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A rapid and simple procedure for the synthesis of the indenone derivatives, N-(1-oxo-1H-inden-2-yl)-
benzamides, via intramolecular Friedel–Crafts (IFC) reaction of (Z)-4-arylidene-2-phenyl-5(4)-oxazolones
(azlactones) catalyzed by H3PW12O40 supported on neutral alumina under microwave irradiation has
been developed. The reaction is straightforward and allows easy isolation of the product. The catalyst
could be re-used up to four times after simple filtration.

� 2011 Elsevier Ltd. All rights reserved.
O

NH

H3PW12O40/Al2O3

R2

R3

R1

R4N
O

OR1

R2

3
R4 MW
The demand for increasingly clean and efficient chemical syn-
theses is important from both economic and environmental points
of view. Solid-state organic reactions have gained importance in
organic synthesis due to several advantages including faster reac-
tions, selectivities different from those in solution, and greener
procedures.1 Nonetheless, the long reaction times, which are fre-
quently required for full conversions have limited the exploitation
of these reactions in high-throughput synthesis. In recent years,
investigation on organic synthesis via microwave-assisted meth-
ods has gained importance.2 Clean reactions, short reaction times,
simple procedures, increased selectivities, and high yields are
advantageous features of MW-assisted methods.3

Recently, applications of heteropoly acids (HPAs) in chemistry
have increased significantly.4 Among HPAs, H3PW12O40, owing to
its stronger acidity (Brønsted acid) and higher thermal stability
compared to other examples, is usually the catalyst of choice.5 Fur-
thermore, modification of the activity of H3PW12O40 has been
accomplished by supporting it on a solid such as alumina.6

The presence of the indenone skeleton in a number of naturally
occurring compounds and synthetic materials, with important bio-
logical properties, illustrates the need for the development of new
methods for the preparation of these compounds. For instance,
euplectin, a rare natural product with an indenone moiety, was re-
ported to exhibit cytotoxicity against the growth of murine P-815
mastocytoma cells.7 Some indenone derivatives are used as impor-
ll rights reserved.
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tant starting materials for the synthesis of kinamycin antibiotics,
which show excellent activity against Gram-positive bacteria.8

On the other hand, increased effort has been directed toward the
development of new indenone-based structures as ligands in orga-
nometallic chemistry.9

The intramolecular Friedel–Crafts (IFC) reaction is an attractive
method for the formation of these types of compounds. This method
was established by Awad et al. for the synthesis of 2-benzamidoin-
denone in the presence of AlCl3 in anhydrous carbon tetrachloride.10

Recently, this transformation was modified by Kangani et al.
through IFC reaction of 2-benzylamino-3-phenylacrylic acid using
cyanuric chloride, pyridine, and AlCl3.11 However, one of the chal-
lenging problems in such processes is the introduction of appropri-
ate substituents during cyclization because, in some cases, the
presence of functional groups often hinders the desired IFC reaction.
Therefore, to overcome these problems, more convenient methods
for the synthesis of these types of compounds are required.
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Scheme 1. IFC reaction of azlactones to afford indenones.
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Table 1
Optimization of the IFC reaction of 1c to give 2c
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Entry Catalyst
(mg)

Solvent Power
(W)

Temperature
(�C)

Yield
(%)a

1 150 — 650 115 79
2 200 — 650 115 83
3 250 — 650 115 86
4 300 — 650 115 87
5 250 — 650 90 66
6 250 — 650 100 73
7 250 — 650 120 85
8 250 — 550 115 70
9 250 — 750 115 88

10b 250 — — 115 —
11 250 CH3CNc 650 80 46
12 250 EtOHc 650 78 42
13 250 PEG-

400c
650 115 65

a Isolated yield.
b Under oil bath heating.
C Two milliliters of solvent.

Table 2
Synthesis of N-(1-oxo-1H-inden-2-yl)benzamides via IFC-reaction of azlactones catalyzed

Entry R1 R2 R3 R4 Product

1 H Cl H H
Cl

2 H Cl H Cl

Cl

Cl

3 H Br H H
Br

4 Br H H H

OBr

5 H NO2 H H
O2N

6 H CH3O H H
H3CO

7 H (CH3)2N H H
(H3C)2N

8 CH3O HO CH3O H
HO

O

H3CO
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In continuation of our recent studies on azlactone chemistry,12

and as a part of our ongoing research program to develop new
methodologies for the synthesis of fine chemicals,13 herein we de-
scribe the successful use of H3PW12O40 supported on neutral alu-
mina14 as an active catalyst for the synthesis of N-(1-oxo-1H-
inden-2-yl)benzamides via IFC reaction of azlactones under micro-
wave irradiation (Scheme 1).15

In order to optimize the reaction conditions, the IFC reaction of
(Z)-4-(4-bromobenzylidene)-2-phenyloxazol-5(4H)-one (1c,
1 mmol) in the presence of H3PW12O40/Al2O3 (250 mg) was se-
lected as a model reaction (Table 1). We investigated the reaction
under microwave irradiation with a temperature controlled pro-
gram. During irradiation, the temperature was monitored by an
IR sensor which controlled the MW power levels.

Optimization by screening the reaction conditions including the
amount of the catalyst, temperature and output power of the
microwave irradiation was investigated. The results indicated that
lower amounts of catalyst gave lower yields (Table 1, entries 1 and
2). The reactions were carried out at temperatures ranging from 90
to 120 �C. It was found that a higher reaction temperature (120 �C)
led to no improvement in the yield, but using a lower temperature
(100 �C), sharply decreased the conversion to 73%. The procedure
was carried out at different microwave irradiation output power
(Table 1, entries 3, 8, and 9). It was found that the yield reached
a plateau at 650 W (Table 1, entry 3).

To demonstrate the positive effect of MW irradiation, the syn-
thesis of 2c was investigated with and without microwave irradia-
tion. When the reaction was carried out in the absence of
by H3PW12O40/Al2O3 (see Scheme 1)
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Table 2 (continued)

Entry R1 R2 R3 R4 Product Time (min) Yield (%)a
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a Yield refers to isolated pure product characterized by FTIR, 1H NMR,13C NMR and mass spectroscopy.
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Scheme 2. Proposed mechanism.
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microwave irradiation with stirring at 115 �C, 2c was not produced
at all (Table 1, entry 10), while at the same temperature under
microwave irradiation, a high yield of the corresponding product
was obtained (86%, Table 1, entry 3). The effect of solvent on this
transformation was also investigated. As shown in Table 1, the de-
sired product was obtained in unsatisfactory conversion in acetoni-
trile, ethanol, and PEG-400 (46%, 42%, and 65%, respectively). Thus
the optimum conditions required solvent-free microwave irradia-
tion at 115 �C and 650 Watt power for the IFC reaction of azlac-
tones to give the corresponding indenones in the presence of
H3PW12O40/Al2O3.

After successful generation of 2c, we next introduced greater
diversity to the N-(1-oxo-1H-inden-2-yl)benzamide scaffold
(Table 2).

As shown in Table 2, it is clear that using the optimized reaction
conditions, this procedure was quite general. In most cases, the
reaction proceeded with high efficiency and with broad functional
group tolerance. To expand the scope of the azlactone substrates,
various mono and disubstituted azlactones containing both elec-
tron-withdrawing and electron-donating substituents were used,
and these displayed good reactivity and afforded the desired
products in high yields. In addition, polycyclic or heterocyclic azlac-
tones, such as (Z)-4-(naphthalen-1-ylmethylene)-2-phenyloxazol-
5(4H)-one (1i), (Z)-4-[(1H-indol-3-yl)methylene]-2-phenyloxazol-
5(4H)-one (1j), or (Z)-4-[(5-methylthien-2-yl)methylene]-2-
phenyloxazol-5(4H)-one (1k),12d were reactive substrates and pro-
vided the desired products in satisfactory yields. A particularly
noteworthy feature of the present protocol is the successful synthe-
sis of 2l from (4Z,40Z)-4,40-[1,4-phenylenebis(methan-1-yl-1-
ylidene)]bis(2-phenyloxazol-5(4H)-one12d (1l). The wide potential
of this method makes it an attractive strategy for the synthesis of
N-(1-oxo-1H-inden-2-yl)benzamides.

Another advantage of this method is the recyclability of the cat-
alyst. H3PW12O40/Al2O3 can be separated by simple filtration,
washing with ethanol, and drying at 80 �C under reduced pressure
and reused for at least four runs without any loss of activity.

A plausible mechanism for the formation of N-(1-oxo-1H-in-
den-2-yl)benzamides is shown in Scheme 2. Initially, tautomerism
of the (Z)-azlactone into (E)-isomer A is catalyzed by H3PW12O40/
Al2O3. Subsequently, A undergoes the intramolecular Friedel–
Crafts reaction followed by rearrangement into amide.

In conclusion, we have demonstrated a simple and facile syn-
thesis of N-(1-oxo-1H-inden-2-yl)benzamides from azlactones in
the presence of H3PW12O40/Al2O3 under microwave irradiation.
The process is simple and has been shown to generate a diverse
range of indenones in high yields. The experimental simplicity,
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ease of product isolation, reusability of the catalyst and ready
availability of the catalyst could make this process very useful for
the synthesis of N-(1-oxo-1H-inden-2-yl)benzamides.
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