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Abstractt We describe here a new type of fragmentation pathway leading to
diquinane skeletons, where the normal reactivity of the systems is dramatically
altered by a suitably positioned radical stabilizing groups.

We recently reported a new strategy for the synthesis of di- and triquinanes and
demonstrated its usefulness through a stereocontrolled synthesis of isocomene.l»2 The strategy
takes advantage of fragmentation of highly-strained cage compounds that are readily available
from simple precursors. In all the examples tried, regardless of the position of the substituents,
the key reductive fragmentation was completely selective, giving only products resulting from
scission the “back bond” (path A, Scheme). Products arising from fragmentation of the front
bond (B) were never observed. The obvious advantage of having a substrate follow the latter
path is that it would produce differently substituted diquinanes (and triquinanes) and vastly
increase the types of natural products accessible through the overall strategy. We describe here
the results of our attempts to induce the alternate fragmentation pathway:.
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In an effort to facilitate the second path, we examined the fragmentation of three
substrates, each containing an electron-stabilizing group at the a-position. For substrate 3, the
expectation was that the electronic perturbation from the withdrawing group would serve to
overcome the inherent propensity for back-bond cleavage and, instead, promote cleavage of the
front bond. The resulting intermediate radical would be highly stabilized, being allylic and o to
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the withdrawing group. The desired fragmentation substrate (3, Eq. 1), with an exo-oriented
methyl group, was prepared easily. Norbornene ketone 1, the major product of the Diels-Alder
reaction between cyclopentadiene and the doubly-activated dienophile, ethyl (Z)-2-acetyl-
butenoate,® 4 was irradiated under standard Paterno-Biichi conditions,! yielding the expected
oxetane (2) in high yield. Base mediated opening of the oxetane ring gave a homoallylic
alcohol, which upon Swern oxidation afforded the fragmentation precursor, ketoalkene 356
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As anticipated, the electronic perturbation had a striking effect on the course of the
reductive fragmentation of these strained compounds (Eq. 2). Treatment of ketoester 3 with
lithium di-t-butyl biphenylide (LDBB)’ resulted in exclusive cleavage of the front bond to afford
diquinane products 4 and 5 in high yield, as a 3.6:1 mixture of the conjugated and unconjugated
esters. The double bond in the latter, a 1.7:1 mixture (by NMR) of two inseparable epimers, was
easily isomerized into conjugation by treatment with DBU. Clearly, diquinanes such as 4, with
extensive functionality around both rings, will prove to be of considerable use for the synthesis
of di- and triquinane natural products. The consequence of cleaving the front bond is that exo-
oriented substituents from the norbornene are transferred to the concave face of the diquinane.
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We also examined the fragmentation of the epoxide derivative of 6, which was obtained
from ketoalkene 3 (Eq. 3). The epoxidation of 3 proceeded sluggishly, but after 3 days in the
presence of 3.75 equiv of MCPBA the desired epoxyketones (6) were obtained in 63% yield. The
reductive fragmentation was carried out on the major epoxide isomer using 3 equivalents of
LDBB in THF at -78 °C. The reaction was surprisingly slow and required 2h to go to completion,
as compared to 2 min for the other substrates examined so far. Remarkably, the reaction gave



the same products as before, a mixture of ketoesters 4 and 5. This outcome can be rationalized
in different ways. Most likely, as with 3, the first step probably involves reduction of the ketone
to the ketyl, which rearranges via cleavage of the front bond to produce oxiranylcarbinyl radical
78,9 Subsequent fragmentation of the epoxide would give an allyloxy radical 8, which upon
further reduction and reductive elimination of Li,O!® would lead to the observed products.
Alternatively, the observed products could also be explained by considering the deoxygenation
of 6 to 3 mediated by LDBB as the first step.
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In order to probe the effect of a radical stabilizing group with electron donating capability,
we prepared the phenyl substituted ketoalkene 9.1%. 12 The reductive fragmentation of 9 was
again completely selective, giving the front bond cleavage product, conjugated diquinane 10, in
66% yield along with 12% recovered starting material.6
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These studies establish that the pathway followed in the reductive fragmentation of
strained cage compounds can be controlled by judicious placement of substituents on the
substrate. The alternate fragmentation pathway described here greatly expands the types of
functionalized diquinanes and triquinanes—-hence the types of natural products--that can be
synthesized through the Paterno-Biichi/reductive fragmentation strategy that we have
developed.
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