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Abstract—A versatile method for the preparation of indolo[1,2-b ]indazole derivatives was developed by the aid of palladium-cat-
alyzed aromatic amination reaction starting from indoline derivatives. © 2002 Elsevier Science Ltd. All rights reserved.

We have been involved in the chemistry of pyra-
zolo[1,5-a ]indole 11 (Fig. 1) and in the course of this
study we reported that the derivative 2 had strong
antiproliferative activity against cancer cells.2 The
derivatives represented by 2 were proven to be potent
inhibitors to both DNA topoisomerases I and II, and
also to have a novel inhibition mechanism different
from the stabilization of a cleavable complex.3 A com-
bination of the roles of the D and E ring of 2 is quite
important for expression of the activity.2 Considering
the role of the D ring, we figured out the structure 3,
indolo[1,2-b ]indazole, in which the flexible D ring of 2
is fixed as a benzo[b ] derivative, and the distance
between the D ring and the E ring is changed. The
inhibition mechanism of the derivatives of 3 is also of
prime interest.4 There is a quite limited number of
reports concerning the synthesis of indolo[1.2-
b ]indazole derivatives,5 but the yields were poor and the
methods are not suitable for obtaining a series of
compound 3. In this paper we provide the first general
method for the synthesis of indolo[1,2-b ]indazole
derivatives. In order to construct the skeleton of

indolo[1,2-b ]indazole we intended to use an aromatic
amination reaction, which has proven to be a valuable
synthetic method with wide applications in organic
synthesis.6 Song and Yee have recently reported ver-
satile methods for the preparation of 1- or 2-arylinda-
zole derivatives by intramolecular amination by
hydrazine derivatives.7 Considering this background,
we decided to use 1-aminoindoline derivatives as the
starting material. Our synthetic pathway is depicted in
Scheme 1.

The starting material 4 was prepared by the standard
method: (1) reduction of 2-(2-bromophenyl)indole
derivatives8 with NaBH3CN in HOAc–TFA;9 (2) N-
nitroso formation with NaNO2–HCl; (3) reduction of
the N-nitroso group with Zn powder in HOAc–ether.10

Reaction conditions for the cyclization were investi-
gated using 4a (R1=R2=H), which was derived from
2-(2-bromophenyl)indole.11 The result is summarized in
Table 1. Although indazole formation from hydrazine
derivatives was carried out successfully,7 we were afraid
that there would be some difficulty in the formation of

Figure 1.
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Scheme 1.

Table 1. Optimization of reaction conditions in palladium-catalyzed intramolecular amination of 4a (R1=R2=H) and 5a
(R1=R2=H)a

Entry Substrate Pd Ligandc Base Product Yield (%)b

4a Pd(OAc)21 DPPF t-BuONa 8a 40
4a Pd(OAc)22 P(o-Tol)3 t-BuONa 8a 10
4a Pd(OAc)2 DPEphos3 Cs2CO3 8a 42

4 5a Pd(OAc)2 DPEphos Cs2CO3 7a 97
5 5a Pd(dba)3 P(2-Furyl)3 Cs2CO3 7a 18

5a Pd(dba)3 P(o-Tol)36 Cs2CO3 7a 5
7 5a Pd(OAc)2 – Cs2CO3 – 0

a Reaction was carried out in a pressure tube. A solution of 4a, palladium catalyst, ligand and base in anhydrous toluene was heated at 100–110°C
until the starting material was totally consumed. In the case of 4a, the reaction mixture was left stirring at ambient temperature for 3 days before
work-up.

b Isolated yield by chromatography.
c

a five-membered ring because of ring strain involved in
the structure of indolo[1,2-b ]indazole. When the reac-
tion conditions used in the formation of indazole from
a hydrazine derivative7a were applied to the cyclization
of 4a, no desired product 8a (R1=R2=H) was detected
on TLC during the reaction. However, exposure of the
reaction mixture at ambient temperature to air allowed
gradual appearance of 8a, and, after 3 days, 8a was
obtained in 40% yield (entry 1). Similar cyclization and
subsequent oxidation were observed in the formation of
the indazole ring by aromatic amination reaction.7a

Replacement of the chelate ligand with a monochelate
ligand resulted in a sharp drop of the yield (entry 2).
Employment of DPEphos as a chelate ligand in combi-
nation with a weaker base Cs2CO3, which is quite an
effective ligand for the formation of the indoline
ring,12,13 gave no notable improvement in the yield.
Since the amines 4a and 6a (R1=R2=H) were found to
be unstable under the reaction conditions, we decided
to use amide 5a (R1=R2=H) which is readily prepared
by the acetylation of 4a. Amide 5a showed complicated
NMR spectra due to the presence of geometrical iso-
mers. Thus, in the general method the detailed analysis
of amide 5 was set aside, and amide 5 was used for the
following reaction as received.11 In aromatic amination

with amide, it is general practice to use a weaker base
such as Cs2CO3, since amide NH is more acidic than
amine NH. A strong base such as tBuONa is some-
times the cause of side reactions. When a combination
of DPEphos and Cs2CO3 with palladium in toluene was
used in amination of 5a, cyclization product 7a (R1=
R2=H) was obtained in 97% yield (entry 4). Product 7a
was the dihydro derivative of 8a since 10b-H was
observed at � 5.29 ppm as the X part of ABX-type
couplings (JAB=15.5 Hz, JAC=8.2 Hz, JBC=0 Hz).
Use of monochelate ligands, such as P(Furyl)3 and
P(o-Tol)3, with Pd(dba)3 for an extended period12 was
found to be again unsuitable (entries 5 and 6). The
presence of a proper ligand is requisite for the cycliza-
tion reaction (entry 7). Hydrolysis of 7a was effected
with sodium hydroxide in aqueous methanol at 70°C
under a nitrogen atmosphere. Work-up of the reaction
mixture with ice and extraction with dichloromethane
gave NH product 6a in good yield. The NH product
was susceptible to air-oxidation as mentioned above,
and its 1H NMR spectrum indicated contamination of
oxidation product 8a.11 Oxidation of 6a to 8a in air was
slow, and stirring of a dichloromethane solution of 6a
for 3 days was required to obtain 8a in moderate yield.
A proper oxidant for this transformation was investi-
gated, and basic aluminum oxide was found to be the
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choice of oxidant. These steps can be carried out con-
secutively in the general method, i.e. hydrolysis of 7
and subsequent oxidation of the product 6 without
isolation. Thus, the general method for the synthesis
of indolo[1,2-b ]indazole derivatives starting from indo-
line derivatives was established,† and the result is sum-
marized in Table 2. A few cyclization reactions
required a prolonged reaction period without notable
effect on the yields (entries 3, 4, and 7). The method is
equally effective for the synthesis of indolo[1,2-
b ]indoles 8 having an electron-donating group (entries
2, 3, 6, and 7) and an electron-attracting group
(entries 4, 5, and 8) on either the A ring or the D ring.

In summary, we have developed a new method for the
synthesis of indolo[1,2-b ]indazoles 8 in high yields
starting from N-acetamino-2-(2-bromo)arylindolines 5,
which is available from 2-(2-bromo)indoles by stan-
dard method. Intramolecular C�N bond formation
catalyzed by palladium acetate was used to transfer 5
to 7 as a key reaction. Hydrolysis of 7 and air oxida-
tion of 6 catalyzed by basic aluminum oxide allowed
the preparation of 8 in good yield. To our best knowl-
edge, this is the first general method for the construc-
tion of an indolo[1,2-b ]indazole ring system. Using
this method we have undertaken the preparation of
compounds with potential bioactivity, and the progress
along this line of research will be reported in due
course.
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