Journal of Molecular Structure 1198 (2019) 126915

Journal of Molecular Structure

journal homepage: http://www.elsevier.com/locate/molstruc

Contents lists available at ScienceDirect

Facile synthesis of new quinazolinone benzamides as potent N
tyrosinase inhibitors: Comparative spectroscopic and molecular e

docking studies

Prasad G. Mahajan ®', Nilam C. Dige ™, Balasaheb D. Vanjare ¢ Hussain Raza °,

Mubashir Hassan ¢, Sung-Yum Seo b.

, Chong- Hyeak Kim d Ki Hwan Lee **

@ Department of Chemistry, Kongju National University, Gongju, Chungnam, 32588, Republic of Korea

b Department of Biological Sciences, Kongju National University, Gongju, Chungnam, 32588, Republic of Korea

€ Institute of Molecular Biology and Biotechnology, The University of Lahore, Defence Road, Lahore, 54590, Pakistan

d Center for Chemical Analysis, Korea Research Institute of Chemical Technology, Yuseong, Daejeon, 34114, Republic of Korea

ARTICLE INFO

ABSTRACT

Article history:

Received 31 May 2019
Received in revised form

6 August 2019

Accepted 8 August 2019
Available online 9 August 2019

Keywords:

Quinazolinone benzamides
Spectroscopic properties
Tyrosinase inhibition
Lipinski's rule

Drug score

The simple reaction approach has been designed and utilized for the synthesis of quinazolinone ben-
zamides 4a-4h using isatoic anhydride, m-Anisic hydrazide and various aldehydes. The formation of
target compounds was confirmed by spectral characterization techniques such as IR, NMR, Mass and
elemental analysis. The spectrophotometric investigations based on absorption and fluorescence outputs
denote distinctive properties such as molar extinction coefficient, fluorescence emission, fluorescence
lifetime, quantum yield and Stokes shift for compounds 4a-4h in three different solvents. Along with
spectroscopic studies, synthesized compounds 4a-4h were tested for bioevaluation against tyrosinase
inhibitory activity. Pleasingly, all compounds displayed lower IC5y values (0.006+0.074 to
1.609 + 0.324 uM) than standard kojic acid (16.832 +1.162 uM) against tyrosinase inhibition. The
comparative spectrophotometric properties, in vitro and in silico analysis suggest that compounds 4d and
4f have significant absorption and fluorescence properties in addition to extremely low ICsq values as
potent tyrosinase inhibitors.

Molecular docking

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

Recently, researchers are engaged in designing, synthesizing
and exploring various nitrogen containing organic heterocyclic
compounds which have medicinal importance. Amongst the vari-
ety of compounds from huge library of heterocycles, quinazoli-
nones are crucial and beneficial compounds as far as design and
development of medicines in pharmaceutical industries [1,2]. It is
well known that quinazolinones are found in structural core of
various bioactive natural products such as cottoquinazoline, milli-
tarinone, etc [3,4]. Quinazolinones and their derivatives were suc-
cessfully exploited for the investigation of their biological activities
which covers a broad range of antibacterial, antiviral, analgesic,
anti-inflammatory, anticancer, antidiabetic and anti-tussive effects
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[5—11]. Mainly, quinazolin-4(1H)-ones and quinazoline-4(3H)-ones
are the inter-convertible forms of quinazolinone family and can be
useful as primitive template of target compound in the develop-
ment of drug discovery.

Quinazolinone representative structure is given as Fig. 1a. Few
research reports witnessed that different quinazolinone structures
were claimed for the investigation of sedative drugs (Fig. 1b),
thyroid-stimulating hormone receptor agonist (Fig. 1c) and Tank-
yrase inhibitor (Fig. 1d). In addition to the biological applications,
quinazolinones show remarkable spectroscopic properties such as
high molar extinction coefficient, absorption, fluorescence emis-
sion, fluorescence quantum yield, Stokes shift and fluorescence
lifetime [12—14]. Nowadays, such organic compounds possessing
exceptionally good optical properties have gained much more
attention and challenge in the scientific field which mainly deal
with organic light emitting diodes, sensors, cell imaging and opto-
electronics [15—18]. The variety of synthetic approaches has been
used by organic chemists for the synthesis of quinazolinones.
During the course of design and synthesis of quinazolinone de-
rivatives in present studies, the attentions were focused towards
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Fig. 1. Representative structure of quinazolinone (a) and its examples (b—d).

the ease of synthetic approach, high yield of products, easy to
reproduce the synthetic protocol and obtained products can be
advantageous in bio-estimation against different activities.

Tyrosinase is a copper containing metalloenzyme widely spread
over the skin in human body. The tyrosinase enzyme plays a crucial
role in production, functioning and mechanism of melanin along
with control on pigments in animal and human body [19,20]. The
abnormal accretion of melanin in human body is responsible for the
major skin diseases, hyperpigmentation, Parkinson's disease and
Huntington's disease [19—23]. Tyrosinase actively participate in the
oxidation process of dopamine to dopaquinones. The excess
quantity of dopaquinones may produce harm to neurological sys-
tem and simultaneously damage cells [20]. Therefore, functioning
of melanin in human body through inhibition of tyrosinase enzyme
is essential for normal and healthy growth. Such scenario encour-
ages the researchers for the development of significant structural
templates that can be useful in drug design and served as inhibitor
for excess tyrosinase production in the human body. Literature
review indicates that various organic compounds with and without
heterocyclic structural cores were successfully investigated as
potent tyrosinase inhibitors namely kojic acid, arbutin, ellagic acid,
L-ascorbic acid, flavones, coumarins, azole, thiazolidine, chalcones,
xanthene's, analogues of carboxylic acids and aldehydes,
substituted phenols, pyridines and piperidines [24—26]. Therefore,
considering the multiutility of quinazolinone derivatives in optical
as well as pharmaceutical applications, we envisioned our experi-
mental plan with the aim of design and synthesis of quinazolinone
benzamides followed by their spectroscopic investigation and
screening of potent inhibitory activity against tyrosinase enzyme.

In the present research work, we have synthesized new de-
rivatives of quinazolinone benzamides using multicomponent re-
action approach via sequential addition of isatoic anhydride, m-
Anisic hydrazide and various aldehydes in the presence of p-
toluene sulfonic acid (p-TSA) in water: ethanol (6:4 v:v) at ultra-
sonic conditions for specific reaction time. The quinazolinone de-
rivatives were successfully synthesized and fully characterized by
spectral techniques. The advantage of present investigations in-
cludes practical simplicity, use of green solvents, higher yield of
products, easy isolation of products, discriminating spectroscopic
properties based on absorption and fluorescence studies and most
important potent bio-evaluation against tyrosinase enzyme.
Pleasingly, all synthesized quinazolinone derivatives were found to
be potentially active tyrosinase inhibitors as compared to standard
kojic acid.

2. Experimental section
2.1. Chemistry

2.1.1. Materials
Various substituted aldehydes, isatoic anhydride, m-Anisic

hydrazide and p-Toluene sulfonic acid (p-TSA) were purchased from
Sigma-Aldrich, Korea and used as received without further purifi-
cation. The methanol, chloroform and dichloromethane (DCM)
were procured from Samchun Chemicals, Korea and used after
distillation.

2.1.2. Methods

The melting point of synthesized compounds were recorded on
Digimelt (SRS, USA) melting point apparatus. The spectral tech-
niques such as IR, NMR and Mass analysis were procured to analyze
the structure and formation of products (4a-4h). IR spectra were
recorded on a Frontier IR Perkin—Elmer spectrophotometer. NMR
spectra were scanned on a Bruker AC-400 spectrometer using tet-
ramethylsilane as an internal standard. Mass spectra were obtained
using Shimadzu QP 2010GCMS (Japan) spectrophotometer.
UV—visible absorption spectra of newly synthesized quinazolinone
benzamides 4a-4h were scanned on a Shimadzu Spectrophotom-
eter in different solvents such as methanol, chloroform and DCM at
each of 1 uM concentration. The fluorescence emission spectra of
4a-4h were inspected on FS-2 fluorescence spectrophotometer
(Scinco, Korea) in individual solvent at mentioned concentration.
The respective excitation wavelength was used to examine the
fluorescence emission spectrum of each compound in said solvents.
The fluorescence lifetime values of 4a-4h were obtained by trig-
gering the respective solutions at specific excitation wavelength on
Time Correlated Single Photon Counting (TCSPC) spectrophotom-
eter (HORIBAIHR320) having time correlation of 0.0548 ns per
channel. The fluorescence quantum yield (¢¢) for all synthesized
quinazolinones 4a-4h were estimated at 1 pM concentration with
quinine sulphate as reference (¢pf=0.58) and using following
equation (1) [27,28].

Fp Arefnz

"F, ref Ap n%ef

b = by (1)

where, ¢f and ¢f (rer) denotes the fluorescence quantum yields of
individual compound 4a-4h and reference quinine sulphate,
respectively. The areas under the curve of emission spectrum of
compound 4a-4h and quinine sulphate are given as Fp and Fy,
respectively. While, Aref, Ap, n and ner are the absorbance of quinine
sulphate, absorbance of compound 4a-4h, refractive index of sol-
vent used to dissolve the compound 4a-4h and quinine sulphate,
respectively.

2.1.3. General procedure for synthesis of quinazolinone benzamides
4a-4h

The 50 mL round bottom flask was equipped with an equimolar
amount of isatoic anhydride (1 mmol) and m-Anisic hydrazide
(1 mmol) in 10 mL of water: ethanol (6:4 v/v) mixed solvent and p-
TSA (10 mol %). The resultant reaction mixture was sonicated till the
completion of reaction. Then, respective aldehyde (1 mmol) was
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sequentially added to the same reaction mixture. The reaction
mixture was further sonicated, and the progress of reaction was
monitored by thin layer chromatography (TLC) for specific reaction
time. After completion of reaction, the product was isolated by
simple filtration method and washed with ethanol. Scheme 1 il-
lustrates the synthetic route for quinazolinone benzamides 4a-4h.
The structures of final products 4a-4h shown in Fig. 2. Table 1
represents substituents on designed molecule, time required for
completion of each reaction to form 4a-4h and obtained product
yield.

2.1.3.1. Spectral characteristics of synthesized quinazolinone benza-
mides (4a-4h)

2.1.3.1.1. N-(2-(2-hydroxyphenyl)-4-oxo-1,2-dihydroquinazolin-
3(4H)-yl)-3-methoxybenzamide (4a). This reaction was performed
by reaction between isatoic anhydride, m-Anisic hydrazide and
salicylaldehyde. White powder; M.P.: 152 °C; IR (ESI, Fig. S1): 3465,
3353, 3148, 3011, 2298, 1593, 1529, 1452, 1395, 1357, 1283, 1192,
1118, 967, 913, 904, 817, 735, 682 cm’l; H NMR(ESI, Fig. S2 and 400
MHz, DMSO-dg): & 12.10 (s, 1H, —NH), 11.74 (s, 1H, —NH), 10.56 (s,
1H, —OH), 8.64 (s, 1H), 7.97—-7.98 (m, 2H), 7.72—7.75 (m, 1H),
7.18—7.26 (m, 3H), 7.12—7.18 (m, 2H), 6.85—6.91 (m, 3H), 6.72—6.73
(m,1H), 3.74 (s, 3H, —OCH3) ppm; >C NMR (ESI, Fig. S3, 100 MHz,
DMSO-dg): d 160.34, 152.61, 151.86, 147.56, 146.50, 141.87, 137.40,
129.40, 123.98, 118.74, 117.74, 115.78, 112.61, 110.74, 55.98 ppm; MS
(EI) (ESI, Fig. S4): 390.3 (M+1), m/z. Elemental analysis calcd (%) for
CooH19N304: C 67.86; H 4.92; N 10.79; O 16.43; found: C 67.84; H
4.91; N 10.81; O 16.44.

2.1.3.1.2. 3-Methoxy-N-(4-oxo-2-phenyl-1,2-dihydroquinazolin-
3(4H)-yl)benzamide (4b). Isatoic anhydride, m-Anisic hydrazide
and benzaldehyde were used as starting materials for this reaction.
Cream coloured powder; M.P.: 110 °C; IR (ESI, Fig. S5): 3464, 3352,

3
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Table 1
Different substituents, reaction time and product yield for newly synthesized qui-
nazolinone benzamides (4a-4h).

Entry R R R” Time (h) Yield (%)
4a OH H H 2.8 79
4b H H H 3.2 88
4c OH H I 2.1 87
4d H F H 23 86
4e H Br H 2.1 82
af H CHs3 H 3.6 78
4g H OCH3 H 3.1 83
4h H NO, H 2.8 87

3154, 3021, 1726, 1612, 1594, 1530, 1485, 1451, 1395, 1358, 1323,
1286,1202,1192, 1142, 1134, 1119, 967, 913, 903, 818, 751,682 cm™!;
TH NMR(ESI, Fig. S6, 400 MHz, DMSO-dg): 3 11.81 (s, 1H, —NH), 11.73
(s, TH, —NH), 8.48 (s, 1H), 7.16—7.94 (m,13H), 3.85 (s, 3H, —OCH3)
ppm; 3C NMR (ES], Fig. S7, 100 MHz, DMSO-dg): & 178.93, 160.33,
148.64, 148.23,147.42, 141.94, 137.27,134.70, 130.45, 130.04, 129.22,
128.49, 127.46, 124.15, 120.43, 118.06, 115.77, 114.14, 113.40, 11,062,
55.90 ppm; MS (EI) (ESI, Fig. S8): 374.3 (M+1), m/z. Elemental
analysis calcd (%) for CooH19N303: C70.76; H 5.13; N 11.25; 0 12.86;
found: C 70.77; H 5.10; N 11.26; O 12.87.

2.1.3.1.3. N-(2-(2-hydroxy-5-iodophenyl)-4-o0xo0-1,2-
dihydroquinazolin-3(4H)-yl)-3-methoxybenzamide (4c). This reac-
tion was carried out by using isatoic anhydride, m-Anisic hydrazide
and 5-lodo salicylaldehyde. White powder; M.P.: 181 °C; IR (ESI,
Fig. S9): 3465, 3352, 3154, 3022, 1647, 1590, 1527, 1477, 1463, 1356,
1282, 1202, 1192, 1142, 1134, 1119, 1036, 967, 903, 816, 737,
682 cm™!; "H NMR(ESI, Fig. S10, 400 MHz, DMSO-dg): 5 11.09 (s, 1H,
—NH), 9.12 (s, 1H, —NH), 8.46 (s, 1H, —OH), 7.59—7.61 (m, 1H),
7.54—7.56 (m, 2H), 7.50 (s, 1H), 7.43—7.46 (t, 2H, = 10.8 & 4 MHz),

‘Water:Ethanol (6:4, v/v)
10 mol % p-TSA /NH

ultrasonication, 40 °C, 2-4 hr

R

4a-4h

Scheme 1. Synthetic route for quinazolinone benzamides (4a-4h).
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Fig. 2. Structures of newly synthesized quinazolinone benzamides (4a-4h).
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7.38—7.39(d, 3H, ] = 4 Hz), 7.14—7.17 (m, 1H), 7.09 (s, 1H), 6.85—6.86
(d, 1H), 3.91 (s, 3H, —OCH3) ppm; >C NMR(ESI, Fig. S11, 100 MHz,
DMSO-dg): d 162.66, 159.75, 149.55, 135.72, 130.10, 129.32, 121.06,
120.27, 117.83, 113.37, 111.62, 55.87, 44.49, 12.89 ppm; MS (EI) (ESI,
Fig. S12): 516.2 (M+1), m/z. Elemental analysis calcd (%) for
CyoHgIN304: C 51.28; H 3.52; 1 24.63, N 8.15; O 12.42; found: C
51.25; H 3.53; 1 24.65, N 8.14; O 12.43.

2.1.3.1.4. N-(2-(4-fluorophenyl)-4-oxo-1,2-dihydroquinazolin-
3(4H)-yl)-3-methoxybenzamide (4d). The reaction between isatoic
anhydride, m-Anisic hydrazide and 4-fluoro benzaldehyde as
starting materials offered compound 4d as final product. Cream
coloured powder; M.P.: 134 °C; IR(ESI, Fig. S13): 3445, 3178, 3022,
1726, 1640, 1529, 1395, 1284, 1202, 1192, 1142, 1133, 1120, 1042, 967,
913, 903, 818, 750, 690, 6982 cm~'; 'H NMR(ES], Fig. S14, 400 MHz,
DMSO-dg): d 9.23 (s, 1H, —NH), 8.37 (s, 1H, —NH), 7.81 (s, 1H),
7.59—7.62 (m, 1H), 7.40—7.43 (t, 3H, ] = 4 & 8 MHz), 7.23—7.26 (t, 1H,
J =4 & 8 MHz), 7.09—7.16 (m, 4H), 6.73—6.74 (m, 1H), 6.46—6.48 (m,
1H), 3.90 (s, 3H, —OCH3) ppm; 3C NMR(ESI, Fig. S15, 100 MHz,
DMSO-dg): & 173.51, 149.41, 130.05, 129.29, 118.89, 117.98, 112.98,
112.10, 55.80, 40.57, 29.83 ppm; MS (EI) (ESI, Fig. S16): 392.3
(M+1), m/z. Elemental analysis calcd (%) for C;oH1gFN303: C 67.51;
H 4.64; F 4.85, N 10.74; O 12.26; found: C 67.52; H 4.62; F 4.86, N
10.72; 0 12.28.

2.1.3.1.5. N-(2-(4-bromophenyl)-4-oxo0-1,2-dihydroquinazolin-
3(4H)-yl)-3-methoxybenzamide (4e). The compound 4e was syn-
thesized by using isatoic anhydride, m-Anisic hydrazide and 4-
bromo benzaldehyde. White powder; M.P.: 154°C; IR(ESI,
Fig. S17): 3445, 3169, 3022, 2297,1726, 1638, 1582, 1531, 1509, 1486,
1395, 1361, 1284, 1202, 1192, 1142, 1133, 1120, 1048, 967, 913, 903,
819, 749, 682 cm !; 'H NMR(ESI, Fig. S18, 400 MHz, DMSO-dg):
3 9.20 (s, 1H, —NH), 8.35 (s, 1H, —NH), 7.68 (s, 1H), 7.57—7.59 (m,
4H), 7.50 (s,1H), 7.41—7.47 (m, 4H), 7.12—7.15 (m, 3H), 3.91 (s, 3H,
—OCH3) ppm; >C NMR(ES], Fig. $19, 100 MHz, DMSO-dg): 8 179.95,
166.45,129.41,115.82, 59.14, 55.49, 31.90, 29.66, 29.33, 23.78, 22.67,
14.15 ppm; MS (EI) (ESI, Fig. S20): 455.2 (M+3), m/z. Elemental
analysis calcd (%) for CoH1gBrN3Os: C 58.43; H 4.01; Br 17.66, N
9.27; 0 10.63; found: C 58.42; H 4.01; Br 17.67, N 9.29; O 10.61.

2.1.3.1.6. 3-Methoxy-N-(4-oxo-2-p-tolyl-1,2-dihydroquinazolin-
3(4H)-yl)benzamide (4f). This reaction was performed by reaction
between isatoic anhydride, m-Anisic hydrazide and p-Tolualdehyde
gave us compound 4f. White powder; M.P.: 105 °C; IR(ESI, Fig. S21):
3446, 3226, 3022, 2961, 2299, 1637, 1602, 1580, 1511, 1487, 1449,
1395, 1282, 1202, 1192, 1142, 1133, 1120, 1046, 967, 903, 809, 749,
682 cm™'; "H NMR(ESI, Fig. 522, 400 MHz, DMSO-dg): d 11.75 (s, 1H,
—NH), 10.37 (s, 1H, —NH), 8.43 (s, 1H), 7.10—7.65 (s, 11H), 6.13 (s, 1H),
3.84 (s, 3H, —OCH3), 2.36 (s, 3H, —CH3) ppm; >C NMR(ESI, Fig. 523,
100 MHz, DMSO-dg): d 174.57,165.71, 163.41, 159.27, 154.91, 148.49,
139.19, 13548, 134.29, 131.97, 130.11, 129.25, 128.68, 127.61, 126.18,
120.40, 118.32, 115.03, 114.18, 113.38, 112.96, 74.93, 55.49, 21.61,
2119 ppm; MS (EI) (ESI, Fig. S24): 388.3 (M+1), m/z. Elemental
analysis calcd (%) for C;3H21N303: C 71.30; H 5.46; N 10.85; 0 12.39;
found: C 71.28; H 5.45; N 10.86; O 12.41.

2.1.3.1.7. 3-Methoxy-N-(2-(4-methoxyphenyl)-4-oxo-1,2-
dihydroquinazolin-3(4H)-yl)benzamide(4g). The synthesis of final
compound 4g was achieved through reaction between isatoic an-
hydride, m-Anisic hydrazide and p-Anisaldehyde as starting ma-
terials offered compound 4d as final product. Brown powder; M.P.:
112 °C; IR(ESI, Fig. S25): 3445, 3225, 3022, 2961, 2298, 2102, 1726,
1640, 1582, 1395, 1283, 1202, 1192, 1142, 1133, 697, 903, 818, 750,
682 cm~!; 'H NMR(ESI, Fig. S26, 400 MHz, DMSO-dg): 5 9.88 (s, 1H,
—NH), 9.84 (s, 1H, —NH), 8.28 (s, 1H), 7.64 (d, 4H), 7.41 (d, 2H), 7.30
(t, 2H), 7.03 (d, 1H), 6.99 (s, 1H), 6.84 (d, 2H), 3.80 (s, 6H, 2-OCHs)
ppm; C NMR(ES]I, Fig. 527, 100 MHz, DMSO-dg): § 177.56, 164.29,
162.05,159.62, 149.00, 134.64, 129.81, 129.52,126.32, 119.10, 118.66,
114.10, 112.70, 55.57, 32.06, 29.83, 28.55, 22.77 ppm; MS (EI) (ESI,

Fig. S28): 404.3 (M+1), m/z. Elemental analysis calcd (%) for
Cy3H21N304: € 68.47; H 5.25; N 10.42; O 15.86; found: C 68.48; H
5.26; N 10.42; O 15.84.

2.1.3.1.8. 3-Methoxy-N-(2-(4-nitrophenyl)-4-0x0-1,2-
dihydroquinazolin-3(4H)-yl)benzamide (4h). The reaction between
isatoic anhydride, m-Anisic hydrazide and 4-nitrobenzaldehyde
offered compound 4h. White powder; M.P.. 175°C; IR(ESI,
Fig. S29): 3447, 3225, 3022, 2298, 1733, 1638, 1579, 1395, 1283,
1202, 1192, 1133, 1120, 1045, 967, 903, 809,749, 682cm™!; 'H
NMR(ESI, Fig. S30, 400 MHz, DMSO-dg): 8 9.29 (s, 1H, —NH), 8.55 (s,
1H, —NH), 8.27 (d, 6H, J =8 Hz), 7.94 (s, 1H), 7.92 (s, 1H), 7.40—7.44
(m, 3H), 7.11—7.14 (m, 2H), 3.88 (s, 3H, —OCH3) ppm; >C NMR(ESI,
Fig. S31, 100 MHz, DMSO-dg): & 178.18, 153.08, 151.37, 139.84,
139.63, 128.97, 121.13, 118.96, 117.68, 111.96, 110.24, 55.97 ppm; MS
(EI) (ESI, Fig. S32): 419.3 (M+1), m/z. Elemental analysis calcd (%)
for CyoH1gN405: C 63.15; H4.34; N 13.39; 0 19.12; found: C 63.16; H
4.35; N 13.37; 0 19.12.

2.2. Biology

2.2.1. In vitro methodology

2.2.1.1. Mushroom tyrosinase inhibition assay. The earlier method
was followed for the examination of activity performance against
mushroom tyrosinase (Sigma Chemical, USA) [29,30]. For this
purpose, required quantities of mushroom tyrosinase (20 pL, 30 U/
mL), phosphate buffer (140 uL, 20 mM, pH 6.8), and the inhibitor
solution to be tested (20 uL) were mixed in a 96-well microplate
and allowed to pre-incubation for 10 min at ambient temperature.
Then, 3,4-dihydroxyphenylalanine ie. .-DOPA (20 L, 0.85 mM,
Sigma Chemical, USA) was added to it followed by incubation at
25°C for another 20 min. Later, a microplate reader (OPTI Max,
Tunable) was used to record the absorbance value at 475 nm. The
reference inhibitor and negative control used in this study were
kojic acid and phosphate buffer, respectively. The experimental
measurements were repeated three time and record their values
individually. ICs¢ values were calculated by nonlinear regression
using GraphPad Prism 5.0. The % Inhibition of tyrosinase was
calculated using following equation (2) [29,30],

Inhibition (%) = {B%ﬂ x 100 (2)

where, the B and S are the absorbances for the blank and sample
under studies, respectively.

2.2.1.2. Kinetic analysis for tyrosinase inhibition. On the basis of
obtained ICsg values for synthesized compounds 4a-4h, the most
potent 4d compound was selected for kinetic analysis. The already
reported method was used to perform the series of experiments in
examination of inhibition kinetics by compound 4d [31,32]. The
inhibitor concentrations for 4d were 0.00, 0.0031, 0.0062, 0.0124
and 0.0248 uM. The variable concentration ranges are used for
substrate .-DOPA from 0.0625 to 2 mM in this kinetic study. The
pre-incubation and measurement time followed as per the mush-
room tyrosinase inhibition assay protocol. After the addition of
enzyme, the initial linear portion of absorbance used to determine
the maximum initial velocity up to 5 min with 30 s time interval.
The Lineweaver—Burk plot was used to examine inhibition type of
enzyme in the present study. While, the secondary plot of 1/V
versus inhibitor concentrations was studied to evaluate EI dissoci-
ation constant (Ki).

2.2.2. In silico analysis: computational methodology
2.2.2.1. Selection of mushroom tyrosinase structure from PDB.
The Protein Data Bank (PDB) (http://www.rcsb.org) was referred to
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retrieve the three dimensional (3D) structure of mushroom tyros-
inase (Agaricus bisporus) (PDBID: 2Y9X). The protein PDBID: 2Y9X
was selected on the basis of minimum resolution and absence of
gaps in the residue numbers. The selected protein was energy
minimized by employing conjugate gradient algorithm and amber
force field in UCSF Chimera 1.10.1 [33].

2.2.2.2. Grid generation and molecular docking. There were few
things adjusted in protein structure before the molecular docking
experiment so as to achieve better docking results. The tyrosinase
structure was prepared using the “Protein Preparation Wizard” by
Maestro interface in Schrodinger Suite Release 2019-1. Initially,
bond orders assigned, and hydrogen atoms were added to the
protein structure. The structure of protein was minimized to reach
the converged root mean square deviation (RMSD) of 0.30 A with
the OPLS_2005 force field. The co-crystallized ligands from Protein
Data Bank and literature data indicate the active site of the tyros-
inase enzyme [31,32,34]. The synthesized ligands 4a-4h were
sketched in 2D sketcher in Schrodinger Suite Release 2019-1 and
further analyzed for the molecular docking experiment against
target protein by using Glide docking protocol [35]. The experiment
gave us the predicted binding energies (docking scores) and
conformational positions of ligands within active region of protein.
The partial flexibility and full flexibility around the active site res-
idues for induced fit docking (IFD) approaches was performed
during the docking simulations [36].

Table 2
Screening of solvent for the synthesis of quinazolinone benzamides 4a-4h.
Sr. No. Solvent (v/v) Time (hrs.) Yield (%)
1 Water 5 No reaction
2 Water: ethanol (9:1) 4.2 56
3 Water: ethanol (8:2) 3.8 60
4 Water: ethanol (7:3) 3.7 71
5 Water: ethanol (6:4) 3.2 88
6 Water: ethanol (5:5) 33 81
7 Water: ethanol (4:6) 34 79
8 Water: ethanol (3:7) 3.5 78
9 Water: ethanol (2:8) 3.7 75
10 Water: ethanol (1:9) 39 70
11 Ethanol 43 70

*Reaction condition: Isatoic anhydride (1 mmol), m-Anisic hydrazide (1 mmol),
Benzaldehyde (1 mmol), specified solvent (10 mL), p-TSA as Catalyst - 10 mol %,
ultrasonication at 40 °C.

3. Result and discussion
3.1. Chemistry

3.1.1. Optimization of solvent system for the synthesis of
quinazolinones

The earlier synthetic route [12—14,37—49] was adopted for the
synthesis of quinazolinone benzamide with some modifications
such as ultrasonic reaction condition, use of p-TSA as catalyst and
mixed solvent system. The attention was focused towards optimi-
zation of solvent by opting mixed water: ethanol system because of
highly convenient, greener and harmless for synthetic methodol-
ogy as witnessed through the literature survey [40—43]. Being
water act as eco-friendly solvent and easily available source, our
intention was to perform the reaction in water as solvent. Unfor-
tunately, less solubility of reactants in water restricted the reaction
and substantially, failed to complete even carried out for longer
reaction time (Table 2, entry 1). Hence, we decided to inspect the
reaction in mixed solvent system i.e. water: ethanol. Satisfyingly,
we found that water: ethanol (6:4 v:v) (Table 2, entry 5) solvent
system showed higher practical yield of final compound for the
present transformation in short reaction time.

3.1.2. Spectroscopic studies based on absorption and fluorescence
output

The spectroscopic parameters such as absorption, fluorescence
emission, Stokes shift, fluorescence quantum yield and fluores-
cence lifetime are key the properties for any organic compound.
Such properties can be investigated by using UV—visible absorption
and fluorescence spectroscopy. Each of these properties examined
by execution of systematic experimental conditions in three
different solvents namely chloroform, dichloromethane (DCM) and
methanol. The solvents were chosen for spectroscopic studies
showed different polarity nature i.e. non-polar, polar aprotic and
polar protic for chloroform, DCM and methanol, respectively. The
idea behind choosing solvents with different polarity for spectro-
scopic analysis was to investigate the change in properties of syn-
thesized quinazolinone benzamides 4a-4 h at ground and excited
states. Fig. 3 shows absorption spectra of synthesized quinazoli-
none benzamides 4a-4h in chloroform (A), DCM (B) and methanol
(C), respectively at concentration of 1 uM. From the figure, it seems
that broad nature of absorption spectra of compounds 4a-4h are
bathochromically shifted when the solvent polarity increased from
chloroform to methanol. The change in spectral shift and nature of
absorption band observed in solvents with variable polarity is
because of differences in dielectric constants and tendency to form
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Fig. 3. Absorption spectra of compounds 4a-4h in different solvents such as Chloroform (A), DCM (B) and Methanol (C) at 1 uM concentration.



6 P.G. Mahajan et al. / Journal of Molecular Structure 1198 (2019) 126915

hydrogen bonding with compound 4a-4h by respective solvent
[14,44]. The wavelength maxima for all compounds 4a-4h observed
within 291331 nm, 296—334 nm and 303—341 nm for the sol-
vents such as chloroform, DCM and methanol, respectively. The
absorption spectra having maximum absorption wavelength for
each compound in chloroform, DCM and methanol are given in
Tables 3, 4 and 5, respectively.

The absorption bands occur within the wavelength range of
290—345 nm for the synthesized compounds 4a-4h that assigned
to -m* transition originate for excitation of molecule from singlet
ground state to singlet excited state [44—46]. In addition, molar
extinction coefficient (¢) seems to be increased with increasing in
the solvent polarity. This observation supports the absorption band
signal due to m-7* electron transition [47].

Fluorescence emission spectrum of each compound was

recorded at its excitation wavelength in respective solvent. The
recorded fluorescence emission spectra of 4a-4 h at concentration
of 1uM in chloroform, DCM and methanol are given as Fig. 4A,
Fig. 4B and Fig. 4C, respectively. The maximum fluorescence in-
tensity was observed in case of compounds 4d and 4f. While, other
compounds showed significant fluorescence emission response in
each solvent under studied. The smaller atomic weight of halogen
atom i.e. fluorine (-F) and methyl group attached to para position of
phenyl ring at 2 position signifies their donating contribution to-
wards enhancement of fluorescence properties. However, other
substituents on phenyl ring at 2 position for the compounds 4a, ab,
4c, 4e, 4g and 4h fails to produce such outputs due to their with-
drawing characteristics or attachment of bulky substituent. The
dependence of fluorescence emission response and bathochromic
spectral shift found to be very similar as in case of absorption

Table 3

Spectroscopic properties posed by compounds 4a-4h [1 uM] in chloroform.
Compound Aabs (M) e(M'cm') x 108 hem (NM) Stokes shift (cm™") Of 7 (ns)
4a 326 1.05 402 5799.62 0.11 2.21
4b 302 2.74 400 8112.58 0.14 2.34
4c 312 1.37 407 1748.25 0.25 229
4d 291 3.88 416 10329.02 0.52 3.21
4e 306 2.35 412 8407.38 0.15 2.49
4f 303 2.47 414 8941.90 0.47 2.98
4g 314 3.93 407 727711 0.06 2.54
4h 331 3.63 382 4033.28 0.05 243

A\abs = Maximum absorption wavelength; ¢ = molar extinction coefficient; Aer, = Wavelength at which maximum fluorescence emission occurred; ¢¢= Fluorescence quantum

yield; © = Fluorescence lifetime.

Table 4

Spectroscopic properties posed by compounds 4a-4h [1 uM] in DCM.
Compound Aabs (M) e(M'cm') x 108 hem (NM) Stokes shift (cm™") Of 7 (ns)
4a 330 2.98 407 5733.28 0.09 2.87
4b 303 3.01 413 8790.23 0.10 2.65
4c 317 1.46 414 7391.16 0.24 2.94
4d 296 3.99 427 10364.58 0.45 3.74
4e 308 242 415 777037 0.12 2.74
4f 307 2.61 422 8976.60 0.39 3.14
4g 318 421 412 7174.7 0.05 2.81
4h 334 3.65 412 5668.46 0.03 2.64

Aabs = Maximum absorption wavelength; ¢ = molar extinction coefficient; Aey, = Wavelength at which maximum fluorescence emission occurred; ¢¢= Fluorescence quantum

yield; © = Fluorescence lifetime.
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Fig. 4. Fluorescence emission spectra of compounds 4a-4h in different solvents such as Chloroform (A), DCM (B) and Methanol (C) at 1 uM concentration.
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Table 5

Spectroscopic properties posed by compounds 4a-4h [1 uM] in methanol.
Compound Aabs (nmM) e(Mecm™') x 108 Aem (Nm) Stokes shift (cm™1) Of 7 (ns)
4a 333 333 425 6056.38 0.04 3.02
4b 312 3.11 438 9220.31 0.08 2.99
4c 321 1.58 439 8373.60 0.14 3.15
4ad 304 430 445 10422.82 0.41 422
4e 310 2.71 418 8339.62 0.10 3.11
af 303 2.81 438 10172.25 0.35 3.89
4g 321 4.56 422 7455.96 0.04 3.05
4h 341 4.02 418 5402.07 0.02 3.02

A\abs = Maximum absorption wavelength; ¢ = molar extinction coefficient; Aem = Wavelength at which maximum fluorescence emission occurred; ¢¢= Fluorescence quantum

yield; © = Fluorescence lifetime.

studies. With the increase in solvent polarity, red shift was
observed in fluorescence emission spectrum of all synthesized
compounds 4a-4h. Another property explains the significant
characteristics of synthesized compound is Stokes shift. Tables 3—5
illustrate that there were significant changes observed in Stokes
shift values, when polarity of solvent changes. Such change in
Stokes shift values clearly proposes the probability of change in
structural aspects of compound's excited state level through one of
the competing processes with fluorescence [44,48,49]. The stokes
shift values are considerably changed for all compounds with
change in the solvent polarity from chloroform to methanol except
4a and 4g. The comparatively same stokes shift values observed for
these two compounds in chloroform and DCM solvents. The greater
stabilization of the excited state level relative to the ground state
level with increasing solvent polarity might be the reason behind
the changes observed in stokes shift values [14,46,47]. Fluorescence
quantum yield (¢f) was estimated by using standard quinine sul-
phate method. The increasing trend was seen for fluorescence
quantum yield values of compounds 4a-4h with decreasing solvent
polarity (Table 3, 4 and 5). The higher fluorescence quantum yield
value was found to be 0.52, 0.45 and 0.41 for compound 4d in
chloroform, DCM and methanol, respectively. While remaining
compounds shows decreasing order 4f < 4c < 4e < 4b < 4a<4g <4h
for the fluorescence quantum yield in each solvent. The lower
quantum yield values observed in most polar solvent are assigned
to the increase in the non-radiative pathways from the excited
states of compound 4a-4h to ground state [34,40]. The average time
spend in its excited state by any fluorescent molecule is known as
fluorescence lifetime (). The parameters which can affect the value
of fluorescence lifetime of compound are solvent polarity, dielectric
constant and dipole moments of the solvents used for the spec-
troscopic studies. The synthesized compounds 4a-4h shows sig-
nificant fluorescence lifetime values varying from 2 ns to 5 ns in
different solvent used in the present experiments and given in
Tables 3—5. The change in dipole moment, dielectric constant and
polarity of solvents are responsible for the decrease in radiative
pathways from excited state of molecule and further simulta-
neously increases the fluorescence lifetime values from chloroform
to DCM and again in methanol for the compounds 4a-4h [44,45,50].

3.2. Biology

3.2.1. Mushroom tyrosinase inhibition and structure activity
relationship

All the synthesized quinazolinone benzamides 4a-4h were
subjected to investigate for mushroom tyrosinase inhibition ac-
tivity. The compounds showed varying degrees of inhibition ac-
tivity against tyrosinase enzyme. Table 6 illustrates ICs5q values of
newly synthesized compounds 4a-4h for tyrosinase inhibitory ac-
tivity. Interestingly, all compounds 4a-4h exhibits superior tyrosi-
nase inhibition response with much lower IC5g values than the

Table 6
ICsp values of newly synthesized quinazolinone benzamides 4a-4h for Tyrosi-
nase inhibition activity.

Compound Tyrosinase activity ICso + SEM (uM)
4a 1.071 +£0.881
4b 0.411+0.012
4c 1.419 + 0.962
4d 0.006 + 0.074
4e 1.609 + 0.324
4f 0.057 + 0.096
4g 0.239+0.054
4h 0.347 £ 0.051

Kojic acid 16.832 +1.162

*SEM= Standard error of the mean; values are expressed in mean + SEM.

standard kojic acid. In the present investigation, compounds 4a-4h
displayed lower IC5q values than the standard kojic acid which
supports potent candidature of synthesized compounds against
mushroom tyrosinase. The presence of different substituent on the
aryl group at 2 position might be the reason behind varying degrees
in ICsq values for all synthesized compounds within the range of
0.006 £+0.074 to 1.609 +0.324uM as compared to ICsy value
16.832 +1.162 uM of standard kojic acid. The involvement of
electron donating and withdrawing groups on aryl ring present at 2
position of quinazolinone benzamides moiety plays an important
role in efficient interaction with the target enzyme. In the present
findings, compounds 4d, 4f, 4g, 4b and 4a bearing small molecular
weight substituents on aryl ring existing at position 2 shows
significantly lower ICs¢ values (0.006 + 0.074 to 1.071 + 0.881 uM)
than the standard kojic acid (16.832 + 1.162 uM). However, other
compounds 4c¢ and 4e exhibits slightly higher ICsq values than other
synthesized compounds but comparatively lower than standard.
The presence of bulky groups such as iodine and bromine in case of
4c and 4e may restricts their interaction with the target tyrosinase
enzyme. The ascending order of tyrosinase inhibition activity for
synthesized compounds based on their IC5¢ value as compared to
standard kojic acid found to be
4d < 4f < 4g < 4h < 4b < 4a<4c < 4e < kojic acid. Interestingly, all of
synthesized compounds reveals considerably lower ICs9 values
than that of some earlier research reports. The alkyl hydroquinone
isolated from sap of the lacquer tree (ICs5g = 37 uM) [51], trihydroxy
isoflavone (IC50=9.2uM) [52], trans-N-coumaroyl tyramine
(IC50 =40.6 uM) [53], cis-N-coumaroyl tyramine (ICso=36.4 uM)
[53], macrourins E isolated from morus macroura (ICso = 0.39 pM)
[54], tanshinone IIA (IC5o=1214 uM) [55], hydroxypyridinones
(IC50=12.6 & 4.0 uM) [56], thiocarbazones (IC59 = 0.35—0.44 mM)
[57] and kojic acid analogue (IC59 = 1.35 + 2.15 uM) [58] are some of
synthetic and natural sources used as tyrosinase inhibitors. Those
are comparable ICs9 values with the synthesized quinazolinone
derivatives 4a-4h in the present investigation. This literature sur-
vey shows that the lower IC5q values possessed by the synthesized
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The lines were drawn using linear least squares fit.

Table 7
Kinetic parameters of the mushroom tyrosinase for .-DOPA activity in presence of
various concentrations of 4d.

Concentration Vmax (AA/Sec) Km (mM)  Inhibition Type Ki (uM)
of 4d (uM)

0.00 136,667 x 107> 0.2 Non- 0.014
0.0031 8.36,364x 106 0.2 competitive

0.0062 751,515 107% 0.2

0.0124 459771 x10°¢ 0.2

0.0248 3.63,142x10°% 0.2

*Vmax is the reaction velocity, Ky, is the Michaelis-Menten constant, and Ki is the EI
dissociation constant.

compounds 4a-4h indicate its higher potency against tyrosinase
inhibition than reported compounds. In an overall, results accom-
plished that compounds 4a-4h shows superior tyrosinase inhibi-
tion activity and could be useful as potent templates for drug design
in pharmaceutical industries.

3.2.2. Kinetic analysis

To understand the inhibitory mechanism of synthesized com-
pounds 4a-4h on tyrosinase enzyme, the kinetic study was per-
formed. Based on our ICsg results, we were selected the most potent
compound 4d for the determination of inhibition type and inhibi-
tion constant. The kinetic results of the enzyme plotted as
Lineweaver-Burk plot of 1/V against 1/[S] in the presence of
different inhibitor concentrations results in a series of straight lines
as shown in Fig. 5 (A). The results of kinetic study and plot showed
that compound 4d intersected within the second quadrant. While,
Vmax decreased with increasing doses of inhibitors and no change
in Ky, value. This kinetic behavior specifies that compound 4d
inhibit the tyrosinase enzyme non-competitively to form the

enzyme-inhibitor complex. The enzyme inhibitor dissociation
constant (Ki) was calculated by plotting the slope against concen-
tration of inhibitor given as Fig. 5B. The kinetic parameters of the
mushroom tyrosinase for .-DOPA activity in the presence of various
concentrations of 4d are given as Table 7.

3.2.3. Chemoinformatics properties and Lipinski's rule of five (RO5)
validation

The chemoinformatics properties of all the synthesized com-
pounds (4a-4h) were predicted by using computational tool
Molinspiration followed by validation of Lipinski rule of five (RO5)
using Molsoft. This rule states that molecular mass and logP values
should be less than 500 g/mol and 5, respectively. Moreover, the
compounds should possess no greater than 10 HBA and 5 HBD,
respectively. Earlier research work indicates that higher values of
HBA and HBD results in poor drug permeability. Pleasingly, all the
compounds 4a-4h obey RO5 rule including compound 4c even it
has little higher molecular weight than 500 g/mol. The surface sum
of all polar atoms within a molecule is considered as polar surface
area (PSA) which frequently utilized to predict the drug ability in
cell permeation. The predicted results showed that all synthesized
compounds possess less values of PSA than previous reports
[59,60]. Thus, predicted results on chemoinformatics parameters
for all compound showed that synthesized compounds 4a-4h fall in
standard range which indicate their potent oral bioactivity
behavior. The estimated chemoinformatics properties of synthe-
sized quinazolinone benzamides (4a-4h) listed in Table 8. The
molecular flexibility is considered by their assessment of number of
rotational bonds (nrotb). Any single bond beside the ring structure
of compound and bounded to heavy non-hydrogen atom is called
as rotatable bond. The high rotational energy barrier of C—N bond
led to exclude it from such estimations. The number of rotational

Table 8
Chemoinformatics properties of synthesized quinazolinone benzamides 4a-4h.
Mol.wt. (g/mol) No. HBA No. HBD LogP PSA (A?) Mol. Vol (A%) nrotb Drug

Ligands Score
4a 389 4 3 3.51 77 376 4 1.27
4b 373 3 2 3.89 61 363 4 0.75
4c 515 3 2 4.16 61 369 4 1.03
4d 391 4 3 431 77 407 4 1.40
4e 452 3 2 4.74 61 385 4 1.11
4f 387 3 2 4.29 61 384 4 1.30
4g 403 4 2 3.98 68 395 5 1.06
4h 418 5 2 3.62 99 389 5 0.77
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bonds less than 10 suggest compound's good oral bioavailability in
rat. Our experimental values of nrotb (Table 8) for all the synthe-
sized compounds fall in standard range which illustrates their good
oral bioavailability behavior. The parameters such as hydropho-
bicity, molecule size and flexibility, hydrogen bonding character-
istics along with presence of various pharmacophoric features are
collectively known as drug score of target compound [61]. The
generated results for our synthesized all compounds showed that
compounds 4a-4h exhibits good drug score values, which indicates
its drug-resemblance behavior. All compounds showed predicted
positive values of drug scores which are mentioned in Table 8.

3.2.4. Molecular docking analysis

3.2.4.1. Binding energy evaluation of synthesized compounds 4a-4h.
To predict the best-fitted conformational position of synthesized
ligands 4a-4h within the active region of target protein, the
generated docked complexes were analyzed on the basis of Glide
docking energy values (kcal/mol) and bonding interaction
(hydrogen/hydrophobic) behavior. The lowest binding energy value
depicts the best conformational position of ligand within the active
region of target protein. The docking results showed that all the
synthesized ligands 4a-4h were bind within the active site of target

AW

protein with different conformational poses and energy values.
Fig. 6 (A) illustrates the binding pattern of all synthesized com-
pounds 4a-4h showed similar conformational behavior within the
active region of target protein. Moreover, the energy values of all
compounds 4a-4h were resemble to each other and graphically
presented as Fig. 6 (B). The basic skeleton of all the synthesized
compounds 4a-4h found to be similar except the substituents
present on aryl ring of quinazolinone. Therefore, obtained binding
energy values are close to each other with no big difference.

3.2.4.2. Binding analysis of ligands against tyrosinase. Based on
in vitro results, 4d docking complex was evaluated to understand
their binding conformational analysis within active site of target
protein. In detail, docking analysis results interpreted two - in-
teractions in 4d docking complex. The 3D and 2D depictions of
most active compound 4d are shown in Fig. 7 (A) and Fig. 7 (B),
respectively. The benzene ring with substituent fluorine and aryl
moiety of benzamide site interacts through m-7 interactions at
Phe264 and Hie244, respectively with target tyrosinase protein.
Literature data also ensured and supports our in vitro tyrosinase
inhibition activity and in silico molecular docking analysis results by
stating the importance of these residues in bonding with other
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Fig. 7. 3D (A) and 2D (B) docking depictions of 4d complex against tyrosinase.
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tyrosinase inhibitors [29,32—34]. The docking complexes of syn-
thesized compounds 4a, 4b, 4c, 4e, 4f, 4g and 4h are given as
supporting information (ESI, Figs. S33—S39).

4. Conclusion

The newly synthesized quinazolinone benzamides 4a-4h has
been successfully characterized at molecular scale using IR, NMR,
Mass spectroscopies and elemental analysis. The comparative
studies based on absorption and fluorescence properties such as
absorbance, emission, molar extinction coefficient, fluorescence
quantum yield, Stokes shift and fluorescence lifetime for each
compounds 4a-4h reveal outstanding spectroscopic properties in
three different solvents. The comparative syntax about the changes
observed in such properties in compounds 4a-4h have been dis-
cussed in detail. In addition, synthesized compounds 4a-4h shows
excellent inhibitory activity against tyrosinase enzyme. The in vitro
analysis indicates excellent tyrosinase inhibition activity response
for all compounds possessing lower ICs5g values within range of
0.006 +0.074 to 1.609 +0.324 uM as compared to the standard
kojic acid (ICsg value 16.832 + 1.162 uM). While, in silico molecular
docking investigation is in support of in vitro findings. In an overall,
compounds 4d and 4f show excellent absorption and fluorescence-
based properties along with extremely lower ICsg values for
tyrosinase inhibition (ICs5g value for 4d = 0.006 + 0.074 pM and ICsg
value for 4d = 0.057 + 0.096 uM). The newly synthesized quinazo-
linone derivatives, employment of mild reaction conditions, use of
water: ethanol as a green solvent, operational simplicity, excellent
practical yield of products, easy isolation of products, use of ultra-
sonication rather than harsh heating conditions and potent tyros-
inase activity shown by synthesized derivatives are remarkable,
novel and advantageous characteristics of the present synthetic
methodology. From the comprehensive results in the present
investigation, it concludes that compounds 4a-4h can be used as
biomarker in cell imaging and serve as template in molecular drug
design for the development of potent inhibitor against tyrosinase
enzyme.
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