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Thiazolidinediones possess potential biological activity.
Depending on the substituents, this heterocycle can induce
different pharmacological properties such as antibacterial,
antifungal [1], antidiabetic [2], cardiotonic [3], anti-oeda-
matous and analgesic [4], anticonvulsant [5], cyclooxygen-
ase and lipoxygenase inhibitory [6]. Flavonoids also show
interesting pharmacological activities including spasmoly-
tic [7], capillary resistance activity [8], coronary dilatory
effect [9], antibacterial [10] and antidiabetic [11] activities.
In our previous papers, we described the synthesis path-
way of substituted flavonyl thiazolidinediones [12, 13].
The present manuscript reports the synthesis of the 3-p-
substituted benzyl-5-[40(4H-4-oxo-1-benzopyran-2-yl)-ben-
zylidene]-2,4-thiazolidinediones 3a±e. The thiazolidine-
2,4-dione was prepared by cyclisation of equimolar quan-
tities of chloroacetic acid and thiourea [3]. The thiazoli-
dine-2,4-dione was N-alkylated with five appropriate ben-
zylhalides in alcaline medium [3]. Compounds 3a±e were
synthesized by Knoevenagel condensation of flavone-40-
carboxaldehyde (1) and 3-p-substituted benzyl-2,4-thiazoli-
dinediones 2a±e using a glacial acetic acid/anhydrous so-
dium acetate mixture (Scheme).

The structure of the compounds was confirmed on the ba-
sis of IR, 1H NMR spectral data, mass and elemental ana-
lysis. In the 1H NMR spectra C-3, C-5, C-6, C-7 and C-8
protons of the 4 H-benzopyran ring and the flavone B ring
protons were observed between 6.97±8.30 ppm. Benzylic
protons were seen at 4.80±5.10 ppm as a singlet. In MS
all the compounds have molecular ion peaks (M�.). The
ion peak (m/z � 278) is the base peak for R � Br (3c) and
R � NO2 (3e), the benzyl cation peak is the base peak for
R � H (3a) (m/z � 91), R � Cl (3b) (m/z � 125), R � F
(3d) (m/z � 109).
It is known from the literature that unsubstituted imidazo-
lidinediones and benzaldehydes in acidic medium gave

mainly the Z-isomer [14]. The coupled 13C NMR study of
arylidine thiazolidinediones and imidazolidinediones also
shown that only the Z-isomer was formed [15, 16]. In this
study, 13C NMR analysis could not performed because of
the poor solubility of the compounds but in view of the
literature findings it was assumed that the synthesized
compounds had Z configuration.

Experimental

1. Equipment and chemicals

Melting points were determined with a Buchi SMP 20 capillary apparatus
and are uncorrected. IR spectra were recorded on a Jasco FT/IR 420 Spec-
trophotometer as KBr pellets. Instrumental analysis were performed by
TÛBIÇTAK (Instrumental Analyse Lab. Ankara). The 1H NMR spectra were
measured with a Bruker GmbH DPX-400, 400 MHz instrument using
TMS as internal standard and DMSO-d6. All chemical shifts were reported
as d (ppm) values. MS were recorded on a VG Platform II LC-MS spec-
trometer (70 eV) with Electron Ionisation (EI) method. Elementary analysis
were performed on a Leco 932 CHNS-O analyser. All values of C, H, N
were within �0:4% of the calculated data. All the chemical reagents used
in the synthesis were purchased from E. Merck (Darmstadt, FRG) or Al-
drich (Milwaukee, WI, USA).

2. General synthesis of substituted flavonyl thiazolidinedione derivatives
3a±e

A mixture of flavone-40-carboxaldehyde (1) (0.01 mol) and 3-substituted
benzyl 2,4-thiazolidinediones 2a±e (0.01 mol) was heated at 140±150 �C
in the presence of 1 ml glacial acetic acid and sodium acetate (0.01 mol)
for 12 h. The crude product was crystallized from DMF.

2.1. 3-Benzyl-5-[40-(4 H-4-oxo-1-benzopyran-2-yl)-benzylidene]-2,4-thiazo-
lidinedione �3a�
Yield: 81.4%, m.p: 218 �C. IR (KBr) cmÿ1: 1655 (C�O, g-pyron), 1682,
1745 (C�O, thiazolidinedione ring). 1H NMR (DMSO-d6): d � 4:87 (s,
2 H, CH2), 7.15 (s, 1 H, 3-H), 7.28±7.42 (m, 5 H, ±±C6H5), 7.52 (ddd, 1 H,
6-H), 7.72±7.90 (m, 4 H, 7,8,30,50-H), 8.07 (d, 2 H, 20,60-H), 8.22 (s, 1 H,
�CH), 8.27 (dd, 1 H, 5-H). MS (EI): m/z (%) � 439 (11.58) [M]� ., 278
(23.84), 221 (2.62), 120 (9.59), 102 (0.61), 101 (0.63), 92 (12.16), 91
(100), 63 (6.88).
C26H17NO4S (439)

2.2. 3-(4-Chlorobenzyl)-5-[40-(4 H-4-oxo-1-benzopyran-2-yl)-benzylidene]-
2,4-thiazolidinedione �3b�
Yield: 66.0%, m.p: 280 �C. IR (KBr) cmÿ1: 1648 (C�O, g-pyron), 1681,
1744 (C�O, thiazolidinedione ring). 1H NMR (DMSO-d6): d � 4:85 (s,
2 H, CH2), 7.16 (s, 1 H, 3-H), 7.30±7.50 (m, 7 H, 6,7,8,a,a0b,b0-H)), 7.82
(d, 2 H, 30; 50-H), 8.05 (d, 2 H, 20,60-H), 8.26 (s, 1 H, �CH), 8.30 (dd, 1 H,
5-H). MS (EI): m/z (%) � 473.5 (25.72) [M]� ., 278 (45.03), 221 (4.69),
125 (100), 120 (7.05), 102 (2.68), 101 (3.48), 92 (18.60), 63 (21.61).
C26H16ClNO4S (473.5)

2.3. 3-(4-Bromobenzyl)-5-[40-(4 H-4-oxo-1-benzopyran-2-yl)-benzylidene]-
2,4-thiazolidinedione �3c�
Yield: 83.0%, m.p: 274 �C. IR (KBr) cmÿ1: 1648 (C�O, g-pyron), 1684,
1744 (C�O, thiazolidinedione ring). 1H NMR (DMSO-d6): d � 4:80 (s,
2 H, CH2), 6.98 (s, 1 H, 3-H), 7.26 (d, 2 H, a,a0-H), 7.44 (d, 2 H, b,b0-H)),
7.62 (ddd, 1 H, 6-H), 7.68 (dd, 1 H, 8-H), 7.72 (ddd, 1 H, 7-H), 7.94±8.10
(m, 4 H, 20; 30,50,60-H), 8.12 (s, 1 H, �CH), 8.17 (d, 1 H, 5-H). MS (EI):
m/z (%) � 519 (5.67) [M]� ., 278 (100), 221 (7.02), 170 (10.01), 169
(98.34), 120 (5.18), 92 (13.57), 63 (9.90).
C26H16BrNO4S (519)

2.4. 3-(4-Fluorobenzyl)-5-[40-(4 H-4-oxo-1-benzopyran-2-yl)-benzylidene]-
2,4-thiazolidinedione �3d�
Yield: 66.0%, m.p: 268 �C. IR (KBr) cmÿ1: 1649 (C�O, g-pyron), 1683,
1746 (C�O, thiazolidinedione ring). 1H NMR (DMSO-d6): d � 4:82 (s,
2 H, CH2), 7.23 (m, 3 H, 3,b,b0-H)), 7.38±7.45 (m, 2 H, a,a0-H), 7.55 (ddd,
1 H, 6-H), 7.80±7.92 (m, 4 H, 7,8,30,50-H), 8.08 (d, 2 H, 20,60-H), 8.28±
8.33 (m, 1 H, �CH, 5 H). MS (EI): m/e (%) � 457 (14.29) [M]� ., 278
(15.97), 221 (2.02), 120 (9.19), 109 (100), 102 (0.54), 92 (11.71), 63
(11.92).
C26H16FNO4S (457)
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Scheme



2.5. 3-(4-Nitrobenzyl)-5-[40-(4 H-4-oxo-1-benzopyran-2-yl)-benzylidene]-
2,4-thiazolidinedione �3e�
Yield: 52.0%, m.p: 287 �C. IR (KBr) cmÿ1: 1644 (C�O, g-pyron), 1683,
1738 (C�O, thiazolidinedione ring). 1H NMR (DMSO-d6): d � 5:10 (s,
2 H, CH2), 6.97 (s, 1 H, 3-H), 7.46 (ddd, 1 H, 6-H), 7.57±8.17 (m, 10 H,
7,8,20,30,50,60,a,a0,b,b0-H)), 8.18 (s, 1 H, �CH), 8.22 (d, 1 H, 5-H). MS
(EI): m/z (%) � 484 (5.00) [M]� ., 278 (100), 221 (12.34), 136 (10.53),
120 (27.80), 102 (5.63), 101 (5.55), 92 (83.55), 63 (88.82).
C26H16N2O4S (484)
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The kinetics of alkaline hydrolysis of 1-methyl-2-
piperidinoethyl esters of alkyloxyphenylcarbamic
acid

M. StankovicÏovaÂ, M. PokornaÂ and J. CÏ izÏmaÂrik

The 1-methyl-2-piperidinoethyl esters of phenylcarbamic
acid, substituted at the positions 2, 3 or 4 of the benzene
ring by an alkyloxy substituent ±± 2-hexyloxy- (1), 2-hep-
tyloxy- (2), 3-heptyloxy (3), and 4-heptyloxy (4) have
been prepared by PokornaÂ et al. [1]. These substances pos-
sess high local anaesthetic activity, comparable with that
of heptacaine (N-[2-(2-heptyloxyphenylcarbamoyloxy)-
ethyl]-piperidine chloride, (5) and carbisocaine (N-[2-
methyl-2-(2-heptyloxyphenylcarbamoyloxy)-ethyl]-diethyl-
amonium chloride, (6) [2, 3]. The aim of this work was to
determine the rate constants of alkaline hydrolysis of the
new potential local anaesthetic drugs 1±4 at increased

temperature and to compare these values with the rate
constants of hydrolysis of 5 and 6 [4], as well as the
study of hydrolysis of 2 in buffer solutions. In alkaline
media, these substances decompose to final products ±±
substituted aniline, basic alcohol, and carbon dioxide. The
studied substances possess the branched connecting chain
between the carbamate functional group and the basic part
of the molecule. This is the difference to piperidinoethyl
esters of phenylcarbamic acid. Substance 2 differs from 6
in the basic part of the molecule. In the Table the values
for second order rate constants at 60, 65, 70 and 75 �C
and values of activation parameters EA, DH 6� and DS6� are
presented. It follows from the results that the rate con-
stants decrease depends on the size of the alkyloxy substi-
tuent. The 4-substituted derivative shows the slowest rate
of hydrolysis. The influence of the position of the substi-
tuent on the benzene ring on the rate of hydrolysis is
more distinct at higher temperature. The values of rate
constants of hydrolysis of the studied substances at 60 �C
are significantly higher than those of the piperidinoethyl
esters [4, 5]. The rate of hydrolysis of 1 is approximately
six times slower than that of its analogue. The rate of
hydrolysis of 2 is approximately five times slower than
that of 5. The branching in the connecting chain ±± the
methyl in a-position is advantageous in view of stability,
because the methyl group protects the carbamate func-
tional group sterically. In contrary, the rate of hydrolysis
of 2 is approximately two times higher than that of 6.
These substances differ in the basic part of the mole-
cule.
The values of activation parameters of the compounds are
in accordance with values of other derivatives of phenyl-
carbamic acid esters [4].
Hydrolysis of compound 2 was also studied in media of
different pH values at equal ionic strength of the reaction
medium (m � 0.1 mol � lÿ1). As reaction media for stabi-
lity testing [6], buffers were chosen with different concen-
trations of sodium hydroxide, where the presence of etha-
nol was required because of the low basic solubility of
compounds. In all cases the ethanol concentration was
equal to 50% (v/v). The dependence of log k on sodium
hydroxide concentration at 70 �C is shown in the Fig. It
follows from the results that 2 is stable in aqueous-ethano-
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Fig.: Dependence of log k(sÿ1) of compound 2 on sodium hydroxide con-
centration at 70 �C. Ionic strength m � 0.1 mol/l


