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The earth has witnessed the greatest global health crisis due to
the outbreak of the SARS-CoV-2 virus in late 2019, resulting in
the pandemic COVID-19 with 3.38 million mortality and 163
million infections across 222 nations. Therefore, there is an
urgent need for an effective therapeutic option against the
SARS-CoV-2 virus. Transition metal complexes with unique
chemical, kinetic and thermodynamic properties have recently
emerged as the viable alternative for medicinal applications.
Herein, the potential application of selected antiviral transition
metal-based compounds against the SARS-CoV-2 virus was
explored in silico. Initially, the transition metal-based antiviral
compounds (1-5) were identified based on the structural
similarity of the viral proteins (proteases, reverse transcriptase,
envelop glycoproteins, etc.) of HIV, HCV, or Influenza virus with
the proteins (S-protein, RNA-dependent RNA polymerase,
proteases, etc) of SARS-CoV-2 virus. Hence the complexes (1-5)

Introduction

The earth has witnessed the most challenging and unprece-
dented global health crisis of the present century due to the
outbreak of the pandemic COVID-19, which is caused by the
SARS-CoV-2 virus.! The pandemic has claimed an estimated
3.38 million mortality with 163 million infections worldwide so
far. The SARS-CoV-2 infection is characterized by fever, short-
ness of breath, loss of appetite and smell, weakness. Acute
respiratory distress is the characteristic of later stage SARS-CoV-
2 infection.*”®) The respiratory droplets are the common
medium of human-to-human infection. Self-isolation of the
infected individual, maintaining social distancing, and wearing
a face mask are the commonly recommended protocols to
prevent the spreading of SARS-CoV-2.*9 Vaccination against
SARS-CoV-2 infection is already rolling over all over the world
to prevent SARS-CoV-2 infection. The unknown outcome along
with the reduced efficacy of the vaccines against the mutant
trains of the SARS-CoV-2 virus is still the area to be worked
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were subjected to ADME analysis for toxicology and pharmaco-
kinetics report and further for the molecular docking calcu-
lations, selectively with the viral proteins of the SARS-CoV-2
virus. The molecular docking studies revealed that the iron-
porphyrin complex (1) and antimalarial drug, ferroquine (2)
could be the potential inhibitors of Main protease (M,,) and
spike proteins respectively of SARS-CoV-2 virus. The complex 1
exhibited high binding energy of —11.74 kcal/mol with the M,
of SARS-CoV-2. Similarly ferroquine exhibitred binding energy
of —7.43 kcal/mol against spike protein of SARS-CoV-2. The
complex 5 also exhibited good binding constants values of
—7.67, —8.68 and —7.82 kcal/mol with the spike protein, M,
and RNA dependent RNA polymerase (RdRp) proteins respec-
tively. Overall, transition metal complexes could provide an
alternative and viable therapeutic solution for COVID-19.

out” The world health organization (WHO) recommended
repurposing selected antiviral/antimalarial drugs e.g. lopinavir,
ritonavir, remdesivir, ribavirin or chloroquine/hydroxychloro-
quine, camostat, nafamostat, bemcentinib, disulfiram, anakinra,
canakinumab, sarilumab, tocilizumab, etc. or the combination
of multiple antiviral drugs for the treatment of SARS-CoV-2
infection based on the inhibitory potential in vitro to the viral
proteins of SARS-CoV-2 or interleukins during SARS-CoV-2
infection.® The plasma therapy was also limitedly applied for
the treatment of COVID-19." The mutations in viral RNA
leading to the generation of new mutant strains of SARS-CoV-2,
those are more aggressive and more lethal has become very
important concerns today and there are no therapeutic options
against such aggressive mutant strains of SARS-CoV-2 virus."®
Therefore, the discovery of a specific cure against SARS-CoV-2
is still an elusive goal till now and subject to extensive
research.

Although the medicinal chemistry is dominated by carbon-
based compounds, but the transition metal complexes with the
properties like broad-spectrum of coordination number, geom-
etry, and oxidation number; along with Lewis acid properties
and formal charges; kinetic and thermodynamic and properties,
tunable redox properties have unfolded them as the potential
tools for the medicinal uses.'””"® The complexes of Fe, Ru, Co,
Pd, V, Ni, Mn, Zn, Cu, Au, Pt, etc. are reported to exhibit
potential antiviral properties against Ebola, Influenza, HIV, and
also SARS viruses by the mechanism of interfering with the
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primary viral pathogenetic processes, inhibition of the viral
entry into the host cells as well as inhibiting the RNA
replication process or virus budding processes."**” The use of
transition metal complexes for antiviral applications is an
emerging trend and it becomes very important to explore the
potential role of transition metal complexes as the alternative
therapeutic option against SARS-CoV-2 and other mutant
strains of SARS-CoV-2.2""2)

In silico molecular docking has become an important tool
to screen transition metal complexes with antiviral properties,
as the potential inhibitors against primary viral proteins
expressed during viral pathogenesis. There is a remarkable
surge in the publication of in silico studies related to SARS-CoV-
2 indicating the importance of computational evaluation of
drug-protein interactions since February 2020.%*%' The recog-
nition of the angiotensin-converting enzyme (ACE2) receptor of
the alveolar epithelial host cells by the receptor-binding
domain (RBD) of the S2 subunit of the S-protein of the SARS-
CoV-2 is the most vital step to initiate the complex viral
pathogenesis.**2"

Other viral proteins like RNA-dependent RNA polymerase
(RdRp) and M-pro also play an important role in viral
replication. Therefore, the receptor-binding domain (RBD) of
the Spike protein along with RdRp and M, of the SARS-CoV-2
virus offers an ample opportunity for drug design that targets
them in preventing the virus to enter into the host cells or
replication of the virus.2=3"

Herein, we made a systematic approach to identify the
most probable targets proteins (Spike protein, RdRp, and M)
of the SARS-CoV-2 virus by similarity check with the viral
proteins of HIV, HCV, Influenza viruses those were targeted by
the selected metal-based antiviral complexes (1-5) as reported
previously (Scheme 1, Table 1). We have identified and selected
only those targets of SARS-CoV-2 that have shown more than
70% structural similarity with the reported proteins of HIV,
HCV, Influenza viruses, for the molecular docking studies with
the selected transition metal complexes (1-5) (Scheme 1,
Table $1).2Y Based on the selection, we have carried out in-
depth molecular docking studies of the selected metal-based
antiviral compounds (1-5) (Scheme 1) with the Spike protein in
its receptor-binding domain or M,, or RNA-dependent RNA
polymerase (RdRp) of SARS CoV-2 virus.

Results and Discussion
Selection of proteins

Initially we checked the structural similarity of the viral proteins
(pro-teases, reverse transcriptase, envelop glycoproteins etc.) of
HIV, HCV or Influenza virus with those (Spike glycol protein,
proteases, RdRp etc) of the SARS CoV-2 virus (Table S1) and we
observed that most of the viral proteins have significant
structural resemblance with spike glycoprotein, RNA-depend-
ent RNA polymerase (RdRp) or the M,,, of SARS-CoV-2, those

(1)

Virus Name: HIV Virus
Targeted protein: gp120 HIV protein
EC5, = >20 pM (Experimental) (HIV)

3)

Virus Name: HIV Virus
Targeted protein: HIV-PR (HIV Protease)
EC,, = 0.25 pM (Experimental) (HIV)

HV = N~ OZGLIS':O
A=
N\

Cl N

Virus Name: HCV Virus
Targeted protein: HCV envelope Targeted protein: Amantadine-
glycoproteins E1 and E2
ECs, = 1 uM (Experimental) (HCV) ECso=1.1 UM (Experimental)

(2) (5)

Virus Name: Influenza Virus
resistant M2S31N protein

(Influenza)

Virus Name: HIV Virus
Targeted protein: HIV-PR (HIV Protease)
EC5, =1 uM (Experimental) (HIV)

Scheme 1. Selected Metal complexes as antiviral agents considered for molecular docking against different major structural proteins of SARS-CoV-2
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Table 1. The percentage of structural similarity of different virus (e.g., HIV, HCD, Influenza etc.) vs SARS-CoV-2.
Viruses Viral Proteins Protein (SARS-CoV-2) Structural Similarity ~ Ref.
HIV and SARS-CoV-2 HIV-PR (HIV Protease) (4TVG) Spike-glycoprotein (6vxx) 75.76% [41]
Main Protease, M,,,(6y2g) 53.54%
RNA-dependent RNA Polymerase with RNA (6x2g) 71.72%
HIV-1 RT (5TXM) Spike-glycoprotein (6vxx) 52.96% [37]
Main Protease, M, ,(6y2g) 25.85%
RNA-dependent RNA Polymerase with RNA (6x2g)  46.50%
HIV-1 gp 120 (3DNO) Spike-glycoprotein (6vxx) 84.29% [36]
Main Protease, M,,,(6y2g) 74.29%
RNA-dependent RNA Polymerase with RNA (6x2g) 82.86%
HCV and SARS-CoV-2 HCV envelope glycoprotein E1 (4 NOY) Spike-glycoprotein (6vxx) 63.74% [39]
Main Protease, M, ,(6y2g) 41.56 %
RNA-dependent RNA Polymerase with RNA (6x2g) 57.58%
HCV envelope glycoprotein E2 (6MEJ) Spike-glycoprotein (6vxx) 70.83% [26]
Main Protease, M, ,(6y2g) 41.74%
RNA-dependent RNA Polymerase with RNA (6x2g) 56.52%
Influenza and SARS-CoV-2  Amantadine-resistant M25S31 N protein Spike-glycoprotein (6vxx) 77.78% [43]
(Influenza virus) (6MJH) Main Protease, M,,,(6y2g) 70.37%
RNA-dependent RNA Polymerase with RNA (6x2g) 77.41%
Dengue and SARS-CoV-2 NS2B/NS3 Protease (Dengue Virus) (4 M9F)  Spike-glycoprotein (6vxx) 58.30% -
Main Protease, M,,,(6y2g) 39.68%
RNA-dependent RNA Polymerase with RNA (6x2g) 55.47 %

play a pivotal role during viral attachment and entry into the
host cells, replication, and fusion. Targeting and inhibiting
those proteins of SARS-CoV-2 virus could be the viable solution
for drug design against SARS-CoV-2. We have selected only five
metal complexes with antiviral properties from the literatures
for the molecular docking studies, those inhibited the pro-
teases, reverse transcriptase, envelop glycoproteins etc. of HIV,
HCV or Influenza virus and the proteins have shown structural
resembles more than 70% (Table S1). The ADME and toxicology
analysis is a very useful computational tool that provides the
theoretical pharmacokinetics and toxicology data of com-
pounds that helps to determine the acceptability of the
compounds as potential drugs. The selected metal complexes
were subjected to ADME analysis to get a fair idea of the
compounds in terms of drug acceptability. This analysis is
carried out using the webserver SwissADME (http://www.swis-
sadme.ch/). However due to the structural complexity the we
were unable to generate the smiles id of complex 3 and 4.
Hence they were excluded from ADME analysis. Molecular
docking, provide us with the various types of molecular
interactions that can occur with the target protein and the
transition metal complexes and the results potentially could
broaden the scope towards understanding the pharmacological
aspect in developing metal complexes as potential drugs
against SARS-CoV-2.5234

In recent years, the application of metalloporphyrin has
become very much important in the field of biomedicine such
as in PDT for cancer teratment, MRI contrasting agent, anti-viral
agent, bio-imaging etc. because of their unique physicochem-
ical properties such as longer wavelength absorption, excellent
emission properties, low in vivo toxicity, highly singlet oxygen
quantum yield etc.®™ Here in, we have selected sulphonated
anionic Fe-porphyrin complex (1) which showed remarkable
anti-HIV (PDB ID: 3DNO)®® with an ECy,>20 uM and it also
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exhibited anti-HSV activity because it efficiently target the
gp120 HIV protein, not CD4 cellular receptor (Scheme 1). The
gp120 HIV protein has an 84.29% structural resemblance with
the spike glycoprotein of the SARS-CoV-2 virus and we could
make fair speculation about the potential interactions of
complex 1 with the spike glycoprotein of the SARS-CoV-2 virus.
The ADME analysis of the complex 1 reveals that the
compound has TPSA (Total polar surface area of 521.71 A2 This
indicates the compound has a better chance of forming polar
bonds with the amino acid residues of the proteins. The
compound also exhibited Consensus Log P,,, of 5.15 indicating
the compound is more soluble in the organic solvent than
water. This is due to the large size of the complex 1. The
compound also has a very low Gl (Gastrointestinal intake) and
BBB (blood brain barrier) penetration probability, suggesting
for the compound’s administration as an intermuscular drug.
Molecular docking calculation revealed in the binding energy
of —5.95 kcal/mol. The docked pose also exhibits an inhibition
constant of 43.22 uM (Table 2) as a result of interaction
between the complex 1 and the spike glycoprotein of SARS-
CoV-2 virus. There existed a hydrogen bonding interaction
along with an electrostatic interaction between the THR548,
ARG559, PHE555, LYS553 residues of the spike glycoprotein of
SARS-CoV-2 and the complex 1. The H-bonding interaction was
between the O atom of the complex and LYS553-H atom,
where the complex plays the role of a donor and LYS553
served as an acceptor (Figure 1).

The amino acid sequence of HIV and SARS-CoV-2 main
protease (M) protein was found to be 74.29%. Hence for a
better understanding of the inhibition, we have performed
molecular docking of complex 1 in the main protease (PDB ID:
6Y2G).®” The best-docked pose revealed remarkable binding
energy of —11.74 kcal/mol and inhibition constants of 2.48 nM.
There existed five hydrogen bonding interactions along with
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Table 2. The probable interaction between the complexes and Spike glycol-protein (6VXX), Main Protease, M,,(6y2 g) and RNA-dependent RNA Polymerase
with RNA (6x2g) of SARS-CoV-2.

Complex Spike glycol-protein (6VXX)® Main Protease, M,,,(6y29)" RNA-dependent RNA Polymerase
with RNA (6x2g)"
Binding Energy™ Inhibition constant Binding Energy™ Inhibition constant Binding Energy™ Inhibition constant
(M/nM) (UM/nM) (UM/nM)
1 —5.95 43.22 uM —-11.74 248 nM —-79 1.61 uM
2 —7.43 3.56 uM - - - -
3 —-3.29 210 uM —4.32 678.26 UM - -
4 —2.99 290 uM - - —0.13 956.66 UM
5 —7.67 238 uM —8.68 433.86 nM —7.82 6.06 uM

© The table contains the details of the interactions between the Spike glycol-protein (6VXX), Main Protease, M,,,(6y2g) and RNA-dependent RNA Polymerase

with RNA (6x2g) of SARS-CoV-2 with the complexes,]
! The energy values reported in the table contains the unit of kcal/mol.]

' The binding energy value reported in the table corresponds to the binding free energy (AG) of the complex and spike glycol-protein. The other auxillary

factors contributes to the binding energy.]

three hydrophobic interactions between the THR304, ARG4,
GLN127, LYS5, VAL125, PRO9, and MET125 residues of the M,
of SARS-CoV-2 virus and the complex 1 (Figure 1).

Again, the RNA-dependent RNA polymerase (RdRp) of the
SARS-CoV-2 virus has shown 82.86% structural resemblance to
the gp120 protein of HIV. Molecular docking calculations,
therefore, were performed to probe the inhibitory potential of
the complex 1 against RdRp (PDB ID: 6X2G) of the SARS-CoV-2
virus.®® The best docked pose revealed excellent binding
energy of —7.9 kcal/mol with the inhibition constants of
1.61 uM.

Also, the docking calculations of complex 1 with the gp 120
HIV protein lead to the binding energy of —9.37 kcal/mol and
inhibition constant of 1.02 uM (Figure S1, Table S1).

In the period of 2000-2021, more than 200 research articles
were published with interesting results on antimalarial proper-
ties of Ferroquine and its derivative. Ferroquine (2) is
chloroquine derivative and most active FDA approved organo-
metallic drug that is used against malaria.*® Ferroquine (2) can
inhibit the HCV RNA replication and could strongly bind to HCV
envelope glycoproteins E1 and E2 as well(PDB ID: 4 NOY,
6MEJ)** with an ICs, value 1.0 uM. The HCV envelope
glycoprotein E2 was 70.83% structurally similar to the spike
glycoprotein of SARS-CoV-2 virus. The ADME analysis of
Ferroquine results in the TPSA of 28.16 A% The consensus Log
Po/w of Ferroquine is 3.28, indicating moderate water
solubility. The compound also has high Gl absorption and BBB
penetrability that indicates the application of the compound
for an oral or intravenous drug. The compound also satisfies
the Lipinsky, Ghose, Veber, Egan, and Muegge drug-likeness.
All these data correlate with the use of Ferroquine as an
effective drug. The molecular docking of the complex 2 into
the RBD of the spike glyco-protein complex of SARS-CoV-2
virus revealed the binding energy of —7.43 kcal/mol with an
excellent inhibition constant of 3.56 uM (Table 2). There existed
two hydrogen bonds, one m-alkyl interaction and one covalent-
coordinate bonding interaction between the protein and
ferroquine (Figure 2), and the interaction identified were:

(i) N-H (2) and OH (TYR505) (Hydrogen band) (Spike glycol-
protein).
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(ii) N—H (2) and C=0 (GLU37) (Hydrogen band) (Spike glycol-
protein).

(iii) m-alkyl interaction between N atom of quinone (2) and
HIS34 (RBD, spike protein).

(iv) One covalent coordinate bonding interaction between Fe
metal centre (2) and ARG393 (RBD, spike protein).

Similar docking calculation of ferroquine (2) with the HCV
envelope glycoprotein E2 exhibited the binding energy of
—6.95 kcal/mol with an inhibition constant of 8.1 uM (Figure S2,
Table S2).

In past two decades, the use of metallacarboranes (boron
cluster) compounds in biomedical field is frequently increased.
More than hundreds of boron cluster compounds are reported
to exhibit excellent invitro or invivo biological activities
including bioimaging, chemotherapeutics, antiviral properties,
etc" Here in compounds 3 and 4, cobalt(lll)-containing B—N
cluster complexes and they exhibited significant inhibitory
activity against resistant HIV PR variants (PDB ID: 4TVG)"*?
enzyme. The IC;, values were reported to be 0.25uM and
50 nM. The HIV-PR enzyme has shown 75.76% and 82.86%
structural resemblance with spike glycoprotein and RNA-
dependent RNA Polymerase (RdRp) of the SARS-CoV-2 virus.
The molecular docking calculation of complex 3 and 4 with the
spike glycoprotein complex of SARS-CoV-2 leads to the binding
energy of —3.29 kcal/mol (ECs: 210 pM) and —2.99 kcal/mol
(ECso: 290 M) respectively (Table 2). Though the amino acid
sequence of HIV and SARS-CoV-2 main protease and RdRp
protein exhibit resembles more than 60%. but molecular
docking of complex 3 in the main protease (PDB ID: 6Y2G)*!
exhibits lower binding energy of —4.32 kcal/mol (Figure S4).
Further investigation of docking interactions of complex 3 with
the HIV-PR enzyme revealed the binding energy of —4.04 kcal/
mol with an inhibition constant of 356 uM (Figure S5). The
binding constant values indicate scope for repurposing of
complex 3 as an inhibitor of RdRp protein of SARS-CoV-2. The
major molecular interactions contributing to the binding of the
complex 3 in the RBD of SARS-CoV-2 spike protein are nine
hydrophobic interactions between the complex 3 with LYS378,
ALA411, ARG408, VAL407, TYR508 residues of the spike
glycoproteins of SARS CoV-2 (Figure S3). Furthermore, the
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Figure 1. (a) The best docked pose of complex 1, that exhibits interactions
with the THR548, ARG559, PHE555, LYS553 residues of spike glycol-protein.
(b) Schematic representation depicting the most possible non-covalent
bonds between the complex 1 and Spike glycol-protein of SARS-CoV-2 with
the binding site of spike glycol-protein. (H bonding Interactions are: (i) H
atom of NH2-LYS553 of SARS-CoV-2 spike protein with O6 atom of the
complex, (i) H atom of NH2-ARG559 of SARS-CoV-2 spike protein with O15
atom of the complex). (c) The best docked pose of complex 1, that exhibits
interactions with the THR304, ARG4, GLN127, LYS5, VAL125, PRO9, and
MET125 residues of M, (b) Schematic representation depicting the most
possible non-covalent bonds between the complex 1 and M,,,-protein of
SARS-CoV-2 at the binding site of M,,,-protein. (Four H-bonding, three
hydrophobic interactions) (e) The best docked pose of complex 1, that
exhibits interactions with the ASN691, LYS621, LYS798, LYS551, SER814,
ASP618, ILE548, ARG555, and ALA547 residues of RdRp. (f) Schematic
representation depicting the most possible non-covalent bonds between the
complex 1 and RdRp-protein of SARS-CoV-2 at the binding site of RdRp-
protein. (seven hydrogen bonding, two hydrophobic interactions).

docked pose of complex 3 in the main protease of SARS-CoV-2
only possesses the weak alkyl-alkyl and alkyl-rt interaction and
leads to a weaker binding interaction. For complex 4, there
exist seven hydrophobic interactions between the protein
ALA386, ALA387, TYR506 residues of the spike glycoproteins of
SARS CoV-2 (Figure S6).

Cyclooctylamine containing copper complex 5 showed
excellent blockers of WT (wild type) and the amantadine
resistant M2S31 N of influenza virus. The selected copper(ll)
complex 5 has shown remarkable efficacy against influenza
virus (PDB ID: 6MJH),”*¥ and it might target specifically HIS37 in
influenza M2. Complex 5 blocked both the WT (wild type) and
the amantadine-resistant M2S31 N protein. The ECs, value was
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(a) (b) frYR), GLU
. 505 37

ARG

Figure 2. (a) The best docked pose of complex 2, that exhibits interactions
with the Tyr 505, Glu 37, Arg 393, His 34 residues of spike glycol-protein, (b)
Schematic representation depicting the most possible non-covalent bonds
between the complex 2 and spike glycol-protein of SARS-CoV-2 in the
binding site of spike glycol-protein. (Following Interactions are (i) N—H (2)
and OH (Tyr505) (Hydrogen band) (Spike glycol-protein), (ii) N-H (2) and C=0
(Glu37) (Hydrogen band) (Spike glycol-protein) (iii) t-alkyl interaction
between N atom of quinone and His34, (iv) One covalent coordinate bonding
interaction between Fe metal centre and Arg393.

1.1 uM in MDCK cells. The amino acid sequence of Influenza
virus and SARS-CoV-2 spike glycol-protein was found to be
77.78%. ADME analysis of complex 5 exhibited TPSA of
55.84 A2 with consensus Log P, of 1.03. This indicates the
good water solubility of complex 5. The compound also
exhibits high Gl absorption and BBB penetration suggesting
the applicability of the complex orally or intravenously. The
compound also satisfies all the Lipinski, Ghose, Veber, Egan,
and Muegge drug-likeness. All these results suggest the
complex5 as a potent drug for clinical trials. The molecular
docking calculation of complex 5 with the spike glycol-protein
of SARS-CoV-2 resulted in the binding energy of —7.67 kcal/
mol, and the inhibition constant of 2.38 uM (Table 2).

There exist three hydrogen bonding and three hydrophobic
interactions between the protein and the complex (Figure 3).
The major hydrogen bonding interactions are:

(i) 014 (5) and N—H (LYS562) of spike glycoprotein.
(ii) O10 (5) and N—H (TRP566) of spike glycoprotein.
(iii) N7 (5) and N—H (LYS562) of spike glycoprotein.

There were three hydrophobic interactions with PRO565,
LAU95, VAL209 residues of the spike glycoprotein, and the
complex 5. The amino acid sequence of Influenza virus and
SARS-CoV-2 main protease and RdRp protein were found to be
70.37% and 77.41%. Therefore, M, or RdRp of SARS-CoV-2
could be a better target for complex 5. Molecular docking of
complex 5 into the main protease (M,,) (PDB ID: 6Y2G)
revealed the binding energy of —8.68 kcal/mol and inhibition
constant of 433.86 nM respectively. The complex afforded to
form three hydrogen bonds with the main protease complex of
SARS-CoV-2:

() 014 (5) and N-H (ARG4) of Main Protease (M,,,),
(i) 010 (5) and N—H (TRP207) of Main Protease (M),
(i) N6 (5) and H—O (GLU288) of Main Protease (M,,,).

There was one hydrophobic interaction with complex 5 and

Main protease via Phe 291 residue.

© 2021 Wiley-VCH GmbH
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Figure 3. (a) The best docked pose of complex 5, that exhibits interactions
with the LYS562, PRO565, LAU95, VAL209, TRP566 residues of spike glycol-
protein. (b) Schematic representation depicting the most possible non-
covalent bonds between the complex 5 and spike glycol-protein of SARS-
CoV-2 in the binding site of spike glycol-protein. (Three H-bonding
interactions are: (i) 014 (5) and N—H (LYS562) of spike glycoprotein, (ii) 010
(5) and N—H (TRP566) of spike glycoprotein, (iii) N6 (5) and N—H (LYS562) of
spike glycoprotein). (c) The best docked pose of complex 5, that exhibits
interactions with the ARG4, PHE291, GLU288, TRP207 residues of Main
Protease (M,,). (d) Schematic representation depicting the most possible
non-covalent bonds between the complex 5 and Main Protease (Mpro) of
SARS-CoV-2 in the binding site of M,,,. (Three H-bonding interactions are: (i)
014 (5) and N—H (ARG4) of Main Protease (Mgyo), (ii) O10 (5) and N-H
(TRP207) of Main Protease (M), (iii) N6 (5) and H-O (GLU288) of Main
Protease (M,). () The best docked pose of complex 5, that exhibits
interactions with the PRO323, ILE266 residues of RNA-dependent RNA
Polymerase with RNA. (f) Schematic representation depicting the most
possible non-covalent bonds between the complex 5 and RdRp of SARS-CoV-
2 in the binding site of RdRp. (Two H-bonding interactions are: (i) 014 (5)
and N—H (PRO323) of RdRp, (ii) 010 (5) and N—H (ILE266) of RdRp.

Similar docking calculations of the complex 5 with RdRp
(PDB ID:6X2G) also revealed strong binding affinity. The best
docked poses exhibited binding energy of —7.12 kcal/mol and
inhibition constant of 6.06 uM respectively. The complex
afforded to form two hydrogen bonds with the main protease
complex of SARS-CoV-2:

(i) 014 (5) and O—H (PR0O323) of RdRp.
(ii) 010 (5) and O—H (ILE266) of RdRp.

Similar docking of the complex 5 with the WT (wild type)
and the amantadine-resistant M2S31 N protein revealed the
binding energy of —6.27 kcal/mol with an inhibition constant
of 16.56 uM (Figure S7).
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Conclusion

Pandemic COVID-19 resulting from the outbreak of the SARS-
CoV-2 virus is the most challenging global health crisis of the
present century. Repurposing of current antiviral drugs along
with plasma therapy has emerged as the only therapeutic
option for COVID-19, although vaccination drive in several
countries prevented the viral infection. In addition, the out-
break of other mutant variants of the SARS-CoV-2 virus has
made the health crisis more prominent. Therefore, there is an
urgent requirement for an effective therapeutic solution
against the SARS-CoV-2 virus. Herein, the systematic molecular
docking studies with selected, previously reported transition
metal-based antiviral agents into the viral proteins of SARS-
CoV-2 virus revealed that (i) Fe-porphyrins based complex has
emerged as the potential inhibitors of main protease and RNA-
dependant RNA polymerase (RdRp). (ii) Ferroquine which is the
FDA-approved antimalarial drug, has emerged as the potential
inhibitor of spike glycoprotein of SARS-CoV-2 virus. (iii) Copper
(Il complex also exhibited remarkable inhibition of spike
glycoprotein, main proteases, and RdRp of SARS-CoV-2 virus.
The ADME analysis also indicates the drug-likeness of com-
plexes 1, 2, and 5 as potent drugs suitable for clinical trials.
Overall, in silico studies, herein, explored the potential role of
transition metal complexes as the viable and alternative
therapeutic solution for COVID-19.

Supporting Information Summary

Docking energies of the complexes with the SARS-CoV-2
proteins and their initial target proteins, Grid details of
molecular docking in the protein structures, Docked pose of
complexes with the SARS-CoV-2 target proteins and its other
target proteins.
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