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Abstract—The synthesis of novel bisquinoline compounds comprising 4-(4-diethylamino-1-methylbutyl)aminoquinoline units
joined through the 2-position by a (CH2)n linker is described. Their ability to inhibit the growth of both chloroquine-sensitive (D10)
and chloroquine-resistant (K1) strains of Plasmodium falciparum, the hydrogen peroxide-mediated pathway for decomposition of
haem, and the conversion of haem to b-haematin have been measured. The activity was affected by the length of the linker and the
most active (6c, n=12) showed effects similar to chloroquine in three of the assays. However, it was even more active against the
resistant strain [IC50, 17 nM (K1); 43 nM (D10)], much superior to chloroquine (IC50, 540 nM) and slightly better than mefloquine
(IC50, 30 nM) in this regard. # 2001 Elsevier Science Ltd. All rights reserved.

Chloroquine (1) remains a main antimalarial drug but
the efficacy of it and other chemotherapeutic agents is
being steadily lessened by the spread of resistant para-
sites. Mefloquine (2) is a potent compound that has
been extensively used against chloroquine-resistant
malaria. But, as with chloroquine, resistance to meflo-
quine is increasing. Thus, the development of alternative
drugs is a continuing and urgent requirement. In this
regard there is current interest in ‘bisquinolines’ as novel
antimalarials. This class of compounds and their
potential role against chloroquine-resistant malaria has
been reviewed.1

Most members of the class to date comprise two 4-ami-
noquinoline units linked at the 4-position and therefore
can be regarded as related to chloroquine; compounds 3
(X=O, NH; n=2 and 3) are recent examples.2 While
excellent activities have been found, no compound of this
general class has been suitable for ultimate development.

In previous work, we modified this approach to retain
the side chain of existing antimalarials and used hydro-
carbon linkers joined through amide functions at dif-
ferent positions to construct chloroquine-like (4)3,4 and
cinchonidine-like (5)5 bisquinolines. The most active of
these (5a) appeared to have overcome the chloroquine
resistance mechanism (Table 1) but was toxic in animal
studies.

The malarial parasite produces haem by degradation of
haemoglobin6 and is thought to detoxify this by (a)
crystallisation of the haem to form haemozoin and (b)
destruction of haem by reaction with hydrogen peroxide
or glutathione.7�9 Chloroquine and a number of other
quinoline drugs have been shown to inhibit haemozoin
formation4,7,10 and the destruction of haem by reaction
with hydrogen peroxide.9

We have now developed new chemistry leading to bis-
quinolines 6a–c, which retain the chloroquine side chain
but with linkage at the 2-position through a hydro-
carbon linker, in order to further study the effects of
structure on antimalarial activity and haem detoxifica-
tion within this general class of antimalarials.

The quinoline derivative 711 was coupled through the
active a-methylene group under basic conditions with a
series of a,o-dibromoalkanes to give the bis derivatives
8 (Scheme 1). Without isolation, 8 were subjected to
alkaline hydrolysis of the ester functions and
decarboxylation of the resultant acids in the same pot.12

The intermediates 9 were then converted to the target 6
in two further standard reactions.13,14 Compounds 6
were oils; samples were obtained by preparative TLC as
salts were too hygroscopic to be used in purification.

Antimalarial activities, as IC50 values for inhibition of
chloroquine sensitive (D10) and resistant (K1) parasite
strains, are given in Table 1.15 All three compounds 6a–
c displayed notably high activity against the resistant
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strain, while the activity against the sensitive (D10)
strain showed a steady increase with increase in length
of the linker. Compound 6c was superior to mefloquine
(2) in these assays. These bisquinolines may be able to
circumvent the resistance mechanism by gaining access

to the food vacuole by a different mechanism from that
used by chloroquine.16

We have examined the formation of b-haematin (the
synthetic equivalent of haemozoin) in the presence of
dispersions of the neutral lipid, MOG, which provides a
convenient system for monitoring the ability of the
novel bisquinolines to inhibit haem crystallisation.17

Chloroquine was an efficient inhibitor of b-haematin
formation. The concentration needed to inhibit the
reaction by 50% (IC50 value) was 75 mM (Table 1).
Mefloquine (2) has previously been reported to inhibit
b-haematin formation with an efficiency somewhat less
than that of chloroquine.4 Each of the bisquinolines
(6a–c) inhibited b-haematin formation with an efficiency
similar to that of chloroquine.

Chloroquine and mefloquine are also efficient inhibitors
of haem degradation by the alternative hydrogen per-
oxide-mediated pathway that may be employed by the
malaria parasite to detoxify haem molecules9,18 (Table
1). Compound 6c inhibited this peroxidative decom-
position with a similar efficiency to chloroquine, while
6a,b showed lower inhibitory activities.

There is a loose correlation between the activities of the
different bisquinolines as inhibitors of parasite growth

Table 1. IC50 values for inhibition of haem detoxification and growth

of P. falciparum in vitro

Compd IC50 (mM) IC50 (nM)

H2O2/FP
decomp.

b-Haematin
formation

Growth of
D10 strain

Growth of
K1 strain

1 37�6 75 40a 540a

2 30b 90c 30c

5a 50c 20c

6a 81�16 97�8 123�25 25�20
6b 80�17 94�9 154�4 16�12
6c 37�9 86�7 43�4 17�11

aData from ref 3.
bData from ref 9.
cData from ref 5.

Scheme 1. (i) EtO�/DMSO/Br(CH2)mBr; (ii) 1% NaOH/reflux; (iii) POCl3/115 �C/5 min; (iv) NH2CH(CH3)CH2CH2CH2NEt2/180 �C/24–48 h.
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in vitro and their activities as inhibitors of b-haematin
formation and haem degradation; the most active com-
pound 6c is also the most effective compound in each of
these haem detoxification assays. Thus, these assays
may be useful for initial high-throughput screening of
novel compounds.

The data suggest that the bisquinolines exert their anti-
malarial activity in a manner similar to that of chloro-
quine, while the interesting antimalarial activity of 6c,
especially against the chloroquine-resistant strain of para-
site, warrants further investigation of this compound.
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