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Synthesis and Properties of Dimeric Antiferroelectric Liquid Crystals
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Dimeric liquid crystals of general structure [(S)-#-CpyHoms10-
CsH4CcH4COOCcH4COOCH(CF3)]2(CHp)p (m =8, 10; n=7,
9, 11) prepared from (S)-(trifluoromethyl)oxirane exhibited stable
antiferroelectric chiral smectic C phase and were shown to be
good dopants for antiferroelectric liquid crystals.

Antiferroelectric liquid crystals (AFLCs) are materials expected
to be applicable to high speed display device.l4 What is required
for AFLC materials is how to design and synthesize new
compounds which exhibit stable antiferroelectric chiral smectic C
(SmCa*) phase over a wide range of temperatures. Although
synthetic efforts for preparing new AFLC materials have been
made, few AFLC materials are known except 1 and its
derivatives. Thus, it appears to be hard to design new AFLC
materials, because conformational molecular ordering in SmCa*
phase is not well established. To study in details the alignment of
1 and to develop new AFLC materials, we designed dimeric
analog3- of 1, namely, 2a-2e consisting of two chiral mesogens
connected by -(CHp),-. Herein we report their synthesis and
properties.”’
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Dimeric liquid crystalline compound 2a was prepared
according to the route shown in Scheme 1. The diol 3 was
prepared by the reaction of Grignard reagent obtained from 1,5-
dibromopentane with (S)-(trifluoromethyl)oxirane (75% e.e.).8-
10 Esterification of 3 with 4-benzyloxybenzoic acid followed by
debenzylation of the resulting 4-benzyloxybenzoate afforded
bisphenol 4 as a diasteromeric mixture (S,S : S,R =3 : 1).
Resolution by HPLC (Daicel, CHIRALPAK AD, hexane : 2-
propanol = 7 : 1) afforded (S,5)-4 which was condensed with 4-
(4-octyloxyphenyl)benzoic acid to give rise to 2. In a similar
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i: Mg; ii: Cul, (8)-3,3,3-trifluoro-1,2-epoxypropane (75% e.e.); iii:
PhCH,0C4H COOH, PPE; iv: Hy, 10% Pd-C; v: separation by HPLC
(CHIRALCEL AD); vi: n-CgH70CgH4CgH,COOH, DCC, DMAP

Scheme 1.

manner, 2b-2e were obtained.

Phase transition temperatures!! of 2a-2e are shown below
each structure of 2a-2e. Of the compounds we prepared, 2a,
2c, and 2e with odd number of n exhibited only SmCa* phase,
and 2b and 2d with even number of n exhibited SmA and SmC*
phase. These results may suggest that two mesogenic units,
-CeH4CsH4COOCgH4COO-, tend to align anticlinically or
parallel in the dimer compounds 2a-2e depending on the odd or
even number of n, respectively. In Figure 1 the conformational
effect of the spacer -(CHp)p- is schematically drawn.5-7 Although
we attempted to observe the electric-field-induced SmCa *-SmC*
phase transition in the compounds of 2a, 2¢, and 2e, the electro-
optic switching did not take place. This should be ascribed to the
fact that the SmCa* phase is highly stabilized by the
conformational effect.

The dopant effect of dimeric liquid crystals was next studied.
Compound 5 selected as a host liquid crystal, exhibited SmA,
SmC*, and SmCa* phase. Dimeric compound 6 prepared in a
similar manner, was added to 5 (5: 6 = 95 : 5 by weight), and
the properties of the resulting mixture were measured and
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Figure 1. Illustration of the alignment of 2e (n = 11) in
SmCa* phase (A) and 2d (n = 10) in SmC* phase (B).

compared with those of pure 5. The mixture showed SmA and
SmCa* phase and did not exhibit SmC* phase; Cr 52 SmCa*
111 SmA 117 Iso. The SmCa* phase was well stabilized by the
coexisting dimer 6. The electric-field-induced SmCa *-SmC*
phase transition of 5 and the one of the 6 containing mixture are
shown in Figure 2.12 The electro-optic response of these
samples exhibited the antiferroelectric double-loop-hysteresis.
The hysteresis of the mixture (b, Figure 2) is clearer than that of
pure 5 (a, Figure 2). This means that the SmCa* phase of the
mixture is much more stabilized against electric field than that of
5. Thus, dimeric AFLC material 6 is shown to be useful as a
dopant for stabilizing SmCa* phase.

In summary, we have synthesized new antiferroelectric liquid
crystalline materials having a dimeric structure and demonstrated
these exhibit stable SmCa * phase and stabilize SmCa* phase as a
dopant. These observations should be useful for designing new
antiferroelectric liquid crystalline materials.
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Figure 2. Electro-optic switching characteristics at 90 °C; (a):
compound 5 and (b): the mixture containing 5 wt% of 6 with 95
wt% of §.
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