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Synthesis and Antihistamine Activity of Some Thiazolidin-4-ones 
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A new series of 2-(4- and 3-substituted phenyl)-3-[3-(iV^-dimethylamino)propyl]-l,3-thiazolidin-4-ones were syn
thesized, characterized, and evaluated for their ability to inhibit the contractions induced by histamine on guinea 
pig ileum. The measurement of pA2 values suggested that the reported compounds showed Hi-antagonism. The 
more active compounds 5, 9, and 13 exhibited activity close to that of mepyramine. 

Introduction 
Several chemical classes of drugs, such as ethylenedi-

amines, aminoethyl ethers, propyl- and propenylamines, 
phenothiazines, piperidines, and piperazines, are H1-IuS-
tamine antagonists1 and have been discovered to have 
remarkable chemical and geometric similarities.23 

The present paper reports the synthesis and pharma
cological evaluation, in vitro, of antihistamine activity of 
a new series of 2-phenyl-3-[3-(JV,iV-dimethylamino)-
propyl]-l,3-thiazolidin-4-ones, having some geometric 
similarity with substituted propylamines (as pheniramine). 

Results and Discussion 
Chemistry. The described thiazolidinones were pre

pared, in good yield, by addition of a-mercaptoacetic acid 
to 3-benzylidene-iV^V-dimethylpropylamine in refluxing 
benzene4 (Scheme I). The free bases were recovered and 
converted into the crystalline hydrochlorides (1-7 and 
9-15, Table I). Compound 8 was prepared by reduction 
of 7. 

The thiazolidinones were characterized by their chemical 
and spectroscopic properties (IR, 1H NMR) and elemental 
analysis. 

X-ray data on compound 7, which furnished the more 
available crystals, showed that the protons C(5)-HA and 
C(2)-H are at the same depth (+0.8 A) on the thiazolidi-
none plane and that the sulfur atom is at -0.3 A, giving 
rise to a slight envelope conformation. The conjugation 
between C ^ ) and the amide nitrogen is evident from the 
value of the bond lengths N(l)-C(2) (1.343 A). The finding 
that the amide group N(l)-C(2)-0(1) is coplanar with 
C(3), C(4), and C(I) and also with one of the two hydrogens 
on C (4) is noteworthy. Moreover, a perspective view of 
7 (Figure la) shows that the distances between the four 
sites of thiazolidinones 1-15 fit the four points of the 
pharmacophore proposed by Naruto et al.3 (Figure la-c). 

Pharmacology 
The racemic mixtures of compounds were tested in vitro 

for histamine Hx-antagonist activity by measurement of 
the inhibition of the histamine-induced contractions on 
the isolated guinea pig ileum.5 The activities were ex
pressed as IC50 values and are reported in Table II. 

The competitive H^receptor antagonism was evaluated 
by pA2 data summarized in Table II and the potency of 
antagonistic effect of the tested compounds was compared 
to the activity of mepyramine. 

According to current research on antihistamine drugs, 
four elements are required for the histamine Hx-receptor 
pharmacophore: two r sites, a basic nitrogen in a geo-
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Table I 
no. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
U 
12 
13 
14 
15 
la 
lb 

1: 
2: 
3: 
4: 
5: 

R 
H 
4-F 
4-Cl 
4-Br 
4-CH3 

4-OCH3 

4-NO2 

4-NH2 

4-iPr 
3-F 
3-Cl 
3-Br 
3-CH3 

3-OCH3 

3-NO2 

H 

R R 

H 6:4-OCH3 

4-F 7:4-NO2 
4-CI 8:4-NH2 

4-Br 9:4-iPr 
4-CH3 10:3-F 

formula 

C14H20N2OS-HCl 
C14H19FN2OS-HCl 
C14H19ClN2OS-HCl 
C14H19BrN2OS-HCl 
C16H22N2OS-HCl 

, C16H22N2O2S-HCl 
C14H19N3O3S-HCl 
C14H21N3OS-HCl 
C17H26N2OS-HCl 
C14H19FN2OS-HCl 
C14H19ClN2OS-HCl 
C14H19BrN2OS-HCl 
C16H22N2OS-HCl 

i C16H22N2O2S-HCl 
C14H19N3O3S-HCl 
C13H18N2OS-HCl 
C13H19N3OS-HCl 

R 
11:3-CI 
12:3-Br 
13:3-CH3 

14:3-OCH3 

15:3-NO3 

% yield 

33 
66 
50 
42 
30 
30 
35 
61 
46 
78 
40 
66 
92 
66 
29 
40 
35 

mp,°C 

191-192 
200-201 
206-207 
189-190 
187-188 
180-181 
229-230 
235-236 
189-190 
207-208 
205-206 
212-213 
198-199 
170-171 
150-151 
226-227 
166-167 

Table II. Histamine Antagonist Activity in Vitro on Guinea Pig 
Ileum" 

no. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

IC60, ntA 

20 
24 
21 
2.3 
1.2 

>100 
>100 

40 
1.0 

I pA2 ± 0.2 no. 

7.4 10 
7.1 11 
5.6 12 
7.4 13 
8.3 14 
5.0 15 
5.2 l a 
6.0 lb 
8.7 

IC60, MM 

3.1 
2.2 

60 
5.0 

25 
>100 
>100 
>100 

pA2 ± 0.2 

6.4 
6.2 
6.4 
7.7 
6.4 
5.4 

0 Mepyramine pA2 = 9.0 

metrically triangular arrangement, and a site for a het-
eroatom capable of hydrogen bonding.2'36 
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Figure 1. (a) X-ray structure of 7; (b) interatomic distances between the four pharmacophoric points in 7; (c) relative arrangement 
of the pharmacophoric groups as proposed by Naruto.3 

Table III. NMR Data of 1,3-Thiazolidinones (D2O, in S, J in Hz) 

no. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 
12 

13 

14 

15 

la 
lb 

2-Ph 
7.47 

7.47 (d), 7.17 (d) 
7.43 (d), 7.42 (d) 
7.58 (d), 7.32 (d) 
7.30 (d), 7.27 (d) 
7.42 (d), 7.02 (d) 
8.23 (d), 7.62 (d) 
7.27 (d), 6.84 (d) 
7.30 (d), 7.27 (d) 
7.45 (d), 7.25 (t) 
7.25 (s), 7.20 (d) 
7.49 (s), 7.38 (m) 
7.65 (a), 7.58 (d) 
7.38 (t), 7.34 (d) 
7.34 (t), 7.28 (s) 
7.25 (d), 7.24 (d) 
7.38 (t), 7.04 (d) 
7.03 (d), 6.99 (s) 
8.26 (s), 8.23 (d) 
7.84 (d), 7.65 (t) 

7.53 
8.56, 7.45 

2-H 
5.86 
5.85 
5.83 
5.81 
5.78 
5.81 
5.98 
5.74 
5.74 
5.84 

5.81 
5.79 

5.79 

5.80 

5.98 

5.86 
5.88 

5-HA° 
3.97 
3.93 
3.91 
3.91 
3.90 
3.94 
3.97 
3.91 
3.85 
3.93 

3.93 
3.93 

3.94 

3.92 

3.97 

3.96 
3.97 

AB system 
5-HB° 
3.80 
3.78 
3.78 
3.77 
3.76 
3.80 
3.79 
3.76 
3.72 
3.76 

3.76 
3.77 

3.77 

3.76 

3.82 

3.81 
3.77 

a-CH2 (two p)6 

3.46, 3.07 
3.43, 3.04 
3.45, 3.01 
3.43, 3.01 
3.40, 3.05 
3.40, 3.10 
3.56, 3.05 
3.37, 3.10 
3.30, 2.98 
3.47, 3.03 

3.44, 3.01 
3.44, 3.05 

3.43, 3.02 

3.44, 3.02 

3.55, 3.01 

3.76, 3.36 
3.58, 3.03 

/S-CH2 (p) 
1.74 
1.72 
1.75 
1.73 
1.69 
1.72 
1.82 
1.68 
1.66 
1.75 

1.74 
1.72 

1.72 

1.73 

1.81 

3.15 
1.84 

5-CH2 (t) 
2.99 
3.01 
2.98 
2.98 
2.94 
2.98 
3.05 
2.95 
2.89 
2.99 

2.98 
3.00 

2.97 

2.97 

3.05 

3.01 
3.06 

N(CHg)2 

2.77 
2.77 
2.79 
2.77 
2.75 
2.76 
2.80 
2.75 
2.67 
2.77 

2.77 
2.77 

2.75 

2.77 

2.81 

2.87 
2.81 

CH3 -CH-

2.31 (s) 
3.82 (s) 

1.11 (d) 2.82 (e) 

2.32 (s) 

3.80 (s) 

11 JA1B = 16 Hz. b J,,m = 12 Hz; Ja# = 7 Hz; J^ = 7 Hz; J2r6A = between 1.5 and 2 Hz; s = singlet, d = doublet, t = triplet, p = pentuplet, 
e - seven peak multiplet. 

The activity data, reported in Table II, suggest that the 
length of the alkylamine chain (three methylenes) is 
critical, because the compounds with two methylenes were 
inactive [i.e., 2-phenyl-3-[2-(iVhZv"-dimethylamino)ethyl]-
l,3-thiazolidin-4-one (la) and another not reported]. 

On the basis of the reported results, in the series of 
thiazolidinones (1-15), it seems that the four elements of 

(1) Paton, D. M.; Melville, K. J. Histamine and Antihistamines. 
In International Encyclopedia of Pharmacology and Thera
peutics; Schachter, M., Ed.; Pergamon Press: Oxford, 1973; 
Sect. 74, pp 3-24 and 127-171. 

(2) Borea, P. A.; Bertolasi, V.; Gilli, G. Crystallographic and Con
formational Studies on Histamine H1-ReCePtOr Antagonists. 
Arzneim.-Fonch. 1986, 36, 895-899. 

(3) Naruto, S.; Motoc, I.; Marshall, G. R. Computer-Assisted 
Analysis of Bioactivity. I.—Active Conformation of Histamine 
HrReceptor Antagonists. Eur. J. Med. Chem. 1985, 20, 
529-532. 

(4) Surrey, A. R. 4-Thiazolidinones. IV. The Preparation of Some 
3-Alkylaminoalkyl-2-aryl Derivatives. J. Am. Chem. Soc. 1949, 
71, 3354-3356. 

(5) Emmet, J. C; Durant, G. J.; Ganellin, C. R.; Roe, A. M.; 
Turner, J. L. Potential H2-Receptor Antagonist. 4. Benzyl-
histamines. J. Med. Chem. 1982, 25, 1168-1174. 

(6) Polymeropulos, E. E.; Kutscher, B.; Fleischhauer, I. Comput
er-Assisted Analysis of the Possible Binding Sites of H1-An
tagonists. In Pharmacochemistry Library. Vol. 16. QSAR: 
Rational Approaches to the Design of Bioactive Compounds; 
Silipo, C, Vittoria, A., Eds.; Elsevier: Amsterdam, 1991; pp 
261-264. 

the pharmacophore proposed by Naruto3 are present. The 
4-carbonyl and the C(2)-phenyl group could mimic the two 
7T sites, the tertiary protonated nitrogen represents the 
anionic binding site, and the nitrogen atom of thiazolidine 
ring could correspond to the heteroatom capable of hy
drogen bonding. Also the interatomic distances, evaluated 
on the X-ray structure, are in good agreement with the 
distances of the four sites of the pharmacophore. 

The replacement on the C (2) of the phenyl group by a 
pyridine ring gives rise to less active compounds [i.e., 2-
(pyridin-4-yl)-3-[3-(iV^V-dimethylamino)propyl]-l,3-thia-
zolidin-4-one (Ib)], suggesting that a basic site disturbs 
the system. Actually, compound 8, containing a 4'-amine 
group, showed low activity. 

In regard to the substituent effect on the C(2)-phenyl 
group, it is noteworthy that the activity does not seem to 
be affected by the nature (electron-donating or electron-
withdrawing) of the substituents in the 4' position. How
ever, bulky groups on 4' increase the activity. Generally, 
3'-substituted compounds did not show noticeable dif
ferences. Compound 9, with its bulky electron-donating 
4'-isopropyl group, achieved the best results. 

Experimental Section 
Melting points were determined with a Kofler apparatus and 

are uncorrected. The elemental analysis (C, H, and N) of the 
reported compounds agrees with the calculated values and was 
within ±0.4% of theoretical values. Electron impact (EI) mass 
spectra were obtained at 70 eV on a VG ZAB 2F spectrometer. 
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The purity of the compounds was checked by ascending TLC on 
Merck's precoated silica gel plates (0.25 mm) with fluorescent 
backing. 

The IR spectra were taken on a Perkin-Elmer 399 spectro
photometer in KBr. The C=O stretching lies between 1705 and 
1710 cm"1. 

1H NMR spectra (data reported in 6) were recorded on a Bruker 
270 MHz spectrometer with Me4Si as internal reference. 

The 1H NMR analysis of the reported compounds (Table III) 
showed the prochiral a-CH2 on the 3-(iV-alkylamino) chain as an 
AB system approaching an AX system, with chemical shifts lying 
at about S 3.5 and 3.0 ppm (J^ = 12 Hz). The difference between 
the chemical shifts of these geminal protons can be caused by the 
diamagnetic anisotropy of the carbonyl group deshielding the 
proton lying at lower field, while the other proton would be located 
in the shielding region of ring current of phenyl on C(2) of the 
thiazolidinone system,7 as is supported by the X-ray structure 
of 7 (Figure la). 

The C(5)-methylenic protons, HA and HB, of the thiazolidinone 
ring appeared as an AB system with a geminal proton coupling 
J A 3 of 16 Hz. The A proton, lying at lower field, showed a small 
coupling («7 = 2 Hz) with the C(2)-H signal. This long-range 
coupling takes place through the eclipsing lone pair of the sulfur 
atom with the C-HA bond of the thiazolidinone ring. The HB 
proton appeared at higher field owing to the shielding effect of 
the nearly coplanar sulfur orbital.8,9 

General Procedure for the Preparation of 2-(Substituted 
phenyl)-3-[3-(Ar,JV-dimethylamino)propyl]-l,3-thiazolidin-
4-ones (1-7 and 9-15). An equimolar mixture (0.01 mol) of 
substituted benzaldehydes and N^V-dimethylpropylamine (0.01 
mol) in dry benzene (50 mL) was refluxed until no more water 
was collected in a Dean-Stark trap. a-Mercaptoacetic acid (0.01 
mol) was added, dropwise, to this crude mixture, and the reaction 
was carried out at reflux temperature until stoichiometric amount 
of water was collected. 

The mixtures, cooled and evaporated in vacuo, afforded pale 
yellow oils, which were dissolved in anhydrous ethanol (20 mL). 

(7) Lewin, A. H.; Lipowitz, J.; Cohen, T. A Large Chemical Shift 
Difference for Geminal Protons. Tetrahedron Lett. 1965,18, 
1241-1245. 

(8) Vigorita, M. G.; Chimirri, A.; Grasso, S.; Fenech, G. Ir and Pmr 
Spectra of 2-Aryl-4-thiazolidinones. III. Stereochemical 
Analysis of 2-Aryl-3-(2-pyridyl)-4-thiazolidinones. J. Hetero-
cycl. Chem. 1979,16,1257-1261. 

(9) Allingham, Y.; Cookson, R. C; Crabb, T. A. The Influence of 
an Adjacent Sulphur Atom on Geminal Coupling Constants in 
Methylene Groups. Tetrahedron 1968, 24, 1989-1995. 

Probing the Molecular Basis of Resistance to 
Pyrimethamine by Site-Directed Mutagenesis 

Rational drug design is based on understanding the 
principles of molecular recognition which govern recep-
tor-ligand interactions. Recently, investigations of the 
mechanism of action and design of selective inhibitors for 
dihydrofolate reductase (5,6,7,8-tetrahydrofolate:NADP+ 

oxidoreductase, EC 1.5.1.3; DHFR) have been greatly fa
cilitated by advances in X-ray crystallography, recombi-
nant-DNA technology, and molecular modeling tech
niques.1"3 The enzyme, by catalyzing the NADPH-de-

(1) Howell, E. E.; Villafranca, J. E.; Warren, M. S.; Oatley, S. J.; 
Kraut, J. Functional Role of Aspartic Acid-27 in Dihydrofolate 
Reductase Revealed by Mutagenesis. Science 1986, 231, 
1123-1128. 

Ether (20 mL), saturated with HCl, was added to these solutions. 
White powders were collected and recrystallized with absolute 
ethanol, to yield the thiazolidin-4-one hydrochlorides (1-7,9-15). 

N^-Dimethylethylamine and pyridine-4-carboxaldehyde were 
used, respectively, in the preparation of la and lb. 

2-(4-Aminopnenyl)-3-[3-(JV,JV-dimethylamino)propyl]-
l,3-thiazolidin-4-one (8). 2-(4-Nitrophenyl)-3-[3-UV,iV-di-
methylamino)propyl]-l,3-thiazolidin-4-one (7) (0.005 mol) was 
dissolved in an ethanol-water mixture (50 mL, 3:2, v/v). Iron 
filings and glacial acetic acid (1 mL) were added, and the mixture 
was refluxed for 3 h. It was cooled and filtered, made alkaline 
by sodium carbonate, and extracted (CHCl3). The organic layer, 
evaporated in vacuo, afforded the crude base which was converted 
to the corresponding hydrochloride. 

Guinea Pig Ileum in Vitro Assay for HrReceptor Hist
amine Antagonism. The assay was performed on ileum of either 
sex (weighing ~250 g) Percentage inhibition for guinea pig' was 
calculated on the response caused by 0.5 MM histamine in the 
absence of drugs. Six observations were carried out for each drug 
concentration. The results, IC50, listed in Table II, are reported 
as concentration of drug causing 50% inhibition of the submaximal 
contractions induced by histamine. 

The dissociation constant (K8). for pA2 value calculations (pA2 
= -log K%), was evaluated according to the method of Schild,10 

from the equation KB = B/(x - 1 ) , where * is the respective ratio 
of concentrations of histamine needed to produce half-maximal 
responses in the presence and absence of different concentrations 
(B) of antagonists. pA2 values, reported in Table II, are the 
average of five observations. 
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pendent reduction of 7,8-dihydrofolate (H2F) to tetra-
hydrofolate (H4F), is primarily responsible for the main
tenance of essential intracellular cofactor pools of key 
importance for biosynthetic reactions requiring one-carbon 
unit transfer. Consequently, the synthesis of highly spe
cific anti-folates has been spectacularly successful in pro
ducing powerful therapeutic agents.3 For example, py
rimethamine is 1400-fold more active against the malaria 
enzyme isolated from Plasmodium berghei than the ra t 
liver enzyme.4 The basis for this specificity has been 
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Reductase. Science (Washington, D.C.) 1988,239,1105-1110. 
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