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Summary: Reaction of chromium carbene complexes and
1-alkynylcyclobutenols leads to 2-alkenyl-4-cyclopentene-
1,3-diones. Initial alkyne insertion affords a highly
electrophilic carbene complex, which then undergoes an
alkyl shift-ring expansion, ultimately producing 2-alkenyl-
4-cyclopentene-1,3-diones.

Ring expansion reactions represent a versatile method
for construction of cyclic molecules.2 Many ring expansion
reactions employ pinacol-type rearrangements, which
require an electrophilic center exocyclic to carbon-1 of a
cyclicalcohol. Insertion of analkyneintoa Fischer carbene
complex provides a non-heteroatom-stabilized vinylcar-
bene complex,® which is highly electrophilic.4 Thereaction
of 1-alkynyl cyclic alcohols (e.g., 1) and carbene complexes
(e.g., 2) could thus lead to ring expansion and carbon-
carbon double bond formation in a.single operation
(Scheme 1).5 Herein is reported initial studies of the
reaction between carbene complexes and propargylic
alcohols derived from alkynyl anions and cyclobutenedi-
ones,® which affords 4-cyclopentene-1,3-diones (e.g., 6), a
structural feature in a variety of medicinally-important
compounds.’

As noted in Table 1, the ring expansion is surprisingly
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general for a variety of examples, regardless of the identity
of Ry (Table 1 entry letters correlate with substituent
letters for compounds 3-7). Reaction of carbene complex
2A with alkyne 1A led to cyclopentenedione 6A in 76 %
yield, as a 7:1 mixture of E/Z isomers. Treatment of these
compounds with aqueous hydrochloric acid led to a single
compound, identified as ketone 7A (entry A). Carbene
complex 3 has been proposed as an intermediate in
numerous reactions between alkynes and carbene com-
plexes and typically enters into other reaction pathways.
For example, if Ry is phenyl (3C), CO insertion and
cyclization to a naphthol® (e.g., 9, Détz benzannulation
reaction) or furan (e.g., 10)° would be expected (Scheme
2). Reaction of phenylcarbene complex 2C with compound
1A leads after hydrolysis to triketone 7C (entry C); none
of the expected naphthol 9 was observed. Although
vinylcarbene intermediates such as 3 have often been
trapped by intramolecular cyclopropanation reactions,'0
only in one example has a vinylcarbene intermediate
capable of benzannulation been trapped.!! Clearly, the
ring expansion process is faster than the CQO insertion step
of the Détz and/or furan-forming reactions.!? A similar
preference for ring expansion is observed in the reaction
of alkenylcarbene complex 2D with alkyne 1A (entry D).
A complication in this reaction was isomerization of the
diene functionality, and isomerized diene 11 was a
significant proportion of the cyclopentenedione product.
Similarly, the two-alkyne Détz-type annulation!? can be
interrupted in favor of ring expansion. Reaction of
dialkyne 1C with complex 2A produces only the expected
cyclopentenedione 12, and none of the expected phenol
13 (entry H). A similar trend is observed in the reaction
of cyclopropylcarbene complex 2E with alkyne 1A (entry
E), where only 6, 7E, and none of the cyclopropane ring-
opened product 14 were obtained.'* The reaction of excess
carbene complex 2A and dialkyne 15, where the regio-
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Table 1. Scope and Limitations of the Tandem Alkyne Insertion-Semipinacol Rearrangement*
entry  carbene complex alkyne ring expansion products (yield, %) (E:Z) hydrolysis products (yield, %)
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e For a procedure, see reference 16. ® The E:Z configuration was not assigned. ¢ The crude enol ether(s) or enamines were hydrolyzed prior
to characterization. 4 The hydrolysis reaction was not attempted. ¢ A 2.5:1 mixture of two alkene stereoisomers was obtained. / The major
isomer was assigned as E based on 13C NMR chemical shift comparisons.!® # Ratio of diastereomers. » The hydrolysis was not successful.
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Scheme 2

+PrO o) PO

Cr(CO),

———

Pr OCH;,4

+PrO" po -PrO HO

3C 8

annulation,!%led to the bis(cyclopentenedione)-substituted
diketone 16 (entry I).

In summary, we have developed a new ring-expansion
methodology for the synthesis of cyclopentenediones,
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which appears to be a rare example of process that occurs
in preference to other well-established reaction processes
for alkynes and metal-carbene complexes. We are con-
tinuing to explore the generality of these reactions with
respect to ring size and ring substitution pattern.
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