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Metal-mediated cocyclization reactions are becoming increas-
ingly popular as tools for selective organic synthesis.2 Since
its disclosure in 1973, the Pauson-Khand reaction, which
represents a formal [2+ 2 + 1] cycloaddition involving an
alkyne, alkene, and carbon monoxide, has become regarded as
one of the most convergent methods for the synthesis of
cyclopentenones.3 A major disincentive to the large-scale use
of the classical Pauson-Khand reaction rests in its requirement
for stoichiometric quantities of Co2(CO)8.4 Very recently, Jeong
and collaborators reported that selected 1,6-enynes could be
converted to the corresponding cyclopentenones in the presence
of CO (at 4-5 atm pressure), 3-5 mol % Co2(CO)8 and 10-
20 mol % (PhO)3P at 120°C.5 Although highly significant as
one of a very limited number of successful accounts involving
truly catalytic quantities of Co2(CO)8,6 the relatively strenuous
conditions of the Jeong procedure may discourage its widespread
adoption in many laboratory settings. In this communication,
we report thathigh-intensityVisible light effectiVely promotes
catalytic Pauson-Khand reactions at 50-55 °C and 1 atm of
CO pressure. It has previously been disclosed that tertiary
amineN-oxides and DMSO markedly accelerate stoichiometric
Pauson-Khand reactions.7 These reagents have been proposed
to function via the oxidative removal of CO, thereby providing
an empty coordination site for alkene complexation. For many
years it has been known that various metal carbonyl complexes
undergo photoinduced CO dissociation.8 It is therefore most

surprising that this simple expedient has not been reported in
connection with facilitating catalytic Pauson-Khand reactions.9
Our first attempts at photopromotion using 10 mol % Co2-

(CO)8 under 1 atm of CO were not satisfying in that only low
levels (<30%) of substrate conversion were realized. We
ultimately discovered that thepurity of Co2(CO)810 and the
choice of an appropriate light source11 were both critically
important for successful catalytic reactions. In addition, reaction
temperatures in the range of 50°C were found necessary for
reasonable rates of product formation. Among the several light
sources examined, the Q-Beam MAX MILLION 106 candle-
power spotlight distributed by Brinkmann, Inc.,11,12 proved
extraordinary for photoinitiation. A summary of various
procedures that were utilized for the carbonylative cyclization
of enyne1a to the corresponding cyclopentenone1b under 1
atm of CO appears in Table 1.13

Of the various solvents that were examined, only 1,2-
dimethoxyethane (1,2-DME), ethyl acetate, and diglyme permit-
ted efficient conversion of1a to 1b (in 95%, 86%, and 69%
isolatedyields, respectively). Hexane, THF, and CH3CN were
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under an atmosphere of CO. After 30 min, the reaction mixture was
irradiated with a Q-beam MAX MILLION spotlight. During the course of
irradiation, the position of the lamp was adjusted such that the internal
reaction temperature was maintained between 50 and 55°C. After 4 h,
irradiation was discontinued and the cooled reaction mixture was diluted
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filtered, and concentrated in vacuo. The residual material was purified by
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temperature under an atmosphere of CO for 30 min. The resulting solution
was then irradiated for 16 h at 50-55 °C. The reaction mixture was
concentrated in vacuo, and the resulting oil was purified by chromatography
on silica gel (10-50% EtOAc/hexane gradient for elution) to afford 4.41
g (83%) of enone1b as a yellow oil.

Table 1. Comparison of Reaction Conditions for the
Photopromoted Pauson-Khand Reaction

a All yields given in this table correspond to isolated, chromato-
graphically purified product.
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all determined to be inferior. In general, carbonylative cycliza-
tion of representative enynes (0.1 M in DME) could be effected
by simply stirring in the presence of 5 mol % Co2(CO)8 under
1 atm of CO pressure at 50-55 °C with “Q-beam” irradiation
for 12 h.13 A series of catalytic enyne-CO cocyclizations
involving a wide range of substrates is shown in Table 2.
Several of the results presented in Table 2 are worthy of

comment. The successful conversion of6a to 6b demonstrates
the utility of the new photochemical procedure for the cycliza-
tion of 1,7-enynes. The efficient cyclization of8a shows the
compatiblity of the prescribed reaction conditions with relatively
labile hydroxyl moieties. TheselectiVe cyclization of5a to 5b
is most significant. Cyclization of5a under Jeong’s reaction
conditions (120°C) gives rise to5b (58%) admixed with 19%
of the elimination product5c.5 Interestingly, carbonylative
photocyclization of9a furnished9b to the complete exclusion
of the isomeric 1H-cyclopenta[c]furan-5-one. The latter result
is presumably a manifestation of the Thorpe-Ingold effect.14

In conclusion, we have developed an eminently practical
photochemically driven Pauson-Khand reaction that proceeds
catalytically under mild reaction conditions (50-55 °C) and 1
atm of CO pressure. The influence of achiral and chiral ligands
on the course of light-induced carbonylative enyne cyclizations
is currently under investigation. The results of these studies
will be disclosed in future accounts from these laboratories.
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Table 2. Catalytic Pauson-Khand Photocyclizations under 1 atm of COa

aUnless otherwise note, all reactions were conducted using 5 mol % Co2(CO)8 and a substrate concentration of 0.1 M in 1,2-DME under
irradiation for 12 h at 50-55 °C. b All yields given in this table correspond to isolated, chromatographically purified products.c Irradiation time)
4 h. dRatio of diastereomers) 1.1:1.0.eReaction performed with 10 mol % Co2(CO)8. f Reaction performed with 12.5 mol % Co2(CO)8.
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