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SYNTHESIS AND ANTIBACTERIAL ACTIVITY
OF NEW DERIVATIVES OF 2-OX0-2,5-DIHYDROFURANS
CONTAINING AN OXOTHIAZOLIDINYLIDENE RING
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New derivatives of 2-oxo0-2,5-dihydrofurans containing an oxothiazolidinylidene
ring were successfully synthesized based on thiosemicarbazones of 3-acetyl-2-oxo-
-2,5-dihydrofurans. The synthesized compounds exhibited moderate to defined
antibacterial activities against Gram-positive (Staphylococcus aureus — 209p and 1)
and Gram-negative (Shigella Flexneri 6858, Esherichia coli 0-55) bacteria
compared to furazolidone.
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Introduction. Functionally substituted derivatives of unsaturated y-lactones
have a wide range of biological activity and exhibit various pharmacological actions
[1-9]. The biological activity of unsaturated y-lactones is due to the presence of an
unsaturated C=C bond or an aromatic substituent [10, 11]. Unsaturated y-lactones
conjugated to a double bond are also plant growth stimulators [12, 13].

The antibacterial activity of unsaturated y-lactones can be explained by their
ability to interact with bacterial proteins, as well as with certain enzymes
containing sulfhydryl groups and which are of great importance for the normal life
of microorganisms, which are known in unsaturated y-lactone series [14, 15]. It is
assumed that the bactericidal action of 2-ox0-2,5-dihydrofuranes is associated with
the ability of the lactone double bond to attach the SH groups present in bacterial
proteins, inhibiting the development of bacteria.

Thiazolidine derivatives are of great biological importance due to their anti-
diabetic [16] and antibacterial [17] activity. One such compound, namely (Z)-N-(2-
-chloro-6-methylphenyl)-2-(3-methyl-4-oxo-1,3-thiazolidin-2-ylidene)acetamide
(ralitoline), has been found to be effective in a preclinical anticonvulsant evaluation
[18]. In view of the importance of 2-o0xo-2,5-dihydrofuranes and 4-oxothiazolidin-
-2-ylidene ring, we described the synthesis and study of the antibacterial activity of
the title compounds.
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Results and Discussion. New derivatives of 2-oxo0-2,5-dihydrofurans con-
taining an oxothiazolidinylidene ring — 2-((1-(4-methyl-5,5-dialkyl-2-0x0-2,5-di-
hydrofuran-3-yl)ethylidene)hydrazono)thiazolidin-4-ones (3a—d) were successfully
synthesized by the condensation of thiosemicarbazones of 3-acetyl-2-oxo0-2,5-
dihydrofurans 1 a—d [19] with chloroacetic acid ethyl ester 2 in the presence of
sodium acetate, taken in a molar ratio of 1: 1.5: 3 in absolute ethanol.

The structures of the obtained compounds were determined from their spectro-
scopic data. Compounds 1b and 3b have an asymmetric carbon atom. The specific
rotation was measured for these compounds. They are optically inactive compounds.
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The antibacterial activities of the starting 1 a—d and obtained 3a—d compounds
were evaluated against Gram-positive (Staphylococcus aureus — 209p and 1) and
Gram-negative (Shigella Flexneri 6858, Esherichia coli 0-55) bacteria by the agar
diffusion technique [20]. The antibacterial activities of compounds 1a-d and 3a-d
were compared with the standard drug furazolidone [21].

Antibacterial activities of 1 a—d and 3 a—d compounds in comparison to furazolidone

Staphylococcus aureus Shigell Flexneri Esherichia coli
Compounds 209p | 1 6858 0-55
Zone of inhibition, mm
la 10.0+0.1 10.7+0.2 10.440.3 9.0+0.4
1b 11.0+0.6 10.0+0.7 10.440.5 9.940.1
1c 6.0+0.3 5.6+0.2 7.4+0.4 8.0£0.1
1d 11.0+04 6.710.4 11.440.1 11.0+0.6
3a 16.3+0.6 20.8+0.9 16.340.9 17.0+1.4
3b 10.0£0 10.0+0 13.0£1,0 13.340,6
3c 12.6+0,6 17.6+1,3 13.340,6 13.0£1,0
3d 17.340,9 10.0+1,0 16.0£1,0 20.340,9
Furazolidone 25+1.0 24+1.2 24+1.0 24£1.0

The antibacterial activities of compounds 1a—d and 3a—d are shown in Table.
In comparison to furazolidone, compounds 1 a-d exhibited weak activities towards
the growth of both Gram-positive and Gram-negative bacteria. Replacing the carbo-
thioamide group to oxothiazolidinylidene ring to compounds 3 a—d enhanced the
antibacterial activity. Compounds 3a—d exhibited moderate to defined activities.
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Experimental Part.

Chemical Part. The *H and *C NMR spectra were recorded at 300 MHz and
75 MHz on a Varian Mercury-300 MHz spectrometer in the mixture of solvents
DMSO-dg+CCl4 (1 : 3) using tetramethylsilane as the internal standard and IR spectra
on an Avatar 330FT-IR spectrometer using attenuated total reflectance (ATR)
method. The reaction progress and the purity of the obtained substances were
checked using TLC method on UV-254 plates with an acetone—benzene mixture
(1 : 2) as an eluent, visualization with iodine vapors. All melting points were
determined by measuring with an Electrothermal 9100 apparatus. Specific optical
rotation was decided on a Polartronic H532 polarimeter.

Compound 1c was synthesized by the known procedure [19].

2-(1-(4-Methyl-2-oxo0-1-oxaspiro[4.4]non-3-en-3-yl)ethylidene)hydrazine-
-carbothioamide (1c). Yield 90%, R¢ 0.57, m.p. 156-158°C. *H NMR spectrum,
6, ppm: 1.42 m (2H) and 1.58-1.85 m (6H, (CH)s), 2.27 s (6H, 2CHz3), 7.62 br.s
(1H, NH), 7.90 br.s (2H, C(S)NH>).

General Procedure for the Preparation of Compounds 3 a-d. To a well-
stirred solution of compound 1 a—d (4 mmol) and sodium acetate 0.74 g (12 mmol)
in 10 mL absolute ethanol was added ethyl chloroacetate 2 0.65 mL (6 mmol). The
mixture was boiled for 10-12 h. The reaction mixture was cooled, water was
added, stirred for 15 min, the precipitate was filtered off, washed with water.

2-((1-(4,5,5-Trimethyl-2-ox0-2,5-dihydrofuran-3-yl)ethylidene)hydrazono)-
-thiazolidin-4-one (3a). Yield 88%, R 0.56, m.p. 218-220°C. 'H NMR spectrum,
8, ppm: 1.45 s (6H, 2CHs), 2.38 s (6H, 2CH3), 3.75 s (2H, CHy), 11.6 br.s (1H,
NH). *C NMR spectrum, &, ppm: 12.98 (2CHs), 15.58 (CHs), 24.16 (S-CH,),
32.45 (CHs), 84.47 (Cs), 122.65 (Cs), 155.88 (C4), 164.33 (C=N), 168.97 (C=N),
169.84 (C=0),172.80 (C=0).

2-((1-(5-Ethyl-4,5-dimethyl-2-ox0-2,5-dihydrofuran-3-yl)ethylidene)hydra-
zono)thiazolidin-4-one (3b). Yield 87%, R: 0.55, m.p. 230-232°C, [a]o® 0 ¢ (0.5,
DMSO0). 'H NMR spectrum, &, ppm: 0.75 t (3H, J 7.3 Hz, CH.CHs), 1.44 s (3H,
CHas), 1.78 d q (1H, CH.CH3s, J 14.6, 7.3 Hz), 1.94 d q (1H, CH2CHs, J 14.6, 7.3
Hz), 2.38 s (6H, 2CHs), 3.74 ¢ (2H, CHp), 11.69 br.s (1H, NH). ¥C NMR
spectrum, &, ppm: 6.92 (CHs), 11.99 (CHs), 15.51 (CHs), 23.27 (CH,), 29.64
(CHs), 32.49 (S—-CH>), 84.49 (Cs), 122.65 (Cs), 155.88 (C4), 164.33 (C=N), 168.97
(C=N), 169.84 (C=0), 172.80 (C=0).

2-((1-(4-Methyl-2-o0x0-1-oxaspiro[4.4]non-3-en-3-yl)ethylidene)hydrazono)-
thiazolidin-4-one (3c). Yield 88%, Rs 0.54, m.p. 190-192°C. 'H NMR spectrum, §,
ppm: 1.42 m (2H) and 1.58-1.85 m (6H, (CH)4), 2.38 s (6H, 2CHs3), 3.75 s (2H,
CHy), 11.8 br.s (1H, NH). 3C NMR spectrum, &, ppm: 15.68 (CHs;), 22.10 (CHy),
22.22 (CHy), 25.09 (CHy), 26.95 (CHy), 27.13 (S-CH), 40.24 (CHs), 83.64 (Cs),
120.68 (C3), 155.64 (C4), 169.13 (C=N), 168.97 (C=N), 172.23(C=0), 172.58 (C=0).

2-((1-(4-Methyl-2-o0x0-1-oxaspiro[4.5]dec-3-en-3-yl)ethylidene)hydrazono)-
thiazolidin-4-one (3d). Yield 85%, R 0.54, m.p. 210-212°C . *H NMR spectrum,
8, ppm: 1.42 m (2H) and 1.58-1.85 m (6H, (CH.)s), 2.38 s (6H, 2CHs), 3.75 s (2H,
CHy), 11.8 br.s (1H, NH). 3C NMR spectrum, &, ppm: 15.68 (CHs), 21.4 (2CH,),
23.8 (CH2), 32.3 (2CH), 24.30 (S-CH), 38.96 (CHs), 84.47 (Cs), 122.65 (Cs),
155.88 (C4), 164.33 (C=N), 168.97 (C=N), 170.84 (C=0),172.80 (C=0).
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Biological Part. The data were analyzed statistically using Student’s and
Fisher’s tests. The antibacterial activities of the starting compounds 1 a—d and the
obtained compounds 3 a—d were evaluated against Gram-positive (Staphylococcus
aureus — 209p and 1) and Gram-negative (Shigella Flexneri 6858, Esherichia coli
0-55) bacteria by the agar diffusion technique with microbial loading 20x10°
microbes per mL of medium. Solutions of the tested compounds were prepared in
DMSO at a 1 : 20 concentration and poured (0.1 mL) into cylinders placed on the
surface of an agar medium inoculated with test strain in Petri dishes. The results
were evaluated from the diameter (d, mm) of the microbe growth inhibition zone at
the compound application site after growth for 20 h at 37°C. The tests were
repeated three times. The zones of inhibition were measured in millimetre (mm) to
estimate the potency of the test compound.

Conclusion. New derivatives of 2-0xo0-2,5-dihydrofurans containing an oxo-
thiazolidinylidene ring were successfully synthesized by the convenient and
efficient method, based on the reaction of thiosemicarbazones of 3-acetyl-2-oxo-
-2,5-dihydrofurans with ethyl chloroacetate in the presence of sodium acetate. The
synthesized compounds 3 a-d exhibited moderate to defined antibacterial activities
against Gram-positive (Staphylococcus aureus — 209p and 1) and Gram-negative
(Shigella Flexneri 6858, Esherichia coli 0-55) bacteria compared to furazolidone.
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Udthnthnid

2-Opun-2,5-nhhhnpndmipulGtph - opunphwqnihnhGhihntGwyhlG  onuy
wuwpniwynn Gnp wowlgywilbpp hwennnipjwip uhlphqyby bl 3-wgbtinpy-2-
-opun-2,5-nphhhnpnpnipuGitiph phnutidhwnppwgnGtph hhiph ypw: UhGphquo
vhwgnipjniGGtpp gmgwpbpnd &6 ywthwynp jud wpnwhwynjwd hwljw-
dwp E wyhG wymhympjmb gpud-npnuyua (Staphylococcus aureus — 209p, 1) L
qnui-pugwuwlwG (Shigella Flexneri 6858, Esherichia coli 0-55) dwGptwjhG
nnudltph Guwmdwdp hwitdwwnwo npytiu tnmwnG pupjwo pnipwgnih-
nnGh htin:

I'.T. TOKMAJDKAH, JI. B. KAPAIIETAH, P. B. IAPOHUKAH, I'. M. CTEITAHAH

CUHTE3 U M3YYEHUE AHTUBAKTEPUAJILHOM AKTHBHOCTU
HOBBIX TTPOU3BO/JIHBIX 2-OKCO-2,5-JUTI'JIPOPYPAHOB,
COAEPXKAIINX OKCOTHA3OJIMAMHNIMAEHOBOE KOJIBLIO

Pesmome

Hogsie nmpousBoHbIe 2-0KCO-2,5-mUrHapodypaHoB, CoAepKallue OKCOTHA-
30JIMINHUINACHOBOE KOJIBIO, CHHTE3MPOBaHBl HAa OCHOBE THOCEMHKApOAa30HOB
3-aneTmi-2-0kco-2,5-auruapodypatoB. [1o cpaBHEHUIO ¢ BEIOpAHHBIM B KaueCTBE
3TanoHa (ypa3onuJOHOM, CHHTE3UPOBAHHBIC COCIMHEHHUS MPOSBISIIOT YMEPEHHYIO
WM BBIPQXKCHHYIO aHTUOAKTEPUATBHYIO aKTUBHOCTD MPOTUB I'PAMITOJIOKUTEIBHBIX
(Staphylococcus aureus — 209p u 1) u rpamotpunatensubix (Shigella Flexneri
6858, Esherichia coli 0-55) 6axrepmii.
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