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A homologous series of heterocyclic liquid crystals containing the quinoline unit have been synthesized 
and characterized. These compounds show a smectic phase at low temperatures. The quinoline unit 
containing lone pair electrons introduces a significant dipole moment resulting in attractive forces to 
form a smectic phase. The heterocyclic structure may also break the centrosymmetry of the core of the 
molecule, which may be favored in the application of displays and nonlinear optics. 

Keywords: heterocyclic liquid crystnls, quinoline, nonlinear optics (NLO) ,  second har- 
monic generution ( S H G ) .  

As is well known, liquid crystals with high (positive or  negative) dielectric anisotropy 
(AE),' and even better with wide mesomorphic range at low temperatures' are useful 
for electro-optic devices. Therefore, in the case AE < 0, benzene-containing liquid 
crystalline (LC) molecules often contain lateral substituents with strong dipoles, 
such as a cyano group (see Fig. 1) to exhibit a large negative A(; and consequently to 
have low threshold voltages.'" However, to some extent, the lateral substituents may 
cause the disadvantage of the system br~adening '" .~ and in some cases depress the 
range of liquid crystalline phases.'" On the basis of this point of view, ~ y r i d i n e ' ~ . ~  or 
pyridazine4 derivatives are chosen as the rigid part of the target liquid crystalline 
molecules, because the lone pair electrons of the nitrogen atom in the core of the 
molecule generate a significant dipole moment to introduce attractive forces and 
thus to aid the formation of smectic  phase^.'".^ Nonetheless not many results have 
been reported on the preparation of the liquid crystalline molecules consisting of the 
quinoline unit"' which also possesses lone pair electrons of nitrogen in the system. 
Accordingly, the lone pair electrons can introduce a dipole moment in the molecules 
and may also possess a high negative dielectric anisotropy as the pyridine 
derivatives behave. Moreover, heterocyclic compounds have also been noticed for 

*Authors for correspondence. 
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X,orY =CN 
A = linking group, R' and R = terminal groups R*-'-'&.. - - 

FIGURE 1 Liquid crystalline structure containing lateral substituents with strong dipoles. 

SCHEME 1 The synthetic route for compounds 2a-2c. 

SCHEME 2 The synthetic route for compounds 4a-4e. 

the non-centrosymmetric chemical structure which may improve their liquid crystal- 
line and nonlinear optical properties. For instance, the quinoline unit composed of 
the nitrogen atom in the core of the molecule breaks the inversion center of the 
symmetry, which may reduce LC phase transition temperatures and thus stabilize 
the highly disordered LC phases (SA, S,, etc.).' Herein, we wish to report our 
preliminary results of successful synthesis of heterocyclic liquid crystalline molecules 
containing the quinoline unit. 

Compounds 2a-2c were prepared according to the literature method,8 and a typical 
procedure is shown as follows: The acetanilide l(20 mmole) was added to a solution of 
POCl, (140 mmole) and DMF (60 mmole) at WC, and the resulting mixture was sealed 
and then stirred at 80-85°C for 6-7 hours. The desired products 2a-2c were obtained 
in moderate yields after normal work-up and recrystallization (see Scheme l).' 

Reaction of NaI with intermediate 3 which was prepared from compound 2a and 
ethylene glycol in the presence of aqueous HCl produces compound 4a in 52% 
overall yield (see Scheme 2).9 Products 4b-4d were prepared similarly. 

The transition temperatures and corresponding enthalpy changes of compounds 
2a-2c and 4a-4e are shown in Table I. Compound 4a does not possess a liquid 
crystalline phase which may result from the broadening of the rigid part caused by 
iodide. Except for compounds 2b and 4b, compounds 2a, 2c, 4d and 4e possess a 
smectic phase at low temperatures which implies that these systems can be further 
studied and compounds such as analogous compound 5 will be potential liquid 
crystalline materials for polymerization in the practical uses. However, it is rather 
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TABLE I 

Phase transition temperatures ( T ) g  and corresponding enthalpy changes (J/g)* 

Compound Crystal Smectict liquid 

2a** 41.3(3.7) 0 77.5(65.3) 
2b 118.0 120.8 
2c' 32.0(22.5) 0 63.0(78.0) 
4a (no liquid crystalline phase) 
4b 88.2 0 96.6 
4c (no liquid crystalline phase) 
4d 23.3 42.0 
4e 38.5 43.2 

g Data obtained from the second DSC heating scan. 
* Corresponding enthalpy changes are shown in the parentheses (blank for those 

overlapped phase transitions). 
t Highly ordered smectic phases identified by polarizing microscope. 
** The texture of 2a is shown in Figure 3. 
1 The texture of 2c is shown in Figure 4. 

c-c-c-c 

CC-CC 0 

FIGURE 2 Possible molecular configuration of compound 4c. 

surprising that compound 4c does not show a smectic phase, which is quite abnor- 
rnal.la Possibly an internal hydrogen bonding between the aldehyde proton H and F 
arises, so the rigid part of the system is lengthened (see Fig. 2) and thus the liquid 
crystalline phase is depressed. 

Another similar system 6 is also being investigated and found to show better 
liquid crystalline properties (broader range of S, and S,)' than those of the corre- 
sponding naphthalene system. As well as liquid crystalline properties, nonlinear 
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optical (NLO) properties of system 6 has been investigated and it shows second 
harmonic generation (SHG) intensity 7 times larger than that of quartz in powder 
form. Further work of NLO experiments will give us more information in similar 
systems. Completed details will be published in the near future." 

FIGURE3 The highly ordered Smectic texture of 2a identified by optical microscope. See Color 
Plate. XII. 

FIGURE4 The highly ordered Smetic texture of 2c identified by optical microscope. See Color 
Plate. XIII. 
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