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Abstract: COVID-19 has caused over seven million deaths globally due to its high transmission rate.
The virus responsible for the disease requires a transmembrane protease serine type II (TMPRSS2-
7MEQ) to infiltrate host cells and has been linked to several cancers, particularly prostate cancer.
To investigate COVID-19 potential therapies, a series of Casiopeina-like copper complexes containing
1,10-Phenanthroline and amino acids were investigated as TMPRSS2 inhibitors. The molecular struc-
tures of twelve Phenanthroline copper complexes were calculated, and their global reactivity indices
were analyzed using DFT and conceptual DFT methods. Three molecular docking algorithms were
employed to identify the most effective inhibitors by examining their interactions with amino acid
residues in the target protein’s catalytic activity triad (Asp345, His296, and Ser441). All complexes
are docked above the catalytic site, blocking the interaction with substrates. The Phenanthroline
complexes showed better interactions than the Bipyridine complexes, likely due to increased hy-
drophobic contacts. Analogs’ cationic nature and amino acids’ basic side chains bring them near the
active site by interacting with Asp435. The top complexes in this study contain Ornithine, Lysine,
and Arginine, making them promising alternatives for researching new drugs for COVID-19 and
cancers like prostate cancer.

Keywords: COVID-19; molecular docking; TPMRSS2; prostate cancer; potential copper metallodrugs;
DFT calculations

1. Introduction

Due to the elevated rates of infection and mortality caused by specific viral strains,
there is a pressing demand for novel treatments. The trial candidates have included
chemical compounds, antibodies, plasma treatment, and other options. Nevertheless,
metal-based representatives have also been considered due to their unique modes of action
that differ from those of organic derivatives. The initial results suggest that the develop-
ment of metal-based inhibitors with improved selectivity and less toxicity is likely. This
approach could be explored as an alternative method for treating upcoming virus outbreaks.
This particular course is likely to require significant exertion [1].

TMPRSS2 is present in the epithelium of numerous tissues, including the prostate,
gastrointestinal tract, breast, lung, kidney, pancreas, ovary, retina, respiratory tract, and sali-
vary gland [2–6]. TMPRSS2 is upregulated in androgen-dependent prostate cancer, where
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it likely mediates oncogenic activities by activating matriptase or cleaving pro-HGF [7–9].
In approximately 50% of prostate cancer cases, the TMPRSS2:ERG fusion gene initiates early
transformation and sustains oncogenic and metastatic signaling [10,11]. Similar to multiple
HAT/DESC family proteases, TMPRSS2 may increase virus propagation by cleaving the
HA protein of influenza viruses [12,13], the SARS-CoV-1 coronavirus spike protein [14,15],
and the MERS coronavirus spike protein [16,17]. Notably, TMPRSS2-deficient mice are
highly resistant to experimental influenza A virus (IAV), which is associated with decreased
HA cleavage in vivo, indicating that TMPRSS2 is a crucial host protease for IAV infection.
Therefore, it may represent a new human therapeutic target [12,18,19]. TMPRSS2 was
found to cleave the SARS-CoV-2 spike protein [20,21] and to mediate viral entry into the
host cell [22], demonstrating its role in the susceptibility and tropism of SARS-CoV-2 in-
fection [23,24]. Several studies have also identified protective and deleterious TMPRSS2
genetic variants that influence the severity of SARS-CoV-2 disease, viral burden, and the risk
of infection [25,26]. As a result, inhibitors that limit proteolytic activity and anti-androgen
therapies to reduce TMPRSS2 expression are being investigated as therapeutic strategies
to combat the COVID-19 global pandemic [27]. The endogenous inhibition of TMPRSS2
by alpha-1 antitrypsin and HAI-2 may also attenuate infection with SARS-CoV-2 [28,29].
In addition, it is hypothesized that elevated TMPRSS2 expression in numerous malignan-
cies, particularly prostate and colorectal, increases susceptibility to COVID-19 [6,30].

Metallodrugs, commonly used in medicine, could be promising candidates for treating
COVID-19 and prostate cancer. This is primarily due to the presence of coordination com-
pounds in metallodrugs, which possess unique reactivity features that organic chemicals
alone cannot replicate [31] Various metal ions, including iron, zinc, and copper, as well as
non-metal selenium, have been identified as capable of obstructing the contact between
the virus and the host cell. This obstruction prevents infection, hinders virus reproduc-
tion, disrupts viral structure, and inhibits essential enzyme function [32]. Casiopeinas®

are copper(II) compounds with planar structures and ligands such as Phenanthroline or
Bipyridine. Despite the significance of these chemicals in combating cancer, parasites, and
germs, recent studies have focused on investigating their inhibitory impact on the principal
protease, Mpro. This enzyme is responsible for the genetic material replication and initial
transcription of the SARS-CoV-2 virus’s genetic material. Reina [33] determined that most
of the investigated Casiopeinas® had a higher level of inhibition of Mpro compared to free
monochelates, bioactive ligands, and boceprevir (a well-known inhibitor).

We recently used the DFT methodology to investigate the optimized molecular struc-
tures of seven copper complexes with Bipyridine [34]. These complexes contain the amino
acid residues Arg, Orn, Lys, Citr, Asn, The, and Gln, as well as two Casiopeinas, Cas III-ia
and Cas IX-gly, containing acetylacetonato and Gly, respectively.

We extended our studies to twelve copper compounds using L and D-aminoacidates
and 1,10-Phenantroline. Copper compounds, due to their localization just above the
catalytic triad, can hinder substrate entry into a critical cavity. Their binding energies
fall within the range of binding energies exhibited by other costly synthetic medicines
presently available. Given that TMPRSS2 serine protease represents a promising target
for inhibiting viral entry into cells and is also involved in prostate cancer, the examined
complexes provide a promising starting point for identifying novel medicines to combat
COVID-19 and prostate cancer.

2. Results
2.1. DFT and Conceptual DFT Calculations

Figure 1 shows the optimized molecular structures for the Phenanthroline copper
complexes containing Arg, Orn, Lys, Citr, Asn, and Gln amino acid residues. All complexes
contain one water molecule in the apical position of Cu(II). Table S1 shows the total
electronic energies of the enantiomeric L and D-Phenanthroline copper complexes for the
ground-state optimized geometry, EN, and their ionized species, EN+1 and EN-1. Figure 2
shows the values of the global reactivity indices. Figure 2a shows that all Phenanthroline
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copper complexes present similar electronegativity values, χ, with slightly higher values
for complexes with Orn and Lys. These higher values of χ (or lower values of chemical
potential, µ) indicate greater resistance to electron density loss for the complexes containing
Orn and Lys. The values of the electrophilicity index ω suggest that the complexes with
Arg, Orn, and Lys are slightly better electrophilic species than those with Citr, Asn, and Gln.
The gap energy values, Egap, show that the most reactive complex could be the complex
with Citr, followed by the complexes with Asn and Lys. The values of hardness, η, indicate
that the complexes with Orn and Gln are slightly harder, showing more resistance to
exchanging their electron density with the surroundings. On the contrary, the complexes
with Lys, Citr, and Asn, with the smallest η values (or higher values of softness, s), can
easily modify their electron density, as shown in Figure 2b. Small softness values, s, can be
related to less toxicity [35].
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Figure 1. Optimized molecular structures of the Phenanthroline copper complexes calculated with the
mPW1PW91 functional in an aqueous solution. The water molecules are in the apical positions perpendicular
to the plane of the paper. The structures in 2D are presented in Figure S1 in the Supplementary Materials.
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Figure 2. (a) The reactivity global indices χ, η, ω, and Egap and (b) the reactivity global index s of the
Phenanthroline copper complexes calculated with the mPW1PW91 functional in an aqueous solution.

Compared with their analogs of the Bipyridine copper complexes with L-amino acids
reported recently [34], the Phenanthroline copper complexes with L-amino acids present
similar values of global reactivity indices. Phenanthroline complexes containing Arg and Orn
are more reactive, with Egap values slightly smaller than for the Bipyridine complexes. The
complex with Arg is softer, while the complexes with Orn and Asn present similar softness
to the analogs of the Bipyridine complexes. Finally, the Phenanthroline complexes with Lys,
Citr, and Asn are less reactive, with higher Egap values showing more stable structures. In
addition, these complexes present smaller softness values, s, being less toxic than their analogs
of Bipyridine, as shown in Tables S1 and S2 in the Supplementary Materials.
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2.2. Molecular Docking Simulations

The docking simulations of the copper compounds showed that [Cu(L-Orn)(Phen)(H2O)]2+

has the lowest binding energy, determined using the MolDock Score (Table 1) (Figure 3).
An examination of this ligand’s docked structure (Figure 4) indicated seven hydrogen
bonds, one involving a crystallographic water molecule (Wat 735 in 7MEQ). One water
molecule coordinating copper in [Cu(L-Orn)(Phen)(H2O)]2+ completes the coordination
sphere. Intermolecular hydrogen bonds involving the following residues of TMPRSS2 were
identified: Asp 435, Ser 436, Ser 441, Gly 464, and Arg 470.

Table 1. Docking results for copper complexes.

Complex AutoDock (kcal/mol) MolDock Score (au) 1 Gold

[Cu((L-Orn)(Phen)(H2O)]+2 −9.1 −141.031 64.138

[Cu(L-Arg)(Phen)(H2O)]+2 −7.8 −134.321 66.241

[Cu(L-Lys)(Phen)(H2O)]+2 −9.3 −126.854 63.275

[Cu(D-Arg)(Phen)(H2O)]+2 −9.2 −123.401 64.113

[Cu(D-Lys)(Phen)(H2O)]+2 −9.1 −121.586 71.661

[Cu(L-Gln)(Phen)(H2O)]+1 −7.9 −121.429 47.161

[Cu(D-Citr)(phen)(H2O)]+1 −7.9 −120.582 53.645

[Cu(L-Citr)(Phen)(H2O)]+1 −8.4 −118.935 66.187

[Cu(L-Asn)(Phen(H2O)]+1 −7.5 −118.920 51.913

[Cu(D-Gln)(Phen)(H2O)]+1 −6.8 −118.303 57.326

[Cu(D-Orn)(Phen(H2O)]+1 −8.4 −117.966 55.284

[Cu(D-Asn)(Phen)(H2O)]+1 −7.4 −112.268 52.377

GBS 2 −6.3 −87.8000 46.390
1 Arbitrary units (au). 2 Nafamostat.
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Figure 3. The docking results for the [Cu(L-Orn)(Phen)] cation (red) against the structure TM-
PRSS2. In light gray, the pose for the protease inhibitor nafamostat is presented. The program
Molegro < Molecular < Viewer 2.5 was used to produce this figure.
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Figure 4. Hydrogen bonds (dashed blue lines) of the [Cu(L-Orn)(Phen)(H2O)]2+ complex and
TMPRSS2. The protein atoms are indicated using a ball-and-stick representation (blue for nitrogen,
gray for carbon, yellow for sulfur, and red for oxygen). The copper compound (light gray) is presented
as a stick representation. Hydrogen atoms are not presented in the above figure. The program MVD
was used to produce this figure.

Previous investigations of the intermolecular hydrogen bonds for the TMPRSS2–
nafamostat structure revealed that the contacts with the following residues were preserved:
Asp 435, Ser 436, Ser 441, and Gly 464. Analysis of TMPRSS2-[Cu(L-Orn)(Phen)(H2O)]2+

indicated that the residues His 296, Cys 437, Gly 439, and Pro 471 are close to the copper
compound but do not participate in the intermolecular hydrogen bonds in the complex. In
a previous study [34], we identified these residues in the hydrogen bonds with the copper
compound [Cu(L-Arg)(Bipy)]2+. The structure of TMPRSS2-[Cu(L-Orn)(Phen)(H2O)]2+

preserved the overall network of the intermolecular contacts observed in other inhibitors.
The participation of the residue Arg 470 in hydrogen bonding is specific for most copper
compounds (including [Cu(L-Orn)(Phen)(H2O)]2+) and is not observed in the TMPRSS2–
nafamostat structure. This extra intermolecular interaction in the [Cu(L-Orn)(Phen)(H2O)]2+

complex contributed to the lowest energy calculated for this copper compound.
The low value for [Cu(L-Arg)(Phen)(H2O)]+2 in the AutoDock docking calculation

could be explained by the fact that the apical water molecule points to the inside of the
protein. Thus, its hydrogen bond interaction precludes the maximization of the π-π and
the hydrophobic interactions with the protein’s surface, as seen in Figure 5.
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Figure 5. Superimposed structures of [Cu(L-Lys)(Phen)(H2O)]2+ and [Cu(L-Arg)(Phen)(H2O)]2+ on
the surface of TMPRSS2 obtained through AutoDock. The coordinated water molecule pointing
toward the inside of the protein, despite the hydrogen bonded to Ser441, does not allow the three
Phenantroline rings to pose flat on the surface of the protein, thus precluding strong π-π interactions.
The figure represents the ions landing in the hydrophobicity surface which was constructed using
Molegro Molecular Viewer 2.5.
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In Figures 6 and 7, superimposed structures are presented to indicate how the copper
complexes interact with the surface of the protein.
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Although they concentrate in the channel that points to Asp435, Molegro does not introduce the
lysine tail into the channel and points the tail away from it. The figure represents the electrostatic
surface which was constructed by using Molegro Molecular Viewer 2.5.
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Figure 7. Superimposed structures of Arg (yellow), Orn (green), and Lys (red) on the surface of
TMPRSS2 calculated with the GOLD program. Here, the electrostatic interaction surface is represented
with a red color. The pocket at the end contains a carboxylic group of Asp435, which forms a salt
bridge with the terminal amino group of lysine. The figure represents the electrostatic surface which
was constructed by using Molegro Molecular Viewer 2.5.
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Although AutoDock is considered a standard in docking calculations and Molegro
gives good quality representations, GOLD gives us the most consistent results.

3. Discussion

After four years of the epidemic, COVID-19 continues to exert pressure on health-
care systems, resulting in a significant global death rate. Presently, the primary focus
is on antibodies, organic compounds, and previously approved medications for various
diseases, including chloroquine, favipiravir, remdesivir, molnupiravir, nirmatrevir, and
paxlovid [36], as well as the Mpro inhibitor currently undergoing phase III testing, S-217622
(ensitrelvir) [37]. Investigations into natural compounds have also been conducted; for
instance, Manjunathan [38] studied ten bioactive substances in TMPRSS2. His results iden-
tified quercetin and genistein as potential inhibitors. The study’s fundamental discoveries
include the formation of hydrogen bonds on the catalytic unit of the TMPRSS2 protein and
the creation of a durable protein–quercetin complex.

Owing to its significant involvement in initiating SARS-CoV-2 and other respiratory
viral infections, it is hypothesized that controlling the expression or activity of TMPRSS2 is
a viable focus for potential COVID-19 and prostate cancer therapies. The core functional
residues of TMPRSS2 (His296, Ser441, and Ser460) engage in interactions with adjacent
residues of the cleavage sites of the SARS-CoV-2 spike protein. The TMPRSS2 region
interacts with the C-terminal cleavage site (Arg815/Ser816) included in the spike protein of
SARS-CoV-2. The pharmacological potential of this location has been deemed higher than
that of the N-terminal cleavage site (Arg685/Ser686). Hussain [39] proposes that combining
human TMPRSS2 and the SARS-CoV-2 spike protein could be a promising therapeutic
target for directing structure-based drug design.

Further investigation has been conducted on metal-based compounds as potential
anti-SARS-CoV-2 agents [31,32,40–43]. Applying metal complexes in managing viral in-
fections has been suggested as a therapeutic breakthrough. An illustration of this phe-
nomenon can be seen in the research conducted by Lockwood [44]. In his comprehensive
analysis of the relationship between COVID-19 and zinc, Lockwood suggests that the
observed enhancement in clinical outcomes when zinc and metformin are combined in
patients can be attributed primarily to creating a complex between these two compounds.
This complex enhances zinc absorption and effectively functions as a non-natural protease
inhibitor. Although using different pathways, Auronofin, a well-known gold compound
used for rheumatoid arthritis, has been approved by the FDA as a repurposing drug for
COVID-19 [45]. Auranofin acts at several levels to interfere with SARSCoV-2 entry through
endocytosis and the inflammatory response, which is a source of morbidity in COVID-19.
In vivo studies using animal models and clinical studies would make it possible to validate
the therapeutic potential of Auranofin.

Covalent interactions between copper(II) complexes and important SARS-CoV-2 tar-
gets, including Mpro, PLpro, the spike protein, and ACE2, have been shown by molecular
docking studies [46,47]. The square planar complex [Cu(L)2], where L = 2-(4-morpholino
benzylideneamino)phenol [48], exhibits a binding energy of −7.8 kcal/mol against Mpro
with AutoDock Vina (interactions not specified). This value falls within the binding energy
range of the copper complexes with Arg, Orn, and Lys investigated in this study. Further-
more, AutoDock was used to study fifty Casiopeinas® and associated Cu(II) compounds
as inhibitors of Mpro function [33]. Casiopeinas®, including CasII-5Clsa, CasII-ambz, and
CasII-tyr, exhibit effective binding energies ranging from −8.58 to −9.25 kcal/mol, which
are lower than those of boceprevir and the N3 peptide. These Casiopeinas interact with
specific residues in the catalytic site cavity of Mpro, namely His41, Asn142, Cys145, Glu166,
and Gln189 [49]. On the other hand, Cas III-ia and Cas IX-gly, acting as inhibitors of
TMPRSS2, demonstrate binding energies ranging from −5.8 to −7.3 kcal/mol.

In this study, we have demonstrated that copper(II) Phenantroline complexes obtained
from amino acids, which are analogs of Casiopeinas®, have promising potential as metal-
lodrugs for combating COVID-19. These complexes compare favorably to Casiopeinas®,
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undergoing phase I clinical trials, and to nafamostat. The cationic properties of the analogs
and the basic characteristics of the amino acid side chains enable them to be anchored at
the active site by interacting with Asp495. This crucial amino acid residue is fundamental
for binding to arginine or lysine residues of target proteins. Given that androgens regulate
TMPRSS2 and play a role in cancer metastasis [50], as well as being essential for coron-
avirus infection [51], copper-based inhibitors of TMPRSS2 have the potential to be used as
dual-purpose treatments for both cancer and COVID-19.

4. Materials and Methods
4.1. DFT and Conceptual DFT Calculations

The optimized molecular structures were calculated using the functional mPW1PW91 [52]
with the basis set 6-311G(d) [53] for C, N, and O atoms and 6-31G [54] for H atoms.
A valence double zeta with polarization on all atoms’ VDZP basis set [55] was used for
the Cu atom. Vibrational frequency calculations were performed to assure true minima
structures (νi > 0) at the same level of theory. The conductor-like polarizable contin-
uum model (CPCM) [56] was used to consider the solvent’s effect in aqueous solutions.
The initial guess for optimization calculations of the Phenanthroline complexes was built
from the crystal structures previously reported with aminoacidates of Arginine (Arg) [57],
Ornithine (Orn) [58], Lysine (Lys) [59], and Citrulline (Citr) [60,61]; Asparagine (Asn) [62];
and Glutamine (Gln) [63]; or modeled from them using Spartan’20 (Wavefunction Inc.,
Irving, CA, USA) [64]. The global reactivity indices were calculated using the vertical Self-
Consistent Field (∆SCF) approach [65]. In this approach, the vertical ionization potential
(I) and the vertical electron affinity (A) were obtained from the ground-state geometry.
Their corresponding ionized species are I = EN+1 − EN and A = EN − EN-1, where EN is the
electronic energy of the ground state and EN+1 and EN-1 are the electronic energies of the
system with one less electron and one more electron, respectively, according to the ∆SCF
approach. The global reactivity indices, such as the chemical potential (µ), electronegativity
(χ), hardness (η), softness (s), and electrophilicity index (ω), were obtained with the fol-
lowing equations: µ= − (I + A)/2; χ = (I + A)/2; η = (I − A)/2; s = 1/2η; ω = µ2/2η; and
Egap = I − A. The global reactivity indices are compared with those obtained for their
analogs of the Bipyridine copper complexes [34]. All calculations were carried out in the
Gaussian 16 program package [66].

4.2. Docking Studies with AutoDock4

The docking process consists of two key steps: the first is related to the conformation
of the coordination complex and its orientation to the protein binding site; the second
essential step consists of predicting the affinity of the complex to the protein using a scoring
function. The Lamarckian genetic algorithm was used to make a random search of the
conformation of the copper complexes. This algorithm considers the different complex
poses and then interchanges between them, leading to a new generation of structures.
Each generation member is evaluated with the scoring function, and only those values
that meet the requirements (conformation, rotation, and orientation concerning the pro-
tein) continue to the next generation until the best ligand conformations are found [67].
The force field used in AutoDock4 is a semiempirical free energy scoring function that con-
siders the contribution of the hydrogen bonds and the electrostatic interactions. This scoring
function discriminates the suitable poses from the wrong ones and estimates the affinity
between the complexes and the protein. The protein and complexes were prepared through
AutoDockTools4 by removing water molecules and polar hydrogens and adding Gasteiger
charges. The receptor grid box was centered at x = 9.3, y = −5.9, and z = −19.993 Å. The
box size was 40 Å3. Docking studies were conducted with 150 individuals in the pop-
ulation, with a maximum energy evaluation of 2,500,000 and a maximum generation of
27,000, resulting in 50 docking poses. The parameters for the copper(II) atom were the sum
of the Van der Waals radii of two similar atoms (3.50 Å), the Van der Waals well depth
(0.005 kmol mol−1), the atomic solvation volume (12.0 Å3), and the atomic solvation pa-
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rameter (−0.00110). The hydrogen bond radius of the heteroatom in contact with hydrogen
(0.0 Å), the well depth of the hydrogen bond (0.0 kcal mol−1), and various integers indicate
the type of hydrogen bonding atom and the indexes for the generation of the autogrid map
(0, −1, −1, 1, respectively).

4.3. Docking Simulations with Molegro Virtual Docker

In this study, we applied a previously described docking protocol [34] using the
Molegro Virtual Docker (MVD. Molexus, Odder, Denmark) [68]. Briefly, we utilized
the MVD to assess the intermolecular interactions of the copper compounds against the
structure of transmembrane protease serine 2 (TMPRSS2) (PDB: 7MEQ) [69]. Function
“Reduce” [70] added hydrogens to the protein structure file. The MVD added atomic
charges to all ligands and proteins for the docking simulations [71]. We used Ant Colony
Optimization [72] and the MolDock scoring function [68,73] for the docking simulations.
After the docking simulations, all structures underwent energy minimization using the
Nelder–Mead algorithm [74] implemented in the MVD. For all docking simulations, we
removed the coordinates of the 7MEQ inhibitor nafamostat.

4.4. Docking Studies with GOLD (Genetic Optimization for Ligand Docking)

The Goldscore function is a scoring function used to rank different ways of binding. It
is based on molecular mechanics and consists of four terms:

GOLD Fitness = Shb_ext + Svdw_ext + Shb_int + Svdw_int (1)

Shb_ext is the hydrogen bond score between the protein and complex, and Svdw_ext
is the Van der Waals score between them. Shb_int is the contribution to fitness from the in-
tramolecular hydrogen bonds in the complex. This term is turned off in all calculations [75]
(this is the GOLD default and usually gives the best results). Svdw_int represents the
intramolecular strain’s contribution to the complex. GOLD (version 2023.2, provided by
CCDC, Cambridge, UK) uses a genetic algorithm (GA) to change or improve parameters
such as rotatable bonds, ring geometries, protein groups, and binding sites. The Hermes
software was used to carry out the protein preparation, which included removing water
molecules before adding polar hydrogens and removing the nafamostat inhibitor. For the
simulation, a maximum of 125,000 GA operations were carried out on a single population of
100 GA runs for each of the ten independent GA runs. Crossover, mutation, and migration
operator weights were left at their default values. The docking study was performed in
the area comprising the active sites and the closest residues and was constricted to a 10 Å
radius sphere centered at the coordinates x = −6.04, y = −3.15, and z = 15.65 Å.

5. Conclusions

The molecular structures of twelve Phenanthroline copper complexes were calculated,
and their global reactivity indices were analyzed using DFT and conceptual DFT methods
to predict their pharmacological activity. The DFT results generally showed values for the
global reactivity indices of the Phenanthroline complexes similar to those of the Bipyridine
complexes. However, the Phenanthroline complexes presented smaller softness values,
indicating less toxicity than their analogs of Bipyridine and, therefore, better pharmacologi-
cal activity. For the studied complexes, the binding energy/docking score is better than
for the nafamostat inhibitor (GBS) and tested Casiopeina complexes. The Phenanthroline
complexes show better interactions than the Bipyridine complexes (as previously reported),
likely due to increased hydrophobic contacts. The number of hydrogen bonds and the
presence of a salt bridge (involving terminal nitrogen atoms and Asp435) increase the
protein complexes’ stability. The copper compounds localize just above the catalytic triad to
stop substrates from entering into it. The low value for Arginine in the AutoDock docking
calculation could be explained by the fact that the apical water molecule points to the inside
of the protein. Thus, its hydrogen bond interaction precludes the maximization of the π-π
and hydrophobic interactions with the protein’s surface.
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Because serine protease could be an excellent target to stop the virus from entering into
the cell, the analyzed complexes are an excellent place to start looking for new drugs to treat
COVID-19 and prostate cancer. Additional research will lead to metal-based inhibitors with
enhanced selectivity and reduced toxicity, which could be considered an alternative strategy
for treating future viral outbreaks and cancers where TMPRSS2 is an important player.

Supplementary Materials: The following supporting information can be downloaded at
https://www.mdpi.com/article/10.3390/inorganics12110282/s1, Figure S1. D complexes (left) and L
complexes (Right). (A) [Cu(Lys)(Phen)(H2O)]+2; (B) [Cu(Orn)(Phen)H2O)]+2; (C) [Cu(Gln)(Phen)(H2O)]+1;
(D) [Cu(Arg)(Phen)(H2O)]+2; (E) [Cu(Citr)(phen)(H2O)]+1; and (F) [Cu(Asn)(Phen(H2O)]+1. Table S1.
Energies in a.u. of the enantiomeric L and D copper complexes calculated with the mPW1PW91 functional
in aqueous solutions. Table S2. The global reactivity indices of the enantiomeric–L and –D copper com-
plexes calculated with the mPW1PW91 functional in aqueous solutions, all in eV units: vertical ionization
potential (I), vertical electron affinity (A), gap energy (Egap), chemical potential (µ), electronegativity (χ),
hardness (η), softness (s), and electrophilicity index (ω).
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