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Abstract

Using the radiometric BACTEC 460-TB methodology, the minimum inhibitory concentration (MIC) of a series of 2-(1-methyl-
5-nitro-2-imidazolyl-1,3,4-thiadiazole-5-alkylsulfides, alkylsulfoxides and alkylsulfones which had been reported previously as
antifungal agents, were determined. Active compounds were also screened by serial dilution to assess toxicity to a VERO cell line.
The results indicate that compounds bearing a primary alkylthio substitution displayed good antituberculosis activity (MIC=
3.13–6.25 �g/ml). Oxidation to sulfone abolished the antituberculosis activity in methyl and propyl derivatives while the
ethylsulfonyl analogue was active (MIC=1.56 �g/ml). The cytotoxic effects indicate that 2-(1-methyl-5-nitro-2-imidazolyl)-5-
methylthio-1,3,4-thiadiazole was the least toxic compound (IC50�10 �g/ml). Generally, all compounds showed a low selectivity
index. © 2001 Elsevier Science S.A. All rights reserved.
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1. Introduction

Tuberculosis is a leading infectious cause of death
worldwide. The control of Mycobacterium tuberculosis
infections is still considered of relevance, not only for
the survival of AIDS patients. The recent emergence of
drug-resistant mycobacterium tuberculosis, in fact, also
has become a serious concern [1].

Because of the concern of the resistance to most of
the commonly used drugs displayed by the considered
mycobacteria [2], our studies have been focused on the
development of new potential therapeutic agents.

The 1,3,4-thiadiazole ring system is known to possess
several biological activities and the antibacterial proper-
ties have been largely described [3]. Some nitroimida-
zole and nitrofuran derivatives have been claimed to
possess in-vitro antibacterial, antifungal and antituber-

culosis activity [4,5]. The synthesis and antituberculosis
activity of 4-carbethoxymethyl-2-[(�-haloacyl)amino]
thiazoles and related compounds were also described
[6]. In addition a series of �-(5-aryl-1,3,4-oxadiazole-2-
ylthio)acetate derivatives have been recently synthesized
and tested against mycobacterium tuberculosis [7]. We
have recently reported a series of 2-aryl-5-methylthio-
1,3,4-thiadiazoles, ethyl �-(5-aryl-1,3,4-thiadiazole-2-
ylthio)acetates and related compounds as antituber-
culosis agents [8]. Now we would like to report the
antituberculosis activity of some nitroimidazolyl-1,3,4-
thiadiazoles (1a–c, 2a–c and 3a–c) that had previously
been shown to possess antifungal activity [9].

2. Materials and methods

2.1. Synthesis of the products

The products were synthesized according the
previously described procedures [9]. The 1H NMR reso-
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nances of compounds 2a, 2b, 3a and 3b are the follow-
ing:

2.1.1. 2-(1-Methyl-5-nitro-2-imidazolyl)-5-
ethylthio-1,3,4-thiadiazole (2a)

1H NMR (CDCl3, 400 MHz): � 8.10 (s, 1H, H–C4

imidazole), 4.60 (s, 3H, NCH3), 3.40 (q, 2H, CH2,
J=7.6 Hz) and 1.50 ppm (t, 3H, CH3, J=7.6 Hz).

2.1.2. 2-(1-Methyl-5-nitro-2-imidazolyl)-5-
ethylsulfinyl-1,3,4-thiadiazole (2b)

1H NMR (CDCl3, 400 MHz): � 8.12 (s, 1H, H–C4

imidazole), 4.60 (s, 3H, NCH3), 3.42 (dq, 1H, S–CH–,
Jgeminal=13.6 Hz, JCH, CH3

=7.6 Hz), 3.29 (dq, 1H,
S–CH–, Jgeminal=13.6 Hz, JCH, CH3

=7.6 Hz), 1.42 (t,
3H, CH3, J=7.6 Hz).

2.1.3. 2-(1-Methyl-5-nitro-2-imidazolyl)-5-
(n-propylthio)-1,3,4-thiadiazole (3a)

1H NMR (CDCl3, 400 MHz): � 8.10(s, 1H, H–C4

imidazole), 4.60 (s, 3H, NCH3), 3.35 (t, 2H, SCH2,
J=7.6 Hz), 1.85 (m, 2H, CH2) and 1.10 ppm (t, 3H,
CH3, J=7.6 Hz).

2.1.4. 2-(1-methyl-5-nitro-2-imidazolyl)-5-
(n-propylsulfinyl)-1,3,4-thiadiazole (3b)

1H NMR (CDCl3, 400 MHz): � 8.10 (s, 1H, H–C4

imidazole), 4.57 (s, 3H, NCH3), 3.29–3.24 (m, 2H,
CH2), 2.08–1.95 (m, 1H, CH2), 1.86–1.72 (m, 1H,
CH2), 1.12 (t, 3H, CH3, J=7.4 Hz).

2.2. Biological assay

All of the compounds were evaluated for in vitro
antituberculosis activity against mycobacterium tuber-

culosis as part of TAACF TB screening program under
direction of the US National Institute of Health, NI-
AID division.

Primary screening was conducted at the single con-
centration, 6.25 �g/ml against mycobacterium tubercu-
losis M37Rv (ATCC 27294) in BACTEC 12B medium
using a broth microdilution assay, the microplate Ala-
mar Blue Assay (MABA) [10]. Compounds effecting
�90% inhibition in the primary screening (MIC�6.25
�g/ml) were not generally evaluated further.

The active compounds were re-tested by serial dilu-
tion beginning at 6.25 �g/ml against mycobacterium
tuberculosis M37Rv to determine the actual minimum
inhibitory concentration (MIC) in the BABTEC 460.
The MIC is defined as the lowest concentration effect-
ing a reduction in fluorescence of 90% relative to
controls.

2.3. Cytotoxicity assay

Compounds were screened by serial dilution to assess
toxicity to a VERO cell line, generally beginning at
10× the MIC if permitted by the sample solubility in
culture media. The selectivity index (SI) is defined as
the ratio of the measured IC50 in VERO cells to the
MIC described above.

3. Results and discussion

The antituberculosis activity and cytotoxicity effect
of the compounds 1a–c, 2a–c and 3a–c are shown in
Table 1. The antituberculosis activity of compounds
1a–c has been reported previously [8]. Herein, we re-
port the antituberculosis activity of some related com-

Table 1
Antituberculosis activity and cytotoxycity effect of compounds 1a–c, 2a–c and 3a–c

SIEC50MICCompound Inhibition (%)R n Activity

�6.4�106.251a 91methyl 0 +
1.56 0.51b methyl 1 + 105 0.32

�6.25 ND a1c methyl 2 − 18 ND a

b6.25 b2a 96ethyl 0 +
1.56 0.92b ethyl 1 + 0.6103
1.56 0.52c ethyl 2 + 103 0.3

b3.13 b3a 97n-propyl 0 +
100 1.56 0.5 0.33b n-propyl 1 +

�6.25 ND a3c n-propyl 2 − ND a17

a ND, not determined.
b Insoluble in tissue culture media.
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Fig. 1. Partial 1H NMR (CDCl3, 400 MHz) spectrum of compounds 2b and 3b (the geminal coupling constant was measured by spin–spin
decoupling).

pounds (2a–c and 3a–c) and the cytotocycity of com-
pounds 1a–c, 2a–c and 3a–c (Table 1).

The antituberculosis results indicate that compounds
bearing a primary alkylthio substitution (1a, 2a and 3a)
displayed good antituberculosis activity in the following
order 3a�2a�1a. The oxidation of the thio group to
sulfoxide in alkylthio derivatives increased the antitu-
berculosis activity in compounds 1b, 2b and 3b having
an equal MIC of 1.56 �g/ml.

The coupling constants of geminal hydrogens in the
1H NMR spectra of compounds 2b and 3b (Fig. 1)
confirm the connection of the methylene to a chiral
center and are in accordance to the suggested structure.

A high drop in activity after oxidation can be ob-
served by comparing the sulfones 1c and 3c (Inh.
%=18 and 17, respectively) with the corresponding
sulfides 1a and 3a. On the other hand the ethylsulfonyl
analogue 2c, surprisingly, does not follow this trend
because of its high activity (Inh.%=103, MIC=1.56
�g/ml).

The cytotoxycity data of tested compounds indicate
that all of the compounds exhibited a high degree of
toxicity and low level of selectivity index (SI).

The methylthio analogue (1a) was the least toxic
compound (IC50�10 �g/ml, SI�6.4) while ethyl and
propyl analogues (2a and 3a) were insoluble in culture
media.

Acknowledgements

Antimycobacterial data were provided by the Tuber-
culosis Antimicrobial Acquisition and Coordinating
Facility (TAACF) through a research and development

contract with the US National Institute of Allergy and
Infectious Diseases.

References

[1] J.G. Hardman, L.E. Limbird, P.B. Molinoff, R.W. Ruddon,
Goodman and Gilman’s The Pharmacological Basis of Thera-
peutics, 9th edn., McGraw-Hill, New York, 1996, p. 1155.

[2] W.W. Yew, C.H. Chau, Drug-resistant tuberculosis in the 1990s,
Eur. Respir. J. 8 (1995) 1184–1192.

[3] F.A. Ashour, N.S. Habib, M. Taibbi, S. Dine, A. Dine, Synthe-
sis of 1,3,4-thiadiazoles, imidazol[2,1-b ]1,3,4-thiadiazoles and
thiadiazolo[3,2-a]pyrimidines derived from benzinidazole as po-
tential antimicrobial agents, Farmaco 45 (1990) 134–139.

[4] Y. Kato, Studies of the synthesis of furan compounds. XXII:
Synthesis and antibacterial activity of 5-(2-(5-nitro-2-furyl)-1-(2-
furyl)vinyl)-2-amino-1,3,4-thiadiazole and its related compounds,
Bull. Chem. Soc. Jpn. 44 (1971) 489–496.

[5] G. Berkelhammer, G. Asato, 2-Amino-5-(1-methyl-5-nitro-2-imi-
dazolyl)-1,3,4-thiadiazole: a new antimicrobial agent, Science 162
(1968) 1146.

[6] O. Ates, H. Altintas, G. Otuk, Synthesis and antimicrobial
activity of 4-carbethoxymethyl-2-[(alpha-haloacetyl)amino]thia-
zoles and 5-nonsubstituted/substituted-2-[(4-carbethoxymethyl-
thiazole-2-yl)imino]-4-thiazolidinones, Arzneimittelforschung 50
(2000) 569–575.

[7] I. Mir, M.T. Siddiqui, A.M. Comrie, Antituberculosis agents. V:
Alpha - [5 - (5 - nitro - 2 - furyl) - 1,3,4 - oxadiazole - 2 - ylthio]acethyl-
drazide and related compounds, J. Pharm. Sci. 80 (1991) 548–
550.

[8] A. Foroumadi, M. Mirzaei, A. Shafiee, Antituberculosis agents.
I: Synthesis and antituberculosis activity of 2-aryl-1,3,4-thiadia-
zole derivatives. Pharmazie (2001) in press.

[9] A. Foroumadi, M. Daneshtalab, M. Mahmoudian, M. Falahati,
N. Nateghian, N. Shahsavarani, A. Shafiee, Synthesis and anti-
fungal activity of 2-aryl-1,3,4-thiadiazole-5-sulphiedes, sulphox-
ides and sulphones, Pharm. Pharmacol. Commun. 4 (1998)
95–98.

[10] L. Collins, S.G. Franzblau, Microplate alamar blue assay versus
BACTEC 460 system for high-throughput screening of com-
pounds against Mycobacterium tuberculosis and Mycobacterium
a�ium, Antimicrob. Agents. Chemother. 41 (1997) 1004–1009.

.


