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Abstract : Reduction of the anticancer drug nitracrine 1 leads to the dihydropyrazoloacridine
3 by heterocyclisation. New dihydropyrimidinoacridines 8, 9 and 10 are also
described.

1-Nitro-9-(dimethylaminopropylamino)acridine 1 (generic name nitracrine) was discovered
in Poland and is currently used in that country as an anticancer drug (1). Its mode of action
is not yet clearly established, but it has been shown to form reversible complexes with DNA
in vitro and to bind covalently to ONA in vivo (2). It has been suggested by Konopa that
enzymatic reduction of the nitro group to the hydroxylamino derivative may be responsible for
covalent binding (3). In a program devoted to the study of biologically active nitroaromatics
(4), we have examined the chemical reduction of nitracrine. We now show that in our
conditions the hydroxylaminoderivative is not detected, instead we isolate the reduction
cyclisation product 3. The other reduction products 2 and 4 give an access to a new
dihydropyrimidinoacridine system 8, 9.

Different conditions have been described to selectively reduce nitroaromatics into
hydroxylamines. However the course of the reaction varies greatly depending on the structure

of the compounds and the yields frequently drop dramatically due to the instability of the
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hydroxylamino group. Reductions involving Palladium or Raney nickel catalysts have been used.
To provide a general route to arylhydroxylamines of biological interest (as mutagenic and
carcinogenic metabolic species) J.G. Westra reported reductions which make use of hydrazine
hydrate in the presence of palladium over charcoal in THF as solvent (5). This method is
particularly efficent to reduce polycyclic nitroaromatics but 1is given to fail with
monocyclic systems. We treated nitracrine under these conditions and obtained a mixture of
mainly three compounds 2, 3 and 4 (6) in ratios depending on the precise conditions : 2
results from total reduction of the nitro group into the amino-group. It is the major
compound isolated (50-90 % yield) ; 4 arises from reduction accompanied by substitution of
the labile secondary 9-aminogroup. Its ratio increases (90 % yield) with an excess of
hydrazine ; the structure was confirmed by independant two-step synthesis, i.e., substitution
of 1-nitro-9-chloroacridine by hydrazine hydrate followed by reduction ; the last compound
isolated 3 possesses an additional five membered-ring. 1t 1is obtained as a minor constituent
(20 % yield) when ether is used as a solvent. However changing the reduction conditions to
Raney nickel in dry ether gives the latter cyclization product 3 in a 55 % yield along with
the amino derivative 2 (45 %). The structure of 3 is deduced from elemental analysis, mass
spectrum and 1H NMR data (7). Compound 3 is unstable in solution (methanol, ether,

chloroform...) and in the presence of air and light, giving unidentified mixtures.
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Under no reaction conditions could we isolate the hydroxylamino derivative resulting
from reduction of the nitro group. A possible explanation could be partial reduction of the
nitrogroup to a species which is trapped intramolecularly by the 9-aminogroup. Several
species may be hypothesized, among which the electrophilic nitroso derivative which might
cyclize by nucleophilic attack by the aminogroup and then be further reduced. Due to steric
compression between the 1 and 9 positions, this scheme seems more probable than further
reduction of the nitroso group to the hydroxyl amino derivative followed by cyclization.

Compression factors and proximity effects between positions 1 and 9 were used further to
prepare the new tetracyclic skeleton of the dihydropyrimidinoacridines 8, 9 and 10.
Acetylation of the reduction derivatives 2 and 5_(Ac20, CHC13, 20°, 2h) gave the acetamides 6
and 7 which were readily cyclized (HCl, MeOH, 20°, 1h) into 8 and 9 (10). The N-9
unsubstituted derivative 10 was similarly prepared starting from 1-nitro-9-aminoacridine.
Reduction with hydrazine hydrate (Pd/C, Et,0, 20°, 3h) gave 1-9-diaminoacridine 5. Treatment
with acetic anhydride in chloroform (20°, 3h) gave directly the cyclized compound 10.

The present results further illustrate the peculiarities of the nitracrine system (8),
due to compression and proximity effects between positions 1 and 9. The interest resides at
two levels : 1/ The inability to detect any hydroxylamine derivative in any of the nitracrine
reduction conditions used, and also the isolation of the cyclization-reduction product 3 may
be of much biological significance. This result brings into question the possible existence
and the 1involvement of the hydroxylamine derivative as a key metabolite of nitracrine,
responsible for covalent binding to DNA. In this respect nitracrine may diverge from the most
frequently proposed mode of binding of polycyclic nitroaromatics to DNA (9). The
cyclization-reduction product 3 is now examined as a possible metabolite of the drug.

2/ Secondly these results open a route to new tetracyclic dihydropyrazolo- and
dihydropyrimidino-acridines having potential DNA-binding properties.
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