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Isomerization of organic compounds through the catalytic
activity of transition metals has been used in a variety of organic
transformations, such as the isomerization of allylic alcohols
to ketones.!2™P Isomerization of organic compounds, as in the
examples above, usually occurs with some attrition of the
functionalities within the molecule.? Repositioning the func-
tionalities of olefinic alcohols is a common process encountered
in synthesis.> Such transformations often require multistep
reactions, or strong acids.* We report here that, in the presence
of a catalytic amount of RuCl,(PPhs)s, homoallylic alcohols and
allyl alcohols undergo structural reorganization in which both
the hydroxyl group and the olefin have been reshuffled.

Stirring a mixture of allylbenzyl alcohol 1 with a catalytic
amount of RuCly(PPh3); in water at 100 °C for 3 h led to
compound 2 virtually as a single product.’ Previously, Grubbs
has shown that homoallylic alcohols form stable complexes with
a ruthenium(Il) salt in water that are inert toward olefin
isomerizations.'?
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The unusual selectivity of this new process led us to
investigate the scope of the reaction. In all cases where a
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benzylic hydroxyl group was involved (3a—e), the correspond-
ing product (4a—e) was obtained cleanly under standard reaction
conditions. However, no reaction occurred when alkyl substit-
uents were present at the terminal position.> The presence of a
hydroxyl group (3e) does not inhibit the reaction. Such
compatibility is further demonstrated by compound 5, where a
double reshuffling product, 6a, is the predominant product.
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In the case of compound 7, where both an allylic and a
homoallylic functional group are involved, the reaction occurs
exclusively by rearrangement of the homoallylic group to give
the conjugated dienol product 8. The same reaction of aliphatic
homoallylic alcohols leads to the formation of a mixture of
several olefinic alcohols, demonstrating a lack of regioselec-
tivity.
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The reaction shows a marked dependence on the Ru(Il):
substrate ratio. Increasing the amount of catalyst results in an
increased formation of the phenyl ketone 9, also an isomerized
product.’
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cat(mol %) 4c:9 conversion (%)
2.2 12:1 87
4.5 4.5:1 94
7.0 1.7:1 90
10.0 1.2:1 92

The exact mechanism of this unprecedented catalytic reaction
is not yet clear. Initially, a trace amount of acid generated from
the catalyst was suspected as being responsible for product
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Figure 1. Postulated catalytic cycle for functional group reshuffling
in homoallylic alcohols.

formation. However, the pH of the reaction medium shows a
value between 5 and 6 both during and at the end of the reaction.
As control experiments, we have carried out the same reactions
by using aqueous 0.1 N HCI (pH = 1), RuCl; (pH = 1), or
aqueous saturated NH4Cl as the reaction solvent, as well as using
other transition metals, such as FeCl,, RhCl(PPh;);, CoCl,, and
CuCl,. The corresponding product was not observed in any of
these cases. A conjugated diene has also been suspected as
being the reaction intermediate. Such a possibility was ruled
out because the reaction of 1-phenyl-1,3-butadiene with the
ruthenium catalyst did not generate any desired product under
the same reaction conditions.

A possible mechanistic explanation (Figure 1) is that the
ruthenium complex first coordinates to the olefin and transfers
it from a terminal position to an internal position through the
usual mechanism,?? providing an allylic alcohol. A sz-allyl—
ruthenium complex is then formed through carbon—oxygen
bond cleavage of the allylic alcohol. Attack of the s-allyl
complex by H,O gives the more stable final product and
regenerates the catalyst. Altematively, carbon—oxygen bond
cleavage could also be due to acid catalysis.!”

To explore this argument, the allylic alcohol intermediates
10 were synthesized. Under reaction conditions the same as
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or milder than those for the rearrangement of homoallylic
alcohols, the allylic alcohols rearranged rapidly to the final
product 11 in water. These results indicate that the rate-
determining step of the reshuffling of homoallylic alcohols is
the initial olefin migration.
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R=Ph, R'=Methyl (90%)
R=p-CH3Ph, R'=Propyl (74%)
R=p-ClPh. R’=Propy (65%)

R=Ph, R'=Propyl (70%)
R=p-CH30Ph, R'=Propyl (89%)
R=m-BrPh, R'=Propyl (72%)

An internal allylic alcohol, where only aliphatic substituents
are present, is also reactive. However, the reaction leads to
the formation of an approximately 1:1 mixture of starting
material 12 and the rearranged product 13, which implies that
an equilibrium has been established.

OH 4 mol% Ru(ID/H,0 OH
\/\)\/\ M/,\
40°C
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Irrespective of the exact mechanism, and although the reaction
is still limited to benzyl and cinnamyl type alcohols, the use of
catalytic amount of a transition-metal complex to selectively
reshuffle molecular structures under an environment of water
and air opens up many new opportunities both mechanistically
and synthetically. The fact that the reshuffled precursors can
also be prepared in water by an indium-mediated Barbier
reaction!! further enhances its synthetic versatility.
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