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dihydrofolate reductase—thymidylate synthase of Trypanosoma cruzi, and human dihydrofolate
reductase. The results demonstrated that the investigated compounds exhibit high affinity for
these enzymes. Moderate selectivity relative to human DHFR was also observed. In addition, the
predicted drug-likeness, ADME-Tox parameters, and toxicity profiles suggest the potential of the
synthesised compounds for further pharmacological development.

© 2025 by the authors; licensee Growing Science, Canada.

1. Introduction

The Biginelli reaction is a classical multicomponent transformation employed in the synthesis of 3,4-dihydropyrimidin-
2(1H)-ones. It is a straightforward one-pot condensation involving an aromatic aldehyde, urea or thiourea, and a B-ketoester
in a single step. Notably, 3,4-dihydropyrimidin-2(1H)-ones serve as valuable scaffolds for the post-synthetic modification
into diverse heterocyclic derivatives.'*

Multicomponent reactions offer several advantages, including the use of simple starting materials, operational simplicity,
and access to structurally complex products, which explains the growing interest in such methodologies.>® In particular,
these reactions have proven effective for the rapid synthesis of structurally diverse molecular libraries, which is of great
relevance to medicinal chemistry and drug discovery.® Substituted aromatic and heteroaromatic aldehydes, including
pyrazole-4-carbaldehydes, have been extensively explored in this context, affording hybrid molecules bearing both
dihydropyrimidinone and pyrazole moieties. These two frameworks are widely recognised as privileged scaffolds in drug
design, and their combination is believed to enhance pharmacological properties through synergistic effects. In the present
study, 1,3-diaryl-1H-pyrazole-4-carbaldehydes were employed in a modified Biginelli reaction to afford ethyl 6-methyl-2-
ox0-4-(1H-pyrazol-4-yl)-1,2,3,4-tetrahydropyrimidine-5-carboxylate derivatives (A). The biological activities of the
synthesised compounds have been evaluated (see Table 1).!%18
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Table 1. Bioactive Dihydropyrimidinone—Pyrazole Derivatives.

Compounds Reported Biological Activity Reference
antiprolifative 10
antimalarial 11
antimicrobial 12,13
antioxidant 12
antitubercular 14,15
anticancer 15
antiinflammatory 16
calcium channel blockers 17
insecticidal 18
pu—
anti-biofilm 13

2. Results and Discussion

The aim of this work is to synthesise novel Dihydropyrimidinone—Pyrazole Derivatives and to predict their biological
activity, pharmacokinetic parameters, and toxicity. The target compounds were obtained via multicomponent reactions of
ethyl 4-formyl-1-phenyl-1H-pyrazole-3-carboxylate 1, ethyl acetoacetate 2, and urea or thiourea 3a,b in refluxing ethanol.
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Scheme 1. Synthesis of compounds 4a,b.

The structures of the obtained compounds were established by "H-NMR spectroscopy and elemental analysis (see
Experimental section).
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Fig. 1. Structures of 3,4-dihydropyrimidin-2(1H)-thiones — inhibitors of Dihydrofolate reductase.
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Using an online predictive tool,'” the biological activity of compounds 4a and 4b was assessed with a focus on infectious
agents. The analysis indicated a high probability of antiprotozoal activity, particularly against the pathogens responsible for
Chagas disease (Trypanosoma cruzi) and species of the Leishmania genus. These diseases pose significant therapeutic
challenges, especially in tropical and subtropical regions. Dihydrofolate reductase (DHFR) is a well-established target in
their treatment, as it plays a crucial role in folate metabolism and, consequently, in cell proliferation. Notably, the effective
DHFR-inhibitory activity of 3,4-dihydropyrimidin-2(1H)-thiones (see Fig. 1), including compounds 5 and 6 (Monastrol),
has been previously reported.?’

One of the most important enzymes involved in the metabolism of the aforementioned pathogens is pteridine reductase
1 (PTR1) from Leishmania and dihydrofolate reductase—thymidylate synthase (DHFR-TS) from Trypanosoma cruzi. We
determined the binding affinities and predicted the protein—ligand binding conformations within the active sites of LAPTR1
and TcDHFR-TS. Potential drug candidates capable of binding to and inhibiting these enzymes can be identified through
molecular docking studies. The binding affinities of compounds 4a and 4b for these enzymes range from —7.1 to —8.5
kcal/mol, comparable to the known dihydrofolate reductase inhibitor methotrexate. The results are summarized in Table 2.
Docking studies were also performed for the binding of compounds 4a and 4b to human DHFR, revealing binding affinities
of —6.7 and —6.6 kcal/mol, respectively. Moderate selectivity of the synthesised compounds towards Leishmania PTR1 and
Trypanosoma cruzi DHFR-TS was observed (see Table 2).

Table 2. Binding affinities of compounds 4a and 4b (kcal/mol).

Compound LdPTRI1 TcDHFR-TS Human DHFR
4a -7.1 -8.1 -6.7
4b -8.5 -7.6 —6.6
Methotrexate -8.5 -9.5 -9.0

The binding of ligands 4a and 4b to the studied enzymes involves strong hydrogen bonds, as shown in Table 3. In the
case of LAPTR1, n—= interactions involving the phenylalanine residue of the protein contribute significantly to the binding
of the compounds within the active site. Compound 4b is characterised by an interaction between the m-system of the
imidazole ring of His A:38 and the p-orbital of the sulfur atom at the C-2 position of the 1,2,3,4-tetrahydropyrimidine ring.

Table 3. Protein-ligand interactions.

Compound Hydrogen Bond Interactions involved Pi I‘iydroph'obic Yan der‘ Waals
systems interactions interactions
LdPTRI1 (PDBID: 2XOX), (Leishmaniasis)

4a Asn A:64 (Conventional) Phe A:34 (Pi-Pi) Lys A:68 Arg A:70
Asn A:64 (Pi-Donor) Phe A:31 (Pi-Pi) Tle A:60 Leu A:67

Phe A:31 Pro A:61

Thr A:56

Ser A:59

Leu A:22

Arg A:32

Arg A:28

Gln A:35

4b Ile A:16 (Carbon) Leu A:22 (Pi-Sigma) Phe A:34 Asn A:64
Ile A:7 (Carbon) Ile A:60 (Pi-Sigma) Tle A:16 Pro A:61
Tyr A:121 (Carbon) Phe A:31 (Pi-Pi T-shaped) Ala A:9 Thr A:136

Phe A:34 (Pi-Pi T-shaped) Tyr A:121 Glu A:30

Val A:8 Trp A:24
Val A:115
Gly A:116
Gly A:117

Thr A:56

Gly A:17

Pro A:23

Gly A:20

Asp A:21

Ser A:59

Leu A:67

TcDHFR-TS (PDB ID: 3HBB), (Chagas disease)

4a Tyr B:150 (Conventional) - Leu B:90 Thr B:79
Ile B:144 (Conventional) Ile B:83 Lys B:78

Ser B:82 (Conventional) Met B:48 Ser B:39

Asp B:47 (Carbon) Phe B:51 Phe B:87

Val B:25 Ile B:40

Ala B:27 Trp B:42

Val B:44

Val B:26
Gly B:146

Gly B:145
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Table 3. Protein-ligand interactions. (Continued)
Compound Hydrogen Bond Interactions involved Pi Hydrophobic interactions Van der Waals interactions
systems
4b Ala B:27 (Conventional) = Phe B:51 Tyr B:150

Val B:26 (Carbon) Val B:25 Ile B:34
Ala B:27 Gly B:35

Trp B:42 Ser B:39
Ile B:40 Arg B:38
Met B:48 Ser B:82
Thr B:79
Asp B:47
Ile B:83
Leu B:90
Ile B:144
Thr B:168

Human DHFR (PDB ID: 1DRF)

4a His A:38 (Conventional) - Ala A:15 Tyr A:37
Gly A:13 (Carbon) Ala A:150 Thr A:12

His A:36 (Carbon) Leu A:66 Asn A:109

Ser A:40 (Carbon) Pro A:151

Ala A:110

Asn A:147

Ser A:146

Arg A:17

Lys A:16

Arg A:39

4b His A:38 (Conventional) His A:38 (Pi-Sulfur) Leu A:66 Ser A:67
His A:36 (Carbon) Ala A:150 Ala A:110

Gly A:13 (Carbon) Ala A:15 Ser A:146
Ser A:111 (Carbon) Asn A:147

Ser A:40 (Carbon) Pro A:151
Asn A:109

Thr A:12
Tyr A:37
Lys A:16
Arg A:39
Arg A:17

THR SER
A A9

THR
A136

Interactions

I:I van der Waals I:I Carbon Hydrogen Bond I:I Pi-Pi Stacked
I:I Conventional Hydrogen Bond I:I Alkyl I:I Pi-Pi T-shaped
I:I Pi-Donor Hydrogen Bond I:I Pi-Alkyl - Pi-Sigma

Fig. 2. Two- and three-dimensional visualization of interactions at the active site of LAPTR1 (PDBID: 2XOX) protein
target and the ligand 4a and 4b.
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Fig. 3. Two- and three-dimensional visualization of interactions at the active site of TCDHFR-TS (PDB ID: 3HBB))
protein target and the ligand 4a and 4b.
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Fig. 4. Two- and three-dimensional visualization of interactions at the active site of LAPTR1 (PDBID: 2XOX) protein

target and the ligand 4a and 4b.
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The physicochemical properties of compounds 4a and 4b were evaluated using the SwissADME online tool.?! Both
derivatives complied with the Lipinski,”* Ghose,”® Veber,?* Egan,>® Muegge®® rules and showed no PAINS alert,?’
suggesting their suitability as potential drug candidates.

Table 4. Predicted drug-likeness, ADME-Tox Parametrs, and toxicity profiles of the Compounds 4a and 4b using web

tools. 21:28,29.30
Parameters Compound 4a Compound 4b
LIPO LIPO
FLEX SIZE FLEX SIZE
Bioavailability radar
INSATU POLAR INSATU POLAR
INSOLU INSOLU
Water solubility, log mol/L -3.626 -3.798
LogP 1.82 2.32
Rotatable Bonds 8 8
Acceptors 7 6
Donors 2 2
TPSA, A2 111.55 126.57
Absorption and distribution
s 106
Caco2 permeability, log Papp in 10 1.349 1427
cm/s
Intestinal absorption (human), %
Absorbed 83.552 81.42
Skin Permeability, log Kp -2.81 -2.854
VDss (human), log L’kg -0.295 -0.135
CNS permeability, log PS -3.104 -3.072
Renal OCT2 substrate, Yes/No No No
Toxicity
AMES toxicity, Yes/No No No
Max. tolerated dose (human), log 0461 0388
mg/kg/day
. .. 3 3
Predicted Toxicity Class, LDsg LDso = 200 mg/kg LDso = 250 mg/kg
Hepatotoxicity, Yes/No Yes Yes
Skin Sensitisation, Yes/No No No
Minnow toxicity, log mM -0.089 -0.245
Mutagenicity Low risk Low risk
Tumorgenicity Low risk Low risk
Irritant effects Low risk Low risk
Reproductive effects Medium risk Medium risk

For each tested compound, a bioavailability radar plot was generated and summarised in Table 4, where the pink area
represents the optimal physicochemical range for oral bioavailability. This includes lipophilicity (XLOGP3 between —0.7
and +5.0), size (molecular weight between 150 and 500 g/mol), polarity (topological polar surface area, TPSA, between 20
and 130 A?), solubility (log S < 6), saturation (fraction of sp*>-hybridised carbons > 0.25), and flexibility (no more than 9
rotatable bonds).?* All parameters of both compounds fall within these optimal ranges, suggesting good membrane
permeability and favourable absorption characteristics.

The BOILED-Egg plot (see Fig. 5) demonstrates that the tested compounds are predicted to be absorbed in the
gastrointestinal tract (white region), while not permeating the blood—brain barrier (yellow region). Both compounds were
found to be actively effluxed by P-glycoprotein, represented as (PGP+), which is indicated by the blue colour of the indicator
of the compound. Table 4 also presents the results of the absorption and distribution evaluation of these compounds. The
high Caco2 permeability of both compounds indicates their potential for oral bioavailability. The compounds will be able
to penetrate the skin but are unable to penetrate the central nervous system. The volume of distribution is low, which means
that the compounds will be distributed more in the plasma than in the tissues. These compounds are not Renal OCT2
substrates.
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We also assessed the toxicity of the analyzed compounds (see Table 4). The pkCSM web tool?® predicts that they have no
Ames toxicity, which means that these compounds are not expected to exhibit mutagenicity and carcinogenicity. The results
of the OSIRIS Property Explorer? also confirm that the analysed compounds are not mutagenic, carcinogenic, or irritating.
The toxicity of the Flathead Minnow is not predicted. It should be noted that both compounds are predicted to have a
medium risk of reproductive effects and are likely to be hepatotoxic. The analysed compounds are classified as toxicity
class 3 according to the ProTox 3.0 webserver.*
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Fig. 5. BOILED-Egg plot for compounds 4a,b.

3. Conclusions

In this study, novel 4-[3-(ethoxycarbonyl)-1-phenyl-1H-pyrazol-4-yl]-2-oxo/thiooxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylates were synthesised starting from ethyl 4-formyl-1-phenyl-1H-pyrazole-3-carboxylate via multicomponent
Biginelli reactions. Molecular docking studies were performed on pteridine reductase 1 (PTR1) of Leishmania,
dihydrofolate reductase—thymidylate synthase of Trypanosoma cruzi, and human dihydrofolate reductase to identify key
amino acid residues involved in ligand binding. Furthermore, the absorption, distribution, metabolism, and excretion
(ADME) parameters of the synthesised compounds were predicted, enabling an evaluation of their potential safety profiles
as drug candidates.
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4. Experimental
4.1. Materials and Methods

The '"H-NMR spectra presented in this work were obtained on a Varian instrument at an operating frequency of 400
MHz, solvent — DMSO-ds, internal standard — tetramethylsilane. The docking studies were performed using the Autodock
Vina3! and Discovery Studio®? software packages. Melting points were determined using a Boetius melting point apparatus.

4.2. General procedure
4-[3-(ethoxycarbonyl)-1-phenyl-1H-pyrazol-4-yl]-2-oxo/thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylates 4a,b

A mixture of 0.5 g (2 mmol) of ethyl 4-formyl-1-phenyl-1H-pyrazole-3-carboxylate, ethyl acetoacetate, and urea or
thiourea, each in equimolar amounts (2 mmol), was dissolved in ethanol (10 mL) and refluxed for 6 h. The progress of the
reaction was monitored by thin-layer chromatography (TLC). After cooling to room temperature, the reaction mixture was
poured into distilled water (30 mL). The precipitated solid was filtered, washed with water, and dried. The crude product
was purified by recrystallization from an ethanol-dimethylformamide (EtOH-DMF) mixture.

4.3 Physical and Spectral Data

Ethyl 4-[3-(ethoxycarbonyl)-1-phenyl-1H-pyrazol-4-yl]-2-0x0-1,2,3,4-tetrahydropyrimidine-5-carboxylate 4a. Yield
83%, beige powder, m.p. 235-236 °C. 'H-NMR (400 MHz, DMSO-ds) § 9.23 (s, 1H, NH), 8.35 (s, 1H, NH), 7.89 (d, J =
8.1 Hz, 2H, Ph), 7.52 (t, J = 7.8 Hz, 2H, Ph), 7.38 (t, J = 7.2 Hz, 1H, Ph), 7.23 (s, 1H, pyrazole), 5.76 (d, /= 2.5 Hz, 1H,
CH), 4.45 — 4.28 (m, 2H, EtO), 4.03 — 3.86 (m, 2H, EtO), 2.32 (s, 3H, CH3), 1.35 (t, /= 7.1 Hz, 3H, EtO), 1.03 (t, /=7.1
Hz, 3H, EtO). Found, %: C 60.11; H 5.62; N 14.14. C30H2:N40s. Calculated, %: C 60.29; H 5.57; N 14.06.

Ethyl 4-[3-(ethoxycarbonyl)-1-phenyl-1H-pyrazol-4-yl]-6-methyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate 4b. Yield 68%, beige powder, m.p. 210-211°C. '"H-NMR (400 MHz, DMSO-ds) § 10.34 (s, 1H, NH), 9.22 (s,
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1H, NH), 8.42 (s, 1H, pyrazole), 7.90 (d, J = 8.3 Hz, 2H, Ph), 7.53 (t,J= 7.6 Hz, 2H, Ph), 7.39 (t, J= 7.3 Hz, 1H, Ph), 5.84
(d, J=2.4 Hz, 1H, CH), 4.42 — 4.31 (m, 2H, EtO), 4.01 — 3.90 (m, 2H, EtO), 2.35 (s, 3H, CH3), 1.35 (t, /= 7.0 Hz, 3H,
EtO), 1.03 (t, J = 7.1 Hz, 3H, EtO). Found, %: C 58.05; H 5.30; N 13.63. Ci2H3NsO. Calculated, %: C 57.96; H 5.35; N

13

.52.
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