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Synthesis, spectroscopic, crystal structure anih vitro cytotoxicity studies of
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In the present study, a series of biologically\ecti, N'—disubstituted thiocarbamide compounds
(1-8) have been synthesized and characterized by spevtrescopic (FT-IR*H and**C NMR,
UV-Visible) techniques. The molecular structure aefmpoundl was determined by single
crystal X-ray diffraction analysis. All the syntlimsd compounds1{8) and five more(9-13)

were screened for theim vitro cytotoxicity activities.
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Abstract
A series of eight biologically active N, N'-disuibsted thiocarbamide compound$s-8) have

been prepared from thiophene-2-carbonyl isothioay@nand various substituted aromatic
primary amines (2,4-dichlorophenyl aniline, 4-clok@-nitrophenyl aniline, 4-
methoxycarbonylphenyl aniline, 3-methoxycarbonylpfieaniline, 2-methoxycarbonylphenyl
aniline, 4-methoxyphenyl aniline, 2-methoxyphenyiiliae and 2-nitrophenyl aniline). Their
structures were confirmed by elemental analysesows spectroscopic techniques ((FT-IR,
and**C NMR) and single crystal X-ray analysis of compout). In the molecular structure of
compound 1) twisted confirmation of the carbonyl and thiocamil group across C—N bond of
thiocarbamide moiety and an offset face-to-faee stacking between two thiophene and two
benzene ring of two molecules is observéad.vitro cytotoxicity assay of all the above
compounds and five mor8+13) were carried out using seven human cancer casjicervical
(2008 and C13*), colorectal (HT29 and HCT116) amdrian carcinoma (A2780, A2780/CP and
IGROV-1). The results revealed that compouhdkl, 12 and13 displayed promising inhibitory
activity against all the cell lines tested.

* Email: drseemapratap@gmail.com

Keywords: Thiocarbamide; X-ray crystal structute;vitro Cytotoxicity; Spectroscopic
techniquesg—r stacking.



1. Introduction

N, N'-disubstituted thiocarbamides represent onthefmost useful class of compounds with a
wide range of applications in medicinal, analytiaatl other fields [1-5]. The structural motif of
these compounds [-C(O)NHC(S)NH-] is composed afogién, oxygen and sulfur heteroatoms
which facilitate their hydrogen bonding abilitiegthv different molecules and multitude of
coordination behaviour with a variety of heavy tran metal ions[6-9].The presence of
thiocarbonyl moiety influences the lipophilicity/pphilicity and the electronic properties of
the compounds [10, 11]. The medicinal applicatiarfs these compounds include their
antibacterial, -fungal, anti-tubercular, anti-thighoanti-helmintic, rodenticidal, insecticidal, and
herbicidal and plant growth regulator activitie2+17]. They also exhibit significant anticancer
properties against various leukemia and solid tgmioowever, the reports are very limited [18,
19]. Their inhibitory activity against protein tygime kinases (PTKs) [20, 21], human sirtuin type
proteins, topoisomerase Il and DNA repair syntheasbeen reported [22].

These compounds have also been successfully udiedioh-liquid extraction of precious metals
(Pt, Pd, Au Ag.), as anion and cation sensors P23, liquid crystal materials [25, 26], as
catalyst in chemical reactions [6, 2&F precursors or intermediates towards the systlodsa
variety of heterocyclic compounds. Due to non-lmegptical properties single crystal of
substituted thiocarbamides are being extensivelypleyed in the electronic industry as
polarization filters, electronic light shutters,eefronic modulators, and as components in
electrooptic and electro-acoustic devices, etc 223,

We have reported anticancer properties of few Nsu'stituted thiocarbamide derivatives in our
previous publications [12, 13, 30, 31]. Since, mizing compound structure is a usual strategy
to design and construct new antitumor agdantshe present study; we report the synthesis and

anticancer activity of a series of novel thiopheoataining substituted thiocarbamides.



2. Experimental Details

2.1. Chemicals, Instruments and Methods

Thiophene-2-carbonyl chloride, substituted aromaticnary amines (2, 4 — dichlorophenyl
aniline, 4-chloro-3-nitrophenyl aniline, 4-methoaybonyl) phenyl aniline, 3-methoxycarbonyl
phenyl aniline, 2-methoxycarbonyl phenyl anilinemnéthoxyphenyl aniline, 2-methoxyphenyl
aniline and 2-nitrophenyl aniline) and ammoniumotlyanate were purchased from Merck
(Germany). Analytical grade acetone, acetonitrdied dichloromethane were purchased from
Rankem. The acetone was dried and freshly distpléar to use. Melting points was measured
on a X—4 digital melting-point apparatus and wereairected. Elemental analyses were
performed on a CE-440 Exeter Analytical CHN analyZEhe infrared spectra of the title
compounds as KBr pellets (4000-400 Ymvere recorded on a Varian 3100 FT-IR Excalibur
series spectrophotometi#t.and**C NMR spectra were recorded in CR®l using TMS as an
internal standard on a JEOL FT-NMR AL 500 spectrtmneThe splitting of proton resonances
in the reportedH NMR spectra were remarked as s = singlet, d =blout = triplet, dd =
doublet of doublets, and m = multiplet; couplingnstants are reported in Hz. UV-Visible
spectra were recorded on a Shimadzu (-UV-) 1700rRh&pec spectrophotometer, USA. A
rectangular quartz cell with optical path lengthLom was used.

2.2. Crystal structure determination

Data collection was performed using CrysAlisPRO amn Oxford Diffraction Xcaliber Ruby
Gemini CCD differactometer using graphite- monoahatic CuKa (k = 1.54178 A) at 123 K.
The structure was solved by direct methods andedfby full-matrix least-square orf &sing
SHELXL-97 [32]. The non-hydrogen atoms were refiveith anisotropic thermal parameters.
All hydrogen atoms were geometrically fixed andbakd to refine using the riding model. The
details of the single crystal X-ray data collecti@tructure solution and structure refinement
parameters are given frable 1. Selected bond lenghths and bond angles are listEable 2

2.3. General procedure forsynthesis of compounds (1-8)

A solution of thiophene -2-carbonyl chloride (1.:@6nol, 10 mmol) in dry acetone (30 mL) was
mixed to a suspension of ammonium thiocyanate ¢f).I8 mmol) in dry acetone (30 mL) and
was heated (60 °C) under reflux for 1 h. The resulthiophene-2-carbonyl isothiocyanate
solution was treated with equimolar quantity of rmpiate substituted aromatic primary amine
in acetone (Scheme 1) and further refluxed for & &7 °C [30, 31, 33—-35]. The precipitated



ammonium chloride was filtered off and the yelloglaur solution was evaporated in vacuum to
dryness to obtain crude crystalline product. Yellenystals of the compound 1 were grown by
the slow evaporation of its solution in acetonditiomethane (1:1) in one week at 20°C.
2.3.1. N-(2, 4 — dichlorophenyl) - N'- (thiophene-2arbonyl)-thiocarbamide (1)

Light yellow solid; (2, 4-dichloroaniline, 1.6304,0 mmol); Yield: 80%, m.p. 175-176°C.
FT-IR (KBr, cm?): 3411, 3117y (N-H); 3029, v (Ar, C-H); 1667, v (C=0); 1273,v (C=S);
1157,v(NCN); 776,(C-S); 661, va{C—Cl); 478, v(C—Cl). '"H NMR (500 MHz, CDC}, 25°C):¢
(ppm) 12.54 (s, 1H, -CSNH), 9.10 (s, 1H, -CONHRB7(d, 1H, J = 8.5 Hz, Thiophene-H),
7.76 (dd, 1H, J= 8.5 Hz, d = 3.2 Hz, Thiophene-H), 7.74 (d, 1H, J = 5.1 Hhjophene-H),
7.47-7.30 (m, 2H, Ar-H), 7.29-7.18 (m, 2H, Ar-HfC NMR (125 MHz CDGJ, 25°C):5(ppm)
178.5 (G=S), 161.1 (&0), 135.7, 134.7, 133.8, 132.5(Thiophene, Cs), 1,3129.5, 128.7,
128.6, 127.2, 126.9 (Ar, Cs). Anal. Calcd. forisN,0SCl, (331.00): C, 43.51; H, 2.43; N,
8.46, Found: C, 43.47; H, 2.39; N, 8.38 %.

2.2.2. N-(4-chloro-3-nitrophenyl) - N'- (thiophene2-carbonyl)-thiocarbamide (2)

Yellow solid; (4-chloro-3-nitroaniline, 1.731g, 1@mol); Yield: 91%, m.p. 100-101°C. FT-IR
(KBr, cm™): 3263, 3105,v(N-H); 3072, v(Ar, C-H); 1659, v(C=0); 1556, vad—NO,);
1356y{(—NOy); 1272,v(C=S); 1163y(NCN); 766,v(C-S); 724, vo{C—Cl); 486, v(C-Cl). H
NMR (500 MHz, CDC}4, 25°C):6 (ppm) 12.71 (s, 1H, —=CSNH), 9.03 (s, 1H, ~-CONH}18(d,
1H, J = 7.5 Hz, Thiophene-H), 7.85 (dd, 1kH=J6.0 Hz, d = 3.5 Hz, Thiophene-H), 7.76 (d,
1H, J = 5.0 Hz, Thiophene-H), 7.70-7.54 (m, 2H,H(-7.24-7.15 (m, 2H, Ar-H)}*C NMR
(125 MHz CDC}, 25°C): 6 (ppm) 182.1 (&S), 161.5 (&0), 137.1, 135.1, 134.5,
132.1(Thiophene, Cs), 131.3, 128.8, 128.5, 12824.41 120.6 (Ar, Cs). Anal. Calcd. for
C12HgN30sS,Cl (341.50): C, 42.17; H, 2.36; N, 12.29, Found42.,09; H, 2.33; N, 12.19 %.
2.2.3. N-(4-methoxycarbonyl) phenyl)-N'-(thiophen&-carbonyl)-thiocarbamide (3)

Light yellow solid; (4-methoxycarbonylphenyl andin 1.520g, 10 mmol); Yield: 88%, m.p.
170-171°C. FT-IR (KBr, ci): 3296, 3147y(N-H); 3097, v(Ar, C-H); 1721, v(~-COOR);
1698,v(C=0); 1270,v(C=S); 1143(NCN); 769y(C-S).*H NMR (500 MHz, CDC}, 25°C):¢
(ppm) 12.65 (s, 1H, —-CSNH), 8.94 (s, 1H, ~-CONH®&(d, 1H, J = 8.5 Hz, Thiophene-H), 7.87
(dd, 1H, 4 = 8.5 Hz, § = 3.2 Hz, Thiophene-H), 7.74 (d, 1H, J = 5.1 Hhiophene-H),
7.24-7.21 (m, 2H, Ar-H), 7.20-7.19(m, 2H, Ar-H)93(s, 3H, —-COOCH. **C NMR (125
MHz CDCl;, 25°C):6 (ppm) 177.4 (&S), 161.1 (&0), 139.1, 137.1, 134.5, 132.1(Thiophene,



Cs), 131.3, 130.7, 130.2, 128.3, 122.6, 121.4 @%), 58.1 (C, —-COOCHL Anal. Calcd. for
C14H12N203S; (320.38): C, 52.48; H, 3.78; N, 8.74, Found: C2%32H, 3.72; N, 8.68 %.

2.2.4. N-(3-methoxycarbonyl) phenyl)-N'-(thiophen&-carbonyl)-thiocarbamide (4)

Light yellow solid; (3-methoxycarbonylphenyl andin1.520g, 10 mmol); Yield: 92%, m.p.
95-96°C. FT-IR (KBr, crif): 3332, 3140y(N-H); 3094, v(Ar, C—H); 1709,v(—~COOR); 1666,
v(C=0); 1263,v(C=S); 1137y(NCN); 736y(C-S)."H NMR (500 MHz, CDC}, 25°C):5 (ppm)
13.27 (s, 1H, —CSNH), 10.01 (s, 1H, -CONH), 8.371(d, J = 8.0 Hz, Thiophene-H), 8.04 (dd,
1H, J = 8.0 Hz, d = 3.4 Hz, Thiophene-H), 7.99 (d, 1H, J = 4.1 Hhjophene-H), 7.37-7.34
(m, 2H, Ar-H), 7.337.20(m, 2H, AfH), 3.94(s, 3H-COOCH). **C NMR (125 MHz CDG},
25°C): 0 (ppm) 177.9 (&S), 166.4 (&0), 138.4, 136.1, 134.2, 132.3(Thiophene, Cs),4,31.
130.7, 130.8, 128.4, 127.0, 126.2 (Ar, Cs), 57.8HCO0OCH). Anal. Calcd. for @H12N20sS,
(320.38): C, 52.48; H, 3.78; N, 8.74, Found: C392H, 3.76; N, 8.66 %.

2.2.5. N-(2-methoxycarbonyl) phenyl)-N'-(thiophene&-carbonyl)-thiocarbamide (5)

Light yellow solid; (2-methoxycarbonylphenyl aniin 1.520g, 10 mmol); Yield: 85%, m.p.
97-98°C. FT-IR (KBr, ci): 3332, 3300y(N—H); 3088,v(Ar, C-H); 1715,v(—-COOR); 1690,
v(C=0);1262y(C=S); 1163y(NCN); 758y(C-S)'H NMR (500 MHz, CDC}, 25°C): 6 (ppm)
11.93 (s, 1H, -CSNH), 9.80 (s, 1H, —-CONH), 8.711H, J = 9.0 Hz, Thiophene-H), 8.28 (dd,
1H, J = 8.5 Hz, d = 2.4 Hz, Thiophene-H), 7.99 (d, 1H, J = 4.1 Hhjophene-H), 7.97-7.92
(m, 2H, Ar-H), 7.8%#7.86(m, 2H, AfH), 3.87 (s, 3H-COOCH,). *C NMR (125 MHz CDC,
25°C): 6 (ppm) 178.8 (&S), 160.1 (&0), 139.9, 138.2, 134.6, 132.1(Thiophene, Cs), 11,31.
130.7, 130.7, 128.4, 127.8, 126.7 (Ar, Cs), 57.6(COO0CH). Anal. Calcd. for G4H1,N2,05S,
(320.38): C, 52.48; H, 3.78; N, 8.74, Found: C3B2H, 3.75; N, 8.67 %.

2.2.6. N-(4-methoxyphenyl) - N'- (thiophene-2-canmyl)-thiocarbamide (6)

Yellow solid; (4-methoxyphenyl aniline, 1.231g, Xmol); Yield: 78%, m.p. 126121°C.
FT-IR (KBr, cmi®): 3458, 3207y (N-H); 3086, v (Ar, C-H); 1658, v(C=0); 1285y(C=S);
1180,v(NCN); 776,v(C-S).*H NMR (500 MHz, CDCY4, 25°C):6(ppm) 13.27 (s, 1H, ~CSNH),
8.97 (s, 1H, -CONH), 8.48 (d, 1H, J = 7.5 Hz, THiepe-H), 8.05 (dd, 1H; ¥ 6.5 Hz, J=2.1
Hz, Thiophene-H), 7.99 (d, 1H, J = 4.0 Hz, Thiopdét), 7.59-7.57 (m, 2H, Ar-H), 7.33-7.31
(m, 2H, Ar-H), 3.95 (s, 3H-OCHs). *C NMR (125 MHz CDCJ, 25°C):d (ppm) 178.4 (ES),
160.0 (G=0), 138.6, 136.2, 134.1, 132.5(Thiophene, Cs), 11,3130.9, 128.4, 126.5, 126.2,



122.6 (Ar, Cs), 52.6 (C, -OGH Anal. Calcd. for GzH12N20,S, (292.37): C, 53.40; H, 4.14; N,
9.58, Found: C, 53.24; H, 4.09; N, 9.47 %.

2.2.7. N-(2-methoxyphenyl) - N'- (thiophene-2-carhuyl)-thiocarbamide (7)

Yellow solid; (2-methoxyphenyl aniline, 1.231g, Xmol); Yield: 75%, m.p. 115116°C.
FT-IR (KBr, cm'): 3468, 3262y(N-H); 3105,v(Ar, C-H); 1673, v(C=0); 1270, v(C=S);
1119y(NCN); 762y(C-S).*™H NMR (500 MHz, CDC4, 25°C):d (ppm) 12.40 (s, 1H, ~CSNH),
9.03 (s, 1H, -CONH), 7.74 (d, 1H, J = 10.0 Hz, Phene-H), 7.65 (dd, 1H; & 9.5 Hz, =
4.1 Hz, Thiophene-H), 7.99 (d, 1H, J = 4.0 Hz, phiene-H), 7.59-7.57 (m, 2H, Ar-H),
7.33-7.31 (m, 2H, AsH), 3.95 (s, 3H-OCH,). **C NMR (125 MHz CDGJ, 25°C):d (ppm)
178.2 (G=S), 161.3 (&0), 138.3, 136.1, 135.8, 134.6(Thiophene, Cs), 3,3231.0, 130.1,
129.1, 128.6, 125.4 (Ar, Cs), 58.5 (C, —Of£H Anal. Calcd. for Calc. for gH1:N20.S;
(292.73): C, 53.40; H, 4.14; N, 9.58, Found: C2%3H, 4.11; N, 9.51 %

2.2.8. N-(2-nitrophenyl) - N'- (thiophene-2-carbonij-thiocarbamide (8)

Dark yellow solid; (2-nitroaniline aniline, 1.381¢0 mmol); Yield: 91%, m.p. 15856°C.
FT-IR (KBr, cm'): 3318, 3101v(N-H); 3005,v(Ar, C-H); 1661,v(C=0); 1564,v.{—NOy),
1319,v(—-NOy); 1264,v(C=S); 1154y(NCN); 743y(C-S).*H NMR (500 MHz, CDC}, 25°C):

o (ppm) 12.88 (s, 1H, —-CSNH), 9.01 (s, 1H, —-CONHE8(d, 1H, J = 8.5 Hz, Thiophene-H),
7.78 (dd, 1H, J= 6.0 Hz, d = 3.1 Hz, Thiophene-H), 7.75 (d, 1H, J = 5.5 Hhjophene-H),
7.24-7.21 (m, 2H, AH), 7.20-7.19(m, 2H, ArH). 3C NMR (125 MHz CDGJ, 25°C):6 (ppm)
178.1 (G=S), 161.5 (&0), 145.2, 143.3, 135.5, 135.0(Thiophene, Cs), 1,3128.8, 124.6,
123.2, 121.1 (Ar, Cs).Anal. Calcd. ForH9N30sS; (307.40): C, 46.89; H, 2.95; N, 13.67,
Found: C, 46.78; H, 2.92; N, 13.58 %

3. Biological assays

3.1. Cell lines

Seven human cancer cell lines namely, cervical §2@8d C13*), colorectal (HT29 and
HCT116) and ovarian carcinoma (IGROV-1, A2780 arl’@0/CP) were used. Among these,
C13* and A2780/CP are cisplatin (ccDDP)-resistaalisc[36, 37]. Cells were grown as
monolayers in RPMI 1640 medium containing 10% heattivated fetal bovine serum and 50
pg/ml gentamycin sulfate. All cell media and serurere purchased from Lonza (Verviers,
Belgium). Cultures were equilibrated with humidifie% CQ in air at 38 °C. All studies were



performed in Mycoplasma negative cells, as rowindetermined with the MycoAlert
Mycoplasma detection kit (Lonza, Walkersville, MDSA).

3.2 Cytotoxicity screening

In vitro cytotoxicity of compounds used in the presentstwds determined by MTT assay [38,
39]. The cells were seeded into 96-well plates and redt@vernight .Various concentrations of
the test compounds dissolved in DMSO solvents wer added and incubated for 72 h. After
incubation, the medium was removed and added frektire medium 100 pl containing 0.5 mg
mL* MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenytealium bromide; Sigma) and then
incubated at 38°C for 4 h. The medium was removed1®0 pL DMSO solvent was added to
dissolve the dark blue crystals. After incubation 30 min at room temperature, to ensure that
all crystals were dissolved, absorbance was medsisimg an ELISA plate reader at 570 nm

with reference wavelength of 650 nm.



4. Results and Discussion

4.1 Synthesis and Characterization

Two step synthesis of compounds8 were accomplished by the reaction of thiophene-2-
carbonyl chloride with ammonium thiocyanate andusehg the resultant thiophene-2-carbonyl
isothiocyanate with appropriate substituted aroengiimary amines §cheme L All the
compounds were obtained in good yield. The slowperation at room temperature of acetone

solution of compoundl) afforded single crystals suitable for X-ray ditfti@n.

Dry acetone N=C=
/ s\ “ NmseN > {0 =
Reflux for 1 h
; O 2 ©
R NH
. 2,4-di -Cl Reflux for 2h | A\
2. 4-CI-3-NO, IR
3. 4-COOMe
4.3-COOMe Y
5.2-COOMe N NN
6. 4-OMe D‘{]’N\[]/N ®
7.2-OM > 7~
. 2-OMe O S
8. 2-NO, - 8

Scheme 1Synthetic route to new thiophene-2-carbonyl-thibeanideq1 — 8)

4.2. FT-IR study

In the IR spectra of compounds a sharp and a Hvaad observed at ~3400 ¢rand ~3140
cm® could be assigned to N1-H and ‘N& stretching modes, respectively [40, 41]. The
appearance of N2—-H stretching vibration at a lowawe number is due to the presence of
intramolecular hydrogen bonding N2-#=C whereas the first band may be attributed to free
v(N1-H) [13]. Characteristic C—-H stretching vibraif of the aromatic groups appear as
medium intensity band at ~3050 ¢nA strong band at ~1660 ¢htorresponds te(C=0) mode



which resembles in frequency to the hydrogen bor@de® group (N-H-O=C) observed in
many similar compounds. A strong and a medium Bitgrband at ~1265 cand ~760 cm
could be assigned to=€S and C-S stretching modes, respectively [12, 13].

4.3. NMR study

'H NMR spectra of the compound$—g) in CDCk exhibited two singlets at 9.00-10.00 and
12.00-13.31 ppm which could be assigned to free Nlahd hydrogen bonded N2-H,
respectively [12, 13]JAromatic protons appeared as multiplets betwee®-B50 ppm. The
chemical shift value of free N-H suffers a dowrdishift of ~3.0 ppm in DMSOwd Such shifts
could be ascribed to the probable hydrogen bontietgveen the NH and sulfoxide =£8)
moiety [14].

The **C NMR spectra of compound$—8) depicted all the signals due to magneticallyinist
carbons present in them. The peaks related todH®uos in CONH and CSNH groups of the
thiocarbamide resonate around 160-170 and 172182 iespectively [12-14]. The downfield
resonance of €S in comparison to C=0 carbon may be related tacséad electronic factors
[42].

4.4 Electronic study

Electronic spectra of compounds8 recorded in dichloromethane over the scan rang2of
800 nm show identical trendBigure S1). A representative UV-Vis spectrum of compouhis
shown in Figurel. A weak band centered at ~261 nm and a strong Bar@96 nm in the
absorption spectra of compounds can be ascribed-+ar* transitions of thiocarbamide moiety
[43].
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Fig. 1 UV-Vis spectrum of compoun®in dichloromethane

4.5 Description of crystal structure
The ORTEP view, unit cell diagram and packing pattd compoundX) are depicted in Figures
2(a), 2(b)and2(c), respectivelyThe crystallographic and refinement details arevshim Table
1. Selected bond lengths, bond angles and hydroged imteraction are listed ihable 2 and
Table S1 In molecular structure thiocarbonyl#S) and carbonyl (€0) groups are opposite to
each other and are almost coplanar with torsioneang§(1)—-C(6)-N(1)-C(5) = 177.6(3)° and
N(2)—-C(6)-N(1)-C(5) = -3.3(5) respectively. The phenyl ring, thiophene and daibamide
moiety lie in a plane, which is evidenced by thesittn angle values N(2L(6)-N(2)-C(7)
=173.8(3)°, C(6)-N(1)-C(5)-C(1)= -169.6(3)espectively [14,15]. The molecular structure
shows an intramolecular N2-HD=C hydrogen bond stabilizing the (-C(O)NHC(S)NH-)
geometry, forming a pseudo six membered rilgb{e S1). The C-N, GS and other bond
distances Table 2) exhibit conventional bond parameters similar ttheo substituted
thiocarbamides [44, 45]. Additionally, an offsetéato facen—=n stacking interaction is also
observed in compoundl) between thiophene rings and substituted benzergs of two
molecules [13, 46]Very weak intermolecular interactions—8---Cl, C-S--H and Gi—Cn

stabilize the crystal packing and lead to an itdirthain length along the b-axis Fig@(g)
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Fig. 2 (a) ORTEP diagram ofl showing the thermal ellipsoids at 50% probabilifyhe
intramolecular hydrogen bonds as shown by dashed.(b) Unit cell diagram viewed down the
b axis for compound. Intermolecular face-to-face-z stacking interaction is also observed in
the compoundL. (c) The packing diagram of compourdd Weak intermolecular interactions
(C—H--Cl, C-S-H and Gi—Cn) lead to an infinite chain length along the b-axis



Table 1.Crystal data and structure refinement for compdund

Compound 1
CCDC No 1561945
Empirical formula G2HgCILN,OS,
Formula weight 331.22
Temperature/K 173(2)
Crystal system orthorhombic
Space group P212;
a (A) 3.9537(2)
b (A) 10.9953(6)
c (A) 30.0239(16)
a,B, v (°) 90
Volume/A® 1305.20(12)
Z 4
pcalcg/cn 1.686
m/mm’* 7.402
F(000) 672.0
Crystal size/mm 0.48 x 0.14 x 0.08
Radiation CuKa (A = 1.54184)

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on ¥

Final R indexes [I>=2 (I)]
Final R indexes [all data]
Largest diff. peak/hole / éA
Flack parameter

8.564142.506

4<h<4,-12< k<13, -26<1<36

8346

2501 [Ri0.0366, Rsigma = 0.0316]

2501/0/172
1.029

:33/-0.36
-0.008(13)

®R = P||Fo| - |Fc||/P |Fo|

PRw = [Pw(Fo*- Fc?)./Pw(Fa")]1/2.

.0340, wRR = 0.0867
.0351, wRR=0.0877



Table 2.Selected bond lengths (A) and bond angles (°)dorpoundl

Bond Lengths (A)

N1-C5 1.372(4) S2-C1 1.730(3)
N1-C6  1.394(4) S2-C4 1.706(3)
N2-C6  1.346(4) Cl10-C11 1.388(5)
N2-C7  1.419(4) C12C12 1.388(4)
01-C5  1.229(4) C8-Cl1 1.738(3)
C6-S1 1.660(3) C10-CI2 1.733(3)
Bond Angles (°)
C4-S2-C1 91.58(16) 01-C5-N1 123.4(3)
01-C5-C1 122.2(3) N1-C5-C1 114.4(3)
N1-C6-S1 118.3(2) N2-C6-S1 126.6(2)
N2-C6-N1 115.1(3) N2-C7-C8 120.3(2)
N2-C7-C12 118.9(3) C5-C1-C2 13.6(3)




4.61n vitro cytotoxicity screening

To evaluate the anti-cancer activity of synthesisatstituted thiocarbamide&—-@8) and five
other ©-13), all the thirteen compoundd+13 were tested for their in vitro cytotoxicity
activities against a panel of seven human candelirees, cervical (2008 and C13*), colorectal
(HT29 and HCT116) and ovarian carcinoma (A2780, TP and IGROV-1) using 5-
Fluorouracil (5-FU, a clinically used drug) as aspwe control [47-49]. The result in the form
of their IG, values has been presented Tinble 3. The comparative cytotoxicity of the
compounds is depicted in Figur& The structural analysis of compound3-13
(N-4-Sulfonamide phemW'—2—thiophenoyl thiourea, N-3-Nitrophenyl-N'-defifhenoyl
thiourea, N—2—Chloro—4—nitrophenyl-N'-2—thiophenibyburea, N—2—Methoxy—4—nitrophenyl-
N'-2—thiophenoy! thiourea and N—-4—Chloro—2—nitraptteN'—2—thiophenoyl thiourea) along
with their other biological properties have alreadgen published by us [50The tested
compounds displayed potent inhibitory activity agaiall the cell lines having kg values in
different rangesTable 3). The strongest inhibitory activity was displayeg compoundd, 11,

12 and 13 against all the cell lineAll the compounds excef, 9 and 10 displayed stronger
inhibitory activity than the standard drug (5-FWaast HT29 cell line. In comparison to the
standard drug (5-FU) better inhibitory propertiesr@vobtained for compounds3, 4, 8, 11, 12
and 13 against HCT116 and for compoun8@sand 8 against A2780/CP cancer cell lines,
respectively. The present study demonstrates thairen and number of functional groups
attached to the phenyl ring of the thiocarbamideetyoexert a decisive influence on the
cytotoxicity of this class of compounds. The mosbrpising compoundd, 11, 12 and 13
contained a nitro and/or chloro electron withdragvgroup at ortho and para positions [51, 52]
In general, all the above compounds exhibited bettebitory properties than those reported in
our previous papers [12, 13, 30, 31]. Previous istuchave shown that the presence of
electronegative atom/group at ortho and or/ parsitipo of the aromatic ring increases the
lipophilicity of molecules and is responsible fanhanced cytotoxicity in MTT model [53].
Based on the above results, potential anticancedidates can be considered for structural
modification and pharmacological evaluation.



Table 3. ICs5p Values (uUM) for the compound4-13) against seven human cancer cell lines;
(2008 and C13*) cervical, HT29 and HCT116) colorectal and A2780, A2780/CP and
IGROV-1) ovarian carcinoma.

Compounds Cell lines
200¢ C13* HT29 HCT116 | A278C A2780/CF IlGROV-
1. 7.4+0.3 | 11.9+0.4 13.4+0.1 11.6%2 21.445 19.615 15.9
2. 11.2+0.4| 12.1+0.3 12.9+0.3 13.5#4 19.6%3 23.4+6 510.4
3. 10.5+0.6| 11.840.2 11.9+0.6 12.5+04 26.2+0.7 24.3+1| 20.4+0.9
4. 10.1+0.1| 11.2+0.3 11.9+0.3 11.5+02 24.6+0.3 27.2+0| 19.8+10
5. 9.840.4 | 9.75+0.3 22.9+0.5 25.8+02 11.4+0.8 10.8+0| 12.9+1
6. 22.5+0.5| 19.6£0.1 15.4+0.3 19.6+0/4 21.4+0.4 22.5+2| 23.3+0.6
7. 21.840.2| 18.9+0.2| 14.840.4 18.4+0.2 20.6x0|3 21.3+5 21.8+0.7
8. 10.2+0.1| 11.1+0.3 10.9+0.2 11.5+0{1 29.3+4 10.6+0.521.3+0.7
9. 22.3+0.5| 28.6+0.8§ 21.3+0.6 33.1+0j1 27.4+(0.8 35.9+0| 29.6+0.3
10. 20.720.5| 22.6£0. 24.7+0.y 22.8+0,3 27.6%2 31.9+0,631.1+0.7
11. 5.4+0.1 |11.2+0.2| 12.4+0.2 11.9+0.7 15.2+1 14,943 13.2+0.4
12. 6.2+0.2 | 12.3+0.6 13.2+0.2 12.9+0.3 18.5%3 16.4+3 811
13. 5.1+0.2 | 10.6+0.5 11.6+0.2 11.2+0,7 15.1+1 14.4+2 .811
5-FU 4.1+0.3 | 8.5+0.5 | 15.2+0.1| 13.5+0.1 | 5.5+0.3 | 12.840.5 | 5.1+0.2
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Fig. 3 Comparativan vitro cytotoxicity of compound4-13 for a panel of seven human cancer
cell lines; (A). Cervical (2008 and C13*B). Colorectal (HT29 and HCT11Q)X). Ovarian
carcinoma (A2780, A2780/CP and IGROV-1).



5. Conclusions

A facile synthesis of a series of N, N'-disubsatuthiocarbamides were performed using the
prescribed method in this paper. All these compsundre structurally characterized by using
various spectroscopic and single crystal X-rayrddfion techniques. The crystal structure of
compoundl revealed the planar confirmation of thiocarbamigét which may be due to the
formation of intramolecular hydrogen bond N2-B8=C. An offset face-to-face —n stacking is
also present between aromatic rings of compadliitie cytotoxic effects of these compounds
were evaluated against seven human cancer cedl lisig the standard MTT assay. ThegylC
values indicated all of them to be potent anticamgents against all the cell lines. Most of the
tested compounds conferred better inhibitory atgtithan the standard drud-FU) against
HT29 and HCT116 cell lines and are worthy of further structural diization and
pharmacological evaluation.
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Highlights:

« Single crysta X-ray of compound 1 and various spectroscopic techniques
(FT-IR, UV-Vis, 'H and *C NMR) were used to establish the structure of
the compounds.

« The presence of intramolecular hydrogen bond (N—H---O=C) compels
planarity of the molecule and trans orientation of C=0 and C=S group.

+ The compounds were screened for their In vitro cytotoxic activity against
seven human cancer cell lines.

¢ The compounds screened for their cytotoxic activity in seven human cell
line carcinomas exhibited promising anticancer activity

% All the compounds except 5, 9 and 10 displayed stronger inhibitory activity
than the standard drug (5-FU) against HT29 cell line.



