
Expeditious Synthesis and Cytotoxic Activity of New
Cyanoindolo[3,2-c]quinolines and Benzimidazo[1,2-c]quinazolines

Christelle Lamazzi,a,b SteÂ phane LeÂ once,c Bruno Pfei�er,d Pierre Renard,d

GeÂ rald Guillaumet,b Charles W. Reese and Thierry Bessona,*
aLaboratoire de GeÂnie ProteÂique et Cellulaire, UPRES 2001, Groupe de Chimie Organique, PoÃle Sciences et Technologie,

UniversiteÂ de La Rochelle, Avenue Michel CreÂpeau, 17042 La Rochelle cedex 1, France
bInstitut de Chimie Organique et Analytique, associeÂ au CNRS, UniversiteÂ d'OrleÂans, BP 6759, F-45067 OrleÂans cedex 2, France

cInstitut de Recherche Servier, 11 Rue des Moulineaux, 92150 Surennes, France
dA.D.I.R. et Cie, 1 Rue Carle HeÂbert, 92415 Courbevoie cedex, France

eDepartment of Chemistry, Imperial College of Science, Technology and Medicine, London, SW7 2AY, UK

Received 30 May 2000; revised 6 July 2000; accepted 24 July 2000

AbstractÐNovel 6-cyanoindolo[3,2-c]quinoline and 6-cyanobenzimidazo[1,2-c]quinazoline derivatives have been synthesised by
treatment of the appropriate aromatic amines with 4,5-dichloro-1,2,3-dithiazolium chloride 1 (Appel salt). The cytotoxicity and the
e�ect of these compounds on cellular growth were measured. # 2000 Elsevier Science Ltd. All rights reserved.

Introduction

Cryptosanguinolentine, a member of a family of indolo
[3,2-c]quinolines, is very rare in Nature and has been
isolated in 1996 from a West African plant Cryptolepsis
sanguinolenta.1 In recent years, considerable interest has
arisen for the synthesis of indoloquinoline derivatives,
due to their potential pharmaceutical value (these com-
pounds can interact with DNA and are studied for their
antitumour activity).2 As part of our work on the
applicability of 4,5-dichloro-1,2,3-dithiazolium chloride
1 (Appel salt) to the synthesis of polyheterocyclic sys-
tems of potential pharmacological value,3 we have dis-
covered that condensation of 2-(2-aminophenyl)indole
and Appel salt 1 leads to new 6-cyanoindolo[3,2-c]qui-
noline derivatives which are related to cryptosangui-
nolentine. In this paper we describe the rapid synthesis
of these compounds and their cytotoxic evaluation. Pre-
paration of a cyanobenzimidazoquinazoline analogue,
obtained by treatment of 2-(2-aminophenyl)benzimida-
zole with the salt 1, is also detailed.

Chemistry

It is now well known that reaction of 4,5-dichloro-1,2,3-
dithiazolium chloride 1 (Appel salt) with primary aromatic

amines allows access to N-arylimino-1,2,3-dithiazoles,
usually in high yield.4 These imines have proved to be
very versatile synthetic intermediates in heterocyclic
chemistry, undergoing a variety of reactions initiated by
nucleophilic attack at di�erent sites on the dithiazole
ring (the driving force being the regeneration of the
latent cyano group in the dithiazole ring, see Figure 1).

For example, they can be converted into 2-cyano deri-
vatives of benzothiazoles,5 benzoxazines,6 imidazoles7

and quinazolines.8

Exploring the chemistry of Appel salt, we planned to
prepare the imino-1,2,3-dithiazole 2, resulting from the
reaction of 1 with 2-(2-aminophenyl)indole, and to study
the cyclisation process of such compounds into new
indole derivatives (3 and/or 4, Scheme 1) with angular
fused annelated patterns in which the presence of a
cyano group may increase the cytotoxic activity as we
recently demonstrated with benzothiazoles.9

Following the usual methods,3ÿ8 treatment of 2-(2-amino-
phenyl)indole with 4,5-dichloro-1,2,3-dithiazolium chlo-
ride 1 in dichloromethane at room temperature in the
presence of pyridine (2 equiv) gave a product in satis-
factory yield (60%) which was identi®ed as the cyclised
indolo[3,2-c]quinoline 3.10 Formation of this tetracyclic
compound could involve a rapid cyclisation of the sup-
posed intermediate 2 in a mechanism related to the
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process previously described by Molina for the pre-
paration of such rings by intramolecular reaction of
iminophosphoranes with isocyanates.11 Formation of the
indolo[3,2-c]quinoline ring suggests nucleophilic attack by
carbon 3 of the indole ring at the imino-carbon, with loss
of both sulfur atoms from the dithiazole ring (Scheme 2).
Whichever method was applied (tetrahydrofuran instead
of dichloromethane, low temperatures) none of the
alternative ring closed product, indolo[1,2-c]quinazoline
4, was detected.

Alkylation of 3 in the presence of bases led to N-sub-
stituted products, 5 and 6, in reasonable yields (57 and
60%, respectively). This result con®rmed the indolo[3,2-
c] quinoline structure of 3. The new benzimidazo[1,2-c]
quinazoline analogue 7 was also prepared in reasonable
yield (50%) by treatment of 2-(2-aminophenyl)benzimi-
dazole with Appel salt 1, following the conditions
described above. In order to evaluate the impact of
the cyano group on the biological activity of the

rings prepared, the parent benzimidazo[1,2-c]quinazo-
line 812 was obtained by cyclocondensation of triethyl-
orthoformate with 2-(2-aminophenyl)benzimidazole in
N,N-dimethylacetamide.

Cytotoxicity Activity and Cell Cycle E�ects

The antiproliferative activity of compounds 3, 5, 6, 7
and 8 were assessed using the murine L1210 leukemia
cell line.13 The results, expressed as IC50 (concentration
reducing 50% of the cell proliferation), are reported
in Table 1. For the most active compounds (IC50

<10 mM), cytotoxicity was evaluated on the HT29 cell
line as well as the perturbations induced on the L1210
cell cycle. Both compounds 5 and 7 were found able to
block signi®cantly the L1210 cells in the G2+M phase
of the cell cycle. Introduction of the N,N-dimethyl-
aminoethyl chain on the indoloquinoline skeleton led to
the signi®cantly more active cyano compound 5 which
exhibits a sub-micromolar activity on the HT-29 cell

Figure 1.

Scheme 1.

Scheme 2. Reactions and conditions: (a) 1, pyridine, CH2Cl2, rt, 2 h, 60%; (b) Cl-(CH2)2-N(CH3)2.HCl, NaH, THF/DMF, re¯ux, 3.5 h, 57%;
(c) CH3I, K2CO3, CH3CN, re¯ux, 3 h, 60%.

Scheme 3. Reactions and conditions: (a) pyridine, CH2Cl2, rt, 2 h, 50%; (b) HC(OEt)3, dimethylacetamide, re¯ux, 1.5 h, 85%.
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line (IC50=0.68 mM). The cyanobenzimidazoquinazoline
7 was also found more active than its parent compound
8 and the indoloquinoline analogue 3.

In conclusion we have described the synthesis of new
6-cyanoindoloquinoline and benzimidazoquinazoline
derivatives which exhibit interesting and signi®cant in
vitro cytotoxic activity. As we observed for various 2-
cyanobenzothiazoles, the presence of the cyano group
on the indolo[3,2-c]quinoline or benzimidazo[1,2-c]qui-
nazoline rings led to enhanced cytotoxicity but did not
apparently involve any speci®c e�ect on the cell cycle.
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Table 1. Cytotoxicity and antiproliferative activity results for compounds 3 and 5±8

Cytotoxicity Percent of L1210 cells in the cell cycle phasesa

Compound Formula IC50 L1210 (mM) IC50 HT29 (mM) G2+M (mM) >G2+M (8N) (mM)

3 C16H9N3 >100 neb ne ne
5 C20H18N4 3.1 0.68 50% (10) 21% (10)
6 C17H11N3 58.8 ne ne ne
7 C15H8N4 5.4 5.2 61% (10) inc

812 C19H9N3 >100 ne ne ne

aPercent of untreated control cells in the phases of the cell cycle: 41% (G1); 28% (S); 24% (G2+M); 1% (8N).
bne=Not evaluated (for IC50>10 (mM).
cin=Inactive.
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