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imidazo[1,5-a]quinoxalin-4-ones
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Abstract—Imidazo[1,5-a]quinoxalin-4-ones were prepared in four steps starting from 1,2-phenylenediamines using a new strategy
for the construction of the ring system. A key step in this new method involves the reaction of quinoxalin-2-ones with TosMIC
(tosylmethyl isocyanide). © 2001 Elsevier Science Ltd. All rights reserved.

Imidazo[1,5-a]quinoxalin-4-ones are common structural
arrays that are found in a variety of biologically impor-
tant and medicinally useful agents and therefore often
serve as important intermediates for their synthesis. For
example, they have been used as templates for the
synthesis of GABA/benzodiazepine receptor agonists/
antagonists,! cAMP and c¢GMP phosphodiesterase
inhibitors,> A,- and A,,-adenosine receptor agonists® in
addition to many other pharmacologically active com-
pounds.*” Three methods have been previously devel-
oped for the preparation of imidazo[l,5-a]-
quinoxalin-4-ones. The first method involved the cou-
pling of 2-fluoronitrobenzenes 2 with imidazoles (3,
X #H, Z=H) via nucleophilic aromatic substitution to
give 1-(2-nitrophenyl)imidazoles (4, X #H, Z=H).>*8
Reduction of 4 (X#H, Z=H) afforded the correspond-
ing 2-imidazolylanilines 5§ (X#H, Z=H), which upon
reaction with carbonyldiimidazole gave rise to imi-
dazo[1,5-a]-quinoxalin-4-ones. While this approach is
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quite useful for the synthesis of 1-substituted imi-
dazo[l,5-a]-quinoxalin-4-ones (1, X#H),>* it is not
adaptable to the preparation of 1-unsubstituted imi-
dazo[1,5-a]quinoxalin-4-ones (1, X=H) since the use of
2-unsubstituted imidazoles (3, X=H) in this sequence
will ultimately lead to exclusive formation of the iso-
meric imidazo[1,2-a]quinoxalin-6-ones 6.>*® The second
approach involves the reaction of ethyl imidazole-4,5-
dicarboxylate (3, Y =Z=COOEt) with 2-fluronitroben-
zene to give 1-(2-nitrophenyl)imidazole-4,5-dicarb-
oxylate (4, Y=Z=COOEt).” Subsequent reduction
and spontaneous cyclization of the corresponding ani-
line (5, Y=Z=COOEt) afforded ethoxycarbonyl-imi-
dazo[1,5-a]quinoxalin-4-ones 1 (Y =COOELt).” In the
third method, 1,2-phenylenediamines 7 were condensed
with ethyl oxalyl chloride to give 2,3-dioxoquinoxalines
8, which, after transformation to enol phosphates 9 and
subsequent reaction with aryl isocyanides, afforded
3-aryl-imidazo[1,5-a]quinoxalin-4-ones (1, X=H, Y=
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Ar).15¢ A variety of 1- and/or 3-substituted imi-
dazo[1,5-a]-quinoxalin-4-ones have been prepared by
appropriate choice of the above methods. These
approaches, however, could not be used for the synthe-
sis of both 1- and 3-unsubstituted imidazo[l,5-a]-
quinoxalin-4-ones (1, X=Y =H). Recently, in one of
our drug discovery programs, we required easy access
to various 1- and 3-unsubstituted imidazo[l,5-a]-
quinoxalin-4-ones (1, X=Y =H). We report herein a
novel method for the preparation of these compounds.

Our approach to both 1- and 3-unsubstituted imi-
dazo[1,5-a]quinoxalin-4-ones began with the condensa-
tion of 1,2-phenylenediamines 10 with ethyl glyoxalate
11 (Scheme 1). Thus, refluxing 1,2-phenylenediamine
10a and ethyl glyoxalate 11 in ethanol gave quinoxalin-
2(1H)-one 12a in 88% yield.>'® Treatment of 12a with
sodium hydride in DMF followed by addition of p-
methoxybenzyl chloride afforded a mixture of N-(p-
methoxybenzyl)-quinoxlin-2-one 13a and 2-(p-methoxy-
benzyloxy)quinoxline 13'a. The major isomer 13a can
be isolated by chromatography in 74% yield.'®!' Reac-
tion of 13a with TosMIC (tosylmethyl isocyanide) in
THF in the presence of a base such as NaH provided
5-(p-methoxybenzyl)-imidazo[1,5-a]-quinoxalin-4-one
14a in 97% yield.'®!? Tt should be noted that the minor
isomer 13'a reacts very sluggishly with TosMIC to give
the corresponding imidazole derivative under similar
reaction conditions. Finally, deprotection of the N-(p-
methoxybenzyl) group of 14a afforded imidazo[l,5-
alquinoxalin-4-one 15a in 97% yield.'®!® Other
imidazo[1,5-a]quinoxalin-4-ones were prepared in an
analogous manner; these results are summarized in
Table 1.

As can been seen from Table 1, this newly developed
method is general for the preparation of 1- and 3-
unsubstituted imidazo[1,5-a]quinoxalin-4-ones  with
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Table 1. Preparation of imidazo[l,5-a]quinoxalin-4-ones 15

Entry R' R2 R} R* Yield (%)°

12 13 14 15
1 H H H H * 6 97 97
2 H H OMe H ° 61 9 9
3 H OMe OMe H 8 54 9 9
4 H H CO,Me H 93¢ 67¢ 88 94d
5 NO, H H H 37° 70 68 91

4 Commercially available materials.

® For details, see Ref. 14.

¢Isolated by chromatography unless otherwise indicated.
dIsolated as a mixture of regioisomers.

¢ Isolated by crystallization.

either electron-donating or electron-withdrawing
groups on the phenyl ring (Table 1, entries 2 and 3 and
entries 4 and 5, respectively). One drawback with this
method is the formation of a mixture of quinoxalin-2-
one regioisomers when an unsymmetrical phenylenedi-
amine is used, thereby significantly reducing the overall
yield (Table 1, entries 4 and 5). However, the desired
isomer of intermediate 12 can be prepared regiospecifi-
cally via an alternative route if needed (Table 1, entry
2).14

In summary, a novel method has been developed for
the preparation of both 1- and 3-unsubstituted imi-
dazo[1,5-a]quinoxalin-4-ones. A key step in this newly
developed method involves an efficient imidazole ring
formation by reaction of quinoxalin-2-ones with
TosMIC. The application of this new synthetic
sequence to the preparation of novel protein tyrosine
kinase (PTK) inhibitors will be reported in due
course.!?
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Scheme 1.
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The structures of new intermediates and final products
referred to in this work were determined by a combina-
tion of spectroscopic techniques (‘H and '*C NMR, EI
MS) and microanalysis. In particular, the structures of
compounds 12d, 13d and 14d were inferred by NOE
studies on 15d (i.e. irradiation of H, and Hg, respectively,
generated NOE signals for corresponding Hs; and N-H
and vice versa).

"NOE"

\
H

H o YEN

o
(

15d

Typical reaction conditions: (a) 13a: To a 0°C suspension
of NaH (11.0 mmol) in 5 mL of dry DMF was added a
solution of 2-hydroxyquinoline (10.0 mmol) in 10 mL of
dry DMF. After 20 min, p-methoxybenzyl bromide (11.0
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mmol) was added and the mixture was stirred at ambient
temperature for 12 h. The mixture was poured into a
mixture of water and EtOAc. The organic phase was
dried (Na,SO,) and evaporated under reduced pressure.
Flash chromatography then yielded 13a as a white solid.
(b) 14a: To a 0°C suspension of NaH (1.0 mmol) in dry
THF was added a mixture of 13a (0.5 mmol) and
TosMIC (0.5 mmol) in dry THF. The mixture was stirred
at room temperature for 4 h and poured into ice water.
The white precipitate was collected by filtration, washed
with water and dried under high vacuum to give 14a as a
white solid. (c) 15a: To a mixture of 14a (1.0 mmol) in 5
mL of TFA and 2 mL of anisole was added 1 mL of
triflic acid. The mixture was stirred at room temperature
for 6-8 h. After concentration under reduced pressure,
the residue was poured into a mixture of ice/saturated
NaHCO5——ether with vigorous stirring (final pH >7.0).
The white precipitate was collected by filtration, rinsed
with water, and triturated with ether to give 15a as a
white solid.
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Compound 12b was regiospecifically prepared as shown
below:
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