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Abstract: In the search for potent bioactive compounds, a
series of tetrahydro-2H-1,3,5-thiadiazine-2-thiones (1–13)
were synthesized in good yield and characterized by
means of 1H NMR, 13C NMR, and mass spectral data.
The anticancer activity of the compounds was evaluated
against HeLa cell line and anti-inflammatory potential

via nitric oxide (NO) inhibition. Among the screened
compounds, 2-(5-(3-methoxypropyl)-6-thioxo-1,3,5-thia-
diazinan-3-yl) propionic acid (3), 2-(5-cyclopropyl-
6-thioxo-1,3,5-thiadiazinan-3-yl) propionic acid (5),
2-(5-cyclopropyl)-6-thioxo-1,3,5-thiadiazinan-3-yl) acetic
acid (6), and 2-(5-butyl-6-thioxo-1,3,5-thiadiazinan-3-yl)
acetic acid (9)were the most potent against HeLa cell line
with IC50 values <4 µM, whereas the rest of the series
exhibited moderate-to-good activities. All the compounds
were potent NO inhibitors with IC50 values ranging from
<0.4 to 14.9 µM. Docking studies, binding orientations,
and interaction plots showed strong interaction of the
studied compounds with the inducible NO synthase
enzyme via strong hydrogen bonds and hydrophobic
interactions, which authenticate the in vitro results.
These newly synthesized compounds could lead to the
discovery of anticancer drugs.

Keywords: thiadiazine thione, inducible nitric oxide synthase,
HeLa cell line, docking studies

1 Introduction

The recent call of World Health Organization for the elim-
ination of cervical cancer as a global health concern
prompted medicinal chemists to search and develop
potent molecules for treating cancer [1]. Cervical cancer
is the fourth most common cancer in women, and the
leading cause of death in low-resource countries [2].
According to recent research in chemotherapy, there is
a pressing need for more compelling anticancer media-
tors since the effectiveness of chemotherapy is limited
by tumor cells’ heterogeneity and drug resistance [3,4].
Nitric oxide (NO) is a liposoluble molecule, endogenously
produced in the mammalian body during the metabolism
of L-arginine to L-citrulline by the action of nitric oxide
synthases (NOS) [5]. NO is a versatile intra- and intercellular
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messenger controlling diverse pathophysiological mechan-
isms in circulatory, neurological, and immune systems [6].
Despite biological mediators, NO, as an oxygen free radical,
is cytotoxic in pathological processes, mainly in inflamma-
tory ailments [7]. Furthermore, inflammation should be
regulated because of its direct impact on chronic conditions,
such as cancer, cardiovascular, and immunological dis-
eases [8]. Thus, inflammatory diseases can be treated by
NO inhibition [9].

Currently, NO is recognized as one of the most impor-
tant molecules affecting the growth, development, and
treatment of cancer. In tumor biology, NO has both posi-
tive and negative effects, as it has been associated with
both endorsing and inhibiting cancer. Research findings
indicated that the dual responses of NO toward cancer are
due to its concentration-dependent ability in develop-
ment, migration, incursion, persistence, and metastasis
of tumor [10]. The exact molecular mechanism of NO
involvement in cancer is not fully understood so far; how-
ever, studies found a significantly higher levels of NO in
cervical cancer patients [11]. In addition, cervixes of
women having cervical intraepithelial neoplasia were
found with elevated levels of NO as well as NO-mediated
mutagenesis [12]. These studies concluded mutagenic
and carcinogenic activities of NO in cervical cancer.

Synthesis of novel molecules possessing pharmaco-
phore moiety that resembles known biologically active
compounds provides a leading approach toward the devel-
opment of highly active agents. Among anticancer agents,
dithiocarbamates [13–17] and isothiocyanate [18–24] gained
great attention as promising anticancer candidates. In addi-
tion, tetrahydro-(2H)-1,3,5-thiadiazine-2-thione nucleus has
been reported to exhibit anticancer [25–29], antileishmanial
[30], antibacterial [31], trypanocidal [32], antimalarial [33],
antifungal [34], herbicidal [35], antitubercular [36], antiepi-
leptic [37], and antioxidant [38] activities. These activities
were attributed to the formation of isothiocyanate and
dithiocarbamic acid upon hydrolysis of this nucleus in bio-
logical systems [29,39].

On the basis of the previous discussion, the aim
of the present work was to synthesize 3,5-disubstituted
thiadiazine-2-thiones as potential anticancer agents. The
anticancer activity of the synthesized compounds will be
evaluated against human cervical cancer HeLa cell line.
Previously, the anticancer activity of cyclopentyl, cyclo-
hexyl, and furfuryl N-3 substituted and bis-disubstituted
thiadiazine-2-thiones has been tested against HT-29 (Human
colorectal adenocarcinoma), A549 (lung carcinoma), Hep3B
(hepatocellular carcinoma), HepG2 (hepatocellular carci-
noma), U-87MG (Brain (glioblastoma astrocytoma), normal
cell line (fibroblast F180) [25], K562 (leukaemia cells), MCF12

(normal cells) [26], MCF-12A (normal breast cell line), MCF-7
and MDA-MB-468 (breast cancer cell line) [27], Hep G2
(human hepatoma), HT-29 (human colon carcinoma), and
HeLa (human cervical carcinoma) [28,29]. These studies
showed moderate-to-good activity of the tested derivatives
of tetrahydro-2H-1,3,5-thiadiazine-2-thione. We, therefore,
sought to synthesize more functionalized tetrahydro-2H-
1,3,5-thiadiazine-2-thiones, which could be more potent
than previously reported ones. Despite the wealth of
literature that dealt with the biological properties of
1,3,5-thiadiazine-2-thione moiety, no anti-inflammatory
activity has been assessed for this nucleus. Hence, this
study deals with the anticancer and NO inhibitory
potential along with the docking studies of the titled
compounds to appraise the functional modification on
the 1,3,5-thiadiazine-2-thione nucleus for the said activities.

2 Materials and methods

2.1 Chemistry

All chemicals and reagents were obtained from commercial
suppliers and used as received without further purification.
Reactions were monitored by thin-layer chromatography,
achieved on silica gel plates (60 F-254); these plates were
visualized under UV light. Melting points were determined
using a Gallen Kamp melting point apparatus and are
uncorrected. Dimethyl sulfoxide (DMSO), chloroform
(CDCl3), and methanol (CD3OD) were used as solvents
for NMR Spectra. 1H and 13C NMR spectra were recorded
on Bruker AVNeo-NMR Spectrometers and using TMS as an
internal standard. Chemical shifts are expressed in δ units,
whereas coupling constants (J-values) are given in Hertz.
Mass spectra were acquired on JEOLMS Route and Finnigan
LTQ FTMS (ESI) spectrometer.

2.2 General procedure for synthesis of
3,5-disubstituted tetrahydrothiadiazine-
2-thiones (1–13)

Compounds 1–13 were prepared by adding selected
alkyl/cycloalkyl/aryl amine (20mmol) to a 20% KOH aqu-
eous solution followed by adding CS2 dropwise (20mmol)
at 30°C with stirring. After 4 h, 37% formaldehyde solution
(40mmol)was added and stirred for 1 h continuously, and
the reaction mixture was then filtered and added, drop-
wise, to a suspension of amino acid or primary amines
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(20mmol) in a 7.8 pH phosphate buffer and stirred for 1 h
(Scheme 1). The mixture was then filtered and refrigerated
for 1 h. The ice-chilled reaction mixture was acidified with
hydrochloric acid up to pH 2.0 at 0–5°C. The precipitate
formed was thoroughly washed with water followed by n-
hexane and then dried. The desired product was recrystal-
lized from ethanol to afford pure compounds 1–13. Using
this general procedure, the following compounds were
synthesized.

2.2.1 2-(5-butyl-6-thioxo-1,3,5-thiadiazinan-3-yl)-4-
methylpentanoic acid (1)

Compound 1, acquired by n-butyl amine and L-leucine,
was obtained as white solid recrystallized from ethanol.
Yield: 76%, mp: 92–94°C. 1H NMR (600MHz, DMSO-d6):
δ 0.89 (t, 9H, J = 6.4, CH3), 1.25–1.31 (m, 2H, CH3CH2CH2),
1.50–1.63 (m, 5H, CH2CH2CH2, CH3CHCH3, CHCH2CH),
3.50–3.53 and 3.79–3.98 (m, 2H, NCH2CH2,), 4.45–4.64
(m, 4H, NCH2NCH2S), 13C NMR (150 MHz, DMSO-d6):
δ 13.87 (CH3CH2), 19.69 (CH3CH2), 21.93, 23.43 (CH3CHCH3),
24.96 (CH3CHCH3), 28.37 (CH2CH2CH2), 38.67 (CHCH2CH),
51.48 (NCH2), 55.75 (C-6), 60.77 (NCH), 67.61 (C-4), 173.46
(CO), 190.58 (CS). MS (70 eV): m/z (%): m/z (%) = 304.2
(4.5) [M]+, 256.2 (11) [M–146]+, 140.0 (100) [M–200]+, 115.1
(100) [M–289]+.

2.2.2 2-(5-butyl-6-thioxo-1,3,5-thiadiazinan-3-yl)
butanoic acid (2)

Compound 2 was obtained from n-butyl amine and DL-2-
aminobutyric acid as a white solid recrystallized from
ethanol. Yield: 72%, mp: 93–95°C (600MHz, DMSO-d6):

δ 0.84–0.91 (m, 6H, CH3CH2, CH3CH2), 1.23–1, mp: 32 (m,
2H, CH3CH2CH2), 1.50–1.61 (m, 2H, CH2CH2CH2) 1.70–1.84
(m CH3CH2CH), 3.40–3.43 (m 1H, NCH), 3.69–3.76 and
4.02–4.09 (m, 2H, NCH2CH2,), 4.44–4.51 (m, 2H, NCH2S),
4.59–4.64 (m, 2H NCH2N), 13C NMR (150MHz, DMSO-d6):
δ 9.28 (CH3CH2CH), 13.57 (CH3CH2CH2), 19.36 (CH3CH2CH2),
22.31 (CHCH2CH), 28.00 (CH2CH2CH2), 51.10 (NCH2), 55.45
(C-6), 61.74 (NCH), 67.44 (C-4), 172.50 (CO), 190.39 (CS).
MS (70 eV): m/z (%) = 276.2 (10) [M]+, 246.2 (25) [M–30]+,
128.0 (45) [M–148]+, 115.0 (100) [M–161]+.

2.2.3 2-(5-(3-methoxypropyl)-6-thioxo-1,3,5-
thiadiazinan-3-yl) propionic acid (3)

Compound 3 was synthesized from 3-methoxyropyl amine
and β-alanine and obtained as a white solid. Yield: 72%,
mp: 98–100°C. 1H NMR (400MHz, MeOD): δ 1.96–2.02 (m,
2H, CH2CH2CH2), 2.58 (t, 2H, J = 8, NCH2CH2), 3.10 (t, 2H,
J = 8, CH2CH2COOH), 3.34 (s, 3H, CH3O), 3.47 (t, 3H, J = 8,
OCH2CH2), 4.07 (t, 2H, J = 8, NCH2CH2), 4.49 (s, 2H,
NCH2S), 4.50 (s, 2H, NCH2N). 13C NMR (100MHz, MeOD):
δ 28.10 (CH2CH2CH2), 34.26 (CH2COOH), 47.63 (NCH), 51.10
(NCH2), 59.04 (CH3O), 59.14 (C-6), 71.22 (OCH2), 71.82 (C-4),
175.90 (CO), 193.72 (CS). High-resolution mass spectro-
metry (HRMS) (ESI) m/z: calculated for C10H19N2O3S2
[M+H]+ 279.08371; found 279.08344.

2.2.4 2-(5-(3-methoxypropyl)-6-thioxo-1,3,5-
thiadiazinan-3-yl) acetic acid (4)

Compound 4 was acquired by 3-methoxyropyl amine and
glycine. Product obtained as white solid. Yield: 71%, mp:
101–103°C. 1H NMR (400MHz, DMSO-d6): δ 1.79–1.86
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Scheme 1: General scheme for the synthesis of the title compounds.
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(m, 2H, CH2CH2CH2), 3.22 (s, 2H, NCH2COOH) 3.34 (t, 2H,
J = 8, NCH2CH2), 3.53 (s, 3H, CH3O), 3.93 (t, 3H, J = 8,
OCH2CH2), 4.51 (s, 2H, NCH2S), 4.52 (s, 2H, NCH2N). 13C NMR
(100MHz, DMSO-d6): δ 35.63 (CH2CH2CH2), 58.50 (NCH), 60.16
(NCH2), 67.31 (CH3O), 67.48 (C-6), 78.77 (OCH2), 79.24 (C-4),
180.04 (CO), 199.69 (CS). HRMS (ESI) m/z: calculated for
C9H17N2O3S2 [M+H]+ 265.06806; found 265.06744.

2.2.5 2-(5-cyclopropyl-6-thioxo-1,3,5-thiadiazinan-3-yl)
propionic acid (5)

Compound 5 was acquired by cyclopropyl amine and DL-
α-alanine. Product obtained as white solid. Yield: 69%,
mp: 123–124°C. 1H NMR (400MHz, DMSO-d6): δ 0.78–0.90
(m, 4H, cyclopropyl ring protons), 2.50 (m, 3H, CH3CH),
2.88 (t, 1H, J = 8, CH3CH), 3.07–3.13 (m, 1H, NCH), 4.40 (s,
2H, NCH2S), 4.41 (s, 2H, NCH2N), 12.22 (s, COOH). 13C NMR
(100MHz, DMSO-d6): δ 7.66 (cyclopropyl ring carbons),
32.29 (CH3CH), 35.06 (NCH), 45.14 (C-6) 56.19 (NCH),
70.22 (C-4), 172.65 (CO), 192.84 (CS). HRMS (ESI) m/z:
calculated for C9H15N2O2S2 [M+H]+ 247.05749; found
247.05711.

2.2.6 2-(5-cyclopropyl)-6-thioxo-1,3,5-thiadiazinan-3-
yl) acetic acid (6)

Compound 6 was acquired by cyclopropyl amine and
glycine. Product obtained as white solid. Yield: 72%, mp:
122–124°C. 1H NMR (400MHz, DMSO-d6): δ 0.74–0.88 (m,
4H, cyclopropyl ring protons), 3.04–3.09 (m, 1H, NCH),
3.49 (s, 2H, NCH2COOH), 4.42 (s, 2H, NCH2S), 4.46 (s, 2H,
NCH2N), 12.65 (s, COOH). 13C NMR (100MHz, DMSO-d6):
δ 8.10 (cyclopropyl ring carbons), 35.31 (NCH), 50.63 (NCH2),
57.10 (C-6), 70.44 (C-4), 170.69 (CO), 193.32 (CS). HRMS
(ESI) m/z: calculated for C8H13N2O2S2 [M+H]+ 233.04184;
found 233.07747.

2.2.7 2-(5-butyl-6-thioxo-1,3,5-thiadiazinan-3-yl)
propionic acid (7)

Compound 7 was acquired by n-butyl amine and DL-α-
alanine. Product obtained as white solid recrystallized
from ethanol. Yield: 68%, mp: 98–100°C, 1H NMR (400MHz,
DMSO-d6): δ 0.89 (t, 3H, J = 8.0Hz, CH3CH2), 1.23–1.31 (m, 2H,
J = 8.0Hz, CH3CH2CH2), 1.35 (d, 3H, CH3CH), 1.49–1.63 (m, 2H,
CH2CH2CH2), 3.53–3.58 (q, 1H, CH3CH), 3.65–3.72, and
4.08–4.15 (m, 2H, NCH2CH2), 4.44–4.65 (m, 4H, NCH2NCH2S).
MS (ES) 262.2, calculated: 262.39. MS (ESI)m/z (%) = 262.2 (12)
[M]+, 115.1 (47) [M–147]+, 57.0 (100) [C4H9]+

2.2.8 2-(5-propyl-6-thioxo-1,3,5-thiadiazinan-3-yl)
acetic acid (8)

Compound 8 was acquired by propyl amine and glycine.
Product obtained as white solid, recrystallized from ethanol.
Yield: 64%, mp: 109–111°C. 1H NMR (400MHz, DMSO-d6):
δ 0.85 (t, 3H, J= 8Hz, CH3CH2), 1.54–1.63 (m, 2H, CH3CH2CH2),
3.53 (s, 2H, CH2COOH), 3.85 (t, 2H, J = 8Hz, NCH2CH2,), 4.51
(s, 2H, NCH2S), 4.52 (s, 2H, NCH2N), 12.69 (s, COOH); MS
(ESI) m/z (%) = 234.2 (25) [M]+, 147.1 (15) [M–87]+, 101.1
(100) [M–133]+, 42.0 (90) [C3H6]+.

2.2.9 2-(5-butyl-6-thioxo-1,3,5-thiadiazinan-3-yl) acetic
acid (9)

Compound 9 was acquired by n-butyl amine and glycine.
Product obtained as white solid, recrystallized from ethanol.
Yield: 62%, mp: 98–99°C. 1H NMR (400MHz, MEOD): δ 0.97
(t, J = 8.0Hz, 3H, CH2CH3), 1.32–1.42 (m, 2H, CH2CH2CH3),
1.61–1.69 (m, 2H, CH2CH2CH2), 3.65 (s, 2H, CH2COOH), 3.99
(t, 2H, J = 8Hz, NCH2CH2), 4.53 (s, 2H, NCH2S), 4.55 (s, 2H,
NCH2N). 13C NMR (100MHz, MEOD): δ 13.68 (CH3CH2), 20.56
(CH2CH2CH3), 29.16 (CH2CH2CH2), 51.55 (CH2CH2N), 52.47
(CH2COOH), 59.05 (C-6), 70.53 (C-4), 172.49 (CO), 191.47
(CS). HRMS (ESI) m/z: calculated for C9H17N2O2S2 [M+H]+
249.07314; found 249.07227.

2.2.10 2-(5-hydroxyethyl)-3-phenyl-1,3,5-thiadiazinane-
2-thione (10)

Compound 10was acquired by aniline and ethanolamine.
Product obtained as white solid, recrystallized from ethanol.
Yield: 61%, mp: 124–126°C. 1H NMR (400MHz, DMSO-d6):
δ 3.00 (t, 2H, J = 8.0Hz, CH2CH2OH) 3.63 (t, 2H, J = 8Hz,
NCH2CH2), 4.67 (s, 2H, NCH2S), 4.72 (s, 2H, NCH2N),
7.23–7.47 (m, 5H, Ar–H). 13C NMR (100MHz, DMSO-d6):
δ 52.11 (NCH2), 58.96 (CH2OH), 59.15 (C-6), 73.61 (C-4),
127.09–129.30 (Ar–CH), 144.40 (Ar–C), 192.95 (CS). HRMS
(ESI)m/z: calculated for C11H15N2OS2 [M+H]+ 255.06; found
255.06.

2.2.11 2-(5-phenyl-6-thioxo-1,3,5-thiadiazinan-3-yl)
acetic acid (11)

Compound 11 was acquired by aniline and glycine. Product
obtained as white solid, recrystallized from ethanol. Yield:
59%, mp: 97–99°C. 1H NMR (400MHz, DMSO-d6): δ 3.73 (s,
2H, CH2COOH), 4.65 (s, 2H, NCH2S), 4.71 (s, 2H, NCH2N),
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7.15–7.44 (m, 5H, Ar−H). 13C NMR (100MHz, DMSO-d6):
δ 50.99 (CH2COOH), 58.49 (C-6), 73.39 (C-4), 127.24, 127.85,
and 129.61 (Ar−CH), 144.34 (Ar−C), 170.62 (C]O), 192.95
(C]S). HRMS (ESI) m/z: calculated for C11H13N2O2S2
[M+H]+ 269.04184; found 269.10989.

2.2.12 2-(5-phenyl-6-thioxo-1,3,5-thiadiazinan-3-yl)
propanoic acid (12)

Compound 12 was acquired by aniline and DL-α-alanine.
Product obtained as white solid recrystallized from ethanol.
Yield: 63%, mp: 98–100°C. 1H NMR (400MHz, DMSO-d6):
δ 1.36 (d, 3H, J = 8 Hz, CH3CH), 3.77 (q, 1H, CH3CH),
4.64–4.68 (m, 2H, NCH2S) 5.23–5.36 (m, 2H, NCH2N),
7.11–7.44 (m, 5H, Ar−H). 13C NMR (100MHz, DMSO-d6)
δ 16.55 (CH3), 55.41(C-6), 69.84 (CH), 71.44 (C-4), 117.70,
127.48, 130.02 (Ar–CH), 144.56 (Ar–C), 174.09 (C]O), 194.02
(C]S). HRMS (ESI)m/z: calculated for C12H15N2O2S2 [M+H]+
283.05749; found 283.09290.

2.2.13 2-(4-methyl-2-(5-phenyl-6-thioxo-1,3,5-
thiadiazinan-3-yl) pentanoic acid (13)

Compound 13 was acquired by aniline and L-leucine.
Product obtained as white solid recrystallized from ethanol.
Yield: 79%, mp: 92–94°C. 1H NMR (400MHz, DMSO-d6):
δ 0.85 (dd, 6H, CH3CH), 1.50–1.59 (m, 3H, CH3CHCH3,
CHCH2CH), 3.67–3.70 (m, 1H, NCHCH2), 4.63–4.85 (m,
4H, NCH2S, and NCH2N), 7.21–7.44 (m, 5H, Ar−H). 13C
NMR (100 MHz, DMSO-d6): δ 22.33 (CH3CHCH3), 23.73
(CH3CHCH3), 25.27 (CHCH2CH), 56.66 (C-6), 61.27 (NCH),
71.32 (C-4), 127.53, 128.98, and 129.39 (Ar–CH), 144.77
(Ar–C), 173.83 (CO), 193.72 (CS). HRMS (ESI) m/z: calcu-
lated for C15H22N2O2S2 [M+2H]+ 326.11227; found 326.16510.

3 Biological activities

3.1 NO assay

The J774.2 (ECACC, UK) cells were obtained from Bio bank
facility PCMD, ICCBS, University of Karachi. In IWAKI 75 cc
flasks (Asahi Techno Glass, Japan), mouse (J774.2) macro-
phage cell lines (European Collection of Cell Cultures, UK)
were cultured in Dulbecco’s modified eagle medium
(DMEM) (Sigma-Aldrich, Steinheim, Germany) with 1%
streptomycin/penicillin and 10% fetal bovine serum (FBS)
(N.Y. U.S.; GIBCO) and were incubated at 5% CO2 at 37°C.

Briefly, 150 µL·well−1 of 1 × 106 cells·mL−1 were added in
96-well flat bottom plates and cells were treated with
Escherichia coli lipopolysaccharide (30 µg·mL−1) (DIFCO
Laboratories, Michigan, USA) and different concentrations
of compounds 1, 10, and 100 (µM). The plate was incu-
bated for 48 h at 37°C in 5% carbon dioxide. After incuba-
tion, the collected supernatant was added with Griess
reagent to measure the accumulation of nitrite. The plate
was read at 540 nm in spectrophotometer [40].

3.2 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT)
cytotoxicity assay

We employed the standard MTT colorimetric assay to
assess the cytotoxicity of prepared compounds against
the human cervical cancer HeLa cells (ATCC, Manassas,
USA), which were obtained from Biobank facility PCMD
and ICCBS. The cells were cultured in DMEM media
supplemented with 10% FBS and 1% penicillin and strep-
tomycin at 37°C in 5% CO2 incubator. The 96-well flat-
bottom plates were added with 6 × 104 cells·mL−1 and
incubated for 24 h to attach cells. Next day, the media
was replaced and the test compounds were added in 1,
10, and 100 (µM) concentrations in triplicates and plates
were incubated at 37°C in 5% CO2 incubator for 48 h.
50 µL of MTT (0.5 mg·mL−1) was added to each well fol-
lowed by further incubation of 4 h. Upon aspiration of
MTT, DMSO (100 µL) was then added to wells to dissolve
formazan crystals. A spectrophotometer (Molecular Devices,
Spectra Max plus, CA, USA)was used to measure the reduc-
tion of MTT to formazan by reading absorbance at 540 nm.
The cytotoxic activity for HeLa cells was expressed as the
half maximal inhibitory concentration (IC50), the concentra-
tion required to cause 50% growth inhibition.

3.3 Docking studies (methodology)

Docking studies were done using Molecular Operating
Environment (2016.0802) [41]. The crystal structure of
inducible nitric oxide synthase (iNOS) was taken from
Protein Data Bank (PDB). 4NOS was the accession code.
Preparation of three-dimensional (3-D) structures of synthe-
sized compounds and the downloaded enzyme was carried
out by using our previously reported methods [42–44].
Docking rums were carried out by using default parameters.
Discovery Studio Visualizer (DS-2021) was used for the
analysis of the docking results [45].
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4 Results and discussion

The target 3,5-disubstituted-tetrahydro-thiadiazine-2-thiones
(1–13) were synthesized according to Scheme 1 by the reac-
tion of a primary amine with carbon disulfide in potassium
hydroxide aqueous solution to afford their respective dithio-
carbamate potassium salts, which were treated with formal-
dehyde followed by the addition of different amino acids and
ethanolamine in phosphate buffer (pH = 7.8) to cause
cyclocondensation of the dithiocarbamate intermediate.
The desired products were obtained by lowering the tem-
perature and pH of the reaction mixture.

4.1 Spectral discussion

Structures of the synthesized compounds were confirmed
by spectroscopic methods including 1H NMR, 13C NMR,
2D-NMR, mass spectrometry, and HRMS. All the spectral
results as detailed in the experimental part are in agree-
ment with the proposed structures assigned to these com-
pounds. Hence, the mass spectra of these compounds
showed the correct molecular ions. In addition, the mea-
sured HR-MS data are in agreement with the calculated
values. Furthermore, DEPT and 2D-NMR including COSY,
NOESY, HSQC, and HMBC experiments showed correla-
tions that facilitated in the 1H- and 13C-signal assign-
ments to the different carbons and their attached, and/or
neighboring hydrogens. All the functional analogues
showed similar pattern in the chemical shifts of 1H and
13C NMR signals, which confirm the common molecular
backbone of thiadiazine thione nucleus. 1H NMR spectra
of all 1,3,5-thiadiazinethiones showed singlets at 4.40–4.46
ppm, for C-4 and C-6 protons while in case of compounds 1,
2, and 7, multiplet appeared in corresponding regions due
to diastereotopicity being prompted by the branched sub-
stituent at N-5. Similarly, in the 13C NMR spectra, the (C]S)
thiocarbonyl carbon appears in 190–193 ppm range,
whereas signals due to C-4 and C-6 of the thiadiazi-
nane-2-thione nucleus appeared at 67–79 and 55–58 ppm,
respectively. On the other hand, the carboxylic carbons
appeared at 171–173 ppm.

4.2 Cytotoxicity

The antitumor activity of the newly synthesized com-
pounds 1–13 against human cervical cancer HeLa cell
line was evaluated by conducting cell viability assay

using tetrazolium dye MTT. In this method, cultures of
the HeLa cell line were treated with the target compounds
and the results are listed in Table 1. Results show that
most of the prepared compounds exhibit anticancer
activity. Compounds 3, 5, 6, and 9 were the most potent
with IC50 values of <4 µM. Compound 10 was inactive
whereas the rest of the series revealed significant antic-
ancer activity with IC50 values in the range from 7.2 ± 0.7 to
149.7 ± 11.1 µM (Table 1). A comparison of the compounds
anticancer activity against the HeLa cell line indicates that
the activity of thiadiazine-2-thione nucleus was markedly
affected by N-5 and N-3 substituents. The presence of the
phenyl group at N-3 lowers the activity while the cyclo-
propyl and 3-methoxypropyl bearing moieties were found
to be the most potent inhibitors. Similarly, in N-3 butyl
substituted series, activity increases. On the other hand,
changing the N-5 substituent from bulkier to less bulky
groups increases the activity. Furthermore, results showed
that activity increases with shorter chains of the acid on
N5 (Figure 1).

4.3 NO activity

NO activity was assessed using J774.2 mouse macrophage
cell line that was cultured in 75 cc flasks. 1, 10, and
100 µM concentration of the test compounds were added
to 96-well plate incubated at 37°C in humidified air con-
taining 5% CO2. Nitrite accumulation in grown culture
was measured by Griess reagent. All the tested com-
pounds sowed strong NO inhibitory activities with IC50
values ranging from <0.4 to 14.9 µM (Table 1). Com-
pounds 3, 4, 5, 9, and 12 bearing butyric and butanoic
acid moiety at N5 exhibit IC50 value <0.4 (µM) while com-
pounds 6 and 10 showed 2.15 and 14.9 µM, IC50 values,
respectively. It was observed that among the tested series
compounds bearing propionic acid at N-5 were less active
as compared to butyric and butanoic acid substituted. No
structure–activity relationship observed for N-3 substituents.

4.4 Docking studies

Research findings indicated that the expression of iNOS
can be observed in several malignant tumors, such as lung,
breast, prostate, and malignant melanoma. We carried out
docking simulations on the inhibition of iNOS using the
Molecular Operating Environment (MOE 2016.0802) soft-
ware [44]. The 3-D crystal structure of human iNOS was
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Table 1: Cytotoxic and NO inhibition of tested series

Sample codes R1 R2 Cytotoxicity HeLa cells IC50 ± SD (µM) NO inhibition IC50 ± SD (µM)

1 CH3−CH2−CH2−CH2−
CH3-CH-CH2-C-COOH

CH3 H

22.0 ± 0.3 ND

2 CH3−CH2−CH2−CH2−
CH3-CH2-CH-COOH

13.7 ± 0.4 ND

3 CH3O−CH2−CH2−CH2− −CH2−CH2−COOH <4 <0.4
4 CH3O−CH2−CH2−CH2− −CH2−COOH 7.2 ± 0.7 <0.4
5

CH-CH2-H2C
H2C CH3-CH-COOH <4 <0.4

6
CH-CH2-H2C

H2C −CH2−COOH <4 2.15

7 CH3−CH2−CH2−CH2− CH3-CH-COOH 14.5 ± 3.0 ND

8 CH3−CH2−CH2− −CH2−COOH 36.3 ± 3.8 ND
9 CH3−CH2−CH2−CH2− −CH2−COOH <4 <0.4
10 C H6 5

− −CH2−CH2−OH >400 14.9

11 C H6 5
− −CH2−COOH 149.7 ± 11.1 ND

12 C H6 5
− CH3-CH-COOH 38.2 ± 6.0 <0.4

13 C H6 5
−

CH3-CH-CH2-C-COOH
CH3 H

55.8 ± 15.1 ND

Doxorubicin 0.86 ± 0.08
L-NMMA 97.5 ± 3.2

L-NMMA = NG monomethyl L-arginine acetate.

Figure 1: Structural diversity and IC50 – a schematic SAR.

Docking studies of 3,5-disubstituted thiadiazine-2-thiones  7



acquired from PDB with accession code number 4NOS.
Docking protocol was validated by using the re-dock
method. Native ligand ethylisothiourea (ITU)was re-docked
into the binding site. The binding orientation of the re-
docked ITU and experimental ITU was analyzed. The com-
puted root-mean square deviation was 1.13 Å, which was
found within the threshold limit (<2.0 Å). The superposed
results of the re-dock experiment are shown in Figure 2a.
The 3-D interaction plot of native ITU showed that it inter-
acts with Trp372 and Glu377 (Figure 2b). We also docked

control drug (NO inhibitor) in the binding site of iNOS. Two-
dimensional (2-D) interaction plot showed that it interacts
with amino acid residues Gly371 and Trp372 via hydrogen
bond interactions (Figure 2c).

All synthesized compounds were docked into the
active site of the human iNOS (PDB ID = 3NOS). The
3-D interaction plots of studied compounds are depicted
in Figures 3 and 4. The studied compounds interact with
amino acid residues via conventional hydrogen bonds
and hydrophobic interactions. Within this context,

Figure 2: (a) Ribbon superposed model of native ITU (green carbon stick) and re-docked ITU (pink carbon stick); (b) 3-D interaction plots of
native ITU in the binding site of iNOS (PDB ID = 4NOS); and (c) 2-D interaction plot of control drug NG monomethyl L-arginine in the binding
site of iNOS. These 3-D/2-D interactions plots are modeled by using Discovery Studio Visualizer.

Figure 3: (a–d) 3-D interaction plots of compounds 3–6 modeled by using Discovery Studio Visualizer in the binding site of iNOS
(PDB ID = 4NOS).
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compound 3 displayed strong hydrogen bonding interac-
tion with Trp372, Ala351, and Glu377. In addition, a
π–sulfur and π–alkyl types of interactions with Phe369
were observed (Figure 3a). Similarly, compound 4 exhibited
conventional hydrogen bonding interactions with Gly371,
Val352, and Ile201 (Figure 3b). On the other hand, com-
pound 5 showed conventional hydrogen bonding interaction
with Glu377 along with a bifurcated π–sulfur interaction
with Trp372 (Figure 3c). In contrast, compound 6 exhibited
conventional hydrogen bonding interactions with Glu377,
Ile201, and Cys200 in addition to two π–sulfur interactions
with Trp372 and Trp194 (Figure 3d).

Compound 9 displayed one conventional hydrogen
bonding interaction with Trp32 and Glu377, and two

π–sulfur interactions with Trp372 and Trp194 as shown
in Figure 4a. Compound 10 showed π–π stacked interac-
tion with Trp194 and Phe369, in addition to a π–sulfur
interaction with Phe369 (Figure 4b). Similarly, compound
12 showed one conventional hydrogen bonding interaction
and π–sigma interaction with Gly202, and hydrogen bond
interactions with Ile201. It additionally exhibited two
π–sulfur interactions with Phe369 and a π–π stacked
interaction with Trp372 (Figure 4c). Similarly, compound
13 exhibited a conventional hydrogen bonding interaction
with Gly371, a π–sulfur interaction with Met434, and a
π–alkyl interaction with Gly202 (Figure 4d). All the binding
energy values in kcal mol−1 and type of interactions are pre-
sented in Table 2.

Figure 4: (a–d) 3-D interaction plots of compounds 9, 10, 12, and 13modeled by using Discovery Studio Visualizer in the binding site of iNOS
(PDB ID = 4NOS).

Table 2: Interacting residues and binding energy of the docked compounds in the binding site of iNOS (PDB ID = 4NOS)

Interacting residues

Comp. no. Hydrogen bond π–π stack π–sulfur π–alkyl/π–σ Binding energy (kcal·mol−1)

3 Trp372, Ala351, Glu377 — Phe369 Phe369 −6.32
4 Gly371, Val352, and Ile201 — Trp372 − −6.04
5 Glu377 — Trp372 (bifurcated) — −6.16
6 Glu377, Ile201, and Cys200 — Trp372, Trp194 — −6.29
9 Trp32 and Glu377 — Trp372, Trp194 — −6.49
10 — Trp194 and Phe369 Phe369 — −4.22
12 Ile201 Trp372 — Gly202 −5.67
13 Gly371 — Met434 — −5.19
Control Gly371 and Trp372 — — — −4.05
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5 Conclusions

In summary, we have synthesized a total of thirteen tet-
rahydro-2H-1,3,5-thiadiazine-2-thiones and have charac-
terized by different spectroscopic methods. The prepared
compounds were screened for their anticancer activity
against the HeLa cell line, and NO inhibitory potential.
Results revealed that most of the prepared compounds
exhibit significant potential. Compounds 3, 5, 6, and 9
were the most potent with IC50 values of <4 µM. In addi-
tion, our findings showed that all the screened com-
pounds are strong NO inhibitors (IC50 values range
between <0.4 and 14.9 µM). Docking studies related to
iNOS showed that the studied compounds interact with
the enzyme via strong hydrogen bonds and hydro-
phobic interactions. These findings could encourage
the researchers for further insight in search of their
anticancer potential or as leads in the development of
anticancer drugs.
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