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Cyclopentadienones in the Reaction of Alkynes with Cyclopropyicarbene-Chromium Complexes
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Summary: Reaction of alkynes having bulky substituents with pentacarbony![cyclopropyl{methoxy)methylene]chromium(0) (1)
provided cyclopentadienone derivatives. Cyclopentadienones were easily hydrogenated 1o the corresponding
cyclopentenones using chromium hexacarbonyl and water, with no problems resulting from overreduction to the

cyclopentanone.

Recently, we reported that cyclopropylcarbene-chromium complexes react with alkynes to generate cyclopentenone
derivatives {Scheme 1)1.  We proposed two mechanistic schemes for the reaction, both involving reduction of
cyclopentadienones as the penultimate step in the reaction. Water was required in the reaction as the source of Hy and Hp,
presumably while chromium(0) is oxidized to chromium(ill). Cyclopentadienones are typically highly reactive and unstable?, and
could not be isolated from the reaction. Herein we report our attempts to isolate cyclopentadienones from the reaction, and their

subsequent reduction to cyclopentenones.
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The reaction in Scheme 1 was typically performed in refluxing aqueous dioxane under high dilution conditions1, however
the reaction would also proceed to a lesser degree in refluxing aqueous tetrahydrofuran (THF)1. Given the instability of most
cyclopentadienones, the milder conditions using anhydrous THF would probably be more favorabie for the isolation of
cyclopentadienones. A variety ol stable cyclopentadienones which contain bulky substituents have been reported in the
literature2. When carbene complex 1 was reacted with bis-trimethylsilylacetylene in refluxing THF, a compound was isolated
from the reaction mixture, whose structure was assigned as 2,3-bis{trimethylsilyl)-4-methoxy-2,4-cyclopentadienone (2A)3(18%
yield), aleng with compound 3 (H=H)4 in 6% yield. Similarly, carbene complex 1 reacted with diphenylacetylene under the same
conditions to produce the cyclopentadienone 285 in 22% yield, along with cyclopentenone 3B in 37% yield.
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It was postulated earlier that chromium(0) and water is the reagent responsible for the hydrogenation reaction!6. When
compounds 2A and B were reacted with Cr(CQ)g in refluxing 1% aqueous dioxane, reduction fo cyclopentenones 3 (R=H)4
(14%) and 3B (61%) was observed. No overreduction products were obtained from these reactions. Also,
tetraphenylcyclopentadienone, a stable cyclopentadienone derivative, was readily reduced to trans-2,3,4,5-tetraphenyl-2-
cyclopentenone (92%) under these conditions. After reduction, the reaction mixtures were intensely green, suggestive of the
presence of Chromium (lll) species. Neither simple enones nor 4,4-dimethyl-2,5-cyclohexadienone were reduced by this
combination of reagents.

Hydrogen itself was not responsible for the hydrogenation reaction; if the reaction was performed in the presence of
hydregen gas with DO present, then only deuterium incorporation was observed, with minimal 4 incorporation. Chromium
hydrides, which are formed from the reaction of basic water with chromium carbonylss, could also be involved in the reduction
reaction. Since the formation of CO2 was minimal (0.06 eq of CO2 / mole complex 1), and since chromium rather than CO
appears to be the reducing agent, we do not believe that metal hydrides formed from this pathway are involved in the reaction.
Reduction may proceed via the intermediacy of cyclopentadienone chromium complexes6 or may simply involve a net two-
electron reduction-protonation sequence?. o

In summary we have shown that cyclopentadienones are indeed intermediates in the reaction of alkynes with
cyclopropylcarbene-chromium complexes, which ultimately gives cyclopentenone derivatives. These cyclopentadienones are
easily reduced to the corresponding cyclopentenones using water and Cr(CO)g, with no complications from overreduction to
the cyclopentanone derivatives.
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