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Abstract

Ten new thiourea derivatives 1-10 were prepared in this work using a two-step
process that involved reacting 4-methoxybenzoyl chloride with KSCN to afford 4-
methoxybenzoyl isothiocyanate. This was followed by reaction with various amines
(primary amines, secondary amines, and diamines) to give the aforementioned title
products 1-10. These products were characterized by FT-IR, *H NMR and *C NMR
spectroscopy. Using the DPPH scavenging method, the antioxidant activity of
thiourea products was investigated, and derivative 8 had the greatest antioxidant
activity in comparison to the other derivatives. Moreover, molecular docking for all
compounds was studied using Autodock (4.2.6) software and Bacillus pasteurii
urease (pdb id: 4ubp) as a target protein. The best inhibitor activity and docking
scores are displayed by compound 7, followed by compounds 5 and 6, which
highlight the importance of compounds having two thiourea moieties for higher
inhibition activity.

Keywords: Thiourea derivatives, 4-methoxybenzoyl chloride, urease, 4ubp,
antioxidants, molecular docking.
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1. Introduction

Thiourea derivatives have long caught the interest of medicinal chemists due to their broad
range of biological activities [1]. Some of their biological activities are antimicrobial and anti-
inflammatory [2,3], antimalarial [4], and antitubercular [5]. The importance of such research
stems from the possibility that future thiourea derivatives will be more potent anticancer
agents. Further research into the chemical structure and action of thiourea derivatives, as well
as their stability under biological conditions, is required. These in-depth studies could aid in
the development of more impactful antimicrobial and anticancer therapeutic agents [6].
Moreover, thiourea and its derivatives play a significant role in organic synthesis. In addition,
thioxo pyrimidine derivatives can be obtained by reacting chalcones with thiourea in the
presence of NaOH as a base [7]. Also, some thiourea derivatives react with diethyl malonate
to form pyrimidine derivatives by ring closure reaction [8].

Thiourea and its derivatives have also been demonstrated to be effective O, and OH"
scavengers [9,10]. The development of several diseases is influenced by oxidative stress
(cancer, stroke, diabetes, etc.). As a result, many researchers are now interested in finding
novel molecules with antioxidant activity and a safe pharmacological profile [11]. A number
of thiourea derivatives, such as 1-(2-aminoethyl) thiourea, N,N'-(iminodiethane-2,1-
diyDbis(thiourea), and 1-[1-methyl-2-(phenylamino)ethyl] thiourea, were synthesized in 2011
by Sudzhaev et al. [12]. These derivatives were then evaluated for their antioxidant properties
using cumene oxidation reactions. These thiourea derivatives may reduce cumene
autoxidation by scavenging cumylperoxy radicals while also influencing the cumyl
hydroperoxide catalytic decomposition. The thiourea core-containing compounds thiazolidine
and pyrrolidine are effective oxidative stress inhibitors for the entire biological system [13].
The scavenging of free radicals by urea, thiourea, and selenourea derivatives in the gas phase
and aqueous media, on the other hand, was predicted by a theoretical investigation that was
carried out in 2017. The results demonstrated that thiourea and selenourea could efficiently
remove superoxide anion radicals by single hydrogen-abstraction. While urea, thiourea,
selenourea, and their derivatives could also effectively scavenge hydroxyl radicals via the
addition mechanism to the molecules' carbon sites [14].

The impact of thiourea and thiourea derivatives in the corrosion inhibition field is
unforgettable due to the unique activity of these compounds as corrosion inhibitors when
applying them to carbon steel in an acidic medium [15,16].

Urease is an enzyme that hydrolyzes urea into NH3; and carbon dioxide [17]. Ureases are
found in a wide variety of organisms, including invertebrates, plants, algae, fungi, and
bacteria. Urease-producing bacteria have detrimental effects on human health. H. pylori
bacteria that produce urease is the primary cause of urinary tract and gastrointestinal
infections in humans, leading to peptic ulcers and stomach cancer. Moreover, urolithiasis,
hepatic encephalopathy, and hepatic coma are other urease-related diseases [18]. Controlling
the enzyme's urease activity with inhibitors could mitigate these negative consequences. Thus,
urease inhibitors have become increasingly important in the treatment of infections caused by
urease-producing bacteria [19]. After Canavalia ensiformis (Fabaceae) was discovered as a
urease inhibitor, urease became used as a model for the synthesis of new urease inhibitors in
both medicinal and agricultural fields. Bis-thiobarbiturate derivatives are good examples of
developing urease inhibitors [20,21]. Aside from their harmful effects, thiourea and similar
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compounds are also used as potent herbicides, fungicides, and rodenticides, in addition to
being effective phenoloxidase inhibitors. Thiourea and its derivatives have attracted chemists'
attention due to their excellent antimicrobial, anticancer, and anti-inflammatory potential
evaluation in the quest for developing potent biologically active moieties [22].

Thiourea derivatives can be synthesized via many methods; among them is the reaction
between isothiocyanate and primary or secondary amines, which is considered one of the
easiest general methods [23].

In this study, we describe the chemical synthesis, characterization, and antioxidant activity
of new 1-(4-methoxybenzoyl) thiourea derivatives. The molecular docking of these new
compounds into the active site of the urease enzyme (PDB id: 4ubp) as a target protein was
then thoroughly investigated.

2. Experimental part
2.1 Chemicals and Methods

Melting points were measured in open glass capillaries on a Gallenkamp capillary melting
point apparatus and were uncorrected. The *H NMR and *C NMR spectral data were
recorded using a Bruker Avance 300 spectrometer. Chemical shifts are quoted in ppm
downfield from tetramethylsilane (TMS) as the internal standard and DMSO-ds either in *H
NMR or *C NMR as a reference. FT-IR spectral data were analyzed by Shimadzu using KBr
disc technique. TLC Sheets (silica gel coated aluminum sheet) were used to observe the
reaction progression, and the eluent was used as a mixture of ethyl acetate and petroleum
ether, and visualized by iodine.

2.2. General procedure for the synthesis of thiourea derivatives 1-10 [24]

A mixture of p-methoxybenzoyl chloride (2.0 eq.) and potassium thiocyanate (2.0 eq.) in
dry acetone (20 mL) was stirred for 30 minutes at room temperature to give the corresponding
isothiocyanate derivative. This was followed by adding substituted amine (2.0 eq.) or
substituted diamine (1.0 eq.) in dry acetone in a one-pot reaction before heating to reflux for
2-5 hours (depending on TLC results). After the completion of the reaction, the mixture was
poured into crushed ice. The suspension was precipitated, filtered, washed, and dried to
provide thiourea derivatives 1-10 as shown in Scheme 1.

2.2.1 N-((4-Acetylphenyl)carbamothioyl)-4-methoxybenzamide (1)

p-Methoxybenzoyl chloride (5.86 mmol), potassium thiocyanate (5.86 mmol), 4-
aminoacetophenone (5.86 mmol).
FT-IR (v, cm™): 3288 (N-H), 3099 (C-Haromatic): 2979 (C-Haiphatic), 1674 (C=Oamide), 1589,
1552 (C=Caromaiic), 1255 (C=S); *H NMR (On, ppm): 12.94 (1H, s, NH-C=S), 11.53 (1H, s,
NH-C=0), 8.04-7.09 (8H, m, Ar-H), 3.88 (3H, s, OCHs), 2.48 (3H, s, CH3); *C NMR ([,
ppm): 197.0 (C=Oketone), 179.3 (C=S), 163.5 (C=Ogmige), 142.4-114.0 (Ar-C), 55.8 (OCHj3),
26.8 (CH3).
2.2.2 4-Methoxy-N-(thiazol-2-ylcarbamothioyl)benzamide (2)
p-Methoxybenzoyl chloride (3.69 mmol), potassium thiocyanate (3.69 mmol), 2-
aminothiazol (3.69 mmol).
FT-IR (v, cm™): 3340 (N-H), 3018 (C-Haromatic), 2941 (C-Haiphatic), 1656 (C=Oamice), 1571,
1542 (C=Caromatic), 1253 (C=S); *H NMR (O, ppm): 12.50 (1H, s, NH-C=S), 11.90 (1H, s,
NH-C=0), 8.05-6.88 (6H, m, Ar-H + thiazole ring), 3.88 (3H, s, OCHs); *C NMR ([,
ppm): 169.0 (C=S), 164.0 (C=0), 131.7-114.3 (Ar-C), 56.1 (OCHy).
2.2.3 4-methoxy-N-(naphthalen-1-ylcarbamothioyl)benzamide (3)
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p-Methoxybenzoyl chloride (3.69 mmol), Potassium thiocyanate (3.69 mmol), 1-
naphthylamine (3.69 mmol).

FT-IR (v, cm™): 3294 (N-H), 3031, 3002 (C-Haromatic): 2839 (C-Haliphatic), 1654 (C=Oamide),
1600, 1552 (C=Caromatic), 1255 (C=S); 'H NMR (y, ppm): 12.83 (1H, s, NH-C=S), 11.62
(1H, s, NH-C=0), 8.10-7.12 (11H, m, Ar-H), 3.88 (3H,s, OCHs); **C NMR (¢, ppm): 181.2
(C=S), 167.8 (C=0), 163.3-113.8 (Ar-C), 55.6 (OCHy3).

2.2.4 N-(Benzylcarbamothioyl)-4-methoxybenzamide (4)

p-Nethoxybenzoyl chloride (3.69 mmol), Potassium thiocyanate (3.69 mmol), Benzylamine
(3.69 mmol).

FT-IR (v, cm™): 3386 (N-H), 3066, 3033 (C-Haomatic), 2962, 2837 (C-Haiphatic), 1660
(C=Ouamice), 1606, 1548 (C=Caromatic), 1253 (C=S); *H NMR (On, ppm): 11.29 (1H, t, NH-
C=S), 11.26 (1H, s, NH-C=0), 7.99 — 7.06 (9H, m, Ar-H), 4.88 (2H, s, CHy), 3.85 (3H, s,
OCHs); *C NMR ([¢, ppm): 180.8 (C=S), 167.5 (C=0), 163.2-109.7 (Ar-C), 55.7 (OCH),
48.2 (CH,).

2.2.5 N,N'-((1,4-Phenylenebis(azanediyl))bis(carbonothioyl))bis(4-methoxybenzamide) (5)
p-Methoxybenzoyl chloride (7.38 mmol), potassium thiocyanate (7.38 mmol), p-
Phenylenediamine (3.69 mmol).

FT-IR (v, Cm-l): 3309 (N-H), 3097, 3004 (C-Haromatic), 2833 (C-Haiiphatic), 1662 (C=Oamide) at,
1598, 1546 (C=Caromaiic), 1249 (C=S); *H NMR (On, ppm): 12.76 (2H, s, NH-C=S), 11.45
(2H .5, NH-C=0), 8.05-7.10 (12H, m, Ar-H), 3.88 (6H, s, OCH3); *C NMR (¢, ppm): 181.4
(C=S), 167.1 (C=0), 143.5-113.8 (Ar-C), 52.9 (OCHy3).

2.2.6 N,N'-((Butane-1,4-diylbis(azanediyl))bis(carbonothioyl))bis(4-methoxybenzamide) (6)
p-Methoxybenzoyl chloride (7.38 mmol), potassium thiocyanate (7.38 mmol), 1,4-
diaminobutane (3.69 mmol).

FT-IR (v, cm™): 3404 (N-H), 3058 (C-Haromatic), 2839 (C-Haiiphatic), 1660 (C=Ogmige), 1604,
1546 (C=Caromatic), 1253 (C=S); *H NMR (Op, ppm): 11.12 (2H, t, NH-C=S), 10.98 (2H, s,
NH-C=0), 8.35-6.98 (8H, m, Ar-H), 3.85 (6H, s, OCHj3), 3.70-3.64 (4H, m, CH,-NH), 1.71-
1.67 (4H, m, CH,-CH,); *C NMR ({c, ppm): 180.6 (C=S), 167.6 (C=0), 131.2-114.1 (Ar-
C), 56.0 (OCHpg), 44.7 (CH,-NH), 25.6 (CH,-CHy).

2.2.7 N,N'-(([1,1'-Biphenyl]-4,4'-diylbis(azanediyl))bis(carbonothioyl))bis(4
methoxybenzamide) (7)

p-Methoxybenzoyl chloride (7.38 mmol), potassium thiocyanate (7.38 mmol), benzidine (3.69
mmol).

FT-IR (v, Cm_l)i 3344 (N-H), 3029 (C-Haromatic), 2837 (C-Haiiphatic), 1666 (C=Oamide), 1593,
1531 (C=Caromaiic), 1249 (C=S); *H NMR (O, ppm): 12.82 (2H, s, NH-C=S), 11.46 (2H, s,
NH-C=0), 8.04-6.66 (16H, m, Ar-H), 3.87 (3H, s, OCHj3); *C NMR (¢, ppm): 181.9 (C=5),
164.9 (C=0), 156.0-114.5 (Ar-C), 56.1 (OCHj3).

2.2.8  N-((4-(Ethyl(phenyl)amino)phenyl)carbamothioyl)-4-methoxybenzamide (8)
p-Methoxybenzoyl chloride (3.69 mmol), potassium thiocyanate (3.69 mmol), N-ethylaniline
(3.69 mmol).

FT-IR (1), Cm-l)i 3164 (N-H), 3010 (C'Haromatic), 2977, 2840 (C'Haliphatic), 1693 (C:Oamide),
1602, 1575 (C=Caromatic), 1242 (C=S); *H NMR (O, ppm): 10.52 (1H, s, NH), 7.57-6.88 (9H,
m, Ar-H), 4.54 (2H, g, CH,), 3.77 (3H, s, OCH3), 2.09 (3H, t, CH3); **C NMR ({i¢, ppm):
182.5 (C=S), 162.7 (C=0), 143.5-113.8 (Ar-C), 55.8 (OCH3), 51.7 (CH,), 13.0 (CH3).

2.2.9  N-((4-((4-Aminophenyl)amino)phenyl)carbamothioyl)-4-methoxybenzamide (9)
p-Methoxybenzoyl chloride (3.69 mmol), Potassium thiocyanate (3.69 mmol), p-
phenelynediamine (3.69 mmol).

FT-IR (v, em™): 3423 (NH,), 3301 (N-H), 3014 (C-Haromatic), 2839 (C-Hajiphatic), 1666
(C=Ouamide), 1602, 1537 (C=Caromaiic), 1249 (C=S); *H NMR (Oy, ppm): 12.48 (1H, s, NH-
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C=S), 11.22 (1H, s, NH-C=0), 8.01-6.59 (8H, m, Ar-H), 5.25 (2H, s, NH,) 3.86 (3H, s,
OCHa); *C NMR (C¢, ppm): 178.4 (C=S), 167.5 (C=0), 163.1-113.4 (Ar-C), 56.6 (OCHs).
2.2.10  4-Methoxy-N-((4-((4-nitrophenyl)amino)phenyl)carbamothioyl)benzamide (10)
p-Methoxybenzoyl chloride (3.69 mmol), Potassium thiocyanate (3.69 mmol), 4-nitroaniline
(3.69 mmol).

FT-IR (v, cm™): 3301 (N-H), 3006 (C-Haromatic), 2904, 2837 (C-Haliphatic), 1666 (C=Oamide),
1602, 1564 (C=Caromatic), 1500, 1325 (NO,), 1257 (C=S); *H NMR (04, ppm): 13.00 (1H, s,
NH-C=S), 11.61 (1H, s, NH-C=0), 8.30-7.09 (8H, m, Ar-H), 3.87 (3H, s, OCHs); *C NMR
(e, ppm): 179.4 (C=S), 167.4 (C=0), 163.4-113.7 (Ar-C), 55.7 (OCHs).

2.3  Antioxidant activity

2.3.1 Preparation of the solutions of DPPH and the samples

A solution of DPPH (1,1-diphenyl-2-picryl-hydrazyl) (4 mg) in methanol (100 mL) was kept
shielded from light by shielding the test tubes with aluminum foil. For each prepared
compound, a stock solution was prepared by dissolving the test compound (1 mg) in methanol
(10 mL) to prepare 100 ppm. This stock solution was then diluted to obtain the other four
concentrations (50, 25, 12.5 and 6.25 ppm). In addition, similar concentrations of ascorbic
acid (vitamin C) were prepared.

2.3.2 Spectrophotometric measurement method

In a test tube, 1 mL of each concentration (100, 50, 25, 12.5 and 6.25 ppm) of the test
compound was mixed with DPPH solution (1 mL) and incubated for 1 hour at 37 °C. The
blank solution only contained DPPH solution (1 mL). After the incubation was over, the
absorbance of each solution was measured on a spectrophotometer at 517 nm wavelength.
Equation 1 was applied to determine the potential scavenging DPPH radicals, and the I1Cs, for
samples was calculated.

1% = (Abs blank - Abs sample) / Abs blank x 100.

Equation 1 - The percentage of inhibition

\ KSCN, acetone

r.t., 30 min.
o] o] O
o—@—( S RNH,, acetone o—@—/( R(NH,), acetone O S
/ HN—4 / N / HN—4
reflux, 4-5 hrs. N reflux, 4 hrs. ,
NH C, N-R
1-4,9 and 10 R s 8 R
67-87% yields 40% yield

R(NH,), acetone
reflux, 1-2 hrs.

‘ o N ‘ AR
R= @_‘/ﬁ -7 S R= -5 —3@ ~I-CH,CHj
1 PnH 7 8
R—
5

29
2 2 | S o
O dLH HJAHJ\@ ONHz —{ONOZ
' \/_Q o 7 °
\
4
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3 50-75% yields
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Scheme 1 - Synthesis of new thiourea derivatives 1-10
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Table 1: Physical properties, molecular weight, and chemical formula of all synthesized
compounds 1-10

Cy7H16N,03S

\ g O /<° White  205-207 4 80
o) HN 328.39
o)
O S N
A\ C1oH13N350,S
| 121 111IN3V2
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2
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i ch ‘ CaoH16N50,5
; _ 19M116MN202
d” N O Violet  182-184 4 85 e
N,
(6]
T
) Ci6H16N20,S
} Q)LH ”© Yellow  108-111 4 87 e a3
O
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Vi < > HZN P off. CaHuN4O,S
HN—ONH o 260-262 2 75 ,
. NH : J el 494.58
(@)

S BN
A § Hp ] CazHasNi04S
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2
474.59

o)

s, M )
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2
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* = This compound has already been synthesized.

2.4 Molecular docking study
2.4.1 Preparation of ligands

All ten compounds 1-10 were drawn as 3D structures using ChemDraw professional
software (version no. 19.1). Their energy minimizations by Chem3D were performed via
MMFF94 minimization and they were saved in sdf format. Open Babel GUI [25] was used to
convert the chemical compounds from sdf format to pdbqt format.
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2.4.2 Preparation of receptor protein

The crystal structure of urease (pdb id: 4ubp) was downloaded from the protein data bank
[26]. Water molecules and other HET atoms (KCX, HAE, Ni and ACE) were removed from
the pdb file, and then polar hydrogens were added by Pymol [27].

2.4.3 Molecular docking method:

Autodock 4.2.6 was used for molecular docking [28] and all compounds 1-10 were
docked separately into the active site of the receptor using the default setting. A grid box with
coordination of X: 29.143, Y: 72.792, Z: 71.848 A with 0.5 A of grid spacing and the number
of points X, Y and Z dimensions were all equal to 60. For each of the docked compounds, the
best conformation was selected with the lowest binding energy among 50 conformations.
Finally, the Ligand-Receptor complex with the lowest binding energy was saved in pdbqt
format for further analysis.

2.4.4 Docking results visualization:

The complexes from the previous step were converted into pdb format by the Open Babel
GUI [25] then transformed into the PILP website [29] to visualize the ligand-receptor
interaction in 3D to show the details of these interactions.

3. Results and Discussions
3.1 Chemistry

In this work, 4-methoxybenzoyl chloride reacted with potassium thiocyanate to produce a
convenient isothiocyanate derivative with a short reflux time. This reaction undergoes
(Nucleophilic-Addition-Elimination) mechanism by attacking the isothiocyanate group of
potassium thiocyanate on the carbonyl group of the acid chloride. Then, this freshly prepared
isothiocyanate derivative was reacted with different amines according to the nucleophilic
addition mechanism of the amine to the isothiocyanate to give the final compounds 1-10 [30].
All these compounds were examined by FT-IR, *H NMR and *C NMR spectroscopy. The
physical properties of the compounds are listed in Table 1.

3.2 Spectral data

From FT-IR spectral data, the presence of N-H absorption in the region of 3404-3164 cm’
, indicating the presence of a secondary amine group and the disappearance of NH,
absorption that had previously existed in the amines, confirms the synthesis of thiourea
derivatives 1-10. Also, the absorption in the region of 1257-1242 cm™ clearly indicates the
thiocarbonyl group of the thiourea [31]. *H NMR shows signals at 13.00-11.12 ppm for NH
adjacent to C=S and at 11.90-10.52 ppm for NH located between C=0 and C=S. *C NMR
shows signals between 182.5 to 169.0 ppm for C=S and 167.8 to 162.7 ppm for C=0.

1

3.3 Antioxidant activity / DPPH radical scavenging activity

In order to measure the synthesized compounds’ performance as antioxidants, the free
radical scavenging generated by the DPPH method was applied; several concentrations of the
compounds under this test were prepared in order to examine their inhibition ability by
coupling their own free radicals with the generated free radicals from DPPH. Vitamin C was
used as a standard due to its well-known ability as an antioxidant because its hydroxyl groups
stabilize the free radicals, which leads to its own high inhibition ability. The absorbance of the
compound-DPPH mixture was read at 517 nm in darkness because of the effect of the light on
the free radicals of the DPPH by duplicating them and their effects on the reading. The
amount of the substance required to inhibit 50% of the DPPH free radicals was expressed as
ICso value, which is very important to know in the biological field, and the less ICs, value
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number, the stronger activity of a substance in biological aspects and vice versa, and
according to Phongpaichit (2007) [32], if the 1Cso value is >250 (ug/mL) means inactive; >
100-250 (pg/mL) weakly active; > 50-100 (ug/mL) moderately active; 10-50 (ug/mL)
strongly active; <10 (ng/mL) very strongly active. In general, increasing in concentration of
the compounds lead to increasing the capacity of capturing of the free radicals, therefore,
increasing antioxidant activity that agreed with the literature [33]. In these synthesized
compounds, compound 8 exhibits the best antioxidant activity, which is the only compound in
this series that has a tertiary amine group, followed by compound 6, which has two groups of
thiourea moiety. Both compounds 6 and 8 have aliphatic chains in their structure, and the
third best compound is 3, which bearing a naphthyl group attached to the thiourea moiety as
illustrated in Table 2.

Table 2: Antioxidant activity expressed as (ICsp) or (half-maximal inhibitory concentration)
of compounds 1-10

6.25 125 25 50 100
pg\ml pg\ml pg\ml pg\ml pg\ml

y =0.3203x + R2 =

18.3 237 373 481 498 23,026 07439 89.2
- .

6.2 8.4 153 252 392 Y7 g13759321x * 0'?98‘ A 126.9
203 385 457 558  es7 Y TOS0oXT o RS 45
21.9 23 356 309 454 YTOZEH* R 1075

1.7 3.8 94 137 206 YT g_'gggg X+ 022421 245.1
31.4 357 468 607 685 YT gff;gx * 0.Ff328;3 42.3
13.7 193 247 339 452 Y~ ffgl;c’f X+ 022528 109.6
436 501 663 704 31 YT RS 5.8
15.1 228 318 393 449 Y7 fé?g;sgx * 0221;5 105.8
174 137 229 38 427 YT ffglglzx * 02;;9 113.1
61.4 654 701 877 942 Y7 gfggzgx * 03;;9 -33.22

3.4 Molecular docking study

All the new synthesized compounds 1-10 were docked into the active site of urease (pdb
id:4ubp) (see Figure 2). This is to investigate the interactions between these compounds and
the receptor (urease) in order to estimate their inhibition activity and the free energy of
binding AG®, kcal/mol which represents hydrogen bonding, n-n interaction, Van der Waals
forces, and other type of interactions. Moreover, to predict the interaction between the ligands
and the residues of the target protein, as clearly described in Table 3, compound 7 has the best
docking scores, and then it is followed by compounds 5 and 6. All these three compounds
have two groups of thiourea moieties. Compounds 7 and 5 have the same H-bonding
interactions with Gly368 and Arg369, and two hydrophobic interactions with Leu365 and Arg
369 as shown in Figure 1. The four interactions are unique for these two compounds (5 and
7), which might be the reason for the best docking scores and best inhibition activity for these
two compounds. For all compounds, only N and O atoms within the compounds make
hydrogen bonds with the target protein, but not the S atoms. According to these findings,
bulky ligands with more than one thiourea moiety may have better inhibition activity with
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urease protein (4ubp).

Table 3: Docking scores (estimated binding energy (kcal/mol) and estimated inhibition
constant (Ki, nM) of compounds 1-10 with Bacillus pasteurii urease (pdb id: 4ubp). C symbol
refers to chain C in urease protein

-9.15 197.80 6 GLU 223°, 5 ILE141°,
HIS 249°, ILE141°, LYS
HIS 323°, 169, LYS
ARG 339°, 169, LEU
ARG 339°, 365°
ALA 366°
-7.80 1910 4 HIS 139°, 2 ALA 366°,
LYS 169C, MET 367°¢
HIS 323C,
ALA 366°
-9.59 92.77 4 HIS 323°, 4 LYS 169°,
ARG 339°, ALA 170°,
ARG 339°, ALA 366°,
ALA 366° MET 367
-8.95 274.77 5 HIS 222°, 2 ALA 366°,
HIS 323F, MET 367C
ARG 339,
ALA 366°,
ALA 366°
-10.54 18.87 5 LYS 169°, 3 LEU 365°,
HIS 222°, ALA
LEU 365°, 366°, ARG
GLY 368°, 369°¢
ARG 369°,
-9.85 60.70 2 HIS 222°, 2 ALA 366°,
LEU 365°¢ MET 367°¢
-11.26 5.55 5 ASP 224°, 4 LYS 169°,
ASP 224°, ALA 170°,
ALA 366°, LEU 365,
GLY 368°, ARG 369¢
ARG 369¢
-8.29 837.05 1 LYS 169° 5 GLU 166°,
LYS 169°,
ALA 170°,
ALA 366°,
MET 367°¢
-9.13 204.09 4 ALA 170°, 4 ALA 170°,
THR 1725, THR 172%, HIS
HIS 222°, 249, PHE
CYS 322¢ 274°
-9.37 135.34 3 LYS 169°, 1 ALA 366°
ALA 366°,
GLY 368°
6 HIS 222°, 7 HIS 222°, ALA
HIS 139C, 170%, ASP
ASP 363°, 363, HIS
HIS 137°, 137%, GLY
HIS 275°, 280, HIS
HIS 249° 2755, HIS 249°
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Figure 1: Predicted interactions between Urease protein (4ubp) residues and different ligands:
5=(A), 6 =(B), 7=(C), 9 = (D). Ligands are shown as sticks where grey, blue, yellow, and
red represent carbon, nitrogen, sulfur, and oxygen atoms, respectively. Sidechain residues are
shown as sticks; where green, blue, and red represent carbon, nitrogen, and oxygen atoms,
respectively.

(8} ()

Figure 2 - Urease sideview with different ligands inside the active site; 5= (A), 6 = (B), 7 =
(C), 9 = (D). The crystal structure of urease is shown as a green cartoon representation;
ligands are shown as blue spheres.

4. Conclusion
A series of new 1-(4-methoxybenzoyl) thiourea derivatives 1-10 were prepared
successfully with yields ranging from 48 to 87%. The FT-IR, *H NMR and **C NMR spectra
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improved the synthesis of the thiourea derivatives. The antioxidant activity tests exhibit that
compound 8, which is the only compound among the ten that has a tertiary amine group in its
structure, gives the best antioxidant activity even at the lowest concentration (ICso = 5.8). This
could be modified further in the future to enhance its antioxidant activity. The molecular
docking study shows that compound 7, which has two thiourea moieties and four aromatic
rings in its structure, gives the best inhibitor activity (theoretically) in the active site of the
urease enzyme. After proving its inhibition activity in vitro, compound 7 could be improved
as a urease inhibitor.
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