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Abstract—11H-Indeno[1,2-b]quinoxalin-11-ones generated in situ from ninhydrin and various 1,2-phenylenediamines, catalysed by
montmorillonite K10 under microwave irradiation, condense with 4-hydroxyproline to produce 11-(1H-pyrrol-1-yl)-11H-
indeno[1,2-b]quinoxaline derivatives in good yields.
� 2005 Published by Elsevier Ltd.
One-pot multicomponent processes have recently gained
considerable and steadily increasing academic, economic
and ecological interest because they address fundamen-
tal principles of synthetic efficiency and reaction design.1

Additionally, the prospect of extending one-pot reac-
tions into combinatorial and solid-phase synthesis1,2

promises many opportunities for developing novel lead
structures for pharmaceuticals, catalysts and even novel
molecule based materials.

Since the pyrrole subunit occurs in many medicines, pes-
ticides and natural products, the development of new
methodologies3–7 for the synthesis of pyrroles is of inter-
est. Indenoquinoxaline8 derivatives are an important
class of intermediates in organic synthesis.

In the context of our general interest in multiple compo-
nent reactions9 and as part of our ongoing research pro-
grammes in the area of pyrrole synthesis,9c,10 herein we
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report a novel, efficient and three-component method
for the construction of 11-(1H-pyrrol-1-yl)-11H-indeno-
[1,2-b]quinoxalines, via condensation of ninhydrin,
1,2-phenylenediamine and 4-hydroxyproline catalysed
by montmorillonite K10 under microwave irradiation.

The multicomponent diversity elements are introduced
by simple addition of 1 equiv of a 1,2-phenylenediamine
to 1 equiv of ninhydrin on montmorillonite K10, then
five drops of DMSO were added followed by 4-hydroxy-
proline (1 equiv) and the mixture exposed to MW to
afford the corresponding 11-(1H-pyrrol-1-yl)-11H-
indeno[1,2-b]quinoxalines 4 (Scheme 1).

The results were excellent in terms of yields and product
purity in the presence of montmorillonite K10, while
without it, only the 11H-indeno[1,2-b]quinoxalin-11-
one 5 and 4-hydroxyproline were recovered (Table 1).
This indicates that a catalyst is needed for this reaction.
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Table 1.
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The 1H NMR spectrum of 4a exhibited one single sharp
line at (d 6.21) readily recognised as arising from a
methine proton along with multiplets (d 7.58–8.29) for
the aromatic protons. Two triplets (d 6.23 and 6.74)
were identified as pyrrole ring protons because of the
small coupling constants of the protons characteristic
of five-membered pyrrole rings (J = 2.10 Hz). The 1H
decoupled 13C NMR spectrum of 4a showed 17 distinct
resonances in agreement with the proposed structure.
The signal at 61.63 ppm corresponds to the methine car-
bon. The signals at 109.30 and 120.40 ppm are consis-
tent with the presence of a pyrrole ring.11

We have not yet established a mechanism for the forma-
tion of 4a–c, but a reasonable possibility is indicated in
Scheme 2.

First, condensation of ninhydrin and 1,2-phenylene-
diamine would give 11H-indeno[1,2-b]quinoxalin-11-one
5. This would undergo condensation with 4-hydroxy-
proline to form azomethine ylide 7 by thermal decarboxy-
lation of 6. The azomethine ylide 7 would dehydrate
spontaneously to produce the conjugated azomethine
ylide 8, catalysed by montmorillonite K10. Proton trans-
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Scheme 2.
fers could then give azomethine ylide 9, that is, 4a
(Scheme 2).

In order to prove the presence of the intermediate
5 in the proposed mechanism, compound 5 was
synthesised separately by condensation of ninhydrin
1 and 1,2-phenylenediamine 2a, and then the reaction
of 5 and 3 was examined. The resulting product was
identical to that formed in the three-component
procedure.

In summary, the multicomponent reaction described
herein provides a simple and direct entry into a number
of interesting novel pyrroles.

General procedure: Montmorillonite K10 (0.2 g) was
placed in a mortar followed by ninhydrin (0.178 g,
1 mmol) and 1,2-phenylenediamine (0.108 g, 1 mmol)
to which was added five drops of DMSO. The reactants
were mixed for 5 min. To this mixture was then added
4-hydroxyproline (0.130 g, 1 mmol). These materials
were then mixed using a pestle for ca. 5 min. The
homogenised mixture was placed in a pyrex test tube
and inserted into a microwave oven and irradiated for
2 min. The contents were cooled to room temperature
and mixed thoroughly with 10 mL of acetone. The solid
inorganic material was filtered off, water was added and
the separated solid was filtered off and dried under high
vacuum and recrystallised from ethanol to give the pure
crystalline solid 4a (0.235 g).
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