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The 1-oxadecalin unit serves as the structural core for a
number of naturally occurring compounds, including the
reduced furochroman phomactin A (1, Figure 1),1 as well as
a variety of diterpenoids such as forskolin (2),2 jamesoniellide
E (3),3 and scutorientalin D (4).4 Many of these compounds
exhibit intriguing biological properties, though the diverse
array of structural features present in these systems make
them challenging synthetic targets.

Our interest in the development of new strategies for the
synthesis of complex substrates, in particular toward the
preparation of the PAF antagonist phomactin A, led us to
consider a general approach to the synthesis of highly
functionalized 1-oxadecalone derivatives.5 Our goal in this
endeavor was to develop an expedient entry to the basic 6,6-
ring system, while at the same time providing sufficient
functionality to allow for subsequent synthetic manipulation.
Toward this end, we envisaged that the Diels-Alder reaction
of a suitably functionalized 2,3-dihydro-4-pyrone with a
diene would effectively meet these criteria. Though several
related examples have appeared using chromone6 and py-
rone7 derivatives as dienophiles in [4 + 2] cycloaddition
reactions, to the best of our knowledge, dihydropyrones of
this type have not previously been utilized in this applica-
tion. Herein we report the successful implementation of this
strategy for the synthesis of highly functionalized 1-oxade-
calone derivatives.

In practice, we chose to explore the reactivity of 2,3-
dihydro-4-pyrones that contain an electron-withdrawing
substituent at C5 (e.g., 5).8 We anticipated the need for this
functionality to enhance the reactivity of these substrates
as dienophiles relative to that of the parent dihydropyrones.9
As the C5 substituent of the dihydropyrone would ultimately
be located at the ring junction of the 1-oxadecalone unit,
incorporation of diverse functionality at this position would
provide added flexibility in the application of this method
to the synthesis of more complex systems. As shown,

derivatives of this type react readily with electron-rich
dienes to provide highly functionalized 1-oxadecalone de-
rivatives (Table 1).

We first examined the reaction of the 5-carbethoxy dihy-
dropyrone derivative 5a with the tert-butyldimethylsilyl
derivative of Danishefsky′s diene 8 (entry 1). Here, Diels-
Alder reaction occurs in refluxing toluene to provide the
Diels-Alder adduct in 85% yield as a ca. 6:1 mixture of
diastereomers.10,11 In this case, stereochemistry is of little
consequence as the C5 stereocenter is subsequently de-
stroyed. Here, direct hydrolysis of the enol ether is compli-
cated by the facile degradation of the product 1-oxadecalone
(7, W ) CO2Et, X ) H) to give ethyl p-hydroxybenzoate.
Presumably, formation of this contaminant results from
hydration of the C4 ketone (e.g., 7), with subsequent retro-
Claisen reaction, elimination, and aromatization of the
carbocyclic ring (Figure 2).12 This process can be cleanly
circumvented by reduction at C4 prior to hydrolysis. Though
in certain cases derivatives of this type can be isolated with
the C4 ketone intact (entries 3, 4, and 7), in general,
1-oxadecalone derivatives (7) that lack a substituent at C5
are subject to this degredative aromatization pathway. Upon
incorporation of added functionality at C1 of the diene (and
hence at C5 of the 1-oxadecalone), direct hydrolysis of the
initially formed enol ethers occurs to give a stable product
(entries 8-14).13

A variety of functionalized 1-oxadecalones are accessible
by this method. As anticipated, a number of different
electron-withdrawing substituents can be utilized to activate
the dienophile toward Diels-Alder reaction. In addition to
the 5-carbethoxy derivative 5a, 5-cyano- (5b), 5-phenyl
sulfone- (5c), and 5-acetyl-2,3-dihydro-4-pyrones (5d) par-
ticipate readily in the cycloaddition reaction. Though best
results are obtained in the reactions of the dihydropyrones
with unhindered, highly oxygenated dienes,14 even 1,1-
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disubstituted dienes such as 11 and 12 (entries 12-14) react
to give reasonable yields of 1-oxadecalone derivatives in the
two-step Diels-Alder/hydrolysis sequence.

Conversely, 1-(tert-butyldimethylsilyloxy)-1-methoxy-3-
methyl-1,3-butadiene 13 reacts only slowly with dihydropy-
rones of these types, and little of the cycloadduct is observed
under thermal conditions, even in the presence of a large
excess of diene.15 However, in the presence of a catalytic
amount of Lewis acid, Diels-Alder reaction of the cyano

derivative 5a occurs readily to provide the desired Diels-
Alder adduct as a 2.3:1 mixture of diastereomers.

In conclusion, we have demonstrated for the first time that
2,3-dihydro-4-pyrones can serve effectively as dienophiles in
the Diels-Alder reaction. In this way, a variety of highly
functionalized 1-oxadecalins are readily available under
relatively mild conditions. Furthermore, by modifying the
electron-withdrawing group at C5 of the dihydropyrone a
variety of functionalities can be incorporated at the ring
junction. This ability should allow for added flexibility in
the synthesis of more complex substrates. Further studies
aimed at expanding the scope and application of this method
are currently underway. These results will be reported in
due course.
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Table 1. Synthesis of 1-Oxadecalones
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