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Solvent-free reaction on KF-alumina under microwave:
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Abstract—The reaction of four a-hydroxyketones 1a–d with a double equivalent of t-butyl acetylacetonate in the presence of KF-
alumina under microwave irradiation afforded 6-acetyl-5-hydroxy-3,3-dialkyl-7-methyl isobenzofuran-1(3H)-ones 3a–d.
� 2006 Elsevier Ltd. All rights reserved.
Butenolide heterocycles are widespread in nature and
are present in numerous biologically important com-
pounds.1 The activity of these heterocycles has been
attributed to the butenolide part. They can also be
important starting materials for the total synthesis of
various natural products as well as for the development
of new asymmetric methodologies.2 A general synthesis
of butenolides consists in a base-catalyzed reaction of
activated acetate with an a-hydroxyketone.3 In particu-
lar, the acetylbutenolide has previously been obtained in
the same manner using ethyl acetylacetonate in poor
yields.4

The mechanism of the formation of butenolides was well
studied in the case of ethyl malonate and ethyl cyano-
acetate.5 The formation of the butenolide is known to
take place through a transesterification of the ester by
the a-hydroxyketone in the presence of a basic catalyst,
followed by an internal Knoevenagel reaction, favored
by a gem-disubstituent effect of the gem-3,3-dialkyl
group.6,7

For our part, we have already reported an improved
synthesis of lactones by condensation of a-hydroxy-
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ketone 1 with ethyl cyanoacetate and diester malonate
in the presence of a base under microwave irradiation.5

We have subsequently described an efficient method for
butenolide synthesis microwave irradiation using KF-
alumina as base and in solvent-free conditions.8 Using
the same protocol, we decided to prepare acetylbuteno-
lides 2 from t-butyl acetylacetonate according to the ex-
pected reaction as shown in Figure 1.

Surprisingly, the reaction of 3-hydroxy-3-methylbutan-
2-one 1a with 1 equiv of t-butyl acetylacetonate gave a
poor yield of the expected butenolide (23%), along
with a secondary product. The yield of the new product
3a increased with the use of 2 equiv of t-butyl
acetylacetonate.

We have shown that different hydroxyketones 1a–d
lead to similar products, all containing an aromatic
substructure.

Studies by GC–MS spectroscopy, NMR (1H, 13C), and
the IR spectroscopies allowed the clarification of these
secondary products structures, as being 6-acetyl-5-hydr-
oxy-3,3-dialkyl-7-methyl isobenzofuran-1(3H)-ones 3a–d.

These new products result from the reaction of two
molecules of acetylacetonate with one molecule of
a-hydroxyketone on KF-alumina. The formation of this
type of products is favored by increasing the KF-Al2O3

amount.
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Figure 2. The observed reaction: formation of the isobenzofuranone.
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Figure 1. Formation of acetyl butenolide from a-hydroxyketone (expected product) and the isolated product.
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The new 6-acetyl-5-hydroxy-3,3-dialkyl-7-methyl iso-
benzofuran-1(3H)-ones 3a–d9 result from the reaction
of the acetylbutenolides 2a–d with the second equivalent
of t-butyl acetylacetonate (Fig. 2). This point was exper-
imentally checked by the reaction of a sample of pure
acetylbutenolide 2a (R1 = R2 = Me) with t-butyl acetyl-
acetonate in the presence of KF-alumina leading 3a in a
good yield (85%).

In fact, the formation of isobenzofuranones can be
explained by a domino10 one-pot reaction catalyzed by
the base, KF-Al2O3.

The proposed cascade reaction consists of

(1) A base-catalyzed transesterification between 1a–d
and t-butyl acetylacetonate.

(2) A Knoevenagel base-catalyzed reaction with the
formation of 2a–d.

(3) A Knoevenagel condensation of the second equiva-
lent of acetylacetonate on the butenolide 2a–d with
the formation of A (according to Fig. 3).

(4) A Claisen–Dieckmann reaction with the formation
of B (according to Fig. 3).

(5) An aromatization reaction into 3 (according to
Fig. 3).
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Figure 3. Cascade synthesis of 6-acetyl-5-hydroxy-3,3-dialkyl-7-methyl
isobenzofuran-1(3H)-ones 3a–d.
The final step in the process, which is the driving force of
this domino-reaction, is the irreversible aromatization of
intermediate B, producing therefore the phenolate ion.
This domino-reaction is in fact similar to the synthesis
of aromatics observed in plants from polyketide
products.11

In summary, we have reported a new and valuable meth-
od for functionalized isobenzofuran-1(3H)-ones synthe-
sis by a one-pot cascade reaction of a-hydroxyketones
with acetylacetonates. These obtained isobenzofuran-
ones 3 are highly functionalized and hence represent ver-
satile intermediate for organic synthesis.
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