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The importance of American trypanosomiasis (Chagas’ disease) in
human pathology is widely known. The prognosis of this disease is
poor and the choice of effective medicines limited, thus study of
new drugs is absolutely necessary. In this work, the activities of
three new pyrazolylnaphthoquinones, heterocyclic naphthoqui-
nones bearing 3-aminopyrazole rings, were evaluated on Trypa-
nosoma cruzi, the etiological agent of Chagas’ disease. These
activities were compared with those of three 5-aminoisoxazole
analogues. In addition, since these compounds belong to a family
of antiprotozoal and cytotoxic/antitumor agents, the activities of
all six against Plasmodium falciparum, Trypanosoma brucei
rhodesiense, and murine (-6 cells were also investigated. In the
biological tests, five of the compounds showed significant in vitro

Introduction

American trypanosomiasis (Chagas’ disease) is caused by the
hemoflagellate Trypanosoma cruzi and transmitted by reduviid
bugs. It is the most lethal parasitic disease in the tropics and
subtropics of North and South America and causes over one
million cases of infection annually and more than 50000 deaths
per year. Currently, there are between 16 - 18 million chronically
infected carriers of Chagas’ disease, and more than 100 million
people at risk.["

Despite its epidemiological importance, the chemotherapy of
Chagas’ disease is still an unsolved problem. In fact, there is
neither a vaccine nor a recommended drug available to prevent
the disease."" Moreover, once the infection has progressed to its
later stages, no medication has proven to be effective. The drugs
currently available, benznidazole and nifurtimox, although very
helpful when given during the acute stage of infection, are
ineffective in the chronic period and produce adverse side
effects because of their toxicity.” More research to discover and
develop new drugs to cure the chronic stage of the infection is
therefore needed.

The broad spectrum of biological activities of quinones, either
natural or synthetic, has been extensively studied, and ranges
from antimicrobial® to antineoplastic properties."”

Our group’s interest in quinone chemistry prompted us to
give special attention to the synthesis™ and biological properties
of isoxazolylnaphthoquinones.'? We found that several members
of the series were active against Trypanosoma cruzi, although at
higher concentrations than needed for other quinones.®!
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trypanocidal activities against T. cruzi, with activities similar to that
of benznidazole. Two of the 5-aminoisoxazole analogues also
showed good activities, in one case highly selective, against the K1
and NF54 strains of P. falciparum (ICs, < 0.12 ugmL~'"). Three of the
compounds were cytotoxic to murine -6 cells (IC;,=0.21-
0.50 ugmL~"). The results suggested that the three pyrazolylnaph-
thoquinones and one of the 5-aminoisoxazole analogues could be
starting points for lead optimization programs against T. cruzi and
P. falciparum, respectively.
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In order to identify derivatives with the best activities, the
influence of a different heterocyclic substituent on the activity of
isoxazolylnaphthoquinones against T.cruzi was investigated.
Here, the activities of three new heterocyclic naphthoquinones
derived from 3(5)-aminopyrazole (1)—the pyrazolylnaphthoqui-
nones 3-5 (Scheme 1)—were therefore evaluated in vitro
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Scheme 1. Reagents and conditions for the synthesis of pyrazolylnaphthoqui-
nones 3-5.
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against T cruzi and compared with those of three 5-amino-
isoxazole analogues (6 - 8). In addition, since 3 -8 belong to the
quinone family, their antiprotozoal and cytotoxic activities
against Plasmodium falciparum, Trypanosoma brucei rhodesiense,

and murine -6 cells were also tested.
‘#’H ‘#
M M
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Results
Chemistry

Preliminary experiments investigating the reaction between 1
and sodium-1,2-napthoquinone-4-sulfonate (2) showed that the
reaction pathway was governed by the medium.

Basic, neutral, and mildly acidic conditions

The synthesis of 3 (Scheme 1) proceeded readily in buffer
phosphate (pH 10.4), in distilled water (pH 7.0), and in citrate -
phosphate buffer (pH 4.0 and 2.0). The reaction was monitored
by TLC (in different adsorbent and solvent systems) and paper
electrophoresis, which showed that 3 was a chromatographically
and electrophoretically homogeneous product.

Acidic conditions

When the reaction between 1 and 2 was carried out in aqueous

HCI (0.5n) at room temperature, a mixture of 3 (20%), 4 (5%),

and 5 (40 %) was obtained (Scheme 1). Compounds 4 and 5 were

also found to be chromatographically and electrophoretically
homogeneous products.

The structures of 3-5 were verified by analytical and
spectroscopic data obtained by MS, FTIR spectroscopy, and 'H,
3C, and 2D NMR spectroscopy. The following trends in the
"H NMR spectra (DMSO-d,) of 3 -5 were observed:

1) The chemical shift of the NH-pyrazole proton was large (0 =
12.5, exchangeable by D,0), which is consistent with
literature data.”

2) The pyrazole protons appeared as doublets, with the H-5'
proton resonance at lower field than its H-4' counterpart, as
observed in other pyrazole derivatives.

3) Spectra obtained at different concentrations (0.04m and
0.16m) did not show duplicated signals, fractional integra-
tions, or concentration effects, which suggests that no
tautomeric mixtures or self-association were present in
DMSO.
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Biological and cytotoxic activities

The results of the biological evaluation of 3-5 against T. cruzi,
T. b. rhodesiense, and P. falciparum are presented in Table 1, which
also contains data for the isoxazolylnaphthoquinones 6 -8 for
comparison.

Table 1. In vitro antiprotozoal and cytotoxic activities of 3-8 against T. cruzi,
T. b. rhodesiense, P.falciparum, and murine 1-6 cells.l’!

Compound T.cruzi T.b.rhodesiense P. falciparum Cytotoxicity
K1 NF54 L-6 cells

Standard 0.56® 0.0061 0.067' 0.003 -
0.0015% 0.0028

3 087 1.2 2.31 2.95 1.35

4 069 04 1 1.46 0.21

5 043 04 0.84 1.36 0.21

6 456 3.64 8.78 >10 4.5

7 0.65 047 0.1 0.16 0.5

8 1285 0.92 0.12 0.19 51

[a] The figures reported are ICs, values in ugmL~". IC5, =the concentration
required to give 50% inhibition. Standards: [b] benznidazole, [c] melarso-
prol, [d] chloroquine, [e] artemisinin.

Compounds 3-5 exhibited good inhibitory activity against
T. cruzi, with 1Cs, values in a range comparable to that of
benznidazole (ICs,: 0.56 ug mL™"). It is noteworthy that 3-5 are
more active than 6 (ICsy: 4.56 pgmL~'), the prototype of this
group of drugs, which was previously® found to be active
against T. cruzi in vitro and in vivo without inducing toxic effects
on Balb/c mice even at doses of 1300 mgkg~". It is also
remarkable that 4 and 7, which are 1,2-quinones, were more
potent than the quinone imines 3 and 6, which suggests that
different mechanisms of action may be involved.”’

Activity against T. b. rhodesiense was less pronounced and far
weaker than the activity of the standard drug melarsoprol.
However, 4, 5, and 7 were more active than the other derivatives
tested, with ICs, values < 0.5 ugmL~" (Table 1).

In terms of their antimalarial activity, 3-6 were found to be
inactive against the P. falciparum strains K1 (resistant to chlor-
oquine and pyrimethamine) and NF54 (sensitive to all known
drugs). Their ICs, values were in a range (0.84 to > 10 ugmL~")
outside the threshold set for activity (0.5 pgmL™"). In contrast, 7
and 8 showed good antimalarial activity, with 1Cs, values below
0.2 ug mL=". Compound 8 is of particular interest because it has a
highly selective activity against P. falciparum, shows no cytotox-
icity, and is also structurally distinct from existing antimalarial
agents (Table 1).

All the compounds except for 8 showed some degree of
cytotoxicity for the -6 cells. Examination of the data in Table 1
shows that 3 -5 were more cytotoxic than 6 -8. Compounds 4
and 5 have to be considered cytotoxic (ICs: 0.21 ugmL~").
Compound 7 was slightly less cytotoxic (ICsy: 0.50 ug mL~") than
4 and 5, but its good antiparasitic activities could also lack
specificity. In contrast, 8 showed no cytotoxicity for the -6 cells
(ICs: 51 pgmL").
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Discussion

These results provide evidence of in vitro activity of the
compounds under investigation against T. cruzi and P falcipa-
rum. On the basis of their promising activity against T. cruzi,
compounds 3-5 could have potential as leads, provided that
their cytotoxicity can be circumvented. Likewise, the highly
selective activity of 8 against P. falciparum warrants investigation
of its potential as an antiplasmodial agent, which should be
taken as the starting point for a lead optimization program
against this parasite. Previous studies® have reported the
susceptibility of P.falciparum to naphthoquinones, but there
are no previous descriptions of antiplasmodial activity of 8.

Modification of the heterocyclic substituent on the C-2 and
N positions of 6 -8, studied here, indicated that such substitu-
tion can increase the antiprotozoal and cytotoxic effect in vitro. If
the activity of 3-8 against -6 cells is compared with the
trypanocidal activity, the correlation is highly significant. In this
context, it was previously observed® " that some isoxazolyl-
naphthoquinones affected T. cruzi in a similar way to o-quinones,
which inhibit growth and DNA synthesis in T. cruzi and stimulate
oxygen uptake and superoxide anion generation by the para-
sites epimastigotes, although direct inhibition of enzyme
reactions could also take place. These results support the idea
that the effects of 6 and 7 were mostly connected with the o-
quinone function. In contrast, it seems that the degree of
cytotoxic and antiprotozoal activity in 3-5 was mainly depend-
ent on the heterocyclic moiety. In fact, 3 was more cytotoxic than
6, while 5 showed cytotoxicity, quite the opposite of 8, which is
not cytotoxic. These findings offer some insight into the design
of more efficacious drugs by suggesting that the trypanocidal
and the cytotoxic activities might be separated by molecular
modification. On the other hand, the cytotoxic action of 3-5
raises some interesting questions concerning their potential as
antitumor molecules, since it is known that several therapeutic
drugs, such as lapachona'” azaserine, and mechloroetha-
mide," have simultaneously shown antiparasitic and anticancer
activities, though through different mechanisms. Thus, further
studies are necessary to evaluate the possible correlation
between the antiprotozoal and the cytotoxic activity of this
family of compounds.

Experimental Section

Melting points (m.p.s) were determined by differential scanning
calorimetry (DSC) on a MDSC 2920 differential scanning calorimeter
(TA Instruments, Inc.) Yields of solids refer to crude products. IR (KBr),
mass, and NMR spectra were recorded on Nicolet 5-SXCFTIR,
Finningan 3300, and Bruker AC 200 (equipped with an Aspect 3000
computer) spectrometers, respectively. '*C NMR spectra (broad-band
decoupled and destortionless enhancement by polarization transfer
(DEPT)) were taken with approximately 0.16 m solutions; the center of
the solvent peak was used as an internal standard, which was related
to tetramethylsilane (TMS) [0 = 39.50 ppm for DMSO-d]. The 'H and
13CNMR signals were assigned by comparing chemical shifts of
model substances described in the literature [3(5)-aminopyrazole
(@also run in DMSO-d¢ in order to obtain values suitable for
comparison), pyrazole,”! pyrazole derivatives,® and isoxazolylnaph-
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thoquinones”!], and also by selective proton decoupling and 2D
NMR spectroscopy [HETCOR experiment]. The NMR and FTIR spectra
were processed by use of the Mestre-C [Magnetic Resonance
Companion, J.C. Cobas, J. Cruces, and FJ. Sardina (1996 -1998)]
and OMNIC 1.0 programs, respectively. High-resolution mass spectra
(HRMS) were obtained at the McMaster Center for Mass Spectrom-
etry, Canada. 3-Aminopyrazole (98% purity) was purchased from
Aldrich, Co. Compounds 6-8 were synthesized and purified by a
reported procedure.’>?

2-Hydroxy-N-[3(5)-pyrazolyl]-1,4-naphthoquinone-4-imine (3): A
solution of 1 (0.083 g, 1 mmol) in water (10 mL) was added to a
solution of 2 (0.260 g, T mmol) in phosphate buffer (pH 10.4, 50 mL).
The reaction mixture was stirred for 30 min at room temperature.
After that, the mixture was filtered off, washed with water, and dried
to give 3 (0.169 g, 71 % yield). The crude product was recrystallized
from dimethyl sulfoxide (DMSO)/water. M.p. (DSC): 264.6°C (dec.);
H NMR (200 MHz, DMSO-d,, 25 °C, TMS): 6 =6.35 (d, 1H; H-4'), 6.87
(brs, 1H; H-3), 7.70 (td, 1H; H-6), 7.83 (d, 1H; H-5), 7.86 (td, 1H; H-7);
8.03 (dd, 1H; H-5), 8.38 (dd, 1H; H-8), 9.88 (brs, 1H; 2-OH, disappears
with D,0), 12.84 (brs, 1H; NH, disappears with D,0) ppm; *C NMR
(200 MHz, DMSO-d,, 25 °C, TMS): 6 =98.8 (C-4'), 102.9 (C-3), 123.6 (C-
8), 127.9 (C-5), 129.5 (C-9 and C-5), 130.8 (C-10 and C-6), 133.9 (C-7),
147.2 (C-3'), 151.5 (C-2), 176.6 (C-4), 180.8 (CO) ppm; IR (KBr): 7=
3237/3138 (NH, OH), 1693 (CO), 1606/1532 (C=N) cm~'; MS (70ev):
m/z (%): 239 (80) [M]*, 240 (100) [M+11*, 212 (50)[M — 271", 27 (18);
HRMS: m/z found: 239.067 [M]*; C,5HoN;0, calcd: 239.0694.

N-(3(5)-Pyrazolyl)-1,2-naphthoquinone-4-amine (4) and 2-N-(3(5)-
pyrazolylamino)-1,4-naphthoquinone-4-imine (5): A solution of 1
(1.66 g, 20 mmol) in water (50 mL) was added to a solution of 2
(2.60 g, 10 mmol) in aqueous HCl (0.5N, 70 mL). The mixture was
stirred for 30 min at RT and then extracted three times with ethyl
acetate. The organic extracts were collected and then extracted with
aqueous NaOH (0.05 n), washed with water, dried with Mg,SO,, and
evaporated under reduced pressure to give a deep red crude
product, which was purified by radial preparative chromatography
on silica gel. Compound 4 was eluted with benzene/ethyl acetate
(4:1) and 5 with benzene/ethyl acetate (3:2). Both solids were
recrystallized from absolute methanol.

Compound 4: M.p. (DSC): 251.7°C; 'HNMR (200 MHz, DMSO-d,
25°C, TMS): 6 =6.38 (d, 1H; H-4'), 740 (s, 1H; H-3), 7.68 (d, 1H; H-5),
777 (m, 1H; H-6), 7.85 (m, 1H; H-7), 795 (m, 1H; H-5), 8.05 (m, 1H;
H-8), 9.54 (brs, 1H; 4-NH, disappears with D,0), 12.52 (brs, 1H; NH,
disappears with D,0) ppm; '>*C NMR (200 MHz, DMSO-d,, 25 °C, TMS):
0=96.9 (C-4'), 106.5 (C-3), 125.2 (C-5), 126.1 (C-8), 129.1 (C-9*), 130.4
(C-5'), 132.6 (C-10%), 132.5 (C-6), 134.8 (C-7), 143.3 (C-3), 148.7 (C-4),
181.9 (CO), 182.6 (CO) ppm (*:interchangeable); IR (KBr): 7=3263
(NH), 1676/1628 (CO), 1608/1533 (C=N) cm~'; MS (70ev): m/z (%): 240
(23) [M+1]*, 213 (25)[M+1 —27]*, 68 (33), 44 (100); HRMS: m/z
found: 239.069 [M]*; C,;H.N;0, calcd: 239.0694.

Compound 5: M.p. (DSC): 270.2°C (dec.); '"H NMR (200 MHz, DMSO-
dg, 25°C, TMS): 0 = 6.27 (d, 1H; H-4'%), 6.37 (d, 1H; H-4""%), 7.66 (s, 2H;
H-3 and H-5'), 7.77 (td, 1H; H-6), 7.84 (td, 1H; H-7), 8.16 (dd, 1H; H-5),
8.43 (d, 1H; H-5""%),8.50 (dd, 1 H; H-8), 9.34 (brs, 1H; 2-NH, disappears
with D,0), 12.48 (brs, 1H; NH, disappears with D,0), 12.96 (brs, 1H;
NH, disappears with D,0) ppm (* interchangeable); 'C NMR
(200 MHz, DMSO-dg, 25°C, TMS) 6 =96.0 (C-4’ and C-4"), 101.4 (C-
3), 124.7 (C-5" and C-8), 125.9 (C-5), 128.7 (C-10%), 128.9 (C-5), 129.9
(C-9%), 130.3 (C-6), 133.4 (C-3'and C-7), 135.1 (C-3"), 139.1 (C-2), 149.2
(C-4), 180.6 (CO) pm (*: interchangeable); IR (KBr): 7 = 3296 (NH), 1656
(CO), 1605/1533 (C=N) cm~'; MS (70ev): m/z (%): 304 (94) [M]*+, 305
(100) [M+11*, 277 (11) [M — 27]*, 83 (42), 41 (67), 27 (33); HRMS: m/z
found: 304.104; C,¢H;,N4O calcd: 304.107.

71



BIO

Biological screening tests:

T. cruzi: Rat skeletal myoblasts (-6 cells) were seeded in 96-well
microtiter plates at 2000 cells/well/100 pL in RPMI 1640 medium with
10% fetal bovine serum and L-glutamine (2 mm). After 24 hours,
5000 trypomastigotes of T. cruzi (Tulahuen strain C2C4 containing
the (-galactosidase (lac Z gene)) were added (100 uL per well) with
serial drug dilutions. The plates were incubated at 37°C in 5% CO,
for 4 days. After 96 hours, the substrate (CPRG/Nonidet) was added
to the wells. The color reaction, which developed during the
following 2-4 hours, was read photometrically at 540 nm. Optical
density values were expressed as percentages of the control, and ICs,
values were calculated from the sigmoidal inhibition curve.

T. b. rhodesiense: Minimum essential medium (MEM; 50 uL), supple-
mented according to Baltz et al."? with 2-mercaptoethanol and 15 %
heat-inactivated horse serum, was added to each well of a 96-well
microtiter plate. Serial drug dilutions were added to the wells,
followed by a trypanosome suspension (T. b. rhodesiense STIB 900,
50 uL). After incubation for 72 hours at 37°C under a 5% CO,
atmosphere, Alamar Blue (10 puL) was added to each well, and
incubation was continued for a further 2-4 hours. The plate was
then read with a Millipore Cytofluor 2300 instrument by use of an
excitation wavelength of 530 nm and an emission wavelength of
590 nm.!"3! Fluorescence development was expressed as percentage
of the control and the ICs, values were determined.

P. falciparum: Antiplasmodial activity was determined with the
P. falciparum strains K1 and NF54. A modification of the [HI-
hypoxanthine incorporation assay™ was used. Briefly, infected
human red blood cells were exposed to serial drug dilutions in
microtiter plates for 72 hours. Viability was assessed by measuring
the incorporation of [*H]-hypoxanthine during the final 24 hours of
incubation by liquid scintillation counting. Counts were expressed as
percentages of the control and presented as sigmoidal inhibition
curves. ICs, values were calculated by linear interpolation with
selection of values above and below the 50% mark, according to
Hills et al.l'™

Cytotoxicity for L-6 cells: The determination of the cytotoxicity was
performed with -6 rat skeletal myoblast cells according to a
previously reported procedure.!"s! Briefly, -6 cells were seeded in 96-
well microtiter plates at a density of 10° mL~" in MEM supplemented
with 10% heat-inactivated fetal bovine serum. A three-fold serial
dilution ranging from 90 to 0.123 ug mL~" in test medium was added.
The plates were incubated as described for the antitrypanosomal
assay. After 70 hours, Alamar Blue (10 pL) was added to each well and
incubation was continued for a further 2-4 hours. The plate was
then processed in the same way as described for T. b. rhodesiense.

N. R. Sperandeo and R. Brun

The authors thank CONICET, SECyT-UNC, and the United Nations
Development Programme/World Bank/WHO Special Program for
Research and Training in Tropical Diseases (TDR) for financial
support. The technical assistance of Elke Gobright and Christian
Scheurer is gratefully acknowledged.

[11 Morbidity and Mortality Weekly Report (MMWR) Dec. 31, 1999, 48 (SU01),
118-125.

[2] Z. Brener, Mem. Inst. Oswaldo Cruz, Suppl. 1984, 79, 149 - 155.

[3]1 P.D. Radloff, J. Philips, M. Nkeyi, D. Hutchinson, P.G. Krensner, Lancet
1996, 347, 1511 -1514.

[4] a)L.K.T.Lam, P.K. Garg, S. M. Swanson, J. M. Pezzuto, J. Pharm. Sci. 1988,

77,393 -395; b) D. E. Pisani, A. J. Elliott, D. R. Hinman, L. M. Aaronson, R. S.

Pardini, Biochem. Pharmacol. 1986, 35, 3791-3798; c)F. Leutertre, G.

Kohlhagen, K. D. Paull, Y. Pommier, J. Natl. Cancer Inst. 1994, 86, 1239—

1244.

a) A.E. Fernandez, M. M. de Bertorello, R. H. Manzo, Anales Asoc. Quim.

Argent. 1982, 70, 49-60; b) N.R. Sperandeo, M. M. de Bertorello, M. C.

Brindn, J. Pharm. Sci. 1994, 83, 332-334; c) G.E. Granero, M. C. Brifdn,

M. M. de Bertorello, J. Chem. Res. 1999, 2, 110-114.

a) M.N.S. deTarlovsky, S.G. Goijman, A.M.O. Stoppani, Rev. Argent.

Microbiol. 1988, 20, 183 —194; b) M. N. S. de Tarlovsky, S. G. Goijman, M. P.

Molina Portela, A. M. O. Stoppani, Experientia 1990, 46, 502-505; c)P.

Amuchastegui, E. Moretti, B. Basso, N. R. Sperandeo, M. M. de Bertorello,

Rev. Argent. Microbiol. 1990, 22, 199 - 207.

a) M. T. Chenon, C. Coupry, D. M. Grant, R. J. Pugmire, J. Org. Chem. 1977,

42, 659-661; b) W. M. Litchman, J. Am. Chem. Soc. 1979, 101, 545 -547;

c) J. Elguero, C. Marzin, J. A. Roberts, J. Org. Chem. 1974, 39, 357 -363.

[8] a) H. Dorn, A. Zubek, Chem. Ber. 1968, 101, 3265 -3277; b) R. Huisgen, A.
Mitra, J. Rodriguez Moran, Heterocycles 1986, 24, 2429-2436; c)G.
Heinisch, W. Holzer, Heterocycles 1988, 27, 2443 - 2457.

[9] P. Kolodziejczyc, K. Reszka, J. W. Lown, Biochem. Pharmacol. 1989, 38,
803 -809.

[10] a)C.J.Li, Y-ZLi, A.V.Pinto, A. B. Pardee, Proc. Natl. Acad. Sci. USA. 1999, 96,
13369-13374; b) R. Docampo, J.N. Lopez, F. Cruz, W. DiSouza, Expt.
Parasitol. 1977, 42, 142 -149.

[11] L. Iturrino, P. Navarro, M. I. Rodriguez-Franco, M. Contreras, J. A. Escario, A.
Martinez, M. R. Pardo, Eur. J. Med. Chem. 1987, 22, 445 -451.

[12] T. Baltz, D. Baltz, C. Giroud, J. Crockett, EMBO J. 1985, 4, 1273 -1277.

[13] B.Raez, M. Iten, Y. Grether, R. Kaminsky, R. Brun, Acta Trop. 1997, 68, 139 -
147.

[14] H. Matile, J.R.L. Pink, Plasmodium falciparum malaria parasite cultures
and their use in immunology in Immunological Methods (Eds.: I. Lefkovits,
B. Pernis), Academic Press, San Diego, 1990, pp. 221 -234.

[15] M. Hills, C. Hudson, P. G. Smith. Working paper No. 2.8.5. for the informal
consultation on epidemiology of drug resistance of malaria parasites,
World Health Organization, Geneva, 1986.

[16] R. Kaminsky, C. Schmid, R. Brun, In Vitro Toxicol. 1996, 9, 315 - 324.

9

[6

[7

Received: February 18, 2002
Revised version: September 23, 2002 [F364]

72

ChemBioChem 2003, 4, 69-72



