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ABSTRACT: 

 

The current research is concerned with the synthesis of novel 

disubstituted oxadiazole derivatives and evaluation of their anti- 

tubercular activity by in-vitro and in-silico approach. The main goal 

of this work is to investigate and analyse the effectiveness, safety, 
and potential impact of these novel compounds   in   the 

treatment of tuberculosis. The titled compounds 3a-3h were 

synthesized by a 3 steps reaction, which were characterized by IR, 
1H NMR and Mass spectral data. These compounds were subjected 

to In-vitro studies and screened using MABA method by keeping 

isoniazid as the standard drug. Further, the In-silico studies were 

performed on Protein 6s9b, obtained from PDB RCSB. The in-vitro 

results showed that, compound 3a, 3b and 3c exhibited potent anti- 

tubercular activity with MIC value of 12.5 µgm/ml. The docking 

studies revealed that the compounds 3b, 3a and 3c with the values - 

7.3, -7.2 and -7.2 respectively, showed the highest binding affinity 

of the ligand-receptor at the target active site of the enzyme 6s9b. 
Additionally, all the compounds showed zero violation for drug 

likeliness parameter which predicts that these ligands obey Lipinski 

rule, and hence they are druggable. 

https://doi.org/10.33472/AFJBS.6.6.2024.6230-6249
https://creativecommo/
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1. Introduction 

 

Tuberculosis (TB) is the world's leading infectious disease threat(1). Almost a quarter of the 

global population is infected with Mycobacterium tuberculosis, putting millions at risk of 

tuberculosis (TB) illness. In the first 2-5 years following infection, 5-10% of people infected 

with Mycobacterium TB (M. tuberculosis) acquire the disease(2). According to the (World 

Health Organization [WHO], 2018), 1.7 billion people (23%) of the world's population are 

estimated to have latent tuberculosis (TB), indicating a risk of developing active TB over 

their lifetime (World Health Organization [WHO], 2018). Approximately 10.4 million cases 

of tuberculosis were reported worldwide, with 5 million (56%) men, 3.5 million (34%) 

women, and 1 million (10%) children (WHO, 2017)(3). It can affect anyone, but certain 

population groups are at a higher risk of getting TB infection and progressing to disease once 

infected; these groups include people living with HIV, health workers, and those in 

environments where M. tuberculosis transmission is high(4). Approximately 85% of those 

with tuberculosis can be successfully treated for six months with a drug scheme; treatment 

also has the added benefit of further limiting infection spread(1). TB is often diagnosed using 

the GeneXpert assay, sputum-smear microscopy, and chest radiography. However, the culture 

method is regarded as the gold standard for detecting the causative agent of tuberculosis, 

Mycobacterium tuberculosis (MTB), but it is a time-consuming diagnosis with substantial 

contamination risks(3). Despite the fact that the global number of TB deaths decreased by 

42% between 2000 and 2017, and the yearly fall in global TB incidence rate is approximately 

1.5%(1), much more work is required to speed progress towards global milestones to 

eradicate TB(5). The development of innovative antimycobacterial medications has been a 

significant milestone in TB control over the last 15 years(6) and understanding the host 

response to M. tuberculosis infection is a critical component of attempts to eradicate TB 

through the development of effective vaccines and immunological treatments(7). 

Compounds with heterocyclic ring structures are highly significant in both medicine and 

industry among which Oxadiazole, being a heterocyclic compound is widely seen in drug- 

like molecules and frequently used in medication production due to its outstanding unique 

features(8). Oxadiazole is a heterocyclic aromatic compound containing one oxygen and two 

nitrogen atoms in a five membered ring(9). It occurs in various isomeric forms like 1,2,3- 

oxadiazole, 1,2,4-oxadiazole, 1,2,5-oxadiazole and 1,3,4-oxadiazole(10) as represented in 

Fig. 1(11). However, because of their numerous essential chemical and biological features, 1, 

3, 4-oxadiazole is more known and investigated by researchers. Recently, it was discovered 

and reported that 1,3,4-oxadiazole derivatives with suitable substitutions at 2 and 5 positions 

demonstrated significant biological activities such as antibacterial(12,13), anticonvulsant(14), 

antitumor(15–20), anti-tubercular(13,21), anti-viral(22,23), antioxidant(8), anti- 

inflammatory(8,24–26), antihypertensive(27), analgesic(28). The disubstituted oxadiazole 

scaffolds containing marketed drugs are reported in Fig. 2(11). The urge to eradicate 

tuberculosis, emphasized the synthesis of 2, 5-disubstituted oxadiazole derivatives. 
 
 

 

Fig. 1: 4 Isomeric forms of Oxadiazole heterocyclic ring 
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Fig. 2: Some marketed medications containing Disubstituted Oxadiazole derivatives 

 

2. Materials and methods 

 

Synthesis of 2-(4-substituted phenoxy) acetohydrazide 
A mixture of ethyl (4-Substituted phenoxy) acetate (21.4g, 0.1 mol) and hydrazine hydrate 
(60.0 ml) in 90ml of ethanol was refluxed on water bath for 6 hr. The precipitate was filtered 

and recrystallised from ethanol. m.p.141°C7, yield 85%. IR (KBr): 3310 (NH2), 3210 (NH), 
1622 (C=O), 2916 (Ar-CH). 
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5-[(4- Substituted phenoxy) methyl]-1,3,4-oxadiazole-2-thiol (3A & 3H) 

To a mixture of 2-(4- Substituted phenoxy)acetohydrazide (2.18 g, 0.01 mol) and ethanol 

(200 ml), a solution of KOH (0.84 g, 0.015 mol) in ethanol (20 ml) was added which was 

followed by the addition of carbon disulfide (20ml).The reaction mixture was refluxed for 8 

hr, then concentrated and acidified with dil. hydrochloric acid. The resulting solid was 

collected, washed with water and recrystallised from ethanol. m.p.92 0C, yield 100%. 

 

2-({5-[(4- Substituted phenoxy) methyl]-1,3,4-oxadiazole-2yl}sulfanyl)benzene-1,3-diol (3A, 

3B, 3C, 3E, 3F & 3G) 

 

To a mixture of 5-[(4- Substituted phenoxy) methyl]-1,3,4-oxadiazole-2-thiol (1.04 g, 0.005 

mol) and p-benzoquinone (0.54g, 0.005 mol), anhydrous xylene(2.5ml) was added. The 

reaction mixture was refluxed for 10 hr and xylene was removed under reduced pressure. The 

solid obtained was recrystallised from ethanol. m.p. 104 0C, yield 85%. 
 

 

In-vitro Activity 

Using the Microplate Alamar Blue test (MABA), the MIC values for the newly synthesized 

compounds against M. tuberculosis strain H37Rv were determined while isoniazid served as 

the reference medication. The 96-well plate was filled with 100 L of Middlebrook 7H9 broth, 

and serial dilutions of various substances at concentrations of 0.2, 0.4, 0.8, 1.6, 3.125, 6.25, 

12.5, 25, 50, and 100 g/ml were made directly on the plate. Plates were covered and sealed 

with parafilm and incubated at 37°C for 5 days. Then, 25 ml of freshly prepared 1:1 mixture 

of alamar blue reagent and 10% Tween 80 was added to the plate and incubated for 24 hr. No 

bacterial growth was indicated by a well that was blue, whereas growth was shown by a well 

that was pink. The lowest drug concentration that prevented a colour change from blue to 

pink was known as the MIC. 
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All synthetic compounds' melting points were ascertained using a digital melting point 

equipment and are uncorrected. By using silica gel as a solvent solution together with n- 

hexane and ethyl acetate, TLC was used to check the purity of each component. On a Bruker 

spectrophotometer in KBr, IR spectra were obtained. The 1H NMR spectra were recorded on 

Bruker spectrophotometer 400 MHz instruments using CDCl3/DMSO as the solvent and 

TMS as the internal standard; chemical shifts are given in ppm. 

 

3. Results and discussion 

 

Table 1: Anti-TB screening of compounds by MABA method. 

Compound MIC µgm/mL 

3A 12.5 

3B 12.5 

3C 12.5 

3D >100 

3E >100 

3F 100 

3G >100 

3H 50 

Isoniazid 0.25 

 

Table 2: Binding affinity of the docked ligands. 

ligands Binding affinity Rmsd/ub Rmsd/lb 

3B -7.3 0 0 

3A -7.2 0 0 

3C -7.2 0 0 

3E -7.0 0 0 

3F -7.0 0 0 

3G -7.0 0 0 

3D -5.9 0 0 

3H -5.9 0 0 

 

Table 3: Physicochemical properties of the docked ligands 

Compounds Formula 
Molecular 

weight 
TPSA 

H-bond 

acceptors 

H-bond 

donors 

3A C15H11FN2O4S 334.32 g/mol 113.91 A0 7 2 

3B C15H11FN2O4S 334.32 g/mol 113.91 A0 7 2 

3C C15H11FN2O4S 334.32 g/mol 113.91 A0 7 2 

3D C9H7FN2O2S 226.23 g/mol 86.95 A0 5 0 

3E C15H11BrN2O4S 395.23 g/mol 113.91 A0 6 2 

3F C15H11BrN2O4S 395.23 g/mol 113.91 A0 6 2 

3G C15H11BrN2O4S 395.23 g/mol 113.91 A0 6 2 

3H C9H7BrN2O2S 287.13 g/mol 86.95 A0 4 0 

 

Table 4: Lipophilicity and Drug Likeliness of the Selected Ligands 
 Lipophilicity Drug Likeliness 

Compounds logPo/w(XLOGP3) logPo/w(WLOG) logPo/w(MLOGP) lipinski Veber 

3A 3.04 3.62 2.07 
Yes;0 

violation 
Yes 
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3B 3.04 3.62 2.07 
Yes;0 

violation 
Yes 

3C 3.04 3.62 2.07 
Yes;0 

violation 
Yes 

3D 1.84 2.34 1.50 
Yes;0 

violation 
Yes 

3E 3.63 3.82 2.31 
Yes;0 

violation 
Yes 

3F 3.63 3.82 2.31 
Yes;0 

violation 
Yes 

3G 3.63 3.82 2.31 
Yes;0 

violation 
Yes 

3H 2.43 2.55 1.80 
Yes;0 

violation 
Yes 

 

Table 5: Pharmacokinetics of the Docked Ligands 
 Pharmacokinetics 

 

Compounds 
GI 

absorption 

BBB 

permeant 

P-gp 

substrate 

CYP2D6 

inhibitor 

CYP3A4 

inhibitor 

Log 
Kp(skin 

permeation) 

3A High No No Yes Yes -6.18 cm/s 

3B High No No Yes Yes -6.18 cm/s 

3C High No No Yes Yes -6.18 cm/s 

3D High No No No No -6.37 cm/s 

3E High No No No Yes -6.13 cm/s 

3F High No No No Yes -6.13 cm/s 

3G High No No No Yes -6.13 cm/s 

3H High No No No No -6.33 cm/s 

 

Table 6: 3D Structures of the Docked Ligands 

Ligands 3DStructures 
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Table 7: The 2D Structures of the Docked Ligands 

Ligands 2D Structures 
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Discussion 

 The binding affinity is the strength of the interaction between two (or more than two) 

molecules that bind reversibly and show interactions.

 High-affinity ligand binding results from greater attractive forces between the ligand and its 

receptor while low-affinity ligand binding involves less attractive force.
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 The ligands 3B,3A & 3C showed highest binding affinity with the values of -7.3,-7.2 and -

7.2 respectively and rmsd values of 0 for all the compounds. 

 The ligands E, F & G showed moderate binding affinity with the values of -7.0,-7.0 and -

7.0 respectively and rmsd values of 0 for all the compounds. 

 The ligands D and H showed low binding affinity with the values of -5.9 and -5.9 

respectively and rmsd values of 0 for all the compounds.

 As depicted from Table-07, compound A makes one Hydrogen bonding interactions at the 

active site of the enzyme (PDB ID:6s9b), among those four interactions were of oxygen 

atom with hydrogen atoms of (THR A:854) and remaining oxygen atom of interactions 

with (LEU844, CYS797 and THR854).

 As depicted from Table-07, compound C makes no Hydrogen bonding interactions at the 

active site of the enzyme (PDB ID:6s9b), among those four interactions were of oxygen 
atoms of interactions with (THR854).

 As depicted from Table-07, compound D makes one Hydrogen bonding interactions at the 

active site of the enzyme (PDB ID:6s9b), among those four interactions were of oxygen 

atom with hydrogen atoms of (THR A:854) and remaining oxygen atom of interactions 

with (LEU844, CYS797 and THR854)

 As depicted from Table-07, compound G makes one Hydrogen bonding interactions at the 

active site of the enzyme (PDB ID:6s9b), among those four interactions were of oxygen 

atom with hydrogen atoms of (CYS797) and remaining oxygen atom of interactions with 

(ASP855 and CYS797).

 

Pharmacokinetics 

Among the docking ligands few ligands shown better pharmacokinetics and drug likeliness 

property 

 

 The ligands 3A, 3B, 3C, 3D, 3E, 3F, 3G and 3H does not agree for BBB penetration, then, 

according to the yolk of boiled egg it does not obeys the pharmacokinetics of these ligands 

and predicts that the ligands are not druggable by this parameter.

 The P-gp substrate is not agreed for these ligands 3A, 3B, 3C, 3D, 3E, 3F, 3G and 3H and it  

is not expressed as BBB, hence does not allow the penetration of its substrates into the 

CNS.

 In GI absorption is (high) for these ligands, then, the white part of the boiled egg shows the 

high absorption of the ligands in the GI tract.

 Skin permeation: For the compounds 3A, 3B, 3C, 3D and 3H shows the values of -6.37 

cm/s,-6.33 cm/s,-6.18 cm/s ,-6.18 cm/s and -6.18 cm/s which interpret high skin penetration 

property.

 

Drug Likeliness 

 Lipinski filter: it is (yes) and 0 violation for the ligands 3A, 3B, 3C, 3D, 3E, 3F, 3G and 3H 

then it has molecular range less or equal to 500, so the compounds obey the drug likeliness 
properties.

 Lipinski's rule of five also known as the Pfizer's rule of five or simply the Rule of five 

(RO5) is a rule of thumb to evaluate drug likeness or determine if a chemical compound 

with a certain pharmacological or biological activity has properties that would make it a 

likely orally active drug in humans.

 Vebers rule: it is yes for these ligands, TPSA value is less than 140 and it obeys the drug 
likeliness properties.
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 TPSA (Topological Polar Surface Area) it is used to measure the polar surface area that 
avoids the need to calculate ligand 3D structure or to decide which the relevant biological 

conformations is.
 

 

Protein – 6s9b from PDB RCSB 

 

4. Conclusion 

 

In summary, we have accomplished the docking study of newly synthesized derivatives of 

derivatives (3A-3H). Further, we have investigated their in-vitro antitubercular activity 

through MABA method. By performing docking studies, we got the results of ligand-receptor 

its binding affinity of the ligands, among which 3B, 3A and 3C showed higher binding 

affinity with the values of -7.3, -7.2 and -7.2. Compounds 3E, 3FG showed moderate binding 

affinity with the values of -7.0, -7.0 and -7.0 of the target active site of the enzyme 6s9b, the 

ligands A,B,C,D,E,F,G,H which showed zero violation for drug likeliness parameter that 

predicts these ligands obeys Lipinski rule and are less than 500 so they are druggable. 
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