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A B S T R A C T   

The research in selective monoamine oxidases (MAO-A and MAO-B) inhibitors has been increased due to their 
therapeutic value for neurodegenerative diseases. In this study, 4-((2-(aryl)-4-oxoquinazolin-3(4H)-yl)amino) 
benzenesulfonamides were synthesized and their MAOs inhibition potentials were investigated applying in vitro 
fluorometric technique. The most potent compounds 7 and 8 against MAO-A had IC50 values of 0.058 ± 0.002 
and 0.094 ± 0.003 µM, respectively, while the reference moclobemide had an IC50 value of 6.061 µM. Com-
pounds 7 (>1724 times) and 8 (>1063 times) more selective and reversible inhibitors of MAO-A rather than 
MAO-B. Toxicity studies of 7 (IC50 = 210.23 µM) and 8 (IC50 = 259.27 µM) showed that compounds can be 
considered as non-toxic towards SH-SY5Y cell line at their effective concentrations against MAO-A. In silico 
docking simulations successfully explained the observed activities and also highlighted structural water mole-
cules to play a key role in the ligand-enzyme interactions. Calculated molecular descriptors are also obeying 
Lipinski’s rule of five and brain/blood partition coefficients, a critical parameter in neurodegenerative diseases. 
These reversible inhibitors can have considerable advantages compared to irreversible inhibitors which may 
possess serious pharmacological side effects.   

1. Introduction 

Depression is one of the mental disorders in the world that leads to 
several symptoms include cognitive dysfunction, sleep disturbances, loss 
of interest, anxiety, changes in appetite, and so on [1]. Various cate-
gories of drugs are used in the treatment of depression as tricyclic an-
tidepressants, monoamine oxidase inhibitors (MAOIs), selective 
serotonin uptake inhibitors, and atypical antidepressants. However, 
antidepressant drugs used in the clinic show adverse effects such as dry 
mouth, sweating, sedation, insomnia, headache, weight gain, anorexia, 
tachycardia, and decreased libido [2,3]. 

MAOs are flavin adenine dinucleotide (FAD)-based enzymes that 

catalyze the reaction of oxidative deamination of several endogenous 
and exogenous amines in both the central nervous system and peripheral 
organs. MAOIs targeting MAO-A or MAO-B isoforms have been used in 
the treatment of neurodegenerative diseases [4,5]. The two mammalian 
isoforms of MAO-A and MAO-B show high similarity and they differ in 
substrate selectivity and sensitivity. While MAO-A metabolizes seroto-
nin and norepinephrine, MAO-B metabolizes phenethylamine, benzyl-
amine, and arylalkylamine derivatives [6]. MAO-A enzyme is 
considered a target protein in the treatment of depression while MAO-B 
is one of the targets for Parkinson’s disease and Alzheimer’s disease 
[7,8]. 

However, MAO-A inhibitors used as antidepressant agents in the 
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clinic may cause a hypertension crisis that can be fatal when combined 
with tyramine-containing foods indicated as a cheese effect [9,10]. 
Moreover, undesired covalent interactions of the inhibitors with the 
enzyme targeted lead to induce irreversible inhibition and they also lose 
their initial selectivity at high doses. Furthermore, irreversible inhibi-
tion may lead to slow rates of enzyme recovery after drug withdrawal 
and side effects [11]. These issues limited the clinical use of MAO-A 
inhibitors in the treatment of depression. Therefore, designing revers-
ible and selective MAOIs with fewer side effects is currently needed for 
the discovery of novel therapeutic agents. 

Over the years, the wide range of pharmacological activities of qui-
nazoline or quinazolinone derivatives such as antibacterial [12], anti-
fungal [13], anti-inflammatory [14], anticancer [15], and antioxidant 

[16] effects have attracted attention in drug design. Quinazoline- 
bearing compounds have been also regarded in the designing of novel 
candidates targeting neurodegenerative disorders as antidepressant 
[17], anticonvulsant [18], and MAOIs [19-25]. 

Recently, 2-substituted-4(3H)-quinazolinone thioether-bearing 
compounds were reported as selective MAO-B inhibitors [24]. Among 
the compounds, 2-[(3-iodobenzyl)thio]quinazolin-4(3H)-one 1 (Fig. 1) 
with an IC50 value of 0.142 μM was the most potent MAO-B inhibitor 
[24]. Qhobosheane et al. [26] reported a series of mono- and disubsti-
tuted derivatives of 4(3H)-quinazolinone as potential inhibitors of MAO- 
A and MAO-B enzymes. This study indicated that the most potent MAO- 
B inhibitor 2 (Fig. 1) had a Ki value of 0.648 μM, and was found to be a 
reversible MAO-B inhibitor. Also, compound 2 as MAO-B inhibitor may 

Fig. 1. Chemical structures of the reported MAO inhibitors and target compounds designed.  

Scheme 1. Synthetic pathway of the target compounds 1–9. Reagents and conditions: (i) 2N aq.NaOH, r.t. (ii) pyridine, 0-5 ◦C, a suitable benzoyl chloride, r.t. (iii) 4- 
Hydrazinobenzenesulfonamide hydrochloride, CH3COOH, reflux. R: H (1), 4-CH3 (2), 4-OCH3 (3), 4-F (4), 4-Cl (5), 4-Br (6), 4-NO2 (7), 3,4 (OCH3)2 (8), 3,4,5 
(OCH3)3 (9). 
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be considered for the treatment of Parkinson’s disease since such com-
pounds are less likely to cause the adverse effects that are mediated by 
MAO-A [26]. N. Gökhan-Kelekçi et al. [20] reported some pyrazoline 
derivatives bearing quinazolinone ring and investigated their antide-
pressant, anxiogenic, and MAO-A and MAO-B inhibitory activities. 
While the most potent compound 3 (Fig. 1) acted as a selective MAO-B 
inhibitor with a Ki value of 0.16 µM competitively and reversibly, 
compound 4 (Fig. 1) showed selectivity towards the MAO-A enzyme 
[20]. 

Sulfonamide or benzenesulfonamide group is one of the most potent 
pharmacophores possessing a wide range of bioactivities in medicinal 
chemistry [27–35]. A series of sulfonamide derivatives having 5-aryl- 
1,3,4-oxadiazol-2-ylbenzenesulfonamide were reported [36] as in-
hibitors of MAO-B and molecular docking results showed that sulfon-
amide moiety was a functional group having some key molecular 
interactions with the target enzyme. This study [36] showed that these 
types of compounds were selective inhibitors of the MAO-B enzyme, 
with IC50 values as low as 0.0027 µM for the most potent inhibitor 5 
(Fig. 1). In another study [37], benzylamine-sulfonamide derivatives 
showed selective inhibitory potency towards MAO-B rather than MAO- 
A. According to the results, the sulfonamide moiety made favorable 
interactions with the MAO-B. Compound 6 with an IC50 value of 0.041 
µM against MAO-B was reported as the most effective inhibitor [37]. The 
results showed that sulfonamide moiety may be considered one of the 
fundamental pharmacophores in the compounds designed to target 
MAOs inhibition selectively. 

The diverse range of pharmacological properties of quinazoline and 
sulfonamide pharmacophores and promising studies mentioned above 
motivated us to develop quinazolinone-based benzenesulfonamides as 
possible MAOIs. The rational concept of this study included that syn-
thesis and structure elucidation of the target compounds 4-((2-(aryl)-4- 
oxoquinazolin-3(4H)-yl)amino)benzenesulfonamides 1–9 (Scheme 1), 
investigation of their MAO-A and MAO-B enzyme inhibition, toxicity 
studies, antioxidant properties, computer-based molecular docking 
studies and calculation of molecular descriptors of the most potent 
compounds. 

2. Material and methods 

2.1. Chemistry 

Nuclear magnetic resonance (NMR) spectra (1H NMR and 13C NMR) 
of the compounds were taken using Varian (400 MHz, Danbury, USA) 
spectrometer. High Resolution Mass Spectra (HRMS) equipped with an 
electrospray ionization (ESI) source and a liquid chromatography ion 
trap-time of the flight tandem mass spectrometer (Shimadzu, Kyoto, 
Japan) was used for HRMS analysis. Melting points of the compounds 
were determined by Electrothermal 9100 instrument (IA9100, Bibby 
Scientific Limited, Staffordshire, UK) device. Thin Layer Chromatog-
raphy (TLC) by Silicagel HF254 (Merck Art 5715) plate under UV lamb 
(254 and 365 nm, Spectroline, Model ENF-240C/ FE, Spectronics Cor-
poration Westbury, New York U.S.A) was used to monitor the reaction 
progress. 

2.1.1. General synthesis procedure for the target compounds 1–9, Scheme 1 
Synthesis of an intermediate 2-aminobenzoic acid, I0 [38]: To 

synthesize 2-aminobenzoic acid as a starting substance, methylan-
tranylate (1) (33 g) was stirred in NaOH solution (2 N, 150 ml) at room 
temperature (r.t.) for 30 h. The mixture was poured into an ice-water 
mixture (100 ml) and neutralized with a suitable amount of HCl 
(37%). The white solid was filtered and dried at 40 ◦C. 75% yield. 1H 
NMR (DMSO‑d6, 400 MHz, ppm) δ 8.60–7.90 (bs, 2H, –NH2), 7.73–7.70 
(m, 1H, ArH), 7.20 (t, J = 7.5 Hz, 1H, ArH), 6.74 (d, J = 8.3 Hz, 1H, 
ArH), 6.50 (t, J = 7.5 Hz, 1H, ArH). 13C NMR (DMSO‑d6, 100 MHz, ppm) 
δ 170.1, 151.9, 134.2, 131.7, 116.8, 115.1, 110.1. 

Synthesis of intermediates 2-aryl-4H-benzo[d][1,3]oxazin-4- 

ones, I1-I9[18]: To a solution of 2-aminobenzoic acid (anthranilic acid, 
14.6 mmol) in pyridine (30 ml), a suitable benzoyl chloride (21.9 mmol) 
was added while stirring at 0–5 ◦C. The solution was taken to room 
temperature and stirred for 3–7 h. The mixture was then treated with 
NaHCO3 solution (10%, 50 ml) to remove unreacted acid I0. Then the 
white solid was filtered and washed with water several times to remove 
adhered pyridine. The compounds were used for the next step without 
further purification. 

Synthesis of the target substituted-quinazolin-3(4H)-ones, 1–9: To 
a suitable 2-aryl-4H-benzo[d][1,3]oxazin-4-one (1 mmol) solution in 
hot acetic acid (30 ml), 4-hydrazinobenzenesulfonamide hydrochloride 
(1 mmol) was added. The mixture was refluxed for 24 h and followed by 
TLC (DCM: MeOH:4.5:0.5). After completion of the reaction, the content 
of the flask was poured into the ice-water mixture (100 ml). The solid 
product was precipitated out and filtered. The crude was washed with 
water and dried. The compounds were purified by crystallization using 
suitable solvents given below. The chemical structures were confirmed 
by 1H NMR, 13C NMR, and HRMS analysis. 

4-((4-oxo-2-phenylquinazolin-3(4H)-yl)amino)benzenesulfona-
mide, 1 

White solid (Ethanol:water), 31% yield, mp = 252–254 ◦C. 1H NMR 
(DMSO‑d6, 400 MHz, ppm) δ 9.60 (s, 1H, -NH-), 8.16 (dd, J = 8, 1 Hz, 
1H, ArH), 7.95–7.91 (m, 1H, ArH), 7.81 (d, J = 8 Hz, 1H, ArH), 
7.71–7.69 (m, 2H, ArH), 7.63–7.59 (m, 1H, ArH), 7.56 (d, J = 8.8 Hz, 
2H, ArH), 7.45–7.38 (m, 3H, ArH), 7.08 (s, 2H, -SO2NH2), 6.75 (d, J =
8.8 Hz, 2H, ArH). 13C NMR (DMSO‑d6, 100 MHz, ppm) δ 160.8, 157.7, 
150.2, 147.3, 135.6, 135.5, 134.5, 130.4, 129.2, 128.3, 128.1, 127.8, 
126.9, 121.8, 112.2. HRMS (ESI-MS) C20H16N4O3S m/z Calculated [M +
H]+ 393.1016; Found: 393.1012. 

4-((4-oxo-2-(p-tolyl)quinazolin-3(4H)-yl)amino)benzenesulfona-
mide, 2 

White solid (Methanol:aceton), 30% yield, mp = 280–282 ◦C. 1H 
NMR (DMSO‑d6, 400 MHz, ppm) δ 9.61 (s, 1H, -NH-), 8.15 (dd, J = 8, 
1.3 Hz, 1H, ArH), 7.94–7.89 (m, 1H, ArH), 7.80 (d, J = 7.9 Hz, 1H, ArH), 
7.62 (d, J = 8.1 Hz, 2H, ArH), 7.58–7.56 (m, 3H, ArH), 7.21 (d, J = 8.1 
Hz, 2H, ArH), 7.08 (s, 2H, -SO2NH2), 6.73 (d, J = 8.8 Hz, 2H, ArH), 2.31 
(s, 3H, -CH3). 13C NMR (DMSO‑d6, 100 MHz, ppm) δ 160.9, 157.7, 
150.2, 147.3, 140.2, 135.6, 135.5, 131.6, 129.3, 128.7, 128.3, 127.8, 
127.7, 126.9, 121.7, 112.2, 21.4. HRMS (ESI-MS) C21H18N4O3S m/z 
Calculated [M + H]+ 407.1172; Found: 407.1179. 

4-((2-(4-methoxyphenyl)-4-oxoquinazolin-3(4H)-yl)amino)ben-
zenesulfonamide, 3 

White solid (Methanol), 47% yield, mp = 262–263 ◦C. 1H NMR 
(DMSO‑d6, 400 MHz, ppm) δ 9.65 (s, 1H, -NH-), 8.15 (dd, J = 8, 1.3 Hz, 
1H, ArH), 7.93–7.88 (m, 1H, ArH), 7.79 (d, J = 8 Hz, 1H, ArH), 7.73 (d, 
J = 8.8 Hz, 2H, ArH), 7.59 (d, J = 8.8 Hz, 2H, ArH), 7.57–7.55 (m, 1H, 
ArH), 7.10 (s, 2H, -SO2NH2), 6.97 (d, J = 8.8 Hz, 2H, ArH), 6.75 (d, J =
8.8 Hz, 2H, ArH), 3.78 (s, 3H, -OCH3). 13C NMR (DMSO‑d6, 100 MHz, 
ppm) δ 161.1, 160.0, 157.3, 150.3, 147.4, 135.6, 135.5, 131.3, 128.2, 
127.9, 127.5, 126.9, 126.5, 121.5, 113.5, 112.2, 55.7. HRMS (ESI-MS) 
C21H18N4O4S m/z Calculated [M + H]+ 423.1125; Found: 423.1122. 

4-((2-(4-fluorophenyl)-4-oxoquinazolin-3(4H)-yl)amino)benze-
nesulfonamide, 4 

White solid (Methanol:aceton), 52% yield, mp = 279–280 ◦C. 1H 
NMR (DMSO‑d6, 400 MHz, ppm) δ 9.62 (s, 1H, -NH-), 8.17–8.15 (m, 1H, 
ArH), 7.95–7.90 (m, 1H, ArH), 7.83–7.77 (m,3H, ArH), 7.62–7.59 (m, 
3H, ArH), 7.27 (t, J = 8.8 Hz, 2H, ArH), 7.11 (s, 2H, -SO2NH2), 6.78 (d, J 
= 8.8 Hz, 2H, ArH). 13C NMR (DMSO‑d6, 100 MHz, ppm) δ 162.4 (d, JCF 
= 246 Hz), 160.8, 156.7, 150.2, 147.2, 135.7, 135.6, 131.8 (d, JCF = 9 
Hz), 130.9, 130.8, 128.3, 127.8, 126.9, 121.8, 115.2 (d, JCF = 22 Hz), 
112.3. HRMS (ESI-MS) C20H15N4O3FS m/z Calculated [M + H]+

411.0923; Found 411.0922. 
4-((2-(4-chlorophenyl)-4-oxoquinazolin-3(4H)-yl)amino)benze-

nesulfonamide, 5 
White solid (Methanol:aceton), 48% yield, mp = 304–305 ◦C. 1H 

NMR (DMSO‑d6, 400 MHz, ppm) δ 9.62 (s, 1H, -NH-), 8.18–8.16 (m, 1H, 
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ArH), 7.94–7.90 (m, 1H, ArH), 7.82 (d, J = 8 Hz, 1H, ArH), 7.75 (d, J =
8.5 Hz, 2H, ArH), 7.62–7.59 (m, 3H, ArH), 7.50 (d, J = 8.5 Hz, 2H, ArH), 
7.11 (s, 2H, -SO2NH2), 6.79 (d, J = 8.7 Hz, 2H, ArH). 13C NMR 
(DMSO‑d6, 100 MHz, ppm) δ 160.7, 156.6, 150.1, 147.2, 135.7, 135.6, 
135.3, 133.3, 131.1, 128.3, 127.9, 127.8, 126.9, 121.8, 112.4. HRMS 
(ESI-MS) C20H15N4O3SCl m/z Calculated [M + H]+ 427.0633; Found 
427.0626. 

4-((2-(4-bromophenyl)-4-oxoquinazolin-3(4H)-yl)amino)benze-
nesulfonamide, 6 

White solid (Methanol:aceton), 51% yield, mp = 297–299 ◦C. 1H 
NMR (DMSO‑d6, 400 MHz, ppm) δ 9.61 (s, 1H, -NH-), 8.16 (dd, J = 8, 
1.2 Hz, 1H, ArH), 7.95–7.91 (m, 1H, ArH), 7.81 (d, J = 8 Hz, 1H, ArH), 
7.71–7.61 (m, 5H, ArH), 7.57 (d, J = 8.8 Hz, 2H, ArH), 7.09 (s, 2H, 
-SO2NH2), 6.78 (d, J = 8.8 Hz, 2H, ArH). 13C NMR (DMSO‑d6, 100 MHz, 
ppm) δ 160.7, 156.7, 150.1, 147.2, 135.7, 135.6, 133.7, 131.3, 131.2, 
128.3, 127.9, 127.8, 126.9, 124.1, 121.8, 112.3. HRMS (ESI-MS) 
C20H15N4O3SBr m/z Calculated [M + H]+ 471.0121; Found 471.0126. 

4-((2-(4-nitrophenyl)-4-oxoquinazolin-3(4H)-yl)amino)benzene-
sulfonamide, 7 

Cream solid (Methanol:aceton), 43% yield, mp = 293–295 ◦C. 1H 
NMR (DMSO‑d6, 400 MHz, ppm) δ 9.63 (s, 1H, -NH-), 8.28 (d, J = 8.8 
Hz, 2H, ArH), 8.18 (dd, J = 8, 1.2 Hz, 1H, ArH), 7.99–7.93 (m, 3H, ArH), 
7.84 (d, J = 8 Hz, 1H, ArH), 7.66–7.62 (m, 1H, ArH), 7.57 (d, J = 8.8 Hz, 
2H, ArH), 7.09 (s, 2H, -SO2NH2), 6.82 (d, J = 8.8 Hz, 2H, ArH). 13C NMR 
(DMSO‑d6, 100 MHz, ppm) δ 160.5, 156.0, 149.9, 148.6, 147.1, 140.6, 
135.9, 135.8, 130.6, 128.4, 128.3, 127.8, 126.9, 123.4, 122.1, 112.5. 
HRMS (ESI-MS) C20H15N5O5S m/z Calculated [M + H]+ 438.0867; 
Found 438.0874. 

4-((2-(3,4-dimethoxyphenyl)-4-oxoquinazolin-3(4H)-yl)amino) 
benzenesulfonamide, 8 

White solid (Methanol:aceton), 54% yield, mp = 234–236 ◦C. 1H 
NMR (DMSO‑d6, 400 MHz, ppm) δ 9.63 (s, 1H, -NH-), 8.14 (dd, J = 8, 
1.1 Hz, 1H, ArH), 7.91–7.89 (m, 1H, ArH), 7.80 (d, J = 8 Hz, 1H, ArH), 
7.58 (d, J = 8.8 Hz, 2H, ArH), 7.56 (d, J = 1.1 Hz, 1H, ArH), 7.35–7.32 
(m, 2H, ArH), 7.08 (s, 2H, -SO2NH2), 6.98 (d, J = 8.8 Hz, 1H, ArH), 6.74 
(d, J = 8.8 Hz, 2H, ArH), 3.76 (s, 3H, –OCH3), 3.73 (s, 3H, –OCH3). 13C 
NMR (DMSO‑d6, 100 MHz, ppm) δ 161.0, 157.3, 150.8, 150.3, 147.9, 
147.3, 135.6, 135.4, 128.2, 127.8, 127.5, 126.9, 126.5, 122.6, 121.5, 
113.3, 112.1, 111.2, 56.0, 55.9. HRMS (ESI-MS) C22H20N4O5S m/z 
Calculated [M + H]+ 453.1227; Found 453.1231. 

4-((4-oxo-2-(3,4,5-trimethoxyphenyl)quinazolin-3(4H)-yl) 
amino)benzenesulfonamide, 9 

White solid (Ethanol:aceton), 50% yield, mp = 258–260 ◦C. 1H NMR 
(DMSO‑d6, 400 MHz, ppm) δ 9.59 (s, 1H, -NH-), 8.16 (dd, J = 8, 1.2 Hz, 
1H, ArH), 7.94–7.90 (m, 1H, ArH), 7.61 (d, J = 8 Hz, 1H, ArH), 
7.59–7.58 (m, 3H, ArH), 7.08 (s, 2H, -SO2NH2), 7.00 (s, 2H, ArH), 6.78 
(d, J = 8.8 Hz, 2H, ArH), 3.68 (s, 3H, -OCH3), 3.66 (s, 6H, –OCH3). 13C 
NMR (DMSO‑d6, 100 MHz, ppm) δ 160.9, 157.5, 152.5, 150.3, 147.1, 
139.3, 135.6, 135.4, 129.6, 128.3, 127.8, 126.9, 121.7, 112.2, 106.9, 
60.6, 56.4 (2C). HRMS (ESI-MS) C23 H22 N4 O6 S m/z Calculated [M +
H]+ 483.1333; Found 483.1337. 

2.2. In vitro MAOs inhibition assay and kinetics studies 

The MAOs inhibition assay of the synthesized compounds 1–9 was 
assessed with the fluorometric method, as described in the earlier 
studies [39-42]. The experimental protocol for the kinetic studies was 
the same as that of the inhibition study. However, unlike the inhibition 
method, the selected compound was used at the calculated concentra-
tions of 2 × IC50, IC50, and IC50/2. For MAO enzymes, the substrate 
(tyramine) solution was prepared at different concentrations (range 
20–0.625 µM). The increase of the fluorescence (Ex/Em = 535/587 nm) 
was recorded for 30 min. A parallel experiment was carried out without 
an inhibitor. All of the experiments were performed in quadruplicate. 
The experimental data were analysed as Lineweaver-Burk plots using 
Microsoft Office Excel 2013 (Microsoft Corp., Redmond, WA, USA). The 

Km/Vmax (slope) values of the Lineweaver-Burk plots were re-plotted 
versus the inhibitor concentration to determine the Ki values from the 
x-axis intercept as -Ki [41-44]. 

2.3. Reversibility of MAO-A inhibition 

Reversibility of the MAO-A inhibition with compounds (moclobe-
mide, compound 7 and 8) was determined by dialysis method previously 
described [43-46]. 

2.4. MTT assay 

2.4.1. Cell culture and treatment 
Dulbecco’s Modified Eagle’s medium (DMEM-F12), penicillin/ 

streptomycin, and fetal bovine serum (FBS) were obtained from Biowest 
(Riverside, MO). The SH-SY5Y cell line was established from a 4-years- 
old female patient with neuroblastoma (American Type Culture 
Collection ATCC, CRL-2266). Cells were grown in a complete growth 
medium containing DMEM-Ham’s F12, supplemented with 10% FBS 
and 1% penicillin/streptomycin in 75 cm2 -cell culture plates in an 
incubator at 37 ◦C and 5% CO2 (Thermo Scientific Heraeus, USA). The 
medium was changed every 3 days and the cells were passaged when 
they reached the 80% confluence. 

2.4.2. Cell viability and cell proliferation 
Cell viability was performed by 3-(4,5-dimethylthiazol-2-yl)-2,5- 

diphenyltetrazolium bromide, MTT (Sigma-Aldrich, Mannheim, Ger-
many) assay [47]. The cells were incubated in 96 well plates with a 
medium containing 7 and 8 (2.5, 5, 10, 25, 50, 75, 100, 150, 200, 250, 
and 300 µM) at different concentrations for 24 h. At the end of the in-
cubation, the solutions which contain test substances were discarded 
and 100 µL of MTT solution was added to each well, and cells were 
incubated for 3 h. After 3 h incubation, MTT solution was removed and 
150 µL DMSO (Sigma-Aldrich, Mannheim, Germany) was added to each 
well. The absorbance values were measured at 570 nm using a Spek-
traMax M2 microplate reader. 

2.5. Antioxidant activity 

Antioxidant activities of compounds 7 and 8 were measured by the 
2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) radicals scavenging 
method, which was established by Blois (1958) and Brand-Williams 
et al. (1995) and adapted for 96-well plates [48-50]. The samples 
were dissolved in a DMSO: water mixture (50:450, v/v (µL/µL)), and 
dilutions were made with methanol (Aldrich, St. Louis MO, USA). 
Ascorbic acid (AA, Aldrich, St. Louis MO, USA) was used as a positive 
control. The negative control was without any samples. 10 μL of 0.1 mM 
DPPH (Aldrich, St. Louis MO, USA) radical solution, freshly made in 
methanol, was added to 120 μL of samples or standards in 96-well plates. 
The plates were shaken for 1 min with the microplate reader (Thermo 
Scientific™, Multiskan™ Sky Microplate Spectrophotometer, Waltham, 
MA, USA). They were incubated for 45 min in the dark at room tem-
perature at 517 nm. % of DPPH scavenging activity was calculated ac-
cording to % DPPH Scav. Act. = [(AControl − ASample)/AControl] × 100. 

Statistical evaluation of data was performed using a student’s paired 
t-test. Data were expressed as mean ± standard deviation (mean ± SD) 
of experiments. The experiment was repeated three times (n = 3). The 
data were analyzed by Microsoft Office Excel and analyzed by an anal-
ysis of variance (p < 0.05). 

2.6. Computational methods 

Schrödinger small molecule drug discovery suite [51] was used for in 
silico calculations. Crystal structure of human monoamine oxidase A 
with Harmine at 2.20 Å resolution was used in molecular docking sim-
ulations (PDB ID: 2Z5X). Using protein preparation wizard [52], bond 
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orders were assigned and missing hydrogen atoms were added. The 
default protonation states were assumed for cofactor FAD and the native 
ligand Harmine. Structural waters that are within 3 Å range of Harmine 
and also two more water molecules between the cofactor FAD and 
Harmine were retained in the binding site. The rest were deleted. All 
heteroatoms except FAD and Harmine were also removed. Subsequent 
to the optimization step, restrain minimization was done using OPLS4 
force field [53]. 

The compounds to be docked were also prepared using LigPrep [54] 
tool of Schrödinger. Ligprep generates all possible ring conformations, 
ionization states, and tautomers at pH 7.0 ± 2.0 after converting each 
structure from 2D to 3D, adding missing hydrogens, and assigning bond 
orders. 

Induced fit docking protocol [55] embedded in Schrödinger suite 
was used. The binding site was defined by generating a grid centered on 
the native ligand. Grid box size was increased to allow docking of li-
gands with length ≤ 20 Å. The extra precision [56] method was selected 
in Glide Redocking step. All other parameters were kept at their default 
values. Molecular descriptors are calculated using Qikprop [57] module. 

3. Results and discussions 

3.1. Chemistry 

Compounds 1–9 were obtained by the method outlined in Scheme 1 
and then their chemical structures were characterized using NMRs and 
HRMS techniques. 2-Aminobenzoic acid, I0 as a starting substance was 
synthesized by the hydrolysis of methylantranylate under basic condi-
tions. The disappearance of methyl protons belonging to ester moiety 
confirmed its chemical structure in 1H NMR. Then, 2-aryl-4H-benzo[d] 
[1,3]oxazin-4-ons (I1-I9) were obtained by the reaction of 2-aminoben-
zoic acid and suitable benzoyl chloride in pyridine at 0–5 ◦C. At the final 
step, a suitable 2-aryl-4H-benzo[d][1,3]oxazin-4-one solution in acetic 
acid and 4-hydrazinobenzenesulfonamide hydrochloride were reacted 
to obtain target compounds 1–9. The target compounds were purified by 

crystallization using suitable solvents. The chemical structures of the 
final compounds 1–9 were elucidated by 1H NMR, 13C NMR, and HRMS 
analysis. In 1H NMR, the appearance of singlet peak belonging -SO2NH2 
in the range of 7.08–7.1 ppm and the singlet peak belonging -NH proton 
around 9.6 ppm confirmed the formation of benzenesulfonamide de-
rivatives. Aryl and alkyl protons also gave suitable peaks in the expected 
areas. In 13C NMR, the carbonyl peak was seen around 160–161 ppm. 
HRMS analysis also confirmed the structure of the target compounds 
1–9. 

3.2. In vitro MAOs inhibition studies 

Compounds 1–9 were assessed against MAO-A and MAO-B isoforms 
using in vitro fluorometric method as described previously [39-42]. The 
results given in Table 1 offered that compounds tested had significant 
inhibitory activity at the concentrations used and they displayed selec-
tive enzyme inhibition on MAO-A. At the first step, the bioassay was 
carried out for the compounds and references at 10-3 and 10-4 M. Ac-
cording to the enzyme activity results at 10-3 M, compounds had% in-
hibition values in the range of 72.138–93.535 % on MAO-A, while they 
also had inhibition potency in the range of 50.636–68.795 % on MAO-B. 
Except 7 and 8 on MAO-A, compounds had no impressive inhibitory 
potency towards both enzymes at 10-4 M. Moclobemide and selegiline 
were reference drugs with the% inhibition values of 94.121 and 98.258 
(at 10-3 M) against MAO-A and MAO-B, respectively. 

At the second step, the most potent enzyme inhibitors were for-
warded to the next evaluation to calculate their inhibition constants 
(IC50). The IC50 values of the selected compounds 7 and 8 and standard 
agent were determined by non-linear regression analysis over the 
calculated% inhibition values at the concentrations between 10-3-10-9 M 
with the help of GraphPad Prism Version 6 software since these com-
pounds showed more selectivity towards MAO-A than MAO-B. The ob-
tained IC50 graphs were given in Fig. 2. Compounds 7 and 8 had IC50 
values of 0.058 and 0,094 µM while moclobemide had an IC50 value of 
6.061 µM. These findings revealed that compounds 7 and 8 were 105 

Table 1 
Enzyme inhibition results of the synthesized compounds, moclobemide and selegiline against MAO-A and MAO-B.  

Compounds MAO-A% Inhibition MAO-A IC50 (µM) MAO-B% Inhibition MAO-B IC50 (µM) Selectivity SI* 

10-3 M 10-4 M 10-3 M 10-4 M   

1 76.654 ± 1.145 45.218 ± 0.927 > 100 61.124 ± 0.986 30.015 ± 0.874 > 100 – – 
2 72.915 ± 1.230 43.621 ± 0.892 > 100 57.320 ± 0.890 28.732 ± 0.736 > 100 – – 
3 78.225 ± 1.287 40.546 ± 0.791 > 100 52.974 ± 0.973 26.195 ± 0.794 > 100 – – 
4 76.307 ± 1.107 47.908 ± 0.933 > 100 65.765 ± 1.004 32.622 ± 0.628 > 100 – – 
5 75.640 ± 0.954 42.082 ± 0.834 > 100 50.636 ± 0.921 33.502 ± 0.765 > 100 – – 
6 80.361 ± 1.107 43.795 ± 0.905 > 100 68.795 ± 0.997 29.472 ± 0.824 > 100 – – 
7 93.535 ± 1.455 86.472 ± 1.382 0.058 ± 0.002 55.021 ± 0.869 30.649 ± 0.759 > 100 MAO-A >1724 
8 92.418 ± 1.162 83.693 ± 1.249 0.094 ± 0.003 66.455 ± 1.102 31.210 ± 0.811 > 100 MAO-A >1063 
9 72.138 ± 1.315 44.027 ± 0.874 > 100 63.753 ± 0.988 27.162 ± 0.714 > 100 – – 
Moclobemide 94.121 ± 2.760 82.143 ± 2.691 6.061 ± 0.262 – – – – – 
Selegiline – – – 98.258 ± 1.052 96.107 ± 1.165 0.037 ± 0.001 – – 

SI*: Selectivity index (SI = IC50 MAO-B/ IC50 MAO-A). 

Fig. 2. IC50 graphs of compounds 7, 8 and moclobemide against MAO-A enzyme (The graphs are formed using GraphPad Prism Version 6 via regression analyses).  
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and, 65 times potent inhibitors than moclobemide towards MAO-A, 
respectively. Moreover, compound 7 (>1724 times) and 8 (>1063 
times) more selective inhibitors of MAO-A rather than MAO-B. 

The topic subjects of structure–activity relationships are given 
below.  

i) During the design of quinazoline-based sulfonamides for this 
study, several substituents having different physicochemical 
properties were used on the phenyl ring of the compounds. 
Among them, using an electron-withdrawing group nitro on the 
most potent compound 7 remarkably increased enzyme inhibi-
tory potency towards MAO-A compared with nonsubstituted de-
rivative 1, in contrast to its behavior towards MAO-B.  

ii) When% inhibition values (at 10-3 M) towards MAO-A of mono 
(3), di (8), and tri (9) methoxy derivatives were examined, the 
results indicated that 3,4,5-trimethoxy group was not appropriate 
since the inhibitory potency decreased when compared with 
values of the compounds 1, 3 and 8. On the other hand, 3,4-dime-
thoxyphenyl bearing compound 8 was considered as the second 
lead compound with an IC50 value of 0.094 µM. It could be 
expressed that the number and the position of the methoxy group 
considerably affected enzyme inhibitory potency since these 
groups may show additional molecular interactions with the 
active site of the enzyme.  

iii) Halogen substitution was another molecular modification used to 
see how this modification affected bioactivity. Fluorine substi-
tution has some unique properties and also shows promising ef-
fects on the target bioactivities [58]. In this study, the 
substitution of halogens fluorine, chlorine, and bromine on the 
para position of phenyl ring did not excessively increase enzyme 
inhibitory potency of the compounds towards both enzymes. For 
instance, when inhibition values of compound 1 with hydrogen 
(76.654%) and 4 with fluorine (76.307%) were considered, the 
results revealed that there was no remarkable difference in the 
inhibitory activity by replacement of fluorine while substitution 
of bromine increased inhibitory percent to 80%.  

iv) Results showed that only electron-withdrawing nitro and 
electron-releasing poly-methoxy substituents used considerablely 
effected MAOs inhibition compared to nonsubstitued one 1. 
However, results also indicated that neither the electronic nor the 
steric effects affected dramatically enzyme inhibitory potency. 
Therefore, to explain the high affinity of these compounds, mo-
lecular docking studies carried out. Docking results showed that 
neither 7 nor 8 did not fit within the active site using standard 
methods. Therefore, an induced-fit mechanism was investigated 
in molecular docking section. 

Furthermore, in the literature, quinazolinone bearing compounds 1 
(Fig. 1, IC50 = 0.142 μM, MAO-B) [24], 2 (Fig. 1, Ki = 0.648 μM, MAO-B) 

Fig. 3. (A) Lineweaver–Burk plots for the inhibition of MAO A by compound 7. [S], substrate concentration (µM); V, reaction velocity (nmol/min/mg protein). 
Inhibitor concentrations are shown at the left. (B) Secondary plot for the calculation of the steady-state inhibition constant (Ki) of compound 7. Ki was calculated as 
0.011 µM. 

Fig. 4. (A) Lineweaver–Burk plots for the inhibition of MAO A by compound 8. [S], substrate concentration (µM); V, reaction velocity (nmol/min/mg protein). 
Inhibitor concentrations are shown at the left. (B) Secondary plot for the calculation of the steady-state inhibition constant (Ki) of compound 7. Ki was calculated as 
0.051 µM. 
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[26], 3 (Fig. 1, Ki = 0.16 µM, MAO-B) [20] and sulfonamide derivatives 
5 (IC50 = 0.0027 µM, MAO-B) [36] and 6 (IC50 = 0.041 µM, MAO-B) 
[37] showed generally selectively MAO-B inhibition. Furthermore, 
currently quinazoline-sulfonamides are also reported as antimalarial 
[59], antioxidant [16], and anticancer [60] activities. Unlike the re-
ported studies above, quinazoline-benzenesulfonamide hybrids 7 and 8 
reported here showed selective MAO-A inhibition in contrast to their 
possible target isoenzyme MAO-B at low concentrations with low 
toxicity. Therefore, it could be stated here lead compounds can be 
considered as promising structure to design more effective and selective 
inhibitors and for in vivo assays. 

3.3. Kinetic studies of MAO-A inhibition 

Enzyme kinetics studies were carried out to evaluate compound 7′s 
inhibition nature since compound 7 was found to be the most effective 
agent on the MAO-A. Lineweaver-Burk graphic was plotted using the 
absorbance values obtained in the tests and substrate concentrations. 
The axis × of the graphics represents 1/S (1/substrate concentration), 
and axis y shows 1/absorbance values representing 1/V. The graphics 
include four lines for enzyme kinetic tests applied to 2xIC50, IC50, and 
IC50/2 concentrations of the test compounds, and the control group, i.e. 
without inhibitor. The type of the reaction of substrate and inhibitor 
against the enzyme is determined according to the intersection of these 
four lines on the graphic. 

Enzyme inhibition is typically divided into two categories as 
reversible and irreversible. In irreversible inhibition, the inhibitor binds 
to an enzyme either covalently or forms a recalcitrant complex structure. 
The reversible inhibition category is also divided into four types: mixed 
type, competitive, non-competitive and uncompetitive inhibition types. 
The type of inhibition at Lineweaver-Burk graphics is defined as un-
competitive if four lines are parallel, competitive if the lines intersect on 
axis y, noncompetitive if the lines intersect on axis ×, and as mixed if 
four lines within the areas of the graphic but out of any axis[39-42]. 

As seen in the Lineweaver-Burk plots of compound 7 and 8 (Figs. 3 
and 4), the lines were intersected on the y-axis, and their slopes and x- 
intercepts were different. These observations showed that compounds 7 
and 8 were reversible and competitive inhibitors with similar inhibition 
features as the substrates. The Ki value of compounds 7 and 8 were also 
calculated as 0.011 µM and 0.051 µM, respectively, with the help of a 
secondary plots. 

3.4. Reversibility of MAO-A inhibition 

The reversibility of MAO-A inhibition by the most active derivative, 
compounds 7 and 8, was determined by using dialysis method [43-46]. 
Reversible (moclobemide) MAO-A inhibitor was also incubated with 
MAO-A enzyme. The results of reversibility experiments were given in 
Table 2. 

According to Table 2, the remaining MAO-A activities before dialysis 
were found as 31.253 ± 0.985% for moclobemide, 34.784 ± 0.896% for 
compound 7 and 30.122 ± 0.990% for compound 8. After dialysis, the 
remaining MAO-A activities of moclobemide was calculated as follow: 
90.347 ± 1.895%. These results verify that moclobemide was a revers-
ible inhibitor of MAO-A enzyme. It was seen that MAO-A activity was 
recovered up to 93.620 ± 1.802% and 91.749 ± 1.344% after dialysis 

for compounds 7 and 8, respectively. This finding indicated that the 
inhibition of compounds 7and 8 was almost completely reversible. It 
was concluded that these novel reversible inhibitors can have consid-
erable advantages compared to irreversible inhibitors which may 
possess serious pharmacological side effects. 

3.5. Toxicological studies 

MTT assay was carried out for the most potent compounds 7 and 8 to 
clarify whether the compounds are toxic or non-toxic towards SH-SY5Y 
cell line. SH-SY5Y cell line is widely used for understanding the mech-
anism of diseases associated with neuronal loss for an initial evaluation 
of conducting toxicological or bioactivity studies. SH-SY5Y cell line has 
been used in various areas of neuroscience including research on 
neurotoxicity [61–63]. The viability of the control cells was assumed to 
be 100%, and the viability of the other cells was calculated as% 
compared to the control. IC50 values were calculated for 7 and 8 as 
210.23 and 259.27 µM, respectively (Table 3). The data showed that the 
compounds tested had toxicity at higher concentrations while com-
pounds 7 and 8 had IC50 values of 0.058 and 0.094 µM towards MAO-A 
enzyme. As a result, these compounds can be considered non-toxic at 
their effective concentrations against MAO-A. 

3.6. Antioxidant assay 

DPPH, a free radical cleaning method, was used in this study to 
measure antioxidant capacity [64,65]. Ascorbic acid is the most 
commonly used standard due to its potent scavenging activity [66]. 
Table 4 shows DPPH radical scavenging activity results of the tested 
compounds compared to ascorbic acid. 

Antioxidant parameters with half-maximal inhibitory concentration 
(IC50), effective concentration (EC50), antiradical power (ARP), and 
ascorbic acid (AA) equivalent antioxidant capacity (AEAC) values were 
calculated by drawing a logarithm graph with% radical scavenging ca-
pacity against the sample concentration. The AEAC value was calculated 
according to the formula AEAC=(IC50(AA)/IC50(Sample)) × 105 after 
calculating the IC50 value. As can be seen from the formula, the AEAC 
value has no units. If low IC50 – EC50 and high ARP – AEAC values are the 
case, an antioxidant is reported to be stronger [67]. According to the 
antioxidant parameters, the antioxidant potency order of the samples is 
as follows: AA (IC50: 0.013 ± 0.003 mg/mL) > 8 (IC50: 4.811 ± 1.131 
mg/mL) > 7 (IC50: 12.166 ± 0.733 mg/mL) (Table 4). The compounds 

Table 2 
Reversibility of the inhibition of hMAO-A by compounds 7, 8 and moclobemide.  

Compounds incubated with hMAO-A hMAO-A activity 
before dialysis (%) 

hMAO-A activity 
after dialysis (%) 

With no inhibitor 100 ± 0.00 100 ± 0.00 
Moclobemide 31.253 ± 0.985 90.347 ± 1.895 
7 34.784 ± 0.896 93.620 ± 1.802 
8 30.122 ± 0.990 91.749 ± 1.344  

Table 3 
IC50 values of the most potent compounds 7 and 8 against SH-SY5Y cell line.  

IC50 (µM) 

Compound SH-SY5Y cell line MAO-A 

7 210.23 0.058 ± 0.002 
8 259.27 0.094 ± 0.003  

Table 4 
Antioxidant effects of the compounds 7 and 8.  

Compound IC50 (mg/ 
mL)* 

EC50 (mg/mg 
DPPH) 

ARP 
Values 

AEAC 
Values 

7 12.166 ±
0.733  

317.418 0.315  107.013 

8 4.811 ±
1.131  

118.110 0.846  270.586 

Ascorbic 
acid 

0.013 ±
0.003 

0.26  384.556  – 

EC50: Effective concentration, ARP: Antiradical power, AEAC: Ascorbic acid 
equivalent antioxidant capacity. IC50 values expressed are means ± S.D. of three 
measurements. The values of the compounds having superscript were signifi-
cantly different (p ≤ 0.005). 
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tested showed less antioxidant activity compared to ascorbic acid, also 
compounds needs further modifications to increase antioxidant effects. 

3.7. Induced-fit molecular docking 

The binding of the synthesized compounds should occur at the active 
site because the nature of inhibition was proved to be competitive. 
However, as per molecular docking experiments, neither 7 nor 8 (the 
most potent MAO-A inhibitors amongst the series) did not fit within the 
active site using either standard or extra precision methods. In standard 
molecular docking protocols, the protein is held rigid and ligands are 

treated flexible. Although those methods can successfully predict bind-
ing conformations of ligands if high-resolution X-ray crystal structures 
are used, carefully prepared, and validated [68–71] in some cases, it 
may provide misleading results. For larger ligands to bind at a narrow 
active site, target proteins or enzymes undergo conformational changes 
that allow ligands to fit in this binding region. Therefore, our results 
suggested an induced-fit mechanism that might explain the high affinity 
of the compounds. Hence, we run induced-fit molecular docking. 

Induced fit docking workflow successfully reproduced the binding 
orientation of the co-crystallized ligand with an RMSD of 0.2374. Visual 
inspection of the docked poses of the ligands highlighted the importance 

Fig. 5. Predicted 2D and 3D binding interactions of 7 (top), 8 (middle), and Moclobemide (bottom). In 3D panels; carbon atoms are colored in green for the ligands 
and white for the cofactor FAD. Only the interacting amino acids are shown for the sake of clarity. (For interpretation of the references to colour in this figure legend, 
the reader is referred to the web version of this article.) 
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of water molecules in the binding site. As depicted in Fig. 5, the benzene 
sulfonamide and nitrobenzene of 7 are close to the entrance cavity to-
ward the external part of the enzyme, and the quinazolin core points 
toward the cofactor FAD. Besides a hydrogen bond with PHE208 and π-π 
interactions with PHE52 and TYR69 amino acid residues, a structural 
water molecule bridges 7 with ASN181 of MAO-A via hydrogen bonds. A 
similar binding mode is observed in the induced fit docked pose of 8. 
Compound 8 possesses two hydrogen bonds with VAL210 and GLY110 
and also two π-π interactions with PHE208 and PHE352. On the other 
hand, only one strong intermolecular interaction is predicted for the 
standard, moclobemide: the water-assisted hydrogen bond interaction 
with the MAO-A through carbonyl oxygen of the amide linker that helps 
stabilize the ligand-enzyme complex. 

Finally, calculated molecular descriptors in Table 5 are also obeying 
Lipinski’s rule of five, and brain/blood partition coefficients, a critical 
parameter in neurodegenerative diseases, are predicted to be within the 
recommended values. 

4. Conclusion 

In conclusion, here 4-((2-(aryl)-4-oxoquinazolin-3(4H)-yl)amino) 
benzenesulfonamides were reported as MAO-A inhibitors. Inhibition 
studies demonstrated that the compounds were more selective towards 
depression-related MAO-A enzyme. The most potent compounds 7 and 8 
had IC50 values of 0.058 ± 0.002 and 0.094 ± 0.003 µM, respectively, 
while reference drug moclobemide had an IC50 value of 6.061 µM. 
Compound 7, which had 4-nitrophenyl, was emerged as 105 times more 
effective MAO-A inhibitor than moclobemide. Lineweaver-Burk plot 
indicated that compound 7 was a reversible and competitive inhibitor of 
MAO-A. Compounds 7 (>1724 times) and 8 (>1063 times) more se-
lective inhibitors of MAO-A rather than MAO-B. Toxicity studies of 7 and 
8 showed that compounds can be evaluated as non-toxic compounds 
towards SH-SY5Y cell line at their effective concentrations against MAO- 
A. The in silico experiments highlighted the importance of an induced-fit 
docking protocol for large compounds to interact with narrow binding 
sites. The results also confirmed the key role of water molecules in the 
binding site of MAO-A. Calculated molecular descriptors are also 
obeying Lipinski’s rule of five and brain/blood partition coefficients, a 
critical parameter in neurodegenerative disease. These novel reversible 
inhibitors can have considerable advantages compared to irreversible 
inhibitors which may possess serious pharmacological side effects. 
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Compound QPlogPo/wa QPlogBBb %HOAc SASAd RO5e DSf 

7  1.09  − 2.82  55.41  690.92 –  − 13.30 
8  1.93  − 1.91  76.42  721.80 –  − 11.89 
Moclobemide  1.75  0.50  90.11  502.12 –  − 9.91 
Harmine  3.05  0.18  100.00  440.84 –  − 9.81  

a Logarithm of the octanol/water ratio coefficient of compound (recommended value < 5). 
b Predicted brain/blood partition coefficient (recommended value: − 3.0–1.2). 
c Percentage of human oral absorption (<25% is weak and > 80% is strong). 
d Total solvent accessible surface area (SASA) in square angstroms using a probe with a 1.4 Å radius (recommended value: 300.0–1000.0). 
e Number of violations of Lipinski’s rule of five. 
f Docking Score (kcal/mol). 
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