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a b s t r a c t

N1,N4-Bis{(2-hydroxyethyl)(methyl)carbamothioyl}terephthalamide (1A) was synthesized by reacting
terephthaloyl chloride and ammonium thiocyanate and the product was reacted with 2-Methyl amino
ethanol to afford the final product. The product was characterized by Infra Red, Nuclear Magnetic
Resonance and Electrospray Ionization mass Spectrometric techniques. The crystal was obtained by
recrystallization from DMSO by slow evaporation technique. The X-ray studies reveal that (1A) is crys-
tallized in monoclinic system with space group P 21/n, a¼ 6.9727(9), b¼ 17.649(2), c¼ 8.2629(11),
a¼ 90, b¼ 112.329(4), g¼ 90. Z¼ 2 and V¼ 940.6(2). In the crystal structure, the molecules are linked by
O(1) … H(1) … S(1), and O(1) … H(1) … O(2) intermolecular H-bonds forming a 3-D network. In
addition, the antibacterial activities against four different strains of bacteria and theoretical evaluation
for the stable geometries for (1A) has been performed using semi-empirical calculations of PM3 method.

© 2018 Elsevier B.V. All rights reserved.
1. Introduction

Thiourea is an emerging class of organic compounds, first syn-
thesized by Nencki in 1873 [1]. Thiourea is the analogue compound
to urea with replacement of oxygen atom in urea by sulfur atom.
They are extremely versatile building blocks composed basically of
C, S, N and H atoms. Thiourea linkage (eHNeCSeNHe) attributes
chemical reactivity and biological properties to this class of com-
pounds, resulting in an assortment of organometallic complexes
and a wide spectrum of biological activities. Thiourea derivatives
demonstrate an extensive employments in the field of pharmacy,
aggro-science, and analytical chemistry. They demonstrate a wide
range of biological activities, for example, antiviral [2,3], anti-
bacterial [4], fungicidal [5e7], analgesic, herbicidal [8,9], plant
growth regulator [10], anti-aggregant [11], anti-arrhythmic sedate
[12], local anesthesia [13], and anti-hyperlipidemic activity [14].
Hasbullah), mehdi_shihab@
Some thiourea compounds show anticancer activities and show
significant inhibition towards HIV reverse transcriptase [15].

Derivatives of bis-thiourea, comprised of two thiourea moieties,
so their activities attributable to thiourea functionality demon-
strate impressive enhancement [16,17]. Some of the Bis-thiourea
derivatives display antitumor activities and found to exhibit cyto-
toxic inhibition towards various malignant growths [18].

In general, aromatic derivatives of thiourea are quite stable. The
aromatic nuclei alongside thiourea fragment are coplanar and
impart rigidity to the auxiliary structure. They additionally possess
many sites for the substitution of many functional groups [19]. The
CeO and CeN bond lengths of 1.26 (1) and 1.33 (1) Å [20,21] in urea,
as well as the complete planarity of this molecule, including
hydrogen, indicate a delocalized pmolecular orbital involving all of
the non-hydrogen atoms. For reference, the CeN bond in s-triazine
[22] found to be 1.338 (1) Å and a normal CeN single bondwould be
1.47 Å [23]. Thiourea compound in this study has CeS and CeN
bond lengths of 1.659 (19) and 1.362 (3) Å, respectively. The paucity
of data on CeS multiple bonds does not allow a quantitative
assessment of multiple bonding in thiourea, but 1.659 Å is consid-
erably shorter than the 1.81 Å expected from single-bond radii [23].
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The 1.36Å CeN distances in both urea and thiourea compared with
s-triazine indicate significant multiple CeN bonding in both of
these molecules [24].

In the current study, symmetrical bis-thiourea derivative (1 A)
was successfully synthesized from terephthaloyl chloride, which
was used as a spacer and held the central position of the molecule,
while, 2-methyl amino ethanol was incorporated as a side chain
linker (Scheme 1). The synthesized derivative was characterized by
FTIR, 1HNMR, 13CNMR, ESI-MS, CHNS Elemental analysis and X-ray
crystallographic techniques. The antibacterial activity of Bis-
thiourea derivative 1A was examined in vitro against bacteria
Lysinibacillus sp. Gb01, Vibrio owensii Gb04, Vibrio owensii SS1,
Vibrio alginolyticus SS17 by using the agar diffusion technique at
37 �C. The stable geometry of the compound was confirmed using
PM3 method.

2. Experimental

2.1. Materials and measurements

Most of the chemicals used in this study were purchased from
Sigma-Aldrich (St Louis, MO, USA) and Acros Organics (Geel,
Belgium) and utilized as received. Solvents were further purified by
distillation. The micro-elemental analysis for CHNS was performed
on a Carlo Erba 1108 Elemental Analyzer (Milan, Italy). The infrared
spectra (FTIR) of the products (KBr pellets) were recorded using a
Perkin Elmer Spectrum GX spectrophotometer (Perkin Elmer,
Waltham, MA, USA) in the range of 400 ~ 4000 cm�1. NMR (1H and
13C) experiments were performed on a Bruker 400MHz instrument
utilizing DMSO-d6 as a solvent. Single-crystal X-ray investigations
were performed on a Bruker D-QUEST diffractometer (Bruker, AXS
Inc., Madison, WI, USA) with graphite monochromated Mo-Ka ra-
diation (l¼ 0.71073 Å). Measurements of the intensity data were
recorded at room temperature by u-scan. Precise cell parameters
and orientation matrix were ascertained by the full-matrix least
squares fit of 25 reflections. Intensity data were gathered for Lor-
entz and polarization effects. The empirical absorption amendment
was completed utilizing multi-scan. The structure was solved by a
direct method and least squares refinement of the structure was
performed by the SHELXL-2007 program [25].

2.2. General procedure for the synthesis of 1A

Terephthaloyl chloride (0.003mol, 0.609 g), was dissolved in dry
acetone (20ml). A solution of Ammonium thiocyanate (0.006mol,
0.456 g), antecedently dried (80 �C, 2 h), in dry Acetone (15ml), was
prepared. To the stirring solution of Terephthaloyl chloride,
Ammonium thiocyanate was added slowly over a time period of
30min, then reaction mixture was stirred at room temperature for
an additional hour. White precipitates of Ammonium ammonium
chloride was filtered off. 2-Methyl amino ethanol (0.006mol,
0.450 g), in dry acetone (15ml) was added to the filtrate containing
Terephthaloyl isothiocyanate intermediate. The reaction mixture
was then refluxed for 10 h. Excess of crushed ice was added to the
Scheme 1. Synthesis o
flask, Bis-thiourea analogue was collected as precipitates in good
yield, 91.8% (Scheme 1). Precipitates were washed several times
with water and dried in desiccator over Calcium sulfate. The
product was further purified by flash chromatography using dry
Acetone. Purified compound was recrystallized from
Ethanol þ DMSO, yellow colored crystals were obtained.

(0.784 g, 91.8%) as yellow solid, mp: 203e204 �C, [Found: C,
48.89; H, 5.71; N, 13.91; S, 15.83%. C16H22N4O4S2 requires C, 48.22;
H, 5.56; N, 14.06; S, 16.09%]; nmax (KBr/cm�1) 3366 (NeH), 3197 (C-
Harom), 3024 (C-Haliph), 1678 (C]O), 1551 (CeN), 1536 (AreC), 995
(C]S), (S1); dH (400MHz, DMSO-d6), 3.22 (6H, s, 2� CH3), 3.78
(4H, t, J¼ 5.6 Hz, 2� CH2eO), 3.98 (4H, t, J¼ 5.6 Hz, 2� CH2eN),
4.97 (2H, s, 2�OH), 8.00 (4H, s, AreH),10.97 (2H, s, 2�NH) (S2). dC
(150MHz, DMSO-d6) 41.8 (CH3), 57.8 (CH2), 59.1 (CH2), 128.0
(Carom), 128.8 (Carom), 164.1 (C]O), 181.0 (C]S), (S3); Expected
Mþ¼ 398.1; MS (EI): (m/z) ¼ 421.1 [MþNa]þ.
2.3. Theoretical method

The total energy calculation and the corresponding structure
optimization for the most stable geometry was based on the semi-
empirical molecular quantum calculations within the PM3 method
[26] and molecular mechanics within MM þ method as imple-
mented in Hyperchem package version 7.52 [27]. No frozen core
approximation used throughout the calculations. All calculations
carried out in the gas phase at 25 �C.
3. Results and discussions

3.1. Theoretical computational studies

The stable geometry of the compound was confirmed using the
PM3 method that implemented in Hyperchem package (Fig. 1).
Clearly, the intra H-bonding could be achieved between the
hydrogen atom of N and the oxygen atom in both sides of the
molecule which is in confirmation to ORTEP diagram in this study
(Fig. 4). The total energy (�427280.0 kJ/mol) of the molecular
modelling systemwas calculated after the geometry is fully relaxed.
A non-flat conformation was the most stable geometry for the
prepared compound due to the minimum angle and torsional
strains.

(Fig. 2) shows the electrostatic potential energy maps of the
molecular modeling system. It illustrates the charge distributions of
three dimensional molecules. These maps assist in visualization of
the variable charged regions of the molecule. The variation in dis-
tribution of electronic density in the molecule leads to have a
dielectric constant (3.43 D).

There is a difference in the distribution of electronic density and
energy levels (HOMO¼�8.8897 eV and LUMO¼�1.4047 eV). Such
difference could lead to the interaction with other reactive sites.
The frontier molecular orbitals related to the electronic transition
between molecular orbitals HOMO/LUMO is shown in (Fig. 3).
f Bis-thiourea 1 A.



Fig. 1. Conformation structure for 1A using PM3 method. H-bonding length on both sides is 182 pm.

Fig. 2. Electrostatic potential maps for 1A using PM3 method.
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3.2. X-ray crystallography

The CCDC No. of the deposited structure is 1542140. The isomer
1B crystallized in monoclinic system with space group P 21/n,
a¼ 6.9727 (9), b¼ 17.649 (2), c¼ 8.2629 (11), a¼ 90, b¼ 112.329
(4), g¼ 90. Z¼ 2 and V¼ 940.6 (2). The given crystal state and
refinement parameters are given in Table 1.

The molecule adopt cis-trans configuration with respect to the
position of the 2-methyl amino ethanol group relative to the O(2)
atom across the C(5)eN(2) bonds (Fig. 4). shows the molecular
structure of the molecule with numbering scheme.

The benzene ring is essentially planar with maximum deviation
of 0.002 Å. The thiourea moiety along with benzoyl ring O(2)-C(5)-
N(2) makes a dihedral angle of 125.43(18)�, with methyl group
C(3)-N(1)-C(4) 119.76(18)�, and ethanol moiety C(2)-N(1)-C(4)
124.40(16)�. The bond lengths and angles in the molecule is in
normal ranges (Table 2).

In the molecule there is only one intra molecular H-bond, N(2)
… H(2c)… O(1) could be seen (Table 3). In the crystal structure, the
molecules are linked by O(1) … H(1) … S(1), and O(1) … H(1) …
O(2) intermolecular H-bonds forming a 3-D network (Fig. 5).
Complete details of crystal data can be seen in Tables S1eS7.

3.3. IR vibrational spectra

The IR stretching frequencies of 1A was in accordance with the
vibrational frequencies of the functional groups as found in the
literature [28,29]. The disappearance of v(NCS) vibrations of iso-
thiocyanate moiety at 2000-2500 cm�1 and the emergence of new
vibrational frequency at 3366 cm�1 which is attributed to v(NH) is a
strong evidence of thiourea formation. The n(OeH) stretching fre-
quencies of the hydroxyl group overlapped by (NeH) stretching
peak hence a relatively broad peak is observed. The n(CeH)
stretching vibrations for sp2 carbon of aromatic ring was observed
at 3197 cm�1 [30] whereas, the n(CeH) stretching vibrations for sp3

mode of the alkyl chain was observed at 3024 cm�1 [31]. The
lineament frequency of n(C]O) was observed 1678 cm�1 [32]. The
n(CeN) and n(C¼Caromatic) vibrational frequencies were observed at
1551 and 1536 cm�1. The n(C]S) vibrational frequency was
observed at 995 cm�1. The lowering in the vibrational frequency of



Fig. 3. The frontier molecular orbital density distributions for 1A using PM3 level.

Fig. 4. ORTEP diagram of the N1,N4-bis{(2-hydroxyethyl)(methyl)carbamothioyl}terephthalamide (1 A) was drawn at 50% probability displacement ellipsoids. The dashed line
indicates the intramolecular H-bond.
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(C]S) bond was due to mesomeric electron releasing nitrogen
bonded to thiocarbonyl group (NeC]S) as in the case of thioureas
and also due to the presence of intramolecular hydrogen bond
between the hydrogen atom of thioamide group HeNeC]S and



Table 1
Crystal data and structure refinement for 1 A.

CCDC. deposition number 1542140
Empirical formula C16 H22 N4 O4 S2
Formula weight 398.49
Temperature 305(2) K
Wavelength 0.71073 Å
Crystal system Monoclinic
Space group P21/n
Unit cell dimensions a¼ 6.9727(9) Å a¼ 90� .

b¼ 17.649(2) Å b¼ 112.329(4)� .
c¼ 8.2629(11) Å g¼ 90� .

Volume 940.6(2) Å3

Z 2
Density (calculated) 1.407 Mg/m3

Absorption coefficient 0.313 mm�1

F(000) 420
Crystal size 0.500� 0.200� 0.160 mm3

Theta range for data collection 2.904e28.485� .
Index ranges �9� h<¼8, �23� k<¼23, �10� l<¼11
Reflections collected 18603
Independent reflections 2365 [R(int)¼ 0.0580]
Completeness to theta¼ 25.242� 99.9%
Refinement method Full-matrix least-squares on F2

Data/restraints/parameters 2365/1/124
Goodness-of-fit on F2 1.054
Final R indices [I> 2sigma(I)] R1¼ 0.0478, wR2¼ 0.1189
R indices (all data) R1¼ 0.0797, wR2¼ 0.1345
Extinction coefficient n/a
Largest diff. peak and hole 0.288 and �0.289 e.Å�3

Table 2
Bond lengths [Å] and angles [�] for 1 A.

Bond Lengths (Å) Bond Angles (�)

S(1)eC(4) 1.6591(19) C(1)eO(1)eH(1) 109.5
O(1)eC(1) 1.412(3) C(4)eN(1)eC(3) 119.76(18)
O(1)eH(1) 0.82 C(4)eN(1)eC(2) 124.40(16)
O(2)eC(5) 1.213(2) C(3)eN(1)eC(2) 115.84(17)
N(1)eC(4) 1.337(3) C(5)eN(2)eC(4) 127.88(16)
N(1)eC(3) 1.468(3) C(5)eN(2)eH(2C) 116.9(16)
N(1)eC(2) 1.468(3) C(4)eN(2)eH(2C) 115.0(16)
N(2)eC(5) 1.362(3) O(1)eC(1)eC(2) 108.39(17)
N(2)eC(4) 1.402(2) O(1)eC(1)eH(1A) 110
N(2)eH(2C) 0.852(10) C(2)eC(1)eH(1A) 110
C(1)eC(2) 1.511(3) O(1)eC(1)eH(1B) 110
C(1)eH(1A) 0.97 C(2)eC(1)eH(1B) 110
C(1)eH(1B) 0.97 H(1A)eC(1)eH(1B) 108.4
C(2)eH(2A) 0.97 N(1)eC(2)eC(1) 114.55(17)
C(2)eH(2B) 0.97 N(1)eC(2)eH(2A) 108.6
C(3)eH(3A) 0.96 C(1)eC(2)eH(2A) 108.6
C(3)eH(3B) 0.96 N(1)eC(2)eH(2B) 108.6
C(3)eH(3C) 0.96 C(1)eC(2)eH(2B) 108.6
C(5)eC(6) 1.500(3) H(2A)eC(2)eH(2B) 107.6
C(6)eC(8) 1.389(3) N(1)eC(3)eH(3A) 109.5
C(6)eC(7) 1.390(3) N(1)eC(3)eH(3B) 109.5
C(7)eC(8)#1 1.379(3) H(3A)eC(3)eH(3B) 109.5
C(7)eH(7) 0.93 N(1)eC(3)eH(3C) 109.5
C(8)eC(7)#1 1.379(3) H(3A)eC(3)eH(3C) 109.5
C(8)eH(8) 0.93 H(3B)eC(3)eH(3C) 109.5

N(1)eC(4)eN(2) 113.35(16)
N(1)eC(4)eS(1) 124.07(14)
N(2)eC(4)eS(1) 122.47(15)
O(2)eC(5)eN(2) 125.43(18)
O(2)eC(5)eC(6) 120.99(18)
N(2)eC(5)eC(6) 113.49(16)
C(8)eC(6)eC(7) 119.08(17)
C(8)eC(6)eC(5) 117.97(16)
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the oxygen atom of carbonyl group. This lowering of C]S stretch-
ing frequency is also due to acquiring partial polar character
[33,34].
C(7)eC(6)eC(5) 122.94(17)
C(8)#1eC(7)eC(6) 120.10(18)
C(8)#1eC(7)eH(7) 119.9
C(6)eC(7)eH(7) 119.9
C(7)#1eC(8)eC(6) 120.82(17)
C(7)#1eC(8)eH(8) 119.6
C(6)eC(8)eH(8) 119.6

Symmetry transformations used to generate equivalent atoms: #1 -x,-y,-z.
3.4. 1H NMR and 13C NMR spectroscopy

Further 1A was characterized and confirmed by 1H, and 13C
NMR. Bis-thiourea 1A was found to have a plane of symmetry, so
one half of the compound was exactly similar to the other half
which can be clearly seen in the integration values (S1). The proton
chemical shifts of the amide functionality appeared as singlet at
d 10.97 ppm. The downfield signal of amide protons are due to the
formation of H-bonding between the amino proton and the oxy-
gen/sulfur atoms of carbonyl/thiocarbonyl group and also due to
anisotropic effect [35]. All aromatic protons were identical and
appeared as a singlet at d 8.00 ppm. The hydroxyl proton appeared
as broad peak at d 4.97 ppm. The methylene (CH2) protons of
ethanol functionality were found as triplet at d 3.78 ppm for
(CH2eO) and 3.98 ppm for (CH2eN). Whereas, the methyl (CH3)
protons were observed as singlet at d 3.22 ppm. These alkyl protons
were observed downfield due to deshielding effect of electronwith
drawing amino group and hydroxyl groups.

The 13C NMR spectrum showed all the chemical shifts as re-
ported in the literature [36]. The carbon chemical shifts of C]S, and
C]O were found at d 181.0 and 164.1 ppm. The aromatic carbons
were observed at d128.8 and 128.0 ppm. The chemical shifts of two
(CH2) groups were observed at d 59.1 and 57.8 ppm, respectively.
Whereas the signal for methyl carbon at d 41.8 ppm.
Table 3
Hydrogen bonds for compound 1 A [(Å) and (�)].

D-H … A d(D-H) d(H … A) d(D … A) <(DHA)

O(1)eH(1) … S(1) 0.82 2.84 3.4532(5) 133
O(1)eH(1) … O(2) 0.82 2.08 2.8183(4) 149
N(2)-H(2c) … O(1) 0.86 1.93 2.7524(4) 159
3.5. Elemental analysis and ESI-Mass spectroscopy

The CHNS analysis was found in close accordance with the
theoretical values.

The ESI-MS spectrum showed pseudo sodium molecular ion
peak at m/z 421.1, which is in accordance with the expected mo-
lecular ion peak value.
3.6. Anti-bacterial studies

The antibacterial activity of bis-thiourea derivative 1A was
examined in vitroat concentrations of 50mg/ml, 25mg/ml,12.5mg/
ml, 6.25mg/ml and 3.125mg/ml against bacteria Lysinibacillus sp.
Gb01, Vibrio owensii Gb04, Vibrio owensii SS1, Vibrio alginolyticus
SS17 by using agar diffusion technique at 37 �C [37,38]. The results
of bacterial growth inhibition at 5 different concentrations is
shown in (Fig. 6).

The various effects of the newly synthesized compound 1A at
different concentrations can be expressed by their minimum
inhibitory concentration (MIC). The MIC value was determined by
extrapolating the concentration at the zero growth rate of different
bacteria [39] MIC values of 1A against different bacteria is shown in
Table 4.

The presence of C]S, C]O, and NeH functional groups in
thiourea derivatives are reported to give good antibacterial activity



Fig. 5. Molecular packing viewed down the axis a. Dashed lines denote CeH/O,
OeH/O and NeH/O hydrogen bonds.

Fig. 6. Anti-bacterial activities of 1 A against different bacteria.
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as they react with carboxyl and phosphategroups of the bacterial
surface [40]. Derivative 1A, however, showed no excellent biolog-
ical activity against various bacteria. It is evident from the structure
of bis-thiourea derivative (1 A) that the thiourea moiety is not
planar because of intermolecular attractions (Fig. 1) hence offering
steric hindrance. The occurrence of steric hindrance creates a force
that obstructs the contact between active sites in the compound
Table 4
Minimum inhibition concentration (MIC) of compound 1 A.

Bacteria Lysinibacillus
sp. Gb01

Vibrio owensii
Gb04

Vibrio
owensii SS1

Vibrio
alginolyticus SS17

MIC
(mg/ml)

0.74 0.70 0.85 0.50
with receptor site of the bacteria [16].
The pictures of the bacterial culture showing inhibition can be

seen in S4eS7.

4. Conclusion

New bis-thiourea derivative (1A) with secondary amine has
been successfully synthesized and fully characterized by using
micro elemental analysis, IR, 1H and 13C NMR spectroscopic tech-
niques. The molecular structure of the compound was determined
using X-ray crystallography technique. The total energy calculation
and the corresponding structure optimization for the most stable
geometry of the synthesized derivative was performed by PM3
method and molecular mechanics within MM þ method as
implemented in Hyperchem package. The antibacterial results of
the synthesized derivative showed weak antibacterial activities.
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