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Abstract—The convenient synthesis of novel tetraaza-pentaphene-5,8-diones (3) is described, in two steps, from anthranilic acid
derivatives, via a microwave-assisted Niementowski reaction. A short evaluation of the antiproliferative activity of these new

pentacyclic heterocycles was realised.
© 2005 Elsevier Ltd. All rights reserved.

The occurrence of the quinazoline skeleton in various
natural and synthetic products has generated interest
of many groups on account of its useful biological prop-
erties.! As a part of our ongoing research activity, we
launched a research programme dealing with the prepa-
ration and pharmacological evaluation of some original
quinazoline derivatives structurally related to the terres-
trial alkaloids Rutaecarpine® (I) and Luotonine® A (II)
(Fig. 1), which possess a quinazolin-4-one moiety fused
with indolopyrido and pyrroloquinoline ring systems,
respectively (Fig. 1).

Thus, exploring the potential synthetic applications of
the Niementowski reaction* and in association with
our work on the application of microwaves in organic
chemistry, we planned to prepare novel pentacyclic

tetraaza-pentaphene-5,8-diones (III, Fig. 1), from anth-
ranilic acids, by fusing quinazolinones and the piper-
azine ring. In this letter we describe the synthetic route
and a preliminary evaluation of the biological activity
of various novel polyheterocyclic congeners.

To our knowledge, the pentacyclic 6,7-dihydro-
5a,7a,13,14-tetraaza-pentaphene-5,8-dione skeleton has
never been published yet. We suggested that generation
of this novel ring may occur via a Niementowski reac-
tion* between anthranilic acid and novel 2,3-condensed
(3H)-quinazolin-4-ones that we recently obtained from
anthranilate derivatives.

The synthesis of the 2,3-condensed (3H)-quinazolin-
4-ones precursors 2 was performed from methyl

o} 0 0
N N N/\
; v N

Rutaecarpine |

Figure 1.

Luotonine A I

Keywords: Fused quinazolinones; Niementowski reaction; Microwave-assisted reactions; Graphite.
* Corresponding author. Tel.: +33 05 46 45 82 55; fax: +33 05 46 45 82 47; e-mail: tbesson@univ-Ir.fr

0040-4039/$ - see front matter © 2005 Elsevier Ltd. All rights reserved.

doi:10.1016/j.tetlet.2005.03.133


mailto:tbesson@univ-lr.fr

3446 M. F. Pereira et al. | Tetrahedron Letters 46 (2005) 3445-3447

o)
0 0o
N —_— R N/\ — R N/\
| N/)w(NH - A _N
S)YCI THF, rt. N
1 /) NH NH,
N 2 a-d
1 a-d 0
o N
graphite, 220°C, 5 min R‘@fi /\N o
2ad + OH ____ o NTY,
NH 1M (100W), sealed vial N

2

Scheme 1.

N-(4-chloro-5H-1,2,3-dithiazol-5-ylidene)-anthranilates
la-d themselves obtained by condensation of 4,5-di-
chloro-1,2,3-dithiazolium chloride (Appel’s salt) and
anthranilic acid esters.® We observed that stirring of a
solution of these imines (1) and ethylenediamine (1 or
3 equiv for la—c and 1d, respectively) at room tempera-
ture in tetrahydrofurane, for 1 or 2 h, gave good yields
of mnovel 3,4-dihydro-2,4a,9-triaza-anthracen-10-one
derivatives 2a—d (Scheme 1).°

Our first goal was to establish unambiguously the 3D
structure of compounds 2 in order to evaluate the possi-
bility of condensation of these molecules with anthra-
nilic acids. X-ray crystallography of 2¢ confirmed the
amidine isomerisation in the solid state: the C(9)-N(8)
and C(13)-N(14) bonds in 2¢ were found at 1.294(3)
and 1.290(3) A, respectively, as typically observed for
the C=N double bonds, while the C(13)-N(17) single
bond was noticed at 1.346(3) A. The quinazoline system
was also found quite planar (Fig. 2).”

The second step of the route studied involves prepara-
tion of the expected molecules 3 via a modified Niemen-
towski condensation. This old reaction* usually consists
of the fusion between anthranilic acids and various
amides and thioamides (in dry media or with solvents)

Figure 2. ORTEP view of 2¢ with our numbering scheme. Displace-
ment ellipsoids are drawn at the 30% probability level.
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Table 1. Synthesis of intermediate quinazolinones 2 and pentacyclic
derivatives 3'!!

Starting imine R Yield of 2 (%)  Yield of 3 (%)

1a H 56 5080
1b 4-Cl 61 68
1c 5-Br 74 65
1d 4,5-di-OMe 68 36

# A similar reaction (same quantities in a sealed vial) gave only 11% of
the attempted product after 4.5 h of conventional heating (oil bath).

® Microwave experiments performed in sealed vial at 220 °C, in the
presence of solvents like N-methyl pyrrolidinone (NMP), or
dimethylformamide (DMF), offered, after 6 min of heating, only 37%
of the expected product, besides a large amount of by-products,
which were not identified.

to afford substituted quinazolinones, in good yields.
To our knowledge, no examples of this reaction are
yet reported with amidines (Scheme 1).

Inspired by our previous work on the synthesis of fused
quinazolines,® we observed that the best procedure for
the preparation of the bis-quinazolin-4-ones 3a-d con-
sists of microwave irradiation under pressure at 220 °C
of a mixture of the starting amidine 2a-d and an excess
of anthranilic acid (4 equiv) in the presence of graphite
(10% by weight), one of the solids most efficiently heated
by microwaves’ (for yields see Table 1). The benefits to
use microwave irradiation are noticeable and the strong
thermal effect due to graphite/microwaves interaction is
particularly efficient in such a reaction, which usually
needs high temperatures and requires lengthy and
tedious conditions. In our case, the use of sealed vials
allowed to reach very efficiently the high temperature
required, and then, to avoid sublimation of anthranilic
acid usually occurring at atmospheric pressure.

A preliminary evaluation of the potential biological
activity of tetraaza-pentaphene-5,8-diones was realised
in our group on breast cancer cell lines as previously de-
scribed.'?> Among the compounds tested, the dimethoxy
derivative 3d was identified as the best antiproliferative
compound inducing 10.4%, 9.6% and 8.2% growth
inhibition at 10°®*M on MCF-7/AZ, MCF-7/6 and
MDA-MB-231 cell lines, respectively.
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In conclusion, we described the rapid and efficient access
to novel pentacyclic heterocycles, which are structurally
related to well studied terrestrial alkaloids (e.g., Rutae-
carpine and Luotonine A). This work is a further exam-
ple of the utility of microwave irradiation in organic
synthesis where traditional methods failed. Preparation
and biological evaluation of various analogues are
under development and will be described later.
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