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Article history: Alkylpyrimidine derivatives, particularly thiopental-based analogs, have emerged as promising
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screening revealed significant activity against clinically relevant strains: derivative 3a exhibited
selective inhibition of Bacillus subtilis (MIC: 10.5+0.4 mg/mL) and Escherichia coli (MIC:
22.140.3 mg/mL), while 3¢ showed potent antifungal effects against Candida albicans (MIC:
11.6+£0.4 mg/mL). Molecular docking studies elucidated the mechanistic basis of this activity,
with 3a binding to penicillin-binding protein (PBP; —6.4 kcal/mol) via hydrogen bonds (SER392)
and hydrophobic interactions (TYR430, PRO660), and 3¢ coordinating with the heme iron of

grlzmm;me;zy i;:zds CYP51 (7.8 kcal/mol) akin to fluconazole. Notably, 3¢ thioether linkage facilitated =-
Sto e(tzu ar (;C me cation/anion interactions with PHE463, rationalizing its antifungal specificity. Structure-activity

ruciure-ac ity relationships (SAR) underscored the critical roles of electron-deficient pyrimidine cores for
relationships (SARs)

antibacterial activity and sulfur moieties for antifungal action. These findings position thiopental-
pyrimidine hybrids as versatile leads for combating microbial resistance, with 3¢ representing a
particularly promising antifungal candidate. Our integrated synthetic, biological, and
computational approach provides a blueprint for optimizing these scaffolds for clinical
translation.

CYP51 inhibition
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1. Introduction

Organic compounds are fundamental to life and underpin a vast array of industrial and technological advancements.!-!!

Their structural diversity allows for an astonishing range of chemical properties and functions, making them indispensable
in different fields such as medicine, agriculture and other fields.'>?> Within this expansive domain, heterocyclic compounds
— organic molecules containing at least one non-carbon atom within their ring structure — represent a vital subclass due to
the unique reactivity and biological activity.”*=** Among these, pyrimidine-based compounds are of immense significance,
featuring a six-membered aromatic ring with two nitrogen atoms. Specifically, alkyl pyrimidines, where hydrocarbon chains
are attached to the pyrimidine core and often improved interactions with biological targets.>>-3” Alkyl pyrimidines are a
significant class of heterocyclic compounds that have garnered considerable attention in medicinal chemistry, drug
discovery, and materials science due to their diverse biological activities and structural versatility.’*4° The pyrimidine
nucleus, serves as a fundamental scaffold in numerous biomolecules, including nucleic acids (uracil, thymine, and cytosine),
vitamins (thiamine), and coenzymes (FAD and NADP).*! The introduction of alkyl substituents onto the pyrimidine ring
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enhances lipophilicity, modulates electronic properties, and improves pharmacokinetic profiles, making alkyl pyrimidines
crucial in pharmaceutical applications.*?

In medicinal chemistry, alkyl pyrimidine derivatives exhibit a broad spectrum of pharmacological activities, including
antimicrobial,® anticancer,*** antiviral*® and anti-inflammatory effects*’. For instance, 5-fluorouracil (5-FU), a fluorinated
pyrimidine analog, remains a cornerstone in chemotherapy for treating colorectal and breast cancers.*® Similarly,
trimethoprim, an alkyl diaminopyrimidine, is widely used as an antibacterial agent by inhibiting bacterial dihydrofolate
reductase.*? Recent studies have also highlighted the role of alkyl pyrimidines in kinase inhibition, with compounds such
as imatinib (containing a pyrimidine core) being effective against chronic myeloid leukemia.** Beyond therapeutics, alkyl
pyrimidines find applications in agrochemicals as fungicides and herbicides.**>° Their ability to interact with biological
targets, such as enzymes and receptors, makes them valuable in crop protection.

Additionally, alkyl pyrimidines are employed in materials science, particularly in the synthesis of organic
semiconductors and luminescent materials due to their electron-deficient aromatic system.>! Thiopental is an Alkyl
Pyrimidine Derivative with Anesthetic and anti microbial Applications Among the clinically significant alkyl
pyrimidines.*>** Although thiopental is primarily recognized as an anesthetic, emerging studies suggest its potential as an
antimicrobial agent, particularly against drug-resistant pathogens. The thiobarbiturate core of thiopental, structurally
derived from pyrimidine, exhibits moderate antibacterial and antifungal activity by interfering with microbial DNA
replication and membrane integrity.>* Research indicates that thiopental and its analogs can inhibit the growth of Candida
albicans and Aspergillus fumigatus by disrupting fungal ergosterol biosynthesis, a mechanism akin to azole antifungals.>®
Additionally, thiopental derivatives have demonstrated bacteriostatic effects against Gram-positive bacteria, including
Staphylococcus aureus, possibly through interaction with bacterial topoisomerases.’® While its clinical use as an
antimicrobial remains exploratory, structural modifications of thiopental’s pyrimidine-thiobarbiturate scaffold could yield
novel broad-spectrum agents, especially in an era of rising antimicrobial resistance.’’ Building upon our ongoing research
efforts, %0 this manuscript is dedicated to the design and optimization of efficient synthetic strategies for thiopental-based
alkylpyrimidine derivatives. Furthermore, we explore their therapeutic potential in medicinal chemistry, with particular
emphasis on their promising applications as novel antimicrobial agents.

2. Result and Discussion

2.1. Chemistry

The modification of the thiopental compound begins with a sodium thiopental derivative that undergoes acidic treatment
with HCI, to obtain a thiol group for subsequent reactions. This reaction successfully delivered 5-ethyl-5-(pentan-2-yl)-2-
thioxodihydropyrimidine-4,6-(1H,5H)-dione (1).%! The intermediate 1 reacts with hydrazine hydrate (NH,NH,.H,0) in one
step to produce hydrazinyl derivative 2, likely undergoing hydrazine substitution to form amine derivatives, modifying the
electron density around the core. Subsequent the condensation of hydrazinyl compound 2 with aromatic aldehydes or isatin
furnished the derivatives 3a-c and 4, respectively. The synthetic intermediates and final products are then characterized by
standard analytical techniques, such as NMR, mass spectrometry, and IR spectroscopy, to confirm the incorporation of
desired functional groups, purity, and molecular structure. The reaction mechanism generally precedes via nucleophilic
attack, electrophilic substitution, or condensation, with hydrazine acting as a nucleophile that tailor the compound’s
pharmacological profile. The IR of compound 1 showed new vibrational bands at 3264, 3154, 1671, and 1735 cm™! for two
NH groups, and two C=O groups respectively. While the 'H NMR spectrum exhibited distinctive signals for the aliphatic
protons at 0.71, 0.82, 0.91, 1.06, 1.37, 1.89, 2.02 ppm, respectively and 2NH groups at 12.61 ppm, while its 3C NMR
showed signals at § 0.91, 9.50, 12.49 ppm, respectively for 3CH3 groups, and at 3 19.89, 27.19, 32.23 ppm, respectively for
CH; groups, CH appear at 6 41.23 ppm, at 6 58.96 ppm =C= pyrimidine , signal which distinguish for 2C=0 groups at &
169.96,170.25 ppm, respectively. Presented of distinctive signals for C=S at 6 178.62 ppm. Formation of compound 2 was
established by FT-IR, 'H-NMR and '*C-NMR spectra. FT-IR spectrum of compound 2 exhibited absorption bands at 3344
cm™! for NH, group. '"H NMR spectrum showed the presence of broad signal at & 7.76 ppm attributed to NH and NH,
protons. While, its '*C-NMR spectrum showed the disappearance of the characteristic peak of the thiol group. The structural
characterization of compounds 3a-d was confirmed through comprehensive spectroscopic analysis. Compound 3a showed
an aromatic C-H stretch at 3044 cm™ in its FT-IR spectrum, while its '"H-NMR spectrum displayed characteristic signals
including a singlet at § 8.34 ppm (CH), aromatic multiplets (5 7.00-8.20 ppm), and NH protons at 6 11.35 ppm. The '*C
NMR spectrum of 3a revealed key signals at & 155.57 ppm (CH) and aromatic carbons between 6 127.49-134.20 ppm.
Similarly, compound 3b exhibited analogous "H-NMR patterns with NH protons at 6 11.46 ppm and *C-NMR signals at &
155.30 ppm (CH) and & 128.26-135.57 ppm (aromatic carbons). Compound 3¢ demonstrated an aromatic C-H stretch at
3066 cm™!, with 'H-NMR signals at & 8.47 ppm (CH), 3 8.00-8.40 ppm (aromatic protons), and & 11.49 ppm (NH), supported
by *C-NMR signals at & 152.96 ppm (CH) and 6 123.13-140.53 ppm (aromatic carbons). For compound 4, the FT-IR
spectrum showed three carbonyl stretches (1666, 1691, 1718 cm™"), while its '"H NMR spectrum featured aromatic multiplets
(6 6.50-7.50 ppm) and three NH singlets (5 8.51, 10.85, 12.37 ppm). The *C-NMR spectrum of 4 confirmed the structure
through aromatic carbon signals (§ 112.22-142.64 ppm) and distinctive peaks at 8 146.27 ppm (C=N) and § 172.69 ppm
(C=0), collectively verifying the successful synthesis of all target compounds.
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Scheme 1. Synthesis of the target 5-ethyl-2-hydrazinyl-5-(pentan-2-yl)pyrimidine-4,6(1H,5H)-dione derivatives (2-4).
2.2. Biological Activity

2.2.1. Anti-microbial Activity

The antimicrobial evaluation and molecular docking studies provide compelling insights into the structure-activity
relationships (SAR) of the synthesized alkylpyrimidine derivatives, particularly 3a and 3c. The experimental MIC values
(Table 1) and computational binding analyses (Figs. 1-4) collectively reveal how structural features govern biological
activity against bacterial and fungal targets. Derivative 3a exhibited selective activity against Bacillus subtilis (MIC:
10.5+0.4 mg/mL) and Escherichia coli (MIC: 22.1£0.3 mg/mL), while showing no effect on Staphylococcus aureus or
Pseudomonas aeruginosa. This selectivity aligns with its moderate binding affinity (-6.4 kcal/mol) to PBP (PDB: 3VSL),
as revealed by docking studies. The electron-deficient pyrimidine core of 3a formed key interactions with SER392
(hydrogen bond) and hydrophobic residues (TYR430, PRO660), albeit fewer than cefotaxime (-7.9 kcal/mol), which
formed 14 bonds, including salt bridges with GLU623/LYS618. This explains 3a narrower spectrum compared to
cefotaxime, which targets multiple PBPs broadly. The inactivity of 3b and 4 may stem from steric bulk or lack of polar
groups, hindering PBP access a hypothesis supported by their absence of docking interactions.

Derivative 3¢ demonstrated notable activity against Candida albicans (MIC: 11.6+0.4 mg/mL), mirroring its high
binding affinity (-7.8 kcal/mol) to CYP51 (PDB: 5V5Z). Critically, 3¢ thioether-linked pyrimidine coordinated with the
heme iron (2.4 A distance), akin to fluconazole’s triazole-iron interaction (2.9 A). This mimics the mechanism of azole
antifungals, where heme coordination disrupts ergosterol biosynthesis. The additional n-cation/n-anion bonds with PHE463
and hydrophobic interactions with CYS470/ALA476 (Fig. 2) suggest enhanced stability, justifying its potency. In contrast,
derivatives lacking thioether moieties (e.g., 1, 2) showed no activity, underscoring the essential role of sulfur in antifungal
targeting.

Structure-activity relationships (SARs) and Design Implications

Gram-positive vs. Gram-negative activity: The limited Gram-negative activity of 3a (only E. coli) may reflect efflux
pump evasion or partial outer membrane penetration, whereas its Gram-positive activity aligns with PBP accessibility.
Antifungal specificity: 3¢ selectivity for C. albicans over bacteria highlights the scaffold’s adaptability thioether groups
favor CYP51 over bacterial targets.
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Table 1. The MIC values of the tested derivative against the tested microbial standard strains.
Gram positive Gram negative

X X Yeast
. Strains strains
Standard strains Staphylococcus Pseudomonas
; Bacillus subtilis ° . ; Escherichia coli Candida albicans
aureus aeruginosa
Derivatives MIC ATCC ATCC ATCC ATCC ATCC
6538 6633 9027 25416 10231
1 0 0 0 0 0
2 09.2+0.3 0 0 0 0
3a 0 10.5+0.4 0 22.1+£0.3 0
3b 0 0 0 0 0
3c 10 mg/mL. 0 0 0 0 11.6£0.4
4 0 0 0 0 0
Cefotaxime 38.1+0.1 37.3£0.3 27.1£0.4 36.2+0.5 -
Fluconazole - - -—-- -—-- 29.2+0.3
DMSO 0 0 0 0 0

Fig. 1. demonstrates the inhibitory activity of compounds 3a (vs. E. coli) and 3¢ (vs. C. albicans).
2.2.2. Docking studies

Molecular modeling studies are highly valued and recommended to visualize the binding mode and to predict the binding
affinity and how the tested compounds could interact with the active site of target proteins,®? accordingly molecular docking
was performed against one bacterial protein and one fungal protein which are already well recognized as crucial targets for
antibacterial and antifungal agents. It is highly recommended to validate molecular docking procedure to ensure reliability
and credibility of results,%® so we performed a redocking for cefotaxime and fluconazole to the initial geometric position of
each crystal in the X-ray crystallographic protein—crystal complex structure. The validation of molecular docking results
obtained by CB-DOCK 2 revealed that the binding modes were almost identical for cefotaxime and fluconazole on the
original crystal sites with RMSD 0.62 A and 0.43 A respectively, as shown in figures 5. The binding interactions of
compound 3a and cefotaxime as control against bacterial protein penicillin binding protein (PDB 3VSL) are shown in
figures 1 and 3. Penicillin-binding proteins (PBPs) are critical enzymes in bacterial cell wall synthesis, specifically
responsible for cross-linking peptidoglycan stem peptides during peptidoglycan assembly. These proteins are targeted by
B-lactam antibiotics, such as penicillin and cefotaxime which is a third-generation cephalosporin antibiotic that exerts its
bactericidal activity by binding to penicillin-binding proteins (PBPs) and inhibiting the transpeptidation step essential for
peptidoglycan cross-linking in bacterial cell walls. This inhibition disrupts cell wall synthesis, leading to bacterial cell lysis.
Cefotaxime shows high affinity for multiple PBPs, including PBP1b and PBP3, contributing to its broad-spectrum activity
against both Gram-positive and Gram-negative bacteria.®*®> As represented in Figs. (2), (4) and Table 2, the tested
compound has shown a binding affinity of -6.4 kcal/mol while the positive control cefotaxime was -7.9 kcal/mol, The
binding affinity values from our docking study indicate that cefotaxime exhibits stronger interaction with the target
compared to our tested compound 3a, because a more negative binding energy typically correlates with higher binding
stability, this may explain why cefotaxime is a wide spectrum antibiotic which affected all tested bacteria strains while our
compound affected only two strains of the four tested strains despite potency. Focusing on interactions we can see that 3a
made 6 bonds as following, one hydrogen bond with SER 392, three alkyl bonds with TYR 430, PRO 660, one pi-alkyl
bond with ILE 522 and one carbon-hydrogen bond with SER 448, while cefotaxime made 14 bonds as following, six
hydrogen bonds with SER 448, THR 621, THR 619, GLU 623, GLN 524, three salt bridge bonds with GLU 623, LYS 618
and five carbon-hydrogen bonds with GLU 623, GLY 620, SER 392, THR 621 residues of penicillin binding protein active
site, this could explain why cefotaxime got a higher binding affinity than the tested compound 3a,this came in agreement
with recent studies as discussed in details®. Cytochrome P450 (CYP) enzymes are pivotal targets for antifungal therapies
due to their essential roles in fungal survival and pathogenicity. The most well-characterized target is CYP51 (lanosterol
l4a-demethylase), which catalyzes a critical step in ergosterol biosynthesis — a key component of fungal cell membranes.
Azole antifungals (e.g., fluconazole, voriconazole) inhibit CYP51 by binding to its heme cofactor, disrupting membrane
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integrity and leading to cell death.%”%® Our tested compound 3¢ shown a high affinity of binding (-7.8 kcal/mol) toward the
active site of fungal protein P450, while fluconazole got a binding score of -8.9 kcal/mol, by further analysis of binding
mode and interactions as represented in Figs. (3), (5) and Table (2), we can find that compound 3 ¢ made ten bonds with
the active site of P450 which contains heme, 1 pi anion bond with PHE 463, one pi cation bond with PHE 463, 2 pi alkyl
bonds with CYS 470, ALA 476, 4 alkyl bonds with LYS 143, ILE 471, ILE 131, 1 carbon hydrogen bond with PRO 375
and finally 1 pi donor hydrogen bond with CY'S 470. Coming to fluconazole it bounded to P450 active site containing heme
through seven bonds as following, one halogen bond between fluorine and GLY 303, 4 pi-alkyl bonds with LEU 121, MET
508, LEU 376, ILE 131, 1 pi-sigma bond with THR 311, 1 bond of pi-pi T shaped TYR 118, 1 carbon-hydrogen bond with
GLY 307 residue,many previous studies reported that azole interacts via hydrophobic contacts with residues near the heme
pocket (including methionine, leucine, and glycine residues) that stabilize binding®®. The most important interaction which
is considered the key player in all azole compounds including Fluconazole that it inhibits fungal growth by targeting
cytochrome P450 enzyme CYPS51 (lanosterol 14a-demethylase), which is essential for ergosterol biosynthesis. Its triazole
ring coordinates with the heme iron in CYP51’s active site, blocking the conversion of lanosterol to ergosterol. This
disruption leads to toxic methylated sterol accumulation and impaired cell membrane integrity, ultimately causing fungal
cell death,” interestingly our docking results of the compound 3¢ and fluconazole came in agreements with previous
reports’!, as shown in Fig. (3), the nitrogen atom in position 3 of pyrimidine ring coordinated with iron atom in heme with
distance of 2.4 A, while nitrogen atom of triazole ring in fluconazole coordinated perpendicularly with iron atom in heme
with distance of 2.9 A as shown in Fig. (5), these results strongly support our in vitro results in the context of 3¢ antifungal
effect.

In summary, the in silico molecular docking studies presented herein provide robust mechanistic insights into the
binding interactions and affinities of our synthesized compounds 3a and 3¢ against clinically relevant bacterial and fungal
protein targets. By employing validated docking protocols and benchmarking against established drugs (cefotaxime and
fluconazole), we ensured the reliability and relevance of our computational results. The detailed analysis of binding modes
and key molecular interactions not only corroborates the observed in vitro activities but also highlights the potential of
compound 3¢ as a promising antifungal agent, with binding characteristics closely mirroring those of fluconazole.
Importantly, our findings underscore the value of molecular modeling as a predictive tool in early-stage drug discovery,
guiding rational design and prioritization of lead compounds for further biological evaluation. Collectively, the integration
of these in silico results with experimental data significantly strengthens the scientific foundation of our study and supports
the continued development of these novel antimicrobial agents.

Table 2. Active site residues for bacterial target protein penicillin binding protein, and fungal target protein P450 as
specified by CB-DOCK 2 webserver.

Protein Code in PDB Chain Active site Residues
3vsl A SER392 LYS395 ARG428 SER429 TYR430 HIS447 SER448 SER449
Penicillin binding ASN450 LYS600 ASP601 GLY602 THR603 GLY604 TYR605 VAL606
protein SER607 LYS618 THR619 GLY620 THR621 ASN633 SER634 THR635
TYR636 GLN656 VAL658 PRO660 LEU663 THR664 GLY 665 GLY666)
5V5Z A (PHE105 TYR118 LEU121 THR122 PHE126 ILE131 TYR132 LEU139
P450 MET140 GLN142 LYS143 ALA146 PHE228 LEU300 GLY303 ILE304

GLY307 GLY308 THR311 SER312 LEU370 MET374 PRO375 LEU376
ILE379 ARG381 PRO406 LEU461 PRO462 PHE463 GLY464 ARG467
HIS468 ARG469 CYS470 ILE471 GLY472 GLU473 PHE475 ALA476
GLN479 METS508)

Table 3. Ligand-protein interactions as analyzed from 2D interaction images obtained from discovery studio software.
Penicillin binding protein

Ligand Score of docking Bonds Interacting amino acids

3a -6.4 - Hydrogen bond - SER 392
- alkyl bond - TYR 430, PRO 660
- pi — alkyl bond -ILE 522

Cefotaxime -7.9 - hydrogen bond - SER 448, THR 621, THR 619, GLU 623,
-salt bridge bond GLN 524
- carbon-hydrogen bond -GLU 623, LYS 618
-GLU 623, GLY 620, SER 392, THR 621
P450
Ligand Score of docking Bonds Interacting amino acids
kcal/mol

3¢ -7.8 - pi-cation - PHE 463
- pi-anion - PHE 463
- pi-alkyl - CYS 470, ALA 476
- alkyl bond -LYS 143, ILE 471, ILE 131
- carbon-hydrogen bond -PRO 375
Pi donor hydrogen bond -CYS 470

Fluconazole -8.9 -halogen bond -GLY 303

-pi-alkyl -LEU 121, MET 508, LEU 376, ILE 131
- pi-sigma bond -THR 311
-pi-pi T Shaped bond -TYR 118

-carbon-hydrogen bond - GLY 307
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3. Experimental

3.1. Chemistry

Melting points were determined on a GmbH-VarioEL V.3 micro-analyzer electro-thermal melting point apparatus and
are uncorrected. FT-IR spectra were recorded as potassium bromide disks using Pye-Unicam Sp-100 infrared
spectrophotometer. 'H-NMR and '3C-NMR spectra were carried on Jeol 400 MHz spectrometer. JEOL JMS-600 and
Hewlett-Packard model MS 5988 Spectrometers were used for the determination of mass spectra. CHN microanalyses were
conducted using a Perkin Elmer 2400 LS Series CHN/O Analyser. TLC was carried out on aluminium-backed silica gel
plates (Merck 60F»s4) and visualized under short-wave UV light. Reactions performed at air atmosphere.The substance
sodium thiopental (A), utilized for medical purposes, was sourced from (CHEMISCHE FABRIK BERG), and the
corresponding certificate of analysis is included in the attached files.

Preparation of 5-ethyl-5-(pentan-2-yl)-2-thioxodihydropyrimidine-4,6(1H,5 H)-dione (1)

(5g,18.93 mmol) of sodium thiopental (A) was dissolved in (100 ml) H,O then drops of HCL (30%) added drop wise with
stirring, white ppt was formed, filtered off, drying, then recrystallization from (petroleuim ether — ethanol) as white crystals;
m.p 158-160 °C; yield 95 %; FT-IR (KBr) cm’' showed bands at 3264, 3154 (2NH groups), 2959, 2933, and 2874 (C-H
aliphatic), 1671,1735 (2 C=0 groups ), 1543 (C-N) ; '"H-NMR (400 MHZ, DMSO-dy) & (ppm): 0.71 (t, 3H, CH3), 0.82 (t,
3H, CH3), 0.91 (d,3H, CH3), 1.06 (q,2H, CH> ), 1.37 (m, 2H, CH ), 1.89 (q, 2H, CH ), 2.02 (m,1H, CH ), 12.61 (s, 2H,
2NH ); 3C-NMR (100 MHZ, DMSO-ds) & (ppm): 0.91(C16), 9.50(C15), 12.49(C12), 19.89(C14), 27.19(C10), 32.23(C13),
41.23(C11), 58.96(C3), 169.96(C2),170.25(C4),178.62(C6). EI-MS: m/z 242.2, [M]".Anal. calcd. for C;;HisN>O,S
(242.34): C, 54.52; H, 7.49; N, 11.56; S, 13.23. Found: C, 54.57; H, 7.43; N, 11.63; S, 13.29%.
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5-Ethyl-2-hydrazinyl-5-(pentan-2-yl)pyrimidine-4,6(1H,5H)-dione (2)

A mixture of thiopental compound (1) (2g, 8.26 mmol) in (20) ml absolute ethanol, hydrazine hydrate (0.63 ml, 20 mmol
) was added ,the mixture was refluxed for 8 h. cooling, then poured the mixture into ice bath, the solid product was filtered
off, dried and recrystallized from ethanol as white crystals; m.p 193-195 °C; yield 67 %; FT-IR (KBr) cm™! showed bands
at 3344 (NH; group),3234 (2NH groups), 2960,2933, and 2874 (C-H aliphatic), 1687,1713(2 C=0 groups),1638 (C-N) ;
"H-NMR (400 MHZ, DMSO-ds) & (ppm): 0.68 (t, 3H, CH3), 0.82 (t, 3H, CH3), 0.90 (d,3H, CH3), 1.06 (q, 2H, CH> ), 1.36
(m,2H, CH» ), 1.83 (q,2H, CH» ), 1.91 (m, 1H, CH ), 7.76 (s, 4H, 2NH, 1NH, ); *C-NMR (100 MHZ, DMSO-ds) 5 (ppm):
9.90(C15), 14.27(C14), 14.94(C11), 20.96(C13), 27.29(C9), 33.60(C12), 41.30(C10), 42.36(C3), 60.05(C6), 172.00(C2),
172.69(C4) .EI-MS: m/z 240.4 ,[M]"Anal. caled. for C;1H20N4O; (240.31): C, 54.98; H, 8.39; N, 23.32. Found: C, 54.91;
H, 8.33; N, 23.37%.

Synthesis of some schiff base derivatives from S-ethyl-2-hydrazinyl-5-(pentan-2-yl) pyrimidine-4,6(1H,SH)-dione (3
a-c).

General procedure:
A mixture of compound 2 (1g, 4.16 mmol) and aromatic aldehyde (4.16 mmol) in (20) ml absolute ethanol in present of

few drops of piperidine was heated under reflux for 5 hr. The solid product which obtained after cooling was filtered off,
dried and recrystallized from proper solvent.

2-(2-Benzylidenehydrazinyl)-5-ethyl-5-(pentan-2-yl)pyrimidine-4,6(1H,5H)-dione (3a)

The solid thus formed by the reaction with benzaldehyde, recrystallized from ethanol to afford white crystals; m.p 170-172
°C; yield 79 %; FT-IR (KBr) cm™ showed bands at 3269, 3152 (2NH groups), 3044 (C-H aromatic), 2957,2933, and 2873
(C-H aliphatic), 1671,1735 (2C=0 groups), 1543 (C-N) ; 'H-NMR (400 MHZ, DMSO-dy) 8 (ppm): 0.75(t, 3H, CH3), 0.83
(t, 3H, CH3), 0.97 (d, 3H, CHz3), 1.11 (q, 2H, CH» ), 1.40(m, 2H, CH> ), 1.92(q, 2H, CH>), 2.01 (m,1H, CH ), 7.00-8.20 (m,
5H, Ar-H ), 8.34 (s, 1H, CH ), 11.35 (s, 2H, 2NH); 3C-NMR (100 MHZ, DMSO-ds) & (ppm): 0.21(C15), 8.82(C14),
13.17(C11), 19.22(C13), 26.22(C9), 32.91(C12), 41.27(C10), 59.26(C3), 127.49(C20), 127.86(C21), 128.17(C20, C24:
Ph), 128.85(C21, C23: Ph), 129.83(C22: Ph), 134.20(C19), 146.24(C18), 155.57(C6), 169.65(C2), 170.93(C4) .EI-MS:
m/z 328.3, [M]"Anal. calcd. for CisH24N40, (328.42): C, 65.83; H, 7.37; N, 17.06. Found: C, 65.94; H, 7.32; N, 17.01%.

2-(2-(4-Chlorobenzylidene)hydrazinyl)-5-ethyl-5-(pentan-2-yl)pyrimidine-4,6(1H,SH)-dione (3b)

Obtained by the reaction with p-chloro benzaldehyde and recrystallized from ethanol as white crystals; m.p 188-190 °C;
yield 75 %; FT-IR (KBr) cm™! showed bands at 3181 (2NH groups),3043 (C-H aromatic), 2959, 2873 (C-H aliphatic),
1645,1703 (2C=0 groups), 1616 (C-N) ; 'H-NMR (400 MHZ, DMSO-ds) & (ppm): 0.75 (t, 3H, CHs), 0.83 (t, 3H, CH3),
0.96 (d, 3H, CHs), 1.08 (q, 2H, CH> ), 1.40 (m, 2H, CH ), 1.92 (q, 2H, CH, ), 2.01 (m, 1H, CH ), 7.00-8.20 (m, 4H, Ar-H
), 8.34 (s, 1H, CH ), 11.46 (s, 2H, 2NH); '*C-NMR (100 MHZ, DMSO-ds) § (ppm): 0.18(C15), 9.90(C14), 14.26(C11),
20.59(C13), 27.97(C9), 33.61(C12), 42.34(C10), 60.35(C3), 128.26(C20:Ph), 128.93(C24:Ph), 129.93(C21:Ph),
130.68(C23:Ph), 133.62(C19), 135.57(C22), 147.32(C18), 155.30(C6), 170.73(C2), 172.02(C4) .EI-MS: m/z 362.3
,[IM]"Anal. calcd. for CisH23CIN4O, (362.86): C, 59.58; H, 6.39; N, 15.44. Found: C, 59.52; H, 6.43; N, 15.40%.

5-Ethyl-2-(2-(4-nitrobenzylidene)hydrazinyl)-5-(pentan-2-yl)pyrimidine-4,6(1H,SH)-dione ( 3¢)

It was obtained from 2 and p-nitro benzaldehyde as above procedure then recrystallized from ethanol as yellow crystals;

m.p 160-161 °C; yield 83 %; FT-IR (KBr) cm™ showed bands at 3242, 3153 (2NH groups), 3066 (C-H aromatic), 2958,
2931, and 2873 (C-H aliphatic), 1646, 1712 (2 C=0 groups), 1593(C-N); 'H-NMR (400 MHZ, DMSO-dy) 8 (ppm): 0.75
(t, 3H, CH3), 0.83 (t, 3H, CH3), 0.97(d, 3H, CHz3), 1.09 (q, 2H, CH, ), 1.40 (m, 2H, CH> ), 1.94 (q, 2H, CH> ), 2.00 (m, 1H,
CH ), 8.00-8.40 (m, 4H, Ar-H), 8.47 (s, IH, CH ), 11.49 (s, 2H, 2NH); *C-NMR (100 MHZ, DMSO-ds) 8 (ppm):
0.21(C15), 9.14(C14), 13.51(C11), 19.89(C13), 26.22(C9), 32.55(C12), 41.28(C10), 59.96(C3), 123.13(C20:Ph),
123.82(C24:Ph), 124.19(C21:Ph), 124.49(C23:Ph), 128.82(C19), 140.53(C18), 147.60(C22), 152.96(C6), 169.66(C2),
170.91(C4).EI-MS: m/z 373.3 ,[M]"Anal. caled. for C1sH23N504 (373.41): C, 57.90; H, 6.21; N, 18.76. Found: C, 57.95;
H, 6.22; N, 18.71%.

2-(2-(5-Chloro-3-oxoindolin-2-ylidene)hydrazinyl)-5-ethyl-5-(pentan-2-yl)pyrimidine-4,6(1H,SH)-dione (4)

A sample of compound 2 (1g,4.16 mmol) and 5 chloro isatin (0.75 g, 4.16 mmol) in (20) ml absolute ethanol in the presence
of drops of piperidine were refluxed for 5 hr., and then the reaction mixture was allowed to cool. The solid precipitate
formed was filtered off, dried and recrystallized from ethanol as brown crystals; m.p over 300 °C; yield 77 %; FT-IR (KBr)
cm™!' showed bands at 3351, 3149(3NH groups), 3071 (C-H aromatic), 2959, 2931, 2873, and 2839 (C-H aliphatic), 1666,
1691, and 1718 (3C=0 groups), 1607 (C-N); 'H-NMR (400 MHZ, DMSO-ds) & (ppm): 0.77 (t, 3H, CH3), 0.83 (t, 3H,
CH3), 0.96 (d, 3H, CH3), 1.11 (q, 2H, CH), 1.41 (m, 2H, CH>), 1.96 (q, 2H, CH>»), 2.05 (m, 1H, CH), 6.50-7.50 (m, 3H,
Ar-H), 8.51 (s, 1H, NH), 10.85 (s, 1H, NH), 12.37 (s, 1H, NH); *C-NMR (100 MHZ, DMSO-ds) 8 (ppm): 0.57(C16),
9.91(C15), 14.26(C12), 20.59(C14), 27.60(C10), 34.29(C13), 42.66(C11), 61.39(C3), 112.22(C22), 118.25 (C25),



M. M. Hamed et al. / Current Chemistry Letters 14 (2025) 839

126.90(C20), 127.89(C24), 131.57(C23), 142.64(C21), 146.27(C19), 151.68 (C6), 165.38 (C17), 170.36 (C2),
172.69(C4). Anal. calcd. for C19H2,CIN5O3 (403.87): C, 56.51; H, 5.49; N, 17.34. Found: C, 56.53; H, 5.42; N, 17.39%.

3.2. Docking studies

In docking studies we focused on our compounds 3a and 3¢, we have used CB-DOCK 2 webserver to perform molecular
docking of compound 3a against bacterial target protein which is called penicillin binding protein which was resolved by
X-RAY DIFFRACTION in Resolution of 2.40 A containing crystal ligand cefotaxime, and compound 3¢ against the well-
recognized fungal target protein CYP51 from the pathogen Candida albicans which also was resolved with X-RAY
DIFFRACTION in Resolution of 2.90 A containing a heme group in the active site with its central attached iron atom, both
protein structures were obtained from protein data bank and saved as PDB files, active sites for each protein was specified
using site finder tool built in CB-DOCK 2 as shown in Table (1), we used discovery studio software to generate the 2d
illustrations of complexes interactions. Cefotaxime was used as a positive control against bacteria and fluconazole as a
positive control against fungi, both were downloaded from PubChem database in SDF format, and before docking of our
compounds we performed a docking validation to confirm reliability of our docking protocol. Both of our compounds 3a
and 3¢ were drawn using chemdraw software and saved as SDF files for further use in docking as ligands.

4. Conclusion

This study successfully designed and synthesized a novel series of thiopental-based alkylpyrimidine derivatives (3a-c,
4) through efficient condensation reactions, characterized using spectroscopic techniques (FT-IR, NMR, and mass
spectrometry). The antimicrobial evaluation revealed promising activity, with 3a selectively inhibiting Bacillus subtilis
(MIC: 10.5+£0.4 mg/mL) and Escherichia coli (MIC: 22.1+0.3 mg/mL), while 3¢ exhibited potent antifungal effects against
Candida albicans (MIC: 11.6+0.4 mg/mL). Molecular docking studies provided mechanistic insights, demonstrating that
3a binds to penicillin-binding protein (PBP; —6.4 kcal/mol) via hydrogen bonds and hydrophobic interactions, while 3¢
targets fungal CYP51 (—7.8 kcal/mol) through heme iron coordination and m-cation/anion interactions, mimicking
fluconazole’s mode of action. The structure-activity relationship (SAR) analysis highlighted the critical role of electron-
deficient pyrimidine cores for antibacterial activity and thioether moieties for antifungal specificity. Despite 3a’s narrower
spectrum compared to cefotaxime, and 3¢’s lower affinity than fluconazole, these derivatives offer scaffold versatility for
further optimization. Integration of synthetic, biological, and computational approaches validated their potential as dual-
target antimicrobial agents. Future work will focus on structural modifications to enhance binding affinity, broaden
spectrum activity, and evaluate pharmacokinetic properties. This study underscores the promise of thiopental-pyrimidine
hybrids in addressing antimicrobial resistance and paves the way for their development as next-generation therapeutics.
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