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Abstract—Novel N-Mannich base-type derivatives of the antimalarial drug amodiaquine were synthesised by reaction with tertiary
N-chloromethylamides. With the exception of the derivative of ethyl hippurate, all the so-formed (1-amidomethyl-1H-quinolin-4-
ylidene)arylamines displayed high chemical and enzymatic stability. These compounds displayed antimalarial activity against the
multi-drug resistant Plasmodium falciparum strain Dd2 (ICso values 15-31nM) and demonstrated no significant loss in activity com-

pared to amodiaquine (ICsq 30nM).
© 2004 Elsevier Ltd. All rights reserved.

Amodiaquine, 1, is an effective antimalarial against both
chloroquine-sensitive and chloroquine-resistant strains
of Plasmodium falciparum.'-3> The prophylactic clinical
use of amodiaquine has been discontinued due to re-
ports of hepatotoxicity and agranulocytosis.*> These
toxic side-effects have been ascribed to a cytochrome
P4so-catalysed oxidation of the 4-hydroxyanilino moiety
to a quinone imine, 2 (Scheme 1).%® This metabolite re-
acts with proteins and peptides such as glutathione via
nucleophilic addition to C-5; its generation and binding
to cellular macromolecules could affect cellular function
directly or by immunological mechanisms that trigger
hypersensitivity reactions.® The amidomethyl group
has been suggested as a pro-drug protecting group for
phenolic drugs.” We therefore decided to explore the
reaction of amodiaquine with tertiary N-chloromethyl-
amides and herein report that this leads to the N-ami-
domethylation of the quinoline nitrogen atom, rather
than phenolic O- or amino N-alkylation. The resulting
(1-amidomethyl-1H-quinolin-4-ylidene)arylamines, 3 are
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Scheme 1.

kinetically rather stable (¢;, 3 to 11d at pH0.3 and 5
to >30d at pH7.4) (Table 1) and have useful antimalar-
ial activity.

Compounds 3 were synthesised, albeit in moderate
yields, by reacting the appropriate tertiary N-chloro-
methylamide with the sodium salt of amodiaquine, itself
prepared from amodiaquine and sodium hydroxide or,
alternatively, generated in situ with sodium hydride
(1molequiv) (Scheme 2).!° N-Chloromethylamides were
prepared as previously reported,!! by reacting the
appropriate secondary amide with paraformaldehyde
and chlorotrimethylsilane.
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Table 1. Reactivity at 37°C and antimalarial activity against the Dd2 P. falciparum strain of N-Mannich base derivatives of amodiaquine

Compound R! R? Yield (%) ti (h) ICs, £ SD* (nM)
pHO.3 pH7.4 80% Human plasma

3a Me Me 18 NDP ND ND ND

3b Me 4-MeOCgH, 47 102 469 Stable 1927

3¢ Me CgHs 31 207 559 Stable (75)°

3d Me 4-CIC¢Hy4 55 256 >700 Stable 31£1.6

3e Me 4-NO,C¢Hy 19 266 >700 Stable 1524

3f CH,CO,Et Ce¢Hs 53 81 129 19 25+£2.6

Chloroquine — — — — — — 270 £ 0.6

Amodiaquine — — — — — — 3024
#SD: standard deviation.
°ND: not determined.
¢ Percentage of inhibition of parasite growth at 1nM.
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Scheme 2.

The structural assignment of the N-amidomethylation
products, 3, is based on spectroscopic data, including
DEPT, COSY and HMQC techniques. A characteristic
"H NMR feature of compounds 3 is the resonance of the
NCH,N group, which appears as a singlet at 5.4—
6.0 ppm; these are within the range reported for N-Man-
nich bases derived from amides and sulfonamides.'?
Further confirmation of the structure of 3 comes from
the C2-H and C3-H resonances and corresponding vici-
nal coupling constant.'3 The C2-H resonance appears as
a doublet at ca. 7.0ppm (°J = 8.1 Hz), which represents
a dramatic upfield shift compared to the value of
8.5ppm for the C2-H in 1 (*J = 5.3Hz).!* The C3-H
resonance in 3 appears at ca. 6.1 ppm, also upfield from
the value of 6.6ppm in 1. Confirmation of the structure
of the aminomethylated products as 3 came from the X-
ray structure of 3d (Fig. 1),'> which shows inter alia an
intramolecular hydrogen bond between the phenolic OH
proton and the adjacent tertiary amino nitrogen atom.

Alkylation of aminoquinolines on the ring nitrogen is
known.'® However, we were surprised by such reaction
for the anion of amodiaquine. The estimated pK, values
in the nonaqueous solvent DMSO for the relevant func-
tional groups are: pyridyl N- ca. 5.1;'7 anilinium N- ca.
—0.2,'8 aniline N- ca. 20-21'" and phenolic O- ca. 20—

Figure 1. The Ortep plot of the X-ray crystal structure of 3d.

21.2° Thus, the pyridyl group is predicted to be more
nucleophilic than the aniline, but less reactive than either
the phenoxide or anilide anions. The pK, values of the
latter two groups make it is very difficult to predict,
which anion is formed, O- or N-. The chemoselectivity
of amodiaquine alkylation appears not to be thermody-
namically driven since the heats of formation for the phe-
nol O-, aniline N- and quinoline N-acetamidomethylated
derivatives were calculated by the PM3 method within
MOPAC to be —23.6, —31.9 and —24.3kcalmol ™!,
respectively (i.e., alkylation of the aniline functionality
produces the most stable product). We suspect the lack
of reaction at the phenol reflects either the steric hin-
drance exerted by the neighbouring diethylaminomethyl
group or the preservation of the intramolecular hydro-
gen bond involving the phenol in the products 3.

Using an HPLC method,?! we found that compounds
3b-e are very slowly converted to amodiaquine in
pH 7.4 buffer (Table 1). However, the reactivity of com-
pounds 3b-e increases significantly at pH0.3. Electron-
donating substituents in the benzamide moiety enhance
the rate of the acid-catalysed pathway (e.g.,
3b > 3¢ >3d ~ 3e). These results are consistent with
protonation of the 4-imino nitrogen atom followed by
alkyl C-N bond scission via an Sy1 mechanism, leading
to the formation of amodiaquine and the corresponding
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secondary amide (Scheme 3), which was also detected by
HPLC. Compounds 3b—e are very stable in human plas-
ma, with no significant degradation occurring during
48h of incubation. In contrast, the ethyl hippurate
derivative 3f is rapidly hydrolysed in human plasma to
yield amodiaquine. Possibly, the ethyl ester functionality
is rapidly hydrolysed and the corresponding hippurate
intermediate cyclises to expel amodiaquine.

Compounds 3 were assayed, using a microdilution as-
say,?? for their inhibitory activity against intraerythrocy-
tic forms of the Dd2 P. falciparum strain, a strain
resistant to several common antimalarial drugs such as
chloroquine but not to amodiaquine. All compounds
tested displayed useful activity against this multi-drug
resistant strain, with compounds 3b and 3e being signifi-
cantly more active than amodiaquine. The results suggest
that the physicochemical properties of the amide moiety
do not contribute significantly to the antimalarial activ-
ity. For example, the 4-MeO and the 4-NO, benzamide
derivatives (3b and 3e, respectively) are equipotent
despite significant differences in electronic and lipophilic
properties between the two substituents (o,me0 = —0.27,
meo = —0.02, 6,50, = 0.78, nno, = —0.28). Moreover, a
larger amino acid-based amide moiety, that is 3f, also
does not significantly affect the antimalarial activity.

In summary, amodiaquine reacts with tertiary N-chloro-
methylamides to form a novel antimalarial type of com-
pound, 3, that contains the 1H-quinolin-4-ylideneamine
core structure. Compounds 3 are stable N-Mannich
base-type derivatives and display excellent activity
against a multi-drug resistant P. falciparum strain.
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