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A series of chiral benzylidene-aniline compounds, 4-alkoxybenzylidene 4'-(2-methyl-
butyloxycarbonyl)anilines, have been synthesized and their mesomorphic properties
are examined. They showed a monotropic chiral smectic C phase in conjunction with
enantiotropic smectic A phase, and their chiral smectic C—smectic A phase transition
temperatures are around room temperatures. Their spontaneous polarization values
are moderately higher than those of DOBAMBC “4-decyloxybenzylidene 4’-amino-
(2-methylbutyl)cinnamate”.

Keywords: ferroelectric liquid crystal, chiral smectic C phase, benzylidene-
aniline, mesomorphic range, low melting

INTRODUCTION

Since the demonstration® of the electrooptic effect on ferroelectric
liquid crystals, interest in the display devices using them has increased
considerably. At the same time, much attention has been given to
the synthesis of ferroelectric liquid crystal materials which exhibit
chiral smectic C phase (S&), and many materials have been prepared
up to now.?-5 However, the number of S{ materials available for
these applications is limited, particularly those which exhibit S& phase
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at room temperature and sufficiently high spontaneous polarization
values are few. Although DOBAMBC® and HOBAMPC, showing
a high value of spontaneous polarization, melt around 70°C, these
S& materials were used exclusively for experimental investigations on
electrooptical devices.

*
CBH”O—@—CH:N—@CH:CH—COZCHzCHC2H5
|

CH,
(DOBAMBC)

*
C(,Hl30—©fCH:N—©-—CH=CH——COZCH2C|HCH3

al
(HOBAMPC)

The aim of this work is, therefore, to prepare a new series of
ferroelectric liquid crystal materials which exhibit S¢ phase at room
temperature or close to room temperatures and which have high
spontaneous polarization values.

It is known that the molecular structures of terminal groups and
ring systems, such as a hard-rod core, have a significant effect on the
mesomorphic properties. In nematic liquid crystals, mesogens having
amino-cinnamate moiety show higher melting points than those hav-
ing amino-benzoate moiety.® Thus the ring systems affect its melting
properties and the elimination of the double bond (—CH—CH—)
brings about a decrease of melting points. In the area of S¢& liquid
crystal materials, it is presumed that similar phenomena are noticed.
Therefore, 4-alkoxybenzylidene 4'-(2-methylbutyloxycarbonyl)-
anilines (I) are prepared and examined and their mesomorphic prop-
erties are compared with 4-alkoxybenzylidene 4'-amino(2-methyl-
butyl)cinnamate (II).

*
anz,,Ho—<(:)>—CH:N~©——COZCH2c|Hc2H5 )

CH,

*
C,Ha,. 1O—©—CH:N~©—CH:CHCOZCH2CHC2H5
|

CH,
(1)
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MATERIALS

The benzylidene-aniline compounds (I) were prepared as shown in
Figure 1. The optically active precursor to 4-(2-methylbutyloxycar-
bonyl)aniline is (S)-2-methylbutanol. Chiral alcohol was esterified
with 4-nitrobenzoic acid, and the reduction of this ester compound
gave an optically active 4-(2-methylbutyloxycarbonyl)aniline. Finally,
the benzylidene-aniline compounds were prepared from equimolar
amounts of the above aniline and commercially available 4-alkoxy-
benzaldehyde in refluxing benzene.

The compounds were recrystallized from ethylalcohol until con-
stant transition temperatures were obtained. The molecular structures
of all compounds were established by analysis of ir, nmr and mass
spectroscopy and the purity of each compound was checked by glc.

The transition temperatures were determined by optical micros-
copy with a polarizer and heating stage and by a differential scanning
calorie meter.

RESULTS AND DISCUSSION

The transition temperatures of 4-alkoxybenzylidene-4'-(2-methyl-
butyloxycarbonyl)anilines were shown in Table I. They all exhibit
enantiotropic smectic A (S,) phase. And when the n-number is be-
tween 7 and 14, they exhibit monotropic chiral smectic C (S&) phase.
Although the values for n were increased, they did not exhibit en-
antiotropic S¢ phase and, unfortunately, at n = 16 the S¢ phase
disappeared. Additionally, when the n-number is below 6, these com-
pounds did not exhibit S¢& phase. This indicates that the n-numbers
which exhibit S¢ phase are limited in the region between 7 and 14.

*
HOCH,C H;

CH; *

O,N -@co,n ———————— ON CO,CH,CHC,H,
H,SO, &H

3

Pd/C H, *
H,N @COZCHZEHC,HS
H,

CnHan.10 @wo
*
“ho c,,Hz,Mo@ cn:N<C:)>co,cw,gnczﬂ5
3

FIGURE 1 Route of synthesis for 4-alkoxybenzylidene 4'-(2-methylbutyloxycar-
bonyl)anilines. The stars above the carbon given indicate the asymmetric carbon atom.
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c,,Hz,,,p@ CH=N @ CO,CH,EHC,H;
CH,

n K S¢ Sa I
4 *60.4 - *63.0 -
5 * 456 - 583 -
6 *46.5 - *61.4 o
7 *461 (»352) *61.4
8 *41.3 (+39.3) «66.0 -
9 *598 (#41.6) 660 -
10 520 (2422) 680 -
11 © 527 (=41.2) *66.7 =
12 *475 (- 40.6) *685 -
14 * 535 (+36.8) 678 -
16 * 548 - *672
18 *63.8 - *656 -

TABLE 1 Single compounds with their phase transition temperatures in degree cen-
tigrade, solid-smectic A phase transition, chiral smectic C—smectic A phase transition
and smectic A-isotropic liquid phase transition. The abbreviations mean respectively,
K solid phase; S& chiral smectic C phase; S, smectic A phase and I isotropic liquid
phase. The points beneath the symbols given indicate the existence of the phase
concerned, and the absence of the phase is indicated by a dash (-). Transitions which
only appear in an unstable area—usually called “‘monotropic”’—have been placed in
brackets.

This limitation for the n-number will be affected, of course, by the
ring systems of the hard-rod core.

The members of series (I) generally showed lower transition tem-
peratures, with the S, —S¢ phase transition temperatures below 42°C,
And their S¢ phase can be readily supercooled to a state of 25°C and
crystallization does not occur after one hour at 25°C.
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A reversal of the central linkage of series (I) gave similar meso-
morphic properties. For example, with material for the octyloxy hom-
ologue (I1I)

*
CBHWO—@—N:CH——@—COzCHZC’HCZHS (111)

the following phase sequence is observed:

Iso - Sa s S& mﬂp °C)

The compound (I11) exhibited a enantiotropic S, phase and mono-
tropic S¢ phase, and the phase transition temperatures are similar to
those of series (I).

But the displacement of alkoxy groups by alkyl groups brings about
the disappearance of mesophases. The following compound

*

CSHI7~©—CH:N—@—COZCHZCIHCZHS

CH,

exhibits no mesophases. Alkyl groups, as terminal groups of smectic
mesogens, favor forming no mesophases.

The examples shown in Figure 2 illustrate the differences of phase
transition temperatures between series (1) and series (IT). The series
(II) are homologues of DOBAMBC. From Figure 2, it is noticed that
the S, -S¢& phase transition temperatures of series (1) are lower (by
about 50°C) than those of series (II). Additionally, Iso-S, transition
temperatures of series (I) are lower (by 60°C) than those of series
(IT). Thus, the elimination of the carbon-carbon double bond
(CH=CH) brings about the decrease of transition temperatures. It
is known that in the nematic mesogens eliminations of double bonds
brought about the decrease of clearing points (Iso-nematic phase
transition temperatures). The effect of the elimination of double bonds
in the smectic mesogens is similar to that of nematic mesogens.

The elimination of double bonds brought about a little increase in
spontaneous polarization. Figure 3 shows the value of spontaneous
polarization of the series (1) compared with that of DOBAMBC
(series II). These values were determined by using the Sowyer-Tower
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FIGURE 2 Smectic phase transition temperatures versus n-number of alkoxy chain
in the compounds which are illustrated in the Figure.

method and were measured under the supercooled state. It is noticed
that the value of spontaneous polarization of series (1) is a little higher
than that of DOBAMBC. Additionally, there is no clear dependence
of the value of spontaneous polarization on the length of the terminal
chain length (r-number) in the series (I).
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FIGURE 3 Temperature dependences of spontaneous polarizations of compounds
(I) and DOBAMBC. The temperature (7.-T) indicates the difference in the tem-
peratures between S¢—S, phase transition temperatures (7,) and the temperatures at
which the measurement was made (7).

From the above results, it was concluded that the elimination of
the carbon-carbon double bond shows remarkable effects on its prop-
erties. These effects were the lowering transition temperatures and
the small increase of spontaneous polarization.
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