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The synthesis of two carbazole derivatives is described by a method in which one and three
carbazole moieties are covalently attached to a hexa-alkoxytriphenylene core, respectively.
The � rst of these materials displays hexagonal columnar liquid crystalline behaviour when
doped with trinitro� uorenone, at room temperature, as con� rmed by the mesophase textures
viewed by optical polarizing microscopy and the results from diŒerential scanning calorimetry.
These materials may have potential applications in the area of photorefractive materials.

Due to their extensive biological activity, carbazole amorphous materials with anisotropic ordering. However,
to date there are only a few examples in which thederivatives and their chemistry have been studied at

length [1]. However, it is only recently that they have carbazole moiety has been incorporated into thermo-
tropic low molecular mass and polymeric liquid crystal-been examined in terms of their material properties

[1, 2] and in particular their photorefractive properties line materials [12] and into lyotropic liquid crystals
[13]. Furthermore, as far as we are aware there are no[3]. The interest in photorefractive materials [4] lies in

their numerous potential technological applications [5] examples of low molecular mass, thermotropic , hexagonal
columnar discotic liquid crystals which incorporatein, for example, high density optical data storage, optical

image processing, phase conjugated mirrors, dynamic the carbazole moiety. Thus, one of the approaches that
we are adopting to induce hexagonal columnar discoticholography, optical computing, parallel optical logic, and
mesophases in carbazole derivatives is the covalentpattern recognition. Thus, recent studies on carbazole
modi� cation of the carbazole moiety using the well-materials have been concerned with electroluminescence
known [14] discotic triphenylene derivatives. Here we[6], non-linear optics [7], and photoconductivity [8].
report the synthesis and mesophase behaviour of twoAmorphous organic photorefractive materials [9] have
carbazole derivatives 1 and 2 (see the scheme), in whichmany advantages over crystalline inorganic [3] and
one and three carbazole moieties, respectively, have beenlatterly crystalline organic [10] photorefactive materials
covalently attached through the nitrogen atom of theon which the early research was carried out. These
carbazole to a mesogenic hexa-alkoxytriphenylene core.advantages include large optical non-linearities, low

The mono- and tris-hydroxytriphenylene s 3 and 4dielectric constants, low cost, structural � exibilty, and
were synthesized by reported procedures [15], and theease of fabrication. However, the major drawback of
carbazole derivative 5 was synthesized by N-alkylationamorphous organic photorefractive materials is that a
of the carbazole moiety with an excess of 1,6-dibromo-low Tg is required in order that the material can be
hexane using NaH as base to deprotonate the carbazolealigned by a d.c. electric � eld to induce a degree of
NH group. Compounds 1 and 2 were synthesized byanisotropic ordering [11]. The chemical modi� cation
mono- and tris-O-alkylation of 3 and 4, respectively, withof the carbazole moiety to induce liquid crystallinity
the carbazole derivative 5 using potassium carbonateis attractive as a way to combine the advantages of the
as base to deprotonate the triphenylene OH groups (see
the scheme). The table lists analyical data characterizing
compounds 1 and 2.*Author for correspondence; e-mail: J.A.Preece@bham.ac.uk
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Scheme. Synthesis of the mono- and tris-carbazole-containing triphenylene derivatives 1 and 2, respectively.

The thermal behaviour of the monocarbazol e derivative
Table. Analytical data for the characterisation of carbazole 1 and its 1 : 1 molar charge transfer complex was investi-
derivatives 1 and 2.

gated by polarizing optical microscopy and diŒerential
scanning calorimetry (DSC 7, Perkin Elmer). The mono-Compound 1

1H NMR (300 MHz, CDCl3 ) dH 8.09 (2H, J = 7.7 Hz, Ar-H), carbazole derivative 1 was found to be non-mesogenic.
7.82, (6H, m, Ar-H), 7.44 (4H, m, Ar-H), 7.21 (2H, m, Ar-H), DSC shows one broad peak with a peak temperature at
4.35 (2H, t, J = 7.0 Hz, N± CH2

± ), 4.20 (12 H, m, 6 Ö O± CH2
± ), 105.8 ß C for the transition crystal to isotropic phase. It

1.92 (14H, m, 7 Ö ± CH2
± ), 1.48 (2H, m, ± CH2

± ), 0.95 (15H, m, crystallizes again at room temperature on cooling. On
5 Ö ± CH3 ).

subsequent heating, it melts at about 80 ß C. However,13C NMR (75 MHz, CDCl3 ) dC 149.0, 148.9, 140.4, 125.6, 123.7,
the 1 : 1 molar charge transfer complex of this compound123.6, 122.8, 120.3, 118.9, 108.6, 107.6, 107.5, 107.4, 107.3, 69.8,
with trinitro� uorenone (TNF) was found to be liquid69.7, 69.6, 69.4, 43.0, 29.3, 29.1, 29.0, 28.8, 27.1, 26.0, 22.5, 14.0.

FABMS [M+] = 923. crystalline at room temperature . Upon heating, the meso-
Elemental analysis requires for C61H81O6N: C 79.30, H 8.77, phase transforms into the isotropic phase at about 120 ß C.
N 1.51; found C 79.30, H 8.58, N 1.46%. On cooling, the Colh phase appears at about 110 ß C and
Compound 2 remains down to room temperature. Textures obtained
1H NMR (300 MHz, CDCl3 ) dH 8.08 (6H, d, J = 7.7 Hz, Ar-H), upon cooling from the isotropic liquid at 100 ß C and
7.80 (6H, brs, Ar-H), 7.43 (6H, m, Ar-H), 7.42 (6H, brs, Ar-H), 30 ß C are shown in the � gure. These textures are very
7.20 (6H, m, Ar-H), 4.33 (6H, t, J = 6.9 Hz, 3 Ö N± CH2

± ),
similar to known textures for Col

h
phases and the

4.15 (12H, m, 12 Ö O± CH2
± ), 1.92 (18H, m, 9 Ö ± CH2

± ), 1.53
columnar phase is miscible with the well characterized(24H, m, 12 Ö ± CH2

± ), 0.9 (9H, t, J = 7.3 Hz, 3 Ö CH3 ).
Colh phase of hexapentyloxytriphenylene . DSC of this13C NMR (75 MHz, CDCl3 ) dC 149.0, 148.9, 140.4, 125.5, 123.7,

123.6, 122.8, 120.3, 118.7, 108.5, 107.5, 107.4, 69.7, 69.4, 42.9, charge transfer (CT) complex (1/TNF, 1 : 1), however,
29.3, 29.0, 28.9, 28.3, 27.1, 25.9, 22.4, 14.0. shows only a very weak and broad transition on heating
FABMS [M+] = 1283. and cooling. CT formation of compound 1 with diŒerent
Elemental analysis requires for C87H99O6N3 : C 81.42, H 7.72,

molar concentrations of TNF and their thermal behaviour
N 3.26; found C 81.42, H 7.83, N 3.26%.

are currently under investigation.
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in a material that could not be induced to display a
mesophase when TNF was doped into the material.
Reasons for the lack of liquid crystallinity in this case
may be (i) the increase in the p-surface area aŒording
a material with much higher intermolecular inter-
actions, and (ii ) steric crowding around the triphenylene
core which will not facilitate a planar disc structure.
Currently, we are synthesizing and characterizing a series
of mono-, bis-, tris- and hexakis-carbazole triphenylene
derivatives and investigating their thermal behaviour
alone and as CT complexes with TNF.

This project is supported by the EPSRC and
Perkin-Elmer in the UK.
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conducting properties (Simmerr, J., Glüsen, B.,three carbazole moieties to the triphenylene core resulted

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
4
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



706 Preliminary communication

Paulus, W., Kettner, A., Schumacher, P., Adam, D., Chandrasekhar, S., Kumar, S., Manickam, M., and
Yelamaggad, C. V., 1999, Pramana , 53, 3) as well asEtzbach, K. H., Siemeseyer, K., Wendorff, J. H.,

Ringsdorf, H., and Haarer, D., 1996, Adv. Mater., 8, ferroelectric properties (Bock, H., and Helfrich, W.,
1995, L iq. Cryst., 18, 387), optoelectrical switching815); (ii) they have a strong tendency to form columnar

mesophases (Chandresekhar, S., and Kumar, S., 1997, behaviour (Lin, C. Y., Pan, H. L., Fox, M. A., and
Bard, A. J., 1993, Science, 261, 897), and photovoltaicSci. Spectra, 8, 66), also it is well recognised that the

supramolecular structure of disc-shaped molecules, behaviour (Greg, B. A., Foc, M. A., and Bard, A. J.,
1990, J. Phys. Chem., 94, 1586) ; (iii) doping with TNFin general, is well suited for one-dimensional energy

migration (see Markovitski, D., Marguet, S., can induce liquid crystalline behaviour in many tri-
phenylene materials that initially do not show mesophaseGallos, L. K., Sigal, H., Millie, P., Argyrakis, P.,

Ringsdorf, H., and Kumar, S., 1999, Chem. Phys. properties (Kranig, W., Boefield, C., and Spiess, H. W.,
1990, L iq. Cryst., 8, 375; Bengs, H., Karthaus, O.,L ett., 306, 163) and one dimensional chain migration,

(see Boden, N., Borner, R. C., Bushby, R. J., and Ringsdorf, H., Baehr, C., Ebert, M., and
Wendorff, J. H., 1999, L iq. Cryst., 10, 161).Clements, J., 1994, J. Am. Chem. Soc., 116, 10 807;

Balagurusamy, V. S. K., Krishna Prasad, S., [15] Kumar, S., and Manickam, M., 1998, Synthesis, 1119.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
4
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1


