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(-)-Magellanine, (+)-magellaninone, and (+)-paniculatine were isolated from Lycopodium
magellanicum and Lycopodium Paniculatum by Castillo, MacLean, and co-workers in the mid to
late 1970s. These three alkaloids possess a highly compact common tetracyclic framework,
constituted by angular tricyclic framework ABC and piperidine ring D, with 5 to 7 stereogenic
centers involving a quaternary carbon atom. The total synthesis of these three alkaloids was
completed from diethyl L-tartrate via the common intermediate in a stereoselective fashion. The
crucial steps in this synthesis involved the two intramolecular Pauson-Khand reactions of enynes
with Co,(CO)s: the first Pauson-Khand reaction provided the bicyclo[4.3.0]nonenone framework,
the corresponding A- and B-rings of these three alkaloids, in a highly stereoselective manner,
whereas the second Pauson-Khand reaction enabled us to stereoselectively construct the
additional bicyclo[3.3.0]skeleton, which could be successfully converted into the C- and D-rings
of the target natural products. Our new methodology for the stereoselective construction of
tetracycles based on the two intramolecular Pauson-Khand reactions would open up the new

prospect for synthesis of other polycyclic natural products or drugs.
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