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ABSTRACT. The inhibition of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) main protease
(MP™) and papain-like protease (PLP™) prevents viral multiplications. Molecular docking, absorption, distribution,
metabolism, excretion, and toxicity (ADMET) studies of pyrazole-indole molecules 6a, b, Schiff bases 8a, b, and
pyrazolo[1,5-a]pyrimidines 10a, b were performed and done. Based on the molecular docking study verified that
the presented structures (6a, 6b, 8a, 8b, 10a, and 10b) give promised attached bonds with the active site in the
COVID-19 main protease (MP®). The results of in silico ADMET prediction study revealed that these compounds
may be considered candidates for the discovery or development of new series of COVID-19 drugs.
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INTRODUCTION

Recently, there is a growing interest in the preparation of pyrazole and fused pyrazole due to their
biological applications as antimicrobial, anticancer, antitubercular, and enzyme inhibitors [1-4].
Pyrazolo[1,5-a]pyrimidine as an example of fused pyrazole exhibited promising antibacterial
activity against Escherichia coli and Salmonella enteric [5], antitumor activity against colorectal
carcinoma (HCT116) and prostate adenocarcinoma (PC-3) [6], and also, the pyrazolo[1,5-
a]pyrimidine moiety is found in some marketed drugs such as Dinaciclib (SCH-727965), a cyclin-
dependent kinases (CDKs) inhibitor that it is being evaluated in clinical trials for various cancer
indications [7].

Besides, Schiff bases tethered pyrazole moiety (pyrazole-azomethine) are known to have a
vast spectrum of biological activities such as antimicrobial, antitubercular, anthelmintic,
antioxidant, analgesic, immunomodulatory, anti-inflammatory, cytotoxic, antiviral, DNA
binding, and DHFR/DNA gyrase inhibitors [8-10]. Figure 1 shows the structure of 7-(4-
methoxyphenyl)-2-phenylpyrazolo[1,5-a]pyrimidine-3,6-dicarbonitrile (1) which exhibited
antiproliferative  activity [11], pyrazole-azomethine-pyrazole (2), 5-((5-chloro-1-(4-
fluorophenyl)-3-methyl-1H-pyrazol-4-yl)methyleneamino)- 1-(4-(trifluoromethyl)phenyl)-1 H-
pyrazole-4-carbonitrile, showed the most potent anti-tobacco mosaic virus (TMV) [12], and
finally, isatin (3) which exhibited anti-inflammatory activity [13].

Among many disease outbreaks caused by RNA viruses, coronavirus disease 2019 (COVID-
19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the deadliest of
all. Since its initiation in December 2019, COVID-19 has afflicted humans worldwide. Viral
enzymes such as the main protease (MP°) and papain-like protease (PLP™) are significantly
responsible for the replication of SARS-CoV-2. As inhibition of MP™ and PLP® prevents viral
multiplication, they have been recognized as the most promising targets for anti-SARS-CoV-2
drugs [14].
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Nowadays, molecular modeling study is considered an important study because it provides a
more accurate picture of biologically active molecules at the atomic level and plays a major role
in the drug designing process [15]. Molecular docking simulation is considered the simplified
form of molecular dynamic (MD) simulation that safe time and money spent and common
component of drug discovery because traditional experimental methods for drug discovery take a
long time [16]. Docking study can also be defined as a computational procedure that studies how
ligand and protein fit both energetically and geometrically to give us a complete figure to predict
the binding-conformation of small drug-like molecules to target proteins [17]. Molecular docking
simulation was used to predict the possible binding mode as well as the active conformation of
these derivatives inside the target enzyme. Additionally, the preferring structure selected from one
to another in the docking study related to the highest binding affinity between the ligand and the
protein [18].

From the above facts and in continuation of our targets [19-26], the presented work aims to
study the molecular docking of pyrazole-indole molecules 6a,b, Schiff bases 8a,b, and
pyrazolo[1,5-a]pyrimidines 10a,b as COVID-19 main protease (M) and papain-like protease
(PLP™) inhibitors. Also, the work extended to study the in silico absorption, distribution,
metabolism, excretion, and toxicity (ADMET).
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Figure 1. Bioactivity of fused pyrazole and pyrazole-azomethine compounds 1-3.

EXPERIMENTAL
Synthesis of 5-amino-3-(arylamino)- 1 H-pyrazole-4-carboxamides 4a-e [27]
Compounds of this series were prepared according to the literature procedure.

5-Amino-N-phenyl-3-(phenylamino)-1H-pyrazole-4-carboxamide (4a). White, m.p. 247 °C. 'H
NMR (DMSO-ds, 0 ppm) 6.01 (s, 2H, NH>), 6.76-7.48 (m, 10H, 2C¢Hs), 8.52 (s, 1H, NH), 8.73
(s, 1H,NH), 11.32 (s, 1H, NH) [27].

5-Amino-3-(phenylamino)-N-(4-methylphenyl)- 1 H-pyrazole-4-carboxamide (4b). White, m.p.
178 °C. "H NMR (DMSO-dj, d ppm) 2.23 (s, 3H, CH3), 5.98 (s, 2H, NH,), 7.05-7.37 (m, 9H, CsH,4
and Ce¢Hs), 8.54 (s, 1H, NH), 8.64 (s, 1H, NH), 11.29 (s, 1H, NH) [27].

5-Amino-3-[(4-methoxyphenyl)amino]-N-phenyl-1H-pyrazole-4-carboxamide ~ (4c). ~ White
crystals, m.p. 175-177 °C. 'H NMR (DMSO-dy, é ppm) 3.63 (s, 3H, OCH3), 5.98 (s, 2H, NH,,
D,O exchangeable), 6.76 (d, 2H, aromatic, Juy= 7.7 Hz), 6.98 (t, 1H, aromatic, Jyn= 7.7 Hz),
7.18 (t, 2H, aromatic, Juy= 8.4 Hz), 7.25 (d, 2H, aromatic, Jyz= 7.7 Hz), 7.45 (d, 2H, aromatic,
Jun= 7.7 Hz), 8.30 (s, 1H, NH, D,O exchangeable), 8.74 (s, 1H, NH, D,O exchangeable), 11.22
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(s, 1H, NH, D,O exchangeable). *C NMR (DMSO-ds, d ppm) 55.6 (-OCH3), 88.3 (Ca, pyrazole),
114.7, 117.5, 120.3, 123.3, 129.1, 137.6, 139.4 (11C, aromatic), 149.1 (Cs, pyrazole), 150.9 (C;,
pyrazole), 153.1 (C, aromatic), 163.6 (C=0) [27].

5-Amino-3-[(4-methoxyphenyl)amino]-N-(4-methylphenyl)- 1 H-pyrazole-4-carboxamide  (4d).
White crystals, m.p. 198-200 °C. 'H-NMR (DMSO-ds, é ppm) 2.21 (s, 3H, CH3), 3.64 (s, 3H,
OCHa), 5.95 (s, 2H, NH,, D,0 exchangeable), 6.76 (d, 2H, aromatic, Jyz= 8.4 Hz), 7.04 (d, 2H,
aromatic, Juy= 8.4 Hz), 7.16 (d, 2H, aromatic, Juy= 8.4 Hz), 7.33 (d, 2H, aromatic, Jyz= 8.4 Hz),
8.30 (s, 1H, NH, D,O exchangeable), 8.66 (s, 1H, NH, D,O exchangeable), 11.21 (s, 1H, NH,
DO exchangeable) [27].

5-Amino-N-(4-chlorophenyl)-3- [ (4-methoxyphenyl)amino] -1 H-pyrazole-4-carboxamide ~ (4e).
White crystals, m.p. 190-192 °C. '"H NMR (DMSO-dy, 6 ppm) 3.64 (s, 3H, OCH3), 6.00 (s, 2H,
NH,, D,O exchangeable), 6.77-7.51 (m, 8H, aromatic), 8.30 (s, 1H, NH, D,O exchangeable), 8.82
(s, 1H, NH, D,O exchangeable), 11.20 (s, IH, NH, D,O exchangeable). ’°C NMR (DMSO-dj, &
ppm) 55.7 (-OCHz), 87.9 (C4, pyrazole), 114.7, 117.7, 121.9, 126.8, 128.9, 137.4, 138.4 (11C,
aromatic), 149.1 (Cs, pyrazole), 151.1 (Cs, pyrazole), 153.2 (C, aromatic), 163.6 (C=0) [27].

Synthesis of pyrazole-indole molecules 6a,b [28]

The target compounds, pyrazole-indole molecules 6a,b were prepared according to the method
described in our work.

5-((1H-Indol-3-yl)methyleneamino)-N-phenyl-3-(phenylamino)- 1 H-pyrazole-4-carboxamide
(6a). Yellow crystals, m.p. 266-268 °C. 'H NMR (DMSO-ds, 5 ppm) 6.87 (t, 1H, J=7.3 and 7.3
Hz, ArH), 7.07 (t, 1H, J= 7.4 and 7.4 Hz, ArH), 7.24-7.37 (m, 6H, ArH), 7.57-7.65 (m, 5H, ArH),
8.33 (s, 1H, indole), 8.35 (d, 1H, J= 7.9 Hz, ArH), 9.00 (s, 1H, -N=CH-), 9.06 (s, 1H, NH), 10.03
(s, 1H, NH), 12.30 (s, 2H, 2NH). '*C NMR (DMSO-ds, § ppm) 92.05 (C, Cs-pyrazole), 112.99,
114.34, 116.44, 119.42, 119.82, 121.23, 122.07, 123.33, 123.90, 124.35, 128.63, 128.98, 129.02,
137.73, 138.57, 141.36 (20C, Ar), 149.74 (C, Cs-pyrazole), 152.03 (C, Cs-pyrazole), 158.89 (C,
-N=C-), 163.29 (C, C=0) [28].

5-((1H-Indol-3-yl)methyleneamino)-3- (phenylamino)-N- (4-methylphenyl)- 1 H-pyrazole-4-carb-
oxamide (6b). Yellow crystals, m.p. 276-278 °C. 'H NMR (DMSO-ds, § ppm) 2.27 (s, 3H, CH3),
6.87 (t, 1H, J= 7.3 and 7.3 Hz, ArH), 7.14 (d, 2H, J = 8.3 Hz, ArH), 7.24-7.31 (m, 3H, ArH),
7.35(t, 1H, J=7.1 and 7.0 Hz, ArH), 7.53 (d, 2H, J = 8.4 Hz, ArH), 7.57 (d, 2H, J = 8.2 Hz,
ArH), 7.60 (d, 1H, J = 8.1 Hz, ArH), 8.33 (s, 1H, indole), 8.34 (d, IH, J= 7.6 Hz, ArH), 9.00 (s,
1H, -N=CH-), 9.05 (s, 1H, NH), 9.96 (s, 1H, NH), 12.29 (s, 2H, 2NH). *C NMR (DMSO-d, ¢
ppm) 20.38 (C, CHs), 92.02 (C, Cs-pyrazole), 112.94, 114.28, 116.34, 119.35, 121.18, 122.02,
123.84,124.27,128.98, 129.31, 132.27, 135.99, 137.66, 139.39, 141.34, 149.44 (20C, Ar), 153.15
(C, Cs-pyrazole), 155.63 (C, Cs-pyrazole), 158.66 (C, -N=C-), 163.09 (C, C=0) [28].

Synthesis of Schiff bases 8a,b [29]

Compounds of this series were prepared according to the literature procedure.
5-(Benzylideneamino)-3-(4-methoxyphenylamino)-N- (4-methylphenyl)- 1 H-pyrazole-4-
carboxamide (8a). Orange crystals, mp 225 °C. IR (KBr) Vima/cm™ 3431, 3294 (NH), 1648 (C=0).
'"H NMR (DMSO-ds, 6 ppm) 2.27 (3H, s, CH3), 3.72 (3H, s, OCH3), 6.90 (2H, d, J = 8.9 Hz,
ArH), 7.17 (2H, d, J = 8.3 Hz, ArH), 7.40 (2H, ArH), 7.55 (2H, d, J = 8.4 Hz, ArH), 7.63-7.65
(3H, m, ArH), 8.06 (2H, d, J= 7.8 Hz, ArH), 8.71 (1H, s, -N=CH-), 9.07 (1H, s, NH), 9.86 (1H,
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s, NH), 12.70 (1H, s, NH). *C NMR (DMSO-ds, J ppm) 20.86 (CHz), 55.78 (OCHs), 93.57 (Cs,
pyrazole), 115.89, 120.42, 120.51, 129.98, 130.12, 130.84, 132.86, 133.07, 134.92, 136.18,
137.64, 153.43 (18C, Ar), 153.84 (Cs, pyrazole), 156.63 (Cs, pyrazole), 160.18 (-N=CH-), 163.02
(C=0) [29].

5-(Benzylideneamino)-N-(4-chlorophenyl)-3-(4-methoxyphenylamino)- 1 H-pyrazole-4-carbox-
amide (23). Yellow crystals, m.p. 210 °C. IR (KBr) vma/cm™ 3425, 3298 (NH), 1642 (C=0). 'H
NMR (DMSO-ds, 6 ppm) 3.73 (3H, s, OCHs), 6.91 (2H, d, J = 8.3 Hz, ArH), 7.26-7.43 (5H, m,
ArH), 7.64 (2H, d, J=7.3 Hz, ArH), 7.70 (2H, d, /= 8.8 Hz, ArH), 8.07 (2H, d, /= 6.5 Hz, ArH),
8.66 (1H, s, -N=CH-), 9.06 (1H, s, NH), 9.96 (1H, s, NH), 12.76 (1H, s, NH). 1*C NMR (DMSO-
ds, 0 ppm) 55.72 (OCHa), 92.36 (C4, pyrazole), 115.25, 120.34, 120.79, 129.80, 130.31, 130.89,
131.21, 132.62, 135.36, 136.79, 152.62 (18C, Ar), 153.23 (Cs, pyrazole), 155.41 (Cs, pyrazole),
160.79 (-N=CH-), 163.19 (C=0) [29].

Synthesis of pyrazolo[1,5-a]pyrimidines 10a,b [30]
The target compounds were prepared according to the method described in our work.

2-(4-Methoxyphenylamino)-N, 7-diphenylpyrazolo[ 1, 5-a] pyrimidine-3-carboxamide 10a).
Yellow crystals, m.p. 218-220 °C. IR (KBr) Vina/cm™ 3346 (NH), 1658 (C=0). '"H NMR (CDCl;,
0 ppm) 3.80 (s, 3H, OCH3), 6.88 (d, 2H, J= 9.0 Hz, ArH), 6.96 (d, 1H, J = 4.8 Hz, pyrimidine),
7.12 (t, 1H, ArH), 7.36-7.42 (m, 5H, ArH), 7.62 (d, 2H, J=9.0 Hz, ArH), 7.74 (d, 2H, J= 8.4 Hz,
ArH), 8.11 (d, 2H, J= 8.3 Hz, ArH), 8.49 (d, 1H, J = 4.8 Hz, pyrimidine), 9.40 (s, 1H, NH), 10.05
(s, 1H, NH). '*C NMR (CDCls, § ppm) 55.7 (C, OCHj3), 87.8 (C, Cs-pyrazolopyrimidine), 107.0
(C, Cs-pyrazolopyrimidine), 114.4, 119.2, 120.2, 123.7, 127.7, 129.1, 129.5, 129.6 (14C, Ar),
134.1 (C, Csspyrazolopyrimidine), 138.8, 1424, 146.7 (3C, Ar), 1479 (C, Cs-
pyrazolopyrimidine), 149.6 (C, Ar), 154.5 (C, C;-pyrazolopyrimidine), 157.8 (C, Cs-
pyrazolopyrimidine), 163.3 (C=0) [30].

N-(4-Chlorophenyl)-2-(4-methoxyphenylamino)-7-phenylpyrazolo[1,5-a] pyrimidine-3-
carboxamide (10b). Yellow crystals, m.p. 252-254 °C. IR (KBr) vma/cm™ 3336 (NH), 1650
(C=0). '"H NMR (DMSO-ds, 6 ppm) 3.72 (s, 3H, OCH3), 6.90 (d, 2H, J = 9.0 Hz, ArH), 7.40 (d,
1H, J = 4.8 Hz, pyrimidine), 7.44 (d, 2H, J = 8.8 Hz, ArH), 7.61 (d, 2H, J = 9.0 Hz, ArH), 7.68-
7.70 (m, 3H, ArH), 7.78 (d, 2H, J= 8.9 Hz, ArH), 8.23 (d, 2H, J=7.2 Hz, ArH), 8.75 (d, 1H, J=
4.8 Hz, pyrimidine), 9.20 (s, 1H, NH), 10.11 (s, 1H, NH). *C NMR (DMSO-ds, § ppm) 55.7 (C,
OCH3), 87.9 (C, Cs-pyrazolopyrimidine), 107.0 (C, Cs-pyrazolopyrimidine), 114.5, 119.1, 120.2,
124.0, 128.4, 129.1, 130.9, 131.8 (13C, Ar), 134.0 (C, Cs,-pyrazolopyrimidine), 134.6, 135.9,
138.0, 138.7 (4C, Ar), 145.6 (C, Cs-pyrazolopyrimidine), 149.7 (C, Ar), 154.8 (C, C;-
pyrazolopyrimidine), 158.0 (C, Cs-pyrazolopyrimidine), 163.8 (C=0) [30].

MOE “molecular docking”

On the bases of the standard docking protocol using MOE2015.10 software the X-ray
crystallographic structure of the COVID-19 main protease (MP™) inhibitor (PDB ID: 7BUY). The
Molecular Operating, E.; Chemical Computing Group I.; Montreal QC. In.; 2016.

Docking protocol molecular docking protocols are widely used for predicting the binding
affinities for a number of ligands. In the current work, our aim was to examine the possibility of
an existing relationship between the experimental bioactivities of the inhibitors under study and
the docking scores. In order to get accurate results, all the docking experiments were performed
with the default parameters. The time to dock one ligand was approximately 1-2 min. Docking
with AutoDock/Vina, GOLD, and FRED was performed on a Linux workstation (openSUSE11.4)
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with an Intel Pentium D processor (3.0 GHz) and 1 GB of RAM whereas FlexX was run on
windows 7 equipped with an Intel® Atom™ processor (1.67 GHz) and 1GB of RAM.

ADMET prediction properties

Absorption, distribution, metabolism, excretion, and toxicity (ADMET) prediction properties of
pyrazole-indole molecules 6a,b, Schiff bases 8a,b, and pyrazolo[1,5-a]pyrimidines 10a,b were
predicted using pkCSM web [31].

RESULTS AND DISCUSSION
Chemistry

The starting materials, 5-aminopyrazoles 4a-e, were synthesized according to the reported method
[27]. The two pyrazole-indole molecules 6a,b were prepared by the reaction of 4a,b with 1H-
indole-3-carbaldehyde (5) in refluxing ethanol in the presence of a catalytic amount of AcOH acid
[28]. Also, the two Schiff bases 8a,b were synthesized by the condensation of 4d,e with
benzaldehyde (7) [29]. Pyrazolo[1,5-a]pyrimidines 10a,b were prepared via the condensation of
4c¢,e with 3-(dimethylamino)-1-phenyl-prop-2-en-1-one (9) in refluxing AcOH [30] (Scheme 1).

Molecular docking study

Molecular docking validations were done to predict the binding between active sites in the
COVID-19 main protease (MP™) as a targeting enzyme docked by pyrazoles. The result was
obtained by comparison with hydroxychloroquine as a reference molecule. Hydroxychloroquine
during the last few months was considered a promised candidate drug for Covid-19 [32]. The
inhibition of MP™ presents a unique challenge in which the active site pocket is characteristically
and in continuation of our work [33] to discover new drug enzyme interaction we presented this
study.

The root-mean-square deviation (RMSD) and E-score (energy score in kcal/mol) are
considered significant factors that explained the binding process between the ligand and enzyme.
The molecular docking validation clarifies the interaction (E-score) between pyrazole-indole
molecules 6a,b, Schiff bases 8a,b, and pyrazolo[1,5-a]pyrimidines 10a,b with a MP™ enzyme
(Table 1). The calculated data explained that the protease active site protein residues are Asn 142,
Thr 45, Thr 26, Glu 166, His 41, Thr 25, GIn 192, Thr 190, Arg 188, Ala 191, Met 165, Leu 167,
Leu 141, Asp 187, Thr 42, Pro 168, His 164, Gly 143, Ser 144, Cys 145, GIn 189, Met 49, Leu
27, Ser 46, and Cys 44. Figures 2a and 2b show the 2D and 3D interaction diagrams with MP™.

Table 1. Energy score and the root-mean-square deviation (RMSD).

6a 6b 10a 10b 8a 8b
E-score (kcal/mol) -7.89 -7.55 -7.33 -7.49 -7.74 -7.37
RMSD 0.68 1.03 1.06 1.05 1.50 0.95

The drug-ligand electrostatic force distance measurements

The measured distance also reflects the good drug ligand interaction. For example, we presented
the drug-ligand electrostatic force-distance measurements for compounds (6a, 6b, 8a, 8b, 10a,
and 10b) the hydrogen bond distance between Thr 26 and bromo group equal to 3.31; the n-n
stacking also presented between Gln 189 and Met 49 with the two aromatic rings. This compound
presented 6a intramolecular forces that presented the high drug ligand interaction.
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Scheme 1. Synthesis of 5-aminopyrazoles 4a—e and pyrazole derivatives 6a,b, 8a,b, and 10a,b.

The molecular docking validation clarifies the interaction (E-score) between pyrazole-indole

molecules 6a,b, Schiff bases 8a,b, and pyrazolo[1,5-a]pyrimidines 10a,b with a PLP™® enzyme
(Table 2). The calculated data explained that the protease active site protein residues are Tyr 273,
Pro 247, Lys 157, Met 208, Leu 162, Pro 248, Tyr 268, Tyr 264, Asp 164, Gin 269, Glu 161, Gly

163, Tle 301, Glu 167, and Erg 166. Figure 3 showed the 2D interaction diagrams with papain-
like protease (PLP™).
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enzyme active side.
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Figure 2b. The distance measurements in 3D interaction diagrams of 6a with MP™ enzyme binding
active side.

Table 2. Energy score and the root-mean-square deviation (RMSD).

6a 6b 10a 10b 8a 8b
E-score (kcal/mol) -6.72 -6.13 -6.53 -6.65 -6.36 -6.33
RMSD 1.35 1.28 1.31 1.98 1.48 1.18

_
b
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Figure 3.2D of the drug ligand interaction between (6a, 6b, 8a, 8b, 10a, and 10b) and PLP™
enzyme active side.

In silico ADMET prediction

The absorption, distribution, metabolism, excretion, and toxicity (ADMET) prediction properties
of pyrazole-indole molecules 6a,b, Schiff bases 8a,b, and pyrazolo[ 1,5-a]pyrimidines 10a,b were
predicted using pkCSM web (http://biosig.unimelb.edu.au/pkcsm/prediction) [31]. The results
properties are shown in Table 3.

Absorption properties, P-gps substrate or enzymes (P-glycoprotein substrate, P-glycoprotein
I inhibitor, and P-glycoprotein II inhibitor) are the keys to estimating active efflux through
biological membranes and are known as the most important member of ATP-binding cassette
transporters or ABC-transporters used to protect the central nervous system (CNS) from
xenobiotics. From the result, we can conclude that all the molecules 6a, 6b, 8a, 8b, 10a, and 10b
are inhibitors for P-glycoprotein substrate, P-glycoprotein I enzyme, and P-glycoprotein II
enzyme.
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The distribution properties are including the blood-brain barrier (BBB) Permeability, central
nervous system (CNS) Permeability, and volume of distribution (VDss) [34]. The BBB
permeability values, the four compounds, pyrazole-indole molecules 6a,b, and Schiff bases 8a,b,
have lower values of log BB (log BB < -1, ranging between -1.47 to -1.624) referring to these
compounds are poorly distributed to the brain and have not the ability to pass the blood-brain
barrier (BBB). But, pyrazolo[1,5-a]pyrimidines 10a and 10b have values of log BB -0.073 and
-0.234, respectively, which refer to these compounds are moderately distributed. The six
compounds 6a, 6b, 8a, 8b, 10a, and 10b have CNS permeability of more than -2; therefore, these
compounds have the ability to penetrate the central nervous system (CNS). The volume of
distribution (VDss) predicted that all the molecules 6a, 6b, 8a, 8b, 10a, and 10b have lower values
of VDss (log VDss < -0.15, ranging between -0.832 to -0.319) refer to the compounds are
contained in plasma rather than in tissues.

Inhibition of the five major CYP isoforms (CYP1A2, CYP2C19, CYP2C9, CYP2D6, and
CYP3A4) is certainly one major cause of pharmacokinetics-related drug-drug interactions leading
to toxic or other unwanted adverse effects due to the lower clearance and accumulation of the
drug or its metabolites [35]. All the molecules 6a, 6b, 8a, 8b, 10a, and 10b are inhibitors of the
CYP1A2, CYP2C19, and CYP2C9 enzymes. But, are non-inhibitors of the CYP2D6 enzyme. The
four molecules 8a, 8b, 10a, and 10b are inhibitors of the CYP3A4 enzyme, but, the two
compounds 6a and 6b are non-inhibitors.

To determine the excretion routes, renal organic cation transporter 2 (OCT2) substrate was
predicted. Results showed that all the compounds 6a, 6b, 8a, 8b, 10a, and 10b are non-inhibitors
of renal organic cation transporter 2 (OCT2).

Hepatotoxicity (from hepatic toxicity) implies chemical-driven liver damage. Drug-induced
liver injury is a cause of acute and chronic liver disease caused specifically by medications. The
five compounds 6a, 8a, 8b, 10a, and 10b are inhibitors for the compounds that caused hepatic
toxicity except for 6b. hERG I and II inhibitors: inhibition of the potassium channels encoded by
hERG (human ether-a-go-go-related gene) is the principal cause for the development of acquiring
long QT syndrome-leading to fatal ventricular arrhythmia. All the molecules are non-inhibitors
of the hERG I enzyme but are inhibitors of the hERG II enzyme.

Table 3. The absorption, distribution, metabolism, excretion, and toxicity (ADMET) prediction properties of
pyrazole-indole molecules 6a,b, Schiff bases 8a,b, and pyrazolo[1,5-a]pyrimidines 10a,b.

ADMET properties [ 6a[311 ] e6b | 8a | 8 | 10a [ 10b

Absorption

P-glycoprotein substrate

Yes; substrate, No; non-substrate Yes Yes Yes Yes Yes Yes

P-glycoprotein I inhibitor Yes Yes Yes Yes Yes Yes

Yes; inhibitor, No; non-inhibitor

P-glycoprotein II inhibitor

Yes; inhibitor, No; non-inhibitor Yes Yes Yes Yes Yes Yes
Distribution

BBB Permeability (log BB)

Log BB>0.3 (high), log BB<-1 (poor) -1.581 -1.602 -1.47 -1.624 -0.073 -0.234

CNS Permeability (log PS)
log PS>-2 (penetrate), log PS<-3 | -1.782 -1.713 -1.901 -1.861 -1.811 -1.701
(unable)

VDss (human)
log VDss>0.45 (high), log VDss<-0.15 | -0.832 -0.801 -0.667 -0.684 -0.381 -0.319
(low)

Metabolism

CYP1A2 enzyme

Yes; inhibitor, No; non-inhibitor Yes Yes Yes Yes Yes Yes
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gl(spiilllilfgrzw: non-inhibitor Yes | Yes | Yes | Yes | Yes | Yes

SC{?:{SI,?I?hgllflrtlgznll\f 0; non-inhibitor Yes Yes Yes Yes Yes Yes

g;??ri?bi?jr},n?\lz; non-inhibitor No No No No No No

\C(?:{sl,)?ﬁé:lirtfr}:?ﬂi, non-inhibitor No No Yes Yes Yes Yes
Excretion

szrsl;a lsi(s:gft:}l TE)IS(:;r;:ltzn— substrate No No No No No No
Toxicity

I{(IZS? itr(l):i)g;f;?jNo; non-inhibitor Yes No Yes Yes Yes Yes

}Slflils{,?nlhllrl;i?rl,t (I)\;o; non-inhibitor No No No No No No

};{E}:;(i}ngig;g?;\?;; non-inhibitor Yes Yes Yes Yes Yes Yes

CONCLUSION

The aim of this manuscript was to study the molecular docking of pyrazole-indole molecules 6a,b,
Schiff bases 8a,b, and pyrazolo[ 1,5-a]pyrimidines 10a,b as COVID-19 main protease (MP*) and
papain-like protease (PLP™) inhibitors. Also, study in silico absorption, distribution, metabolism,
excretion, and toxicity (ADMET) prediction properties. The molecular docking study verified that
the presented structures (6a, 6b, 8a, 8b, 10a, and 10b) give promised attached bonds with the
active site in the COVID-19 main protease (MP™). In silico ADMET prediction study revealed
that all the molecules 6a, 6b, 8a, 8b, 10a, and 10b are inhibitors for P-glycoprotein substrate, P-
glycoprotein I enzyme, and P-glycoprotein II enzyme, have CNS permeability of more than -2,
have lower values of VDss (log VDss <-0.15, ranged between -0.832 to -0.319), and are inhibitors
of the CYP1A2, CYP2C19, CYP2C9, and hERG II enzymes but are non-inhibitors of the
CYP2D6, renal organic cation transporter 2 (OCT2), and hERG I enzymes. (ii) The four
compounds, 6a, 6b, 8a, and 8b, have lower values of log BB (log BB < -1, ranging between -1.47
to -1.624). But, pyrazolo[1,5-a]pyrimidines 10a and 10b have values of log BB -0.073 and -0.234,
respectively. (iii) The four molecules 8a, 8b, 10a, and 10b are inhibitors of the CYP3A4 enzyme,
but, the two compounds 6a and 6b are non-inhibitors. (iv) The five compounds 6a, 8a, 8b, 10a,
and 10b are inhibitors for the compounds that caused hepatic toxicity except for 6b. In the future,
this study could be valuable in the discovery of new series of COVID-19 drugs by modification
the structure of the molecules.
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