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Abstract—The coupling of Fischer carbene complexes with 3-alkynyl-2-heteroaromatic carboxaldehyde derivatives has been
examined. The reaction affords pyrones fused to furans or thiophenes in a single step. The compounds are stable enough for
isolation. If the carbene complex features a remote alkene substituent, a subsequent Diels—Alder reaction can occur. © 2001
Elsevier Science Ltd. All rights reserved.

In a recent publication, the generation of isobenzofuran quent Diels—Alder cycloaddition reactions of deriva-
intermediates (e.g. 3, Scheme 1) through the coupling of tives of 6.
Fischer carbene complexes (e.g. 1) with o-alkynylbenz-

oyl derivatives 2 was demonstrated.! In this Requisite alkyne-aldehydes 4A-D were prepared from
manuscript the focus is on extension of this process to the corresponding commercially available (2,3-dibro-
heteroaromatic analogs (4, X=0 or S), which unex- mothiophene) or known* dibromo compounds 7
pectedly lead to isolable o-quinoidalpyrone derivatives according to the sequence of reactions in Scheme 2.
6> and not o-quinoidalfuran derivatives 5.> This Coupling of carbene complex 1 with furancarboxalde-
manuscript will focus on the preparation and subse- hyde 4A afforded a moderately stable compound
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assigned as furanopyrone structure 6A (Scheme 3).
Hydrolysis afforded ketone 11A, which was more stable
and used for characterization purposes. Based on previ-
ous work,!®> compound 5A was anticipated, however
the chemical shift of the original aldehyde proton (o
7.83) of 11A was very different from the analogous
proton in a known analog of 5A (J 7.45).> Further-
more, compound 11A was unreactive to dimethyl
acetylenedicarboxylate (DMAD) at room temperature,
as expected for 5A.2 The Diels-Alder reaction with
DMAD required refluxing chlorobenzene, and afforded
benzofuran derivative 12.2 Based on these observations,
the most likely structure for the carbene-alkyne cou-
pling is the pyrone structure 6A and not the furan
structure 5A. Further spectral analysis (‘3C NMR, IR,
mass spectroscopy) all support the pyrone structure.
Although this ring system is unknown,® sulfur analogs
of 6A are known? and undergo the Diels—Alder reaction
with DMAD under comparable conditions, affording
the aromatic rings after thermal elimination of carbon
dioxide.” The optimal conditions for the synthesis of
pyrone derivative 6A is refluxing a 1:1:1 mixture of
carbene complex, alkyne, and triphenylphosphine in
dioxane, which led to 7A in 72% yield.

The formation of a pyrone derivative from this reaction
was not initially expected based on the formation
of isobenzofuran 3 in Scheme 1. Since CO insertion
processes are suppressed for electron-rich metal-car-
bene species,® CO insertion should be less likely in the

mation of pyrones in these studies might be attributed
to the greater ring strain in derivatives such as 5, and
thus the ring-closure step in these systems is less favor-
able.” The generality of the pyrone-forming reaction
was tested for various heteroaromatic carboxaldehyde
derivatives; the results are presented in Scheme 4. The
yields of the hydrolysis product are quite good. In all
cases the fused pyrone derivative is the exclusive reac-
tion product.

In the reaction of furan-aldehyde 4B with butenylcar-
bene complex 13 (Scheme 5), the initially-formed
pyrone derivative 14B undergoes an intramolecular
Diels—Alder reaction to afford lactone derivative 15B as
a single diastereomer.'® The stereochemistry has been
assigned as the depicted endo isomer since the coupling
between Hy and H, (8.9 Hz) is greater than H and Hp,
(4.8 Hz); similar values have been reported for related
compounds.'! A similar reaction pathway was observed
for the reaction of complexes 4C or 4D with carbene
complex 13. The same yield and stereoselectivity was
observed in refluxing THF. Only alkynes had previ-
ously been utilized as dienophiles for intramolecular
Diels—Alder reactions with related thienopyrone ring
systems;!° this reaction required 156°C and proceeded
with loss of CO,. The reactions in Scheme 5 proceed at
65°C and retain the stereochemistry established in the
Diels—Alder step. Variable degrees of stereoselectivity
were reported for the intermolecular Diels—Alder reac-

thiophene and furan systems 4 than in the relatively tions involving simple pyrones and unactivated
electron-poor benzene analog 2 of Scheme 1. The for- alkenes.'?
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In summary, we have shown a new and general route to
the title ring systems and are further exploring the
synthesis and reactivity of these unusual pyrone deriva-
tives. Rapid molecular complexity is achieved in a
single step through this tandem pyrone formation—
intramolecular Diels—Alder reaction sequence, which
involves a stereoselective formation of four carbon—
carbon bonds and one carbon—oxygen bond.
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