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Abstract

Sixteen 5,6-dihydro-2H-pyran-2-ones were evaluated in in vitro assay against trypomastigotes forms of Trypanosoma cruzi, the causative
agent of Chagas’ disease. A structure—activity relationship study (SAR) allowed us to establish the relevant structural features for the trypanocidal
activity of goniothalamin analogues against 7. cruzi. In fact, non-natural form of goniothalamin (en#-1) was threefold more potent than the natural
one (1). In addition, we have identified analogues 9 and 10 (both displaying S configuration) as the highest potent compounds against 7. cruzi
with ICso=0.12 and 0.09 mM (ICs, value for crystal violet was 0.08 mM) whereas significantly lower toxicities were observed when these
compounds were evaluated under LLC-MK, lineage cells (1.38 and 4.89 mM, respectively). In addition, epoxides derivatives 12 and ent-12 were
shown to be more potent than the corresponding stereoisomers 2 and ent-2 and non-natural argentilactone (ent-3, ICso = 0.47 mM) was twofold

more potent than natural argentilactone (3, ICso = 0.94 mM).
© 2006 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Trypanosoma cruzi, a hemoflagellate protozoa (family Try-
panosomatidae, order Kinetoplastida) [1], comprises the causa-
tive agent of South American Chagas’ disease. Chagas’ disease
is endemic in Latin America, affecting 16-28 million people,
with more than 100 million exposed to the risk of infection,
and causing the death of approximately 400 000 people per
year [2,3]. In Brazil about 5—6 million people are infected
with 300 000 of them located in Sdo Paulo state [4]. Due to
the high socio-economic impact associated with Chagas’ dis-
ease, efforts have been addressed by several research groups to
find more efficient and safe agents for the treatment of this
disease [5-9]. Nowadays, [Nifurtimox (a 5-nitrofuran deriva-
tive) and Benzonidazole (a 2-nitroimidazole acetamide)] are
used in the therapy against 7. cruzi. However, these com-
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pounds present severe side effects, and its efficacy depends
on the susceptibility of different parasite populations. In fact,
current chemotherapics against all forms of trypanosomiasis
are very limited and unsatisfactory and the search for new
lead compounds is worth to pursue [10].

Natural products play an important role in the development
of drugs and mankind has always taken advantage of nature as
a pharmacy: approximately 40% of the drugs that have been
approved over the last years are either natural products or deri-
vatives and analogues thereof [11-13]. The 5,6-dihydro-2H-
pyran-2-one moiety is present in a large number of biologically
active natural products such as goniothalamin (1), goniothala-
min oxide (2) and argentilactone (3) (Fig. 1).

Goniothalamin (1) is a styryl lactone isolated from various
species of the genus Goniothalamus [14]. This compound
bears the (R)-configuration in its natural form and displays in
vitro cytotoxic effect especially by inducing apoptosis on dif-
ferent cancer cell lines [15,16], antimicrobial and larvicidal
activities [17,18], and anti-inflammatory activity [19].
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Fig. 1. Structures of natural 5,6-dihydro-2H-pyran-2-one: goniothalamin (1),
goniothalamin oxide (2) and argentilactone (3).

Goniothalamin oxide (2) is also a member of styryl lactones
and was isolated from G. macrophyllus [20], G. amuyon [21]
and G. dolichocarpus [22]. The (6R,7R,8R)-absolute configura-
tion of natural goniothalamin oxide (2) was established by X-
ray diffraction studies on the minor diastereoisomer obtained
from the m-MCPAB epoxidation of natural goniothalamin (1)
[22]. Goniothalamin oxide (2) showed toxicity against the lar-
vae of Aedes aegypti requiring concentration lower than
100 ppm [22]. Moreover, goniothalamin (1) and goniothalamin
oxide (2) have been identified as the active embryotoxic and
teratogenic components from G. macrophyllus [20]. Argenti-
lactone (3) also bears the (R)-configuration in its natural form
and it has been isolated from Aristolochia argentina (Aristolo-
chiaceae) [23], Chorisia crispflora (Bombaceae) [24] and
Annona haematantha (Annonaceae) [25]. This natural pyra-
none was shown to have in vitro antiprotozoa activity against
Plasmodium falciparum [26), Leishmania panamensis [26],
and Leishmania amazonensis [25], as well as cytotoxic activity
against leukemia cells (P-388) [24]. In spite of biological activ-
ities exhibited by goniothalamin (1), goniothalamin oxide (2)
and argentilactone (3), studies regarding their trypanocidal
activity have not been reported so far.

Herein, we report our results concerning the trypanocidal
activity of goniothalamin (1), its enantiomer (ent-1) and eight
analogues (4-11), natural goniothalamin oxide (2) and its
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stereoisomers ent-2, isogoniothalamin (12) and ent-12, as well
as argentilactone (3) and its enantiomer (ent-3) (Fig. 2).

2. Results and discussion

Goniothalamin (1), its enantiomer ent-1, analogues 4-11,
argentilactone (3) and its enantiomer ent-3 were obtained as
previously described [16,27-30]. Goniothalamin oxide (2), iso-
goniothalamin oxide (12) and their respective enantiomers
(ent-2 and ent-12) were obtained according to Sam et al. [20]
and Goh et al. [22].

First of all, we evaluated natural goniothalamin (1) and its
enantiomer ent-1 against blood-stream forms of Tiypanosoma
cruzi (Table 1). According to Table 1, non-natural form of
goniothalamin (ent-1) was threefold more potent than natural
one (1). The same behavior was observed when we compared
natural argentilactone (3) and its enantiomer ent-argentilactone
(ent-3). At this point, the results clearly pointed out the impor-
tance of the absolute configuration for the trypanocidal activ-
ity, a pattern previously observed when the cytotoxic activity
of this family of compounds were evaluated against human
tumor cells [16]. However, ent-1 and 1 showed lower activity
when compared with crystal violet (IC5o = 0.08 mM) and we
promptly evaluated analogues 4-11 in order to improve the
trypanocidal activity and to identify the pharmacophoric
groups responsible for it.

Table 1 shows that analogue 4 lacking the endocyclic dou-
ble bond was almost twofold more potent than ent-1 while ana-
logue 5 without the exocyclic double bond was less potent.
Surprisingly, compound 6 where both endo and exo double
bonds were removed was shown to be equally potent to 4.
Taken together, these data suggest that better trypanocidal
activity may be attained when the endocyclic double bond is
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Fig. 2. Structures of the non-natural 5,6-dihydro-2H-pyran-2-ones.
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