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a b s t r a c t

The plasmepsins are specific aspartic proteases of the malaria parasite and a potential target for
developing new antimalarial agents. Our previously reported peptidomimetic plasmepsin inhibitor with
modified 2-aminoethylamino substituent, KNI-10740, was tested against chloroquine sensitive Plasmo-
dium falciparum, D6, to be highly potent, however, the inhibitor exhibited about 5 times less activity
against multi-drug resistant parasite (TM91C235). We hypothesized the potency reduction resulted from
structural similarity between 2-aminoethylamino substituent of KNI-10740 and chloroquine. Then, we
modified the moiety and finally identified compound 15d (KNI-10823), that could avoid drug-resistant
mechanism of TM91C235 strain.

� 2014 Elsevier Ltd. All rights reserved.

The most lethal malaria parasite Plasmodium falciparum is
building resistance to common malaria medicines such as chloro-
quine and artesunate, which is used in artemisinin based combina-
tion therapy (ACT) recommended by WHO.1 For this reason,
development of novel antimalarials effective against drug-resistant
parasites is a critical issue for global health. P. falciparum genome
contains ten plasmepsin (Plm) genes,2 parasite specific aspartic
proteases, and four of them, Plm I, II, IV and HAP (Plm III) are in-
volved in hemoglobin degradation to obtain amino acids essential
at trophozoite stage.3 Therefore, many groups reported Plm inhib-
itors as novel antimalarial agent,4 however, a difficulty was turned
out to develop Plm inhibitors with high antimalarial activity.5,6

Otherwise, we have been engaged in development of peptidom-
imetic Plm inhibitors containing allophenylnorstatine [(2S,3S)-3-
amino-2-hydroxy-4-phenylbutyric acid] with a transition state
analogue of aspartic protease, that is, hydroxymethylcarbonyl
(HMC) isostere.7,8 We recently reported allophenylnorstatine-
containing inhibitors with structurally modified with 2-aminoeth-
ylamino substituents exhibited potent antimalarial activities
against P. falciparum strain D6, which is African origin with

chloroquine-sensitive and mefloquine-resistant phenotype.7f Espe-
cially, the antimalarial activity of KNI-10740 (1) was the most po-
tent among these analogues with EC50 D6 value of 0.19 lM (Fig. 1).
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Figure 1. Structures of compounds 1 (KNI-10740), 12 (KNI-10538), and chloro-
quine. Similar partial structures between 1 and chloroquine are highlighted.
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Herein, we report the result of antimalarial activities of
2-aminoethylamino analogues against multidrug-resistant TM91C235
strain, which is Thai origin with chloroquine, mefloquine and
pyrimethamine-resistant phenotype, and optimization of the
antimalarial activity by avoiding drug-resistant mechanism of
P. falciparum. As far as we know, this is the first report on Plm
inhibitor tested against multidrug-resistant malaria parasite.

The result of 2-aminoethylamino analogues against both D6
and TM91C235 is illustrated in Figure 2. The antimalarial activities
of Plm inhibitors were determined by SYBR Green I inhibition
assay.9 The antimalarial activities against TM91C235 strain were
obviously less potent than those against D6 in all cases. Resistance
index (RI) represents a ratio of the IC50 value between TM91C235
and D6 (RI = IC50 TM91C235/IC50 D6). RI value of 1 is 4.5, that is, 1

exhibited about 5 times less potency compared to that against
D6 strain (EC50 TM91C235 = 0.86 lM). Additionally, the highest RI
was observed in 7 (EC50 D6 = 0.22 lM, EC50 TM91C235 = 1.9 lM,
RI = 8.6), whose RI value was close to that of chloroquine (RI = 10).

The results were unexpected for us because the inhibition
mechanisms of Plm inhibitor and chloroquine are fundamentally
different and there was no report about the cross-resistance be-
tween Plm inhibitor and chloroquine.10 Moreover, KNI-10538
(12, Fig. 1), our previously reported Plm inhibitor,7e did not exhibit
such significant activity reduction against W2 strain, which is Viet-
namese origin and resistant to both chloroquine and pyrimeth-
amine and sensitive to mefloquine (EC50 D6 = 0.56 lM, EC50

W2 = 0.73 lM, RI = 1.3). Recently, it was uncovered that allophenyl-
norstatine-containing inhibitors without 2-aminoethylamino moi-
ety showed potent antimalarial activity against both D6 and W2
strains.4a These results suggested that the attachment of 2-amino-
ethylamino substituent to Plm inhibitor caused the reduction of
activity against chloroquine-resistant P. falciparum. However, the
basic substituent is important for our Plm inhibitors with respect
to accumulation in acidic food vacuole where Plms exist by proton-
ation trapping.7f,11

The drug-resistance mechanism of P. falciparum is believed to
cause from mutation or amplification of the genes coding for pro-
teins involved in drug transport such as multidrug transporter 1
(PfMDR1), chloroquine resistance transporter (PfCRT) and Pgh1, a
homologue of mammalian P-glycoprotein.12 Simply, we thought
that in the case of TM91C235, these transport proteins could recog-
nize 2-aminoethylamino analogues and trigger the inhibitor efflux
from acidic food vacuole to result the reduction of antimalarial
activities. In other word, the problem of 2-aminoethylamino ana-
logues would be responsible for their similar structural feature
with chloroquine, that is, the substituted alkanediamine group
(Fig. 1). It was noteworthy that modification of alkanediamine
moiety in chloroquine is a promising strategy to improve RI value
and efficacy against chloroquine-resistant parasite.13

On the purpose for enhancement of antimalarial activity against
TM91C235 strain and identification of compounds avoiding

Figure 2. Antimalarial activities of 2-aminoethylamino analogues against D6 and
TM91C235.

Scheme 1. Reagents and conditions: (a) RCHO, NaBH3CN, 4N-HCl/MeCN, MeOH, rt, over night (for 14a) or RCHO, NaBH3CN, AcOH, MeOH, rt, 1 h (for 14b–f); (b) Boc-NH-
(CH2)n–COOH or 18, BOP, Et3N, DMF, rt, over night (for 15a–c, 15f) or Boc–NH–(CH2)n–COOH, IBCF, NMM, DMF, �15 �C to rt, over night (for 15d, 15e); (c) 4N-HCl/dioxane,
anisole, rt, 1 h.

Scheme 2. Reagents and conditions: (a) tert-butyl bromoacetate, K2CO3, DMF, rt,
over night; (b) 4 N-HCl/dioxane, rt, over night.
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