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ABSTRACT

Some new Thiosemicarbazones containing Benzim@azoilety were synthesized by combination of coioret
as well as green chemistry methods, which had piatefnti — tumor activity against various cancescells. All
the compounds were submitted to National Cancetitiibs, USA for in vitro anti-cancer screening agsti 60
human cancer cell lines. Our one compoundN&C 92491) was selected for five dosage screaridgshowed
remarkable activity.
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INTRODUCTION

Cancer is the uncontrolled growth and spread d$.cklcan affect any part of the body. The growtfften invade
surrounding tissue and can metastasize to disist £€ancer can be caused 90-95% by factors stitbbacco,
obesity, infections, radiation and 5-10% due tceb#y [1]. Most cancer can be treated by radioladyemotherapy
and surgery. According to WHO, in 2007 cancer cdwm®ut 13% of all human deaths worldwide (7.9iomn)l and

it is projected to be 12 million deaths per yea2B80.Thus, invention of newer anti-cancer ageassriiow become
a key aim worldwide[2].

Thiosemicarbazones belong to a class of compounadotcupy a wide range of biological activitiesl drave been
studied for their activity against tuberculosis, [8lrus and most important against various cancemlls [4-5].
SAR studies showed that a large number of ThiosaMnézones of an N- heterocyclic compounds havedeow
electron density at the side chain part and thg Nratom should be reasonably a good electron g@ior to
transition metals to form co-ordination compoundy (figure-1). Thiosemicarbazones in their neutral or
deprotonated form, behave as an N N S thiodentatate towards metal ions essential for life. Intot finding
was that an N N S ligand system was a common featuall compounds with carcinogenic potency [7sAthere
is a strong correlation between tumor growth raté #the enzyme Ribonucleoside Diphosphate Redu¢RIBR)
[8]. So, it has been suggested that an inhibitor to RIDRId be a good agent for the treatment of canodrraetal
complexes formed by Thiosemicarbazones are this 6fpcompounds. The reason for their anti-cancgvicis
due to co-ordination of iron by Thiosemicarbazotiesugh N N S thiodentate ligand system, eithept®sformed
iron complex binding to the enzyme or by the figahd complexing with the iron-charged enzyme [$-11

The synthesis of transition metal complexes witlogbmicarbazone ligands has been receiving cormditier
attention due to the pharmacological propertiesboth ligands and complexes [12-13]he deprotonated
thiosemicarbazone ligands usually coordinate l&imum, palladium, copper, ruthenium, and osmilmoagh
oxygen, nitrogen, and sulphur donor atoms in tfjrS) bidentate form or (N, N, S or O, N, S) tritlte form, to
form metallic complexes of different molecular gexing [14-16] and all these complexes are activeirsta
different cancer cells in their different geomedr[@7]. The square planar platinum(ll) and palladium(lljgexes
of M(HL)2CI and M(L)CI type with thiosemicarbazonkgands derived from phenylacetaldehyde and 2-
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formylpyridine showed high cytotoxicity in vitragainst HL60 leukaemia and P388 mouse leukaenflidiress
[18], while platinum(ll) and palladium(ll) binuclexomplexes with p-isopropylbenzaldehyde thiosemiaaone
ligandsexhibit strong cytotoxic activities on mouse tunaetl growth inhibition [19-20].

Figure 1. Complex formation with metal ions

Some synthetic analogues of Thiosemicarbazonadrexist in market like, Triapine, Marboran, ¢#. Triapine
is a potent ribonucleotide reductase inhibitor amsbd in cancer treatment. Triapine (3-aminopyridine
carboxaldehyde thiosemicarbazone) is a tridentagdator that ligates Fe via a sulphur and twoogin atoms
[21-22]. Triapine is one of the most comprehensgiassessed iron chelators with anti-tumor actiityecent study
reported that the Triapine-Fe (II) complex was Higantly more active at inhibiting ribonucleotideductase than
free Triapine [23]. Marboran is a good Anti-viragemt. It has activity against pox viruses, Malotheykaemia
viruses and recently against HIV [24]. Generallgsth complexes are insoluble in water but our netivatéses
contain one more heterocyclic N atom which gives déldvantage that they form H-bonds with water tegpin
more hydrophilicity and somewhat better activity. [6o, we are encouraged to explore the synthdsiseewer
derivatives by modification of compound (A).

cl N CHa
S
N N-—NHJLNH
(A)

Figure 2: Proposed structur e of Thiosemicarbazone derivative
MATERIALSAND METHODS

Melting points were determined on a Biichi 535 meltpoint apparatus and are uncorrected. Infraredtspwere
recorded on a Perkin-Elmer 841 using samples iagsaam bromide discs. THE- NMR spectra were recorded on
a Varian 400 MHz spectrometer using DMSPa$ solvent and TMS as internal standard. Masstrspaere
recorded on TSQ- Quantum Access Mass spectrometdeSb (electron spray ionization) method. TLC was
performed on Merck DC Alufolien with Kieselgel 6@54 from Merck Co.,Germany. All the raw-materialere
purchased from Sigma-Aldrich Co, Germany.

Novel thiosemicarbazone derivatives were synthdsizeccordance with the procedures illustrateBdhemes 1, 2
and 3. The detailed procedures for the intermeglié®), (C) and (D) as well as their characterizatdata are
described here.

Chemistry

The 1-(5-chloro-1H-benzimidazol-2-yl) ethanone (@s prepared as outlined in scheme - 1. The coatlens
reaction between commercially available 4- Chloemzene - 1, 2 - diamine with lactic acid afforde(b4chloro-
1H-benzimidazol-yl) ethanol (B) in quantitative e Further oxidation of thesecalcohol gave corresponding
ketone (C). The N monosubstituted thiosemicarbazides (D) were sgitled as outlined in scheme - 2. They were
formed from hydrazine and various isothiocyanatdschv were commercially available in the market. dFin
proposed compound was synthesized as describetiéme - 3. A series of compounds were synthesiyesintple
condensation reaction between compound (C) andrdiit thiosemicarbazides (D) to form the targetcstre (A).
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Scheme 1.
a cl CH b cl
Cl NH, N 3 N CH;
s mcsgran, —— U — (A
OH N OH N 0
2 H H

(B) (C)

*Reagents and conditions: (a) Ethylene glycol, Mk&diation, 300 watts, 35 - 45 minutes; (b) Gi@H,COOH, heat, 87° - 90°C.

Scheme 2:
S
C H 1l
R—N=C=—=S —> R—N—-C—NH—NH,
(D)
Where, R = various alkyl, phenyl, cyclohexyl
*Reagents and conditions: (c) MNH, .H,O, CH;OH, Room-temperature, 20 — 30 minutes.
Scheme 3:

d cl
Cl N CHy S NO fHs
\E:[ \>—< + R—]P\II—g—NH—-NHQ > \(:E \>_<\ _ﬁ\
N o b NN R
(©) (D) (A)

Where, R = various alkyl, phenyl, cyclohexyl
*Reagents and conditions: (d) GBIH, CHCOOH, reflux, 65° - 80°C, 2 — 4 hours.

Synthesis of 1-(5-chloro-1H-benzimidazol-2-yl) ethanal (B)

4-Chlorobenzene 1, 2-diamine 5 g (0.03 mol) and_DB; lactic acid (88% approx.) (8 ml) were mixed. ffos
mixture, Ethylene glycol (5 ml) was added. The tigacmass were heated in CEM microwave at 300 vfait85 -
45 minutes. On cooling, the reaction mixture wasitied with a saturated solution of NaHO®odium hydrogen
carbonate). (pH = 8) After the neutralisation, tesidue salts obtained was dissolved in methanolfidter it. A
pinch of charcoal powder was added to eliminateutiwanted colour in that filtrate. The filtrate weencentrated
to dryness. The residue then was collected bwfitin as yellow solid form. The yield was 50% amdduct was
further used after the crystallization from alcohdLP. was taken at 168°- 170°C. Reaction progvess checked
by TLC plates using Ethyl acetate: Toluene (4:1)h@smobile phase; IR(clKBr): NH 3360 (vs), CH( benzene)
3077 (vs), C=C & C=N 1599, C-O 1113-NMR (400 MHz, DMSO-g): & 1.49 (d, 3H), 4.68 (q, 1H), 5.77 (d, 1H),
7.14 (d, 1H), 8.40 (dd, 1H).

Synthesis of 1-(5-chloro-1H-benzimidazol-2-yl) ethanone (C)

The 1-(5-chloro-1H-benzimidazol-2-yl) ethanol 2 @Q1) mol was dissolved in glacial acetic acid §3ml).
Chromium Trioxide (Cr@) 0.38 g (0.003 mol) in D (1.25 ml) was added dropwise in solution of 1(#ero-1H-
benzimidazol -2-yl ) ethanol at temperature 87°€@2Fhe reaction mixture was heated for 5 minutesvater bath
and then added in 50 ml of water in the 250 ml beakhe yellow precipitates were collected by difion and dried
further. The yield was 70%. The product obtained wat having definite M.P. and it started decompgsit 235°-
236°C. The reaction progress was checked by TL@gaEthyl acetate and Toluene (4:1) as solvents(ciR®,
KBr): NH 3368 (m), CH (benzene) 3060 (s), C=0 16%9:NMR (400 MHz, DMSO-¢): § 2.70 (s, 3H), 7.16 (d,
1H), 8.44 (dd, 1H).

General procedure for the synthesis of N*- alkyl and aryl thiosemicarbazides® (D)

The alkyl or aryl isothiocyanate (2-3 ml) was addedpwise in a stirred solution of hydrazine (2-B m methanol
(6 ml) at 65° - 80°C. The stirring was continued 20 minutes. The solvent was removed by evaparatieaccuo
and the crude product was dissolved in chlorofosrm{) and this solution was added into multifolduroe of
petroleum ether (40° - 60°C) at constant stirrifige precipitates obtained were used directly witlpauification or
some times after crystallization from the appragrsolvent.
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By this method other compounds were prepared: 4enylh 4- ethyl-, 4-n- butyl- and 4-cyclohexyl-
thiosemicarbazides.

General procedurefor the synthesis of thiosemicar bazones of the 1-(5-chlor o-1H-benzimidazol-2-yl) ethanone (A)
A typical procedure is described here for the sgsith 2-[1-(5-chloro-1H-benzimidazol-2-yl) ethylidgnN-
phenylhydrazine carbothioamid&,)

The Phenyl thiosemicarbazide 2 g (0.01 mol) andrbps of glacial acetic acid were added to a wanlution of 1-
(5-chloro-1H- benzimidazol-2 —yl) ethanone in meibla6 ml). The reaction mass was heated at réémperature
for 2 - 4 hours. The product was obtained uponingplnd then dried. The reaction progress wasketkby TLC
taking Ethyl acetate and Toluene (4:1) as mobilasph The product was brown colour solid with 50%ldyiand
m.p. at 163-162°C; IR (cnit, KBr): NH 3205 (s), C=S 1189 (s), C=N 1514 @xC 1596 (s)’H-NMR (400
MHz, DMSO-d): 6 2.46-2.48 (s, 3H), 7.24-7.26 (d, 1H), 7.40-7.441¢), 7.49-7.51 (d, 1H), 7.59-7.64 (d, 1H),
8.35-8.36 (s, 1H), 10.40 (s, 1H), 11.07 (s, 1H)P23s, 1H); Mass (m/e, ESI): M842.9 (found) 343.83(actual), [M
+2]344.9 .

In the same manner, other thiosemicarbazone degatvere synthesized and characterized.

2-[1-(5-chlor 0-1H-benzimidazol-2-yl)ethylidene] N-hydrazine car bothioamide. (S;)

Light brown solid; 55% yield; m.p. 214-215°C; IRn{¢, KBr): NH 3454 (s), C=S 1213 (s), C=N 1531 @}C
1584 (s);'H-NMR (400 MHz, DMSO-g): 5 2.38 (s, 3H), 7.14-7.16(d, 1H), 7.48-7.49 (d,1HE9 (s,1H), 8.57 (s,
2H), 10.73 (s, 1H), 12.86-12.88 (s,1H); Mass (r&8l): M" 266.9 (found), 267.73(actual), [M2] 268.9 .

2-[1-(5-chloro-1H-benzimidazol-2-yl) ethylidene] N-ethylhydrazine carbothioamide. (S;) Brown solid; 58%
yield; m.p. 223-224°C; IR (cth KBr): NH 3435 (s), C=S 1199 (s), C=N 1492 (s),GC%549 (s);'H-NMR (400
MHz, DMSO-d): 5 2.42 (s, 3H), 1.19-1.23 (t, 3H), 3.73 (t, 2H),4226 (d, 1H), 7.54-7.56 (d, 1H), 8.35-8.36 (s,
1H), 9.20 (s, 1H), 10.65 ('s,1H), 12.92 (s,1H); M&s/e, ESI): M 295.55 (found), 295.8 (actual), [M2] 297.5 .

2-[1-(5-chlor o-1H-benzimidazol-2-yl) ethylidene] N-(n-butyl) hydrazine carbothioamide. (S,)

Brown solid; 65% yield; m.p. 203-204°C; IR (€nKBr): NH 3448 (s), C=S 1216 (s), C=N 1419 (s),C£541 (s);
'H-NMR (400 MHz, DMSO-g): § 0.90 (t, 3H), 1.32-1.39 (s, 2H), 1.52-1.57 (q, 2B¥%2 (s, 1H), 3.64-3.67 (q, 2H),
7.24-7.27 (d, 1H), 7.55-7.57 (d, 1H), 8.34-8.361¢d), 9.15 (s, 1H), 10.68 (s, 1H), 12.98 (s, 1HR (m/e, ESI):
M™ 323.20(found), 323.8 (actual), [M2] 325.20 .

2-[1-(5-chlor 0-1H-benzimidazol-2-yl)ethylidene] N-cyclohexylhydr azine car bothioamide. (Ss)

Brown solid; 70% vyield; m.p. 215-216°C; IR (¢irKBr): NH 3420 (s), C=S 1206 (s), C=N 1519 (s),&£594 (s);
'H-NMR (400 MHz, DMSO-¢):8 1.12-1.75 (m, 11H), 2.43 (s, 3H), 7.24-7.25 (d),1H52-7.55 (d, 1H), 8.36-8.38
(s, 1H), 9.02 ('s, 1H), 10.55 (s, 1H), 13.24 (H);IMass (m/e, ESI): M349.20 (found), 349.44 (actual), [N2]
351.20 .

In vitro anti-cancer activity [25]

The synthesized thiosemicarbazone derivatives veereened for their anticancer activity by the peoto
established at National Cancer Institute, Bethebtia, USA. The cell line of interest was seede@ a&ell density
of 5000 — 40,000 cells/well in a 96 well plate witbQul RPMI 1640 as the basal media supplemented witHedéb
bovine serum and 2mM L-glutamine. The cells wepribated for a period of 24 hours at 37°C, 5% cadioride,
95% air, and 37% relative humidity for proper atiment. Upon attachment the 0% cell growth controligs were
fixed with TCA, while the appropriate serial dilomi of the drug (drug diluted in DMSO) was addedhi feeding
media in the treatment groups. The cells were thenbated for a period of 48 hours at the afore tinead
conditions. Subsequently, the cells were fixed VBithl of 50% cold TCA (final concentration 10% TCA) atibn
for 60 minutes at 4°C. The media was then aspiratelts washed with tap water for 5 times, anddaied. Finally,
100l Sulforhodamine B (SRB) at 0.4% (w/v concentralionl1% acetic acid was used for quantificationBSRa
colorimetric assay used to determine the cell dgrmsed on the cellular protein content. The unbodye was
then removed by washing the cells with 1% aceti dor 5 times to avoid non specific and background
interaction/absorbance and the cells were thedréd. The bound stain was then solubilised witmiDtrizma
base, and the absorbance was measured at 515nnprdtbeol for suspension cells was the same wighahly
exception being the concentration of TCA set &&@nal concentration 16%) for fixing the cells.
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RESULTSAND DISCUSSION

The synthesized compounds were screened for theicancer activity. We had submitted five composin@hey
had given separate codes to each. They a(®SC- 92075), S(NSC-92491), $(NSC-95191), 5(NSC-99793)
and § (NSC-95192). Out of the five compounds four weedected by NCI and screened for their in vitra-ant
tumor activity against 60 human cell lines deriiemin nine clinically isolated cancer types (e.gukemia, lung,
colon, CNS, melanoma, ovarian, renal, prostate lane@dst) according to a standard protocol estallisttethe
National Cancer Institute, Bethesda, MD, USA.

Four compounds they had screened for one dosadgef@uur compounds, in one compouB8g(NSC 92491) was
selected for further five dosage screening becauided shown excellent activity in one dosage sureg
Compound was tested for five different concentraticstarting from log (-8.3) M to logy (-4.3) M. The
effectiveness of the drug was judged by the peacgnbf the cell arrest. In the given data tablgatiee values
indicated growth inhibition. More the negative walumore would be the effectiveness of the drug at th
concentration. At low concentrations of ]g¢8.3)the cell survival or cell growth is 100% relative the control
group and the cell density at time zero, howeveah ain increase in concentration to 9¢7) the overall cell
growth had been found to be ~40% relative to thetrob group. Further increase in concentratioom, (-6)
yields 0% cell growth over a period of 2 days, ftee average number of cells at time zero was dqutle average
number of cells treated with Igg-6) molar concentration of drug after 2 day indidra This suggested cell arrest,
i.e. the cells failed to grow when treated withsthbncentration of drug. Finally, at ~lgd-5) and ~log, (-4.3)
concentrations, ~90 and 100% cell death was obderlative to the control and time zero groupsratteays. This
meant that at this concentration, cellular growtiest was followed by cell death killing majority all of the cells
initially seeded in the well. In the data-sheetegivn table mean optical densities were measutedas measured
by three different ways; at first on time zero whigas considered to be 0 % in graphs given in tageondly in
control group i.e. cells allowed to grow for 3 dayighout any drug which was considered to be 100f %all
growth; and last at different concentrations withgdwhich was considered to be -100% if total eelest otherwise
any in between value.

From the compounds that were exposed to the testpoundS; (NSC 92075) exhibited low anticancer activity.
This compound had shown activity against cell lioédeukemia, lung, colon, ovarian, renal and breascer.
However, the sensitivity of these cell lines was$ @oough above the acceptable values. The sintlarity was
observed for compoung; (NSC 95191) with the difference being that the takks NCI-H460 (lung cancer) and
MCF7 (breast cancer) was less sensitive for thisgmund. The activity of the compouisd (NSC 95192) was at
the same level of the above compounds but this comgp showed average activity against CCRF-CEM Iicedl of
leukemia. One dosage mean graphs of compoun8s&hd S are given in table no. 1, 3 and 4 respectively.

The compound S(NSC 92491), a phenyl substituted agent, showethrieable activity against most of all the
cancer cell lines as shown in table no. 2. At tiecentration log, (-4.3) M cell arrest was observed for various cell
lines. Variations were observed in percentage dromftibition / cell arrest as the cancer type waanged. In-vitro
testing results for five different dosages and desponse curves against various cancer cell iregiven in table

5 and 6 respectively.

In leukemia, maximum 49% growth inhibition was atveel for HL-60(TB) cell line. While this compountd®sved
moderate inhibition for cell lines MOLT-4 (39%), RIR8226 (34%) and K-562 (20%).

In non small lung cancer, 100% inhibition was shofen cell line NCI-H460. While moderate inhibitiowas
observed for cell lines HOP-62(95%), EKVX (71%), N€322M (87%), HOP- 92(61%) and NCI-H522 (68%).

In colon cancer, compound Showed 100% inhibition for cell line SW- 620. Modg activities were showed for
KM12 (79%), HCC-2998 (55%) and COLO 205 (45%) tiaks.

In CNS cancer, moderate inhibition observed for26B (71%), SNB-75 (70%), SF-539 (40%) and SF-ZD84)
cell lines.

In melanoma, 100% inhibition observed for SK-MEIcéll line. Moderate inhibition was exhibited for T&-257
(88%), SK-MEL-28 (84%), SK-MEL-2 (80%) and UACC-621%) cell lines.

In ovarian cancer, maximum 96% inhibition indichfer OVCAR-4 cell line. Other cell lines OVCAR-83%),
OVCAR-5 (38%) and IGROV 1(41%) were showed medinhihition.
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Table 1: One Dose mean graph for S;

Developmental Therapeutics Program | nsc: 753139/1 Conc: 1.00E-5 Molar | Test Date: May 24, 2010
One Dose Mean Graph Experiment ID: 10050863 Report Date: Jul 09, 2010
Panel/Cell Line Growth Percent Mean Growth Percent - Growth Percent
Leukemia
CCRF-CEM 827D
HL-60(TB) 29.51
K-562 39.51
MOLT-4 30.40
RPMI-8226 57.56
SR 30.47
Non-Small Cell Lung Cancer
AB49/ATCC 34.36
EKVX 63.30
HOP-62 43.01
HOP-92 79.46
NCI-H226 46.35
NCI-H23 75.39
NCI-H322M 70.01
NCI-H460 15.33
NCI-H522 33.96
Colon Cancer
COLO 205 44 99
HCC-2998 55.84
HCT-116 35.62
HCT-15 35.74
HT29 32.83
KM12 32.15
SW-620 41.37 -
CNS Cancer
SF-268 33.25 =
SF-295 44.83
SF-539 43.04 o
SNB-19 57.62 =
SNB-75 43.64
U251 4993 L
Melanoma
LOX IMVI 43.67
MALME-3M 112.95
MDA-MB-435 54,59
SK-MEL-2 32,10
SK-MEL-28 68.67
SK-MEL-5 45.35
UACC-257 68.82
UACC-62 36.69
Ovarian Cancer
IGROV1 58,93 —
OVCAR-3 50.06
OVCAR-4 32.31
OVCAR-5 69.79
OVCAR-8 39.15
NCI/ADR-RES 31.09 —
SK-OV-3 47.11 L
Renal Cancer
786-0 31.16
A498 53.28
ACHN 19.61
CAKI-1 26.89
RXF 393 48.92
SN12C 48.46
TK-10 33.93
Uo-31 41.87
Prostate Cancer
PC-3 52.31
DU-145 34.07
Breast Cancer
MCF7 8.53
MDA-MB-231/ATCC 63.20
BT-549 74.86
T-47D 40.48
MDA-MB-468 44.21
Mean 45.61
Delta 37.08 [—
Range 104.42
150 100 50 0 -50 -100 -150
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Table 2: One Dose mean graph of S,

Developmental Therapeutics Program | wsc: 753140/ 1 Conc: 1.00E-5Malar | Test Date: May 24, 2010
One Dose Mean Graph Experiment ID: 10050583 Report Date: Jul 09, 2010
Panel/Cell Line Growth Percent Mean Growth Percent - Growth Percent
Leukemia
ey 18
K-582 -840
MOLT-4 -16.87
RPMI-BZ26 5.62
SR -36.10
Mon-Small Cell Lung Cancer
AS4MATCC -10.82
EEVX -23.80
HOP-62 -a7.o7
HOP-B2 -68.77
MNCI-H2248 4241
MC-H23 45,32
MNCI-H322M -40.38
MNCI-H4a80 -66.58
MNCIH522 -83.45
Colon Cancer
COLD 205 -804
HCC-20RB -80.54
HCT-116 -26.87
HCT-15 0.55
HT29 -88.48
KM12 -82.49
5 -T0.88
CMNS Cancer
SF-268 -80.50
SF-2B5 -58.58
SF-53B -72.08
SMB-18 -33.75
SMB-TE -T5.45
U251 =44 16
Melanoma
LO I -To.07
MALME-3M -T4.00
MDA-MB-435 -84.50
SK-MEL-2 -83.55
SKE-MEL-28 -06.83
SK-MEL-5 -a7.27
UACC-257 -04 27
UACC-62 -T2.04
Ovwarian Cancear
IGROV 7.58
OVCAR-3 -60.54
OVCAR-4 -Ta3
OVCAR-5 -36.84
OVCAR-D -39.80
NCUADR-RES -12.88
SKE-OV-3 -17.70
Renal Cancer
7a88-0 -47.58
5403 -81.28
ACHMN 7.85
CAKI-1 i
RXF 303 -01.448
SN12C -37.42
TE-10 -39.10
Uo-31 -35.50
Prostate Cancer
PiC-3 47.73
DU-145 -88.12
Breast Cancer
MCFT -85.43
MDA-MB-231/ATCC -21.42
BT-540 ]
T4TD -G89
MDA-MB-468 L]
Mean -53.20
Dela 4592
Range 108.48
150 100 &0 0 -BD 00 450
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Table 3: One Dose mean graph for S;

Developmental Therapeutics Program | nsc: 754928/ 1 Conc: 1.00E-5 Molar | Test Date: Dec 08, 2010
One Dose Mean Graph Experiment ID: 10120569 Report Date: Jan 07, 2011
Panel/Cell Line Growth Percent Mean Growth Percent - Growth Percent
Leukemia
HL-60(TB) 68.97
K-562 64.10
MOLT-4 41.25
RPMI-8226 61.56
SR 51.41
Non-Small Cell Lung Cancer
AB49/ATCC 64.58
EKVX 51.14
HOP-62 5178
HOP-92 58.46
NCI-H226 84.54
NCI-H23 81.02
NCI-H322M 52,19
NCI-H460 36.39
NCI-H522 78.35
Colon Cancer
COLO 205 5292
HCC-2998 6257
HCT-116 73.78
HCT-15 42,64
KM12 65.94
SW-620 70.05
CNS Cancer
SF-268 54.06
SF-295 45,38
SF-539 76.64
SNB-19 70.16
SNB-75 92.36
U251 53.30
Melanoma
LOX IMVI 43.09
MALME-3M 102.53
M14 78.74
MDA-MB-435 70.13
SK-MEL-2 104.21
SK-MEL-28 79.72
SK-MEL-5 71.53
UACC-257 91.73
UACC-62 66.38
Qvarian Cancer
IGROV1 64.66
OVCAR-3 56.96 =
OVCAR-4 3597
OVCAR-5 70.76
OVCAR-8 7544
NCI/ADR-RES 62.66
SK-OV-3 76.25
Renal Cancer
786-0 75.74
A498 76.50
ACHN 43.36
CAKI-1 29.01
RXF 393 96.32
SN12C 68.66
TK-10 67.04
UGo-31 3423
Prostate Cancer
PC-3 63.43
DU-145 67.07
Breast Cancer
MCF7 58.51
MDA-MB-231/ATCC 49,93
HS 578T 78.09
BT-549 78.55
T-47D 74.89
MDA-MB-468 58.70
Mean 65.11
Delta 36.10 |—
Range 7520 I
150 100 50 0 -50 -100 -150
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Table 4: One Dose mean graph for S

Developmental Therapeutics Program | nsc: 754929/ 1 Conc: 1.00E-5 Molar | TestDate: Dec 06, 2010
One Dose Mean Graph Experiment ID: 10120869 Report Date: Jan 07, 2011
Panel/Cell Line Growth Percent Mean Growth Percent - Growth Percent
Leukemia
CCRF-CEM 20.39
HL-60(TB) 95.25
K-562 8527
MOLT-4 64.18
RPMI-8226 69.61
SR 63.00
Non-Small Cell Lung Cancer
AB49/ATCC 92.81
EKVX 65.25
HOP-62 80.09
HOP-92 76.70
NCI-H226 99.38
NCI-H23 87.49
NCI-H322M 85.25
NCI-H460 81.25
NCI-H522 85.24
Colon Cancer
COLO 205 96.95
HCC-2998 84,43
HCT-116 84.65
HCT-15 62.18
KM12 78.82
SW-620 92.83
CNS Cancer
SF-268 76.85
SF-295 69.40 =
SF-539 81.47
SNB-19 84.91 L
SNB-75 82.44
U251 81.81
Melanoma
LOX IMVI 62.51
MALME-3M 121.26
M14 90.71
MDA-MB-435 90.53
SK-MEL-2 96.67
SK-MEL-28 90.99
SK-MEL-5 81.92
UACC-257 99.07
UACC-62 84.79
Ovarian Cancer
IGROV1 84.64 L
OVCAR-3 76.10
OVCAR-4 57.39
QOVCAR-5 93.74
OVCAR-8 87.35 -h
NCI/ADR-RES 79.08
SK-OV-3 80.20 ’
Renal Cancer
786-0 94.00
A498 84.92
ACHN 75.11
CAKI-1 5817
RXF 393 91.28
SN12C 76.57
TK-10 90.97
UGo-31 64.86
Prostate Cancer
PC-3 77.74
DU-145 92.36
Breast Cancer
MCF7 66.84
MDA-MB-231/ATCC 62.40
HS 578T 90.60
BT-549 84.57
T-47D 93.47
MDA-MB-468 97.12
Mean 81.45
Delta 61.06
Range 100.87 %
150 100 50 0 -50 -100 -150
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Table5: in vitro testing resultsfor five dosagesfor S,

National Cancer Institute Developmental Therapeutics Program
In-Vitro Testing Results

NSC : 753140/ 1 Experiment ID : 1008NS91 Test Type : 08 Units : Molar

Report Date : September 09, 2010 Test Date : August 02, 2010 QNS : MC:

COMI : 82 (92491) Stain Reagent : SRB Dual-Pass Related SSPL : OMTG

Log10 Concentration
Time Mean Optical Densities Percent Growth

PanelCell Line Zero Ctr $43 73 <63 5.3 -43 $43 73 63 53 -43 GI50 TGI LCS0
Leukemia
CCRF-CEM 0.385 1623 1640 0864 0586 0400 0483 m » 16 1 8 3.30E-8 > 5.00E-5 > 5.00E-5
HL-80(TE) 0671 2158 2027 1659 0677 0517 0344 7N 65 23  -49 BBTE-8 5.20E-7 > S5.00E-5
K-562 0287 2264 2102 1.702 0621 0279 0.2 a2 T2 17 e =20 1.24E-7 361E-6 > S5.00E-5
MOLT-4 0617 2412 2446 1624 0837 0463 0379 102 56 12 25 -39 6.B8E-8 1.07E-6 > S5.00E-5
RPMI-8226 0.719 1.929 1991 1633 1177 0587 0472 105 -] 38 -18 =34 237E-7 2.36E-6 > 5.00E-5
SR 0262 1151 1223 0642 0338 0219 0290 108 43 8 -17 3 3.88E-8 . > S5.00E-5
Non-Smaill Cell Lung Cancer
AS4ATCC 0.320 1551 1680 1453 0642 0219 0205 10 92 26 -2 % 2.17E-7 141E6 > 5.00E-5
EKVX 0595 1480 1462 1.142 0783 0257 0.176 97 61 21 57 S 9.50E-8 9.MET7 409E-6
HOP-62 0372 0952 0976 0.765 0587 0.04% 0020 104 - w 87 95 1.90E-7 9 96E-7 252E6
HOP-82 1.012 1.652 1.621 1.492 1388 0386 02396 95 bl 59 -62 61 S9E-T 1.53E6 J98E6
NCI-H226 0888 2119 2148 1967 1277 0536 0547 103 a7 26 -46 -45 1.99E-7 1.14E-6 > 5.00E-5
NCI-H23 0532 1930 1864 1763 1178 0269 0509 95 ] 46 50 -4 4.06E-7 1.52E-6 > 5.00E-5
NCI-H322M 0606 1454 1491 1.111 0834 0237 0076 104 60 27 61 &7 9.80E-8 1.01E6 ATSE6
NCI-H460 0218 1728 1784 0856 0258 0037 -0.011 104 42 3 8 100 3T4E-8 S.37E-T 2.06E-6
NCI-H322 0.5M 1.414 1414 1270 0815 0040 0.185 100 8 9 93 -68 2.02E-7 B8.64E-T 2.22E6
Colon Cancer
COLO 205 0276 093 099 0922 0436 0020 0151 109 98 24 93 -45 2.23E-7 8.04E-7 .
HCC-2998 1359 33N 3327 3308 1.781 0.067 0607 100 9% 21 -85 55 2.14E-7 7.63E-T 2.05E6
HCT-116 0.170 1.184 1219 0824 0375 0007 0219 102 64 20 56 5 1.04E-7 . .
HCT-15 0.343 2501 2409 1611 0821 0234 0343 96 59 2 -2 . 8.66E-8 5.00E-5 > 5.00E-5
HT29 0196 1255 1301 1.109 0394 0014 0122 104 86 19 63 .38 1.72E-7 7.35€-7 g
KM12 0391 1631 169 1310 0710 0072 0.081 105 74 26 82 79 1.57E-7 8.68E-T 2.53E6
SW-620 0.2 1.058 1.055 0860 0488 0032 0014 100 7 x 81 -100 207E-7 9.77TE-T 267E6
CNS Cancer
SF-268 0448 1396 1398 0984 0676 0102 0.136 100 57 77 70 7.63E-8 8.63E-7 2.69E-6
SF-205 0476 1668 1483 1167 0649 0122 0300 84 S8 15 74 37 T6ES 7.28E-7 .
SF-539 0642 2179 2048 1759 1040 0.192 0387 =11 ™ 26 -T0 -40 1.53E-7 9.30E-7 .
SNB-19 0.546 1.793 1830 1539 1010 0369 0482 103 80 -32 -12 2.50E-7 1.71E-6 > S.00E-S
SNB-75 0371 0815 0749 0664 0550 0004 0.107 as 66 40 -99 - 210E-7 9.74E-T 2.23E-6
u2s1 0257 1252 1258 0888 0444 0150 0255 101 63 19 -42 -1 9.96E-8 1.02E-6 > 5.00E-S
Melanoma
M14 0349 1151 1.161 0985 0.159 0.016 0334 10 7 54 95 -4 8.28E-8 1.96E-T
MDA-MB-435 0.405 1489 1407 1245 0793 0058 0223 2 m 3B 86 45 2.28E-7 9.81E-7 .
SK-MEL-2 0802 2577 2561 2293 1.213 0076 0.162 99 84 23 N -80 1.81E-7 7.99E-T 2.20E-6
SK-MEL-28 524 1.509 1482 1297 0810 0021 0.086 a7 78 29 96 -84 1.88E-7 B8.53E-7 2.14E-6
SK-MEL-5 06828 2413 2403 2076 0821 0009 -0076 99 81 11 -85 100 1.39E-7 6.20E-7 1.80E-6
UACC-257 0613 1384 1482 1404 0845 0028 0074 m m 30 -85 -88 2.60E-T 8.63E-T 2.17E-6
UACC-82 0783 2578 2630 2498 089 0193 0219 103 - 7 =75 =71 1.65E-7 61TE-T 2.50E-6
Ovarian Cancer
IGROV1 0.398 1.225 1.355 0997 0583 0251 0233 116 T2 22 37 -41 1.40E-7 1.19E-6 > 5.00E-5
OVCAR-3 0472 1.217 1262 0899 0679 0304 0.164 110 57 =36 65 8 BGE-8 1.37E6 1.52E-5
OVCAR-4 0531 1347 1329 0936 0689 0494 0022 88 50 19 7 86 491E-8 2.70E-6 1.52E-5
OVCAR-5 0532 1562 1500 1.252 0958 0254 0330 94 70 41 52 38 2 49E-7 1.38E-6 .
OVCAR-8 0375 1626 1682 1.35 0707 0208 0267 104 78 26 45 .29 1.74E-7 1.18E-6 > 5.00E-5
NCVADR-RES 0.434 1.584 1603 1368 0609 0346 0592 102 L1 15 <20 14 1.48E-7 > S.00E-5
SK-OV-3 0.522 1.152 1.195 1.016 0758 0279 0352 107 T8 w -47 ] 2.46E-7 1.39E-6 > S.00E-5
Renal Cancer
786-0 0588 2020 1996 1779 0.731 0200 0502 88 83 10 66 -15 1.41E-7 6.75€-7 .
A498 1.267 1814 1.720 1641 1401 0284 0285 a3 68 25 -78 -78 1.3ME-7 8.69E-T 268E6
ACHN 0.321 1.573 1600 1.024 0527 0187 0363 102 56 16 -42 3 T14E-8 . > S.00E-S
CAKI-1 0.555 1.760 1.775 0928 0472 0.196 0406 10 n -15 65 =27 2 68E-8 2.36E-7 .
RXF 383 0.621 1.143 1157 1055 06685 0073 -0.024 103 8 ] 48 -100 1.38E-7 6.10E-T 201E6
SN12C 0531 2064 2100 1848 1134 0364 0558 102 86 » 32 2 2 85E-7 . » 5.00E-5
TK-10 0640 1426 1420 1.151 1060 0534 0436 100 65 5 a7 -3 5.60E-7 2.90E-6 > 5.00E-5
uo-31 0433 1228 1.195 0883 0576 0.125 0100 96 57 18 -7 77 7.38E-8 7 95e-T 290E-6
Prostate Cancer
PC-3 0413 1513 1521 1.142 0800 0.198 0234 101 66 3% S5 .0 167E-7 1.27E6 .
DU-145 0330 1113 1173 0826 0482 0009 -0039 108 =] 19 67 -100 1.00E-7 7.33E-7 1.97E6
Breast Cancer
MC 0.276 1.578 1568 1413 0556 0092 0157 99 87 n 67 -43 1.84E-7 8.T6E-T .
MDA-MB-231/ATCC 0.542 1.485 1454 1.201 0895 0379 049 a7 70 w -30 -9 2.05E-7 1.79E-6 > S.00E-5
HS 578T 0877 1.758 1.757 1619 1346 0567 0683 100 84 53 -35 22 5.44E-7 1.99E-6 » 5.00E-5
BT-549 0.677 1.378 1375 1179 0887 0432 09830 100 72 n -36 36 1.72E-7 s > 5.00E-5
T-47D 0.529 1.270 1230 1244 0808 0333 0388 95 a7 k. -37 =27 3.09E-7 1.59E-6 > S.00E-5
MDA-MB-468 0523 1149 1181 1.165 0649 0089 0046 105 102 20 83 9 2.16E-7 7.83E-7 2396
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Table 6: Dose response curves against different cancer cell linesfor S,
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In renal cancer, RXF-393 showed 100% growth intdhit While this compound expressed moderate agtioit
A498 (78%), UO-31 (77%) and TK-10 (32%) cell lines.

In prostate cancer, 100% inhibition observed for-D45. While, 40% inhibition was observed for PCell line.

In breast cancer, 91% growth inhibition was shoanMDA-MB-468 cell line. Other cell lines MCF7 (43%nd
T-47D (27%) were moderately inhibited by the abowspound.

CONCLUSION

In this Research article, we report convenient gmactical procedure for the preparation of some
thiosemicarbazones of the 1-(5-chloro-1H-benzimidi2zyl) ethanoneby using green reaction conditions, simple
workup with good yield. As well as theénti-cancer activity in whicl®, show very good activityremaining all
derivatives are moderately active.
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