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Highlights

» A small library of novel 1-Pentanoyl-3-arylthiouse@a-4j) synthesized.

» Mushroom tyrosinase inhibition and free radicalvgceying activity were evaluated

» Most of the compounds show excellent activity, igatarly 4f higher than the standard.

» The kinetic mechanism proposétflis non-competitive inhibitor of mushroom tyrosiaas
» Molecular docking, druglikeness, Ramachandran lgra@hemo-informatics and

Lipinski’s rule were studied.
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Abstract

A series of novel l-pentanoyl-3-arylthioureas wassighed as new mushroom tyrosinase

inhibitors and free radical scavengers. The tilempounds were obtained in excellent yield and



characterized by FTIRH NMR, *C NMR and X-ray crystallography in case of compo(4sj.
The inhibitory effects on mushroom tyrosinase am®PH were evaluated and it was observed
that 1-Pentanoyl-3-(4-methoxyphenyl) thiourdd) (showed tyrosinase inhibitory activity @&
1.568 + 0.01 mM) comparable to Kojic acid £Q6.051 + 1.27 mM). Interestingly compound
4f exhibited higher antioxidant potential comparecdtioer derivatives. The docking studies of
synthesized 1-Pentanoyl-3-arylthioureas analoguese valso carried out against tyrosinase
protein (PDBID 2ZMX) to compare the binding affies with 1G, values. The predicted
binding affinities are in good agreement with tkigolvalues as compoundf] showed highest
binding affinity (-7.50 kcal/mol) compared to otkederivatives. The kinetic mechanism
analyzed by Line-weavere Burk plots exhibited tt@tpound 4f) inhibit the enzyme inhibits
the tyrosinase non-competitively to form an enzyniebitor complex. The inhibition constants
Ki calculated from Dixon plots for compoundf) is 1.10 pM. It was also found from kinetic
analysis that derivativéf irreversible enzyme inhibitor complex. It is propdson the basis of
our investigation that title compoundf) may serve as lead structure for the design ofemor

potent tyrosinase inhibitors.

Keywords: Thiourea derivatives, Synthesis, Mushroom Tyrasgnainhibitor, Kinetic

mechanism, Molecular docking, Crystal structure.

1. Introduction

It is believed that the browning of fruits, vegdesband beverages poses serious threat to agro-

economic countries [1]. The food industry has régemwitnessed loss of quality during



postharvest handling and processing of fruits amgetables [2]. The plausible mechanism of
browning of food is well recognized can be enzymati non-enzymatic in origin [3]. The
enzymatic browning is catalyzed by tyrosinase (espmntaining multifunctional glycosylated
enzyme) also known as polyphenol oxidase (PPOpérzenediol oxygen oxidoreductase; EC
1.10.3. 1), polyphenolase, phenolase, catecholasedcresolase, or catecholase is widely found
in nature [4]. PPO is typically present in the migyoof microorganisms, plants and animals. In
plants, tyrosinase acts by oxidizing mono phenais diphenols (monophenolase activity) and
the oxidation ofo-diphenols intoo-quinones (diphenolase activity) followed by quieerinto
dark brown pigments [5]. These results in detetioraof flavor, color, and nutritional quality
and continue during postharvest handling and meudkedf vegetables [6]. In fungi and
vertebrates, tyrosinase catalyzes the rate-limisitggp in the formation of the pigment melanin
from tyrosine [7]. Melanin is responsible for skmolor and plays an important role in the
protection of the skin against UV light induced @m®a [8]. During the melanin biosynthesis
pathway, tyrosinase (EC 1.14.18.1) is the ratetiingienzyme that hydroxylates L-tyrosine to L-
3,4-dihydroxyphenylalanine (L-DOPA), and L-DOPAfisther oxidized to the corresponding
dopaquinone [9, 10].These phenomena have encoureggzhrchers to seek new potent
tyrosinase inhibitors, for use in cosmetics andifo

The literature survey reveals that researchersdasoted to design and synthesize novel
tyrosinase inhibitors such as Seo et al.[11] reeigthe importance of mushroom tyrosinase and
defined its biochemical character and inhibitionl @ctivation by several inhibitors from natural
and synthetic origin. Zhu et al.[12] also reportedt tyrosinase enzyme has also been linked to

Parkinson’s disease. Loizzo et al.[13] reviewed tfhesinase inhibitors from both natural and



synthetic origin for their use in food and cosmeétidustry. Khan also reviewed the molecular
design of tyrosinase inhibitors from synthetic orifiL4].

Recently, Chang et al reported that thio-contairagpounds could react with dopaquinone, to
form colorless products [15,16]. Then the melanegerprocess is slowed down, until all the
scavengers are consumed. Thus, the developmeateoésd effective tyrosinase inhibitors is of
great concern in the medical, food and cosmetiastrees.

Our research group has fine contributions in tleédfof medicinal chemistry and recently we
have designed and synthesized novel enzyme intslit@-19]. The above mentioned literature
survey prompted us to synthesize thio-containingmaunds in order to be utilized as safe and
effective inhibitors of tyrosinase enzyme.

Aryl thioureas found a wide diversity of applicat®in heterocyclic syntheses, metal complexes
and molecular electronics and exhibit a vast aofdyiological activities [20-22]. Arylthioureas
containing both carbonyl and thiocarbonyl groups caordinate to metals using both sulphur
and oxygen atoms, the presence of these hard éindosor sites offer a huge bonding potential
for metals such as copper [23,24]. Thiourea possess than one binding sites it provoked us to
design and synthesize novel 1-Pentanoyl-3-arylutieas as the potent inhibitors of tyrosinase
enzyme.

2. Results and discussion

2.1 Chemistry

A novel series of thioureas derivativeda{]) were synthesized by forming isothiocyanate
intermediate using the well-known protocol (tregtpotassium thiocyanate in dry acetone for 30
min and followed by the addition of acid chloriddter cooling the reaction mixture different

aromatic substituted amines were incorporatedgheme 1.
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4c 3-NO,
4d 4-NO,
4e 2-F, 4-Br
4f 4-OCHj,
4g 2,3-dichloro
4h 2,6-di-Br-4-F
4i 4-Cl
4j 4-Br

Scheme 1Synthetic path to novel 1-pentanoyl-3-arylthiosr€ea-4))

2.2 Spectroscopic characterization

The synthesized aromatic substituted 1-pentan@yyBthioureatiave been characterized on the
basis of spectroscopic ddtd.and **C NMR were recorded in deutrated DMS@<blvent.
Three different types of protons gave distinct algrin'H NMR, two N-H protons at 11.87 ppm
and 11.34 ppm appeared singlet, most deshieldedlsidpecause of intra molecular hydrogen
bonding, in"H NMR intramolecular hydrogen bonding shifts signadwards higher ppm value
justifying presence of thio core in thiourea, signat 7-8 ppm region clearly indicated the

aromatic ring. Two types of methyl groups are pnesene methyl group was attached with acyl



group that appeared at 2.35 ppm and other metloypgwhich is directly attached to aromatic
ring appeared slightly shielded than the methykgre attached with acyl group. In all of the
synthesized thioureas, the —NH proton situatedeitevéen phenyl ring and C=S, is maximum
deshielded due to the intramolecular hydrogen bundnd thus gave a singlet at around 12 ppm
and the —NH proton located in between the C=0 an8 (S deshielded to a lesser extent thus
providing a singlet in the region of 10-11 ppm B17]. The aromatic ring protons gave their
signals between 7 and 8 ppm.f& NMR, carbon bonded with sulfur provided a streigmal at
about 180 ppm and the carbonyl carbon appeareterrange of 172-175 ppm. Signals for
aromatic carbons appeared in the region betweerl4@(ppm and the signals for ipso carbons
were found weak in intensity due to less numbdnyafrogen. In FTIR, -NH of thioureas gave a
broad band above 3200 @rdue to the intramolecular hydrogen bonding betwberoxygen of
the carbonyl and -NH. Just around 3000™cAr-H stretch was present and carbonyl group
appeared as an intense band in the region of 1800-¢m'. C=S was available between 1050

cm™ and 1250 cm for all the compounds.
2.3 Bioassay for tyrosinase inhibition activity

1-Pentanoyl-3-arylthioureas have been designedaiuate their inhibitory effects on mushroom
tyrosinase activity. Kojic acid a competitive tymsse inhibitor was used as standard for
comparison purpose. The aryl thioureas tyrosinadgbitors as described in the preceding
section are of special interest because of thejh luctivity (1Go < 1.578 mM). Novel aryl
thioureas derivatives4@-4j) have been synthesized by incorporation of sulietit anilines to
isothiocyanate. The synthesis 1l-pentanoyl-3-amltféas was carried out to explore the role

electron donating and electron withdrawing groups$yrosinase inhibition. It has been exposed



from our bioassay results (Table 1) that the mdgiermining factor of inhibitory activity is the

position and not the number of the electron dogagioups.

Table 1 The inhibitory effects of compoundda-4j)
on mushroom tyrosinase

Compound Tyrosinase inhibition activity
ICs0t SEM (UM)

4a 19.658 +1.25
4b 10.079 £ 0.87
4c 16.599 + 0.98
4d 7.986 +0.21
4e 6.461 £ 0.05
4f 1.568 £ 0.01
49 7.750 + 0.87
4h 19.537 +1.25
4i 2.316 + 0.08
4 3.371 £ 0.05
Kojic acid 16.051 +1.27

SEM = Standard error of the mean; values are egpdes
in mean £ SEM.

2.3.1 Free radical scavenging

All of the synthesized compoundda-4j) were evaluated for DPPH free radical scavenging
ability. The compoundf showed good 80% scavenging potency, other nine congs did not

show significant radical scavenging potential eaehigh concentration (100pug/mL) Figure 1
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Figure.1 The % radical scavenging activity of syntheticilrifors. The values are expressed in
mean = SEM. All inhibitors and Vitamin C concenioatwere 100ug/mL. SEM= standard error

of mean

2.4 Kinetic Mechanism

To understand the inhibitory mechanism of synthetenpounds on mushroom tyrosinase
inhibition kinetic study were performed. Based umam 1G5, results we select our most potent
compound4f to determine their inhibition type and inhibiticonstant. The kinetic results of the
enzyme by the Line weaver-Burk plot of 1/V versyS[Lin the presence of different inhibitor
concentration gave a series of straight linesyéiselt of compoundf showed that all of which
intersected at the same point on the x-axis (FiglAkg The analysis showed that 1/Vmax
increased to new value while that of a Km remaims same as a result increase in the
concentration of compoundf. This behavior indicated that compouidinhibits the tyrosinase
non-competitively to form an enzyme inhibitor coeml Second plot (Figure 2B) of slope

against concentration df showed EI dissociation constant.
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Table 2 The kinetic parameters of the mushroom TyrosinaselL-DOPA activity in the
presence of various concentratiorddtompound.

Compound  Concentration 1/Vmax Km Inhibition Ki
(LM) (AA/Sec) (mM) Type (LM)
4f 0.271 28571.428 0.389
0.542 52380.952 0.389
1.084 90476.190 0.389 Non-competitive 1.10
2.18 109523.809 0.389

4.336 185714.285 0.389

11
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Figure 2. Lineweaver-Burk plot for inhibition of tyrosinasm the presence of various
concentrations of compourdd. (A). The insets represent the plot of the slope versubitor 4f

to determine the inhibition constanB)( The lines were drawn using linear least squiare f

2.5 Structure Activity relationship

Structure Activity Relationships (SAR) are relasobetween the molecular structure and
biological or physicochemical activity of chemicalhe SAR allows to design and modify the

structure in order to obtain effective drugs. Aiegof 1-pentanoyl-3-aryl thioureas was designed
and synthesized as potent inhibitors of tyrosineseyme. The pharmacophore of thiourea

comprised of three parts (Figure 3).

Linker

alkyl chain
4 carbons

Substituted phenyl

Figure 3. Design of novel 1-pentanoyl-3-arylthioureda-{4))
The results inhibitory effects of compounds revedlgat the compoundf was found to most
potent in the series and exhibited approximatelyih® higher inhibition compared to standard
Kojic acid. In compoundif, the methoxy group at para-position could facéit&d occupy the
whole pocket and lead to stronger hydrophobic adgons (figure 4). The compoudic bears
three methyl groups which creates crowding/stemdiance and was found to be least potent

inhibitor in the series.
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3. Docking studies

3.1 Structural assessment of target protein

Mushroom tyrosinaseAQaricus bisporukis a class of oxidoreductase copper containiogepr
comprises 391 residues. The structural architectdirenushroom tyrosinase showed that, it
consists of 39% helices (154 residues) and P%heets (57 residues) and 46% coils (180
residues). The X-Ray diffraction study confirmesl liesolution 2.78, R-value 0.238 and unit
cell crystal dimensions like length and angles @frdinates. The unit cell length values were
observed for a=103.84, b=104.82 and ¢=119.36 withes 90°, 110.45° and 90° for allp and

vy dimensions respectively. The Ramachandran platsralues indicated that 95.90% of residues
were in favored regions and 100.0% residues wesdti allowed regions (Figure. S14).

3.2 Chemo-informatics properties and Lipinski’s rule d synthesized compounds (4a-4))

The predicted properties such as molar volume aficativity, density, polarizability and

surface tension were evaluated by computationatoagp. Literature study showed a standard

14
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value for molar refractivity (40 to 130), moleculaeight (160 to 480) and number of atoms (20
to 70) [25]. Results showed thdta-4j predicted values are better than standard values.
Moreover, the Lipinski’'s rule of five (RO5) resulshowed that compoundga-4j) possess
HBA, HBD and log® values which are significantly justified its drlige behavior. Moreover,
their molecular weight of4f (266.11 g/mol) was also much better than standaxidie
(<5000g/moal). The ROS5 justifies that molecules wptbor absorption are more likely to have-
more than 5 HBD, MWT over 500, IBgover 5 and more than 10 HBA. However, there are
plenty of examples available for RO5 violation amsinthe existing drugs [26]. In overall
results, these predicted values justify the sigaiice of thetf synthesized compound as good
candidate molecule (Table. 2).

3.3 Molecular docking analyses

The docked complexes of all the synthesized comp®@ra-4j) were analyzed on the basis of
lowest binding energy values and hydrogen bondmagyaes. Results showed thdtwas the
most active compound with best binding energy vakre50 kcal/mol) compared to others

derivatives. The graphical depiction of 4f dockoamplex is mentioned in Figure 5.

15
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Figure 5. Docking interaction betwee#f and mushroom tyrosinase. THAEis mentioned in

purple color with nitrogen, oxygen and sulphur filwrgal groups in blue, red and yellow colors.
The target protein is highlighted in line ribbonrfat with light gray color. The active binding

site amino acids are highlighted in red color. Teepper ions are also mentioned in black color.
Two hydrogen bonds were observed betwéfeand receptor amino acids like His85 and Gly245
with bonding distances 2.20A and 3.37A, respedtivEhe black dotted lines show the binding

distance in angstrom (A).

The bonding analysis of all compounds against nagshrtyrosinase showed thét compound

is directly interacts with active residues of tdegkprotein. The structure activity relationship
analysis shows thatf builds two hydrogen bonds at specific residues Ha8d Gly245 against
target protein. The carbonyl nitrogen of benzeng of 4f interacts with His85, while methyl
group of benzene ring interacts with Gly245 havibgnds lengths 2.20A and 3.37A,

16
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respectively. Literature study also justified thia¢se interacted residues are significant in the
downstream signaling pathways [27]. The graphieresentations of all other interacted
compounds4a-4e and4g-4j) against the target protein are mentioned in (fupentary Figure.
S15-S24. Moreover, comparative energy binding analy$iewed that4f has good energy
values (-7.50 kcal/mol) as compared other derieativihe other candidate compounda-4e
and4g-4j) also possess good binding energy values -6.760,-67.30, -7.60, -6.60 and -7.00, -
6.70, -6.70, -6.60 Kcal/mol binding energy valuespectively (Figure S25). Here, it is
noticeable that most of candidates compounds hinthé active binding regions but little
fluctuated with their conformational positions. Tb@mputational and bioassay studies showed
that 4f is the most active and significant compound as pared to other synthesized

compounds.

Literature study showed that different mushroonogimase inhibitors can be further employed
for human tyrosinase inhibitions [28]. The compiatadl and assay based approach depicts the

significance of these synthesized ligands in tyrase inhibition activity.

4. Conclusion

The 1,3-disubstitued thioureadat4j) having aryl and alkyl are synthesized. The mdkacu
docking investigation revealed that thiourea déiea(4f) possesses maximum binding affinity
(-7.50 kcal/mol) with the target protein (PDBID 2ZYl The wet lab results are in good
agreement with the calculated docking scores. Tlost potent activity against mushroom
tyrosinase was exhibited by the compoudd) having 1Go 15.2 mM. The presence of the
methoxy group at para-position on phenyl ring whitdy very significant role in the tyrosinase
inhibition activity. The kinetic analysis of compuai (4f) shown that it is non-competitive type

inhibitor with Ki value 1.10 mM and formed an irexgible drug receptor complex with

17
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mushroom tyrosinase. It was concluded from ourlteshat the title compoundH) may serve
as lead structure for the design of more potewisigiase inhibitors.
5. Experimental part

5.1 General methods and materials

Melting points were recorded using a digital Gatemp (Tokyo, Japan) model MPD.BM 3.5
apparatus and are uncorrectdd NMR spectra were determined as CP&hlutions at 300 MHz
using a Bruker AM-300 spectrophotometer using TMSaa internal reference afiC NMR
spectra were determined at 75 MHz using a BrukeMFz NMR spectrometer in DMSO
solution. FTIR spectra were recorded on an FTS 30RGpectrophotometer. Mass Spectra (El,
70 eV) on a MAT 312 instrument, and elemental asegdywere conducted using a LECO-183

CHNS analyzer.

5.2 General method for the synthesis of 1-pentanoyl-8rylthiourea (4a-j).

All chemicals, organic solvents and reagents werrelased from Sigma-Aldrich, Fluka and E.
Merck. Organic solvents, acetone (99.9 % pure), aidxane (95 % pure) were distilled
purified & dried according to reported methods.aBstum thiocyanate (98% pure), pentanoic
acid (99 % pure), 4-nitroaniline (99 % pure), 4ezbl3-nitroaniline (99 % pure), 2-methyl-4-
nitroaniline (99 % pure) and 2-methoxy-4-nitroam#i(99 % pure) were used without further
purification.

5.2.1General procedure for the synthesis of title compauds

A freshly prepared solution of pentanoyl chloridasssynthesized from pentanoic acid by
treating the reaction mixture with thionylchloridiae acid chloride synthesized (10 mmol) in

anhydrous acetone (50 ml) was added dropwise tig@ession of potassium thiocyanate (10

18
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mmol) in acetone (30 ml) at room temperature. Haetion mixture was refluxed and cooled to
room temperature. A solution of the substitutedirees (10 mmol) in anhydrous acetone (20 ml)
was added dropwise and the reaction mixture wsxesd further for 2-3 h. On completion of
reaction (TLC) the mixture was poured into cold evand the precipitated thioureas were
filtered and recrystallized from methanol.

5.3 Experimental Data

5.3.1 1-Pentanoyl-3-(2,4,6-trimethyl phenyl)thiourea (4a)

White crystalline solid, Yield=90%, M.P=19€, R=0.52 (n-Hexane: Ethyl acetate 1:1) FTIR
(cm?) 3184.2 (N-H, stretching), 2982.5 (Aromatic C-Hretching), 1679.2 (C=0, stretching),
1573 (N-O, bending), 1509.5 (C-C, stretching), 181C-H, bending), 1332.89 (N-O, bending),
1255.4 (C=S, stretching)d NMR (DMSO-d); § 11.77 (s, 1H, NH), 11.56 (s, 1H, NH), 6.94
(2H Ar-H), 2.24 (s, 6H Ar 2x CH),2.10 (s, 3H Ar-Ch); 2.3 (t, 2H,J=2.4), 2.0 (2H,quintet)=
1.8), 1.9 (sex,2HJ=2.1),1.4 (t, 3HJ)= 2.5);°C NMR: § 180 (C=S), 172.9 (C=0), 136.9, 135.0,
133.8, 128.9 (Ar-C) ,28(CH Ar), 25(CH;, Ar), 22 (CH-Ar), 40, 24, 20, 17 (Ck (Anal.Calcd.
for Ci14H20N20S: C, 62.99; H, 7.82; N, 12.85; S, 13.57 found68.97; H, 7.84; N, 12.84; S,

13.58.

5.3.2 1-Pentanoyl-3-(2,4-dinitrophenyl)thiourea (4b)

Yellow crystalline solid , Yield=89%, M.P=25%, R=0.68 (n-Hexane: Ethyl acetate 1:1) FTIR
v (cm?) 3185.3 (N-H, stretching), 2996.4 (Aromatic C-ltetching), 1685.3 (C=0, stretching),
1575 (N-O, bending), 1509.7 (C-C, stretching), 181C-H, bending), 1345.97 (N-O, bending),
1259.3 (C=S, stretching}d NMR (DMSO-d); 5 11.61 (s, 1H, NH), 11.41 (s, 1H, NH), 7.35-6.9

(m, 3H Ar-H),2.4 (t, 2HJ=2.8), 1.8 (quintet,2H=2.1), 1.3 (sex, 2H}=1.8), 0.9 (t,3HJ=2.2);

19
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13C NMR: 5 182.3 (C=S), 175.6 (C=0), 140.9, 137.1, 135.1,83127.7, 125.5 (Ar-C), 37, 24,
22,17 (CH), Anal.Calcd. for GH1sN4OsS:C, 47.15; H, 4.17; N, 15.62 S, 9.04 found: C148.

H, 5.78; N, 16.65 S, 10.05

5.3.3 1-Pentanoyl-3-(3-nitrophenyl)thiourea (4c)

Yellow crystalline solid, Yield=98%, M.P=21%, R=0.61 (n-Hexane: Ethyl acetate 1:1) FTIR
v (cm?) 3199.1 (N-H, stretching), 2984.1 (Aromatic C-kfegching), 1685.8 (C=0, stretching),
1589 (N-O, bending), 1509.8 (C-C, stretching), 1412-H, bending), 1337.87 (N-O, bending),
1299.2 (C=S, stretchingd NMR (DMSO-d&); & 12.80 (s, 1H, NH), 11.88 (s, 1H, NH), 7.89-
7.32 (m, 4H, ArH),2.4 (t, 2HJ=2.5), 2.0 (2H,quintetJ=2.3),1.8 (sex,2H,J=2.1),1.5 (t,3H,

J=1.8) *C NMR: 5 189.1 (C=S), 170.5 (C=0), 146.4, 139.2, 136.7,4,3P29.2, 127.6 (Ar-C),

40.5, 24.5, 20.4,16.4, (GH Anal.Calcd. for GH13N3OsS: C, 49.17; H, 4.76; N, 15.59; S, 12.41

found: C, 50.19; H, 5.77; N, 16.58; S, 13.43

5.3.4 1-Pentanoyl-3-(4-nitrophenyl)thiourea (4d)

White crystalline solid , Yield=90%, M.P=1996, R=0.71 (n-Hexane: Ethyl acetate 1:1) FTIR
v (cm?) 3185.2 (N-H, stretching), 2998.3 (Aromatic C-ltetching), 1691.2 (C=0, stretching),
1581 (N-O, bending), 1507.7 (C-C, stretching), 181&-H, bending), 1337.51 (N-O, bending),
1297.2 (C=S, stretching)d NMR (DMSO-d); & 11.78 (s, 1H, NH), 11.59 (s, 1H, NH), 7.75-
6.92 (m, 4H, ArH), 2.4 (t, 2H}=2.8), 2.0 (2H,quintet)=2.4),1.8 (sex,2HJ=1.9),1.5 (t,3H,

J=1.5)°C NMR: § 183 (C=S), 173.5 (C=0), 137.1, 135.5, 129.7, 22826.2 (Ar-C), 40.3,
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23.4, 20.2, 18.8; Anal.Calcd. forC11H13GDS: C, 51.71; H, 5.45; N, 10.17; O, 7.08; S, 12.04

found: C, 52.30; H, 6.55; N, 11.27; S, 13.08.
5.3.5 1-Pentanoyl-3-(4-bromo-2-fluorophenyl)thiourea (4e)

Yellow crystalline solid , Yield=89%, M.P=20&, R=0.68 (n-Hexane: Ethyl acetate 1:1) FTIR
v (cm?) 3185.3 (N-H, stretching), 2996.4 (Aromatic C-kfegching), 1685.3 (C=0, stretching),
1575 (N-O, bending), 1509.7 (C-C, stretching), 181C-H, bending), 1345.97 (N-O, bending),
1259.3 (C=S, stretchingH NMR (DMSO-a); § 11.61 (s, 1H, NH), 11.41 (s, 1H, NH), 7.35-6.9
(m, 3H Ar-H),2.4 (t, 2HJ=2.4), 2.0 (2H,quintet}=2.1),1.8 (sex,2HJ=1.8),1.5 (t,3HJ=1.4) ;

%C NMR: § 182 (C=S), 175.6 (C=0), 140.9, 137.1, 135.1,83127.7, 125.5 (Ar-C), 40.2 22.3
18.5, 14.4 Anal.Calcd. forGH1,BrFN,OS:C, 41.15; H, 3.77; N, 9.62 S, 11.04 found: Z14%;

H, 4.78; N, 10.65, S, 12.05

5.3.6 1-Pentanoyl-3- (4-methoxyphenyl)thiourea (4f)

Brown crystalline solid , Yield=89%, M.P=18C, R=0.80(n-Hexane: Ethyl acetate 1:1) FRIR
(cm®) 3179.5 (N-H, stretching), 2985.5 (Aromatic C-Hretching), 1675.5 (C=0, stretching),
1569 (N-O, bending), 1504.2 (C-C, stretching), 121€&-H, bending), 1337.61 (N-O, bending),
1292.8 (C=S, stretchingd NMR (DMSO-d); 5 11.99 (s, 1H, NH), 11.77 (s, 1H, NH), 7.12 (d,
2H, J= 7.6 Hz ArH), 6.83(d,2HJ= 7.6 Hz ArH), 3.88 (s,3H),2.4 (t, 2H=2.6), 2.0 (2H,quintet,
J=2.4),1.8 (sex,2HJ=2.1),1.5 (t,3H,J=1.8) ¥*C NMR: § 181.3 (C=S), 169.2 (C=0), 131.1,
130.1, 127.2, 124.8 (Ar-C), 40.5, 23.7, 18.9, 1R&ral.Calcd. for GxH16N20.S: C, 57.58; H,

6.41; N, 11.51; S, 12.31 found: C, 58.53; H, 7M512.52; S, 13.33.
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5.3.7 1-Pentanoyl-3-(2,3-dichlorophenyl)thiourea (49)

White crystalline solid , Yield=90%, M.P=19C, R=0.53(n-Hexane: Ethyl acetate 1:1) FRUR
(cm™) 3189.1 (N-H, stretching), 2994.1 (Aromatic C-Hretching), 1695.3 (C=0, stretching),
1586 (N-O, bending), 1508.4 (C-C, stretching), 181&-H, bending), 1336.57 (N-O, bending),
1298.5 (C=S, stretching)d NMR (DMSO-d); & 11.80 (s, 1H, NH), 11.66 (s, 1H, NH), 7.71-
6.88 (M, 3H, ArH), 2.4 (t, 2H}=2.6),2.0 (2H,quintetJ=2.3), 1.8 (sex,2HJ=1.8),1.5 (t,3H,
J=1.5) °C NMR: § 181.3 (C=S), 171.7 (C=0), 137.4, 136.2, 131.8.22127.2 (Ar-C),40.8,
21.7, 18.7, 14.7, Anal.Calcd. for1,,CIbN20S: C, 45.03; H, 4.15; N, 9.75; S, 11.15 found: C,

46.09; H, 5.05; N, 10.75; S, 12.17.

5.3.8 1-Pentanoyl-3-(2,6-dibromo-4-fluorophenyl)thiourea (4h)

Brown solid, Yield=95%, M.P=208C, R=0.55 (n-Hexane: Ethyl acetate 1:1) FTéRcm)
3189.5 (N-H, stretching), 2991.8 (Aromatic C-Hgsthing), 1689.8 (C=0, stretching), 1580 (N-
O, bending), 1509.3 (C-C, stretching), 1414.3 ((hEnding), 1382.19 (N-O, bending), 1257.8
(C=S, stretching)'H NMR (DMSO-d); 6 11.76 (s, 1H, NH), 11.55 (s, 1H, NH), 7.50 (2H Ar-
H),2.4 (t, 2H,J=2.7),2.0 (2H,quintet}=2.5), 1.8 (sex,2HJ=2.2),1.5 (t,3HJ=1.4); ©°C NMR: §
(ppm) 185 (C=S), 178.9(C=0), 139.9,136.0, 134.80.93(Ar-C),40, 23, 20, 15 (G
Anal.Calcd. for GiH11Br,FN2OS:C, 29.24; H, 1.92; N, 7.57; S, 8.67 found: C280H, 2.33; N,

8.59; S, 9.69
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5.3.9 1-Pentanoyl-3-(4-chlorophenyl)thiourea (4i)

Light Yellow solid , Yield=95%, M.P=188C, R=0.58 (n-Hexane: Ethyl acetate 1:1) FTUR
(cm?) 3186.2 (N-H, stretching), 2994.3 (Aromatic C-Hretching), 1687.2 (C=0, stretching),
1571 (N-O, bending), 1507.1 (C-C, stretching), 181&-H, bending), 1337.91 (N-O, bending),
1295.3 (C=S, stretchingd NMR (DMSO-d); § 11.77 (s, 1H, NH), 11.55 (s, 1H, NH), 7.73 (d,
2H, J= 7.8 Hz ArH), 7.47(d,2HJ= 7.8 Hz ArH);2.3 (t, 2H,)=2.8),2.0 (2H,quintet)=2.4), 1.9
(sex,2H,J=2.1),1.4 (t,3H,J=2.2); °*C NMR: & 187 (C=S), 170.1 (C=0), 134.1, 132.5, 128.7,
126.5 (Ar-C),40.4 24.5, 21.8, 18.5, Anal.Calcd. @5H;3CIN,OS:C, 51.25; H, 5.98; N, 12.25;

S, 14.02 found: C, 52.28; H, 6.95; N, 13.23; SO®5.

5.3.10 1-Pentanoyl-3-(4-bromophenyl)thiourea (4j)

White crystalline solid , Yield=95%, M.P=188, R=0.47(n-Hexane: Ethyl acetate 1:1) FiIR
(cm?) 3189.5 (N-H, stretching), 2995.5 (Aromatic C-Hretching), 1685.5 (C=0, stretching),
1579 (N-O, bending), 1509.8 (C-C, stretching), 181€-H, bending), 1338.93 (N-O, bending),
1296.5 (C=S, stretchingd NMR (DMSO-d); § 11.79 (s, 1H, NH), 11.65 (s, 1H, NH), 7.66 (d,
2H, J= 7.7 Hz ArH), 7.43(d,2HJ)= 7.7 Hz ArH)2.4 (t, 2HJ=2.7), 2.0 (2H,quintet)=2.4),1.8
(sex,2H,J=1.9),1.5 (t,3HJ=1.4) *C NMR: & 182 (C=S), 169.2 (C=0), 132.1, 131.1, 128.2,
125.8 (Ar-C),40, 25, 20, 18, Anal.Calcd. for:B13BrN,OS:C, 43.55; H, 4.38; N, 9.26; S, 10.71

found: C, 43.57; H, 4.39; N, 9.29; S, 10.75.

5.4 Mushroom tyrosinase inhibition assay

The mushroom tyrosinase (Sigma Chemical, USA) itibib was performed following our
previously reported methods [9,10]. In detail, }400of phosphate buffer (20 mM, pH 6.8), 20
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puL of mushroom tyrosinase (30 U/mL) and 20 puL & thhibitor solution were placed in the
wells of a 96-well micro plate. After pre-incubatifor 10 min at room temperature, 20 pL of L-
DOPA (3,4-dihydroxyphenylalanine, Sigma ChemicaBA) (0.85 mM) was added and the
assay plate was further incubated at 25 °C for B0 Afterward the absorbance of dopachrome
was measured at 475 nm using a micro plate re@feTl(Max, Tunable). Kojic acid was used
as a reference inhibitor and phosphate buffer vaesl las a negative control. The amount of
inhibition by the test compounds was expressethapércentage of concentration necessary to
achieve 50 % inhibition (I6). Each concentration was analyzed in three indigen
experiments. The Kg values were determined by the data analysis aaghgrg software
Origin 8.6, 64-bit.

The % of Inhibition of tyrosinase was calculateda®wing
Inhibition (%) = [(B-S)/B] x100

Here, the B and S are the absorbance’s for thélalad samples.

5.5 Kinetic analysis of the inhibition of tyrosinase

On the basis of I§ we select most potertf compound for kinetic analysis. A series of
experiments were performed to determine the inbibikinetics of4f by following the already
reported method. [9,10]. The inhibitor concentnagidor 4f are 0.271, 0.542, 1.084, 2.18 and
4.336 uM. Substrate L-DOPA concentration was betw@8625 to 2 mM in all kinetic studies.
Pre-incubation and measurement time was the samdisasssed in mushroom tyrosinase
inhibition assay protocol. Maximal initial velocityas determined from the initial linear portion
of absorbance up to five minutes after additioreimyme at a 30s interval. The inhibition type
on the enzyme was assayed by Lineweaver—Burk pfotsverse of velocities (V) versus the
inverse of substrate concentration 1/[S] thM'he El dissociation constaKi was determined

by secondary plot of ¥/versus inhibitor's concentrations.
5.5 Free radical scavenging assay
Radical scavenging activity was determined by maadg already reported method [9,10] by 2,

2-diphenyl-1-picrylhydrazyl (DPPH) assay. The assalution consisted of 100 pL of DPPH
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(150 uM), 20 uL of increasing concentration of smpounds and the volume was adjusted to
200 pL in each well with DMSO. The reaction mixtwras then incubated for 30 minutes at
room temperature. Ascorbic acid (Vitamin C) wasduses a reference inhibitor. The assay
measurements were carried out by using a micre ptdder (OPTlax, Tunable) at 520 nm.
The reaction rates were compared and the perchifition caused by the presence of the tested
inhibitors was calculated. Each concentration wedyaed in three independent experiments run

in triplicate.

5.6 Molecular docking

5.7 Retrieval of receptor protein from PDB

The crystal structure of mushroom tyrosinase (PDBIM9X) was retrieved from the Protein
Data Bank (PDB) (http://www.rcsb.org). The energyimization of selected protein was done
by the conjugate gradient algorithm and Amber fdrekl in UCSF Chimera 1.10.1 [25]. The
stereo-chemical properties, Ramachandran graptvaods [29] of mushroom tyrosinase were
assessed by Molprobity server [30], while the hpthabicity graph was generated by Discovery
Studio 4.1 Client [31]. The protein architecturel atatistical percentage values of helices, beta-

sheets, coils and turns were accessed by VADAR32J8
5.8 Candidate structures

The synthesized candidate moleculés-4j) were sketched in drawing ACD/ChemSketch tool.
The designed ligand molecules were further visedliznd minimized by UCSF Chimera 1.10.1
in PDB format. The drug assessment properties egetcompounds were accessed by various

computational tools like Molinspiration _ (http://wwmvolinspiration.com/) and Molsoft

(http://www.molsoft.com/). Lipinski’'s rule of fivewas justified by using Molsoft and

Molinspiraion tools. Furthermore, different molemulproperties such as molar refractivity,
density, surface tension and polarizability wesmaccessed by chemsketch.

5.9 Molecular Docking

The molecular docking experiment was employed orsyaithesized ligand moleculedat4))
against mushroom tyrosinase using diverse PyRx[88}] The grid box parametric dimension
values (X=61.0781, Y=56.3001 and Z=63.1015) witacipg 1.0A were adjusted to attain the
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finest binding conformational pose of protein-ligamolecules. The maximum docking poses
(100 numbers of run) for each docking were adjustddcompounds were docked separately
against the crystal structure of mushroom tyrognasd the obtained docked complexes were
further evaluated on lowest binding energy (Kcaljmalue. The binding analysis and graphical

depiction was done by Discovery Studio (4.1).

6. X-ray Crystallography studies

Figure 6 shows the molecular structure dB)(and Table S1 as supplementary material
summarizes the main crystallographic parameters. iiblecular conformation is stabilized by
an Intramolecular N-H...O hydrogen bond. The crygitking shows centosymmetric dimers

connected by N-H...S hydrogen bonds, which are padkirstacks parallel to the a axis.

“z?/

y

|
NN
)

26



Figure 6. Crystal structure ofa

Figure 7. Crystal Packing diagram fdia viewed along a-axis
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Highlights

» A small library of novel 1-Pentanoyl-3-arylthiouse@da-4j) synthesized.

» Mushroom tyrosinase inhibition and free radicalvgceying activity were evaluated

» Most of the compounds show excellent activity, igatarly 4f higher than the standard.
» The kinetic mechanism proposéfdis non-competitive inhibitor of mushroom tyrosiaas
» Molecular docking, druglikeness, Ramachandran hgrag@hemo-informatics and

Lipinski’s rule were studied.



