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Abstract—Synthesis and evaluation of the activity of new N'-(7-chloro-4-quinolyl)-1,4-bis(3-aminopropyl)piperazine derivatives
against a chloroquine-resistant strain of Plasmodium falciparum are described. Selectivity indices were improved for two compounds
versus the lead 1, the bis-cyclopropylmethyl derivative, thus increasing the therapeutic interest of our family. As our previous studies
conducted on the mode of action of our compounds made us hypothesize the existence of original mechanisms and/or original tar-
gets, terminal amino derivatives can be considered as promising tools further mechanistical studies, as probes for affinity

chromatography.
© 2004 Elsevier Ltd. All rights reserved.

1. Introduction

Chloroquine (CQ) (Fig. 1) has been one of the two most
widely used antimalarial drugs. The success of CQ was
mainly due to its outstanding clinical efficacy, and the
slow speed at which resistance developed to this drug.
But the final arrival of resistance and the alarming
spread of CQ-resistant Plasmodium falciparum on a glo-
bal scale created an urgent need for the development of
novel antimalarial drugs.!

Figure 1. Chloroquine and compound 1.
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Interest in 4-aminoquinolines is still prevailing?* and
several reports>® have shown that simple modifications
on the side chain of CQ lead to analogues significantly
more potent than CQ against CQ-resistant strains.
These results highlighted the possibility to identify use-
ful CQ analogues based on the same molecular mecha-
nism of action: accumulation by weak-base effect in
the acidic digestive vacuole (DV) of the parasite and
inhibition of hemozoin formation,”-® and circumventing
the resistance mechanism.’
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Figure 2. Compounds from Series 1 and 2.

Works in our laboratory focus on new N'-(7-chloro-4-
quinolyl)-1,4-bis(3-aminopropyl)piperazine derivatives.
A library of sulfonamide derivatives'® provided com-
pounds up to 100-fold more potent than CQ on the
CQ-resistant strain FcB1. More recently we have re-
ported a study concerning three series of N'-(7-chloro-
4-quinolyl)-1,4-bis(3-aminopropyl)piperazine  amides,
secondary amines and tertiary amines. Among them,
eleven compounds displayed a higher selectivity index
(ratio CCs5¢/ICsq activity) than chloroquine (CQ) upon
MRC-5 cells, and one of them, compound 1 (Fig. 1),
cured mice infected by Plasmodium berghei. Despite its
curative properties, compound 1 displayed toxicity on
treated mice above 20mg/kg,'?> which hindered its fur-
ther evaluation as a drug candidate.

Mechanistical studies conducted on our compounds
suggested a CQ-like mode of action but also the involve-
ment of additional mechanisms.!! Fluorescence stud-
ies'® also suggest the existence of additional targets
outside the digestive vacuole, possibly involving an origi-
nal mechanism of action.

Considering good pharmacological results obtained in
this family, and taking into account some previously
established structure—activity relationship, we decided
to further enlarge chemical d1vers1ty in order to get more
SAR information in our N'-(7-chloro-4- qumolyl) 1,4-
bis(3-aminopropyl)piperazine family and in the hope
to improve activity/cytotoxicity ratio (using MRC-5
model). Firstly, considering compound 1 as a lead, we
decided to introduce chemical diversity at the place of
one of the two methylenecyclopropyl moieties (Series
1, Fig. 2). In addition, for the design of our compounds,
we kept in mind their possible fixation on solid support
for a ulterior use as pharmacological tools in affinity
chromatography biological studies. Secondly, taking

Series 1

Series 2

/&\ /\/\N N/\/\N/w
k(CHZ)1

10 n=3; X=CN
11 n=2; X=NHBoc
12 n=2; X=NH,

13 n=4
14 n=5
15 n=6

into account high antimalarial activities obtained for
tertiary amines, in our previous series (among whom
compound 1) we decided to replace both methylenecy-
clopropyl moieties by more constraint entities (Series
2, Fig. 2).

2. Chemistry

Compound 3 obtained by a procedure described previo-
usly,!! was used as a precursor for synthesis of com-
pounds 4-12 (Scheme 1). Amides 4 and 8 were
prepared by reaction of amine 3 with respectively cyclo-
propyl carboxylic acid and Boc-B-Ala, using HBTU
and HOBT as coupling agents and DIEA as a base.
Amides 5 and 6 were obtained respectively by reaction
with y-butyrolactone and succinic anhydride. Synthesis
of tertiary amine 11 was achieved by reductive amina-
tion from aldehyde 15 and amine 3 using sodium acet-
oxyborohydride. Compound 15 was previously
synthesized by Boc-protection of commercially avail-
able 3-amino-propan-1-ol, followed by oxidation of
alcohol to aldehyde with pyridinium chlorochromate.
Primary amines 9 and 12 were obtained by deprotec-
tion of compounds 8 and 11. The succinamide 7 was
prepared from acid 6, di-tert-butyl dicarbonate and
ammonium carbonate.

Synthesis of cyclic amines 13-15 was achieved by
nucleophilic substitution of primary amine 2, previously
synthesized, with respectively dibromobutane, dibromo-
pentane and dibromohexane (Scheme 2).!'3

The compounds were characterized by MALDI-TOF
and NMR and the data were consistent with the struc-
ture.'* The purity of final compounds was assumed by
high-pressure liquid chromatography (HPLC).!3
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Scheme 1. Synthesis of compounds 4-12 (Series 1). Reagents and conditions: (a) appropriate carboxylic acid, DIEA, HBTU, HOBT, CH,Cl,, rt, 4h,
50-85%; (b) y-butyrolactone, dry CH3CN, 80°C, 48h, 53%; (c) succinic anhydride, dry CH;CN, 80°C, 4h, 62%; (d) 5-chlorovaleronitrile, N-
ethylpiperidine, CH;CN, 40°C, 6h, 42%; (e) compound 17, NaHB(OAc);, CH,Cl,, rt, 4h then NaOH, 90%; (f) Boc,0O, TEA, distilled THF, 0°C, 1 h
then (NHy4),COs, rt, 16 h, 50%; (g) TFA/CH,Cl,: 1/1, rt, 2h, 74-75%; (h) Boc,O, dioxane/0.5N NaOH: 1/1, 16 h, 80%; (i) pyridinium chlorochromate,
dry CH,Cl,, rt, 4h, 90%.
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Scheme 2. Synthesis of compounds 13-15 (Series 2). Reagents and conditions: (a) appropriated dibromoalcane, DMF, K,COs, rt, 48h, 33-56%

3. Biological evaluation

The antimalarial activities of the two series of com-
pounds were determined by their inhibition of parasite
growth using the CQ-resistant strain FcBI
(ICs50(CQ) = 126nM).'617 Results are given in Table 1.

In parallel, all compounds were tested for cytotoxicity
upon a human diploid embryonic lung cell line (MRC-
5 cells) using the colorimetric MTT assay.'®

4. Results and discussion

In Series 1 the introduction of a variety of fragments by
means of amide and tertiary amine links provided com-
pounds with a broad range of antimalarial activities.

The highest antimalarial activities were obtained for
compounds 4, 10 and 11 which exhibited low ICsq values
between 6.5 and 12.6nM, up to 20-fold lower than CQ.

Replacement of the methylenecyclopropyl moiety in
compound 1 by propylene—carbamic acid zert-butyl ester
(compound 11) or butylcyanide (compound 10) pro-
vided compounds with activities 6-fold better than CQ

and similar to that of compounds 1 and 3, suggesting
that rather bulky and hydrophobic substituents can be
introduced in this position without losing activity.

Boc-protection of the terminal primary amine in com-
pounds 8 and 11 enhance considerably the antimalarial
activity when compared to their free amine counter-
parts, compounds 9 and 12.

Introduction of R substituent by means of an amine link
instead of amide led to more effective inhibition in the
case of derivatives containing a terminal primary amine,
free or protected by a Boc group. Indeed, activities of
the amine compounds 11 and 12 were found to be more
than 2-fold superior to those of their respective counter-
parts amides 8 and 9.

The average cytotoxicities of our compounds in Series 1
upon MRC-5 cells extended from 4uM to more than
32 uM. This range provided two selectivity indices (com-
pounds 4 and 10) superior to that of CQ, the selectivity
of compound 4 being 5-fold superior to that of reference
compound 1.

In Series 2, introduction of cyclic tertiary amines pro-
vided compounds between 6- and 11-fold more potent
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Table 1.
N |
N/\/\N/ \N/\/\N/R
H _/
Cl
No. R ICs of parasite growth (nM)* CCso (LM)° Selectivity index
(CCs0/ICs0)

CQ 126 (£26) 50 397
Series 1
1° ~CH; 8.8 (£1.7) 4.0 454
3¢ ~H 10.2 (£7.6) 7.6 745
4 NCO<] 6.5 (£2.3) 13.5 2076
5 ~CO—(CH,);—0OH 172 (£9.2) 21 122
6 ~CO—(CH,);—COOH 1380 (£50) >32 >23
7 ~CO—(CH,);7—CONH, <1000 >32 Nd‘
8 ~~CO—(CH,);—NHBoc 34.2 (+£3.8) 4 116
9 ~~CO—(CH,);—NH, 398 (£56) >32 >80
10 ~(CH,);—CN 9.9 (£0.2) 4 404
11 ~(CH,);—NHBoc 12.6 (£4.4) 4 317
12 ~(CH,);—NH, 152 (£8) >32 >210
Series 2
13 ~ Q 19.6 (£1.0) 20 1020
14 o~ > 11.6 (£2.4) 5.1 439
15 NNQ 13.4 (£4.3) 5.0 373

#1Cs, values were obtained from triplicate experiments performed on the FcB1 strain. Standard error is given in brackets.

®MRC-5 cells (human diploid embryonic lung cell line).
“See Ref. 11.
4Nd: not determined.

than CQ. Shortening the heterocycle induced a slight de-
crease in activities but concomitantly lower cytotoxici-
ties (compound 13 vs compounds 14, 15), leading for
compound 13 to the best selectivity index in this series
(2-fold better than compound 1).

Comparison of compound 13 with our previous results
concerning its diethylamine counterpart'' showed that
rigidification in this region of the molecule yielded a
slight loss in activity but also a 200-fold decrease in cyto-
toxicity, which finally provided for compound 13 a 22-
fold increase in the selectivity index.

Further in vivo studies are going to be conducted on
compounds 4 and 13 displaying selectivity indices supe-
rior to that of reference compound 1.

Our previous study'' conducted on 69 derivatives dis-
playing a common N'-(7-chloro-4-quinolyl)-1,4-bis(3-

aminopropyl)piperazine moiety showed that a selection
of 19 representative compounds displayed high in vitro
inhibition of B-hematin (equivalent of hemozoin) forma-
tion. Replacement of the quinoline moiety in one of
these compounds by a series of heterocycles!® led to a
loss of the ability to inhibit B-hematin formation (with
the exception of benzimidazole). Inhibition of f-hematin
formation by our compounds appeared thus to be essen-
tially due to the presence of the 7-chloro-4-aminoquino-
line nucleus, consistent with studies conducted inside the
DV on CQ and derivatives®®?!' that have demonstrated
that the 7-chloro-4-amino-quinoline nucleus is responsi-
ble for hematin binding, inhibition of hemozoin forma-
tion and antimalarial activity, and that the side chain
contributes only minimally to hematin binding. In order
to assess the role of accumulation in the antimalarial
activity we calculated the free intravacuolar accumula-
tion ratio (VAR),?? corresponding to equilibrium
in the distribution of free compound. Even if our
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compounds display generally good inhibition of hematin
formation and high intravacuolar accumulation by
weak-base character, no direct correlation could be
established between these parameters and antimalarial
activity. Exceptions such as aromatic carboxamide
derivatives made us suppose the existence of additional
mechanisms. Fluorescence studies conducted on sulfon-
amide derivatives!® made us assume that some of our
compounds could have additional targets outside the
digestive vacuole, possibly involving an original mecha-
nism of action. The next step will consist in the search of
these putative biological targets by the affinity chroma-
tography technique, using a derivative of compound 1.
Compounds 9 or 12 can be considered as good candi-
dates for this technique, as their respective amino termi-
nal function enable fixation on solid support while
preserving significant antimalarial activities (respective
ICs 398nM and 152nM).

5. Conclusion

This work provided us with additional structure—activity
and structure-cytotoxicity information in the N'-
(7-chloro-4-quinolyl)-1,4-bis(3-aminopropyl)piperazine
family. Indeed, this study proved that a number of subs-
titutions lead to compounds with high activities and
reduced cytotoxicities.

Synthesis and evaluation of the compounds in Series 1
showed that lipophilic substituents could be introduced
in the place of one of the cyclopropyl methylene moieties
in compound 1 while maintaining a high antimalarial
activity. Introduction of cyclic tertiary amines on the
N'-(7-chloro-4-quinolyl)-1,4-bis(3-aminopropyl)piper-
azine template provided three additional compounds
with high antimalarial activities, among which one dis-
played improved selectivity index compared with refer-
ence compound 1.

Further investigation is required in order to enlarge
diversity on the second methylenecyclopropyl
member in compound 1. Parallel synthesis of two
libraries of amides and tertiary amines compounds
are being undertaken using compound 3 as a common
precursor. Taking into account our first structure—
activity relationship, these libraries will include on
the terminal region of the molecule derivatives of
primary amines and alcohols (i.e., etheroxides, esters,
secondary and tertiary amines and amides, carbamic
acid esters) and derivatives of carboxylic and hydroxa-
mic acids.
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