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KEYWORDS Abstract Malaria is a protozoan disease caused by a unicellular parasite named Plasmodium
Chalcone; (Phylum- Apicomplexa). World Health Organization has estimated roughly fifty percent of the
Pyrazoline; world’s community lives under the continuing threat of malaria. The focus of drug discovery has
Pyrimidine; increased towards valuable structures known as chalcones, pyrazoline, and pyrimidine due to their
Malaria extensive bioactivity in malaria treatment. In this study, four chalcone derivatives (1-4) have been

synthesized via the Claisen-Schmidt condensation. New compounds of 12 pyrazolines (1-4)Ai-iii
and eight pyrimidines, (1-4)Bi-ii derivatives have also been synthesized via a ring-closing reaction
of the chalcones. All the synthesized compounds were characterized and tested against malaria. The
results showed that compound 1Aiii exhibited significant antiproliferative effects against 3D7 and
RKL9 with 3D7 = 2.1 pg/mL, ICgy 3D7 = 8 pug/mL, and ICsy RKL9 when exposed to compared
to the reference anticancer drug, CQ Chloroquine diphosphate, and Artemisinin. The molecular
docking analysis showed that compounds 1, 1 Aiii and 1Bi had entered the PFATP4 receptor pocket
and had been stuck with the amino acids in a high affinity of binding.
Published by Elsevier B.V. on behalf of King Saud University. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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transmitted by the bite of a mosquito vector. Malaria is
among the most devastating and widespread tropical para-
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World Health Organization (WHO), it was estimated at
around 229 million malaria cases in 2019 in 87 malaria-
endemic countries. In general, about fifty percent of the
world’s community lives under the continuing threat of
malaria (Organization, 2020). Five species of plasmodium
commonly known to infect humans are P. falciparum, Plas-
modium vivax, Plasmodium ovalae, Plasmodium malariae,
and Plasmodium knowelsi. However, parasite P. falci-
parum causes the highest rates of complications and mortal-
ity (Shibeshi et al., 2020). The parasites enter the human
body via the bite of an infected mosquito which, enters
the bloodstream, multiply in the liver cells before released
back into the bloodstream, where they quickly rearrange
by inserting their proteins, infecting and destroy the red
blood cells. The malaria parasite life cycle involves two
hosts. During a blood meal, a malaria-infected female
Anopheles mosquito inoculates sporozoites into the human
host. Sporozoites infect liver cells and mature into schizonts
, which rupture and release merozoites (Baer et al., 2007).

The intraerythrocytic malaria parasite, Plasmodium falci-
parum, maintains a low cytosolic Na(+) concentration and
the plasma membrane P-type cation translocating ATPase
"PfATP4’ has been implicated as playing a key role in this
process. PFATP4 has been the subject of significant attention
in recent years as mutations in this protein confer resistance
to a growing number of new antimalarial compounds,
including the spiroindolones, the pyrazoles, the dihydroiso-
quinolones, and a number of the antimalarial agents in the
Medicines for Malaria Venture’s 'Malaria Box’. On exposure
of parasites to these compounds there is a rapid disruption
of cytosolic Na(+)(Spillman et al., 2013). Whether, and if
so how, such chemically distinct compounds interact with
PfATP4, and how such interactions lead to parasite death,
is not yet clear. The fact that multiple different chemical
classes have converged upon PfATP4 highlights its signifi-
cance as a potential target for new generation antimalarial
agents(Spillman and  Kirk, 2015). A  spiroindolone
(KAE609, now known as cipargamin) has progressed
through Phase 1 and Ila clinical trials with favourable
results. In this review we consider the physiological role of
PfATP4, summarise the current repertoire of antimalarial
compounds for which PfATP4 is implicated in their mecha-
nism of action, and provide an outlook on translation from
target identification in the laboratory to patient treatment in
the field(Bouwman et al., 2020).

Malaria is a global problem and the lack of a credible
malaria vaccine and the emergence and spread of parasites
resistant to most of the clinically used antimalarial drugs
and drug combinations have aroused an imperative need
to develop new drugs against malaria. Antimalarial drug
resistance is the ability of a parasite strain to survive and/
or to multiply despite the administration of medicine given
in doses equal to or higher than those usually recommended.
Antimalarial drug resistance is a major threat to malaria
control in which the widespread and indiscriminate use of
antimalarial drugs such as chloroquine and artemisinin con-
tributes to malaria parasites to evolve the mechanisms of
resistance (Cheo et al., 2020; Haston et al., 2019). Therefore,
it is important to design new antimalarial agents for effec-
tive therapy. Since natural products are more biological-
friendly, antimalarial agents with natural product scaffold
have been explored in the development of target compounds.

Many small molecule drugs in the market were developed
from natural-based scaffolds which can be considered as
privileged structures for the discovery of new antimalarials
(Jampilek, 2017; Tajuddeen and Van Heerden, 2019; Wells,
2011). Nevertheless, some difficulties associated with the nat-
ural lead compounds derived from these scaffolds, such as
their synthesis, limited aqueous solubility, chemical or meta-
bolic instability, and a wide spectrum of biological effects
need to be overcome. These antimalarial agents will continue
to be in demand for the complete management of malaria
and the issue of resistance (Jampilek, 2017; Sinha et al.,
2013).

Chalcone is a simple structure that has been widely used
as an effective template in drug discovery. As an important
group of the secondary metabolites of the flavonoid family,
compounds with chalcone scaffold (Fig. 1) have been
reported to exhibit a variety of biological activities for var-
ious infectious diseases including malaria(Hameed et al.,
2019; Qin et al., 2020; Sinha et al., 2019; Tajuddeen
et al., 2018; Thillainayagam et al., 2015). Chalcone deriva-
tives with substituents such as prenyl, allyl, alkoxy and
hydroxyl groups have been reported to exhibit good anti-
malarial activity. Such substituents have the potential to
increase the lipophilicity of a compound which is an impor-
tant property in antimalarial activity (Prashar et al., 2012;
Tadigoppula et al., 2013; Yadav et al., 2012). Furthermore,
the enone group in chalcone, located in between the phenyl
rings play important role in antimalarial activity because it
binds better to the active site of the parasite (Batagin-Neto
and Lavarda, 2014; Insuasty et al., 2015; Syahri et al.,
2017).

Since the huge demand for chalcone compounds cannot be
fulfilled from natural sources, these compounds can be synthe-
sized. Chalcone is a well-known precursor for the synthesis of
various heterocyclic compounds. Cyclization of chalcone leads
to heterocyclic compounds bearing nitrogen-containing rings
such as pyrazoline and pyrimidine (Fig. 1) with potential anti-
malarial activity (Insuasty et al., 2013; Nehra et al., 2020).
Pyrazoline is among the most prominent five-membered hete-
rocyclic ring containing two adjacent nitrogen atoms
(Fig. 1); one is pyrrole-like nitrogen which is non-basic nitro-
gen with a lone pair involved in the aromaticity while the other
is pyridine-like nitrogen with a lone pair on an sp> orbital
which is basic and nucleophilic(Bennani et al., 2020). Pyrazo-
line has only one endocyclic double bond in which 2-
pyrazoline is the most common derivatives (Gupta et al.,
2018). Pyrimidine, on the other hand, is a 6-membered hetero-
cyclic ring containing two nitrogen atoms at positions 1 and 3.
Pyrimidine and its derivatives have gained prominence because
of their potential pharmaceutical values (Jain et al., 2016;
Wang et al., 2016; Ye et al., 2015).

This research work focused on the synthesis of some
potential compounds with chalcone, pyrazoline and pyrim-
idine scaffolds. Chalcone compounds, 1 — 4 were synthesized
via the Claisen-Schmidt condensation. The cyclization reac-
tion of these chalcones formed a series of pyrazoline and
pyrimidine derivatives, accordingly. Meanwhile, in vitro anti-
malarial activity assay was conducted between the synthe-
sized compounds against Plasmodium falciparum 3D7
strain. The best compound was further investigated using
the molecular docking technique to understand the com-
pound activity.
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2. Result and discussion

2.1. Anti-Malaria activity of the synthesized compounds

All the synthesized compounds were evaluated for their anti-
malarial activity against RKL9 (a chloroquine-resistant strain)
of P. falciparum and 3D7 (chloroquine-sensitive) reference
strains which were used as control. The ICsy and 1Cg, values
of the compounds obtained were compared with two refer-
ences (Chloroquine diphosphate, CQ, and Artemisinin). All
these results are summarized in Table 1.

All compounds (1-4, 1A;;i-4Aiii, 1Bii — 4Bi;) prepared in
this study were tested for their antimalarial activity against P.
falciparum, in which most of the compounds showed good
activity compared to the references. Among all the tested com-
pound, 1Aiii was found to be the most active with ICs5y 3D7 =
2.1 pg/mL, ICgy 3D7 = 8 pg/mL, and IC5(RKL9 = 1.1 ng/
mL (Table 1). The presence of carbothioamide functionality

Structures of chalcone, pyrazoline and pyrimidine.

affects the activity of compounds 2Aiii, 3Aiii, and 4Aiii. Chal-
cones 1, 2, 3 and 4 have shown less antimalarial activity against
P. falciparum compared to the heterocyclic compounds derived
from these chalcones. Moreover, compounds bearing a meth-
oxy group in the para position showed better activity than
the compounds bearing a methoxy group in the meta position
as shown in Fig. 2.

2.2. Molecular docking

The behavior of all synthesized compounds was studied. To be
an effective drug, a compound must have optimum hydrophilic
and hydrophobic properties to be transported in blood before
penetrating the cell membrane(Cama et al., 2019). Water solu-
bility depends on the number of hydrogen bond donors rela-
tive to the compound’s alkyl side chain. Low water solubility
means slow absorption and bioavailability. Too many hydro-
gen bond donors contribute to low-lipophilicity, leading to

Table 1 Antimalarial activity against P. falciparum (pg/mL).
Compound 1C5o 3D7 1Cy 3D7 1Cso RKL9 Resistance Index
pg/mL pg/mL pg/mL (ICsp 3D7/ICsy RKL9)
CQ Chloroquine diphosphate 20.63 36.11 206.37 0.1
Artemisinin 4.51 8.46 4.51 1.0
1 8.4 19 4.2 2.0
2 5.2 24 4.1 1.2
3 22.2 24 6.4 3.5
4 14.1 23 6.5 32
1Ai 6.2 15 2.2 2.8
1Aii 4.2 9 34 1.2
1Aiii 2.1 8 1.1 1.9
1Bi 6.3 14 2.9 2.1
1Bii 9.9 19.7 6.1 1.6
2Ai 2.1 15 43 0.48
2Aii 4.9 14 3.6 1.3
2Aiii 1.3 12 2.1 0.61
2Bi 5.4 16 2.4 2.2
2Bii 42 9 22 1.7
3Ai 18.2 16 7.3 2.4
3Aii 16.2 15.2 5.5 2.9
3Aiii 7.6 14.4 34 2.2
3Bi 20 42 10.5 1.9
3Bii 12.2 342 5.4 2.2
4Ai 3.2 11 2.9 1.1
4Aii 6.2 14 2.9 2.1
4Aiii 2.2 6 1.1 2.0
4Bi 4.4 10 3.2 1.3
4Bii 5.1 12 2.0 2.5
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Fig. 2 The results obtained from different structure compounds model.

the drug’s inability to cross the cell membrane(Stewart et al.,
2017). A simple method to evaluate the drug-like properties
is to check the compliance with Lipinski’s rule (rule of 5),
which specifies the numbers of hydrophilic groups, molecular
weight, and hydrophobicity. Lipinski’s rule of five theorize
that an active oral drug should have (i) not more than five
hydrogen bond donors (OH and NH groups); (ii) not more
than five hydrogen bond acceptors (notably N and O); (iii)
molecular weight less than 500 g/mol; and (iv) octanol-water
partition coefficient (log P) less than 5 (Zhang and

Wilkinson, 2007), as shown in Table 2. Moreover, Table 2 dis-
plays the computed scores of docking between The PFATP4
receptor structure (receptor) and all the synthesized com-
pounds (ligands). The more negative value shows a high prob-
ability of interaction between the ligand and the receptor. As
expected, all the compound derivatives that entered the
PfATP4 pocket possessed varying scores with the enclosed
amino acids.

In Table 2, all the compounds tested showed a good affinity
to the active site of PFATP4 with free binding energy ranging

Table 2 Chemical properties based on Lipinski’s rule (rule of 5), free binding energy (FBE) with the inhibition constant (Ki) of all

compounds derivatives.

Compound MW Binding Energy Kcal/mol Ki, nM H-Bond Log P
1 419.32 —9.64 105.05 3 5.78
1Ai 433.35 —10.16 101.03 2 5.05
1Aii 475.38 —9.53 104.43 2 5.05
1Aiii 492.43 —11.05 86.04 3 5.23
1 Bi 458.36 —10.35 98.05 2 6.16
1 Bii 475.40 —10.08 102.03 2 7.14
2 419.32 —9.43 106.05 2 5.78
2Ai 433.35 -9.42 111.00 3 5.05
2Aii 475.38 —9.87 143.94 3 5.05
2Aiii 492.43 —10.03 143.03 2 5.23
2 Bi 458.36 —8.56 157.09 2 6.16
2 Bii 475.40 —8.64 187.03 2 7.14
3 334.37 —8.59 145.03 2 3.68
3Ai 348.40 -8.21 132.07 3 2.99
3Aii 390.44 —8.43 111.03 3 2.94
3Aiii 407.49 —9.05 106.08 3 3.17
3 Bi 373.41 —9.07 114,0.90 2 4.10
3 Bii 390.46 -9.67 119.06 2 5.09
4 334.37 —9.01 132.09 2 3.68
4Ai 348.40 -9.72 130.32 3 2.99
4Aii 390.44 —8.64 123.02 3 2.94
4Aiii 407.49 —8.63 120.30 2 3.17
4Bi 373.41 —9.03 112.32 2 4.10
4Bii 390.46 —9.05 113.01 2 5.09
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from —11.05 to —8.56 kcal/mol. Remarkably, compounds 1,
1Aiii, and 1Bi displayed free binding energy of — 9.64,
—11.05 and-10.35 kcal/mol, respectively. Few series of chal-
cone, pyrazoline, and pyrimidine derivatives have been
designed with various thiophene, furan, and methoxyphenyl
scaffolds attached at both ends. The results have shown that
the aromatic ring in compounds 1, 1Aiii, and 1Bi formed
hydrophobic interactions in the binding site of 2DQS.PDB
(Figs. 3-5). The docking results of compound 1 (chalcone)
formed two m-o bond with ILE 235, and PRO 681 and also
three hydrogen bonds with ASN 201, ASN201, and ARG
489. The thiol group in compound 1 formed one m-lone pair
bond with the thiol group of VAL 679. The docking of com-
pound 1 was also found to form two w-alkyl, alkyl bonds with
ARG 678 and VAL 200, and three hydrogen bonds with ASN
201, VAL 679, and GLU 680. Compound 1 also formed one
carbon-hydrogen bond with LEU 180. On the other hand,
the docking results of compound 1Aiii formed two m-cation
bonds with ARG 489 and three hydrogen bonds with ASN
201, VAL 679, and GLU 680. The thiol group in compound
1Aiii (pyrazoline) formed one hydrogen bond with the thiol
group of ASN 201. The docking of compound 1Aiii was also
found to form one van der Waals with GLU 680, and four
alkyls, m- alkyl bonds with ILE 235, PRO 681, VAL 200 and
LEU 180. Finally, the docking results of compound 1Bi
(pyrimidine) formed two m-cation and m-anion bonds with
LYS 684 and two with ASP 351, and two hydrogen bonds with
ASP 703, and ASP 707. The thiol group in compound 1Bi
formed one sulfur-X bond with the thiol group of THR 353.
The docking of compound 1Bi was also found to form one
van der Waals with GLU 680, three alkyls, n- alkyl bonds with
VAL 200, LYS 352 and PRO 681, and one carbon-hydrogen
bond with VAL 679.

All these bondings improved and stabilized the interaction
within the active site for a long time, which is essential and
needed to inhibit the activity of 2DQS. Compound 1Aiii was
found to exhibit the hydrogen bond interaction with the
ASN 201 in the PfFATP4 active site, which explained their cyto-
toxic activity in vitro assay.

3. Conclusion

A series of four chalcones (1-4) were successfully synthe-
sized between 4-benzyloxy-3-methoxybenzaldehyde or 3-ben

zyloxy-4-methoxybenzaldehyde of 3-acetyl-2,5-
dichlorothiophene (1-2) and 2-acetylfuran (3-4), separately.
These chalcones, 1-4 were used for further cyclo-

condensation reactions with hydrazine hydrate derivatives
to form twelve new pyrazoline derivatives, (1-4)A(i-iii).
The reaction of these chalcones with guanidine or thioureca
formed eight new pyrimidine derivatives, (1-4)B(i-ii). All the
compounds were characterized using FT-IR, 'H and '*C
NMR spectroscopy. The cytotoxic activity of all the synthe-
sized compounds was evaluated against malaria. The pres-
ence of carbothioamide functionality has shown good
activity of pyrazoline compounds (1-4)Aiii with pyrazoline
1Aiii to be the most active (ICso 3D7 = 2.1, ICg
3D7 = 8, and IC5(RKL9 = 1.1). All chalcones 1-4 have
shown less antimalarial activity against P. falciparum com-
pared to the heterocyclic compounds derived from these
chalcones. Moreover, compounds bearing a methoxy group
in the para position showed better activity than a methoxy
group in the meta position. The molecular docking analysis
showed that a compound with a larger structure has an
increasing number of bonds, leading to more interactions
with the residues of amino acids in the active PTATP4 site,
which could have enhanced the antimalaria activity. Fur-
thermore, the docking scores showed that the binding ener-
gies of the synthesized compounds 1, lAiii and 1Bi to the
PfATP4 receptor were the best of all the synthesized
derivatives.

4. Materials and methods

4.1. Materials

Reagents and solvents used were purchased as analytical grade
and used without further purification unless stated otherwise.

‘ARG
A:489

2.03
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A:678

i VAL
Interachions A:200 [ Fidonepai
- Conventional Hydrogen Bond D Ay
[: Carbon Hydrogen Bond [:! X
Pi-Akyl

- Pi-Sgma

Fig. 3 The best predicted binding poses of (a) 2D- and (b) 3D-molecular structure interaction of compounds 1 with 2DQS.PDB. In the
scaffold, green color represents the carbon atoms, red for oxygen, sky blue for fluorine, dark blue for chlorine, and pale blue for the

nitrogen atom.
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Fig. 4 The best predicted binding poses of (a) 2D- and (b) 3D-molecular structure interaction of compounds 1Aiii with 2DQS.PDB. In
the scaffold, green color represents the carbon atoms, red for oxygen, sky blue for fluorine, dark blue for chlorine, and pale blue for the

nitrogen atom.
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THR
LYS A353
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Fig. 5 The best predicted binding poses of (a) 2D- and (b) 3D-molecular structure interaction of compound 1Bi with 2DQS.PDB. In the
scaffold, green color represents the carbon atoms, red for oxygen, sky blue for fluorine, dark blue for chlorine, and pale blue for the

nitrogen atom.

Thin Layer Chromatography (TLC) paper silica gel and
Kieselguhr coated with Flourescent indicator F254 was used
to monitor the reaction progress and visualization of spots
was done under UV light machine. Melting points were deter-
mined with the Melting point (Stuart SMP10) apparatus and
are uncorrected. The NMR spectra were recorded using
Bruker-Advance 500 MHz Ultrashield™  spectrometer.
DMSO dg or CDCl; were used as the solvent with tetramethyl-
silane as the internal reference. Chemical shifts (8) are quoted
relative to TMS. Unequivocal '*C assignments were made
based on experiments. Attenuated Total Reflection (ATR)
Nicolet 6700 FT-IR spectrometer with the frequency range
of 600-4000 cm ™! was used to determine the absorption bands
of the functional groups.

4.2. Synthesis methods

4.2.1. Synthesis of chalcone derivatives, 1-4(Ibrahim et al.,
2012; Salum et al., 2020)

The reaction involves the Claisen-Schmidt condensation
(Scheme 1) between 0.01 mol of 3-acetyl-2,5-
dichlorothiophene or 2-acetylfuran (0.01 mol) and 4-benzy
loxy-3-methoxybenzaldehyde or 3-benzyloxy-4-methoxybenzal
dehyde with (0.01 mol) in 25.0 mL of ethanol in the presence of
NaOH as a catalyst. The reaction mixture was stirred at room
temperature for 6-24 h. The reaction progress was monitored
by TLC. The precipitate formed was filtered, washed with cold
water, and dried to give a yellow solid. The solid product was
recrystallized from methanol to give a yellow powder.
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Scheme 1

4.2.1.1. 3-(4-(benzyloxy)-3-methoxyphenyl)-1-(2,5-dichloroth-
iophen-3-yl)prop-2-en-1-one, 1.

Yield: 71.0%. Color: yellow solid. M.p.:118-123 °C, MW:
419.32. FT-IR (cm™Y): 3032 (Csp*H str.), 2881 (Csp*-H
str.), 1644 (C = O str.), 1510 (C = C str.), 989 (C-O str.),
694 (C-Cl str.). '"H NMR (500 MHz, CDCl;) 8, ppm: 3.97 (s,
CH;, 3H), 5.24 (s, CH,, 2H), 6.92 (d, J = 8.5 Hz, H-3, 1H),
7.16 (t, J = 3.0 Hz, H-2"", H-6'", 2H), 7.18 (d, J = 2.0 Hz,
H-5", 1H), 7.20 (s, H-2”, 2H), 7.24 (s, H-4, 1H), 7.35 (d,
J = 7.5 Hz, H-6", 1H), 741 (t, J = 7.0 Hz, H-4", 1H),
746 (d, J = 7.5 Hz, H-3”, H-5", 2H), 7.70 (d,
J = 15.5 Hz, H-2, 1H). '3*C NMR (125 MHz, CDCl;) 3,
ppm: 56.1 (CHj;), 70.8 (CH,), 110.8 (C-2"), 113.4 (C-5"),
121.8 (C-2), 123.2 (C-6"), 126.9 (C-3), 127.1 (C-5'), 127.2 (C-
4, 127.7 (C-2'7, 6'), 128.1 (C-17), 128.7 (C-4""), 130.6 (C-
3, 57), 136.4 (C-1""), 138.0 (C-2'), 145.7 (C-3), 149.8 (C-
4"), 150.9 (C-3"), 184.0 (C-1). CHN elemental analysis: Calcu-
lated for C,;H;cCl,O5S: C: 60.15%, H: 3.85%. Found: C:
59.85%, H: 3.55%.

4.2.1.2. (E)-3-(3-(benzyloxy)-4-methoxyphenyl)-1-(2,5-
dichlorothiophen-3-yl)prop-2-en-1-one, 2.

(0]
)KQ:OCHZPh
H
OCH3 G)J\/\C[OCHZPh
OCH;

4 (77.4%)

Synthesis of chalcones 1-4.

Yield: 83%. Color: yellow solid; mp: 175-180 °C. MW:
419.32. IR (v, cm™): 3102 and 3028 (Cfp-H str.); 2923 and
2833 (Cfp-H str.), 1643 (C = O str.), 1571 (C = C aromatic
atr.), 1506 (C = C alkenyl str.), 1137 (C-O), 1007 (C-S), 812
(C-Cl). 'TH NMR (500 MHz, CDCl3) 8, ppm: 3.96 (s, CH;,
3H), 5.23 (s, CH,, 2H), 6.93 (d, J = 10.0 Hz, H-2, 1H),
7.12-7.49 (m, H-aromatic, 9H), 7.65 (d, J = 15.5 Hz, H-3,
1H). '*C NMR (125 MHz, CDCls) 8, ppm: 56.0 (CH3), 71.2
(CHy), 111.5 (C-5"7), 112.9 (C-2"), 121.5 (C-2), 124.0 (C-6"),
126.8 (C-37), 127.2 (C-5), 127.2 (C-4), 127.3 (C-1"), 128.1
(C-2,6'), 128.7 (C-4), 130.7 (C-3",5"), 136.7 (C-1"),
138.0 (C-2'), 145.5 (C-3), 148.3 (C-4"), 152.4 (C-3”), 183.8
(C-1). CHN Elemental analysis for C,;H;¢Cl,03S: Calculated:
C, 60.15%: H, 3.85%; Found: C, 59.80%; H, 3.55%.

4.2.1.3. (E)-3-(4-benzyloxy)-3-methoxyphenyl)-1-(furan-2-yl)
prp-2-en-1-one, 3.

Yield: 68.6%. Color: Yellow solid. Melting point: 117-
122 °C. FT-IR (ATR, cm™'): 3022-3115 (C-H £,), 28472980
(C-H Sp), 1653 (C = C str.), 1583 and 1509 (C = C str.),
1009 (C-O str.) "TH NMR (500 MHz, CDCls) 8, ppm: 3.94 (s,
CHj;, 3H), 5.21 (s, CH», 2H), 6.67 (dd, J = 1.5 Hz, 5.0 Hz,
1H), 6.92 (d, J = 8.5 Hz, 1H), 7.21 (d, J = 9 Hz, 1H), 7.26
(dd, J = 3 Hz, J = 7.5 Hz, 1H), 7.29 (d, J = 3.5 Hz, 1H),
7.34 (d, J = 7.5 Hz, 1H), 7.40 (t, J = 15 Hz, 2H), 7.48 (d,
J = 1.5 Hz, 2H), 7.65 (s, 1H), 7.77 (s, 1H). '3C NMR
(125 MHz, CDCl;) 8, ppm: 56.1 (CHj), 71.3 (CH,), 111.6
(C-27), 112.5 (C-4'), 113.3 (C-5"), 117.1 (C-3), 119.1 (C-2),
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123.6 (C-6"), 127.5 (C-2"7, C-6'"), 127.7 (C-1), 128.1 (C-4""),
128.7 (C-3", C-5), 136.7 (C-1""), 144.0 (C-3), 146.3 (C-4"),
148.4 (C-5'), 152.2 (C-3"), 153.9 (C-2'), 178.1 (C-1). Analytical
caled for CyH 304 (%): C: 75.43%; H: 5.43%. Found: C:
75.12%; H: 5.13%.

4.2.14. (E)-3-(3-(benzyloxy)-4-methoxyphenyl)-1-(furan-2-
yl) prop-2-en-1-one, 4.

Yield: 77.4%. Color: yellow powder, m.p: 135-140 °C, FT-
IR (cm™): 3118 (Csp>-H stretching), 2944 and 2847 (Csp*-H
stretching), 1653 (C = O stretching), 1583C = C stretching),
1509 (aromatic C = C stretching), 1259 (aromatic C-O stretch-
ing) and 1007 (C-O stretching). "H NMR (500 MHz, CDCls)
8, ppm: 3.97 (s, 3H, C-6), 5.22 (s, 2H, C-7), 6.59 (dd, 1H,
J = 1.5, 3.5 Hz, H-4), 691 (d, 1H, J = 9.0 Hz, H-3), 7.15
(d, 1H, J = 7.5 Hz, H-2"), 7.30-7.45 (m, 7H, H-3',5,5",6",2
m3" 4", 7.65 (d, 1H, J = 1.0 Hz, H-5), 7.83 (d, 1H,
J = 15.5 Hz, H-2). '*C NMR (125 MHz, CDCl3) 8, ppm:
56.1 (C-6), 70.8 (C-7), 110.8 (C-5"), 112.5 (C-4'), 113.4 (C-
2", 117.1 (C-3), 119.1 (C-2), 123.1 (C-6"), 123.2 (C-2"),
128.0 (C-1"), 128.1 (C-4"), 128.6 (C-3"), 136.5 (C-1""), 144.1
(C-3), 146.2 (C-5), 149.7 (C-4"), 150.6 (C-3"), 153.8 (C-2'),
178.1 (C-1). CHN elemental analysis: Calculated for
C,H 304 C: 75.43%, H: 5.43%; Found C: 75.18%, H:
5.15%.

4.2.2. Synthesis of pyrazoline compounds, (1-4) Ai-iii ( Salum
et al., 2020)

Cyclization of chalcone precursors with a series of hydrazine
derivatives in ethanol or acetic acid gave pyrazoline com-
pounds. A mixture of chalcone, 1 -4 (0.02 mol) with hydrazine
hydrate (0.02 mol) in 15.0 mL of ethanol was stirred at room
temperature for 24 h. The reaction progress was monitored by
TLC. The precipitate formed was filtered off, washed with cold
water, and dried. The solid product was recrystallized from
ethanol (see Scheme 2) (Ibrahim, 2015).

4.2.2.1. 5-(4-(benzyloxy)-3-methoxyphenyl)-3-(2,5-dichloroth-
iophen-3-yl)-4,5-dihydro-1H-pyrazole, 1Ai.

Yield: 66.2%. Color: white powder. M.p.: 131-136 °C,
MW: 433.35. FT-IR (cm™"): 3355 (N-H stretching), 3025
(Csp>-H str.), 2904 (Csp>-H str.), 1594 (C = N ctr.), 1513
(C = C str.), 1130 (C-N STR.), 1009 (C-O STR.), 690 (C-
Cl). '"H NMR (500 MHz, CDCl3) 8, ppm: 3.35 (dd, Jjsa.
5 = 3.63 HZ, Jl—[4a-b = 15.13 Hz, H-4a, lH), 3.35 (dd, JH5_
4a = 12.5 Hz, JHS»H4b = 18.0 Hz, H-5, IH), 3.93 (S, CH3,
3H), 5.17 (s, CH,, 2H), 5.55 (dd, Juaps = 3.62, Jugp-

. = 15.12 Hz, H-4b, 1H), 6.09 (s, NH, 1H), 6.72 (d,
J = 80 Hz, H-5", 1H), 6.81 (s, H-4, 1H), 6.87 (d,
J 8.0 Hz, H-6", 1H), 7.32 (s, H-2", 1H), 7.35 (d,
J = 7.0 Hz, H-6'", 1H), 7.41 (t, J = 6.5 Hz, H-3",5", 4",
2H), 7.47 (d, J = 6.5 Hz, H-2”, 2H). '3C NMR (125 MHz,
CDCly) 8, ppm: 44.8 (C-4), 57.2 (C-5), 61.0 (CH3), 72.1
(CH>), 110.7 (C-2"), 115.2 (C-5"), 118.5 (C-3), 126.8 (C-6"),
127.9 (C-5), 128.2 (C-2", 6), 128.5 (C-4), 128.9 (C-2),
129.6 (C-4"), 130.9 (C-3"", 5™), 135.7 (C-1'"), 138.2 (C-1"),
148.8 (C-4"), 149.5 (C-3"), 150.9 (C-3). CHN elemental analy-
sis: Calculated for C,;H;3Cl,N,0,S: C: 58.21%, H: 4.19%, N:
6.46%. Found: C:57.89%, H: 3.87%, N:6.16%.

4.2.2.2. 5-(3-(benzyloxy )-4-methoxyphenyl)-3-(2,5-dichloroth-
iophen-3-yl)-4,5-dihydro-1H-pyrazole, 2Ai.

Yield: 75.0%. Color: white powder. M.p.: 136-141 °C,
MW: 433.35. FT-IR (cm™'): 3355 (N-H stretching), 3025
(Csp>-H str.), 2900 (Csp*-H str.), 1560(C = N ctr.), 1513
(C = C str.), 1130 (C-N STR.), 1007 (C-O STR.), 696 (C-
Cl). '"H NMR (500 MHz, CDCl3) 3, ppm: 3.35 (dd, Jjsa
s = 4 Hz, Jy4a, = 16.0 Hz, H-4a, 1H), 4.35 (dd, Jys.
4a = 4 Hz, JHS»H4b = 16.0 Hz, H-5, IH), 3.93 (S, CH3, 3H),
5.17 (s, CH,, 2H), 5.64(dd, Juaps = 5, Juav.a = 15.12 Hz,
H-4b, 1H), 6.07 (s, NH, 1H), 6.72 (d, J = 8.0 Hz, H-5",
1H), 6.81 (s, H-4/, 1H), 6.87 (d, J = 8.0 Hz, H-6"”, 1H), 7.32
(s, H-2”, 1H), 7.35 (d, J = 7.0 Hz, H-6"", 1H), 7.41 (t,
J = 6.5 Hz, H-3",5”,4"”, 2H), 747 (d, J = 6.5 Hz, H-2"",
2H). 3C NMR (125 MHz, CDCl;) 8, ppm: 44.8 (C-4), 57.2
(C-5), 61.0 (CH3), 72.1 (CHy), 110.7 (C-2"), 115.2 (C-5"),
118.5 (C-3'), 126.8 (C-6"), 127.9 (C-5'), 128.2 (C-2"", 6),
128.5 (C-4"), 128.9 (C-2/), 129.6 (C-4'), 130.9 (C-3", 5'),
135.7 (C-1"), 138.2 (C-17), 148.8 (C-4"), 149.5 (C-3"), 150.9
(C-3). CHN elemental analysis: Calculated for C,;H;gCI,N»-
0,S: C: 58.23%, H: 4.19%, N: 6.46%. Found: C:57.89%, H:
3.90%, N:6.18%.

4.2.2.3.  5-(4-(benzyloxy)-3-methoxyphenyl)-3-(furan-2-yl)-
4,5-hydro-1H-pyrazole, 3Ai.

Yield: 20.92%. Color: Brown solid. Melting point: 156—
161 °C. FT-IR (ATR, cm™'): 3039-3061 (C-H sp” str.),
2885-2983 (C-H sp® str.), 1650.7 (C = N str.), 15501640
(C = C str.), 1009.1 (C-O str.) '"H NMR (500 MHz, CDCls)
S, ppm: 2.37 (dd, J = 4.5 Hz, 17.5 Hz, 1H), 3.10 (dd,
J = 4.5 Hz, 17.5 Hz, 1H) 3.69 (dd, J = 12.0 Hz, 17.5 Hz,
1H), 3.94 (s, CH;, 3H), 521 (s, CH,, 2H), 6.60 (dd,
J = 1.5 Hz, 3.5 Hz, 1H), 6.92 (d, J = 8.5 Hz, 1H), 7.21 (d,
J = 9.0 Hz, 1H), 7.25-7.49 (m, 8H). '*C NMR (125 MHz,
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Scheme 2

CDCls) 8, ppm: 40.2 (C-4), 49.0 (C-5), 57.0 (CH3), 72.2 (CH2),
112.6 (C-3"), 113.5 (2”), 114.3 (C-4'), 118.1 (C-5"), 120.0 (C-
6"”), 124.6 (C-2'7, C-6"), 128.4 (C-4"), 128.6 (C-3", C-5'7),
129.1 (C-1"), 129.6 (C-1"), 137.7 (C-5), 145.0 (C-2'), 147.3
(C-4”), 149.3 (C-3”), 154.8 (C-3). Analytical caled for
Cy1H 903N, (%): C: 74.10%; H: 5.33%; N: 4.12%. Found:
C: 73.78%; H: 5.02%; N: 4.42%

4.2.24. (E)-3-(3-(benzyloxy)-4-methoxyphenyl)-1-(furan-2-
yl) prop-2-en-1-one, 4Ai.

Yield: 52.77%. Color: brown powder, m.p: 123-128 °C,
FT-IR (cm-1): 3150 and 3117 (N-H stretching), 3038 (Csp>-
H stretching), 2982 and 2945 (Csp*-H stretching), 1651
(C = N stretching), 1587 (C = C stretching), 1263 (C-N
stretching), 1086 (aromatic C-O stretching), and 1041 (C-O
stretching). '"H NMR (500 MHz, CDCl;) 8, ppm: 2.99 (dd,
IH, J = 5.0, 7.0 Hz, H-4a), 3.82 (s, 2H, H-6), 4.19 (dd, 1H,
J = 1.0, 2.0 Hz, H-5), 5.18 (s, 2H, H-7), 5.43 (dd, 1H,
J = 2.0, 4.0 Hz, H-4b), 6.80 (dd, 1H, J = 2.0 4.0 Hz, H-4),
6.165 (s, 1H, N-H), 7.36 (d, 1H, J = 7.5 Hz, H-3), 7.39-

Synthesis of pyrazoline derivatives (1-4)A(i-iii).

7.78 (m, 6H, H-2",5".6",2" 3" 4"), 7.61 (d, 1H, J = 2.0 Hz,
H-5"). *C NMR (125 MHz, CDCl;) 3, ppm: 41.2 (C-4), 56.1
(C-5), 63.7 (C-6), 70.9 (C-7), 111.4 (C-3'), 111.7 (C-2"), 111.9
(C-4), 119.1 (C-6"), 127.4 (C-5"), 127.5 (C-2""), 127.5 (C-4""),
127.8 (C-3"), 128.5 (C-1), 128.5 (C-1"), 136.8 (C-5), 143.4
(C-2'), 148.2 (C-4"), 148.3 (C-3"), 149.3 (C-3). CHN elemental
analysis: Calculated for C;HyoN,O3: C: 72.40%, H: 5.79, N:
8.04%; Found: C: 72.12%, H: 5.52%, N: 8.22%.

4.2.2.5. 1-(5-(4-(benzyloxy )-3-methoxyphenyl)-3-(2,5-
dichlorothiophen-3yl)-4,5-dihydro-1H-pyrazol-1-yl)ethan-1-
one, 1A4ii.

Yield: 44.1%. Color: white powder. M.p.: 133-139 °C,
MW: 475.38. FT-IR (cm™'): 3029 (Csp>-H str.), 2908 (Csp*-
H str.), 1668 (C = N str.), 1513 (C = O str,), 1130 (C-N
str.), 1013 (C-O str.), 694 (C-Cl str.). '"H NMR (500 MHz,
CDCls) 8, ppm: 2.39 (s, H-2, 3H), 3.32 (d, J = 18.0 Hz, H-
4a, 1H), 3.83 (dd, Jys. = 12.5 Hz, Jysp = 18.0 Hz, H-5,
1H), 3.90 (s, CHs;, 3H), 5.14 (s, CH, 2H), 551 (d,
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J = 18.0 Hz, H-4b,1H), 6.68 (d, J = 8.0 Hz, H-5”,1H), 6.78
(s, H-4, 1H), 6.83 (d, J = 8.0 Hz, H-6'", 1H), 7.29-7.44 (m, H-
207,20 3 47 50 67 6H). 3C NMR (125 MHz, CDCls)
S, ppm: 21.9 (C-2), 43.7 (C-4), 56.1 (CH3), 60.0 (C-5), 71.0
(CH,), 109.6 (C-2'"), 114.1 (C-5"), 117.4 (C-3"), 125.7 (C-
6, 126.9 (C-5), 127.2 (2”7, 6””), 127.4 (C-4""), 127.8 (C-
47), 128.5 (C-377, 57), 129.8 (C-2"”), 137.1 (C-1""), 147.8
(C-4""), 148.4 (C-3"), 149.8 (C-3), 168.9 (C-1'). CHN elemen-
tal analysis: Calculated for C,3H,,Cl,N,05S: C: 58.11%, H:
4.24%, N: 5.89%. Found: C: 57.80%, H: 4.02%, N: 6.11%.

4.2.2.6. 1-(5-(3-(benzyloxy )-4-methoxyphenyl)-3-(2,5-
dichlorothiophen-3yl)-4,5-dihydro-1H-pyrazol-1-yl)ethan- 1-
one, 2Aii.

Yield: 76%. Color: white powder. M.p.: 135-140 °C, MW:
480.48. FT-IR (cm™'): 3029 (Csp?-H str.), 2910 (Csp>-H str.),
1670 (C = Nstr.), 1520 (C = O str,), 1135 (C-N str.), 1015 (C-
O str.), 702 (C-Cl str.). "H NMR (500 MHz, CDCl;) 8, ppm:
245 (s, H-2', 3H), 3.38 (d, J = 18.5 Hz, H-4a, 1H), 3.73
(dd, Jysa = 12.5 Hz, Jysp = 18.0 Hz, H-5, 1H), 3.95 (s,
CH,, 3H), 5.09 (s, CH,, 2H), 5.48 (d, J = 18.0 Hz, H-
4b,1H), 6.67 (d, J = 8.0 Hz, H-5",1H), 6.88 (s, H-4', 1H),
6.93 (d, J = 8.0 Hz, H-6'", 1H), 7.25-7.44 (m, H-2"",
20730 47 57 6 6H). '3C NMR (125 MHz, CDCly)
5, ppm: 23.9 (C-2), 45.7 (C-4), 57.1 (CHs), 60.0 (C-5), 73.0
(CH»), 110.6 (C-2"), 115.1 (C-5"), 117.4 (C-3"), 125.2 (C-
6'), 126.4 (C-5"), 127.2 (2", 6), 127.4 (C-4""), 127.8 (C-
47), 128.5 (C-3"7, 57, 130.8 (C-2"), 138.1 (C-1"7), 147.4
(C-4), 148.2 (C-3'), 149.5 (C-3), 169.9 (C-1'). CHN elemen-
tal analysis: Calculated for C,3H,(Cl,N,O3S: C: 58.11%, H:
4.24%, N: 5.89%. Found: C: 57.83%, H: 4.04%, N: 6.12%.

4.2.2.7.  1-(5-(4-(benzyloxy)-3-(methoxyphenyl)-3-( furan-2-
yl)4,5-dihydro-1H-pyrazole-1-yl)ethan-1-one, 3Aii.

Yield: 64.10%. Color: Brown solid. Melting point: 100—
105 °C. FT-IR (ATR, em™"): 3033-3129 (C-H J, str.), 2940~
2977 (C-H 3, str.), 1697 (C = O str.), 1654 (C = N str.),
1000 (C-O str.), "H NMR (500 MHz, CDCls) 8, ppm: 2.08
(s, 1H), 3.10 (dd, J = 4.5 Hz, J = 4.5 Hz, 1H), 3.69 (dd,
J = 12 Hz, 1H), 3.88 (s, CH, 3H), 5.13 (s, CH,, 2H), 5.53
(dd, J = 425 Hz, J = 11.75 Hz, 1H), 6.74 (d, J = 3.5 Hz,
1H), 6.79 (d, J = 2 Hz, 1H), 6.83 (d, J = 8.5 Hz, 1H),
7.28-7.58 (m, 8H). '>*C NMR (125 MHz, CDCl;) &, ppm:
22.0 (CHj), 42.1 (C-4'), 56.1 (CH3), 59.3 (5'), 71.0 (CH2),

109.6 (C-3"), 112.0 (C-2'), 112.2 (C-4"), 117.5 (C-5"7), 127.2
(C-6""), 127.8 (C-2"",C-6"), 128.6 (C-4"), 134.7 (C-3"",C-
577, 137.1 (C-1""), 144.8 (C-1"”), 145.7 (C-5"), 146.9 (C-
2"7), 147.8 (C-4"), 149.9 (C-3"), 169.0 (C-1). Analytical calcd
for Cy3H»,04N, (%): C: 71.12%; H: 5.16%; N: 7.21%. Found:
C: 70.77%; H: 4.80%; N: 7.53%.

4.2.2.8. (5-(3-(benzyloxy)-4-methoxyphenyl)-3-(furan-2-yl)-
4,5-dihydro-1H-pyrazol-1-yl) ethan-1-one, 4Aii.

Yield: 39.55%. Color: orange yellow powder, m.p: 135-
140 °C. FT-IR (cm™'): 3062 (Csp>H stretching), 2968 and
2870 (Csp>-H stretching), 1651 (C = O stretching), 1601
(C = N stretching), 1517 (a C = C stretching), 1251 (C-N
stretching), 1133 (C-O stretching), and 1009 (C-O stretching).
'"H NMR (500 MHz, CDCl3) &, ppm: 2.39 (s, 3H, H-2""),
299 (dd, IH, J = 4.0, 17.5 Hz, H-4a), 3.63 (dd, 1H,
J = 12.0, 17.5 Hz, H-5), 3.86 (s, 3H, H-6), 5.12 (s, 2H, H-7),
5.47 (dd, 1H, J = 4.0, 11.5 Hz, H-4b), 6.55-7.60 (m, 9H, H-
3,45 2" 5" 6”27 3" 4”). 3C NMR (125 MHz, CDCly) 3,
ppm: 22.0 (C-2""), 41.9 (C-4), 56.0 (C-6), 59.1 (C-5), 71.1 (C-
7), 111.6 (C-3), 111.9 (C-2"), 111.9 (C-4), 112.7 (C-6"),
118.6 (C-5"), 127.5 (C-2"), 127.8 (C-4"), 128.5 (C-3"), 134.0
(C-1"), 136.9 (C-1""), 144.7 (C-5), 145.6 (C-2), 146.8 (C-4"),
148.4 (C-3"), 149.2 (C-3), 168.8 (C-1""). CHN elemental anal-
ysis: Calculated for Cy3H»,N,O4: C: 70.75%, H: 5.68%, N:
7.18%; Found C: 70.47%, H: 5.55%, N: 7.38%.

4.2.2.9. 5-(4-(benzyloxy)-3-methoxyphenyl)-3-(2,5-dichloroth-
iophen-3-yl)-4,5-dihydro-1H-pyrazole-1-carbothioamide, 1Aiii.

Yield: 62.2%. Color: brown powder. M.p.: 83-88 °C, MW:
492.43. FT-IR (cm™'): 3449 (N-H str.), 3271 (N-H str.), 3143
(Csp>-H str.), 2931 (Csp>-H str.), 1574 (C = N str.), 1137
(C-N str.), 1026 (C-O str.), 828 (C = S str.), 694 (C-CI str.).
'H NMR (500 MHz, CDCl3y) 3, ppm: 3.29 (dd, J4.
s = 2.0 Hz, Jup = 155 Hz, H-4a, 1H), 3.80 (dd, Js.
4a = 12.5 Hz, Jysa, = 18.0 Hz, H-5, 1H), 4.37 (s, NH, 1H),
5.11 (s, CH,, 2H), 5.48 (dd, J4.s = 2.0 Hz, J4., = 15.5 Hz,
H-4a, 1H), 6.66 (d, J = 8.0 Hz, H-5", 1H), 6.75 (s, H-4,
1H), 6.80 (d, J = 8.5 Hz, H-6", 2H), 7.26-7.39 (m, H-2",
273 47 5 ¢, 6H), 8.40 (s, NH, 1H). '*C NMR
(125 MHz, CDCly) 8, ppm: 44.5 (C-4), 56.9 (CH3), 60.8
(CH,), 71.8 (C-5), 110.5 (C-5"), 115.0 (C-3'), 118.2 (C-6"),
126.5 (C-5'), 128.0 (C-2", 6"), 128.3 (C-4"), 128.6 (C-2'),
129.4 (C-3, 5), 130.6 (C-4'), 135.5 (C-1"), 137.9 (C-1""),
148.6 (C-4"), 149.3 (C-3"), 150.6 (C-3), 178.7 (C = S). CHN
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elemental analysis: Calculated for CyH;9CILN;0,S,: C:
53.66%, H: 3.89%, N: 8.53%. Found: C: 53.38%, H: 3.60%,
N: 8.83%.

4.2.2.10. 5-(3-(benzyloxy )-4-methoxyphenyl )-3-(2,5-
dichlorothiophen-3-yl)-4,5-dihydro-1H-pyrazole-1-carboth-
ioamide, 2 Aiii.

Yield: 75%. Color: brown powder. M.p.: 120-125 °C, MW:
492.43 FT-IR (cm™'): 3460 (N-H str.), 3275 (N-H str.), 3145
(Csp>-H str.), 2939 (Csp*-H str.), 1590 (C = N str.), 1159
(C-N str.), 1054 (C-O str.), 825 (C = S str.), 690 (C-CI str.).
'"H NMR (500 MHz, CDCly) 8§, ppm: 3.5 (dd, Ju.
s = 2.5 Hz, J4ap = 15.5 Hz, H-4a, 1H), 3.75 (dd, Js.
4a = 12.0 Hz, Jyysap = 16.5 Hz, H-5, 1H), 4.37 (s, NH, 1H),
5.30 (s, CH,, 2H), 5.60 (dd, J4u.5s = 2.5 Hz, J4,., = 16.0 Hz,
H-4a, 1H), 6.68 (d, J = 8.5 Hz, H-5", 1H), 6.65 (s, H-4,
1H), 6.87 (d, J = 8.5 Hz, H-6”, 2H), 7.24-7.42 (m, H-2",
27347 57 67, 6H), 8.46 (s, NH, 1H). '*C NMR
(125 MHz, CDCls) 8, ppm: 44.8 (C-4), 56.0 (CH3), 63.8
(CH,), 75.8 (C-5), 112.5 (C-57), 114.7 (C-3"), 115.2 (C-6"),
126.0 (C-5"), 128.6 (C-2'", 6'), 128.9 (C-4"), 128.9 (C-2),
129.0 (C-3", ), 131.6 (C-4'), 134.5 (C-1"), 138.7 (C-1"),
149.0 (C-4"), 150.3 (C-3"), 152.6 (C-3), 179.9 (C = S). CHN
elemental analysis: Calculated for CyH;9CILN;0,S,: C:
53.66%, H: 3.89%, N: 8.53%. Found: C: 53.37%, H: 3.57%,
N: 8.88%.

4.2.2.11. 5-(4-(benzyloxy)-3-methoxyphenyl)-3-(furan-2-yl)-
4,5-dihydro-1H-pyrazole-1-carbothioamide, 3 Aiii.

Yield: 50.49%. Color: light yellow solid. Melting point:
101-106 °C. FT-IR (ATR, cm™'): 3500-3600 (N-H str.),
2838-2859 (C-H sp’ str.), 1260 (C-0), 800805 (C = S) Yield:
Brown solid. Melting point: 101-102 °C. '"H NMR (500 MHz,
CDCl3) 3, ppm: 3.03 (dd, J = 3.25 Hz, J = 17.8 Hz, 1H), 3.72
(dd,J = 11.5Hz,J = 17.5 Hz, 1H), 3.87 (s, |H, NH), 5.18 (d,
J = 41 Hz, 2H), 591 (dd, J = 3.25 Hz, J = 11.25 Hz, 1H),
7.26-7.61 (m, 8H), 9.84 (s, NH, 1H). >*C NMR (125 MHz,
CDCly) 6, ppm: 42.7 (C-4), 56.0 (CH;), 62.7 (C-5), 71.2
(CH2), 111.8 (C-3), 111.9 (C-2/), 112.3 (C-4'), 114.1 (C-5"),
118.5 (C-6"), 127.5 (C-2",C-6"), 127.5 (C-4""), 127.7 (C-3",
C-5'), 128.5 (C-17), 137.0 (C-1""), 145.4 (C-5), 146.2 (C-2)),
148.3 (C-4"), 153.8 (C-3"), 157.3 (C-3), 168.5 (C = S). Analyt-
ical caled for Cy,H,O3N3 (%): C: 65.17%; H: 4.72%; N:
10.36%. Found: C: 64.81%; H: 4.36%; N: 10.06%.

4.2.2.12.  5-(3-(benzyloxy )-4-methoxyphenyl)-3-(furan-2-yl)-
4,5-dihydro-1H-pyrazole-1-carbothioamide, 4Aiii.

Yield: 41.83%. Color: brown powder, m.p: 180-185 °C,
FT-IR (cm-1): 3445 and 3333 (N-H stretching), 3131 (Csp*-
H stretching), 2934 and 2877 (asymmetrical and symmetrical
Csp®-H), 1670 (C = N stretching), 1582 (aromatic C = C
stretching), 1320 (NCS stretching), 1256 (C-N stretching),
1133 (aromatic C-O stretching), and 1014 (C-O stretching).
'H NMR (500 MHz, CDCl;) 8, ppm: 3.03 (d, IH,
J = 14.0 Hz, H-6a), 3.71 (dd, 1H, J = 11.5, 17.5 Hz, H-1),
393 (s, 3H, H-6), 5.19 (s, 2H, H-7), 592 (d, IH,
J = 9.5 Hz, H-4b), 6.57 (s, 2H, NH,), 6.75-7.61 (m, 8H, H-
34,5205 6" 4", 57.6"). *C NMR (125 MHz, CDCl5) 3,
ppm: 42.0 (C-4), 55.9 (C-6), 62.6 (C-5), 71.1 (C-7), 111.7 (C-
3), 111.8 (C-2"), 112.3 (C-4), 114.0 (C-6"), 118.4 (C-5"),
127.7 (C-2"), 128.4 (C-4""), 128.6 (C-3"), 133.9 (C-1"), 136.9
(C-1"), 145.3 (C-5), 146.2 (C-2'), 147.2 (C-4"), 148.3 (C-3"),
149.2 (C-3), 176.5 (C-8). CHN elemental analysis: Calculated
for C,,H>1N305S: C: 64.85%, H: 5.19%, N: 10.31%; Found
C: 64.58% , H: 4.89% , N: 10.17%.

4.2.3. Synthesis of the pyrimidine compounds ( Alidmat, 2015)

The preparation of pyrimidine compounds involves the reac-
tion of chalcone 1 to 4 (I mol) with guanidine or thiourea
(1 mol) separately, as shown in Scheme 3. Chalcone 1Bi is used
as a representative. A mixture of chalcone (1 mol), guanidine
(1 mol), NaOH (1 mol), and 15.0 mL ethanol was refluxed
for 24 h. The reaction progress was monitored by TLC. The
precipitate formed was filtered off, washed with cold water,
and dried. The solid product was recrystallized from ethanol
(Nisa and Yusuf, 2020).

4.2.3.1. 4-(4-(benzyloxy)-3-methoxyphenyl)-3-(2,5-dichloroth-
iophen-3-yl) pyrimidin-2-amine, 1Bi.

Yield: 42.1%. Color: brown powder. M.p.: 130-135 °C,
MW: 458.36. FT-IR (cm™'): 3361 (N-H str.), 3062 (Csp>-H
str.), 2935 (Csp*-H str.), 1571 (C = N str.), 1134 (C-N str.),
1006 (C-O str.), 697 (C-Cl str). 'H NMR (500 MHz,
DMSO di) 6, ppm: 3.87 (s, CHs, 3H), 5.18 (s, CH,, 2H),
6.77 (s, NH,, 2H), 7.17 (d, J = 8.5 Hz, H-5”, 2H), 7.36 (d,
J = 7.0 Hz, H-6",1H), 7.41 (t, J = 7.0 Hz, H-4", 2H), 7.47
(s, H-2”, 1H), 7.56 (s, H-4', 1H), 7.70 (d, J = 8.5 Hz, H-5"”
0.6”. 2H), 7.73 (s, H-2"", 3", 2H). '>*C NMR (125 MHz,
DMSO dg) 8, ppm: 56.1 (CH;), 70.3 (CH,), 104.1 (C-5),
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Scheme 3  Synthesis of pyrimidine derivatives (1-4)B(i-ii).

110.6 (C-2"), 113.5 (C-5"), 120.5 (C-4'), 125.5 (C-6"), 128.3 (C-
21, 128.4 (C-2'", 6'), 128.5 (C-4"), 128.9 (C-3", 5"), 130.2
(C-17), 136.9 (C-5), 137.2 (C-1""), 149.5 (C-3'), 150.6 (C-3",
4”),159.5 (C-4), 164.1 (C-2), 165.1 (C-6). CHN elemental anal-
ysis: Calculated for Cy,H7CLLN30,S: C: 57.65%, H: 3.74%,
N: 9.17%. Found: C: 57.33%, H: 3.43%, N: 8.85%.

4.2.3.2. 4-(4-(benzyloxy)-3-methoxyphenyl)-6-(2,5-dichloroth-
iophen-3-yl) pyrimidine-2-thiol, 1Bii.

Yield: 82.8%. Color: brown powder. M.p: 84-89 °C, MW:
475.40. FT-IR (cm™'): 3063 (Csp-H str.), 2977 (Csp>-H str.),
2877 (S-H str.), 1653 (C = Nstr.), 1136 (C-N str.), 1007 (C-O
str.), 696 (C-Cl str.). "H NMR (500 MHz, DMSO) 3§, ppm:
1.57 (s, SH, 1H), 3.91 (s, CHs, 3H), 5.18 (s, CH,, 2H), 7.12
(dd, J = 2.3 Hz, J = 10.8 Hz, H-5",6", 2H), 7.18 (s, H-4,
1H), 7.23 (s, H-2", 1H), 7.29 (t, J = 7.0 Hz, H-2"",6'", 1H),
7.35 (t, J = 7.5 Hz, H-4", 2H), 7.41 (d, J = 7.5 Hz, H-3"",
5, 2H). >*C NMR (125 MHz, DMSO) §, ppm: 56.6 (CH;),
70.8 (CH>), 111.1 (C-2"), 114.0 (C-5), 121.0 (C-5"), 126.1 (C-
4'), 128.8 (C-6"), 128.8 (C-2'), 128.9 (C-4""), 129.0 (C-3'),
129.4 (C-2, 6'), 130.7 (C-1""), 137.4 (C-5""), 137.7 (C-3'"),
150.0 (C-17), 151.1 (C-5), 160.0 (C-4), 164.6 (C-6), 178.8 (C-
2). CHN elemental analysis: Calculated for C,H;5CI,N,0,S5:
C: 55.58%, H: 3.39%, N: 5.89%. Found: C: 55.28%, H
3.09%, N: 5.54%.

4.2.3.3. 4-(3-(benzyloxy )-4-methoxyphenyl)-3-(2,5-dichloroth-
iophen-3-yl) pyrimidin-2-amine, 2Bi.

Yield: 42.1%. Color: brown powder. M.p.: 135-140 °C,
MW: 458.36. FT-IR (cm™'): 3361 (N-H str.), 3062 (Csp>H
str.), 2935 (Csp*-H str.), 1571 (C = N str.), 1134 (C-N str.),
1008 (C-O str.), 700 (C-ClI str.). 'H NMR (500 MHz,
DMSO dg) 6, ppm: 3.87 (s, CHs, 3H), 5.20 (s, CH,, 2H),
6.87 (s, NH,, 2H), 7.19 (d, J = 8.5 Hz, H-5", 2H), 7.36 (d,
J = 7.0 Hz, H-6",1H), 7.45 (t, J = 7.5 Hz, H-4, 2H), 7.49
(s, H-2", 1H), 7.56 (s, H-4', 1H), 7.72 (d, J = 8.0 Hz, H-5"
0.6, 2H), 7.76 (s, H-2"", 3, 2H). '3C NMR (125 MHz,
DMSO dg) 3, ppm: 56.1 (CHj), 70.3 (CH,), 105.1 (C-3),
111.6 (C-2"7), 112.5 (C-57), 121.5 (C-4), 126.5 (C-6"), 127.3
(C-2), 127.4 (C-2, 67), 127.5 (C-4""), 128.9 (C-3, 5™),
131.2 (C-17), 136.9 (C-5), 136.2 (C-1""), 148.5 (C-3), 151.6
(C-3", 47), 158.5 (C-4), 165.1 (C-2), 165.4 (C-6). CHN elemen-
tal analysis: Calculated for C,,H;;CI,N50,S: C: 57.65%, H
3.74%, N: 9.17%. Found: C: 57.35%, H: 3.40%, N: 8.86%.

4.2.3.4. 4-(3-(benzyloxy )-4-methoxyphenyl)-6-(2,5-dichloroth-
iophen-3-yl) pyrimidine-2-thiol, 2 Bii.
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Yield: 82.8%. Color: brown powder. M.p: 184-190 °C,
MW: 475.40. FT-IR (cm™'): 3067 (Csp>-H str.), 2987 (Csp*-
H str.), 2897 (S-H str.), 1658 (C = N str.), 1130 (C-N str.),
1003 (C-O str.), 692 (C-Cl str.). "H NMR (500 MHz, DMSO)
S, ppm: 1.62 (s, SH, 1H), 3.68 (s, CH3, 3H), 5.56 (s, CH,, 2H),
7.6 (dd, J = 3 Hz, J = 10.7 Hz, H-5",6", 2H), 7.16 (s, H-4,
1H), 7.27 (s, H-2”, 1H), 7.24 (t, J = 7.3 Hz, H-2",6'", 1H),
7.37 (t, J = 7.8 Hz, H-4", 2H), 7.45 (d, J/ = 7.3 Hz, H-3"",
5, 2H). '*C NMR (125 MHz, DMSO) 8, ppm: 56.8 (CH;),
70.9 (CH,), 111.1 (C-2"), 114.9 (C-5), 121.7 (C-5"), 126.7 (C-
4, 128.9 (C-6”), 128.2 (C-2), 128.4 (C-4), 129.7 (C-3),
129.9 (C-2", 6'), 131.9 (C-1""), 135.4 (C-5'"), 138.7 (C-3"),
152.0 (C-17), 153.1 (C-5'), 161.0 (C-4), 164.6 (C-6), 179.8 (C-
2). CHN elemental analysis: Calculated for C,,H ¢Cl,N,O5S,:
C: 55.54%, H: 3.39%, N: 5.89%. Found: C: 55.24%, H:
3.07%, N: 5.55%.

4.2.3.5. 4-(4-(benzyloxy )-3-methoxyphenyl )-6-( furan-2-yl)
pyrimidin-2-amine, 3 Bi.

Yield: 53.11%. Light brown solid. Melting point: 192—
197 °C. FTIR (ATR, cm™'): 3117-3132 (N-H str.), 3033
3061 (C-H sp? str.), 2840-2980 (C-H sp’ str.), 1651 (C = N
str.), '"H NMR (500 MHz, CDCl3) &, ppm: 3.77 (s, CH;,
3H), 5.06 (s, CH,, 2H), 6.59 (s, NH,, 2H), 7.07 (d,
J = 8 Hz, 1H), 7.17-7.38 (m, 8H), 7.62 (d, J = 9.5 Hz,
2H), 7.80 (s, 1H). *C NMR (125 MHz, CDCl;) 8, ppm: 56.1
(CH3), 70.3 (CHy), 99.8 (C-5), 110.6 (C-3"), 112.0 (C-2"),
112.9 (C-5"7), 113.5 (C-4'), 120.4 (C-6"), 128.2 (C-2"", C-6"),
128.4 (C-4"), 128.43 (C-2'", C-5'7), 128.9 (C-1"), 130.3 (C-
1), 137.3 (C-5), 145.6 (C-4"), 149.5 (C-5"), 150.5 (C-2),
152.6 (C-N), 156.7 (C-4), 164.1 (C-6). Analytical calcd for
C2H1903N3 (%): C: 70.76%; H: 5.13%; N: 11.25%. Found:
C: 70.40%; H: 4.77%; N: 10.94%.

4.2.3.6. 4-(4-(benzyloxy )-3-methoxyphenyl )-6-(furan-2-yl)
pyrimidine-2-thiol, 3Bii.

Yield: 87.09%. Color: dark brown solid. Melting point:
152-157 °C. FT-IR (ATR, cm™!): 3033 and 3100 (C-H sp>
str.), 2847 and 2937 (C-H sp’ str.), 2550 and 2620 (S-H, weak),
1650 (C = N str.), 1600 (C = C str.), 1003 (C-O str.). 'H
NMR (500 MHz, CDCls) 6, ppm: 3.06 (s, SH), 3.77 (s, CHs,
3H), 5.06 (s, CH,, 2H), 7.07 (d, J = 8 Hz, 1H), 7.17 (s, 1H),
7.23-7.38 (m, 9H), 7.61 (d, J = 5 Hz, 1H), 7.80 (s, 1H). °C
NMR (125 MHz, CDCly) 8, ppm: 56.2 (CHj3), 71.0 (CH,),
98.2 (C-5), 106.8 (C-3'), 110.5 (C-2"), 111.8 (C-5"), 114.0 (C-

4, 119.3 (C-6"), 127.2 (C-2"’, C-6'"), 127.3 (C-4"), 128.0
(C-3", C-5'), 128.56 (C-17), 128.62 (C-1""), 135.0 (C-5),
136.8 (C-47), 143.0 (C-3”), 146.0 (C-2'), 148.5 (C-4), 150.2
(C-6), 174.8 (C-SH). Analytical calcd for C,H;503S; (%):
C: 67.68%; H: 4.65%; N: 7.17%. Found: C: 67.32%; H:
4.29%; N: 6.80%.

4.2.3.7. 4-(3-(benzyloxy )-4-methoxyphenyl )-6-(furan-2-yl)
pyrimidin-2-amine, 4 Bi.

Yield: 50.20%. Light brown powder, m.p: 140-145 °C, FT-
IR (cm™Y): 3324 and 3190 (N-H stretching), 2939 and 2840
(asymmetrical and symmetrical Csp>-H stretching), 1646
(C = N stretching), 1599 (aromatic C = C stretching), 1513
(C = C stretching), 1266 (C-N stretching), 1177 (aromatic
C-O stretching), 1019 (C-O stretching). '"H NMR (500 MHz,
DMSO dg) 6, ppm: 2.51 (s, 3H, H-6), 5.19 (s, 2H, H-7), 6.70
(d, 1H, J = 12.0 Hz, H-5"), 7.11 (d, 1H, J = 8.5 Hz, H-6"),
7.27 (s, 2H, NH,), 7.36-7.84 (m, 8H, H-34.52"4",
4",5".6"), 7.92 (s, 1H, H-5). >*C NMR (125 MHz, DMSO dj)
8, ppm: 56.1 (C-8), 70.6 (C-7), 99.7 (C-5), 111.8 (C-3'), 112.2
(C-2"), 122.2 (C-5"), 112.8 (C-4'), 120.8 (C-6"), 128.4 (C-2"),
128.5 (C-4""), 128.9 (C-3), 129.9 (C-1"), 137.4 (C-1"), 145.5
(C-5), 148.2 (C-3"), 151.8 (C-4"), 152.6 (C-2'), 156.7 (C-2),
164.1 (C-6), 164.7 (C-4). CHN elemental analysis: Calculated
for C»,H9N305: C: 70.76%, H: 5.13%, N: 11.25%; Found:
C: 70.49%, H: 4.83%, N: 10.95%.

4.2.3.8. 4-(3-(benzyloxy )-4-methoxyphenyl )-6-(furan-2-yl)
pyrimidine-2-thiol, 4Bii.

A mixture of chalcone 1 (0.01 mol) with thiourea and
sodium hydroxide pellet (5 pieces) in 25 mL ethanol was
refluxed for 24 h. The procedure is as mentioned in
Section 3.4.3.

Yield: 26.86%. Dark brown powder, m.p: > 300 °C, FT-
IR (cm™1): 3032 2939 and 2847 (Csp>-H), 2613 (S-H stretch-
ing), 1654 (C = N stretching), 1508 (aromatic C = C stretch-
ing), 1255 (C-N stretching), 1137 (aromatic C-O stretching),
1005 (C-O stretching). 'H NMR (500 MHz, DMSO de) 3,
ppm: 2.16 (s, 1H, SH), 4.0 (s, 3H, H-6), 5.29 (s, 2H, H-7),
6.81 (d, 1H, J = 11.5 Hz, H-5"), 7.22 (d, 1H, J = 8.0 Hz,
H-5'), 7.38-7.94 (m, 7H, H-3',4',2",6",4",5",6"), 8.03 (s, 1H,
H-5). '*C NMR (125 MHz, DMSO dg) 5, ppm: 56.8 (C-8),
71.3 (C-7), 112.5 (C-5), 112.9 (C-3"), 112.9 (C-2"), 113.5 (C-
57), 121.5 (C-4), 129.1 (C-6"), 129.2 (C-2""), 129.5 (C-4"),
130.6 (C-3"), 138.1 (C-1”), 146.2 (C-1""), 148.9 (C-5), 152.5
(C-3"), 153.2 (C-4"), 157.3 (C-2), 164.8 (C-4), 165.3 (C-6),
181.8 (C-2). CHN elemental analysis: Calculated for C,,Hg-
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N,038S: C: 67.68%, H: 4.65%, N: 7.17%. Found: C: 67.38%,
H: 4.54%, N: 6.88%.

4.3. Materials and methods for Anti-Malaria

Compounds were tested for antimalarial activity by evaluation
of the growth of malaria parasites in culture using the micro-
titer plate-based SYBR-Green-I.

4.3.1. Assay

The collected blood was diluted 20 x with complete RPMI
1640 and 100 pL was added to each well of a pre-dosed test
plate containing chloroquine at a concentration range of 7.8—
2000 ng/mL. The well that contains diluted blood (no drug)
was included on each plate as a control. A culture of labora-
tory reference clone, 3D7, regarded as chloroquine-sensitive
at an initial parasitaemia of 0.5% and haematocrit of 1.5%
was also tested in parallel, as an additional control. The plates
were placed in a modular incubator chamber and gassed (gas
contains 92.5% N», 5.5% CO,, 2% O,). The chamber contain-
ing the culture was placed in an incubator at 37 °C for 72 h.
The assay was terminated by freezing the plate at — 20 °C
for at least 1 h before thawing. A 100 pL of LBS was added
to each well and mixed thoroughly by gently tapping on the
plate. The plate was covered with aluminum foil and incubated
at room temperature in the dark for 3 h. Fluorescence was
then read as usual. A second plate using the same patient sam-
ple and drugs was set up in parallel. Parasite growth in the sec-
ond plate was monitored in the drug-free well from 20 h post-
plating, by preparing blood smears using the cells in the drug
free-wells. Once 60% of the parasites in the drug-free well have
developed into schizonts the cells from each well were har-
vested onto a microscope slide. The smears were air-dried,
stained with 10% Giemsa for 30 min and examined with the
microscope under oil immersion. The P. falciparum schizonts
in each smear were counted against 200 leucocytes. The con-
centration of anti-malarial drug inhibiting parasite growth by
50% (ICsp) for each drug was estimated from a dose-response
curve by non-linear regression analysis using an online pro-
gram, previously described by Le Nagard and Kaddouri
(Kaddouri et al., 2006; Le Nagard et al., 2011). For the SG
assay, fluorescence intensity was plotted against drug concen-
tration, parasite count was plotted against drug concentration
in the microscopy assay.

4.4. Molecular docking

The X-ray crystal structure of the PFATP4 receptor was down-
loaded from the RCSB database (PDB ID: 2DQS)
(Gondokesumo et al., 2021). Biovia Discovery Studio Visual-
izer 16.1 was utilized to remove the heteroatoms, water, and
to prepare the protein further. Eleven synthesized compounds
were used as ligands in the docking studies. The 2D chemical
structures of all the ligands were built using PerkinElmer
ChemDraw software 16.0 and the sketched ligands were then
subjected to energy minimization (MM2 force field) using Per-
kinElmer Chem3D 16.0 and saved in PDB format.
AutoDock 4.2 is a computational software used to prepare
the ligands and protein and to generate the docking process
(Rizvi et al., 2013). A click-by-click protocol was used to
enforce this process (Rizvi et al., 2013). Initially, the polar

hydrogens and Kollman charges were added to the PFATP4
receptor. Then, the selected ligands were revitalized by Gastei-
ger charges. The grid box’s size was set to 70*70*70, and the
coordinates were 39.3479, —2.4636, 123.9359 (as x, y, z, respec-
tively) with a spacing of 0.375. The PfATP4 receptor was
defined as rigid for the docking parameter while all ligands
were flexible. The genetics algorithm run was set to 100, and
the Lamarckian genetic was selected to proceed with the dock-
ing, while the remaining parameters were kept as default.
Docking scores were interpreted using Discovery Studio Visu-
alizer 16.1, so that the ionic bonds, hydrogen bonds, and
hydrophobic interactions could be easily observed (Forli
et al., 2016).
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