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A rational synthesis of polyacrylates with discogenic side groups

by N. BODEN, R. J. BUSHBY*, and Z. B. LU

Centre for Self-Organizing Molecular Systems, University of Leeds,
Leeds LS2 9JT, UK

(Received 17 October 1997, in final form 8 December 1997, accepted 31 January 1988)

The ferric chloride mediated oxidative coupling of 3,3"4.4'-tetrahexyloxybiphenyl with
2-hexyloxyanisole followed by demethylation gave 3,6,7,10,11-pentahexyloxy-2-hydroxy-
triphenylene. Reaction with terz-butyldimethylsil yl-protected 6-bromohexanol, removal of the
protecting group, and condensation with acryloyl chloride or methacryloyl chloride gave
acrylate and methacrylate monomers with hexamethylene ‘spacers’. Alternatively, reaction of
3,6,7,10,11-pentahexyloxy-2-hydroxytriphenylene with 2-(2-chloroethoxy)ethanol followed by
acryloyl chloride or methacryloyl chloride gave acrylate and methacrylate monomers with
diethylenoxy ‘spacers’. Both of the poly(acrylate) homopolymers and the poly(methacrylate)
homopolymer with the diethylenoxy ‘spacer’ gave columnar liquid crystal phases. This is
contrary to the current perception that the methacrylate polymer backbone is too inflexible

to be incorporated in columnar phases.

1. Introduction

The unique supramolecular architecture of the columnar
phases of discotic liquid crystal materials, together
with their surface-alignment and electrical conductivity
properties make them potentially applicable in areas as
diverse as information storage [ 1], sensors [ 2], displays
[3] and high-resolution xerography [4]. Many of these
potential applications require thin film preparations with
good mechanical properties—almost certainly thin films
of polymeric discotic liquid crystals. Thin films of poly-
meric discotic liquid crystals are more difficult to align
than their low molar mass counterparts, but a number
of solutions to this problem have been described [5-7].
Finklemann and co-workers [ 5] have demonstrated that
polymeric discotic liquid crystalline films can be aligned
by stretching, and that the alignment of weakly cross-
linked material can be stabilized by further cross-linking.
Ultraviolet irradiation of a film of acrylate monomers
containing a trace of a photosensitive initiator and aligned
by surface forces has been shown to give aligned films
of polymer [6]. Furthermore, the Langmuir-Blodgett
technique has been used by Ringsdorf et al. [7] to
produce multilayers of polymeric triphenylene discotics
in which the columns lie parallel to the surface.

The most widely synthesized and studied low molar
mass discotic liquid crystals are the hexa-alkoxy and
hexa-acyloxy derivatives of triphenylene [ 8]. Routes to
equivalent triphenylene-based discotic liquid crystalline
polymers were first pioneered by Ringsdorf and co-workers

* Author for correspondence.

[5,9] The key step in their syntheses was the partial
alkylation of 2,3,6,7,10,11-hexahydroxybenzene which
was followed by a chromatographic separation of the
products. It is a route which produces the requisite mono-
functional and bifunctional triphenylenes, but is one
which, because of the chromatographic step, is difficult
to apply on more than a limited scale. Furthermore,
the bifunctional monomers obtained by this route (the
monomers required for making ‘main-chain’ discotic
polymers) are an inseparable mixture of isomers leading
to polydisperse products. We subsequently developed
a ‘rational’, non-statistical route to unsymmetrically
substituted derivatives of triphenylene in which the key
step is the ferric chloride mediated coupling of an alkoxy-
benzene to an alkoxybiphenyl followed by a reductive
work-up [10, 11]. This reaction can be used to prepare
relatively large amounts of pure (single isomer) mono-
mers. In a previous paper we described the application
of this methodology to the preparation of main chain
discotic liquid crystal polymers [11]. In this paper, we
describe its application to the preparation of side group
discotic liquid crystal polymers. Acrylate/methacrylate-
based monomers were chosen [12,13] so as to make
use of the ultraviolet irradiation initiated polymerization
route for making aligned polymeric films [6].

2. Results
2.1. Synthesis and properties of the monomers
Four kinds of monofunctional triphenylene-based
discotic liquid crystalline monomers 6-9 have been
synthesized according to the method shown in scheme 1.

0267-8292/98 $12:00 © 1998 Taylor & Francis Ltd.
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Scheme 1. (a) FeCls/CH,Cl, (b)) MeOH/61% (two steps), (¢) PhoaPLi/THF/0°C/69%, (d) Bu'Me>SiO(CH,)sBr/K>CO3/EtOH,
() BusNF7/THF/50°C/64% (two steps), (f) HOCH,CH,OCH,CH,Cl/K,COs/EtOH/43%, (g) CH,=CHCOCI or

CH,=CMeCOCI/PrsEtN/CH,Cl,/0°C/76-89%.

The synthesis of a bifunctional monomer 16 is shown in
scheme 2 and that of a trifunctional monomer 20 in
scheme 3.

3,6,7,10,11 - Pentahexyloxy - 2 -methoxytriphenylene 1
(scheme 1) was prepared using the ferric chloride mediated
coupling of tetrahexyloxybiphenyl with 2-hexyloxyanisole
[10,11]. This was then converted to 3,6,7,10,11-penta-
hexyloxy-2-hydroxytriphenylene 2 using diphenylphos-
phenyl lithium. The free hydroxyl group in compound
2 was alkylated using 1-bromo-6-(tert-butyldimethyl-
silyloxy)hexane or 2-(2-chloroethoxy)ethanol to give
(after removal of the silyl protecting group from
compound 3 [14]) two intermediates 3,6,7,10,11-
pentahexyloxy-2-(6-hydroxyhexyloxy)triphenylene 4 and
2-[2-(2-hydroxyethoxy)ethoxy]-3,6,7,10,11-pentahexyl-
oxytriphenylene 5. Finally, the free hydroxyl groups in
these intermediates were esterified using methacryloyl
chloride or acryloyl chloride to give four monomers 6-9.
The intention in making all four of these monomers was

to gain some insight into the relative virtues of the two
different polymer backbones (polyacrylate and poly-
methacrylate) and of the two spacers (hexamethylene
and diethylenoxy). The polymer backbones differ in
their flexibility and glass transition temperatures. The
spacers also differ in their flexibility and conformational
behaviour. In this respect it is interesting to compare
the '"H NMR spectra of the monomers. Whereas the
aromatic hydrogens in monomers 6 and 7 are all
equivalent, one of the aromatic hydrogens in monomers
8 and 9, presumably the one ortho to the ethylenoxy
chain, is deshielded by 0-1 ppm. The simplest explanation
of this difference is that it arises from different shielding
contributions from different side chain conformations.
The monomers 6, 8 and 9 and the intermediates 4 and
5 all give columnar mesophases as detailed in table 1.
Compared with symmetrically substituted hexahexyloxy-
triphenylenes their mesomorphic temperature ranges
are reduced.
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Table 1. Mesomorphic behaviour of the monomers: transition temperatures (DSC onset temperatures) and enthalpies in parenthesis.

Monomer Phase transitions (heating )/°C (/J g_l) Phase transitions (cooling)/°C (/J g_l)
4 Cr 62 (40) Col 67 (4) 1 165 (—4) Col 43 (—38) Cr
5 Cr 60 (22) Col; 66 (19) Col, 78 (4) I 173 (—4) Col 36 (—43) Cr
6 Cr46(52)1 144 (—3) Col 31 (—46) Cr
7 Cr48 (47)1 130 (—43) Cr
8 Cr 48 (40) Col 64 (3) I 160 (—3) Col 29 (—40)
9 Cr 45 (38) Col 56 (2) I 156 (—2) Col 24 (—34)

Since the bifunctional and trifunctional monomers 16
and 20 were only required for use on a small scale (as
added cross-linking agents) it proved economic to use
‘statistical’ coupling routes and to separate the required
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isomers by chromatography. The route to monomer 16
is a variant of a route to a similar monomer previously
reported by Ringsdorf and co-workers [ 13] except that
the chain lengths differ as does the separation method.
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Scheme 2. (a) ICI, (b) Cu/A, (¢) FeCl3/CH,Cl, followed by MeOH/26%, (d) chromatographic separation of isomers, (¢) PhyPLi/
THF/0°C/51%, (f) Bu'Me,SiO(CH,)sBr/K>CO3/EtOH, (g) BuyN "F /THF/50°C/23% (two steps), (k) CH,=CHCOCI/

PrzEtN/CH,C1,/0°C/91%.
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The ferric chloride mediated coupling of 1,2-dihexyl-
oxybenzene with the mixture of dihexyloxydimethoxy-
biphenyls 11a—11c¢ (scheme 2) gave a mixture of three
products 12a—12¢. The 2,7-dimethoxy isomer 12a is
the most desirable intermediate since only the product
16 derived from this isomer is likely to be free of
the problems of intramolecular reactions between two
acryloyl residues [ 11]. By chromatography it is easy to
separate the 3,6-isomer 12¢ as a pure fraction, but the
required 2,7-isomer 12a is obtained as a mixed fraction
contaminated by the 2,6-isomer 12b. This mixture of
isomers was carried through the next three steps
(demethylation, realkyation and deprotection) and only
at this stage was it easy to separate the isomers by
chromatography. The synthesis was then completed
through the acylation of the purified diol 15.

The synthesis of the trifunctional monomer 20 (scheme 3)
relied on the ferric chloride mediated trimerization of
methoxyhexyloxybenzene. A mixture of two isomers was
obtained. The symmetrical isomer (2,6,10-trimethoxy) is
the minor product and cannot be satisfactorily made in
this way [13,15], but the unsymmetrically substituted
isomer 17 is easily separated from the mixture [16]. It

CGHBOD ab,c
CH;0

OCsHy3

OCsH;3

OH
ey
Laae
OH

18

CH,=CHCOO(CH;)eO

I CeH30

was elaborated into the trisacrylate 20 by the method
shown.

2.2. Synthesis and properties of the polymers

For convenience, the homopolymers made from
monomers 6—9 are referred to as polymers poly-6, poly-7
etc. These polymers were prepared through an AIBN
initiated free radical polymerization of solutions of each
of the monomers 6-9 in benzene and were purified by
reprecipitation. A random copolymer was prepared by
copolymerization of monomer 6 with methyl acrylate
(weight ratio 50:50, molar ratio 9:91). This copolymer
is referred to as copoly-6-a. Its composition, revealed by
'H NMR and by combustion analysis, corresponded
closely to the molar ratio of monomers used. Cross-
linked copolymers were also prepared using a 95:5
weight ratio of the monomers 6 and 16 (copoly-6-16)
and a 95:5 weight ratio of the monomers 6 and 20
(copoly-6-20). Polymer molecular masses and molecular
mass distributions were measured by GPC against poly-
styrene standards in tetrahydrofuran and these are given
in table 2. In all cases, the degree of polymerization
achieved was quite modest (of the order 10—100mers).
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Scheme 3. (a) FeCl3/CH:Cly, (b)) MeOH/, (¢) chromatographic separation of isomers (27% two steps and chromatography),
(d) Pha PLI/THF/0°C/72%, (¢) Bu' Me; SiO(CH3 )s Br/K, CO3/EtOH followed by BusN “F/THF/50°C/76%, (1) CH,=CHCOCI/

Pr;EtN/CH> Cl,/0°C/48%.
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Table 2. Molecular mass data for the polymers.

Polymer My My Muo/My
poly-6 6:05 % 10° 735 10° 121
poly-7 9-84 % 10* 1448 % 10° 150
poly-8 765 % 10° 8:96 x 10° 1117
poly-9 679 x 10° 8-89 x 10° 131
copoly-6-a 264 % 10* 577 % 10* 219
copoly-6-16 347 % 10* 8-98 x 10* 2:59
copoly-6-20 5-8 x 10 9-4 % 10* 16

Note that there was a small but significant improvement
in the molecular masses when the cross-linking agents
16 and 20 were added to the monomer 6. Transition
temperatures and DSC data for the polymers are given
in table 3. The clearing points of the polymers are
30-50°C higher than those for the corresponding
monomers. The enthalpies associated with the melting
of poly-6, poly-8, and poly-9 are 1-2J g_l, of the order
expected for a Col-I transition in the polymer. Low
angle X-ray diffraction, for poly-6, poly-8, and poly-9
below the Col-I transition temperature shows a single
diffraction peak corresponding to the 19A column—
column separation expected for a columnar phase. No
additional diffraction peaks were observed. Thin film
preparations of poly-6, poly-8, and poly-9 are birefringent
giving a ‘speckled’ texture similar to that observed for
main chain discotic liquid crystalline polymers (see the
figure) [ 11]. Together, these lines of evidence show the
liquid crystalline nature of the phase [5,9, 11, 12].

It is interesting to compare each of the monomers
with the corresponding polymer. In terms of transition
temperatures and enthalpies the differences are not very
great and, in terms of X-ray diffraction, the Col phases
of the polymers and monomers are almost indistinguish-
able. It is tempting to argue that, given that the space
between the columns in the Col phase is filled with
disordered chains, it does not matter if, as in the polymer,

some of these are linked together. However, optical
microscopy shows that the monomers and the polymers
are very different. The figure shows a comparison
between typical optical textures for thin-film preparations
of the monomer 8 and of the corresponding polymer
poly-8, both as first obtained on cooling from the iso-
tropic melt into the Col phase. The greater ‘grain/
domain’ sizes are immediately apparent. Furthermore,
the dynamics of the systems are very different. When
thin film preparations of the monomers are annealed
just below the Col-I transition temperature, a homeo-
tropic film is obtained over a period of a few minutes.
Similar behaviour is found for the corresponding oligo-
meric systems [ 17]. However, even when the polymers
are annealed a few degrees below the Col-I transition
temperature for a month there is no obvious change in
the texture; a homeotropic film is not obtained.

Cross-linking of the polymer 6 using the difunctional
and trifunctional additives 16 and 20 increases the
molecular masses (table 2), but it also destroys the liquid
crystalline behaviour. No birefringence was observed for
copoly-6-16 and copoly-6-20 or for poly-7 and copoly-6-a.
These amorphous/isotropic materials did not melt below
200°C.

3. Discussion

It is interesting to compare the properties of these
new polymers with those reported by Werth and
Spiess [12]. These authors prepared the monomers 21
and 22 by the ‘Ringsdorf’ route [9]. AIBN initiated
polymerization in butan-2-one gave homopolymers
with weight-average molecular masses greater than 10°.
Poly-21 gave a columnar phase described as ‘highly
distorted hexagonal’ Col 39°C 1 (7, —8°C) with a
column—column separation of 19-4 A, whereas poly-22
proved to be amorphous. The failure of this poly-
methacrylate to give a columnar phase was attributed to
the fact that the glass transition for the polymethacrylate

Table 3. Mesomorphic behaviour and low angle X-ray diffraction data for the polymers. Transition temperatures were determined
by polarizing microscopy, and glass transition temperatures and transition enthalpies (in parenthesis) by DSC.

Phase transitions

Phase transitions

Column—column distance

Polymer (heating)°C (1T g™ (cooling)/°C in the Col phase/A T,°C
poly-6 Col 84 (1)1 145 Col 190 5
poly-7 no transitions up to 200°C* — —
poly-8 Col 117 (2) 1 1101 Col 190
poly-9 Col 110 (2) 1 189 Col 190
copoly-6 no transitions up to 200°C* — —
copoly-6-16 no transitions up to 200°C* -
copoly-6-20 no transitions up to 200°C* —

* Isotropic, non-birefringent materials which soften and become relatively easy to shear at 50-60°C, but which show no DSC

transitions up to 200°C.
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Figure 1. A comparison of the optical microscopic textures of the monomer 8 (upper) and the corresponding polymer poly-8
(lower), both immediately after cooling from the isotropic liquid into the columnar phase and both shown at the same
magnification.
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backbone is higher than that for the polyacrylate back-
bone, making it insufficiently flexible to be readily
accommodated within the mesophase structure. Our
polymers differ from those prepared by Werth and Spiess
in being based on hexyloxytriphenylene rather than
pentyloxytriphenylene substituents, in employing (CH2)s
or (CH2 ), O(CHa2); ‘spacers’ rather than (CH2)i1 ‘spacers’,
and in being of lower molecular mass.
OCsHy,

OCsH

CH,=CRCO,(CH,);,0 O
OCsHy,

OCsHy,

21, R=H
22, R=CH;

As Werth and Speiss point out, polymers are unlikely
to give a Coln phase below the glass transition of the
polymer backbone and the ability to form the Coly
phase may be compromised at temperatures just above
Ts. Although this may be a significant factor for some
polymethacrylates, it clearly depends on the structure,
the particular 7, and mesophase ranges involved. Glass
transition temperatures for polymethacrylates decrease
with increasing chain length in the side group. The
methyl ester has T, = 105°C, the pentyl ester —5°C and
the decyl ester —70°C [18]. Furthermore, for chains
longer than ca. Ci2, Tg starts to rise again and values for
polymethacrylates lie below those of the corresponding
polyacrylates [ 18]. The T, values are little affected by
‘oxa’ substitution [ 18], but are quite strongly dependent
on the degree of polymerization [19]. In comparing
poly-7 and poly-22 with poly-9 it could be argued that
poly-9 is the only one to give a columnar phase because
its relatively low degree of polymerization leads to a low
T, [19]. However, reasonable estimates of the effect of
molecular mass on 7T, [19] suggest that, even at very
high molecular masses, 7, for poly-9 would lie well
below the Col/I transition temperature of 110°C and
that DP is unlikely to be an issue. In comparing poly-7
and poly-9 the more significant factor is probably the
difference in behaviour of the monomers. Monomer 9
gives a columnar phase, but monomer 7 does not.

The reason for some of the low molecular masses and
for the wide range of molecular masses apparent in
table 2 is not entirely clear, but it probably reflects
different polymer solubility limits in the solvents used.

4. Conclusion
A rational synthesis of discotic side group columnar
liquid crystal polymers based on poly(methacrylate) and
poly(acrylate) backbones has been developed. This new
synthesis uses a minimal amount of chromatography

and, at least in principle, is easier to scale up than the
‘Ringsdorf’ route. DSC, X-ray diffraction and optical
microscopy show that three of the homopolymers made
exhibit columnar liquid crystalline phases. Contrary to
previous work, both polyacrylate and polymethacryate
backbones have been successfully exploited. In general,
only the lower molecular mass products display meso-
morphic behaviour. Cross-linking of the polymers results
in loss of the liquid crystalline behaviour.

5. Experimental
5.1. General procedures

'H NMR spectra were recorded on GE QE300
instruments using CDCIl; as solvent. Mass spectra
were obtained on a VG Autospec Instrument. Phase
behaviour was studied using an Olympus BH-2 optical
polarizing microscope with a Mettler FP82 HT hot stage
and a Perkin-Elmer 7 thermal analysis system (cooling
and heating rate, 10°C min_l). Small angle X-ray
diffraction experiments were conducted with a pinhole
camera consisting of a Phillips generator and tubes, nickel-
filtered Cu K, radiation of wavelength A=0-154nm,
and a Lindemann sample tube (0-7mm id.) to plate
distance of 112-8mm. Gel permeation chromatography
was performed on two mixed bed columns (Polymer
Laboratories Ltd) using a Merck L-6000 pump and a
Varex light-scattering detector. Tetrahydrofuran (HPLC
grade) was used as an eluent at a flow rate of 1 ml min .
Molecular masses are reported relative to two narrow
polystyrene standards.

5.2. Syntheses

5.2.1. 2-Hexyloxyanisole

Guaiacol (124 g, 1 mol) was alkylated with 1-bromo-
hexane (198 g, 12mol) and potassium carbonate
(278 g, 2-0mol) in boiling ethanol (200ml) to give
2-hexyloxyanisole (175g, 82%) as a colourless liquid
(b.p. 175°C/1 mm Hg). Elemental analysis: C 749, H 9-9;
Ci13H200: requires C 750, H 9:62%. Mass spectrum:
m/z (EI) 208 (M, 22%). '"H NMR: &4 (CDCl3) 091
(3H, t, J=69Hz, CH:CH;3), 1:33-146 (6H, m,
OCH:CH2(CHz)3),1-84 (2H, m, OCH2CH>), 3-84 (3H, s,
Ar-OCH3), 400 (2H, t, J=6'8Hz, OCH>), and 695
(4H, s, ArH).

5.2.2. 3,6,7,10,11-Pentahexyloxy- 2-methoxytriphenylene 1

3,3'4,4"-Tetrahexyloxybiphenyl (6:0 g, 11-0 mmol), ferric
chloride (7-13 g, 44:0mmol, 4 equiv.) and 2-hexyloxy-
anisole (4-58 g, 22:-0mmol, 2equiv.) were added to
dichloromethane (100 ml), stirred at room temperature.
The reaction was monitored by TLC. When the reaction
had finished, the mixture was carefully poured into
methanol (300 ml) and cooled to 0°C. The crude product
was filtered off, purified by column chromatography
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(silica eluting with dichloromethane: petroleum ether,
3:2), and recrystallized from ethanol to give 3,6,7,10,11-
pentahexyloxy-2-methoxytriphenylene 1 (5g, 61%,
m.p. 79°C). Elemental analysis: C 77-8, H 9:9; C49H74 O
requires C 7753, H 9:82%. Mass spectrum: m/z
(FAB) 758 (M", 100%). '"H NMR: 4 (CDCl3) 095
(15H, t, J=68Hz, CH:CH3), 1:35-1:50 (30H, m,
OCH:CH»(CH»)3), 195 (10H, m, OCH2CH>), 405
(3H, s, OCH3), 423 (10H, t, J=6:5Hz, OCH>), 7-82
(6H, s, ArH).

5.2.3. 3,6,7,10,11-Pentahexyloxy- 2-hydroxytriphenylene 2
[17]

Diphenylphosphine [20] (2:6 ml, 15 mmol) was added
to dried tetrahydrofuran (100 ml) under argon at 0°C;
butyllithium solution in hexane (10ml, 1-:6M, 16 mmol)
was then added dropwise over 30 min with stirring. After
another 30 min, 3,6,7,10,11-pentahexyloxy-2-methoxy-
triphenylene 1 (725 g, 9-56 mmol) was added and the
mixture heated under reflux. When the reaction had
finished (TLC), the mixture was poured onto ice, and
the organic matter extracted with dichloromethane. The
organic phase was washed with aqueous hydrochloric
acid (2M) and water, dried and the solvents removed
in vacuo. The crude product was subjected to column
chromatography (silica eluting with dichloromethane:
petroleum ether, 1:1), and recrystallized from ethanol
to give white crystals of 3,6,7,10,11-pentahexyloxy-
2-hydroxytriphenylene (4:89 g, 69%). Elemental analysis:
C 776, H 9-7; C4sH720¢ requires C 77-38, H 9:74%.
Mass spectrum: m/z (EI) 744 (M ", 100%). '"H NMR:
51 (CDClI3) 095 (15H, t,J =9-4Hz, CH2CH3), 1:35-1-50
(30H, m, OCH2CH2(CH2)3), 1:95 (10H, m, OCH2CH>),
4-10 (10H, t, J =6:0Hz, OCH>), 585 (1H, s, OH), 7-72
(1H, s, ArH), 7-80 (4H, s, ArH), 790 (1H, s, ArH).

5.2.4. 1-Bromo-6-( tert-butyldimethylsilyloxy)hexane
[14]

6-Bromohexanol (5 g), rert-butyldimethylsilyl chloride
(532 g, 1-2equiv.), triethylamine (7-:67ml, 2-0 equiv.)
and 4-dimethylaminopyridine (0-334 g, 0-099 equiv.) were
added to dichloromethane (25ml). The mixture was
stirred for 11h at room temperature during which time
a white precipitate formed. Ether (150 ml) was added to
the mixture, the solution was washed with one portion
of water (80ml), and the aqueous layer shaken with two
further portions of ether (60 ml). The combined organic
extracts were washed with water (60 ml), saturated brine
solution (80ml), dried over anhydrous magnesium
sulphate, filtered and concentrated in vacuo. The crude
product was subjected to column chromatography
(silica eluting with 5% ethyl acetate/hexane) to give
1-bromo-6-(tert-butyldimethylsilyloxy)hexane (7-19 g, 88%,
b.p. 96-98°C/0-85 mm Hg). 'H NMR: &u: (CDCl3) 0-05

(6H, s, Si(CHs)), 0-89 (9H, s, SiC(CHs)), 135-1:55
(6H, m, BrCH2(CH»)3), 1-85 (2H, m, CH>CH»OSi), 3-40
(2H, t, J=68Hz, BrCH), 361 (2H, t, J=63Hz
SiIOCH>).

5.2.5. 3,6,7,10,11-Pentahexyloxy- 2-(6-hydroxyhexyloxy )-
triphenylene 4

A mixture of 3,6,7,10,11-pentahexyloxy-2-hydroxytri-
phenylene 2 (3-53 g, 474 mmol), 1-bromo-6-(tert-butyl-
dimethylsilyloxy)hexane (1-68 g, 5:69 mmol, 1-:2 equiv.),
potassium carbonate (2:61 g, 19-0mmol, 4-0 equiv.) in
ethanol (50 ml) was heated under reflux for 27h until
the reaction finished (monitored by TLC and by follow-
ing the disappearance of the OH signal in the 'H NMR).
The mixture was treated with dichloromethane and the
extracts dried over magnesium sulphate, filtered and
evaporated in vacuo. The crude silylated intermediate
3 was dissolved in tetrahydrofuran (93ml, to give a
solution of 0-05 M) and tetrabutylammonium fluoride
solution in tetrahydrofuran (14 ml, 1M, 2 equiv. per silyl
group) was added. The reaction mixture was heated to
50°C for 2h and left stirring overnight at room temper-
ature. Dichloromethane was added and the mixture
washed with water. The organic phase was dried with
magnesium sulphate, filtered and evaporated in vacuo.
The crude product was subjected to column chromato-
graphy (silica eluting with dichloromethane: ethyl acetate
3:2); ethanol was added to initiate crystallization to
give the product 4 as white crystals (2:58g, 64%).
Elemental analysis: C 76:7, H 9-9; CssHg4O7 requires
C 7674, H 10-:01%. Mass spectrum: m/z (EI) 826
(IM-H,01", 100%). '"H NMR: éu (CDCl3) 092
(I5H, t, J=65Hz, CH2CH3), 1:39-159 (36H, m,
OCH,CH»(CH»)3), 1993 (12H, m, OCH,CH>), 3-65
(2H, t, J=63Hz, CH>.OH), 421 (12H, t, J=6'5Hz,
OCH>»), 7-81 (6H, s, ArH).

5.2.6. 2-[2-(2-Hydroxyethoxy )ethoxy]-3,6,7,10,11-p enta-
hexyloxytrip henylene 5

A mixture of 3,6,7,10,11-pentahexyloxy-2-hydroxy-tri-
phenylene 2 (3-8 g, 511 mmol), 2-(2-chloroethoxy)ethanol
(0-76 g, 6:-13mmol, 1-:2 equiv.) and potassium carbonate
(2-81 g, 20-4 mmol, 4 equiv.) in ethanol (50 ml) was heated
under reflux for ten days. The mixture was treated with
dichloromethane and the extracts dried with magnesium
sulphate, filtered and evaporated in vacuo. The crude
product was subjected to column chromatography
(silica eluting with dichloromethane: petroleum ether
2:1). Ethanol was added to initiate crystallization to
give white crystals of 2-[2-(2-hydroxyethoxy)ethoxy]-
3,6,7,10,11-pentahexyloxytriphenylene 5 (1-85g, 43%).
Elemental analysis: C 750, H 9-5; Cs;HgoOs requires
C 74-96, H 9-67%. Mass spectrum: m/z (EI) 832 ([M]",
100%); 43([CH=CHOH]+, 54%). "H NMR: su (CDCl3)
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093 (15H, t, J=6:8 Hz, CH2CH3), 1-:35-1-58 (30H, m,
OCH:CH2(CH2)3), 19 (10H, t, J =6-5Hz, OCH, CH>),
3-80 (4H, OCH>CH>OH), 4:02 (2H, OCH2>CH>0), 423
(10H, t, J=62Hz, OCH;), 441 (2H, t, J=4-2Hz,
OCH,CH0), 790 (1H, s, ArH) and 7-83 (5H, s, Ar—H).

5.2.7. 2-[(6-Methacryloyloxy)hexyloxy]-3,6,7,10,11-
pentahexylox ytriphenylene 7

Methacryloyl chloride (0-157 g, 1-5mmol) was added
to the mixture of 2-(6-hydroxyhexyloxy)-3,6,7,10,1 1-penta-
hexyloxytriphenylene (0-844 g, 1 mmol), di-isopropyl-
ethylamine (0-195g, 1-5mmol) and 2,6-di-fert-butyl-
para-cresol (35mg) in dichloromethane (20ml) at 0°C
under nitrogen. The reaction mixture was stirred for
2h at room temperature and washed with aqueous
potassium carbonate. The organic phase was dried
over magnesium sulphate, filtered and concentrated
in vacuo. The crude methacrylate was purified by column
chromatography (silica eluting with dichloromethane).
Methanol was added to initiate crystallization to give the
pure product 7 (0-70 g, 76%) as white crystals. Elemental
analysis: C 762, H 9-7; CsgHgsOg requires C 7628,
H 9-71%. Mass spectrum: m/z (FAB), 913 ([M + 1]+,
100%). '"H NMR: &u (CDCls) 092 (15H, t, J=67 Hz,
CH:CH3), 1-40-1-57 (36H, m, OCH2CH2(CH>)3), 193
(15H, m, OCH2CH> and CH3—C=CH3), 421 (12H, t,
J=64Hz, Ar—~OCH; and 2H, m, CH>OCO), 5-50 and
6:07 (2H, C= CH>, s), 7-81 (6H, br. s, ArH). Like the
other acrylate and methacrylate monomers this could
be satisfactorily stored in this form at 0°C for several
weeks.

5.2.8. 2-[(6-Acryloyloxy)hexyloxy]-3,6,7,10,11-pen ta-
hexyloxytrip henylene 6

In a similar manner to 7, 2-(6-acryloyloxy)-
hexyloxy-3,6,7,10,11-pentahexyloxytriphenylene was pre-
pared (0-8 g, 89%). Elemental analysis: C 7595, H 9-9;
Cs7Hgs Osg requires C 76:13, H 9-:63%. Mass spectrum:
m/z (FAB), 899 ([M+1]", 100%). '"H NMR: &u
(CDClI3) 093 (15H, t, J =68 Hz, CH,CH3), 1:40-1-60
(36H, m, OCH2CHz(CH:)3), 195 (12H, m, OCH: CH>),
424 (12H, t, J=6'5Hz, Ar-OCH> and 2H, m,
CH>OCO), 581 (1H, d, J=10Hz, CH=CHH), 607
(1H, dd, /=10 and 16Hz, CH=CH:) 637 (1H, d,
J=16Hz, CH=CHH) and 7-81 (6H, br. s, ArH).

5.2.9. 2-[2-(2-Acryloyloxyethox y)ethoxy ]-3,6,7,10,11-
pentahexylox ytriphenylene 8

In a similar manner to 7, 2-[ 2-(2-acryloyloxyethoxy)-
ethoxy]-3,6,7,10,11-pentahexyloxytriphenylene was syn-
thesized (0-76 g, 85%). Elemental analysis: C 7445,
H 940; CssHs2O9 requires C 7446, H 9:31%. Mass
spectrum: m/z (FAB), 886 ([M]", 100%). '"H NMR:
éu (CDCl3) 093 (15H, t, J=6:8Hz, CH:CH;),

1-40-1-58 (30H, m, OCH2CH2(CH2)3), 1-94 (10H, m,
OCH:CH>»), 392 (2H, t, J=4-6Hz, —-OCH>CH>0-),
401 (2H, t, J=4-8Hz, OCH2CH-0), 423 (10H, t,
J=64Hz, OCH,CH20), 439 (4H, m, ArOCH>CH>O
and CH,OCO-CH=CH2), 579 (lH, d, J=10Hz,
CH=CHH), 6'15 (1H, dd, /=10 and 16 Hz, CH=CH>)
640 (1H, d, J=16Hz, CH=CHH), and 7-83 (5H, s,
ArH), 790 (1H, s, ArH).

5.2.10 2-/2-(2-Methacryloyloxyethox y)ethoxy |-
3,6,7,10,11-pentahexyloxytriphenylene 9
In a similar manner, 2-[ 2-(2-methacryloyloxyethoxy)-
ethoxy]-3,6,7,10,11-pentahexyloxytriphenylene (0-79 g,
87%) was prepared. Elemental analysis: C 74:65, H 9-50;
CssHs4O9 requires C 74:63, H 9:39%. Mass spectrum:
m/z (FAB), 901 ([M+ 1]+, 100%). '"H NMR: ou
(CDCl3) 093 (15H, t, J=6-8Hz, CH2CH3), 1-40-1-63
(30H, m, OCH2CH2(CH>)3), 194 (13H, m, OCH>CH>
and CH>-C=CH>»), 392 (2H, t, J =4-4Hz, CH,CH:0),
401 (2H, t, J=4-2Hz, OCH,CH:0), 423 (10H, t,
J=61Hz, OCH»), 439 (4H, m, ArOCH>CH;0O and
CH>,OCO-C(CH3)=CH2), 553 (IH, s, C= CH>2), 613
(1H, s, C= CH»), 7-83 (5H, s, ArH), 7-90 (1H, s, ArH).

5.2.11. Dihexyloxydimethoxybiphenyl mixed isomers
11a-11c

The mixture of isomers was prepared from 2-hexyl-
oxyanisole (52 g, 0-25 mol) by iodination and Ullmann
coupling following the same procedure as for the
synthesis of 3,3"4,4'-tetrahexyloxybiphenyl [10, 11, 17]
(vield 13:5 g, 26%). '"H NMR: &u (CDCl3) 090 (6H, m,
CH:CHs3), 1-35-1-50 (12H, m, OCH2CH2(CH>)3), 1-85
(4H, m, OCH2CH>»), 3-85 (6H, m, OCH3), 3-92 (4H, m,
OCH>), 6:89 (4H, m, ArH), 7-06 (2H, br. s, ArH).

5.2.12. Tetrahexyloxydimethoxytriphenylene mixed
isomers 12a-12c

The mixture of dihexyloxydimethoxybiphenyl isomers
11a-11c¢ (13-5 g) was reacted with 1,2-dihexyloxybenzene
10 (12 g, 1-2equiv.) under the conditions described
in §5.2.2. Column chromatography (on silica eluting
with dichloromethane: petroleum ether, 2:1) gave
2,7,10,11-tetrahexyloxy-3,6 -dimethoxytriphenylene 12c¢
(52 g, 23%, Rr=040) [13] and the mixed 2,7- and
2,6-dimethoxy isomers 12a and 12b of which the
2,7-dimethoxy isomer was the main component (547 g,
24%., Ry=0-50) [13]. For isomers 12a and 12b. 'H
NMR: 6u (CDCIl3) 0:94 (12H, m, CH2CH3), 1-40-1-58
(24H, m, OCH:CH2(CH>)3), 1:95 (8H, m, OCH2CH?),
4-10 (6H, s, ArOCH3), 425 (8H, m, ArOCH>), 7-81
(6H, m, ArH).
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5.2.13. Tetrahexyloxy-2,7- and -2,6-dihydrox y-
triphenylenes 13a, 13b

A mixture of tetrahexyloxy-2,7- and -2,6-dimethoxy-
triphenylenes 12a and 12b (547 g, 7-94mmol), butyl-
lithium (14-9ml in hexane, 23-8mmol, 3 equiv.) and
diphenylphosphine lithium (4-14 ml, 23-8 mmol, 3 equiv.)
in tetrahydrofuran was heated under reflux until the
cleavage of the two methoxy groups was complete
(monitored by TLC and 'H NMR). When the reaction
had finished, the mixture was poured onto ice and the
organic material extracted with dichloromethane. The
organic phase was washed with aqueous hydrochloric
acid (2M) and water, dried, filtered and concentrated
under reduced pressure. The crude product was
subjected to column chromatography (silica eluting with
dichloromethane: petroleum ether, 2:1), and recrystal-
lized from ethanol to give a white crystalline pro-
duct which was a mixture of tetrahexyloxy-2,7- and
-2,6-dihydroxytriphenylene 13a and 13b (3-1 g, 51%). 'H
NMR: 6u (CDCl3) 0-95 (12H, br. s, CH2CH3), 1:35-1-50
(24H, m, CH2(CH>)3CH3), 195 (8H, br. m, OCH>CH>),
4-10 (8H, m, OCH,>CHa»), 5-:85 (2H, br. s, OH), 7-72
(4H, br. s, ArH), 7:80 (2H, br. s, ArH).

5.2.14. 3,6,10,11-T etrahexyloxy-2,7-bis(6-hydroxy-
hexyloxy)triphenylene 15

A mixture of tetrahexyloxy-2,7- and -2,6-dihydroxy-
triphenylene 13a and 13b (3-10 g, 4-69 mmol), 1-bromo-
6-(tert-butyldimethylsilyloxy)hexane (3-32 g, 11-2mmol,
2-4 equiv.) and potassium carbonate (2-59 g, 19-0 mmol)
in ethanol (50 ml) was heated under reflux for 27 h until
the reaction was complete (monitored by TLC and 'H
NMR until the OH signal had disappeared). The mixture
was shaken with dichloromethane and the extracts dried
with magnesium sulphate. The crude mixture of silylated
products 14a and 14b was dissolved in tetrahydrofuran
(65ml, to give a ca. 0-05M solution) and tetrabutyl-
ammonium fluoride (28 ml in tetrahydrofuran, 1M,
2 equiv. per silyl group) was added. The reaction mixture
was heated at 50°C for 2h and stirred at room temper-
ature overnight. Dichloromethane was added and the
mixture washed with water. The organic phase was dried
with magnesium sulphate, filtered and evaporated. The
crude product was subjected to column chromatography
(on silica eluting with dichloromethane:ethyl, acetate
3:2); ethanol was added to initiate crystallization to
give 3,7,10,11-tetrahexyloxy-2,6-bis(6-hydroxyhexyloxy)-
triphenylene (0-15 g, 4% over two steps, m.p. 72:5°C)
and 3,6,10,11-tetrahexyloxy-2,7-bis(6-hydroxyhexyloxy)-
triphenylene 15 (0-93 g, 23% over two steps, m.p. 82°C).
The two isomers were readily distinguished by 'H NMR
spectroscopy since isomer 15 possesses an additional
plane of symmetry.

For 3,6,10,11-tetrahexyloxy-2,7-bis(6-hydroxyhexyloxy)-

triphenylene 15. Elemental analysis: C 752, H 9§;
Cs4Hs4 Og requires C 75-31, H 9-83%. Mass spectrum:
m/z (EI) 860 ([M]+, 46%). '"H NMR: 8u (CDCl3) 0-93
(12H, t, J=65Hz, CH2CH3), 140-1-60 (36H, m,
OCH:CH2(CHz)3), 194 (12H, m, OCH:CH2), 3-69
(4H, br. m, CH,OH) 4-23 (12H, t,J = 6:2Hz, ArOCH>),
7-83 (6H, s, ArH).

5.2.15. 2,7-Bis[(6-acryloyloxy)hexyloxy]-3,6,10,11-
tetrahexylox ytriphenylene 16

Acryloyl chloride (0-157 g, 1-5mmol) was added to
the mixture of 2,7-bis(6-hydroxyhexyloxy)-3,6,10,11-tetra-
hexyloxytriphenylene 15 (0-430 g, 0-5 mmol), di-isopropyl-
ethylamine (0-195g, 1-5mmol) and 2,6-di-tert-butyl-
para-cresol (35mg) in dichloromethane (20ml) at 0°C
under a nitrogen atmosphere. The reaction mixture was
stirred for 2h at room temperature and washed with
dilute aqueous potassium carbonate. The organic phase
was dried with magnesium sulphate filtered and
evaporated. The crude acrylate was purified by column
chromatography (on silica eluting with dichloromethane).
Methanol was added to initiate crystallization to give
the pure product 16 (0-44 g, 91%, m.p. 41°C). Elemental
analysis: C 74-5, H 8:95; CeoHssO10 requires C 74-34,
H 9-15%. Mass spectrum: m/z (EI), 968 ([M]+, 6%).
'H NMR: su (CDCls) 093 (12H, br. s, CH:CH3),
1-40-1-75 (36H, m, OCH2CH2(CH2)3), 1-94 (12H, m,
OCH:CH3»), 423 (16H, br. s, OCH2 and CH>,OCO),
5-83 (1H, d, J=10Hz, CH=CHH), 6:13 (1H, dd, J =10
and 16 Hz, CH=CH:) 6-38 (1H,d,J =16 Hz, CH=CHH),
7-83 (6H, s, ArH).

5.2.16. 3,6,11-T rihexyloxy-2,7,10-trime thoxytriphenylene
17

This was prepared by trimerization of 2-hexyloxy-
anisole (20 g) using ferric chloride in the manner
described in §5.2.2. The product was obtained following
column chromatography (on silica eluting with dichloro-
methane: petroleum ether, 4:1), and recrystallized from
ethanol to give compound 17 as white crystals (53 g,
27%, m.p. 102°C, lit. [16] 100°C). Elemental analysis:
C 7565, H 89; C39Hs4Os requires C 757, H 8-79%.
Mass spectrum: m/z (EI) 618 ([M]+, 100%). 'H NMR:
ou (CDCl3) 095 (9H, t, J =6:5Hz, CH2CH3), 1:41-1-57
(18H, m, —OCH:CH2(CH2)3), 1-98 (6H, t, J=69 Hz,
OCH:CH>»), 410 (9H, s, OCH3), 426 (6H, t, J = 6-8 Hz,
OCH»), 778 (6H, s, ArH). The identification of this as
the unsymmetrically substituted isomer rests in part on
its melting point, but also on the lack of symmetry
displayed in the 'H NMR spectrum of its demethylation
product 18.
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5.2.17. 3,6,11-T rihexyloxy-2,7,10-trihydrox ytriphenylene
18

In a similar manner to that described in §5.2.3, the
3,6,11-trihexyloxy-2,7,10-trimethoxytriphenylene 17 was
demethylated to give the trihydroxy compound 18
(2.08 g, 72%, m.p.164-169°C). Elemental analysis:
C 7505, H 8:25; C36H3O¢ requires C 74-97, H 8:39%.
Mass spectrum: m/z (FAB), 576 ([M]", 100%). 'H
NMR: 6u (CDCl3 ) 094 (9H, m, CH2CH3), 1-:20-1-65
(18H, m, OCH2CH2(CH>)3), 1:92 (6H, m, OCH2CH>),
423 (6H, m, OCH»), 7-66 (1H, s, ArH), 7-67 (1H, s, ArH),
7-75 (1H, s, ArH), 791 (2H, s, ArH), 792 (1H, s, ArH).

5.2.18. 3,6,11-T rihexyloxy-2,7,10-tris(6 -hydroxy-
hexyloxy) triphenylene 19

In a similar manner to that described in §5.2.5,
3,6,11-trihexyloxy-2,7,10-trihydroxytriphenylene 18 was
converted into the tris(6-hydroxyhexyloxy) product 19
(76%, m.p.52°C). Elemental analysis: C 734, H 9-5;
Cs4Hga Og requires C 7393, H 9-65%. Mass spectrum:
m/z (FAB), 877 ([M + 1]+ ,43%)."H NMR: 65 (CDCl3)
093 (9H, m, CH:CH;3), 120-1-80 (36H, m,
OCH:CH»(CH»)3), 194 (12H, m, OCH,CH>), 3-68
(6H, m, CH,OH), 423 (12H, m, Ar-OCH), 7-83
(6H, s, ArH).

5.2.19. 2,7,10-Tris(6-acryloyloxyhe xyloxy)-3,6,11-
trihexyloxytriphenylene 20

In a similar manner to that described in §5.2.7,
the 3,6,11-trihexyloxy-2,7,10-tris(6-hydroxyhexyloxy)tri-
phenylene 19 was converted into the tri-ester 20
(48%, m.p. 38°C). Elemental analysis: C 72-85, H 8-95;
Cs3HooO12 requires C 72:80, H 8:73%. Mass spectrum:
m/z (FAB), 1038 ([M]+, 100%). '"H NMR: sy (CDCl;3)
0-93 (9H, m, CH2CH3), 1:10-2-00 (48H, m, OCH2(CH2)a),
4-23 (18H, m, OCH; and CH>-OCOCH=CH3), 423
(I12H, m, OCH»), 5-:80 (1H, d, J=10Hz, CH=CHH),
6-13 (1H, dd, J =10 and 16 Hz, CH=CH3) 6:37 (1H, d,
J=16Hz, CH=CHH), 7-83 (6H, s, ArH).

5.2.20. Polymerization of 2-[2-(2-acryloyloxyethoxy)-

ethoxy]-3,6,7,10,11-pentahexyloxy-triphenylene

8 to give poly-8

A mixture of 2-[2-(2-acryloyloxyethoxy)ethoxy]-

3,6,7,10,11-pentahexyloxytriphenylene 8 (0-2 g) and AIBN
(4mg) in benzene (4ml) was heated under reflux (60°C)
for 5 days. The polymer solution was poured into a large
volume of stirred methanol, the precipitate filtered off,
and purified by reprecipitation from dichloromethane/
methanol to give poly-8 (0-14 g, 70%) as a grey powder.
Elemental analysis: C 73-15, H 9-30; [CssHg2O9],
requires C 7446, H 9-31%. '"H NMR: &y (CDCls)
091 (15H, br. s, -CH2CH3), 1-05-2:15 (43H, br. m,
Ar—-OCH2(CH2)s, and —-CH-CH>-), 3-40-4-60 (18H, br. s

Ar-OCH»> and Ar-OCH>CH>OCH,CH>0), 7-00-7-95
(6H, br. s, ArH).

5.2.21. Polymerization of 2-[(6-acryloyloxy)hexyloxy ]-
3,6,7,10,11-pentahexyloxytriphenylene 6 to give
poly-6

2-[(6-Acryloyloxy)hexyloxy]-3,6,7,10,11-pentahexyl-
oxytriphenylene 6 was polymerized and poly-6 was

purified in a similar manner to poly-8 to give 0-16 g,

53%. Elemental analysis: C 75-85, H 9-90; [Cs7HssOs ]

requires C 76:13, H 9:63%. 'H NMR: &y (CDCls)

091 (15H, br. s, CH2CH3), 1-05-2:10 (51H, br. m,

Ar—-OCH»(CH»)s and —~CH-CH>-), 3-60-4-40 (12H, br.

m, Ar—-OCH>), 7-50-7-90 (6H, br. s, ArH).

5.2.22. Polymerization of 2-[ (6-methacryloxy )hexanoxy J-
3,6,7,10,11-pentahexyloxy-triphenylene 7 to give
poly-7

In a similar manner to the above, 2-[(6-methacryl-
oyloxy)hexyloxy]-3,6,7,10,1 1-pentahexyloxytriphenylene

7 was polymerized and purified (0-14 g, 46%). Elemental

analysis: C 7480, H 9:65; [CssHssOs], requires

C 7628, H 971%. 'H NMR: sy (CDCl3) 0-40-2-15

(68H, m, Ar—OCH»(CH»)sCH3, Ar—~OCH»>—(CH>)s, and

—-C(CH3)-CH>-), 3:60-430 (14H, Ar-OCH: and

CH>0CO), 7-00-7-80 (6H, Ar—H).

5.2.23. Polymerization of 2-[2-(2-methacryloyloxyethoxy )-
ethoxy]-3,6,710,11-pentahexyloxytriphenylene 9
to poly-9

In a similar manner to the above, 2-[ 2-(2-metha-
cryloyloxyethoxy)ethoxy]-3,6,7,10,11-pentahexyloxytri-

phenylene 9 was polymerized and purified (0-10 g, 33%).

Elemental analysis: C 7365, H 9-35; [CssHgaO9],

requires C 7463, H 935%. 'H NMR: &u (CDCls)

0-60-2:10 (60H, br. m, ArOCH2(CH::CH and

—C(CH3)-CH>-), 3-60-4-50 (18H, br. m, ArOCH> and

ArOCH>CH>OCH>CH»0), 7-20-7-80 (6H, br. s, ArH).

5.2.24. Copolymerization of 2-[(6-acryloyloxy)-
hexyloxy ]-3,6,7,10,11-pent ahexyloxy-triphenylene
6 and methyl acrylate to give copoly-6-a
A mixture of 2-[(6-acryloyloxy)hexyloxy]3,6,7,10,11-
pentahexyloxy-triphenylene 6 (0-20 g), methyl acrylate
(0-25 g) and AIBN (4mg) in benzene (4 ml) was heated
at 70°C under an atmosphere of nitrogen for three days;
the polymer produced was precipitated with methanol
and purified by reprecipitation from dichloromethane/
methanol to give the white copolymer copoly-6-a (0-23 g).
Elemental analysis: C 66:15, H 8:60%. Copolymer
composition (molar % triphenylene component): 9-02%
based on the microanalysis, and 8-:28% based on the 'H
NMR ratio of aromatic to methyl signal integrations.
'H NMR: &4 (CDCL) 093 (br. s, CH:CH3), 1-1-25
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(m, CH>» and CH), 34-3-8 (br. m, OCH3), 40-44
(m, CH20), 7-8 (br. s, ArH).

5.2.25. Copolymerization of 2-(6-acryloylox yhexyloxy)-
3,6,7,10,11-pentahexyloxytriphenylene 6 and
2,7-bis[ (6-acryloyloxy)hexyloxy]-3,6,10,11-
tetrahexylox ytriphenylene 16 to give copoly-6-16

The mixture of 2-(6-acryloyloxyhexyloxy)-3,6,7,10,11-
pentahexyloxytriphenylene 6 (0-180 g), 2,7-bis[(6-acryl-

oyloxy)hexyloxy]-3,6,10,11-tetrahexyloxytriphenylene 16

(0-010 g, 5% mol ratio) and AIBN (4mg) in benzene

(4ml) was heated at 70°C under a nitrogen atmosphere

for three days, then at 80°C for a further two days.

The polymer was precipitated with a large volume of

methanol, and purified by reprecipitation from chloro-

form/methanol to give copoly-6-16 (90mg). Elemental
analysis: C 752, H 945%. 'H NMR: sy (CDCl)

0-40-245 (m, Ar—OCH2(CH»)sCH3, Ar—-OCH2(CH )4

and CH-CH>), 3-40-4-50 (m, Ar—OCH> and CH,OCO),

7-10-7-90 (m, ArH).

5.2.26. Copolymerization of 2-(6-acryloylox y-
hexyloxy)-3,6,7,10,11- pentahexylox ytriphenylene
6 and 2,7,10-tris( 6-acryloyloxyhe xyloxy)-3,6,11-
trihexyloxy-triphenylene 20 to give copoly-6-20
The mixture of 2-(6-acryloyloxyhexyloxy)-3,6,7,10,11-
pentahexyloxytriphenylene 6 (204 mg), 2,7,10-tris(6-acryl-
oyloxyhexyloxy)-3,6,1 1-trihexyloxytriphenylene 20 (26 mg)
and AIBN (8 mg) in benzene (4 ml) was heated at 70°C
under a nitrogen atmosphere for three days and then
at 80°C for a further two days. The polymer was
precipitated with a large volume of methanol, and
purified by reprecipitation from chloroform/methanol
to give copoly-6-20 (90mg). Elemental analysis:
C 7465, H 8:65%. '"H NMR: 8u (CDCl3) 0-40-2-45 (m,
Ar-OCH2(CH»)sCH3, Ar—OCH2(CH)s and CH-CH>),
3:40-4-50 (Ar-OCH> and CH,0OCO), 7-10-7-90 (m, ArH).

We thank the Overseas Research Students Awards
Scheme (O.R.S.) and the University of Leeds (Tetley and
Lupton Scheme) for awards to Z.L.

References
[1] Bock, H., and HeLFrIicH, W., 1992, Ligq. Cryst., 12, 697;
CHeN, X. H., and ScHerowsky, G., 1995, J. mater.
Chem., 5, 417.
[2] Curist, T., GLUSEN, B., GREINER, A., KETTNER, A.,
SANDER, R., StumprLEN, V., Tsukruk, V., and

WENDORFF, J. H., 1997, Adv. Mater., 9, 48; Carist, T.
and WENDORFF, J. H. W., 1997, Makromol. Chem. rapid
Commun., 18, 93.

[3] WriGHT, J. D., RoisiN, P., RiGBy, G. P., NoLTE, R. J.,
Cook, M. J., and THorpg, S. C., 1993, Sensors and
Actuators B, 13-14, 276; CoLg, A., MclILroy, R. J.,
Tuorpre, S. C., Cook, M. J., McMurpo, J., and
Ray, A. K., 1993, Sensors and Actuators B, 13-14, 416.

[4] BopEN, N, BIsseLL, R., CLEMENTS, J., and MOVAGHAR, B.,
1997, Curr. Sci., 6, 599; BopeN, N., and MOVAGHAR, B.,
1997, Handbook of Liquid Crystals, edited by D. Demus,
J. W. Goodby, G. W. Gray, H. W. Spiess, and V. Vill
(Weinheim: VCH, to be published).

[5] BenGs, H., FINKELMANN, H., KUPFER, J., RINGSDORE, H.,
and SCHUHMACHER, P., 1993, Makromol. Chem. rapid
Commun., 14, 445.

[6] Fuave-NicorLin, C. D,
Macromolecules, 29, 6143.

[7] KarTtHAUS, O., RINGSDORF, H., TsSUKrRUK, V. V., and
WENDORFF, J. H., 1992, Langmuir, 8, 2279.

[8] BusHuBy, R. J., and CAMMIDGE, A. N., 1997, Handbook
of Liquid Crystals, edited by D. Demus, J. W. Goodby,
G. W. Gray, H. W. Spiess, and V. Vill (Weinheim: VCH,
to be published ).

[9] KrEUDER, W., and RINGSDORE H., 1983, Makromol.
Chem. rapid Commun, 4, 807; KREUDER, W,
RiNGsDORF, H., and TScHIRNER, P., 1985, Makromol.
Chem. rapid Commun, 6, 367.

[10] Bopen, N., Borner, R. C., BusuBy, R. J., and
CAMMIDGE, A. N, 1993, Lig. Cryst., 15, 851; BOoDEN, N,
BusuBy, R. J., CammiDGE, A. N., and Heabppock, G.,
1995, Synthesis, 31.

[11] Bopen, N., BusuBy, R. J., and CamMIDGE, A. N,
1994, J. chem. Soc. chem. Commun., 465; BODEN, N.,
BusuBy, R. J., and CaMMIDGE, A. N., 1995, J. Amer.
chem. Soc., 117, 924.

[12] WERrTH, M., and Spiess, H. W., 1993, Makromol. Chem.
rapid Commun., 14, 239.

[13] Cross, F., HaussLing, F.,  HENDERSON, P.,
RiNGsDORF, H., and SCHUMACHER, P., 1995, J. chem.
Soc., Perkin Trans. 1, 829.

[14] KarvreTeNos, A., StiLLg, J. K., and HeGepus, L. S.,
1991, J. org. Chem., 56, 2883.

[15] WriGHT, P., GiLuies, 1., and KILBURN, J. D., 1997,
Synthesis (in the press).

[16] CuapruzeT, J. M., and SimMoNET, J., 1991, Tetrahedron,
47, 791.

[17] Bopen, N., BusuBy, R. J., CAMMIDGE, A. N., and
MARTIN, P., 1995, J. mater. Chem. 5, 1857, and
unpublished work.

[18] For example, Tables in the Polymer Handbook edited by
J. Brandrup, and E. H. Immergut, 1989 (J. Wiley).

[19] Cowig, J. M. G., 1975, Europ. Polym. J., 11, 297.

[20] IrELAND, R. E., and WaLA, D. M., 1988, Org, Synth.,
Col. Vol. 6, edited by W. E. Norland (J. Wiley),
pp. 567-570.

and Lus, J., 199,



