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Their antiplasmodial potencies are thus dramatically decreased,
when compared to 3f. On the other hand, the derivatives with elec-
tro-releasing groups like –NH2 (3o) or –CH3 (3p) presented in-
creased pKa values and revealed good antiplasmodial potencies.
Since their antimalarial activities are strongly linked to their basi-
city, the reverse-benzamidine compounds seem to act in a similar
way as the alkylamidine choline analogs described by Calas et al.6

Indeed, they observed the same correlation between the antiplas-
modial activities and the pKa values of the molecules, suggesting

150 that the pKa values of alkylamidines reflect their ability to form
strong bonds with the target. This correlation indicates that the
mechanism of action of reverse-benzamidine compounds would
be rather linked to the capacity for these bis-cations to mimic
the choline structure and to inhibit the phospholipidic metabolism,
than associated to the ability of antiparasitic dibenzamidines to
bind DNA as pentamidine or furamidine.19,20

The in vivo antimalarial activities of our compounds were
investigated against the Plasmodium vinckei petteri strain (279BY)
in female Swiss mice.21 The in vitro antiplasmodial activity of 3e,
3g, and 3h being too low, they were not evaluated in vivo. The mice
were infected on day 0 and treated with compounds either intrap-
eritonally (ip) or orally (po) once daily for four consecutive days
(days 1–4 post infection, n = 3 per dose). The parasitemia levels
were monitored in mice at day 5. All the reversed N-alkylamidines
exhibited potent antiplasmodial activities, except 3a (Table 1). But
the modulations performed in N-alkylamidine series did not im-
prove M64 activity. The reverse-benzamidine 3i did not reveal
any antimalarial activity, while a slight antimalarial activity could
be detected with 3f, 3j, 3k, and 3l (ip administration of 5 mg/kg of
3l decreased parasitemia of 40% as compared to control). After ip
administration, the other reverse-benzamidines (3m, 3n, 3o, and
3p) exhibited as potent in vivo antimalarial activities (ED50 ip
<10 mg/kg) as the best N-alkylamidines, while having lower
in vitro antimalarial activities.

Oral administration of 180 mg/kg of N-alkylamidines or of the re-
verse-benzamidines 3f, 3j, 3k, 3l, and 3p did not reveal any antima-
larial effect. On the other side, significant activities were observed
with the other compounds 3m, 3n, and 3o, but the parasitemia clear-
ance was not achieved and no ED50 po could be calculated. Thereby,
after administration of 180 mg/kg of 3m, 3n, and 3o, respectively,
42%, 20%, and 58% of decrease of parasitemia could be observed as
compared to control. These compounds appeared more efficient by
oral administration at 180 mg/kg than the N-alkylamidines, which
revealed no significant effects at that concentration. However, fur-
ther studies to improve the bioavailability, as well as pharmacoki-
netics experiments of the best compounds are needed to obtain
compounds suitable for drug development. For example, specific
prodrug strategies might be applied to the most potent compounds
in this new reverse-benzamidine series.

In conclusion, the reverse-benzamidines have been designed as
a new series of antimalarials. The introduction of a phenyl aro-
matic ring within the polar head can lead to molecules with im-
proved in vivo antimalarial activity. Indeed, four reverse-
benzamidine compounds exhibited potent antimalarial activities
(ED50 ip <10 mg/kg) and three of them (3m, 3n, and 3o) led to a de-
crease of parasitemia was detected after oral administration
(180 mg/kg). Furthermore we have shown that the antimalarial po-
tency can be strongly modulated by introducing aromatic substit-
uents that modify the basicity of the reverse-benzamidines.
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