
Tetrahedron Letters 47 (2006) 683–687

Tetrahedron
Letters
Palladium catalyzed reductive decarboxylation of allyl
a-alkenyl-b-ketoesters. A new synthesis of (E)-3-alkenones
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Abstract—The reductive decarboxylation of a-alkenyl derivatives of allyl-b-ketoesters was achieved by use of palladium(0) catalyst
generated in situ from Pd(OAc)2 and PPh3, with triethylammonium formate as the hydride source, in THF. The reaction proceeds
smoothly and cleanly, with linear alkenyl derivatives of allyl-b-ketoesters, to afford (E)-3-alkenones in good to excellent yields (73–
92%) and high stereoselectivity (>98%).
� 2005 Elsevier Ltd. All rights reserved.
b-Ketoesters and their a-substituted derivatives are
important starting materials in organic synthesis and
are extensively used for the preparation of a variety of
ketones. This conversion is achieved either by the classi-
cal sequence of alkaline hydrolysis, acidification and
thermal decarboxylation or by a direct decarboalkoxyl-
ation procedure.1 However, these procedures usually
require harsh conditions and sometimes the transfor-
mation is not easy, especially with a-substituted and
a,a-disubstituted b-ketoesters, although some methods
for smooth decarboxylation have been reported.2

An elegant method for the cleavage of b-ketoesters to
give alkylated ketones appeared in 1985 with the intro-
duction of palladium catalysts.3 Extensive studies on
palladium catalyzed reactions of allylic compounds,
via p-allyl palladium complexes, led to synthetically use-
ful catalytic reactions of allyl b-ketoesters offering new
synthetic methodologies for their decarboxylation, not
attainable by conventional routes. There are representa-
tive reports on the transformation of allyl b-ketoesters
to (a) a-alkyl ketones by decarboxylation–hydrogeno-
lysis; (b) a,b-unsaturated ketones by decarboxylation–
dehydrogenation; (c) c,d-unsaturated ketones by decar-
boxylation–allylation and (d) a-methylene ketones by
decarboxylation–deacetoxylation. All these types of pal-
ladium catalyzed reactions of allyl b-ketoesters have
recently been reviewed by Tsuji.4
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During the course of our studies directed towards the
synthesis of (E)-2-alkenones5 by decarboxylation of a
b-keto acid, the problem of decarboxylation of a-alken-
yl b-ketoesters was encountered. These derivatives,
products of a Knoevenagel condensation of a b-keto-
ester with an aldehyde, could not be decarboxylated
by conventional techniques. In this context, the possibil-
ity of applying the palladium catalyzed hydrogenolysis
of allyl a-alkenyl-b-ketoesters was examined, expecting
the formation of the corresponding a,b-unsaturated
ketone. For this transformation, allyl a-isopentenyl
acetoacetate 2c, the product of the condensation of allyl
acetoacetate and isovaleraldehyde, was chosen as the
model (see reaction above Table 1).

Thus a solution of substrate 2c (1 mmol), a catalytic
amount of Pd(OAc)2 (2.5 mmol %) and PPh3 (5 mmol %),
in the presence of triethylammonium formate
(2.0 mmol), in THF was left overnight at room temper-
ature. After a simple work up and rapid column chro-
matography on silica gel, (E)-6-methyl-4-hepten-2-one
3c was obtained in 82% yield.

This unexpected result prompted us to study the above
transformation using different a-alkenyl derivatives of
allyl b-ketoesters, in order to establish the generality
of the procedure as a new synthetic method for the syn-
thesis of b,c-unsaturated ketones.

To the best of our knowledge, the catalytic transforma-
tion of b-ketoesters or derivatives into b,c-unsaturated

mailto:ragousi@chem.uoa.gr


Table 1. Preparation of allyl a-alkenyl-b-ketoesters and their decarboxylation to (E)-3-alkenones
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a Spectral data of the reported compounds are in accord with those of the literature cited below.
bMixture of 5-methyl-4(E)-hexen-2-one 3b and 5-methyl-3(E)-hexen-2-one in a 1:1 ratio (GC–MS analysis).
cMixture of 5-methyl-4(E)-hepten-2-one 3d, 5-methyl-4(Z)-hepten-2-one and 5-methyl-3(E)-hepten-2-one in a 1:1:2 ratio (GC–MS analysis).
d Contains 17% of 4-phenyl-2-butanone (ratio 1:1, GC–MS analysis).
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ketones has not yet been reported. Taking into
account the easy preparation of the required starting
a-alkenyl-allyl-b-ketoesters through the Knoevenagel
condensation of a b-ketoester with an aldehyde,6 their
transformation into b,c-enones should be synthetically
very attractive.

It is noteworthy that the synthesis of b,c-unsaturated
ketones poses a synthetic challenge, because of their
occurrence in nature,7 their physiological activity8 and
also their applicability as precursors for a variety of syn-
thetic schemes.9 In view of the synthetic importance of
b,c-unsaturated ketones, several synthetic approaches
to these compounds have been reported.10

The allyl b-ketoesters required as starting materials in
the present work, are, in general, commercial products.
They can also be prepared in good yield, by reaction
of the corresponding acid chloride with Meldrums�s acid
followed by alcoholysis with allyl alcohol11 as well as by
transesterification of the corresponding methyl or ethyl
ester with an excess of allyl alcohol in the presence of
dimethylaminopyridine12 or zinc dust13 as catalysts.

Knoevenagel condensation of allyl b-ketoesters with
aldehydes,14 in the presence of a catalytic amount of
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Scheme 1.
piperidine at 0 �C, gave the corresponding allyl a-alken-
yl-b-ketoesters in good yield, as a mixture of (E)- and
(Z)-isomers in an E/Z ratio of approximately 2/1, iso-
lated from the crude product by rapid column chroma-
tography on silica gel. A representative experimental
procedure is reported15 and the yields are summarized
in Table 1.

The decarboalkoxylation procedure was applied to the
series of allyl a-alkenyl-b-ketoesters in Table 1. The
reaction was carried out under the typical conditions
of reductive decarboxylation3 in the presence of
Pd(OAc)2 and PPh3 and an excess of triethylammonium
formate under nitrogen, either at room temperature
overnight, or at 50 �C for half an hour. The yields re-
ported in Table 1 are for products purified by column
chromatography on silica gel.15

The nature of the aldehyde used for the production of
the starting allyl a-alkenyl-b-ketoesters, significantly
affects the reactivity of these substrates towards the palla-
dium catalyzed decarboalkoxylation. Thus, the reaction
with substrate 2, obtained by condensation of an allyl
b-acetoacetate with an aldehyde unsubstituted in the
a-position (entries a, c, e–g and i–l), proceeded smoothly
and cleanly to give the corresponding b,c-unsaturated
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ketone 3 in good yield (73–92%) and high stereoselectiv-
ity (>98%). The trans-geometry was deduced from the
characteristic absorption at 970 cm�1 in the IR as well
as by comparison of their 1H NMR and mass spectra
with those reported in the literature (see Table 1). Minor
amounts (<0.5%) of the corresponding a,b-unsaturated
ketone or (Z)-b,c-unsaturated ketone, as well as the
fully saturated product, were detected by GC–MS
analysis.

When substrate 2 was obtained by condensation of an
allyl b-acetoacetate and an a-branched aldehyde (entries
b and d), the decarboalkoxylation proceeded in lower
yield (44% and 35%, respectively) and the selectivity of
the reaction was poor. A considerable amount of the
corresponding a,b-unsaturated ketone was present in
the final product. Decarboxylation of substrate 3h,
which contains an aromatic ring (entry h), also needed
forcing conditions and gave, in low yield (35%),
a,b-unsaturated ketone and the reduced ketone in a
1/1 ratio. It must be noted that for the decarboxylation
step, there was no need to separate the E- and Z-isomers
of allyl a-alkenyl-b-ketoesters 2. For example, when the
Z- and E-isomers of substrate 2c were separated by care-
ful column chromatography on silica gel and separately
subjected to the decarboxylation procedure, (E)-6-
methyl-4-hepten-2-one 3c was obtained in the same
yield, and exactly the same purity, in both cases.

The formation of b,c-unsaturated ketones from allyl a-
alkenyl-b-ketoesters, by palladium catalyzed reductive
decarboxylation, can be explained by the catalytic cycle
presented in Scheme 1.

Oxidative addition of allyl a-alkenyl-b-ketoester 2 to the
palladium(0) species formed in situ from Pd(OAc)2 and
PPh3, affords a p-allylpalladium-b-ketocarboxylate
complex 4a initially, which is transformed to p-allylpal-
ladium enolate 4b.3 The a-carbonyl group in p-allylpal-
ladium-b-ketocarboxylate 4b is activated by a chelating
effect. An intramolecular proton transfer of the palla-
dium complex 4b gives 5. Next, p-allylpalladium dieno-
late acid 5 (which cannot be decarboxylated), undergoes
protonation from HCOOH to give b,c-unsaturated keto
acid 6, which is finally decarboxylated to afford b,c-
unsaturated ketone 3 and p-allylpalladium formate.
The latter, after decarboxylation and reductive elimina-
tion of the produced allylpalladium hydride, gives pro-
pene and regenerates the Pd(0) species, which enters a
new catalytic cycle.

In conclusion, the reductive decarboxylation of allyl a-
alkenyl-b-ketoesters by the use of Pd(OAc)2 and PPh3,
followed by the addition of HCOOH/Et3N in THF, pro-
vides an efficient procedure for the preparation of linear
(E)-3-alkenones. The attractive features of this new
approach are: the readily accessible starting materials,
the good yield, the high stereoselectivity of the products
and the operational simplicity of the procedure. The
reaction conditions are mild, preventing the inherent
lability of the double bond undergoing prototropic re-
arrangement to produce conjugated isomeric ketones.
Further studies are underway to apply this reaction in
cyclic or polyfunctional substrates and also in the syn-
thesis of natural products.
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