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A B S T R A C T

A series of novel 2-(5-aminomethylene-4-oxo-2-thioxothiazolidin-3-yl)-3-phenylpropionic acid ethyl esters has
been synthesized. Target compounds were evaluated for their trypanocidal activity towards Trypanosoma brucei
brucei and Trypanosoma brucei gambiense. Several hit-compounds (8, 10, 12) inhibited growth of the parasites at
sub-micromolar concentrations (IC50 0.027–1.936 µM) and showed significant selectivity indices
(SI= 108–1396.2) being non-toxic towards the human primary fibroblasts. The screening of anticancer activity
in vitro within NCI DTP protocol allowed to identify active 2-(5-{[5-(2,4-dichlorobenzyl)-thiazol-2-ylamino]-
methylene}-4-oxo-2-thioxothiazolidin-3-yl)-3-phenylpropionic acid ethyl ester 14 that demonstrated inhibition
against all 59 human tumor cell lines with the average GI50 value of 2.57 μM. It was established that the activity
type (antitrypanosomal or anticancer) as well as its level depends on the character of enamine fragment in the C5
position of thiazolidinone core.

1. Introduction

Human African Trypanosomiasis (sleeping sickness) belongs to the
neglected parasitic diseases and is caused by protozoa Trypanosoma
brucei gambiense (Tbg) and Trypanosoma brucei rhodesiense (Tbr) trans-
mitted by the tsetse fly. Great advances have been made in HAT control
and as a result the number of new cases of sleeping sickness had
dropped to less than 3000 in 2015 [1], though near 60 million of people
in Sub-Saharan Africa remain at risk for infection. Untreated the disease
is usually fatal. There was no new drug approved since 90th, when
eflornithine, initially developed as anticancer drug, was registered for
the second stage HAT treatment [2]. Rather toxic arsenic derivative
melarsoprol has been used as a second line treatment for the late-stage
Tbg sleeping sickness until now. And it is the only drug available for the
late-stage Tbr infection treatment [3]. The combination therapy with
eflornithine and nifurtimox (NECT), registered for Chagas disease, has
appeared as an alternative to eflornithine monotherapy. Though, it has

not reduced the price of the treatment. One more problem associated
with mentioned drugs is their injectable route of administration. Thus,
there is a need in new effective and non-toxic drugs for the HAT
treatment. Our study of new potential trypanocidals covers the in-
vestigation of 4-thiazolidinone derivatives as potent antitrypanosomals
(see Scheme 1).

4-Thiazolidinone derivatives are known for a wide range of biolo-
gical activity. Anticancer, anti-inflammatory, antituberculosis as well as
antimicrobial effects are the most studied for this class of drug-like
molecules [4–9]. Recently, 4-thiazolidinone and thiazole derivatives
have been investigated as potent trypanocidal compounds [10–12], not
the least due to their evident antitumor potential when the so-called
“repurposing strategy” is applied [13–16]. In some way, they are
treated as cyclic analogs of thioureas/thiosemicarbazides [17–19] – a
thoroughly studied class of antitrypanosomal agents [20]. Arguments
approving the search for antitrypanosomals among 5-aminomethylene-
4-thiazolidinone derivatives were the next: (i) the established inhibitory
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activity of 5-benzylidenerhodanine-3-acetic acid derivatives against T.
brucei dolicholphosphate mannose synthase and glycosylpho-
sphatidylinositol anchor synthesis [21]; (ii) the established trypano-
cidal activity of some 5-(3-naphthalen-2-yl-5-aryl-4,5-dihydropyrazol-
1-yl)-thiazolidine-2,4-diones [22]; (iii) the investigated trypanocidal
activity of pyrazoline-thiazolidinone conjugates and proved activity
increasing with the introduction of alkyl or aryl substituents in the N3
position of thiazolidinone core [23]. Although, in recent high-
throughput screening (HTS) campaigns 5-ene-thiazolidinones are
treated as PAINS [24] as well as possible Michael acceptors, herein we
would like to stress that classical pharmacological screening differs
from the HTS. The molecular hybridization approach was used for the
direct synthesis of the limited series of 5-aminomethylene-4-thiazoli-
dinones to study them in in vitro assays towards the cultures of para-
sites. Moreover, it should be noted that there are a number of approved
efficient drugs – 4-thiazolidinediones [25] and the behavior of Michael
acceptors in the human organism is not so unambiguously investigated
[4,5] till now. We have also decided to combine the thiazolidine ring
and phenylalanine fragments in the molecules in order to mimic the
amide bond of peptides. Substances belonging to peptidomimetics have
been also studied as potent antitrypanosomals [26,27].

2. Results and discussion

2.1. Chemistry

Target compounds were synthesized using known synthetic protocol
[9,28,29] including stage of 2-(4-oxo-2-thioxothiazolidin-3-yl)-3-phe-
nylpropionic acid 1 formation [30]. Further condensation with triethyl
orthoformate yielded 5-ethoxy-4-thiazolidinone 2. Interesting was the
simultaneous esterification of the carboxylic group that resulted in the
ester formation. 5-Ethoxy-4-thiazolidinone 2 was converted into ap-
propriate enamines 3–15 in the reactions with ammonium hydrogen
carbonate, different primary aromatic and heterocyclic amines in
ethanol medium.

Structures of the synthesized compounds were confirmed by the
elemental analysis and spectroscopic data (1H NMR, 13C NMR and
LCMS). It is known that the primary and secondary enamines are
characterized by enamine-imine tautomerism [31]. Therefore, spec-
troscopic studies revealed characteristic duplication of signals in 1H and
13C NMR spectra or the formation of multiplets due to the overlapping
of signals, observed for some synthesized compounds. This may be
probably linked to the co-existence of two different tautomeric forms.
On the basis of the 1H NMR spectra and LCMS, the ratio of tautomers
varies from 1:1 for the derivatives with ortho-methyl- and methox-
yphenylamino group (8, 10) to 9:1 for other compounds. In 1H NMR
spectra the characteristic aminomethylene group (NH=CH) of

Scheme 1. Synthesis of 2-(5-aminomethylene-4-oxo-2-thioxothiazolidin-3-yl)-3-phenylpropionic acid ethyl ester derivatives 3–15. Reagents and conditions: (a) 1
(10mmol), CH(OEt)3 (12mmol), Ac2O (10mL), 2 h, reflux, 72%; (b) 2 (10mmol), NH4HCO3 (10mmol), EtOH (20mL), reflux, 2 h, 54%; (c) 2 (10mmol), amine
(10mL), EtOH (20mL), reflux, 2 h, 53–71%.
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synthesized compounds 4–15 showed two doublets (J∼12.0 Hz) or
broad singlets at δ∼ 7.91–8.65 and δ∼ 10.20–12.20 ppm.

Structural features of the starting compound 2 as well as the key 5-
enamine derivatives 3 and 12 were confirmed by X-ray crystallographic
analysis.

A structure of the compound 2 obtained in an X-ray analysis is
presented in Fig. 1. According to the study, the ethoxymethylene and
ethoxycarbonyl groups in the crystal are disordered. The first one may
be spatially oriented in two ways (orientation A and B). Torsion angles
C5–C21–O22–C23 found {with atoms O22A, C23A: −176.6(2)°; with
atoms O22B, C23B: −167.8(11)°} and C21–O22–C23–C24 {with atoms
O22A, C23A, C24A: 94.4(3)°; with atoms O22B, C23B, C24B:
−161.8(17)°} show that bonds C5–C21 and O22A(B)–C23A(B) take an
antiperiplanar conformation whereas bonds C21–O22A(B) and
C23A(B)–C24A(B) an intermediate conformation between synclinal and
anticlinal ones and an antiperiplanar conformation, respectively. Atoms
O22, C23 and C24 in location A have got a site occupancy factor of
0.8495 whereas in location B – 0.1505. The latter group has got three
different spatial locations in a crystal. These are determined in torsion
angles C7–C8–O10–C11 and C8–O10–C11–C12. In atoms C8, O10, C11,
C12 in orientation A, the angles are −178.6(3) and 176.8(5)°, respec-
tively. It means that bonds C7–C8A and O10A–C11A as well as
C8A–O10A and C11A–C12A take an antiperiplanar conformation. In

case of the same atoms in orientations B and C, torsion angles are
−175.7(7) and 98.2(11)°, and −176.3(9) and −83.6(13)° respectively.
It means that bonds in pairs C7–C8/O10–C11 and C8–O10/C11–12
within an ethoxycarbonyl group in orientations B and C take an anti-
periplanar conformation and an intermediate conformation between
synclinal and anticlinal ones (+sc/+ac; −sc/–ac). Various signs +/–
mean that an atom C12 deflects in opposite directions from a flat system
of the other atoms in the group. Site occupancy factor for the group of
atoms C8, O10, C11, C12 in location A is 0.5357, in location B 0.2348,
in location C 0.2303. A phenyl system present in the molecule, which is
a part of an 1-ethoxy-1-oxo-3-phenylpropan-2-yl residue, forms a di-
hedral angle of 50.91(6)° with a thiazolidine system. A spatial or-
ientation of the phenyl system in the molecule is also determined by
torsion angles C2–N3–C7–C13 and N3–C7–C13–C14 of −72.5(2) i
−58.4(2)° respectively.

Based on X-ray diffraction study it was established that the com-
pound 3 crystallized in the centro-symmetric space group P21/c with
two independent molecules A and B in the asymmetric unit, being a pair
of R and S enantiomers (Fig. 2). The chiral center in the molecules is in
C7 position. Independent molecules A and B are mirrored for each
other. In a molecule B of an absolute configuration R, a spatial or-
ientation of an ethoxycarbonyl group, which is a part of 1-ethoxy-1-
oxo-3-phenylpropan-2-yl residue, is determined by torsion angles
C2B–N3B–C7B–C8B [118.0(3)°], N3B–C7B–C8B–O9B [152.1(3)°] and
C8B–O10B–C11B–C12B [−83.2(5)°]. According to their values, bonds
C2B–N3B and C7B–C8B take an anticlinal conformation, bonds
N3B–C7B and C8B–O9B an intermediate conformation between anti-
clinal and antiperiplanar ones, whereas bonds C8B–O10B and
C11B–C12B an intermediate conformation between a synclinal and
anticlinal ones. A spatial orientation of a phenyl group in the mentioned
molecule’s fragment is determined by torsion angles
C2B–N3B–C7B–C13B [−115.3(3)°] and N3B–C7B–C13B–C14B
[50.1(3)°], and by dihedral angle between 2-thioxo-4-thiazolidinone
and phenyl systems. According to the values of the torsion angles,
bonds C2B–N3B and C7B–C13B take an anticlinal conformation to each
other, whereas bonds N3B–C7B and C13B–C14B a synclinal one. A di-
hedral angle between the flat ring systems is 52.43(8)°.

Having compared the geometry of molecules in the compound 3
(molecule A) and the compound 2 discussed above, both of which have
an absolute configuration S, it was observed that in these molecules
ethoxycarbonyl and benzyl moieties change their places as a result of a
rotation of 1-ethoxy-1-oxo-3-phenylpropan-2-yl residue around a bond
N3–C7 by ca. 180°. It was proved by torsion angles C2–N3–C7–H7(A/B/
C) (compound 2: −169/−178/−170°, compound 3, molecule A: −2°).
Three different values of the discussed torsion angle for a molecule in a
compound 2 are connected with a disorder of an ethoxycarbonyl group
in a crystal. The observed interatomic C5–C21 distances in molecules A

Fig. 1. ORTEP view of 2 showing the atomic labelling scheme. Non-H atoms are
drawn as 30% probability displacement ellipsoids and H atoms are drawn as
spheres of an arbitrary radius. The disordered parts of the molecules are colored
grey, as distinct from the major component shown in black.

Fig. 2. ORTEP view of two symmetry-independent molecules (A and B) of 3 showing displacement ellipsoids at the 30% probability level. H atoms are shown as
spheres of arbitrary radii.
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and B {1.363(4) and 1.361(4) Å, respectively} confirm the presence of a
double bond between these atoms.

A structure of the compound 12 obtained in an X-ray analysis was
presented in Fig. 3. According to the research, the compound is a ste-
reoisomer Z. An obtained torsion angle S1–C5–C21–N22 is −0.5(4)°. In
a molecule, a phenyl system (C9–C14), which is a part of a 1-ethoxy-1-
oxo-3-phenylpropan-2-yl residue, forms a dihedral angle of 54.80(8)°
with a heterocyclic 2-sulfanylidene-4-thiazolidinone system. Spatial
orientation of a phenyl ring of the molecule is also determined by
torsion angles C2–N3–C7–C8 and N3–C7–C8–C9 of 110.8(2) and
−48.7(3)°, respectively. Whereas geometry of an ethoxycarbonyl group
(C15,O16,O17,C18,C19) is present in 1-ethoxy-1-oxo-3-phenylpropan-
2-yl residue, is determined by torsion angles C2–N3–C7–C15,
N3–C7–C15–C17 and C15–O17–C18–C19 of −120.3(2), −155.8(2)
and 92.0(3)° respectively. Value of the last torsion angle suggests sig-
nificant deflection of an atom C19 from a flat system
(r.m.s. = 0.0119 Å) composed of other atoms in this group. It was dis-
covered that this atom deflects by 1.404(5) Å. It is important that the
spatial configuration of a 1-ethoxy-1-oxo-3-phenylpropan-2-yl residue
in a molecule of a compound 12 with an absolute configuration S is
similar to a spatial orientation of the same group in a molecule with
configuration S in the compound 3. A torsion angle C2–N3–C7–H7 is ca.
−5°.

A remaining fragment of the molecule including 5-{[(4-ethox-
ycarbonylphenyl)-amino]-methylene}-2-thioxo-4-thiazolidinone
moiety is approximately flat. It means that an ethoxycarbonyl (C29,
O30, O31, C32, C33) group, which is a part of this fragment, is ap-
proximately flat (r.m.s.= 0.0141 Å), unlike an ethoxycarbonyl group of
the 1-ethoxy -1-oxo-3-phenylpropan-2-yl residue.

According to the research, a nitrogen atom N22 present in the
molecule is of amine character. Location of a hydrogen atom was de-
termined on the basis of Fourier map and was refined freely. The
confirmation of its presence in the N22 position are: hydrogen bonds
N22–H22⋯O30i {N22–H22 0.85(3) Å, H22⋯O30 2.00(3) Å, N22⋯O30
2.840(3) Å, N22–H22⋯O30i: 166 (3) °; (i) x, 0.5–y, 0.5+ z}, with the
amino group (N22–H22) as the donor and a carbonyl oxygen atom
(O30) as a proton’s acceptor (Fig. 4).

2.2. Antitrypanosomal activity

The antitrypanosomal activity of the novel compounds 3–15 was
studied in in vitro assay towards Trypanosome brucei brucei (Tbb) and
Trypanosoma brucei gambiense (Tbg). The IC50 values were calculated
based on at least three independent experiments. Cytotoxicities against
myoblast-derived cell line (L-6) were determined to calculate the se-
lectivity indices SI (the ratios of cytotoxic CC50 values to anti-
trypanosomal IC50 values).

In general, 2-(5-aminomethylene-4-oxo-2-thioxothiazolidin-3-yl)-3-
phenylpropionic acid ethyl esters inhibited the parasites growth at
micro- and submicromolar concentrations (Table 1). The influence of
different aryl/heteryl substituents in the C5 of thiazolidinone ring as
well as the importance of the molecular modification of arylidene
fragment were studied. Introduction of the thiazole and triazole rings
(compounds 13, 14, 15) didn’t significantly contribute to improving the
potency and considerably increased the toxicity levels. On the other
hand, the efficacy of 2-(5-aminomethylene-4-oxo-2-thioxothiazolidin-3-
yl)-3-phenylpropionic acid ethyl esters with different phenyl fragments
(4–10, 12) against the parasites (IC50s 0.091–3.916 µM for Tbb and
0.027–1.936 µM for Tbg) was notably higher than such of the un-
substituted 5-aminomethylene derivative 3 (IC50s 37.551 µM for Tbb
and 11.592 µM for Tbg). Based on the established levels of trypanocidal
activity towards Tbg and the toxicity towards human fibroblasts, the
most active compounds were 8, 10 and 12 with the SI within
158–1396.2. For comparison, the selectivity indices for reference drugs
Pentamidine and Nifurtimox were 5396.9 and 14.0 respectively. The
same trend was observed for active compounds in the anti-Tbb assays:
SI= 108–409.4 in comparison with the selectivity index 27.2 for Ni-
furtimox and 5793.9 for Pentamidine. Among tested compounds, 5-(4-
ethoxycarbonylphenyl)aminomethylene derivative 12 showed the
highest trypanocidal activity with IC50 values of 0.091 µM for Tbb and
0.027 µM for Tbg respectively. In addition this compound had se-
lectivity index 15- (Tbb) and 100-times (Tbg) higher than Nifurtimox.

SAR emerged from these data revealed that a combination of thia-
zolidinone ring with arylaminomethylene fragment in C5 position and
phenylpropionic acid ester moiety in the N3 position significantly
contribute to improving the antitrypanosomal potency of this family of
small organic molecules. Moreover, the impact of phenylpropionic acid
ester moiety on trypanocidal activity of the similar N-non-substituted 5-
phenylaminomethylene-rhodanines was proved by their significantly
higher IC50 values [32]. The obtained results revealed that substituent
variation in the arylaminomethylene had considerably influenced the
antitrypanosomal activity. Thus, for 5-arylenamine derivatives the ac-
tivity increases in the row of the following substituents: 4-SO2SEt < 4-
SO2NH2 < H < 2-MeO-5-Cl < 4-F < 2-NO2-4-Cl < 4-Cl or 2-Me-5-
(morpholine-4-sulfonyl) < 4-COOEt.

2.3. In vitro evaluation of the anticancer activity

Taking into account the results of previous studies of thiazolidi-
nones [28,29] and following the concept of «multifunctional drugs»
[33–35], a series of 5-enamine-4-thiazolidinones were studied for their
anticancer activity. Thus, compounds 3, 4, 6, 8, 11, 14 and 15 were
selected by National Cancer Insitute (NCI, Bethesda, USA) Develop-
mental Therapeutic Porgram (DTP) and tested at one dose assay (10−5

M) toward a panel of approximately sixty cancer cell lines representing
different types of cancer (leukemia, melanoma, lung, colon, CNS,
ovarian, renal, prostate and breast cancers). Primary anticancer assays
were performed according to the NCI protocol as described elsewhere
[36–39]. The compounds were added at a single concentration and the
cell cultures were incubated for 48 h. The end point determinations
were made with a protein binding dye, sulforhodamine B (SRB). The
results for each compound are reported as the percent growth (GP%) of
treated cells compared to untreated control cells (Table 1). The range of
percent growth shows the lowest and the highest percent growth found
among the different cancer cell lines. The highest growth inhibition
rates were observed for the derivative 14, while unsubstituted amino
group in 3, aniline fragments in 4, 6, 8, 11 and triazole cycle in 15
didn’t contribute to the antiproliferative activity (see Table 2).

Compound 14 was selected for the in-depth screening at a range of
concentrations towards 59 cell lines. The percentage of growth was
evaluated spectrophotometrically versus controls not treated with test
agents after 48-h exposure and using SRB protein assay to estimate cell
viability or growth. Three antitumor activity dose-response parameters

Fig. 3. ORTEP view of 12 showing the atomic labelling scheme. Non-H atoms
are drawn as 30% probability displacement ellipsoids and H atoms are drawn as
spheres of an arbitrary radius.
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were calculated for each cell line: GI50 – molar concentration of the
compound that inhibits 50% net cell growth; TGI – molar concentration
of the compound leading to the total inhibition; and LC50 – molar
concentration of the compound leading to 50% net cell death (pre-
sented in negative logarithm). 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 calculation, insensitive cell lines were included with
the highest concentration tested.

Compound 14 inhibited growth of all tested cancer cell lines and
showed inhibition activity (GI50 < 10 μM) against all 59 human tumor
cell lines with average GI50/TGI/LC50 values of 2.57/57.27/94.71 μM.
Mean pGI50, pTGI, and pLC50 values for compound 14 in comparison
with standard anticancer agents Tamoxifen, Fluorouracil and
Pyrazofurin [40] are given at Fig. 5.

The selectivity index (SI) calculated by dividing the full panel MG-
MID (μM) of the compound 14 by their individual subpanel MG-MID of
cell line (μM) was considered as a measure of compounds’ selectivity

Fig. 4. Part of the crystal structure of 12, showing the formation of the hydrogen-bonded chain along c axis.

Table 1
Antitrypanosomal activity and cytotoxicity of 2-(5-aminomethylene-4-oxo-2-thioxothiazolidin-3-yl)-3-phenylpropionic acid ethyl ester derivatives.

Comp Tbb
IC50, µM

Tbg
IC50, µM

Cytotoxicity on myoblast-derived cell line (L-6) CC50, µM SI/Tbb SI/Tbg

3 37.551 ± 15.874 11.592 ± 2.102 175.666 ± 2.102 4.7 15.2
4 2.693 ± 1.687 0.816 ± 0.046 19.938 ± 5.589 7.4 24.4
5 0.513 ± 0.095 0.268 ± 0.082 10.963 ± 0.652 21.4 40.8
6 1.038 ± 0.088 0.447 ± 0.088 11.103 ± 1.757 10.7 24.9
7 0.970 ± 0.187 0.417 ± 0.075 13.456 ± 3.513 13.9 32.3
8 1.931 ± 0.067 1.325 ± 0.217 >209 >108 >158
9 3.916 ± 0.803 1.936 ± 0.036 28.803 ± 4.062 7.4 14.9
10 0.679 ± 0.288 0.200 ± 0.010 >173 >255 >870
11 10.62 ± 1.46 12.63 ± 0.95 15.43 ± 1.27 1.5 1.2
12 0.091 ± 0.039 0.027 ± 0.006 37.454 ± 20.212 409.4 1396.2
13 9.653 ± 0.741 13.395 ± 4.178 62.877 ± 16.057 6.5 4.7
14 2.362 ± 0.499 1.851 ± 0.222 8.538 ± 0.398 3.6 4.6
15 23.710 ± 2.356 17.101 ± 4.378 93.622 ± 8.034 3.9 5.5
Pentamidine, nM 1.364 ± 0.464 1.464 ± 0.645 7900,00 ± 282.843 5793,9 5396,9
Nifurtimox 2.389 ± 0.608 4.641 ± 0.725 65.089 ± 2.953 27.2 14.0

Table 2
Anticancer screening data in concentration 10 μM.

Comp 60 cell lines assay in 1 dose 10 μM concentration

Mean growth, % Range of growth, % Most sensitive cell line Positive cytostatic effecta Positive cytotoxic effectb

3 88.62 48.01 to 115.75 T-47D (Renal Cancer) 1/59 0/59
4 87.71 58.28 to 107.96 NCI-H522 (Non-Small Cell Lung Cancer) 0/58 0/58
6 82.64 61.45 to 107.11 UACC-62 (Melanoma) 0/58 0/58
8 90.74 56.77 to 108.81 NCI-H522 (Non-Small Cell Lung Cancer) 0/58 0/58
11 100.19 77.21 to 120.59 MOLT-4 (Leukemia) 0/58 0/58
14 3.78 −89.96 to 38.93 Colo 205 (Colon Cancer) 40/59 19/59
15 92.43 64.20 to 114.25 NCI-H522 (Non-Small Cell Lung Cancer) 0/59 0/59

a Ratio between number of cell lines with percent growth from 0 to 50 and total number of cell lines.
b Ratio between number of cell lines with percent growth of< 0 and total number of cell lines.
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(Table 3). Ratios between 3 and 6 mean moderate selectivity, ratios
greater than 6 indicate high selectivity toward the corresponding cell
line, while compounds not meeting either of these criteria are rated
nonselective [41]. In this context, the active compound 14 in the pre-
sent study was found to be nonselective at both the GI50 and TGI levels
(selectivity indices 0.86–1.26 and 0.56–2.20, respectively) (Table 3).
However, the mentioned derivative demonstrated a certain selectivity
profile toward some individual cell lines at TGI level. Thus, selectivity
indices were 6.14–14.15 for HL(60)-TB (Leukemia), HOP-92 and NCI-
H522 (NCS lung cancer), COLO 205 and HT29 (Colon cancer), SF-295
and SF-539 (CNS cancer), SK-MEL-2 and SK-MEL-5 (Melanoma), A498,
RXF 393 and UO-31 (Renal cancer), as well as MDA-MB-468 (Breast
cancer). At the same time, at GI50 level only moderate selectivity was
observed for Colon cancer cell line HCT-15 (SI= 4.69).

2.4. COMPARE analysis

NCI’s COMPARE algorithm [36–39] allows to predict biochemical
mechanisms of action of the novel compounds on the basis of their in
vitro activity profiles comparing to those of the standard agents. We
performed COMPARE computations for the compound 14 against the
NCI “Standard Agents” database at the TGI level (Table 4). However,
obtained Pearson correlation coefficients (PCC) did not allow to dis-
tinguish cytotoxicity mechanism of tested compound with high prob-
ability. The compound 14 showed the highest correlation (PCC≥0.50)
with transcription inhibitor Actinomycin D, antimetabolite Morpho-
lino-ADR, tubulin polymerization inhibitor Rhizoxin, RNA synthesis
inhibitor Mitramycin, pyrimidine biosynthesis inhibitor Dichloroallyl
Lawsone and p-glycoprotein inhibitor Thalicarpine.

3. Conclusions

In the present paper new 5-enamine-4-thiazolidinones are de-
scribed. Trypanocidal activity study of the synthesized compounds al-
lowed to identify 4-{[3-(1-ethoxycarbonyl-2-phenylethyl)-4-oxo-2-
thioxothiazolidin-5-ylidenemethyl]-amino}-benzoic acid ethyl ester 12
that was the most active derivative, with the IC50 values of 0.091 µM
(Tbb) and 0.027 µM (Tbg) and good cytotoxicity profile against myo-
blast-derived cell line (L-6) with CC50 value of 37.454 µM. Antitumor
activity assay of seven synthesized compounds allowed identifying
highly active 2-(5-{[5-(2,4-dichlorobenzyl)-thiazol-2-ylamino]-methy-
lene}-4-oxo-2-thioxothiazolidin-3-yl)-3-phenylpropionic acid ethyl
ester 14 that inhibited growth of all 59 human tumor cell lines with the
average GI50 value of 2.57 μM. It should be noted, that the activity type
(antitrypanosomal or anticancer) as well as its level significantly de-
pends on the character of enamine fragment in C5 position of thiazo-
lidinone core. Further investigation of such 5-enamine-4-thiazolidi-
nones could lead to more potent compounds as promising candidates
for the development of new antitrypanosomal and anticancer

chemotherapy.

4. Experimental

4.1. Materials and methods

Commercial reagents were purchased from Merck and used without
purification. The starting 2-(4-oxo-2-thioxothiazolidin-3-yl)-3-phenyl-
propionic acid 1 was obtained according to described procedure [30].
Melting points were measured in open capillary tubes on a BŰCHI B-
545 melting point apparatus and are uncorrected. The elemental ana-
lyses were performed using the Perkin–Elmer 2400 CHN analyzer. The
1H and 13C NMR spectra were recorded on Varian Gemini (1H at 400
and 13C at 100MHz) instrument in DMSO‑d6 using tetramethylsilane
(TMS) as an internal standard. LCMS spectra were obtained using
electrospray ionization (ESI) techniques on an Agilent 1100 Series
LCMS. The purity of the compounds was checked by thin-layer chro-
matography performed with Merck Silica Gel 60 F254 aluminum
sheets. Spots were detected by their absorption under UV light.

4.2. Chemistry

4.2.1. 2-(5-Ethoxymethylidene-4-oxo-2-thioxothiazolidin-3-yl)-3-
phenylpropionic acid ethyl ester (2)

A mixture of 1 (10mmol) and triethyl orthoformate was refluxed for
2 h in the medium of acetic anhydride (10mL). The resulting solution
was poured onto water, extracted with ethyl acetate, after which the
organic layer was distilled off in vacuo. Obtained powder was re-
crystallized from ethanol. Yield 72%, mp 109–111 °C. 1H NMR
(400MHz, DMSO‑d6): 1.10 (t, 3H, CH3), 1.30 (t, 3H, CH3), 3.50 (d, 2H,
CH2), 4.10 (q, 2H, CH2), 4.30 (q, 2H, CH2), 5.70 (t, 1H, CH), 7.00–7.25
(m, 5H, C6H5), 7.90 (s, 1H, CH). LCMS (ESI+) m/z 366 (M+H)+.
Anal. Calcd for C17H19NO4S2: C, 55.87; H, 5.24; N, 3.83. Found: C,
56.00; H, 5.40; N, 3.70.

4.2.2. 2-(5-Aminomethylene-4-oxo-2-thioxothiazolidin-3-yl)-3-
phenylpropionic acid ethyl ester (3)

Equimolar amounts (10mmol) of 1 and ammonium hydrogen car-
bonate are placed in the flask and refluxed for 2 h in the ethanol
medium. After cooling the reaction mixture, formed precipitate was
filtered off and recrystallized from the mixture of ethanol – H2O (1:1).
Yield 54%, mp 102–104 °C. 1H NMR (400MHz, DMSO‑d6): 1.10 (t, 3H,
CH3), 3.40 (d, 2H, CH2), 4.20 (q, 2H, CH2), 5.70 (t, 1H, CH), 7.00–7.25
(m, 5H, C6H5), 7.60 (t, 1H, –CH= ), 8.0 (br.s, 2H, NH2). 13C NMR
(100MHz, DMSO‑d6): 14.5 (CH3), 33.6 (CH2), 57.7 (CH), 61.6 (OCH2),
124.6 (5-Cthiaz.), 127.0, 128.6, 129.6, 137.2 (CH= ), 144.4, 166.5 (C]
O), 168.5 (COO), 171.7 (C]S). LCMS (ESI+) m/z 337 (M+H)+. Anal.
Calcd for C15H16N2O3S2: C, 53.55; H, 4.79; N, 8.33. Found: C, 53.70; H,
4.70; N, 8.40.

4.2.3. General procedure for the synthesis of 2-(5-R-aminomethylene-4-
oxo-2-thioxothiazolidin-3-yl)-3-phenylpropionic acid ethyl esters (4–15)

A mixture of compound 2 (10mmol) with the appropriate amine
(10mmol) was refluxed for 2 h in the ethanol medium. The obtained
solid products were filtered off, washed with ethanol and recrystallized
from ethanol or the mixture of ethanol – H2O (1:1).

4.2.3.1. 2-(4-Oxo-5-phenylaminomethylene-2-thioxothiazolidin-3-yl)-3-
phenylpropionic acid ethyl ester (4). Yield 56%, mp 182–184 °C. 1H NMR
(400MHz, DMSO‑d6): 1.17 (t, 3H, J=6.4 Hz, CH3), 3.48 (m, 2H, CH2),
4.15 (q, 2H, J=6.4 Hz, CH2), 5.84 (br.s, 1H, CH), 7.12–7.21 (m, 6H,
arom), 7.30–7.36 (m, 4H, arom), 8.04 (d, 1H, J=12.0 Hz, CH), 10.35
(d, 1H, J=12.0 Hz, NH). 13C NMR (100MHz, DMSO‑d6): 14.5 (CH3),
33.6 (CH2), 58.0 (CH), 61.8 (OCH2), 117.3, 124.6 (5-Cthiaz.), 124.7,
127.1, 128.6, 129.6, 130.1, 136.5, 137.0 (CHe), 140.3, 166.8 (C]O),
168.3 (COO), 191.4 (C]S). LCMS (ESI+) m/z 413 (M+H)+. Anal.

Fig. 5. Anticancer activity of the most active compound 14 in comparison with
standard agents.
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Table 3
Influence of Compound 14 on the growth of individual tumor cell lines.

Disease Cell line GI50, μM SI (GI50) TGI, μM SI (TGI) LC50, μM SI (LC50)

Leukemia CCRF-CEM 1.87 1.37 > 100.0 – > 100.0
HL-60 (TB) 2.29 1.12 7.06 6.70 > 100.0
K-562 2.03 1.27 > 100.0 – > 100.0
MOLT-4 3.29 0.78 > 100.0 – > 100.0
RPMI-8226 2.12 1.21 > 100.0 – > 100.0
SR 3.98 0.78 > 100.0 – > 100.0
MG_MID 2.60 0.99 84.51 0.56 >100 –

NSC lung cancer A549/ATCC 3.86 0.67 > 100.0 – > 100.0 –
EKVX 2.07 1.24 > 100.0 – > 100.0 –
HOP-62 2.96 0.87 8.12 5.82 > 100.0 –
HOP-92 1.65 1.56 6.22 7.60 > 100.0 –
NCI-H266 3.29 0.78 > 100.0 – > 100.0 –
NCI-H23 1.90 1.35 12.4 3.81 > 100.0 –
NCI-H322M 3.38 0.76 37.2 1.27 > 100.0 –
NCI-H460 2.09 1.23 12.4 3.81 > 100.0 –
NCI-H522 1.31 1.96 5.70 8.29 > 100.0 –
MG_MID 2.50 1.03 42.45 1.11 >100 –

Colon cancer COLO 205 1.66 1.55 3.34 14.15 6.72 14.09
HCC-2998 2.54 1.01 42.3 1.12 > 100.0 –
HCT-116 2.03 1.27 11.5 4.11 > 100.0 –
HCT-15 0.548 4.69 > 100.0 – > 100.0 –
HT29 2.24 1.15 7.70 6.14 > 100.0 –
KM12 1.84 1.40 11.6 4.08 > 100.0 –
SW-620 3.45 0.74 > 100.0 – > 100.0 –
MG_MID 2.04 1.26 39.49 1.20 86.87 1.09

CNS cancer SF-268 2.42 1.06 64.8 0.73 > 100.0 –
SF-295 2.31 1.11 6.84 6.91 > 100.0 –
SF-539 2.58 1.00 6.95 6.90 44.3 2.14
SNB-19 5.05 0.51 > 100.0 – > 100.0 –
SNB-75 2.81 0.91 21.4 2.21 > 100.0 –
U251 2.51 1.02 15.0 3.15 > 100.0 –
MG_MID 2.95 0.87 35.83 1.32 90.55 1.05

Melanoma LOX IMVI 3.44 0.74 16.5 2.86 > 100.0 –
MALME-3M 2.77 0.93 9.25 5.11 > 100.0 –
M14 3.02 0.85 16.7 2.83 > 100.0 –
MDA-MB-435 3.38 0.76 > 100.0 – > 100.0 –
SK-MEL-2 1.31 1.96 5.68 8.32 > 100.0 –
SK-MEL-28 2.61 0.98 26.4 1.79 > 100.0 –
SK-MEL-5 1.52 1.69 4.13 10.99 17.0 5.57
UACC-257 2.72 0.94 8.57 5.52 > 100.0 –
UACC-62 1.63 1.58 6.36 7.50 > 100.0 –
MG_MID 2.49 1.03 21.51 2.20 90.78 1.04

Ovarian cancer IGROV1 3.73 0.69 71.5 0.66 > 100.0 –
OVCAR-3 2.84 0.90 9.96 4.75 > 100.0 –
OVCAR-4 3.22 0.80 > 100.0 – > 100.0 –
OVCAR-5 4.20 0.61 > 100.0 – > 100.0 –
OVCAR-8 2.07 1.24 > 100.0 – > 100.0 –
NCI/ADR-RES 2.56 1.00 15.1 3.13 > 100.0 –
SK-OV-3 2.38 1.08 11.8 4.01 > 100.0 –
MG_MID 3.00 0.86 55.34 0.85 >100 –

Renal cancer 786–0 3.15 0.82 > 100.0 – > 100.0 –
A498 1.58 1.63 7.64 6.19 > 100.0 –
ACHN 2.92 0.88 > 100.0 – > 100.0 –
CAKI-1 1.71 1.50 > 100.0 – > 100.0 –
RXF 393 2.56 1.00 6.70 7.06 > 100.0 –
SN12C 1.59 1.62 > 100.0 – > 100.0 –
UO-31 1.97 1.30 5.31 8.90 20.6 4.60
MG_MID 2.21 1.16 59.95 0.79 88.66 1.07

Prostate Cancer PC-3 2.08 1.24 > 100.0 – > 100.0 –
DU-145 3.90 0.66 > 100.0 – > 100.0 –
MG_MID 2.99 0.86 >100 – >100 –

Breast cancer MCF7 2.36 1.09 > 100.0 – > 100.0 –
MDA-MB-231/ATCC 3.88 0.66 21.4 2.21 > 100.0 –
HS 578T 3.62 0.71 41.1 1.15 > 100.0 –
BT-549 2.37 1.08 8.23 5.74 > 100.0 –
T-47D 2.16 1.19 8.73 5.41 > 100.0 –
MDA-MB-468 2.48 1.03 7.35 6.43 > 100.0 –
MG_MID 2.81 0.91 31.14 1.52 >100 –

MG_MID 2.57 47.27 94.71
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Calcd for C21H20N2O3S2: C, 61.14; H, 4.89; N, 6.79. Found: C, 61.30; H,
4.80; N, 6.70.

4.2.3.2. 2-{5-[(4-Chlorophenylamino)-methylene]-4-oxo-2-
thioxothiazolidin-3-yl}-3-phenylpropionic acid ethyl ester (5). Yield 68%,
mp 202–204 °C. 1H NMR (400MHz, DMSO‑d6): 1.10 (t, 3H, CH3), 3.50
(d, 2H, CH2), 4.10 (q, 2H, CH2), 5.80 (t, 1H, CH), 7.00–7.20 (m, 5H,
C6H5), 7.30–7.50 (m, 4H, C6H4), 8.00 (d, 1H, CH), 10.40 (d, 1H, NH).
13C NMR (100MHz, DMSO‑d6): 14.5 (CH3), 33.4 (CH2), 58.0 (CH), 61.8
(OCH2), 119.0, 127.1 (5-Cthiaz.), 128.3, 128.6, 129.6, 129.9, 136.2,
137.0 (CH]), 139.4, 166.7, 168.2 (C]O), 187.5 (COO), 191.4 (C]S).
LCMS (ESI+) m/z 447/449 (M+H)+. Anal. Calcd for
C21H19ClN2O3S2: C, 56.43; H, 4.28; N, 6.27. Found: C, 56.40; H, 4.30;
N, 6.30.

4.2.3.3. 2-{5-[(4-Fluorophenylamino)-methylene]-4-oxo-2-
thioxothiazolidin-3-yl}-3-phenylpropionic acid ethyl ester (6). Yield 61%,
mp 189–191 °C. 1H NMR (400MHz, DMSO‑d6): 1.15 (t, 3H, J=6.8 Hz,
CH3), 3.47 (m, 2H, CH2), 4.14 (q, 2H, J=6.8 Hz, CH2), 5.80 (br.s, 1H,
CH), 7.16–7.20 (m, 5H, arom), 7.20–7.40 (m, 4H, arom), 8.02 (d, 1H,
J=12.1 Hz, CH), 10.36 (d, 1H, J=12.1 Hz, NH). 13C NMR (100MHz,
DMSO‑d6): 14.5 (CH3), 33.6 (CH2), 58.0 (CH), 61.8 (OCH2), 116.6,
116.8, 127.1 (5-Cthiaz.), 128.6, 129.6, 137.0 (CH= ), 159.3 (d,
J=240.0 Hz), 166.7, 168.3 (C]O); 180.6, 187.6 (COO); 191.3,
194.0 (C]S). LCMS (ESI+) m/z 431 (M+H)+. Anal. Calcd for
C21H19FN2O3S2: C, 58.59; H, 4.45; N, 6.51. Found: C, 58.70; H, 4.50;
N, 6.60.

4.2.3.4. 2-{5-[(4-Chloro-2-nitrophenylamino)-methylene]-4-oxo-2-
thioxothiazolidin-3-yl}-3-phenylpropionic acid ethyl ester (7). Yield 62%,
mp 240–242 °C. 1H NMR (400MHz, DMSO‑d6): 1.18 (t, 3H, J=6.8 Hz,
CH3), 3.53 (m, 2H, CH2), 4.17 (q, 2H, J=6.8 Hz, CH2), 5.92 (m, 1H,
CH), 7.17–7.19 (m, 3H, arom), 7.21 (d, 2H, J=7.0 Hz, arom), 7.78 (d,
1H, J=9.0 Hz, arom), 7.92 (d, 1H, J=9.0 Hz, arom.), 8.26 (s, 1H,
arom), 8.51 (d, 1H, J=12.1 Hz, CH), 12.20 (d, 1H, J=12.1 Hz, NH).
13C NMR (100MHz, DMSO‑d6): 14.5 (CH3), 33.4 (CH2), 57.9 (CH), 62.0
(OCH2), 98.5, 119.3, 126.1, 127.2 (5-Cthiaz.), 128.7, 129.6, 135.1,
136.4, 136.5, 136.8, 137.4 (CH]), 166.7, 168.0 (C]O), 171.8
(COO), 187.5 (C]S). LCMS (ESI+) m/z 492/494 (M+H)+. Anal.
Calcd for C21H18ClN3O5S2: C, 51.27; H, 3.69; N, 8.54. Found: C, 51.20;
H, 3.60; N, 8.60.

4.2.3.5. 2-{5-[(5-Chloro-2-methoxyphenylamino)-methylene]-4-oxo-2-
thioxothiazolidin-3-yl}-3-phenylpropionic acid ethyl ester (8). Yield 60%,
mp 210–213 °C. 1H NMR (400MHz, DMSO‑d6): 1.17 (t, 3H, J=6.0 Hz,
CH3), 3.47–3.51 (m, 2H, CH2), 3.85, 3.92 (2*s, 3H, CH3), 4.15 (m, 2H,
CH2), 5.82, 5.89 (2*br.s, 1H, CH), 7.10–7.21 (m, 7H, arom), 7.40, 7.52
(2*s. 1H, arom), 7.91, 8.43 (br.s; d, J=12.6 Hz; 1H, CH), 9.99, 10.53
(br.s; d, J=12.6 Hz; 1H, NH). 13C NMR (100MHz, DMSO‑d6): 14.5
(CH3), 33.7 (CH2), 56.7 (OCH3), 57.1, 57.9 (CH), 61.8, 61.9 (OCH2),

113.7, 114.1, 114.3, 124.3, 125.2, 125.7, 127.1, 127.2 (5-Cthiaz.),
128.6, 128.7, 129.6, 136.9, 137.0 (CH]), 139.0, 146.8, 166.9, 167.0,
168.1 (C]O), 168.3 (COO), 191.9 (C]S). LCMS (ESI+) m/z 477/479
(M+H)+. Anal. Calcd for C22H21ClN2O4S2: C, 55.40; H, 4.44; N, 5.87.
Found: C, 55.50; H, 4.30; N, 5.90.

4.2.3.6. 2-{4-Oxo-5-[(4-sulfamoylphenylamino)-methylene]-2-
thioxothiazolidin-3-yl}-3-phenylpropionic acid ethyl ester (9). Yield 53%,
mp 231–234 °C. 1H NMR (400MHz, DMSO‑d6): 1.16 (t, 3H, J=6.4 Hz,
CH3), 3.48 (br.s, 2H, CH2), 4.15 (q, 2H, J=6.4 Hz, CH2), 5.85 (br.s,
1H, CH), 7.16–7.19 (m, 3H, arom), 7.21 (d, 2H, J=7.0 Hz, arom), 7.29
(br.s, 2H, NH2), 7.47 (d, 2H, J=7.5 Hz, arom.), 7.77 (d, 2H,
J=7.5 Hz, arom.), 8.11 (br.s, 1H, CH), 10.53 (br.s, 1H, NH). 13C
NMR (100MHz, DMSO‑d6): 14.5 (CH3), 33.6 (CH2), 58.1 (CH), 61.8
(OCH2), 117.0, 127.1 (5-Cthiaz.), 127.7, 127.9, 128.7, 129.6, 135.6,
136.9 (CH]), 139.3, 143.1, 166.8 (C]O), 168.2 (COO), 191.6 (C]S).
LCMS (ESI+) m/z 492 (M+H)+. Anal. Calcd for C21H21N3O5S3: C,
51.31; H, 4.31; N, 8.55. Found: C, 51.40; H, 4.40; N, 6.60.

4.2.3.7. 2-(5-{[2-Methyl-5-(morpholine-4-sulfonyl)phenylamino]-
methylene}-4-oxo-2-thioxothiazolidin-3-yl)-3-phenylpropionic acid ethyl
ester (10). Yield 64%, mp 208–210 °C. 1H NMR (400MHz, DMSO‑d6):
1.17 (br.s, 3H, CH3); 2.36, 2.40 (2*s, 3H, CH3); 3.40–3.65 (m, 10H,
CH2, morpholine); 4.15 (br.s, 2H, CH2); 5.83 (m, 1H, CH); 7.19–7.90
(m, 8H, arom); 8.56 (br.s, 1H, CH); 9.97, 10.20 (2*br.s, 1H, NH). LCMS
(ESI+) m/z 576 (M+H)+. Anal. Calcd for C26H29N3O6S3: C, 54.24; H,
5.08; N, 7.30. Found: C, 54.30; H, 5.00; N, 7.40.

4.2.3.8. 2-{5-[(4-Ethylsulfanylthiosulfonylphenylamino)-methylene]-4-
oxo-2-thioxothiazolidin-3-yl}-3-phenylpropionic acid ethyl ester
(11). Yield 60%, mp 236–238 °C. 1H NMR (400MHz, DMSO‑d6):
1.12–1.21 (m, 6H, 2CH3), 3.0 (q, 2H, J=6.8 Hz, CH2), 3.42 (m, 2H,
CH2), 4.13 (q, 2H, J=7.0 Hz, CH2), 5.82 (m, 1H, CH), 7.05–7.20 (m,
5H, arom), 7.51 (d, 2H, J=8.2 Hz, arom.), 7.55 (d, 2H, J=8.2 Hz,
arom), 8.20 (m, 1H, CH), 10.40 (br.s, 1H, NH). 13C NMR (100MHz,
DMSO‑d6): 14.5 (CH3), 14.8 (CH3CH2S), 30.8 (CH2S), 33.6 (CH2), 58.1
(CH), 61.9 (OCH2), 117.3, 127.2 (5-Cthiaz.), 128.7, 129.2, 129.6, 134.9,
136.9 (CH]), 138.6, 138.8, 145.2, 166.9 (C]O), 168.1 (COO), 191.6
(C]S). LCMS (ESI+) m/z 537 (M+H)+. Anal. Calcd for
C23H24N2O5S4: C, 51.47; H, 4.51; N, 5.22. Found: C, 51.40; H, 4.60;
N, 5.30.

4.2.3.9. 4-{[3-(1-Ethoxycarbonyl-2-phenylethyl)-4-oxo-2-
thioxothiazolidin-5-ylidenemethyl]-amino}-benzoic acid ethyl ester
(12). Yield 71%, mp 196–198 °C. 1H NMR (400MHz, DMSO‑d6): 1.17
(br.s, 3H, CH3), 1.31 (br.s, 3H, CH3), 3.48 (br.s, 2H, CH2), 4.15 (br.s,
2H, CH2), 4.28 (br.s, 2H, CH2), 5.85 (br.s, 1H, CH), 7.16–7.21 (m, 5H,
arom), 7.43 (d, 2H, J=7.7 Hz, arom), 7.92 (d, 2H, J=7.7 Hz, arom),
8.11 (br.s, 1H, CH), 10.54 (br.s, 1H, NH). 13C NMR (100MHz,
DMSO‑d6): 14.5 (CH3), 14.7 (CH3), 33.6 (CH2), 58.1 (CH), 61.0
(OCH2), 61.8 (OCH2), 95.8, 116.7, 125.1, 127.1 (5-Cthiaz.), 128.7,
129.6, 131.4, 135.3, 136.9 (CH]), 144.4, 165.6, 166.8 (C]O), 168.2
(COO), 191.6 (C]S). LCMS (ESI+) m/z 485 (M+H)+. Anal. Calcd for
C24H24N2O5S2: C, 59.49; H, 4.99; N, 5.78. Found: C, 59.40; H, 4.80; N,
5.80.

4.2.3.10. 2-[4-Oxo-5-(thiazol-2-ylaminomethylene)-2-thioxothiazolidin-3-
yl]-3-phenylpropionic acid ethyl ester (13). Yield 64%, mp 218–220 °C.
1H NMR (400MHz, DMSO‑d6): 1.10 (t, 3H, CH3), 3.60 (d, 2H, CH2),
4.10 (q, 2H, CH2), 5.90 (t, 1H, CH), 7.10–7.50 (m, 5H, C6H5), 7.60 (d,
2H, thiazole), 7.90 (d, 2H, thiazole), 8.00 (s, 1H, CH), 10.00 (s, 1H,
NH). 13C NMR (100MHz, DMSO‑d6): 14.5 (CH3), 33.5 (CH2), 58.1 (CH),
61.9 (OCH2), 107.0 (5-Cthiazole), 127.2 (5-Cthiaz.), 128.7, 129.6, 134.8
(4-Cthiazole), 136.8, 146.2 (CH]), 148.3, 157.9 (C]O), 167.1 (2-
Cthiazole), 168.1 (COO), 192.0 (C]S). LCMS (ESI+) m/z 420
(M+H)+. Anal. Calcd for C18H17N3O3S3: C, 51.53; H, 4.08; N,

Table 4
COMPARE analysis results for compound 14 at TGI level.

Rank PCCa Target Target vector
NSC

Target mechanism of
actionb

1 0.592 Actinomycin D S3053 transcription inhibitor
2 0.545 Morpholino-ADR S354646 antimetabolite
3 0.539 Rhizoxin S332598 tubulin polymerization

inhibitor
4 0.512 Mitramycin S24559 RNA synthesis inhibitor
5 0.512 Dichloroallyl

Lawsone
S126771 pyrimidine biosynthesis

inhibitor
6 0.503 Thalicarpine S68075 p-glycoprotein inhibitor

a Only correlations with PCC≥0.50 were selected, as significant.
b Putative mechanisms of action were identified with the use of literature

sources.
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10.02. Found: C, 51.60; H, 4.00; N, 10.10.

4.2.3.11. 2-(5-{[5-(2,4-Dichlorobenzyl)-thiazol-2-ylamino]-methylene}-4-
oxo-2-thioxothiazolidin-3-yl)-3-phenylpropionic acid ethyl ester
(14). Yield 63%, mp 226–228 °C. 1H NMR (400MHz, DMSO‑d6): 1.10
(t, 3H, CH3), 3.60 (d, 2H, CH2), 4.00–4.10 (m, 4H,2*CH2), 5.90 (t, 1H,
CH), 7.00–7.40 (m, 9H, C6H3, C6H5, thiazole), 7.90 (d, 1H, CH), 11.30
(s, 1H, NH). LCMS (ESI+) m/z 578/580 (M+H)+. Anal. Calcd for
C25H21Cl2N3O3S3: C, 51.90; H, 3.66; N, 7.26. Found: C, 51.80; H, 3.70;
N, 7.15.

4.2.3.12. 2-{4-Oxo-2-thioxo-5-[(4H-[1,2,4]triazol-3-ylamino)methylene]-
thiazolidin-3-yl}-3-phenylpropionic acid ethyl ester (15).. Yield 54%, mp
198–200 °C. 1H NMR (400MHz, DMSO‑d6): 1.10 (t, 3H, CH3), 3.40 (d,
2H, CH2), 4.10 (q, 2H, CH2), 5.80 (t, 1H, CH), 7.10–7.30 (m, 5H, C6H5),
8.10 (d, 1H, CH), 8.50 (s, 1H, CH, triazole), 11.30 (d, 1H, NH), 13.90 (s,
1H, NH, triazole). 13C NMR (100MHz, DMSO‑d6): 14.5 (CH3), 33.4
(CH2), 58.1 (CH), 61.8 (OCH2), 121.0, 127.1 (5-Cthiaz.), 128.6, 129.6,
140.7 (5-Ctriazole), 143.9 (CH]), 145.0, 151.1, 167.3 (C]O), 168.2 (3-
Ctriazole), 178.9 (COO), 195.5 (C]S). LCMS (ESI+) m/z 404 (M+H)+.
Anal. Calcd for C17H17N5O3S2: C, 50.61; H, 4.25; N, 17.36. Found: C,
50.60; H, 4.30; N, 17.40.

4.2.4. Crystal structure determination of compounds 2, 3 and 12
The molecular illustrations were drawn using ORTEP-3 for Windows

[42]. Software used to prepare the material for publication was WINGX
[42], OLEX [43] and PLATON [44]. The supplementary crystal-
lographic data have been deposited at the Cambridge Crystallographic
Data Centre (CCDC), 12 Union ROAD, Cambridge CB2 1EZ (UK), Tel.:
(ţ44) 1223/336e408, Fax: (ţ44) 1223/336-033, E-mail: deposit@
ccdc.cam.ac.uk, http://www.ccdc.cam.ac.uk, deposition No. CCDC
1,872,547 (compound 2), CCDC 1,872,546 (compound 3) and CCDC
1872545 (compound 12).

4.2.4.1. Crystal structure determination of 2-(5-ethoxymethylidene-4-oxo-
2-thioxothiazolidin-3-yl)-3-phenylpropionic acid ethyl ester (2). Crystal
data. C17H19NO4S2, Mr=365.45, monoclinic, space group C2/c,
a=17.9894(4), b=8.4463(2), c=24.2633(8) Å, β=98.403(3),
V=3647.08(17) Å3, Z=8, Dcalc= 1.331 g/cm3, μ=2.823mm−1,
T=130.0(1) K.

Data collection. A red lath crystal (EtOH) of 0.35×0.13×0.04mm
was used to record 19212 (Cu Ka-radiation, θmax= 76.38°) intensities
on a Rigaku SuperNova Dual Atlas diffractometer [45] using mirror
monochromatized Cu Kα radiation from a high-flux microfocus source
(λ=1.54178 Å). Accurate unit cell parameters were determined by
least-squares techniques from the θ values of 7168 reflections, θ range
3.64–76.16°. The data were corrected for Lorentz, polarization and for
absorption effects [45]. The 3809 total unique reflections
(Rint = 0.0345) were used for structure determination.

Structure solution and refinement. The structure was solved by dual-
space algorithm (SHELXT) [46], and refined against F2 for all data
(SHELXL-97) [47]. The H atoms were positioned geometrically and
were refined using a riding model, with CeH=0.98 Å (CH3), 0.99 Å
(CH2), 1.00 (Csp3H), 0.95 Å (CarH) and Uiso(H)= 1.2Ueq(C) or
1.5Ueq(C) for methyl H atoms. The methyl groups were refined as a
rigid group, which were allowed to rotate. Non-hydrogen atoms of the
disordered parts within molecules of compound 2 were obtained from
difference Fourier maps. During refinement, the atomic displacement
ellipsoids of the corresponding atoms in the alternative positions were
constrained to be identical. Corresponding bond distances within the
disordered components were restrained to be similar. Final refinement
converged with R=0.0412 (for 3179 data with F2 > 4σ(F2)),
wR=0.1181 (on F2 for all data), and S=1.044 (on F2 for all data). The
largest difference peak and hole was 0.235 and −0.366 eÅ3.

4.2.4.2. Crystal structure determination of ethyl 2-(5-aminomethylene-4-

oxo-2-thioxothiazolidin-3-yl)-3-phenylpropionic acid ethyl ester
(3). Crystal data. C15H16N2O3S2, Mr=336.42, monoclinic, space
group P21/c, a=12.8232(2), b=9.1569(2), c=29.0742(7) Å,
β=94.824(2)°, V=3401.82(12) Å3, Z=8, Dcalc= 1.314 g/cm3,
μ=2.953mm−1, T=130.0(1) K.

Data collection. A yellow lath crystal (MeOH) of
0.23×0.14×0.04mm was used to record 26,789 (Cu Ka-radiation,
θmax= 76.81°) intensities on a Rigaku SuperNova Dual Atlas dif-
fractometer [48] using mirror monochromatized Cu Kα radiation from
a high-flux microfocus source (λ=1.54178 Å). Accurate unit cell
parameters were determined by least-squares techniques from the θ
values of 14,584 reflections, θ range 3.00–76.19°. The data were cor-
rected for Lorentz, polarization and for absorption effects [48]. The
9581 total unique reflections were used for structure determination.

Structure solution and refinement. The structure was solved by dual-
space algorithm (SHELXT) [46], and refined against F2 for all data
(SHELXL-97) [47]. The positions of the H atoms bonded to N atom were
obtained from the difference Fourier maps and were refined freely. The
remaining H atoms were positioned geometrically and were refined
with a riding model, with CeH=0.98 Å (CH3), 0.99 Å (CH2), 1.00
(Csp3H), 0.95 Å (CarH) and Uiso(H)= 1.2Ueq(C)) or 1.5Ueq(C) for me-
thyl H atoms. The methyl groups were refined as a rigid group, which
were allowed to rotate. Final refinement converged with R=0.0419
(for 8407 data with F2 > 4σ(F2)), wR=0.1342 (on F2 for all data), and
S=1.066 (on F2 for all data). The largest difference peak and hole was
0.352 and −0.333 eÅ3.

4.2.4.3. Crystal structure determination of ethyl 4-{[3-(1-ethoxycarbonyl-
2-phenylethyl)-4-oxo-2-thioxothiazolidin-5-ylidenemethyl]-amino}-benzoic
acid ethyl ester (12). Crystal data. C24H24N2O5S2, Mr=484.57,
monoclinic, space group P21/c, a=18.8461(4), b=8.2841(2),
c=15.0392(3) Å, β=99.644(2)°, V=2314.78(9) Å3, Z=4,
Dcalc= 1.390 g/cm3, μ=2.416mm−1, T=130.0(1) K.

Data collection. A pale-yellow plate crystal (DMF) of
0.23×0.14×0.04mm was used to record 24,544 (Cu Ka-radiation,
θmax= 76.33°) intensities on a Rigaku SuperNova Dual Atlas dif-
fractometer [48] using mirror monochromatized Cu Kα radiation from
a high-flux microfocus source (λ=1.54178 Å). Accurate unit cell
parameters were determined by least-squares techniques from the θ
values of 9195 reflections, θ range 3.43–75.76°. The data were cor-
rected for Lorentz, polarization and for absorption effects [48]. The
4833 total unique reflections were used for structure determination.

Structure solution and refinement. The structure was solved by dual-
space algorithm (SHELXT) [46], and refined against F2 for all data
(SHELXL-97) [47]. The position of the H atom bonded to N atom was
obtained from the difference Fourier map and was refined freely. The
remaining H atoms were positioned geometrically and were refined
within the riding model approximation: CeH=0.98 Å (CH3), 0.99 Å
(CH2), 1.00 (Csp3H), 0.95 Å (CarH) and Uiso(H)= 1.2Ueq(C)) or
1.5Ueq(C) for methyl H atoms. The methyl groups were refined as a
rigid group, which were allowed to rotate. Final refinement converged
with R=0.0487 (for 4257 data with F2 > 4σ(F2)), wR=0.1164 (on
F2 for all data), and S=1.092 (on F2 for all data). The largest difference
peak and hole was 0.596 and −0.373 eÅ3.

4.3. Pharmacology

4.3.1. Antitrypanosomal activity assay
Bloodstream forms of Tbb strain 90–13 and Tbg Feo strain were

cultured in HMI9 medium supplemented with 10% FCS at 37 °C under
an atmosphere of 5% CO2 [49]. In all experiments, log-phase parasite
cultures were harvested by centrifugation at 3000g and immediately
used. Drug assays were based on the conversion of a redox-sensitive dye
(resazurin) to a fluorescent product by viable cells as previously de-
scribed [50]. Drug stock solutions were prepared in pure DMSO. Try-
panosoma brucei bloodstream forms (105 cells/ml) were cultured in 96-
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well plates either in the absence or in the presence of different con-
centrations of inhibitors in a final volume of 200 µl. After a 72-h in-
cubation, resazurin solution was added in each well at the final con-
centration of 45 µM and fluorescence 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 of in
the absence of drug. DMSO was used as control. Concentration in-
hibiting 50% of parasite growth (IC50) was determined from the dose-
response curve with a drug concentrations ranging from 10 µg/ml to
0.625 µg/ml and presented in µM. IC50 value is the mean± the stan-
dard deviation of three independent experiments.

4.3.2. In vitro cytotoxicity assay on mammalian cell
Cytotoxicity was evaluated by using a rat myoblast-derived cell line

(L-6). Assays were performed in 96-well plates in RPMI medium con-
taining 25mM HEPES, pH 7.3, 10% foetal calf serum under 5% CO2
atmosphere, at 37 °C. After trypsin treatment, L-6 cells were seeded at
5000 cells per well in 100 µl. After 24 h incubation, cells were washed
and two-fold dilutions of drug were added (200 µl per well). Drug stock
solutions were prepared in pure DMSO. The final DMSO concentration
in the cultures remained below 1%. Control cultures were constituted of
cultures treated with pure DMSO instead of drug. The cytotoxicity assay
was based on the conversion of a redox sensitive dye (resazurin) to a
fluorescent product by viable cells [51]. After 5 days of incubation,
resazurin solution was added in each well at the final concentration of
45 µM. Fluorescence was measured at 530 nm excitation and 590 nm
emission wavelengths after further 4-h incubation. The percentage of
inhibition of cell growth was calculated by comparing the fluorescence
of cells maintained in the presence of drug to that of in the absence of
drug. IC50s were determined from the dose-response curves with drug
concentrations ranging from 10 µg/ml to 10 ng/ml. IC50 value is the
mean± the standard deviation of three independent experiments.

4.3.3. In vitro anticancer assay
Primary anticancer assay was performed on a panel of approxi-

mately sixty human tumor cell lines derived from nine neoplastic dis-
eases, in accordance with the protocol of the Drug Evaluation Branch,
National Cancer Institute, Bethesda [36–39]. Tested compounds were
added to the culture at a single concentration (10−5 M) and the cultures
were incubated for 48 h. End point determinations were made with a
protein binding 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 percentage growth
was evaluated spectrophotometrically versus controls not treated with
test agents. The cytotoxic and/or growth inhibitory effects of the most
active selected compounds were tested in vitro against the full panel of
human tumor cell lines at concentrations ranging from 10−4 to 10−8 M.
48-h continuous 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 (Ti)],
the percentage growth was calculated for each drug concentration.
Percentage growth inhibition was calculated as:

[(Ti − Tz)/(C − Tz)]× 100 for concentrations for which Ti≥ Tz,
[(Ti− Tz)/Tz]× 100 for concentrations for which Ti < Tz.
Dose response parameters (GI50, TGI) were calculated for each

compound. Growth inhibition of 50% (GI50) was calculated from [(Ti −
Tz)/(C − Tz)]× 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 protein increase seen in the control
cells. The drug concentration resulting in total growth inhibition (TGI)
was calculated from Ti= Tz. 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 GI50 values ≤100 μM were declared to be
active.
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