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Summary - IV-azolylpyridinium salts 1 and several betaines of pyridinium azolate 2 have been synthetized in order to study their in 
vitro antiprotozoal activity. A careful rH and W-Nh4R study has been carried out in order to characterize the different compounds. 
A significant growth inhibition of Trypanosoma cruzi and especially Leishmania donovani was observed with the N-benzimidazolyl- 
pyridinium derivatives. When tested in vivo against Leishmania donovani, compounds 9 and 40 have had a much greater reducing 
effect in the parasite than that of the reference drug (glucantime). 

RCsumC - B&dines d’azolates de pyridinium et leurs d&iv&: une nouvelle classe d’antiprotozoaires. Un nombre &eve’ de sels 
de N-azolylpyridinium 1 et plusieurs be’taiizes d’azolate de pyridinium 2 ont e’te’ synthe’tises et leur activite’ antiprotozoaire evalue’e. 
Une etude RMN (rH et 1%) a e’tt effectue’e ajin de caracte’riser les differents composes. Les derives de N-benzimidazolylpyridinium 
montrent un effet inhibiteur de la croissance des Trypanosoma cruzi et, surtout, des Leishmania donovani. Duns les essais in vivo vis- 
a-vis de Leishmania donovani, les composes 9 et 40 se montrent tres superieurs au produit de reference (glucantime). 

N-azolylpyridinium salts / pyridinium azolate mesomeric betaines / anti-leishmanial activity 

Introduction 

Both the potential pharmaceutical value of pyridinium 
azolate inner salts and the considerable interest from a 
theoretical point of view have prompted us to 
investigate them [2]. As part of an ongoing research 
project for the discovery of new antiparasitic agents, 
we describe here the synthesis and antiprotozoal 
activity of several new N-azolylpyridinium salts 1 and 
the mesomeric heterocyclic betaines of pyridinium 
azolate class 2. Antiparasitic agents have very differ- 
ent structures but none are related to that of 1 and 2, 
whose structures are, indeed, without precedent in the 
literature concerning antiparasitic drugs [3, 41. Only a 
few mesomeric betaines of pyridinium azolate class 2 
and their salts 1 are known [5]. Recently, some sub- 
stituted pyridinium benzimidazolate betaines 3 and 
their salts have been described, in relation to the 

mechanism of action of the gastric acid inhibitor 
Omeprazok and several close analogues [6-91. 

I\ RI SR 
1 2 3 
. =CR x. Y, L =CR or N 

In a previous paper [5] we have reported the synthesis 
and structural studies of the N-azolylpyridinium tetra- 
fluoroborates 4-7, IV-benzimidazolylpyridinium salts 
8-11 and the pyridinium azolate inner salts 12-17. 
Preliminary antiparasitic screening has shown that 
some of the above-mentioned N-azolylpyridinium 
derivatives demonstrate activity against Trypanosoma 
cruzi and Leishmania donovani, especially com- 
pounds 4 and 9 (and its betaine 15). 

*Correspondence and reprints 
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Compounds 7-14 were evaluated against 5 para- 
sites, either in vitro (Naegleria fowleri, Acanta- 
moeba sp) or in vivo (Hymenolepis nana, Syphacia sp, 
Giardia muris) using different compounds as 
standards. None of these compounds have shown 
significant activity deserving further studies. 

4 x= N; Y= we. z= CH 

$12 x= z= N; Y= CH 

6,13 x= Y= z= N 

7 x= z= N: Y=CNHz 

a,14 R=Ph: Rg=Rs=H 

9.15 R= Ph; Rg= Rs= Me 

10,16 I?=&= Rs= H 

I,,17 .R= ti: Rg= Rg= Me 

Due to the early finding that N-azolylpyridinium 
derivatives 4,9 and 15 possessed activity, we decided 
to investigate this new class of potential antiprotozoal 
agents. Several structural analogues, more or less 
distant from the most active compounds have been 
synthetized and evaluated for anti-trypanosomal and 
antileishmanial activity. 

Molecular modifications have been carried out both 
in the pyridinium and benzimidazole moieties in order 
to establish a possible structure-activity relationship. 
Thus, the 2,4,6-triphenylpyrimidium group has been 
replaced by 2,4,6-trimethylpyridinium, N-p-phenyl- 
entriphenylpyridinium and N-p-phenylentrimethyl- 
pyridinium groups. On the other hand, the ben- 
zimidazole nucleus has been conveniently substituted 
in l-, 5- or/and 6-position. 

Chemistry 

N-Azolyl-2,4,6-trimethylpyridinium salts 18-20 were 
obtained by reaction of 3(5)-amino-5(3)-methyl- 
pyrazole 21 and 2aminobenzimidazoles 23, 24 with 
2,4,6&methylpyrylium tetrafluoroborate 22 (scheme 
1). Isolation of the benzimidazole derivatives 19 and 
20 was quite difficult because the solubilities of the 
starting materials and the final pyridinium salts were 
quite similar. Failure of the reaction between other C- 
aminoazoles (1,2,4-triazole, tetrazole) and the pyry- 
lium salt 22 was likely due to the weakly nucleophilic 

character of the amino group of the latter compounds 
toward the less reactive trimethylpyrylium salt 22. 
Transformation of the N-azolyl-2,4,6-trimethylpyri- 
dinium salts 18-20 into their corresponding betaines 
of 2,4,6-trimethylpyridinium azolate was unsuccess- 
ful. Several attempts have been made using different 
procedures but coloured oily mixtures were formed 
which prevented isolation of solid material [lo]. 

H BFa- 
Me H 

23 ITS=%= H 19 R5 = P$ = H 

24 Rg = Q = Me 20 Fig = % = Me 

Scheme 1. 

Reaction of 2-(4-aminophenyl)-5,6-dimethylbenz- 
imidazole 25 with the pyrylium salt 22 gave the 
desired compound 26, and the inner salt of 2,4,6- 
trimethylpyridinium benzimidazolate 27 was also 
obtained as a quite unstable coloured product, which 
decomposed in solution (see experimental section). 
Compounds 28-31 have previously been reported [5] 
(scheme 2). 

28 F$=%= H 

29 Rs = R6 = Me 

Scheme 2. 
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As to the benzimidazole moiety, Sbenzoyl- 
benzimidazole and 5-nitrobenzimidazole derivatives 
have been selected. Thus, 2-aminobenzimidazoles 32 
and 33 reacted with 2,4,6-triphenylpyrylium tetra- 
fluoroborate 34 to give the desired compounds 35 and 
36. Then, the pyridinium benzimidazolate inner salts 
37 and 38 were obtained by deprotonation of the 
corresponding N-benzimidazolylpyridinium salts 35 
and 36 (scheme 3). 

Ph 

cl ‘I 
oh ‘o Ph 

32, 33 35, 35 

37, 38 

Scheme 3. 

Due the highly dipolar structure of the mesomeric 
betaines of the pyridinium azolate class 2 [2, 51, it 
would be expected that electrophilic attack at a 
nitrogen atom of the azolate ring should take place 
under neutral and mild conditions. Indeed, the 
betaines of pyridinium benzimidazolate 14,15,37 and 
38 reacted with methyl iodide/acetone at room 
temperature to afford the N-( 1 -methylbenzimidazol- l- 
2-yl)-2,4,6-triphenylpyridinium iodides 39-44 (yield 
> 79%). In the alkylation of benzimidazoles by 
alkylhalides under neutral conditions, the yields are 
restricted to around 50 % [ 111. When the 5-substituted 
benzimidazolepyridinium salts 37 and 38 were 
methylated, a mixture of the two isomeric N-methyl 
derivatives 41 + 42 and 43 + 44 was obtained 
(scheme 4). In spite of the difficulty of separation of 
these isomers even by column chromatography and 
fractional crystallizations, it has been possible to 
isolate compounds 41 and 43 in a pure state. The 

physical data of the new compounds described in this 
work are listed in table I and details of synthesis are 
given in the Experimental section. 

The structures of the new products have been 
unambiguously characterized on the basis of their 
spectroscopic data and all of them gave satisfactory 
elemental analyses. 

Both iH NMR and 13C NMR chemical shifts have 
been assigned by comparison with data from 
benzimidazoles [ 12, 131 and the useful comparative 
data from N-azolylpyridinium salts 4-11 and betaines 
of pyridinium azolate 12-17 previously reported [5]. 
If necessary, individual assignments have been made 
using the appropriate NMR techniques [lo]. The 
1H NMR data and selected 13C NMR chemical shifts 
are set out in tables II and III. 

Results and Discussion 

The in vitro activity against Trypanosoma cruzi has 
been studied by measuring the growth inhibition 
Trypanosoma cruzi epimastigote forms, nifurtimox 
being the reference drug [3, 4, 151 (for nifurtimox: po 
LD,, in mice, > 1600 mg/kg [16]). The N-azolyl- 
pyridinium salts and pyridinium azolate betaines 
4-15, 18-20, 26, 28-30, 35-41 and 43 have been 
evaluated, and at 100 pug/ml compounds 4, 9, 15, 35 
and 40 showed themselves to be much more active 
than nifurtimox. Nevertheless, at 1 and 10 pg/ml none 
of these compounds have shown an activity compar- 
able to that of nifurtimox, with the exception of the 
N-pyrazolyl-2,4,6-triphenylpyridinium salt 4 after 
72 h (see table IV). 

The fact that all the compounds at the con- 
centrations tested were well tolerated by HeLa cells 
over a 72 h exposure period is noteworthy, as this 
precludes the possibility of their being unselective 
cytotoxins. Moreover, the chemical stability of the 
compounds in aqueous solution at 50°C has been 
checked out, given the long incubation times needed 
(48-72 h) to show effects on parasites by several of 
the compounds, and all of them were stable in 
solution. 

Almost all the compounds tested have exhibited an 
interesting profile of anti-leishmanial activity, as they 
significantly reduce the growth inhibition of Leish- 
mania donovani promastigote forms using glucan- 
time, the most widely used drug against leishmaniasis, 
as reference drug [ 151. Results in table V show that 
the anti-leishmanial activity is maximum for com- 
pounds 9, 15, 29 and 40 which have common 
structural features. Thus, the azole moiety is a 
5,6-dimethylbenzimidazole and the pyridinium ring is 
2,4,6-trisubstituted by phenyl groups. 

The anti-leishmanial activity of compounds 9 and 
40 with a LD,, in mice > 6400 mg/kg was further 
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Table I. Physical data of N-benzimidazolylpyridinium salts and pyridinium benzimidazolate inner salts. 

Compd R R,, R,, X- mp, “C a Recryst Yield e Method d Reaction 
solvent b (%) time (h) 

MOE 

formula e 

19 Me H H H 
20 Me H Me Me 
35 Ph H PhCO H 
36 Ph H NO, H 
37 Ph - PhCO H 
38 Ph - NO, H 
39 Ph Me H H 
40 Ph Me Me Me 

41+42 Ph Me { PhCO; H) 
41 Ph Me PhCO H 

43+44 Ph Me W02; HI 
43 Ph Me NO2 H 

BF; 
BF,- 
BF,- 
BF,- 

I- 
I- 
I- 
I- 
I- 
I- 

134-135f 
219-221 
229-230 

178-179 
262-263 

180-182 
279-280 

292 
- 

243-245 
- 

279-280 

A 37 

B 31 

C 62 

C 32 

D 90 

E 96 

F 90 

G 90 

G 96 

H 42 

I 99 

I 20 

A 
A 
B 
B 
C 
C 
D 
D 
D 
D 
E 
E 

1 - 
2 ‘G&oWFd2HzO 

1.5 C,,HZ6N,0BFd1 SH,O 
1.5 Gofb,N&BF4 
iz C37H,,N30/0.5H20 
g c3~20N402/H20 

13 C,1H,,N,I/0.25H20 
14 C,,H,,N,I/0.33H20 
14 - 

14 Gs&&01 
14 - 

14 G&3N4W 

aMelting points are uncorrected. bA = methylene chloride-benzene-tetafluoroboric acid, B = methylene chloride-hexane- 
tetrafluoroboric acid, C = isopropanol-tetrafluoroboric acid, D = 70% ethanol, E = 50% ethanol, F = ethyl acetate, G = water, 
H = benzene, I = tetrahydrofuran. CYields not optimized. dSee Chemistry section. eElementa1 analysis for C, H and N were 
within 0.4% of theoretical values. Literature [14] mp 134°C. &See Experimental section. 

studied by means of an in vivo assay. The percentages 
of leishmanial amastigote reduction were for com- 
pound 9 54.7% and 77.2% for 1,5,6-trimethyl- 
benzimidazolyltriphenylpyridinium salt 40. In a sim- 
ilar experiment condition, the reduction rate for 
glucantime was only 47% (see table VI and 
Experimental section). 

The results show that both the azole and the 

activity. Concerning the pyridinium residue, the 
presence of phenyl groups at positions 2, 4 and 6 
exerts moderate to high activity, when R =CH,, slight 

pyridinium moiety are important for the antiprotozoal 

almost the same degree of activity, due to the 
existence of an acid-base equilibrium for these 

as some of these compounds are highly toxic for this 

compounds [ 171. 
Given the available data, it can be pointed out that 

parasite. They produce the total destruction of the 

lipophilicity, electronic and steric effects may account 
for the observed activity of these N-benzimidazolyl- 

cultures after short treatment times. This effect is in 

pyridinium salts and derivatives. In addition, we think 
that the present results would be very useful in studies 
of experimental infections with Leishmania donovani, 

activity, and when R = H, a total lack of the 
antiprotozoal activity. Concerning the azole, the most 
interesting compounds are the benzimidazole deriv- 
atives, and among them, the 1,5,6-trimethyl substitut- 
ed one, 40, is the most potent. Compounds 35,37 and 
the N-methyl derivatives 41 and 42 are analogues of 
mebendazole and they exhibited a significant activity. 
Thus, the results seem to indicate that the presence of 
a methyl group at the 1 position of the benzimidazole 
ring is associated with the anti-leishmanial activity. 
The pyridinium azolate betaines and their corre- 
sponding N-azolyl-pyridinium salts have shown 

contrast with the activity of the glucantime, which 
only induces growth inhibition and where in some 
cases glucantime-resistant flagellates appear. 

Experimental protocols 

Chemistry 

Melting points were determined on a CTP-MP 300 hot-plate 
apparatus and are uncorrected. JR spectra were recorded as 
KBr disks on a Perk&-Elmer 1430 spectrophotometer. 1H 
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Table IV. Selected growth inhibition percentages of Trypanosoma cruzi epimastigote forms a,b. 

24 h 48 h 72 h 
P&ml 100 10 1 100 IO 1 100 10 1 

Compound Structure A- R R-l’ X Y 

4 A BF,- Ph H CMe CH 

R-5’ R-6’ 

16.1 4.8 1.4 92.7 20.1 1.9 100 85.1 3.1 

9c B BF[ Ph H Me Me 32.6 4.5 1.4 91.5 9.1 2.0 100 9.2 2.8 

15 B - Ph - Me Me 34.5 4.8 1.4 94.6 9.2 2.0 100 9.2 2.8 

35 B I- Ph Me PhCO H 25.8 4.5 1.3 100 8.7 1.5 100 20.1 2.7 

4oc B I- Ph Me Me Me 22.1 4.2 1.4 100 8.5 1.5 100 19.1 2.7 

nifurtimoxd 33.8 20.0 11.0 45.4 34.4 29.6 85 80.4 50.9 

aAverage number from 5 different experiments. The SEM > 
dpo LDw in mice, > 1600 mg/kg . 

10%. Wee Experimental section. Cpo LDS, in mice, > 6400 mg/kg. 

NMR spectra were obtained either with a Bruker AM-100 or 
Perkin-Elmer R-24B spectrometer operating at 100 and 
60 MHz respectively, 13C NMR spectra were run on a Bruker 
AM- 100 Fourier transform spectrometer operating at 
25.1 MHz. NMR spectra were determined in dimethyl- 
sulfoxide-d,, and chemical shifts are expressed in parts per 
million (s) relative to TMS as internal standard or the central 
peak of dimethylsulfoxide-d,. MS spectra was recorded on a 
Hewlett-Packard 5988A spectrometer. TLC was performed on . . 
SiOa (srhca gel 60 FZsO, Merck), in the following solvent 
systems: A, methanol-diethyl ether (82); B, diethyl ether- 
methanol (9.5:0.5); C, chloroform-methanol (8.5:1.5) as 
developing solvent, and the spots were located with UV light. 
Ion-exchange chromatography was carried out on an anionic 
(OH-form) ion-exchange resin (Amberlite IRA-401) [5]. If 
necessary the compounds were dried by heating overnight at 
110°C in a vacuum oven. Where microanalyses are indicated 
by symbols of the elements, the analytical results were within 
f 0.4 % of the theoretical values; they were performed on a 
Carlo Erba 1106 analyzer by the Institute de Qufmica Bio- 
orgAnica, Barcelona. 

The 2-aminobenzimidazoles 23, 24 and 4-nitro-1,2-phenyl- 
enediamine are commercially available. 3(5)-Amino-5(3)- 
methylpyrazole 21 [18], 2,4,6-trimethylpyrylium tetrafuoro- 
borate 22 [19], 2-(4-aminophenyl)-5,6-dimethylbenzimidazole 
25 [5], 2-amino-5-benzoylbenzimidazole 32 [20], 2,4,6-t& 
phenylpyrylium tetrafluoroborate 34 [2 I], N-azolyl-pyridinium 
salts 4-11, 28, and 29 [5], and pyridinium azolate inner salts 
12-17 and 30,31 [5] were prepared as in the literature. 

2-Amino-S-nitrobenzimidazole 33 
A solution of cyanogen bromide (10 g, 94.3 mmol) in 80 % 
aqueous dioxane (50 ml) was added to a suspension of 4-nitro- 

1,2-phenylenediamine (14.26 g, 93.3 mmol) in 80% aqueous 
dioxane (285 ml) and the mixture was stirred at room 
temperature for 28 h, and then evaporated to dryness. The 
residue was treated with concentrated NH,OH (50 ml) and the 
crude product was filtered, washed with water, and dried, to 
provide 16.45 g (99% yield) of 33: mp 211-212°C (lit [22] 
mp 222-223°C 72 % yield). 

Procedures for N-azolylpyridinium salts and pyridinium benzi- 
midazolate inner sahs (table I) 
Method A. A solution of the aminoazole 21, 23 or 24 
(6 mmol) in 25 ml of ethanol and the pyrylium salt 22 (0.63 g, 
3 mmol) were refluxed under stirring for the time specified in 
table I. The reaction mixture was decolourized (charcoal), the 
solvent was evaporated to dryness, and the residue of 
compound 18 was recrystallized twice (see table I). To the 
crude product 19 or 20 water was added, filtered to remove the 
insoluble materials, and concentrated to dryness. Subsequent 
treatment of the residue with dichloromethane (3 x 15 ml), was 
followed by filtration to remove insoluble material, and the 
filtrate was evaporated. The residue was recrystallized twice 
with dichloromethane-hexane and a few drops of tetrafluoro- 
boric acid to give the N-benzimidazolyl-2,4,6&methylpyri- 
dinium tetrafluoroborates 19 and 20. 
Compound 18: 1H NMR (DMSO-d& 2.40 (s, 3H), 2.42 
(s, 6H), 2.62 (s, 3H), 6.42 (s, 1H) and 7.90 (s, 2H); 13C NMR 
(DMSO-d,) 160.5 (C-4), 155.9 (C-2, C-6), 145.5 (C-3’), 142.5 
(C-5'), 127.2 (C-3), 100.8 (C-4'), 20.7 [Me-(C-2, C-6’)], 21.5 
[Me-(C-4’)]. 
Method B. A solution of 2aminobenzimidazole 32 or 33 
(16.1 mmol) in 7 ml of anhydrous DMF and the pyrylium salt 
34 (5.31 g, 14.41 mmol) were refluxed under stirring for the 
time specified in table I. After cooling, diethyl ether 
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Table V. Growth inhibition percentages of Leishmania donovani promastigote formajb. 

24 h 48h 72 h 
Wml ZOO 10 I ZOO 10 I zoo 10 I 

Compound Structure A- R R-l’ X Y 

4 

5 
6 

7 

I2 

13 

18 

8 

9c 

10 
11 
14 

15 
19 
20 

26 

28 

29 

30 

35 

36 

37 

38 

39 

4oc 

41 

41+42 

43 

43+44 

Glucantime 

A 

A 

A 

A 

A 

A 

A 

B 

B 

B 

B 

B 

B 

B 

B 

C 

C 

C 

C 
B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

BF,- Ph H CMe CH 10.7 5.9 1.5 22.6 9.9 4.9 83.6 32.5 20.2 

BF, Ph H CH N 10.7 5.9 0.7 11.5 9.9 4.8 38.8 21.0 8.1 

BF, Ph H N N 14.9 6.9 1.1 15.1 7.8 4.9 23.4 12.7 10.9 

BF, Ph H CNH, N 10.7 5.8 1.3 10.8 8.6 4.8 25.5 12.7 8.1 
- Ph - CH N 14.9 5.9 0.9 10.8 8.1 5.1 39.8 21.7 10.6 
- Ph - N N 14.0 5.8 1.4 15.1 8.6 4.9 23.4 12.7 7.1 

- Me H CMe CH 9.0 5.9 0.7 21.9 6.0 2.3 100 35.1 5.5 

BF,- Ph H 

BF; Ph H 

Cl- H H 

Cl- H H 
- Ph - 
- Ph - 

BF; Me H 

BF; Me H 

BF; Me H 

BF, Ph H 

BF,- Ph H 
- Ph - 

BF,- Ph H 

BF,- Ph H 
- Ph - 
- Ph - 

I- Ph Me 

I- Ph Me 

I- Ph Me 

I- Ph Me 

I- Ph Me 

I- Ph Me 

R-5’ R-6 

H H 

Me Me 

H H 

Me Me 

H H 

Me Me 

H H 

Me Me 

Me Me 

H H 

Me Me 

H H 

PhCO H 

NO2 H 

PhCO H 

NO2 H 

H H 

Me Me 

PhCO H 

PhC0.H 

NO2 H 
N02-H 

16.0 6.0 1.0 15.0 12.0 5.0 82.9 30.0 17.0 

100 11.0 1.0 100 37.0 5.0 100 53.0 8.0 

12.6 4.1 0.5 20.7 11.7 5.1 50.0 22.6 11.0 

10.1 4.1 0.5 20.7 11.9 5.1 39.3 21.6 10.8 

16.0 6.0 1.0 15.0 12.0 5.0 82.0 30.0 17.0 

90.0 6.0 1.0 100 18.0 3.0 100 28.0 5.0 

18.1 5.0 0.7 18.6 6.0 2.3 38.6 15.1 8.0 

35.6 6.1 0.6 56.1 20.1 3.6 82.1 35.6 11.5 

53.4 20.8 0 64.3 26.8 0 68.6 41.8 0 

87.5 55.1 35.6 93.2 57.3 37.3 96.3 69.2 59.1 

73.2 32.9 28.6 96.6 39.3 30.2 97.5 68.6 42.5 

68.6 38.2 26.5 42.4 16.3 25.3 95.6 40.3 23.5 

45.0 7.0 1.0 70.0 10.0 3.0 100 14.0 5.0 

40.0 20.0 0 89.5 32.0 15.0 90.4 40.0 20.0 

20.0 7.0 1.0 47.0 22.0 3.0 83.0 31.0 5.0 

45.5 8.9 2.0 49.5 15.5 6.0 100 65.0 33.0 

40.0 11.0 1.0 69.0 20.0 2.0 100 53.0 13.0 

100 10.0 1.0 100 10.0 5.0 100 100 16.0 

91.0 10.0 2.0 100 13.0 5.0 100 35.0 10.0 

90.0 10.0 2.0 100 13.0 5.0 100 50.0 12.0 

81.5 20.8 10.0 100 53.5 28.0 100 68.0 36.0 

83.5 23.0 8.0 100 35.0 20.0 100 60.0 28.0 

25.0 7.0 2.0 20.0 13.0 7.0 39.5 20.4 10.5 
- - 

aAverage number from 5 different experiments, SME > 10%. bSee Experimental section. cpo LD,, in mice, > 6400 mg/kg. 



317 

Table VI. Mean number of leishmanial amastigotes per spleen weight (g)“. 

Expt Amastigoteslspleen 
(106) 

Spleen weight 
(g) 

Amastigoteslg spleen 
(106) 

Reduction a 
f%o) 

Control 12.81 0.6114 

9 4.50 0.4701 

40 2.75 0.5842 

Glucantime 6.46 0.5765 

aSee Experimental section. 

(3 x 15 ml) was added to give an oily product 35 and the 
solution was decanted from the oily residue which was then 
triturated with water. The yellow to orange triturate was 
filtered, washed with water, and recrystallized (see table I). 

In a similar manner, the oily residue of 36 was treated with 
methanol (20 ml) and the insoluble materials removed by 
filtration. The filtrate was evaporated to dryness, and the 
residue triturated with water, filtered, and washed with water. 
The crude product was treated with chloroform and filtered to 
remove insoluble material (2-aminobenzimidazole 33). The 
chloroform solution was evaporated to dryness and then 
recrystallized from 2-propanol/tetrafluoroboric acid (table I). 

An analytical sample of compound 36 was obtained by 
passing a solution of the above mentioned recrystallized salt in 
70% ethanol through a column with anion-exchange resin 
(IRA-401. OH- form; see later). The neutral eluates were 
concentrated to dryness and the solid residues recrystallized in 
2-propanol/tetrafluoroboric acid (table I). 
Method C. Preparation of pyridinium benzimidazolate inner 
salts 27, 37 and 38. A column packed with anion-exchange 
Amberlite resin IRA-401 was used and the chloride-form was 
converted to the hydroxide-form [4]. A solution of N-benz- 
imidazolylpyridinium salt 26, 35 or 36 (1 mmol) in 70 % 
ethanol (50 ml) was passed through the column. The neutral 
eluates were concentrated in a rotary evaporator at 40°C to 
give coloured solids, which were recrystallized (table I). 
Method D. A solution of methyl iodide (1.83 g, 12.88 mmol) 
in 10 ml of dry acetone was added dropwise at &5”C to a 
suspension of the pyridinium benzimidazolate inner salts 14, 
15 and 37 (3.22 mmol) in 50 ml of dry acetone under an 
atmosphere of nitrogen, and stirring was continued at room 
temperature for the time specified in table I. The progress of 
the reaction was monitored by TLC (chloroform-methanol, 8.5, 
1.5) and by tH NMR of aliquots. 

The resulting solution was evaporated to dryness, and the 
residue washed successively with ethyl acetate and water to 
give compounds 39 and 40. A similar procedure, but washing 
the residue with benzene, gave a mixture of the N-methyl 
isomers 41 and 42.0.58 g of this mixture (41 + 42) was treated 
with 50 ml of boiling benzene, the solid was collected by 
filtration, washed with benzene, and dried to afford comp- 
ound 41 in a pure state. The percentage of isomers obtained 
was determined by running the tH NMR of the reaction 
mixture in DMSO-d,: 41+ 42 (54 %-46 %). 
Method E. A solution of methyl iodide (2.37 g, 16.69 mmol) 
in dry acetone (10 ml) was added dropwise at 0-5°C to a 
stirred solution of the mesomeric betaine 38 (2.22 g, 
4.74 mmol) in 100 ml of dry acetone under an atmosphere of 
nitrogen. When the addition was complete the mixture was 

21.15 - 

9.57 54.73 
4.82 77.23 

11.20 47.04 

heated under reflux for 14 h and allowed to cool to room 
temperature. The solvent was removed gently in the rotary 
evaporator and the residue triturated with diethyl ether to give 
a mixture of 43 + 44 (60 % 40 %), TLC (THF-diethyl ether 
7:3). The mixture was isolated and purified by repeated 
recrystallized from THF giving 0.55 g of pure 43 (table I). The 
work-up procedure required extreme care because the N- 
methyl derivatives 43 and especially 44 were unstable in 
solution at temperatures above 60°C; therefore, attempted 
isolation of compound 44 from the mother liquours in a 
sufficiently pure form was precluded. Moreover, compound 44 
was transformed under the purification conditions into l- 
methyl-6-nitro-benzimidazol-2-one, mp 267-270°C; IR (KBr): 
1660 cm-i; MS: m/z 193 (M+, 8), 192 (M-l, 100). 

I-[4-(5,6-Dimethyl-IH-benzimidazol-2-yl)pheny1]-2,4,6-tri- 
methylpyridinium tetrajluoroborate 26 
A solution of 25 (2.68 g, 11.3 mmol) and the pyrylium salt 19 
(1.98 g, 9.43 mmol) in absolute ethanol (150 ml) was stirred 
under reflux for 24 h. The ethanol was evaporated to dryness, 
the residue triturated with diethyl ether, and the solid residue 
washed with hot 2-propanol, giving compound 26, mp 
205-207‘C (2.03 g, 50%); tH NMR 8.54 (m, 2H), 7.85 (s, 2H), 
7.74 (m, 2H), 7.42 (s, 2H), 2.59 (s, 3H), 2.32 (s, 12H); 
13C NMR 159.2 (C-4), 154.6 (C-2), 126.6* (C-3), 127.2* and 
128.3* (C-2’, C-3’), 148.7 (C-2”), 138.6 (C-3a”, C-7a”), 115.4 
(C-4”, C-7”), 131.3 (C-5”, C-6”), 20.1 [Me-(C-5”, C-6”)], 21.4 
[Me-(C-4)] and 21.6 [Me-(C-2, C-6)]. 

5,6-Dimethyl-2-[4-(2,4,6-trimethyl-l -pyridinio)phenyl]- 
benzimidazolate 27 
A solution of the N-benzimidazolylpyridinium salt 26 (0.19 g, 
0.44 mmol) in ethanol (30 ml) was passed through a column 
packed with anion-exchange resin IRA-401 (OH- form). The 
neutral eluates were concentrated in a rotary evaporator at 
room temperature affording the betaine 27 as an unstable 
brown solid: mp > 252°C (0.145 g, 96%); 1H NMR 
(DMSO-d,) 8.47 (m, 2H), 7.91 (s, 2H), 7.56 (m, 2H), 7.26 
(s, 2H), 2.59 (s, 3H), 2.28 (s, 12H). 

Biological evaluation 

Parasites 
The strain of Trypanosoma cruzi used in this study was 
obtained from the Institute of Malarioiogy in Maracay 
(Venezuela) and had been isolated from human in a clinical 
case. 
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The leishmania strains used were Leishmania donovani 
(LRC-L133). 

Epymastigote forms of Trypanosoma cruzi were cultured in 
liquid Trypanosoma medium (LTM) composed of Hank’s 
solution (Gibco, Grand Island, NY, USA) 900 ml, lacto- 
albumin hydrolysate (Difco, Detroit, MI, USA) 5 g yeast 
extract (Difco) 0.1 g and bovine haemoglobin 0.2 mg. Medium 
prepared this way was supplemented with 10% of fetal calf 
serum (FCS) [23] inactivated at 56°C for 30 min. The pH was 
adjusted to 7.2. 

Promastigote forms of Leishmania donovani were cultured 
in TC 199 Medium (Gibco) supplemented with 10% of Fetal 
bovine serum. The parasites were cultured at 28°C. 

Compounds 

Substances were initially dissolved in dimethylsulfoxide and 
further diluted with cell culture medium before use. The 
concentration of the solvent (DMSO) was about 0.2%, which is 
non toxic for the parasites. 

Compounds 9 and 40 were entrapped in liposomes, as 
interesting results have been reported with liposome-encap- 
sulated drugs in experimental leishmaniasis 124-261. 
Multillamellar liposomes were prepared as described by Heath 
et al [24] from the method of Bangham et al [26]. 

Glucantime (100 mg/ml) and compounds 9,40 (100 mg/ml) 
were entrapped in liposomes, and the amount of product 
entrapped was 46% for compound 9 and 55% for com- 
pound 40. Liposomes were shown to be multilamellar by 
negative staining techniques [26] and liposome preparations 
were stored at 4°C. The amount of unentrapped material was 
removed by gel filtration on a Sephadex G-50 column and 
determined spectrophotometrically at jl = 243 nm. All doses of 
liposomes were freshly prepared and used within 4 h of 
preparation. 

In vitro antiprotozoal activity 

The in vitro anti-trypanosomal and anti-leishmanial activities 
of the test compounds have been evaluated. Once the flagellate 
forms were obtained in the culture medium, they were pelleted 
at 450 e/10 min. The flagellate forms were susoended in the 
culture medium and aliqugts adjusted to 107 flagellates/ml were 
taken and placed in culture flasks containing the compounds to 
be tested at the concentrations of 100, 10 and 1 ig/ml. An 
eauivalent auantitv of the solvent (DMSO) was added to the 
cc&o1 parasite ’ culture, The antiprotoioal activity was 
determined 24, 48 and 72 h after addition of the different 
products. Nifurtimox and glucantime which are at present used 
in medical treatment [3, 41 were used as reference drugs on 
Trypanosoma cruzi and Leishmania donovani respectively. 

The total number of flagellates were counted in a doulter 
counter (DN. Coulter Electronics LTD. Haroenden. Harts. 
England): In ‘order to establish parasite’ viability, flagellate 
suspensions were observed under a phase contrast microscopet 
which determine the percentage of forms with normal motility 
and appearance. The percentage of growth inhibition was 
determined as previously described [27]. 

Culture of HeLa cells 

HeLa cells (FLOW strains) were cultured in MEM medium 
supplemented with 10% of inactivated FCS containing 
diffkrent concentrations of compounds (100, 10 and 1 pg/rnlx 
After a 72 h incubation period at 37°C in a 5% COz incubator, 

cell growth was measured by a calorimetric method [28] using 
a Kontron STL 210 Spectrophotometer. 

In vivo anti-leishmanial activity 

Groups of 6 Nestle rats (98-100 g) were infected intra- 
ueritoneallv with 5 x 107 infective nromastiuote metacvclics of 
ieishmania donovani (LRC-L133j taken f&m the st&ionary- 
phase in vitro cultures of the parasite (TC 199, 10% FCS). 
Thirteen days after infection, compounds 9 and 40 were 
administered intravenously at a single dose of 34 mg/kg given 
once a week for three consecutive weeks. Five d after the last 
dose, the animals were killed and the total number of 
intracellular spleen amastigotes determined by counts of 
impression smears after staining with Giensa. The percentage 
reduction was calculated: % R = lOO-(TxlOO/C), where T is the 
number of amastigotes in 500 nucleated cells from treated rats 
and C is the number of amastigotes in 500 ml nucleated cells 
from control rats. Additionally in the same standard protocol, 
a group of 6 rats were treated with glucantime as the reference 
drug. 
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