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Dihydroartemisinin (DHA) was coupled to different aminoquinoline moieties forming hybrids 9–14,
which were then treated with oxalic acid to form oxalate salts (9a–14a). Compounds 9a, 10a, 12, 12a,
and 14a showed comparable potency in vitro to that of chloroquine (CQ) against the chloroquine sensi-
tive (CQS) strain, and were found to be more potent against the chloroquine resistant CQR strain. Hybrids
12 and its oxalate salt 12a were the most active against CQR strain, being 9- and 7-fold more active than
CQ, respectively (17.12 nM; 20.76 nM vs 157.9 nM). An optimum chain length was identified having 2 or
3 Cs with or without an extra methylene substituent.

� 2011 Elsevier Ltd. All rights reserved.
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Scheme 1. Synthesis of 2-(10b-dihydroartemisinoxy) ethylbromide (2).
An emerging strategy within medicinal chemistry and drug
discovery is the combination of two distinct pharmacophores into
a single molecule. Hybrid molecules offer a simpler and more effec-
tive way to deliver these agents, especially when differences like
elimination times occur.1 The underlying mechanism behind the
therapeutic effectiveness of hybrid molecules is that the artemisi-
nin derivative are active on the young erythrocytic stages of
Plasmodium falciparum and the chloroquine derivative is able to in-
hibit the polymerization of b-hematin.2 Walsh et al. showed that a
hybrid, artemisinin covalently linked to quinine via an ester link-
age, had superior activity to that of artemisinin alone, quinine
alone, or a 1:1 mixture of artemisinin and quinine. Given the labil-
ity of the ester linkage especially in vivo, it is expected that an
ether/amine bond will be more stable.3 The hybrid salt derived
from artesunate and mefloquine (MEFAS) also showed to be more
effective than the combination of the two antimalarial drugs and in
addition exhibited lower toxicity against HepG2 hepatoma cells.4

Dual molecules containing a trioxane moiety linked to an amino-
quinoline entity showed efficient antimalarial activity without
recrudescence.5 A trioxaquine series (1,2,4-trioxolanes linked to
quinoline) designed to incorporate the metabolically stable C-10
carbon linkage, showed that an increase in the linker length re-
duced the activity and that an additional protonation site within
the hybrid drug has little impact on antimalarial activity.6

Although the mechanism of action of artemisinin is still being
deciphered, Paitayatat et al.7 showed that a number of artemisinin
ll rights reserved.
derivatives strongly interact with ferroprotoporphyrin IX. It is
known that the artemisinin derivatives, artemether and arteether,
are rapidly converted to DHA (1).8

In this study, DHA (1) was coupled via an ether bond with an ami-
noquinoline entity, with the aim to prolong the half life of DHA by
linking it with an ether/amine bond which is expected to be more
stable than an ester bond, especially when going through the
GI-track whereas an ether and amide will not be targeted by the
esterase enzyme. It is also expected that these hybrids will be metab-
olized by the liver enzymes to release both DHA (1) and quinoline,
giving rise to duel action. Hereby these novel artemisinin-quinoline
hybrids synthesized (13–19) are anticipated to possess increased
activity and prolonged half life, to avoid drug–drug interaction,
and improve patient compliance.

The reaction of DHA (1) with bromoethanol in the presence of
boron trifluoride etherate yielded 2 (Scheme 1),9 which was
converted to 9–14 (Scheme 2)10 by treatment with various
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Scheme 2. Synthesis of DHA-quinoline hybrids (9–14).
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quinoline based primary/secondary amines ( 3–8). These amino-
quinolines (3–8) were obtained by the condensation of various dia-
mines with 4,7-dichloroquinoline (Scheme 3).11–13
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Scheme 3. Synthesis of amino functionalized quinoline intermediates (3–8).
Only a few of the pure free base DHA-quinoline hybrids were
solids, the rest were yellowish/brownish oils. These compounds
were treated with oxalic acid to obtain the oxalate salts (9a–12a,
and 14a), primarily for solubility and stability reasons.

DHA was supplied as a mixture of epimers, but with the for-
mation of 2-(10-dihydroartemisinoxy)ethylbromide (2) only the
b isomer was obtained, therefore all synthesized hybrids were
b isomers and were tested as such. This assignment was con-
firmed by X-ray analysis for compound 2.14 This configuration
was also indicated by the small coupling constant (J = 3–4 Hz)
between H-9 and H-10 in the 1H NMR spectra. The OR-group
at C-10 is cis to the CH3-group at C-9 and ring D is in a chair
conformation in contrast with that reported by Flippen-Anderson
et al.15 The two methylene protons on the carbon atom (C-10)
adjacent to the new ether oxygen atom are nonequivalent, due
to the proximity to several asymmetric carbon centers of the
artemisinin nucleus.9

In vitro antiplasmodial activity was determined against the
chloroquine sensitive D10 strain and chloroquine resistant Dd2
strain of P. falciparum using a well established method.16–18 In
vitro cytotoxicity was conducted against a mammalian cell-line,
Chinese Hamster Ovarian (CHO) using the 3-(4,5-dimethylthia-
zol-2-yl)-2,5-diphenyltetrazoliumbromide (MTT)-assay, using
emetine as the reference.16,18,19 Two reference antimalarial
drugs, viz. CQ and DHA, were tested alongside the hybrids and
their salts. The results showed that compounds 9a, 10a, 12,



Table 1
In vitro antiplasmodial activity and cytotoxicity of synthesized artemisinin hybrids

Compound D10: IC50 (nM) SD Dd2: IC50 (nM) SD RI CHO: IC50 (lM) SD SI

9 84.59 2.22 152.80 2.06 2 33.04 3.24 391
9a 21.49 0.13 25.70 1.09 1 1.64 0.08 77
10 117.76 16.27 183.49 5.68 2 37.34 14.09 317
10a 14.27 2.65 19.75 0.25 1 0.17 0.01 12
11 30.39 2.71 69.21 2.02 2 ND ND ND
11a 17.25 1.06 30.22 12.22 2 35.18 20.14 2039
12a 12.18 1.21 17.12 0.44 1 3.39 0.83 279
12a 14.94 0.05 20.76 3.61 1 2.75 0.12 184
13a 30.72 1.85 68.49 4.19 2 5.92 0.88 193
14a 201.38 19.92 275.99 70.52 1 ND ND ND
14a 28.99 2.70 29.24 3.26 1 2.32 0.10 80
CQ (n = 3) 21.54 6.73 157.90 52.70 7 ND ND ND
DHA (n = 4) 5.11 0.64 2.09 0.33 0.4 ND ND ND
Emetine (n = 3) ND ND ND ND ND 0.19 0.05 ND

a Tested as a suspension. n = Number of data sets averaged. Resistance index (RI) = IC50 Dd2/IC50 D10. Selectivity index (SI) = IC50 CHO/ IC50 D10. CHO = Chinese Hamster
Ovarian. SD = standard deviation. ND = not determined.
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12a, and 14a displayed the best antimalarial activity (Table 1).
These compounds showed comparable potency to CQ against
the CQS strain, D10, and were found more potent than CQ
(IC50 = 157.9 nM) against the CQR strain, Dd2, of P. falciparum,
with IC50 ranging from 17.2 to 38.9 nM. Compounds 12 and
12a displayed the best profile based on both antiplasmodial
activity and cytotoxicity. Compounds 11, 11a and 13 showed
good activity against the CQS strain, but were less active against
the CQR strain of P. falciparum—indicated by the resistance index
RI P 2. Compounds 12, 13, and 14 were tested as suspensions in
DMSO, due to insolubility in the medium.

Overall the oxalates had better antiplasmodial activity than
their free base hybrids, presumably due to their better aqueous sol-
ubility in the testing medium. Oxalic acid could also inherit anti-
malarial activity, but also add to the toxicity of a compound.
Slight cytotoxicity was observed with the oxalate salt of compound
10 and 10a with a selectivity index (SI) of 12, thus making it the
most cytotoxic compound in this series. All other compounds
showed good selectivity towards P. falciparum (SI P 20). The good
activity of some of these compounds against the CQR strain is in
agreement with the results from previous studies.5,20–22 All com-
pounds were less active than the antimalarial drug DHA irrespec-
tive of the P. falciparum strain making this a major drawback, but
also merits further very essential investigation especially on how
these hybrids will act in the body whereas the underlying motiva-
tion for a hybrid would come forth.

In conclusion, all of the compounds synthesized showed either
higher or comparable potency to that of CQ, with the exception of
hybrids 10 and 14 which were found with lower potency than CQ
against the CQR strain of P. falciparum. Hybrid 12 and its oxalate
salt (12a) possessed the highest antimalarial activity, even though
hybrid 12 was tested as a suspension. These two compounds,
respectively, showed 9- and 7-fold higher activity than CQ against
CQR. The optimum linker could be identified based on the in vitro
activity, as those hybrids inheriting a C-chain with 2/3 Cs and a
C-chain with 3 Cs with a Me-substituent which is present in com-
pound 9, 10 and 12. Therefore it could be deduced that no cyclic
linkers should be included, only chains with 2/3 carbon atoms with
or without Me-substituent.
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