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ABSTRACT

Introduction: Thiourea is one of the promising class of compounds that possess various pharmacological activity including
antibacterial properties.

Objective: The rise of microbial resistant drugs has triggered an alarming response among researchers to developed new drugs
with effective biological properties. The position of substituents and active pharmacophores play an important role in designing
a lead compound with effective biological properties.

Methods: In this study, two series of 1,3-bis-thiourea derivatives (3a-l) and 1,4 bis-thiourea derivatives (4a-l) were synthesised
from the reaction of isophthaloyl diisothiocyanate intermediates with halogenated amines.

Results: The comparative studies of antibacterial properties of 3a-l and 4a-| against the growth of E. coli showed the minimum
inhibition of 3g (7mm inhibition) and 4g (18mm inhibition) compared to standard drug ampicillin (16mm inhibition). Molecular
docking evaluation against E. coli DNA gyrase B showed strong binding interaction of 4g with binding affinity -6.7 kcal/mol and
more hydrogen bond compared to 3g with binding affinity -6.4 kcal/mol).

Conclusion: The study is significant in drug design in particular for the development of potential drugs with antimicrobial resist-
ant properties.
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INTRODUCTION useful pharmaceutical properties.’* The presence of N-H and

C=S groups in the thiourea moieties act as active binding

Discovering new drugs has become a major concern nowa-  ites between the compounds with the protein receptor on the
days due to the egression of pathogens with drug-resistant  gyrface of microorganism.! The number of thiourea moieties
properties. The emergence of new drugs with improved anti- i 3 molecular network plays a significant role in antibac-
microbial properties has become a phenomenal alternative t0  torial properties. The ratio of binding sites in a compound
overcome the issue. Drugs with active pharmacophores able it the surface of microorganism receptors increases as the
to form strong interaction with the pathogen receptors and  ,mber of thiourea moieties increases.®” We have reported
retard the growth of the microorganism'. Interest has grown o series of mono-substituted thiourea?, di-substituted thiou-
rapidly in the preparation and studies of the critical effects of 1o, derivatives bearing halogenated aryl groups (4a-1)’, bear-
compounds containing an O-N-S set of atoms that have an en- ing amino acids® and bearing alkyl chains®® with excellent
ergetic effect against different types of microbes and viruses."  antibacterial activities against Escherichia coliform (E. coli).

Thiourea is one of the promising class of compounds that The presence of two or more substituted thiourea moieties in
possess good antibacterial, antifungal, anticancer, and other the molecular network is believed to increase the biological
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binding interaction with the target receptors thus enhancing
the biological properties.®’

The type of substituents incorporated in the molecular frame
of the thiourea derivative is yet another factor affecting the
biological activities. The presence of halogens such as F, Cl
and Br was reported to enhance the antibacterial activities
of thiourea derivatives.!®!" Different position of halogens
attached to the aromatic groups could further attenuate the
bacterial inhibition. Zullkiplee et al.” reported on the excel-
lent antibacterial properties for thiourea derivative featuring
halogen at the ortho-position compared to meta and para
halogenated position.

Herein, we report on the synthesis of N1, N3-bis((halophenyl)
carbamothioyl)benzene-1,3-bicarboxamide derivatives (3a-
1) and N1, N3-bis((halophenyl)carbamothioyl)benzene-1,4-
bicarboxamide derivatives (4a-l) from the reaction of
diacetylbenzoyl isothiocyanato intermediate with two equiv-
alents of halo-substituted anilines at the ortho, meta and
para position. The 1,3 bis-thiourea derivatives (3a-1) were
evaluated for their antibacterial activities against E. coli in
comparison to 1,4 bis-thiourea derivatives (4a-1). Structure-
activity relationship of 1,3- and 1,4-bis-thiourea was studied
via molecular docking interaction analysis against E. coli
DNA replication protein of gyrase B.

MATERIALS AND METHODS

Materials: Isophthaloyl dichloride and potassium thiocy-
anate were purchased from Acros Organics and used without
purification. Halogenated amines (fluoro, chloro, bromo and
iodo) were purchased from Merck and used without purifica-
tion. Acetonitrile was dried over calcium hydrate. Dimethyl
sulfoxide (DMSO) was used without further purification.
Other solvents such as ethyl acetate and hexane were used
as received.

Instrument: The synthesized compounds (3a-1 and 4a-
1) were elucidated using Perkin Elmer Spectra GX Fourier
Transform Spectrometer (FTIR). 'H NMR and *C NMR
spectra were recorded using JOEL ECAS500 spectrometer at
500 MHz (*H) and 125MHz (**C) respectively. CHNS micro-
analyses were performed with a CHNS analyser (FLASHEA
1112). The spectroscopy characterization of compounds (4a-
1) has corresponded to the reported literature.’

General Procedure for the synthesis of 3a-l

Isophthaloyl dichloride 1a (0.10 g, 0.5 mmol) in 10 mL of
dry acetonitrile was added into a stirring suspension of potas-
sium thiocyanate, KSCN (0.10 g, 1.0 mmol) in 10 mL of dry
acetonitrile. The mixture was stirred for 1 hour at room tem-
perature to form intermediate 2a. The precipitate of potas-
sium chloride, KCI was formed and filtered. The filtrate was
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added into halogenated aniline (1.0 mmol) in dry acetonitrile
and left stirred for 16 hours at room temperature. Completion
of the reaction was determined via TLC analysis with eluent
ethyl acetate: hexane (1:3). The mixture was cooled to room
temperature and filtered. The filtrate was evaporated in vacu-
um to form a yellowish powder. The crude was recrystallized
in ethyl acetate. The general procedure for the preparation of
3a-1, utilized different type of amines (g, mmol) and yields
are as given below.

N1, N3-bis((2-fluorophenyl)carbamothioyl)
benzene-1,3-tricarboxamide (3a)

2-Fluoroaniline (0.13 g, 1.0 mmol). (39.1% yield) as a yel-
lowish powder, m.p: 200-201 °C; v (KBr/cm™) 3017 (NH),
1667 (C=0), 1166 (C-N), 1522 (Ar-C), 1258 (C=S), 1106
(C-F). &, (500 MHz, DMSO-d,) 8.63 (1H, s, Ar-H), 8.21
(2H, d, J= 6.10 Hz, Ar-H), 8.00 (2H, t, J= 15.30 Hz, Ar-H),
7.74 (1H, t, J= 15.30 Hz, Ar-H), 7.38 (4H, d, J= 3.85 Hz,
Ar-H), 7.28 (2H, t, J= 14.55 Hz, Ar-H), 12.48 (2H, s, 2xNH)),
11.81 (2H, s, 2xNH). 8¢ (125 MHz, DMSO-d6) 117 (Ar-C),
125 (Ar-C), 125 (Ar-C), 128 (Ar-C), 130 (Ar-C), 134 (Ar-C),
168 (C=0), 181 (C=S). Calculated for C,H N,0,S,F,: C,
56.17;H,3.40; N, 11.91; S, 13.62%, found C, 56.12; H, 3.41;
N, 11.71; S, 13.53%.

N1, N3-bis((3-fluorophenyl)carbamothioyl)
benzene-1,3-tricarboxamide (3b)

3-Fluoroaniline (0.13 g, 1.0 mmol). (47.8% yield) as yellow-
ish powder, m.p: 196-198 °C; v__ (KBr/cm™) 3028 (NH),
1677 (C=0), 1159 (C-N), 1520 (Ar-C), 1221 (C=S), 1117
(C-F). 6, (500 MHz, DMSO-d,) 8.57 (1H, s, Ar-H), 8.20
(2H, d, J= 7.65 Hz, Ar-H), 7.76 (3H, t, J= 13.75 Hz, Ar-H),
7.48 (4H, d, J= 4.55 Hz, Ar-H), 7.15 (2H, s, Ar-H), 12.59
(2H, s, 2xNH), 11.66 (2H, s, 2xNH). dc (125 MHz, DMSO-
do) 112 (Ar-C), 113 (Ar-C), 121 (Ar-C), 129 (Ar-C), 132
(Ar-C), 133 (Ar-C), 140 (Ar-C), 168 (C=0), 180 (C=S). Cal-
culated for C_H N O SF.: C, 56.17; H, 3.40; N, 11.91; S,

2277160 472720 20

13.62%, found C, 56.15; H, 3.41; N, 11.72; S, 13.58%.

N1, N3-bis((4-fluorophenyl)carbamothioyl)
benzene-1,3-tricarboxamide (3c)

4-Fluoroaniline (0.13 g, 1.0 mmol). (47.8 % yield) as a yel-
low crystal, m.p: 195-197 °C; v__(KBr/cm™) 3040 (NH),
1684 (C=0), 1139 (C-N), 1506 (Ar-C), 1254 (C=S), 1102
(C-F). §,, (500 MHz, DMSO-d,) 8.57 (1H, s, Ar-H), 8.20
(2H, d, J= 8.40 Hz, Ar-H), 7.70 (5H, m, Ar-H), 7.28 (4H,
t, J= 17.55 Hz, Ar-H), 12.42 (2H, s, 2xNH), 11.62 (2H, s,
2xNH). éc (125 MHz, DMSO-d,) 115 (Ar-C), 127 (Ar-C),
128 (Ar-C), 129 (Ar-C), 132 (Ar-C), 133 (Ar-C), 134 (Ar-
C), 167 (C=0), 180 (C=S). Calculated for C,,H ,N,O,SF.:
C, 56.17; H, 3.40; N, 11.91; S, 13.62%, found C, 56.08; H,
3.33; N, 11.72; S, 13.60%.
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N1, N3-bis((2-chlorophenyl)carbamothioyl)
benzene-1,3-tricarboxamide (3d)

2-Chloroaniline (0.15 g, 1.0 mmol). (60% yield) as a yellow
powder, m.p: 209-211 °C; v (KBr/em-1) 3052 (NH), 1675
(C=0), 1186 (C-N), 1514 (Ar-C), 1245 (C=S), 752 (C-Cl),
S6H (500 MHz, DMSO-d6) 8.63 (1H, s, Ar-H), 8.21 (2H, d,
J=17.65 Hz, Ar-H), 8.00 (2H, d, J=7.65 Hz, Ar-H), 7.74 (1H,
t, J= 16.05 Hz, Ar-H), 7.60 (2H, d, J= 7.60 Hz, Ar-H), 7.44
(4H, t, J= 15.30 Hz, Ar-H), 12.59 (2H, s, 2xNH), 11.85 (2H,
s, 2xNH). 6¢ (125 MHz, DMS)-d6) 128 (Ar-C), 129 (Ar-C),
130 (Ar-C), 132 (Ar-C), 136 (Ar-C), 168 (C=0), 181 (C=S).
Calculated for C, ,H, N,0,S Cl: C, 52.49; H, 3.18; N, 11.13;

2277160 47272

S, 12.72%, found C, 52.52; H, 3 17; N, 11.08; S, 12.73%.

N1, N3-bis((3-chlorophenyl)carbamothioyl)
benzene-1,3-tricarboxamide (3e)

3-Chloroaniline (0.15 g, 1.0 mmol). (52 % yield) as a yel-
low powder, m.p: 208-210 °C; v__ (KBr/cm-1) 3014 (NH),
1674 (C=0), 1180 (C-N), 1518 (Ar-C), 1244 (C=S), 707 (C-
Cl). 8H (500 MHz, DMSO-d6) 8.57 (1H, s, Ar-H), 8.20 (2H,
d, J= 8.40 Hz, Ar-H), 7.94 (2H, s, Ar-H), 7.74 (1H, t, J=
15.30 Hz, Ar-H), 7.58 (2H, d, J= 8.40 Hz, Ar-H), 7.47 (2H,
t, J= 16.05 Hz, Ar-H), 7.36 (2H, d, J= 7.60 Hz, Ar-H) 12.54
(2H, s, 2xNH), 11.68 (2H, s, 2xNH). éc (125 MHz, DMSO-
d6) 123 (Ar-C), 123 (Ar-C), 126 (Ar-C), 132 (Ar-C), 134
(Ar-C), 140 (Ar-C), 168 (C=0), 180 (C=S). Calculated for
C,H N,OSClL: C, 52.49; H, 3.18; N, 11.13; S, 12.72%,

2277160 47272

found C, 52.50; H 3.11; N, 11.09; S, 12.63%.

N1, N3-bis((4-chlorophenyl)carbamothioyl)
benzene-1,3-tricarboxamide (3f)

4-Chloroaniline (0.15 g, 1.0 mmol). (68.0 % yield) as yellow-
ish powder, m.p: 208-210 °C; v_ (KBr/cm-1) 3040 (NH),
1670 (C=0), 1188 (C-N), 1529 (Ar-C), 1260 (C=S), 718 (C-
Cl). 8H (500 MHz, DMSO-d6) 8.56 (1H, s, Ar-H), 8.19 (2H,
t, J= 7.55 Hz, Ar-H), 7.73 (5H, d, J= 8.40 Hz, Ar-H), 7.49
(4H, d, J= 8.45 Hz, Ar-H), 12.49 (2H, s, 2xNH), 11.64 (2H,
s, 2xNH). 6¢ (125 MHz, DMSO-d6) 127 (Ar-C), 127 (Ar-C),
129 (Ar-C), 130 (Ar-C), 133 (Ar-C), 168 (C=0), 180 (C=S).
Calculated for C,,H N,0,S,Cl,: C,52.49; H, 3.18; N, 11.13;

2277160 47272

S, 12.72%, found C, 52.40; H, 3 14; N, 11.16; S, 12.63%.

N1, N3-bis((2-bromophenyl)carbamothioyl)
benzene-1,3-tricarboxamide (3g)

2-Bromoaniline (0.17 g, 1.0 mmol). (77.7 % yield) as a yel-
low powder, m.p: 214-215 °C; v__(KBr/cm-1) 3043 (NH),
1533 (Ar-C), 1251 (C=S), 1193 (C-N), 1659 (C=0), 687 (C-
Br). 8H (500 MHz, DMSO-d6) 8.70 (1H, s, Ar-H), 8.23
(2H, d, J= 7.65 Hz, Ar-H), 7.86 (3H, d, J= 9.95Hz, Ar-H),
7.77 (2H, d, J= 7.05 Hz, Ar-H), 7.75 (2H, d, J= 7.65 Hz,
Ar-H), 7.47 (2H, t, J/=23.3 Hz, Ar-H), 7.28 (2H, t, J= 6. 65
Hz, Ar-H), 11.87 (2H, s, 2x NH), 12.51 (2H, s, 2x NH). &c
(125MHz, DMSO-d6) 137 (Ar-H), 134 (Ar-H), 133 (Ar-H),

132 (Ar-H), 129 (Ar-H), 129 (Ar-H), 128 (Ar-H), 120 (Ar-
H), 168 (C=0), 180 (C=S). Calculated for C_H, N,0.S Br,:

C, 44.59; H, 2.70; N, 9.46; S, 10.81%, found C, 44.50; H,
2.70; N, 9.40; S, 10.70%.

N1, N3-bis((3-bromophenyl)carbamothioyl)
benzene-1,3-tricarboxamide (3h)

3-Bromoaniline (0.17 g, 1.0 mmol). (57.4 % yield) as a yel-
low powder, m.p: 213-214 °C; v__(KBr/cm-1) 3033 (NH),
1529 (Ar-C), 1262 (C=S), 1166 (C-N), 1659 (C=0), 677 (C-
Br). 8H (500 MHz, DMSO-d,) 8.18 (2H, d, J= 6.56 Hz, Ar-
H), 8.03 (3H, m, Ar-H), 7.74 (2H, t, J= 8.9 Hz, Ar-H), 7.60
(1H, t, /= 9.85 Hz, Ar-H), 7.39 (3H, t, J= 7.6 Hz, Ar-H),
12.49 (2H, s, 2x NH), 11.64 (2H, s, 2x NH). dc (125MHz,
DMSO-d,) 144 (Ar-H), 137 (Ar-H), 136 (Ar-H), 131 (Ar-
H), 126 (Ar-H), 172 (C=0), 184 (C=S). Calculated for
C,H N,O,SBr,: C, 44.59; H, 2.70; N, 9.46; S, 10.81%,

2277160 47272

found C. 44.55: 1, 2.66: N, 9.46: S. 10.72%,

N1, N3-bis((4-bromophenyl)carbamothioyl)
benzene-1,3-tricarboxamide (3i)

4-Bromoaniline (0.17 g, 1.0 mmol). (67.6 % yield) as a yel-
low crystal, m.p: 219-221 °C; v__ (KBr/cm-1) 3040 (NH),
1535 (Ar-C), 1253 (C=8), 1173 (C-N), 1660 (C=0), 691 (C-
Br). §,, (500 MHz, DMSO-d6) 8.53 (1H, s, Ar-H), 8.17 (2H,
d, J= 7.65 Hz, Ar-H), 7.72 (9H, m, Ar-H), 12.45 (2H, s, 2x
NH), 11.60 (2H, s, 2x NH). dc (125MHz, DMSO-d6) 137.4
(Ar-H), 132 (Ar-H), 118 (Ar-H), 166 (C=0), 179 (C=S). Cal-
culated for C,H N,O,S Br: C, 44.59; H, 2.70; N, 9.46; S,

2277160 47272

10.81%, found C. 44.44: H, 2.68: N, 9.35: S, 10.82%.

N1, N3-bis((2-iodophenyl)carbamothioyl)ben-
zene-1,3-tricarboxamide (3j)

2-lodoaniline (0.22 g, 1.0 mmol). (61.8 % yield) as a yellow
crystal, m.p: 232-235 °C; v (KBr/cm-1) 3054 (NH), 1526
(Ar-C), 1236 (C=S), 1150 (C-N), 1682 (C=0), 627 (C-I). ¢,
(500 MHz, DMSO-d6) 8.53 (1H, s, Ar-H), 8.17 (4H, t, J=
19.1 Hz, Ar-H), 7.72 (SH.t, J= 16.05 Hz, Ar-H), 7.22 (2H,t, J=
16.05 Hz, Ar-H), 12.45 (2H, s, 2x NH), 11.61 (2H, s, 2x NH).
dc (125MHz, DMSO-d6) 138 (Ar-C), 135 (Ar-C), 133 (Ar-C),
131 (Ar-C), 129 (Ar-C), 124 (Ar-C), 94 (C-I), 167 (C=0), 179
(C=S). Calculated for C_H, N,O.S1: C, 38.48; H, 2.33; N,

2277160 47272720

8.16; S, 9.33%, found C, 38.49; H, 2.31; N, 8.11; S, 9.23%.

N1, N3-bis((3-iodophenyl)carbamothioyl)ben-
zene-1,3-tricarboxamide (3k)

3-iodoaniline (0.22 g, 1.0 mmol). (64.7 % yield) as a yellow
crystal, m.p: 231-232°C; v__ (KBr/cm™) 3180 (NH), 1516
(Ar-C), 1240 (C=S), 1172 (C-N), 1677 (C=0), 605 (C-I). 6,
(500 MHz, DMSO-d,) 8.51 (1H, s, Ar-H), 8.16 (2H, d, J=2.0
Hz, Ar-H), 7.76 (2H, d, J=5.7 Hz, Ar-H), 7.71 (1H, s, Ar-H),
7.70 (1H, s, Ar-H), 7.68 (1H, s, Ar-H), 7.50 (4H, d, J= 7.65
Hz, Ar-H), 12.45 (2H, s, 2xNH), 11.58 (2H, s, 2xNH). dc

<5 lw——— |
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(125MHz, DMSO-d,) 140 (Ar-C), 139 (Ar-C), 134 (Ar-C),
132 (Ar-C), 129 (Ar-C), 129 (Ar-C), 129 (Ar-C), 98 (C-I),
167 (C=0), 180.9 (C=S). Calculated for C,,H N,0,S,L: C,

38.48; H, 2.33; N, 8.16; S, 9.33%, found C, 38.49; H, 2.31;
N, 8.10; S, 9.29%.

N1, N3-bis((4-iodophenyl)carbamothioyl)ben-
zene-1,3-tricarboxamide (3l)

4-lodoaniline (0.22 g, 1.0 mmol). (61.8 % yield) as a yellow
crystal, m.p: 230-232°C; v__ (KBr/cm™) 3043 (NH), 1533
(Ar-C), 1251 (C=S), 1153 (C-N), 1659 (C=0), 611 (C-I). 3,
(500 MHz, DMSO-d,) 8.51 (1H, s, Ar-H), 8.16 (2H, d, J=
7.65 Hz, Ar-H), 7.76 (5H, t, J= 16.05 Hz, Ar-H), 7.50 (4H,
d, /= 8.4 Hz, Ar-H), 12.45 (2H, s, 2x NH), 11.58 (2H, s, 2x
NH). 8¢ (125MHz, DMSO-d, ) 137.9 (Ar-H), 134 (Ar-H),
132 (Ar-H), 92 (C-I), 168 (C=S), 180 (C=0). Calculated for
C H NOSI:C,3848;H,2.33;N,8.16; S, 9.33%, found

227716 4727 272°

C, 38.41; H, 2.34; N, 8.10; S, 9.23%.

Antibacterial Screening

Turbidimetric kinetic method

The antibacterial activity of 3a-1 against E. coli ATCC 8739
was analysed by turbidimetric kinetic method. The inocu-
lums have been prepared by letting of E. coli to grow on nu-
trient-containing media Mueller-Hinton broth at 37°C with
permanent 18 h stirring at 200 rpm. The compounds were
tested with a concentration increase of 50 ppm, 80 ppm and
100 ppm. Transmittances (T) were obtained in spectropho-
tometers with UV-visibility A 100 mL of culture broth was
deposited with compound concentrations of 50, 80 and 100
ppm, inoculated with 0.99 mL of inoculum, and stirred with
200 rpm at 37°C. Negative control (DMSQO) was applied to
inoculums. For 6 h, aliquots were extracted per 1 h interval
and transmittances (T) reported at 560 nm wavelength in a
UV-Visible spectrophotometer. T values gained were extrap-
olated to cfu/mL (colony forming units/mL.).

Kirby-Bauer disc diffusion method

The synthesized compounds were screened for their antimi-
crobial activity via disc diffusion method against E. coli and
S. aureus. Ampicillin and DMSO were used as positive and
negative control respectively. All bacteria were grown in a
nutrient broth and incubated for 24 h at 37° C. The inoculum
was spread on the nutrient agar surface stored in sterilized
Petri dishes. Each of the sterilized disks (6 mm diameter)
was then impregnated with the test samples (10pL/disk) and
positioned on the agar media surface. All the agar plates
were incubated for 24 h at 37°C. The inhibition zone was
measured to assess the antimicrobial activity of the tested
sample and compared with Ampicillin.

Molecular Docking Study
The molecular docking study was done using Autodock Vina.
24 kDa Crystal Domain structure of E. coli DNA gyrase B

in a small molecule inhibitor complex (PDB entry: 4DUH)
was obtained from Protein Data Bank (http:/www.rcsb.org/
pdb/home/home.do). Grid size (X, y, z) was set to 25 x 25 x
25 and grid centre (x, y, z) was set to 33.5, 6.22, 7.65 for the
active site pocket.

RESULTS AND DISCUSSION

Figure 1 shows MIC for several 1,3 bis-thiourea derivatives
against E. coli. Table 1 depicts the inhibition zones of 3a-1 in
comparison with 4a-1.° Table 2 shows the molecular docking
affinity of 3g and 4g with the targeted receptor via Autodock
vina docking software. The binding visualizations of 3g and
4g are shown in Table 3.

Synthesis

Twelve new compounds 3a-1 have been successfully synthe-
sised from the reaction of intermediates isophthaloyl diiso-
thiocyanate 2a with subsequent amines bearing ortho, meta
and para halogen substituents to afford yield of 39-77 %.
The preparations of 3a-1 and 4a-1 are shown in Scheme 1.
The structural elucidation of 4a-1 corresponded to the previ-
ously reported literature with yields.’

The IR spectra illustrated the successful formation of 3a-1 by
the disappearance of v(NCS) at 2500-2000 cm™ and appear-
ance of v(NH) at 3180-3014 cm.!2 All other important func-
tional groups were also observed in the IR spectra. The peaks
at 1684-1658 cm! were attributed to v(C=0).!* The aromatic
group was expressed at 1535-1516 cm™ while peaks at 1262-
1221 cm™ were represented of v(C=S). The significant ab-
sorbance at 1193-1139 cm™! was attributed to v(C-N).”® The
peaks attributed for halogens were observed at region 1117-
605 cm! with the fluoro group.

The chemical structures of 3a-1 were further confirmed by 'H
and C NMR spectroscopy. The existence of thiourea moi-
eties in compounds 3a-1 was confirmed by the appearance
of two NH resonances at 6 12.59-11.61 ppm and the inte-
gral of these signals proved that they consist of two protons
which vital to show that 3a-1 were bis-substituted thiourea
compounds. CSNH signal was observed at & 11.87-11.61
ppm while CONH signal was observed at higher frequency
resonances at 8 12.59-12.42 ppm.!! The *C NMR spectrum
proved the formation of thiourea group by the presence of
thiol (C=S) resonances at 6 184-179 ppm. The C=0 signals
were resonated at & 172-166 ppm. The multiplet peaks at &
134-129 ppm were attributed as aromatic carbons in 3a-1.

Antibacterial Activities

The interaction of active NCS groups was evaluated via a
turbidimetric kinetic method against E. coli. The MIC values
of 3a-1 were determined by extrapolating the concentration
at the zero-growth rate of E. coli (u=0)."* Figure 1 shows
MIC for several synthesized compounds in a range of 200

[ ¢l
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to 400 ppm. Compound 3g showed the lowest MIC at 228
ppm. Compounds with MIC values less than 200 ppm are
suitable for pharmacological purposes as active antibacterial
agents.'’

The antibacterial activities of 3a-1 were further evaluated via
Kirby-Bauer disc diffusion method following the standard
procedure of the Clinical and Laboratories Standards Insti-
tute (CLSI) (CLSI, 2015) for a comparative study with the
previously reported 4a-1. Ampicillin was used as a positive
control and DMSO as a negative control. The diameter of the
inhibition zone of 3a-1 was recorded after incubation. Table
1 shows the inhibition zones of 1,3 bis-thiourea derivatives
3a-1 in comparison with the previously reported of 1,4 bis-
thiourea derivatives 4a-1.7

The presence of multi thiourea moieties with more reactive
binding sites of C=S, N-H and C=0 able to enhance the
biological activities®’ via formation of more binding inter-
actions.'® The presence of halogens is also another factor in
enhancing the biopotency, bioavailability and lipophilicity of
the compounds.!” Based on Table 1, the position of substitut-
ed thiourea play a significant role to form good binding inter-
action with the target receptor. In this study, 1,4 bis-thiourea
derivatives 4a-1 exhibited better antibacterial performance
against £. coli compared to 1,3 bis-thiourea derivatives 3a-1.
Lack of antibacterial activities of 3a-1 was been due to the
steric hindrance which caused less binding interaction with
receptors as compared to 4a-1.%1¢ The bulky aromatic groups
could also hinder the binding interaction between the active
site of the compounds and the bacteria receptor.'® Interest-
ingly, both 3g and 4g bearing bromine atoms substituted at
ortho position showed the highest inhibition zone compared
to other bis-thiourea molecules in their series. This could be
due to the strategic position of ortho-substituted halogen that
is favourable for a binding process with bacterial cell recep-
tors."”

Molecular Docking Study

The previous reported of 1,4 bis-thiourea derivative 4g
showed excellent antibacterial activity against E. coli.’ Only
1,3 bis-thiourea derivative 3g, in the series that showed sus-
ceptible inhibition against £. coli. To understand the struc-
ture-activity relationship of this two bis-thiourea, molecular
docking study was applied to compare the binding affinity of
3g with 4g against E. coli DNA gyrase B. The DNA gyrase
is an important enzyme for the formation of nucleic acids
and bacterial growth.” Binding energy measures the strength
of the interaction between a ligand to its biological target
receptor. The lower binding free energy could form stronger
and stable binding interaction®! with the target receptor. Ta-
ble 2 shows the molecular docking affinity of the selected
bis-thiourea derivatives with the targeted receptor via Auto-
dock vina docking software.

The molecular docking interaction of 1,4 bis-thiourea de-
rivative 4g produced strong binding energy of -6.7 kcal/mol
compared to 1,3 bis-thiourea derivative 3g with -6.4 kcal/
mol. The binding visualization of each ligand is analyzed and
shown in Table 3. A hydrogen bond is an important specific
interaction in biological processes between NH and C=0
group, (-OH) with C=0 and C-O groups, and hydrogen bonds
to aromatic heterocycles.?* These binding interactions pro-
vide specificity and stabilisation between the ligands and the
active site of enzymes.* The docking simulation only showed
one hydrogen bond interaction in 1,3 bis-thiourea derivative
3g (Green line) with GLY 101 residues via C=0 in thiourea
with the active site of the receptor. The aromatic group in
3g has also formed electrostatic interaction (orange line)
with HIS83 and hydrophobic interaction (purple line) with
GLY102, ALA100, VAL93, ALA90, ILE94 and PRO79.

On the other hand, 1,4 bis-thiourea derivative 4 g formed a
total of six hydrogen bond interactions (in green line). The
C=S group formed three hydrogen bonds interaction with the
pocket of HIS99, GLY 117 and ASP49.% Other H-bonds were
formed between NH with LYS103, C=0O with ASN46 and
aromatic group with VAL120. The electrostatic interaction
(orange line) has also formed in 4g via NH with GLU42 and
ASP49. The aromatic of 4g formed hydrophobic interaction
with VAL120 and ILE48, while sulphur interaction was also
observed between the C=S group with HIS99. Large numbers
of binding interactions between ligand 4g with the pocket of
the receptor have supported the relationship of the molecular
structure towards excellent biological activity against . coli.

CONCLUSION

A series of 1,3- and 1,4-bis thiourea derivatives 3a-1 and 4a-1
were successfully synthesised and evaluated against Gram-
negative E. coli. Bromine at the ortho-position of 1,3- and
1,4-bis thiourea demonstrated susceptible inhibition against
E. coli. The structural activity relationship of 3g and 4g
was comparatively evaluated via molecular docking studies
against E. coli DNA replication protein that supporting the
differences in antibacterial performance of both compounds.
The study could be beneficial in the drugs design process
for new drugs with potential antimicrobial-resistant in fewer
times and highly economical.
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Table 1: Inhibition zone (mm) of 3a-1 and 4a-1 against E. coli

1,3 Bis-Thiourea Derivatives Inhibition zone (mm) 1,4 Bis-Thiourea Derivatives Inhibition zone (mm)
3a - 4a -
3b - 4b -
3C - 4C -
3d - 4d 17
3e - 4e 10
3f - 4f -
38 7 48 18
3h - 4h 8
3i - 4i 10
3) - 4j -
3k - 4k -
3l - 41 1
Ampicillin 12-16 Ampicillin 16

Table 2: Docking energy results of 3g and 4g

Electrostatic Hydrophobic Sulphur
38 -6.4 1 1 5 -
48 -6.7 6 2 2 1

Table 3: Binding interaction visualization

Bis-Thiourea Compound Docking Image
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Scheme 1: Synthetic pathway of compounds of 3a-l and 4a-I
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Figure 1: MIC of 1,3 bis-thiourea derivatives against E. coli.
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