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Aim. Synthesis of new rhodanine-pyrazoline hybrid molecules with a diclofenac fragment in
position 3 using the reactions of heterocyclization and aminolysis with potential antitumor and
antitrypanosomal activities. Methods. Organic synthesis, NMR spectroscopy, pharmacologi-
cal screening. Results. The reaction between 2-(2,6-dichloro-phenyl-amino)-phenylacetic acid
hydrazide and thiocarbonyl-bis-thioglycolic acid in ethanol medium providing rhodanine
derivative with fragment of the anti-inflammatory drug diclofenac in position 3 was performed.
The presence of an active methylene group in position 5 and its subsequent modification
providing 5-ethoxymethylenerhodanine and further aminolysis reaction with various 3,5-dia-
ryl-4,5-dihydro-1H-pyrazoles allowed to produce of a series of 5-(3,5-diaryl-4,5-dihydropyra-
zol-1-ylmethylene)-2-thioxothiazolidin-4-ones. The antitumor activity screening allowed to
identify a highly active compound 9 with a mean Gls, = 0.71/1.09 and TGI = 82.95/28.46 uM
towards 60 cancer lines (DTP NCI program). The synthesized pyrazoline-thiazolidine hybrid
molecules with the diclofenac fragment in the structure did not show significant antitrypano-
somal activity against Trypanosoma brucei brucei (Tbb). Conclusions. The synthesized
5-(3,5-diaryl-4,5-dihydropyrazol-1-ylmethylene)-2-thioxothiazolidin-4-ones with a diclofenac
fragment in the structure are a promising molecular platform for creation of new highly active
potential drugs with a low toxicity.
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Introduction

The rhodanine heterocyclic framework rep-
resents privileged structural motif of many
compounds displaying interesting activities
against a diverse set of biological targets [1,2].
Thus, among 2-thioxothiazolidin-4-one (rho-
danine) structural-type compounds the set of
potent anticancer [3], antifungal [4], antiviral
[5], antimicrobial [6], antimalarial [7] and
anti-inflammatory [8, 9] agents has been iden-
tified. The synthesis and biological activity
evaluation of rhodanine-related molecules are
based on the previous results of experimental
studies of these heterocycle derivatives as
potential chemotherapeutic agents [10-12].
Antitumor activity evaluation associated with
the affinity to diverse biotargets is promising
for these type compounds. Thus, among rho-
danine derivatives it has been identified sev-
eral proto-oncogene serine/threonine protein
kinase (Pim-1,2,3) [13], protein disulfide isom-
erase [14], c-Myc-Max [15], Bcl-2 and Bax
family [16], JNK-stimulating phosphatase-1
(JSP-1) inhibitors [17]. Additionally, rhodanine
fragment is the basis of potential antitrypano-
somal agents, especially among 5-benzyliden-
erhodanine-3-acetic acid derivatives with in-
hibitory activity on dolicholphosphate man-
nose synthase (DPMS) and glycosylphospha-
tidylinositol (GPI) anchor synthesis against 7.
brucei bloodstream forms in vitro [18]. Among
rhodanine-based conjugates with pyrazoline
moiety at 5 position the highest active trypano-
cidal agents against 7 brucei gambiense (Feo
strain) has been identified with ICs, values in
the range of 0.6-0.7 uM [19]. Accordingly, in
our further research we accomplished the syn-
thesis of novel hybrid molecules, which com-
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bines the biologically active scaffolds of pyr-
azole, rhodanine as well as the fragment of
non-steroidal anti-inflammatory drug (NSAID)
diclofenac. Noteworthy, diclofenac-based mol-
ecules along with the main anti-inflammatory
effect possess a wide spectrum of other bio-
logical activities, in particular, anticancer [20]
and antioxidant [21]. Thus, the purpose of our
work was the design and synthesis of 5-(3,5-di-
aryl-4,5-dihydropyrazol-1-ylmethylene)-
2-thioxothiazolidin-4-ones with a diclofenac
moiety, and evaluation of their trypanocidal
and antitumor activities.

Materials and methods

Chemistry

All materials were purchased from Merck and
Sigma-Aldrich and were used without purifica-
tion. Melting points were measured in open
capillary tubes and are uncorrected. Elemental
analyses were performed using Perkin-Elmer
2400 CHN analyzer. The 'H NMR (400 MHz)
spectra were recorded on Varian Mercury 400
(400 MHz) in DMSO-d; using tetramethylsi-
lane as internal standard. Mass spectra were
obtained using electrospray ionization (ESI)
techniques on an Agilent 1100 Series LC/
MSD. The purity of all obtained compounds
was checked by thin-layer chromatography
(eluent benzene : EtOAc 1:1).

Synthesis of 2-[2-(2,6-dichlorophenyl-
amino)-phenyl]-N-(5-ethoxymethylene-4-oxo-
2-thioxothiazolidin-3-yl)-acetamide (2).
A mixture of 2-[2-(2,6-dichloro-phenylamino)-
phenyl]-N-(4-0x0-2-thioxothiazolidin-3-yl)-
acetamide (10 mmol) and triethyl orthoformate



Biologically active rhodanine-pyrazoline-diclofenac hybrid molecules

was heated at reflux for 2 h in acetic anhydride
(10 mL). The resulting solution was poured
into water, extracted with ethyl acetate, after
which the organic layer was distilled off in
vacuo. Obtained powder was recrystallized
from acetic acid. Yield 67 %, mp 234-235°C.
'HNMR: 6 1.33 (t, 3H, J = 7.1 Hz, CHj), 2.38
(m, 2H, CH,), 4.17 (s, 2H, CH,), 6.28 (s,
1H, =CH), 6.65 (t, 1H, J = 7.6 Hz, arom.),
6.86 (t, 1H, J = 7.6 Hz, arom.), 7.07 (t, 1H,
J = 8.1 Hz, arom.), 7.07 (d, 1H, J = 7.6 Hz,
arom.), 7.19 (d, 1H, J = 7.6 Hz, arom.), 7.52
(d, 2H, J = 8.1 Hz, arom.), 8.29 (s, 1H, NH),
11.50 (s, 1H, NH). Anal.Calcd for
C,0H,,CLLN;058S,: C, 49.80; H, 3.55; N, 8.71.
Found: C, 49.72; H, 3.39; N, 8.62. ESI-MS
m/z 481.4/483.4 (M+H)*.

General procedure for the synthesis of
5-(3,5-diaryl-4,5-dihydropyrazol-
1-ylmethylene)-2-thioxothiazolidin-4-ones
(3-11). A mixture of compound 2 (10 mmol)
with the appropriate 3,5-diaryl-4,5-dihydro-
1H-pyrazole (10 mmol) was refluxed for 2 h
in the ethanol medium. The obtained solid
products were filtered off, washed with ethanol
and recrystallized from the mixture of DMF —
EtOH (1:1).

N-{5-/3,5-Bis-(4-chlorophenyl)-4,5-
dihydropyrazol-1-ylmethylene]-4-oxo-
2-thioxothiazolidin-3-yl}-2-[2-(2,6-
dichlorophenylamino)-phenyl]-acetamide (3).
Yield 71 %, mp 203-204°C. 'H NMR: & 3.47
(dd, 1H, J = 18.0, 6.4 Hz, CH,), 3.74 (s, 2H,
CH,), 3.99 (dd, 1H, J = 18.0, 11.2 Hz, CH,),
5.63 (dd, 1H,J=11.2, 6.4 Hz, CH), 6.99-7.04
(m, 3H, arom.), 7.14 (d, 2H, J = 8.4 Hz, arom.),
7.17 (d, 2H, J = 8.6 Hz, arom.), 7.21 (d, 2H,
J = 8.4 Hz, arom.), 7.23 (d, 2H, J = 8.6 Hz,

arom.), 7.26-7.34 (m, 4H, arom.), 7.99 (s, 1H,
=CH), 10.58 (s, 1H, NH), 11.39 (s, 1H, NH).
Anal.Calcd for C33H,;CIUN;0,S,: C, 54.48; H,
3.19; N, 9.63. Found: C, 54.55; H, 3.10; N,
9.52. ESI-MS m/z 726.5/728.5 (M+H)".

N-{5-[3-(4-Chlorophenyl)-5-(4-
methoxyphenyl)-4,5-dihydropyrazol-
1-ylmethylene]-4-oxo-2-thioxothiazolidin-
3-yl}-2-[2-(2,6-dichlorophenylamino)-phenyl]-
acetamide (4). Yield 78 %, mp 193-194°C. 'H
NMR: 6 3.45 (dd, 1H, J=18.3, 6.8 Hz, CH,),
3.71 (s, 2H, CH,), 3.76 (s, 3H, OCHj;), 3.97
(dd, 1H, J=18.3, 11.0 Hz, CH,), 5.60 (dd, 1H,
J=11.0, 6.8 Hz, CH), 6.83 (t, 1H, J= 7.0 Hz,
arom.), 6.94-7.02 (m, 3H, arom.), 7.14 (t, 1H,
J=28.2 Hz, arom.), 7.26-7.35 (m, 3H, arom.),
7.40 (m, 1H, arom.),7.45 (dd, 2H, J = 3.5,
8.0 Hz, arom.), 7.63 (d, 2H, J = 8.4 Hz, arom.),
7.83-7.89 (m, 2H, arom.), 7.94 (s, 1H, =CH),
10.57 (s, 1H, NH), 11.31 (s, 1H, NH). Anal.
Calcd for C;4H,cCI13;N505S,: C, 56.48; H, 3.62;
N, 9.69. Found: C, 56.57; H, 3.70; N, 9.62.
ESI-MS m/z 722.1/724.1 (M+H)*.

N-{5-[5-(4-Chlorophenyl)-3-(4-
methoxyphenyl)-4,5-dihydropyrazol-
1-ylmethylene]-4-oxo-2-thioxothiazolidin-
3-yl}-2-[2-(2,6-dichlorophenylamino)-phenyl]-
acetamide (5). Yield 65 %, mp 188-189°C. 'H
NMR: & 3.51 (dd, 1H, J=18.6, 5.9 Hz, CH,),
3.85 (s, 2H, CH,), 3.86 (s, 3H, OCHj;), 4.07
(dd, 1H, J=18.6, 10.8 Hz, CH,), 5.74 (dd, 1H,
J=10.8,5.9 Hz, CH), 7.07 (t, I1H, J= 7.0 Hz,
arom.),7.16-7.21 (m, 4H, arom.), 7.43 (d, 2H,
J=28.6 Hz, arom.), 7.50-7.52 (m, 5H, arom.),
7.77 (s, 1H, =CH), 7.83 (d, 1H, J = 8.8 Hz,
arom.), 7.86 (d, 2H, J = 8.6 Hz, arom.), 10.61
(s, 1H, NH), 11.35 (s, 1H, NH). Anal.Calcd
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for C34H26C13N50382: C, 5648, H, 362, N,
9.69. Found: C, 56.52; H, 3.69; N, 9.77. ESI-
MS m/z 722.1/724.1 (M+H)".

N-{5-/3,5-Bis-(4-methoxyphenyl)-4,5-
dihydropyrazol-1-ylmethylene]-4-oxo-2-thioxo-
thiazolidin-3-yl}-2-[2-(2,6-dichlorophenyl-
amino)-phenyl]-acetamide (6). Yield 81 %, mp
166-167°C. '"H NMR: 6 3.39 (dd, 1H, J=18.0,
6.5 Hz, CH,), 3.71 (s, 2H, CH,), 3.76 (s, 3H,
OCH,;), 3.77 (s, 3H, OCH,), 4.05 (dd, 1H, J =
18.0, 11.4 Hz, CH,), 5.50 (dd, 1H, J = 11.4,
6.5 Hz, CH), 7.00-7.05 (m, 3H, arom.), 7.13
(d, 2H, J = 8.4 Hz, arom.), 7.19 (d, 2H, J =
8.6 Hz, arom.), 7.21 (d, 2H, J = 8.4 Hz, arom.),
7.23 (d, 2H, J = 8.6 Hz, arom.), 7.21-7.33 (m,
4H, arom.), 8.04 (s, 1H, =CH), 10.59 (s, 1H,
NH), 11.31 (s, 1H, NH). Anal.Calcd for
C55H,0C1LN5O,S,: C, 58.49; H, 4.07; N, 9.74.
Found: C, 58.62; H, 4.15; N, 9.62. ESI-MS m/z
717.6/719.6 (M+H)".

2-[2-(2,6-Dichlorophenylamino)-phenyl]-N-
{5-[5-(4-methoxyphenyl)-3-phenyl-4,5-dihydro-
pyrazol-1-ylmethylene]-4-oxo-2-thioxothiazoli-
din-3-yl}-acetamide (7). Yield 71 %, mp 190-
191°C. 'H NMR: 6 3.51 (dd, 1H, J = 18.8,
6.8 Hz, CH,), 3.76 (s, 2H, CH,), 3.77 (s, 3H,
OCH,), 4.04 (dd, 1H, J=18.8, 10.7 Hz, CH,),
5.64 (dd, 1H,J=10.7, 6.8 Hz, CH), 6.88 (t, 1H,
J = 8.2 Hz, arom.), 6.99-7.02 (m, 2H, arom.),
7.06 (t, 1H, J= 7.6 Hz, arom.), 7.18 (t, 1H, J =
8.0 Hz, arom.), 7.31-7.39 (m, 4H, arom.), 7.45
(m, 1H, arom.), 7.50-7.53 (m, 2H, arom.), 7.58-
7.61 (m, 4H, arom.), 7.68 (s, 1H, =CH), 11.35
(s, 1H,NH), 11.37 (s, 1H, NH). Anal.Calcd for
C54H,,CILN505S,: C, 59.30; H, 3.95; N, 10.17.
Found: C, 59.42; H, 3.88; N, 10.22. ESI-MS
m/z 687.6/689.6 (M+H)".
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2-[2-(2,6-Dichlorophenylamino)-phenyl]-
N-{5-[5-(4-dimethylaminophenyl)-3-phenyl-
4,5-dihydropyrazol-1-ylmethylene]-4-oxo-
2-thioxothiazolidin-3-yl}-acetamide (8). Yield
67 %, mp 167-168°C. 'H NMR: § 2.91 (s, 6H,
2*CH;), 3.53 (dd, 1H, J=19.2, 6.2 Hz, CH,),
3.77 (s, 2H, CH,), 4.01 (dd, 1H, J=19.2, 11.3
Hz, CH,), 5.56 (dd, 1H, J=11.3, 6.2 Hz, CH),
6.76 (d, 2H, J= 8.5 Hz, arom.), 7.15-7.26 (m,
4H, arom.), 7.32 (t, 1H, J = 6.9 Hz, arom.),
7.39 (s, 1H, =CH), 7.49 (t, 2H, J= 7.9, arom.),
7.53 (m, 1H, arom.), 7.58-7.61 (m, 4H, arom.),
7.91 (dd, 2H, J=9.0, 3.5 Hz, arom.), 10.84 (s,
1H, NH), 11.38 (s, 1H, NH). Anal.Calcd for
C35H;,CLNGO,S,5: C, 59.91; H, 4.31; N, 11.98.
Found: C, 59.98; H, 4.23; N, 11.85. ESI-MS
m/z 700.7/702.7 (M+H)".

2-[2-(2,6-Dichlorophenylamino)-phenyl]-
N-{5-[5-(4-methoxyphenyl)-3-naphthalen-2-
yl-4,5-dihydro-pyrazol-1-ylmethylene]-4-oxo-
2-thioxothiazolidin-3-yl}-acetamide (9). Yield
69 %, mp 215-217°C. 'H NMR: 6 3.65 (s, 2H,
CH,), 3.76-3.79 (m, 4H, CH,, OCH,), 4.14
(dd, 1H, J=18.7, 10.2 Hz, CH,), 5.70 (dd, 1H,
J =10.2, 5.6 Hz, CH), 6.27-6.30 (m, 2H,
arom.), 6.87 (d, 2H, J = 6.8 Hz, arom.), 6.99-
7.06 (m, 4H, arom.), 7.15-7.19 (m, 2H, arom.),
7.31-7.39 (m, 3H, arom.), 7.50-7.52 (m, 3H,
arom.), 7.94-7.99 (m, 2H, arom.), 8.11 (s, 1H,
=CH), 10.62 (s, 1H, NH), 11.37 (s, 1H, NH).
Anal.Calcd for C;3H,9CLLN505S,: C, 61.79; H,
3.96; N, 9.48. Found: C, 61.72; H, 3.89; N,
9.55. ESI-MS m/z 737.7/739.7 (M+H)".

N-{5-[5-(4-Chlorophenyl)-3-naphthalen-2-
vl-4,5-dihydropyrazol-1-ylmethylene]-4-oxo-
2-thioxothiazolidin-3-yl}-2-[2-(2,6-
dichlorophenylamino)-phenyl]-acetamide (10).
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Yield 70 %, mp 179-180°C. 'H NMR: 6 3.41
(dd, 1H, J = 18.4, 6.4 Hz, CH,), 3.69 (s, 2H,
CH,), 4.03 (dd, 1H, J=18.4, 11.4 Hz, CH,),
5.55(dd, 1H, J=11.4, 6.4 Hz, CH), 7.04-7.08
(m, 4H, arom.), 7.10 (s, 1H, arom.), 7.15 (d,
2H, J = 8.1 Hz, arom.), 7.16-7.18 (m, 2H,
arom.), 7.22 (d, 2H, J = 8.1 Hz, arom.), 7.21
(d, 2H, J= 7.9 Hz, arom.), 7.26-7.34 (m, 5H,
arom.), 8.03 (s, 1H, =CH), 10.50 (s, 1H, NH),
11.44 (s, 1H, NH). Anal.Calcd for
C;7H,cC1;N;50,S,: C, 59.80; H, 3.53; N, 9.42.
Found: C, 59.92; H, 3.61; N, 9.32. ESI-MS
m/z 742.1/744.1 (M+H)*.

2-[2-(2,6-Dichlorophenylamino)-phenyl]-
N-{5-[5-(4-fluorophenyl)-3-naphthalen-2-yl-
4,5-dihydropyrazol-1-ylmethylene]-4-oxo-
2-thioxothiazolidin-3-yl}-acetamide (11). Yield
64 %, mp 171-172°C. '"H NMR: & 3.44 (dd,
1H, J=18.8, 6.5 Hz, CH,), 3.77 (s, 2H, CH,),
4.01 (dd, 1H, J = 18.8, 11.4 Hz, CH,), 5.65
(dd, 1H, J=11.4, 6.5 Hz, CH), 7.04-7.09 (m,
5H, arom.), 7.15 (dd, 2H, J = 8.1, 4.0 Hz,
arom.), 7.16-7.18 (m, 3H, arom.), 7.22 (d, 2H,
J = 8.1 Hz, arom.), 7.25 (d, 2H, J = 7.9 Hz,
arom.), 7.26-7.34 (m, 4H, arom.), 8.09 (s, 1H,
=CH), 10.57 (s, 1H, NH), 11.33 (s, 1H, NH).
Anal.Calcd for C;7H,,CLLFN5O,S,: C, 61.16;
H, 3.61; N, 9.64. Found: C, 61.22; H, 3.69; N,
9.53. ESI-MS m/z 725.6/727.6 (M+H)".

Pharmacology

Antitrypanosomal activity assay. Bloodstream
forms of Trypanosoma brucei brucei (Thb)
strain 90-13 were cultured in HMI9 medium
supplemented with 10 % FCS at 37°C under
an atmosphere of 5 % CO, [22]. In all experi-
ments, log-phase parasite cultures were har-
vested by centrifugation at 3,000 x g and im-

mediately used. Drug assays were based on
the conversion of a redox-sensitive dye (resa-
zurin) to a fluorescent product by viable cells
as previously described [23]. Drug stock solu-
tions were prepared in pure DMSO.
Trypanosoma brucei bloodstream forms
(105 cells/ml) were cultured in 96-well plates
either in the absence or in the presence of dif-
ferent concentrations of inhibitors in a final
volume of 200 pl. After a 72-h incubation,
resazurin solution was added in each well at
the final concentration of 45 uM and fluores-
cence was measured at 530 nm and 590 nm
absorbance after a further 4-h incubation. The
percentage of inhibition of parasite growth rate
was calculated by comparing the fluorescence
of parasites maintained in the presence of drug
to that in the absence of drug. DMSO was used
as control. Concentration inhibiting 50 % of
parasite growth (ICs,) was determined from
the dose-response curve with a drug concentra-
tions ranging from 10 pg/ml to 0.625 pg/ml
and presented in uM. ICs, value is the mean
+/ — the standard deviation of three indepen-
dent experiments.

In vitro anticancer assay. Primary antican-
cer assay was performed on a panel of ap-
proximately sixty human tumor cell lines de-
rived from nine neoplastic diseases, in accor-
dance with the protocol of the Drug Evaluation
Branch, National Cancer Institute, Bethesda
[24-26]. Tested compounds were added to the
culture at a single concentration (10-> M) and
the cultures were incubated for 48 h. End point
determinations were made with a protein bind-
ing dye, sulforhodamine B (SRB). Results for
each tested compound were reported as the
percent of growth of the treated cells when
compared to the untreated control cells. The
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percentage growth was evaluated spectropho-
tometrically versus controls not treated with
test agents. The cytotoxic and/or growth in-
hibitory effects of the most active selected
compounds were tested in vitro against the full
panel of human tumor cell lines at concentra-
tions ranging from 10 to 108 M. 48-h con-
tinuous drug exposure protocol was followed
and an SRB protein assay was used to estimate
cell viability or growth.

Using absorbance measurements [time zero
(Tz), control growth in the absence of drug (C),
and test growth in the presence of drug (77)],
the percentage growth was calculated for each
drug concentration. Percentage growth inhibi-
tion was calculated as:

[(Ti — TZ) / (C — Tz)] x 100 for concentra-
tions for which 7i 3 77z,

[(Ti — Tz) / Tz] x 100 for concentrations for
which 7i < TZ.

Dose response parameters (Gls), TGI) were
calculated for each compound. Growth inhibi-
tion of 50 % (GlIs,) was calculated from [(7i —
12)/(C — Tz)] x 100 = 50, which is the drug
concentration resulting in a 50 % lower net
protein increase in the treated cells (measured
by SRB staining) as compared to the net pro-
tein increase seen in the control cells. The drug
concentration resulting in total growth inhibi-
tion (TGI) was calculated as 7i = 7z. Values
were calculated for each of these parameters
if the level of activity was reached; however,
if the effect was not reached or was excessive,
the value for that parameter was expressed as
more or less than the maximum or minimum
concentration tested. The lowest values were
obtained with the most sensitive cell lines.
Compounds having GIs, values <100 uM were
declared to be active.
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Results and Discussion

Chemistry

Target compounds were synthesized using
synthetic protocols including stage of
2-[2-(2,6-dichlorophenylamino)-phenyl]-N-(4-
oxo-2-thioxothiazolidin-3-yl)-acetamide 1 for-
mation based on the reaction between thiocar-
bonyl-bis-thioglycolic acid and 2-[2-(2,6-di-
chloroanilino)phenyl]acetohydrazide as de-
scribed previously [27]. Further condensation
of 1 with triethyl orthoformate yielded
2-[2-(2,6-dichlorophenylamino)-phenyl]-N-(5-
ethoxymethylene-4-oxo0-2-thioxothiazolidin-
3-yl)-acetamide 2. 5-Ethoxy-4-thiazolidinone
2 was converted into appropriate 5-(3,5-dia-
ryl-4,5-dihydropyrazol-1-ylmethylene)-
2-thioxothiazolidin-4-ones 3-11 via aminolysis
reaction with different 3,5-diaryl-4,5-dihydro-
1 H-pyrazoles in ethanol medium.

The structures of the synthesized com-
pounds were confirmed by elemental analysis
and spectroscopic data ('H NMR and LCMS).
In '"H NMR spectra the characteristic second-
ary amine proton of diclofenac fragment ap-
pears as a singlet at 6 ~10.50—11.35 ppm and
methylene protons assigned as a singlet at
0 ~3.65-3.85 ppm, respectively. The pyrazo-
line fragment of 3-11 shows characteristic
patterns of an AMX system for CH,—CH pro-
tons. The chemical shifts of the protons H,,
H,;, and Hx have been assigned as a doublet
of doublets at & =~ 3.39-3.79, 6 = 3.97—4.14,
and 6 = 5.50—5.74 with corresponding cou-
pling constants of Juy = 18.0—19.2, Jxx =
10.2—11.4, and Jy;x = 5.6—6.8 Hz, respec-
tively. The CH protons of the methylylidene
group (= CH) of synthesized compounds ap-
pear as a singlet at & 7.39-8.11 ppm.
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In vitro evaluation of the anticancer
activity

The synthesized 5-(3,5-diaryl-4,5-dihydropyr-
azol-1-ylmethylene)-2-thioxothiazolidin-
4-ones 7 and 9 were evaluated at the single
concentration of 103 M towards panel of ap-
proximately sixty cancer cell lines. The human
tumor cell lines were derived from nine differ-
ent cancer types: leukemia, melanoma, lung,
colon, CNS, ovarian, renal, prostate, and breast
cancers. Primary anticancer assays were per-
formed according to the US NCI protocol,
which was described elsewhere (see e.g. http://

dtp.nci.nith.gov) [23-26]. The results of pri-
mary screening are reported as the percent
cancer cell line growth (GP%) and presented
in Table 1. The range of growth % shows the
lowest and the highest growth % found among
different cancer cell lines.

The most active 2-[2-(2,6-dichlorophenyl-
amino)-phenyl]-N-{5-[5-(4-methoxyphenyl)-
3-naphthalen-2-yl-4,5-dihydropyrazol-
1-ylmethylene]-4-ox0-2-thioxothiazolidin-
3-yl}-acetamide 9 was found to be effective
with the average cell growth indices (GP,,..,)
of 22.40 %. Thus, compound 9 demonstrated
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Table 1. Anticancer screening data in concentration 10-5 M.

Comp. NSC Mean growth, % Range of growth, % Most sensitive cell line growth, % (cancer line/type)
7 99.30 79.35t0 121.08 79.35 (UO-31/renal cancer)
789612
9 22.40 -49.77 t0 69.97 6.24 (CCRF-CEM/ leukemia)
808312 -27.37 (HL-60(TB)/ leukemia)

10.63 (K-562/leukemia)

-10.09 (RPMI-8226/leukemia)

9.42 (NCI-H460/NSCLC)

-15.38 (NCI-H522/ NSCLC)

-16.88 (SF-539/CNS Cancer)
-15.72 (SNB-75/CNS Cancer)
-25.06 (M14/Melanoma)

-49.77 (MDA-MB-435 /Melanoma)
2.15 (OVCAR-3 /Ovarian Cancer)
9.39 (NCI/ADR-RES/Ovarian Cancer)
-0.47 (A498 /Renal Cancer)

-8.96 (RXF 393 /Renal Cancer)

7.11 (MDA-MB-468/Breast Cancer)

high cytotoxic effect on leukemia HL-60(TB)
and RPMI-8226 (GP =—-27.37 and — 10.09 %,
respectively), non-small cell lung cancer
NCI-H522 (GP =-15.38 %), CNS cancer SF-
539 and SNB-75 (GP=—-16.88 and — 15.72 %,
respectively), melanoma M14 and MDA-
MB-435 (GP =-25.06 and — 49.77 %, respec-
tively) cell lines.

Finally, compound 9 possessed considerable
activity against all tested human tumor cell
lines and was selected in advanced assay
against a panel of approximately sixty tumor
cell lines at 10-fold dilutions of five concentra-
tions (100 uM, 10 uM, 1 uM, 0.1 uM and
0.01 uM) [23-26]. The percentage of growth
was evaluated spectrophotometrically versus
controls not treated with test agents after 48-h
exposure and using SRB protein assay to esti-
mate cell viability or growth. Three antitumor
activity dose-response parameters were calcu-
lated for each cell line: GI5, — molar concentra-
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tion of the compound that inhibits 50 % net cell
growth; TGI — molar concentration of the com-
pound leading to the total inhibition; and LCs,
— molar concentration of the compound leading
to 50 % net cell death. Furthermore, a mean
graph midpoints (MG_MID) were calculated
for each of the parameters, giving an average
activity parameter over all cell lines for the
tested compound. For the MG _MID calcula-
tion, insensitive cell lines were included with
the highest concentration tested. Compound 9
showed a broad spectrum of growth inhibition
activity against tested human tumor cells with
average Gls, and TGI values 0.71/1.09 and
82.95/28.46uM, respectively (Table 2). The
selectivity index (SI) obtained by dividing the
full panel MG-MID (uM) of the compound 9
by their individual subpanel MG-MID of cell
line (uM) was considered as a measure of com-
pound’s selectivity. The compound 9 in the
present study was found to be nonselective at
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both the GIs, and TGI levels (selectivity in-
dexes 0.12-5.07/0.10-5.19 and 1.21-
148.12/0.29-53.69, respectively) (Table 2).
However, the mentioned derivative demon-
strated a certain selectivity profile toward some
individual cell lines at TGI level. Thus, selec-
tivity indices were 28.80-148.12/6.68-53.69 for
RPMI-8226 (leukemia), SF-539 and SNB-75
(CNS cancer), MDA-MB-435 (melanoma),
OVCAR-3 (ovarian cancer), A498, RXF 393
and UO-31 (renal cancer).

Antitrypanosomal activity

The antitrypanosomal activity of the novel
5-(3,5-diaryl-4,5-dihydropyrazol-

1-ylmethylene)-2-thioxothiazolidin-4-ones 3,
4, 6, 7, 9-11 was studied in in vitro assay to-
wards Trypanosome brucei brucei (Tbb). The
ICs, values were calculated based on at least
three independent experiments. In general, the
synthesized compounds displayed slight inhibi-
tion on growth of the tested parasites (Table 3).
Hovewer, among the tested derivatives the most
active compounds were found to be 3 and 6
with 1Cs, values of 15.0 and 17.2 pM, respec-
tively. The SAR study revealed that the level
of antitrypanosomal activity of 5-(3,5-diaryl-
4,5-dihydropyrazol-1-ylmethylene)-2-
thioxothiazolidin-4-ones depends on substitu-
ent at N3 of thiazolidinone core. Noteworthy,

Table 2. Influence of compound 9 on the growth of individual tumor cell lines in two independent assays.

Disease | Cell line Gly, pM_ |SI(Gly,) |TGL uM SI(TGI)  |LCy uM SI (LCy)
Leukemia |CCRF-CEM  |0.14/039 [5.07/2.79 |>100.0/>100.0 |-/- >100.0/>100.0 |-/-
HL-60(TB) 0.32/0.50 |2.21/2.18 |1.23/6.77 67.43/420  [>100.0/>100.0 |-/-
K-562 0.35/0.45 [2.02/2.42 |>100.0/>100.0 |-/- >100.0/>100.0 |-/-
MOLT-4 0.37/0.59 [0.91/1.84 |>100.0/>100.0 |-/- >100.0/>100.0 |-/-
RPMI-8226  [0.28/0.33 |2.53/3.30 |0.74/4.26 112.09/6.68 |>100.0/>100.0 |-/-
SR 0.19/0.30 |3.73/3.63 |-/>100.0 /- >100.0/>100.0 |-/-
MG_MID 0.27/0.42 |2.62/2.59 |50.32/68.50 | 1.64/0.41 |>100/>100 -I-
NSC lung | AS49/ATCC | 0.42/0.60 |1.69/1.81 |>100.0/222  |-/1.28 >100.0/>100.0 |-/-
cancer EKVX 2.28/0.92 |0.31/1.18 |>100.0/37.8  |-/0.75 >100.0/>100.0 |-/-
HOP-62 0.86/1.07 [0.82/1.01 [>100.0/24.9  |-/1.14 >100.0/>100.0 |-/-
HOP-92 0.74/2.15 |0.95/0.50 |>100.0/28.5  [-/0.99 >100.0/>100.0 |-/-
NCI-H266 2.30/0.56 [0.30/1.94 |>100.0/104  |-/2.73 >100.0/58.1  |-/1.27
NCI-H23 0.76/0.82 |0.93/1.32 |>100.021.9  [-/1.29 >100.0/88.1  |-/0.84
NCL-H322M | 0.44/0.74 [1.61/1.47 |>100.0/65.6  |-/0.43 >100.0/>100.0 |-/-
NCI-H460 0.38/0.39 |1.86/2.79 |>100.0/11.5  |-/2.47 >100.0/45.1  |-/1.64
NCI-H522 0.26/0.37 |2.73/2.94 |-/4.76 -/5.97 >100.0/>100.0 |-/-
MG_MID 0.93/0.84 |0.76/1.29 |>100/25.28  |-/1.12 >100.87.92 -/0.84
Colon COLO 205 1.89/- 0.37/- >100.0/- - >100.0/- -
cancer HCC-2998 1.24/1.55 0.57/0.70 |>100.0/11.1  |-/2.56 >100.0/75.9  |-/0.97
HCT-116 0.44/0.51 |1.61/2.13 |>100.0/15.7 |-/1.81 >100.0/53.8  |-/1.37
HCT-15 0.44/0.49 |1.61/2.22 |>100.0/42.4  |-/0.67 >100.0/>100.0 |-/-
HT29 229231 |0.31/0.47 |>100.0/6.91 |-/4.11 >100.0/26.6  |-/2.79
KM12 0.38/0.35 |1.86/3.11 |>100.0/11.2  |-/2.54 >100.0/402  |-/1.84
SW-620 0.41/0.41 |1.73/2.65 |>100.0/27.7 |-/1.02 >100.0/>100.0 |-/-
MG_MID 1.01/0.93 |0.70/1.17 |>100/19.16  |-/1.48 >100/66.08 | -/1.12
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Continued Table 2
CNS SF-268 0.98/0.66 [0.72/1.65 |>100.0/23.8 -/1.19 >100.0/90.5 -/0.82
cancer SF-295 1.17/0.45 [0.61/2.42 |>100.0/10.7 -/2.65 >100.0/39.5 -/1.87
SF-539 0.25/0.31 [2.84/3.51 |0.75/1.67 110.6/17.04 |>100.0/20.6 -/3.60
SNB-19 0.51/0.79 [1.39/1.37 |>100.0/22.0 -/1.29 >100.0/>100.0 |-/-
SNB-75 0.20/0.32 [3.55/3.40 |0.86/2.26 96.45/12.59 |>100.0/24.5 -/3.02
U251 0.39/0.40 |1.82/2.72 |>100.0/13.5 -/2.10 >100.0/37.3 -/1.99
MG_MID 0.58/0.48 |1.22/2.27 |66.93/12.32 1.23/2.31 >100/52.06 -/1.42
Melanoma |LOX IMVI 0.55/0.55 [1.29/1.98 |>100.0/29.1 -/0.97 >100.0/>100.0 |-/-
MALME-3M |0.62/2.88 |1.14/0.37 |>100.0/24.0 -/1.18 >100.0/70.6 -/1.05
M14 0.34/0.47 [2.08/2.31 |2.88/10.1 28.80/2.81 |>100.0/92.0 -/0.80
MDA-MB-435 [0.22/0.21 |3.22/5.19 |0.56/0.53 148.12/53.69 |7.21/2.53 13.65/29.33
SK-MEL-2 -/2.95 -/0.36 >100.0/18.8 -/1.51 >100.0/>100.0 |-/-
SK-MEL-28 5.86/3.37 0.12/0.32 {>100.0/25.0 -/1.13 >100.0/82.5 -/0.89
SK-MEL-5 0.46/0.50 [1.54/2.18 |>100.0/13.6 -/2.09 >100.0/41.3 -/1.79
UACC-257 1.37/10.9 [0.51/0.1 >100.0/~100.0 |-/- >100.0/>100.0 |-/-
UACC-62 0.49/0.74 |1.44/1.47 |>100.0/19.2 -/1.48 >100.0/59.4 -/1.24
MG_MID 1.10/2.50 |0.64/0.43 |78.16/26.70 1.06/1.06 89.69/72.03 1.09/1.03
Ovarian IGROV1 0.48/0.71 |[1.47/1.53 |>100.0/17.7 -/1.60 >100.0/59.1 -/1.25
cancer OVCAR-3 0.34/0.33 [2.08/3.30 |>100.0/0.95 -/29.9 >100.0/20.9 -/3.55
OVCAR-4 0.82/1.74 10.86/0.62 |>100.0/23.0 -/1.23 >100.0/65.1 -/1.14
OVCAR-5 0.83/3.63 [0.85/0.30 |>100.0/20.8 -/1.36 >100.0/66.0 -/1.12
OVCAR-8 0.50/0.94 |1.42/1.15 |>100.0/>100.0 |-/- >100.0/>100.0 |-/-
NCI/ADR-RES |0.40/0.43 |1.77/2.53 [>100.0/11.9 -/2.39 >100.0/>100.0 |-/-
SK-OV-3 0.84/- 0.84/- >100.0/- -/- >100.0/- -/-
MG _MID 0.60/1.29 [1.18/0.84 |>100/29.05 -/0.97 >100/68.51 -/1.08
Renal 786-0 0.49/0.51 |1.44/2.13 |>100.0/14.5 -/1.96 >100.0/57.8 -/1.28
cancer A498 0.30/- 2.36/- 0.99/- 83.78/- >100.0/- -/-
ACHN 0.72/0.64 [0.98/1.70 |>100.0/51.1 -/0.55 >100.0/~100.0 |-/-
CAKI-1 0.33/0.45 [2.15/2.42 |>100.0/16.0 -/11.77 >100.0/50.8 -/1.46
RXF 393 0.22/0.35 [3.22/3.11 |0.83/1.61 99.93/17.67 |>100.0/22.3 -/3.32
SN12C 0.49/0.85 |1.44/1.28 |>100.0/24.0 -/1.18 >100.0/>100.0 |-/-
TK-10 -/3.57 -/0.30 >100.0/43.2 -/0.65 >100.0/~100.0 |-/-
UO-31 0.29/0.42 [2.44/2.59 |>100.0/3.02 -/9.42 >100.0/23.4 -/3.17
MG_MID 0.35/1.13 [2.02/0.96 |75.21/21.91 1.10/1.29 >100/64.9 -/1.14
Prostate PC-3 0.66/0.76 [1.07/1.43 |>100.0/29.1 -/0.97 >100.0/>100.0 |-/-
cancer DU-145 0.38/0.42 |1.86/2.59 |68.4/10.8 1.21/2.63 >100.0/32.8 -/2.26
MG_MID 0.52/0.59 [1.36/1.84 |84.2/19.95 0.98/1.42 >100/66.4 -/1.11
Breast MCF7 0.36/0.36 [1.97/3.02 |>100.0/25.5 -/1.11 >100.0/>100.0 |-/-
cancer MDA-MB-231/ [1.61/1.60 |0.44/0.68 [>100.0/19.7 -/1.44 >100.0/70.3 -/1.05
ATCC
HS 578T 0.35/0.48 [2.02/2.27 |>100.0/14.2 -/2.00 >100.0/>100.0 |-/-
BT-549 0.57/0.80 |1.24/1.36 |>100.0/18.5 -/1.53 >100.0/52.1 -/1.42
T-47D 0.50/1.23 [1.42/0.88 |>100.0/97.6 -/0.29 >100.0/>100.0 |-/-
MDA-MB-468 [0.56/0.52 |1.26/2.09 |>100.0/11.7 -/2.43 >100.0/62.4 -/1.18
MG_MID 0.65/0.83 [1.09/1.31 |>100/31.20 -/0.91 >100/80.8 -/0.91
MG_MID 0.71/1.09 82.95/28.46 98.45/74.23
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the diclofenac moiety in the N3 position of the
basic heterocycle was adverse on activity
against Trypanosoma species compared to pre-
viously described substituted pyrazoline-
thiazolidinone hybrid molecules [19, 28].

Table 3. Antitrypanosomal activity of the tested
compounds

Tbb
ICSO’ ”M

3 15.0£0.12
4 29.0 +0.45
6 17.2+0.15
7
9

Compound

72.6+ 0.43
49.3 +£0.35
10 67.3+0.47
11 68.8+0.41
Pentamidine, nM 2.40 +0.06

Conclusion

We herein report the synthesis, LCMS and 'H
NMR spectroscopic data and pharmacological
evaluation of a novel series of rhodanine-pyra-
zoline hybrid molecules with a diclofenac moi-
ety (3-11). Anticancer activity study of the syn-
thesized compounds allowed identification of
the most active derivative 2-[2-(2,6-dichloro-
phenylamino)-phenyl]-N- {5-[5-(4-methoxyphe-
nyl)-3-naphthalen-2-yl-4,5-dihydropyrazol-
1-ylmethylene]-4-o0x0-2-thioxo-thiazolidin-
3-yl}-acetamide 9 with the mean Gls, =
0.71/1.09 uM and TGI = 82.95/28.46 uM. The
tested compounds display slight antitrypano-
somal activity against 7rypanosome brucei bru-
cei (Tbb). The biological tests of such thiazoli-
dine-pyrazoline hybrids with diclofenac moiety
in the molecules revealed the necessity for fur-
ther evaluation of anticancer, antitrypanosomal
activities for the design of novel drug-like mol-
ecules with better pharmacological profiles.
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CuHre3 Ta OoliHKA 0i0JIOTriYHOI AKTUBHOCTI
poaaHiH-NiPa30JiHOBUX riOPpUIHUX MOJIEKYJI

3 2-(2,6-nuxjopodeniziamino)peHiianeraMiTHuM
¢parmenTom

10. JI. lllenera, A. B. Jlosuncekuii, 3. B. ToMmkiB,
®. I'penne, P. b. Jlecux

Merta. Ha 0CcHOBI peaxitiif reTeporuKITi3aliii Ta aMiHOMi3y
3OIMCHUTH CHHTE3 HOBUX POIaHIH-Tpa30IiHOBUX T1OpHI-
HUX MOJIEKYJI 3 ()parMEHTOM JHUKIO(PEHAKY B MOJIOXKEHHI
3 I CKPHHIHTY iX NMPOTHUIYXJIMHHOI Ta aHTUTPHIIAHO-
coMHOi akTHBHOCTI. MeToau. OpraHiuHuii CHHTE3, CIIeK-
tpockomisi  SIMP, ¢dapmakoioriyHuii CKpHHIHT.
PesyabraTn. Bzaemoniero riapasumy 2-(2,6-auxmiopo-
(eniaMiHO)-(peHinaneTaTHoi KICIOTH 3 TIoKapOOoHiI-0ic-
TIODJIIKOJIEBOKO KHUCJIOTOKO B CEPEIOBHUII €TAaHOTy CUHTE-
30BaHO TOXiJIHE PONaHiHy 3 (PParMEHTOM IPOTH3AIAb-
HOTO 3ac00y MUKI0(GEeHaKy B MOJIOXKEHH] 3. BpaxoByroun
HasIBHICTh aKTHMBHOI METHJICHOBOI I'PYITH B IOJIOKEHHI 5
MPOBEJICHO ITONANBITY MOAUQIKAIII0 3 yTBOPEHHSIM
5-eTOKCUMETHIICHPOAaHiHY, KA B YMOBaX peakiii aMi-
HOJI3y 3 pi3HOMaHiTHUMHM 3,5-nmiapwi-4,5-aurinpo-1H-
nipa3oiaMH TpaHC(OPMOBAHHUH Yy Cepiro BiAMOBITHUX
5-(3,5-nnapun-4,5-gurinpomipa3on- l -inmerwnen)-2-
TioKcoTia30miuH-4-0HiB. CKPHHIHT TIPOTHITYXJIMHHOT
AKTHBHOCTI JTO3BOJINB iZICHTU(IKYBaTH BUCOKOAKTUBHY
cnionyky 9 3 cepennimu 3HagenHsIMu Glsy =0.71/1.09 pM
ta TGI = 82.95/28.46 uM Ha 60 JiHisIX PaKOBUX KIIITUH
(mporpama DTP NCI). CunTe3oBaHi mipa3osiH-Tia301i1u-
HOBI TiOpWIHI MOJIEKYITH 3 ()parMEeHTOM IUKIO(EHAKY y
CTPYKTYP1 HE MPOSBUJIA [MOMITHOI aHTUTPUIIAHOCOMHOT
AaKTUBHOCTI BiJTHOCHO 30ynHUKIB Trypanosoma brucei
brucei (Tbb). BucnoBku. Cunresonani 5-(3,5-muapwi-
4,5-nurinpormipa3on- 1 -UIMeTHIIEH )-2-TIOKCOTIa30i qrH-4-
OHH 3 ()parMeHTOM JUKIOPEHAKY y CTPYKTYPI € IIepCIIeK-
THBHOIO MOJIEKYJISIPHOIO IIAaT(GOPMOIO JIsI pO3pOOKH
HOBHX BHCOKOAKTHBHHX Ta MaJIOTOKCHYHHX CIIOJYK SIK
MTOTEHIIIHHUX JTIKAPCHKHUX 3aC00IB.

Kaw4uoBi cuaoBa: cunres, 2-TiOKCO-4-Tia30/1i IUHOH,
IUKI0(EHaK, CICKTPATbHI XapaKTePUCTUKH, TPOTUITYX-
JIMHHA aKTHBHICTh, AaHTUTPUIIAHOCOMHA aKTUBHICTH

CuHTe3 M olleHKa OHOJIOrHYecKOoi AKTUBHOCTH
POJAHHH-NIUPA30JMHOBBIX THOPUAHBIX MOJICKY.JI
¢ 2-(2,6-nuxJjiopodeHuIaMUHO)
(eHnmnaneraMuAHBIM (PPArMEHTOM

10. JI. llenteta, A. B. Jlo3unckuii, 3. B. Tomkus,
®. I'panse, P. b. Jlecbik

Heab. OCHOBBIBAsCH HA PEAKIHAX TETEPOLUKIIN3ANNHT 1
AMHUHOJIM3a OCYIIECTBUTh CUHTE3 HOBBIX POJaHHUH-TIMPA-
30JIMHOBBIX THOPHITHBIX MOJIEKYIN ¢ (pparMEeHTOM JHKJIIO-
(eHaka B MMONIOKEHUH 3 IJIs1 CKPHHUHTA IIPOTHBOOITYXO-
JIEBOM W aHTUTPUIIAHOCOMHOUW aKTMBHOCTHU. MeToabl.
Opranuueckuid cuHTe3, criekrpockonus SIMP, ¢apmako-
JIOTUYECKUH CKpUHUHL Pe3dynbrarsl. BzanmoneiictBuem
runpazuga 2-(2,6-nuxaopodeHUIaMUHO )-(DeHUIIAIeTaT-
HOH KHCJIOTBI C THOKapOOHMII-ONC-THOIVINKOJIEBON KHCIIO-
TOH B Cpelie 3TaHOJIA CHHTE3NPOBAHO ITPOU3BOJHOE POAa-
HHUHA ¢ (PparMeHTOM POTHBOBOCTIAIMTEIHLHOTO CPEACTBA
JMKIO(EHaKa B MOJIOKEHNH 3. Y UNTHIBAs HATMIUE aKTHB-
HOM METHJIEHOBOM T'PYIIIbI B NOJIOXKEHUU S5, MPOBEAEHO
JTATTBHEHIITYI0 MOTU(HKAIIHIO C 00pa30BaHUEM S5-€TOKCH-
METWICHPOIaHNHA, KOTOPBIM B YCJIOBUSX PEAKLUH aMH-
HOJIHM3a C Pa3sIUIHBIMU 3,5-muapri-4,5-muruapo- 1 H-mm-
pazonamu TpaHc(OPMHUPOBAH B CEPHIO COOTBETCTBYIOIIHX
5-(3,5-mmapwin-4,5 nuruaponupason- | -uIMeTHiIeH )-2-TH-
OKCOTHA30JHINH-4-0HOB. CKPUHHUHT IPOTHBOOITYXOJICBOM
AKTHUBHOCTH ITO3BOJIMJI I/II[GHTI/I(I)I/IHI/IPOBB.TL BBICOKOAKTHB-
HOoe coeguHeHue 9 u3 cpegHumu 3HaueHuUsMH Gls, =
0.71/1.09 uM u TGI = 82.95/28.46 uM Ha 60 THHMIX
paxoBbIX Ki1eTok (mporpamMma DTP NCI). CunresnpoBas-
HBIE TMPA30JIMH-THA30IUUMHOBBIEC THOPHIHBIE MOJIEKYIIBI
¢ ¢parmMeHToM AuKIO(eHaKa B CTPYKTYpe He MPOSIBIIIN
3aMETHOM aHTUTPUIIAHOCOMHOM aKTMBHOCTHU B OTHOLLICHUU
BozOymuteneit Trypanosoma brucei brucei (Tbb). BeiBoabl.
CunaresupoBanasie 5-(3,5-muapmn-4,5 gurunaponupa-
30J1- | -HJIMETUJICH )-2-THOKCOTHA30IUIUH-4-0HbI ¢ (hpar-
MEHTOM JMKJIO(EHaKa B CTPYKTYpE SIBJISIFOTCSI MepCIIeK-
THBHOW MOJIEKYJISIPHOU TUIaTGOPMOI Tl pa3padOTKu
HOBBIX BBICOKOAKTUBHBIX U MAJIOTOKCUYHBIX COCI[I/IHCHI/Iﬁ
KaK IOTEHIMAJILHBIX JIEKAPCTBEHHBIX CPEJICTB.

KiawueBble CJI10B a: CHHTE3, 2-THOKCO-4-THA30JIUIUHOH,
JKIIO(EHAK, CIIEKTPATHHBIC XaPAKTCPHUCTHKH, IPOTUBOOITY-
XOJIeBast aKTUBHOCTh, AHTUTPUNIAHOCOMHAST AKTHBHOCTb.
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