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The synthesis, characterization, and antimalarial potency of an

amine-phenol complex of gallium(III), [{1,12-bis(2-hydroxy-3-

methoxy-5-(quinolin-3-yl)-benzyl)-1,5,8,12-tetraazadodecane}-

gallium(III)]+, [Ga-3-M-5-Quadd]+ (7) is described; a novel agent

that targets Plasmodium falciparum strains.

The emergence of resistance to chloroquine (CQ), an inexpensive,

effective and safe drug, poses difficulties in underdeveloped regions

of the world for treatment of malaria.1 Antimalarial treatments

exemplified by mefloquine,2–4 halofantrine,5 atovaquone-

proguanil,6 and artemether-lumefantrine7 retain their efficacy,

but have limitations including their high cost8 that negatively

impact their access and distribution in the regions with limited

economic resources.9 Therefore, alternative antimalarials would be

desired that are synthesized from inexpensive precursors via short

synthetic routes and capable of overcoming resistance pathways.

Previously, we have shown that hexadentate Schiff-base

phenols, and amine-phenol ligands containing an N4O2 donor

core in their scaffold are capable of generating cationic, moderately

hydrophobic, stable, and membrane permeant complexes with

iron(III) and gallium(III). The former is a biocompatible metal and

the latter represents an ideal surrogate marker for the former due

to similar six coordinate ionic radii and ligand exchange

kinetics.10,11 These compounds have been shown to possess

antimalarial properties.12,13 Selected compounds in this class

exemplified by the metalloantimalarial, [{1,12-bis(2-hydroxy-3-

methoxybenzyl)-1,5,8,12-tetraazadodecane}-gallium(III)]+; [Ga-3-

Madd]+ preferentially targeted CQ-resistant organisms and

demonstrated a mechanism of action similar to that of CQ by

inhibiting heme sequestration (hemozoin formation).14 These

cationic compounds have been postulated to inhibit hemozoin

formation via the formation of specific drug/heme propionate

salt.15 However, CQ and other related quinolines block heme

aggregation by participating in non-covalent pi-cation (aromatic

moiety-iron) interactions. These non-covalent binding forces play a

dominant role in molecular recognition for determining the

structures of macromolecules exemplified by proteins in promoting

drug–receptor interactions, enzyme-substrate binding, enzymatic

transformation and substrate transportation.16 Furthermore, these

non-covalent interactions are also known to act as a stabilizing

force between a given cation and the pi-face of the aromatic ring.17

Therefore, we reasoned that incorporation of quinoline moieties at

the 5-position into the aromatic ring of the organic scaffold would

enhance efficacy of [Ga-3-Madd]+ against CQ-sensitive (HB3)

lines, while retaining its activity against CQ-resistant (Dd2) lines.

Herein, we report the synthesis and characterization of a

gallium(III) complex of the amine-phenol ligand 7, and evaluate

its cyotoxic potency as a metalloantimalarial in CQ-sensitive

(HB3) and CQ-resistant (Dd2) lines.

For evaluation, 5-bromo-2-hydroxy-3-methoxy-benzaldehyde

was reduced with LAH in anhydrous THF to yield 1. The

resulting phenol (1) was protected with methoxymethyl (MOM)

ether by its treatment with an excess 1-chloro-1-methoxy-methane

in the presence of diisopropylethylamine18 to yield 2. Further, 2

was treated with n-butyllithium in THF at 278 uC to obtain the

organolithium derivative that in-turn was reacted with anhydrous

zinc chloride to yield the organozinc compound through

transmetallation reaction. Finally, the organozinc compound19–21

obtained in situ was coupled to 3-bromo-quinoline under an inert

atmosphere in the presence of Pd(PPh)4 (7%) to yield 3. Further, 3

was deprotected22 with 10% HCl in methanol to give 4 and

oxidized using ethylmagnesium bromide, p-formaldehyde and

HMPA in THF23 to give 5. The resultant aldehyde was condensed

with the linear tetramine, N,N9-bis(3-aminopropyl)ethylene dia-

mine in 2 : 1 molar ratio to generate a Schiff-base phenol ligand

that was reduced in situ with KBH4 to yield 6.

For a given drug to be beneficial as antimalarial, it should have

ability to permeate membrane bilayers, and previous data in this

class of compounds indicated that neither a metal salt itself nor an

organic ligand have displayed any preferential cytotoxicity due to

lack of membrane permeability.12 In addition, previous data

indicated that cationic and moderately hydrophobic compounds in

this class have ability to permeate membrane bilayers due to

delocalized positive charge. Towards this objective, a cationic

metallodrug was synthesized. The gallium(III) complex (7) was

obtained via transmetallation reaction involving gallium(III)

acetylacetonate using previously published procedures.9,14 The

coordination with a donor core of 6 resulted in the formation of a

pseudo-octahedral gallium(III) complex (7) wherein the central

metal was engaged by four nitrogens forming an equatorial plane

and two phenolate oxygens occupying axial positions. Like

previously published metal(III) complexes of amine-phenol

ligands14 or Schiff-base ligands,24,25 the presence of a single set

of resonance signals assigned to the aromatic protons in the 1H

NMR spectrum, along with 21 resonance signals in proton-

decoupled 13C NMR spectrum suggested the existence of a

symmetrical structure in solution. However, the complexity of

various multiplets in the aliphatic region of the 1H NMR spectrum

was attributed to the chirality of the coordinated amines indicating

rigidity in the structure of 7. Thus, a chiral gallium(III) complex (7)

was obtained from an achiral ligand (6).

{ Electronic supplementary information (ESI) available: experimental
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We evaluated the ability of 7 to inhibit the growth of

trophozoites in intraerythrocyte culture by assessing 3H-hypox-

anthine incorporation.26 Hypoxanthine incorporation is a

measure of parasite growth and its inhibition correlates well with

direct blood smear counts but provides a more reliable

quantification. Compared with a half-maximal inhibitory concen-

tration (IC50) value .20 mM in the CQ-sensitive HB3 clone with

[Ga-3-Madd]+,14 the incorporation of quinoline into the metal-

loantimalarial 7 improved the IC50 value to 0.6 mM (Fig. 1)

thereby indicating a substantial (.33 fold) enhancement of

its efficacy. In addition, potency of 7 was insignificantly altered

in the CQ-resistant Dd2 clone [IC50: 1.4 mM (7) vs. IC50: 1.8 mM

({Ga-3-Madd}+)] Fig. 2. These results suggest that cytotoxic

targeting properties of this molecule lie in the spatial orientation

of substituents on the peripheral part of the molecule and that

rational drug design of metallotherapeutics may be feasible.

Furthermore, pfcrt, a gene on chromosome 7 encoding a

transmembrane protein PfCRT has been shown to confer

chloroquine resistance on parasites.10,27 The presence of the

quinoline substituents may alter the interaction of the 7 with

the crt transporter. Alternatively, the quinoline moiety itself

may be active on the chloroquine sensitive parasite clone.

Therefore, it will be interesting to evaluate whether different

parasite clones with altered susceptibility to quinolines are also

inhibited by the quinoline-metalloantimalarial 7.
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