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a b s t r a c t

We have previously shown that 3-nitro-1H-1,2,4-triazole-based arylamides and arylsulfonamides
demonstrate significant activity in vitro against Trypanosoma cruzi, the causative parasite of Chagas
disease. More importantly, several such analogs displayed significant antichagasic activity in vivo, su-
perior to that of benznidazole, the current clinical standard. We now report the synthesis and in vitro
evaluation of a small series of novel nitro(triazole/imidazole)-based heteroarylamides/sulfonamides
(including 3-nitrotriazole-, 2- and 4-nitroimidazole-based compounds) as potential antitrypanosomal
agents. All nitrotriazoles displayed significant growth inhibitory properties against T. cruzi with the most
potent generating IC50 values of <1 mM and up to >1400-fold selectivity toward the parasite. The 2-
nitroimidazole-based derivatives were moderately active against T. cruzi and displayed selectivity <50,
while the 4-nitroimidazoles were mostly inactive. Several 3-nitrotriazole-based analogs showed activity
against Trypanosoma brucei rhodesiense but none of the tested compounds displayed activity toward
Leishmania donovani. From the detailed SARs presented here, we identified the 3-nitrotriazole-based
chlorinated thiophene/benzothiophene sulfonamides/amides as being the most active antichagasic
compounds, displaying up to 14-fold higher potency against T. cruzi than the reference compound
benznidazole.

© 2014 Elsevier Masson SAS. All rights reserved.

1. Introduction

Neglected tropical diseases (NTD) represent a group of bacterial,
viral and parasitic infections that cause substantial illness to more
than 1 billion people globally [1]. Parasitic trypanosomatids cause a
variety of NTDs. Trypanosoma brucei rhodesiense and Trypanosoma
brucei gambiense cause human African Trypanosomiasis (HAT), also
known as African sleeping sickness, which is endemic in 36 African

countries; Trypanosoma cruzi (T. cruzi) causes American Trypano-
somiasis or Chagas Disease, which is endemic in 21 countries across
Latin America; Leishmania species are the causative agents of
various forms of leishmaniasis, a poverty-associated disease
occurring in 98 countries. Over 20 million people are infected by
these parasites and 100,000 die per year [2]. Besides causing
deaths, NTDs often impair the physical and cognitive development
of children and can lead to pathologies resulting in social stigma.

Chagas disease, the most important NTD, is transmitted by
blood-sucking triatomine bugs and occurs in two phases: acute and
chronic. During the initial ‘acute’ stage, patients are often asymp-
tomatic with most infections normally going undiagnosed. The
most important clinical manifestations of the chronic form are
cardiac insufficiency (Chagasic cardiomyopathy and arrhythmias in
about 90% of cases) and gastrointestinal syndromes (mega-
oesophagus and megacolon). It is estimated that about 7e8 million
people will be infected with T. cruzi worldwide, mostly in Latin
America [3]. Although the number of incidences has significantly

Abbreviations: NTD, neglected tropical diseases; T. cruzi, Trypanosoma cruzi;
T. brucei, Trypanosoma brucei; HAT, human African trypanosomiasis; Nfx, nifurtimox
(4-(5-nitrofurfurylindenamino)-3-methylthio-morpholine-1,1-dioxide); Bnz, benz-
nidazole (N-benzyl-2-(2-nitro-1H-imidazol-1-yl)acetamide); NTR, type I nitro-
reductase; TbNTR, T. brucei NTR; IC50, concentration for 50% growth inhibition; SI,
selectivity index; SARs, structureeactivity relationships; TDR, Tropical Diseases
Research (http://www.who.int/tdr/research/ntd/en/).
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Table 1
In vitro antiparasitic activity and physical properties of 3-nitrotriazole-based heteroaryl-amides/sulfonamides.
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