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A novel molecular design based on a quinazolinone scaffold was developed via the attachment of aryl

alkanesulfonates to the quinazolinone core through a thioacetohydrazide azomethine linker, leading to

a new series of quinazolinone–alkanesulfonates 5a–r. The antimicrobial properties of the newly

synthesized quinazolinone derivatives 5a–r were investigated to examine their bactericidal and fungicidal

activities against bacterial pathogens like Bacillus subtilis, Staphylococcus aureus (Gram-positive),

Pseudomonas aeruginosa, Klebsiella pneumonia, Sallmonella Typhimurium (Gram-negative), in addition

to Candida albicans (unicellular fungal). The tested compounds demonstrated reasonable bactericidal

activities compared to standard drugs. Notably, derivatives 5g and 5k exhibited the greatest MIC values

against Candida albicans, while 5g was the best against Staphylococcus aureus with MIC of 11.3 ± 2.38

mg mL−1, two-fold efficacy more than that was recorded with sulfadiazine. Furthermore, 5k significantly

prevented biofilm formation for all bacterial pathogens, with a percentage ratio reaching 63.9%,

surpassing the standard drug Ciprofloxacin. Additionally, 5k caused elevated lipid peroxidation (LPO)

when added to the tested microbial pathogens. Confocal Laser Scanning Microscopy (CLSM)

visualization revealed fewer live cells after treatment. Molecular docking studies showed that the

quinazolinone derivatives bind strongly to the DNA gyrase enzyme, with the acid hydrazide core

interacting effectively with key residues GLU50, ASN46, GLY77, and ASP136, consistent with their

antimicrobial activity. Additionally, these compounds exhibited promising physicochemical properties,

paving the way for discovering new antimicrobial drugs.
1. Introduction

Increasing multidrug-resistant (MDR) microorganisms have
become one of the most crucial threats to healthcare in the
current era.1 The World Health Organization describes antimi-
crobial resistance as a natural phenomenon caused by bacteria
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that can no longer respond to treatments to which they were
previously sensitive.2,3 Despite recent advances in resistance
mechanisms, drug-resistant microorganisms continue to pose
a threat to our ability to heal common diseases and are
becoming increasingly deadly.4–6 In the past, antibiotic-resistant
bacteria were rare and mainly associated with nosocomial
infections, but today, they have become very common. Espe-
cially alarming is the pace at which multi- and pan-resistant
bacteria spread around the globe and infect people with
diseases that are not treatable with antibiotics or other anti-
microbials.2 Moreover, the coronavirus 2 pandemic (COVID-
19)7–9 also worsened the MDR issue as a result of the widespread
exposure of patients to antibiotics.9 The most common patho-
gens include Enterococcus faecalis, Klebsiella pneumonia, Staph-
ylococcus species involving Staphylococcus aureus and
Staphylococcus epidermidis, in addition to the predominant
pathogens involving Enterobacter, Pseudomonas aeruginosa, and
Acinetobacter baumannii.10–12 The new versions of antibiotics
that are currently approved have a similar structure close to the
previous drugs, thus they are expected to confront the same
RSC Adv., 2025, 15, 1033–1048 | 1033
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pathways of bacterial resistance.13,14 As a result, there is
a pressing requirement to create and develop new antibiotics
using innovative methods to effectively combat multidrug-
resistant organisms.15 In their continuous quest to nd lead
compounds capable of combating bacterial resistance,
researchers have identied a range of compounds, and the
potential to develop antimicrobial agents is ongoing in all
directions. In this context, molecular hybridization emerged as
a promising methodology effectively utilized to exert synergistic
effects against MDR diseases by encompassing multiple phar-
macophores in a single molecule.16,17

Quinazolinones, a bicyclic system of pyrimidinone and
benzene rings, dominate the eld of medicinal chemistry and
represent the winning horse in drug discovery.18,19 In terms of
synthetic as well as biological implications, quinazolinones are
quite intriguing and could provide effective treatment options
for public health issues. Although quinazolinones were re-
ported for a long time, their synthesis and applications in
diverse elds are still topical and have captivated organic and
medicinal chemists for decades.20 Numerous quinazolinone-
based drugs have been approved and spread in the markets
such as idelalisib, arofuto, aoqualone, mecloqualone, ispine-
sib, balaglitazone, nolatrexed, raltiltrexed, halofuginone.21

Albaconazole22 and Fluquinconazole23 represent the more
interesting quinazolinone-based drugs in our study where they
are widely used as antimicrobial agents (Fig. 1). Recently,
gained momentum has been directed to the utilization of
Fig. 1 Marketed drugs containing quinazolinone, hydrazide–hydrazone

1034 | RSC Adv., 2025, 15, 1033–1048
quinazolinone as a core for the formulation of new antibacterial
drug leads.24

On the other hand, hydrazide–hydrazone derivatives,
hydrazide molecules with azomethine functionality (–
CONHN]CH–), were shown to exhibit prominent pharmaco-
logical and biological properties, such as antimicrobial, anti-
inammatory, analgesic, anticancer, anticonvulsant, antiviral,
antiprotozoal, antiplatelet, antimalarial, antimycobacterial,
vasodilator, and antischistosomiasis activities.25,26 Various
studies reported that hydrazide–hydrazone functionalities in
biological systems can easily undergo hydrolysis, which can be
advantageous in treating a variety of life-threatening
diseases.27,28 The antimicrobial activity of this class of
compounds represents the most frequently encountered in
scientic literature among the biological properties.27 Indeed,
nitrofurazone, furazolidone, and nitrofurantoin (Fig. 1) are
widely used antimicrobial drugs and are considered typical
examples of chemotherapeutic agents containing hydrazide–
hydrazone moiety.29

Sulfonates have found widespread use in medical research
and have signicant pharmacological applications. The
distinctive physicochemical properties of sulfonate-based
compounds support their affinity for lipid phases causing
a facile penetration through cell membranes to interact with the
target sites.30 Fenson, Chlorfenson, and Genite are aryl sulfo-
nates that have long been marketed as insecticides,31,32 while
busulfan is an alkyl sulfonate drug that was approved as
, or sulfonate motifs along with our molecular design.

© 2025 The Author(s). Published by the Royal Society of Chemistry
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a chemotherapy for the treatment of chronic myeloid leukemia
(CML)33 (Fig. 1). Aryl alkanesulfonates are a class of sulfonate-
containing compounds of both alkyl and aryl substituents and
have been screened as antifungal34 anticancer,35 acaricidal
agents,24 in addition to their use as inhibitors of carbonic
anhydrase.36 Using these results in conjunction with our
previous research on pyrimidine antibacterial agents.1 Our
efforts are focused on developing novel molecular designs to get
new quinazolinone-based scaffolds with anticipated antimi-
crobial activity. To achieve this, 2-((4-oxo-3,4-
dihydroquinazolin-2-yl)thio)acetohydrazide 3 has been
employed as a promising precursor for synthesizing new anti-
microbial candidates. The design of this new series incorpo-
rates quinazolinone and sulfonate moieties, strategically
positioned to bind with ARG136 and ARG76, respectively.
Furthermore, the amide NH group of the acetohydrazide linker
is designed to form hydrogen bonds with GLY77. This approach
is compared to the known inhibitor 4-(4-bromo-1H-pyrazol-1-
yl)-6-[(ethylcarbamoyl)amino]-N-(pyridin-3-yl)pyridine-3-
carboxamide (CWW), to improve binding affinity and antimi-
crobial efficacy,37,38 Fig. 1. The antimicrobial properties of the
newly synthesized quinazolinone acetohydrazide sulfonates
derivatives were investigated to examine their bactericidal and
fungicidal activities against some clinical microbial pathogens.

2. Results and discussion
2.1. Chemistry

Our molecular design involves 2-((4-oxo-3,4-dihydroquinazolin-
2-yl)thio)acetohydrazide 3 as a promising precursor for
synthesizing new quinazolinone candidates. The latter conger
was installed via attachment of aryl alkanesulfonates to the
quinazolinone core via thioacetohydrazide azomethine linker,
leading to a new series of quinazolinone-alkanesulfonates 5a–r.
The synthetic route toward this series was depicted in Scheme 1.
Starting with the reaction of 2-amino-3-methylbenzoic acid or 2-
amino-5-chlorobenzoic acid with phenyl isocyanate in ethanol
in the presence of Et3N yielded the corresponding 2-mercapto-3-
phenylquinazolin-4(3H)-ones 1a,b. Esterication of 1a,b was
then carried out using methyl bromoacetate to afford the cor-
responding esters 2a,b which were then converted to the cor-
responding acetohydrazide analogs aer heating under reux
in ethanol with hydrazine hydrate to give 3a,b. Derivatives 3a,b
were the precursors for the nal quinazoline-alkanesulfonate
targets 5a–r when heated in ethanol under reux with various
para-substituted aromatic aldehydes (bearing different alkane
sulfonate moieties namely: methane, ethane or propane sulfo-
nate moieties) 4a–i. IR, 1H & 13C-NMR, and elemental analyses
have been exploited to reveal the chemical structure of the
newly synthesized conjugates 5a–r. Specically, the IR spectra of
5a–r revealed a strong stretching band around 3170 cm−1

indicating the NH group, while the characteristic absorption
bands of C]O and C]N appeared at 1669–1683 cm−1 and
1618–1636 cm−1, respectively. Moreover, the SO2 band was
observed between 1340 and 1388 cm−1. The 1H NMR spectra of
5a–r conrmed the existence of alkanesulfonate moieties where
they appeared within the upeld region as singlet signals,
© 2025 The Author(s). Published by the Royal Society of Chemistry
triplet–quartet signals, or triplet–sextet–triplet signals for
methyl, ethyl, or propyl chains, respectively. Furthermore, the
methylene protons were exhibited as singlets at dH = 4.46–
4.51 ppm. Furthermore, 1H NMR spectra of 5a–r also showed
two singlet signals in the range of dH = 3.88–4.00 ppm and dH =

4.00–4.51 ppmwith the integration of 2H each corresponding to
SCH2C]O protons that validate the presence of iminol and
amide tautomers, respectively. The existence of such tautom-
erism was also supported by the presence of two singlet signals
with total integration of 1H due to the azomethine protons
(HC]N) of both tautomers within the ranges of dH = 7.98–8.06
and dH = 8.14–8.28 ppm, and two peaks with only 1H integra-
tion appeared in the ranges dH = 11.66–11.80 ppm and dH =

11.70–11.83 ppm, due to OH proton in case of iminol and NH
proton in amide tautomer, respectively. On the other hand, the
characteristic peaks that represent the carbons of alkanesulfo-
nate groups were depicted at the aliphatic zone of the 13C NMR
spectra in the range of dC = 8.00–52.46 ppm, while the peaks
observed between dC = 34.26 ppm and dC= 35.01 ppm assumed
to be for the methylene carbons. The characteristic azomethine
carbons (HC]N) appeared between dC = 145.52 ppm and dC =

145.93 ppm, whereas the carbonyl carbon of the acetohydrazide
moiety was detected in the range of dC = 167.32–168.75 ppm.
Spectral charts of the new chemical entities 5a–r are included in
in ESI le (Fig. S2–S37),† The purity of the nal compounds was
determined by LC-MS using the area percentage method on the
UV trace recorded at a wavelength of 254 nm and found to be
>95%, representative charts of HPLC purity are displayed in ESI
le (Fig. S38–S40).†
2.2. Antimicrobial activity

The newly synthesized molecules 5a–r have been evaluated for
their in vitro antibacterial properties, on Bacillus subtilis,
Staphylococcus aureus (Gram-positive), Pseudomonas aeruginosa,
Klebsiella pneumonia, Salmonella typhimurium (Gram-negative),
and Candida albicans (unicellular fungal) (Fig. S1†). The
preliminary results displayed in Table S1† revealed that deriv-
atives 5a–c,e–h,k,l,n,p were found to be potent inhibitors
against some of the tested pathogens, while not able to inhibit
the proliferation of other microbial strains. The high resistance
of some pathogens reects their virulence and rapid prolifera-
tion ability even upon being treated with some standard anti-
biotics such as Cephradine. Accordingly, most of the tested
molecules failed to show any activity onMDR pathogens such as
Staphylococcus aureus MRSA, Salmonella typhimurium, and
Pseudomonas aeruginosa, which the inhibitory activity ranged
from inactive to weak (not exceeding 3 mm of the inhibition
zone). Derivatives 5f, 5g, and 5k demonstrated promising
inhibitory activity against all MDR pathogens, particularly the
methyl-substituted quinazoline's phenyl derivatives 5f and 5g
rather than the corresponding chloro analog 5k. Moreover,
compounds 5a, 5f, 5g and 5h displayed plausible inhibitory
effects as anti-candida, which could represent good antifungal
candidates among the tested series. On the other hand, no
promising inhibition response was obtained by the tested series
5a–r towards the MDR; Salmonella typhimurium, and
RSC Adv., 2025, 15, 1033–1048 | 1035
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Scheme 1 The synthetic route toward quinazolone–sulfonate conjugates with their tautomers 5a–r.
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Pseudomonas aeruginosa except derivatives 5a, 5f, and 5g.
Bacillus subtilis also exhibited a potent resistance towards most
of the tested molecules, except for derivatives 5a, 5f, and 5g
1036 | RSC Adv., 2025, 15, 1033–1048
(methyl-substituted quinazoline's phenyl derivatives) and 5k,
5n, and 5o (chloro-substituted quinazoline's phenyl deriva-
tives). Nonetheless, a reasonable inhibitory activity towards
© 2025 The Author(s). Published by the Royal Society of Chemistry
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Table 1 MIC of the most potent synthesized derivatives 5f, 5g and 5ka

Compd. ID

(MIC, mg mL−1)

Unicellular fungal Gram-positive bacteria Gram-negative bacteria

Candida
albicans

Bacillus
subtilis

Staphylococcus
aureus

Salmonella
typhimurium

Klebsiella
pneumonia

Pseudomonas
aeruginosa

5f 48 � 4.18 23 � 2.21 50 � 0.88 49 � 1.28 22 � 4.72 45 � 6.11
5g 9 � 3.17 48 � 2.25 11.3 � 2.38 95 � 2.05 99 � 5.02 96 � 4.83
5k 10 � 2.55 49 � 2.77 52 � 0.28 21 � 5.35 44 � 1.88 97 � 3.88
Sulfadiazine 72 � 3.44 46 � 4.18 24 � 3.92 94 � 2.29 47 � 3.18 70 � 4.99

a Bacillus subtilis, Staphylococcus aureus (Gram-positive), Pseudomonas aaerginousea, Klebsiella pneumonia, Sallmonella Typhemerium (Gram-
negative), and Candida albicans (unicellular fungal) Dimethyl sulfoxide (DMSO) was used as a negative control.
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Klebsiella pneumonia was noticed for all derivatives except for
derivatives 5e and 5n, Table S1.† Consequently, the minimum
inhibition concentration (MIC) for the most potent molecules
5f, 5g and 5k has been determined to provide the lowest
microbial growth following the standard procedure.39 As shown
in Table 2, brilliant inhibitory activity at lower concentrations
has been recorded by derivatives 5g and 5k against Candida
albicans (9 ± 3.17 and 10 ± 2.55 mg mL−1, respectively) which
exceeds by 7-fold the activity of the standard antifungal agent
Sulfadiazine (72 ± 3.44 mg mL−1). Likewise, derivative 5g also
exhibited a potent inhibitory effect towards Staphylococcus
aureus at 11.3 ± 2.38 mg mL−1, reecting a 2-fold efficacy more
than the standard antibacterial agent Sulfadiazine (24± 3.92 mg
mL−1) Table 1. Furthermore, compound 5f provided a signi-
cant MIC value against both Gram-positive pathogens and
Gram-negative bacteria, the MIC values of compound 5f against
Bacillus subtilis, Klebsiella pneumonia, Salmonella typhimurium
and Pseudomonas aeruginosa were exceeding to that calculated
for the corresponding reference antibiotic agents.
2.3. Antibiolm of the targeted molecules

Inhibiting biolm formation is one of the most effective ways to
eradicate bacterial proliferation under stress conditions. Most
bacterial pathogens protect themselves from stress by forming
biolms. Furthermore, biolm formation is an important
mechanism that makes bacterial pathogens more resistant to
many traditional antibiotics. Biolms primarily form in hostile
environments surrounding the bacterial medium. This biolm
Table 2 Antibiofilm activity of the most potent synthesized derivatives 5

Sample no.

Biolm inhibition (%)

Gram-positive bacteria Gram-n

Bacillus subtilis Staphylococcus aureus Klebsiel

5f 56.4 � 3.12 45.1 � 1.62 59.6 �
5g 45.1 � 2.72 34.7 � 4.02 32.8 �
5k 63.7 � 0.92 42.9 � 2.62 53.1 �
Ciprooxacin 49.2 � 1.16 30.9 � 4.52 40.8 �
a Dimethyl sulfoxide (DMSO) was used as a negative control.

© 2025 The Author(s). Published by the Royal Society of Chemistry
mechanism is commonly associated with the high resistance of
bacterial pathogens and prevents the complete inhibition of
bacterial cells when treated with antibacterial agents. There-
fore, biolm inhibitors are considered highly important
compounds for enhancing the efficacy of antibacterial agents.
Consequently, discovering new molecules that prevent or
inhibit biolm formation by bacterial pathogens has become
increasingly desirable.

To investigate the biolm inhibitory activity of our potent
molecules, we utilized the crystal violet method to assess their
effectiveness in eradicating established biolms of bacterial
pathogens. As indicated in Table 2, derivative 5k demonstrated
a signicant ability to prevent biolm formation by bacterial
pathogens, particularly against Bacillus subtilis and Salmonella
typhimurium. Similarly, compound 5f showed considerable
biolm inhibition of Staphylococcus aureus, exhibiting anti-
biolm activity that exceeded that of the standard drug,
Ciprooxacin. A slightly lower activity was observed for
compound 5g, particularly against Gram-negative bacteria.
However, despite the promising activity of 5k, a remarkably
high resistance to biolm formation was detected in Pseudo-
monas aeruginosa.
2.4. Effect of the targeted molecules on the bacterial lipid
peroxidation (LPO)

A difficult penetration of the bacterial cytoplasmic membrane is
considered an important tool to evaluate the inhibition by the
tested treatments, which demonstrates the abilities of these
f, 5g and 5ka

egative bacteria

la pneumonia Salmonella typhimurium Pseudomonas aeruginosa

2.22 37.4 � 1.82 34.8 � 4.07
1.92 33.9 � 2.94 20.1 � 2.32
2.12 61.9 � 1.72 38.7 � 3.66
3.88 58.3 � 4.02 45.2 � 1.18

RSC Adv., 2025, 15, 1033–1048 | 1037
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Table 3 Lipid peroxidation efficiency of the potent molecules 5f, 5g and 5k against bacterial pathogens

Sample no.

Lipid peroxidation efficiency (%)

Gram-positive bacteria Gram-negative bacteria

Bacillus subtilis Staphylococcus aureus Klebsiella pneumonia Salmonella typhimurium Pseudomonas aeruginosa

5f 212.5 � 5.52 151.2 � 1.92 230.4 � 2.12 273.1 � 4.33 140.4 � 5.02
5g 219.7 � 2.71 118.4 � 2.26 285.2 � 1.44 210.4 � 4.66 175.2 � 3.29
5k 377.6 � 3.44 202.2 � 2.17 295.2 � 1.89 278.3 � 5.07 181.3 � 6.06
Ciprooxacin 417.7 � 2.83 319.8 � 3.26 327.4 � 4.42 294.8 � 1.99 346.3 � 2.62

RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

3 
Ja

nu
ar

y 
20

25
. D

ow
nl

oa
de

d 
on

 1
2/

5/
20

25
 9

:0
2:

29
 P

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
treatments to make differences in the inhibition process,
oxidative stress on the bacterial cell wall usually triggers
oxidation of the cell wall fatty acid content leading to easily
penetration of the tested compound inside the bacterial cell.
The level of the obtained lipid peroxidation refers to the success
of the treatment in overcoming the lysis cell wall problem.
Therefore, an LPO test took place to evaluate the oxidation
potential of bacterial cell membrane fatty acids by targeted
molecules. Accordingly, treatments of each tested bacterial
strain using the potent molecules at the MIC level were inves-
tigated (Table 3).

In this respect, there were signicant variations in lipid
peroxidation activity between the targeted molecules. There is
a signicant LP activity of 5k when added to Bacillus subtilis,
Salmonella typhimurium, and Klebsiella pneumonia. The LP
result for these pathogens proved to be somewhat close to that
obtained by the standard antibacterial agents. Moreover, 5k
also caused an elevated LP in the case of Staphylococcus aureus
(202.2 ± 2.17%), however a lower LP activity in the case of
Pseudomonas aeruginosa was indicated when compared to the
standard drug. Overall, the positive response of the bacterial
pathogens, Bacillus subtilis, Salmonella typhimurium, and Kleb-
siella pneumonia to the LP activity was demonstrated for the
tested compounds. In addition, the strong resistance of both
Pseudomonas aeruginosa and Staphylococcus aureus toward the
LP activity reected their virulence.
2.5. Confocal laser scanning microscope

The different observations of the potent compounds (i.e. 5f and
5k) effectiveness on the microbial pathogens were detected by
a Confocal Laser Scanning Microscope (CLSM). As shown in
(Fig. 2), a clear effect of the potent molecules on the biolm and
morphological observations was indicated. Since, a high
concentration of the dead cells (red color) was found to be more
prevalent, while a lower number of live cells were observed aer
treatment. The activity of the potent molecules was sharply indi-
cated in the live cell concentration, particularly in the case of
Bacillus subtilis, Salmonella typhimurium andKlebsiella pneumonia.

The right set of panels displayed the strains were allowed to
form on glass-bottomed chambers for 24 h with acridine dye
before being treated with the indicated antimicrobials (green
color). The medium set of panels displayed the concentration of
dead cells aer treatment with target molecules (red color). The
le set of panels displayed the negative control (black),
untreated cells (off-white), live cells (green) and dead cells (red).
1038 | RSC Adv., 2025, 15, 1033–1048
2.6. Cytotoxic properties

The safety of the powerful antimicrobial compounds, 5f, 5g, and
5k, on the BJ1 cell line was assessed using the MTT assay.
Notably, the study's ndings showed that these substances did
not cause cytotoxicity to the tested cells; however, their safety
prole should be assumed aer the necessary in vivo investi-
gations are completed (Table S3†).

2.7. Docking studies on DNA gyrase enzyme

DNA gyrase is an essential enzyme in bacteria, responsible for
introducing negative supercoils into DNA, which is crucial for
DNA replication, transcription, and overall genomic stability.
This enzyme inhibition is particularly effective against a broad
spectrum of Gram-negative and some Gram-positive bacteria,
making it a prime target for antibacterial agents. In our study,
we investigated the antimicrobial properties of newly synthe-
sized quinazolinone derivatives 5a–r against various Gram-
negative bacteria (Klebsiella pneumoniae, Salmonella typhimu-
rium, Pseudomonas aeruginosa) and Gram-positive bacteria
(Bacillus subtilis, Staphylococcus aureus). We performed detailed
molecular docking studies of these compounds with the DNA
gyrase enzyme to elucidate the molecular basis of their anti-
microbial effects. The E. coli Gyrase B enzyme in complex with
the known inhibitor 4-(4-bromo-1H-pyrazol-1-yl)-6-[(ethyl-
carbamoyl)amino]-N-(pyridin-3-yl)pyridine-3-carboxamide
(CWW) was obtained from the Protein Data Bank (PDB code:
6F86).40,41 Biovia Discovery Studio was employed to prepare the
DNA gyrase enzyme for docking studies.41,42 Extraneous chains
and water molecules were removed, retaining HOH616 due to
its role in forming a hydrogen-bonding network with the pyridyl
ring's nitrogen atom and the amino acid residues ASP73,
THR165, and GLY77.41 Polar hydrogens were added. Partial
charges were adjusted to accurately represent electrostatic
interactions between the ligand and the binding site, thereby
inuencing the predicted binding pose and interaction quality.
Docking simulations were then performed using Autodock 4 to
predict the interactions of the quinazolinone derivatives with
the DNA gyrase enzyme.43 Autodock 4 was then used to predict
the interactions between the synthesized quinazolinone deriv-
atives (5a–r) and the DNA gyrase enzyme. This allowed us to
calculate binding energies and visualize ligand positioning
within the enzyme's active site, providing deeper insights into
the binding mechanisms. Moreover, to validate our docking
procedure, we re-docked the co-crystallized native ligand
(CWW) into the DNA gyrase active site. The resulting pose
© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 The effect of the promising compounds 5f and 5k on the
proliferation of the microbial pathogens via Confocal Laser Scanning
Microscope (CLSM).
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closely matched the original binding conformation, with
binding affinities of −11.72 kcal mol−1. It also demonstrated
a RMSD (root mean square deviation) of 0.65. This close
© 2025 The Author(s). Published by the Royal Society of Chemistry
alignment indicates a successful reproduction of the native
ligand's binding mode, thus conrming the validity of our
docking protocol, Table S3.†

Detailed interaction analysis revealed that the terminal pyr-
idyl moiety of CWW forms a hydrogen bond with ARG136 and
engages in hydrophobic interactions with the ARG76 residue.
The amide NH group exhibits hydrogen bonding with the
GLY77 residue (Fig. 3). The pyridyl core of CWW is stabilized in
the active site by a direct hydrogen bond with THR165 and an
additional water-mediated hydrogen bond involving HOH616.
The urea side chain also forms signicant hydrogen bonds with
ASP73 and ASN46. Additionally, the native ligand participates in
several hydrophobic interactions (van der Waals, alkyl, and
carbon–hydrogen bonds) with key residues such as VAL167,
ALA47, VAL43, ILE78, ILE94, and PRO79 (Fig. 3). Molecular
docking studies were meticulously conducted to investigate the
interactions of quinazolinone derivatives 5f, 5g, and 5k within
the active site of the DNA gyrase enzyme. These studies aimed to
understand how these compounds could potentially inhibit
DNA gyrase, providing insights into their antimicrobial prop-
erties. In general, the sulfonate group in the quinazolinone
derivatives was found to engage in hydrogen bonding, similar to
the carbonyl group of the urea side chain in the native ligand,
interacting with several amino acids such as ASN43, VAL120,
SER121, ILE78, and ARG136 (Fig. 3–6). This indicates that the
sulfonate group may signicantly stabilize the compounds
within the enzyme active site.

Moreover, the acid hydrazide core of the quinazolinone
derivative exhibited similar binding interactions to the amide
linker of the native ligand. This core formed interactions with
residues GLU50, ASN46, GLY77, and ASP136, suggesting that
the acid hydrazide core is crucial for the binding affinity and
proper positioning of the derivatives within the active site. The
carbonyl group in the acid hydrazide core of compound 5f
exhibited a notable hydrogen bonding interaction with the
water molecule HOH616 as depicted in Fig. 4. This interaction
is similar to that exhibited by the core pyridyl ring in the native
ligand, as illustrated in Fig. 3.

Besides, the nitrogen atom of the quinazolinone moiety
demonstrated a binding pattern analogous to the nitrogen of
the terminal pyridyl moiety in the native ligand, particularly
with the ASP136 residue. This interaction was notably observed
with compound 5k, highlighting the importance of this moiety
in the binding process (Fig. 3 and 6). Comparing the molecular
interactions of our compounds with the native ligand showed
that the sulfonyl group increased the binding interactions with
several H-bonds. Also, we noticed that changing the position of
the sulfonyl group from the m- to the p- position of the terminal
phenyl ring did not affect the binding interactions. Also, we
noticed that the ester group near the sulfonyl group increased
the binding interactions of the quinazolinone derivatives as
observed in compounds 5f and 5g, which could be attributed to
the presence of several H-bond acceptor groups and their
tendency to establish several H-bonding within the DNA gyrase
binding pocket or maybe also some intramolecular H-bonds.
Finally, we think his comprehensive analysis of the molecular
interactions highlights the critical binding features that
RSC Adv., 2025, 15, 1033–1048 | 1039
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Fig. 3 (A) Superimposition of the native co-crystallized ligand CWW and the docked ligand within the DNA gyrase enzyme's binding site (PDB ID:
6F86). The native ligand's carbon atoms are depicted in violet, while the docked ligand's carbon atoms are shown in orange. (B) 2D interaction
diagram of the docked CWW with the DNA gyrase enzyme.

Fig. 4 Proposed binding interactions (3D and 2D) of compound 5f in the DNA gyrase enzyme active site. It shows the interactions of compound
5f with the DNA gyrase enzyme active site in both 3D and 2D formats. Carbon atoms of 5f are highlighted in orange for clarity.

Fig. 5 Proposed binding interactions (3D and 2D) of compound 5g in the DNA gyrase enzyme active site. It shows the interactions of compound
5g with the DNA gyrase enzyme active site in both 3D and 2D formats. Carbon atoms of 5g are highlighted in orange for clarity.
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contribute to the antimicrobial activity of the quinazolinone
derivatives, thereby providing valuable insights for future
design and optimization of potent antimicrobial agents.
1040 | RSC Adv., 2025, 15, 1033–1048
2.8. In silico pharmacokinetic analysis

The predicted pharmacokinetic characteristics and drug-like
properties of the newly synthesized quinazolinone derivatives
© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 6 Proposed binding interactions (3D and 2D) of compound 5k in the DNA gyrase enzyme active site. It shows the interactions of compound
5k with the DNA gyrase enzyme active site in both 3D and 2D formats. Carbon atoms of 5k are highlighted in orange for clarity.
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5a–r were assessed through the SwissADME server, emphasizing
key pharmacokinetic considerations. These compounds exhibit
metabolic stability and are not substrates for the various isoforms
of CYP450 enzymes, which is signicant forminimizing drug–drug
interactions and enhancing metabolic predictability. Additionally,
they are not substrates for P-glycoprotein (P-gp), indicating that
they are likely to remain within cells and exert their therapeutic
action without being effluxed by P-gp, which is a common resis-
tance mechanism in many cancers and bacterial infections.

These derivatives display acceptable aqueous solubility, with
a calculated topological polar surface area (TPSA) of approxi-
mately 150 Å2, which is benecial for their absorption and
permeability. The compounds also exhibit suitable lipophilicity,
with a consensus log P value around 4.1, suggesting a balanced
hydrophilic–lipophilic prole that is crucial for bioavailability
and cell membrane permeability (Table 4). Regarding Lipinski's
rule of ve, the compounds show only one violation: their
molecular weight exceeds 500 daltons, averaging around 550
daltons. While this might typically raise concerns about
Table 4 In silico assessment of pharmacokinetic parameters for compo

No.
MW
(g mol−1)

#H-bond
acceptor

#H-bond
donors TPSA

Con
log P

5a 522.60 7 1 153.40 3.68
5b 536.62 8 1 156.89 4.51
5c 550.65 8 1 156.89 4.90
5d 580.68 9 1 166.12 4.94
5e 566.65 9 1 166.12 4.61
5f 580.68 9 1 166.12 4.94
5g 552.62 9 1 166.12 4.19
5h 566.65 9 1 166.12 4.57
5i 580.68 9 1 166.12 4.84
5j 543.01 8 1 156.89 4.41
5k 557.04 8 1 156.89 4.74
5l 571.07 8 1 156.89 5.18
5m 573.04 9 1 166.12 4.44
5n 587.07 9 1 166.12 4.79
5o 601.09 9 1 166.12 5.15
5p 573.04 9 1 166.12 4.41
5q 587.07 9 1 166.12 4.79
5r 601.09 9 1 166.12 5.13

© 2025 The Author(s). Published by the Royal Society of Chemistry
permeability and absorption, the other favorable properties
mitigate this issue to some extent.

Moreover, these compounds demonstrate good synthetic
accessibility, with an average score of 4 on the SwissADME scale,
where 1 indicates an easy synthesis and 10 indicates a hard
synthesis. This score reects a moderate ease of synthesis,
which is advantageous for further development and large-scale
production. Overall, the quinazolinone derivatives exhibit
promising pharmacokinetic properties. Future modications
could focus on reducing the molecular weight and enhancing
aqueous solubility to optimize these compounds for further
drug development. These adjustments could improve their
pharmacodynamic proles and therapeutic efficacy.
3. Materials and methods

The details about material and methods used in this study are
provided in ESI le.†
unds 5a–r

sensus P-gp
substrate

Synthetic
accessibility

Lipinski
#violations

Pains
#alerts

No 3.82 1 0
No 4.08 1 0
No 4.22 1 0
No 4.36 1 0
No 4.23 1 0
No 4.36 1 0
No 4.07 1 0
No 4.22 1 0
No 4.35 1 0
No 3.79 1 0
No 3.94 1 0
No 4.07 2 0
No 3.93 1 0
No 4.08 1 0
No 4.22 1 0
No 3.92 1 0
No 4.08 1 0
No 4.21 1 0

RSC Adv., 2025, 15, 1033–1048 | 1041

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4ra07563c


RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

3 
Ja

nu
ar

y 
20

25
. D

ow
nl

oa
de

d 
on

 1
2/

5/
20

25
 9

:0
2:

29
 P

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
3.1. Chemistry

3.1.1. General procedure for the synthesis of compounds
5a–r. A mixture of quinazolinone derivatives 3a,b (1 mmol) and
alkanesulfonyl aryl aldehydes 4a–i (1 mmol) was reuxed in
EtOH (10 ml) containing a catalytic amount of glacial AcOH (1
ml) for 2 hrs. Upon cooling, the mixture poured onto ice/cold
water, and the precipitate was collected, dried and recrystal-
lized from EtOH to give 5a–r as colorless crystals.

3.1.1.1. 4-((2-(2-((8-Methyl-4-oxo-3-phenyl-3,4-
dihydroquinazolin-2-yl)thio)acetyl)-hydrazono)methyl)phenyl
methanesulfonate (5a). Yield: 84%; mp 250–252 °C; IR
(KBr) cm−1, n: 3320 (OH, tautomer), 3174 (NH), 1676 (C]O),
1618 (C]N), 1363 (SO2), 1207 (C–O, C–N);

1H NMR d (ppm): 2.46
(s, 3H, CH3), 3.42 (s, 3H, SO2CH3), 3.99 (s, 2H, CH2, iminol
tautomer), 4.51 (s, 2H, CH2, amide tautomer), 7.34–7.37 (m, 1H,
H-60), 7.41–7.42 (d, 2H, J = 6.0 Hz, H-200 and H-600), 7.48 (brs, 2H,
H-2 and H-6), 7.60 (brs, 3H, H-300, H-400 and H-500), 7.65 (brs, 1H,
H-70), 7.81 (brs, 2H, H-3 and H-5), 7.90–7.92 (m, 1H, H-50), 8.05
(s, 1H, CH]N, iminol tautomer), 8.24 (s, 1H, CH]N, amide
tautomer), 11.76 (s, 1H, OH/NH tautomer), 11.80 (s, 1H, OH/
NH, tautomer); 13C NMR d (ppm): 16.62 (CH3), 34.86 (CH2),
37.52 (SO2CH3), 122.63 (C-2 and C-6), 124.12 (C-40a), 125.41 (C-
50), 128.29 (C-200 and C-600), 128.61 (C-4), 129.32 (C-300 and C-500),
129.46 (C-3 and C-5), 129.86 (C-400), 133.21 (C-60), 133.96 (C-100),
135.08 (C-80), 135.84 (C-70), 141.77 (C-80a), 145.53 (HC]N),
149.80 (C-1), 155.90 (C-20), 160.87 (CO-quinazolinone), 168.57
(CONH); anal. calc. for C25H22N4O5S2 (522.59) C, 57.46; H,
4.24; N, 10.72. Found: C, 57.31; H, 4.38; N, 10.64.

3.1.1.2. 4-((2-(2-((8-Methyl-4-oxo-3-phenyl-3,4-
dihydroquinazolin-2-yl)thio)acetyl)-hydrazono)methyl)phenyl
ethanesulfonate (5b). Yield: 87%; mp 229–321 °C; IR (KBr) cm−1,
n: 3317 (OH, tautomer), 3177 (NH), 1677 (C]O), 1619 (C]N),
1388 (SO2), 1219 (C–O, C–N); 1H NMR d (ppm): 1.38 (t, 3H, J =
5.5 Hz, CH3CH2), 2.45 (s, 3H, CH3), 3.56 (q, 2H, J = 4.5 Hz,
CH3CH2), 3.99 (s, 2H, CH2, iminol tautomer), 4.50 (s, 2H, CH2,
amide tautomer), 7.34 (t, 1H, J= 7.5 Hz, H-60), 7.37–7.40 (m, 2H,
H-200 and H-600), 7.47 (d, 2H, J = 6.0 Hz, H-2 and H-6), 7.59 (brs,
3H, H-300, H-400 and H-500), 7.65 (d, 1H, J = 6.5 Hz, H-70), 7.80 (d,
2H, J = 8.5 Hz, H-3 and H-5), 7.91 (d, 1H, J = 7.5 Hz, H-50), 8.05
(s, 1H, C]N, iminol tautomer), 8.24 (s, 1H, CH]N, amide
tautomer), 11.76 (s, 1H, OH/NH, tautomer) 11.80 (s, 1H, OH/
NH, tautomer); 13C NMR d (ppm): 8.01 (CH3CH2), 16.65 (CH3),
34.88 (CH2), 44.82 (CH3CH2), 119.25 (C-40a), 122.53 (C-2 and C-
6), 124.13 (C-50), 125.43 (C-4), 128.31 (C-200 and C-600), 128.61 (C-
400), 129.33 (C-300 and C-500), 129.49 (C-3 and C-5), 133.13 (C-60),
134.00 (C-100), 135.10 (C-80), 135.86 (C-70), 141.82 (C-80a), 145.55
(HC]N), 149.67 (C-1), 155.91 (C-20), 160.91 (CO-quinazolinone),
168.60 (CONH); anal. calc. for C26H24N4O5S2 (536.62): C, 58.19;
H, 4.51; N, 10.44. Found: C, 58.22; H, 4.46; N, 10.28.

3.1.1.3. 4-((2-(2-((8-Methyl-4-oxo-3-phenyl-3,4-
dihydroquinazolin-2-yl)thio)acetyl)-hydrazono)methyl)phenyl
propane-1-sulfonate (5c). Yield: 84%; mp 231–233 °C; IR
(KBr) cm−1, n: 3315 (OH, tautomer), 3178 (NH), 1676 (C]O),
1619 (C]N), 1370 (SO2), 1210 (C–O, C–N);

1H NMR d (ppm): 1.04
(t, 3H, J = 8.0 Hz, CH3CH2CH2), 1.85 (sextet, 2H, J = 7.5 Hz,
CH3CH2CH2), 2.45 (s, 3H, CH3), 3.54 (t, 2H, J = 8.0 Hz,
1042 | RSC Adv., 2025, 15, 1033–1048
CH3CH2CH2), 3.99 (s, 2H, CH2, iminol tautomer), 4.50 (s, 2H,
CH2, amide tautomer), 7.34 (t, 1H, J = 7.5 Hz, H-60), 7.37–7.40
(m, 2H, H-200 and H-600), 7.47 (dd, 2H, J = 7.5, 1.5 Hz, H-2 and H-
6), 7.59–7.60 (m, 3H, H-300, H-400 and H-500), 7.65 (d, 1H, J =

7.0 Hz, H-70), 7.80 (d, 2H, J = 7.5 Hz, H-3 and H-5), 7.91 (d, 1H, J
= 8.0 Hz, H-50), 8.05 (s, 1H, CH]N, iminol tautomer), 8.24 (s,
1H, CH]N, amide tautomer), 11.76 (s, 1H, OH/NH, tautomer),
11.80 (s, 1H, OH/NH, tautomer); 13C NMR d (ppm): 12.31
(CH3CH2CH2), 16.64 (CH3), 16.93 (CH3CH2CH2), 34.88 (CH2),
51.49 (CH3CH2CH2), 119.25 (C-40a), 122.53 (C-2 and C-6), 124.12
(C-50), 125.41 (C-4), 128.29 (C-200 and C-600), 128.62 (C-400), 129.32
(C-300 and C-500), 129.49 (C-3 and C-5), 133.10 (C-60), 133.97 (C-
100), 135.08 (C-80), 135.85 (C-70), 141.80 (C-80a), 145.52 (HC]N),
149.63 (C-1), 155.88 (C-20), 160.88 (CO-quinazolinone), 168.58
(CONH); anal. calc. for C27H26N4O5S2 (550.65): C, 58.89; H,
4.76; N, 10.17. Found: C, 58.74; H, 4.59; N, 10.29.

3.1.1.4. 2-Methoxy-4-((2-(2-((8-methyl-4-oxo-3-phenyl-3,4-
dihydroquinazolin-2-yl)thio)-acetyl)hydrazono)methyl)phenyl
methanesulfonate (5d). Yield: 80%; mp 242–244 °C; IR
(KBr) cm−1, n: 3321 (OH, tautomer), 3170 (NH), 1671 (C]O),
1630 (C]N), 1340 (SO2), 1217 (C–O, C–N);

1H NMR d (ppm): 2.46
(s, 3H, CH3), 3.38 (s, 3H, SO2CH3), 3.88 (s, 3H, OCH3), 4.00 (s,
2H, CH2, iminol tautomer), 4.50 (s, 2H, CH2, amide tautomer),
7.32–7.37 (m, 3H, H-60, H-200 and H-600), 7.48 (brs, 2H, H-3 and H-
70), 7.60 (brs, 3H, H-300, H-400 and H-500), 7.64–7.66 (m, 2H, H-5
and H-6), 7.90–7.92 (m, 1H, H-50), 8.02 (s, 1H, CH]N, iminol
tautomer), 8.22 (s, 1H, CH]N, amide tautomer), 11.80 (s, 1H,
OH/NH, tautomer); 13C NMR d (ppm): 16.71 (CH3), 34.85 (CH2),
38.43 (SO2CH3), 56.05 (OCH3), 111.17 (C-3), 119.26 (C-40a),
119.36 (C-6), 124.15 (C-5), 125.21 (C-50), 125.45 (C-4), 129.34 (C-
200 and C-600), 129.50 (C-300 and C-500), 129.90 (C-400), 134.01 (C-60),
134.24 (C-100), 135.13 (C-80), 135.87 (C-70), 138.79 (C-80a), 142.16
(C-1), 145.56 (HC]N), 151.72 (C-2), 155.91 (C-20), 160.92 (CO-
quinazolinone), 168.60 (CONH); anal. calc. for C26H24N4O6S2
(552.62): C, 56.51; H, 4.38; N, 10.14. Found: C, 56.38; H, 4.20; N,
10.09.

3.1.1.5. 2-Methoxy-4-((2-(2-((8-methyl-4-oxo-3-phenyl-3,4-
dihydroquinazolin-2-yl)thio)-acetyl)hydrazono)methyl)phenyl
ethanesulfonate (5e). Yield: 85%; mp 216–218 °C; IR (KBr) cm−1,
n: 3322 (OH), 3172 (NH), 1675 (C]O), 1636 (C]N), 1359 (SO2),
1219 (C–O, C–N); 1H NMR d (ppm): 1.39 (t, 3H, J = 6.0 Hz,
CH2CH3), 2.45 (s, 3H, CH3), 3.51 (q, 2H, J = 5.5 Hz, CH2CH3),
3.88 (s, 3H, OCH3), 4.00 (s, 2H, CH2, iminol tautomer), 4.50 (s,
2H, CH2, amide tautomer), 7.33–7.34 (m, 3H, H-60, H-200 and H-
600), 7.47 (brs, 2H, H-3 and H-70), 7.60 (brs, 3H, H-300, H-400 and H-
500), 7.64–7.66 (m, 2H, H-5 andH-6), 7.90–7.92 (m, 1H, H-50), 8.02
(s, 1H, C]N, iminol tautomer), 8.22 (s, 1H, CH]N, amide
tautomer), 11.79 (s, 1H, OH/NH, tautomer), 11.81 (s, 1H, OH/
NH, tautomer); 13C NMR d (ppm): 8.00 (CH2CH3), 16.66 (CH3),
34.85 (CH2), 45.67 (CH2CH3), 56.01 (OCH3), 111.08 (C-3), 119.24
(C-40a), 119.30 (C-6), 124.12 (C-5), 124.13 (C-50), 125.41 (C-4),
129.31 (C-200 and C-600), 129.45 (C-300 and C-500), 129.89 (C-400),
134.06 (C-60), 134.12 (C-100), 135.08 (C-80), 135.09 (C-70), 138.68
(C-80a), 142.09 (C-1), 145.52 (HC]N), 151.62 (C-2), 155.89 (C-20),
160.87 (CO-quinazolinone), 167.32 (CONH); anal. calc. for
C27H26N4O6S2 (566.65): C, 57.23; H, 4.63; N, 9.89. Found: C,
57.11; H, 4.50; N, 9.72.
© 2025 The Author(s). Published by the Royal Society of Chemistry
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3.1.1.6. 2-Methoxy-4-((2-(2-((8-methyl-4-oxo-3-phenyl-3,4-
dihydroquinazolin-2-yl)thio)-acetyl)hydrazono)methyl)phenyl
propane-1-sulfonate (5f). Yield: 78.5%; mp 206–208 °C; IR
(KBr) cm−1, n: 3311 (OH, tautomer), 3173 (NH), 1679 (C]O),
1620 (C]N), 1350 (SO2), 1221 (C–O, C–N);

1H NMR d (ppm): 1.04
(t, 3H, J = 7.0 Hz, CH3CH2CH2), 1.90 (sextet, 2H, J = 7.0 Hz,
CH3CH2CH2), 2.45 (s, 3H, CH3), 3.49 (t, 2H, J = 7.0 Hz, CH3-
CH2CH2), 3.88 (s, 3H, OCH3), 4.00 (s, 2H, CH2, iminol
tautomer), 4.50 (s, 2H, CH2, amide tautomer), 7.31–7.35 (m, 3H,
H-60, H-200 and H-600), 7.47–7.48 (m, 2H, H-3 and H-70), 7.60 (brs,
3H, H-300, H-400 and H-500), 7.64–7.66 (m, 2H, H-5 and H-6), 7.91
(d, 1H, J = 8.0 Hz, H-6), 8.02 (s, 1H, CH]N, iminol tautomer),
8.22 (s, 1H, CH]N, amide tautomer), 11.79 (s, 1H, OH/NH,
tautomer), 11.82 (s, 1H, OH/NH, tautomer); 13C NMR d (ppm):
12.37 (CH3CH2CH2), 16.68 (CH3), 17.01 (CH3CH2CH2), 34.82
(CH2), 52.42 (CH3CH2CH2), 56.03 (OCH3), 111.07 (C-3), 119.24
(C-40a), 119.33 (C-6), 124.13 (C-5), 124.19 (C-50), 125.42 (C-4),
129.32 (C-200 and C-600), 129.47 (C-300 and C-500), 129.87 (C-400),
133.98 (C-60), 134.09 (C-100), 135.08 (C-80), 135.85 (C-70), 138.69
(C-80a), 142.12 (C-1), 145.54 (HC]N), 151.65 (C-2), 155.89 (C-20),
160.89 (CO-quinazolinone), 168.56 (CONH); anal. calc. for
C28H28N4O6S2 (580.67): C, 57.92; H, 4.86; N, 9.65. Found: C,
57.80; H, 4.71; N, 9.50.

3.1.1.7. 2-Methoxy-5-((2-(2-((8-methyl-4-oxo-3-phenyl-3,4-
dihydroquinazolin-2-yl)thio)-acetyl)hydrazono)methyl)phenyl
methanesulfonate (5g). Yield: 86%; mp 229–231 °C; IR
(KBr) cm−1, n: 3316 (OH, tautomer), 3180 (NH), 1669 (C]O),
1628 (C]N), 1344 (SO2), 1229 (C–O, C–N);

1H NMR d (ppm): 2.46
(s, 3H, CH3), 3.38 (s, 3H, SO2CH3), 3.90 (s, 3H, OCH3), 3.99 (s,
2H, CH2, iminol tautomer), 4.50 (s, 2H, CH2, amide tautomer),
7.25–7.29 (m, 1H, H-3), 7.33–7.36 (m, 1H, H-60), 7.48 (d, 2H, J =
7.0 Hz, H-200 and H-600), 7.60 (d, 2H, J = 6.5 Hz, H-300 and H-500),
7.63–7.65 (m, 3H, H-4, H-70 and H-400), 7.90–7.92 (m, 2H, H-6
and H-50), 7.99 (s, 1H, CH]N, iminol tautomer), 8.16 (s, 1H,
CH]N, amide tautomer), 11.68 (s, 1H, OH/NH, tautomer),
11.71 (s, 1H, OH/NH, tautomer); 13C NMR d (ppm): 16.69 (CH3),
35.01 (CH2), 38.41 (SO2CH3), 56.21 (OCH3), 113.67 (C-3), 119.25
(C-40a), 121.47 (C-6), 121.74 (C-4), 124.11 (C-50), 125.39 (C-6),
127.21 (C-5), 129.33 (C-200 and C-600), 129.47 (C-300 and C-500),
129.85 (C-400), 134.05 (C-100), 135.06 (C-80), 135.88 (C-70), 138.10
(C-80a), 141.97 (C-1), 145.54 (HC]N), 152.65 (C-2), 155.94 (C-20),
160.90 (CO-quinazolinone), 168.39 (CONH); anal. calc. for
C26H24N4O6S2 (552.62): C, 56.51; H, 4.38; N, 10.14. Found: C,
56.63; H, 4.51; N, 10.28.

3.1.1.8. 2-Methoxy-5-((2-(2-((8-methyl-4-oxo-3-phenyl-3,4-
dihydroquinazolin-2-yl)thio)-acetyl)hydrazono)methyl)phenyl
ethanesulfonate (5h). Yield: 80.5%; mp 234–236 °C; IR
(KBr) cm−1, n: 3320 (OH, tautomer), 3165 (NH), 1677 (C]O),
1618 (C]N), 1350 (SO2), 1211 (C–O, C–N);

1H NMR d (ppm): 1.39
(t, 3H, J = 7.0 Hz, CH2CH3), 2.46 (s, 3H, CH3), 3.51 (q, 2H, J =
7.5 Hz, CH2CH3), 3.89 (s, 3H, OCH3), 3.99 (s, 2H, CH2, iminol
tautomer), 4.50 (s, 2H, CH2, amide tautomer), 7.25–7.28 (m, 1H,
H-3), 7.33–7.36 (m, 1H, H-60), 7.47 (brs, 2H, H-200 and H-600), 7.60
(brs, 2H, H-300 and H-500), 7.61–7.64 (m, 3H, H-4, H-70 and H-400),
7.91–7.92 (m, 2H, H-6 and H-50), 7.99 (s, 1H, CH]N, iminol
tautomer), 8.16 (s, 1H, CH]N, amide tautomer), 11.67 (s, 1H,
© 2025 The Author(s). Published by the Royal Society of Chemistry
OH/NH, tautomer), 11.70 (s, 1H, OH/NH, tautomer); 13C NMR
d (ppm): 8.02 (CH2CH3), 16.71 (CH3), 34.97 (CH2), 45.73
(CH2CH3), 56.22 (OCH3), 113.63 (C-3), 119.27 (C-40a), 121.42 (C-
6), 121.59 (C-4), 124.13 (C-50), 125.42 (C-6), 127.15 (C-5), 129.34
(C-200 and C-600), 129.49 (C-300 and C-500), 129.89 (C-400), 134.08 (C-
100), 135.08 (C-80), 135.88 (C-70), 138.02 (C-80a), 142.02 (C-1),
145.56 (HC]N), 152.61 (C-2), 155.95 (C-20), 160.93 (CO-
quinazolinone), 168.40 (CONH); anal. calc. for C27H26N4O6S2
(566.65): C, 57.23; H, 4.63; N, 9.89. Found: C, 57.38; H, 4.51; N,
9.75.

3.1.1.9. 2-Methoxy-5-((2-(2-((8-methyl-4-oxo-3-phenyl-3,4-
dihydroquinazolin-2-yl)thio)-acetyl)hydrazono)methyl)phenyl
propane-1-sulfonate (5i). Yield: 90.5%; mp 256–258 °C; IR
(KBr) cm−1, n: 3315 (OH, tautomer), 3172 (NH), 1673 (C]O),
1631 (C]N), 1349 (SO2), 1221 (C–O, C–N);

1H NMR d (ppm): 1.03
(t, 3H, J = 7.0 Hz, CH3CH2CH2), 1.88 (sextet, 2H, J = 7.0 Hz,
CH3CH2CH2), 2.46 (s, 3H, CH3), 3.47 (t, 2H, J = 6.0 Hz, CH3-
CH2CH2), 3.89 (s, 3H, OCH3), 3.99 (s, 2H, CH2, iminol
tautomer), 4.50 (s, 2H, CH2, amide tautomer), 7.24–7.28 (m, 1H,
H-3), 7.32–7.35 (m, 1H, H-60), 7.48 (brs., 2H, H-200 and H-600), 7.60
(brs., 2H, H-300 and H-500), 7.61–7.64 (m, 3H, H-4, H-70 and H-400),
7.90–7.92 (m, 2H, H-6 and H-50), 7.98 (s, 1H, CH]N, iminol
tautomer), 8.17 (s, 1H, CH]N, amide tautomer), 11.68 (s, 1H,
OH/NH, tautomer), 11.72 (s, 1H, OH/NH, tautomer); 13C NMR
d (ppm): 12.37 (CH3CH2CH2), 16.68 (CH3), 17.01 (CH3CH2CH2),
34.82 (CH2), 52.42 (CH3CH2CH2), 56.03 (OCH3), 111.67 (C-3),
119.24 (C-40a), 119.33 (C-6), 124.13 (C-4), 124.19 (C-50), 125.42
(C-6), 129.32 (C-200 and C-600), 129.47 (C-300 and C-500), 129.87 (C-
400), 133.98 (C-5), 134.09 (C-100), 135.08 (C-80), 135.85 (C-70),
138.69 (C-80a), 142.12 (C-1), 145.54 (HC]N), 151.65 (C-2),
155.89 (C-20), 160.89 (CO-quinazolinone), 168.56 (CONH);
anal. calc. for C28H28N4O6S2 (580.67): C, 57.92; H, 4.86; N, 9.65.
Found: C, 57.82; H, 4.99; N, 9.51.

3.1.1.10. 4-((2-(2-((6-Chloro-4-oxo-3-phenyl-3,4-
dihydroquinazolin-2-yl)thio)acetyl)-hydrazono)methyl)phenyl
methanesulfonate (5j). Yield: 90%; mp 236–238 °C; IR
(KBr) cm−1, n: 3325 (OH, tautomer), 3170 (NH), 1671 (C]O),
1620 (C]N), 1355 (SO2), 1214 (C–O, C–N);

1H NMR d (ppm): 3.33
(s, 3H, SO2CH3), 3.98 (s, 2H, CH2, iminol tautomer), 4.46 (s, 2H,
CH2, amide tautomer), 7.41 (brs, 1H, H-80), 7.49 (brs, 2H, H-200

and H-600), 7.59 (brs, 2H, H-2 and H-6), 7.79–7.81 (m, 3H, H-300,
H-400 and H-500), 7.85–7.86 (m, 2H, H-3 and H-5), 7.98–8.00 (m,
2H, H-50 and H-70), 8.06 (s, 1H, CH]N, iminol tautomer), 8.28
(s, 1H, CH]N, amide tautomer), 11.71 (s, 1H, OH/NH,
tautomer), 11.82 (s, 1H, OH/NH, tautomer); 13C NMR d (ppm):
34.26 (CH2), 37.54 (SO2CH3), 120.77 (C-40a), 122.70 (C-2 and C-
6), 125.48 (C-4), 128.14 (C-5), 128.45 (C-200 and C-600), 128.72
(C-400), 129.27 (C-300 and C-500), 129.56 (C-3 and C-5), 130.07 (C-
80), 133.17 (C-60), 134.92 (C-100), 135.55 (C-70), 142.06 (C-80a),
145.79 (HC]N), 149.85 (C-1), 157.84 (C-20), 159.66 (CO-
quinazolinone), 168.71 (CONH); C24H19ClN4O5S2 (543.01): C,
53.09; H, 3.53; N, 10.32. Found: C, 53.18; H, 3.41; N, 10.21

3.1.1.11. 4-((2-(2-((6-Chloro-4-oxo-3-phenyl-3,4-
dihydroquinazolin-2-yl)thio)acetyl)-hydrazono)methyl)phenyl
ethanesulfonate (5k ). Yield: 81%; mp 170–172 °C; IR (KBr) cm−1,
n: 3321 (OH, tautomer), 3173 (NH), 1673 (C]O), 1622 (C]N),
1360 (SO2), 1210 (C–O, C–N); 1H NMR d (ppm): 1.38 (t, 3H, J =
RSC Adv., 2025, 15, 1033–1048 | 1043
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7.0 Hz, CH2CH3), 3.55 (q, 2H, J = 7.5 Hz, CH2CH3), 3.99 (s, 2H,
CH2, iminol tautomer), 4.46 (s, 2H, CH2, amide tautomer), 7.38–
7.39 (m, 1H, H-80), 7.48–7.51 (m, 2H, H-200 and H-600), 7.58–7.61
(m, 2H, H-2 and H-6), 7.78–7.79 (m, 3H, H-300, H-400 and H-500),
7.82–7.87 (m, 3H, J = 8.5, 1.5 Hz, H-3, H-5 and H-70), 8.00 (s, 1H,
H-50), 8.06 (s, 1H, CH]N, iminol tautomer), 8.28 (s, 1H, CH]N,
amide tautomer), 11.72 (s, 1H, OH/NH, tautomer), 11.83 (s, 1H,
OH/NH, tautomer); 13C NMR d (ppm): 8.00 (CH2CH3), 34.27
(CH2), 44.79 (CH2CH3), 120.74 (C-40a), 122.54 (C-2 and C-6),
125.45 (C-4), 128.12 (C-50), 128.41 (C-200 and C-600), 128.69 (C-
400), 129.24 (C-300 and C-500), 129.53 (C-3 and C-5), 130.03 (C-80),
133.04 (C-60), 134.88 (C-100), 135.53 (C-70), 142.05 (C-80a), 145.75
(HC]N), 149.67 (C-1), 157.80 (C-20), 159.66 (CO-quinazolinone),
168.66 (CONH); anal. calc. for C25H21ClN4O5S2 (557.04): C,
53.91; H, 3.80; N, 10.06. Found: C, 53.85; H, 3.65; N, 10.19.

3.1.1.12. 4-((2-(2-((6-Chloro-4-oxo-3-phenyl-3,4-
dihydroquinazolin-2-yl)thio)acetyl)-hydrazono)methyl)phenyl
propane-1-sulfonate (5l). Yield: 82.5%; mp 179–181 °C; IR
(KBr) cm−1, n: 3317 (OH, tautomer), 3168 (NH), 1679 (C]O),
1630 (C]N), 1360 (SO2), 1210 (C–O, C–N);

1H NMR d (ppm): 1.04
(t, 3H, J = 7.5 Hz, CH3CH2CH2), 1.86 (sextet, 2H, J = 7.5 Hz,
CH3CH2CH2), 3.54 (t, 2H, J = 7.5 Hz, CH3CH2CH2), 3.98 (s, 2H,
CH2, iminol tautomer), 4.46 (s, 2H, CH2, amide tautomer), 7.38
(d, 1H, J = 8.0 Hz, H-80), 7.49–7.50 (m, 2H, H-200 and H-600), 7.59–
7.61 (m, 2H, H-2 and H-6), 7.78–7.79 (m, 3H, H-300, H-400 and H-
500), 7.82–7.87 (m, 3H, H-3, H-5 and H-70), 8.00 (s, 1H, H-50), 8.06
(s, 1H, CH]N, iminol tautomer), 8.27 (s, 1H, CH]N, amide
tautomer), 11.72 (s, 1H, OH/NH, tautomer), 11.83 (s, 1H, OH/
NH, tautomer); 13C NMR d (ppm): 12.32 (CH3CH2CH2), 16.94
(CH3CH2CH2), 34.27 (CH2), 51.49 (CH3CH2CH2), 120.73 (C-40a),
122.56 (C-2 and C-6), 125.45 (C-4), 128.11 (C-50), 128.40 (C-200

and C-600), 128.69 (C-400), 129.25 (C-300 and C-500), 129.53 (C-3 and
C-5), 130.04 (C-80), 133.02 (C-60), 134.87 (C-100), 135.53 (C-70),
142.05 (C-80a), 145.74 (HC]N), 149.66 (C-1), 157.80 (C-20),
159.66 (CO-quinazolinone), 168.66 (CONH); anal. calc. for C26-
H23ClN4O5S2 (571.06): C, 54.69; H, 4.06; N, 9.81. Found: C,
54.86; H, 4.17; N, 9.69.

3.1.1.13. 4-((2-(2-((6-Chloro-4-oxo-3-phenyl-3,4-
dihydroquinazolin-2-yl)thio)acetyl)-hydrazono)methyl)-2-
methoxyphenyl methanesulfonate (5m). Yield: 85.6%; mp 232–
234 °C; IR (KBr) cm−1, n: 3327 (OH, tautomer), 3188 (NH), 1669
(C]O), 1623 (C]N), 1359 (SO2), 1225 (C–O, C–N); 1H NMR
d (ppm): 3.38 (s, 3H, SO2CH3), 3.89 (s, 3H, OCH3), 3.99 (s, 2H,
CH2, iminol tautomer), 4.48 (s, 2H, CH2, amide tautomer), 7.31–
7.36 (m, 2H, H-6 and H-80), 7.48–7.49 (m, 3H, H-50, H-200 and H-
600), 7.59–7.60 (m, 3H, H-300, H-400 and H-500), 7.82 (d, 1H, J =
8.5 Hz, H-5), 7.85 (d, 1H, J = 8.5 Hz, H-70), 8.00 (brs, 1H, H-3),
8.04 (s, 1H, CH]N, iminol tautomer). 8.26 (s, 1H, CH]N,
amide tautomer), 11.78 (s, 1H, OH/NH, tautomer); 13C NMR
d (ppm): 34.45 (CH2), 38.41 (SO2CH3), 55.99 (OCH3), 111.06 (C-
3), 119.52 (C-40a), 120.23 (C-6), 120.73 (C-5), 124.24 (C-50),
125.49 (C-60), 128.06 (C-4), 129.26 (C-200 and C-600), 129.55 (C-300

and C-500), 130.07 (C-400), 134.19 (C-100), 134.90 (C-80), 135.54 (C-
70), 138.79 (C-1), 142.24 (C-80a), 145.78 (HC]N), 151.68 (C-2),
157.84 (C-20), 159.69 (CO-quinazolinone), 168.71 (CONH);
anal. calc. for C25H21ClN4O6S2 (573.04): C, 52.40; H, 3.69; N,
9.78. Found: C, 52.58; H, 3.59; N, 9.64.
1044 | RSC Adv., 2025, 15, 1033–1048
3.1.1.14. 4-((2-(2-((6-Chloro-4-oxo-3-phenyl-3,4-
dihydroquinazolin-2-yl)thio)acetyl)-hydrazono)methyl)-2-
methoxyphenyl ethanesulfonate (5n). Yield: 78.5%; mp 210–212 °
C; IR (KBr) cm−1, n: 3316 (OH, tautomer), 3185 (NH), 1670 (C]
O), 1630 (C]N), 1349 (SO2), 1207 (C–O, C–N); 1H NMR d (ppm):
1.39 (t, 3H, J = 5.5 Hz, CH2CH3), 3.50 (q, 2H, J = 6.5 Hz,
CH2CH3), 3.88 (s, 3H, OCH3), 3.99 (s, 2H, CH2, iminol
tautomer), 4.48 (s, 2H, CH2, amide tautomer), 7.31–7.34 (m, 2H,
H-6 and H-80), 7.48 (brs, 3H, H-6, H-200 and H-600), 7.59 (brs, 3H,
H-300, H-400 and H-500), 7.82 (d, 1H, J = 8.5 Hz, H-5), 7.86 (d, 1H, J
= 8.5 Hz, H-70), 8.00 (s, 1H, H-3), 8.03 (s, 1H, CH]N, iminol
tautomer). 8.26 (s, 1H, CH]N, amide tautomer), 11.77 (s, 1H,
OH/NH, tautomer), 11.83 (s, 1H, OH/NH, tautomer); 13C NMR
d (ppm): 8.02 (CH2CH3), 34.43 (CH2), 45.70 (CH2CH3), 55.96
(OCH3), 111.00 (C-3), 119.47 (C-40a), 120.18 (C-6), 120.72 (C-5),
124.12 (C-50), 125.46 (C-60), 128.05 (C-4), 129.24 (C-200 and C-
600), 129.93 (C-300 and C-500), 130.03 (C-400), 134.03 (C-100), 134.88
(C-80), 135.53 (C-70), 138.70 (C-1), 142.19 (C-80a), 145.74 (HC]N),
151.61 (C-2), 157.82 (C-20), 159.65 (CO-quinazolinone), 168.67
(CONH); anal. calc. for C26H23ClN4O6S2 (587.06): C, 53.19; H,
3.95; N, 9.54. Found: C, 53.30; H, 3.80; N, 9.39.

3.1.1.15. 4-((2-(2-((6-Chloro-4-oxo-3-phenyl-3,4-
dihydroquinazolin-2-yl)thio)acetyl)- hydrazono)methyl)-2-
methoxyphenyl propane-1-sulfonate (5o). Yield: 82%; mp 206–
208 °C; IR (KBr) cm−1, n: 3319 (OH, tautomer), 3189 (NH), 1682
(C]O), 1622 (C]N), 1360 (SO2), 1219 (C–O, C–N); 1H NMR
d (ppm): 1.04 (t, 3H, J= 7.0 Hz, CH3CH2CH2), 1.87 (sextet, 2H, J=
7.0Hz, CH3CH2CH2), 3.48 (t, 2H, J= 7.5Hz, CH3CH2CH2), 3.88 (s,
3H, OCH3), 3.99 (s, 2H, CH2, iminol tautomer), 4.47 (s, 2H, CH2,
amide tautomer), 7.32–7.34 (m, 2H, H-6 and H-80), 7.48–7.49 (m,
3H, H-50, H-200 and H-600), 7.58–7.60 (m, 3H, H-300, H-400 and H-500),
7.82 (dd, 1H, J = 8.5, 2.5 Hz, H-5), 7.86 (dd, 1H, J= 8.5, 2.5 Hz, H-
70), 8.00 (s, 1H, H-3), 8.03 (s, 1H, CH]N, iminol tautomer), 8.25
(s, 1H, CH]N, amide tautomer), 11.77 (s, 1H, OH/NH, tautomer),
11.82 (s, 1H, OH/NH, tautomer); 13C NMR d (ppm): 12.41 (CH3-
CH2CH2), 17.05 (CH3CH2CH2), 34.46 (CH2), 52.46 (CH3CH2CH2),
56.02 (OCH3), 111.03 (C-3), 119.55 (C-40a), 120.28 (C-6), 120.76 (C-
5), 124.27 (C-50), 125.50 (C-60), 128.10 (C-4), 129.28 (C-200 and C-600),
129.58 (C-300 and C-500), 130.09 (C-400), 134.08 (C-100), 134.94 (C-80),
135.56 (C-70), 138.74 (C-1), 142.28 (C-80a), 145.80 (HC]N), 151.66
(C-2), 157.86 (C-20), 159.71 (CO-quinazolinone), 168.74 (CONH);
anal. calc. for C27H25ClN4O6S2 (601.09): C, 53.95; H, 4.19; N, 9.32.
Found: C, 53.81; H, 4.10; N, 9.19.

3.1.1.16. 5-((2-(2-((6-Chloro-4-oxo-3-phenyl-3,4-
dihydroquinazolin-2-yl)thio)acetyl)- hydrazono)methyl)-2-
methoxyphenyl methanesulfonate (5p). Yield: 82%; mp 240–
242 °C; IR (KBr) cm−1, n: 3310 (OH, tautomer), 3185 (NH), 1672
(C]O), 1636 (C]N), 1345 (SO2), 1218 (C–O, C–N); 1H NMR
d (ppm): 3.40 (s, 3H, SO2CH3), 3.90 (s, 3H, OCH3), 3.98 (s, 2H,
CH2, iminol tautomer), 4.48 (s, 2H, CH2, amide tautomer), 7.27
(brs, 1H, H-3), 7.49–7.53 (m, 3H, H-80, H-200 and H-600), 7.59–7.61
(m, 4H, H-6, H-300, H-400 and H-500), 7.66 (brs, 1H, H-50), 7.80 (d,
1H, J = 7.5 Hz, H-4), 7.86 (d, 1H, J = 7.5 Hz, H-70), 8.00 (s, 1H,
CH]N, iminol tautomer), 8.20 (s, 1H, CH]N, amide tautomer),
11.66 (s, 1H, OH/NH, tautomer), 11.74 (s, 1H, OH/NH, tautomer);
13C NMR d (ppm): 34.60 (CH2), 38.40 (SO2CH3), 56.21 (OCH3),
© 2025 The Author(s). Published by the Royal Society of Chemistry
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113.67 (C-3), 120.75 (C-40a), 121.36 (C-6), 125.43 (C-5), 127.16 (C-
50), 127.39 (C-60), 127.50 (C-4), 128.15 (C-100), 129.24 (C-200 and C-
600), 129.51 (C-300 and C-500), 130.02 (C-400), 134.81 (C-80), 135.54 (C-
70), 138.09 (C-1), 142.05 (C-80a), 145.77 (HC]N), 152.64 (C-2),
157.84 (C-20), 159.67 (CO-quinazolinone), 168.48 (CONH); anal.
calc. for C25H21ClN4O6S2 (573.04): C, 52.40; H, 3.69; N, 9.78.
Found: C, 52.58; H, 3.51; N, 9.69.

3.1.1.17. 5-((2-(2-((6-Chloro-4-oxo-3-phenyl-3,4-
dihydroquinazolin-2-yl)thio)acetyl)-hydrazono)methyl)-2-
methoxyphenyl ethanesulfonate (5q). Yield: 81%; mp 208–210 °C;
IR (KBr) cm−1, n: 3314 (OH, tautomer), 3187 (NH), 1683 (C]O),
1624 (C]N), 1366 (SO2), 1220 (C–O, C–N); 1H NMR d (ppm): 1.40
(t, 3H, J= 7.0 Hz, CH3CH2), 3.53 (q, 2H, J= 7.0 Hz, CH3CH2), 3.89
(s, 3H, OCH3), 3.97 (s, 2H, CH2, iminol tautomer), 4.47 (s, 2H,
CH2, amide tautomer), 7.24–7.27 (m, 1H, H-3), 7.49 (d, 2H, J =
7.5Hz, H-200 andH-600), 7.53 (d, 1H, J= 8.5Hz, H-80), 7.59–7.62 (m,
4H, H6, H-300, H-400 and H-500), 7.65 (d, 1H, J = 1.5 Hz, H-50), 7.80
(dd, 1H, J = 9.0, 2.0 Hz, H-4), 7.86 (dd, 1H, J = 8.5, 2.0 Hz, H-70),
8.00 (s, 1H, CH]N, iminol tautomer), 8.20 (s, 1H, CH]N, amide
tautomer), 11.66 (s, 1H, OH/NH, tautomer), 11.73 (s, 1H, OH/NH,
tautomer); 13C NMR d (ppm): 8.17 (CH3), 34.82 (CH2), 45.91
(CH2CH3), 56.38 (OCH3), 113.76 (C-3), 120.83 (C-40a), 121.41 (C-6),
121.76 (C-4), 125.60 (C-50), 127.27 (C-60), 127.58 (C-5), 127.79 (C-
100), 128.36 (C-80), 129.37 (C-200 and C-600), 129.76 (C-300 and C-500),
130.29 (C-400), 135.66 (C-70), 138.14 (C-1), 142.43 (C-80a), 145.93
(HC]N), 152.78 (C-2), 157.95 (C-20), 159.92 (CO-quinazolinone),
168.75 (CONH); anal. calc. for C26H23ClN4O6S2 (587.06): C,
53.19; H, 3.95; N, 9.54. Found: C, 53.25; H, 3.79; N, 9.69.

3.1.1.18. 5-((2-(2-((6-Chloro-4-oxo-3-phenyl-3,4-
dihydroquinazolin-2-yl)thio)acetyl)-hydrazono)methyl)-2-
methoxyphenyl propane-1-sulfonate (5r). Yield: 85%; mp 216–
218 °C; IR (KBr) cm−1, n: 3311 (OH, tautomer), 3185 (NH), 1683
(C]O), 1637 (C]N), 1358 (SO2), 1215 (C–O, C–N); 1H NMR
d (ppm): 1.04 (t, 3H, J = 6.5 Hz, CH3CH2CH2), 1.87 (sextet, 2H, J
= 6.0 Hz, CH3CH2CH2), 3.50 (t, 2H, J = 6.0 Hz, CH3CH2CH2),
3.89 (s, 3H, OCH3), 3.98 (s, 2H, CH2, iminol tautomer), 4.47 (s,
2H, CH2, amide tautomer), 7.25–7.28 (m, 1H, H-3), 7.49 (brs, 2H,
H-200 and H-600), 7.53 (d, 1H, J = 8.5 Hz, H-80), 7.56–7.64 (m, 4H,
H-6, H-300, H-400 and H-500), 7.65 (brs, 1H, H-5), 7.80 (d, 1H, J =
8.0, Hz, H-4), 7.86 (d, 1H, J = 8.5 Hz, H-70), 8.00 (s, 1H, CH]N,
iminol tautomer), 8.20 (s, 1H, CH]N, amide tautomer), 11.67
(s, 1H, OH/NH, tautomer), 11.71 (s, 1H, OH/NH, tautomer); 13C
NMR d (ppm): 12.36 (CH3CH2CH2), 17.02 (CH3CH2CH2), 34.67
(CH2), 52.39 (CH3CH2CH2), 56.22 (OCH3), 113.57 (C-3), 120.72
(C-40a), 121.29 (C-6), 121.72 (C-4), 125.43 (C-50), 127.13 (C-60),
127.33 (C-5), 128.15 (C-100), 129.24 (C-200 and C-600), 129.53 (C-300

and C-500), 130.03 (C-400), 134.78 (C-80), 135.60 (C-70), 137.86 (C-1),
142.10 (C-80a), 145.78 (HC]N), 152.60 (C-2), 157.86 (C-20),
159.68 (CO-quinazolinone), 168.48 (CONH); anal. calc. for C27-
H25ClN4O6S2 (601.09): C, 53.95; H, 4.19; N, 9.32. Found: C,
53.88; H, 4.31; N, 9.49.
3.2. Investigation of the antimicrobial susceptibility of the
synthesized compounds

The efficiency of the prepared molecules to serve as bactericidal
and fungicidal was evaluated following the standard
© 2025 The Author(s). Published by the Royal Society of Chemistry
procedure.44–48 More details about the experiment used were
provided in the ESI le†.

The study was approved by the Medical Research Ethical
Committee of the National Research Centre (04461123).
3.3. Effect of the targeted synthesized compounds on the
bacterial lipid peroxidation (LPO)

Oxidative stress on the bacterial cells was usually indicated by
the oxidation of the fatty acid contents in the bacterial cell
membrane.49 Additional information is provided in the
supplemental data.
3.4. Biolm inhibition activity of the synthesized molecules

The compounds being inhibit the biolm formation were also
determined by the crystal violet method.50 More details about
the procedure are provided in the supplemental data.
3.5. Confocal laser scanning microscope

The effect of the most potent compounds against microbial
pathogens was analyzed by confocal laser scanning microscopy
(Leica Microsystems DMi8, GmbH, Wetzlar, Germany).
Following the standard process.51,52 More details about the
procedure are provided in the supplemental data.
3.6. Docking studies on DNA gyrase enzyme

We conducted a molecular docking investigation to assess how
a series of newly synthesized quinazolinone derivatives (5a–r)
interact with the DNA gyrase enzyme (PDB code: 6F86). These
synthesized compounds' binding interactions and affinities
towards the DNA gyrase enzyme were analyzed. The study
commenced by retrieving the X-ray crystal structure of the DNA
gyrase enzyme from the Protein Data Bank (https://
www.rcsb.org) using the specied PDB code (6F86). To
prepare the receptor for docking simulations, Biovia Discovery
Studio was employed to streamline the enzyme structure by
removing redundant chains and water molecules. This
process included the addition of polar hydrogens and the
adjustment of partial charges. Subsequently, docking studies
were performed using Autodock 4.2 soware, with a detailed
protocol provided in the supplemental data. The grid box
used for docking was set to dimensions of 60 × 60 × 60
points with a grid spacing of 0.375 Å. The box was centered
on the coordinates of the native ligand (CWW) in the crystal
structure to ensure that the entire binding pocket was
encompassed. The center of the grid was positioned at X:
61.8154, Y: 28.8269, and Z: 63.8559 Å. This setup ensures the
grid adequately covers the active site for accurate docking
predictions. For each docking run, 100 poses were generated
using the Lamarckian Genetic Algorithm in AutoDock 4.2.
These poses were ranked based on their binding free energy,
and the lowest-energy pose was selected as the most likely
binding conformation.
RSC Adv., 2025, 15, 1033–1048 | 1045
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4. Conclusion

In conclusion, the present study describes the development of
a novel series of quinazolinone–alkanesulfonate derivatives
(5a–r) via the attachment of aryl alkanesulfonates to the qui-
nazolinone core through thioacetohydrazide azomethine
linkers. The antimicrobial evaluation of these newly synthe-
sized compounds revealed reasonable bactericidal activities
compared to standard drugs. Notably, derivatives 5g and 5k
exhibited the greatest minimum inhibitory concentration
(MIC) values against Candida albicans, while 5g was the most
effective against Staphylococcus aureus with MIC = 12.5 mg
mL−1, which is half the value recorded for the standard drug
Sulfadiazine. Furthermore, 5k signicantly prevented biolm
formation for all tested bacterial pathogens, surpassing the
performance of the standard drug Ciprooxacin. Additionally,
5k caused elevated lipid peroxidation (LPO) when added to the
tested microbial pathogens, and confocal laser scanning
microscopy (CLSM) visualization revealed fewer live cells aer
treatment. The molecular docking studies against the DNA
gyrase enzyme revealed strong binding interactions, particu-
larly with the acid hydrazide core, which effectively interacted
with key residues GLU50, ASN46, GLY77, and ASP136. These
interactions highlight the core's critical role in binding affinity
and align well with the observed antimicrobial efficacy of the
compounds, suggesting their potential as effective
antimicrobials.
5 Limitation of the study

It is important to interpret the ndings of this study with
caution. Specically, assessments for genotoxicity, mutage-
nicity, developmental toxicity, reproductive toxicity, neurotox-
icity, and immunotoxicity must be conducted before
considering the results for further studies, including in vivo,
preclinical, or clinical applications. These additional assess-
ments will ensure the reliability and applicability of the ndings
in real-world scenarios, thereby enhancing the validity of
subsequent research and potential therapeutic use.
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