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Researchers at Pfizer recently reported the isolation, structural

characterization, and biological activity of two natural products
termed CP-263,114 and CP-225,91Both were found to be

active against protein farnesyl transferase, a medicinal target of

great current interegtAs a result, these structurally challenging

natural products have generated considerable interest from

synthetic chemist3.

CP-263,114

HO,C

Our retrosynthetic analysis began with the recognition of the
retron for the anionic oxy-Cope rearrangenténwithin the
bicyclic core. Stripped of all substituents, this rearrangement is
depicted in eq 11 — 2). At the time we began our work, no
such example of the Cope rearrangement was krfoamd the
question of kinetic feasibility was of concern as inspection of
molecular models indicated that the reacting termini of the two
olefins of1 are far from ideally oriented for a Cope rearrangement.
In fact, Clive and Sgarbi have reported an anionic oxy-Cope
rearrangement similar tb — 2, thus establishing the feasibility
of this approaci¢ However, the reaction conditions (106G for
20 h) indicated an unusually sluggish anionic oxy-Cope rear-
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be constrained within the lactone ring as3ifeq 2). This results
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in significant strain and twisting in the bicyclic systed({) vs
3(—)), and it was expected that relief of this strain would render
the Cope rearrangement substantially more facile. It thus became
the central tenet of our synthesis plan that the lactone spiroketal
would be built into the Cope rearrangement precursor.

The synthesis commenced from the readily available ketoacid
5 (Scheme 1¥:2 Prior to functionalization of the endocyclic olefin,
we could anticipate very high diastereoselectivity in the addition
of Grignard reagents to ketortebased on literature preced&nt
and the presence of tlexamethyl group that effectively blocks
approach to the back face of the ketone. Indeed, treatmént of
with excess vinylmagnesium bromide gave allylic alcobalith
very high diastereoselectivity. The alcohol was then protected as
its triethylsilyl (TES) ether7 in 61% overall yield fromb. With
7 in hand the next task was a straightforward one-carbon
homologation of the carboxylic acid with the ArneEistert
sequence. Synthesis of acid chlorRiewas best accomplished by
way of the lithium carboxylate of7, and was followed by
treatment with diazomethane to provide diazoket®ria 64%
overall yield from7. Wolff rearrangement o under photolysis
conditions proceeded smoothly to give homologated a6iih
92% vyield. Chemo- and regioselective functionalization of the
endocyclic double bond was accomplished by treatment of acid

rangement. We had sought from the start to build into our system 10 with Hg(OAc), followed by treatment first with NaBito

an extra structural feature designed to promote the Cope rear-reduce the mercuryalkyl and then with LiAlHo reduce the
rangement which, ideally, would be present in the natural product lactone. This procedure, performed without purification of
so as not to require additional steps in the synthesis. Analysis ofintermediates, provided the desired didldirectly in 50% yield.
the Cope rearrangement with the lactone spiroketal already built Selective protection of the primary alcohol as tést-butyldi-

into the starting material reveals that #sedmethylene ofl. would
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methylsilyl (TBS) ethefl2in 85% yield was followed by Swern
oxidation'® of the secondary alcohol to afford ketoh@&in 92%
yield.

With the required template in place, we were faced with the
challenge of constructing the straineg3-unsaturateg-lactone
spiroketal. A well-known method for the synthesis of unsaturated
lactones is the palladium-catalyzed carbonylation of alkenyl
halides or enol triflates with intramolecular trapping of the
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Our system would require a novel modification in that the
palladium-acyl would be trapped with a hemiketal formed from
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a(a) THF, -78 to 0 °C. (b) Imidazole, CH,Cl,, 61% from 5. (c) LiOH;
DMEF, CH,Cl,. (d) Et3N, CH,Cl,, 64% from 7. (e) H,0, dioxane.

(f) THF, 50%. (g) Imidazole, CH,Cly, 85%. (h) (COCl);, DMSO,
E3N, CH,Cly, -78 to 23 °C, 92%.
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4(a) KHMDS, HCO,Me; 2-[N, N-bis(trifluoromethylsulfonyl)amino]-5-
chloropyridine, 48% + 41% 13. (b) Camphorsulfonic acid, MeOH, 74%.
(c) Pd(PPhs3)s, EtsN, 600 psi CO, THF, 60 °C, 19% + 11% 15.

an alcohol and a ketone, thus forming two rings in a single step.
To test this reaction, the synthesis of an enol triflatéo the
ketone was required. Thus, ketoh@was subjected to a Claisen
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With recourse to the anionic variant of the oxy-Cope rear-
rangement as a potential alternative, the direct silyloxy-Cope
rearrangement ofl6 was examined first. Heating a toluene
solution of 16 at reflux far 1 h led to smooth conversion to a
single compound, identified as silyl enol eth&?, in near
quantitative yield (eq 3} That this reaction proceeds at 110

TESO.

N o Toluene TESQ O 3)
Me . reflux, 1 h /0 ~ Me
16 I\/é >95% 17

in 1 h, while the Clive anionic oxy-Cope experiment required
100°C for 20 h is remarkable. The rate acceleration due to the
anion effect has been estimated at°t@.0', and we may thus
conclude that qualitatively, the strain we have built into lactone
spiroketal 16 results in a similar acceleration. In addition, this
reaction is in principle an equilibrium process, and it is noteworthy
that the equilibrium overwhelmingly favors the desired bridge-
head® double bond.

With the ease and efficiency of this rearrangement established,
we recognized that isolation d6 may be unnecessary. Indeed,
it was discovered that simply by repeating the carbonylation
experiment described abov&éy— 16, Scheme 2) and raising
the temperature to 11TC that15 could be converted int@7 in
a single step. We then set about optimizing the efficiency of the
carbonylation process, and quickly discovered that the proper
choice of solvent was critical. Thus, carbonylation 5 in
benzonitrile at 75C, and then simply raising the temperature of
the reaction to 110C, led to the isolation 0£7in 46% yield (eq
4).
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With the synthetically powerful single step conversionléf
to 17, we have thus developed an 11-step synthesis of CP-263,-
114 core fragment7 from ketoacids. While many issues remain
to be resolved for a total synthesis of CP-263,114, we believe a
viable route has been demonstrated. Our current efforts are
focused on the total synthesis.
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