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SPECIFICATION

TITLE OF THE INVENTION

A liquid crystalline compound containing fluorine atom

substituted alkyl. group(s) and a liquid crystal composition

BACKGROUND OF THE INVENTION
l. Field of the Invention

This invention relates to a liquid crystallihe
compound effective as a component éf liquid crystal
composition, particularly a liquid crystalline compound
preferred to be used as a component for TFT liquid crystal
composition, a liquid crystal compésition containing the .
same and a liquid crystal display element constituted by
uéing the composition.
2. Description of the Related Art

Liquid crystal display elements are materials utiliz-
ing the optical anisotropy and the dielectric anisotropy
of liquid crystal substances. They are classified into
various kinds of modes such as TN mode (twisted nematic

mode) , DS mode (dynamic scattering mode), guest-host mode,

DAP mode (deformation of aligned phase mode), STN mode, etc.,

depending upon the display mode of the element, and the
properties of liquid crystal substances suitable to the
respective uses therein are varried. Recently higher
display grade of liquid crystal display elements has béen
particularly required, and in order to comply with

the reéuirement, demand upon display element of active

This Sheet Has Been Rep
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matrix mode represented by thin film transis

been increased. Liquid crystal substances use-'il,_
display elements not only requires to be stable to moisture,
air, heat, light, etc., but also they should exhibit -
iiquid crystal phase within a temperature range as broad
as possible, around room temperature, and alsoc have a low
viscosity, a superior compatibility, a large dielectric
anisotropy value (Ae). and an optimum optical anisotropy
value (An). However, at present, there is no single com-
pound which satisfies all of such conditions, Thus, it is
the present status that liquid crystal compositions
obtained by blending several kinds of liquid crystal
compounds or non-liquid crystal compounds have been used.

A characteristic particularly required for TFT mode
liquid crystal displéy element is to retain a high cohtrast
during a frame period; hence liquid crystal subséances

used for this object are required to exhibit a large

specific resistance value in addition to the above des-

cribed conditions. Further, recently, a low voltage diive
has been sought for TFT mode liquid crystal display element;
hence in order to comply with this requirement, a liquid
crystalline compound or liquid crystal composition having

a large Ae than those of liquid crystal materials so far
used for TFT mode ligquid crystal display elements has been

required.
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General liquid crystélline compounds very often
contain cyano group, and when ligquid crystalline compounds
containing cyano group are used in TFT mode liquid crystal
display element, decomposition thereof occurs uﬁder high
voltage; hence it is impossible to retain high speéific
resistance value during display operation. Thus, in spite
of the fact that liquid crystalline compounds containing
cyano group have a high Ae, it is impossible to use the
compounds for TFT mode liquid crystal display element.
Thus, in order to overcome the defect, development of
a liquid crystal material which exhibits a high specific
resistahce value and nevertheless.has a high Ae has been
vigorously carried out. As iiquid crystalline compounds
having a high specific resistance value, fluofine-éontain—
ing compounds are suitable; As these compounds, generally,
liquid crystalline compounds containing fluorine atom as
substituent group, the following compounds have been known:

For example, Japanese patent publication No. Hei 02~
40048 discloses the following compound expressed by

the formula (1) :

(1)

The compound (1) has a high specific resistance as
compared with compounds having cyano group; hence it has

been industrially used, but its Ae is as small as about 4;
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hence a sﬁfficient_low voltage drive cannot be realized.
Japanese patent application laid-open No. Hei 02-

233626 discloses, as a compound having a Ae larger than.

that of the above compound (1), the following trifluoro-

phenyl compound expressed'by the following formula (2):

(2)

However, this compound nothing but exhibits an insuf-
ficient Ae value to an extent of about 8 and further has
a structure wherein a more number of fluorine atoms than
those of the above compound (1) are introduced thereinto.
Thus, the compound has a very narrow liquid crystal phase
temperature range, so that it is unsuitable as a componént
constituting a liquid crystal comppsition. Further, even
from the étandpoint of N-I point, it has been confirmed
that the compound an example of the compound of the formula
(2), 1—(4-propylcyclohéxy1)-4-(3,4,5-trifluorophenyl)cyclo-
hexane has an N-I point lower by about 60°C than that of,
an example of monofluoro compounds, 1-(4-propy1cyclbhexyl)—
4-(4-fluorophenyl)cyclohexane, and also the compound has
an N-I point lower by about 25°C than that of an example
of difluoro compounds, 1—(4-propy1cyclohexyl)-4—(3,4,-di—
fluorophenyl)cyclohexane.

Further, Japanese patent application laid-open
No. Hei 04-506361 discloses compounds expressed by the

following formulas (3), (4) and (5):
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Theée compounds each have relatively large Ae (for
example, compounds (4) énd (5) have Ae of about 7), but
they have a far inferior compatibility with existing
liquid crystalline compounds at low temperature,
hence they have been unsuitable as a constituting'com-
ponent of liquid crystal compositions. 1In order to
improve the compatibility, a compound having fluorine
atom introduced into R as an alkyl group has been dis-
closed in Japanese patént application Hyo No. Hei 04-
506817. This compound is compounds of two or three
rings having cyclohexyl group and phenyl group at the
terminal end thereof such as a compound expressed by

the following formula (6):

(6)

However, this compound contains only a single bond

at the central part of the molecule, but does not contain
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another bonding group such as 1,2-ethylene group.
Further, the substituents on the phenyl group as the above
terminal group are limited to fluorine atom, and other
substituents such as fluoroalkyl group or fluoroalkoxy
group are neither taught nor suggesﬁed.

However, these cempounds do not improve the compati-
bility at all, and in particular, the compound of the
formula (6) does not exhibit even any liquid crystal

phase. As described above, a compound having a large

Ae and a superior compatibility has not yet been known,

Thus, when a liquid crystalline compound having a large

Ae is used as a component of a composition, it is impos-
sible to increase the mixing ratio of the compound; hence

it is the present status that the Ae value of the composie
tion is restricted. Accordingly, appearance of a liquid
crystalline eompound having a high specific resistance

value and a large Ae and at the same time, having a superior
compatibility with existing liquid crystalline compounds,

has been awaited.

lSUMMARY OF THE INVENTION

The object of the present invention is to provide
a liquid crystalline compound having overcome the drawbacks
of the prior art and having a large Ae value, an electric
and chemical stability, and a superior compatibility with
existing liquid crystalline compounds, and a liquid crystal
composition containing the same and further a liquid crys-

tal display element constituted by u51ng the same.
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The present invention has the following constitutions
(1) to (17):
(1) A liquid crystalline compound_expressed by

the formula (I):

F—(CHz)ﬂ —E-(CH:CH:) k ‘—G‘(CHa[:Hz)l—L“(CHzCHz) n —2Z—Q-Y
B (D

wherein n represents'an_integer of 1 to 10; k, 2 and m
each independently represent an integer of 0 to 2;
ring E represénts 1,4-cyclohexylene group or 1,4-phenylene
group wherein one or more hydrogen atoms on the six-
membered ring may be replaced by fluorine atom(s); G and
L each independently represenﬁ a covalent bond or
1,4-cyclohexylene group or 1,4-phenylene group wherein
one or more hydrogen atoms may be replaced by fluorine
atom(s), and in the case of covalent bond, G is
preferential; ring Z represents 1,4-phenylene group
wherein one or more hydrogen atoms on the l,4-phenylené
group may be replaced by. fluorine atom(s); Q represents
a covalent bond or -0-; Y represents a fluoroalkyl group
of 1 to 3 carbon atoms or fluorine atom; and when ring E
represents 1,4-cyclohexylene group and at least one of G
and L represents a covalent bond, k+2+m%0 and when

Q represents -0-, Y does not represent fluorine atom.
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(2) A liquid crystalline compound according to item (1),
wherein k, £ and m each independently represent 0 or 1,
and ring E represents 1l,4-phenylene group or fluorine-
substituted 1,4-phenylene group.

(3) A liquid crystalline compound according to item (1),
wherein k, 2 and m each independently represent 0 or 1
and ring E represents l,4-cyclohexy1ene group.

(4) A liquid crystalline compound accordihg'to item (3),
wherein k, £ and m each are zero; G representé a covalent
bond; and L represents 1,4-cyclohexylene group, 1,4-
phenylene group or fluorine-substituted 1,4-phenylene
group.

(5) A liquid crystalline compound according to item (4),
wherein L represents 1,4-cyclohexylene group.

(6) A liquid crystalline compound according to item (4),
wherein L represents 1,4-phenylene group or fluorine-
substituted 1,4-phenylene group. |

(7) A liquid crystalline compound according to item (3),
wherein k and g each represent 0; m represents 1;

G répresents a covalent bond; and L represents 1,4-
cyclohexylene group, 1,4-phenylene érdup or fluoriné-
substituted 1,4-phenylene group.

(8) A liquid crystalline compound according to item (7)
wherein L represents 1,4-cyclohexylene group.

(9) A liquid crystalline compound according to item (7),
wherein L represents 1,4-phenylene group or fluorine-

substituted 1,4-phenylene group.
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(10) a liquid crystalline compound according to item (3),
wherein k and m each represent 1; & represents 0;

G represents a covalent bond; and L represents'l,4—
cyclohexylene group, 1,4—phenylepe'group or fluorine-
substituted 1,4—phenylene group. .

(11) A liquid crystalline compound according to item (3),
wherein k represents 1; % and m each represent 0; and

G and L each represent a covalent bond.

(12) A liquid crystalline compound according to item (1),
wherein G and L each independently represent 1,4-cyclo-
hexylene group, 1,4-phenylene group or fluorine-substituted
phenylene group.

(13) A liquid crystal composition containing at least
one of liquid crystalline compounds according to items - (1)
to (12).

(14) A liquid crystal composition characterized by
containing at ieast one member of the liquid crystalline
compounds set forth in either one of items (1) to (12),

as a first component, and at least one member of éompounds
selected from the group consisting of compounds expressed
by the following formulas (II), (III) and (IV), as

a second component:
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Ls Ly
L2

wherein R), represents an alkyl group of 1 to 10 carbon

atoms; V represents F, C%, CF3, OCF3, OCF3H or an alkyl
group of 1 to 10 carbon atoms; Li, Lz, Ls; and L, each
independently represent H or F; Z, and %2, each
indepehdently represent -(CH;),~, ~-CH=CH- or a covalent
bond; ring A represents.trans-l,4-cyclohexylene group or
1,4-phenylene group; a represents 1 or 2; and b represents-:
0 or l);

(15) A liquid crystal composition characterized by
containing at least one member of the liquid crystalline
compounds set forth in either one of items (1) to (12),
as a first component, énd at 1east.one member of com-
pounds selected from the group consisting of compounds
expressed by the following formulas (V), (VI), (VII),

(VIII) and (IX), as a second component:

L5_
. SER e\ Won G

C

. wherein R2 represents F, an alkyl group of 1 to 10 carbon

atoms or an alkenyl group of 2 to 10 carbon atoms, and
in either of the groups, an optional methylene group

(-CH2-) in the groups may be replaced by oxygen atom (-0-),
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but two or more methylene groups therein are not succes-
sively replaced by oxygen atom; Z; represents -(CH;) .-,
-COO0 or a covalent bond; Ls and Le¢ each independently
represent H or F; D, represents trans?1,4-cyclohexylene
group, l,4-phenylene group or 1,3-dioxane-2,5-diyl group;
ring U represents trans-l,4-cyclohegylene group or 1,4~
phenylene group; and ¢ and d each independently represent

0 or 1, _ .
=N L
AHONT o
N. e

wherein R; represents an alkyl group of 1 to 10 carbon

atoms; Ly represents H or F; and e represents 0 or 1,

. Lg '
R4 L—(—ItZrQ-F (V1)
. .

wherein Ry £epresents an aikyl group of 1 to 10 carbon
atoms; I represents trans-1,4-cyclochexylene group or
1l,4-phenylene group; Ls and Ls each independently
represent H or F; Zs represents -COO- or a covalent bond;
45 represents -COO- or -C=C-; and f and g each independ-

ently 0 or 1,
Rs-W—2 g—K—Rg | (VIII)

wherein Rs and Rg each independently represent an alkyl

group, an alkoxy group or an alkoxymethyl group, each
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of 1 to 10 carbon atoms; W represents trans-1,4-cyclo-
hexylene group, 1,4-phenylene group or 1,3-pyrimidine-
2,5-diyl group; K represents trans-1,4-cyclohexylene group

or 1,4-phenylene group; and Zs represents -C=C-, -CO0~-,

-(CH:2) 2~ or a covalent bond,

. Li
Ry——M;—Z; Zg—P—Rg (X)
h

wherein R; represents an alkyl group or an alkoxj group
each of 1 to 10 carbon atoms; Rs represents an alkyl
group of 1 to lO carbon atoms, and an optional methylené
group.(-CHz-) in R8 may be replaced by oxygen atom (-0-), but
two or more methylene groups are not successively
replaced by oxygen atom (-O-); M represents trans-1,4-
cyclohexylene group or 1,3-pyrimidine-2,5-diyl group;
rings N and P each independently fepresent trans-1,4-
cyclohexylene group or 1,4-phenylene group; 2, represents
-C00~, -(CH,),-, ~CH=CH- or a covalent bond; Z, represents
-C=C-, -COO- or a covalent bond; h represents 0 or 1; and
Ljo represents H or F.
(16) A iiquid crystal composition characterized by
containing at least one member of the liquid crystalline
compounds set forth in either one of items (1) to (12),
as a first component, and at ieast one member of compounds

selected from the group consisting of compounds
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expressed by the formulas (II), (ITII) and (IV), as a part
of the second component, and at least one member of

compounds selected from the group consisting of compounds

expressed by the formulas (v), (v1i), (VII), (VIII) and

(IX) , as another part of the second component,
(17) A liquid crystal display element constituted by
using either one of the liquid crystal compositidns
set fbrth in either one of the items (13) to (16).

Detailed Description of the Invention

The liquid crystalline compound expressed by the
formula (I) of the present invention is characterized
in that the compound has a structure of 2 to 4 rings,
having a group selected from the group coﬁsisting of
fluorine atom, a fluoroalkyl group and a fluoroalkoxy
group, each of 1 to 3 carbon atoms, on a phenyl group
which is a terminal ring on one side of the molecule,
and having fluorine atom-coﬁtaining
éroup on another terminal ring of the.molecule, and in
the case of 2 to 3 ring structures, at least one of 1,2~
ethylene or 1,4-buty1ene bonding group is introduced into
the-centfal bonding part of the molecule. By having such
a structure, the compound (I) of the present invention
either exhibits a large Ae and a superior compatibility
and further exhibits a low viscosity and a high stability,

i.e. a high specific resistance value, and the most of
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the cdmpound exhibits a broad mesomorphic

range. Thus, when such compounds of tﬁe present
invention are used as a component of liquid crystal
composition, a novel liquid crystal composition having
preferable characteristics can be provided.

As described above, any of the liquid crystalline
compounds expressed by the formula (I) by the present
invention exhibit superior characteristics, and among
the compounds, those expressed by the following
formulas (1-1) to (1-25) are preferable in that they
have a large A€ and a superior compatibility. In
addition, in the respective formulas; Q and Y each are
as defined above; T; to Ts each independently represént
H or F; S, represents (CH2CH2)k; Sz represents (CH;CH,)
S3; represents (CHZCHz)m; and k, £ and m are as defined

above.

27
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(1-1)

(-2

(1-3)

(-9

(1-5)

(1-6)

-7

(1-8)

(1-9)
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T
Q.Y
W, Q“ .
Ts | :
T4
F-(CHa)p ] |
Q-Y
() Tz
Ty
-0
F-(CH2 T3 Q.Y
9, Tz
Ts
F-(CHa), .

F-{CHg), .

F-(CH2), '

Q-y

Q-yY
T2
F-(CHa)y . .

(1-10)

(1-11)

(1-12)

(1-13)

(1-14)

(1-15)

(1-16)

(1-17)
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o )
o e Do oo
T2
: T3 Ty
O Do oo
Ts T2
Ts - T3 Ty
Ts Ta T2
i Tz Ts T3 Ty

Ts T3 T
Q O o8 Q
. 1

oo O o
. Ts T2

(1-18)

(1-19)

(1-20)

(1-21)

(1-22)

(1-23)

(1-24)

(1-25)
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In these compounds, compounds expressed by the
bicyclic formulas (1-1), (1-2) and (1-17) exhibit superior
characteristics of a very good compatibility and also
a low viscosity. Among these,particularly.those included
in the formulas (1-1) and (1-2) wherein two rings are
both phenyl group, have also a_characferistic of a large
An. Thus, these bicyclic compounds are effective when
they are used as é component of composition needing a low
viscosity.

Tricyclic compounds (1;3) to (1-16) and tetracyclic
compounds (1-18) to (1-25) both have a high clearing

point; hence they are effective for broadening

a mesomorphic range. In addition to this,’
particularly among the tricyclic compounds,

compounds having an ethylene bond between the rings,
have a superior compatibility; hence they are effective
as a component of a liquid crystal composition used in
use applications needing the above characteristic, for

example, in the liquid crystal display element of TFT mode

used in the television loaded on automobile. Further,

the tetracyclic compounds are effective for elevating

the upper limit of the clearing point of the compositions

containing them even by using a small quantity thereof. When

they are used, those having linear rings having the res-
pective rings bonded by covalent bonds are suitable to

compositions needing a low viscosity, and on the other



- 19 -

hand, those having ethylene bonds between the respective
rings, which have a further superior compatibility, are
suitable to compositiohs needing a further broad
mesomorphic range.

Among the substituent Q-Y, those having a particularly
superior characteristic are CF3;, OCFs;, -OCF:H, OCF.CFHCF;,
~-CF,CF:H or F. However, iq the case where the substituent
is F; this F has a property of increasing Aec; hence
substituent F other than the above F may be 3-position
substituent or 3-position and 5-position substituent.

In the case where the substituent Q-Y is a substituent
other than F, i.e. a fluorocalkyl group or fluoroalkoxy
group of each 1 to 3 carbon atoms, the resulting liquid
crystalline compound exhibits a particularly large Ae.
In particular, a compound wherein Q-Y is -CF;, exhibits

a very large Ae, and a compound wherein Q-Y is -0OCF;
exhibits a large Ae and also a low viscosiﬁy. Further,

a compound wherein Q-Y is -OCF,CFHCFj; or OCF,CF,H exhibits
a large Ae and also a particularly large An. Namely, by
variously altering Q-Y as described above, it is possible
to obtain a compound having desired characteristics.

In the case where a further large Ae value is required,
fluorine atom(s) may be further introduced into rings E, G,
L énd Z.

Further, in the case ﬁhere a larger An is required,

a compound containing a further more phenyl.gnmms may be

chosen.
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The compound expressed by the formula (I) can be
effectively prepared according to a known process, for
example according to the following processes:

(Introduction of Q-Y grou?)

In the following description, T, and T, in the
formulas are as defined above; r; represents an integer
of 0 to 2, ry, r, and r; each represent an integer of
0 or 1.

A case where Q-Y represents perfluoroalkoxy group:

The compound of this case can be prepared according
to a known process, for example according to a process
described in “"Japanese patent application Kai No. Hei 4-

501575, pages 7-9% wherein CC%, and HF are reacted with

a phenol.
T CF3(CF3)CCly/HF T . T
or - eql
Br _Q. OH CCl/HF » Br —Q OCF,(CF2),gCFs - Or B¢ —Q OCF,
Tz - Ta T2

A case where Q-Y represents perfluoroalkyl group:

The compound of this case can be prepared according
to a known process, for example according to a process
described in "Fourth edition, Lecture of Experimental
Chemistry, 19, page 403", wherein copper powder is
reaéted with a perfluorohalide as a perfluoroalkylating
agenf in an aprotic solvent, followed by reacting
an iodobenzene derivative with the resulting solution

of CF;-Cu complex.
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Ty T _
CF;)ql
Br—Q| —Cﬁ’(C—Z)“> Br—Q—(CFz)nCFs
u

Tz TZ

Further, according to a process described in "Fourth
edition, Lecture of Experimental Chemistry, 19, page 390",
a preferable result is also obtained by treating a car-
boxylic acid with SF4. 1In addition, as the perfluoro-
alkylating agent, besides the above, CF3;CO,Na, FO,SCF,CO;Me,
n-BuyN'H,Fs~, CFsSiMes, CF;Br,, etc. can be preferably
used. |

Ty o : Ty
Br COOH —>4 o g, CF4
T2 : ' | T2

A_case where Q-Y represents a fluoroalkoxy group
containing hydrogen atom(s) :

In this case, the objective compound can be preferably
prepared according to a known process, for exémple by
using an unsaturated fluoroalkene. For example, it is
possible to produce a fluoroalkoxy site containing
hydfogen atom(s), using hexafluorop;opene or tetrafluoro-

ethylene, as follows:

Ty Ty
Br on —SF=CFCE; _ o OCF,CFHCF,
: t-BuOK
s Ts
Ty , T
B OH Cra=CF & OCF,CF,H
—-——-———>
r 1-BuOK r ks

T2 ' Ta
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Further, it can also be prepared by carrying out
etherification reaction using a fluoroalkylhalide e.qg.

a fluoroalkyliodide, under basic condition:

 CF,HI
Br OH — Br OCF,H
t-BuOK
T2 T2

A'caée where Q-Y represents a fluorbalkyl group
containing hydrogen atom(s) :

In this case, the compound can be prepared for
example by treating a benzaldehyde derivative with
diethylaminosulfur trifluoride (DAST), as described
in "J.0.C., 40, 578 (1975), or by tféating it by
ultrasonic wavé in the presence of a fluorocalkyl iodide
and zinc, followed by treating the resulting material
with DAST, as described in "Organosynthetic Chemistry,
Vol. 41, No. 5, page 53 or by reacting a fluoroalkyl
iodide with a phenyllithium derivative according to

a known process:

Ty

Ty
ﬁr CHO —-EA—SI—» Br CFaH
CHCl,

T2 T2
Ty oF CF' 1 Zn Ultrasonic Tt on
£ ] ] ’
8r CHO (CF2a wave ., g C—(CF2)2CFa
DMF H
. Tz . T2

Ty

DAST X
e ol - | CFH(CF2),2CF
CHLOT, rQ (CF2)y2CF3

T2

Ty . Ty

T2 ’ . T2
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Synthesis of the compound of the present invention:

Using the compounds having Q-Y group introduced as
described above or a commercially available fluorine-
substituted-phenyl derivative, it is possible to prepere
the compound of the present invention, for example,
representative compounds shown in the formulas
(1-1) to (1-25): |

Firstly, preparation processes of bicyclic or
tricyclic compounds will be described.

Compound of the formula (1—1):

The'hydroxyl group of a normal alkane derivative
substituted by hydroxyl group and a halogen such as
bromine at both the respective ends is protected, followed
by reacting the resulting compound with Mg in an aprotic
solvent such as ether or tetrahydrofuran (hereinafter

abbreviated to THF), at a temperature of -~50°C to room

- temperature, to obtain é-Grignard agent, reacting this

agent with a bromobenzene derivative (6) in the presence

of a catalyst such as Ni acetylacetonate and then
deprotecting to prepare an alcohol derivative (7), and
reacting this derivative (7) with DAST in a solvent such

as chloroform, dichloromethane, etc. at a temperature of
-50°C to the boiling point of the solvent, to prepare a
fluoroalkyl derivative (8). With this derivative, alkyl
lithium like butyl lithium etc. is reacted in THF, at a
temperature of -50°C to room temperature, to prepare compound
(9). However, in the case where the benzene derivative (6)
is bromobenzene, lithio-derivative reaction of (8) to (9)

does not advance preferably. Thus, it is-prefe;red'that
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bromine is reacted with the compound (8) in the presence
of a catalysE such as aluminum chloride, etc. to once
prepare 4-(w-fluoroalkyl)bromobenzene, followed by
subjecting this compound to lithio-derivation to obtain
5 compound (9). The thus obtained compound (9) is reacted
with zinc chloride in THF at a temperature of -50°C to
room temperature, to prepére compound (10). To a THF
solution of this compound (10) is added tetrakistriphenyl-
phosphine palladium as a catalyst, followed by dropwise
10 adding a bromobenzene derivétive (11), stirring the
mixture at room temperature or refluxing it, and recrys-

tallizing to obtain compound (1-1).

(F) HO-(CHp),-Br, Mg ) (3]
. o s
Br—Q n(auﬂ.:)z » HO-(CH,), _CEHI-:—C_I;*F'(CH"’)"‘Q
® ©® ™ (F) @ (F)
o, F(cnz,n-Qu &F.(CHz,"QZnC.
(10)
Br °‘Y JPd(PPh3), (F)
)

(11) - -
e f-<°'*;3~1°Y

Compound of the formula (1-2):

Firstly, a Grignard reagent (hereinafter referred
to (11) - Mg) obtained from the above bromobenzene
derivativé (11) as taw material is prepared in an aproic

solvent such as ether, THF, etc. at a temperature of -50°C
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to room temperature, followed by dropwise adding ethylene
oxide to the resulting product at the above temperature,
to obtain a.phenetylalcohol derivative (12), and reacting
this derivative with a brominéting reagent such as HBr,
tribromophosphine, etc., to prepare a phenetyl bromide
derivative (13). On the other hand, iodine is reacted
with the above compound (9) in THF, to prepare a compound
(14) , followed by adding this compound to a Grignard
reagent (13)-Mgprepared by using the above phenetyl bromide
derivative (13) . in an aproic solvent such as ether,
THF, étc., and reacting the mixture in the bresence of

a catalyst such as Ni acetylacetonate, etc. at a temper-

ature of -50°C to room temperature, to prepare compound

(1-2).
| ® | G
w7 () Mg q.y _HBr !
O TmF 4 XyleneBr a-Y

12 = a3 @
(F)

(13) Mg .
O —=-F (cnz)..—Q— S o) d
(14) ) Q-Y

(1-2)

Compound the formula (1-3) or (1-5):

Bromine is reacted with the above compound (9) in
THF, to prepare compound (15). But, in the case where
4- (w-fluoroalkyl)bromobenzene is prepared, the fluoroalkyl

derivative (8) is brominated in the presence of a catalyst
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such as alﬁminum chloride, etc. to obtain compound (15).
Thereafter, a Grignard reagent of the thus obtained
compound (15) is prepared, followed by reacting the

reagent with cyclohexanedione monoethylene ketal in THF,

at a temperature of 0°C to room temperature, to prepare

an alcohol derivative (17), reacting this compound (17)
with ion-exchange resin or an organic acid sﬁch as
paratoluenesulfonic acid, to carry out dehydration.
reaction and thereby prepare a cyclohexene derivative (18),
This derivative (18) is_subjectéd to catalytic hydrogenetion
in the presence of a heterogeneous catalyst such as Pd/C, -
Raney Ni, etc. to prepare a compound (19). The protective
group of the compound (19) is removed by reacting with

an acid. The thus obtained compound (20) is reacted with

a Grignard reagent (11);Mg or (13)-Mg prepared in an aproic
solvent such as ether, THF, etc., followed by carrying

out dehydratlon and catalytic hydrogenatlon in the same
manner as the reaction from the above compound (17) to
{19), and further carrying out purification procedure such
as recrystallization, etc., to obtain compound (1-3) or

(1-5).

(F) F) o O (o]
® —B—rLF-(CHz) Br Me F-(CH 16 O-J
THF (15") THF || (CHahn MgBr —(T;g.—>-

(F) (F)

(ﬂ

F-(CH,)q . F-(CHp), P/C, Hy
(21.,) Q C: J toluene 2 ﬂ :’ EIOH

F)
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(F) (F)

| an or (13
Mg
F‘(CHz)n"Q—Q ] t——>oluener= _(CHa)..—< }—{ =0 —E
(19) . (F (20) (F) .
G "
_H" PICH,
toluene EOH & | (Chza O . Q ay
3]
(1-3) (1-5) F)

Compounds of formula (1-4) or (1-9):

A phenetylbromide derivative (22)_is prepared in
the same manner as in the process of obtaining compound
(1-2) , except that compound (11) is replaced by compound
(15) . Next, compound (1-4) or (1-9) can be obtained in
the same manner as in the process of obtaining compound

(1-3) or (1-5), except that compound (15) is replaced by

its derivative (22).

_(1_5)_M_3.. F-(CHZ)"—Q\_ ——-——> F- (CHz),.—‘Q—\-
OH xylene

ey © (22)
(F) F)
Mg | F-(cH n_< }—\ U9, F.(cHy), HO o
Et,0 F-( 2) MgBir Eth -(CHy) J
' ' ' )
W, PGH o ) oL _H
toluene EOH ) . S toluene
(1) OX (13),Mg_  y* _ PAC.Hy
F-(CHQ,,%O Et,0 “toluene EOH
(F) {F)

F- (CHz)nQ-Y
()

(1 4),(1-9)
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Compound of formula (1-6):

To a THF solution of the above compound (10) is added
tetrakistriphenylphosphine palladium as a catalyst, followed
by dropwisé adding the above bromobenzene derivative (6),
stirring the mixture at room temperature or refluxing,
to obtain compound (26). Compound (1-6) can be obtained
in the same maﬁner as in the process of obtaining compound

(1-1) except that compound (8) is replaced by compound
(26) .

(F) | F) (F)

6), Pdi
(10y O PIEPh), (6), P (PPh;l)a F. (CHz)n _B"_li>;: (CHz)nLi
en ® ()

(26)
(F) (F)
= F'(CHz)nZnCl (00 PPPL
e B P
A ®» @
F-(CHaa Q-y

a-s) © (F) )

Compound of formula (1-7):

A Grignard reagent obtained using the above bromo-
benzene derivative (6) as a raw material is prepared in
an aproic solvent such as ether, THF, etc. at a temper-
ature of ~50°C to room temperature, followed by dropwise
adding thereto ethylene oxide at the same temperature,
to obtain a phenetyl alcohol derivative (29), reacting

this derivative (29) with a brominating reagent such as HBr,
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tfibromophosphiné, etc. to obtain a phenetyl bromide
derivative (30),'preparing a Grignard reagent thereof

in an aproic solvent such as ether, THF, etc. at a tem-
perature of -50°C to room temperature, and reacting the
agent with the above compound (15) in the presence of

a catalyst such as Ni acetylacetonate, to obtain

compound (31),. Compound (1-7) can be obtained in the-
same manner as in the process of obtaining compound (1-1),

except that compound (8) is replaced by compound (31) .

(F)

(52, ME HBr Mg (15), Ni(acac);‘
xyleneB E,0  Et,0

gy ®
F)

(F) (F
F-(CHy), BuLl _Buli_ (CHz)nLl
gy @ ¢y ©

ZnClz (1 1 ). Pd(PPh 3)4
e e F{CHa,

Compounds of the formula (1-8) or (1-10):

Bromine is reacted with thé above compound (27) or
(32) in THF, or bromine is reacted with the above com-
pound (26) or (31) in the presence of aluminum chloride,
etc., to prepare compound (33) or (34),.followed by
reacting therewith a'Grignard reagent of the above
compound (13) prepared in an éproic solvent such as

ether THF, etc. at a temperature of -50°C to room
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temperature, in the presence of a catalyst such as Ni

acetyl acetonate, etc., to obtain compound (1-8) or

(1-10).
(H
@n —T_!?F (CHz),,Br
3 (13), Mg, Ni(acac)z
@) (F) E,L,0
F
(32 —1-3-’1->-F -(CHy), :
e S d
gy ©
()

@ )
FaCH—{ ) F) Q)
) )

(1-8), (1-10)

Compound of formula (1-11):

Compound (35) obtained from 4—(2-(4-oxocyclohexy1)-
ethyl) cyclohexanone is subjected to Wittig reaction using
a suitable phqsphonium salt, to prepare compoﬁnd (36),
followed by hydrogenating it in the presence of
a heterogeneous catalyst such as Raney Ni, Pd/C, etc.,
to obtain compound (37). This compound is treated in
the same manner as in.the process of obtaining compound
(1-4), except that compound (24) is replaced by compound
(37), to obtain compound (1-11).

: F-(CHy),PPh3Br .

o O — ¥ L F (CHz)n +CH

% J t-BuOK , THF @_\_.O( J
_ (35) o—

- PMIC, Hy F-(CHy) ' .___.F (CHz)rO—\_G |
———— n . .
QOH _ o - toluene 8) : =0

. R (o
(1),Mg _ H' _P4C, Hp .(CHy) .
THF EIOH " R
_ toluene T (1-11) - O a-y
_ - {F)
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Compound of formula (1-12):

Compound (39) is prepared in the same manner as in
the process of obtaining compound (1-11), except that
the above compound (35) is replaced by compound (16),

5 followed by reacting the compound (35) with a Grignard
reagent of the above compound (30) prepared in an aproic
solvenﬁ such as ether, THF, etc. at a temperature of
=50°C to room temperature, at the same temperature,
successively carrying out dehydration reaction and

10 hydrogenation reaction, to prepare compound (40).
Compound (1-12)is obtained in the same manner as in
the process of obtaihing compound (1-1), except that

compound (8) is replaced by compound (40).

F-(CH,),PPhsBr P&/C,H, H* 30, Mg H* PY/C,H
( (CH,),PPh; o d/C, 12 - F-(CHy), (T?HFL___,.__E_
(39

F-(CHa), P BuLs Buli_ £ (CH,), ’ zncn2
(40) (41)
(F)
— o o v
(1-12)

Compound of formula (1-13):

Compound (43) is prepared in the same manner as in
the process of obtaining compound (1-11), except that
the above compound (35) is replaced by compound (42).

Compound (1-13) is obtained in the same manner as in
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the process of obtaining compound (1-5), except that

the above compound (20) is replaced by compound (43).

: ' O, F-(CH:),PPhsBr Pd/C,H; H*
o=<:>—<:>( J (B ozxa TI:F ~“EOH > F'(CHz)n—O—Go
o— tHuOR, toluene

“2) “
) )
Mg H P;’S'H T2 F.(CHaa
THF 4 0luene ® &
. (1-13)
- . ®

Compound of formula (1-14):

The above cyclohexanone derivative (39) is reacted
with a Grignard reagent of the above compound (6) pre-
pared in an aproic solvént such as ethe;, THF, etc. at
a temperature of -50°C to room temperature, at the same
temperature, followed by successively carrying out
dehydration reaction and hydrogenation, to prepare

compound (44), reacting this compound with an alkyl-

lithium such as butyllithium, etc. in THF at a temperature

of -50°C to room temperature, to prepare compound (45),
reacting this compound with bromine in THF, to obtain
compound (46). However, in the'case_Where compound (44)
is a 1-fluoroélkyl-4-pheny1cyclohexane, it is preferred
that bromine is reacted therewith in the presence of

a catalyst such as aluminﬁm chloride, to prepare
compound (46). Compound (l-14) can be obtained in the
same manner as in the process of obtaining compound (1-8),

except that compound (33) is replaced by compound (46).
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(F)
196} Mg PUC Hy BuLi
_ ) tolueneE'oH P, . THF
' 44) (F)
(F)
5, (9. Mg, NiGacac),
C -
4s) (46)
5)

F- (CHa)nQ_Y

(1-14)

Compound of formula (1-15):

Compound (1-15) can be obtained in the same manner as
in the process of obtaining compound (1-5), except that the
aboﬁe compound (20) is replaéed_by the above cyclohexanone

derivative (38).

(3).Mg__ H' P, Hy
THF ¢, toluene EOA ®

F“°“=’"‘O'\_O_/‘Q°'Y
@-15) (F)

Compound of formula (1~16):

(8)

Bromine is reacted with the above compound (41) in THF, or
cbmpound (40) is brominated in ﬁhe presence of a catalyst
such as aluminum chloride; etc., to prepare compound (47).
.Compound (1-16) can be obtained in the same manner as
in the process of obtaining compound (1-10) , except

that the above compound (33) is replaced by compound (47).
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(41) _Bn_F (CH,),O\_Q (13), Mg, Ni(acac),
Et,0

Compound of formula (1-17):
Compound (1-17) can be obtained in the same manner
5 as in the process of obtaining compound (1-5), except
that thg above compound (20) is replaced by the above

cyclohexanone derivative (39).

H*  PJ/C,H, (F)
09 e —— i F-CHal '
. toluene Q-
(1-17)

(F)

Next, preparation process of tetracyclic compound
10 will be described. |
In addition, in the below description, when a lithio-
deriving reagent such as alkyllithium, etc. is reacted in THF
with the above compounds (44), K40), (26) or (31),.or
bromine is reacted therewith in the presence of a catalyst
15 such as aluminum chloride, etc., followed by reacting
the reaction product with a lithio-deriving réagent,

the resulting compounds (45), (41), (27) or (32) are
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collectively referred to as Ar-Li, and the above cyélo—
hexane derivatives (43), (38), (20) or (25) are
lcollectively referred to as R=0.

Compounds of formula (1-19) to (1-21) or (1-24):
Firstly, using these compounds Ar-Li or R=0 as
starting materials, tetracyclic precursor compounds (49),
(50) , (51) or (52) are prepared. Namely, zinc chloride
is reacted with Ar-Li in THF at a temperature of -50°C
to room temperature to prepare compound (48), followed

by adding tetraxistriphenylphosphine palladium as
catalyst tb a THF solution of the compound (48), drop-
wise adding the above bromobenzene derivafive (6) and
stirring the mixture at room temperature or refluxing,
to prepare compound (49).

Further, a Grignard reagent of compound.(G)'
prepared in an aproic solvent such as ether, THF, etc.
at a temperature of -50°C to room temperature is reacted
with a cyclohexanone derivative R=0, followed by succes-
sively carrying out dehydration reaction and hydrogenation,
to ?repare compound (50). |

Further, a Grignard reagent of compound (30) pre-
pared in an aproic solvent such as ether, THF, etc.
at a temperature of ~50°C to room temperature is reacted
with Ar-Li in the presence of a catalysf such as nickel

acetylacetonate, etc., to prepare compound (51).
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Further, a Grignard reagent of compound (30) pre-
pared in an aproic solvent such as ether, THF, etc.
at a temperature of -50°C to room temperature.is reacted
with.a cyclohexanone derivative R=0, followed by succes-
sively éarrying out dehydration reaction and hydrogenation,
to prepare compound (52).

An alkyllithiﬁm such -as butyllithium is reacted with
the precursor compounds (49) to (52)_§btained above, in
THF, to prepare compound (53), or bromine is reacted in.

a halide solvent such as methylene chloride in the presence

of aluminum chloride to'prepére compound (55), followed

by reacting an alkyllithium such as butyllithium with

the compound (55) in THF, to prepare compound (56).

Compounds of (1 - 19) to (1-21) or (1-24) (in the case of m=0)
can be obtained in the same manner as in the process of obtain-
ing compound (1-1), except that compound (9) is replaced

by compound.(53) or (56). |

In addition, when brominé_is reacted with the above

compound (53) in THF, it is possible té prepare (54).
When the above phenetyl bromide.derivative'(l3) is
reacted with the compound (54) or the above compound (55)
in an aproic solvent such as ether, THF, etc. at a tem-
perature of -50°C to room temperature and in the presence
of a catalyst such as Ni acétylacetonate, etc., it is

posSible to prepare compounds. (1-19) to (1-21) or (1-24)

(in the case of m=1).
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: (3]
oy S (6LPAEPh, N‘Q
“8) (49) )
6). M H* Pd/C, H ®
» VIZ . L
R0 Et,0 toluene  EOH RQ
" : (50) L)
(30), Mg (F)
Arli Ni(acac);
Elzo Ar
1) (3]
. F)
RO G0, Mg L o
Et0 toluene EOH
(52) "
BuLt
Ar(R) ™ A(R) T"F Ar(R)
(49).(50),(51),(52) (53) (54)
_Br,AlCl , Buli_ U
Ar(R) CHZClz Ar(R) THF N(R)@O_
(49),(50),(51),(52) (s) - (56)

$3 ZnCIz

(13), Mg
Ni(acac),

e .

_ )
(11).Pd(l’l’h:)4 Ej . ‘
(53) ZnCl
(56) THF Ar(R) Ar(R) ay
56) F)

(1-19),(1- 20),(1 21),(1 24)

(F)
Q-y

(1-19),(1-20),(1-21),(1-24) (3]
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Compounds of formula (1-18), (1-12), (1-23), or (1-25):
Firstly, using the above Ar-Li or R=0 as starting
material, cyclohexane derivatives (58), (63), (68) or (73)
as tetracyclic precursor compounds are prepared. Namely,

the above cyclohexanedioné.monoethylené ketal (16) is
reacted with Ar-Li in an aproic solvent such as ether,
THF, etc. at a temperature pf -50°C to room temperature,
followed by successively carrying out dehydration with
acid and hydrogenation reaction in the presence of
a catalyst such as Raney Ni or Pd/C, to prepare compound
(57) . By removing the protective groﬁp of this compound-
(57), a cyclohexanone derivative (58) is obtained.
Further, a Grignard reagent of 4-methoxybromobenzene
(59) ié reacted with R=0, followed by successively carrying
out dehydration with acid,-and catalytic hydrogenation
treatment in the presence of a catalyst.of Pd/C, to
prepare compound (60). This compound (60) is refluxed
in the presence of an acid catalyst in toluene or xylene
to obtain a phenol derivative (61), followed by nucleus-
hydrogenating in the presence. of Pd/C catalyst,
to obtain a cyclohexanol derivative (62). 1In addition,
in this reaction, even in the case where phenyl group is
contained in R, benzene ring having hydroxyl group bonded
is almost selectively hydrogenated. When the above
cyclohexanol derivative (62) is oxydized with an oxydizing

agent, cyclohexane derivative (63) islprepared.
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Further, when ethylene oxide is reacted with Ar-Li,
compound (64) is obtained, and when this compound is
brominated with HBr or tribromophosphine, compound (65)

is obtained. Next, when compound (16) is reacted with

~ a Grignard reagent (66) of the compound (65), compound

(67) is obtained. When the protective group of the
compound is removed with an acid, a cyclohexanone
derivative (68) is obtained.

Further, when a Grignard reagent of the above
4-methoxybromobenzene (59) is reacted with ethylene
oxide, followed by brominating with HBr or tribromo-
phosphine, compdund (69) is obtained; A cyclohexanone
derivative (73) is prepared in the same manner as in
the reaction of preparing compound (63), except that
compound (59) is replaced by compound (69).

A Grignard reagent of the above compound (l1) or
(13) is reacted with the above obtained precursor com-
pounds (58), (63), (68) of (73), followed by successively
carrying out dehydration with an acid and catalytic
hydrogenation treatment in the presence of a catalyst
such as Raney Ni, P4/C, etc., to prepare compounds

(1-18), (1-22), (1-23) or (1-25).
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16 H'
A (16) ,. PUC.Hy o
THF toluene EtOH toluene
(57) (58)
Br—{_)-OCH,

Mg * +

R=0 (59) . M . PuC n—@— ocH H
3 —
E,0 toluene EWOH toluene

(60)

H'_@_ oy JUCH: D
TEOH CHzCl benzene_-<:>= ©

1) (62) (63)

)
G Ar HBr A M

OH )
2 (64) xylene 65) 2
Ar _a9 -
6
©6) (67) .
(59), Mg HBr _
v o - OCH
° THF Xylene Br ' 3
| (69)
(69) Mg u* PuC .
R=0 —1:VE . _
EN0 toluene EIOH R_/—Q—OCH3 toTuche
(70
<:>  PACHy MiO,
R N TBon _/—O- zClz-Benz"enﬁ_/_GO
) o
11) ¢ 13), M; .
. (58)(63).(68).(73) h or WM w  pyc,m

Et,0 . toluene EWOH
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However,'in the case where Q-Y represents CF:H,
CF.CF:H, CF2CFHCF3;, OCFzH, OCF.CFHCF3 or OCF:CF.CF:H,
in the liquid crystalline compound expressed by the
formula (I) of the present invention, it is preferred
to introduce ring Z-Q-Y site by the following route,

differently from the above:

1
Br Q-Y
: ZnBr, T2
R(Af) = (CHoCHa)—Br —meeeop (R(Ar)-—(CchHg)m Zn———
_ PdCl(dppf)
Ty
_ Fi(Ar)—(CHchz)mQ—Q-v
T,

The liquid crystal composition provided by the

present invention may be only a first component containing

at least one member of the liquid crystalline compound
expressed by the formula (I), but a blend of the first
component aﬁd besides, as a second component, at least
one member of compounds selected from the group consist-
ing of the already mentioned formulas (II), (III) and
(VI) (hereinafter referred to as the second component A)
and/or at least one member of compounds selected from
the group consisting of the formulas v), (vi), (vii),
(VIII) and (IX) (hereinafter referred to as the second
component B) is preferred, and-further, a known compound
may be also blended as a third.component, in order to
adjust the threshold voltage, liquid crystal phase

temperature range, An, Ac , viscosity, etc.
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Among the second component A, the following (2-1)
to (2-15) as preferable examples of compounds included
in the formula (II), the following (3-1) to (3-48) as
- preferable examples of compounds included in the
formula (III) and the following (4-1) to (4-41) as
preferable examples of compounds included in the

formula (IV), may be respectively mentioned:

F _
F
F

Cl ' (2-4)

Cl (2-5)

-O-Cr
-O-C-
R,QQC. 2o
g



(2-8)

(2-9)

(2-10)

(2-11)

(2-12)

(2-13)

(2-14)

(2-15)



- 44 -

G-1

3-2)

G-3)

G4

(3-5)

(3-6)

G-7

(3-8)

(3-9)

G-10

(3-11)

(G-12)

(3-13)
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(3-14)

(3-15)

(3-16)

3-17)

(3-18)

(3-19)

(3-20)

(3-21)

(3-22)

G-1)

3-24)

(3-25)
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OGF, (3-26)

M

R | F

| -GO\_QW& 327
F

R'ochn | (3-28)

Ry i
OCFH (3-29)
. _
Ry -
'O_O_\_ropzu (3-30)
. F |
R,
. (3-31)
e .

©(3-32)

: FhF (3-33)
F
o

a (3-35)

F
Ry
‘O% cl (3-36)
F
R
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(3-38)

(3-39)

(3-40)

(3-41)

(G-42)

G-43)

(3-44)

(3-45)

(3-46)

347

(3-48)
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@
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O~ Rl
“'.CFa @9
wio
"
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| F |
m—~ ) )-oor . @n)
| S : |
OO
wis
:
“‘F | (@16
"‘F . @-18)
“‘c. (4-20)

E

m o @21)
' - F

nicFa (4-22)
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%csa
A e W
R‘OCFs
| “'ocpa
OO
Sase Sy &
R'oc.:zﬂ

@23)
(4-24)
(4-25)
(4-26)
(4-27)

(4-28)

(4-29)
(4-30)
(4-31) -

(4-32)

(4-33)
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(4-34)

(4-35)

(4-36)

(4-37)

(4-38)
(4-39)

(4-40)

“'_ F . Ry (4-41)

The compounds expressed by these formulas (II) to

(IV) exhibit a positive Ae and are far superior in the
heat stability and chemical'stability.

As to the quantities of the compounds used, a range
of 1 to 99% by weight based upon the total weight of
the liquid érystal composition is suitable, and the range
is preferably 10 to 97% by weight, more preferably 40 to

95% by weight.
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Next, among the compounds of the above second com-
ponent B, as preferable examples of compounds included
in the formulas (V), (VI) and (VII), (5-1) to (5-27),

(6-1) to (6-3) and (7-1) to (7-13) can be mentioned.

O W =
reorr— Y cn 52

Hz‘O_\{}.CN (53
n,cu (5-4)

roRO— ) )-on (5-5)
re—(_ ) )-on - (5-7)
e o SR
Ol o

ﬁr@'-{z _O_CN o (5-10)
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(5-11)

(5-12)

(5-13)

(5-14)

(5-15)

(5-16)

(5-17)

(5-18)

(5-19)

(5-20)

(5-21)
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OO S
oo O~

(5-22)

(5-23)

(5-24)

(5-25)

(5-26)

RZ—O_Q_(p oN (5-27)

(R' represents an alkylene

.)

(6-1)

(6-2)

(63)
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)

(7-2)

(73)

(7-4)

(7-5)

(7-6)

77

(7-8)

79

- (7-10)

(7-11)

(7-12)

(7-13)
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The compounds expressed by these formulas (V) to
(VII) have a large positive Ae value; thus, they are
used as a composition component particularly in order
to lower the threshold voltage. Further, they are also
5 used for adjusting the viscosity, adjusting the An,
broadening the liquid crystal phase temperature range
and so on, and further for 1m0rov1ng the steepness.
Further, among the second component B, as preferable
examples of compounds included in the formulas (VIII)
10 and (IX), (8-1) to (8-15) and (9-~1) to (9-14) are

mentiqned.
re—( )~ )-or, 2
‘O_\_O_ (5-3)

FisOCHz —O—O- Re 8-4)

(8-5)



3
I
Q
&
£
(]
&

(87

(8-8)

(8-9)
(8-10)
(8-11)
(8-12)
(8-13)
(8-14) |
(8-15)
(-1
(9-2)

(9-3)



(J
®
I

o4

(8-5)

(9-6)
(5-7)

(9-8)

(9-9)

(9-10)
(9-11)
(9-12)
(9-13)

(9-14)
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Compounds expressed by these formulas (VIII) and (IX)
have negative or weakly positive Ae, and among these com-

pounds, the compounds expressed by the formula (VIII) are

10

15

20

25

used as composition components, mainly for lowering the
viscosity and adjusting the An, and the compounds
expressed by the formula (IX) are used for broadening
the mesomorphic range. and/or for adjusting

the An.

Compounds expressed by the formulas (V) to (IX) are
indispensable particularly in the case where a liquid
crystal composition for STN mode display or con-
ventional TN mode displgy are prepared. The quantity
of the compounds used is suitable to be in the range of
1 to 99% by weight based upon the total weight of the
liquid crystal composition when a liguid crystal compo-
sition for usual STN mode display or TN mode display
is prepared, but the quantity is preferably in the
range of 10 to 97% by weight, more preferably 40 to 95%
by weight. |

As to the liquid crystal composition provided'by
the present invention, it is preferred that the compo-
sitiqn contains at least one member of the liquid
crystalline compound expressed by the formula (I) in
a ratio of 1 to 99% by weight, in order to exhibit

superior characteristics.
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| The liquid cryst&l composition is generally prepared
according to a process which is known, for example,
according to a process of dissolving mutually various
components at a high temperature, or other processes.
Further, if necessary, by adding a suitable additive,
improvement in accordance with aimed use applications
is made to perform-optimization. Such an additive has
been well known and described in literatures in details.
Usually, a chiral doping agent.or the like is added,
which induces the spiral structure of liquid crystal
to adjust necessary twist angle, thereby preventing
reverse twist.

Further, by adding a dichroic dyestuff such as

those of merocyanine group, styryl group, azo group,
azomethine group, azoxy group, quinophthalone group,
anthraquinone group, tetrazine group, etc., the compo-
sition can bé also used as that for.GH mode. The liquid
crystal composition of the present invention can be used
not only as those of NCAP mode prepared by microcapsulat-
ing nematic liquid crystal, polymer-dispersion mode
ligquid crystal display element (PDLCD) prepared by forming
a three-dimensional, reticulated, polymer substance,
for example, polymer network liquid crystal display element
(PNLCD) , but also as those of birefringence control (ECB)

mode or DS mode.
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As examples of the liquid crystal composition con-
taning the compound of the present invention, the
following can be mentioned, wherein.compound
numbers are the same as those shown in the below
mentioned examples. Further, the double bond of
l,4-cyclohexylene and that in alkyl chain are all
directed to a trans-form. -

Compdsition example 1

Fczu.—O—O—cnzcnz—Q—ocr, (Compound No. 17) 10%
rc,u.—O—O-ca,cu,-@—ocp, (Compound No. 19) 9%

: F

F

F

3

F

CsHhyy —O—cn,cm——O—C;—# , 4%
. i .

6%

6%

5%

5%
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Composition example 2

FCaH,

FCgHg CH2CH, OCF; (Compound No. 19) 7%

CH,CH, —@-‘OCF;, (Compound No. 17) 7%

FCaHg CHgéHg—O—CFa (Compound No. 18) 7%

CsHis F 2%

F
F

£ 6%

230

CsHyy

CaHs F 2%

csn,—OCchnz —O—QfF 7%
F

CsHyy —O—cnzcnz—O—QfF 7%

CgHy—O—O—Cﬂchz —Q—F %

CsHyq —O—O—CHzCHz—Q—F 7%
- .

C3H7F | 5%

-

CaH7—O‘CHQCH2 F 5%

F

: F
Cattr~ I~ )~ 4-F 3%
F .

F

can,—O—O-coo-Q-F 3%

F

§
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Composition example 3

F __F
FCaHg -O—CHZCH GF4 (Compound No. 80) 10%
: F °F
F __F |
FCaHg —O— CchH OCF4 (Compound No. 77) 10%
. F

F
C7His "O—@-F 6%
. : F
F
' F
F
CgHs—O—CchHg—O—@-F 8%
: F
CaHy OCHgCHz—O-@—F 4%

F

sty ~ Y-tz Y(5r o
e~ O~ OO %
03H7—O-O-coo—©—F 4%
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Composition example 4

F _
FCsHio —O—O-CHchz—Q—OCFg (Compound No. 30) 7%
- _F
chHm—O—O—CHzCHz—Q-CFg (Compound No. 31) 7%
F .
F

FC3Hs CH,CH OCF; (Compound No. 35) 8%
3

caHy~ ) )¢ ' 5%
CHu <O~ 5%
CrHis ‘O“@'Cl | 5%

e~ O~ O-)-o 5%

oo~ | o«

CsH1y F . 6%
:

CsHy —O—cuacng—O—@fa 4%

et~ -t <o . .
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Composition example 5

F F
FCaHg —O—Q- CHzCH]‘—Q‘ CF3 ( Compound No.,
F F

FCsHio —§,_)—4 )~OCFs (Compound No.

:

| F_F -
FCaHg—_ < >4 )~ )-ocF;  (Compound No.

F

]

CrHys-
F

et~ OO~

F

F

csttn < O~ O~
F

CoHs —O—CHZCHF
. : F
F

CsHyy —O—cnzct-lz—o-—@-s

- F

e~ OO~
F
°F

CqHy

CsHyy

OO
OO
canO-Crco
OO
O

125) 6%

11) 6%

240) 4%

5%
10%
10%

10%

6%
3%

6%

4%

4%

4%
4%
3%

3%
3%

3%

4%

4%
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Composition example 6

FCaHg —O—O— CHzCHd‘@' OCF3 (Compound No. 19)

FCaHs—O—O—CHzCHg—@-CFa © (Compound No. 18)

_ F __F |
FC3H3 —O—CHchz CF3 (Compound No. 80)
F °F

F

C}Hjs "O‘-Q—F 8%
F
F
) F
F
’ F
F .
CaHy F 8.%
F
F
CsHyy F | 8%
F
F .
C3H7-<:>—CHZCH2F 10%
F

F

| C4H9—O-CHZCH2—O—Q-F 8%
F
F

CsHyq OCHgCHg_O-'Q—F 8%

F
F
| cw,—O—O—cnchg—Q-F 11%
F
F
CsHyy —O—O— CHgCHz“Q—F 6%
F

F
Satr~ )~ O %

6%

5%

5%
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Composition example 7

FCaHg —O—O— CHgCHz—-@- CF, (Compound No. 18) 10%
FCaH,4 —O—O- CchHg—Q— OCF; (Compound No. 17) 10%

Csz—O—Q-CN 5%
Caty~ ) )-oN 15%

catyooH; {000 Pron p
ot~ O~ O -on | 5%
C4H9-O—O—©-CN 5%
CaHy —C:F 5%
Catty~_ I~ O~ )-0cHs 3%
cgus—O-csc—Q-ocna 3%
cw,—@—csc-@- OCH, BT
c4H9—OCEc—@ocn3 3%
C4Hg—©-CEC-@-OCgH5 3%
CsHii —.{3—c-=-c-<j>-ocn3 | 3%
CaHy —O"O'C4H9 9%
CaHz —O—O-CsH" 3%
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Composition example 8

FCaHg —O—CHZCHCF;, (Compound No. 80) 11%
| P r
FC3H3—O-CHgCHOCF3 (Compound No. 77) 10%
F
Cay~( )~ )N - %
CHa=CHCH,CH, —O—@-cn | 9%
CHiCH=CHCH,CH ~_ )~ )~CN 9%
CzHs —CE)—@—OC;,H, . 5%
| CaHy —C:}—@—O- CaHy | 5%
czﬂs—O—csc—O- CHy 4%
cua—O—csc-Q- CeHis 8%
Caho—_P-c=c~ -caty 4%
cuaoc:Hz—O—O—can, sa
Caty— )~ )-Catig 8%
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Composition example 9

FCsH1o _O_O_ CHQCHz-Gf OCF; (Compound No. 30) 10%
E

FC3Hg —O— CHQCHT-O—@- OCF; (Compound No. 35) 10%
cnaocuz—O—@-cw - 8%
C2HsOCH; —O—@-cu 8%
CgHs—-@-COO—O-CN 4%
CsHyy —C:}—@-F ' ' B 5%
CaHs —CS)“@‘ CzHs _ 3%
cw;—CS)—@-chs | | 3%
C4Hg—'<j:lf)—©-¢zH5 3%
CsHs —C:)—Q—O- CaHy ' 4%
cw,{}—@—@-csm 4%
Cata—( :)—O—O- CaHy 4%
Cs"'?{E)—@'OCsz | 4%
sty )~ OOt 7%
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Composition example 10

FCsHio OCFs (Compound No. 11)- 6%

- F F
FCaHg . . Q Q OCF, (Compound No. 240) 4%
: F
F
ch”'°_O—O'CH2CH2_Q'CF3 (Compound No. 31) 10%
F

F
C,HsOCH, —@- coo—@-cn 3%
—_F
CaH;0CH; —@-coo —@-CN . 10%
F

Cz“S'O‘@"’N : 8%

F
F

CsHyy _O—O‘—@-F ’ 3%
C3H7—O—CH2CH2—©-CEC-®-CZH5 3%
CaHy —O—cnzcﬂa—O—csc-Q-csu, . 19
cm,—O—cuzcua—@-csc—@-cmg 3%
03H7—O_®'CEC"©‘Csz 4%
cstr~ O~ p-e=c- )ty 4%
F
cer_O—@'C-‘-‘——C'@' CaHe 4%



Composition example 11

FCaHq4

FCsHg —O_Q‘ CHgCH

FCsHio— )~ ) Q Q_/-OCFa

i

CaoHs CN

Csty

_ F
C3H;OCH; —@- coo—@- CN

CN

28

esttn ~< OO~
et~ OO
csﬁ,, -O—O—coo
estr~< )~
esttn < O—~)-
st~ O~ O~
ot~ < O~)-ocs
| 03H703H7

CH,CH —@-OCFs

(Compound No. 17) 7%

(Compound No. 122) 6%

(Compound No. 247) 3%

13%

13%
8%

4%

4%

12%

8%

4%

4%

7%

4%

3%
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Composition example 12

FCaHg _O-O-CH2CH7'©— OCF, (Compound No. 19) 6%
FC3Hg —O—O— CHzcﬁz‘@' CF; (Compound No. 18) 6%
FCaHs—O-CHgCHzHF Focp;, (Compound No. 77) 7%

F

| c3H7—O—O-coocn | 3%

cw,—O—@—coo CN 3%
=N F

CaH7'C fé)—@_F 7%
csz—C }—@—Csz 5%
can,—cz)—@— Catls : 5%
CqHg {S""@'Cg“s ' : 5%
c;,H,—O—coo—@— OC4Hs 5%
c.Hg—O-coo—Q-ocmg 5%
CaHyy -C)—coo—@j}--ocm9 ' 5% -
CoHs _—O—cnzcnz—@csc-@c.,ng 4%
Caty—_)—CHaCH, —@—csc-@- CeHy 5%
cattr~ )~ —~)-cts 6%
et~ )~ O—C)-cate | - 5%
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Composition example 13

FCsH1o —O-caacHrO—Q- OCF3  (Compound No. 48) 7%
| F

FCsHyp —‘O-CH20HCF3 (Compound No. 90) 8%
F

Catty—_)—()-0cH | 4%
csHr—~_ )~ )-ocqH, 4%
CsHyy ‘O—O‘OCHS ' 6%
CsHyy "O‘@'F _ 6%

CzHs

:

OCF, 4%

C4H9—<:>—O—©-OCF3 6%
CsHyy —O—OOOCF:: 6%
F
CaHy —O—O— CH,CHS —@-F 6%
_F
CsHyy —O—O—CH2CHZ—©—F 6%
F
C3H7—O—O—Q-OCHF2 10%
F
F
C3H7—<:>—-<:>—COO—©-F 5%

ety < )~ )—~p-cate 3%

CsHy OCHF» 6%

3

CsHyy OCHF, 6%
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Composition example 14

FCsH1o —O—chuzcu—q-gfcss (Compound No. 134) 8%
' F F

chns—O—O-cnchg-O-ocsa (Compound No. 19) 8%
csttn < ~-* %
Cais < )~ )-F 8%

crtis < )~ )-F | 8%
Cattr~_ )~ )—)-ocrs %
C4H9—O—O—©-OCF3 7%

st < I~ )~ -ocr, | %

C3H7—O—O-CHQCH2 —@-ooa . 5%
CsHyq -O—O—CHZCHQ—-@-OCF:; 5%

F
e~ O~ 8%
F :
. CsHyy F 8%

F

CaHr—~_ ) 4 )~ catr 3%
F _ :

CsHir < ) ) & 2 -Caty 3%
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Composition example 15

FCsHyo —O—O-cnzcnr@focna (.Compound No. 30) 9%
Festio—_-CHactr{ Y~ )-0cFs  (Compound No. 48) 7%
ChHg=CHH,— )~ -cn %
CaHa L )~ )-Cats 4%
Catr— P)— P-oN 6%
CsHyy CN | 6%

F

czns—O—O-cu 6%
csu,—o-cuzc:ﬂr@-oczus _ 6%
CsHyy —O-CHchr@-ocam 8%
cw,—@—coo —@—cn - 6%
csu..-—o-coo —O-OCH:, | ' 11%
CsHi—~_)-coo —{ )-0CsH; 1%
Cshuy <)) )-on 3
c.n,—@—{E)—O-CN ' 3%
c.n,-@—{l})—@-csm. | 3%
CsHyy —O—@—cuzcuz—O- C4Hg ' 3%

CsHyy cuacnz—O-c;,H, | 3%
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Composition example 16

F
FCsHyo .—O'CHzCCFa (Compound No. 90) 7%
F

F F
FCsHm OTQ‘CHzCHTQ‘C'% (Compound No. 134) 7%
| F F
F .
C4H9—<:>-COO —@-F 6%
F
CsHyy —O—coo —@—F | 6%
F
csz—Q-coo —@-cu 5%
F
" CaH—(_)-c00 —ch 5%
. F "
c4ng—©-coo —@—cu | 6%
F '
CsHiy —~_)-C00 —@-CN 6%
F .
CHaOC3Hs —O—@—cu 10%
F
cw;—O—O—coo —@—F 6%
. F -
—@-F 6%

O
czns—O—@-coo —@f CN 4%
v

C3H; CoOo CN 4%
F
cm;;—O—@—coo —@-cnv 6%
. ] o
CsHyy —O—Q—COO CN . 6%

CaH, —O—@-csc-@-cans 10%
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Composition example 17

- F
FCsHs-O-CH2CHz—‘—-.-OCcmFHCF3 Compound
G0 comouna,
F __F |
FCaHs_O‘CHZCHOCFs (Compound No. 77) 10%
F

et~ Oy
. OCF3; (Compound No. 13) 6%

;
Erg oW -
F

CsHis —O—CHgCHz—O—@-F 8%

e~ O ~)~hr | P
ot~ ~~)-F 4%
et~ O+ %
03H7—O—O-coo—©-r= | 4%
st~ O~ O—~)-¢ 3%
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Composition example 18

) "~ '
FCaHg
O Q OCFCF,H  (Compound No. 86) 10%
#csHe—-O—O-CH2CH2-©—OCF, (Compound No. 19) 9%
F _

: - F
F
CsHyy —O'—O—G—F 10%
F
CyHis _O—Q—F 7%

CaHs

' F
Al
cnzcuz—O—G—F 2%
' F

F

F
' F
c
CaH ' '

.CaHy

Q0

CsHyy

.
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Compositioh example 19

- F __F |
et ) O 200 lyortaae ) 4
F

CyHys 3%

OO
F

F

F _
F

: F
CgHs‘O‘CHgCHzF . 49

F

csHr~_ - CHZCHZ—O—O-F | 2%

CSH“—O—CHZCHZ—O—@; _ 4%
cg—n,—O—O—@— CaHy | 8%
CO F

CaHy

;

C3H7—O—<:>- CHgCHz—O- OCF3 3%

Satr< )~ O—)-ocrs 5%
F

CaH7—O—<:>-CHQCHz—@—F 6%
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This composition exhibited a clearing point of 113.8°C,

a threshold value in a cell thickness of R.7 pm of 2.59 V,
a Ae of 4.5, a An of 0.090 and a viscosity at 20°C of
23.1 mpa-.s.
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Composition example 20

F ___F
FC3Hg . . Q Q OCF, (Compound No. 240) 8%
F
FC3H7_O—O‘CH2CH2_©‘CF3 (Compound No. 18) 8%

F .

F

Cer—O- CH2CH2—O—-Q— F 10%
F
F
CsH; 'O'CHZCH?_O_Q'F A
F
F
CsHv—O—O- CHaCHg

CsH n-—O—O- CHaCH;

CsH7F | 10%
| - |
. F
CsH 11F 10%
P |
F
F
°4H°‘O_O‘°°°‘Q‘F 29

F
F

Cs“""O‘O'COO‘Q—F 2%
- F

F
Cszp ' 2%
F

- F
C3H7F' . 2%
F

F 6%

A

F 6%

2
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This composition exhibited a clearing point of
92.1°C, a threshold voltage in a cell thickness of 8.7 um

of 1.78 V, a Ae of 9.1, a An of 0.093 and a viscosity
at 20°C of 31.2 mPa-S.
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Composition example 21

FCSH?‘O—C>-CH20HZ—©' CF; (Compound No. 18) 4%
C3H7—O—©-CI 7%

F

Crths ‘O—Q;F 10%
5%
CaHy .: 7.5%
cgns—O—O—@-cn | 5%
cate~ O~ O~ )-c 10%
cst < I~ O—~)-c 5%
c3H7F 10%
F

F
CsHyy F 9%
F
Fid

F

°3H7_O_®‘°5°'OCSHT 5%

This composition exhibited a clearing point of 89.5°C,

a threshold voltage in a cell thickness of 8.7 um of 2.09 v,
a Ae of 5.5, a An of 0.128 and a viscosity at 20°C of

22.7 mPa-S.



- 84 -

Composition example 22

F __F |
FC3Hg . . Q O OCF; (Compound No. 240) 2%
F

CHZCHz—.Q—CF_o, (Compound No. 18) 43

FCaHy

;

CHa=CHCaHy—~ I~ P-oN 9%
A
,C—=CH "
CHg-C*~ 2 CN 9%

H | |
CN 14%

03

CsHy

e2Hs0cHa<_)~-on 4%

C3H7-O—O—©-cn 4%
Catr< 3~ Y-cibig 5%

H

,C'CH3

H ' :
CHaOCHz—O—O— C5H1 1 . 8%
CZHS_Q_CEC_Q-OCHa 11%

H

H
This composition exhibited a clearing point of 76.1°C,

a threshold voltage in a cell thickness of 8.7 mm of 1.89 V, a A& of
7.6, a An of 0.124 and a viscosity at 20°C of 18.4 mPa-S.
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Composition example 23

F __F -
FCsaHg . . Q@ OCF3 (Compound No. 240) 10%
};1 F
/C-CgH4—©—COO—QCN 11%
F

CHg-(I:/
H : F
C3HsOCH —@—coo —@-cn' 5%
- |
C3H7OCHs —@-coo —@-CN 9%
F
CHgocHg-O—O—CsH7 3%
C4Hg —@.—csc-@- OCzHs 5%
CgHs—Q-CEC-O—CHa 1%
CH3'—®-CEC-©-C3H13 2%
c4ng—©-csc—©- CqHg - 1%
‘ - |
F .
CgH7—O—CHZCH2—©-C EC—@-CgHs 4%
03H7—O-CH20H2—®-CEC-®- CsHy 4%

C3H7"C>'CH20H2—'@"CEC-®-C4H9 ' 4%
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This composition exhibited a clearing point of
77.0°C, a threshold voltage in a cell thickness of 8.7 um
of 0.96 V, a Ae of 24.2, a An of 0.145 and a viscosity
at 20°C of 39.8 mPa-S.

- Preferred Embodiments of the Present Invention

The present invention will be described in more
details. 1In the following Examples, C, S, N and I
respectively represent crystal, smectic phase, nematic
phase and isotropic phase. The units of the transition

points are all directed to °C.

Example 1

Preparation of 1-(2-(4-(3-fluoropropyl)cyclohexyl)-
ethyl) -3,5-difluoro-4-(3,5-difluoro-4-trifluoro-
methylphenyl)benzene |

(a compound No. 80)(in the formula (IL.wherein n=3,

ring E=l,4-cyclohexy1ene, G=covalent bond, L=ring 2Z=

3,5-difluoro-1, 4~-phenylene, k=1, 2=0, m=0, Q=covalent
bond and Y=CF;) |

(First step)

A Grignard reagent was prepared from 3,5-dibromo-
benzene (150 g, 0.78 mol), and dried Mg (18.9 g, 0.78 mol)
in ether (600 m:), followed by slowly dropwise adding
a 100 m2 ether solution of ethylene oxide_(lOO g, 2.27 mol)
to the reagent under -50°C cooling, heating the mixture
up to room temperature, stirring the reaction solution

for one hour, adding it into 6N hydrochloric acid (500 m%),
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extracting the resulting pfoduct with toluene, washing

the extraction solution successively with a saturated
aqueous solution of sodium bicarbonate and water, drying
over magnesium sulfate, distilling off the solvent,

adding an aqueous HBr (47%) (500 m%) to the residue,
refluxing the mixture for 7 hours, and distilling under
reduced pressure using Vigoureux tube, to obtain a color-
less, transparent liquid, 3,5-difluorophenetylbromide

(41 g, 0.19 mol) (b.p. 52° to 53°C under 2 Torr) .

The yield 6f this product from 3,5-difluorobromobenzene
was 23.8%. A Grignard reagent was prepared from the
product (20.0 g, 90.5 mmol) and dried Mg (2.2 g, 90.5 mmol)
in ether (150 mf), cooling the agent down to 0°C, dropwise
adding thereto a 130 mf ether solution of commercially
available cyclohexanedione monoethylene ketal (14.2 g,

90.9 mmol), heating the reaction solution up to room
temperature, stirring it for 3 hours, adding the reaction
solution to 6N HCL (500 m&), extracting the product with
toluene, washing the extract successively with a saturated,
aqueous solution of sodium bicarbonate and water, drying
over magnesium sﬁlfate, distilling off the solvent, adding
to the residue (20 g), toluene (100 m%) and Amberlist (1 g),
refluxing the mixture for 5 hours while removing water
formed by fhe reaction, by means of Dean Stark, adding
ethyleneglycol (2 g), further refluxing for 2 hours,

adding water (100 mz) to fhe reaction solution, washing
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the organic layer successively with a saturated aqueous
solution of sodium bicarbonate and water, drying over
magnesium sulfate, distilling off the solvent, purifying
the residue according to column chromatography using
toluene/ethyl acetate (4:1) as a developing solvent,
hydrogenating the resulting purified substance in ethanol
in the presence of 5% Pd/C catalyst (1.02 g), filtering
off the catalyst, distilling off under reduced pressure,
refluxing the resulting concentrate in formic acid

(80 m2) for 3 hours, adding water (200 m%), extracting
the product with toluene, washing the extraction liquid
successively with a saturated aqueous solution of sodium
bicarbonate and water, drying the toluene layer over
magnesium sulfate, and distilling off toluene to obtain

4-(3,5-difluorophenylethyl) -1-cyclohexanone (10.1 g,

- 42.4 mmol). The yield of this product from 3,5-difluoro-

bromobenzene was 46.6%.

(Second step)

3-Fluorobromopropane (200.0 g, 1.42 mol) was dis-
solved in toluene (3 %), followed by adding to the
solution, triphenylphosphine (37.2 g, 1.42 mol), refluxing
the mixture for 15 hours, filtering off the'resulting
product, and suction¥drying,'to obtain 3-fluoropropyltri-

phenylphosphine bromide (486 g, 1.21 mol). Yield: 85.2%.
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(Third step)

THF (100 mf) was added to the above 3-fluoropropyl-
triphenylphosphine bromide (22.0 g, 54.6 mmol), followed
by cooling the mixture down to -50°C in a nitrogen
atmosphere, adding to the mixture, a 70 mf THF solution
of potassium-t-butoxide (6.10 g, 54.5 mmol) , stirring
the mixture for 3 hours, dropwise adding to the reaction
solution, a 80 m% THF solution of 4-(3,5-difluoro-
phenetyl) -1-cyclohexanone (10.0 g, 42.0 mmol), stirring
the mixture for one hour at the same temperature, and
heating it up to room temperature for 4 hours, adding
water (200 mf) to the resulting reaction solution,
extracting the resulting product with ethyl acetate,
washing the extraction solution successively with
a saturated aqueous solution of sodium bicarbonate and
water, drying the organic layer over magnesium sulfate,
distilling off the solvent under reduced pressure,
purifying the residue according to column chromatography
tfeatment using toluene as a developing solvent,
hydrogenating the resulting purified substance in the
presence of 5% P4d/C catalyst, in ethanol, and thereafter

filtering off the catalyst to obtain 4-(3,5-difluoro-

phenetyl)-1—(3-f1uor6propyl)cyclohexane (2.51 g, 8.83 mmol).

Yield: 21.0%.
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(Fourth step)

THF (30 mf) was added to the above 4-(3,5-difluoro-
phenetyl) -1~ (3-fluoropropyl)cyclohexane (2.51g, 8.83 mmol),
followed by cooling the mixture down to -50°C in
a nitrogen gas atmosphere, dropwise adding thereto
a hexane solution (7 m¢, 11.4 mmol) of 1.63N n-butyi—

lithium by means of a syringe, stirring the mixture for

one hour at the same temperature, dropwise adding

a 0.5 mol ZnCf, THF solution (22.8 m¢, 11.4 mol),

heating the reaction substance up to room temperature,
further stirring it for 2 hours, adding to the reaction
solution, tetraxistriphenylphosohine palladium (250 mg)

as a catalyst, dropwise adding 3,5-difluoro-4-trifluoro-~
methylphenyl bromide (2.97 g, 11.4 mmol), refluxing the
mixture for 2 hours adding the reaction solution to cooled
6N-HCZ, extracting the resulting product with toluene,
washing the extraction solution successively with

a saturated aqueous solution of sodium bicarbonate and
water, drying over magnesium sulfate, distilling off

the solvent, to obtain an orange color suspension (8.5 g).,
purifying it according to column chromatography tféatment
using a developing solvent of toluene/heptane (1l/1), on
silica gel, and recrfstallization, to obtain trans-form
of 1-(2-(4-(3-fluoropropyl)cyclohexyl)ethyl)-3,5~-difluoro-
4-(3,5~difluoro-4-trifluoromethylphenyl)benzene (0.35 g,
0.75 mmol). Yield: 8.49%, C-I point: 83.7°C

1H-NMR (CDC13) & (ppm): 7. 10 (d, 2H), 6.84 (4, 2H),
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4.69 (t, 1H), 4.16 (t, 1H), 2.66 (t, 2H), 1,84.0.88 (m, 18H).

Example 2

Preparation of 1—(2-(4-(4-(2-fluoroethyl)cyclohexYl)—

cyclohexyl)ethyl-4-£rifluoromethoxybenzene

(a compound No. 17) (in the formula (1), wherein

n=2, ring E=1,4-cyclohexylene, G=covalent bond,

L=1,4-cyclohexylene, ring Z=1,4-phenylene, k=2=0,

n=l, Q=-0- and Y=CF;)

(First step)

THF (1 2) was added to ethoxycarbonylmethyldimefhyl-
phosphonate (125 g, 0.556 mol), followed by cooling the
mixture down to -50°C in a nitrogen gas atmosphere,
followed by gradually adding to the mixture, potassium-
t-butoxide (62.3 g, 0.556 mol), stirring the mixture
at the same temperature for one hour, adding thereto,

a THF 400 mf solution of bicyclohexanedione monoethylene
ketal (117 g, 0.464 mol), stirring the mixture at room
temperature for 10 hours, adding water (500 m%) to the
readtion solution, extracting the resulting product with
toluene, washing the extraction solution successively with
a saturated aqueous solution of sodium bicarbonate and
water, drying over magnesium sulfate, distilling off the
solvent under reducea pressure to obtain an yellow liquid
(218.2 g), dissolving it in ethanol, hydrogenating in

the presence of Raney Ni catalyst, filtering off the

catalyst, distilling off ethanol under reduced pressure,
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purifying the residue according to column chromatography
using toluene as a developing.solvent on silica gel, to
isolate colorless, oily 4-(1,4-dioxaspiro[4,5]decyl) ~
cyclohexylmethanoic acid ethyl ester (183.2 g, 6.464 mol) .

(Second step)

Dried THF (100 m%) was added to lithium aluminum
hydride (17.6 g, 0.464 mol), followed by cooling the
mixture down to 0°C, dropwise adding thereto a 800 m&

THF solution of the above 4—(l,4-dioxaspiro{4.5]decyl)-
cyclohexylmethanocic acid ethyl ester (183.2 g, 0.464 mol),
stirring at 0°C for 3 hours, stirring at room temperature
for 2 hours, washing the reaction solution successively

with 3N HCL, a saturated aqueous solution of sodium

‘bicarbonate and water, distilling off the solvent, and

recrystallizing, to isolate colorless crystals of 2-(4-
(1,4-dioxaspiro[4,5]decyl)cycldhexyl)eth;nol (50.6 g, 0.179 mol).
Yield from bicyclohexanedione monoethylene ketal was 38%.

(Third step)

The ‘above 2-(4-(l,4-dioxéspiro[4,5]decyl)cyclohexyl)-
ethanol (20 g, 70.8 mmol) was dissolved in dichloromethane
(70 m2), followed by dropwise adding to the solution,

DAST (13 g, 80.7 mmol), stirring at 0°C for one hour,
adding water to the feaction solution, washing the
resulting organic layer successively with a saturated
aqueous solution of sodium bicarbonate and water, dié—

tilling off the solvent, purifying the residue
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according to column chromatography using heptane/ethyl
acetate as a developing solvent, on silica gel, to obtain
1-(4-(1,4-dioxaspiro[4,5]decyl)cyclohexyl) -2-fluoro-
ethane, adding thereto formic acid (80 m2), refluxing
the mixture for 2 hours, extracting the resulting
product with toluene; washing the extraction solution
successively with a saturated aqueous solution of sodium
bicarbonate, distilling off the solvent, to isolate
4- (4~ (2-fluoroethyl)cyclohexyl)cyclohexanone (8.0 g,
35.3 mmol). The yield of this product from 2-(4-(1,4-
dioxaspiro[4,5]decyl) cyclohexyl)ethanol was 49.9%.
(Fourth.step)

- A Grignard reagent prepared from 4-trifluoromethoxy-
bromobenzene (54 g, 220 mmol) and dried Mg (5.4 g, 220
mmol) in 250 mf ether solvent was cooled down to -50°C,
followed by gradually dropwise adding thereto ethylene
oxide (29.3 g, 670 mmol), gradually heating the resulting
reaction mixture up to room temperature, further stirring
it for one hour at room temperature, adding the reaction
solution to 6N HC% (300 mf), extracting the resulting
product with ethyl acetate, washing the extraction solution
successively with a saturated agqueous solution of sodium
bicarbonate and watei, drying over magnesium sulfate,
distilling off the solvent, distilling the residue under
reduced pressure by means of a Vigoureaux tube, to isolate

a colorless liquid, 2-(4-trifluoromethoxyphenyl)ethanol
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(14.5 g, 70.3 mmol) having a b.p. of 82° to 84°C under
3.5 Torr, adding to this liquid, xylene (60 m%) and HBr
aqueous solution (47%) (60 mf), refluxing the mixture
for 9 hours, adding water to the reaction mixture,
extracting the resulting product with toluene, washing
the reaction solution successively with a saturated
aqueous solution of sodium bicarbonate and water, drying
the resulting organic layer over magnesium sulfate,
distilling off the solvent, distilling the residue under
reduced pressure using Vigoureux tube, to isolate a color-
less liquid, 2-(4-trifluoromethoxyphenyl)bromoethane
(12.0 g, 51.9 mmol) having a b;p. of 74°C under 4 Torr.
The yield of this product from 4-trifluoromethoxy-
bromobenzene was 23.6%.

(Fifth step)

A Grignard reagent prepared from the above 2-(4-
trifluoromethoxyphenyl)bromoethane (7.0 g, 30.3 mmol)
and dried Mg (0.74 g, 30.4 mmol) in an ether solvent
(40 mg) was cooled down to 0°C, followed by dropwise
adding thereto a 30 mg ether solution of 4-(4-(2-fluoro-
ethyl) cyclohexyl) cyclohexanone (2.2 g, 9.7 mmol) prepared
at the third step, stirring the mixture at 0°C for 3 hours,
adding 6N HC&L to the.reaction solution, extracting the
resulting product with toluene, washing the extraction
solution successively with a saturated aqueous solution

of sodium bicarbonate and water, drying over magnesium
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sulfate, distilling off the solvent, adding toluene
(100 m¢) and Amberlist (500 mg) to the resulting yellow
oily substance, refluxing the mixture for 4 hours, while
removing water formed by the reaction by means of Dean-
Stark, filtering off Amberlist, distilling off the
solvent, purifying the residue according to column
chromatography treatment using toluene as a developing
solvent, on silica gel, to isolate 4-(4-(2-fluoroethyl)-
cyclohexyl) ~1-(2-(4-trifluoromethoxyphenyl)ethyl) -1~
cyclohexene (1.8 g, 4.5 mmol), hydrogenating this
product (1.2 g, 3.0 mmol) in the presence of 5% Pd/C
catalyst (0.12 g) in ethanol solution, filtering off
the catalyst, distilling off the solvent under reduced
pressure, and recrystallizing the residue, to isolate
only trans-form of colorless 1-(2-(4-(4-(2-fluoroethyl)-
cyclohexyl)cyclohexyl)ethyl—4—trifluoromethoxybenzene
(0.37 g, 0.90 mmol) exhibiting smectic
phase. The yield of this product from 4-(4-(2-fluoro-
ethyl) chclohexyl)cyclohexanone was 9.3%.
Sp-N point 68.8°C, N-I point 103.5°C.
1H-NMR (CDC13) § (ppm): 7.19 (t, 4H), 4.74 (t, 1H),
4.21 (t, 1H), 2.58 (t, 2H), 1.82~0.99 (m, 26H).
Example 3
Preparation of 1-(4-(3-f1uoropropyl)cyclohexyl);3,5-
difluoro-4-(2-(3—fluoro-4-trifluoromethoxyphenyl)—

ethyl)benzene
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(in the formula (1), n=3, ring E=l,4-cyclohexylene,
G=covalent bond, L=3,5-difluoro-1,4-phenylene,
ring'Z=3-fluoro-l,4—phenylene, k=2=0, m=1, Q=-0-

ana ¥=CF3) (Compound No. 122)

(First step)

A Grignard reagent prepared from 3,5-difluorophenyl-
broﬁide (193.1 g, 1.00 mol) and dried Mg (24.3 g, 1.00
mol) in THF solvent was cooled down to 0°C, followed by
dropwise adding to the agent, a 300 m% ether solution
of cyclohexanedione monoethyleneketal (156 g, 1.00 mol),
heating the reactionlsolution up to room temperature,
stirring fhe mixture for 3 hours, adding it to 6N HCL
(1 2), extracting the resulting product with toluene,
washing the‘extraction solution successively with
a saturated aqueous solution of sodium bicarbonate and
water, drying over magnesium sulfate, distilling off
the solvent under reduced pressure, adding tq the residue,
Amberlist (8 g) and toluene (1,000 m%), refluxing for
7 hours while removing water formed by the reaction by
means of Dean-Stark, filtering off the Amberlist in
the product, distilling off toluene under reduced pres-
sure, purifying the residue according to column chrometo-
graphy treafment using toluene as a developing agent,
on silica gel, to obtain a cyclohexene derivative, adding
formic acid (500 mf&) to the cyclohexene derivative (62 q),

refluxing the mixture for 5 hours, adding water (500 mf)
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to the reactiqn solution, extracting the resulting product
with toluene, waehing the toluene layer successively with
a saturated aqueous solution of sodium bicarbonate and
water, drying over magnesium sulfate, distilling off
toluene under reduced pressute and distilling the residue
under reduced pressure, to obtain 4-(3,5-~difluorophenyl) -
cyclohexanone (43.8 g, 20.8 mmol). Yield: 20.8%

(Second step)

THF (60 m2) was added to 3-fluoropropyltriphenyl-
phosphinebromide (10.3 g, 25.5 mmol) prepared at the
second step of Example 1, followed by cooling the mixture -
down to -505C in nitrogeﬁ atmosphere, adding to the mix-
ture, a 40 mg THF solution of potassium-t-butoxide (2.86 g,
25.5 mmol), stirring the mixture at the same temperature
for 3 hours, dropwise adding to the reaction solutioﬁ,

a 100 mg THF solution of 4-(3,5-difluorophenyl)cyclo-
hexanone (43.8 g, 20.8 mmol) prepared at the first step,
stirring the mixture at the same temperature for one hour,
stirring at room temperature for 3 hours, adding water

(200 mg) to the reaction solution, extracting the resulting
product with ethyl acetate, washing the organic layer
successively with a saturated aqueous solution of sodium
bicarbonate and watef, drying over magnesium sulfate,
purifying an yellow solution obtained by distilling off

the solvent, accordlng to column chromatography treatment

using toluene as a developing solvent, on silica gel,
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hydrogenating the reeulting cyclohexylidene derivative
using a catalyst of Pd/C, in ethanol, filtering off.
the catalyst after the reaction, distilling off
ethanol under reduced pressure and recrystallizing

the resultiné product using a mixed solvent of heptane
with ethanol, to obtain 4-(3,5-difluorophenyl)-1-(3-
fluoropropyl) cyclohexane (1.50 g, 6.14 mmol).

Yield: 29.5%.

(Third step)

THF (20 m2) was added to the above 4-(3,5-difluoro-
phenyl) -1-(3-fluoropropyl) cyclohexane (1.50 g, 6.14 mmol) ,
followed by cooling the mixture down to -50°C in
a nitrogen atmosphere, dropwise adding thereto a hexane
solution 4 m¢ (6.51 mmol) of 1.63 N normal butyllithium
by means of a syringe, stirring the mixture at the same
temperature for one hour, dropwise adding to the reaction
solution, THF 10 m? solution of iodine (1.65 g, 6.51 mmol) ,
stirring the mixture at the same temperature for 30 minutes,
adding the reaction solution to 6N HC%, extracting the
resulting product with toluene, washing the extraction
solution successively with a saturated aquesous solution
of sodium bicarbonate and water, drying the organic layer
over magnesium sulfate, distilling off the solvent, and
purifying the residue according to column chromatography
treatment using heptane as a developing solvent, on silica
gel, to obtain 4-(3,5~difluorophenyl-4~iodo)-1-3-fluoro-

propyl)cyclohexane (2.12 g,.5.73 mmol). Yield: 93.3%.
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(Fourth step)

A Grignard reagent prepared from 3-fluoro-4-tri-
fluoromethoxyphenylbromide (200.0 g, 772 mmol) and dried
Mg (18.8 g, 774 mmol) in ether was cooled down to -50°C
in a nitrogen atmosphere, followed by dropwise adding
thereto a 100 ﬁz ether solution of ethylene oxide (100 g,
2.27 mol), stirring the reaction solution at 0°C for
2 hours, adding the resulting reaction product to 6N HCE,
extracting the product with toluene, washing the extrac-
tion solution successively a saturated aqueous solution
of sodium bicarbonate and water, drying over the organic
layer over magnesium sulfate, distilling off the solvent,
adding to the residue, 47% hydrogen bromic acid (300 mf)
and leene (300 m2), refluxing the mixture for 9 hours,
while removing water formed by the reaction by means of
Dean-Stark, adding water (500 m2) to the resulting reac-
tion product, extfacting the resulting product with
toluene, washing the extraction solution.successively
with a saturated aqueous solution of sodium bicarbonate
and water, distilling off the solvent, and distilling
the residue under reduced pressure, to obtain 3-fluoro-4-
trifluoromethoxyphenetylbromide (68.3 g, 238 mmol).
Yield: 30.7%.

(Fifth step)

A Grignard reagent prepared from the above 3-fluoro-

4-trifluoromethoxyphenetylbromide (1.64 g, 5.71 mmol) and
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dried Mg (0.14 g, 5.76 mmol) in ether (10 m2) was cooled
down to 0°C, followed by adding thereto Ni acetylacetonate
(0.10 g, 0.39 mmol), dropwise adding a 20 mf ether solu-
tibn of 4-(3,5-difluorophenyl-4-iodo)-1~(3-fluoropropyl)-
cyclohexane (2.12 g, 5.73 mmol) prepared at the third
step, stirring the reaction solution at 0°C for one hour,
heating it up to room temperature, stirring it for 3 hours,
adding the resulting reaétion solution to 6N HCY,
extracting the resulting product with toluene, washing the
extraction solution successively with a saturated aqueous
solution of sodium bicarbonate and water, drying the
organic layer over magnesium sulfate, distilling off
the solvent, purifying the residue according to column
chromatography treafment.using toluene as a'developing
solvent on silica gel, and recrystallizing from a mixed
solvent of heptane with etﬁanol, to obtain 1-(4-(3;fluoro-
propyl)cycléhexyl)-3,5-dif1uoro—4—(2-(3—fluoro—4—trif1uoro—
methoxyphenyl )ethyl)benzene (320 mg, 0.692 mmol). Yield: 12.0%.
The data of 1H-NMR well supported its structure.

Example 4

Preparation of l-(4-(4-(3-fluoropropyl)cycldhexyl)—.

cyclohexyl) -3, 5-difluoro-4-(3-fluoro-4-trifluoro-

methoxyphenyl)benzene (in the formula (1), n=3,

ring E=G=1,4-cyclohexylene, L=3,5-dif1uoro—l,4-'

phenylene, ring 2=3-fluoro-l,4-phenylene, kéz=m¥0,

Q= -0- and Y=CF3) (Compound No. 240).

This Sheet Has Been Replaced

i
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(First step)

A 500 mg THF solution of bicyclohexanedione mono-
propyleneketal was dropwise added at room temperature
to a Grignard reagent prepared from 3,5-difluorophenyl-
bromide (107.1 g, 555 mmol) and dried Mg (14.0 g, 575
mmol) in THF (600 m&), followed by stirring the mixture
at the same temperature for 5 hours, cooling the reaction
solution to 0°C, adding thereto a saturated aqueous solu-
tion of NH4C&, extracting the resulting product with ethyl
acetate, washing the extraction solution with water, drying
the organic layer over magnesium sulfate, distilling off
the solvent, to obtain yellow crystals (158 q), adding
thereto toluene (700 m2) and 5% paratoluenesulfonic acid
(7.9 g), refluxing the mixture for 9 hours, further
2 hours before completion of the reflux, adding propylene
gly¢01'(37 g) and 5% paratoluenesulfonic acid (8.3 g) into
the system, washing the reaction solution successively with
6N HC2, a saturated aqueous solution of sodium bicarbonate
and.water, drying the organic layer over magnesium sulfate,
distilling off the solvent, and purifying the resulting
residue (169 g) according to column chromatography treat-
ment using toluene/ethyl acetate (1/9) as a developing
solvent, on silica gel, to obtain 4-(3,5-difluorophenyl)-3-
cyclohexenyl-l-cyclohexanone propyleneketal (114 g, 327

mmol). VYield: 56.9%.
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(Second step)

The above 4-(3,5-difluoropheny1)-3—cyclohexenyl-l-
cyclohexanone propyleneketal (114 g, 327 mmol) was
hydrogenated in a mixed solvent of ethyl acetate with
ethanol in the presence of Raney Ni catalyst (44.8 gqg),
followed by filtering off the catalyst, distilling off
the solvent under reduced pressure, adding to the residue,
formic acid (50.0 g, 1.09 mol) and toluene (300 mg),
refluxiﬁg the mixture for 4 hours, adding water.to the
reaction solution, washing the organic layer successively
with a saturated aqueous solution of sodium bicarbonate
and water, drying over magnesium sulfate, distilling off
toluene under reduced pressure, and purifying the residue
according to column chromatography treatment using
toluene as a developing solvent, on silica gel, to obtain
4-(3,S—difluorophenyl)cyclohexyl-l-cyclohexanone (56.8 g,
194 mmol). vYield: 59.3%.

(Third step)

THF (250 m{) was added to 3-fluoropropyltriphenyl-
phosphine bromide (36.1 g, 89.5 mmol) prepared at the
second step of Example 1, followed by cooling the mixture
down to -50°C in nitrogen gas atmosphere, adding to the
mixture, a 100 mg THF solution of potassium-t-butoxide
(10.0 g, 89.5 mmol); stirring the mixture for 3 hours,
dropwise adding to the reaction solution, a 200 m% THF

solution of 4-(3,5-difluorophenyl)cyclohexyl-l-cyclohexanone
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(20.0 g, 68.9 mmol) prepared at the second step, stirring
the mixture at the same temperature for ohe hour, heating
the mixture up to room temperature, stirring for 4 hours,
adding water (1 &) to the reaction solution, extracting
the.resulting product with toluene, washing the extraction
solution with water, drying the organic layer over
magnesium sulfate, distilling off the solvent, purifying
the residue according to column chromatography treatment
using toluene as a developing solvent, on silica gel,

to obtain an yellow solution (12.99 g), hydrogenating it
in the presence of a 5% Pd/C catalyst (1.20 g) in ethanol,-
distilling off the solvent, and purifying the residue
using toluene as a developing solvent on silica gel,

to obtain 4-(3-fluoropropylcyclohexyl)cyclohexyl)-3,5-
difluorobenzene (8.33 g, 24.6 mmol). Yield: 35.7%.

(Fourth step)

THF (80 m2) was added to the above 4-(3-fluoropropyl-
cyclohexyl) cyclohexyl-3,5-difluorobenzene (8.10 g, 23.9
mmol) , followed by cooling the mixture down to -50°C in
nitrogen gas atmosphere, dropwise adding thereto a hexane
solution (16.9 m2, 28.7 mmol) of 1.63 N normal butyllithium
by means of a syringe, stirring the mixture at the same
temperature for one hour, further dropwise adding a THF
solution (58.4 m%, 29.2 mol) of 0.5 mol zinc chloride,
heating the reaction solution up to room temperature,

further stirring for 2 hours, adding to the reaction
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solution, tetraxistriphenylphosphine palladium (0.72 g,
622 mol) , dropwise adding 3-fluoro-4;trifluoromethoxy-
phenylbromide (7.44 g, 28.7 mmol), refluxing the mixture
for 2 hours, adding to the reaction solution, 6N HCZ,
extracting the product with ethyl acetate, washing
the extraction solution successively with a saturated
aqueous solution of sodium bicarbonate and water, drying
the organic layer over magnesium sulfate, distilling off
the solvent, purifying the residue (13.9 g) according to
column chromatography treatment using heptane as a develop-
ing solvent on silica gel, and recrystallizing from a mixed
solvent of heptane with ethanol, to obtain 1-(4-(4-(3-
fluoropropyl)cyclohexyl) cyclohexyl) -3,5-difluoro-4- (3~
fluoro—4-trifluoromethoxyphenyL)benzene (1.31 g, 2.54
mmol) . Yield: 10.6%. C-N point: 78.5°C. N-I point:
224.5°C.
1H-NMR(CDC%3) & (ppm) : 7.37 (t, 3H), 6.85 (d, 2H),
4.69 (t, 1H), 4.16 (t, 1H), 2.46 (m, 1H), 2.02~0.81 (m, 23H).
Example 5
Preparation of 1-(2-(4-(3~-fluoropropyl)cyclohexyl)-
ethyl)-3,5-dif1uoro-4-(3-fluoro—4-trifluoromethoxy-
phenyl)benzene (in the formula (1), n=3, ring E =
1l,4~-cyclohexylene, G=covalent bond, L = 3,5-difluoro-
l,4-phenylene, ring Z = 3-fluoro-1,4-phenylene, k=1,

2=0, m=0, Q = -O~, ¥Y=CF3) (compound No. 77)
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(First step)

THF (50 m2) was added to 4-(3,5-difluorophenetyl)-
1-(3-fluoropropyl)cyclohexane (5.0 g, 17.6 mmol) prepared
in the same manner as in Example 1, followed by cooling
the mixture down to -50°C in a nitrogen gas atmosphere,
dropwise adding thereto a hexane solution (13 mf, 21.8
mmol) of 1.68 N normal-butyllithium by means of a syringe,
stirring the mixture at the same femperature for one hour,
dropwise adding a THF solution (43.6 m%, 21.8 mmol) of
zinc chloride (0.5 mol/%), heating the reaction prodﬁpt
up to room temperature, further stirring it for 2 hours,
adding to the reaction solution, tetrakistriphenylphosphine
palladium (500 mg) as a catalyst, dropwise adding 3-fluoro-
4-trifluoromethoxybromobenzene (5.64 g, 21.8 mmol), .
refluxing the mixture for 2 hours, adding the reaction
solution to cooled GN HC2, extracting the resulting product
with toluene, washing the extraction solution successively
with a saturated, aqueous solution of sodium bicarbonate,
and water, drying over magnesium sulfate, distilling off
the sdlvent, to obtain an yellow suspension (7.7 g),
purifying it according to column chromatography treatment
using toluene/heptane (1:1) as a developing solvent, on
silica gel, and recrystallizing to obtain trans form of
1-(2-(4-(3-fluoropropyl) cyclohexyl) ethyl) -3 ,5-difluoro-4-
(3-fluoro-4-trifluoromethbxyphenyl)benzene (0.58 g, 1.25
mmol) . Yield: 7.1%, C-I point: 44.8°C, (N-I point:

13.6°C).
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1H-NMR (CDC13) § (ppm): 7.38~6.77 (m, 5H),

4.69 (t, 1H), 4.16 (t, 1H), 2.65 (t, 2H),

1.84~0.93 (m, 1l6H).

Example 6

1—(2—(4-(4-(3-f1uoropropy1)cyclohexyl)cyclohexyl)-

ethyl) -4-trifluoromethylbenzene (in the formula (1),

n=3, ring E =G =1,4~-cyclohexylene, L=covalent bond,

ring 2 = 1,4-phenylene, k=£=0, m=1, Q=covalent bond,

Y=CF;) (Compound No. 18).

(First step)

THF (1 %) was added to methoxymethyltriphenylphosphine
chloride (128 g, 370 mmol), followed by adding to the mix-
ture, potassium-t-butoxide (41.5 g, 370 mmol) at 0°C,
stirring the mixture at the same temperature for 3 hours,
dropwise adding to the reaction solution, a 500 mf THF
solution of commercially available 4-trifluoromethyl-
benzaldehyde (50.0 g, 287 mmol), stirring the mi#ture
at the same temperature for one hour, stirring it at
room temperature for 3_hours, adding water (1.5 &) to
the reaction solution, extracting the resulting product
with ethyl acetate, washing the organic layer successively
with a satuiated aqueous solution of sodium bicarbonate
and water, drying over magnesium sulfate, distilling off
the solvent, purifying the resulting yellow solution
according to column chromatography treatment using

heptane/ethyl acetate (3:2) as a developing solvent,
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on silica gel, and distilling the purified substance under
reduced pressure by means of Vigoureux tube, to obtain
l-trifluoromethyl-4-(2-methoxyvinyl)benzene (19.5 g,
96.5 mmol) (b.p. 93.5°C under 9 Torr). Yield: 33.6%.

(Second step)

The above l-trifluoromethyl-4-(2-methoxyvinyl)-
benzene (19.5 g, 96.5 mmol) was dissolved in acetone
(100 m2), followed by adding 6N HCL (100 mf) to the solu-
tion, stirring the mixture for 5 hours, extracting the
resulting product with ethyl acetate, washing the orgahic
layer successively with a saturated, aqueous solution of
sodium bicarbonate and water, drying over magnesium |
sulfate and distilling off the solvent, to obtain 4-
trifluoromethylbenzylaldehyde (17.5 g, 93.0 mmol).
Yield: 96.4%.

(Third step)

Ethanol (200 m%) was added to the above 4-trifluoro-

methylbenzylaldehyde (17.5 g, 93 mmol), followed by cooling

- the mixture down to 0°C in a nitrogen atmosphere,-adding

thereto sodiumboronhydride (1.78 g, 47.1 mmol) so that
the liquid temperature might not exceed 10°C, stirring
the mixture at 0°C for 2 hours, extracting the resulting
product with ethyl acetate, washing the organic layer
successively with a saturated, aqueous solution of sodium
bicarbonate and water, drying over magnesium sulfate,

distilling off the solvent, adding an aqueous solution
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of HBr (47%) (100 mf) to the residue (about 18 g),
refluxing the mixture for 7 hours and distilling under
reduced pressure by means of Vigoureux tube, to obtain

2- (4-trifluoromethylphenyl)bromoethane (19.5 g, 77.1 mmol)
(b.p.: 94°C under 9 Torr). Yield: 82.9%.

(Fourth step)

A Grignard reagent prepared.from the above 2-(4-
trifluoromethylphenyl)bromoethane (19.5 g, 77.1 mmol and
dried Mg (1.90 g, 78.2 mmol) in an ether solvent (100 m%),
was cooled down to 0°C, followed by dropwise adding to
the agent, a 100 mf ether solution of bicyclohexanedione
monopropyleneketal (19.4 g, 76.9 mmol), heating the mix-
ture up to room temperature, stirring it for 3 hours,
adding this reaction solution to 6N HCL . (100 m%),
extracting the resulting product with toluene, washing
the extraction solution successively with a saturated,
aqueous solution of sodium bicarbonate and water, drying
over magnesium sulfate, distilling off the solvent, adding
toluene (300 m%) and Amberlist (1.5 g) to the resulting
pale-yellow, oily substance (about 3b g), refluxing the
mixture for 4 hours, while removing water formed by the

reaction by Dean-Stark, filtering off the solvent, purify-

ing thr residue according to column chromatography treatment

using ethyl acetate/toluene (1/1) as a developing solvent, on

silica gel, to isolate 4-(4-oxocyclohexyl)-1-(2-(4-tri-

fluoromethylphenyl)ethyl)-l-cyclohexéne propyleneacetal



10

15

20

25

- 109 -

(20.0 g, 48.9 mmol), hydrogenating the compound in the
presence of a catalfst of 5% Pd/C (1.0 g) in ethanol
solvent, filtering off the catalyst, distilling off
the solvent under reduced pressure, adding formic acid
(20.0 g, 444 mmol) and toluene (100 mg), to the residue,
refluxing the mixture for 5 hours, washing the organic
layer successively with a saturated, aqueous solution
of sodium bicarbonate and water, drying over magnesium
sulfate, purifying the residue according to column
chromatography treatment using ethyl acetate/toluene
(1/3) as a developing solvent, on silica gel, recrystalliz-
ing the purified product from heptane, to isolate 4-(4-
oxocyclohexyl) -1~ (2-4~trifluoromethylphenyl)ethyl)cyclo-
hexane (2.7 g, 7.7 mmol). The yield of this product from
bicyclohexanedione monopropyleneketal was 10.0%.

(Fifth step)

THF (70 m&) was added to 1,3-dioxan-2-ylethyltri-
phenylphosphinebrcmide (6.80 g, 14.9 mmol), followed by-
adding to the mixture, potassium-t-butoxide (1.68 g,

14.9 mmol) at 0°C, stirring the mixture at the same
temperature for 3 hours, dropwise adding to the reaction
solution, a 10 mg THF solution of the above 4~ (4-oxocyclo-
hexyl)-l-(2-(4-trifluoromethylpheny1)ethyl)cyclohexane
(2.7 g, 7.7 mmol), stirring the mixture at the same
temperature for one hour, further stirring at room

temperature for 3 hours, adding water (50 m%) to
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the reaction solution, extracting the resulting product
with ethyl acetate, washing the organic layer successively
with a saturated, aqueous solution of sodium bicarbonate
and water, drying over magnesium sulfate, distilling off
the solvent, purifying the resulting residue according to
column chromatography treatment using heptane/ethyl acetate
(3/1) as a developing solvent, on silica gel, distilling
off the solvent, hydrogenating the residue (3.2 g) in
the presence of a catalyst of 5% Pd/C (0.15 g), in
ethanol solvent, filtering off the catalyst distilling off
the solvent under reduced pressure, and recrystallizing
the residue from heptahe/ethanol (5/1) , to obtain 4-(4-
(1,3-dioxan-2-ylethyl) cyclohexyl) ~1-(2- (4-trifluoromethyl-
phenyl)ethyl) cyclohexane (1.46 g, 3.23 mmol). The yield
of this product from 4-(4-oxocyclohexyl)-1-(2-(4-trifluoro-
methylphenyl) ethyl) cyclohexane was 42%.

(Sixth.step) |

Formic acid (1.5 g, 33 mmol) and toluene (10 m2) were
added to the above 4-(4-(1,3-dioxan~2-ylethyl)cyclohexyl) -
1-(2-(4—trifluoromethylphenyl)ethyl)cyclohexane (1.46 g,
3.23 mmol), followed by refluxing the mixture for 5 hours,
washing the organic layer successively with a satura£ed,
aqueous solution of sodium bicarbonate and water, drying
over magnesium sulfate, and distilling off the solvent,
to obtain 3-(4-(4—(2—(4—trifluoromethylphenyl)ethyl)cyclo-
hexyl)cyclohexyl)propanal (1.21 g, 3.07 mmol). Yield:
95.0%.
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(Seventh step)

Ethanol (10 mf%) was added to the above 3-(4-(4-(2-(4-
trifluoromethylphenyl)ethyl)cyclohexyl)cyclohexyl)propanal
(.21 g, 3.07 mmol), fbllowed by cooling the mixture down
to 0°C in a nitrogen gas atmosphere, adding thereto,
sodiumboronhydride (0.13 g, 3.43 mmol) so that the solu-
tion temperature could not exceed 10°C, stirring the
mixture at 0°C for 2 hours, extraéting_the resulting
product with ethyl acetate, washing the organic layer
successively with a saturated, aqueous solution of sodium
bicarbonate and water, drying over magnesium sulfate, and
distilling off the solvent, to obtain ?-(4-(4-(2-(4-
trifluoromethylphenyl)ethyl)cyclohéxyl)cyclohexyl)propanol
(1.20 g, 3.03 mmol). The yield was 98.7%.

kEighth step)

Dimethoxyethane (10 mf) was added to the above 3-(4-
(4—(2-(4-trifluoromethylphenyl)ethyl)cyclohexyl)cyclo—
hexyl) propanol (1.20 g, 3.03 mmol), followed.by dropwise
adding thereto diethylaminosulfur trifluoride (DAST)

(1.13 g, 7.01 mmol), refluxing the mixture for 5 hours,
extracting the resulting product with toluene, washing
the organic layer successively with a saturated, aqueous
solution of sodium bicarbonate and water, drying over
magnesium sulfate, distilling off the solvent, purifying
the residue according to column chromatography treatmént

using heptane as a developing solvent, on silica gel,
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distilling off the sélvent,'and recrystallizing the residue
from ethanol/heptane (9/1), to isolate only trans-form of
1-(2-(4-(4-(3-fluoropropyi)cyclohexyl)cyclohexyl)ethyl)-
4-trifluoromethylbenzene (0.60 g, 1.5 mmol).

Yield: 49.5%. SB-i point: 118.9°C

1H-NMR (CDC 13) § (ppm): 7.52 (4, 2H), 7.27 (4, 2H),

4.68 (t, 1H), 4.16 (t, 1H), 2.68 (t, 2H), 1.75~0.99

(m, 26H).

Example 7

Preparation of 1-(2-(4-(4-(3-fluoropropyl)cyclohexyl) -

cyclohexyl) ethyl) -4~trifluoromethoxybenzene

(in the formula (1), n=3, ring E = 1,4~-cyclohexylene,

G = covalent bond, L = 1,4-cyclohexylene, ring 2 =

114-pheny1ene, k=2=0, m=1, Q = -0-, ¥Y=CF3;)

(Compound No. 19i ' ‘

(First step)

THF (1.8 &) was added to methoxymethyltriphenylphos-
phine chloride (350 g, 1.02 mol), followed by adding to
the mixture, potassium-~-t-butoxide (li4 g, 1.02 mol),
stirring the mixture_at the same temperature, for 3lhours,
dropwise adding to the reaction solution, a 750 mf% THF
solution of commercially available 4-trifluoromethoxy-
benzaldehyde (150.0 g, 0.79 mol), stirring ﬁhe mixture
at the same temperature for one hour, further stirring
it at room temperature for 3 hours, adding water (1.5 %)

to the reaction solution, extracting the resulting product
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with ethyl acetate, washing the organic layer successively
with a saturated, aqueous solution of sodium bicarbonate
and water, drying over magnesium sulfate, distilling off
the solvent, purifying the resulting yellow solution
according to column chromatography treatment using heptane/
ethyl acetate (3/2) as a developing solvent, on silica gel,
and distilling the purified product under reduced pressure,
by means of Vigoureux tube, to obtain l-trifluoromethoxy-
4-(2-methoxyvinyl)benzene (138 g, 0.63 mol). (b.p. 91°C
under 9 Torr). Yield: 79.7%.

(Second step)-

The above 1-trif1uoromethoxy-4-(2-methoxyviny1)-
benzene (138 g, 0.63 mol) was dissolved in acetone (500 mR),
followed by adding 6N HCR (500 mg) to the solution,
stirring the mixture for 5 hours, extracting the resulting
product with ethyl acetate, washihg the organic layer
successively with a saturated aqueous solution of sodium
bicarbonate and watér, drying over magnesium sulfate,
and distilling off the solvent, to obtain 4-trifluoro-
methoxybenzylaldehyde (123 g, 0.60 mol). Yield: 95.2%.

(Third step)

Ethanol (1.5 &) was added to the above 4~trifluoro-

‘methoxybenzylaldehyde (123 g, 0.60 mol) , followed by

cooling the mixture down to 0°C in a nitrogen atmsophere,
adding thereto sodiumboronhydride (11.7 g, 0.31 mol) so

that the liquid temperature might not exceed 10°C,
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stirring the mixture at 0°C for 2 hours, extracting
the resultihg product with ethyl acetate, washing the
organic layer successively with a saturated, aqueous
solution of sodium bicarbonate and water, drying over
magnesium sulfate, distilling off the solvent, adding
an aqueous solution of HBr (47%) (750 mf ) to the residue,
refluxing the mixture for 7 hours, and distilling it under
reduced pressure by means of Vigoureux tube, to obtain
2-(4~-trifluoromethoxyphenyl)bromoethane (52.8 g,-O.ZQ mol)
(b.p.: 52.0°C under 1 Torr). Yield: 33.3%.

(Fourth step)

A Grignard reagent prepared from the above 2-(4-
trifluoromethoxyphenyl)bromoethane (25.0 g, 92.9 mmol)

and dried Mg (2.26 g, 93.0 mmol) in 100 mf ether solvent,

~was cooled down to 0°C, followed by dropwise adding there-

to a 100 m2 ether solution of bicyclohexanedione mono-
propyleneketal (22;q g, 87.2 mmol), heating the mixture

up to room temperature, stirring it for 3 hours, adding
the reaction solution to 6N HC{ (100 m&), extracting

the resulting product with toluene, washing the extractibn
solution successively with a saturated, aqueous solution
of sodium bicarbonate and water, drying erf magnesium
sulfate, distilling off the solvent, adding toluene

(300 m2) and Amberlist (2.0 g) to the residue, refluxing
for 5 hours, while removing water formed by the reaction

by means of Dean-Stark, filtering off Amberlist,
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distilling off the solvent; purifying the residue accord-
ing to column chromatography treatment using ethyl
acetate/toluene (1/2) as a developin§ solvent, on silica
gel, to isolate 4—(4-oxocyclohexyl)-l;(2-(4—trif1uoro-
methoxyphenyl) ethyl) ~1-cyclohexene propylene acetal

(22.2 g, 52.3 mmol), hydrogenating it in.the presence of

a 5% Pd/C catalyst (1.2 g) in ethanol solvent, filtering
off the catalyst after the reaction, distilling off the
solvent under reduced pressure, adding to the residue,
formic acid (20.0 g, 444 mmol) and toluene (100 mg),
refluxing the mixture for 5 hours, washing the organic
layer successively with a saturated, aqueous solution of
sodium bicarbonate and water, drying over magnesium
sulfaté, distilling off the solvent, purifying the residue
according to column chromatography treatment using ethyl

acetate/toluene (1/3) as a developing solvent, on silica

gel and recrystallizing the purified substance from heptane,

to isolate 4-(4-oxocyclohexyl)~-1-(2-(4~-trifluoromethoxy-
phenyl) ethyl)cyclohexane (5.7 g, 15.6 mmol). The yield
of this product frcm bicyclohexanedione monopropy}eneketal
was 17.9%.

(Fifth step)

THF (100 mg) wés added to 1,3-dioxan-2-ylethyltri-
phenylphosphinebromide (10.0 g, 21.9 mmol), followed by
adding thereto potassium~t-butoxide (2.46 é, 21.9 mmol),

stirring the mixture at the same temperature for 3 hours,
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dropwise adding to the reaetion solution, a 20 m% THF
solution of the above 4-(4-oxocyclohexyl)-1-(2-(4-tri-
fluoromethoxyphenyl)ethylicyclohexane (5.7 g, 15.6 mmol),
stirring the mixture at the same temperature for_one hour,
stirring for 3 hours at room temperature, adding water
(100 m&) to the reaction solution, extraeting the product
with ethyl acetate, washing the organic layer successively
with a saturated aqueous solution of sodium bicarbonate
and water, drying over magnesium sulfate, distilling off
the solvent, purifying the resulting residue according to
column chromatography treatment usiné heptane/ethyl acetate
(3/1) as a developing solvent, on silica gel, distilling
off the solvent, hydrogenating the residue (5.1 g) in |
the presence of a catalyst of 5% Pd/C (0.30 g) in
an ethanol solution, filtering off the catalyst, distilling
off the solvent under reduced pressure; and recrystallizing
the residue from heptane/ethanol (5/1), to obtain 4-(4-~
(1,3-dioxan-2-ylethyl)cyclohexyl)-1-(2-(4-trifluoromethoxy-
phenyl)ethyl)cyclohexane (3.25 g, 6.94 mmol). The yield
of this product from 4-(4-oxocyclohexyl)-1-(2-(4-
trifluoromethoxyphenyl)ethyl)cyclohexane was 44.5%.

{(Sixth step)

Formic acid (3.0 g, 66 mmol) and toluene (20 ml) were
added to the above 4—(4-(l,3-dioxan—2—ylethyl)cyclohexyl)—
1- (2=~ (4-trifluoromethoxyphenyl)ethyl)cyclohexane (3.25 g,

6.94 mmol), followed_by refluxing the mixture for 5 hours,
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washing the organic layer successively with a saturated,
agueous solution of sodium.bicarbonate and water, drying
over magnesium sulfate, and distilling off the solvent,
to obtain 3-(4-(4-(2-(4-trifluoromethoxyphenyl)ethyl)~-
cyclohexyl)cyclohexyl) propanal (2.70 g, 6.58 mmol).
Yield: 94.8%.

(Seventh stép)

Ethanol (20 m%) was added to the above 3-(4-(4-(2-
(4-trifluoromethoxyphenyl) ethyl) cyclohexyl) cyclohexyl)
propanal (2.70 g, 6.58 mmol), followed by cooling the
mixture down to 0°C in a nitrogen gas atmosphere, adding
thereté, sodiumboronhydride (0.13 g, 3,43 mmol) so that
the liquid temperature could not exceed 10°C, stirring

the mixture at 0°C for 2 hours,'extracting the resulting

" product with ethyl acetate, washing the corganic layer

successively with a saturated aqueous solution of sodium
bicarbonate and water, dfying over magnesium sulfate,
distilling off the solvent, and recrystallizing the
residue from heptane, to obtain 3-(4-(4-(2-(4-trifluoro-

methoxyphenyl)ethyl)cyclohexyl) cyclohexyl) propanol (2.10 g,

_5.09'mmol). Yield: 77.4%.

(Eighth step) _

Dimethoxyethane (20 mf) was added to the above 3-(4-
(4—(2—(4:trifluoromethoxyphenyl)ethyl)cyclohexyl)cyclo-
hexylfpropanol (2.10 g, 5.09 mmol), followed by dropwise

adding thereto diethylaminosulfurtrifluoride (DAST)
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(L.73 g, 10.7 mmol), refluxing the mixture for 5 hours,
extracting the resulting product with toluene, washing
the organic layer successively with a saturated, aqueous

solution of sodium bicarbonate and water, drying over

magnesium sulfate, distilling off the solvent, purifying

the residue according to column chrcmatography treatment
using heptane/toluene (3/1) as a developing solvent, on
silica gel, distilling off the solvent, and recrystallizing
the residue from ethanol, to isolate only tran-form of
1-(2-(4- (4~ (3~-fluoropropyl) cyclohexyl) cyclohexyl) ethyl) -4-
trifluoromethylbenzene (0.88 g; 2.12 mmol). Yield: 41.7%.
Sp~-N point: 73.8°C, N-I point: 131.8°C.

1H-NMR (CDC 13) S (ppm): 7.20 (d, 4H), 4.68 (t, 1H),

4:15 (t, 1H), 2.62 (t, 2H), 1.75~0.99 (m, 26H).

Example 8 |

Preparation of l—(4-(3-fluofopfopyl)cyclohexyl)-3-

fluoro~-4-trifluoromethoxybenzene (in the formula (1),

n=3, ring E = 1,4-cyclohexylene, G, L = covalent bond,

ring Z = 3-fluoro-l,4-phenylene, k=1, %=m=0,

Q = -0-, Y=CF3) (Compound No. 13)

(First step)

THF (3 &) was added to 1,3-dioxan-2-ylethyltriphenyl-
phosphinebromide (500 g, 1.09 mol), followed by adding to
the mixture, potassium-t-butoxide (122 g, 1.09 mol) at 0°C,
stirring the mixture at the same temperature for 3 hours,

dropwise adding to the reaction solution, a 700 mf THF
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solution of cyclohexanedionemonoethyleneketal (141.9 g,
0.91 mol), stirring the mixture at the same temperature
for one hour, further stirring it at room temperature
for 3 hours, adding water (2 2) to the reaction solution,
extracting the resulting product with ethyl acetate,
washing the organic layer successively with a saturated,
aqueous solution of sodium bicarbonate and water, drying
over magnesium sulfate, distilling off the solvent,
purifying the residue according to column chromatography
treatment using heptane/ethyi acetate (1/1) as a develop-
ing solvent, on silica gel, distilling off the solvent,
hydrogenating the residue in the.presence of 5% P4/C
catalyst (3.0 g) in an ethanol solution, filtering off
the caialyst and distilling off the solvent under reduced
pressure, to obtain'4—oxo-1-(l,3—dioxan-2—ylethyl)cyclo-
hexane monoethyleneketal (98 g, 0.38 mol). The yield of
this product fromiqyclohexanedionemonoethyleneketal was
42%, | |

(Second step)

3N HC2 (200 m&) and acetone (200 m%) were added to
the above 4-oxo-1-(1l,3-dioxan-2-ylethyl)cyclohexane
ethyleneacetal (60 g, 234 mmol), followed-bQ stirring
the mixture for 5 hours, éxtracting the resulting product
with ethyl acetate, washing the organic layer successively
with a saturated, agueous solution of sodium bicarbonate

and water, drying over magnesium sulfate, distilling off
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the solvent, purifying the residue according to column
chromatography treatment using heptane/ethyl acetate (3/2)
as a develéping solvent, on silica gel, and distilling off
the solvént, to obtain 4-oxo-1-(l,3-di6xan-2—ylethyl)cyclo-
hexane (35.5 g, 167 mmol). Yield: 71.3%.

(Third step)

60% Sodium hydride (7.12 g, 178 mmol) was added to
dimethoxyethane (280 mf%) in a nitrogen gas atmosphere;
followed by stirring the mixture at room temperéture
for 10 minutes, dropwise adding to the solution, diethyl-
phosphonoacetic acid ethyl (40.0 g, 178 mmol), étirrihg
the mixture at the same temperature till completion of
evolution of hydrogen gas, dropwise adding the above
4-oxo-i—(l,3-dioxan—2-ylethyl)cyclohexane (30.0 g, 141
mmol) so that the liquid temperature might not exceed
30°C, stirring the mixture for 30 minutes, adding the
reaction solution to water (300 mf), extracting the
resulting product with ether, drying the organic layer
over magnesium sulfate, distilling off the solvent, |
hydrogenating the resieué (36.6 g) in the presence of
5% P4/C catalyst (1.8 g), in an ethanol solution,
filtering off the catalyst, and distilling off the solvent
under reduced catalyét, to obtain ethyl 2-(4-~(1,3-dioxan-
2-ylethyl) cyclohexylethanoate (30.2 g, 106 mmol). The
yield of this product from 4-oxo-1-(1,3-dioxan-2-ylethyl)-

cyclohexane was 75.1%.



10

15

20

25

- 121 -

(Fourth step)

Toluene (450 m&) was added to the above ethyl 2-(4-
(1,3-dioxan-2~-ylethyl)cyclohexylethanoate (30.2 g, 106
mmol) in a nitrogen gas atmosphere, followed by dooiing
the mixture down to -65°C, dropwise adding to the solu-
tion, a toluene solution of diisobutylaluminum hydride
(.01 mol/2) 120 m2 (121 mmol), stirring the mixture
at the same temperature for 45 minutes, dropwise adding
a saturated aqueous solution of ammonium chloride (33 m%),
heating the mixture up to room temperature, adding ether

(100 m%) to the reaction solution, stirring the mixture

at the temperature for 1.5 hours, adding magnesium sulfate

(10 g), stirring the mixture for one hour, filteting off
the re;ction solution, washing the filtrate with water,
drying over magnesium sulfate, and distilling off the
solvent, to obtain 2-(4-(l,3-dioxan-2-y1ethyl)cyclohexyi)—
ethanol (22.0 g, 91.5 mmol). Yield: 86.3%.

(Fifth step)

A Grignard reagent prépared from 3-fluoro-4-trifluoro-
methoxybromobenzene (9.3 g, 38.7 mmol) and dried Mg (0.97 g
39.9.mmol) in a 50 m? ether solvent, was cooled down g°c,
followed by dropwise adding theretb, a 40 m2 ether solution
of the above 2-(4—(l,3-dioxan—2-ylethyl)cyclohexyl)ethanol

(6.3 g, 26.2 mmol), heating the mixture up to room temper-

ature, stirring it for 3 hours, adding this reaction
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solution to 6N HC& (100 mf), extracting the resulting

product with ethyl acetate, washing the extraction
solution successively with a saturated aqueous solution
of sodium bicarbonate and water, drying over MgSOu,
distilling off the solvent, adding toluene (150 mg) and
Amberlist (3.0 g) to the residue, refluxing for 5 hours,
while removing water formed by the reaction by means of
Dean-Stark, adding trimethylene glycol (1.0 g, 13.1 mmol),
further refluxing for one hour, filtering off Amberlist,
distilling off the solvent, purifying the residue accord-
ing to column chromatography treatment using ethyl acetate/
toluene (1/2) as a developing solvent, on silica gel, and
distilling off the solvent, to isolate 1-(2-(4-(1,3-
dioxan;2-ylethyl)cyclohexyl)vinyl-3-f1uoro-4—trifluoro-
methoxybenzene (5.5 g, 13.7 mmol). The yield of this
product from 2-(4-(1,3-dioxanf2-ylethyl)cyclohexyl)ethanél
was 52.3%. |

(Sixth step)

The above l-(2-(4-(1,3—dioxan-2-y1ethj1)cyclohexyl)—

vinyl-3-fluoro-4-trifluoromethoxybenzene (5.5 g, 13.7 mmol)

was hydrogenated in the presence of 5% Pd/C catalyst

(0.3 g) in an ethanol solution, followed by filtering off
the catalyst, distilling off the solvent under reduced
pressure, adding formic acid (2.8 g, 60.8 mmol) and
toluené-(so ml) to the residue, refluxing the mixture

for 5 hours, washing the organic layer successively with
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a saturated, aqueous solution of sodium bicarbonate and
water, drying over MgSO,, and diétilling off the solvent,
to obtain 3-(4-(2-(3-fluoro-4-trifluoromethoxyphenyl) -
ethyl)cyclohexyl)propanal (1.76 g, 5.1 mmol). The yield
of this product from 1-(2-(4;(l,3-dioxan-2—ylethy1)cyclo—
hexyl) vinyl-3-fluoro-4-trifluoromethoxybenzene was 37.2%.

(Seventh step)

Ethanol (12 m%) was added to the above 3~ (4-(2-(3-
fluoro-4-trifluoromethoxyphenyl)ethyl)cyclohexyl)propanal
(.76 g, 5.1 mmol), followed by cooling the mixture down
to 0°C in a nitrogen gas atmosphere, adding to the mixture,
sodiumboron hydride (0.19 g, 5.0 mmol) so that the liquid
temperature might not exceed 10°C, stirring the mixture
at 0°C‘for 2 hours, extracting the resulting product with
ethyl acetate, washing the organic layer successively with
a saturated, aqueous solution of éodium bicarbonate and
water, drying over MgSO,, distilling off the solvent, and
recrystallizing the residue with heptane, to obtain 3-(4-
(2—(3-fluoro-4-trifluoromethoxyphenyl)ethyl)cyclohexyl)-
propanol (1.52 g, 4.4 mmol). Yield: 86.3%.

| (Eighth step)

Dimethoxyethane (15 m%) was added to the above 3-(4-
(2~ (3-fluoro-4-trifluoromethoxyphényl)ethyl)cyclohexyl) -
propanol (1.52 g, 4.4 mmol), followed by dropwise adding
DAST (1.40 g, 8.7 mmol), refluxing the mixture for

5 hours, extracting the resulting product with toluene,
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washing the organic layer successively with a saturated
aqueous solution of sodium bicarbonate and water, drying
over MgSO,, distilling off the solvent, purifying the
residue according to column chromatography treatment using
heptane as a developing solvent, on.silica gel, distilling
off the solvent, and recrystallizing the residue from
ethanol, to isolate 1l-(3-fluoropropyl)cyclohexyl)-3-fluoro-
4-trifluoromethoxybenzene (0.12 g, 0.34 mmol). Yield: 7.7%.
Its clearing point measured by PERKIN-ELMER 7 series
Thermal Analysis System was -5.89°C.

1H-NMR (CDC 13) § (ppm): 7.26~6.89 (m, 3H,

4.68 (t, 1H), 4.15 (t, 1H); 2.61 (t, 2H),

1.82~0.91 (m, 16H).

g%amgle 9

Preparation of 1-(2-(4-(3-fluoropropyl)cyclohexyl)-

ethyl)-3,5-difluoro-4-(4-(1,1,2,3,3,3~-hexafluoro-

propyloxy)phgpyl)bénzene (in the formula (1), n=3,

ring E = 1,4-cyclohexylene, G = covalent bond,

L = 3;5—difluoro—1,4—phenylene, ring 2 = 1,4-phenylene,

k=1, 2=0, m=0, Q = -0-, Y=CF,CFHCF3) (Compound No. 74)

(First step)

THF (50 mR) was added to 4-(3,5-diflﬁdfophenety1)-l-
(3-fluoropropyl)cyclohexane (5.0 g, 17.6 mmol) prepared
in the same manner as the process carried out in Example 1,
followed by cooling the mixture down to =-50°C in nitrogen

gas atmosphere, dropwise adding thereto a hexane solution
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(14 m%, 22.8 mmol) of 1.63 N normal butyllithium by means
of a syringe, stirring the mixture at the same temperature
for one hour, dropwise adding a THF solution (45.6 mf,
22.8 mmol) of 0.5 mol zinc chloride, héating the resulting
reaction product up to room temperature, further stirring
it for 2 hours, adding to the reaction solution, tetraxis-
triphenylphosphinepalladium (500 g) as a catalyst, dropwise
adding 4-(1,1,2,3,3,3-hexafluoropropyloxy)bromobenzene
(7.37 g, 22.8 mmol), refluxing the mixture for 2 hours,
adding this reaction solution to cooled 6N HCL (50 mR),
extracting the resulting product with toluene, washing
thg extraction liquid successively with a saturated,
aqueous solution of sodium bicarbonate and water, drying
over MéSOu, distilliné off the solvent, purifying the
residue according to column chromatography treatment
using toluene/heptane (1/1) as a developing solvent,
on silica gel, and recrystallizing from ethanol, to obtain
1-(2-(4-(3-fluoropropyl) cyclohexyl)ethyl)~3,5-difluoro-4-
4—(1,l,2,3,3,3-hexaf1uoropropyloxy)phenyl)benzene (1.25 g,
2.37 mmol). Yield: 13.5%.

_The resﬁlts of 1H-NMR well supported the structure.

Based upon Examples 1 to 9 and the detailed descrip-
tion of the present invention, it is possible pp;prepare
the following compounds No. 1 to No. 286. 1In addition,
the respective compounds are designated by extracting n,
ring E, k, G, &, L

, m, ring Z and group Q-Y as parameters
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in the compounds expressed by the formula (1). Further,
designations H, B, M and_D in the columns of ring E, G, L
- and ring Z among the parameters, respectively represent

1,4-cyclohexylene, 1l,4-phenylene,

' F . F
£

and the symbol, - in the columns of G and L represents

covalent bond.



_l27_

Para- Ring G | L |Ring|k |1 | m 0-Y
meter n!| E yA
No. '
1 (3| B|-|-| Blo]o]|o|cCF,
2 |3| B ~| Bl0o|0|0]|OCF,
3 |3| B —| M|o|o|o]|CF,
4 |3| B —| M|o|o|o]|oCF,
5 |3| B —1" plo]o|o]|cCF,
6 |3| B|-|-| Dlolo]o|oCF,
7 |3]| B ~| Blolo|o|OCF.CFHCF,
8 (3| B|-|—-| B|o|o|o]|cCH.cCF,
9 |3| B —| M|o|0|0]|OCH. CF,
10 |3]| B|—|-| B|{0]|0|0]|CF.cCF,
11 |5| B —| Blo|o|o]|oOCF,
12 |3| H —| Bl1|o|o]|cF,
13 (3| H|{=|-]| M|1|0o]|0]oCF,
14 [3] B —] B|{1]|0|0]|CFs
15 |3| B ~| M{1]0|0]|0OCF,
16 |2| H H| Blo|o|1]|CF,
17 |2| H H| B|o|0|1]|0cr Ss69 NI104
18 |3| H H| Blo|o|1|CcFa sSa112
19 |3| H|{—|H| Blo]o|1]|ocr san7an 132
20 (3| H H| Dlo|o|1]|cF.
21 |3| H H| M|o|o|1]|oCF,
22" |3| H H| M|lo|o|1|F
23 |3| H H{ D|o|o|1|F
24 |3| H H{ B|{0|0|1|OCF.CFHCF,
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Exampl 10 (Use example 1)

A liguid crystal composition (Al) consisting of

4~ (4-propylcyclohexyl)benzonitrile 24%
4- (4-pentylcyclohexyl)benzonitrile 36%
4-(4-heptylcyclohexyl)benzonitrile 25% and
4~ (4-pentylphenyl)benzonitrile 15%

was prepared. This nematic liquid crystal composition
exhibited a clearing point of 72.4°C, a threshold voltage
in a cell thickness of 9 um, of 1.78V, a Ae of 11.0,

a An of 0.137 and_a viscosity at 20°C, of 27.0 mPa-S.
With this liquid crystal compdéition (85%) was blended
1-(2-(4-(3-fluoropropyl)cyclohexyl) ethyl)-3,5-difluoro-
4-(3,5~-difluoro-4-trifluoromethylphenyl)benzene of Example
1 of the present invention (15%), to prepare a liquid
crystal composition (Bl). This compgsition exhibited
a threshold voltage in a celi thickness of 8.8 um, of
1.39 vV, a Ae of 12.0, a An of 0.131, and an elastic

constant of K33/K1], of 2.13. Further, the extrapolated

" " values calculated from the blending ratios were respec-

20

25

tively a Ae of 17.7 and a An of 0.097. This composition
was allowed to stand for 60 days in a breezer of -20°C,
but no crystal deposition was obsérved.

Example 11 (Use example 2)

A liquid crystal composition (A2) consisting of
4- (4-propylcyclohexyl) benzonitrile - 30%
4~ (4-pentylcyclohexyl)benzonitrile 40% and

4-(4-heptylcyclohexyl)benzonitrile 30%
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was prepared. This nematic liquid crystal comﬁosition
exhibited a clearing point of 52.3°C, a threshold voltage
in a cell thickness of 9 um, of 1.60 V, a Ae of 10.7

a An of 0.119, and a viscosity at 20°C, of 21.7 Pa-S.
With this liquid crystal composition (85%) was blended
1-(2-(4-(4~-(2-fluoroethyl)cyclohexyl)cyclohexyl)ethyl-
4-trifluoromethoxybenzene (a compound of Example 2 of

the present invention) (15%), to prepare a liquid crystal
composition (B2). This composition exhibited a clearing
point of 56.1°C, a threshold'voltage in a cell thickness,
of 8.8 um, of 1.55 V, a Ae of 10.2, a An of 0.112 and

a Viscosity at 20°C, of 22.3 mpa:s. Further, the
extraporated values calculated from the blending ratios
were réspectively a clearing point of 77.6°C, a Ae of 7.4,
a An of 0.072, and a viscosity at 20°C, of 25.7 mPa-S.
Further, this composition was allowed to stand 60 days

in a freezer at -20°C, but no crystal deposition was

observed.
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Example 12 (Use example 3)

With the above liquid crystal composition (A2) (85%)
was blended 1-(1-(4-(3-fluoropropyl)cyclohexyl)ethyl)-3,5-
difluoro—4—(3—fluoro—4-trifluoromethoxypbgnyl)benzene of
a compound of Example 4 (15%), to prepare a liquid crystal
composition (B3). This composition exhibited a clearing
point of 64.5°C, a threshold voltage in a cell thickness
of 8.8 um, of 1.52 vV, a Ag of 11.1, a An of 0.122, and

a viscosity at 20°C, 27.8 mPa.S. Further, the extrapolated

values calculated from the blending ratios were respectively

a clearing point of 133.6°C, a Aeof 13.4, a An of 0.139,

and a viscosity at 20°C, of 62.4 mPa-S. Further, this

composition was allowed to stand for 60 days in a freezer

at -20°C, but no crystal deposition was observed.

Example 13 (Use example 4)

With the above liquid crystal composition (Al) (85%)

was blended 1-(2-(4-(3~fluoropropyl)cyclohexyl)ethyl)-

3,5-dif1ﬁoro-4—(3—fluoro-4-trif1uoromethoxyphenyl)benzene

of a compound of Example 5 (15%), to pfepare a liquid
crystal composition (B4). This composition exhibited
a clearing point of 63.3°C, a threshold voltage in a cell

thickness of 8.8 um, of 1.47 V, a As of'll.4, a An of
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0.130, and a viscosity at 20°C, of 34.1 mpa-s. Further,
the extrapolated values calculatéd from the blending
ratios were respectively a clearing point of 15.7°C,

a Ae.of 13.7, a.An of 0.090, and a viscosity at 20°C,
of 67.5 mPa*S. Further, this composition was allowed
to stand for 60 days in a freezer at -20°C, but no
crystal deposition was observed.

Example 14 (Use example 5)

With the above liquid crystal composition (Al) (85%)
was blended 1-(2-(4-(4-(3-fluoropropyl)cyclohexyl)cyclo-
hexyl) ethyl) -4-trifluoromethylbenzene of a compound of

Example 6 of the present invention (15%), to prepare

a liquid crystal composition (B5). This composition

exhibiéed a clearing point of 74.9°C, a threshold voltage
in a cell thickness of 8.9 uym, of 1.79 vV, a Ae of 10.6,

a An of 6.1m)and a viscosity at 20°C, of 29.7 mPa-S.
Further, the extrapolated values calculated from the
blending ratios were respectively a clearing point of
93.0°C, a Ac of 8.3, a An of 0.090 and a viscosity at
20°C, of 46.7 mPa*S. . Further, this composition was
allowed to stand for 60 days in a freezei at -20°C, but
no crystal deposition was observed.

Example 15 (Use example 6)

With the above composition (Al) (85%) was blended
1-(2-(4-(4-(3-fluoropropyl) cyclohexyl)cyclohexyl) ethyl) -

4-trifluoromethoxybenzene of a compound of Example 7 (15%),
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to prepare a liquid crystal composition (B6). This com-
position exhibited a clearing point of 77.1°C, a threshold
voltage in a cell thickness of 8.7 um, of 1.78 V, a Ae of
10.2, a An of 0.130 and a viscosity at 20°C, of 27.8 mPa-S.
Further, the extrapolated values calculated from the
blending ratios were respectively a clearing point of
107.7°C, a Ae of 5.7, a An of 0.090 and a viscosity at 20°C,
of 32.9 mPa-S. Further, this composition was allowed to
stand for.60 days in a freezer at -20°C, but no crystal
deposition was observed.

Example 16 (Use example 7)

With the above liquid crystal composition (Al) (85%)

'was blended 1-(3-fluoropropyl)cyclohexyl)-3-fluoro-4-

trifluéromethoxybenzene of a compound of Example 8 of

the present invention (B7) (15%), to prepare a liquid
crystal composition (B7). This composition exhibited

a Ae of 9.9. Further, the Ae calculated from the blending
ratios was 3.7. Further, this composition was allowed to
stand for 60 days'in a freezer at -20°C, but no crystal
deposition was observed.

Example 17 (Comparative example 1)

With the above liquid crystal composition (A2) (50%)
was blended a compound, 1l-(4-(2-fluoroethyl)cyclohexyl)-
4—(3,4fﬁft:ifluorophenyl)benzene (50%), disclosed in
Japanese patent application Hyo No. Hei 04-506817,

formula (5), to prepare a liquid crystal composition (Bd).
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On the other hand, with the liquid crystal composition
(A2) (50%) was blended a compound of Example 2, 1-(4-
(2-fluoroethyl) cyclohexyl) cyclohexyl) -4-(2-(4-trifluoro-
methoxyphenyl)ethyl)cyclohéxane (50%), to prepare

a liquid crystal composition (B5). These liquid crystal
compositions B4 and B5 were respectively allowed to stand
for 60 days in a freezer at -20°C. 1In the case of B5,

no crystal deposition was observed, but in the case of
B4, crystal deposition was observed.

Example 18 (Comparative example 2)

A liquid crystal composition (A3) consisting of the
following compounds were prepared:
1- (4~ (4~-ethylcyclohexyl)cyclohexyl) -3, 4~
"difluorobenzene : 16.67%
1-(4—(4-propy1cyclohexyl)cyclohexyl)-3,4-
difluorobenzene ' _ 16.67%
1- (4~ (4-pentylcyclohexyl) cyclohexyl) -3, 4-
difluorocbenzene : 16.66%
1-(4-(2-(4-ethylcyclohexyl)ethyl) cyclohexyl) -
3,4-difluorobenzene _ 10.00%
1-(4-(2-(4-propylcyclohexyl) ethyl) cyclohexyl) -
3,4-difluorobenzene 5.00%
1-(4~(2-(4-pentylcyclohexyl)ethyl) cyclohexyl) -
3,4-difluorobenzene 10.00% .
1- (4~ (4~ethylcyclohexyl) phenyl) -3, 4~

_difluorobenzene 6.25%
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1-(4- (4-propylcyclohexyl) phenyl) -3,4-
difluorobenzene _ 6.25%
1-(4- (4-pentylcyclohexyl)phenyl) -3 ,4-~
difluorobenzene 12.50%.

With this liquid crystal composition (A3) (57%) was blended

a compéund, (1~ (2-(4-(4~-propylcyclohexyl) cyclohexyl)ethyl) -

4-trifluoromethoxybenzene) (43%), to prepare a liquid
crystal composition (B9). On the other hand, with the
liquid crystal composition (A2) (50%) was blended (1-(2-
(4~ (4- (3-fluoropropyl) cyclohexyl)cyclohexyl) ethyl) -4~
trifluoromethoxybenzene) (43%) of a compound of Example 7,
to prepare a liquid crystal compesition (B10). These
liquid crystal compositions B9 and Bl0 were respectively
alloﬁea to stand for 18 hours in a freezer at -40°C. In
the case of Bl0, no crystal deposition was observed, but

in the case of B9, crystal deposition was observed.

The compounds.of the present invention have a very
large Ae exceeding 20 in certain cases, and further,
overcome an inferior compatibility and a narrow liquid
crystal range which have been so far a problem common
to the compounds having a high As, and stiii.further have
a low viscosity and a sufficient, chemical stability.

The liquid crystal compositions containing these
compounds as components are chemically very stable and

exhibit a large Ae, and further, have superior
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characteristics of exhibiting nematic phase within
a broad and practical temperature range, reflected from
the superior compatibility and broad liquid crystal
range of the compounds and the low viécosity thereof.
Thus, the compositions obtained by using these compounds
are very useful when liquid crystal display elements are
constructed.

For exmaple, as compared with the compound (1),
compounds No. 17 and No. 19 both have the same extents
of the specific resistance value and the compatibility,
but have a large Ae and a far elevated clearing point,
and on the other hand, a far reduced viscosity, and as
compared with the compound (5), they have the same extents
of the‘clearipg point, viscosity, Ae and An, but have a far
superior compatibility; hence they are useful as a compo-
sition component of TFT display element. Further,
compounds No. 18, No. 70 and No. 80 each exhibit a large
Ae, a superior éompatibility, a large An and a high specific
resistance value; hence they are useful as the composition
component of TFT display element. Compound No. 240 exhibits
a large Ae, a large An and a property of far elevating
the clearing poiﬁt; hence it is very useful as a compo-
sition component. |

Compound No. 74 has.a large Ae and a very large An
and a superior compatibility; hence it is useful as

a composition component of TFT display element.
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Bicyclic compound No. 13 has a somewhat low clearing
point, but has a large Ae and a very low viscosity; hence
it is useful as a composition compdnent of TFT display

element.
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WHAT WE CLATH IS: ) ) A
* 4 L M S *

l. A liquid crystalline compound expressed by

the formula (I):

F-(CHa)n —E-(CHaCHa) & ~G~(CHoCHz)  —L~(CHalHa). » —Z—Q~Y
(1)

wherein n represents an integer of 1 to 10; k, £ and m
each independently represent an integer of 0 to 2;

E represents 1,4-cyclohexylene group or 1,4-phenylene
group wherein one or more hydrogen atoms on a six-
membered ring may be replaced by fluorine atom(s); G and
L each‘independently represent a covalent bond or
l,4-cyclohexylene group or 1,4-phenylene group wherein
one or more hydrogen atoms may be replaced by fluorine
atom(s), and in the case of covalent bond, G is
preferential; z represents 1,4-phenylene group

wherein one or more hydrogen atoms on the 1,4-phenylene
group may be replaced by fluorine'atom(s); Q represents
a covalent bond or -0-; Y represents a fluoroalkyl group
of 1 to 3 carbon atoms or fluorine atom; and when E
represents 1,4-cyclohexylene group and at least one of G
and L represents a covalent bond, k+2+m%0 and when

.Q represents -0-, Y does not represent fluorine atom.
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2. A liquid c¢rystalline compound according to claim 1,
wherein k, 2 and m each independently represent 0 or 1,
and.E represents 1,4-phenylene group of fluorine-
substituted 1,4-phenylene group.

3. A liquid crystalline compound according to claim 1,
wherein k, £ and m each independently represent 0 or 1
and E represents 1,4-cyclohexylene group.

4. A liquid crystalline compound according to claim 3,
wherein k, £ and m each are zero; G represents a covalent

bond; and L represents 1,4-cyclohexylene group, 1,4-

-phenylene group or fluorine-substituted 1,4-phenylene

group.
5. A liquid crystalline compound according to claim 4,
wherein L represents 1,4-cyclohexylene group.

6. A liquid crystalline compound according to claim 4,
wherein L represents 1,4-phenylene group or fluorine-
substituted 1,4-phenylene group.

7. A liquid crystalline compound according to claim 3,

+ wherein k and ¢ each represent 0; m represents 1;

G represents a covalent bond; and L represents 1,4-
cyclohexylene group, 1,4-phenylene group or fluorine—
substituted 1,4-phenylene group.

8. A liquid crystalline compound according to claim 7,
wherein L represents 1,4-cyclohexylene group. -

9; A liquid crystalline compound according to claim 7,
wherein L represents 1,4-phenylene group or fluorine-

substituted 1,4-phenylene group.
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10. A liquid crystalline compound according to claim 3,

wherein k and m each represent 1l; % represents 0;

G represents a covalent bond; and L represents 1,4-
cyclohexylene group or fluorine-substituted 1,4-

phenylene group.

11. A liquid crystalline compound according to claim 3,
wherein k represents 1; £ and m each represent 0; and

G and L each represent a covalent bond.

12, A liquid crystalline compound according to claim 1,
wherein G and L each independently represent 1,4-cyclo-
hexylene group, 1,4-phenylene group or fluorine-substituted
phenylene group.

13. A liquid crystal composition containing at least
one of’liquid crystalline compounds according to claims 1
to 12.

14. A liquid crystal composition characterized by
containing at 1east one member of the liquid crystalllne
compounds set forth in either one of claims 1 to 12,

as- a first component, and at least one member of compounds
selected from the group consisting of compounds expressed
by the following formulas (II), (III) and (IV), as

a second component:
::: ::jg : (u)
< >_. _< > _< g_v (m)
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L ' Ly Ly
a b L2

wherein R, represents an alkyl group of 1 to 10 carbon
atoms; V represents F, C%, CF;, OCF3, OCF,H or an alkyl
groﬁp of 1 to 10 carbon atoms; L,, Lz, L3 and Ly each
independently represent H or F; 2; and %, each .
independently represent -(CH;),-, -CH=CH- or a covalent
bond; ring A represents trans-1, 4-cyclohexylene group or
1,4-phenylene group; a represents 1 or 2; and b represents
0 or 1).

15, A liquid crystal composition characterized by
containing at least one member of the liquid crystalline
compounds set forth in either one of claims 1 to 12,

as a first compénent, and at least one member of com-
pounds selected from the group consisting of compounds
expressed by the following formulas (V), (VI), (VII),

(VIII) and (IX), as a second component:

Ls
Hg D1__23 ) O ° CN (v )
d Le

c
wherein R» repreéents F, an alkyl group of 1 t9 10 carbon
atoms or an alkenyl group of 2 to 10 carbon at;ms; and
in either of the groups, an optional methylene group

(~CH2-) in the groups may be replaced by oxygen atom (-0-),
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but two'or more methylene groups therein are not continu-
ously replaced by oxygen atom; Z; represents -(CHz) 2-,
-CO0 or a covalent bond} Ls and L¢ each independently
represent H or-F; D, represents trans-1,4-cyclohgxylene
group, 1l,4-phenylene group or 1,3-dioxane-2,5-diyl group;
ring U represents trans-1,4-cyclohexylene group or 1,4~
phenylene group; and ¢ and d each independéntly represent

0 or 1,
=N [ L
OO o
\N o .

wherein R, represents an alkyl group of 1 to 10 carbon

atoms; L7 represents H or F; and e represents 0 or 1,

Le
Ry - L—(—l-):g—z;—QF (Vi)
. _

Lo

wherein Ry represents an alkyl group of 1 to 10 carbon
atoms; I represents trans-1,4-cyclohexylene group or
1,4-phenylene group; Ls and Ls each independently
represent H or F; Z, represents -COO- or a covalent bond;
25 represents -COO—_o; -C=C~-; and £ and g each independ-

ently 0 or 1,
Rs-W—2¢—K—Rg (VIII)

wherein Rs and Rg each independently represent an alkyl

group, an alkoxy group or an’ alkoxymethyl group, each
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of 1 to 10 carbon atoms; W represents trans-;,4—cyclo—
hexylene group, 1l,4-phenylene group or 1,3-pyrimidine-

2 ,5-diyl group; K represents trans-1,4-cyclohexylene group
or 1,4-phenylene group; ‘and 2g represents -C=C-, -COO-,
-(CHz2) 2~ or a covalent bond,

Ly
Ry—M—2; Zg—P—Rg (X)
h

whereih R; represents an alkyl group or an alkoxy group
each of 1 to 10 carbon atoms; Rs represents an alkyl
group of 1 to 10 carbon atoms, and an optional methylene
group (-CH,-) in R8 may be replaced by oxygen atom (-0-), but
two or more methylene groups are not continuously
repladéd by oxygen atom (-0-); M represents trans-1,4-
cyclohexylene group or 1,3-pyrimidine-2,5-diyl group;
rings N and P each independently represent trans-1,4-
cyclohexylene group or 1,4-phenylene group; 2, represents

—COOq, -{(CH,) ,~, -CH=CH- or a covalent bond; Z; represents

-C=C-, -CO0- or a covalent bond; h represents 0 or 1; and

Lo represents H or F.
16. A liquid crystal composition characterized by

containing at least one member of the liquid crystalline

- compounds set forth in either one of items (1) to (12),

as a first component, and at least one member of compounds

selected from the group consisting of compounds
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expressed by the formulas_(II),-(III) and (IV), as a part
of the second component, and at least one member of
compounds selected from the group consisting of compounds
expressed by the formulas (V), (vI), (VII), (VIII) and
(IX) , as another part of the second component.

17. A liquid crystal display element constituted by
using either one of the liquid crystal compositions

set forth in either one of the claims 13 to 16.



