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Abstract—Synthesis of butenolides or �-pyrones from substituted tributylstannyl acetylides is highly dependant on the nature of
the acetylide.
© 2003 Elsevier Ltd. All rights reserved.

The heterocyclisation reaction is one of the most impor-
tant reactions in organic synthesis. The synthesis of
five- and six-membered ring unsaturated lactones
(butenolides or �-pyrones) constitutes an important
class of biologically active compounds and has been a
focus of considerable attention in synthetic organic
chemistry1 and in medicinal chemistry.2 Numerous
methods reported for the synthesis of these structures in
the last decade utilise transition metals (Ag, Hg, Rh,
Pd) to promote intramolecular addition of carboxylic
acid to alkynes.3 In general, the lactonisation reaction
of 4-alkynoic acids involves a stereoselective trans-addi-
tion reaction via a 5-exo process. In addition to the
formation of �-alkylidene butenolides, in some cases
six-membered lactones have been obtained resulting
from the 6-endo mode. In each case the synthesis suffers
from a lack of selectivity. The problem of regioselectiv-
ity was recently studied by Larock et al. who demon-
strated that substituted isocoumarins or �-pyrones
could be prepared by treating �-halogeno �,�-unsatu-
rated esters with internal alkynes in the presence of a
palladium catalyst.4 Nevertheless, in the case of non-
symmetric alkynes two �-pyrone regioisomers were
obtained. More recently Negishi et al. proposed selec-

tive conversion of (Z)-2-en-4-ynoic acids to �-pyranone
in the presence of a catalytic amount of ZnBr2 (10%) or
to furanone in the presence of silver salts.5 In order to
prepare �-pyranone selectively, we recently reported
two different approaches using palladium-catalysed
sequences involving a functional vinylstannane and acyl
chlorides6 or �-iodovinylic acids and allenylstannanes.7

In addition, we previously described the synthesis of
dienoic acids or enynes bearing a carboxylic acid func-
tion from �-iodovinylic acids and vinyltin or alkynyl-
zinc reagents.8 This methodology was then applied to
the synthesis of �-tributyltinmethylidene butenolides
which constitute useful intermediates in the selective
synthesis of arylmethylidene butenolides (Scheme 1).9

To broaden our synthesis strategy and by designing a
system suitable for 5- or 6-endo lactonisation, we

Scheme 1.
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planned to examine the reactivity of diverse substituted
alkynyltin reagents with (Z)-�-iodoacrylic acids medi-
ated by a palladium complex (Scheme 2).10

Our investigation began with the coupling of phenyl-
alkynyltributylstannane with (Z)-3-iodoprop-2-enoic
acid protected as tributyltinester under conditions pre-
viously defined in our group.8e

Compared to our initial results, no enynoic acid or its
tributyltinester was recovered. Only compound 2a was
obtained as a sole isomer. Contrary to the results
starting from tributyltin acetylide, we did not observe
any tin metallated lactones. Moreover, the selective
formation of a five- or a six-membered ring of unsatu-
rated lactones seems to depend on the nature of the
substituent on the alkynyltin reagent. Compared to
other conditions reported in the literature [both in a
palladium-catalysed one-pot procedure and metal salt
(Zn or Ag) promoted oxacyclisation], each attempt
yielded only a single lactone (Table 1).

Compared to Sonogashira and Negishi processes,
minor secondary by-products such as alkyne dimers or
Michael adducts were not detected. Although the pro-
cedure described does not respond to the atom econ-
omy criteria, the clean access to only one lactone
prompted us to examine the origin of the regioselectiv-
ity observed.

A plausible mechanism for the heteroannulation reac-
tion is shown in Scheme 3. First, a Stille mechanism11

would yield 3-enynoic acid by oxidative addition,
transmetallation (formation of 5) and reductive elimi-
nation. Cyclisation would then occur via an attack on
the carboxylate function at the �- or �-position of the
alkynyl moiety, which would give the palladium(II)
intermediate. The latter would subsequently provide
stannylpyrones or stannylalkylidenebutenolides and
regenerate the palladium(0) catalyst.12 At this stage the
stannyllactones obtained would certainly be very sensi-
tive to the work-up or during the silica gel purification
process affording hydrolysed lactones 2 or 3.13

At this point, factors affecting the pyranone/furanone
ratio are not yet very clear. It is nevertheless tempting
to speculate that the stereoelectronic effect of the sub-
stituent of the unsaturated bonds in tin (Z)-2-en-4-
ynoate would lead to the formation of 2H-pyran-2-ones
via an inductive donating effect. In contrast, aryl or
potentially chelating palladium atom substituants may
stereoelectronically lead to 5-exo-mode cyclisation.

In addition, bearing in mind the mechanism evoked in
Scheme 3, we decided to trap the stannyllactones with
electrophiles. The reaction of tributylstannyl acetylide
reagents with a range of tributylstannyl (Z)-3-substi-
tuted 3-iodoprop-2-enoates followed by addition of a
solution of iodine in ether, proceeded with regio- and
stereocontrol to give fair yields of (E)-5-iodoalkylidene-
5H-furan-2-ones or 5-iodo-2H-pyran-2-ones (Scheme 4,
Table 2).14 Similar regiochemical trends were again
observed.

Scheme 2.

Table 1.

Scheme 3.

Scheme 4.
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Scheme 5.

Finally, Stille cross-coupling of 4f with styryltributyl-
stannane in the presence of a catalytic amount of
dichlorobis (bistriphenylphosphine)palladium(II) (5%)
in DMF yielded 72% of the desired arylbutenolide
(Scheme 5) but with complete retention of the configu-
ration of the exocyclic double bond with respect to the
stereochemistry of the starting iodoalkene.15

In conclusion, under palladium complex catalysis, we
prepared by selective sequence Stille and heterocyclisa-
tion reactions butenolides or �-pyrones from alkynyltin
reagents.
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