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Intricate molecules are generally synthesized through a linear
sequence of reactions designed to systematically increase mo-
lecular complexity.l2 Inanimportant variation of this approach,
certain “power reactions”—highly predictable, regio- and/or
stereoselective carbon—carbon bond forming processes—are used
to leapfrog past the required level of intricacy. The desired
framework is then revealed by selectively pruning the complex
product. A notable example of this approach is Wender’s use of
arene~olefin cycloadditions for the synthesis of triquinane natural
products.’# We report here a new example of this strategy, to
substituted di- and triquinanes, the framework of many biolog-
ically active natural products.56

The strategy is based on the recognition that the key elements
of a diquinane reside hidden within cage compound 2, the
intramolecular Paterno—Biichi product of acetylnorbornene 1 (eq
1).78 The Paterno-Biichi reaction not only generates an oxetane
ring but also ties the opposite ends of a norbornane system through
a one-carbon bridge. A striking aspect of this construction is the
dramatic increase in complexity achieved, particularly when one
considers that the starting ketone is readily obtained by a Diels—
Alder reaction between cyclopentadiene and methyl vinyl ketone.
The two cycloadditions quickly produce a highly strained, basket-
like system.?
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The salient feature of the photoreaction is that the new C-C
bond forms a second five-membered ring, fused in a cis
arrangement to the cyclopentadiene-derived one (C,—Cs) (Scheme
1). The bonding arrangement can be better appreciated by
imagining stretching of the molecule by pulling the carbons labeled
C;and Cy. The resulting distorted structure (3) clearly shows
the hidden 5,5-bicyclic array, a diquinane held together by one
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C-O bond and one C—C bond. Elongation of the C,—Cs bond
shows an isomeric diquinane, 4. Cleavage of either of the two
o-bonds, C;—Cjy or C;—Cs, would liberate the diquinane, a subunit
present in many natural products.1?

The oxetane in 2 was cleaved efficiently using LDA in THF
(-78 °C — room temperature, 95%),'! and the resulting alcohol
was oxidized using the Swern conditions (80-85%).12 The strain
energy in keto alkene § was expected to render it susceptible to
fragmentation. Subjection of § to Birch reduction conditions
would generate ketyl radical 6, which can rearrange by one of
the two modes shown in Scheme 2. Fragmentation of the front
bond (path A) would generate an enolate-allylic radical, which
upon further reduction and protonation would give rise to ketone
7. On the other hand, fragmentation via path B would produce
a dienolate with a secondary radical on the other ring. In the
event, when ketone 5 was treated with lithium in liquid ammonia
at —78 °C using THF as a cosolvent, a diquinane was formed as
the major product in 56% yield. On the basis of spectroscopic
data the product was clearly enone 8 rather than the isomeric
compound, 7.1 We have examined several other reducing systems
for this fragmentation and have found lithium-di-tert-butylbi-
phenylide (LDBB)*#to be the most effective, giving the diquinane
product in 65-70% yield.
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The Paterno-Biichi reaction/fragmentation represents a pow-
erful strategy for the construction of intermediates for quinane
natura] products. Sincethe Diels—Alder reaction is endoselective,
regioselective, and face-selective, it is possible to introduce alkyl
groups in a controlled manner around the diquinane skeleton.!?
Upon subjection to the reductive fragmentation conditions, keto
alkenes 9 and 1016 afforded enones 11 and 12, respectively, with
the R group in the specific orientation shown (eq 2). An alkyl
groupat the 2-position of the starting dienophile {CH,~C(CHj)-
COCH;) is transferred to the ring juncture (eq 3). Upon reductive
cleavage, cyclopropane-containing keto alkene 15 gave in 86%
yield a 6:1 mixture of diquinanes 16 and 17, with the former
arising from rearrangement of the putative cyclopropylcarbinyl
radical intermediate.
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The main strength of this strategy is that it allows the
preparation of complex quinanes from relatively simple starting
materials. One approach to linear triquinanes takes advantage
of the ring-forming capability of the secondary radical formed
upon reductive fragmentation (Scheme 3). Thereaction between
dienophile 18 and cyclopentadiene yielded a 6:1 mixture of endo
and exo adducts (96%). Paterno-Bichi reaction of the endo
isomer (85%) followed by cleavage of the C-O bond with the
magnesium salt of i-Pr,NH (96%) and Swern oxidation (83%)
afforded the required keto alkene 20. The major product from
the reductive fragmentation of 20 was linear triquinane 22 (78%),
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obtained as a 6:1 mixture of c: 8 diastereomers, along with the
corresponding diquinane (5%) in which the radical intermediate
(21) had not undergone a cyclization.

A direct route to angular triquinanes is shown in Scheme 4.
The endo Diels-Alder adduct (23) of 1-acetylcyclopentene and
cyclopentadiene can be converted to cage compound 24 upon
standard irradiation. The latent angular triquinane in 24 can
subsequently be liberated through reductive fragmentation of
the corresponding keto alkene (25).

Insummary, we have developed a new, general route tovarious
di- and triquinanes. The route utilizes Diels—Alder and Paterno—
Biichi cycloadditions to build a highly strained cage compound,
strategic bonds in which are subsequently cleaved under reductive
conditions to reveal the bi- and tricyclic skeleton. The strategy
lends itself nicely to the synthesis of natural products.l’
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