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Synthesis and Properties of Liquid Crystals
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The paper reports synthesis of L.C derivatives of different chemical classes containing terminal groups
—OCHF,, —OCF;, —SCHF,, —OC,F,, ., and —C_F;, ., and indicates their phase transition points
and physico-chemical properties.
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INTRODUCTION

The overwhelming majority of modern LCDs are based on the twist-effect! and
require adequate LC materials of positive dielectric anisotropy (Ae = ¢, — ¢, >
0). The most common way to obtain LC compounds with light positive Ae is to
introduce polar groups such as —CN, —NCS and F into the terminal position of
the LC molecule.

This paper presents synthetic scheme and physico-chemical properties of LC
derivatives of different chemical classes containing terminal groups —OCHF,,
—OCF;, —SCHF, and —OC,F,,, ., and —C,F,, , .

RESULTS AND DISCUSSION

Experimental

The pyridine derivatives were obtained using the following general synthetic scheme?:
diene condensation of the corresponding enamine with 1-acryloyl-4-substituted
benzene, followed by reaction of the resulting 3-alkyl-6-(4-P-phenyl)-3,4-dihydro-
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2-N-pyperidine-2H-pyrans with hydroxylamine hydrochloride. Similarly, deriva-
tives of 5,6,7,8-tetrahydroquinoline were prepared. The dioxane derivatives were
synthesized by common procedure from corresponding p-substituted aldehydes.>*
The pyrimidine derivatives were obtained from corresponding p-substituted ben-
zamidine hydrochloride using the general synthetic scheme. The compound’s struc-
tures were confirmed by NMR analysis. The element analysis proved satisfactory
for all derivatives.

Mesomorphic and Physico-Chemical Properties

Procedures for measuring phase transition points, as well as dielectric, optical and
viscous properties of liquid crystal compounds, are described in detail in Reference
5. Phase transition temperatures for the synthesized compounds are given in Table
I along with clearing points, dielectric anisotropy Ae, optical anisotropy An and
kinematic viscosity v (at 20°C) obtained by extrapolation from the corresponding
values for mixtures with ZLI-1132, as well as the same parameters for some known
compounds taken from literature.

As follows from Table I, clearing points for pyridine derivatives of general
formula (I) grow depending on the type of the terminal substituent as follows:

R-{ N D-X (1): ~F <-SCHF,, <~OCHF., <~CN <~0CF <-NCS

for series RN_)~(_ ¢ )-X (II): -SCHF, <-OCF, <-OCHF, <-CN

for series R~ ¥ X (III): -OCHF. <-OCF,<-CN
N 2 3

for series RN~ H-x (1v): -SCHF, <~OCF, <-OCHF, <-CN

for series R~_J-{)-X (V): ~OCHF, <-OCF, <~CN
A X (VI): 'SCHFZ <-F <—OCHF2 <—OCF3 <~CN <-NCS
for series R—O:N

Replacement of the —CN group by —OCF;, —OCHF, or —SCHF, results in
lower melting points, while introduction of —C,F,,,; and OC,F,, ., leads to a
significant growth of clearing points and disappearance of polymorphism.

Table II gives measured values ¢, ¢, and Ae for the series —OCHF, and
—SCHEF, derivatives belonging to different chemical classes.

In Table III values of dielectric constant €, are given measured in the isotropic
phase at T = T for the fifth homolog series of polar derivatives having different
chemical structures.

. 28L + €y
Eisotr. = €av. T 3
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Study of dielectric properties in the isotropic phase allows the increase of number
of compared substances by adding nonmesomorphic compounds as well as those
having only a smectic phase.

As follows from Tables I-1I1, for the compounds whose dielectric properties
were measured, a correlation with their calculated counterparts is observed per-
mitting us to include in the comparative analysis of dielectric characteristics those
liquid crystals for which calculation is the only possible way to evaluate their
properties. According to Maier and Meier, dielectric anisotropy of LCs with polar
molecules depends on polarizability of the molecule, magnitude of dipole moment,
degree of ordering S and angle between dipole moment and axis of maximal po-
larizability of the molecule. Tables I-1II show that for definite chemical structure

TABLE I

Dielectric constants of some polar compounds

N Formula £} €, Ae T =T/T,,K

1. CHy < O~~)-0cHF, 6.8 3.3 3.5 0.88
2. ¢y < O-)-co0~)-0cHF, 12.1 4.8 7.3, 0.85
3. ¢gil, < O~ -co0«)-0cHF, 6.5 4.8 2.5 0.85
4. cghy X OO0, 0-<)~0cHF, 6.2 3.8 2.4 0.85
5. gty < O-OD-scwr, 7.4 3.6 3.8 0.95
6. ;K O-D-(-ocHr, 8.7 4.6 4.1 0.95
F
7. ¢y~ O~(O~D-ocHF, 5.0 2.8 2.2 0.85
8. Cyl«{ O~ )~D-ocHF, 6.9 3.3 3.6 0.85
9. € Hg~< O~ND-scHr, 11.1 5.7 5.4 0.95

10.¢, 1~ O~-(D)-scrr, 10.5 5.0 5.5 0.95

- OCHF

=N 2
11.C5H11
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TABLE IIT

Permittivity results for some polar compounds.

N Formula Eisores T = Ty
L ¢ <X O~D-ociF, 5.9
2. ¢ < JHD-ocxr, 11.2
3. CH < \D-ocHF, 10.5
4. Coly <NKD)-scHr, 11.6
5. Chy  <CN-D-ocir, 10.1
6. CH ~CND)-scrr, 10.6
7. Cghy ~)-coo<)-ocHF, 6.4
8. CoHly ~N<-cn 17.4
9. C K WD-Nes 9.2
10. CgH,  <ON<D)-F 8.5
11. Cghy  <D)-cac<)-0cHF, 5.7
12. ¢y <3< -scur, 10.6
13. cghy <O Y-scwr, 12.7
14, CoH,~« O~)-scHr, 6.4
15. €4t~ )~()-0CHF, 6.3
16. C,H,<CN-3)-schF, 11.3
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TABLE Il (continued)

N Formula isorrs T = Ty

/A N

/. 12.4
17. CS\H11

7\ CHF

A 2 8.8
18. CgH,, N

a CHF 7.9
19. C.H;) 2

7\

LN 5.2
20. CSH11

of L.C, its dielectric anisotropy as a rule decreases in the same sequence as values
of dipole moments for terminal groups —CN, —NCS, —OCHF,, —OCF, and F
diminish: 4.05 D, 3.59 D, 2.46 D, 2.36 D and 1.47 D, respectively.”8

The data given in Table 1 show that replacement of —CN group by terminal
substituents —OCF,;, —OCHF,, —SCHF, or —C,F,, . ; results in lower values
of optical anisotropy and kinematic viscosity.

CONCLUSION

The discussed LC compounds with fluorinated terminal substituents represent a
new, promising class of liquid crystals whose characteristics allow to consider them
as most suitable components to be used for developoment of liquid crystal materials.
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