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Total Synthesis of Polycyclic Alkaloids by Lactam Strategy

Thesis Summary

Polycyclic nitrogen-containing compounds have been overlooked as lead compounds in drug discovery in
spite of their various biological activities because their synthetic supply is limited due to their complex structures.
To overcome this issue, we envisioned the lactam strategy. The strategy commences with preparation of a highly
substituted lactam through alkylation of an easily available lactam by utilizing the reactivity of the amide
carbonyl group. The conspicuous feature of this strategy is an iridium-catalyzed reductive nucleophilic addition to
the lactam carbonyl, which provides polycyclic amine structures embedded in natural products. In this thesis, the
total synthesis of three complex polycyclic alkaloids including stemocochinins, eburnamonine and taberhanine

based on the lactam strategy is described.

Introduction illustrates the outline of the lactam strategy, and the summary of previous methods on the
iridium-catalyzed reductive nucleophilic addition to amides. In addition, the overviews of the above three
polycyclic alkaloids are summarized including the isolation, the structural features, the biological activity, and the

previous total synthesis.

In Chapter 1, the enantioselective total synthesis of pentacyclic stemocochinins is described. The tetracyclic
intermediate is readily prepared through vinylogous Michael reaction of the simple five-membered lactam, and
formation of the seven-membered ring by intramolecular N-alkylation. The crucial step is the iridium-catalyzed
reductive nucleophilic addition to the lactam, giving the pentacyclic compound without affecting other reactive
functional groups. Thus, the first total synthesis of stemocochinins is achieved in 12 steps from commercially

available compounds.

In Chapter 2, the total synthesis of eburnamonine is described. The key to success in this total synthesis is
development of a reductive (3+2) annulation of lactams. This reaction enables quick access to cyclic N,0O-acetals
from lactams through an iridium-catalyzed hydrosilylation and subsequent photoredox reaction of the resulting
enamine in a one-pot process. The lactam strategy including the developed reductive (3+2) annulation is applied
to the four-step total synthesis of eburnamonine, which represents one of the most concise total syntheses to date.
The lactam strategy was then applied to the enantioselective total synthesis of taberhanine. The synthesis begins
with construction of the multi-substituted lactam by sequential alkylation. The tricyclic ketone structure is
synthesized from the lactam by an iridium-catalyzed reductive Michael addition/[3+2] cycloaddition cascade via

an azomethine ylide. The strategy enabled the most concise total synthesis of taberhanine in 14 steps.




