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Synthesis of novel nematic liquid crystals containing
3,3¾ -dimethyl-2,2 ¾ -bipyridyl

CHI-HAN LEE and TAKAKAZU YAMAMOTO*

Chemical Resources Laboratory, Tokyo Institute of Technology, 4259 Nagatsuta,
Midori-ku, Yokohama 226-8503, Japan

(Received 1 April 2001; in � nal form 11 June 2001; accepted 27 June 2001 )

Liquid-crystalline 3,3 ¾ -dimethyl-2,2 ¾ -bipyridyl derivatives with long 4-(alkoxyphenyl )ethynyl
( C C C6H4 OR) groups in the 5,5 ¾ -positions were synthesized by palladium-catalysed
crosscoupling reactions. The compounds exhibit exclusively nematic behaviour; for example,
the hexyl derivative showed a nematic phase over the temperature range 145.2–205.0 ß C. On
increasing the length of the terminal chain, the transition temperatures were lowered; for
example, the hexadecyl derivative was nematic in the range 117.0–126.8 ß C.

1. Introduction reactions of terminal alkynes having long alkoxy groups
with 5,5 ¾ -dibromo-3,3 ¾ -dimethyl-2,2 ¾ -bipyridyl (2 ) [2 a]Recently, much attention has been focused on the

synthesis and properties of molecules containing the 2,2 ¾ - (� gure 2). Terminal phenylalkyne s (3) having long alkoxy
groups were prepared in three steps from 4-hydroxy-bipyridyl unit [1–3], since such materials are useful for

applications in several � elds. Liquid crystalline materials acetophenone, as previously reported [11].
containing 2,2 ¾ -bipyridyl include thermotropic liquid
crystalline polyesters incorporating 5,5 ¾ -substituted 2,2 ¾ -

2.2. T hermal properties of 3,3 ¾ -dimethyl-2,2 ¾ -bipyridyl
bipyridyl units [4] and alkanoyl derivatives of 6,6 ¾ -

derivatives (1a–f)diamino-2,2 ¾ -bipyridyl and their metal complexes [5].
All the 3,3 ¾ -dimethyl-2,2 ¾ -bipyridyl-based compounds

Recently, the synthesis and liquid crystalline behaviour
1a–f showed mesogenic properties which were investi-of a homologous series of asymmetrically substituted
gated by polarizing optical microscopy (POM) and

2,2 ¾ -bipyridyls was reported [6]. However, liquid crystals
diŒerential scanning calorimetry (DSC). The heating

having a 3,3 ¾ -dimethyl-2,2 ¾ -bipyridyl unit have not been
and cooling rates were 5 ß C minÕ 1. DSC thermograms

reported, despite the known mesogenic behaviour of other
of the compounds 1a–f were measured on heating and

2,2 ¾ -bipyridyl units [7].
subsequent cooling; phase transition temperatures are

We have found that the 3,3¾ -dimethyl-2,2¾ -bipyridyl unit
summarized in the table.serves as a useful mesogenic moiety, and report here

All the compounds 1a–f show enantiotropic behaviour
the synthesis and nematic properties of the 5,5 ¾ -bis-

and speci� cally a nematic phase over a wide temperature
[(4-n-alkoxypheny l)ethynyl]-3,3 ¾ -dimethyl-2,2¾ -bipyridyls,

range. This enantiotropic behaviour was con� rmed by
1 (� gure 1).

POM. As shown in the table, 1a–f exhibit nematic
phases at moderate temperatures. The synthesis of 5,5 ¾ -2. Results and discussion
[(4-hexadecyloxyphenyl )ethynyl]-2,2 ¾ -bipyridyl was2.1. Synthesis
reported previously [9]; this compound exhibited several

The conjugated phenylethynyl backbone is a rigid rod
smectic phases (SmC, SmF and SmI) and high transition

that can act as a mesogenic unit, and in consequence
temperatures. The preparation and liquid crystal pro-

the synthesized 3,3 ¾ -dimethyl-2,2 ¾ -bipyridyl derivatives
perties of 5-methyl-5 ¾ - (4-n -alkoxyphenylvinyl )-2,2 ¾ -

containing long alkoxy chains are liquid crystalline
bipyridyls have also been reported [4]; these compoundsmaterials.
displayed smectic phases (SmA, SmB) and nematicCompounds 1 were synthesized by palladium-cata lysed
phases. In contrast, the 3,3 ¾ -dimethyl-2,2 ¾ -bipyridyl-

cross-coupling reactions which have been reported else-
based compounds, 1a–f, exhibit only nematic behaviour

where [8–10]; here, we focus on the crosscoupling
under POM. The texture observed for all the compounds
1a–f is a characteristic schlieren texture. It has also
recently been reported that some polyamides based on*Author for correspondence;

e-mail: tyamamot@res.titech.ac.jp the 2,2 ¾ -bipyridyl unit form lyotropic mesophases [12].
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68 C.-H. Lee and T. Yamamoto

Figure 1. Structure of the 5,5 ¾ -bis[(4-n-alkoxyphenyl )ethynyl]-3,3¾ -dimethyl-2,2 ¾ -bipyridyl series, 1.

Figure 2. Synthetic route to 1: for
conditions see text.

Table. Phase transition temperatures of compounds 1: cooperative packing by decreasing the segregation
Cr, crystal; N, nematic; I, isotropic. between aromatic and aliphatic fragments [13]. This eŒect

has been also observed in polycatenar compounds [14].Compound m Phase transition temperature/ ß C
On heating from room temperature, the DSC trace

shows two sharp endothermic peaks indicative of � rst
1a 6 Cr ,G)145.2

127.3
N ,G)205.0

187.8
I

order transitions, as shown in � gure 3 for 1f. The lower
temperature strong peak clearly corresponds to a trans-1b 8 Cr ,G)126.2

113.6
N ,G)174.8

172.5
I

ition involving strong disordering of a highly ordered
1c 10 Cr ,G)121.2

111.4
N ,G)154.8

151.8
I crystal phase. The higher temperature peak is assigned

to the transition from the liquid crystalline phase to an
1d 12 Cr ,G)121.5

115.5
N ,G)145.4

142.4
I isotropic liquid phase. It is clear that the transition from

the crystal to the liquid crystalline phase has a much1e 14 Cr ,G)117.1
110.6

N ,G)134.4
130.6

I
higher associated enthalpy change than the transition
from the liquid crystal to the isotropic phase. On cooling1f 16 Cr ,G)117.0

112.7
N ,G)126.8

124.7
I

from the melt, the thermogram shows two sharp exo-
thermic peaks. These thermal data are summarized in
the table.

Compounds 1a and 1b show a wide liquid crystalline
temperature ranges and their transition temperatures are 3. Conclusions
higher than those of the compounds, 1c–f. In particular, A new class of 3,3 ¾ -dimethyl-2,2 ¾ -bipyridyl derivatives,
compound 1a exhibits a high nematic–isotropic trans- 1a–f, having long alkoxy groups has been synthesized
ition temperature (205.0ß C). This presumably re� ects its and their thermal properties and the eŒects of the alkoxy
greater structural anisotropy compared with the other chain length have been investigated. These compounds
compounds, 1b–f. The signi� cance of the extensive super- were thermotropic liquid crystalline materials and
cooling of the nematic phase, however, is unclear, see exhibit only nematic behaviour.
the table. The data shown in the table are reproducible,
and the compounds do not undergo thermal degradation 4. Experimental
in the temperature ranges studied. The lowering of the 4.1. Synthesis
transition temperatures on increasing in the length of 4.1.1. 3,3 ¾ -Dimethyl-2,2 ¾ -dibromobipyridyl (2)
the alkyl chain can be explained by the increase in the A literature method was used for the synthesis of this

compound [2 a].fraction of mobile components which perturb the molecular
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693,3 ¾ -Dimethyl-2,2 ¾ -bipyridyl-based mesogens

Elemental analysis: C40 H44N2O2 (MW 5 584.8); calc
C 82.15, H 7.52, N 4.79; found, C 81.93, H 7.41, N 4.76%.

IR (KBr): n 5 2210 (C C) cm Õ 1. 1H NMR (CDCl3 )
d 5 0.90 (t, 6H, J 5 6.4 Hz, CH3 ), 1.32 (br, 12H, CH2 ),

1.80 (quint, 4H, J 5 6.4 Hz, CH2 ), 2.19 (s, 6H, CH3 ), 3.98
(t, 4H, J 5 6.4 Hz, OCH2 ), 6.89 (d, 4H, J 5 8.8 Hz, ArH),
7.49 (d, 4H, J 5 8.8 Hz, ArH), 7.75 (s, 2H, Py), 8.65

(s, 2H, Py) ppm.

4.2. Characterization
1H NMR spectra were obtained using a Jeol JNM-LA

300 (300 MHz) NMR spectrometer. Elemental analyses
were carried out with a Yanagimoto CHN Autocoder,

Type MT-2. IR spectra were recorded on a JASCO
IR-810 spectrometer with KBr pellets. The transition

temperatures were determined using a polarizing micro-
scope (Olympus, BHSP) equipped with a Mettler hot stage

TH-600RH and a controller (Japan Hytech, TH-600RH)
and also on the basis of the thermograms recorded using
a diŒerential scanning calorimeter (Rigaku, Thermo� ex,

DSC 8230 ).

The authors acknowledge Mr Y. Sano for his assist-
ance with DSC and Professor M. Matsumoto of Kyushu

Sangyo University for helpful discussions. Financial
support for this work was provided by the Japan SocietyFigure 3. DSC traces observed on (a) heating and (b) cooling
for the Promotion of Science.compound 1f: heating and cooling rates of 5 ß C minÕ 1

under nitrogen were employed.
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