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Although researchers have been working in the field
of organic microelectronics for more than 20 years, novel
electroactive molecules are still required to solve im-
portant remaining problems: stability and processabil-
ity together with good charge transport properties.1-3

In the particular case of organic p-type field-effect
transistors, the best candidates are polythiophenes,4
oligothiophenes,5 oligofluorenes,2 oligo(2,6-anthrylene)s,6
and pentacenes.7 Among these materials, pentacene
thin-film field-effect transistors have received particular
attention since they have shown hole mobilities about
5 cm2 V-1 s-1 with on/off current ratios up to 108 in some
cases.7 However, pentacene is only moderately stable
to oxygen as a dense solid and is unstable under
illumination. Pentacene also has a very high melting
point and is virtually insoluble, even in hot aromatic
solvents.6,8 It could therefore be interesting to develop
pentacene-like oligomers which show similar coplanar

ladder structures and favorable packing geometry to-
gether with improved stability and processability. Or-
ganic synthesis allows great flexibility at the molecular
scale together with the possibility of fine-tuning the
physical and chemical properties according to the aimed
applications. Starting from this point, a new class of
pentacene-like semiconducting organic materials has
been designed using phenyl-capped ladder oligo(p-
aniline) derivatives (Scheme 1). Interestingly, depending
upon the nature of the R and R′ groups, it may be
possible to develop amphiphilic molecules that could
lead to well-defined thin films through Langmuir-
Blodgett processing or self-assembly procedures. More-
over, for the emerging nanoelectronics, these molecules
have the potential to make connections with different
nanoelectrodes and to function as conducting and
semiconducting nanowires as well as three-way nano-
connectors or molecular transistors.

To start a general synthesis of this new class of
materials, we focused on the Cadogan procedure as the
ring closure reaction.9 To synthesize the corresponding
dimer (e.g., [3,2-b]indolocarbazole or n ) 1 and Z ) Z′
) H in Scheme 1), we started with a double reductive
cyclization10 of 2′,5′-dinitro-1,1′;4′,1′′-terphenyl induced
by P(OEt)3 but were unable to isolate a pure product.
Several other synthetic methods have also been de-
scribed for the preparation of indolocarbazoles, but all
these methods suffer from low yields, limited synthetic
versatility, and/or the formation of many side-prod-
ucts.11 One general aspect mentioned throughout the
literature refers to the insolubility of indolocarbazoles
in common organic solvents which leads to isolation
problems and low yields.12 To solve this problem, we
decided to use a soluble N-alkyl substituted carbazole
precursor. As we recently reported,13 it is now possible
to prepare, in good yields, N-alkyl-2,7-disubstituted
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Scheme 1. Phenyl-Capped Conjugated Ladder
Oligo(p-aniline)s
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carbazoles. Along these lines, we first tried a Cadogan
reductive ring closure of N-octyl-2-(2′-nitrobenzene)-
carbazole but only obtained a mixture of unsymmetrical
and symmetrical indolocarbazoles, corresponding to the
ortho and para ring closure. Another approach, based
on 3- and 3,6-nitrocarbazole derivatives, was also tested,
but Cadogan reactions did not work well with these
precursors.

To obtain the formation of the targeted isomer, a new
N-octyl-2-substituted carbazole derivative 6 with methyl
protecting groups at the 1- and 4-positions was synthe-
sized based on well-established methodologies13b in 6
steps (see Supporting Information). As described in
Scheme 2, the Suzuki coupling reaction of compound 6
with commercially available 1-bromo-2-nitrobenzene
using Pd(PPh3)4 provides compound 7 with a 70%
isolated yield. Then, Cadogan ring closure in hot triethyl
phosphite was performed regioregularly on compound
7 to offer the desired soluble para isomer, 5-hydro-11-
octyl-6,12-dimethylindolo[3,2-b]carbazole 8, which was
isolated in 40% yield. This compound is an excellent
intermediate because it offers an opportunity to develop
different kinds of 6,12-dimethylindolo[3,2-b]carbazoles
depending on the nature of the substituent. In our
strategy to develop a new family of totally symmetrical
6,12-dimethylindolo[3,2-b]carbazoles, compound 8 was
alkylated13b with 1-bromooctane under reflux in acetone
using NaOH and TBAH as a phase transfer agent to
give 5,11-dioctyl-6,12-dimethylindolo[3,2-b]carbazole 9
with 90% isolated yield. This compound is soluble in
THF, CHCl3, and CH2Cl2, etc. and can be easily recrys-
tallized from acetone to give thin yellow needles.

X-ray crystallographic analyses of a single crystal of
compound 9 show a triclinic crystal system with a
coplanar molecular structure. This suggests that the
π-conjugation is effectively extended over the entire
molecule. The X-ray structure of molecule 9 is shown
in Figure 1 and the detailed crystallographic data are

given in the Supporting Information. Packing diagrams
of molecule 9 demonstrate a π-stacking arrangement of
molecules along the a-axis of the single-crystal unit cell.
The intermolecular distance between two molecules is
3.45 Å. This type of orientation is very interesting to
produce high charge carrier mobility along the direction
of π-π stacking,1,14 and could be related to favorable
attractive interactions between the side chains. Dif-
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Scheme 2. Synthesis of 5,11-Dioctyl-6,12-dimethylindolo[3,2-b]Carbazole

Figure 1. X-ray structure of compound 9. View of packing,
down a axis (top) and perpendicular to a axis (bottom).
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ferential scanning calorimetry (DSC) measurements on
compound 9 showed melting endotherms and recrys-
tallization exotherms at 151 and 118 °C, respectively.

The UV-visible absorption properties of compound
9 were also studied. The UV-visible spectrum of 9 in
CH2Cl2 shows two absorption maxima at 394 and 413
nm. Solid-state absorption spectrum reveals two ab-
sorption maxima at 404 and 431 nm. Cyclic voltamme-
try was performed in THF solution (with 0.1 M tetra-
butylammonium perchlorate) to investigate the redox
behavior of compound 9 and to assess the HOMO and
LUMO energy levels. Compound 9 shows a reversible
oxidation at 0.89 V (vs SCE) and a quasi-reversible
reduction at -2.67 V (vs SCE). The HOMO and LUMO
energy levels estimated from the onset potentials of
oxidation (Eox

onset, 0.71 V vs SCE) and reduction
(Ered

onset, -2.45 V vs SCE) are at -5.11 and -1.95 eV,
respectively. These spectroscopic and electrochemical
data indicate that the neutral semiconducting form of
this compound should be stable in air. The band gap
energy calculated from electrochemical data is 3.16 eV,
which agrees with the value obtained from UV-vis
spectroscopy (2.88 eV).

An organic field-effect transistor (OFET) using oligo-
mer 9 as the active material was fabricated on SiO2/Si

substrates by high-vacuum evaporation using a top-
contact geometry at a substrate temperature of 25 °C.
Figure 2 represents the source-drain current (IDS) versus
source-drain voltage (VDS) characteristics for an OFET
with compound 9 at various gate voltages (VG) and the
schematic cross-sectional view of the fabricated device.
This graph shows that 9 behaves as a p-type organic
semiconductor with well-defined linear and saturation
regimes. The hole mobility and the on/off ratio calcu-
lated15 in the saturation regime at VDS ) -90 V are 10-3

cm2 V-1 s-1 and 105, respectively, and the threshold
voltage is -18 V.

In conclusion, we have described an efficient method
to prepare soluble 6,12-dimethylindolo[3,2-b]carbazoles
by Cadogan ring closure from an N-alkyl-2-substituted
carbazole precursor. This synthetic methodology offers
great flexibility at the molecular scale to develop oligo-
mers having different chemical structures and physical
properties. X-ray structure of compound 9 demonstrates
an interesting π-stacking arrangement of molecules
along the a-axis with 3.45 Å as intermolecular ring
distance. The first OFET using 5,11-dioctyl-6,12-dim-
ethylindolo[3,2-b]carbazole 9 as an active layer has been
successfully fabricated. It shows p-channel character-
istics with a hole mobility of 10-3 cm2 V-1 s-1 and Ion/
Ioff ratio of 105. These preliminary results are highly
promising considering the simplicity of the conjugated
oligomers and of the experimental setup. We firmly
believe that device performances can be improved by
using longer oligomers or different side-chain patterns
or by using optimized device configurations. These
studies are currently in progress in our laboratories.
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Figure 2. Source-drain current (IDS) versus source-drain
voltage (VDS) at various gate voltages (VG) from a top-contact
geometry OFET with W/L ) 40:1 using compound 9 as
semiconducting material deposited at a substrate temperature
of 25 °C.
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