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Abstract: Following the interaction of 2-chloro-N-(5-aryl-1,3,4-oxadiazole-2-yl) acetamides 1la-b with
ammonium thiocyanate in dry acetone, the 5-unsubstituted 2-imino-4-thiazolidinones 4a-b have been
synthesized. Compounds 4a-b were subsequently utilized in Knoevenagel condensation with aromatic
aldehydes or isatin derivatives to synthesize the series of 5-arylidene/isatinylidene substituted 2-(1,3,4-
oxadiazol-2-yl)imino-4-thiazolidinones 5a-h and 6a-d. The structures of target compounds were
confirmed by using *H NMR spectroscopy and elemental analysis. Evaluation of anti-cancer activity in
vitro for the synthesized compounds was performed following the National Cancer Institute protocol
against leukemia, melanoma, lung, colon, CNS, ovarian, renal, prostate, and breast cancer cell lines. As
a result, the most active compound 5a, namely 2-[5-(4-chlorophenyl)-[1,3,4]oxadiazol-2-ylimino]-5-
(4-methoxybenzylidene)thiazolidin-4-one was found to be a highly efficient anti-tumor candidate with
average logGlso and logTGI values of -5.19 and -4.09, respectively.

Keywords: organic synthesis; 2-iminothiazolidine-4-ones; 1,3,4-oxadiazoles; amino-imino
tautomerism; E/Z-isomerism; anti-cancer activity.
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1. Introduction

4-Thiazolidinone core belongs to efficient and important heterocyclic construction
motifs to develop novel highly active molecules in modern bioorganic and medicinal chemistry
[1-4]. An important class with a proven broad pharmacological profile among functionally
substituted 4-thiazolidinones is a narrower chemical group — 2-imino derivatives presenting a
diverse range of biological activities such as anti-cancer [5-7], antifungal [8, 9], antimicrobial
[9, 10], anti-inflammatory [11, 12], antinociceptive [13], antiamoebic [14], free-radical
scavenging [13] action etc. It was found that the anti-tumor properties of 5-ylidene substituted
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2-imino-4-thiazolidinones can be expressed through different mechanisms featuring the
affinity towards antiproliferation bio targets such as nonmembranous protein tyrosine
phosphatase | [15], cyclin-dependent kinase CDK2 11 [16], phosphatase of a regenerating liver
PRL-3 Il [17], tubulin polymerization IV [18] (Fig. 1).
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Figure 1. Structures of 5-ylidene substituted 2-iminothiazolidine-4-ones and 2,5—d|subst|tuted 1,3,4-oxadiazoles
with promising anti-tumor potential.

On the other hand, 1,3,4-oxadiazole derivatives have been known to possess a broad
spectrum of biological activity [19-25]. The chemical features of 1,3,4-oxadiazoles were
described in numerous reviews focusing on the main approaches to the synthesis, modification,
and pharmacological potential [26-30]. It belongs to the privileged scaffolds in modern
medicinal chemistry, including anti-cancer profile [31, 32] due to their inhibitory impact on
telomerase V [33], focal adhesion kinase V1 [34], and histone deacetylase VI1I [35], as well as
mitochondrial-mediated apoptosis-inducing ability V111 [36] (Fig. 1).

Therefore, based on the conception of the molecular hybridization approach, the
conjugation of 2-imino-4-thiazolidinone template with 1,3,4-oxadiazole cycles can be
considered a prospective approach for drug-like molecules build-up. Considering that various
4-thiazolidinone based hybrid molecules bearing 1,3,4-oxadiazole or relative 1,3,4-thiadiazole
heterocyclic systems have shown synergistic effect in many cases [37-40], we designed and
synthesized a new series of novel 2-(5-aryl-1,3,4-oxadiazole-2-yl) substituted 5-ylidene-2-
iminothiazolidin-4-ones for screening theirs in vitro anti-cancer activity.

2. Materials and Methods
2.1. Materials.

The starting 2-amino-5-aryl-[1,3,4]oxadiazoles were obtained according to known
methodologies [41]. All reagents and solvents were commercially available and of analytical
grade used without further purification and drying.

2.2. Chemistry.

The melting points were determined on a NAGEMA-K8 polarization microscope
equipped with a Boetius heating stage using a digital thermometer, «Ama-digit ad 14 th» and
are uncorrected. The *H NMR spectra were recorded on Varian Gemini 400 MHz in DMSO-
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ds + CCls mixture. Chemical shifts are reported as ¢ (ppm) relative to tetramethylsilane as an
internal standard, coupling constant J are expressed in Hz. The experimental data of elemental
analysis on a contest of carbon, hydrogen and nitrogen were performed using the Perkin-Elmer
2400 CHN analyzer and amounted to +0.4% of the theoretical values.

2.2.1. General procedure for the preparation of 5-unsubstituted 2-(5-aryl-[1,3,4]oxadiazol-2-
ylimino)thiazolidin-4-ones (4a-b).

A mixture of corresponding 2-chloro-N-(5-aryl-[1,3,4]oxadiazol-2-yl)acetamide 1a or
1b (10 mmol) and ammonium thiocyanate (20 mmol) was heated under the reflux for 8h in dry
acetone (20 ml). After cooling to room temperature, the precipitate was filtered off, washed
with water and ethanol, dried, and recrystallized with DMF:ethanol (1:2) mixture.

2-[5-(4-Chlorophenyl)-[1,3,4]oxadiazol-2-ylimino]thiazolidin-4-one (4a). Yield 80%;
mp = 273-274°C. *H NMR (400 MHz, DMSO-ds+CCls): 61 [ppm] = 12.53 (brs, 1H, NH-
thiaz), 7.95 (d, J = 8.5 Hz, 2H, Ar), 7.65 (d, J = 8.5 Hz, 2H, Ar), 4.16 (s, 2H, CH2-thiaz). Calcd
for C11H7CIN4O:S: C, 44.83; H, 2.39; N, 19.01. Found: C, 45.02; H, 2.47; N, 19.24.

2-[5-(4-Methoxyphenyl)-[1,3,4]oxadiazol-2-ylimino]thiazolidin-4-one (4b). Spectral
and analytical data are described previously [42].

2.2.2. General procedure for the preparation of 5-arylidene-2-(5-aryl-[1,3,4]oxadiazol-2-
ylimino)thiazolidin-4-ones (5a-h).

A mixture of compounds 4a or 4b (3 mmol), appropriate aldehyde (4 mmol), and
anhydrous sodium acetate (3 mmol) was refluxed for 4h in glacial acetic acid (20 ml). The
powder obtained after cooling was filtered off, washed with acetic acid, water, and methanol,
dried, and recrystallized with DMF:acetic acid (1:2) mixture.

2-[5-(4-Chlorophenyl)-[1,3,4]oxadiazol-2-ylimino]-5-(4-methoxybenzylidene)-
thiazolidin-4-one (5a). Yield 67%; mp = 259-260°C. 'H NMR (400 MHz, DMSO-ds+CCla):
oH [ppm] = 13.03 (brs, 1H, NH-thiaz), 7.96 (d, J = 7.8 Hz, 2H, Ar), 7.77 (s, 1H, Ar-CH=), 7.64
(d, J = 7.5 Hz, 4H, Ar), 7.16 (d, J = 7.8 Hz, 2H, Ar), 3.84 (s, 3H, OCHgs). Calcd for
C19H13CIN4OsS: C, 55.28; H, 3.17; N, 13.57. Found: C, 55.42; H, 3.29; N, 13.49.

2-[5-(4-Chlorophenyl)-[1,3,4]oxadiazol-2-ylimino]-5-(4-dimethylaminobenzylidene)-
thiazolidin-4-one (5b). Yield 72%; mp 283-284°C. *H NMR (400 MHz, DMSO-ds+CClas): 8
[ppm] = 12.83 (brs, 1H, NH-thiaz), 7.95 (d, J = 8.4 Hz, 2H, Ar), 7.67-7.63 (m, 3H, Ar+Ar—
CH=), 7.50 (d, J = 8.7 Hz, 2H, Ar), 6.86 (d, J = 8.7 Hz, 2H, Ar), 3.03 (s, 6H, N(CHs3)2). Calcd
for C20H16CINsO2S: C, 56.40; H, 3.79; N, 16.44. Found: C, 56.54; H, 3.92 N, 16.53.

2-[5-(4-Chlorophenyl)-[1,3,4]oxadiazol-2-ylimino]-5-(4-hydroxy-3-methoxy-

benzylidene)thiazolidin-4-one (5¢). Yield 68%; mp 277-278°C. 'H NMR (400 MHz, DMSO-

ds+CCla): 81 [ppm] = 12.89 (brs, 1H, NH-thiaz), 9.76 (s, 1H, OH), 7.97 (d, J = 7.8 Hz, 2H,
Ar), 7.69 (s, 1H, Ar—CH=), 7.56 (d, J = 7.9 Hz, 2H, Ar), 7.17-7.12 (m, 2H, Ar), 6.97 (d, J = 7.5
Hz, 1H, Ar), 3.89 (s, 3H, OCHs). Calcd for C19H13CIN4O4S: C, 53.21; H, 3.06; N, 13.06. Found:
C,53.34; H, 3.17 N, 13.19.
2-[5-(4-Methoxyphenyl)-[1,3,4]oxadiazol-2-ylimino]-5-(4-chlorobenzylidene)-

thiazolidin-4-one (5d). Yield 75%; mp = 304-305°C. *H NMR (400 MHz, DMSO-ds+CCla):
dn [ppm] = 7.91 (d, J = 8.6 Hz, 2H, Ar), 7.79 (s, 1H, Ar—-CH=), 7.69 (d, J = 8.5 Hz, 2H, Ar),
7.64 (d, J = 8.4 Hz, 2H, Ar), 7.13 (d, J = 8.7 Hz, 2H, Ar), 3.86 (s, 3H, OCHs). Calcd for
C19H13CIN4O3S: C, 55.28; H, 3.17; N, 13.57. Found: C, 55.19; H, 3.26; N, 13.68.
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2-[5-(4-Methoxyphenyl)-[1,3,4]oxadiazol-2-ylimino]-5-(4-methoxybenzylidene)-
thiazolidin-4-one (5e). Yield 69%; mp = 276-277°C. *H NMR (400 MHz, DMSO-ds+CCla):
oH [ppm] = 12.96 (brs, 1H, NH-thiaz), 7.90 (d, J = 8.8 Hz, 2H, Ar), 7.77 (s, 1H, Ar—CH=), 7.65
(d,J=8.7Hz, 2H, Ar), 7.17-7.12 (m, 4H, Ar), 3.85 (s, 6H, 2*OCH?s). Calcd for C20H16N404S:
C, 58.81; H, 3.95; N, 13.72. Found: C, 58.96; H, 4.06; N, 13.84.

2-[5-(4-Methoxyphenyl)-[1,3,4]oxadiazol-2-ylimino]-5-(4-dimethylaminobenzyli-
dene)-thiazolidin-4-one (5f). Spectral and analytical data are described previously [42].

2-[5-(4-Methoxyphenyl)-[1,3,4]oxadiazol-2-ylimino]-5-(4-hydroxy-3-methoxy-
benzylidene)thiazolidin-4-one (5g). Yield 72%; mp = 277-278°C. 'H NMR (400 MHz,
DMSO-ds+CCl4): 61 [ppm] = 12.83 (brs, 1H, NH-thiaz), 9.77 (brs, 1H, OH), 7.89 (d, J = 8.4
Hz, 2H, Ar), 7.76 (s, 1H, Ar-CH=), 7.18 (s, 1H, Ar), 7.13 (d, J = 8.1 Hz, 1H, Ar), 7.05 (d, J =
8.3 Hz, 2H, Ar), 6.97 (d, J = 8.1 Hz, 1H, Ar), 3.86, 3.89 (2s, 6H, 2*OCHs). Calcd for
C20H16N40sS: C, 56.60; H, 3.80; N, 13.20. Found: C, 56.81; H, 3.93; N, 13.34.

2-[5-(4-Methoxyphenyl)-[1,3,4]oxadiazol-2-ylimino]-5-(3,4-dimethoxybenzylidene)-
thiazolidin-4-one (5h). Yield 69%; mp = 250-251°C. *H NMR (400 MHz, DMSO-ds+CCla):
on [ppm] = 13.00 (brs, 1H, NH-thiaz), 7.89 (d, J = 8.6 Hz, 2H, Ar), 7.76 (s, 1H, Ar—-CH=),
7.28-7.26 (m, 2H, Ar), 7.20 (d, J = 8.8 Hz, 1H, Ar), 7.12 (d, J = 8.7 Hz, 2H, Ar), 3.85 (s, 9H,
3*0OCHs3). Calcd for C21H1sN4OsS: C, 57.53; H, 4.14; N, 12.78. Found: C, 57.39; H, 4.28; N,
12.91.

2.2.3. General procedure for the preparation of 5-isatinylidene-2-(5-aryl-[1,3,4]oxadiazol-2-
ylimino)thiazolidin-4-ones (6a-d).

A mixture of compounds 4a or 4b (3 mmol), isatin or 5-chloroisatin (4 mmol), and
anhydrous sodium acetate (3 mmol) in glacial acetic acid (20 ml) was heated under the reflux
for 4h. The reaction mixture was cooled to room temperature; the obtained precipitate was
filtered off, washed with acetic acid, water, and methanol, dried, and recrystallized with
DMF:acetic acid (1:2) mixture.

2-[5-(4-Chlorophenyl)-[1,3,4]oxadiazol-2-ylimino]-5-(2-oxo-1,3-dihydroindol-3-
ylidene)thiazolidin-4-one (6a). Yield 76%; mp >320°C. *H NMR (400 MHz, DMSO-ds+CCla):
oH [ppm] = 11.09 (brs, 1H, NH, isatin), 8.81 (d, J = 7.9 Hz, 1H, isatin), 7.97 (d, J = 8.2 Hz, 2H,
Ar), 7.63 (d, J = 8.4 Hz, 2H, Ar), 7.37 (t, J = 7.4 Hz, 1H, isatin), 7.07 (t, J = 8.1 Hz, 1H, isatin),
6.94 (d, J = 7.5 Hz, 1H, isatin). Calcd for C19H10CINsO3S: C, 53.84; H, 2.38; N, 16.52. Found:
C, 54.03; H, 2.46; N, 16.43.

2-[5-(4-Chlorophenyl)-[1,3,4]oxadiazol-2-ylimino]-5-(5-chloro-2-oxo-1,3-
dihydroindol-3-ylidene)thiazolidin-4-one (6b). Yield 73%; mp >320°C. 'H NMR (400 MHz,
DMSO-ds+CCl4): on [ppm] = 11.26 (s, 1H, NH, isatin), 8.81 (s, 1H, isatin), 7.94 (d, J = 7.9 Hz,
2H, Ar), 7.62 (d, J = 7.8 Hz, 2H, Ar), 7.39 (d, J = 8.0 Hz, 1H, isatin), 6.93 (d, J = 7.8 Hz, 1H,
isatin). Calcd for C19HoCl2NsOsS: C, 49.80; H, 1.98; N, 15.28. Found: C, 50.03; H, 2.11; N,
15.43.

2-[5-(4-Methoxyphenyl)-[1,3,4]oxadiazol-2-ylimino]-5-(2-oxo-1,3-dihydroindol-3-
ylidene)thiazolidin-4-one (6¢). Yield 75%; mp = 317-318°C. *H NMR (400 MHz, DMSO-
de+CCla): on [ppm] = 13.18 (brs, 1H, NH-thiaz), 11.13 (s, 1H, NH, isatin), 8.81 (d, J = 7.8 Hz,
1H, isatin), 7.90 (d, J = 8.4 Hz, 2H, Ar), 7.38 (t, J = 7.6 Hz, 1H, isatin), 7.12 (d, J = 8.4 Hz, 2H,
Ar), 7.05 (t, J = 7.7 Hz, 1H, isatin), 6.94 (d, J = 7.7 Hz, 1H, isatin), 3.84 (s, 3H, OCHz). Calcd
for C20H13Ns04S: C, 57.27; H, 3.12; N, 16.70. Found: C, 57.43; H, 3.19; N, 16.57.
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2-[5-(4-Methoxyphenyl)-[1,3,4]oxadiazol-2-ylimino]-5-(5-chloro-2-oxo-1,3-
dihydroindol-3-ylidene)thiazolidin-4-one (6d). Yield 74%; mp >320°C. *H NMR (400 MHz,
DMSO-ds+CCla): on [ppm] = 13.25 (brs, 1H, NH-thiaz), 11.28 (s, 1H, NH, isatin), 8.82 (s, 1H,
isatin), 7.87 (d, J = 8.6 Hz, 2H, Ar), 7.40 (d, J = 7.9 Hz, 1H, isatin), 7.09 (d, J = 8.6 Hz, 2H,
Ar), 6.93 (d, J = 8.3 Hz, 1H, isatin), 3.83 (s, 3H, OCHBs). Calcd for C20H12CIN504S: C, 52.93;
H, 2.67; N, 15.43. Found: C, 53.12; H, 2.79; N, 15.58.

2.3. Biology (anti-cancer activity against 60 human tumor cell lines).

The anti-cancer activity of tested compounds was determined by the sulforhodamine B
assay on a panel of approximately 60 human tumor cell lines in accordance with the protocol
of the Drug Evaluation Branch, National Cancer Institute (NCI), Bethesda
(www.dtp.nci.nih.gov). To the culture of corresponding cell lines, the tested compounds at a
single concentration (10~°M) were added, and the cultures were incubated for 48 h. The growth
percent for each tested compound was determined spectrophotometrically with a protein-
binding dye, sulforhodamine B (SRB) compared to the control cells not treated with the test
agents. Compounds that exhibited significant growth inhibition were evaluated in vitro against
the 60 human tumor cell lines panel at five concentration levels ranging from 10~*to 10 8M.
To estimate cell viability or growth, the 48-h continuous drug exposure protocol was used
based on SRB protein assay was used, as described previously [43-46].

Using the seven absorbance measurements, the percent growth inhibition was
calculated at each of the drug concentrations levels using the following formula:

[(Ti—Tz)/(C —Tz)] x 100 for concentrations for which Ti > Tz
[(Ti1—Tz)/Tz] x 100 for concentrations for which Ti <Tz.

For compounds that showed the highest anti-cancer activity, three dose-response
parameters (Glso, TGI, LCs0) were calculated. In particular, Glso value is interpreted as the drug
concentration resulting in a 50% lower net protein increase in the treated cells as compared to
the net protein increase seen in the control cells. It was calculated from formula [(Ti — Tz)/(C
— Tz)] x 100 — 50. TGI value indicates the concentration that caused total growth inhibition
and calculated from Ti = Tz. The LCso means the concentration of the drug resulting in a 50%
reduction in the measured protein at the end of the drug treatment as compared to that at the
beginning. The LCso indicating a net loss of cells following treatment was calculated from [(Ti
—Tz)/Tz] x 100 = -50. Values were calculated for each of these three parameters if the level of
activity was reached. The logGlso, logTGlI, logLCso were then determined, defined as the mean
of the log’s of the individual Glso, TGI and LCso values. The lowest values are obtained with
the most sensitive cell lines. Compounds having these values < 4 were declared to be active.

3. Results and Discussion

3.1. Chemistry.

Following the reaction of 2-amino-5-aryl-1,3,4-oxadiazoles with chloroacetyl chloride
in dioxane medium, the corresponding 2-chloro-N-(1,3,4-oxadiazol-2-yl)acedamides la-b
were obtained. Further interaction of 1a-b with ammonium thiocyanate in dry acetone occurs
as a nucleophilic substitution of chlorine atom by thiocyanate group and results in the formation
of intermediates 2a-b. Then 2a-b undergoes spontaneous cyclization (3a-b), accompanied by
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migration of the oxadiazole substituent from the cyclic nitrogen atom to the exocyclic one
(Dimroth rearrangement). Using this procedure, the synthesis of novel 2-iminothiazolidine-4-
one derivatives containing 1,3,4-oxadiazole moiety 4a-b was performed. Further chemical
modification of the obtained oxadiazolyl-iminothiazolidinones 4a-b was carried out by
interaction with aromatic aldehydes or isatin derivatives according to the standard Knoevenagel
condensation procedure (medium — acetic acid, the catalyst — fused sodium acetate). This
approach has been used due to the established essential influence of the nature of ylidene
moiety in position 5 of 4-thiazolidinone cycle on the anti-tumor activity [47-49] and allowed
to obtain the group of titled 5-arylidene/isatinylidene substituted 2-(1,3,4-oxadiazol-2-
yl)iminothiazolidine-4-ones (compounds 5a-h and 6a-d) according to Scheme 1.

poN C'\,qo 0 1
N~ N —
HzN’/<O | a N— i b s [ /2 \
H [e) N
H O 1
R la-b R
R! 2a-b -
R= Cl (1a), CH,0 (1b) t
0 _
c QX\NH - o N\/N\>/©/Rl
S/k\ AN - )\o
NN N
0 .
H N/N 4a-b R! S/KNH
> : R! = Cl (4a), CH,0 (4D -
/*\)L%OR . (4a), CH,0 (4b) 3ab
Ar s N © 2
5a-h R
R! = Cl; R2 = 4-CHy0-C¢H, (5), 4-N(CHy),-CgH, (5b), O n N .
3-CH,0-4-OH-C¢H, (5); N Ju D
R? = CH,0; R? = 4-CI-C,H, (50, 4-CHyO-CeH, (5e), A )QN o

4-N(CH,),-C¢H, (5f), 3-CH;0-4-OH-CyH, (59),

N
3,4-(CH,0),-C¢H, (5h). H 6a-d

RL=Cl, R2= H (6a), Cl (6b),
R!=MeO, R2 = H (6c), Cl (6d)

Scheme 1. Synthesis of 1,3,4-oxadiazol-2-yl substituted 5-arylidene/isatinylidene-2-iminothiazolidin-4-ones.
Reagents, conditions and yields: (a) CICH,COCI, (C2Hs)sN, dry dioxane, 90°C, 30 min, 89-92%; (b) NH4SCN,
dry acetone, reflux 8h, 72-80%; (c) Ar-CHO, AcONa, AcOH, reflux 4h, 67-75%; (d) isatin or 5-chloroisatin,
AcONa, AcOH, reflux 4h, 73-76%.

Structures of the synthesized compounds were confirmed by *H NMR spectroscopy and
elemental analysis. The characterization data of novel heterocyclic 1,3,4-oxadiazole substituted
2-imino-4-thiazolidones are presented in the experimental part. In the *H NMR spectra of the
5-unsubstituted derivatives, 4a-b, the protons of the cyclic methylene group appear as a singlet
at 6 ~ 4.08-4.12 ppm. The signal of a 5-methylidene proton —CH= for the target compounds
5a-h resonates as singlet with a higher chemical shift in the range of 6 ~ 7.65-7.77 ppm,
confirming a Z-configuration of the exocyclic C=C bond at the 5-arylidene fragment [50-52].
The characteristic pattern of 5-unsubstituted isatin system (compounds 6a and 6c¢) consisting
of two doublets (8 ~ 6.93-6.94 and 6 ~ 8.81 ppm, respectively) and two triplets (6 ~ 7.05-7.07
and o ~ 7.37 ppm) had been observed.

The proton's signal in position 4 of the isatin fragment for 5-isatinylidene derivatives
6a-d shifted towards a weak magnetic field and resonated as doublets (6a, 6¢) or singlet (6b,
6d) at 6 ~8.81-9.01 ppm. This can be explained by the adjacent spatial arrangement of the C=0
group in position 4 of the thiazolidine cycle and confirms the Z-configuration of these
compounds. NH proton's signal in position 1 of the isatin system appears as singlet or broad
singlet in the range of 6 ~ 10.99-11.32 ppm.

The synthesized 2-(1,3,4-oxadiazol-2-yl)-imino-4-thiazolidinones 4a-b and their 5-
aryl(isatin)ylidene derivatives 5a-h and 6a-d are characterized by prototropic amino-imino
tautomerism. Their structures can be determined by analyzing 1H NMR spectral data,
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particularly by the chemical shift value of the endocyclic NH-proton signal for imino form or
exocyclic for amino form which will be different. The NH proton in position 3 of thiazolidine
cycle resonates as a singlet in the range of 6 ~ 12.28-12.46 ppm for 4a-b or 6 ~ 12.60-13.06
ppm for 5a-h, 6a-d. This is more characteristic to the endocyclic lactam proton than the
exocyclic imino one [53, 54] and suggests that the 1,3,4-oxadiazole substituted 4-
thiazolidinones in the dissolved state have an imino form exclusively. It was also confirmed
the existence of imino form for 5-unsubstituted derivative 4b in the solid-state based on the X-
ray data and described elsewhere [42].

3.2. In vitro evaluation of the anti-cancer activity.

The novel 1,3,4-oxadiazole substituted 2-imino-4-thiazolidinones 4b, 5a, 5d-h, 6b, and
6d were selected by the National Cancer Institute (NCI) and evaluated at the single
concentration of 10°> M towards a panel of the approximately sixty cancer cell lines. Primary
anti-cancer assays were performed according to the Developmental Therapeutic Program
protocol (www.dtp.nci.nih.gov) relative to the human tumor cell lines representing the nine
different types of cancer diseases, including leukemia, melanoma, lung, colon, CNS, ovarian,
renal, prostate, and breast cancers. The obtained results are reported as the cancer cell line
growth percent (GP) and are shown in Table 1. The range of growth (%) showed the lowest
and the highest growth that was found among different cancer cell lines.

Table 1. Anti-cancer screening data of the tested compounds in 1-dose concentration 1075 M.

Compound Mean growth, % Range of growth, % | The most sensitive cell lines Growth of the most
sensitive cell line, %
4b 101.94 71.89 + 126.45 SNB-75 (CNS Cancer) 71.89
A498 (Renal Cancer) 82.13
5a 57.82 16.02 + 99.62 MDA-MB-435 (Melanoma) 16.02
SF-295 (CNS Cancer) 29.18
SR (Leukemia) 29.97
NCI-H460 (NSC Lung Cancer) 30.67
K-562 (Leukemia) 34.12
CCRF-CEM (Leukemia) 34.60
MCF7 (Breast Cancer) 35.80
OVCAR-3 (Ovarian Cancer) 38.20
SK-MEL-5 (Melanoma) 39.49
5d 103.11 89.12 +128.14 UO-31 (Renal Cancer) 89.12
5e 68.88 33.47 +124.95 SF-295 (CNS Cancer) 33.47
HOP-62 (NSC Lung Cancer) 36.29
NCI-H460 (NSC Lung Cancer) 37.52
UACC-62 (Melanoma) 40.40
CCRF-CEM (Leukemia) 41.28
5f 92.84 47.76 + 129.37 MDA-MB-435 (Melanoma) 47.76
SNB-75 (CNS Cancer) 60.43
SF-295 (CNS Cancer) 69.84
59 104.69 89.15 +134.90 MCF7 (Breast Cancer) 89.15
5h 63.23 28.31 + 102.10 SF-295 (CNS Cancer) 28.31
NCI-H460 (NSC Lung Cancer) 28.90
NCI/ADR-RES (Ovarian Cancer) 31.26
HCT-116 (Colon Cancer) 36.71
HCT-15 (Colon Cancer) 37.37
UACC-62 (Melanoma) 41.53
6b 103.20 82.20 + 122.75 UO-31 (Renal Cancer) 82.20
6d 98.98 82.24 + 139.07 MDA-MB-468 (Breast Cancer) 82.24

The tested 5-aryl(isatin)ylidene-2-(5-aryl-[1,3,4]-oxadiazol-2-ylimino)thiazolidin-4-
ones displayed moderate (5a, 5e, 5h) or low (4b, 5d, 5f, 5g, 6b, 6d) activity in the in vitro
screening on the cancer cell lines. However a selective influence of some compounds on several
cancer cell lines was observed (Table 1). In particular, some compounds were highly active
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against leukemia SR cell line (5a, GP = 29.97%), NSC lung cancer HOP-62 (5e, GP = 36.29%)
and NCI-H460 (5e, GP = 37.52%; 5h, GP = 37.52%) cell lines, CNS cancer SF-295 cell line
(5a, GP = 29.18%; 5e, GP = 33.47%; 5h, GP = 28.31%), melanoma MDA-MB-435 cell line
(5a, GP = 16.02%) and ovarian cancer NCI/ADR-RES cell line (5h, GP = 31,26%). In addition,
the average group activity of this compounds is higher than isatin, oxadiazole and 4-
thiazolidinone based conjugates described by us previously [55].

Finally, compound 5a possessed considerable activity against all human tumor cell lines
and was selected for advanced assay against a panel of tumor cell lines at 10-fold dilutions of
five concentrations (100 uM, 10 uM, 1 uM, 0.1 uM, and 0.01 uM) [51-54]. The percentage of
growth was evaluated spectrophotometrically versus controls not treated with test agents. The
48-h continuous drug exposure protocol followed, and sulforhodamine B protein assay was
used to estimate cell viability or growth.

Based on the cytotoxicity assays, three anti-tumor activity dose-response parameters
were calculated for experimental agents against each cell line: Glso — molar concentration of
the compound that inhibits 50% net cell growth; TGI — molar concentration of the compound
leading to total inhibition; and LCso — molar concentration of the compound leading to 50%
net cell death. Furthermore, mean graph midpoints (MG_MID) were calculated for mentioned
parameters. This made it possible to demonstrate an average activity parameter over all cell
lines for tested compounds. For the calculation of the MG_MID, the insensitive cell lines were
included with the highest tested concentration (Table 2).

Table 2. The influence of compound 5a on the growth of individual tumor cell lines (logGlso < -5.00).

Disease Cell line logGlso | Log TGI Disease Cell line logGlso Log TGI
Leukemia CCRF-CEM -5.29 -4.26 Melanoma M14 -5.21 -4.15
K-562 -5.34 -4.63 MDA-MB-435 | -5.55 > -4.00
MOLT-4 -5.04 > -4.00 SK-MEL-2 -5.13 > -4.00
RPMI-8226 -5.11 > -4.00 SK-MEL-28 -5.01 > -4.00
SR -5.36 >-4.00 SK-MEL-5 -5.34 >-4.00
Non-Small EKVX -5.35 > -4.00 UACC-62 -5.20 > -4.00
Cell Lung | HOP-62 -5.17 > -4.00 Ovarian Cancer | IGROV1 -5.28 -4,05
Cancer NCI-H226 -5.02 > -4.00 OVCAR-3 -5.40 -4.54
NCI-H23 -5.26 > -4.00 OVCAR-4 -6.01 > -4.00
NCI-H322M -5.20 > -4.00 NCI/ADR-RES | -5.53 -4.76
NCI-H460 -5.47 > -4.00 Renal Cancer 786-0 -5.14 > -4.00
NCI-H522 -5.27 > -4.00 A498 -5.59 -4.53
Colon Cancer | HCT-116 -5.37 -4.45 ACHN -5.18 > -4.00
HCT-15 -5.39 > -4.00 CAKI-1 -5.99 -4.78
HT29 -5.12 > -4,00 RXF 393 -5.02 > -4,00
KM12 -5.32 > -4,00 UO-31 -6.37 > -4,00
SW-620 -5.34 > -4,00 Prostate Cancer | PC-3 -5.20 > -4,00
CNS Cancer SF-268 -5.13 > -4.00 Breast Cancer MCF7 -5.17 > -4.00
SF-295 -5.59 -4.68 HS 578T -5.15 > -4.00
SF-539 -5.08 > -4.00 BT-549 -5.31 -4.21
SNB-19 -5.06 > -4.00 MDA-MB-468 | -5.34 -4.36
SNB-75 -5.20 > -4.00
U251 -5.19 >-4.00 MG_MID -5.19 -4.09

Compound 5a showed a broad spectrum of growth inhibition activity against human
tumor cells with average IgGlso and IgTGI values of -5.19 and -4.09, respectively (Table 2). It
was established that the compound 5a caused the growth inhibition by 50% of tumor cells at a
concentration less than 10 M (logGlso < -4.00) on all 58 cancer cell lines and exhibited a total
growth inhibition (logTGI < -4.00) on 12 of them.

Selectivity pattern analysis of cell lines by disease origin can affirm the selectivity of
5a against renal cancer cell lines (Figure 2), with the logGlso varying from -6.37 to -5.02 (Table
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2). The compound 5a was found to be a highly active growth inhibitor of the ovarian cancer
OVCAR-4 (logGlso = -6.01) cell line and renal cancer CAKI-1 and UO-31 (logGlso = -6.01
and -6.37, respectively) cell lines.
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Figure 2. Average values of pGlso, pTGI, and pLCs parameters (a) and anti-cancer activity pattern (b) of the
most active compound 5a.

To establish a possible mechanism of anti-tumor activity of highly active compound
5a, a COMPARE analysis was performed [56, 57]. The experimental values of the Glso
parameters of the new compound with standard anti-cancer agents have been compared. The
application of COMPARE algorithm could provide preliminary information regarding growth
inhibition and cell killing mechanism. However, obtained correlation coefficients (r) at Glso
level didn’t distinguish a cytotoxicity mechanism of 5a with high probability. Nevertheless
compound 5a showed moderate correlations with rapamycin (NSC: S226080, mTOR
(mammalian target of rapamycin) inhibitor, r = 0.468) [58] and cisplatin (NSC: S119875,
transcription and/or DNA replication mechanisms inhibitor, r = 0.421) [59].

The SAR study revealed that: (1) anti-cancer activity of compounds 5a, 5d-h, 6b, and
6d is sensitive to the nature of the substituent at position 5 of 4-thiazolidinone cycle; (2)
introduction of a methoxy group at position 4 (compounds 5a, 5¢) or 3 and 4 (compound 5h)
of the benzylidene fragment significantly enhanced anti-tumor potency compared to their
synthetic precursor 4b; (3) replacement of the 4-methoxy group (5e) at the phenyl ring in the
position 5 of 1,3,4-oxadiazole cycle with chlorine substituent (5a) leads to a slight increase of
the antimitotic effect.

4. Conclusions

In the present paper, the synthesis and characteristics of fourteen new 5-ylidene-2-
iminothiazolidine-4-ones containing 1,3,4-oxadiazole moiety were described. Nine
synthesized compounds were tested, and three of them (5a, 5e, 5h) displayed moderate anti-
tumor activity against leukemia, melanoma, lung, colon, CNS, ovarian, renal, prostate, and
breast cancer cell lines. It was found that the introduction of the methoxy group at positions 4
or 3 and 4 of the benzylidene fragment significantly enhanced the anti-tumor action of the
compounds.

In conclusion, the preliminary results allowed us to identify the most active compound
5a, which could be a perspective anti-tumor agent (average logGlso and logTGI values -5.19
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and -4.09, respectively). Furthermore, 2-[5-(4-chlorophenyl)-[1,3,4]oxadiazol-2-ylimino]-5-
(4-methoxybenzylidene)thiazolidin-4-one (5a) showed a pronounced selective potency against
ovarian cancer OVCAR-4 (logGlso = -6.01) cell line and renal cancer CAKI-1 and UO-31
(logGlso =-6.01 and -6.37, respectively) cell lines. These results can be considered background
for rational design and further in-depth studies of 1,3,4-oxadiazole substituted 2-imino-4-
thiazolidinones as potential anti-tumor drugs.
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