This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 12:17

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals

—— Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Functionalisation of Triphenylene Based
Discotic Liquid Crystals

Neville Boden ? , Richard J. Bushby * & Andrew N. Cammidge ?

& School of Chemistry and Centre for Self-Organising Molecular
Systems, University of Leeds, Leeds, LS2 9JT, UK
Version of record first published: 23 Sep 2006.

To cite this article: Neville Boden , Richard J. Bushby & Andrew N. Cammidge (1995):
Functionalisation of Triphenylene Based Discotic Liquid Crystals, Molecular Crystals and Liquid Crystals
Science and Technology. Section A. Molecular Crystals and Liquid Crystals, 260:1, 307-313

To link to this article: http://dx.doi.org/10.1080/10587259508038704

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259508038704
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 12:17 18 February 2013

Mol. Cryst. Lig. Cryst. 1995, Vol. 260, pp. 307-313 © 1995 OPA (Overseas Publishers Association)
Reprints available directly from the publisher Amsterdam B.V., Published under license by
Photocopying permitted by license only Gordon and Breach Science Publishers SA

Printed in Malaysia

FUNCTIONALISATION OF TRIPHENYLENE BASED DISCOTIC
LIQUID CRYSTALS

NEVILLE BODEN, RICHARD J. BUSHBY and ANDREW N.
CAMMIDGE

School of Chemistry and Centre for Self-Organising Molecular
Systems, University of Leeds, Leeds. LS2 9JT. UK.

Abstract Nitration of hexahexyloxytriphenylene results in a dramatic
enhancement of the mesophase range and offers wide potential for
the further functionalisation of triphenylene discotics for device
applications.

INTRODUCTION

Triphenylene derivatives are among the most extensively studied discotic liquid
crystals, not least because they are known to form an ordered hexagonal (Dho)
mesophase which is ideal for one-dimensional energy' and electron transport.2
For a long time the development of the science associated with these materiais
has been hindered by the difficulties encountered in their synthesis.
Traditionally, triphenylene hexaethers and hexaesters were synthesised via the
route outlined in scheme 1. * Veratrole (1,2-dimethoxybenzene) is oxidatively
trimerised to hexamethoxytriphenylene 1 using chloranil in 70% sulphuric acid.
The reaction takes many days and the hexamethoxytriphenylene produced
requires extensive chromatographic separation to remove the excess chioranil
and for purification. Hexamethoxytriphenylene is demethylated, typically with
boron tribromide, and alkylated/acylated to give the discogen.

We have recently reported an improved procedure for the preparation of
hexaalkoxytriphenylenes whereby a 1,2-dialkoxybenzene is trimerised quickly
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and directly using iron lll chloride, followed by a reductive workup using
methanol (scheme 2).s This reaction, which is typically complete in 1 hour gives
the hexaalkoxytriphenylene in high yield and virtually pure.
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Scheme 1. Traditional synthesis of triphenylene based discotic liquid
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Scheme 2. Improved, one-step synthesis of hexaaikoxytriphenylenes.

In most cases, however, this methodology cannot be applied for the
efficient synthesis of unsymmetrically substituted triphenylenes. Such
derivatives, which are required for the preparation of discotic polymers, can be
synthesised easily and regiospecifically by the coupling of a 3,3',4,4'-
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tetraalkoxybiphenyl and a 1,2-dialkoxybenzene, again using iron lll chioride
followed by a methanol workup (scheme 3).°

OR! OR!

R20 R20 I
O e YL
+ .
ORs 2 MeOH RS
A o

OR4 OR4
Where RS = R6 or R1 = R4 and R2 = R3

Scheme 3. Regiospecific synthesis of unsymmetrically substituted
hexaalkoxytriphenylenes.

The oxidative trimerisation of 1,2-dialkoxybenzenes and the
phenyl/biphenyl coupling protocols provide versatile routes to symmetrical and
unsymmetrically substituted triphenylene-based discotic monomers and
polymers. These materials, however, are predominantly featureless and are
colourless insulators in their pure state. It is likely, therefore, that a degree of
functionality must be incorporated into these systems before they can achieve
their full potential in device applications. Our approach to this goal has been to
investigate the functionalisation of triphenylene hexaethers by electrophilic
aromatic substitution at the a-sites. In this paper we report our successful
attempts to nitrate hexahexyloxytriphenylene (HAT6).

RESULTS AND DISCUSSION

Nitration of HAT6 with concentrated nitric acid in ether/acetic acid was found to
proceed smoothly to give the mono-nitrated product (HAT6-NO,) in >70% yield
(scheme 4). The ease of this reaction is, perhaps, surprising when the steric
congestion around the a-sites is taken into account (fig. 1a). It would appear
that the strongly electron-donating effects of the six oxyalkyl side chains act to
compensate for these steric constraints. No evidence of multiple nitration could
be detected so it would appear that the steric/electronic factors governing the
substitution are finely balanced.
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Scheme 4. Nitration of hexahexyloxytriphenylene.

Introduction of the nitro-group has a dramatic effect on the properties of
the mesogen. The symmetry of the hexahexyloxytriphenylene is completely
destroyed by the substitution (fig. 1a), and this is clearly seen in the proton
NMR spectra of the two compounds (fig. 1b). introduction of the nitro-group
converts colourless HATS into a yellow compound in which the optical
absorption will be highly anisotropic. The most striking consequence of -
nitration, however, is the greatly enhanced mesophase range of the new
product (table 1).

Polarizing optical microscopy (fig.2) and low-angle X-ray diffraction (fig. 3)
indicate that, like the parent HAT6, HAT6-NO, forms a single (Dy) mesophase.
The lowering of the melting point may be due to the packing/ crystallization
constraints caused by the breakdown of symmetry. However, arguments based
on symmetry alone cannot reasonably account for the magnitude of the
mesophase enhancement above and below that of HAT6. The observed
enhancement is reasonably rationalised by consideration of the steric and
electronic effects of the nitro-group. The polar nitro-group provides additional
core-core attraction which is manifested as an increased clearing point.
Explanation of the low melting point is, however, less straightforward. The
space-filling model (fig. 1a) clearly shows that the nitro-group is forced out of
the plane of the ring, which would lead to an increased core-core separation.
The net effect of this increased separation would be to increase the entropy
("free volume”) of the side chains. When combined with the symmetry
constraints to favourable packing, these considerations account for the low
melting point observed. Low angle X-ray diffraction measurements (fig. 3) tend
to support this argument. The core-core separation of HAT6-NO, is larger
(3.7A) than that observed for the parent HAT6 (3.5A)" and more diffuse
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indicating that the mesophase is more disordered. As expected the column-
column diffraction rings correspond to similar separations (19.0A for HAT6-NO,
compared to 19.5A for HATS).

HAT6

N U. .| T . AL

— — " T
1 T T
-] 4 2 0 F 6 4 2 0 PPM
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Figure 1. (a) Space-filling model showing the steric congestion a-sites.
(b) 1H NMR spectra showing the destruction of molecular symmetry.
See Color Plate XTIII.
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K-D (°C) D-1(°C)
HAT6 70 100
HAT6-NO, <RT 136

Table 1. Mesophase behaviour of HAT6 and HAT6-NO,.

(a) (b)

Figure 2. Texture of the HAT6-NQO, mesophase. (a) After cooling from
the isotropic liquid. (b) After shearing. See Color Plate XIV.

A “

% 3.5A O}w.oA . 37A

HAT6 HAT6-NO,
Figure 3. X-ray diffraction pattern of HAT6 and HAT6-NO,.
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CONCLUSIONS

Functionalisation of hexaalkoxytriphenylenes through the nitration reaction
described provides the final tool required for the full manipulation of these
discotic fiquid crystals. Mast encouragingly, introduction of the nitro-group is
found to improve the liquid crystal properties and by its modification a host of
potentially useful new materials can now be synthesised.
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