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ABSTRACT

An effective strategy has been developed for the rapid and efficient preparation of ortho -nitrostyrenes, which can be converted to unsymmetrical
2,2′-biindoles. A unique condensation of these 2,2 ′-biindoles with (dimethylamino)-acetaldehyde diethyl acetal affords the indolocarbazole ring
system of the tjipanazole aglycon alkaloids in three synthetic steps and good to excellent overall yield. The first total synthesis of the tjipanazol e
glycoside alkaloids B and E is also discussed.

The indolo[2,3-a]carbazole ring system constitutes the core
skeleton of a family of structurally unique natural products
possessing a wide range of biological activity.1 Indolocar-
bazole glycosides with either one or two glycosidic linkages
have been shown to be potent inhibitors of protein kinase C
and topoisomerases and exhibit excellent antitumor activity.1,2

The aglycons have been shown to be potent and selective
inhibitors of human cytomegalovirus.3 The selectivity and
potency of many of the indolocarbazoles depends on the

substituents about the aglycon as well as the nature of the
carbohydrate moiety. To fully define biological profiles, a
strategy is required to allow rapid access to functionalized
aglycones and effective methods for glycosidation. These
are formidable challenges for organic synthesis since the
aromatic substituents are displayed in an unsymmetrical
manner.

The indolocarbazole alkaloids isolated fromTolypothrix
tjipanasensiscontain both chlorine and glycosidic (â-D-
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glucosyl,â-D-deoxygulosyl,â-L-rhamnosyl, orâ-D-xylosyl)
substituents on the polyaromatic core.4 The aglycon tjipana-
zoles (1, 2) and the glycosidic tjipanazoles (3-6) are natural
products. While approaches exist for the synthesis of some
tjipanazole alkaloids,3,4 many of the tjipanazole natural
products have eluded synthesis. Synthetic methods that
provide rapid assembly of the indole ring and tolerate a wide
range of functional groups leading to increasing molecular
complexity are important synthetic tools. Our general ap-
proach to the indolocarbazoles was inspired by the unique
versatility of nitrobenzenes, which are able to serve as both
electrophilic and nucleophilic partners. Reductive cyclization
of a suitably substitutedortho-nitrostyrene would give access
to unsymmetrical 2,2′-biindoles and with appropriate elabo-
ration would lead to indolocarbazole aglycons. In this Letter,
we report our preliminary findings in this area.

Our first challenge was preparation of theortho-nitrosty-
renes. Reaction of TMS-nitro compound75 and indole
carboxaldehyde8 with a catalytic amount of tetrabutylam-
monium fluoride (TBAF) afforded the desired alcohol9
(Scheme 1).6 Direct addition of TFAA to the reaction mixture

was followed by elimination of the corresponding trifluo-
roacetate with DBU at 60°C and affordedtrans-nitrostyrene
10 in 85% overall yield. Reductive cyclization of10 under
the classic Cadogan/Sundberg conditions [P(OEt)3] gave
biindole 11 in 73% yield.7-9 Alternatively, palladium-
catalyzed reductive cyclization of10 using Söderberg condi-
tions10 gave biindole11 in 96% yield. The reaction sequence
was general and gave access to a diverse array of both

symmetrical and unsymmetrical nitrostyrenes and biindoles
in modest to excellent yield for each synthetic step (Table
1).

Preparation of the indolocarbazole ring system of the
tjipanazoles from 2,2′-biindoles appears to be unprecen-
dented.9,11 An operationally trivial procedure for the incor-
poration of the two-carbon fragment of the indolocarbazole
ring with the correct oxidation state involved condensation
with (dimethylamino)-acetaldehyde diethyl acetal in acetic
acid (Scheme 2).12 For example, tjipanazoles I and D were
obtained in 79 and 71% yields from biindoles30 and 33,
respectively. In similar fashion, the indolocarbazole34 was
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Scheme 1

Table 1. Preparation of Nitrostyrenes and Biindoles

a Isolated yields determined by flash chromatography on silica gel.b BOC
group was cleaved under the reaction conditions.
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formed in 73% yield from biindole21. This synthetic strategy
is particularly noteworthy since it gives access to unsym-
metrical indolocarbazole aglycons in just three synthetic
operations.

The installation of the carbohydrate moiety of the tjipana-
zoles and other indolocarbazole glycosides presents signifi-
cant challenges due to low yields (<10%), control of
anomeric stereochemistry, and control of regiochemistry.4,13a

Although this problem has been partially solved by the
glycosylation of 2,2′-indolylindolines,13 a general approach
employing the direct glycosylation of the indolocarbazole
nitrogen of the tjipanazoles would be advantageous. To this
end, we examined the synthesis of the symmetrical tjipana-
zole alkaloids tjipanazole B (3) and E (4) from indolocar-
bazole2.

Inspired by previous reports from these laboratories,
reaction of 2 with R-D-xylopyranosyl chloride3514 in a
biphasic mixture of MTBE and 45% aqueous KOH and
Aliquat 336 gave protected tjipanazole B as single anomer
in 79% isolated yield.15 Hydrogenation over Pd(OH)2 gave
tjipanazole B (3) in 83% isolated yield. The synthesis of
tjipanazole E was also accomplished by reaction of2 with
R-D-glycolopyranosyl chloride3615 to give the protected
glycoside in 89% yield. Hydrogenation over Pd(OH)2 gave
tjipanazole E (4) in 87% yield. The spectroscopic and optical
properties of synthetic3 and4 were in full agreement with
the reported values.4

The sequence demonstrated in thexylo- andgluco-series
should lend itself to the preparation of a variety of other
glycosidic linkages.

In conclusion, we have established a rapid, practical, and
efficient method for the preparation of unsymmetrical 2,2′-
biindoles fromo-nitrostyrenes, which can be elaborated to
indolocarbazole aglycons or indolopyrrolocarbazoles16 in
three synthetic steps. Hallmarks of the sequence include a
general biindole synthesis, a novel elaboration to the indolo-
carbazole aglycons, and a high-yielding, stereoselective
glycosidation of an indolocarbazole aglycon. This strategy
allowed for the first reported total synthesis of tjipanazoles
B and E. A full account of related studies in these laboratories
will be forthcoming.

Supporting Information Available: Experimental pro-
cedures and characterization data for all new compounds.
This material is available free of charge via the Internet at
http://pubs.acs.org.
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