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Three series of benzimidazol-oxide derivatives were developed and were examined for their activity
against trypanosomatid parasit@sypanosoma cruzandLeishmanisspp.). H-Benzimidazole 1,3-dioxides
displayed remarkable in vitro activities against both parasites, with deriva2®e®9, and 32 being the

most potent (IG < 5 uM) against the epimastigote form @t cruziand28, 33, and35 the most potent
against the promastigote form akishmaniaspp. Unspecific cytotoxicity was evaluated using murine
macrophages, and derivati®3 was not toxic at a concentration 30 times that of itgpl@yainstT. cruzi

that was completely toxic foceishmaniaspp., implying that the series oH2benzimidazole 1,3-dioxides

is selective toward both trypanosomatid parasites. DerivaB@esd 35 were submitted to an in vivo assay
using an acute model of Chagas’ disease and a short-term treatment (30 mg/kg/day orally administrated as
aqueous solution, during 10 days). While in the control (untreated) and Benznidazole (50 mg/kg/day) groups
survival fraction was 60.0% and 87.5%, respectively, none of the animals treated with deri&taed
35died. From the preliminary structur@ctivity relationship studies reduction potential and electrophilicity
were found relevant to anfii- cruzi activity. Active compounds are better electrophiles and more easily
reduced than inactive ones.

Introduction drug susceptibility among differefit cruzistrains lead to varied
Parasitic diseases affect hundreds of millions people aroundParasitological cure rates according to the geographical area.
the world, mainly in underdeveloped countries. Since parasitic 1€ drugs of choice for the treatment of leishmaniasis are
protozoa are eukaryotic they share many common features withSCdium stibolgluconate (Pentostam), meglumine antimoniate
their mammalian host, making the development of effective and (Glucantime), pentamidine (1,5-di-(4-amidinophenoxy)pentane)
selective drugs a hard task. Despite the great effort that has(Ptd) and liposomal amphotericin B, but these sometimes meet
been done in the discovery of unique targets that afford With failure* Currently, WHO/TDR is developing a research
selectivity, many of the drugs used today have serious side Program with Miltefosine (hexadecylphosphorylcholine), a very
effects. Diseases caused Bgpanosomatidaewhich share a ~ Promising Ielshman_omdal drug, b_ut new therapeutic alternatl_veS
similar state regarding drug treatment, include Chagas’ diseaseShould be found in order to increase the pharmaceutical
(Trypanosoma crugiand leishmaniasisLéishmaniaspp.)! arsenak:®
These trypanosomatids alone are responsible for an infected Extensive work, in the last two decades, has helped to
population of nearly 30 million and more than 400 million are understand the molecular basis of the antichagasic activity of
at risk2 Drugs currently used in the treatment of Chagas’ disease both drugs currently used in clinié Nfx acts via the reduction
are two nitroaromatic heterocyles, Nifurtimox (4-(5-nitrofurfu- ~of the nitro group to a nitroanion radical that in term reacts
rylindenamino)-3-methylthiomorpholine-1,1-dioxide) (Nfx, re- with oxygen to produce superoxide, a highly toxic metabolite,
cently discontinued by Bayer) and Benznidazdiebenzyl-2- in a process known as redox cycling. The mechanism of action
(2-nitro-1H-imidazol-1-yl)acetamide) (Bnz, Rochagan, Roche), of Bnz also involves nitro reduction; but reduced intermediates
introduced empirically over three decades agmth drugs are act covalently, modifying biomacromolecules. Most frequent
active in the acute phase of the disease but efficacy is very low side effects of these drugs include anorexia, vomiting, peripheral
in the established chronic phase. What is more, differences inpolyneuropathy, and allergic dermopathy that are probably a
result of oxidative or reductive damage to the host’s tissue and

TPart of this research is presented in the Uruguayan patent of inven- are thus inextricably linked to its antiparasitic actity.
tion: Boiani, M.; Cerecetto, H.; Gonlez, M.; Merlino, A. Derivados de . .
1,3-diaxido de benzimidazol. Procedimiento de prepamagioutilizacion However' it has been pomFed out that drug§ that produce
(Benzimidazole 1,3-dioxide derivatives. Preparation procedure and utiliza- oXidative stress by redox cycling may be selective, as long as

tion). UR Patent No. 29076, 2005. they are selectively reduced by oxidoreductases that are unique
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26, -R= 5(6)-(E)-CH=CHPh, -E= -CH,CO,Et (41 %)

27, -R=-H, -E= n-pentyl (52%)
-X-=-CH;- 9 (40%)* 14 (46%) o o
X-=-[CH,],- 10 (83%) 15 (19%) AN N c R =N cH,
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@ Conditions: (a) corresponding amine (1 equiv), NaHQ® equiv), Ia, -R=-H 28, R=-H (96 %)
EtOH, rt; (b) HCI, reflux. *Parentheses indicate the reaction yields. Ib, -R= 5-CH, 29, -R=-CH, (89 %)
Ic, -R=5-OCH,3 30, -R=-OCH,3 (51 %)
Id, -R=5-Br 31,-R=-Br (74 %)
i ; in vi i i iviti imi If, -R=5-(£/2)-CH=CHPh 32, -R= (£/2)-CH=CHPh (60 %)
as a}ntlT. cruziagents in vitro, displaying activities similar to I Re 3 CHANOH 3 R CO-NOH 00 %)
or higher than the reference drugs (Chart1}’ To study other 1j, R~ 5-CH-NNHCONH-n-hexyl 34, -R=-CH=NNHCONH-n-hexyl (50 %)
heterocyclic systems the first series of benzimida2¢lexide T, -R= — ] 35,R=—] (84%)

der_iV_atiV_eS was de\(eloped (Chart _1),_bUt showed very |QW aConditions: (a) nitroethane (1 equiv), piperidine (1 equiv), THF, rt;
activity in vitro.1® Since these derivatives were tautomeric (b) ethyl 2-bromoacetate or pentyl iodide (1.2 equiv), piperidine (1.2 equiv),

isomers ofN-hydroxybenzimidazoles, it can be argued that they DMSO, rt; (c) 2-nitropropane (1.2 equiv), piperidine, (1.2 equiv), THF, rt.
were not “true”N-oxides.® *References 11, 12, 16, and *Reference 18. **Parentheses indicate the

. . reaction yields.
In the present work, three series of nontautomerizable

benzimidazoleN-oxides were developed and were examined
for antiproliferative in vitro activity against. cruzi(epimas-
tigote form) and_eishmaniaspp. (promastigote form). The lytic
effect onT. cruziblood trypomastigotes was also studied in
vitro. Compounds previously described agaifistcruzi epi-
mastigotes (Chart 1 were evaluated again3t cruzitrypo-
mastigotes anteishmaniaspp. Unspecific mammal cytotoxici . . . .
of thegmost actives compopupnds WFE)iS evaluated in v)i/';[ro, andt)qessOf antiparasite agents as the starting matéfié'>!’Benzo-
toxic derivatives were submitted to in vivo biological evaluation Uroxans having a nitro moiety lead only to tarry products, even
using a murine model of acute Chagas’ disease. Physicochemicalnder milder conditions (ice-bath). Probably, the presence of
properties that could be related to activity were determined, and ©ther electrophilic atoms is responsible for the final complex

from benzofuroxans has already been described using different
alkylating agent$223 Among them nitroalkanes offer a simple
and attractive alternativ&.Benzimidazole derivative8—23
were easily obtained by reaction of the corresponding benzo-
furoxan with nitroethane in basic media at room temperature
(Scheme 2). Benzofuroxates—k were selected from our library

preliminary structure-activity relationships are presented. mixture of reactions. Derivatives substituted at the benzene ring
(19—-23) are present as an isomeric mixture (5 and 6 isomer)
Results and Discussion due to the tautomeric equilibrium shown in Scheme 2. Deriva-

tives 18—23 displayed a very low solubility in the different
organic solvents assayed (acetone, methanol, DMSO), which
could be assigned to their high polarity and the presence of a
free hydroxyl moiety. Alkylation of this group using ethyl
2-bromoacetate or pentyl iodide lead to derivatig-27

Chemistry. Two general approaches were used to obtain
benzimidazoleN-oxide derivatives: cyclization ob-nitro-
anilines and reaction of benzofuroxan derivatives with nitroal-
kanes® This made it possible to achieve diversity even with

the synthesis of a small number of compounds. In the first 819 L .
approach, B-benzimidazoleN-oxide 14—17 were synthesized ~ (Scheme 2}219 Also, these derivatives were obtained as

through acid-catalyzed thermal cyclizationahitro-t-anilines chromatographically inseparable mixtures of positional isomers
in moderate yield (Scheme 1). Other conditions were assayed(® and 6 isomers from NMR analysis). In contrast with their
in order to improve this yield (use of organic acids, microwave Parent compoundslg-23), derivatives24—27 displayed high
irradiation) but without success. Although this description is Solubility in organic solvents. In an analogous manner, reaction
quite old2! until now it is the only one known to obtainHE of the corresponding benzofuroxans with 2-nitropropane af-
benzimidazoléN-oxide derivatives substituted at nitrogen-1. The forded the 2i-benzimidazole 1,3-dioxide derivativ@8—35in

low yields observed could be attributed to low reactivity, since Vvery good yields (Scheme 2). Contrary to the solubility problems
the starting anilines were recovered from the reaction mixture. observed for derivative8—23, derivatives28—35 are soluble

In the case of anilind3 no reaction was observed after 80 h. in different organic solvents (hexane, chloroform, and acetone)
Synthesis of 1-hydroxyH-benzimidazole 3-oxide derivatives as well as in water.
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Table 1. In Vitro Antiproliferative Activity (Epimastigote Form,
Tulahuen 2 Strain)

compd %GHP compd %GHP
14 0 26 8 (11)
15 0 27 0 (57)
16 0 28 87
17 0 29 85
18 0 (0 30 52
19 0(0) 31 77
20 0(24) 32 100
21 0(18) 33 72
22 0(8) 34 69
23 19 (15) 35 59
24 1(12) Nfx 93
25 25 (15) Bnz 92

a%GI| = percentage of growth inhibition at 28V of the compound.
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Table 3. In Vitro Trypanocidal Activity (Trypomastigote Form)

compd % lysigP
1 0
2 0
8 50
18 0
19 0
20 23
28 10
29 0
30 34
33 21
35 28
GV 100

a0 lysis= percentage of parasite lysis at 2&6/mL of the compound.

b Results are the mean of three different experiments with a SD less than” Results are the mean of three different experiments with a SD less than

10% in all casest Values in parentheses are %Gl at 10d.

Table 2. In Vitro Antiproliferative Activity of 2H-Benzimidazole
1,3-Dioxides (Epimastigote Form)

ICs0(uM)
Tulahuen 2 CL Brener Y
compd strain strain strain
28 4.3 9.0 14.0
29 5.1 135 13.0
30 28.5 25.0 17.0
31 8.3 12.0 13.8
32 3.4 6.0 5.0
33 12.5 14.5 11.8
35 22.7 20.0 14.0
Nfx 7.7 8.5 6.5
Bnz 8.5 3.4 3.8

All of the proposed structures were established!Hyand
13C NMR (HMQC, HMBC) spectroscopy and MS. The purity
was established by TLC and microanalysis.

Biology. In Vitro Anti-Trypanosomatid Activity. As a first
screening, the ability of benzimidazole derivatives to inhibit the
growth of the epimastigote form @f. cruzi(Tulahuen 2 strain)
was evaluated at 25 and/or 100, and the 1G, was determined

10% in all cases.

Table 4. In Vitro Leishmanicidal Activity (Promastigote Forf)

compd LPHS L2259 L2903
1 + + +
8 + + +
18 + + ++
19 + + +
20 + + +
28 +++ +++ +++
29 ++ ++ ++
30 ++ + ++
33 ot e et
35 +++ +++ +++
Ptd +++ +H+ +++

alysis after 72 h of treatment with 1Q@y/mL of the compound. LPH8
= L. amazonensjd.2259 = L. infantum L2903 = L. braziliensis +++
= total lysis of the parasitef+ = parcial lysis (76-90%), + = same
growth as control but low motility.

violet (GV), a phenylmethane dye currently used in the treatment
of blood, there are some restrictions to its use. Here, the lytic
effect on mouse blood trypomastigotes (CL Brener strain) was
analyzed for some of the new and previously descfibed

benzimidazole derivatives by incubation of the parasites with

for the most active compounds (Tables 1 and 2). Parasites weréhe compzounds for 24 h at #C (see Experimental Section)
grown in the presence of the compound for 5 days, and the (Table 3)?® However, at the dose assayed only derivative

percentage of growth inhibition (%Gl) was determined against Showed moderate activity as compared to the reference drug.

Experimental Sectiof? Benzimidazoles14—17, “true” Ns-
oxides, showed no activity at 26M, implying that the sole
presence of th&l-oxide moiety is not enough for the activity.
A similar result could be seen with derivativel8—27,
N-hydroxy andN-alkoxy benzimidazol&-oxides. While solu-
bility problems could be responsible for the lack of activity of
derivativesl8—23, another explanation has to be found for the
corresponding alkyl derivative@24—27).

Otherwise, benzimidazole 1,3-dioxide derivativ@s,—35,

33, and 35 were less active than derivatie

Leishmanicidal activity was assayed in vitro in three different
Leishmania species using a qualitative methodology (see
footnote of Table 4§ Similar to what was seen for anti-
epimastigotes of. cruziactivity, benzimidazole 1,3-dioxides
were the most active compounds, but they displayed a different
pattern of responses (Table 4). Compo@®] as active a8
againstT. cruziepimastigotes (Tulahuen strain), showed lower
activity againstLeishmaniaspp. thar83 and35. Interestingly,

displayed very interesting activities, in the order of the reference compoundL8, anN-hydroxybenzimidazol&i-oxide, showed an

drugs (Nfx and Bnz), and derivativ@8, 29, and32 were even

intermediate activity againkeishmania braziliensisn general,

more potent against the Tulahuen 2 strain (Table 2). This family important differences in susceptibility amobeishmanisspecies

of derivatives was also evaluated against ofhecruzistrains,

the susceptible CL Brener strain and the partially Nfx- and Bnz-

resistant Y straiff (Table 2). Derivative82, with a phenylethe-
nyl substituent, was the most potent, and derivaB@ewith a

were not seen.
Unspecific Cytotoxicity. Mammal cytotoxicity of the best

trypanocidal derivatives, benzimidazole 1,3-dioxides, was evalu-
ated in vitro at 100, 10, anddg/mL, using J774 macrophages

methoxy substituent, was the least potent for the three strains.as the cellular model (Figure %j.Considering an averaged

Major differences were seen for derivative8 and 29, pos-
sessing a proton and a methyl group, respectively.

Since transmission ofl. cruzi by blood transfusion is

molecular weight of 250 g/mol, these concentrations correspond
to 400, 40, and 4«M, respectively.

Derivative 33 was not toxic at any of the concentrations

becoming a source of concern in countries free of vectorial assayed, while derivative5 was slightly toxic, near 50%, at
transmission, the need for new compounds for chemoprophyl- the highest assayed concentration (400). Derivatives28—

axis has been pointed otitDespite the high efficacy of gentian

32 showed high toxicity at 10@g/mL but moderate to low
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100+ B 10gl In a first approximation, compounds were divided in two
] 10ugini. classes according to their in vitro arti-cruziactivity (% Gl,
%0 [ vgirt epimastigote form Tulahuen 2 strain), active compounds (% Gl
> 50) and inactive compounds (% GI150), and the difference
§‘ @ in each variable between classes was analyzed using nonpara-
2 metric tests® At a 0.05 level all descriptors except steric ones
é ™ and solvation energy were found significantly different between
© classes (data not shown). Active compounds are less polar (lower
s 51 dipolar moment module, lowef,q and higher logP) and softer
electrophile (lower hardness, lowef yvo) than inactive
5 compounds. This high electrophilic character could be related

to the participation of these derivatives in a bioreduction process
Figure 1. Cytotoxicity of benzimidazole 1,3-dioxide derivatives to or in a reaction with biological nucleophiles. To further asses

J774 macrophages at different compound concentrations. Means of threéhis possibility, the LUMO was studied us_ing_ a density
test+ standard deviation. functional methodology (B3LYP/6-31*) for derivatives of the

three series and benzofuroxan. In Figure 3 is shown the LUMO
toxicity, lower than 50%, at the intermediate concentration, Mapped onto a bond surface, indicating which regions of the

28 2 3 3N 32 B 3B

approximately 4Q:M, where they were highly toxic t8. cruzi molecule are most susceptible to nucleophilic attdéRClearly,
ep|mast|gotes At the lower concentration assayed none of thederivativesl4 and 18 are less e|ectr0phi|iC than the benzimi-
compounds showed cytotoxicity, while derivativag; 29, and dazole 1,3-dioxide28, which resembles benzofuroxan more.
32 remained toxic to the Tulahuen . cruzi Remarkably, What is more, there is a marked difference in the contribution
compound33 showed no mammal cytotoxicity at a concentra- from theN-oxide moiety to the LUMO among the three series.
tion that was almost 30 times that of itssfagainstT. cruzi While for derivativesl4 and18there is almost no contribution,
epimastigotes and that was completely toxic for the three speciesthe reverse happens for the Miexide derivative28 and

of Leishmania benzofuroxan. This would be in agreement with the participation

In Vivo Anti- T. cruzi Evaluation.®.32The best in vitro anti-  ©f this moiety in a bioreduction process.
T. cruziand the least toxic derivatives, compourgBand 35, As another approach, a principal components analysis (PCA)
were evaluated in vivo in a murine model of acute Chagas’ Was performed. PCA is widely used to simplify large data sets
disease. In this preliminary study, male BALB/c mice were in a way that patterns, and relationships can be readily
inoculated intraperitoneally with 1000 blood trypomastigotes recognized and understood. The underlying purpose of this
and treatment began 10 days post-infection with oral administra- technique is the dimension reduction. What is more important,
tion of 30 mg/kg/day of each compound during 10 days. Since since biological activity is not used in the analysis, it is an
compounds presented good solubility in water, administration unsupervised methodology Different sets of variables were
was done using a phosphate-buffered saline (PBS) solution.analyzed for a good discrimination between active and inactive
Groups treated, in the same manner, with Bnz (50 mg/kg/day) classes. When only electronic (dipolar moment modglgwo,
and PBS (control) were included. The level of parasitemia was ELumo, hardness, electronegativity) and hydrophlipophilic
determined weekl§? and serological tests were performed 30 variables Eaq l0gP) were included, two principal components
and 60 days post-infection. The mortality was observed daily, were obtained with an eigenvalue greater than 1. Discrimination
and the survival fraction is shown in Figure 2. None of the between classes was achieved in the first component where
animals treated with the benzimidazole 1,3-dioxide derivatives, active compounds were situated in a narrow range as is shown
33 and35, died while in the control and Bnz groups; survival in Figure 4. The first principal component (PC), which explains
fraction was 60% and 87.5%, respectively. Since the experiment62% of the total variance, consists mainly of electronic
lasted 60 days it was not possible to obtain a negative serology.descriptorsEqomo, hardness, and electronegativity, pointing
In the first serology, 30 days post-infection, the four groups again to the relevance of these variables to the anti-epimastigote-
had the same level (Wilcoxon test) of aiiticruziantibodies; T. cruzi activity. The second PC has contributions from the
however, 60 days post-infection both groups treated with the dipolar moment moduleE, ymo, and logP. Overall, PCA results
benzimidazole 1,3-dioxide derivative33 and 35, showed a agree with results from nonparametric tests.
significantly (o < 0.05) lower level of antiF. cruziantibodies Due to the importance of the lipophilicity and electrophilicity
than control and Bnz groups (Figure 2). Overall, both benz- to the antiT. cruzi activity, these parameters were studied
imidazole derivatives showed a higher performance than the experimentally. Lipophilicity of compounds was determined by

reference drug (Bnz) in this assay. reverse phase TLC experiments on precoated TheThe R
Structure —Activity Relationship Studies3* A total of 30 values were converted int&y values via the following
benzimidazole derivatives, including previously described com- relationship: Ry = log [(1/R) —1].383° To avoid interassays

poundst® were used in a preliminary structuractivity relation- differences, Nfx was used as an internal reference &R

ship (SAR) study. For this, all the structures were optimized parameter was calculated as the differencBynbetween Nfx
using a quantum mechanical methodology (AM1), and 10 and the studied compound. Hence, derivatives more polar than
molecular descriptors were obtained that were grouped into threeNfx would yield negative ARy values, while less polar
categories: steric descriptors (surface area, molecular volume) derivatives would yield positive ones (Table 5). The redox
electronic descriptors (module of dipolar moment, highest properties of the compounds, related to electrophilicity, were
occupied molecular orbital energii{omo), lowest unoccupied  studied using cyclic voltametry. Reduction potential for the
molecular orbital energyH umo), molecular hardness, Mullik-  N-oxide moiety E,) was determined in DMF with a platinum
en’s electronegativity), and hydrophitidipophilic descriptors working electrode (Table 594041 All derivatives displayed
(total energy in aqueous phadg,), solvation energy (SM5.4 ~ comparable voltammetric behavior in DMF, showing one to two
model)3® logP (Ghose-Crippen)). reduction peaks and in some cases the anodic counterparts. In
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Figure 2. (a) Survival expressed as percentage of living animals. Group treated with 50 mg/kg/d @Bgroup treated with 30 mg/kg/d &3

(a), group treated with 30 mg/kg/d 86 (O), and control groupl). (b) Left: Level of antiT. cruzi antibodies expressed in absorbance units (abs)

for the four studied groups. Right: Dispersion diagrams of antibody levels in control (treated with PBS solution) animals and those receiving Bnz,
33, and35 treatments at 60 days post-infection.
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Figure 3. LUMO mapped onto a bond surface for derivatives of the
three studied benzimidazole serie$i-thenzimidazole 3-oxideld),
1-hydroxy-H-benzimidazole 3-oxide 1g), 2H-benzimidazole 1,3-
dioxide 28), and benzofuroxarid). Blue areas correspond to regions
of the molecule most susceptible to nucleophilic attack.

Figure 4. Principal component 1: eigenvalue 4.3, explained

variability = 62%, variable compositiosr Exowmo, hardness, electrone-

gativity. Principal component 2: eigenvalael.3, explained variability

= 19%, variable compositios dipole, E ymo, logP. Inset: Frequency

histogram of PC1 coordinates.

every case an irreversibioxide reduction process was verified

(Ipdlpc < 1). T. cruzi with derivative30 being the least potent and derivative
Lipophilicity, expressed a&Ry values, showed no significant 32 the most potent. What is more, no correlation between

differences between active and inactive compounds. In general,mammal cytotoxicity and parasite toxicity was observed.

benzimidazole derivatives displayed an adequate lipophilicity, Derivative 30 is more toxic to macrophages than derivatives

similar to that of Nfx.Ecp, however, was significantly highest 28, 29, 33, and35, whereas it is the least active agailistruzi

for active compounds, indicating that active derivatives are more epimastigotes andeishmanigpromastigotes. Besides, mammal

easily reduced than inactive ones. In Figure 5a series of cytotoxicity seems to be correlated to lipophilicity; the most

voltamograms corresponding to derivati&s 30, and32 are mammal cytotoxic agents (i.e32 and 31) are the most

shown. lypophilic ones, while no statistical correlation between this
No quantitative relationship could be found between biologi- Property ARw) and parasite toxicity was found.

cal activity (IGoagainstT. cruz) and experimental or theoretical

descriptors for benzimidazole 1,3-dioxide derivatives, whic

could be assigned to the small range ofd@alues. In general, Three series of benzimidazole-oxide derivatives were

all dioxide derivatives were active against the three strains of developed using simple chemical methodologies. Among them,

h Conclusions
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Table 5. Physicochemical Data for Benzimidazd¥eOxide Derivatives

Boiani et al.

Table 6. Assessment of Lipinski's Rules and TPSA Values for
Benzimidazole 1,3-Dioxide Derivatives

Ecpvs Ag/ Ecpvs Ag/
compd ARw®  AgClP(mV) compd ARw®  AgCIP(mV) miLogP®  HBDP HBAP molwt criteriamet TPSA

1 0.07 —1400 17 nd —1085 rule <5 5 10 <500 at least 3 -
2 0.07 —1490 28 —0.29 —940 28 1.40 0 4 178.19 all 57.51
3 0.13 —1240 29 —0.38 —1000 29 1.73 0 4 192.22 all 57.51
4 —0.49 —119¢ 30 —0.25 —1030 30 1.35 0 5 208.22 all 66.74
5 —-0.3r —1220 31 —0.18 —937 31 2.16 0 4 257.09 all 57.51
6 0.07 nad 32 0.09 —880 32 4.29 0 4 280.33 all 57.51
7 0.19 —1250¢ 33 —0.55 —830 33 1.69 1 6 221.21 all 90.10
8 0.0 —1490¢ 34 0.18 nd 34 3.82 0 8 347.42 all 111.00
14 0.34 —1159 35 —0.38 —860 35 0.88 0 6 250.25 all 75.97
Nfx —0.35 0 8 287.30 all 108.70

2 ARv = Runix — Rustudied compouna® Cathodic peak potential fod-oxide
moiety =10 mV) measured at a scan rate of 500 mVYReference 18.
¢nd: not determined.
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Figure 5. Representative voltamogram of benzimidazdleoxide
derivatives belonging to the activ@g 30, and32) series.
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benzimidazole 1,3-dioxide derivatives displayed remarkable
activities againsfl. cruzi epimastigotes antleishmaniapro-
mastigotes, whereas nontautomerizable benzimidafetide
and N-hydroxyN-alkoxy benzimidazoleN-oxide derivatives
showed no activity. In general, benzimidazole 1,3-dioxide

In summary, a new family of anti-trypanosomatid agents was
developed that displays interesting activities both in vitro and
in vivo. A lead compound was identified, namely 2,2-dimethyl-
5-(hydroxyimino)methyl-2i-benzimidazole 1,3-dioxid&3, that
looks promising as a short-time treatment antichagasic agent,
i.e., for treating acute infected children. Preliminary studies of
its mechanism of action and in vivo anhteishmaniaassays are
currently in progress.

Experimental Section

Compoundsl, 2, 8, 18, and19 and benzofuroxang—k were
prepared according to literature procedufe$:1618 Melting points
were determined with a LEITZ heating stage Model 350 melting
point apparatus and are uncorrected. Proton and carbon NMR
spectra were recorded on a Bruker DPX-400 spectrometer. The
chemical shifts values are expressed in ppm relative to tetrameth-
ylsilane as internal standard:=ssinglet, d= doublet, t= triplet,

g = quartet, m= multiplet, bs= broad singlet. Mass spectra were
determined in a SHIMADZU GC-MS QP 1100 EX using electronic
impact at 70 eV. Microanalyses were performed in a Fisons EA
1108 CHNS-O equipment and were withii®.4% of the calculated
compositions. Column chromatography was carried out using Merck
silica gel (60-230 mesh). Most chemical and solvents were
analytical grade and used without further purification.

General Procedure for the Preparation of Derivatives 14
17. General Procedure for the Preparation ofo-Nitro- t-anilines
9—13. 2,4-Dinitrochlorobenzene (0.5 g, 2.5 mmol), the correspond-

derivatives were selective toward trypanosomatids since parasiteing amine (1 equiv), and NaHG@0.2 g, 2.5 mmol) were dissolved

toxicity was not associated with mammal cytotoxicity in
macrophages. For instance, derivat®a{with a hydroxyimino

substituent) was not toxic at the highest concentration assayed”

(more than 30 times the kg againstT. cruz). Due to their
therapeutic index, compoun88 and35 were evaluated in vivo

in an acute model of Chagas’ disease, where both derivative
were able to rescue mice from death and lowered Bntiruzi

in anhydrous EtOH (30 mL). The solution was stirred for 12 h at
room temperature, and the precipitate was filtered and washed with
ater. After dried in vacuo the-nitro-t-anilines were used in the
next step without further purification. All the-nitro-t-anilines were
characterized byH NMR, and their structures are coincident with
the spectral data obtained.

S General Procedure for the Cyclization ofo-Nitro- t-anilines.

The corresponding-nitro-t-anilines (100 mg) was dissolved in

antibodies with only 10 doses in a short-term scheme. Strueture concentrated HCI (10 mL) and heated at reflux as is indicated below.
activity relationship studies pointed to the relevance of the After the reaction mixture had cooled to room temperature, aqueous
reduction potential and electrophilicity to arti-cruziactivity. bicarbonate solution saturated was added until basic pH and the
Active compounds are more electrophilic and more easily solution extracted with ethyl acetate. The organic layer was

reduced than inactive ones. These results are in agreement wittfliScarded, and water was removed by evaporation in vacuo. The

the participation of these derivatives in a bioreduction process. fesidue was washed with excess of acetone. Evaporation of acetone

. . o in vacuo gave the desired product.

To further consider the potential use of these derivatives as 2 3-pihydro-6-nitro-1H-pyrrolo[1,2-a]benzimidazole 4-Oxide
drugs they should present an adequate pharmacokinetics, whicl{14). Reaction time: 15 h; light-brown solidH NMR (acetone-
was assessed by using Lipinski’s rdfeand the topological ds) On: 2.91 (m, 2H), 3.27 (t, 2HJ) = 7.4 Hz), 4.46 (t, 2H,]) =
polar surface area (TPSAJ# Lipinski has described desired 7.0 Hz), 7.75 (d, 1HJ = 9.0 Hz), 8.24 (d, 1HJ = 9.0 Hz), 8.58
ranges for certain properties thought to be important for drug (S, 1H).**C NMR (acetonegs) oc: 22.12 (CH), 26.24 (CH), 45.76
bioavailability and absorption. Besides, the topological polar (CH2), 110.62 (Ar), 112.37 (Ar), 119.76 (Ar), 130.29 (Ar), 137.68
surface area is correlated with various types of drug transport (A7) 143.01 (An), 151.03 (Anmiz (%): 219 (M"™, 17), 203 (100),

properties including intestinal absorption, bledarain barrier 173 (50), 157 (42). Anal. (@HsN3Og) €, H, N.

. - . 2,3,4-Trihydro-7-nitro-1 H-pyrido[1,2-a]benzimidazole 5-Ox-
penetration, and Caco-2 cell permeability. Compliance of these ;o (15).Reaction time: 70 h: light-brown soliéH NMR (acetone-

criteria for all active derivatives along with their high solubility  q,) §,: '2.09 (m, 2H), 2.22 (m, 2H), 3.11 (m, 2H), 4.37 (t, 2H=
in water turn them into promising candidates for drug develop- 5.6 Hz), 7.82 (d, 1HJ = 9.0 Hz), 8.27 (d, 1HJ = 9.0 Hz), 8.62
ment (Table 6). (s, 1H).23C NMR (acetoneds) oc: 18.70 (CH), 22.14 (CH), 23.12
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(CHy), 43.59 (CH), 110.01 (Ar), 111.72 (Ar), 119.57 (Ar), 133.50
(Ar), 140.47 (Ar), 145.05 (Ar), 154.51 (Anm/'z (%): 233 (Mt,
38), 217 (100), 204 (11), 187 (36). Anal. {#11:N303) C, H, N.

2,4-Dihydro-7-nitro-1H-[1,4]oxazino[4,3a]benzimidazole 5-Ox-
ide (16). Reaction time: 22 h; yellow solid; mp 166°C (dec).
IH NMR (acetoneds) on: 4.33 (m, 2H), 4.44 (m, 2H), 5.11 (s,
2H), 7.87 (d, 1HJ = 9.0 Hz), 8.30 (dd, 1HJ; = 9.0 Hz,J, = 2.0
Hz), 8.59 (d, 1HJ = 2.0 Hz).13C NMR (acetoneds) dc: 42.97
(CHp), 61.43 (CH), 63.84 (CH), 110.04 (Ar), 112.14 (Ar), 120.17
(Ar), 132.01 (Ar), 14.03 (Ar), 145.10 (Ar), 149.89 (Am/z (%):
236 (M + H, 100), 220 (4), 206 (17). Anal. (@HoN3O4) C, H,
N.

2,4-Dihydro-7-nitro-1H-[1,4]thiazino[4,3-a]benzimidazole 5-Ox-
ide (17).Reaction time: 36 hyellow solid.'H NMR (acetoneds)
On: 3.63 (m, 4H), 4.03 (m, 2H), 7.50 (d, 1H,= 9.0 Hz), 8.33
(dd, 1H,J; = 9.0 Hz,J, = 3.0 Hz), 8.64 (d, 1HJ = 3.0 Hz).m/z
(%): 252 (M + H, 100), 236 (5), 222 (37). Anal. (@HgN303S)
C,H,N,S.

General Procedure for the Preparation of 1-Hydroxybenz-
imidazole 3-Oxide Derivatives 26-23. The corresponding ben-
zofuroxan (a—f, 50 mg), nitroethane (1 equiv), piperidine (1 equiv),
and THF (5.0 mL) were stirred for 12 h at room temperature. The
product was filtered and crystallized from methanol.

1-Hydroxy-5(6)-methoxy-2-methyl-H-benzimidazole 3-Oxide
(20). As mixture of positional isomers (50:50); white solid; mp
198.6-199.8°C (dec)'H NMR (CD;OD) dy: 2.67 (s, 3H), 3.90
(two s, 3H), 7.08 (dd, 1HJ; = 9.0 Hz,J, = 2.0 Hz), 7.17 (d, 1H,

J = 2.0 Hz), 7.62 (d, 1HJ = 9.0 Hz).13C NMR (CD;0D) oc:
9.07 (CH), 55.46 (CH), 92.77 (Ar), 112.11 (Ar), 115.57 (Ar),
122.50 (Ar), 128.86 (Ar), 137.50 (Ar), 158.86 (Anyz (%): 194
(M*e,17), 193 (25), 178 (100), 162 (83). Anal.o;oN-03) C, H,
N.

5(6)-Bromo-1-hydroxy-2-methyl-1H-benzimidazole 3-Oxide
(21). White solid; mp 211.7211.9°C (dec). Due to solubility
problems it was not possible to obtain NMR datalz (%):243
(M*s, 6), 226 (100), 212 (39). Anal. ;BrN,O,) C, H, N.

5(6)-Chloro-1-hydroxy-2-methyl-1H-benzimidazole 3-Oxide
(22). White solid; mp 212.7C (dec).'H NMR (DMSO-dg) d:
2.70 (s, 3H), 7.46 (dd, 1H; = 9.0 Hz,J, = 2.0 Hz), 7.72 (d, 1H,
J=9.0Hz), 7.76 (d, 1HJ = 2.0 Hz).m/z (%): 198 (M'*, 4), 197
(15), 182 (100), 165 (45). Anal. ¢B,CIN,O,) C, H, N.

(E)-1-Hydroxy-2-methyl-5(6)-(2-phenylethenyl)-H-benzimi-
dazole 3-Oxide (23).White solid; mp 217.4°C (dec). Due to
solubility problems it was not possible to obtain NMR dat#z
(%): 266 (M, 4), 251 (15), 250 (77), 233 (100). Anal.;814N,0)
C, H, N.

General Procedure for the Alkylation of 1-Hydroxybenzimi-
dazole 3-Oxide Derivatives. Synthesis of Derivatives 227.The
corresponding benzimidazolel§ 19, or 23, 50 mg) and the
alkylating agent (ethyl 2-bromoacetate or pentyl iodide, 1.2 equiv)
were dissolved in dimethyl sulfoxide (3 mL). Piperidine (1.2 equiv)
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(CHg), 62.23 (two carbons, Chl 74.25 (two carbons, Cij 108.32
(Ar), 108.59 (Ar), 119.63 (Ar), 119.91 (Ar), 124.44 (Ar), 124.63
(Ar), 128.80 (Ar), 130.86 (Ar), 132.66 (Ar), 133.36 (Ar), 136.73
(Ar), 138.97 (Ar), 147.90 (Ar), 148.35 (Ar), 167.07 (CQ)Vz
(%): 264 (Mt*, 3), 248 (5), 219 (7). Anal. (GH16N204) C, H, N.

(E)-1-(Ethyloxycarbonylmethyloxy)-2-methyl-5(6)-(2-phen-
ylethenyl)-1H-benzimidazole 3-Oxide (26)As mixture of posi-
tional isomers; o0il'H NMR (CDCl) 6y: 1.33 (m, 3H), 2.71 (s,
3H), 4.33 (m, 2H), 4.88 (s, 2H), 7.69.22 (m, 1.5H), 7.38 (m,
2H),, 7.50 (m, 1H), 7.54 (m, 3H), 7.61 (s, 1H), 7-71.72 (m,
1.5H). 13C NMR (CDCk) oc: 13.33 (CH), 14.47 (CH), 62.34
(CHy), 74.42 (CH), 106.56 (CH=), 109.01 (CHE=), 118.05 (Ar),
120.18 (Ar), 123.20 (Ar), 126.79 (Ar), 127.95 (Ar), 128.70 (Ar),
131.24 (Ar), 132-138 (four carbons, Ar), 168.02 (CQ)Y z (%):
352 (M'*, 6), 336 (1), 307 (12). Anal. (§gH20N>0,) C, H, N.

2-Methyl-1-pentyloxy-1H-benzimidazole 3-Oxide (27)Oil. H
NMR (CDCl;) 6n: 0.88 (t, 3H,J = 7.2 Hz), 1.34 (m, 2H), 1.44
(m, 2H), 1.77 (m, 2H), 2.59 (s, 3H), 4.20 (t, 2Bi= 6.6 Hz), 7.19
(m, 2H), 7.32 (d, 1HJ = 7.8 Hz), 7.57 (d, 1HJ = 7.4 Hz).13C
NMR (CDCly) dc: 12.56 (CH), 14.25 (CH), 22.79 (CH), 28.32
(two carbons, Ch), 79.61 (CH), 108.86 (Ar), 119.18 (Ar), 123.39
(Ar), 123.66 (Ar), 130.48 (Ar), 136.91 (Ar), 148.08 (Anvz (%):
234 (M, 2), 219 (11), 218 (55), 148 (56), 131 (22). Anal.
(C13H18N20,) C, H, N.

General Procedure for the Preparation of Benzimidazole 1,3-
Dioxide Derivatives 28-35. The corresponding benzofuroxda{
d, If, li—k, 50 mg), 2-nitropropane (1.2 equiv), piperidine (1.2
equiv), and THF (5.0 mL) were stirred at room temperature until
the benzofuroxan was not present. The solvent was evaporated in
vacuo and the product purified by column chromatography £SiO
hexane:ethyl acetate {®G0%)).

2,2-Dimethyl-2H-benzimidazole 1,3-Dioxide (28)Red solid;
mp 122.6-123.4°C. *H NMR (CDCl) dy: 1.72 (s, 6H), 6.90 (m,
2H), 7.22 (m, 2H)*3C NMR (CDCE) dc: 24.59 (CH), 97.40 (C-
2),116.14 (Ar), 131.20 (Ar), 136.91 (Anwz (%): 178 (M**, 58),
163 (18), 147 (4). Anal. (8410N20,) C, H, N.

2,2,5-Trimethyl-2H-benzimidazole 1,3-Dioxide (29)Red solid;
mp 116.4-117.7°C. *H NMR (CDCls) o: 1.70 (s, 6H), 2.23 (s,
3H), 6.74 (d, 1HJ = 9.5 Hz), 7.00 (s, 1H), 7.15 (d, 1H,= 9.5
Hz). 13C NMR (CDCk) é¢c: 22.39 (CH), 24.54 (CH), 97.52 (C-
2), 113.73 (Ar), 115.58 (Ar), 134.81 (Ar), 136.01 (two carbons,
Ar), 142.30 (Ar).m/z (%): 192 (M', 95), 176 (35%), 161 (23).
Anal. (CloleNQOz) C, H, N.

5-Methoxy-2,2-dimethyl-2H-benzimidazole 1,3-Dioxide (30).
Deep red solid; mp 142:4143.2°C. '"H NMR (CDCl) dy: 1.73
(s, 6H), 3.85 (s, 3H), 6.41 (s, 1H), 6.65 (d, 1H+ 10.0 Hz), 7.19
(d, 1H,J = 10.0 Hz).13C NMR (CDCh) dc: 24.47 (CH), 56.62
(CHs), 90.68 (Ar), 97.90 (C-2), 116.99 (Ar), 129.10 (Ar), 132.52
(two carbons, Ar), 162.52 (Arjivz (%): 208 (M, 100), 192 (90),
177 (63). Anal. (GoH12N2O3) C, H, N.

was added, and the reaction mixture was stirred at room temperature  5-Bromo-2,2-dimethyl-H-benzimidazole 1,3-Dioxide (31).

until the solution became clear. After addition of water the solution

Red solid; mp 134.5135.3°C. *H NMR (CDCl) oy: 1.71 (s,

was extracted with ethyl acetate. The organic layer was dried and6H), 6.96 (d, 1HJ = 9.0 Hz), 7.12 (d, 1H) = 10.0 Hz), 7.50 (s,
evaporated in vacuo. The product was purified by column chro- 1H).*C NMR (CDCE) oc: 24.61 (CH), 98.25 (C-2), 117.11 (Avr),

matography (Si@ hexane:ethyl acetate (0 to 30%)).
1-(Ethyloxycarbonylmethyloxy)-2-methyl-1H-benzimida-
zole 3-Oxide (24)Qil. *H NMR (CDClg) 6y: 1.32 (t, 3H,J=7.0
Hz), 2.91 (s, 3H), 4.30 (g, 2H] = 7.0 Hz), 4.95 (s, 2H), 7.38
7.42 (m, 2H), 7.60 (d, 1H) = 7.0 Hz), 7.83 (d, 1HJ) = 8.0 Hz).
13C NMR (CDCh) oc: 12.26 (CH), 14.42 (CH), 62.64 (CH),
74.47 (CH), 109.59 (Ar), 118.41 (Ar), 125.08 (two carbons, Ar),
129.04 (Ar), 134.50 (Ar), 149.00 (Ar), 167.01 (CONz (%): 250
(M, 2), 234 (1), 205 (10). Anal. (BH14N,O4) C, H, N.
1-(Ethyloxycarbonylmethyloxy)-2,5(6)-dimethyl- H-benzimi-
dazole 3-Oxide (25)As mixture of positional isomers (57:43). Oil.
IH NMR (CDClg) 0y: 1.24-1.32 (m, 3H), 2.46 (s, 1.3H), 2.49 (s,
1.7H), 2.66 (s, 3H), 4.264.31 (m, 2H), 4.8%4.82 (two s, 2H),
7.05-7.10 (m, 1H), 7.26 (s, 0.57H), 7.36 (d, 0.43H= 8.0 Hz),
7.43 (s, 0.43H), 7.52 (d, 0.57H,= 8.0 Hz).13C NMR (CDCk)
Oc: 13.00 (CH), 14.45 (two carbons, C#j 21.83 (CH), 22.07

118.35 (Ar), 126.34 (Ar), 135.11 (Ar), 136.30 (two carbons, Ar).
m'z (%): 258 (M™* + 2, 6), 256 (M, 8), 242 (26), 240 (38). Anal.
(CgHgN20,) C, H, N.

(E/2)-2,2-Dimethyl-5-(2-phenylethenyl)--benzimidazole 1,3-
Dioxide (32).As mixture of geometric isomeEs/Z (2:8); red solid;
mp 117.8-118.9°C. *H NMR (CDCls) oy 1.72 (bs, 6H), 6.4%
7.51 (m, 10H).13C NMR (CDCh) dc: 24.58 (CH), 97.76 (C-2),
97.92 (C-2), 112.57140.84 (CH= and Ar-carbons)nz (%): 280
(M*+, 88), 264 (100), 249 (51). Anal. (&H:6N.O;) C, H, N.

2,2-Dimethyl-5-(hydroxyimino)methyl-2H-benzimidazole 1,3-
Dioxide (33).Red solid; mp 177.5177.6°C (dec).H NMR (CDs-
OD) dy: 1.70 (s, 6H), 4.51 (s, 1H, OH), 7.25 (m, 2H), 7.55 (d,
1H, J = 10.0 Hz), 8.03 (s, 1H)}*C NMR (CD;OD) oc: 23.36
(CHs), 96.27 (C-2), 113.90 (Ar), 115.54 (Ar), 129.62 (Ar), 137.5
(two carbons, Ar), 138.0 (Ar), 146.97 (GF). m/z(%): 221 (M',
100), 205 (16), 190 (8). Anal. (@H1:N303) C, H, N.
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1-[(2,2-Dimethyl-1,3-dioxide-2-benzimidazol-5-yl)methylene]- concentration was assayed three times, and six growth controls were
4-hexyl Semicarbazide (34)Red solidH NMR (CDCL) dy: 0.92 used in each test. Cytotoxicity percentage€fvere determined
(bs, 3H), 1.36 (bs, 4H), 1.60 (bs, 4H), 1.74 (s, 6H), 3.37 (q, 2H), as follows: % = [100 — (ODd — ODdm)/(ODc— ODcm)] x
6.05 (t, 1H), 7.22 (s, 1H), 7.26 (s, 1H), 7.40 (d, 1H+ 10.0 Hz), 100, where ODd is the mean of @fgof wells with macrophages

7.58 (s, 1H), 9.22 (bs}3C NMR (CDCk) d¢c: 14.38 (CH, CHy), and different concentrations of the compounds; ODdm is the mean
22.95 (CH), 24.63 (CH), 30.55 (CH), 31.89 (CH), 40.43 (CH), of ODsgs of wells with different compounds concentration in the
98.40 (C-2), 114.65 (Ar), 116.44 (Ar), 128.54 (Ar), 136.23 (Ar), medium; ODc is the growth control, and ODcm is the mean of
136.71 (Ar), 137.25 (CH), 155.87 (CO)MVz (%): 347 (M, 2), ODsgs of wells with only medium.

331 (15), 318 (4). Anal. (GH2:sNsOs) C, H, N. In Vivo Anti- T. cruzi Activity (Acute Model). BALB/c male

2,2-Dimethyl-5-(1,3-dioxolan-2-yl)-H-benzimidazole 1,3- mice (30 days old, 2530 g) were infected by intraperitoneal injec-
Dioxide (35). Red solid; mp 101.£101.6 °C (dec).H NMR tion of 1C blood trypomastigotes. One group of 10 animals was
(CDCl) 0n: 1.71 (s, 6H), 4.06 (m, 4H), 5.63 (s, 1H), 7.03 (d, 1H, used as control (PBS), and three groups of eight animals were
J = 8.5 Hz), 7.24 (d, 1HJ = 9.6 Hz), 7.34 (s, 1H)}3C NMR treated with the two compounds and Bnz, respectively. First
(CDCh) d¢: 24.62 (CH), 65.88 (CH), 98.08 (C-2), 102.42 (CH), parasitemia was done 5 days post-infection and the treatment begun
113.86 (Ar), 116.44 (Ar), 130.02 (Ar), 136.90 (Ar), 137.00 (Ar), 5 days after. Compounds were administered orally, as aqueous
142.05 (Ar).m/z 250 (M**, 100%), 234 (52%), 219 (18%), 203  solution in PBS, at 30 mg/kg/day for benzimidazole derivatives
(5%). Anal. (G2H14N204) C, H, N. and 50 mg/kg/day for Bnz, during 10 days. The level of parasitemia

In Vitro Anti- T. cruzi Activity (Epimastigote Form). Try- was checked weekly by counting in a Neubauer chamber the number
panosoma cruzpimastigotes (Tulahuen 2 strain, Brener strain, Y of parasites in %L of blood drawn from the tail of the mice and
strain) were grown at 28C in an axenic medium (BHI-tryptose)  diluted 1:10 in ammonium chloride. Serology was analyzed using
complemented with 5% fetal calf serum. Cells from 5-day-old ELISA (Chagas’ tesff at 30 days post-infection and 60 days post-
culture (stationary phase) were inoculated to 50 mL of fresh culture infection.
medium to give an initial concentration ofxd 1C° cells/mL. Cell Molecular Descriptors. Quantum-chemical semiempirical AM1
growth was followed by measuring the absorbance of the culture calculations were performed for the lowest energy conformation
at 600 nm every day. Before inoculation, the medium was of the compounds using the Spartan'04 suite of progréritsie
supplemented with the indicated amount of the studied compound compounds were built with standard bond lengths and angles using
from a stock solution in DMSO. The final concentration of DMSO  the Spartan’04 1.0.1 version, and the geometry of each molecule
in the culture medium never exceeded 0.4%, and the control wasyas fully optimized by applying the semiempirical AM1 method
run in the presence of 0.4% DMSO and in the absence of in gas phase from the most stable conformer obtained using
compound. No effect on epimatigotes growth was observed by the molecular mechanics (MMFF) methods. The calculated variables
presence of up to 1% DMSO in the culture medium. The percentagewere total surface area, molecular volume, Gho€gippen LogP"’
of inhibition was calculated as follows: % {1 — [(Ay — Aop)/(Ac dipole moment,Enomo, ELumo, molecular hardness, Mulliken’s
— Aog)]} 100, whereA, = Asqo Of the culture containing the drug at  electronegativity, total energy in aqueous phase, and solvation
day 5;Aop = Asoo Of the culture containing the compound just after  energy using CramerTruhlar SM5.4 modet8 Analysis of molec-
the addition of the inocula (day O} = Asoo Of the culture in the ular orbital distributions was done using a density functional
absence of any compound (control) at dayAg; = Asoo in the methodology (B3LYP/6-31G*§:%0on structures optimized at the
absence of the compound at day 0. To determing V@lues, 50% same level of theory.
inhibitory concentrations, parasite growth was followed in the  cyclic Voltammetry. Experiments were carried out using a
absence (control) and presence of increasing concentrations of theBAS-EpsiIon EC (Bioanalytical Systems, Inc., West Lafayette,
corresponding compound. At day 5, the absorbance of the culture ysa) instrument in a BAS C3 cell in DMF (Aldrich, Milwaukee,
was measured and related to the control. Thg @lue was taken  ysa, spectroscopy grade) with tetrabutylammonium perchlorate
as the concentration of compound needed to reduce the absorbancg-|yka, Buchs, Switzerland) (ca. 0.1 mol/mL) as the supporting
ratio to 50%. S _ electrolyte and purged with nitrogen at room temperature. A three-

In Vitro Anti- T. cruzi Activity (Trypomastigote Form). electrode cell configuration was used, with a platinum working
Trypanosoma cruzitrypomastigotes (CL Brener strain) were glectrode, platinum wire auxiliary electrode, and a Ag/AgClI refer-
obtained from infected mice blood. Compounds were prepared in ence electrode. Voltage scan rates ranged from 0.05 to 1.00 V/s.
DMSO, and PBS was used to obtain a final concentration of 250 Lipophilicity Determination. Reversed phase TLC experi-
#g/mL. Blood containing 19parasites and the compound at a 90/ ents were performed on precoated TLC plates SIL RP-18W/
10 I’atli) were |n9ubated in 96-well flat bottom microplates for 24 UV.s4 (Macherey-Nagel, Dien, Germany) and eluted with acetone:
h at 4°C. Parasites were counted by the method of Brener using \yater (50:50, viv). The plates were developed in a closed chroma-
an OLYMPUS BH-2 microscope. Gentian violet was included as tographic tank and dried, and the spots were located under UV

a positive control, and PBS was used as negative control. light.
In Vitro Anti- Leishmania Activity (Promatigote Form).
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