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Abstract: Abundance of natural products in edible plants and their vast role in the treatment of almost all the diseases is the 
motivation behind the investigation of their candidature as inhibitor for COVID-19. Seven selected natural products named, (1) 
bicuculline, (2) boldine, (3) 1-(4-chlorophenyl)-3-(5-methylfuran-2-yl) prop-2-en-1-one, (4) piplartine, (5) formononetin, (6) 
isoformononetin, and (7) tectorigenin, were first examined for drug likeness and reactivity. The activity at various atomic sites 
has been inspected graphically through molecular electrostatic potential surface (MESP) plot and quantitative description of the 
same was given within the framework of conceptual DFT. The analyses of Fukui and Parr functions have exposed the similar 
active sites as depicted by MESP surface analysis. Furthermore, the molecular docking studies of the abovementioned 
compounds (inhibitor) with the main protease present in SARS-CoV-2 (6LU7) have been performed. The comparison of docking 
parameters such as binding affinity, inhibition constant with strength and bond-lengths of   hydrogen bond had revealed that 
isoformononetin is the most apposite prospect for the same. 
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1. Introduction 
 
A novel disease named COVID-19 caused by severe acute respiratory syndrome corona virus 2 (SARS-CoV-2) 

[1] had been recognized in Dec 2019 in Wuhan city of China and declared as pandemic by WHO on 11 March, 
2020 [2]. Since then five variants (alpha, beta, gamma, delta and omicron) of the virus have been reported and 
researchers are struggling to hit upon the strain of novel corona virus SARS-CoV-2 and attempting to trace a 
suitable inhibitor for the same. There are various COVID-19 vaccines administered and efforts are being made to trace 
a most effective and appropriate drug for the same. Natural products have already proven their candidacy as a drug for 
almost all the diseases; hence, they are emerging as potential inhibitor for many newer ailments. Due to their ease of 
accessibility, profusion in nature and negligible side effects they are gaining attention of researchers [3-7]. Seven 
such compounds named, (1) bicuculline, (2) boldine, (3) 1-(4-chlorophenyl)-3-(5-methyl furan-2-yl) prop-2-en-1-
one, (4) piplartine, (5) formononetin, (6) isoformononetin, and (7) tectorigenin, have been chosen and studied for their 
bioactivity against SARS-CoV-2 as given in Figure 1. The vibrational spectroscopic and density functional theory 
(DFT) studies on these compounds have already been reported [8-14]. These reported structures were optimized using 
B3LYP/6-311++G(d,p) and considered for auxiliary investigations. All the seven molecules have passed the drug 
likeness test inspected through Lipinski’s 5 rule (LR5)[15]. The frontier molecular orbital (FMO) analyses have 
predicted the re- activity of the seven molecules in terms of global reactivity descriptors. The graphical and topological 
descriptions of activity at various atomic sites of the molecules have been scrutinized via molecular electrostatic 
potential (MESP) surface and local reactivity descriptor analyses, respectively. Further, the blind docking of all the 
molecules with the main protease present in SARS-CoV-2 has been performed [16]. The docking parameters have 
been compared to predict the best possible inhibitor for the same. 
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2. Computational details 
 
The geometry optimization of the initial structure was performed via DFT approach [17] implemented in 

Gaussian 09 [18] using B3LYP hybrid exchange correlation functional with 6-311++G(d,p) basis set [19-21]. The 
structure was envisaged via GaussView program [22]. The molecular mass (M), lipophilicity (Log10 P), number of H 
bond donors and acceptors, and molar refractivity (MR) have been calculated to examine LR5 [15]. In-silico 
molecular docking analyses have been carried out using Auto Dock 4.2 [23]. The graphical user interface of 
autodock tool (ADT) was used to add polar hydrogen. Atomic and partial charges were calculated using Kolloman 
method [24] and Geistenger method [25], respectively. The most convincing and consis- tent Lamarckian Genetic 
Algorithm (LGA) was implemented to discover best docked conformer which was then envisioned in the Discovery 
Studio Visualizer [26]. 

 
3. Results and discussions 

 
3.1 Geometry optimization 

 
The compounds (1) bicuculline, (2) boldine, (3) 1-(4-chlorophenyl)-3-(5-methyl furan-2-yl) prop-2-en-1-one, (4) 

piplartine, (5) formononetin, (6) isoformononetin, and (7) tectorigenin, have been investigated for their bioactivity against 
SARS-CoV-2. The DFT analyses on these structures have already validated their existence [8-14]. How- ever, they have been 
further optimized using B3LYP/6-311++G (d, p) level of theory. The optimized structures and atom number scheme of the 
compounds are presented in Figure 1. Compounds 1, 2 and 4 are isoquinoline, aporphine, and amide alkaloid, respectively; 3 is a 
hetero-cyclic chalcones derivative and 5-7 are iso-flavonoids [8-14]. The analysis concerning stability and binding of a ligand 
with a receptor are guided primarily by the 3D structure of the molecule. The aforesaid optimized structures have been used for 
the comparative non-empirical study concerning the bioactivity of the molecules. 

 
3.2 Drug likeness 

 
The first and foremost stride in the drug discovery is to check the drug likeness of the molecule that can be performed 

in a simplified manner through LR5 [15]. Although absorption property of a molecule and bioavailability are not directly 
related to each other yet the knowledge about absorption is useful parameter for bioavailability modeling. LR5 sets the criteria on 
M; number of H bond donor and acceptor; log10 P; and MR. It is a qualitative standard and does not measure oral absorption 
topologically.  The partition function (P) illustrates the tendency of a neutral compound to dissolve in an immiscible biphasic 
system of lipid and water [27]. Its positive value indicates the lipophilic nature of the compound and is generally measured 
octan1-ol against water. MR is calculated by Lorenz-Lorentz formula given as… 
𝑀𝑅 = 𝑛2−1

𝑛2+1
𝑀
𝑑

                (1) 
 
Where n is the refractive index and d is density of the compound. MR is related to London dispersive force that acts in 

drug-receptor interaction [28, 29]. According to LR5, for drug likeness of the molecule, (i) M < 500; (ii) number of H bond 
donor/ acceptor < 5/10 (iii) Log10 P < 5 (iv) 40 ≤ MR ≤ 130 [15]. The parameters defining drug likeness are specified in Table 1. 
It is clear that all the seven natural products satisfy LR5, hence, are fitting in the category of drug molecule. 
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Figure 1 Optimized structure of compounds (1-7). 
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Table 1  
Molecular mass (M); Number of H bond donor and acceptor; Log of Partition Coefficient (log10 P);  
 Molar refractivity (MR) of compounds (1-7). 
Compound M No. of  H bond donor No. of  H bond acceptor Log10 P MR 

1 367 0 7 0.8948 88.1330 
2 327 2 5 2.8671 91.0906 
3 246 0 2 4.1375 68.2615 
4 317 0 6 2.0407 85.6090 
5 268 1 4 3.0170 74.0363 
6 268 1 4 3.0170 74.0363 
7 300 3 6 2.4282 77.3659 

 
 

3.3 FMO analysis and global reactivity descriptors 
 

The reactivity of molecules can be estimated with the help of frontier molecular (FMO) orbital analysis. The global 
reactivity descriptors (GRD) defined in terms of energies of highest occupied molecular orbital (EHOMO) and lowest unoccupied 
molecular orbital (ELUMO) provides a quantitative assessment of reactivity of a compound [30-35]. The ionization potential (I), 
electron affinity (A), electronic chemical potential (µ), hardness (η), softness (S), electronegativity (χ), and the electrophilicity 
index (ω) of a molecule are defined as follows. . . 
𝐼 = −𝐸𝐻𝑂𝑀𝑂              (2) 
𝐴 = −𝐸𝐿𝑈𝑀𝑂              (3) 
µ = − 𝐼+𝐴

2
                (4) 

𝜂 = 𝐼−𝐴
2

               (5) 

𝑆 = 1
𝜂
               (6) 

𝜒 = −µ               (7) 
𝜔 = 𝜇2

2𝜂
               (8) 

The molecular orbitals associated with HOMO and LUMO are shown in Figure  2 and the GRD are summarized in Table 2. As 
a first examination it is obvious from Table 2 that compound 3 is most reactive with least value of Eg and highest value of S. 
However, the values of I, A, and χ (-µ) are maximum for the aforesaid molecule, which declares that the removal or addition of 
an electron is hard for it. It is also inferred from Table 2 that compound 2 is most stable having largest Eg and least S. The 
bioactivity of these compounds can be further explored with the help of MESP plot and local reactivity descriptors as 
described in sections 3.4 and 3.5, respectively. 
Table 2 
Global reactivity descriptors of the compounds (1-7). 

Comp. EHOMO ELUM0 Eg I A μ η S χ ω 
1 -5.8472 -1.6147 4.2325 5.8472 1.6147 -3.7310 2.1162 0.4725 3.7310 3.2889 
2 -5.4733 -0.9834 4.4899 5.4733 0.9834 -3.2284 2.2449 0.4454 3.2284 2.3213 
3 -6.1949 -2.5481 3.6469 6.1949 2.5481 -4.3715 1.8234 0.5484 4.3715 5.2401 
4 -5.9226 -2.2199 3.7027 5.9226 2.2199 -4.0712 1.8513 0.5402 4.0712 4.4765 
5 -5.9764 -1.8090 4.1674 5.9764 1.8090 -3.8927 2.0837 0.4799 3.8927 3.6361 
6 -6.0151 -1.8044 4.2107 6.0151 1.8044 -3.9097 2.1053 0.4750 3.9097 3.6303 
7 -6.0921 -1.9394 4.1527 6.0921 1.9394 -4.0157 2.0764 0.4816 4.0157 3.8832 
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Figure 2 HOMO and LUMO orbitals of compounds (1-7). 
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3.4 Molecular electrostatic potential surface 
 
The molecular electrostatic potential deals with the analysis of intermolecular interaction via transfer of charge, leading 

to binding of a molecule with target. The electronic component of MESP U(r) at a position vector r is given by Murray et al. 
[36] as... 
𝑈(𝑟) = ∫ 𝜌(𝑟′)

|𝑟−𝑟′|
𝑑𝑟′             (9) 

Where ρ(rJ) is the charge density at a r′ The graphical representation of the activity can be very well illustrated by plotting 
MESP onto the total ρ(r′). The graph represents the region of electrophilicity and nucleophilicity in color coded form [36]. The 
two extremes regions i.e. red and blue are the most prominent site for electrophilic and nucleophilic attack, respectively. The 
MESP surface plots of the abovementioned molecules are presented in Figure 3. It could be undoubtedly envisaged from Figure 
3 that (i) a red blob was visible around electronegative oxygen of the molecule such as O6, O14, (O1 & O2), O2, O3 and 
O7 in compounds 1, 3, 4, 5, 6 and 7, respectively; how- ever, the ring oxygen went without nucleophilicity due to charge 
conjugation within the aromatic ring. (ii) The hydroxyl groups present in the iso-flavonoids (5-7) were sites of nucleophilic 
attack (blue region) provided they were not surrounded by electron donating moiety at ortho and/or meta positions. For 
example, a blue region was noticeable around O4H, O4H and O8H in compounds 5, 6 and 7, respectively; however O1H in 
compound 7 lacks electrophilicity. (iii) Methoxy/hydroxyl group were prominent center of electrophilic attack (red region) only 
if additional methoxy and/or hydroxyl groups were attached in their close vicinity. It was noticed that in compound 4, O4CH3, 
which had methoxy groups (O3CH3 and O5CH3) at the two ortho positions, was a center of electrophilic attack. These 
prominent sites of electrophilicity and nucleophilicity are responsible for the hydrogen bond formation in target ligand 
interactions as discussed in detail under section 3.6. 

3.5 Local reactivity descriptors 
 
A topological analysis to describe the activity at various atomic sites of the molecule is described by analyzing the 

change in electron density and atomic spin density (ASD) with change in number of electrons at fixed potential [37]. The former 
are termed as Fukui functions (FF) and the latter are called Parr functions (PF). The three FF namely fk

+, fk
- and fk

0 defining 
electrophilic, nucleophilic, and radical reactivity, respectively, for the kth atom of a molecule, can be calculated using finite 
difference approach [38] as... 
𝑓𝑘+ = 𝜌(𝑁0 + 1) − 𝜌(𝑁0) =  𝑞𝑘(𝑁0 + 1) − 𝑞𝑘(𝑁0)         (10) 
𝑓𝑘− = 𝜌(𝑁0) − 𝜌(𝑁0 − 1) = 𝑞𝑘(𝑁0) − 𝑞𝑘(𝑁0 − 1)         (11) 
𝑓𝑘0 = 𝜌(𝑁0+1)+𝜌(𝑁0−1)

2
= 𝑞𝑘(𝑁0+1)+𝑞𝑘(𝑁0−1)

2
          (12) 

Where N0 is the number of the electrons in the ground state, and qk is the gross charge on the kth atom of the molecule. The other 
local reactivity descriptors such as local softness (Sk

+, Sk
-, Sk

0); electrophilicity indices (ωk
+

, ωk
-
, ωk

0); and relative softness 
(Sk

+/Sk
-, Sk-/Sk

+) may also be derived from FF [39, 40].  
𝑆𝑘

± = 𝑆𝑓𝑘
±,     𝑆𝑘0 = 𝑆𝑓𝑘0             (13) 

𝜔𝑘
± = 𝜔𝑓𝑘

±,     𝜔𝑘
0 = 𝜔𝑓𝑘0            (14) 

The Parr functions (Pk
+ and Pk

-) proposed by Domingo et al. [41, 42] have been specified as...   
𝑃𝑘

± = 𝜎𝑠𝑘(𝑁0 ± 1)             (15) 
Where σsk is the ASD of the kth atom of the molecule; +, and - sign show nucleophilic, and electrophilic attack, respectively. The 
Fukui/Parr functions have been calculated by considering hirshfeld charges. The local reactivity descriptors for selected atoms 
of compounds (1-7) are given in Table 3. A close examination of Table 3 inferred that the values of fk + / fk

− were highest for 
C26/C25, O4/C24, C5/C3, C22/C14, C20/C10, O4/C11 and O8/C14, for compounds 1-7, respectively. The Fukui and Parr 
functions are in close resemblance and depict almost the similar sites of nucleophilicity and electrophilicity in all the 
molecules. The Sk

±, ωk
±, Sk

+/Sk
−, and Sk

−/Sk
+, providing the tendency of electrophilicity or nucleophilicity are also summarized 

in the Table 3. 
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Figure 3 Molecular electrostatic potential surface plots of compounds (1-7). 

Journal of University of Shanghai for Science and Technology ISSN: 1007-6735

Volume 24, Issue 6, June - 2022 166



Table 3 
Selected local reactivity descriptors of compounds (1-7). 
Comp. Atom fk

+ fk
 - fk

 0 Sk
+ Sk

- Sk
+/Sk

- Sk
-/Sk

+ Sk
0 ωk

+ ωk
- ωk

0 Pk
+ Pk

- 
1 O6 0.0437 0.0961 -0.0699 0.0206 0.0454 0.4545 2.2004 -0.0330 0.1437 0.3162 -0.2299 -0.0022 0.1362 

N7 0.0845 -0.0519 -0.0163 0.0399 -0.0245 -1.6279 -0.6143 -0.0077 0.2779 -0.1707 -0.0536 0.1028 0.0007 
C12 0.0493 0.0008 -0.0251 0.0233 0.0004 60.3289 0.0166 -0.0119 0.1623 0.0027 -0.0825 0.1016 0.0006 
C19 -0.0090 0.1020 -0.0465 -0.0042 0.0482 -0.0878 -11.3879 -0.0220 -0.0295 0.3354 -0.1530 -0.0006 0.1408 
C25 0.0289 0.1397 -0.0843 0.0136 0.0660 0.2066 4.8408 -0.0398 0.0949 0.4595 -0.2772 -0.0052 0.2334 
C26 0.0909 0.0395 -0.0652 0.0430 0.0187 2.3016 0.4345 -0.0308 0.2990 0.1299 -0.2145 0.0278 0.0006 
C27 0.0530 0.0997 -0.0764 0.0251 0.0471 0.5322 1.8790 -0.0361 0.1745 0.3278 -0.2511 0.0143 0.0119 

2 O4 0.1160 0.0471 -0.0815 0.0516 0.0210 2.4620 0.4062 -0.0363 0.2692 0.1093 -0.2681 0.1006 0.0354 
C13 0.0125 -0.0321 0.0230 0.0056 4.1239 0.2425 -0.0143 0.1198 0.0291 -0.1055 0.1120 0.0295 0.0125 
C14 0.0125 -0.0320 0.0229 0.0056 4.1167 0.2429 -0.0142 0.1193 0.0290 -0.1051 0.1219 0.0288 0.0125 
C16 0.0744 -0.0748 0.0334 0.0332 1.0088 0.9912 -0.0333 0.1743 0.1728 -0.2459 0.1059 0.0936 0.0744 
C17 0.1047 -0.0610 0.0077 0.0466 0.1655 6.0410 -0.0272 0.0402 0.2430 -0.2006 0.0002 0.0684 0.1047 
C22  0.0633 0.0339 -0.0486 0.0282 0.0151 1.8642 0.5364 -0.0216 0.1468 0.0788 -0.1598 0.1547 0.0609 
C23 0.0641 0.1050 -0.0845 0.0286 0.0467 0.6108 1.6373 -0.0376 0.1488 0.2436 -0.2780 0.0085 0.0842 
C24 0.0668 0.2486 -0.1577 0.0297 0.1107 0.2686 3.7234 -0.0702 0.1550 0.5770 -0.5186 0.0059 0.2392 

3 C3 0.0520 0.1101 -0.0810 0.0285 0.0604 0.4720 2.1186 -0.0444 0.2723 0.5769 -0.4246 0.0006 0.1903 
C5 0.1333 0.0630 -0.0981 0.0731 0.0346 2.1149 0.4728 -0.0538 0.6983 0.3302 -0.5142 0.2887 0.0428 
C7 0.0664 0.0156 -0.0410 0.0364 0.0086 4.2426 0.2357 -0.0225 0.3478 0.0820 -0.2149 0.1601 0.0016 
C8 0.0011 0.1024 -0.0517 0.0006 0.0561 0.0104 95.7465 -0.0284 0.0056 0.5363 -0.2710 0.0037 0.1371 
O14 0.0588 0.1021 -0.0804 0.0322 0.0560 0.5757 1.7369 -0.0441 0.3080 0.5350 -0.4215 0.0470 0.1883 
C16 0.0913 0.0513 -0.0713 0.0501 0.0281 1.7810 0.5615 -0.0391 0.4785 0.2687 -0.3736 0.2010 0.0860 
C19 0.1146 0.0967 -0.1056 0.0628 0.0530 1.1845 0.8442 -0.0579 0.6004 0.5068 -0.5536 0.0893 0.1181 
C25 0.1094 0.0749 -0.0922 0.0600 0.0411 1.4594 0.6852 -0.0505 0.5731 0.3927 -0.4829 0.0487 0.0223 

4 O2 0.0437 0.0761 -0.0599 0.0236 0.0411 0.5745 1.7406 -0.0324 0.1958 0.3408 -0.2683 0.0367 0.1223 
O4 0.1082 0.0103 -0.0592 0.0585 0.0056 10.5305 0.0950 -0.0320 0.4844 0.0460 -0.2652 0.1687 0.0111 
C12 -0.0099 0.0875 -0.0388 -0.0053 0.0472 -0.1131 -8.8426 -0.0210 -0.0443 0.3915 -0.1736 0.0061 0.1174 
C13 0.0963 0.0687 -0.0825 0.0520 0.0371 1.4017 0.7134 -0.0446 0.4311 0.3076 -0.3693 0.1727 0.0728 
C14 0.0179 0.1019 -0.0599 0.0097 0.0551 0.1760 5.6806 -0.0324 0.0803 0.4563 -0.2683 -0.0134 0.1912 
C18 0.0771 0.0468 -0.0619 0.0416 0.0253 1.6458 0.6076 -0.0335 0.3449 0.2096 -0.2773 0.2183 0.0869 
C22 0.1137 0.0534 -0.0835 0.0614 0.0289 2.1277 0.4700 -0.0451 0.5088 0.2391 -0.3740 0.0203 0.0116 

5 O3 0.0842 0.0063 -0.0452 0.0404 0.0030 13.4216 0.0745 -0.0217 0.3062 0.0228 -0.1645 0.1285 0.0005 
C7 0.0601 -0.0120 -0.0240 0.0288 -0.0058 -4.9900 -0.2004 -0.0115 0.2186 -0.0438 -0.0874 0.1569 0.0100 
C10 0.0741 0.1561 -0.1151 0.0355 0.0749 0.4745 2.1075 -0.0552 0.2693 0.5674 -0.4184 0.1304 0.2673 
C11 0.0351 0.1037 -0.0694 0.0168 0.0498 0.3380 2.9590 -0.0333 0.1275 0.3772 -0.2524 0.0133 0.1570 
C12 0.0401 0.0936 -0.0668 0.0193 0.0449 0.4290 2.3313 -0.0321 0.1459 0.3402 -0.2430 0.0367 0.0699 
C19 0.0643 0.0279 -0.0461 0.0309 0.0134 2.3085 0.4332 -0.0221 0.2338 0.1013 -0.1675 0.1304 0.0039 
C20 0.1015 0.0405 -0.0710 0.0487 0.0194 2.5088 0.3986 -0.0341 0.3691 0.1471 -0.2581 0.0150 0.0006 

6 O4 0.1260 0.0469 -0.0864 0.0598 0.0223 2.6856 0.3724 -0.0411 0.4572 0.1703 -0.3137 0.1055 0.0009 
C9 0.0562 -0.0037 -0.0263 0.0267 -0.0017 -15.3630 -0.0651 -0.0125 0.2039 -0.0133 -0.0953 0.1442 0.0190 
C11 0.0864 0.1593 -0.1228 0.0410 0.0757 0.5422 1.8444 -0.0584 0.3136 0.5784 -0.4460 0.1342 0.3694 
C19 0.0729 0.0326 -0.0528 0.0346 0.0155 2.2335 0.4477 -0.0251 0.2647 0.1185 -0.1916 0.1361 0.0057 

7 O3 0.0640 0.0102 -0.0371 0.0308 0.0049 6.2678 0.1595 -0.0179 0.2485 0.0396 -0.1441 0.0908 0.0004 
O8 0.0949 0.0470 -0.0709 0.0457 0.0227 2.0163 0.4960 -0.0342 0.3683 0.1827 -0.2755 0.0666 0.0006 
C14 0.0432 0.1737 -0.1085 0.0208 0.0837 0.2490 4.0165 -0.0522 0.1679 0.6745 -0.4212 0.0249 0.4411 
C20 0.0541 0.0304 -0.0422 0.0260 0.0146 1.7776 0.5626 -0.0203 0.2099 0.1181 -0.1640 0.1179 0.0058 
C21 0.0862 0.0550 -0.0706 0.0415 0.0265 1.5655 0.6388 -0.0340 0.3346 0.2138 -0.2742 0.0117 0.0011 

 

3.6 Molecular docking 
 
Molecular docking is a fairly efficient technique for predicting the binding sites in the ligand receptor interaction [43]. 

The blind docking has been performed to examine the bio-activity of compounds (1-7) against 6LU7 by first cleaning the 
target. The size of  the  grid  with  spacing  1  Å  was  so  as  to  cover  up  the  target  protein.  The numerical value of binding 
energy(B.E.) and ligand efficiency(η) should be higher for better binding of ligand with receptor [43]. Also the ligand possessing 
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more number of H bonds with small bond length are more suitable molecule. The inhibition constant (KI) indirectly 
measures the changes in enzyme kinetics and should have low value for improved docking. The root mean square deviation 
(RMSD) deals with the mean distance between atoms of protein and ligand [44,45]. All the docking parameters and pose for 
the seven molecules with the bonded residues of 6LU7 are summarized in Table 4 and Figure 4, respectively.  The bioactivity of 
a molecule is governed by the strength and number of hydrogen bonds formed with the receptor protein. The maximum 
number of H bonds, having smallest bond length of 2.13 Å between residue A: GLU166 of 6LU7 and O1 atom were formed in 
compound 6.(Table 4 and Figure 4). The highest value KI was estimated at 0.33 for compound 3, 5 and 6. Also, the minimum η 
and maximum B.E. of 12.56 µM, and 6.69 kcal/ mole, respectively were calculated for compound 6. Hence compound 6 is the 
most suitable inhibitor among the seven selected molecules. 

 
 
 
Table 4  
Molecular docking parameters compounds (1-7) with 6LU7. 
Comp. Bonded 

Residue 
Bond length 

(Å) 
Inhibition 
Constant 

(μM) 

Binding energy (kcal/mol) Reference RMSD (Å) Ligand efficiency 

1. A:GLY143 2.19 65.34 5.71 70.645 0.21 
 A:CYS145 2.72     

2. A:GLY143 2.11 41.14 5.98 71.279 0.25 
 A:GLU166 2.12     

3. A:GLY143 2.11 81.80 5.58 70.357 0.33 
4. A:GLU166 1.90 492.38 4.51 74.970 0.21 
5. A:HIS41 3.03 15.20 6.57 71.317 0.33 
 A:CYS145 2.99     

Figure 4 Docking poses of compounds (1-7) with 6LU7. 
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 A:GLU166 2.18     
6. A:HIS41 3.03 12.56 6.69 71.456 0.33 
 A:TYR54 3.10     
 A:CYS145 3.09     
 A:GLU166 2.13     
 A:MET49 2.64     

7. A:LEU287 2.09 499.86 4.50 67.550 0.20 
 A:ASP289 2.52     
 A:LEU271 2.94     

 
4. Conclusion 

 
The DFT study, incorporating graphical and topological analysis, accompanied by molecular docking is extremely 

convincing technique for the study of structural prop- erties and binding ability of organic compounds. The calculated values of 
Log10P, MR, number of H bond donor and acceptor have confirmed the drug character of all the selected compounds. The global 
reactivity parameters have declared that compound 3 and 2 are most reactive and stable structure, respectively. The expected 
nucleophilic and electrophilic sites for the seven molecules were examined through MESP plot and local reactivity descriptors 
evaluation. Molecular docking studies verified the similar activity sites. It has been further concluded that molecule 6 
(Isoformononetin) having best docking for 6LU7 among the seven selected natural products, could be a potential prospect for the 
treatment of COVID-19, however the in-vitro and in-vivo analyses will have to validate the same. 
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