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The study is devoted to the rational search of modern potential antimicrobial agents among of 4-thiazolidine(thi)
ones. 5-R,R’-Enamin(thi)ones of thiazolidinone series have been tested for design and the initial screening of
the antibacterial properties. The use of 5-ethoxymetylene derivatives of thiazolidine-2,4-dione and 4-thioxo-
thiazolidin-2-one as effective “building blocks” for the synthesis of small libraries of bioactive compounds has
been proposed. Nucleophilic substitution reactions between 5-ethoxymetylene derivatives and amino alcohols,
the primary and secondary functionalized aromatic and heteroaromatic amines, heterocyclic amines (piperidine
and substituted pyrazolines) have been studied. The pharmacological screening of the antimicrobial activity for
the enamin(thi)ones synthesized on clinical isolates of staphylococci with different resistance mechanisms to
protected B-lactams and multiresistance strains of E. coli and Ps. Aeruginosa has been performed. Compounds
with a distinct antimicrobial effect have been identified. They can also increase the sensitivity of S. aureus and
S. haemolyticus clinical strains to oxacillin, and can be used to create new combined antimicrobial chemothera-
peutic agents. The “structure — antimicrobial activity” relationships for design and search for new antimicrobial
agents have been analysed.

CUHTE3 | JOCJIIA)XEHHS AHTUMIKPOBHUX BJIACTUBOCTEM 5-R,R’-AMIHOMETUJIEHMOXIQHUX
TIA30J1INH-2,4-0I0HY TA 4-TIOKCOTIA30/1IQNH-2-OHY

r.0.epka4, C.M.l'onnoma, B.B.3acidko, I.I.CopoHosuy, P.B.Kyyuk, P.b.Jlecuk

Knroyoei cnoea: 4-mia3oniduH(mi)oHu; 5-amiHOMemuneHnoxiOHi; Mynbmupe3ucmeHmHicmb;, aHMuMIiKpobHa
aKkmueHicms

HocnioxeHHs npucesyeHe payioHanbHOMY MOWYKy CyHdacHUX MOMeHUiUHUX aHmuMIKpObHUX azeHmig ceped
noxiOHux 4-mia3oniduH(mi)oHie. 30ilicHeHO cripoby dusalHy ma rnepe8uHHO20 CKPUHIiHey aHmubakmepianbHuUx
npenapamig Ha ocHosi 5-R,R’-eHamiH(mi)oHie mia3oniduHogozo psidy. 3anpornoHo8aHoO 8UKOPUCMAaHHS
5-emokcumemuneHmia3oniouH-2,4-0ioHy ma 4-miokcomia3omiOuH-2-0Hy K egheKmuUBHUX «CmpyKmypHux bro-
Kie» 0nisi cuHmeay manux 6ibniomek 6iofo2iyHO akmueHuUX crionyk. Buederi peakuii HykmneoginbHO20 3amiujeH-
HA 5-emoKcumemurnieHmia3oniOuHoOHI8 3 aMiHocrnupmamu, QyHKUioOHani3o8aHuMu rnepeuHHUMU i 8MOPUHHUMU
apomMamuyHUMU ma 2emepoapoMamuyHUMU aMiHamu, 2emepoyuKTiYHUMU aMiHamu (ninepuduH ma 3amiuje-
Hi nipa3oniHu). lMposedeHo hapmakonoeiyHUll CKpUHiHe aHMUMIKpPOBHOI akmugHOCMIi CUHMEe308aHUX EHaMIHI8
w000 KriHiYHUX i307155Mie cmacdbifioKoKi8 3 PiBHUMU MexaHi3amMamMmu pe3ucmeHmHocmi 00 3axuueHux [B-nakmamie
ma noniaHmubiomukopesucmeHmHux wmamig E. coli i Ps. Aeruginosa. |deHmucbikosaHi crionyku 3 eupasHum
aHmumikpobHUM eghekmom, 30amHi nidsuulysamu Yymnaueicme KriHiYHUX wmamig S. aureus i S. haemolyticus
00 oKcayuriHy, wo Moxe 6ymu sukopucmaHo rpu CMEOPEHHi HO8UX KOMbBIHO8aHUX aHMUMIKPOBOHUX XiMiome-
parnesmuyHux 3acobig. [lpoaHasnizoeaHo 3anexHicmp 38’3Kie «CmpyKmypa — aHmuMikpobHa akmugHicmb» Onsi
cripsiMosaHoe2o du3saliHy ma rnowyky Hosux aHmubakmepianbHux i npomuepubKkogux azeHmis.

CUHTE3 U UCCJIEQOBAHUE MPOTUBOMUKPOBHbLIX CBOUCTB 5-R,R’-AMUHOMETUIIEHITPOU3BOLHbIX
TUA3OJINONH-2,4-OUWOHA U 4-TUOKCOTUAIOJTUNH-2-OHA

r.0.fepka4, C.H.N'onnoma, B.B.3acudko, U.U.CopoHoesudy, P.B.Kyusik, P.b.Jlecbik

Knroyesnie cnoea: 4-mua3oinuduH(mu)oHbl; 5-aMUuHOMEemUIeHnpPou3800HbIe; MybmuUpe3ucmeHmHOCMb, Mpo-
mugoMuKpobHas akmugHOCMb

UccnedosaHue rnoceauw,eHo payuoHanbHOMY MOUCKY COBPEMEHHbIX MOMeHUuanbHbIX MPOMUBOMUKPOBHbIX
aceHmoes cpedu rnpoussodHbIx 4-muaszonuduH(mu)oHos. [ns dusaliHa u Nep8uYyHO20 CKPpUHUHea aHmubak-
mepuarnbHbIXx ceolicme anpobuposaHsbl 5-R,R’-eHaMuH(mu)oHbl mua3onuduHogozo psida. [pednoxeHo uc-
rnosib3oeaHue 5-amokcumemuneHmuasonuiduH-2,4-0uoHa U 4-muoKkcomua3sonuduH-2-oHa Kak 3¢bgbeKkmueHbIx
«CcmpyKkmypHbIx 6710k08» 0751 cuHme3a Marsbix bubnuomek 6uosio2u4ecKU akKmueHbIX CoOeOUHEHUU. M3ydeHbl
peakyuu HyKneoghuribHoO20 3amelweHusi 5-amokcumemuneHmuas3onuéuHo8 ¢ aMuHocrnupmamu, yHKUUOHarsu-
3UpPOBaHHbLIMU MEPBUYHBLIMU U 8MOPUHHbLIMU apoOMamu4yecKuMuU U 2emepoapoMamuyecKuMu amuHamu, 2emepo-
UUKIUYEeCKUMU aMuHaMu (MunepuduH U 3aMew,eHHbIe rnupa3onuHsl). [posedeH hapmakonoaudeckuli CKpUHUHE
IPOMUBOMUKPOBHOU aKmu8HOCMU CUHME3UPOB8aHHbIX EHaMUHO8 Ha KITUHUYECKUX U30r19max cmaghuiiOKOKKO8
C Pa3sfuUYHbIMU MexaHu3MamMu pe3ucmeHmMHOCMU K 3auUleHHbIM B-nakmamam u nosuaHmubuomukope3uc-
meHmHbIX wmammax E. coli u Ps. Aeruginosa. MldeHmuguyuposaHbl COEOUHEHUST C 8bipa3umesibHbIM Mpomu-
80MUKPOOHBIM 3¢hbcheKkmom, criocobHble nosbilamb Yy8cmaeumernbHOCMb KIUHUYEeCKUX wmammos S. aureus
u S. haemolyticus Kk okcayunnuHy, 4Ymo Moxem 6bimMb UCMOMb308aHO MNPU c030aHUU HOBbIX KOMBUHUPOBaHHLIX
POMuUBOMUKPOBHbIX XuMuomeparnesmu4yeckux cpedcms. [MpoaHanusuposaHa 3a8uUCUMOCTMb C8513el «CMPYK-
mypa — npomueoMuKkpobHoe Oelicmaue» 051 HarpaesneHHo20 Ou3aliHa U fMoucKa HO8bIX MPOMUBOMUKDPOBHbIX
azeHmos.
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The search and development of original modern
antibacterial and antifungal drugs are an actual prob-
lem for medicine and pharmacy. The analysis of inno-
vative products approved by FDA during 2011-2015
by their belonging to certain pharmacological groups
shows that antimicrobial agents occupy the second
position (~16% of the total number of the drugs in-
troduced) after anti-cancer drugs (~27%) [1]. The
key problem of the existing antimicrobial agents is
development of resistance and appearance of new pa-
thogenic strains [2]. The screening of potential anti-
microbial agents among the new class of chemical
compounds is one of the promising methods to over-
come the problem of resistance [3]. 5-Ylidene deriva-
tives of 4-thiazolidine(thi)ones are of a considerable
interest for de novo design of antibacterial agents, among
them selective and multi-inhibitors of Mur B, C, D, E, F;
penicillin-binding proteins inhibitors (PBPs); inhibi-
tors of B-lactamase A and C; inhibitors of peptide de-
formylase; inhibitors of mannosyl transferase 1 (PMT1),
etc., have been identified [4-8]. The structural modi-
fication of the 5-ylidene fragment to 5-R,R’-amino-
methylene results in improving a number of molecular
parameters, and this structure optimization strategy
of drug-like molecules is promising for searching new
high-affinity ligands with antimicrobial properties
among derivatives of 4-thiazolidine(thi)ones [9].

The aim of this work was development of the syn-
thetic approach to 5-R,R-aminomethylene derivatives
of thiazolidine-2,4-dione and 4-thioxothiazolidin-2-one,
the synthesis of the series of R,R’-enamines, the scre-

ening of the antimicrobial activity of the compounds
synthesized and the analysis of the “structure - acti-
vity” relationships for a directed design and search of
new antimicrobial agents among 4-thiazolidin(thi)ones.

To perform the planned experiment the corres-
ponding 5-ethoxymetylene derivatives 1, 2 were syn-
thesized in the interaction of thiazolidine-2,4-dione
and 4-thioxothiazolidin-2-one with triethyl orthofor-
mate in the acetic anhydride medium [10] (Fig. 1),
and they were used for the synthesis of the target
5-R,R’-aminometylene derivatives. It was found that
compounds 1, 2 actively reacted in the ethanol or
isopropanol medium with such nucleophiles as ami-
no alcohols, the primary and secondary functionali-
zed aromatic and heteroaromatic amines, heterocyc-
lic amines (piperidine and pyrazolines) to form the
corresponding enamines 3-17 (Fig.). The choice of
nucleophilic scaffolds gives a variety of structures with
satisfactory molecular properties (“Lipinski rules”)
for the primary screening of hit-compounds with the
antimicrobial activity [11].

The structure of the compounds synthesized was
confirmed using 'H NMR- and mass-spectroscopy. In
the H NMR-spectra of the compounds synthesized
the enamine fragment protons appeared as a pair of
doublets or broad singlets at 8.00-8.40 ppm (proton =
CH -) and 9.73-10.30 ppm (proton -NH-). The shift
of ylidene proton signals in a weak field indicateed
formation of only Z-isomers [12].

In screening of the antimicrobial activity for the
compounds synthesized a direct antimicrobial action

©/

X=8 8. X=0 R"=R"=4-CI;
9. X=0 R"=OMe, R"=2,3-CH=CH-CH=CH-.

—
N
- NH
'
\\—H 7.X= R

a) Ac,O, HC(OEt),; b) substituted anilines; c) 3,5-diaryl-4,5-dihydro-1H-pyrazoles;
d) 4H-[1,2,4]triazol-3-ylamine; e) monoethanolamine; f) pyridin-2-ylamine; g) piperidine.

Fig. The synthesis of 5-ethoxymethylene-thiazolidine-2,4-dione (1), 4-thioxothiazolidin-2-one (2) and 5-R,R*-aminomethylene derivatives (3-17).
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Table 1

A direct antimicrobial activity of the compounds (diameters of growth inhibition zones, mm)

Microorganism/ ”If/'ail;/gf\l;l/;" 5. aureus > h’? ;l:';\c:)l;vnt’i’cus SBZ(IJ:)T OB/yStlélﬁ E.coli Ps. Aeruginosa
Compound (MSSA) ICA-5 (MRSA) (MRSH) (B-Lac") ) ’

3 3.90+0.26 3.79+0.35 3.58+0.19 n/t 3.731£0.34 3.82+0.19
4 4.62+0.28 3.66+0.26 3.57+0.17 n/t 3.84+0.16 3.73+0.28
5 4.04+0.35 4.04+0.46 5.38+0.43 n/t 3.50+0.13 3.67+0.15
6 4.00+0.20 3.77+£0.32 3.56+0.27 n/t 3.59+0.09 3.67+0.14
7 510+ 0.46 5.17+0.26 3.60+0.27 n/t 4.00+0.34 4.22+0.25
8 0 0 5.50+0.42 0 n/t n/t
9 0 0 0 n/t n/t
10 0 [20.73£1.11] 5.00+0.17 0 n/t n/t
11 21.91+0.60 0 4.94+0.32 0 n/t n/t
12 0 0 0 n/t n/t
13 0 0 5.35+0.25 0 n/t n/t
14 0 0 5.87+0.49 0 n/t n/t
15 8.90+0.26 11.85+0.43 6.06+0.50 7.53+0.14 n/t n/t
16 26.00+0.59 6.05+0.25 5.31+0.39 [11.67+0.16] n/t n/t
17 0 0 0 n/t n/t

Control 3.63+0.23 3.57+0.34 3.42+0.29 3.62+0.21 3.36+£0.4 3.51+£0.3

Notes: in brackets there are diameters of zones of the growth partial inhibition of cultures (bacteriostatic effect);

n/t — the compound was not tested in the given experiment.

was studied, and the synergetic interaction with oxa-
cillin was assessed. [13]. The methicillin-sensitive
strain of S. aureus “Ivanyshyn” (MSSA), methicillin-
resistance strains of S. aureus ICA-5 (MRSA) and S. hae-
molyticus (MRSH) “Buhryn”; boundary methicillin-sen-
sitive (BSSH) S. haemolyticus “Beley” characterized
with a high resistance to (3-lactam antibiotics, but with
absolutely different resistance mechanisms and an-
tibiotic-sensitive strains of E. Coli and Ps. Aeruginosa
were used as the main test objects. The test-cultures
were identified using “STAPHYtest 16” biochemical
microtests (Lachema, Czech Republic). The sensitivity
of strains to antibiotics was determined by the disco-
diffusion method and serial dilutions in agar. The anti-
microbial activity of the compounds synthesized was
studied by agar diffusion. Suspensions of test-cultu-
res standardized according to the optical turbidity
standard (the concentration of 1,107 CFU/mL) were
put uniformly on the surface of the nutrient agar in
Petri dishes. About 20 pL of solutions with the test
compounds in the concentration of 1000 pg/ml in the
solution of alcohol/DMSO /water (2:1:1) were placed
in agar wells with the diameter of 4.0£0.1 mm. Di-
ameters of zones of the growth inhibition of test-cul-
tures were determined after incubation for 24-48 h.
Digital images of the culture growth on dishes were
obtained and processed with a UTHSCSA ImageTool 2.0
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computer program (the University of Texas Health Sci-
ence Center in San Antonio, ©1995-1996). The results
obtained were processed by the methods of variation
statistics. The pure solvent was put in control wells.
To assess the synergistic interaction with oxacillin the
similar experiments were performed on the media
containing the subbacteriostatic concentrations of oxa-
cillin (*/,-'/,, IPC) in relation to each of the resistant
strains. The summarized results of the antimicrobial
activity screening of compounds 3-17 are presented
in Tab. 1, 2.

According to the results of the direct antimicro-
bial action screening it was found that compounds
3-17 demostrated a moderate multilevel antimicro-
bial activity. When analyzing the “structure - activity”
relationships it was found that the nature of the sub-
stituents in the enamine fragment influenced on the
effect, and the presence of p-OMe- (4) and p-COOEt-
phenylamine (5), diphenylamine (16), 4H-[1.2.4]-tri-
azol-3-ylamine (7) and pyridine-2-ylamine substitu-
ents (15) were optimal. It should be also noted that
4-thioxothiazolidin-2-one derivatives were characte-
rized by a higher general level of activity compared
to the oxygen-containing analogues. When studying
the synergistic interaction of the derivatives synthe-
sized with oxacillin compounds 12 and 15 exhibiting
the ability to improve significantly the sensitivity of
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clinical strains of S. aureus and S. haemolyticus to oxa-
cillin were identified. It can be used to develop new
combined antimicrobial chemotherapeutic agents.

Experimental Part

Melting points were measured in open capillary
tubes on a BUCHI B-545 melting point apparatus and
were uncorrected. The elemental analysis (C, H, N)
was performed using a Perkin-Elmer 2400 CHN ana-
lyzer, and it was within +0.4% of the theoretical values.
The 'H-NMR-spectra were recorded on a Varian Gemini
spectrometer at 400 MHz using the mixture of DMSO-d, +
CCl, as a solvent and TMS as an internal standard.
Chemical shift values were reported in ppm units with
the use of § scale.

The general procedure for the synthesis of 5-
R,R’-aminomethylene derivatives 3-17. Reflux the
mixture of compound 1 or 2 (10 mmol) and the cor-
responding amine (10 mmol) for 2 h in ethanol or
isopropanol (5 ml). Filter the mixture obtained, wash
with ethanol or isopropanol and recrystallize from
the corresponding solvent.

5-Phenylaminomethylenethiazolidine-2,4-di-
one (3). Yield - 68%. M. p. - 244-247°C. 'H NMR, §,
ppm, (J, Hz): 6.80-7.60 m (5H, C;H;), 8.30 d (1H, -CH=),
10.20d (1H, NH), 13.40 bs (1H, NH). ESI-MS: m/z 221
[M+H]* (100%). Calculated, %: C, 54.53; H, 3.66; N,
12.70. C,,HgN,0,S. Found, %: C, 54.70; H, 3.80; N, 12.90.

5-[(4-Methoxyphenylamino)methylene]thiazo-
lidine-2,4-dione (4). Yield - 71%. M. p. - 258-261°C.
'H NMR, §, ppm, (J, Hz): 1.75 s (3H, CH,), 6.99 4, (J =
8.4 Hz), 7.39 n, (J = 8.4 Hz), (4H, C,H,), 8.10 d (1H,
-CH=), 10.00 d (1H, NH), 12.30 bs (1H, NH). ESI-MS:
m/z 251 [M+H]* (100%). Calculated, %: C, 52.79; H,
4.03; N, 11.19. C,;,H,,N,0,S. Found, %: C, 52.90; H,
4.30; N, 11.40.

4-[(2,4-Dioxothiazolidin-5-ylidenemethyl)ami-
no]benzoic acid ethyl ester (5). Yield - 80%. M. p. -
231-233°C.'H NMR, §, ppm, (J, Hz): 1.30 t (3H, CH3),
430q(2H,CH2),7.70 1, (J=7.9Hz),7.90 g, (/ = 7.9 Hz),
(4H,CH,),8.20d (1H,-CH=),10.10d (1H,NH), 12.20
bs (1H, NH). ESI-MS: m/z 293 [M+H]* (100%). Cal-
culated, %: C, 53.42; H, 4.14; N, 9.58. C;;H,,N,0,S.
Found, %: C, 53.60; H, 4.30; N, 9.80.

N-{4-[(2,4-Dioxothiazolidin-5-ylidenemethyl)
amino]phenyl}acetamide (6). Yield - 82%. M. p. -
264-267°C."HNMR, §, ppm, (J, Hz): 1.80 s (3H, CH3),
7.50d, (J = 8.1 Hz), 7.80 d, (J = 8.1 Hz), (4H, C,H,),
8.20d (1H, -CH=),9.20 s (1H, NH), 10.00 d (1H, NH),
12.00 bs (1H, NH). ESI-MS: m/z 278 [M+H]* (100%).
Calculated, %: C,51.98; H, 4.00; N, 15.15. C,,H,,N,0,S.
Found, %: C, 52.10; H, 4.20; N, 15.30.

5-[(4H-[1,2,4]Triazol-3-ylamino)methylene]
thiazolidine-2,4-dione (7). Yield - 61%. M. p. -
227-229°C."HNMR, §, ppm, (J, Hz): 8.30 d (1H, -CH=),
8.50 s (1H, -CH=, triazole), 10.30d (1H, NH), 12.50 bs
(1H,NH), 14.20 s (1H, NH, triazole). ESI-MS: m/z 213
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[M+H]* (100%). Calculated, %: C, 34.12; H, 2.39; N,
33.16. C,H.N.O,S. Found, %: C, 34.20; H, 2.40; N, 33.30.
5-[3,5-Bis-(4-chlorophenyl)-4,5-dihydropyra-
zol-1-ylmethylene]thiazolidine-2,4-dione (8). Yield -
83%. M. p. - 274-277°C."H NMR, §, ppm, (/, Hz): 3.40
dd (J = 17.8, 10.6 Hz), (1H, CH,), 4.10 dd (J = 18.0,
10.7 Hz), (1H, CH,), 5.70 dd (J = 12.4, 3.8 Hz), (1H,
CH),7.05d (J=8.0Hz),7.20d (J=8.0 Hz), (4H, C,H,),
7.15d (J=8.3 Hz),7.30d (/=8.3 Hz), (4H, C,H,), 8.20 s
(1H,-CH=), 12.50 bs (1H, NH). ESI-MS: m/z 419 [M+H]"
(100%). Calculated, %: C, 54.56; H, 3.13; N, 10.05.
C,oH5CL,N,0,S. Found, %: C, 54.70; H, 3.40; N, 10.30.
5-[5-(4-Chlorophenyl)-3-naphthalen-1-yl-4,5-
dihydropyrazol-1-ylmethylene]-thiazolidine-2,4-
dione (9). Yield - 75%. M. p. - 271-273°C. *H NMR,
S, ppm, (J, Hz): 1.80 s (3H, CH,), 3.30 dd (J = 17.6,
10.2 Hz), (1H, CH,), 4.00 dd (J = 17.8, 10.5 Hz), (1H,
CH,), 5.50dd (J = 12.5, 3.9 Hz), (1H, CH), 6.90d (J =
7.8Hz),7.10d (= 7.8 Hz), (4H,CH,), 7.15-7.75m
(7H, C,,H,), 8.10 s (1H, -CH=), 12.40 bs (1H, NH).
ESI-MS: m/z 430 [M+H]* (100%). Calculated, %: C,
67.12; H,4.46; N, 9.78. C,,H,,N,0,S. Found, %: C, 67.40;
H, 4.50; N, 10.00.
5-[(2-Hydroxyethylamino)methylene]-4-thioxo-
thiazolidin-2-one (10). Yield - 75%. M. p. - 271-273°C.
'H NMR, §, ppm, (/, Hz): 3.56 bs (4H, (CH,),), 492 t
(1H, OH), 8.00 d (1H, -CH=), 9.90 t (1H, NH), 12.90
bs (1H, NH). ESI-MS: m/z 205 [M+H]* (100%). Calcu-
lated, %: C, 35.28; H, 3.95; N, 13.71. C,HyN,0,S,. Found, %:
C, 35.40; H, 4.00; N, 14.00.
5-[(4-Chlorophenylamino)methylene]-4-thioxo-
thiazolidin-2-one (11).Yield - 78%. M. p. - 239-242°C.
'HNMR, §, ppm, (J, Hz): 7.20d (/= 7.9 Hz),7.40d (J =
7.9 Hz), (4H,CH,),8.20d (1H,-CH=),10.30 t (1H, NH),
12.80 bs (1H, NH). ESI-MS: m/z 271 [M+H]* (100%).
Calculated, %: C, 44.36; H, 2.61; N, 10.35. C,,H,CIN,0S,.
Found, %: C, 44.40; H, 2.80; N, 10.50.
4-[(2-0x0-4-thioxothiazolidin-5-ylideneme-
thyl)amino]benzenesulfonamide (12). Yield - 64%.
M. p. - 271-272°C. *H NMR, §, ppm, (J, Hz): 7.30 d (J
= 7.6 Hz), 7.50d (J = 7.6 Hz), (4H, C,H,), 8.40 d (1H,
-CH=), 10.20 t (1H, NH), 10.40 s (2H, NH,), 13.00 bs
(1H, NH). ESI-MS: m/z 316 [M+H]* (100%). Calcula-
ted, %: C, 38.08; H, 2.88; N, 13.32. C,,H,N,0,S,. Found, %:
C, 38.30; H, 3.00; N, 13.60.
5-[(2-Aminophenylamino)methylene]-4-thioxo-
thiazolidin-2-one (13). Yield - 78%. M. p. - 224-226°C.
'H NMR, §, ppm, (/, Hz): 4.92 s (2H, NH,), 6.71t (] =
8.1 Hz), 6.87 d (J = 7.5 Hz), 6.96 t (J = 8.1 Hz) (4H,
CH,), 7.27 d (J= 7.5 Hz), 8.33 d (1H, -CH=),9.73 d
(1H, NH), 13.10 bs (1H, NH). ESI-MS: m/z 252 [M+H]*
(100%). Calculated, %: C, 47.79; H, 3.61; N, 16.72.
C,oH,N;0S,. Found, %: C, 47.80; H, 3.80; N, 16.90.
5-(Naphthalen-1-ylaminomethylene)-4-thioxo-
thiazolidin-2-one (14). Yield - 73%. M. p. - 268-271°C.
'HNMR, 8, ppm, (J, Hz): 7.20-7.90 m (7H, C, H,), 8.15d
(1H,-CH=),10.10d (1H,NH), 12.90 bs (1H, NH). ESI-MS:
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m/z 289 [M+H]* (100%). Calculated, %: C,58.72; H, 3.52;
N, 9.78. C,,HyN;0S,. Found, %: C, 58.80; H, 3.80; N, 9.90.

5-(Pyridin-2-ylaminomethylene)-4-thioxothia-
zolidin-2-one (15). Yield - 84%. M. p. - 286-288°C.
'H NMR, §, ppm, (/, Hz): 7.00t, 7.20 t, 7.40 d, 7.60 d
(4H, pyridine), 8.40 d (1H, -CH=), 10.30 d (1H, NH),
13.10 bs (1H, NH). ESI-MS: m/z 238 [M+H]* (100%).
Calculated, %: C, 45.55; H, 2.97; N, 17.71. C;H,N,0S,,.
Found, %: C, 45.80; H, 3.00; N, 17.90.

5-[(Diphenylamino)methylene]-4-thioxothia-
zolidin-2-one (16). Yield - 54%. M. p. - 259-261°C.
'HNMR, §, ppm, (/, Hz): 7.10 - 7.50 m (10H, 2*C,H.),
8.555s(1H,-CH=), 12.66 bs (1H, NH). ESI-MS: m/z 313
[M+H]* (100%). Calculated, %: C, 61.51; H, 3.87; N,
8.97.C,,H,,N,0S,. Found, %: C, 61.80; H, 4.00; N, 9.00.

5-Piperidin-1-ylmethylene-4-thioxothiazoli-
din-2-one (17). Yield - 72%. M. p. - 243-245°C. 'H
NMR, §, ppm, (/, Hz): 1.72 bs, 3.63 bs (10H, piperi-
dine), 8.17 s (1H, -CH=), 12.26 bs (1H, NH). ESI-MS:
m/z 229 [M+H]* (100%). Calculated, %: C, 47.34; H,
5.30; N, 12.27.C,H,,N,0S,. Found, %: C, 47.50; H, 5.50;
N, 12.40.
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Conclusions

1. A synthetic approach to the pharmacologically
attractive 5-R R-aminometylene-4-thiazolidine(thi)
ones based on the interaction of the corresponding
5-ethoxymethylene-4-thiazolidine(thi)ones and some
nucleophiles has been proposed.

2. Based on the traditional pharmacological scre-
ening of 5-R R-aminometylene-4-thiazolidine(thi)ones
ithas been determined that they possess the antimic-
robial activity, and the 5-R,R-aminometylene frag-
ment is a promising scaffold for the directed synthe-
sis of 4-thiazolidinone derivatives as potential anti-
microbial agents.

3. In the combination study of the direct antimic-
robial action and the synergistic interaction with oxa-
cillin compounds 12 and 15 that exhibit the ability
to increase the sensitivity of clinical strains of S. au-
reus and S. haemolyticus to oxacillin have been iden-
tified. These compounds can be used to optimize the
structure and develop of new combined antimicro-
bial chemotherapeutic agents.
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