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SPECIFICATION

Difluorooxymethane Derivative and

Liquid Crystal Composition

TECHNICAL FIELD

The present invention relates to a difluoromethane
dnrlvatlve as a liquid crystalline compound suitable as a liquid
crystal material in several liquid crystal displays and a liquid
crystal composition containing the derivative.

BACKGROUND ART _

Liquid crystal display devices employ optical anisotropy and
dielectric anisotropy of 1iquid crystal materials.. As display
mode, twisted nematic (TN) mode, super twisted nematic (STN)
mode, dynamic scattering (DS) mode, guest-host (G-H) mode, and
DAP mode are known. Further, as driving mode of the devices,
statlc dr1v1ng mode, time division driving mode, active matrix
driving mode, and dual frequency driving mode are known. Wwhile
the properties of liquid crystal materials used for such liquid
crystal display devices are different depending on their
applications, it is required to any liquid crystal material that
the material is stable agalnst external env1ronmental factors
such as moisture, air, heat, and light, that the materlal
exhibits a liquid crystal phase at a range of temperatures as
wide as possible with room temperature belng at its center, that
the material has a low viscosity, and that the material is low
in its driving voltage. Besides, liquid crystal materlals used
for quuld crystal display devices are usually composed o‘

several kinds or 10-odd klnds of liquid crystalline compoundq in
order to obtain optimum dielectric anisotropy (A€) or optical

anisotropy (An} reguired to each display device. Accordingly,
the miscibility with other ligquid crystal compounds,
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miscibility at low temperatures is desired for liquid crystal
materials from the recent needs of being used under several
environments in particular.

On the other hand, active matrix mode, particularly TFT
(thin film transistor) mode is popularly adopted recent years as
a display mode for television or viewfinder from the aspect.of
display performances such as contrast, display capacity, and
response time. Also, STN mode which is simple in manufacturing
pfocess and less expensive in production cost while having a
large display capacity is largely adopted as display for
personal computers and others. . _

As the trend in recent years, development in this field is
being advaﬁced with miniaturization of ligquid crystal display
devices or their downsizing to bortable dimensions being
centered, as typified by televisions which are characterized in
that they are small-sized, light weight, and portable, and by
notebook type personal computers. From the aspect of materials,
development is being carried out with liquid crystalline
compounds and liquid crystal composition having é low driving
voltage, that is, a ldw threshold voltage as its center from the
aspect of withstand voltage of IC. o

_ It is known that threshold voltage can be expressed by the
following equation (H. J. Deuling et al., Mol. Cryst. Lig.
Cryst., 27 (1975) 81):

Vth = T (K/ E0AE)1/2
wherein K is an elastic constant and £o is a dielectric constant
in vacuum. From the equation mentioned above, it is a.common
way to use a material having a large dielectric anisotropy (AE&)

in order to reduce the threshold voltage, and thus, develdpment
of compounds having a large value of dielectric anisotropy is

being activély carried out.



10

15

3

On the other hand, in liquid crystalline compounds having
fluorine_atom as substituent, it is known to be effective to
increase the number of substitution on the molecule with

fluorine atom for increasing dielectric anisotropy. However,

_the number of substitution on the molecule of compounds with

fluorine atom has a proportional relationship with viscosity,
and it is also empirically known among the person skilled in the
art that when the number of substitution with fluorine-atom is
increased, mesomorphic range will be narrowed. Accordingly, it
is considered to be difficult to.increase only dielectric
anisotropy while suppressing the raising of viscosity and
narrowing of mesomorphié range.

As examples of conventional-liquid crystalline compounds
substituted with multiple number of fluorine atoms} the

followings are disclosed:

R—O—O—Q—F (@ USP4,405,488
A | |
F oo .
OO o0y

F
F
-O-Or o2

> USP5,032,313
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R—@—cae—@—x (® JP-A-5-112778 |

X=F,CF;,0CFs;

Any of compounds (a) and (b-1) to (b-4) has several flﬁorine
atoms at the terminal of the moleéule. The value of dielectric
anisotropy of the compounds are cbmpared and arranged in the
order of the value as follows:

(b-3) >> (b-1), (b-2), (b-4) > (a)

- Compound (b-3) has an ester bond as bonding group between
molecular skeletons. It is considered that. the large '
polarization of an ester cafbonyl group effectively contributes

to the dielectric constant of major axis of compound molecule

~and thus the compound exhibit an extremely large dielectric

anisotropy. On the other hand, however, (b-3) can not be said
to be preferable compound ih the aspect of response speed from
the fact that the compound has a remarkably high viscosity than
(a), (b-1), (b-2), and (b-4). With respect to compound (c¢), it
can not be said to be the compound which satisfies the
requirements since it has a viscosity as high as (b-3) while (c)
has a comparatively high dielectric anisotropy.

In this connection, compounds having -CF;0- at a terminal of

the molecule have already been disclosed in patent publications

as the compounds haviﬁg a partial structure of -CF,0- in the

molecule in liquid crystalline compounds. However, as the

compounds having a partial structure which crosslinked two
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benzene rings as a bonding group in the structure of the
compound, only compounds (d) and (e) shown above have been
disclosed in Japénese Patent Application Léid—open Nos. 2-289529
and 5-112778, respectively. Besides, whereas the structural
formula of the compounds have been described, physical data of
the compounds'ahd specific value of physical properties for
evaluating the utility as liqﬁid crystalline compound have not
been disclosed in the publications. Accordingly, the properties
of liquid crystalline compounds having a partial structure in
which two benzene rings are bonded with -CF,0- group are not
known at all. The present inventors had presumed that the
dielectric constant.in the direction of major axis of the
molecule is offset in compound (d) since the polarization of

-CF20- group which is a bonding group in the molecule is arranged

toward the direction opposite to the polarization of fluorine

atom at the terminal of the molecule, and thus a large dielctric

anisotropy can not be expected. Even with respect to compound
(e), it was considered that a high clearing point can not be
expected since it is a bicyclic compound in its skeltal
structure while a comparatively large dielectric anisotropy can

be expected from the contribution pf polarization of -CF,0-

group. As explained above, it was the actual situation that the

effect of -CF,0- bonding group as well as the effect of compounds

(d) and (e), particularly the knowledge on the relationship
between dielectric anisotropy and viscosity were not known at
all.
DISCLOSURE OF THE INVENTION

- An object of the present invention is to provide a novel
liquid crystalline compound having a large dielectric anisotropy
and extremely low viscosity, as a liquid crystalline compound

for low voltages in several modes including active matrix mode

Sheet Has Been Reflaced
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and STN mode, and to provide a liquid Ccrystal composition
containing thelliquid crystalline compound. .

As a result of the research by the present inventors on the-
physical Properties of novel difluorooxymethane derivative which
can be derived from a phéhyl benzoate derivative, it has been
found that the direction of dipole moment with poiarization of
two fluorine atoms in difluoromethoxy group which is g bonding
group effectively contributes to the increase of dielectric
constant in the direction of major axis of the molecule in the.
difluorooxymethane derivative, and thus the derivative has a
large dielectric anisotropy, ahd that the derivative is:
extremely low in viscosity despite of the existence of fluorine
atom in its molécule. | .. |

Also, it has been found that the compounds in which fluorine -
substituent is selected as their terminal substituent and the
other compounds in which one of other substituents typified by
c?ano group is selected are novel, useful liquid crystaliine
compounds for low voltages, with the fdrmer in active matrix
mode and the latter in several modes including STN mode, leading_
to the accomplishment of the present invention.

The invention claimed in the bresent application is
summarized ag followé:

(1) A difluorooxymethane derivative expréssed by the'general

formula

KO O a e Wy
[ _nx L n L

wherein each of 8, m, and n is 0 or 1, rings A; and A,

independently represent trans—1,4—cyclohexylene group, 1,4-

phenylene group one or more hydrogen atomsg in which six-membered

This Sheet Has Been Reﬂlaced
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ring may be replaced by halogen atom, trans41,3—dioxane-2,5—
diyl, or pyrimidine—2 S—diyl ring A3 represents 1, 4—phénylene
group one or more hydrogen atoms in which six-membered rlng may
be replaced by halogen atom, trans-1,3-dioxane-2,5- -diyl, or

pyrimidine-2, 5-diyl, Zi, Z,, and Z3 independently represent a

covalent bond, -CCHz-, -COO-, -CF20-, -OCF3-, -CH,0-, -OCH-,

- -CH=CH-, or -C=C-, I, L,, L3, and Ly represent

hydrogen atom or halogen atom, respectively, X is halogen atom,
CN, CF3, OCF3, OCHF2, OCHzF, or a linear or branched alky group,

alkenyl'group, or alkoxy group having 1 to 10 carbon atoms, and
R is a linear or branched alkyl group or alkenyl group having 1

to 10 carbon atoms, one or not adjacent 2 or more CH; groups in

the R may be replaced by oxygen atom, provided that in no case
is X an alkyl group, alkenyl group, or alkoxy group except in

the case where Zz is -F20- or -OCF,-.

(2) The difluorooxymethane derivative recited in (1) wherein
8 =1, m=0, nis 0 or 1, Z; is covalent bond or -CH,CH,-, both
Z; and Z3 are covalent bond, A; is tra-1,4-cyclohexylene group,
Az is 1,4-phenylene group, and R is a linear alkyl group or
alkenyl group having 1 to 10 éarbon atomé, in the general:
formula (I). '

(3) The difluorooxymethane defivative recited in (1) or (2)
wherein at least one of L3 and Ly is halogen atom.

(4) The difluorooxymethane derivative recited in (1) wherein
0 =m=n =0, and all of.Zl, Z;, and Z3 are covalent bond, in
the general formula (I). |

(5) The difluorocoxymethane derivative recited in (1) wherein

Q =1, m=n =0, and both of Z; and 23 are covalent bond, in

the general formula (I).

This Sheet Has Been|||eilaced
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(6) The difluorooxymethane.derivative recited in any one of.(l)
t (5) wherein all of L3, Ly, and X are fluorine atom, in the
general formula (I). |

(7) The dlfluorooxymethane derivative recited in (5) whereln X
is OCF3; in the general formula (1).

(8) The difluorooxymethane derivative recited in (5) wherein X
is CN, in the general formula (1). '

(9) The difluorooxymethane derivative recited in (1) wherein

@ =1, ring 4, is 1,4-phenylene group one or more hydrogen atom
in_which 6—membéred ring may be replaced by halogen atom, 2Z; is
—OCFZ—,.both of Z; and Z; are valent bond,.and X is a 1ihear or
brénched alkyl group, alkenyl group, or alkoxy group having 1 to
10 carbon atoms, in the géneral formula (I). o

(10) The difluorooxymethane derivative recited in (1) wherein
@ =m =0, n=1, both of Z1 and Z; are covalent bond, and ring
A3 is 1,4-phenyleéne group, in the general formula (I). |
(11) The difluorooxymethane derivative recited in (10) wherein
Z3 is covalent bond, in the general formula (I).

(12) The difluorooxymethane'dérivative recited in (10) wherein

Z3 is -CHyCH;-, in the general formula (1).

(13) A liquid crystal composition contalnlng at least one kind
of difluorooxymethane derivative recited in any one of (1) to
(12). .

(14) A liquid crystal composition containing, as a first
component, at least one kind of dlfluorooxymethane derivative
recited in any one of (1) to (12) and containing, as a second
component, at least one kind of compound selected from the group

of compounds expressed by general formula (II), (ITI), or (IV)

This Sheet Has Bee

LT



10

15

' Q
nOx )
e,
o Q .
-Rr—<:>—Yf*<:>—Yf4<:}-X (m)

03 . 04 Q1 _
_ ' Q. '

wherein R; represents an alkyl'group-having 1 to 10 carbon atoms,

- X represents F, Cl, CF3, OCs, OCFzH, or an alkyl group having 1

to 10 carbon atoms, Q;, Q;, and Q3 independehtly represent H or
F, o represents 1 or 2, p represents 0 orll; ¥; and Y,
independently represent -CHyCHy-, -CH=CH-, or covalent'bond, and
ring D represents trans-1,4-cyclohexylene group or 1,4-phenylene
group. _ '

(15) A liquid crystal composition containing, as a first
component, at least one kind of difluorooxymethane derivative
recited in any one of (1) to (12), containing, as a second
component, at least one kind of compound selected from the group

of compounds expressed by general formula.(V),_(VI), (V1iI),
(VIII), or (IX)

. - Qs
Rz‘(O);E-fY3CN (V)
e

wherein R; represents fluorine atom, an alkyl group having 1l to

10 carbon atoms, or an alkenyl group having 2 to 10 carbon

atoms, in any case, one or not adjacent two or more CH; groups in
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the alkyl or alkenyl group may be replaced by oxygen atom, Y3
represents -CH,CH-, -COO-, or covalent bond, Qs and Qg

independently represent hydrogen atom or fluorine atom, E
represents trans-1, 4-cyclohexylene, 1,4-phenylene, or trans-1,3-
dioxane-2,5-diyl, ring G represents trans-1, 4-cyclohexylene or

1,4-phenylene, and q and r independently represent 0 or 1,

N -
GO o

‘'wherein Rj3 represents an alkyl group'having 1 to 10 carbon atoms,

Q7 represents hydrogen atom or fluorine atom, and k represents 0

or 1,

Qs

A

Qo

wherein Ry represents an alkyl group having 1 to 10 carbon atoms,
I represents trans-1,4-cyclohexylene or 1,4-phenylene, Qg and Qq

represent hydrogen atom or fluorine atom, Y, represents -COO- or

—CECf, and f and h independently represent. 0 or 1,
Rs— J—Yg—K—Rq _ ()

wherein Rs and Rg independehtly represent an alkyl group, alko
group, or alkoxymethyl group having 1 to 10 carbon atoms, J
represents trans-1, 4-cyclohexylene, 1,34pyrimidine—2,5—diyl, or

1,4-phenylene, K represents trans—1,4—cyclohexylené or 1,4-



10

15

20

25

11

phenylene, Yg represents -C=(C-, -CO0-, —-CH2CH3;-, or covalent

bond,

Qo

Ry—M-Y; -{@)—Ya ~U—R, | (X)
' g s

wherein Ry represents an alkyl group or alkoxy group having 1 to
10 carbon atoms, Rg representslan alkyl group having 1 to 10

carbon atoms, one or not adjacent two or more CH,; groups in which

~alkyl group may be replaced by oxygen etom, M represents trans-

1,4-cyclohexylene or 1,3-pyrimidine-2,5-diyl, rings N and U
independently represent trans-1, 4~cyclohexylene or 1,4-
phenylene, Y; represents ~CHyCHz-, -COO-, or covalent bond, Yjg
represents =C-, -CO0-, or covalent bond, g represents 0 or 1,
and Qip represents hydrogen atom or fluorine atom.

(16) A liquid crystal composition containing, as a first

.component, at least one kind of difluorocoxymethane derivative

recited in any one of (1) to (12), containing, as a part of the
second component, at least one kind of compound selected from a
group of compounds expressed by the general formula (II), (III), -
or (IV), and containing, as other part of the second component
at least one compound selected from a group of compounds
expressed by the general formula (V), (Vvi), (vi1i), (VIII), or
(IX) . '
(17) A liquid crystal display device composed by using a liquid
crystal composition recited in any one of (13) to (16).
BEST MODE FOR CARRYING OUT THE.INVENTION

In the present invention, pfeferable embodiments of
difluorooxymethane derivatives expressed by the general formula

(T) includelcompounds expressed by any one of the folloWing'
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general formulas (la) to (le).:

Lg L4 . ] '
“Q‘C"zo ‘Q‘X N )
L, La : . .

L2~ L
R<AD-2, —Q-csao —Q—x | (Ib)
Lt L;
L2 L - -
“'Q‘Conzs —Qx (1o)
- Ly | s
. | ' . L2 ) L.‘
R~<AD-2, —(A)-2; —Q—cr-zo—@—x dd)
. Ll . L3 .
. L2 - Le '
RZ, —Q—CFZO @ Zs —Q-x (le)
Ly Ly

As specific examples of difluorooxymethane derivatives
expressed by the general formulas (la) to (le), the following.

compounds (1) to (661) can further be mentioned:
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R~ =4 )-cro—{ )-cN )
ac&o — )N 654
F
aH = Fcs=zo—< >'°N(555)_
A~ )= )-CFO —Q—CN 656
RCFzO_Q_CN(GS’I)
i .
ac?r-'zo QCN ©58)
R )= )-CF:0 —Q—CN 659
- .
RGFQO‘Q—CN 660
“°F2° 'Q‘CN (661)

wherein R and R’ represent a linear or branched alkyl group,
alkenyl group, or alkoxy group having 1 to 10 carbon atoms,

respectively.
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These compounds (1) to (661) exhibit a large dielectric
anisotropy and have a low viscosity. Particularly, the
compounds having F, CF3, or CN group as substituent at the
terminal of the molecule exhibit extremely large dielectric

anisotropy, while the compounds having OCF; or OCHF; group have a

remarkably low viScosity. Further, the compounds having
fluorine atom at a side position relative to the major axis of
the compounds exhibit larger dielectric anisotropy and have a
characteristic that they have én excellent miscibility.
Compounds (571) to (613) have two -CF,0- groups in the molecule
and have a lower viscosity compared with compounds (67) to (103)
and (143) to (320). Particularly,_compounds (610) to (613) have
a characteristic that they are remarkably excellent as viscosity

reducing agent.

- [Method for preparing the compounds]

Difluorooxymethane derivatives expressed by the general
formula (I), which are the compounds of the present invention,
can be preferably prepared by the steps as shown below:

‘As shown in equation 1 below, benzonitrile eipressed by
general formula (A) and used as raw-material fof the preparation
is hydrolyzed in an alcohol solvent such as éthyl élcohol,
ethylene glycol, and diethylene glycol by using, as catalyst, a
base such as sodium hydrqxide and potassium hydroxide, or a
mineral acid such as hydrochloric acid and sulfuric acid, to
lead to a carboxylic acid derivative (B). Then, the carboxylic -

acid derivative (B) is reacted with a phenol derivative

~expressed by general formula (C) according to a general

esterification method, for instance, by using, as acid catalyst,
a mineral acid such as hydrochloric acid and sulfuric acid, an
organic acid such as p-toluene sulfonic acid or an ion exchange

resin such as Amberite, or by using N,N'-dicyclohexylcarbo-
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diimide (DCC) as cétalyst, to prepare an ester derivative
expressed by general formula (D). Also, the derivative of (D)
can be prepared by reacting (B) with thionyl chloride to convert
into an acid chloride and then reacting with (C) in the presence
of a base such as pyridine. Subsequently, the ester derivative
(D) is reacted with Lawesson's reagent [2,4-bis(4-methoxyphenyl)
-1,3-dithia-2, 4-diphosphetane-2, 4-disulfide] (Bull. Soc. Chim.
Belg., 87, 223, 229, 299, 525 (1978); Synthesis, 941 (1979);
Tetrahedron, 35, 2433 (1979); Tetrahedron, Lett., 21, 4061
(1980)) by using benzene or to1uene as solvent at an optional
tehperature from room temperaturé to the boiling point of the
solvent to lead to a thioester (thione type) derivative (E).'
Then, the thioester derivative (thione type) (E) is reacted with
diethylaminosulfur trifluoride (DAST) (Synthesis, 787 (1973)) by
using dichloromethane or chloroform as solvent at an optional
temperature from room temperature to the boiling point of the
solvent for conducting gem-fluorination to prepare an objective

difluorocoxymethane derivative.

eet Has Been RT laced

\\||\|\\ RO
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(Equation 1)

L2 DCC, DMAP :
Rz, -@}Zz'—-Q-COOH -
1 m L
1
o o® |

h
OHZ3—Q—X
n

© “

L2
; o, Ls o
RZ122—< >—1( @} : - Lawesson's Reagent
! m O nza—C}L-x
(D) ?

ce ot - Lz OH
@}z Aoy —
1 m L in alcohol
(A)

in Toluene, Xylene

in Dichloromethane

L2 '
RZ, 22—< }—«s @} % DAST
A m o nza—C%-—x -
(E) | 3

Rz, Zg—dfCcmf@Z;;QL:X .
m Ly n Ls

D

As another method, as shbwn in equation 2 below, a ‘
diflﬁorooxymethane derivative can be prepared by first préparing
Grignard reagent from a bromobenzene derivative (F), reacting
with carbon disulfide.to form.a dithiocarboxylic acid derivative
(G, éonverting it with thionyl chloride into thiocarboxylic
acid chloride, reacting with a phenol deriﬁative (C) to prepare
a thioester (thione type) derivative (E),'and then reacting with

DAST in the same way as mentioned above.
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(Equation 2)
_ L2 Mg
1 m 'L| 2) CSZ

(F) '

L2 psoa
Rz,zz—@-css:-l % > (E)
1 m L" 2) Ly
(G) OHZ:,—Q—X

o b

As shown in equation 3 below, for example, compound (7)
among the compounds expressed by the general formula (la) can be
brepared by the method aé follows:

Alkylbenzoic acid derivative 1 is subjected to an
esterification with 3,4,5-trifluorophenol according to a genéral
esterification method, for instance, by using, as acid catalyst,
a mineral acid such as hydrochloric acid and sulfuric acid, an
organic acid such as p-toluene sulfonlc acid, or an ion exchange
resin such as Amberite, or by using N, N'-dicyclohexylcarbodi-
imide (DCC) as catalyst to prepare 3, 4,5- trlfluorobenzoate

derivative 2. Subsequently, the derlvatlve 2 is reacted with

‘Lawesson's reagent under toluene reflux condition to convert

into a thioester (thione type) derivative 3, and then reacted

with DAST in dichloromethane to brepare compound (7). Besides,

compounds (1) to (6) and (8) to (27) can be prepared by using a
phenol having a different kind of substituent in place of 3,4,5-
trlfluorophenol and further from several klnds of known benzoic
ac1d derivatives according to the preparatlon procedures

mentioned above.

Ths&wm}hsB&mRTiae

TGN
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(Equation 3)

F

H* or DCC,
R )-COOH + HQQ—F orDCCDMAP
1 F
R_@_«O F Lawesson's Reagent -
o F : >
2 F '
S F DAST
R -
‘O—«O'Q‘F .
3 F
- F
R-@-CFZO—-Q—F
- F

In this connection, 3,4,5-trifluorophenol which is a raw
material for the preparation can be prepared by using 3,4,5-
trifluorobromobenzene as starting substance; That is, as shown
in equation -4 below, it can be prepared by reacting Grignérd
reagent prepared from 3,4,5-trifluorobromobenzene with t-butyl |
hydrbperoxide according to the method of S. O. Lawesson-et-al..
(J. Am. Chem. Soc. 81, 4230 (1959)) or by treating Grignard
reagent prepared from 3,4,5—trif1uorobromobenzene with trialkyl
borate according to the method of R. L. Kidwell et al. (Org.
Synth., VvV, 918, (1973)) to convert into a boric acid ester and
then subjécting to an oxidizing treaﬁment with hydrogen peroxide

solution.

This Sheet Has Been Replaced
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(Equation 4)
F
qu@-i= Mg o
F .
o £ 1)(CH;0)3B |
&W@—<:}—F 3 -
F Z)ACOH. HzOz
F

HO-Q—F

F

As shown in equation 5 below, compound (37) among the
compounds expressed by the general formula (1b) can be prepared
by hydrolyzing 2-fluoro-4-(trans-4-alkylcyclohexyl)benzonitrile
4 in ethylene glycol or diethylene glycol in the présence of

sodium hydroxide to convert into a benzoic acid derivative 5,

'subjecting to an esterification with 3,4,5-trifluorophenol

according to a general esterification method, for instance, by
using, as acid catalyst, a mineral acid such as hydrochloric
acid and sulfﬁric'acid, an organic acid such as p-toluene
sulfonic acid, or an ion exchange resin such as Amberite, or by
using N,N'-dicyclohexylcarbodiimide (DCC) as catalyst to prepare
4-trifluorobenzoate derivative 6. Subsequently, the derivative
6 is reacted with Lawesson's reagent under toluene reflux
condition tb convert into a thioester (thione type) derivative
7, and then reacting with DAST in dichloromethane to prepare
compound (37). Besides, compounds (28) to (36) and (38) to
(181) can be prepared by using phenol having a different kind of
substituent in place of 3,4,5-trifluorophenol, and from several
kinds of known benzoic acid derivatives according to the |

preparation procedures mentioned above.
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(Equation 5)

R O—@-COOH H*or I?CC;DMAP
5 . .
HO-@-F

F

A 0 F Lawesson's Reagent
O D O‘Q-F -

6 F
s F DAST
R ‘O—Q—« ——
) F
7 F
n-O—@-cao—Q—s
a7 F

As shown in equation 6 below, compound (242) among the
compounds expressed by the general formula (lc) can be Prepared
by the following method:

That is, 4-iodobenzene is subjected to a coupling reaction
with Grignard reagent prepared from 3,4,5-trifluorobromobenzene'
in the presence of a novel metal catalyst such as palladium
chloride to convert into a biphenyl derivative 8 and then
reacted with bromine in the presence of metal powder such as
iron powder to prepare a bromobiphenyl derivative 9.

Subsequently, Grignard reagent prepared from the derivative 9 is

‘reacted with trimethyl borate according to the report by R. L.

Kidwell et al. (Org. Synth., V, 918 1973)), and then oxidized
with hydrogen peroxide in the presence of acetic acid to prepare

a phenyl phenol derivative 10. Compound (242) can be prepared
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by treating the derivative 1Q in the same way as in the case of
the preparation of compound (7)._ Further, other compounds (182)
to (241) and (243) to (320) expressed by the general formula
(1c) can be prepared from phenyl phenol derivatives prepared by
using brémobenzene derivatives having a diffeient kind of

substituent in place of 3,4,5-trifulorobromobenzene.

(Equation 6)

o _—
@—I + Bng-Q—F —-—C£—->-
F
F
€ib_€i§‘F _BQJ&& .~
F
. o F

F
CH;0),B
mwg—{i}—{i?—r CT0% -
F Z)ACOH. HzOz

0o s
o £

Y

(242)

Orere—<r

As shown in equation 7 below, for example, compound (348)
among the compounds expressed by the general formula (1d) can be
prepared in the same method as mentioned above by using, as raw
material for the preparation, 4-[trans-4- (trans-alkylcyclohexyl)
cyclohexyl]benzoic acid 12 obtained by hydrolyzing 4-[trans-4-
(trans-alkylcyclohexyl)cyclohexyl]benzonitrile 11 according to a
common method. Further, other compounds (321) to (347) and

(349) to (495) expressed by the general formula (1d) can aiso be
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.prepared by using a known carboxylic acid derivative and phenol

derivative, and by selecting the combination of the reaction
procedures mentioned above with other known reaction procedures.

(Equation 7)

0 3

11

' 12 :
F
A O~ O~ rcro—CpF
(348) F

As shown in equation 8 below, for example, compound (524)

amonQ the compounds expressed by the general formula (le) can be
prepared in the same procedures as mentioned above by using, as
raw material for the prebaration, 2-f1uoro—4—(trans-4—;lky1cyclo
hexyl)benzoic acid 13 which is obtained by hydrolyzing 2-fluoro-
4- (trans-4-alkylcyclohexyl)benzonitrile 13, and by using a
phenylphenol derivative prepared in the same method as in the
case of (l1lc). Further, other éompounds (496) to (523) and (525)
to (570) can also be prepared by using a known carboxylic acid
derivative and phenol derivative and by selecting the
combination bf the reaction proéedures'mentioned above with

other known reaction procedures.
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(Equation 8)

R-O—Q'CN -—-gtr—b-

_ 13 F
_ " |
A ‘O—Q-COOH or DCC.DMAP _
’ 14 F o F .
: HO £
(10) F
F (529

As shown in equation 9 below, for example, éompound (650)
can be prepared in the same method as in the case of (1b) by
using, as raw material for the preparation, a carboxylic acid

derivative 16 obtained by hydrolyz1ng (4- alkylcyclohexyl)(4—'

-cyanophenyloxy)methane 15 according to a common method.

Further, compounds (614} to (649), (651), and (652) can be
prepared by using a phenol derivative having a different kind of
substituent in place of 3, 4,5- trifluorophenol and additionally
using a different kind of fluorine substltuted (4- alkylcyclo—
hexyl)(4—cyanophenyloxy)methane derivative.
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{Equation 9)

R-O—CHp—Q—CN L
1

5 . .

H* or DCC,DMAP :
A~ )-CHo—(_)-CooH . -
16 '
' HO-Q—F )

F

R—O—CH:O—"O;‘di_F -
. E.

R—O-CH:?—@—CF:O—-Q;:’

(650) F

As shown in equation 10 below, for example, compound
(653) can be prepared by preparing iodide isomer 19 from 4-
ibdobenzoic acid 17 and cyanophenol in the same method as in the
case of (la), and further reacting_19lwith 4—a1kyipheny1
acetylene in the presence of a novel metal catalyst such as’
platinum and palladium. Besides, compounds (654) to (661) can
be prepared by using a phenol derivative having a different kind
of substituent in place of 4-cyanophenol and using a different

kind of known benzoic acid derivative.
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(Equation 10)

- H"or DCCDMAP
1~4_)-COOoH -

17 . Ho-@—cn
! o . : ’
'-@_QO-@-CN '
18

ncm—@-cu _

(653)

Next, the liquid crystal compositions of the present

invention are explained. 1In the following explanation on liquid

crystal compositions, difluorooxymethane derivatives of the
pfesent invention expressed by'the general formﬁla (I) are
referred to as A group.

Liquid crystal compositions of the present invention may be
composed only two or more compounds selected from A group.

Also, the compositions may contain, as a first component, one or
more compounds of A group.and contain, as a second component,
one or more other compounds. When the compositions contain the
sécond component, the compound of A group is preferably
contained in a ratio of 0.1 to 99 % by weight.

As the second component of the liquid crystal compositions
of the present invention, the compounds expressed by the general
formula (II), (III), or (IV) (hereinafter, these compounds are
referred to as B group) may be used; As the compounds of B
group, the followings (II-1 to IX-14) can be méntioned as

preferable ones:
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Q

(L.

(L-2)

(1-3)

(1-4)

(1:5)

(E-6)

(E-7)

(I-8)

(1-9)

(E-10)

(E-11)

(E-12). .

(I-13)

(I-14)

(E-15)
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(E-1)

(X-2)

(I-3)

(X-4)

(E-5)

(H-6)

(X-7)

(X-8)

(X-9)

(E-10)

(I-11)

(I-12)

(W-13)



. F -

(X-14)
(H-15)

(X-16)

(E-17)

(M-18)
(H-19)

(I-20)

- (m-21)

(X-22)

(I-23)

{M-24)

(X-25)

(H-26)

This Sheet Has Been Re
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. F
R'_ocau
: F
R‘ocszn
' - F .
Ry o’csz
E

(X-27)

(I-28)

- (H-29)

(X-30)
(m.-sl)
(M-32).
(E-33)
(M-34)
(:-35)

(H-36)

(I-37)

(I-38)

(X-39)
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(X-40)
(m“‘_‘) ‘
(H-42)
(XL-43)
(X-44)
(I -45) |
(H-46)
(XI-47)

(W -48)
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(W-1)
(V-2)
(V-3)
(V-4)
(IV-5)
(V-6)
(V-7)
(V-8)
(V-9)
(¥-10)
(ﬁ-11)
(V-12)

(V-13)
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tl‘f-l4)
(V-15)
(IV-16)
(V-17)
(V-18)
(V-19)

(-20)

(W-21)
(V-22)

(Va23)

(V-24)

(W-25)

(IV-26)
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OO Seoom
Riccau

..QQ
“‘ )
R‘ QQ
< )~ F

(V-27)

(IV-28)

(IV-29)

(IV-30)

- (W-31)

(IV-32)

(W-33)

(V-34)

- (V-35)

(I¥-36)

(V-37)

| (ni-ss)

(V-39)
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(V-40)

(V-41)

Compounds of B group mentioned above have a positive value
of dielectric anisotropy and have a remafkably excellent thermal
stability. Thus, the compounds are useful when liquid crystal
compositions for éctive matrix mode typified by TFT are prepared
for which such a chéracteristic as high voltage holding ratio or
large non-resistance value is particulérly required.

While the amount of the B group compounds to be used, when
liquid crystal compositions are prepéred_for TFT, can
arbi;rarily be selected in a range of 1 to 99 % by weight based
on the total weight of the liquid crystal composition, it is
preferably 10 to 97 % by weight and more desirably 40 to 95 % by

-+ weight.

As the second component of the present invehtion, the
compounds expressed by any oﬁe of the general formulas (V) to
(IX) (hereinafter, these compounds are referred to as C group)
may aiso be used. As the compounds expressed by any one of the
general fo;mulas (V) to (VII) among C-group, the following

compounds can preferably be mentioned:



.

(V-1

(V-2)

(V-3

(V)

(V-5)

(V-6)

(V-7

(V-8

(V-9)

(V-10)

{(V-11)

(V-12)

(V-13)
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(V-14)

(V-15)

(V-16)

(V-17)

(V-18) .

(V-19)

(V-20)

(vany

L (V-22)

(V-23)

(V-24)

(V-25)

(V-26)
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“*‘O—@‘{w' v

" (R' represents alkylene.)

Ra _\;:)—@—? (V-1)
i )
Fa /_:{F | (¥-3)

o . .
H‘-O—<O _@_F ' (W-1)
(-2)

(¥-3)
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0 F |
H‘—@_qo-O-F - (L-4)
o)
RQ—O_O_(O_Q_F (-5)
o .
'R‘Wo _@_F ' (w-s)
: 0 F |
R.‘O‘O‘<0 _@_F' Cmn
N O F . -
R4° _@_F ' (X-8)
0 F '
R‘O—O_(Q‘Q;F (VX-9)
o F
R‘-O——O_(O‘Q-F (W-IO) '
. o . '
n‘—< ) .0 '
OO—(O—Q—F - (W-11)
‘Re = F o (q-12)
=4
Re Q = Q F (W-13)

Compounds expressed by the general formulas_(V) to (VII)
mentioned above have a large positive value of dielectric _
anisotropy and are used particularly for the purpose of reducing
threshold voltage. They are also used for the purposes of
adjusting viscosity, adjusting An, and raising clearing point to
widening nematic range. Further, they are used even for the

purpose of improving the steepness.
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As the compounds expressed by any one of the general ‘
formulas (VIII) to (IX) among C group, the following compounds

can preferably mentioned:



v~
',.

(V-1)

(VE-2)

(VE-3)
(WE-4)
(VIE-5)

(-6)

(Vi-7)
(VE-3)
(Vil-9)
(W-10)

(VI-11)

(W-12)
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Rs Q = Q Re (WI-13)
Rs Q = Q -ORg (ﬁ-14) :
ns—Gé—@-oczn;on. (V- 15)

a7'_*° | -1y
OO~ =2

OO0~ @
R7{ N’>—©—O—Ra ' (%-5)

8 (K-7)

8 (K-8) -

O O=<Crom
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nra. (lX-lZ)'
Rrﬁ. (#-1%)

Ry ) - Ry (X-14)

Compounds expressed by the general formulas (VIII) and
(IX) mentioned above have a negative or a weak positive

dielectric anisotropy. Compounds expressed by the general

formula (VIII) can be used principally for the purposes of

reducing viscosity and adjusting An. Compounds expressed by the
general fofmula (IX) can be used for the purpose of raising
clearing point to widening nematic range and for the purpose of
adjusting An.;

Compounds of C group are useful when liquid crystal
compositions for super twist nematic (STN) display mode are
prepared, and the compounds can be used in a range of 1 to 99 %
by weight and preferably 10 to 97 % by weight, more'desirably in
a.range of 40 to 95 % by'weight.

When liquid crystal compositions for TFT are prepared, at
least one compound selected from C group may be contained in
addition to the compounds of A group and the compounds of B
group. Also, when liquid crystal compositions for STN or

general-purpose TN are prepared, at least one compound selected
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from B group may be contained in addition to the compounds of A
group énd the compounds of C group. |
| Liquid crystal compositions of the present invention are
prepared by conventional methods. Generally, the method is
adopted in which various components are dissolved in each other
at a high temperature. Also, the liQuid crystal compositions of
the present invention are improved, depending on the
applications intended, by adding a éuitable additive, and
optimized. Such additives are well known in the art and
describéd in literatures in detail. 'Usually, a chiral dopant or .
likes are added to cause a helical structure of 1iquid_crysta1
to adjust a required twisting angle, and to avoid reverse-twist.
Further, the liquid crystal compositions of the present
invention can be added With a dichroic dye such as merocyanine
type, styryl type, azo type, azomethine type, azoxy type,
quinophthalone type, anthragquinone type, and tetrazine type, ahd
used as liquid crystal'coﬁposition fof guest-host (GH) mode.
Aiternatively, they can also be used as liquid crystal
compositions for polymer dispersion type liquid crystal display
devices (PDLCD) typified by NCAP which is prepared by forming a

nematic liquid crystal into a microcapsule or typified by a

polymer net work liquid crystal display device (PNLCD) which is

prepared by forming a polymer of three-dimensional network -
structure in a liquid crystal;' Also, the liquid crystal
compositions of the present invention can be used as ones for
electrically controlled birefringénce (ECB) mode or dynamic
scattering (DS) mode.

As the liquid crystal compositions of the present invention,

the following composition examples 1 to 39 can be mentioned:
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[C_omposition Example 1]

o
CrHys -@-CFZO—Q-F

. ' F

CrHys —@-CFZO—Q—F

F

_ - F
Csz—O—-@-CFzO—@-F |

F
F

CsHy —'O—-@-CFZO—@—F

F

CsHyq —O—@-CFZOF

F

CaHs < ) )-CF.0—{)-0CF,
6, <O -cri0—< 00,
CsHas cr=zo—C>—ocr=3

: F
CoHs —O—CHZCHg—O-Ci:zO—@-F' .
- F
e
CsHy —O_-CHchg—Q-Con—O-F
F

- F
CsHhs —O-CHch,—Q-Con-.-C}-F
: . F

5%

5%

2%

6%

6%

- 6%

12%

12%

12%



[Composition Example 2]
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5%

10%

10%

© 7%

7%

7%

F F
Catly )~ p-CF0—D-00F, 34
| F F
_ | Al

F F

F

F F
CsHiy —@-C&OF 4%
F

4% .

F o
Crths <)-Cr0—p-F
(o
. N F
. F
E.
F
£
CsHyy —O_—-@-csp—@-s
| . 4
E
Csz—O—Q-CF20~@~OCHFz 7%
- F
F
CaHy —O—@-cao—@ocaa 7%
F
E
Cattrs X ) CrR0—p-CCHF; 74,
' F
F
CzHs —O—Qcao—@-ca
s
F
CsHy < ) )-CF:0 —@-ca
- F
F
CsHy —O—@-cao—@cs,
F
F F
CaHs Con—O-OCF;,
F F
CaHy CF20—©-OCF3
F F

3%
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[Composition Example 3]

CrHis -@-cao—@-s 6%
-O-CH&H:—@-CFZO—Q-F 10%

Hr-O-O—QCFzO—OCFa L
CHy —O—-O—CHchz—@-Con—QOCFa 3%

. . F.
G <X O~XO~QF  10m Gt <OrcHon~O—CpF 4
| F

F

CH < O—)pF 109
CiHy _'O_@'OCgHs 4%

F
C5H11 _O_O—Q-F 10%
Gty ‘O—O—@-OCH;, 4%
CsHy4 _F 8%

CsHy "O‘O‘Q’F 5% .

F
| F
F o
F
CaHy < )~ -CHCH~C)-F 6%

- CsHyy —O—O'CHzCHz F 6%



[Composition Example 4]

Crths < )-CF.0—~)-oCF,

84

CsHiy <)~ )-CF.0—~)-0cF,

Catty < O-CHCH~)-Cr,0—)-OcF,

et~ O~O~C-oro~ocr,

CsH, —O—O—cnpn,—@cr—;o—@-cr, 2%

Grts <O~
- F
CaHyy < -CraCHr—~)-F

E

F

£

F

CaHs -O—CHchz—O—Q—F ¥

F

3%

5%

li%

e

11%

CaHy —OCHchz—O—Q'-#

F

- Gay < O-CHCH~ O~ )-F

F
e~ v
" F

F

T 4%

4%

8%

CaHn OO F

St~ O~O~O-F
et ~O-O-O-oms



[Composition Example 5]

_ F -
s~~~
: F

_ F
F
F
F
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3%

3%

6%

. 6%

6%

6%

6%

12%

13%

13%

4%

5%

4%

3%

CaHy OCHchrO—Q cl
F
S ~O~--=C-cs

F .

3%

0
R

9
f
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[Composition Example 6]

CyHas ~)-CF0~")-ocr, 5%

E

CaHy < O—)-cr0—C)-F R O
- F

CaH; —O—CHZCHZ—Q-CFz_O-@—F 7%

| F
CsHy —O—CHZCHZ—Q-CFgo—Q—F 7%
3 F
Catr X D—~-CF0—~ ot~ )-cFy 2%
CaHy -O—C}-cao-@-crizcuz'-@-ocsa am
| . |
CHs F 3% CaHy —O—O—CHZCHr@-F 10%
4 _ 0
CH X O~PPF 32 ‘ . Fo
. _F Gy O O-CHCHCF 5%
CsHys F . 6% . c F
F .
G Ve Sy SR
e W We NI e
_ . F
CaHy F 3% -‘,. CsHy F 5%
3
CaH CH CHz—O—Q- -
e 7" OO0

C4H9-O-CH20H2—O—Q-F 5% G -O—O—O- 3%
CsHyq —O—CH-‘,CHrO-@-F 5%

F
E

C3Hy _O—O‘—@—F 3%
F
E

CdHg "O—O—Q—F 3%
F
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[Compositi.onl Example 7]

F
CsHiy —@-‘CFZO—-Q-F a%

| . F
<O cro—Con -
- .
CaHs —O—@-cao—@-s %
‘ F o
F

c;.H} ~O—)-cro Fo 7%
CaHy—O-CHchg—G-CIZO—Q-GCF:, 6%
CsHiyq —O—CHZCHZ—O-CFZO—@-OCF; 6%
CH, -O—@-céo—@-mgw-@ﬁ; 3
F
. . .

cHs<O—F = o, OO
. F Y

E
F F
cats~ O~ o w-O-OF
. F ) * F
CsH, _O—O"@‘F % CsH; —O—O-coo—@-l:
- _
CsHyy ‘O—O—@-F .. 9%  CgHy 'O_O'COO—O'F

F

. F |
S -OomotO-OF 3 ~OO—Coos

. F

CsHyy ‘O‘CHchz‘O—@‘F 4%

4%

4%

3%

3%



[Cbmposition Example 8]

E

CoHs —O—@-cao_—@-r: 0% g ~O-Ccro—C)-ocr, 8%
_F CiHr < ) )-Cr0—)-0cF; 8%
F  Catn ~O--cro—C)-ocr, 84

3
CHiy —O—O—CFZO—Q-F 10%
; F _
n F . . F
F : F .
| F ' ' | F
F | : F
- F : F
CqHy —O—O_Q'F 2% CH, ‘O“O‘CHchz F 5%
- F . | - F
- F.o F
CsH, -OcaacHrO—Q-F 5% CaHy < )~ )-CH,CH; F 3%
_ 4 | 1
. . F : :
CaHs -O-CH2CH2—O—Q-F 4%
o F .
F y
CsH" _O-CHZCHZ_O—Q—F 4%
- F

| F o
CH S - OpF
| . F
| F
Catr X O~ O-CHaCH~)— }-F 2%
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[Composition Example 9]

CsH"'—QCFZO—@-CF,,
(™

2
)

CaH; { ) P-CRO—)-0CF; 4%

F

CsHy4 CFgO—Q‘OCH F 4%
F

E

orrhs O+
3
caHs < O—~O-C-F

F

ety <O~

F

st < OO~

e <O Orc00—C)F
0% CsHiy < ~-coo—)-F
Cary < O—)-coo—)-F

10%

Rl
CoH CH,CH :
- CsHy —O—CHZCHrO—@—F V3 '

: M. F

Carr X -CHCH~ )~ )-F 6%

F
Cars X O~ O-Cp-F
- F
F

csHr OO~

F

FE

F

F
CaHy —O—@—coo—@—F |

F

5%
5%

5%

4%

4%

3%
3%

3%
4%

4%
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[Composition Example 10]

._C7H1.s —C}F-CF-ZQ—C;OCF,. 's% CsHiy c_r-'zo—dcr{-. 7%
. - -
Catly —O—d-cpzo—@-bcr:, %
—@-CH&HQ—@-CFZO—Q-F 7%
~ 03H7CF20—@-CF3 a%

F . ' ' F
CrHis < 4 }'F 3% CsHy —O—O—COO—@-F 2% -
F - F
- 2%
FoooL o : E
Hy —O—CHzCHrO—Q-F 5% CsHyy ‘O"@'COO—Q-F 2%
F . F .
F Foo
F ' : ::
CsHiq F 10% 4
. £

—O—CHchz—'—‘-F 5% e |

F
CaHs -O—CH2CH1—©—Q-F 5%

F

F .
CsHyq —O-CHZCHF 5%
| | F
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[Composition Example 11]

: ' F

CrHs ‘Q‘CFzO"@'F 5% CaHy —O—-@-cho—QOCHFz 6%
. F

CaHy —O—Q—cm—@ca 6%

CsHiy -(\3-cr-lch,—C}-cao—C}-ocr—'3 6%
CsH7—O—Q-CF20—©-CH2CHz—O-OCHF2 3%

E

Citis < O—<-F 3% | CH (O -coo—-)F 4%

E ' CsHy4 "O—O-C_OO—@-F 4%

F

E

CsHiy .‘O_O‘@‘F 10%
CaHs —O—CHchr-O—C;F 6%
CHy —(}CHzcm—O—@F-F 3%
CsHs —C}CH,CHg—O—d-.F 6%
CaHs F 3%

| “:c,H, F 3%

. CsHyy r-' 6%
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[Composition Example 12]

N

F N F F
CiH;s '@‘CFzO-Q-OCFa 4% CyHy _O—@'CFZO—Q‘F
. F [
F _F |
CsHu ‘Q‘CF:O‘@—OOCH& . 5%
F o :
F
Gy '@'CFaO—@- CF0—{ )-OCF; 5%
. bl
F F
ot ~O-Cporo-O-Cpror 39
| F e
Catty < - CHLCH - CFzO"Q'CCFg 6%
| F
F ' | . E
ot <X O—~P-F % CaHr < O—~)-coo—Cp-F
F | e

] F F
CsHs F 10% CaHz —O—O—coo_Q_F
: = | .

F
F ) - F
F F
. F : ' : : . F
i< O-O~F = Catyy < O~ O-coo—Cp-F
L _ , s
; F |
Catty X O-CHaCH~)—CpF 78
4 .
F _
CqHe ‘O‘CHzCHz—@—Q-F %
- F

.
Cattrs X O-CHaCHA)~CF 79
' . F

6%

4%

10%

3% -

3%



F - F
CrHis —Qc&o—@-cr:, 3%
| F F .
. F o .
CaHy —Qc&o—@-cx—qzcm—@-ccs, T e
F F
CaHT —GCFZO—O—@—F . 7%
o
. F
CgH7—O-CHZCHCF20-Q-OCHFz 2%
. o E
- F . . .
C/Hs -O—@-F- 10% | . CHy ' Q OC,Hs 10%
F v :
S < OO~ e <O
- | 3 4% -
C3Hy _O—O—G-F 11% oMy _O_O_O'Q’HT 3%
. N F . " .. L . .

Gt < O-O—F e
F
CHs<O-PHPF 3%
F .
A
Cn <\ O—~D<)F
OO+ 4
S~ O~O-c00—- - 3%
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[Composition Example 14]

CrHas -@-C&o—@-ocs, 3% CiHy —@-cs,o—@—cao—@-s 5%
F

QH,-O—@- O-Q-OCHFz 6% CaHyy —@-CFZOOCFa 6%

G Ty Ny LU,

Hr < -OCF—~ )-CR0— )Gty 4%

e O—~rar 0w CH < )~ )CHis 9%
CsHy4 ‘O‘O‘CI 3%

F ‘e,
CrHys —O—@—F %
F
F :
CaHy "O‘O‘Q‘F ©10%
. a8 .

F o
Hy F 5%
F
. E.
Gty F 5%
F :
CaHs OOCra .

CH~O~O-)C 10a
Gt <O~O—<0 8%

CeHyy —O—O-CchHgF 1%



[Composition Example 15]

CaHs X O~<-cropon 6w
| ‘ |
‘C3Hy -O—@-CFZO—Q-CN " 6%
E
CsHis —O—@-c&o—@-cw 6%
F

CaHrOH,C ~(T)-Coo— o sg CHy ‘O‘O—@'CHa -
 CyHs -O—Q_CNF 5% CsHy OCH3 3%
e < )N 15%
CaHr < O~O~-n 5%
Cett < O~O—~-on 5%
CaHy {:F 5%
CHr<O<XOrcHe 105
CaHy GO’Can 3%
CaHs 4 )—=—) OCH; 134
cHr~=pocH, 3
CHo—~)p=—C)ocH; 134

CHo—4 )=— )-OCHs 3%
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[Composition Example '16]_ _

Hr <O~ CHaCH—)-cry0 >N se
Cottin X -CHCH—)-cro—Ch-on  sq
Hy -O-CHQCHz—'@—CFzO—Q'-CN 5%

F
CaHiy ~ -CHCH~)-Cr,0 o s
F .
OO - OO

CaHs @ = Q CHy 4% .

H"CCGHta 8%
C4H9 O = Q Cqu 4%
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[Composition Example 17]

caH,—O—@- O—Q—CN 4% CsHy < O—)-cF O—Q-CN 4%
"O‘CHzCHz—@-CFzO —QCN %
CsHy4 ‘O‘CHzCHz—O-CFzO—Q-CN 4%

czns CN - CaHs -O—O—@-cn, %
HCOHL~< )N s CH < O~O~C)cHs  m
CHsOHC < > )-oN 72 CaHy —O—O—@-csﬂ, o%
CaHs < )-Coo—)-cN 4% |
. CsHyy —C:»—@-F | s
OO 5
CaHs —{E’—@—CZHS L 3q
Gy ‘Cs*'@'ce“s 3%
CaHo —{S»—@csz 3%
CaHs -{2),—@—{)—(:;,}4, 5%
CHy {S"‘O‘Oca*'z. -
CdHg {z"@‘O‘Cs”? 5%
CaHy —Cz»—@-ocaus ' sa
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[Composition Example 18]

Cas <_)-CHaCHz— )-CF.0—)-CN
- CaHy < O-CHaCH-cro—~ N

CaHyy < _-CHaCHr )-Cr0—)-CN

CsHy —C::)—C}F—F 6%
oL
CaH {:F 4%
CsHis —{:F . 4%
 CiHs —{S)—@-CZHS &
CsHy ‘C:*‘Q'Cz”s 6% -
CeHo —CS»—@-CZH; | 6%

CaHyy < -COO—)-OCH, 6%
Cas ~_)-CHoCH— )—=—)-Citly
Caty < O-CHoCH~ p—=—)-Coo

CsHy < )~ -coo—~ )~ )-oN

e -O~r000-O-Oron

5%

5%

o -O-O—Orom s

4%
3%
3%

3%



99

[Composition Example 19]

4%

4%

4%

- F E o
CaHy —O—.@-CFfO—QF-CN 6% Gy -O—Q—CF?Q—O-CN
Csthy —O—@-cao—dcu 6% CsHyy —O—dcao—@-cw
F
F F
CHOHC ~«T)-Coo— )N 28 g, ~O-=C)-cars
C3H;0H,C Ocoo—dcn 8% G, "O“@F%Q-Cai-b
CaHs —O—d-CN 5% CsHy C4H9

H-O-OCpr

- = ,
CsH, —O—CHZCHc,H,- 4%
Catty < -ChaCH) = CH

C3H7 _O-CHZCHC4H9 4% -

6%

3%

6%

3% -
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[Composition Example 20]

L.

F F F
c,H,Con—Q-CN % CH~OCPoRo—CHon  4g
F '

F

. F F
CsHiy CFgO-Q-CN 4%  CsHy cszo—@-cn 4%
F

A~O-Oon 8%
A O-Cron 8%
CaHy < O~ )-cN 13%
CHn < O~ )N~ " 1q

HsCOH,C —O—@-cm 4%
CaHsOH,C ~_ )—~T)-cN 4%
= O~-O-C)F .. 4%

CsHy -O—OC;HQ 4%
CHs —§ )= & )-OCH;, | 8%
o -O-O<Don e
< O-CO~rcty 109
Gty <O O)ocH, s

F
G~ O=-C)-CHs ag
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[Compdsition Example 21]

F
CaHs —O—cnzc:-i,-@cszo—@- 6%
—O-CHZCHg-O-CFZO—Q-CN 6%
CsH1s —O—CH2CH2-—©-CF20—Q-CN %
- F

CHs < )-COO~ »-CN 54

CaHs —_)—{_)-CN %

CsHy —C}—@—cw | 5%

HsCO -@-CCO—@-CgHs' 10%

CaHy < -C00—)-0CHs  10%

CaHe < -COO—~ )-0CHs  10%

| Csin { -CO0~)-0CH,  10%

CaHy X D Pp-coo—~)F 5%

Hy X O—COrcoo)-F 5%

© CsHhy —O—O—COO—@-F 5%
CaHy < -Coo—~)-Coo—L)F 3%
Hy < O-Co0— )-Co0~ )-CHs 3%
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[Composition Exémple 22]

F F

CaHy —O—cmcm—@-cr—'z CN 4
. F F

Catrn < O-CHCH)-CRO—HON 4
' F

CaHy -@-cnzcnr@-csz CN 5%

F
F
05H11 OCHgCH!"@'CFz CN 4%
' . F ..
F ' " :
CHsOH.C 4 -COO~)»-CN 2 - CaHs —CS’—@—O—C;,H; 5%
F - |
CoHOH,C ~T)-Coo— )N 6 e -Orcn 38
' F =N
CoHsOHC ~)-COO~p-ON 34 C"_‘" L O-COor s

F
CiH; OCzHs. 10%
OO O Qoo

F

¢3H7 —O—O—COO—O-F 3%
CoHin X D~ -coo—C)F 3%
CaHy < -coo— H-F 3%
CsHy < O~ )-coocH, % -
CaHy —C)-coo—@-oc.n, 4%
CeHs -C)-coo—@-é,m 4%
CHe < -Co0—~)-CHy,  ag
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[Composition Example 23] )

P S Wy 8
F . .

E

F .
CaHy < p-CF.0—~ 0N
F :
F o F
CsHis ‘Q‘CF20CN
[ _

CaHy .—Cgr—@-ci\n_
~ | CaHs {g"‘@'c"‘
HyCOH,C —O—@-cn
CaHs —C;}—@-@Hs
Cahz —(\f:’—@-Csz
CaHo —C&—@-cﬁqs
CaHs —CSF@—QQH, |
CsHy {S’_O'O‘Ca"'r
“ Cafle ‘Q*G—O CaHy
HyCOH,C~ 3~ )-CaHyy
Car <) F =—/"CHs
- OO
CaH; c.H,

5%
5%

5%

4%
4%
5%
9% -
9%
9%
7%
6%
6%
8%
6%
6%

6%



[Composition Exampie 24}
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E

.~ F
CsHy —@-cao—@-cao-@-cu 8%

F
F

: F
CsHyq .'O_CFZO_OCFzO'—Q‘CN 8%

F

: F F
CaHy -O'CFZO—C}#CFZO—O CN 8%
F
F F
CsHyq ‘O‘Con—'Q-Con_@.CN 3%
. F

7%

6%

8%

8%

7%
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[Composition Example 25]

F o |

Cats O cro~Cpon 5w
F _
F .

CsH; —O_Q'CFZO_Q'CN L s
F

| . F

CsHyy —O-Qc#,o-—@-cn 5%

F
CaHs -O—@-CN 10% CsHy _O'O—O'CH:!- 8%
_ F o | - 8%
CaHy ‘O‘@'CN -- 10% 03”7‘0'0—@‘70“3 4%
CaHyOH,C < )-Coo—)-cN 74 CH <O~ O~)cHr 3%
. . F_ ' _
CH X < -coo—-C)F 4 |
CsHyy ‘O—O-COO—O-F % .
. - _F
CaHy 'O'O‘COO—Q—F 15%
| F

»
.

F .
CsHy4 —O—O—CQO—Q—F 10%
. F .
F
CsHy COO—Q—F © 5q
F .

E

G < O~X-cooCpF 5w

F .



[Composition Example 26]

106

Cris ~)-CF0— )-OCF, 4%
: ' F
CsH? —O—OCFZO—O-OCE 6%
T -
CsHyy {4 )-Cro— )-0CF; 6%

CaHy -O-—O—Qcao—@-ocs,, 3%
F .

CaHy < )~ -0cH, 4%
CaHy < )~ -0csH, a%

CsHyy < )~ -0CH, 4%

Gy O-OF =

CHs X < —~C)-00F, 5=
CH OO~ C)ocr, sz

CeHe X < O—~)-0cF; - sa
CsH <X O~ O—~)-ocr, 5%

_ F
CsH7 O‘O‘CH:CHZ‘@'F 5%
. E _
CsHy, ‘O—O-CHchg—GF 5%
. .
F

F

S O O-cooCpF - 5w

- F
CsHiy X O~ )-CHs 42

Caty < O~ O—~)-0cHR, 6%
Csty X D~ O—)-OCHF; 62
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[Composition Example 27]

F | -
CrHis '@-C&O—@-F 3%
F F
Caty ~)-CFa0—~_)-Cr,0—p-OCHF, T,
. F

F . F _
c5H1,.—C}—cr-'zo—C}-cs=zo—C}-ocr-u=2 %
F o F
Caty < - CHaCHr~y-CF, CFs 3%
F

CeHia O—@—F | 8%
CrHis < )~ )-F 8%
CHs <X O~ O~ )-0cF, %
CHr X <O~ )ocF: 6%
Cattr { O~ CHCH)-0CF, 5%
CsHin < D~ O-CHCH )-ocF, 5%
- :
i <O—-O~OF e
F
Catn < O—~O~C)- 8%
- F
CHr X > )4 > CHr 3%

F
CsHi X )4 4 )< >cH; 3%
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[Composition Example 28]

F
Ctis {cRo—CpF an
- F
CeHy _O'CFZO—O‘CF}O—@-_F %

. E :
CsHy —OCHZCHrO—@.szq_Q_F "

Cris < O )-F 8%
CeHs < I~ O—~-cors %

F.
Sty X O—-O~Cpocrr, 15
“F
. F
CoHa < O-O—Cpocr, 159

F F
CiHy F 6%
F

F F |

CsHs F 6%
[ .

Car < O~ O-coopocr, 34

- CsHyy —O—O-COO“@'OCFJ . 3%
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[Composition Example 291
F ' _ :
CaH, —C,}-Con—@—@-cm' 6%
F .
F .
CsHys '@’CFzO"@—@'CN 6%

. F

E
CaHy 4 P-CrO—p-CRO—-oN 6%

F

- F
CeHiry ~-cro-Cpcro-Cpon - 7%

O )eN 3w CsHy —(:)-coo—C}-ocw3
CHs < )—C)-CHs 3% CsHyy < )-CO0—{ )-OCsH;
CGHu )N 5% G —@—{S)—@—CN

F

. ' =N
C,Hs —O—G-CN 5% CdHy "@‘(\:N CsHus

Catty ~ -CHaCH—)-OCHs 4% _~O~O-cHz0cH,
CoHny (-CHCHL)-0CH; 88—~ O~ )—)-CaHr
CaH; ~_)-COO—{_)-CN 5% |

CoHyy < O )-CHCH_)-CHo 3%

CsH14 CH2CH2_'©'C:5H7 3%

6%

6%

3%

3%

3%

5%

5%
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[Composition Example 30]

CaHy < —)-cro—C)-on
CeHy < )—~)-cro—C)-en
E
GaHy P )-CFa0— N
A
CsHi CFZO—G-CN

CeHs —O—coo—@F-F 5%
CsHyy -O—coodp 5%
CaHs —@—coc—d—cm -

| Caty -@-coo—C}F-cn a%
C4Hs Oébo—d-cn 6%
CsHys -@-coo—d—_cm 6%
. .

- H3COC;3Hg -O—@-CN' . 6%

F

CoHr O~ O-coo—~Cp-F 4%

CsH“ —O—Ocoo—d-p 4%

CaHs —O—@-cbb—d—cu_h 5%

CaHy —O—@-coo—d-cav 5%

cw,—O—@-coo—d—cn 5%
F

CsHyy ‘O"@-?OO—@-CN 5%

10

5%
5%
5%

5%

- OO 13
U‘O’O‘C:;Hv 3% .
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Difluorooxymethane derivatives 6£ the present invention have
an extremely large dielectric anisotropy (A€&) compared with the
compounds which have a similar structure ana are described in
the paragraph of BACKGROUND ART; have an extremely low viscosity
compared with the other compounds having the same substituent ét
the terminal of the molecule; and have excellent characteristics
as liquid crystalline compounds for low voltages in various
modes including active matrix mode and STN mode. Further, the
difluorooxymethane derivatives of the present invention are
excellent in miscibility with many other liquid crystalline
compounds, that is, with existing liquid crystalline compounds
including-fluorine type compounds as well as ester type, Schiff
base type, biphenyl type, phenylcyclochexane type, bicyclohexane
type, and heterocyclic type compounds. Also, the derivatives.
have a characteristic that they are excellent in miscibility
particularly'at low temperatures. Besides, it is possible to
considerably reduce driving voltage (threshold voltage) by
adding the compound of the present invention as a component of
liquid crystal compositions while suppressing the increase in
viscosity.

Methods for preparing'and using the compounds of the present
invention are illustrated in more detail below with reference to
Examples. However, it should be understood that the present
invention is by no means restricted by such specific Examples.
In each of the'Examples, Cr represents crystal, N does nematic
phase, S doeé smectic phase, Iso represents iostropic liquid,
and the unit of every phase transition temperature is °C.
Example 1

Preparation of difluoro-(4-propylphenyl)-(3,4,5-trifluorophe
nyloxy)methane (Compound expressed by the formula (I) wherein

R = C3H7, 8, m, and n are 0, Zy, 2, and Z3 are covalent bond,

is Sheet Has Been Reﬂlaced

TN
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Ip =Ly =H, Ly = Ly =F, and X = F)

In a 500 ml three-neck diStiliation flask provided with a

 stirrer, thermometef; dropping funnel, and nitrogen gas

introducing pipe, 15.0 g (91.4 mmol) of 4-propyl benzoic acid,
22.6 g (109.7 mmol) of dicyclohexylcarbodiimide (hereinafter
abbreviated as DCC), and 0.43 g (3.3 mmol) of 4-dimethylamino-
pyridine (hereinaftei abbreviated as DMAP) were dissolved in 200
ml of dichloromethane under nitrogen gas atmosphere, and then
16.2 g (109.7 mmol) of 3,4,5-trifluorophenol was added dropwise
to the solution in 5 min while stirring at room temperature.
After the dropping, the solution was stirred for 18 hours ét
room temperature. Then, 100 ml of water was added to the

reaction solution to terminate the reaction. After

‘dichloromethane insoluble matter was filtered off, the

dichloromethane layer was separated and the water layer was

further extracted with 100 ml of dichloromethane. Extracted
layers were mixed and washed with 100 ml X 2 ("X 2" means

"repeated twice", the same rule applies hereinafter) of water,
100 ml of saturated aqueous solution of sodium
hydrogencarbonate, and 100 ml X 2 of water in turn, dried over
anhydrous magnesium sulfate,_and-then concentrated under a .
reduced'pressure to obtain 25.8 g of reaction product. Reaction
product was purified by a column chromatography using silica gel
as filler and using toiuene aé developing solvent to obtain 22.8
g of colorless crystal product. This product was 3,4,5-
trifluoro—(4—propy1pheny1)benzoate. |
Subsequently, ih a 1000 ml egnglant type flask provided
with a nitrogen gas introducing pipe and cooling pipe, 22.8 g

(77.6 mmol) of 3,4,5-trifluoro- (4-propylphenyl)benzoate obtained

" by the procedures mentioned above and 62.8 g (155.2 mmol) of

2;4—bis(methoxyphényl)—1,3—dithia—2,4—diphosphetane—2,4—
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disulfide (hereinafter abbreviated as Lawesson's reagent) were
dissolved in 400 ml of toluene, and the solution was refluxed
while stifring under nitrogen gas stream for 60 hours. After
the reaction solution was cooled down to room temperature, 200
ml of water was added, the toluene iayer was separated, and then

the water layer was further extracted with 150 ml of toluene.
Organic layers were mixed,'washed with 200 m1 X 2 of water, 100

ml of saturated aqueous solution of sodium hydrogencarbonate,

100 ml of 10 % aqueous solution of sodium hydrogensulfite, and

200 m1 X 2 of water in turn, dried over anhydrous magnesium

sulfate, and then concentrated under a reduced pressure to
obtain 23.9 g of brown crystalline mixture. Reaction p?oduct
was purified by a column chromatography using silica gel as
filler and using heptane ag develbping solvent, and then
recrystallized from heptane to obtain 5.4 g of yellow needle-
like crystal product. This product was 4-propylphenyl carbothio
acid—0—3,4;S—trifluorophenyl.

Subsequently, the thioncarboxylic acid ester derivative was

subjected to a gem-fluorination. That is, in a 100 ml egg-plant

' type flask provided with a nitrogen gas introducing pipe, 5.4 g

(17.4 mmol) of 4-propylphenyl carbothio acid-0-3,4,5-trifluoro-
phenyl was dissolved in 50 ml of diéhloromethéne, and then 8.4 g
(52.2 mmol) of diethylaminosul fur trifluoride (hereinafter
abbreviated as DAST) was added to the solution and then the _
solution was stirred at room témperature for 28 hours. Reaction
solution was added with 50 ml of water, the dichloromethane
layer was Separated, and the water layer was further extracted .

with 50 ml of dichloromethane. Extracted layers were mixed,
Washed with 50 ml X 2 of water, 30 ml of saturated aqueous
solution of sodium hydrogencarbonéte, and 50 ml1 X 2 of water in

turn, dried over anhydrous magnesium sulfate, and then
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concentrated under a reduced pressure to obtain 4.5 g of light
vellow oily product. Reaction product was purified by a colﬁmﬁ
chromatography using silica gel as filler and using heptane as
developing solvent, and then recrystallized from heptane to
pbtain 1.2 g of colorless needle-like crystal product. This
product wastdifluoro—(4—propy1pheny1)—(3,4,5—trif1uorophenyloxy)
methane.

Following compounds can be pfepared.according to the
preparation method mentioned above by using 4-alkylbenzoic acids
having a different alkyl chain in placé of 4-propylbenzoic acid:
Difluoro- (4-methylphenyl)=- (3, 4,5-trifluorophenyloxy)methane
Difluoro- (4-ethylphenyl)-(3,4,5-trifluorophenyloxy)methane
Difluoro+(4—butylphenyl)—(3,4,5—trif1uorophenyloxy)methane
Difluoro—(4—pentylpheny1)-(3;4,5—trifiudrophenyloxy)methane
Difluoro—(4—hexylphenyl)—(3,4,5—trif1uorophenyloxy)methane
Difluoro- (4-heptylphenyl)- (3,4, 5-trifluorophenyloxy)methane
Difluoro—(4—octy1phenyl)—(3,4,5—trif1uorophenyloxy)methane
Difluoro—(4—nonylphenyl)—(3,4,5—trifluorophenyloxy)methane .

_Difluoro—(4—decylphenyl)—(3,4,5—trif1uorophenyloxy)methane

Also, the following compounds can be prepared according to
the preparation method mentioned above by using sevefal known
phenol derivatives in place of 3,4,5-trifluorophenol:
Difluoro—(4—ethy1pheny1)—(4—trifluoromethylphenyloxy)methane
Difluoro—(4—propy1pheny1)—(4—trifluoromethylphenyloxy)methane
Difluoro—(4—butylphenyl)—(4—trifluoromethylphenyloxy)methane

_Difluoro—(4—penty1phenyl)—(4-trifluoromethylphényloxy)methane

Difluorof(4—ethylphenyl)-(4-difluOromethoxyphenyloxy)méthane
Difluoro—(4—propylphenyi)—(4—difluoromethoxyphenyloxy)methane
Difluoro—(4—butylphenyl)—(4—dif1uorométhoxyphenyloxy)methane
Difluoro—(4—pentylpheny1)—(4—difluoromethoxyphenyloxy)methane
_Difluoro—(4—ethylphenyl)-(4—trifluoromethoxyphenyloxy)methane
Difluoro—(4—propy1pheny1)—(4—trifluoromethoxyphenyloky)methane
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Cr 12.1 Iso
Difluoro—(4—buty1phényl)—(4-trif1uoromethoxyphenyloxy)methane
Difluoro—(4—pentylpheny1)—(4-trifluoromethoxyphenyloxy)methane
Difluoro-(4—ethy1pheny1)-(3—f1uoro—4—trifluoroﬁéthylphenyl-
oxy)methane " o
Difluoro—(4—propylphenyl)—(3-fluoro—4—trifluoromethylphenyloxy)
methane |
Difluoro—(4—buty1phenyl)—(3-fiuoro—4—trifluoromethylphenyl—
oxy)methane- _
Difluoro—(4fpentylpheh91)-(3—flﬁoro—4-trifluoromethylphenyloxy)
methane

Difluoro—(4—ethylphenyl)—(3,5—difluoro—4—ﬁrifluoromethylphenyl—

oxy)methane

Difluoro—(4-propylphehyl)—(3,5—dif1uoro—4—trifluoromethylpheﬁyl—
oxy)methane _ '
Difluoro—(4—butylpheny1)—(3,5—difluoro—4—trifluoromethylphenyl—
oxy)methane | |
Difluoro—(4—pentylphenyl)-(3,5—difluoro—4—triflﬁoromethylphenyl—
oxy)methane

Difluoro—(4—ethy1phenyl)-(3ffluoro44—trifluoromethoxyphenyl—

. oxy)methane

Difluorb—(4—propy1phenyl)—(3—fluoro—4—trifluoromethoxyphenyloxy)

_methane

Difluoro-(4—butylpheny1)—(3~fluoro—4—trifluoromethbxyphenyl—
oxy)methane
Difluoro—(4-penty1phenyl)—(3-flﬁoro—4—trifluoromethoxyphenyloxy)
methane : :
Difluoro—(4-ethylpheny1)4(3,5—difludro—4—trifluoromethoxyphenyl—
oxy)methane | ,
Difluoro—(4—propylpheny1)—(3,5—dif1uoro-4—trifluoromethoxy—
phenyloxy)methane _
Difluoro—(4—butylphenyl)—(3,5—difluoro—4—trifluoromethoxyphenyl—
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6xy)methane.
Difluoro—(4—pentylpheny1)-(3,5—dif1uoro—4~trif1uoromethoxy—
phenyloxy)methane ' | '
Difluoro—(4¥ethylpheny1)—(3—fluoro—4fdifluoromethdxyphenyl—
oxy)methane |

Difluoro—(4—propylpheny1)—(3—fluoro—4—difluoromethoxyphenyl—

. oxy)methane

Difluoro-(4—buty1phenyl)—(3—fluoro-4—difluorpmethquphenyl—
oxy)methane. _
Difluoro—(4—penty1pheny1)-(3—fluoro—4—difluoromethoxypheny1—
oxy)methane ' _
Difluoro-(4—ethylphehyl)—(3,5—dif1uoro-4—difluoromethoxyphenyl—
oxy)methane |
Difluoro—(4—propy1phenyl)-(3,5-dif1uoro—4-difluoromethoxyphenyl—
oxy)methane ' _
Difluoro-(4-butylphenyl)- (3, 5-difluoro-4-difluoromethoxyphenyl-
oxy)methane '
Difluoro—(4—pentylphenyl)—(3,S—dif1uoro—4—difluoromethoxyphényl—
oxy)methane _ '
Difluoro—(2—f1uoro—4—ethylphényi)-(3,5—difluoro—4—trifluoro—
methylphenyloxy)methane , _
Difluoro—(2—f1uoro—4—propylphenyl)-(3;5—dif1uoro—4—trifluoro—
methylphenyloxy)methane . _
Difluoro-(2-fluoro-4-butylphenyl) - (3, 5-difluoro-4-trifluoro-
methylphenyloxy)methane '

- Difluoro-(2-fluoro-4-pentylphenyl) - (3, 5-difluoro-4-trifluoro-

methylphenyloxy)methane -
Difluoro-(2-f1uoro—4—ethy1phenyl)—(3,5-dif1uoro;4—trif1uoro—
methoxyphenyloxy)methane ' | .
Difluoro—(2~f1uoro—4—propylphenyl)—(3,5—dif1uoro-4—tfif1u0ro-
hethoxyphenyloxy)methane _
Difluoro—(2—fluoro—4—butylphenyl)—(3,5—difluoro—4—triflubrof
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methoxyphenyloxy)methane
Difluoro-(2-fluoro-4-pentylphenyl) - (3, 5-difluoro-4-trifluoro-
methoxyphenyloxy)methane .
Difluoro—(2—fluoro—4—ethy1pheny1)—(3,5—dif1uoro—4—difluoro—
methoxyphenyloxy)methane N
Difluoro—(2¥fluoro—4—propylpheny1)—(3,5—dif1uoro-4—difluoro—
méthoxyphenyloﬁy)methane ,
Difluoro-(2-fluoro-4-butylphenyl) - (3, 5-difluoro-4-difluoro-
methoxyphenyloxy)methane
Difluoro—(2—fluoro-4—penty1phehyl)—(3,5-difluoro—4-dif1uoro—
methoxyphenyloxy)methane o
Difluoro-(2-fluoro-4-ethylphenyl)-(3,4,5-trifluorophenyl-
oxy)methane o '
Difluoro—(2—fluoro—4—propylpheny1)-(3,4,5—trifluorophenyl—
oxy)methane .
Difluoro—(2—f1uoro—4-buty1pheny1)—(3,4,5—trif1uorophényl—
oxy)methane
Difluoro—(2—f1u0ro—4—pentylphenyl)—(3,4,5—trif1uorophenylf
oxy)methane |
Difluoro-(2,6-difluoro-4-ethylphenyl)-(3,5-difluoro-4-
trifluoromethylphenyloxy)methane
Difluoro—(z;6-dif1u0r0—4-propy1phenyl)e(3,5—difluorq—4—
trifluoromethylphenyloxy)methane

Difluoro- (2, 6-difluoro-4-butylphenyl)- (3, 5-difluoro-4-
trifluoromethylphenyloxy)methane
.Difluoro—(2,6—difluoro—4—penty1phenyl)—(3,5—difluoro—4—
trifluoromethylphenyldxy)methane _
Difluoro-(2, 6-difluoro-4-ethylphenyl)- (3,5-difluoro-4-
trifluoromethoxyphenyloxy)methane
,Difluoro—(z,6—difluoro?4—propylphenyl)—(3,54difluoro—4—
trifluoromethoxyphenyloxy)methane

Difluoro- (2, 6-difluoro-4-butylphenyl) - (3, 5-difluoro-4-
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triflﬁoromethoxyphenyloXy)methane '

Difluoro-(2, 6-difluoro-4-pentylphenyl) -(3,5-difluoro-4-
trifluoromethoxyphenyloxy)methane ' '
Difluoro—(2,6—dif1uoro-4fethylpheny1)—(3,5—difluoro—4-
difluoromethoxyphenyloxy)methane ‘ .
Difluoro—(2,6—difluoro—4—propylphenyl)-(3,5—difluoro—4—
difluoromethoxyphenyloxy)methane :
Difluoro—(z,G—difluorof4—butylphenyl)—(3,5—dif1uoro—4—
difluoromethoxyphenyloxy)methane
Difluoro—(2,64difluoro—4—pentylphenyl)—(3,5-dif1uoro-4—
difluoromethoxyphenyloxy)methane

Difluoro-(2, 6-difluoro-4-ethylphenyl)-(3,4,5-trifluoro-
phenyloxy)methane '
Difluoro—(2,6—difluoro—4—propy1pheny1)—(3,4,5—trif1uoro—
phenyloxy)methane _ |
Difluoro—(2,6—diflﬁoro-4—butylphenyl)-(3,4,5—trifluoro—
phenyloxy)methane ' '
Difluoro—(z,6—difluoro—4—pentylphenyl)4(3,4,5-trif1uoro—
phenyloxy)methane

Example 2

Preparation of difiuoro—[4-(trans—4—propy1cyclohexyl)
phenyl]—(3,4,S-trifluorophenyloxy)methane (Compound expressed by
the formula (I) wherein R = C3Hy, =1, mand n are 0, ring A;
is trans-1,4-cyclohexyne group, 2i, Zz, and Z3 are covalent bond,
Ly =Ly =H, Ly =L = F, and X = F)

In a 500 ml three neck distillation flask provided with a
stirrer, thermometer, dropping funnel, énd nitrogen gas
introducing pipe, 15.0 g (60.9 mmol) of 4-(trans-4-propyl-
cyclohexyl)benzoic acid, 15.1 g (73.1 mmol) of DCC, and 0.3 g

(2.2 mmol) of DMAP were dissolved in 250 ml of dichloromethane

This Sheet Has Been Replaced
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uhder nitrogen gas atmosphere, aﬁd then 0.8 g (73. mmol) of
3,4,5-trifluorophenol was added dropwise in 3 min while stirring
at room temperature. After the dropping,_the solution was
stirred for 10 hours at room tempefature. Then, 00 ml of water
was added to the reaction solution. After dichloromethane
insoluble matter was filtered off, the dichloromethane layer was
separated, the water'layer was further extracted with 200 ml of

dichloromethane. Extracted layers were mixed and washed with

100 m1 X 2 of water, 100 ml of saturated aqueous solution of
sodium hydrogencarbonate, and 100 ml X 2 of water in turn, dried

over anhydrous magnesium sulfate, and then concentrated under a
reduced pressure Eo obtain 23.8 g of reaction product. Reaction
product was purified by a column chromatography using silica gel
as filler and using toluene as developing solvent, and then
recrystallized from a mixed solvent of heptane-ethanol to obtain
13.2 g of colorless crystal product. This product was 3,4,5-
trifluoro-[4—(trans—4—propylcyclohexy1)phenyl]benzoate.
Subsequently, in a 1000 ml egg-plant type flask ptovidéd
with a nitrogen gas introducing pipe and cooling pipe, 13.2 g
{35.2 mmol) of 3,4,5—trif1uoro—[4—(trans—4—propy1cyclohexyl)
phenyl ]benzoate obtained by the procedures mentioned above and
28.5 g (70.4 mmol) of Lawesson's reagent were dissolved in 500
ml of toluene, and the solution was refluxed while stirring
under nitrogen gas stream for 60 hours. After-the.reaction
solution was cooled down to room temperature, 200 ml of water .
was added, the toluene layer was separated, and then the water

layer was further extracted with 150 ml of toluene. Organic
layers were mixed,'washed with 200 m1 X 2 of water, 100 ml of
saturated aqueous solution oflsodium hydrogencarbonate, 100 ml
of 10 % agueous solution of sodium hydrogensulfite, and 200 ml X

2 of water in turn, dried over anhydrous magnesium sulfate, and
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_then concentrated under a reduced pressure to obtain 13.8 g of

brown crystalline mixture. Reaction product was_pﬁrified by a
column chromatography using silica gel as filler and using
heptane as developing solvent, and then recrystallized from
heptane to obtain 4.7 g of yellow needle-like crystal product
having a phase transition point of Cr 127.7-128.2°'C Iso. This
product was 4—(trans-4—propylcyclohexyl)phenylcarbothio acid-0-
3,4,5-trifluorophenyl. |

IH-NMR (CDCl3; 6 ppm) 0.8-2.0(16H,m), 2.57(1H,m),

6.78(2H,m), 7.29(2H,d,J=8,2Hz), and 8.23(2H d,J=8,2Hz).

Subsequéntly, in a 1000 ml egg-plant type flask provided

with a nitrogen gas introducing pipe, 4.7 g (12.1 mmol) of 4-

‘(trans—4—propy1cyclohekyl)phenylcarbothio acid—0-3,4,5—triflﬁoro

phenyl was dissolved in 50 ml of dichloromethane at room _
temperature, and then 5.9 g (36.2 mmol) of DAST was added to the
solution and the solution was stirred at room temperature for 34
hours. Reaction solution was added with 50 ml of water, the
dichloromethane layer was separated, and the water layer was
fﬁrther extracted with 50 ml of dichloromethane. Extracted
layers were mixed, washed with 50 ml1 X 2 of water, 30 ml of
saturated aqueous solution of sodium hydrogéncarbonate, and 50

ml X 2 of water in turn, dried over anhydrous magnesium sulfate,

and then concentrated under a reduced pressure to obtain 4.3 g
of colorless crystallproduct. Reaction product was purified by
a column chromatography using silica gel as filler and using
heptane aé-develdping solvent, and then recrystallized from
heptane to obtain 1.5 g of colorless needle-like crystal pfoduct
(phase transition point: Cr 70.5-71.4 Iso). This product was
difluoro-[4—(trans—4—propylcyclohexyl)phenyl]—(3,4,5—trifluoro-
phenyloxy)methane.
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1H-NMR (CDCl3; 0 ppm) 0.8-2.10(16H,m), 2.60(1H,m), |
6.96(2H,m), 7.32(2H,d,J=8,6Hz), and 7.62(2H,d,J=8, 6Hz) .
19F-NMR (CDCl3; 6 ppm) -66.754(2F,s,-CF,0-), -133.521(2F,d),
-164.754(1F, t). ,
5 _ GC;MS (CI) m/zZSl(lOO%), 379 (M++1-HF,34), and 125(27).
Following compoundé can be prepared according to the
preparation method mentionedlaboﬁe by using 4-(trans-4-
alkylcyclohexyl)benzoié acids having a different alkyl chain in
place of 4-(trans-4-propylcyclohexyl)benzoic acid: .
10 Difluoro—[4—(trans-4—methylcyclohexyl)phenyl]—(3,4,5—trifluoro—
phenyloxy)methane
Difluoro-[4- (trans-4- ethylcyclohexyl)phenyl]—(3 4,5- trlfluoro—
phenyloxy)methane .
leluoro—[4—(trans—4—buty1cyéldhexyl)phenyl]—(3,4,5—trifluoro—
15 phenyloxy)methane _ ,
Difluoro—[4—(trans—4—pentylcyclohexyl)phenyl]—(3,4;5—trifluoro—
phenyloxy)methane |
Cr 62.6-63.0 Iso
Difluoro-[4- (trans 4- hexylcyclohexyl)phenyl]-(3 4,5- trlfluoro—
20 phenyloxy)methane
' D1f1uoro—[4-(trans—4—heptylcyclohexyl)phenyl]-(3,4,5—trifluoro—
phenyloxy)methane
Difluoro-[4- (trans-4- octylcyclohexyl)phenyl] (3,4, 5 trifluoro-
.phenyloxy)methane
25 D1fluoro—[4—(trans—4-nohy1cyclohexyi)phenyl]-(3,4,5—trifluoro-
phenyloxy)methane
Difluoro—[4—(trans—4—decylcyclohexyl)phenyl]—(3,4,5—trif1uoro—
phenyloxy)methane
Following compounds can be prepared according to the
30 preparation method mentioned aboye by using'several known phenol

derivatives in place of 3,4,5-trifluorophenol:
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Difluoro—[4—(trans—4—ethylcyélohexyl)phenyl]—(3,4—difluoro—
phenyloxy)methane
Difluoro—[4-(trans—4-propylcyclohexyl)phenyl]—(3,4-difluoro—
phenyloxy)methane .
Difluoro—[4—(trans—4—pentylcyclohexy1)phenyl]4(3,4—dif1uoro—
phenyloxy)methane

Cr 42.9- 43 4 N 66.2-67.5 Iso
Difluoro—[4—(trans—4—ethylcyclohexy1)phenyl]—(4—trif1uoro—
methylphenyloxy)methane
Difluoro—[4—(trané 4—propy1cyclohexy1)phenyl]—(4 trlfluoro-
methylphenyloxy)methane

Difluoro-[4- (trans- 4—buty1cyclohexyl)phenyl]—(4—trif1uoro-

methylphenyloxy)methane _
Difluoro-[4-(trans- 4—penty1cyclohexyl)phenyl]—(4 -trifluoro-
methylphenyloxy)methane

Cr'79 6-79.9 Iso
Difluoro-{4-(trans-4- ethylcyclohexyl)phenyl]—(4 -difluoro-
methoxyphenyloxy)methane
Difluoro-[4- (trans- 4—propylcyclohexy1)phenyl]-(4 dlfluoro—
methoxyphenyloxy)methane
leluoro—[4—(trans—4—butylcyciohexy1)phényl}-(4—dif1uoro—
methoxyphenyloxy)methane
Difluoro-[4-(trans- 4—penty1cyclohexyl)phenyl]—(4—
d1fluoromethoxyphenyloxy)methane
Difluoro-[4- (trans-4- ethylcyclohexyl)phenyl]—(4—trifluoro:
methoxyphenyloxy)methane
Difluoro—[4-(trans—4—propylcyclohexyl)phenyl]—(4—trifluoro—

-methoxyphenyloxy)methane

Cr 57.3-58.2 S5 70.9-72.0 N 83.1-83.5 Iso

Difluoro—[4—(trans—4—butylcyclohexyl)phenyl]—(4—trifluoro-.
methoxyphenyloxy)methane .
Difluoro—[4-(trans-4—pentylcyclohexy1)phenyl]—(4—trif1uoro—
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methoxyphenyloxy)methane

Cr 68.1-68.3 SB 80.5-80.8 N 90.2-90.4 Iso
Difluoro—[4—(trans—4—ethy1cyclohexyl)phenyl}—(4—cyanophenyloxyy
methane
Difluoro-[4-(trans- 4—propylcyclohexyl)phenyl] (4-cyanophenyloxy)
methane
Difluoro-[4-(trans-4- butylcyclohexyl)phenyl]—(4 cyanophenyloxy)
methane
Difluoro-[4-(trans- -4-pentylcyclohexyl)phenyl] - (4- cyanophenyloxy)
methane
Difluoro-[4—(trans—4—ethylcyclohexy1)phenyl]—(3—fluoro—4—
trifluoromethoxyphenyloxy)methane
Difluoro—[4-(trans—4—propylcyclohexyl)phenyl]-(3—fluoro—4—'
trifluoromethoxyphenyloxy)methane
Difluqro—[4—(trans—4-buty1cyclohexy1)phenyl]-(3—f1uoro~4-
trifluoromethdxyphenyloxy)methane
Difluoro—[4—(trans—4—pentylcyclohexy1)phenyl]—(3—fluoro—4—
trif1uoromethoxyphenyloxy)methane

Cr 35.9-36.3 N 61.1-61.3 Iso

Difluoro-[4-(trans-4- -ethylcyclohexyl)phenyl] - (3- fluoro 4-
tr1fluoromethylphenyloxy)methane
D1f1uoro-[4—(trans-4—propylcyclohexyl)phenyl]—(3-fluoro-4—
trifluoromethylphenyloxy)methane
Difluoro-[4—(trans—4—butylcyclohexyl)phenyl]—(3—f1uoro—4—
trifluoromethylphenyloxy)methaﬁe _
Difluoro—[4—(trans—4—pentylcyclohexyl)phenyl]-(3—f1uoro—4—
trifluoromethylphenyloxy)methane
Difluoro—[4—(tranS—4—ethylcyclohexyi)phenyl]—(3—f1uoro—4—
difluoromethoxyphenyloxy)methané
Difluoro-[4-(trans- 4—propylcyclohexyl)phenyl] (3 fluoro-4-
dlfluoromethoxyphenyloxy)methane-
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Difluoro-[4-(trans-4-butylcyclohexyl)phenyl] - (3-fluoro-4-

'difiuoromethoxyphenyloxy)methane

Difluoro-[4- (trans-4-pentylcyclohexyl)phenyl]-(3-fluoro-4-
difluoromgthoxyphenyloxy)methane .

Difluoro-[4- (trans-4-ethylcyclohexyl)phenyl] - (3-fluoro-4-

cyanophenyloxy)methane

.leluoro [4- (trans- 4—propylcyclohexy1)phenyl]—(3 ~-fluoro-4-
cyanophenyloxy)methane '

Cr 65.4-66.3 N 104.9-105.4 Iso
Difluoro-[4-(trans-4-butylcyclohexyl)phenyl] - (3-fluoro-4-
cyanophenyloxy)methane :
Difluoro—[4—(trans—4—pentylcyclohexyl)phenyl]—(3—f1uorof4—
cyanophenyloxy)methane ' .
Difluoro—[4—(trahs—4—ethy1cyclohexyl)phenyl]-(3,5—difluor0r4—
trifluoromethoxyphenyloxy)methane '
Difluoro-[4-(trans-4-propylcyclohexyl)phenyl]-(3,5-difluoro-4-
trifluoromethoxyphenyloxy)methane _
Difluorb—[4-(trans—4—butylcyclohexyl)phenyl]—(3,5-difluoro—4—
trifluoromethoxyphenyloxy)methane _
Difluoro—[4—(trans—4—pentylcyclohexyl)phenyl]—(3,5—difluoro—4—
trifluoromethoxyphenyloxy)methane
Difluoro-[4- (trans-4-ethylcyclohexyl)phenyl]-(3,5-difluoro-4-
trifluoromethylphenyloxy)methane B |
.DifIUOro—[4—(trans—4—propylcyclohexyl)phenyl]—(3,5—dif1uoro—4—
trifluoromethylphenyloxy)methane '
Difluoro-[4-(trans-4-butylcyclohexyl)phenyl]-(3,5~-difluoro-4-
trifluoromethylphenyloxy)methane |
Difluoro—[4—(trans—4—penty1cyclohexyl)pheﬁyl]—(3,5—dif1uoro—4—
trifluoromethylphenyloxy)methane

‘Cr 56.9-57.5 Iso
Difluoro- [4 (trans-4-ethylcyclohexyl)phenyl]-(3,5-difluoro-4-
d1fluoromethoxyphenyloxy)methane
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Difluoro—[4—(trans-4—propylcytiohexyl)phenyl]-(3,5—dif1uoro—4—
difluoromethoxyphenyloxy)methaﬁe . ' '
Difluoro—j4-(trans—4—buty1cyc19hexy1)Phenyl]—(3;5—dif1uoro—4—
difluoromethoxyphenyloxy)methane
Difluoro—[4~(trans—4—penty1cyclohexy1)phenyl]—(3,5—dif1uoro—4—
difluoromethoxyphenyloxy)methahe

Difluoro-[4- (trans-4-ethylcyclohexyl)phenyl]- (3, 5-difluoro-4-

'~ cyanophenyloxy)methane

Difluoro-[4-(trans-4-propylcyclohexyl)phenyl] -(3,5-difluoro-4-
cyanophenyloxy)methane ) '
Difluoro—[4—(;rans-4—buty1cyclohexyl)phenyl]—(3,5—dif1uoro~4—
cyanophenyloxy)methane | | . |
Difluoro—[4—(trans—4—pehtyléyclohexyl)phenyl]—(3,5—difluorof4—
cyanophenyloxy)methane . |

Examplé 3 .

Preparation of-diflupro—[2—f1uoro—4—(trans—4—propylcycio—
hexyl)phenyl]—(4—triflubromethoxyphenyloxy)methane (Compound
expressed by the formula (1) wherein R =C3H;, =1, m and n are
0, ring A; is trans-1,4-cyclohexylene group, Z;, 23, and 23 are

covalent bond, ILj = F, L; = Lj

Ly = H, and X = OCF3)

In a 500 ml three neck distillation flask provided with a
stirrer, thermometer, dropping funnel, and nitrogen gas
introducing pipe, 1.8 g (75,8 mmol) of magnesium turnings and 50
ml of diethyl ether were added under nitrogen gas atmosphere and
then a solution of 25 g (72.2 mmol) of 2—fuloro—4—(t:ans—4-
propylcyclohexyl)iodobenzene in 50 ml of diethyl ether was added

. dropwise while stirring under reflux condition in 40 min.

Reaction solution was further refluxed on a hot water bath for 1
hour to age. Subsequently, the reaction solution was cooled
down with ice to iower than_lO'C, 7.5 g (987 mmol) of carbon

disulfide was added dropwise while keeping the temperature at
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lower than 10°C, raised up . to room temperature, and.then further

- stirred at room temperature for 3 hours. Reaction 'solution was

cooled again down with ice to lower than 10° C and added dropw1se
with 50 ml of 2N aqueous solution of hydrochloric acid to
terminate the reaction. From the reaction solution, the dlethyl
ether layer was separated and then the water layer was further
extracted with 200 m] of diethyl ether. The organic layers were
mixed, washed with 200 ml of water times, dried over anhydrous
magnesium sulfate, and then concentrated to obtain 19.7 g of
dark purplish red solid of dlthlocarboxyllc acid derlvatlve

Subsequently, in a 300 ml egg-plant type flask provided with
a coollng pipe, 19.7 g of dithiocarboxylic acid derivative
obtained by the procedures mentioned above was dissolved in 150
ml of diethyl ether, and then 25.8 g (217.0 mmol) of thlonyl _
chlorlde was added - dropw1se to the solution while stirring at
room temperature in 15 min. After the dropplng, reflux was
conducted on a hot water bath for 8 hours. After the reaction
solution was heated to dlStlll off diethyl ether, the solution
was concentrated under a. reduced pressure with an aspirator to
obtain 18.4 g of thio ac1d chloride derivative. Subsequently,
in a 500 ml three neck dlstlllatlon flask provided with a

- stirrer, thermometer, dropping funnel and nitrogen gas

introducing pipe, 6.4 g (36.1 mmol) of 4- trlfluoromethoxyphenol
and 5.7 g (72.2 mmol) of pyridine were dissolved in 50 ml of
toluene under n1trogen gas atmosphere, added dropwise with 18.4

g of the thio acid chlorige derlvatlve obtained by the

‘Procedures mentloned above at room temperature while stirring in

20 min. Then, the internal temperature on the hot water bath
was ‘heated to 60°C and stirred for 3 hours. After cooled down

to room temperature, the reactlon solutlon was added dropwise

~with 300 ml of water and 30 ml of 2N aqueous solution of

hydrochlorlc acid to termlnate the reactlon, the toluene layer
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was separated, and the water layer was further extracted with
200 ml of toluene. The'extracted layer was washed with 200 ml X
2 of water, 00 ml.éf 2N aqueous solution of sodium hydroxide,
and 200 ml1 X 3 of water in turn, dried over anhydrous magnesium

sulfate, and then concentrated under a reduced pressure to
obtain 14.9 g 6f‘reddish brown crystalline reaction product.
Reaction product was purified_by a column chromatography using
silica gel as filler and using heptane/toluene mixed solvent as
developing solvent, and then recrystallized from'heptane to
obtain 6.7 g of yellow needle-like crystal product. This
product was 2-f1uoro-4—(trans—4—propylcyclohexy1)phenycarbothio
acid—o—4-trifluoromethokyphenyl.' |

~ In a 100 ml egg—plaht type flask provided with a nitrogen
gas introducing pipe, 6.7 g (15.2 mmol) of 2-fluoro-4- (trans-4-
propylcyclohexyl)phenylcarbothio acid—0—4—trifluoromethoxyphenyl
was dissolved in 50 ml of dichloromethane at room temperature,
and then 4.9 g (30.4 mmol) of DAST was added to the solution and
the solution was stirred at room temperature for 28 hours. .
Reaction solution was added with 50 ml of water, the
dichloromethane layer was separated, and the water layer was
further extracted with 50 ml of dichloromethane. Extracted
layers were mixed, washéd_with 50 mi X 2 of water, 40 ml of
saturated aqueous solution of sodium hydrogencarbonate, and 50

ml X 2 of water in turn, dried over anhydrous magnesium sulfate,

and then concentrated under a redﬁced pressure to obtain 3.2 g.
of colorless crystalline reaction product. Reaction product was
purified by a ¢column chromatography using silica gel as filler
and using heptane as developing solvent, and ﬁhen recrystallized
from heptane to obtainl1.9 g of éolorless needle-like crystal
product. This product was difluoro—[Z*fluoro-4—(trans—4—.'

propylcyclohexyl)phenyl]—(4—trifluoromethoxyphenyloxy) methane.



10

15

20

25

30

128

Following compounds can be prepared according to the
preparation method mentioned above by using 2-fluoro-4- (trans-4-
alkylcyclohexyl) iodobenzenes having a different alkyl chain in
place of 2—fluoro—4—(trans—4—propylcyclohexyi)iodobenzene:
Difluoro—[2—f1uoro—4—(trans—4-methy1cyclohexyl)phenyl]—(4—
trifluoromethoxyphenyloxy)methane _
Difluoro-[2-fluoro-4- (trans-4-ethylcyclohexyl)phenyl]- (4~
trifluoromethoxyphenyloxy)methane

'Difluoro—[2-f1uoro—4—(trans—4—buty1cyclohexyl)phenyl]-(4—

trifluoromethoxyphenyloxy)methane
Difluoro—[2—f1uoro—4—(trans—4—pentylcyclohexyl)phenyl]—(4—
tr1fluoromethoxyphenyloxy)methane
Difluoro-[2-fluoro-4-(trans- 4—hexylcyclohexy1)phenyl]—(4—
tr1fluoromethoxyphenyloxy)methane
leluoro—[2—f1uoro—4—(trans—4—heptylcyclohexyl)phenyl]—(4f
trifluoromethoxyphenyloxy)methane

leluoro [2-fluoro-4-(trans-4- octylcyclohexyl)phenyl]—(4—
trlfluoromethoxyphenyloxy)methane
D1fluoro—[2—f1uoro—4—(trans—4—nony1cyclohexy1)phenyl]—(4—
trifluoromethoxyphenyloxy)methane

lDifluoro—[2—f1uoro—4—(trans—4—decy1cyclohexy1)phenyl]—(4—

trifluoromethoxyphenyloxy)methane _

Also, the following compounds caﬁ be prepared according to
the preparation method mentioned above by using several known
phenol derivatives in place of 4-trifluoromethoxyphenol:

Difluoro—[2—fluoro—4-(trans-4-ethylcyclohexyl)phenyl]—(3,5—

'difluoro—4—trifluoromethoxyphenyloxy)methane

Difluoro-[2—fluoro—4—(trans—4—propylcy¢lohexyl)phenyl]—(3,5—
difluoro-4-trifluoromethoxyphenyloxy)methane _

Difluoro-[2-fluoro-4- (trans-4-butylcyclohexyl)phenyl]- (3, 5-

difluoro;4—trifluoromethoxyphenyloxy)methane_
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Difluoro-[2-fluoro-4- (trans-4-pentylcyclohexyl)phenyl]-(3,5~-

difluoro—4—trifluoromethoxthenyloxy)methane'

Difluoro-[2-fluoro-4-(trans-4-ethylcyclohexyl)phenyl]-(3,5-
difluoro-4- tr1fluoromethylphenyloxy)methane
Difluoro-[2-fluoro-4-(trans- 4—propy1cyclohexy1)phenyl]—(3 5-
d1f1uoro—4—tr1fluoromethylphenyloxy)methane
Difluoro—[2—f1uoro—4—(trans—4—butylcyciohexyl)phenyl]—(3,5—
difluoro-4- tr1fluoromethylphenyloxy)methane
Difluoro-[2-fluoro-4-(trans- 4—pentylcyclohexy1)phenyl]—(3 5~

difluoro-4-trifluoromethylphenyloxy)methane

Difluoro-[2-fluoro-4- (trans-4-ethylcyclohexyl)phenyl]-(3,5-
difluoro—4—difluorométhoxyphenyloxy)methane_
Difluoro-[2-fluoro-4-(trans-4-propylcyclohexyl)phenyl]-(3,5-
difluoro-4-difluoromethoxyphenyloxy)methane
Difluoro—[2—f1uoro—4—(trans—4—butylcyclohexyl)phenyll—(3,5—'
difluoro-4-difluoromethoxyphenyloxy)methane
Difluoro—[2—f1uoro44—(trans—4jpentylcyclohexyl)phenyl]—(3,5—
difluoro-4-difluoromethoxyphenyloxy)methane |
Difluoro-[2-fluoro-4- (trans-4-ethylcyclohexyl)phenyl]-(3,4,5-
trifluorophenyloxy)methane _
Difluqrb—[2-fluoro—4—(trans—4—propy1cyclohexyl)phenyl]—(3,4,5—
trifluorophenyloxy)methane .
Difluoro-[2-fluoro-4-(trans-4-butylcyclohexyl)phenyl]-(3,4,5-

- trifluorophenyloxy)methane

Difluoro—[2—f1uoro—4—(trans—4—penty1cYclohexy1)phenyl]-(3;4,5—
trlfluorophenyloxy)methane

Difluoro-[2-fluoro-4- (trans-4-ethylcyclohexyl)phenyl]-(3,5-
difluoro-4- cyanophenyloxy)methane . .
Difluoro-[2-fluoro-4-(trans- 4—propylcyclohexy1)phenyl]—(3 5-
difluoro-4-cyanophenyloxy)methane
Difluoro-[2-fluoro-4-(trans-4-butylcyclohexyl)phenyl]-(3, 5-
difluoro-4-cyanophenyloxy)methane
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Difluoro-[2-fluoro-4- (trans-4-pentylcyclohexyl)phenyl]-(3,5-
diflupro—4—cyanophényloxy)méthane

Difluoro-[2, 6-difluoro-4- (trans-4-ethylcyclohexyl)phenyl]-(3,5-
difluoro-4-trifluoromethoxyphenyloxy)methane

Difluoro-([2, 6-difluoro-4- (trans-4-propylcyclohexyl)phenyl]-(3,5-
difluoro-4- tr1fluoromethoxyphenyloxy)methane
Difluoro-[2,6-difluoro-4-(trans-4- butylcyclohexyl)phenyl] (3,5-
difluoro-4-trifluoromethoxyphenyloxy)methane
Difluoro—[2,G—difluoro—4—(trans—4—pentyléyclohexyl)phenyl]-(3,5—
difluoro-4-trifluoromethoxyphenyloxy)methane S
Difluoro—[2,6—dif1uoro—4—(trans—4—ethy1cyélohexyl)phenyl}—(3,5—
difluoro—4—trifluoromethylphenyIOXY)methane .
Difluoro—[z,6—dif1uoro—4—(trans—4—propy1cyclohexy1)phenyi]—(3,5—
difluoro-4-trifluoromethylphenyloxy)methane

Difluoro-[2, 6-difluoro-4- (trans-4-butylcyclohexyl)phenyl]-(3,5-
difluoro-4-trifluoromethylphenyloxy)methane
Difluoro-[2,6-difluoro-4- (trans- 4—penty1cyclohexyl)phenyl]—(3 5-
difluoro-4- tr1fluoromethylphenyloxy)methane
leluoro-[2,6—d1f1uoro-4—(trans-4—ethylcyclohexyl)phenyl]-(3,5—
difluoro—4—difluoromethoxyphenyloxY)methane

Difludro—[z 6—dif1uoro—4-(trans—4—propylcyclohexy1)phenyl]—(3,5—
difluoro-4- d1fluoromethoxyphenyloxy)methane
Difluoro-[2,6-difluoro-4-(trans-4- butylcyclohexyl)phenyl]-(3 5-
d1fluoro—4—dlf1uoromethoxyphenyloxy)methane_
Difluoro—[z,6—difluoro—4—(trans—4-pentylcyclohexyl)phenyl]-(3,5—
difluoro—4—difluoromethokyphenYloxy)methane |
Difluoro—[z,6—dif1uoro—4f(trans—4—ethy1cyclohexy1)phenyl]—
(3,4,5-trifluorophenyloxy)methane .
Difluoro—[2,6—difluoro—4-(trans—44propylcycldhexyl)phenyl]—
(3,4,S—triflubrophenyloxy)méthane .
Difluoro—[2,6—difluoro+z—(trans—4—butylcyclohexyl)phenyl]—
(3,4,5-trifluorophenyloxy)methane
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Difluoro—[2,6—difluoro-4-(trans—4-pentylcyclohexy1)phenyl]—
(3,4,S—trifluorophenyloxy)methane

Difluore—[z 6-difluoro-4- (trans-4- ethylcyclohexyl)phenyl] (3,5-
difluoro-4- —cyanophenyloxy)methane
D1f1uoro—[2,6—d1f1uoro—4—(trans—4-propylcyclohexyl)phenyl]-(3,5—
difluoro—4—cyanophenyloxy)methane
Difluoro—[2,6—dif1uoro—4—(trans—4—butylcyclohexy1)phenyl]—(3,5—
dif1uoro-4—cyanophenyloxy)methane
Difluoro—[2,6—difluoro—4—(trans—4-penty1cyclohexy1)phenyl]-(3,5-
difluoro—4—cyanophenyloxy)methane

. Example 4

Preparation of dlfluoro— {4-12- (trans- 4—propyleyclohexyl)
ethyl]phenyl} -(3,4,5- trlfluorophenyloxy)methane {Compound
expressed by the formula (I) wherein R = C3H7, 8 =1, m and n are
0, ring A; is trans-1, 4-cyclohexylene grouﬁ, Z; is ~CHCHz~, 23 |
and Z3 are covalent bond, I; = Ly, = H, I3y =Ly = F, and X = F)

In a 500 ml three neck dlstlllatlon flask provided with a

stirrer, thermometer dropping funnel, and nitrogen gas

'1ntroduc1ng pipe, 15.0 g (54.7 mmol) of 4-[2-(trans-4-

propylcyclohexyl)ethyl]benz01c acid, 13.5 g (65 6 mmol) of Dce,
and 0.25 g (1.9 mmol) of DMAP were dissolved in 250 ml of
dichloromethane under nitrogen gas atmosphere, and then 9.7 g
(65.6 mmol) of 3,4,5- -trifluorophenol was added dropwise to the
solution in 3 min while stirring at room temperature. After the
dropping, the solution was stirred for 15 hours at room
temperature. Then, 100 ml of water was added to the reaction
solution. After dichloromethane insoluble matter was filtered
off, the dichloromethane layer was separated, and the water

layer was further extracted'with 200 ml of dichloromethane.
Extracted layers were mlxed and washed with 100 ml1 X 2 of water,

100 ml of saturated aqueous solution of sodium
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hydrogencarbonate, and 100 ml1 X 2 of water in tﬁrn, dried over
anhydrous magnesium sulfate, and then concentrated under a
reduced pressure to obtain 22.5 g of reaction product. Reaction
product was purified by a column chromatography using silica gel
as filler and using toluene as developing solvent, and then
recrystallized from a mixed solvent of heptane-ethanol to obtain
12.9 g of colorless crystal product. This product was 3,4, 5-
trifluoro- {4—[2—(trans-4—propylcyclohexy1)ethyl]phényl}
benzoate.

Subsequently, in a 1000 ml'eég-plant type flask provided
with a nitrogen gas introducing pipe and cooling pipe, 12.9 g
(31.9 mmol) of 3,4,5-trifluoro- {4—[2—(trans—4—propylcyclohexyl)
ethyl]phenyl} benzoate obtained by the brocedures mentioned above
and 25.8 g (63.9 mmol) of Lawesson's reagent were dissolved in
500 ml of toluene, and the solution was refluxed while stirring
under nitrogen gas'stream for 65 hours. After the reaction
solution was cooled down to room temperature, 200 ml of water
was added, the toluene layer was separated, and then the water
layer was further extracted with 150 ml of toluene. Orgaﬁic
layers were mixed, washed with 200 m1 X 2 of water, 100 ml of
saturated aqueous solution of sodium hydrogencarbonate, 100 ml

of 10 % aqueous solution of sodium hydrogensulfite, and 200 ml X

2 of water in turn, dried over anhydrous magnesium sulfate, and

- then concentrated under a reduced pressure to obtain 13.3 g of

brown crystalline mixture. Reaction product was purified by a
column chromatography using silica gel as filler and using
heptgne as developing solvent, and then recrystallized from
hepténe to.obtéin 4.5 g of yellow ﬂeedle—like crystal product.
This product was 4—[2—(trans—4—propy1cyclohexy1)
ethyl]phenylcarbothio acid—0—3,4{5-trifluorophenyl.

 Cr 95.5-97.6 Iso | |



10

15

20

25

30

133

1H-NMR- (CDCl3; 6 ppm) 0.7-1.9(19H,m), 2.70(2H,m),

6.80(2H,m), 7.25(2H,d,J=8,3Hz), and 8.21(2H d,J=8,3Hz).

Subsequently, in a 1000 ml egg-plant type flask provided
with a hitrogen gas introducing pipe, 4.5 g (10.8 mmol) of 4-[2-
(trans-4-propylcyclohéxyl)ethyl]lphenylcarbothio acid-0-3,4,5-
trifluorophenyl was dissolved in 50 ml of dichloromethane at
room temperature, and then 5.3 g (32.6 mmol) of DAST was added

to the solution and then the solution was stirred at room

‘temperature for 40 hours. Reaction solution was added with 50

ml of water, the dichloromethane layer was separated, and the
water layer was further extracted with 50 ml of dichloromethane.
Extracted layers were mixed, washed with 50 ml X 2 of water, 30
ml of saturated agqueous solution of sodium hydrogencarbonate, |
and 50 ml X 2 of water in turn, dried over-anhydrous magnesium
sulfate, and then concentrated under a reduced pressure to
obtain 3.9 g of colorless crystal proddct; Reaétion product was
purified by a column chromatography using silica gel as filler
and uéing heptane as developing solvent, and then recrystallized

from heptane to obtain 1.5 g of colorless needle-like crystal
product. This product was difluoro- {4-[2- (trans-4-propyl-
cyclohexyl)ethyl]lphenyl} -(3,4,5-trifluorophenyloxy)methane.
Cr 36.8-37.5 (NI 23.5-23.7) Iso |
lﬁfNMR (CDC1l3; 6 ppm) 0.7-2.0(19H,m), 2.68(2H,m),
"6.93(2H,m), 7.27(2H,d,J=8,4Hz), and 7.58(2H,a,J=8,4Hz).
The following cdmpounds can be prepared according to the
preparation method mentioned above by using 4-[2- (trans-4-
alkylcyclohexyl)ethyl]benzdic acids having a different alkyl
chain in place of 4—[2—(trans—4—propylcyclohexy1)etﬁyl]benzoic
acid: '

Difluoro- {4-[2-(trans-4-methylcyclohexyl)ethyllphenyl} -(3,4,5-
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trifluorophenyloky)methane
Difluoro- {4—[2—(trans—4~ethylcyclohexyl)ethyl]phenyl} -(3,4,5-
trifluorophenyloxy)methane'

Difluoro- {4-[2—(trans—4—buty1cyclohexy1)ethyl]phenyl} -{(3,4,5-

trifluorophenyloxy)methane .
Difluoro— {4—[2—(trans44—pentylcyc16hexyl)ethyl]phenyl} -(3,4,5-
trifluorophenyloxy)methane
Difluoro- {4—[2—(trans—4—hexylcyclohexyl)ethyl]phenyl} -{(3,4,5-
trifluorophenyloxy)methane ;
Difluoro- {4-[2-(trans-4-heptylcyclohexyl)ethyllphenyl} -(3,4,5-
trifluorophenyloxy)methane _
Difluoro- {4—[2—(trans—4—octy1cytlohexy1)ethyl]phenyl} -{3,4,5-
trifluorophenyloxy)methane o _ |
Difluoro- {4—[2—(trans—4—nonylcyclohexyl)ethyl]phenyl} -(3,4,5-
trifluorophenyioxy)methane
Difluofo— {4—[2—(trans—4—decy1cyclohexyi)ethyl]phenyl} -(3,4,5-
trifluorophenyloxy)methane

Also, the following compounds can be prepared accprding to

the preparation method by using several known phenol derivatives

in place of 3,4,5-trifluorophenol:

Difluoro- {4—[2f(trans—4-ethy1cYclohexyl)ethyljphenyl} -(4-
trifluoromethylphenyloxy)methane _
Difluoro- {4-[2~(trans—4-propy1cyclohex&l)ethyl]phenyl} -(4-
trif1uoromethy1phenyloxy)methane ' '
Difluoro- {4—[2—(trans—4—butylcyclohexyl)ethyl]phenyl} -(4-
trifluoromethylphenyloxy)methane | ‘
Difluoro- {4—[2—(trans—4—pentylcyclohexy1)ethyl]phenYl} -{4-
trif1uoromethylphenyloxy)méthane

Difluoro- {4—[2—(trans—4—efhy1cyclohexyl)ethyl]phenyl} =(4-
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difluoromethoxyphenyloxy)methane

difluoromethoxyphenyloxy)methane

Difluoro- {4—[2—(trans—4—buty1cyclohexyl)ethyl]phenyl} ~(4-

difluoromethoxyphenyloxy)methane .
Difluoro- {4—[2—(trans-4—pentylcyclohexyl)ethyl]phenyl} ~(4-
difluoromethoxyphenyloxy)methane
Difluoro- {4—[2—(tranS—4—ethy1cyclohexyl)ethyl]phenyl} -(4-
trifluoromethoxyphenyloxy)methane _
leluoro— {4-[2- (trans- 4-propylcyclohexyl)ethyl]phenyl} -(4-
trlf1uoromethoxyphenyloxy)methane

Cr 60.2-60.9 N 72.6-73.2 Iso
Difluoro- {4—[2—(trans—4-butylcyclohexyl)ethyl]phenyl} -(4-

trifluoromethoxyphenyloxy)methane

Difluoro- {4 [2-(trans- 4—penty1cyclohexyl)ethyl]phenyl} -(4-

tr1fluoromethoxyphenyloxy)methane

leluoro— {4-[2- (trans-4- ethylcyclohexyl)ethyl]phenyl} -(4-

cyanophenyloxy)methane _

Difluoro- {4-[2—(trans—4—propy1cyclohexyl)ethyl]phenyl} f(4—
cyanophenyloxy)methane -

Difluoro- {4—[2—(trans—4vbutylcyclohex§l)ethyl]phenyl} -(4-

cyanophenyloxy)methane '

Difluoro- {4—[2—(trans—4—pentylcyclohexyl)ethyl]phenyl} -(4-
cyanophenyloxy)methane |
Difluoro- {4—[2—(trans-44ethylcyclohexyl)ethyl]phenyl}-—(3;

fluoro-4-trifluoromethoxyphenyloxy)methane

"Difluoro- {4—[2—(trans—4—propylcyclohexy1)ethyl]phenyl} -(3-

fluoro—4—trifluoromethoxyphenyloxy)methane
Cr 30.8-31.3 N 76.9-77.7 Iso

‘Difluoro- {4—[2-(trans—4—propylcy¢lohexyl)ethyl]phényl} —(44‘

his Sheet Has Been R

I

e’ililced
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Difluoro- {4—[2—(trans-4—bﬁtylcyclohexyl)ethyl]phenyl}.—(3—
fluoro-4-trifluoromethoxyphenyloxy)methane
Difluoro- {4—[2-(trans-4-penty1cyclohexyl)ethyl]phenyl} -(3-
fluoro-4-trifluoromethoxyphenyloxy)methane

5 Difluoro—-{4—[2—(trans—4—ethylcyclohexy1)ethyl]phenjl} -(3-
f1uoro—4—trif1uoromethy1pheny10xy)methane
Difluoro- {4-[2-(trans- 4—propy1cyclohexyl)ethyl]phenyl} —(3—
‘fluoro- 4 trifluoromethylphenyloxy)methane
Difluoro- {4—[2—(trans-4—butylcyclohexy1)ethyl]phenyl} - (3~

\’/10' . fluoro-4-trifluoromethylphenyloxy)methane
Difluoro- {4—[2—(trans—4—penty1cyclohexy1)ethyl]phényl}'~(3-
fluoro-4-trifluoromethylphenyloxy)methane _
Difluoro— {4—[2—(traﬁs—4—ethy1cyclohexyl)ethyl]phenyl} -(3~

_ fluoro 4 d1fluoromethoxyphenyloxy)methane
15 lleluoro— {a- [2 (trans- 4-propy1cyclohexyl)ethyl]phenyl} —(3-

f1uoro-4—d1fluoromethoxyphenyloxy)methane
Difluoro- {4-[2- (trans- 4-butylcyclohexyl)ethyl]phenyl} ~{(3-

fluoro-4-4difluoromethoxyphenyloxy)methane
Difluoro- {4-[2—(trans—4—pentylcyclohexyl)ethyl]phenyl}.—(3—

\_’ 20 £luoro-4-di fluoromethoxyphenyloxy)methane

Difluoro- {4-[2—(trans¥4—ethy1cyclohexyl)ethyl]phenyl} ~-(3-
f1uoro—4-cyanophenyloxj)methane |
Difluoro- {4—[2—(trans—4—propylcyclohex91)ethyl]phenyl} -(3-
fluoro-4-cyanophenyloxy)methane -

25 Difluoro—'{4—[2—(transe4—butylcyclohexyl)ethyl]phenyl} -{3-
fluoro-4-cyanophenyloxy)methane
Difluoro— {4—[2—(trans—4—pentylcyclohexy1)ethyl]phenyl} -(3~
fluoro-4- cyanophenyloxy)methane |
Difluoro- {4-[2-(trans-4- ethylcyclohexyl)ethyl]phenyl} -{3,5- -
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difluoro—4—trifluoromethoxyphenyloxy)methane
Difluoro- {4-[2-(trans- 4-propylcyclohexy1)ethyl]phenyl} —(3 5-
difluoro-4- tr1fluoromethoxyphenyloxy)methane
Difluoro- {a-[2- (trans-4—buty1cyclohexy1)ethyl]phenyl} -(3,5-
5 dlfluoro 4- tr1fluoromethoxyphenyloxy)methane
| Difluoro- {4-[2-(trans-4-pentylcyclohexyl)ethyl] phenyl} -(3,5-
difluorb-4—trifluoromethoxyphenyloxy)methane
Difluoro- {4—[2—(trans-4;ethylcyclohexy1)ethyl]phenyl} -(3,5-
difluoro—4—trifluoromethylphenyloxy)methane
— 10 Difluoro- {4-[2-(trans- 4—propy1cyclohexyl)ethyl]phenyl} -(3,5-
difluoro-4- trlfluoromethylphenyloxy)methane
Difluoro- {4-[2-(trans-4-butylcyclohexyl)ethyl]phenyl} -(3,5-
difluoro-4- tr1fluoromethylphenyloxy)methane
Difluoro- {4-[2-(trans- 4—pentylcyclohexyl)ethyl]phenyl} -{3,5-
15 'dlfluoro 4- tr1fluoromethylphenyloxy)methane
| Difluoro- {4—[2-(trans-4—ethy1cyclohexy1)ethyl]phenyl} -(3,5-
difluoré—4—difluoromethoxyphenyloxy)methane
Difluoro- {4-[2—(trans—4-propylcyclohexy1)ethyljphenyl} -(3,5-
difluoro—4—difluoromethoxyphenyloxy)methane “
&d;o Difluoro- {4—[2—(trans-4—butylcyclohexyl)ethyl]phenyl} -(3,5-
difluoro—4—difluoromethoxyphenyloxy)methane _
DifluoroQ_{4—[2—(trans—4—pentylcyclohexy1)ethyl]phenyl} -(3,5-
difluoro—4-difluofomethoxyphenyloxy)méthane
Difluoro- {4-[2-(trans-4- ethylcyclohexyl)ethyl]phenyl} -(3, S—
25 difluoro-4- —-cyanophenyloxy)methane .
Difluoro- {4-[2- (trans- 4—propy1cyclohexyl)ethyl]phenyl} -(3 5-
difluoro-4- -cyanophenyloxy)methane
' D1f1uorof {4—[2—(trans—4—butylcyclohexy1)ethyl]phenyl} -(3,5-
difluoro—4—cyanophenyloxy)methane
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_Difluoro— {4—[2—(trans—4—penty1cyclohexyl)ethyl]phenyl} -(3}5—

difluoro-4-cyanophenyloxy)methane

Difluoro- {2—fluoro-4-[2—(trans—4—ethylcyclohekyl)ethyl]phenyl}
(3,5-difluoro—4—trifluoromethokyphenyioxy)methane
Difluoro- {2—fluorof4—[2-(trans-4—propy1qyclohexy1)ethyl]

phenyl} -(3,5-difluoro-4-trifluoromethoxyphenyloxy)methane

Difluoro- {2—f1uoro-4-[2—(trans—4—butylcyclohexyl)ethyl]phenyl}
(3,5-difluoro-4-trifluoromethoxyphenyloxy)methane
Difluoro- {2-fluoro-4-[2-(trans-4-pentylcyclohexyl)ethyl]

phenyl} j(3,S—difluoro—4—trifluoromethoxyphenyloxy)methane

Difluoro- {2—f1uoro-4—[2—(trans—4—ethylcyclohexyl)ethyl]phenyl}
(3,5—difluoro—4—trifluoromethylphenyloky)methane
Difluoro- {2-fluoro-4—[2—(trans—4—propylcyclohexy1)ethYl]

phenyl} —(3,5—difluoro—4-trifluorbmethylphenYloxy)methane

Difluoro- {2—fluoro;4—[2—(trans—4—butylcyclohexyl)ethyl]phenyl}
(3,5-difluoro-4-trifluoromethylphenyloxy)methane |
Difluoro- {2—f1uortr4—[2-(trans—4—pénty1cyclohexy1)ethyi]
phenyl} —(3,5-difludrp—4—trifiuoromethylphenyloxy)ﬁethané
Difluoro- {2-fluoro-4-[2-(trans-4-ethylcyclohexyl)ethyllphenyl} -
(3,S-difluor6—4—difluoromethoxyphenyloxy)methane |
Difluoro- {2—f1uoro~4—[2—(tranS—4—propylcyclohexyl)ethyl]'
pheny1l} —(3,5—dif1uoro-4—difluoromethoxyphenyloxy)methane
Difluoro—‘{2-f1uoro-4—[2-(trans—4—bﬁty1cyclohexyl)ethyljphenyl} -
(3,5-difluoro-4-difluoromethoxyphenyloxy)methane

‘Difluoro- {2-fluoro-4-[2-(trans-4-pentylcyclohexyl)ethyl]

phenyl} -(3,5—difluoro—4—difluoromethoxyphenyloxy)methane

Difluoro- {2—f1uoro-4—[2-(trans—4—ethy1cyclohexy1)ethyl]pheﬁyl} -
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(3,4,5- tr1f1uorophenyloxy)methane
Difluoro- {2-fluoro-4-[2-(trans- 4—propylcyclohexyl)ethyl]

phenyl} -(3,4,5- trlfluorophenyloxy)methane

leluoro— {2-fluoro-4-[2- (trans 4-buty1cyclohexyl)ethyl]phenyl} -
(3,4, 5-trifluorophenyloxy)methane

Difluoro- {2—f1uoro~4—[2—(trans—4—pentylcyc1bhexy1)ethyl]

phenyl} -(3,4,5- trlfluorophenyloxy)methane

Difluoro- {2-fluoro-4-[2-(trans-4- ethylcyclohexyl)ethyl]phenyl} -
(3,5- dlfluoro 4- cyanophenyloxy)methane

Difluoro- {2—fluoro-4;[2-(trans-4-propylcyclohexy1)ethyl]

phenyl} -(3,5-difluoro-4-cyanophenyloxy)methane | .
Difluoro- {2—f1uoro-4—[2—(trans—4-buty1cyclohexy1)ethyl]phenyl} -
(3,5—difluoro—4fcyanophenyloxy)methane

Difluoro- {2-fluoro-4-[2-(trans-4-pentylcyclohexyl)ethyl]

phenyl} -(3,5-difluoro-4-cyanophenyloxy)methane
Difluoro-l{z;6—dif1uoro-4—[2-(tréns—4—ethy1cyclohexyl)
ethyl]phenyl} —(3.Sfdifluoro—4—trifluofomethoxyphenyloxy)methane
Difluoro- {2,6-difluoro-4-[2-(trans-4-propylcyclochexyl)
ethyl]phenyl} —(3,5-difluoro-4—trifluoromethoxyphenyiqu)methane'
Difluoro- {2,6—dif1uoro-4—[2—(tfans~44buty1cyclohexyi)-
ethyl]phenyl} —(3,5¥dif1uoro-4—trifluoromethéxyphenyloxy)methane
Difluofo— {2,6—&if1uoro-4-[2—(trans—4—pentylcyclohexy1)
ethyl]phenyl} 4(3,5—difiuoro—4-trifluqromethoxyphenyloxy)methane
Difluoro- {2,6-difluoro-4-[2-(trans-4-ethylcyclohexyl)
ethyl]phenyl} —(3,5—dif1uoro—4—trifluoromethylphenyloxy)methane
Difluoro- {2, 6-difluoro-4-[2- (trans-4-propylcyclohexyl)

ethyl]lphenyl} -(3,5-difluoro-4-trifluoromethylphenyloxy)methane
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Difluoro- {2 »6-difluoro-4-[2 -({trans-4 -butylcyclohexyl) -
ethyl]phenyl} —(3,5—difluoro—4-trifluoromethylphenyloxy)methane
Difluoro- {2,6-dif iuoro—4 [2-(trans- 4-pentylcyclohexy1)
ethyl]phenyl} -(3,5- dlfluoro 4- trlfluoromethylphenyloxy)methane
Difluoro- {2, 6-dif luoro-4-[2-( trans—4-ethylcyclohexyl)
ethyl]lphenyl)} - (3 »5=-difluoro-4-dif luoromethoxyphenyloxy) methane
Difluoro- {2,6- dlfluoro-4 [2~ (trans 4-propylcyc 1ohexy1)
ethyl]phenyl} -(3,5-dif luoro-4-4if luoromethoxyphenyloxy) methane
Difluoro- {2,6-dif luoro-4- [2-( trans—4—butylcyclohexyl)
ethyllphenyl} -(3,5-dif luoro—4—difluoromet_hoxyphenyloxy) methane
Difluoro- {2,6—difluoro-4—[2—(trans—4—pentylcyclohexy1)
ethyl]lphenyl} ;(3 5-difluoro- 4—dlfluoromethoxyphenyloxy)methane'
leluoro— {2, 6-difluoro-4-[2- (trans- 4—ethylcyclohexyl)
ethyl]phenyl} —(3,4,5—trif1uorophenyloxy)methane

Difluoro- {2,6-dif luoro-4-[2-( tr_ans—4—propy1cyc_:lohexyl )
ethyllphenyl} -(3,4,5-tri fluorophenyioxy) methane

Difluoro- {2 ,-6—difluoro—4 [2- (trans-4-butylcyclohexyl)
ethyl]phenyl} -( 3.4, 5 -trif 1uorophenyloxy) methane

Difluoro- {2, 6-dif luoro-4- [2- (trans-4—penty1cyclohéxyl)

ethyl ]pheﬂyl} -(3,4,5-trif luorophenyloxy)methane

Difluoro- {2,6—difluoro~4—[25(trans—4—ethy1cyclohexyl)
ethyl]phenyl} -(3, 5—difluoro¥4—cyanophenyloxy) methane

Difluoro- {2,6-difluoro-4- [2- (trans—4-propylcyclohexyl) '
ethyl]lphenyl} -(3,5-dif luoro-4- cyanophenyloxy) methane

Difluoro- {2,6- -difluoro-4-[2-(trans- 4—buty1cyclohexyl)
ethyl]phenyl} —(3,5—difluoro—4-cyanopheny10xY)methane
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Difluoro- {2,6—dif1uoro—4—[2—(trans—4—pentylcyclohexy1)
ethyl]phenyl} —k3,S-difluoro—4—cyanophenyloxy)methane
Example 5 . | ' | |

Preparation of difluoro- {4—[trans¥4—(3—buteny1)cyclo—
hexyl]phenyl} -(3,4,5-trifluorophenyloxy)methane (Compound

expressed by the formula (I) wherein R is 3-butenyl group, £ =

1, m and n are 0, ring A; is trans-1, 4-cyclohexylene group, Zi,

Z; and Z3 are covalent bond, I; = Ly = H, L3y =Ly =F, and X = F)

Prepération of the compound includes four steps of
hydrolysis of a benzonitrile derivative, preparation of an
ester intermediate, thionesterification, and gem~-fluorination.
Each of the steps is illustrated in detail below.

In a 1000 ml three neck distillation flask provided with a
stirrer and thermometer, 20.0 g (83.6 mmol) of 4-[trans-4-(3-
butenyl)cyclohexyllbenzonitrile and 11.7 g (208.9'mmol) of
potassium hydroxide were dissolved in 500 ml of ethylene glycol,
and the solution was heated while stirring and while |
internal temperature at 150°C for 10 hours. After cooled down .
to room temperature, 300 ml of water and 300 ml of &N agueous
solution of hydrochloric acid were added to the Solution, and
the precipitated insolublé matter was_filtered to separate.
Separated precipitate was sufficiently washed with water and
then recrystallized from a mixed-solvent of'toluene—heptane to
obtain 16.5 g of colorless crystal product. This product was 4-
[trans—4—(3—butenyl)cyclohexyl]benzoic acid. Subsequently, this
benzoic acid derivative was reacted with a phenol derivative to
esterify. That is, in a 500 ml three neck distillation flask
provided with a stirrer, thermometer, dropping funnel, and
nitrogen gas introducing pipe, 16.5 g (63.8 mmol) of 45[trans—4—

(3—buteny1)cyclohexyl]benzoic acid obtained by the procedures



10

15

20

25

30

142
mentioned above, 15.8 g (76.6 mmol) of DCC, and 0.28 g (2.3
mmol) of DMAP were dissolved in 250 ml of dichloromethane, and
then 11.3 g (76.6 mmol) of 3,4,5-trif1uorophénol.was édded
dropwise tb the solution in 3 min while stirring at room
temperature. After the dropping, the solution was stirred at
room temperature for 13 hours. Reaction solution was added with
100-ml of water, dichloromethane insoluble matter was filtered
off, the dichloromethane layer was separated, and then the water
was further extracted with 200 ml of dichloromethane. Extracted
layers were mixed, washed with 100 ml1 X 2 of water, 100 ml of
saturated aqueous solution of sodium hydrogencarbonate, and 100

ml X 2 of water in turn, dried over anhydrous magnesium sulfate,

and then concentrated under a réduced pressure to obtain 25.1 g
of reaction produét. Reaction product was purified by a column
chromatography using silica gel_as filler and using toluene as
developing sélvent, and further recrystallized from a mixed

solvent of heptane-ethanol to obtain 16.6 g of colorless crystal
product. This product was 3,4;5—trifluoro— {4-[trans-4- (3-
butenyl)cyclohexyl)phenyl} benzoate.

Subsequently, in a 1000 ml egg-plant type flask provided
with a nitrogen gés intfoducing pipe and cooling pipe, 16.6 g
(42.8 mmol) of 3,4,5-trifluoro- {4-[trans-4-(3-
butenyl)cyclohexyl)phenyl} benzoate obtained by the procedures

mentioned above and 34.6 g (85.6 mmol) of Lawesson's reagent
were dissolved in 500 ml of toluene, and the solution was
refluxed while stirring under nitrogen gas stream for 55 hours.
After the reaction solution was cooled down to room temperature,

200 ml of water was added, the toluene layer was separated, and

. then the water layer was further extracted with 150 ml of

toluene. Organic layers were mixed, washed with 200 ml X 2 of
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| water, 100 ml of saturated aqueous solution: of ‘sodium

hydrogencarbonate, 100. ml of 10 % aqueous solutlon of sodlum
hydrogensulfite, and 200 ml X 2 of water in turn, dried over

anhydrous magnesium sulfate, and then concentrated under a

‘reduced pressure to obtain 17.6 g of brown crystalline proauct.

Reaction product was purified by a column chromatography using
silica gel as filler and using heptane as developing solvent,
and then reorystallizedffrom heptane to oBtain 4.5 g of yellow
needle—like crystal product. This éroduct was 4-[trans-4-(3-
butenyl)cydlohexyljphenylcarbothio acid-0-3,4,5-trifluorophenyl.

In a 100 ml egg-plant type flask provided with a nitrogen
gas introducing pipe, 4.5 o (11.3 mmol) of 4-[trans-4-(3-

_ butenyl)cyclohexyl]phehylcarbothio acid-0-3,4,5-trifluorophenyl

was dissolved in 50 ml of dichloromethane at room temperature,

~and theh 5.5 g (33.8 mmol) of DAST was added to the solution and '

the solution was stirred at room temperature for 40 hours.
Reaction solution was added with 50 ml of water, the
dichloromethane layer was separated, and the water layer'was

further extracted with 50 ml_of dichloromethane. Extracted

layers were mixed, washed with 50 ml X 2 of water, 30 ml of

'saturated'aqueous solution of sodium hydrogencarbonate, and 50

ml X 2 of water in turn,_dried over'anhydrous magnesium sulfate,

and then concentrated under a reduced pressure to obtain 3.8 g

of colorless crystal product. Reaction product was purified by -

' a column chromatography using silica gel as filler and using

heptane as developlng solvent, ‘and -then recrystallized from

" ethanol to obtaln 1.1 g of colorless needle-like crystal

product. ThlS product was difluoro- {4-[trans-4-(3-

butenyl)cyclohexyl]phenyl} -(3,4,5-trifluorophenyloxy)methane.

The follOwing compoﬁhds can be prepared according to the

-preparation method mentioned above by using 4r[trans—4—alkenyl—
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cyclohexyl)benzoic acids having a different chain length and -
different position of double'bond in place of 4-[trans-4-(3-
butenyl)cyclohexyl]benzoic acid: '
Difluoro- {4—[trans—4—[(2)-1-buteny11cyclohexyl]phenyl} -(3,4,5-

‘trifluorophenyloxy)methane

Difluoro- {4—[Erans—4—[(Z)-2—butehyl]Cyclohexyl]phenyl} -(3,4,5-

trifluorophenyloxy)methane

pifluoro- {4—[trans—4—(3—buteny1)cyclohexyl]phenyl} -(3,4,5-
trifluordphenyloxy)methane
Difluoro- {44[trans—4-[(Z)-1—penteny1]cyclohexyl]phenyl} -(3,4,5-
trifluorophenyloxy)methane
Difluoro- {4-[trans-4-[(Z)- 2—penteny1]cyclohexyl]phenyl} -{3,4,5-
trifluorophenyloxy)methane
Difluoro- {4 [trans-4-[(Z) - 3—pentenyl]cyclohexyl]phenyl} -{(3,4,5-
trlfluorophenyloxy)methane
Difluoro- {4-[trans-4- (4-penteny1)cyclohexyl]phenyl} -(3,4,5-
trifluorophenyloxy)methane

Also, the follow1ng compounds can be prepared accordlng to

the preparation method mentioned above by using several known

phenol derlvatlves in place of 3,4,5- trlfluorophenol

- Difluoro- {a- [trans -4-[(2) - l—butenyllcyclohexyl]phenyl} —(4-

cyanophenyloxy)methane

Difluoro- {4-[trans-4-[(2Z)-2 butenyl]cyclohexyl]phenyl} -(4-
cyanophenyloxy)methane

Difluoro- {4-[trans-4- (3—buteny1)cyclohexyl]phenyl} -(4-cyano-

 phenyloxy)methane

Difluoro- {4—[trans-44[(Z)—1—pentenyl]cyclohexyl]phenyl} -{4-

‘cyanophenyloxy)methane

Difluoro- {4—[trans—4—[(Z)—2—penteny1]cyclohexYl]phenyl} - (4~
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cyanophenyloxy)methane
Difluoro- {4—[trans—44[(Z)—3-penteny1]cyclohexyl]phenyl}_—(4-
. cyancphenyloxy)methane
Difluoré—'{4—[trans—4—(4—pentenyl)cYclohexyl]phenyl} -(4-
5 cyanophenyloxy)methane
Difluoro- {4—[trans—4—[(Z)-1—buteny1]cyclohexyl]phenyl} -{3-
fluoro—4—cyanophenyloxy)methane. |
Difluoro- {4-[trans—4—[(Z)—2—butény1]cyclohexyl]phenyl} =(3-
fluoro?4—¢yanophenyloxy)methane
10 Difluoro- {4-[trans-4- (3-butenyl)cyclohexyl]lphenyl} -(3-fluoro-4-
cyanophenyloxy)methane ' ' '
Difluoro- {4—[trans—4a[(Z)—1—penteny1]cyclohexyl]phenyl}_—(3—
fluoro-4-cyanophenyloxy)methane
Difluoro- {4¥[trans—4—[(Z)—2—pentenyl]cyclohexyl]phenyl} -(3-
15 fluoro—4—cyano§henyloxy)methane '
Difluoro- {4-[trans—4—[(Z)—3-penteny1]cyclohexyllphenyl} -(3-
fluoro-4-cyanophenyloxy)methane
Difluoro- {4-[trans-4-(4-pentenyl)cyclohexyl]phenyl} -(3-fluoro-
4-cyanophenyloxy)methane ,
K~/20 Difluoro- {4-[trans-4-[(Z)-1- butenyl]cyclohexyl]phenyl} -(3,5-
| difluoro-4- cyanophenyloxy)methane
-Difluoro— {4—[trans—4—[(Z)—2-buteny1]cyclohexyl]phenyl} -{(3,5-
difluoro;4-cyanophenyloxy)methane '
Difluoro- {4—[trans44—(3—buteny1)cyclohexyl]phenyl} -(3,5-
25 difluoro-4-cyanophenyloxy)methane |
Difluoro- {4—[trans—4—[(Z)—l—penﬁenyl]cyclohexyl]phenyl} ~-(3,5-
difluoro—4—Cyanophenyloxy)methane
Difluoro- {4-[trans-4-[(Z)- 2—pentenyl]cyclohexyl]phenyl} -{(3,5-

difluoro-4- cyanophenyloxy)methane
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Difluoro- {4-[trans-4- [(Z)- 3-penteny1]cyclohexyl]phenyl} —(3 5-
difluoro-4- -cyanophenyloxy)methane

| Difluoro- {4—[trans—4—(4—penteny1)cyclohekyl]phenyl} -(3,5-

difluoro—4—cyanophenyloxy)methane .
Difluoro- {2-f1u0r0—4—[trans—4—[(Z)—l—butenyl]cyclohexyl]

phenyl} —(3,5—difluoro—4—cyanophenyloxy)methane
Difluoro- {2—fluoro—4-[trans-4f[(Z)—2—buteny1]cyclohexyl]
phenyl} —(3,5—difluoro-4—cyanophenyloxy)methane

Difluoro- {2—fluoro-4—[trans-4—(3—butenyl)cyclohexyl]phehyl} -

_(3,S—difluoro—4—cyanophenyloxy)methané

Difluoro- {2—fldoro—4—[trans-4—[(Z)—1—penten§l]cyclohexyl]
phenyl} -(3, 5-difluoro-4-cyanophenyloxy)methane

leluoro— {2-fluoro-4-[trans-4- [{(Z)- 2—penteny1]cyclohexy1]
phenyl} -(3,5-difluoro-4- cyanophenyloxy)methane

D1f1uoro— {2-fluoro-4-[trans-4- [(Z)- 3—pentenyl]cyclohexy1]
phenyl} -(3,5-difluoro-4- —-cyanophenyloxy)methane

Difluoro- {2—f1uoro—4—[trans—4—(4-penteny1)cyclohexyl]phenyl} -
(3,5—difluoro—4—cyanophenyloxy)methane

Difluoro- {2, 6-difluoro-4-[trans-4-[ (2)-1-butenyl]cyclo-
hexyl]phenyl} —(3,5—dif1uoro—4—cyanophenyloxy)methane
Difluoro- {2,6—difluoro—4—[trans—4-[(Z)—2—butenyl]cyclo—
hexyl]lphenyl} —(3,5—difluoro—4—éyandphenyloxy)methane
Difluoro- {2, 6-difluoro- 4 [trans-4- (3—butenyl)cyclohexy1]
phenyl} - (3, 5- -difluoro-4- -cyanophenyloxy)methane

Difluoro- {2,6—dif1uoro—4-[trans—4—[(Z)Fl—pentenyl]cyclo-
hexyl]phenyl} —(3L5-difluoro-4—cyanophenyloxy)methane

Difluoro- {2,6—dif1uoro—4—[trans—4—[(Z)—Z—pentenyl]cyclof
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hexyl)lphenyl} —(3,5—difluoro—4—cyanophenyloxy)methane _
Difluoro- {2,Gfdifluoro—4-[trans—4—[(Z)—3—pentenyl]cyclo—

hexyl]phenyl} —(3,5—diflupro-4—cyanophenyloxy)methane

Difluoro- {2,6—dif1uoro—4f[trans—4—(4—penteny1)cYclohexy1]

phenyl} f(3,S—difluoro—4—cyanophenyloxy)methane
Example 6
Preparation of difluoro-(4—propylpheny1)—[4-(3';4'{5'—

~ trifuorobiphenyl)oxy]methane (Compound expressed by the formula

(I) wherein R = C3Hy, 8 =m = 0, n =1, ring A3 is 1,4-phenylene
group, Zi, Z; and Z3 are covalent bond, Ly = Ly = H, Ly = Iy = F,

and X = F)
1) Preparation of 4-(3,4,5-trifluorophenyl)phenol

By the following prOcéaures, 4-(3,4,5-trifluorophenyl)phenol
was prepared which is a raw material for the preparatién of the
subject compounds of this Example. That is, in a 1000 ml three
neck distillation flask provided with a stirrer, thermometer,
nitrogen gas introducing pipe, dropping funnel, and cooling
pipe, 7.9 g (324.2 mmol) of magnesium turnings were added, and
then a solution of 65.2 g (308.8 mmol) of 3,4,5-trifluorobromobe
nzene in 80 ml of tetrahydrofuran (hereinafter abbreviated as

THF) was added dropwise in 50 min so that the intermal

- temperature was maintained at 50°C. After completion of the

-dropping, the solution was stirred on a hot water bath while

keeping the same temperature for 1 hour for ageing to prepare a
Grignard reagent. Then, in a 1000 ml three neck-distillation
flask provided with a stirref, thermometer, nitrogén gas
introducing pipe, dfopping funnel, and a cooling pipe, |
separately provided for, 35.0 g (171;6 mmol) of iodobenzene,
1.64 g (9.3 mmol) of palladium chloride, and'300 ml of THF were

added under nitrogen gas atmosphere, and added dropwise with the
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Grignard reagent prepared by the procedures mentioned abovelln-
50 min while refluxinc After the dropping, the solution was
further refluxed for 3 hours, cooled down to room temperature,
and then added with 200 ml of water to terminate the reaction.

After 1nsoluble matter was flltered off the reaction solutlon,

the solution was extracted with- 300 m1 X .2 of toluene.

Extracted layer was washed with 300 m1 X 3 of water, dried over

anhydrous magnesium sulfate, and then concentrated under a
reduced pbressure to obtain 38. 4 g of dark brown solid.
Concentration residue was purified by a chromatography using

silica gel as a filler and using heptane as developing solvent,

~ and then recrystallized from a mixed solvent of heptane-ethanol

to obtain 19.0 g of colorless crystal product. This product was
3,4,5—trif1uorobiphenyl.' Subsequently, the biphenyl derivative
was subjected to bromination. That is, in a 100 ml three neck
distillation flask provided with a stlrrer, thermometer,
nitrogen gas 1ntroduc1ng pipe, and dropping funnel, 19.0 g (91.5
mmol) of the 3,4,5- tr1f1uorob1phenyl prepared by the procedures
mentioned above was dissolved in 200 ml of dichoromethane, and
the solution was cooled down to ~5°C while stlrrlng, added with
0.26 g (4.6 mmol) of iron powder, and then added dropwise with
8.8 g (109.8 mmol) of bromine in 15 min so that the temperature

of -5 to 0°C was maintained. After the dropping, the solution

was further stirred for 1 hour while maintaining the same

temperature Reaction solution was added with 200 ml of water

to termlnate the reaction, and then extracted with 250 m1 X 2 of
toluene. Extracted layer was washed with 200 ml X 4 of water,

dried over anhydrous magnesium sulfate, and concentrated under a
reduced pressure to obtain 25.1 g of brown oily product
Concentration residue was burified by a chromatography using

silica gel as filler and us1ng heptane as developlng solvent
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and recrystallized from a mixed solvent of heptane—éthanol to
obtain 16.6 of colorless crystal product. This product was 4-
bromo-3',4',5'~trifluorobiphenyl. l

With reference to the report by R. L. Kidwell et al. (Org.
Synth., V, 918 (1973)), the bromobiphenyl derivative 6btained by
the procedures mentioned above was led to a phenylphenol
derivative by the following procedures. That is, in a 300 ml
three neck distillation flask provided with a stirrer,
thermometer, nitrogen gas introducing pipe, and dropping funnel,
1.5 g'(60.9 mmol). of magnesium.turnings were added, and a
solution of 16.6 g (58.0 mmol) of 4-bromo-3',4',5'-trifluoro-
biphenyl in 30 ml of THF was added dropwise in 25 min so that
the internal temperature was maintained at 50°C. After
completion of the dropping, the solution was stirred on a hot
water bath for 1 hour while keeping the same temperature for
ageing to prepare a Grignard reagent. Then, the reaction
solution was cooled with dry iCe—acetone coolant down to —20’C,
added dropwise with 7.2 g of trimethyl -borate, and stirred at
the same temperature for 30 min. The solution was added with
3.5 g (58.0 mmol) of acetic acid at the same temperature, raised
up to 20°C, and added dropwise with 7.9 g (69.6 mmoi) of 30 % |
agueous solution of hydrogen perbxide in 10 min so_thaé '
temperature of 25°C was maintained. Reaction solutioﬂ Qas
cooled again with the coolant down to -30°C and added dropwise
with 50 ml of 20 % aquebus solution of sodium thiosulfate in 10

min to terminate the reaction. Reaction solution was extracted
with 150 ml1 X 3 of ethyl acetate, washed with 200 ml1 X 2 of

saturated brine, dried over anhydrous magnesium sulfate, and
then concentrated '

under a reduced pressure to obtain 14.5 g of browh solid
product. Conceﬁtrated residue was recrystallized from a mixed

solvent of heptane-toluene to obtain 10.9 g of colorless crystal
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product. This product was 4—(3,4,5—trifluoropheny1)phen61.
2) Preparation of difluoro—(4—propylphenyl)—[4—(3',4',5'—trifluo
robiphenyl) oxy]methane |

In a 500 ml three neck distillation flask provided with a
stirrer, thérmometer, dropping funnel, and nitrogen gas
introducing pipe,.6.7 g (40.7 mmol) of 4-propylbenzoic acid,
10.1 g (48.8 mmol) of DCC, and 0.18 g (1.5 mmol) of DMAP were
dissolved in 150 ml of dichloromethane, and then a solution of
10.9 g (48.8 mmol) of 4-(3,4,5—trifluorophenyl)pheﬁol in 50 ml
of dichloromethane was added dropwise aﬁ room temperature in 20
min while stirring. After the dropping, the solution was
stirred at room temperature for 17 hours. After the reaction
solution was added with 100 ml of water, the dichloromethane

insoluble matter was filtered off, the dichloromethane layer was

'separated, and the waterllayer was extracted with 200 ml of

dichoromethane. Extracted layers were mixed, washed with 100 ml

X 2 of water, 100 mi of satnrated agueous Solution of sodium
hydrogencarbonate, and 100 ml1 X 2 of water in turn, dried over

anhydrous magnesium sulfate, and then concentrated under a
reduced pressure to obtain 15.3 ¢ of reaction product. The
reaction product wés purified by a'chromatograhy using silica
gel as fiiler and uéing toluene as developing solvent, and
further recrystallized from a mixed solvent of heptane—ethanol
to obtain 10.5 g of colorléss Ccrystal product. Thig product Was
4—(3),4',5'—trifluoro)biphenyl—(4-propyl)benzoate. .
Subsequently, in a 1000 ml egg-plant type flask provided
with a nitrogen gas introducing pipe and cooling pipe, 10.5 g
(28.5 mmol) of 4f(3',4',5'—trifluoro)biphenyl~(4—propyl)benzoate
obtained by the procedures mentioned above and 23.0 g (56.9
mmol) of Lawesson's reagent were dissolvéd in 350 ml of toiuéne,

and the solution was refluxed while stirring under nitrogen gas
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stream for 60 hours. After the reaction solution was cooled

down to room temperature, 200 ml of water was added, the toluene

layer was_separated, and then the water layer was further

extracted with 150 ml of. toluene. Organic layers were mixed,
washed with 200 ml X 2 of water, 100 ml of saturated aqueous
solution of sodium hydrogencarbonate, 100 ml of 10 % aqueous
solution of sodium hydrogensulfite, and 200 ml X 2 of water in

turn, dried over anhydrous magnesium sulfate, and then
concentrated under a reduced pressure to obtain 10.5 g of brown
crystalline mixture. ' ' |
Concentrated product was purified by a column chromatography
using silica gel as filler and using hepﬁane as developing
solvent, and then recrystallized'from heptane to obtain 6.3 g of
yellow needle like crystal product. This product was 4-propyl-
phenylcarbothlo acid-o-4-(3',4',5" tr1f1uoro)b1pheny1 |

In a 100 ml egg-plant type flask provided with a nltrogen
gas introducing pipe, 6.3 g (16.3 mmol) of 4-propylphenyl-
carbothio acid-0-4-(3',4',5'-trifluoro)biphenyl
was dissolved in 50 ml of dichloromethane at room temperature,
and then 7.9 g (48.9 mmol) of DAST was added to the solution and
the solution was stirred at room temperature for 30 hours.
Reaction solution was added with 50 ml of water, the
dichloromethane layer was separated, and the water layer was
further extracted with 50 ml of dichloromethane. Extracted
layers Were mixed, washed with 50 ml X 2 of water, 30 ml of
saturated aqueous solution of sodium hydrogencarbonate, and 50

ml X 2 of water in turn, dried over anhydrous magnesium sulfate,

and then concentrated under a reduced pressure to obtaln 5.9 g
of colorless crystal product. Reaction product was purified by
a column chromatography using silica gel as filler and using

heptane as developing solvent, and then recrystallized from
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heptane to obtain colorless needle-like crystal product. This
product was difluOro—(4—propylphenyl)—[4—(3',4‘,5'—trif1uoro—
biphenyl) oxy]methane.

Following compounds can be prepared according to the
Preparation method mentioned above by using 4-alkylbenzoic acids
having a different alkyl chain in place of 4-propylbenzoic acid:
Difluoro—(4-methylpheny1)—[4—(3',4',5'—trifluorobiphenyl)
oxy]lmethane _ .
Difluoro—(4—ethylphenyl)—[4—(3',4',5'-trif1uofobipheny1)
oxy]methane _
Difluoro—(4-butylphenyl)-[4—(3',4',5'-trif1uorobipheny1)
oxylmethane ' |
Difluoro—(4—penty1pheny1)-[4—(3',4',5'—trif1uorobipheny1)

oxylmethane

, Difluoro—(4-hexylphenyl)—[4—(3',4',5'—trifluorobipheny1)

oxy]methane
DifluOro—(4—heptylphenyl)-[4—(3',4',5'—trifluorobiphenyl)
oxylmethane |
Difluoro—(4—octylpheny1)—[4—(3',4',5'—trifluorobipheny1)
oxy]lmethane ' ' |
Difluoro—(4*nonylphenyl)—[4—(3',4',5'—trifluorobipheny1)
oxy]methane
Diflubro—(4—decylphenyl)—[4—(3',4';5'—trifluorobiphenyl)
oxy]methane .

Also, the following compounds can be prepared according ﬁo_
the preparation method mentioned above by using.several known
phenol derivatives in prlace of 4—(3,4,5—trif1uoropheny1)phenol:
Difluoro—(4—ethy1phenyl)—[4—(4'—difluoromethoxybiphenyl)'_
oxylmethane
Difluoro—(4—propylphenyl)—[4—(4'—difluoromethoxybiphenyl)
oxy]methane
Difluoro—(4fbutylpheny1)—[4—(4'—difluoromethoxybiphenyl)
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oxy]methane

Difluoro- (4—pentylpheny1)—[4 (4 —dlfluoromethoxyblphenyl)
oxy]lmethane
D1f1uoro—(4—ethy1phenyl)—[4—(4'htrifluoromethylbiphenyl)
oxylmethane
Difluoro—(4—propy1phenyl)—[4—(4'—trifluoromethylbiphenyl)
oxylmethane _
Difluoro—(4—butylphenyl)—[4—(4'—trifluoromethylbiphenyl)
oxy]methane _ :
Difluoro-(4—penty1phényl)—[4—(4'—trifluoromethylbiphenyl)
oxy]methane ' . . .
Difluoro—(4—ethy1pheny1)—[4—(4'—trifluoromethoxybiphenyl)
oxy]methane |
Difluoro- (4—propylpheny1) [4- (4'—trlfluoromethoxyblphenyl)
oxylmethane
leluoro—(4fbutylphenyl)—[4—(4'—trifluoromethoxybiphenyl)
oxylmethane
Difluoro—(4-penty1phenyl)-[4—(4'-trifluoromethoxybiphenyl)
oxylmethane

Difluoro-(4- -ethylphenyl) -[4- (4'—cyanoblphenyl)oxy]methane
Difluoro- (4-propylphenyl) -[4-~ (4'-cyanoblphenyl)oxy]methane
Difluoro- (4-butylphenyl)-[4- (4'—cyanoblphenyl)oxy]methane
Difluoro~ (4—pentylphenyl)-[4—(4‘—cyanoblphenyl)oxy]methane
Difluoro- (4-ethylphenyl)-[4- (3'-fluoro-~ 4'—tr1f1uoromethoxy-
biphenyl) oxy]lmethane

D1fluoro—(4—propylphenyl)—[4 (3'-fluoro-4'- trlfluoromethoxy—
biphenyl)oxy]lmethane
D1f1uoro—(4-butylphenyl)—[44(3'—fluoro—4'—trifluoromethoxy—
biphenyl) oxy]lmethane _
Difluoro—(4—pentylphenyl)—[4—(3'—fluoro-4'—trifluoromethoxy—
biphenyl)oxy]methane i
Difluoro—(4—ethy1phenylf—[4—(3'-fluoro—4'—difluoromethoxy—
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‘biphenyl) oxy]methane

Difluoto—(4—propylphenyl)—[4-(3'—fluoro—4'—difluoromethoxy—
biphenyl) oxy]methane

Difluoro-(4-butylphenyl)-[4- (3' -fluoro-4'-difluoromethoxy-
biphenyl) oxy]methane
Difluoro-(4—penty1pheny1)-[4—(3'-fluoro—4'-difluoromethoxy—
biphenyl)oxy]methane |
Difluoro—(4—ethylpheny1)—[4—(3'—fluoro—4'-trifluoromethyl—
biphenyl) oxy]lmethane '
Difluoro—(4—propylpheny1)—[4-(3'—fluoro—4'—trifluoromethyl—
biphenyl) oxy]methane
Difluoro-(4—butylphenyl)—[4—(3‘—flubro—4'-trifluoromethyl-
biphenyl) oxy]methane

Difluoro- (4-pentylphenyl)-[4-(3" fluoro 4'—tr1fluoromethyl—“
biphenyl) oxy]methane |
Difluoro-(4-ethylphenyl)-[4- (3' -fluoro- 4'—cyanob1pheny1)
oxylmethane

Difluoro- (4—propy1pheny1)-[4 (3'-fluoro- 4'—cyanob1pheny1)
oxy]methane
D1f1uoro—(4—butylphehy1)—[4-(3‘-fluoro-4'—cyanobiphenyl)
oxy]lmethane

Difluoro- (4-pentylphenyl) - [4 (3'-fluoro- 4'—cyanob1pheny1)
oxy]methane
DifluOro—(44ethy1pheny1)—[4—(3‘,5‘—diflubro—4'—trifluofomethoxy-
biphenyl) oxy]methane
Difluoro—(4—propy1pheny1)-[4—(3',5'—difluoro—4'-trif1uoro—
methoxybiphenyl)oxy]lmethane
Difluoro—(4—butylphenyl)4[4—(3',5'—difluoro—4'—trifluoromethoxy-
biphenyl) oxy]methane
Difluoro—(4-pentylpheny1)-[4-(3',5'—difluoro-4'-trif1uoro—
methoxybiphenyl) oxylmethane
Difluoro—(4—ethy1pheny1)-[4—(3',5'—difluoro—4‘—difluoromethoxy—
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biphenyl) oxy]methane ‘ _ .
Difluoro—(4—propylpheny1)—[4—(3',5'AdiEIUOro—4'—difluoromethdxy—
biphenyl)oxy]methane
Difluoro-(4-butylphenyl)-[4-(3',5'-difluoro-4'-difluoromethoxy-
biphenyl) oxy]methane '
Difluoro—(4—penty1pheny1)—[4—(3',5'-difluoro—4'—difluoromeﬁhoxy—
biphenyl) oxy]methane ' .
Difluorp-(4—ethylphenyi)—[4—(3',5'-difluoro-4'—trifluoromethyl—
biphenyl) oxy]lmethane |
Difluoro—(4—propylpheny1)—[4—(3',5'fdifluoro—4'ftrifluoromethyl—
biphenyl) oxy]lmethane

_Difluoro—(4—butY1pheny1)—[4—(3',5'—difluoro—4'—trifluoromethyl--

biphenyl) oxy]methane
Difluoro-(4-pentylphenyl)-[4-(3',5'-difluoro-4'-trifluoromethyl-

. biphenyl)oxy]methane

Difluoro—(4-ethylphenylf—[4—(3‘,5'—dif1uoro—4'4
cyahobiphenyl)0xy]methane

Difluoro- (4-propylphenyl)-[4-(3',5'-difluoro-4"'-
cyanobiphenyl) oxy]methane
Difluqro—(4—buty1pheny1)—[4~(3',5'—dif1uoro—4'—
cyanobiphenyl)oxy]methane

Difluoro- (4-pentylphenyl)-[4~(3',5'-difluoro-4"'-
cyanobiphenyl) oxy]methane

Difluoro- (2-fluoro-4-ethylphenyl)-[4-(3',5'-difluoro-4"'-
trifluoromethoxybiphenyl)oxy]lmethane
Difluoro-(2-fluoro-4-propylphenyl)-[4-(3',5'-difluoro-4'-

. trifluoromethoxybiphenyl)oxy]methane

Difluoro- (2-fluoro-4-butylphenyl)-[4-(3',5'-difluoro-4'-
trifluoromethoxybiphenyl)oxylmethane
Difluoro-{(2-fluoro-4-pentylphenyl)-{4-(3',5'-difluoro-4"'-
trifluoromethoxybiphenyl)oxy]methane

'Difluorof(2—f1udro—4—ethy1pheny1)—[4—(3',5'—diflu6ro—4'—
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difluoromethoxybiphenyl)oxylmethane
Difluoro—(2—f1uoro-4—propy1phényl)—[4—(3',5'—dif1uoro—4'—
difluoromethoxybiphenyl)oky]methane '
Difluoro- (2-fluoro-4- butylphenyl)—[4 (3 .5 —difluoro—4'—
dlfluoromethoxyblphenyl)oxy]methane

Difluoro- (2—f1uoro—4—pentylphenyl)—[4—(3',5'—dif1uoro-4}—

-difluoromethoxybiphenyl)oxy]methane

Difluoro—(2—f1uoro—4—ethylphenyl)—[4—(3';5'—dif1uoro¥4'—
trifluoromethylbiphenyl)oxy]methane
Difluoro-(2-fluoro- 4—propylphenyl)—[4 (3 5 -difluoro-4'-
trlfluoromethylblphenyl)oxy]methane

Difluoro- (2-fluoro- -4-butylphenyl) - [4- (3 .5 —dlfluoro 4' -

trlfluoromethylblphenyl)oxy]methane
leluoro—(2—f1uoro—4—pentylphenyl)—[4—(3',5'—difluoro—4'—
trifluoromethYlbiphenyl)oxy]methane _
Difluoro—(2—fluorp—4—ethylphenyl)—[4—(3',4',5'—trif1uoro—
biphenyl)oxy]methane

Difluoro-(2-fluoro- 4—propylphenyl)—[4 (3',4',5'-trifluoro-
blphenyl)oxy]methane

‘Difluoro-(2- fluoro—4—buty1phenyl)—[4-(3',4‘,5'—trif1uoro—

biphenyl)oxy]methane
Difluoro-(2-fluoro- 4—pentylphenyl)—[4 (3',4',5" trlfluoro-
biphenyl) oxy]methane ' _ - |
leluoro—(2—fluoro—4—ethylphenyl)-[44(3',5'-difluoro—4'—
cyanobiphenyl)oxy]methane . .

Difluoro- (2-fluoro- 4—propylphenyl)-[4 (3',5'-difluoro-4'-
cyanobiphenyl)oxy]methane : :
Difluoro-(2-fluoro-4-butylphenyl)-[4-(3",5 ' -difluoro-d " -
cyanobiphenyl)oxy]methane
Difluoro—(2—fluoro—4—pentylphenyl)4[4—(3',5‘—dif1uoro—4'—
cyanobiphenyl)oxylmethane

'Difluoro—(2,6—dif1uoro—4—ethy1phenyl)—[4—(3',5'—dif1uoro—4'—
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trifluoromethoxybiphenyl)oxylmethane
Difluoro—(2,6—difluoro—4—propylphenyl)—[4—(3',5'—dif1uor6—4'—
trifluoromethoxybiphenyl)oxy]methane '
D1f1uoro (2,6-difluoro-4- butylphenyl)—[4 (3',5° ~d1f1uoro 4'-
trlfluoromethoxyblphenyl)oxy]methane

Difluoro- (2, 6-difluoro- -4-peritylphenyl)-[4- (3 ,5'-difluoro-4'-
trlfluoromethoxyblphenyl)oxy]methane

Difluoro-(2, 6~difluoro-4- -ethylphenyl)-[4-(3',5'-difluoro-4'-
difluoromethoxybiphenyl)oxy]methane ' _
Difluoro—(2,6—difluoro—4—propy1pheny1)—[4—(3',5;—dif1uoro—4'—
difluoromethoxybiphenyl)oxY]methane -
Difluoro—(z,6-difluoro—4-butylpheny1)—[4—(3',5'—dif1uoro-4'—

- difluoromethoxybiphenyl) oxy]methane

Difluoro—(2,6—difludro—4—pentylphény1)—[4—(3‘,5'—dif1uoro—4'—
difluoromethoxybiphenyl)oxy]methane. | .
Difluoro—(2,6—dif1uoro-4-ethylpheny1)-[4—(3',5'—dif1uoro—4'—
trifluoromethylblphenyl)oxy]methane

D1fluoro (2, 6-difluoro-4-propylphenyl)-[4-(3',5'-difluoro-4'—
trlfluoromethylblphenyl)oxy]methane

Difluoro-(2, 6-d1fluoro—4—buty1pheny1)—[4—(3',5'—difluoro—4'—
trlfluoromethylblphenyl)oxy]methane

Difluoro-(2, 6-difluoro- 4—penty1pheny1) [4-(3',5'-difluoro-4'-
trifluoromethylbiphenyl)oxy]methane

Difluoro-(2, 6-difluoro-4- ethylphenyl)—[4 (3',4',5'-trifluoro-
biphenyl)oxy]lmethane .
D1fluoro-(2,6—d1fluoro-4-propy1phenyl)—[4—(3',4';5'—trifluord—

- biphenyl) oxylmethane
: Difluoro—(2,6-dif1uoro—4—buty1pheny1)—[4—(3',4',5'—trif1uoro—

biphenyl) oxy]methane
Difluoro-(2, 6-difluoro- 4—pentylphenyl)—[4 (3',4',5'-trifluoro-
blphenyl)oxy]methane
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_ Difluoro-(2, 6—dif1uoro-4—ethyiphenyl)—[4—(3',5'—difluoro—4'—

cyanoblphenyl)oxy]methane
Difluoro-(2,6- dlfluoro 4-propylphenyl)-{4-(3',5"' —dlfluoro 4°'-
cyanobiphenyl) oxylmethane
Difluoro- (2, 6-difluoro-4-butylphenyl)-[4-(3',5'-difluoro-4"-~
cyanobiphenyl)0xy]methane
Difluoro- (2, 6-difluoro-4-pentylphenyl)-[4-(3',5'-difluoro-4"-
cyanbbiphenyl)oxy]methane
Example 7

Preparation of difluoro-(4-propylphenyl)- {4-[2-(3,4,5-
trifuorophenyl)ethyl]phenyloxy} methane (Compound expressed by
the formula (I) wherein R = C3Hy, €=m =0, n =1, ring A3 is
1, 4-phenylene group, % and Z; are covalent bond, Z3 = -CHCH;-,
Iy =Ly = H, Iy = Ly = F,and X = F)
1) Preparation of 4—[2—(3,4,5—trif1uoropheny1)ethyl]phenol

By the following procedures, 4-[2- (4-trifluoromethoxyphenyl)

ethyl]lphenol was prepared which is a raw material for the

'preparation of the subject compounds of this Example. That is,

in a 300 ml three neck distillation flask provided with a
stirrer; thermometer, nitrogen gas introducing pipe, dropping
funnel, and cooling pipe, 2.7 g (108.9 mmol) of magnesium
turnings were éaded, and then a solution of 21.8 g (103.7 rmmol)
of 3,4,5-trifluorobromobenzene in 30 ml of THF was added
dropwise in 25 min so that the internal temperature was
maintained ét 50°C. After cqmpletion of the dropping, the

solution was stirred on a hot water bath while keeping the same

temperature for 1 hour for ageing to prepare a Grignard reagent.

Then, in a 500 ml three neck dlstlllatlon flask provided with a
stirrer, thermometer, nitrogen gas ‘introducing plpe, dropping

funnel, and a cooling pipe, separately provided for, 13.4 g
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(86.4 mmol) of phenyl acetic acid chloride was dissolved in 200
ml of THF. Solution was cooled down to 0°C whiie stirring,
added with 1.1 g (3.1 mmol) of iron (III) acetyl acetonate, and
added further with the Grignard reagent prepared by the '
procedu;es mentioned above in 40 min while maintaining 0°C.
After completion of the dropping, the solution was further
stirred at the same temperature for 1 hour and then 100 ml of 6N

aqueous solution of hydrochloric acid was added to terminate the

reaction. Reaction solution was extracted with 200 ml X 2 of

toluene, washed with 200 m1 X 2 of water, 100 ml of saturated

‘aqueous solution of sodium hydrogencarbonate,'and 200 ml1 X 2 of

water in turn, dried over anhydrous. magnesium sulfate, and then
concentrated under a reduced pressure to obtain 23.4 g of
reaction product. Concentrated product was purified by a
reduced?pressure distillation to obtain 18.3 g of colorless oily
product. Subsequently, the reaction product was dissolved in
150 ml of toluene in a 1 liter autoclave, added with 1.0 g of

5 %-Pd/C, and then subjected to a reduction with hydrogen at a
temperature of 90 to 100°C under a hydrogen pressure of 100
Kg/cm2 for 13 hours. From the reaction solution, catalyst was
filtered off, and the solution was concentrated under a reduced
pressure to obtain 17.2 g of reaction produét. Concentrated
product was purified by a chromatography to obtain 15.3. g of
colorless crystal product. This product was 4-[2-(3,4,5-trifluo
rophenyl)ethyl]lbenzene. By treating the 4~[2-(3,4,5-trifluoroph
enyl)ethyl]benzene by the same procedures as shown in Example 5,
1) mentioned above, 10.8 g (43.1 mmol) of 4-[2-(3,4,5-trifluoro-
phenyl)ethyl]phenol was'prepared. |

2$ Preparation of difluoro—(4;propy1phenyl)— {4-12-(3,4,5-

trifluorophenyl)ethYl]phenylbxy} methane

In a 500 ml three néck distillation flask provided with a
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stirrer, thermometer, dropplng funnel, and nitrogen gas _
introducing pipe, 5.9 g (35.9 mmol) of 4-propylbenzoic acid, 8.5
g (43.1 mmol) of DCC, and 0.15 g (1.2 mmol) of DMAP were
dissolved in 150 ml of dlchloromethane, and then a solution of
10.8 g (43.1 mmol) of 4- [2-(3,4,5- trlfluorophenyl)ethyl]phenol
in 50 ml of dichloromethane was added dropw1se at room
temperature in 15 min whlle stirring. After the dropping, the
solution was stirred at room temperature for 20 hours. After
the reaction solution was added with 100 ml of water, the
dichloromethane insoluble matter was filtered off, the
dichloromethane layer was separated and the water layer was

further extracted with 200 ml of dichoromethane. Extracted
layers were mixed, washed with 100 m1 X 2 of water, 100 ml of
saturated aqueous solution of sodium hydrogencarbonate, and 100
ml X 2 of water in turn, dried over anhydrous magnesium sulfate,

and then concentrated under a reduced pressure to obtain 14. 8 g
of reaction product. The reactlon product was purified by a
chromatograhy using silica gel as filler and using toluene as
developing solvent, and further recrystallized from a mixed
solvent of heptane- -ethanol to obtain 11.4 g of colorless crystal
product. This product was 4-[2-(3,4,5- -trifluorophenyl)
ethyl]phenyl (4-propyl)benzoate.

Subsequently, in a 1000 ml1 egg-plant type flask prov1ded
with a nitrogen gas 1ntroduc1ng pipe and cooling pipe, 11.4 g
(28.7 mmol) of 4-[2- (3,4,5- tr1fluorophenyl)ethyl]phenyl (4-
propyl)benzoate obtained by the procedures mentioned above and
23. 2 g (57.4 mmol) of Lawesson's reagent were dissolved in 350
ml of toluene, - and the solution was refluxed while stirring
under nitrogen gas stream for 60 hours. _After the reaction
solution was cooled down to room temperature, 200 ml of water

was added, the toluene layer was separated, and then the water
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layer was further extracted with 150 ml of toluene. Organic
layers were mixed, washed with 200 ml X 2 of water, 100 ml of
saturated agueous solution of sodium hydrogencarbonate, 100 ml
of 10 % aqueous solution of sodiﬁm hydrogeﬁsulfite, and 200 ml X
2 of water in turn, dried over anhydrous magnesium sulfate, and

then concentrated under a reduced pressure to obtain 11.4 g of

brown crystalline mixture. Concentrated product was purified by

a column chromatography usihg silica gel as filler and using

heptane as developing solvent, and then recrystallized from
heptane to obtain 5.5 g of yellow needle-like crystal'product.
This product was 4—propylphenylcarbothio acid-0-4-[2-(3,4,5-
trifluorophenyl)ethyl]phenyl;

In a 100 ml egg-plant type flask proﬁided with a nitrogen
gas introducing pipe, 5.5 g (13.3 mmol) of 4-propylphenyl-
carbothio acid—0—4—[2—(3,4,5—trif1uoropheny1)ethyi]phenyl was

dissolved in 50 ml of dichloromethane at room temperature, and

then 6.4 g (39.8 mmol) of DAST was added to the solution and the

solution was stirred at room temperature for 30 hours. Reaction
solution was added with 50 ml of water, the dichloromethane
layer was separated, and the water layer was further extracted

with 50 ml of dichloromethane.' Extracted 1ayérs were mixed,

washed with 50 ml X 2 of water, 30 ml of saturated agueous
solution of sodium hydrogencarbonate, and 50 ml X 2 of water in

turn, dried over anhydrous magnesium sulfate, and then

,concéntrated under a reduced pressure to obtain 5.5 g of

colorless crystal product. Reaction product was purified by a
column chrdmatography using silica gel as filler and using
hepﬁane as developing solvent,land then recrystallized from
heptane to obtain 1.1 g of colorless needle-like crystal
product. This product was difluoro-(4-propylphenyl)- {4-[2-

(3,4,5-trifluorophenyl) ethyl]phenyloxy} methane.
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Following compounds can be prepared according to the
preparation method by using 4-alkylbenzoic acids having a

different alkyl chain in place of 4-propylbenzoic acid:
Difluoro-(4-methylphenyl)- {4-[2-(3,4,5-trifluorophenyl)
ethyl]phenyloxy} methane

ﬁifluoro—(4—ethylphenyl)— {4—[2—(3,4,5;trif1uoropheny1)
ethyl]phenyloxy} methane

Difluoro- (4-butylphenyl) - {4-[2—(3,4,5—trif1uorophenyl)
ethyliphenyloxy} methane _
Difluoro-(4-pentylphenyl) - {4—[2—(3,4,5-trif1uorophenyl)
ethyl]phenyloxy} methane

Difluoro- (4-hexylphenyl)- {4-[2-(3,4,5-trifluorophenyl)

ethyl]phenyloxy} methane

_Difluoro—(4—hepty1pheny1)— {4—[2—(3,4,5—trif1ﬁoropheny1)

ethyl]phenyloxy} methane

Difluoro- (4-octylphenyl)- {4-[2—(3;4,5—trif1uorophenyl)
éthyl]phenyloxy} methane - '
Difluoro—(4—nony1§henyl)— {4—[2—(3,4,5—trifluorophenyl)
ethyl]phenyloxy} methane

Difluoro-(4-decylphenyl) - {4—[2—(3,4,5—trifluorophenyl)

ethyl]phenyloxy} methane

Also, the following compounds can be prepared according to
the preparation method ﬁentioned above by using several phenol
derivatives which can be prepared by the procedures in 1) above
in place of 4-[2-(3,4,5-trifluorophenyl)ethyl]lphenol:

Difluoro- (4-ethylphenyl) - {4-[2-(4-difluoromethoxyphenyl)

ethyllphenyloxy} methane
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Difluoro—(4—propylphenyl)— {4—[2—(4—dif1uoromethoxyphenyl)
ethyl]phenyloxy} methane | | ' |
Difluoro-(4-butylphenyl) - {4—[2—(4—difluoromethoxyphenyl)
éthyl]phenyloxy} methane

Difluoro—(4—pentylphenyl)— {44[2—(4—dif1uoromethéxyphenyl)
ethyl]phenyloxy} methane _

Difluoro- (4-ethylphenyl) - {4—[2—(4—trifluoromethylphenyl)
ethyl]phenyloxy} methane

Difluoro—(4—propylpheny1)— {4-[2—(4—trifiuoromethy1pheny1)
ethyl]phenyloxy} methane

Difluoro—(4—butylphenyl)— {4-[2—(4—trif1uoromethylphenyl)
ethyl]phenyloxy} methane .
Difluoro—(4—pentylphenyl)— {4¥[2—(4—trif1uoromethylphenyl)
ethyl]phenyloxy} methane

Difluoro—(4—ethylpheny1)- {4—[2-(4—trifluorometh6xypheny1)
ethyl]phenyloxy} methane

Difluoro-(4—propy1phenyl)— {4—[2-(4-trifluoromethoxy—
phenyl) ethyl ]phenyloxy} methane

Difluoro- (4-butylphenyl) - {4-[2—(4-trifluoromethoxyphenyl)

ethyl]phenyloxy} methane

_Difluofo—(4—pentylphenyl)— {4—[2—(4—trifluoromethoxy—

phényl)ethyl]phenyloxy} methane

Difluoro-(4—ethylphenyl)— {4—[2—(4—cyanophenyl)ethyl]phenyloxy}

methane

Difluoro—(4—propy1pheny1)--{4—[2—(4—cyanopheny1)ethyl]phenyloxy}

methane
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Difluoro- (4—buty_lpheny1) - {4-12- (4-cyanophenyl) ethyllphenyloxy}
methane , '

Difluoro- (4-pentylphenyl) - {4—[2—(4—cYaﬁopheny1)ethyl]phenyloxy}
methane

Difluoro—(4—ethylpheny1)— {4-[2—(3—fluoro—4—trifluoromethoxy—.
phenyl) ethyl ]phenyloxy} methane | |
Difluoro- (4-propylphenyl) - {4-[2—(3—fluoro—4—trifluofomethoxy—
phenyl) ethyl Iphenyloxy} methane |

Difluoro- (4-butylphenyl) - {44[2—k3—fluoro—4—trifluoromethoxy—
phenyl)ethyl ] phenyl oxy} methane

Difluoro- (4-pentylphenyl) - {4—[2—(3—fluoro—4-trif1uoromethoxy—
phenyl)ethyl] phenyloxy} methane

Difluoro-(4-ethylphenyl)- {4-[2- (3-fluoro-4-difluoromethoxy- '
phenyl)ethyl]phenylox&4 methane

Difluoro- (4-propylphenyl)- {4-[2-(3-fluoro-4-di fluoromethoxy—

phényl ) ethyl]lphenyloxy} methane

Difluoro- (4-butylphenyl) - {4-[2-(3-fluoro-4-dif luoromethoxy-
phenyl) efhyl lphenyloxy} methane

Difluoro- (4 —pe_ntylphenyl— )- {4-[2- (3-fluoro-4-dif luoromethoxy-
phenyl)ethyl] phenyloxy} methane

Difluoro-(4-ethylphenyl) - {a- [ 2-(3 -fiuoro—4 -trifluoromethyl-
phenyl)ethyllphenyloxy} methane

Difluoro-(4-propylphenyl)- {4-[2-(3-fluoro-4-trif luoromethyl - _
phenyl)ethyl] phenyloxy} methane |

Di fluorp— (4-butylphenyl) - {4-[2-(3 - flu6r0-4 -trifluoromethyl-

phenyl) ethyl]lphenyloxy} methane
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Difluoro—(4—pentylpheny1)— {4—[2—(3—f1uoro—4—trifluoromethyl—

phenyl ) ethyl ]phenyloxy} methane

Difluoro-(4-ethylphenyl)- {4—[2—(3—flﬁoro—4—cyanophenyl)-
ethyl]lphenyloxy} methane

Difluoro—(4—propylphenyl)- {4-[2-(3—fluoro—4-cyanophenyl)
ethyl]phenyloxy} methane

Difluoro- (4-butylphenyl)- {4-[2-( 3%flu6rof4—cyanopheny].)
ethyl]lphenyloxy} methane . |

Difluoro- (4-pentylphenyl) - {4—[2—(3—f1uoro—4—cyanopheny1)
ethyl]phenyloxy} méthéne
Difluoro—(4—ethylphenyl)—'{4-[2—(3,5—difluoro-4—trifluoromethoxy—
phenyl)ethyl }phenyloxy} methane |

Difluoro-(4-propylphenyl)- {4-[2-(3,5-difluoro-4-trifluoro-
methoxyphenyl) ethyl]phenyloxy} methane

bifluoro—(4—butylpheny1)— {4—[2—(3,5—difluoro—4—trifluoromethoxy—
phenyl)ethyl] phenyloxy} meﬁhane _

Difluofo—(4—penty1phenyl)— {4-12-(3,5-difluoro-4-trifluoro-
methoxyphenyl) ethyl]phenylo@} methane |

Difluoro- (4-e-thy1phenyl) - {4-12-(3, 5—dif1uoro—4—diflﬁoromethoky—

phenyl) ethyl]phenyloxy} methane .

Difluoro—(4}propylpheny1)— {4—[2—(3,5—difluoro—4—difluoromethoxy—

phenyl)ethyl lphenyloxy} methane

Difluoro- (4-butylphenyl) - {4-[2—(3,5—difluoro—4—difluoromethoxy—
phenyl)ethyl lphenyloxy} methane '
Difluoro- (4-pentylphenyl) - {4—[2—(3,5—dif1uoro—4—difluoromethoxy4

phenyl) ethyl)phenyloxy} methane
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Difluoro- (4—ethylphenyi) - {4-12-(3,5-difluoro-4-trifluoromethyl-

pheny1) ethyl ] phenyloxy} methane .

Difluoro- (4-propylphenyl) - {4-12-(3,5-difluoro-4-trifluoromethyl-

phenyl) ethyl]phenyl oxy} methane

' Difluoro-(4 —butylphehyl ) - {a-[2-(3,5-difluoro-4-trif luoromethyl-
- phenyl) ethyl]phenyloxy} methane

Difluoro-(4-pentylphenyl) - {4-12-(3,5-difluoro-4-trifluoromethyl-

phenyl)ethyl] phenyloxy} methane

Difluoro- (4-ethylphenyl) - {4-[2-(3,5-difluoro-4- '
cyanophenyl) ethyl] phenyloxy} methane

Difluoro- (4-propylphenyl) - {4-[2-(3,5-difluoro-4-
cyanophenyl') ethyl ]phenyl oxy} methane

Difluoro- (4-butylphenyl) - {a-12-(3, 5—dif1uoro-4-—
cyanophenyl)ethyl] phenyloxy} methane

Difluoro- (4-pentylphenyl) - {4-{2-(3,5-difluoro-4-

cyanophenyl)ethyl] pheriyloxy} methane

Difluoro- (2-fluoro-4-ethylphenyl) - {4-12-(3,5-difluoro-4-

trifluoromethoxyphenyl)ethyl]phenyloxy} methane

Difluoro- (2-fluoro-4-propylphenyl) - {4-12-(3,5-dif luoro.—4—
trifluoromethoxyphenyl)ethyl] phenyloxy} methane

Difluoro- (2-fluoro-4-butylphenyl ) - {4-12-(3, S-diflluoro—4—
trifluoromethoxyphenyl)ethyl] phenyloxy} methane

Difluoro- (2-fluoro-4-pentylphenyl) - {4-[2-(3,5-difluoro-4-
trifluoromethoxyphenyl)ethyl] phenyloxy} methane |
Difluoro-(2 - fluoro?4—ethylpheny1 y- {4-[2-(3,5-difluoro-4-

difluoromethoxyphenyl)ethyl]phenyloxy} methane
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Difluoro- (2-fluoro-4-propylphenyl) - {a- [2— (3,5-difluoro-4-
difluoromethoxyphenyl)ethyl] ph'enyloxy} methane
Difluoro-(2-fluoro-4-butylphenyl) - {4-[2-(3,5-difluoro-4-

dif 1uoromethoxyphenyi) ethyl]lphenyloxy} methane

: Diflubro— (2-fluoro-4-pentylphenyl) - {4-[2-(3,5~-difluoro-4-

difluoromethoxyphenyl)ethyl] phenyloxy} methane

Difluoro- (2-fluoro-4-ethylphenyl) - {4-[2-(3,5-difluoro-4-
trifluoromethylphenyl)ethyl] phenyloxy} methane

Difluoro- (2-fluoro-4-propylphenyl) - {4-12-(3,5-difluoro-4-

trifluorome thylphenyl)ethyl] phenyloxy} methane

Difluoro- (2-fluoro-4-butylphenyl) - {4-[2-(3,5-difluoro-4-

trifluoromethylphenyl)ethyl] phényloxy} methane
Difluoro- (2-fluoro-4-pentylphenyl) - {4-[2-(3, 5—dif1uofb—4 -
trifluoromethylphenyl)ethyl]phenyl oxy} methane '

Difluoro- (2-fluoro-4-ethylphenyl) - {4-[2-(3,4,5-

“trifluorophenyl)ethyl] phényloxy} methane

Difluoro- (2—fluoro—4—prop$r1phenyl) - {4-12-(3,4,5-trifluoro-
phenyl)ethyl] phenyloxy} methane

Difluoro- (2-fluoro-4-butylphenyl) - {4-[2-(3,4,5-trifluoro-
phenyl) ethyl ]phenyloxy} methane

Difluoro- (2—fluoro'—4—pentylphenyl) - {4-12-(3.,4,5-trifluoro-
phenyl) ethyl ]phenyloxy} methane
Difluoro-(2-fluoro-4-ethylphenyl) - {a-12-(3, 5-difluoro-4-
cyanophenyl)ethyl] phenyloxy} methane |

Difluoro- (2-fluoro-4-propylphenyl) - {4-12-(3,5-difluoro-4-

cyanophenyl)ethyl] phenyloxy} methane
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Difluoro- (2-fluoro-4-butylphenyl) - {4-12-(3,5-difluoro-4-

cyanophenyl) ethyl ]phenyloxy} methane

Difluoro-(2-fluoro-4-pentylphenyl) - {4-[2-(3,5-difluoro-4-

cyanophenyl) ethyl ]phenyloxy} methane

- Difluoro- (2, 6-difluoro-4-ethylphenyl)- {4-[2-(3,5-difluoro-4-

 trifluoromethoxyphenyl) ethyl ]phenyloxy} methane

Difluoro-(2,6~-difluoro-4-propylphenyl) - {4-[2-(3,5-difluoro-4-
trifluoromethoxyphenyl)ethyl lphenyloxy} methane

Difluoro- (2,6-di fluoro—4 -butylphenyl)- {4-[2-(3,5-difluoro-4-
trifluoromethoxyphenyl)ethyl]phenyloxy} me thaﬁe

Difluoro- (2, 6-difluoro-4-pentylphenyl) - {4f- [2-(3,5-difluoro-4-
trifluorome théxyphényl ) ethyl]phenyloxy} methane |

Difluoro- (2, 6-difluoro-4 -ethylll)h'enyl) - {4-12-¢( 3,5 -difluoro-4-
dif luorémetho_xyphenyl ) ethyl]phenyloxy} methane

Difluoro-(2, 6-difluoro-4-propylphenyl) - {4-{2-(3,5-difluoro-4-
difluoromethoxyphenyl)ethyl]phenyloxy} methane

Difluor'o'— (2, 6-difluoro-4-butylphenyl) - {4-[2-(3,5-difluoro-4-

- difluoromethoxyphenyl)ethyl]phenyloxy} methane

Dif_luoro-— (2, 6-difluoro-4-pentylphenyl)- {4- [2-_(3 , 5-difluoro-4-
difluoromethoxyphenyl)ethyl]lphenyloxy} methane

Di'fluo_ro.— (2, 6-difluoro-4-ethylphenyl) - {4-[2-(3,5-difluoro-4-
trifluorome thylphenyl) ethyl ]phenyloxy} methane |

Difluoro- (2, 6-difluoro-4-propylphenyl) - {4-[2-(3,5-difluoro-4-
trifluoromethylphenyl)ethyl]phenyloxy} methane

Difluoro-(2, 6—difluor§—4-b1ity1pheny1) - {4-12-(3 , 5-difluoro-4-

trifluoromethylphenyl) ethyl] phenyloxy} methane
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Difluoro- (2, 6—difluoro—4—pentylphenyl) - {4-[2-(3,5-difluoro-4-
trifluorome thylphenyl)ethyl]phenyloxy} methane

Difluoro- (2, 6-difluoro-4-ethylphenyl)~ {4-[2- (3,4,5-trifluoro-
phenyl) ethyl]phenyloxy} methane |

Difluoro-(2, 6-difluoro-4-propylphenyl) - {4-[2-(3,4,5-trifluoro-
phenyl)ethyl] phenyloxy} methane :

Difluoro-(2, 6-difluoro-4-butylphenyl)- {4-[2-(3 .4, 5-trif1u_oro—
phenyl) ethyl Iphenyloxy} methane .

Difluoré— (2,6-di fluofo—4—pentylphenyl) - {4-12-(3,4,5-trifluoro-
phenyl) ethyl]phenyloxy} mefhane |
Difluoro-(2, 6—difluoro—4—ethylphenyl) - {4-12-(3,5-difluoro-4-
cyanophenyl)ethyl] phenyl oxy} methane

Difluoro-(2, 6-difluoro-4-propylphenyl) - _{4— [2-(3,5-difluoro-4-

| cyanophenyl) ethyl]phenyloxy} methane

Difluoro-(2, 6-difluoro-4-butylphenyl)- {4-[2- (3., 5-difluoro-4-
cyanophenyl) ethyl ]phenyloxy} methane

Difluoro-(2, 6-difluoro-4-pentylphenyl)- {4-[2-(3 . 5—dif1uoro;4—
cyanophenyl) ethyl]phenyloxy} methane

Example 8 '

Preparation of difluoro-(4-propylphenyl)- {4-[difluoro-(4-
tri fuoromethoxyphenyloxy)methyl]phenyloxy} methane (Compound
expressed by the formula (I) wherein R = C3Hy, 8=1, m=n =0,
ring A; is 1,4-phenylene. group, Zl.= -CF20~, Z,; and Z3. are
covalent bond, L;, L,, L3, and L4y are hydrogen atom, and X =
OCF3)

1) Preparation of 4-[difluoro- (4-propylphenyl)methyloxy]lbenzoic

acid
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By the following'procedures, 4—[difluorb—(4—propylpheny1)
methyloxy]benzoic acid was prepared which is a raw material for
the preparation of the subject compounds of this Example.

It was prepéred by using difluoro- (4-propylphenyl)-(4-
cyanophenyloxy)methané (prepared in Examplé 1) as a raw material
for the preparation and subjecting it to a hydrolysis. That is,
in a 500 ml three neck distillation flask'provided with a
stirrer, thermometer, and cooling pipe, 15.0 g (52.2 mmol) of
difluoro—(4—propy1phenyl)—(4—cyano§henyloxy)methane and 7.3 g
(130.5 mmol) of potassium hydroxide were dissolved in 200 ml of

ethylene glycol and the solution was heated at 150°C for 10

hours while stirring. Reaction solution was cooled down to room

temperature_and added with 100 ml of water and 50 ml of 6N
aqﬁeous solution of hydrochloric acid. Precipitated insoluble
matter was filtered off, and the precipitate was washed with
water, dried under a reduced pressure,-and further
recrystallized from a mixed solveht of toluene-heptane to obtain
14.3 g of colorless crystal product. This product was 4-[difluo
ro-(4-propylphenyl)methyloxylbenzoic acid. '

2) Preparation of difluoro-(4-propylphenyl)- {4—[difluorof(4—
trifluoromethoxyphehyloxy)methyl]phenyloxy} methane

In a 500 ml three neck distillation flask provided with a
stirrer, thermometer, dropping funnel, and nitrogen gas
introducing pipe, 14.3 g (46.5 mmol) of 4-[difluoro(4- -
prolephenyl)methyloxy]benzoic acid, 11.5 g (55.7 mmol) of DCC,
and 0.2 g (1.7 mmol) of DMAP were dissolved in 250 ml of
dichloromethane, and then 9.9 g (55.7 mmol) of (4-trifluoro-
methoxy)phenol was added to the solution while stirring at room
temperature in 5 min, and then stirred at room temperature for
20 hours. After the reaction solution was added with 100 ml of

water, dichoromethane insoluble matter was filtered off, the
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dichloromethane layer was separated, and the water layer was

further extracted with 200 ml of dichloromethane. Extracted
layers were mixed, washed with 100 m1 X 2 of water, 100 ml df
saturated aqueous solution of sodium hydrogencarbonate, and 100

ml X 2 of water in turn, dried over anhydrous magnesium sulfate,

- and then concentrated under a réduced pressure to obtain 25.4 g

of reaction product. The reaction product was purified by a
chromatograhy using silica gel as filler and using toluéne as
deVeloping solvent, and further recrystallized from a mixed
solvent of heptane-ethanol to obtain 21.8 g of colorless érystal
product. This product was 4-trifluoromethoxyphenyl- {4-
[difluoro-(4—propy1phenyl)methyloxy)benzoate. .

Subsequently, in a 1000 ml egg-plant type flask provided
with a nitrogen gas introducing pipe and cooling pipe, 21.8 g
(46.8 mmol) of 4—trifluoromethéxyphényl— {4—[dif1uoro—(4—propyl-
phenyl)methyloxy)benzoate obtained by the procedures mentioned
above and 37.8 g (93.6 mmol) of Lawesson's reagent were
dissolved in 350 ml of toluene, and the solution was refluxed
whiie.stirring under nitrogen gas stream for 60 hours. After

the reaction solution was cooled down to room temperature, 200

'ml of water was added, the toluene layer was separated, and the

water layer was further extracted with 150 ml of toluene.

Organic layers were mixed, washed with 200 ml X 2 of water, 100

'ml of saturated aqueous solution of sodium hydrogencarbonate,'

100 ml of 10 % aqueous solution of sodium hydrogensulfite, and

200 ml X 2 of water in turn, dried over anhydrous magnesium

sulfate, and then concentrated under a reduced pressure to
obtain 21.9 g of brown crystalline product. Concentrated
product was purified by a column chromatography using silica gel
as fillér and using heptane asg developing solvent, and then

recrystallized from heptane to obtain 8.9 g of vellow needle-
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like crystal product. This product was 4-[difluoro- (4-propylphe
nyl)meﬁhyloxy]phenylcarbcthio acid—Of(4—trifluoromethoxy)phenyl.
In a 100 ml egg-plant tYpe flask provided with a nitrogen

gas introducing pipe, 8.9 g (18.4 mmol) of 4- [dlfluoro (4-
propylphenyl)methyloxy]phenylcarbothlo acid-O- (4-trifluoro-
methoxy)phenyl was dissolved in 50 ml of dichloromethane at room
temperature, and then 8.9 g (55.3 mmol) of DAST was added to the
solution and the solution was stirred at room temperature for 30
hours. Reaction solution was added with 50 ml of water, the
dichloromethane layer was separated, and the water layer was
further extracted with 50 ml of dichloromethane. Extracted

layers were mixed, washed with 50 m1 X 2 of water, 30 ml of
saturated aqueous solution of sodium hydrogencarbonate, and 50
ml X 2 of water in turn, dried over anhydrous magnesium sulfate,

and then concentrated under a reduced pressure to obtain 8.5 g

of colorless crystal product. Reactlon product was purified by

" a column chromatography using silica gel as filler and u51ng

heptane as developing solvent, and then recrystallized from

heptane to obtain 1.9 g of colorless needle-like crystal
product. This product was difluoro—(4—propylphenyl)— {4-
[difluoro(4—trifluoromethoxyphenyloxy)methyl]phenyloxy} methane.

Following compounds can be prepared according to the -
preparation method mentioned abdve by using 4-[difluoro(4-
alkylphenyl)methyloxy]benzoic acid having a different alkyl
chain in place of 4- [d1f1uoro(4—propylphenyl)methyloxy]ben201c

acid:

Difluoro- (4—methy1phenyl)— {4 [difluoro-(4- trlfluoromethoxy—
phenyloxy)methyl]phenyloxy} methane
D1fluoro—(4—ethylphenyl)— {4—[difluoro—(4—trifluoromethoxy—

phenyloxy)methyl]phenyloxy} methane
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Difluoro-(4-butylphenyl) - {4-[difluoro-(4-trif lﬁorometho_xyphenyl -
oxy)-.me_thy_l ] phenyloxy} methane
Difluoro- ( 4-pentylphenyl) - {4-[difluoro- (4-trifluoromethoxy-
phenyloxyi methyl]phenyloxy} methane
Difluoro-(4 —hexylphenyl )- {4-[difluoro- (4-trifluoromethoxyphenyl-
oxy)methyl] phenyloxy} methane | |
Difluoro-(4-heptylphenyl) - {4 -[difluoro-(4- trifluoromethoxy-
phenyloxy)methyl] phenyloxy} methane
Difluoro-(4-oc tylphenyl y- {4-[difluoro- (4-trifluoromethoxyphenyl-
oxy)methyl] phenyloxy} methane |
Difluoro-(4-nonylphenyl) - {4-[difluoro- (4-trifluoromethoxyphenyl-
oxy)methyl] phenyloxy} methane
Difluoro-(4-decylphenyl) - {4-[difluoro- (4-trifluoromethoxyphenyl-
oxy) mé thyl Iphenyl oxy} methane

Also, the following compounds can be prepared according to
the preparatibn method mentioned above by using several known
phenol derivatives in place of (4- trif luoromethoxy)phenol:
Difluoro-(4-ethylphenyl)- {4-[difluoro-(4-difluoromethoxyphenyl-
oxy)methyl] phenyloxy} methane
Difluoro-(4-propylphenyl) - {4-[difluoro- (4-difluoromethoxyphenyl-
oxy)imethyl] phenyloxy} methane |
Difluoro-(4-butylphenyl)- {4-[difluoro- (.4 -dif 1uorometh6Mhenyl -
oxy)methyl]phenyloxy} methane
Difluoro-(4-pentylphenyl)- {4-[difluoro-(4-difluoromethoxyphenyl-
oxy)methyl]phenyloxy} methane
Difluoro-{4-ethylphenyl) - {a- [di fluoro- (4-trifluoromethylphenyl-

oxy)methyl ]' phenyloxy} methane
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Difluoro-(4-propylphenyl) - {4-[difluoro-(4-trif luoromethylphenyl-

oxy)methyl lphenyloxy} methane

Dif luoro-(4-butylphenyl) - {4-— [difluoro-(4-trifluoromethylphenyl-.

oxy)methyl lphenyloxy} methane

Difluoro-(4-pentylphenyl) - {4—[difluoro—(4-trifluorométhy1phenyl—
oxy) methyl ]phenyloxy} methane

Difluoro—(4—ethylphenyl)— {4—[difluoro—f3,4,5-trifluorophenyloxy)
methyl]phenyloxy} methane

Difluoro—(4—propylphenyl)— {4—[dif1uoro—(3,4,5—trif1uoropheny1—
oxy)methyl]bhenyloxy} methane

Difluoro-(4-butylphenyl)- {4-[difluoro-(3,4, 5-trifluorophenyloxy)
methyl]phenyloxy} methane

Difluoro-(4 -pentylphenyl) - {4-[difluoro-(3,4,5-trif luoréphenyl—
oxy)methyl ] phenyloxy} methane

Difluoro-(4 -ethylphenyl) - {4-[difluoro- (4-cyanophenyloxy)

‘'methyl]phenyloxy} methane

Difluoro-(4 ~propylphenyl) - {4- [di fluoro- (4-cyanophenyloxy)
methyl]phenyloxy} methane

Dif ludro—( 4 —butylphen&l )~ {4-[difluoro- (4-cyanophenyloxy)
methyl] phenyloxy} methane |

Difluoro-(4 -pentylphenyl) - {4-[difluoro- (4 -cyanophenyloxy)
methyl ]phenyloxy} methane |

Difluoro-(4 -ethylphenyl) - {4-1aif ].uoro— (3-fluoro-4-trifluoro-
methoxyphenyloxy)methyl]phenyloxy} methane | |
Difluoro-(4 -propylphenyl) - {4-[difluoro-(3-fluoro-4- trifluoro—

methoxyphenyloxy)methyl]phenyloxy} methane
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Difluoro-(4-butylphenyl)- {4-[di fluoro—.( 3-fluoro-4-trifluoro-

methoxyphenyloxy)methyl] phenjrloxy} methane

Difluoro-(4 -pentylphényl )~ {4-[difluoro- (3-fluoro-4-trifluoro-
methoxyphenyloxy)methyl] phenyloxy} me thaﬁe
Difluoro-(4—ethylphenyl )- {4-[difluoro- (3-fluoro-4-difluoro-
methoxyphenyloxy)methyl] phenyloxy} methane

Dif 1u§rb— (4 -propylphenyl) - {4-[dif luoro- (3-fluoro-4-difluoro-
methoxyphenyloxy)methyl]phenyloxy} methane.

Difluoro-(4 ~butylphenyl)- {4-[difluoro- (3-fluoro-4-difluoro-
methoxyphenyloxy)methyl] phenyloxy} methane

Difluoro-(4 -pentylphenyl) - {4-[di f luoro-(3-£ luoro 4-dif 1uoro—
methoxyphenyloxy) methyl 1 phenyloxy} methane
Difluoro—(4—ethy1phenyl )~ {4-([difluoro- (3-fluoro-4-tri fluoro-—
methylphenyloxy)methyl] phenyloxy} methane

Difluoro-(4 -propylphenyl )- {4-[difluoro- (3-fluoro-4-trifluoro-
methylphenyloxy ). me thyi Iphenyloxy} methane

Difluoro-(4 ~butylphenyl) - {4-[difluoro- (3-fluoro-4 -trifluoro-
méthylphenyl oxy)methyl]lphenyloxy} methane

Difluoro-(4 —pentylphenyl )- {4-[dif luoro (3-fluoro-4-trif luoro—
methylphenyl oxy) methyl ]phenyloxy} methane

Difluoro-(4- ethylphenyl )- {4-[difluoro- (3-fluoro- 4 cyanophenyl—
oxy)methyl ]phenyloxy} methane

Difluoro-(4 -propylphenyl )- {4-[difluoro- (3-£ luoro 4- cyanophenyl -
oxy)methyl] phenyloxy} methane

Difluoro-(4 -butylphenyl)- {4 - [difluoro- (3-fluoro-4 -cyanophenyl-

oxy)methyl]phenyloxy} me thane
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Difluoro-(4 -pentylphenyl ) - {4-[difluoro- (3~-fluoro-4-cyanophenyl-
oxy)methyl]phenyloxy} methane
Difluoro—(4—ethylphenyl) - {4-[difluoro-(3, 5—difluofo_—4—trifluoro—
methoxyphenyloxy) mé thyl] phenyloxy} methane’
Difluoro-(4-propylphenyl)- {4-[difluoro-(3,5-difluoro-4-
trif luoromethoxyphenyloxy) me thyl lphenyloxy} methane
Dif 1uoro—(4—butylphenyl) - {4-[difluoro-(3, 5—dif1uoro—4—triflu_oro—

methoxyphenyloxy) methyl ]phenyloxy} methane

' Difludro—(4—pentylphenyl) - {4-[difluoro-(3,5-difluoro-4-

trifluorome thokyphenyloxy) methyl]phenyloxy} methane
Difluoro-(4-ethylphenyl)- {4-[di fluoro-. (3,5-difluoro-4 -di fluord-
methoxyphenyloxy)methyl]phenyloxy} methane
Difluoro-(4-propylphenyl) - {4-[difluoro-(3,5-difluoro-4- d:Lf luoro-
methoxyphenyloxy)methyl] phenyloxy} methane
Difluoro-(4-butylphenyl)- {4- [difluoro-(3,5-difluoro-4-di fluo_r<.>- |
methoxyphenyloxy)methyl] phenyloxy} methane
Difluoro-(4-pentylphenyl)- {4-[difluoro-(3,5-difluoro-4-dif luoro-
methoxyphenyloxy)methyl] phenyloxy} methane |
Difluoro- (4 -ethylphenyl) - {4 [difluoro- ( 3,5-difluoro-4-trifluoro-
me thylphenyl oxy)methyl lphenyloxy} me thane
Difluoro-(4-propylphenyl) - {4-[difluoro- (3, 5-difluoro—-4--

trif luoromethylphenyloxy)methyl]phenyl oxy} methane

Dif luorb— (4-butylphenyl)- {4- [dif luoro-(3,5-difluoro-4 ;-tri fluoro-
me thylphenyloxy) methyl]phenyl oxy}_ methane |

Dif lu_oro -(4 ~-pentylphenyl) - | {a-1 difluoré— (3,5-difluoro-4-

trifluoromethylphenyloxy)methyl] phenyloxy} methane
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Difluoro-(4-ethylphenyl)- {4-[difluoro-(3,5-difluoro-4-

_cyanophenyloxy) methyl]phenyloxy} methane

Difluoro- (4 -propylphenyl) - {_4— [difluoro-(3,5-difluoro-4-
cyahophenyloxy) methyl] phenyloxy} methane -

Dif luorq—( 4-butylphenyl)- {4- [di-f luoro- ( 3 ,5-difluoro-4-
cyanophenyloxy)methyl] phenyloxy} methane

Difluoro- (4 -pentylphenyl ) - {4-[difluoro- (3,5-difluoro-4-
cyanophenyloxy)methyl]phenyloxy} me thépe

Difluoro- (2-fluoro-4-ethylphenyl) - {4-[difluoro-(3,5-difluoro-4-
trifluoromethoxyphenyloxy)methyl ]phenyloxy} methane

Dif ludro— (2-fluoro-4-propylphenyl) - {4-[difluoro-(3,5-difluoro-4-
tri f luorome thokyphenyloxy) methyl ]phenyloxy} methane

Difluoro- (2-fluoro-4-butylphenyl)- {4-[difluoro-(3,5-difluoro-4-
trifluorome thoxyphenyloxy) methyl]phenyloxy} methane

Difluoro- (2-fluoro-4-pentylphenyl) - {4-[difluoro- (3, 5-difluoro-4-
trifluoromethoxyphenyloxy)methyl]phenyloxy} methane

Dif luord— (2-fluoro-4-ethylphenyl) - {4-[di fluoro-(3,5-difluoro-4-
di fluoromethoxyphenyloxy) methyi Iphenyloxy} methane |
Difluoro- (2-fluoro-4-propylphenyl) - {4-[difluoro-(3,5 —di f luoro; 4-
dif luoromethoxyphényl oxy)methyl] phenjrl oxy} methane

Difluoro- (2-fluoro-4-butylphenyl) - {4-[difluoro-(3,5-difluoro-4-
difluoromethoxyphenyloxy)methyl]phenyloxy} methane
Difluoro-(2-fluoro-4-pentylphenyl)- {4-{difluoro- (3, 5-difluoro-4-
difluorome thoxyphenyloxy_ )methyl]phenyloxy} me thane .

Difluoro- (2-fluoro-4-ethylphenyl)- {4-[difluoro-(3,5-difluoro-4-

- trifluoromethylphenyloxy) methyl]phenyloxy} methane
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Difluoro-(2- f luoro-4-propylphenyl) - {4-[difluoro- (3, 5-difluoro-4-
trifluoromethylphenyloxy)methyl]phenyloxy} methane
Difluorp—(2—f1uoro—4—b;tylphenyl)- {4-[difluoro-(3,5-difluoro-4-
trif luorométhylphenyloxy) methyl ]phenyloxy} methane

Difluoro- (2-f 1uor§-4 -pentylphenyl) - {4— [difluoro-(3,5-dif luoro-4-
trifluoromethylphenyloxy)methyl]lphenyloxy} methane
Difluoro-(2-fluoro-4 —ethylphenyl ) - {4- [difluoro-(3,4,5-

trif iuorophenyl oxy)methyl] phenyloxy} methane

Difluoro-(2-fluoro-4 —propylphenyl )- {4-[difluoro-(3 , 4,5-
trifluorophenyloxy)methyl]phenyloxy} methane

Difluoro- (2-fluoro-4 -butylphenyl)- {4-[di fluoro-; (3,4,5-trifluoro-
phenyloxy) methyl ] phenyloxy} methé.ne

Di fluoro- (2~fluoro-4-pentylphenyl) - {4- -[ di £ luoro;- (3,4,5-
trifluorophenyloxy) mé thyl]lphenyl oxﬂ methane | |
Difluoro-(2- fluor6-4 -ethylphenyl) - {4-[difluoro-(3,5 ~-difluoro-4-
cyanophenyloxy)methyl] phehyloxy} methane

Difluoro- ( 2-fluoro-4 —p;:'opylphenyl )- {4-[difluoro-(3,5-dif luoro-4-
cyanophenyloxy)methyl]phenyloxy} methane

Difluoro- (2-fluoro-4 —butylphényl )~ {4-[difluoro-(3,5-difluoro-4-
cyanophenyloxy)methyl]phenyloxy} methane |

Difluoro-(2- f luoro-4-pentylphenyl) - {4-[difluoro-(3,5-difluoro-4-
cyanophenyloxy)methyl]phenyloxy} methane

Difluoro-(2, 6-difluoro-4 —ethylphényl ) - {4- [di fluoro; (3,5-
difluoro-4-trif luoromethoxyphenyloxy)methyl] phenyloxy} methane
Difluoro-{(2, 6-difluoro-4-propylphenyl) - {4-[difluoro-~(3,5-

difluoro-4-trifluoromethoxyphenyloxy)methyl] phenyloxy} methane
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Difluoro-(2,6-dif 1uoro-4 -butylphenyl) - {4-[dif luoro-(3,5-
difluoro-4-trif luoromethoxyphenyloxy)methyl] phenyloxy} methane
Difluoro-(2,6-difluoro-4 -pentylphenyl) - {4¢-[difluoro-(3,5-
difluoro-4-trifluoromethoxyphenyloxy)methyl]phenyloxy} methane
Difluoro-(2, 6-difluoro-4-ethylphenyl)- {4-[difluoro-(3,5-
difluoro-4-difluoromethoxyphenyloxy)methyl]phenyloxy} methane
Difluoro-(2, 6-difluoro-4-propylphenyl) — {4 -[difluoro-(3,5-

difluoro-4-difluoromethoxyphenyloxy)methyl]phenyloxy} methane

- Difluoro-(2, 6-difluoro-4-butylphenyl) - {4-[difluoro-(3,5-

difluoro-4-difluoromethoxyphenyloxy)methyl]phenyloxy} methane
Difluoro- (2, 6-difluoro-4-pentylphenyl) - {4-[difluoro-(3,5~
dif 1uoro'— 4-difluoromethoxyphenyloxy)methyl]lphenyloxy} methane

Difluoro- (2, 6-difluoro-4-ethylphenyl) - {4-[difluoro-(3,5-

‘difluoro-4-trif 1uoromethy1phehyloxy) methyl]phenyloxy} methane

Difluoro-(2,6-dif 1ﬁoro—4 -propylphenyl) - {4-[dif lﬁoro— (3,5-
difluoro-4-trif luoromethylphenyloxy) methyl ]phenyloxy} methane
Difluoro-(2, 6-difluoro-4-butylphenyl)- {4-[difluoro-(3,5-
difluoro-4-trifluoromethylphenyloxy)methyl] phényloxy} methaﬁe
Difluoro-(2,6-dif 11io:_:o-4 -pentylphenyl) - {4-[difluoro-( 3,5~
difluoro-4-trifluoromethylphenyloxy)methyl] phenyloxy} methane
Difluoro-(2, 6-difluoro-4-ethylphenyl)- {4-[di fluoro- (3,4,5-
trif 1uqrophenyl OXY) mei:hyl Iphenyloxy} methane

Difluoro-( 2. ,6-difluoro-4 -propylphenyl) - {4-[aifluoro-(3,4,5-

trifluorophenyloxy)methyl]phenyloxy} methane

Difluoro-(2, 6-difluoro-4-butylphenyl) - {4-[difluoro-(3,4,5-

trifluorophenyloxy)methyl]phenyloxy} methane
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Difluoro- (2, 6-difluoro-4-pentylphenyl) - {4-[difluoro-(3,4,5-
trifluorophenyloxy)methyl]phenyloxy} methane
Difluoro-(2, 6-difluoro-4-ethylphenyl)- {4-[difluoro-(3,5-
difluoro-4-cyanophenyloxy)methyl]phenyloxy} methane
Difluoro-(2, 6-difluoro-4-propylphenyl)- {4-[difluoro-(3,5-
difluoro-4-cyanophenyloxy)methyl]phenyloxy} methane
Difluoro- (2, 6-difluoro-4-butylphenyl)- {4-[difluoro-(3,5-
difluoro-4 —cyanopher_lyloxy) methyl]phenyloxy} methane
| Difluoro- (2, 6-difluoro-4 —pentﬁzlphenyl )~ {4-[difluoro-(3,5- -
dif lﬁoro—_4 -cyanophenyloxy)methyl]phenyloxy} methane
Difluoro-(difluoro-4-ethylphenyl)- {4-[difluoro- (4- ethylphenyl—
oxy)methyl ]phenyl oxy} methane
Difluoro-(difluoro-4-ethylphenyl)- {4-[difluoro- (4 ~-propylphenyl-
oxsr) methyl ] phenyloxy} methane
Difluoro-(difluoro-4-ethylphenyl)- {4-[dif 1u_dro- (4-butylphenyl-
oxy)methyl ]phenyloxy} methane _
Difluoro- (difluoro-4 —éthylphenyl y- {4-[difluoro-( 4-pentylphenyl-
oky) methyl] phenyloxy} methane |
Difluoro- (difluoro-4-ethylphenyl ) - {4-[difluoro- (4- ~hexylphenyl-
oxy) methyl]phenyl oxy} methane
Difluoro-(dif 1uoro-4 -propylphenyl)- {4- [d:Lf luoro- (4-ethylphenyl-
oxy)methyl]phenyl oxy} methane
Difluoro- (difluoro-4 -propylphenyl) - {4-1difluoro- (4 ~-propylphenyl-
oxy)methyl]lphenyloxy} me thane
Difluoro- (difluoro-4 —propylphenyl. )- {4-[difluoro- (4 ébutylphenyl -

oxy)methyl] phenyl oxy} methane
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Difluoro- (difluoro-4 —propylphenyi )- {4-[dif luoro- (4-pentylphenyl-

oxy) methyl'] phenyloxy} methane

Difluoro- (di fluoro-4-propylphenyl) - {4-[difluoro- (4-hexylphenyl-

oxy) ine thyl]phenyloxy} methane _ .

Difluoro-(dif luoro?4 —butylphenyi }- {4-[difluoro- (4-ethylphenyl-
oxy)methyl]lphenyloxy} methane

Difluoro-(difluoro-4-butylphenyl ) - {4-[difluoro- (4 —propylph.enyl-—
oxy)methyl]phenyloxy} methane

Difluoro- (difluoro-4-butylphenyl)- {4-[difluoro-(4-butylphenyl-
oxy)methyl]phenyloxy} methane |

Difluoro- (dif luoro-4-butylphenyl) - {a-1 difluoro-(4-pentylphenyl-
oxy)methyl]phenyloxy} methane

Dif 1uoro (difluoro-4-butylphenyl) - {4-{difluoro- (4 —hexylphenyl -
oxy) methyl] phenyloxy} methane

Difluoro- (difluoro-4 -pentylphenyl)- {4-[difluoro- (4-ethylphenyl-
oxy)methyl]phenyloxy} me thane |
Dif luoro-( difluoro-4-pentylphenyl) - {4-[difluoro- (4-propylphenyl-
oxy)methyl]phenyloxy} methane

Difluoro-(difluoro-4-pentylphenyl) - {4-[difluoro-( 4—butylpheny1 -
oxy)methyl]phenyl o_xy} methane .
Difluoro-(difluoro-4-pentylphenyl) - {4 - [difluoro- (4-pentylphenyl-
oxy)methyl] phenyloxy} methane o
Difluoro-(difluoro-4 -pentylpﬁenyl )- {4-[difluoro- (4-hexylphenyl-
oxy)methyl] phenyloxy} methane |

Difluoro- (difluoro-4-hexylphenyl)- {4-[difluoro-(4-ethylphenyl-

oxy)methyl ]phenyloxy} methane
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Difluoro—(difluoro-4—hexylpheny1)— {4- [difluoro- (4-propylphenyl-
oxy)methyl]phenylbxy} methane '
Difluofo—(difluoro~4—hexy1phenyl)- {4- [difluoro- (4-butylphenyl-
oxy)methyl]phenyloxy& methaﬁe |

Difluoro- (difluoro-4-hexylphenyl)- {4-[difluoro-(4-pentylphenyl-
oxy)methyl]phenyloxy} methane | _
Difluoro—(diflubro~4—hekylphenyl)— {4- {difluoro- (4-hexylphenyl-
oxy)methyl]pheﬁyloxy} methane

Example 9 _

Preparation of difluoro-(4-propylphenyloxy) - {4-[difluoro- (4-
pentylphenyloxy)methyl]phenyl} methane (Compound expressed by the
formula (I) wherein R = C3Hy, 8 =1, m=n = 0, ring A; is 1,4~
phenylene group, Z; = -OCF3-, Z; and 23 are covalent bond, L, L3,
L3, and Ly are hydrogen atom, and X = CsgHy1.) |

In a 1000 ml three neck distillatidn flask provided with a
stirrer, dropping funnel, thermometer, and cooling pipe, 25.0 g
(166.5 mmol) of 4-forlmylbenzoic acid, 41.2 g (199.8 mmol) of
DCC, and 0.73 g (5.9 mmol) of DMAP were dissolved in 300 ml of
dichloromethane at room temperature, and then a solution of 27.2
g (199.8 mmol) of 4-propylphenol in 100 ml of dichloromethane
was added dropwise in 40 min while stirring. After the
dropping, the solution was stirred for 10 hours. Reaction
solution was added With 200 ml of water, and dichloromethane
insoluble_matter was filtered off, the dichloromethane layer was
separated, and the water layer was further extracted with 300 ml

of dichloromethane. Extracted layers were mixed, washed with

300 ml X 2 of water, 200 ml of saturated aqueous solution of

sodium hydrogencarbonaﬁe, and 300 ml X 2 of water in turn, dried

over anhydrous magnesium sulfate, and then concentrated under a
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- reduced pressure to obtain 42.1 g of reaction product. This

product was_4—propylpheny1—(4—formyl)bénzoate. This 4-

'propylphenyl—(4—formyl)benzoate which was used for next

preparation step as it is.

In a 1000 ml three neck distillation flask provided with a
stifrer, dropping funnel, and thermometer, 42.1 g of 4-
propylphenyl- (4-formyl)benzoate obtained by the procedures

mentioned above was dissolved in 450 ml of acetone, and the

solution was cooled down with a coolant to 0°C. Then, 58.8 ml

(470.7 mmol) of 8M solution of Jones reagent (K. Bowden, I. M.
Heilbron, E. R. Jones, et al., J. Chem. Soc., 1946, 39) was

added dropwise in 30 min so that the solution was maintained at

- the same temperature. After the dropping, the solution was

stirred for 4 hours and then added with 300 m of water to

terminate the reaction. Reaction solution was extracted with

250 ml X 2 of diethyl ether, and the extracted layer was further
washed with 250 ml X 3 of water, dried over anhydrous magnesium

sulfate, and then concéntrated under a reduced pressure to
obtain 43.1 g of brown crystal product. Concentrated product
was recrystallized from toluene to obtain 35.2 g of colorless
crystal product. This product was 4-propylphenyl-
{carboxy)benzoate. .

In a 1000 ml three neck distillation flack provided with a
stirrer, dropping funnel, thermometer, and cooling pipe, 35.2 g
(123.9 mmol) of 4-propylphenyl-(4-carboxy)benzoate, 30.7 g
(148.7 mmol) of DCC and 0.55 g (4.5 mmol) of DMAP were dissolved
in 500 ml of dichloromethane at rbom temperature, and then a
solution of 24.4 g (148.7 mmol) of 4-pentylphenol in 100 ml of
dichloromethane was added dropwise at room temperature in 30 min
while stirring. After the dropping, the reaction solution was

stirred for 10 hours and added with 200 ml of water to terminate
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the reaction. From the reaction solution} dichloromethane
insoluble matter was filtered off, the dichloromethane layer was

separated, and the water layer was further extracted with 300 m

of dichloromethane. Extracted layers were mixed, and_washed

with 300 ml X 2 of water, 200 ml of saturated agueous solution
of sodium hydrogencarbonate, and 300 ml X 2 of water in turn,

dried over anhydrous magnesium sulfate, and then concentrated’
under a'reduced pressure to obtain 50.2 g of reaction product.
Reaction product was purified by a column chromatography ﬁsing
silica gel as filler and using a mixed solvent of toluene-ethyl
acetate as developing solvent,; and further recrystallized from a
mixed solvent of heptane—ethanol to obtain 36.8 g of colorless
crystal product. This product was.terephthalic acid- (4-
prbpylphenyl)—(4—pentylphenyl), '

Subsequently, in a 1000 ml egg—plaﬁt type flask provided
with a nitrogen gas introducing pipe and cooling pipe, 36.8 g
(85.5 mmoi) of térephthalic acid- (4-propylphenyl) - (4-pentyl-
phenyl) obtained by the procedures mentioned above and 138;3.g
(341.9 mmol) of Lawesson's reageﬁt were dissolved in 600 ml of
toluene, and the reflux was conducted under nitrogen gas stream
for 60 hours while stirring. Reaction solution was cooled down
to room temperature and added with 200 ml of water.

Toluene layer was separated and the water layer was further

extracted with 400 ml of toluene. Organic layers were mixed,
washed with 300 m1 X 2 of water; 300 ml of saturated agueous
solution of sodium hydrogehcarbqnate; 300 ml of 10 % agueous
solution of sodium hydrogensulfite, and 300 ml X 2 of water in

turn, dried over anhydrous magnesium sulfate, and then
concentrated under a reduced pressure to obtain 38.7 g of brown
crystalline mixture. Concentrated product was purified by a

column chromatography using silica gel as filler and using a
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mixed solvent of heptane-toluene as developing solvent, and then
recrystallized from heptane to obtain 19.8 Q of vellow needle-
like crystal of a derivative of dithiocaroxylic acid ester.

In a 200 ml egg-plant type flask provided with a nitrogen
gas introducing pipe, 19.8 g (42.7 mmol) of the derivative of

dithiocarboxyic acid ester bbtained by the procedures mentioned

" above was dissolved in 100 ml of dichoromethane at room

temperature, and then the solution was added with 20.7 g (128.3
mmol) of DAST and stirred at room temperature for 30 hours.
Reaction solution was added with 100 ml of water, the
dichloromethane layer was separated, and the water iayer was

further extracted with 150 ml of dichloromethane. Extracted

"layers were mixed, and washed with 100 ml X 2 of water, 100 ml

of saturated aqueous solution of sodium hydrogencarbonate, and
100 ml X 2 of ;water in turn, dried over anhydrous magnesium
sulfate, and then concentrated under a reduced préssure to
obtain 18.9 g of brown crystal product. Reaction product was
purified by a column chromatography using silica gel as filler

and using heptane as developing solvent, and then recrystallized

from heptane to obtain 9.1 g of colorless needleflike crystal

product. This product was difluoro- (4-propylphenyloxy)- {4-
[difluoro (4-pentylphenyloxy)methyl]phenyl} methane.

Following compounds can be prépared according.to the

preparation method mentioned above by using phenol derivatives

. having a different alkyl chain in place of 4-propylphenol or 4-

pentylphenol: _
Difluoro- (4-methylphenyloxy) - {4-[difluoro- (4-methyl-
phenyloxy)methyl]phenyl} methane

Difluoro- (4-methylphenyloxy) - {4- [difluoro- (4-ethylphenyloxy)

methyl])phenyl} methane
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Di fluoro— (4-methylphenyloxy) - {4-[difluoro- (4-propylphenyl-
dxy ymethyl] phényl} methané

pifluoro- (4-methylphenyloxy) - {4- [difluoro- (4-butylphenyl-

oxy)methyl] phenyl} methane

Difluoro- (4-methylphenyloxy) - {a-1aif lub;:'o- (4-pentylphenyl-
oxy)methyl]phenyl } methane |

Difluoro- (4-methylphenyloxy) - {4-[difluoro- (4-hexylphenyl-
oxy)methyllphenyl} methane

Dif luofo— (4-me thylphenyloxy) - {4-[difluoro- (4-heptylphenyl-
oxy)methyl]lphenyl} methane

Difluoro- (4-methylphenyloxy) - {4-[{difluoro- (4-octylphenyl-

oxy)methyl]phenyl} methane

Difluoro- (4-methylphenyloxy) - {4-[difluoro- (4-nonylphenyl-

' oxy)methyl]phenyl} methane

Difluoro- (4 —methylphenyloxy_) - {4-1 d1f luoro- (4-decylphenyl-
oxy)methyl] phenyl} methane _
Difluoro- (4-ethylphenyloxy)- {4-[difluoro-(4 —ethylphenyl-
oxy)methyl] phenyl} methane |

Difluoro- (4 —ethylphenyldxy) - {4-[difluoro- (4-propylphenyl-
oxy)methyl] phenyl} methane | _

Difluoro- (4-ethylphenyloxy) - {4 - [difluoro- (4-butylphenyl-
oxy)methyl] phenyl} methane |

Difluoro- (4-ethylphenyloxy) - {a-1dif luoro- (4 -pentylphenyl-
oxy) methyl ] phenyl} me thane

Difluoro- (4-ethylphenyloxy) - {4-[difluoro- (4-hexylphenyl-

oxy)methyl] phenyl} methane
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Dif luéro— (4-ethylphenyl oxyl) - {4-[aif 1u6ro- (4-heptylphenyl-
oxy)methyl]phenyl} methahe |

Difluoro- (4~ ethylphenle}qr) - {4-[difluoro-(4-oc tylphenyl- ..
oxy)methyl] pheriyl } methane

Difluoro- (4-ethylphenyloxy) - {4-[difluoro- (4-nonylphenyl-
oxy)methyl]lphenyl} methane |

Difluoro- (4-ethylphenyloxy) - {.4 -[difluoro- (4-decylphenyl~
oxy)methyl]lphenyl} methane _
Difluoro- (4-propylphenyloxy)- {4 -[difluoro- (4-propylphenyl-
oxy)methyl]phenyl} methane

Difluoro- (4-propylphenyloxy)- {4-[difluoro- (4-butylphenyl-
oxy)methyl]phenyl} methane '

Difluoro-(4 —propylphehyl oxy) - {4-[difluoro-(4 -hexylphenyl-
oxy)methyl] phenyi } methane _

Dif luoro-(4 —propy’lphenyloxy) - {4-[difluoro- (4-heptylphenyl-
oxy)methyl]lphenyl} methane

Difluoro- (4 -propylphenyloxy) - {4-[difluoro-(4-oc tylphenyl-
oxy) methyl lphenyl} methane

Difluoro- (4-propylphenyloxy) - {4-[difluoro- (4-nonylphenyl-

oxy)methyl]lphenyl} methane

.Difluoro- (4 -propylphenyloxy) - {4- [di fluoro-(4-decylphenyl -

oxy)methyl]phenyl} methane
Difluoro- (4 4butylphe‘nyld_x_y) - {4-[difluoro- (4 -butylphenyl-
oxXy)me t'hyl Iphenyl} methane

Difluoro-(4 —butylphényloxy) - {4-[difluoro- (4 —pentylphenyl -

oxy)methyl]phenyl} methane
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Difluoro- (4 —butYlphenyloxy) - {4-[difluoro-(4 ~hexylphenyl -

oxy)methyl]phenyl} methane
Difluoro- (4-butylphenyloxy) - {4—[difluoro—(4—hepty1phenyl—

oxy)methyl]phenyl} me théne'

Difluoro-(4-butylphenyloxy)- {4-[difluoro- (4 —o'ctylphenyl -

oxy)methyl]phenyl} methane

Difiuoro—(4—butylphenyloxy)- {4-[difluoro-(4-nonylpheny1—
oxy)methyl]phenyl} methane |
Difluoro-(4-butylphenyloxy)- {4- [difluofo— (4—decy1phenyl—
oxy)methyl] phenyl_} methane ' |

Difluoro- (4-pentylphenyloxy) - {4—[difluoro-(4—penty1phenyl-
oxy)methyllphenyl} methane '
Difluofo—(4—pentyiphenyloxy)— {4—[difluoro—(4—hexyl§henyl—
oxy)methyl]phenyl} methane

Difluoro- (4-pentylphenyloxy) - {4—[dif1uoro—(4—hepty1pheny1—
oxy)methyl] phenyl} methé.ne |
Difiubro—(4—pentylphenyloxy);.{4—[difluéro—(4—octy1pheny1—

oxy)methyl]lphenyl} methane

- Difluoro-(4 —penty]_.phenyldxy) - {4-[qif luorb-— (4-nonylphenyl-

oxy)methyl]phenyl} methane
Difluoro- (4 —pe_ntylphenyloxy) - {4-[difluoro-(4 -decylphenyl -

oxy)methyl]phenyl} methane

Difluoro- (4-hexylphenyloxy)- {4- [difluoro— (4-hexylphenyl-

oxy)methyl ]phenyl} methane '
Difluoro- (4 —hexylphenyloxy) - {4-[aif 1u_oro— (4-heptylphenyl-

oxy)methyl]phenyl} me thane
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Difluoro- (4-hexylphenyloxy)- {4-[difluoro-(4-octylphenyl-
oxY) methyl] phenyl} methane |
Difluoro-(4 —hexylphenyloxy) - {4-[difluoro- (4-nonylphenyl -~
oxy)methyl]phenyl} methane _ |

Dif 1uor6— (4-hexylphenyloxy) - {4-[difluoro-(4-decylphenyl-
oxy)methyl] pheﬁyl} methane |

Difluoro- (4-heptylphenyloxy) - {4 -[difluoro- (4-heptylphenyl-
oxy)methyl]lphenyl} methane

Difluoro- (4 —heptylphényloxy)'- {4- [difluoro- (4-octylphenyl-
oxy)methyl]phenyl} methane

Difluoro- (4 —héptylphenyloxy) - {4-[difluoro- (4-nonylphenyl-
oxy)methyllphenyl} methane

Difluoro- (4-heptylphenyloxy) - {4-[difluoro-(4-decylphenyl-
oxy)methyl] phenyl} methane |

Difluoro- (4-octylphenyloxy)- {4 ~[difluoro- (4-octylphenyl-
oxy)methyl] phenyl} me_thane

Difluoro- (4-octylphenyloxy) - {4-[difluoro- (4-nonylphenyl-
oxy)methyl]phenyl} methane ' |

Difluoro- (4-octylphenyloxy) - {4-[difluoro- ( 4-decylphenyl-
oxy)methyl]phenyl} methane

Difluoro- (4 —nonylphenylbxy) - {4-[difluoro- (4-nonylphenyl -
oxy)methyl]phenyl} methane '

Difluoro- (4-nonylphenyloxy) - {4-[difluoro- (4 —decylphényl -
oxy)methyl]lphenyl} methane

Difluoro-(4 —decylpheﬁyloxy) - {4- [aif luoro- (4-decylphenyl-

oxy)methyl]lphenyl} methane
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Example 10

Preparation of difluoro—(3,4,5-trif1uoxophenylox&)- {a-
[trans—4—(trans—4-propy1¢yclohexyl)cyclohexyl]phenyl} methane
(Compound expressed by the formula (I) wherein R = C3H;, 8 =m =
1,.n = 0, both rings A; and A, are trans-1,4-cyclohexylene group,
Z1, 22 and Z3 are covalent bond, Ij = Ip =H, I3 =14 =F, and X =
F.)

In a 500 ml three neck distillation flask provided with a
stirrer, thermometer, dropping funnel, and nitrogen gas
introducing pipe, 15.0 g (45.7 mmol) of 4-[trans-4-(trans-4-
propylcyclohexyl)cyclohexyllbenzoic acid, 11.3 g (54.8 mmol) of
DCC, and 0.2 g (1.6 mmol) of DMAP were dissolved in 250 ml of
dichloromethane under nitrogen gas atmosphere, and then 8.1 g
{54.8 mmol) of 3,4,5—trif1uofophenol was added dropwise to the
solution at room temperature in 3 min while stirring. After the
dropping, the solution was stirred at room temperature for 10
hburs.- Reaction solution was added with 100 ml of water, and
dichloromethane insoluble mattef was filtered off, the
dichloromethane layer was separated, and the water layer was
further extracted with 200 ml of dichloromethane. Extracted
layers were mixed, washed with 100 ml X 2 of water, 100 ml of

saturated aqueous solution of sodium hydrogencarbonate, and 100

"ml X 2 of water in turn, dried over anhydrous magnesium sulfate,

and then concentrated under a reduced pressure to obtain 21.9 g
of reaction product. Reaction ptoduct was purified by a column
chromatography using silica gel as filler and using toluene as
deVeioping solvent, and further recrystallized_from a mixed
solvent of heptane-ethanol to obtain 16.5 g of colorless crystal
product. This product was 3,4,5—trif1uorophenyl—4—[4—trans—
(trans—4—propylcyclohexyl)cyclohexyl]benzoate.
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Subsequently, in a 1000 ml egg-plant type flask provided
with a nitrogen gas introducing pipe and cooling pipe, 16.5 g
(33.9 mmol) of the 3,4}5—trif1uorophenyl—4—[4—trans—(trans—4—
propylcyclohexyl)cyclohexyl]lbenzoate obtained by the procedures
mentioned above and 27.5 g'(67.9 mmol) of Lawesson reagént were
dissolved in 500 ml of toluene, and the solution was refluxed
while stirring under nitrogen gés stream for 60 hours. After
the reaction solution was cooled down to room temperature, 200
nl of water was added to the reaction solution, the toluene
layer was separated, and then the water layer was further

extracted with 150 ml of toluene. Organic layers were mixed,
washed with 200 ml1 X 2 of water, 100 ml of saturated sodium
hydrogencarbonate, 100 ml of 10 % aqueous solution of sodium
hydrogensulfite, and 200 ml X 2 of water in turn, dried over

anhydrous magnesium sﬁlfate, and then concentroted under a
reduced pressure to obtain 15.4 g of brown crystalline.mixture.
Reaction product was purified by a column chromatography using
silica gel as filler and using heptane as developing solvent,
and then recrystallized from heptane to obtain 6.4 g of vellow
needle-like crystal product. This product was 4-[trans-4-
(trans-4-propylcyclohexyl) cyclohexyl]lphenylcarbothio acid-0-
3,4,5-trifluorophenyl. ' '

In a 100 ml egg-plant type flask provided with a nitrogen
gas introducing pipe, 6.4 g (13.5 mmol) of 4-[trans-4-(trans-4-
propylcyclohexyl)cyclohexyl]phenylcarbothio acid—0—3,4,5—trif1uo
rophenyl was dissolved in 50 ml of dichloromethane at room
temperature, and then 6.5 g (40.5 mmol) of DAST was added to the
solution and the solution was stirred at room temperature for 40

hours. Reaction solution was added with 50 ml of water; the

‘dichloromethane layer was separated, and the water layer was

further extracted with 50 ml of dichloromethane. Extracted
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layers were mixed, washed with 50 ml X 2 of water, 30 ml of
saturated aqueous solution of sodium hydrogencarbonate, and 50
ml X 2 of water in turn, dried over anhjdrous magnesium sulfate,
and then cbncentrated_under a reduced pressure to obtain 6.4.g
of brown crystal product. Reaction product was purified by a
column chromatography using silica gel.as filler and using
heptane as developing solvent, and then recrystallized from
heptane to obtain 1.3 g of colorless needle—like-cryétal
product. This product was difluoro—(3,4,S—trifluorophenyloxy)—.{.
4-[trans-4-(trans-4-propylcyclohexyl)cyclohexyl]phenyl} methane.
Following compounds can be prepared according to the
preparation method mentioned above by using 4—[trans—4-(trans—4—.
alkylcyclbhexyl)cyclohexyl]benzoic acids having a different
alkyl chain in place of 4—[trans—4—(trans—4—propylcyclohexy1)
cyclohexyllbenzoic acid: R _
Difluoro-(3,4,5-trifluorophenyloxy) - {4-[trans-4-(trans-4-
ethylcyclohexyl)cyclohexyl]phenyl} methane

Difluoro;(3,4,S—trifluorophenyloxy)— {4-[trans-4- (trans-4-

' butylcyclohexyl)cyclohexyl]lphenyl} methane

Difluoro-(3,4,5-trifluorophenyloxy) - {4-[trans-4- (trans-4-
pentylcyclohexyl)cyclbheXyl]phenyi}_methane
Difluofo-(3,4,5—trifluor6phenyloxy)— {¢-[trans-4-(trans-4-
hexylcyclohexyl)cyclohexyl]phenyl} methane
Difluoro-(3,4,5-trifluorophenyloxy) - {4-[trans-4-(trans-4-
heptylcyclohexyl)cyclohexyl]phenyl} methane
Difluoro—(3,4,5—trif1uorophenyloxy)— {4-[trans—4—(tréns—4—
octylcyclohexyl)cyclohexyl]phenYl} methane

Difluoro-(3,4,5-trifluorophenyloxy) - {4-[trans-4-(trans-4-
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nonylcyclohexyl)cyclohexyl]phenyl} methane
Difluoro-(3,4,5-trifluorophenyloxy)- {4-[trans-4-(trans-4-
decylcyclohexyl)cyclohexyl]phenyl} methane

Following compounds can be prepared according to the
preparation method mentioned above by selectively using several
known benzoic acid derivatives and several known phenol
derivaﬁives, including the compounds preparation examples of
which are deécribed in detail in thé Examples mentioned above,
in place of 4-[trans-4-(trans-4-propylcyclohexyl)cyclohexyl]
benzoic acid or 3,4,5-trifluorophenol:
Difluoro- (4-trifluoromethoxyphenyloxy) - {4—[trans54f(trans—4—
ethylcyclohexyl)cyclohexyl]phenyl} methane
Difludro—(4—trifluoromethoxyphenyloxy)— {4—[tfans—4—(trans—4—
propylcyclohexyl)cyclohexyl]lphenyl} methane
Difluoro—(4—trif1uoromethoxyphenyloxy)— {4—[trané-4—(trans—4—
butylcyclohexyl) cyclohexyl]lphenyl} methane
Difluoro- (4-trifluoromethoxyphenyloxy)- {4-[trans-4- (trans-4-
pentylcyclohexyl)cyclohexyl]phenyl} methane
Difluoro—(4—difluoromethoxyphenyloxy)— {4-[trans-4-(trans-4-
ethylcyclohexyl)cyclohexyl]phenyl} methane \
Difluoro- (4-difluoromethoxyphenyloxy)- {4-[trans-4- (trans-4-
propylcyclohexyl)cyclohexyl]phenyl} methane
Difluoro—(4—difluoromethoxyphenyloxy)— {4-[trans-4- (trans-4-
butylcyclohexyl)cyclohexyl]phenyl} methane
Difluoro- (4-difluoromethoxyphenyloxy) - {4—[trans—4—(trans—4;
peﬁtylcyclohexyl)cyclohexyl]phenyl} methane

Difluoro—(4—trifluoromethylphehyloxy)— {4—[trans—4—(trans—4-
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ethylcyclohexyl) cycll ohexyl]lphenyl} methane |

Difluoro- (4-trifluoromethylphenyloxy)~ {4-[trans-4- (trans-4-

propylcyclohexyl)cyclohexyl]phenyl} me thane

Difluoro- (4-trifluoromethylphenyloxy)- {4-[trans-4- (trans-4-
butylcyclohexyl)cyclohexyl] phenyl } methane

Difluoro- (4-trifluoromethylphenyloxy)- {4-[trans-4- (trans-4-

pentylcyclohexyl)cyclohexyl] phenyl } me thane

Dif luoro- (3-fluoro-4-trifluoromethoxyphenyloxy) - {4-[trans-4 -
(trans-4-ethylcyclohexyl)cyclohexyl]phenyl} methane
Difluoro-(3-£f 1i10ro—4 -trifluoromethoxyphenyloxy)- {4-[trans-4-
(trans-4-propylcyclohexyl) cyclohekyl lphenyl} méﬁhane _
Difluoro- (3-fluoro-4-trifluoromethoxyphenyloxy)- {4-[trans-4-
(trans-4-butylcyclohexyl)cyclohexyllphenyl} methane

Difluoro- (3-fluoro-4-trif lupromethoxyphenyloxy) - {4-[trans-4-

(trans-4-pentylcyclohexyl) cyclohexyl]phenyl} methane

' Difluoro—(3—fluoro—4-difluoromethoxyphenyloxy)— {4-—[tfans—4-—

(trans-4-ethylecyclohexyl) cyclohexyllphenyl} methane
Difluoro- (3-fluoro-4-difluoromethoxyphenyloxy) - {4-[trans-4-
(trans-4-propylcyclohexyl)cyclohexyl]lphenyl} methane
Difluoro- (3-fluoro-4-dif luoromethoxyphenyloxy) - {a-1 trans-4-
(trans-4-butylcyclohexyl)cyclohexyl] phenyl} methane
Difluoro- (3-fluoro-4-difluoromethoxyphenyloxy)- {4-[trans-4-
(trans-4-pentylcyclohexyl) cyclohexyl]lphenyl } methane
Difluoro-(3-fluoro-4-trif luoromethylphenyloxy) - {4¥ [trans-4-
(trans-4-ethylcyclohexyl)cyclohexyl]phenyl} methane

Difluoro-(3-fluoro-4-trifluoromethylphenyloxy)- {4-[trans-4-
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(trans-4-propylcyclohexyl) cyclohexyl]lphenyl} methane -
Difluoro—(3ffluoro—4—trifludromethylphenyloxy)— {4-[trans-4-
(trans—4—bﬁty1cyclohexyl)cYclohexyl]phényl} methane

Difluoro- (3-fluoro-4-trifluoromethylphenyloxy) - {a-1 i:rans -4-
(trans—4¥pentylcyclohexyl)cyclohexyl]phenyl} methane

Difluoro- (3, 4-difluoro-4-trifluoromethoxyphenyloxy)- {4-[trans-4-
(trans-4 —ethylcyélohexyl Ycyclohexyl] phenyl} methane
Difluoro-(3,4-di f-luoro.—4 -trif l.uoromethoxyphenyloxy) - {a-1 trans -4-
(trans-4-propylcyclohexyl) cyclohexyl ]phenyl } Iﬁethane
Difluoro—(3,4—difluoro—4—trifluorémethoxyphenyloxy)— {4—[trans-4—_
({trans —4 -butylcyclohexyl) cyc 1ohexy1 lphenyl} methane
Difluoro-(3,4-dif 1ﬁoro-4 -trif luorométhoxyphenyloxy) - {4-[trans-4-
(trans-4-pentylcyclohexyl)cyclohexyl]phenyl} methane

Difluoro- (3, 4-difluoro-4-difluoromethoxyphenyloxy)- {4-[trans-4-
{trans-4 —ethylcyclohexyl ) cyclohexyl]phenyl} methane
Difluoro-(3,4—dif1ﬁoro—4—difluoromethoxyphenylbxy)- {4-[trans-4-
(trans-4-propylcyclohexyl) cyc 1ohe§cyl 1 phenyl} methane
Difluoro-(3,4-difluoro-4-dif luoromethoxyphenyloxy) - {4- [trans-4-
(trans—4—butylcyciohexyl)cyclohexyl]phenyl} methane

Difluoro- (3, 4-difluoro-4-difluoromethoxyphenyloxy)- {4-[trans-4-

(trans-4-pentylcyclohexyl) cyclohexyl]lphenyl} methane

Difluoro- (3,4-difluoro-4-trif luoromethylphenyloxy) - {4-[trans-4-
(trans-4- ethylcyclohexyl ) cyclohexyl]phenyl} me thane

Difluoro; (3,4-di f'll.ioro—ti—trifluoromethylphenyloxy) - {4-[trans-4-
(trans-4-propylcyclohexyl)cyclohexyl]lphenyl } methane

Difluoro- (3, 4-difluoro-4-trifluoromethylphenyloxy)- {4-[trans-4-
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(trans—4—buty1cyclohexy1)cyciohexyl]phenyl} methane
Difluoro-(3,4-difluoro-4-trifluoromethylphenyloxy)- {4-[trans-4-
(trans—4—penty1cyclohexy1)cycléhexyl]phenyl} methane
Difluoro-(3,4,5-trifluorophenyloxy) - {2-fluoro-4-[trans-4- (trans-
4~-ethylcyclohexyl)cyclohexyllphenyl} ﬁethane
Difluoro—(3,4,5—trifluoro§henyloxy)— {2—f1uorp—4—[trans-4—(trans—
4—propy1cyciohexyl)cyclohexyl]phenyl} methane
Difluoro—(3,4,5—trif1uoropheﬁyloky)— {2-fluoro—4—{trans-4—(trans-
4-butyl¢yclohexyl)cyclohexyl]phenyl} methane
Difluoro-(3,4,5-trifluorophenyloxy) - {2-fluoro-4- [trans-4- (trans-
4-pentylcyclohexyl)cyclohexyl]phenyl} methéne
Difluoro—(3,4—difluoro—4—trifluoromethoxyphenyloxj)— {2-fluoro-4-
[trans-4—(transF4—ethylcyclohexyl)cyclohexyl]phenyl} methane
Difluoro—(3,4—difluoro—4—trifluoromethpxyphenyloxy)— {2-f1uo:o—4—
[trans—4—(trans—4—propylcyclohexyi)cyclohexyl]phenyl} methane
Difluoro—(3,4—difluoro—44trifluoromethoxyphenyloxy)— {2-fluoro-4-
[trans—4—(trans—4—buty1cyclohexy1)cyclohexyl]phehyl} ﬁethane
Difluoro—(3,4—difluoro—4—trifluoromethoxyphenyloxy)- {2-fluoro-4-
[trans—4—(trans—4—penty1cyclohexyl)cyclohexyl]phenyl} methane
Difluoro—(3,4—difluoro—4-difluoromethoxyphenyloxy)— {2-fluoro-4-
[trans—4—(trans—4—ethylcyclohexy1)cyclohexyl]phenyl} methane
Difluoro-(3,4—difluoro—4-difluoromethoxyphenyloxy)— {2-fluoro-4-
[trans—4—(tfans—4—propylcyclohexyl)cyclohexyl]phenyl} methane
Difluoro-(3,4—difluoro—4—diflubromethoxypheﬁyloxy)— {2-fluoro-4-
[trans—4—(trans—4—butylcyclohexyl)cyclohexyl]phenyl} methane

Difluoro—(3,4—difluoro—4—difluoromethoxyphenyloxy)— {2-fluoro-4-
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[trans—4—(trans—4—pentylcyclohexyl)cyclohexyl]phenyl} methane

'Difluoro—(3,4—difluoro—4—trifluoromethylphenyloxy)— {2-fluoro-4-

[trans—4—(trans—4-ethylcyciohexy1)cyclohexyl]phenyl} methane
Difluoro(3,4—difluoro—4—tfif1uoromethy1phenyloxy)— {2-fluoro-4-
[trans—4—(trans-4-propy1cyclohexyl)cYclohexyl]phenyl} methane
Difluéro—(3,4—difluoro-4—trifluordmethylphenyloxy)—-{2—fluorb-4—
[trans¥4—(trans—4-butylcyclohéxyl)cyclohexyl]phenyl} methane
Difluéro—(3,4—difluoro—4—trif1uoromethy1phenyloxy)— {2-fluoro-4-
[trans—4—(trans-4—pentylcyclohexyi)cyclohexyl]phenyl} methane
Difluoro-(3,4,5- trlfluorophenyloxy)— {2,6-difluoro-4- [trans 4-
(trans 4- ethylcyclohexyl)cyclohexyl]phenyl} methane
Difluoro—(3,4,5—trif1uorophenyloxy)- {2, 6-difluoro-4-[trans-4-
{trans- 4—propylcyclohexy1)cyclohexyl]phenyl} methane

Difluoro- (3,4,5-trifluorophenyloxy) - {2, 6-difluoro-4-[trans-4-

'(trans—4—buty1cyclohexy1)cyclohexyl]phenyl} methane

Difluoro—(3,4,5—trifluorophenyloxy)— {2,6—dif1uoro—4—[trans—4—
(trans—4—penty1cyclohexy1)cyclohexyl]phenyl} methane
Difluoro—(3,4—dif1uoro—4—trifluoromethoXyphenylony-_{2,6—

difluoro-4-[trans-4- (trans-4- ethylcyclohexyl)cyclohexyl]phenyl}

methane

Difluoro—(3,44dif1uoro—4—trifluoromethoxyphenyloxy)f {2,6-

difluoro—4—[trans—4—(trans—4—propylcyclohexy1)cyclohexyl]phenyl}
methane |
Difluoro—(3,4—difluoro-4—trifluoromethoxyphenyloxy)— {2,6-
difluoro—4—[trans—4—(trans—4—buty1cyclohexyl)cyclohexyl]phenyl}
methane

Difluoro—(3,4—difluoro—4—trifluordmethoxyphenyloxy)— {2,6-



10

15

20

25

198

difluoro—4—[trans—4—(trans—4—penty1cyclohexy1)cyclohexyl]phenyl}
methane .. _ '
Difluoro-(3,4-difluoro-4-difluoromethoxyphenyloxy) - {2,6—diflﬁoro
—4—[trans—4—(trans—4—ethylcyclohexyl)cyciohexyl]phenyl} methane
Difluofo—kB;4—difluoro—4—difluoromethoxyphenyloxy)— {2,6-difluoro
—4F[trans—4—(trans—4—propylcyclohexyl)cyclohexyllphenyl} methane
Difluoro—(3,4—difluoro—4—difluoromethoxyphenyloxy)— {2, 6-difluoro

—4—[trans—4—(trans—4—buty1cyclohexy1)cyclbhexyl]phenyl} methane

Difluoro—(3;4—difluoro—4—difluoromethoxyphenyloxy)— {2, 6-difluoro

—44[trans—4—(trans—4—pentylcyclohexyl)cyclohexyl]phenyl} methane
Difluoro-(3,4-difluoro-4-trifluoromethylphenyloxy) - {2,6?dif1uoro
-4-[trans—4—(trans—4—ethy1cyclohexyl)cyclohexyl]phenyl} methane

Difluoro-(3,4—difluqro—4—trifluoromethylphenyloxy)— {2, 6-difluoro

-4-[trans-4- (trans-4-propylcyclohexyl)cyclohexyl]phenyl} methane

Difluoro—(3,4—difluoro—4—trifiuoromethylphenyloxy)— {2,6—dif1uofo
—4;[trans-4—(trans—4—buty1¢YC10hexyl)cyclohexyl]phenyl} methane
Difluoro—(3,4—diflubro—4—trifluorométhylphenyloxy)— {2,6-difluoro
—4—[trans—4—(trans—4—pentylcyclohexyl)cyclohexyl]phenyl} methane
Difluoro-(3,4,5-trifluorophenyloxy)- {4-[trans-4-[2-(trans-4-
ethylcyclohexyl)ethyl]cyclohexyl]lphenyl} methane

Difluoro- (3,4, 5-trifluorophenyloxy)- {4-[trans-4-[2-(trans-4-
propylcyqlohexyl)ethyllcyclohexyl]phenyl} methane
Difluoro-(3,4,5—trif1uoropheny10xy)— {4- [trans-4-[2- (trans-4-
butylcyclohexyl)ethyl]cyclohexyl]phenyl} methane
Difluoro-(3,4,5-trifluorophenyloxy) - {4-[trans-4—[2—(trans—4—

pentylcyclohexyl)ethyl]cyclohexyl]phenyl} methane
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Difluoro- (4-trifluoromethoxyphenyloxy)- {4-[trans-4-[2-(trans-4-
ethylcyclohexyl)ethyl]cyclohexyl]lphenyl } methane

Difluoro-( 4—trifludromethoxyphenyloxy) - {4-(trans-4-[2~(trans-4-
propylcyclohexyl)ethyl]cyclohexyl] phenyl} methane

Difluoro- (4-trifluoromethoxyphenyloxy) - {a-1 trans-4-[2- (trans-4-
butylcyclohexyl)ethyl] cYc lohexyl] phenyl} methane

Difluoro- (4 -trifluoromethoxyphenyloxy) - {4-[trans-4-[2-(trans-4-

: pentylcyclohexyi Yethyl]cyclohexyl] phenyl} methane

Difluoro- (4-difluoromethoxyphenyloxy) - {4-[trans-4-[2- (trans-4-
ethylcyclohexyl)ethyl]cyclohexyl] phenyl} methane

Difluoro- (4-difluoromethoxyphenyloxy) - {4-[trans-4-[2-(trans-4-

propylcyclohexyl)ethyllcyclohexyl]phenyl} methane

Difluoro- (4-difluoromethoxyphenyloxy)- {4-[trans-4-[2-(trans-4-
butylcyclohexyl)ethyl]cyclohexyllphenyl } methane

Difluoro- (4-difluoromethoxyphenyloxy)- {4-[trans-4-[2-(trans-4-
pentylcyclohexyl)ethyl] cyclohexyl]phenyl } methane

Difluoro- (4-trif luoromethylphenyloxy) - {4-[trans-4-[2- (trans-4-
ethylcyclohexyl)ethyl] cyélohexyl ] phenyl} methane

Di fiuoro— (4-trifluoromethylphenyloxy)- {4-([trans-4-[2-(trans-4-
propylcyclohexyl)ethyl]cyclohexyl] phenyl} methane

Difluoro- (4-trifluoromethylphenyloxy) - {a-1 f.rans— 4-[2-( t.rans -4-
butylcyclohexyl)ethyl]cyclohexyl] phenyl} methane

Difluoro- (4-trifluoromethylphenyloxy) - {4- [trans-4-[2-(trans-4-
pentylcyclohexyl ) ethYl ] cyclohexyi ] phenyl} methane
Difluoro-(3,4,5-trifluorophenyloxy) - {4-[2-[trans-4-(trans-4-

ethylcyclohexyl)cyclohexyl]ethyl] phenyl} methane
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Difluoro-(3.,4, S—trifluorophenyiéxy)_— {4-[2-[trans-4-(trans-4-
propylcyclohexyl) éyclohexyl ]ethyllphenyl } methane
Difluoro-(3,4,5-trifluorophenyloxy) - {4-[2-[trans-4- (trans-4-
butylcyclohexyl)cyclohexyl]lethyl]lphenyl } methane '
Difluoro-(3,4,5-trifluorophenyloxy) - {4-[2-[trans-4-(trans-4-
pentylcyclohexyl)cyclohexyl]lethyl] phenyl} metharie '
Difluoro-(4-trif 1uordmethoXyph_enyloXY) - {4-[2-[trans-4- (trans-4-
ethylcyclohexyl)cyclohexyl] ethyl phenyl } methane |
Difluoro- (4-trifluoromethoxyphenyloxy) - {4-12- [_trans—4— (trans-4-
propylcyclohexyl)cyclohexyl]ethyl]lphenyl } methane

Difluoro- (4-trifluoromethoxyphenyloxy)- {4-[2-[trans —4-; (trans-4-
butylecyc lohexyll) cyclohexyl] ethyl ] phenyl} methane

Difluoro- (4-trifluoromethoxyphenyloxy) - {4-[2-[trans-4- (trans-4-
pentylcyclohexyl) cyclohexyl] eﬁhyl lphenyl} methane

Difluoro- (4-dif 1ubromethoxyphényloxy) - {a-1 2 -[trans-4- (trans-4-
ethylcyclohexyl)cyclohexyl] ethyl]phenyl} methane

Difluoro- (4-difluoromethoxyphenyloxy) - {4-[2-[trans-4- (trans-4-
propylcyclohexyl)cyclohexyl]ethyl] phenyi } methane _

Difluoro- (4-difluoromethoxyphenyloxy) - {4- [2-[trans-4- (trans-4-
butylcyclohexyl)cyclohexyl]ethyl] phenyl} methane |
Difluoro- (4-di fluoromethbxyphenyloxy) - {4-[2-[trans-4-(trans-4-
pentylcyclohexyl)cyc lohexyl Jethyl] phenyl} methane

Difluoro- (4-trifluoromethylphenyloxy)- {4-[2-[trans-4-(trans-4-
ethylcyclohexyl)cyclohexyl]ethyl] phenyl} methane

Di fluoro- (4-trif luoromethylphenyloxy) - {4-[2-[trans-4-(trans-4- |

propylcyclohexyl)cyc lohexyi ]Jethyl]phenyl } methane
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Difluoro—(4—trifluoromethylphenyloxy)— {4-[2-[trans-4- (trans-4-

-butylcyclbhexyl)cyclohexyl]ethyi]phenyl} methane.

Difluoro-(4-trifluoromethylphenyloxy)- {4-[2-[trans-4- (trans-4-
pentylcyclohexyl)cyclohexyllethyl]phenyl} methane '
Difluoro—(3,4,5—trif1uorophenyloxy)—[4'-(trans—4—ethy1cyc10hexy1)
biphenyl]methane _
Difluoro—(3,4,5—trif1uorophenyloxy)—[4'—(trans-4—propy1cyclo—
hexyl)biphenyllmethane
Difluoro—(3,4,5—trifluorophenyloxy)—[45—(trans—4—buty1cyclohexyl)
biphenyl]lmethane ' |
Difluoro—(3,4,5—trif1uorophenyloxy)—[4'—(trans—4—penty1cyclo—
hexyl)biphenyl Imethane _
Difluoro—(4-trifluoromethoxyphenyloxy)—[4'-(trans—4—ethylcyclo—
hexyl)biphenyl Imethane
Difluoro—(4—trifluoromethoxyphenyloxy)—[4'—(trans74—propylcyclo—
hexyl)biphenyl]méthane
Difluoro—(4—triflﬁoromethoxyphenyloxy)—[4F—(trans—4—buty1¢yclo—

‘hexyl)biphenyllmethane

Difluoro-(4-trifluoromethoxyphenyloxy)-[4' - (trans-4-pentylcyclo-
hexyl)biphenyl Imethane ‘
Difluoro—(4—difluoromethoxyphenyloxy)—[4'—(trans—4-ethy1cyclo—
hexyl)biphenyi]methane o
Difluoro—(4—difluoromethoxyphenyloxy)—[4'—(tfans—4—propylcyclo—
hexyl)biphenyl]methane '
Difluoro—(4—difluorométhoxyphenyloxy)-[4'—(trans—4—butylcyclo—_
hexyl)biphenyl]methaﬁe
Difluoro—(4—difluoromethoxyphenyloxy)—[4‘5(trans—4—penty1cyclo—
hexyl)biphenyllmethane
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Difluoro—(4—trifluoromethylphenyloxy)—[4'—(trans—4—ethylcyclo-
hexyl)biphenyl ]methane
Difluoro¥(4—trifluoromethylphenyloxy)—[4'—(trans—4—propy1cyclo—
hexyl)biphenyl Jmethane o '
Difluoro—(4—trifluoromethylphenyloxy)—[4'—(trans—4—butylcyclof
hexyl)biphenyl]lmethane _
Difluoro—(4—trifluoromethylphenyloxy)—[4'—(trans—4—pentylcyclo—
hexyl)bibhenyl]methane

Difluoro—(3,4,5—trif1uorophenyloxy)* {4'—[2—(trans—4;ethylcyclo—
hexyl)ethyl]biphenyl} methane
Difluoro—(3,4,5-trif1uorophenyloxy)— {4'—[2—(trans—4-propy1cyclo—
hexyl) ethyl]biphenyl} methane
Difluoro—(3,4,5—trifluorophenyloxy)— {4'—[2—(trans—4—buty1cyclo—
hexyl)ethyl]biphenyl} methane

Difluoro—(3,4,5—trifluorophenyloxy)— {4'-[2—(trans—4—pentylcyclo—

-hexyl)ethyl]biphenyl} methane

Difluoro—(4—trifluoromethoxyphenyloxy)— {4';[2—(trans¥4—
ethylcyclohexyl)ethyl]biphenyl} methane

Difluoro- (4-trifluoromethoxyphenyloxy) - {4'-[2-(trans-4-
propylcyclohexyl)ethyl]lbiphenyl} methane
Difluoro—(4—trifluoromethoxyphenyloxy)- {4'-[2-(trans-4-
butylcyclohexyl)ethyl]lbiphenyl} methane
Difludrof(4—trifluoromethoxyphenyloxy)— {4'-[2-(trans-4-
pentyléyclohexyl)ethyl]biphenyl} methane
Difluoro—(4—difluoromethoxyphenyloxy)— {4'-[2-(trans-4-
ethylcyclohexyl)ethyijbiphenyl} methane

Difluoro—(4—difluoromethoxyphenyloxy)— {4'4[2—(trans—4—
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éropylcyclohexyl)ethyl]biphenyl} methane
Difluoro—(4-difluoromethoxypheny}oxy)— {a'-[2- (trans-4-
butylcyclohex&i)ethyl]biphenyl} methane
Difiuoro—(4—difluoromethdxyphenyloxy)— {4';[2—(trans—4—
pentylcyclohexyl)ethyl]biphenyl} methane
Difluoro-(4-trifluoromethylphenyloxy)- {4'-[2-(trans-4-
ethylcyclohexyl)ethyl]lbiphenyl} methane
Difluoro- (4-trifluoromethylphenyloxy) - {4'—[2;(trans-4—
propylcyclohexyl)ethyl]biphenyl} methahe | _
Difluoro—(4—trifluoromethylphenyloxy)— {4'-[2-(trans-4-
butylcyclohekyl)ethyl]biphenyl} methane
Difluoro- (4-trifluoromethylphenyloxy) - {4‘4[2—(trans—4—
pentylcyclohexyl)ethyl]biphenyl} methane
Example 11 |
Preparation of difluoro—(3',4‘,5'—trifluorobiphenyloxy)—[4-
(trans-4-propylcyclohexyl]phenyl]lmethane (Compﬁund expressed by
the formula (I) wherein R = C3H;, 8 =n - 1, m = 0, ring A is
trans-1, 4-cyclohexylene group, ring A3 is 1,4-phenylene group,
Z1, Z, and Z3 are covalent bond, Ly = Ly = H, L3 = Iy = F, and X =

F.)
In a 500 ml three neck distillation flask provided w1th a

stirrer, thermometer, dropping funnel, and nitrogen gas

 introduc1ng pipe, 15.0 g (60.9 mmol) of_4—(trans—4—propylcyclohe

xyl)benzoic acid, 15.1 g (73.1 mmol) of DCC, and 0.27 g (2.2
mmol) of DMAP were dissolved in 300 ml of dichloromethane under
nitrogen gas atmosphere, and then the solution which was

prepared by dissolving 16.4-g (73.1 mmol) of the 3',4',5'-

‘trifluorobiphenol prepared according to the prodedures described
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in Example 6 in 80 ml of dichloromethane was added dropwise in
the flask at room temperature in 20 min while stirring. After
the dropping, the solution was stirred at room temperature for
10 hours. Reaction solution was added with 200 ml of water, and
dichloromethane insoluble matter was filtered off, the
dichloromethane layer was separated, and the water layer was
further extracted with 200 -ml of dichloromethane. Extracted
layers were mixed, washed with 200 ml X 2 of water, 100 ml of
saturated agueous solution of sodium hydrogencarbonate, and 200

ml X 2 of water in turn, dried over anhydrous magnesium sulfate,

and then concentrated under a reduéed pressure to obtain 26.9 g

of reaction product. Reaction product was purified by a column

'chromatography using silica gel as filler and using toluene as

developing solvent, and further recrystallized from a mixed
solvent of heptane—ethanol to obtain 22.8 g of colorless crystal
product. This product was (3',4',5'-trifluorobiphenyl)-4-
(trans—4—cyclohexy1)benzoate.

Subsequently, in é 1000 ml egg-plant type flask provided
with a.nitrogen gas introducing pipé and cooling pipe, 22.8 g
(50.5 mmol) of the (3',4',5'-trifluorobiphenyl)-4-(trans-4-
cyclohexyl)benzoate obtained by the procedures mentioned above
and 40.9 g (101.1 mmol) of Lawesson's reagent were dissolved in
500 ml of toluene, and the solution was refluxed while stirring
under nitrogen gas stream for 60 hours. After the reaction
solution was cooled down to room temperature, 200 ml of water
was added to the reaction solution, the toluene layer was
separated, and then the water layer was further extracted with

200 ml of toluene. Organic layers were mixed, and washed with
200 ml X 2 of water, 100 ml of saturated sodium
hydrogencarbonate, 100 ml of 10 % agqueous solution of sodium

hydrogensulfite, and 200 ml X 2 of water in turn, dried over
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anhydrous magnesium suifate, and then,coﬁééntrated under a
reduced pressure to obtain 23.4 g of brown'érystalline mixture.
Reaction product was purified by a column chromatography using
silica gel as filler and using heptane as developing solvent,
and then recrystallized from heptane to obtain 8.3 g of yellow
needle-like crystal product. This product was 4-(trans-4-
propylcyclohexyl)phenylcarbothio acid—O—B;,4',5'—trifluoro-
biphenyl.

In a 100 ml egg-plant type flask provided with a nifrdgen
gas introducing pipe, 8.3 g (17.7 mmol) of 4—(transt4—propyl—.
éyclohexyl)phenylcarbothio acid—0—3',4',5'-trif1uorabi§henyl was
dissolvgd in 80 ml of dichloromethane at room temperature, and
then 8.5 g (53.0 mmol) of DAST was added to the solution and the
solution was stirred at room temperature for 40 hours. Reaction
solution was added with 50 ml of water, thé-dichloromethane
layer was separated, and the water layer was further extracted

with 50 ml of diéhloromethane. Extracted layers were mixed,
washed with 50 ml X 2 of water, 30 ml of saturated aqueous
solution of sodium hydrogencarbonate, and 50 ml X 2 of water in
turn, dried over anhydrous magnesium sulfate, and then
concentrated under a reduced pressure to obtain 8;1 g of brown
crystal product. Reaction product was purified by a cdlumn-_
chromatography using silica gel as filiér and using heptane as
developing_solvént, and then recrystallized from heptane to

obtain 1.9 g of colorless needle-like crystal product. This

product was difluoro-(3',4',5'-trifluorobiphenyloxy)-[4- (trans-4-

propylcyclohexyl)phenyl]methane.

Following compounds can be prepared according to the

preparation method mentioned above by using 4-(trans-4-alkyl-

_cyclohexyl)benzoic acids having a different alkyl chain in place

of 4—(trans—4—propylcyclohexyl)benzoic acid:
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Difluoro(3',4',5'-trifluorobiphenyloxy)-[4- (trans-4-methylcyclo-
hexyl)phenyl]methane .
Difluoro(3',4',5'-trifluorobiphenyloxy) - [4- (trans-4-ethylcyclo-
hexyl)phenyllmethane |
Difluoro(3',4',5‘—trifluorobiphenyloxy)—[4—(trans—4—butylcyclo—
hexyl)phenyl ]methane '
Difluoro(3',4',5'-trifluorobiphenyloxy) -[4-(trans-4-pentylcyclo-
hexyl)phenyl]methane'

Cr 73.8-74.4 N 163.4-164.0 Iso _
Difluoro(3',4',5'-trifluorobiphenyloxy) - [4~- (trans-4-hexylcyclo-
hexyl)phenyl ]methane '
Difluoro(3',4',5'-trifluorobiphenyloxy)-[4- (trans-4-heptylcyclo-
hexyl)phenyl]lmethane ' |
Difluoro(3',4',5"-trifluorobiphenyloxy)-[4- (trans-4-octylcyclo-
hexyl)phenyl]lmethane
Difluoro(3',4",5'-trifluorobiphenyloxy) - [4- (trans- 4—nonylcyclo—
hexyl)phenyl]methane
Difluoro(3',4',5' tr1fluorob1pheny10xy)-[4 (trans-4-
decylcyclohexyl)phenyl]methane

Following compounds can be prepared according to the
preparation method mentioned above by selectively using several
known benzoic acid derivatiﬁes and several known phenol '
derivatives, including the compounds preparatibn examples of
which are descrlbed in deta11 in the Examples mentloned above,
in place of 4-(trans- 4—propy1cyclohexyl)ben201c acid or
3',4',5'—tr1fluorob1phen01:

Difluoro- (4'-trifluoromethoxybiphenyloxy)-[4- (trans-4-
ethylcyclbhexyl)phenyl]methane
Difluoro-(4'-trifluoromethoxybiphenyloxy)-[4-(trans-4-
propylcyclohexyl)phenyl]methane
Difluoro-(4'-trifluoromethoxybiphenyloxy)-[4- (trans-4-
butylcyclohexyl)phenyl]lmethane
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Difluorc;(4'—trifiuoromethoxybiphenyloxy)—[4-(trans—4—
pentylcyciohexyl)phenYl]methane
Difluoro—(4'adifluoromethoxybiphenyloxy)—[4—(trans—4—
ethylcyciohexyl)phenyl]methane
Difluoro-(4'-difluoromethoxybiphenyloxy) -[4- (trans-4-
propylcyclohexyl)phenyl]ﬁethane

Difluoro- (4'-difluoromethoxybiphenyloxy)-[4-(trans-4-
butylcyclohexyl)phenyl]methane_

Difluoro-(4' -d1fluoromethoxyblphenyloxy)-[4 (trans- 4—
pentylcyclohexyl)phenyl]methane
Difluoro—(4'-trifluoromethylbiphenyloxy)—[4-(trans—4—
ethylcyclohexyl)phenyl]lmethane -

Difluoro-(4' tr1fluoromethylblphenyloxy)—[4 (trans-4-
propylcyclohexyl)phenyllmethane

Difluoro- (4'-trifluoromethylbiphenyloxy) -[4-(trans-4-

) butylcyclohexyl)phenyl]methane '

Difluoro- (4'-trifluoromethylbiphenyloxy)-[4-(trans-4-
pentylcyclohexyl)phenyl]methane

Difluoro-(3'-fluoro-4' -trifluoromethoxybiphenyloxy) - [4- (trans -4~
ethylcyclohexyl)phenyl]lmethane
Difluoro-(3'-fluoro—4'—trifluoromethbxybiphenyloxy)—[4—(trans—4—
propylcyclohexyl)phenyl]lmethane o
Difluoro—(3'—fluoro—4'—trifluoromethoxybiphenyloxy)—[4—(trans—4-
'_butylcyclohexyl)phenyl]meﬁhane

: Difluord—(3'—fluoro—4'—trifluoromethoxybiphenyloxy)-[4—(trans—4—
pentylcyclohexyl)phenyl]methane '

Difluoro- (3 '-fluoro-4'-difluoromethoxybiphenyloxy) - [4- (trans -4-
ethylcyclohexyl)phenyl]methane

Difluoro-(3'-fluoro-4' -d1f1uoromethoxyb1phenyloxy)—[4 (trans-4-
propylcyclohexyl)phenyl]methane
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Difluoro—(3'—fluoro—4'—difluoromethoxybiphenyloxy)—t4—(trans—4—
butylcyclohexyl)phenyl]methane

Difluoro-(3'-fluoro-4' —dlfluoromethoxyblphenyloxy)-[4 (trans-4-
pentylcyclohexyl)phenyl]methane

Difluoro-(3'-fluoro-4"' tr1fluoromethylblphenyloxy)—[4 (trans-4-
ethylcyclohexyl)phenyllmethane

D1f1uorof(3'—fluoro 4-—trlfluoromethylbiphenyioxy);[4—(trans—4-
propylcyclohexyl)phenyl]methane |
Difluoro—(3'—fluoro—4'—trifluoromethylbiphenyloxy)—[4—(trans—4—
butylcyclohexyl)phenyl]methane

Difluoro-(3'-fluoro-4' —tr1fluoromethylblphenyloxy) [4 {trans-4-
pentylcyclohexyl)phenyl]methane
Difluoro—(3',5'fdifluoro—4'—trifluoromethdxybiphenyloxy)—[4—
(trans—4—ethy1cyclohexy1)phenyl]ﬁethane' ,
Difluoro-(3',5'-difluoro-4'- tr1fluoromethoxyblphenyloxy)—[4—
{trans- 4—propy1cyclohexy1)phenyl]methane
Difluoro-(3',5'-difluoro- 4‘_trlf1uoromethoxybiphenyloXy)—[4—
(trané—4—butylcyclohexy1)phenyl]methahe
Difluoro-(3',5'-difluoro-4'- tr1fluoromethoxyblphenyloxy)—[4—
(trans- 4—pentylcyclohexy1)phenyl]methane
Difluoro-(3',5'-difluoro-4'-difluoromethoxybiphenyloxy)-[4-
(trans-4-ethylcyclohexyl)phenyllmethane
Difluoro-(3',5"'-difluoro-4'-difluoromethoxybiphenyloxy)-[4-
(tréns—4—propy1cyclohexy1)phenyl]methane
Difluoro—(3',5'—difluoro—4'—difluoromethoxyﬁiphenyloxy)—[4-
(trans-4-butylcyclohexyl)phenyl]methane

Difluoro-(3',5" dlfluoro 4! —d1fluoromethoxyblphenyloxy)—[4-
{trans- 4—penty1cyclohexyl)phenyl]methane
Difluoro-(3',5'-difluoro-4'-trifluoromethylbiphenyloxy)-[4-
(trans—4—ethy1c§clohexy1)phenyl]methane '
Difluoro-(3',5'-difluoro-4'-trifluoromethylbiphenyloxy)-[4-
(trans—4—propylcyclohexyl)phenyl]methane'
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Difluoro-(3',5'-difluoro-4'-trifluoromethylbiphenyloxy)-[4-
(trans-4-butylcyclohexyl)phenyl]methane
Difluoro-(3‘,5'—difluoro—4'—trifluoromethylbiphenyloxy)—[4—
(trans-4-pentylcyclohexyl)phenyl]methane
Difluoro—(3‘,4',5'-trifluorobiphenyloxy)-[2—flﬁoro—4-(trans-4—
ethylcyclohexyl)phenyl]methane
Difluoro-(3',4',5'-trifluorobiphenyloxy)-[2-fluoro-4-(trans-4-
propylcyclohexyl)phenyi]methane
Difluoro;(3',4',5'—trifluorobiphenyloxy)—[2—f1uoro—4—(trans—4—
butylcyclohexyl)phenyl]methane
Difluoro—(3',4',5'—trif1uorobiphenyloxY)—[2¥fluoro—4—(trans—4—
pentylcyclohexyl)phenyl]methane
Difluoro-(3',5'-difluoro-4'-trifluoromethoxybiphenyloxy)-[2-
fluoro-4- (trans-4-ethylcyclohexyl)phenyl]methane
Difluoro—(3',5’—difluoro-4'-trifluoromethoxybiphenyloxy)—[2-
fludro—4—(trans—4—propy1cyclohexy1)phenyl]methane.
Difluoro-(3',5'-difluoro-4'-trifluoromethoxybiphenyloxy)-[2-
fluoro—4—(trans—4—butylcyclohexyl)phenyl]methane
Difluoro—(3',5'—difiuoro—4'—trifluoromethoxybiphenyloxy)—[2-
fluoro—4¥(trans—4—pentyléyclohexyl)phenyl]methane '
Difluoro—(3',5‘—difluoro-4'—difluorométhoxybiphenyloxy)—[2-
fluoro-4- (trans-4-ethylcyclohexyl)phenyl ] methane
Difluoro-(3',5'-difluoro-4'-difluoromethoxybiphenyloxy)-[2-

'fluoro—4-(trans—4—propy1cyclohexyl)phenyl]methane

Difluoro-(3',5'-difluoro-4'-difluoromethoxybiphenyloxy)-[2-
fluoro—4—(trans—4—butylcyclohéxyl)phenyl]methane.
Difluoro—(3',5'—difluoro—4'—dif1uoromethoxybiphényloxy)—[2—
fluoro—4—(trans—4—pentylcyclohexyl)phenyl]methane '
Difluoro—(3',5'—difluoro—4'-triflqoromethylbiphenyloxy)—[2—
fluoro-4- (trans-4-ethylcyclohexyl)phenyl]lmethane
Difluoro-(3',5'-difluoro-4'-trifluoromethylbiphenyloxy)-[2-
fluoro—4—(trans—4—propy1cyclqhexy1)phenyl]methane '
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Difluoro-(3',5'~-difluoro-4'-trifluoromethylbiphenyloxy)-[2-
fluoro-4- (trans-4-butylcyclohexyl)phenyl]methane
Difluoro-(3',5'-difluoro-4'-trifluoromethylbiphenyloxy)-[2-
fluoro-4- (trans-4-pentylcyclohexyl) phenyl ]methane
Difluoro-(3‘,4',5'—trifluorobipheﬁyloxy)—[2,6—difluoro—4—(trans—
4-ethylcyclohexyl)phenyl Jmethane
Difluoro-(3',4',5'-trifluorobiphenyloxy)-[2, 6-difluoro-4-(trans-
4-propyvlcyclohexyl ) phenyl]lmethane
Difluoro-(3',4',5'-trifluorobiphenyloxy)-[2,6-difluoro~4-(trans-
4-butylcyclohexyl)phenyl ]methane '
Difluoro-(3',4',5'-trifluorobiphenyloxy)-([2, 6-difluoro-4-(trans-
4-pentylcyclohexyl)phenyl ]methane |

Difluoro- (3", —difluoro 4" - tr1f1uoromethoxyb1phenyloxy)—[2 6-
dlfluoro 4-(trans-4- ethylcyclohexyl)phenyl]methane
Difluoro-(3',5'-difluoro-4'-trifluoromethoxybiphenyloxy)-[2,6-
difluoro—4—(trans—4—propylcyclohexyl)phenyl]methane
Difluoro-(3',5'-difluoro-4'-trifluoromethoxybiphenyloxy)-[2,6-
difluoro-4- (trans-4-butylcyclohexyl)phenyl lmethane

.Difluoro-(3',5'—difluoro—4'—trifluoromethoxybiphenyloxy)—[2,6-

difluoro-4- (trans-4-pentylcyclohexyl)phenyl methane
Difluoro-(3°', 5'—difiuoro—4'—difluoromethoxybiphenyloxy)-[2,6-
difluoro-4- (trans-4-ethylcyclohexyl)phenyl]methane
Difluoro-(3',5'-difluoro-4' —d1fluoromethoxyblphenyloxy)—[2 6-
difluoro—4—(trans—4—propylcyclohexyl)phenyl]methane
Difluoro—(3',5'—difluoro-4'~difluoromethoxybiphenyloxy)—[2,6-
difluoro-4- (trans-4-butylcyclohexyl)phenyl ]methane
Difluoro-(3',5'-difluoro-4' -dlfluoromethoxyblphenyloxy)—[2 6-
difluoro-4- (trans 4-pentylcyclohexyl)phenyl]methane
Difluoro-(3',5'-difluoro-4'-trifluoromethylbiphenyloxy)-[2,6-
difluoro—4—(trans—4—ethylcyclohexyl)phenyllmethane
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Difluoro-(3',5'-difluoro-4'-trifluoromethylbiphenyloxy)-[2,6-
difluoro-4-(trans-4-propylcyclohexyl)phenyl]methane

Difluoro-(3',5'-difluoro-4"'-trifluoromethylbiphenyloxy)-[2,6-

difluoro-4- (trans-4-butylcyclohexyl)phenyl lmethane

Difluoro—(3',5'Fdifluoro—4'-trif1uoromethy1biphenyloxY)—[2,6—

- difluoro-4-(trans-4-pentylcyclohexyl)phenyl]methane

Difluoro-(3',4',5'-trifluorobiphenyloxy) - {4—[2;(trans—4—
ethylcyclohexyl)ethyl]phenyl} methane |
Difluoro—(3',4';5'—trifluorobiphenyloxy)— {4-[2- (trans-4-
propylcyclohexyl)ethyllphenyl} methane
Difluoro-(3',4',5'-trifluorobiphenyloxy) - {4—[2-(trans—4-
butylcyclohexyl)ethyl]phenyl} methane
Difluoro—(j',4',5'—trifluorobiphenyloxy)— {4-[{2-(trans-4-
pentylcyclohexyl)ethyllphenyl} methane
Diflﬁoro—(4’—trif1uoromethoxybiphenyloxy)— {4-[2- (trans-4-
ethylcyclohexyl)ethyl]lphenyl} methane.
Difluofo—(4'—trif1uoromethoxybiphenyloxy)— {4-[2- (trans-4-
propylcyclohexyl)ethyl]phenyl} methanell
Difiuoro—(4'Qtrifluéromethoxybiphenyloxy)—'{4-[2—(trans—4—
butylcyclohexyl)ethyl]lphenyl} methane
Difluoro—(4'—trif1uorometh6#ybiphenyloxy)— {4-[2-(trans-4-
pentylcyclohexyl)ethyl]phenyl} methane
Diflﬁoro—(4'—dif1uorometh0xybipheﬁyloxy)— {4-12- (trans-4-
ethylcyclohexyl)ethyl]phenyl} methane
Difluoro—(4'—difluoromethoxybiphenyloxy)— {4-12- (trans-4-
propylcyclohexyl)ethyl]phenyl} methane

Difluoro—(4'—dif1uoromethoxybiphenyloxy)— {4-[2- (trans-4
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—butylcyclohexyl)ethyljphenyl} methane -
Difluoro—(4'—dif1uorométhoxybiphenyloxy)— {4-12- (trans-4-
pentylcyclohexyl)ethyl]bhenyl} methane

Difluoro- (4'-trifluoromethylbiphenyloxy) - {4-(2—(trans—4—
ethyléyclohexyl)ethyl]phenyl} methane |
Difluoro- (4'-trifluoromethylbiphenyloxy)- {4;[2-(trans—4—
propylcyclohexyl)ethyl]phenyl} methane
Difluoro-(4'-trifluoromethylbiphenyloxy) - {4-[2- (trans-4-
butylcyclohexyl) ethyl] phenyl} methane

Difluoro-(4'-trifluoromethylbiphenyloxy) - {4-[2- (trans-4-

pentylcyclohexyl)ethyl]phenyl} methane

Difluoro-(3',5'-difluoro-4'-trifluoromethylbiphenyloxy) - {a-12-
(trans-4-ethylcyclohexyl) ethyl]phenyl} methane - |
Difluoro—(3',5'—dif1u9r0—4'—trifluoromethylbiphenyloxy)— {a-12-
(trans—4—propy1cyclohéxyl)ethyl]phenyl} methane
Cr 101.8-102.1 N 134.4-135.0 Iso

Difluoro—(3',5‘—difluoro-4'—ﬁrifluorbmethylbiphenyloxy)- {4-12~
(trans—4—butylcyclohexy1)ethyl]phenyl} methane
Difluoro—(B',S'—difluoro—4'—trifluqromethylbiphenyloxy)- {a-12-

(trans—4—penty1cyclohexyl)ethyl]phenyl} methane
Example 12 (Use Example 1)

Clearing p01nt (Cp) of the nematic 11qu1d crystal
composition having the following chemical composition was 72.
4°C: _
4—(trans—4-propy1cyclohexy1)benzonitrilé : 24 %

(Symbol % is'by weight. This rule applies even hereinafter.)
4- (trans-4-pentylcyclohexyl)benzonitrile - 36 %

4- (trans-4-heptylcyclohexyl)benzonitrile 25 %
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4- (4-propylphenyl)benzonitrile 15 %

_ This liquid crystal cemposition enclosed in a TN cell
(twisted nematic cell) of 9 um cell thickness had a driving
threshold voltage (Vth) of 1.78 V, value ofldielectric anisotropy
(Ag) of +11.0, optical anisotropy (An) of 0.137, and viscosity
at 20°C (?Nn20) of 27.0 cP. This liquid crystal composition, as

mother liquid crystal, in an amount of 85 parts was mixed with
15 parts of difluoro—[4-(trans—4—propylcyclohexy1)phenyll—(4—
trifluoromethoxyphenyloxy)methane shown in Example 2, and
phyeical properties of the mixture were determined. The results
were as follows:

Cp: 70.1, Vth: 1.71, Ag: 10.8, An: 0.132,
Nz20: 23.5 cP.

While this composition was left in a freezer at -20°C for 20
days, separation of crystal was net observed.
Example 13 (Use Example 2) '

Liquid crystal composition shown in Use Example 1, as mother
liquid, in an amount of 85 parts was mixed with 15 parts of
difluoro—[4—(trans—4—propylcyclohexyl)phenyl]—(3,4,5—trif1uoro—
phenyloxy)methane shown in Example 2, and physical properties of
the mixture were determined. The results were as follows:'

Cp: 64.5, Ven:.1.49, Ag: 11.6, An: 0.128,
N20: 26.6 cP.

While this composition was left in a freezer at -20°C for 20

days, separation of crystal was not observed.

‘Example 14 (Use Example 3)

Liquid crystal composition shown in Use Example 1, as mother
liquid, in an amount of.85 parts was mixed with 15 parts of
difluoro—[4—(trans—4—pentylcyclohexyl)phenyl]—(3,4;5—trif1uoro—
phenyloxy)methane shown in Exampie 2, and physical properﬁies of

the mixture were determined. The results were as follows:
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Cp: 66.6, Vth: 1.48, Ag: 11.4, An: 0.;26,
N20: 25.5 cP.

While this composition was left in a freezer at -20°C for 20
days, separation of crystal was not observed.
Example 15 (Use Example 4)

Liquid crystal composition shown in Use Example 1, as mother
liquid, in an amount of 85 parts was mixed with 15 parts of
difluoro—[4—(trans—4—pehtylcyclohexyl)phenyl]4(3,4—dif1uoro—
phenyloxy)methane shown in Example 2, and physical properties of

the mixture were determined. The results were as follows:
Cp: 69.3, Ven: 1.68, Ag: 10.3, An: 0.130,
N20: 25.0 cP.

While this composition was left in a freezer at -20°¢ for 20
days, separation of crystal was not observed. |

Clearing point (Cp) of the nematic liquid crystal
composition having the following chemical composition was
112.4°C:
4—(trans—4—(trans—4—ethylcyclohexy1)cyclohexyl)—1,2—difluoro—
benzene 33.3 %

(Symbol % is by weight. This rule applies even hereinafter.)
4—(trans—4—(trans-4—propylcyclohexyl)cyclohexylf—1;2—dif1uoro—
benzene . 33.3 %
4—(trans—4-(trans—4—penty1cyclohexy1)cyclohexyl)—1,2—difluoro-
benzene | - 33.3 % |

This liquid crystal composition enclosed in a TN cell
(ﬁwisted nematic cell) of 9 pm cell thickness had a value of

dielectric anisotropy (A&) of +5.0, optical anisotropy (An) of
0.080, and viscosity at 20°C (720) of 24.3 cP. This liquid

crystal composition, as mother liquid crystal, in an amount of
80 parts was mixed with 20 parts of difluoro-[4-(trans—-4-

pentylcyclohexyl)phenyl]—(3,4-difluorophenyloxy)methane
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mentioned above, and physical properties of the mixture:were
determined. The results were as follows:

Cp: 99.4, Ag: 5.6, An: 0.083, mM20: 21.6 cP.

While this composition was left in a freezer at -20°C for 40
days, separation of crystal was not observed.
Example 16 (Use Exemple 5) ,

Liquid crystal composition shoWn in Use Example 1, as mother
ligquid, in an amount of 85 parts was mixed with 15 parts of
difluoro—[4—(trans-4;pentylcyclohexyl)phenyl]—(4—trifluoromethyl
-phenyloxy)methane shown in Example 2, and physical properties

of the mixture were determined. The results were as follows:

Cp: 69.0, Vth: 1.65, Ag: 11.4, An: 0.131,

N20: 27.0 cP.
" While this composition was left in a freezer at —20‘é for 20
days, separation of erystal was not observed.
Example 17 (Use Example 6)

Liquid crystal composition shown in Use Example 1, as mother
liquid, in an amount of 85 parts was mixed with 15 parts of
difluoro—[4—(trans—4—propylcyclohexy1)phenyl]—(3—trifluoro-4—
cyanophenyloxy)methane'shown-in Example 2, and physical _
properties of the mixture were determined. The results were as

follows:

Cp: 74.6, Vth: 1.64, Ag: 12.3, An: 0.140,

N20: 30.9 cP.

While this compositioh was left in a freezer at -20°C for 20
days, separation of crystal was not observed.
Example 18 (Use Example 7)

Ligquid crystal composition'shown in Use Example 1, as mother
liguid, in an amount of 85 parts was'mixed with 15 perts of
difluoro- {4—[2—(trans—4—propylcyciohexy1)ethyl]phenyl} -(3,4,5-

trifluorophenyloxy)methane shown in Example 3, and physical
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properties of the mixture were determined. The résults were as
follows:

Cp: 65.8, Vth: 1.61, Ag: 11.3, An: 0.129,

N20: 25.4 cP.

- While this composition was left in a freezer at -20°C for 20
days, separation of crystal was not observed.
Example 19 (Use Example 8)

Liquid crystal composition shown in Use Example 1, as mother
liquid, in an ahOunt of 85 parts was miked-with 15 parts of
difluoro- {4—[2—(trans—4—propy1cyclohexyl)ethyl]phenyl} -(4-
triflﬁoromethoxyphenyloxy)methane shown in Example 3, and
physical properties of the mixture were determined. The results
were as follows:

Cp: 69.8, Vtn: 1.79, A€: 10.4, An: 0.131,

n20: 24.2 cp.

While this composition was left in a freezer at -20°C for 20
days, separation'of crystal was not observed.
Example 20 (Use Example 9) |

Liquid crystal composition shown in Use Example 1, as mother

liquid, in an amount of 85 parts was mixed with 15 parts of

difluoro- {4-[2—(trans—4—propy1cyclohexy1)ethyl]phenyl} —(3—
fluoro-4-trifluoromethoxyphenyloxy)methane shown in Ekample 3,
and physical properties of the mixture were determined. The
results were as follows:

Cp: 68.9, Vtn: 1.69, Ag: 10.9, An: 0.131,
N20: 25.3 cP. '

While this composition was left in a freezer at -20°C for 20
days, separation of crystal was not observed.
Example 21 (Use Example 10)

Liquid crystal composition shown in Use Example 1, as mother
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liquid, in an amount of 85 parts was mixed with 15 parts of
difluoro—(3',4',5'—trifluorobiphenyloxy)—[4—(trahS—4—peﬂtyl—
cyclohexyl)phenyl lmethane shown in Example 10, and physical
properties of the mixture were determined. The reSults.were as

follows:

Cp: 80.4, Vth: 1.62, Ag: 10.3, An: 0.140,
Nzo: 28.8 cP.

While this composition was left in a freezer at -20°C for 20
days, separation of crystal was not observed.
Example 22 (Use Example 11)

Liquid crystal composition shown in Use Example 1, as mother
liquid, in an amount of 85 parts was mixed with 15 parts of
difluoro-(3',5'-difluoro-4-trifluoromethylbiphenyloxy)- {4-[2-
(trans—4—propy1cyclohexy1)ethyl]pheﬁyl} methane shown in Example

10, and physical properties of the mixture were determined. The

results were as follows:
Cp: 76.6, Ven: 1.75, Ag: 11.9, An: 0.139,
N20: 29.8 cP.

While this composition was left in a freezer at -20°C for 20
days, separation of crystal was not observed.

As the nematic liquid crystal compositions containing the
compounds of the present invention, the followings (Compqsition
Examples 12 to 28) can be mentioned. 1In the following lists,
compounds in the compositions are indicated by the_abbreViaEions
acCording to the rules éhown in the following Table. That. is,
left side terminallgroups are indicated by s, sO, sOt, Vs, or
sVt, bonding groups by 2, E, T, or CF20, ring structures by B,
B(F),IB(F,F), H, or Py, and right side terminal groups are
indicated by F, CL, OCF3, w, or Ow.
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Table 1

Left side Symbol Bonding group Symbol
terminal group '
CeHagy1— §— —CH,CH,— 2
CeHa10— s0— :

' —CO0— E
CsHy5,iOCHy — sOot —

' . —C=C— T

CH,=CHCHy,— Vs —

' - =——CF,0—
CHyy(CH-CHCHy— . sVt — : CF20
Ring structure Symbol Right.side Symbol

terminal group
—o- B ~F —F
F
-Cl —CL
~o- B
| . - —c
—@—— B(F,F) ~OCF, —OCF3
F .
H "CWHZWH —_—Ww.
AN - ~0CyHy —ow
—-@NF Py - ' et
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Example 23 (Use Example 12)
3-HBCF20B-OCF3 10.
5-HBCF20B-OCF3 |
301-BEB (F) ~C
2-HB-C 5.
3-HB-C ' 15.
2-HHB-C
3-HHB-C
4-HHB-C
3-PyBB-F
3-HH-4
3-HH-5
2-BTB-01
3-BTB-01
4-BTB-01
4-BTB-02
5-BTB-01
3_HHB-1
3-HHB-01

-
o unm
O O O O 0 0 0O 0O O O 0 O O O oo o o o

W o W W W w w w

Clearing point (°C) T92.2.
Viscosity (mPa-.s) 20.9
Optical anisotropy 0.142
Dielectric anisotropy . 8.6

Threshold voltage (V) 1.83

Example 24 (Use Example 13)

3-HBCF20B-OCF3 10.
3-HBCF20B- (F,F)~-F 5.
5-HBCF20B- (F,F) ~-F : 5.
V2-HB-C | 7.

0P OO P 9P O dO I P P OIP IP I P P dP P I o

o O O ©
o9 @ of dP
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1v2-HB-C

3-HB-C

3-HHB-C

3-PyBB-F

2-PyBH-3

3-PyBH-3

4-PyBB-3

3-HH-4

101-HH-3

2-BTB-1

1-BTB-6

4-BTB-4

3-HHB-1

Clearing point (°C)

Viscosity (mPa.s)

Optical anisotropy

Dielectric anisotropy

Threshold voltage (V)
Example 25 (Use Example 14)

3-HBCF20B(F,F)-F

5-HBCF20B (F, F) -F

2-BB-C

101-HB-C

201-HB-C

2-BEB-C

5-PyB-F

3-PyBB-F

2-PyB-2

3-PyB-2

4-PyB-2

220

83.5
26.8

0.148

7.0
2.02

10.

W w w v vtk 9 o 1 ® ©

T S I T RS I |
© O O ©O O ©0 O O O © 0o 0 o

9 9P d° P I P P P P I P P e

= B o B O

© O ©O © O O © 0O 0o o o
o R R K P R R P K P e
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2-PyBH-3
3-PyBH-3
4-PyBH-3
3-PyB-02
2-HHB-1
3-HHB-1
3-HHB-3

A T I B S, BT
© O 0o 0o © @ o
9 P P P R o0 o

Clearing point (°C) 71.5

Viscosity (mPa-s) 32.5

Optical anisotropy 0.142

Dielectric anisotropy 10.2

Threshold voltage (V) 1.44
Example 26 (Use Example 15)

3-HBCF20B-0OCF3

5—HBCF20B—CF3

3-PyB(F)-F

3-PyBB-F

4-PyBB-F

5-PyBB-F

2-PyB-2

3-PyB-2

4-PyB-2

3-HEB-04

4-HEB-02

‘5-HEB-01

2-H2BTB-4

3-H2BTB-4

3-HHB-1

3-HHB-3

3-HHEBB-C

=
o

w N N oA s vy ooy O A BB g (n

9 9 P g o . .o 9 R P P ® ® g *® 0P
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5-HHEBB-C

3-HBEBB-C

Clearing point (°C) 99.3
Viscosity (mPa-s) 30.1
Optical anisotropy .0.156
Dielectric anisotropy | 5.3
Threshold voltage (V) . 2.36

Example 27 (Use Example 16)
5-HBCF20B (F,F)-CF3
3-HBCF20B(F,F)-F
5-HBCF20B(F,F)-F
201-BEB(F)-C
301-BEB(F)-C
2-HB(F)-C
3-HB(F)-C
3—HHBkF)—C
2-HHB(F) -F
3-HHB(F)-F
5-HHB(F);F
3-HHB-1
3-HHB-3
3-HHB-01
3-H2BTB-2.
3-H2BTB-3
3-H2BTB-4
3-HB(F)TB-2
3-HB(F)TB-3
3-HB(F)TB-4
Clearing point (°C) 94.3

Viscosity (mPa-s) 32.9 .

3.0 %
3.0%

IS
o

O - S ) fﬂ Dt Ww U DN
O O O O O 0O o © 0O o oo O O O O O O © © ©

P P 0P P P P df 9 P go o 90 9P P I J° P d° o of
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Optical anisotropy
Dielectric anisotropy

Threshold voltage (V)

Example 28 (Use Example 17)

3-HBCF20B-OCF3
5-HBCF20B-0OCF3
5-HBCF20B-CF3
V2-HB-C

1V2-HB-C

3-HB-C

5-HB-C

101-HB-C

201-HB-C

3-HHB-F

3-HH-4

2-BTB-01

3-HHB-01

3-HHB-1

3-HHB- 3
3-HB(F)TB-2
Cléaring point (°C)
Viscosity (mPa.s)
Optical anisotropy
Dielectric anisotropy
Threshold Voltage (V)

Example 29 (Use Example 18)

3-HBCF20B(F, F) -F
5-HBCF20B (F, F) ~OCF3
2-BEB-C

2-BB-C

223

0.137
12.8
1.46

80.5
19.4
0.130
8.2

R
w

=
-]

11.

Qe 0 U U1 o

\ < T - O O N
© © O 0 0O O 0O O 0 0 O Q0 O O O O

© O oo
90 P de o
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3-HB-C
10-BEB-2

3-HEB-04
"~ 4-HEB-02

5-HEB-01

3-HBEB-F

3-HHEB-F

5-HHEB-F

3-HEBEB-F

3-HEBEB-1

Clearing point (°C)
Viscosity (mPa.s)
Optical anisotropy
bielectric anisotropy
Threshold voltage (V)

Example 30 (Use Example 19)

3-HBCF20B-0CF3
3-HBCF20B(F, F) -F
3-H2BCFZOBB(F,F)-CF3
201—BEB(F)—C
301—BEB(F)—C
401-BEB(F) -C

2-HHB (F) -F
3—HHB(F)-F
5-HHB (F) -F

3-HHEB-F

5-HHEB-F

3-HEB-F

3-HH-EMe

3-HEB-04

4-HEB-3

224

5
10.
10.
10.
10.
71.7
36.8
0.117
7.5
1.52
6
6.
5.
2.
6.
3
4.
4.
4
3.
3.
3
9
4.
4.

OOOOOOOOOO
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.4-HEB-4

2-PyBH-3

3-PyBH-3

4-PyBH-3

3-HB-02

3-HHP-1 _

Clearing point (*C) 83.6

Viscosity {(mPa.s) 32,9

Optical anisotropy - 0.105
' Diélectric anisotropy 7.1
| Threshold voltage (V) 1.83

Example 31 (Use Example 20)

5-HBCF20B-CF3

5-HBCF20B (F, F) ~CF3

3-DB-C

4-DB-C
101-HB-C

2-PyB-2

3-PyB-2

4-PyB-2

2-PyBH-3

3-PyBH-3

4-PyBH-3

101-HH-5

3-HB(F)TB-2

3—HB(F)TB—3

3-HB (F)TB-4 |

Clearing point ("C) 71.0
Viscosity (mPa-s) 25.5
Optical anisotropy 0.149
Dielectric anisotropy 6.0
Threshold voltage (V) _ 1.78

10.

10.

O\O\O\QG\O\\]\DKO\OU‘I!&A

i 1 ;o

© © © © o o
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A

i



10

15

20

25

30

226

Example 32 (Use Example 21)

3-HBCF20B(F,F)-F - 14.

5—HBCF20B(F F) ~F 14.
5- HBCFZOB(F)-OCF3 4.
1V2-BEB(F, F)-C 12.
301-BEB(F)-C 11.
3-HB-C | 9
3-HB(F)-C 7
3-HHB(F)-C 6
3-PyBB-F 8.
4-PyBB-F 8.
5-PyBB-F 7.
Clearing point (°Q) . B57.6
Viscosity (mPa-s) 52.0
.Optical anisotropy 0.144
Dielectric anisotropy - 24.4
'Threshdld voltage (V) 0.77
Example 33 (Use Example 22)

3-HBCF20B-0CF3 10.
5-HBCF20B-OCF3 5.
2-HB(F) -C ‘ ' . 10.
3-HB(F)-C 10.
301-BEB(F) -C . 7.
3-HHEB-F |
5-HHEB-F

3-HHEB (F, F) -F 15,
5-HHEB (F, F) -F - ' 10.
3-HBEB(F,F)-F 5
5-HBEB(F,F)-F .5
3-HHB-1 8.
3-HHB-0O1 4.

3.

3-HHB-3

© ©O O o 0o 0o 0o 0o 0o o0 o

O'OOOOOOOOOOOOO

9 9P P 0P P O P R #® #® o

deP'dePdePdePdePdePdeP
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| Clearing point (’C)
Viscosity (mPa-s)
Optical anisotropy
Dielectric anisotropy
Threshold voltage (V)
Example 34 (Use Example 23)
3-HBCF20B-OCF3 |
5-HBCF20B-0OCF3
1vV-HB-C
1v2-HB-C
~ 3-HB-C
2-HHB-C
'3-HHB-C _
V2-HH-3
101-HH-5
2-BTB-01
V-HHB-1
V-HBB-2
1V2-HBB-2
Clearing point (°C)
Viscosity (mPa-s)
Optica1 anisotropy
Dielectric anisotropy
-~ Threshold voltage (V)
Example 35 (Use Example 24)
3-HBCF20B(F,F)-F
5-HBCF20B(F,F)-F
2-HB(F)-C
3-HB(F)-C
3-HHB-F
3-HB-02
V-HH-5

227

83.2
33.2
0.096

13.6 -

1.16

83.6
- 17.1
0.134
7.0
2.03

10.

14.

10.

11.

10.
10.

10.

10.

OOOOOOOOOOOOO
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V2-HH-3
2-BTB-01

V-HHB-1

V-HBB-2
1V2-HBB-2
3-HHB-01
3-H2BTB-2
3—HZBTB—3

Clearing point (°C)
Viscosity (mPa-s)
Optical anisotropy
D'ielectric anisotropy
Threshold voltage (V)
Example 36 (Use Example 25)

3-HBCF20B(F,F)-F
5-HBCF20B (F, F) -F

- 5-HBCF20B-CF3
5-HBCF20B (F) -F

_ 3—HBCF20B—OCF3
7-HB(F, F) -F
3—HHB(F,F’—F
4-HHB(F,F) -F
3;H2HB(F,F)-F.
4-H2HB(F,F)-F
5-H2HB(F,F)-F
3-HH2B(F,F)-F
5-HH2B(F,F)-F
3-HBB(F,F)-F
5-HBB(F,F)-F

 3-HHBB(F, F) -F
3-HH2BB(F,F) -F
Clearing point (°C)

228

5.

8

8.

5.

5.

4.

. 4.

4.
- 71.6
16.9

0.121

6.1
1.81

5

10.

5.

5

"5,

8

6.

3

10.

6

6

10.
61.8

o O O O 0O O o o
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%
%
%
%
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Viscosity (mPa-s)
Optical anisotfopy
Dielectric anisotropy
Threshold voltage (V)
Example 37 (Use Example 26)
3-HBCF20B(F,F)-F
3-HBCF20B-0OCF3
.3-HB-CL
5-HB-CL
7-HB-CL
2-HHB-CIL,
3-HHB-CL
5-HHB-CL,
. 2-HBB(F) -F
3-HBB (F) -F
5-HBB(F) -F
 3-HBB(F,F)-F
5-HBB(F,F)-F
3-H2HB(F) -CL
3-HB(F) TB-2
3-HB (F) VB-2
Clearing point (°'C)
Viscosity (mPa-s)
Optical anisotropy
Dielectric anisotropy
Thresﬁold voltage (V)

Example 38 (Use Example 27)

5-HBCF20B(F, F) -F
5-HBCF20B-CF3
3-HBCF20B-OCF3 -
2-HBB (F) -F
3-HBB(F) -F

229

23.6
0.083
8.4
1.50
12
13
13
3
2
89.3
21.9
0.128
6.4
2.08
10.
5
5
3.
3.
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5-HBB(F) -F
2-HBB-F
3-HBB-F
3-H2HB(F,F)-F
4-H2HB(F,F)-F
5-H2HB(F,F)-F
3-HHB(F,F)-F .
4-HHB(F,F)-F
3-HH2B(F,F)-F
5-HH2B(F,F)-F
3-HBB(F,F)-F
5-HBB(F,F)-F

. 3-HHB-CL
5-HHB-CL
Clearing point (°C)
Viscosity (mPa-s)
Optical anisotropy
Diélectric anisotropy
Threshold_voltage (V)

Example 39 (Use Example 28)

3-HBCF20B(F,F) -F
5-HBCF20B(F,F)-F
3—HBCFZCB—OCF3
2-HBB(F) -F

~ 3-HBB(F)-F
5-HBB (F) -F
5-HB-F
7-HB-F
5-HHB-OCF3'
3-H2HB-0OCF3
5~-H2HB-OCF3
3-HH2B-0OCF3

230

6.
3
- 3.
6
6
6.
3.
3.
12.
'82.8
24.8
0.100
8.0
1.69
16.
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5-HH2B—OCF3. _ 8.0 %
.Clearing point (°C) ' 84.9 '
Viscosity (mPa.s) - 16.6

Optical anisotropy 0.101
Dielectric anisotropy 5.5

Threshold voltage (V) 2.12

Comparative Example .

Among the compounds expressed by the formula (b-1) or (b-4)
(USP 5,032,313) described in the paragraph of BACKGROUND ART,
1,2,6-trif1uoro-4-[4—(trans—4epropylcyclohexyl)phenyl]benzene
(compound expressed by the formula (b-1) wherein R = C3H;) was

selected as comparative compound to the present invention.
This compound Was'actually synthesized according to the
Example described in the USP 5,032,313.

Liquid crystal composition shown in Example 11 in an amount
of 85 parts, as mother liquid crystal, was mixed with 15 parts
of the l,2,6—trifluoro—4—[4—(trans—4—propylcyclohexy1)
phenyl]lbenzene or 4-(trans- -4-propylcyclohexyl)phenyl-(3,4,5-
trlfulorophenyloxy)methane, and physical propertles of the
mixtures were determined. The physical properties are shown in
Table 2 together with the results of Examples 11 and 12. In the
Table, numerical values in parentheses are ones obtalned by

extrapolation.



(b-4) F

Table 2
Cp(C) A 1 20 (cP) Vu(V)
Mother liquid crysta.l 7.4 11.0 27.0 1.78
Catr —O—@-z::oz?—@-oca 0571 10.809.7) 8567 11
%”"O‘@"(‘;;‘; ¢ 645(19.7)  116(150)  26.6(243) 149
F : '
. R
C:HrF 68.7(47.7)  1L1(117)  288(39.0) 151
(b-1) F
F
%“"‘O"Q'Cﬂzo—Q-F | 61207 10.4(7.0) 30.5(54.3)

1.61

(A X4
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From Table 2, it can be seen that compound (37) of the
present invention has excellent characteristics compared with
comparative compound (b-1) having the same molecular skeleton in

that the inventive compound exhibits an extremely low viscosity

(Mm20) as low as about 60 % of the compound (b-1) whereas the
inventive compound has a value of dielectric anisotropy (Aég)

1.28 times as large as the compound (b-1) when compared based on
extrapolated values. Also, in comparison between compound (37)
of the present invention and the compound (b-4) in which
fluorine atoms at benzyl position in compound (37) were
substituted with hydrogen atoms, the inventive compound has an
extremely low viscosity (720) as low as about 40 % of the

compound (b-4). From this'fact; it can be seen that the -CF,0-

bonding group which crosslinked two benzene rings, as a

characteristic of the present invention, contributes to the
increase of the value of dielectric anisotropy (A€) as well as

to the reduction of viscosity. Further, it is seen that
compound (40) of the present invenfion'having a trifluoromethoxy
group at the terminai of its molecule is as extremely low as 3.7
cP in the extrapolated value of viscosity and that the compound
reduces only viscosity by even about 13 % without lowering
clearing point or the value of dielectric anisotropy, compared

with the mother liquid crystal. Thus, the present compound can

‘be said to be highly useful even as viscosity reducing agent.

INDUSTRIAL APPLICABILITY

Difluorooxymethane derivatives of the present invention and
liquid crystal compositions containing_the.compound are useful,
as liquid crystal material for low voltages in several modes,

for example, active matrix mode and STN mode.
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Claims:
1. a difluorooxymethane derivative expressed by the general

formula (I)

BBzl @
. ) L' LG

wherein each of @, m, and n is 0 or 1, rings A; and A,

independently represent trans-1;4—cyclohexylene group, 1,4-
phenylene group one or nore hydrogen atoms in which six-membered
ring may be replaced by halogen atom, tréns—1,3vdioxane—2,5—
diyl, or pyrimidine—z,s—diyl, fing.Ag represents 1,4-phenylene
group one or more hydrogen atoms in'which six-membered ring may
be replaced by halogen atom, trans—l,3-dioxane—2,5—diy1, or
pyrimidine—2,5—diyl, Z1, 2, and 23 independently represent a
covalent bond, -CCHy~-, -COO-, —CF}O-Q -OCFy-, -CH;0-, -OCH-,
~CH=CH-, or -C=C-, Li, Lz, L3, and I, répresent

hydrogen atom or halogen atom, respectively, X is halogen atom,

. CN, CF3, OCFj;, OCHF,, OCH,F, or a linear or branched alky group,

alkenyl group, or alkoxy group having 1 to 10 carbon atoms, and
R is a linear or branched alkyl group or alkenyl group having 1.
to 10 carbon atoms, one or not adjacent 2 or more CH, groups in
the R may be replaced by oxygen atom, provided that in no case
is X an alkyl group, alkehyl group, or alkoxy group except in
the case where Z; is -F,0- or ~-OCF3~.

2. The difluorocoxymethane derivative according to claim 1

wherein € =1, @ = 0, nis 0 or 1, 2, is covalent bond or

-CH,CH;~, both 2z, and Z3 are covalent bond, A; ns-1,4-

cyclohexylene grduﬁ, A3 is '1,4-phenylene group, and R is a linear

RN O A0 o
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alkyl group or.alkenyl group having 1 to 10 carbon atoms, in the
general formula (I). | _

3. The difluorooxymethane derivative according to claim 1 or 2
wherein at least one of L3 and Ly is halogen atom.

4. The difluorooxymethane derivative according to claim 1.
wherein € =m = n = 0, and all of Z;, Z3, and Z3 are covalent
bond, in the general formula (I).

5. The difluorooxymethane derivative according to claim 1
wherein @ =1, m = n = 0, and both of Z; and 73 are covalent
bond, in the general formula (I).

6. The difluorooxymethane derivative according to any one of

claims 1 to 5 wherein all of L3, Ly, and X are fluorine atom, in

the general formula (I). _
7. The difluorooxymethane derivative according to claim 5

wherein X is OCF3, in the general formula (1).

8. fThe difluorooxymethane derivative according to claim 5
wherein X is CN, in the general formula (I).

9. The difluorooxymethane derivative according to claim 1
wherein 0 = 1, ring A; is l,4—pheny1ene group one or more
hydrogen atom in which 6-membered ring may be replaced by
halogen atom, %; is -OCF2-, both of Zz and Z3 are covalent bond,

and X is a linear or branched alkyl group, alkenyl group, or
alkoxy group having 1 to 10 carbon atoms, in the general formula
(I).

10. The difluorooxymethane_derivative according to claim 1

wherein 8 =m = 0, n = 1, both of Z; and Z; are covalent bond,
and ring A; is 1,4-phenylene group, in the general formula (I).

11. The difluorooxymethane derivative'éccprding to claim 10

wherein Z; is covalent bond, in the general formula (I).

12. The difluorooxymethane derivative according to claim 10

I
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wherein Z7; is —-CHxCH;-, in the general formula (1).

13. A liquid crystal comp051t10n containing at least one kind

. of difluorocoxymethane derlvatlve defined 1n any one of clalms 1

to 12

14. A liquid crystal composition containing, as a first
component, at least.one kind of difluorooxymethane derivative
defined in any one of clalms 1 to 12 and containing, as a second
component, at least one kind of compound selected from the group

of compounds expressed by general formula (II), (III), or (IV)
e : (0
O
_ | “a, | . |
| o ()
R'-*(::>‘Yf‘<::>'*5;<cj}_x :
. _ Q,
" Qa 04 Qi :
. ¥)
: Q; .

wherein R; represents an alkyl group hav1ng 1 to 10 carbon atoms,
X represents F, Cl1, CF3, 0OC3, OCFsH, or an alkyl group hav1ng 1
to 10 carbon atoms, Q1, Q2, Q3 1ndependent1y represent H or

F, o represents 1 or 2, p represents 0 or 1, Y1 and Y,
independently represent -CHxﬂh-. -CH=CH-, or covalent bond, and

ring D represents trans—1,4—cyclohexylene_group or 1,4-phenylene
group. | '
15. A liquid crystél composition containing, as a first
component, at least one kind of difluorocoxymethane derivative

defined in any one of claims 1 to 12, containing, as a second
—_

AT o
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component, at least one kind of compound selected from the group
of compounds expressed by general formula (V), (VI), (VII),
(VIII), or (IX) |

Qs
Qe _

wherein R, represents fluorine atom, an alkyl group having 1 to

10 carbon atoms, or an alkenyl group having 2 to 10 carbon

atoms, in any case, one or not adjacent two or more CH; groups in
the alkyl or alkenyl group may be replaced by oxygen atom, Y3
represents. -CH,CH-, -COO-, or covalent bond, Qs and Qg

independently represent hydrogen atom or fluorine atom, E
represents trans-1,4-cyclohexylene, 1,4-phenylene, or trans-1,3-
dioxane-2,5-diyl, ring G represents trans-1,4-cyclohexylene or

1,4—pheny1ene} and q and r independently represent 0'or_1,

Ry |
~N .
OO+ %

whereln R3 represents an alkyl group having 1 to 10 carbon atoms,

Q7 represents hydrogen atom or fluorine atom, and k represents 0

or 1,

At @

wherein R, repfesents an alkyl group having 1 to 10 carbon atoms,

LT
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I represents trans-1, 4-cyclohexylene or 1,4—pheny1ene, Qg and Qo

represent hydrogen atom or fluorine atom, Y4, represents -COO- or

-C=C-, and f and h independently-represent 0 or 1,

Rs—J—Yg—K=R, | (vr)

wherein Rs and Rg 1ndependently represent an alkyl group, alkosy

group, or alkoxymethyl group having 1 to 10 carbon atoms, J

represents trans-1,4-cyclohexylene, 1,3-pyr1m1d1ne—2,5—d1yl, or

'1,4-phenylene, K represents trans-1,4-cyclohexylene or 1 4=

phenylene, Yg represents -C=C-, -CO00-, -CH,CH,-, or covalent

" bond,

Qi0

Ry —M-Y; —@—Y, ~U—R, - . ()
4 ..

wherein R; represents an alkyl group or alkoxy group having 1 to
10 carbon atoms, Rg represents an alkyl group having 1 to 10
carbon atoms, one or not adjacent two .or more CH, groups in which-

alkyl group may be replaced by oxygen atom, M represents trans-
1,4-cyclohexylene or 1, 3-pyrimidine—2 5-diyl, rings N and U

independently represent trans-1,4- cyclohexylene or 1 4-

_phenylene, Y7 represents -CHy,CH,;-, -COO-, or covalent bond, Yjg

represents =C-, -C00-, or covalent bond, g represents 0 or 1,
and Qi¢p represents hydrogen atom or fluorine atom.

16. A liquid crystal composition conﬁtaining, as a .first

component, at least one kind of difluorocoxymethane derivative

- defined in any one of claims 1 to 12, containing, as a part of

the second component, at least one kind of compofmd selected

Iy
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from a group of compounds expressed by the general formula (I1),
(III), or (IV), and containing, as other part of the second
component, at least one compound selected from a group of
compounds expressed by the general formula (Vv), (vi), (vVII),
(VIII), or (IX). _ _
17. A liquid crystal display device composed by ﬁsing a ligquid

crystal composition defined in any one of claims 13 to 16.

) D A



