, complying with Lipinski's Rule of Five and 
demonstrating promising oral bioavailable drugs. These findings provide 
a solid foundation for further biological evaluation and structure 
optimization towards the development of novel antimicrobial 
therapeutics. 
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