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Vanishing tails and a resilient mesophase:
columnar liquid crystals in the limit of short tails†

Parikshit Guragain, *a Mitchell Powers, b John Portman, b Brett Ellman b

and Robert J. Twieg a

Discotic liquid crystals (DLCs) are disc shaped molecules, typically with a flat rigid aromatic core

functionalized with long flexible tails about the periphery. Here two series of novel triphenylene based

discotic liquid crystals are synthesized using strategies including the photocyclodehydrofluorination (PCDHF)

reaction, the SNAr reaction and the Suzuki reaction. Some of these new partially fluorinated triphenylene

compounds have significantly shorter tails than are usually found in DLCs. The first series comprises

tetrafluorinated tetraalkoxy triphenylene compounds while the second series comprises difluorinated

hexaalkoxy triphenylene compounds, with tail lengths also ranging from methoxy to hexyloxy for both

series. This latter difluorinated hexaalkoxy series is directly comparable to the well-known HAT series. The

tetrafluorinated compounds are of particular interest as they have retained their mesomorphic properties

despite having significantly shorter tails than are typically found in DLCs, including methoxy and ethoxy tails.

Introduction

Discotic liquid crystals (DLCs) are mesogens which have a disc

shaped planar, or nearly planar, rigid polyaromatic core that is

almost invariably functionalized with multiple long flexible

tails surrounding the molecular core. Such molecules form

columns with strong cofacial alignment of the rigid cores while

the flexible tails serve as a soft buffer between columns. Since

their discovery in 1977 by Chandrashekar1 DLCs have attracted

significant interest, particularly as potential electronic materials.

The columnar structure leads to nearly one-dimensional charge

transport via pi orbital overlap within the column, with the tails

acting as an insulating sheath around the columns. This makes

them of interest as organic semiconductors,2,3 organic photovol-

taics (OPVs)4–6 organic field effect transistors (OFETs)7,8 organic

light emitting diodes (OLEDs)9,10 as well as other devices.

Of the various DLC cores suited for these purposes, triphe-

nylenes are one of the most widely studied owing to their ease of

synthesis and generally favourable temperature range. Hexaalk-

oxytriphenylenes (HAT)11–13 and hexaalkylthiotriphenylenes

(HATT)14 are well known examples of discotic molecules which

epitomize the triphenylene based DLCs. Numerous variations on

these molecules have been made in order to study structure–

function relationships and develop materials with more

favourable properties.15–19 This includes compounds made

with asymmetrically distributed tails20 as well as with addi-

tional substitutions either to the molecular core21 or to the tails

themselves.22 These substitutions often include electronegative

groups, including small substituents like fluorine and larger

cyano or nitro groups which have been shown to dramatically

affect the phase behaviour of the compounds.23–25 Fluorine in

particular because of its small size, high polarity and high C–F

bond strength ensures subtle but very significant modifications

to the liquid crystal materials.26

Perhaps the best known DLCs are the HAT compounds,

which are liquid crystalline when there are six –OC5H11 tails

(n = 5) or longer tails at sites 2, 3, 6, 7, 10, 1111,25,27 (with plastic

crystals being reported for n = 3 and 4). Asymmetrically sub-

stituted triphenylenes, such as the 2,3,6,7-tetraalkoxytriphe-

nylenes, have not been as thoroughly studied, and those that

have been synthesized are often non-mesogenic.24,28–30 This

has led to the common belief amongst researchers that multi-

ple long tails are a necessary to form a liquid crystal mesophase

instead of a three dimensionally ordered crystal.31,32 This belief

persists despite theoretical treatments33–35 and the existence of

genuine tail free DLCs such as the halogenated indenes dis-

covered by Barbera and coworkers;36 various mesogens that

feature short trifluoromethyl groups instead of conventional

tails37 and self-assembly of helical pores dendritic dipeptides

by Percec.38 In this contribution we report a group of fluori-

nated alkoxytriphenylenes with tails varying from hexaalkoxy to

mere methoxy groups. These compounds defy the conventional

wisdom about the nature of the DLCs by retaining their

mesophase even in the short-tailed limit.
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These compounds were discovered in the course of devel-

opment of the photocyclodehydrofluorination (PCDHF) reac-

tion, a variant of the Mallory type photocyclization reaction39

which was reported by our group a few years back.40 This

technique has proven to be especially useful for synthesizing

selectively fluorinated triphenylene molecules.41,42 In some

cases, the fluorine atoms are also latent reaction sites, as in

the case of SNAr reactions which have been exploited here to

add additional tails.

Results and discussion

For this study two series of discotic compounds were synthesized,

with the tail lengths varying within each series in order to study

the relationship between the tails and potential mesomorphic

properties. Specifically, the compounds are 1,2,3,4-tetrafluoro-

6,7,10,11-tetra(n-alkoxy)triphenylenes and 1,4-difluoro-2,3,6,7,10,

11-hexa(n-alkoxy)triphenylenes (Fig. 1). We refer to these com-

pounds as TF-TATn and DF-HATn respectively, where n is the

number of carbon atoms in each of the alkoxy tails. We have

synthesized six TF-TATn compounds (Series I) and six DF-HATn

compounds (Series II). We have previously described compounds

1, 5, 6, 11 and 12,41 and compound 1243 has previously been

prepared by an alternative route.

The PCDHF reaction was used in the synthesis of both series

to obtain the targeted fluorinated triphenylenes. The overall

synthetic route of the compounds found in Series I is found in

Scheme 1. Starting with the simple substrate 1-bromo-2-iodo-

4,5-dimethoxybenzene 13, a copper mediated decarboxylative

Fig. 1 List of target compounds in this study: Series I – TF-TATn and Series II – DF-HATn.

Scheme 1 Synthesis of Series I (TF-TATn) 1,2,3,4-tetrafluoro-6,7,10,11-tetraalkoxytriphenylenes.
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coupling reaction44 was performed with the potassium salt of

pentafluorobenzoic acid. This coupling reaction occurs with

high specificity at the iodine atom. The resultant biphenyl 14 was

subjected to a Suzuki coupling reaction with 3,4-dimethoxy-

phenylboronic acid to give the o-terphenyl 15 which on photoirra-

diation affords the 1,2,3,4-tetrafluoro-6,7,10,11-tetramethoxytri-

phenylene 1 which is the shortest tail entry amongst the target

materials examined here.

In order to obtain the entries with longer tail lengths, all the

methoxy groups of TF-TAT1 (1) were deprotected by heating in

molten pyridine hydrochloride to obtain 1,2,3,4-tetrafluoro-

6,7,10,11-tetrahydroxytriphenylene45 which was then subjected

to realkylation reactions with different tail length alkyl iodides

to produce the remaining entries in the set of target TF-TATn

molecules. After full chemical characterization, phase studies

were carried out with DSC and POM and, remarkably, all the

compounds 1–6 were found to be mesogenic. This phase

behaviour was subsequently confirmed using small angle X-ray

scattering (SAXS). There is some reporting of 6,7,10,11-tetraalkoxy-

triphenylenes and variants with additional substituents and inter-

estingly none of the reports shows those alkoxy triphenylenes

in the shorter tail limits (even if there are a few they are non-

mesogenic) however there are materials with five carbon tailed

and higher which are mesogenic.24,28,30 The phase behaviour of

this series of compounds is collected in Table 1 and representative

phase textures and DSC scans of the Series I compounds are

shown in Fig. 2.

Motivated by these results, we undertook further modifica-

tions of Series I compounds 1–6. Each of these materials was

subjected to SNAr reactions with the appropriate aliphatic

alcohol to provide the Series II 1,4-difluoro hexa(n-alkoxy)

compounds (Scheme 2). The SNAr reactions are highly selective

for the replacement of only the fluorine atoms at positions 2

and 3, with the initial substitution taking place faster than the

second substitution.41 This process produced the target Series

II materials in both useful yield and purity.

An examination of the phase transitions of the Series II

compounds revealed mesomorphic behaviour for only compounds

with propyloxy or longer tails (Table 2). This is similar to the well-

known HAT compounds and is in contrast to the tetrafluoro Series

I compounds (Table 1).

Interestingly, polarized microscopy on cooling shows com-

pound 7 has a structure that is qualitatively similar to the other

columnar mesogens. However, the material does not shear

when subjected to mechanical perturbation. Its structure

was examined using SAXS, which revealed a hexagonal

structure with high order reflections including (hkl) 300 and

210, as well as 101 reflections. The 101 reflections indicate

three-dimensional order stemming from correlations between

molecules from adjacent columns. Together, these features

indicate the presence of long-range three-dimensional order

(Fig. 3), confirming that it is non-liquid crystalline.

The TF-TATn compounds provide an interesting opportunity

to analyze the role played by the tails in the mesophase as, to

Table 1 Phase behaviour of target Series I TF-TATn compounds 1–6. Transition temperature and enthalpy change associated with the transition
provided in the brackets. Phase codes: K,K0 – crystal; Colh – hexagonal columnar; I – isotropic

Compound –OR Phase behaviour (1C [kJ mol�1])

1 –OCH3 K 198 [19.5] Colh 310 [18.4] I 307 [7.7] Colh 182 [9.5] K
2 –OC2H5 K 148 [22.4] Colh 242 [9.0] I 239 [7.7] Colh 128 [19.5] K
3 –OC3H7 K 38.1 [�8.9] K0 126 [30.2] Colh 230 [6.8] I 227 [6.6] Colh 46 K0 38 [24.0]a K
4 –OC4H9 K 109 [41.6] Colh 212 [5.4] I 209 [6.0] Colh 51 [21.0] K
5 –OC5H11 K 110 [48.4] Colh 201 [4.7] I 198 [4.3] Colh 74 [45.8] K
6 –OC6H13 K 98 [51.1] Colh 183 [4.9] I 180 [4.9] Colh 58 [48.7] K

a Enthalpies reported together.

Fig. 2 (Left) DSC curves for Series I compounds. (Right) Compound 2 at 229 1C while cooling from isotropic liquid viewed through crossed polarizers.
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our knowledge, they are the only DLCs with alkoxy tails (or similar)

that are mesogenic over a wide range of n starting with n = 1. We

carried out SAXS studies of each of these compounds in order to see

the evolution of the mesophase structure as the tails are shortened.

Diffraction patterns for compounds 1–6 are collected in Fig. 4

(the structures of 5 and 6 have been reported elsewhere).41 As the

tails shorten the intercolumn spacing (100 peak) decreases, as does

the peak width (i.e., the correlation length increases), while the

intracolumn spacing (001) is practically unchanged. Instead, the

higher order reflections (110 and 200) become sharper as the

hexagonal lattice becomes more ordered as tail length decreases.

Unlike DF-HAT1, there is no 101 peak present in any of these

compounds, so even as the two-dimensional order increases the

columns retain the disorder characteristic of a discotic liquid crystal.

We can see further evidence of the increased two-dimen-

sional ordering by examining the transition enthalpy of the

TF-TATn compounds (Fig. 5). For all tail lengths, the enthalpy

change at the isotropic transition is strictly smaller than at the

crystal to liquid crystal transition. The liquid crystal transition

is marked by the melting of the tails,46 and the conformational

entropy of the tails can be substantial, resulting in a large

enthalpy change. At the isotropic transition, the columns

themselves melt, so the enthalpy change will be based on the

cohesive interactions within and between columns being over-

come and the columnar order being destroyed. The enthalpy of

the isotropic transition is seen to be larger for short tails than

for longer ones. This is another sign of the increased order that

was apparent in the SAXS patterns. It is instructive to compare

the Series I & II compounds against their nonfluorinated HAT

counterparts (Fig. 6). In comparing these compounds, we can

see consistent influence of increased tail lengths as well as

trends that result from increased fluorination. With few excep-

tions (i.e., DF-HAT2), increasing the tail length reduces both the

isotropic and crystalline transition temperatures. It is likely

that the tails influence the transition temperatures through the

combination of increased intercolumn distance and increased

conformational entropy.

The effect of fluorination appears to be more complicated.

In discussing this effect, it is useful to differentiate between two

types of intermolecular interactions that are ubiquitous in the

columnar mesophase: cofacial interactions between neighbouring

molecules within a column, and edge-on interactions between

molecules from neighbouring columns. The inter-columnar inter-

actions are greatly influenced by the tail lengths. Columnar

systems typically feature nanosegregation of the tails, and while

this continues in the short-tailed limit,38 as the separation

between molecules decreases the edge-edge interactions become

increasingly sensitive to the specific electrostatic potential at the

periphery of the molecular cores. Selective fluorination can

significantly affect the character of these interactions, especially

for short-tailed compounds. Conversely, the intra-columnar inter-

actions are typically limited to the co-facial interactions between

molecular cores and are unaffected by changing tail lengths.

It is perhaps not surprising, therefore, that the short-tailed

(methoxy and ethoxy) compounds appear to behave differently

than those compounds with longer alkoxy substituents. This is

presumably due to the edge-on interactions between molecular

cores, which is of increased significance for the short-tailed

compounds. These materials feature high isotropic transition

temperatures which is suppressed in the difluoro compounds,

Scheme 2 Synthesis of Series II (DF-HATn) 1,4-difluoro-2,3,6,7,10,11-hexaalkoxytriphenylenes by SNAr reaction.

Table 2 Phase behaviour of target Series II DF-HATn compounds 7–12. Transition temperature and enthalpy change associated with the transition
provided in the brackets. Phase codes: K,K0 – crystal; Colh – hexagonal columnar; I – isotropic

Compound –OR Phase behaviour (1C [kJ mol�1])

7 –OCH3 K 210 [21.9] I 207 [24.6] K
8 –OC2H5 K 150 [31.4] I 131 [30.7] K
9 –OC3H7 K 41 [2.6] K0 141 [3.0] Colh 173 [11.7] I 170 [12.6] Colh 139 [3.1] K0 37 [3.0] K
10 –OC4H9 K 108 [2.3] Colh 165 [15.2] I 163 [17.4] Colh105 [2.3] K
11 –OC5H11 K �12.5 [6.2] Colh 142 [10.1] I 139 [12.8] Colh �40 [4.3] K
12 –OC6H13 Colh 116 [8.4] I 113 [10.2] Colh
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7 and 8, relative to the analogous hydrocarbon and the tetra-

fluoro systems. The partial fluorination of the difluoro com-

pounds reduces the isotropic transition temperature near to the

mesophase transition temperature of the tetrafluoro compounds,

so while the difluoro compounds melt, the tetrafluoro compounds

develop a mesophase that persists to high temperatures. This

stabilization of the mesophase following increased fluorination is

reminiscent of the effect of other electronegative groups attached

to triphenylene cores (e.g., HATn compounds with NO2 or another

electronegative substitution at the 1-position) which have shown a

similar tendency to extend the lower limit of the columnar

mesophase.23 This suggests a mesophase which only becomes

stable (and energetically favourable) relative to the isotropic phase

after substantial electronegative substituents are added.

The compounds with longer tails, C3H7 and longer, behave

more consistently, with a greater degree of fluorination increasing

both isotropic and columnar transition temperatures for both the

DF-HATn and TF-TATn compounds. Here, the cofacial core–core

interactions, and the entropic contributions of the long, flexible

tails, are presumed to dominate, with the edge-on interactions

between molecules across columns playing a much more reduced

role. The cofacial interactions are influenced by fluorination,

Fig. 4 SAXS patterns for compounds 1–6 showing the evolution of the mesophase structure as the tail lengths are changed. The intercolumn distance
ranges from approximately 17 Å down to 11 Å, which is approximately the diameter of the molecules. The broad diffuse scattering near 4 Å comes from
the tails and can be seen to diminish until it is almost completely absent for TF-TAT1.

Fig. 3 (Left) POM image of DF-HAT1 at 160 1C after an attempt to sheer it. While the image is similar to a columnar mesophase it is solid, and it resists
shearing. (Right) Diffraction pattern at 150 1C with the peaks labelled with their respective Miller indices. The structure is similar to a hexagonal columnar
mesophase, except instead of a single broad reflection corresponding to intracolumnar stacking, there are sharp peaks (001 and 101, inset) that indicate
three-dimensional crystalline order.
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while the entropic contributions from the tails greater for the DF-

HATn compounds than for the TF-TATn compounds. The difluori-

nated DLC’s show a particularly interesting feature, namely

suppression of the crystal-columnar phase transition to very low

temperatures (Table 2) for the C5H11 and C6H13 tails (well below

the crystal-columnar transition temperatures of both the hydro-

carbon and the tetrafluorinated systems). Again, this is reminis-

cent of nitro-substituted triphenylene compounds.23 A theoretical

comparison of the interactions of singly nitro-substituted and di-

fluorinated compounds on the one hand with tetra-fluorinated

triphenylenes (which do not show this behaviour) would be

interesting to better understand the core–core interactions and

the role of tails in these systems.

The fact that all of the TF-TATn compounds support a

columnar phase offers an unusual opportunity to study the

effect of tails on the properties of the columnar mesophase over

a broad length range of tail lengths. One exciting example, which

we are pursuing, concerns charge transport in these materials.

Fig. 6 Phase transition temperatures for the HATn, DF-HATn and TF-TATn compounds (H, D and T respectively). HATn values shown here are from the
literature11,25 and include a plastic crystal phase for HAT3 and HAT4.

Fig. 5 Enthalpy change of TF-TATn across its phase transitions. The enthalpy change at the isotropic transition increases for short tails as the two-
dimensional order of the columns grows. Conversely, the enthalpy change at the crystal transition decreases as the conformational entropy of the tails in
the liquid crystalline mesophase diminishes.
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Experimental
General information

The chemicals used in this research were purchased from

chemical distributors including Combi-Blocks, TCI America,

Acros Organics, and Matrix Scientific and were used directly

without further purification. Column chromatography was

done using silica gel (Silicycle SiliaFlash F60, 230–400 mesh),

and for Thin Layer Chromatography (TLC) silica gel plates

(Scientific Adsorbents Inc.) were used.

The Rayonet photochemical reactor (16 � 254 nm lamps)

was used for all the photochemical reactions. Solutions were

irradiated in a quartz tube (approximately 40 cm � 2.5 cm with

24/40 ST joint).

A Bruker 400 NMR (400 MHz for 1H-NMR; 376 MHz for 19F-

NMR and 101 MHz for 13C-NMR) and Agilent 500 NMR

(500 MHz for 1H-NMR; 470 MHz for 19F-NMR and 126 MHz

for 13C-NMR) was used for NMR data acquisition and plots were

generated by MestreNova software.

GCMS was performed in the positive ionization mode with a

scan range of 50–700 m/z, a mass resolving power setting of

140000, and an automatic gain control (AGC) target value of

1 � 106 ions. The Xcalibur software (ver. 3.0, Thermo Scientific,

San Jose, CA, USA) was used to collect and processmass spectral data.

Differential scanning Calorimetry (DSC) was run on a DSC

2920 from TA instruments (TA instruments Inc., Newcastle, DE,

USA) and data were analyzed by using Thermal Advantage

Software (version 1.1A, TA Instruments Inc., Newcastle,

DE, USA).

Polarizing Optical Microscope (POM) Nikon Eclipse E600

POL was employed to examine phase identity and transitions

temperatures. Temperatures were controlled using a Mettler

Toledo FP82HT Hot Stage and Mettler Toledo FP90 Central

Processor temperature controller (Mettler Toledo, USA-

Hightstown, NJ).

SAXS measurements were taken using a Rigaku Screen

Machine with a Cu K
a
source on samples contained in thin-

walled quartz capillaries. Samples were heated into the isotro-

pic with data collected on cooling, except for TF-TAT1, where

the data was collected from a polycrystalline state on heating

due to the high clearing temperature of the compound.

Synthesis

Synthesis of 1,2,3,4-tetrafluoro-6,7,10,11-tetramethoxytri-

phenylene (1). In a (100 cm � 10 cm) quartz tube was placed 2,

3,4,5,6-pentafluoro-4 0,50,300,400-tetramethoxy-1,10:20,100-terphenyl

(0.57 g, 1.31 mmol) and acetonitrile (60 ml). The mixture was

irradiated with 16 � 254 nm lamps for twelve hours in a

Rayonet. The solution turned from colourless to dark brown

and some white crystalline precipitate appeared at the bottom

of the tube. The photoreaction was monitored by GCMS which

indicated the presence of starting material and so the reaction

was terminated after a total of twenty hours. The precipitate

was vacuum filtered and washed with acetonitrile. The filtrate

was concentrated and redissolved in ethyl acetate and adsorbed

on some silica gel. The yellow silica gel powder was placed at

the top of a column and eluted with a mixture of ethyl acetate

and hexanes (10% EtOAc in hexanes). The fractions containing

the product were combined and concentrated to get a solid

white product which was combined with the previously filtered

off product. Yield – 0.40 g (73%)

Synthesis of 1,2,3,4-tetrafluoro-6,7,10,11-tetrahydroxytri-

phenylene (16)45. In a 100 ml round bottom flask was placed

1,2,3,4-tetrafluoro-6,7,10,11-tetramethoxytriphenylene (0.83 g,

2.0 mmol) and pyridine hydrochloride (9.21 g, 80.00 mmol)

under nitrogen. The mixture was heated at 170 1C and the

resulting liquid was stirred at the same temperature for five

hours. The reaction was stopped and left the mixture to cool

down to room temperature. Aqueous 10% HCl (150 ml) was

added to the black precipitate with stirring and the mixture was

vacuum filtered to give a muddy brown coloured residue as

product. This crude product was used without any further

purification in the subsequent step. Yield – (quantitative).

Synthesis of 1,2,3,4-tetrafluoro-6,7,10,11-tetraethoxytriphe-

nylene (2). In a 100 ml round bottom flask was placed 1,2,3,4-

tetrafluoro-6,7,10,11-tetrahydroxytriphenylene (0.18 g, 0.5mmol),

iodoethane (0.63 g, 4.0 mmol), potassium carbonate (1.12 g,

8.0 mmol) and anhydrous DMF (5 ml). The mixture was heated

at 80 1C for twenty hours and TLC showed complete transforma-

tion of the starting material to a new product. The reaction

mixture was cooled to room temperature and water was added to

make the volume up to 100 ml and stirred for two hours. The

brown precipitate was collected by vacuum filtration, dissolved

in THF and the mixture was adsorbed on silica and placed at the

top of a column made up with a mixture of ethyl acetate and

hexane (10% EtOAc in hexanes) and eluted with the same

solvent. Fractions containing pure product were combined and

concentrated to provide a white powder which was recrystallized

from 1-propanol to obtain the pure crystalline product. Yield –

0.18 g (78%).

The remaining 1,2,3,4-tetrafluoro-6,7,10,11-tetraalkoxytri-

phenylenes 3–6 were synthesized using the same general pro-

cedure (specific details in the ESI†).

Synthesis of 2,3,4,5,6-pentafluoro-4 0,50,300,400-tetramethoxy-

1,10:20,100-terphenyl (15). In a 200 ml round bottom flask was

placed 2,3,4,5,6-pentafluoro-2 0-bromo-40,50-dimethoxy-1,1 0-

biphenyl (3.82 g, 10.0 mmol), 3,4-dimethoxyphenylboronic

acid (2.73 g, 15.0 mmol), dioxane (30.0 ml) and water (10.0 ml).

The mixture was stirred while potassium carbonate (2.12 g,

15.0 mmol) was added, and the mixture was heated in an oil

bath under a nitrogen atmosphere. At 70 1C, PdCl2(PPh3)2
(0.15 g, 2.0 mol%) was added and the temperature was gradu-

ally raised up to 95 1C. The reaction was complete after four

hours as indicated by the new spot in TLC. After cooling to

room temperature ice water was added dropwise with stirring

to fill the flask. The black solid crude product was vacuum

filtered, then dissolved in ethyl acetate and some silica gel and

Montmorillonite clay was added and the mixture was concen-

trated by rotary evaporation. This material was placed at the top

of a column packed with silica made up with ethyl acetate and

hexanes (10% EtOAc in hexanes) and then eluted with the same

solvent. Fractions containing pure product were combined and
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concentrated to a get cream coloured solid product. Yield –

3.17 g (72%).

Synthesis of 1,4-difluoro-2,3,6,7,10,11-hexamethoxytriphe-

nylene (7). In a 200 ml round bottom flask was placed 1,2,3,4-

tetrafluoro-6,7,10,11-tetramethoxytriphenylene (0.21 g, 0.5 mmol),

methanol (6 ml), t-BuOK (0.66 g, 6.0 mmol) and THF (20 ml). The

mixture was stirred and heated up to 65 1C and refluxed for two

days. The reaction was monitored by TLC, but it never showed any

new spot other than the reactant spot, however the reaction was

terminated by cooling to room temperature followed by dropwise

addition of 10% HCl (100 ml). The tan-colored precipitate was

vacuum filtered, washed with water and dried. It was then

recrystallized from 1-propanol to get white crystals. Yield –

0.15 g (68%).

The remaining 1,4-difluoro-2,3,6,7,10,11-hexaalkoxyoxytri-

phenylenes 8–12 were synthesized using the similar general

procedure (specific details in the ESI†).

Conclusions

Using PCDHF, a group of fluorinated polyalkoxytriphenylene

DLCs were synthesized, including several that feature unusually

short tails. Compounds like 1,2,3,4-tetrafluoro-6,7,10,11-tetra-

(n-alkoxy)triphenylene are particularly unusual as they are meso-

genic despite featuring short tails. In these compounds the loss

of the tails is compensated for through other, presumably

energetic, contributions to the free energy. These compounds

illustrate an alternate route to forming a mesophase, which

offers unusual opportunities for studying the role of tails in

stabilizing liquid crystalline phases, as well as on other (e.g.,

electronic) properties of columnar mesophases.42
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