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A clear structure-properties relationship was revealed in a series of triphenylene-based dimers, linkage length

played an important role in the modulation of phase behaviors and charge carrier mobilities in discotic dimers.
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A clear structure-properties relationship was revealed in a series of triphenylene-based dimers,
which contained two triphenylene nuclei bearing five B-OC4Hg substituents and linked through

a flexible O(CH,),O polymethylene chain (n=6-12). Dimers with the linkage close to twice the
length of the free side chains (n=8, 9) exhibited a single Coly, phase, while others with linkage
shorter (n=6, 7) or longer (n=10, 11, 12) showed multiphase with a transition from Coly, phase
to Col, phase; Hole mobilities of Coly, phases reached 1.4 X 10%cm?V s in dimer for which
the linkage is exactly twice the length of the free side chains (n=8), and decreased regularly
both with linkage length becoming shorter or longer. This modulation of phase behaviors and
charge carrier mobilities was demonstrated to be generated by various steric perturbations
introduced by linkage with different length, which result in different degree of lateral
fluctuation of discotic moieties in the columns.

Introduction

Discotic liquid crystals are attractive flexible organic
semiconductors due to their unique self-assembly nanostructure
with remarkable charge carrier transport property.! The
polymerization of discotic liquid crystal is an inevitable
approach in their application in organic printed electronics,
which demand materials with thermal stabilities as well as
mechanical properties. Due to the m-stacking nature of
columnar phases, minor changes in molecular structures can
highly affect the packing structures and always result in
uncontrollable phase behaviors and unpredictable transport
properties after polymerization.? There are thus high needs for
the understanding of the structure-properties relationship in
discotic liquid crystal polymers.

Discotic liquid crystal Dimers serve as ideal model
compounds for polymers or networks, due to the striking
similarities in their transitional behaviors coupled with their
ease of purification and characterization.> ® 7 In our previous
work, We have designed and synthesized a serious of
triphenylene-based dimers, each of triphenylene nuclei bears
five PB-OC4Hgy substituents, which are linked through the
remaining B-positions by a flexible O(CH,),O polymethylene
chain (n=2-12).% These dimers were inclined to form a
columnar plastic phase (Coly,), which is a highly ordered phase
with a three-dimensional positional order, while maintaining
the rotational mobility. & * 1° Besides its three-dimensional
order, this phase is very closely related to the normal columnar
phase (Col,) with no major differences in structure and
dynamics, but charge mobility in columnar plastic phase can
reach the order of 102 cm?vs? which is about an order of
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magnitude higher than that of normal columnar phase.®** All
these dimers D6-D12 (Scheme 1) for which n>5 all gave the
highly ordered Coly,, phase. With the changes of linkage length,
various ranges of the mesophase were observed in these dimers
and several of them exhibited multiphase behaviors with
transition from Coly, phases to Col, phases. These dimers thus
provided us perfect models for studies of the connection
between linkage lengths and properties.

To date, there are few works focus on linkage lengths in
discotic dimers, especially their effects on phase behaviors and
transport properties. In this work, phase behaviors and time-of-
flight (TOF) mobilities of dimers D6-D12 were investigated
concerning their relevance on the linkage lengths. It was found
that the dimers with linkage lengths close to twice of side
chains (n=8, 9) exhibited single Coly, phases, while others with
linkage shorter (n=6, 7) or longer (n=10, 11, 12) showed
multiphase with transitions from Col,, phases to Col, phases.
Hole mobilities under Coly, phases reached 1.4 102cm?V's™
in dimer for which n=8 and decreased regularly both with
linkage length becoming shorter or longer. In these types of
dimers, as each of subunit was most likely to occupy
neighboring two columns, a lateral correlation between the
columns which we attribute to the steric perturbation was
introduced by the linkages between them. Therefore, the
various behaviors on phase transition and charge mobility of
D6-D12 can be attributed to different degree of lateral
fluctuations of the disc-like units in columns caused by
different steric perturbations.

To clarify these steric perturbations, we newly designed and
synthesized monomers M3-M6 (Scheme 1) by “halving” these
dimers from their linkages. In the formations of columnar
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phases, these monomers can be treated as the subunits of
dimers with the restrictions between them having been
cancelled. A prediction on phase behaviours of these monomers
was made based on our investigation. Phase study results of
these monomers by DSC, POM and XRD were completely
consistent with the prediction, which confirmed our hypothesis
on steric perturbation effect. The twice of side chain was
demonstrated to be a perfect length for linkage of these dimers
which endured the minimized steric perturbation. With linkage
becoming shorter or longer, this perturbation increased and
appeared as strain or steric crowd, respectively.

To further understand the relevance between the linkage
length of dimers and their charge carrier mobility, hole
mobilities of M3-M6 were investigated by TOF method. The
results were consistent with our above description on the
existence of steric perturbation. Furthermore, a comparison on
hole mobilities in Col,, phase between dimers and their
monomers also been made based on our measurement results.
Our work provided a structure-property model in discotic dimer
systems, which enable us to discuss the effect of steric
perturbations introduced by linkage with different length and
lateral fluctuation of discotic moieties in the columns.

OCy4Hg

C4HgO !
C4HgO !

OCy4Hg

l OC4H9
OC4H9

O0—(CHy)7—0

OC4Hy C4HgO

OC4Hg OCy4Hg
OC4Hg
C4HgO.
O Dimers:
‘ O OCnHzm+1  D6-D12 (n=6-12)
OC4Hg Monomers:
M3-M6 (m=3-6)
C4H O
OC4H9

Scheme 1 Molecular structures of dimers D6-D12 and the
corresponding monomers M3-M6.

Results and discussion

The phase behaviors of dimers D6-D12 have been reported in
our previous work and also summarized in Table 1.8 Herein, we
concerned on the phase behaviors and charge carrier mobilities
of different dimers, and investigated their relevance on the
linkage lengths.

It was clear from Table 1, dimers D8 and D9 for which the
linkages were close to twice the lengths of the free side chains
exhibited single columnar plastic phases. However, with the
linkages becoming longer or shorter, dimers D6, D7 and D10-
D12 all showed multiple phase behaviours, the highly ordered
columnar plastic phases occurred at lower temperature region
and transited into lower ordered Col, at higher temperature
regions. The phase transition temperatures of these dimers also
changed regularly with changes of linkage lengths. Isotropic
temperatures increased gradually from D6 to D8 and remained
stable in D9, then decreased with the increasing of linkage
lengths. The higher isotropic temperatures indicated more
stable packing structure were formed in D8 and D9. Transition
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temperatures between Coly, phase and Col, phase in dimers
with multiple phases showed similar behaviours, a step
increasing was observed from D6 to D7 while the result of D10
to D12 was conversely. These interesting phenomena in phase
behaviours and transition temperatures were rarely reported in
discotic liquid crystal dimers, which indicated a clear
relationship between packing structure and linkage length.

Table 1 Phase behaviours of dimers D6-D12. Transition
temperatures and enthalpies were based on the 1% cooling runs
by DSC at 10 <Tmin™? (1= isotropic phase; Col,, = hexagonal
columnar phase; Col,, = hexagonal columnar plastic phase).

Compound Phase T/T(AH/Jq_l)Phasea
D6 cot, $L8C2T) co, 123.3(-154) |
b7 Col, 166093 o 130.7¢116) |
D8 col,, 1513(33.7) |
D9 cal,, 1542(:293) |
D10 col,, 28 oy 0T
D11 Col, 130.6(:5.7) Col, 140.8(-163) |
D12 Col,, 103.3(-:3.2) Col, 1258(15.6) |

% Compound D10 failed to be detected exact enthalpies since
the transition peaks in its DSC curves are too close.
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Fig. 1 a) Typical TOF transits for D6 at 40<C and b)
temperature dependences of hole mobilities of D6, D8, D10 and
D12 at an applied electric field of 2 < 10* VV/cm.
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Charge carrier mobilities of compounds D6-D12 were
measured by a time-of-flight (TOF) method under controlled
temperature. These compounds were capillary-filled into liquid
crystal cells consisting of two ITO-coated glass surfaces at their
isotropic temperatures. The cells were illuminated by a nitrogen
gas laser (A= 337 nm) pulse with 10ns intervals. The for
photocurrent as a function of time were recorded by digital
oscilloscope and analyzed in linear and double logarithmic
plots. The transit time t was determined from the kink point in
the transient photocurrent curves. The charge carrier mobility u
is calculated according to egn (1), where V is the applied
voltage and d is the sample thickness.

p=d*/vt, (1)

Non-dispersive transient photocurrents for hole were
observed in all these compounds D6-D12. In contrast to the
case of the holes, weak featureless photocurrent signals were
obtained for electrons and their mobility could not be
determined. Fig. 1a exhibited transient photocurrent curves for
hole in the Coly, phase of compound D6 at 40 <C. The hole
mobility was calculated to be 3.8 X 10%cm*v's?. The
relationship between hole mobilities and the temperature of D6
was shown in the Fig. 1b, mobilities in the higher temperature
Col;, phase were observed a slightly negative dependence on
temperature (8.3 10%cm?v's? at 120 <T and 9.5 X 10™cm?v
!s™ at 95 <T). When cooling from Col, phase to Coly, phase, a
dramatic increase in mobility was observed near the transition
point of D6, this result reflected the fact that Coly,, phase was
more ordered than Col, phase. Hole mobility in Coly, phase of
D6 was independent to temperature, This weak temperature
dependence of the mobilities conbined with the non-dispersive
Gaussian transient curves and the indicated the charge carrier
transport as band transport model.®> ® Similar results were
obtained in dimers D7, D11 and D12, the hole mobilities of D7
were located between D6 and D8, while mobilities D11 located
between D10 and D12. Hole mobilities of D12 as a function of
temperature in both their Col, phase and Coly, phase were also
shown in Fig. 1b.

D8, D9 and D10 showed similar results when observed their
charge carrier mobilities of columnar plastic phases as a
function of temperature (Fig. 1b). Although a Coly, phase was
observed in D10 at its higher temperature range by DSC and
POM (ESI Fig. 5,6), mobilities of this phase was failed to be
measured out due to the short temperature range which required
the temperature controlling to be more delicate. The mobilities
of D8, D9 and D10 were independent on temperatures in a long
temperature range and experienced slight decreases with
increase of temperatures when close to their isotropic
temperatures. The hole mobilities at the columnar plastic
phases of D8, D9 and D10 can reach 1.4X102cm?vls? | 1.3 X
102cm?vlst and 1.1 X 10%cm?v's™, respectively.

Table 2 summarized hole mobilities of D6-D12 in their Coly,
phases at 40 <C. Mobility of D8 showed the maximum value,
while those of other dimers decreased regularly both with
linkage lengths becoming shorter or longer. The interesting
phenomenon on charge carrier mobility was reported here for
the first time and illustrated that linkage lengths played a

significant role on the modulation of charge transport properties.

Charge carrier mobilities in discotic liquid crystals always
influenced by their geometric fluctuations due to their one-
dimensional conductivity natures.*? ** The changes in mobility
may generally result from the different fluctuations in the
stacking distances of molecules or lateral movements of the
molecules within the same column.** > ® For this type of
dimers, in which both the free side chains and the linkages were
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linked to the cores by ether bonds, the two subunits most likely
to occupy neighbouring columns. Their freedom to reorient is
restricted by the effect of the spacer which always resulted in
high-amplitude lateral librations.}” The [002], [102] peaks
which presented the n-w stacking of molecules in these dimers
also showed no major differences and regular dependence on
the linkage lengths (Table 2), ® thus the changes in the
mobilities of these dimers should generated by their different
levels of lateral displacements within the molecular columns.

Table 2 hole mobilities and stack distances in Col,, phase of
D6-D12 at 40 <T with an applied electric field of 2 X 10* V/cm

d-spacing/A
Compound unl cm?vist 3002 d(102)
D6 3.8%x10° 3.55 3.47
D7 6.0x 107 3.54 3.46
D8 1.4x1072 3.53 3.47
D9 1.2x1072 3.55 3.46
D10 1.0x1072 3.54 3.46
D11 9.3x107% 3.53 3.46
D12 6.6X107% 3.54 3.46

In contrast with monomeric discotic molecules, lateral
correlations due to steric perturbations between neighbouring
columns were introduced in these dimers by their spacers. & 71"
% The lateral motions of the subunits of these dimers should be
generated by steric perturbations and influenced by the linkage
lengths. Compound D8 has a “perfect twin” structure, for the
length of linkage is twice of its free side chains, the
perturbation was minimized because the structure of the
mesophase can be visualized as columns consisting of stacked
separated monomeric units HAT4. " Thus D8 exhibited perfect
properties in phase behaviour and charge mobility which closed
to its corresponding monomer HAT4. We supposed that dimers
with linkage lengths shorter or longer than twice the length of
side chains, the perturbation appeared as strain or steric crowd,
respectively. Lateral motion of discotic molecules increased
due to the increasing of steric perturbations which resulted in
different charge carrier mobilities. On the other hand, the
increasing of steric perturbations decreased the stability of
packing columns, thus promoted the formation lower ordered
phases at higher temperature ranges.?

To confirm this investigation, we newly synthesized the
corresponding monomers M3-M6. In contrast to their dimers
D6-D12, these monomers can be visualized as the dimers being
“halved” from their linkages. If the steric perturbations
appeared in these dimers as described above, with the absence
of linkage between neighbouring columns, a prediction of
phase behaviours of M3-M6 were easy to make. Monomer M4
(HAT4), is exactly half of its dimer D8 which has a “perfect
twin” structure with minimized steric perturbation, the halving
of linkage should have no influence on its phase behaviour,
thus M4 should exhibit a single Coly,, phase. For M3, the strain
in its dimer D6 was absent with the halving of linkage, so that
the steric perturbation was disappear in the columnar phase of
M3, coupling with the similarity in structure with M4, M3
should also exhibit a single Col,, phase. In M5 and M6, the
steric perturbation in their dimers D10 and D12 appeared as
steric crowds which would not disappear even the restrictions

J. Name., 2012, 00, 1-3 | 3

Page 4 of 8



Page 5 of 8

of linkages was cancelled, thus M5 and M6 should give the
multiple phase behaviours which were similar to D10 and D12.

M6

M5

M4

M3

" 1 N M N
0 20 40 80 80 100 120 140 160 180 200

Temperature/~C

Fig. 2 Graph of phase transition temperatures of M3-M6 on
heating (above column) and cooling (below column) runs.
Transition temperatures were based on the 1% cooling runs and
2" heating runs by DSC at 10 <Tmin™. Phase assignments of
M3-M6 were based on observation of DSC, POM and XRD
(K1, K;, = crystalline phase).

Fig. 3 (a) mosaic texture for Coly, phase of M3 at 90 <TC; (b)
mosaic texture for Coly, phase of M4 at 120 <C; (c) dendritic
texture for Col,, phase of M5 a 135<C; (d) mosaic texture for
Coly, phase of M5 at 125 <C. (Magnification 100 >

Phase study results of M3-M6 (Fig. 2) were consistent with
our prediction. Compound M3 and M4 exhibited a single Col,
phase while M5 and M6 showed two liquid crystal phases with
a higher temperature Coly, and a lower temperature Coly, phase.
M4 has also been reported to exhibit a single Coly, phase in
previously. The texture of M3 observed by POM was a typical
mosaic texture which was exactly similar to that of Coly, phase
of M4 (Fig. 3a, 3b). When heating powder samples into liquid
crystal phase, M3 also gave X-ray pattern which analogous to
M4, two diffraction peaks in the wide-angle regime which was
a signature of columnar plastic phase, and reflections in the
small-angle regime should be originated from a hexagonal
packing (Fig. 4a). Thus M3 was confirmed to have a single
Coly, phase. The high temperature phases of M5 and M6 were
identified as Col, phase on the basis of the characteristic
dendritic textures observed by POM (Fig. 3c). When they were
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cooled into their lower temperature liquid crystal phases, the
texture of M6 did not show any changes while the texture of
M5 finally translated into mosaic texture (Fig. 3d). Similar
XRD patterns of M5 and M6 which indicated clear phase
transitions between two liquid crystal phases were obtained on
cooling from isotropic phase. Single diffraction peak of
approximately 3.6 A in the wide-angle at the high temperature
phase and the peak split into two reflections at low temperature
range (Fig. 4b). Therefore, M5 and M6 were confirmed to have
a high temperature Col;, and a low temperature Coly,, phase.

(a)

M T T
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(210) (211) (002)(102)
| 1 ma
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Fig. 4 (a) XRD patterns for Col,, phases of M3 and M4 on
heating runs (M3 at 120C and M4 at 100C ); (b) XRD
patterns of M6 at different temperatures on cooling runs ( Coly,
at 60<C and Coly, at 100<C ), the numbers were given by the
corresponding Bragg distances in A
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Fig. 5 Temperature dependences of hole mobilities of M3-M6
at an applied electric field of4 X 10* V/cm.

To further understand the influence of linkage length on
charge carrier mobility of the dimer system, hole mobilities of
these monomers M3-M6 were investigated by TOF method
with measurement condition similar to that of D6-D12. As
shown in Fig. 5, M3 and M4 gave similar hole mobilities
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(1.3x102cm?v’s? for both of M3 and M4 at 100 <T) with
slightly negative dependence on temperature. Compounds M5
and M6 with multiphase behaviours showed phase dependent
charge carrier mobilities, hole mobilities in their Col,, phase
(2.0<102cm?v!s for M5 at 90 T, 1.1><102cm?v’s™ for M6 at
70 < ) were several times higher than that of Col, phase
(7.0<103cm?v’s? for M5 at 133 T, 4.2x103cm?v!s? for M6
at 110 <C).

When we make a general comparison of hole mobilities in
Colp, phase of M3-M6 (Fig.5), the results of M3, M4 and M6
with a relationship of s ~ ums >pmes also consistent with our
description on the existence of steric perturbation. After halving
from their corresponding dimers, the strain was disappeared in
M3, as a result, the lateral motion of discotic molecules within
columns caused by it also been cancelled, thus gave the
mobility similar to that of M4. In M6, the steric crowd in its
dimers D12 would not disappear after halving, so that the
lateral motion still existent, therefore M6 gave mobility smaller
than M4. Although M5 which was expected to give the
mobility higher than M4 and lower than M6, it showed higher
mobility than both of them. This may be an imperfection of our
interpretation about the relevance of linkage length in charge
carrier mobilities of dimers. But a fact should be noted that
XRD pattern in Coly, phase of M5 obtained on heating process
gave unique diffractions which indicated a perfect homeotropic
alignment (ESI Fig. 7).2%2! Sharp and high intensity peak (100)
was appeared at low angle region while the peaks at large angle
region were absent. Furthermore, texture of M5 observed by
POM was easy to show large dark area when cooling into Coly,
phase from Col, phase which also indicated a perfect
homotropic alignment.?>?* This may be a factor for its high
charge carrier mobility, further study aimed at clarifying this
point will be carried out in our future work.

A comparison on hole mobilities in Col,, phase between
dimers and their monomers also made based on our
measurement results. In contrast to monomers M3-M6, dimers
D6, D10 and D12 gave mobilities smaller than their
corresponding monomers M3, M5 and M6, while D8
maintained mobility of M4. The introduction of linkage seems
to have no effect on promoting charge carrier mobility of the
dimer even though it was expected to stabilize the phase
structure of monomer. In fact, based on our above investigation,
linkage introduced steric perturbation which may decrease the
stabilization of phase structures in these dimers. This
perturbation was relative with linkage length. For D8, with the
“perfect twin” structure, the perturbation was minimized
because the structure of the mesophase can be visualized as
columns consisting of stacked separated monomeric units M4,
thus maintained the mobility of M4." 8 Similar result has also
been reported in the “perfect twin” of
hexapentyloxytriphenylene (HATS), which gave mobility
similar to that of HATS5, neither hinders nor promotes.?®2* For
D6, because the linkage length shorter than twice of side chains,
the interaction of side chains caused a strain between
neighbouring columns, which increased lateral motion of
discotic molecules.” " 2 In M3, this strain was cancelled
because the absent of linkage, thus D6 gave mobility smaller
than that of M3. For D10 and D12, longer linkage introduced
steric crowd also gave rise lateral motion. Even though the
steric crowd still appeared in M5 and M6 after cancellation of
restriction from linkage, the free rotations of the monomers
about the columnar axis can help release part of this
perturbation. These free rotations were limited in D10 and D12

This journal is © The Royal Society of Chemistry 2012

due to the restrictions of linkage, which lead to smaller
mobilities.” *’

Our work clearly illustrated the important role played by
linkage length in modulation of charge carrier mobilities, as
well as in molecular design of discotic liquid crystal dimers.
The formation of dimer seems hardly to improve mobility of
monomer because the introduction of steric perturbation, this
may be also a reason that most of current discotic liquid crystal
oligomers and polymers suffered low quality stacking
structures and low mobilities. However, with excellent film
making and mechanical properties, liquid crystal dimers,
oligomers and polymers were still largely appealing in the field
of material research for organic thin film devices. In this case,
the molecular design strategy which can maintain charge carrier
mobilities of their monomers (i. e. form a “perfect twin”
structure in dimers) was needed to improve in these systems.
For further understanding of the structure-properties in liquid
crystal dimers, investigation on dimers formed by
hexapentyloxytriphenylene (HATYS) and
hexapropoxytriphenylene (HAT3) are in processing..

Conclusions

Phase behaviours and charge carrier mobilities of a series of
triphenylene-based dimers were systematically investigated. A
clear structure-property relationship which has not been
reported before was revealed in this study. Linkage length was
demonstrated to play an important role in the modulation of
phase behaviours and charge carrier mobilities in these dimers.
In contrast with monomeric discotic molecules, a steric
perturbation between the subunits embedded in neighbouring
columns was introduced by the spacer in the formation of
dimers. For compound D8 with linkage exactly twice the length
of its side chains, the perturbation was minimized thus it gave
the best ordered phase behavior and the highest charge carrier
mobilities. For the dimers with linkage chain shorter or longer
than twice of the side chains, the perturbations appeared as
strain or steric crowd, which result in different degree of lateral
fluctuations of discotic moieties in neighbour columns and give
rise to multiple phase behaviours and the differences in charge
carrier mobilities. The phase behaviours and charge carrier
mobilities of  corresponding  monomers  consistently
demonstrated the reasonability of the existence of steric
perturbation. This work promoted us a clear understanding of
the properties-structure relationship of discotic liquid crystals
dimers and can also provide a molecular design strategy for
discs dimers or polymers with controllable phase behaviour and
predictable properties.

Experimental section

All solvents employed were purchased from Aldrich and used
without further purification unless stated otherwise. Column and thin
layer chromatography were performed on silica gel 60 (200-300
mesh ASTM) and Silica Gel 60 glass backed sheets, respectively.
'H-NMR spectra were measured in CDCl; on Bruker NMR
spectrometers (DMX 300 MHz), chemical shifts are given in parts
per million () and are referenced from tetramethylsilane (TMS).
Multiplicities of the peaks are given as s = singlet, d = doublet, t =
triplet, m = multiplet. Fourier transform infrared spectroscopy (FT-
IR) were carried out on a Shimadzu FTIR-8400 spectrometer using
KBr pellets. High resolution mass spectrum was recorded on a
Bruker Apex IV FTMS mass spectrometer.
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Polarising optical microscopy was carried out on an Leica
DM4500P microscopy equipped with a Linkam TMS94 hot stage.
Differential scanning calorimetry was carried out on a Netzsch DSC
200 at a heating and cooling rate of 10 T min™. X-Ray diffraction
studies were conducted on a Bruker D8 Advance diffractometer
equipped with variable temperature controller.

Charge mobility was measured by a time-of-flight device
(TOF-401). The LC cells with the thickness of 15um were
purchased from E.H.C. company with the semi-transparent
indium tin oxide (ITO) electrodes. The purified compounds
were capillary-filled into the cell at the temperature 10<C
higher than their clear point, and then slowly cooling to their
mesophases at a rate of 0.1<C min in order to obtain a well-
defined homeotropic alignment. The cell was placed on the
hotstage and illuminated by light pulses from a N, laser (USHO
KEC 160, wavelength 337 nm, pulse width is 600ps). The
transient photocurrent across the cell was amplified using a NF
low-noise current preamplifier (model 5307) and monitored
using a digital phosphor oscilloscope (Tektronix TDS 3032C).
The bias voltage was applied to the sample with a power supply
unit (Kikusui PAN110-3A). Measurements above room
temperature were carried out under atmosphere.

Compounds D6-D12, M4 were synthesized without any
change according to our previously reported work.2 Compounds
M3, M5 and M6 were synthesized from 2-hydroxy-
3,6,7,10,11-pentabutyloxytriphenylene and the appropriate 1-
bromoalkane.?” ?® The products were purified with flash
chromatography and recrystallized from ethanol and n-hexane
several times.

General synthesis of M3, M5 and M6

A mixture of 2-hydroxy-3,6,7,10,11-pentabutyloxytriphenylene
(500mg), 1-Bromoalkane (1.2 eq.) and anhydrous potassium
carbonate (0.5g) in ethanol (20ml) was heated under reflux for
24h. The mixture was cooled to 0 <C, filtered, washed with
water (50ml), and extracted with dichloromethane (2><50ml),
the solvent removed in vacuo, and the residue purified by
column chromatography on silica eluting with dichloromethane
and finally recrystallized from ethanol and n-hexane several
times to give pure M3, M5 and M6.

2-propoxy-3,6,7,10,11-pentabutyloxytriphenylene M3  (0.3g,
56%); IR (KBI): vima/cm™ 1261 (C-O-C); 8 (300MHZ, CDCly) 7.85
(6H, m, ArH), 4.18-4.27 (12H, t, OCH,), 1.89-2.01 (12H, m,
OCH,CHy), 1.52-1.68 (10H, m, OCH,CH,CH,), 1.03-1.17 (18H, m,
CHs); HRMS (ESI): calc. m/z 647.4306 (C,Hs906), found m/z
647.4294 (M)".

2-pentyloxy-3,6,7,10,11-pentabutyloxytriphenylene M5 (0.53g,
95%); IR (KBI): viad/cm™ 1265 (C-O-C); 8 (300MHZ, CDCly) 7.85
(6H, m, ArH), 4.23-4.27 (12H, t, OCH,), 1.91-1.96 (12H, m,
OCH,CH,), 1.56-1.65 (12H, m, OCH,CH,CH,), 1.42-1.50 (2H, m,
OCH,CH,CH,CH,), 0.96-1.11 (18H, m, CH;); HRMS (ESI): calc.
m/z 675.4619 (C43He306), found m/z 675.4603 (M)*.

2-hexyloxy-3,6,7,10,11-pentabutyloxytriphenylene M6 (0.54g,
94%); IR (KBI): vpa/cm™ 1263 (C-O-C); 8 (300MHZ, CDCl5) 7.85
(6H, m, ArH), 4.23-4.27 (12H, t, OCH,), 1.89-1.98 (12H, m,
OCH,CH,), 1.60-1.68 (12H, m, OCH,CH,CH,), 1.40-1.41 (4H, m,
OCH,CH,CH,CH,CH,), 0.94-1.08 (18H, m, CHs); HRMS (ESI):
calc. m/z 689.4776 (C,4Hgs0g), found m/z 689.4759 (M)".
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