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Figure 1. Natural indolo[3,2-a]carbazole alkaloids.
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A simple and biomimetic synthetic strategy for indolo[3,2-a]carbazoles has been developed. Our
approach involved the efficient conversion of 2-(30-indolyl)tryptophan derivatives into the corresponding
a-keto esters and the subsequent aromatic cyclisation of these intermediates to construct the
characteristic heteroaryl-condensed carbazole core.
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Since early 2000, several indolo[3,2-a]carbazoles were
successively isolated from marine organisms (Fig 1).1 These natural
carbazoles have received less attention compared to their isomeric
form, indolo[3,2-b]carbazoles, which have demonstrated diverse
biological activities and been intensely studied.2 These compounds
have not been thoroughly studied presumably not only because of
their limited access from natural sources and lack of reported sig-
nificant biological activities but also due to the lack of efficient
methods for their synthesis. To the best of our knowledge, to date
the only synthetic study towards natural indolo[3,2-a]carbazoles
was focused on constructing the skeleton of ancorinazole, which
was reported by Bergman and co-workers.3 This approach followed
their earlier work,4 via a modified Vilsmeier reaction to generate
2,30-biindoles before the condensation of the biindole with
dimethylaminoacetaldehyde diethyl acetal to successfully furnish
the corresponding indolo[3,2-a]carbazole. Moreover, indolo[3,
2-a]carbazole derivatives have also been assembled by using
electrophilic substrates ranging from 1,2-diones, propargyl ethers
and nitrostyrenes to react with indoles or 2,30-biindoles under
acid-promoted conditions.5

Concerning the development of novel synthesis strategies for
indole alkaloids, we considered that all natural indolo[3,2-a]
carbazole alkaloids could be assembled by a unified biomimetic
synthetic strategy. Scheme 1 depicts our retrosynthetic analysis,
where indolo[3,2-a]carbazole 1 could be obtained by decarboxyl-
ation from esters 2, which represent racemosin B and its derivatives
with different substitutions. Compound 2 containing a latent
indole 3-pyruvic acid ester unit might be rapidly produced via a
biomimetic transamination/aromatic cyclisation sequence from
precursor 4. Further disconnection provided two basic fragments:
N-phthaloyl-2-indolyl tryptophan ester 5 and indole 6. The main
challenge in our plan was the adoption of a non-enzymatic
transamination to form the key keto intermediate 3. Although a
transamination reaction has been developed6 and served as a
critical step in the synthesis of several natural products,7

few examples have focused on its application in constructing
carbazoles. If realised, it would not only provide a novel synthesis
route to indolo[3,2-a]carbazoles but also allow us to further apply
this strategy to other types of indole alkaloids containing the latent
indole 3-pyruvic acid ester unit.

Intrigued by the above considerations, a synthesis study
towards indolo[3,2-a]carbazoles was initiated (Scheme 2). We
chose racemosin B (2a) as the first target because N-phthaloyl-2-
indolyl tryptophan methyl ester 7a was an intermediate in our
recent work towards gliocladin C.8 The deprotection of the Phth
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Scheme 1. Biomimetic retrosynthetic analysis towards indolo[3,2-a]carbazoles.
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group would provide a free amine 4a for the further optimisation
of biomimetic transamination conditions. At the outset of
screening, two reported conditions adopting catalysts such as
isonicotinaldehyde/DBU and copper(II) ions/sodium glyoxylate
have been examined.6 Both attempts were unsuccessful, and we
determined that the implementation of the latter condition in air
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Scheme 2. Reagents and conditions: (a) t-BuOCl, Et3N, THF, then indole, BF3�Et2O; (b) N2H
buffer; (d) for 2a–b, 2d–g: TFA, 1,4-dioxane, 100 �C; (e) NaOH, MeOH/H2O/DMSO; (f) fo
afforded 2,30-biindole-3-carbaldehyde 84 as a major product
(Table 1). Further investigation determined that the desired keto
intermediate 3a was formed in the reaction system; however, it
rapidly decomposed to 8 through an autooxidation process, which
has also been discussed by Barry B. Snider and coworkers.9 More-
over, our study showed that copper(II) ions could significantly
accelerate the above oxidative decomposition. Combining with
the adoption of sodium glyoxylate, several other metal ions had
also been tested in a parallel screening. It was found that both a
catalytic amount of nickel ions and zinc ions could promote the
demanding transformation effectively with no by-product 8 being
detected. Attempts to purify this unstable keto ester were
inefficient because decomposition was concomitant. However,
we were able to circumvent this problem by a modified procedure:
the crude intermediate 3a was extracted from the aqueous reac-
tion mixture and directly subjected to next TFA promoted aromatic
cyclisation in heat dioxane.10 To our delight, ester 2a (racemosin B)
was furnished in a 78% yield (two steps). Compound 2a was then
hydrolysed. Subsequent decarboxylation of the corresponding acid
occurred at 300 �C, yielding a final product 1a, which represents
the basic core of natural indolo[3,2-a]carbazole alkaloids.4

Further assembled compounds 7b–g with several different
tryptophan and indole fragments8,11 smoothly delivered
compounds 2b–g through the continuation of the synthesis follow-
ing the above established procedure. Notably, a-keto ester 3c
(R2 = 50,60-OCH2O–) was active; it was formed in situ and cyclised
to give indolo[3,2-a]carbazole ester 2c in one pot during the trans-
amination step. Previous decarboxylative condition was adaptable
for the preparation of indolo[3,2-a]carbazoles 1a–e. However, for
2f and 2g because debromination concurrently happened in the
high-heat process, our attempts to deliver the corresponding
brominated indolo[3,2-a]carbazoles failed.
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Optimisation of transamination conditions of 4aa
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Entry Metal salts Time (min) Yieldb

1 CuSO4 30 8, 85%c

2 ZnSO4 30 3a, 94%
3 NiCl2 30 3a, 90%
4 FeSO4 120 3a, 23%
5 FeCl3 120 ND
6 CaCl2 120 ND
7 MgSO4 120 ND
8 Al2(SO4)3 120 ND

a A mixture of compound 4a (34 mg, 0.10 mmol), metal salt (0.05 mmol), CHOCOONa�H2O(114 mg, 1.0 mmol) in 1 mL of MeCN
and 1 mL of buffer (pH = 5, containing 165 mg sodium acetate and 30 lL acetic acid) was stirred at 25 �C in air.

b Entries 2–4, yields determined by 1H NMR of the crude extraction of reaction mixtures.
c Isolated yield.
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In conclusion, we have developed a general approach to con-
struct the heteroaromatic system of natural indolo[3,2-a]carbaz-
oles. The operational simplicity combined with the adoption of
eco-friendly reagents makes this method remarkable. Furthermore
because the latent indole 3-pyruvic acid esters are substructures
found in a variety of indole alkaloids, the methodology described
herein can be applied to other natural targets.
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