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Synthesis of soluble oligocarbazole derivatives
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Abstract—3,6-Disubstituted carbazole building blocks are coupled via copper-catalyzed Ullmann reactions to afford trimeric and
heptameric carbazoles with excellent solubilites in organic solvents. Alternatively, oligomeric carbazoles with phenylene spacers,
that are more stable towards oxidation, can be obtained via palladium-catalyzed Suzuki coupling reactions. © 2003 Elsevier
Science Ltd. All rights reserved.

Carbazole derivatives are of interest as components in
photorefractive polymer composites.1,2 Recently, we
reported on the photorefractive properties of bifunc-
tional N-arylated carbazoles in a carbazole polymer
host matrix.3

A number of reports on the Ullmann N-arylation of
carbazoles with aryl halides (mainly iodides) at high
temperatures describe the use of copper bronze as the
catalyst.4 The yields normally are low to fair, and
several days of heating may be necessary. Recently,
Pd-catalyzed reactions, using somewhat milder condi-
tions, have also been described.5 This gave some
improvement but the catalyst and ligand are expensive
and cumbersome to handle (glove box). Part of the
problem of low yield with the copper bronze reactions
may be caused by the low solubility of the N-arylcarba-
zoles, combined with their susceptibility to oxidative
degradation. Therefore, we decided to start from a
3,6-disubstituted carbazole 1 with improved solubility
and stability. 3,6-Bis(t-butyl)carbazole 1 was prepared
in 40% yield by Friedel–Crafts alkylation of carbazole,
adapting a published procedure.6 The reaction of 1 with
a series of aryl iodides 2a–c in the presence of copper
bronze gave excellent yields (92–98%) of N-arylcarba-
zoles 3a–c, confirming our hypothesis about the low
yield reported in the literature with unsubstituted car-
bazole. The reactions occur within 24 h at 160–170°C in
nitrobenzene. The heterocyclic N-(2-thienyl) carbazole
3d could be prepared in the same way in 52% yield.
With 1 and an excess of 1,4-diiodobenzene the 4-
iodophenyl derivative 3f was formed in 80% yield, or
alternatively a 2:1 ratio of reactants gave the biscarba-

zole 4 (55%). The same reaction with 1 and excess
1,4-dibromobenzene gives a slightly lower yield (55%)
of the N-bromophenyl derivative 3e. Compound 3f was
prepared earlier by Moore et al., using a five-step
procedure, in connection with a study on carbazole
dendrimers.7 The iodide 3f could be transformed to the
aldehyde 3g (80%) by lithiation and quenching with
dimethyl formamide. Reaction of 1 with 1,3,5-tribro-
mobenzene leads to the 3,5-dibromophenyl carbazole
derivative 3h (50%) when 2 equiv. of tribromobenzene
are used. A 2:1 ratio of 1 and tribromobenzene gives
the biscarbazole 5a in 27% yield. Unfortunately, the
completely substituted tris(carbazolyl)benzene 6 was
not obtained when a slight excess of 1 was used,
probably because of its instability towards oxidation
(Figs. 1 and 2).

We also succeeded to obtain triscarbazoles 8a,b (in 82
and 66% yield, respectively) which can be considered to
be first generation carbazole dendrimers, from the cop-
per bronze-catalyzed reaction of 1 with the known8

3,6-diiodo-9-substituted-carbazoles 7a,b. The latter

Figure 1. N-Arylation of 3,6-bis(t-butyl)carbazole.
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Figure 2. Bis- and triscarbazolylbenzenes.

Dendritic oligocarbazoles of higher generation are more
difficult to prepare because of the inherent sensitivity of
the materials towards oxidation. Deprotection of 8a using
a known procedure6 failed, but the derivative 8b was
cleaved with aq. NaOH to afford the free carbazole
dendron 8c in 60% yield. The coupling of this derivative
8c to the monomer 7b was somewhat more problematic
due to extensive oxidative breakdown of the second
generation dendron 8c under the relatively harsh reaction
conditions, but still a yield of 14% of the heptameric
second generation dendron 11 could be obtained.

A way to increase the stability of the carbazole oligomers
would be to have aryl spacers between the carbazole units.
Thus, boronic acid 3i was prepared (60% yield) starting
from the N-arylcarbazole 3f via the lithium derivative.
Suzuki coupling of 3i with the monomer 7b again gave
a triscarbazole 12a (58%). The Suzuki coupling reaction
(Pd(PPh3)4 as the catalyst) of the iodide functions of the
alternative monomer 7c with two equivalents of the
boronic acid 3i is specific, leaving the bromide function

compounds can in the same way be seen as monomers
for dendron synthesis.

The Ullmann reaction can even be applied to prepare a
sterically encumbered triscarbazole 10 in 80% yield from
1 and the 1,8-diiodo-3,6-bis(t-butyl)carbazole 9, which
could itself be prepared in good yield (65%) from 1 and
the potassium iodide/potassium iodate reagent.8 Obvi-
ously the large 1,8-substituents prevent further Ullman
reaction of the iodides with the remaining carbazole
nitrogen of 10 (Fig. 3).

Figure 3. Synthesis of triscarbazoles.
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of 12b (30%) intact. Analogously, the 1,3-bis(carba-
zolyl)benzene 5a was converted into the boronic deriva-
tive 5b (27%). This compound 5b underwent Suzuki
coupling with 3,6-diiodo-9-(4-formylphenyl)carbazole
7d to give the pentakiscarbazole 13 (27%). A major side
product was the N-phenylbiscarbazole 5c, which is due
to the instability of 5b, which was already shown by the
relatively low yield of its synthesis from 5a. We hope in
further work to convert 12b and 13 to oligocarbazole
materials of higher molecular mass.

All materials obtained were fully characterized by mass,
1H and 13C NMR spectral techniques.9 The triscarba-
zoles 8a,b,c and 10, the heptacarbazole 11, and the tris-
and pentakiscarbazoles 12a,b and 13 maintain excellent
solubilities in many common organic solvents (THF,
toluene, chlorinated solvents).
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