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ABSTRACT

BACKGROUND: A pyrimidine based Schiff base was examined in this report. Structural and spectral
characterizations were done with Gaussian software. Active sites of the compound were determined using

molecular electrostatic potential (MEP) maps.

AIM: We focused to determine whether pyrimidine based Schiff base would be an inhibitor against Omicron

of SARS-CoV-2 in silico.

RESULTS AND CONCLUSION: As one of the perils the world has seen lately, omicron of SARS-CoV-2, is a
complication to be solved. For the sake of that, anti-viral properties of studied pyrimidine based Schiff base
compound were investigated with molecular docking calculations. It was found that the quantitative values
of the calculated parameters were in the applicable ranges. In accordance with these results, it will be an
important guide for future in vitro and in vivo analysis (Tab. 3, Fig. 7, Ref. 70). Text in PDF www.elis.sk
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Introduction

As a member of coronavirus strain, severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) (1), which causes respi-
ratory disorder called coronavirus disease 2019 (COVID-19), is
responsible for the current COVID-19 pandemic. The virus hereto-
fore had different names such as human coronavirus 2019 (HCo V-
19) (2-4) and 2019 novel coronavirus (2019-nCoV) (5-8). After
the first diagnosis in Wuhan, China, December 2019, the World
Health Organization (WHO) announced the disease as a pandemic
on 11 March 2020 (9).

Human to human contagion of the virus was validated in
January 2020 (10). Transmission was expected to appear particu-
larly by respiratory droplets from coughs and sneezes (11-13).
Whether the virus shows pathogenic properties before or after
the spread is unclear. Bats are considered a prospective natural
source of SARS-CoV-2, however, dissimilarity between bat virus
and SARS-CoV-2 indicate that humans may have been infected
by an intermediate host (14).
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Many conspicuous variants of SARS-CoV-2 occurred in late
2020. Currently, there are five variants affirmed by WHO, which
are the alpha, beta, gamma, delta and omicron variants. In all
variants, transmissibility, virulence and antigenicity of the virus
changed (15).

Since the beginning of the pandemic, there have been nearly
320 million people affected by Covid-19 including more than 5
million deaths, as reported by World Health Organization (WHO)
(16). The academic recognition of SARS-CoV-2, in respect of the
public health, financial and communal influences of the COVID-19
pandemic and how it spreads, have continuously evolved. Thanks
to the unceasing endeavors of many scientists, several drugs have
been discovered and they have gradually controlled the transmis-
sion of the epidemic (17-21).

Drug chemistry approaches intent to ameliorate advanced
candidates to evolve in the drug industry, in which a vast di-
versity of instruments involving various related disciplines are
implemented. Two of the predominantly used methods to synthe-
size prospective drug candidates are DFT and molecular docking
calculations.

When theoretical calculations are done before experimental
procedures, it provides important information in the determina-
tion of the active sites of the molecules (22—24). With theoretical
calculations, it is possible to synthesize more effective and more
active molecules. In addition, it is possible to compare the activi-
ties of molecules with the theoretical calculations done for the
SARS-CoV-2 virus, one of the most important diseases of today
(25, 26). Furthermore, ADME/T (absorption, distribution, metabo-
lism, excretion and toxicity) calculations were performed in order
for the molecule to determine its usability as a drug candidate.
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Fig. 1. Some pyrimidine based biologically active molecules.
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Fig. 2. Synthesis scheme for the compound 3.
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olo|w|m|n|ow|mn|=]|~ N-aminopyrimidine-2-one derivatives appear to be an impor-
B82S |2[2|5|4 A2 tant starting compound in synthetic organic chemistry. In recent
E § § § § § § E § § years, the reactions of aminopyrimidine-2-one derivatives with
% % 5’?\ % % % ??\ % % anhydrides (27), isothiocyanate, isocyanate (28), carbonyl com-
ounds (29), acyl chlorides (30), benzaldehydes derivatives (Schiff
p y y
M EREEIEIEEES bases) and transition metal complexes(31-34) have been reported
£ = SIRIZAIS|E|E|R|= § in different solvents and at various temperatures. Nowadays, theo-
2 retical and experimental comparison of N-aminopyrimidine-2-one
clalolowlalmlola 2 derivatives has become popular (35-37). Moreover, these com-
— wv o < . . . . .
© g § g 'g § E § § § = pounds have biological and pharmacological properties. Prior stud-
Slele|=|3|=|s|e|e § ies have shown that N-aminopyrimidine-2-one derivatives have
T:; antitubercular, antiviral, anti-inflammatory, antidiabetic, antimi-
2lzlglz|olglelss § crobial and anticancer properties (38-44). Some pyrimidine based
S|1R| 8RR 2 |a|&| 22 = biologically active molecules are shown in Figure 1.
| T[S — [N . .
“ “ % In this study, 1-amino-5-(4-methoxybenzoyl)-4-(4-methoxy-
el ol olo| ool phenyl)pyrimidine-2(1H)-one (1) was synthesized in two steps
= § § g § g § § E E ; from furan-2,3-dione and acetophenon semicarbazone reaction
SURIRIRIEU IR IR d % with loss of carbon dioxide and water, yielding the 1-methylen-
% aminopyrimidine-2-one derivative in moderate yields. The hy-
NANRNERE R drolysis of 1-methylenaminopyrimidine derivative afforded the
QAL LZ|Q| =K E : o .
BN RS RS B PST A RN R I 9 N-aminopyrimidine-2-one derivative (1). After that, we carried out
2 pyr1
B I I I the reaction of N-aminopyrimidine-2-one derivative (1) with ace-
wlollol<lwml ol g tylacetone (2) yielding a imine derivative 5-(4-methoxybenzoyl)-
I N Y el N g R A ST B § 4-(4-methoxyphenyl)-1-((4-oxopentan-2-ylidene) amino) pyrimi-
i ) g ) pat] it pak) ot % din-2(1H)-one (3). The general outline of the reactions studied is
§ shown in Figure 2. In the experimental studies, the structure of
glalelzls|alel 2l é the molecule was characterized by FT-IR, '"H NMR and *C NMR
I EN B i e e g Ry ] ‘030 spectroscopies. DFT and molecular docking calculations of the
B R I I B R S G g studied molecule were done. Afterwards, the ADME/T calculations
| 2 of the molecule were done and the anti SARS-CoV-2 properties
w| B S % g3 % E 5 dl s of the molecules were examined.
2= Z Iz ===
F|en|en|S[2S| eS| S| g
i Methods
ola|al25]|Q o] =e|f
enjalfoy NN [O| =
<|Z|S|4a § % 5 E=s|9 g Reagent and materials
% B L Y N Bt A = Chemicals and all solvents were commercially available and
§ e used without further purification. Melting points were determined
E . E § “ § E § 5 § (% Kl on the digital melting point apparatus (Electrothermal 9100) and
= bl Il B B B I R IR I € are were uncorrected. The compounds were routinely checked
£ fé for their homogeneity by TLC (Thin Layer Chromatography) us-
z % %® § § wls|a g = § £ ing DC Alufolien Kieselgel 60 F254 (Merck) and Camag TLC
§ B a2 B8 4|22 B lamp (254/366 nm). Microanalyses were performed on a Leco
;‘ =) R et N B Y CHNSO-932 Elemental Analyzer and the results agreed favor-
; olelwm N ) O O § ably with the calculated values. The IR spectra were recorded on
ERE R I FIEIEIEIRE a Shimadzu Model 8400 FT-IR spectrophotometer. The 'H and
S |Q|a|a|a|w|a|s|alale|s 5
g (B2 17 %7 7|77 2 C NMR spectra were recorded on a Bruker 400(100) MHz Ultra
E % Shield instrument. The chemical shifts are reported in ppm from
% g tetramethylsilane as an internal standard and are given in 6 (ppm).
= S
51 == == ol g
e = @@ .
=2 E E 2alal Lzl gl Theoretical methods
= 2[- ]ISl g 213 sk Theoretical calculations provide important information about
o0 . . . .
;* alen g ulfe Ala|o é g the chemical and biological properties of molecules. Many quan-
& QIR g (%n %D 8 g § S tum chemical parameters are obtained from theoretical calcula-
Al 1 1 = . . .
e sli<lls S| oD == tions. The calculated parameters are used to explain the chemical
g mimlmlZZIZIZIZIZE activities of the molecules. Many programs are used to calculate
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molecules. These programs are Gaussian09 RevD.01 (45), Gauss-
View 6.0 (46), and Chemcraft V1.8 (47). By using these programs,
calculations were done in C (50) methods with the 6-31++g(d,p)
basis set. As a result of these calculations, many quantum chemical
parameters have been found. Each parameter describes a differ-
ent chemical property of molecules. These parameters are HOMO
(Highest Occupied Molecular Orbital), LUMO (Lowest Unoccu-
pied Molecular Orbital), AE (HOMO-LUMO energy gap), chemi-
cal potential (u), electrophilicity (@), chemical hardness (), and
global softness (). Many parameters such as nucleophilicity (g),
dipole moment, and energy value are calculated (51, 52).

OE 1 -~ 1
r=- (ﬁ)n(r) =2 I+ A)==75 (Enowo + Erumo)

0’E 1 ~ 1
= _(6N2ju(r) =2 -4= ) (Enomo ~ Erumo)

o=1lnow=y2ne=1w

Molecular docking calculations are performed to compare the
biological activities of molecules against biological materials. The
program developed by Maestro Molecular modeling platform (ver-
sion 12.8) by Schrddinger (53) was used for molecular docking
calculations. The Calculations were made up of several steps and
each step was done differently. In the first step, the protein prepa-
ration module (54) was used in the preparation of proteins. In this
module, the active sites of the proteins were determined. In the
next step, the studied molecule was prepared. First, the molecule
was optimized in the gaussian software program, then the LigPrep
module (55) was prepared for calculations using optimized struc-
tures. The Glide ligand docking module (56) was used to examine
the interactions between the molecules and the cancer protein after
preparation. Calculations were done using the OPLS3e method in
all calculations. Finally, ADME/T analysis were performed to ex-
amine the drug potential of the studied molecules. The Qik-prop
module(57) of the Schrodinger software was used to predict the
effects and reactions of molecules in human metabolism.

Results and discussion
Synthesis

1-Amino-5-(4-methoxybenzoyl)-4-(4-methoxyphenyl)py-
rimidine-2(1H)-one 1 (0.2 g, 0.6 mmol), acetylacetone 2 (0.12 g,

Tab. 2. Numerical values of the docking parameters of molecule
against enzymes.

7BV1 7BUY 7Q07
Docking Score -3.56 —2.63 -5.10
Glide ligand efficiency -0.11 —-0.08 —0.16
Glide hbond —0.16 0.00 —0.46
Glide evdw -30.17 —27.99 —25.29
Glide ecoul —2.66 1.54 -7.26
Glide emodel —26.34 —-11.01 —26.26
Glide energy -32.83 -26.44 -32.55
Glide einternal 15.09 36.40 21.34
Glide posenum 119 227 370

Tab. 3. ADME properties of molecule.

Molecule Reference Range
mol MW 433 130-725
dipole (D) 5.4 1.0-12.5
SASA 716 300-1000
FOSA 355 0-750
FISA 138 7-330
PISA 222 0-450
WPSA 0 0-175
volume (A3) 1344 500-2000
donorHB 0 0-6
accptHB 8.5 2.0-20.0
glob (Sphere =1) 0.8 0.75-0.95
QPpolrz (A3) 44.0 13.0-70.0
QPlogPC16 132 4.0-18.0
QPlogPoct 19.4 8.0-35.0
QPlogPw 10.3 4.0-45.0
QPlogPo/w 32 -2.0-6.5
QPlogS -39 -6.5-0.5
CIQPlogS 5.4 -6.5-0.5
QPlogHERG 55 *
QPPCaco (nm/sec) 488 Hok
QPlogBB -1.3 -3.0-1.2
QPPMDCK (nm/sec) 228 H*
QPlogKp —2.4 Kp in cm/hr
IP (ev) 9.3 7.9-10.5
EA (eV) 1.0 -0.9-1.7
#metab 3 1-8
QPlogKhsa 0.1 -1.5-1.5
Human Oral Absorption 3 -
Percent Human Oral Absorption 94 Ak
PSA 122.7 7-200
RuleOfFive 0 Maximum is 4
RuleOfThree 0 Maximum is 3
Jm 0.2 -

* concern below —5, ** < 25 is poor and > 500 is great, *** < 25 % is poor and >
80 % is high.

1.2 mmol) and p-toluenesulphonic acid catalyst were homoge-
neously mixed. The mixture was heated at 80 °C and kept at this
temperature for 4 h without any solvent in a calcium chloride
guard tube fitted round bottom flask of 50 mL. Then, the residue
was treated with ether and filtered and the formed crude pro-
duct 3 was recrystallized from ethanol and allowed to dry over
P,0, (Fig. 2).

The structure of 3 was established and confirmed by elemen-
tal analyses and spectral data (IR, '"H NMR, '*C NMR). In the IR
spectra of compound (3), the C=0 absorption bands were found to
be atv 1712.8 and 1660.2 cm!. Furthermore, important structural
information about 3 was obtained from the '"H NMR spectrum. The
multiple peaks between 6 7.70-6.79 ppm are thought to represent
the aromatic protons and § 3.80-3.75 (s, 6H, 2x-OCH,), 2.65, 2.36
ppm (s, 6H, 2x-CH,). The "C NMR signals were found to be at
8 193.11 (C=0), 55.39, 55.31 (2x-OCH,) and 30.55, 15.56 ppm
(2x-CH,). The aromatic carbon signals along & 163.39-109.54
ppm were clearly observed. Finally, the elemental analysis data
along with spectroscopic data confirm the structure of 3 (Fig. 3).

Molecular docking calculations

Theoretical calculations were made to examine both the chemi-
cal and biological activity of the studied molecule. Many quantum
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Fig. 7. Presentation of interactions of afzelin with 7BV1.

chemical parameters were calculated in the chemical activity cal-
culations. It is possible to compare these calculations for different
molecules. However, the active sites of the molecules are predicted
by these calculations. Among these calculated quantum chemical
parameters, two of the most important are HOMO and LUMO.
These parameters are used to describe the activities of molecules.
The HOMO parameter of molecules shows the ability of molecules
to donate electrons and, the molecule with the most positive nu-
merical value of this parameter has the highest activity (58—60)
because the highest energy gives electrons more easily. However,
another parameter used to compare the activities of molecules is
LUMO. The LUMO parameter of the molecules shows the electron
accepting properties of the molecules. It is seen that the molecule
with the numerical value of the lower LUMO parameter has higher
activity (61-63). Apart from these two parameters, the AE para-
meter of the molecules shows the difference in the numerical values

510

of the HOMO and LUMO parameters of the molecules, which is
the smallest molecule with the highest activity. The other calcu-
lated parameters of the molecule are given in Table 1.

The calculations of the molecule were done with 3 different
methods and 3 different basis sets. It was investigated how the
parameters of the molecules were affected by the calculations
made in this way (Fig. 4).

Molecular docking calculations were performed to compare
the activity of molecules against biological materials. In these
calculations, it was tried to compare their activities against SARS-
CoV 2 virus, one of the most important diseases of today. There
are many receptor sites in the SARS-CoV-2 virus. A SARS-CoV-2
virus consists of various structural, nonstructural and accessory
proteins that are responsible for its different functions in viral in-
fection. There are four main structural proteins; spike (S), mem-
brane (M), envelope (E) and nucleocapsid (N) proteins along
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with 16 non-structural proteins (nsp 1-16) and accessory proteins
(62). In this study, the crystal structure of RNA-dependent RNA
polymerase protein from SARS-CoV-2 (PDB ID:7BV1) (64), the
crystal structure of COVID-19 main protease (PDB ID:7BUY)
(65), and the crystal structure of SARS-CoV-2 S Omicron Spike
B.1.1.529 (PDB ID: 7Q07) (66) were investigated for interaction
of the molecule and the proteins (Tab. 2)

The numerical values of all parameters obtained are given in
Table 2. Among these parameters, the docking score parameter is
the most important parameter and the activity of the molecule with
the most negative value is the highest (61, 62, 67) (Figs 5, 6, 7).

Considering the results obtained from the molecular docking
calculations, the numerical value of the docking score parameter
of the molecule against the spike protein of the SARS-CoV-2 virus
is -5.10. Against another protein, the main protease protein, the
docking score of the molecule is -2.63. Finally, it was observed that
the molecule has a docking score of 3.56 against RNA-dependent
RNA polymerase protein (Tab. 3).

After molecular docking calculations, ADME/T calculations
were done to examine the drug potential of the molecule. With
these calculations, predictions of the movements of molecule in
human tissues and cells were tried. A parameter was calculated
by ADME/T analysis. In the parameters found as a result of these
calculations, firstly, their chemical properties were examined,
and then the parameters that examined the effects and reactions
in human tissues and cells were calculated. The most important
parameters that determine whether this molecule can be a drug
are the RuleOfFive (68, 69) and RuleOfThree (70) parameters,
the numerical value of which is required to be zero.

Conclusions

In this study, a new compound (3) was synthesized from the
condensation reaction of N-amino-pyrimidine-2-one derivative
(1) with 1,3-dicarbonyl compound. The mechanistic proposal for
the formation of 3 is given in Figure 3. The structure of the newly
synthesized compound 3 was determined by the FT-IR, 'H and
BC NMR spectroscopic data and elemental analysis. Molecular
docking calculations were performed to evaluate the activity of
the molecule against the SARS-CoV-2 virus. Considering the ob-
tained values, the activities of the molecule against SARS-CoV-2
RNA-dependent RNA polymerase protein, SARS-CoV-2 main
protease, and SARS-CoV-2 S Omicron Spike B.1.1.529 were in-
vestigated. Its use as a drug against the SARS-CoV-2 virus was
theoretically investigated with ADME/T calculations. It was seen
that the numerical values of the calculated parameters are in the
desired ranges. In light of these results, it will be an important
guide for future in vitro and in vivo experiments.
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