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Quadrigemine C k) is representative of the higher-order
members of a remarkable series Nf-methyltryptamine-derived
plant alkaloids that link together two to eight pyrrolidinoindoline
units? First described in 1987 from an extractRdychotria oleoides
found in New Caledonié,quadrigemine CJ) subsequently was
isolated fromPsychotria colorata a plant used by indigenous
peoples of the Amazon for treating pdiithe relative and absolute
configuration of quadrigemine ClY was proposed in 1992 by
Sevenet and co-workers, who also identified an isomeric alkaloid,
psycholeine 3), from the same extraétThe R absolute configu-
ration of the two outer quaternary carbondlds firmly established,
whereas the configuration of the central hexacyclic unit is less
secure, being formulated on the basis of the similarities of NMR
and circular dichroism measurements of quadrigemin&)Qv(th
those of the simpler alkaloid hodgkinsing).f:¢ Quadrigemine C
(2) is reported to exhibit significant antibactefialnd analgesic
activity* and, like psycholeine3], to be a weak antagonist of the
SRIF (somatostatin) receptdr.

Stimulated by the unusual structures and varied biological
activities of higher-order polypyrrolidinoindoline alkaloiéisye
initiated a program to develop chemistry that would allow various
members of this polycyclic alkaloid family and their congeners to
be prepared by chemical synthes@uadrigemine CX) exemplifies
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(R)-Tol-BINAP as ligand, and 1,2,2,6,6-pentamethylpiperidine
(PMP) as bas& The major product formed under these conditions

the two formidable synthetic challenges posed by higher-order was theC,-symmetric dioxindolelO, which could be isolated in

polypyrrolidinoindoline alkaloids: the contiguous stereogenic
quaternary carbons 3and 34 and the stereogenic diaryl quaternary
carbons 3a and 3a We report herein implementation of the
methods we have developed for dealing with these i$s0¢s
concisely prepare quadrigemine © @nd psycholeine3).

As quaternary carbons 3a and'3af 1 have the same absolute

62% yield (90% ee) after chromatographic purification. Also formed
in this reaction were minor amounts (14 and 7% yields) of two
mesadioxindole products of unknown relative configuratiAs
separation of these stereoisomers was difficult, the isomer mixture
was hydrogenated under 100 psi of id 10:1 EtOH-MeOH at

80 °C in the presence of Pd(Oftp providell contaminated with

configuration, our strategy was to use catalytic asymmetric Heck corresponding amounts of twmesostereoisomers. Exposure of

cyclizationd®to desymmetrize an advancegksdintermediate and
simultaneously install the two peripheral quaternary stereocéttéts.
The synthesis began witmesechimonanthine 4), which was
synthesized from commercially available oxindole and isatin in 13
steps and 35% overall yield (Schemé®@The aniline nitrogens of
4 were protected by premixing with 2.2 equiv of ditert-butyl
dicarbonate (Bo®©), followed by adding excess sodium bis-
(trimethylsilyl)amide. Using these optimized conditions, dicarbam-
ate5 was produced in 77% yield. Double ortho-lithiationSofvith
5 equiv ofs-BuLi at —78 °C and subsequent quenching with 10
equiv of 1,2-diiodoethane delivered crystalline diiod&len 88%
yield.** Exposure of this intermediate to TMSOTf in @El, cleaved
the tert-butoxycarbonyl groups to afford diiodidein 97% yield.
Chemoselective double Stille cross coupling of diioditlevith
stannan@!® was realized using a catalyst system derived from Pd
(dba)-CHCl, tri-2-furylphosphiné® and Cut’ to give mesadibu-
tenanilide9 in 71% yield.

The pivotal, catalyst-controlled double Heck cyclizatiordafas
accomplished at 82C in acetonitrile using Pd(OAghs precatalyst,

this product to a large excess of sodium in TH¥H; at —78 °C
for 20 min, followed by addition of solid NECI provided
quadrigemine CX) in 22% overall yield froml0 after purification
by HPLC. In this final synthetic step, the four protecting groups of
11 are removed, the two oxindole carbonyl groups are reduced,
and the final two rings are formé8The optical rotation of synthetic
1, [a]?p —66.5, compares well with that reported for the natural
isolate? [a]?’> —69.0, as do other spectralH and 1°C NMR,
HRMS, and CD) and chromatographic (HPLC and TLC) properties.
Synthetic psycholeinedj, [a]?’> —150 (lit> [a]?’> —150) was
obtained in 38% yield from synthetit by acid-catalyzed isomer-
ization®

In summary, the first total synthesis of a higher-order member
of the polypyrrolidinoindoline alkaloid family has been ac-
complished. The synthesis of quadrigeminell; \hich rigorously
confirms its relative and absolute configuration, was executed in
19 linear steps from commercially available starting materials. At
this stage of refinement, the overall yield is 2%. When properly
orchestrated, the chemistry introduced here and in our earlier total

* To whom correspondence should be addressed. E-mail: leoverma@uci.edu. syntheses ofnese, (+)-, and ()-chimonanthing should allow
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many complex polypyrrolidinoindoline alkaloids and their analogues
to be obtained by sterocontrolled chemical synthesis.
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