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Three-step one-pot cascade reaction for the assembly of tetracyclic skeleton
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6. B4 518
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. 18 steps, 5% overall yield;
. Pd-catalyzed direct C—H functionalization of

indole derivatives;

. Organocatalyzed asymmetric Michael

addition of aldehydes to alkylidene malonates;

. Intramolecular oxidative coupling between

indole and malonate moieties.

. 31 steps, 1% overall yield from 3;
. Concisely assembling the key tetracyclic core

structure through three-step one-pot cascade
reaction consisting of intermolecular
cyclopropanation, ring-opening, and ring closure.
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3,4a-Disubstituted-2,3,4,4a-tetrahydro-1H-carbazole-4-carboxylic  acid
methyl ester (1) and its heteroatom-captured form 2 are highly
congested polycyclic ring systems that are common skeletons for
Akuammiline-type alkaloids such as strictamine (3), scholarisine A (4),
vincorine (5), and aspidophylline A (6). Because of their interesting
biological activity and inspiring architecture, these alkaloids have
garnered considerable interest in the synthetic community. In 2009, the
Qin group completed the first total synthesis of (x)-vincorine, in which
they employed an intramolecular cyclopropanation and subsequent ring-
opening strategy to elaborate a key tricyclic intermediate. Quite recently,
Garg and co-workers reported a total synthesis of (x)-aspidophylline A
utilizing the interrupted Fischer indolization reaction as a key step, and
the Smith group disclosed an elegant synthesis of (+)-scholarisine A
featuring a reductive cyclization cascade to form the cage-shaped
tricyclic intermediate.
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In conclusion, we have developed an efficient approach for the synthesis
of (-)-vincorine. This protocol allows the assembly of the target molecule
in 18 steps from commercially available 5-methoxytryptamine in an
overall yield of 5%. The key elements in this synthesis include the use of
two newly developed reactions, namely, a Pd-catalyzed direct C—H
functionalization of indole derivatives and an organocatalyzed
asymmetric Michael addition of aldehydes to alkylidene malonates, as
well as an intramolecular oxidative coupling between indole and
malonate moieties. The completion of the (-)-vincorine synthesis also
demonstrates the versatility of these new methodologies in natural
product synthesis. Obviously, such a synthetic strategy is also promising
for assembling other Akuammiline-type alkaloids. Investigations to prove
this hypothesis are being actively pursued, and the results will be
reported in due course.
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