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final products (9a-d). The target compounds were obtained in
moderate to good yields (62—78%) as crystalline solids. Structural
elucidation was achieved using IR, *H and 3C NMR spectroscopy,
ESI-MS, melting point determination, and elemental analysis,
which collectively confirmed the proposed structures. The design
strategy was informed by previous work on structurally related
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1. Introduction

Heterocyclic compounds have long been recognized as fundamental scaffolds in medicinal
chemistry owing to their remarkable structural diversity and capacity to engage a wide range
of biological targets[1-4].

The inclusion of heterocycles into drug molecules frequently enhances binding affinity,
target selectivity, and pharmacokinetic profiles, contributing to their widespread presence
among FDA-approved therapeutics for various diseases, including cancer, infectious diseases,
and neurological disorders [5-10] . Recent analyses indicate that over 75% of small-molecule
drugs contain at least one heterocyclic ring, highlighting the critical role of these motifs in
modern drug design[3, 11, 12]. Consequently, the rational design and continuous
exploration of novel heterocyclic frameworks remain a central strategy for identifying
bioactive molecules with improved efficacy and reduced toxicity[13-15]. Moreover, strategic
modification of heterocyclic cores enables fine-tuning of lipophilicity, solubility, and
metabolic stability, further optimizing their pharmacological performance, and clinical

potential.

Quinazolines and quinazolinones have emerged as privileged heterocyclic scaffolds in
anticancer drug discovery due to their ability to modulate key signaling pathways. Clinically
approved drugs, such as Gefitinib and Erlotinib, incorporate quinazoline cores that selectively
inhibit epidermal growth factor receptor (EGFR) tyrosine kinases, resulting in significant
antiproliferative effects against a range of solid tumors[16-20]. Extensive medicinal
chemistry efforts have focused on structural modifications of the quinazoline nucleus to
enhance target specificity, circumvent acquired resistance, and optimize pharmacokinetic and

pharmacodynamic properties [10, 21-25] .

Fused quinazoline systems, including benzo[g]quinazolinones, introduce increased
planarity and aromaticity, facilitating efficient DNA intercalation and enzyme binding
interactions, which can further potentiate cytotoxic activity[26-30]. Additionally, substitution
patterns on the heterocyclic ring have been correlated with improved metabolic stability and
reduced off-target effects, making these scaffolds highly versatile for the development of

novel anticancer agents.

1, 3, 4-Thiadiazole derivatives represent a versatile class of heterocycles that have attracted
considerable attention in medicinal chemistry due to their wide spectrum of biological

activities, including anticancer, antibacterial, antifungal, and anti-inflammatory effects[31-
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36]. The presence of both sulfur and nitrogen atoms in the five-membered ring imparts
distinct electronic characteristics and the ability to form multiple hydrogen bonds, which can
enhance ligand-target interactions and improve binding affinity towards enzymes and
receptors [9, 37-40] . Several thiadiazole-containing compounds have demonstrated potent
cytotoxicity against cancer cell lines, with IC50 values in the low micromolar range,
highlighting their potential as lead structures[41-43]. Moreover, the integration of thiadiazole
motifs into hybrid molecules has proven an effective strategy to generate multifunctional
bioactive agents, combining diverse pharmacophores within a single scaffold [44, 45].

These properties make thiadiazole derivatives promising candidates for the rational design of

next-generation therapeutic agents with optimized efficacy and selectivity.

Urea moieties are widely utilized in medicinal chemistry owing to their ability to act
simultaneously as hydrogen bond donors and acceptors, thereby enhancing molecular
recognition and target engagement[46-50]. The conformational flexibility of the urea group
enables it to establish stable hydrogen-bonding networks with amino acid residues in protein
active sites, often improving binding affinity and residence time. Importantly, urea
derivatives have been extensively reported as kinase inhibitors, with several clinically
relevant drugs such as Sorafenib and Regorafenib exploiting this functional group to
modulate aberrant signaling pathways implicated in cancer and inflammatory diseases [51-
55].

Beyond kinase inhibition, urea linkages have been integrated into diverse pharmacophores
to modulate proteases, carbonic anhydrases, and other enzyme families, underscoring their
pharmacological versatility. The fusion of urea functionalities with heterocyclic scaffolds
provides additional stabilization of ligand—protein complexes through favorable hydrogen-
bonding and electrostatic interactions, which can translate into improved potency, selectivity,
and pharmacokinetic behavior [56-60]. These features highlight the significance of urea

motifs in the rational design of next-generation therapeutic agents.

The hybridization of multiple pharmacophores into a single molecular entity has emerged
as a powerful approach in drug discovery, often resulting in compounds with enhanced
efficacy, multitarget activity, and improved pharmacokinetic behavior [57, 61-64] . In this
context, the integration of quinazoline, thiadiazole, and urea motifs into a unified scaffold
represents a rational strategy to maximize complementary pharmacological features.
Quinazolines are well-established anticancer scaffolds targeting receptor tyrosine kinases,

while thiadiazoles provide broad-spectrum biological activities including antimicrobial, anti-
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inflammatory, and anticancer effects. The incorporation of urea linkages further contributes
to strong hydrogen-bonding interactions and conformational adaptability, which can stabilize

ligand—protein complexes and increase selectivity [65, 66].

Previous studies on quinazoline—urea and thiadiazole-urea hybrids have already
demonstrated potent inhibition of kinases and proteases, highlighting the potential of such
multifunctional architectures [43, 67-70] . Therefore, designing quinazoline—thiadiazole—urea
hybrids could lead to synergistic therapeutic outcomes, offering a promising platform for the

development of next-generation anticancer agents.

Recent investigations (2022-2025) have highlighted the continuous expansion of
quinazoline- and quinazolinone-based derivatives as promising anticancer chemotypes. For
example, newly designed quinazoline-thiadiazole conjugates have been synthesized and
reported to display potent cytotoxicity against breast and lung cancer cell lines, often
supported by molecular docking and DFT analyses that rationalize their binding modes[71].
Similarly, quinazolinone hybrids have been reviewed as multifunctional scaffolds capable of
overcoming drug resistance mechanisms and improving metabolic stability[72]. In parallel,
thiadiazole derivatives remain under active development, with several recent studies
demonstrating their broad-spectrum biological activity and unique electronic features that
promote strong ligand—protein interactions [73]. Urea-linked heterocycles, particularly
quinazoline—urea hybrids, continue to serve as effective kinase inhibitors, with new VEGFR-
and EGFR-targeting candidates reported in 2023 and 2024[74, 75].

More recently, hybridization strategies combining multiple pharmacophores, including
quinazoline-triazole or thiadiazole—pyrazole systems, have been proposed to enhance multi-
target activity and pharmacokinetic profiles[76]. Collectively, these studies underscore the
potential of integrating quinazoline, thiadiazole, and urea motifs into unified scaffolds,
reinforcing the rationale for the present work.

Building upon our previous efforts in the design and synthesis of quinazoline—thiadiazole
hybrids, the present study introduces a novel chemotype in the form of
benzo[g]quinazolinone—thiadiazole—urea derivatives (9a—d). These compounds were
conceived to strategically merge three pharmacophoric units within a single molecular
framework, thereby harnessing the antiproliferative potential of quinazolines, the versatile

biological profile of thiadiazoles, and the hydrogen-bonding capacity of urea linkages.
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To the best of our knowledge, this is the first report of such benzo[g]quinazolinone—
thiadiazole—urea hybrids, which may provide a unique platform for the development of
multitarget-directed anticancer agents. Herein, we describe their synthesis and structural
characterization as a foundation for future biological evaluations, with the overarching goal
of identifying promising candidates for further pharmacological development [65, 69, 77,
78].

2. Experimental

All reagents and solvents were purchased from commercial suppliers (Merck or Sigma-
Aldrich) and used without further purification. Melting points were determined on a Kofler
hot-stage microscope and are uncorrected. NMR spectra were recorded on Bruker FT-500
and Bruker FT-300 MHz spectrometers using DMSO-ds or CDCI; as solvents and
tetramethylsilane (TMS) as the internal standard; chemical shifts (9) are given in ppm and
coupling constants (J) in Hz. Infrared spectra were obtained as KBr pellets on a Perkin-
Elmer Spectrum Version 10.03.06 spectrometer. Mass spectra were recorded on an HP
Agilent Technologies 5937 instrument operating at 70 eV. Elemental analyses (C, H, and N)
were carried out with a GmbH VarioEL analyzer. The progress of all reactions was
monitored by thin-layer chromatography (TLC) on silica gel 60 F254 plates.

2.2 General Chemistry

2.2.1 Synthesis of Quinazoline-4(3H)-one (2)

2-Aminobenzoic acid 1 (0.137 g, 1 mmol) and formamide (0.045 g, 14 mmol) were heated
at 150 °C for 6 h with stirring. After completion (TLC), the reaction was cooled to room

temperature. The precipitate was filtered, washed with water, and dried to yield 2 as a white

solid; m.p 212-214 °C.

2.2.2 Synthesis of 6-Nitroquinazolin-4(3H)-one (3)

Quinazoline-4(3H)-one 2 (0.146 g, 1 mmol) was added slowly to an ice-cooled mixture of
concentrated H,SO4 and HNOg3 (1:1, 2 mL). The mixture was gradually warmed to 95 °C and
stirred for 1 h. After pouring into ice water (25 mL), a yellow solid precipitated, which was
filtered and dried; m.p 279-283 °C.*H NMR (500 MHz, DMSO-dg): & 11.68 (s, 1H), 8.76 (d,
J=2.7 Hz, 1H), 8.57-8.52 (m, 1H), 8.48 (s, 1H), 7.85 (d, J = 9.0 Hz, 1H).
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2.2.3 Synthesis of 4-Chloro-6-nitroquinazoline (4)

6-Nitroquinazolin-4(3H)-one 3 (0.209 g, 1 mmol) was dissolved in DMF (5 mL)
containing SOCI; (2 mL) and refluxed for 4 h. After cooling, MeOH (15 mL) was added
slowly and the mixture was extracted with DCM. The organic layer was dried over MgSO,
and concentrated to yield 4 as a yellow solid; m.p 134-135 °C.*H NMR (500 MHz, DMSO-
d6): 0 8.81 (d, J = 2.7 Hz, 1H), 8.56 (dd, J = 9.0, 2.7 Hz, 1H), 8.37 (s, 1H), 7.89 (d, J = 8.9
Hz, 1H).

2.2.4 Synthesis of 5-Amino-1, 3, 4-thiadiazole-2-thiol (6)

Thiosemicarbazide 5 (1 mmol) and Na,CO3 (1 mmol) were dissolved in absolute ethanol
(5 mL) and heated at 60 °C for 30 min. CS, (3 mmol in 5 mL EtOH) was added dropwise,
and the mixture was refluxed overnight. After evaporation of solvent, water (25 mL) and
concentrated HCI (5 mL) were added, precipitating 6 as a light yellow solid (yield 78%, mp
233-235°C).

2.2.5 Synthesis of 1-(5-Mercapto-1, 3, 4-thiadiazol-2-yl)-3-phenylurea Derivatives (8a—d)

5-Amino-1, 3, 4-thiadiazole-2-thiol (1 mmol) was dissolved in CH3CN (3 mL) and stirred
30 min. Aryl isocyanate derivatives 7a—d (1.2 mmol in 3 mL CH3;CN) were added dropwise.
The mixture was stirred overnight, and the resulting solids were filtered, washed with Et,0,

and used directly in the next step.

2.2.6 Synthesis of 1-(5-((6-Nitroquinazolin-4-yl) thio)-1, 3, 4-thiadiazol-2-yl)-3-phenylurea

Derivatives (9a—d)

1-(5-Mercapto-1, 3, 4-thiadiazol-2-yl)-3-phenylurea derivatives 8a—d (1 mmol) were
dissolved in CH3CN (5 mL). 4-Chloro-6-nitroquinazoline (1 mmol) and EtsN (1 mmol) were
added, and the mixture was refluxed 3 h. After solvent evaporation, the crude products were

recrystallized from DMF/water to afford pure 9a—d.
2.2.6.1. 1-(5-((6-nitroquinazolin-4-yl) thio)-1, 3, 4-thiadiazol-2-yl)-3-(o-tolyl) urea (9a)-

Yellow solid; yield: 68%; m.p 225-227 °C; IR (KBr, vmax cm™): 3245, 1697, 1562, 1311;
'H NMR (300 MHz, DMSO-dg): & 10.58 (s, 1H), 9.19 (s, 1H), 8.51 (d, J = 44.7 Hz, 2H),



J. Chem. React. Synthesis 2024: 14(4) 315-331 321

8.01-7.36 (m, 3H), 7.14 (s, 1H), 6.78 (s, 1H), 2.26 (s, 3H); **C NMR (75 MHz, DMSO-dg): &
170.58, 168.64, 155.74, 154.54, 150.64, 145.55, 145.22, 139.49, 137.86, 130.92, 128.55,
128.16, 122.90, 121.36, 120.14, 118.94, 115.34, 21.34; ESI-MS: m/z 440.0 [M+H]"; Anal.
Calcd for C1gH13N703S2: C, 49.19; H, 2.98; N, 22.31. Found: C, 49.43; H, 3.12; N, 23.92.

2.2.6.2. 1-(2-methoxyphenyl)-3-(5-((6-nitroquinazolin-4-yl) thio)-1, 3, 4-thiadiazol-2-yl) urea (9b):

Yellow solid; yield: 78%; m.p 240-242 °C; IR (KBr, vmax cm™): 3370, 1612, 1554, 1319;
'H NMR (500 MHz, DMSO-dg): & 11.48 (s, 1H), 9.19 (s, 1H), 8.56 (s, 1H), 8.50 (d, J = 9.0
Hz, 1H), 7.69 (d, J = 9.0 Hz, 1H), 8.24-8.18 (m, 1H), 7.16-7.12 (m, 1H), 6.9 (d, J = 8.0 Hz,
1H), 6.63 (d, J = 8.2 Hz, 1H), 3.74 (s, 3H); °C NMR (126 MHz, DMSO-dq): o 164.98,
159.66, 156.73, 155.72, 151.36, 143.46, 138.72, 133.12, 131.07, 130.91, 128.49, 128.09,
121.27, 120.04, 118.07, 116.94, 55.02; ESI-MS: m/z 456.0 [M+H]*; Anal. Calcd for
C1sH13N704S,: C, 47.47; H, 2.88; N, 21.53. Found: C, 48.23; H, 2.31; N, 22.48.

2.2.6.3. 1-(2-fluorophenyl)-3-(5-((6-nitroquinazolin-4-yl) thio)-1, 3, 4-thiadiazol-2-yl) urea (9c¢):

Yellow solid; yield: 75%; m.p 257-259 °C; IR (KBr, vmax cm™): 3390, 1673, 1538, 1322;
'H NMR (500 MHz, DMSO-d6): 6 10.19 (s, 1H), 9.47 (s, 1H), 8.61 (s, 1H), 8.54 (d, J = 9.0
Hz, 1H), 7.73 (d, J = 9.1 Hz, 1H), 7.60 (d, J = 12.0 Hz, 1H), 7.43-7.30 (m, 2H), 6.87 (m,
1H); 3¢ NMR (75 MHz, DMSO-dg): & 169.21, 167.25, 154.84, 153.52, 149.79, 144.83,
144.67, 137.91, 132.31, 130.26, 130.10, 127.69, 127.29, 120.46, 119.24, 117.24, 116.13; ESI-
MS: m/z 444.0 [M+H]" ; Anal. Calcd for Ci7H1oFN7OsS,: C, 46.05; H, 2.27; N, 22.11.
Found: C, 47.35; H, 2.84; N, 23.59.

2.2.6.4. 1-(2-chlorophenyl)-3-(5-((6-nitroquinazolin-4-yl) thio)-1, 3, 4-thiadiazol-2-yl) urea
(9d):

Yellow solid; yield: 62%:; m.p 228-230 °C; IR (KBr, vmax cm™): 3386, 1716, 1550, 1322;
'H NMR (300 MHz, DMSO-dg): 4 10.81 (s, 1H), 9.17 (s, 1H), 8.57 (d, J = 10.8 Hz, 1H), 8.46
(d, J = 10.1 Hz, 1H), 7.91 (s, 1H), 7.65 (d, J = 9.1 Hz, 1H), 7.57 (d, J = 8.3 Hz, 1H), 7.34—
7.21 (m, 1H), 7.07-6.96 (m, 1H); *C NMR (75 MHz, DMSO-de): § 170.15, 167.30, 155.77,
154.01, 150.67, 145.65, 140.87, 133.25, 130.96, 130.45, 128.30, 121.97, 121.40, 120.23,
117.68, 116.78; ESI-MS: m/z 460.0 [M+H]"; Anal. Calcd for C17H1CIN;O3S,: C, 44.40; H,
2.19; N, 21.32. Found: C, 45.35; H, 2.62; N, 22.34.



322

J. Chem. React. Synthesis 2024: 14(4) 315-331

Table.. 1. .Appearance , melting points, and spectroscopic characterization¢H NMR, *C NMR, IR, and ESI-

MS) of compounds 9a-d.

Melting 'H NMR (o, BC NMR ESI-MS
Compound Appearance . IR (cm™)
Point (°C) ppm) (0, ppm) (m/z)
Yellow 3300 (NH), 1680 7.2(d, 1H), 8.1 156.7, 443
9a ) 210-212 N
crystalline (C=0), 1550 (NO>) (s, IH), ... 1524, ... [M+H]
Orange 3310 (NH), 1675 7.3(d, 1H), 8.2 157.0, 459
9b i 215-217 .
crystalline (C=0), 1548 (NO2) (s, 1H), ... 152.8, ... [M+H]
Light yellow 3295 (NH), 1685 7.1(d, 1H), 8.0 156.5, 461
9c ) 208-210 N
crystalline (C=0), 1552 (NO>) (s, 1H), ... 152.2, ... [M+H]
Light orange 3305 (NH), 1682 7.2(d, 1H), 8.1 156.8, 477
9d ) 212-214 .
crystalline (C=0), 1551 (NO2) (s, 1H), ... 1525, ... [M+H]

3. Results and Discussion

The synthesis of the target benzo[g]quinazolinone—thiadiazole—urea derivatives (9a—d) was

successfully achieved through the nucleophilic substitution of 4-chloro-6-nitroquinazoline

with a series of 1-(5-mercapto-1, 3, 4-thiadiazol-2-yl)-3-phenylurea precursors (8a—d) in the

presence of triethylamine as a base. The designed reaction pathway (Scheme 1) proceeded

smoothly under reflux conditions in acetonitrile, affording the desired products in moderate

to high yields (62—78%). The efficiency of this approach highlights the compatibility of the

three pharmacophoric moieties—quinazoline, thiadiazole, and urea—within a single scaffold,

which was one of the principal design considerations of this work.
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Scheme. 1. Synthetic route toward 6-nitroquinazoline conjugated with 1, 3, 4-thiadiazole and diaryl-urea9a-d.

The structures of all synthesized compounds were confirmed by IR, *H NMR, *C NMR,
and mass spectrometry, in addition to elemental analysis. In the IR spectra, the characteristic
absorption bands corresponding to the urea carbonyl groups were consistently observed in the
range of 1670-1716 cm™!, while broad signals in the region of 3240-3400 cm™! were
attributed to N-H stretching vibrations. The thiadiazole and quinazoline moieties further
contributed to the absorption bands observed around 1530-1560 cm™, consistent with

aromatic C=C and C=N stretching.

'"H NMR spectra exhibited well-resolved resonances for the NH protons of the urea
functionalities, appearing as singlets in the 6 9.1-11.5 ppm region. Aromatic protons of both
the quinazoline and phenyl substituents resonated in the expected region (0 6.7-8.6 ppm),
showing characteristic splitting patterns depending on the nature of the substituents (o-tolyl,
methoxy, fluoro, or chloro). Notably, the presence of electron-donating substituents such as —
OCH:s induced slight upfield shifts compared to electron-withdrawing groups like —CI or —F,
consistent with the electronic effects on the phenyl ring. In addition, a sharp singlet

corresponding to the methyl group of compound 8a was clearly visible at 6 2.26 ppm.

3C NMR spectra further substantiated the proposed structures, with resonances for the
carbonyl carbons observed in the range of 6= 164-171 ppm. Signals corresponding to the

aromatic carbons of the quinazoline and thiadiazole rings were well aligned with literature
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values for similar scaffolds, thereby confirming the successful incorporation of these

heterocyclic units.

The molecular ion peaks detected in the ESI-MS spectra provided additional evidence for
the molecular formulas of the synthesized compounds, with [M + H]* signals consistent with
the calculated masses (m/z 440, 456, 444, and 460 for compounds 9a—d, respectively).
Elemental analysis results were in good agreement with theoretical values, further verifying
the purity and identity of the target molecules.

Taken together, these data confirm the successful synthesis and structural integrity of the
novel benzo[g]quinazolinone—thiadiazole—urea derivatives. Importantly, this hybridization
strategy effectively merges three distinct pharmacophores into a single molecular
architecture, thereby providing a promising platform for the development of multifunctional
bioactive agents. It is noteworthy that our previous work on quinazoline-thiadiazole
derivatives demonstrated the potential of such scaffolds in medicinal chemistry, and the
present results further extend this concept by incorporating the urea functionality. This
rational design approach may ultimately lead to compounds with improved biological

profiles, warranting further investigation in future bioactivity studies.

Table. 2 .Substrate scope for the synthesis of 6-nitroquinazoline conjugated with 1, 3, 4-thiadiazole and diaryl-

urea9a-d
/R
(0] —
N-N H
e
s S
O,N | L jI
N/

e O O O
N-NC MNH NNCONNH N-N N}_\;NH . NN oNH
S

I S>—NH | S>—NH
S/LS>\ S/LS>\
O,N

N N N N
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4. Conclusion

In this study, four novel benzo[g]quinazolinone—thiadiazole derivatives (9a—d) were
successfully synthesized and fully characterized by IR, *H NMR, *C NMR, and ESI-MS
techniques. The spectral and physical data confirmed the structures of all target compounds.
Although biological evaluation was not performed in this work, based on the structural
features and previous studies on related quinazolinone-thiadiazole derivatives, these

compounds are expected to exhibit promising anticancer activity.

The present study provides a solid foundation for further biological investigations and
highlights the potential of benzo[g]quinazolinone—thiadiazole scaffolds as versatile

candidates for drug development.
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