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ABSTRACT

In this study, a series of sulfonamide chalcones derivatives was synthesized and its chemical structures were
confirmed by spectral characteristics. The synthesized compounds were evaluated for their tyrosinase inhibitory
activities along with molecular docking study. The tyrosinase inhibitory results indicated that compounds 5b, Sc,
51, 5g and 5h displayed the significant tyrosinase inhibitory activity and comparable to the standard drug (kojic acid).
Compound 5c exhibits the most potent tyrosinase inhibition among the synthesized compounds with IC ;= 0.43%0.07 mM,
L-DOPA as the substrate, and better than that of the standard kojic acid (IC,, = 0.60+0.20 mM). Molecular docking
studies showed that the binding mode of some compounds is in the tyrosinase binding pocket surrounding the copper
in the active site. The correlation between the docking results with IC, values showed that the binding mode prediction
of the test compounds would also be convincing. This comprehensive study allows for a possible mechanism for the
antityrosinase activity of the sulfonamide chalcones. These sulfonamide chalcones bind to copper atoms of tyrosinase
which responsible for the catalytic activity of tyrosinase. These compounds may be used as a lead for rational drug
designing for the multi-functional tyrosinase inhibitor.
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ABSTRAK

Dalam kajian ini, satu siri terbitan sulfonamida kalkon disintesis dan struktur kimianya disahkan oleh pencirian
spektrum. Sebatian yang disintesis dinilai untuk aktiviti penghambatan tirosinasenya bersama dengan kajian
mengedok molekul. Hasil perencatan tirosinase menunjukkan bahawa sebatian 5b, 5c, 5f, 5g dan 5h menunjukkan aktiviti
penghambatan tirosinase yang signifikan dan setanding dengan ubat piawai (asid kojik). Sebatian 5¢ menunjukkan
perencatan tirosinase yang paling kuat antara sebatian yang disintesis dengan IC , = 0.43 £ 0.07 mM, L-DOPA sebagai
substrat dan lebih baik daripada asid kojik piawai (IC,, = 0.60 + 0.20 mM). Kajian mengedok molekul menunjukkan
bahawa kaedah pengikatan sebilangan sebatian terdapat di dalam poket pengikat tirosinase yang mengelilingi tembaga
di tapak aktif. Hubungan antara hasil dok dengan nilai IC,, menunjukkan bahawa ramalan mod pengikat sebatian
ujian juga akan meyakinkan. Kajian komprehensif ini memungkinkan adanya mekanisme untuk aktiviti anti-tirosinase
sulfonamida kalkon. Kalkon sulfonamida ini mengikat atom tembaga tirosinase yang bertanggungjawab untuk aktiviti
pemangkin tirosinase. Sebatian ini boleh digunakan sebagai petunjuk untuk mereka bentuk ubat yang rasional untuk

perencat tirosinase pelbagai fungsi.

Kata kunci: Dok molekul;, mod pengikat; perencat tirosinase; sulfonamida kalkon



2604

INTRODUCTION

Tyrosinase (E.C.1.14.18.1) is a copper-containing mono-
oxygenase that is widely distributed in microorganisms,
animals, and plants (Nithitanakool et al. 2009). The
tyrosinase enzyme catalyzed the rate-limiting step
for the biosynthesis of melanin. The synthesis of
melanin starts from the conversion of L-tyrosine to
3,4-dihydroxyphenylalanine (L-DOPA) and the latter
is then oxidized to dopaquinone which is further
transformed through several reactions to yield brown
to black melanin that is responsible for skin color of
mammals (Chang 2009; Panzella & Napolitano 2019;
Parvez et al. 2007). Melanin helps to protect skin from
the damaging UV radiation of the sun. However, the
accumulation of excessive melanin causes disorders
such as freckles (Yamada et al. 2011) and defect (Seo
et al. 2003). Therefore, the control of tyrosinase activity
is of fundamental importance. Chalcones is a class of
natural substance that has shown antityrosinase activity
in-vitro, with the competition mechanism due to a
similar structure of substrate (Radhakrishnan et al.
2015a; Seo et al. 2010). In addition, it has favourable
interaction with the copper atom or hydrophobic protein
pocket surrounding the binuclear copper active site of
tyrosinase (Akhtar et al. 2015; Cai et al. 2019). Chalcone
derivatives were reported to have potent tyrosinase
inhibitor (Liu et al. 2013; Niu et al. 2016; Ranjbar et al.
2018). Similarly, there are reports involving compounds
1-4 in Figure 1 showing that hydroxy and methoxy
substitutions have good effect to the tyrosinase inhibitory
(Khatib et al. 2005; Liozzo etal. 2012; Nerya et al. 2004;
Radhakrishnan et al. 2015b). The presence of an electron
donating group on the atoms adjacent to the m system,
which activate the aromatic ring by increasing the electron
density on the ring through a resonance donating effect,
is considered important as it is involved in binding to the
Cu atoms of the tyrosinase active site (Radhakrishnan et
al. 2015¢). So, methoxy substitutions are a good candidate
in this study. Beside chalcones, sulfur is also important,
it is not only involved in living cell but also the key
component of some proteins which are essential for health.
Some of sulfur-containing compounds have been found
to show antioxidant (Ali & Abdel-Rahman 2014; Battin
& Brumaghim 2009; Kim et al. 2020), anticancer (Yi &
Su 2013) and tyrosinase inhibitory (Carcelli et al. 2020;
Lee et al. 2016; Liu et al. 2011). Especially, sulfonamides
are antibiotics commonly used to treat infectious disease.
The structure of sulfonamides containing an —SO,NH-

group which can be found in many pharmacologically
active compounds including antityrosinase compounds
(Rescigno et al. 2011).

Although several chalcone and sulfonamide
derivatives show good tyrosinase inhibitory but there
are only few compounds which can be used in clinical
trials due to their toxicity. Therefore, cosmetic and
medical markets are searching for the effective, safer and
biosynthesized whitening agent that can reduce melanin
without cytotoxicity. As reported earlier, two combined
pharmacophores have been shown to exhibit synergistic
effect in biological activity (Ashraf et al. 2018; Javle
& Curtin 2011) such as antimalarial (Dominguez et al.
2005), Alzheimer’s (Kang et al. 2013), anti a-glucosidase
(Bharatham et al. 2008), anticancer (Bonakdar et al.
2017) and antityrosinase (Seo et al. 2010). In addition,
it is also found in the cosmetic compositions (Park et al.
2010). In view of these, even though there are studies
on the bioactivity of sulfonamide chalcones, only few
tyrosinase compounds of sulfonamide chalcones are
reported (Seo et al. 2010). These led us to design and
synthesize sulfonamide chalcone derivatives (Figure
2), and characterized them by 'H-NMR, FT-IR, UV-Vis
spectroscopy and elemental analysis. The influence
of the different positions of methoxy substituents was
determined on antityrosinase activity. Antityrosinase
assays were performed with L-DOPA as the substrate
and using kojic acid, a well-known strong tyrosinase
inhibitor as the positive control. In addition to the
experimental study of the antityrosinase activity, the
possible binding mode between tyrosinase enzyme and
sulfonamide chalcones was also investigated using
molecular docking simulation.

MATERIALS AND METHODS

CHEMICALS

All reagents and solvents for synthesis and analysis
are commercially available and used as received.
Methanol (MeOH), dimethylsulfoxide (DMSO) and
pyridine from Merck. Sodium hydroxide (NaOH)
from Lab-Scan Analytical Sciences, Labscan Asia.
Co. whereas 4-aminoacetophenone, 4-chlorobenzene-
1-sulfonyl chloride and all benzaldehydes were
obtained from Fluka. Sodium hydrogen phosphate
(Na,HPO,), sodium dihydrogen phosphate (NaH,PO,),
3,4-dihydroxyphenylalanine (L-DOPA) and tyrosinase
enzyme from Sigma-Aldrich Chemical Co.



EQUIPMENTS

Infrared spectrum was recorded using FT-IR System
Spectrum BX spectrophotometer in the range of
4000-400 cm™ in KBr pellets. The 'H-NMR spectra
were obtained on 300 MHz Bruker FT-NMR Ultra
ShieldTM spectrometer in deuterated acetone (CD,),CO
solution with TMS as the internal standard. The UV-Vis
absorption spectra were acquired using a SPECORD S100
(Analytikjena) UV-Visible spectrophotometer. Melting
point was measured using an Electrothermal melting
point apparatus. C, H and N analysis by CHNS/O: Thermo
Quest FlashEA 1112. The % inhibition of tyrosinase was
recorded using a microplate reader.

SYNTHESIS OF N-(4-ACETYLPHENYL)-4-
CHLOROBENZENE-SULFONAMIDE (3)

The sulfonamide chalcones were synthesized according
to the reported protocol (Gantla et al. 2009). Compound 3
(Scheme 1) namely N-(4-acetylphenyl)-4-chlorobenzene-
sulfonamide, was synthesized by condensation of
4-chlorobenzene sulfonylchloride (0.01 mol) (1) and
4-aminoacetophenone (0.01mol) (2) in methanol (40
mL) in the presence of pyridine (5 mL). The reaction
mixture was refluxed for 3 h and monitored with TLC for
the completion of reaction. The solution is poured into
crushed ice and acidified with HCI. The white solid
of the product appeared immediately and was filtrated
off with the yield being 85% and the melting point is
165-166 °C.

SYNTHESIS OF SULFONAMIDE CHALCONES (5A-5H)

The solution of 1 mmol of compound 3 in methanol (20
mL), the solution of 1 mmol of different benzaldehydes
(4) in methanol (20 mL) and 25% aqueous NaOH (5 mL)
were mixed and stirred at room temperature for 5-8 h
and monitored with TLC until the completion of reaction.
The contents were poured onto crushed ice and the pH
was adjusted to 7 by HCI (conc.). The compound was
filtered and washed with water and ethanol. The resulting
solid of the product was further purified by column
chromatography to afford compounds 5a-5h (Scheme 1)
as yellow solid, yield 50-78 %.

ANTITYROSINASE ASSAY

The tyrosinase inhibition activity of sulfonamide
chalcones (5a-5h) and standard sample (kojic acid)
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were studied by using mushroom tyrosinase as enzyme
and L-DOPA as substrate. The test assay was performed
according to reported protocol (Suwunwong et al. 2012).
The tested compounds were dissolved in DMSO at 1.0
mg/mL and then diluted to different concentrations using
DMSO. Each substrate was dissolved in 0.1 M phosphate
buffer (pH 6.8). The solution of substrates 0.85 mM of
L-DOPA in 0.1 M phosphate buffer (pH 6.8) was added
in the reaction, the mushroom tyrosinase solution (245
units) was then added, and was left for 20 min. The
dopachrome formation was measured using microplate
reader at 490 nm. The percentage of tyrosinase inhibition
activity was calculated using (1).

% Tyrosinase inhibition = [(4 — B) — (C — D)]
(4-B)

x100 (1)

where A is absorbance of control; B is absorbance of
blank control; C is absorbance of test sample; and D is
absorbance of blank sample. The extent of inhibition by
the addition of samples is expressed as the percentage
necessary for 50% inhibition (IC,)). The IC, values were
further determined by obtaining % inhibitions of the
samples in various concentrations and were calculated
by linear regression analysis from the mean inhibitory
values. All tests were performed in triplicate.

MOLECULAR DOCKING STUDY
PROTEIN STRUCTURE

The starting structure of Agaricus bisporus tyrosinase
was obtained from PDB (PDB id: 2Y9X) with resolution
of 2.78 (Ismaya et al. 2011). All heteroatoms and water
molecules were removed except for copper atoms. Polar
hydrogen atoms, Kollman-Amber united atom partial
charges and solvation parameters were added by utilizing
AutoDockTools (Morris et al. 1998).

LIGAND STRUCTURE

The initial structure of tropolone (OTR; control for
docking study) was obtained from the ligand of tyrosinase
(PDB id: 2Y9X) while the coordinates for sulfonamide
chalcone series (5a-5h) were generated using Hyperchem
7.0 (Hypercube, Inc. Florida). All ligands were retained
with polar hydrogen atoms. Gasteiger charges and
torsional angles were added by utilizing AutoDockTools
(Morris et al. 1998).
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MOLECULAR DOCKING SIMULATION

Grid maps of 60 x 60 x 60 points with 0.375 A spacing
generated by AutoGrid3 were centered at the ligand
binding site in the tyrosinase crystal structure. The
docking was performed employing Lamarckian genetic
algorithm with pseudo-Solis and Wets local search with
population size of 50 and energy evaluation of 2,500,000;
root mean square tolerance of 1.0 A and 100 docking
runs by AutoDock3.0 (Morris et al. 1998). The ligand
conformation with lowest free energy of binding in the
most populated cluster was selected for analysis.

RESULTS AND DISCUSSION

SPECTROSCOPIC DATA

N-(4-acetylphenyl)-4-chlorobenzenesulfonamide (3)

M.p. 165-166 °C; IR (KBr) cm™: 3257 (N-H stretching),
1669 (C=0 stretching), 1601 (C=C stretching), 1162 (S=0
stretching), 1103 (S=0 stretching); '"H-NMR (300 MHz,
DMSO-d,) 6 ppm: 10.75 (s, NH), 7.84 (d, 2H, J= 8.7 Hz),
7.77 (d, 2H, J = 8.7 Hz), 7.20 (d, 2H J = 8.7 Hz), 7.05
(d, 2H, J = 8.7 Hz), 3.80 (s, H ), 2.43 (s, H__, );
UV-Vis (EtOH) A (nm): 274 and 333. Calculated for
C,H,,CINO,S (309.77 gmol™): C, 54.27; H,3.91; N, 4.52.

147712

Found: C, 54.15; H, 3.89; N, 4.48.

(E)-4-chloro-N-(4-(3-2-methoxyphenyl)acryloyl)phenyl)
benzenesulfonamide (5a)

M.p. 180-181 °C; IR (KBr) cm™: 2925 (N-H stretching),
1602 (C=0 stretching), 1339 (C=C stretching), 1162
(S=0 stretching), 1093 (S=O stretching); 'H-NMR (300
MHz, Acetone-d,) 6 ppm: 8.05 (d, 1H,.J=15.6 Hz, trans),
791 (d,2H,J=8.4Hz), 7.83 (d,2H,J=9.0 Hz), 7.77 (d,
1H, J=15.6 Hz, trans), 7.40 (d, 2H, J=9.0 Hz), 7.38 (d,
1HJ=8.7Hz),7.20 (dd, 1H,J=9.0,3.0 Hz), 7.11 (dd, 1H,
J=9.0,3.0 Hz), 7.05 (d, 2H, /= 9.0 Hz), 7.01 (dd, 1H, J
=9.0, 3.0 Hz), 3.98 (s, Hmmhoxy). UV-Vis (Acetronitrile)
A, (nm): 271 and 347. Calculated for C,,H CINO,S
(427.90 gmol™): C, 61.74; H, 4.24; N, 3.27. Found: C,
61.69; H, 4.20; N, 3.22.

(E)-4-chloro-N-(4-(3-3-methoxyphenyl)acryloyl)phenyl)
benzenesulfonamide (5b)

M.p. 184-185 °C; IR (KBr) cm™: 2924 (N-H stretching),
1541 (C=0 stretching), 1254 (C=C stretching), 1161
(S=0 stretching), 1092 (S=0 stretching); 'H-NMR (300
MHz, Acetone-d,) 6 ppm: 8.09 (d, 2H, J = 9.0 Hz), 7.90

(d,2H,J =8.7 Hz), 7.84 (d, 1H, J = 15.6 Hz, trans), 7.72
(d, 1H, J = 15.6 Hz, trans), 7.62 (d, 2H, J = 8.7 Hz), 7.40
(m, 6H), 3.34 (s, Hmethoxy)' UV-Vis (Acetronitrile) A
(nm): 240 and 278. Calculated for C,,H ,CINO,S (427.90
gmol™): C, 61.74; H, 4.24; N, 3.27. Found: C, 61.70; H,
4.22; N, 3.19.

(E)-4-chloro-N-(4-(3-4-methoxyphenyl)acryloyl)phenyl)
benzenesulfonamide (5¢)

M.p. 154-155 °C; IR (KBr) cm™: 2924 (N-H stretching),
1650 (C=0 stretching), 1558 (C=C stretching), 1162
(S=O0 stretching), 1092 (S=O stretching); 8.09 (d, 2H,
J=18.7Hz),7.92 (d, 2H, J= 8.7 Hz), 7.78 (d, 2H, J =
8.7 Hz), 7.75 (d, 1H, J = 15.6 Hz, trans), 7.68 (d, 1H, J
= 15.6 Hz, trans), 7.63 (d, 2H, J = 8.7 Hz), 7.40 (d, 2H,
J=8.7THz),7.03 (d,2H, J = 8.7 Hz), 3.87 (s, H _,..)-
UV-Vis (MeOH) A, (nm): 213,300 and 364. Calculated
for C,,H ,CINO,S (427.90 gmol™): C, 61.74; H, 4.24; N,

227718

3.27. Found: C, 61.65; H, 4.17; N, 3.25.

(E)-4-chloro-N-(4-(3-(2,3-dimethoxyphenyl)acryloyl)
phenyl)benzenesulfonamide (5d)

M.p. 145-146 °C; IR (KBr) cm™: 3025 (N-H stretching),
1603 (C=0 stretching), 1379 (C=C stretching), 1168
(S=0 stretching), 1099 (S=0O stretching); 'H-NMR (300
MHz, CDCL,) 6 ppm: 8.07 (d, 1H, J = 15.6 Hz, trans),
8.05(d,2H,J=9.0 Hz), 7.92 (d, 2H, J = 8.4 Hz), 7.79
(d, 1H, J = 15.6 Hz, trans), 7.64 (dd, 1H, J = 9.0 Hz, 3.0
Hz), 7.62 (dd, 1H, J = 9.0 Hz, 3.0 Hz), 7.50 (¢, 3H), 7.42
(d,2H,J =9.0 Hz), 7.34 (d, 2H, J = 9.0 Hz), 3.89, 3.86
(85 H, oxy)- UV-Vis (MeOH) A (nm): 226 and 284.
Calculated for C,,H, CINO,S (457.93 gmol™): C, 60.32;

237720

H, 4.41; N, 3.05. Found: C, 60.27; H, 4.35; N, 3.00.

(E)-4-chloro-N-(4-(3-(3,4-dimethoxyphenyl)acryloyl)
phenyl)benzenesulfonamide (5e)

M.p. 261-262 °C; IR (KBr) cm™': 2923 (N-H stretching),
1650 (C=0 stretching), 1508 (C=C stretching), 1266
(S=0 stretching), 1022 (S=0 stretching); 'H-NMR (300
MHz, CDCl,) é ppm: 7.89 (d, 2H,J = 9.0 Hz), 7.82 (d, 2H,
J=9.0Hz),7.70 (d, 1H, J=15.6 Hz, trans), 7.60 (d, 2H, J
=9.0Hz), 7.55 (dd, 1HJ=8.4 Hz, 3.0 Hz), 7.40 (d, 2H, J
=9.0Hz) 7.29 (dd, 1H J=8.4 Hz, 3.0 Hz), 7.18 (d, 2H, J
=9.0Hz),7.02(d, 2H,J=9.0 Hz), 3.83,3.40 (s, H_ , ).
UV-Vis (MeOH) A (nm): 230 and 287. Calculated for
C,,H,,CINO.S (457.93 gmol™): C, 60.32; H, 4.41; N, 3.05.

237720

Found: C, 60.29; H, 4.31; N, 3.03.



(E)-4-chloro-N-(4-(3-(2,4,5-dimethoxyphenyl)acryloyl)
phenyl)benzenesulfonamide (5f)

M.p. 224-225 °C; IR (KBr) cm™: 2923 (N-H stretching),
1657 (C=0 stretching), 1540 (C=C stretching), 1209 (S=O
stretching), 1085 (S=0 stretching); 'H-NMR (300 MHz,
CDCl,) d ppm: 7.90 (&, 1H,J=15.6 Hz, trans), 7.77 (d, 2H,
J=9.0Hz),7.71 (d, 2H, J=8.4 Hz), 7.66 (d, 1H, J=15.6
Hz, trans), 7.45 (s, 1H), 7.44 (d, 2H, J= 9.0 Hz), 6.80 (d,
2H,J=9.0 Hz), 6.72 (s, 1H), 3.86, 3.84,3.80 (s, H ;. )-
UV-Vis (MeOH) & (nm): 287, 324 and 403. Calculated
for C,,H,,CINO,S (487.95 gmol™): C, 59.07; H, 4.55; N,

247722

2.87. Found: C, 59.01; H, 4.49; N, 2.82.

(E)-4-chloro-N-(4-(3-(2,4,6-dimethoxyphenyl)acryloyl)
phenyl)benzenesulfonamide (5g)

M.p. 217-218 °C; IR (KBr) cm™: 2938 (N-H stretching),
1600 (C=0 stretching), 1457 (C=C stretching), 1158 (S=O
stretching), 1121 (S=O stretching); '"H-NMR (300 MHz,
CDCL,) & ppm: 8.13 (d, 1H, J = 15.6 Hz, trans), 7.93 (d,
1H, J=15.6 Hz, trans), 7.82 (d, 2H, J = 8.4 Hz), 7.73 (d,
2H, J = 8.4 Hz), 6.99 (d, 2H, J = 8.4 Hz), 6.86 (d, 2H,
J = 8.4 Hz) 6.30 (s, 2H), 3.91, 3.87, 3.77 (s, H__;...)-
UV-Vis (MeOH) A__ (nm): 227 and 284. Calculated for
C,,H,,CINO, S (487.95 gmol™"): C, 59.07; H, 4.55; N, 2.87.

247722

Found: C, 58.87; H, 4.43; N, 2.80.

(E)-4-chloro-N-(4-(3-(3,4,5-dimethoxyphenyl(acryloyl)
phenyl)benzenesulfonamide(5h)
M.p. 144-145 °C; IR (KBr) cm™: 2938 (N-H stretching),
1669 (C=0 stretching), 1602 (C=C stretching), 1162 (S=O
stretching), 1093 (S=0 stretching); 'H-NMR (300 MHz,
CDCl,) 6 ppm: 8.08 (d, 2H, J = 8.7 Hz), 7.87 (d, 2H, J =
8.4 Hz), 7.82 (d, 1H, J= 15.6 Hz, trans), 7.68 (d, 2H, J =
8.4 Hz), 7.63 (d, 1H, J = 15.6 Hz, trans), 7.27 (d, 2H, J
= 8.4 Hz), 7.20 (s, 2H), 3.85,3.76, 3.71 (s, H__,..)- UV-
Vis (MeOH) A (nm): 224, 281 and 351. Calculated for
C,,H,,CINOS (487.95 gmol'): C, 59.07; H, 4.55; N, 2.87.

247722

Found: C, 59.00; H, 4.51; N, 2.84.

SYNTHESIS AND SPECTROSCOPIC ANALYSIS

All the synthesized compounds were characterized by
'"H-NMR, FT-IR, UV-Vis spectral data and elemental
analysis. The spectral data are in accordance with
the expected structures. Elemental analysis showed
that the percentage of the nitrogen, hydrogen and
carbon was found experimentally is equivalent to
the calculated values in all compounds. For starting
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material, '"H-NMR spectrum of compound 3 showed
obviously peak of NH proton at 10.75 ppm confirmed
the condensation of 4-chlorobenzenesulfonylchloride
and 4-aminoacetophenone. In addition, it showed the
important peak of NH in IR spectrum at 3257 cm™'. Eight
sulfonamide chalcones (5a-5h) were prepared by the
Claisen-Schmidt condensation reaction between N-(4-
acetylphenyl)-4-chlorobenzenesulfonamide (3) and
different benzaldehydes (4) according to the method
given in Scheme 1. All the reactions proceeded smoothly
and in good yields (50-78%). Compound 5c was
chosen as a representative for structure elucidation. 5c
was confirmed by the appearance of NH proton at 10.75.
Other peaks are the trans proton at 7.75 and 7.68 ppm
which confirm the condensation of starting material (3)
and benzaldehyde. For the equivalent aromatic protons
of ring A (Scheme 1), the signals appeared at 8.09 and
7.63 ppm. Equivalent aromatic protons of ring B showed
the doublet signals at 7.92 and 7.40 ppm, respectively.
Two doublet of equivalent aromatic proton of ring
C were observed at 7.78 and 7.03 ppm. The methoxy
protons appeared at 3.87 ppm. The UV-Vis spectrum of Sc¢
showed three peaks at 213, 300 and 364 nm which can
be assigned to n-n" transitions. The IR data of 5¢ shows
a strong band at 2924 cm™ due to N-H stretching. The
peak at 1650 cm™ is due to C=0 stretching vibrations. A
sharp band belonging to C=C stretching was observed at
1558 cm!. The asymmetric and symmetric peaks of S=O
appeared at 1162 and 1092 cm™, respectively.

DETERMINATION OF MUSHROOM TYROSINASE
INHIBITION in vitro

The eight synthesized compounds were screened for
their antityrosinase activity together with molecular
docking study which shows the affinity of the synthesized
compounds with the enzyme. The IC,  values are
presented in Figure 3. Our results show that compounds
(5a-5h) exhibit moderate to good activity against
tyrosinase enzyme with IC, values ranging from 0.43-
3.44 mM. Among the analogues tested, compound
5c shows the most potent inhibitory activity (IC, =
0.43+0.07 mM). Similarly, the IC, value of compounds
5b, 5f, 5g, and Sh are 0.80+0.06, 0.75+0.03, 0.59+0.07,
and 0.78+0.03 mM, respectively, which are close to
the IC, value of kojic acid. This may be due to the
interaction between chloride atom of the compounds
with tyrosinase enzyme. Compounds Sa, 5d, and Se
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show lower activity than kojic acid with the IC,; values
3.44+0.33, 4.41£0.11 and 1.39+£0.11 mM, respectively.
However, they can act as immediate inhibitors because
they interact with the enzyme by other mechanism (Figure
4). It is noted that tri-methoxy substitutions showed
good effect to tyrosinase inhibitory. In summarize, the
position of methoxy substitution on ring C (Scheme 1)
affects the enzyme inhibition ability of the compounds.
The increment in number of methoxy groups led to a
slight decrease in inhibitory activities (compounds 5d,
Se, 5f, 5g, and 5h) indicating that the methoxy group on
ring C might cause steric hindrance for the inhibitors
approaching the active site. In addition, the connection
of sulfonamide moiety to the structure of chalcone at para-
position of phenyl ring affects the inhibitory activity,
which indicated that sulfonamide part has interaction
with the active site of tyrosinase enzyme.

MOLECULAR DOCKING RESULT

Molecular docking was performed to study the interactions
and selectivity of the compounds against mushroom
tyrosinase enzyme (Figure 4). The binding energy of the
docked synthetic ligands and tropolone is summarized in
Table 1. Tropolone is often used as tyrosinase standard
(Espin & Wichers 1999) which displays potential

tyrosinase inhibitor by competitive mechanism (Kahn
& Andrawis 1985). In addition, it has similar structure
with kojic acid. From our docking results it was possible
to recognize two different modes of binding in which a
‘competition’ and a ‘not-competition’. Compounds Sc,
5f, 5g and Sh, are docked at the same site of tropolone
(Figure 4) which is in agreement with our hypothesis
that the synthesized compounds might show the same
mode of action as tropolone. Considering both; in
vitro and in silico molecular docking results, among
these eight synthesized compounds, Sc¢, the compound
with para-methoxy substituent, showed the best result
and can be a potent inhibitor of tyrosinase enzyme with
the binding energy being ca. -10 kcal/mol (Table 1).
The important interaction would be the hydrogen bond
between the sulfonamide moiety of 5c¢ with the amino
moiety of Val 283 in active site of enzyme. In addition,
the parallel-displaced conformation observed between
the chlorobenzene ring of Sc with Phe264 at the active
site has further strengthened the interaction between S5c
with tyrosinase. These interactions would thus explain
and correlate with our experimental IC, j values mentioned
earlier. For compounds 5f, 5g, and Sh, the compounds
containing tri-methoxy substituents, were docked at the
tropolone binding site with the binding energy -8.17,
-8.44, and -8.49 kcal/mol, respectively (Table 1).

TABLE 1. Free energy of binding for sulfonamide chalcone series with tyrosinase of 4. bisporus

Ligand Estimated free energy of binding (FEB; kcal/mol)
5a -8.49
5b -7.48
5¢ -9.99
5d -7.63
Se -9.19
5f -8.17
S¢g -8.44
5h -8.49
Tropolone -6.28




The docking results agreed with the observed in vitro
data, which showed that those compounds had lower
tyrosinase inhibitory activity than 5c. For that reason,
the steric effect of the substituent group is probably the
factor to explain the inhibition of tyrosinase activity.
Moreover, compounds Sa, 5b, 5d, and 5e¢ were docked at
-8.49,-7.48, -7.63, and -9.19 kcal/mol, respectively. Even
though they are not chelating agents, they could act as
immediate inhibitors because they docked at different
site with tropolone (Figure 4). It is also interesting to
note that compound 5d was one of the compounds with
the least favourable binding free energy, which also
correlate with the experimental IC, values. The binding

OH O
7T

HO OH

1

OH O
¢,
HO OH OH

3
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interactions of 5f, 5g, and 5h could be similar with that of
Sc (as in hydrogen bonding and ring stacking interaction)
as these compounds docked at the same binding site with
5c. For 5c¢, 51, 5g, and 5h, their cholorobenzene ring of,
were found position at tropolone binding site which was
located at the inner active side of tyrosinase, thus further
evidenced in stronger binding affinity with the rest of the
test compounds. As for 5a, 5b, 5d, and Se, they were docked
at the entrance of the tyrosinase active site which could
block the recruitment of the substrate of tyrosinase. Thus,
this explain that these compounds might be able to act as
immediate inhibitor as mentioned earlier.

OH O
¢
H,CO OCH, OCH,
2
OH O OCHj
0
HO OCH,
4

FIGURE 1. Some chalcone derivatives with tyrosinase inhibition effect

Previous work

|

O

Designed compounds with possible binding site

FIGURE 2. The designed structure of sulfonamide chalcones with possible
binding sites (encircled)
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5a; R = 2-OCH, 5d;R=23-OCH, 5f R=2450CH,
5b; R = 3-OCH, 5e;R=34-0CH,  5g; R=246-OCH,
5¢; R = 4-OCH, 5h; R = 3,4,5-OCH,

SCHEME 1. Synthesis of sulfonamide chalcones (5a-5h)

5. M Kojic acid; IC, 0.60+0.20 mM

[T 58, R=2-OMe; IC,, 3.44+0.33 mM

] | 5b, R=3-OMe; IC, 0.80+0.06 mM

B 5¢, R=4-OMe; 1C,, 0.43+0.07 mM

M 5d, R=2,3-0Me; IC, 4.41+0.11 mM

1 | 5¢,R=2,4-OMe; IC,, 1.3920.11 mM
[]5f, R=2,4,5-OMe; IC,, 0.75+0.03 mM
I 5g, R=2,4,6-OMe; IC,, 0.59+0.07 mM
1 | 5h, R=3,4.5-OMe; IC,, 0.78+0.03 mM

IC , Values (mM)

0 i N B .
Kojicacid 5a 5b 5c 5d Se 5f 5g 5h

Compounds

FIGURE 3. Tyrosinase inhibition of sulfonamide chalcones (5a-5h) and kojic acid



2611

THN-CE)

FIGURE 4. The superimposition of docked conformation for tropolone (stick
representation) compared with sulfonamide chalcone series (5a-5h; stick
representation) in the binding pocket (line representation) of A. bisporus tyrosinase
(grey ribbon representation). Copper atoms are in orange sphere representation

CONCLUSION inhibitory activity with various binding sites. Eight

To conclude, we successfully designed and synthesized sulfonarpide chalcones were syn‘thesized and
sulfonamide compounds which possess tyrosinase  characterized by 'H-NMR, IR and UV-Vis spectroscopy.
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Tyrosinase inhibitory activity were carried out and
compared with the standard kojic acid. It was found that
compound 5c exhibits significant tyrosinase inhibitory
with L-DOPA as substrate with the IC,  of 0.43+0.07
mM, which is better than that of the standard kojic acid
(0.60+£0.20 mM). From the docking results, sulfonamide
chalcones 5c, 5f, 5g, and 5h show the same inhibition
mechanism mode as tropolone in which through the metal
chelating effects and it can bind with the receptor with
high binding affinity. Our results imply that sulfonamide
moiety is important for the increasing of the tyrosinase
inhibition activity of chalcones. Moreover, the increment
in the number of methoxy might cause stereo hindrance for
the inhibitors approaching the active site of the enzyme
resulting in the decrease of inhibitory activities. These
compounds may be good candidates for rational drug
designing for the multi-functional tyrosinase inhibitor.
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