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bisindolylmaleimides to indolo[2,3-a ]carbazoles
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Abstract—A novel protocol for the oxidation of bisindolylmaleimides to the corresponding indolo[2,3-a ]carbazoles in 15–56%
yield with phenyliodine(III) bis(trifluoroacetate) (PIFA) is reported. © 2001 Elsevier Science Ltd. All rights reserved.

Naturally occurring indolo[2,3-a ]carbazoles, repre-
sented by Staurosporine, Rebeccamycin and K252a,
possess potent antitumor and protein kinase C
inhibitory properties.1 Their novel structures and sig-
nificant biological activities have prompted many syn-
thetic efforts towards these natural products and their
structural analogs.2 Even with the apparent simplicity
of the indolo[2,3-a ]carbazole aglycone, numerous
diverse approaches to this ring system have been
devised.3 The most direct approach involves oxidation
of the corresponding bisindolylmaleimide and numer-
ous methods to perform this reaction have been
reported (h� with or without I2 or Pd/C,4 DDQ with or
without p-TsOH,5 Pd(OAc)2,6 PdCl2, Pd(O2CCF3)2,7

and CuCl2). However these methods are not general
and present a number of limitations; (a) reactions with
h�/I2 requires high dilution and long reaction
times; (b) reactions with DDQ/p-TsOH present prob-
lems with removal of DDQ by-products; (c) reactions

with Pd are stoichiometric and expensive, and removal
of Pd from the insoluble indolo[2,3-a ]carbazoles
present numerous challenges. To address these issues an
alternative method for oxidation of bisindolyl-
maleimides to indolo[2,3-a ]carbazoles would be desir-
able.

Recently, there has been considerable interest in the use
of hypervalent iodine compounds, particularly phenyl-
iodine(III) diacetate (PIDA) and phenyliodine(III)
bis(trifluoroacetate) (PIFA) as electrophilic oxidants
since their reactivities are similar to those of heavy
metal reagents, they have low toxicity, are readily avail-
able and easy to handle.8 Domı́nguez has reported that
PIFA is as a novel oxidant in the synthesis of phenan-
thro[9,10-d ] fused isoxazoles and pyrimidines.9 Encour-
aged by these results we decided to explore the use of
PIFA for oxidation of bisindolylmaleimides to
indolo[2,3-a ]carbazoles.
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Table 1. PIFA-mediated formation of indolo[2,3-a ]carbazoles

(1)

CompoundEntry R1 R2 R3 Yielda (%)

H CH31 Ha 56
2 b H CH3 CH3 30
3 c H (CH2)3OBn H 37

H (CH2)3OBnd CH34 30
e5 CH3 H H 15

H H6 Hf 0

a Yield of analytically pure product.

Table 2. Solvent effects on PIFA oxidation of 1c to 2c

Yield (%)Entry Solvent

1 20ACN
Decomp.2 CF3CH2OH
Decomp.DMF3

Et2O4 50
5 40Toluene

Decomp.THF6

optimal Lewis acid for the reaction. Other acids (CSA,
HBF4, TFA) failed to afford any 2c under identical
reaction conditions.

PIFA oxidation of bisindolylmaleimides was unsuccess-
ful when mono-substituted indoles (6-Cl, 6-F) were
employed. In addition, maleimides such as 3 and 4
failed to undergo oxidation to the carbazole when
treated with PIFA.

In conclusion, PIFA has been identified as a novel
oxidant for conversion of bisindolylmaleimides to the
indolo[2,3-a ]carbazoles. This method should provide an
additional approach to access this important class of
biologically active compounds.
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11. Typical procedure : PIFA (740 mg, 1.72 mmol, 1.3 equiv.)
was added to a slurry of bisindolylmaleimide 1a (450 mg,
1.32 mmol) in dry dichloromethane (25 mL) at −40°C
under nitrogen. After adding boron trifluoride diethyl
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THF:toluene) followed by a reslurry in Et2O to give 234
mg (56%) 2b as a yellow solid.

12. No impurities were observed in the reaction mixture and
it is assumed that the remaining material was lost to
competing dimerization/polymerization pathways

13. Harris (Ref. 6) has reported that oxidation of 1b using
Pd(OAc)2 is unsuccessful. However, we have been able to
oxidize 1b to 2b in 86% yield using 1.5 equiv. Pd(OAc)2/
HOAc at reflux.
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