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Abstract: The reaction of 3,3¢-bis(indolyl)methanes in the presence
of molecular iodine as catalyst in refluxing acetonitrile affords in-
dolo[3,2-b]carbazoles in good yields.
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Indolo[3,2-b]carbazole (ICZ, I, Figure 1) which is formed
in vivo after consumption of cruciferous vegetables such
as cabbage and brussels sprouts, is a molecule of consid-
erable biological significance.1 Indolo[3,2-b]carbazole
shares the biological activity with TCDD (2,3,7,8-tetra-
chloro-dibenzo-p-dioxin, II) receptor (Ah-receptor). Re-
cently it has been demonstrated that 6-formyl-indolo[3,2-
b]carbazole2 (Ib) has an extremely strong affinity to the
TCDD receptor, in fact even stronger than the highly toxic
dioxin TCDD itself.3 The TCDD receptor is very impor-
tant in the primary detoxification of unpolar substances,
as this receptor triggers the expression of many enzymes
(including cytochrome P-4501A1 or CYP1A1) involved
in this process. Furthermore, in certain animals, the devel-
opment of a proper liver and immune system are depen-
dent on a working receptor.4 Moreover, 5,11-disubstituted
indolo[3,2-b]carbazoles are a new class of high-perfor-
mance organic semiconductors suitable for organic thin
film transistor (OTFT) applications.5

Figure 1

Considering the significant biological and synthetic im-
portance of these compounds, a variety of methods have
been reported for the preparation of indolo[3,2-b]carba-
zoles; for example: (1) Pt-mediated cyclodehydrogena-
tion of N,N-diphenyl-p-phenyl-enediamine,6 (2) double
Fischer indolization of cyclohexane-1,4-dione bis(phen-
ylhydrazone),7 (3) condensation of indole and formalde-

hyde in the presence of strong acid, air, and sensitizers,8

(4) Lewis acid catalyzed dimerization of 1-(1-benzotriaz-
ol-1-yl-alkyl)indoles,9 (5) intramolecular cyclization of 2-
(1H-indol-3-yl-methyl)-1H-indolecarbaldehyde,10 (6)
condensation of indole with aliphatic aldehydes under
acidic conditions,11 (7) cyclization of 3,3¢-bis(in-
dolyl)methanes12 or 2,3¢-bis(indolyl)methanes13 via acid-
catalyzed reaction in the presence of triethyl orthofor-
mate. However, all these methods have their own limita-
tions and a number of drawbacks, e.g. long reaction time,
drastic conditions, tedious workup procedure, poor yield
of the desired product, lack of selectivity, and formation
of byproducts.

The use of molecular iodine in organic synthesis has been
known for a long time and presently it is receiving consid-
erable attention as an inexpensive, nontoxic, readily avail-
able, and mild Lewis acid catalyst for various organic
reactions under convenient conditions to afford the de-
sired product in excellent yields.14 Moreover, it has high
solubility in organic solvents and is easily removable from
the reaction mixture.

In a recent study it was reported that the reaction of two
equivalents of indole and one equivalent of carbonyl com-
pound in the presence of iodine at room temperature in a
very short time affords 3,3¢-bis(indolyl)methanes.14a On
the other hand when the same reaction was allowed to
continue for a long time (14 h) at room temperature the
3,3¢-bis(indolyl)methane initially formed was isomerized
to 2,3¢-bis(indolyl)methane.15 To investigate these
observations14a,15 we studied the iodine-catalyzed reaction
of indole and aromatic aldehyde14a under thermal condi-
tions. In the reaction, however, we obtained a mixture of
many compounds that could not be separated. We then
studied the reaction of 3,3¢-bis(indolyl)methanes in the
presence of molecular iodine as catalyst under thermal
conditions. As a result of this study and our continued
work16 on indoles and synthesis of diverse heterocyclic
compounds of biological importance we report herein a
very simple and efficient method for the synthesis of in-
dolo[3,2-b]carbazoles.

In our reaction strategy, utilizing 3,3¢-bis(indolyl)meth-
anes 1 with catalytic amount of molecular iodine in re-
fluxing acetonitrile for 20–35 minutes afforded after
workup indolo[3,2-b]carbazoles 2 in good yields
(Scheme 1). The 3,3¢-bis(indolyl)methanes were prepared
by our own reported method.16b In a simple experimental
procedure17 when 3,3¢-bis(indolyl)methane 1a was heated
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in the presence of catalytic amount of molecular iodine (2
mol%), in refluxing acetonitrile for 20 minutes, afforded
indolo[3,2-b]carbazole 2a in 80% yield (Table 1). The
product was isolated simply by filtration and recrystal-
lized from a mixture of DMF and CHCl3. The structure of
the compound was determined from spectroscopic data
and elemental analysis. The indole molecule 3, which was
eliminated during the reaction was isolated from the fil-
trate and characterized. Following the same reaction pro-
cedure we synthesized and characterized a series of
compounds 2b–j. Our observations are recorded in
Table 1. The 3,3¢-bis(indolyl)methanes prepared by using
aliphatic aldehydes and aromatic aldehydes having strong
electron-withdrawing substituents did not react under
these reaction conditions to give the desired product.

Although the yield of products in the reaction is not very
high in some cases, there is selective formation of the in-
dolo[3,2-b]carbazole. In many reported methods, both the
indolo[3,2-b]carbazoles and indolo[2,3-b]carbazoles
were formed which were difficult to separate due to their

insolubility.18 In the present case there is no possibility of
formation of the indolo[2,3-b]carbazole isomer.

A plausible mechanism for the reaction is outlined in
Scheme 2. The 3,3¢-bis(indolyl)methanes which can be
considered as 3-alkylated indoles, undergo 1,3-
tautomerization19 and thus can exist in the indolenine
form as [X] (Scheme 2 ). In the presence of iodine under
thermal conditions this gives the intermediate [Y] and in-
dole 3. Under the reaction conditions, two molecules of
the intermediate [Y] then react and finally are oxidized to
give the indolo[3,2-b]carbazoles 2. The isolation of the in-
dole molecule 3 eliminated during the reaction supports
this mechanism. Although at room temperature the inter-
mediate [Y] and indole 3 may react in presence of iodine
to give 3,3¢-bis(indolyl)methanes,14a the thermal condi-
tions favor the forward reaction to give the indolo[3,2-
b]carbazole 2. The 3,3¢-bis(indolyl)methanes prepared by
using aromatic aldehydes having electron-withdrawing
substituents do not give the product, as they cannot stabi-
lize the intermediate. Similarly, the reaction is not appli-
cable to aliphatic aldehydes due to instability of the
intermediate [Y].16g

Recently, we reported the preparation of some novel 3-
alkylated indoles [A] (Scheme 3) via a three-component
reaction of indole, aldehyde, and barbituric acids.16g In
this reaction we observed the formation of a small amount
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of 3,3¢-bis(indolyl)methane. As we expected that decom-
position of [A] would lead to formation of [B] avoiding
the presence of indole [C] we performed the reaction of 3-
alkylated indoles [A] under thermal conditions using a
catalytic amount of iodine in an attempt to form indo-
lo[3,2-b]carbazoles. Unfortunately, we did not obtain the
desired product. Hence it was concluded that the interme-
diate [B] does not form in the absence of indole under
these reaction conditions. However, these observations
further support our proposed mechanism shown in
Scheme 2.

We then studied the reaction using different Lewis acid
catalysts such as InCl3, CAN, ZnCl2, but only InCl3 gave
the desired product (15%) after refluxing for two hours.
Hence iodine is the optimal catalyst for the purpose of the
reaction. Further study of the reaction is in progress.

In summary, we have reported a very simple, mild, and
highly efficient method for the synthesis of indolo[3,2-
b]carbazoles from 3,3¢-bis(indolyl)methanes of aromatic
aldehydes in the presence of molecular iodine as catalyst.
This very simple, mild, and cost-effective procedure for
the synthesis of various indolo[3,2-b]carbazoles is a valu-
able addition to the chemistry of indolocarbazoles.
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