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Abstract: Coronaviruses (CoVs), positive-stranded RNA viruses, can infect humans and multiple 

species of animals, cause enteric, respiratory, and central nervous system diseases in many species, and 

are attractive targets for anti-CoV drug design through a pivotal role in viral gene expression and 

replication through the proteolytic processing of replicase polyproteins. In this work, it has been 

investigated the junction of six inhibitors including N-[[4-(4-methylpiperazin-1-yl)phenyl]methyl]-1,2-

oxazole-5-carboxamide (INH1), NSC 158362 (INH2), JMF 1586 (INH3), (N-(2-aminoethyl)-1-

1ziridine-ethanamine) (INH4), [(Z)-1-thiophen-2-ylethylideneamino]thiourea (INH5), and 

Vanillinbananin (INH6) to coronavirus by forming the complexes of inhibitor-CoV through the 

hydrogen bonding using the physicochemical properties of the heat of formation, Gibbs free energy, 

electronic energy, the charge distribution of active parts in the hydrogen bonding, NMR estimation of 

inhibitor jointed to the database amino acids fragment of  Tyr-Met-His as the selective zone of the CoV, 

positive frequency and intensity of different normal modes of these structures. The theoretical 

calculations were done at various levels of theory to gain more accurate equilibrium geometrical results. 

A comparison of these structures with two configurations provides new insights for the design of 

substrate-based inhibitors targeting CoV. This indicates a feasible model for designing wide-spectrum 

inhibitors against CoV-associated diseases. The structure-based optimization of these structures has 

yielded two more efficacious lead compounds, N and O atoms, through forming the hydrogen bonding 

(H-bonding) with potent inhibition against CoV (Tyr160-Met161-His162), which has been abbreviated 

as TMH in this work. 
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1. Introduction 

Coronaviruses (CoVs) are positive-stranded RNA viruses that cause a wide range of 

enteric and central nervous system diseases in multiple animal species, including humans [1-

4].  

Coronavirus disease 2019, COVID-19, is a contagious disease caused by SARS-CoV-

2 [5], close to the SARS virus [6-10], through tiny droplets from infected patients while they 

breathe or cough [11,12]. Between 2 and 14 days, the virus appears with few symptoms or 

develops fever, cough, and shortness of breath [13,14], but it can be overcome by hygiene 

substances [15,16].  

CoV closely corresponds to intense breathing syndrome CoV (SARS-CoV), an 

epidemic with a short period of its living time. SARS-CoV and MERS-CoV relate to the family 

https://biointerfaceresearch.com/
https://biointerfaceresearch.com/
https://doi.org/10.33263/BRIAC116.1443314450
mailto:smollaamin@gmail.com
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-6896-336X


https://doi.org/10.33263/BRIAC116.1443314450  

 https://biointerfaceresearch.com/ 14434 

coronaviridae family as enveloped, positive-stranded RNA viruses with around 30,000 

nucleotides. It has been reported that the global outbreak of typical life-threatening pneumonia 

caused about 800 deaths which were world identified as the harsh syndrome CoV (SARS-CoV) 

[17-21]. 

Moreover, developed investigations have indicated that the origin of SARS-CoV based 

on the phylogenic analysis is most likely from bats that are transferred to human aerosols due 

to intermediate hosts like infectious palm civets by the virus [22-24]. 

Thus, due to its power of intermediate transition into persons, animal disease is a threat 

that has been summarized with the novel MERS-CoV suggesting bats and dromedary camels 

as the storage for this virus [25-30].  

Besides, MERS-CoV declares SARS-like symptoms due to human infections, 

including malaise, rigors, fatigues, and high fevers, signs like influenza, but it has been seen 

later development to typical pneumonia in most cases [31]. 

In some researches, it has been discovered that a prototype of the coronaviridae family 

is avian infectious bronchitis virus (IBV) which relates to the genetic group III of CoV and 

causes severe economic defeat for the poultry industry in the world [32-35]. 

Actually, the scientists have not discovered any vaccine or specific antiviral treatment 

by management concerning the care of symptoms, supportive treatment, and experimental data 

[36]. The results have shown the sample between 1% to 3% [37,38]. 

There are some recommendations from the World Health Organization (WHO) to 

suspected infectious persons having the coronavirus, including; wearing a surgical face mask 

and seeking medical advice from a doctor.  Coronavirus disease was indicated with WHO as a 

Public Health Emergency of International Concern (PHEIC) in 2019-2020. Then China was 

declared a zone of the spread of this virus in 2020 [39-41].  

So, in this project, the junction process of six inhibitors including N-[[4-(4-methyl 

piperazine-1-yl)phenyl]methyl]-1,2-oxazole-5-carboxamide (INH1), NSC 158362 

(INH2),JMF 1586 (INH3), (N-(2-aminoethyl)-1-1ziridine-ethanamine) (INH4), [(Z)-1-

thiophen-2-ylethylideneamino]thiourea (INH5) and Vanillinbananin (INH6) to coronavirus by 

forming the complexes of  Inhibitor- CoV (INH[1-6]-TM) through the hydrogen bonding (H-

bonding) has been estimated using theoretical methods to measure the effect of H-bonding in 

the different linkage of six inhibitors to the chain of Tyr160-Met161-His162.  
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Scheme 1. The junction of  N-[[4-(4-methylpiperazin-1-yl)phenyl]methyl]-1,2-oxazole-5-carboxamide (INH1), 

NSC 158362 (INH2),JMF 1586 (INH3),(N-(2-aminoethyl)-1-1ziridine-ethanamine) (INH4) ,[(Z)-1-thiophen-2-

ylethylideneamino]thiourea (INH5) and Vanillinbananin (INH6)   to TMH (Tyr160-Met161-His162) by 

hydrogen bonding. 

Then, the drug delivery method has been launched on the structures, which have been modeled 

and estimated by nuclear magnetic resonance (NMR)  and calculated by infrared (IR) spectroscopy 

using Gaussian09 at 300K (Scheme 1). 

2. Materials and Methods 

 The junction of N-[[4-(4-methylpiperazin-1-yl)phenyl]methyl]-1,2-oxazole-5-carboxamide 

(INH1), NSC 158362 (INH2), JMF 1586 (INH3), (N-(2-aminoethyl)-1-1ziridine-ethanamine) (INH4), 

[(Z)-1-thiophen-2-ylethylideneamino]thiourea (INH5) and Vanillinbananin (INH6) to TMH (Tyr160-

Met161-His162) has been studied in this investigation by forming relatively stable complexes 

through the H-bonding. Thus, a series of quantum-theoretical approaches of m062x/cc-pvdz 

pseudo=lanl2 for INH3 (JMF 1586) and pseudo=CEP for other complexes of INH [1-6]-TMH 

has been done due to finding the optimized coordination of the best structures of INH [1-6]- 

Tyr160-Met161-His162 drug delivery model with IR computations using the Gaussian09 

program package [42]. It has been declared that polarization functions into the applied basis 

set in the computation always introduce us to an important achievement on the modeling and 
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simulation theoretical levels. Normal mode accomplishment is the verdict of potential 

harmonic wells by analytic methods that maintain all atoms' motion simultaneously in the 

vibration time scale, leading to a natural explanation of molecular vibrations [43-48].  

Thus, the optimized geometry coordination of INH [1-6]-TMH complexes (Figure 1) 

toward the drug delivery method  has been done  by a series of quantum theoretical approaches 

of m062x/cc-pvdz pseudo=lanl2 for INH3 (JMF 1586) and pseudo=CEP for other complexes 

using the Gaussian09 program package which has shown  the active position of indicated  

oxygen, nitrogen  and hydrogen atoms in the junction of bond angles including; N(44)  H(67) 

 O(66), N(73)  H (74)  O(13) , N(77)  H(78)  O(7) , N(10)  H(44)  O(43) , 

N(17)  H(44)  O(43), N(86)  H(87)  O(7)  for INH[1-6]-TMH, respectively [42] 

(Table 1).  

             

            

            
Figure 1. Optimized ab-initio geometry of INH [1-6]-TMH complexes through the drug delivery method 

through representing the bond length of N  H, H  O and bond angle of   N  H  O   calculated by 

m062x/cc-pvdz pseudo=lanl2 for INH3 (JMF 1586) and pseudo=CEP for other complexes.  

Table 1. Optimized geometry with m062x/cc-pvdz pseudo=lanl2 for INH3 (JMF 1586) and pseudo=CEP for 

other complexes, INH [1,2-6]-TMH ,using the drug delivery method. 

INH-CoVs Bond length (Å) Bond angle (o) 

INH1-TMH 
N(44)  H (67) 1.33076 

N(44)  H(67)  O(66) 135.021 
H(67)  O(66) 0.960771 

INH2- TMH 
N(73)  H (74) 1.01017 

N(73)  H (74)  O(13) 145.015 
H(74)  O(13) 0.984098 

INH3- TMH 
N(77)  H (78) 1.01017 

N(77)  H(78)  O(7) 105.147 
H(78)  O(7) 0.957995 
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INH-CoVs Bond length (Å) Bond angle (o) 

INH4- TMH 
N(10)  H (44) 1.01616 

N(10)  H(44)  O(43) 151.195 
H(44)  O(43) 0.960771 

INH5- TMH 
N(17)  H (44) 0.990522 

N(17)  H(44)  O(43) 144.474 
H(44)  O(43) 0.960771 

INH6- TMH 
N(86)  H (87) 1.01017 

N(86)  H(87)  O(7) 138.178 
H(87)  O(7) 0.929103 

Besides, the data has been achieved from thermodynamic parameters of ΔG, ΔH, and 

ΔS for INH [1-6] - Tyr160-Met161-His162 drug delivery.  

Therefore, for accomplishing a stable structure of INH [1-6] linkage of Tyr160-

Met161-His162, geometry optimization plus the NMR estimation, the frequency and intensity 

of the vibrational modes were calculated with the quantum mechanical (QM) theoretical 

method, and the principal vibrational modes were analyzed by their changes of Gibbs free 

energy in water medium at 300K.  

Thermodynamic experiments conduct the frequency and normal mode results. The 

energy in Gaussian09 has been expanded and corrected as thermal correction to energy, thermal 

correction to enthalpy, and thermal correction to the Gibbs free. In addition, the total energies 

can be calculated as the sum of electronic and zero-point energies, the sum of electronic and 

thermal energies, the sum of electronic and thermal enthalpies, and the sum of electronic and 

thermal Gibbs free energies.  

The theoretical calculations were done at various levels of theory to gain more accurate 

equilibrium geometrical results and IR spectral data for each of the identified compounds. It is 

supposed that an additional diffuse and polarization functions into the basis set applied in the 

computation conduct us to the magnificent progress on the results of theoretical methods. The 

simulation indicates the approaches which produce a common template of a model at a special 

temperature by computing all physicochemical properties among the partition function [44]. 

Each part of the systems including INH[1-6]-TMH has been optimized using ab-initio 

via density functional theory, including ECP calculations with lanl2 for INH3 (JMF 1586) and 

pseudo=CEP for INH[1,2-6]) basis sets. In addition, those systems have been evaluated via 

QM/MM approach through an ONIOM method. In our study, differences of force fields are 

debated through comparing density and energies with OPLS and AMBER via Monte Carlo 

optimization. In addition, a Hyperchem professional release 7.01 program has been applied for 

some additional keywords such as PM3MM, PM6 (pseudo=lanl2 for INH3 (JMF 1586), and 

pseudo=CEP for INH [1, 2-6]) [49, 50]. 

The DFT with the van der Waals densities functional were investigated for modeling 

of solvent-compounds interaction. All optimization of solvent effects was done by Gaussian 

09. The accurate calculations were performed using m062x, m06-L, and m06 for the junction 

of the inhibitor to database amino acids interaction. The m062x, m06-L, and m06-HF methods 

have a suitable correspondence in non-bonded calculations between these compounds and 

solvents. The ONIOM levels have been applied through three levels of high (H), medium (M), 

and low (L) calculations, while DFT methods were used for the high (H) layer and the semi-

empirical method of pm6 and Pm3MM was used for the medium and finally Monte Carlo for 

low layers, respectively. The Polarizable Continuum Model, PCM, is the most popular SCRF 

model based on apparent surface charges expanding to discuss non-electrostatic impacts using 

scaled point theory [51, 52]. 

Rinaldi and Rivail developed the most common levels of the SCRF method of multiple 

expansions with an algorithm based on the use of a strict multipolar expansion up to the 7th 
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order by Frisch that is currently available at both semi-empirical and ab initio levels of theory 

[53-55]. Onsager and Kirkwood have arranged an intention for various continuum solvation 

examples of a multiple expansion, MPE, of the solute charge distribution [56-58]. Then, 

Wiberg and co-workers improved Onsager-SCRF for the Gaussian program [59,60]. 

Solvation is illustrated in terms of a dipole moment with an iterative path of quantum 

mechanics calculations on the structure. The perspective of Onsager-SCRF was one to directly 

apply almost all of the Gaussian program's computational characteristics. The dielectric 

continuum models like the self-consistent reaction field approach are efficient in applying 

account the long-range of solute-solvent electrostatic interactions and the effect of solvent 

polarization. Another theoretical level is the combination of molecular mechanics (MM) 

solvent molecule with quantum mechanics level (QM) for the electronic structure of the solute 

molecule named QM/MM, which can modify a deficiency of the dielectric continuum model 

[61,62]. 

3. Results and Discussion 

NMR calculations on the database of amino acids in the beta-sheet conformation of  

Tyr160-Met161-His162  and six inhibitors of N-[[4-(4-methylpiperazin-1-yl)phenyl]methyl]-

1,2-oxazole-5-carboxamide (INH1), NSC 158362 (INH2), JMF 1586 (INH3),(N-(2-

aminoethyl)-1-1ziridine-ethanamine) (INH4), [(Z)-1-thiophen-2-ylethylideneamino]thiourea 

(INH5) and Vanillinbananin (INH6)  have been estimated to unravel the indicated atoms of H, 

N, O in the active sites of these anti-virus drugs through the formation of hydrogen bonding by 

indicating the attack zone of TMH (Scheme 2a-g). 

(a)  

(b)  
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(c)  

(d)  

(e)  

(f)  
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(g)  

Scheme 2. NMR spectra of (a) Tyr160-Met161-His162; (b)N-[[4-(4-methylpiperazin-1-yl)phenyl]methyl]-1,2-

oxazole-5-carboxamide (INH1); (c) NSC 158362 (INH2); (d) JMF 1586 (INH3), (e) (N-(2-aminoethyl)-1-

1ziridine-ethanamine) (INH4); (f) [(Z)-1-thiophen-2-ylethylideneamino]thiourea (INH5); (g) Vanillinbananin 

(INH6) by indicating the active zone of TMH in the drug delivery process. 

The NMR measurements demonstrate the active sites of the inhibitors for linking to the 

Tyr160-Met161-His162 (TMH) in forming the anti-virus drugs while each active atom of 

oxygen and nitrogen as the electronegative atoms for attaching to the hydrogen denotes the 

maximal shift in all levels in the NMR spectra (Scheme 2).  

Table 2. Thermodynamic properties of INH-CoVs complexes; NHI[1-6]-TMH at 300 K. 

INH-CoVs 

∆G ×10-5 

(kcal/mol) 

∆H 

(kcal/mol) 

∆S  ×10-2 

(kcal/K.mol

) 

Eelectronic×10

-6
 

(kcal/mol) 

Ecore-

core×10-6
 

(kcal/mol) 

Dipole  

(Debyes) 

INH1- TMH 5.8985  7.8303×105 6.439 -1.4480 2.0379 6988.078 

INH2- TMH -1.6210 4.3153×102 5.417 -1.6899 1.5278 3.812 

INH3- TMH -1.9996 6.4687×102 6.6869 -2.1804 1.9805 12.942 

INH4- TMH -1.4563 4.9839×102 4.8710 -1.5318 1.3862 5.612 

INH5- TMH -1.5469 6.5336×102 5.1780 -1.6677 1.5131 9.310 

INH6- TMH -2.1074 2.4445×102 7.0329 -2.4596 2.2489 14.696 

 
Figure 2. Changes of physicochemical properties of ∆G, ∆H, ∆S, Eelectronic, and ECore-Core for the stable anti-

coronavirus complexes of INH [1-6]-TMH through the H-bonding formation using the drug delivery method. 

In this project, six inhibitors of  N-[[4-(4-methylpiperazin-1-yl)phenyl]methyl]-1,2-

oxazole-5-carboxamide (INH1), NSC 158362 (INH2), JMF 1586 (INH3),(N-(2-aminoethyl)-

1-1ziridine-ethanamine) (INH4), [(Z)-1-thiophen-2-ylethylideneamino]thiourea (INH5) and 

Vanillinbananin (INH6) have been estimated for stabilizing the junction of Tyr160-Met161-
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His162 as the anti-coronavirus through the drug delivery method using IR spectroscopy using 

Gaussian09 (Figure 1).  

Therefore, the thermodynamic properties of ∆G, ∆H, ∆S, Electronic Energy, and Core-

Core interaction have determined the stable anti-coronavirus complexes of INH[1-6]-TMH 

through the H-bonding formation using the drug delivery method  (Table2 and Figure 2) [42].  

Moreover, the difference of ∆HF among INH[1-6] -TMH has discussed the H-bonding 

through the six types of inhibitors jointed to the database of amino acids in beta-sheet 

conformation; Tyr160-Met161-His162 as the active site of the coronavirus (CoV) families  

(Table 3, Figure 3). 

Table 3. The Heat of formation ,∆HF,  among   INH[1-6] -TMH  (kcal/mol) 

∆
H

T
M

H
 

2
5

8
2

4
2

.6
0

1
4
0

7
7
  
(k

ca
l/

m
o

l)
 

∆H INH1 ∆H( INH1-TMH) ∆HF =∆H( INH1-TMH) – (∆HTMH +∆H  INH1) 

1756.0324114 783032.8395052 523034.2056861 

∆H INH2 ∆H( INH2-TMH) ∆HF =∆H(INH2- TMH) – (∆HTMH +∆H INH2 ) 

2.1157530 431.5301077 -257813.187053 

∆HINH3 ∆H( INH3-TMH) ∆HF = ∆H( INH3-TMH) – (∆HTMH +∆H INH3- ) 

102.5596807 646.8767409 -257698.2843475 

∆H INH4 ∆H( INH4-TMH) ∆HF =∆H( INH4-TMH) – (∆HTMH +∆H  INH4) 

121.9099699 498.3960408 -257866.1153368 

∆H INH5 ∆H( INH5-TMH) ∆HF =∆H( INH5-TMH) – (∆HTMH +∆H INH5) 

122.5763148 653.3642056 -257711.8135169 

∆H INH6 ∆H( INH6-TMH) ∆HF =∆H( INH6-TMH) – (∆HTMH +∆H  INH6 ) 

-273.6391946   244.4522546 -257724.5099585 

In all six types of inhibitors jointed to the database of amino acids in beta-sheet 

conformation, Tyr160-Met161-His162, as the active site of the coronavirus(CoV) families in 

the process of drug delivery, the frequency and intensity of various infrared normal modes of  

INH[1-6]-TMH complexes have been found to be significantly different through the stability 

of H-bonding formed between the active site of CoV and inhibitors which founds the anti-

coronavirus (Table 4, Figure 4). 
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(b) 

Figure 3. The difference of ∆HF among (a) INH1-TMH; (b) INH [2-6]-TMH. 

Table 4.Calculated frequency and intensity of INH [1-6] –TMH in different normal modes of infrared spectra. 
Inhibitor Complex Normal 

mode  

Frequenc

y (1/cm) 

Intensity 

(km/mol) 

N-[[4-(4-methylpiperazin-1-

yl)phenyl]methyl]-1,2-oxazole-5-

carboxamide  

(INH1-

TMH) 

288 7357.36 4354666.00 

NSC 158362 (INH2-

TMH) 

231 5285.11 986.7394 

JMF 1586 (INH3-

TMH) 

243 5285.71 752.0885 

(N-(2-aminoethyl)-1-1ziridine-ethanamine) (INH4-

TMH) 

228 5284.54 1222.6909 

[(Z)-1-thiophen-2-

ylethylideneamino]thiourea 

(INH5-

TMH) 

219 5295.18 20233.9316 

Vanillinbananin  (INH6-

TMH)   

270 5285.84 751.2703 

 
Figure 4. Changes of calculated frequency and intensity versus anti-coronavirus drugs of INH [1-6] –TMH in 

different normal modes of infrared spectra. 
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The frequency and intensity TMH-junction were found to be significantly different with 

each inhibitor treatment including; N-[[4-(4-methylpiperazin-1-yl) phenyl] methyl]-1,2-

oxazole-5-carboxamide, NSC 158362, JMF 1586, (N-(2-aminoethyl)-1-1ziridine-ethanamine), 

[(Z)-1-thiophen-2-ylethylideneamino] thiourea and Vanillinbananin as (INH [1-6]).  

It has been seen that by increasing the activity of atoms in the active site of inhibitors, 

the frequency and intensity of INH [1-6]-Tyr160-Met161-His162 junction also have increased 

from 5285.84 to 7357.36 1/cm and from 751.2703 to 4354666.00 km/mol, respectively, with 

forming hydrogen bonding (Table 4, Scheme2 ). 

Although we have little information about the interaction of inhibitors with CoV, 

database amino acids fragment of Tyr160-Met161-His162 as the CoV's selective zone were 

found to induce spectra frequency and intensity.  

The maximum positive frequency and intensity have been shown for N-[[4-(4-

methylpiperazin-1-yl)phenyl]methyl]-1,2-oxazole-5-carboxamide(7357.36 1/cm and 

4354666.00km/mol) jointed to the database of amino acids in beta-sheet conformation 

(Tyr160-Met161-His162) with the abbreviation of (INH1-TMH) which has the largest amount 

as the anti-coronavirus in the spectrum data (Table 4, Figure 4). 

Similar trends occurred in other INH [2-6]-TMH complexes exhibit the smallest 

changes in the infrared spectra where the Fmax of the junction for NSC 158362, JMF 1586, (N-

(2-aminoethyl)-1-1ziridine-ethanamine), and Vanillinbananin were 5285.11, 5285.71, 

5284.54, 5295.18, and 5285.84 1/cm, respectively (Fig.4). The intensity of IR spectra for NSC 

158362, JMF 1586, (N-(2-aminoethyl)-1-1ziridine-ethanamine), and Vanillinbananin were 

reported as 986.7394, 752.0885, 1222.6909, 20233.9316, and 751.2703 km/mol, respectively, 

which have approved the stability of these structures anti-coronavirus using the drug delivery 

method (Table 4). 

The frequency achieved of IR vibrational spectra have shown that the normal mode of 

the active sites due to Fmax for TMH linked to inhibitors of N-[[4-(4-methylpiperazin-1-yl) 

phenyl] methyl]-1,2-oxazole-5-carboxamide, NSC 158362, JMF 1586, (N-(2-aminoethyl)-1-

1ziridine-ethanamine), [(Z)-1-thiophen-2-ylethylideneamino] thiourea and Vanillinbananin 

were reported 288,231,243,228,219, and 270, respectively (Table 4). 

In the next step,  the atomic charge of indicated atoms of oxygen, nitrogen, and 

hydrogen in the junction of N-[[4-(4-methylpiperazin-1-yl) phenyl] methyl]-1,2-oxazole-5-

carboxamide, NSC 158362, JMF 1586, (N-(2-aminoethyl)-1-1ziridine-ethanamine), [(Z)-1-

thiophen-2-ylethylideneamino] thiourea and Vanillinbananin with Tyr160-Met161-His162 

have been evaluated in the zone of H-bonding formation (Figure 1, Table 5). 

Then, in Fig.5, it has been plotted the changes of atomic charge for labeled oxygen, 

nitrogen, and hydrogen atoms through optimized INH[1-6]-TMH complexes (Figure 1) due to 

the formation of H-bonding; so, the results of Table 5 in a polar zone have declared the stability 

of anti-coronavirus drugs which have been modeled using the drug delivery method. The 

largest fluctuation in Fig.5 has been seen for the sample of N-[[4-(4-methylpiperazin-1-yl) 

phenyl] methyl]-1,2-oxazole-5-carboxamide- Tyr160-Met161-His162 (INH1-TMH) 

considering the oxygen and nitrogen as the electronegative atoms and hydrogen in the 

formation of the H-bonding through using the drug delivery method which has proposed the 

modeling of anti-coronavirus. These results have approved the values of IR spectra for INH1-

TMHin and INH [2-6] TMH in Table 4 & Figure 4.  

Table 5. The amounts of atomic charge for labeled oxygen, nitrogen and hydrogen atoms in the junction of N-

[[4-(4-methylpiperazin-1-yl) phenyl] methyl]-1,2-oxazole-5-carboxamide, NSC 158362, JMF 1586, (N-(2-
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aminoethyl)-1-1ziridine-ethanamine), [(Z)-1-thiophen-2-ylethylideneamino] thiourea and Vanillinbananin with 

Tyr160-Met161-His162 (INH[1-6]-TMH). 
INH1-

CoV 
charge INH2-CoV charge INH3-CoV charge 

N(40) -2.999997 N(73) -0.040412 N(77) 0.219946 

H(63) -0.999557 H(74) 0.304686 H(78) 0.320944 

O(62) -1.909027 O(13) -0.460297 O(7) -0.380933 

INH4-

CoV 
charge INH5-CoV charge INH6-CoV charge 

N(10) -0.191810   N(11) -0.332338 N(86) 0.083530 

H(44) 0.254206 H(41) 0.328642 H(87) 0.294362 

O(43) -0.276648 O(40) -0.319774 O(7) -0.247972 

 
Figure 5. Comparison of atomic charge versus labeled of oxygen, nitrogen  and hydrogen atoms in the junction 

of N-[[4-(4-methylpiperazin-1-yl) phenyl] methyl]-1,2-oxazole-5-carboxamide, NSC 158362, JMF 1586, (N-(2-

aminoethyl)-1-1ziridine-ethanamine), [(Z)-1-thiophen-2-ylethylideneamino] thiourea and Vanillinbananin with 

Tyr160-Met161-His162  (INH[1-6]-TMH). 

Thus the perspective of Figure 5 has recommended the reason for existing observed 

various results of the atomic charge on  INH[1-6]-TMH  complexes as the inhibitor-coronavirus 

which are principally  related  to  the position  of active cites of indicated  oxygen, nitrogen  

and hydrogen atoms in the junction of bond angles including; N(44)  H(67)  O(66), N(73) 

 H (74)  O(13) , N(77)  H(78)  O(7) , N(10)  H(44)  O(43) , N(17)  H(44)  

O(43), N(86)  H(87)  O(7)  for INH[1-6]-TMH, respectively (see Table 1). 

In this work, oxygen and nitrogen atoms as the electronegative atoms contribute the 

charge of electrons with hydrogen due to the formation of H-bonding with the highest negative 

atomic charge on oxygen and nitrogen to the lowest negative atomic charge as N-[[4-(4-

methylpiperazin-1-yl)phenyl]methyl]-1,2-oxazole-5-carboxamide (INH1)-TMH> [(Z)-1-

thiophen-2-ylethylideneamino]thiourea (INH5-TMH)> (N-(2-aminoethyl)-1-1ziridine-

ethanamine) (INH4)-TMH> NSC 158362 (INH2)-TMH> Vanillinbananin (INH6)-TMH> 

JMF 1586 (INH3)-TMH>, respectively (Figure 5). 

In fact, the spin density and partial charges have been obtained by fitting the 

electrostatic potential to fix the charge of oxygen and nitrogen with high electronegativity in 

the junction of the electrophilic group of hydrogen in the structures of INH [1-6]-CoV as the 

anti-virus drugs which conduct us toward the industry of drug delivery. 
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4. Conclusions 

Generally, inhibitors are capable of joining the database amino acids fragment of 

Tyr160-Met161-His162 as the selective zone of the coronavirus (CoV) by indicating the shift 

in their frequency and intensity spectra after estimation by the NMR method, which is affected 

by the atomic configuration of the inhibitors.  

 The stability of H-bonding between six inhibitors of N-[[4-(4-methylpiperazin-1-

yl)phenyl]methyl]-1,2-oxazole-5-carboxamide (INH1), NSC 158362 (INH2), JMF 1586 

(INH3),(N-(2-aminoethyl)-1-1ziridine-ethanamine) (INH4), [(Z)-1-thiophen-2-

ylethylideneamino]thiourea (INH5) and Vanillinbananin (INH6) and coronavirus through the 

formation   Inhibitor- CoV complexes through two probabilities of N H and O H with 

different atomic charges has been investigated using IR methods. So, the thermodynamic 

properties of Gibbs free energy, enthalpy of formation, Electronic Energy, Core-Core 

interaction have approved the stability of anti-coronavirus complexes of INH [1-6]-TMH 

through the H-bonding formation using the drug delivery method.   
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