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Because cyclopentenones serve both as key intermediates in
the synthesis of a wide array of significant bioactive compounds
(e.g., prostaglandins1) and as interesting natural products in their
own right (e.g., jasmone2 and pentenomycins3), the development
of efficient methods for their construction constitutes an important
ongoing challenge. Of the existing approaches to the synthesis
of cyclopentenones, the Pauson-Khand reaction is perhaps the
most well-known.4 This powerful method does, however, suffer
from certain deficiencies, including poor regioselectivity in the
incorporation of the olefin and modest yield in reactions of
unstrained or hindered olefins, as well as internal alkynes. As a
consequence of these considerations, the intramolecular Pauson-
Khand reaction, which furnishes bicyclic compounds, has been
more widely applied than the intermolecular process.

The transition metal-catalyzed intramolecular hydroacylation
of 4-alkenals has become a well-established method for producing
cyclopentanones (eq 1).5-9 In contrast, the corresponding reaction
of 4-alkynals, which are readily available through 1,4-addition
of alkynylmetals to R,â-unsaturated aldehydes, to generate
cyclopentenones has not been described; in fact, Larock has noted
that, under conditions in which 4-alkenals undergo Rh(PAr3)3-
Cl-catalyzed cyclization, a 4-alkynal furnishes no product.6b One
potential difficulty in achieving intramolecular hydroacylations

of 4-alkynals is the need, if the process follows a pathway
analogous to the reactions of 4-alkenals, for a trans addition of a
metal hydride to an alkyne (Figure 1).10

During a recent investigation of rhodium-catalyzed isomeriza-
tions of allylic alcohols to aldehydes,11 while attempting to convert
allylic alcohol 1 to 4-alkynal2, we obtained a small amount of
cyclopentenone3, presumably via2 (eq 3). In view of the lack
of precedent for such an intramolecular hydroacylation, we
decided to pursue the development of this unanticipated side
reaction into a versatile new route to cyclopentenones.

Among the phosphines (e.g., binap, dppf, and dcpe) and
solvents (e.g., CH2Cl2, THF, benzene, and CH3NO2) that we have
examined, the combination of Rh/dppe and acetone has proved
to be the most effective. Under these conditions, we can achieve
the intramolecular hydroacylation of a broad range of 4-alkynals
to produce cyclopentenones in good yield (eq 4).
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Figure 1. A possible pathway for metal-catalyzed intramolecular
hydroacylations of 4-alkynals.
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As illustrated in Table 1, a wide array of 4-alkynals cleanly
cyclize upon treatment with catalytic [Rh(dppe)]2(BF4)2.12 5-Alkyl
(entries 1-3)-, 5-aryl (entries 4-5)-, 5-alkenyl (entry 6)-, and
5-alkynyl-substituted (entry 7) aldehydes are suitable substrates
for this process.13 The intramolecular hydroacylation proceeds in
the presence of substitution in theâ (entries 2, 4, 5, and 6) and
the R (entry 3) positions. The effective cyclization of the
potentially labile tertiary propargylic ether depicted in entry 5 is
worthy of note.

We have begun to explore the mechanism of this intriguing
rhodium-catalyzed hydroacylation process. Our working hypoth-
esis is that the reaction follows the pathway outlined in Figure
1.14 First, in analogy with the well-studied cyclization of 4-al-
kenals, oxidative addition of the aldehyde C-H bond to Rh(I)
furnishes a Rh(III) acyl hydride (A).15 Next, in an unusual step,
the rhodium hydride adds in a trans fashion to the coordinated
alkyne to generate a six-membered rhodium metalacyclohexene
(A);16 in contrast, the intramolecular hydroacylation ofalkenes
proceeds via a conventional cis addition to the carbon-carbon
multiple bond.15,17Finally, reductive elimination occurs, producing
the cyclopentenone and regenerating the Rh(I) catalyst.

Our preliminary mechanistic data are consistent with this path-
way. For example, we have demonstrated that the aldehyde hydro-
gen (deuterium) of the starting material is indeed transferred
cleanly to theâ position of the cyclopentenone (eq 5). Further-
more, through a crossover experiment, we have established that
this transfer proceeds intramolecularly; thus, treatment of a 1:1
mixture of 2-methylundec-4-ynal (4) and 1-deuterio-3-methylun-
dec-4-ynal (5) with [Rh(dppe)]2(BF4)2 furnishes 2-n-hexyl-5-
methyl-2-cyclopentenone (6) and 3-deuterio-2-n-hexyl-4-methyl-
2-cyclopentenone (7) exclusively (eq 6).18

In conclusion, we have demonstrated that the rhodium-catalyzed
intramolecular hydroacylation of 4-alkynals represents a versatile
new catalytic method for the synthesis of cyclopentenones. This
method, which appears to proceed via an unusual trans addition

of a rhodium hydride to an alkyne, compares favorably with other
approaches to the construction of this important family of com-
pounds. Additional synthetic and mechanistic investigations of
this ring-forming process are underway.
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(12) Sample experimental (Table 1, entry 4): In the air, [Rh(dppe)]2(BF4)2
(34.1 mg, 0.0581 mmol) was placed into a Schlenk tube, which was then
filled with argon. Under a positive pressure of argon, 3-methyl-5-phenylpent-
4-ynal (100 mg, 0.581 mmol) and acetone (5 mL) were added. The Schlenk
tube was closed, and the mixture was stirred at room temperature for 48 h.
Then, CH3CN (1 mL) was added, solvents were removed, and the reaction
mixture was purified by flash chromatography (pentane:Et2O ) 3:1), which
furnished 4-methyl-2-phenylcyclopent-2-enone (88 mg, 88%) as a colorless
oil.

(13) Notes: (a) For the cyclization of 4-alkynals that bear an alkyl group
in the 5-position, the addition of CH3CN (10 equiv) leads to a more effective
reaction (entries 1-3). (b) Under the same conditions, cyclization of a
4-alkynal that lacks a 5-substituent does not proceed cleanly.
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methylundec-4-ynal (1-H- vs 1-D-).

Table 1. [Rh(dppe)]2(BF4)2-Catalyzed Synthesis of
Cyclopentenones via the Intramolecular Hydroacylation of
4-Alkynals

a Isolated yields, average of two runs.b CH3CN (10 equiv) was
added; 100°C. c Room temperature.d 100 °C.
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