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SPECIFICATION 

Difluorooxymethane Derivative and 

Liquid Crystal Composition 

···.,· .. 

The present invention relates to a difluoromethane 

derivative as a liquid crystalline compound suitable as a liquid 

crystal material in several liquid crystal displays and a liquid 

crystal composition containing the derivative. 
,A 
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BACKGROUND ART 

Liquid crystal display devices employ optical anisotropy and 

dielectric anisotropy of liquid 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, 

15 static driving mode, time division driving mode, active matrix 

driving mode, and dual frequency driving mode are known. While 

the properties of liquid crystal materials used for such liquid 

crystal display devices are different depending on their 

~pplications, it is required to any liquid crystal material that 

~- 20 the material is stable against external environmental factors 

such as moisture, air, heat, and light_, that the material 

exhibits a liquid crystal phase at a range of temperature·s as 

wide as possible with room temperature being at its center, that 

the material has a low viscosity, and that the material is low 

25 in its driving voltage. Besides, liquid crystal materiais used 

for liquid cr.ystal.display devices are usually composed of 

St?.veral kinds or 10-odd kinds of liquid crystalline compounds in 

order to obtain optimum dielectric anisotropy (.6. E ) or optical 

anisotropy (An} required to each display device. Accordingly, 

30 the miscibility with other liquid 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 

5 (thin film transistor) mode is popularly adopted recent years as 

10 
\.._.;· 

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 

process and less expensive in production cost while having a 

large di~play capacity is largely adopted as display for 

personal computers and others. 

As the trend in recent years, development in this field is 

being advanced with miniaturization of liquid crystal display 

devices or their downsizing to portable dimensions being 

15 centered, as typified by televisions which are characterized in 

20 

\._,-· 

25 

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 a low driving 

voltage, that is, a low threshold voltage as its center from the 

aspect of withstand voltage of IC. 

It is known that threshold voltage can be expressed by the 

following equation (H.J. Deuling et al., Mol. Cryst. Liq.· 

Cryst., 27 (1975) 81): 

Vth = n: (Kl E oA E )112 

wherein K is an elastic constant and so is a dielectric constant 

in vacuum. From. the equation mentioned above, it is a common 

way to use a material having a . large di.electric anisotropy (A E ) 

in order to reduce the threshold voltage, and thus, development 

30 of compounds having a large value of dielectric anisotropy is 

being actively carried out. 
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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, 

5 . 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 fluorineatom is 

increased, mesomorphic range will be narrowed. Accordingly, it 

10 is considered to be difficult to increase only dielectric 
'\._,/ 

anisotropy while suppressing the raising of viscosity and 

narrowing of mesomorphic range. 

As examples of conventional liquid crystalline compounds 

substituted with multiple number of fluorine atoms, the 

15 followings are disclosed: 

R-0-0-0-F (a) USP4,405,488 

F 

F 

R~F. (b-1) 

F 

G F 

R-o-o-Q-F (b-2) 
F 

~OF 
USPS,032,313 

R . o-c}-F (b-3) 

F 
·F 

R--o-o-CH20-Q-F (b-4) 

F 
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. (F) . 

Ro-o-Q-CFs (c). 
. F 

_R-O-O-ocF2-0F (d) 

DE4027840Al 

JP-A-2-289529 : 

I JP-A-5-112778 : 

Any of compounds (a} and (b-1} to (b-4} has several fluorine 

atoms at the terminal of the molecule. The value of dielectric 

anisotropy of the compounds are compared and arranged in the 

5 order of the value as follows: 

(b-3} >> (b-1} I (b-2) I (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 carbonyl group effectively contributes 

10 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 in the aspect of response speed from 

the fact t~at the compound has a remarkably high viscosity than 

15 (a), {b-1), (b-2), artd (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 -CF20- at a terminal of 

20 the molecule have already been disclosed in patent publications 

as the compounds having a partial structure of -CF20- 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 Japanese Patent Application Laid-open Nos. 2-289529 
and 5-112778, respectively. Besides, wh~reas the structural 

5 formula of the compounds have been described, physical data of 
the compounds and specific value of physical properties for 
evaluating the utility as liquid crystalline compound have not 

been disclosed in the publications. Accordingly, the properties 
of liquid crystalline compounds having a partial structure in 

' 10 v 
which two benzene rings are bonded with -CF20- 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 

15 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 

20 structure while a comparatively large dielectric anisotropy can 
be expected from the contribution of polarization of -CF20-

group. As explained above, it was the actual situation that the 
effect of -CF20- bonding group as well as the effect of compounds 

(d) and (e), particularly the knowledge on the relationship 
25 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 

30 and extremely low viscosity, as a liquid crystalline compound 
for low voltages in several modes including active matrix mode 

--------- -- ------·- -
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and STN mode, and to provide a liquid crystal composition containing the liquid crystalline compoim,d. 
As a result of the research by the present inventors on the· physical properties of novel difluorooxymethane derivative which .. 5 can be derived from a phenyl benzoate derivative, it has been 

10 
"-._,,· 

found that the direction of dipole moment with polarization of two fluorine atoms in difluoromethoxy group· which is a 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, and that the derivative is · extremely low in viscosity despite of the existence of fluorine atom in its molecule. 
Also, it has been found that the compounds in which fluorine 15 substituent is selected as their terminal substituent and the other compounds in which one of other substituents typified by cyano group is selected are novel, useful liquid crystalline compounds for low voltages, with the former in active matrix mode and the latter in several modes including STN mode, leading 20 to the accomplishment of .the present invention. 

The invention claimed in th~ present application is summarized as follows: 
(1) A difluorooxymethane derivative expressed by the general formula 

25 wherein each of .Q, m, and n is 0 or 1, rings A1 and A2 · 
independently represent trans-1,4-cyclohexylene group, 1,4-phenylene group one or more hydrogen atoms in which six-membered 

---------------------



7 

ring may be replaced by halogen atom, trans-1,3-dioxane-2,5-
diyl, or pyrimidine-2,5-diyl, ring A3 represents 1,4-phenylene 
group one or more hydrogen atoms in which six-membered ring may 
be replaced by halogen atom, trans-1,3-dioxane-2,5-diyl, or 

5 pyrimidine-2,5-diyl, Zi, z2, and Z3 independently represent a 

010 

covalent bond, -CCH2-, -COO-, -CF20-, -OCF2-, -CH20-, -OCH-, 

-CH=CH-, or -c=c-, Li, L2, L3, and L4 represent 

hydrogen atom· or halogen atom, respectively, X is halogen atom, 
CN, CF3, OCF3, OCHF2, OCH2F, 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 CH2 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 

15 the case where Z2 is -F20- or -OCF2-. 

(2) The difluorooxymethane derivative recited in (1) wherein 
Q = l, m = 0, n is 0 or 1, Zi is covalent bond or -CH2CH2-, both 

Z2 and Z3 are covalent bond, Ai is tra-1,4-cyclohexylene group, 
A3 is 1,4-phenylene group, and R is a linear alkyl group or 
alkenyl group having 1 to 10 carbon atoms, in the general. 
formula (I) . 

{3) The difluorooxymethane derivative recited in (1) or (2) 
wherein at least one of L3 and L4 is halogen atom. 

(4) The difluorooxymethane derivative recited in (1) wherein 
25 Q = m = n = 0, and all of Zi, Z2, and Z3 are covalent bond, in 

the general formula (I) . 
(5) The difluorooxymethane derivative recited in {1) wherein 
.0 = 1, m = n = 0, ·and both of z2 and z3 are covalent bond, in 
the general formula (I). 

-----------------
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(6) The difluorooxym.ethane. derivative recited in any one of (1) 
t (5) wherein all of L3 , L4 , and X are fluorine atom, in the 
general formula (I) : 

(7) The difluorooxym.ethane derivative recited in (5) wherein X 
5 is OCF3 in the general formula (I). 

VlO 

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

(9) The difluorooxym.ethane derivative recited in (1) wherein 
a = 1, ring A1 is l, 4-phenylene group one or more hydrogen atom 
in which 6-membered ring may be replaced by halogen atom, z1 is 
-OCF2-, both of Z2 and z3 are valent bond,.and Xis 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 recited in (1) wherein 

15 a = m = O, n = 1, both of z1 and z2 are covalent bond, and ring 

20 v 

AJ is 1,4-phenylene group, in the general formula (I). 

(11) The difluorooxymethane derivative recited in (10) wherein 
Z3 is covalent bond, in the genera°! formula (I) . 

(12) The difluorooxymethane derivative recited in (10) wherein 
Z3 is -CH2CH2-, in the general formula (I). 

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

(14) A liquid crystal composition containing, .as a first 
25 component, at least one kind of difluorooxymethane 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), (III), or (IV) 
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(I) 

. 01 

.R1-0Y1-0.Y2~X 
02 

( JI[ ) 

tr\.\ rr=<~3 a. 01 
A1~Y1~X 

02 

( lV) 

wherein R1 represents an alkyl group having 1 to 10 carbon atoms, 

X represents F, Cl, CF3, OC3, OCF2H, or an alkyl group having 1 

to 10 carbon atoms, Qi, Q2, and Q3 independently represent H or 

F, o represents 1 or 2, p represents 0 or 1, Y1 and Y2 

5 independently represent -CH2CH2-, -CH=CH-, or covalent bond, and 

ring D represents trans-1,4-cyclohexylene group or 1,4-phenylene 
group. 

10 

(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), (VII), 

(VIII), or (IX) 

. Os 

R2-QE~Y3~CN 
Oa 

(V) 

wherein R2 represents fluorine atom, an alkyl group having 1 to 

15 10 carbon atoms, or an alkenyl group having 2 to 10 carbon 
atoms, in any case, one or not adjacent two or more CH2 groups in 
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the alkyl or alkenyl group may be replaced by oxygen atom, Y3 

represents -CH2CH-, -coo-, or covalent bond, Os and 06 
independently represent hydrogen atom or fluorine atom, E 
represents trans-1,4-cyclohexylene, 1,4-phenylene, or trans-1,3-

5 dioxane-2,5-diyl, ring G represents trans-1,4-cyclohexylene or 
1,4-phenylene, and q and r independently represent 0 or 1, 

(VI) 

wherein R3 represents an alkyl group having 1 to 10 carbon atoms, 
Q7 represents hydrogen atom or fluorine atom, and k represents 0 
or 1, 

(VI) 

10 wherein R4 represents an alkyl group having 1 to 10 carbon atoms, 
~ I represents trans-1,4-cyclohexylene or 1,4-phenylene, Qs and Qg 

represent hydrogen atom or fluorine atom, Y4 represents -COO- or 

-c=c-, and f and h independently represent 0 or 1, 

Rs-J-Ye-.K-R6 <•> 

wherein Rs and R6 independently represent an alkyl group, alko· 
15 group, or alkoxymethyl group having 1 to 10 carbon atoms, J 

represents trans-1,4-cyclohexylene, 1,3-pyrimidine-2,5-diyl, or 
1,4-phenylene, K represents trans-1,4-cyclohexylene or 1,4-
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phenylene, Y6 represents -c=c-, -coo-, -CH2CH2-, or covalent 
bond, 

(IX) 

wherein R7 represents an alkyl group or alkoxy group having 1 to 
10 carbon atoms, Rs represents an alkyl group having 1 to 10 
carbon atoms, one or not adjacent two or more CH2 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 -CH2CH2-, -COO-, or covalent bo.nd, Ya 

10 represents =c-, -cob-, or covalent bond, g represents 0 or 1, 
and Qio represents hydrogen atom or fluorine atom. 

15 
v 

(16) 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 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), (VI), (VII), (VIII), or 

20 (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, preferable embodiments of 
25 difluorooxymethane derivatives expressed by the general formula 

{I) include compounds expressed by any one of the following· 
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general formulas (la) to {le},: 

(Ia) 

(lb) 

(Ic) 

. L2 L4 
R-@-z1 --@-z2--QCF20-Qx (Id) 

L1 La 

L . 4 

R-@-z, -QcF:P-@-z. -(}x (le) 

L1 la 

As specific examples of difluorooxymethane derivatives 
expressed by the general formulas {la) to (le), the following 
compounds {1) to (661) can further be mentioned: 



F 
R-Q-CF:z()-0-F (1) R-Q-cFia-Q-cF3 (lS) 

F F 
R-Q-CF:z()-0-F (2) F 

R-Q-CF:z()-Q-cF3 (16) 
F 
F 

F 
R-Q-CF:P-0-F (3) F 

R-Q-CF20-Q-CF3 (17) 
F 

F F R-0-CFa()-Q-F (4) F· F 
R-Q-cFa0-Q-cF3 08) 

F 
G R-Q-CF:z()-Q-F {S) F F 

F F 
R-o-CF20-Q-ocF3 (19) F 

R-Q-CF:z()-Q-F (6) 

R-Q-cF:z0-Q-ocF3 
F F 

(20) 
F F 

R-o-CF20-d-F F (7) 

R*CF20-Q-ocF3 (21) F 
F F 

R·-Q-cF20-0-F (8) R-Q-cFa0-Q-ocF3 . (22) F F F F F 
R-Q-CF20-Q-ocF3 (23) R-Q-CF20-0-F (9) 

F F F F. 
F v R-o-CF20-0-CF3 (10) · R-Q-cFa0-Q-ocF3 
F F· 

(24) 

F R-Q-cFa0-Q-cF3 (11) R-Q-cFa0-Q-ocF3 (25) F 
F F 
F R*CFaCJ-O-CF3 (12) 

R-Q-cFa0-Q-ocF3 (26) F 
F F 
F F R-Q-cF20-Q-cF3° (13) 

R*CFi()-d-OCF3 (27) F 
F F 

R-Q-cFa0-Q-cF3 (14) 
F F 
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RD-O-CF2')-o-CF3 (28) R-0-0-CF2')-0-ocF3 (40) 

R~c~o-{)-c~ (29) RD--Q-CF2')-o-OCF3. (41) 
F F 
F F 

R-o-Q-CF2'J-{)-CF3 (30) RD-ctcFaa-Q-ocF3 (42) 
F F 

RD-O-CFz()-Q-CF3 (31) R-O-O-cFaa-Q-ocF3 (43) 
F F 

\ ..... ./ R-D-Q-CF20-Q-CF3 (32) RD--Q-cF2')-Q-ocF3 (44) 
F F F F 
F F 

R-o-{}CF2')-Q-CF3 (33) R-o-Q-CF2')-Q-OCF3 (45) 
F F F F 

F F 
R-o-o-CF2')-o-CF3 (34) R-Q-O-cF2')-Q-ocF3 (46) 

F F 
F F 

R-o-Q-cF2')-0-cF3 (35) R-o-Q-CF2')-0-ocF3 (47) 
F F F F 
F F F F 

R-o-Q-CF2')-o-CF3 {36) R-o-ctCF20-Q-ocF3 (48) 
F F F F 

F 
\.._,;' R-O-OCF2')-o-F (37) 

F 
F 

R-o-Q-cFaa-0-F (38) 

F F 
F F 

R-o-Q-CF2')-o-F (39) 
F F 
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R-O-O-cFa0-Q-ocHF2 
F 

(49) 
R°*CFz()-Q-CN (63) 

A~CFaO-Q-ocHF2 (50) 
F F 

F F 

F A-Q-0-cFz()-Q-cN (64) 

A-o-Q-CFzO-Q-ocHF2 (SI) F 
F F 

A-o-o-CF20-Q-ocHF2 
R-o-Q-cFa0--t}-cN (65). 

(52) F F 
F F F 

v R~CF20-Q-ocHF2 (53) R~CFz()~CN (66) 
F F F F 
F 

R-D--C?-CFz()-Q-ocHF2 (54) R-Q-0-cF:ze-Q-cF3 (67) 
F F 

F 
R-O-OCF20~0CHF2 (55) R-o-Q-cFa0-Q-cF3 (68) 

F F 
F F 

R-o-Q-CF20-cf-ocHF2 . (56) .R-0-<1-CFz()-0-cFa (69) 
F F F 
F F 

R-D--C?-CFzO-cf-ocHF2 (57) R-O-O-cFa0-Q-cF3 (70) 

F F · F 

\..._,/' R-0-0-CFzO-Q-cN 

R-0-Q-c~o-Q-c~ (71) 

{58) F F 
F 

A-o-Q-cFa09cN 

. A°*CFz()-Q-cF3 (72) 

(59) F F· 
F 

F 
A-O-O-cFz0-cf-cF3 F (73) 

R-o-Q-CFz()-0-CN (60) 
F 
F F 

R-O-OCF20-Q-cN 

R-O-Q-CFz(J~CF3 (74) 

(61) 
F F 

F· F F 

. R~CF20-Q-CN (62) 
R-O-C}-CF2')~CF3 (75) 

F F F F 
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F 
R-Q-0-CFaO-Q-ocF3 (76) R-0-0-CFaO-Q-ocHFz (90) 

F F 
F 

R-o-Q-CFaO-Q-ocF3 \TT) R-o-Q-cFa0--Q-ocHFz (92) 

F F 
F F 

R-o-ctCFa0-0-ocF3 (78) R-O-Q-cFa0--Q-ocHF2 (93) 

F F F 
.F F 

R-o-o-CF:z()-Q-ocF3 (79) R-0-0-CF:z()--Q-ocHFz (94) 
F F F 

v R-o-Q-CF20-Q-ocF3 (80) 

R-o-o-CF20-0-CN F F (9S) 

F 
R-o-Q-CF20-Q-ocF3 (81) 

F F R-0-Q-CFaO-O-CN (96) 
F 

R-o--o-CF:z()--Q-ocF3 
F 

(82) F 
F R-V(}cFa0-Q-cN (97) 
F 

R-o-Q-CF:z()--Q-ocF3 
F 

(SJ) 

F F R-Q-O-cFa0-Q-cN (98) 

F F F 
R-D-CtcFa0--Q-ocF3 (84) R-O-Q-cFa0-Q-cN (99) 

F F F F 
F· 

.'-..../ 
R-Q-0-CFaO-Q-ocHFa (SS) R-o-Q-CF:z()-Q-CN (100) 

F F 
F 

R-0-Q-CF:P-Q-ocHFz (86) 
R-o-Q-cFa0--Q-cN (101) 

F 
F F 
F 

R-O-Q-cFa0--Q-cN 
R-o-Q-CF20-Q-ocHFz(87) 

(102) 

F F 
F F F 

R-Q--0-CFaO-Q-ocHFa (88) R-o-Q-CF:z()--Q-CN (103) 

F F F 

R-o-Q-CFaO-Q-ocHF2 (89) 

F F 



R-Q-cH~H2-0-CF20-Q-cF3 
. (104) 

R-Q-cH~H---{}-cFz()-O-cF3 
z ~ (105) 

F 
F 

R-Q-cH~H2-(}cFa0-Q-cFCl06) 
F 

R-Q-cH~H2-0-CF:zO-Q-cF3 
. F (107) 

R-o-CH2CH2-0-CF20-Q-cF3 
: ~F F {108) 

F 

R-O-cH~H2-(}cF20-Q-cF3 . . 
F F (109) 

F 

R-o-CH2CHzO-cF20-Q-cF3 
F (110) 

F 

R-Q-cH2cHzQ-cFa0--Q-cF3 
F F (111) 
F F . 

R-o-C~H2-(}cF20-Q-cF3 
F F (112) 

R-Q-cH~H2-Q-cF20-Q-ocF3 
. (113) 

R-o-C~Hr0-CFae>-Q-ocF3 
. · F (114) 

F 

R-O-cH~H2-0-cF20-Q-ocF3 
. ! ·~ (llS) 

R-O-CHaCH2-0cF20-Q-ocHF2 
: ~ (123) 

F 

R-Q-cHacHr{j-cF20-Q-0~7~~> 
F 

R-o-CH2CHc-Q-cF20-Q-oc:HF2 
F (125) 

R-o-CH2C~CF20-Q-ocHF2 
•r, ~· F (126) 

F 

R-O-cHaeHz-O-CF20-Q-ocHF2 
~ F (127) 

F 

R-o-· CH~Hz-Q-CF20-Q-ocHF2 
F (128) 

F 

R-o-· CHaCH2-Q-cFa0-Q-ocHF2 
· . F F (129) 

F F 

R-O-CHaCH2-Q-cFa0-Q-ocHF2 
F F (130) 

F 

R-0-CHaCHzO-cFz()-q-F (131) 

F 

R-o-CHaCH2-Q-CF20*F (132) 
F F 



F F 

R-0CHzCH2-Q-CFz(J-Q-F 
· F F (133) 

R-OCH2CH2-0-CF20-Q-cN 
(134) 

R-OCHzCH2-Q-cFzci-Q-cN 
F (135) 

F 

R-OCHze~r(}cFz(J-OCN 
F (136) 

R-OCH2CHz(}-cFz0-Q-cN . 
. F (137) 

R-OCHzCH2-Q-CF20-Q-CN 
F F (138) 

F . 

R-OCHaCH2--Q-CF20-Q-CN 
F F (139) 

F 

R-OCHzCH2-0CF20--Q-cN 
. F (140) 

F 
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R-OCH2CH-O-Q-cFa0-Q-ocHF2 (435) 

F F 
F F 

R-OCH2CH-O-Q-cFa0-QocHF2 (436) 

F F 
F 

R-OCHzCH-0-Q-cFz()--Q-F (437) 

F 
F 

R-OCH2CH-O-Q-~Fz()--Q-F (438) 

F F 
F F 

R-0-CHzC~CFz()-Q-F (439) 

F F 

-R-oo-CHzCHr-O-cFz()VcF3 (440) 

R-oo-CHzC~CFz()-O-CF3 (441) 

F 
F 

R-oo-CHzCHr-Q-CFz()-O-CF3 (442) 

F 

R-oo-CH2CHr-Q-cF20-QcF3 (443) 

F 



R-O-OCH:zCHi--Q-cFa0-Q-cF3 (444) 

F . F 
F 

R-O-OCH:zCHz-Q-cFa0-Q-cF3. 
' F F 

(445) 

F 

R-O-OCH:zCHz-OcFa0--Q-cF3 (446) 

F 
F 

\._j R-O-OCH:zCHz-Q-cFa0-Q-cF3 (447) 

F F 
F F 

R-O-OCH:zCHa-Q-cF,.o-Q-cF3 (448) 

F F 
R-O-OCH:zCHr-Q-cFa0-0ocF3 (449) 

R-O-OCH:zCHz-Q-cFa0-Q-ocF3 (450) 

F 
F 

.R-o-oCH2CHz-Q-cFa0-0-ocF3 (451) 

F 
R-O-OcH:ze'HrQ-cFa0-Q-ocF3 (452) 

F 
\._./ R-O-OCH:zCHz-Q-cFa0-Q-ocF3 (453) 

F F 
F 

R_-Q-OcHacHa-Q-cFa0-Q-ocF3 (454) 

F F 
F 

R-O-OCHaCHr-Q-cFa0--Q-ocF3 (455) 

F 
F 

A-O-OCH:zCHz-Q-cFa0-Q-ocF3 (455a) 

F .F 
F F 

R-O-OCH2CHr-Q-cFa0-Q-ocF~ (45Sb) 

F F 



R-<=>--<=>-C~zCH~CFzO-C}-ocH~ (456) 

R-<=>--<=>-CHzCH~cFz0VocHF2 (457) 

F 
F 

R-<=>--<=>-cH2cHr-Q-cFzOVocHFz (458) 

F 

R-<=>--<=>-CHzCH~CFz()-Q-ocHF2 (459) 
\..,._,/ 

F 

R-<=>--<=>-CH2CH2-Q-cFz0-Q-ocHF2 (460) 

F F 
"":-. 

F 

R-<=>--<=>-CH2CHr-Q-cFz0-Q-ocHF2· (461) 

F F 

F 

R-<=>--<=>-CH2CH~CFz()--Q-OCHF2 (462) 

F 
F 

R-<=>--<=>-CH29Hr-Q-cFz0--Q-ocHF2 (463) 

F F 
F F 

\._j R-<=>--<=>-CH2CHr-Q-cFz0--Q-o~HF2 (464) 

F F 
F 

~--<=>--<=>-CHzCH~CFz()--Q-F (465) 

F 

F 

.R-<=>--<=>-CHzCHr-0-CFzO-Q-F (466) 

F F 
F F 

R-0-0-CHzCHr-Q-CFzO--Q-F (467) 

F F 



\__j 

\.__./ 
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R-O-OCHaCHa-Q-cFz0-Q-cF3 (468) 

R-o-o-CHaCHz-Q-cFz()-o-·cF3. (469) 

F 
F 

R-o-o-CHaC~CFz()-o-CF3 (470) 

F 

R-O-O-c~ciy-Q-cFz0-Q-cF3 (471) 

F 
R-o-o-CHaCH2-Q-cFa0-Q-cF3 (472) 

F F 
F . 

. R-o-o-CH2CHa-Q-cFa0-Q-cF3 (473) 

F F 

F 
R-o-o-C~CH2-0-cFa0-Q-cF3 (474) 

F 
F 

R-o-o-CHaCHa-Q-cFa0-Q-cF3 (475) 

F F 

F F 

R-0-0-CHaC~CFaO--Q-CFa (476) 

F F 

R-o-o-CHaCHa-Q-cFz()-O-ocF3 . (477) 

R-Q-O-c~Hz-Q-cFz0-Q-ocF3 {lf.'1'7-a) 

F 

F 

R-Q-O-cH2cHa-Q-cFa0-Q-cF3 < 't'77--b) 
F 



\..__/ 
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R-Q-O-cHiCHr-Q-cF:zO-Q-ocF3 · (478) 

F 

R-o-o-CHzCJi~CF:z()-Q-ocF3 ' (479) 

F F 
F 

R-o-o-c~~CF:z()-Q-ocF3 (480) 

F F 

F 

R-O-OCHzCHr-Q-CF:z()-Q-ocF3 (481) 

F 
F 

' R-O-OCH2CHz-Q-cF:z0-Q-ocF3 (482) 

F F 
F F 

R-o-o-CH2CHr-Q-cF:z()-Q-ocF3 (483) 

. F F 

R-o-o-CH2cHr-Q-cFa0-0-oc;;HF2 (484) 

R-o-o-CHzCHz-Q-cF:z()-O-OcHF2 (485) 

F 

F . 

R-o-o-CHiCHr-Q-CFa(>-O-ocHF2 (486) 

F 

R-o-o-CHzCHr-Q-cFa0--QocHF2 (487) 

F 

R-o-o-CHzC~CFa(>-Q-ocHF2 (488) 

F F 

F 

R-o-o-CHzCHr-Q-cF29-Q-ocHF2 (489) 
F F 
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F 

R-o-o-CHaC~CFz()--Q-ocHF2 (490) 

F 
F 

R-o-o-C~HrQ-cFz()--Q-ocHF2 (491) 

F F 
F F 

R-O-O-cH~Ha--Q-cFa0--Q-ocHF2 (492) 

F F 
l.) F 

R-0--0-CH~~CFa()--Q-F (493) 

F 
F 

R-0--0-CH~~CFa()-Q-F (494) 

F F 
F F 

Ro-o-CH2CHa--Q-CFa()-Q-F (495) 

F F 
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R-o-o-CFiJ-o-o-CF3 (496) 

R-o-q-CF20--0-0-CF3 (497) 

F 
F 

R-o-Q-CF20-0-Q-cF3 (498) 

F 

. R-o-o-CFiJ·-O-Q-cF3 (499) 

F 
R-o-q-CF20-0-Q-cF3 (500) 

F F . 
F 

A-o-Q-cFa0-0-Q-cF3 (501) 

F F 
F 

R-o-o-CFiJ-o-Q-CF3 . (502) 

F 
F 

R-o-q-cFa0-o-Q-cF3 (503) 

F F 
\.___.,· F F 

R-o-Q-CF20-o-Q-cF3 (504) 

F F 

R-O-O-cFa0-0-0-ocF3 (505) 

R-o-Q-cFa0-Q-OocF3 (506) 

F 
F 

R-o-Q-CFiJ-QVocF3 . (507) 

F 
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R-o-o-CFz()-O-Q-ocF3 (SOS) 

F 

R-o-q-CFz()-O-Q-OCF3 (509) 

F F 
F 

R-o--Q-CFz()-O-Q-ocF3 (510) 

F F 
F 

R-o-o-CFz()--o-Q-ocF3 (Sll) 

'-._.;· F 
F 

R-o-q-CFz()--o-Q-ocF3 (S12) 

F F 
F F 

A-o--Q-CF20--o-Q-ccF3 (513) 

F F 

A-o-o-CFz()--O-O-ocHF2 (Sl4) 

A-o-q-CF20-0-0-ocHF2 (515) 

F 
F 

A-o--Q-CFz()--O-O-ccHF2 (516) 

v F 

R-o-o-CF20-0-Q-ocHF2 (517) 

F 
~-o-q-CF20-0-Q-OCHF2 (518) 

. · F . F 
F 

R-o--Q-CF20-0-Q-ocHF2 (519) 

F F 
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F 

R-0-0-CFz()-o-Q-ocHFz (520) 
F . 

F 
R-o-q-CFz()-o-Q-ocHF2 (521) 

F F 
F F 

R-o-Q-cFz0-o-Q-ocHFz· (522) 

F F 
F 

v· R-0-0-CFz()-o-Q-F (523) 

F 
F 

R-o-q-CF20-o-Q-F (524) 
. F F 

F F 
R-o-Q-CFz()-o-Q-F . (525) 

F F 
F F 

R-o-Q-cFz0-o-Q-cF3 . (526) 

F F F F F F 
R-o-Q-cFz0-Q--Q-cF3 (527) 

. F F F F F 
\ ... ./ 

R-o-Q-cFz0-o-Q-ocF3 (528) 

F F F 
F F F 

·R-o-o-CFzO-Q--Q-ocF3 (529) 

F F F 
F F 

R-o-Q-cFa0-o-Q-ocHF2 (530) 

F F F 
F F F 

R-o-Q-CF20-Q--Q-ocHFz (531) 

F F F 



F F 
R-o-Q-cF~--Q-Q-F (S32) 

F F F 
F F F 

R-o-Q-CF~-Q-Q-F (S33) 

F F F 

R-O-O-cF~-Q-cHaC~cF3 (S34) 

\..__.,· R-o-q-cF~-O-cH~H2-0-cF3 (535) 
F . 
F 

R-o-Q-cF~-0-cH,CHo-Q-cF, (536) 
F 

R-O-O-cF20-Q-c~H2-Q-cF3 (537) 

F 
R-o-o-~F~-o-CHaCH2-Q-CF3. (538) 

F F 
F 

R-o-Q-cF~-O-c"2C~CFo (539) 

F F 
F 

\..__.,· R-O-O-cF20-Q-cH2CH2-Q-cF3 (540) 

F 
F 

R-o-q-cF~-o-CH~H2-Q-cF3 (S41) 
F F F F 

R-o-Q-cF~-o-CHaC~CF3 (S42) 

F F 

R-O-O-cF20-0-cH~H2-Q-9cF3 (S43) 

. R-o-q-cF20-Q-cH2CH2-Q-ocF3 (544) 
F 
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F 

R-o--Q-cFa() -Q-cHzCHa-Q-ocF3 (S44a) 
F 

R-0-0-cFa() -q-CHzCHz-Q-ccF3 (S4S) 

F 

R-0-Q-CF.o-O-cH~ocF, . (546) 
F . F 
F 

R-o--Q-CF,o-0-cH,C~ocF, (S47) 
F F 

F 
R-0-0-cF,o-O-cH,C~ocF, (548) 

F 
F 

R-0-Q-CF.o-O-cH,CH,-Q-ocF, (S49) 
F F 
F 

F 

R-o--Q-cF,o-0-cH,C~.OCF, (S50) 
F F 

R-O-O-cFa0-0cH2CH2-0ocHF2 (SSI) 

R-0-Q-cF20-Q-cH2CHa-OocHF2 
F 

(552) 

F· 
'--' 

R-o--Q-cFa0-0cHzCH2-Q-ocHF2 (553) 
F 

R-0-0-cF,o-O-cH,C~OCHF, (5S4) 

F 
R-0-Q-cF,o--Q-cH,CH,-Q-ocHF, (SSS) 

F F 
F 

R-o--Q-cF,o--Q-cH,CH,-Q-ocHF, (556) 
F F 

F 

"-0-0-cF.a--Q-cH,C~ocHF2 (557) 

F 



A') •t t. 

F 
R-0-Q-cFz0--0-cH2CHi--Q-ocHF2 (SSS) 

F ·F F F 
n-o-Q-cF,o--0-CHzC~ocHF, (559) 

F ' F 
F 

R-O-O-cF20-Q-cHzeHr-Q-F (560) 
F . 
F 

R-0-Q-cFz0-Q-cHzC~F (561) 

'\.. .. ../ F F 
F .F 

R-o-Q-CF20-0-CH2CH2-Q-F (562) 
F F 
F F 

n-o-Q-cF,o-Q-c~cF, (563) . 

F F F F F F 
n-o-Q-cF,o--Q-c1-1,c~CF, (564) 

F F F 
F F 

n-o-Q-cF,o-Q-c~ocF, (565) 

F F .F F F F 
n-o-Q-cF,o--Q-c1-1,c~ocF, (566) v F F F 

F F 
R-o-Q-CF,0-Q-CH,C~OCHF2 (567) 

' F F F F F F 
n-o-Q-cF,o--Q-cH,CH,-Q-OCHF, (568) 

F F F 
F. F 

n-o-Q-cF,o-Q-cH,<:H,-Q-• (569) 

F F F 
F F F 

n-o-Q-cF,o--Q-c~F (S70) 

F F F 



R-(j-cFz0-Q-cFz0-0cF3 
. F (ST.!) 

F 

R-(j-CFz()--Q-CFz()-OCF3 
F (573) 

n-Q-cFz0-Q-cF20-Q-cF3 
F (574) 

n-(j-cFz0-Q-cF20-Q-cF3 
F F (575) 
F 

n-(}-cFz0-Q-cF20-Q-cF3 
F F (576) 

F 

R-Q-CFzO-Q-cF20-Q-cF3 
F (5i7) 
F· 

R-o-CF20-Q-cFa0--c}-cF3 
F F (578) 

. F F 

n-Q-cFz0--Q-cF20-Q-cF3 
F F (5i9) 

n-(}-cFz0-Q-cF20-Q-ocF3 
(S80) 

R-o-CF20-Q-cFz0-Q-ocF3 
F (S81) .. 
F 

n-Q-cFz0--c}-cFz0-Q-ocF3 
F (S82) 

R-Q-cFz0-Q-cFz0-Q-ocF3 
. F . · F (S84) 

F 

n-0-cFzO-Q-cFz0-Q-oc~ 
F · F (SSS) 

;. 

F 

. n-(j-cFz0-0~F20--Q-ocF3 
. F (586) 

F 

· n-Q-cFz0-Q-cFa0--Q-ocF3 
F F (587) 

F F . 

n-Q-cFa0-Q-cFa0--Q-ocF3 
· F F (588) 

n-Q-cF20-0CFzO-O·OCHF2 
(589) 

R-Q-cF20-Q-cF20-0ocHF2 . 
· · F . (590) 

.F 

n-Q-cFz0-c(-cF20-0ocHF2 
F (591) 

n-Q-cFz0-0cFz0-Q-ocHF2 
F (592) 

n-Q-cF20-Q-cFa0-Q-ocHF2 
F F (593) 

F 

n-Q-cFa0-c(-cFz0-Q-ocHF2 
F F (594) 

F 

n-(j-cFz0-Q-cFz0-Q-ocHF2 
F (595) 

F 

n-Q-cFa0-Q-cFa0-Q-ocHF2 · 
F F (596) 

F F 

R-Q-cFa0--c}-cFa0-Q-ocHF2 
F F (597) 



n-Q-cFa0-Q-cFa0-Q-cN (S9S) 

n-Q-cF:z0-Q-cFa0-Q-cN 
F (599) 

F 

R-o-CFz()--Q-cF20-0-cN 
F (600) 

R-0-CFz()-OcFz()-Q-cN 
F (601) 

R-0-CF:z()-Q-cFz()-Q-cN 
F F (602) 

F 

n-Q-cF:z0-Q-cFz0-Q-cN · 
F F (603) 

F 

n-Q-cFa0-Q-cF20-0cN 
~ (604) 

F 

R-o-CF20-Q-cF20--<:}-cN 
F F (605) 

F F 

n-Q-cF:z0--Q-cF20-ctcN 
F F (606) 

F 

R-O-cFa0-Q-cFa0--Q-F 
F (607) 

\.._.,,· F 

n-Q-cFa0-Q-cFa0--Q-F 
F F (608) 

n-Q-ocF2-Q-cFa0-Q-n· ((jlO) 

n-Q-ocFa-Q-cFa0-{)-n· C6ll) 
F 

n-Q-ocFa-Q-cFa0-Q-n· (
612

) 

F F 

F. F . 

R~OCFa . .t=} CFa0-0-~ A R' 
~ ~ (613) 

F F 



~-

R-Q-cHz<>-{)-cFa0-Q-cF3 
. ·- . (614) 

R-O-c8ae-Q-cFa0-Q-cFa 
F (61S) 
F 

R-O-c~cFa0-Q-cF3 
F (616) 

R-Q-cHz<>-{)-cFa0-Q-cF3 
F (617) 

R-o-CH2o-Q-CF20-Q-CF3 
F F (618) 

. F 

R-O-cHaa-Q-cF20-Q-cF3 
· F F (619) 

F 

R-O-cH~CF20-Q-cF3 
. F (620) 

F 

R-O-cH~CF20-Q-cF3 
F "F (621) 
F F 

R-o-C~CF20-Q-cF3 
F F (622) 

R-O-cH~CFaCJ-Q-ocF3 . 
. (623) 

R-O-c8ae-Q-cFa0-Q-ocF3 
F. (624) 

F 

R-O-cu~CFzO-(j-ocF3 
·~-~ (62S) 

R-O-cHa<>-{)-cFa0-Q-ocF3 
F (626) 

48 

R-O-cHaC>-Q-cFa0-Q-ocF3 
F· . F (627) 

F 

R-Q-cHzO-{}cFa0-Q-ocF3 
F F (628) 

F 

R-OcHa<>-{)-cFa0-Q-ocF3 
· F (629) 

.F 

R-OcHz<>-Q-cFa0-Q-ocF3 
F F (630) 

F · F 

R-Q-cHzO-{}cFa0-Q-ocF3 
· F . F _(631) 

R.-OcHa<>-{)-cFa0-Q-ocHF2 
. (632) 

R-OcHaC>-Q-cFa<>-Q-ocHF2 
· F (633) · 

F 

R-OcHio-Q-cFa<>-Q-ocHFz 
F (634) 

R-OcHa<>-Q-cFa0-Q-ocHF2 
. F (63S) 

n-OcHa<>-Q-cFa()-Q-ocHF2 
F F (636) 

F 

R-OcHaO-(}-cFa0-Q-ocHF2 
· F F (637) 

F 

R-0-cHa<>-Q-cFa<>--Q-ocHFa · 
. F (638) 

F 

R-Oc~cFa0-Q-ocHF2 
. . F F (639) 

F F 

R-Oc;iaO-:Q-cFa0-Q-ocHF2 
F F (640) 



~· 

4B 

R-Q-cHaO-Q-cFz0--Q-cN <641> 

A-(}cHz<rQ-cFa0--Q-cN 
. · F . (642) 

F 

R-(j-cHaa--Q-cFa0--Q-cN 
. F (643) 

R-OcHzO-{)-cF20-Q-cN 
F (644) 

R-OcHz<rQ-ci:ao-Q-c.N . 
F F (645) 

F 

R-Oc~CFa()-Q-cN 
F F (646) 

F 

R-OcHz<>-Q-cF20--c}-cN 
. F (647) 

F 

R-Oc~cFaa-Q-cN 
. F F (648) 

F F· 

R-OcHaer-Q-cFa0-Q-cN .· 
F F (649) 

F 

R-OcHaO-Q-cFa0--Q-F 
. F (650) 

F 

R-o~HaO-Q-cFa()--Q-F 
F . F (651) 

F F 

R-OC~CFa()--0-F 
F F (6S2) 
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R-0-=-Q-tFaa-0-cN (653) 

R-O-=-Q-cFa0-0-cN (654) 
F 
F 

R-G-=-QCFa() -Q-cN (655) 

F 

R-0-=-Q-cFaa-Q-cN (656> 
F 

R-0-=-Q-cFae-Q-cN (657) 
. F F 

F 

R-G-=-QCF20 -Q-cN c6ss) 
F F 

F 

R-0-=-Q-cFaa-{j-cN c659> 
F 

. F 

R-0-=-Q-cFaa-Q-cN C660> 
F F 

F F 

R-G-=-QcFa0-{j-cN (661) 
F F 

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 

5 anisotropy, while the compounds having OCF3 or OCHF2 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 an excellent miscibility. 

Compounds (571) to (613) have two -CF2o~ 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. 

15 [Method for preparing the compounds] 

20 

Dif luorooxymethane 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 expressed by 

general formula (A} and used as raw material for the preparation 

is hydrolyzed in an alcohol solvent such as ethyl alcohol, 

ethylene glycol, and diethylene glycol by using, as catalyst, a 

base such as sodium hydroxide and potassium hydroxide, or a 

mineral acid such as hydrochloric acid and sulfuric acid, to 

25 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 

30 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 catalyst, 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 

5 of a base such as pyridine. Subsequently, the ester derivative 

(D) is reacted with Lawesson' s reagent [2, 4.-bis (4-methoxyphenyl) 

-l,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 

10 
~· 

(1980)) by using benzene or toluene as solvent at an optional 

'\. ...... / 

temperature from room temperature 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 

15 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 

difluorooxymethane derivative. 
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(Equation 1) 

OH" 

in alcohol 

DCC,DMAP. 

L 

~ --04
2
0' 4 

R Z1 A., Z2 ~ -/J {@} *- La.wes5on's Reagent 
l m L

1 
0 A3 Z3 ~ A X--------~ 

in Toluene, Xylene 
(D) n L3 

L 

-{@} ~
2 5 Lt 

R Z, A! Z2 ~ A {@} ~ CAST 
l m L 0 Al Z3~X ---------

. t in Dichlorometbane 
(~) n L3 

(I) 

As another method, as shown in equation 2 below, a 

difluorooxymethane derivative can be prepared by first preparing 
Grignard reagent from a bromobehzene derivative (F), reacting 

5 with carbon disulfide to form a dithiocarboxylic acid derivative 

(G), converting it with thionyl chloride into thiocarboxylic 

acid chloride, reacting with a phenol derivative (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) 
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l)Mg 

2)CS2 

1) SOCl2 
--------~ (E) 

As shown in equation 3 below, for example, c~mpound (7) 
among the compounds expressed by the general formula (la) can be 
prepared by the method as follows: 

Alkylbenzoic acid derivative 1 is subjected 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 sulfuric acid, an 
organic acid such as p-toluene sulfonic acid, or an ion exchange 10 resin such as Amberite, or by using N,N'-dicyclohexylcarbodi-
imide (DCC) as catalyst to prepare 3,4,5-trifluorobenzoate 

\.._) 
derivative 2. Subsequently, the derivative 2 is reacted with 
Lawesson's reagent un~er toluene reflux condition to convert 
into a thioester (thione type) derivative 3, and then reacted 

15 with DAST in dichloromethane to prepare 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-
trifluorophenol, and further from several kinds of known benzoic 
acid derivatives according to the preparation procedures 

20 mentioned above. 

------- ------------- --



(Equation 3) 

A-0-cooH 
1 

F 

+ HO*F 
F 

SS 

fr or DCC,DMAP 

A-Q-10 A_ Lawessoo's Reagent 
O~F 
2 F 

~S F 
A~ _J=\__ 

O~F 
3 F 

F 

A-O-CF20--(}-F 
(7) F 

DAST 

In this connection, 3,4,S-trifluorophenol which is a raw 

material for the preparation can be prepared by using 3,4,S­

trifluorobromobenzene as starting substance. That is, as shown 

S in equation-4 below, it can be prepared by reacting Grignard 

reagent prepared from 3,4,S-trifluorobromobenzene with t-butyl 

hydroperoxide according to the method of S. O. Lawesson et al. 

(J. Am. Chem. Soc. 81, 4230 (19S9)) or by treating Grignard 

reagent prepared from 3,4,S-trifluorobromobenzene with trialkyl 

10 borate according to the method of R. L. Kidwell et al. {Org. 

Synth., V, 918, ·(1973)) to convert into a boric acid ester and 

then subjecting to an oxidizing treatment with hydrogen peroxide 

solution. 
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(Equation 4) 

F 
er-Q-F __ M--=g __ ...,. 

F 

F 

HO*F 
F 
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As shown in equation 5 below, compound (37) among the 
compounds expressed by the general formula (lb) can be prepared 
by hydrolyzing 2-fluoro-4-(trans-4-alkylcyclohexyl)benzonitrile 

5 4 in ethylene glycol or diethylene glycol in the presence of 
sodium hydroxide to convert into a benzoic acid derivative 5, 
subjecting to an esterification with 3,4,5-trifluorophenol 
according to a general esterif ication method, for instance, by 

using, as acid catalyst, a mineral acid such as hydrochloric 
10 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'-dicyclohexylcarbodiimide (DCC) as catalyst to prepare 
4-trifluorobenzoate derivative 6. Subsequently, the derivative 
6 is reacted with Lawesson's reagent under toluene reflux 

15 condition to 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 

20 kinds of known benzoic acid derivatives according to the 
preparation procedures mentioned above. 



. \.___.;· 

(Equation 5) 

R-Q-OcN 
4 

57 

OH" 

R-0-0-cooH 
s 

Ir" or DCC.DMAP 

-0-0-f F R - O*F 
6 F 

-0-0-'<,S F 
R - O*F 

7 F 

F 

R-0-0-cFaO--{j-F 
(37) F 

F 
HO*F 

F 

Lawesson's Reagent 

DAST 

As shown in equation 6 below, compound (242) among the 
compounds expressed by the general formula (le) can be prepared 

5 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 

10 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 

15 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 10 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 
(le) can be prepared from phenyl phenol derivatives prepared by 

5 using bromobenzene derivatives having a different kind of 
substituent in place of 3,4,5-trifulorobromobenzene. 
(Equation 6) 

F 

Q-1 BrMg*F 
Cat. + 

F 
F 

o-Q-F Br2. Cat. 

8 F 

F 

·ar--Q-(}F 
Mg 

9 F 

F 

BrMg-0--0-F 
l)(CH30)]B 

2)AcOH. H202 F 

F 

HO~F 
10 F 

F 

R-0-CF~--o-ctF 
(242) F 

As shown in equation 7 below, for example, compound {348) 
among the compounds expressed by the general formula (ld). can be 

10 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 

15 (349) to (495) expressed by the general formula (ld) can also 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) 

~OH 
R~CN ~~~~--

11 

R-Q-0-0-cooH 
12 

F 

R-0-0-0-cFae--Cf-F 
(348) F 

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

among 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 preparation, 2-fluoro-4-(trans-4-alkylcyclo 

hexyl)benzoic acid 13 which is obtained by hydrolyzing 2-fluoro-

10 4-(trans-4-alkylcyclohexyl)benzonitrile 13, and by using a 

phenylphenol derivative prepared in the same method as in the 

case of (le}. Further, other compounds (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 

15 combination of the reaction procedures mentioned above with 

other known reaction procedures. 



{Equation 8) 

R-0-Q-cN 
13. F 

~-0-Q-cooH 
14 F 

60 

OH" 

ff".or DCC.DMAP 

F 

HO~F 
(10) F 

F 

R-o-Q-cFaa--0--C}-F 
F (S24) F 

As shown in equation 9 below, for example, compound (650) 

can be prepared in the same method as in the case of (lb) by 

using, as raw material for the preparation, a carboxylic acid 

5 derivative 16 obtained by hydrolyzing (4-alkylcyclohexyl) (4~ 

cyanophenyloxy)methane 15 according to a common method. 

10 

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 ~ubstituted (4-alkylcyclo-

hexyl) {4-cyanophenyloxy}methane derivative. 



(Equation 9) 

61 

-0 ~O F 
R CH~~ _r=<,___ 

o~ ... 
F 

F 

R-oc~-OcF~-ctF 
· (650) F 

.. . ... 

As shown in equation 10 below, for example, compound 
(653) can be P!epared by preparing iodide isomer 19 from 4-
iodobenzoic acid 17 and cyanophenol in the same method as in the 

5 case of (la), and further reacting 19 with 4-alkylphenyl 
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 

10 kind of known benzoic acid derivative. 



(Equation 10) 

1-Q-cooH 
17 

62 

H"" or OCC.DMAP 

Ho-Q-cN 

i-Q-'<~~CN ---­
~ 

18 

R-0-=-0-CF~CN 
(653) 

Next, the liquid crystal compositions of the present 
invention are explained. In the following explanation on liquid 
crystal compositions, difluorooxymethane derivatives of the 

5 present invention expressed by the general formula (I) are 
referred to as A group. 

\......;' 
10 

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 
second 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 
·15 of the present invention, the compound~ 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 mentioned as 
preferable ones: 



., 

Ga 
_R1-{)-0--F ( I· l) 

F 
R1-0--0-F (I -2) 

F 
R1-o-Q-F (I[ -3) 

F 

R1-{)-0--c1 ( I[ -4) 

F 
R1-0--0-c1 <I ~s) 

'-.__.,· F 
R1-o-Q-c1 ( ][ -6) 

F 

R1-{)-0--CF3 ( 1-7) 

R1-{)-0--ocF3 (11-8) 

R1-{)-0--ocF2H ( 11-9) 

R,~ . F 
-~ ( 1-10) 

R,~ . \ F ( 1-ll) 

R,~ \ A F ( 1-12) .. 

R,~ . \ A Cl ( 1-13) 

-0--0-A, 
. Cl ( 1-14) 

R,~CI 
F 

( 1-15) 
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R1-0-0-0-F ( .llC-1) 

F 

R1--0-0-0-F ( DC-2) 

F 

R,-0-0-Q-F ( DC-3) 

F 

\.....) R1-0-0-0-c1 ( DC-4) 

F 

R1--0-0-0-c1 cm:-S) 

F 

R,-o-o-Q-c1 ( .llC-6) 

F 

R1-0-0-0-CF3 ( m:-7) 

F 

R1--0-0-0-CF3 
~ 

( m:-8) 

F 

\.J R,-0-0-Q-CF, ( m:-9) 

F 

R1-0-0-0-ocF3 ( DC-10) 

F 

R1--0-0-0-ocF3 (DC-11) 

F 

R,-0-0-Q-OCF, ( .llC-12) 

F 

R,-0-0-0-ocFaH (llI-13) 
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(M-25) 

R, 
( lli:-26) -----------·-·-·-··---------



. "'· 
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R1 
OCF3 ( DC-40) 

R1 
( 11[ .41 )' 

R1 
c m-42) 

F 

R1 

\ .... > 
( DC-43) 

Rt 
(JI( -44) 

Rt 
( DC-45) 

F 

R1 
( Jl[-46) 

R1 . . 
( 11[ .47) 

Rt 
\_j ( Dl-48) 

F 
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R1-0-0-0-F (lV-1) 

F 

R,-o-o--d-F (lV-2) 

F 

R1-o--o-Q-F (lV-3) 

F 

R1-0-0-0-c1 (lV-4) 

. \...._../' F 

R1-o-o--d-c1 (lV-S) 

F 

R,-o--o-Q-ci (lV-6) 

F 

R1-0-0-0-CF3 (lV-7) 

F 

R1-o-o--d-CF3 (lV-8) . . 
F . 

R,-o--o-Q-cF3 (lV-9) 

F 

R,-O-O-O-ocF3 .. (lV-10) 

•· . F . 

R1-o-o--d-ocF3 (lV-ll) 

F 

R,-o--o-Q-ocF, (lV-12) 

F 

R1-0-0-0-ocF2H (lV-13) 
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R1 
cc~ (lV-27) 

R1 
CCF3 (lV-28) 

R, 
(W-29) 

F 

''--". 
R, 

(lV:-30) 

R, 
("«-31) 

R, 
(lV-32) 

R, 
A CCF2H (lV-33) 

F 

R, (W-34) 

R, (lV-35) 

R1 ('f-36) 

. F 

R, 
F (lV-37) 

R1 
F (lV-38) 

R1 
(lV-39) 

F 



..__,. 

5 

71 

(lV-40) 

(lV-41) 

Compounds of B group mentioned above have a positive value 
of dielectric anisotropy and have a remarkably excellent thermal 
stability. Thus, the compounds are useful when liquid crystal 

compositions for active matrix mode typified.by TFT are prepared 

for which such a characteristic as high voltage holding ratio or 

large non-resistance value is particul~rly required. 

While the amount of the B group compounds to be used, when 
liquid crystal compositions are prepared for TFT, can 
arbitrarily be selected in a range of 1 to 99 % by weight based 

10 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 invention, the 

compounds expressed by any one of the general formulas (V) to 

{IX) (hereinafter, these compounds are referred to a~ C group) 
may also be used. As the compounds expressed by any one of the 

general formulas (V) to (VII) among C group, the following 

compounds can preferably be mentioned: 
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Rz-0-0-CN (V-l) 

R2')R'-0-0-CN (V-2) 

"--0-Lo-CN 
~ ' (V-3) 

R2-0-0-CN (V-4) 

R2')R'0-0-0-cN (V-S) 

F-0-0-CN (V-6) 

R~-0-0-CN (V-7) 

. . 
R2-c:>-0-CN (V-8) 

0 

"2"'·0--toCN (V-9) 

-0---'<;o 
.Rz ~-c>-CN (V-10) 

"2QR'O~O -0-
0 ~·A CN (V-ll) 

F 

R2-0-0-CN (V-12) 

F 

R2-0-0-CN (V-13) 



\...._,, 

~O F 
Ra o-Q-cN 

-0--<iO F 
Ra o-Q-cN 

-0--<iO F 
R~Ha -0-

0 ~ A CN 

RaVVQ-cN 

R2-Q-O-O-cN 

Ra~CN 

F 

Ra-0--0-0-cN 
F 

Rz--0-0--0-ciii 

(V-14) 

(V-15) 

(V-16) 

(V-17) 

(V-18) 

(V-19) 

CN · (V-20) 

(V-21) 

(V-22) 

(V-23) 

(V-24) 

(V-25) 

(V-26) 
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_r-\_F\_ __ ho 
Rz~O-o-o-CN 

ts alkylene · ) (R' represen 

( VI-l) 

(VI-2) 

(VI-3) 

-0-<,o R4 -
(W-1) 0-0-F 

-0--1<,o 
R4 -0-

{"11£-2) o \ A F" 

··~0-d-O \ A F ("1-J) 

, -

(V-27) 
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-0-1<,0 F 
R4 -6-O \ A F (lJl-4) 

-Q--0-'<.,o R4 -
o-0-F (lJl-S) 

. ,..---0-Q-{,o -0-
0 ~ 0 F ('Yl-6) 

-Q--0-1<.,0 F 
R4 -

0-6-F ('11:-7) . 

---0-0--t,O F 
~ -0-0 ~. F ('11:-8) 

-Q--0-1<.,0 . F ... -Q-0 ~ A F (lJl-9) 

F 
---0-0--t,O F ... -Q-0 ~ 0 F (lJl-10) 

0 F 

"•~-o<,o 
0 ~ -0- ('1t-ll) 0 .~ F 

R4~F (lJl-12) 

F 
R4-0-==--0-F ('Yl-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 

5 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: 



Rs-0-0-As_ c•-1) 

Rs-0-0-0Ra 

< ........ / .. 
(VDI-4) 

As--OOAs c•-5> 

As--OOORs <•-6) 

cm-7) 

(VDI-8) 

(111l-9) 

c•-10> 

c•-11> 

<•-12) 
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~r==\ ORe Rs ~ ~ 

0 0 ; 

R1~0-0-(o-Ro 

ORa 
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(VDl-13) 

(VDl-14) . 

(VDl-lS) 

(JX-1) 

(IX-2) 

(IX:-J) 

(IX-4) 

(IX-S) 

( IX:-6) 

(IX-7) 

( JX:-8) 

(JX-9) 

(IX-10) 

I . 
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F 

Ra (lX-11) 

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 

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

10 

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 
15 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 and the compounds of C group. 

Liquid crystal compositions of the present invention are 

prepared by conventional methods. Generally, the method is 

5 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 suitable additive, and 

optimized. Such additives are well known in the art and 

to 
\.J 

described in. literatures in detail. Usually, a chiral dopant or 

likes are added to cause a helical structure of liquid crystal 

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 

15 type, styryl type, azo type, azomethine type, azoxy type, 

quinophthalone type, anthraquinone type, and tetrazine type, and 

used as liquid crystal composition for guest-host (GH} mode. 

Alternatively, they can also be used as liquid crystal 

compositions for polymer dispersion type liquid crystal display 

20 devices (PDLCD} typified by NCAP which is prepared by forming a 

nematic liquid crystal into a microcapsule or typified by a 

1-... .. ./ 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 

25 compositions of the present invention can be used as ones for 

electrically controlled birefringence (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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[Composition Example 1] 

F 

. C1H1s -Q-cF20--0-F S'll 

F 

C,H1s -Q-cF20-Q-F S% 

F 
F 

C2Hs -0-Q-cFaO-O-F 12% 

F 
F 

......__,, C3H7 -0-0-cFaO--O-F 12% 

F 
F 

CsH11 -Q-O-cF20-Q-F 12% 

F 

CaHs -0-0-cFao-Q-ocF3 6% 

~H1.-0-0-CF2~-0ocF3 6% 

CsH11 -Q-0-cFao-Q-ocF3 . 6% 

F 
CaHs -OcH2CHr(}ci=20--0-F= 12% 

F 
F 

\ ..... ./ 
C3H1 -0cH2CHr{)-CF20--0-F 12% 

F 
F 

CsH11 -OcH2CHr(}CF20-0-F 12% 

F 



\....._,. 
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[Composition Example 21 

F 
Citi1s -Q-CF20-0-F 

F 
F 

CzHs-O-Oc~o-0-f 
F 
F 

~H1-0-0c~o-O-F 
F 
F· 

CsH11 -O-OcF20-0-F 
F 
F 

()1) 
() ... 

S$ 

10$. 

10~ 

I~ 

CzHs -O-OcF20--Q-ocHF2 7% 

F 
F 

~H7 -O-OcF20-0-ocHF2 7% 
F 
F 

CsH11 -O-OcF20--Q-ocHF2 7$ 
F 
F 

CzHs -O-OcF20--Q-cF3 . 7% . F . 
F 

~H1-0-0c~o-O-c~ 7% 
F 
F 

CsH11 -O-Q-cF20-0-cF3 7$ 
F 

F F 
~Hs-O-O-CF20-0-ocF3 4% 

F F 
~H7 -O-O-cF20-0-0.cF3 4% 

F F 
CsH11 --Q-0-<;:F20-0-ocF3 .3% 

F F 
~H7 ~CF20-0-ocF3 3% 

F F 

-0- --6-C(- 4% · CzHs CF20 ._ ll. A F 

F 
F F 

C3H7 -("j-CF20-0-0-F 4% 

F 
F F 

CsH11 CF20 _ A F -0- --0-0- 4% 

F 

\ 
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[Composition Example 3] 

<4H1s -{)-CF20-Q-F 6'ifl 

F F 

CaH1-Q-CH2CH2-Q-CF20-0-F 10% 
. . F 

. CaH1 -Q-O-O-cF2o-Q-CF3 3% 

C3H7 -Q-OcH2CH2-Q-CF20-Q-ocF3 3% 

\___.,,· 

F 
C2Hs -00-0-F 10$ CsH11-0CH2cHz-O-O-F 4% 

F F 
C3H1-oo-Q-F 10% C3H1 -Q-OocaHs 4% 

F 
CsH11 -00-0-F 10% 

C3H1-0-0-0-ocH3 F 4% 

CzHs -0-0-0-F 4% 

F 

CaH1-0-0-Q-F 4% 

F 

CsH11-0-0-0-.'. 8% . F . . 
F 

\.....; C3H1 -00-0-F Slifl 

F 
F 

CsH11 -00-0-F 39' 

F 
F 

CaH1 -Q-OcH2CH2-0-F 6%. 

F 
F 

CsH11 -Q-OCH2CH2-0-F 6% 

F 



84 

[Composition Example 4] 

C,H15 -Q-cF20-0-ocF3 S'fJ 

CsH11 -O-O-cF20-Q-ocF3 6% 

C3H7 -OcH2CH2-b-cF20-Q-0cF3 6% 

~H7 -O-O-O-cF20--Q-ocF3 2% 

~H7 -Q-OcH2CH2-0cF20--Q-cF3 2% 

C3H1 -0-0-0-F 
CsH.11 -0-0-0-F 

~H1-0-0-0-F 

~ri1-0-Q-O-cH3 

2% 

2% 

2% 

3% 

3% 
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[Composition Example SJ 

F 
C1H1s -Q-cFaOV.F 

F 
F 

~H1-0-Q-CF20-o-F· 
F 

CsH11 -Q-OcF20-0cF3 

F 
~H1-0-0-0-CF20-0-F 

F 

~H1-0-Q-c1 3% 

CsH11 -0-Q-cr 3% 

C1H1s -Q-Ocr 3% 

C2Hs -Q-O-O-c1 6% 

C3H1-0-0-Q-c1 6~ 

CsH11VO-O-c1 6% 

\ 

CzHs -0-:0-Q-F 6% 
F 

\__.;' ~H1-0-:0-Q-F 6% 
F 

CsH11 -0-:0-Q-F 12$ 
F 
F 

C3H1-0-0-0-F 13$ 
F 
F 

CsH11 -0-0-0-F 13% 
. F 

4% 

4% 

3% 

C3H7 -OcH2CH-O-Q-c1 3% 

F 
F 

C3H1 -O-O-=-oc2Hs 2% 

F 

C3H1~C2Hs 2% 
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[Composition Example 6] 

... , -

~H7 -O-OcF20-0cH2CH2-Q-ci=3 2% 

C3H7 -O-OcF20-0cH2CH2-Q-ocF3 . 2% 

C2Hs -0-0-0-F 3$ 

F 

~H1-()-0-Q-F 3% 
F 

CsH11 -0-0-0-F 6% 

F 

C2Hs -0--0-0-F 3$ 

C3H1-0-0-0-F 3$ . 
F 

. 
C3H7 -Q-cH2CH~F 5% 

F 
F 

C4H9 -Q-cH2CHrO-O-F S% 
. F 

F 
CsH11 -Q-cH2CHrO-O-F S'i& 

F 

F 

C3H1 -O-Q-cH2CHrO-F 10% 

F 
F 

CsH11 -O-OcH2CH2VF 5% 

F 

~H1 -0-0-0-F 
F 
F 

CsH11 -0-0-0-F 
F 

C3H1-0-00c1 

CsH11 -O-O-Oc1 

F 

5% 

3% 

3% 



[Composition Example 7] 

F 

CsH11 -OcF20--0-F 
. F . 

~H1-0-Q-CF20-Q-CF3 
F 

CaHs -O-Q-~F20--0-F 
F 
F 

C3H7 -Q-0-cFa0--0-F 
F 

4% 

4% 

7% 

7% 

C3H7 -OcH2CH2-Q-cF20-0ocF3 6% 

CsH11 -OcH2CH2-Q-cF20-0ocF3 6% 

F 
C3H1 -O-Q-cF2o-Q-CH2CHr{j-F 3% 

F 

F 

CaHsVO-O-F 

F 

~H1VO-O-F 
F 

CsH11 -0-0--0-F 

9% 
C3H1-0-0coo-Q-F 3% 

CsH11 -O-Ocoo-Q-F 3% 

F 
. C2Hs -OcH2CHrQ-O-F 4% 

3% 

F 
. ~R1-0CH2CHrQ-O-F 2% 

3% 
F 

CsH11 -OcH2CHrO-O-F 4% 
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[Composition Example 8] 

F 
CiHs -Q-OcF2q-O-F 10$ . CiHs~CF2~0CF3 8% 

F 
F 

C3H1-0-Q-cF20-Q-ocF3 8% ~H1-Q-Oc~o-O-F 10% 

F 
C5H11 -O-O-cF20-Q-ocF3 89& F 

CsH11 -O-OcF20-0-F 10$ 
v F 

F 
F 

C1H1s -0-0-F 5Ci: 
C3H1 -0-0-0-F 5% 

F 
F F 
F 

C3H1-0--0-0-F 4% 
CsH11 -0-0-0-F 5% 

F . F 
F 

F 
C4H9-o--o-o-F 2% 

C3H7 -0-0cH2CH2-o-F 5% . F. 
F 

F F 
C3H7 -OcH2CH-O-O-F 5Ci: CsH11 -O-OcH2CH2-0-F 3% 

F F 
F 

v· C4H9 -OcH2CH-O-O-F 4% 

F 
F 

CsH11-0CH2CHr-O-O-F 4% 

F 

F 

~H1_-0-0-0-0-F 2% 

. F 
F 

~H1 -O-QcH2CH-O-O-F 2c.TJ 

F 



\.___,, 

8B 

[Composition Example 9) 

F 

CsH11·-(}c~20-0cF3 2% 
F 

~H1-()-0c~o-Ooc~ 4% 

F 

CsH11 -O-OcF20--Q-ocHF2 4'iJ 

F 

F 

C,H1s -0-0-F S'if: 

F 
CaHs --0--0-0-F 

F 
~H1--0--0-0-F 

F 
CsH11--0--0-0-F 

10%-

10% 

10% 

. C3H1-0-0coo-OF 3% 

CsH11 -O-Ocoo-Q-F 3% 

C3H1-Q-O-coo-OF 3% 

F 

CaHs -OcH2CH2--(}-()-F 6$ 

. F 
. · ~H1 -0cH2cHz-Q-O-F ·. 3% 

.. ,.. F 

CsH11 -OcH2CH-O-O-F 6$ 

F 

C2Hs --0--0-0-F 5$ 

F 
F 

~H1 --0--0-0-~ S$ 

F 
F 

C3H1-0-0coo-O-F 5% 

F 
. F 

C3H1 -Q-0-coo-<)-F 4% 
F 

~H1-Q-OOCH3· 

C3H1-Q-OOocH3 

4% 

4% 



[Composition Example 10] 

F · F 
. C1H1s -(j-cF20--0-ocF3 5$ 

. F 

CaH1-(}-0-c~o--()-oc~ 
F 

F 

C3H1-00-0-F 5% 

F F 

CaH1-0CH2CH-O-O-F 
F 

F 

CaH1-0-0-0-F 10%. 

F 

F 

CsH11 -0-0-0-F 10$ 

F 

. F 

CaH1-0CH2CH~F 
F 

F 

5% 

C4Hg -OcH2CH-O-O-F 5$ 

F 
F 

CsH11 -OcH2CHrO--O-F 5% 
. F 

t)O 

2% 

2% 

2% 

10% 

3% 

3%. 



[Composition Example 11] 

F 

C7H1s -0-0-F J<i:. 

F 

~Hs-()--0-{)-F 10~ 

F 

~~1 -()--0-{)-F lO'if: 

F 

CsH11 -()--0-{)-F lO'if: ~ 

F 

\._; 
~Hs-0CH2CH~F 

F 
~H1-0CH2CHrQ-O-F 

F 

CsH11 -OcH2CHrOVF 

F 

~Hs-0-0-0-F 3$ 

F 

C3H1-0-0-0-F 3~ 

F 

CsH11 -0-0-0-F 6% 

91 

6% 

3$ 

6t;J, 

C3H1-Q-D-coo-OF 4% 

CsH11-Q-D-coo-Q-F. 4% 

~Hr-Q-Ocoo-O-O-F 3% 

CsH11 -Q-D-coo-O-OF 3% 
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[Composition Example 12] 

F F 

F F 

C:JH1 -O-(j-cF20-0-F 69& 

F 

CsH11 -O-cF20-o-Q-ocHFz s% 
F 

F 

C:JH1-{)-ci=zo-O-ci=zo--()-oc~ s% 
F 

F F 

C:JH7 -o-C(-cF20-o--6-cF3 3~ 
F F 

C3H7 -OcH2CHr()-CF20-0-ccF3 6% 

F 

F 

C:JH1 -0-Q-coo-Q-F 
. F 

F 

C3H1-Q-Ocoo-O-F 
F 
F 

C4H9-Q-Ocoo-O-F 
F 

. F 

CsH11 -Q-Ocoo-0-F 
. F 

4% 

10% 

3% 

3% 



[Composition Example 13] 

\.._..,· 

F 
C1H1s -0-0-F· I~ 

F 
C2Hs -0-0-0-F 11% 

F 
C3H7 -0-0-0-F 11%-

F 
CsH11 -0-0-0-F 11% 

F 

CzHs~F 3% . 
F 

G3H1~F 3% 

F 
CsH11~F 6$ 

~H1-0-0-0-F 4$ 

~H1-0-0coo-()-\:j-F 

CsH11 -O-Ocoo-O-O-F 

93 

3% 

3% 

~H;-o-o-o-CH3 4% 

~H1-0-0-0c3H1 3% 

... 



[Composition Example 14) 

3$ 

C3H1-0-Q-c1 10% 

CsH11 -O-Q-c1 3% 

F '!-",._. 

C1H1s -0-0-F 3% 

F 
F 

C3H1-o-o-o-~ · 10% 
. F . 

F 
. 

~H1~F 5% 

\.._.,· F 
F 

CsH11~F 5$ 
F 

C2Hs -Q-O-O-c1 7$ 

C4H9 -Q-O-O-c1 lO'lfl 

CsH11 -Q-O-O-c1 8% 

94 

F F 
~H1-()-c~o-()-c~o-O-F 

F 

F F 

CsH11 -C/-cF20--Q-Cf-ocF3 6% 

F 

~H1-<=>-<=:>-C4H9 9% 



[Composition Example 15] 

CaH10H2C -Q-coo-Q-cN 
F 

.C2Hs -Q-0-cN 

C3H1-0-0-CN 

CzHs-()-()-()-cN 

CaH1 -0-0-0-cN. 

CsH11 -0-0-0-cN 

CaH1 -(~r-Q-0-F 

C3H1 -Q-Oc4H9 

CaH1 -Q-OcsH11 

CzHs -O-=-O~CH3 

CaH1~0CH3 

C4H9-0-=-0ocH3 

C4H9 -o--=-o-oc2Hs 

CsH11 -Q-=-OocH3 

SS 

S% 

lSCf: 

s~ 

Set: 

S'il 

5% 

JO$ . 
3$ 

3S 

3% 

JS 

3$ 

3$ 

CaH1 -D-O-O-cH3 6% 

C3H1-0-0-Q-ocH3 3% 



\.._.,,· 
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[Composition Example .161 

~H7 -OcH2CHz-O-cF20-Q-cN S'Ki 

CsH11 -OcH2CHz-O-cF20-0cN 5$ 

~H1-0CH2CHr{)-cF20-Q-cN S% 

F 

CsH11 -OcH2CHrQ-cF20-Q-cN 5% 

F 

~CN 1$ 

v-Q--0-cN 7% 

~H1-0-0CN S'i: 

~H1~CN Set-

C3H7 -(~-0-Q-F 
8~ 

-(~ CzHs N ~ A · C3H1 4% 

-(~>-Q-0 C3H7 N ~. A ~H7 .J%-

C4H9-(~~C3H1 N . ~~ 

C3H1 -OOc4H9 10~ 

H3COH2C-OOc3H1 6$ 

C2Hs -O-=-OcH3 4$· 

H3c-O-=-o-eaH,3 8$ 

C4H9 -0--=-0-c4~9 4$ 



. ...._./ 
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[Composition Example 17 1 

C3H7 -O-OcF2o-Q-cN 4$ 
F 

C.,H7 -O-cH2CHr-Q-cF20-Q-cN 
. F 

CsH11 -O-cH2CHr-Q-cF20-Q-cN 

F 

C2Hs -0-0-cN 7% 

H3COH2c-O-OcN $'il­

C2HsOH2C -0-0-cN ' 7'il-

3% 

3% . . 

CzHs -O-O-O-cH3 4% 

C.,H1 -O-O-O-cH3 6% 

C.,H1 -O-O-O-c3H1 9% 

4% 



98 

[Composition Example 18] 

CiHs -OcH2CHz-OcF2o-Q-cN 5% 

~H7 -OcH2CHz-OcF:z0-Q-cN . S'i& 

C,H,, -OcH2CHrQ-cF20-0-cN S'i& 

F 

-(~~ ~H1-0-0-0-CH3 C3H1 N . ..,F 6$ 7% 

~H1 -(~-0-{)-F 4$ C3H1-0-0-0-C:JH1 7% 
\._..,·" 

C4Hg -(~>-()-0-F 4t;f, 

-{~>-Q-0-CsH11 N '-. " '- .., F 4% 

-{~~ CiHs N '- A C2Hs 6~ 

-(~~ ~H1 N '- A C2Hs 6'1: . 

-{~-0 C4Hg · ti. ·A C2Hs 
N . 6% 

~H1 -Ocoo-Q-oc4H9 6c:f: 

C4H9 -Ocoo-Q-oc2Hs 6~ 

CsH11 -Ocoo-Q-ocH3 6% 

C2Hs -OcH2CHrO-=--O-c4Hg 4$ 

C,H1-0CH2CHrO-=-O-c~9 4$ 

C3H1 -O-Ocoo-Q-0-cN 3$ 

CsH11 -O-Ocoo-O-O-cN 3$ 

~H1 -Q-O-coo-Q-0-cN. 3$ 
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[Composition Example 19] 

F F 
C:JH1 -O-OcF20-0-cN 6$ C3H1 -o-o-GF20-Q-CN 6'Kio F F 

F F 
C5H11 -Q-OcF2~-0-cN 6116 CsH11 -Q-O-cF20-Q-cN 6% F F 

F F 
CzHsOH2c-Q-cooVcN 2$ C:sH1-0--0-=--0-CzHs 4$ 

F 
F .·\._.) C:JH10H2C -Q-coo-0-~N 8% C:sH1 -0--0-=--0-C:sH1 4% 

·F F 
CzHs -0-0-cN 5% C3H7 -O--O-=-o-c4H9 4% 

F 
C:sH1-0-0-cN 7~ C3H1-0-0-Q-CH3 6% 

F 
C3H1~C3H1 3$ C3H1-0-0-0-CN 3% 

F C3H7 -O-O-O-ocH3 3% 
CzHs-0-0-0-F s~ 

F 
C:sH1-0-0-0-F S'il: 

F . . 
CsH11 -0-0-0-F 5% 

v 
C,sH7 -OcH2CHrO-=-o-c2Hs 4% 

C:sH1 -0cH2CHrO-=-Q-C:sH1 4'11 

C:sH1-0CH2CH~C4H9 4% 



·......_..,. 
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[Composition Example 20] 
L •. 

F 
~H1-0-Q-CF20-0-CN 

F 
. F 

CsH11 -O-Q-cF20--0-cN 

F 

. '-.r(}-OcN 

~CN 

~H1-0-0CN 

CsH11 -0-0-cN 

H3COH2C-O-OcN 

C2HsOH2C -0-0-cN 

C3H1-0-0-0-F 

~H1-0-0C~H9 

C2Hs -O-=-Q-ocH3 

~H1-0-0-0-CH3 

~H1-0-0-0-CaH1 

. ~H1-0-0-0-ocH3 
F 

C3H1~CzHs 

. . 

100 

4% 

4% 

S'ifJ 

8$ 

13~ 

7% 

4~ 

4% 

4% 

. 4% 

8% 

6$ 

10$ 

4$ 

4CM 
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[Composition Example 21] 

F 
C2H5 -OcH2CHrC}-cF2o--O-cN 6% 

F 
F 

~H7 -OcH2cHr\J-cF2o-{)-cN 6% 

F 
F 

CsH11 -OcH2CHr\J-CF2o--O-CN 6% 

F 

\.....: CaHs-<:/-coo-<:)-cN S'i& 

C2Hs -0--0-cN 11% 

~H1-0-0CN S% 

,. 
H3co-Q-coo-<:J-c2Hs 10% 

~H1 -Ocoo-<:J-oc4H9 10% 

C4Hs -Ocoo-Q-oc2Hs 10% 

CsH11 -Ocoo-<:)-q~H3 10% 

C3H7 -0-Q-coo-Q-F S% 

v ~H1-0-()-coo-Q-F S% 

CsH11 -0-()-coo-Q-F S'i& 

C3H1-0coo-Q-coo-Q-F 3%• 

~H1 -Ocoo-Q-coo-Q-c2Hs 3% 
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[Composition Example 22] 

F F 
C..H1-0CH2CHr(j-cF2o-O-cN 4% 

F F 
CsH11 -OcH2C!-fr(j-cF2o--(},cN 4% 

F 
C:!H1 -Q-cH2CHrQ-cF2o-C}-cN S% 

F 
F 

CsH11 -Q-cH2CHrQ-cF2o-C}-cN 4% 

F 

F 
CzHsOH2C -0-coo-OcN -(~>-0-Q-2$. CzHs N ~ C3H7 S% F 
C:!H10H2C -0-coo-OcN 6% -(~>-0-Q-c;H7 N ~ A C3H7 s~ 

F 
-(~>-0-Q-C4H90H2C -Q-coo-0-cN C4H9 N ~ C3H7 S'i& 3'i-

F 
C3H7 -O-Ooc2H5 10% CzHs-0-0-0-F 4$ 

F c;H1-0-0-Q-CH3 5% c;H1-0-0-0-F 4$ 

F 
CsH11 -0-0-0-F ··4% 

c;H1-()-()-coo-()-F 3~ 

CsH11 -()-()-coo-()-F 3'al 

c;H1-0co~F 3% 

c;H1 -()-()-coocH3 9$ 

c;H1 -Ocoo-Q-oc4Hs 4$ 

C4Hs-Ocoo-Q-c..H1 4% 

C4Hs -Ocoo-Q-c4Hs 4% 



\......; 

v 
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[Composition Example 231 · · . 

F F 
~Hs -C}-cF20--Q-O-cN 

F 
F F 

C3H7-o-CF20-0-0-cN 
F 
F F 

CsH11 -(j-cF20-Q-O-cN 
F 

0 . 
C3H7 ~o>--Q-cN 

C4H9 -(~>-Q-cN 

H3COH2c-O-Q-cN 

C2Hs-(~>-Q-C2Hs 

-(~>-Q-C3H1 N ~ " C2Hs 

. N 
C4H9 -( +-Q-c2Hs -N 

-(~~ ~Hs N ~ " C3H7 

C3H1 -(~>-Q-O~H1 

-(~>-0-0 C4H9 N ~ " C3H7 

H3COH2c-O-OcsH11 

F 

~H1-0-b-=-Q-~Hs 
F 

C3H7-0-b-=-Q-~H7 
F 

C3H1-0-b-=-Q-C4H9 

S'*1 

S'*1 

S% 

4% 

4% 

S% 

9% 

9% 

9% 

7% 

6% 

6% 

8% 

6«1& 

6% 

6% 



.\.._,,• 
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[Composition Example 24] 

F F 

<;H1 -Q-cF20-0-cF2o-O-cN 8% 
F 

F F 
CsH11 -Q-cF20-0-cF2o--O-cN 8% 

F 
F F 

~H1-Q-CF20-0-cF2o-O-cN 8% 
F 
F F 

CsH11 -Q-cF20-0-cF20-0-cN 8% 
F 

F 

~coo-(i-cN 12% 

F 

~H10Hac-Q-coo-Q-cN 11% 

F 

~H1-0-0CN 9% 

F 

C3H7 -0-0-cN 7~ 
F 

~H7 -0-0-0-cN~ 6% 
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[Composition Example 25] 

F 

~Hs-Q-0-cN 10% ~H1-Q-O-OCH3. 8% 
F 

C3H1-0-0-cN .. 10% C3H1 -O-O-O-ocH3 4% 

C3H10H2c-Q-coo-Q-cN · i% ~H1-Q-O-OC3H7 3% 
F 

C3H1-0-0co~F 4% 

CsH,, -O-Ocoo-Q-F 4% 

F 

c;H1-0-0coo-O-F 15% 

F . F . 
CsH11 -O-Ocoo-Q-F 10% 

F 
F 

~H1~coo-O-F 5% 

v F 
F 

. C5H11 ~coo-0-F 5% 

F 



\_./ 
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[Composition Example 26] 

C1H1s -Q-cF2o-OOCF3 4% 

F 
C3H7 -O-OcF2o-O-ocF3 6% 

F 
CsH,, -D-0cF2o-O-ocF3 6% 

. F 

C3H1-0-0-0-CF2o-OOCF3 3'i'b 
F 

F 
C3H7 -O-OocH3 4'11 CsH11 --Q-0-6-F 

~H1-0-00C3H1 4% 

c,H,, -O-OocH3 4% 

CsH11 -0-Q-F 4% 

C2Hs-O-O-OocFa 5%-

C3H1-0-0-0-ocF3 5% 

C4Hs -0-0-0-ocFa 5t;t. 

CsH11 -0-0-0-ocFa 5% 

F 
CaH1-0-0CH2CHr(j-F 5$ 

F 
C,H11 -0-0cH2CHrC}-F S'i'b 

F 
C3H1-0-0-0-ocHF2 10$ 

F 

F 
C5H1~ .--Q-0-6-c2Hs 

C3H7 -Q-O-O-ocHF2 

CsH11 -Q-O-O-ocHF2 

4% 

4% 

6% 

6% 
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[Composition Example 27] 

F 

CrH1s -O-cF20-Q-F 3% 

F F 
~H7 -Q-cF2o-O-cF20-0-ocHF2 7% 

. F 
F F 

C5H11-0CF2o-O-CF20-Q-ocHF2 7'1,-

F F F 

~H7 -O-Q-cH2CHrCj-cF2o-Q-cF3 3% 

F 

CsH11 -0-0-F 8% 

CaH13 -0-0-F 8% 

C1H1s -0-0-F 8% 

~Hs -O-O-O-ocF3 6% 

~H1-0-Q-OocF3 6% 

C4H9 -O-O-O-ocF3 6% 

CsH11 -O-O-Oo~F3 6% 

~H7 -Q-OcH2CHr(}ocF3 S% 

CsH11 -Q-OcHaCHr(}ocF3 5% 

F 

~H1-0-0-0-F 8% 

F 

CsH11 -0-0-0-F 8% 

. F 

~H1~~H1 3'11 

F 

CsH1 , ~~H1 3% 
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[Composition Example 28] 

F 

C1H1s -Q-cF2o--O-~ 4'ib 
F 

F 
~H7 -Q-cF2o-Q-CF2o--(}F 7% 

F 
F 

CsH11 -Q-cF2o-Q-CF2o--O-F 7% 

F 
F F 

C~H7 -OcH2CHrOO-cF2o--(}F 3% 
. F 

CsH11 -0-0-F 
~H1s-O-O-F 

CzHs -O-O-O-ccF3 

8% 

8% 

5% 

C3H1-0-0-0-CCF3 S% 

CsH11 -O-O-O-ccF3 S% 

F 

C3H7 -00-(}ccHF2 IS% 
"F 
F 

CsH11 -00-(}ocHF2 15% 
. F 
F F 

C3H1-0-0-0-F 6% 
F . I 

F F 
CsH11 -0-0-0-F 6% 

F 

~H1 -Q-Ocoo-Q-ocF3 3% 

CsH11 -Q-Ocoo-Q-0cF3 3% 
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[Composition Ex.ample 29] 

F 

C3H7 -0-cFao-Q-OcN. 6% 

F 
F 

~sH11 -0-cFao-Q-OcN. 6% 

F 
F F 

~H1-Q-CFao-O-CF2o--Ci-cN 6% 

F F 

CsH11 -Q-cFao-0-CFao--Ci-cN 7'*1 

::rO-Q-cN 31!& CsH11 -Ocoo-Q-ocH3 

C4Hg -0-0-qzHs 3% CsH11 -Ocoo-Q-oc3H1 

~H1-0-Q-CN 5% C,SH11 --0-0-0-cN 

CsH11 -0-Q-cN 5% C4H9 -0-(~>-Q-CN 
F 

~~>-0-CzHs -0-0-cN 511& C4H9 N ~· CsH11 

C3H7 -OcH2CHz-Ooc2H5 ·. 4% _rO-O.cHaOCH3 

CsH11 -OcH2CHz-Ooc3H7 8% ~C3H7 

~H1-Q-coo-Q-cN S'i> 

CsH11 -O-Q-cH2CHz-Oc .. H9 3% 

CsH11 -0-0-0-cHaCHa-Q-~H7 3% 

6% 

6% 

3% 

3% 

3% 

S% 

5% 

.... 
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[Composition Example 30] · 

~H1-(}-()-c~o-{)-cN sim 

CsH11 -OO-cF2o-OcN sim 
F 

~H1-0-Q-CF20-0-cN Sil& 

F 
GsH11 -O-Q-cF20-0-cN S'Kii 

F 
C4H9 -Q-coo--0-F S$ ~H1~C2Hs 10% 

F 
CsH11 -Q-coo--0-F S$ '\..r0-()-C3H7 3%. F v 
C2Hs -OcocrO-cN 4$ 

'-.r(}-O-O-cH3 3% F 
~H1-0cocrO-cN 4$ 

F 
c.-Hg -Ocoo--0-cN 6% 

F 

CsH11 -Ocoo-0-cN 6% 

F 

. H3COC3He -Q-0-cN 6% 

F 
~H1~coo-O-F 4% 

F 
Cs!-111 ~coo-(}-F 4% 

\.J F 
C2Hs -O-O-coo--0-cN -,$ 

F 

~H1-0-0-coo--(j-cN s~ 

F 
c.-H9-(}-()-coo-C}-cN S$ 

F 
CsH11 -0-0-c::oo-O-cN s~ 
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Dif luorooxymethane derivatives of the present invention have 

an extremely large dielectric anisotropy ca s) compared with the 

compounds which have a similar structure and are described in 
the paragraph of BACKGROUND ART; have an extremely low viscosity 

5 compared with the other compounds having the same substituent at 
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 exi·sting liquid crystal;Line compounds 
including fluorine type compounds as well as ester type, Schiff 
base type, biphenyl type, phenylcyclohexane type, bicyclohexane I . 

type, and heterocyclic type compounds. Also, the derivatives 

15 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 

20 viscosity. 

Methods for preparing and using the compounds of the present 
\ .... .1 invention are illustrated in more detail below wi"th reference to 

Examples. However, it should be understood that the present 
invention is by no means restricted by such specific Examples. 

25 In each of the Examples, Cr represents crystal, N does nematic 
phase, S does 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 
30 nyloxy)methane (Compound expressed by the formula (I) wherein 

R = C3H7 , D, m, and n are 0, Z1 , Z2 , and Z3 are covalent bond, 

----·-·----· ----------
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Li= L2 = H, L3 = L4 ='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 (9L 4 mmol) of 4-propyl benzoic acid, 

5 22.6 g (109.7 mmol) of dicyclohexylcarbodiimide (hereinafter 

abbreviated as DCC), and 0.43 g (3.3 mmol) of 4-dimethylamino­

pyridine (hereinafter 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 
10 

\.._.;' 
to the solution in 5 min while stirring at room. temperature. 

After the dropping, the solution was stirred for 18 hours at 

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 

15 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 ( 11 X 2 11 means 

"repeated twice", the same rule applies hereinafter) of water, 

100 ml of saturated aqueous solution of sodium 

20 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 toluene as developing solvent to obtain 22.8 

25 g of colorless crystal product. This product was 3,4,5-

trifluoro-(4-propylphenyl)benzoate. 

Subsequently, in a 1000 ml egg-plant 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 

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

2,4-bis{methoxyphenyl}-l,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 stirring under nitrogen gas stream for 60 hours. After the reaction solution was cooled down to room temperature, 200 · S ml of water was added, the toluene layer was s~parated, 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 sodilJ!ll hydrogensulfite, and 10 200 ml 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 product was purified by a column chromatography using silica gel as filler and using heptane as developing solvent, and then 15 recrystallized from heptane to obtain 5.4 g of yellow needle­like crystal product. This product was 4-propylphenyl carbothio acid-0-3,4,5-trifluorophenyl. 

20 

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 dichloromethane, and then 8.4 g (52.2 mmol) of diethylaminosulfur trifluoride (hereinafter abbreviated as DAST) was added to the solution and then th~ 25 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, 
washed with 50 ml X 2 of water, 30 ml of saturated aqueous 

30 solution of sodium hydrogencarbonate, and 50 ml X 2 of water in 
turn, dried over anhydrous magnesium sulfate, ~nd then 
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concentrated under a reduced pressure to obtain 4.5 g of light 
yellow oily 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 

5 obtain 1.2 g of colorless needle-like crystal product. This 
product was ·'difluoro- (4-propylphenyl)- (3, 4, 5-trifluorophenyloxy) 
methane. 

10 
\......, .. 

Following compounds can be prepared according to the 
preparation method mentioned above by using 4-al~lbenzoic acids 
having a different alkyl chain in place 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-trifluorophenyloxy)methane 
Difluoro-(4-pentylphenyl)-(3~4,5-trifluorophenyloxy)methane 

15 Difluoro-(4-hexylphenyl)-(3,4,5-trifluorophenyloxy)methane 

20 

Difluoro-{4-heptylphenyl)-{3,4,5-trifluorophenyloxy)methane 
Difluoro-{4-octylphenyl)-{3,4,5-trifluorophenyloxy)methane 
Difluoro-(4-nonylphenyl)-{3,4,5-trifluorophenyloxy)methane 
Difluoro-("4-decylphenyl)-(3,4,5-trifluorophenyloxy)methane 

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

25 Difluoro-(4-butylphenyl)-(4-trifluoromethylphenyloxy)methane 
Difluoro-(4-pentylphenyl)-(4-trifluoromethylphenyloxy)methan~ 

Difluoro~{4-ethylphenyl)-(4-difluoromethoxyphenyloxy)methane 

Difluoro-(4-propylphenyl)-(4-difluoromethoxyphenyloxy)methane 
Difluoro-(4-butylphenyl)-(4-difluoromethoxyphenyloxy)methane 

30 Difluoro-(4-pentylphenyl)-(4-difluoromethoxyphenyloxy)methane 
Difluoro-(4-ethylphenyl)-(4-trifluoromethoxyphenyloxy)methane 
Difluoro-(4-propylphenyl)-(4-trifluoromethoxyphenyloXy)methane 
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Cr 12.1 Iso 

Difluoro-(4-butylphenyl)-(4-trifluoromethoxyphenyloxy)methane 
Difluoro-(4-pentylphenyl)-(4-trifluoromethoxyphenyloxy)methane 
Difluoro-(4-ethylphenyl)-(3-fluoro-4-trifluoromethylphenyl-

5 oxy)methane 

10 

Difluoro-(4-propylphenyl)-(3-fluoro-4-trifluoromethylphenyloxy) 
methane 

Difluoro-(4~butylphenyl)-(3-fluoro-4-trifluoromethylphenyl­

oxy)methane 

Difluoro-(4~pentylphenyl)-(3-fluoro-4-trifluoromethylphenyloxy) 

methane 

Difluoro-(4-ethylphenyl)-(3,5-difluoro-4-trifluoromethylphenyl­
oxy)methane 

Difluoro-(4-propylphenyl)-(3,5-difluoro-4-trifluoromethylphenyl-
15 oxy)methane 

. 20 

Difluoro-(4-butylphenyl)-(3,5-difluoro-4-trifluoromethylphenyl­
oxy)methane 

Difluoro-(4-pentylphenyl)-(3,5-difluoro-4-trifluoromethylphenyl­
oxy)methane 

Difluoro-(4-ethylphenyl)-(3-fluoro-4-trifluoromethoxyphenyl-
oxy)methane 

Difluoro-(4-propylphenyl)-(3-fluoro-4-trifluoromethoxyphenyloxy) 
methane 

Difluoro-(4-butylphenyl)-(3-fluoro-4-trifluoromethoxyphenyl-
25 oxy)methane 

Difluoro-(4-pentylphenyl)-(3-fluoro-4-trifluoromethoxyphenyloxy) 
methane 

Difluoro-(4-ethylphenyl)-(3,5-difluoro-4-trifluoromethoxyphenyl­
oxy)methane 

30 Difluoro-(4-propylphenyl)-(3,5-difluoro-4-trifluoromethoxy-
phenyloxy)methane 

Difluoro-(4-butylphenyl)-(3,5-difluoro-4-trifluoromethoxyphenyl-
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oxy)methane 

Difluoro-(4-pentylphenyl)-(3,5-difluoro-4-trifluoromethoxy­
phenyloxy)methane 

Difluoro-(4-ethylphenyl)-{3-fluoro-4-difluoromethoxyphenyl-
5 oxy)methane 

v 10 

Difluoro-(4-propylphenyl)-(3-fluoro-4-difluoromethoxyphenyl­
oxy)methane 

Difluoro-(4-butylphenyl)-(3-fluoro-4-difluoromethoxyphenyl­
oxy)methane 

Difluoro-(4-pentylphenyl)-(3-fiuoro-4-difluoromethoxyphenyl-
oxy)methane 

Difluoro-(4-ethylphenyl)-(3,5-difluoro-4-difluoromethoxyphenyl­
oxy)methane 

Difluoro-(4-propylphenyl)-(3,5-difluoro-4-difluoromethoxyphenyl-
15 oxy)methane 

Difluoro-(4-butylphenyl)-(3,5-difluoro-4-difluoromethoxyphenyl­
oxy)methane 

Difluoro-(4-pentylphenyl)-(3,5-difluoro-4-difluoromethoxyphenyl­
oxy)methane 

20 Difluoro-(2-fluoro-4-ethylphenyl)-(3,5-difluoro-4-trifluoro-
methylphenyloxy)methane 

Difluoro-(2-fluoro-4-propylphenyl)-(3,5-difluoro-4-trifluoro­
methylphenyloxy)methane 

Difluoro-(2-fluoro-4-butylphenyl)-(3,5-difluoro-4-trifluoro-
25 methylphenyloxy)methane 

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

methylphenyloxy)methane 

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

methoxyphenyloxy)methane 

30 Difluoro-(2-fluoro-4-propylphenyl)-(3,5-difluoro-4-trifluoro-
methoxyphenyloxy)methane 

Difluoro-(2-fluoro-4-butylphenyl)-(3,5-dif~uoro-4-trifluoro~ 
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methoxyphenyloxy)methane 

Difluoro-(2-fluoro-4-pentylphenyl)-(3,5-difluoro-4-trifluoro.:.. 
methoxyphenyloxy)methane 

Difluoro-(2-fluoro-4-ethylphenyl}-(3,5-difluoro-4-difluoro-
5 methoxyphenyloxy)methane 

10 

Difluoro-(2-fluoro-4-propylphenyl)-(3,5-difluoro-4-difluoro­
methoxyph~nyloxy)methane 

Difluoro-(2-fluoro-4-butylphenyl)-(3,5-difluoro-4-difluoro­
methoxyphenyloxy)methane 

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

Difluoro-(2-fluoro-4-ethylphenyl)-(3,4,5-trifluorophenyl­
oxy)methane 

Difluoro-(2-fluoro-4-propylphenyl)-(3,4,5-trifluorophenyl-
15 oxy}methane 

Difluoro-(2-fluoro-4-butylphenyl)-(3,4,5-trifluorophenyl­
oxy)methane 

Difluoro-(2-fluoro-4-pentylphenyl)-(3,4,5-trifluorophenyl~ 

oxy)methane 

20 Difluoro- (2, 6-difluoro-4-ethylphenyl)- (3 ,·s-difluoro-4-
trifluoromethylphenyloxy)methane 

Difluoro-(2~6-difluoro-4-propylphenyl)-(3,5-difluoro-4-

trifluoromethylphenyloxy)methane 

Difluoro-(2,6-difluoro-4-butylphenyl)-(3,5-difluoro-4-
25 trifluoromethylphenyloxy)methane 

.Difluoro-(2,6-difluoro-4-pentylphenyl)-(3,5-difluoro-4-
trifluoromethylphenyloxy)methane 

Difluoro-(2, 6-difluoro-4-ethylphenyl)-(3,5-difluoro-4-
trifluoromethoxyphenyloxy)methane 

30 .Difluoro-(2, 6-difluoro-4-propylphenyl)-(3, 5-difluoro-4-
trifluoromethoxyphenyloxy)methane 

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



\..._.,· 

118 

trifluoromethoxyphenyloxy)methane 

Difluoro-(2,6-difluoro-4-pentylphenyl)-(3,5-difluoro-4-

trifluoromethoxyphenyloxy)methane 

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

5 difluoromethoxyphenyloxy)methane 

10 

Difluoro-(2, 6-difluoro-4-propylphenyl)-(3,5-difluoro-4-

difluoromethoxyphenyloxy)methane 

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

difluoromethoxyphenyloxy)methane 

Difluoro-(2,6...:difluoro-4-pentylphenyl)-(3,5-difluoro-4-

difluoromethoxyphenyloxy)methane 

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

phenyloxy)methane 

Difluoro-(2,6-difluoro-4-propylphenyl)-(3,4,5-trifluoro-

15 phenyloxy)methane 

20 

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

phenyloxy)methane 

Difluoro-(2, 6-difluoro-4-pentylphenyl)..:..(3,4,5-trifluoro­

phenyloxy)methane 

Example 2 

Preparation of difluoro-[4-(trans-4-propylcyclohexyl) 

phenyl]-(3,4,5-trifluorophenyloxy)methane (Compound expressed by 

the formula (I) wherein R = C3H7 , g = 1, m and n are 0, ring Ai 

is trans-1,4-cyclohexyne group, Zi, z2 , and Z3 are covalent bond, 

25 Li = L2 = H, LJ = L4 = 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 (60.9 mmol) of 4-(trans-4-propyl­

cyclohexyl)benzoic acid, 15.1 g (73.1 mmol) of DCC, and 0.3 g 

30 (2.2 mmol) of DMAP were dissolved in 250 ml of dichloromethane 
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under nitrogen gas atmosphere, and then 0.8 g (73. nunol) 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 temperature. Then, 00 ml of water 

5 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 ml X 2 of water, 100 ml of saturated aqueous solution of 

~· 10 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 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, arid then 

15 recrystallized from a mixed solvent of heptane-ethanol to obtain 
13.2 g of colorless crystal p~oduct. This product was 3,4,5-
trifluoro-[4-(trans-4-propylcyclohexyl)phenyl]benzoate. 

Subsequently, in a 1000 ml egg-plant type flask provided 
with a nitrogen gas introducing pipe and cooling pipe, 13.2 g 

20 (35.2 minol) of 3,4,5-trifluoro-[4-(trans-4-propylcyclohexyl) 
phenyl]benzoate obtained by the procedures mentioned above and 
28.5 g (70.4 nunol) 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 

25 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 

30 of 10 % aqueous 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 purifi~d by a 
column chromatography using silica gel as filler and using 
heptane as developing solvent, and then recrystallized from 

5 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. 

v 10 

lH-NMR (CDC13 ; 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). 
Subsequently, 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-propylcyclohexyl)phenylcarbothio acid-0-3,4,5-trifluoro 
phenyl was dissolved in 50 ml of dichloromethane at room 

15 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 
further extracted with 50 ml of dichloromethane. Extracted 

20 layers were mixed, washed with SO ml X 2 of water, 30 ml of 
saturated aqueous solution of sodium hydrogencarbonate, and SO 
ml X 2 of water in turn, dried over anhydrous magriesium sulfate, 
and then concentrated under a reduced pressure to obtain 4.3 g 
of colorless crystal product. Reaction product was purified by 

25 a column chromatography using silica gel as filler and using 
heptane as .developing solvent, and then recrystallized from 
heptane to obtain 1.5 g o"f colorless needle-like.crystal product 
(phase transition point: Cr 70.S-71.4 Iso). This product was 
difluoro-[4-(trans-4-propylcyclohexyl)phenyl]-(3,4,5-trifluoro-

30 phenyloxy)methane. 
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lH-NMR (CDC13 ; {J 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 (CDC13 ; {J ppm) -6.6.754(2F,s,-Cf:20-), -133.521(2F,d), 

-164.754(1F,t). 

GC-MS (CI) m/z251(100%), 379{M++l-HF,34), and 125(27). 

Following compounds can be prepared according to the 
preparation method mentioned above by using 4-(trans-4.­
alkylcyclohexyl)benzoic acids having a different alky"i chain in 
place of 4-(trans-4-propylcyclohexyl)benzoic· acid: 
Difluoro-[4-(trans-4-methylcyclohexyl)phenyl]-(3,4,5-trifluoro­
phenyloxy)methane 

Difluoro-[4-(trans~4-ethylcyclohexyl)phenyl]-(3,4,5-trifluoro­
phenyloxy)methane 

Difluoro-[4-(trans-4-butylcyclohexyl)phenyl]-(3,4,5-trifluoro-
15 phenyloxy)methane 

20 

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-trifluoro-
phenyloxy)methane 

Difluoro-[4-(trans-4-heptylcyclohexyl)phenyl]-(3,4,5-trifluoro­
phenyloxy)methane 

Difluoro-[4-(trans-4-octylcyclohexyl)phenyl]-(3,4,5-trifluoro­
phenyloxy)methane 

25 Difluoro-[4-(trans-4-nonylcyclohexyl)phenyl]-(3,4,5-trifluoro-
phenyloxy)methane 

Difluoro-[4-(trans-4-decylcyclohexyl)phenyl]-(3,4,5-trifluoro­
phenyloxy)methane 

Following compounds can be prepared according to the 
30 preparation method mentioned above by using ·several known. phenol 

derivatives in place of 3,4,5-trifluorophenol: 
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Difluoro-[4-(trans-4-ethylcyclohexyl)phenyl]-(3,4-difluoro­
phenyloxy)methane 
Difluoro-[4-(trans-4-propylcyclohexyl)phenyl]-(3,4-difluoro­
phenyloxy)methane 

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

10 

phenyloxy)methane 

Cr 42.9-43.4 N 66.2-67.5 Iso 
Difluoro-[4-(trans-4-ethylcyclohexyl)phenyl]-(4-trifluoro­
methylphenyloxy)methane 
Difluoro-[4-(trans-4-propylcyclohexyl)phenyl]-(4-trifluoro-
methylphenyloxy)methane 
Difluoro-[4-(trans-4-butylcyclohexyl)phenyl]-(4-trifluoro­
methylphenyloxy)methane 
Difluoro-[4-(trans-4-pentylcyclohexyl)phenyl]-(4-trifluoro-

15 methylphenyloxy)methane 

20 

25 

Cr 79.6-79.9 Iso 
Difluoro-[4-(trans-4-ethylcyclohexyl)phenyl]-(4-difluoro­
methoxyphenyloxy)methane 
Difluoro-[4-(trans-4-propylcyclohexyl)phenyl]-(4~difluoro-
methoxyphenyloxy)methane 
Difluoro-[4-(trans-4-butylcyc;:iohexyl)phenyll-(4-difluoro-
methoxyphenyloxy)methane 
Difluoro-[4-(trans-4-pentylcyclohexyl}phenyl]-(4-
difluoromethoxyphenyloxy}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 Ss 70.9-72.0 N 83.1-83.5 Iso 
30 Difluoro-[4-(trans-4-butylcyclohexyl)phenyl]-(4-trifluoro-

methoxyphenyloxy)methane 
Difluoro-[4-(trans-4-pentylcyclohexyl)phenyl]-(4-trifluoro-



123 

methoxyphenyloxy)methane 

Cr 68.1-68.3 SB 80.5-80.8 N 90.2-90.4 Iso 
Difluoro- [4- (trans-4-ethylcyclohexyl)phenyll- (4-cyanophenyloxy). 
methane 

5 Difluoro-[4-(trans-4-propylcyclohexyl)phenylJ-(4-cyanophenyloxy) 

10 

methane 

Difluoro-[4-(trans-4-butylcyclohexyl)phenyl]-(4-cyanophenyloxy) 
methane 

Difluoro-[4-(trans-4-pentylcyclohexyl)phenyl]-(4-cyanophenyloxy) 
methane 

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

15 Difluoro-[4-(trans-4-butylcyclohexyl)pheny1J-(3-fluoro~4-

20 

trifluoromethoxyphenyloxy)methane 
Difluoro-[4-(trans-4-pentylcyclohexyl)phenylJ-(3-fluoro-4-
trifluoromethoxyphenyloxy)methane 

Cr 35.9-36.3 N 61.1-61.3 Iso 
Difluoro-[4-(trans-4-ethylcyclohexyl)phenylJ-(3-fluoro-4-
trifluoromethylphenyloxy)methane 
Difluoro-[4-(trans-4-propylcyclohexyl)phenyl]-(3-fluoro-4-
trifluoromethylphenyloxy)methane 
Difluoro-[4-(trans-4-butylcyclohexyl)phenyl]-(3-fluoro-4-

25 trifluoromethylphenyloxy)methane 
Difluoro-[4-(trans-4-pentylcyclohexyl)phenyl]-(3-fluoro-4-
trifluoromethylphenyloxy)methane 
Difluoro-[4-(trans-4-ethylcyclohexyl)phenyl]-(3-fluoro-4-
difluoromethoxyphenyloxy)methane 

30 Difluoro-[4-(trans-4-propylcyclohexyl)phenylJ-(3-fluoro-4-
difluoromethoxyphenyloxy)methane 
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Difluoro-[4-(trans-4-butylcyclohexyl)phenyl]-(3-fluoro-4-

difluoromethoxyphenyloxy)methane 

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

difluorom~thoxyphenyloxy)methane 

5 Difluoro-[4-{trans-4-ethylcyclohexyl)phenyl]-{3-fluoro-4-

\.._.,10 

cyanophenyloxy)methane 

Difluoro-[4-(trans-4-propylcyclohexyl)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-fluoro-4-

cyanophenyloxy)methane 

Difluoro-[4-(trans-4-ethylcyclohexyl)phenyl]-{3,5-difluoro'."'"4-

15 trifluoromethoxyphenyloxy)methane 

20 

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

trifluoromethoxyphenyloxy)methci.ne 

Difluoro-[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 

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

25 trifluoromethylphenyloxy)methane 

_Difluoro-[4-{trans-4-butylcyclohexyl)phenyl]-{3,~-difluoro-4-

trifluoromethylphenyloxy)methane 

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

trifluoromethylphenyloxy)methane 

30 Cr 56.9-57.5 Iso 

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

difluoromethoxyphenyloxy)methane 
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Difluoro-[4-(trans-4-propylcyclohexyl)phenyl]-(3,5-difluoro-4-

difluoromethoxyphenyloxy)methane 

Difluoro-.£4- (trans-4-butylcyclohexyl)phenyl] - (3, 5-difluoro-4-

difluoromethoxyphenyloxy)methane 

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

10 

difluoromethoxyphenyloxy)methane 

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-{trans-4-butylcyclohexyl)phenyl]-(3,5-difluoro-4-

cyanophenyloxy)methane 

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

cyanophenyloxy)methane 

15 Example 3 

Preparation of difluoro-[2-fluoro-4-(trans-4-propylcyclo­

hexyl)phenyl]-(4-trifluoromethoxyphenyloxy)methane {Compound 

expressed by the formula (I) wherein R = C3H7, Q = 1, m and n are 

0, ring A1 is trans-1,4-cyclohexylene.group, Z1 , Z2, and Z3 are 

20 covalent bond, L1 = F, L2 = L3 = L4 = H, and X = OCF3) 

25 

In a 500 ml three neck distillation fl"ask 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-(trans-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 

30 down with ice to lower than 1o·c, 7.5 g (987 mmol) of carbon 

disulfide was added dropwise while keeping the temperature at 
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lower than 1o·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 1o·c and added dropwise 
with 50 ml of 2N aqueous solution of hydrochloric acid to 

5 terminate the reaction. From the reaction solution, the diethyl 
ether layer was separated and then the water layer was further 
extracted with 200 ml 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 10 dark purplish red solid of dithiocarboxylic acid derivative. 

Subsequently, in a 300 ml egg-plant type flask provided with 
a cooling 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 thionyl 

15 chloride was added dropwise to the solution while stirring at 
room temperature in 15 min. After the dropping, reflux was 
conducted on a hot water bath for 8 hours. After the reaction 
solution was heated to distill off diethyl ether, the solution 
was concentrated under a reduced pressure with an aspirator to 20 

25 

obtain 18.4 g of thio acid chloride derivative. Subsequently, 
in a 500 ml three neck distillation flask provided with a 
stirrer,· thermometer, dropping funnel, · and nitrogen gas 
introducing pipe, 6.4 g {36.1 rmnol) of 4-trifluoromethoxyphenol 
and 5.7 g (72.2 mmol) of pyridine were dissolved in 50 ml of 
toluene under nitrogen gas atmosphere, added dropwise with 18.4 
g of the thio acid chloride derivative obtained by the 
procedures mentioned 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 30 to room temperature, the reaction solution was added dropwise 
with 300 ml of water and 30 ml of 2N aqueous solution of 
hydrochloric acid to terminate the reaction, 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 of 2N aqueous solution of sodium hydroxide, 
and 200 ml X 3 of water in turn, dried over anhydrous magnesium 

5 sulfate, and then concentrated under a reduced pressure to 
obtain 14.9 g of 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 . 10 

~· 
obtain 6.7 g of yellow needle-like crystal product. This 
product was 2-fluoro-4-(trans-4-propylcyclohexyl}phenycarbothio 
acid-0-4-trifluoromethoxyphenyl.· 

In a 100 ml egg-plant type flask provided with a nitrogen 
gas introducing pipe, 6.7 g (15.2 mmol) of 2-fluoro-4-(traris-4-15 propylcyclohexyl)phenylcarbothio acid-0-4-trifluoromethoxyphenyl 

20 

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, washed with 50 ml 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, 

25 and then concentrated under a reduced 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 then recrystallized 
from heptane to obtain 1.9 g of colorless needle-like crystal 

30 product. This product was difluoro-[2~fluo~o-4-(trans-4-
propylcyclohexyl)phenyl]-(4-trif luoromethoxyphenyloxy) methane. 
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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-propylcyclohexyl)iodobenzene: 

5 Difluoro-[2-fluoro-4-(trans-4-methylcyclohexyl)phenyl]-(4-

10 

trifluoromethoxyphenyloxy)methane 

Difluoro-[2-fluoro-4-(trans-4-ethylcyclohexyl)phenyl]-(4-
trifluoromethoxyphenyloxy)methane 

Difluoro-[2-fluoro-4-{trans-4-butylcyclohexyl)phenyl)-(4-
trifluoromethoxyphenyloxy)methane 

Difluoro-[2-fluoro-4-{trans-4-pentylcyclohexyl)phenyl]-{4-
trifluoromethox:YPhenyloxy)methane 

Difluoro-[2-fluoro-4-(trans-4-hexylcyclohexyl)phenyl]-(4-
trifluoromethoxyphenyloxy)methane 

15 Difluoro-[2-fluoro-4-(trans-4-heptylcyclohexyl)phenyl]-(4-

20 

trifluoromethoxyphenyloxy)meth~e 

Difluoro-[2-fluoro-4-(trans-4-octylcyclohexyl)phenyl]-(4-
trifluoromethoxyphenyloxy)methane · 

Difluoro-[2-fluoro-4-(trans-4-nonylcyclohexyl)phenyl]-(4-
trifluoromethoxyphenyloxy)methane 

·Difluoro-[2-fluoro-4-(trans-4-decylcyclohexyl)phenyl]-(4-
trifluoromethoxyphenyloxy)methane 

Also, the following compounds can be prepared according to 
the preparation method mentioned above by using several known 

25 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-propylcyclohexyl)phenyl]-(3,5-
difluoro-4-trifluoromethoxyphenyloxy)methane 

30 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-trifluoromethoxyphenyloxy)methane 

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

difluoro-4-trifluoromethylphenyloxy)methane 

5 Difiuoro-[2-fluoro-4-(trans-4-propylcyclohexyl)phenyl]-(3,5-

10 
\.._..) 

15 

20 

25 

difluoro-4-trifluoromethylphenyloxy)methane 

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

difluoro-4-trifluoromethylphenyloxy)methane 

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

difluoro-4-trifluoromethylphenyloxy)methane 

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

difluoro-4-difluoromethoxyphenyloxy)methane 

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

difluoro-4-difluoromethoxyphenyloxy)methane 

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

difluoro-4-difluoromethoxyphenyloxy)methane 

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

difluoro-4-difluoromethoxyphenyloxy)methane 

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

trifluorophenyloxy)methane 

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

trifluorophenyloxy)methane 

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

trifluorophenyloxy)methane 

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

trifluorophenyloxy)methane 

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

difluoro-4-cyanophenyloxy)methane 

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

30 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-

diflu_oro-4-cyanophenyloxy)methane 

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

difluoro-4-trifluoromethoxyphenyloxy)methane 

5 Difluoro-[2, 6-difluoro-4-(trans-4-propylcyclohexyl)phenyl]-(3, 5-

difluoro-4-trifluoromethoxyphenyloxy)methane 

Difluoro-[2,6-difluoro-4-(trans-4-butylcyclohexyl)phenyl]-(3,~­

difluoro-4-trifluoromethoxyphenyloxy)methane 

Difluoro-[2,6-difluoro-4-(trans-4-pentylcyclohexyl}phenyl]-(3,5-

10 ·v difluoro-4-trifluoromethoxyphenyloxy}methane 

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

difluoro-4-trifluoromethylphenyloxy)methane 

Difluoro-[2,6-difluoro-4-(trans-4-propylcyclohexyl}phenyl]-(3,5-

difluoro-4-trifluoromethylphenyloxy}methane 

15 Difluoro-[2,6-difluoro-4-(trans-4-butylcyclohexyl)phenyl]-(3,5-

20 

\_./ 

25 

difluoro-4-trifluoromethylphenyloxy)methane 

Difluoro-[2, 6-difluoro-4-(trans-4-pentylcyclohexyl)phenyl]-(3, 5-

difluoro-4-trifluoromethylphenyloxy)methane 

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

difluoro-4-difluoromethoxyphenyloxy)methane 

Difluoro-[2,6-difluoro-4-(trans-4-propylcyclohexyl)phenyl]-(3,5-

difluoro-4-difluoromethoxyphenyloxy)methane 

Difluoro-[2, 6-difluoro-4-(trans-4-butylcyclohexyl)phenyl]-(3, 5-

difluoro-4-difluoromethoxyphenyloxy)methane 

Difluoro-[2, 6-difluoro-4-(trans-4-pentylcyclohexyl)phenyl]-(3, 5-

difluoro-4-difluoromethoxyphenyloxy)methane 

Difluoro-[2, 6-difluoro-4-(trans-4-ethylcyclohexyl}phenyl]­

(3, 4,5-trifluorophenyloxy)methane 

Dif luoro- [ 2, 6-dif luoro-4- ( trans-4·-propylcyclohexyl) phenyl] -

30 (3,4,5-trifluorophenylo~)methane 
··;. 

Difluoro- [2, 6-difluoro...,:·4-(trans-4-butylcyclohexyl)phenyl] -

(3,4,5~trifluorophenyloxy)methane 
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Difluoro-[2, 6-difluoro-4-(trans-4-pentylcyclohex.yl)phenyl]-
(3, 4,5-trifluorophenylox.y)methane 
Difluoro-[2,6-difluoro-4-(trans-4-ethylcyclohex.yl)phenyl]-(3,5-
difluoro-4-cyanophenylox.y)methane 

5 Difluoro-[2, 6-difluoro-4-(trans-4-propylcyclohex.yl)phenyl]-(3, 5-
difluoro-4-cyanophenylox.y)methane 
Difluoro-[2,6-difluoro-4-(trans-4-butylcyclohex.yl)phenyl]-(3,5-
difluoro-4-cyanophenylox.y)methane 

10 

Difluoro-[2, 6-difluoro-4-(trans-4-pentylcyclohex.yl)phenyl]-(3, 5-
difluoro-4-cyanophenylox.y)methane 
Example 4 

Preparation of difluoro- {4- [2- (trans-4-propylcyclohex.yl)_ 
ethyl]phenyl} -(3,4,5-trifluorophenylox.y)methane (Compound 
expressed by the formula (I) wherein R = C3H7, Q = 1, m and n are 

15 0, ring Ai is trans-1,4-cyclohex.ylene group, Z1 is -CH2CH2-, Z2 

20 

and Z3 are covalent bond, Li = L2 = H, LJ = L4 = 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 (54.7 mmol) of 4-[2~(trans-4-
propylcyclohex.yl)ethyl]benzoic acid, 13.5 g {65.6 mmol) of DCC, 
and 0.25 g (1.9 mrnol) 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 25 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. 

30 Extracted layers were mixed and washed with 100 ml X 2 of water, 
100 ml of saturated aqueous solution of sodium 
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hydrogencarbonate, and 100 ml X 2 of water in turn, 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 5 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-

10 
'._/ 

trifluoro- {4-[2-(trans-4-propylcyclohexyl)ethyl]phenyl} 
benzoate. 

Subsequently, in a 1000 ml egg~plant type flask provided 
with a nitrogen gas introducing pipe and cooling pipe, 12.9 g 
(31.9 nunol) of 3,4,5-trifluoro- {4-[2-(trans-4-propylcyclohexyl) 
ethyl]phenyl} benzoate obtained by the procedures mentioned above 
and 25.8 g (63.9 mmol) of Lawesson's reagent were dissolved in 

15 500 ml of toluene, and the solution was refluxed while stirring 

20 

under nitrogen gas stream for 65 hours. A~ter 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 13.3 g of 25 brown crystalline mixture. Reaction product was purified by a 
column chromatography using silica gel as filler and using 
hept~ne as developing solvent, and then recrystallized from 
heptane to obtain 4.5 g of yellow needle-like crystal product. 
This product was 4-[2-{trans-4-propylcyclohexyl) 

30 ethyl]phenylcarbothio acid-0-3,4,5-trifluorophenyl. 
Cr 95.5-97.6 Iso 
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lH-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 nitrogen gas introducing pipe, 4.5 g (10.8 mmol) of 4,....[2-

5 (trans-4-propylcyclohexyl)ethyl]phenylcarbothio acid-0-3,4,S-

. \_.,10 

trifluorophenyl was dissolved in 50 ml of dichloromethane at 

room temperature, and then S.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 SO 

ml of water, the dichloromethane layer was separated, and the 

water layer was further extracted with SO ml of dichloromethane. 

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

ml of saturated aqueous solution of sodium hydrogencarbonate, 

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

15 sulfate, and then concentrated under a reduced pressure to 

obtain 3.9 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 heptane to obtain 1.5 g of colorless needle-like crystal 

20 

25 

product. This product was difluoro- {4-[2-(trans-4-propyl-

cyclohexyl)ethyl]phenyl} -(3,4,S-trifluorophenyloxy)methane. 

Cr 36.8-37.S (NI 23.5-23.7) Iso 

lH:-NMR (CDC13; 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,d,J=8,4Hz). 

The following compounds can be prepared according to the 

preparation method mentioned above by using 4-[2-{trans-4-

alkylcyclohexyl}ethyl]benzoic acids having a different alkyl 

chain in place of 4-[2-(trans-4-propylcyclohexyl)ethyl]benzoic 

acid: 

30 Difluoro- {4-[2-(trans-4-methylcyclohexyl)ethyl]phenyl} -(3,4,5-
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trifluorophenyloxy)methane 

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

trifluorophenyloxy)methane 

Difluoro- {4-[2-(trans-4-butylcyclohexyl)ethyl_Jphenyl} -(3,4,5-

5 trifluorophenyloxy)methane 

\_,,, 
10 

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

trifluorophenyloxy)methane 

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

trifluorophenyloxy)methane 

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

15 trifluorophenyloxy)methane 

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

trifluorophenyloxy)methane 

Also, the following compounds can be prepared according to 

the preparation method by using several known phenol derivatives 

in place of 3,4,5-trifluorophenol: 

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

trifluoromethylphenyloxy)methane 

Difluoro- {4-[2-(trans-4-propylcyclohexYl)ethyl]phenyl} -(4,;_ 

trifluoromethylphenyloxy)methane 

25 Difluoro- {4-(2- (trans-4-butylcyclohexyl) ethyl]phenyl} - (4-

trifluoromethylphenyloxy)methane 

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

trifluoromethylphenyloxy)methane 

Difluoro- {4-[2-(trans-4-ethylcyclohexyl)ethyl]phenyl} ~(4-
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difluoromethoxyphenyloxy)methane 

Difluoro- {4-[2-(trans-4-propylcyclohexyl)ethyl]phenyl} -(4..:. 

difluoromethoxyphenyloxy)methane 

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

5 difluoromethoxyphenyloxy)methane 

\.__,;· 10 

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

difluoromethoxyphenyloxy)methane 

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

trifluoromethoxyphenyloxy)methane 

Difluoro- {4-[2..:.(trans-4-propylcyclohexY'l)ethyl]phenyl} -(4-

trifluoromethoxyphenyloxy)methane 

Cr 60.2-60.9 N 72.6-73.2 Iso 

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

trifluoromethoxyphenyloxy)methane 

15 Difluoro- {4-[2-(trans-4-pentylcyclohexyl)ethyl]phenyl} -(4-
trifluoromethoxyphenyloxy)methane 

020 

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

cyanophenyloxy)methane 

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

cyanophenyloxy)methane 

Difluoro- {4-[2-(trans-47butylcyclohexyl)ethyl]phenyl} -(4-

cyanophenyloxy)methane 

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

cyanophenyloxy)methane 

25 Difluoro- {4-[2-{trans-4-ethylcyclohexyl)ethyl]phenyl} -(3~ · 

fluoro-4-trifluoromethoxyphenyloxy)methane 

Difluoro- {4-[2-(trans-4-propylcyclohexyl)ethyl]phenyl} -{3-

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

---··-----·------··· ····-----



136 

Difluo:to- {4-[2-(trans-4-butylcyclohexyl)ethyl]phenyl} -{3-

fluoro-4-"trifluoromethoxyphenyloxy)me_thane 

Difluoro- {4-[2-(trans-4-pentylcyclohexyl)ethyl]phenyl} -{3-

fluoro-4-trifluoromethoxyphenyloxy)methane 

5 Difluoro- -{4- [2- (trans-4-ethylcyclohexyl) ethyl]phenyl} -(3-

fluoro-4-trifluoromethylphenyloxy)methane 

\_.,· 10 

Difluoro- {4-[2-(trans-4-propylcyclohexyl)ethyl]phenyl} -(3-

fluoro-4-trifluoromethylphenyloxy)methane 

Difluoro- {4-[2-(trans-4-butylcyclohexyl)ethyl]phenyl} -{3-

fluoro-4-trifluoromethylphenyloxy)methane 

Difluoro:- {4- [2-(trans-4-pentylcyclohexyl) ethyl] phenyl} -"(3-

f luoro-4-trifluoromethylphenyloxy)methane 

Difluoro- {4-[2-(trans-4-ethylcyclohexyl)ethyl]phenyl} -(3-

fluoro-4-difluoromethoxyphenyloxy)methane 

15 Difluoro- {4- [2- (trans-4-propylcyclohexyl) ethylJphenyl} - {3-

fluoro-4-difluoromethoxyphenyloxy)methane 

020 

Difluoro- {4-[2-(trans-4-butylcyclohexyl)ethyl]phenyl} -(3-

fluoro-4-difluoromethoxyphenyloxy)methane 

Difluoro- {4-[2-{trans-4-pentylcyclohexyl)ethyl]phenyl} -(3-

fluoro-4~difluoromethoxyphenyloxy)methane 

Difluoro- {4-[2-(trans-4-ethylcyclohexyl)ethyl]phenyl} -(3-

f luoro-4-cyanophenyloxy)methane 

Difluoro- {4- [2- (trans-4-propylcyclohexyl) ethyl]phenyl} - {3-

fluoro-4-cyanophenyloxy)methane 

25 Difluoro- {4- [2- (trans-4-butylcyclohexyl) ethyl]phenyl} -(3-

fluoro-4-cyanophenyloxy)methane 

Difluoro- {4-[2-(trans-4-pentylcyclohexyl)ethyl]phenyl} -(3-

fluoro·-4-cyanophenyloxy)methane 

Difluoro--{4-[2-(trans-4-ethylcyclohexyl)ethyl]phenyl} -(3,5- · 
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difluoro-4-trifluorornethoxyphenyloxy)rnethane 
Difluoro- {4-[2-(trans-4~propylcyclohexyl)ethyl]phenyl} -(3,5-
difluoro-4-trifluorornethoxyphenyloxy)rnethane 
Difluoro-. {4- [2- (trans-4-butylcyclohexyl) ethyl] phenyl} - (3, 5-

5 difluoro-4-trifluorornethoxyphenyloxy)rnethane 

\ ....... ,...110 

Difluoro- {4- (2- (trans-4-pentylcyclohexyl).ethyl]phenyl} - (3, 5-
difluoro-4-trifluorornethoxyphenyloxy)rnethane 
Difluoro- {4-[2-(trans-4-ethylcyclohexyl)ethyl]phenyl} -(3,5-
difluoro-4-trifluorornethylphenyloxy)rnethane 
Difluoro- {4-[2-(trans-4-propylcyclohexyl)ethyl]phenyl} -(3,5-
difluoro-4-trifluoromethylphenyloxy)methane 
Difluoro- {4-[2-(trans-4-butyl~yclohexyl)ethyl]phenyl} -(3,5-
difluoro-4-trifluorornethylphenyloxy)rnethane 
Difluoro- {4-[2-(trans-4-pentylcyclohexyl)ethylJphenyl} -(3,5-

15 difluoro-4-trifluorornethylphenyloxy)rnethane 
Difluoro- {4-[2-(trans-4-ethylcyclohexyl)ethyl]phenyl} -(3,S­
difluoro-4-difluorornethoxyphenyloxy)methane 
Difluoro- {4-[2-(trans-4-propylcyclohexyl)ethyl]phenyl} -(3,5-
difluoro-4-difluoromethoxyphenyloxy)rnethane 

~O Difluoro- {4-[2-(trans-4-butylcyclohexyl)ethylJphenyl} -(3,5-
difluoro-4-difluorornethoxyphenyloxy)methane 
Difluoro~ {4-[2-(trans-4-pentylcyclohexyl)ethyl]phenyl} -(3,5-
difluoro-4-difluoromethoxyphenyloxy)rnethane 
Difluoro- {4-[2-(trans-4-ethylcyclohexyl)ethylJphenyl} -(3,5-

25 difluoro-4-cyanophenyloxy)methane 
Difluoro- {4-[2-(trans-4-propylcyclohexyl)ethyl]phenyl} -(3,5-
difluoro-4--cyanophenyloxy) methane 
Difluoro~ {4-[2-(trans-4-butylcyclohexyl)ethylJphenyl} -(3,5-
difluoro-4-cyanophenyloxy)rnethane 
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Difluoro- {4-[2-(trans-4-pentylcyclohexyl)ethyl]phenyl} -(3,5-

difluoro-4-cyanophenyioxy)methane 

Difluoro- {2-fluoro-4-(2-(trans-4-ethylcyclohexyl)ethyl]phenyl} -

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

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

10 

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

Difluoro- {2-fluoro-4-(2-(trans-4-butylcyclohexyl)ethyl]phenyl} -

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

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

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

Difluoro- {2-fluoro-4-[2-(trans-4-ethylcyclohexyl)ethyl]phenyl} -

(3,5-difluoro-4-trifluoromethylphenyloxy)methane 

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

phenyl} -.( 3, 5-difluoro-4-trifluoromethylphenyloxy) methane 

15 Difluoro- {2-fluoro-4-(2-(trans-4-butylcyclohexyl)ethyl]phenyl} -

(3,5-difluoro-4-trifluoromethylphenyloxy)methane 

20 

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

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

Difluoro- {2-fluoro-4-[2-(trans-4-ethylcyclohexyl)ethyl]phenyl} -

(3,5-difluoro-4-difluoromethoxyphenyloxy)methane 

Difluoro- {2-fluoro-4-(2-(trans-4-propylcyclohexyl)ethyl] 

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

Difluoro-· fa-fluoro-4- [2- (trans-4-:butylcyclohexyl) ethyl]phenyl} -

(3,5-difluoro-4-difluoromethoxyphenyloxy)methane 

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

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

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

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

phenyl} -(3,4,5-trifluorophenyloxy)~ethane 

Difluoro- {2-fluoro-4-[2-(trans-4-butylcyclohexyl)ethyl]phenyl} -

5 (3,4,5-trifluorophenyloxy)methane 

10 

Difluoro- {2-fluoro-4-(2-(trans-4-pentylcyclbhexyl)ethyl] 

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

Difluoro- {2-fluoro-4-[2~(trans-4-ethylcyclohexyl)ethyl]phenyl} -

(3,5-difluoro-4-cyanophenyloxy)methane 

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

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

Difluoro- {2-fluoro-4-[2-(trans-4-butylcyclohexyl)ethyl]phenyl} -

(3,5-difluoro-4-cyanophenyloxy)methane 

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

15 phenyl} -(3, 5-difluoro-4-cyanophenyloxy)methane 

20 

Difluoro- {2,6-difluoro-4-(2-(trans-4-ethylcyclohexyl) 

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

Difluoro- {2,6-difluoro-4-[2-(trans-4-propylcyclohexyl) 

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

Difluoro- {2,6-difluoro-4-[2-(trans-4~butylcyclohexyl) 

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

Difluoro- {2,6-difluoro-4-(2-(trans-4-pentylcyclohexyl) 

ethyl]phenyl} ~(3,5-difluoro-4-trifluqromethoxyphenyloxy)methane 

Difluoro- {2,6-difluoro-4-[2-(trans-4-ethylcyclohexyl) 

25 ethyl]phenyl} -{3, 5-difluoro-4-trifluoromethylphenyloxy)methane 

Difluoro- {2,6-difluoro-4-[2-{trans-4-propylcyclohexyl) 

ethyl]phenyl} -{3, 5-difluoro-4-trifluoromethylphenyloxy)methane 
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Difluoro- {2, 6-difluoro-4- [2-: (trans-4-butylcyclohe.xyl) 
ethyl)phenyl} -(3, 5-difluoro-4-trifluoromethylphenyloxy)methane 
Difluoro- {2,6-difluoro-4-(2-(trans-4-pentylcyclohexyl) 
ethyl)phenyl} -(3,5-difluoro-4-trifluoromethylphenyloxy)methane 

5 Difluoro- {2,6-difluoro-4-(2-(trans-4-ethylcyclohe.xyl) 
ethyl]phenyl} -(3,5-difluoro-4-difluoromethoxyphenyloxy)methane 
Difluoro- {2, 6-difluoro-4-[2-(trans-4-propylcyclohexyl) 

10 

ethyl] phenyl} - ( 3, 5-difluoro-4-dif luor.omethoxyphenyloxy) methane 
Difluoro- {2,6-difluoro-4-(2-(trans-4-butylcyclohexyl) 
ethyl]phenyl} -(3,5~difluoro-4-difluoromethoxyphenyloxy)methane 
Difluoro- {2,6-difluoro-4-(2-(trans-4-pentylcyclohexyl) 
ethyl J phenyl} - ( 3, 5-difluoro-4-difluoromethoxyphenyloxy) methane 
Difluoro- {2,6-difluoro-4-£2-(trans-4-ethylcyclohexyl) 
ethyl]phenyl} -(3,4,5-trifiuorophenyloxy)methane 

15 Difluoro- {2,6-difluoro-4-[2-(trans-4-propylcyclohexyl) 
ethyl]phenyl} -(3,4,5-trifluorophenylo.xy)methane 
Difluoro- {2, 6-difluoro-4- (2- (trans-4-butylcyclohexyl) 
ethyl]phenyl} -(3,4,5-trifluorophenylo.xy)methane 
Difluoro- {2,6-difluoro-4-(2-(trans-4-pentylcyclohexyl) 

20 ethylJphenyl} -(3,4,5-trifluorophenylo.xy)methane 
Difluoro- {2, 6-difluoro-4- [2- (trans-4-ethylcyclohexyl) 
ethyl)phenyl} -(3,5-difluoro-4-cyanophenyloxy)methane 
Difluoro- {2,6-difluoro-4-(2-(trans-4-propylcyclohexyl) 
ethyl]phenyl} -(3,5-difluoro-4-cyanophenyloxy)methane 

25 Difluoro- {2, 6-difluoro-4-[2-(trans-4-butylcyclohexyl) 
ethyl]phenyl} -(3,5-difluoro-4-cyanophenyloxy)methane 
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Difluoro- {2, 6-difluoro-4-[2-(trans-4-pentylcyclohexyl) 

ethyl]phenyl} -(3,5-difluoro-4-cyanophenyloxy)methane 
Example 5 

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

expressed by the formula (I) wherein R is 3-butenyl group, 0 = 
1, m and n are 0, ring Ai is trans-1,4-cyclohexylene group, Zi, 

10 

Z2 and Z3 are covalent bond, Li = L2 = H, LJ = L4 = F~ and X = F) 
Preparation 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 detai.:J_ 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-

15 butenyl)cyclohexyl]benzonitrile 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 6N aqueous 

20 
v 

solution of hydrochloric acid were added to the solution, and 
the precipitated insoluble 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- , 

25 [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 ~hree neck distillation flask 
provided with a stirrer, thermometer, dropping funnel, and 
nitrogen gas introducing pipe, 16.5 g {63.8 mmol) of 4-[tran~-4-

30 (3-butenyl)cyclohexyl]benzoic acid obtained by the procedures 
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mentioned above, 15.8 g (76.6 mm.cl) of DCC, and 0.28 g (2.3 
mm.cl) of DMAP were dissolved in 250 ml of dichloromethane, and 
then 11.3 g (76.6 mm.cl) of 3,4,5-trifluorophenol was added 
dropwise to the solution in 3 min while stirring at room 

5 temperature. After the dropping, the solution was stirred at 
room _temperature for 13 hours. Reaction solution was added with 
100 ~l 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 

VlO 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 25.1 g 
of reaction product. Reaction product was purified by a column 

15 chromatography using silica gel as filler and using toluene as 
developing solvent, and· further recrystallized from a mixed 

solvent of heptane-ethanol to obtain 16.6 g of colorless crys~al 

product. This product was 3,4,5-trifluoro- {4-[trans-4-(3-

butenyl)cyclohexyl)phenyl} benzoate. 

20 Subsequently, in a 1000 ml egg-plant type flask provided 
with a nitrogen gas introducing 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 mm.cl) of Lawesson's reagent 
25 were dissolved in 500 ml of toluene, and the solution was 

refluxed while stirrin~ 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 

30 toluene. Organic layers were mixed., washed with 200 ml X 2 of 
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water, 100 ml of satur~ted aqueous solution of sodium 

hydrogencarbonate, 100 ml of 10 % aqueous solution of sodium 

hydrogensulf ite, and 200 ml X 2 of water in turn, dried over 

anhydrous magnesium sulfate, and then concentrated under a 

5 reduced pressqre to obtain 17.6 g of brown crystalline 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 4.S g of yellow 

needle-like crystal product. This product was 4~[trans-4-(3-

butenyl)cyclohexyl.]phenylcarb0thio acid-0-3,4,5-trifluorophenyl. 

In alOO ml egg-plant type flask provided with a nitrogen 

gas introducing pipe, 4.5 g (11.3 mmol) of 4-[t:tans-4-(3-

butenyl)cyclohexyl]phenylcarbothio acid-0-3,4,S-trifluorophenyl 

was dissolved in 50 ml of dichloromethane at room temperature, 

15 and then 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 

20 

. . 

further extracted with SO ml of dichloromethane. Extracted 

layers were mixed, washed with SO 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 I 

and then concentrated under a reduced pressure to obtain 3.8 g 

of colorless crystal· product. Reaction product was purified by 

25 a column chromatography using ·silica gel as filler and using 

heptane as developing solvent, ·and then recrystallized from 

ethanol to obtain 1.1 g of colorless needle-like crystal 

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

butenyl)cyclohe:xYl]phenyl} -(3,4,S-trifluorophenyloxy)methane. · 

30 The following compounds can be.prepared according to the 

preparation method mentioned above by using 4~[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-[(Z)-l-butenyl]cyclohexyl]phenyl} -(3,4,5-

5 trifluorophenyloxy)methane 

\.._..,· io 

Difluoro- {4- [t.rans-4- [ (Z) -2-butenyl] cyclohexyl]phenyl} - (3, 4 I 5-

trifluorophenyloxy)methane 

Difluoro- {4-[trans-4-(3-butenyl)cyclohexyl]phenyl} -(3,4,5-

trifluorophenyloxy)methane 

Difluoro- {4~[trans-4-[(Z)-1-pentenyl)cyclohexyl]phe
nyl} -(3,4,5-

trifluorophenyloxy)methane 

Difluoro- {4-[trans-4-[(Z)-2-pentenyl]cyclohexyl]phenyl} -(3,4,5-

trifluorophenyloxy)methane 

Difluoro- {4-[trans-4-[(Z)-3-pentenyl]cyclohexyl]phenyl} -(3,4,5-

15 trifluorophenyloxy)methane 

Difluoro- {4-[trans-4-(4-pentenyl}cyclohexyl]phenyl} -(3,4,5-

trifluorophenyloxy)methane 

Also, the following compounds can be prepared according to 

the preparation method mentioned above by using several known 

phenol derivatives in place of 3,4,5'."'trifluorophenol: 

Difluoro- {4-[trans-4-[(Z)-1-butenyl]cyclohexyl]phenyl} -(4-

cyanophenyloxy)methane 

Difluoro- {4-[traris-4-[(Z)-2-butenyl]cyclohexyl]phenyl} -(4-

cyanophenyloxy)methane 

25 Difluoro- {4-[trans-4-(3-butenyl)cyclohexyl]phenyl} -(4-cyano-

phenyloxy)methane 

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

cyanophenyloxy)methane 

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

Difluoro- {4-[trans-4~[(Z)-3-pentenyl]cyclohexyl]phenyl} -(4-

cyanophenyloxy)methane 

Difluoro- {4-[trans-4-(4-pentenyl)cyclohexyl]phenyl} -(4-

5 cyanophenyloxy)methane 

~ 10 

Difluoro- {4-[trans-4-[(Z)-1-butenyl]cyclohexyl]phenyl} -{3-

fluoro-4-cyanophenyloxy)methane 

Difluoro- {4-[trans-4-[(Z)-2-butenyl]cyclohexyl]phenyl} ~(3-

fluoro-4-cyanophenyloxy)methane 

Difluoro- {4- [trans-4- (3-butenyl) cyclohexyl]phenyl} - (3-fluoro-4-

cyanophenyloxy)methane 

Difluoro- {4-[trans-4--[(Z)-1-pentenyl]cyclohexyl]phenyl}_-(3-

fluoro-4-cyanophenyloxy)methane 

Difluoro- {4..:.[trans-4-((Z)-2-pentenyl]cyclohexyl]phenyl} -(3-

15 fluoro-4-cyanophenyloxy)methane 

v20 

Difluoro- {4-[trans-4-((Z)-3-pentenyl]cyclohexyl]phenyl} -(3-

fluoro-4-cyanophenyloxy)methane 

Difluoro- {4-[trans-4-(4-pentenyl)cyclohexyl]phenyl} -(3-fluoro-

4-cyanophenyloxy)methane 

Difluoro- {4-[trans-4-((Z)-1-butenyl]cyclohexyl]phenyl} -(3,5-

difluoro-4-cyanophenyloxy)methane 

Difluoro- {4-[trans-4-((Z)-2-butenyl]cyclohexyl]phenyl} ~(3,5-

difluoro-4-cyanophenyloxy)methane 

Difluoro- {4-[trans~4-(3-butenyl)cyclohexyl]phenyl} -(3,5-

25 difluoro-4-cyanophenyloxy)methane 

Difluoro- {4-[trans-4-((Z)-1-pentenyl]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-pentenyl]cyclohexyl]phenyl} -(3,5-
difluoro-4-cyanophenyloxy}methane 
Difluoro- {4-[trans-4-(4-pentenyl)cyclohexyl]phenyl} -(3,5-
difluoro-4-cyanophenyloxy)methane 

5 Difluoro- {2-fluoro-4-[trans-4-[(Z)-1-butenyl]cyclohexyl] 

10 

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

Difluoro- {2-fluoro-4-Ttrans-4-[(Z)-2-butenyl]cyclohexyl] 
phenyl} -(3, 5-difluoro-4-cyanophenyloxy)methane 

Difluoro- {2-fluoro-4-[trans-4-(3-butenyl)cyclohexyl]phenyl} -
(3,5-difluoro-4-cyanophenyloxy)methane 
Difluoro- {2-fluoro-4-[trans-4-[(Z}-1-pentenyl]cyclohexyl] 
phenyl} -(3,5-difluoro-4-cyanophenyloxy)methane 

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

15 Difluoro~ {2-fluoro-4-[trans-4-[(Z)-3-pentenyl]cyclohexyl] 
phenyl} - (3, 5-difluoro-4-cyanophenyloxy}.methane 

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

(..,; Difluoro- {2,6-difluoro-4-[trans-4-[(Z)-1-butenyl]cyclo-
20 hexyl]phenyl} -(3,5-difluoro-4-cyanophenyloxy)methane 

Difluoro- {2,6-difluoro-4-[trans-4-[(Z)-2-butenyl]cyclo­
hexyl]phenyl} -(3,5-difluoro-4-cyanophenyloxy)methane 

Difluoro- {2,6-difluoro-4-[trans-4-(3-butenyl)cyclohexyl] 
phenyl} -(3,5-difluoro-4-cyanophenyloxy}methane 

25 Difluoro- {2, 6-difluoro-4-[trans-4-[(Z)~l-pentenyl]cyclo­
hexyl]phenyl} -(3,5-difluoro-4-cyanophenyloxy)methane 

Difluoro- {2,6-difluoro-4-[trans-4-[(Z)-2-pentenyl]cyclo-
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hexyl]phenyl} -(3,5-difluoro-4-cyanophenyloxy)methane 

Difluoro- {2,6-difluoro-4-[trans-4-[(Z)-3-pentenyl]cyclo­

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

·Difluoro- {2,6-difluoro-47[trans-4-(4-pentenyl)cyclohexyl] 

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

Example 6 

10 

Preparation of difluoro-(4-propylphenyl) - [4- (3' ~4', 5' -

trifuorobiphenyl) oxy]methane (Compound eXpressed by the formula 

(I) wherein R = C3H7 , Q = m = 0,. n = 1, ring A3 is 1, 4-phenyl~ne 

group, Z1, Z2 and Z3 are covalent bond, Li = L2 = H, LJ = L4 = F, 

and X = F) 

1) Preparation of 4-(3,4,5-trifluorophenyl)phenol 
By the following procedures, 4-(3,4,5-trifluorophenyl)phenol 

was prepared which is a raw material for the preparation of the 
15 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 

\..._.,· 20 nzene in 80 ml of tetrahydrofuran (hereinafter abbreviated as 
THF) was added dropwise in 50 min so that the internal 
temperature was maintained at so·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 

25 Grignard reagent. Then, in a iooo ml three neck distillation 
flask provided with a stirrer, thermometer, nitrogen gas 
introducing pipe, dropping 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 

30 added under nitrogen gas atmosphere, and added dropwise with the 
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Grignard reagent prepared by the procedures mentioned above in 
50 min while refluxing. 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. 

5 After insoluble matter was filtered off the reaction solution, 

10 ·v 

the solution was extracted with- 300 ml X 2 of toluene. 
Extracted layer was washed with 300 ml X 3 of water, dried over 
anhydrous magnesium sulfate, and then concentrated under a 
reduced pressure 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-trifluorobiphenyl. Subsequently, the biphenyl derivative 

15 was subjected to bromination. That is, in a 100 ml three neck 
distillation flask provided with a stirrer, thermometer, 
nitrogen gas introducing pipe, and dropping funnel, 19.0 g (91.5 
mmol) of the 3,4,5-trifluorobiphenyl prepared by the procedures 
mentioned above was dissolved in 200 ml of dichoromethane, and 

20 the solution was cooled down to -s·c while stirring, added with 
O . 2 6 g ( 4 . 6 mmol) of i.ron powder, and then added -dropwise with 
8.8 g (109.8 mmol) of bromine in 15 min so that the temperature 
of -5 to o·c was maintained. After the dropping, the solution 
was further stirred for 1 hour while maintaining the same 

25 temperature. Reaction solution was added with 200 ml of water 
to terminate the reaction, and then extracted with 250 ml 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. 

30 Concentration residue was purified by a chromatography using 
silica gel as filler and using heptane as developing solvent, 
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and recrystallized from a mixed solvent of heptane-ethanol to 
obtain 16.6 of colorless crystal product. This product was 4-
bromo-3' ,4', 5' -trifluorobiphenyl. 

With reference to the report by R. L. Kidwell et al. (Org. 
5 Synth., V, 918 (1973)), the bromobiphenyl derivative obtained 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, 

10 

v 
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 

15 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 -2o·c, 
added dropwise with 7.2 g of trimethyl·borate, and stirred at 
the same temperature for 30 min. The solution was added with 

20 3.5 g (58.0 mmol) of acetic acid at the same .temperature, raised 
up to 2o·c, and added dropwise with 7.9 g (69.6 mmol) of 30 % 
aqueous solution of hydrogen peroxide in 10 min so that 
temperature of 25°C was maintained. Reaction solution was 
cooled again with the coolant down to -30"C and added dropwise 

25 with 50 ml of 20 % aqueous solution of sodium thiosulfate in 10 
min to terminate the reaction. Reaction solution was extracted 

with 150 ml X 3 of ethyl ~cetate, washed with 200 ml X 2 of 

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

30 under a reduced pressure to obtain 14.5 g of brown solid 
product. Concentrated 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-trifluorophenyl)phenol. 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 5 stirrer, thermometer, 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)phenol in 50 ml 10 of dichloromethane was added dropwise at 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 15 separated, and the water layer was extracted with 200 ml of dichoromethane. 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 20 reduced pressure to obtain 15.3 g of reaction product. The reaction 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 10.5 g of colorless crystal product. This product was 25 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 4- (3', 4', 5' -trifluoro)biphenyl-- (4-propyl)benzoate obtained by the procedures mentioned above and 23.0 g (56.9 30 mmol) of Lawesson's reagent were dissolved in 350 ml of toluene, 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 lSO ml of toluene. Organic layers were mixed, 

5 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 

v10 crystalline mixture. 

Concentrated 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 6.3 g of 

yellow needle-like crystal product. This product was 4-propyl-

15 phenylcarbothio acid-0-4-(3',4',S'-trifluoro)biphenyl. 

20 

In a 100 ml egg-plant type flask provided with a nitrogen 

g~s introducing pipe, 6.3 g (16.3 mmol) of 4-propylphenyl­

carbothio acid-0-4-(3',4',S'-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 SO ml of water, the 

dichloromethane layer was separated, and the water layer was 

further extracted with 50 ml of dichloromethane. Extracted 

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

saturated aqueous solution of sodium hydrogencarbonate, and so 

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

and then concentrated under a reduced pressure to obtain 5.9 g 

of colorless crystal product. Reaction product was purified by 

30 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'-trifluoro­
biphenyl)oxy]methane. 

Following compounds can be prepared according to the 
5 preparation method mentioned above by using 4-alkylbenzoic acids 

having a different alkyl chain in place of 4-propylbenzoic acid: 

10 

Difluoro-(4-methylphenyl)-[4-(3',4',5'-trifluorobiphenyl} 
oxy]methane 

Difluoro-(4-ethylphenyl)-[4-(3',4',5'-trifluorobiphenyl) 
oxy]methane 

Difluoro- ( 4-butylphenyl) - [ 4- ( 3' , 4' ., 5' -trifluorobiphenyl) 
oxylmethane 

Difluoro-(4-pentylphenyl)-[4-(3',4',5'-trifluorobiphenyl) 
oxy]methane 

15 Difluoro-(4-hexylphenyl)-[4-(3',4',5'-trifluorobiphenyl) 

20 

25 

oxy]methane 

Difluoro-(4-heptylphenyl)-[4-(3',4',5'-trifluorobiphenyl) 
oxy]methane 

Difluoro-(4-octylphenyl)-[4-(3',4',5'-trifluorobiphenyl) 
oxy]methane 

Difluoro-(4-nonylphenyl)-[4-(3',4',5'-trifluorobiphenyl) 
oxy]methane 

Difluoro-(4-decylphenyl)-[4-(3',4',5'-trifluorobiphenyl} 
oxy)methane 

Also, the following compounds can be prepared according to 
the preparation method mentioned above by using.several known 
phenol derivatives in place of 4-(3,4,5-trifluorophenyl)phenol: 
Difluoro-(4-ethylphenyl)-[4-(4'-difluoromethoxybiphenyl) 
oxy]methane 

30 Difluoro-(4-propylphenyl)-[4-(4'-difluoromethoxybiphenyl) 
oxy]methane 
Difluoro-(4-butylphenyl)-[4-(4'-difluoromethoxybiphenyl) 
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oxy]methane 

Difluoro-(4-pentylphenyl)-(4-(4'-difluoromethoxybiphenyl) 
oxy]methane 

Difluoro-(4-ethylphenyl)-[4-(4'~trifluoromethylbiphenyl) 

5 oxy]methane 

10 

Difluoro-(4-propylphenyl)-[4-(4'-trifluoromethylbiphenyl) 
oxy]methane 

Difluoro-(4-butylphenyl)-[4-(4'-trifluoromethylbiphenyl) 
oxy]methane 

Difluoro-(4-pe~tylphenyl)-[4-(4'-trifluoromethylbiphenyl) 

oxy]methane 

Difluoro-(4-ethylphenyl)-(4-(4'-trifluoromethoxybiphenyl) 
oxy]methane 

Difluoro-(4-propylphenyl)-(4-(4'-trifluoromethoxybiphenyl) 
15 oxy]methane 

Difluoro-(4-butylphenyl)-(4-(4'-trifl~oromethoxybiphenyl) 

oxy]inethane 

Difluoro-(4-pentylphenyl)-(4-(4'-trifluoromethoxybiphenyl) 
oxy]methane 

20 Difluoro-(4-ethylphenyl)-(4-(4'-cyanobiphenyl)oxy]methane 
Difluoro-(4-propylphenyl)-[4-(4'-cyanobiphenyl)oxy]methane 

v Difluoro- (4-butylphenyl.)-(4-(4 •-cyanobiphenyl)oxy]methane 
Difluoro-(4-pentylphenyl)-[4-(4'-cyanobiphenyl)oxy]methane 
Difluoro-(4-ethylphenyl)-[4-(3'-fluoro-4'-trifluoromethoxy-

25 biphenyl)oxy]methane 

Difluoro-(4-propylphenyl)-[4-(3'-fluoro-4'-trifluoromethoxy­
biphenyl)oxy]methane 

Difluoro-(4-butylphenyl)-[4-(3'-fluoro-4'-trifluoromethoxy­
biphenyl)oxy]methane 

30 Difluoro-(4-pentylphenyl)-[4-(3'-fluoro-4'-trifluoromethoxy-
biphenyl)oxy]methane 

Difluoro-(4-ethylphenyl)-[4-(3'-fluoro-4'-difluoromethoxy-
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biphenyl)oxy]methane 

Difluoro-(4-propylphenyl)-[4-(3'-fluoro-4'-difluoromethoxy­

biphenyl)oxy]methane 

Difluoro-(4-butylphenyl)-[4-(3'-fluoro-4'-difluoromethoxy-

5 biphenyl)oxy]methane 

10 

Difluoro-(4-pentylphenyl)-[4-(3'-fluoro-4'-difluoromethoxy­

biphenyl)oxy]methane 

Difluoro-(4-ethylphenyl)-[4-(3'-fluoro-4'-trifluoromethyl­

biphenyl)oxy]methane 

Difluoro-(4-propylphenyl)-[4-(3'-fluoro-4'-trifluoromethyl­

biphenyl)oxy]methane 

Difluoro-(4-butylphenyl)-[4-(3'-fluoro-4'-trifluoromethyl­

biphenyl)oxy]methane 

Difluoro-(4-pentylphenyl)-[4-(3'-fluoro-4'-trifluoromethyl-

15 biphenyl)oxy]methane 

'20 

Difluoro-(4-ethylphenyl)-[4-(3'-fluoro-4'-cyanobiphenyl) 

oxy]methane 

Difluoro- (4-propylphenyl) - [4- _(3' -fluoro-4' -cyanobiphenyl) 

oxy]methane 

Difluoro-(4-butylp!ienyl)-[4-(3'-fluoro-4'-cyanobiphenyl) 

oxy]methane 

Difluoro-(4-pentylphenyl)-[4-(3'-fluoro-4'-cyanobiphenyl) 

oxy]methane 

Difluoro-(4.:...ethylphenyl)-[4-{3',5'-difluoro-4'-trifluoromethoxy-

25 biphenyl)oxy]methane 

Difluoro-(4-propylphenyl)-[4-(3',5'-difluoro-4'-trifluoro­

methoxybiphenyl)o~]methane 

Difluoro-(4-butylpheny1)~[4-(3',5'-difluoro-4'-trifluoromethoxy­

biphenyl)oxy]methane 

30 Difluoro-(4-pentylphenyl)-[4-(3',5'-di°fluoro-4'-trifluoro-

methoxybiphenyl)oxy]methane 

Difluoro-(4-ethylphenyl)-[4-(3',5'-difluoro-4,.-difluoromethoxy-
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biphenyl}oxy]methane 

Difluoro-(4-propylphenyl}-[4-(3',5'-difluoro-4 1 -difluoromethoxy­

biphenyl}oxy]methane 

Difluoro- (4-butylphenyl)-.[4- (3', 5' -difluoro-4' -difluoromethoxy-

5 biphenyl)oxy]methane 

10 

Difluoro-(4-pentylphenyl)-[4-(3',5'-difluoro-4'-difluoromethoxy­

biphenyl)oxy]methane 

Difluoro~(4-ethylphenyl)-[4-(3',5'-difluoro-4'-trifluoromethyl­

biphenyl)oxy]methane 

Difluoro-(4-propylphenyl)-[4-(3',S'~difluoro-4'-trifluoromethyl-

biphenyl}oxy]metharte 

Difluoro-(4-butylphenyl)-[4-(3',5'-difluoro-4'-trifluoromethyl­

biphenyl)oxy]methane 

Difluoro-(4-pentylphenyl)-[4-(3',5'-difluoro-4'-trifluoromethyl-

15 biphenyl)oxy]methane 

Difluoro-(4-ethylphenyl)-[4-(3',5'-difluoro-4'~ 

cyanobiphenyl)oxy]methane 

Difluoro-(4-propylphenyl)-(4-(3',5'-difluoro-4'­

cyanobiphenyl)oxyJmethane 

20 Difluoro-(4-butylphenyl)-[4~(3',5'-difluoro-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'-

25 trifluoromethoxybiphenyl)oxy]methane 

Difluoro-(2-fluoro-4-propylphenyl)-[4-(3',5'-difluoro-4'­

trifluoromethoxybiphenyl)oxy]methane 

Difluoro-(2-fluoro-4-butylphenyl}-[4-(3',5'-difluoro-4'­

trifluoromethoxybiphenyl)oxy]methane 

30 Difluoro-(2-fluoro-4-pentylpheny1)~[4-(3',5'-difluoro-4'-

trifluoromethoxybiphenyl)oxy]methane 

Difluoro-{2-fluoro-4-ethylphenyl)-[4-(3',5'-difluoro-4'-
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difluoromethoxybiphenyl)oxy)methane 
Difluoro-(2-fluoro-4-propylphenyl)-(4-(3',5'-difluoro-4'­
difluoromethoxybiphenyl)oxy]methane 
Difluoro-(2-fluoro-4-butylphenyl)-(4-(3',5'-difluoro-4'-

5 difluoromethoxybiphenyl)oxy]methane 

10 

Difluoro-(2-fluoro-4-pentylphenyl)-[4-(3',5'-difluoro-4'­
difluoromethoxybiphenyl)oxy]methane 
Difluoro-(2-fluoro-4-ethylphenyl)-(4-(3';5'-difluoro-4'­
trifluoromethylbiphenyl)oxy]methane 
Difluoro-(2-fluoro-4-propylphenyl)-[4-(3',5'-difluoro-4'-
trifluoromethylbiphenyl)oxy]methane 
Difluoro-(2-fluoro-4-butylphenyl)-[4-(3',5'-difluoro-4'­
trifluoromethylbiphenyl)oxy]methane 
Difluoro-(2-fluoro-4-pentylphenyl)-[4-(3',5'-difluoro-4'-

15 trifluoromethylbiphenyl)oxy)methane 
Difluoro-(2-fluor9-4-ethylphenyl)-[4-(3',4',5'-trifluoro­
biphenyl}oxy]methane 
Difluoro-(2-fluoro-4-propylphenyl)-[4-(3',4',5'-trifluoro­
biphenyl}oxyJmethane 

20 Difluoro- (2-fluoro-4-butylphenyl) - [4- (3', 4', 5' -trifluoro­
biphenyl) oxy]methane 
Difluoro-(2-fluoro-4-pentylphenyl)-(4-(3',4',5'-trifluoro­
biphenyl)oxy]methane 
Difluoro-(2-fluoro-4-ethylphenyl)-[4-(3',5'-difluoro-4'-

25 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-4'­
cyanobiphenyl)oxy]methane 

30 Difluoro- (2-fluoro-4-pe.ntylphenyl)..:. [4- (3', 5' -difluoro-4 ' -
cyanobiphenyl) oxy]methane 
Difluoro-(2,6-difluoro-4-ethylphenyl)-[4-(3',5'-difluoro-4'-
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trifluorornethoxybiphenyl)oxy]rnethane 
Difluoro-(2,6-difluoro-4-propylphenyl)-[4-(3',5'-difluoro-4'­
trifluorornethoxybiphenyl)oxy]rnethane 
Difluoro-(2,6-difluoro-4-butylphenyl)-[4-(3',5'-difluoro-4'-

5 trifluorornethoxybiphenyl)oxy]rnethane 

10 
\.._.;·· 

Difluoro-(2,6-difluoro-4-pentylphenyl)-[4-(3',5'-difluoro-4'­
trifluorornethoxybiphenyl)oxy]methane 
Difluoro-(2,6-difluoro-4-ethylphenyl)-[4-(3',5'-difluoro-4'­
difluoromethoxybiphenyl)oxy]rnethane 
Difluoro-(2,6-difluoro-4-propylphenyl)-[4-(3',5'-difluoro-4'-
difluorornethoxybiphenyl)oxy]methane 
Difluoro-(2,6-difluoro-4-butylphenyl)-[4-(3',5'-difluoro-4'­
difluorornethoxybiphenyl)oxy]methane 
Difluoro-(2,6-difluoro-4-pentylphenyl)-[4-(3.',5'-difluoro-4'-

15 difluoromethoxybiphenyl)oxy]rnethane 
Difluoro-(2,6-difluoro-4-ethylphenyl)-[4-(3',5'-difluoro-4'-
trifluorornethylbiphenyl)oxy]rnethane 
Difluoro-(2,6....:difluoro-4-propylphenyl)-[4-(3',5'-difluoro-4'­
trifluoromethylbiphenyl)oxy]methane 

20 Difluoro-(2,6-difluoro-4-butylphenyl)-[4-(3',5'-difluoro-4'-
trifluorornethylbiphenyl)oxy]rnethane 
Difluoro-(2, 6-difluoro-4-pentylphenyl)-[4-(3',5'-difluoro-4'­
trifluorornethylbiphenyl)oxy]rnethane 
Difluoro- (2, 6-difluoro-4-ethylphenyl)- [4-(3 ··, 4 ·, 5 '-trifluoro-

25 biphenyl)oxy]rnethane. 

Difluoro-(2,6-difluoro-4-propylphenyl)-[4-(3',4',5'-trifluoro­
biphenyl)oxy]methane 

Difluoro-(2,6-difluoro-4-butylphenyl)-[4-(3',4',5'-trifluoro.,­
biphenyl)oxy]methane 

· 30 Difluoro-(2,6-difluoro-4-pentylphenyl)-[4-(3',4',5'-trifluoro-
biphenyl)oxy]rnethane 
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Difluoro-(2, 6-difluoro-4-ethylphenyl)-[4-(3',5'-difluoro-4'­

cyanobiphenyl)oxy]methane 

Difluoro- (2, 6-difluoro-4-propylphenyl) -·[4- (3', 5' -difluoro-4' -

cyanobiphenyl)oxy]methane 

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

10 

cyanobiphenyl)oxy]methane 

Difluoro-(2,6-difluoro-4-pentylphenyl)~[4-(3',5'-difluoro-4'­

cyanobiphenyl)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 = C3H7 , Q = m = 0, n = 1, ring AJ is 

1,4-phenylene group, z1 and Z2 are covalent bond, Z3 = -CH2CH2-, 

Li = L2 = H, LJ = L4 = F,and X = F) 

15 1) Preparation of 4-(2-(3,4,5-trifluorophenyl)ethyl]phenol 

20 

v 

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

ethyl]phenol 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, arid cooling pipe, 2.7 g (108.9 mmol) of magnesium 

turnings were added, and then a solution of 21.8 g (103.7 mmol) 

of 3,4,5-trifluorobromobenzene in 30 ml of THF was added 

dropwise 'in 25 min so that the internal temperature was 

25 maintained at so·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 500 ml three neck distillation flask provided with a 

stirrer, thermometer, nitrogen gas introducing pipe, dropping 

30 funnel, and a cooling pipe, separately provided for, 13.4 g 
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(86.4 rnmol) of phenyl acetic acid chloride was dissolved in 200 

ml of THF. Solution was cooled down to o·c while stirring, 

added with 1.1 g (3.1 mm.ol) of iron (III) acetyl acetonate, and 

added further with the Grignard reagent prepared by the 

5 procedures mentioned above in 40 min while maintaining o·c. 

10 
\. .... i 

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 ml X 2 of water, 100 ml of-saturated 

aqueous solution of sodium hydrogencarbonate, and 200 ml 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 

15 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 1oo·c under a hydrogen pressure of 100 

20 Kg/cm2 for 13 hours. From the reaction solution, catalyst was 

filtered off, and the solution was concentrated under a reduced 

25 

pressure to obtain 17.2 g of reaction product. 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]benzene. 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 mm.ol) of 4-[2-(3,4,5-trifluoro­

phenyl)ethyl]phenol was prepared. 

2) Preparation of difluoro-(4-propylphenyl)- {4-[2-(3;4,5-

30 trifluorophenyl)ethyl]phenyloxy} methane 

In a 500 ml three neck distillation flask provided with a 
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stirrer, thermometer, dropping 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 dichloromethane, and then a solution of 

5 10.8 g (43.1 mmol) of 4-[2-(3,4,5-trifluorophenyl)ethyl]phenol 
in SO ml of dichloromethane was added dropwise at room 
temperature in 15 min while 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 

10 
\._./ 

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 ml X 2 of water, 100 ml of 
saturated aqueous solution of sodium hydrogencarbonate, and 100 

15 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 reaction product was purified by a 
chromatograhy using silica gel as filler and using toluene.as 
deve~oping solvent, and further recrystallized from a mixed 

20 solvent of heptane-ethanol to obtain 11.4 g of colorless crystal 
product. This product was 4-£2-(3,4,5-trifluorophenyl) 

\...J ethyl]phenyl-(4-propyl)benzoate. 
Subsequently, in a 1000 ml egg-plant type flask provided 

with a nitrogen gas introducing pipe and cooling pipe, 11.4 g 
25 (28.7 mmol) of 4-[2-(3,4,5-trifluorophenyl)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 

30 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 aqueous solution of sodium hydrogencarbonate, 100 ml 
of 10 % aqueous solution of sodium hydrogensulfite, and 200 ml X 

5 2 of water in turn, dried over anhydrous :tnagnesium 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 using silica gel as filler and using 
heptane as developing solvent, and then recrystallized from 

\.._,; 10 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 provided with a nitrogen 
gas introducing pipe, 5.5 g (13.3 mmol) of 4-propylphenyl-

15 carbothio acid-0-4-(2-(3,4,5-trifluorophenyl)ethyl]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 

20 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 
25 _concentrated under a reduced pressure to obtain 5.5 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 
heptane to obtain 1.1 g of colorless needle-like crystal 

30 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) 

5 ethyl]phenyloxy} methane 

10 

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

ethyl]phenyloxy} methane 

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

ethyl]phenyloxy} methane 

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

ethyl]phenyloxy} methane 

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

ethyl] phenyloxy} methane 

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

15 ethyl]phenyloxy} methane 

20 

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

ethyl]phenyloxy} methane 

Difluoro-(4-nonylphenyl)- {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 mentioned above by using several phenol 

derivatives which can be prepared by the procedures in 1) above 

25 in place of 4-(2-(3,4,5-trifluorophenyl)ethyl]phenol: 

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

ethyl] phenyloxy} methane 
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Difluoro-(4-propylphenyl)- {4-[2-(4-difluoromethoxyphenyl) 
ethyl]phenyloxy} methane 

Difluoro-(4-butylphenyl)- {4-[2-(4-difluoromethoxyphenyl) 
ethyl J phenyloxy} methane 

5 Difluoro-(4-pentylphenyl)- {4~[2-(4-difluoromethoxyphenyl} 
ethyl] phenyloxy} methane 

10 

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

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

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

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

15 Difluoro-{4-ethylphenyl)- {4-[2-(4-trifluoromethoxyphenyl) 
ethyl]phenyloxy} methane 

Difluoro-(4-propylphenyl}- {4-[2-(4-trifluoromethoxy­
phenyl}ethyl]phenyloxy} methane 

Difluoro-(4-butylphenyl)- {4-[2-(4-trifluoromethoxyphenyl) 
20 ethyl]phenyloxy} methane 

Difluoro-(4-pentylphenyl)- {4-[2-{4-trifluoromethoxy­
phenyl) ethyl J phenyloxy} methane 

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

25 Difluoro-(4-propylphenyl)- {4-[2-(4-cyanophenyl}ethyl)phenyloxy} 
methane 
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Difluoro-{4-butylphenyl)- {4-[2-(4-cyanophenyl)ethyl]phenyloxy} 
methane 

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

methane 

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

phenyl)ethyl]phenyloxy} methane 

10 

Difluoro- {4-propylphenyl)- {4- (2- {3_-fluoro-4-trifluoromethoxy­

phenyl) ethyl]phenyloxy} methane . 

Difluoro-{4-butylphenyl)- {4-[2-{3-fluoro-4-trifluoromethoxy­

phenyl) ethyl] phenyloxy} methane 

Difluoro-{4-pentylphenyl)- {4-[2-{3-fluoro-4-trifluoromethoxy­

phenyl) ethyl]phenyloxy} methane 

Difluoro-(4-ethylphenyl)- {4-[2-(3-fluoro-4-difluoromethoxy­

phenyl) ethyl]phenyloxir} methane 

15 Difluoro-{4-propylphenyl)- {4-[2-{3-fluoro-4-difluoromethoxy­

phenyl)ethyl]phenyloxy} methane 

20 

Difluoro-{4-butylphenyl)- {4-[2-{3-fluoro-4-difluoromethoxy-

phenyl}ethyl]phenyloxy} methane 

Difluoro-{4-pentylphenyl)- {4-[2-{3-fluoro-4-difluoromethoxy-

phenyl) ethyl] phenyloxy} methane. 

Difluoro-{4-ethylphenyl)- {4-[2-{3-fluoro-4-trifluoromethyl­

phenyl) ethyl]phenyloxy} methane 

Difluoro-{4-propylphenyl)- {4-[2-(3-fluoro-4-trifluoromethyl­

phenyl) ethyl]phenyloxy} methane 

25 Difluoro-{4-butylphenyl)- {4-[2-{3-fluoro-4-trifluoromethyl-

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

phenyl) ethyl]phenyloxy} methane 

Difluoro-(4-ethylphenyl)- {4-[2-(3-fluoro-4-cyanophenyl) 

ethyl]phenyloxy} methane 

5 Difluoro-(4-propylphenyl)- {4-[2-(3-fluoro-4-cyanophenyl) 

ethyl]phenyloxy} methane 

10 

Difluoro-(4-butylphenyl)- {4-[2-(3-fluoro-4-cyanophenyl) 

ethyl]phenyloxy} methane 

Difluoro-(4-pentylphenyl)~ {4-[2-(3-fluoro-4-cyanophenyl) 

ethyl]phenyloxy} methane 

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 

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

phenyl) ethyl]phenyloxy} methane 

20 

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

methoxyphenyl)ethyl]phenyloxy} methane 

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

phenyl) ethyl]phenyloxy} methane . 

Difluoro-(4~propylphenyl)- {4-[2-(3,5-difluoro-4-difluoromethoxy­

phenyl)ethyl]phenyloxy} methane 

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

phenyl) ethyl]phenyloxy} methane 

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

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

phenyl) ethyl]phenyloxy} methane 

Difluoro-(4-propylphenyl)- -{4-[2-(3,5-difluoro-4-trifluoromethyl­

phenyl)ethyl]phenyloxy} methane 

5 D~fluoro-(4-butylphenyl)- {4-[2-(3,5-difluoro-4-trifluoromethyl-

10 

- phenyl) ethyl]phenyloxy} methane 

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

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

cyanophenyl)ethyl]phenyloxy} methane 

15 Difluoro-(4-pentylphenyl}- {4-[2-(3,5-difluoro-4-

cyanophenyl) ethyl] pheriyloxy} methane 

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

0 trifluoromethoxyphenyl) ethyl]phenyloxy} methane 

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

20 trifluoromethoxyphenyl) ethyl]phenyloxy} methane 

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

trifluoromethoxyphenyl)ethyl]phenyloxy} methane 

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

trifluoromethoxyphenyl)ethyl]phenyloxy} methane 

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

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

difluoromethoxyphenyl} ethyl]phenyloxy} methane 

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

difluoromethoxyphenyl}ethyl]phenyloxy} methane 

5 Difluoro-{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-pr~pylphenyl)- {4-[2-(3,5-difluoro-4-

10 

15 

trifluoromethylphenyl)ethyl]phenyloxy} methane 

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

trifluoromethylphenyl}ethyl]phenyloxy} methane 

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

trifluoromethylphenyl}ethyl]phenyloxy} methane 

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

tri f luorophenyl} ethyl] phenyloxy} methane 

Difluoro-{2-fluoro-4-propylphenyl}- {4-[2-(3,4,5-trifluoro~ 

phenyl}ethyl]phenyloxy} methane 

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

20 phenyl) ethyl]phenyloxy} methane 

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

phenyl) ethyl]phenyloxy} methane 

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

cyanophenyl}ethyl]phenyloxy} methane 

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

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

cyanophenyl)ethyl]phenyloxy} methane 

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

cyanophenyl) ethyl] phenyloxy} methane 

5 Difluoro- (2, 6-difluoro-4-ethylphenyl) - {4- [2.:...(3, 5-diflU:oro-4-

trifluoromethoxyphenyl) ethyl] phenyloxy} methane 

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

trifluoromethoxyphenyl)ethyl]phenyloxy} methane 

10 

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

tri f luoromethoxyphenyl) ethyl] phenyloxy} methane 

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

trifluoromethoxyphenyl)ethyl]phenyloxy} methane 

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

difluoromethoxyphenyl)ethyl]phenyloxy} methane 

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

difluoromethoxyphenyl)ethyl]phenyloxy} methane 

20 

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

difluoromethoxyphenyl)ethyl]phenyloxy} methane 

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

dif luoromethoxyphenyl) ethyl] phenyloxy} methane 

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

trifluoromethylphenyl)ethyl]phenyloxy} methane 

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

trifluoromethylphenyl)ethyl]phenyloxy} methane 

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

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

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

5 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-trifluoro­
phenyl) ethyl]phenyloxy} methane 

10 

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

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

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

15 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-difluoro-4-
cyanophenyl)ethyljphenyloxy} methane 

Example 8 

20 Preparation of difluoro-(4-propylphenyl)- {4-[difluoro-(4-
trifuoromethoxyphenyloxy)methyl]phenyloxy} methane (Compound 

expressed by the formula (I) wherein R = C3H7 ,· .0 = 1, m = n = 0, 

ring Ai is 1,4-phenylene group, Zi = -CF20-, Z2 and Z3 are 
covalent bond, Li, L2, L3, and L4 are hydrogen atom, and X = 

25 OCF3) 

1) Preparation of 4-[difluoro-(4-propylphenyl)methyloxy]benzoic 
acid 
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By the following procedures, 4-[difluoro-(4-propylphenyl) 
methyloxy]benzoic acid was prepared which is a raw material for 
the preparation of the subject compoilnds of this Example. 

It was prepared by using difluoro-(4-propylphenyl)-(4-
5 cyanophenyloxy)methane (prepared in Example 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-propylphenyl}-(4-cyanophenyloxy)methane and 7.3 g 

10 •("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 
aqueous solution of hydrochloric acid. Precipitated insoluble 

15 matter was filtered.off, and the precipitate was washed with 
water, dried under a reduced pressure, and further 
recrystallized from a mixed solvent of toluene-heptane to obtain 
14.3 g of colorless crystal product. This product was 4-[difluo 
ro-(4-propylphenyl)methyloxy]benzoic acid. 

20 2} Preparation of difluoro-(4-propylphenyl}- {4-[difluoro-(4-

trifluoromethoxyphenylo~)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-

25 propylphenyl}methyloxy]benzoic acid, 11.5 g (55.7 mmol) of DCC, 
and 0 . 2 g ( 1. 7 mmol} of DMAP were dissolved in 2 s·o 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 

30 20 hours. After the reaction solution was ~dded 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 ml X 2 of water, 100 ml of 
saturated aqueous solution of sodium hydrogencarbonate, and 100 5 ml X 2 of water .in turn, dried over anhydrous magnesium sulfate, 
and then concentrated under a reduced pressure to obtain·25.4 g of reaction product. The reaction product was purified by a 
chromatograhy using silica gel as filler and. using toluene as developing solvent, and further recrystallized from a mixed . 10 v solvent of heptane-ethanol to obtain 21.8 g of colorless crystal 
product. This product was 4-trifluoromethoxyphenyl- {4-
[difluoro- (4-propylphenyl)methyloxy)benzoate. 

Subsequently, in a 1000 ml egg-plant type flask provided with a nitrogen gas introducing pipe and co9ling pipe, 21.8 g 
15 {46.8 mmol) of 4-trifluoromethoxyphenyl- {4-[difluoro-(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 while stirring under nitrogen gas stream for 60 hours. After 20 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 hydrog~ncarbonate, . 25 100 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 30 as filler and using heptane as developing solvent, and then recrystallized from heptane to obtain 8.9 g of yellow needle-
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like crystal product. This product was 4-[difluoro-(4-propylphe 
nyl)methyloxy]phenylcarbothio acid-0-(4-trifluorometho.xy)phenyl. 

In a 100" ml egg-plant type flask provided with a nitrogen 
gas introducing pipe, 8.9 g (18.4 mrnol) of 4-[difluoro-(4-

5 propylphenyl)methyloxy]phenylcarbothio acid-0-(4-trifluoro­
methoxy)phenyl was dissolved in 50 ml of dichloromethane at room 
temperature, and then 8.9 g (55.3 rnrnol) 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 

10 

0 
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 aqu.eous solution of sodium hydrogencarbonate, and 50 
ml X 2 of water in turn, dried over anhydrous magnesium sulfate, 

15 and then concentrated under a reduced pressure to obtain 8.5 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 
heptane to obtain 1.9 g of colorless needle-like crystal 

20 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 above by using 4-[difluoro(4-
alkylphenyl)methyloxy]benzoic acid having a different alkyl 

25 chain in place of 4-[difluoro(4-propylphenyl)methyloxy]benzoic 
acid: 

Difluoro-(4-methylphenyl)- {4~(difluoro-(4-trifluoromethoxy­
phenyloxy)methyl]phenyloxy} methane 

Difluoro-(4-ethylphenyl)- {4-[difluoro-(4-trifluoromethoxy-
30 phenyloxy)methyl]phenyloxy} methane 
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Difluoro-(4-butylphenyl)- {4-[difluoro-(4-trifluoromethoxyphenyl­

oxy)me_thyl]phenyloxy} methane 

Difluoro-(4-pentylphenyl)- {4-[difluoro-(4-trifluoromethoxy­

phenyloxy)methyl]phenyloxy} methane 

5 Difluoro-(4-hexylphenyl)- {4-[difluoro-(4-trifluoromethoxyphenyl­

oxy)methyl]phenyloxy} methane 

10 

15 

20 

Difluoro-(4-heptylphenyl)- {4-[difluoro-(4-trifluoromethoxy­

phenyloxy)methyl]phenyloxy} methane 

Difluoro-(4-octylphenyl)- {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) methyl ].phenyloxy} methane 

Also", the following compounds can be prepared according to 

the preparation method m~ntioned above by using several known 

phenol derivatives in place of (4-trifluoromethoxy)phenol: 

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

oxy)methyl]phenyloxy} methane 

Difluoro-(4-propylphenyl)- {4-[difluoro-(4-difluoromethoxyphenyl­

oxy)methyl]phenyloxy} methane 

Difluoro-(4-butylphenyl)- {4-[difluoro-(4-difluorornethoxyphenyl­

oxy)methyl]phenyloxy} methane 

Difluoro-{4-pentylphenyl)- {4-[difluoro-(4-difluoromethoxyphenyl-

25 oxy).methyl]pheriyloxy} methane 

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

oxy) methyl J phenyloxy} methane 
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Difluoro-(4-propylphenyl)- {4-[difluoro-(4-trifluoromethylphenyl­
oxy)methyl]phenyloxy} methane 

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

5 Difluoro-(4-pentylphenyl)- {4-[difluoro-(4-trifluoromethylphenyl­
oxy)methyl]phenyloxy} methane 

10 

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

Difluoro-(4-propylphenyl)- {4-[difluoro-(3,4,5-trifluorophenyl­
oxy)methyl]phenyloxy} methane 

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

methyl]phenyloxy} methane 

Difluoro-(4-pentylphenyl)- {4-[difluoro~(3,4,5-trifluorophenyl­

oxy)methyl]phenyloxy} methane 

15 Difluoro-(4-ethylphenyl} - {4- [di.fluoro- (4-cyanophenyloxy) 

·methyl] phenyloxy} methane 

Difluoro-(4~propylphenyl)- {4-[difluoro-(4-cyanophenyloxy) 

v methyl]phenyloxy} methane 

Difluoro-(4-butylphenyl)- {4-[difluoro-(4-cyanophenyloxy} 
20 methyl]phenyloxy} methane 

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

methyl J phenyloxy} methane 

Difluoro-(4-ethylphenyl}- {4-[difluoro-{3-fluoro-4-trifluoro­

methoxyphenyloxy)methyl]phenyloxy} methane 

25 Difluoro-(4-propylphenyl)- {4-[difluoro-(3-fluoro-4-trifluoro­

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

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

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

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

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

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

Difluoro-(4-ethylphenyl)- {4-[difluoro-{3-fluoro-4-trifluoro­
methylphenyloxy)methyl)phenyloxy} methane 

15 Difluoro-(4-propylphenyl)- {4-[difluoro-{3-fluoro-4-trifluoro­
methylphenyloxy)methyl)phenyloxy} methane 

Difluoro-{4-butylphenyl)- {4-[difluoro-(3-fluoro-4-trifluoro-
\_.; methylphenyloxy)methyl]phenyloxy} methane 

Difluoro-(4-pentylphenyl)- {4-[difluoro-{3-fluoro-4-trifluoro-
20 methylphenyloxy)methyl]phenyloxy} ~ethane 

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

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

25 Difluoro-(4-butylphenyl)- {4-[difluoro-(3-fluoro-4-cyanophenyl­
oxy)rnethylJphenyloxy} methane 
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Difluoro-(4-pentylphenyl)- {4-[difluoro-(3-fluoro-4-cyanophenyl­

oxy)methyl]phenyloxy} methane 

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

methoxyphenyloxy)methyl]phenyloxy} methane 

5 Difluoro-(4-propylphenyl)- {4-[difluoro-(3,5-difluoro-4-

trifluoromethoxyphenyloxy)methyl]phenyloxy} methane 

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

methoxyphenyloxy)methyl]phenyloxy} methane 

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

10 trifluoromethoxyphenyloxy)methyl]phenyloxy} methane 

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

methoxyphenyloxy)methyl]phenyloxy} methane 

Difluoro-(4-propylphenyl)- {4-[difluoro-(3,5-difluoro-4--difiuoro­

methoxyphenyloxy)methyl]phenyloxy} methane 

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

methoxyphenyloxy)methyl]phenyloxy} methane 

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

methoxyphenyloxy)methyl]phenyloxy} methane 

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

20 methylphenyloxy)methyl]phenyloxy} methane 

Difluoro-(4-propylphenyl)- {4-[difluoro-(3,5-difluoro-4-

trifluoromethylphenyloxy)methyl]phenyloxy} methane 

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

methylphenyloxy)methyl]phenyloxy} methane 

25 Difluoro-(4-pentylphenyl)~ {4-[difluoro-(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-

cyanophenyloxy)methyl]phenyloxy} methane 

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

cyanophenyloxy)methyl]phenyloxy} methane 

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

cyanophenyloxy)methyl]phenyloxy} methane 

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

10 trifluoromethoxyphenyloxy)methyl]phenyloxy} methane 

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

trifluoromethoxyphenyloxy)methyl]phenyloxy} methane 

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

trifluoromethoxyphenyloxy)methyl]phenyloxy} methane 

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

trifluoromethoxyphenyloxy)methyl]phenyloxy} methane 

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

v· 

20 

difluoromethoxyphenyloxy)methyl]phenyloxy} methane 

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

difluoromethoxyphenyloxy)methyl]phenyloxy} 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-

difluoromethoxyphenyloxy)methyl]phenyloxy} methane 

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

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

trifluoromethylphenyloxy)methyl]phenyloxy} methane 

Difluor9- (2-fluoro-4-b~tylphenyl) - {4- [difluoro- (3, 5-difluoro-4- · 

trifluoromethylphenyloxy)methyl]phenyloxy} methane 

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

trifluoromethylphenyloxy)methyl]phenyloxy} methane 

Difluoro-(2-fluoro-4-ethy~phenyl)- {4-[difluoro-(3,4,5-

trifluorophenyloxy)methyl]phenyloxy} methane 

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

10 trifluorophenyloxy)methyl]phenyloXy} methane 

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

phenyloxy)methyl]phenyloxy} methane 

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

trifluorophenyloxy)methyl]phenyloxy} methane 

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

cyanophenyloxy)methyl]phenyloxy} methane 

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

\...._.,· cyanophenyloxy)methyl]phenyloxy} methane 

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

20 cyanophenyloxy)methyl]phenyloxy} methane 

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

cyanophenyloxy)methyl]phenyloxy} methane 

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

difluoro-4-trifluoromethoxyphenyloxy)methyl]phenyloxy} methane 

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

difluoro-4-trifluoromethoxyphenyloxy)methyl]phenyloxy} methane 
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Difluoro-(2,6-difluoro-4-butylphenyl)- {4-[difluoro-(3,5-

difluoro-4-trifluoromethoxyphenylox:Y)methyl]phenyloxy} methane 

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

difluoro-4-trifluoromethoxyphenyloxy)methyl]phenyloxy} methane 

5 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)me.thyl]phenyloxy} methane 

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

10 difluoro-4-difluoromethoxyphenyloxy)methyl]phenyloxy} methane 

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

difluoro-4-difluoromethoxyphenyloxy)methyl]phenyloxy} methane 

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

difluoro-4-trifluoromethylphenyloxy)methyl]phenyloxy} methane 

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

difluoro-4-trifluoromethylphenyloxy)methyl]phenyloxy} methane 

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

20 

difluoro-4-trifluoromethylphenyloxy)methyl]phenyloxy} methane 

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

difluoro-4-trifluoromethylphenyloxy)methyl]phenyloxy} methane 

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

trifluorophenyloxy)methyl]phenyloxy} methane 

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

trifluorophenyloxy)methyl]phenyloxy} methane 

25 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-

dif luoro-4-cyanophenyloxy) methyl] phenyloxy} methane 

5 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-cyanophenyloxy)methyl]phenyloxy} methane 

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

10 difluoro-4-cyanophenyloxy)methyl]phenyloxy} methane 

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

oxy) methyl] phenyloxy} methane 

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

oxy)methyl]phenyloxy} methane 

15 Difluoro-(difluoro-4-ethylphenyl)- {4-[difluoro-(4-butylphenyl­

oxy)methyl]phenyloxy} methane 

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

oxy)methyl]phenyloxy} methane 

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

20 oxy}methyl]phenyloxy} methane 

Difluoro-(difluoro-4-propylphenyl}- {4-[difluoro-(4-ethylphenyl­

oxy) methyl] phenyloxy} methane 

Difluoro-(difluoro-4-propylphenyl)- {4-[difluoro-(4-propylphenyl­

oxy)methyl]phenyloxy} methane 

25 Difluoro-(difluoro-4-propylphenyl)- {4-[difluoro-(4~butylphenyl­

oxy)methyl]phenyloxy} methane 
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Difluoro-{difluoro-4-propylphenyl)- {4-[difl~oro-(4-pentylphenyl­

oxy)methyl]phenyloxy} methane 

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

oxy}methyl]phenyloxy} methane 

5 Difluoro-{difluoro-4-butylphenyl}- {4-[difluoro-(4-ethylphenyl­

oxy} methyl] phenyloxy} methane 

Difluoro-(difluoro-4-butylphenyl)- {4-[difluoro-(4-propylphenyl­

oxy)methyl]phenyloxy} methane 

10 

Difluoro- _{difluoro-4-butylphenyl)- {4-[difluoro- (4-butylphenyl­

oxy} methyl J phenyloxy} methane 

Difluoro-{difluoro-4-butylphenyl)- {4-[difluoro-(4-pentylphenyl-

oxy}methyl]phenyloxy} methane 

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

oxy) methyl Jphenyloxy} methane 

15 Difluoro-{difluoro-4-pentylphenyl)- {4-[difluoro-(4-ethylphenyl­

oxy}methyl]phenyloxy} methane 

Difluoro-{difluoro-4-pentylphenyl)- {4-[difluoro-(4-propylphenyl­

oxy) methyl] phenyloxy} methane 

Difluoro-(difluoro-4-pentylphenyl)- {4-[difluoro-(4-butylphenyl-

20 oxy)methyl]phenyloxy} methane 

Difluoro-(difluoro-4-pentylphenyl)- {4-[difluoro-(4-pentylphenyl­

oxy)methyl]phenyloxy} methane 

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

oxy)methyl]phenyloxy} methane 

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

oxy)methyl]phenyloxy} methane 
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Difluoro-(difluoro-4-hexylphenyl)- {4-[difluoro-(4-propylphenyl­

oxy) methyl] phenyloxy} methane 

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

oxy}methyl]phenyloxy} methane 

5 Difluoro-(difluoro-4-hexyiphenyl)- {4-[difluoro-(4-pentylphenyl­

oxy) methyl] phenyloxy} methane 

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

oxy) methyl J phenyloxy} methane 

10 

15 

20 

Example 9 

Preparation of difluoro-(4-propylphenyloxy)- {4-[difluoro-(4-

pentylphenyloxy)methyl]phenyl} methane (Compound expressed by the 

formula (I) wherein R = C3H7, 4 = l, m = n = 0, ring Ai is 1,4~ 

phenylene group, Zi = -OCF2-, Z2 and Z3 are covalent bond, Li, L2, 

L3 , and L4 are hydrogen atom, and X = CsHii·> 

In a 1000 ml three neck distillation flask provided with a 

stirrer, dropping funnel, thermometer, and cooling pipe, 25.0 g 

(166.5 mm.ol) of 4-forlmylbenzoic acid, 41.2 g (199.8 mmol) of 

DCC, and 0.73 g {5.9 mm.ol) 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 

25 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 hydrogencarbonate, 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-propylphenyl-(4-formyl)benzoate. 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 

stirrer, 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 o·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 

15 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 concentrated under a reduced pressure to 

obtain 43.1 g of brown crystal product. Concentrated product 

20 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 

25 (123.9 mmol) of 4-propylphenyl-(4-carbox:y)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 room temperature, and then a 

solution of 24.4 g (148.7 mmol) of 4-pentylphenol in 100 ml of 

dichloromethane was a~ded dropwise at room temperature in 30 min 

30 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 

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

v 10 

15 

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 using 

silica g_el 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-

propylphenyl)-(4-pentylphenyl). 

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

with a nitrogen gas introducing pipe and cooling p~pe, 36.8 g 

(85.5 mmol) of terephthalic acid-(4-propylphenyl)-(4~pentyl­

phenyl) obtained by the procedures mentioned above and 138.3 g 

(341.9 mmol) of Lawesson's reagent were dissolved in 600 ml of 

20 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, 

25 washed with 300 ml X 2 of water, 300 ml of saturated aqueous 

solution of sodium hydrogencarbonate: 300 ml of 10 % aqueous 

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 

30 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 g of yellow needle­

like crystal of a derivative of dithiocaroxylic acid ester. 

In a 200 ml egg-plant type flask provided with a nitrogen 

5 gas introducing pipe, 19.8 g (42.7 mmol) of the derivative of 

dithiocarboxyic acid ester obtained 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. 

10 Reaction solution was added with 100 ml of water, the 

dichloromethane-layer was separated, and the water layer 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 

15 100 ml X 2 of ;water in turn, dried over anhydrous magnesium 

sulfate, and then concentrated under a reduced pressure to 

obtain 18.9 g of brown crystal product. Reaction product ~as 

purified by a column chromatography using silica gel as filler 

and using heptane as developing solvent, and then recrystallized 

20 ·from heptane to obtain 9.1 g of colorless needle-like crystal 

product:. This product was difluoro- (4-propylphenyloxy) - {4-

[difluoro (4-pentylphenyloxy)methyl]phenyl} methane. 

Following compounds can be prepared according to the 

preparation method mentioned above by using phenol derivatives 

25 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) 

30 methyl]phenyl} methane 
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Difluoro- (4-methylphenyloxy) - {4·- [difluoro- (4-propylphenyl­

oxy)methyl]phenyl} methane 

Difluoro-(4-methylphenyloxy)- {4-[difluoro-(4-butylphenyl­

oxy)methyl]phenyl} methane 

5 Difluoro-(4-methylphenyloxy)- {4-[difluoro-(4-pentylphenyl­

oxy}methyl]phenyl} methane 

10 

Difluoro-(4-methylphenyloxy)- {4-[difluoro-(4-hexylphenyl- . 

oxy)methyl]phenyl} methane 

Difluoro-(4-methylphenyloxy}- {4-[difluoro-(4-heptylphenyl­

oxy)methyl]phenyl} methane 

Difluoro-(4-methylphenyloxy)- {4-[difluoro-(4-octylphenyl­

oxy}methyl]phenyl} methane 

Difluoro-{4-methylphenyloxy)- {4-[difluoro-{4-nonylphenyl­

oxy)methyl]phenyl} methane 

15 Difluoro-{4-methylphenyloxy}- {4-[difluoro-(4-decylphenyl­

oxy) methyl] phenyl} methane 

Difluoro-{4-ethylphenyloxy}- {4-[difluoro-{4-ethylphenyl­

oxy}methyl]phenyl} methane 

Difluoro-(4-ethylphenyloxy}- {4-[difluoro-(4-propylphenyl-

20 oxy}methyl]phenyl} methane 

Difluoro-(4-ethylphenyloxy)- {4-[difluoro-{4-butylphenyl­

oxy)methyl]phenyl} methane 

Difluoro-(4-ethylphenyloxy}- {4-[difluoro-(4-pentylphenyl­

oxy)methyl]phenyl} .methane 

25 Difluoro-(4-ethylphenyloxy)- {4-[difluoro-(4-hexylphenyl­

oxy}methyl]phenyl} methane 
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Difluoro-(4-ethylphenyloxy)- {4-[difluoro-(4-heptylphenyl­

oxy)methyl]phenyl} methane 

Difluoro-(4-ethylphenyloxy)- {4-[difluoro-(4-octylphenyl­

oxy) methyl] phenyl} methane 

5 Difluoro-(4-ethylphenyloxy)- {4-[difluoro-(4-nonylphenyl­

oxy) me thy 1] phenyl} methane 

10 

Difluoro-(4-ethylphenyloxy)- {4-[difluoro-(4-decylphenyl­

oxy)methyl]phenyl} 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-propylphenyloxy)- {4-[difluoro-(4-hexylphenyl­

oxy) methyl] phenyl} methane 

15 Difluoro-(4-propylphenyloxy)- {4-[difluoro-(4-heptylphenyl­

oxy) methyl] phenyl} methane 

20 

Difluoro-{4-propylphenyloxy)- {4-[difluoro-(4-octylphenyl-

oxy) methyl J phenyl} methane 

Difluoro-(4-propylpheriyloxy)- {4-[difluoro-(4-nonylphenyl-

oxy)methyl]phenyl} methane 

Difluoro-(4-propylphenyloxy)- {4-[difluoro-(4-decylphenyl­

oxy)methyl]phenyl} methane 

Difluoro-(4-butylphenyloxy)- {4-[difluoro-(4-butylphenyl­

oxy)methyl]phenyl} methane 

25 Difluoro-(4-butylphenyloxy)- {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-heptylphenyl-

oxy) methyl] phenyl} methane 

5 Difluoro-(4-butylphenyloxy)- {4-[difluoro-{4-octylphenyl-

oxy)methyl]phenyl} methane 

Difluoro-(4-butylphenyloxy)- {4-[difluoro-(4-nonylphenyl-

oxy) methyl ]phenyl} methane 

v Difluoro-(4-butylphenyloxy)- {4-[difluoro-(4-decylphenyl-

10 oxy)methyl]phenyl} methane 

Difluoro-(4-pentylphenyloxy)- {4-[difluoro-(4-pentylphenyl-

oxy)methyl]phenyl} methane 

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

oxy)methyl]phenyl} methane 

15 Difluoro-(4-pentylphenyloxy)- {4-[difluoro-(4-heptylphenyl-

oxy)methyl]phenyl} methane 

Difluoro-(4-pentylphenyloxy)- {4-[difluoro-(4-octylphenyl-

oxy}methyl]phenyl} methane 

Difluoro-(4-pentylphenyloxy)- {4-[difluoro-{4-nonylphenyl-

20 oxy)methyl]phenyl} methane 

Difluoro-(4-pentylphenyloxy)- {4-[difluoro-(4-decylphenyl-

oxy)methyl]phenyi} methane 

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

oxy)methyl]phenyl} methane 

25 Difluoro-(4-hexylphenyloxy)- {4-[difluoro-(4-heptylphenyl-

oxy)methyl]phenyl} methane 
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Difluoro-{4-hexylphenyloxy)- {4-[difluoro-(4-octylphenyl-

oxy)methyl]phenyl} methane 

Difluoro-{4-hexylphertyloxy)- {4-(difluoro-{4-nonylphenyl-

oxy)methyl]phenyl} methane 

5 Difluoro-(4-hexylphenyloxy)- {4-[difluoro-{4-decylphenyl-

oXy) methyl] phenyl} methane 

Difluoro-(4-heptylphenyloxy)- {4-[difluoro-(4-heptylphenyl-

oxy)methyl]phenyl} methane 

\,_j Difluoro- ( 4-heptylphenyloxy)·- {4-[difluoro-{4-octylphenyl-

10 oxy)methyl]phenyl}methane 

Difluoro-(4-heptylphenyloxy)- {4-[difluoro-{4-nonylphenyl-

oxy) methyl] phenyl} methane 

Difluoro-{4-heptylphenyloxy)- {4-[difluoro-{4-decylphenyl-

oxy) methyl] phenyl} methane 

15 Difluoro-(4-octylphenyloxy)- {4-[difluoro-{4-octylphenyl-

oxy)methyl]phenyl} methane 

Difluoro-{4-octylphenyloxy)- {4-[difluoro-{4-nonylphenyl-

v oxy)methyl]phenyl} methane 

Difluoro-{4-octylphenyloxy)- {4-[difluoro-(4-decylphenyl-

20 oxy)methyl]phenyl} methane 

Difluoro-(4-nonylphenyloxy)- {4-[difluoro-{4-nonylphenyl-

oxy)methyl]phenyl} methane 

Difluoro-(4-nonylphenyloxy)- {4-[difluoro-{4-decylph~nyl-

oxy) methyl] phenyl} methane 

25 Difluoro-(4-decylphenyloxy)- {4-[difluoro-{4-decylphenyl-

oxy)methyl]phenyl} methane 
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Example 10 

Preparation of difluoro-(3,4,5-trifluorophenylox.Y>- {4-

[trans-4-(trans~4-~ropylcyclohexyl)cyclohexyl]phenyl} methane 

(Compound expressed by the formula (I) wherein R = C3H7, Q = m = 
5 1, n = 0, both rings Ai and A2 are trans-1,4-cyclohexylene group, 

Z1, Z2 and Z3 are covalent bond, Li = L2 = H, LJ = L4 = F, and X = 

\__.,.i 10 

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)cyclohexyl]benzoic 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-trifluorophenol was added dropwise to the 

15 solution at room temperature in 3 min while stirring. ·After the 
dropping, the solution was stirred at room temperature for 10 

20 

hours. Reaction solution was·added with 100 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 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 

25 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 16.5 g of colorless crystal 
product. This product was 3,4,5-trifluorophenyl-4-[4-trans-

30 (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-trifluorophenyl-4-(4-trans-(trans-4-
propylcyclohexyl)cyclohexyl]benzoate obtained by the procedures 

5 me.ntioned above and 27. 5 g ( 67. 9 mmol) of Lawesson 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 
10 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 sodium 

hydrogencarbonate, 100 ml of 10 % aqueous solution of sodium 

hydrogensulf ite, and 200 ml X 2 of water in turn, dried over 

15 anhydrous magnesium sulfate, and then concentrated under a 
reduced pressure to o~tain 15.4 g of brown crystalline mixture. 
Reaction product was purified by a colwnn chromatography using 
silica gel as filler and using heptane as developing solvent, 
and then recrystallized from heptane to obtain 6.4 g of yellow 

20 needle-like crystal product. This product was 4-(trans-4~ 

(trans-4-propylcyclohexyl)cyclohexyl]phenylcarbothio 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-

25 propylcyclohexyl)cyclohexyl]phenylcarbothio acid-0-3,4,5-trifluo 
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 
30 dichlorornethane 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 anhydrous magnesium sulfate, 

and then concentrated under a reduced pressure to obtain 6.4 g 
5 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-crystal 

L 10 

product. This product· was difluoro-(3,4,5-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-
alkylcyclohexyl)cyclohexyl]benzoic acid$ having a different 
alkyl chain in place of 4-[trans-4-(trans-4-propylcyclohexyl) 

15 cyclohexyl]benzoic acid: 

Difluoro-(3,4,5-trifluorophenyloxy}- {4-[trans-4-(trans-4-

ethylcyclohexyl} cyclohexyl] phenyl} methane 

Difluoro-(3,4,5-trifluorophenyloxy)- {4-[trans-4-(trans-4-

butylcyclohexyl)cyclohexyl]phenyl} methane 

Difluoro-(3,4,5-trifluorophenyloxy)- {4-[trans-4-(trans-4-

pentylcyclohexyl)cyclohexyl]phenyl} methane 

Difluoro-(3,4,5-trifluorophenyloxy}- {4-[trans-4-(trans-4-

hexylcyclohexyl)cyclohexyl]phenyl} methane 

Difluoro-(3,4,5-trifluorophenyloxy)- {4:-[trans-4-(trans-4-

25 heptylcyclohexyl)cyclohexyl]phenyl} methane 

Difluoro-(3,4,5-trifluorophenyloxy)- {4-[trans-4-(trans-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 

5 preparation method mentioned above by selectively using several 

known benzoic acid derivatives and several known phenol 

derivatives, including the compounds preparation examples of 

which are described in detail in the Examples ~entioned above, 

u 10 

in place of _4-[trans-4-(trans-4-propylcyclohexyl)cyclohexyl] 

benzoic acid or 3,4,5-trifluorophenol: 

Difluoro-(4-trifluoromethoxyphenyloxy)- {4-[trans-4-(trans-4-

ethylcyclohexyl)cyclohexyl]phenyl} methane 

Difluoro-(4-trifluoromethoxyphenyloxy)- {4-[trans-4-(trans-4-

propylcyclohexyl)cyclohexyl]phenyl} methane 

15 Difluoro-(4-trifluoromethoxyphenyloxy)- {4-[trans-4-(trans-4-

butylcyclohexyl)cyclohexyl]phenyl} methane 

Difluoro-(4-trifluoromethoxyphenyloxy)- {4-[tra:ns-4-(trans-4-

pentylcyclohexyl)cyclohexyl]phenyl} methane 

Difluoro-(4-difluoromethoxyphenyloxy)- {4-[trans-4~(trans-4-

20 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 

25 Difluoro- (4-difluoromethoxyphenyloxy) - {4- [trans-4- (trans-4-

pentylcyclohexyl) cyclohexyl]phenyl} methane 

Difluoro-(4-trifluoromethylphenyloxy)- {4-[trans-4-(trans-4-
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ethyl eye lohexyl) cyclohexyl] phenyl} methane 

Difluoro-(4-trifluoromethylphenyloxy)- {4-[trans-4-(trans-4-

propylcyclohexyl)cyclohexyl]phenyl} methane 

Difluoro-(4-trifluoromethylphenyloxy)- {4-[t+ans-4-(trans-4-

5 butylcyclohexyl)cyclohexyl]phenyl} methane 

Difluoro-(4-trifluoromethylphenyloxy)- {4-[trans-4-(trans-4-

pentylcyclohexyl)cyclohexyl]phenyl} methane 

Difluoro-(3-fluoro-4-trifluoromethoxyphenyloxy)- {4-[trans-4-

(trans-4-ethylcyclohexyl)cyclohexyl]phenyl} methane 

10 Difluoro-(3-fl~oro-4-trifluoromethoxyphenyloxy)- {4-[trans-4-

(trans-4-propylcyclohexyl)cyclohexyl]phenyl} methane 

Difluoro-(3-fluoro-4-trifluoromethoxyphenyloxy)- {4-[trans-4-

(trans-4-butylcyclohexyl)cyclohexyl]phenyl} methane 

Difluoro-(3-fluoro-4-trifluoromethoxyphenyloxy)- {4-[trans-4-

15 (trans-4-pentylcyclohexyl)cyclohexyl]phenyl} methane 

Difluoro-(3-fluoro-4-difluoromethoxyphenyloxy)- {4-[trans-4-

(trans-4-ethylcyclohexyl)cyclohexyl]phenyl} methane 

Difluoro-(3-fluoro-4-difluoromethoxyphenyloxy)- {4-[trans-4-

(trans-4-propylcyclohexyl)cyclohexyl]phenyl} methane 

20 Difluoro-(3-fluoro-4-difluoromethoxyphenyloxy)- {4-[trans-4-

(trans-4-butylcyclohexyl) cyclohexyl]phenyl} methane 

Difluoro-(3-fluoro-4-difluoromethoxyphenyloxy)- {4-[trans-4-

(trans-4-pentylcyclohexyl)cyclohexyl]phenyl} methane 

Difluoro-(3-fluoro-4-trifluoromethylphenyloxy)- {4-[trans-4-

25 (trans-4-ethylcyclohexyl)cyclohexyl]phenyl} methane 

Difluoro-(3-fluoro-4-trifluoromethylphenyloxy)- {4-[trans-4-
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(trans-4-propylcyclohexyl)cyclohexyl]phenyl} methane· 

Difluoro-(3-fluoro-4-trifluoromethylphenyloxy)~ {4-[trans-4-

(trans-4-butylcyclohexyl) c·yclohexyl]phenyl} methane 

Difluoro-(3-fluoro-4-trifluoromethylphenyloxy)- {4-[trans-4-

5 (trans-4-pentylcyclohexyl)cyclohexyl]phenyl} methane 

Difluoro-(3,4-difluoro-4-trifluoromethoxyphenyloxy)- {4-[trans-4-

(trans-4-ethylcyclohexyl)cyclohexyl]phenyl} methane 

10 

Difluoro- (3, 4-.dif1uoro-4-trifluoromethoxyphenyloxy} - {4- [trans-4-

(trans-4-propylcyclohexyl) cyclohexyl]phenyl} methane 

Difluoro-(3,4-difluoro-4-trifluoromethoxyphenyloxy}- {4-[trans-4-

(trans-4-butylcyclohexyl)cyclohexyl]phenyl} methane 

Difluoro-(3,4-difluoro-4-trifluoromethoxyphenyloxy)- {4-[trans-4-

(trans-4-pentylcyclohexyl}cyclohexyl]phenyl} methane 

Difluoro-(3,4-difluoro-4-difluoromethoxyphenyloxy)- {4-[trans-4-

15 (trans-4-ethylcyclohexyl)cyclohexyl]phenyl} methane 

Difluoro-(3,4-difluoro-4-difluoromethoxyphenyloxy}- {4-[trans-4-

(trans-4-propylcyciohexyl}cyclohexyl]phenyl} methane 

20 

Difluoro-(3,4-difluoro-4-difluoromethoxyphenyloxy}- {4-[trans-4-

(trans-4-butylcyclohexyl}cyclohexyl]phenyl} methane 

Difluoro-(3,4-difluoro-4-difluoromethoxyphenyloxy)- {4-[trans-4-

(trans-4-pentylcyclohexyl}cyclohexyl]phenyl} methane 

Difluoro-(3,4-difluoro-4-trifluoromethylphenyloxy)- {4-[trans-4-

(trans-4-ethylcyclohexyl)cyclohexyl]phenyl} methane 

Difluoro-(3,4-difluoro-4-trifluoromethylphenyloxy)- {4-[trans-4-

25 (trans-4-propylcyclohexyl)cyclohexyl]phenyl} methane 

Difluoro-{3,4-difluoro-4-trifluoromethylphenyloxy)- {4-[trans-4-
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( trans-4-butylcyclohexy_l) cyclohexyl] phenyl} methane 

Difluoro-(3,4-difluoro-4-trifluoromethylphenyloxy)- {4-[trans-4-

(trans-4-pentylcyclohexyl)cyclohexyl]phenyl} methane 

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

5 4-ethylcyclohexyl)cyclohexyl]phenyl} methane 

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

4-propylcyclohexyl}cyclohexyl]phenyl} methane 

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

4-butylcyclohexyl}cyclohexyl]phenyl} methane 

10 Difluoro-(3,4,5-trifluorophenyloxy}- {2-fluoro-4-[trans-4-(trans-

4-pentylcyclohexyl)cyclohexyl]phenyl} meth~ne 

Difluoro-(3,4-difluoro-4-trifluoromethoxyphenyloxy)- {2-fluoro-4-

[trans-4-(trans-4-ethylcyclohexyl}cyclohexyl]phenyl} methane 

Difluoro-(3,4-difluoro-4-trifluoromethoxyphenyloxy)- {2-fluoro-4-

15 [trans-4-(trans-4-propylcyclohexyl)cyclohexyl]phenyl} methane 

Difluoro-(3,4-difluoro-4-trifluoromethoxyphenyloxy)- {2-fluoro-4-

[trans-4-(trans-4-butylcyclohexyl)cyclohexyl]phenyl} methane 

\....._,; Difluoro-(3,4-difluoro-4-trifluoromethoxyphenyloxy}- {2-fluoro-4-

[trans-4-(trans-4-pentylcyclohexyl)cyclohexyl]phenyl} methane 

20 Difluoro-(3,4-difluoro-4-difluoromethoxyphenyloxy)- {2-fluoro-4-

[trans-4-(trans-4-ethylcyclohexyl}cyclohexyl]phenyl} methane 

Difluoro-(3,4-difluoro-4-difluoromethoxyphenyloxy)- {2-fluoro-4-

(trans-4-(trans-4-propylcyclohexyl)cyclohexyl]phenyl} methane 

Difluoro-(3,4-difluoro-4-difluoromethoxyphenyloxy}- {2-fluoro-4-

25 [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-pentylcyclo~exyl) cyclohexyl]phenyl} methane 

Difluoro-(3,4-difluoro-4-trifluoromethylphenyloxy)- {2-fluoro-4-

[trans-4- (trans-4-ethylcyclohexyl) cyclohexyl]phenyl} methane 

Difluoro(3,4-difluoro-4-trifluoromethylphenyloxy)- {2-fluoro-4-

5 [trans-4-(trans-4-propylcyclohexyl)cyclohexyl]phenyl} methane 

Difluoro-(3,4-difluoro-4-trifluoromethylphenyloxy)- {2-fluoro-4-

[trans-4-(trans-4-butylcyclohexyl)cyclohexyl]phenyl} methane 

Difluoro-(3,4-difluoro-4-trifluoromethylphenyloxy)- {2-fluoro-4-

[trans-4-(trans-4-pentylcyclohexyl)cyclohexyl]phenyl} methane 

10 Difluoro-(3,4,5-trifluorophenyloxy)- {2, 6-difluoro-4-[trans-4-

(trans-4-ethylcyclohexyl)cyclohexyl]phenyl} methane 

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

(trans-4-propylcyclohexyl)cyclohexyl]phenyl} methane 

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

15 (trans-4-butylcyclohexyl)cyclohexyl]phenyl} methane 

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

(trans-4-pentylcyclohexyl)cyclohexyl]phenyl} methane . 

20 

Difluoro- (3, 4-difluoro-4-trifluoromethoxyphenyloxy)'- {2, 6-

difluoro-4- [trans-4-(trans-4-ethylcyclohexyl) cyclohexyl]phenyl} 
methane 

Difluoro-(3,4~difluoro-4-trifluoromethoxyphenyloxy)- {2,6-

difluoro-4-[trans-4-(trans-4-propylcyclohexyl)cyclohexyl]phenyl} 
methane 

Difluoro- (3, 4-difluoro-4-trif.luoromethoxyphenyloxy) - {2, 6-

25 difluoro-4-[trans-4-(trans-4-butylcyclohexyl)cyclohexyl]phenyl} 

methane 

Difluoro-(3,4-difluoro-4-trifluoromethoxyphenyloxy)- {2,6-
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difluoro-4-[trans-4-(trans-4-pentylcyclohexyl}cyclohexyl]phenyl} 

methane 

Difluoro-(3,4-difluoro-4-difluoromethoxyphenyloxy}- {2,6-difluoro 

-4-[trans-4-(trans-4-ethylcyclohexyl}cyclohexyl]phenyl} methane 

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

-4-[trans-4-(trans-4-propylcyclohexyl)cyclohexYl]phenyl} methane 

Difluoro-(3,4-difluoro-4-difluoromethoxyphenyloxy}- {2,6-difluoro 

-4-[trans-4-(trans-4-butylcyclohexyl}cyclohexyl]phenyl} methane 

Difluoro-(3,4-difluoro-4-difluoromethoxyphenyloxy)- {2,6-difluoro 

10 -4- [trans-4- (trans-4-pentylcyclohexyl} cyclohexyl]phenyl} methane 

Difluoro-(3,4-difluoro-4-trifluoromethylphenyloxy)- {2,6-difluoro 

-4-[trans-4-(trans-4-ethylcyclohexyl)cyclohexyl]phenyl} methane 

Difluoro-(3,4-difluoro-4-trifluoromethylphenyloxy}- {2,6-difluoro 

-4-[trans-4-(trans-4-propylcyclohexyl)cyclohexyl]phenyl} methane 
. . 

15 Difluoro-(3,4-difluoro-4-trifluoromethylphenyloxy}- {2,6-difluoro 

-4-[trans-4-(trans-4-butylcyclohexyl)cyclohexyl]phenyl} methane 

Difluoro-(3,4-difluoro-4-trifluoromethylphenyloxy}- {2,6-difluoro 

-4-[trans-4-(trans-4-pentylcyclohexyl)cyclohexyl]phenyl} methane 

Difluoro-(3,4,5-trifluorophenyloxy)- {4~[trans-4-[2-(trans-4-

20 ethylcyclohexyl)ethyl]cyclohexyl]phenyl} methane 

Difluoro-(3,4,5-trifluorophenyloxy)- {4-[trans-4-[2-(trans-4-

propylcyclohexyl) ethyl ]cyclohexyl] phenyl} methane 

Difluoro-(3,4,5-trifluorophenyloxy)- {4-[trans-4-[2-(trans-4-

butylcyclohexyl) ethyl] cyclohexyl] phenyl} methane 

25 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]phenyl} methane 

Difluoro-(4-trifluoromethoxyphenyloxy)- {4-[trans-4-[2-(trans-4-

propylcyclohexyl)ethyl]cyclohexyl]phenyl} methane 

5 Difluoro-(4-trifluoromethoxyphenyloxy)- {4-[trans-4-[2-(trans-4-

butylcyclohexyl)ethyl]cyclohexyl]phenyl} methane 

Difluoro-(4-trifluoromethox:yphenyloxy)- {4-[trans-4-[2-(trans-4-

pentylcyclohexyl)ethyl]cyclohexyl]phenyl} methane 

Difluoro-(4-difluoromethox:yphenyloxy)- {4-[trans-4-[2-(trans-4-

10 ethylcyclohexyl)ethyl]cyclohexyl]phenyl} methane 

Difluoro-(4-difluoromethox:yphenyloxy)- {4-[trans-4-[2-(trans-4-

propylcyclohexyl)ethyl]cyclohe:xYllphenyl} methane 

Difluoro~(4-difluoromethoxyphenyloxy)- {4-[trans-4-[2-(trans-4-

butylcyclohexyl)ethyl]cyclohexyl]phenyl} methane 

15 Difluoro-(4-difluoromethoxyphenyloxy)- {4-[trans-4-[2-(trans-4-

pentylcyclohexyl_) ethyl] cyclohexyl]phenyl} methane 

Difluoro-(4-trifluoromethylphenyloxy)- {4-[trans-4-[2-{trans-4-

ethylcyclohexyl)ethyl]cyclohexyl]phenyl} methane 

Difluoro-{4-trifluoromethylphenyloxy)- {4-[trans-4-[2-{trans-4-

20 propylcyclohexyl)ethyl]cyclohexyl]phenyl} methane 

Difluoro-(4-trifluoromet~ylphenyloxy)- {4-[trans-4-[2-{trans-4-

butylcyclohexyl)ethyl]cyclohexyl]phenyl} methane 

Difluoro-(4-trifluoromethylphenyloxy)- {4-[trans-4~[2-(trans-4-

pentylcyclohexyl)ethyl]cyclohexyl]phenyl} methane 

25 Difluoro-(3,4,5-trifluorophenyloxy)- {4-[2-[trans-4-(trans-4-

ethylcyclohexyl)cyclohexyl]ethyl]phenyl} methane 
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Difluoro-(3,4,5-trifluorophenyloxy)- {4-[2-[trans-4-(trans-4-

propylcyclohexyl)cyclohexyl]ethyl]phenyl} methane 

Difluoro-(3,4,5-trifluorophenyloxy)- {4-[2-[trans-4-(trans-4-

butylcyclohexyl) cyclohexyl] ethyl]phenyl} methane 

5 Difluoro-(3,4,5-trifluorophenyloxy)- {4-[2-[trans-4-(trans-4-

pentylcyclohexyl)cyclohexyl]ethyl]phenyl} methane 

Difluoro-(4-trifluorometho:>eyphenyloxy)- {4-[2-[trans-4-{trans-4-

ethylcyclohexyl}cyclohexyl]ethyl]phenyl} methane 

Difluoro-(4-trifluorometho:>eyphenyloxy}- {4-[2-[trans-4-(trans-4-

10 propylcyclohexyl)cyclohexyl]ethyl]phenyl} methane 

Difluoro-(4-trifluorometho:>eyphenyloxy)- {4-[2-[trans-4-(trans-4-

butylcyclohexyl)cyclohexyl]ethyl]phenyl} methane 

Difluoro-(4-trifluorometho:>eyphenyloxy)- {4-[2-[trans-4-(trans-4-

pentylcyclohexyl) cyclohexyl] ethyl] phenyl} methane 

15 Difluoro-(4-difluorometho:>eyphenyloxy)- {4-[2-[trans-4-(trans-4-

ethylcyclohexyl}cyclohexyl]ethyl]phenyl} methane 

Difluoro-(4-difluorometho:>eyphenyloxy)- {4-[2-[trans-4-(trans-4-

20 

propylcyclohexyl) cyclohexyl] ethyl]phenyl} methane 

Difluoro-{4-difluorometho:>eyphenyloxy}- {4-[2-[trans-4-(trans-4-

butylcyclohexyl)cyclohexyl]ethyl]phenyl} methane 

Difluoro-(4-difluorometho:>eyphenyloxy)- {4-[2-[trans-4-(trans-4-

pentylcyclohexyl)cyclohexyl]ethyl]phenyl} methane 

Difluoro-(4-trifluoromethylphenyloxy)- {4-[2-[trans-4-(trans-4-

ethylcyclohexyl)cyclohexyl]ethyl]phenyl} methane 

25 Difluoro-(4-trifluoromethylphenyloxy}- {4-[2-[trans-4-(trans-4-

propylcyclohexyl} cyclohexyl] ethyl] phenyl} methane 
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Difluoro-(4-trifluoromethylphenyloxy)- {4-[2-[trans-4-(trans-4-

butylcyclohexyl)cyclohexyl]ethyl]phenyl} methane 

Difluoro-(4-trifluo~omethylphenyloxy)- {4-[2-[trans-4-(trans-4-

pentylcyclohexyl)cyclohexyl]ethyl]phenyl} methane 

5 Difluoro-(3,4,5-trifluorophenyloxy)-[4'-(trans-4-ethylcyclohexyl) 

10 

biphenyl]methane 

Difluoro-(3,4,5-trifluorophenyloxy)-[4'-(trans-4-propylcyclo­

hexyl)biphenyl]methane 

Difluoro-(3,4,5-trifluorophenyloxy)-[4·'-(trans-4-butylcyclohexyl) 
biphenyl]methane 

Difluoro-(3,4,5-trifluorophenyloxy)-[4'-(trans-4-pentylcyclo-

hexyl)biphenyl]methane 

Difluoro-(4-trifluoromethoxyphenyloxy)-[4'-(trans-4-ethylcyclo­
hexyl)biphenyl]methane 

15 Difluoro-(4-trifluoromethoxyphenyloxy)-[4'-(trans-4-propylcyclo-

~-

20 

hexyl)biphenyl]methane 

Difluoro-(4-trifluoromethoxyphenyloxy)-[4'-(trans-4-butylcyclo­
hexyl)biphenyl]methane 

Difluoro-{4-trifluoromethoxyphenyloxy)-[4'-{trans-4-pentylcyclo-

hexyl)biphenyl]methane 

Difluoro-(4-difluoromethoxyphenyloxy)-[4'-{trans-4-~thylcyclo­

hexyl)biphenyl]~ethane 

Difluoro-(4-difluoromethoxyphenyloxy)-[4'-{trans-4-propylcyclo­

hexyl)biphenyl]methane 

25 Difluoro-(4-difluoromethoxyphenyloxy)-[4'-(trans-4-butylcyclo-
hexyl}biphenyl]methane 

Difluoro-(4-difluoromethoxyphenyloxy)-[4'-(trans-4-pentylcyclo­

hexyl)biphenyl]methane 
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Difluoro-(4-trifluoromethylphenyloxy)-[4'-(trans-4-ethylcyclo­
hexyl)biphenyl]methane 

Difluoro-(4-trifluoromethylphenyloxy)-[4'-(trans-4-propylcyclo­
hexyl)biphenyl]methane 

5 Difluoro-(4-trifluoromethylphenyloxy)-[4'-(trans-4-butylcyclo-

10 

hexyl)biphenyl]methane 

Difluoro-(4-trifluoromethylphenyloxy)-[4'-(trans-4-pentylcyclo­
hexyl)biphenyl]methane 

Difluoro-(3,4,5-trifluorophenyloxy)-- {4 1 -[2-(trans-4-ethylcyclo­
hexyl) ethyl]biphenyl} methane 

Difluoro-(3,4,5-trifluorophenyloxy)- {4'-[2-(trans-4-propylcyclo­
hexyl)ethyl]biphenyl} methane 

Difluoro-(3,4,5-trifluorophenyloxy)- {4'-[2-(trans-4-butylcyclo­
hexyl)ethyl]biphenyl} methane 

15 Difluoro-(3,4,5-trifluorophenyloxy)- {4'-[2-(trans-4-pentylcyclo-

20 

·hexyl)ethyl]biphenyl} methane 

Difluoro-(4-trifluoromethoxyphenyloxy)- {4'-[2-(trans-4-

ethylcyclohexyl} ethyl] biphenyl} methane 

Difluoro-(4-trifluoromethoxyphenyloxy}- {4'-[2-(trans-4-

propylcyclohexyl)ethyl]biphenyl} methane 

Difluoro-(4-trifluoromethoxyphenyloxy)- {4'-[2-(trans-4-
butylcyclohexyl)ethyl]biphenyl} methane 

Difluoro-(4-trifluoromethoxyphenyloxy)- {4'-[2-(trans-4-

pentylcyclohexyl}ethyl]biphenyl} methane 

25 Difluoro-(4-difluoromethoxyphenyloxy}- {4'-[2-(trans-4-

ethylcyclohexyl) ethyl] biphenyl} methane 

Difluoro-(4-difluoromethoxyphenyloxy)- {4'-[2-(trans-4-
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propylcyclohexyl)ethyl]biphenyl} methane 

Difluoro-(4-difluoromethoxyphenyloxy)- {4'-[2-(trans-4-

butylcyclohexyl)ethyl]biphenyl} methane 

Difluoro-(4-difluoromethoxyphenyloxy)- {4'-[2-(trans-4-

5 pentylcyclohexyl)ethyl]biphenyl} methane 

Difluoro-(4-trifluoromethylphenyloxy)- {4'-[2-(trans-4-

ethylcyclohexyl)ethyl]biphenyl} methane 

Difluoro-(4-trifluoromethylphenyloxy)- {4'-[2-(trans-4-

propylcyclohexyl)ethyl]biphenyl} methane 

10 

15 

Difluoro-(~-trifluoromethylphenyloxy)- {4'-[2-(trans-4-

butylcyclohexyl)ethyl]biphenyl} methane 

Difluoro-(4-trifluoromethylphenyloxy)- {4'-[2-(trans-4-

pentylcyclohexyl)ethyl]biphenyl} methane 

Example 11 

Preparation of difluoro-(3',4',5'-trifluorobiphenyloxy)-[4-

(trans-4-propylcyclohexyl]phenyl]methane (Compound expressed by 

the formula (I) wherein R = C3H7 , Q = n = 1, m = 0, ring Ai is 

trans-1,4-cyclohexylene group, ring A3 is 1,4-phenylene group, 

Zi, Z2 and Z3 are covalent bond, Li = L2 = H, L3 = L4 = F, and X = 

20 F.) 

In a 500 ml three neck distillation flask provided with a 

stirrer, thermometer, dropping funnel, and nitrogen gas 

. introducing 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 

25 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 procedures 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 

5 dichloromethane insoluble matter was t"iltered off, the 
dichloromethane layer was separated, and the water layer was 
further extracted with 200·ml of dichloromethane. Extracted 

' 10 \.._.,; 

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

saturated aqueous solution of sodium hydrogencarbonate, and 200 

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

and then concentrated under a reduced 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 

15 solvent of heptane-ethanol to obtain 22.8 g of colorless crystal 
product. This product was {3',4',5'-trifluorobiphenyl)-4-
(trans-4-cyclohexyl)benzoate. 

20 

Subsequently, in a 1000 ml egg-plant type flask provided 
with a.nitrogen gas introducing pipe and cooling pipe, 22.8 g 
{50.5 nunol) 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 

25 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 

30 hydrogencarbonate, 100 ml of 10 % aqueous solution of sodium 

hydrogensulfite, and 200 ml X 2 of water in turn, dried over 
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anhydrous magnesium sulfate, and then.conbentrated under a 

reduced pressure to obtain 23.4 g of brown crystalline mixture. 

Reaction product ·was purified by a column chromatography using 

silica gel as filler and using heptane as developing solvent, 

5 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-0-3',4',5'-trifluoro­

biphenyl. 

l.O 

In a 100 ml egg-plant type flask provided wit~ a nitrogen 

gas introducing pipe, 8.3 g (17.7 mmol) of 4-{trans~4-propyl-

cyclohexyl)phenylcarbothio acid-0-3',4',5'-trifluorobiphenyl was 

dissolved 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 

15 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 

20 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 column 

chromatography using silica gel as filler and using heptane as 

developing solvent, and then recrystallized from heptane to 

25 obtain 1.9 g of colorless needle-l~ke 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-

30 .cyclohexyl)benzoic acids having a different alkyl chain in place 

of 4-(trans-4-propylcyclohexyl)benzoic acid: 



'-. .. / 

206 

Difluoro(3',4',5'-trifluorobiphenyloxy)-[4-(trans-4-methylcyclo­

hexyl)phenyl]methane 

Difluoro(3',4',5'-trifluorobiphenyloxy)-[4-{trans-4-ethylcyclo­

hexyl)phenyl]methane 

5 Difluoro(3',4',5'-trifluorobiphenyloxy)-[4-{trans-4-butylcyclo-

10 

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]methane 

Difluoro{3',4',5'-trifluorobiphenyloxy)-[4-{trans-4-octylcyclo-

15 hexyl)phenyl]methane 

20 

25 

Difluoro(3',4',5'-trifluorobiphenyloxy)-[4-{trans-4-nonylcyclo­

hexyl)phenyl]methane 

Difluoro(3',4',5'-trifluorobiphenyloxy)-[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 derivatives and several known phenol 

derivatives, including the compounds preparation examples of 

which are described in detail in the Examples mentioned above, 

in place of 4-{trans-4-propylcyclohexyl)benzoic acid or 

3',4',5'-trifluorobiphenol: 

Difluoro-(4'-trifluoromethoxybiphenyloxy)-[4-(trans-4-

ethylcyclohexyl)phenyl]methane 

Difluoro-(4'-trifluoromethoxybiphenyloxy)-[4-(trans-4-

30 propylcyclohexyl)phenyl]methane 

Difluoro-(4'-trifluoromethoxybiphenyloxy)-[4-(trans-4-

butylcyclohexyl)phenyl]methane 
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Difluoro-(4'-trifluoromethox.ybiphenyloxy)-[4-(trans-4-

pentylcyc-lohex.yl)phenyl]methane 

Difluoro-(4'~difluoromethox.ybiphenylox.y)-[4-(trans-4-

ethylcyclohex.yl)phenyl]methane 

5 Difluoro-(4'-difluoromethox.ybiphenylox.y)-[4-(trans-4-

10 
0 

propylcyclohexyl)phenyl]methane 

Difluoro-(4'-difluoromethoxybiphenyloxy)-[4-(trans-4-

butylcyclohex.yl)phenyl]methane 

Difluoro-(4'-difluoromethox.ybiphenylox.y)-[4-(trans-4-

pentylcyclohexyl)phenyl]methane· 

Difluoro-(4'-trifluoromethylbiphenylox.y)-[4-(trans-4-

ethylcyclohexyl)phenyl]methane 

Difluoro-(4'-trifluoromethylbiphenylox.y)-[4-(trans-4-

propylcyclohex.yl)phenyl]methane 

15 Difluoro-(4'-trifluoromethylbiphenylox.y)-[4-(trans-4-

20 

butylcyclohexyl)phenyl]methane 

Difluoro-(4'-trifluoromethylbiphenyloxy)-[4-(trans-4-

pentylcyclohex.yl)phenyl]methane 

Difluoro-(3'-fluoro-4'-trifluoromethox.ybiphenylox.y)-[4-(trans-4-

ethylcyclohex.yl)phenyl]methane 

Difluoro-(3'-fluoro-4'-trifluoromethox.ybiphenyloxy)-[4-(trans-4-

propylcyclohex.yl)phenyl]methane 

Difluoro-(3'-fluoro-4'-trifluoromethox.ybiphenylox.y)-[4-{trans-4-

butylcyclohexyl)phenyl]methane 

25 Difluoro-(3'-fluoro-4'-trifluoromethox.ybiphenyloxy)-[4-(trans-4-

pentylcyclohexyl)phenyl]methane 

Difluoro-(3'-fluoro-4'-difluoromethox.ybiphenyloxy)-[4-(trans-4-

ethylcyclohexyl)phenyl]methane 

Difluoro-(3'-fluoro-4'-difluoromethox.ybiphenyloxy)-[4-(trans-4-

30 propylcyclohexyl)phenyl]methane 
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Difluoro-(3'-fluoro-4'-difluoromethoxybiphenyloxy)-[4-(trans-4-

butylcyclohexyl)·phenyl]methane 

Difluoro-(3'-fluoro-4'-difluoromethoxybiphenyloxy)-[4-(trans-4-

pentylcyclohexyl)phenyl]methane 

5 Difluoro-(3'-fluoro~4'-trifluoromethylbiphenyloxy)-[4~(trans-4-

10 

ethylcyclohexyl)phenyl]methane 

Difluoro-(3'-fluoro-4'-trifluoromethylbiphenyloxy)~[4-(trans-4-

propylcyclohexyl)phenyl]methane 

Difluoro-(3'-fluoro-4'-trifluoromethylbiphenyloxy)-[4-(trans-4-

butylcyclohexyl)phenyl]methane 

Difluoro-·(3 '-fluoro-4' -trifluoromethylbiphenyloxy)- [4- (trans-4-

pentylcyclohexyl)phenyl]methane 

Difluoro-(3',5'-difluoro-4'-trifluoromethoxybiphenyloxy)-[4-

(trans-4-ethylcyclohexyl)phenyl]methane 

15 Difluoro-(3',5'-difluoro-4'-trifluoromethoxybiphenyloxy)-[4-

20 

(trans-4-propylcyclohexyl)phenyl]methane 

Difluoro-(3',5'-difluoro-4'-trifluoromethoxybiphenyloxy)-[4-

(trans-4~butylcyclohexyl)phenyl]methane 

Difluoro-(3',5'-difluoro-4'-trifluoromethoxybiphenyloxy)-[4-

(trans-4-pentylcyclohexyl)phenyl]methane 

Difluoro-(3',5'-difluoro-4'-difluoromethoxybiphenyloxy)-[4-

(trans-4-ethylcyclohexyl)phenyl]methane 

Difluoro-(3',5;-difluoro-4'-difluoromethoxybiphenyloxy)-[4-

(trans-4-propylcyclohexyl)phenyl]methane 

25 Difluoro-(3',5'-difluoro-4'-difluoromethoxybiphenyloxy)-[4-

(trans-4-butylcyclohexyl}phenyl]methane 

Difluoro-(3',5'-difluorp-4'-difluoromethoxybiphenyloxy)-[4-

(trans-4-pentylcyclohexyl)phenyl]methane 

Difluoro-(3',5'-difluoro-4'-trifluoromethylbiphenyloxy)-[4-

30 (trans-4-ethylcyclohexyl)phenyl]methane 

Difluoro-(3',5'-difluoro-4'-trifluoromethylbiphenyloxy)-[4-

(trans-4-propylcyclohexyl)phenyl]methane 
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Diflµoro-(3',5'-difluoro-4'-trifluoromethylbiphenyloxy)-[4-

(trans-4-butylcyclohexyl)phenyl]metharie 

Difluoro-(3',5'-difluoro-4'-trifluoromethylbiphenyloxy)-[4-

(trans-4-pentylcyclohexyl)phenyl]methane 

5 Difluoro-(3',4',5'-trifluorobiphenyloxy)-[2-fluoro-4-(trans-4-

10 

ethylcyclohexyl)phenyl]methane 

Difluoro-(3',4',5'-trifluorobiphenyloxy)-[2-fluoro-4-(trans-4-

propylcyclohexyl}phenyl]methane 

Difluoro-(3',4',5'-trifluorobiphenyloxy)-[2-fluoro-4-(trans-4-

butylcyclohexyl)phenyl]methane 

Difluoro-(3',4',5'-trifluorobiphenyloxy)-[2-fluoro-4-(trans-4-

pentylcyclohexyl)phenyl]methane 

Difluoro-(3',S'-difluoro-4'-trifluoromethoxybiphenyloxy)-[2-

fluoro-4- (trans-4-ethylcyclohexyl)phenyl]me_thane 

15 Difluoro-(3',5'-difluoro-4'-trifluoromethoxybiphenyloxy)-[2-

fluoro-4-(trans-4-propylcyclohexyl)phenyl]methane 

Difluoro-(3',5'-difluoro-4'-trifluoromethoxybiphenyloxy)-[2-

fluoro-4-(trans-4-butylcyclohexyl)phenyl]methane 

Difluoro-(3',5'-difluoro-4'-trifluoromethoxybiphenyloxy)-[2-

20 fluoro-4-(trans-4-pentylcyclohexyl)phenyl]methane 

Difluoro-(3',5'-difluoro-4'-difluoromethoxybiphenyloxy)-[2-

\.._.,,· fluoro-4-(trans-4-ethylcyclohexyl)phenyl]methane 

Difluoro-(3',5'-difluoro-4'-difluoromethoxybiphenyloxy)-[2-

. fluoro-4-(trans-4-propylcyclohexyl)phenyl]methane 

25 Difluoro-(3',5'-difluoro-4'-difluoromethoxybiphenyloxy)-[2-

fluoro-4-(trans-4-butylcyclohexyl)phenyl]methane 

Difluoro-(3',5'-difluoro-4'-difluoromethoxybiphenyloxy)-[2-

fluoro-4-(trans-4-pentylcyclohexyl)phenyl]methane 

Difluoro-(3',5'-difluoro-4'-trifluoromethylbiphenyloxy)-[2-

30 fluoro-4-(trans-4-ethylcyclohexyl)phenyl]methane 

Difluoro-(3',5'-difluoro-4'-trifluoromethylbiphenyloxy)-[2-

fluoro-4-(trans-4-propylcyclohexyl)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 

5 Difluoro- (3', 4', 5' -trif.luorobiphenyloxy) - [2, 6-difluoro-4- (trans-

4-ethylcyclohexyl)phenyl]methane 

Difluoro-(3',4',5'-trifluorobiphenyloxy)-[2,6-difluoro-4-(trans-

4-propylcyclohexyl)phenyl]methane 

Difluoro-(3',4',5'-trifluorobiphenyloxy)-(2,6-difluoro-4-(trans-

10 
v 

4-butylcyclohexyl)phenyl]methane 

Difluoro-(3',4',5'-trifluorobiphenyloxy)-[2,6-difluoro-4-(trans-

4-pentylcyclohexyl)phenyl]methane 

Difluoro-(3',5'-difluoro-4'-trifluoromethoxybiphenyloxy)-[2,6-

difluoro-4-(trans-4-ethylcyclohexyl)phenyl]methane 

15 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]methane 

Difluoro-(3',5'-difluoro-4'-trifluoromethoxybiphenyloxy)-[2,6-

20 difluoro-4-(trans-4-pentylcyclohexyl)phenyl]methane 

Difluoro-(3',5'-difluoro-4'-difluoromethoxybiphenyloxy)-[2,6-

'-/ difluoro-4-(trans-4-ethylcyclohexyl)phenyl]methane 

Difluoro-(3',5'-difluoro-4'-difluoromethoxybiphenyloxy)-[2,6-

difluoro-4-(trans-4-propylcyclohexyl)phenyl]methane 

25 Difluoro-(3',5'-difluoro-4'-difluoromethoxybiphenyloxy)-[2,6-

difluoro-4- ( trans-4-butylcyc_lohexyl) phenyl] methane 

Difluoro-(3',5'-difluoro-4'-difluoromethoxybiphenyloxy)-[2,6-

difluoro-4-(trans-4-pentylcyclohexyl)phenyl]methane 

Difluoro-(3',5'-difluoro-4'-trifluoromethylbiphenyloxy)-[2,6-

30 difluoro-4-(trans-4-ethylcyclohexyl)phenyl]methane 
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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]methane 

5 Difluoro-(3',5'-difluoro-4'-trifluoromethylbiphenyloxy)-[2,6-

\..._.,,· 10 

15 

'\..../ 

20 

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)ethyl]phenyl} methane 

Difluoro-(3',4',5'-trifluorobiphenyloxy)- {4-[2-(trans-4-

butylcyclohexyl)ethyl]phenyl} methane 

Difluoro-(3',4',5'-trifluorobiphenyloxy)- {4-[2-(trans-4-

pentylcyclohexyl)ethyl]phenyl} methane 

Difluoro-(4'-trifluoromethoxybiphenyloxy)- {4-[2-(trans-4-

ethylcyclohexyl)ethyl]phenyl} methane 

Difluoro-(4'-trifluoromethoxybiphenyloxy}- {4-[2-(trans-4-

propylcyclohexyl)ethyl]phenyl} methane 

Difluoro-(4'-trifluoromethoxybiphenyloxy}- {4-[2-(trans-4-

butylcyclohexyl}ethyl]phenyl} methane 

Difluoro-(4'-trifluoromethoxybiphenyloxy}- {4-[2-(trans-4-

pentylcyclohexyl}ethyl]phenyl} methane 

Difluoro-(4'-difluoromethoxybipheriyloxy)- {4-[2-(trans-4-

ethylcyclohexyl)ethyl]phenyl} methane 

25 Difluoro-(4'-difluoromethoxybiphenyloxy)- {4-[2-{trans-4-

propylcyclohexyl)ethyl]phenyl} methane 

Difluoro-(4'-difluoromethoxybiphenyloxy)- {4-[2-(trans-4 
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-butylcyclohexyl)ethyl]phenyl} methane 

Difluoro-(4'-difluoromethoxybiphenyloxy)- {4~[2-(trans-4-

pentylcyclohexyl}ethyl]phenyl} methane 

Difluoro-(4'-trifluoromethylbiphenyloxy)- {4-[2-(trans-4-

5 ethylcyclohexyl)ethyl]phenyl} methane 

Difluoro-(4'-trifluoromethylbiphenyloxy)- {4-[2-(trans-4-

propylcyclohexyl)ethyl]phenyl} methane 

Difluor~-(4'-trifluoromethylbiphenyloxy}- {4-[2-(trans-4-

butylcyclohexyl)ethyl]phenyl} methane 

. 10 Difluoro-(4'-trifluoromethylbiphenyloxy)- {4-[2-(trans-4-

pentylcyclohexyl)ethyl]phenyl} methane 

.Difluoro-(3' I 5 '-difluoro-4 I -trifluoromethylbiphenyloxy)- {4- c2-

(trans-4-ethylcyclohexyl) ethyl]phenyl} methane· 

Difluoro-(3',5'-difluoro-4'-trifluoromethylbiphenyloxy)- {4-[2-

15 (trans-4-propylcyclohexyl)ethyl]phenyl} methane 

Cr 101.8-102.1 N 134.4-135.0 Iso 

Difluoro-(3',5'-difluoro-4'-trifluoromethylbiphenyloxy)- {4-(2-

V (trans-4-butylcyclohexyl) ethyl] phenyl} methane 

Difluoro-(3',5'-difluoro-4'-triflu~romethylbiphenyloxy)- {4-(2-

20 (trans-4-pentylcyclohexyl)ethyl]phenyl} methane 

Example 12 (Use Example 1) 

Clearing point (Cp) of the nematic liquid crystal 

composition having the following chemical composition was 72. 

4"C: 

25 4-(trans-4-propylcyclohexyl)benzonitrile 24 % 

(Symbol% is by weight. This rule applies even hereinafter.) 

4-(trans-4-pentylcyclohexyl)benzonitrile 36 % 

4-(trans-4-heptylcyc1ohexyl)benzonitrile 25 % 
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4-(4-propylphenyl}benzonitrile 15·% 

This liquid crystal composition enclosed in a TN cell 

(twisted nematic cell} of 9 µm cell thickness had a driving 

threshold voltage (Vth) of 1.78 V, value of dielectric anisotropy 

5 (AE) of +11.0, optical anisotropy {An) of 0.137, and viscosity 

0 10 

at 2o·c (7}20) 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-propylcyclohexyl)phenyl]-(4-

trifluoromethoxyphenyloxy)methane shown in Example 2, and 

physical properties of the.mixture were determined. The results 

were as follows: 

Cp: 70.1, Vth: 1.71, AE: 10.8, An: 0.132, 

7} 20: 23 . 5 cP. 

While this composition was left in a freezer at -2o·c for 20 

15 days, separation of crystal was not 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-trifluoro-

20 phenyloxy)methane shown in Example 2, and.physical properties of 

\.._.! the mixture were determined. The results were as follows: 

Cp: 64.5, Vth: -1.49, AE: 11.6, An: 0.128, 

7120: 26. 6 cP. 

While this composition was left in a freezer at -2o·c for 20 

25 days, separation of crystal was not observed. 

Example 14 (Use Example 3) 

Liquid crystal composition shown in Use ~al!lple 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-trifluoro-

30 phenyloxy)methane shown in Example 2, and physical properties of 

the mixture were determined. The results were as follows: 
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Cp: 66.6, Vth: 1.48, AE: 11.4, An: 0.126, 

7120: 25.5 cP. 

While this composition was left in a freezer at -2o·c for 20 
d~ys, separation of crystal was not observed. 

5 Example 15 (Use Example 4) 

. 10 
\. ..... / 

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-difluoro­
phenyloxy)methane shown in Example 2, and physical properties of 
the mixture were determined. The results were as follows: 

Cp: 69.3, Vth: 1.68, AE: 10.3, An: 0.130, 

7120: 25.0 cP. 

While this composition was left in a freezer at -20"C for 20 
days, separation of crystal was not observed. 

15 Clearing point (Cp) of the nematic liquid crystal 

20 

composition having the following chemical composition was 
112.4·c: 

4-(trans-4-(trans-4-ethylcyclohexyl)cyclohexyl)-1,2-difluoro-
benzene 33. 3 % 

(Symbol% is by weight. This rule applies even hereinafter.) 
4-(trans-4-(trans-4-propylcyclohexyl)cyclohexyl)-1,2-difluoro-
benzene 33. 3 % 

4-(trans-4-(trans-4-pentylcyclohexyl)cyclohexyl)-1,2-difluoro-
benzene 33.3 % 

25 This liquid crystal composition enclosed in a TN cell 
(twisted nematic cell) of 9 µm cell thickness had a value of 
dielectric anisotropy (AE) of +5.0, optical anisotropy (An) of 

0.080, and viscosity at 2o·c (7120) of 24.3 cP. This liquid 
crystal composition, as mother liquid crystal, in an amount of 

30 80 parts was mixed with 20 parts of difluoro-[4-(trans-4-
pentylcyclohexyl)phenyl]-(3,4-difluorophenyloxy)methane 



215 

mentioned above, and physical properties of the mixture were 

determined. The results were as follows: 

Cp: 99.4, l\E: 5.6, An: 0.083, 7120: 21.6 cP. 

While this composition was left in a freezer at -2o·c for 40 

5 days, separation of crystal was not observed. 

' 10 
v 

Example 16 (Use Example 5) 

Liquid crystal composition shown in Use Example l, as mother 

liquid, 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, dE.: 11.4, An: 0.131, 

7} 20: 27 . 0 cP. 

While this composition was left in a freezer at -2o·c for 20 

15 days, separation of crystal 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-propylcyclohexyl)phenyl]-(3-trifluoro-4-

20 cyanophenyloxy)methane' shown in Example 2, and physical 

properties of the mixture were determined. The results were as 

follows: 

25 

Cp: 74.6, Vth: 1.64, l\E: 12.3, An: 0.140, 

77 20: 30. 9 cP. 

While this composition was left in a freezer at -2o·c for 20 

days, separation of crystal was not observed. 

Example 18 (Use Example 7) 

Liquid crystal composition shown in.Use Example l, as mother 

liquid, in an amount of 85 parts was ·mixed with 15 parts of 

30 difluoro- {4-[2-(trans-4-propylcyclohexyl)ethyl]phenyl} -(3,4,5-

trifluorophenyloxy)methane shown in Example 3, and physical 
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properties of the mixture were determined. The results were as 
follows: 

Cp: 65.8, Vth: 1.61, AE: 11.3, An: 0.129, 

7} 20: 25. 4 cP. 

While this composition was left in a freezer at -2o·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 amount of 85 parts was mixed with 15 parts of 

difluoro- {4-[2-(trans-4-propylcyclohexyl)ethyl]phenyl} -(4-

trifluoromethoxyphenyloxy)methane shown in Example 3, and 
physical properties of the mixture were determined. The xesults 
were as follows: 

Cp : 6 9 . 8 I Vth: 1. 7 9 I A E : 10 . 4 I An : 0 . 131, 

7} 20 : 24. 2 cP. 

While this composition was left in a freezer at -2o·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-propylcyclohexyl)ethyl]phenyl} -(3-

fluoro-4-trifluoromethoxyphenyloxy)methane shown in Example 3, 
and physical properties of the mixture were determined. The 
results were as follows: 

Cp: 68.9, Vth: 1.69, AE: 10.9, An: 0.131, 

11 20 : 2 5 • 3 cP. 

While this composition was left in a freezer at -2o·c for 20 
days, separation of crystal was not observed. 

Example 21 (Use Example 10) 

Liquid crystal composition shown in Use Example l, as mother 
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liquid, in an amount of 85 parts was mixed with 15 parts· of 

difluoro- (3', 4', 5 '-trifluorobi:phenyloxy) - [4- (trans-4..;.perityl_­

cyclohexyl)phenyl]methane shown in Example 10, and physicai 

properties of the mixture were determined. The results were as 

5 follows: 

v 10 

Cp: 80.4, Vth: 1.62, AE: 10.3, An: 0.140, 

7120: 28 .. 8 cP. 

While this composition was left in a freezer at -2o·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-propylcyclohexyl)ethyl]phenyl} methane shown in Example 

15 10, and physical properties of the mixture were determined. The 

20 

results were as follows: 

Cp: 76.6, Vth: 1. 75, AE: 11.9, An: 0.139, 

7120: 29.8 cP. 

While this composition was left in a freezer at -20"C for 20 

days, separation of crl.rstal was not observed. 

As the nematic liquid crystal compositions containing the 

compounds of the present invention, the followings (Composition 

Examples 12 to 28) can be mentioned. In the following lists, 

compounds in the compositions are indicated by the abbreviations 

25 according to the rules shown in the following Table. That is, 

left side terminal groups are indicated by s, so, sot, Vs, or 

sVt, bonding groups by 2, E, T, or CF20, ring structures by B, 

B(F}, B(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 

C.H21.,.1- s-
-CH2CH2- 2 

C1H21.,.10-:- so-
-coo- E 

C.H21.,.10C1H21- sot -
-c=c- T Ol2•CHC1H21- Vs-

C.H21.,.1CH•CHC1H21- svt - -CF20-- CF20 

Ring structure Symbol Right-side Symbol 
terminal group 

.-@-- 8 -F -F 

--@!- B(F) 
-Cl -CL 

F -CN -c 
-(§)-- B(F,F) -OCF3 -OCF3 

F 

-0- H -CwH2wtl -w 

-(~ Py 
-OCwHaw+l -ow 
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Example 23 (Use Example 12) 

3-HBCF20B-OCF3 10.0 % 

5-HBCF20B-OCF3 8.0 % 

301-BEB(F)-C 5.0 % 

5 2-HB-C 5.0 % 

3-HB-C 15.0 % 

2-HHB-C 5.0 % 

3-HHB-C 5.0 % 

\..._.,· 
4-HHB-C 5.0 % 

10 3-PyBB-F 5.0 % 

3-HH-4 10.0 % 

3-HH-5 3.0 % 

2-BTB-01 3.0 % 

3-BTB-01 3.0 % 

15 4-BTB-01 3.0 % 

4-BTB-02 3.0 % 

5-BTB-01 3.0 % 

3-HHB-1 6.0 % 

3-HHB-01 3.0 % 

20 Clearing point ( "C) 92.2· 

\...._,,· Viscosity (mPa-s) 20.9 

Optical anisotropy 0.142 

Dielectric anisotropy . 8.6 

Threshold voltage (V) 1.83 

25 Example 24 (Use Example 13) 

3-HBCF20B-OCF3 10.0 % 

3-HBCF20B-(F,F)-F 5.0 % 

5-HBCF20B-(F,F)-F 5.0 % 

V2-HB-C 7.0 % 

30 
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1V2-HB-C 7.0 % 

3-HB-C 5.0 % 

3-HHB-C 5.0 % 

3-PyBB-F 8.0 % 

5 2-PyBH-3 4.0 % 

3-PyBH-3 4.0 % 

4-PyBB-3 4.0 % 

3-HH-4 10.0 % 

101-HH-3 6.0 % 

10 2-BTB-l 4.0 % 
·...._ .. / 

1-BTB-6 8.0 % 

4-BTB-4 4.0 % 

3-HHB-l 4.0 % 

Clearing point ('C) 83.5 
15 Viscosity {mPa·s) 26. 8 

Optical anisotropy 0.148 

Dielectric anisotropy 7.0 

Threshold voltage (V) 2.02 

Example 25 {Use Example 14) 

20 3-HBCF20B(F,F)-F 8.0 % 

5-HBCF20B(F,F)-F 8.0 % 

'"-'. 2-BB-C 7.0 % 

101-HB-C 8.0 % 

201-HB-C 7.0 % 

25 2-BEB-C 4.0 % 

5-PyB-F 5.0 % 

3-PyBB-F 5.0 % 

2-PyB-2 3.0 % 

3-PyB-2 3.0 % 
30 4-PyB-2 3.0 % 
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2-PyBH-3 5.0 % 

3-PyBH-3 5.0 % 
4-PyBH-3 5.0 % 
3-PyB-02 5.0 % 

5· 2'-ffiIB-1 4.0 % 

3-HHB-1 6.0 % 
3-mIB-3 9.0 % 

Clearing point ( "C) 71.5 
Viscosity (mPa·s) 32.5 

10 Optical anisotropy 0.142 \.....; 
Dielectric anisotropy 10.2 
Threshold voltage (V) 1.44 

Example 26 (Use Example 15) 

3-HBCF20B-OCF3 10.0 % 
15 5-HBCF20B-CF3 5.0 % 

3-PyB(F)-F 6.0 % 
3-PyBB-F 4.0 % 
4-PyBB-F 4.0 % 

5-PyBB-F 4.0 % 
20 2-PyB-2 6.0 % 

3-Pya-2· 6.0 % 

4-PyB-2 6.0 % 
3-HEB-04 6.0 % 
4-HEB-02 6.0 % 

25 ·5-HEB-01 6.0 % 

2-H2BTB-4 4.0 % 

3-H2BTB-4 4.0 % 

3-HHB-1 7.0 % 

3-HHB-3 7.0 % 
30 3-HHEBB'-C 3.0 % 
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5-HHEBB-C 3.0 % 

3-HBEBB-C 3.0 % 

Clearing point ( "C) 99.3 

Viscosity (mPa·s) 30.1 

5 Optical anisotropy 0.156 

Dielectric anisotropy 5.3 

Threshold voltage (V) 2.36 

Example 27 (Use Example 16) 

5-HBCF20B(F,F)-CF3 10.0 % 

\..,....1 
10 3-HBCF20B(F,F)-F 7.0 % 

5-HBCF20B(F,F)-F 7.0 % 

201-BEB.(F) -C 2.0 % 

301-BEB(F)-C 8.0 % 

2-HB(F)-C 5.0 % 

15 3-HB(F)-C 7.0 % 

3-HHB(F)-C 3.0 % 

2-HHB(F)-F 5.0 % 

3-HHB(F)-F 5.0 % 

5-HHB(F)-F 5.0 % 

20 3-HHB-1 6.0 % 

3-HHB-3 3.0 % 

\.._,,· 3-HHB-01 3.0 % 

3-H2BTB-2 4.0 % 

3-H2BTB-3 4.0 % 

25 3-H2BTB-4 4.0 % 

3-HB(F)TB-2 4.0 % 

3-HB(F)TB-3 4.0 % 

3-HB(F)TB-4 4.0 % 

Clearing point ( • C) 94.3 

30 Viscosity (mPa·s) 32.9 
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Optical anisotropy 0.137 
Dielectric anisotropy 12.8 

Threshold voltage (V) 1.46 
Example 28 (Use Example _l 7) 

5 3-HBCF20B-OCF3 6.0 % 

5-HBCF20B-OCF3 5.0 % 

5-HBCF20B-CF3 5_.o % 

V2-HB-C 8.0 % 

1V2-HB-C 8.0 % 

10 3-HB-C 13.0 % i...._.,· 
5-HB-C 7.0 % 

101-HB-C 4.0 % 

201-HB-C 4.0 % 

3-HHB-F 4.0 % 

15 3-HH-4 4.0 % 

2-BTB-01 8.0 % 

3-HHB-01 4.0 % 

3-HHB-1 6.0 % 

3-HHB- 3 10.0 % 

20 3-HB(F)TB-2 4.0 % 

Clearing point { "C) 80.5 

v Viscosity (mPa-s) 19.4 
Optical anisotropy 0.130 

Dielectric anisotropy 8.2 
25 Threshold voltage (V) 1. 86. 

Example 29 (Use Example 18) 

3-HBCF20B(F,F)-F 9.0 % 

5-HBCF20B(F,F}-OCF3 9.0 % 

2-BEB-C s.o % 

30 2-BB-C 11.0 % 
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3-HB-C 
5.0 % 

10-BEB-2 
10.0 % 

3-HEB-04 
10.0 % 

4-HEB-02 
10.0 % 5 5-HEB-01 
10.0 % 

3-HBEB-F 
5.0 % 

3-HHEB-F 
5.0 % 

5-HHEB-F 
5.0 % 

3-HEBEB-F 
3.0 % 10 3-HEBEB-1 
3.0 % \ .... / 

Clearing point ( "C) 71. 7 
Viscosity (mPa·s) 36.8 
Optical anisotropy 0.117 
Dielectric anisotropy 7.5 

15 Threshold voltage {V) 1.52 
Example 30 (Use Example 19) 

3-HBCF20B-0CF3 
6.0 % 

3-HBCF20B(F,F)-F 
6.0 % 

3-H2BCF20BB(F,F)-CF3 
5.0 % 20 201-BEB(F)-C 
2.0 % 

301-BEB(F)-C 
6.0 % 

401-BEB(F)-C 
3.0 % 

2-HHB(F)-F 
4.0 % 

3-HHB(F)-F 
4.0 % 25 5-HHB(F)-F 
4.0 % 

3-HHEB-F 
3.0 % 

5-HHEB-F 
3.0 % 

3--HEB-F 
3.0 % 

3-HH-EMe 
9.0 % 30 3-HEB-04 
4.0 % 

4-HEB-3 
4.0 % 

------·----····- --·--------------

iii~f 1iU1ii1if 
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.4-HEB-4 
4.0 % 

2-PyBH-3 
5.0 % 

3-PyBH-3 
5.0 % 

4-PyBH-3 
5.0 % 

5 3-HB-02 10.0 % 
3-HHP-l 

5.0 % 
Clearing point C°C} 83.6 
Viscosity (rnPa·s} 32.9 
Optical anisotropy 0.105 

10 Dielectric anisotropy 7.1 . '-./ 
Threshold voltage (V) 1.83 

Example 31 (Use Example 20} 
5-HBCF20B-CF3 5.0 % 
5-HBCF20B(F,F}-CF3 10·. 0 %· 

15 3-DB-C 
4.0 % 

4-DB-C 
4.0 % 

101-HB-C 
5.0 % 

2-PyB-2 
9.0 % 

3-PyB-2 
9.0 % 

20 4-PyB-2 
9.0 % 

2-PyBH-:-3 
7.0 % \.._,,· 3-PyBH-3 
6.0 % 

4-PyBH-3 
6.0 % 

101-HH-5 
8.0 % 

25 3"-HB(F)TB-2 
6.0 % 

3-HB(F)TB-3 6.0 % 
3-HB(F)TB-4 6.0 % 
Clearing point ( • C) 71.0 
Viscosity (rnPa·s) 25.5 

30 Optical anisotropy 0.149 
Dielectric anisotropy 6.0 
Threshold voltage (V} 1. 78 

-- -·----------·--· 

Thlii1i1i1i1Wf 
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Example 32 (Use Example 21) 

3-HBCF20B(F,F)-F . 14.0 % 
5-HBCF20B(F,F)-F 14.0 % 

5-HBCF20B(F)-OCF3 4.0 % 
5 1V2-BEB(F,F)-C 12.0 % 

301-BEB(F):....c 11.0 % 

3-HB-C . 9. 0 % 
3-HB(F)-C 7.0 % 

3-HHB(F)-C 6.0 % 
10 3-PyBB-F 8.0 % v 

4-PyBB-F 8.0 %" 
5-PyBB-F 7.0 % 
Clearing point (. C) 57.6 
Viscosity (mPa-s) 52.0 

15 Optical anisotropy 0.144 
Dielectric anisotropy 24.4 
Threshold voltage (V) 0.77 

Example 33 (Use Example 22) 

3-HBCF20B-OCF3 10.0 % 
20 5-HBCF20B-OCF3 5.0 % 

2-HB(F)-C . 10.0 % 
\._j 3-HB(F)-C 10.0 % 

301-BEB(F)-C 7.0 % 
3-HHEB-F 4.0 % 

25 5-HHEB-F 4.0 % 
3-HHEB(F,F)-F 15.0 % 
5-HHEB(F,F)-F ·10.0 % 

3-HBEB(F,F)-F 5.0 % 
5-HBEB(F,F)-F .5. 0 % 

30 3-HHB-l 8.0 % 
3-HHB-01 4.0 % 

3-HHB-3 3.0 %" 

--·-·-- -·-----------·-

Thiifll1i1i1ilf 
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Clearing point (°C) 83.2 
Viscosity (rnPa·s) 33.2 
Optical anisotropy 0.096 
Dielectric anisotropy .13 .6 

5 Threshold voltage (V) 1.16 
Example 34 (Use Example 23) 

3-HBCF20B-OCF3 10.0 % 
5-HBCF20B-OCF3 5.0 % 
lV-HB-C 9.0 % 

10 1V2-HB-C 9.0 % 0 
3-HB-C 14.0 % 
2-HHB-C 3.0 % 
3-HHB-C 4.0 % 
V2-HH-3 10.0 % 

15 101-HH-5 8.0 % 
2-BTB-01 11.0 % 
V-HHB-1 8.0 % 
V-HBB-2 5.0 % 
1V2-HBB-2 4.0 % 

20 Clearing point ( "C) 83.6 
Viscosity (rnPa·s) 17.1 

. .,_,,. Optical anisotropy 0.134 
Dielectric anisotropy 7.0 
Threshold voltage (V) 2.03 

25 Example 35 (Use Example 24) 
3-HBCF20B(F,F)..,.F 10.0 % 
5-HBCF20B(F,F)-F 10.0 % 
2-HB(F)-C 7.0 % 
3-HB(F)-C 10.0 % 

30 3-HHB-F 5.0 % 
3-HB-02 10.0 % 
V-HH-5 5.0 % 

·------···-·-·--·--· --· ·-·--·-

Thtt1iT11ii1ii1U! 
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V2-,HH-3 5 .. 0 % 
2-BTB-01 8.0 % 

V-HHB-1 8.0 % 
V-HBB-2 5.0 % 

5 1V2-HBB-2 5.0 % 
3-HHB-01 4.0 % 
3-H2BTB-2 ~LO % 

3-H2BTB-3 4.0 % 
Clearing point (. C} 71.6 

10 Viscosity v (mPa-s} 16.9 

Optical anisotropy 0 .121 

Dielectric anisotropy 6.1 

Threshold voltage (V} 1.81 
Example 36 (Use Example 25} 

15 3-HBCF20B(F,F}-F 5.0 % 
5-HBCF20B(F,F)-F 10.0 % 
5-HBCF20B-CF3 5.0 % 

5-HBCF20B(F}-F 5.0 % 
3-HBCF20B-OCF3 5.0 % 

20 7-HB(F,F)-F 8.0 % 
3-HHB(F,F}-F 6.0 % 

\ ..... .1. 4-HHB(F,F)-F 3.0 % 
3-H2HB(F,F}-F 10.0 % 
4-H2HB(F,F)-F 6.0 % 

25 5-H2HB(F,F)-F 6.0 % 

3-HH2B(F,F)-F 10.0 % 

5-HH2B(F,F)-F 5.0 % 
3-HBB(F,F)-F 5.0 % 
5-HBB(F,F)-F 5.0 % 

30 3-HHBB(F,F)-F 3.0 % 
3-HH2BB(F,F)-F 3.0 % 
Clearing point ("C) 61.8 

-----------·---.. ·------------

11n1111ii1nr 
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Viscosity (mPa-s) 23.6 
Optical anisotropy 0.083 
Dielectric anisotropy 8.4 
Threshold voltage (V) 1.50 

5 Example 37 (Use Example 26) 
3-HBCF20B(F,F)-F 5.0 % 
3-HBCF20B-OCF3 5.0 % 

.3-HB-CL 4.0 % 
5-HB-CL 4.0 % 

10 7-HB-CL 5.0 % ...._,, 
2-HHB-CL 6.0 % 
3-HHB-CL 7.0 % 
5-HHB-CL 6.0 % 
2-HBB(F)-F 6.0 % 

15 3-HBB(F)-F 6.0 % 
5-HBB (F) -F 12.0 % 
3-HBB(F,F)-F 13.0 % 
5-HBB(F,F)-F 13.0 % 
3-H2HB(F)-CL 3.0 % 

20 3-HB(F)TB-2 3.0 % 
3-HB(F)VB-2 2.0 % 

v Clearing point ( "C) 89.3 
Viscosity (mPa··s) 21.9 
Optical anisotropy 0.128 

25 Dielectric anisotropy 6.4 
Threshold voltage (V) 2.08 

Example 38 (Use Example 27) 
5-HBCF20B(F,F)-F 10.0 % 
5-HBCF20B-CF3 5.0 % 

30 3-HBCF20B-OCF3 5.0 % 
2-HBB(F)-F 3.0 % 
3-HBB(F)-F 3.0 % 
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5-HBB(F)-F 6.0 % 

2-HBB-F 3.0 % 

3-HBB-F 3.0 % 

3-H2HB(F,F)-F 6.0 % 
5 4-H2HB(F,F)-F 6.0 % 

5-H2HB(F,F)-F 6.0 % 

3-HHB(F,F)~F. 3.0 % 

4-HHB(F,F)-F 3.0 % 

3 .... HH2B (FI F) -F 12.0 % 
10 5-HH2B(F,F)-F 6.0 % \,.,..1 

3-HBB(F;F)-F 6. o· % 

5-HBB(F,F)-F 6.0 % 

3-HHB-CL 4.0 % 

5-HHB"-CL 
.:. 4.0 % 

15 Clearing point ( "C) 82.8 

Viscosity (mPa-s) 24.8 

Optical anisotropy 0.100 

Dielectric anisotropy 8.0 

Threshold voltage (V) 1.69 
20 Example 39· (Use Example 28) 

3-HBCF20B(F,F)-F 3.0 % 

0 5-HBCF20B(F,F)-F 8.0 % 
3-HBCF20B-OCF3 5.0 % 

2-HBB(F)-F 8.0 % 
25 3-HBB(F)-F 8.0 % 

5-HBB(F)-F 16.0 % 

5-HB-F 6.0 % 

7-HB-F 6.0 % 

5-HHB-OCF3 8.0 % 
30 3-H2HB-OCF3 8.0 % 

5-H2HB-OCF3 8.0 % 

3-HH2B-OCF3 8.0 % 
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5 

10 

15 

5-HH2B-OCF3 

Clearing point ( ·c) 
Viscosity (mPa·s) 
Optical anisotropy 
Dielectric anisotropy 
Threshold voltage (V) 

Comparative Example 
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84.9 

16.6 

0.101 

5.5 

2.12 

8.0 % 

Among the compounds expressed by the formula (b-1) or (b-4) 
(USP 5,032,313) described in the paragraph of BACKGROUND ART, 
l,2,6-trifluoro-4-[4-(trans-4~propylcyclohexyl)phenyl]benzene 
(compound expressed by the formula (b-1) wherein R = C3H7) 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 1,2,6-trifluoro-4-[4-(trans-4-propylcyclohexyl) 
phenyl]benzene or· 4-(trans-4-propylcyclohexyl)phenyl-(3,4,5-
trifulorophenyloxy)methane, and physical properties of the 

20 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 obtained by 
extrapolation. 
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Table 2 

Cp("C) 6.e 

Mother liquid crystal 72.4 11.0 

~H1--00CFz(>-O-ocF3 70.1(57.l) 10.8(9.7) . (40) . . 
F 

~Hr-0-0-CFzO--Q-F 64.5(19.7) 11.6(15.0) 
(37) F 

F 
~H7-o-o-o-F· 68.7(47.7). 11.1(11.7) 

(h-1) F 
F 

~H1-0-0-CHzO--Q-F 61.2(1.7) 10.4(7.0) 
(b-4) F 

( 

17 20 (cP) 

27.0 

23.5(3.7) 

26.6(24.3) 

28.8(39.0) 

30.5(54.3) 

Vr.hM 

1.78 

1.71 

1.49 

1.51 

1.61 

to.J 
w 
to.J 
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From Table 2, it can be seen that compound (37} of the 
present invention has excellent characteristics compared with 
comparative compol.ind (b-1} having the same molecular skeleton in 
that the inventive compound exhibits an extremely low viscosity 

5 Cn20} as low as about 60 % of the compound (b-1) whereas the 

v 10 

inventive compound has a value of dielectric anisotropy (8E) 

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 Cn20) as low as about 40 % of the 
compound (b-4). From this fact, it can be seen that the -CF20-
bonding group which crosslinked two benzene rings, as a 

15 characteristic of the present invention, contributes to the 
increase of the value of dielectric anisotropy (AE} as well as 
to the reduction of viscosity. Further, it is seen that 
compoun9 (40) of the present invention having a trifluoromethoxy 
group at the terminal 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. 

25 INDUSTRIAL APPLICABILITY 

30 

Difluorooxyrnethane 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) 

(I) 

wherein each of Q, m, and n is 0 or 1, rings Ai and A2 
independently represent trans-1,4-cyclohexylene group, 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-
diyl, or pyrimidine-2,5-diyl, ring AJ represents 1,4-phenylene 
group one or more hydrogen atoms in which six-membered ring may 15 be replaced by halogen atom, trans-1,3-dioxane-2,5-diyl, or 

20 

pyrimidine-2,5-diyl, Zi, z2, and z3 independently represent a 
covalent bond, -CCH2-, -COO-, -CF20-, -OCF2-, -CH20-, -OCH-, 
-CH=CH-, or -c=c-, Li, L2, L3, and L 4 represent 
hydrogen atom or halogen atom, respectively, X is halogen atom, CN, CF3, OCF3, OCHF2, OCH2F, 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 CH2 groups in 
the R may be replaced by oxygen atom, provided that in no case 25 is X an alkyl group, alkenyl group, or alkoxy group except in 
the case where Z2 is -F20- or -OCF2-. 
2. The difluorooxymethane derivative according to claim 1 
wherein a = 1, m = O, n is O or l, Zi is covalent bond or 
-CH2CHi-, both Z2 and Z3 are covalent bond, Ai ns-1,4-

30 cyclohexylene group, A3 is ·1,4-phenylene group, and R is a linear 
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alkyl group or alkenyl group having 1 to 10 carbon atoms, in the 
general formula (I). 
3. The difluorooxyrnethane derivative according to claim 1 or 2 
wherein at least one of L3 and L4 is halogen atom. 

5 4. The difluorooxymethane derivative according to claim 1 
wherein Q = rn = n = 0, and all of Z1, Z2, and Z3 are covalent 

'-" 10 

bond, in the general formula (I). 
5. The difluorooxyrnethane derivative ·according to claim 1 
wherein Q = 1, m = n = 0, and both of Z2 and Z3 are covalent 
bond, in the general formula (I). 
6. The difluorooxyrnethane derivative according to any one of 
claims 1 to 5 wherein all of L3 , L4, and X are fluorin·e atom, in 
the general formula (I) . 

7. The difluorooxymethane derivative according to claim 5 
15 wherein X is OCF3 , in the general formula (I) . 

20 
\.......; 

B. The difluorooxyrnethane derivative according to claim 5 
wherein X is CN, in the_ general formula (I) . 
9. The difluoroo:xYmethane derivative according to claim 1 
wherein Q = 1, ring Ai is 1, 4-phenylene group one or more 
hydrogen atom in which 6-membered ring may be replaced by 
halogen atom, Z1 is -OCF2-, both of Z2 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) • 

25 10. The difluorooxyrnethane derivative according to claim 1 
wherein Q = m = 0, n = 1, both of Z1 and z2 are covalent bond, 
and ring A3 is 1,4-phenylene group, in the general formula (I). 
11. The difluorooxyrnethane derivative ·according to claim 10 
wherein z3 is covalent bond, in the general formula (I) . 

30 12. The difluorooxyrnethane derivative according to claim 10 
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wherein Z3 is -CH2CH2-, in the general formula (I). 
13. A liquid crystal composition containing at least one kind 
of dif luorooxymethane derivative defined in any one of claims 1 
to 12. 

5 14. A liquid crystal composition containing, as a first 
component, at least one kind of difluorooxymethane derivative 
defined in .any one of claims 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) 

10 

(I) 

15 
a, . 

R,-Q-v1-Q-.v~:-Qx 
. . Ci 

( m) 

( lV) 

20 

·..._,.. wherein Ri represents an alkyl group having 1 to 10 carbon atoms, 
X represents F, Cl, CF3, OC3, OCF2H, or ·an alkyl group having 1 
to 10 carbon atoms, Q1, Q2, Q3 independently represent H or 

25 F, o represents 1 or 2, p represents 0 or 1, Y1 and Y2 
independeqtly represent -CH2CH2-, -CH=CH-, or covalent bond, and 
ring D represents tr.ans-1, 4-cyclohexylene group or 1, 4-phenylene 
group. 

15. A liquid crystal composition containing, as a first 
30 component, at least one kind of difluorooxymethane derivative 

defined in any one of claims 1 to 12, containing, as a second 
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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) 

(V) 

wherein R2 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 CH2 groups in 

the alkyl or alkenyl group may be replaced by oxygen atom, Y3 

represents -CH2CH-, -COO-, or covalent bond, Qs and 06 

independently represent hydrogen atom or fluorine atom, E 
15 represents trans-1,4-cyclohexylene, 1,4-phenylene, or trans-l,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, 

20 
(VI)" 

wherein RJ represents an alkyl group having 1 to 10 carbon atoms, 

Q1 represents hydrogen atom or fluorine atom, and k represents 0 

25 or 1, 

(VI) 

30 

wherein R4 represents an alkyl group having 1 to 10 carbon atoms, 
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I represents trans-1,4-cyclohexylene or 1,4-phenylene, Qa and Q9 

represent hydrogen atom or fluorine atom, Y4 represents -COO- or 

-c=c-, and f and h independently represent 0 or 1, 

( '9JI[) 

wherein Rs and R6 independently represent an alkyl group, alkosy 
group, or alkoxymethyl group having 1 to 10 carbon atoms, J 
represents trans-1,4-cyclohexylene, l,3-pyrimidine-2,5-diyl, or 
1,4-phenylene, K represents trans-1,4-cyclohexylene or 1,4-
phenylene, Y6 represents -c=c-, ~coo-, -CH2CH2-, or covalent 
bond, 

( JX) 

wherein R1 represents an alkyl group or alkoxy group having 1 to 
10 carbon atoms, Ra represents an alkyl group having 1 to 10 
carbon atoms, one or not adjacent two or more CH2 groups in which 
alkyl group may be replaced by oxygen atom, M represents trans-
1, 4-cyclohexylene or l,3-pyrimidine-2,5-diyl, rings N and U 
independently represent trans-1,4-cyclohexylene or 1,4-
phenylene, Y7 represents -CH2CH2-, -coo-, or covalent bond, Ya 

25 represents =c-, -coo-, or covalent bond, g represents· 0 or 1, 
and 010 represents hydrogen atom or fluorine atom. 

16. A liquid crystal composition containing, as a first 
component, at least one kind of difluorooxymethane derivative 
defined in any one of claims 1 to 12, containing, as a part of 

30 the second component, at least one kind of compound selected 
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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), (VI), (VII), 

5 (VIII), or (IX}. 

10 
v 

15 

. 20 

.\....I 

25 

17. A liquid crystal display device composed by using a liquid 
crystal composition defined in any one of claims 13 to 16. 
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