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Synthesis of the Tricyclo[9.3.1.038]pentadecane (ABC) Ring System of
Taxane Diterpenest
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Abstract: The synthesis of diketone 14 possessing the tricyclo{9.3.1.03.8]pentadecane (ABC) taxane ring system is described.
This concise approach employs a Wacker oxidation, intramolecular aldol condensation-dehydration, and a highly exo-
stereoselective intermolecular Diels-Alder reaction as key steps.

There is currently considerable interest in the synthesis! of the potent antitumor agent Taxol® (1), 2
as well as related, therapeutically promising analogues® which contain varied arrays of functionality on the
basic carbocyclic nucleus. We report here a short synthesis of the tetracyclic compound 14 in which the
tricyclo[9.3.1.03.8]pentadecane ring system 2 is present. The key synthetic steps include a stereoselective
intramolecular aldol condensation® and a highly exo-selective intermolecular Diels- Alder reaction.
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In our synthetic strategy we envisaged that an unprecedented aldol condensation of systems of type
3 (R=H) could be used for the construction of the bicyclo[5.3.1Jundecane (AB) ring system. At the outset

it was appreciated that the success of the cyclization step would be strongly dependent on the presence of
the appropriate o, a'-cyclohexanone substituents R (see conformational formulas 4 and 5, Equation 1). We
considered that this structural feature would shift the conformational equilibrium in the desired direction by
virtue of the 1,3-diaxial interaction present in conformer 4, so that the proximity of the donor(d)-
acceptor(a) centres in the side chains would be enhanced in order to form 6.
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These ideas have been successfully put into practice by the transformation of 11 to the key
intermediate 12 (Scheme I). Alkylation of the LDA-generated anion of cyclohexanone dimethylhydrazone
73 with allyl bromide gives the monoallylated derivative 8 in 93% yield. A single pot alkylation-acidic
hydrolysis procedure provides the 2,6-diallylcyclohexanone 9 as a mixture of epimerss in 51% yield. This
mixture, when subjected to exhaustive methylation (KH, excess Mel, THF) affords 10 in 67% yield as a
2.2:1 mixture of epimers. Based on the experiments described below it was concluded that the major
isomer bears the two allyl substituents in a syn arrangement. Wacker oxidation® (O2, PdClp, CuCly, DMF-
H20, 48 h) of 10 leads to a chromatographically separable mixture of two isomeric triketones in a
combined yield of 48%. Treatment of the major isomer 11 with 30% KOH in MeOH (reflux, high dilution)
gives the ketol 12 in 66% yield. The corresponding o-OH epimer was not detected by either IH-NMR of
the crude reaction mixture, or during the course of the reaction.
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Reagents: a) LDA, THF, BrCHQCH=CH?2, ~78 10 25°C (93%); b} LDA, THF, BrCH2CH=CH3, -78 to 25°C; HCl 4N, 0°C
(51%); c) NaH, THF; Mel, 0 10 25°C (67%, 2.2:1 syn:anti), d) 02, PdC12 (0.6 eq) CuCl2, DMF-H20, 48h (48%);
chromatography; ¢) 10% KOH / MeOH (0.0IM 11), reflux (66%); f) p-TsOH, CgHg. 80°C, (quant.); ) cyclopentadiene, AICI3,
CH2CI2-E0, ~78 t0 "10°C (77%).

The relative configuration of the tertiary alcohol moiety in 12 was established as follows.
Reduction of 12 with sodium borohydride in methanol at -10°C leads to the hemiketal 15 in which the
tertiary alcohol moiety has closed onto the remaining ketone carbonyl group. This was confirmed by the
observation that D20 exchange in the !H-NMR spectrum of 15 simplifies the methine hydrogen resonance
at 34.55 ppm. Simplification of this signal is not possible if the secondary alcohol participates in the
cyclization to form the corresponding hemiketal. The relative configuration of the secondary alcohol in 15
was not established unambiguously, but the assignment shown is consistent with the results reported by
Paquette? on nucleophilic additions to related systems. Thus, hydride attack likely occurrs with high
chemoselectivity and x-facial diastereoselectivity from the less hindered face of the carbonyl group on the
more stable ring B "boat-chair” conformer of 12 (see conformational formula 16).

As anticipated, the presence of the o, o’-cyclohexanone methyl groups is crucial to the success and
high stereoselectivity of the cyclization reaction leading to 11.% Treatment of the triketone 17 under the
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same reaction conditions that produced 12 from 11 gave only an intractable mixture. The rationale for the
stereoselectivity of the aldol cyclization is consistent with either kinetic or thermodynamic arguments.
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In a kinetically controlled reaction the preferred reaction pathway should occur via transition structure 18
as opposed to 19, in which a destabilizing gauche steric interaction is present. Moreover, theoretical
calculations predict that 20 is 3 kcal mol-! less stable than the ketol 16, the product formed under
thermodinamic control.
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Upon treatment of 12 with p-TsOH in warm benzene, the enone 13 was obtained in quantitative
yield. The AlCls-catalyzed Diels-Alder reaction of 13 with cyclopentadiene in CHCl; at “78°C gave the
desired tetracyclic compound 14 in 77% yield (no other isomeric products were detected by 1H-NMR).
The relative stereochemistry of the exo-adduct 14 was unambiguously established on the basis of 1H-1H
nOe experiments (summarized in Equation 2). The reaction proceeds by addition to the diene from the less
sterically hindered o-face of the exo-conformer of the dienophile (see transition structure 21). The diene
approaches the enone in the exo-orientation thus avoiding the non bonded interaction between the enone
B-methyl group and the cyclopentadiene methylene hydrogen.® The assignment of relevant NMR signals
in the spectra of 14 was established by COSY, DEPT, nOe, and 1H-13C HETCOR experiments, however, it
was not possible to unambiguously establish the conformation of ring B. It is suggested that 14 exists
primarily in the conformation shown in Equation 2 based on the examination of models and on theoretical
calculations,?
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In summary, a 6-step construction of an intermediate bearing the tricyclo[9.3.1.03.8]pentadecane
(ABC) ring system present in the taxane diterpenes from the known hydrazone 8 has been accomplished.
The remarkable stereo- and facialselectivity of the Diels-Alder reaction to produce 14 and the high
stereoselectivity of the intramolecular aldol condensation leading to 11 are worthy of note. Further work
on this general strategy for the construction of taxanes and [n.3.1]bicyclic ring systems will be pursued.

Acknowledgements, We thank G. Facey and R. Capoor (University of Ottawa) for the 500 MHz NMR
experiments done on compound 14, E. Lund for conducting theoretical calculations, and A.G. Fallis for
helpful comments regarding the manuscript.
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MM+ calculations (Hyperchem) show that the "ring B carbonyl down” conformer 14 (Equation 2) is 5 Kcal
mole~1 more stable than the "ring B carbonyl up” conformer.
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