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ABSTRACT

By the reaction of the acid chloride (2) with a various hydrazides (3-6), 1,2,4-triazole-3-thione derivative
(7) and piperazine derivatives (8, 9) a series of novel corresponding N -substituted-(2,4-dioxothiazolidin-5-
yl)acetohydrazides (10-13), 5-[2-0x0-2-(4-phenyl-5-thioxo-4,5-dihydro-1H-1,2,4-triazol-1-yl)ethyl]thiazolidine-2,4-
dione (14) or 5-[2-ox0-2-(4-substitutedpiperazin-1-yl)ethyl]thiazolidine-2,4-dione (15, 16) derivatives were
obtained. All the structures were confirmed by their spectral (*H NMR and **C NMR) and elemental analysis data.
The new compounds were tested for their in vitro antimicrobial activity. Compounds 11-14 had in vitro activity
against Gram-positive reference strains of bacteria with MIC values from 62.5 to 250 pg/ml.
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INTRODUCTION

2,4-Thiazolidinedione derivatives are well anticancer [3-6], anti-inflammatory [7-8],

known group of compounds with wide spectrum of
biological activities [1, 2]. 2,4-Thiazolidinedione ring
are present in glitazones drugs (Rosiglitazone,
Pioglitazone etc.), that used for the treatment of type
2 diabetes. 2,4-Thiazolidinediones lower the plasma
glucose levels by acting as ligands for gamma
peroxisome proliferator-activated receptors (PPARY).
In addition, this class of heterocyclic compounds
possesses various other biological activities such as
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antimicrobial [9-17], aldose reductase inhibitor [18-
21].

Structure activity relationship (SAR) studies
on 24-thiazolidindiones have shown that the
substituent at 5-th  position of the 2,4-
thiazolidinedione ring system influences the
pharmacological activities [15, 22, 23]. There have
been many reports in literature depicting that the
present of heterocyclic moieties at fifth position in
2,4-dioxothiazolidine ring prove to be more potent
and efficacious than a simple aryl group [24-27].
Such heterocyclic system might be 1,2,4-triazole and
piperazine that have been a various pharmacological
properties. 1,2,4-Triazole ring are known as
compounds with antimicrobial [28, 29], analgesic
[30], anti-inflammatory [31], antiviral [32] activities.
Besides, piperazine derivatives also have a wide
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spectrum of biological activities such as
anticonvulsant  [33], antioxidant [34] and
antimicrobial activity [35]. In addition piperazine
fragment is a part of the fluorquinolones antibiotics
(Ciprofloxacin, Norfloxacin, Levofloxacin etc.).

In view of the pharmacological importance
2,4-thiazolodinediones, 1,2,4-triazoles and piperazine
derivatives and the continuous our previous research
on biological activity of 2,4-thiazolidinedione
derivatives [36-38] we modified 2,4-
thiazolidinedione ring at 5-th positions with the hope
to obtain the compounds with intensified activities.

MATERIALS AND METHODS
Chemistry

Melting points were determined in Fischer-
Johns block (Sanyo, Japan) and are uncorrected. The
'H NMR and *C NMR spectra were recorded on a
BrukerAvance DPX 300, in DMSO-ds, using
tetramethylsilane as internal standard. Purity of all
compounds was checked by TLC on aluminium
oxide 60 F,s, plates (Merck), in a CHCIy/C,HsOH
(10:1, v/v) solvent system with UV visualization
(A=254 nm). Elemental microanalysis for C, H, N
performed on AMZ 851 CHX analyser and the
results were within = 0.4% of the theoretical value.

General method for synthesis of N’-substituted-
(2,4-dioxothiazolidin-5-yl)acetohydrazides (10-13),
5-[2-0x0-2-(4-phenyl-5-thioxo-4,5-dihydro-1H-

1,2 4-triazol-1-yl)ethyl]thiazolidine-2,4-dione (14)
and5-[2-oxo-2-(4-substitutedpiperazin-1-
yhethyl]thiazolidine-2,4-dione (15, 16).

To a solution of 0.01 mol of corresponding
hydrazides (3-6), 4-phenyl-2,4-dihydro-3H-1,2,4-
triazole-3-thione (7), 1-phenylpiperazine or 1-(2-
fluorphenyl)piperazine and 1 ml of triethylamine in
10 ml anhydrous dioxane was added the solution of
0.01 mol acid chloride (2) in 5 ml of same solvent.
After 15 min, water was added and the mixture was
left at room temperature at 24 h. The precipitate was
filtered off and then crystallized from n-butanol. For
the substance 10 acetic acid was used as the solvent
for crystallization.

Spectral analysis of the synthesized compounds
2-(2,4-dioxo-1,3-thiazolidin-5-yl)-N'-(1H-1,2,4-
triazol-1-ylacetyl)acetohydrazide (10)

Yield 59 %, mp = 230-232°C. 'H NMR
(DMSO-dg) & (ppm): 2.89 (dd, 1H, CH,,J = 16.8 Hz
and J = 8.7 Hz); 3.02 (dd, 1H, CH,,J =16.8 Hz and J
= 3.9 Hz); 4.66 (dd, 1H, CH, J=8.7 Hzand J = 3.9
Hz,); 4.99 (s, 2H, CH,); 7.97, 8.51 (2s, 2H, triazole);
10.27 (d, 1H, NH-NH, J = 3.0 Hz); 10.43 (d, 1H,
NH-NH, J = 3.0 Hz); 11.99 (s, 1H, NH). *C NMR
(DMSO-dg) 6 (ppm): 35.4; 47.0; 47.2; 143.0; 145.7;
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165.4; 168.1; 173.2; 176.3. Elemental anal. (%),
Calcd for CgH1oNgO,S (298.28): C 36.24, H 3.38, N
28.18; Found: C 36.21; H 3.35; N 28.15.

2-(2,4-dioxo-1,3-thiazolidin-5-yI)-N'-[(5-0x0-4-
phenyl-4,5-dihydro-1H-1,2,4-triazol-1-
yl)acetyl]acetohydrazide (11)

Yield 62 %, mp = 205-207°C. 'H NMR
(DMSO-dg) & (ppm): 2.89 (dd, 1H, CH,,J = 16.5 Hz
and J = 8.7 Hz); 3.03 (dd, 1H, CH,,J = 16.5 Hz and J
= 3.9 Hz); 4.48 (s, 2H, CH,); 4.66 (dd, 1H, CH, J =
8.7 Hz and J = 3.9 Hz,); 7.36-7.72 (m, 5H, Ph); 8.52
(s, 1H, CH=); 10.18 (d, 1H, NH-NH, J = 1.5 Hz);
10.25 (d, 1H, NH-NH, J = 1.5 Hz); 12.00 (s, 1H,
NH). *C NMR (DMSO-dg) & (ppm): 35.5; 46.7;
47.2;121.8; 127.6; 129.9; 134.5; 135.9; 152.1; 165.8;
168.2; 173.2; 176.4. Elemental anal. (%), Calcd for
Found: C 46.14; H 3.57; N 21.51.

2-(2,4-dioxo-1,3-thiazolidin-5-yl)-N'-{[5-0x0-4-
phenyl-3-(pyridin-2-yl)-4,5-dihydro-1H-1,2,4-
triazol-1-yl]acetyl}acetohydrazide (12)

Yield 61 %, mp = 202-204°C. 'H NMR
(DMSO-dg) & (ppm): 2.89 (dd, 1H, CH,,J = 16.8 Hz
and J = 8.7 Hz); 3.04 (dd, 1H, CH,,J = 16.8 Hz and J
= 3.9 Hz); 4.59 (s, 2H, CHy); 4.66 (dd, 1H, CH, J =
8.7 Hz and J = 3.6 Hz)); 7.22-8.36 (m, 9H, An);
10.21, 10.32 (2s, 2H, NH-NH); 12.00 (s, 1H, NH).
BC NMR (DMSO-ds) & (ppm): 35.5; 47.1; 47.2;
123.6; 125.3; 127.6; 128.6; 129.3; 134.9; 137.8;
144.1; 146.3; 149.5; 153.8; 165.7; 168.2; 173.2;
176.4. Elemental anal. (%), Calcd for C,oH;17N;O5S
(467.46): C 51.39, H 3.67, N 20.97; Found: C 54.05;
H 3.89; N 18.00.

2-(2,4-dioxo-1,3-thiazolidin-5-yI)-N"-{[(4-phenylI-
4H-1,2 4-triazol-3
yl)sulfanyl]acetyl}acetohydrazide (13)

Yield 57 %, mp = 176-178°C. 'H NMR
(DMSO-dg) & (ppm): 2.87 (dd, 1H, CH,,J = 16.8 Hz
and J = 8.7 Hz); 3.01 (dd, 1H, CH,,J = 16.8 Hz and J
= 3.9 Hz); 4.03 (s, 2H, CHy); 4.65 (dd, 1H, CH, J =
8.7 Hz and J = 3.9 Hz,); 7.51-7.61 (m, 5H, Ph); 8.85
(s, 1H, CH=); 10.21 (d, 1H, NH-NH, J = 3.0 Hz);
10.37 (d, 1H, NH-NH, J = 3.0 Hz); 11.99 (s, 1H,
NH). *C NMR (DMSO-ds) & (ppm): 34.8; 35.5;
47.2; 125.8; 130.0; 130.3; 133.7; 145.8; 149.1; 166.0;
168.0; 173.3; 176.5. Elemental anal. (%), Calcd for
C15H14Ns0,4S, (406.44): C 44.33, H 3.47, N 20.68;
Found: C 44.32; H 3.44; N 20.69.

5-[2-0x0-2-(4-phenyl-5-thioxo-4,5-dihydro-1H-
1,2,4-triazol-1-yl)ethyl]-1,3-thiazolidine-2,4-dione
(14)

Yield 58 %, mp = 212-215°C. *H NMR is



shown in [38]. *C NMR (DMSO-dq) & (ppm): 36.4;
46.4; 127.3; 129.8; 130.0; 134.0; 143.0; 167.8; 168.5;
173.1; 176.2. Elemental anal. (%), Calcd for
C13H10N40382 (33437) C 46.70, H 3.01, N 16.76;
Found: C 46.68; H 2.98; N 16.75.

5-[2-0x0-2-(4-phenylpiperazin-1-yl)ethyl]-1,3-
thiazolidine-2,4-dione (15)

Yield 47 %, mp = 221-223°C. 'H NMR
(DMSO-dg) 8 (ppm): 3.12-3.23 (m, 1H, CH, and 4H,
piperazine); 3.39 (dd, 1H, CH,,J = 175 Hz and J =
2.5 Hz); 3.59-3.67 (m, 4H, piperazine); 4.67 (dd, 1H,
CH, J =10.0 Hz and J = 2.5 Hz); 6.84-7.32 (m, 5H,
Ph); 11.91 (s, 1H, NH). *C NMR (DMSO-dg) &
(ppm): 36.2; 41.6; 45.0; 47.9; 48.7; 49.0; 116.4;
119.9; 129.9; 151.3; 168.1; 173.9; 176.8. Elemental
anal. (%), Calcd for C15H;7N305S (319.38): C 56.41,
H 5.37, N 13.16; Found: C 56.39; H 5.34; N 13.15.

5-{2-[4-(2-fluorophenyl)piperazin-1-yl]-2-
oxoethyl}-1,3-thiazolidine-2,4-dione (16)

Yield 47 %, mp = 213-214°C. 'H NMR
(DMSO-dg) 6 (ppm): 2.96-3.04 (m, 4H, piperazine);
3.14 (dd, 1H, CH,,J = 17.5 Hz and J = 10.0 Hz); 3.35
(dd, 1H, CH,,J = 17.5 Hz and J = 2.5 Hz); 3.57-3.65
(m, 4H, piperazine); 4.63 (dd, 1H, CH, J = 10.0 Hz
and J = 5.0 Hz); 7.00-7.22 (m, 4H, 2-F-C¢H,); 12.03
(s, 1H, NH). C NMR (DMSO-dg) & (ppm): 36.2;
41.8; 45.3; 47.8; 50.4; 50.8; 116.4; 120.1; 123.3;
125.4; 139.9; 140.1; 168.1; 173.8; 176.7. Elemental
anal. (%), Calcd for CysHigFN3OsS (337.37): C
53.40, H 4.78, N 12.46; Found: C 53.40; H 4.75; N
12.44,

Microbiology

The antimicrobial activity of the tested
compounds (10-16) was screened on the American
Type Culture Collection (ATCC) reference strains of
Gram-positive  bacteria (Staphylococcus aureus
ATCC 25923, Staphylococcus epidermidis ATCC
12228, Bacillus subtilis ATCC 6633, Micrococcus
luteus ATCC 10240), and of the Gram-negative
bacteria (Escherichia coli ATCC 25922, Klebsiella
pneumoniae ATCC 13883, Proteus mirabilis ATCC
12453, Pseudomonas aeruginosa ATCC 9027).

Besides, the methicillin-resistant
Staphylococcus aureus (MRSA) Microbank 14.001
from the collection of National Medicines Institute in
Warsaw was used. All stock solutions of the tested
compounds were dissolved in dimethyl sulfoxide
(DMSOQ). Microbial suspensions were prepared in
sterile saline (0.85% NaCl) with an optical density of
0.5 McFarland standard - 150 x 10°® CFU/mL (CFU -
colony forming units). The medium with dimethyl
sulfoxide at the final concentration and without the
tested compounds served as a negative control.
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Cefuroxime was used as reference antibiotic. The
antibacterial potency of tested compounds was
screened using the agar dilution method on the basis
of the growth inhibition on the Mueller-Hinton agar
to which the tested compounds at concentrations
1000 pg/mL were added.

Then the antibacterial activity of the
compounds with inhibitory effect was determined by
broth  microdilution technique using 96-well
microplates with series of twofold dilution of the
tested compounds, according to described earlier
[41].

The activity was expressed as the minimal
concentration of the compound that inhibits the
visible growth of the bacteria (MIC). The MBC
(minimal bactericidal concentration), defined as the
lowest concentration of each compound that resulted
in >99.9% reduction in CFU of the initial inoculum,
was also determined. MBC was determined by a
broth microdilution technique by plating out the
contents of wells (5 pL) that showed no visible
growth of bacteria, onto Mueller-Hinton agar plates
and incubating at 35°C for 18 h.

RESULTS AND DISCUSSION
Chemistry

In a present research as a starting material
was used (2,4-dioxothiazolidin-5-yl)acetic acid (1).
This acid was synthesized by the reaction of
cyclocondensation of thiourea with maleic anhydride
in presence of concentrated hydrochloric acid [39].
(2,4-Dioxothiazolidin-5-yl)acetic acid by the reaction
with  thionyl chloride provided to (2,4-
dioxothiazolidin-5-yl)acetyl chloride (2), which is a
good synth on for modifying of 2,4-dioxothiazolidine
rin g (Scheme 1).

New N -substituted-(2,4-dioxothiazolidin-5-
yl) acetohydrazides (10-13), 5-[2-0x0-2-(4-phenyl-5-
thioxo-4,5-dihydro-1H-1,2,4-triazol-1-yl) ethyl]
thiazolidine-2,4-dione  (14) or  5-[2-0x0-2-(4-
substitutedpiperazin-1-yl)ethyl]thiazolidine-2,4-dione
(15, 16) derivatives were obtained by the reaction of
the acid chloride (2) with a various hydrazides (3-6),
4-phenyl-2,4-dihydro-3H-1,2,4-triazole-3-thione (7),
1-phenylpiperazine  (8) and  1-(2-fluorphenyl)
piperazine (9) corresponding. The reaction proceeded
according to the Scheme 2.

2,4-Thiazolidinedione-5-acetic acid and
their derivatives contain diastereotopic protons of
methylene group. That is why the fragment
CH”HBCH* is presented in *"H NMR spectra as ABX
spin system, which appears as doublet of doublets at
2.87-3.14 ppm and 3.01-3.39 ppm, and 4.63-4.67
ppm with coupling constants Jag = 16.5-18.9 Hz, Jax
= 8.7-10.0 Hz, Jgx = 2.5-3.9 Hz. For the compound
14doublet of doublets appears at 3.73 ppm, 4.06 ppm



and 4.86 ppm, respectively. High value of Jag agreed
with the data of Takahashi (“‘carbonyl effect”) for
structurally related 2-thioxo-4-thiazolidine-5-acetic
acids [40]. Chemical shifts of NH-NH group of
compounds (10, 11 and 13) in the "H NMR spectra
were observed as doublets at 10.18-10.27 ppm and
10.25-10.43 ppm with coupling constants J = 1.5-3.0
Hz. But, signal of NH-NH group for compound 12
appears as two singlets at 10.21 and 10.32 ppm. All
compounds (10-16) showed proton signals in the
range 11.91-12.13 ppm typical for the NH group of
the 2,4-thiazolidinedione ring. In the *H NMR spectra
compounds 10, 11 and 13, 14 showed proton signal
typical for CH group of 1,2,4-triazole ring in the
range of 7.97-8.93 ppm.

In the 3C NMR & values of the carbons of
the all 2,4-dioxothiazolidine derivatives (10-16)
showed the carbon signals of two C=0 groups in the
range 173.09-176.83 ppm.
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The detailed results of '"H NMR and “*C
NMR spectra are presented in the experimental part.

MICROBIOLOGY

Using the agar dilution method, it was
shown that compound 11, 12, 13 and 14 had in vitro
potential activity against Gram-positive reference
strains (Table 1). The tested derivatives were active
against  Staphylococcus aureus ATCC 25923,
Bacillus subtilis ATCC 6633 and Micrococcus luteus
ATCC 10240 with MIC values from 62.5 to 250
pg/mL, with almost none activity against methicillin-
resistant S. aureus Microbank 14.001 (MIC =500 — >
1000 pg/mL. On the basis of MBC/MIC ratio, it was
found that tested compounds have bacteriostatic
effect (MBC/MIC> 4) towards the sensitive Gram-
positive strains. None of the tested compound had
significant effect against the growth of Gram-
negative bacteria.

Table 1. The influence of compounds (11-14) on the growth of Gram-positive reference strains of bacteria on
the basis of MIC (ug/mL) and MBC (ug/mL) values determined by broth microdilution method.

Sa25923 Sal14001 Sel2228 Bs6633 MI1102240
Compound MIC MBC MIC MBC MIC MBC MIC | MBC | MIC MBC
11 62.5 >1000 1000 >1000 125 >1000 62.5 62.5 62.5 500
12 62.5 >1000 | >1000 | >1000 125 >1000 62.5 250 62.5 >1000
13 62.5 >1000 1000 >1000 250 >1000 62.5 62.5 62.5 500
14 250 >1000 500 >1000 250 1000 62.5 62.5 125 500
Cefuroxime 0.49 - nt - 0.24 - 15.63 - 0.98 -

Abbreviations: Sa25923 - Staphylococcus aureus ATCC 25923, Sal4001 - Staphylococcus aureusMicrobank
14.001, Se12228 - Staphylococcus epidermidis ATCC 12228, Bs6633 - Bacillus subtilis ATCC 6633, MI10240 -
Micrococcus luteus ATCC 10240, nt- not tested.

Scheme 1. Synthesis of (2,4-dioxothiazolidin-5-yl)acetyl chloride.
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Scheme 2. Synthesis of (2,4-dioxothiazolidin-5-yl)acetic acid derivatives with piperazine and 1,2,4-triazoles
substitutes.

. ‘[);T G if*»:_t: & (IJJIQ: 4==" S Ni%
N = o R > Py e v

R=H F ,_A)raﬁ o ‘?J
@ T 11,12 7 %

N
(8]
i
) \\
-
[+ )
)

:':‘:.; 9 58 c —{\
'8 I o Rt Qf“
@ f}, e 2-prridyl 8.9 @f St

13




CONCLUSION

In conclusion, we report the synthesis and
antimicrobial evaluation of new (2,4-
dioxothiazolidin-5-yl)acetic acid derivatives with
piperazine and 1,2,4-triazole substitutes. The results
of antimicrobial evaluation showed that only (2,4-
dioxothiazolidin-5-yl)acetic acid derivatives with
1,2,4-triazole substitutes (compounds 11-14) have
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bacteriostatic effect (MBC/MIC>4) against sensitive
Gram-positive strains.
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