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Abstract—Exploring original approaches for the synthesis of therapeutic agents having a quinazoline part, we discovered that novel
3.4-dihydro-2 H-pyrazino[2,1,-b]quinazolines (3) may be rapidly and easily obtained via the chemistry of 4,5-dichloro-1,2,3-di-
thiazolium chloride (1). Our synthetic approach of this reaction is described with the aim of obtaining a well-controlled access to this

very rarely described pyrazino[2,1,-b]quinazoline skeleton.
© 2004 Elsevier Ltd. All rights reserved.

The quinazoline skeleton, when selectively functional-
ized, is a building block for the preparation of numerous
alkaloids and substances with pronounced biological
activities.! The main activity of our group consists in the
synthesis of heterocyclic structures with potential phar-
maceutical value. Our molecular targets are inspired by
natural marine (e.g., hinkdentine, dercitine and kua-
noniamines) or terrestrial (e.g., rutaecarpine and luoto-
nine) alkaloids for which interesting biological activity
was detected. We recently described the synthesis of
novel heterocycles in which the quinazoline ring is fused
with indole (I), benzimidazole (II) or quinazoline rings
(II) (Scheme 1)> and concentrated our work on the
synthesis of 2,3-condensed (3H)-quinazolin-4-one
derivatives (IV in Scheme 1), which can be employed as
intermediates in the synthesis of expected bioactive
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compounds. Although a wide range of 2,3-condensed
(3H)-quinazolin-4-ones occurs in different families of
plants and micro-organisms, only a few papers describe
the synthesis and the reactivity of such ring systems.?

Studying the chemistry of 4,5-dichloro-1,2,3-dithiazo-
lium chloride* (1) and its derivatives,” we discovered
that novel 3,4-dihydro-2H-pyrazino[2,1,-b]quinazolines
may be rapidly and easily obtained from methyl
N-(4-chloro-5H-1,2,3-dithiazol-5-ylidene)-anthranilates,
accompanied by the known 2,3-dihydro-1H-imi-
dazo[2,1,-b]quinazolin-5-ones. In this paper, we describe
our synthetic approach using this reaction with the aim
of obtaining a well-controlled access to the very rarely
described pyrazino[2,1,-b]quinazoline skeleton. Increas-
ing the range of methyl anthranilate derivatives that
condense with the salt 1, we successfully varied the
substituents on the aromatic moiety of the new poly-
cyclic products.

It is now well known that reaction of 4,5-dichloro-1,2,3-
dithiazolium chloride 1 with primary aromatic amines in
dichloromethane at room temperature allows access to
stable N-arylimino-4-chloro-5H-1,2,3-dithiazoles (e.g.,
2).* These compounds have proved to be highly versatile
intermediates in heterocyclic synthesis, undergoing a
variety of reactions initiated by inter- or intra-molecular
nucle;ophilic attack at S-1, S-2 or C-5 of the dithiazole
ring.

Following the usual methods, treatment of methyl
anthranilates  with  4,5-dichloro-1,2,3-dithiazolium
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chloride 1 in dichloromethane at room temperature gave
the corresponding methyl N-(4-chloro-5H-1,2,3-di-
thiazol-5-ylidene)-anthranilates 2a—d in quantitative yield.
Stirring of a solution of these imines and ethylenedi-
amine at room temperature in tetrahydrofuran, gave a
mixture of two compounds, which could be easily sep-
arated by column chromatography and isolated in rea-
sonable yields. The products then obtained were
identified as the novel 1-imino-2,3-dihydro-1H-pyraz-
ino[2,1,-b]quinazolin-5-ones (3) (only one example of a
similar heterocyclic skeleton was given in literature from
isatoic anhydride via a 2-chloroformyl-4H-3,1-benzox-
azin-4-one®) accompanied by a small amount of the
known 2,3-dihydro-1H-imidazo[2,1,-b]quinazolin-5-one
(4) derivatives’ (see Table 1).

A possible mechanism for the reaction is shown in
Scheme 2. Opening of the dithiazole ring by the aliphatic
amine is presumably initiated by attack at C-5 and
generation of the cyano group, which is latent in the
iminodithiazole ring (e.g., 5). The following intramo-
lecular cyclization by nucleophilic attack of the sec-
ondary amino group to the ester carbonyl carbon would
give the intermediate N-substituted quinazolines (e.g.,
6)."° In a second step, the formation of the imidazo-

Table 1. Synthesis of 3 and 4 from anthranilic esters.*$”

Starting ester ~ Diamine Yield of 2 Yield of 3  Yield of 4
(R) equiv (O 0) (0 0) (0 o)

a (H) 1 98 54 b

a (H) 3 — 56 18

b (5-Br) 1 98 74 17%¢

b (5-Br) 3 — 4 28

c (4-C) 1 71 61 22

¢ (4-C) 3 — 8 57

d (4,5-diOMe) 1 99 — —

d (4,5-diOMe) 3 — 62 —

#Conditions and reagents: ethylene diamine (I or 3equiv), tetra-
hydrofurane (THF), rt.

®The same reaction (same quantities of reactants and solvent) was
performed at 0 or —20°C. The yields obtained are similar to those
observed at room temperature.

“Under these conditions (1equiv of diamine), heating at reflux (oil
bath or microwaves) caused a decrease in the amount of 3b (40%) in
favour of 4b (41%).
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pyrazine ring on the quinazoline skeleton would occur
by final nucleophilic attack of the primary amino group
on the carbonitrile carbon to generate the cyclic ami-
dines 3, whilst the nucleophilic substitution of the cyano
group leads to the five-membered derivatives 4.

Studying various experimental conditions we varied the
amount of the diamine (1 or 3 equiv). The results show
that a large quantity of ethylenediamine is favourable to
the imidazoquinazolines 4a—c¢, reducing considerably the
amount of isolated six-membered pyrazino[2,1,-b]-
quinazolines (3a—c) (Table 1). Surprisingly, methyl 4,5-
dimethoxyanthranilate gave the expected product 3d
only in the presence of 3 equiv of the diamine (see Table
1), in contrast to other anthranilates. Whichever method
was used (1 or 3equiv of diamine, heating or not) no
trace of the five-membered product 4d was detected.

Exploring possible alternative routes to this rarely
described ring, we tried to condense ethylene diamine
with a 2-cyano-4H-3,1-benzoxazin-4-one 7, itself obtain
by condensation of anthranilic acid Ry =H in Scheme 1
with salt 1, in the presence of a base.!! In this case, and
whatever condition were experimented, no trace of the
expected pyrazino[2,1,-b]quinazoline 3a was detected.

In connection with our work on the utility of micro-
waves in organic synthesis, we also decided to investi-
gate the microwave-assisted heating of the reaction
mixture. Conventional heating was experimented under
the same conditions of reactants. Whichever method
was used, the cyclized products were obtained in lower
yield than at room temperature. Here again the main
products were the five-membered derivatives (4) and,
curiously, in the case of compound 2a, starting methyl-
anthranilate was recovered in modest yield (less than
10%), showing a possible hydrolysis of the intermediate
imino-1,2,3-dithiazoles 2a.

Hydrochloric acid hydrolysis (refluxing HCI for 2h or
more) of the novel Il-imino-2,3-dihydro-1H-pyraz-
ino[2,1,-b]quinazolin-5-ones 3a and 3b was also experi-
mented. Unfortunately, no trace of the corresponding
amides was detected and the starting material was
completely recovered.
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Scheme 2. Suggested mechanism and alternative route for the generation of 3 and 4.
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In conclusion, we describe here the rapid synthesis of
novel 1-imino-2,3-dihydro-1H-pyrazino[2,1,-b]quinazo-
lin-5-ones (3) via the intermediate methyl N-(4-chloro-
5H-1,2,3-dithiazol-5-ylidene)-anthranilates (2). This
work is a further example of the applicability of 4,5-
dichloro-1,2,3-dithiazolium chloride (Appel’s salt) in the
preparation to novel polyheterocyclic systems. The high
solubility of such compounds and their chemical sta-
bility open the door to promising pharmaceutical
applications. Investigations are currently under way and
will be published later.
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