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Abstract

Several 2,3-diaryl-1,3-thiazolidine-4-thione derivatives and 2,3-diaryl-1,3-thiazolidin-4-ones bearing a methyl group at C-5

position have been synthesized and tested as anti-HIV agents. The results of the in vitro tests showed that some of them proved to be

effective inhibitors of HIV-1 replication. # 2002 Éditions scientifiques et médicales Elsevier SAS. All rights reserved.
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1. Introduction

To date, 15 anti-retroviral agents have been licensed

for clinical use in the treatment of AIDS or HIV

infection [1]. All these compounds belong to three

distinct classes: nucleoside and nonnucleoside reverse

transcriptase inhibitors (NRTIs and NNRTIs) and

protease inhibitors (PIs). In recent years the combina-

tion therapy has been found to decrease the viral load

and the AIDS-related death rate. Despite these results,

there is an urgent need for new anti-retroviral drugs due

to resistance development, cross-resistance within

classes, toxicity, adverse drug�/drug interactions and

other limitations, which may lead to failure of long-term

treatment [2].

A successful strategy in the development of anti-

retroviral drugs has been and is still today the targeting

of the virally-encoded reverse transcriptase (RT) enzyme

[3].

Two classes of compounds, NRTIs and NNRTIs

potently and selectively inhibit this enzyme and, as

above reported, play a key role in the combination

therapy for HIV infections.

In the last decade, our research group has been

developing different series of 1H ,3H -thiazolo[3,4-a ]ben-

zimidazole derivatives (TBZs) as anti-HIV agents [4�/8],

some of which proved to be potent NNRTIs.

Recently, we carried out a 3D-QSAR and flexible

docking study [9] and demonstrated that, similarly to

other NNRTIs, the TBZ biological activity was asso-

ciated with the ability to assume a butterfly-like

conformation by means of a suitable spatial location

of lipophilic groups important for the RT site binding.

In particular, we observed that plausible pharmacopho-

ric elements were the benzene ring of the benzimidazole

moiety, the dihalosubstituted aryl group at C-1 and the

nitrogen atom of the thiazole nucleus.

In view of this, we designed new anti-HIV agents

keeping all key structural requirements for a potent RT

inhibition. The results of our research culminated in the

discovery of 2,3-diaryl-1,3-thiazolidin-4-ones (1) a new

class of highly potent NNRTIs. Some of them proved to

be effective in HIV-1 replication at nanomolar concen-

trations and minimally toxic to MT-4 cells [10,11].
In order to find new anti-HIV-1 agents, to further

explore the salient features controlling the activity,

especially lipophilicity, and to shed more light on the

SAR of this series of compounds, we report here the

synthesis of new derivatives in which some structural

modifications have been introduced on 1,3-thiazolidin-
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4-one nucleus, that is the replacement of the carbonyl

moiety with the isostere thiocarbonyl functionality (2)

and the introduction of a methyl group at the C-5 atom

(3�/4). These structural modifications have been carried
out only on derivatives of type-1 that had proved to be

particularly active as anti-HIV agents [10,11].

2. Experimental

2.1. Chemistry

Amines, aldehydes and mercaptoacids employed in

this study are commercially available. M.p.s were

determined on a Kofler hot stage apparatus and are

uncorrected. Elemental analyses (C, H, N) were carried

out on a Carlo Erba Model 1106 Elemental Analyzer

and the results are within 9/0.4% of the theoretical

values. Merck silica gel 60 F254 plates were used for

analytical TLC; column chromatography was per-
formed on Merck silica gel 60 (230�/400 mesh). 1H

NMR spectra were recorded in CDCl3 on a Varian

Gemini-300 spectrometer. Chemical shifts were ex-

pressed in d (ppm) relative to TMS as internal standard

and coupling constants (J) in Hz. The log P values were

calculated by using the XLOGP v. 2.0 program [12].

2.1.1. General procedure for the synthesis of 2,3-diaryl-

1,3-thiazolidine-4-thiones (2a�/i)
A C6H5CH3 solution (50 ml) of the suitable 2,3-

diaryl-1,3-thiazolidin-4-one (1 mmol), obtained accord-

ing to a previously reported procedure [10], was heated

under stirring with Lawesson’s reagent (0.6 mmol) for 2

h. After removal of the solvent under reduced pressure,

the oily residue was treated with Et2O to afford

derivatives 2b and 2e as solids, or chromatographed

on silica gel column using CHCl3 as eluant to give
compounds 2a, 2c�/d and 2f�/i. All compounds were

recrystallized from EtOH.

2.1.1.1. 2-(2,6-Difluorophenyl)-3-phenyl-1,3-

thiazolidine-4-thione (2a). Yield: 82%, m.p. 146�/

148 8C; 1H NMR: d 4.54 (d, 1H, J�/16.4, 5HA), 4.77

(dd, 1H, J�/2.4 and 16.4, 5HB), 6.79�/7.39 (m, 8H, Ar

and H-2). Anal . C15H11F2NS2 (C, H, N).

2.1.1.2. 2-(2,6-Dichlorophenyl)-3-phenyl-1,3-

thiazolidine-4-thione (2b). Yield: 95%, m.p. 152�/

154 8C; 1H NMR: d 4.63 (d, 1H, J�/16.7, 5HA), 4.74

(dd, 1H, J�/3.0 and 16.7, 5HB), 7.10�/7.47 (m, 8H, Ar),

7.50 (d, 1H, J�/3.0 H-2). Anal . C15H11Cl2NS2 (C, H,

N).

2.1.1.3. 2-(2,6-Difluorophenyl)-3-(6-methyl-pyridin-2-

yl)-1,3-thiazolidine-4-thione (2c). Yield: 12%, m.p.

115 8C; 1H NMR: d 2.45 (s, 3H, CH3), 4.52 (d, 1H,

J�/16.7, 5HA), 4.77 (dd, 1H, J�/2.4 and 16.7, 5HB),

6.77�/7.71 (m, 7H, Ar and H-2). Anal . C15H12F2N2S2

(C, H, N).

2.1.1.4. 2-(2,6-Dichlorophenyl)-3-(6-methyl-pyridin-2-

yl)-1,3-thiazolidine-4-thione (2d). Yield: 40%, m.p.

130 8C; 1H NMR: d 2.45 (s, 3H, CH3), 4.59 (d, 1H,

J�/16.7, 5HA), 4.74 (dd, 1H, J�/3.0 and 16.7, 5HB),

6.95�/7.73 (m, 6H, Ar), 8.03 (d, 1H, J�/3.0 H-2). Anal .

C15H12Cl2N2S2 (C, H, N).

2.1.1.5. 2-(2,6-Difluorophenyl)-3-(4-methyl-pyridin-2-

yl)-1,3-thiazolidine-4-thione (2e). Yield: 89%, m.p. 155�/

158 8C; 1H NMR: d 2.33 (s, 3H, CH3), 4.51 (d, 1H, J�/

16.7, 5HA), 4.76 (dd, 1H, J�/2.2 and 16.7, 5HB), 6.78�/

8.30 (m, 7H, Ar and H-2). Anal . C15H12F2N2S2 (C, H,

N).

2.1.1.6. 2-(2,6-Dichlorophenyl)-3-(4-methyl-pyridin-2-

yl)-1,3-thiazolidine-4-thione (2f). Yield: 50%, m.p. (dec.)

185 8C; 1H NMR: d 2.32 (s, 3H, CH3), 4.59 (d, 1H, J�/

17.0, 5HA), 4.73 (dd, 1H, J�/3.0 and 17.0, 5HB), 6.94�/

8.27 (m, 7H, Ar and H-2). Anal . C15H12Cl2N2S2 (C, H,

N).

2.1.1.7. 2-(2,6-Dichlorophenyl)-3-(4-methyl-pyrimidin-

2-yl)-1,3-thiazolidine-4-thione (2g). Yield: 81%, m.p.

(dec.) 146 8C; 1H NMR: d 2.47 (s, 3H, CH3), 4.56 (d,

1H, J�/17.0, 5HA), 4.74 (dd, 1H, J�/2.7 and 17.0,
5HB), 6.99�/8.57 (m, 6H, Ar and H-2). Anal .

C14H11Cl2N3S2 (C, H, N).

2.1.1.8. 2-(2,6-Difluorophenyl)-3-(4,6-dimethyl-pyridin-

2-yl)-1,3-thiazolidine-4-thione (2h). Yield: 8%, m.p.

(dec.) 95 8C; 1H NMR: d 2.45 (s, 3H, CH3), 4.45 (d,

1H, J�/16.7, 5HA), 4.66 (dd, 1H, J�/3.0 and 16.7,

5HB), 6.62�/7.49 (m, 6H, Ar and H-2). Anal .
C16H14F2N2S2 (C, H, N).

2.1.1.9. 3 - (6 - Bromo - pyridin - 2 - yl) - 2 - (2,6 - difluoro-

phenyl)-1,3-thiazolidine-4-thione (2i). Yield: 28%, m.p.

86�/89 8C; 1H NMR: d 4.49 (d, 1H, J�/17.0, 5HA), 4.71

(dd, 1H, J�/2.4 and 17.0, 5HB), 6.80�/8.10 (m, 7H, Ar

and H-2). Anal . C14H9BrF2N2S2 (C, H, N).

2.1.2. Synthesis of 5-methyl-2,3-diaryl-1,3-

thiazolidin-4-ones (3c�/d, h, 4c�/d, h)

To a stirred solution of heteroaromatic amine (8

mmol) in dry C6H5CH3 (50 ml), racemic 2-mercapto-

propionic acid (16 mmol) and the appropriate aromatic

aldehyde (8 mmol) were added. The reaction mixture

was refluxed for 48 h and then neutralized by a solution

of NaHCO3. After removal of the solvent under reduced
pressure, the oily residue was powdered by treatment

with a mixture of EtOH and Et2O to afford the mixture

of the two diastereoisomers 3 and 4, which were
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separated by silica gel column chromatography eluting

with CHCl3. Compounds 3 eluted before the corre-

sponding isomers 4. All compounds were recrystallized

from EtOH.

2.1.2.1. trans -2-(2,6-Difluorophenyl)-3-(6-methyl-pyri-

din-2-yl)-5-methyl-1,3-thiazolidin-4-one (3c). Yield:

26%, m.p. 72�/74 8C; 1H NMR: d 1.65 (d, 3H, J�/

6.8, CH�/CH3), 2.32 (s, 3H, CH3), 4.42 (q, 1H, J�/6.8,

H5), 6.77�/8.09 (m, 7H, Ar and H-2). Anal .

C16H14F2N2OS (C, H, N).

2.1.2.2. cis-2-(2,6-Difluorophenyl)-3-(6-methyl-pyridin-

2-yl)-5-methyl-1,3-thiazolidin-4-one (4c). Yield: 11%,

m.p. 96�/99 8C; 1H NMR: d 1.76 (d, 3H, J�/6.8,

CH�/CH3), 2.29 (s, 3H, CH3), 4.21 (q, 1H, J�/6.8,

H5), 6.74�/7.95 (m, 7H, Ar and H-2). Anal .

C16H14F2N2OS (C, H, N).

2.1.2.3. trans -2-(2,6-dichlorophenyl)-3-(6-methyl-pyri-

din-2-yl)-5-methyl-1,3-thiazolidin-4-one (3d). Yield:

12%, m.p. 135�/138 8C; 1H NMR: d 1.69 (d, 3H, J�/

7.1, CH�/CH3), 2.29 (s, 3H, CH3), 4.39 (q, 1H, J�/7.1,
H5), 6.81�/8.01 (m, 7H, Ar and H-2). Anal .

C16H14Cl2N2OS (C, H, N).

2.1.2.4. cis-2-(2,6-Dichlorophenyl)-3-(6-methyl-pyridin-

2-yl)-5-methyl-1,3-thiazolidin-4-one (4d). Yield: 6%,

m.p. 137�/140 8C; 1H NMR: d 1.76 (d, 3H, J�/6.8,

CH�/CH3), 2.25 (s, 3H, CH3), 4.19 (q, 1H, J�/6.8, H5),

6.80�/7.96 (m, 7H, Ar and H-2). Anal . C16H14Cl2N2OS
(C, H, N).

2.1.2.5. trans -2-(2,6-Difluorophenyl)-3-(4,6-dimethyl-

pyridin-2-yl)-5-methyl-1,3-thiazolidin-4-one (3h). Yield:

16%, m.p. 105�/107 8C; 1H NMR: d 1.65 (d, 3H, J�/

7.1, CH�/CH3), 2.27 (s, 6H, CH3), 4.41 (q, 1H, J�/7.1,

H5), 6.68�/7.90 (m, 6H, Ar and H-2). Anal .

C17H16F2N2OS (C, H, N).

2.1.2.6. cis-2-(2,6-Difluorophenyl)-3-(4,6-dimethyl-pyri-

din-2-yl)-5-methyl-1,3-thiazolidin-4-one (4h). Yield:

11%, m.p. 115�/117 8C; 1H NMR: d 1.76 (d, 3H, J�/

6.8, CH�/CH3), 2.26 (s, 6H, CH3), 4.18 (q, 1H, J�/6.8,

H5), 6.66�/7.74 (m, 6H, Ar and H-2). Anal .

C17H16F2N2OS (C, H, N).

2.2. Pharmacology

The antiviral experiments using MT-4 cells and HIV-1

(IIIB) and -2 (ROD) strains were performed following

procedures that have already been described [13,14].

3. Results and discussion

The synthesis of 2,3-diaryl-1,3-thiazolidine-4-thiones

(2) was carried out by reacting compounds 1 with

Lawesson’s reagent under reflux in toluene as reported

in Scheme 1. The 5-methyl-2,3-diaryl-1,3-thiazolidin-4-

ones (3 and 4) were obtained by reacting a suitable 2,6-

dihalobenzaldehyde with an equimolar amount of a

heteroaromatic amine in the presence of an excess of 2-

mercaptopropionic acid in refluxing toluene. Owing to
the asymmetry of 2-mercaptopropionic acid, the reac-

tion furnished a ca. 2:1 mixture of racemic diastereoi-

somers 3 and 4 characterized by a different disposition

of the substituents at C-2 and C-5. The trans -3 and cis -4

isomers were separated by column chromatography and

their structure was assigned on the basis of 1H NMR

spectroscopy assisted by NOE measurements. In deri-

vatives 3, irradiation of 5-methyl resonance gave a
positive NOE peak at the H-2 proton so proving the

trans relationship of the methyl group and the aryl

substituent at C-2. On the contrary, in derivatives 4 aScheme 1.
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positive NOE peak at the H-2 resonance is observed on

irradiation of the H-5 signal.

All compounds obtained were tested for anti-HIV

activity by determining their ability to inhibit the

replication of HIV-1 (IIIB) or -2 (ROD) in MT-4 cells

and the results compared with that of the analogous 2,3-

diaryl-1,3-thiazolidin-4-ones (1). As shown in Table 1,

some of them proved to be effective inhibitors of HIV-1

replication, whereas, as observed for other classes of

NNRTIs, none of the tested compounds inhibited the

replication of HIV-2 (ROD) in MT-4 cells at subtoxic

concentrations (data not shown).

Analogously to derivatives 1 [10,11], the anti-HIV-1

activity of the 2,3-diaryl-1,3-thiazolidine-4-thiones (2)

increases by substituting the phenyl ring at N-3 of the

thiazolidinone ring with a 2-pyridinyl or 2-pyrimidinyl

nucleus bearing an appropriate substituent in a suitable

position. In particular, the best results have been

obtained with derivatives 2g and 2i in which the

substituent is a methyl group or a bromine atom present

on C adjacent to the nitrogen atom, respectively.

The presence of chlorine atoms at 2 and 6 position on

the phenyl ring at C-2 generally increases the anti-HIV

activity of compounds 1. On the contrary, in com-

pounds 2, the 2,6-difluorophenyl substituted derivatives

are more active than the corresponding chlorine ones (2c

compared to 2d and 2e to 2f), whereas in 5-methyl-1,3-

thiazolidin-4-ones (3 and 4) the nature of the halogen
atoms does not seem to influence the anti-HIV activity

(3c vs. 3d and 4c vs. 4d). Moreover, not even the

stereochemistry seems to play a key role in anti-HIV

activity, the cis derivatives 4 being only slightly more

active than the trans -3 ones.

The replacement of the carbonyl with the thiocarbo-

nyl group negatively influences the activity which

appreciably decreases also when a methyl group is
present at C-5 atom. In fact, compounds 2�/4 are all

less active than the corresponding derivatives 1.

These results point out that, as suggested by our

molecular modelling studies [11], the antiviral efficacy of

2,3-diaryl-1,3-thiazolidin-4-(thi)ones is modulated by

the nature of the aryl substituent at N-3 and in

particular by the presence of lipophilic groups in proper

positions of the heterocycle. However, a further increase
in the lipophilicity (log P values, Table 1) resulting from

structural modifications on the thiazolidinone nucleus

negatively influences anti-HIV activity.
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	2-(2,6-Difluorophenyl)-3-(4-methyl-pyridin-2-yl)-1,3-thiazolidine-4-thione (2e)
	2-(2,6-Dichlorophenyl)-3-(4-methyl-pyridin-2-yl)-1,3-thiazolidine-4-thione (2f)
	2-(2,6-Dichlorophenyl)-3-(4-methyl-pyrimidin-2-yl)-1,3-thiazolidine-4-thione (2g)
	2-(2,6-Difluorophenyl)-3-(4,6-dimethyl-pyridin-2-yl)-1,3-thiazolidine-4-thione (2h)
	3-(6-Bromo-pyridin-2-yl)-2-(2,6-difluorophenyl)-1,3-thiazolidine-4-thione (2i)

	Synthesis of 5-methyl-2,3-diaryl-1,3-thiazolidin-4-ones (3c-d, h, 4c-d, h)
	trans-2-(2,6-Difluorophenyl)-3-(6-methyl-pyridin-2-yl)-5-methyl-1,3-thiazolidin-4-one (3c)
	cis-2-(2,6-Difluorophenyl)-3-(6-methyl-pyridin-2-yl)-5-methyl-1,3-thiazolidin-4-one (4c)
	trans-2-(2,6-dichlorophenyl)-3-(6-methyl-pyridin-2-yl)-5-methyl-1,3-thiazolidin-4-one (3d)
	cis-2-(2,6-Dichlorophenyl)-3-(6-methyl-pyridin-2-yl)-5-methyl-1,3-thiazolidin-4-one (4d)
	trans-2-(2,6-Difluorophenyl)-3-(4,6-dimethyl-pyridin-2-yl)-5-methyl-1,3-thiazolidin-4-one (3h)
	cis-2-(2,6-Difluorophenyl)-3-(4,6-dimethyl-pyridin-2-yl)-5-methyl-1,3-thiazolidin-4-one (4h)
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