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A convergent synthesis of the marine sponge bisindole alkaloids dihydrohamacanthins is described. The synthesis centers on the construction
of 3,5- and 3,6-linked pyrazinones and their reduction to the requisite piperazinones with sodium cyanoborohydride.

Over the past decade, a number of bisindole metabolites(indolyl)piperazinone8a,b,4a,b, 6, and8 from a common
containing either an imidazole- or piperazine-derived spacer precursor, oxotryptaming.

have been isolated from various genera of spoAdés- We recently reported the total synthesis of bisindole
tabolites within this family illicit a myriad of biological  alkaloids topsentin and nortopsentin (imidazole-derived
responses that include cytoxic and antitumor activities. spacer) and dragmacidin (piperazine-dervied spacer) from
Recently, a bioassay guided fractionation of the Mediter- oxotryptamined.>¢ Although the self-dimerization af-ami-
ranean spongRhaphisia lacazeproducedcis-3,4-dihydro- noketones such & is well-proven] its potential use in a
hamacanthin AXa), trans-3,4-dihydrohamacanthins A— mixed cyclocondensation reaction would offer a novel and
3b), and cis-3,4-dihydrohamacanthins B5€7)2 These attractive entry to the unsymmetrical piperazinone spacer unit
metabolites are the first reported examples of bis(indolyl)- found in dihydrohamacanthins. We felt that the amine salt
piperazinones and are closely related to hamacathin A andof 9 would retard the self-condensation pathway, thus
B, which are the 3,4-dehydro analogues RR, = Br).34 allowing for potential condensation with other substrates.
Further biological testing of dihydrohamacanthins was not Scheme 1 outlines the synthesis of dihydrohamacanthin
possible because of the limited quantity of material obtained A (4aand4b) utilizing this approach. Heating oxotryptamine
from the isolation procedure. Herein we outline a short and 9° With ketoamide10 in the presence of 1.2 equiv of

general approach to synthesis of 3,5- and 3,6-linked bis- methanesulfonic acid afforded 3,6-bis(indol-3-yl)-Bj1
pyrazinone (1B8in 30% yield. Reduction of pyrazinorfel
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Figure 1. NaBH3CN
(70%)

1
using sodium cyanoborohydride produced the desired pip- Sa+ 30 (1)

erazinoneglaand4b as a 1:1 mixture of diastereomers that
were separated by preparative thin layer chromatography.
Although the vyield for the condensation 6f and 10 is prepared by two different routes (Scheme 2). Treatment of
modest a|ternative methods for the preparation of 3 6- 12 with excess bromine in acetiC aCid produced 6- bromO-
substituted piperazinones are lacking and the present methodndole 13 in 60% yield after flash chromatography. Acid-

is short.
For the synthesis oftis- and trans-6'""-debromo-3,4-
dihydrohamacanthins A (3and 3b), bromoamidel4 was
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facilitated hydrolysi% of the nitrile produced in high yield
ketoamidel4. Alternatively,14 can be obtained directly from
bromination ofl0 and flash chromatography of the reaction
mixture. Condensation ¢&& and 14 under analogous condi-
tions produced the desired bis(indolyl)pyrazinoh® in
modest yield.

Similarly, reduction of the pyrazinone with sodium cy-
anoborohydride gave dihydrohamacanthin 2a @nd 3b)
without affecting the aromatic bromide substituent. All
spectral data of synthetb were in satisfactory agreement
with data reported for the natural proddcThis cyclo-
condensation/reduction sequence represents a novel approach
to 3,6-linked piperazinone construction as it relates to the
synthesis of 3,6-linked bis(indolyl)piperazinones natural
products, dihydrohamacanthins A.

Scheme 3 outlines the synthesisai$-3,4-dihydroham-
acanthin B (6and 8). The approach is based on the
preparation and reduction of 3,5-linked pyrazinones. In
constrast to a dearth of existing methodolgy for the prepara-
tion of 3,6-linked pyrazinones, prior methodology for the
general construction of 3,5-linked pyrazinones has been
established by Bradbut¥yand involves the condensation of
o-ketoamides such a&8 and 19 with ammonia. This
approach has been utilized by Jiang for the prepartion of

(9) Photis, J. MTetrahedron Lett1980,21, 3539.
(10) Bradbury, R. H.; Griffiths, D.; Rivett, J. EHeterocycles1990,31,
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debromopyrazinon€08 Acylation of oxotryptamined or
6-bromooxotryptaminel6® with indole oxalyl chloridel7
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afforded amided.8 and 19, respectively. Using a modified
Bradbury procedure, heatiri or 19 in aqueous ammonia
produced pyrazinone20 and21 in good yields. Reduction

of these pyrazinones with sodium cyanoborohydride pro-
ceeded stereoselectively to give, exclusivelig;3,5-linked
piperazinone$ and8. All spectral data for syntheti@were

in satisfactory agreement with data reported for the natural
product?

In summary, we have developed a short route to 3,5- and
3,6-linked brominated and nonbrominated bis(indolyl)pip-
erazinone natural products that is based on a new method of
pyrazinone construction and reduction. Thet2¢pyrazinone
spacer seen ihl and15is also found in the related marine
natural products dragmaciditsas well as metabolites from
microbial source$?
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