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Abstract: 

Background and Objectives: By the end of 2019, a novel human coronavirus outbreak 

started in Wuhan and spread to the world becoming a global pandemic, patients were 

diagnosed with severe respiratory syndrome. Studies have shown that SARS-CoV2 interact 

with angiotensin-converting enzyme 2 (ACE2), its host cell receptor, by its Spike 

Glycoprotein. The aim of this study is to prevent this interaction by inhibiting Spike 

glycoprotein. Materials and Methods: The interaction of the Spike Glycoprotein of SARS-

COV-2 extracted from protein data bank (PDB Code: 6VSB and 6LZG) with 10 different 

ferrocene derivatives ligands were investigated by performing docking studies using 

Autodock Tools 4.2. software. Results: The obtained results showed that N-ferrocenyl-

methyl-3-nitroaniline was the best inhibitor ligand interacted with both proteins of 

coronavirus with the free binding energy equal to -5.38 and -6.65 Kcal/mol for 6VSB and 

6LZG respectively with binding constant values equal to 8.7 × 103 and 72.72× 

103respectively. Calculations revealed that the dominated mode of interaction for all the 

studied ligands with COVID-19 was the electrostatic mode via at least one H-bond and more 

than two hydrophobic Pi-Alkyl Bonds. Conclusion: Generally, the results indicated the 

existence of strong interactions between ligands and spike glycoprotein which prevent the 

virus to interact to ACE2 receptors. 

Keywords: SARS-COV-2, coronavirus, docking, ferrocenyl-methyl, free binding energy, 

coronavirus, spike glycoprotein. 
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1. Introduction  

At the end of the year 2019, a novel human coronavirus outbreak started in Wuhan, Hubei 

Province, China and then subsequently spread to more than 200 other countries becoming a 

global pandemic.Severe-acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was found 

to be the viral agent responsible for COVID-19 pneumonia, the resulting illness from 

infection. On May 4th 2020, there are 3,633,833 cases and 251,480 deaths globally1, although 

the actual rates could be higher considering low testing and case identification in some 

regions. 

Presently, there are no commonly agreed on prophylactic or therapeutic treatment options 

forSARS-CoV-2 and a vaccine is not expected to be developed and disbursed to the wider 

population for 12-18 months2. Current treatment aims to reduce viral load of SARS-CoV-

2and to improve quality of life. Chloroquine and hydroxychloroquine recently cited as a 

potential treatment to shorten SARS-CoV-2 disease course3, but many side effectswere 

attributed as gastrointestinal effects including nausea, vomiting, diarrhea, abdominal 

discomfort as well as the incidence of cardio toxic effects, rhythm disorders and the 

development of cardiomyopathy in patients with rheumatic diseases, also as severe 

complication the development of retinopathy4-7. Furthermore, ferroquine and 

Hydroxyferroquine are effective inhibitors of SARS-CoV-1 replication with high selectivity8. 

According to the fact that SARS-CoV-2 has many common features with the coronavirus 

family and has a phylogenetic similarity (96%) to the previous species of SARS-CoV-19, the 

cited inhibitors may be effective against the novel SARS-CoV-2. Therefore, looking for a new 

drug targetof SARS-Cov-2 therapy is still more than needed. 

Receptor recognition by coronavirus is the first and essential step for entering human cells. 

The homotrimeric spike glycoprotein (S protein), located on the envelope of theSARS-CoV–

2, is responsible for receptor recognition.The S1 subunit of S protein,containing receptor-

binding domain (RBD), directly interacts with the receptor Angiotensin-Converting Enzyme 2 

(ACE2)on the human cell membrane while the S2 subunit facilitates virus-cell fusion and 

entry.Consequently, interrupting the interaction between S protein and ACE2 is a strategy to 

inhibit virus entry10, 11. 

In this work, in silico approach using docking studies has been performed to study the 

interaction of 10 N-ferrocenylmethyl-derivatives with SARS-CoV-2 spike glycoprotein 

 



2. Materials and Methods 

Study area: The study was carried out at Laboratory of Valorization and Technology of 

Sahara Resources (VTRS), University of ElOued, Algeria, in March 2020.Study area: 

Methodology:  

All the computational calculations were carried out using AutoDock 4.2 program12 and were 

performed by the PC windows 10 with Intel Core i7 microprocessor, 8 GB memory and 64Bit 

operating system. All the chemical structures of the 10 N-ferrocenylmethyl-derivatives were 

optimized using Gaussian 09W program package13. 

 

2.1. Structural Optimization: 

The geometries of the studied ligands were first optimized by molecular mechanics (MM), 

then they were fully re-optimized by the DFT/ B3LYP method with the 6-311G++ (d,p) basis 

set using Gaussian 09W program package13. The chemical formulas of ligands are presented 

in figure 1.  

 

2.2. Protein selection: 

The X-ray crystal structure of the Prefusion 2019-nCoV spike glycoprotein with a single 

receptor-binding domain up (PDB ID: 6VSB) (figure 2A) and the novel coronavirus spike 

receptor-binding domain complexed with its receptor ACE2 (PDB ID: 6LZG) (figure 2B), 

were obtained from Protein DataBank14. 

 

2.3. Molecular docking studies 

The crystal three dimensional structures of the two proteins (PDB ID: 6LZG) 15 and (PDB ID: 

6VSB) 16 were selected from protein data bank 14. the targets receptors were first prepared,all 

water molecules, ligands and cofactors were deleted and the active site was defined using 

discovery studio visualize 17. The PDB file of 6VSB contains 3 chains for Spike glycoprotein, 

so 2 chains were deleted and only chain A was keptto speed up and simplify calculations. 

Moreover, the PDB file of 6LZG contains 2 chains A and B where Spike protein (chain B) 

bound with human receptor ACE2 (chain A). Spike protein was chosen rather than the ACE2 

receptor for binding pocket search because ACE2 is expressed in various types of human cells 

and targeting ACE2 might cause more side effects. 



The PDB files of ligands were saved as PDBQT files after adding the polar hydrogen atoms. 

Grid boxes were generated using the AutoGrid tool, the grid parameters summarized in 

Table1. 

For docking calculations, Lamarckian genetic algorithms were used. All docking experiments 

consisted of 10 docking runs with 150 individuals and 2,500,000 energy evaluations. The 

other parameterswere left to their default values. The best conformation was selected with the 

lower docking energy18-20and was used in the docking analysis using Protein-Ligand 

Interaction Profiler (PLIP)21. 

 

3. Results 

At the end of docking runs, diverse binding energies of the ligand were obtained with their 

respective conformations; the stable conformation, which corresponds to the lowest binding 

energy, was chosen as the best pose. The binding energy and binding constant Kof the docked 

structures of all ligands with the two proteins are summarized in Table 2.The magnitude of 

the calculated binding energy indicates a high binding affinity between proteins and the 

studied ligands, the binding constant K was calculated using Eq. (1). 

lnG RT K = − (1) 

The results indicate that the ligand Fc-3NO2interacted the best with both studied receptors 

with binding free energies equal to -6.64 and -5.38Kcal/mol for 6LZG and 6VSB, 

respectively.Moreover, the ligand Fc3NO2 represents the highest binding constant values.  

The chosen ligand interacts with both receptors via hydrogen bonds (Figure 3) and a 

hydrophobic bond which is of the type Pi-Alkyl bonds (Figure 4), the bonds are summarized 

in Table 3. For the others ligands interactions information with 6LZG and 6VSB are 

summarized in Table 3 and Table 4 respectively. 

The results showed that the Fc3NO2 ligand interacted via 4 hydrogen bonds to Ser50, Thr302, 

Lys304 and Thr315 amino acids of 6VSB protein (Figure 3a), and via 3 hydrogen bonds to 

Arg403, Glu406 and Gly496 amino acid of 6LZG protein (Figure 3b). 

Docking study shows the formation of 2 Hydrophobic bonds between the chosen ligand (Fc-

3NO2) and Thr274 and Glu298 amino acids of 6VSB (Figure 4a) and 4 hydrophobic bonds 

between the ligand and Glu406, Lys417, Tyr495 and Tyr505 (Figure 4b) amino acids of 

6LZG.The surface view of the docked conformation with 6VSB (figure 5a) and with 6LZG 

protein (figure 5b), indicating that ligand Fc-3NO2 located between the SARS-CoV2, S 

protein and ACE2 which can hinder their interaction. The formed bonds of all the rest of the 



nine studied ligands Fc2NO2, Fc4NO2, FcA, Fc3CN, Fc-A2NO2, 2FcAd, FcAd, FcCy and 

FcTy with 6LZG are shown in (figures: 6a, 6b, 6c, 6d, 6e, 6f, 6g, 6h and 6i) and with 6VSB in 

(figures: 6j, 6k, 6l, 6m, 6n, 6o, 6p, 6q and 6r), respectively.  

 

4. Discussion: 

Among the 10 studied compounds, the ligand Fc-3NO2 bound with the best affinity to both 

proteins ‘’ 2019-nCoV spike glycoprotein’’(PDB ID: 6VSB)15 and ‘’novel coronavirus spike 

receptor-binding domain complexed with its receptor ACE2’’(PDB ID: 6LZG)16 via the 

formation of three hydrogen bonds with the former and four with the later, these bonds were 

formed with the following aminoacids:Lys417, Gly496 and Tyr505. Moreover, most of the 

other studied compounds such as Fc2NO2, Fc4NO2, FcA2NO2, Fc3CN show hydrogen bonds 

with Lys417, however, other ligands bind to Gly496.  

Previous studies show that the SARS-CoV-2 spike glycoprotein contacts the bottom side of 

the ACE2 small lobe via several amino acids such as Try449, Tyr453, Asn487, Tyr489, 

Gly496, Thr500, Gly502, Tyr505, Leu455, Phe456, Phe486, Gln493, Asn501, Lys417, 

Gln474 and Gln49822 ,23, in our case of study the ligand Fc3NO2 also was binds toSARS-CoV-

2 spike glycoprotein by interacting with the right amino acids, this finding is with a good 

agreement with published scientific literatures25,26.. 

Furthermore, Hydroxychloroquine (HCQ) and artemisinin (ATN) derivatives have shown a 

docking score in the range of -7.1 to -5.5 kcal mol-1, the highest docking score of -5.5 kcal 

mol-1was attributed to the HCQ24. The obtained results revealed that the docking score of 

Fc3NO2 was equal to -6.6 kcal mol-1, which indicates that Fc3NO2 is a better binder than the 

HCQ. 

On the other hand, the obtained molecular docking results show the existence of molecular 

interaction between Fc3NO2 and the residues Lys417, Gly496 and Tyr505 which in their turns 

are bound to the ACE2. Consequently, Fc-3NO2 prevents the attachment of SARS-CoV2 

RBD and ACE2. Similar to these interactions, other bonds can also disturb the interaction in 

the middle region of the binding interface between the S Protein and ACE2. 

The obtained results can pave the route to the discovery of potentially pharmacochemistry 

drugs for curing SARS-COV-2 diseases. Furthermore, the results can also be extended to be 

applied on more ferrocene derivatives and on other types of SARS-COV-2 proteins. Finally, 

although the obtained in silico results are very promising, in vitro and in vivo experiments 

should be carried out in order to get more information in relation to the development of the 

pharmacochemistry activities of the studied derivatives. 



 

5. Conclusion: 

A series of ten N-ferrocenyl-methyl-derivatives have been docked successfully, the docking 

results of N-ferrocenyl-methyl-3-nitroaniline ligand with both COVID-19 proteins (SARS-

COV-2) indicated the existence of strong interactions between ligands and spike glycoprotein 

which prevent the virus to interact to ACE2 receptors.Fc-3NO2ligand interact with targets 

proteins via both H-bonds and hydrophobic Pi-Alkyl where the electrostatic mode was the 

dominated mode. 

 

6. Significance Statement: 

This study discovers the high affinity of the interaction between ferrocenylmethyl derivatives 

and COVID-19 proteins which can be used for in vitro study. 

This study will help the researchers to pick up the better ligand candidates for the 

experimental tests.   
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Fig.1.structure of studied ligands: 

(a):ferrocenylmethyl-Adenine,(b): Bis-ferrocenylmethyl-Adenine,(c):ferrocenylmethyl-

Cytosine,(d): ferrocenylmethyl-Thymine,(e):N-(ferrocenylmethyl)-2-nitroaniline, 

(f):N-(ferrocenylmethyl)-3-nitroaniline,(g): N-(ferrocenylmethyl)-4-nitroaniline,(h):N-

(ferrocenylmethyl)-3-aminobenzonitrile, (i): N-(ferrocenylmethyl)-N-acetyl-2-nitroaniline, 

(j): N-ferrocenylmethyl-N-phenylacetamide. 

 

 

Fig.2. 3D Structures of SARS-CoV-2 spike glycoproteinID: 6VSB (A) and 6LZG.(B) 

A B 



 

 

 

Fig.3. 3D interaction between Fc3NO2 and the target 6VSB (a) and 6LZG(b) where the 

greylines show hydrophobic bonds and the bleu lines show the H-bonds. 

 

 

 
 

Fig.4.Docking poses of Fc3NO2 with 6LZG (a) and 6VSB (b) illustrating the interactions 

between the proteins and the examined ligand. 
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Fig.5.Surface view of docked Fc-3NO2 with 6VSB (a) and 6LZG (b) where the grey part in 

(b) presents S protein. 

 

Table1. Grid parameters used to generate the AutoGrid 

Parameters 6VSB 6LZG 

Size (Å) 40 x 40 x 80 40 x 60 x 20 

Spacing (Å) 1 0.5 

Coordinates 

X =206.05 

Y = 223.413 

Z = 215.534 

X =-26.793 

Y = 24.94 

Z = 6.522 

 

Table 2. Binding free energies and binding constant values obtained by molecular docking 

approach. 

Compounds 

6VSB 6LZG 

-ΔG 

(Kcal/mol) 
K (M-1) 

-ΔG 

(Kcal/mol) 
K (M-1) 

Fc2NO2 -5.02 4.7× 103 -4.6 2.33× 103 

Fc3NO2 -5.38 8.7 × 103 -6.64 72.72× 103 

Fc4NO2 -5.33 7.9 × 103 -6.56 63.55× 103 

FcA -4.15 1.1 × 103 -3.96 0.793× 103 

Fc3CN -4.41 1.7 × 103 -6.12 30.267×103 

Fc2NO2A -4.98 4.4 × 103 -4.66 2.582× 103 

2FcAd -4.47 1.9 × 103 -4.18 1.149× 103 

FcAd -4.71 2.8 × 103 -5.76 16.496×103 

FcCy -3.78 0.6 × 103 -3.78 0.585× 103 

FcTy -4.04 0.9 × 103 -4.80 3.269× 103 
                ΔG : Free binding energy 

                K: The binding constant 
 

Table 3. Distances of formed bonds between ligands and 6LZG receptor’s residues 

Adduct Bond type AA Distance 

Fc2NO2-6LZG 

Hydrophobic 

Pi-Alkyl 

ASP405B 3.98 

GLU406B 3.20 

LYS417B 3.56 

H-bond ARG403B 1.94 

Fc4NO2-6LZG 

Hydrophobic 

Pi-Alkyl 

GLU406B 3.19 

LYS417B 3.34 

TYR453B 3.91 

TYR496B 3.23 

H-bond 
ARG403B 2.78 

GLY496B 2.43 

FcA-6LZG 
Hydrophobic 

Pi-Alkyl 

ASP405B 3.70 

GLU406B 3.21 



H-bond 
ARG408B 1.97 

ARG408B 2.68 

π-Cation 

 

ARG403B 4.28 

ARG408B 5.92 

FcA2NO2-6LZG 

Hydrophobic 

Pi-Alkyl 

ASP405B 3.86 

GLU406B 3.34 

LYS417B 3.21 

LYS417B 3.60 

H-bond 

ARG408B 1.62 

ARG408B 2.11 

GLN409B 1.90 

LYS417B 2.08 

Fc3CN-6LZG 

Hydrophobic 

Pi-Alkyl 

GLU406 3.21 

LYS417 3.36 

TYR495 3.60 

TYR505 3.61 

H-bond 

ARG403 3.10 

TYR453 1.80 

GLY496 2.42 

π-Cation ARG403 4.69 

2FcAd-6LZG 

Hydrophobic 

Pi-Alkyl 
ASP405 3.52 

H-bond 

 

ARG408 1.85 

GLN409 2.72 

LYS417 2.19 

π-Cation LYS417 4.62 

FcAd-6LZG 

Hydrophobic 

Pi-Alkyl 

TYR453 3.62 

TYR495 3.10 

TYR505 3.52 

H-bond 

 

ARG403 2.34 

GLU406 2.03 

π-Cation ARG403 3.94 

FcCy-6LZG 

Hydrophobic 

Pi-Alkyl 

ASP405 3.65 

GLU406 3.46 

H-bond 

ARG408 2.02 

ARG408 3.25 

GLN409 1.98 

FcTy-6LZG 

Hydrophobic 

Pi-Alkyl 

TYR453 3.82 

GLN493 3.80 

TYR495 3.84 

TYR505 3.04 

H-bond 
GLU406 2.12 

GLN409 3.43 

π-Cation 
ARG403 4.00 

ARG403 4.27 

Fc3NO2-6LZG 

Hydrophobic, Pi-

Alkyl 
GLU406B 3.58 

LYS417B 3.51 

TYR495B 3.62 



TYR505B 3.95 
H-bond ARG403B 2.93 

GLU406B 2.64 
 

Table 4. Distances of formed bonds between ligands and 6VSB receptor’s residues 

Adduct Bond type AA Distance 

FcAd-6VSB 

Hydrophobic 

Pi-Alkyl 
THR274A 3.79 

H-bond 
LYS304A 2.46 

LYS964A 2.04 

2FcAd-6VSB 

Hydrophobic 

Pi-Alkyl 

THR274A 3.93 

GLU298A 3.31 

H-bond 

SER50A 2.14 

THR302A 3.31 

LYS304A 1.83 

THR315A 2.85 

FcCy-6VSB 

Hydrophobic 

Pi-Alkyl 

THR274A 3.89 

GLU298A 3.53 

H-bond 

SER50A 2.20 

LYS304A 1.79 

THR315A 2.55 

FcTy-6VSB 

Hydrophobic 

Pi-Alkyl 
GLN52A 3.95 

H-bond 
SER50A 2.04 

LYS304A 1.94 

Fc2NO2-6VSB 

Hydrophobic 

Pi-Alkyl 

PHE318A 3.41 

PHE318A 3.96 

VAL595A 3.21 

VAL595A 3.59 

TYR612A 3.27 

VAL620A 3.70 

H-bond 
GLN321A 2.37 

TYR612A 1.97 

Fc4NO2-6VSB 

Hydrophobic 

Pi-Alkyl 

GLN271A 3.67 

PRO272A 3.60 

ARG273A 3.62 

THR274A 3.76 

GLU298A 3.85 

H-bond 

PRO272A 1.95 

THR274A 3.04 

THR274A 3.17 

Fc2NO2-A-6VSB 

Hydrophobic 

Pi-Alkyl 
GLU298A 3.51 

H-bond 

GLN52A 2.60 

PRO272A 1.88 

THR274A 2.40 

THR274A 3.21 



Fc3CN-6VSB H-bond 
PRO272A 2.02 

THR274A 2.32 

FcA-6VSB 

Hydrophobic 

Pi-Alkyl 

ILE909A 3.49 

TYR1047A 3.75 

H-bond HIS1048A 2.13 

Fc3NO2-6VSB 

Hydrophobic, 

Pi-Alkyl 

THR274 3.93 

GLU298 3.31 

SER50 2.14 

THR302 3.31 

H-bond 
LYS304 1.83 

THR315 2.85 
 

 

 

 

 

a (Fc2NO2-6LZG) b (FcA-6LZG) c (Fc4NO2-6LZG) 

 
 

 

d(Fc2NO2-A-6LZG) e (Fc3CN-6LZG) f (FcAd-6LZG) 



 

 
 

g(2FcAd-6LZG) h(FcTy-6LZG) i(FcCy-6LZG) 

 
  

j(Fc2NO2-6VSB) k(Fc4NO2-6VSB) l(FcA-6VSB) 

 

 
 

m(Fc3CN-6VSB) n(Fc2NO2-A-6VSB) o(2FcAd-6VSB) 

 

 

 

p(FcAd-6VSB) q(FcCy-6VSB) r(FcTy-6VSB) 

 

Fig.6.3D interaction between the studied ligands and the targets 6VSB and 6LZG where the greylines 

show hydrophobic bonds and the bleu lines shows the H-bonds. 


