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Synthesis and Properties of Optically Active a-Trifluoromethylbenzyl Derivatives
as New Chiral Dopants for Ferroelectric Liquid Crystals
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Optically active a-trifluoromethylbenzyl derivatives as new chiral dopants for
ferroelectric liquid crystals (FLCs) were synthesized utilizing optically active 4,4,4-
trifluoro-3-(4-methoxyphenyl)butanoic acid prepared by optical resolution procedures.
The magnitudes of spontaneous polarization (Ps) and the response time depended on
the type of the linkage between the optically active block and core blocks.

Recently a lot of ferroelectric liquid crystals (FLCs) and chiral dopants for FLCs have been studied with
a great interest in connection with their application for fast response display devices. 1.2) The response time
which is thought to be one of the most important properties depends on the magnitude of spontaneous
polarization (Ps) and viscosity of the FLCs. However, the relationship between the molecular structure of a
FLC and its properties is not clear. In this paper, we report the synthesis and properties of optically active o.-
trifluoromethylbenzyl derivatives shown in Fig.1 as new chiral dopants for FLCs. 8a and 11b did not have any
liquid crystal phase, while 8b and 11a had one, but showed no ferroelectric liquid crystal phase. The phase
transition temperatures of the chiral dopants were shown in Fig.1.
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Fig.1. The chiral dopants and their phase transition temperatures [°C].
Cry: crystal, |so: isotropic liquid, X: unidentified phase.

The racemic 4,4,4-trifluoro-3-(4-methoxyphenyl)butanoic acid (4) were prepared, as shown in Scheme
1. Thus, 1,1,1-trifluoro-4-methoxyacetophenone (1), prepared from the reaction of trifluoroacetic acid with 4-
methoxyphenylmagnesium bromide, was converted to ethyl 4,4,4-trifluoro-3-(4-methoxyphenyl)-2-butenoate
(2) by the treatment with phosphonium salt (b) in the presence of n-BuLi. The hydrogenation of 2 over
palladium-carbon afforded ethyl 4,4,4-trifluoro-3-(4-methoxyphenyl)-2-butanate (3) which was hydrolyzed to
give 43 :
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c) H,, Pd-C, EtOH, r.t. d) KOH, EtOH, reflux
Scheme 1.

Optically active 4,4,4-trifluoro-3-(4-

methoxyphenyl)butanoic acid (4) was obtained by NHCH, _@

the diastereomeric salt formation method in good

yield using an optically active amine, such as cis-2- C(
benzylaminocyclohexanemethanol (Fig.2) as a CH,OH

resolving agent. The salts of 4 were recrystallized  Fig.2. cis-2-Benzylaminocyclohexanemethanol.
with 95%-ethanol as the resolving solvent. The (18, 2R)-(-)-isomer.

results and properties of 4" are shown in Table 1.
Table 1. Optical resolution of (1)-4

Salta) Free acid d) o
OP/%ee Yield / %

(o1 p/°® Tolg35/ °® Mp 6, /°C [olp / °© [olg35/°

+-4 417 +35 179-180 +45 +94 >99 69

(-)-4 -17 34 179-180 -46 -96 >99 67

a) (+)-(+)-salt and (-)-(-)-salt. b) Solvent: MeOH. c) Solvent: 99%EtOH. d) The optical purities of 4* were
determined as its ethyl ester using HPLC equiped with a chiral column,"CHIRALCEL OB"(4.6 mm X 250
mm, carrier solvent hexane:2-propanol=99:1). e) The yields were calculated based on half the amount of
racemic 4.

Demethylation of 4" with hydrobromic acid quantitatively afforded a phenol derivative 5" which was
alkylated with hexyliodide to give 6. Following hydrolysis of 6" gave 7 *. The chiral dopants 8a and 8b were
thus obtained by esterification of 7 * with phenol derivatives (Scheme 2).

4 WHO-@—CHCHZCOOH——>CGH130—©—CHCH200006H13
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Scheme 2.
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The reduction of 6" with lithium aluminium hydride gave alcohol derivative 9*which was converted to
10 by following tosylation. The chiral dopants 11a and 11b were yielded by the treatment of 10" with phenol
derivatives (Scheme 3). 4
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Scheme 3.

As the chiral dopants 8a, 8b, 11a,and 11b showed no chiral smectic C (Sc*) phase, FLC mixtures were
prepared by adding 10 wt% of the chiral dopant into an achiral host liquid crystal mixture.d) The phase
transition temperatures, Ps, response times (110_90) and tilt angle (8) of the FLLC mixtures were shown in
Table 2.

Table 2. Electro-optical properties of FL.C mixtures’ at 25 °C

CSH130—©—?HCH2—X—©—{ :>-‘Y C10H21
CF,

eye o b
‘ Phase transition temp / °C ps® TIO-9OC) 0
Chiral dopant XY = = 5
Cry==Sc == S,==N==1Iso nCcm Hs deg
1 59 64 74
(-)-8a CO0 O 6 6 64 74 +2.0 230 21
0 52 61 74
(-)-8b COO 5 5] 7 T +3.5 300 20
la 2 50 63 73 )
+) CHoo = 2 & 1} 8.0 100 18
(+)-11b CH,0 - 147 60 72 15 92 22

-6 47 59 72

a) FLC mixtures comprised of a chiral dopant (10 wt%) and the host liquid crystal (90 wt%).S) b) The
magnitudeof Ps was measured by the triangular wave method.®) ¢) The change of transmittance (from 10 to
90 %) of light was observed when a square wave of 10Vpp;,1m'1 was applied to the cell.

The phase transition temperatures of 11a were lower than those of 8a, while those of 8b were lower than
those of 8a. Thus the phase transition temperatures of the FLC mixtures depend on the number of oxygen atom
in the chiral dopant molecule.

At 25 °C, the values of Ps of the FLC mixtures containing chiral dopants having -CH,O- group at X
were about twice as large as those of the FLLC mixtures containing chiral dopants having -COO- group at X.
On the other hand, the magnitudes of Ps of the FL.C mixtures hardly concerned whether the chiral dopant
molecule has -O- at Y or not.

The response times of FLCs substantially decreased with the increase of the magnitudes of Ps. Those
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T10-90 of FLC mixtures containing chiral dopants having -CH,O- group at X was about half as compared with
that of the FLC mixtures containing chiral dopants having -COO- group at X.

Finally, the tilt angles of FLC mixtures at 25 °C were about 20 degrees, and hardly concerned with chiral
dopants.

Further, detailed studies on new chiral dopants for FLC are actively in progress.
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