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computational analysis against coronavirus and T-cells of immune system 
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The Schiff base (Z)-4-((4-hydroxy-3-methoxy benzylidene)amino)-1,5-dimethyl-2-phenyl-1,2-dihydro-3H-pyrazole-3-
one (VAP) has been synthesized by the condensation of 4-aminoantipyrine with vanillin and and characterized by FT-IR, 1H 
and 13C NMR spectroscopy. The structure of the synthesized compound has been confirmed by single-crystal X-ray 
diffraction studies, which shows that four units of the compound are in an asymmetric part of the crystal structure. The 
potential activity of synthesized Schiff base compound has been determined by molecular docking with T-cells (6bnk) and 
against Coronavirus (6lu7). 
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Schiff bases synthesized are from a one-step 
condensation process with various amines. Aldehydes 
or ketones (due to their diverse chelating ability) react 
with transition metals to form Schiff base complexes 
to make potential drug molecules in the medicinal 
field and effective catalysts in the industrial field. 
Inexpensiveness and simplest preparation of Schiff 
base compounds utilized as an analytical reactant can 
form stable metal complexes with potential biological 
activities. Aromatic Schiff base compounds and metal 
complexes are decompositions, electro-reduction, 
hydrolysis, and oxygenation reactions1-5. Those are 
the most potent chelators because their azomethine 
nitrogen atom has a high electron density. Due to this 
property, they are utilized in a wide range of 
biological applications, especially antimicrobial, anti-
cancer, anti-inflammatory, and anti-tubercular agents, 
and also used in analytical, clinical, catalysts, 
corrosion inhibitors, dyes, intermediates in organic 
synthesis, medicinal, polymer stabilizers, pigments, 
and pharmacological field6-12. 

4-amino antipyrine is an N-phenyl compound. The
–CH2 group is bonded on either side of the polar
carbonyl group, which is used to reduce and protect
from oxidative stress and prevent diseases such as
cancer and microbial diseases13-16. 4-amino antipyrine

has a strong basic character with a significant dipole 
moment, a potential donor. Its derivatives are 
analgesic, antimicrobial, anti-cancer, and anti-
inflammatory drugs. 4-amino antipyrine derivatives 
are strong inhibitors of prostanoids synthesis, platelet 
thromboxane synthesis, and cyclooxygenase 
isoenzymes, and those catalyze the rate-limiting step 
in prostaglandin synthesis17-20. 

Vanillin is an aroma compound and a vital flavoring 
agent in food industries. It is naturally extracted from 
vanilla beans, and the synthetic vanillin is prepared by 
two-step synthesis. It has a wide range of biological, 
therapeutic, and industrial applications. Vanillin, 
o-vanillin, and isovanillin are three isomeric forms of
vanillin. Vanillin and its derivatives have essential
properties such as antimutagenic, antimicrobial,
antioxidant, anticarcinogenic, and free radical
scavenging agent21-23.

The Schiff base, 4-Amino antipyrine with vanillin, 
has several biological, clinical, pharmaceutical, and 
industrial applications. These significant properties of 
reported Schiff bases significantly motivate working 
with those compounds. The Schiff base was 
characterized using FTIR, 1H NMR, and 13C NMR 
spectroscopy. The single-crystal X-ray diffraction 
studies determine the crystalline structure and 
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properties of synthesized Schiff base and molecular 
docking studies to report compounds against covid-19 
and improve T-cell activation. The reported Schiff 
base (VAP) compared with KRN7000 in 6BNK, 
Favipiravir, and Hydroxychloroquine in 6LU7 
proteins. 

Experimental Section 
The sharp melting point of the reported Schiff base 

was determined by using Digital Melting Point 
Apparatus (Safire) with the help of an open capillary 
tube under the heating rate of 10°C/min. The Schiff 
base's Fourier transform-infrared spectrum was 
recorded in the Tensor 27 spectrometer. 1H NMR 
(400 MHz) and 13C NMR (100 MHz) spectra were 
recorded by using Bruker Advance (AC80) 
instrument. DMSO-d6 and tetramethyl silane (TMS) 
as internal standards, and the chemical shift values are 
recorded in δ (ppm). The compound's elemental 
analysis (CHN) was analyzed using Thermal Finnigan 
Elemental Micro Analyzer. The reported Schiff 
base reaction was monitored by thin-layer 
chromatography; TLC plates are coated with 
silica gel. 

Synthesis of (Z)-4-((4-hydroxy-3-methoxy benzy 
lidene)amino)-1, 5-dimethyl-2-phenyl-1, 2-dihydro-
3H-pyrazol-3-one Schiff base 

Approximately 0.76 g (5 mmol) of vanillin 
dissolved in 30 mL of ethanol and 1.015 g (5 mmol) 
of 4-amino antipyrine was added. The reaction 
mixture was refluxed over a water bath for about 3 h 
at RT, and the reaction was monitored by thin-layer 
chromatography. The resulting solution is tightly 
covered after reaction completion and allowed to 
stand without any disturbance. The synthesized Schiff 
base separated into shiny yellow needle-like crystals 
and dried in a vacuum. The yield of the Schiff base is 
1.265g (75.09%). 

Structure determination of Schiff base by single 
crystal X-ray diffraction studies 

The Schiff base VAP is crystallized by solvent 
evaporation solution growth technique to get block-
type single crystals suitable for X-ray diffraction 
studies. The crystallographic data collection, using the 
X-ray with the wavelength of 0.71073 Å, was
collected at RT with MoKα radiation using Bruker
AXS KAPPA APEX-2 diffractometer equipped with
graphite monochromator24.

Molecular docking 
The molecular docking study of the interaction and 

feasibility of the reported Schiff base compound with 
TCR-MHC-like molecule, Covid-19 main protease, is 
carried out. The binding affinity of the compound was 
predicted in AutoDock 4.2 software. The reported 
compound structure was drawn in Chem3D 18.2, and 
the ligand file was saved in PDB (protein data bank) 
format. The structures of proteins downloaded from 
the Royal Collaboratory for Structural Bioinformatics 
(http://www.rcsb.org/pdb/) are named 6bnk and 6lu7. 
Studies on the compound and proteins, prepared by 
removing water, adding polar hydrogen atoms, and 
partial charges, were performed using AutoDock 
Tools 1.5.6. The binding affinity values were 
determined from molecular docking using AutoDock 
Vina 1.1.2, which determines the grid values. The 
three-dimensional structure of protein-ligand 
positions are shown by using PyMol software25. 

Results and Discussion 

Spectral Characterization 

FTIR spectra 
The C=N azomethine stretching vibration of the 

Schiff base was observed strong band at 1620 cm–1. 
Usually, the carbonyl group absorption is around 
1700 cm–1; cyclic five-membered carbonyl absorption 
of the compound is observed at 1755 cm–1. The 
aromatic and aliphatic C-O stretching frequencies are 
1134 and 1207 cm–1, respectively. The phenolic O-H 
absorption of the Schiff base is observed at 3174 cm–1. 
The two different C-N bonds in the pyrazole moiety 
are observed at 1257 cm–1 and 1280 cm–1. The FT-IR 
spectrum of the reported Schiff base is shown in 
Fig. 1 26. 

1H NMR spectra 
The Schiff base shows multiplet around δ 6.9 – 7.5, 

representing the presence of phenyl rings in the 
resultant compound. Three distinct peaks around 
δ 2.4-3.7 represent three different methyl groups in 
which two methyl groups are present N-CH3 protons 
appear at δ 2.4 (s), and C-CH3 protons appear at 
δ 3.12 (s). The third one at δ 3.7 can be accounted for 
by the presence of the methoxy methyl group, which 
is attached to an oxygen atom of the vanillin moiety. 
The proton present in azomethine (CH=N) gives 
singlet at δ 9.6. 1H NMR spectrum is shown in 
Fig. 2. 
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13C NMR spectra 
In the 13C NMR spectrum of the Schiff base, 

methyl carbons are observed from the peaks at δ 
10.12, 35.90, and 55.84. The first two peaks represent 
methyl groups of antipyrine ring moiety, which are 
directly attached to the ring carbon and nitrogen atom, 
and the third peak of a methyl group attached to the 

oxygen of the phenyl ring. The antipyrine ring carbon 
atoms appear at δ 148.08 to 151.30. The cluster of 
peaks from δ 114.36 to 134.78 shows the presence of 
aromatic carbons in the two phenyl rings of the 
resulting compound. The carbonyl group and carbon 
of the azomethine group are present in the resultant 
Schiff base ligand at δ 157.41 and 160.95, 

Fig. 1 — FTIR spectrum of the Schiff base 

Fig. 2 — 1H NMR spectra of the Schiff base 
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respectively. The 13C NMR spectrum is shown 
in Fig. 3. 

Single crystal X-ray diffraction studies 
The structure was solved by direct methods and 

refined by full-matrix least-squares calculations using 
SHELXL-2014 27. All the H atoms were placed 
at geometrically calculated bond distances, viz.,  
-OH = 0.82 Å, -CH = 0.93 Å (for aromatic), and
-CH = 0.96 Å (for -CH3) constrained to ride on the
concerned parent atom with Uiso(H) = 1.2 or 1.5
Ueq(parent atom). The crystallographic data, details
of data collection, and structure refinement are
presented in Table 1. The ORTEP view of the
compound plotted at 50% probability thermal
displacement ellipsoids with the atom numbering
scheme is shown in Fig. 4 28.

Molecular geometry and crystal packing 
The monoclinic non-centrosymmetric C-centered 

lattice of the Schiff base (VAP) contains four 
molecules in the unit cell. The R-factor of the 
refinement (4.58%) confirms the convergent structure. 
The central five-membered ring makes a dihedral 
angle of 11.8(1) and 51.1(1)° with the phenyl and 
disubstituted phenyl rings. Further, the phenyl and 
disubstituted phenyl rings are oriented at 51.5(1)°. 
The hydrogen bonding dimensions are listed in 

Fig. 3 — 13C NMR spectrum of the Schiff base 

Table 1 — Crystallographic parameters of the Schiff Base VAP 

Empirical formula C19H19N3O3 

Formula weight 337.37 
Temperature 293(2) K
Wavelength 0.71073 Å
Crystal system Monoclinic 
Space group Cc 
Unit cell dimensions a = 11.8124(10) Å 

b = 16.9998(15) Å 
c = 8.7869(8) Å 

Volume 1738.9(3) Å3 
Z 4
Density (calculated) 1.289 Mg/m3 
Absorption coefficient 0.089 mm–1 
F(000) 712
Crystal size 0.25×0.18×0.15 mm3 
Theta range for data collection 2.120 to 28.304° 
Index ranges –15h15, –22k22, –

11l11
Reflections collected 10720
Independent reflections 4230 [R(int) = 0.0660]
Completeness to theta  100.00%
Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 4230 / 2 / 230
Goodness-of-fit on F2 0.957
Final R indices [I>2sigma(I)] R1 = 0.0458, wR2 = 0.1037
R indices (all data) R1 = 0.0562, wR2 = 0.1087
Absolute structure parameter 0.2(8)
Largest diff. peak and hole 0.158 and –0.206 e.Å–3
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Table 2, and the packing arrangement of molecules is 
depicted in Fig. 5. The structure features an 
intramolecular interaction through C-H…O hydrogen 
bond with lower energy. 

Intermolecular interactions, especially classical and 
non-classical hydrogen bonds, are crucial in forming 
crystalline solids and their physiochemical properties. 
These hydrogen bonding interactions can be classified 
and notated with graph-set nomenclature, which helps 
compare the stability of the molecular conformations 
and crystalline lattices between similar molecules29. 
The crystal packing is stabilized through classical  
O-H…O hydrogen bonds, non-classical C-H...O,  
C-H…p, hydrogen bonds, and p-p interactions. 

Interestingly, the classical O-H…O hydrogen bond 
connects the molecules along the a-axis of the unit 
cell in a zig-zag fashion (Fig. 6). 
 

Molecular Docking 
Computational chemistry is the mathematical 

description or chemistry data used to analyze the 

 
 

Fig. 4 — Molecular structure of the Schiff base VAP with 50% probability thermal displacement ellipsoids 
 

 
 

Fig. 5 — Packing of the molecules in triclinic unit cell viewed down along a-axis. H-bonds are shown as dashed lines 

 
 

Fig. 6 — O-H…O hydrogen bonds lead to chain C(11) motifs 
along a-axis of the unit cell. H-bonds are shown as dashed lines. 

Table 2 — Hydrogen bonding geometry in the crystal VAP 

D-H...A d(D-H) d(H...A) d(D...A) <(DHA) 

C(8)-H(8)...O(2) 0.93 2.38 3.055(4) 128.8 
O(3)-H(3)...O(2)#1 0.82 1.87 2.686(3) 174.9 
C(7)-H(7B)...N(1)#2 0.96 2.83 3.770(5) 167.9 
C(19)-H(19)...O(1)#3 0.93 2.97 3.790(5) 147.2 
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interaction between drug molecules and targeted 
molecules of microbial, cancer cells, etc. Molecular 
docking is a powerful approach to detecting new 
structure-based drugs. Molecular docking studies can 
be done at minimum cost, save time, and and produce 
fast results in computational studies, which are used 
to predict the active site, binding angle, binding 
positions, and binding affinity of the ligand with 
targeted protein30,31. In this research, we are interested 
in predicting the anti-corona virus activity of our 
synthesized Schiff base ligand (VAP) by enhancing 
T-cell activity in the immune system using molecular
docking studies on the protein crystal structure of
TCR-MHC-like molecule (6bnk) and COVID-19
main protease (6lu7). 3D images of proteins and
ligands were derived by PyMol software.

The binding affinity, interactions of drug and 
protein molecules also, hydrogen bonding of Schiff 
base (VAP), and protein molecules such as covid-19 
(6lu7) and TCR-MHC (6bnk) are determined by using 
auto dock software. The TCR-MHC-like molecule 
(6bnk) and COVID-19 main protease (6lu7) crystal 
structures are downloaded from Royal Collaboratory 
for Structural Bioinformatics protein data bank. 

TCR-MHC-like molecule (6BNK) 
The multiple aspects of T cells in the immune 

system are responses to allergens, pathogens, and 

tumors. The role of T cells in a mouse model is 
studied in the specific type of antigen, pathogen, or 
disease condition over a limited time frame. 
Human T cells inhibit various diseases and maintain 
the immune system. T cells are a type of lymphocyte 
playing a vital role in immune function. Those can 
vary from other lymphocytes, such as B cells, naturally 
killing cells. "T" cells mature in the thymus gland, 
although some are produced in the tonsils. 
T cells have various types; some T cells are unknown. 
These can produce cytokines, including interleukins, 
further stimulating the immune system. There are 
various methods to activate T cells, such as CAR-T 
cells. However, our research aimed to activate T cells 
to improve the immune system and react against covid-
19 cells using our reported Schiff base compound32. 

T cell receptor-major histocompatibility complex-
like molecules have two parts (Mus musculus, Homo 
sapiens) with eight chains, each with four chains. 
CD1d1 has A, E chains and B, F chains present in beta-
2-microglobulin in the Mus musculus model also, C,
G chains present in Human nkt TCR alpha chain, and
Human nkt TCR beta chain has D, H chains in Homo
sapiens model (Table 3). Our research compared the
VAP ligand with KRN7000 glycolipid for Mus
musculus and Homo sapiens in 6BNK
(TCR-MHC-like molecule) Table 4 33. VAP bound on
B pocket of Mus musculus and D and G pocket of
Homo sapiens. VAP compound has bound on
B pocket through SER114 with one hydrogen bond
interaction (O...H) in Mus musculus and one hydrogen
bond interaction (O...H) with Homo sapiens through
GLN26. The Schiff base compound shows the
binding position between SER112 to ASN186 in Mus
musculus and SER68 to GLN73 in Homo sapiens
(Fig. 7). Comparison between KRN7000 and VAP
shows higher binding affinity than KRN7000 in Mus

Table 3 — Targeted protein molecule and active site of amino acids with the ligand structure 

S. No. Protein data
bank ID 

Protein chain Macromolecules Ligand Active sites 

1 6BNK CD1d1 and β-2-
microglobulin (Mus 
musculus) 

SER114 

2 6BNK Human nkt tcr α-
chain and Human nkt 
tcr β-chain (Homo 
sapiens) 

GLN26 

Table 4 — Binding affinity comparison of VAP and KRN7000 

S. No. Chains Binding affinity (Kcal/mol) 

VAP KRN7000 (alpha-
Galactosylceramide) 

1 CD1d1 and β-2-
microglobulin 
(Mus musculus) 

–7.6 0.0 

2 CD1d1 and β-2-
microglobulin 
(Mus musculus) 

–6.0 0.0 
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musculus and Homo sapiens. These binding affinity 
values show that the VAP compound enhances T-cell 
activity compared with KRN7000. 

COVID-19 main protease (6lu7) 
Covid-19 is a viral fever causing respiratory system 

disease worldwide since 2019, an infectious disease 
caused by SARS-CoV-2 (severe acute respiratory 
syndrome coronavirus-2). Currently, there are no 
drugs to cure this disease, so worldwide; scientists are 
involved in their research to discover Covid-19 
medicine. In recent days, this disease can be cured by 
using human plasma34-38. 

Covid-19 main protease named 6lu7 were 
downloaded from the RCSB protein data bank. 6lu7 
has one main chain named "A"39. The VAP compound 
was bound on the "A" pocket of 6lu7 using one 
hydrogen bond through ARG4, and VAP was 
comparatively studied with Favipiravir and 
Hydroxychloroquine. Those binding affinities were 
calculated by using auto dock software. In comparing 
VAP, Favipiravir, and Hydroxychloroquine, VAP 
shows excellent binding affinity of –6.7, Favipiravir –

5.9, and Hydroxychloroquine –5.240. Lipinsky's rule of 
five is the thumb rule, which determines whether the 
chemical compound has excellent pharmacological or 
biological activity and physical and chemical properties 
that make it a suitable orally active drug in human 
beings (Table 5). Lipinski's rule of five accepted the 
molecular docking study of Schiff base compound. 

The negative value of Gibbs free energy of the 
system shows the spontaneity of the interaction of the 
Corona Virus protein with the Schiff base VAP. The 
Gibbs free energy determines the stability of the 
protein-ligand complex41, the theoretical IC50 value, 
calculated using binding energy and inhibition 
constant42. The regression graph is drawn from each 
value of the ligand-receptor complex's binding energy 
and inhibition constant (ki) (Fig. 8), occurring in a 
.dlg file using an auto dock. The reason for taking 
each value of binding energy and inhibition constant 
of ligand-receptor complex VAP is a single organic 
compound, so each value is significant to calculate the 
IC50 value. 

The estimated Free Energy of Binding is –2.44 
kcal/mol, the inhibition constant (ki) is 16.39 mM 

Fig. 7 — Binding position of VAP with receptor 6BNK 

Table 5 — Properties of COVID-19 and VAP as a potential inhibitor candidate 

S. No Name of the
compound 

Molecular formula Binding site Lipinski’s rule of five 

Properties Value

1 VAP C19H19N3O3 
Molecular weight(<500Da) 337.14 
LogP (<5) 1.84 
H-Bond donor (<5) 0 

H-bond acceptor (<10) 1 
Violations 0 
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(temperature = 298.15 K), the IC50 value of ligand-
receptor complex is 4.3829 mM, and the regression 
graph R2 value is 0.9011, which shows the goodness 
of fit statistic for regression analysis and which means 
synthesized Schiff base compound has more binding 
energy with higher inhibition constant 42. 

Conclusions 
We aimed to discover the potential drug against 

Coronavirus, so T-cell activation is studied with our 
reported compound. T-cells are a significant part of 
the immune system, T-cell activation enhances the 
immune system and can inhibit the Coronavirus. The 
reported Schiff base (VAP) has potential scoring 
function values compared with KRN7000 in 6BNK, 
Favipiravir, and Hydroxychloroquine in 6LU7 
proteins. IC50 values and Lipinski's rule of five show 
the potential activity of VAP against covid-19. 
Finally, we conclude that the VAP shows excellent 
binding affinity, compared with the above drugs in 
both the immune system and against covid-19. 
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