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Abstract: Various “hard” Lewis bases having less nucleophilic nature
promoted the catalytic Pauson-Khand reaction. Among those Lewis
bases, 1,2-dimethoxyethane seems to be the most promising promoter
and a small amount of water, which is the cheapest reagent, also
effectively promoted the cyclization.

Since Pauson and Khand discovered a convenient and powerful method
for constructing cyclopentenones by the coupling of an alkyne and an
alkene mediated by dicobalt octacarbonyl,1 it has been widely utilized
in synthetic organic chemistry2 including natural product synthesis.3

The stoichiometric amount of cobalt complex was originally reported as
a necessity. However, the catalytic version4,5 has been recently
developed for the intramolecular reaction by using the cobalt complex
in the presence of either P(OPh)3

4b or ultraviolet light.4c In this
communication, we report a new, cheap, and convenient method for the
catalytic Pauson-Khand reaction promoted by a small amount of 1,2-
dimethoxyethane or water.

It is known that ”hard” Lewis bases on low-valent organotransition
metal complexes labilize the existing ligand.6 This effect facilitates the
ligand substitution reaction7 and sometimes makes the coordinating
ligands reactive. We recently demonstrated the labilizing effect of
primary amines as for the promotion of the stoichiometric Pauson-
Khand reaction.8 When the same reaction was carried out in toluene, the
desired cyclization also took place within a couple of minutes, and
metalic cobalt was obtained as a coproduct. Since dicobalt octacarbonyl
can be synthesized by reduction of Co2+ species under carbon monoxide
atmosphere,9 we felt that the complex might be regenerated in situ in
toluene under a carbon monoxide atmosphere. To confirm this, the

reactions of 1a in the presence of a catalytic amount of dicobalt
octacarbonyl (1 mol%)10,11 and various Lewis bases (4 mol%) were
investigated, and the results are summarized in Table 1 (Eq. 1). First,
only low conversions and turnovers were observed when no ”hard”
Lewis base was added (Entry 1). Addition of cyclohexylamine, which
was the best promoter for the stoichiometric Pauson-Khand reaction,8

was not effective at all (Entry 2). On the other hand, secondary and
tertiary amines allowed catalytic cyclization, and diisopropylethylamine
was the most effective among investigated amines (Entry 4). It is worth
pointing out that the complex 4 gave 2b in a low yield along with
numerous byproducts in the presence of diisopropylethylamine, while
its corresponding reaction with cyclohexylamine was fast and high
yielding (Eq. 2).8 The reaction course appeared to differ in the
stoichiometric and catalytic Pauson-Khand reaction. Amines might not
react with the alkyne-dicobalt hexacarbonyl complexes in the catalytic
reaction, but react directly with the dicobalt octacarbonyl or some
intermediates in the catalytic cycle.

Besides amines, alcohols also promoted this catalytic cyclization (Entry
5), but those having chelatable substituents, such as 2-methoxyethanol
and ethylene glycol, killed the catalytic process (Entries 6 and 7). Ethers
were also effective and 1,2-dimethoxyethane turned out to be the best
promoter (Entries 8 and 9). However, large excess of 1,2-
dimethoxyethane was detrimental to catalysis (Entry 10).12 Although
1,2-dimethoxyethane was used as conventional solvent in the catalytic
Pauson-Khand reaction,4b,c,d it could have prevented the cyclization
especially at higher reaction temperature.13,14 It should be emphasized
that a small amount of 1,2-dimethoxyethane could dramatically promote
the catalytic Pauson-Khand reaction in toluene. The pressure of carbon
monoxide had also an influence on the reaction, and 2b was obtained in
high yields under CO pressures greater than 3 atm (Entries 12 and 13).
Finally, it was found that even a small amount of water also effectively
promoted the catalytic cyclization (Entry 14). Again, its amount was
critical, and the yield decreased in a biphasic system (Entry 15).12 Since
an excess amount of water did not promote the stoichiometric Pauson-
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Khand reaction at all,8 the reaction course was again shown to differ in
the stoichiometric and catalytic Pauson-Khand reaction. Use of water as
the promoter for the catalytic Pauson-Khand reaction is economical and
convenient. It should be mentioned that water must be rigorously
excluded from substrate and solvent to bring about reproducible
results.15 Overall, small amounts of less nucleophilic ”hard” Lewis
bases, especially 1,2-dimethoxyethane and water, turned out to be the
most promising promoter in this catalytic cyclization.

We then continued investigating the scope of this reaction using the best
additives; 1,2-dimethoxyethane or water, use of which gave comparable
results (Table 2). Intramolecular reactions, e. g. cyclization of 1a, 1b,
and 1c, gave the corresponding products in good yield (Entries 1-3).
When the alkyne or the alkene had substituents (Entries 4-7), the
reaction was slower and more catalyst was required to allow full
conversion within reasonable reaction time (10 h). Formation of
bicyclo[4.3.0]nonenone system like 2g was also successful (Entry 7). In
some cases, the catalytic reaction has advantage over the stoichiometric
reaction. When 5 was treated with cyclohexylamine in 1,2-
dichloroethane, the reaction gave a complex mixture: The major isolated
product in this stoichiometric reaction was 6. In contrast, the catalytic
cyclization of 1l gave the desired enone 2m in good yield (Eq. 3). The
observation again indicated that the mechanisms differ between the
catalytic and stoichiometric Pauson-Khand reaction when the reaction
was promoted by the ”hard” Lewis bases. Interestingly, the catalytic
cyclization of 1m failed, while 1i gave 2i in a good yield (Entry 9). This
might be due to the competition between the cyclization and the
decomposition of the active catalyst by reaction with ethers. The
intermolecular Pauson-Khand reaction can also be catalyzed under the
same conditions for reactive olefins, such as norbornene (3a) and
norbornadiene (3b) (Entries 10-12).

In conclusion, we have shown that various ”hard” Lewis bases having
less nucleophilic nature promoted the catalytic Pauson-Khand reaction.
Among those Lewis bases, 1,2-dimethoxyethane seems to be the most
promising promoter and a small amount of water, which is the cheapest
reagent, also effectively promoted the cyclization.
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