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Abstract: The resistance of Mycobacterium to anti-Mycobacterial drugs is a key stumbling block in its 

treatment. Exploration of diverse targets, the hunt for new chemical scaffolds, and different approaches 

to tuberculosis cure are all needed in this context. For growth and survival, Mycobacteria require 

oxidative phosphorylation. In Electron Transport System, the cytochrome B (QcrB) component is 

important for the bc1 complex's function, which is a clinical target for Q203 (Telacebec). This work 

includes the docking, ADMET, and Drug Likeliness profiles of indolo-imidazo[1,2-a]pyridine 

compounds. The structural resemblance of molecules to Q203 is the rationale behind the investigation. 

The chosen molecules follow the Lipinski rule of five. Out of 15 molecules, A12 and A13 can be 

investigated as potential therapeutic candidates after a thorough analysis of molecular docking, binding 

affinity, and ADMET profile. We suggest that these candidates are more likely to be used as anti-

Mycobacterial agents or as beginning leads for creating novel and potent tubercular agents based on 

potential findings. 
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1. Introduction 

Tuberculosis (TB) is one of the most deadly illnesses [1]. Tuberculosis in humans is 

caused by Mycobacterium Tuberculosis, also known as Koch Bacillus. M. bovis, M. africanum, 

M. canetti, and M. microti are the other causative agents in this M. tuberculosis complex [2].  

The current WHO-recommended chemotherapy regimen for drug-susceptible tuberculosis 

consists of a two-month intensive phase consisting of four drugs (isoniazid, pyrazinamide, 

rifampicin, and ethambutol), followed by a four-month continuous phase consisting of two 

drugs (commonly isoniazid and rifampicin) [3, 4]. Multidrug-resistant tuberculosis (MDR-TB) 

and Extensive drug-resistant tuberculosis (XDR-TB), which have resistance to at least three of 

the six classes of second-line anti-tuberculosis drugs (aminoglycosides, polypeptides, 

fluoroquinolones, thioamides, cycloserine, and para-aminosalycilic acid), have given this 

disease a new face, making it much more dreadful than before [5].  To tackle MDR-TB and 

XDR-TB and the fast-evolving breakneck type of TB known as fully or extremely drug-

resistant TB (XDR-TB), new medications and novel approaches are in urgent need [6-8]. 
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Mycobacteria's energy metabolism, specifically the oxidative phosphorylation route of cellular 

respiration, has recently emerged as a potential target pathway in drug discovery [9-11]. In both 

its latent and dormant forms, Mycobacteria use the oxidative phosphorylation pathway to make 

ATP. They have an electron transport mechanism that may convert menaquinone to 

menaquinol using various electron donors such as succinate, fumarate, and others. An electron 

is transferred from menaquinol to reduce the terminal acceptor oxygen in the next step, either 

via the cytochrome bc1 complex or the cytochrome bd menaquinol oxidase. Finally, an 

electrochemical gradient is created across the cytoplasmic membrane under aerobic 

circumstances, which is subsequently exploited by the F1F0-ATP synthase to make ATP [12-

14]. QcrB [15] is a highly promising and attractive therapeutic target for M. tuberculosis 

because of its involvement in respiratory function. Telacebec or Q203 (6-chloro-2-ethyl-N-(4-

(4-(4- (trifluoromethoxy)phenyl)piperidin-1-yl) benzyl)imidazo [1,2-a]pyridine-3-

carboxamide) is an imidazo-pyridine derivative that inhibits the M. tuberculosis cytochrome 

bc1 complex, making it a first-in-class anti-tuberculosis drug [16-20]. Other substituted 

imidazopyridine derivatives from the literature [21-28] demonstrated imidazo-pyridine 

scaffold as effective anti-tubercular agents (Figure 1). The Rieske iron-sulfur protein A subunit 

(QcrA), cytochrome B subunit (QcrB), and cytochrome C subunit (QcrC) are the three (3) basic 

subunits of the cytochrome bc1 complex [29, 30]. The cytochrome B subunit (QcrB) has been 

regarded as the most important component of the bc1 complex because of its coordination with 

other components. In the present work, we analyzed drug likeliness, ADMET, and binding 

affinity through docking studies of various analogs of indolo-imidazo[1,2-a]pyridine as anti-

tubercular agents.  

 

 
Figure 1. Different Imidazopyridine derivatives as Anti-tubercular agents. 
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2. Materials and Methods 

2.1. Dataset. 

From the literature, 15 indolo-imidazo[1,2-a]pyridine derivatives were selected [31]. 

VEGAZZ version 3.2.1 was used for sketching and then minimization of molecules [32]. The 

software Autodock 4.0 was used to perform docking studies on these energy-minimized 

molecules [33]. 

2.2. Protein preparation and molecular docking. 

The cytochrome B subunit is the most important part of the bc1 complex (QcrB). 

Because the 3D structure of QcrB was not present in the Protein Data Bank, an in-house 

homology modeled protein of QcrB was chosen as the protein [34]. Interacting residues from 

the literature [35, 36] were utilized as reference points to create a grid box around the active 

site. Using AutoDock's auto grid 4.0, grid maps of interaction energies with various atom types 

included in the ligands (A, C, HD, N, NA, OA, and SA) were generated. To cover all amino 

acid residues in the active pocket with 0.375 Å spacing between grid points, the grid center 

was set to -0.36, 16.06, and -18.90 for x, y, and z dimensions, respectively, and the grid box 

size was fixed to 60, 60, and 60 for x, y, and z dimensions, respectively (Supplementary Figure 

S1). With a maximum of 2,50,000 assessments, the Lamarckian Genetic Algorithm was chosen 

as the searching parameter. Autodock tools 1.5.6 and Discovery Studio visualizer was used to 

evaluate and visualize the docking findings [37, 38]. 

2.3. Lipinski’s rule and ADMET prediction. 

To estimate the physicochemical properties and several pharmacokinetic parameters of 

the selected compounds in this research, the Swiss ADME [39] prediction 

(http://www.swissadme.ch/) and PreADME-T server (https://preadmet.bmdrc.kr/adme/) [40] 

were employed. The Swiss ADME prediction was used to calculate the molecular weight (Mol. 

Wt.), number of rotatable bonds (NRB), number of hydrogen bond acceptors (HA), number of 

hydrogen bond donors(HD), Topological polar surface area (TPSA), and Log Po/w (iLOGP), 

and the PreADME-T server was used to assess human intestinal absorption (HIA), plasma 

protein binding, carcinogenicity, and inhibitory capacity of selected compounds (CYP 2D6, 

CYP 2C19, and CYP 3A4 subtypes).  

3. Results and Discussion 

3.1. Ligand preparation. 

The selected indolo-imidazo[1,2-a]pyridine derivatives and Q203 (Figure 2.) was 

converted in AutoDock useful format .pdbqt after the addition of partial charges ‘q’ and atom 

types ‘t’. They were kept flexible, with all rotatable bonds active. 

3.2. Molecular docking. 

A three-dimensional grid was built around interacting residues with a distance of 5 Å. 

Leu174, Pro306, Ser304, Leu180, Glu314, and Thr313 are some of the residues that cover the 

active site [35, 36]. Q203's NH and Glu314 form a typical H-bond, as do other amino acid 

residues Ala179, 178, 302, Pro306, and Val338 that have π-alkyl interactions. Ser304, Thr313, 
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Ala 317, and Met310 all show Van der Waal interactions. The fluorine in Q203 interacts with 

Phe199, Asp202, Gly200, and 201. As a result, the created grid produced reliable results in line 

with the literature (Figure 3). As a result, the same dimensions were used for docking. Table 1 

shows the results of the binding energy of all docked compounds and standard Inhibitor Q203.  

Compound no. A13 shown the highest docking score with -7.36 Kcal/mol and the lowest score 

by A6 with -6.19 Kcal/mol (Figure 4). A13 was accompanied by Glu314, which had a typical 

H-bond at a distance of 4.53Å. Ser182 (3.06Å) exhibited yet another carbon-hydrogen bond. 

Thr313 interacts with an amide pi-stacked bond, Ala179 and Val338 engage with a pi-sigma 

bond, and Pro335, Ala317, and Ala318 connect with a pi-alkyl bond. With Glu314, the second-

highest scorer A6 clearly showed pi-anion interaction. Pro335, Ala317, and Ala318 interact 

with a pi-alkyl bond, whereas Thr313 interacts with an amide pi-stacked interaction. 

Supplementary Figure S2 summarises the binding interactions of other molecules (A1-

11,A14,A15) with protein. 

 
Figure 2. 2D structure of selected molecules (A1-A15). 
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Figure 3. 2D interaction of Q203 molecule in active site pocket of QcrB protein. 

 
Figure 4. 2D interaction of best-docked compounds A12 and A13 in active site pocket of QcrB protein. 

Table 1. Binding Energy of all compounds (A1 to A15) along with standard drug Q203. 

C. No. IUPAC name Docking Score (Kcal/mol) 

A1 2-(2-bromophenyl)-3-(1H-indol-1-yl)imidazo[1,2-a]pyridine -6.64 

A2 3-(1H-indol-1-yl)-2-(2-methoxyphenyl)imidazo[1,2-a]pyridine -6.71 

A3 2-(2-fluorophenyl)-3-(1H-indol-1-yl)imidazo[1,2-a]pyridine -7.25 

A4 2-(3-fluorophenyl)-3-(1H-indol-1-yl)imidazo[1,2-a]pyridine -6.65 

A5 3-(1H-indol-1-yl)-2-(3-methoxyphenyl)imidazo[1,2-a]pyridine -6.66 

A6 2-(3-chlorophenyl)-3-(1H-indol-1-yl)imidazo[1,2-a]pyridine -6.19 

A7 3-(1H-indol-1-yl)-2-(naphthalen-1-yl)imidazo[1,2-a]pyridine -6.58 

A8 4-(3-(1H-indol-1-yl)imidazo[1,2-a]pyridine-2-yl)phenol -6.27 

A9 2-(2-fluoro-4-methoxyphenyl)-3-(1H-indol-1-yl)imidazo[1,2-a]pyridine -6.57 

A10 2-(4-ethoxyphenyl)-3-(1H-indol-1-yl)imidazo[1,2-a]pyridine -7.27 

A11 3-(1H-indol-1-yl)-2-(4-(trifluoromethyl)phenyl)imidazo[1,2-a]pyridine -6.69 

A12 3-(1H-indol-1-yl)-2-(4-(methylthio)phenyl)imidazo[1,2-a]pyridine -7.28 

A13 3-(1H-indol-1-yl)-2-(4-nitrophenyl)imidazo[1,2-a]pyridine -7.36 

A14 2-(2,4-difluorophenyl)-3-(1H-indol-1-yl)imidazo[1,2-a]pyridine -6.88 
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C. No. IUPAC name Docking Score (Kcal/mol) 

A15 2-(2-chloro-4-nitrophenyl)-3-(1H-indol-1-yl)imidazo[1,2-a]pyridine -6.80 

Q203 
6-chloro-2-ethyl-N-(4-(4-(4-(trifluoromethoxy)phenyl)piperidin-1-

yl)benzyl)imidazo[1,2-a]pyridine-3-carboxamide 
-7.70 

3.3. Lipinski’s rule and ADMET prediction. 

The Swiss ADME prediction service (http://www.swissadme.ch/) was used to calculate 

Lipinski's Rule of Five drug-likeness features. Molecular weight must be less than 500 daltons, 

the number of H-bond acceptors must be fewer than 10, the number of H-bond donors must be 

less than 5, and a Log P must be less than five. Compounds' clinical efficacy depends on their 

ADMET profile (absorption, distribution, metabolism, elimination, and toxicity). Using the 

PreADMET server, users can forecast ADMET attributes using an easy-to-use web interface. 

Drug absorption is one of the ADMET variables that affect bioavailability. The compounds 

were discovered to be non-inhibitors for CYP2C19 and CYP3A4, as well as non-substrates for 

CYP2D6. For all substances, the projected Human intestinal absorption (HIA) was greater than 

95%. In terms of Plasma Protein Binding, all molecules are strongly bound (PPB). The 

carcinogenicity of mice and rats was predicted using a rodent carcinogenicity model based on 

data from the National Toxicology Program and the US Food and Drug Administration over 

two years. The compounds A15, A12, A11, A10, A9, A8, A7, A6, A5, and A2 do not cause 

cancer in rats. Compounds A10, A9, A8, and A5 have been shown to be non-carcinogenic in 

mice (Table 2). 

Table 2. Molecular pharmacokinetic and ADME-T analysis of selected molecules from  SwissADME and 

preADMET server. 

C. 

No. 

MW  

(gmol -1) 
iLogP HA HD NRB 

TPSA  

(Å2) 

CYP2 

C19 

inhibition 

CYP 

2D6 substrate 

CYP 

3A4 

inhibition 

HIA 

(%) 

PPB 

(%) 

carcinogenicity 

Mouse Rat 

A1 388.26 3.38 1 0 2 22.23 Non Non Non 100 94.54 + + 

A2 339.39 3.15 2 0 3 31.46 Non Non Non 100 92.75 + - 

A3 327.35 3.16 2 0 2 22.23 Non Non Non 100 95.04 + + 

A4 327.35 3.29 2 0 2 22.23 Non Non Non 100 91.43 + + 

A5 339.39 3.64 2 0 3 31.46 Non Non Non 100 92.17 - - 

A6 343.81 3.44 1 0 2 22.23 Non Non Non 100 94.19 + - 

A7 359.42 3.42 1 0 2 22.23 Non Non Non 100 95.10 + - 

A8 325.36 2.93 2 1 2 42.46 Non Non Non 96.8 94.42 - - 

A9 357.38 3.47 3 0 3 31.46 Non Non Non 100 91.60 - + 

A10 353.42 3.74 2 0 4 31.46 Non Non Non 100 91.48 - - 

A11 377.36 3.46 4 0 3 22.23 Non Non Non 100 98.61 + - 

A12 355.46 3.45 1 0 3 47.53 Non Non Non 98.11 99.80 + - 

A13 354.36 2.93 3 0 3 68.05 Non Non Non 97.47 94.36 + + 

A14 345.34 3.41 3 0 2 22.23 Non Non Non 100 97.00 + + 

A15 388.81 2.97 3 0 3 68.05 Non Non Non 97.55 95.95 + - 

C.no.: Compound identification number ; HIA: 0-20% poorly absorbed, 20-70% moderately absorbed and 70-

100% strongly  absorbed; Plasma Protein Binding (PPB): Strongly Bound > 90% and weekly bound < 90%; NRB: 

No. of rotatable bond (NRB):  MW < 500, iLOGP < 5, Hydrogen bond donor (HD) ≤ 5, and Hydrogen bond 

acceptor (HA) ≤ 10; Carcinogenicity : + : carcinogenic, -: non-carcinogenic. 

4. Conclusions 

To sum up, we chose a dataset of 15 indolo-imidazo[1,2-a]pyridine derivatives, and 

they were docked to investigate their affinity for the QcrB protein. This cytochrome B (QcrB) 

subunit of the electron transport system is important for the function of the bc1 complex, and 

the therapeutic target is Q203 (Telacebec). The Lipinski rule of five holds for all molecules. 

We discovered that the docking scores of two compounds, A12 and A13, are remarkably 

similar to the conventional inhibitor Q203. They interacted with the same amino acid residues 

which are seen in standard inhibitors. The ADMET studies revealed that the majority of 
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compounds are non-carcinogenic in rats and mice. We feel the selected compounds (A12 and 

A13) could be investigated further as possible lead molecules for rational drug design of QcrB-

inhibitors due to our evaluations. We expect that by combining medications that target the 

oxidative phosphorylation system components, we may develop an entirely new tuberculosis 

treatment regimen that will be successful against both drug-susceptible and multidrug-resistant 

tuberculosis. 
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Supplementary data 

  
Figure S1. 3D structure of Protein (left) and Generated grid around important Amino Acid residues 

(right). 
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Figure S2. Molecular interaction illustrations of all compounds at  active site of QcrB. 
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