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ABSTRACT

Introduction: Thiourea derivatives such as phenylthiourea, benzoylthiourea, tenovin, and
much more have been reported as anticancer agents. However, the discovery of new anti-cancer
compound is still a challenge. Objective: To obtain another promising anti-cancer compound,
we have done some initial study (docking, synthesis, and cytotoxic assay) of thiourea derivatives,
N-4-methoxybenzoyl-N’-(4-fluorophenyl)thiourea. Methods: First, it has been docked in the
SirT1 receptor with PDB ID: 4I5I using Molegro Virtual Docker v5.5. Then, synthesized by two-
step reaction using ammonium thiocyanate, 4-methoxybenzoyl chloride, and 4-fluoroaniline,
respectively, as precursors. The structure of the desired compound obtained by ultraviolet,
infrared,1H-nuclear magnetic resonance (NMR), 13C-NMR, and mass spectrometer. Last, the
new compound was screened for the in vitro cytotoxic activity against HeLa cell line by MTT
Method. Result: The docking result showed that its re-rank score was lower than hydroxyurea
(HU), which predicted its higher biological activity. It corresponded with MTT method result
that N-4-methoxybenzoyl-N'-(4-fluorophenyl)thiourea has lower inhibitory concentration 50%
more potent than HU as a reference. Conclusion: Thus, it can be developed for the next step of

yD-2,5-diphenyltetrazolium anticancer drug discovery.
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INTRODUCTION In this research, we have modified thiourea at the two

task for researchers because of the continuously

increasing number of cancer patients. It was predicted
that 14 million new cases of cancer will threat the world from
2012 to 2022 and lead the dead cause [1].

Cancer drug development has still become an important

Thiourea derivatives have already known as an anticancer
agent [2-4]. It was investigated that modifications of phenyl
group of phenylthiourea by adding electron withdrawing
groups such as p-nitro, p-trifluoromethyl, p-cyano, and p-fluoro
increased cytotoxic activity [5]. The other study exposed that
adding benzoyl moiety to thiourea increased its activity by
increasing lipophilic property [6,7]. Lipophilic is one of the
physicochemical properties in Quantitative Structure-Cytotoxic
Activity Relationship (QSAR). It has a role in drug penetration
through cell membrane, so increasing the amount of drug into
receptor which increases its activity. The others are electronic
which has the role in drug solubility at distribution and steric
which has the role in strengthen drug-receptor interaction [8].

aromatic rings, which are called phenyl and benzoyl groups.
Phenyl and benzoyl groups might have a role in increasing
lipophilic and steric properties. The phenyl group with p-fluoro
and the benzoyl with p-methoxy are designed to obtain N-4-
methoxybenzoyl-N'-(4-fluorophenyl) thiourea. Adding p-fluoro
and p-methoxy groups might increase cytotoxic activity like
the previous study by electronic property role [5].

The other rational design to develop the designed
compound was in silico study [9]. Docking is one of in silico
methods that obtains the best orientation pose and score
prediction in drug-receptor interaction [10]. In the docking
study, we used sirtuinl (SirT1) enzyme as a receptor (PDB
ID:4151) and Molegro Virtual Docker (MVD) v5.5. Sirtuin-1
was one of histone deacetylase enzymes that has a role in the
deactivated p53 genome. However, p53 genomic produces a
p53 protein to kill the tumor cell. While cancer occurs, p53
mutates, and high content of sirtuin-1 is produced [11].
Tenovin-1, one of thiourea derivatives, has been shown to
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inhibit sirtuin-1 mechanism as anticancer [12]. Hydroxyurea
(HU) was used as a reference because of similarity structures
with thiourea, and it has been used as an anticancer agent
since a long time ago.

Re-rank score (RS) was used as the score prediction
platform. Lower RS compound has stable drug-receptor bond
interaction, so it can be predicted that compound has higher
biology activity [13]. Synthesis has been done by (Xu et al,
2003) (Figure 1) modification [14] two-step reaction between
ammonium thiocyanate and 4-methoxybenzoyl chloride
followed by 4-fluoroaniline. Then, we evaluated cytotoxic
activity of N-4-methoxybenzoyl-N’-(4-fluorophenyl)thiourea
by 3-(4,5-dimethylthyazol-2-yl)-2,5-diphenyltetrazolium
bromide assay (MTT) method on HeLa cell line and compared
with HU.

MATERIALS AND METHODS

Materials

In silico study used a computer with specification processor
Intel Core i5, 4GB memory, Windows 10.1, and NVIDIA
GEFORCE 740 M VGA. All synthesis reagents were purchased
from Sigma Aldrich® Chemical, Riedel de Haén®, and Merck®.
Then, purification was determined by BARNSTEAD® melt-
temp electrothermal and TLC CAMAG chamber. Confirmation
of structures was done by HEWLETT PACKARD 8452A Diode
Array, PERKIN ELMER spectrum one Fourier-transform
infrared, JEOL RESONANCE 400 MHz, and high-resolution
mass spectrum (HRMS) waters LCT premier ESI TOP. Cytotoxic
activity was performed using CO, incubator, HeLa cell line
(CCRC-UGM), and Biorad Microplate Reader (enzyme-linked
immunosorbent assay [ELISA]).

Method
Docking study

Docking study was started by preparation of ligand (converted
to three-dimensional form and minimized energy in
ChemBio3D v12) and preparation receptor, which downloaded
from protein data bank (PDB: 4I5I) and detects cavity in MVD
v5.5. Then, the ligand was docked to the receptor for 3 times
in 10 iterations until we obtained the RS. Pharmacophore
visualization has done by Ligand Scout v4.0.

Synthesis

Thereafter, synthesis has been done by the reaction from
10 mmol of 4-methoxybenzoyl chloride with 15 mmol of
ammonium thiocyanate and seven drops polyethylene glycol
400 in 20 ml dichloromethane with refluxed and heated
at 40°C until yellow color appeared. After that, 10 mmol
4-fluoroaniline was added in the same mixture pot with
refluxed and heated 40°C for 4-5 h. Then, air dry at room
temperature. When the powder is formed, washed it with 10%
sodium bicarbonate and recrystallized with absolute ethanol.
As soon as crystal formed, heated at 50°C for 10-15 min in
the oven. Compounds were evaluated its purity with thin-
layer chromatography, and the melting point was measured.
Afterward, characterization was performed using ultraviolet
(UV), infrared (IR), 'H-nuclear magnetic resonance (NMR),

3C-NMR, and mass spectrometer to confirm structure of N-4-
methoxybenzoyl-N'-(4-fluorophenyl) thiourea.

Cytotoxic assay

The cytotoxic assay was done by MTT method against HeLa
cell line and compared with HU as a reference compound. Cells
were seeded with 104 cells in 100 uL per well into 96-well
plates which contain RPMI, followed by treatment with the test
compound at concentrations between 500 and 625 ug/ml for
48 h at 37°C and CO2 atmosphere. Cell viability was assessed
with the MTT. The absorbance at 595 nm was recorded using
ELISA MICROPLATE READER. The inhibitory concentration
50% (IC50) value was defined as the drug concentration
required to inhibit 50% of cells after 48 h of treatment in
comparison with untreated controls. Each experiment was
repeated 3 times under identical conditions. The IC50 values
were calculated with regression between % cell proliferation
and concentration (mM).

RESULTS AND DISCUSSION

In Silico Study

The result from in silico study was RS and compound-receptor
interaction compared with HU. Table 1 showed that the RS
of N-4-methoxybenzoyl-N’-(4-fluorophenyl)thiourea lower
than HU, so it can be predicted that N-4-methoxybenzoyl-N'-
(4-fluorophenyl)thiourea has higher activity in receptor SirT1.
Then, N-4-methoxybenzoyl-N'-(4-fluorophenyl)thiourea is
feasible to be synthesized. Visualization pharmacophore and
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Figure 1: Synthesis of N-methoxybenzoyl-N-(4-fluorophenyl)
thiourea

Table 1: RS of N-methoxy benzoyl-N'-(4-fluorophenyl)thiourea
and HU

RS (kcal/mol)
—112.545+2.439

Compound
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HU: Hydroxyurea, RS: Re-rank score

—39.008+0.377
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some interactions of N-4-methoxybenzoyl-N’-(4-fluorophenyl)
thiourea can be seen in Figure 2 and Table 2. Figure 2 shows
the drug-receptor interaction of N-4-methoxybenzoyl-N'-
(4-fluorophenyl)thiourea that might be affected by some
interactions as summarized in Table 2. Hydrogen interactions
type in the compound pharmacophore was presumably to be
an acceptor which accepting electron from three amino acids
in receptor cavity (SER4 42A, SER 443A, and LEU 443A). The
other was steric interaction which strengthening drug-receptor
bound to inhibit SirT1. However, it might prolong the duration
of action too with that interaction.

Synthesis

This was the result of structure confirmation of N-4-
methoxybenzoyl-N'-(4-fluorophenyl)thiourea: Square and flat
transparent crystal, yield 49%, melting point 159-161°C; UV
spectrum, A__ (nm) in ethanol 218 and 286; IR spectrum,
v (em™!) in KBr pellet: 3219 and 1606 (-NH amide), 1577
and 1510 (C=C aromatic), 1666 (C=0 amide), 1097 and
814 (C=S), and 1212 (C-F) 1256 and 1023 (-O-C ether);
'H-NMR, & (ppm) in dimethyl sulfoxide (DMSO) D,: 3.817
(s, 3H, OMeH), 7.012-7.049 (m, 2H, ArH), 7.182-7.243
(m, 2H, ArH), 7.614-7.649 (m, 2H,ArH), 7.971(d, 2H,
ArH, J= 9.2 Hz), 11.366 (s, 1H, NHC=0), 12.548 (s, 1H,
NHC=S); ®C-NMR, § (ppm) in DMSO D, 55.426 (OCH,)

PHE273A
] F
Table 2: Interaction of N-methoxy benzoyl-N'-(4-fluorophenyl)
thiourea with SirT1 (PDB ID: 4I5I)
—~O0 B W "IW.\)-- ALA262A . -
Interaction Type Pharmacophore Amino
acids
5 NH Hydrogen Acceptor S in-CS (N)SER441A
" T -
NV ALZAEA 2 S S in -CS (N)SER442A
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Figure 2: Pharmacophore interaction of N-methoxybenzoyl-N-(4- - E}rll\ég}(l)lnment of 2624
fluorophenyl)thiourea with SirT1 (PDB ID: 4I5I)
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Figure 3: (a and b) Inhibitory concentration 50% determination from hydroxyurea and N-4-methoxybenzoyl-N’-(4-fluorophenyl)thiourea
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114.340, 115.761, 124.361, 127.336, 131.521, 134.944,
161.171,163.796 (C6H5), 168.020 (C=0), 180.348 (C=S);
and HRMS: calculated for C,.H ,FN,O,S [M+H]* = 305.0760,
[M+H]* found = 305.0770.

Cytotoxic Assay

Figure 3 shows cell proliferation of HU which did not reach
50%. That was opposite to the synthesized compound which
has less cell proliferation than HU at low concentration. To
assure the activity level, calculation of their IC_, values was
done for N-4-methoxybenzoyl-N'-(4-fluorophenyl)thiourea
(0.720 = 0.07 mM) and HU (16.535 = 2.092 mM). The
increase lipophilic, electronic, and steric properties of N-4-
methoxybenzoyl-N’-(4-fluorophenyl)thiourea appeared
to contribute to its activity. The lipophilic property could
enhance the penetration through the membrane and increase
drug receptor interaction, which resulted in the increased
biological activity of the compound [8]. Other than that,
an electronic property of methoxy moiety (o, ~= —0.27)
would contribute in drug-receptor interaction and oxygen
at methoxy might increase solubility in the blood (contained
70% of water), so it can distribute easily. Last, steric property
strengthened drug-receptor interaction, so it would prolong
its activity with a rigid structure. Thus, we concluded that
N-4-methoxybenzoyl-N’-(4-fluorophenyl)thiourea has better
cytotoxic activity than HU.

CONCLUSION

The new compound, N-4-methoxybenzoyl-N'-(4-fluorophenyl)
thiourea, has been docked and synthesized. It has better
cytotoxic activity than hydroxyurea and it was in line with the
docking result. So the docking result can be one way in the
rational drug discovery of new active anti cancer compound.
Furthermore, N-4-methoxybenzoyl-N’-(4-fluorophenyl) thiourea
can be developed as an anticancer drug.
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