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ABSTRACT:

A series of novel quinazolinone—thiazole hybrid derivatives (5a-e) were designed and synthesised
through a multistep synthetic protocol involving quinazolinone formation, Hantzsch thiazole
cyclization and final condensation under reflux conditions. The obtained compounds were isolated in
good yields and fully characterised by IR, "TH NMR, EI-MS and elemental analysis, which confirmed
the successful formation of the targeted molecular framework. Spectral studies revealed characteristic
absorption bands for lactam carbonyl and azomethine functionalities, while NMR and mass data
supported the proposed substitution patterns. The antimicrobial potential of the synthesised hybrids
was evaluated in vitro against Gram-positive bacteria (Enterococcus faecalis, Micrococcus luteus),
Gram-negative bacteria (Klebsiella pneumoniae, Proteus mirabilis) and fungal strains (Candida
tropicalis, Aspergillus niger) using the agar well diffusion method. The synthesized compounds
exhibited moderate to good broad-spectrum activity with inhibition zones ranging from 10 to 22 mm.
Derivatives 5a and Se showed the highest antibacterial activity, particularly against Gram-positive
strains, while Sc displayed the best antifungal activity against C. tropicalis. It is found that electron-
withdrawing substituents in the quinazolinone—thiazole hybrids enhanced antimicrobial potency and

lead as promising compounds for further antimicrobial drug development.

1. Introduction

Nitrogen- and sulfur-containing heterocyclic compounds
constitute one of the most important classes of scaffolds
in medicinal chemistry due to their structural diversity and
wide range of biological activities. Among them, quinazo-
linones are recognized as privileged bicyclic systems that
occur in numerous bioactive molecules and approved drugs.
The quinazolinone nucleus is associated with a broad
spectrum of pharmacological properties including anti-
cancer, antimicrobial, anti-inflammatory, anticonvulsant
and antiviral activities, making it a key scaffold for the
drug discovery programs [1-3]. The rigid fused bicyclic
structure enables multiple non-covalent interactions such
as hydrogen bonding, n—n stacking and hydrophobic con-
tacts with biological targets, which enhances receptor
binding affinity and selectivity [4,5].

Similarly, thiazole-based heterocycles represent
another highly significant pharmacophore in medicinal
chemistry. The presence of nitrogen and sulfur atoms in
a five-membered aromatic ring confers unique electronic
properties, allowing thiazoles to mimic biologically
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relevant heterocycles such as histidine and imidazole [6].
Thiazole derivatives exhibit diverse biological activities
including antimicrobial, antifungal, antitubercular, anti-
cancer, anti-inflammatory, antioxidant and antiviral effects
[7-10]. Their ability to improve lipophilicity, metabolic
stability and target binding makes them valuable frag-
ments in drug design, particularly in the development of
antimicrobial agents against resistant strains.

A modern and powerful approach in medicinal
chemistry is molecular hybridization, where two or more
pharmacophores are combined into a single molecular
framework to enhance biological activity and reduce drug
resistance. Quinazolinone—thiazole hybrids are of parti-
cular interest due to the complementary pharmacological
profiles of both scaffolds. Such hybrid molecules often
exhibit improved potency, dual-target activity, and
enhanced pharmacokinetic properties compared to their
parent compounds [ 11-13]. This strategy has been widely
employed in the design of antimicrobial and anticancer
agents.
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Despite their promising bioactivities, conventional
synthetic routes toward heterocyclic hybrids often suffer
from limitations such as multistep synthesis, toxic reac-
tion conditions, poor atom economy, long reaction times,
and environmental concerns associated with toxic solvents
and catalysts. These limitations contradict the principles
of green chemistry and sustainable synthesis [14,15].
Therefore, the development of efficient, eco-friendly and
operationally simple synthetic methodologies remains
highly desirable. In this context, multicomponent react-
ions (MCRs) have emerged as a powerful synthetic strategy
for the rapid construction of complex heterocyclic frame-
works. MCRs offer significant advantages such as high atom
economy, reduced waste generation, operational simpli-
city and structural diversity in a single synthetic step [16,17].
Moreover, mild catalytic systems such as iodine-mediated
transformations provide environmentally benign alterna-
tives to the traditional harsh reagents, facilitating efficient
cyclization and condensation processes.

In addition, the incorporation of green chemistry
tools such as solvent minimization, mild temperature
conditions and MCRs strategies significantly enhances
the sustainability of heterocyclic synthesis [18,19]. Recent
advances have demonstrated that I,-catalyzed and acid
assisted multicomponent reactions are highly effective
for constructing fused heterocyclic systems with improved
yields and reduced reaction times [20,21].

Building upon these developments, the present study
reports the synthesis, characterization and biological eva-
luation of novel quinazolinone-thiazole hybrid molecules
via a one-pot multicomponent strategy under mild condi-
tions. The synthetic design integrates quinazolinone and
thiazole pharmacophores into a single molecular archit-
ecture, aiming to explore potential synergistic biological
effects. Structural diversity is introduced through various
substituted aromatic aldehydes enabling systematic investi-
gation of structure—activity relationships (SAR), particu-
larly electronic and steric influences on the biological per-
formance.

2. Experimental

All chemicals and reagents employed in this study were
procured from commercial suppliers and used without
further purification. The progress of the reactions and the
purity of the synthesized compounds were monitored by
thin-layer chromatography (TLC) using silica gel 60 GF2s4
pre-coated aluminium plates (Merck). A solvent system
comprising ethyl acetate and benzene was used as the
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mobile phase and the developed spots were visualized
under iodine vapour. Melting points of the synthesized
compounds were determined using an open capillary
method and are reported uncorrected. The structural
characterization of the synthesized molecules was carr-
ied out using standard spectroscopic techniques. Infrared
(IR) spectra were recorded as potassium bromide (KBr)
pellets on a PerkinElmer RX IFT-IR spectrophotometer.
Proton ('H) and carbon ('*C) nuclear magnetic resonance
(NMR) spectra were acquired on a Bruker AVANCE II
400 MHz spectrometer using deuterated solvents. Elem-
ental (CHN) analysis was performed using a Vario Micro
CHN analyzer and the obtained values were found to be
in good agreement with theoretical calculations, within
an acceptable deviation of +£0.4%.

Synthesis of quinazolinone-thiazoles (3a-e): In the
synthesis of novel quinazolinone-thiazole hybrid molecules,
in the first step, a mixture containing 2-aminobenzoic
acid (1.37 g, 10 mmol), the corresponding carboxylic acid
(1.34 g, 11 mmol), ammonium hexafluorophosphate
(1.79 g, 11 mmol) and pyridine (10 mL) was introduced
into a dry 50 mL round-bottom flask fitted with a reflux
condenser and a Teflon-coated magnetic stir bar. The
reaction mixture was heated under reflux with continuous
stirring for 9 h. Upon completion, pyridine was removed
under reduced pressure using a rotary evaporator, and the
resulting product 1 was purified through recrystallization
from ethanol. Then in a second step, the reaction follows a
Hantzsch thiazole synthesis pathway, where an a-halo-
ketone reacts with thiourea to form a 2-aminothiazole
derivative through substitution, cyclization and oxidation.
First, thiourea attacks the electrophilic a-carbon of a-halo-
ketone, displacing the halogen and forming an S-alkyl
thiouronium intermediate followed by the occurrence of
intramolecular cyclization when the amino nitrogen attacks
the adjacent carbonyl carbon, leading to closure of the five
membered thiazole ring 2. Here, I, acts as a mild oxidizing
agent, removing hydrogen atoms and restoring conjugation
to produce the aromatic thiazole system. Finally, in a round
bottom flask, compound 1 (0.012 mol) and compound 2
(0.01 mol) were dissolved in pyridine (50 mL), and the
resulting mixture was heated under reflux for 8-9 hours.
The reaction progress was monitored at regular intervals.
After completion, the mixture was poured into ice-cold
water and subsequently acidified with 10% dilute HCI to
eliminate impurities. The precipitated solid was collected
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by filtration, washed with cold water, and finally purified (C-0), 1234 (C-N/C-C), 834,756, 681 (arom. C—H out-of-
by recrystallization from ethanol (Scheme-I). plane bending); 'H NMR (300 MHz, CDCl;, § ppm): 8.28
2-(4-Nitrophenyl)-3-(5-methylthiazol-2-yl)quinazolin- (d, 1H, J= 8.5 Hz), 8.12 (d, 2H, J= 8.5 Hz, Ar-H), 8.06 (d,
4(3H)-one (3a): White solid, yield (0.78 g); m.p. 266-268 1H,J=79Hz),7.63 (d, 2H, J= 7.8 Hz, Ar—H), 7.49 (t, 1H,
°C. IR (KBr, Vmax, cm™): 1645 (C=0), 1575 (C=N), 1520 J=17.3Hz),7.13 (t, 1H,J=7.7 Hz), 7.01 (s, 1H, thiazole-H),
o) Ammonium
hexafluorophosphate NH
P -
Ar H Pyridine, reflux, 9 h =
COOH Yield: 86-97% N Ar
R CH

R %

R
o 0 N
) /L \
N .
Pyridine N S

T
N/ A S NH, N)\Ar

1 2
CH;,4 CH, CH;
W ° W ° 7&
G G G
N N N
3
3 NO, 3b cl ‘ CH,
CH, CH;
N 0 N Compound Ar R
/L \ /L \ 3a -4-NO,-C,H, -CH;
N S N S 3b -4-CI-C H, -CH;,
3¢ -4-CH;-CH, -CH;,
cH 3d -2-CH;-C4H, -CH;,
N/ 3 N/ 3e -4-Br-C,H, -CH,
3d
3e Br
Scheme-I: Synthetic route of Novel Quinazolinone—Thiazole Hybrid Molecules (3a-e)
(aromatic C=C/NO» asym. str.), 1301 (C-H bend.), 1245 2.42 (s, 3H, CHs); EI-MS (m/z, %): 364 (M*), 333,308, 295,
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281, 267, 253, 145, 132, 120, 105 (base peak). Anal. caled.
(found) % for CisH14N4OsS: caled. (found) %: C, 59.34
(59.21); H, 3.32 (3.28); N, 15.38 (15.24); S, 8.80 (8.67).
2-(4-Chlorophenyl)-3-(5-methylthiazol-2-yl)quinazolin-
4(3H)-one (3b): Yellow solid; yield (0.82 g); m.p. 226-228
°C. IR (KBr, Vmax, cm™): 1650 (C=0), 1582 (C=N), 1518
(arom. C=C), 1310 (C-H bend.), 1248 (C—O/C-N), 1092
(C-CI), 835, 758, 690 (arom. C-H out-of-plane bend.); 'H
NMR (300 MHz, CDCl;, 6 ppm): 8.24 (d, 1H, J = 8.4 Hz),
8.08 (d, 1H, J = 7.8 Hz), 7.92 (d, 2H, J = 8.5 Hz, Ar-H),
7.55(d,2H,J=8.5Hz, Ar-H), 7.46 (t, I1H, /=74 Hz),7.11
(t, IH, J = 7.6 Hz), 6.98 (s, 1H, thiazole-H), 2.40 (s, 3H,
CH3); EI-MS (m/z, %): 353 (M), 355 (M+2, Cl isotope),
318, 290, 267, 253, 145, 132, 120, 105 (base peak); Anal.
calcd. (found) % for CisHi2N3OSCl: C, 61.45 (61.32); H,
3.44 (3.39); N, 11.94 (11.88); S, 9.11 (9.04).
2-(4-Methylphenyl)-3-(5-methylthiazol-2-yl)quinazolin-
4(3H)-one (3¢): White solid; yield (0.85 g); m.p. 218-220
°C; IR (KBT, Vinax, cm™!): 1648 (C=0), 1580 (C=N), 1515
(arom. C=C), 1305 (C-H bend.), 1242 (C-O/C-N), 835,
760, 695 (arom. C—H out-of-plane bend.), 2920 (CHj3 str.);
'"H NMR (300 MHz, CDCl;, 6 ppm): 8.22 (d, 1H, J = 8.3
Hz), 8.05 (d, 1H,J=7.8 Hz), 7.82 (d, 2H, J= 8.1 Hz, Ar-H),
7.32(d,2H,J=8.1 Hz, Ar-H), 7.44 (t, 1H,J=7.3 Hz), 7.10
(t, 1H, J = 7.6 Hz), 6.96 (s, 1H, thiazole-H), 2.41 (s, 3H,
thiazole-CH3), 2.34 (s, 3H, Ar-CHz3); EI-MS (m/z, %): 333
(M"), 318, 304, 290, 267, 253, 145, 132, 120, 105 (base
peak); Anal. caled. (found) % for CioHisN3OS: C, 68.45
(68.31); H, 4.54 (4.49); N, 12.60 (12.52); S, 9.62 (9.55).
2-(3-Methylphenyl)-3-(5-methylthiazol-2-yl)quinazolin-
4(3H)-one (3d): White solid; yield (0.86 g); m.p. 214-216
°C. IR (KBr, Vmax, cm™): 1647 (C=0), 1578 (C=N), 1516
(aromatic C=C), 1304 (C-H bending), 1240 (C—O/C-N),
2922 (CHs str.), 836, 758, 694 (arom. C-H out-of-plane
bend.); '"H NMR (300 MHz, CDCl;, 8 ppm): 8.23 (d, 1H, J
=8.4 Hz), 8.06 (d, 1H, J=7.9 Hz), 7.70-7.62 (m, 2H, Ar-H),
7.42 (t, 1H, J= 7.4 Hz), 7.34-7.26 (m, 2H, Ar—H), 7.11 (t,
1H, J = 7.6 Hz), 6.97 (s, 1H, thiazole-H), 2.42 (s, 3H,
thiazole-CH3), 2.36 (s, 3H, Ar-CHz3); EI-MS (m/z, %): 333
(M"), 318, 304, 290, 267, 253, 145, 132, 120, 105 (base
peak); Anal. caled. (found) % for CioHisN3OS: C, 68.45
(68.30); H, 4.54 (4.47); N, 12.60 (12.55); S, 9.62 (9.58).
2-(4-Bromophenyl)-3-(5-methylthiazol-2-yl)quinazolin-
4(3H)-one (3e): Yellow; yield (0.88 g); m.p. 236-238 °C. IR
(KBT, Vimax, cmh): 1651 (C=0), 1581 (C=N), 1517 (arom.
C=C), 1308 (C-H bend.), 1246 (C—O/C-N), 1070 (C—Br),
836, 760, 688 (arom. C-H out-of-plane bend.); 'H NMR
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(300 MHz, CDCl;, 8 ppm): 8.25 (d, 1H, J = 8.4 Hz), 8.07
(d, 1H,J=7.9 Hz), 7.88 (d, 2H, J= 8.4 Hz, Ar-H), 7.60 (d,
2H,J=8.4Hz, Ar-H), 745 (t, IH,J=7.4 Hz), 7.12 (t, 1H,
J=17.6 Hz), 6.99 (s, 1H, thiazole-H), 2.41 (s, 3H, CH3); EI-
MS (m/z, %): 397 (M"), 399 (M+2, Br isotope), 318, 290,
267, 253, 145, 132, 120, 105 (base peak); Anal. caled.
(found) % for CisHi2N3OSBr: C, 54.28 (54.15); H, 3.04
(2.98); N, 10.55 (10.49); S, 8.05 (7.98).

2.2 Biological activities: Quinazolinone—thiazole hybrid
derivatives (3a-e) were evaluated for their in vitro anti-
microbial activity against a panel of pathogenic micro-
organisms, including Gram-negative bacteria (Klebsiella
pneumoniae, Proteus mirabilis), Gram-positive bacteria
(Enterococcus faecalis, Micrococcus luteus), and fungal
strains (Candida tropicalis, Aspergillus niger), using the
agar well diffusion method. Dimethyl sulfoxide (DMSO)
was used as the negative control. Ciprofloxacin served as the
reference standard for antibacterial activity, while flucona-
zole was used as the standard antifungal agent. Briefly,
microbial suspensions (100 pL, ~10* CFU/mL) were uni-
formly spread onto sterile nutrient agar plates. Wells were
then bored into the agar and filled with test compounds at
different concentrations. The plates were incubated at 37 °C
for 24 h for bacterial cultures and at 27 °C for 96 h for fungal
strains. Antimicrobial activity was assessed by measuring
the zones of inhibition (mm) around each well. The mini-
mum inhibitory concentration (MIC) was determined as the
lowest concentration of compound that completely inhibi-
ted visible microbial growth.

3. Results and Discussion

Novel quinazolinone—thiazole hybrid molecules were
synthesised through a three-step route. Initially, 2-amino-
benzoic acid and the appropriate carboxylic acid were
refluxed in pyridine in the presence of ammonium hexa-
fluorophosphate to afford the corresponding quinazolin-
4(3H)-one intermediate (1), which was isolated after
solvent removal and recrystallisation. In the second step,
the thiazole intermediate (2) was prepared via a Hantzsch
thiazole synthesis, where thiourea reacted with the o-
haloketone through nucleophilic substitution, cyclization
and iodine-assisted oxidation to generate the aromatic
2-aminothiazole ring. Finally, condensation of comp-
ounds 1 and 2 in refluxing pyridine for 8-9 h furnished
the target quinazolinone—thiazole hybrids. The reaction
mixture was poured into ice-cold water, acidified with
dilute HCI and the precipitated products were filtered,
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washed and recrystallised from ethanol to obtain pure final
compounds (Scheme-I).

The structures of compounds 3a-e were confirmed by
combined IR, 'H NMR, mass spectrometric and elem-
ental analytical data, all of which are consistent with the
proposed quinazolinone—thiazole hybrid framework. In
the IR spectra, all derivatives exhibited a strong absorp-
tion band in the region 1645-1651 cm™!, characteristic of
the lactam C=O stretching vibration of the quinazolin-
4(3H)-one ring. The peaks observed at 1575-1582 cm™
were assigned to C=N stretching of the quinazoline/
thiazole heterocyclic system, while absorptions near 1515-
1520 cm™ correspond to the aromatic skeletal vibra-
tions. Compound 3a additionally showed an enhanced band
in this region attributable to the asymmetric stretching of
the NO; group. Signals in the range 1240-1248 cm™' were
associated with C—O/C—N stretching vibrations, whereas
characteristic substituent bands such as C—C1 (1092 cm™),
C-Br (1070 cm™) and methyl C-H stretching near 2920-
2922 cm™' for methyl-substituted derivatives further
supported successful substitution. Aromatic C—H out-of-
plane bending vibrations appeared between 688-836 cm™.
The 'H NMR spectra of all compounds showed a consis-
tent pattern for the fused heterocyclic scaffold. Aromatic
protons of the quinazolinone nucleus and substituted
phenyl ring resonated in the downfield region 6 7.10-8.28
ppm, with multiplicities matching the expected substi-
tution pattern. para-Substituted derivatives 3a, 3b, 3c,
and 3e displayed two doublets for the phenyl ring protons,
while the meta-substituted derivative 3d exhibited a
more complex multiplet pattern. A characteristic singlet
at 8 6.96-7.01 ppm in all compounds was assigned to the
isolated thiazole C4—H proton, confirming formation of
the thiazole ring. The methyl group attached to the
thiazole ring appeared as a singlet near & 2.40-2.42 ppm,

TABLE-1

whereas aryl methyl substituents in compounds 3¢ and
3d resonated separately at 6 2.34-2.36 ppm.

Electron impact mass spectra further established the mole-
cular composition. Each compound showed a clear mole-
cular ion peak corresponding to its expected molecular mass
m/z 364 (3a), 353 (3b), 333 (3¢ and 3d) and 397 (3e).
Halogenated derivatives displayed the expected isotopic
patterns, with M/M+2 peaks for chlorine in 3b and
bromine in 3e, confirming the presence of these substit-
uents. Fragmentation peaks common to the series arose
from cleavage of the thiazole and aryl substituents, while
intense lower-mass fragments supported stability of the
quinazolinone core. Thus, based on the spectral evidence
conclusively verifies successful synthesis of the targeted
substituted quinazolinone—thiazole hybrids.

Antimicrobial activities: The quinazolinone—thiazole
hybrid derivatives (3a-e) exhibited moderate to good broad
spectrum antimicrobial activity, with inhibition zones
ranging from 10 to 22 mm (Table-1), indicating that the
synthesized scaffold possesses appreciable biological
potential against both bacterial and fungal strains. Among
the tested compounds, 3a and 3e emerged as the most
active antibacterial agents, particularly against Gram-
positive organisms. Compound 3a showed the highest
activity against E. faecalis (22 mm) and M. luteus (21
mm), while compound 3e also demonstrated strong inhi-
bition (21 mm and 20 mm, respectively). This enhanced
susceptibility of Gram-positive bacteria can be attributed
to the absence of an outer lipopolysaccharide membrane,
which facilitates easier penetration of bioactive molecules
and allows better interaction with intracellular targets [22].
In contrast, Gram-negative bacteria (K. pneumoniae and
P. mirabilis) exhibited comparatively lower sensitivity,
with inhibition zones ranging from 10-16 mm. This reduced
activity is consistent with the well-known structural barrier

ANTIBACTERIAL AND ANTIFUNGAL RESULTS OF NOVEL QUINAZOLINONE-THIAZOLE MOLECULES

Zone of inhibition (mm)

Compound K. pneumoniae  P. mirabilis E. faecalis M. luteus C. tropicalis A. niger
3a 16 15 22 21 18 17
3b 14 13 18 17 15 13
3¢ 12 11 17 16 19 16
3d 11 10 16 15 14 12
3e 15 14 21 20 16 15

4045

of Gram-negative bacteria, where the outer membrane
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limits diffusion of hydrophobic and bulky heterocyclic
compounds, thereby decreasing intracellular accumulation
and efficacy. In antifungal evaluation, compound 3¢ exhi-
bited the highest activity against C. tropicalis (19 mm),
suggesting that specific structural features in compound
3¢ may favour interaction with fungal cellular compo-
nents, possibly through membrane disruption or enzyme
inhibition. Compound 3a showed the most pronounced
antifungal effect against A. niger (17 mm), indicating that
this derivative possesses relatively balanced antibacterial
and antifungal properties.

A clear trend can be observed across the series of the
synthesized compounds. Compounds bearing electron-
withdrawing substituents (e.g. halogens or nitro groups
in analogous systems) generally exhibited enhanced anti-
microbial activity compared to electron-donating groups.
This can be rationalized by increased lipophilicity and
improved membrane permeability, which facilitate better
penetration into microbial cells and stronger binding
interactions with biological targets such as enzymes or
nucleic acids [23]. Based on these results, it is concluded
that the quinazolinone—thiazole hybrid framework is a
promising scaffold for antimicrobial development, with
compounds 3a and 3e identified as lead candidates for
further optimization and mechanistic studies.

Conclusion

A new series of quinazolinone—thiazole hybrid comp-
ounds (3a-e) was successfully synthesised and structurally
validated using standard spectroscopic and analytical tech-
niques. The developed synthetic route afforded the target
compounds in satisfactory yields with good purity. The
biological screening demonstrated that the hybrids possess
notable antimicrobial activity against both bacterial and
fungal pathogens. Compounds 3a and 3e emerged as the
most effective antibacterial derivatives, whereas compound
3¢ showed superior antifungal performance. The results
suggest that incorporation of electron-withdrawing groups
positively influences biological activity. The quinazo-
linone—thiazole scaffold represents a valuable platform for
future structural modification and optimisation toward
potent antimicrobial agents.
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