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INTRODUCTION

Malaria remains a major cause of morbidity and deaths.
It is responsible for 350-500 millions of clinical disease
episodes, of which 1.5-2.7 millions of persons die annually1.
The transmission of the disease occurs in 109 tropical and
sub-tropical countries, principally in those located in the sub-
Saharan area of the African continent2. However 0-4 aged
infants1b,3 and pregnant women4 are the most vulnerable.

Unfortunately, the malaria epidemiological situation is
increasingly worrying by the existence of a multidrug-resis-
tance of Plamodium falciparum5,6, the most deadly parasite. And
this is reinforced by the cross resistance among drugs belon-
ging to the same chemical family7. That is why, since April
2001, the systematic use of ACTs is required by the WHO for
the battle against malaria8.

But, despite their key role in the fight against drug-resistant
malaria, the ACTs are now showing disturbing signs of reduced
effectiveness, principally in the nearest two areas of the Thai-
Cambodian border9. Even in the malarious regions where they
still remain useful, their prices are out of reach of the most
disadvantaged populations, without an adequate public health
policy of subsidizing the medicines10.

Furthermore, MalaroneTM, an alternative therapeutic
combination composed of atovaquone (Scheme-I) and
proguanil, but principally used in France for the treatment of
the non-complicated form of the P. falciparum malaria11 and
for the chemoprophylaxis of the travelers12 has already faced
the chemo-resistance of the malaria parasite13.
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In absence of an operational vaccine to prevent malaria
and while waiting to know the accurate potency of drugs
currently in development on the battle against disease14, there
is a continuing need for the synthesis of new and safe anti-
malarials active against multi-drug resistant P. falciparum
strains with different mode of action. Hence, the interest that
we have focused on preparing polypropyleneimine dendrimers-
based naphthoquinone as potential antimalarial drugs.

EXPERIMENTAL

A typical experimental procedure for the synthesis of the
compound 1 is representative and was as follow: In a 150 mL
Erlenmeyer protected of the light by a sheet of aluminum, a
solution of PPI-G1 (polypropyleneimine-generation 1)
dendrimer or Dendr-(NH2)4 (204.250 mg; 0.645 mmol; 1 eq.)
in 10 mL of absolute ethanol was added in a suspension of
lawsone (2-hydroxy-p-naphthoquinone) (449.42 mg; 2.581
mmol; 4.00 eq.) in 20 mL of ethanol under vigorous magnetic
stirring at room temperature. The progressive vanishing of the
suspension was observed along with the formation of a red
solution of the tetra(ammonium lawsonate) salt. To ensure that
the formation of the tetra(ammonium lawsonate) salt is total,
the reaction mixture was left to stir for further 15 min. The
acetaldehyde (0.152 mL; 2.681 mmol; 4.16 eq) was then added
with a syringe. Therefore, the resulting reaction mixture was
stirred overnight (12 h) at room temperature in the dark. Hence,
the obtained precipitate was twisted and then washed with
ethanol until the washings become colourless (590 mg; 82 %).



Spectral data for the compound 1 (C64H72N6O12): red solid;
m.w.: 1116.4594 g/mol; yield: 82 %. IR (KBr, νmax, cm-1): 3426
ν(O-H); 3066 ν(C-H); 2954 ν(C-H); 2818 (C-H); 1680
ν(C=O); 1590 ν(C=C); 1536 δ(N-H); 1278 ν(C-O). 1H NMR
(DMSO-d6, 400 MHz): δ (ppm) 16.80 (br. s, OH); 8.95 (s,
NH); 7.90 (d, 3JHH = 6.8 Hz, H11, 4H); 7.83 (d, 3JHH = 6.4 Hz,
H14, 4H); 7.68 (t, 3JHH = 7.6 Hz, H12, 4H); 7.56 (t, 3JHH = 7.2
Hz, H13, 4H); 4.56 (q, 3JHH = 4.4 Hz, H6, 4H); 2.81 (s, H5, 8H);
2.40-1.95 (unresolv. d [2.23 ppm (H3, 8H) + 2.14 ppm (H2,
4H)], 12H); 1.61 (s, H4, 8H); 1.43 (d, J = 4,4 Hz, CH3, 12H);
1.22 (s, H1, 4H). 13C{1H} NMR (DMSO-d6, 75.5 MHz): δ
(ppm) 184.7 (s, C=O); 178.9 (s, C=O); 170.2 (s, C-OH); 134.6
(d, CIV-Napht); 133.7 (CH-Napht); 131.3 (CIV-Napht); 130.8
(CH-Napht); 125.3 (CH-Napht); 125.1 (CH-Napht); 111.6 (CIV,
C7); 52.5 (s, C2); 51.3 (s, C6); 50.7 (s, C3); 43.6 (d, C5); 23.6
(C1); 23.0 (C4); 17.42 (s, CH3). Mass (ESI/ CH3OH-CH3Cl-
95:5) m/z calculated (found (error)) [M-4H+3Na]-

(C64H68N6O12Na3) 1181.45938 (1181.4594 (0 ppm)) (the
numbering of the atoms is based on Scheme-II).

Spectral data for the compound 2 (C84H80N6O12): red solid;
m.w.: 1364.5758 g/mol; yield: 76 %. IR (KBr, νmax, cm-1): 3424
ν(O-H); ν(C-H); 2950 ν(C-H); ν(C-H); 1679 ν(C=O); 1591
ν(C=C); 1522 δ(N-H); 1276 ν(C-O). 1H NMR (DMSO-d6, 400
MHz): δ (ppm) 16.50 (s, OH); 9.60 (s, NH); 7.88 (d, 3JHH = 8
Hz, H11, 4H); 7,81 (d, 3JHH = 7.6 Hz, H14, 4H); 7.66 (t, 3JHH =
7,2 Hz, H12, 4H); 7.50-7.60 (m, H13 + H-Ph, 12H); 7.21-7.33
(m, H-Ph, 12H); 5.55 (s, H6, 4H); 2.91 (s, H5, 8H) ; 2.40-2.00
(unresolv. d [2.28 ppm (H3, 8H) + 2.11 ppm (H2, 4H)], 12H);
1.69 (s, H4, 8H); 1.22 (s, H1, 4H). 13C NMR (DMSO-d6, 400
MHz): δ (ppm) 184.5 (s, C=O); 178,9 (s, C=O); 170.0 (s, C-
OH); 138.4 (CIV-Ph); 134.3 (d, CIV-Napht); 133.6 (CH-Napht);
131.3 (CIV-Napht); 130.9 (CH-Napht); 128.2 (CH-Ph); 127.7
(CH-Ph); 127.6 (CH-Ph); 125.3 (CH-Napht); 125.0 (CH-
Napht); 111.2 (CIV, C7); 58.7 (s, C6); 52,2 (s, C2); 50.5 (s, C3);
44.7 (d, C5); 23,5 (s, C1); 22.4 (s, C4). Mass (ESI/CH3OH-
CH3Cl-95:5). m/z caculated [found (error)] [M-H]– (C84H79N6O12)
1363.57615 [1363.5758 (0 ppm)]; [M-2H+Na]- (C84H78N6O12Na)
1385.55809 [1385.5564 (1 ppm)]; [M-3H+2Na]- (C84H77N6O12Na2)
1407.54004 [1407.5389 (1 ppm)]); [M-4H+3Na]- (C84H76N6O12Na3)
1429.52198 [1429.5200 (1 ppm)].

RESULTS AND DISCUSSION

Since a decade or more, the synthesis of dendrimers is an
active area of research. Because of their biocompatibility and
safety15, dendrimers are attractive materials for pharmaco-
chemists. They have a large spectrum of applications in both
medical and biomedical sciences in areas such as: medical
diagnostic16, cancer therapy17, gene transfection18, medical
imagine as contrast agents19, treatment and prevention of viral,
like HIV and HSV-220 and bacterial infections21, etc. But to
our best of knowledge, the only experiments carried out on
dendrimers as potential antimalarial materials are those under-
taken by Bhadra et al. about the encapsulation of chlorquine
diphosphate22, primaquine23 and artemisinine24.

On the other hand, it is generally known that the naphtho-
quinone and quinone derivatives in general exhibit antimalarial
in vitro activities25. Additionally, the ubquinone50 (Scheme-I),
a co-enzyme hydrogen transporter, is known to be the major
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Scheme-I: Molecular structures of atovaquone and ubiquinone50

supply of quinones for the malaria parasite26. That is why, on
the basis of the principle of majority, we hypothesized that
the presence of four lawsone systems (Scheme-II) on the
periphery of PPI-G1 dendrimer, Dendr-(NH2)4

27 could modu-
late the antimalarial activity of naphthoquinone pharmacophore,
in comparison with equimolar amounts of atovaquone or
chloroquine.
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Scheme-II: Molecular structure of the synthesized compounds

Because the dendritic PPI-G1 reagent exhibits four amine
functions on its periphery, we based our synthetic strategy on
the Mannich reaction involving the dendrimer, lawsone and
aldehyde. The compounds were then prepared in reference to
a method developed by Baramee et al.28 and modified by Neves
et al.29 (Scheme-III).

The reaction took place in ethanol by introducing the
reagents in this order: lawsone, dendrimer and acetaldehyde
(1) or benzaldehyde (2) in the molar ratio 4:1:4. So, it is
noticeable red colouration attributed to the presence of
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tetra(ammoinum lawsonate) salt29 after adding the dendrimer
in the suspension of lawsone. A red precipitate occurs almost
instantly when the convenient aldehyde was added. The
compounds were then obtained in an air stable red solid form
with yields in the order of 80 %. And the expected structures
are well established by way of the conventional methods of
characterization.

However, a second experiment on the synthesis of
compound 1 was launched by reversing the additions of the
dendrimer and the acetaldehyde. Therefore, when the latter
was added in the ethanolic solution of lawsone, the resultant
reaction mixture has become yellow rather than red, along
with a temperature rise and a low precipitation of a yellow
solid. This vanished when the dendrimer was added, thus
allowing the colouration of the solution to move gradually to
red in less than 10 min. Therefore, compound 1 was also obtained
as a pure red solid with a yield of 75 % for a purification operation
identical to that mentioned above.

By comparing the two experiments of synthesis of 1, it is
noticeable that the oxonium lawsonate salt produced by the
protonation of the acetaldehyde was responsible for the primary
yellow colouration in the second experience. However, in the
first experience, the formation of the oxonium lawsonate salt
intervened after the transfer of a proton from each ammonium
group to a molecule of acetadehyde. Consequently, the reaction
mechanism could be explained briefly in a few words, i.e.
condensation of the amino with the acidified aldehyde to give
the imine followed by protonation and addition of the lawsonate
anion.

In conclusion, we characterized two PPI-G1 dendrimers
containing the 2-hdroxy-p-naphthoquinone (lawsone) in the
course of a one pot synthesis based on the Mannich reaction.
Investigations toward the functionalization of G2-G5 poly-
propyleneimine dendrimers by means of Mannich reaction and
the study of the biological activities of the whole compounds
are in progress and the results will be reported in due course.

In perspective of future works, we envisioned to extend
the chemistry to the corresponding PAMAM dendrimers.
Furthermore, some tris- and tetrakis-quinoline derivatives exhi-
biting in vitro antimalarial activities30, we imagined that the
replacement of the lawsone system by the 7-chloroquinoline
core should lead to interesting antimalarial tools.

In a similar manner, menadione31, thiazolidinone32 and
imidazole33 groups exhibiting each biological activities, we
anticipated that their bio-conjugation on the surface attachment
of the two sorts of dendrimers could lead to an increased efficacy
of desired compounds, which may or may not incorporate
ferrocene group.

But, the most urgent work in perspective is to isolate
and test the five generations of the polypropyleneimine-
poly(ammonium lawsonate) salts. In fact, like chloroquine and
quinine which are sold as phosphate, sulfate or hydrochloride
salts, we assumed that the presence of a great number of the
pharmacophore, in an attractive interaction with the ammonium
groups of the dendrimers, could lead to more efficient compounds
in comparison with equimolar amounts of atovaquone or
chloroquine.
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