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Abstract 
 

SARS-CoV-2 has created an agonizing pandemic situation all over the world. The inhibition of SARS-
CoV-2 main protease (Mpro) by the blockage of viral replication is considered an important drug target 
to the many researchers working to discover specific drugs for COVID-19 treatment. Schiff bases being 
documented to possess antimicrobial properties might be investigated as the candidate against COVID-
19. Bioactivities of some symmetrical bis-Schiff bases were evaluated using computational studies on 
the basis of binding affinity, PASS prediction and ADMET study. On the basis of binding affinity, it is 
concluded that among eighteen tested ligands 2, 5, 8, 16, 17 showed excellent, ligands 4, 6, 18 showed 
good and the remaining ligands showed moderate inhibition against SARS-CoV-2 Mpro (6LU7) 
compared to a prescribed anti-Covid-19 drug, hydroxychloroquine (HCQ). PASS prediction revealed 
some of Schiff bases to have good anti-carcinogenic, anti-tuberculosis, antifungal, and antiviral 
activities. ADMET study predicted them to be non-toxic and harmless indicating that Schiff bases may 
act as a promising drug candidate for the treatment of COVID-19.  
 
Keywords: Schiff-base, SARS-CoV-2 Mpro, Molecular Docking, PASS and ADMET Analysis 
 

1. Introduction  

At the end of 2019, a novel coronavirus disease (COVID-19) caused by severe acute respiratory 
syndrome coronavirus-2 (SARS-CoV-2) started in the city of Wuhan, China and then spread worldwide 
rapidly [1]. The virus, known as coronavirus, looks like crown-shaped spike glycoproteins and has a 
diameter of 60-140 nm under an electron microscope [2]. On the basis of the spreading rate, severity, 
infections and level of activity, the World Health Organization (WHO) declared the epidemic situation 
of COVID-19 a pandemic on 11th March 2020 [3]. Currently, more than 225 countries are affected by 
COVID-19 and the infections are still increasing exponentially. This coronavirus disease has not only 
challenged human health but also enormously affected the global economy [4]. COVID-19 caused by 
SARS CoV-2 contains two open reading frames (ORF1a and ORF1ab) [5]. These two ORFs play a key 
role in viral replication and transcription, translating two overlapping viral polyproteins (pp1a and 
pp1ab) [6]. During the proteolytic process, polyproteins released some functional polypeptides by the 
papain-like proteinase (PLpro) and the 3C-like protease (3CLpro). PLpro are responsible for the 
cleaving of three sites and 3CLpro for 11 sites respectively [7]. 3CLpro is known as main protease 
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(Mpro) due to most of the polypeptide site cleaves. It is reported that Mpro is a cysteine protease with 
a Cys-His catalytic dyad (His41 and Cys145) in the active site of the protease [8]. Mpro is considered 
an important target for antiviral drug design for the treatment of COVID-19 as it plays a key role in 
viral replication and maturation [9]. The hydroxychloroquine, an approved drug from Food and Drug 
Administration (FDA) for malaria disease, was explored for SARS-CoV-2 medication [10]. Based on 
previous reports, chloroquine and hydroxychloroquine can be used for coronavirus treatment having 
the pH changing capacity at the surface of the cell membrane which can inhibit the virus to attach to the 
cell membrane. Prevention capacity of nucleic acid replication, virus assembly, virus release, 
glycosylation of viral proteins and new virus particle delivery supports antiviral effects [11]. 
Remdesivir is also an approved drug for Ebola’s medication [12] that demonstrated activity against the 
coronavirus family in 2017 and 2020 [13]. Some protease inhibitors like ritonavir/lopinavir may also 
have an antiviral effect [14].  

Schiff bases have wide applications in the food industry, dye industry, catalysis, fungicidal, 
agrochemical and biological activities [15]. Mesoporous silica-based nanocomposite materials were 
functionalized with some Schiff base ligands and were used for the determination and removal of trace 
amount of Cu(II), Pb(II), Pb(II), Hg(II), Pd(II) in the environmental samples [16-21]. Several Schiff 
bases are reported to possess remarkable antibacterial, antifungal, and anticancer activities due to their 
C=N moiety [15]. 

However, the vaccines have been determined to be safe for adults and they are being studied in 
children [22]. Again any virus changes or mutations may make vaccines ineffective [23]. While 
vaccinations reduce the incidence of SARS-CoV-2 infections, there is still a need for drugs that can 
treat people who have contracted the virus. However, several domestic and foreign research institutions 
are still trying to discover an effective drug or vaccine for COVID-19 treatment considering the risk 
factors associated with viral infection. In recent years, medicinal chemists have attracted their attention 
towards new chemotherapeutics. Schiff bases and their metal complexes owing to their numerous 
applications in pharmacology as antiviral, antibacterial, antifungal, antimalarial, antituberculosis, 
anticancer, anti-HIV, anti-inflammatory, and antipyretic agents. Schiff base ligands of isatin have been 
reported to have antiviral activities against Moloney leukemia virus, vaccinia, rhino virus and SARS 
virus [24]. Schiff bases derived from 5-acyl-1,2,4-triazines with oximes, hydrazone, semicarbazones, 
and thiosemicarbazones showed considerable antiviral activities [25]. In silico prediction of some tetra-
dentate symmetrical bis-Schiff bases of 1,6-hexanediamine proved them to be potential inhibitor 
against coronavirus (SARS-CoV-2) [26]. 

Thus, it is very much reasonable to search for newer anti-COVID-19 drug development. In this 
study, Density Functional Theory was employed to optimize some previously synthesized Schiff-base 
ligands [27-29] and to investigate their physicochemical properties. Molecular docking was performed 
to understand the binding affinity and interactions between ligands and receptor proteins. ADMET 
analysis was carried out to measure their biological position like absorption, metabolism and 
carcinogen.  

2. Methods 
 
2.1 Synthesis and characterization: 

A total of 18 tetradentate symmetrical  Schiff bases (ONNO)  as shown in Figure 1 were obtained 
by the condensation of diamine (ethylenediamine, ED; 1,2 or 1,3-propanediamine, PD; 1,4-
butanediamine, BD; 1,6-haxanediamine, HD and orthophenylenediamine, OPD) with 
methoxysalicyldehyde (MSal), 2-hydroxynapthaldehyde (HNP) or benzoylacetone (BzA) in appropriate 
solvent either ethanol or methanol when the mixture was refluxed in the neutral medium [27-29]. The 
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structures of the ligands were previously established by their physical (melting point, color, yields, 
solubility), elemental (CHN) analysis, thermal analysis, magnetic susceptibility, electro-chemical 
(conductance measurements and cyclic voltammetry), and spectral (UV–visible, FTIR, 1H NMR, and 
mass analysis) analytical techniques [27-29].  

 

N-H2C-(CH2)n-CH-NC C

H H

X X

R

OH HO
 

  

N NCH2-(CH2)n-CH

R

C C
H3C

CH3

HC CH

C COH HO

 
 

1        ED;       n=0, R=H,     X= CH3O 
2        ED;       n=0, R=H,     X= Fused Ph 
4        1,2-PD; n=0, R=CH3,  X= CH3O  
5        1,2-PD; n=0, R=CH3,  X= Fused Ph  
7        1,3-PD; n=1, R=H,      X= CH3O 
8        1,3-PD; n=1, R=H,      X= Fused Ph 
10      1,4-BD; n=2, R=H,      X= CH3O 
11      1,4-BD; n=2, R=H,      X= Fused Ph  
13      1,6-HD; n=4, R=H,      X= CH3O 
14      1,6-HD; n=4, R=H,      X= Fused Ph  

 

 
            3   BzA-ED-BzA,       n=0, R=H  
 
            6   BzA-1,2-PD-BzA,  n=0, R=CH3  
 
            9   BzA-1,3-PD-BzA,  n=1, R=H 
 
          12   BzA-BD-BzA,        n=2, R=H  
 
          15   BzA-HD-BzA,        n=4, R=H 
 

N NC C
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HOX X
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N NC C
H 3C

CH 3
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16 MSal-OPD-SalM, X= X= CH3O,  
17 HNP-OPD-OPD; X= Fused Ph 

 18 BzA-OPD-BzA 

 

Figure 1. Structure of Schiff Bases (1-18) under investigation 

  

2.2 Computational details  

Optimization of Schiff-base ligands 
In computer-aided drug design, the quantum chemical approach is widely used to investigate 

physicochemical properties like thermodynamic properties, molecular orbital features, dipole moment, 
and electrostatic potential [30]. A number of 22 ligands were selected considering their antiviral 
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activities. Each of the ligands was optimized with B3LYP hybrid functional parameter [31] under 6-
31G (d, p) basis set for DFT calculations using Gaussian 09 program package [32]. All ligands were 
optimized in the gas phase. Physicochemical properties were also calculated at the same level as theory. 
HOMO-LUMO energy gap, hardness (η), softness (S) and chemical potential (µ) were calculated using 
HOMO and LUMO energies and considering Parr and Pearson interpretation [33] of DFT and 
Koopmans theorem [34] using the following equations: 

 

Gap (ΔE) = [εLUMO − εHOMO];  η =
[εLUMO − εHOMO]

2
;   

μ =
[εLUMO + εHOMO]

2
;   S =

1

η
 

 
Preparation of protein for docking studies 

The crystal structure (3D) of SARS Cov-2 Mpro (PDB ID: 6LU7) [35] was taken in pdb format 
from the protein data bank (PDB) and used as a receptor protein. Some significant factors like side 
chain geometry, missing hydrogen and improper bond order were observed in the crystal structure of 
6LU7. PyMol (version 1.7) [36] software package was used to eliminate inhibitors, water molecules 
and hetero atoms present in 6LU7. The receptor protein was optimized and checked based on their least 
energy by Swiss-Pdb viewer (version 4.1.0) software [37]. Finally, the selected protein was ready to 
dock with optimized molecules considering molecule as ligand and protein as macromolecule. 
 
Molecular docking analyses and visualization 

In drug design, molecular docking simulation was carried out to obtain binding affinity and 
mode(s) of ligand and protein [38]. PyRx software (version 0.8) [39] was utilized to perform molecular 
docking of 6LU7 with optimized ligands individually. The center of the grid box was chosen targeting 
the active site of the main protease to be at x: -26.29, y: 12.60 and z: 58.96 respectively with a suitable 
grid box volume where the ligands be fitted easily.  After that, structures of protein and ligand were 
saved in pdb format for non-bonding interactions. Non-bonding interactions were performed utilizing 
Accelrys Discovery Studio (version 4.5) [40] to analyze, visualize and differentiate interactions 
between ligands and amino acid residues of 6LU7. 

 
PASS predication  

PASS is a computer-based program used for the prediction of different types of pharmacological 
activities for different substances which was designed to anticipate a plethora of biological activities 
with 90% accuracy [41]. PASS prediction is based on structural activity relationship (SAR) analysis of 
the training set containing more than 205,000 compounds exhibiting more than 3750 kinds of biological 
activities. The predicted activity spectrum of a compound is estimated as probable activity (Pa) and 
probable inactivity (Pi). The scale of which is 0.000 to 1.000. Generally, it is considered that Pa>Pi and 
Pa+Pi≠1. The compounds showing more Pa value than Pi are the only constituents considered as 
possible for a particular pharmacological activity [43]. 
 
ADMET prediction 

Toxicity and some pharmacokinetic parameters of selected ligands were predicted utilizing 
AdmetSAR online database [43]. Nowadays, ADMET prediction assists scientists and researchers to 
identify safe and effective drug candidates. The result was observed by utilizing both SDF (Structure 
Data File) and SMILES (simplified molecular-input line-entry system) strings. 
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3. Results  

 
3.1 Thermodynamic properties analysis 
 

The theoretical DFT calculations were carried out employing 6-31G (d, p) basis set in the gas 
phase and the obtained result of thermal parameters like enthalpy, free energy and dipole moment are 
summarized in Table 1. The optimized structures of selected ligands (1-18) are depicted in Figure 2. 
The reaction spontaneity and product stability can be predicted through enthalpy and free energy where 
a greater negative value of free energy suggests spontaneous binding and interactions [44]. Here, MSal-
OPD-SalMH2, BzA-OPD-BzAH2, HNP-BD-HNPH2, MSal-HD-SalMH2 and BzA-HD-BzAH2 showed 
greater values of free energy (-1260.4492, 1264.8189, -1264.8264, -1265.1956 and -1269.5664 Hartree, 
respectively) compared to others. In drug design, improved dipole moment could illustrate their binding 
mode(s) within a specific target protein [45], better polar nature and hydrogen bond formation. MSal-
HD-SalMH2, BzA-OPD-BzAH2 and MSal-OPD-SalMH2 showed the highest dipole moment values of 
3.3384, 4.4183 and 4.4699 Debye, respectively.  
 
Table 1 Molecular formula (MF), molecular weight (MW), enthalpy, free energy (Hartree) and 
dipole moment (Debye) of ligands. 

Se
ri

es
  Ligands & code MF MW Enthalpy Free energy Dipole 

moment 

Se
ri

es
 

1 

MSal-ED-SalM (1) C18H20N2O4 328 -1107.9553 -1108.0361 0.0003 
HNP-ED-HNPH2  (2) C24H20N2O2 368 -1186.1650 -1186.2465 0.0001 
BzA-ED-BzAH2 (3) C22H24N2O2 348 -1112.3223 -1112.4105 4.2543 

Se
ri

es
 

2 

MSal-1,2-PD-SalM (4) C19H22N2O4 342 -1147.2420 -1147.3253 0.6851 
HNP-1,2-PD-HNPH2  (5) C25H22N2O2 382 -1225.4555 -1225.5399 0.3480 
BzA-1,2-PD-BzAH2 (6) C23H26N2O2 362 -1151.6102 -1151.7010 2.9888 

Se
ri

es
 

3 

MSal-1,3-PD-SalM (7) C19H22N2O4 342 -1147.2422 -1147.3265 1.7340 
HNP-1,3-PD-HNPH2 (8) C25H22N2O2 382 -1225.4520 -1225.5366 0.6322 
BzA-1,3-PD-BzAH2 (9) C23H26N2O2 362 -1151.6090 -1151.7002 0.5830 

Se
ri

es
 

4 

MSal-BD-SalM (10) C20H24N2O4 356 -1186.5285 -1186.6157 3.4186 
HNP-BD-HNPH2 (11) C26H24N2O2 396 -1264.7383 -1264.8264 3.4959 
BzA-BD-BzAH2 (12) C24H28N2O2 376 -1190.8962 -1190.9909 1.5010 

Se
ri

es
 

5 

MSal-HD-SalM (13) C22H28N2O4 384 -1265.1008 -1265.1956 3.3384 
HNP-HD-HNPH2 (14) C28H28N2O2 424 -1114.6858 -1114.7759 1.0176 
BzA-HD-BzAH2 (15) C26H32N2O2 436 -1269.4678 -1269.5664 1.7066 

Se
ri

es
 

6 

MSal-OPD-SalM (16) C22H20N2O4 376 -1260.3648 -1260.4492 4.4699 
HNP-OPD-HNPH2 (17) C28H20N2O2 416 -1338.5745 -1338.6601 3.9435 
BzA-OPD-BzAH2 (18) C26H24N2O2 396 -1264.7280 -1264.8189 4.4183 
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BzA-ED-BzA 

  
MSal-1,2-PD-SalM 

 
HNP-1,3-PD-HNP 

 
HNP-BD-HNP 

  
MSal-HD-SalM 

 
BzA-OPD-BzA 

 

Figure 2. Optimized structure of some representative Schiff Bases by DFT 

 
3.2 Frontier molecular orbital analysis 

 
Frontier molecular orbitals (FMOs) consist of the highest occupied molecular orbital (HOMO) 

and lowest unoccupied molecular orbital (LUMO) is related to structure-activity relationships [46]. 
Frontier molecular orbitals and related energies of all ligands (1-18) are presented in Table 2. The 
electron transfers from ground state HOMO to the first excited energy state LUMO as described by one 
electron excitation [47]. HOMO is an electron donor as it is occupied, whereas LUMO is an electron 
acceptor due to an unoccupied energy orbital [48]. These orbitals control the binding mode(s) and 
interactions between ligands with the receptor protein. The HOMO-LUMO energy gap is also a key 
tool for kinetic stability and chemical reactivity [49], where a small gap insists on greater chemical 
reactivity. The FMOs energy analysis result revealed that MSal-HD-SalMH2 (Figure 3) has the lowest 
HOMO-LUMO gap (3.4374 eV) and the highest softness (0.5818 eV) with a chemical potential (-
6.6951 eV).  



Journal of Applied Science & Process Engineering 
   Vol. 10, No. 1, 2023 

 

 

 

 
e-ISSN: 2289-7771 

 

 
 35  

 
 

 
Table 2. Energy of HOMO-LUMO (eV), gap, hardness, softness and chemical potential of 
investigated ligands  

Ligands ʋHOMO ʋLUMO  Gap Hardness Softness Chemical 
potential 

MSal-ED-SalM (1) -5.5430 -0.7962 4.7468 2.3734 0.4213 -3.1696 
HNP-ED-HNPH2  (2) -5.5239 -1.3461 4.1778 2.0889 0.4787 -3.4350 
BzA-ED-BzAH2 (3) -6.4711 -1.6093 4.8618 2.4309 0.4114 -4.0502 
MSal-1,2-PD-SalM (4) -5.5196 -0.7804 4.7392 2.3696 0.4220 -3.1500 
HNP-1,2-PD-HNPH2  (5) -5.5158 -1.3459 4.1699 2.0850 0.4796 -3.4309 
BzA-1,2-PD-BzAH2 (6) -6.3245 -1.6596 4.6649 2.3325 0.4287 -3.9921 
MSal-1,3-PD-SalM (7) -5.5217 -0.7750 4.7467 2.3734 0.4213 -3.1484 
HNP-1,3-PD-HNPH2 (8) -5.4845 -1.3260 4.1585 2.0793 0.4809 -3.4053 
BzA-1,3-PD-BzAH2 (9) -6.4820 -1.6721 4.8099 2.4050 0.4158 -4.0771 
MSal-BD-SalM (10) -5.5650 -0.7499 4.8151 2.4076 0.4154 -3.1575 
HNP-BD-HNPH2 (11) -5.4972 -1.3181 4.1791 2.0896 0.4786 -3.4077 
BzA-BD-BzAH2 (12) -6.5354 -1.6270 4.9084 2.4542 0.4075 -4.0812 
MSal-HD-SalM (13) -8.4138 -4.9764 3.4374 1.7187 0.5818 -6.6951 
HNP-HD-HNPH2 (14) -5.8973 -0.6596 5.2377 2.6189 0.3818 -3.2785 
BzA-HD-BzAH2 (15) -9.2443 -5.4338 3.8105 1.9053 0.5249 -7.3391 
MSal-OPD-SalM (16) -5.0502 -1.1197 3.9305 1.9653 0.5088 -3.0850 
HNP-OPD-HNPH2 (17) -5.1955 -1.5584 3.6371 1.8186 0.5499 -3.3770 
BzA-OPD-BzAH2 (18) -5.5323 -1.5715 3.9608 1.9804 0.5049 -3.5519 
 

 

Figure 3. Frontier molecular orbital features of BzA-HD-BzA, BzA-OPD-BzA, HNP-1,3-PD-HNP, 
HNP-OPD-HNP, MSal-HD-SalM and MSal-OPD-SalM  
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3.3 Molecular electrostatic potential (MEP) 
 

To validate the evidence about the reactive sites for the electrophilic and nucleophilic attack, it 
is important to calculate the molecular electrostatic potential. Although it gives an indication of 
molecular size and shape of the positive, negative and zero potential in terms of color grading, it also 
helps to predict hydrogen bonding interaction and biological recognition process [50]. The MEP of 
ligands (1-18) is calculated by the same level of theory. In the MEP, the maximum negative region is 
a favorable site for electrophilic attack (indicated in red) and the maximum positive region is a favorable 
site for nucleophilic attack (indicated in blue). The area in green is considered as zero potential areas. 
It is observed that the orientation of –ve, +ve and zero potential as well as molecular size and shape 
varied because of the atoms and their electronic nature present in the molecule. From MEP, it is found 
that HNP-OPD-HNP showed the maximum negative potentiality (-0.2508 a.u.) and the maximum 
positive potentiality (+0.1645 a.u.) as shown in Figure 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Figure 4. Molecular electrostatic potential of HNP-BD-HNP, HNP-OPD-HNP, MSal-HD-SalM and 
MSal-OPD-SalM 

 

-0.2508                      
+0.1645 

HNP-OPD-HNP 

-0.2468                      

MSal-OPD-SalM MSal-HD-SalM 

-0.1855                       

-0.1969                                    

HNP-BD-HNP 
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3.4 Molecular docking studies 

 
Molecular docking studies were performed to predict the binding properties of ligands (1-18) 

against the SARS-CoV-2 Mpro (6LU7). The docking results with SARS-CoV-2 Mpro were compared 
to some FDA-approved antiviral drugs like chloroquine, hydroxychloroquine and remdesivir, which 
were used as control. The binding affinity of ligands (1-18) ranged from -5.8 to -8.2 kcal/mol as 
depicted in Table 3.  
 
Table 3. Binding affinity and nonbonding interaction of ligands with SARS Cov-2 Mpro 

Ligands Binding affinity 
(kcal/mol) 

Contact residues,  Interaction type, distance (Å) 

MSal-ED-SalM (1) -6.4 Gly120, H (2.3); Gln69, H (2.7); Gly15, H (2.4); 
Gln19, H (2.5); Met17, C (2.6); Gly120, C (2.21); 
Lys97, PC (4.6); Ala70, PS (2.8); Trp31, Pp (5.7) 

HNP-ED-HNPH2  (2) -7.9 Leu287, H (2.21); Asp289, C (2.5); Asp289, AC 
(4.2); Lys5, PiC (4.5), Glu290, PiA (4.6); Leu287, 
PA (4.3); Lys137, PA (4.9) 

BzA-ED-BzAH2 (3) -6.3 Gln110, H (2.8); Gln110, H (2.); Gln110, H (2.5); 
Phe294, Pp (3.8) 

MSal-1,2-PD-SalM (4) -6.6 Asp289, H (2.3); Leu287, H(2.4); Leu287, H(1.9); 
Glu288, H(2.0); Lys5, H(2.1); Leu287, H (2.3); 
Asp289, AC (4.7); Asp289, PiA(4.7); Glu290, PiA 
(3.9); Leu287, PA(4.8); Lys137, PA (5.4) 

HNP-1,2-PD-HNPH2 (5) -8.2 Gln110, H (2.2); Phe294, Pp(3.8); His246, 
PpTs(4.7) 

BzA-1,2-PD-BzAH2 (6) -6.9 Gln110, H(2.1); Phe294, H(2.4); Phe294, PC(4.8); 
Pro293, Aps(4.2); Val104, PA(5.4); Ile106, 
PA(5.4); Pro252, PA(5.3); Val297, PA(4.6) 

MSal-1,3-PD-SalM (7) -6.4 Gly120, H(2.1); Met17, H(2.0); Gly120, H(2.7); 
Gly15, H(2.2); Glu14, C(2.5); Gly120, C(2.7); 
Ala70, C (2.1); Lys97, C(2.7); Ala70, PiC(4.6); 
Gly71, Aps(4.2); Ala70, PA(4.1) 

HNP-1,3-PD-HNPH2 (8)  -7.8 Tyr237, H(2.5); Thr199, C(2.9); Asn238, C(2.5); 
Asp197, AC(4.6); Asp289, AC(5.0); Asp289, 
PiA(3.2); Tyr239, PpTs (5.4); Leu272, PA(4.8); 
Leu287, PA(5.5) 

BzA-1,3-PD-BzAH2 (9) -6.3 Tyr237, H(2.6); Arg131, H (2.6); Thr199, H(1.9); 
Tyr239, H(2.3); Thr199, C(3.0); Leu287, PA (4.3) 

MSal-BD-SalM (10) -5.8 Leu141, H(2.4); Leu141, C(2.5); Tyr54, C(2.8); 
Asp187, C(2.0); Gly143, Pdh(3.9); Cys145, 
Ps(5.7); Met49, PA(4.7) 

HNP-BD-HNPH2 (11) -6.4 Phe294, Pp(3.9); Phe294, Pp(3.7) 
BzA-BD-BzAH2 (12) -5.8 Gln110, H(2.2); Gln110, H(2.9); Gln110, H(2.9); 

Phe294, Pp(3.9) 
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Ligands Binding affinity 
(kcal/mol) 

Contact residues,  Interaction type, distance (Å) 

MSal-HD-SalM (13) -5.8 Gln189, H(2.20; Cys145, H(2.9); Leu141, C(2.5); 
His163, C(2.7); Asp187, C(2.7); His41, Ppts(4.8);  
Met49, PA(5.2); Met165, PA(5.4); Cys145, 
PA(5.3) 

HNP-HD-HNPH2 (14)  -6.3 Gln110, H(2.4); Gln110, C(3.0); Phe294, Pp(3.9); 
Phe294, Pp(3.9) 

BzA-HD-BzAH2 (15) -6.0 Thr199, H(1.9); Arg131, H(2.5); Tyr239, H(2.4); 
Asp197, C(3.0); Thr199, C(2.9); Leu287, PA(4.2); 
Leu286, PA(4.6); Asp197, AC(4.7); Asp289, 
AC(5.4) 

MSal-OPD-SalM (16) -7.1 Gln189, H(3.0); His41, C(2.7); Thr26, C(2.5); 
Asn142, C(2.6), Phe140, C(2.9), Gly143, C(2.9), 
His41, PiC(4.5), Met49, PA(4.9), Met165, PA(5.3);  
Cys145, PA(5.0) 

HNP-OPD-HNPH2  (17)  -8.2 Glu166, AC(4.1); Glu166, PiA(4.0), His41, 
PpTs(4.9); Met165, PA(4.8); Pro168, PA(5.0) 

BzA-OPD-BzAH2 (18) -6.7 Asp153, SB; H(2.9); Gln110, H(2.8); Asn151, 
H(2.6); Phe294, Pp(3.9), Val104, PA(5.3), Ile106, 
PA(4.8) 

HCQ -5.8 Tyr154, H(2.5); Gln110, H(2.8); Thr111, H(2.9); 
Asp153, C(2.4); Gln110, C(2.6); Thr111, C(2.2) 

H: Conventional hydrogen bond, C: Carbon hydrogen bond, A: Alkyl, PA: Pi-Alkyl, Pp: Pi-pi stacked, AC: 
Attractive charge, PpTs: Pi-pi T-shaped, Aps: Amide Pi-Stacked, SB: Salt bridge, PiA: Pi-Anion, PiC: Pi-Cation, 
Pdh: Pi-donor hydrogen bond 
 

Figure 5 shows the docked confirmation of HNP-OPD-HNPH2, MSal-BD-SalMH2, MSal-HD-
SalMH2 and MSal-OPD-SalMH2 at the inhibition binding site of receptor protein SARS-CoV-2 Mpro. 
Most of the ligands did not demonstrate any significant interactions with the Cys-His catalytic dyad of 
6LU7 [51] despite having increased binding affinity such as BzA-ED-BzAH2 (-6.3 kcal/mol), BzA-
1,2-PD-BzAH2 (-6.9 kcal/mol), BzA-1,3-PD-BzAH2 (-6.3 kcal/mol), BzA-BD-BzAH2 (-5.8 kcal/mol), 
BzA-HD-BzAH2 (-6.0 kcal/mol), BzA-OPD-BzAH2 (-6.7 kcal/mol), HNP-ED-HNPH2 (-7.9 kcal/mol), 
HNP-1,2-PD-HNPH2 (-8.2 kcal/mol), HNP-1,3-PD-HNPH2 (-7.8 kcal/mol), HNP-BD-HNPH2 (-6.4 
kcal/mol), HNP-HD-HNPH2 (-6.3 kcal/mol), MSal-ED-SalMH2 (6.4 kcal/mol), MSal-1,2-PD-SalMH2 
(6.6 kcal/mol) and MSal-1,3-PD-SalMH2 (6.4 kcal/mol). MSal-HD-SalMH2 and MSal-OPD-SalMH2 bind 
with both of the Cys-His catalytic dyad containing increased binding affinity of -5.8 and -7.1 kcal/mol 
respectively but MSal-BD-SalMH2 (-5.8 kcal/mol) and HNP-OPD-HNPH2 (-8.2 kcal/mol) bind with one 
of those catalytic dyads. Binding affinity with SARS-CoV-2 Mpro of some FDA-approved drugs 
chloroquine [10], hydroxychloroquine [10] and remdesivir [12] was reported as -4.3 kcal/mol, -5.2 
kcal/mol and -5.5 kcal/mol, respectively. In our investigation, hydroxylchloroquine (HCQ) was docked 
as standard with the same receptor protein, SARS-CoV-2 main protease (6LU7) to compare the results.  
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Figure 5. (A) Docked confirmation of selected Schiff bases at inhibition binding site of receptor 
protein SARS CoV-2 Mpro, (B) Superimposed view of them after docking simulation 

 
3.5 Structural activity relationship of binding affinity 

 
Schiff bases derived from diamine and aldehyde/ketone are formulated with their structural 

backbone as R-C=N-(CH2)n-N=C-R. It consists of a central diamine linkage and two similar terminal 
linkages of aldehyde/ketone. Depending upon the diamine linkage, Schiff bases are grouped into six 
series (Table 1). Both linkages have effects on the binding affinity that are summarized below.  

Effect of central linkage: It is noted that binding affinity of Schiff bases decreases with the 
increase of the number of carbon in the aliphatic chain (elongation of chain) in amines. Schiff bases of 
OPD (orthophenylenediamine), an aromatic diamine, showed the highest bonding affinity. Schiff bases 
of 1,2-pn (1,2-propanediamine) have greater binding affinity than those from en (ethylenediamine) 
though both contain the same number of carbon (n=2). It is because of the presence of a CH3- group in 
central linkage as a branch exhibiting carbon hydrogen nonbonding interaction with protein. Effect of 
terminal linkage: Binding affinity Schiff bases of each series follow the sequence HNP> Sal > BzA 
being attached as terminal linkage.  

 
3.6 PASS prediction 
 

Selected PASS results were designated as Pa and Pi forms. The compounds showing more Pa 
value than Pi as presented in Table 4 are the only constituents considered as possible for a particular 
pharmacological activity. Ligands, BzA-ED-BzAH2 and BzA-1,2-PD-BzAH2 having Pa values 0.637 
and 0.694, respectively exhibited their anti-neurotic activity. It is remarkable that Schiff bases prepared 
from BzA did not show an antioxidant property. The remaining showed 0.133<Pa<0.237 in PASS 
analysis for antioxidant activity, where the compound MSal-HD-SalMH2 showed the highest antioxidant 
property. PASS prediction of the Schiff bases showed 0.363<Pa<0.795, 0.292<Pa<0.484 and 
0.172<Pa<0.313 for anti-inflammatory, intestinal anti-inflammatory, and ophthalmic anti-
inflammatory activities respectively indicating them as more potent anti-inflammatory agents, except 
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BzA-1,3-PD-BzAH2, which are intestinal anti-inflammatory active. 0.177<Pa<0.447 for antiviral, 
0.245<Pa<0.403 for influenza antiviral and 0.125<Pa<0.288 for HIV antiviral activity were found from 
PASS analysis. All Schiff bases were found to be influenza antiviral active except MSal-1,3-PD-SalMH2. 
0.200<Pa<0.399 was found for the antibacterial activity of Schiff bases except those prepared from 
BzA. A few of the tested Schiff bases showed poor ophthalmic antibacterial activity. All tested Schiff 
bases were found to be antifungal active with 0.208<Pa<0.379 as found from PASS analysis. It is 
indicated that Schiff bases are stronger antiviral than antibacterial or antifungal agents. Most of the 
Schiff bases proved to be anticarcinogenic as PASS prediction showed 0.180<Pa<0.299. HNP-OPD-
HNPH2 and MSal-OPD-SalMH2 were the strongest antituberculosis with Pa values 0.662 and 0.671, 
respectively.  
 
 
Table 4. Comparison of selected biological activities (Pa) of Schiff bases predicted by PASS 
analysis 
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1 0.226 0.405 0.435 0.305 0.18 0.259 0.129 0.227 0.134 0.29 0.22 0.359 
2 0.156 0.363 0.324 0.263 0.258 0.245 0.189 0.236 0.13 0.257 0.185 0.368 
3  0.795 0.424 0.292 0.335 0.302 0.288  0.16 0.218  0.244 
4 0.191  0.396 0.273  0.26  0.301  0.36 0.203 0.342 
5 0.133  0.292  0.188 0.246 0.136 0.309  0.346   
6  0.67 0.4 0.276 0.307 0.343 0.25   0.251  0.263 
7 0.215  0.417 0.313  0.282  0.219  0.26 0.277 0.296 
8 0.155  0.31  0.181 0.267 0.125 0.227  0.247 0.299 0.305 
9  0.65  0.3 0.262 0.332 0.21  0.0.149 0.208 0.198  
10 0.215  0.417 0.313  0.282  0.219  0.26 0.277 0.296 
11 0.167  0.31  0.177 0.306  0.232 0.131 0.266 0.221 0.357 
12  0.663 0.401 0.275 0.256 0.388 0.204  0.167 0.229 0.192  
13 0.237  0.435   0.34  0.226  0.295 0.27 0.384 
14 0.172  0.325  0.172 0.319  0.235 0.135 0.283 0.223 0.357 
15  0.662 0.419 0.172 0.447 0.403 0.195  0.172 0.248   
16 0.212  0.484 0.31    0.384  0.379  0.662 
17 0.153  0.363 0.268  0.252  0.399  0.369 0.18 0.671 
18   0.472 0.3 0.27 0.317 0.23 0.2 0.148 0.306  0.341 

MSal: p-methoxy-salicyldehyde, HNP: 2-hydroxy-1-naphthaldehyde; BzA: benzoylacetoacetate; ED: 
ethanediamine; PD: propanediamine; BD: 1,4-butanediamine; HD: 1,6-hexanediamine; OPD: ortho-
phenyldiamine 
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3.7 ADMET studies 
 

The results from AdmetSAR calculation of ligands (1-18) are shown in Table 5. All ligands 
exhibited positive responses for the blood-brain barrier (BBB). Minimum BBB +(0.5232) for HNP-
BD-HNPH2, and maximum +(0.9660) for ligand BzA-HD-BzAH2 were found.  All ligands showed a 
positive response for human intestinal absorption with a minimum +(0.5132) for HNP-BD-HNPH2 and 
a maximum +(0.9810) for BzA-1,2-PD-BzAH2. All ligands were found to be non-carcinogenic with 
values of 0.6015 to 0.8546 and showed type III acute oral toxicity. Most of the ligands were P-
glycoprotein non-inhibitor except BzA-1,3-PD-BzAH2, BzA-BD-BzAH2, BzA-HD-BzAH2. Some 
ligands showed strong inhibitory features for human ether-a-go-go-related gene (hERG).  
 
  Table 5 Selected pharmacokinetic parameters of ligands 

L
ig

an
ds

 Blood 
brain 

barrier 

Human 
intestinal 

absorption 

P-
glycoprotein 

inhibitor 

hERG Carcinogen Rat acute 
toxicity (LD50) 

mol/kg 

Acute 
oral 

toxicity 

1 +(0.9403) +(0.9711) NI(0.8475) WI(0.5680) NC(0.7906) 2.2896 III 
2 +(0.7345) +(0.7397) NI(0.8726) SI(0.6291) NC(0.7863) 2.2777 III 
3 +(0.6321) +(0.9077) NI(0.7786) SI(0.7000) NC(0.7609) 2.2733 III 
4 +(0.9030) +(0.8658) NI(0.8134) WI(0.8929) NC(0.7511) 2.3277 III 
5 +(0.6703) +(0.7848) NI(0.7947) WI(0.7818) NC(0.7621) 22730 III 
6 +(0.6985) +(0.9810) NI(0.7850) WI(0.5704) NC(0.6890) 2.3711 III 
7 +(0.8874) +(0.8235) NI(0.7506) WI(0.7332) NC(0.8246) 2.2438 III 
8 +(0.6394) +(0.7227) NI(0.7511) WI(0.5552) NC(0.8266) 2.2828 III 
9 +(0.6288) +(0.9714) I(0.5911) SI(0.5160) NC(0.8328) 2.1269 III 
10 +(0.8157) +(0.9200) NI(0.8066) WI(0.6100) NC(0.8546) 2.3039 III 
11 +(0.5232) +(0.5132) NI(0.8369) SI(0.5862) NC(0.8544) 2.3119 III 
12 +(0.8169) +(0.9653) I(0.5110) SI(0.5915) NC(0.8465) 2.2005 III 
13 +(0.6262) +(0.5219) NI(0.6644) WI(0.5206) NC(0.7939) 2.3494 III 
14 +(0.6626) +(0.9282) NI(0.7147) SI(0.6178) NC(0.8182) 2.2838 III 
15 +(0.9660) +(0.9605) I(0.7629) WI(0.7092) NC(0.6451) 2.0827 III 
16 +(0.7929) +(0.9393) NI(0.8261) WI(0.8698) NC(0.8404) 2.2433 III 
17 +(0.6386) +(0.5535) NI(0.8637) WI(0.7520) NC(0.8419) 2.2938 III 
18 +(0.7561) +(0.7822) NI(0.9277) WI(0.7086) NC(0.6015) 2.3249 III 

HC
Q 

+(0.5602) +(0.9892) NI(0.7297) WI(0.6798) NC(0.8370) 2.6348 III  

NI: Non-inhibitor, WI: Weak-inhibitor, NC: Non-carcinogenic 

 
4. Discussion 

 
Schiff bases, MSal-OPD-SalMH2, BzA-OPD-BzAH2, HNP-BD-HNPH2, MSal-HD-SalMH2 and 

BzA-HD-BzAH2 having greater free energy are suggested energetically and configurationally more 
stable [27-29]. BzA-OPD-BzAH2 and MSal-OPD-SalMH2 showed comparatively highest dipole 
moment which contributed greater binding affinity and non-bonding interactions. The lowest HOMO-
LUMO gap and highest softness of MSal-HD-SalMH2 may be contributed to its better chemical reactivity 
and polarizability. Both negative and positive potentiality of HNP-OPD-HNPH2 were found to be 
maximum from MEP which indicated that it would be attracted by either electrophile or nucleophile 
easily [26].  
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HNP-ED-HNPH2 (-7.9 kcal/mol), HNP-1,2-PD-HNPH2 (-8.2 kcal/mol), HNP-1,3-PD-HNPH2, 
HNP-OPD-HNPH2 showed their increased binding affinity with SARS-CoV-2 Mpro (Figure 6). The 
essential amino acids residues for the interaction with ligands are recognized as Leu267/272, 
Asp289/238, Lys5/137, Glu116/290, Gln110, Phe294, His41/246, Met164, Pro168, Tyr239/237, 
Thr199, Asn238 etc. [52, 53]. Besides hydrogen bonding, electrostatic and hydrophobic non-covalent 
bond (carbon hydrogen bond, alkyl, Pi-Alkyl and Pi-pi stacked) were observed which were responsible 
for their highest binding affinity (Figures 7 and 8). The molecular docking results revealed that the 
effective interactions between these four ligands with 6LU7 were obtained on the electronegative atoms 
and it could be attributed to the presence of lone pair of electrons. In addition, the π-π T-shaped could 
be another hydrophobic interaction of ligands with the receptor. Hydrogen bond surface shows that 
amino acid residues like Pro168, Glu166, His41, Leu141, Gly143, His163, Asn142 and Thr26 help in 
creating strong donor regions and residues like Met165, Met49, Cys145, asp187, Gln189 and Phe140 
help in creating strong acceptor regions on drug-protein interaction surface[26].  

MSal-HD-SalMH2, MSal-OPD-SalMH2 and MSal-BD-SalMH2 also showed better binding energy 
along with strong hydrogen bonds with other residues and observed that they are capable to bind with 
both of the Cys-His catalytic dyad or one of them (His41 and Cys145) [51]. They might be used as 
better SARS-CoV-2 Mpro inhibitors due to their comparable binding affinity with SARS-CoV-2 Mpro 
to FDA-approved drugs chloroquine [10], hydroxychloroquine [10] and remdesivir [12]. Besides 
hydrogen bonds, different non-covalent interactions like hydrophobic interactions occurred with amino 
acid residues Gln189, Cys145, Leu141, His163 and Asp187 in a distance of 2.24, 2.97, 2.45, 2.71 and 
2.66 Å for MSal-HD-SalMH2 whereas Gln189, His41, Thr26, Asn142, Phe140 and Gly143 with a 
distance of 3.0458, 2.6876, 2.5314, 2.6125, 2.9886 and 2.9417 Å for MSal-OPD-SalMH2 [54]. In MSal-
BD-SalMH2, four hydrogen bonds were observed including some hydrophobic interactions.  

In this investigation, the binding affinity -5.8 kcal/mol of standard (HCQ) was found which was 
comparable to or less than our tested Schiff base ligands. In the case of HCQ, hydrogen bonding and 
carbon-hydrogen bond interactions with Tyr154, Gln 110, Thr 111, and Asp 153 amino acid residues 
of the protein were identified. The results of molecular docking revealed that almost all ligands had the 
highest binding affinity with the receptor protein. Hence, it predicts that they might serve as better 
inhibitor than standard (HCQ) [55]. 

Prediction of activity spectra for substances (PASS) was applied for the assessment of biological 
activity. Out of the >250 estimated spectrum of biological activities, special attention has been given 
to the results predicting the probability of antineurotic, antioxidant, anti-inflammatory, anticarcinogenic 
antituberculosis, antifungal, antiviral and antibacterial activities of Schiff bases (Table 4). 

All ligands exhibited positive responses for blood-brain barrier (BBB) and human intestinal 
absorption. Ligands are found to be non-carcinogenic and show type III acute oral toxicity, suggesting 
harmless for oral administration [56]. Most of the ligands except BzA-1,3-PD-BzAH2, BzA-BD-BzAH2 
and BzA-HD-BzAH2 are P-glycoprotein non-inhibitor, where their inhibition can interrupt the 
absorption, permeability and retention of the drugs [57]. Furthermore, some ligands show strong 
inhibitory features for human ether-a-go-go-related gene (hERG), whereas other ligands are indicating 
weak that can lead to long QT syndrome [58]. Still, further study of this aspect is essential. 
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Figure 6. Comparison of binding affinity of Schiff bases with hydroxychlroquine (HCQ) against 
SARS CoV-2 Mpro 
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Figure 7. Non-bonding interactions of selected Schiff bases with receptor protein SARS Cov-2 Mpro 

generated by Discovery Studio 

-6.4
-7.9

-6.3
-6.6

-8.2
-6.9

-6.4
-7.8

-6.3
-5.8

-6.4
-5.8
-5.8

-6.3
-6

-7.1
-8.2

-6.7
-5.8

-9 -8 -7 -6 -5 -4 -3 -2 -1 0

MSal-ED-SalM

BzA-ED-BzAH2

HNP-1,2-PD-HNPH2

MSal-1,3-PD-SalM

BzA-1,3-PD-BzAH2

HNP-BD-HNPH2

MSal-HD-SalM

BzA-HD-BzAH2

HNP-OPD-HNPH2

HCQ

Binding Affinity, kCal/Mol



Journal of Applied Science & Process Engineering 
   Vol. 10, No. 1, 2023 

 

 

 

 
e-ISSN: 2289-7771 

 

 
 44  

 
 

  
HNP-ED-HNP 

 

 
HNP-1,2-PD-HNP 

 

HNP-1,3-PD-HNP 
 

HNP-OPD-HNP 
Figure 8. 2D form of non-bonding interactions of selected Schiff bases with receptor protein 

 

5. Conclusion 
 

The DFT calculation revealed that all the ligands were thermally stable and had a small HOMO-
LUMO gap of MSal-HD-SalMH2 with the highest softness, the polarizability and chemical activities 
were enhanced. The docking results predicted that HNP-ED-HNPH2, HNP-1,2-PD-HNPH2, HNP-1,3-
PD-HNPH2, MSal-OPD-SalMH2 and HNP-OPD-HNPH2 had improved binding affinity (-7.9, -8.2, -7.8, 
-7.1 and -8.2 kcal/mol, respectively) against 6LU7. Interestingly most of the Schiff bases showed 
greater binding affinity than those FDA-approved drugs, chloroquine, hydroxychloroquine and 
remdesivir. Considering this in silico prediction, HNP-ED-HNPH2, HNP-1,2-PD-HNPH2, HNP-1,3-
PD-HNPH2, MSal-OPD-SalMH2 and HNP-OPD-HNPH2 were found as the promising inhibitors against 
6LU7. Therefore, to establish their activity as COVID-19 inhibitors, solid experimental evidence of in 
vitro and in vivo studies is required. PASS analysis indicated that Schiff bases are stronger antiviral 
than antibacterial or antifungal agents. 
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List of Abbreviations: COVID-19: coronavirus disease 2019; DFT: density functional theory; SARS-
CoV-2: serve acute respiratory syndrome coronavirus-2; MSal: p-methoxy-salicyldehyde, HNP: 2-
hydroxy-1-naphthaldehyde; BzA: benzoylacetone; ED: ethanediamine; PD: propanediamine; BD: 1,4-
butanediamine; HD: 1,6-hexanediamine; OPD: ortho-phenyldiamine; Mpro: main protease; FDA: food 
and drug administration 
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