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ABSTRACT

Three different approaches to the carbocyclic core of CP-263,114 are presented that illustrate a strategic evolution from an oxy-Cope rearrangement
to variants of the Wharton fragmentation.

An intriguing combination of complex structure and biologi-
cal activity has resulted in a great deal of attention being
focused on the nonadrides CP-263,114 (phomoidride B,
Figure 1) and CP-225,917 (phomoidride A). Since their

isolation in 1995,1 numerous reports have appeared describ-
ing syntheses,2 approaches,3 and biosynthetic investigations.3o

As has been elegantly demonstrated by Clive and Leighton,
the 1,5-diene unit present in the phomoidride core can be
envisioned to arise via a Cope rearrangement of an ap-
propriately functionalized [2.2.1] bicycle.4 In an effort that
began prior to these reports, we too were seduced by this
disconnection, which in the forward sense would allow

assembly of both the quaternary center and bridgehead olefin
in a single potentially late-stage step. Uncertain of feasibility,
we took a conservative first step by addressing the rearrange-
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ment question in the simplified model substrate8. As
illustrated in Scheme 1 assembly of8 commenced via

protection of diketone2 followed by addition of vinylmag-
nesium bromide to the derived ketone3. The resultant
mixture of allylic alcohols (4 and5) was separated and the
desired adduct (4) was deprotected to ketone6 which was,
in turn, methylenated to7 using the Petasis reagent.5

Methanolysis of7 afforded the desired diene8, which was
found to undergo an anion-accelerated oxy-Cope rearrange-
ment in refluxing toluene to yield9.

Although encouraging, the somewhat forcing conditions
required to convert8 to 9 led us to explore a more heavily
functionalized oxy-Cope substrate (i.e.16, Scheme 2). As
illustrated, our point of departure to this material was known
diol 10, which was advanced via a stannylene-mediated
selective pivaloation and oxidation sequence to11.6 Ho-
mologation of11 employing the Masamune-Roush modi-
fication of the Horner-Wadsworth-Emmons reaction7

furnished enoates13 and14 (2:1, respectively) which were
separated and advanced.8 Exhaustive reduction of13 fol-
lowed by protection and oxidation furnished ketone15 in
high yield. Addition of vinylmagnesium bromide to15
yielded a 3:1 mixture of16 and 179 and set the stage for
exploring the oxy-Cope chemistry. Interestingly, with16 as
substrate we were unable to effect the desired rearrangement
under either thermal or anion-accelerated conditions.10 In

light of this failure we began to consider alternative ap-
proaches and soon recognized that the same net result could
be achieved in a stepwise fashion by first constructing the
norbornane-based tricyclic system18and then unveiling the
desired bicyclic core structure (9) via a Wharton fragmenta-
tion (Figure 2).11

In exploring the fragmentation approach, we chose a
conservative path and first explored the reactivity of model
substrate22. As in our initial Cope study, this approach was
initiated with ketone3, which upon addition of 1-lithio-3-
butene furnished a 1:1 mixture of alcohols19 in good yield
(Scheme 3). The desired addition product (19a) was protected
as its acetate (20) and silyl deprotected to yield ketone21.
In efforts to complete the tricyclic core via radical cyclization
methods,12 we met with little to no success using tin hydride
but eventually found that ketone21 smoothly undergoes
cyclization to22upon exposure to samarium diiodide in the
presence of HMPA.13

Mesylation of the tertiary alcohol in the derived mixture
of diastereomers followed by methanolysis of the acetate
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resulted in an exceedingly facile fragmentation reaction to
furnish 23 in near quantitative yield.14

Pleased with the successful Wharton fragmentation, we
began exploring approaches to a fully elaborated norbornane-
based core. We soon encountered several limitations in both
the assembly and advancement of these scaffolds; however,
in the course of our efforts we recognized that fragmenting
an isomeric variant of the norbornane system (i.e.,25) would
serve as an alternative means of accessing the phomoidride
core (Figure 3). Importantly, the isotwistane15 scaffold (25)

appeared an ideal candidate since the bicyclo[2.2.2]core could
be assembled efficiently by employing the Diels-Alder
reaction.

Again proceeding in a conservative manner, we explored
the reactivity of a model fragmentation substrate (31). These
efforts commenced with known diketone2716 (Scheme 4)
which was converted to its mono silyl enol-ether 28.
Addition of allylmagnesium bromide to28 favored the

desired addition product in a 3:1 ratio. The addition products
were separated, and the tertiary alcohol of the desired
diastereomer was treated with acetic anhydride to furnish
acetate29. Silyl deprotection of29produced30, which upon
ketyl radical cyclization (Bu3SnH) furnished isotwistane31
as a mixture of diastereomers.17 The resulting alcohol (31)
was then derivatized as the corresponding mesylate and
subjected to methanolysis. To our delight these mild condi-
tions were again sufficient to initiate an in situ fragmentation
that produced32 in high yield.

Having demonstrated the feasibility of using a Wharton
fragmentation to construct the CP-263,114 core, we next
sought to explore construction of the quaternary center
(Scheme 5). Our goal was to install this center using a 5-exo-
trig ketyl radical cyclization similar to that employed in
accessing31. This would require a modified allylic side
chain, which we believed could be accessed by simply
changing the nucleophile in the addition to ketone28 from
allyl- to propargyl-Grignard. In the event, we found that
addition of propargylmagnesium bromide to ketone28gave
only the desired addition product33. Acetylation under
standard conditions followed by deprotection furnished35,
a compound whose structure was confirmed by X-ray
crystallographic analysis.

As illustrated in Scheme 5, alkyne35 was envisioned as
a superb precursor on the basis of the elegant work by
Gabriele and co-workers,18 who have shown that terminal
alkynes are capable of undergoing an oxidative dicarbony-
lation to alkyl- or arylmaleic esters. In the event, exposure
of alkyne 35 to Gabriele’s dicarbonylation conditions
produced the corresponding maleate36 in excellent yield.
Subsequent treatment of36with samarium diiodide resulted
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in a very facile 5-exo cyclization of the incipient ketyl radical.
Unfortunately, the resultant mixture was dominated by the
undesired diastereomer (38,>7:1). Interestingly, the desired
cyclization product was produced as the corresponding
lactone (37).

In summary, exploratory investigations into applying an
anion-accelerated oxy-Cope rearrangement to the construc-
tion of the CP-263,114 skeleton were met with limited

success but inspired a more efficient approach based upon
the Wharton fragmentation of an intermediate tricyclic
scaffold. This fragmentation was successfully implemented
from both a norbornane and isotwistane system. From a
synthetic standpoint, the latter is believed to be more
attractive, since the bicyclo[2.2.2]octane skeleton can be
constructed easily using Diels-Alder protocols. These stud-
ies also illustrated the possibility of assembling quaternary
centers similar to those found in the phomoidrides via ketyl
radical cyclizations into maleic ester moieties. As described
in the accompanying Letter, subsequent work has focused
on developing an efficient means of accessing an isotwistane
scaffold suitable for advancement to phomoidrides A and
B.19
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