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INVITED ARTICLE

Triphenylene discotic liquid crystals: biphenyls, synthesis, and the search for 
nematic systems
Sultanah M. N. Alhunayhina, Richard J. Bushbyb, Andrew N. Cammidgea and Saeed S. Sammana

aSchool of Chemistry, University of East Anglia, Norwich, UK; bSchool of Chemistry, University of Leeds, Leeds, UK

ABSTRACT
The development of the cyanobiphenyls for display applications was one of the most important 
technological advances of the 20th century. Here, we present a personal account of how advances 
in biphenyl science (synthesis and application) influenced the development of discotic liquid 
crystals. We focus on those based on triphenylene, the most widely studied discotic core. The 
search for nematic discotics proved to be challenging with relatively few early examples being 
reported. In examples of symmetrically hexasubstituted triphenylenes, a ring of peripheral aryl 
ester or alkynylaryl substituents provides effective steric blocking to columnar assembly – the face- 
to-face molecular arrangement that is observed in the majority of triphenylene discotics. The 
synthetic challenges associated with early triphenylene synthesis have now been largely over-
come. Efficient oxidative trimerisation of dialkoxybenzenes gave direct access to materials with 
high purity and at scale. The intermediates can be manipulated through deprotection and 
elaboration, a pathway that allowed synthesis of lyotropic (Nc) systems among others. The 
combination of modern cross-coupling chemistry with oxidative processes has proved versatile, 
leading to synthesis of unsymmetrical monomeric and dimeric systems. Dimeric systems linked by 
rigid bridges have been identified as a separate class of materials that show strong tendency for 
nematic mesophase formation.
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Introduction

The flat-screen display industry was founded upon the 
ease with which thermotropic nematic phases can be 
aligned using surface effects and the ease with which 
that alignment can be switched using electromagnetic 
fields. In the development of these applications the inven-
tion of the cyanobiphenyls was the game-changing step. 
Cyanobiphenyls became the basis of most displays as well 
as the main ‘workhorse’ used by liquid crystal scientists 

world-wide. It was this success that led to the belief that, 
for essentially all liquid crystal devices, electromagneti-
cally switchable phases would be the key to success, and 
the focus naturally lay with the low viscosity nematics.

As a result, when discotic liquid crystals were dis-
covered, there was immediate interest in finding meso-
gens that could be switched, and particularly on 
materials that would give discotic nematic (ND) phases. 
Partly, these hopes proved false (discotic nematics 
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proved difficult to obtain, difficult to align and difficult 
to switch!), but it was the ND phases which led to the 
first commercially important application. The first gen-
eration of discotic liquid crystals were all columnar [1] 
and subsequent development of the field has been domi-
nated by studies of the columnar phase [2,3]. Indeed, 
some early studies also investigated potential switching 
of ferroelectric/chiral columnar systems [4]. While 
biphenyls can be considered the workhorse of calamitic 
liquid crystal development, the same can be said for 
triphenylenes within the development of discotic liquid 
crystals [5]. Unlike calamitic systems, where nematic 
systems are not uncommon and where it is not unusual 
to find nematic/smectic phase transitions, ND phases are 
relatively rare and ND/columnar phase transitions are 
particularly scarce [6]. This is because the molecular 
features which give rise to columnar and to ND phases 
are different (Figure 1).

The tendency of discotic liquid crystals to give colum-
nar phases is often vaguely attributed to ‘pi-stacking 
interactions’ with the unspoken implication that ‘some-
thing’ always causes aromatic rings to stack on top of each 
other giving columns. However, this is not the case. In the 
absence of significant dipole/dipole interactions, the 
stacking of aromatic rings is dictated by the competing 
effects of the van der Waals interaction (favouring co- 
planar/columnar stacking) and quadrupole/quadrupole 
interaction (favouring an orthogonal arrangement) [7]. 
Hence, for benzene and many of its derivatives, the 

quadrupole term dominates leading to a preferred ortho-
gonal arrangement of nearest neighbour molecules; often 
a ‘herringbone’ packing in the crystalline state. Only for 
polynuclear aromatics, where there is increased delocali-
sation, easier polarisation, and stronger van der Waals 
interactions, is columnar stacking favoured. For discotic 
mesogens, the significant ‘extra factor’ which favours 
columnar stacking is chain/core micro-phase separation. 
The large enthalpy associated with the Cr/Col transition 
relates to the melting of the side-chains [8]; it relates to 
the entropic term associated with the transformation 
from one to many conformational states. This is max-
imised when the conformational space available to the 
side-chains is also maximised. This is the case when 
discogens are stacked one-on-top of each other (as in 
the columnar phase, Figure 1(c)) but not when the side- 
chains are (partly) sandwiched between rigid aromatic 
cores (as in the ND phase, Figure 1(e)). The first triphe-
nylene ND systems to be discovered were those where the 
core was surrounded by O2CC6H4R [9–12] or C≡CC6H4 
R [13,14] substituents (Figure 1(a)). These substituents 
create a core that has a ‘dished surface; one that is thicker 
at its rim than it is in its centre (Figure 1(b)). In the case of 
the O2CC6H4R systems, this arises because, in the most 
stable conformation, the benzene ring is twisted out of the 
plane of the triphenylene. In the C≡CC6H4R systems, the 
most stable conformation has all the aryl rings coplanar, 
but the barrier to rotation is so low [15] that there is 
a significant population of non-coplanar states. This 

Figure 1. (Colour online) (a) mesogens giving rise to the ND phase (b) schematic representation of a discogen core with a ‘dished’ 
surface. (cross-section right) (c) schematic of the columnar stacking of flat aryl cores. (d) schematic of the columnar stacking of ‘dished’ 
aryl cores. (e) schematic of the ND phase of flat aryl cores. (f) schematic of the ND phase of ‘dished’ aryl cores. In (c)-(f) the varying 
degrees of accessible conformational space (c>f>e) for the (red) side-chains is indicated by the pale red shading (see text).
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destabilises the columnar phase. Packing of ‘dished’ rings 
is generally difficult and packing in columns (in particu-
lar) creates free space [16] (Compare Figure 1(c,d)). 
However, in the nematic phase, it provides additional 
conformational space for the side-chains (compare 
Figure 1(e,f)).

It was the ND phases of the ester derivatives that were 
to lead to the first significant (and, so far, only significant) 
commercial application of discotics. Although they have 
switching times that are far too slow for them to be useful 
as display materials, their optical properties provided the 
ideal solution to the problem of improving the angle of 
view of liquid crystal display [17,18]. In the early years of 
liquid crystal displays this was a persistent problem. 
A clear image with true colours was only seen when the 
observer was positioned directly in front of the screen. 
This is a result of the birefringence of the oriented liquid 
crystal film. In the ‘on’ state of a twisted nematic display, 
although the director is perpendicular to the electrodes in 
the centre of the cell, it remains pinned in a planar 
orientation next to the surface. This ‘hybrid’ orientation 
of the director gives a birefringence profile that can be 
cancelled by a matching discotic film with the opposite 
birefringence profile. Fortunately, thin films of ND dis-
cotics provide exactly that with planar alignment of the 
director at the solid interface and a perpendicular or 
tilted alignment at the air interface (Figure 2(b)). 
Furthermore, in the case of the ‘reactive mesogen esters’ 
(Figure 2(a)), polymerisation locks this birefringence 
profile into a stable film that is transparent and cheap 
to make; a polymer film that solves the ‘angle of view’ 
problem.

The success of the nematic phases of the cyanobiphe-
nyls also stimulated interest in the stabilisation of 
nematic phases of lyotropic liquid crystals and, once 
again, discotic mesogens provided an answer. It was 
shown as far back as 1967 [19] that solutions of orien-
tationally ordered disc-shaped (ND) or rod-shaped (NC) 

micelles [20–22] could give rise to nematic behaviour, 
but the first lyotropic nematic phases found were only 
stable over very restricted ranges of temperature and 
concentration [23,24]. In part, this is a result of the fact 
that (because hydrophobic alkyl chains are so flexible) 
a conventional amphiphile can give rise to rod-shaped, 
spherical or disc-shaped aggregates (Figure 3(b)). 
However, amphiphiles with a rigid hydrophobic part 
can only form one type of aggregate. For example, 
a discoid amphiphile consisting of a rigid hydrophobic 
core which is surrounded by hydrophilic groups can 
only give rod-shaped aggregates and NC nematic phases. 
The first example of such a discoid amphiphile was 
2,3,6,7,10,11-hexa-(1′,4′,7′-trioxaoctyI)-triphenylene 
(Figure 3(a)) normally known by the abbreviation 
TP6EO2M [25]. In water, this amphiphile forms an 
NC phase over a wide range of concentrations and 
temperatures [26]. Although designating these rod-like 
aggregates as ‘micelles’ is perhaps useful in making the 
conceptual link to the NC phases formed by conven-
tional lyotropic systems, perhaps the term ‘aggregate’ is 
preferable. The aggregation of TP6EO2M is pseudo- 
isodesmic, and there is no critical micelle concentration 
[26–30]. Since the discovery of TP6EO2M, a range of 
similar systems with wide nematic ranges have been 
reported. These include mesogens in which perylenebi-
simine [31], dibenzophenazine [32], phthalocyanine 
[33] and tricycloquinazoline [34] hydrophobic cores 
are surrounded by an annulus of hydrophilic EOn 
chains. Like thermotropic nematic systems, the lyotro-
pic NC systems can be oriented in strong magnetic 
fields, but unlike the thermotropic nematics, they 
prove frustratingly difficult to orient using surface 
effects [35]. What was not realised at the time 
TP6EO2M was developed was that it is a non-ionic 
analogue of a ‘chromonic’ liquid crystal and chromonic 
liquid crystals systems [36] had been known (if not 
properly understood) for many years [37,38]. 

Figure 2. (Colour online) (a) example of a mesogen used in the manufacture of optical compensating film. (b) schematic of a nematic 
film with a hybrid orientation of the director.

LIQUID CRYSTALS 1335



The link between biphenyls and triphenylenes 
extends beyond their respective status as benchmark 
cores for calamitic and discotic liquid crystals because 
biphenyls play an important role in the synthesis and 
synthetic development of triphenylenes. For the most 
part, the molecules discussed so far are based on sym-
metrically hexa-substituted triphenylenes. Structures of 
this type became readily available when efficient cyclo-
trimerization of dialkoxybenzenes was achieved [39]. 

Oxidative trimerisation of dimethoxybenzene (vera-
trole) followed by exhaustive demethylation provides 
the starting material for synthesis of hexa-esters, 
among many other possibilities (Scheme 1).

Unsymmetrically substituted triphenylenes remained 
difficult to access for some time. Some success has been 
achieved via reaction of a mixture of substituted ben-
zenes [39] or partial dealkylation/hydrolysis strategies 
[40–42], followed by separation of the various reaction 

Figure 3. (Colour online) (a) the molecular formula of TP6EO2M (b) the contrast between the types of aggregate that can be formed in 
water by an amphiphile with a flexible hydrophobic alkyl chain and one (like TP6EO2M) that has a rigid hydrophobic aryl core. For the 
first three aggregates a few molecules have been removed from part of the surface to reveal the hydrophobic core.
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products. However, the first breakthrough in this area 
stemmed from consideration of the mechanistic 
sequence that converts (substituted) benzenes into tri-
phenylenes. As depicted in Scheme 1, the reaction is 
presumed to follow the sequence benzene-biphenyl- 
terphenyl-triphenylene, intermediates with frameworks 
that had become highly familiar within the LC field. We 
reasoned that a pre-synthesised suitable biphenyl inter-
mediate could subsequently lead to controlled prepara-
tion of a single unsymmetrical triphenylene upon 
reaction with a complementary benzene partner, so 
long as the reaction conditions favoured triphenylene 
formation over the known oxidative dimerisation of 
biphenyl intermediates [43]. The protocol proved to be 
successful and convenient [44]. Symmetrical and 

unsymmetrical tetraalkoxybiphenyls, prepared by tradi-
tional Ullman-type coupling of halobenzenes, were 
reacted with dialkoxybenzenes again using FeCl3 as 
oxidant (Scheme 2). Combinations of long-chain alkoxy 
(hexyl) and methoxy substituents were chosen to aid 
separation/isolation, but also to allow further manipula-
tion via selective deprotection of the methyl ethers. The 
resulting dihydroxytriphenylene derivatives were ori-
ginally converted to main-chain polymers [45], but the 
intermediates have since been more widely employed in 
investigations of differentially substituted unsymmetri-
cal triphenylenes to probe substituent effects and their 
influence on mesophase behaviour.

At around the same time, the application of transi-
tion-metal catalysed cross-coupling chemistry in biaryl 

Scheme 1. Straightforward synthesis of hexaalkoxytriphenylenes (HAT), the presumed reaction sequence, and products from full and 
partial (single) hydrolysis.

Scheme 2. Synthesis of unsymmetrically substituted hexaalkoxytriphenylenes by reaction of a pre-formed tetraalkoxybiphenyl with 
dialkoxybenzene.
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synthesis, and synthesis in general, was gaining signifi-
cant momentum. Hird and co-workers [46] used 
Suzuki-Miyaura cross-coupling strategies to efficiently 
access biphenyl intermediates to deliver unsymmetrical 
triphenylenes, and the combination of cross-coupling 
with oxidative approaches has proved highly effective. 
A significant advantage of the cross-coupling approach 
is that the electronic character of the reacting compo-
nents does not need to be matched and electron-rich 
systems (required for oxidative coupling) are not 
needed. Triphenylenes can be synthesised with free β- 
positions (e.g. 4) through construction of o-terphenyl 
intermediates, and they can be post-functionalised by 
simple electrophilic aromatic substitution [47]. 
Bromination, for example, conveniently gives inter-
mediates suitable for nucleophilic aromatic substitution 
[47] or subsequent cross-coupling [48–51]. Scheme 3 
shows one example where this sequence was employed 
to produce an unsymmetrical triphenylene 6 that exhi-
bits the rare helical columnar mesophase at room tem-
perature [47]. 

The range of triphenylene materials available for 
design has therefore been significantly expanded and 
has particularly opened the way for investigation of 
new structural motifs to probe factors controlling 
columnar stability and to encourage nematic mesophase 
formation. A wide range of differentially (hexa)substi-
tuted triphenylenes have now been investigated, sequen-
tially replacing alkoxy substituents on the parent 
hexaalkoxytriphenylenes. The studies reveal some gen-
eral trends. Mesophase formation is often supported so 
long as conjugating substituents are introduced (essen-
tially extending the core) [50]. The reduced symmetry of 

the systems also typically results in a suppression of 
crystallisation leading to glassy columnar phases. 
Figure 4 shows representative examples that demon-
strate how relatively minor changes can impact meso-
phase formation and stability.

The contrasting mesophase behaviour of the triphe-
nylene hexaethers (columnar) and the hexaarylesters 
(nematic) has been highlighted earlier. Studies investi-
gating mixed ether-ester linkages in the triphenylene 
series have been initiated recently. Replacing a single 
ether of the parent hexaalkoxytriphenylene with aryl 
ester substituents so far leads only to columnar meso-
phases. In fact, in the initial study, we find that the 
mesophase range is remarkably insensitive to the size 
and character of the aryl ester employed, implying that 
the single aromatic unit can be easily accommodated in 
the chain region between columns [52]. This investiga-
tion has now been extended to include selected exam-
ples of isomeric diesters, reported here for the first time, 
and again columnar mesophases only are observed 
(Figure 5).

While columnar packing/assembly is effectively con-
strained in examples of triphenylene hexaaryl esters, an 
alternative approach to generating nematic mesophases 
in triphenylene discotics has emerged whereby colum-
nar packing is disfavoured by the formation of dimeric 
systems, typically linked by rigid bridges. Some exam-
ples are shown in Figure 6 Here the behaviour contrasts 
with dimeric systems linked by flexible spacer chains of 
appropriate length, where columnar mesophase forma-
tion is preserved [53–55]. The first examples of this 
motif were the diacetylene-bridged triphenylenes 
reported by Kumar and Varshney [56]. Twinned 

Scheme 3. An example of synthesis of a lightly substituted triphenylene via an o-terphenyl, and subsequent functionalisation to give 
a mesogenic hexasubstituted material [47].
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systems – two triphenylene cores linked by two rigid 
bridges to form a macrocycle – show a strong tendency 
towards nematic behaviour [57–59]. Complementary to 
the design features that lead to nematic phases in the 
triphenylene hexaaryl esters, here the formation of 
columnar assemblies also leads to free space (through 

the centre of the column in this case) favouring the 
slipped (ND) arrangement [57]. 

Further examples of dimers where the bridges are 
systematically engineered to modify core–core separa-
tion and conformational freedom have been investi-
gated more recently, focusing on aryl ester [52] and  

Figure 4. Examples of structural variation in unsymmetrically substituted triphenylenes (Hx = n-hexyl) [47–50].

Figure 5. Triphenylenes with mixed ether and ester substituents showing only columnar mesophases (Hx = n-hexyl).
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aryl alkyne [60] links (Figure 7). In the diester (phtha-
late) series, mesophase behaviour is completely sup-
pressed when the core–core separation is enforced to 
be too short (o-phthalate where face-to-face packing is 
difficult to achieve) or too long (the stilbene system). 
The 2,5-thiophene diester shows an enantiotropic ND 
phase, while the similarly bent 2,7-naphthaloate bridge 
gives a rare example of a material that forms a columnar 
phase on cooling from the nematic (albeit alongside 
glass formation).

The alkyne linked dimers [60] are particularly 
interesting. The single aryl-diacetylene bridge 
between the triphenylenes provides materials that 
have intermediate conformational freedom com-
pared to, for example, the complementary aryl die-
ster series and rigid twinned (double bridge) 
systems. Similar to the o-phthalate system [52], the 
1,2-phenyl diacetylene bridge does not support any 
mesophase behaviour. However, opening the linking 
angle leads to mesophase formation over a wide 
temperature range. The unique combination of 
fixed core–core separation alongside limited confor-
mational freedom provides a series of discotic mate-
rials that each form both nematic and columnar 
mesophases (Figure 8) [60]. 

Experimental

Synthesis of triphenylene-2,3-bis(1-naphthoate) 
ester 11a (general procedure)

2,3-Dihydroxy-6,7,10,11-tetrakis(hexyloxy)tripheny-
lene (100 mg, 0.15 mmol), and 1-naphthoyl chloride 
(0.069 g, 0.36 mol) were stirred in dry CH2Cl2 (10  
ml) at 0°C. Then, dry NEt3 (2 ml) was added slowly. 
After 2 h, the solvents were evaporated and the residue 
precipitated from methanol to give a pale yellow solid 
(0.055 g, 38%). 1H NMR (400 MHz, Chloroform-d) δ 
9.05–9.00 (m, 2 H), 8.47 (s, 2 H), 8.40 (dd, J = 7.4, 1.3  
Hz, 2 H), 7.94 (dt, J = 8.3, 1.1 Hz, 2 H), 7.89 (s, 2 H), 
7.83 (s, 2 H), 7.82–7.79 (m, 2 H), 7.53–7.46 (m, 4 H), 
7.25 (dd, J = 8.2, 7.3 Hz, 2 H), 4.25 (t, J = 6.6 Hz, 4 H), 
4.21 (t, J = 6.6 Hz, 4 H),1.96–1.86 (m, 8 H), 1.58–1.43 
(m, 8 H), 1.39–1.26 (m, 16 H), 0.93 (t, J = 7.2 Hz, 6 H), 
0.88 (t, J = 7.2 Hz, 6 H). 13C NMR (101 MHz, CD2Cl2) 
δ 165.15, 149.92, 149.23, 141.40, 134.39, 133.80, 
131.46, 131.38, 128.59, 128.11, 127.86, 126.36, 125.42, 
125.00, 124.37, 124.18, 122.54, 117.61, 106.80, 106.59, 
69.47, 69.25, 31.69, 31.63, 29.43, 29.37, 25.85, 25.78, 
22.67, 22.62, 13.82, 13.78.

Diesters 11 and 12 were prepared following the same 
procedure using the 2,3-dihydroxytriphenylene (for 11) 

Figure 6. Triphenylene dimers and twins, linked through rigid bridges, showing nematic mesophases [56–59].
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or the 3,6-dihydroxytriphenylene (for 12) and the 
appropriate acid chloride.

2,3-bis(2-naphthoate) ester 11b

(0.05 g, 34%). 1H NMR (400 MHz, Chloroform-d) δ 
8.71 (br s, 2 H), 8.50 (s, 2 H), 8.13 (dd, J = 7.4, 1.3 Hz, 

2 H), 7.88 (s, 2 H), 7.84 (s, 2 H), 7.78 (d, J = 8.3 Hz, 2  
H), 7.77 (d, J = 8.2 Hz, 2 H), 7.72 (d, J = 8.5 Hz, 2 H), 
7.54 (dt, J = 8.0, 1.0 Hz, 2 H), 7.43 (dt, J = 8.0, 1.0 Hz, 2  
H), 4.26 (t, J = 6.6 Hz, 4 H), 4.22 (t, J = 6.6 Hz, 4 H), 
1.99–1.88 (m, 8 H), 1.63–1.51 (m, 8 H), 1.46–1.29 (m, 
16 H), 0.93 (t, J = 7.2 Hz, 6 H), 0.89 (t, J = 7.2 Hz, 6 H). 
13C NMR (101 MHz, CD2Cl2) δ 165.15, 149.92, 149.23, 

Figure 7. The influence of linker on mesophase behaviour in ester-linked triphenylene dimers [52].

Figure 8. Aryl diacetylene linked triphenylene dimers showing both columnar and nematic mesophases [60].
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141.40, 134.39, 133.80, 131.46, 131.38, 128.59, 128.11, 
127.86, 126.36, 125.42, 125.00, 124.37, 124.18, 122.54, 
117.61, 106.80, 106.59, 69.47, 69.25, 31.69, 31.63, 29.43, 
29.37, 25.85, 25.78, 22.67, 22.62, 13.82, 13.78.

2,3-bis(2-anthracenoate) ester 11c

(0.051 g, 32%). 1H NMR (400 MHz, Chloroform-d) 8.89 
(s, 2 H), 8.59 (s, 2 H), 8.24 (s, 2 H), 8.16 (s, 2 H), 8.06 
(dd, J = 8.9, 1.7 Hz, 2 H), 7.93 (s, 2 H), 7.90 (s, 2 H), 7.88 
(s, 2 H), 7.86 (s, 2 H), 7.68 (d, J = 8.5 Hz, 2 H), 7.46 (t, J  
= 7.0 Hz, 2 H), 7.3t (t, J = 7.0 Hz, 2 H), 4.27 (t, J = 6.6 Hz, 
4 H), 4.24 (t, J = 6.6 Hz, 4 H), 2.01–1.90 (m, 8 H), 1.65– 
1.51 (m, 8 H), 1.46–1.32 (m, 16 H), 0.95 (t, J = 7.0 Hz, 4  
H), 0.90 (t, J = 7.0 Hz, 4 H). 13C NMR (101 MHz, 
CDCl3) δ 164.99, 149.75, 149.19, 141.29, 133.65, 
133.18, 132.57, 131.82, 130.01, 128.83, 128.70, 128.33, 
128.01, 127.86, 126.69, 126.07, 125.78, 125.59, 124.31, 
123.92, 122.93, 117.40, 107.03, 69.66, 69.31, 31.72, 31.66, 
29.43, 29.35, 25.87, 25.83, 22.68, 22.64, 14.07, 14.03 (2 
signals unresolved).

2,3-bis(9-anthracenoate) ester 11d

(0.03 g, 19%). 1H NMR (400 MHz, CD2Cl2) δ 8.82 (s, 2  
H), 8.47 (s, 2 H), 8.18 (d, J = 9.0 Hz, 4 H), 8.07 (s, 2 H), 
7.94 (d, J = 9.0 Hz, 4 H), 7.92 (s, 2 H), 7.34 (t, J = 8.3 Hz, 
4 H), 7.0 (t, J = 8.3, 4 H), 4.33 (t, J = 6.7 Hz, 4 H), 4.32 (t, 
J = 6.7 Hz, 4 H), 2.05–1.96 (m, 8 H), 1.70–1.38 (m, 24  
H), 0.98 (t, J = 7.2 Hz, 4 H), 0.94 (t, J = 7.2 Hz, 4 H). 
13C NMR (101 MHz, CDCl3) δ 167.38, 150.10, 149.24, 
141.06, 130.68, 130.37, 128.81, 128.27, 128.10, 126.91, 
125.79, 125.32, 124.87, 124.63, 122.85, 117.40, 107.75, 
106.98, 69.73, 69.64, 31.94, 31.72, 29.67, 29.42, 29.37, 
25.89, 25.87, 22.69, 22.66, 14.13, 14.08.

3,6-bis(1-naphthoate) ester 12a

(0.043 g, 61%). 1H NMR (500 MHz, Chloroform-d) 9.03 
(d, J = 8.7 Hz, 2 H), 8.46 (dd, J = 7.3, 1.3 Hz, 2 H), 8.00 
(d, J = 8.0 Hz, 2 H), 7.95 (d, J = 8.0 Hz, 2 H), 7.92 (s, 2  
H), 7.91 (d, J = 7.5 Hz, 2 H), 7.80 (s, 2 H), 7.58–7.46 (m, 
6 H), 4.20 (t, J = 6.4 Hz, 4 H), 4.15 (t, J = 6.5 Hz, 4 H), 
1.84–1.75 (m, 4 H), 1.74–1.67 (m, 4 H), 1.46–1.38 (m, 4  
H), 1.36–1.30 (m, 4 H), 1.29–1.25 (m, 8 H), 1.13–0.98 
(m, 8 H), 0.84 (t, J = 7.0 Hz, 6 H), 0.64 (t, J = 7.2 Hz, 6  
H). 13C NMR (126 MHz, CDCl3) 165.81, 149.76, 149.48, 
140.12, 133.91, 133.88, 131.69, 131.15, 128.54, 127.89, 
127.84, 126.46, 126.31, 126.08, 124.58, 124.10, 122.95, 
117.07, 107.63, 105.98, 69.61, 68.87, 31.72, 31.55, 29.41, 
29.40, 25.84, 25.74, 22.65, 22.44, 14.07, 13.86.

3,6-bis(2-naphthoate) ester 12b

(0.04 g, 54%). 1H NMR (500 MHz, Chloroform-d) 
8.86 (br s, 2 H), 8.26–8.23 (m, 6 H), 8.00 (d, J = 8.0  
Hz, 2 H), 7.95 (d, J = 8.0 Hz, 2 H), 7.92 (s, 2 H), 7.91 
(d, J = 7.5 Hz, 2 H), 7.90 (s, 2 H), 7.62 (t, J = 8.5 Hz, 2  
H), 7.57 (t, J = 8.5 Hz, 2 H), 4.27 (t, J = 6.4 Hz, 4 H), 
4.24 (t, J = 6.5 Hz, 4 H), 1.99–1.92 (m, 4 H), 1.79– 
1.71 (m, 4 H), 1.63–1.55 (m, 4 H), 1.46–1.38 (m, 12  
H), 1.22–1.09 (m, 8 H), 0.94 (t, J = 7.2 Hz, 6 H), 0.71 
(t, J = 7.2 Hz, 6 H).; 13C NMR (126 MHz, CDCl3) 
163.89, 148.65, 148.41, 139.15, 132.31, 129.24, 
128.64, 127.44, 126.73, 122.99, 121.88, 115.83, 
106.56, 105.23, 68.56, 67.91, 30.69, 30.49, 28.40, 
28.23, 24.84, 24.63, 21.64, 21.48, 13.03, 12.89.

Conclusions

The development and commercial application of the 
(cyano) biphenyls can be seen to have influenced the 
later development of discotic materials where the triphe-
nylene nucleus has become the most widely studied core. 
The search for discotic nematic materials was originally 
driven by interest in the potential of discotics to be active, 
switchable components in displays, but they proved both 
difficult to design and synthesise, and their properties did 
not compete. Nevertheless, nematic discotics have played 
vital role in display devices as a passive, thin-film optical 
compensating layers to widen viewing angles. Nematic 
discotics have remained intriguing within liquid crystal 
science. They are relatively rare and studies now indicate 
that columnar packing needs to be disfavoured by mole-
cular design. This can be achieved by construction of 
systems where the side-chains themselves prevent colum-
nar packing by providing a thick ring around the core 
(the aryl esters and phenyl acetylenes) or by rigidly link-
ing cores such that they cannot achieve face-to-face 
assembly (rigid dimers and twins). Some examples are 
now known that show both columnar and nematic meso-
phases. The later development of more intricate molecu-
lar designs has been made possible by advances in 
synthetic chemistry that can deliver unsymmetrical sys-
tems. The chemistry here also sees a parallel with bi- (and 
ter-)phenyl development, not least because their pre- 
synthesis has been key to developing versatile new routes 
to triphenylene discotics. In this regard, the combination 
of transition metal catalysed cross-coupling and oxidative 
cyclisation has been proved the most powerful.
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