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Extended triphenylenes: synthesis, mesomorphic properties and
molecularly resolved scanning tunneling microscopy images of
hexakis(dialkoxyphenyl)triphenylenes and
dodeca(alkoxy)tris(triphenylenylene)s

|3|eua119|/\||

CHEMISTRY

Tetsuo Yatabe,” Martha A. Harbison,” Johann Diedrich Brand,” Manfred Wagner,”
Klaus Miillen,*“ Paolo Samori” and Jiirgen P. Rabe”

“Max-Planck-Institute for Polymer Research, Ackermannweg 10, D-55128 Mainz, Germany
b Humboldt University Berlin, Department of Physics, Invalidenstrasse 110, D-10115 Berlin,
Germany

Received 11th February 2000, Accepted 17th April 2000
Published on the Web 13th June 2000

Palladium-catalyzed cross-coupling between 3,4-dialkoxyphenylboronic acids (1a-d) and 2,3,6,7,10,11-
hexabromotriphenylene (2) provided 2,3,6,7,10,11-hexakis[3,4-bis(alkoxy)phenyl]triphenylenes,
CgHg[CsH3(OC,Hy,, 1 1)2]s where n=06, 8, 10, and 12 (3a-d). Cyclodehydrogenation of the aryl-substituted
triphenylenes 3a—d using ferric chloride oxidation followed by methanol reduction produced
6,6',6",7,7,7",10,10°,10",11,11",11"-dodecaalkoxy-2,3":3,2":2",3"-tris(triphenylenylene)s, Cs4H3(OC,H>,, 1 1)12
where n=6, 8, 10, and 12 (4a-d). The mesomorphic properties of the compounds 3a-d and 4a-d were
investigated by differential scanning calorimetry (DSC) measurements, polarizing microscopy, and wide angle
X-ray diffraction (WAXD). The triphenylenes 3a—d exhibited a columnar mesophase in the range of 111-126,
85-104, 74-103, and 47-101 °C, respectively. Upon oxidation of the moiety, the columnar mesophases shift to
higher temperatures and exist in a much broader range of temperatures: for the tris(triphenylenylene)s 4a-d,
they have been observed in the range of 180-430, 150-370, 120-322, and 104-306 °C, respectively. Finally, the
self-assembly at the interface between a solution of 4¢ and a graphite substrate has been studied by scanning

tunneling microscopy. Molecularly resolved imaging revealed a highly ordered monolayer exhibiting a two-

dimensional hexagonal lattice.

Introduction

Columnar discotic liquid crystals have been the subject of
considerable interest in recent years.'® The liquid-crystal
forming molecules generally consist of an aromatic core, a disc-
like mesogen, surrounded by aliphatic side chains. These
discotic molecules form the fluid nematic phase (Np) and/or the
more viscous columnar phase (Col). In the columnar
mesophase, the aromatic cores are stacked on top of each
other in columns separated by the fluid peripheral aliphatic
chains. The columnar phases are classified according to the
two-dimensional lattice symmetry of the columnar packing
(hexagonal: Col,, rectangular: Col,, oblique: Col,,) and order
(e.g. Coly,) or disorder (e.g. Colpg) within the columns.*® The
columnar arrangement of the discotic molecules allows energy
migration, due to the overlap of the n-electron orbitals between
the neighboring aromatic cores.® Thus, the columns act like
‘molecular wires’ with the charge carriers hopping along the
axis of the columns from mesogen to mesogen. Liquid
crystalline materials could give uniform films with a high
degree of molecular orientation, which promotes large overlap
between the aromatic m-orbitals of the charge carrier
transporting chromophore.

Triphenylene derivatives are the most well-known represen-
tatives of discotic liquid crystals forming columnar meso-
phases.*'® Their self-assembly behavior on surfaces has been
investigated for physisorbed monolayers on highly oriented
pyrolytic graphite (HOPG)!"!” and for chemisorbed mono-
layers on gold surfaces.?*?! It has also been reported recently

tThe IUPAC name for dodeca(alkoxy)tris(triphenylenylene) is
2,3,6,7,12,13,16,17,22,23,26,27-dodeca(alkoxy)hexabenzo[a,c,k,m,u,w]-
trinaphthylene.
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that hexaalkoxytriphenylenes and hexaalkylthiotriphenylenes,
CgHg(XR)g where X=0 and S; R =alkyl, exhibit large hole
mobilities of 1072 to 107 em? V™' s71.% 12 which are inter-
mediate between those observed for some organic single
crystals and those of amorphous polymers.

Recently, we have synthesized hexaalkyl-substituted deriva-
tives of hexabenzol[bc,ef,hi,kl,no,qr]coronene, C4oH,R¢ (HBC-
C15).272* These hexabenzocoronene derivatives form a hex-
agonal columnar ordered mesophase (Coly,,) with a remarkably
large phase width (ca. 300 K)** and exhibit extremely high
charge carrier mobilities.>* Very recently, we have successfully
synthesized hexaaryl-substituted derivatives of hexabenzo[b-
¢,ef hiklno,gricoronene, CypoHi2(CsH4R)s where R=CjrHys
(HBC-PhC,).>> The aryl-substituted derivatives exhibited
three distinct improvements over the alkyl-substituted HBCs:
they possessed longer-range order in the Coly,, mesophase, they
had much higher solubility than the alkyl-substituted HBCs,
and they remained in the mesophase at room temperature. As a
consequence of this improved ordering, they have been shown
to possess the highest charge carrier mobility,
0.46cm’®V ~'s™! reported so far for any mesophase.?
Noteworthy, this value is even larger than that found for the
helical columnar mesophase (H) of hexakis(hexylthio)triphe-
nylene, C;sHg(SCsH3)s %' The consistently higher charge
carrier mobility over a large temperature range, if compared
with the alkyl-substituted derivatives, and the significantly
better processing properties represent a crucial improvement
for the use of these discotic mesophases for the development of
molecular electronic devices.

The n-alkyl and n-alkylphenyl derivatives of hexabenzocor-
onene have been found to form monomolecular adsorbate
layers on the basal plane of HOPG, which can be visualized
using scanning tunneling microscopy (STM).>> These mole-
cules arrange into close-packed arrays on the graphite surface
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with the alkyl side chains aligned along the crystallographic
axes of the (001) surface of HOPG.

To further our studies on polycyclic aromatic hydrocarbons
(PAHs)?" 3! and to examine the role of heteroatom incorpora-
tion in the periphery—which cannot be done with the HBC
derivatives due to ether cleavage during the final oxidative
cyclodehydrogenation, and as a natural progression analogous
to that of HBC-C;, to HBC-PhC;>—we have synthesized
hexaaryl-substituted derivatives of triphenylene,
CsHe[CsH3(OR),]¢ and investigated their self-assembly beha-
vior at the solid-liquid interface on HOPG by means of
STM. The ortho-diarylated PAHs, such as the hexaaryl-
substituted triphenylenes, could be cyclodehydrogenated to
afford the larger planar PAHs. Herein, we report the synthesis
and the mesomorphic properties of 2,3,6,7,10,11-hexakis[3,4-
bis(alkoxy)phenyl]triphenylenes, CisHg[CsH3(OC,Ha, 4 1)2]6
where n=6, 8, 10, and 12 (3a-d), and the corresponding
ring-closed aromatic hydrocarbons, dodecaalkoxy-substituted
supertriphenylenes (Fig. 1), 6,6',6",7,7',77,10,10',10",11,11",11"-
dodecaalkoxy-2,3":3,2":2',3"-tris(triphenylenylene)s,

Cs4H 3(OC,Hy, 1 1)1» where n=6, 8, 10, and 12 (4a—d). The
authors wish to note that an alternative nomenclature for the
core has been suggested, that of dodecabenzotrinaphthylene.*>
In addition, the STM investigation at the solid-liquid interface
allowed us to gain insight into the structure of these derivatives

Fig. 1 Chemical structures of triphenylene, extended triphenylene,
hexabenzo[bc,ef,hi,kl,no,qrlcoronene and hexaphenylhexabenzo[bc,ef,-
hi,no,kl,qrlcoronene.
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upon physisorption on an atomically flat conductive solid
substrate.

Results and discussion

Synthesis

3.,4-Dialkoxyphenylboronic acids, C¢H3(OC,H,, . 1),B(OH),
where n=6, 8, 10, and 12 (1a-d), were prepared in a three-step
reaction according to the literature procedures.>** Thus, 1-
bromo-3,4-dimethoxybenzene was demethylated to give 1-
bromo-3,4-dihydrobenzene, which was then o-alkylated to
afford 1-bromo-3,4-dialkoxybenzenes. The bromobenzene
derivatives were then converted into the corresponding
arylboronic acids 1a—-d. 2,3,6,7,10,11-Hexabromotriphenylene,
C3HgBrg, (2) was prepared by bromination of triphenylene
according to the literature procedure.®

The synthesis of the hexaaryl-substituted triphenylenes 3a—d
is shown in Scheme 1. Palladium-catalyzed cross-coupling
(Miyaura—Suzuki cross-coupling)*’*! between the arylboronic
acids la—d and the hexabromotriphenylene 2, in which a
ninefold molar excess of the boronic acids la-d over the
hexabromide 2 was used, gave the aryl-substituted tripheny-
lenes 3a—d in 90-96% yields, respectively. Despite the fact that
the solubility of the hexabromotriphenylene 2 was minimal in
the refluxing solvent (ca. a 3 : 1 mixture of toluene and ethanol),
the sixfold aryl-aryl cross-coupling took place to produce the
triphenylenes 3a—d in extremely high yields. The triphenylenes

Br
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Scheme 1 Synthesis of 2,3,6,7,10,11-hexakis[3,4-bis(alkoxy)phenyl]tri-
phenylenes 3a-d.



3a-d are white solids and soluble in common organic solvents
such as hexane, toluene, and dichloromethane at room
temperature.

As shown in Scheme?2, cyclodehydrogenation of the
triphenylenes 3a—d with ferric chloride oxidation followed by
reductive work-up with methanol (Boden-Bushby cycliza-
produced the larger planar PAH, supertriphenylenes
4a-d, as a pale yellow solid in 70-80% yields, respectively. The
solubility of the compounds 4a—d, like hexabenzo[bc,ef,hi,kl,-
no,grlcoronene derivatives, is low because of the aggregation of
large planar aromatic cores. The hexyloxy derivative 4a is
soluble in dichloromethane, hot hexane, and hot toluene,
whereas the longer alkoxy derivatives 4b—d are soluble in hot
organic solvents such as dichloromethane and toluene.

Mesomorphic properties

The thermal properties of the triphenylenes 3a-d and the
supertriphenylenes 4a-d were examined by differential scan-
ning calorimetry (DSC) measurements and polarizing optical
microscopy. For the non-planarized aryltriphenylene deriva-
tives 3a—d, there is a drastic reduction in the mesophase onset
temperature, Tpeso, from 111°C to 74°C, whereas the
isotropization temperature, T, of such molecules remains

CH,Cl, | FeCl,

CioHz1
Ci2Hos

Scheme 2 Synthesis of dodecaalkoxy-substituted extended tripheny-
lenes 4a—d.

fairly constant. These figures are similar to those reported for
other triphenylene derivatives in the literature. The ring-closed
triphenylenes 4a—d exhibit increased 7j,eso and T, transition
temperatures. These transition temperatures are listed in
Table 1. Decomposition, measured by thermogravimetric
analysis (TGA), occurs between 240°C and 280°C for all
compounds.

Room temperature and mesophase packing behavior for the
triphenylenes 3a—-d and the supertriphenylenes 4a—d in the
mesophase were investigated by X-ray diffraction and optical
polarizing microscopy. No definite room temperature or
mesophase unit cell could be determined for any of the
compounds via X-ray diffraction, owing to the presence of only
the (100) reflection and the relatively disordered alkyl region
(Fig. 2). Optical microscopy shows textures that can be
assigned to a columnar mesophase.

The addition of phenyl spacers, which turned out to be
crucial to the improved properties of the hexabenzocoronene
derivatives, did not improve the mesophase behavior of the
arylalkoxytriphenylenes 3a-d. According to WAXD data,
these systems are relatively disordered, showing no higher
reflections other than inter-columnar packing distance. Also
the presence of the (001) reflection is very weak, indicating a
very low degree of intra-columnar order. The mesophase
widths were not dramatically increased, and there is no
indication of a mesophase at room temperature, as seen in
the HBC-PhCy,. It is fair to note that the reason for the
different behavior observed upon addition of the phenyl
spacers in the case of HBC-PhC), and for alkoxytriphenylenes
is not yet clear. We originally believed that the steric hindrance
of the tilted phenyl spacers would limit the mobility within the
column. Indeed, in the case of HBC-PhC,,, the librational
motion of the aromatic cores was suppressed, as shown in
Heteronuclear Multiple Quantum NMR experiments.>> Simi-
lar experiments to determine the librational motion of the aryl
triphenylene derivatives are ongoing and will hopefully
elucidate some of the dynamics of the molecules in columnar
structures.

The extension of the aromatic n-system from the tripheny-
lene derivatives to the supertriphenylene derivatives gave rise to
dramatic increases of both the transition temperatures and of
the phase widths of the columnar mesophases. This hints at the
relative importance of efficient m-—m interactions for the
formation and stability of columnar structures. Besides, the
relative insolubility of these molecules is one consequence of
this improved n—n interaction. However, efficient n—mn interac-
tions are not sufficient to generate a highly ordered mesophase.
This is not surprising, as HBC-C,, exhibits relatively lower
order, when compared to HBC-PhC,,. However, the lack of
any long-range order in these mesophases is intriguing.
Compared to the HBCs, which have 13 fused benzene rings,

Table 1 Observed transitions for compounds 3a-d and 4a-d

Compound Observed transitions
3a Cr — Col — 1
(111) (126)
3b Cr— Col —> 1
(85) (104)
3c Cr — Col —
(74) (103)
3d Cr—Col — I
47 (101)
4a Cr —» Col — 1
(180) (430)
4b Cr — Col —
(150) (370)
4c Cr — Col —
(122) (322)
4d Cr — Col — 1
(104) (306)
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Fig. 2 Typical wide-angle diffraction data taken in the mesophase, a)
shows the unclosed triphenylene derivative 3d at 90 °C, b) shows the
final extended triphenylene derivative 4d at 200 °C. Though it is difficult
to assign any mesophase structure based on these data, textures seen in
cross-polarized microscopy indicate some kind of columnar meso-
phase.

the supertriphenylenes possess 14 fused benzene rings, and thus
comparable “amounts” of m-m interactions. However, the
spatial arrangement of these aromatic «t systems is different for
each class of molecule. HBC derivatives possess Dg, symmetry,
while the supertriphenylenes possess only Ds;, symmetry. Thus,
it is likely that the decreased m-interactions due to a columnar
packing characterised by a uniaxial rotation, owing to the
periodicity of favorable m-overlap of the molecules, can
account for the relative disorder of these mesophases.

STM Imaging

STM imaging of 4c at the interface between an almost
saturated solution in 1,2,4-trichlorobenzene and the basal
plane of HOPG revealed highly ordered monolayers (Fig. 3).
Here the n-conjugated cores of the molecules appear bright due
to a high coupling with the conducting electrons of the HOPG
substrate, while the darker parts in the image can be ascribed to
the aliphatic chains.*®* The molecular arrangement is char-
acterized by an almost hexagonal lattice (unit cell:
a=3.3+0.1)nm; »=(3.1+0.1)nm; o=(60.1+0.7)°). The
resolution achieved here did not allow us to resolve the
structure of the alkyl side chains, probably due to their
molecular dynamics. Based on the lattice spacings two different
types of molecular packing may be suggested: one with two-
fold symmetry, like the one observed in previous studies on
alkylated triphenylenes with long alkyl side chains,'” or
alternatively one where the three-fold symmetry of the
molecule is reflected also in the monolayer structure. Presently
one cannot decide between the two models unambiguously.
Interestingly, similar investigations on the non-planarized
analogue 3¢ molecule, did not enable us to achieve molecularly
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Fig. 3 STM image in constant height mode of 4¢ recorded with a tip
bias (U)=1.0 V and an average tunneling current (/) =35 pA.

resolved images. We attribute this to a weaker interaction of
the smaller aromatic core with the substrate induced by the tilt
of the lateral benzene rings with respect to the plane of the
triphenylene core.

Conclusion

Two new classes of molecules, based on a triphenylene core,
were synthesized with very high yields using a standard Suzuki
cross-coupling reaction between the alkoxy arylboronic acid
and hexabromotriphenylene to yield the aryl-substituted
triphenylenes 3a—d, and with subsequent oxidative cyclodehy-
drogenation to yield the final extended cores 4a-d. The
planarized 4c molecules self-assembled on graphite were
visualized with STM revealing a two-dimensional lattice. On
the other hand, both classes of triphenylene-based molecules
form columnar thermotropic mesophases, though it was not
possible to determine the unit cell for any of the derivatives due
to the presence of only one peak in the WAXD. Unfortunately,
the increase in order observed in the case of the HBC-PhC,,
was not observed for the triphenylene analogue possessing
phenyl spacers between the aromatic triphenylene core and the
side-group alkoxy chains. We believe that more detailed
investigations of the dynamics of these molecules, in compar-
ison to HBC-PhC,,, will shed new light onto the unexpectedly
disordered behavior of these discotic mesogens.

Experimental
General

1-Bromo-3,4-dimethoxybenzene, boron tribromide, 1-bro-
moalkane, n-butyllithium, trimethyl borate, triphenylene,
bromine, and ferric chloride were used as received.

The chemical structures of intermediates and final products
were characterized by 'H and '3C NMR spectra, recorded on a
Bruker AX-300 NMR spectrometer. The purity of the
compounds was checked by thin-layer chromatography and
Field-Desorption (FD) Mass Spectrometry. Phase transition
temperatures of the compounds were determined on a Mettler
DSC with a heating and cooling rate of 10 K min~!. A Zeiss
Axiophot optical microscope equipped with polarizers and a
nitrogen-purged hot stage was used for all optical microscopy.
WAXD studies were performed by means of a ®-@ X-ray



diffractometer, equipped with a 1-D Siemens photomultiplier
detector and a rotating copper anode source (Ko: A=1.5418 A)
operating at a bias of 30 KV. UV-VIS measurements were
performed on a Perkin-Elmer Lambda 15 spectrometer.

The STM investigation at the solid-liquid interface was
employed using a home-made beetle type Scanning Tunneling
Microscope.*’ First, the lattice of a freshly cleaved HOPG
(001) surface (Advanced Ceramics Corp, grade ZYH) was
visualized for at least one hour until a thermal equilibrium
(absence of mechanical drift of the system) was reached. A drop
of an almost saturated solution in 1,2.4-trichlorobenzene was
applied to the basal plane of the substrate. Then the Pt/Ir tip
was immersed in the organic solution. By varying the tunneling
parameters it was possible to visualise either the first organic
layer that was physisorbed on the basal plane of the conductive
substrate or the HOPG lattice underneath. This allowed the
calibration of the piezo to be accomplished in situ. The STM
images were recorded in constant height mode under ambient
conditions. Unit cells were averaged over several images after
their correction for the piezo drift making use of SPIP software
(SPIP Scanning Probe Image Processor, Version 1.700, Image
Metrology ApS, Lyngby, Denmark).

Synthesis of 2,3,6,7,10,11-Hexakis|3,4-dialkoxyphenyl]-
triphenylenes (3a—d)

1-Bromo-3,4-dihydroxybenzene,  1-bromo-3,4-dialkoxyben-
zenes, and 3,4-dialkoxyphenylboronic acids la-d were pre-
pared according to the procedures in refs. 26, 27 and 28. The
spectroscopic data of the compounds prepared agreed with
those in refs. 27 and 28 and were used without further
purification for the next step for the synthesis. 2,3,6,7,10,11-
Hexabromotriphenylene (2) was prepared according to the
procedure in ref. 29 and used without further purification for
the next reaction.

1-Bromo-3,4-dihydrobenzene. To a solution of 1-bromo-3,4-
dimethoxybenzene (29.3 g, 135mmol) in dichloromethane
(100 mL) at —78 °C was added dropwise a 1.0 M solution of
boron tribromide in dichloromethane (300 mL, 300 mmol).
The mixture was stirred at this temperature for 1 h and then
allowed to warm to room temperature overnight with stirring.
Water (200 ml) was added carefully to the mixture. The organic
layer was washed with water, dried over anhydrous sodium
sulfate, and concentrated under reduced pressure. The residue
was chromatographed on silica gel with a 3:1 mixture of
acetone and petroleum ether (bp 30-40°C) as eluent to yield
24.9 g (98%) of a brownish solid.

1-Bromo-3,4-bis(hexyloxy)benzene. A mixture of 1-bromo-
hexane (11.9 g, 72.0 mmol), 1-bromo-3,4-dihydroxybenzene
(5.68 g, 30.0 mmol), and anhydrous potassium carbonate
(22.1 g, 160 mmol) in acetone (100 mL) was heated under
reflux at 80 °C for 16 h. The reaction mixture was allowed to
cool to room temperature and the inorganic material was
filtered off. The filtrate was concentrated under reduced
pressure and the crude oil was chromatographed on silica gel
using a 1:3 mixture of toluene and petroleum ether (bp 30—
40°C) as eluent to yield 9.3 g (87%) of a colorless oil.

1-Bromo-3,4-bis(octyloxy)benzene. Synthesized as described
for the preparation of 1-bromo-3,4-bis(hexyloxy)benzene.
Quantities: 1-bromooctane (13.9 g, 72.0 mmol), 1-bromo-3,4-
dihydroxybenzene (5.68 g, 30.0 mmol), anhydrous potassium
carbonate (22.1 g, 160 mmol), acetone (100 mL). Yield: 9.2 g
(74%) of a colorless oil.

1-Bromo-3,4-bis(decyloxy)benzene. Synthesized as described
for the preparation of 1-bromo-3,4-bis(hexyloxy)benzene.

Quantities: 1-bromodecane (15.9 g, 72.0 mmol), 1-bromo-3,4-
dihydroxybenzene (5.68 g, 30.0 mmol), anhydrous potassium
carbonate (22.1 g, 160 mmol), acetone (100 mL). Yield: 10.7 g
(76%) of a white solid.

1-Bromo-3,4-bis(dodecyloxy)benzene. Synthesized as
described for the preparation of 1-bromo-3,4-bis(hexyloxy)-
benzene. Quantities: 1-bromododecane (31.1 g, 125 mmol), 1-
bromo-3,4-dihydroxybenzene (10.0 g, 52.9 mmol), anhydrous
potassium carbonate (35.9 g, 260 mmol), acetone (200 mL).
Yield: 20.6 g (74%) of a white solid.

3,4-Bis(hexyloxy)phenylboronic acid (1a). To a solution of 1-
bromo-3,4-bis(hexyloxy)benzene (8.94 g, 25.0 mmol) in tetra-
hydrofuran (100 mL) at —70 °C was added dropwise a 1.6 M
solution of n-butyllithium in hexane (23 mL, 37 mmol). The
mixture was maintained at this temperature for 1h before
trimethylborate (8.5 mL, 75 mmol) was added slowly to the
mixture. The reaction mixture was stirred for 1 h at —60 °C and
allowed to warm to room temperature overnight. After addition
of aqueous 3 M hydrochloric acid (40 mL) the mixture was
stirred for 30 min. The organic layer was concentrated under
reduced pressure. The residue was recrystallized from hexane
(400 mL) to give 4.22 g (52%) of a white solid.

3,4-Bis(octyloxy)phenylboronic acid (1b). Synthesized as
described for the preparation of the arylboronic acid (la).
Quantities: 1-bromo-3,4-bis(octyloxy)benzene (8.82 g,
21.4 mmol), tetrahydrofuran (100 mL), n-butyllithium (20 mL
of a 1.6 M solution in hexane, 32 mmol), trimethylborate
(7.3 mL, 64 mmol), aqueous 3 M hydrochloric acid (40 mL).
Yield: 3.22 g (40%) of a white solid.

3,4-Bis(decyloxy)phenylboronic acid (lc). Synthesized as
described for the preparation of the arylboronic acid (1a).
Quantities: 1-bromo-3,4-bis(decyloxy)benzene (10.4g, 22.2
mmol), tetrahydrofuran (150 mL), n-butyllithium (21 mL of
a 1.6 M solution in hexane, 34 mmol), aqueous 3 M hydro-
chloric acid (40 mL). Yield: 3.34 g (35%) of a pale pink solid.

3,4-Bis(dodecyloxy)phenylboronic acid (1d). To a solution of
1-bromo-3,4-bis(dodecyloxy)benzene (9.52 g, 18.1 mmol) in
tetrahydrofuran (150 mL) at —20°C was added slowly a
1.6 M solution of n-butyllithium in hexane (17 mL, 27 mmol).
The mixture was allowed to cool to —35°C and stirred for
30 min. Trimethylborate (6.2 mL, 55 mmol) was added slowly
to the mixture. The reaction mixture was stirred for 30 min at
—30°C and allowed to warm to room temperature overnight.
Aqueous 3 M hydrochloric acid (40 mL) was added slowly and
the mixture was stirred for 30 min at room temperature. The
organic layer was concentrated under reduced pressure and
hexane (300 mL) was added to the residue. The insoluble solid
in hot hexane was removed by filtration. The hot filtrate was
concentrated to one-half of its original volume, cooled to room
temperature, and allowed to stand overnight. The precipitate
was filtered and washed with hexane to yield 3.04 g (34%) of a
pale pink solid.

2,3,6,7,10,11-Hexabromotriphenylene (2). To a solution of
triphenylene (2.26 g, 9.91 mmol) in nitrobenzene (80 mL) with
iron powder (0.18 g, 3.6 mmol) was added bromine (4.4 mL,
85 mmol) dropwise over 5 min. The solution was allowed to
stand for 16 h and heated under reflux at 205 °C for 2 h. The
mixture was cooled to room temperature, mixed with diethyl
ether (300 mL), and filtered. The crude solid was recrystallized
from 1,2-dichlorobenzene to yield 6.41 g (92%) of white needles.

2,3,6,7,10,11-Hexakis|3,4-bis(hexyloxy)phenyl]triphenylene
(3a). To a mixture of 2,3,6,7,10,11-hexabromotriphenylene (2)
(0.704 g, 1.00 mmol) and tetrakis(triphenylphosphine)palla-
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dium(o) (0.501 g, 0.433 mmol) in toluene (50 mL) was added a
suspension of 3,4-dihexyloxyphenylboronic acid (1a) (2.92 g,
9.07 mmol) in ethanol (14 mL) and an aqueous solution of
potassium carbonate (1.68 g, 12.2 mmol, 7 mL of water). The
mixture was heated under reflux at 120°C for 16 h. The
reaction mixture was cooled to room temperature and poured
into toluene (100 mL). The organic layer was washed with
water, dried over anhydrous sodium sulfate, and concentrated
under reduced pressure. Petroleum ether (bp 30-40°C,
200 mL) was added to the residue. The resultant precipitate
was filtered off and the filtrate was concentrated under reduced
pressure. The residue was chromatographed on silica gel with
toluene to give the crude yellow solid. Chromatography on
silica gel using a mixture of dichloromethane and petroleum
ether (1:2-2:3-1:1-3:2) to vyield 1.80g (96%) of
2,3,6,7,10,11-hexakis[3,4-bis(hexyloxy)phenyl]triphenylene

(3a) as a white solid.

Compound 3a: 'H NMR (CDCl;) é 8.67 (s, 6 H), 6.93 (d,
J=8 Hz, 6 H), 6.83 (d, /=8 Hz, 6 H), 6.73 (s, 6 H), 3.97 (t,
J=7Hz, 12 H), 3.69 (t, J=7 Hz, 12 H), 1.92-1.71 (m, 12 H),
1.71-1.54 (m, 12 H), 1.54-1.16 (m, 72 H), 0.97-0.76 (m, 36 H);
C NMR (CDCly) § 14.67, 23.52, 26.59, 26.64, 30.10, 32.45,
32.54, 53.54, 53.90, 54.12, 54.27, 54.62, 54.98, 70.19, 114.43,
117.41, 123.15, 125.99, 129.52, 135.34, 140.80, 149.28, 149.50;
UV-VIS (CHCI3) Amax (e): 263 (4780), 313 (12200); m/z (FD):
1887.4 (calc. 1886.8); mp 126 °C.

2,3,6,7,10,11-Hexakis|3,4-bis(octyloxy)phenyl]triphenylene
(3b). Synthesized as described for the preparation of the
triphenylene 3a. Quantities: 2,3,6,7,10,11-hexabromotripheny-
lene (2) (0.632 g, 0.900 mmol), tetrakis(triphenylphosphine)-
palladium(o) (0.501 g, 0.433 mmol), toluene (45 mL), 3,4-
bis(octyloxy)phenylboronic acid (1b) (3.08 g, 8.15 mmol),
ethanol (13 mL), anhydrous potassium carbonate (1.50 g,
10.9 mmol), and water (7mL). Yield: 1.80g (90%) of
2,3,6,7,10,11-hexakis[3,4-bis(octyloxy)phenyl]triphenylene
(3b) as a white solid.

Compound 3b: '"H NMR (CDCly) 6 8.67 (s, 6 H), 6.95 (d,
J=8Hz, 6 H), 6.84 (d, J=8 Hz, 6 H), 6.71 (s, 6 H), 3.96 (t,
J=7Hz, 12 H), 3.68 (t, J=7 Hz, 12 H), 1.88-1.71 (m, 12 H),
1.71-1.54 (m, 12 H), 1.54-1.12 (m, 120 H), 0.94-0.74 (m, 36 H);
3C NMR (CDCl;) 6 14.61, 23.45, 26.83, 26.87, 30.03, 30.07,
30.12, 30.16, 30.22, 32.63, 53.42, 53.78, 54.13, 54.35, 54.50,
54.86, 70.09, 114.32, 117.33, 123.03, 125.86, 129.40, 135.22,
140.67, 149.17, 149.36; UV-VIS (CHCl3) Amax (¢): 264 (6390),
313 (16 900); m/z (FD): 2223.5 (calc. 2223.5); mp 104 °C.

2,3,6,7,10,11-Hexakis|3,4-bis(decyloxy)phenyltriphenylene
(3c). Synthesized as described for the preparation of the
triphenylene 3a. Quantities: 2,3,6,7,10,11-hexabromotripheny-
lene (2) (0.562 g, 0.800 mmol), tetrakis(triphenylphosphine)-
palladium(o) (0.501 g, 0.433 mmol), toluene (40 mL), 3,4-
bis(decyloxy)phenylboronic acid (1c¢) (3.13 g, 7.21 mmol),
ethanol (12 mL), anhydrous potassium carbonate (1.33 g,
9.64 mmol), and water (6 mL). Yield: 1.88g (92%) of
2,3,6,7,10,11-hexakis[3,4-bis(decyloxy)phenyl]triphenylene
(3¢) as a white solid.

Compound 3¢: '"H NMR (CDCls) 6 8.67 (s, 6 H), 6.95 (d,
J=8Hz, 6 H), 6.84 (d, J=8 Hz, 6 H), 6.71 (s, 6 H), 3.98 (t,
J=17Hz, 12 H), 3.70 (t, J=7 Hz, 12 H), 1.89-1.73 (m, 12 H),
1.73-1.56 (m, 12 H), 1.56-1.11 (m, 168 H), 0.95-0.76 (m, 36 H);
13C NMR (CDCl;) § 14.62, 23.46, 26.85, 26.89, 30.03, 30.14,
30.18, 30.23, 30.28, 30.39, 30.41, 30.44, 30.50, 32.71, 53.42,
53.77, 53.97, 54.13, 54.34, 54.50, 54.69, 54.85, 70.10, 114.34,
117.36, 123.03, 125.86, 129.41, 135.22, 140.66, 149.17, 149.36;
UV-VIS (CHCl3) Amax (8): 263 (8290), 313 (21 900); m/z (FD):
2560.0 (calc. 2560.1); mp 103 °C.

2,3,6,7,10,11-Hexakis|3,4-bis(dodecyloxy)phenyl]triphenylene
(3d). Synthesized as described for the preparation of the
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triphenylene 3a. Quantities: 2,3,6,7,10,11-hexabromotripheny-
lene (2) (0.478 g, 0.681 mmol), tetrakis(triphenylphosphine)-
palladium(o) (0.393 g, 0.340 mmol), toluene (35mL), 3,4-
bis(hexyloxy)phenylboronic acid (1d) (3.03 g, 6.18 mmol),
ethanol (10 mL), anhydrous potassium carbonate (1.13 g,
8.19 mmol), and water (S5mL). Yield: 1.84g (93%) of
2,3,6,7,10,11-hexakis[3,4-bis(dodecyloxy)phenyl]triphenylene
(3d) as a white solid.

3d: 'H NMR (CDCls) 6 8.65 (s, 6 H), 6.95 (d, /=8 Hz, 6 H),
6.83 (d, /=8 Hz, 6 H), 6.70 (s, 6 H), 3.97 (t, /=7 Hz, 12 H),
3.67 (t, J=7 Hz, 12 H), 1.85-1.71 (m, 12 H), 1.71-1.53 (m, 12
H), 1.49-1.11 (m, 216 H), 0.90-0.76 (m, 36 H); '*C NMR
(CDCly) ¢ 14.62, 23.45, 26.85, 26.89, 30.03, 30.14, 30.24, 30.29,
30.45, 30.47, 30.54, 32.71, 53.42, 53.77, 54.13, 54.50, 54.70,
54.85, 70.09, 114.34, 117.36, 123.02, 125.85, 129.41, 135.22,
140.66, 129.17, 149.35; UV-VIS (CHCl3) Apmax (¢): 263 (5910),
313 (15600); m/z (FD): 2897.4 (calc. 2896.8); mp 101 °C.

Synthesis of 2,3,6,7,12,13,16,17,22,23,26,27-
dodecaalkoxyhexabenzo|a,c,k,m,u,w|trinaphthylenes (4a—d)

2,3,6,7,12,13,16,17,22,23,26,27-Dodecakis(hexyloxy)hexa-
benzola,c,k,m,u,w|trinaphthylene (4a). To a solution of
2,3,6,7,10,11-hexakis[3,4-bis(hexyloxy)phenyl]triphenylene
(3a) (1.50 g, 0.796 mmol) in dichloromethane (80 mL) was
added a suspension of ferric chloride (1.17 g, 7.22 mmol) in
dichloromethane (80 ml). The mixture was vigorously stirred
for 1 h at room temperature. Methanol (400 mL) was added to
the reaction mixture. The resultant precipitate was filtered and
washed with a 4: 1 mixture of methanol and dichloromethane.
The precipitate was chromatographed on silica gel using a 3: 1
mixture of dichloromethane and petroleum ether (bp 3040 °C)
to yield the crude solid. Recrystallization from toluene gave
1.19 g (80%) of a pale yellow solid. Recrystallization from
toluene gave 1.19 g (80%) of 2,3,6,7,12,13,16,17,22,23,26,27-
dodecakis(hexyloxy)hexabenzo[a,c,k,m,u,w]trinaphthylene (4a)
as a pale yellow solid.

4a: "H NMR (CS,/CDCl;) 6 9.45 (s, 6 H), 8.25 (s, 6 H), 7.75
(s, 6 H), 4.38 (t, J=7 Hz, 12 H), 4.24 (t, J=7 Hz, 12 H), 2.15-
1.88 (m, 24 H), 1.83-1.61 (m, 24 H), 1.61-1.35 (m, 48 H), 1.15-
0.90 (m, 36 H); '3C NMR (CS,—CDCls) 6 14.56, 14.58, 23.45,
26.66, 26.83, 30.28, 30.53, 32.47, 32.59, 53.08, 53.44, 53.80,
54.16, 54.52, 69.68, 70.02, 107.34, 108.49, 117.32, 124.04,
125.13, 128.47, 128.53, 149.50, 150.54; UV-VIS (CHCl3) Zmax
(e): 265 (7070), 289 (7350), 312 (9580), 325 (11000), 356
(12900), 377 (8900); m/z (FD): 1881.1 (calc. 1880.8).

2,3,6,7,12,13,16,17,22,23,26,27-Dodecakis(octyloxy)hexaben-
zola,c,k,m,u,w|trinaphthylene (4b). Synthesized as described
for the preparation of the compound 4a. Quantities:
2,3,6,7,10,11-hexakis[3,4-bis(octyloxy)phenyl]triphenylene
(3b) (1.48 g, 0.667 mmol), dichloromethane (75 mL), ferric
chloride (1.01 g, 6.23 mmol), and dichloromethane (75 mL).
Chromatography: dichloromethane and subsequent hot
toluene. Yield: 1.04 g (70%) of 2,3,6,7,12,13,16,17,22,23,26,-
27-dodecakis(octyloxy)hexabenzo[a,c,k,m,u,w]trinaphthylene
(4b) as a pale yellow solid.

4b: '"H NMR (CS,-CDCl3) 6 9.53 (s, 6 H), 8.18 (s, 6 H), 7.71
(s, 6 H), 4.31 (t, J=7 Hz, 12 H), 4.18 (t, J=7 Hz, 12 H), 2.10-
1.82 (m, 24 H), 1.76-1.53 (m, 24 H), 1.53-1.16 (m, 96 H), 1.01—
0.76 (m, 36 H); '3C NMR (CS,—CDCls) § 14.74, 14.80, 23.56,
23.61, 27.11, 27.27, 30.24, 30.26, 30.41, 30.45, 30.52, 30.65,
32.72, 53.08, 53.45, 53.80, 54.16, 54.52, 69.68, 69.99, 107.42,
108.54, 117.42, 124.12, 125.17, 128.53, 128.60, 149.52, 150.53;
UV-VIS (CHCl3) Amax (e): 265 (10700), 289 (11000), 313
(14 300), 325 (16300), 356 (19500), 377 (13500); m/z (FD):
2217.6 (calc. 2217.4).

2,3,6,7,12,13,16,17,22,23,26,27-Dodecakis(decyloxy)hexa-
benzola,c,k,m,u,w]trinaphthylene (4c). Synthesized as described



for the preparation of the compound 4b. Quantities:
2,3,6,7,10,11-hexakis[3,4-bis(decyloxy)phenyl]triphenylene

(3¢) (1.63 g, 0.638 mmol), dichloromethane (60 mL), ferric
chloride (0.95 g, 5.86 mmol), and dichloromethane (60 mL).
Yield 1.15g (71%) of 2,3,6,7,12,13,16,17,22,23,26,27-dodeca-
kis(decyloxy)hexabenzo[a,c,k,m,u,w]trinaphthylene (4c) as a
pale yellow solid.

Compound 4c: '"H NMR (CS,—CDCl3) d 9.64 (s, 6 H), 8.28
(s, 6 H), 7.79 (s, 6 H), 4.40 (t, J=7 Hz, 12 H), 4.27 (t, J=7 Hz,
12 H), 2.12-1.82 (m, 24 H), 1.76-1.55 (m, 24 H), 1.55-1.10 (m,
144 H), 1.01-0.76 (m, 36 H); '*C NMR (CS,—CDCl5) § 14.65,
14.68, 23.47, 23.51, 27.06, 27.23, 30.16, 30.40, 30.47, 30.53,
30.58, 32.66, 32.68, 53.08, 53.44, 53.80, 54.16, 54.52, 69.74,
70.04, 107.48, 108.55, 117.50, 124.10, 125.20, 128.60, 128.66,
149.57, 150.59; UV-VIS (CHCl3) Amax (¢): 265 (9130), 289
(9390), 313 (12200), 325 (13900), 356 (16600), 377 (11 600);
mlz (FD): 2554.6 (calc. 2554.1).

2,3,6,7,12,13,16,17,22,23,26,27-Dodecakis(dodecyloxy)hexa-
benzo[a,c,k,m,u,w|trinaphthylene (4d). Synthesized as described
for the preparation of the compound 4b. Quantities:
2,3,6,7,10,11-hexakis[3,4-bis(dodecyloxy)phenyl]triphenylene
(3d) (1.76 g, 0.608 mmol), dichloromethane (50 mL), ferric
chloride (0.98 g, 6.05 mmol), and dichloromethane (50 mL).
Yield 1.36 g (78%) of 2,3,6,7,12,13,16,17,22,23,26,27-dodeca-
kis(dodecyloxy)hexabenzo[a,c,k,m,u,w]trinaphthylene (4d) as a
pale yellow solid.

Compound 4d: '"H NMR (CS,-CDCl5) § 9.64 (s, 6 H), 8.24
(s, 6 H), 7.76 (s, 6 H), 4.35 (t, J=7 Hz, 12 H), 4.22 (t, J=7 Hz,
12 H), 2.07-1.86 (m, 24 H), 1.76-1.53 (m, 24 H), 1.53-1.09 (m,
192 H), 0.98-0.76 (m, 36 H); '*C NMR (CS,-CDCl;) § 14.69,
14.71, 23.50, 23.53, 27.09, 27.25, 30.17, 30.45, 30.49, 30.56,
30.62, 32.70, 53.08, 53.45, 53.80, 54.16, 54.52, 69.74, 70.04,
107.50, 108.58, 117.49, 124.12, 125.21, 128.59, 128.66, 149.57,
150.59; UV-VIS (CHCI3) Amax (8): 265 (13800), 289 (14200),
313 (18 500), 325 (21 100), 356 (25200), 377 (17 500); m/z (FD):
2890.9 (calc. 2890.7).
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