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_____________________________________________________________________________________  

Abstract        

Metal-organic hybrid complexes of copper can act as potential antibacterial, anti-fungal, anti-

viral agents owing to their fascinating structures and biocompatibility. Hence a novel Copper 

(II) complex entitled as [{Diaquo(3,5-dinitrobenzoato-1O1)(1,10-phenanthroline-

2N1:N10)}copper(II)]3,5-dinitrobenzoate synthesized earlier following hydrothermal method 

was examined for its efficacy as a potential anti-COVID agent. The complex has a distorted 

square pyramidal geometry and crystallizes with the space group P1211 (monoclinic). The 

pharmokinetic property of the complex was assessed by using pkCSM server. The 

physicochemical properties, lipophilicity, drug likeliness and medicinal properties were also 

explored theoretically. Molecular docking and simulation studies proved its potential binding 

affinity with SARS-COV2 spike protein. Low gastrointestinal absorption (GI) and good skin 

permeation of the complex suggest that the complex may be potentially a good candidate for 

injection against COVID-19 infections.  

  Keywords: Hydrothermal synthesis, Single crystals, Molecular docking, SARS-COV-2, 

Pharmacokinetics. 

_____________________________________________________________________________ 

Introduction:   

The latest threat to global health is the ongoing Severe Acute Respiratory Syndrome- Corona 

Virus 2(SARS-CoV2).1 This virus emerged at the latter half of 2019 in Wuhan, China. Within very short 

time it spread to almost every continent except Antarctica and became a pandemic after H1N1 Swine Flu 

pandemic in 2009-2010.2 In India, total count of infected victims has risen to about 16.3 million with 

more than three lakh of new cases reporting every day since the inception of the second wave.3 Around 

187K people have lost their lives in India till date and the fatalities are counting significantly each day.3 

The situation is becoming worse every single day and human beings, the most advanced creation of 

nature, is still trying hard to solve the puzzle and save mankind from this lethal single-stranded RNA 

virus.4 Hence governments of all countries have imposed several measures to combat the situation like 

social distancing, complete lockdown, wearing face mask and gloves, using alcohol based sanitizers, etc., 

to common people for controlling the spread of infection by this highly contagious  virus. Although these 

measures have served their purpose to some extent, they are not at all sufficient measures to control the 

present pandemic situation.  

A combination of azithromycin and hydroxychloroquine has been used primarily for the 

treatment of the disease.5 Research on COVID-19 have shown that the human to human as well as cross 

species transmission of the virus is chiefly regulated by the spike protein receptor binding domain and its 
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host receptor (ACE2) as similar to SARS-CoV outbreak in 2002.5 The viral genome encrypts various non-

structural proteins and structural proteins that play pivotal roles in binding the virus to host cellular 

receptors and thereby regulates viral replication and thus facilitates subsequent infection.7,8 The presence 

of prominent spike (S) protein on its surface helps in viral attachment and its successful fusion into the 

host cells.9 The imperative main protease enzyme Mpro (also referred to as 3 C-like protease) of SARS-

CoV-2 plays pivotal role in proteolytic cleavage and processing of the large viral polyprotein orf1ab in 

combination with papain-like proteases and facilitates viral replication.10-12 The anti-malarial drug, 

hydroxychloroquine (HCQ), promotes endosomal acidification and blocks the entry of the virus by 

inhibiting glycosylation of the cellular receptors responsible for binding with viral proteins.13 Thus HCQ 

was observed to be very effective against viral growth but the major drawback in its use was drug 

poisoning and severe toxic side effects.14 The other antiviral drugs, viz., Favipiravir and Remdesivir can 

inhibit the RdRp activity and control the replication of SARS-COV2 virus under clinical trial.15,16 The 

relentless attempts of the medical practitioners and researchers across the world could not yet find an 

effective/specific remedy to culminate the infectious transmission and the calamitous health disaster 

posed by highly intimidating SARS-CoV-2. Though several drugs and vaccines are in clinical trials all 

over the world, an effective therapeutic remedy specifically targeted to treat and cure COVID-19 is yet to 

be achieved or invented. Researchers working in bioinorganic chemistry field, often find copper 

complexes as novel metallodrugs with stronger efficacies in therapeutic applications.17 Copper complexes 

with some bioactive ligands like 1,10-phenanthroline or its derivatives or heterocyclic ligands with 

nitrogen atoms have been the area of interest over the years. Cu-phenanthroline complexes add new 

dimension to the design and development of molecules that can tune metal-toxicity.18,19 Therefore, the 

potential use of copper complexes as antiviral, anti-inflammatory, antimicrobial, antitumor agents, 

chemical nucleases or enzyme inhibitors attracts the attention of researchers from various parts of the 

world. Markedly, the biochemical action of Cu(II) complexes with non-steroidal anti-inflammatory drugs 

(NSAIDs) has been studied recently.20 For instance, the infectivity of influenza virus gets reduced 

significantly when exposed to copper surfaces.21 It was speculated that the viral nucleic acid undergoes 

degradation due to the intervention of copper(II) ions. In addition, the study and development of Cu 

complexes could be helpful in the design and production of antiviral and antibacterial materials that may 

be able to deactivate HIV or H1N1 viruses22 and antibiotic-resistant bacteria, respectively. Research is 

going on for repurposing of already approved and available drugs against Covid-19. Molecular simulation 

and molecular dynamics simulation have been proved to be a good measure to identify potential small 

molecules which can target Covid-19 proteins with maximum capacity.10 Therefore, herein this work a 

hydrothermally synthesized Cu(II) complex, [{Diaquo(3,5-dinitrobenzoato-1O1)(1,10-phenanthroline-

2N1:N10)}copper(II)] 3,5-dinitrobenzoate, was examined to explore its potency as a potential anti-covid 

agent through molecular docking and ADMET property studies against SARS-COV2 virus. 

Experimental: 

Materials and Methods 

 The Cu(II) complex was synthesized by following hydrothermal method under autogenous 

pressure in a 10 mL Teflon-lined stainless steel autoclave at 150 °C. Cu(NO3)2·2H2O (99 %), 1,10-

phenanthroline (99 %) abbreviated as phen, 3,5-dinitrobenzoic acid (98.5 %) abbreviated as Hdnb and de-

ionized water (with specific conductance < 1·10-6 S·cm-1 at 25 °C) were used in this synthesis. All the 

analytical grade chemicals were procured from S. D. Fine Chemicals, India. Oxford diffractometer fitted 
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with CCD camera was used for Single crystal X-ray diffraction study. PAN analytical Xʹpert powder X-

ray diffractometer used for powder X-ray diffraction (PXRD) to check purity and the homogeneity of the 

bulk complex. The crystal morphology was studied using Field Emission Scanning Electron Microscopy 

(FESEM, INSPECT F50, FEI, The Netherland). Elemental micro-analyses (C, H and N) were carried out 

using Perkin–Elmer (Model 240C) analyzer. Cu-content was determined with the aid of AAS (Varian, 

SpectrAA 50B) by using standard Cu-solution from Sigma-Aldrich, Germany. 

Synthesis of the copper complex 

 A mixture of Cu(NO3)2·2H2O (0.2416 g), 1,10-phenanthroline (0.1982 g) and 3,5-dinitrobenzoic 

acid (0.2120 g) was minced with an  agate mortar and pastle. The mixture was then filled in a 10 mL 

Teflon tube and de-ionized water (4.0 mL) was added. The mixture was stirred for about 30 minutes to 

obtain homogeneous suspension. Then the loaded tube was packed in stainless steel autoclave and heated 

at 150 °C in an automated hot-air oven for about 48 h. The autoclave was allowed to natural cooling at 

room temperature. The reaction mixture was then filtered, washed successively with ethanol and de-

ionized water. The blue colored solid residue was left for air-drying for several hours. Yield: 0.456 g (70 

% based on copper). Blue needle shaped single crystals appropriate for single crystal X-ray diffraction 

study was handpicked under a microscope (40X). Elemental analysis: calcd (%) for 

[Cu(C7H3N2O6)(C12H8N2)(H2O)2](C7H3N2O6): C, 44.48; H, 2.58; N, 11.97; Cu, 9.05 and found: C, 44.45; 

H, 2.56; N, 11.89; Cu, 8.86.  

X-ray Crystal Structure determination  

 Single crystal X-ray diffraction data were collected on an Oxford diffractometer (with Mo Kα, 

wavelength = 0.71 Å) equipped with CCD camera and an Oxford Cryosystem open-flow nitrogen cryostat 

with a normal stability of 0.1 K. An absorption multiscan or analytical correction23 was applied to all the 

data and analyzed with related softwares.24 SIR97 program in combination with Fourier difference 

synthesis was used to resolve the structure of the complex.25 The structure was refined against F or F2 

using CRYSTAL program.26 All the H-atoms were located in a difference Fourier map but those attached 

to C-atoms were repositioned geometrically. The H-atoms were initially refined with soft constraints on 

the bond lengths (C-H = 0.93-0.98, N-H 0.86-0.89 and O-H = 0.82 Å) and angles to regularize their 

geometry with Uiso (H) in the range 1.2-1.5 times Ueq of the parent atom and the corresponding positions 

were refined with a riding constraints.27 All non-hydrogen atoms were refined with anisotropic 

displacement parameters. Pertinent crystal parameters and structure refinement of the complex are 

summarized in Table I-S and selected bond lengths and angles are listed in Table II-S. 

Preparation of Receptor Protein 

 Structure of SARS-CoV-2 spike receptor with PDB Id: 7BZ5 was obtained from Protein data 

bank (PDB). This structure was also used by other researches as a target protein for drug repurposing 

studies supporting its ideal candidature. The protein was prepared for docking studies after deletion of the 

water molecules and addition of polar Hydrogens. Non-Polar hydrogens were merged with polar 

hydrogens. Gasteiger charge of -3.6 was added to the protein. Finally the pdb format of the receptor was 

changed to pdbqt and it was used for the docking studies. 

Ligand structure preparation 

 The complex, [{Diaquo(3,5-dinitrobenzoato-1O1)(1,10-phenanthroline-2N1:N10)}copper(II)] 

3,5-dinitrobenzoate, examined in this study was synthesized earlier following hydrothermal method.28 Its 

chemical structure was prepared first in .mol format. Smiles server converted the .mol to .sdf and 
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subsequently, .sdf to .pdb format. The .pdb structure was converted into .pdbqt after opting torsion angles 

and categorizing the rotatable bonds present within them. 

Molecular docking and dynamics study 

Molecular docking was done by Autodock version 4.29 Since the compound contained a metal 

ion, i.e., copper(II) ion, Autodock vina was not employed. Since this is a novel compound there was 

uncertainty whether the popular docking sites of the 6LU7 will be the best binding site for this molecule. 

Hence one cycle of blind docking was preferred to get an idea about the best binding sites and then 

targeted the specific site for next cycle of docking. This strategy worked well for two advantages: i) firstly 

the blind docking provided the opportunity to identify all the possible sites wherein the new compound 

can bind irrespective of all the binding sites reported so far. Thus the result was completely unbiased, and 

ii) secondly a new target site was found.  A number of studies involving the docking of proposed drugs at 

the active site of Covid-19 protein were intentionally performed, because such proteins interact with the 

human receptor. However, the strategy followed herein this study identified some allosteric sites that are 

completely different from active sites. Inhibition of these allosteric sites may prove to be beneficial in 

inactivating the active site itself. Investigation on atomic behavior, conformational changes at atomic 

level and structural constancy of a protein through molecular dynamic (MD) simulation has become a 

popular method in protein-ligand complex study. The docked complex was subjected to MD simulation 

by Gromacs [30] using Gromacs96 53a6 force field. The temperature was set to 303 K. MD simulations 

were performed for 100 ns time scale, with 10,000 steps of energy minimization through steepest descent 

mechanism. 

Determination of ADMET properties of the ligand 

Pharmacokinetic studies furnish information regarding drug concentrations in various parts of an 

organism with respect to time. The drugs, administered into the body of an organism, require passing 

through several biological barriers. Thus, the major properties like absorption, distribution, metabolism 

and excretion (i.e, ADME) are crucial parameters for any compound to be established as a drug and 

therefore a priori clinical and animal studies it is mandatory to explore their pharmacokinetic properties.31 

The properties for instance lipophilicity (LogPo/w), water soluble ability (LogS), gastrointestinal 

absorption (GI), Blood - Brain Barrier (BBB) and CYP1A2 inhibitor are very important pharmacokinetic 

parameters for any compound.32 Therefore, the pharmacokinetic properties such as lipophilicity (LogPo/w), 

water soluble ability (LogS), gastrointestinal absorption (GI), Blood-Brain Barrier (BBB) and CYP1A2 

inhibitor of the complex were determined to ascertain its drug likeliness character using Swiss ADME. 

Swiss ADME33 was used for characterizing the complex used as ligand in this study in term of properties 

like lipophilicity, water solubility, Pharmacokinetics, drug likeliness and medicinal protertiesy. A 

pharmacokinetic property of this complexwas further assessed with pkCSM server.34 

Results And Discussion 

Structural Description and properties of the complex 

Single crystal X-ray diffraction analysis of the synthesized complex, [{Diaquo(3,5-

dinitrobenzoato-1O1)(1,10-phenanthroline-2N1:N10)}copper(II)]3,5-dinitrobenzoate, [Cu(dnb)(phen)-

(H2O)2]·(dnb),35 revealed that it crystallizes in a monoclinic form with space group P1211 (Table I-S).  
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Fig. 1. The asymmetric unit of the complex (Color: Green, Cu; Blue, N; Red, O; Grey, C; Sky Blue, H). 

The asymmetric unit comprises of a Cu(II) ion coordinated to two N-atoms of phen 

simultaneously, two O-atoms of two water molecules, one O-atom of dnb- moiety and a non-coordinated 

dnb- moiety as counter anion as portrayed in Fig. 1. It is quite apparent that Cu(II) ion is penta-

coordinated with a distorted square pyramidal geometry. The bond length between Cu1 and O-atoms of 

two coordinated H2O molecules are Cu1-O2 = 1.957 Å (water molecule located in the molecular plane) 

and Cu1-O3 = 2.198 Å (water molecule located above molecular plane). The other bond distances and 

angles of the coordination sphere are summarized in Table II-S. The steric hindrance existing between the 

phen ligands and dnb- moieties leads to the distortion in the geometry of the complex. A dihedral angle of 

5.73° was observed due to this steric repulsion.35-37 The Cu(II)  ion is seen to be positioned 0.474 Å above 

the plane of square pyramid. The distortion in the geometry of the complex was well supported by 

Addison parameter, τ {τ = (β-α)/60} value.38 The τ value for a square bipyramidal and a trigonal 

bipyramidal are 0 and 1.0, respectively. Addison parameter of the complex was found to be 0.11, 

supporting it’s distorted square pyramidal geometry. The selected hydrogen-bond geometry of the 

complex is summarized in Table III-S. The H-atoms of the coordinated axial water molecule are engaged 

in inter-molecular hydrogen bonding with two adjacent dnb- moieties, while the H-atoms of the 

coordinated equatorial water molecule are involved in both inter and intra-molecular hydrogen bonding 

(Fig. 1-S) with coordinated and non-coordinated dnb- moieties, respectively.  The large-scale hydrogen 

bonding helped the complex to achieve a three-dimensional structure and stability.  

 

 

Fig. 2. FESEM images of the crystal: (a) the average cross section of the crystals around 3-5 µm and (b) its 

hexagonal cross section. 

The phase purity was confirmed through powder X-ray diffraction studies. The simulated and 

experimental X-ray diffraction (PXRD) patterns obtained at room temperature are shown in Fig. 2-S. 

They are more or less similar to each other and conforms the purity of the single crystals to be the 
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representative of the bulk samples. Morphological study of the crystals with FESEM (Fig. 2) reveals that 

the crystals are rod shaped and have well characterized regular faces with thickness of 3-4 µm and lengths 

up to 60 µm. The other properties like magnetic property and Hirschfeld surface analysis of the crystal 

have already reported by Kamath et. al.28 

Molecular docking studies 

The blind docking predicted nine potential sites wherein the considered ligand can bind. Amongst 

them the most suitable site was composed of Thr85 (L), Lys 39(L), Lys 42(L), GLN39 (H), Tyr 94(H), 

Gly42 (H), Ala 40(H) and Lys43 (H) and it was evident that the best binding sites constituted of more 

than one chain and they were H and L. The blind docking revealed an affinity of -8.4 kcal/mol. When the 

site specific docking was performed the value was raised to -8.7 kcal/mol (Fig. 3). 

 

 
 

Fig. 3. The site-specific binding affinity of the ligand with Covid-19 protease (PDB Id: 7BZ5) and interacting 

amino acids. 

Various parameters obtained from the pharmacokinetic (ADME) studies of the complex were 

listed in the Table I. The ADME study of the selected compound revealed that the molecular weight of 

this ligand was 739.29 g/mol. Moreover, the number of hydrogen donor and acceptor were more than 5 

(13 and 20, respectively). Thus, it was evident that this compound does not obey the Lipinski's rule of five 

and it is thus not a good candidate to be administered orally to human beings. However, the LogKp (skin 

permeation) value was found to be -11.73 cm/s suggesting its fine skin permeability.39 Hence, it can 

hypothesized that this compound, although cannot be administered orally as drug, it has sufficient quality 

to be administered as injection either subcutaneous or intradermally as far as the LogKp value is 

concerned. It’s a well known fact that subcutaneous administration speeds up the movement of the drug to 

the local lymph node to elicit its response.40 Orally administered drugs are good for local response, 

however, the subcutaneous or intradermal administration is better when fighting against a virus affecting 
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more than one physiological system.40 Another major advantage of subcutaneous administration is its 

favorability for consistent delivery with lower volume.40 Since the GI absorption of the complex is 

considerably low and skin permeation is good, this complex may be a good candidate for injection against 

Covid-19. 

Root-mean square deviation 

To investigate the variations in the molecular dynamics of protein along with the conformational 

stability of the protein-ligand complex, RMSD values of the protein (7BZ5) and ligand-docked protein 

were compared. The C-alpha atom RMSD values were plotted against time. RMSD for 7BZ5 varied 

approximately from 1.4 to 3.3, whereas the corresponding values ranged from 1.2 to 2.3 for the docked 

complex (Fig. 4). Lower RMSD values of the docked complex than the single protein proposes the 

conformational stability of the protein-ligand complex. 

 

Table 1: Pharmacokinetic (ADME) properties of the Cu(II) complex. 

Properties Predicted values 

Molecular Weight 739.29 

Heavy atoms 47 

Aromatic heavy atoms 0 

Fraction Csp3 1 

Rotatable bonds 8 

H-bond acceptors 20 

H-bond donors 13 

MR 159.29 

TPSA 269.66 

iLOGP 0 

XLOGP3 -1.3 

WLOGP -0.54 

MLOGP -2.57 

Silicos-IT LogP -5.04 

Consensus LogP -1.89 

ESOL LogS -3.08 

ESOL Solubility (mg/mL) 0.62 

ESOL Solubility (mol/L) 0.000838 

ESOL Class Soluble 

Ali Log S -3.87 

Ali Solubility (mg/mL) 0.101 

Ali Solubility (mol/L) 0.000136 

Ali Class Soluble 

Silicos-IT LogSw 2.42 

Silicos-IT Solubility (mg/mL) 194000 

Silicos-IT Solubility (mol/L) 262 

Silicos-IT class Soluble 
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GI absorption Low 

BBB permeant No 

Pgp substrate Yes 

CYP1A2 inhibitor No 

CYP2C19 inhibitor No 

CYP2C9 inhibitor Yes 

CYP2D6 inhibitor No 

CYP3A4 inhibitor No 

log Kp (cm/s) -11.73 

Lipinski violations 3 

Ghose violations 4 

Veber violations 1 

Egan violations 1 

Muegge violations 4 

Bioavailability Score 0.17 

PAINS alerts 0 

Brenk alerts 2 

Leadlikeness violations 2 

Synthetic Accessibility 7.71 

Root mean square fluctuation 

RMSF values for C-alpha atoms of each amino acid of the receptor protein was calculated and 

plotted against the number of residues. This plot revealed similar pattern of residue-fluctuation for both 

7BZ5 and the docked complex (Fig. 4). RMSF analysis clearly indicated that binding of the investigated 

ligands to the Covid spike protein raised no major complications in terms of protein flexibility and 

structural conformations. 
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Fig. 4. Molecular Dynamics study of 7BZ5 with the considered chemical: (a) RMSD and (b) RMSF comparison 

between single protein and docked complex. The red line indicates single protein and black line indicates docked 

complex. 

Conclusion: 

In summary the efficacy of the novel Cu(II) complex, [{Diaquo(3,5-dinitrobenzoato-1O1)(1,10-

phenanthroline-2N1:N10)}copper(II)] 3,5-dinitrobenzoate, as a potential anti-COVID agent was explored 

through molecular docking and simulation studies. These studies revealed a good binding affinity of this 

complex against SARS-CoV2 spike protein. Interestingly, low GI and good skin permeation values 

suggest that the complex may be a good candidate for injection against Covid-19. However, further in 

vivo and in vitro studies are required to ascertain the proper binding mechanism of the complex with the 

virus spike protein as well as to understand the drug behavior of novel Cu(II) complex. 

Supplementary Material 

Additional data are available electronically at the pages of journal website: http//www.shd-

pub.org.rs/index.php/JSCS/index, or from the corresponding author on request. Further crystal details 

(CCDC 1487797) can be obtained free of charge from the Cambridge Crystallographic Data Center via 

www.ccdc. cam.ac.uk/data_request/cif. 
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