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Introduction

Aim. Design, synthesis and study of antibacterial, antifungal and trypanocidal activity of a
series of novel 2-thioxo-4-thiazolidinone-3-carboxylic acids with different arylidene substitu-
ents in C5 position. Methods. Organic wet synthesis, analytical and spectral methods, phar-
macological screening, SAR analysis. Results. A series of 5-(aminomethylene)-4-oxo-2-thi-
oxothiazolidin-3-ylcarboxylic acids and their analogs ITIa-IIIj were synthesized in the reactions
of 5-(ethoxymethylene)-4-oxo-2-thioxothiazolidin-3-ylcarboxylic acids IIa,b or ethyl
5-(ethoxymethylene)-4-oxo-2-thioxothiazolidin-3-ylpropanoate IIc with various amines and
ammonium hydrogen carbonate. Five of the synthesized compounds I1Ib, ITIf and I1Th-j were
tested towards a series of Gram (+) and Gram (—) bacteria and four yeasts strains at a dose of
ImM. In general, the tested compounds are promising building scaffolds for the development
of antifungal agents as all of them inhibited growth of clinical strain of Candida albicans.
Moreover, pyridine containing 3-[5-(aminomethylene)-rhodanine-3-yl]carboxylates showed
good trypanocidal activity and low cytotoxicity towards normal fibroblasts. Conclusions.
A series of novel 3-[5-(aminomethylene)-4-oxo-2-thioxothiazolidin-3-yl]carboxylic acids
derivatives were synthesized. Study of their antibacterial and antifungal action allowed iden-
tifying a hit-compound ethyl 3-[5-[(4-(fluoroanilino)methylene]-4-oxo-2-thioxothiazolidin-3-yl]
propanoate IIIf, which is active against clinical strains of Staphylococcus lentus and Candida
ssp. In general, most of the studied compounds showed good antifungal properties.

Keywords: 2-thioxo-4-thiazolidinone-3-carboxylic acids, rhodanine, synthesis, antitrypa-
nosomal activity, antibacterial activity, antifungal activity, SAR.

4-Thiazolidinone derivatives have been known fects [1-3]. The inhibition activity against
as a source of drug-like molecules with the protozoa such as Trypanosoma ssp. [4—6] or
studied hypoglycemic, anticancer, anti-inflam-  Plasmodium falciparum [7] had been also in-
matory, antituberculosis and antimicrobial ef-  vestigated for thiazole/thiazolidinone- and re-
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lated heterocycles-based compounds.
2,4-Thiazolidinedione, rhodanine (2-thioxo-
4-thiazolidinone), 2-alkyl(aryl)-substituted,
and 2-R-amino(imino)-substituted 4-thiazolid-
inone subtypes provide the major part of anti-
microbial, antidiabetic, anti-inflammatory and
anticancer lead-compounds and drug candi-
dates [1,8,9]. 5-Ene-thiazolidinones including
the 4-thiazolidinone-3-carboxylic acids de-
rivatives [10,11] are of special interest taking
into account their pharmacological profiles,
the feasibility of structure optimization as well
as the toxicity profile [12,13]. Despite falling
out of favor with medicinal chemists, 5-ene-
4-thiazolidinones should not be treated as pan-
assay interference compounds (PAINS) only
[14] and still hold a promise for providing
active drug-like molecules [15]. One more
direction of the 5-ene-4-thiazolidinones study
is the search for novel antibacterial agents [16],
great part of which comprise rhodanine-3-car-
boxylic acids.

On the one hand, antibacterial drugs have
been saving millions of lives since the dis-
covery of penicillin, but on the other hand,
their extensive usage had pushed the antibio-
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tic resistance mechanisms in bacteria.
Surviving of species with such mechanisms
challenges therapeutic options of the infec-
tious diseases treatment [17], which needs
new classes of antibiotics based on the che-
mical structures different from those used
today. The development of novel safe and
efficacious antibacterials remains the topical
task of medicinal chemistry and health care
system worldwide. Reviewing the latest lite-
rature data, it should be mentioned that a class
of 5-ene-2-thioxo-4-thiazolidininone-3-car-
boxylic acids is characterized as a source of
agents with excellent antimicrobial activity
including MDR strains. For example,
3-a-carboxyethyl-5-benzylidenerhodanine
derivatives showed moderate to good MIC
values against MRSA pathogen panel [18];
a series of 5-(2-hydroxybenzylidene)-rhoda-
nines possessed the MIC values in 32-256 pg/
mL range against S. aureus, E. faecalis, and
H. influenza and were experimentally char-
acterized as novel inhibitors of bacterial DNA
gyrase [19]; para-N,N-benzylidenediphenyl-
amine substituted rhodanine-3-alka-
necarboxylic acids were active against Gram
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Fig. 1. Examples of rhodanine-3-carboxylic acids with the antimicrobial activity.
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(+) pathogens with MIC = 1.95 pug/mL [20].
Rhodanine-3-carboxylic acids with an aryl-
hydrazone fragment displayed the excellent
activity against MDR methicillin-resistant
and quinolone-resistant S. aureus with MIC
of 2—4 pg mL™! [21].

With a broad exposure to antibiotics and
immunosuppression, the incidence of oppor-
tunistic fungal pathogens such as Candida
albicans has increased [22,23]. The com-
pounds revealing antifungal activity are also
presented among 2-thioxo-4-thiazolidinones.
A derivative of 2-(rhodanine-3-yl)-3-phenyl-
propanoic acid showed the micromolar ranges
of MIC towards the isolates of Gram (+) and
Gram (—) bacteria including the vancomycin
resistant strains as well as Candida albicans
and was not toxic to mouse murine macro-
phages and human keratinocytes [24]. Taking
into account the literature data on antibacte-
rial, antifungal and antiparasitic properties of
thiazolidinone derivatives, the feasibility of
their synthesis and further chemical optimiza-
tion, the aim of presented research was the
design of potentially active antimicrobials on
the base of rhodanine-3-carboxylic acids.

Materials and Methods

Chemistry

All chemicals were of the analytical grade and
commercially available. All reagents and sol-
vents were used without further purification
and drying. NMR spectra were determined
with Varian Mercury 400 (400 MHz) spec-
trometer, in DMSO-d; using tetramethylsilane
as an internal standard. Elemental analyses (C,
H, N) were performed at the Perkin-Elmer
2400 CHN analyzer and the results were with-

in + 0.4 % of the theoretical values. Mass
spectra were obtained using electrospray ion-
ization (ESI) techniques on an Agilent 1100
Series LCMS. The purity of the compounds
was checked by thin-layer chromatography
performed with Merck Silica Gel 60 F254
aluminum sheets.

Synthesis of ethyl 3-(4-oxo-2-thioxothiazoli-
din-3-yl)propanoate (Ic). The 3-(4-oxo-
2-thioxothiazolidin-3-yl)propanoic acid (0.1
mole) was refluxed in the ethanol medium (200
mL) with adding catalytic amounts of concen-
trated sulfuric acid for 5 hours. After cooling
the reaction mixture to the room temperature,
it was neutralized with potassium carbonate to
pH 7.0 and the formed precipitate (potassium
sulfate) was filtered off. The obtained filtrate
was evaporated under vacuo to yield the prod-
uct as viscous yellow liquid that was used in
further reactions without additional purification.

General procedure of 5-(ethoxymethylene)-
4-oxo-2-thioxothiazolidin-3-car-
boxylic acids (Ila, 1Ib) and ethyl
3-[5-(ethoxymethylene)-4-oxo-2-thioxothi-
azolidin-3-yl|propanoate (Ilc) synthesis
A mixture of 4-oxo0-2-thioxothiazolidine-
3-acetic acid (0.1 mole), ethyl orthoformate
(0.12 mole) and 125 ml of acetic anhydride
was refluxed for 1.5 hour. After cooling, the
reaction mixture was concentrated and small
amount of chloroform was added to cause the
precipitate formation. The precipitate was fil-
tered off and recrystallized from ethyl acetate
to give 5-(ethoxymethylene)-4-oxo-2-thioxo-
thiazolidine-3-acetic acid [25].

In the case of IIb and Ilc synthesis, a mix-
ture of 4-ox0-2-thioxothiazolidine-3-propano-
ic acid or its ethyl ester (0.1 mol), ethyl ortho-
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formate (0.12 mol) and 40-50 ml of acetic
anhydride was refluxed for 1.5 hour. The reac-
tion mixture was poured into water and the
product was extracted with ethylacetate. The
ethylacetate layer was evaporated under vacuo
and the obtained solid product was recrystal-
lized at first from the mixture of acetic acid/
water with the second recrystallization from
the mixture of toluene/hexane for IIb (me-
thod A) or from ethanol only for Ile¢. Purification
of the mixture of products after the first crystal-
lization (acetic acid/water) by column chroma-
tography was performed in the system of sol-
vents: aceton/hexane/NH,OH = 50:50:1.
2-[5-(Ethoxymethylene)-4-0x0-2-
thioxothiazolidin-3-yl]acetic acid (I1a). Yield
61 %, mp 188-189 °C, lit. 190-192 °C [25].
'H NMR (DMSO-d,) d: 1.25 (t, 3H, CHj),
4.18 (q, 2H, CH), 4.41 (s, 2H, CH,COO), 7.58
(s, 1H, -CH=). Calcd. for CgH¢NO,S,: C,
38.86; H, 3.67; N, 5.66; Found: C, 39.35; H,
3.74; N, 5.61.
3-/5-(Ethoxymethylene)-4-0xo0-2-thioxo-
thiazolidin-3-yl[propanoic acid (IIb). Yield
85 %, mp 113-115 °C. 'H NMR (DMSO-dy)
d: 1.28 (t, 3H, CH,CHj;), 1.81 (t, 1H, CH,),
2.28 (t, 1H, CH,), 3.96 (t, 2H, CH,), 4.36 (q,
2H, CH,CHs), 7.99 (s, 2H, CH=), 12.01 (s,
1H, COOH). LCMS (ESI+): m/z 262.0
(96.6 %, [M+HT").
Calcd. for CoHoNO,S,: C, 41.37; H, 4.24;
N, 5.36; Found: C, 41.25; H, 4.24; N, 5.34.
Ethyl 3-[5-(ethoxymethylene)-4-oxo-
2-thioxothiazolidin-3-yl[propanoate (Ilc).
Yield 87 %, mp 111-113°C. 'H NMR
(DMSO-dg) d: 1.15-1.17 (m, 3H, CH,CH;),
1.28 (t, 3H, CHy), 2.64-2.66 (m, 2H, CH,),
4.03 (q, 2H, CH,CHs), 4.19 (t, 2H, CH,), 4.30
(q, 2H, CH,), 7.98 (s, 2H, CH=). Calcd. for
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C1HsNO,S,: C, 45.66; H, 5.22; N, 4.84;
Found: C, 41.25; H, 5.19; N, 4.89.

General procedure of 2-[5-[aminomethy-
lene[-4-oxo0-2-thioxothiazolidin-3-yl[carbox-
ylic acids (Illa-1Ild) and their esters (I1If-
111j) synthesis

To 0.01 mol of 5-(ethoxymethylene)-4-oxo-
2-thioxothiazolidin-3-carboxylic acid (Ila or
IIb) or ethyl 3-[5-(ethoxymethylene)-4-oxo-
2-thioxo-thiazolidin-3-yl]propanoate (Ilc) the
equimolar quantity of appropriate amine
(4-(ethoxycarbonyl)aniline, 4-chloroaniline,
4-fluoroaniline or 4-(6-methyl-1,3-benzothia-
zol-2-yl)aniline), 3/4-aminopyridines or 4-pyr-
idinecarboxylic acid hydrazide) was added and
refluxed in the ethanol medium for 1.5-2 hours.
After cooling, the formed precipitate was fil-
tered off and recrystallized from the mixture
of acetic acid/water (1:1) (IIla) or acetic acid
(ITIb, IIIc, IIIg) or the mixture of DMF/etha-
nol (1:3) (II1d, IITh-IIIj), or ethanol (IIIf).

2-[5-[(4-Ethoxycarbonylanilino)methylene|-
4-o0xo0-2-thioxothiazolidin-3-yl]acetic acid
(Illa). Yield 55 %, mp 170-172°C. '"H NMR
(DMSO-dy) d: 1.28 (t, 3H, CH,CH3, J= 6.9 Hz),
4.25 (q, 2H, CH,CHs), 4.63 (s, 2H, CH,), 7.39
(d, 2H, J = 8.2 Hz, arom.), 7.91 (d, 2H,
J=8.2 Hz, arom.), 8.36 (d, 1H, CH=), 10.57 (x,
1H). 3C NMR (100 MHz, DMSO-dy): 191.9,
168.1, 166.7, 165.6, 144.4, 135.1, 131.4, 131.3,
125.0, 116.6, 113.0, 96.7, 60.9, 45.2, 14.6.
LCMS (ESI+): m/z 367.0 (98.2 %, [M+H]).
Calcd. for C;sH4N,OsS,: C, 49.17; H, 3.85; N,
7.65; Found: C, 49.87; H, 3,92; N, 7.50.

3-[5-[(4-Ethoxycarbonylphenylamino)
methylene[-4-oxo-2-thioxothiazolidin-3-yl]
propanoic acid (II1Ib). Yield 57 %, mp 192-
193°C. 'H NMR (DMSO-dy) d: 1.30 (brs, 3H,
CH,CH,;), 2.67 (t, 2H, CH,), 4.05-4.18 (m, 2H,
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CH,), 4.26 (q, 2H, CH,CH;), 7.48 (m, 2H,
arom.), 7.92 (m, 2H, arom.), 8.15 (s, 1H,
CH=). 3C NMR (100 MHz, DMSO-dg): 191.2,
170.8, 165.7, 162.6, 141.9, 136.4, 131.4 (2H,
arom.), 124.7, 117.0 (2H, arom.), 98.1, 61.0,
50.6, 31.6, 14.7. Calcd. for C,(H;(N,OsS,: C,
50.51; H, 4.24; N, 7.36; Found: C, 51,00; H,
4.19; N, 7.39.

3-/5-[(4-Chlorophenylamino)methylene|-
4-o0xo-2-thioxothiazolidin-3-yl[propanoic acid
(Ill¢). Yield 84 %, mp 208-210°C. 'H NMR
(DMSO-dy) d: 2.48-2.54 (m, 2H, CH,), 4.02-4.13
(m, 2H, CH,), 7.28-7.31 (m, 4H, arom.), 7.98 (s,
1H, CH=). 3C NMR (100 MHz, DMSO-dy):
1914, 172.3, 166.9, 139.6, 135.9, 135.9, 129.9,
128.2, 118.9, 118.9, 97.6, 95.3, 31.5. LCMS
(ESI+): m/z 343.0/345.0 (96.6 %, [M+H]).
Calcd. for C;sH,,CIN,O;S,: C, 45.55; H, 3.23;
N, 8.17; Found: C, 45,83; H, 3.28; N, 8.09.

3-[(5Z)-5-[[4-(6-methyl-1,3-benzothiazol-
2-yl)anilino]methylene|-4-oxo-2-thioxo-thia-
zolidin-3-yl[propanoic acid (I11d). Yield 85 %,
mp 229-230°C. 'H NMR (DMSO-dy) d: 2.44
(s, 3H, CH3), 2.58 (t, 2H, CH2), 4.18 (t, 2H,
CH2), 7.33 (d, 1H, J = 7.3 Hz, arom.), 7.45 (d,
2H, J = 7.1 Hz, arom.), 7.84-7.90 (m, 2H,
arom.), 8.01 (d, 2H, J = 7.1 Hz, arom.), 8.13
(s, 1H,=CH), 10.52 (br.s, 1H, NH), 12.52 (br.s,
1H, COOH). 3C NMR (100 MHz, DMSO-dj):
191.6, 172.3,167.0, 165.9, 152.3, 142.9, 135.6,
134.8, 134.9,129.0, 128.6, 128.5, 122.7, 122.2,
117.4 (2H, arom.), 101.2, 96.5, 49.7, 31.5,
21.6. LCMS (ESI+): LCMS (ESI+): m/z 456.0
(98.1 %, [M+H]"). Calcd. for C,;H7;N;05S;:
C, 55.36; H, 3.76; N, 9.22; Found: C, 55.69;
H, 3.81; N, 9.15.

Ethyl 3-[5-[(4-(fluorophenylamino)
methylene[-4-oxo-2-thioxothiazolidin-3-yl]
propanoate (I1If). Yield 50 %, mp 164-165°C.

'H NMR (DMSO-dg) d: 1.16-1.18 (m, 3H,
CH,CH,), 2.63-2.66 (m, 2H, CH,), 4.04 (q,
2H, CH,CH,), 4.21 (t, 2H, CH,, J = 7.2 Hz),
7.19-7.22 (m, 2H, arom.), 7.33-7.37 (m, 2H,
arom.), 8.06 (brs, 2H, CH=). 13C NMR
(100 MHz, DMSO-d,): 192.0, 168.1, 166.7,
165.7, 144.5,135.3, 131.4 (2H, arom.), 125.1,
116.7 (2H, arom.), 96.7, 61.0, 45.3, 14.7.
LCMS (ESI+): m/z 355.0 (99.6 %, [M+H]").
Calcd. for C;sH;sFN,O;S,: C, 50.83; H, 4.27;
N, 7.90; Found: C, 51.05; H, 4.35; N, 7.94.

Ethyl 3-{5-[(Z)-1-(4-ethyloxycarbonyl-
phemylamino)methylidene]-4-oxo-2-thioxo-
thiazolidin-3-yl}propanoate (I1lg). Yield 45
%, mp 160-162°C. '"H NMR (DMSO-d) d-
1.16 (brs, 3H, CH,CH;), 1.30 (brs, 3H,
CH,CH,), 2.64 (t, 2H, CH,), 4.05 (t, 2H, CH,),
4.18 (q, 2H, CH,CH,), 4.28 (q, 2H, CH,CH;),
7.38 (m, 2H, arom.), 7.91 (m, 2H, arom.), 8.16
(s, 1H, CH=). 13C NMR (100 MHz, DMSO-dy):
191.7,171.5,165.7, 163.6, 141.9, 136.1 131.4
(2H, arom.), 129.0, 124.7, 116.9 (2H, arom.),
61.1, 60.8, 50.3, 32.1, 14.7, 14.1. LCMS
(ESI+): m/z 409.0 (98.6 %, [M+H]"). Calcd.
for C,gH,(N,OsS,: C, 52.92; H, 4.93; N, 6.86;
Found: C, 52.63; H, 4.86; N, 6.89.

Ethyl 3-[4-0x0-5-[(3-pyridylamino)
methylene]-2-thioxothiazolidin-3-yl[propano-
ate (II1h). Yield 69 %, mp 193-195°C, lit.
192-194 °C [26]. '"H NMR (DMSO-dy) d: 2.55
(t, 3H, J=6.8 Hz, CH3), 3.01 (q, 2H, J=6.8 Hz,
OCH,), 3.75 (t, 2H, CH,, J =6.9 Hz), 5.50 (q,
2H, CH,, J =6.9 Hz), 7.34 (brs,1H, pyrid.),
7.66 (d, 1H, J= 7.9 Hz, pyrid.), 7.73 (s, 1H,
pyrid.), 7.80 (d, 1H, J = 7.3 Hz, pyrid.), 7.83
(brs, 1H, CH=), 10.42 (s, 1H, NH). 3C NMR
(100 MHz, DMSO-d,): 193.7, 172.1, 167.2,
145.8, 144.7, 139.6, 133.1, 129.3, 123.7, 114.5,
60.7,49.8,32.2, 14.1. Calcd. for C;4,H;5N;0;S,:
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C,49.83; H, 4.48; N, 12.45; Found: C, 50.02;
H, 4.42; N, 12.35.

Ethyl 3-[(4-0xo0-5-[(4-pyridylamino)
methylene]-2-thioxothiazolidin-3-yl[propano-
ate (11Ii). Yield 45 %, mp 182-184°C lit. 183-
185°C [26]. '"H NMR (DMSO-d,) d: 1.16 (t,
3H, CH;, J= 7.0 Hz), 2.60 (q, 2H, OCH,, J =
7.0 Hz), 4.00 (t, 2H, CH,, J=7.3 Hz), 4.19 (t,
2H, CH,,J=7.3 Hz), 6.71 (d, 2H, J=6.9 Hz,
pyrid.), 7.57 (s, 1H, CH=), 8.07 (d, 2H, J =
6.9 Hz, pyrid.), 10.41 (brs, 1H, NH). 3C NMR
(100 MHz, DMSO-dy): 192.6, 171.6, 166.5,
149.8 (2H, arom.), 140.1, 132.8, 129.1, 118.1
(2H, arom.), 60.9, 49.5, 32.3, 14.1. Calcd. for
C4H5sN;05S,: C, 49.83; H, 4.48; N, 12.45;
Found: C, 49.80; H, 4.46; N, 12.38.

Ethyl 3-[(4-0x0-5-[[2-(pyridine-4-carbon-
yh)hydrazino]methylene[-2-thioxothiazolidin-
3-yl[propanoate (I11j). Yield 73 %, mp 235-
237°C [26]. '"H NMR (DMSO-d,) d: 1.15 (t,
3H, CH;,J=7.1 Hz), 2.60 (t, 2H, CH, J=7.1
Hz), 4.02 (q, 2H, CH,, J = 7.1 Hz), 4.16 (t,
2H, CH,,J = 7.1 Hz), 7.85 (m, 3H, CH=,
pyrid.), 8.84 (brs, 2H, pyrid.), 10.27 (brs, 1H,
NH), 11.40 (brs, 1H, NH). 13C NMR (100 MHz,
DMSO-d): 192.3,172.2,170.7, 167.1, 164.8,
150.8 (2H, arom.), 139.6, 131.2, 121.8 (2H,
arom.), 89.8, 60.7, 31.5, 14.4. Calcd. for
CsH¢N4O,S,: C, 47.36; H, 4.24; N, 14.73;
Found: C, 47.56; H, 4.26; N, 14.77.

Method of the ethyl 3-[5-(aminomethylene)-
4-0x0-2-thioxothiazolidin-3-yl[propanoate
(I1le) synthesis

The mixture of equimolar amounts of ethyl
3-[5-(ethoxymethylene)-4-0x0-2-thioxo-thia-
zolidin-3-yl]propanoate Il¢ and ammonium
hydrogen carbonate (0.01 mol) was refluxed
in the ethanol medium (15 mL) for 2 hours.
After cooling the reaction mixture, the formed

234

precipitate was filtered off and recrystallized
from acetic acid.

Ethyl 3-[5-(aminomethylene)-4-o0xo-
2-thioxo-thiazolidin-3-yl[propanoate (Ille).
Yield 65 %, mp 113-115°C. 'H NMR
(DMSO-dg) d: 1.15 (t, 3H, CH;,J = 7.1 Hz),
2.67 (t, 2H, CH, J = 7.1 Hz), 4.08 (q, 2H,
CH,), 4.17 (m, 2H, CH,), 8.14 (s, 1H, CH=).
3C NMR (100 MHz, DMSO-d): 191.9, 172.3,
165.2, 132.4, 129.1, 60.9, 50.3, 32.6, 14.1.
Calcd. for CoH,N,0;S,: C, 41.52; H, 4.65; N,
10.76; Found: C, 41.74; H, 4.72; N, 10.85.

Pharmacology

Antibacterial and antifungal activity
screening

The synthesized compounds were screened for
their in vitro antibacterial and antifungal ac-
tivities using the agar diffusion method and
the broth microdilution method (Resazurin
Reduction-Based Assay) [27]. A total of 12
microorganisms were tested. They consisted
of 4 Gram (—) bacteria: Pseudomonas aerugi-
nosa ATCC 27853 (F-51) and Escherichia coli
ATCC 25922 used as reference strains and
clinical strains of Pseudomonas aeruginosa
and Escherichia coli; 4 Gram (+) bacteria:
clinical strains of Staphylococcus lentus,
Staphylococcus lugnuniensis, Staphylococcus
simulans and the reference strain — Staphylo-
coccus aureus ATCC 25923 (F-49); four
yeasts: Candida albicans (ATCC 885-653)
used as reference strain, clinical strains of
Candida albicans, Candida dubliniensis and
Candida membranifaciens. The Clinical and
rarely found clinical strains were multidrug
resistant [28] and isolated from patients with
health-care-associated infections.
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The tested compounds (at the concentration
of 1mM) were inoculated into a 5.5+0.5 mm
diameter well (50 uL per well) containing
suspension of the culture of microorganisms
(McFarland 2.0) on the agar plate (meat pep-
tone agar or Saburo agar for fungi). DMSO
was used as a control. A compound with the
diameter of growth inhibition more than
10 mm was considered as a hit-compound [27].

Antitrypanosomal activity screening

Bloodstream forms of Trypanosoma brucei
brucei strain 90-13 and Trypanosoma brucei
gambiense Feo strain were cultured in HMI9
medium supplemented with 10 % FCS at 37 °C
in an atmosphere of 5 % CO, [29]. In all ex-
periments, log-phase cell cultures were har-
vested by centrifugation at 3000%g and imme-
diately used. Drug assays were based on the
conversion of a redox-sensitive dye (resazurin)
to a fluorescent product by viable cells [30].
Drug stock solutions were prepared in DMSO.
Trypanosoma brucei bloodstream forms (103
cells/mL) were cultured in 96-well plates either
in the absence or in the presence of different
concentrations of inhibitors in a final volume
of 200 mL. After the 72 h incubation, resa-
zurin solution was added in each well at the
final concentration of 45 mM and fluorescence
was measured at 530 nm and 590 nm absor-
bance after further 4 h incubation. The percent-
age of inhibition of the 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 a control. The concentration inhibiting 50 %
of parasite growth (ICs,) was given as the mean
+/- the standard deviation of three independent
experiments.

Results and Discussion

Chemistry

The synthesis of 3-carboxyalkylrhodanines
(Scheme 1) was conducted according to the
modified procedure proposed by Korner [31]
from glycine or B-alanine and CS, in an alka-
line medium. The next step involved [2+3]-cy-
clocondensation of formed dithiocarbamates
(S,N-binucleophiles) with chloroacetic acid
(equivalent to dielectrophilic synton [C,]*")
and yielded the corresponding 2-thioxo-4-thi-
azolidone-3-alkancarboxylic acids. Synthesis
of 5-ethoxymethylidene derivatives II was
performed in the reaction of rhodanine-3-car-
boxylic acids Ia-b and ethyl ester I¢ with tri-
ethyl orthoformate in the acetic anhydride
medium. There was observed the formation of
the mixture of ethyl 3-[5-(ethoxymethylene)-
4-o0x0-2-thioxothiazolidin-3-yl]propanoate and
an acid itself unlike in the same reaction of
rhodanine-3-phenylpropionic acid, when only
ethyl ester of 2-(5-ethoxymethylidene-2-(4-
oxo0-2-thioxo-thiazolidine-3-yl)-3-phenyl-pro-
pionic acid was formed [32]. Therefore, be-
sides the method of column chromatography,
to obtain pure compound Ilc, an ethyl
3-(4-oxo-2-thioxothiazolidin-3-yl)propanoate
Ic (synthesized in the reaction of esterification)
was used as a starting agent in the reaction
with triethyl orthoformate.

The 5-ethoxymethylenerhodanines can eas-
ily react with the N-nucleophilic reagents as
primary or secondary amines. Thus, the target
compounds IIla-I11d, ITIf-IIIg were synthe-
sized in the reactions of 5-(ethoxymethylene)-
4-ox0-2-thioxothiazolidin-3-carboxylic acids
IIa,b and ethyl 3-[5-(ethoxymethylene)-4-oxo-
2-thioxothiazolidin-3-yl]propanoate Ilc with
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appropriate amines, such as 4-(ethoxycarbon-
yl)aniline, halogen-substituted anilines and
4-(6-methyl-1,3-benzothiazol-2-yl)aniline. The
reaction of Ile with ammonium hydrogen car-
bonate in the ethanol medium yielded ethyl
3-[5-(aminomethylene)-4-ox0-2-thioxothia-
zolidin-3-yl]propanoate (Ille). To analyze the
structure-activity relationship in this series of
compounds the pyridine fragment was intro-

R@M

duced in the aminomethylene group via the
reaction of ethyl 3-[5-(aminomethylene)-
4-ox0-2-thioxothiazolidin-3-yl]propanoate Il¢
with aminopyridines and 4-pyridinecarbox-
ylic acid hydrazide.

Antibacterial and antifungal activity

Five of the synthesized compounds III were
tested towards a series of Gram (+) and Gram

S COOH S ’\—_COOH
Mla \
1" ° - I1Ib R = COOEt
EtOH : McR=Cl
! ) @ £toH 111d R = 6-methylbenzothiazol-2-y1
COOEt |
_X
Ny o ) __coon
//\(N HC(OEY), s— | HC(OEY, /_2\\
P
- S Ac,O Ac,O
wa ? Ia X = CH,COOH 2 J
t Ia Ib X = (CH,),COOH
Ie X = (CH,),COOEt
HC(OEY); |Ac,0
COOEt o e coom
0
0 \ COOEt
L NH,HCO, N \/Q
B —————————————
— S
S
= SJ Ny EtOH
e e MIfR =F

EtOH

I

&

|N/N“’ R

(Y A

| /\(Z(
N N

N~ H S\\<’\/

IlIg R =COOEt

COOEt
IIIh pyridin-3-yl

S IIi pyridin-4-yl

Scheme 1. Synthesis of 5-substituted derivatives of 2-(4-oxo-2-thioxothiazolidin-3-yl)-3-acetic and propanoic acid.
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(-) bacteria and four yeasts strains (Table 1)
at the concentration of 1mM (50 mcL per
well). The synthesized compounds showed
different mean zones of inhibition in the range
of 0—15.0 mm against tested microorganisms.
5-Aminomethylenerhodanine-3-propanoic acid
derivatives did not inhibited the growth of
Gram (—) bacteria. Only two of the tested com-
pounds IITb and IIIf were active against clin-
ical strains of Gram (+) Staphylococcus simu-
lans and Staphylococcus lentus respectively.
Candida ssp. turned out to be the most sensi-
tive to the action of all studied compounds
exhibiting the highest inhibition rates under
the action of ethyl 3-[5-[(4-(fluoroanilino)
methylene]-4-oxo0-2-thioxothiazolidin-3-yl]
propanoate IIIf. Substitution of the aryl moiety

with pyridine fragment led to the total loss of
antibacterial effects, although compounds
ITh-IITj showed antifungal activity towards
reference and clinical Candida strains. In gen-
eral, the tested compounds are promising
building scaffolds for the development of an-
tifungal agents as all of them inhibited the
growth of clinical strain of Candida albicans.

An interesting additional research of the
pyridine containing compounds IITh-II1j was
performed against Trypanosoma ssp. (Table 2)
that corresponds to the concept of polyphar-
macological approach [33]. Noteworthy, such
small molecules as the studied rhodanine ana-
logs hold a privileged position for polyphar-
macology and may be successfully utilized in
the fragment-based drug discovery too [34,35].

Table 1. Antibacterial and antifungal activity of synthesized compounds

Diameter of zone inhibition, mm

Gram (—) bacteria

Gram (+) bacteria

Fungi

reference

clinical strains .
strain

reference strains

clinical strains

rarely

found
clinical

strain

rarely

found
clinical
strains

reference

. clinical strains
strain

Comp.

Pseudomonas aeruginosa
(ATCC 27853, F-51)
Escherichia coli
(ATCC 25922)
Pseudomonas aeruginosa
Escherichia coli
Staphylococcus aureus
(ATCC 25923, F-49)
Staphylococcus lentus

Candida. albicans
(ATCC 885-653)
Candida albicans

Staphylococcus simulans
Candida dubliniensis
Candida membranifaciens

Staphylococcus lugnuniensis

ITb

(=)

—_
S

12 0

If

—_
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Table 2. Antitrypanosomal activity of ethyl 3-[4-0x0-5-aminomethylene]-2-thioxothiazolidin-3-yl]

propanoates IIIh-111j

et | e | Grotoiciy onfibmblest | iy | simog
ICs, uM ICsp, tM 0
IITh 19.19+6.33 5.03%1.85 182.41+12.36 9.5 36.2
IITi >148 21.04+0.42 155.00+29.33 <1 7.4
I11j >131 71.89+£19.52 >262 1,0 >3.6
Pentamidine,nM 1.36+0.46 1.46+0.65 7900.00+282.84 5793.9 5396.9
Nifurtimox 2.39+0.61 4.64+0.73 65.09+2,95 27.2 14.0

The best in vitro inhibitory activity of
Trypanosoma brucei brucei and Trypanosoma
brucei gambiense was observed for ethyl
3-[4-0x0-5-[(3-pyridylamino)methylene]-
2-thioxothiazolidin-3-yl]propanoate IITh with
the micromolar ICs, values comparable to the
reference drugs Pentamidine and Nifurtimox.
The selectivity indexes calculated as a ratio of
cytotoxic concentration against normal fibro-
blasts CCs, to the antitrypanosomal ICs, val-
ues, indicate very good perspective for the
study of rhodanine-3-carboxylic acids as po-
tential antitrypanosomals with low toxicity
parameters.

The established dual antitrypanosomal and
antifungal actions are consistent with the re-
cently developed new effective oral mono-
therapy of HAT with antifungal drug
Fexinidazole [5].

Conclusions

A series of novel 3-[5-(aminomethylene)-
4-0x0-2-thioxo-thiazolidin-3-yl]carboxylic
acids and their esters were designed and syn-
thesized starting from 5-ethoxymethylene-
rhodanine-3-carboxylic acids. Study on the
antibacterial action of 5 compounds revealed
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a significant antifungal activity against the
clinical strain of Candida albicans with the
most active ethyl 3-[(5Z)-5-[(4-(fluoroanilino)
methylene]-4-0x0-2-thioxo-thiazolidin-3-yl]
propanoate IIIf. The pyridine-rhodanine-3-car-
boxylic hybrids showed good ratios of
Trypanosoma ssp. inhibition and low cytotox-
icity towards human fibroblasts. Such dual
action of the rhodanine-3-carboxylic acids
derivatives is an important issue that may be
used in the polypharmacological approach as
well as the fragment-based drug discovery.
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5-En-ponaHin-3-kap0oHOBI KMCJIO0TH
SIK MOTeHUilHi mpoTUMiKpoOHi
Ta NPOTHNIAPA3UTAPHI aTeHTH

A. TI. Kpumymma-/{nnesny

MeTa. Po3po0Oka, cMHTE3 Ta JOCIHIHKEHHS aHTHOaKTepi-
ABHO, TIPOTUTPUOKOBOI Ta TPHUITAHOIIUAHOI aKTHBHOCTI
Ppsiy HOBUX 2-TiOKCO-4-Tia301i IMHOH-3-KapOOHOBHX KHC-
JIOT 3 PI3HUMH apHJIiICHOBUMH 3aMiCHHKAaMH Y TIOJIOXKEH-
Hi C5. Metonu. Opraniqaunii CHHTE3, aHATITHYHI Ta CTIeK-
TpaJibHI METO/IM, hapMaKoJIoriyHuii CKpuHiHT, SAR aHami3.
PesyabraTn. Pan 5-(amiHomernieH)-4-0kco-2-TiOKCO-
Tia3051iuH-3-11KapOOHOBUX KHCIOT Ta iX aHanoris Illa-
I1Ij cuHTE30BaHO y peakiisx S-(eToKCUMeTHIIeH)-4-0KCOo-
2-THOKCOTia30MiinH-3-1nkapOonosux kuciot Ila,b abo
€THII 5- (€TOKCHUMETHIICH )-4-0KCO-2-TIOKCOTIa30 i InH-3-
inmponanoary Ilc i3 pi3HOMaHITHUMU aMiHaMH Ta TiApo-
KapOOHAaTOM aMOHif0. J[JIs I’ ATH CHHTE30BaHHUX CIOJIYK
b, IIIf ta ITh-j nocmimkyBanacs iHTi0yro4a akKTHBHICTh
oo psny ['pam (+) Ta I'pam (—) Gakrepiii Ta YOTHPHOX
ITaMiB IPDKMKIB y 1031 1 MM. 3aranom, TociimKyBaHi
CIOJTYKH € TICPCIIEKTUBHUME OyiBETEHUMH OJIOKaMH TS
PO3pOOKH POTUTPHOKOBUX 3aCO0IB, OCKIJIBKH BCI BOHU
MIpUTHIYYyBaM picT KiiHiuHoro mramy Candida albicans.
Kpim Toro, ms mipuanaBMicHEX 3-[5-(amiHOMETHITEH)-
ponaHiH-3-11|KapOOKCHIIATH XapaKTePHU3yBAIUCS TOOPOIO
TPUIAHOLMTHOIO aKTUBHICTIO T HU3BKOIO IIUTOTOKCHY-
HICTIO IIOI0 HOpMaJIbHUX (hiOpobracTiB. BucHoOBKH.
CHHTE30BaHO psiJl HOBUX MOXiTHUX 3-[S-(aMiHOMETHIICH)-
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4-0KCO-2-TIOKCOTia30JTiINH-3-1JT|[KapOOHOBUX KHCIIOT.
Bupuenns ix aHTHOAKTEpiaIbHOI Ta IPOTUTPHOKOBOI JTii
JIO3BOJIMJIO BUSIBUTH CIIONYKY-XIiT E€THJIOBHM ecTep
3-[5-[(4-(dpmroopoaHiniHO)METUICH |-4-0KCO-2-
TiokcoTiazomiauH-3-i]mpornanoBoi kuciotu IIf, mo in-
riOyBaB picT KINIHIYHKUX WTamiB Staphylococcus lentus Ta
Candida ssp. 3aranom, O1IBIIICT JOCIIHKYBaHUX CITOIYK
BUSIBIISITH TOOP1 POTUTPUOKOBI BIACTUBOCTI.

KawuoBi cioBa: 2-Tiokco-4-Tia3omianHoH-3-KapOo-
HOBI KHCIIOTH, POJaHiH, CHHTE3, aHTUTPUIIAHOCOMHA aK-
TUBHICTh, aHTUOAKTEpiaJIbHA AKTHBHICTb, MPOTUTPHOKOBA
aKTUBHICTL, SAR.

5-EH-poaaHuH-3-Kap0OHOBbIE KHCJIOThI
KaK NOTeHIHAIbHbIe IPOTHBOMUKPOOHBIE
U NPOTHBONAPA3ZUTAPHBIEC ATCHThI

A. TI. Kpnmnmms-/{nneBud

Hean. Pa3paboTka, CHHTE3 U HCCIIEIOBaHNE aHTHOAKTE-
PpHUATBEHOM, TPOTHBOTPHOKOBOW M TPUIIAHOIMAHOM aKTHB-
HOCTH psAZia HOBBIX 2-THOKCO-4-THA30IHINHOH-3-KapOo-
HOBBIX KHCJIOT C Pa3JIMYHBIMH apHIHACHOBIUMBI 3aMECTH-
TersiMu B monoxkeHun C5. Metoabl. Opranndeckuit
CHHTE3, aHAJIMTHYECKHE U CIIEKTpaJibHbIe METO/bI, (hap-
MakoJIOru4eckuii ckpuHUHT, SAR ananus. Pesyibrarsl.
Pan  5-(ammHOMeETHIIEH )-4-0KCO-2-THOKCOTHA30JIH -
JMH-3-nnKkapOoOHOBUX KUCIOT U ux aHayoros Ila-IIIj
CHHTE3UPOBAHBI B PEAKIMSIX 5- (€TOKCHMETHIICH)-4-0K-
C0-2-THOKCOTHA30IUANH-3-mTkapooHoBux kuciot Ila,b
WM 3THI 5-(€TOKCUMETHIIEH )-4-0KCO-2-THOKCOTHA30IIU-

JnuH-3-winponanoara Ile ¢ paznuyHpIMU aMUHAMU U TH-
IpokapOoHaToM aMMOHUS. JIJIs IIATH CHHTE3WPOBAHHBIX
coenuuennii 11Ib, IIIf u I1Th-j uccnenosanack MHrMOW-
PYIOIIast aKTUBHOCTH B oTHOIIeHHH psina ['pam (+) u [pam
(—) GakTepuii M 4eTBIPEX IMTAMMOB JPOXOKeH B 103e 1 MM.
HccnenyeMble coeIMHEHUs! SIBISIFOTCS] IEPCTIEKTHBHBIMU
CTPOUTEITFHBIME OIIOKaMH JUTs1 pa3pabOTKH MPOTHBOTPHO-
KOBBIX CPEICTB, TOCKOJIBKY BCE€ OHU IOMABIILIA POCT
xkmuHIYeckoro mramma Candida albicans. Kpome Toro,
nupuAnHCOAepKamue 3-[5-(aMuHOMETHIICH)-po/ia-
HUH-3-1J1 |[KapOOKCHIIAThI XapaKTEPHU30BAINCH XOPOIIIEH
TPUITAHOLIWTHON aKTHBHOCTBIO M HU3KOH IIUTOTOKCUYHO-
CTBIO K HOpMaibHBIM ¢ubOpodmactaM. BbIBOOBI.
CuHTE3UpOBaH Psii HOBBIX MPOU3BOAHBIX 3-[5-(aMuHOME-
THJIEH )-4-0KCO-2-THOKCOTUA30 MM H-3-11J1 ]JKapOOHOBBIX
KHCTIOT. V3ydeHne ux aHTHOAKTepHUATEHOW U IIPOTHBO-
TpHUOKOBOM aKTHBHOCTH TTO3BOJIJIO BBISIBUTH COSTMHEHU-
€-XUT 3TWIOBBIH 3¢up 3-[5-[(4-(dhMroopoaHUINHO )METH-
JieH |-4-0KCO-2-THOKCOTHA30JIM AUH-3-1J1 |IPOITaHOBOM
kuciotsl IIf, KoTopbIit ”THTHOMPOBAT POCT KITMHUYECKUX
mrraMmoB Staphylococcus lentus v Candida ssp. B uienowm,
OOJIBIITMHCTBO HCCIICIYEMBIX COSOUHEHUH TPOSIBISLIN
XOPpOIIIHE TPOTHBOT PHOKOBBIE CBONCTBA.

KamouyeBble caoBa: 2 THOKCO-4-THA3OJIHIN-
HOH-3-KapOOHOBEIE KUCIIOTHI, POJaHNH, CHHTE3, aHTUTPH-
MaHOCOMHAsl aKTMBHOCTb, aHTUOAKTEPHAJIbHASI aKTHB-
HOCTb, IPOTHBOTPHOKOBast aKTUBHOCTH, SAR.
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