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A series of six novel imidazole anchored azo-imidazole derivatives (L1-L6) have been prepared by the
simple condensation reaction of azo-coupled ortho-vaniline precursor with amino functionalised imida-
zole derivative and the synthesized derivatives (L1-L6) have been characterized by different analytical and
spectroscopic techniques. Molecular docking studies were carried out to ascertain the inhibitory action of
studied ligands (L1-L6) against the Main Protease (6LU7) of novel coronavirus (COVID-19). The result of
the docking of L1-L6 showed a significant inhibitory action against the Main protease (MP™) of SARS-CoV-
2 and the binding energy (AG) values of the ligands (L1-L6) against the protein 6LU7 have found to be
-7.7 Kcal/mole (L1), -7.4 Kcal/mole (L2), -6.7 Kcal/mole (L3), -7.9 Kcal/mole (L4), -8.1 Kcal/mole (L5) and
-7.9 Kcal/mole (L6). Pharmacokinetic properties (ADME) of the ligands (L1-L6) have also been studied.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Severe Acute Respiratory Syndrome-2 (SARS-CoV-2) or COVID-
19, a novel pathogen belonging to a class of large and diverse fam-
ily of enveloped, positive RNA viruses outbreak in Wuhan city of
China in late December 2019 and by the beginning of the year
2020, it has became one of the most debilitating and lethal vi-
ral respiratory disease which attack the respiratory tract, causing
difficulties in breathing, cough, high fever, sore throat, diarrhea,
effects gastrointestinal system, heart, kidney and central nervous
system leading to multiple organ failure and ultimately even death
as similar to the infection caused by SARS-CoV and MERS-CoV
[1-3]. By the end of February 2020 and beginning of the March
2020, the SARS-CoV-2 infection disease spread almost in every
country around the world and World Health Organization (WHO)
on March 11th 2020 declared SARS-CoV-2 disease as pandemic [4].
As of June 17th 2020, more than 8.4 million people were infected
and nearly 0.45 million people have succumbed to the SARS-CoV-2
epidemic (worldometer, June 17th 2020). Recent studies on SARS-
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CoV-2 have shown that the genome of SARS-CoV-2 is over 80%
similar to previously reported SARS-CoV and spike protein recep-
tor binding domain (RBD) and its host receptor (ACE2) similar
to that of SARS-CoV is mainly responsible for cross species and
human to human transmission of SARS-CoV-2 virus [5-8]. As of
now, no potential and specific therapeutic agents or vaccine is ap-
proved or available [9]. Many researchers and scientists around the
world are engaged in developing specific and potential antiviral
drug or vaccine to treat the SARS-CoV-2 infection [10-11]. How-
ever, only a supportive measures in terms of FDA approved antivi-
ral, antimalarila drugs and therapeutic agents such as remdesivir,
hydroxychloroquine, chloroquine, lopinavir, umifenovir, favipiravir,
and oseltamivir and Ascorbic acid, Azithromycin, Corticosteroids,
Nitric oxide, IL-6 antagonists as a clinical management are avail-
able for the treatment of SARS-CoV-2 disease till date [12]. Many
research studies on viruses such as HIV virus, Hepatitis C virus
and Ebola virus have shown that the viral protease is the com-
mon target for the development of antiviral drugs [13-15]. Since,
the main protease (Mpro) or 3CLPro) of coronavirus is conserved
among the coronaviruses and it is mainly responsible for the vi-
ral replication [16-17]. Thus, any inhibitors which inhibit the main
protease (3CLpro or MP™) and block the replication of SARS-CoV-
2 would be effective and specific measures for the development
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Fig. 1. Chemical structure of some naturally occurring azo alkaloids and FDA approved drugs containing Azo group, A: Azoxybacilin, B: cranformin, C: pyridazomycin, D::

Phenazopyridine, E: Prontosil and F: HIV-1 inhibitor (ADS-J1).

of therapeutic agents or antiviral drugs against SARS-CoV-2 [18].
Again, it is well known that the development and discovery of
new therapeutic agents or drugs by traditional methods is time
consuming, costly and rigorous scientific in-vivo and in-vitro pro-
cesses and therefore, to supplement the old traditional method,
now a day, computer aided in silico techniques are gaining lot of
importance for the designing and formulation of new therapeu-
tic agents or drugs [19-20]. On the other hand, among the var-
ious nitrogen containing heterocyclic compounds, imidazole ring
are ubiquitous in natural products and possess unique structural
features with wide spectrum of biological activities [21]. Thus,
unique structural features and electron rich property of imidazole
ring have been exploited by pharmaceutical industries for design-
ing, formulating and development of imidazole based therapeutic
agents in the wide spectrum of medicinal filed such as anticancer,
anti HIV, antimicrobial, anticonvulsant, antihypertensive, analgesic,
anti-inflammatory, antidepressant, analgesic, antileishmanial, an-
ticonvulsant, anti-inflammatory etc. [22-24|. Again, natural diazo
(-N = N-) alkaloid compounds are found in many microorgan-
ism, marine organisms, plant parts, fungi and ascomycetes and di-
azo compounds by virtue of possessing diverse biological activi-
ties have been used in various fields such as antiviral, antibacte-
rial, antifungal, antitumor, hypotensive and anti-inflammatory ther-
apeutic agents [25-39]. Some of the azo compounds have found to
posses excellent inhibitory potential towards HIV-1 protein (Fig. 1)
[40]. Moreover, prontosil, an antibacterial drug and phenazopyri-
dine, local analgesic effects on urinary tract infection are FDA ap-
proved drugs which contain azo linkage [41-43]. Chemical struc-
tures of some naturally occurring azo alkaloid compounds and FDA
approved drugs are depicted in Fig. 1.

Thus, incorporation of imidazole ring and diazo (N = N) moi-
ety in a single molecule could result in formulation of compounds
with interesting properties and diverse biological activities. There-

fore, in continuation to our research work in the field of synthe-
sis of azo imidazole derivatives, herein, we report the synthesis of
six novel azo imidazole derivatives and an attempt has been made
to carry out computational study on inhibitory potential of these
novel azo imidazole derivatives against the main protease ((MP™:
6LU7) of SARS-CoV-2.

2. Experimental
2.1. Materials and methods

Analytical grade solvents and reagents (Sd fine chemical com-
pany India and Sigma Aldrich) were used without further purifica-
tion for the synthesis of azo imidazole derivatives. The azo alde-
hyde precursors and amino functionalized imidazole were pre-
pared by following the literature procedure [44-47]. The IR spectra
of the synthesized compounds were measured using Perkin-Elmer
Spectrum FT-IR spectrometer (RX-1) in KBr pellets. "TH NMR spec-
tra (chemical shift values are quoted in § ppm) were recorded at
room temperature on Bruker Advance-II NMR Spectrometer oper-
ating at 400 MHz magnetic field in DMSO-dg solvent with refer-
ence to tetramethylsilane (TMS) as an internal standard. Elemen-
tal microanalyses (C, H and N) were measured in Perkin-Elmer
(Model 240C) analyzer. The purity of the prepared compounds was
checked by thin layer chromatography (TLC) on silica gel plates
coated in aluminum sheets (silica gel 60 F254).

2.2. Preparation of protein and ligand for docking study

The X-ray crystallographic structure of main protease (MP°F,
PDB ID 6LU7) of SARS-CoV-2 has been downloaded from the Pro-
tein Data Bank (PDB) (http://www.pdb.org.) database. Preparation
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Fig. 2. Structure of Azo Imidazole ligands (L1-L6).

of protein for docking simulation was achieved by using Graphical
User Interface program “Auto Dock Tools (ADT) 1.5.6” (Molecular
Graphics Laboratory tool or MGL tool) developed by Scripps Re-
search Institute [48]. Specific chain (Chain A) of the protein (6LU7)
has been selected for the preparation of receptor protein input file
for docking study. Receptor protein preparation for docking study
was initiated by removing water molecules, hetero atoms and co-
crystallised ligands from PDB crystal structure of protein 6LU7,
polar hydrogen atoms along with Kollman united atom charges
were added subsequently to the receptor protein and finally the
receptor protein input file was saved as .pdbqt file [49-51]. The
three dimensional (3D) structures of ligands (L1-L6) were drawn
in Chemsketch (ACD/Structure Elucidator, version 12.01, Advanced
Chemistry Development, Inc., Toronto, Canada, 2014, http://www.
acdlabs.com.), MM2 program incorporated in Chem Draw Ultra 8.0
were used for geometry optimization of the ligands (L1-L6) and
finally, the geometry of ligands (L1-L6) were further optimized
with the help of MOPAC 6 package using the semi-empirical AM1
Hamiltonian [52] and structure of each ligand were saved as .pdb
file. The input .pdbqt file of the ligands for the docking simulation
was generated with the help of Auto Dock Tools (ADT) by assign-
ing required Gasteiger charge and merging non-plolar hydrogen.
Molecular structure of ligands L1-L6 is given in Fig. 2.

2.3. Docking study using autodock vina

Auto Dock Vina program 1.1.2 developed by Scripps Research in-
stitute were employed for all the molecular docking simulations
and BIOVIA Discovery Studio 2020 (DS), version 20.1.0.0 (Dassault
Systémes BIOVIA, Discovery Studio Modeling Environment, Release
2017, San Diego: Dassault Systémes, 2016) and Edu pymol version
1.7.4.4 were used for the visualization and analysis of docking re-
sults and corresponding intermolecular interactions between re-
ceptors and the ligand molecules [53-54]. In order to eliminate

any biasness arising during the docking study, blind docking of lig-
and into the protein were carried out by constructing three dimen-
sional (3D) affinity (grid) maps and electrostatic grid boxes of di-
mension 50 x 50 x 50 A grid points and grid center (X, Y, Z) of
—26.283 12.599 58.966 with a spacing of 1.00 A with the help of
AutoGrid auxiliary program for each of the receptor to cover the
entire active site and essential residues within the binding pocket
[55]. Lamarckian genetic algorithm was used for all docking sim-
ulation and all the torsions were allowed to rotate. The predicted
inhibitory constant (pK;) was estimated using the following stan-
dardized equation [56].

pI(izlo[Binding Energy Score /1.336]

2.4. Synthesis

2.4.1. General procedure for the synthesis of azo imidazole
derivatives, L1-L6

Synthesis of azo imidazole derivatives has been achieved by
following the literature procedure given elsewhere [38,57-58].
5 mmol of 1-(2-Aminoethyl)—3-methylimidazolium hexafluoro-
phosphate in absolute ethanol was added to an ethanolic solution
of azo-coupled o-vaniline precursors (5 mmol) during a period of
10 min. The reaction mixture was then refluxed in an oil bath for
6 h at 90 °C with constant stirring and the progress of the reac-
tion was monitored by TLC taking 10% ethyl acetate in hexane as
eluent. The final solution was kept overnight for cooling and the
product obtained was filtered, washed with little ethanol and di-
ethyl ether in a portion (2 ml x 2) respectively. The solid product
was recrystallized from hot ethanol solution and dried over silica
under vacuum (scheme 1).

The analytical and spectroscopic data for each of the synthe-
sized azo imidazole derivatives are given below:
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Scheme 1.

2.4.1.1. 1-[2-(2-hydroxy-3-methoxy-5-(4-methoxyphenylazo)
benzaldeneamino Jethyl]—3-methyl-3H-imidazole-3-ium hexafluo-
rophosphate, (L1). Red solid. Yield: 68%, (IR, KBr cm~'); 3200-
3432(0-H), 1620 (C = N), 1602 (C = (), 1544, 1502 (N = N),
1467, 1253 (C-0), 1148, 975 (N = N, bending); 836 (PFg). 'H
NMR (300 MHz, dg-DMSO, ppm): § 4.02 (s, 3H, NCH3), 3.91 (s,
3H, OCH3), 3.81 (S, 3H, OCH3) 3.73 (t, 2H, N-CH, ];=6.00 Hz,
J»=5.30 Hz), 3.81 (t, 2H, N-CH,, ]J;=5.40 Hz, ],=5.10 Hz), 7.62
(s, 1H, NCH), 7.79 (s, 1H, NCH), 9.15 (s, 1H, N(H) CN), 8.88 (s,
1H, HC=N), 12.8 (s, 1H, broad, OH), 7.07-7.87 (m, 6H, Ar-H))
[46-47,59-60]. Anal. calcd. for Co1Hy4FgN5O03P: C, 46.76; H, 4.48; F,
21.13; N, 12.98; 0, 8.90; P, 5.74. Found: C, 46.52; H, 4.28; F, 21.03;
N, 12.78; O, 8.76; P, 5.67%.

2.4.1.2. 1-[2-(2-hydroxy-3-methoxy-5-(2-nitrophenylazo)
benzaldeneamino )ethyl]—3-methyl-3H-imidazole-3-ium hexafluo-
rophosphate, (L2). Reddish brown solid. (IR, KBr cm~1); 3167-3433
(O-H), 1638 (C = N), 1612 (C = C), 1551, 1526 (N = N), 1463 (NO,),
1391, 1351 (NO,), 1271 (C-0), 1130, 960 (N = N, bending); 841
(PFg). "TH NMR (300 MHz, dg-DMSO, ppm): § 3.33 (s, 3H, NCH3),
3.95 (s, 3H, OCH3), 4.1 (t, 2H, N-CH; J;=5.4 Hz, ]J,=5.40 Hz), 4.61
(t, 2H, N-CH,, J;=6.00 Hz, ],=5.40 Hz), 7.62 (s, 1H, NCH), 7.78 (s,
1H, NCH), 9.13 (s, 1H, N(H) CN), 8.56 (s, 1H, HC=N), 13.3 (s, 1H,
broad, OH), 7.26-8.10 (m, 6H, Ar-H)) [46-47,59-60]. Anal. calcd.
for CooH,1FgNgO4P: C, 58.67; H, 5.17; F, 20.56; N, 20.53; O, 15.63;
P, 5.59. Found: C, 58.37; H, 5.03; F, 20.51; N, 50.42; O, 15.44; P,
5.53%.

2.4.1.3. 1-[2-(2-hydroxy-3-methoxy-5-(3-nitrophenylazo)
benzaldeneamino )ethyl]—3-methyl-3H-imidazole-3-ium hexafluo-
rophosphate, (L3). Reddish brown solid. Yield: 70%, (IR, KBr cm~1);
3436 (0O-H), 1635 (C = N), 1612 (C = (), 1551, 1524 (N = N),
1466 (NO,), 1392, 1351 (NO,), 1268 (C-0), 1135, 962 (N = N,
bending); 842 (PFg). 'TH NMR (300 MHz, dg-DMSO, ppm): § 3.37
(s, 3H, NCH3), 3.98 (s, 3H, OCH3), 3.86 (t, 2H, N-CH; J;=6.00 Hz,
J»=5.40 Hz), 411 (t, 2H, N-CH,, J;=6.00 Hz, ],=5.40 Hz), 7.65
(s, 1H, NCH), 7.88 (s, 1H, NCH), 9.19 (s, 1H, N(H) CN), 8.54 (s,
1H, HC=N), 13.8 (s, 1H, broad, OH), 7.35-8.44 (m, 6H, Ar-H)
[46-47,59-60]. Anal. calcd. for CygHy1FgNgO4P: C, 58.67; H, 5.17;
F, 20.56; N, 20.53; O, 15.63; P, 5.59. Found: C, 58.47; H, 5.10; F,
20.51; N, 20.43; O, 15.44; P, 5.46%.

2.4.14. 1-[2-(2-hydroxy-3-methoxy-5-(4-nitrophenylazo)

benzaldeneamino Jethyl]—3-methyl-3H-imidazole-3-ium hexafluo-
rophosphate, (L4). Reddish brown solid. Yield: 70%, (IR, KBr cm~1);
3200-3434 (0-H), 1642 (C = N), 1612 (C = C), 1551, 1516 (N = N),

1458 (NO,), 1340 (NO,), 1268 (C-0), 1132, 960 (N = N, bend-
ing); 847 (PFs). 'TH NMR (300 MHz, dg-DMSO, ppm): 8 3.37 (s,
3H, NCH3), 3.97 (s, 3H, OCH3), 413 (t, 2H, N-CH, ]J;=6.00 Hz,
J,=4.50 Hz), 4.63 (t, 2H, N-CH,, ];=5.70 Hz, J,=5.40 Hz), 7.65
(s, 1H, NCH), 7.75 (s, 1H, NCH), 9.17 (s, 1H, N(H) CN), 8.60 (s,
1H, HC=N), 13.3 (s, 1H, broad, OH), 7.38-8.45 (m, 6H, Ar-H))
[46-47,59-60]. Anal. calcd. for CyoH,1FgNgO4P: C, 43.33; H, 3.82;
F, 20.56; N, 15.16; O, 11.54; P, 5.59. Found: C, 43.17; H, 3.77; F,
20.51; N, 15.03; O, 11.44; P, 5.43%.

2.4.15. 1-[2-(2-hydroxy-3-methoxy-5-(4-carboxyphenylazo)
benzaldeneamino Jethyl]—3-methyl-3H-imidazole-3-ium hexafluo-
rophosphate, (L5). brown solid. Yield: 60%, M.P: (IR, KBr cm~1);
3200-3428 (0-H), 1702 (COOH), 1647 (C = N), 1600, (C = C), 1459
(N = N), 1265 (C-0), 1131, 965 (N = N, bending), 838 (PFg). 'H
NMR (300 MHz, dg-DMSO, ppm): § 3.41 (s, 3H, NCH3), 3.97 (s,
3H, OCH3), 4.13 (t, 2H, N-CH, J;=5.4 Hz, ]J,=5.40 Hz), 4.62 (t, 2H,
N-CH,, J;=5.7 Hz, |],=4.8 Hz), 7.66 (s, 1H, NCH), 7.77 (s, 1TH, NCH),
9.20 (s, 1H, N(H) CN), 8.62 (s, 1H, HC=N), 13.2 (s, 1H, broad, OH),
14.2 (s, 1TH, COOH), 7.40-8.14 (m, 6H, Ar-H)) [46-47,59-60]. Anal.
caled. for Cy1HpFgNsO4P: C, 45.58; H, 4.01; F, 20.60; N, 12.66; O,
11.56; P, 5.60. Found: C, 45.44; H, 3.88; F, 20.45; N, 12.53; O, 11.42;
P, 5.53%.

2.4.1.6. 1-[2-(2-hydroxy-3-methoxy-5-(4-methylphenylazo)

benzaldeneamino )ethyl]—3-methyl-3H-imidazole-3-ium hexafluo-
rophosphate, (L6). Red solid. Yield: 64%, (IR, KBr cm~!); 3200-
3428 (0O-H), 1645 (C = N), 1608 (C = (), 1548, 1511 (N = N),
1384, 1258 (C-0), 1170, 970 (N = N, bending); 840 (PFg)'H NMR
(300 MHz, dg-DMSO, ppm): § 3.70 (s, 3H, NCH3), 2.35 (s,3H, CHj3),
3.96 (s, 3H, OCH3), 4.56 (t, 2H, N-CH, J;=5.4 Hz, ],=5.40 Hz), 4.04
(t, 2H, N-CH,, J;=5.7 Hz, J,=5.10 Hz), 7.66 (s, 1H, NCH), 7.76 (s,
1H, NCH), 9.17 (s, 1H, N(H) CN), 8.61 (s, 1H, HC=N), 13.4 (s, 1H,
broad, OH), 7.29-7.83 (m, 6H, Ar-H)) [46-47,59-60]. Anal. calcd.
for C;1Hy4FgNsO,P: C, 48.19; H, 4.62; F, 21.78; N, 13.38; O, 6.11; P,
5.92. Found: C, 48.02; H, 4.55; F, 21.67; N, 13.25; 0O, 6.03; P, 5.83%.

3. Results and discussion

Condensation of  1-(2-Aminoethyl)—3-methylimidazolium
hexafluoro-phosphate, ([2aemim] [PFg]) with substituted azo-
coupled o-vaniline precursors in ethanol resulted in the formation
of desired compounds L1-L6. The isolated azo-imidazole com-
pounds (L1-L6) were analyzed using Infrared spectroscopy, NMR
spectroscopy and elemental analysis techniques.
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Fig. 3. Infrared Spectra of Compound L1.

3.1. Infrared spectral studies

Infrared spectra measured in the range 400 to 4000 cm™!
could provide valuable information regarding the binding mode
of the compounds in terms of different specific vibrations. Thus
the IR spectra of the synthesized derivatives have been closely
analyzed to confirm the formation of the condensation product
(L1-L6). In the IR spectrum of the synthesized derivative L1-L6, a
band appearing in the range 3428-3436 cm~! can be assigned to
the stretching vibration of intra-molecular hydrogen bonded vOH
group of compounds (L1-L6) [61]. Also, a stretching frequency in
the range 1620-1647 cm~! can be assigned to the stretching vi-
bration of imine linkage v(-C = N) of the synthesized compounds
[62-63]. v(C = C) stretching frequency of aromatic ring of the com-
pounds (L1-L6) appeared in the range 1602-1612 cm-1 [62]. Two
new bands appearing in the region 1544-1551 cm~! and 1459-
1526 cm~! can be attributed to uN=N stretching frequency and
uN=N bending vibrations of diazo (N = N) linkage of the com-
pounds (L1-L6) [64]. In the FT-IR spectra of the compound L5, a
band at 1702 cm~! can be assigned to the carbonyl stretching fre-
quency of COOH group [65]. A few spectra of the representative
compounds (L1 and L5) are depicted in Figs. 3 and 4. A strong band
in the range 836-847 cm~! can be attributed for stretching vibra-
tion of PFg group [59]. Thus the IR spectral data therefore supports
the formation of the compounds (L1-L6) and the infrared spectra
of other compounds (L2, L3, L4 and L6) are given in supplemen-
tary file (Fig S1- Fig S4).

3.2. 'H nmr spectral studies

The validation of the proposed structure of synthesized product
can be achieved by closely analysing FT-NMR spectra of the syn-
thesized azo imidazole derivatives L1-L6. The 'H NMR of the prod-
ucts L1-L6 were recorded in DMSO-dg at ambient temperature and
the TH NMR spectra associated with the compounds L1-L6 displays
a group of signals corresponding to the hydrogen of each molecule.
In the TH NMR spectrum of L1-L6, a signal of slightly broad singlet

peak appearing in the range § 12.80-13.80 ppm can be assigned
to OH proton and a singlet peak at §14.2 ppm in the 'H NMR
spectra of L5 can be assigned to COOH group [47]. Similarly, the
signal appearing in the range 6 8.54-8.88 ppm can be attributed
for CH=N proton of the compounds L1-L6 [47,57,59,66]. A set of
three singlet peaks for imidazole ring NCH proton for all the syn-
thesized derivatives appeared in the range 7.62-7.66 ppm, 7.75-
7.79 ppm and 9.13-9.20 ppm respectively. The appearance of the
following peaks, triplet in the range §3.86-4.56 and §4.04-4.63 can
be assigned for aliphatic CH,—-CH, protons attached to azometine
(-C = N) linkage [58]. Two singlet peaks appearing in the range
3.33-4.01 ppm and 3.91-3.98 ppm can be assigned for the CHj
proton attached to imidazole ring and OCH3 proton in the com-
pounds L1-L6 respectively. The NMR spectra of the representative
compounds L1 and L5 are shown in Figs. 5 and 6 respectively. The
signal for CH3 proton of L6 appeared at § 2.35 ppm. Appearance
of multiplate signals in the range § 7.07-8.45 ppm can be assigned
for aromatic protons belonging to synthesized compounds (L1-L6).
The NMR spectra of other compounds (L2 and L4) are listed in sup-
plementary file (Fig S5 - Fig S6).

3.3. In silico pharmacokinetics analysis of L1-L6

Prior to clinical and animal studies, any substance or compound
to be categorized as drug candidate, the pharmacokinetic proper-
ties like absorption, distribution, metabolism, excretion and toxic-
ity (ADMET) of the candidate compound are fundamental param-
eters as it determines the drug likeness as well as activity inside
the body of the studied compound [67]. Also, the Pharmacokinet-
ics parameters provide valuable information about concentrations
of drug in the different parts of the body with respect to time [68].
The pharmacokinetic properties such as gastrointestinal absorp-
tion (GI), water soluble capability (Log S), lipophilicity (LogPo/W),
CYP1A2 inhibitor and Blood - Brain Barrier (BBB) are very impor-
tant for any compound to be considered as a drug candidate [69].
Therefore, the pharmacokinetic properties of the studied ligands
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Fig. 4. Infrared Spectra of Compound L5.
Table 1
Lipinski’s properties and pharmacokinetic properties (ADME) of the ligands L1-L6.
Properties L1 L2 L3 L4 L5 L6
Molecular weight (gm/mole) 394.45 410.43 410.43 410.43 408.43 378.45
Rotatable bonds 8 8 8 8 8 7
H-bond donor (5) 1 2 2 2 2 1
H-bond acceptor 6 7 7 7 7 5
Violations 0 0 0 0 0 0
Log Po/W 2.36 1.75 1.75 1.75 2.03 2.69
Log S —3.90 (MS) —3.61 (MS) —3.61 (MS) —3.61 (MS) —3.69 (MS) —4.13 (MS)
GI High Low Low Low High High
BBB No No No No No No
CYP1A2 No No No No No No
Bioavailability Score 0.55 0.55 0.55 0.55 0.56 0.55
Topological Surface Area (A2) 85.63 126.06 126.06 126.06 113.70 76.40

*MS: Moderately Soluble, BBB: Blood-Brain Barrier, CYP: Cytochrome P450, GI: Gastrointestinal tract.

(L1-L6) have been determined with the help of computer aided
online SwissADME database (http://www.sib.swiss) and the result
of pharmacokinetic properties as well as Lipinski’s property are de-
picted in Table 1.

Analysis of Table 1 have revealed that all the studied com-
pounds (L1-L6) with bioavailability in the range 55-56% have con-
sensus lipophilicity (LogPo/W) value in the range 1.75-2.69 and
all the compounds showed good gastrointestinal absorption (GI)
except ligand L4, no CYP1A2 and blood brain barrier (BBB) pen-
etration properties. Thus the high and positive lipophilicity val-
ues (LogPo/W) for all the studied ligands indicates that they are
more lipophilic and all the compounds could easily pass through
the lipid bilayer of most cellular membrane [69]. However, the
solubility parameter (LogS) of the compounds (L1-L6) fall in the
range —3.62 to —4.13 and it suggest that the studied compounds
are moderately soluble in water. Hence, the pharmacokinetic pa-
rameters suggest that the studied ligands (L1-L6) could serve as a
potential drug candidate with no Lipinski’'s rule violation and the
ligands (L1-L6) qualifies the drug likeness criteria.

3.4. Molecular docking study

Computer aided drug designing especially molecular docking
and molecular dynamic method have proven to be an efficient
technique to screen the potential drug candidate against specific
disease [70]. Molecular docking study provides an insight into the
effectiveness of binding of ligands against the studied receptor
protein. Again, recent studies have shown that the main protease
(MP™) of SARS-CoV-2 have been found to consist of three do-
main viz., domain I (residues 8-101), domain II (residues 102-184)
and domain III (residues 201-303) and as similar to other coro-
naviruses, SARS-CoV-2 Mpro also consist a Cys145-His41 catalytic
dyad located in a cleft between domain I and domain II (Fig. 7)
[71-75].

The Cys-His-catalytic dyad of MP™ have been found to show
protease activity [76-77]. Thus, inhibition of catalytic dyad in MP™
could an effective and attractive target for designing and screening
of anti-Cov drug [78]. Till date no therapeutic agents or vaccine
is available to treat the infection caused by SARS-CoV-2 and only
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Fig. 5. 'H NMR spectra of compound L1.

several FDA approved and clinically trial antiviral, anti HIV and
anti Malarial drugs are available as supportive measures to treat
SARS-CoV-2 infection [79-81]. Molecular docking and molecular
dynamic simulation methods provides an alternative way to screen
the potential drug candidates for the specific disease at relatively
less time [82]. Therefore, in this research work, we are utilizing the
molecular docking method to study the efficiency of novel azo imi-
dazole derivatives (L1-L6) as inhibitors against MP™ of SARS-CoV-2.
The results obtained from the docking studies have shown that the
ligands (L1-L6) interacts with main protease, MP™ of SARS-CoV-2
near the cleft between domain I and domain II except for L2 (cleft
between domain II and domain III). A summary of the results ob-
tained from docking of studied ligands (L1-L6) with main protease
(MPr°, 6LU7) are summarized in Table 2.

3.5. Visualization of docking results

Recent studies on SARS-CoV and SARS-CoV-2 have shown that
the amino acid residues His41, Cyd145 and Glu166 are important
residues in substrate binding site and the residues Cys145-His41
forms the catalytic dyad. More interestingly, these residues in cat-
alytic dyad could be the most prominent and potential target for
the inhibitory effect of main protease (MP™) [83]. After success-
ful docking of all the ligands (L1-L6) with MP™ of SARS-CoV-2,
the docking results showed various modes of significant protein

ligand interactions with particular binding energies. The ligands
are shown as blue green stick model and the protein is shown as
surface to understand the fitting of ligands in the binding pocket.
The hydrogen bonding interactions are represented by green dash
line and pi-sulfer interaction is represented by yellow dash line.
The amino acids involved in the protein-ligand interactions are
shown as stick with different color. From, the molecular docking
study, the binding energies (AG) and predicted inhibitory con-
stant (pK;) of the ligands (L1-L6) are found to be —7.7 Kcal/mole
(L1), —7.4 Kcal/mole (L2), —6.7 kcal/mole (L3), —7.9 Kcal/mole
(L4), —8.1 Kcal/mole (L5) and —7.9 Kcal/mole (L6) respectively and
1.72 pM, 2.89 uM, 9.66 pM, 1.22 puM, 0.86 pM and 1.22 pM respec-
tively.

The interaction of L1 with the Protease (6LU7) showed high
affinity interaction as the ligand L1 fits inside the core pocket
region of the protease at the interface between domain I and
domain II (Fig. 8). A closed analysis of the binding of L1 with
the protein 6LU7 revealed that the L1 binds to the protein with
binding energy (AG) —7.7 Kcal/mole and the predicted inhibitory
constant found to be 1.72 pM. The major interaction between
L1 and the protein 6LU7 are characterized by three hydrogen
bonding between NH (Imidazole ring) group of residue His41
and N atom of azo linkage (N = N) at a distance 2.74 A, NH,
group of residue Gly143 and O atom of OH group of L1 at a dis-
tance 2.52 A and C = O group of residue Ser144 with proton (H) of
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Fig. 6. 'H NMR spectra of compound L5.

Fig. 7. Structure (Chain A) of MP™ of SARS-Cov-2 with domain I, II and III (Red
circle represents the catalytically active site of MP™).

OH group at a distance 2.98 A respectively (Fig. 8). The amino
acid residue His163, Met165 and His 172 interacts with the ligand
L1 through m-alkyl (7 electron of amino acid residues and OCHs3
group of L1) interactions. Apart from these interactions, 7 -donor
hydrogen bonds are formed by the residues Thr24, Thr26, Phe140
and Cys145. Some van der walls interactions between the residues
Thr25, Leu27, Thr45, Met49, Asn142, Glu160, GIn189 and Thr190
and L1 has been observed. Also an unfavorable acceptor interaction
has been observed between the ligand and the residue Leu141.
Analysis of docking result of ligand L2 with protein 6LU7
revealed that the ligand binds with the protein at the inter-
face between domain II and domain III with binding energy
—7.4 Kcal/mole and predicted inhibitory constant 2.89 pM. A close
inspection of the docking result showed that the ligand L2 binds
with the protein with three favorable hydrogen bonding inter-
actions. The hydrogen bonds are formed between, NH, group
of amino acid residue GIn110 and N atom of azomethine group
(C = N) of L2 at a distance 2.50 A, NH, group of amino acid
residue Asn151 and NO, group of L2 at a distance 1.95 A and OH
group of residue Ser158 and NO, group of L2 at a distance 3.08 A
respectively (Fig. S7). Amino acid residue Phe294 found to inter-
act through -7 stacking interactions between the m-electron of
Phe294 and m-electron of L2 at a distance 4.26 A. The other types
of interactions such as w-o (Ile106 and NO, group of L2) interac-
tion, w-alkyl (Phe8, Val104 and OCH;3 group of L2) interaction and
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Summary of docking of ligand (L1-L6) against COVID-19 Main Protease (MP™, 6LU7) with their binding energy (AG), predicted inhibitory constant (pK;),

interacting amino acid residues and types of interactions.

Predicted
Binding inhibitory
Energy constant
Ligands  (Kcal/mole) (pK;) yM  Amino Acid residues Types of interactions
L1 -7.7 1.72 His41, Gly143 and Ser144 H-bonding
His163, Met165 and His172 mr-alkyl
Thr24, Thr26, Phe140 and Cys145 sr-donor H bond
Thr25, Leu27, Thr45, Met49, Asn142, Glu160, GIn189 and Thr190 Van der walls
Leul41 Unfavorable Acceptor- acceptor
L2 -7.4 2.89 GIn110, Asn151 and Ser158 H-bond
Phe294 m-m stacked
Ile106 m-sigma (o)
Phe8 and Val104 m-alkyl
GIn107, Thr111, Asp153, Cys160, Val202, His246, Ile249, Thr292 and Pro293 Van der walls
L3 -6.7 9.66 Ser144, His163, Glu166, Thr190 and GIn192 H-bond
Met165 m-sulpher
Cys145 m-alkyl
Phe140, leu141, Asn142, Gly143, His172, Arg188, GIn189 and Ala191 Van der walls
L4 -7.9 1.22 His41, leu141 and cys145 H-bond
His163 and His172 m-alkyl
Thr24, Thr26 and Phe140 m-donor H bond
Thr25, Leu27, Thr45, Met49, Phe140, Asn142, Gly143, Ser144, Met165, Glu166, Van der walls
Pro168 and Thr190
L5 -8.1 0.86 His41, Leu141, Cys145 and Glu166 H-bond
Met165 m-sulpher
His163 and His172 m-alkyl
Thr24, Thr25, Thr26 and Phe140 sr-donor H bond
Leu27, Thr45, Met49, Asn142, Gly143, Ser144, Pro168, GIn189, Thr190 and Van der walls
Ala191
L6 -7.9 1.22 Leu141, Gly143, Ser144 and Cys145 H-bonding
Met165 m-sulpher
His163 and His172 mr-alkyl

Thr24, Thr26 and Phe140

Thr25, Leu27, His41, Met49, Asn142, Glu166, GIn189 and Thr190

m-donor H bond
Van der walls
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Fig. 8. Visualization of docking of Ligand L1 docked in MP™ (6LU7): (A) Best binding mode of protein (Ligand L1 as green and blue stick), (B) Amino acid residues involved
in hydrogen bonding interaction (green dash line represents H-bonding, people and green color represents donor and acceptor) and (C) Binding interaction (2D) of ligand L1
with amino acid residues of protein 6LU7 (green dash line represents H-bonding and red dash line represents unfavorable acceptor-aceptor interaction).

Van der walls (residues GIn107, Thr111, Asp153, Cys160, Val202,
His246, 11e249, Thr292 and Pro293) interactions are found to ex-
ist between ligand L2 and protein 6LU7.

Result obtained by docking of L3 with protein 6LU7 revealed
that the ligand L3 fits inside the core pocket region (at interface
between domain I and domain II) of protein with binding energy
—6.7 Kcal/mole and predicted inhibitory constant 9.66 pM. The
ligand L3 interacts with the protein 6LU7 through five hydrogen
bonding interactions. These hydrogen bonds are formed between

(i) OH group of residue Ser144 and NO, group of L3 at a distance
2.85 A, (ii) NH (imidazole ring) group of residue His163 and NO,
group of L3 at a distance 1.96 A, (iii)NH(amide) group of residue
Glu166 and azo (N = N) linkage of L3 at a distance 2.49 A, (iv)
C = 0 group of residue Thr190 and proton (H) of OH group of L3 at
a distance 2.15 A and (v) NH, group of residue GIn192 and O atom
of OCH; group of L3 at a distance 2.78 A respectively. The S atom
of amino acid residue Met165 forms -sulpher interaction with &
electron of L3 at a distance 5.07 A (Fig.58). The amino acid residue
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Fig. 9. visualization of docking of ligand L5 docked in MP™ (6LU7) (A) Best binding mode of protein (Ligand L5 as green and blue stick), (B) interacting amino acid residues
involved in hydrogen bonding (green dash line represents H-bonding) and (C) two dimensional (2D) view of binding interaction of ligand L5 with amino acid residues of
protein 6LU7 (green dash line represents H-bonding and yellow dash line represents - sulpher interaction).

forms Pi-alkyl interaction with OCH3 group of L3. The amino acid
residues Phe140, Leul41, Asn142, Gly143, His172, Arg188, GIn189
and Ala191 are found to interact with the ligand L3 through Van
der walls interactions.

The docking of ligand L4 with COVID-19 main protease (6LU7)
revealed that the L4 interacts with the protein through three favor-
able hydrogen bonding with binding energy (AG) —7.9 Kcal/mole
and predicted inhibitory constant 1.22 uM. The ligand L4 found to
interact with the protein through two hydrogen bonds at the cat-
alytic dyad (Cys145-His41) in the interface between domain I and
domain II. The NH (imidazole ring) group of residue His41 form
hydrogen bond with N atom of azomethine (C = N) group of L4
at a distance 2.80 A and similarly, NH, group of residue Cys145
form hydrogen bond with O atom of OH group of L4 at a distance
2.63 A. The other hydrogen bond exist between the C = O group
of residue Leu141 and proton (H) of OH group of L4 at a distance
1.83 A (Fig. S9). Also, the 7 electron of residues His163 and His172
forms s -alkyl interaction with OCH;3 group of L4. Apart from these
interactions, other interactions such as w-donor H bond between
the residues Thr24 and Thr26 and ligand L4 and Van der walls in-
teractions between the ligand L4 and residues Thr25, Leu27, Thr45,
Met49, Phel40, Asn142, Gly143, Ser144, Met165, Glu166, Pro168
and Thr190 also exist.

Docking of ligand L5 docked in COVID-19 protease (6LU7)
revealed that the ligand L5 has the highest binding affinity
among all the studied ligands (L1-L6) with binding energy (AG)
—8.1 Kcal/mole and predicted inhibitory constant 0.86 uM. The lig-
and L5 shows significant interactions in the region of interface be-
tween Domain I and Domain II. The ligand L5 forms strong hydro-
gen bond network with the protein 6LU7. Close analysis of dock-
ing result showed that the ligand forms four hydrogen bonds with
the protein residues. The two hydrogen bonds have been found
to exist at the catalytic (Cys145-His41) dyad at the interface be-
tween Domain I and Domain II of the protein. The NH(imidazole
ring) group of residue His41 form hydrogen bond with N atom of
azomethine (C = N) group of L5 at a distance 2.95 A and simi-
larly, NH, group of residue Cys145 form hydrogen bond with OH
group of L5 at a distance2.65 A. The other two hydrogen bond ex-
ist between, C = O group of residue Leul41 and proton (H) of OH
group of L at a distance 1,86 A and NH (amide) group of residue
Glu166 and azo (N = N) linkage of L5 at a distance 2.81 A (Fig. 9).

10

Apart from hydrogen bonding, S atom of residue Met165 form -
sulpher interactions with 7 electron of ligand L5 at a distance
5.32 A. The other types of interaction such as - alkyl between
mr-electron of residue His163 and His172 and OCH3 group of L5, -
donor hydrogen bonding between the residues Thr24, Thr25, Thr26
and Phe140 and L9 and some van der walls interactions between
the residue Leu27, Thr45, Met49, Asn142, Gly143, Ser144, Pro168,
GIn189, Thr190 and Ala191 and ligand L5 have also been observed.

With four major hydrogen bonds, ligand L6 binds in the re-
gion between Domain [ and Domain II and showed significant ac-
tivity with main protease (6LU7) of SARS-CoV-2. The docking re-
sult revealed that L6 binds with the protein with binding energy
(AG) —7.9 Kcal/mole and predicted inhibitory constant 1.22 pM.
The four major hydrogen bonds are formed between, (i) C = O
group of residue Leul41 and proton (H) of OH group of L6 at a
distance 2.74 A, (ii) NH, group of residue Gly143 and O atom of
OH group of L6 at a distance 2.56 A, (iii) OH group of residue
Ser144 and proton (H) of OH group of L6 at a distance 2.38 A
and (iv) NH, group of residue Cys145 and O atom of OH group
of ligand L6 at a distance 2.65 A respectively (Fig. $10). S atom
of amino acid residue Met165 form 7 -sulpher interactions with
electron of ligand L6 at a distance 5.60 A. Apart from these inter-
actions, other interactions such as m- alkyl (between 7 electron
of residue His163 and His172 and OCH3 group of L6), w-donor hy-
drogen bond (between residues Thr24, Thr26 and Phe140 and L6)
and Van der walls interactions (between the residues Thr25, leu27.
His41, Met49, Asn142, Glu160, GIn189 and Thr190 and ligand L6)
have also been observed.

4. Conclusion

Six novel azo imidazole derivatives were synthesized in good
yields and the products have been characterized by different ana-
lytical and spectroscopic tools. Molecular docking study of all the
synthesized derivatives have been studied against the main pro-
tease (6LU7) of SARS-CoV-2. The docking results attributed various
types of protein- ligand interactions and it is also seen that the
ligands shows significant interactions at the interface between do-
main I and domain II except for ligand L2. Furthermore, most of
the ligands showed interaction at the Cys145-His41 catalytic dyad.
The pharmacokinetic study (ADMET) has revealed that the ligands
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(L1-L6) could act as a potential drug candidate. Therefore, we may
conclude that the ligands (L1-L6) could act as potential inhibitor
against the main protease (6LU7) of SARS-CoV-2 and the affinity of
ligands (L1-L6) towards the main protease of SARS-CoV-2 follows
the order L5> L4~L6>L1>L2>L3.
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