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COMBINATION OF ELECTRON-DEFICIENT
AND ELECTRON-RICH DISCOTIC LIQUID CRYSTALS
IN NOVEL UNSYMMETRICAL COLUMNAR TWINS

Sandeep Kumar®*, Jaishri J. Naidu, and S. K. Varshney
Centre for Liquid Crystal Research, P.O.Box 1329, Jalahallz,
Bangallore - 560 013, India

The synthesis, characterization and mesomorphic properties of a new type of
discotic liquid crystalline dimer bearing an electron-rich triphenylene discotic
connected to an electron-deficient anthraquinone discotic via an alkyl chain
spacer are reported. This donor-sigma-acceptor type molecule displays a
colummnar mesophase over a wide temperature range.
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INTRODUCTION

The design and synthesis of novel discotic liquid crystals (DLCs) is an area of
increasing current interest. DLCs are a unique state of matter possessing self-
organization of disc-shaped molecules [1]. These supramolecular assemblies
are of fundamental importance not only as models for the study of the energy
and charge migration in organized systems but also as functional materials for
device applications such as, one-dimensional conductors, photoconductors,
light emitting diodes, photovoltaic solar cells, gas sensors, etc [2-8].

As in traditional inorganic semiconductors, organic DLCs can function
either as P-type or n-type. The most widely synthesized and studied disco-
tic liquid crystals are electron-rich n-conjugated materials and are better
hole carrier ( p-type semiconductors) [9]. Recently a few examples of elec-
tron-deficient (n-type) DLCs such as bis(dithiolene)nickel complex,
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perylene, tricycloquinazoline, hexaazotriphenylene, anthraquinone, etc.,
are reported in the literature [9,10].

It is well known that connecting two discotic molecules together via a
spacer (discotic dimers) stabilizes the columnar mesophase significantly
and often leads to the formation of glassy materials. They can be con-
sidered as a prepolymer and are well suited for model studies due to their
ease of purification and characterization. Discotic twins based on benzene
core was first reported by Lillya [11]. Recently, several other dimers based
on various discotic cores are appeared in the literature [12]. Hexasubsti-
tuted triphenylenes are among the most widely synthesized and studied
discotic liquid crystals and many examples of both symmetrical and unsym-
metrical twins based on triphenylenes are known [12,13]. Such electron-
rich DLCs when doped with electron acceptor like trinitrofluorenone
(TNF), formation of charge-transfer (C-T) complex has been found. C-T
interaction has a profound effect on the induction and stabilization meso-
phases [14]. An interesting example is the creation of a columnar nematic
and columnar hexagonal phase by mixing non-liquid crystalline multiynes
with TNF [14,15]. Computer simulation studies by Bates and Luckhurst
indicate that the quadrupolar interaction may be responsible to form such
chemically induced liquid crystalline phases [16]. Recently, several exam-
ples of dimers were reported in which an electron acceptor like TNF or
anthraquinone was co-valently connected to the electron-rich donar [17].
In all the reported examples the electron-deficient moiety has been limited
to the non-liquid crystalline molecules. To the best of our knowledge, a
donar-acceptor dimer in which both the components are discotic liquid
crystalline has so far not been prepared. In this paper, we present the syn-
thesis and characterization of the first example of a discotic twin in which
an electron-rich triphenylene based DLC is connected to an electron-
deficient anthraquinone DLC via an alkyl chain spacer.

EXPERIMENTAL

The monohydroxytriphenylene 1 and monohydroxyanthraquinone 3 were
prepared as reported [18,19]. A mixture of 1 (250mg, 0.33 mmol), K;COs
(278 mg, 2.0mmol) and 1,12-dibromododecane (879mg, 2.68 mmol) in
dry methylethylketone (15ml) was heated at 100°C for 15h under anhy-
drous reaction condition. Usual work-up followed by column chromato-
graphic purification afforded the compound 2 in 60% yield.

'"H NMR (200 MHz, CDCLs): 6 7.84(s, 6H), 4.23 (t, 12H), 3.40 (t, 2H),
2.0-1.2(m, 60H), 0.93 (t, 156H).

The dimer 4 was prepared by heating a mixture of 2 (82mg,
0.083 mmol), K5;CO5 (20mg, 0.14 mmol) and monohydroxyanthraquinone



Downloaded by [University of California, San Diego] at 10:33 11 August 2012

Novel Unsymmetrical Columnar Twins 357/[1399]

3 (50mg, 0.07 mmol) in dry DMF at 100°C for 24 h. Usual work-up followed
by the purification of the crude product by column chromatography over
silica gel furnished the dimer 4 in 48% yield.

Mass (FAB): m/z 1334

'H NMR (200 MHz, CDCL5): 8 7.84(s, 6H), 7.59 (s, 2H), 4.15 (m, 20H),
1.9-1.2 (m, 104H), 0.92 (m, 30H).

C NMR (100 MHz, CDCLs): 6 181.2, 157.5, 153.9, 149.0, 146.9, 132.6,
123.6, 120.4, 107.3, 107.0, 74.7, 74.1, 69.7, 31.7, 31.5, 30.3, 29.7, 29.6,
29.0, 26.2, 26.0, 25.8, 25.7, 22.6, 14.0

UV-vis: dmax (nm): 249, 258, 267, 277, 312, 318, 343

RESULTS AND DISCUSSION

Moleculer architecture of the type D-¢-A, with an electron donar D and an
electron acceptor A, separated by a sigma bond is of interest since a long
time. In 1974, Aviram and Ratner proposed that a single organic molecular
structure of the D-o-A, form could perform as a rectifier of electric current
[20]. The mechanism has recently been verified experimently [21]. In the
field of discotic liquid crystals, several triphenylene and alkynylbenzene
derivatives were prepared in which a non-liquid crystalline electron-
deficient molecule such as TNF or anthraquinone was attached to the
donar molecule co-valently [17]. Intermolecular C-T interaction has been
noticed in such systems. With the idea that combining a electron-rich
DLC and a electron deficient DLC may create novel supramolecular struc-
tures, we designed a donar acceptor twin 4 bearing a discotic liquid crys-
talline triphenylene donar unit tethered to a discotic liquid crystalline
anthraquinone acceptor unit.

The retro synthetic analysis reveals that connecting the monofunctiona-
lized donar and acceptor parts with a difunctional spacer can easily
assemble the desired dimer 4. The monofunctionalized donar and acceptor
molecules are prerequisites to prepare the dimers. While a number of
sound synthetic strategies have been established to prepare electron rich
monofunctionalized triphenylene derivative [18], monofunctionalized elec-
tron-deficient DLCs are not easily accessible. We prepared the monohy-
droxy-pentakis(hexyloxy)triphenylene as reported earlier [18]. The syn-
thesis of monohydroxy-pentakis(hexyloxy)anthraquinone was achieved
by the partial alkylation of 1,5-dihydroxy-2,3,6,7-tetrahexyloxyanthra-
9,10-quinone [19]. It was purified as its acetate and the free phenol was
regenerated by the hydrolysis of pure acetate. The dimer 4 was prepared
in two steps (Scheme). Alkylation of monohydroxy-pentahexyloxytriphe-
nylene 1 with excess of 1,12-dibromododecane furnished the triphenylene-
dodecylbromide 2 carrying one terminal bromine substituent. The desired
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SCHEME Synthesis of discotic D-o-A dimer.

dimer 4 was prepared by reacting 2 with monohydroxyanthraquinone
under classical alkylation reaction conditions. It was fully characterized
from its 'H NMR, *C NMR, UV-vis and Mass spectral analysis.

The thermal behaviour of the dimer 4 was investigated by polarizing
optical microscopy using a Mettler FP82HT hot stage and central processor
in conjunction with Leitz DMRXP polarizing microscope and by differential
scanning calorimetry (DSC7 Perkin-Elmer). On first heating, 4 gives one
weak broad peak, probably a glass transition, in the DSC at about 40°C
and the mesophase to isotropic phase transition at 96.9°C (AH 8.5Jg™1).
Upon cooling, the isotropic to columnar phase transition appears at
94.3°C(AH 7.6Jg™ ). The DSC does not show any crystallization or glass
transition peak down to room temperature. On subsequent heating, the
DSC shows only mesophase to isotropic transition and the weak transition
at 40°C was not discernible. DSC traces obtained on the heating and cooling
runs are shown in Figure 1.

Microscopy with polarized light suggested that the dimer 4 form colum-
nar mesophase. A classical texture of columnar mesophase appeared
upon cooling from the isotropic liquid and remains stable down to room
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FIGURE 1 DSC traces for compound 4 on heating and cooling (scan rate 5°C
-1
min~ ).

temperature. The texture is very similar to the known texture for the
hexagonal columnar mesophase shown by several well-characterized disco-
tic liquid crystals. The mesophase is miscible with the Col,, phase of
hexaalkoxy-triphenylene and anthraquinone derivatives. Photomicroscopic
pictures of compound 4 obtained on cooling from the isotropic liquid at
94°C and at 25°C are shown in Figure 2.

The formation of liquid crystalline structure in a donar-acceptor
molecule can arise from simple 7-7 interaction of the aromatic cores or
from charge-transfer or complimentary polytropic interaction (CPI) be-
tween donar and acceptor units. Formation of C-T complexes by elec-
tron-rich discotic materials such as triphenyleneethers, alkynylbenzenes
upon doping with non-liquid crystalline acceptor molecule like TNF is well-
documented [17]. Columnar aggregates of alternating donors and acceptors
in the C-T complexes may cause the stabilization as well as the induction of
the liquid crystalline phases. Recently, Boden group reported that the sta-
bilization of mesophase in binary systems could be due to CPI interaction
[22]. The 1:1 mixture of several triphenylene and azatriphenylenes give col-
umnar mesophases having much higher clearing temperature [22].

In order to understand how the molecules of 4 are stacked within the
superstructure, we looked at the UV-Vis and thermal behaviour of the
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(b)

FIGURE 2 (a) Optical texture of 4 obtained on cooling from the isotropic liquid at
94°C (b) Optical texture of 4 obtained on cooling from the isotropic liquid at 25°C
(crossed polarizer, magnification X200). (See COLOR PLATE X)
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dimer 4, monomers 7.e. hexahexyloxytriphenylene and hexahexyloxy-
anthraquinone and their 1:1 mixture. The UV spectrum of the dimer 4 or
of the (1:1) mixture of donor and acceptor component does not show
any additional absorption band as compared to the separate donor and ac-
ceptor. It is essentially a sum of the donor and acceptor units. The colour of
the dimer 4 as well that of the (1:1) mixture is almost matching with the
colour of the acceptor. Therefore, it is unlikely that the dimer 4 forms inter-
molecular or intramolecular C-T complex. The thermal behaviour of the
dimer 4 (X 40°C Col 96.9°C I) is also comparable to the donor (Cr 68°C
Col 99.5°C I) and acceptor (Cr 53°C Col 105°C I). As here is no significant
change in the isotropic temperature, it is difficult to say that CPI plays any
dominant role. It could be possible that the discotic liquid crystalline donor
and acceptor subunits are segregated in different columns due to simply
-1 interaction. However, further studies are needed to confirm the
detailed structure.

CONCLUSIONS

We have synthesized the first example of a liquid crystalline dimer
composed of a discotic liquid crystalline donor and a discotic liquid crystal-
line acceptor connected via an alkyl chain spacer. The D-g-A dimer shows a
columnar mesophase over a wide temperature range.
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