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Functionalized cyclopentenoids were synthesized from Fischer enynyl carbene complexes by a sequence
that involves regioselective nucleophilic 1,4-addition of enolates and anionic electrocyclization of the
resulting intermediate. Moreover, the method is effective for the C2-C3 annulation of heterocyclic rings
like benzofuran and indole. The methoxycyclopentadiene thus obtained can be hydrolyzed to substituted

cyclopentenones, which are not straightforwardly accessible by other methods.
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Developing new strategies for cyclopentane-based molecules
continues to stimulate synthetic chemists. Currently, the Pauson-
Khand reaction (alkyne + alkene + CO) is a reference for synthesis
of cyclopentenones.! Although the cyclopentannulation reaction
of functionalized dienyl systems, like dienyl ketones for the Naza-
rov cyclization, appears to represent an attractive synthetic tool, it
remains much less exploited and development of new strategies of
this type would be beneficial for cyclopentane-based molecules.?

In the last years, o,B-unsaturated Fischer carbene complexes
have demonstrated high potential in the area of carbocyclization
reactions.® One can realize that not only that linear-conjugated die-
nylcarbenes (1-metalla-1,3,5-hexatrienes) are attractive candidates
for the construction of the cyclopentane skeleton, but also their
cyclopentannulation would complement the Nazarov reaction
which involves the cyclization of a cross-conjugated system
(Fig. 1).* We also envisioned that the Michael-type addition to read-
ily available, highly electrophilic enynyl carbenes would give easy
access to the required cis-dienyl carbenes. Therefore, we report
herein on the synthesis of functionalized cyclopentenoids from
Fischer enynyl carbene complexes of chromium(0) by a tandem
sequence involving addition of enolates and cyclopentannulation.’®

First, chromium 4-phenyl-3-buten-1-ynyl carbene 1 was trea-
ted with lithium enolate 2 at —78 °C in THF for ca. 15 min until
complete disappearance of the carbene. The mixture was warmed
up to room temperature, worked-up (aqueous ammonium chlo-
ride), and the resulting crude chromatographed (SiO,, hexanes/
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ethyl acetate 5:1) to give the cyclopentadiene enolether 3 as a sin-
gle compound in 82% yield (Scheme 1). The structure of 3 was
ascertained on the basis of its NMR spectroscopic and HRMS data,®
and confirmed by an X-ray analysis.” The formation of 3 can be ex-
plained by nucleophilic 1,4-addition of the enolate to the alkynyl
carbene functionality (intermediate I) followed by anionic electro-
cyclization (intermediate II) and hydrolysis (Scheme 1).

The usefulness of this reaction was further expanded to the syn-
thesis of bicyclic ethers 6-12 (65-92%) by using chromium cyclo-
alkenylalkynyl carbenes 4ab, and various lithium enolates
derived from mono and dicarbonyl compounds 5 (Scheme 2). The
reaction was found to work well for unsubstituted and substituted
malonate substrates (compounds 6, 8, 9) as well as for ethyl aceto-
acetate (compound 7). On the other hand, simple lithium enolates
derived from di- and trisubstituted esters also promote efficiently
the cyclopentannulation reaction (compounds 10, 11).2 In the same
way, using 1-phenylpropan-1-one yields the cycloadduct 12 as a
2:1 mixture of diastereoisomers.®

The chance that an aromatic C-C double-bond might participate
in the cyclization was then taken in mind. However, the reaction of
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Scheme 1. Cyclopentannulation of chromium enynyl carbene 1 by sequential
conjugated addition and cyclization.

phenylethynyl(methoxy)carbene of chromium with various eno-
lates resulted in the formation of complex mixtures of unidentified
compounds. Fortunately, replacing the phenyl group with hetero-
aryl substituents led to success. Thus, the reaction of (1-methylin-
dol-3-yl)ethynyl carbene 14 with the lithium enolate derived from
dimethyl malonate gave rise, under the reaction conditions and
after purification (SiO,, hexanes/ethyl acetate, 5:1), to dihydroin-
dole derivative 15 in 89% yield (Scheme 3). The benzofuran-2-yl
substituted carbene 16 also underwent the cyclopentannulation
with malonate diester enolate 2 to furnish the benzofuran-fused
cyclopentene 17 in 78% yield. The structures of these tricyclic
adducts were assigned by means of mono- and bidimensional 'H
and '>C NMR experiments, as well as X-ray analysis for 15.1°
Finally, the hydrolysis of the methoxycyclopentadiene system
was accomplished with aqueous HCI. For instance, the treatment
of cycloadducts 6, 11 with 6 N HCl in THF at room temperature
provided the cyclopentenone derivatives 18, 19 in 79-88% yield.!"
In summary, we have described a facile access to functionalized
cyclopentenoids from Fischer enynyl carbene complexes that in-
volves regioselective addition of enolates and cyclization. Interest-
ingly, the method has proven to serve for the C,-C3 annulation of
the benzofuran and indole rings, irrespective of the carbon (C, or
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Scheme 2. Cyclopentannulation of chromium enynyl carbenes 4a,b using different
lithium enolates 5.
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Scheme 3. Cyclopentannulation reaction of heteroaryl-substituted alkynyl carb-
enes 14 and 16.
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Scheme 4. Hydrolysis of enolethers 6 and 11 to cyclopentenones 18 and 19.

Cs) bonded to the alkynyl carbene ligand. These types of cyclopen-
tenones are not at all straightforwardly accessible by the intermo-
lecular Pauson-Khand reaction because of a lack of either
reactivity (in particular for unstrained alkenes) or regioselectivity
(2,5-disubstituted cyclopentenones are generally formed) (see
Scheme 4).
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