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(57) In accordance with the present invention, there are provided carboxylate compounds represented by the following
formula [A] and liquid crystal compositions containing said compounds. (see formula A) wherein R 1s a group selected
from the group consisting of alkyl of 3-20 carbon atoms, alkoxyl of 3-20 carbon atoms and halogenated alkyl of 3-20
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carbon atoms, X and Y each represent a group selected from the group consisting of -COO-, -OCO-, -CH»CH»-,

-CH»O-,-OCH»-, -S-5-, (see formula II) and (see formula III) or a single bond, A and D each represents a group

selected from the group consisting of (see formula IV to X) and (see formula XI) and R* 1s an optically active gruop

O
O]

' 4-20 carbon atoms containing at least one asymmetric carbon atom (hydrogen atoms attached to the carbon atoms

" said optically active group may be substituted with halogen atoms), and m and n are each an mteger of 0-2, with the

proviso that both m and n are not O at the same time.
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ABSTRACT
In accordance with the present invention, there are
provided carboxylate compounds represented by the following
formula {A] and liquid crystal compositions containing said

5 compounds.

R @wfxm)-r——w-sm— COO-R* ... (A]

wherein R is a group selected from the group consisting of
10 alkyl of 3-20 carbon atoms, alkoxyl of 3-20 carbon atoms and
halogenated alkyl of 3-20 carbon atoms, X and Y each
represent a group sSelected from the group consisting of
"COO"’y "OCO—’ "CHZCHZ"; "CHZO"’ q""O(-.:E'IZ"""p “S"'S_f _C"CHZ" and
i
O

15 -CHp~-C-, or a single bond, A and B each represents a group

!
0

20

and and R* is an optically active gruop of
4-20 carbon atoms contailning at least one asymmetric carbon
atom (hydrogen atoms attached to the carbon atoms of said

optically active group may be substituted with halogen
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atoms), and m and n are each an integer of 0~2, with the

proviso that both m and n are not 0 at the same time.
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FIELD OF THE INVENTION

This invention relates to novel'carboxylate (carboxvylic
acid ester) compounds and liquid crystal compositions containing
the carboxylate compounds.

In other aspects, the invention relates to liquid crys-
tal elements containing the novel carboxylate compounds descfibed
above, processes for the preparation thereof and methods of light

modulation using the liquid crystal elements.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a chart showing !H-NMR spectrum of R-1""-
trifluoromethylheptyl ester of 4-[4'-(1", 2", 3", 4"-tetrahydro-
6"-n-decyloxy-2"-naphthoyloxy)benzoyloxylbenzoic acid.

Fig. 2 is a chart showing !H-NMR spectrum of R-1"
trifluoromethylheptyl ester of 4-(1', 2', 3', 4',-tetrahydro-6'-
n-decyloxy-2'naphthovyloxy)-benzoic acid.

Fig. 3 is a chart showing TH-NMR spectrum of R-1"'-
trifluoromethylheptyl ester of 4-[4'-(1", 2", 3", 4"-tetrahydro-
6"-n-heptyloxy-2"-naphthoyloxy)benzoyloxy]lbenzoic acid.

Fig. 4 1s a sketch illustrating that each major axis of
the molecule of a ferroelectric liquid crystal tilts by a tilt
angle to the vertical direction of a smetic layer, and the direc-
tion of the tilt rotates every smetic laver by a definite angle
one by one, thereby assuming a helical structure.

Fig. 5 is a sketch showing the state of a conventional

film element wherein two types of the direction of orientation can
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be attained.

Figs. 6(A) and 6(B) are eaéh a sectional view showing
schematically one embodiment of the liquid crystal elements of the
present invention.

Figs. 7 and 8 are each a photograrh of oscillographic
wave showing the relation between a voltage applied at the time
when a triangular wave voltage is applied to the liquid crystal
element of the present invention in which a liquid crystal cell is
arranged so as to obtain the darkest state and an intensity of
transmitted light.

Figs. 9 and 10 are each photograph of oscillographic
wave showing the relation between a voltage applied at the time
when a triangular wave voltage is applied to the liquid crystal
element of the present i1nvention in which a liquid crystal cell is
arranged so as to obtain the brightest state and an intensity of
transmitted light.

BACKGROUND OF THE INVENTION

Display devices relying on use of liquid crystal com-
pounds which are widely used at present are driven by TN (twisted
nematic mode).

When this TN mode is adopted, however, there are involv-
ed such problems that in order to change the image being display-
ed, the driving time 1is prolonged, because the position of the
molecule of the liquid crystal compound in the element must be
changed, and also the voltage necessary for changing the position

of the molecules of the liquid
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crystal compound, that is, the power consumption becomes
large.

In distinction to switching elements utilizing TN mode
or STN mode, switching elements using ferroelectric
liquid crystal compounds are able to function as switching
elements only by changing the direction of molecular
orientation of the liquid crystal compounds and hence the
switching time required for operating the switching elements
is markedly short. Further, because a value of Ps x E
obtained from a spontaneous polarization (Ps) of the
ferroelectric liquid crystal compound and intensity of the
electric field (E) applied is an effective energy output for
changing the direction of molecular orientation of the
liquid crystal compound, power consumption required therefor
can also be markedly minimized. Such ferrocelectric liquid
crystal compounds as mentioned above are suitable
particularly as display devices for moving picture, because
they have two steady states depending upon the direction of
electric field applied, that is, bistability and also very
favorable switching threshold value characteristics.

When these ferroelectric liquid crystal compounds are
intended to use in optical switching elements, they are
required to have such characteristics as an operating
temperature in the vicinity of ordinary temperature or below,

a wide operating temperature zone, a high switching speed and

§
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an appropriate switching threshold value voltage.
Particularly, of these characteristics, the operating
Cemperature range is especially important when the
ferrcelectric liquid crystal compounds are used in optical

3 switching elements.

SO far as ferroelectric liquid crystal compounds known
hitherto are concerned, however, they are generally narrow in
operating temperature, and even in ferrcelectric liquid

crystal compounds having a wide operating temperature range,
10 the operating temperature range is in a high temperature
Zone excluding room temperature, as disclosed in R.B. Mevyer
et al., J. de Phys., Vol. 36 L, P. 89 (1975) and a paper
reported by M. Taguchi and T. Harada, "Proceedings of
Eleventh Conference on Liquid Crystalr, P. 168 (1985). Thus,

15 no ferrcelectric liquid crystal compounds which are

available yet,

8y the way, there have heretofore been made various

proposals for light modulation elements using such
20 ferroelectric liquid crystal compounds as mentioned above.
For example, these light modulation elements may be

driven by a method using a liquid crystal cell composed of

two transparent substrates being arranged so as to face each

other, leaving a gap of about 2 fim between the substrates,
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th'e gap being filled with a ferroelectric liquid crystal
assuming a chiral smetic phase C.

The ferroelectric crystal has a layer structure in the
chiral smetic phase C, and in this layer a major axis of
molecule is oriented so that this axis forms a practically
definite angle 6 (called a tilt angle). In this state, as
shown in Fig. 4, the major axis of liquid crystal molecule 41
gradually turns owing to interaction between the molecules to
a different direction and comes to form a helical structure
(Fig. 4).

However, when a gap of about 2 Uum formed by two glass
substrates is filled with a liquid crystal material, the
oriented state of the liquid crystal material is influenced
by the glass substrates to release its helical structure, and
the liquid crystal molecule 51 comes to exhibit two forms of
steady state when viewed from above the transparent substrate
SQ as shown in Fig. 5. In the steady state as mentioned
above, because the major axis of liquid crystal molecule and
a dipole perpendicular thereto take the direction opposite to
each other in the two forms of steady state, the steady state
of the liquid crystal material can be transferred between the
above-mentioned two steady states by applying an electric
field thereto.

In that case, the amount of transmitted light can be

controlled by arranging the above-mentioned liquid crystal
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cell between two polarizing plates wherein the directions of
polarized light c¢ross at right angles so that the cell
becomes dark (the amount of transmitted light decreases) when
the liquid crystal in the cell takes one form of the two
forms of steady state.

In the process as mentioned above, theoretically it is
said that the steady state of liquid crystal material present
in the cell involves only two forms as aforesaid. Therefore,
it is said that when the liquid crystal material in the cell
is once brought to the steady state by allocation thereto of
an electric field, the liquid crystal material will not be
transferred to another form of the steady state even when the
electric field applied is eliminated therefrom, and
accordingly the light modulation element comprising the
above-mentioned liquid crystal cell comes to have a memory
effect.

Actually, however, when the liquid crystal material held
in a steady state is allowed to stand, as it is, without
application thereto of an electric field, parts of the liquid
crystal material are transferred sometimes to another form of
steady state, and it is difficult to impart a sufficient
memory effect to the light modulation element, that is, it is
difficult to maintain the liquid crystal material in a
definite steady state at its steady state for a long period

of time with application thereto of an electric field.
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Therefore, in order to maintain the steady state of liquid
crystal material, that is, a bright state and a dark state of

the light modulation element, it igs necessary to apply an

electric field thereto to a certain degree.

d In the conventional process as mentioned above, the
application of an electric field is necessary for attaining
even a dark state, and in most cases it was difficult to
attain a dark state having a sufficient darkness. On that
account, it has been unsuccessful in obtaining a sufficient

10 brightness ratio of a bright state to a dark state, that is,

a sSufficient contrast.

QBJECT OF THE INVENTION

The present invention has been made in view of the prior
15 art as mentioned above, and an object of the invention is to
provide novel carboxylate compounds usable as liquid crystal
compounds capable of forming display devices having such
excellent characteristics as broad operating temperature

range, high switching speed, appropriate switching threshold

20 value voltage, operability with very small power consumption
and high contrast.
Another object of the invention is to provide liquid
crystal compositions containing the above-mentioned novel

carboxylate compounds and having excellent characteristics.
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A still further object of the invention is to provide
novel liquid crystal elements having excellent
characteristics using the above-mentioned novel carboxylate
compounds, processes for the preparation thereof, and methods

of light modulation using the elements.

SUMMARY OQF THE INVENTION

The novel carboxylate compounds according to the present

invention are represented by the following formula [A].

) N

wherein R is a group selected from the group consisting of
alkyl of 3-20 carbon atoms, alkoxy of 3-20 carbon atoms and
halogenated alkyl of 3-20 carbon atoms, X and Y each
represent a group selected from the group consisting of
-Co0-, -0CO-, -CH2CH2~, -CH20~-,-0CH2-~, -S-S-, -C-CH2- and

g
-CH2-C-, or a single bond, A and B each represents a group

I
0

selected from the group consisting of—©- / ’

and -O_@- and R* 1s an optically active group of
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optically active group may be substituted with halogen
atoms), and m and n are each an integer of 0-2, with the

5 proviso that both m and n are not 0 at the same time.

Such novel carboxvlate compounds as illustrated above
may be used as liquid crystal compounds.
The liquid crystal compositions according to the
invention contain the above-mentioned carboxylate compounds.
10 A first liquid crystal element according to the

invention comprises a cell composed of two substrates being

arranged so as to face each other leaving a gap between +he

substrates, the gap being filled with a liquid crystal

material which is a

electrode on the inner surface thereof, a polarizing plate is

provided on the outside of each substrate so that
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+10° to -10°C relative to the position of the cell at which
the transmitted light is darkest or brightest,
the liquid crystal material containing the liquid crystal
compound represented by the above-mentioned formula ([A].

The method ¢of light modulation according to the
invention comprises applying an electric field to the above-
mentioned second liquid crystal element.

The process according to the invention for the
preparation of a liquid crystal element comprising a cell
composed of two substrates being arranged so as to face each
other leaving a gap therebetween, the gap being filled with
a liquid crystal material, which process comprises forming
the cell by providing an orientation controlling film on the
inner surface of at least one substrate, filling the gap with
the liquid crystal material containing the carboxylate
compound represented by the above-mentioned formula (A], and
heating the liquid crystal material contained in the cell to
a temperature not lower than the temperature at whichwthe
material exhibits an isotropic liquid, followed by cooling to
a temperature not higher than the temperature at which the
material exhibits a liquid crystal.

By virtue of using the above-mentioned carboxylate
compounds as liquid crystal compounds, there can be obtained

various display devices having such excellent characteristics
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as broad operating temperature range, high switching speed, very

small power consumption and stable contrast.

DETAILED DESCRIPTION OF THE INVENTION

The carboxylate compounds according to the present
invention, liquid crystal compositions and liquid crystal elements
containing the same, and methods of light modulation using the
ligquid crystal elements are described below in detail.

First, the novel carboxylate compounds of the invention
are described.

The novel carboxylate compounds and liquid crystal
compounds according to the invention may be represented by the

following formula [A].

R—@]/\}——ﬁ-m-ﬁ—-———w-am—— COO-R*  ...[A]
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In the formula [A], R represents a group selected from
the group consisting of alkyl of 3-20 carbon atoms, alkoxy of

3-20 carbon atoms, and halogenated alkyl of 3-20 carbon

atoms.

5 In the above formula [A], when R is alkyl of 3-20 carbon
atoms, the alkyl may be any of straight-chain, branched and
alicyclic ones. Of the carboxylate compounds of the formula
[A], those in which R 1is straight-chain alkyl, however,
exhibit excellent liquid crystal properties, because their

10 molecules assume a rigid structure extending in a straight

line. Examples of such straight-chain alkyl includes hexyl,
heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tetradecyl,
hexadecyl and octadecyl.

When R is halogenated alkyl in the formula [A], examples

15 of such halogenated alkyl include the above-mentioned

straight-chain alkyl in which at least a part of the hydrogen

atoms has been substituted with a halogen atom such as F, Cl,

Br or 1.

Wwhen R is alkoxy in the above-mentioned formula [A],

20 examples of such alkoxyl include alkoxy having the above-

mentioned straight-chain alkyl, for example, hexoxy, heptoxy,
octyloxy, nonyloxyl, tetradecyloxy, heptadecyloxy,

hexadecyloxy and octadecyloxy, undecyloxyl.

1oy o .
AR AT N YRS FALITTEL B TR LAY NN WY
e =S ""_“m
Reaatand o T T Y e s T T e T YL T L By - y .
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Of the compounds of the above formula [A], those in

which R is alkoxyl exhibit particularly excellent liquid

crystal‘properties.

In the formula [A] mentioned above, X and Y each
represents a group selected from among -C00-, -0CO-,
-CH72CH2-, -CH20-, OCH2-, -5-5-, —ﬁ—CHz— and ~-CH»>-C-, or a

5 :

single bond. In the case of the carboxylate compounds of the
above formula [A] of the invention used as liquid crystal
chpounds, X and Y are each selected desirably from among -
COO-, -0CO-, -CHzCHz-, -CH20-, and OCH2-, and particularly
when linearity of the molecule is taken into account, at
least one of X and Y is -C0O0-, preferably both X and Y are -
COO-.

In the above-mentioned formula [A], A and B each

represent a group selected from the group consisting of

In the case of the carboxylate compound of the above
formula [A] of the invention are used as liquid crystal
compounds, when characteristics of liquid crystal material

are taken into account, A and B are each preferably the

group O ', O D ; OF \(CEO\ . Of these

groups, particularly preferred is phenylene.

/
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In the above formula [A], R* represents an optically

active group of 4-20 carbon atoms having at least one
asymmetric carbon atom. The hydrogen atoms attached to the

carbon atoms constituting this optically active group may be

5 substituted with halogen atom such as F, Cl, Br or I,

particularly with fluorine atom. Examples of such optically

active group include those as mentioned below.

CH3 CH3 CH3 C2Hs
-Cﬂz—é*H-Csz, ~é*H-C5H13, -é*H~C5H11, -é*H-CsHll,
10 CF3 CF3
-é*H-C6H13 and ~é*H-CH2-COO-C2H5
Of the optically active groups as mentioned above,

CH3 CF3
I I
preferred are those including -C*H-CgHj3, -C*H-CgH13

135 ?F3

and =C*H-CH2-COO-C2H5. Of these groups, particularly
F3
preferred is -C*H-CgH13.
In the formula (A], m and n each represent an integer of

20 0-2, with the proviso that both m and n are not 0 at

the same time.

In particular, when the carboxylate compounds of the

formula [A] are used as liquid crystal compounds, m is

preferably 1 or 2.
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Tn the formula [A] mentioned above, 1,2,3,4-
tetrahydronaphthyl group includes 1,2,3,4-tetrahydro-1, 5-
naphthyi, 1,2,3,4-tetrahydro-1, 6—-naphthyl, 1,2,3,4-
tetrahydro-2, 6—-naphthyl and 1,2,3,4-tetrahydro-1, 7-naphthyl.

5 Particularly, when the carboxylate compounds of the

preferable that the whole molecule be linear, and
particularly preferred as 1,2,3,4-tetrahydronaphthyl group 1is
1,2,3,4-tetrahydro-2, 6—naphthyl.

10 _ Accordingly, the carboxylate compounds represented by

the above-mentioned formula [A] may include concretely those

represented by the formulas [1] to [32].

H33C16‘0\©j:>\300 —@— COO —@-coo—clj*ﬂ (CHzy= CHj ... [1]

CF3
H29C14“0\@O\COO -@- COO -@-coo—(l;*H (CHsy= CHj .. [2]
CFEq |
H25C12"O\@O\COO —@- COO —@-Coo-(lj*H (CHs¥= CHj ... [3]
CF4

H23C11‘OOO —@— COO —@—CQQ-CI:*H (CHsy= CHj ... [4]

CF 4

ST B By o s b e d S RS T T ST TATAL WY CTRAVITEEASATE 1T SRS - AT A i
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CF 4

Hq19Cq-0
19%9 \@\COO @- COO —@—Coo_(lj*ﬂ (CHzyy = CH, ...[6]

CF 5

H”CS_O\@:O\COO —@— COO0 —@—coo-—clz*ﬂ (CHyY5 CHj .. (7]

CF 4
5670 QI Jeo0 Q) coc {Q-coo-crmicngs ey o8
CF4

H33C16"0\@\300 —@-coo—clz*ﬂ— (CH,) 5—CHj .. [9]
CF;

H29C14“0\@(j\coo —@-COO—(IJ*H- (CHy) §—CHj ... [10]

' CF 4

H25C12HO@>:OO '_@‘COO-(i*H_ (CHz) 5—CH3 ¢« & o [11] |
CF4

H23C11‘0\@\C00 —@-COO~(|Z*H~ (CHy) s—CH3 ... 112]
CF3

H21(310"'000 —@-COO—-?*H-—- (CH,) s—CHjy e .. [13]

CF 5
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H19C9—O \@\:OO —'@_COO‘"Cl*H" (CH,) 5"‘CH3 ...114]
CF 4
- - .. (15
H,-Cg—0 \@\coo —@—coo-ci*ﬁ (CH,) 5—CHj - [15]
CF4
- - .. [16
H15C7"0\@\:00 —@—COO-(i*H (CHZ) 5 CH3 [ ]
CF 1
Hsaclro\@\coo_@-O—coo—(i*H-- (CH,) s~CH3  ...[17]
CF4
H29C14-oo_@—<:>—coo-(i*ﬂ— (CH,) s~CHs . ..[18]
CF 1
H25C12“OO—@—O—COO—(i*H— (CH,) s~CHs ... [19]
CF 1
H23C11-0\@O\coo.@—O—coo—c|:*H— (CH,) s~CH3  ...[20]
CF 4
H21C10"({@O\coo_@—0—coo-<i*ﬂ— (CH,)s-CHz  ...[21]
CF 4
H19C9“({@O\coo-@—<}—coo-(|:*ﬂ— (CH,) s—CH3  ...[22]
CF 4

H17C8"0\@O\coo_©—<:>—coo—ci*ﬂ— (CH,) s—CH3 ... [23]

CF 3
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. Xy

H15C7"O\@:)\COO—@—O—COO—CII*H" (CH,) s~CH3 ... [24]

CE 3
H33C16™ O@ @ CO C*H (CH,) 5—CHj ... [25]
II
o CF3
H29C14— @ @ CO C*H (CH2)5 CH3 > o [26]
II
o CF3
HasC12~ 0\@:)‘ @ co C*H*(CH2)5 CHj ... [27]
II
O CF3
H23C11_ @ CO C*H (CH2)5 CH3 > = = [28]
o CF3

H21C107 0\@ @ CO- C*H (CH3) 5—CHg ... [29]

o CF3

Hy9Co~ @ \@)\CO ~C*H- (CH;y) 5—CHsj ... [30]

o CF3

Hy7Cg" @ \@)\CO -C*H- (CH2) 5""‘CH3 ... [31]

O CF3

m——— - s ’ T S S e Sl i P | s M sl . ey iy s el v A B e e s e ke rAPpap—— 1R Pk L -2 . - . - . e — o=
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Hy5Cq- co@‘co -C|Z*H- (CH,) 5—CH3 ... [32]
|

|
O O CFi

The carboxylate compounds as exemplified above may Dbe

prepared by utilizing a combination of known synthesis

techniques.

For example, the above-exemplified carboxylate compounds
10 may be synthesized through such synthesis route as

illustrated below.

P MAITIE Wagte LpanbarTes, ot vy i d ihadrmmmiss daudngde s oo oo e e el MR L e s M A A AN LM A VN - " ! ot N S . g . - . - ' '
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@ COOH
Ro-- HO -@— COOR*

| COOH HO—@—COOCHz —@
RO

N,N'-dicyclohexylcarbodiimide/
methylene chloride

_@O- COO -@-COOCH ) —@
RO

l H,/5%Pd~carbon/THF

COO—@— COOH
RO

N,N'-dicyclohexylcarbodiimide/
methylene chloride

+
_@:j—coo-@-coo-@—coow

RO

That is, 1,2,3,4-tetrahydro-6-n-alkoxynaphthalene-2-
carboxylic acid is obtained, for example, Dby refluxing a
mixture of 6-n-alkoxynaphthalene-2-carboxylic acid and 1,2-

ethoxyethane in the presence of metallic sodium while adding

dropwise isoamyl alcohol.
The thus obtained 1,2,3,4-tetrahydro-6-n-

alkoxynaphthalene-2-carboxylic acid 1s allowed to react with

4-hydroxybenzoic acid benzyl ester using 4-N,N-

dimethylaminopyridine and methylene chloride as solvent while

s e e A LA A TN A AR AT N e o 4 i s” A e 1B s A Sl L
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adding dropwise a solution of N,N'-dicyclohexylcarbodiimide
to obtain 4-(1',2',3',4'-tetrahydro-6'-n-alkoxy-2"'-
naphthofloxy)benzoic acid benzyl ester.

The thus obtained 4-(1',2',3',4'-tetrahydro-6'-n—alkoxy-

5 2'-naphthoyloxy)benzoic acid benzyl ester 1s poured in a
solvent such as tetrahydrofuran, and reduced with hydrogen
gas in the presence of a reduction catalyst such as a
catalyst composed of palladium on carbon to obtain 4-
(1',2',3',4'-tetrahydro-6'-n-alkoxy-2'-naphthoyloxy)benzoic
10 acid.

Subsequently, an ester compound obtained from
hydroxybenzoic acid and alcohol having an asymmetric carbon
atom is allowed to react with 4-(1',2',3',4'-tetrahydro-6'-n-
alkoxy-2'-naphthoxyloxy)benzoic acid obtained in the above

15 step using 4-N,N-dimethylaminopyridine and methylene chloride
as a solvent while adding dropwise a solution of N,N'-
dicyclohexylcarbodiimide to obtain the carboxylate compound
of the present invention.

The process as mentioned above 1s given as an example of

20 the processes for preparing the carboxylate compounds of the
invention, and it should be construed that the carboxylate
compounds of the invention are not limited to the above-
ment 1oned process.

Shown in Fig. 1 is a 1H-NMR spectrum chart of R-1"'-

25 trifluoromethylheptyl ester of 4-[4'-(1",2",3",4"-tetrahydro-
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6"-n—-decyloxy—-2"—-naphthoyloxy)benzoyloxy] benzoic acid of the

following formula selected, for example, out of the

carboxyiate compounds of the invention prepared by the above-

ment ioned process.
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In the above-mentioned formula, numerals 1 to 14
indicate the numbers of hydrogen atoms, and the numbers
15 correspond to numbers attached to the peaks shown in Fig. 1.
Shown in Fig. 2 is a lH-NMR spectrum chart of R-1"-
trifluoromethylheptyl ester of 4-(1',2',3',4'-tetrahydro-6"'-
n-decyloxy—-2'-naphthoyloxy)benzoic acid of the following
formula selected out of the carboxylate compounds of the

20 invention prepared by the above-mentioned process.
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In the above-mentioned formula, numerals 1 to 14
indicate the numbers of hydrogen atoms, and the numbers
crrespohd to numbers attached to the peaks shown in Fig. 2.

Shown in Fig. 3 is a 1H-NMR spectrum chart of R-1"-
trifluoromethylheptyl ester of 4-[4'-(1",2",3",4"-tetrahydro-
6"-n-heptyloxy-2"-naphthoyloxy)benzoyloxylbenzoic acid of the
following formula selected out of the carboxylate compounds

of the invention prepared by the above-mentioned process.
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In the above-mentioned formula, numerals 1 to 15
indicate the number of hydrogen atoms, and the numbers
correspond to numbers attached to the peaks shown in Fig. 3.

The carboxylate compounds of the formula [A] obtained in
the manner now described may be used, for example, as liquid

crystal compounds.
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Particularly, the carboxylate compounds having optical
activity may be used as ferroelectric or anti-ferroelectric
liquid érystal compounds.

Of such carboxylate compounds as mentioned above, those
represented by the following formulas [5], [8] and [13]

exhibit particularly excellent liquid crystal properties.

H21C10“O\@IJ\COO -—@— COO -@-COO—C*H (CH,y5 CHj .+« [5]

CF -
H15C7_O\@\COO -—@- CQOO —@—COO—T*H (CH,>T=s CHj ... [8]
CF;
H2].C10wo @\COO _@_COO“?*H" (CH2) 5—CH3 e s s [13]

CF4

The phase transition temperatures of the compounds
represented respectively by the formulas [5], [8] and [13]
which are particularly excellent as liquid crystal compounds
are shown in Table 1. 1In the tables that follow, Cry
represents a crystal phase, SmC represents a chiral smectic

phase, SmA represents a smectic A phase, and Iso represents

an isotropic liquid.
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Table 1

- Phase transition temperature
Compound

Cry-SmC or SmA SmC—-SmA

78 °C
47 °C

In the liquid crystal compounds of the invention, many

30 ©C

[1]
[5]
[8]
13

compounds assume smectic phase over a wide temperature range
as shown in Table 1.

When conventional liquid crystal compounds are used
singly, there are scarcely known liquid crystal compounds
assuming smectic phase over a wide temperature range as wide
as 100 °C as in the case of the above-mentioned compounds of
the invention.

The liquid crystal compounds of the invention assume
smectic phase over a wide temperature range, and optical-
switching elements prepared using such liquid crystal
compounds are excellent in high-speed response.

The liquid crystal compounds of the invention may be
used singly, and they may also be used as liquid crystal
compositions in admixture with other liquid crystal

compounds. For example, the liquid crystal compounds of the

., . -~ . . . . . .. - v C I . - . . .
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invention may be used as a principal ingredient in a chiral
smectic liquid crystal composition or the compounds may also
be used’as a minor ingredient in a liquid crystal composition
containing other compound assuming smectic phase as a

5 principal ingredient.

In either case, at least one of the above-mentioned
liquid crystal compounds of the formula [A] 1s contained in
the liquid crystal compositions of the invention.

In the liquid crystal compositions of the invention, the

10 content of the liquid crystal compound of the formula [A] may
be 1-99 parts by weight, preferably 5-75 parts by weight
based on the total amount of the liquid crystal materials
present in the composition, taking the characteristics, of
the liquid crystal compound used, the viscosity, operating

15 temperature and application of the composition into
consideration.

The liquid crystal compounds used in the invention,
either one or two or more, may be incorporated into the
liquid crystal composition.

20 In liquid crystal compounds which exhibit
ferroelectricity like the carboxylate compounds used 1in the
invention, an optical switching phenomenon 1s i1nduced by
application of voltage thereto and, therefore, display
devices having good response may be prepared therefrom by

25 utilizing this phenomenon.
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The ferroelectric ligquid crystal compounds used in such
display devices as mentioned above are those assuming any one
of a chiral smectic C phase, a chiral smectic F phase, a
chiral smectic G phase, a chiral smectic H phase, a chiral
smectic I phase, a chiral smectic J phase and a chiral
smectic K phase. However, display devices using these liquid
crystal compounds are generally slow 1n response speed except
the compounds assuming a chiral smectic C phase (SmC* phase).
Accordingly, driving with a chiral smectic C phase having a
quick response speed has heretofore been considered to be
advantageous in practical use.

However, the ferroelectric liquid crystal compositions
may be used not only in the chiral smectic C phase but also
in the smectic A phase by utilizing a method of driving
display devices in the smectic A phase as proposed previously
by the present inventors (Japanese Patent Application No.
157808/1987) .

Because the liquid crystal compounds of the invention
exhibit more than two steady states even in liquid phase such
as a chiral smectic F phase having a degree of o<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>