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ABSTRACT

Oxabicyclo[3.3.1]nonanone can conveniently be prepared by the reaction of trans-p-menth-6-ene-2,8-diol and aldehyde or epoxide mediated by
boron trifluoride etherate in good yields. The reaction proceeds via (3,5)-oxonium-ene-type reaction.

Oxonium-ene reactions are powerful tool for construction
of various cyclic ethers.1 Mikami and co-workers have made
a thorough study on oxonium-ene cyclization reactions.2

There are three different types of oxonium-ene cyclization
reactions, namely, (1,5), (2,5), and (3,5).1e,2d Although
(1,5)1a-c and (2,5)2a-c oxonium-ene-type cyclizations have
been well studied, the (3,5)-oxonium-ene cyclization has
not been investigated extensively.1e,2d Loh and co-workers1e

and others3 have reported the synthesis of some cyclic ethers
by using the (3,5)-oxonium-ene reaction. Several cyclic
ethers4 and oxabicyclic compounds possess biological prop-
erties. Oxabicyclo[3.3.1]nonene and its derivatives are known

as estrogen receptor ligands.5 In continuation of our interest
in oxygen heterocycles,6 we were in search of an efficient
methodology for the synthesis of oxabicyclic compounds.
Naturally occurring terpenoids are precursors of biologically
active compounds7 and intermediates in asymmetric synthe-
sis.8 Il’ina and co-workers have reported the synthesis of
oxabicyclo[3.3.1]nonanone from verbenone epoxide in acidic
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medium. The yield of the products was very low due to the
formation of side products.9 trans-p-Menth-6-ene-2,8-diol has
long been used as a starting material for many organic
transformations.10 Here we wish to disclose a methodology
for the synthesis of oxabicyclo[3.3.1]nonanone via (3,5)-
oxonium-ene reaction from the reaction of aldehydes or
epoxides with commercially available trans-p-menth-6-ene-
2,8-diol, mediated by boron trifluoride etherate. We envi-
sioned that treatment of trans-p-menth-6-ene-2,8-diol with
boron trifluoride etherate would provide carbocation at the
side chain, which after nucleophilic attack by aldehyde and
subsequent (3,5)-oxonium-ene cyclization will give bicyclic
product. Thus, the treatment of trans-p-menth-6-ene-2,8-diol
with benzaldehyde and boron trifluoride etherate in dry
toluene gave 2,2,6-trimethyl-4-phenylbicyclo[3.3.1]nonan-
7-one in 80% yield. The reaction can be generalized as shown
in Table 1.

The scope of the reaction is investigated by using different
types of aliphatic and aromatic aldehydes (Table 1). It was
observed that the aromatic aldehydes, except benzaldehyde,
gave lower yield, irrespective of electron-withdrawing or
-donating groups on the ring, than the aliphatic aldehydes.
The reason might be due to the formation of some highly

nonpolar side products, which were unable to be character-
ized by spectroscopic methods. The reaction was diastereo-
selective, and in all cases, the substituents at 4 and 6 are in
the trans position. The structure of the compound was
determined by NOE experiment and X-ray crystallographic
analysis (Figure 1).11

The mechanism of the reaction can be explained as
follows. The reaction of compound 1 with Lewis acid
generates carbocation 4, which after nucleophilic attack by

aldehyde provides oxocarbenium ion 5, which forms a stable
six-membered transition state. The oxocarbenium ion 5
undergoes (3,5)-oxonium-ene cyclization reaction to give
enol 6, which after tautomerization gives 3 (Scheme 1).

The same oxabicyclic compounds can also be prepared
by using epoxide as the aldehyde equivalent as shown in
Table 2. It was observed that monosubstituted terminal
epoxides are nonreactive, whereas the 2,2-disubstituted and
styrene oxides are reactive and give good to moderate yields.
This is attributed to the lower stability of the carbocation 8,
obtained from monosubstituted epoxides, compared to 2,2-
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Table 1. Synthesis of Oxabicyclo[3.3.1]nonanone

entry RCHO 2 time (h) product 3 yielda (%)

1 C6H5CHO, 2a 8 3a 80
2 p-Cl-C6H4CHO, 2b 10 3b 50
3 p-Br-C6H4CHO, 2c 10 3c 51
4 p-F-C6H4CHO, 2d 10 3d 62
5 p-MeO2C-C6H4CHO, 2e 12 3e 52
6 p-NO2-C6H4CHO, 2f 12 3f 50
7 p-Me-C6H4CHO, 2g 10 3g 68
8 p-MeO-C6H4CHO, 2h 10 3h 56
9 C6H5-CHdCHCHO, 2i 12 3i 57
10 p-NO2-C6H4-CHdCHCHO, 2j 12 3j 62
11 C6H5-CH2CHO, 2k 4 3k 50
12 C6H11CHO, 2l 5 3l 90
13 C6H13CHO, 2m 5 3m 80
14 (CH3)2CHCH2CHO, 2n 6 3n 82
15 C3H7CHO, 2o 6 3o 98
16 C2H5CHO, 2p 5 3p 98

a Yields refer to isolated yield. The compounds are characterized by
IR, 1H, 13C, and 19F NMR, and mass spectroscopy.

Figure 1. ORTEP diagram of 2,2,6-trimethyl-4-[2-(4-nitrophe-
nylvinyl)]-3-oxabicyclo[3.3.1]nonan-7-one 3j.

Scheme 1. Proposed Mechanism of the Reaction
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disubstituted epoxides and styrene oxides, where carbocation
8 is better stabilized due to tertiary and benzylic centers,
respectively.12a However, the low yield obtained in the case
of styrene epoxides is also due to the formation of similar
types of nonpolar side products. Epoxide 4 gave two
separable isomers, whereas 5 gave two inseparable isomers.

The mechanism of the reaction with epoxide can be
explained by considering the already reported fact that

epoxide after ring-opening with Lewis acid rearranges to
aldehyde.12 Here, the intermediate 9 is attacked by alcohol
to give acetal 10, which after (3,5)-oxonium-ene cyclization
gives enol 12 (Scheme 2). The enol 12 tautomerizes to give
oxabicyclic compound 3.

In conclusion, we have demonstrated an efficient
methodology for the synthesis of oxabicyclo[3.3.1]nonanone
in moderate to good yields. The bicyclic unit can further
be transformed by manipulating carbonyl functionalities
and, therefore, can be used as a precursor for the synthesis
of complex molecules. The scope and synthetic application
of this novel reaction are under investigation in our
laboratory.
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Scheme 2. Mechanism of the Reaction with Epoxide

Table 2. Reaction of trans-p-Menth-6-ene-2,8-diol with Epoxides

a Yields refer to isolated yield. Compounds are characterized by IR,
NMR, and mass spectroscopy. b Mixture of two isomers with a ratio of
1:1.
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