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In the course of our synthetic studies on the geissoschizine
skeleton (1), we found that the Heck cyclization of precursor
2 proceeded with good selectivity (ca. 6:1), but only after
extensive examination and optimization of reaction param-
eters.1 Although the desired diastereomer was obtained in
synthetically useful yield (ca. 50%), the lack of complete
diastereocontrol prompted us to devise a strategy that
circumvented the stereoselectivity issue altogether. Thus,
we designed a precursor that upon cyclization would produce
a bridged bicyclic system (3), thereby ensuring the cis
relationship between hydrogen atoms at C-3 and C-15
(biogenetic numbering, Scheme 1). The pentacyclic frame-
work of 3 is found in apogeissoschizine (3, Z ) H2, R ) CO2-
Me)2 and has been encountered in intermediates en route
to geissoschizine in previous syntheses.3,4 Furthermore,
structure 3 has the basic carbon skeleton of akagerine (5)
and some related alkaloids.5,6 The seven-membered ring in
the desired cyclization precursor, 4, was expected to be
formed by ring-closing metathesis7 of a 1,9-diallylated tet-
rahydro-â-carboline derivative.

Our first-generation synthesis of the cyclization precursor
is outlined in Scheme 2. Tetrahydro-â-carboline tert-butyl-
formamidine (6) was diallylated using the one-pot procedure
developed by Meyers.8 Although compound 7 did not undergo
ring-closing metathesis with Grubbs’ catalyst (8) under the
standard conditions,7 ostensibly due to the presence of the
highly basic formamidine unit, its hydrochloride salt did
react in refluxing methylene chloride solution.7b The catalyst
activity diminished quickly under these conditions, however,
which necessitated syringe-pump addition of the catalyst.
Hydrazinolysis8 of the resulting intermediate (9) afforded
secondary amine 10. Acylation of 10 with R-bromocrotonoyl
chloride9 gave the cyclization precursor, 4a.

In contrast to our previous work, in which â-iodoallylic

side chains were utilized,1,10 Jeffery’s conditions11 were found
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unsuitable for the cyclization of 4a.12 However, the reaction
proceeded cleanly under a very “nonpolar” set of conditions
[Pd(OAc)2, PPh3, proton sponge, K2CO3, PhMe, 110 °C, 18
h] and afforded the apogeissoschizine pentacycle (3a) in 82%
yield.13 This sequence produced the desired pentacyclic
skeleton in six steps from commercially available tetrahydro-
â-carboline.

While this strategy was appealing in its conciseness and
in the simultaneous introduction of the two allyl groups
needed for the ring-closing metathesis, it required protection
and deprotection steps. Furthermore, intermediates 7 and
9 were obtained in only moderate yields. The critical Heck
cyclization step, however, proceeded in high yield and
inspired us to devise an even more concise strategy to the
key cyclization precursor. Noting that the R-bromocrotonoyl
side chain could be introduced simultaneously with an allyl
group at C-114 and should be sufficiently inert under the
metathesis conditions, we decided to eliminate protection-
deprotection steps from the sequence completely. The result-
ing efficient construction of the Heck cyclization precursor
is shown in Scheme 3.

Condensation of dihydro-â-carboline 1115 with allyltri-
butyltin and R-bromocrotonoyl chloride9 gave 12 in nearly
quantitative yield.14 Introduction of the allyl group on the
indole nitrogen turned out not to be trivial. Conditions
typically employed for alkylation of indoles (NaH or KH in
THF/DMF) gave at best modest yields, since the anion
generated from 12 began to decompose above ca. -40 °C,
presumably due to the presence of the vinyl bromide moiety
in the molecule. After some experimentation, it was found
that by using KHMDS as the base the reaction took place

cleanly at -78 °C in a 2:1 THF/DMPU mixture, giving diallyl
13 in 80% yield. Ring-closing metathesis,7 which now
proceeded under the standard, relatively mild conditions,
smoothly converted 13 into the cyclization precursor 4a in
high yield.

This improved sequence is noteworthy in that it (a)
generates the syn relative stereochemistry needed for a large
group of alkaloids with complete stereocontrol, (b) requires
no protecting groups, and (c) produces the apogeissoschizine
pentacycle in only four steps from dihydro-â-carboline, in
58% overall yield. Transformation of pentacycle 3a into the
geissoschizine and akagerine families of natural products
is currently under investigation in our laboratories.16
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