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Abstract: A series of new pyrido[1,2-a]- and pyridazino[1,6-a]benzimidazolium salts have been synthesized
from readily available 1,3-disubstituted 2-alkylbenzimidazolium salts. Their affinity to DNA and in vifro
cytotoxicity versus HT-29 have been tested. The initial results show that the title compounds are a new

family of intercalating agents.

Over the past 25 years, spectacular advances have been made in understanding the interaction of small
non-peptide molecules with DNA.! One of the modes of non-covalent DNA-ligand interaction is
intercalation. Intercalators are planar molecules, usually consisting of three or four fused aromatic rings,
bearing in some cases a positive charge, which are able to insert between stacked DNA base pairs. Most of
all reported polyheterocyclic cations with intercalating properties share in common a quaternary nitrogen,
usually achieved by alkylation of neutral heterocycles like phenanthridines (Ethidium bromide 1)?
pyridocarbazoles (Elliptinium 2)* etc. However, there are only few examples where the cationic nitrogen is
in a bridgehead position, such as the indolo[1,2-a]quinolizinium alkaloids (Sempervirine 3)* or the imidazo-
diquinolinium cation 4° (Fig. 1).

Figure 1
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In recent years, we have developed a simple methodology to synthesize polyfused heterocyclic cations
with bridgehead nitrogens, by means of a double condensation between a suitable o-alkylazinium or azolium
salt and 1,2-dicarbony derivatives.® In order to obtain functionalized derivatives which could be further
manipulated, we focused our attention on the benzimidazolium system as a precursor of fused pyrido and
pyridazino salts § and 6. This is because the benzimidazole indole-type nitrogen can be easily substituted
facilitating, in the case of products showing interesting DNA binding properties, the preparation of new
bisintercalator derivatives.

In this communication we report some initial results related with the synthesis and chemical
transformations of different pyrido[1,2-a}- and pyridazino[1,6-a]benzimidazolium salts 5 and 6. On the
compounds prepared, we carried out the spectrophotometric (UV-Vis) determination of the corresponding
affinity constants’ as well as viscosimetry of the chromophore-DNA complexes’ to prove the intercalation
process. Also, to test behaviour of the products on cellular systems, cytotoxic activity against HT-29 colon
carcinoma was determined.?

Chemistry: The title salts have been obtained (Scheme 1) from 1,3-disubstituted 2-alkylbenzimidazolium
salts 4, prepared from commercial or easily available 1-substituted 2-alkylbenzimidazoles, by quatemnization
with ethyl bromoacetate 4a,b (X = C-CO,Et, RlI=H Y= C-CO,Et or C-Ph)9 or O-hydroxylaminomesity-
lenesulfonate (MSH), 4c-k (X =N, R! = H, Ph and Y = C(CH,),-CO,Et, C-Ar, C-CH,NHCOCHj or N).1%
Basic condensation of salts 4 with 1,2-diketones'! yielded the corresponding pyrido[1,2-a]- and
pyridazinof 1,6-a]benzimidazolium salts 5a,b and 6a-k respectively (Table 1).
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Scheme 1

When one of the nitrogen substituents of the in the starting salt 4 is an amino group, the condensation
takes place regioselectively to produce the pyridazino derivatives 6.

Since the presence of amino or amido functionalities usually increases the affinity to DNA, 2 we tested
the conversion of the ethoxycarbonyl group in 6 into the corresponding amido derivatives. As an example,
treatment of 6b with simple amines, such as n-propylamine, produced the amide 61, but only in good yield
when the amine was in high excess or as solvent. Similar reaction with 1,2-diaminoethane yielded the
monoamide 7a (n = 2)'3 (Scheme 2). This compound, with both amino and amido groups in the side chain,
could be of great interest not only because both groups should contribute to improve the affinity to DNA,
but also because it can be used as precursor of the corresponding bis-salts, interesting as bisintercalators.
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When a longer aliphatic diamine, as 1,8-diaminooctane, was used in the same experimental conditions
(excess of diamine, and reflux), instead of the monoamide 7b (n = 8), the reaction product was identified as
the bis-salt 8b'* (n = 8). Although the experimental conditions (high molar ratio between the amine and the
heterocyclic salt 6d) should not have favoured the formation of the bis-salt as the major product, its
separation from the reaction mixture as a highly insoluble product, could had contributed, to shift the
equilibrium. Additionally, a shorter diamine as 1,4-diaminobutane, produced mixtures of monoamide 7¢ and
bis-salt 8¢ (n = 4), suggesting that the electrostatic repulsion between both cationic nuclei controls the
formation of the bis-amide derivatives, thus justifying the only detection of the monoamide 7a in the
experiments with 1,2-diaminoethane.
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Results and Conclusions: Biological data and a brief description of the tests used to evaluate the salts 5,
6 and 7 are found in Table 1.

UV/Vis spectrophotometry. A preliminary test for all compounds was performed by comparing free versus
DNA bound product UV-Vis spectra.!® This test allowed us to eliminate i.e., those derivatives bearing alkyl
substituents in the pyridazino moiety, because none of them showed changes in the corresponding UV
spectra before and after DNA addition. Three initial conclusions were deduced: a) a minimum number of
four linearly fused rings were needed to interact with DNA, b) steric hindrance produced by atkyl groups on
the flat aromatic system, affects negatively the interaction, and c) the naphthalene-1,8-diyl moiety on R?,
seems to favour the interaction.

In a second step, we measured the DNA affinity constants (K) for some of the selected salts, by UV-Vis
titration of its diluted solutions with DNA, as reported by Cory et al.” As it is shown in Table 1, the K-
values for salts 5, 6 and 7a, with the exceptions of 6b, g, h and 6j lie in 10° - 10'® M'! range, as observed
for most common intercalating agents.'® The N-methyl salt 6a% (K = 3.5 10° M) was used as reference
for all products, showing one of the best K-values. Replacement of the N-methyl group with a benzyl
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moiety maintains or increases the affinity toward DNA (3.72 for 6e and 11.5 10° M"! for 6i). A similar
result was observed with the pyrido derivatives (6.93 10° M'! for 5b). Finally, another interesting compound
is the amino derivative 7a (1.84 10° M'!). The bis-salt 8b was insufficiently soluble for reliable data to be
obtained, and precipitation of partially soluble complexes occurred in various common buffers. Viscosimetry
One characteristic of intercalative binding to DNA is the length increase resulting when a drug intercalates,
producing a change in the viscosity of the sonicated DNA solution. Although relationship between viscosity
and DNA length increase on intercalation is more complicated than expected,'” viscosimetric determination
gives a semiquantitative measure of length change. The slope of the line representing the relative increase in
DNA contour length (L / L) vs. drug/nucleotide ratio can be reproducibly determined (Table 1) and
provides a simple and theoretically sound mean of distinguishing DNA binding mode. The values obtained
for our compounds are characteristic from intercalators, being the lower observed slopes due to the different
buffer used in our experiments. '8

Finally, except in the case of the dialkyl derivatives 6h,i, where the interaction with DNA do not exist,
results are comparable to those reported for classical intercalators (1.11 + 0.06 of standard deviation of the
slope, for ethidium bromide 2 used as a reference) with slight differences depending of the nature of
substituents. [n Vitro Cytotoxicity versus HI-29.3- Some of the described salts, Sab and 6a,e,f showed
activities against colon carcinoma HT-29 cells (ECqy: 1.8, 2.1, 3.7, 1.5 and 3.7 puM respectively) in the
same order of the well known agent doxorubicin (2.3 pM,'%).

In summary, a family of new DNA intercalating quaternary heterocycles have been described. The
versatility of the substitution in the indole-type nitrogen, will allow the development of future series of
bisintercalating dimers, based in the same chromophores, by the use of the suitable o,m-difunctionalized
linker chains, giving an easy access to highly selective DNA-interacting compounds.
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