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The furan approach to carbocyclic systems.
Synthesis of cyclohexane derivatives from butenolides

through an intramolecular Michael addition
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Abstract—We describe an efficient new approach for the synthesis of highly substituted cyclohexane derivatives that is based on the
oxidation of a furan ring with singlet oxygen followed by an intramolecular Michael addition of the resulting butenolide containing
an acidic methine group.
� 2005 Elsevier Ltd. All rights reserved.
The construction of carbocyclic systems is of paramount
importance in organic synthesis. Intramolecular
Michael-type conjugate addition of carbanionic species
to activated alkenes and alkynes with an electron-with-
drawing group is one of the most frequently used meth-
ods.1 Radical cyclizations have also proved to be a
powerful and versatile method for the construction of
mono and polycyclic systems.2 We recently described a
new methodology for the synthesis of oxacyclic com-
pounds using either methoxyallene3a,e or furan3b–d as
starting material. Both routes lead to a common inter-
mediate: butenolide 8, which affords bicyclic lactone 9
on removal of its silyl protecting group through an
intramolecular hetero Michael addition (Scheme 1).
The scope and limitations of this very powerful method-
0040-4039/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.
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Scheme 1.
ology are being determined and its application to the
synthesis of cyclic as well as polycyclic natural products
is currently underway in our laboratories.

We now decided to further enlarge the scope of our
methodology by targeting carbocyclic compounds. It
was anticipated that butenolide 7 possessing an acidic
methine group would lead to carbocyclic compound 2
on reaction with a base (Scheme 1).

The synthesis of butenolide 7 can be accomplished
according to the reaction sequence shown in Scheme 2.

Commercially available furan 3 reacted with LAH in
ether to give alcohol 44 in 96% yield. Alcohol 4 was
ation.
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Figure 1. NOE correlations for 2b and 2c.
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easily converted into iodide 54,5 in 77% yield. The con-
densation of a methylene active compound 6 with iodide
5 afforded furan 1a–c.4 Oxidation of 1 with singlet oxy-
gen followed by treatment with acetic anhydride in pyr-
idine, afforded butenolide 7.4 We were delighted to see
that treatment of 7 with 0.5 equiv of DBU in DMF at
room temperature,1d afforded bicyclic compounds 2a–
c4,6 through an intramolecular Michael addition. The
synthesis of bicyclic lactone 2d4,6 was carried out
according to Scheme 3. Noteworthy is the straightfor-
ward synthesis of furan 1d from alcohol 4 using the
Mitsunobu conditions.7
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Bicyclic lactones 2a–d were obtained as a single diaste-
reoisomer as confirmed by their 1H and 13C NMR data.
Presumably the cyclization of 7a–d occurs to give 2a–d
with the thermodynamically preferred cis ring-junction.
This hypothesis was confirmed in the cases of 2b and 2c
where carrying out NOE correlations was possible (Fig.
1).

Surprisingly, 2c with two different EWG (CO2Me and
CN) was formed as a single diastereoisomer.

The transformations in Scheme 4 illustrate, in part, the
potential utility of bicyclic lactone 2d. The latter was
opened with LAH.3b–d leading to diol 10 in good yield.
Selective protection of the primary alcohol of 10 affor-
ded 11 in 77% yield. Alcohol 11 may be desulfonylated8

to afford 2-substituted cyclohexanol 12 in 75% yield.
Compounds 10, 11, and 12 are diastereoisomeric mix-
tures, which can be stereoselectively transformed into
the cis derivatives.3d

In conclusion, a new and efficient method for the synthe-
sis of highly substituted cyclohexanes from commer-
cially available furan has been developed. Work is
now in progress toward the optimization of the yields
and large scale synthesis of bicyclic lactones 2 and their
use as building blocks for the synthesis of biologically
interesting natural products. The application of this
new methodology to the synthesis of smaller and larger
carbocyclic systems is also currently underway in our
laboratories.
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