
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Journal of Molecular Structure 1228 (2021) 129461 

Contents lists available at ScienceDirect 

Journal of Molecular Structure 

journal homepage: www.elsevier.com/locate/molstr 

DFT investigation of atazanavir as potential inhibitor for 2019-nCoV 

coronavirus M protease 

Siyamak Shahab 

a , b , c , ∗, Masoome Sheikhi d , Radwan Alnajjar e , f , Sultan Al Saud 

a , 
Maksim Khancheuski a , Aleksandra Strogova 

a 

a Belarusian State University, ISEI BSU, Minsk, Republic of Belarus 
b Institute of Physical Organic Chemistry, National Academy of Sciences of Belarus,13 Surganov Str., Minsk 220072, Republic of Belarus 
c Institute of Chemistry of New Materials, National Academy of Sciences of Belarus, 36 Skarina Str., Minsk 220141, Republic of Belarus 
d Young Researchers and Elite Club, Gorgan Branch, Islamic Azad University, Gorgan, Iran 
e Department of Chemistry, Faculty of Science, University of Benghazi, Benghazi, Libya 
f Departmentof Chemistry, University of Cape Town, Rondebosch7701, South Africa 

a r t i c l e i n f o 

Article history: 

Received 28 July 2020 

Revised 11 October 2020 

Accepted 14 October 2020 

Available online 17 October 2020 

Keywords: 

Atazanavir 

Coronavirus 2019-nCoV 

DFT 

Molecular docking 

Electronic properties 

a b s t r a c t 

Atazanavir (ATZ) is an antiviral drug synthesized.ATZ is being investigated for potential application against 

the Coronavirus 2019-nCoV. To find candidate drugs for 2019-nCoV, we have carried out a computational 

study to screen for effective available drug ATZ which may work as an inhibitor for the Mpro of 2019- 

nCoV. In the present work, the first time the molecular structure of ATZ molecule has been studied using 

Density Functional Theory (CAMB3LYP/6-31G 

∗) in solvent water. The electronic properties, atomic charges, 

MEP, NBO analysis, and excitation energies of ATZ have also been studied. The interaction of ATZ com- 

pound with the Coronavirus was performed by molecular docking studies. 

© 2020 Elsevier B.V. All rights reserved. 
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. Introduction 

Atazanavir with the brand name Reyataz among others is an 

zapeptide protease inhibitor (PI) and has been approved both 

y the FDA and the European Medicines Agency (EMA) for the 

reatment of HIV infectious disease [1] . Atazanavir (ATZ) has 

ewer restrictions rather than other classic PIs including offering 

 lower pill burden, a more favorable lipid profile, and a lower 

ncidence of gastrointestinal symptoms [1] . ATZ drug may be- 

ome a new option for first-line PIs or salvage therapy in pa- 

ients with moderate experience with PIs. Atazanavir is a highly 

elective and effective inhibitor of the HIV-1 protease enzyme. 

arly development studies performed in the late 1990s confirmed 

hat it blocked the cleavage of both gag and gag-pol precur- 

or proteins in HIV-infected cells, leading to a release of non- 

nfectious and immature viral particles [2] .Atazanavir is an aza- 

eptide HIV-1 PI that prevents the formation of mature virions 

hrough the potent and selective inhibition of viral Gag and Gag–

ol polyprotein processing in HIV-1-infected cells [3] . Atazanavir 
∗ Corresponding author. 
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ay cause side effects. Many side effects from HIV medicines, 

uch as nausea or occasional dizziness, are manageable. See the 

linical Info fact sheet on HYPERLINK "https://hivinfo.nih.gov/fact- 

heet/hiv-medicines-and-side-effects" \ t "_blank for more informa- 

ion. Some side effects of atazanavir can be serious. Serious side 

ffects of atazanavir include changes in heart rhythm, severe rash, 

iver problems, and life-threatening drug interactions. (See sec- 

ion above: What are the most important things to know about 

tazanavir?). Other possible side effects of atazanavir include: mild 

ash, chronic kidney disease, Kidney stones. Contact your health 

are provider if you have pain in your lower back or lower stom- 

ch area, blood in your urine, or pain when urinating, gallblad- 

er problems. Contact your health care provider right away if you 

evelop symptoms of gallbladder problems (pain in your right or 

iddle upper stomach area, fever, nausea and vomiting, or jaun- 

ice), diabetes and high blood sugar (hyperglycemia), changes in 

our immune system (called immune reconstitution inflammatory 

yndrome or IRIS). IRIS is a condition that sometimes occurs when 

he immune system begins to recover after treatment with an HIV 

edicine. As the immune system gets stronger, it may have an in- 

reased response to a previously hidden infection, Changes in body 

https://doi.org/10.1016/j.molstruc.2020.129461
http://www.ScienceDirect.com
http://www.elsevier.com/locate/molstr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2020.129461&domain=pdf
mailto:siyamakshahab@mail.ru
https://doi.org/10.1016/j.molstruc.2020.129461
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Fig. 1. The obtained conformers with relative energies computed at PM6 in gas. 
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s

at (lipodystrophy syndrome), Increased bleeding problems in peo- 

le with hemophilia [4-6] . 

According to the openly published data, in 2019, a novel Coro- 

avirus 2019-nCoV was found to cause Severe Acute Respira- 

ory symptoms and rapid pandemic in China. On 13, 16, and 21 

anuary, respectively, Thailand, Japan, and Korea confirmed the 

etection of human infection with 2019-nCoV from China [7] . 

iu and co-workers have been suggested 10 drugs such as Col- 

stin, Valrubicin, Icatibant, Bepotastine, Epirubicin, Epoprostenol, 

apreotide, Aprepitant, Caspofungin, Perphenazine as a candidate 

gainst 2019-nCoV coronavirus [8] . They have been studied the in- 

eraction of the mentioned drugs with the Coronavirus by molec- 

lar docking studies. To find candidate drugs for 2019-nCoV, we 

ave performed a theoretical study for evaluating the usability 

f Atazanavir (C 38 H 52 N 6 O 7 ) drug as an inhibitor for the Mpro of

019-nCoV. The molecular docking approach is used to model the 

nteraction between a molecule and a protein at the atomic level, 

hich allows us to characterize the behavior of molecules in the 

inding site of target proteins as well as to elucidate fundamental 

iochemical processes [ 9 , 10 ]. We have recently suggested Triaza- 

irin drug as a candidate against 2019-nCoV coronavirus [11] . We 

ave been investigated the interaction of the mentioned drug with 

he Coronavirus by molecular docking studies. In this work, the 

rst time the structure of the Atazanavir (ATZ) molecule has been 

nvestigated using Density Functional Theory (DFT: CAMB3LYP/6- 

1G 

∗) in solvent water. The electronic properties, MEP and NBO 
Fig. 2. Optimized structure of the ATZ

2 
nalysis, excitation energies ATZ have also been calculated. The 

nteraction of ATZ drug with the Coronavirus was performed by 

olecular docking studies. 

. Computational methods 

In the current study, the first conformational analysis was per- 

ormed for the compound Atazanavir (ATZ). Then, the quantum 

hemical calculations have been carried out for the most stable 

onformation using the Density Functional Theory (DFT) method 

t CAMB3LYP/6-31G 

∗ level of theory [12] in solvent water by 

he Gaussian 09W program package [13] on a Pentium IV/4.28 

Hz personal computer. The Polarized Continuum Model (PCM) 

14] was used for the calculations of solvent effect.We have used 

ime Dependent Density Functional Theory (TD-DFT) [15] for cal- 

ulation of the electronic transitions of the ATZ molecule. The elec- 

ronic properties such as E HOMO , E LUMO , HOMO-LUMO energy gap, 

ipole moment (D M 

), Mulliken atomic charges, and natural charge 

16] of the ATZ molecule were obtained. The optimized molecule, 

olecular electrostatic potential (MEP) surface, HOMO, and LUMO 

urfaces were visualized using GaussView 05 program [17] . Inter- 

ction between the structure of Coronavirus 2019-nCoV and ATZ 

as been calculated by HyperChem Professional 08 [18] , PyMOL, 

nd Molegro Molecular Viewer software programs. The protein 

equences of 2019-nCoV were downloaded from GenBank ( http: 

/www.ncbi.nlm.nih.gov ). The crystal structure of SARS-CoVM 

pro 

PDB ID: 1UJ1) was downloaded from Protein Data Bank (PDB, 

ttp://www.rcsb.org ). Preparation of the protein receptor we have 

tarted with a procedure in which have deleted all water molecules 

nd ligands except for necessary cofactors. We have examined the 

rotein for gaps and follow procedures for building and optimiz- 

ng the missing loops. We have added hydrogens and optimize the 

ydrogen-bonding network. Finally, we have saved cleaned struc- 

ure for docking. 

. Results and discussion 

Since the Atazanavir (ATZ) molecule is flexible a conformation 

earch was conducted first to obtain the minimal structure, the 
 by CAMB3LYP/6-31G ∗ method. 

http://www.ncbi.nlm.nih.gov
http://www.rcsb.org
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Table 1 

Selected optimized geometrical parameters (Bond lengths ( ̊A) and Bond 

angles ( °)) of the ATZ molecule. 

Bond Bond lengths ( ̊A) Bond Bond angles ( ̊A) 

N1-C2 1.468 N1-C2-C5 115.22 

N1-N3 1.385 N1-N3-C6 120.73 

N1-C4 1.469 N1-C4-C18 109.03 

C2-C5 1.516 N1-N3-H54 119.11 

N3-C6 1.349 C2-N1-N3 112.79 

C4-C18 1.528 C2-N1-C4 117.52 

C6-C7 1.529 N3-N1-C4 114.97 

C6-O8 1.233 N3-C6-C7 115.75 

C7-N9 1.454 N3-C6-O8 123.09 

C7-C14 1.561 C7-C6-O8 121.15 

C14-C15 1.534 C7-N9-H58 117.11 

C14-C16 1.534 C6-C7-C14 113.52 

C14-C17 1.533 N9-C7-C14 112.77 

N9-C10 1.353 C7-C14-C17 111.97 

C5-C41 1.398 N9-C10-O11 112.87 

C5-C45 1.397 N9-C10-O12 123.62 

C10-O11 1.342 C10-O11-C13 116.13 

C10-O12 1.225 O11-C10-O12 123.49 

O11-C13 1.433 C15-C14-C17 109.52 

C18-C19 1.538 C16-C14-C17 109.23 

C18-O20 1.418 C18-O20-H73 109.20 

C19-N21 1.456 C19-N21-C23 122.96 

C19-C22 1.533 C19-N21-H74 119.20 

N21-C23 1.348 C19-C22-C35 114.14 

C22-C35 1.511 N21-C19-C22 110.94 

C23-O25 1.232 N21-C23-O25 122.90 

C23-C24 1.537 C22-C35-C36 120.84 

C24-N26 1.457 C23-C24-N26 111.91 

C24-C27 1.561 C23-C24-C27 103.68 

C27-C28 1.535 C24-N26-H78 119.64 

C27-C29 1.536 N26-C31-C32 112.22 

C27-C30 1.534 N26-C31-O33 123.94 

N26-C31 1.357 C28-C27-C30 108.85 

C31-O32 1.341 C29-C27-C30 109.81 

C31-O33 1.224 C31-O32-C34 116.31 

O32-C34 1.434 O32-C31-O33 123.82 

C35-C36 1.395 C35-C36-C37 121.03 

C35-C40 1.398 C41-C42-C43 120.73 

C36-C37 1.393 C42-C43-C44 118.23 

C37-C38 1.391 C42-C43-C46 120.25 

C38-C39 1.394 C43-C44-C45 120.87 

C39-C40 1.391 C43-C46-N47 116.87 

N3-H54 1.016 C44-C43-C46 121.49 

N9-H58 1.011 C46-N47-C48 118.59 

N21-H74 1.011 C48-C49-C50 117.90 

N26-H78 1.010 C49-C50-C51 118.98 
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Table 2 

The calculated electronic properties of the 

ATZ. 

Property CAMB3LYP 

Electronic Energy ( a.u.) -2333.453 

D M (Debye) 14.33 

Point Group C1 

E HOMO (eV) -7.9710 

E LUMO (eV) -0.3906 

E g (eV) 7.5804 

I (eV) 7.97 

A (eV) 0.39 

χ (eV) 4.18 

η (eV) 3.79 

μ (eV) -4.18 

ω (eV) 2.30 

S (eV) 0.13 

Table 3 

The selected calculated Mulliken 

and NBO charges (e) of the ATZ. 

Atoms NBO Mulliken 

N1 -0.372 -0.139 

N3 -0.469 -0.008 

N9 -0.684 -0.689 

N21 -0.664 -0.146 

N26 -0.700 -0.814 

N47 -0.490 -0.264 

O8 -0.700 -0.478 

O11 -0.580 -0.346 

O12 -0.723 -0.586 

O20 -0.824 -0.663 

O25 -0.704 -0.470 

O32 -0.576 -0.270 

O33 -0.716 -0.537 

C6 0.715 -0.457 

C10 0.959 0.855 

C15 -0.692 -0.538 

C16 -0.686 -0.504 

C17 -0.694 -0.660 

C22 -0.491 -0.095 

C23 0.713 -0.220 

C28 -0.684 -0.592 

C29 -0.686 -0.432 

C30 -0.694 -0.386 

C31 0.960 0.482 

H52 0.263 0.259 

H53 0.263 0.246 

H54 0.437 0.471 

H58 0.459 0.486 

H72 0.277 0.253 

H73 0.525 0.590 

H74 0.449 0.489 

H75 0.278 0.265 

H77 0.291 0.266 

H78 0.453 0.487 

a
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a
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l  
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[

(

onformation search was done using the conformer distribution 

ool implemented in Spartan 16 software, molecular mechanics 

MFF94 [19] was used with 10,0 0 0 conformers as a limit. Six con- 

ormers were identified as a minimum, further optimized at the 

M6 level used to enhance the MMFF output. The energy differ- 

nce was in 0.00 – 12.86 kcal/mol range ( Fig. 1 ). 

In the next step, the most stable conformation of ATZ in the 

round state was optimized using CAMB3LYP/6-31G 

∗level of theory 

 Fig. 2 ). The theoretical parameters such as Bond lengths ( ̊A) and

ond angles ( °) are shown in and Table 1 . 

The HOMO and LUMO orbitals are the frontier molecular or- 

itals (FMOs) that have an important role in chemical stability, op- 

ical properties, UV/Vis spectrum, and kinetic reactivity properties 

f the molecules [20] . The energy difference between HOMO and 

UMO orbitals shows an energy gap (E g ) which is related to the 

ardness or softness of molecules. We obtained the theoretical en- 

rgies of HOMO (E HOMO ) and the LUMO (E LUMO ) orbitals and the 

lectronic properties of the ATZusing CAMB3LYP/6-31G 

∗ level of 

heory; the results are reported in Table 2 . Fig. 3 shows the pic-

ures of HOMO and LUMO orbitals. The HOMO orbital of ATZ is 

ainly centralized on the nitrogen atoms (N1 and N3), the oxygen 
3 
tom of the carbonyl group (O8), and the oxygen atom of the hy- 

roxyl group (O20), whereas the LUMO orbital is centralized on the 

1 atom, double bonds (-C = C- and –C = N-) of one of phenyl rings

nd pyrimidine ring. Therefore, most of the charge transfer from 

he HOMO to LUMO in ATZ takes place with the contribution of 

one pairs of and pi ( π ) bonds. The E G value of ATZ was calculated

t about 7.5804 eV. The E HOMO and E LUMO are related to the ion- 

zation potential ( I = -E HOMO ) and the electron affinity ( A = -E LUMO ).

he global hardness ( η), electronegativity ( χ ), electronic chemical 

otential ( μ) and electrophilicity ( ω), and chemical softness ( S ) pa- 

ameters of the ATZ are calculated with the following equations 

21-24] : 

 

η = I − A/ 2 ) (1) 
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Table 4 

Significant donor–acceptor interactions and second order perturbation energies of the ATZ. 

Donor (i) Occupancy Acceptor (j) Occupancy E (2) a kcal/mol E(j)-E(i) b a.u. F(i, j) c a.u. 

σ (N3-C6) 1.98979 σ ∗(N1-C2) 0.03037 1.18 1.35 0.036 

σ (C7-N9) 1.98077 σ ∗(C10-O12) 0.29975 1.06 1.01 0.032 

σ (C14-C15) 1.97710 σ ∗(C16-H66) 0.00655 1.92 1.19 0.043 

σ (N21-C23) 1.98929 σ ∗(C19-N21) 0.02812 1.68 1.34 0.043 

σ (C31-O33) 1.99190 σ ∗(N26-C31) 0.06423 1.32 1.59 0.041 

σ (C41-C42) 1.97881 σ ∗(C43-C46) 0.03426 3.66 1.30 0.062 

π (C5-C45) 1.64737 π ∗(C41-C42) 0.31237 28.63 0.036 0.092 

π ∗(C43-C44) 0.35947 31.12 0.36 0.095 

π (C35-C36) 1.65717 π ∗C37-C38) 0.33006 31.45 0.036 0.095 

π ∗(C39-C40) 0.32465 29.00 0.36 0.092 

π (C37-C38) 1.67086 π ∗(C35-C36) 0.33704 28.67 0.37 0.092 

π ∗(C39-C40) 0.32465 30.63 0.36 0.094 

π (C39-C40) 1.67400 π ∗(C35-C36) 0.33704 30.74 0.37 0.095 

π ∗(C37-C38) 0.33006 29.15 0.36 0.092 

π (C41-C42) 1.65951 π ∗(C5-C45) 0.35149 31.04 0.37 0.095 

π ∗(C43-C44) 0.35947 29.31 0.36 0.093 

π (C43-C44) 1.63676 π ∗(C5-C45) 0.35149 30.62 0.36 0.094 

π ∗(C41-C42) 0.31237 29.15 0.36 0.093 

π ∗(C46-N47) 0.42196 16.79 0.33 0.067 

π (C46-N47) 1.70909 π ∗(C48-C49) 0.30173 37.89 0.41 0.112 

π ∗(C50-C51) 0.29704 18.15 0.41 0.077 

π (C48-C49) 1.63073 π ∗(C46-N47) 0.42196 26.27 0.34 0.085 

π ∗(C50-C51) 0.29704 33.83 0.37 0.101 

π (C50-C51) 1.64304 π ∗(C46-N47) 0.42196 42.21 0.34 0.109 

π ∗(C48-C49) 0.30173 25.28 0.36 0.087 

π ∗(C46-N47) 0.42196 π ∗(C48-C49) 0.30173 165.42 0.02 0.094 

π ∗(C50-C51) 0.29704 171.64 0.03 0.100 

n1(N1) 1.89493 σ ∗(C2-C5) 0.03299 8.71 0.82 0.077 

σ ∗(N3-H54) 0.03212 9.55 0.82 0.081 

n1(N3) 1.68960 π ∗(C6-O8) 0.29581 82.19 0.39 0.161 

n2(O8) 1.87349 σ ∗(N3-C6) 0.07037 25.30 0.88 0.135 

σ ∗(C6-C7) 0.06443 22.00 0.76 0.118 

n1(N9) 1.73155 σ ∗(C10-O12) 0.29975 47.73 0.49 0.138 

n1(O11) 1.95784 π ∗(C10-O12) 0.11541 9.11 1.12 0.092 

n2(O11) 1.82707 σ ∗(C10-O12) 0.29975 32.51 0.57 0.126 

n2(O12) 1.85596 σ ∗(N9-C10) 0.06299 24.61 0.86 0.133 

σ ∗(C10-O11) 0.09572 36.98 0.75 0.151 

n1(N21) 1.68253 π ∗(C23-O25) 0.28366 76.25 0.40 0.158 

n2(O25) 1.88365 σ ∗(N21-C23) 0.06630 27.02 0.88 0.140 

σ ∗(C23-C24) 0.07220 22.01 0.75 0.116 

n1(N26) 1.74199 π ∗(C31-O33) 0.33447 59.38 0.42 0.144 

n1(O32) 1.95858 σ ∗(C31-O33) 0.06865 10.65 1.20 0.102 

n2(O32) 1.82199 π ∗(C31-O33) 0.33447 45.51 0.50 0.140 

n2(O33) 1.85515 σ ∗(N26-C31) 0.06423 24.93 0.86 0.133 

σ ∗(C31-O32) 0.09568 37.03 0.76 0.151 

n1(N47) 1.92555 σ ∗(C46-C51) 0.03136 11.16 1.03 0.097 

σ ∗(C48-C49) 0.02559 10.76 1.04 0.096 

a E (2) Energy of hyperconjucative interactions, 
b Energy difference between donor and acceptor i and j NBO orbitals, 
c F(i, j) is the Fock matrix element between i and j NBO orbitals. 
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χ = I + A/ 2) (2) 

 

μ = −( I + A ) / 2 ) (3) 

ω = μ2 / 2 η) (4) 

S = 1 / 2 η) (5) 

n which is reported in Table 2 . The density of states spectrum 

DOS) of the ATZis shown in Fig. 3 . 

The MEP map of the optimized molecule ATZ was computed 

nd given in Fig. 4 . The MEP surface of the molecule is related to

he electronegativity, the electrophilic, and nucleophilic reactive of 

he molecules and the partial charges on the different atoms [25] . 

he difference of the electrostatic potential at the maps is shown 

n different colors. The electron-rich sites, partially negative charge, 

lightly electron-rich regions, positive charge or electron-poor and 

eutral sites in the MEP maps appear as red, orange, yellow, blue, 
4 
nd green colors, respectively [26] . In the MEP map of ATZ, the 

xygen atoms such as O a, O b , O c , O d with red color display electron

ich regions, which is due to the lone pair electrons. The hydrogen 

toms such as H a, H b , H c with blue color show the electron-poor 

nd electrophilic sites. The regions with green color show the sites 

ith zero potential and neutral regions. The electrophilic and nu- 

leophilic regions of the ATZ illustrate the interaction with other 

olecules in chemical reactions. 

The calculated Mulliken atomic and natural charges of the ATZ 

olecule are summarized in Table 3 and the diagrams of charges 

re shown in Fig. 5 . The atomic charges have an important role in

he prediction of the electrophilic and nucleophilic reactive regions 

f the molecules. The atomic charges can be illustrated the param- 

ters such as dipole moments, electronic structures, polarizabil- 

ty, and chemical reactivity of molecules. The Mulliken and natural 

harges for the oxygen and nitrogen atoms are the negative val- 

es. The O20 atom has the highest negative charge (NBO: -0.824e 

nd Mulliken: -0.663e) comparing with other oxygen atoms and 

he N26 atom has the highest negative charge (NBO: -0.824e and 
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Table 5 

Electronic absorption spectrum of the ATZ molecule calculated by CAM-B3LYP/6-31G ∗ method. 

Excited 

State 

Wavelength 

(nm) 

Excitation 

Energy (Ev) 

Configurations Composition (corresponding transition 

orbitals) 

Oscillator 

Strength (f) 

S 0 → S 1 253.70 4.88 H → L (85%), H-2 → L (2%), H → L + 1 (3%) 0.69 

S 0 → S 11 202.55 6.12 H-5 → L (16%), H → L + 3 (11%), H-9 → L (7%), H-2 → L + 2 (2%), 

H-2 → L + 3 (2%), H-2 → L + 11 (9%), H-2 → L + 13 (9%), 

H → L + 1 (8%), H → L + 2 (7%) 

0.10 

S 0 → S 13 196.94 6.29 H-9 → L (12%), H-5 → L + 3 (11%), H → L + 2 (21%), H-13 → L 

(5%), H-9 → L + 1 (3%), H-5 → L (3%), H-5 → L + 1 (6%), 

H-5 → L + 2 (4%), H → L + 3 (3%), H → L + 7 (2%), H → L + 8 (2%), 

H → L + 20 (4%) 

0.11 

S 0 → S 14 194.57 6.37 H → L + 2 (19%), H → L + 7 (17%), H-13 → L (5%), H-12 → L 

(4%), H-9 → L + 1 (3%), H-5 → L + 1 (5%), H-5 → L + 2 (4%), 

H-5 → L + 3 (9%), H → L + 1 (3%), H → L + 3 (2%), H → L + 4 (4%), 

H → L + 16 (3%) 

0.12 

S 0 → S 18 185.74 6.67 H-9 → L + 1 (14%), H-5 → L + 1 (13%), H-13 → L (8%), H-12 → L 

(7%), H-12 → L + 1 (4%), H-5 → L + 3 (3%), H-2 → L + 2 (4%), 

H → L + 1 (3%), H → L + 3 (6%), H → L + 4 (3%), H → L + 13 (2%), 

H → L + 20 (3%) 

0.40 

S 0 → S 20 184.22 6.73 H-3 → L + 2 (10%), H-3 → L + 4 (11%), H-3 → L + 6 (24%), 

H-1 → L + 6 (14%) H-3 → L + 3 (6%), H-3 → L + 7 (3%), 

H-3 → L + 9 (5%), H-2 → L + 2 (2%), H-1 → L + 4 (6%) 

0.39 

∗H-HOMO, L-LUMO 
∗∗In these table the transitions with f ≥ 0.1 are presented. 

Fig. 3. The shape of HOMO and LUMO orbitals and DOS plot of the molecule ATZ. 
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s

ulliken: -0.663e) rather than other nitrogen atoms. All the hydro- 

en atoms display a positive charge.The H54, H58, H73, H74, H78 

toms have the highest positive charge about rather than other hy- 

rogen atoms due to the attachment to electron-withdrawing ni- 

rogen (nitro group) and oxygen atoms (hydroxyl group). 
r

5 
NBO analysis is an important method for investigation of 

ntra- and inter-molecular bonding and interaction between bonds 

nd studying charge transfer in molecules [27] . The filled and 

mpty NBOs and the stabilization energy (E (2) ) calculated from the 

econd-order micro disturbance theory of the ATZ molecule are 

epresented in Table 4 . 
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Fig. 4. MEP map of the molecule ATZ. 

Fig. 5. Mulliken andnatural charges distribution of the ATZ. 
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The electron delocalization from the electron donor orbitals to 

he electron acceptor orbitals represented a conjugative electron 

ransfer process between them [28] . For each electron donor or- 

ital ( i ) and electron acceptor orbital ( j ), the interacting stabiliza-

ion energy E (2) associated with the delocalization i → j is computed 

ccording to the following equation [28] : 

 

( 2 ) = �E i j = q i 
F ( i, j ) 

2 

s j − s j 
(6) 

n which q i is the electron donor orbital occupancy, ε j and ε i are 

iagonal elements and F(i,j) is the off-diagonal NBO Fock matrix 

lement [27] . The stabilization energy (E (2) ) shows the value of 
6 
he participation of electrons in the resonance between atoms 

27] . The greater E (2) value, the most intensive is the interaction 

etween donor and acceptor orbitals, i.e. the more donation 

endency from electron donors to electron acceptors and the most 

xtent of conjugation of the whole molecule. NBO analysis has 

een performed for the ATZ molecule using CAMB3LYP/6-31G 

∗

evel of theory. The selected intramolecular hyperconjugative 

nteractions of the ATZsuch as π→ π ∗, π ∗→ π ∗, σ→ σ ∗, n → π ∗ and 

 → σ ∗ transitions are reported in Table 4 . According to obtained 

esults, the important π→ π ∗ transitions of aryl rings is ob- 

erved for π (C4-C45) → π ∗(C43-C44), π (C35-C36) → π ∗(C37-C38), 

(C41-C42) → π ∗(C5-C45), π (C46-N47) → π ∗(C4 8-C4 9), π (C4 8- 
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Fig. 6. UV spectra of the ATZ molecule calculated by TD-CAMB3LYP/6-31G ∗ method. 

C

s

3

r

p

r

e

π
w

r

n

t

8

r

n

k

T

l

s

e

t

t

g

Fig. 8. Docking hydrogen bonds interactions between the Atazanavir and Coron- 

avirus 2019-nCoV. 
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s

s  
49) → π ∗(C50-C51), π (C50-C51) → π ∗(C46-N47) interactions with 

tabilization energies (E (2) ) of 31.12 kcal/mol, 31.45 kcal/mol, 

1.04 kcal/mol, 37.89 kcal/mol, 33.83 kcal/mol, 42.21 kcal/mol 

espectively, and the π (C50-C51) → π ∗(C46-N47) interaction at the 

yrimidine ring has the higher resonance energy (42.21 kcal/mol) 

ather than other π→ π ∗ interactions.The highest resonance en- 

rgies of the ATZis observed for π ∗(C46-N47) → σ ∗(C4 8-C4 9) and 

∗(C46-N49) → π ∗(C50-C51) transitions at the pyrimidine ring 

ith stabilization energies of 165.42 kcal/mol and 171.64 kcal/mol, 

espectively. The n1(N3) → π ∗(C6-O8), n1(N21) → π ∗(C23-O25), 

1(N26) → π ∗(C31-O33),n2(O32) → π ∗(C31-O33) interactions have 

he highest resonance energies (E (2) ) of n → π ∗ with values of 

2.19 kcal/mol, 76.25 kcal/mol, 59.38 kcal/mol, 45.51 kcal/mol, 

espectively. The important n → σ ∗ transition is observed for 

1(N9) → σ ∗(C10-O12) with resonance energy (E (2) ) of 47.73 

cal/mol. 

The theoretical UV spectrum of ATZ was calculated using the 

D-CAMB3LYP/6-31G 

∗ method. The calculated absorption wave- 

ength ( λ = 10 0-40 0 nm), excitation energies (E), oscillator 

trength (f) greater than 0.1, and the participating orbitals in the 

lectronic transitions are reported in Table 5 . According to results, 

he λmax appears at 253.70 nm and the oscillator strength f = 0.69 

hat is due to charge transfer of one electron into the excited sin- 

let state S → S with the participation of three configurations in- 
0 1 

Fig. 7. Interaction of Atazanavir w

7 
luding H → L (85%), H-2 → L (2%), H → L + 1 (3%). Excitation of an

lectron from HOMO to LUMO [H → L (85%)] is the main contribu- 

ion for the formation of the absorption band at λmax = 253.70 nm. 

s previously mentioned, the electronic transitions from HOMO to 

UMO at the λmax are due to the contribution of pi ( π ) bonds and

one pairs including π→ π ∗ and n → π ∗.The calculated UV spectrum 

f the ATZ molecule is shown in Fig. 6 . 

The molecular docking analysis is an important tool for drug 

esign and molecularstructural biology [29] . The aim of molec- 

lar docking analysis is to predict the preferred binding loca- 

ion,affinity, and activity of drug molecules and their protein tar- 

ets. In the present work, the moleculardocking studies of the 

tazanavir molecule were performed against Coronavirus 2019- 

CoV using HyperChem Professional 08, Molegro Molecular Viewer 

oftware programs. The molecular basis of interactions between 

oronavirus 2019-nCoV molecule and the Atazanavir canbe under- 

tood with the help of docking analysis and interactions as ob- 

erved in Fig. 7 . We found 4 positions in which there is a strong
ith Coronavirus 2019-nCoV. 
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Fig. 9. Steric interactions between the Atazanavir and Coronavirus 2019-nCoV. 

Fig. 10. Molecular docking of the Atazanavir to Coronavirus 2019-nCoV. 
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w
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E

f

1

nteraction between the drug molecule Atazanavir and the Coron- 

virus 2019-nCoV that leads to the destruction of the protein struc- 

ure. The best position is presented here ( Fig. 7 ). The binding en-

rgy for Coronavirus 2019-nCoV and Atazanavir is -64.29 kcal/mol 

n which shows a good bindingaffinity between the Atazanavir and 

019-nCoV. As seen from Fig. 8 and Table 6 twelve hydrogen bond- 

ng formation between reduces Tyr 161, His 163, Thr 135, Gly 138, 

nd His 172 bonded with O atom, Lie 136 and His 172 bonded 
8 
ith N atoms of the Atazanavir are observed. Steric interactions 

etween the Atazanavir and Coronavirus 2019-nCoV are presented 

n Fig. 9 .It was found that the ligand Atazanavir shows the best 

ffinity towards of the 2019-nCoV compared to other known an- 

iviral drugs: Colistin, Valrubicin, Icatibant, Bepotastine, Epirubicin, 

poprostenol, Vapreotide, Aprepitant in which the binding energy 

or Coronavirus 2019-nCoV and them is -11.206, -10.934, -9.607, - 

0.273, -9.091, 10.582, -9.892 and -11.376 kcal/mol that shows the 
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Table 6 

Molecular docking energy data for mentioned ligand and hydrogen bonding. 

Protein Bonded residues ID Hydrogen bond Bond distance ( ̊A) Binding energy (kcal/mol) 

2019-nCoV Tyr 161 1 1.4390 -5.1104 

2019-nCoV His 163 1 1.2878 -6.5378 

2019-nCoV Thr 135 1 1.4967 -4.2558 

2019-nCoV Thr 135 1 1.5033 -5.4066 

2019-nCoV Gly 138 1 2.5685 -4.7547 

2019-nCoV Lie 136 1 1.9035 -4.9637 

2019-nCoV Ser 139 1 2.8756 -5.1167 

2019-nCoV Ser 139 1 3.1103 -4.7890 

2019-nCoV His 172 1 2.0245 -6.5234 

2019-nCoV His 172 1 2.5439 -5.2279 

2019-nCoV His 172 1 2.0632 -4.1191 

2019-nCoV His 172 1 2.1195 -5.5631 
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eak binding affinity between them and 2019-nCoV [8] . Molecular 

ocking energy data for mentioned ligand and hydrogen bonding 

re presented in Table 6 and Fig. 10 . 

. Conclusion 

In this work, the quantum chemical calculations were carried 

ut for the Atazanavir (ATZ) compound. The geometrical optimized 

ond lengths and bond angles were calculated theoretically. The 

OMO orbital of ATZ is centralized on the N1, N3, O8, and O20, 

hereas the LUMO orbital is centralized on the N1 atom, dou- 

le bonds (-C = C- and -C = N-) of one of phenyl and pyrimidine

ings. Most of the charge transfer from the HOMO to LUMO in 

TZ takes place with the contribution of lone pairs of and pi ( π )

onds. The E G value of ATZ was calculated at about 7.58 eV. In 

he MEP map of ATZ, the oxygen atoms such as O a, O b , O c , O d 

ith red color display electron-rich regions which is due to the 

one pair electrons, whereas the hydrogen atoms such as H a, H b , 

 c with blue color show the electron-poor and electrophilic sites. 

he O20 atom has the highest negative charge (NBO: -0.824e and 

ulliken: -0.663e) comparing with other oxygen atoms and the 

26 atom has the highest negative charge (NBO: -0.824e and Mul- 

iken: -0.663e) rather than other nitrogen atoms. The theoretical 

max appears at 257.70 nm and the oscillator strength f = 0.69 is 

ue to the charge transfer of one electron into the excited singlet 

tate S 0 → S 1 . The binding energy for Coronavirus 2019-nCoV and 

tazanavir is -64.29 kcal/mol in which shows a good bindingaffin- 

ty between the Atazanavir and 2019-nCoV. Atazanavir can be used 

o treat the coronavirus pandemic. 
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