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Bu c¢alismada vyeni bir Schiff bazi molekdlinin, (E)-1-(5-nitro-2-(piperidin-1-yl) phenyl)-N-(4-

phenoxyphenyl) methanimine, sentezi ve karakterizasyonu amaglandi. Bunun yani sira bu molekilin
molekiiler ylizey alani, kristal yapisi, molekiiler arasi kuvvetleri, elektronik ve spektroskopik 6zellikleri
Anahtar kelimeler arastirildi. Ayrica SARS-CoV-2 ana proteazinin (Mpro) aktif yerleri lizerinde kenetleme deneyleri
MEP; HOMO-LUMO; gerceklestirildi ve sonug yerli ligand N3 inhibitérinin etkinligi ile kiyaslandi. Baslik molekili igin ana
SARS-CoV-2; Schiff bazi  bulgular asagidaki gibi 6zetlenebilir: Uzay grubu P-1’dir ve triklinik sistemde kristallenir. Birim hiicre iki
monomerik birimden olusur. Molekilde giglu elektrofilik saldiri pozisyonlari vardir ama nikleofilik
merkezler dislik etkinliktedir. FMO analizine gore, baslik bilesigi yumusak, kinetik ve kimyasal olarak
kararsiz ve oldukga reaktif bir malzemedir. Molekiler kenetleme deneylerine gore, baglanma serbest
enerjisinin hesaplanan degeri (-9.28 kcal/mol) yerli inhibitériin degerinden (-7.11 kcal/mol) daha
disuktiir ve bu ylizden baslik bilesigi SARS-CoV-2 ana proteazi igin potansiyel bir inhibitor adayi olarak
disunilebilir.

A Perspective with in Silico Medicinal and Computational Methods to A
New Schiff Base Molecule

Abstract

In this study, the synthesis and characterization of a new Schiff base molecule, (E)-1-(5-nitro-2-
(piperidin-1-yl) phenyl)-N-(4-phenoxyphenyl) methanimine, were aimed. In addition, the molecular

surface area, crystalline structure, intermolecular forces, electronic and spectroscopic properties of the
molecule were investigated. Docking studies were also performed on the active sites of the main
protease (Mpro) of SARS-CoV-2, and the docking result was compared with the efficacy of the native
ligand N3 inhibitor. The main findings for the title molecule can be summarized as follows: The space
group is P-1 and it crystallizes in the triclinic system. The unit cell consists of two monomeric units (Z=2).
There are strong electrophilic attack sites in the molecule, but nucleophilic centers have low efficiency.
According to the FMO analysis, the title compound is a soft, kinetically and chemically unstable and
highly reactive material. The value of the binding free energy calculated by docking experiments (-9.28
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kcal mol-1) is lower than that of the native inhibitor (-7.11 kcal/mol) and thus can be considered as a
potential inhibitor candidate for the main protease of SARS-CoV-2.

© Afyon Kocatepe Universitesi

1. Introduction were heard from over the world. On 11 February
2020, the name of the novel coronavirus (2019
nCoV) that causes coronavirus disease (COVID-19)
was changed as SARS-CoV-2 by the ICTV (Xiang et al.,
2021). On 11 March 2020, the WHO announced the
epidemic as a pandemic (Xiang et al., 2021). Finally,
with the up-to-date data from the WHO coronavirus

In December 2019, the first case of the outbreak
called COVID-19 was reported in the Wuhan
province of China (Sheikhpour, 2020; Faisal et al.,
2021; Srivastava et al.,, 2021). After the first
reported case in China, other cases and death news


mailto:songul.sahin@omu.edu.tr
https://orcid.org/0000-0003-4713-3137
mailto:necmid@omu.edu.tr
https://orcid.org/0000-0003-0660-4721

A Perspective with in Silico Medicinal and Computational Methods to A New Schiff Base Molecule, Sahin and Dege.

dashboard (access date 08.11.2022;
https://covid19.who.int/), 629 370 889 cumulative
cases and 6 578 245 deaths were globally reported
(WHO).

The clinical symptoms of the disease have changed
from asymptomatic to severe symptoms (Démling
and Gao, 2020). The main clinical findings in
coronavirus patients are fever, dry cough (Gao et al.,
2021; Shagufta and Ahmad, 2021; Xiang et al.,
2021), fatigue, dyspnea (Gao et al., 2021; Xiang et
al., 2021), tiredness (Shagufta and Ahmad, 2021).
The more severe ones are sepsis or septic shock,
multiple organ failure (Gao et al., 2021; Xiang et al.,
2021), secondary infections (Xiang et al., 2021),
acute respiratory distress syndrome, coagulation
dysfunction (Gao et al., 2021). The mortality rate (3-
5%) in COVID-19 is lower than other coronavirus
families include SARS-CoV (9-15%) and MERS-CoV
(34-37%) (Gao et al., 2021; Shagufta and Ahmad,
2021). However, senescence and comorbidities are
high-risk factors in COVID-19 (Shagufta and Ahmad,
2021), and older people are responsible for 80% of
(Mueller 2020). The
spreading rate of the novel coronavirus member

hospitalizations et al,
(SARS-CoV-2) in the community is also higher than
the SARS and MERS (Petrosillo et al., 2020).

Among the various druggable targets of SARS-CoV-2
(Artese et al., 2020; Amin et al., 2021), Mpro and
PLpro play particularly important roles in viral entry,
host cell invasion (Faheem et al., 2020), viral
replication (Sohag et al., 2020), enzymatic activity
2021).
druggable targets is among the critical strategies to

(Amin et al., Hence, targeting these
antiviral drug design and inhibit viral activation.

Various repurposed drugs have been used to treat
coronavirus disease. Some of them are remdesivir,
favipiravir, hydroxychloroquine, lopinavir/ritonavir
(Awadasseid et al.,, 2021; Mandal et al., 2021),
nafamostat mesylate, azithromycin (Awadasseid et
al., 2021). Remdesivir (GS-5734) is a nucleotide
analog drug, and the FDA has approved its urgent
use authorization to treat COVID-19 (Awadasseid et
al.,2021; Young et al., 2021). Positive antiviral effect
of remdesivir has been reported in animal models
against SARS-CoV and MERS-CoV (Sheahan et al.,

2017; Awadasseid et al., 2021), the antiviral activity
towards SARS-CoV-2 has
reported both in vitro and in vivo studies
(Frediansyah et al.,, 2021). As a result of global
efforts to find a vaccine, many vaccine candidates

of remdesivir been

(more than 292) have been investigated. Only a few
Pfizer/BioNTech,
Johnson & Johnson, AstraZeneca/Oxford, have been

vaccines, such as Moderna,
approved for urgent use in treating COVID-19
disease. Their efficacy values and the recommended
using age differ from each other. Among these
vaccines, Pfizer/BioNTech has the most remarkable
efficacy (95%) and the lowest use age (16 years and
above) (Alshrari et al., 2021). However, despite the
many efforts to cure coronavirus disease, no specific
drugs have been discovered to fight COVID-19. The
disease’s threatening effect continues; therefore,
there is an urgent need to develop better

therapeutic antiviral drugs or broad-spectrum
inhibitors to combat the deadly disease.

This study reports the synthesis of a new molecule
and investigations it’s structural characteristics.
Comparative docking studies were performed
between the synthesized molecule and reference
inhibitor N3 on the Mpro of SARS-CoV-2. Docking
results have showed the binding energy score of the
reference

titte compound is lower than the

inhibitor.

2. Materials and Methods
2.1 Materials

Chemicals: 5-nitro-2-(piperidin-1-yl)benzaldehyde;
4-phenooxyaniline; ethanol.

X-Ray and computational analysis: SHELXT
(Sheldrick, 2015), SHELXL (Sheldrick, 2015), PubICIF
(Westrip, 2010), Gaussian 03 (Frisch et al., 2009)-
DFT (Parr, 1980), Crystal Explorer (Turner et al.,
2017), Mercury (Macrae et al., 2006).

Docking experiments: AutoDock4 and
AutoDockTools4 (Morris et al., 2009)/molecular
docking; PDB (Berman et al., 2000)/ 3D structure of
PLIP (Salentin et al.,
2015)/secondary interactions and species.

protein-ligand complex;
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2.2 Synthesis method

The synthesis scheme of the title compound was
drawn in Scheme 1. The equivalent amounts of an
aldehyde (8 mg, 0.034 mmol) and amine (6.3 mg,
0.034 mmol) were combined and solved in 25 mL of
ethanol. The reaction mixture was heated up to the
reflux temperature. TLC was used to follow up the
reaction process using a mobile phase composed of
the mixture of hexane and ethyl acetate (the ratio,
95:5). The crystallization solvent, CH3CH,OH, was

Q_o_@.m

4-phenoxyaniline

+
( N NO,
H
o

S-nitro-2-(piperidin-1-yl)benzaldehyde

Reflux

EtOH/48h
—h.

vaporized by the slow evaporation technique. The
formed crystals were used in the X-Ray and other
analyses. Melting point: 190-192 2C. Yield: 82%
(11.19 mg). Cz4H23N303. Molecular weight: 401.45
g/mol. FTIR (ATR), v/cm™: 3084, 3050 (Ar. C-H);
2940, 2857 (Al. C-H); 2816 (CH=N); 1582 (C=N);
1483, 1446 (Ar. C=C); 1500, 1328 (NOy); 1231, 1175,
1155, 1130, 1076, 1024 (C-N; C-O) (Figure 1/top).
UV-Vis (in ethanol, 1.0xE-04 M), Amax/nm (logg):
362 (4.05) (Figure 1/bottom).

5. 0-0
@

(E)-1-(5-nitro-2-(piperidin-1-yl)phenyl}-N-(4-

phenoxyphenylimethanimine

Scheme 1. The synthesis route for the title compound

885



A Perspective with in Silico Medicinal and Computational Methods to A New Schiff Base Molecule, Sahin and Dege.

100
95
90
85

B0

T

75

70

65

&0

&5

1582

1328

1500
1483

1231

i 3500 3000

08

06

Absorbance (AL

04

0.2

0.0

2500

2000 150

em-!

1500 1000

290 300 310 320 330 340 350 350 370 3B0 390 400 410 420 430 440 450 460 470 480 430 500
Wavelength {nm)

Figure 1. FTIR (top) and UV-Vis (bottom) spectra of title compound

3. Results and Discussion

3.1. Crystallographic, structural, and geometrical
parameters

The crystal data were collected with the Apex I
Quazar three-circle diffractometer at 299 K. The
crystal structure was solved by the SHELXT program.
All refinements were performed using the SHELXL
program via the full-matrix least-squares on the F2
method. The crystal dimensions were measured as
0.23, 0.17, 0.07 mm3. The newly synthesized
molecule is represented by the name of (E)-1-(5-
phenyl)-N-(4-
phenoxyphenyl) methanimine, C4H,3Ns0s formula,

nitro-2-(piperidin-1-yl)

triclinic system, and P -1 space group. The unit cell
deposits two monomeric molecules in the crystal
system. Unit cell dimensions are different; the
lengths are 8.135 (a), 10.459 (b), 12.285 (c), and the

angles are 106.32 (a), 96.72 (B), 94.80 (y). The
crystal structure's CCDC deposition number is
2120420, https://www.ccdc.cam.ac.uk/. The title
molecule comprises four rings, including three
aromatic rings and one aliphatic ring; it bears six
heteroatoms, including three oxygens and three
nitrogens. The main organic groups in the title
molecule are diphenyl ether, nitro benzyl,
piperidinyl, and imine. The molecule's aromatic and
aliphatic C-H bond lengths have been measured as
0.93 and 0.97 A. The aromatic (double bond) and
aliphatic (single bond) C-C bond lengths have
changed between 1.355 (C18-C23) and 1.407 A (C6-
C11) (aromatics) and 1.486 (C2-C3) and 1.503 A (C3-
C4) (aliphatics). Imine bond (C24-N3) length is 1. 258
A. The carbon-nitrogen single bonds have changed
between 1.380 (N2-C6) (in which nitrogen bonded

to aromatic ring carbon) and 1.454 (N2-C5) A (in
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which nitrogen bonded to aliphatic ring carbon). The
N=0 bond lengths in the nitro group are 1.204 (N1-
03) and 1.208 (N1-02) A. The C-O bond lengths
among the two phenyl rings (R3 and R4 in Figure 2)
are 1.364 (01-C15) and 1.376 A (01-C18). Some
specific bond angles are those: 02-N1-03 (122.73),
C20-C19-C18 (119.30), C14-C15-C16 (120.16), C9-
C8-C7 (119.58), C3-C2-C1 (111.67), C24-N3-C12
(119.47), C18-01-C15 (118.71).
intermolecular hydrogen bonds in the molecule are

The formed

“ W bW N -
EEEEEEREDN
W N O v bW

0
0

N3

Number Atom1 Atom2 Length
1 MH7 W01 269

H26 W C18 2.867
mCs WMCE 3304
W02 W H13 2534
W C24 W C8 3336
B N3 B H17 2685
B H21 B H27 2341
H23 2723

greater than 2.5 A and have been listed in Figure 2b
and Table 1. Figure 2b also shows the other
secondary interacted atom's list in the crystal
packaging. Figure 2aand Figure 2cshow the
molecule's numbered model and crystal growing
points,
supramolecular

respectively. A section from the
crystalline framework of the

molecule has been shown in Figure 3.

Figure 2. 3D numbered stick model of the title compound (a); bond lengths table for secondary interactions in the crystal
packaging (b); the crystal growth points/shown with the red dashed line
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Figure 3. A section of crystal structure packaging

Table 1. The hydrogen bond list and bond geometry (A, °) for the title compound

D—H--A

D—H H--A DA

D—H--A

C17—H17---N3  0.93
C13—H13---02 0.93

2.69 3.567(4) 156
2.53 3.443(5) 166

3.2. Molecular electrostatic potential (MEP) and
Mulliken atomic charges

MEP map is a 3D dimensional surface mapping
according to the entire electron density of a
provides
understanding molecular shape and size, electron

molecule. It many  benefits as

density, relative polarity, nucleophilic and
electrophilic zones, molecular interactions (Kumar
et al., 2022), chemical reactivity (Raghi et al., 2018).
The red, blue, and green colors point out the zones
in which electrostatic potential is most negative,
zero, and the most positive, respectively. Red and
yellow regions are exposed to electrophilic attacks,
whereas blue and cyan regions are exposed to
nucleophilic attacks. In the present study, the MEP
map of the topic compound (Figure 4) has been
calculated using the DFT/B3LYP method and 6-31 G
(d, p) basis set in Gaussian software. Figure 4 shows

the MEP maps of the molecule with the solid surface

(a), mesh surface (b), and semi-opened surface (c).
We can conclude these presumptions about the
molecule from the MEP and Mulliken charges: ¢ The
red surfaces occupy 01, 02, 03, and N2 atoms, so
these atoms or regions open to interactions with the
electrophilic species or groups. ¢ In the MEP, there
are no deepest blue surfaces, so the molecule hasn’t
got strong nucleophilic positions. But the cyan
regions occupy some groups (especially hydrogens)
in the piperidinyl ring (R1 ring in Figure 2). These
groups can be open to weak interactions with the
nucleophilic species. ® The top negatively charged
five atoms are 01 (-0.587), N2 (-0.557), N3 (-0.525),
02 (-0.448), 03 (-0.446); the top positively charged
five atoms are N1 (0.398), C15 (0.310), C6 (0.274),
C18 (0.272), C9 (0.248). The positive charge density
is relatively lower than the negative charge density
in Mulliken atomic charge values; that is why the
absence of strong nucleophilic positions in the
molecule.
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Figure 4. MEP maps for the title compound; solid surface (a), transparent surface (b), semi-opened surface (c)

3.3. Molecular orbital analysis and chemical
descriptors

Frontier molecular orbitals (FMOs), HOMO and
LUMO orbitals, play a critical role in quantum
chemistry regarding understanding chemical
reactivity and kinetic stability in the molecules
(Shukla et al., 2014). While the HOMO orbital is
represented by electron donor ability or ionization
potential, the LUMO orbital is represented by
electron acceptor ability or affinity (Azhagiri et al.,
2014). The lower value of FMOs energy gap is
associated with more polarizability, high chemical
reactivity, low kinetic stability, and softness of a
molecule, and vice versa. The HOMO and LUMO
pictorial representation and their energy values for
our compound were calculated by the DFT method
and 6-31 G (d, p) basis set. These orbitals are shown
in Figure 5.

descriptors were calculated for our compound, the

Some crucial global reactivity

calculated HOMO energy is -5.621 eV, the LUMO
energy is -2.125 eV, and the energy gap value
between these orbitals is 3.496 eV. The calculations,
pictogram, and global reactivity descriptors clearly
show that ¢ The small energy gap value (3.496 eV)
signs out easy molecular electrical transport, lower
chemical stability, high chemical reactivity, softness,
easy polarizability, low kinetic stability in the
molecule. ¢« While the HOMO orbitals localized in
the almost entire molecule, the LUMO orbitals
localized in the R2 ring, and nitro atoms bonded to
the R2 aromatic ring. e High electronegativity
(3.873) and small hardness value (1.748) show the
molecular instability. ® Low softness (0.286) and
high electrophilicity index (4.290) of the molecule
are related to decreased toxicity and good biological
activity. ¢ ANmax (2.215) accounts for the maximum
charge that an electrophilic species may accept from
a molecule.
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Figure 5. HOMO and LUMO orbitals and their energies for the topic molecule

3.4. Hirshfeld surfaces and fingerprint analysis

The analyses in the title were performed to get
information about intermolecular interactions and
their contributions. The CIF file of the crystal
structure was inputted into the Crystal Explorer
software. Various Hirshfeld surfaces, including
dnorm, di, de, shape index, curvedness, fragment
patch, and whole fingerprint plot, were produced
and illustrated in Figure 6 and 7. Dnorm surface is
helpful to uncover the close interactions. The bright
and large red zones on the dnorm surface show the
place of the hydrogen bonding interactions. These
areas for our compound were shown with the
yellow circles in which the signed atoms form the
hydrogen bonds. Because the hydrogen bond
distance between H17 and N3 is longer than H13

and 02, the red points on H17 and N3 atoms are not
large and were not signed. In the shape index
Hirshfeld surface, the adjacent blue/red triangles
(shown in the red circle) are the significant indicator
for the presence of ni-it stacking interactions in the
molecule. The quantitative results of the
intermolecular interactions are shown in Figure 6
with the pie chart. The H...H interactions have the
highest contribution of 48.90%; the second chief
contribution has O...H interactions with a value of
20.10%. The third contribution is 19.60% and
belongs to the C...H interactions. The contribution of
N...H interactions is 5.10%, and the others have a

ratio of 6.80%.
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Figure 6. The fingerprint analysis (left) and percent contribution analysis of the intermolecular interactions (right)

Fragment patch

di
Shape index

de

Figure 7. Hirshfeld surfaces of the topic molecule
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3.5. Docking studies

Molecular docking plays a vital role in
computational drug discovery and helps determine
the interactions between a small molecule and a
target protein. In this way, it is possible to
characterize the binding position of small molecules
in the binding site of the target protein or
macromolecule and assess the binding affinities
(Meng et al., 2011). On this bases, we performed a
docking study between our compound and the main
(Mpro) of SARS-CoV-2.
experiments were performed using AutoDock4 and

protease Docking
AutoDockTools platforms. The 3D structure of the
target protein (Mpro) was provided by the RCSB PDB
database (https://www.rcsb.org/) with the PDB ID:
6LU7 and 2.16 A resolution. The title compound was

translated into 3D PDB format using the online tool
SMILES
(https://cactus.nci.nih.gov/translate/).

translator
Before

docking experiments, the target structure was
prepared by adding Kollman charges and polar
hydrogens, deleting water molecules, and
minimizing energy. A Lamarckian genetic algorithm
was used for the docking experiment. The grid box
was arranged into the active sites of Mpro. The

spacing of the grid box was chosen to be 0.375 A.

The grid box was centered in dimensions -13.619,
13.964, and 70.229 for x, y, and z, respectively. The
docking pose of the ligand molecule and the whole
Mpro surface are shown in Figure 8. The docking
experiment was also performed with the reference
inhibitor N3, benzyl (35, 65, 9S, 125, E)-9-isobutyl-6-
isopropyl-3-methyl-1-(5-methylisoxazol-3-yl)-
1,4,7,10-tetraoxo-12-(((S)-2-oxopyrrolidin-3-yl)
methyl)-2,5,8,11-tetraazapentadec-13-en-15-oate
AutoDock4 calculated the binding
energies of query molecule and inhibitor N3 as -9.28

(Figure 9).

and -7.11 kcal mol?, respectively. Also, ligand
efficiencies and inhibitory constants were calculated
at the levels -0.31 and 0.15 uM for query molecule
and -0.15 and 6.18 uM for reference inhibitor N3.
Hydrophobic interactions and hydrogen bonds
between target and query compound were shown
in Figure 8, together interacted residues. Green and
gold-colored sticks represent the query compound
and the interacted residues, respectively. Eight
residues on the binding site of Mpro have been
joined into complex interactions; one of these
interactions is the hydrogen bond between GLU166
and nitrogen atom (N3 in Figure 2) in the imine
group, the others are hydrophobic interaction
forces.
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Residues
Ligand 6LN189
Hydrophobic interactions g

6LN192

Figure 8. Docking conformation of the query compound in the active sites of the SARS-CoV-2 main protease (Mpro)
(top) and the detailed investigation of the query compound interaction map (bottom)
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3D structure

2D structure

Figure 9. Docking conformation of the reference inhibitor N3 in the active sites of the SARS-CoV-2 main protease (Mpro)

(top), and 2D and 3D structures of the N3 (bottom)

4. Conclusion

In this work, a new organic compound was
synthesized and characterized. Crystallographic,
spectroscopic, electronic, and geometric properties
were investigated. Besides these, the medicinal
chemistry properties of the compound were
calculated and evaluated. Antiviral activity
prediction on Mpro was performed by molecular
docking studies. In a nutshell;

The compound characterized with the CiH23N303
formula has a triclinic crystal system and P-1 space
group. The molecule bears electrophilic centers but
has no nucleophilic attack regions; Mulliken charges
on atoms have distributed between -0.587 and
+0.398. The HOMO energy is -5.621 eV, the LUMO
energy is -2.125 eV, and the energy gap is 3.496 eV.
Charge transfer is easy, chemical and kinetic
stabilities are low. It is a chemically reactive and soft
interactions and

secondary

Hydrogen-hydrogen
important

molecule.

hydrogen bonds are

interactions in crystal packaging and molecular
stability. The inhibitory effect of the compound
according to free binding energy (-9.28 kcal mol?)
calculated from docking experiments is lower than
reference inhibitor N3 (-7.11 kcal mol?). In this
concept, the title compound showed excellent
antiviral inhibitory activity against Mpro of SARS-
CoV-2 compared with the native ligand N3. After
computational studies, we evaluate the title
compound as a potential antiviral compound. This
compound may be used and tested for further
experimental studies on antiviral activity.
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