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ABSTRACT

Grubbs’ 2nd generation and Hoveyda −Grubbs’ ruthenium alkylidenes are shown to be effective catalysts for cross-metatheses of allylic alcohols
with cyclic and acyclic olefins, as well as isomerization of the resulting allylic alcohols to alkyl ketones. The net result of this new tandem
methodology is a single-flask process that provides highly functionalized, ketone-containing products from simple allylic alcohol precursors.

Accomplishing several transformations in a single reaction
vessel in a controlled and predictable manner can lead to
more economical approaches to valuable products. Costs can
be reduced if the structural changes that usually require
several steps to achieve, in which each step involves time,
solvent, reagents, and energy, are realized under a set of
compatible reaction conditions in one formal process.
Development of new tandem, sequential, cascade, or domino
processes provides powerful strategies that help address this
objective.1

Tandem or concurrent catalysis is a subset of tandem
reactions that uses only one catalyst or precatalyst for
multiple sequential, but mechanistically distinct transforma-
tions.2 In this report, we describe a tandem catalytic process
in which a single ruthenium complex is used to carry out an

olefin cross-metathesis and then modified in situ to effect
an olefin isomerization in the same reaction vessel. The net
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result is a unique, single-pot method for converting allylic
alcohols into highly functionalized, carbonyl-containing
compounds.3

The ruthenium catalysts1-3, shown in Figure 1, have

been employed extensively for olefin metatheses due to their
functional-group tolerance and relative ease of handling.4 Our
experience with the synthesis of cyclic enol ethers5 through
a tandem metathesis/isomerization process suggested that
saturated carbonyls could be derived from allylic alcohols
through a similar isomerization. This idea was supported
substantially by several reports demonstrating the isomer-
ization of allylic alcohols to saturated carbonyl compounds6

with Grubbs’ first generation catalyst3.7 Given these
observations, we expected cross-metathesis of an allylic
alcohol followed by an olefin isomerization would offer a
unique and rapid entry into saturated, carbonyl-containing
compounds.

Our initial studies employed allyl alcohol or (Z)-but-2-
ene-1,4-diol (5) in ring-opening cross-metatheses (ROCM)
with strained, cyclic olefins (Scheme 1). In this case, the

isomerization of the primary allylic alcohol was expected to

yield aldehyde-containing products. We found that after the
ROCM was complete, the ruthenium complex could then
be transformed into an effective isomerization catalyst
through heating. Our previous work suggested that hydrogen
was necessary to effect the isomerization;8 however, in the
presence of allylic alcohols, alternative catalyst “decomposi-
tion” pathways are known.6a This mechanistic possibility was
supported by the observation of a CO absorption (1941 cm-1)
in the ruthenium complex recovered after silica gel chro-
matography,9 a ligand functionality consistent with Werner’s
allylic-alcohol mediated decomposition of Grubbs’ catalyst.

A persistent problem in these tandem reactions, however,
is the variable yields of the desired dialdehyde6 and the
isolation of significant amounts of over-reduced byproducts
(7). In the case of reactions with diol5, the isolation of
γ-hydroxybutyrolactone8 suggested the hydride source. The
excess butene-1,4-diol was isomerizing toγ-hydroxybutanal
and then undergoing a hydride transfer to form lactone8
(Scheme 1).10 This hydride may in fact be the source of the
over-reduction problem, as well as the ruthenium hydride
deemed responsible for the olefin isomerization reaction.
Because the isomerization and reduction occurred with
similar efficiencies, stopping the isomerization reaction early
did not allow for the isolation of appreciable amounts of the
desired aldehyde-containing products. Adjusting temperature
and screening additives also failed to provide high yields of
the nonreduced products. Given this shortcoming, we decided
to work around the over-reduction problem by shifting our
focus to the synthesis of ketones.

Reducing the likelihood of hydride transfer by using a
secondary allylic alcohol, such as but-3-en-2-ol or (Z)-hex-
3-ene-2,5-diol (9), in the cross-metatheses proved to be a
robust method for generating methyl ketone-containing
substrates. To avoid oligomerization of the strained olefins
(i.e., ROMP) during cross-metathesis with diol9, slower
addition of the cyclic olefin to the reaction was necessary.
Moreover, the isomerization led to the desired diketones in
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Figure 1. Ruthenium metathesis catalysts.

Scheme 1. Ruthenium-Catalyzed Tandem Ring-Opening
Cross-Metathesis/Isomerization with (Z)-Butene-1,4-diol5
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higher yields with shorter reaction times when run at higher
temperatures (i.e., 200°C).

The data summarized in Table 1 show the optimized

results for tandem ROCM/isomerizations with use of ruthe-
nium complexes1 and2. Entries 1 and 2 demonstrate that
7-oxobicyclo[2.2.1]heptenes (4 and11) are suitable substrates
for the tandem ROCM/isomerization. Likewise, entry 3
indicates that the corresponding cyclopentadienyl cycloadduct
13 is also a competent cyclic olefin for this tandem process,
albeit with a slightly reduced efficiency. In general, the
Hoveyda-Grubbs’ alkylidene2 proved more effective in
these reactions, allowing for reduced catalyst loading with
only minimal reduction in overall yields.

While the use of strained cyclic olefins is an important
feature for driving the ROCM step to completion, we felt
that the inclusion of terminal olefins as cross-metathesis
(CM) partners would significantly expand the utility of this
tandem methodology. Unfortunately, our initial CM/isomer-
izations were hindered by low conversion in the metathesis
step. The observation that the cross-metatheses of allyl
benzene with diol9 with use of ruthenium complex2 resulted
in 90% yield (86% conversion) was useful (Scheme 2).
Further optimization of each cross-metathesis allowed for
reasonable yields in this tandem CM/isomerization process
with relatively low catalyst loading (0.5 to 2 mol %).

The cross-metathesis/isomerizations of various aliphatic
terminal olefins are illustrated in Table 2. The metathesis

time was found to be a key substrate-dependent variable in
these reactions. The transformation shown in entry 1 indicates
that aliphatic acetates (i.e.,17) are compatible in this tandem
process. Phthalimide19 (entry 2) requires a slightly higher
catalyst loading to drive the olefin isomerization step to
completion. With lower catalyst loadings, a variety of other
olefin isomers was obtained. Entry 3 shows that trialkylsilyl
ether21 is a suitable substrate in this tandem process.11 The
additional metathesis time required for this example is
presumably due to the slightly more hindered nature of the
terminal olefin. The influence of an aromatic group in close
proximity to the olefin is examined in entry 4. In this case,
a minor byproduct where the olefin migrated into conjugation
with the aromatic ring was isolated in addition to the desired

(11) Takei, I.; Nishibayashi, Y.; Ishii, Y.; Mizobe, Y.; Uemura, S.; Hidai,
M. J. Organomet. Chem.2003,679, 32.

Table 1. Tandem Ring-Opening
Cross-Metathesis/Isomerization

Table 2. Tandem Cross-Metathesis/Isomerization

Scheme 2. Optimizations of a Tandem, Ruthenium-Catalyzed
Cross-Metathesis/Isomerization with (Z)-Hex-3-ene-1,4-diol9
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methyl ketone16. Entries 5 and 6 illustrate two examples
in which the terminal olefins possess benzyl ethers. In either
case, ruthenium hydride-mediated hydrogenolysis of the
benzyl ethers does not appear to be an issue in these
transformations.12 The example shown in entry 7 demon-
strates the chemoselectivity of the tandem process. The
preexisting ketone functionality found in substrate27 does
not interfere with the reaction. This observation is useful if
the resulting diketone28were to be employed in subsequent
intramolecular aldol transformations.

In summary, we have developed a new, ruthenium-
catalyzed, tandem olefin cross-metathesis/allylic alcohol

isomerization protocol that generates methyl ketones13 from
terminal and strained cyclic olefins in a single reaction flask.
This advancement extends the utility of the popular ruthe-
nium alkylidenes1 and2 by allowing for the direct access
of carbonyl functionality through an olefin metathesis-based
process.
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