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ABSTRACT

A new use of ruthenium tetraoxide is reported. The catalytic oxidative cleavage of hexahydro-benzofuran-3a-ols led to nine-membered ring
keto-lactones in moderate to good yields and high purity. The reaction is clean and easily performed using catalytic amounts of ruthenium
trichloride and an excess of sodium periodate as a cooxidant.

The synthesis of medium-ring compounds (those containing
from 8 to 11 atoms) remains a challenge for organic chemists.
Several efforts have been made toward the development of
efficient methods for the preparation of these systems,1 since
they are encountered in many biologically important natural
products such as the medium-ring ethers (+)-obtusenyne,2

(+)-laurallene,3 and (-)-isolaurallene,4 besides the well-
known brevetoxins5 and taxol.6 Medium-ring lactones are
also found in nature. Examples are the octalactins A and
B,7 the nine-membered ring halicholactone and neo-

halicholactone,8 and the cephalosporolides B and C.9 Some
of them are outlined in Figure 1.

Cyclization strategies toward medium-ring lactones are
often inhibited due to entropic factors and transannular
interactions. For instance, the rate of lactonization of
ω-bromo alkanoic acid to the corresponding nine-membered
ring lactone is almost zero.10

Many other methodologies for preparing medium-ring
lactones have been reported11 such as the ionic12 and radical13

cleavage of saturated bicyclic hemiketals, the oxidative
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cleavage of unsaturated bicyclic compounds promoted by
ozone, PCC, ormCPBA,14 and the cleavage of bicyclic 1,2-
diols.15 In 1985, Torii and co-workers reported a single
example of the oxidative cleavage of an enol ether by
ruthenium tetraoxide, which led to a ten-membered ring keto-
lactone.16

Recently, we reported the preparation of a series of
hexahydro-benzofuran-3a-ols (1a-d) by thallium trinitrate-
promoted cyclization of homoallylic alcohols.17 One of the
possible synthetic applications of these ethers could be the
construction ofR,â-unsaturated lactones, an important class
of natural products. For example, the cyclic ether1a could
be transformed into isomintlactone,18 through dehydration
followed by allylic oxidation.19 Nevertheless, the hydroxyl
group of1aproved to be very resistant to several dehydration
conditions. We decided then to run a prior oxidation of1a
to the corresponding lactone2, which would easily undergo
the desired dehydration. Thus, the cyclic ether1a was
submitted to treatment with RuO4 generated in situ from
catalytic amounts of ruthenium trichloride (RuCl3‚nH2O) and
an excess of sodium periodate in a biphasic solvent system
(H2O/CCl4/CH3CN ) 3:2:2).20 Somewhat surprisingly,21 the
isolated product was the nine-membered ring keto-lactone
3a, obtained in very good yield (Scheme 1).

This result prompted us to submit the cyclic ethers1b-d
to the same treatment. Thus, the keto-lactones3b-d were
obtained in moderate to good yields, as shown in Table 1.

It is noteworthy that the keto-lactones3a-d were obtained
with a high degree of purity. No further purification was
necessary, since neither significant impurities nor byproducts
were detected in the1H and13C NMR spectra of the crude
products.22 Moreover, the simple filtration of the concentrated
organic extracts on a small silica gel pad was sufficiently
efficient to hold the ruthenium dioxide formed during the
course of the reactions.

It has been postulated that the order of reactivity of C-H
bonds toward the RuO4-promoted oxidation of ethers is CH2

> CH.23 However, we observed an inversion of regiochem-
istry in the reaction of the cyclic ethers1a-d with RuO4,
since carbon 7a (CH) was oxidized in preference to carbon
2 (CH2), as exemplified for1a in Scheme 2.

Additional evidence of this inversion of regiochemistry
was observed in the RuO4-promoted oxidation of the
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Figure 1. Natural medium-ring lactones.

Scheme 1a

a Reagents and conditions: 2.4 mol % RuCl3‚nH2O, 4.1 equiv
of NaIO4, H2O/CCl4/CH3CN (3:2:2), rt, 75 min (81%).

Table 1. RuO4-Promoted Oxidative Cleavage of1b-da

a Reagents and conditions: 2.4 mol % RuCl3.nH2O, 4.1 equiv of NaIO4,
H2O/CCl4/CH3CN (3:2:2), rt, 75 min.

Scheme 2
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hexahydro-benzofuran-3-ols4a and 4b,24 which bear the
hydroxyl group in another position. These ethers afforded,
as the major product, the 2-acetyl-5-methyl-cyclohexanone
(5), which is probably formed by the oxidation of the tertiary
carbon 7a (Scheme 3).

The fact that the equatorial tertiary C-H bonds of1a-d
and4awere oxidized faster than the axial tertiary C-H bond
of 4b agrees with the literature information about steric
requirements for the oxidation reaction.25 Moreover, the less
reactive cyclic ether4b afforded minor amounts of the
oxidation products of secondary carbon 2. The products6
and7 were obtained in 12 and 15% yields, respectively.

In a preliminary experiment, the oxidative cleavage of the
â-hydroxyether8 led to the ten-membered ring keto-lactone
9, in a nonoptimized yield of 50% (Scheme 4).

Although the reaction mechanism remains unclear, the
presence of the hydroxyl group in the cyclic ethers seems to
play an important role in the chemoselectivity displayed by
RuO4.26 It is of note that similar bicyclic ethers, without the
hydroxyl group, afforded exclusively the corresponding
products of oxidation of the secondary carbon.27

The results described herein represent a novel and efficient
procedure for the synthesis of medium-sized lactones. At the
moment, the application of this methodology to the synthesis
of lactones of different sizes is in progress in our laboratory.
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Scheme 3a

a Reagents and conditions: 5.0 mol % RuCl3‚nH2O, 4.1 equiv
of NaIO4, H2O/CCl4/CH3CN (3:2:2), rt, 30 min for4a and 4 h for
4b (48% for 4a and 40% for4b).

Scheme 4
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