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 INTRODUCTION

Quinazolin-4(3H)-one is a privileged nitrogen-containing heterocyclic scaffold found in diverse natural products and clinically approved drugs for cancer, cardiovascular disorders, and inflammatory diseases. Its derivatives possess abroad spectrum of bioactivities, including anti-inflammatory, anticancer, antibacterial, and anticonvulsant properties. 

Research Aim 

This study aims to design, synthesize, and biologically evaluate novel hybrid molecules combining the 2-mercapto-3-aryl/alkylquinazolin-4(3H)-one core with various heterocyclic moieties (pyridine, morpholine, coumarin, and thiazolidine) as potential therapeutic agents against α-glucosidase , bacterial pathogens, cytotoxicity, and inflammation.

Synthetic Outline and Scope 

Intermediates: 2-mercapto-3-aryl/alkylquinazolin-4(3H)-ones (3a–m), morpholine derivative 5, coumarin intermediates (6, 8), and hydrazide/thiazolidine precursors (12-14). Target Hybrids: ynthesis of a 46-compound library comprising pyridine (4a–g, i–k, m), morpholine (5a–f, l), N-(3-fluoro-4-morpholinophenyl)acetamide (6a–g, i–k), coumarin (7a–e, h; 9a–e, h), and thioxothiazolidin-4-one (16a–f) derivatives. 

Biological Profiling: Comprehensive in vitro evaluation including α-glucosidase inhibition, antibacterial efficacy, cytotoxicity, and anti-inflammatory activity.

Novel contributions and significance 

Key Findings: Successful synthesis of 46 novel hybrid derivatives. Promising candidates exhibited potent α-glucosidase inhibition and antibacterial activity alongside low cytotoxicity.

Scientific and Practical Value: Expands the chemical space and provides structural SAR insights, supports the development of novel therapeutics for type 2 diabetes .

CHAPTER 1. BACKGROUND AND RATIONALE 

1.1 Recent Advances in quinazolin-4(3H)-ones and 2-mercapto-3-aryl/alkylquinazolin-4(3H)-one derivatives
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2-Mercapto-3-aryl/alkylquinazolin-4(3H)-ones bear a highly nucleophilic thiol group (-SH), enabling two principal synthetic pathways: (1) S-alkylation/substitution to form functionalized derivatives, or (2) preparation of key intermediates for further conversion into novel heterocyclic systems. Notably, Al-Khuzaie et al. leveraged this reactivity to synthesize a series of amine and triazole derivatives from the quinazolinone core. Remarkably, the resulting analogs exhibited potent antimicrobial activity against both bacterial strains and yeast, underscoring their significant biological potential [1].

Scheme 1.5 Synthetic route to triazole and amine derivatives from 2-mercapto-3-phenylquinazolin-4(3H)-one according to Mohammed G.A Al-Khuzaie et al.
In 2015, Al-Majidi et al. exploited the synthetic versatility of 2-mercapto-3-phenylquinazolin-4(3H)-one to construct various heterocyclic systems, including imidazole, oxazoline, and triazine, via S-substituted intermediates. Through nucleophilic substitution followed by intramolecular cyclization, a diverse library of products [image: image26.png]


was obtained in good yields [2].

Scheme 1.6 Synthetic route to imidazole, 2-aminothiazole, phthalazine, oxazoline, and 1,2,4-triazine derivatives from 2-mercapto-3-phenylquinazolin-4(3H)-one according to Suaad M.H. Al-Majidi and Redhab A.J Alfraij.
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In 2015, Al-Suwaidan et al. utilized 3-benzyl-2-mercapto-6-methylquinazolin-4(3H)-one as a precursor to prepare N-substituted hydrazide intermediates, which were subsequently transformed into target compounds bearing a thiazolidine heterocycle [3]. 

Scheme 1.8 Synthetic route to a series of thiazolidine-containing compounds reported by Ibrahim A. Al-Suwaidan et al. 

1.2 Biological Evaluation of Quinazolin-4(3H)-one-Based Hybrids 

Overview of Diabetes Mellitus and enzyme α-Glucosidase Inhibition


Diabetes mellitus is a chronic metabolic disorder characterized by persistent hyperglycemia, which frequently leads to severe complications including nephropathy, retinopathy, and cardiovascular disease [4, 5]. A key therapeutic strategy involves managing postprandial hyperglycemia by inhibiting key carbohydrate-hydrolyzing enzymes, such as α-amylase and α-glucosidase [6, 7]. However, currently available drugs like acarbose are often limited by gastrointestinal side effects. Consequently, the development of novel inhibitors with enhanced potency and superior safety profiles remains an urgent priority [8, 9].


In 2022, Moheb et al. synthesized 18 novel quinazolin-4(3H)-one derivatives as α-glucosidase inhibitors [10]. Among them, compound 7b (N-(2-fluorophenyl)-2-(2-methoxy-4-(4-oxo-3,4-dihydroquinazolin-2-yl)phenoxy)acetamide), bearing an o-fluoro moiety, exhibited the highest potency with an IC50 = 14.4 µM, 53-fold more potent than acarbose. Kinetic analysis and molecular docking simulations revealed that 7b acts as a competitive inhibitor, establishing key hydrogen bonds and pi-pi stacking interactions within the active site [10]. 

Likewise, Menteşe et al. (2016) reported quinazolinone-coumarin hybrids as dual inhibitors of lipase and [image: image2.png]


-glucosidase [11]. Compounds 1 (N'-{2-[2-(3,4-dichlorobenzyl)-4-oxoquinazolin-3(4H)-yl]acetyl}-2-oxo-2H-chromene-3-carbohydrazide) and 2 (N'-{2-[2-(4-bromobenzyl)-4-oxoquinazolin-3(4H)-yl]acetyl}-2-oxo-2H-chromene-3-carbohydrazide) demonstrated significant inhibitory activity, with IC50 values ranging from 2.85 to 7.34 µM. SAR analysis underscored that coupling these two heterocyclic frameworks via a hydrazide linker plays a pivotal role in boosting enzyme inhibition compared to their individual scaffolds [11]. 

CHAPTER 2. RESEARCH CONTENTS

2.1 Research Scope 

The target 2-mercapto-3-aryl/alkylquinazolin-4(3H)-one hybrids (Scheme 2.1) were synthesized via a two-stage strategy:

(1) Preparation of Key Intermediates:

Quinazolinone intermediates (3a-m): Constructed from anthranilic acid or 2-amino-5-bromobenzoic acid by treatment with CS2, KOH/EtOH , or substituted amine/isothiocyanate derivatives to introduce various N-3-aryl/alkyl groups 
 ADDIN EN.CITE 

[13-23]
.


Other starting materials (5), (6), (8), (12), (13), (14):  Prepared according to reported procedures 
 ADDIN EN.CITE 

[24-26]
. Specifically, intermediate 5 was synthesized from 3-fluoro-4-morpholinoaniline and chloroacetyl chloride in glacial acetic acid. 

(2) Synthesis of Target Hybrids:

Coumarin and heterocycle-bearing hybrids: Intermediates 3a–m were reacted with 6 (catalyzed by CH3COONa/butanol) or 8 (K2CO3/acetone) to yield series (7a–e, h), (9a–e, h) along with the corresponding pyridine and morpholine derivatives.


Thioxothiazolidine series (16a–f): Synthesized via Knoevenagel condensation of intermediate 14 with various aromatic aldehydes [27]

Morpholinoaniline series (6a–k): Obtained by S-alkylation of quinazolinones 3a–g, i–k with intermediate 5 [28]. 

[image: image28.png](4a-g, i-k, m)




Scheme 2.1 Synthetic route to hybrid compounds based on the quinazolin-4(3H)-one core conjugated with various heterocycles. 

2.2 Research Methods 

2.2.1 Structure Elucidation 


Fourier-transform infrared (FT-IR) spectra were recorded on a Shimadzu FTIR-8400S spectrometer using KBr pellets, with absorption maxima (ν_max) reported in cm⁻¹. Nuclear magnetic resonance (NMR) spectra were acquired on a Bruker Avance 500 MHz spectrometer using DMSO-d₆ or CDCl3 as the solvent. Chemical shifts (δ) are reported in ppm relative to residual solvent signals (DMSO-d₆: δ_H 2.50 , δ_C 39.52 ; CDCl3: δ_H 7.26, δ_C 77.16) as internal standards. Coupling constants (J) are expressed in Hz. High-resolution mass spectrometry (HR-MS) was performed on an Agilent Q-TOF 6500 system.

2.2.2 Physical Characterization :Melting points were determined using a Gallenkamp apparatus and are uncorrected.
2.2.3  Purification Methods 

· Recrystallization from appropriate solvent systems.

· Preparative thin-layer chromatography using optimized solvent mixtures for each compound

·  2.2.4  Biological Assays

· α-Glucosidase Inhibition Assay: Evaluated according to previously described protocols [29,30].

· Antibacterial Activity Assay: Conducted using the agar well diffusion method [31,32].

· In Vitro Cytotoxicity Assay: Determined via the sulforhodamine B (SRB) assay following the procedure reported by Monks et al.

· In Vitro Anti-inflammatory Activity Assay: Assessed by measuring NO inhibition in RAW264.7 macrophages [33–36].

2.2.5  Molecular Docking Simulations

CHAPTER 3. RESULT VÀ DISCUSSION

3.1 Synthesis of 2-mercapto-3-arylquinazolin-4(3H)-one hybrids conjugated with other heterocycles 

3.1.1 Synthesis of 2-(((4-methoxy-3,5-dimethylpyridin-2-yl)methyl)thio)-3-alkyl/arylquinazolin-4(3H)-one hybrids (4a-g, i-k, m) 


FT-IR spectra: Characteristic absorption bands were observed for the benzene ring (3059 and 1607 cm⁻¹), the methylene group (-SCH2-, 2921 cm-1), the ring carbonyl group (C=O, 1679 cm-1), as well as C=N (1542 cm-1) and C-O (1253 cm-1) linkages. HR-ESI-MS: The presence of [M+H]+ pseudo-molecular ions with a mass error of <5 ppm was in full agreement with the proposed molecular formulas. 1H-NMR spectra: The core framework resonances (-OCH3, pyridine -CH3, aromatic, -SCH2-, and pyridine protons) remained consistent across the series. Specific substituents (methyl, methoxy, cyclohexyl, benzyl, ethyl) exhibited chemical shifts and spin-spin splitting patterns consistent with theoretical predictions. 13C-NMR spectra: The carbon signals corresponding to -OCH3, -SCH2-, and methyl groups unambiguously confirmed the core structure. Notably, fluorine-bearing carbons shifted significantly downfield (δ ⁓ 162.0 ppm), whereas chlorine-substituted carbons clearly reflected electronic perturbations at the ortho and para positions.

3.1.2 Synthesis of novel 2-mercapto-3-arylquinazolin-4(3H)-one derivatives incorporated with a morpholine heterocycle (5a-f, l)

FT-IR spectra: The disappearance of the S–H (~3000 cm-1) and N-H (3277-3123 cm-1) absorption bands, accompanied by the appearance of morpholine ring signals (-OCH2- at 1106 cm-1 and -NCH2- at 1253 cm-1), confirmed the structural transformation of the starting materials. ¹H and ¹³C NMR spectra: The absence of N-H proton and C=S carbon signals, alongside the emergence of -SCH₂- resonances ([image: image4.png]


 ~3.33 ppm; 28.9 ppm), confirmed the thione-to-thiol tautomerization and S-alkylation. Morpholine and aliphatic protons were identified by multiplet signals in the [image: image6.png]


 2.5–4.0 ppm region, while the chemical shifts of substituents (methyl, methoxy, halogen) consistently reflected expected electronic effects. HR-ESI-MS: The observed [M+H]+ pseudo-molecular ions were in full agreement with the calculated molecular formulas. 


X-ray crystallography (XRD): Single-crystal XRD analysis of derivative 5a unambiguously confirmed the target structure, stereochemistry, and bond parameters (Table 3.4)
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Figure 3.3 Crystal structure of compound  (5a)

Table 3.4 Bond lengths (Å) of compound (5a)
	O11–C8
	1.216 (3)
	C6–S18 
	1.765 (2)

	C8–N7
	1.412 (3)
	S18–C19
	1.817 (2)

	N7–C6
	1.385 (3)
	C20–N21 
	1.462 (3)

	C6–N5
	1.288 (3)
	N21–C22 
	1.460 (3)

	N21–C26 
	1.454 (3)
	O24–C25
	1.424 (4)

	C23–O24
	1.406 (4)
	
	


3.1.3 Synthesis of 2-mercapto-3-aryl/alkylquinazolin-4(3H)-one–morpholine hybrids linked via an acetamide linker (6a-g, i-k)

FT-IR spectra: The disappearance of the thiol absorption band (2500-2600 cm-1) and the appearance of characteristic amide bands, including N–H (3329-3250 cm-1) and C=O (1660 and 1691 cm-1), together with the characteristic morpholine ring vibrations (C-O at 1113 cm-1 and C-N at 1257 cm-1), confirmed the complete conversion to the corresponding –-SR derivatives. 1H-NMR spectra: Characteristic signals of the morpholine ring were observed at δ 3.72 and 2.94 ppm, along with the amide NH proton at δ 10.40 ppm and the bridging -SCH2- group at δ 4.01–4.21 ppm. Signals arising from methyl, methoxy, cyclohexyl, benzyl, and ethyl substituents showed chemical shifts and spin-coupling patterns consistent with the proposed structures. 13C-NMR spectra: The structures were further supported by the characteristic resonances of -OCH2-, -NCH2- and -SCH2-.carbons. Notably, the C–F carbon appeared at δ 155.8 ppm, while the chemical shifts of the chloro- and methyl-substituted carbons were consistent with their substitution patterns (ortho or para). HR-ESI-MS: The observed [M+H]+ ions exhibited mass errors of <5 ppm, in excellent agreement with the proposed molecular formulas.
3.1.4 Synthesis of 2-mercapto-3-arylquinazolin-4(3H)-one derivatives incorporated with a coumarin heterocycle (7a-e, h)


FT-IR spectra: The disappearance of the N–H absorption and the appearance of two strong bands at 1722-1743 cm-1 (ketone C=O) and 1676-1684 cm-1 (lactone C=O) confirmed the presence of the coumarin scaffold. 1H-NMR spectra: The characteristic H4′ proton of the coumarin moiety was observed at δ 8.77 ppm. The bridging -SCH2- group appeared at δ 4.66–4.83 ppm, with some derivatives showing doublets due to the chemical nonequivalence of the two protons. The methyl, methoxy, and aromatic proton signals were consistent with the proposed structures. 13C-NMR spectra: Key carbon signals, including -SCH2- (δ 42.4 ppm) and carbons bearing methoxy, methyl, and halogen substituents, were observed at characteristic chemical shifts consistent with their electronic environments. HR-ESI-MS: The observed [M+H]+ ions showed mass errors of <5 ppm, in excellent agreement with the proposed molecular formulas
3.1.5 Synthesis of 2-mercapto-3-arylquinazolin-4(3H)-one–coumarin hybrids linked via an acetamide linker (9a-e, h)


FT-IR spectra: Characteristic absorption bands corresponding to -NH (3280-3225 cm-1), C=O (1720-1676 cm-1), C=N, aromatic C=C, and Csp3-H stretching of the methylene group adjacent to sulfur were observed. 1H-NMR spectra: Two characteristic singlets of the coumarin scaffold were observed, corresponding to the amide proton (δ 10.18 ppm) and H4' (δ 8.58 ppm). The -SCH2- group appeared as a singlet at δ 4.20 ppm. The methyl, methoxy, and aromatic protons exhibited chemical shifts consistent with their respective electronic environments. 13C-NMR spectra: The proposed structures were further supported by the -SCH2- carbon signal at δ 36.7 ppm, together with the expected resonances of halogen-substituted and aliphatic carbons. HR-ESI-MS: The observed [M+H]+ ions showed mass errors of <5 ppm, in excellent agreement with the calculated molecular formulas.

3.1.6 Synthesis of 2-mercapto-3-arylquinazolin-4(3H)-one derivatives hybridised with thioxothiazolidine heterocycles (16a-f)


FT-IR spectra: The spectra showed characteristic N–H stretching bands(3381-3200 cm-1), two amide C=O (1690 and 1744 cm-1), and a C=N stretching band. The shift of the carbonyl absorptions to lower frequencies relative to the corresponding intermediates supports the formation of an extended conjugated system. 1H-NMR spectra: Characteristic signals of the core structure were observed, including the amide proton at δ ~11.55 ppm and the bridging -SCH2- group, which appeared as two doublets at δ ~ 4.12 and 4.17 ppm owing to the magnetic nonequivalence of the two protons. For the benzylidene moiety, the methylene proton signals of the thiazolidine ring disappeared and were replaced by a conjugated methine proton signal at δ ~7.88–8.04 ppm. The signals corresponding to methyl, methoxy, and aromatic protons were also observed as expected, consistent with the electronic environments of the respective derivatives. 13C-NMR spectra: The spectra further confirmed the key structural functionalities, including C=S at δ ~190.2 ppm, -SCH2- at δ ~34.5 ppm, and characteristic carbon resonances associated with halogen (F, Cl, and Br) or nitro (NO₂) substituents. HR-ESI-MS spectra: The observed molecular ions [M+H]⁺ showed mass errors of less than 5 ppm and were in excellent agreement with the calculated molecular formulas, further confirming the proposed structures.

3.2 Biological activities


Based on the objectives of this study, the derivative series (4), (5), (6), (7), (9), and (16) were successfully synthesized through a molecular hybridization strategy using 2-mercapto-3-aryl/alkylquinazolin-4(3H)-one as the core scaffold [37–40]. This approach integrates multiple pharmacophores to enhance biological activity, improve enzyme selectivity, and minimize potential side effects compared with the parent compounds [39, 41–44]. All synthesized compounds were evaluated for antibacterial activity and α-glucosidase inhibitory activity to identify potential candidates for the development of novel antidiabetic agents. These findings broaden the potential applications of the quinazolinone scaffold and provide a valuable basis for further medicinal chemistry studies.

3.2.1 Evaluation of the cytotoxic activity of 2-((morpholinoethyl)thio)-3-ary/alkylquinazolin-4(3H)-one derivatives (5a-f, l)


Table 3.10 Cytotoxicity results of the seven tested compounds against the Hep-G2 cell line

	Structure
	No.
	Sample
	Concentration

(μg/mL)
	CS (%)
Hep-G2
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	DMSO
	-
	100

	
	
	Ellipticine
	5
	2.12 ± 0.64

	
	1
	(5a)
	10
	98.84 ± 0.28

	
	2
	(5b)
	10
	99.33 ± 0.42

	
	3
	(5c)
	10
	99.35 ± 1.22

	
	4
	(5d)
	10
	99.04 ± 0.59

	
	5
	(5e)
	10
	98.87 ± 0.37

	
	6
	(5f)
	10
	98.16 ± 0.58

	
	7
	(5l)
	10
	97.37 ± 1.08


Note: “–” indicates no detectable antitumor activity.


SRB assay results against the HEP-G2 cell line (Table 3.10) showed that compounds 5a–f, l and the hybrid series 4, 6, 7, 9 and 16 exhibited cell viability above 50%, indicating no pronounced cytotoxic activity [12, 45]. The reduced anticancer activity following hybridization is consistent with previous theoretical observations [41, 46–49]. Nevertheless, the low cytotoxicity profile represents an important advantage, suggesting good selectivity and safety for long-term treatment of chronic diseases such as diabetes [50]. These findings support the development of these compounds as safe lead structures and highlight the need for further investigation of their α-glucosidase inhibitory activity

3.2.2 Evaluation of the [image: image8.png]


-glucosidase inhibitory activity of compounds N-(5-aryliden-4-oxo-2-thioxothiazolidin-3-yl)-2-{[4-oxo-3-(p-tolyl)-3,4-dihydroquinazolin-2-yl]thio}acetamide (16a-f)


The biological evaluation results (Table 3.11) demonstrated that all synthesized compounds exhibited superior [image: image10.png]


-glucosidase inhibitory activity compared to the positive control, acarbose (IC50 = 235.36 ± 3.08 µg/mL). The key SAR observations are summarized below:

Electron-donating and hydrophobic groups: Derivatives bearing -CH3 (16a), -OCH3 (16b) and -Cl (16d) exhibited the most potent inhibitory activity across the series (IC50 ⁓ 15.07 – 15.15 µg/mL). Electron-withdrawing or sterically hindered groups: Substituents such as -F (16c) (IC50 =71.17 ± 2.22 µg/mL) và -Br (16e) (IC50 =95.42 ± 1.88 µg/mL) significantly diminished biological activity, likely due to unfavorable steric hindrance within the binding pocket. Polar group: The -NO2 (16f) (IC50 = 20.44 ± 2.64 µg/mL) displayed intermediate activity, reflecting a balance between strong electron-withdrawing effects and hydrogen-bonding capabilities.

Table 3.11 α-Glucosidase inhibitory activity of compounds (16a-f)

	Structure
	No.
	Compound
	IC50 (µg/mL)
	Substitution R2
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	1
	Acarbose
	235.36 ( 3.08
	-

	
	2
	(16a)
	15.07 ( 0.97
	-CH3

	
	3
	(16b)
	15.11 ( 1.94
	-OCH3

	
	4
	(16c)
	71.17 ( 2.22
	-F

	
	5
	(16d)
	15.15 ( 0.15
	-Cl

	
	6
	(16e)
	95.42 ( 1.88
	-Br

	
	7
	(16f)
	20.44 ( 2.64
	-NO2


3.2.3 Evaluation of the [image: image13.png]


-glucosidase inhibitory activity of compounds 4a–g, 4i–k, and 4m


The IC50 values ranged from 14.75 μg/mL (4f) to >1024 μg/mL (4k), indicating a strong influence of the R1 substituent on α-glucosidase inhibition. Ten of eleven compounds were active, with 4f (p-Cl-C6H4-) showing the highest potency (IC50 = 14.75 ± 0.73 μg/mL), comparable to acarbose (13.46 ± 0.19 μg/mL). SAR analysis suggested that a directly attached phenyl ring favored activity, while acyclic, cyclohexyl, and benzyl groups were less favorable. Among phenyl derivatives, Cl substitution, particularly at the para position, markedly enhanced activity, whereas the methyl group showed a strong positional effect, with the meta isomer being the most active. Overall, the nature and position of R₁ were key determinants of activity, with 4f identified as the most promising compound

Table 3.12 α-Glucosidase inhibitory activity of compounds 4a–g, 4i–k, and 4m
	Structure
	No
	Compound
	IC50 (µg/mL)
	Substitution (R1)
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	1
	(4a) 
	643.56 ± 14.76
	-C6H5

	
	2
	(4b)
	149.78 ± 1.98
	o-CH3-C6H4-

	
	3
	(4c)
	113.95 ± 1.54
	p-CH3-C6H4-

	
	4
	(4d)
	24.01 ± 0.87
	m-Cl-C6H4-

	
	5
	(4e) 
	161.37 ± 1.45
	p-OCH3-C6H4-

	
	6
	(4f)
	14.75 ± 0.73
	p-Cl-C6H4-

	
	7
	(4g)
	97.67 ± 0.67
	p-F-C6H4-

	
	8
	(4i)
	208.16 ± 9.34
	cC6H11-

	
	9
	(4j)
	158.23 ± 2.35
	-CH2-C6H5

	
	10
	(4k)
	> 1024
	-CH2-CH3

	
	11
	(4m)
	36.19 ± 0.36
	m-CH3-C6H4-

	Positive control
	12
	Voglibose 
	13.46 ± 0.19
	


3.2.4 Evaluation of the [image: image15.png]


-glucosidase inhibitory activity of compounds (5a-f, l) (6a-g, i-k), (7a-e) and (9a-e)


The synthesized compounds exhibited markedly different α-glucosidase inhibitory activities, with IC50 values ranging from 6.12 to >1024 μg/mL, compared with 9.61 μg/mL for acarbose. Most compounds in the 5 and 6 series showed weak or negligible inhibition, although 6j (31.25 μg/mL) displayed moderate activity. In contrast, the 7 series showed the most promising activity, with 7d (m-Cl-C6H4-, IC50 = 6.12 μg/mL) and 7h (C6H5, X = Br, IC50 = 6.88 μg/mL) exhibiting lower IC50 values than acarbose on a mass-concentration basis. The 9 series showed moderate activity for 9b (o- CH3-C6H4-, 35.82 μg/mL), whereas 9e (p-OCH3-C6H4-) was substantially less active (325.73 μg/mL).


Overall, the results indicate that both the molecular scaffold and the nature and position of substituents strongly influence α-glucosidase inhibition. In particular, the meta-chloro substituent in 7d and the bromophenyl moiety in 7h appear favorable for activity, whereas electron-donating groups such as methyl and methoxy were generally less advantageous. These findings highlight the 7-series scaffold, particularly compounds 7d and 7h, as promising candidates for further optimization and mechanistic investigation.

Table 3.13 α-Glucosidase inhibitory activity of series 5, 6, 7 and 9

	Structure
	No
	Compounds
	IC50 (µg/mL)
	Substitution (R1)

	
	1-5
	4-ethylmorpholine scaffold
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	1
	(5c)
	>1024
	p-CH3-C6H4-

	
	2
	(5d)
	>1024
	m-Cl-C6H4-

	
	3
	(5e)
	>1024
	p-OCH3-C6H4-

	
	4
	(5f)
	624.55± 6.32
	p-Cl-C6H4-

	
	5
	(5l)
	211.78± 2.15
	p-Br-C6H4-

	
	6-16
	N-(3-fluoro-4-morpholinophenyl)acetamide scaffold
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	6
	(5)
	>1024
	

	
	7
	(6a)
	>1024
	-C6H5

	
	8
	(6b)
	>1024
	o-CH3-C6H4-

	
	9
	(6c)
	>1024
	p-CH3-C6H4-

	
	10
	(6d)
	243.45± 2.31
	m-Cl-C6H4-

	
	11
	(6e)
	>1024
	p-OCH3-C6H4-

	
	12
	(6f)
	>1024
	p-Cl-C6H4-

	
	13
	(6g)
	>1024
	p-F-C6H4-

	
	14
	(6i)
	>1024
	cC6H11-

	
	15
	(6j)
	31.25± 0.52
	-CH2-C6H5

	
	16
	(6k)
	>1024
	-CH2-CH3

	
	17-21
	3-acetyl-2H-chromen-2-one scaffold
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	17
	(7a)
	625.01± 6.72
	-C6H5

	
	18
	(7b)
	>1024
	o-CH3-C6H4-

	
	19
	(7d)
	6.12± 0.07
	m-Cl-C6H4-

	
	20
	(7e)
	>1024
	p-OCH3-C6H4-

	
	21
	(7h)
	6.88± 0.09
	-C6H5 (X=Br)

	
	22-26
	N-(2-oxo-2H-chromen-3-yl)acetamide scaffold
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	22
	(9a)
	>1024
	-C6H5

	
	23
	(9b)
	35.82± 0.27
	o-CH3-C6H4-

	
	24
	(9d)
	>1024
	m-Cl-C6H4-

	
	25
	(9e)
	325.73± 4.18
	p-OCH3-C6H4-

	
	26
	(9h)
	>1024
	-C6H5 (X=Br)

	Positive control
	Acarbose
	9.61± 0.05
	


3.2.5 Antibacterial activity screening of compounds (7a-e, h) và (9a-e, h)


The agar well diffusion assay of 12 compounds (7a-e, h and 9a-e, h) revealed a selective antibacterial profile, predominantly against Gram-negative bacteria (Table 3.14). The strongest activity was observed against P. aeruginosa, with 7d producing an inhibition zone of 23 mm, comparable to amoxicillin (24.37 mm). Moderate activity was observed against E. coli, particularly for 9a and 9b, whereas activity against the Gram-positive strains B. cereus and L. monocytogenes was weak or undetectable. SAR analysis suggested that the acetamide-linked series 9 generally retained higher antibacterial activity than series 7. The meta-halogen substituent, particularly in 7d and 9d, enhanced activity, possibly by increasing lipophilicity and facilitating bacterial membrane penetration. Introduction of a bromo substituent into the quinazoline scaffold (7h and 9h) also improved activity against P. aeruginosa. Overall, 7d emerged as the most promising candidate against Gram-negative pathogens, warranting further evaluation by minimum inhibitory concentration assays.


Table 3.14 Antibacterial activity of the 12 tested compounds

	Inhibition zone (mm)
	Bacterial chain

	
	
	Gram (-)
	Gram (+)

	
	Compound
	Loading (mg/well)
	E. coli
NRRL B-409
	P. aeruginosa
NRRL B-14781
	B. cereus
ATCC 10876
	L. monocytogenes
ATCC 13932

	
	(7a)
	2.8
	11
	18
	9
	-

	
	(9a)
	4.76
	14
	15
	9
	-

	
	(7b)
	0.38
	11
	15
	-
	-

	
	(9b)
	2.47
	14
	15
	-
	-

	
	(7c)
	2.16
	11
	18
	-
	-

	
	(9c)
	0.38
	11
	18
	-
	-

	
	(7d)
	8.4
	13
	23
	-
	-

	
	(9d)
	8.4
	12
	17
	10
	-

	
	(7e)
	0.64
	12
	16
	-
	-

	
	(9e)
	1.76
	12
	16
	-
	-

	
	(7h)
	0.96
	12
	16
	9
	-

	
	(9h)
	0.20
	11
	19
	-
	-

	
	Amoxicillin
	0.02
	17.85 ± 0.3
	24.37 ± 0.3
	11.6 ± 0.5
	30.2 ± 0.3


Note: “–” indicates no detectable antibacterial activity.

Evaluation of the anti-inflammatory activity of compounds 4a–g, 4i–k, and 4m.) 


The compounds exhibited moderate and variable inhibition of NO production, with IC50 values ranging from 86.93 to >256 μg/mL, whereas cardamonin showed substantially stronger activity (IC50 = 0.81 μg/mL). Among the tested compounds, 4b (o-CH3-C6H4-) was the most active (IC50 = 86.93 μg/mL), followed by 4g (p-F-C6H4-, 99.08 μg/mL). The phenyl substituent generally favored activity, while the cyclohexyl (4i) and benzyl (4j) groups resulted in weaker inhibition. Notably, the position of the substituent strongly affected activity, with the ortho-methyl derivative 4b being more active than the para-methyl analogue 4c, whereas the meta-chloro derivative 4d showed relatively weak activity. Overall, these findings indicate that both the nature and substitution pattern of R1 influence NO production inhibition, with 4b identified as the most promising compound in this series.

Table 3.15 Nitric oxide (NO) inhibitory activity of compounds 4a–g, 4i–k, and 4m in RAW264.7 cells.

	Structure


	No
	Compound
	IC50 (µg/mL)
	Substitution (R1)

	
	1
	(4a) 
	106.45
	-C6H5

	
	2
	(4b)
	86.93
	o-CH3-C6H4-

	
	3
	(4c)
	124.33
	p-CH3-C6H4-

	
	4
	(4d)
	160.26
	m-Cl-C6H4-

	
	5
	(4e)
	129.05
	p-OCH3-C6H4-

	
	6
	(4f)
	105.90
	p-Cl-C6H4-

	
	7
	(4g)
	99.08
	p-F-C6H4-

	
	8
	(4i)
	159.40
	cC6H11-

	
	9
	(4j)
	>256
	-CH2-C6H5

	
	10
	(4k)
	104.76
	-CH2-CH3

	
	11
	(4m)
	-
	m-CH3-C6H4-

	Positive control
	Cardamonin
	0.81
	


CONCLUSION

· A total of 65 compounds were successfully synthesized using straightforward synthetic procedAures, including 19 starting materials/intermediates and 46 novel hybrid derivatives based on the 2-mercapto-3-arylquinazolin-4(3H)-one core conjugated with various heterocyclic moieties:  

(1) Pyridine Hybrids (4a–g, i–k, m): 11 derivatives prepared from 2-mercapto-3-aryl/alkylquinazolin-4(3H)-ones and 2-(chloromethyl)-4-methoxy-3,5-dimethylpyridine hydrochloride.


(2) Morpholine Hybrids (5a–f, l): 7 derivatives synthesized via coupling with 4-(2-chloroethyl)morpholine hydrochloride.


(3) Morpholinoacetamide Hybrids (6a–g, i–k): 10 derivatives obtained by reaction with 2-chloro-N-(3-fluoro-4-morpholinophenyl)acetamide (5).

(4) Coumarin Hybrids (7a–e, h and 9a–e, h): 12 derivatives synthesized using 3-(2-bromoacetyl)-2H-chromen-2-one (6) or 2-bromo-N-(2-oxo-2H-chromen-3-yl)acetamide (8).


(5) Thioxothiazolidin-4-one Hybrids (16a–f): 6 derivatives prepared via Knoevenagel condensation of N-(4-oxo-2-thioxothiazolidin-3-yl)-2-{[4-oxo-3-(p-tolyl)-3,4-dihydroquinazolin-2-yl]thio}acetamide (14) with corresponding aromatic aldehydes (Ar-CHO).  
· The chemical structures of all novel hybrids were unambiguously confirmed using FT-IR, 1H-NMR, 13C-NMR and HR-ESI-MS, as well as single-crystal X-ray diffraction analysis for compound 5a. The structural novelty of all target compounds was verified via SciFinder database search (accessed August 15, 2025).
· Biological Evaluation. 

· In Vitro α-glucosidase Inhibitory Activity


The α-glucosidase inhibitory activity of the synthesized quinazolin-4(3H)-one hybrids conjugated with various heterocycles (pyridine, morpholine, and coumarin) was evaluated using acarbose as the positive control.


Initial screening of the pyridine series (4a–g, i–k, m) revealed that 10 out of 11 compounds exhibited dose-dependent enzyme inhibition, with IC50 values ranging from 14.75 ± 0.73 to 643.56 ± 14.76 µg/mL. Among them, derivative 4f demonstrated the highest potency (IC50 = 14.75 ± 0.73 µg/mL), which is comparable to that of acarbose (IC50 = 13.46 ± 0.19 µg/mL).


Subsequent evaluation of 26 additional hybrids across four series—morpholine (5a–f, l), morpholinoacetamide (6a–g, i–k), and coumarin derivatives (7a–e, h and 9a–e, h)-identified 9 active inhibitors ( IC50 = 6.12 to 624.55 µg/mL). Notably, coumarin analogs 7d (IC50 = 6.12 µg/mL) and 7h (IC50 = 6.88 µg/mL) displayed superior inhibitory activity compared to acarbose (IC50 = 9.61 µg/mL).

· Antibacterial Screening: 


Overall, coumarin-bearing hybrids (7a–e, h and 9a–e, h) exhibited notable antibacterial activity against tested Gram-negative strains. In particular, compound 7d displayed potent inhibition against Pseudomonas aeruginosa NRRL B-14781, showing efficacy comparable to the positive control amoxicillin at a concentration of 0.084 g/mL. This enhanced antibacterial activity is presumably attributed to the presence of the 3-chlorophenyl substituent on the structure of 7d. However, owing to the poor solubility of these coumarin derivatives (7a–e, h and 9a–e, h) in both ethanol and aqueous media, their DPPH radical scavenging capacity and MTT-based cytotoxicity could not be reliably determined

· Anti-inflammatory Activity (NO Inhibition Assay)


The anti-inflammatory activity of the 11 synthesized pyridine derivatives (4a–g, i–k, m) was evaluated by determining their ability to inhibit nitric oxide (NO) production in LPS-stimulated RAW 264.7 macrophages, using cardamonin (IC50 = 0.81 µg/mL) as the positive control. Most compounds displayed mild-to-moderate anti-inflammatory effects (IC50 = 86.93 to >256 µg/mL). Among them, derivative 4b, bearing an o-tolyl o-CH3-C6H4- substituent, exhibited the highest potency in this series with an IC50 = 86.93 µg/mL. 

FUTURE PERSPECTIVE

 Based on the findings of this study, several research directions are proposed to further advance this scaffold: 

· Library Expansion and SAR Optimization: Systematic derivation of substituents on the 2-mercapto-3-arylquinazolin-4(3H)-one core and attached heterocycles (coumarin, thioxothiazolidine) should be conducted to enhance biological potency, improve aqueous solubility, and establish comprehensive structure-activity relationships (SAR).

· In-Depth Antidiabetic Evaluation: Promising thioxothiazolidine derivatives (16a, 16b, 16d, and 16f) warrant further enzyme inhibition kinetics, selectivity profiling, and in vivo efficacy studies to evaluate their potential as type 2 diabetes therapeutics.

· Computational Integration: Combining experimental assays with in silico tools (molecular docking and molecular dynamics simulations) will help elucidate binding modes and guide the rational design of optimized leads. 
NEW CONTRIBUTIONS OF THE THESIS

1. A total of 46 novel hybrid compounds based on the 2-mercapto-3-aryl/alkylquinazolin-4(3H)-one scaffold were synthesized by a simple synthetic approach, incorporating pyridine, morpholine, coumarin, and thioxothiazolidin-4-one heterocyclic moieties.

2. The structure-activity relationships (SARs) between the molecular structures, substituents, and biological activities were investigated, with particular emphasis on the α-glucosidase inhibitory and antibacterial activities of the quinazolinone derivatives.

3. Several quinazolinone structures with prominent biological activities were identified, providing a scientific basis for the further design and optimization of novel derivatives with potential applications in medicinal chemistry.
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