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(10 mL) containing sorbitol (200-1000 mm). Lipid bilayers were labeled
with  N-(6-tetramethylrhodaminethiocarbamoyl)-1,2-dihexadecanoyl-sn-
glycero-3-phosphoethanolamine (TRITC-DHPE, 0.07 %). The vesicles in
solution and fused to surfaces were observed with a laser scanning
microscope (Zeiss, LSM 510, Zeiss 60x/1.25 apochromat water immersion
objective, pinhole size 100 um) on either poly-L-lysine or 4-aminobutyldi-
methylmethoxysilane-modified glass coverslips coated with a 50 nm
PECVD-SiO, layer.

Standard experiments were performed in 85 mm KCl, 2 mm N-(2-hydroxy-
ethyl)piperazine-N'-(2-ethanesulfonic acid) (HEPES), at pH 74 using
vesicles filled with 200 mm of sorbitol.
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A Room-Temperature Discotic Nematic Liquid
Crystal**

Sandeep Kumar* and Sanjay Kumar Varshney

Liquid crystal displays (LCDs) have played a vital role in
information technology. The twisted nematic and supertwist-
ed nematic display devices have dominated commercial
displays since their invention. The liquid crystal layer in these
devices is made up exclusively of calamitic liquid crystals
(composed of rod-shaped molecules). A number of calamitic
nematic liquid crystals having room-temperature mesophas-
es—such as, cyanobiphenyls, phenylpyrimidines, phenylcyclo-
hexanes, and Schiff bases—have been synthesized and used in
practical displays.[:2

The major disadvantage with these types of devices is the
narrow and nonuniform viewing cone, which is considered to
be an unacceptable aspect of their performance. Several
methods have been put forward to improve the viewing angle
characteristics, for example the multidomain technique,”® the
introduction of an optical compensator to reduce the amount of
light leakage in the dark state, the application of an electric
field parallel to the plane of the substrates® and the
“amorphous” twisted nematic liquid crystal displays
(TNLCD).'l We recently disclosed a novel approach to
overcome this problem by utilizing discotic nematic liquid
crystals instead of calamitic nematic liquid crystals.”! Com-
pared to the large number of calamitic molecules showing a
nematic phase, there are only few disk-shaped molecules
showing a discotic nematic phase Np. Several derivatives of
triphenylene,® °! truxene,[') thiotruxene,['!! and naphthalene!*?!
show stable discotic nematic phases, but these phases are high-
temperature and narrow. For any application as a liquid crystal
device, stability of the mesophase well below and above room
temperature is one of the most important criteria.

Hitherto, no room-temperature discotic nematic liquid
crystal was known. The common procedure for extending
the mesophase range of calamitic liquid crystals is by mixing
different components and preparing an eutectic mixture, but
such a procedure has not been applied to discotic nematic till
now. Therefore, it is of great practical interest to prepare
room-temperature discotic nematic liquid crystals. Here we
report on the synthesis of the first example of a room-
temperature discotic nematic liquid crystal.

Hexa- and pentaalkynylbenzene derivatives having Np
phases have recently received a great deal of attention as
their clearing temperatures are not very high and they show a
chiral nematic-discotic phase on doping with suitable chiral
molecules. Several hexa- and pentaalkynylbenzenes and their
dimers were prepared and studied extensively.” 1%l

When the peripheral alkyl chains are attached to the phenyl
ring in the hexaalkynylbenzene derivatives through a hetero-
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atom such as oxygen, the melting and clearing temperatures
are higher than when the alkyl chains are directly attached to
the ring.'"¥! Furthermore when the peripheral aliphatic side
chains of various cores are branched, the mesophase is
widened, but the type of the mesophase formed is not affected
by the introduction of branching in many cases.'"] We
anticipated that by replacing the normal alkyl chains by
branched alkyl chains connected directly to the phenyl ring,
the melting points of the alkynylbenzene derivatives would
reduce and thus stabilize the mesophase. The synthesis of the
new branched chain hexalkynylbenzene is outlined in
Scheme 1.

R=v\)\/\/\ OH
OH

1.2 mL min~', retention time 39.25 min.). The spectral data
were in accordance with the structure.l'”l Both the starting
material (4-methylnonanoic acid) and the product 5 were
optically inactive.

The thermal behavior of 5 was checked by polarizing
microscopy and by differential scanning calorimetry (DSC).
The compound exhibits textural features of a nematic phase at
room temperature (Figure 1). On heating it transforms to the

Br Br | |
Br | |
RCOCI NH;NH, H
AlCl3 KOH Pd", TPP,
(70%) (46%) Cul, EtsN (70%)
R” o R
R Figure 1. Optical textures of 5. Photomicroscopic images of the mesophase
1 2 3 were obtained with a polarizing microscope (Leitz DMRXP equipped with
a Mettler FP82HT hot stage) on cooling from the isotropic liquid at 25°C
(crossed polarizer, magnification x 100)
R
KOH / tol . . .
XN ©19%) isotropic phase at about 70°C. The nematic phase reappears
| with very limited supercooling and crystallizes at —12°C.
P R .
R R Br These crystals melt at about 6 °C on subsequent heating. The
O | | Br Br H DSC traces obtained on the heating and cooling runs are
S P shown in Figure 2.
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Scheme 1. Synthesis of 5. TPP = triphenylphosphane.
4-Methylnonanoic acid was converted into the acid chloride
with oxalyl chloride at room temperature. Friedel— Crafts 40l 1\0 , | . ! : | \ !
. . . . . E 1
acylation of bromobenzene with this acid chloride gave © T/fg ., 50 70

1-bromo-4-(4-methylnonanoyl)benzene (1). Wolff - Kishner
reduction of this ketone furnished 1-bromo-4-(4-methylnona-
nyl)benzene (2). Palladium-catalyzed alkynylation of 2 with
2-methyl-3-butyn-2-ol afforded the protected phenylacety-
lene 3, which was deprotected with KOH in refluxing toluene
to yield phenylacetylene 4. Palladium-catalyzed coupling!'®! of
this branched, alkyl-chain-substituted species with hexabro-
mobenzene provided the desired hexakis[4-(4-methylnona-
nyl)phenylethynyl]benzene (5). The product, purified by
repeated column chromatography, was homogenous accord-
ing to thin-layer chromatography (TLC), and the HPLC
purity was found to be 99.8% (silica, hexane; flow
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Figure 2. DSC traces for compound 5 on a) heating and b) cooling (scan
rate 5°Cmin~!). x = heat flow, Cr = crystal phase, N, =nematic phase, I =
isotropic phase.

Compound 5§ shows a broad melting transition at 6.1°C
(peak temperature, enthalpy 18.1 kJmol-!) and a transition
from nematic discotic to isotropic at 69.3°C (enthalpy
0.3 kJmol™'). The cooling run shows the isotropic to nematic
transition at 68.1°C (enthalpy 0.2 kJmol™!) and a broad
transition from the nematic phase to the crystal phase at
—12.2°C (enthalpy 18.2 kJmol~'). However, we realized that
the thermal behavior of 5 obtained in different batches is not
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consistent, though the spectral data are identical. This could
be due to the stereoheterogeneity of the product (with one
chiral center in each of the six side chains, the product derived
from racemic starting material consists of a mixture of
stereoisomers). A mixture of stereoisomers could be the
cause of the varying melting (0-10°C) and clearing points
(40-80°C) in different batches.

Efforts to crystallize the material in various solvents at low
temperature met with failure, but 5 can be fractionalized by
triturating with acetone at about — 10 °C. Two such treatments
give a product with higher melting and clearing points.
Fractionation of 5 is also possible by column chromatography
over alumina and elution with hexane/dichloromethane in
small fractions (1 mL). The first few collections have a
relatively lower clearing point (40-50°C) than the latter
fractions (70—80°C). This indicates that the product 5 is a
statistical mixture of stereoisomers. The different solubilities
of the isomers account for the variations in the composition of
the different batches. The preparation of pure stereoisomers
of 4-methylnonanoic acid and other derivatives is currently
under investigation.

The nematic phase shown by 5 is stable well below and
above ambient temperature. Previously, experimental studies
have been presented to demonstrate the wide and sym-
metrical viewing angle of devices having similar but high-
temperature nematic discotic material.”! Similar studies with
the present room-temperature nematic discotic material will
be presented in due course.
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