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The synthesis of highly-substituted aromatic rings (e.g.,
3, Scheme 1) via the coupling of alkynes with R,â-unsatur-
ated Fischer carbene complexes (Dötz reaction) is a reliable
and high-yielding process and has been used frequently in
complex natural products synthesis.2 A key intermediate
in this reaction is the R,â,γ,δ-unsaturated carbene complex
2, which forms via a regio- and stereoselective alkyne
insertion reaction. Alternative reaction processes that
generate similar intermediates can serve as mechanism-
based alternatives to the Dötz reaction.3 For example,
conjugated Z-vinylacetylenes of general structure 4 couple
with simple carbene complexes to afford R,â,γ,δ-unsaturated
carbene complex 5, which ultimately affords benzannulation
products derived from phenol 6.3b A new synthetic route to
oxygen heterocycles might be realized if a C-O π-bond could
replace the γ,δ-C-C π-bond of reactive intermediates 2 or
5. For the expeditious evaluation of this idea,4 the reaction
of enyne-carbonyl compounds with Fischer carbene com-
plexes has been examined. Herein, the initial studies of this
reaction, which leads to vinylfuran derivatives, are reported.

A variety of enyne-carbonyl derivatives were prepared
according to the general synthetic protocol in Scheme 2,
involving conversion of a ketone to the â-bromo enal deria-
tive5 followed by palladium-catalyzed alkynylation. In the
case where R2 ) H, the reaction was stereoselective for the
isomer depicted. Initially, the reaction of enyne-aldehyde
8A (Scheme 3) with methylcarbene complex 9 in refluxing
dioxane was investigated. This coupling reaction afforded
vinylfuran derivative 12A. This compound was not air
stable; however, the hydrolysis product, ketone 13A, was
considerably easier to isolate and purify; the yield for
conversion of enyne-aldehyde 7A to ketone 13A was 84%.
The mechanism depicted in Scheme 3 has been proposed for
the formation of the furan derivative. Regioselective and
stereoselective alkyne insertion affords vinylcarbene complex
10.2 Nucleophilic attack by oxygen affords carbonyl ylide
intermediate 11,6 which then loses chromium to afford the
furan derivative. A variety of enyne-carbonyl compounds
were prepared and tested in their reaction with methylcar-
bene complex 9. As noted in Table 1, the coupling of enyne-

aldehydes or ketones and with methylcarbene complex 9 is
a general process for the construction of vinylfuran deriva-
tives; the reaction has been tested for a variety of derivatives
differing in the degree of substitution within the enyne
functionality. The only enyne-carbonyl compound that
failed to produce a furan derivative was the enyne ester
(Table 1, entry D). Neither starting material was recovered
from this reaction; no identifiable compounds could be
isolated from this complex reaction mixture.7 This failure
is presumably due to the lower nucleophilicity of the
carbonyl oxygen;8 thus, the crucial cyclization to the carbonyl
ylide intermediate does not occur.
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In summary, the coupling of carbene complexes with
conjugated enyne-carbonyl compounds provides a versatile
synthetic route to furan derivatives10 using readily-synthe-
sized starting materials. Although furan derivatives have

been reported from the coupling of alkynes and Fischer
carbene complexes,11 this method is unique in that the
carbons of the newly-synthesized furan ring contain no
heteroatoms, and the carbon-carbon bonds produced from
carbene-alkyne coupling are external to the furan ring.
Further investigation of this reaction and of the coupling of
carbene complexes with other conjugated enyne-carbonyl
derivatives is in progress.
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Table 1. Synthesis of Furans 12 and 13 from the
Coupling on Enyne-Carbonyl Compounds 8 with

Carbene Complex 9

entrya R1 R2 R3 R4
enol ether
(yield, %)

ketone
(yield, %)b

Ac R1-R2 ) -(CH2)3- Bu H not isolated 84
Bc R1-R2 ) -(CH2)3- H H not isolated 79
Cc R1-R2 ) -(CH2)3- Bu CH3 not isolated 66
Dd R1-R2 ) -(CH2)3- Bu OCH3 0 0
Ee t-Bu H Bu H 68 f

a Entry letters correlate with R1-R4 substituents for compounds
8, 12, and 13. b Overall yield from coupling of 8 and 9 followed by
hydrolysis. c The enyne-carbonyl compound 8 was prepared from
bromo aldehyde 7A (R1-R2 ) -(CH2)3-). d The enyne ester was
prepared from the enol triflate derived from methyl 2-oxocyclo-
pentanecarboxylate.9 e The enyne-carbonyl compound 8E was
prepared from bromo aldehyde 7E (R1 ) t-Bu, R2 ) H). f The
hydrolysis was not successful.
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