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Description

Technical Field

[0001] The present invention relates to a new liquid crystal compound and liquid crystal composition. More specifically,
the invention relates to a liquid crystal compound that has a 2, 6, 7-trioxabicyclo [2.2.2] octane ring, and has a large
dielectric anisotropy and a high voltage holding ratio, a liquid crystal composition containing the compound, and a liquid
crystal display device including the liquid crystal composition.

Background Art

[0002] A display device using a liquid crystal compound (in the present application, a term "liquid crystal compound"
is used as a generic term for a compound having a liquid crystal phase, and a compound having no liquid crystal phase
but being useful as a component of a liquid crystal composition) has widely been used for a display for a watch, a
calculator, a word processor or the like. The display devices utilize optical anisotropy, dielectric anisotropy and so forth
of the liquid crystal compound.
[0003] The liquid crystal display device typified by a liquid crystal display panel, a liquid crystal display module and so
forth utilizes optical anisotropy, dielectric anisotropy and so forth of the liquid crystal compound. As an operating mode
of the liquid crystal display device, a variety of modes are known, such as a phase change (PC) mode, a twisted nematic
(TN) mode, a super twisted nematic (STN) mode, a bistable twisted nematic (BTN) mode, an electrically controlled
birefringence (ECB) mode, an optically compensated bend (OCB) mode, an in-plane switching(IPS) mode, a vertical
alignment (VA) mode and a polymer sustained alignment (PSA) mode.
[0004] The liquid crystal display devices include a liquid crystal composition having suitable physical properties. In
order to improve characteristics of the liquid crystal display device, the liquid crystal composition preferable has suitable
physical properties. As general physical properties necessary for the liquid crystal compound being a component of the
liquid crystal composition, the liquid crystal composition is required to have characteristics shown in (1) to (6), more
specifically:

(1) chemical stability and physical stability;
(2) a high clearing point (clearing point: transition temperature between a liquid crystal phase and an isotropic phase);
(3) a low minimum temperature of the liquid crystal phase (a nematic phase, a smectic phase or the like), in particular,
a low minimum temperature of the nematic phase;
(4) a suitable optical anisotropy;
(5) a suitable dielectric anisotropy; and
(6) an excellent compatibility with other liquid crystal compounds.

[0005] When a composition containing a compound having a chemical and physical stability as described in (1) is
used for a liquid crystal display device, a voltage holding ratio can be increased. In particular, a high voltage holding
ratio is required for a TFT active matrix liquid crystal display device that currently constitutes a mainstream.
[0006] In a composition containing a liquid crystal compound having a high clearing point or a low minimum temperature
of the liquid crystal phase as described in (2) and (3), a temperature range of the nematic phase is wide, and therefore
the device can be used in a wide temperature range.
[0007] Furthermore, in the case of a display device using a composition containing a compound having a suitable
optical anisotropy as described in (4), contrast of the device can be improved. A device requires compositions having
a small to large optical anisotropy depending on a design of the device. A technique has been recently studied for
improving response speed by decreasing cell thickness, and accordingly a liquid crystal composition having a large
optical anisotropy is also required.
[0008] As is well known, threshold voltage (Vth) is represented according to the following equation (H. J. Deuling et
al., Mol. Cryst. Liq. Cryst., 27 (1975) 81): 

wherein, in the equation, K represents an elastic constant and ε0 represents a dielectric constant of vacuum. As is known
from the equation, two ways are conceivable in order to decrease Vth: either increasing a value of dielectric anisotropy
(Δε) or decreasing K. However, according to the present technology, actual control of K is still difficult. Therefore, under
the present situation, a liquid crystal material having a large Δε is ordinarily used to respond to the requirement. Under
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such circumstances, a development has been actively made for a liquid crystal compound having a suitable dielectric
anisotropy, as described in (5), particularly, a liquid crystal compound having a large dielectric anisotropy.
[0009] In a passive matrix liquid crystal display device, the STN mode is most frequently applied. In the STN mode,
a compound having a cyano group is mainly used as a liquid crystal compound having a large dielectric anisotropy.
However, the compound having the cyano group has a low voltage holding ratio, and thus the compound having the
cyano group is not currently used in the TFT active matrix liquid crystal display device in the mainstream, and a fluorine
liquid crystal compound is used.
[0010] The liquid crystal compound is generally used in the form of a composition prepared by mixing the compound
with many other liquid crystal compounds in order to develop characteristics that are difficult to be attained by a single
compound. Accordingly, a liquid crystal compound used for the display device has an excellent compatibility with other
liquid crystal compounds and so forth as described in (6). Moreover, the display device may be occasionally used in a
wide temperature range including a freezing point, and therefore a compound exhibiting an excellent compatibility from
a low temperature range may be occasionally preferred.
[0011] Specific examples of a liquid crystal compound having a 2,6,7-trioxabicyclo[2.2.2]octane ring are disclosed in
Patent literature No. 1, Patent literature No. 2 and Non-patent literature No. 1. The literatures show compound (a), (b)
or the like. However, compound (a) has a small dielectric anisotropy and is quite difficult to be used for the purpose of
decreasing driving voltage of the liquid crystal display device, or the like. Moreover, compound (b) has a cyano group,
and therefore has a low voltage holding ratio. Further, dipoles of the cyano group and the 2,6,7-trioxabicyclo[2.2.2]octane
ring are reversely directed, and therefore the dielectric anisotropy does not increase.

[0012] Patent literatures No. 3 to No. 7 and non-patent literature No. 2 describe a compound having a 2,6,7-trioxabi-
cyclo[2.2.2]octane ring. However, all the literatures relate to an insecticide or innovative drug development, and describe
nothing on an application as a liquid crystal material. Patent literatures No. 8-12 describe liquid crystal compositions
having nematic phases, the compositions being useful in active matrix systems.
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Patent literature No. 1: DD 248122 Z/A2.
Patent literature No. 2: DD 248136 Z/A2.
Patent literature No. 3: WO85/03203 A.
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Patent literature No. 6: WO2004/089885 A.
Patent literature No. 7: WO2006/03798 A.
Patent literature No. 8: JP 2009 256614 A.
Patent literature No. 9: JP 2008 069153 A.
Patent literature No. 10: JP 2007 169460 A.
Patent literature No. 11: JP 2007 091796 A.
Patent literature No. 12: JP 2001 003053 A.
Non-patent literature No. 1: Liquid Crystals, 6(4), 397 (1989).
Non-patent literature No. 2: Journal of Agricultural and Food Chemistry, 39 (3), 560 (1991).
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Summary of Invention

Technical Problem

[0014] A first object of the invention is to provide a liquid crystal compound having a large dielectric anisotropy, a high
voltage holding ratio, a high stability to heat, light and so forth, maintaining a nematic phase in a wide temperature range,
and having a suitable optical anisotropy and an excellent compatibility with other liquid crystal compounds, in particular,
to provide a liquid crystal compound having a large dielectric anisotropy.
[0015] A second object of the invention is to provide a compound having stability to heat, light and so forth, a small
viscosity, a suitable optical anisotropy, a large dielectric anisotropy and a low threshold voltage, and also to provide a
liquid crystal composition that contains the compound and satisfies at least one of characteristics such as a high maximum
temperature of a nematic phase (maximum temperature: phase transition temperature between the nematic phase and
an isotropic phase), and a low minimum temperature of the nematic phase. A further object is to provide a liquid crystal
composition having a suitable balance regarding at least two of the characteristics.
[0016] A third object of the invention is to provide a liquid crystal display device that contains a liquid crystal composition,
and has a short response time, a small electric power consumption and a small driving voltage, a large contrast ratio
and being usable in a wide temperature range.

Solution to Problem

[0017] In view of the objects, the present inventors have diligently continued to conduct research, as a result, have
found that a specific structure compound having a 2,6,7-trioxabicyclo[2.2.2]octane ring and fluorine particularly develops
an excellent effect of having increased dielectric anisotropy (Δε), and a high voltage holding ratio and stability to heat,
light and so forth. The present inventors have found that the objects can be achieved by utilizing the effect, and thus
have completed the invention.
[0018] More specifically, the invention has a constitution as described in items 1 to 20, or the like.

Item 1. A compound represented by formula (1):

wherein, in the formula, R1 is straight chain alkyl having 1 to 10 carbons, and in the alkyl, at least one of -CH2- may
be replaced by -O-, at least one of - (CH2)2- may be replaced by -CH=CH-, and at least one of hydrogen may be
replaced by halogen; ring A1, ring A2, ring A3, ring A4, ring A5 and ring A6 are independently 1, 4-cyclohexylene or
1, 4-phenylene, in the 1,4-cyclohexylene, at least one of -CH2- may be replaced by -O-, in the 1,4-cyclohexylene,
at least one of -(CH2)2- may be replaced by -CH=CH-, in the 1, 4-phenylene, at least one of -CH= may be replaced
by -N=, and in the 1,4-phenylene, at least one of hydrogen may be replaced by halogen; Z1, Z2, Z3, Z4, Z5, Z6 and
Z7 are independently a single bond, -(CH2)2-, -COO-, -OCO-, -CF2O-, -OCF2- or -CH=CH-; X1 is fluorine, -CF3 or
-OCF3; Y1 and Y2 are independently hydrogen or fluorine; i, j, k, m, n, p and q are independently 0 or 1; and a sum
of i, j, k, m, n, p and q is 1, 2, 3 or 4.
Item 2. The compound according to item 1, wherein, in formula (1) according to item 1, a sum of i, j, k, m, n, p and
q is 2, 3 or 4.
Item 3. The compound according to item 1 or 2, wherein, in formula (1) according to item 1, q is 1.
Item 4. The compound according to any one of items 1 to 3, wherein, in formula (1) according to item 1, R1 is straight
chain alkyl having 1 to 10 carbons, alkenyl having 2 to 10 carbons or alkoxy having 1 to 9 carbons; ring A1, ring A2,
ring A3, ring A4, ring A5 and ring A6 are independently 1,4-cyclohexylene, 1,4-cyclohexenylene, tetrahydropyran-2,
5--diyl, 1,3-dioxane-2,5-diyl, 1, 4-phenylene in which at least one of hydrogen may be replaced by fluorine or chlorine,
or pyrimidine-2,5-diyl; and Z1, Z2, Z3, Z4, Z5, Z6 and Z7 are independently a single bond, -(CH2)2-, -COO-, -CF2O-
or -CH=CH-.
Item 5. The compound according to any one of items 1 to 4, wherein, in formula (1) according to item 1, R1 is straight
chain alkyl having 1 to 10 carbons; ring A1, ring A2, ring A3, ring A4, ring A5 and ring A6 are independently 1,4-
cyclohexylene, 1,4-phenylene, 3-fluoro-1,4-phenylene or 3,5-difluoro-1,4-phenylene; and Z1, Z2, Z3, Z4, Z5, Z6 and
Z7 are independently a single bond, -(CH2)2-, -COO-, -CF2O- or -CH=CH-.
Item 6. The compound according to item 1, represented by formula (1-1-1) :
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wherein, in the formula, R1 is straight chain alkyl having 1 to 10 carbons; Z4 is independently a single bond, -(CH2)2-,
-COO-, -CF2O- or -CH=CH-; X1 is fluorine, -CF3 or -OCF3; and Y1 and Y2 are independently hydrogen or fluorine.
Item 7. The compound according to item 1, represented by formula (1-2-1) or (1-2-2):

wherein, in the formulas, R1 is straight chain alkyl having 1 to 10 carbons; ring A1 and ring A4 are independently
1,4-cyclohexylene, 1,4-phenylene, 3-fluoro-1,4-phenylene or 3,5-difluoro-1,4-phenylene; Z1, Z4 and Z7 are inde-
pendently a single bond, -(CH2)2-, -COO-, -CF2O- or -CH=CH-; X1 is fluorine, -CF3 or -OCF3; Y1 and Y2 are inde-
pendently hydrogen or fluorine; in formula (1-2-1), at least one of Z4 and Z7 is a single bond; and in formula (1-2-2),
at least one of Z1 and Z7 is a single bond.
Item 8. The compound according to item 7, wherein, in formula (1-2-1) according to item 7, any one of Z4 and Z7 is
-CF2O-, or in formula (1-2-2), any one of Z1 and Z7 is -CF2O-.
Item 9. The compound according to item 1, represented by formula (1-3-1), (1-3-2) or (1-3-3):
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wherein, in the formulas, R1 is straight chain alkyl having 1 to 10 carbons; ring A1, ring A2, ring A4 and ring A5 are
independently 1,4-cyclohexylene, 1,4-phenylen, 3-fluoro-1,4-phenylene or 3,5-difluoro-1,4-phenylene; Z1, Z2, Z4,
Z5 and Z7 are independently a single bond, -(CH2)2-, -COO-, -CF2O- or -CH=CH-; X1 is fluorine, -CF3 or -OCF3;
and Y1 and Y2 are independently hydrogen or fluorine; in formula (1-3-1), at least two of Z4, Z5 and Z7 are a single
bond; in formula (1-3-2), at least two of Z1, Z4 and Z7 are a single bond; and in formula (1-3-3), at least two of Z1,
Z2 and Z7 are a single bond.
Item 10. The compound according to item 9, wherein, in formula (1-3-1) according to item 9, any one of Z4, Z5 and
Z7 is -CF2O-, in formula (1-3-2), any one of Z1, Z4 and Z7 is -CF2O-, or in formula (1-3-3), any one of Z1, Z2 and Z7

is -CF2O-.
Item 11. The compound according to item 1, represented by formula (1-4-1), (1-4-2), (1-4-3) or (1-4-4):

wherein, in the formulas, R1 is straight chain alkyl having 1 to 10 carbons; ring A1, ring A2, ring A3, ring A4, ring A5

and ring A6 are independently 1,4-cyclohexylene, 1,4-phenylene, 3-fluoro-1,4-phenylene or 3,5-difluoro-1,4-phe-
nylene; Z1, Z2, Z3, Z4, Z5, Z6 and Z7 are independently a single bond, -(CH2)2-, -COO-, -CF2O- or -CH=CH-; X1 is
fluorine, -CF3 or -OCF3; Y1 and Y2 are independently hydrogen or fluorine;
in formula (1-4-1), at least three of Z4, Z5, Z6 and Z7 are a single bond; in formula (1-4-2), at least three of Z1, Z4,
Z5 and Z7 are a single bond; in formula (1-4-3), at least three of Z1, Z2, Z4 and Z7 are a single bond; and
in formula (1-4-4), at least three of Z1, Z2, Z3 and Z7 are a single bond.
Item 12. The compound according to item 11, wherein, in formula (1-4-1) according to item 11, any one of Z4, Z5,
Z6 and Z7 is -CF2O-, in formula (1-4-2) , any one of Z1, Z4, Z5 and Z7 is -CF2O-, in formula (1-4-3), any one of Z1,
Z2, Z4 and Z7 is -CF2O-, or in formula (1-4-4), any one of Z1, Z2, Z3 and Z7 is -CF2O-.
Item 13. A liquid crystal composition containing a first component and a second component, wherein the first com-
ponent is at least one compound selected from the compounds according to any one of items 1 to 11.
Item 14. The liquid crystal composition according to item 13, wherein the second component is at least one compound
selected from the group of compounds represented by formulas (2), (3) and (4):
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wherein, in formulas (2) to (4), R2 is independently alkyl having 1 to 10 carbons or alkenyl having 2 to 10 carbons,
and in the alkyl and the alkenyl, at least one of hydrogen may be replaced by fluorine, and at least one of -CH2-
may be replaced by -O-;
X2 is independently fluorine, chlorine, -OCF3, -OCHF2, -CF3, -CHF2, -CH2F, -OCF2CHF2 or -OCF2CHFCF3;
ring B1, ring B2 and ring B3 are independently 1,4-cyclohexylene, 1,3-dioxane-2,5-diyl, pyrimidine-2,5-diyl, tet-
rahydropyran-2,5-diyl, or 1,4-phenylene in which at least one of hydrogen may be replaced by fluorine;
Z8 and Z9 are independently -(CH2)2-, -(CH2)4-, -COO-, -CF2O-, -OCF2-, -CH=CH-, -C≡C-, -CH2O- or a single
bond; and
Y3 and Y4 are independently hydrogen or fluorine.

Item 15. The liquid crystal composition according to item 13, wherein the second component is at least one compound
selected from the group of compounds represented by formulas (5), (6), (7), (8), (9) and (10) :
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wherein, in formulas (5) to (10), R3 and R4 are independently alkyl having 1 to 10 carbons or alkenyl having 2
to 10 carbons, in the alkyl or the alkenyl, at least one of -CH2- may be replaced by -O-, and in the alkenyl, at
least one of hydrogen may be replaced by fluorine;
ring C1, ring C2, ring C3 and ring C4 are independently 1,4-cyclohexylene, 1,4-cyclohexenylene, 1,4-phenylene
in which at least one of hydrogen may be replaced by fluorine, tetrahydropyran-2,5-diyl or decahydronaphtha-
lene-2,6-diyl;
Z11, Z12, Z13 and Z14 are independently -(CH2)2-, -COO-, -CH2O-, -OCF2-, -OCF2(CH2)2- or a single bond;
Y7 and Y8 are independently fluorine or chlorine; and
r, s, t, u, v and w are independently 0 or 1, and a sum of s, t, u and v is 1 or 2.

Item 16. The liquid crystal composition according to item 13, wherein the second component is at least one compound
selected from the group of compounds represented by formulas (11), (12) and (13):

wherein, in formulas (11) to (13), R5 and R6 are independently alkyl having 1 to 10 carbons or alkenyl having
2 to 10 carbons, in the alkyl or the alkenyl, at least one of -CH2- may be replaced by -O-, and in the alkenyl, at
least one of hydrogen may be replaced by fluorine;
ring D1, ring D2 and ring D3 are independently 1,4-cyclohexylene, pyrimidine-2,5-diyl, 1,4-phenylene, 2-fluoro-
1,4-phenylene, 3-fluoro-1,4-phenylene or 2,5-difluoro-1,4-phenylene; and Z15 and Z16 are independently -C=C-,
-COO-, - (CH2)2-, -CH=CH- or a single bond.

Item 17. The liquid crystal composition according to item 14, further containing at least one compound selected from
the group of compounds represented by formulas (11), (12) and (13) according to item 16.
Item 18. The liquid crystal composition according to item 15, further containing at least one compound selected from
the group of compounds represented by formulas (11), (12) and (13) according to item 16.
Item 19. The liquid crystal composition according to any one of items 13 to 18, further containing at least one optically
active compound and/or at least one polymerizable compound.
Item 20. The liquid crystal composition according to any one of items 13 to 19, further containing at least one
antioxidant and/or at least one ultraviolet light absorber.
Item 21. A liquid crystal display device including the liquid crystal composition according to any one of items 13 to 20.
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Advantageous Effects of Invention

[0019] A compound of the invention has general physical properties necessary for the compound, namely, stability to
heat, light and so forth, a wide temperature range of a liquid crystal phase, a good compatibility with other compounds,
a large dielectric anisotropy and a suitable optical anisotropy. A liquid crystal composition of the invention contains at
least one of the compounds, and has a high maximum temperature of a nematic phase, a low minimum temperature of
the nematic phase, a small viscosity and a low threshold voltage. A liquid crystal display device of the invention includes
the composition, and has a large temperature range in which the device can be used, a short response time, a small
electric power consumption, a large contrast ratio and a low driving voltage.

Description of Embodiments

[0020] Usage of terms herein is as described below. A liquid crystal compound is a generic term for a compound
having a liquid crystal phase such as a nematic phase or a smectic phase, and a compound having no liquid crystal
phase but being useful as a component of a liquid crystal composition. The liquid crystal compound, the liquid crystal
composition and a liquid crystal display device may be occasionally abbreviated as "compound," "composition" and
"device," respectively. "Liquid crystal display device" is a generic term for a liquid crystal display panel and a liquid crystal
display module. A maximum temperature of the nematic phase is a phase transition temperature between the nematic
phase and an isotropic phase, and may be occasionally abbreviated simply as a clearing point or the maximum temper-
ature. "Minimum temperature of the nematic phase" may be abbreviated simply as "minimum temperature. " "Compound
represented by formula (1)" may be occasionally abbreviated as "compound (1)." The abbreviation may occasionally
apply to a compound represented by formula (2) or the like. In formula (1) to formula (13), a symbol B, D, E or the like
surrounded by a hexagonal shape corresponds to ring B, ring D, ring E or the like, respectively. An amount of the
compound expressed in terms of "percentage" is expressed in terms of "weight percent (% by weight)" based on the
total weight of the composition. A plurality of symbols such as A1, Y1 and ring B are described in an identical formula or
different formulas, but groups selected by the symbols may be identical or different.
[0021] An expression "at least one" in the context of "may be replaced" shows that not only a position but also the
number can be freely selected. An expression "at least one of A may be replaced by B, C or D" includes a case where
arbitrary A is replaced by B, a case where one of A is replaced by C, and a case where one of A is replaced by D, and
also a case where two or more of A are replaced by at least two of B to D. For example, alkyl in which arbitrary -CH2-
may be replaced by -O- or -CH=CH- includes alkyl, alkenyl, alkoxy, alkoxyalkyl, alkoxyalkenyl and alkenyloxyalkyl. In
addition, according to the invention, replacement of two successive -CH2- by -O- to form -O-O- or the like is not preferred.
Then, replacement of -CH2- in a terminal of alkyl by -O- is not preferred, either.
[0022] The invention will be further explained below.

1-1 Compound of the invention

[0023] A first embodiment of the invention relates to a compound represented by formula (1):

[0024] In formula (1), R1 is straight chain alkyl having 1 to 10 carbons, and in the alkyl, at least one of -CH2- may be
replaced by O-, at least one of - (CH2)2- may be replaced by -CH=CH-, and at least one of hydrogen may be replaced
by halogen.
[0025] R1 is straight chain alkyl, alkoxy, alkoxyalkyl, alkoxyalkoxy, alkenyl, alkenyloxy, alkenyloxyalkyl, alkoxyalkenyl
or the like. In general, when the groups are branched in a liquid crystal compound, a maximum temperature of the
nematic phase decreases and viscosity increases as compared with compounds in which the groups are linear. In the
groups, therefore, a straight chain is selected. However, in a driving mode such as a blue phase mode in which a
response speed does not depend on viscosity, an unclaimed compound in which R1 is a branched chain group may be
used in order to improve compatibility. A preferred configuration of -CH=CH- in alkenyl depends on a position of a double
bond. A trans configuration is preferred in alkenyl having the double bond in an odd-numbered position, such as
-CH=CHCH3, --CH=CHC2H5, -CH=CHC3H7, -CH=CHC4H9, -C2H4CH=CHCH3 and -C2H9CH=CHCzH5. A cis configu-
ration is preferred in alkenyl having the double bond in an even-numbered position, such as -CH2CH=CHCH3,
-CH2CH=CHC2H5 and -CH2CH=CHC3H7. Alkenyl having a preferred configuration has a high maximum temperature
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or a wide temperature range of the liquid crystal phase. A detailed description is found in Mol. Cryst. Liq. Cryst., 1985,
131, 109 and Mol. Cryst. Liq. Cryst., 1985, 131, 327. In a compound in which hydrogen of R1 is replaced by halogen, a
maximum temperature of the nematic phase decreases and viscosity increases as compared with a compound in which
hydrogen is not replaced by halogen. In the groups, therefore, R1 is preferably an alkyl group or the like in which hydrogen
is not replaced by halogen. However, in the driving mode such as the blue phase mode in which the response speed
does not depend on the viscosity, a compound in which hydrogen of R1 is replaced by halogen may be used in order to
improve compatibility.
[0026] Specific examples of alkyl include -CH3, -C2H5, -C3H7, -C4H9, -C5H11, -C6H13, -C7H15, -C8H17, -C9H19 and
-C10H21.
[0027] Specific examples of alkoxy include -OCH3, -OC2H5, -OC3H7, -OC4H9, -OC5H11, -OC6H13, -OC7H15, -OC8H17
and -OC9H19.
[0028] Specific examples of alkoxyalkyl include -CH2OCH3, -CH2OC2H5, -CH2OC3H7, -(CH2)2-OCH3, -(CH2)2-OC2H5,
-(CH2)2-OC3H7, -(CH2)3-OCH3, -(CH2)4-OCH3 and - (CH2)5-OCH3.
[0029] Specific examples of alkenyl include -CH=CH2, -CH=CHCH3, -CH2 CH=CH2, -CH=CHC2H5, -CH2CH=CHCH3,
- (CH2)2-CH=CH2, -CH=CHC3H7, -CH2CH=CHC2H5, - (CH2)2-CH=CHCH3 and - (CH2)3-CH=CH2.
[0030] Specific examples of alkenyloxy include -OCH2CH=CH2, -OCH2CH=CHCH3 and -OCH2CH=CHC2H5.
[0031] R1 is preferably alkyl having 1 to 10 carbons. Preferred examples of R1 include -CH3, -C2H5, -C3H7, -C4H9,
-C5H11, -C6H13, -C7H15, -C8H17, -C9H19 and -C10H21.
[0032] In formula (1), ring A1, ring A2, ring A3, ring A4, ring A5 or ring A6 is 1,4-cyclohexylene (14-1), 1,4-cyclohexenylene
(14-2) or (14-3), 1,3-dioxane-2,5-diyl (14-4), tetrahydropyran-2,5-diyl (14-5), pyrimidine-2,5-diyl (14-6), pyridine- 2,5-diyl
(14-7), 1,4-phenylene (14-8), or 1,4-phenylene in which at least one of hydrogen is replaced by halogen. Then, 1,4-
phenylene in which at least one of hydrogen is replaced by halogen includes groups (14-9) to (14-26). Preferred examples
include groups (14-9) to (14-20).
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[0033] Preferred examples of ring A1, ring A2, ring A3, ring A4, ring A5, or ring A6 include 1,4-cyclohexylene (14-1),
1,4-cyclohexenylene (14-2) or (14-3), 1,4-phenylene (14-8), 2-fluoro-1,4-phenylene (14-10), 3,5-difluoro-1,4-phenylene
(14-12), 2,5-difluoro-1,4-phenylene (14-13) and 3-chloro-5-fluoro-1,4-phenylene (14-20).
[0034] Most preferred examples of ring A1, ring A2, ring A3, ring A4, ring A5, ring A6, ring A7 or ring A8 include 1,4-
cyclohexylene (14-1), 1,4-phenylene (14-8), 2-fluoro-1,4-phenylene (14-10), 3,5-difluoro-1,4-phenylene (14-12) and 2,5-
difluoro-1,4-phenylene (14-13).
[0035] In formula (1), Z1, Z2, Z3, Z4, Z5, Z6 and Z7 are independently a single bond, -(CH2)2-, -COO-, -OCO-, -CF2O-,
-OCF2- or -CH=CH-.
[0036] Preferable examples of Z1, Z2, Z3, Z4, Z5, Z6 or Z7 include a single bond, -(CH2)2-, -COO-, -CF2O-, or -CH=CH-.
In the bonding, with regard to a configuration of a double bond of a bonding group such as -CH=CH-, trans is preferred
to cis. Most preferred Z1, Z2, Z3, Z4, Z5, Z6 or Z7 is a single bond, -(CH2)2-, -COO- or -CF2O-.
[0037] In formula (1), X1 is fluorine, -CF3 or -OCF3.
[0038] In formula (1), Y1 and Y2 are independently hydrogen or fluorine.
[0039] In formula (1), i, j, k, m, n, p and q are independently 0 or 1, and a sum of i, j, k, m, n, p and q is 1, 2, 3 or 4.
[0040] A further preferred sum of i, j, k, m, n, p and q is 2, 3 or 4. Furthermore, q is particularly preferably 1.

1-2 Properties of a compound of the invention and a method for adjusting the same

[0041] Compound (1) of the invention will be explained in more detail. The compound is physically and chemically
very stable both under conditions in which a device is ordinarily used, and has a good compatibility with other liquid
crystal compounds. A composition containing the compound is stable under conditions in which the device is ordinarily
used. Even if the composition is stored at a low temperature, the compound does not precipitate in the form of crystals
(or a smectic phase). The compound has general physical properties required for a compound, namely, a suitable optical
anisotropy and a suitable dielectric anisotropy. Moreover, compound (1) has a large positive dielectric anisotropy. A
compound having a large dielectric anisotropy is useful as a component for decreasing threshold voltage of a composition.
[0042] In compound (1), physical properties such as a clearing point, optical anisotropy and dielectric anisotropy can
be adjusted for any purpose by appropriately selecting a combination of R1, ring A1, ring A2 ring A3 ring A4 ring A5, ring
A6, Z1, Z2, Z3, Z4, Z5, Z6, Z7, X1, Y1 Y2, i, j, k, m, n, p and q. Effects of the combinations on the physical properties of
compound (1) are explained below.
[0043] In a case of combination where a sum of i, j, k, m, n, p and q is 1, compatibility with other compounds is
particularly high, and a maximum temperature of the nematic phase is low. In a case of combination where the sum is
2, compatibility with other compounds is high, and a temperature range of the liquid phase is wide. In a case of combination
where the sum is 3 or 4, a clearing point is high, and a compound having a very large dielectric anisotropy is formed by
suitably selecting rings and bonding groups.
[0044] When all of ring A1, ring A2, ring A3, ring A4, ring A5 and ring A6 are 1, 4-cyclohexylene, a clearing point is high
and viscosity is small. When at least one of ring A1, ring A2, ring A3, ring A4, ring A5 and ring A6 is 1,4-phenylene, optical
anisotropy is relatively large and an orientational order parameter is relatively large. Moreover, when all of ring A1, ring
A2, ring A3, ring A4, ring A5, ring A6, ring A7 and ring A8 are 1,4-phenylene,optical anisotropy is particularly large.
Furthermore, when ring A1, ring A2, ring A3, ring A4, ring A5, ring A6, ring A7 and ring A8 are 1, 4-phenylene replaced by
halogen as represented by a group (14-10), (14-12) or (14-20), dielectric anisotropy is large.
[0045] When Z1, Z2, Z3, Z4, Z5, Z6 or Z7 is a single bond, -CH2CH2-, -CH=CH-, -CF2O- or -OCF2-, viscosity is small.
When Z1, Z2, Z3, Z4, Z5, Z6 or Z7 is -CH=CH-, a temperature range of the liquid crystal phase is wide, and an elastic
constant ratio K33/K11 (K33: bend elastic constant, K11: splay elastic constant) is large. When Z1, Z2, Z3, Z4, Z5, Z6 or Z7

is a single bond, -(CH2)2-, -COO-, -OCO-, -CF2O- or -OCF2-, the compound is relatively chemically stable, and relatively
hard to cause deterioration. When Z1, Z2, Z3, Z4, 25, Z6 or Z7 is -COO- or -OCO-, a maximum temperature of the nematic
phase is high.
[0046] When X1 is fluorine, dielectric anisotropy is large, and viscosity is small. When X1 is -CF3, dielectric anisotropy
is particularly large. When X1 is -OCF3, dielectric anisotropy is large, and compatibility with other compounds is high.
[0047] As described above, a compound having objective physical properties can be obtained by suitably selecting
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kinds of ring A, bonding group Z or the like. Therefore, compound (1) is useful as a component of a composition used
for a device such as a TN, OCB, IPS or VA device.

1-3 Specific examples of compound (1)

[0048] Preferred examples of compound (1) include compounds represented by formula (1-1-1) shown in item 6,
formulas (1-2-1) to (1-2-2) shown in item 7, formulas (1-3-1) to (1-3-3) shown in item 9 and formulas (1-4-1) to (1-4-4)
shown in item 11.
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[0049] In the formulas, R1 is straight claim alkyl having 1 to 10 carbons; ring A1, ring A2, ring A3, ring A4, ring A5 and
ring A6 are independently 1,4-cyclohexylene, 1,4-phenylen, 3-fluoro-1,4-phenylene or 3, 5-difluoro-1,4-phenylene; Z1,
Z2, Z3, Z4, Z5, Z6 and Z7 are independently a single bond, -(CH2)2-, -COO-, -CF2O- or -CH=CH-: X1 is fluorine, -CF3 or
-OCF3; and Y1 and Y2 are independently hydrogen or fluorine.
[0050] Here, in formula (1-2-1), at least one of Z4 and Z7 is a single bond; in formula (1-2-2), at least one of Z1 and Z7

is a single bond; in formula (1-3-1), at least two of Z4, Z5 and Z7 are a single bond; in formula (1-3-2), at least two of Z1,
Z4 and Z7 are a single bond; in formula (1-3-3), at least two of Z1, Z2 and Z7 are a single bond; in formula (1-4-1), at
least three of Z4, Z5, 26 and Z7 are a single bond; in formula (1-4-2), at least three of Z1, Z4, Z5 and Z7 are a single bond;
in formula (1-4-3), at least three of Z1, Z2, Z4 and Z7 are a single bond; and in formula (1-4-4), at least three of Z1, Z2,
Z3 and Z7 are a single bond.

1-4 Synthesis of compound (1)

[0051] Next, synthesis of compound (1) will be explained. Compound (1) can be prepared by suitably combining
techniques in synthetic organic chemistry. Methods for introducing objective terminal groups, rings and bonding groups
into a starting material are described in books such as Organic Syntheses (John Wiley & Sons, Inc.), Organic Reactions
(John Wiley & Sons, Inc.), Comprehensive Organic Synthesis (Pergamon Press) and New Experimental Chemistry
Course (Shin Jikken Kagaku Koza, in Japanese) (Maruzen Co., Ltd.).

1-4-1 Method for forming bonding group Z

[0052] One example of a method for forming bonding group Z in compound (1) is as shown in a scheme below. In the
scheme, MSG1 or MSG2 is a monovalent organic group having at least one ring. A plurality of MSG1 (or MSG2) used
in the scheme may be identical or different. Compounds (1A) to (1J) correspond to compound (1).
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[0053] Next, methods for forming various types of bonds with regard to bonding group Z in compound (1) will be
explained in sections (I) to (IV) below.

(I) Formation of a single bond

[0054] Compound (1A) is prepared by allowing aryl boronic acid (21) to react, in the presence of an aqueous solution
of carbonate and a catalyst such as tetrakis(triphenylphosphine)palladium, with compound (22) prepared according to
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a known method. Compound (1A) is also prepared by allowing compound (23) prepared according to a known method
to react with n-butyllithium and subsequently with zinc chloride, and further with compound (22) in the presence of a
catalyst such as dichlorobis(triphenylphosphine)palladium.

(II) Formation of -COO- or -OCO-

[0055] Carboxylic acid (24) is obtained by allowing compound (23) to react with n-butyllithium and subsequently with
carbon dioxide. Compound (1B) having -COO- is prepared by dehydrating, in the presence of 1,3-dicyclohexylcarbod-
iimide (DCC) and 4-dimethylaminopyridine (DMAP), carboxylic acid (24) and phenol (25) prepared according to a known
method. A compound having -OCO- is also prepared according to the method.

(III) Formation of -CF2O or OCF2

[0056] Compound (26) is obtained by treating compound (1B) with a thiation reagent such as Lawesson’s reagent.
Compound (1C) having -CF2O- is prepared by fluorinating compound (26) with a hydrogen fluoride-pyridine complex
and N-bromosuccinimide (NBS). See M. Kuroboshi et al., Chem. Lett., 1992, 827. Compound (1C) is also prepared by
fluorinating compound (26) with (diethylamino)sulfurtrifluoride (DAST). See W. H. Bunnelle et al., J. Org. Chem. 1990,
55, 768. A compound having -OCF2-is also prepared according to the method. The bonding groups can also be formed
according to the method described in Peer. Kirsch et al., Angew. Chem. Int. Ed. 2001, 40, 1480.

(IV) Formation of -CH=CH-

[0057] Aldehyde (28) is obtained by treating compound (23) with n-butyllithium and then allowing a treated product to
react with formamide such as N,N-dimethylformamide (DMF). Compound (1D) is prepared by allowing aldehyde (28) to
react with phosphorus ylide generated by treating with a base such as potassium tert-butoxide phosphonium salt (27)
prepared according to a known method. A cis form may be generated depending on reaction conditions, and therefore
the cis form is isomerized into a trans form according to a known method, when necessary.

(V) Formation of - (CH2)2-

[0058] Compound (1E) is prepared by hydrogenating compound (1D) in the presence of a catalyst such as palladium
on carbon.

(VI) Formation of -CH2O- or -OCH2-

[0059] Compound (29) is obtained by reducing compound (28) with a reducing agent such as sodium boron hydride.
Compound (30) is obtained by halogenating compound (29) with hydrobromic acid or the like. Compound (1F) is prepared
by allowing compound (30) to react with compound (25) in the presence of potassium carbonate or the like.

1-4-2 Method for synthesizing ring A

[0060] With regard to a ring such as 1,4-cyclohexylene, 1,3-dioxane-2,5-diyl, 1,4-phenylene, 2-fluoro-1,4-phenylene,
2,3-difluoro-1,4-phenylene, 2,5-difluoro-1,4-phenylene, 2,6-difluoro-1,4-phenylene or 2,3,5,6-tetrafluoro-1,4-phenylene,
a starting material is commercially available or a synthetic process is well known.

1-4-3 Method for synthesizing 2,6,7-trioxabicyclo[2.2.2]octane ring One example of a method for preparing a

[0061] 2,6,7-trioxabicyclo[2.2.2]octane ring is shown below. When aldehyde derivative (31) is allowed to react with
two equivalent of formaldehyde in the presence of a base such as sodium hydroxide, an Aldol reaction and subsequently
a Cannizzaro reaction take place and thus triol (32) is formed. If the triol (32) is heated with diethyl carbonate and a
catalyst amount of potassium carbonate, oxetane derivative (33) is formed by a dehydration reaction. Next, carboxylic
acid (24) and oxetane derivative (33) obtained by the methods as described in the methods for forming bonding group
Z are esterified using a dehydration condensation agent such as dicyclohexylcarbodiimide. The step may also apply a
method for converting carboxylic acid (24) with thionyl chloride into acid chloride, and successively allowing the acid
chloride to react with oxetane derivative (33). Then, compound (35) having a 2,6,7-trioxabicyclo[2.2.2]octane ring is
obtained by allowing reaction of the thus obtained ester derivative (34) in the presence of a catalyst amount of Lewis
acid such as a boron trifluoride-diethyl ether complex.
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2 Composition of the invention

[0062] A second embodiment of the invention refers to a composition containing a compound represented by formula
(1), preferably, a liquid crystal composition that can be used for a liquid crystal material. The liquid crystal composition
of the invention is required to contain, as component A, the compound represented by formula (1) according to the
invention. The liquid crystal composition of the invention may be a composition consisting of the component A, or a
composition containing any other component whose name is not described herein, but when a component selected from
the group of components B, C, D and E described below is added to the component A, a liquid crystal composition
having a variety of characteristics according to the invention can be provided.
[0063] As a component to be added to component A, component B containing at least one compound selected from
the group of compounds represented by formulas (2), (3) and (4), or component C containing at least one compound
selected from the group of products represented by formulas (5), (6), (7), (8), (9) and (10) is preferably mixed.
[0064] Furthermore, when component D containing at least one compound selected from the group of products rep-
resented by formulas (11), (12) and (13) is mixed, threshold voltage, a liquid crystal phase temperature range, an optical
anisotropy value, a dielectric constant anisotropy value, viscosity or the like can be adjusted.
[0065] Moreover, each component of the liquid crystal composition used for the invention has no significant difference
in physical characteristics, even when each component is an analog including an isotopic element of each element.
[0066] Among types of component B above, suitable examples of compound (2) include compounds (2-1) to (2-16),
suitable examples of compound (3) include compounds (3-1) to (3-112), and suitable examples of compound (4) include
compounds (4-1) to (4-55).
[0067] 1
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In the formulas, R2 and X2 are defined in a manner identical with the definitions in item 13.
[0068] Compounds (2) to (4), namely, component B, have a positive dielectric anisotropy and a superb thermal stability
and chemical stability, and therefore are used for preparing a liquid crystal composition for the TFT mode. Content of
component B in the liquid crystal composition of the invention is suitably in the range of about 1% by weight to about
99% by weight, preferably, about 10% by weight to about 97% by weight, further preferably, about 40% by weight to
about 95 % by weight, based on the total weight of the liquid crystal composition. Moreover, the viscosity can be adjusted
by further incorporating compounds (11) to (13) (component D) into the composition.
[0069] Component C including compounds (5) to (10) is preferred in preparing a liquid crystal composition having a
negative dielectric anisotropy for use in a device having the vertical alignment mode (VA mode), the polymer sustained
alignment mode (PSA mode) or the like according to the invention.
[0070] Suitable examples of compounds (5) to (10) include compounds (5-1) to (5-6), (6-1) to (6-15), (7-1), (8-1) to
(8-3), (9-1) to (9-11) and (10-1) to (10-10).
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[0071] In the formulas, R3 and R4 are defined in a manner identical with the definitions in item 14.
[0072] The compounds of component C are mainly used for a liquid crystal composition having a negative value of
dielectric anisotropy for use in the VA mode. When the content thereof is increased, the threshold voltage of the com-
position decreases but the viscosity increases. Accordingly, the content is preferably minimized as long as a desired
value of the threshold voltage is satisfied. However, an absolute value of dielectric anisotropy is about 5, and therefore
if the content less than about 40% by weight occasionally does not allow voltage driving.
[0073] Among types of component C, compound (5) is a bicyclic compound and therefore effective mainly in adjusting
the threshold voltage, adjusting the viscosity and adjusting the optical anisotropy. Moreover, compounds (6) and (7) are
a tricyclic compound, and therefore effective in increasing the clearing point, increasing a nematic phase range, de-
creasing the threshold voltage, increasing the optical anisotropy or the like.
[0074] The content of component C is, when a composition for the VA mode is prepared, preferably about 40% by
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weight or more, further preferably, in the range of about 50% by weight to about 95% by weight, based on the total
weight of the composition. Moreover, when component C is mixed, an elastic constant can be controlled and a voltage-
transmittance curve of the composition can be controlled. When component C is added to a composition having a positive
dielectric anisotropy, the content of component C is preferably about 30% by weight or less based on the total weight
of the composition.
[0075] Suitable examples of compounds (11), (12) and (13) (component D) include compounds (11-1) to (11-11),
(12-1) to (12-18) and (13-1) to (13-6).
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[0076] In the formulas, R5 and R6 are defined in a manner identical with the definitions in item 15.
[0077] Compounds (11) to (13) (component D) each have a small absolute value of dielectric anisotropy and are close
to neutrality. Compound (11) is effective mainly in adjusting the viscosity or a value of optical anisotropy. Compounds
(12) and (13) are effective in extending the nematic phase range, such as increasing the clearing point, or adjusting a
value of refractive index anisotropy.
[0078] When the content of the compound represented by component D is increased, the threshold voltage of the
liquid crystal composition increases and the viscosity decreases. Accordingly, the content is desirably high as long as
a desired value of the threshold voltage of the liquid crystal composition is satisfied. When a liquid crystal composition
for the TFT mode is prepared, the content of component D is preferably about 30% by weight or more, further preferably,
about 50% by weight or more, based on the total weight of the composition.
[0079] The liquid crystal composition of the invention preferably contains at least one kind of compound represented
by formula (1) according to the invention in a ratio of about 0.1% to about 99% by weight for developing excellent
characteristics.
[0080] The liquid crystal composition of the invention is generally prepared according to a publicly known method such
as dissolving necessary components with each other at a high temperature. Moreover, an additive well-known to those
skilled in the art is added according to an application, and thus, for example, a liquid crystal composition containing the
optically active compound, or a liquid crystal composition for a guest host (GH) mode in which a dye is added according
to the invention as described below can be prepared. The additive is ordinarily well known to those skilled in the art, and
is described in literatures or the like in detail.
[0081] The liquid crystal composition of the invention may further contain at least one optically active compound in
the liquid crystal composition of the invention as described above.
[0082] As the optically active compound, a publicly known chiral dopant can be added. The chiral dopant is effective
in inducing a helical structure in liquid crystals to adjust a necessary twist angle and to prevent an inverted twist. Specific
examples of the chiral dopants include the optically active compounds (Op-1) to (Op-13) below.
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[0083] The helical pitch of the liquid crystal composition of the invention is ordinarily adjusted by adding the optically
active compounds. The helical pitch is preferably adjusted in the range of about 40 micrometers to about 200 micrometers
for a liquid crystal composition for use in the TFT mode and the TN mode. The helical pitch is preferably adjusted in the
range of about 1.5 micrometers to about 4 micrometers for a liquid crystal composition for use in a bistable TN mode.
Two or more of optically active compounds may be added for the purpose of adjusting temperature dependence of the
helical pitch.
[0084] The liquid crystal composition of the invention can also be used as a liquid crystal composition for use in a GH
mode by adding a dichroic dye such as a merocyanine, stylyl, azo, azomethine, azoxy, quinophthalone, anthraquinone
or tetrazine dye.
[0085] Moreover, the liquid crystal composition of the invention can also be used for NCAP prepared by microencap-
sulating nematic liquid crystals, a polymer dispersed liquid crystal display device (PDLCD) prepared by forming a three-
dimensional network polymer in liquid crystals, such as a polymer network liquid crystal display device (PNLCD), and
also a liquid crystal composition for use in an electrically controlled birefringence (ECB) mode or a DS mode.
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Examples

[0086] Hereinafter, the invention will be explained in more detail by way of Examples, but the invention is not limited
by the Examples. Unless otherwise noted, "%" is expressed in terms of "% by weight."
[0087] Compounds obtained were identified by nuclear magnetic resonance spectra obtained by means of 1H-NMR
analysis, gas chromatograms obtained by means of gas chromatography (GC) analysis and so forth, and therefore
analytical methods will be first explained.
[0088] 1H-NMR analysis: As a measuring apparatus, DRX-500 (made by Bruker BioSpin Corporation) was used. A
sample prepared in Example or the like was dissolved into a deuterated solvent such as CDCl3 in which the sample was
soluble, and measurement was carried out under the conditions of room temperature, 500 MHz and 16 times of accu-
mulation. In the explanation of the nuclear magnetic resonance spectra obtained, s, d, t, q and m stand for a singlet, a
doublet, a triplet, a quartet, and a multiplet, respectively. Tetramethylsilane (TMS) was used as a standard reference
material for a zero point of chemical shifts (δ values).
[0089] GC analysis: As a measuring apparatus, GC-14B Gas Chromatograph made by Shimadzu Corporation was
used. A capillary column CBP1-M25-025 (length 25 m, bore 0.22 mm, film thickness 0.25 mm; dimethylpolysiloxane as
a stationary liquid phase; non-polar) made by Shimadzu Corporation was used. Helium was used as a carrier gas, and
a flow rate was adjusted at 1 milliliter per minute. Temperature in a sample injector was set at 300°C and temperature
of a detector (FID) part was set at 300°C.
[0090] A sample was dissolved into toluene and prepared to be a 1% solution, and then 1 microliter of the solution
obtained was injected into the sample injector.
[0091] As a recorder, C-R6A Chromatopac made by Shimadzu Corporation or an equivalent thereof was used. The
resulting gas chromatogram showed a retention time of a peak and a value of a peak area corresponding to a component
compound.
[0092] As a solvent for diluting a sample, chloroform or hexane, for example, may also be used. Moreover, as the
column, capillary column DB-1 (length 30 m, bore 0.32 mm, film thickness 0.25 mm) made by Agilent Technologies Inc.,
HP-1 (length 30 m, bore 0.32 mm, film thickness 0.25 mm) made by Agilent Technologies Inc., Rtx-1 (length 30 m, bore
0.32 mm, film thickness 0.25 mm) made by Restek Corporation, BP-1 (length 30 m, bore 0.32 mm, film thickness 0.25
mm) made by SGE International Pty. Ltd., or the like may also be used.
[0093] A ratio of peak areas in the gas chromatogram corresponds to a ratio of component compounds. In general,
the percentage by weight of each component compound in an analytical sample is not completely identical with the
percentage of each peak area in the analytical sample. In However, when the column described above is used in the
invention, a correction coefficient is essentially 1 (one), and therefore the percentage by weight of the component
compound in the analytical sample corresponds substantially to the percentage of the peak area in the analytical sample.
The reason is that no significant difference exists among the correction coefficients of the components in the liquid crystal
compounds. In order to more accurately determine a composition ratio of the liquid crystal compounds in the liquid crystal
composition by means of the gas chromatograms, an internal standard method using gas chromatograms is applied.
Each liquid crystal compound component (test-component) accurately weighed in a fixed amount and a standard liquid
crystal compound (standard reference material) are simultaneously measured according to gas chromatography, and
relative intensity of ratios of the peak areas obtained between the test-component and the standard reference material
is calculated in advance. When the composition ratio is corrected using the relative intensity of the peak area of each
component to the peak area of standard reference material, the composition ratio of the liquid crystal compounds in the
liquid crystal composition can be more accurately determined by means of the gas-chromatographic analysis.

Samples for determining values of physical properties of a compound or the like

[0094] A sample for determining values of physical properties of a liquid crystal compound includes two types of cases:
a case where the compound per se is used as the sample, and a case where the compound is mixed with a base liquid
crystal to be used as the sample.
[0095] In the latter case where the sample prepared by mixing the compound with the base liquid crystal is used,
measurement is carried out according to the method described below. First, a sample is prepared by mixing 15 % of
liquid crystal compound obtained and 85% of base liquid crystal. Then, extrapolated values are calculated according to
an extrapolation method based on an equation as presented below from measured values of the sample obtained. The
extrapolated values are described as the values of physical properties of the compound.
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[0096] When a smectic phase or crystals precipitated even at the ratio of the compound to the base liquid crystal at
25°C, a ratio of the liquid crystal compound to the base liquid crystal was changed in the order of (10% by weight: 90%
by weight), (5% by weight: 95% by weight) and (1% by weight: 99% by weight). Physical properties of the sample were
measured at a ratio in which the smectic phase or the crystals did not precipitate at 25°C. Extrapolated values were
determined according to the equation above, and described as values of physical properties of the liquid crystal compound.
[0097] As the base liquid crystal used for measurement, a variety of types exist. For example, components of base
liquid crystal A (% by weight) and each ratio of the components is as described below. Base liquid crystal A:

Methods for determining values of physical properties of a Compound or the like

[0098] Values of physical properties were determined according to the methods described below. Most of the measuring
methods are described in EIAJ ED-2521A of the Standard of Electronic Industries Association of Japan, or modified
thereon. Moreover, no TFT was attached to a TN device used for measurement.
[0099] Among measured values, in the case where the liquid crystal compound per se was used as the sample, values
obtained were described as experimental data. In the case where a mixture of the liquid crystal compound with the base
liquid crystal was used as the sample, values obtained according to the extrapolation method were described as exper-
imental data.
[0100] Phase structure and phase transition temperature (°C): Measurement was carried out according to methods
(1) and (2) described below.

(1) A compound was placed on a hot plate of a melting point apparatus (FP-52 Hot Stage made by Mettler-Toledo
International Inc.) equipped with a polarizing microscope, and a state of phase and a change thereof were observed
with the polarizing microscope while the compound was heated at a rate of 3°C per minute, and a kind of the liquid
crystal phase was specified.
(2) A sample was heated and then cooled at a rate of 3°C per minute using a differential scanning calorimeter,
Diamond DSC System, made by PerkinElmer, Inc. A starting point (on set) of an endothermic peak or an exothermic
peak caused by a change of phases of the sample was obtained by means of extrapolation, and thus a phase
transition temperature was determined.

[0101] Hereinafter, the crystals were expressed as C, and when the crystals were further distinguishable, each of the
crystals was expressed as C1 or C2. A smectic phase or a nematic phase was expressed as S or N. A liquid (isotropic)
was expressed as I. When smectic A phase, smectic B phase, smectic C phase or the like was distinguishable among
the smectic phases, the phases were expressed as SA, SB or SC, respectively. As an expression of phase transition
temperature, for example, "C 50.0 N 100.0 I" presents that, upon increasing temperature, a phase transition temperature
(CN) from a crystal to a nematic phase is 50.0°C, and a phase transition temperature (NI) from the nematic phase to a
liquid is 100.0°C. A same rule applied to any other expression.
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[0102] Maximum temperature of a nematic phase (TNI; °C) : A sample (a mixture of a liquid crystal compound and
a base liquid crystal) was placed on a hot plate of a melting point apparatus (FP52 Hot Stage made by Mettler-Toledo
International Inc.) equipped with a polarizing microscope, and was observed with the polarizing microscope while the
sample was heated at a rate of 1°C per minute. Temperature at which part of the sample changed from a nematic phase
to an isotropic liquid was described as a maximum temperature of the nematic phase. Hereinafter, the maximum tem-
perature of the nematic phase may be occasionally abbreviated simply as "maximum temperature."
[0103] Compatibility at a low temperature: Samples were prepared by mixing a liquid crystal compound with a base
liquid crystal for a mixing ratio of the liquid crystal compound to be 20% by weight, 15% by weight, 10% by weight, 5%
by weight, 3% by weight and 1% by weight, and put in glass vials. The glass vials were kept in a freezer at -10°C or
-20°C for a fixed period of time, and then whether or not crystals or a smectic phase precipitated was observed.
[0104] Viscosity (bulk viscosity; q; measured at 20°C; mPa·s) : A mixture of a liquid crystal compound and a base
liquid crystal was measured cone-plate (E type) rotational viscometer.
[0105] Optical anisotropy (refractive index anisotropy; Δn): Measurement was carried out by means of an Abbe
refractometer with a polarizing plate mounted on an ocular by using light at a wavelength of 589 nanometers at a
temperature of 25°C. A surface of a main prism was rubbed in one direction, and then a sample (a mixture of a liquid
crystal compound and a base liquid crystal) was added dropwise onto the main prism. A refractive index (ni) was
measured when the direction of polarized light was parallel to the direction of rubbing. A refractive index (n⊥) was
measured when the direction of polarized light was perpendicular to the direction of rubbing. A value of refractive index
anisotropy was calculated from an equation: Δn = ni - n⊥.
[0106] Dielectric anisotropy (Δε; measured at 25°C): A sample (a mixture of a liquid crystal compound and a base
liquid crystal) was put in a liquid crystal cell in which a distance (gap) between two glass substrates was about 9
micrometers and a twist angle was 80 degrees. A voltage of 20 V was applied to the cell, and a dielectric constant (εi)
in the major axis direction of liquid crystal molecules was measured. A voltage of 0.5 V was applied to the cell, and a
dielectric constant (ε⊥) in the minor axis direction of the liquid crystal molecules was measured. A value of dielectric
anisotropy was calculated from an equation: Δε = εi - ε⊥.

Example 1

Synthesis of 4-propyl-1-(4-(3,4,5-trifluorophenyl)cyclohexyl)-2,6,7-trioxabicycl o[2.2.2]octane (No. 21)

[0107]

First step

[0108] Into a reaction vessel under a nitrogen atmosphere, 4.8 g (120 mmol) of well-dried and powdery sodium
hydroxide, 100 mL of acetonitrile and 9.9 g (330 mmol) of paraformaldehyde were put, and while stirring the resultant
mixture at room temperature, 8.4 g (97 mmol) of valeraldehyde was added dropwise over 20 minutes. After completion
of the dropwise addition, temperature was 60°C. Subsequently, temperature was increased to 80°C and the mixture
was stirred for 30 minutes. The mixture was cooled to room temperature, an insoluble matter was separated by filtration,
and a solvent was distilled off under reduced pressure. A residue was purified according to fractionation by column
chromatography using ethyl acetate as an eluent and silica gel as a filler, and dried, and thus 6.6 g of 2-(hydroxymethyl)-
2-propylpropane-1,3-diol was obtained as a white solid.

Second step

[0109] Into a reaction vessel under a nitrogen atmosphere, 6.6 g (45 mmol) of 2-(hydroxymethyl)-2-propylpropane-
1,3-diol obtained in the first step, 5.3 g (45 mmol) of diethyl carbonate and 0.053 g (0.37 mmol) of potassium carbonate
were put, and the resultant mixture was stirred at 125°C for 6 hours. The mixture was purified by vacuum distillation (1
mmHg, 100°C), and thus 3.7 g of 3-propyl-3-hydroxymethyloxetane was obtained as a colorless liquid.
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Third step

[0110] Into a reaction vessel under a nitrogen atmosphere, 4.4 g (17 mmol) of 4-(3,4,5-trifluorophenyl)cyclohexane-
carboxylic acid, 50 mL of toluene, and 2.4 mL (34 mmol) of thionyl chloride were put, and the resultant mixture was
stirred at 85°C for 1.5 hours. Excessive thionyl chloride was distilled off under a nitrogen flow, a solvent was distilled off
by means of a rotary evaporator, and thus acid chloride was obtained. In a separately-provided reaction vessel under
a nitrogen atmosphere, 2.4g (19 mmol) of 3-propyl-3-hydroxymethyloxetane obtained in the second step, 35 mL of THF
and 1.7 mL (21 mmol) of pyridine were put, the THF solution of acid chloride was added dropwise thereto at room
temperature, and the resultant mixture was stirred for 20 hours. Then, 50 mL of diethyl ether and 30 mL of water were
added to separate the mixture into an organic layer and an aqueous layer, and an extraction operation was applied. The
organic layer obtained was separated, washed with saturated brine, and dried over anhydrous magnesium sulfate, and
then an insoluble matter was separated by filtration and then a filtrate was concentrated under reduced pressure. A
residue was purified according to fractionation by column chromatography using a mixed solvent of heptane and ethyl
acetate (ethyl acetate : heptane = 1 : 3 in a volume ratio) as an eluent and silica gel as a filler, and thus 5.4 g of 4-(3,4,5-
trifluorophenyl)cyclohexanecarboxylate(3-propyloxetane-3-y 1)methyl was obtained as a light-orange oily matter.

Fourth step

[0111] Into a reaction vessel under a nitrogen atmosphere, 5.4 g (15 mmol) of
4-(3,4,5-trifluorophenyl)cyclohexanecarboxylate(3-propyloxetane-3-y 1) methyl obtained in the third step and 60 mL of
dichloromethane were put, the resultant mixture was cooled to -70°C, and 0.44 g (3.5 mmol) of boron trifluoride-diethyl
ether complex was added dropwise thereto. The resultant mixture was warmed to room temperature and stirred for 15
hours. Then, 0.67 mL (4.8 mmol) of triethylamine was added thereto, and the resultant mixture was concentrated by
means of a rotary evaporator. Then, 30 mL of diethyl ether was added thereto, the resultant mixture was washed with
saturated brine, and dried over anhydrous magnesium sulfate, and an insoluble matter was separated by filtration and
then a filtrate was concentrated under reduced pressure. A residue was purified according to fractionation by column
chromatography using a mixed solvent of heptane and ethyl acetate (ethyl acetate : heptane = 1 : 4 in a volume ratio)
as an eluent and silica gel as a filler. The resultant mixture was further purified by recrystallization (volume ratio heptane
/ ethyl acetate = 80/20), and thus 1.4 g of 4-propyl-1-(4-(3,4,5-trifluorophenyl)cyclohexyl)-2,6,7-trioxabicycl o[2.2.2]octane
was obtained as a white solid.
[0112] Chemical shifts (δ (ppm)) according to 1H-NMR analysis was as described below, and the compound obtained
was identified to be 4-propyl-1-(4-(3,4,5-trifluorophenyl)cyclohexyl)-2,6,7-trioxabicycl o[2.2.2]octane. A solvent for meas-
urement was CDCl3.
[0113] Chemical shifts (δ (ppm)); 6.78 (m, 2H), 3.91 (s, 6H), 2.39 (m, 1H), 1.97 (m, 2H), 1.90 (m, 2H), 1.62 (m, 1H),
1.4 - 1.1 (m, 8H), 0.90 (t, 3H).
[0114] A transition temperature of compound (No. 21) obtained is as described below.
[0115] Transition temperature: C 141.0 I.

Physical properties of compound (No. 21)

[0116] Liquid crystal composition B including 95% by weight of base liquid crystal A and 5% by weight of 4-propyl-
1-(4-(3,4,5-trifluorophenyl)cyclohexyl)-2,6,7-trioxabicycl o[2.2.2]octane (No. 21) obtained in Example 1 was prepared.
Physical properties of liquid crystal composition B obtained were measured, and extrapolated values of physical properties
of compound (No. 21) were calculated by extrapolating measured values. Values thereof are as described below.
[0117] Maximum temperature (TNI) = 55.7°C; dielectric anisotropy (Δε) = 42.1; optical anisotropy (Δn) = 0.077; viscosity
(η) = 129.2.

Example 2

Synthesis of 4-ethyl-1-(4-(3,4,5-trifluorophenyl)cyclohexyl)-2,6,7-trioxabicyclo [2.2.2]octane (No. 20)

[0118]
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[0119] Then, 4-ethyl-1-(4-(3,4,5-trifluorophenyl)cyclohexyl)-2,6,7-trioxabicyclo [2.2.2] octane was prepared by per-
forming synthesis in a manner similar to the operations in the third step and the fourth step in Example 1 using 3-ethyl-
3-hydroxymethyloxetane in place of 3-propyl-3-hydroxymethyloxetane.
[0120] Chemical shifts (δ (ppm)) according to 1H-NMR analysis are as described below, and the compound obtained
was identified to be 4-ethyl-1-(4-(3,4,5-trifluorophenyl)cyclohexyl)-2,6,7-trioxabicyclo [2.2.2] octane. A solvent for meas-
urement was CDCl3.
[0121] Chemical shifts (δ (ppm)); 6.79 (m, 2H), 3.91 (s, 6H), 2.39 (m, 1H), 1.98 (m, 2H), 1.90 (m, 2H), 1.60 (m, 1H),
1.3 - 1.1 (m, 6H), 0.83 (t, 3H).
[0122] A transition temperature of compound (No. 20) obtained is as described below.
[0123] Transition temperature: C 168.5 I.

Physical properties of compound (No.20)

[0124] Liquid crystal composition C including 95% by weight of base liquid crystal A and 5% by weight of
4-ethyl-1-(4-(3,4,5-trifluorophenyl)cyclohexyl)-2,6,7-trioxabicyclo [2.2.2]octane (No. 20) obtained in Example 2 was pre-
pared. Physical properties of liquid crystal composition C obtained were measured, and extrapolated values of physical
properties of compound (No. 20) were calculated by extrapolating measured values. Values thereof are as described
below.
[0125] Maximum temperature (TNI) = 25.7°C; dielectric anisotropy (Δε) = 47.9; optical anisotropy (Δn) = 0.037; viscosity
(η) = 104.9.

Example 3

Synthesis of 4-butyl-1-(4-(3,4,5-trifluorophenyl)cyclohexyl)-2,6,7-trioxabicyclo [2.2.2]octane (No. 22)

[0126]

[0127] Then, 4-butyl-1-(4-(3,4,5-trifluorophenyl)cyclohexyl)-2,6,7-trioxabicyclo [2.2.2] octane was prepared by per-
forming synthesis in a manner similar to the operations in Example 1 using 1-hexanal in place of valeraldehyde.
[0128] Chemical shifts (δ (ppm)) according to 1H-NMR analysis are as described below, and the compound obtained
was identified to be 4-buthyl-1-(4-(3,4,5-trifluorophenyl)cyclohexyl)-2,6,7-trioxabicycl o[2.2.2]octane. A solvent for meas-
urement was CDCl3.
[0129] Chemical shifts (δ (ppm)); 6.77 (m, 2H), 3.90 (s, 6H), 2.39 (m, 1H), 1.98 (m, 2H), 1.90 (m, 2H), 1.60 (m, 1H),
1.3 - 1.1 (m, 10H), 0.89 (t, 3H).
[0130] A transition temperature of compound (No. 22) obtained is as described below.
[0131] Transition temperature: C 133.5 SB 135.6 I.

Physical properties of compound (No.22)

[0132] Liquid crystal composition D including 90% by weight of base liquid crystal A and 10% by weight of 4-butyl-
1-(4-(3,4,5-trifluorophenyl)cyclohexyl)-2,6,7-trioxabicyclo [2.2.2]octane (No. 22) obtained in Example 3 was prepared.
Physical properties of liquid crystal composition D obtained were measured, and extrapolated values of physical prop-
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erties of compound (No. 22) were calculated by extrapolating measured values. Values thereof are as described below.
[0133] Maximum temperature (TNI) = 56.7°C; dielectric anisotropy (Δε) = 40.1; optical anisotropy (Δn) = 0.067; viscosity
(η) = 112.6.

Example 4

Synthesis of 4-pentyl-1-(4-(3,4,5-trifluorophenyl)cyclohexyl)-2,6,7-trioxabicycl o [2.2.2] octane (No. 23)

[0134]

[0135] Then, 4-pentyl-1-(4-(3,4,5-trifluorophenyl)cyclohexyl)-2,6,7-trioxabicycl o [2.2.2] octane was prepared by per-
forming synthesis in a manner similar to the operations in Example 1 using 1-heptanal in place of valeraldehyde.
[0136] Chemical shifts (δ (ppm)) according to 1H-NMR analysis are as described below, and the compound obtained
was identified to be 4-pentyl-1-(4-(3,4,5-trifluorophenyl)cyclohexyl)-2,6,7-trioxabicycl o[2.2.2]octane. A solvent for meas-
urement was CDCl3.
[0137] Chemical shifts (δ (ppm)); 6.76 (m, 2H), 3.91 (s, 6H), 2.39 (m, 1H), 1.98 (m, 2H), 1.90 (m, 2H), 1.61 (m, 1H),
1.4 - 1.1 (m, 12H), 0.88 (t, 3H).
[0138] A transition temperature of compound (No. 23) obtained is as described below.
[0139] Transition temperature: C 126.2 SB 135.0 I.

Physical properties of compound (No.23)

[0140] Liquid crystal composition E including 90% by weight of base liquid crystal A and 10% by weight of
4-pentyl-1-(4-(3,4,5-trifluorophenyl)cyclohexyl)-2,6,7-trioxabicycl o[2.2.2]octane (No. 23) obtained in Example 4 was
prepared. Physical properties of liquid crystal composition E obtained were measured, and extrapolated values of physical
properties of compound (No. 23) were calculated by extrapolating measured values. Values thereof are as described
below.
[0141] Maximum temperature (TNI) = 67.7°C; dielectric anisotropy (Δε) = 37.9; optical anisotropy (Δn) = 0.067; viscosity
(η) = 116.2.

Example 5

Synthesis of 4-heptyl-1-(4-(3,4,5-trifluorophenyl)cyclohexyl)-2,6,7-trioxabicycl o[2.2.2]octane (No. 24)

[0142]

[0143] Then, 4-heptyl-1-(4-(3,4,5-trifluorophenyl)cyclohexyl)-2,6,7-trioxabicycl o [2.2.2] octane was prepared by per-
forming synthesis in a manner similar to the operations in Example 1 using 1-nonanal in place of valeraldehyde.
[0144] Chemical shifts (δ (ppm)) according to 1H-NMR analysis are as described below, and the compound obtained
was identified to be 4-heptyl-1-(4-(3,4,5-trifluorophenyl)cyclohexyl)-2,6,7-trioxabicycl o[2.2.2]octane. A solvent for meas-
urement was CDCl3.
[0145] Chemical shifts (δ (ppm)); 6.77 (m, 2H), 3.90 (s, 6H), 2.39 (m, 1H), 1.98 (m, 2H), 1.90 (m, 2H), 1.62 (m, 1H),
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1.4 - 1.1 (m, 16H), 0.88 (t, 3H).
[0146] A transition temperature of compound (No. 24) obtained is as described below.
[0147] Transition temperature: C 86.2 SB 130.6 I.

Physical properties of compound (No. 24)

[0148] Liquid crystal composition F including 85% by weight of base liquid crystal A and 15% by weight of
4-heptyl-1-(4-(3,4,5-trifluorophenyl)cyclohexyl)-2,6,7-trioxabicycl o[2.2.2]octane (No. 24) obtained in Example 5 was
prepared. Physical properties of liquid crystal composition F obtained were measured, and extrapolated values of physical
properties of compound (No. 24) were calculated by extrapolating measured values. Values thereof are as described
below.
[0149] Maximum temperature (TNI) = 69.0°C; dielectric anisotropy (Δε) = 34.1; optical anisotropy (Δn) = 0.064; viscosity
(η) = 119.9.

Example 6

Synthesis of 4-pentyl-1-(2-(4-(3,4,5-trifluorophenyl)cyclohexyl)ethyl)-2,6,7-tri oxabicyclo[2.2.2]octane (No. 41)

[0150]

First step

[0151] Into a reaction vessel under a nitrogen atmosphere, 7.2 g (165 mmol) of sodium hydride (55% in oil) and 150
mL of THF were put, the resultant mixture was cooled to -20°C, a THF (70 mL) solution of 33.6 g (150 mmol) of
diethylphosphonoethyl acetate was added dropwise thereto, and the resultant mixture was stirred at -20°C for 1 hour.
Next, a THF (100 mL) solution of 36.3 g (150 mmol) of 4-(3,4,5-trifluorophenyl)cyclohexane carboaldehyde was added
dropwise thereto at -20°C. The resultant mixture was warmed to room temperature, and poured into 200 mL of water.
The resultant mixture was extracted with ethyl acetate, and organic layers were combined, washed with water, and dried
over anhydrous magnesium sulfate, and then an insoluble matter was separated by filtration and then a filtrate was
concentrated under reduced pressure. A residue was purified according to fractionation by column chromatography
using a mixed solvent of heptane and ethyl acetate (ethyl acetate : heptane = 1 : 9 in a volume ratio) as an eluent and
silica gel as a filler, and thus 40.0 g of
(E)-ethyl-3-(4-(3,4,5-trifluorophenyl)cyclohexyl)acrylate was obtained as a white solid.

Second step

[0152] Into a reaction vessel, 20.0 g (64.0 mmol) of (E)-ethyl-3-(4-(3,4,5-trifluorophenyl)cyclohexyl)acrylate obtained
in the first step, 50 mL of toluene, 150 mL of Solmix A-11 and 1.0 g of Pd/C (E type) were put, and an atmosphere inside
of the system was replaced by hydrogen. Under a nitrogen atmosphere, the resultant mixture was stirred at room
temperature until no hydrogen absorption caused. After reaction completion, Pd/C was removed by filtration and a solvent
was distilled off. A residue was purified according to fractionation by column chromatography using a mixed solvent of
heptane and ethyl acetate (ethyl acetate : heptane = 1 : 9 in a volume ratio) as an eluent and silica gel as a filler. The
resultant mixture was further purified by recrystallization (heptane / ethyl acetate = 80 / 20 in a volume ratio), and thus
13.5 g of ethyl-3-(4-(3,4,5-trifluorophenyl)cyclohexyl)propanoate was obtained as a white solid.

Third step

[0153] Into a reaction vessel under a nitrogen atmosphere, 13.5 g (42.9 mmol) of ethyl 3-(4-(3,4,5-trifluorophenyl)cy-
clohexyl)propanoate obtained in the second step, 200 mL of ethanol and 3.6 g (64 mmol) of potassium hydroxide were
put, and the resultant mixture was refluxed for 1 hour. The resultant mixture was cooled to room temperature, concentrated
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by means of a rotary evaporator, and poured into 200 mL of hydrochloric acid (2 N). The resultant mixture was extracted
with ethyl acetate, and organic layers were combined, washed with saturated brine, and dried over anhydrous magnesium
sulfate. An insoluble matter was separated by filtration, a filtrate was concentrated under reduced pressure, and thus
12.1 g of 3-(4-(3,4,5-trifluorophenyl)cyclohexyl)propionic acid was obtained as a white solid.

Fourth step

[0154] Into a reaction vessel under a nitrogen atmosphere, 6.0g (21.1 mmol) of 3-(4-(3,4,5-trifluorophenyl)cyclohexyl)
propionic acid obtained in the third step, 3.3 g (21.1 mmol) of 3-pentyl-3-hydroxymethyloxetane, 0.26 g (2.1 mmol) of
4-dimethylamino pyridine and 50 mL of dichloromethane were put, and a dichloromethane (15 mL) solution of 4.57 g
(22.1mmol) of dicyclohexylcarbodiimide was added dropwise thereto at room temperature. The resultant mixture was
stirred for 15 hours at room temperature, and then an insoluble matter was separated by filtration, and a solvent was
distilled off. A residue was purified according to fractionation by column chromatography using a mixed solvent of heptane
and ethyl acetate (ethyl acetate : heptane = 1 : 4 in a volume ratio) as an eluent and silica gel as a filler, and thus 7.8 g
of (3-pentyloxetane-3-yl)methyl-3-(4-(3,4,5-trifluorophenyl)cyclohexyl )propanoate was obtained as a colorless liquid.

Fifth step

[0155] Into a reaction vessel under a nitrogen atmosphere, 7.8g (18.4 mmol) of
(3-pentyloxetane-3-yl)methyl-3-(4-(3,4,5-trifluorophenyl)cyclohexyl )propanoate obtained in the fourth step and 100 mL
of dichloromethane were put, the resultant mixture was cooled to -70°C, and 0.58 mL (4.6 mmol) of boron trifluoride-
diethyl ether complex was added dropwise thereto. The resultant mixture was warmed to room temperature, and stirred
for 25 hours. Then, 1.3 mL (9.2 mmol) of triethylamine was added thereto, and the resultant mixture was concentrated
by means of a rotary evaporator. Then, 100 mL of diethyl ether was added thereto, the resultant mixture was washed
with saturated brine, and dried over anhydrous magnesium sulfate. An insoluble matter was separated by filtration and
then a filtrate was concentrated under reduced pressure. A residue was purified according to fractionation by column
chromatography using a mixed solvent of heptane and ethyl acetate (ethyl acetate : heptane = 1:4 in a volume ratio) as
an eluent and silica gel as a filler. The resultant mixture was further purified by recrystallization (heptane / ethyl acetate
= 80 / 20 in a volume ratio), and thus 3.7 g of
4-pentyl-1-(2-(4-(3,4,5-trifluorophenyl)cyclohexyl)ethyl)-2,6,7-tri oxabicyclo[2.2.2]octane was obtained as a white solid.
[0156] Chemical shifts (δ (ppm)) according to 1H-NMR analysis are as described below, and the compound obtained
was identified to be 4-pentyl-1-(2-(4-(3,4,5-trifluorophenyl)cyclohexyl)ethyl)-2,6,7-tri oxabicyclo[2.2.2]octane. A solvent
for measurement was CDCl3.
[0157] Chemical shifts (δ (ppm)); 6.77 (m, 2H), 3.92 (s, 6H), 2.38 (m, 1H), 1.84 (m, 4H), 1.70 (m, 2H), 1.4 - 1.1 (m,
13H), 1.03 (m, 2H), 0.88 (t, 3H).
[0158] A transition temperature of compound (No. 41) obtained is as described below.
[0159] Transition temperature: C 128.1 (SB 117.0) I.

Physical properties of compound (No. 41)

[0160] Liquid crystal composition G including 85% by weight of base liquid crystal A and 15% by weight of
4-pentyl-1-(2-(4-(3,4,5-trifluorophenyl)cyclohexyl)ethyl)-2,6,7-tri oxabicyclo[2.2.2]octane (No. 41) obtained in Example
6 was prepared. Physical properties of liquid crystal composition G obtained were measured, and extrapolated values
of physical properties of compound (No. 41) were calculated by extrapolating measured values. Values thereof are as
described below.
[0161] Maximum temperature (TNI) = 65.0°C; dielectric anisotropy (Δε) = 30.6; optical anisotropy (Δn) = 0.070; viscosity
(η) = 129.6.

Example 7

Synthesis of (E)-4-pentyl-1-(2-(4-(3,4,5-trifluorophenyl)cyclohexyl)vinyl)-2,6,7 -trioxabicyclo[2.2.2]octane (No. 42)

[0162]
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First step

[0163] Into a reaction vessel under a nitrogen atmosphere, 20.0 g (62.5 mmol) of (E)-ethyl-3-(4-(3,4,5-trifluorophe-
nyl)cyclohexyl)acrylate obtained in the first step in Example 6, 200 mL of ethanol and 5.4 g (94 mmol) of potassium
hydroxide were put, and the resultant mixture was refluxed for 4 hours. The resultant mixture was cooled to room
temperature, concentrated by means of a rotary evaporator, and poured into 200 mL of hydrochloric acid (2 N). The
resultant mixture was extracted with ethyl acetate, and organic layers were combined, washed with saturated brine, and
dried over anhydrous magnesium sulfate. An insoluble matter was separated by filtration, a filtrate was concentrated
under reduced pressure, and thus 7.6 g of
(E)-3-(4-(3,4,5-trifluorophenyl)cyclohexyl)acrylic acid was obtained as a white solid.

Second step

[0164] Into a reaction vessel under a nitrogen atmosphere, 6.0g (21.1 mmol) of (E)-3-(4-(3,4,5-trifluorophenyl)cy-
clohexyl)acrylic acid obtained in the first step, 3.3 g (21.1 mmol) of 3-pentyl-3-hydroxymethyloxetane, 0.26 g (2.1 mmol)
of 4-dimethylaminopyridine and 50 mL of dichloromethane were put, and a dichloromethane (15 mL) solution of 4.57 g
(22. 1 mmol) of dicyclohexylcarbodiimide was added dropwise thereto at room temperature. The resultant mixture was
stirred at room temperature for 15 hours, an insoluble matter was separated by filtration, and a solvent was distilled off.
A residue was purified according to fractionation by column chromatography using a mixed solvent of heptane and ethyl
acetate (ethyl acetate : heptane = 1 : 4 in a volume ratio) as an eluent and silica gel as a filler, and thus 6.8 g of (E)-(3-
pentyloxetane-3-yl)methyl-3-(4-(3,4,5-trifluorophenyl)cycloh exyl)acrylate was obtained as a colorless liquid.

Third step

[0165] Into a reaction vessel under a nitrogen atmosphere, 6. 8 g (16.1 mmol) of
(E)-(3-pentyloxetane-3-yl)methyl-3-(4-(3,4,5-trifluorophenyl)cycloh exyl acrylate obtained in the second step and 50 mL
of dichloromethane were put, the resultant mixture was cooled to -70°C, and 0.50 mL (4.0 mmol) of boron trifluoride-
diethyl ether complex was added dropwise thereto. The resultant mixture was warmed to room temperature, and stirred
for 45 hours. Then, 3.0 mL (21 mmol) of triethylamine was added thereto, and the resultant mixture was concentrated
by means of a rotary evaporator. Then, 100 mL of diethyl ether was added thereto, the resultant mixture was washed
with saturated brine, and dried over anhydrous magnesium sulfate. An insoluble matter was separated by filtration and
then a filtrate was concentrated under reduced pressure. A residue was purified according to fractionation by column
chromatography using a mixed solvent of heptane and ethyl acetate (ethyl acetate : heptane = 1 : 4 in a volume ratio)
as an eluent and silica gel as a filler. The resultant mixture was further purified by recrystallization (heptane /ethyl acetate
= 80 / 20 (volume ratio)), and thus 0.6 g of
(E)-4-pentyl-1-(2-(4-(3,4,5-trifluorophenyl)cyclohexyl)vinyl)-2,6,7 -trioxabicyclo[2.2.2]octane was obtained as a white sol-
id.
[0166] Chemical shifts (δ (ppm)) according to 1H-NMR analysis are as described below, and the compound obtained
was identified to be (E)-4-pentyl-1-(2-(4-(3,4,5-trifluorophenyl)cyclohexyl)vinyl)-2,6,7 -trioxabicyclo[2.2.2]octane. A sol-
vent for measurement was CDCl3.
[0167] Chemical shifts (s (δ (ppm)); 6.78 (m, 2H), 6.10 (m, 1H), 5.47 (d, 1H), 3.99 (s, 6H), 2.39 (m, 1H), 2.03 (m, 1H),
1.90 (m, 4H), 1.4 - 1.2 (m, 12H), 0.88 (t, 3H).

Example 8

Synthesis of 1-(4’-(difluoro(3,4,5-trifluorophenoxy)methyl)-2,3’,5’-trifluoro-[1 ,1’-biphenyl]-4-yl)-4-pentyl-2,6,7-trioxabi-
cyclo[2.2.2]octane (No. 106)

[0168]
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First step

[0169] Into a reaction vessel under a nitrogen atmosphere, 100 mL (130 mmol) of isopropyl magnesium chloride /
lithium chloride complex (1.3 M, THF solution) was put, and while stirring at room temperature, 28.7 g (100 mmol) of 4-
bromo-2,3’,5’-trifluoro-1,1’-biphenyl was added little by little, and subsequently the resultant mixture was stirred at room
temperature for 2 hours. Next, while the resultant mixture was cooled to 5 to 15°C in an ice bath, a dry carbon dioxide
gas was blown thereinto until heat generation stopped. A reaction liquid was poured into 200 mL of 2 N hydrochloric
acid, and extracted with diethyl ether. Organic layers were combined, washed with saturated brine, and dried over
anhydrous magnesium sulfate. Then, an insoluble matter was separated by filtration and then a filtrate was concentrated
under reduced pressure. A residue was purified according to fractionation by column chromatography using ethyl acetate
as an eluent and silica gel as a filler. The resultant mixture was further purified by recrystallization (volume ratio heptane
/ethanol = 30 / 70), and thus 10.3 g of 2,3’,5’-trifluoro-1,1’-biphenyl-4-carboxylic acid was obtained as a white solid.

Second step

[0170] Into a reaction vessel under a nitrogen atmosphere, 10.3 g (40.7 mmol) of 2,3’,5’-trifluoro-1,1’-biphenyl-4-
carboxylic acid obtained in the first step, 6.40 g (40.7 mmol) of 3-pentyl-3-hydroxymethyloxetane, 0.5 g (4 mmol) of 4-
dimethylaminopyridine, and 100 mL of dichloromethane were put, a dichloromethane (30 mL) solution of 8.8 g (42.8
mmol) of dicyclohexylcarbodiimide was added dropwise thereto at room temperature, and the resultant mixture was
stirred at room temperature for 15 hours. Then, an insoluble matter was separated by filtration, and a solvent was distilled
off. A residue was purified according to fractionation by column chromatography using a mixed solvent of heptane and
ethyl acetate (ethyl acetate : heptane = 1 : 4 in a volume ratio) as an eluent and silica gel as a filler, and thus 13.7 g of
2,3’,5’-trifluoro-[1,1’-biphenyl]-4-methylcarboxylate(3-pentyloxeta ne-3-yl) was obtained as a colorless liquid.

Third step

[0171] Into a reaction vessel under a nitrogen atmosphere, 13.7 g (34.9 mmol) of
2,3’,5’-trifluoro-[1,1’-biphenyl]-4-methylcarboxylate(3-pentyloxeta ne-3-yl) obtained in the second step and 100 mL of
dichloromethane were put, the resultant mixture was cooled to -70°C, and 1.1 mL (8.8 mmol) of boron trifluoride-diethyl
ether complex was added dropwise thereto. The resultant mixture was warmed to room temperature and stirred for 20
hours. Then, 1.5 mL (11 mmol) of triethylamine was added thereto, and the resultant mixture was concentrated by means
of a rotary evaporator. Then, 100 mL of diethyl ether was added thereto, the resultant mixture was washed with saturated
brine, and dried over anhydrous magnesium sulfate. Then, an insoluble matter was separated by filtration and then a
filtrate was concentrated under reduced pressure. A residue was purified according to fractionation by column chroma-
tography using a mixed solvent of heptane and ethyl acetate (ethyl acetate : heptane = 1 : 4 in a volume ratio) as an
eluent and silica gel as a filler, and thus 10.9 g of
4-pentyl-1-(2,3’,5’-trifluoro-[1,1’-biphenyl]-4-yl)-2,6,7-trioxabic yclo[2.2.2]octane was obtained as a white solid.

Fourth step

[0172] Into a reaction vessel under a nitrogen atmosphere, 2.0 g (5.1 mmol) of
4-pentyl-1-(2,3’,5’-trifluoro-[1,1’-biphenyl]-4-yl)-2,6,7-trioxabic yclo[2.2.2]octane obtained in the third step and 70 mL of
THF were put, the resultant mixture was cooled to -70°C, 4.1 mL (6.6 mmol) of n-butyl lithium (1.62 M, hexane solution)
was added dropwise thereto, and the resultant mixture was stirred at -70°C for 1 hour. Next, a THF (10 mL) solution of
1.6g (7.7 mmol) of dibromodifluoromethane was added dropwise thereto at -70°C, and the resultant mixture was stirred
at -70°C for 1 hour. The resultant mixture was poured into 100 mL of ice water, extracted with toluene, and organic
layers were combined, washed with saturated brine, and dried over anhydrous magnesium sulfate. Then, an insoluble
matter was separated by filtration and then a filtrate was concentrated under reduced pressure. A residue was purified
according to fractionation by column chromatography using a mixed solvent of heptane and ethyl acetate (ethyl acetate :
heptane = 1 : 4 in a volume ratio) as an eluent and silica gel as a filler, and thus 2.4 g of 1-(4’-(bromodifluoromethyl)-
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2,3’,5’-trifluoro-[1,1’-biphenyl]-4-yl) -4-pentyl-2,6,7-trioxabicyclo[2.2.2]octane was obtained as a white solid.

Fifth step

[0173] Into a reaction vessel under a nitrogen atmosphere, 2.4 g (4.6 mmol) of
1-(4’-(bromodifluoromethyl)-2,3’,5’-trifluoro-[1,1’-biphenyl]-4-yl) -4-pentyl-2,6,7-trioxabicyclo[2.2.2]octane obtained in
the fourth step, 0. 68 g (4.6 mmol) of 3,4, 5-trifluorophenol, 1.9g (14 mmol) of potassium carbonate and 40 mL of DMF
were put, and the resultant mixture was stirred at 85°C for 2 hours. The mixture was cooled to room temperature, 100
mL of toluene and 100 mL of water were added thereto, an organic layer was separated and an aqueous layer was
extracted with toluene. Organic layers were combined, washed with saturated brine, and dried over anhydrous magne-
sium sulfate. Then, an insoluble matter was separated by filtration and then a filtrate was concentrated under reduced
pressure. A residue was purified according to fractionation by column chromatography using a mixed solvent of heptane
and ethyl acetate (ethyl acetate : heptane = 1 : 4 in a volume ratio) as an eluent and silica gel as a filler. The resultant
mixture was further purified by recrystallization (heptane / ethyl acetate = 80 / 20 in a volume ratio), and thus 0.7 g of
1-(4’-(difluoro(3,4,5-trifluorophenoxy)methyl)-2,3’,5’-trifluoro-[1 ,1’-biphenyl]-4-yl)-4-pentyl-2,6,7-trioxabicyclo[2.2.2]oc-
tane was obtained as a white solid.
[0174] Chemical shifts (δ (ppm)) according to 1H-NMR analysis are as describe below, and the compound obtained
was identified to be 1-(4’-(difluoro(3,4,5-trifluorophenoxy)methyl)-2,3’,5’-trifluoro-[1 ,1’-biphenyl]-4-yl)-4-pentyl-2,6,7-tri-
oxabicyclo[2.2.2]octane. A solvent for measurement was CDCl3.
[0175] Chemical shifts (s (δ (ppm)); 7.51 (m, 1H), 7.47 (m, 1H), 7.41 (m, 1H), 7.19 (m, 2H), 6.99 (m, 2H), 4.13 (s, 6H),
1.4 - 1.2 (m, 8H), 0.90 (t, 3H).
[0176] A transition temperature of compound (No. 106) obtained is as described below.
[0177] Transition temperature: C 108.3 (SA 91.8) N 151.5 I.
[0178] Here, an expression of C 108.3 (SA 91.8) N means that no SA phase was observed during a temperature
increase, transition from a crystal to a nematic phase took place at 108°C, and transition from the nematic phase to a
SA phase was observed at 91.8°C during a temperature decrease.

Physical properties of compound (No. 106)

[0179] Liquid crystal composition H including 85% by weight of base liquid crystal A and 15% by weight of
1-(4’-(difluoro(3,4,5-trifluorophenoxy)methyl)-2,3’,5’-trifluoro-[1 ,1’-biphenyl]-4-yl)-4-pentyl-2,6,7-trioxabicyclo[2.2.2]oc-
tane (No. 106) obtained in Example 8 was prepared. Physical properties of liquid crystal composition H obtained were
measured, and extrapolated values of physical properties of compound (No. 106) were calculated by extrapolating
measured values. Values thereof are as described below.
[0180] Maximum temperature (TNI) = 110.4°C; dielectric anisotropy (Δε) = 52.1; optical anisotropy (Δn) = 0.144; viscosity
(η) = 141.1.

Example 9

Synthesis of 1-(4’-(difluoro(3,4-difluorophenoxy)methyl)-2,3’,5’-trifluoro-[1,1’ -biphenyl]-4-yl)-4-pentyl-2,6,7-trioxabicyc-
lo[2.2.2]octane (No. 105)

[0181]

[0182] Then, 1-(4’-(difluoro(3,4-difluorophenoxy)methyl)-2,3’,5’-trifluoro-[1,1’ -biphenyl]-4-yl)-4-pentyl-2,6,7-trioxabi-
cyclo[2.2.2]octane was prepared by performing synthesis in a manner similar to the operations in Example 8 using 3,4-
difluorophenol in place of 3,4,5-trifluorophenol in the fifth step in Example 8.
[0183] Chemical shifts (δ (ppm)) according to 1H-NMR analysis are as describe below, and the compound obtained
was identified to be 1-(4’-(difluoro(3,4-difluorophenoxy)methyl)-2,3’,5’-trifluoro-[1,1’ -biphenyl]-4-yl)-4-pentyl-2,6,7-triox-
abicyclo[2.2.2]octane. A solvent for measurement was CDCl3.
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[0184] Chemical shifts (δ (ppm)); 7.51 (m, 1H), 7.48 (m, 1H), 7.42 (m, 1H), 7.21 (m, 2H), 7.18 (m, 2H), 7.05 (m, 1H),
4.13 (s, 6H), 1.4 - 1.2 (m, 8H), 0.90 (t, 3H).
[0185] A transition temperature of compound (No. 105) obtained is as described below.
[0186] Transition temperature: C 99.1 SB 164.2 I.

Physical properties of compound (No. 105)

[0187] Liquid crystal composition I including 85 % by weight of base liquid crystal A and 15% by weight of
1-(4’-(difluoro(3,4-difluorophenoxy)methyl)-2,3’,5’-trifluoro-[1,1’ -biphenyl]-4-yl)-4-pentyl-2,6,7-trioxabicyclo[2.2.2]oc-
tane (No. 105) obtained in Example 9 was prepared. Physical properties of liquid crystal composition I obtained were
measured, and extrapolated values of physical properties of compound (No. 105) were calculated by extrapolating
measured values. Values thereof are as described below.
[0188] Maximum temperature (TNI) = 121.0°C; dielectric anisotropy (Δε) = 38.8; optical anisotropy (Δn) = 0.148; viscosity
(η) = 129.8.

Example 10

Synthesis of 1-(4-(difluoro(3,4,5-trifluorophenoxy)methyl)-3,5-difluorophenyl)-4 -propyl-2,6,7-trioxabicyclo[2.2.2]octane 
(No.64)

[0189]

First step

[0190] Into a reaction vessel under a nitrogen atmosphere, 22.7 g (933 mmol) of magnesium pieces was put, and the
resultant mixture was stirred at room temperature for 3 days. Then, 80 mL of THF and one piece of iodine were added
thereto. Further, a THF (100 mL) solution of 150 g (777 mmol) of 1-bromo-3,5-difluorobenzene was added little by little
at room temperature, and subsequently the resultant mixture was refluxed for 1 hour. Next, the mixture was cooled to
-10°C, 75 g (1,710 mmol) of dry ice was added little by little, and the resultant mixture was stirred at room temperature
for 1 hour. The reaction liquid was poured into 500 mL of 1 N hydrochloric acid, and extracted with ethyl acetate. Organic
layers were combined, washed with water, and dried over anhydrous magnesium sulfate. Then, an insoluble matter was
separated by filtration and then a filtrate was concentrated under reduced pressure. A residue was washed with n-
heptane, and thus 66.3 g of 3,5-difluorobenzoic acid was obtained as a white solid.

Second step

[0191] Into a reaction vessel under a nitrogen atmosphere, 35.0g (221 mmol) of 3, 5-difluorobenzoic acid obtained in
the first step, 28.8g (221 mmol) of 3-propyl-3-hydroxymethyloxetane, 2.7 g (22 mmol) of 4-dimethylaminopyridine, and
325 mL of dichloromethane were put, a dichloromethane (175 mL) solution of 48.0 g (232 mmol) of dicyclohexylcarbo-
diimide was added dropwise thereto at room temperature, and the resultant mixture was stirred at room temperature for
3 hours. An insoluble matter was separated by filtration, and a solution was sequentially washed with 1 N hydrochloric
acid, an aqueous solution of sodium hydrogencarbonate and water, and dried over anhydrous magnesium sulfate. Then,
an insoluble matter was separated by filtration and then a filtrate was concentrated under reduced pressure. A residue
was purified according to fractionation by column chromatography using a mixed solvent of heptane and ethyl acetate
(ethyl acetate : heptane = 1 : 4 in a volume ratio) as an eluent and silica gel as a filler, and thus 52.2 g of 3,5-difluoro-
benzoate(3-propyloxetane-3-yl)methyl was obtained as a light yellow liquid.

Third step

[0192] Into a reaction vessel under a nitrogen atmosphere, 52.2 g (193 mmol) of 3,5-difluoro-benzoate(3-propyloxetane
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3-yl)methyl obtained in the second step and 350 mL of dichloromethane were put, the resultant mixture was cooled to
-70°C, and 6.1 mL (48 mmol) of boron trifluoride-diethyl ether complex was added dropwise thereto. The resultant mixture
was warmed to room temperature, and stirred for 24 hours. Then, 10 mL (72 mmol) of triethylamine was added thereto,
and the resultant mixture was concentrated by means of a rotary evaporator. Subsequently, 300 mL of diethyl ether was
added thereto, and the resultant mixture was washed with water and dried over anhydrous magnesium sulfate. An
insoluble matter was separated by filtration and then a filtrate was concentrated under reduced pressure. A residue was
purified according to fractionation by column chromatography using a mixed solvent of heptane and ethyl acetate (ethyl
acetate : heptane = 1 : 4 in a volume ratio) as an eluent and silica gel as a filler, and thus 37.5 g of 4-propyl-1-(3,5-
difluorophenyl)-2,6,7-trioxabicyclo[2.2.2]octane was obtained as a white solid.

Fourth step

[0193] Into a reaction vessel under a nitrogen atmosphere, 37.5 g (139 mmol) of 4-propyl-1-(3,5-difluorophenyl)-2,6,7-
trioxabicyclo[2.2.2]octane obtained in the third step and 830 mL of THF were put, the resultant mixture was cooled to
-70°C, 83 mL (139 mmol) of n-butyl lithium (1.67 M, hexane solution) was added dropwise thereto, and the resultant
mixture was stirred at -70°C for 1 hour. Next, a THF (100 mL) solution of 34.9 g (166 mmol) of dibromodifluoromethane
was added dropwise thereto at -70°C, and the resultant mixture was stirred at -70°C for 1 hour. The resultant mixture
was poured into 1,000 mL of ice water, extracted with toluene, and organic layers were combined, washed sequentially
with saturated brine and water, and dried over anhydrous magnesium sulfate. Then, an insoluble matter was separated
by filtration and then a filtrate was concentrated under reduced pressure. A residue was purified according to fractionation
by column chromatography using a mixed solvent of heptane and ethyl acetate (ethyl acetate : heptane = 1 : 4 in a
volume ratio) as an eluent and silica gel as a filler, and thus 50.9 g of 1-(4-(bromodifluoromethyl)-3,5-difluorophenyl)-4-
propyl-2,6,7-triox abicyclo[2.2.2]octane was obtained as a white solid.

Fifth step

[0194] Into a reaction vessel under a nitrogen atmosphere, 10.0 g (25.1 mmol) of
1-(4-(bromodifluoromethyl)-3,5-difluorophenyl)-4-propyl-2,6,7-triox abicyclo[2.2.2]octane obtained in the fourth step, 4.5
g (30 mmol) of 3,4,5-trifluorophenol, 3.5 g (25 mmol) of potassium carbonate, and 2.6 g (7.5 mmol) of tetrabutyl phos-
phonium bromide, 50 mL of H2O and 5 mL of n-heptane were put, and the resultant mixture was refluxed at 82 to 85°C
for 10 hours. The mixture was cooled to room temperature, 100 mL of toluene and 100 mL of water were added thereto,
an organic layer was separated, and an aqueous layer was extracted with toluene. Organic layers were combined,
washed sequentially with an aqueous solution of sodium hydrogencarbonate and water, and dried over anhydrous
magnesium sulfate, and then an insoluble matter was separated by filtration and then a filtrate was concentrated under
reduced pressure. A residue was purified according to fractionation by column chromatography using a mixed solvent
of heptane and ethyl acetate (ethyl acetate : heptane = 1 : 4 in a volume ratio) as an eluent and silica gel as a filler. The
resultant mixture was further purified by recrystallization (isopropanol / ethyl acetate = 80 / 20 in a volume ratio), and
thus 5.9 g of 1-(4-(difluoro(3,4,5-trifluorophenoxy)methyl)-3,5-difluorophenyl)-4 -propyl-2,6,7-trioxabicyclo[2.2.2]octane
was obtained as a white solid.
[0195] Chemical shifts (δ (ppm)) according to 1H-NMR analysis are as describe below, and the compound obtained
was identified to be 1-(4-(difluoro(3,4,5-trifluorophenoxy)methyl)-3,5-difluorophenyl)-4 -propyl-2,6,7-trioxabicyc-
lo[2.2.2]octane. A solvent for measurement was CDCl3.
[0196] Chemical shifts (δ (ppm)); 7.25 (m, 2H), 6.94 (m, 2H), 4.10 (s, 6H), 1.3 - 1.2 (m, 4H), 0.94 (t, 3H).
[0197] A transition temperature of compound (No. 64) obtained is as described below.
[0198] Transition temperature: C 94.5 I.

Physical properties of compound (No. 64)

[0199] Liquid crystal composition J including 90% by weight of base liquid crystal A and 10% by weight of
1-(4’-(difluoro(3,4,5-trifluorophenoxy)methyl)-2,3’,5’-trifluoro-[1 ,1’-biphenyl]-4-yl)-4-pentyl-2,6,7-trioxabicyclo[2.2.2]oc-
tane (No. 51) obtained in Example 10 was prepared. Physical properties of liquid crystal composition J obtained were
measured, and extrapolated values of physical properties of compound (No. 64) were calculated by extrapolating meas-
ured values. Values thereof are as described below.
[0200] Maximum temperature (TNI) = 15.7°C; dielectric anisotropy (Δε) = 46.1; optical anisotropy (Δn) =0. 087; viscosity
(η) = 76.7.
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Example 11

Synthesis of 1-(4-(difluoro(3,4-difluorophenoxy)methyl)-3,5-difluorophenyl)-4-pr opyl-2,6,7-trioxabicyclo[2.2.2]octane 
(No. 63)

[0201]

[0202] Then, 1-(4-(difluoro(3,4-difluorophenoxy)methyl)-3,5-difluorophenyl)-4-pr opyl-2,6,7-trioxabicyclo[2.2.2]octane
was prepared by performing synthesis in a manner similar to the operations in Example 10 using 3,4-difluorophenol in
place of 3,4,5-trifluorophenol in the fifth step in Example 10.
[0203] Chemical shifts (δ (ppm)) according to 1H-NMR analysis are as described below, and the compound obtained
was identified to be 1-(4-(difluoro(3,4-difluorophenoxy)methyl)-3,5-difluorophenyl)-4-pr opyl-2,6,7-trioxabicyclo[2.2.2]oc-
tane. A solvent for measurement was CDCl3.
[0204] Chemical shifts (δ (ppm)); 7.25 (m, 2H), 7.13 (m, 2H), 7.00 (m, 1H), 4.10 (s, 6H), 1 .3 - 1.2 (m, 4H), 0.94 (t, 3H).
[0205] A transition temperature of compound (No. 63) obtained is as described below.
[0206] Transition temperature: C 102.0 I.

Physical properties of compound (No.63)

[0207] Liquid crystal composition K including 90 % by weight of base liquid crystal A and 10% by weight of
1-(4-(difluoro(3,4-difluorophenoxy)methyl)-3,5-difluorophenyl)-4-pr opyl-2,6,7-trioxabicyclo[2.2.2]octane (No. 63) ob-
tained in Example 11 was prepared. Physical properties of liquid crystal composition K obtained were measured, and
extrapolated values of physical properties of the liquid crystal compound (No. 63) were calculated by extrapolating
measured values. Values thereof are as described below.
[0208] Maximum temperature (TNI) = 23.7°C; dielectric anisotropy (Δε) = 35.2; optical anisotropy (Δn) = 0.087; viscosity
(η) =75.4.

Comparative Example 1

Synthesis of 4-propyl-1-(4-((3,4,5-trifluorophenoxy)methyl)cyclohexyl)-2,6,7-tri oxabicyclo[2.2.2]octane (comparative 
compound 1)

[0209]

First step

[0210] Into a reaction vessel under a nitrogen atmosphere, 10.5 g (73 mmol) of cyclohexane-1,4-diylmethanol, 10.7
g (73 mmol) of
3,4,5-trifluorophenol, 24.7 g (94 mmol) of triphenyl phosphine, and 200 mL of THF were put, and 43 mL (94 mmol) of
diethyl azodicarboxylate (2.2 M, toluene solution) was added dropwise at 3 to 14°C in an ice bath. The resultant mixture
was stirred at room temperature for 20 hours, and then 50 mL of a saturated aqueous solution of sodium thiosulfate was
added thereto. The resultant mixture was extracted with diethyl ether, and the resultant extract was washed with saturated
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brine, and dried over anhydrous magnesium sulfate, and then an insoluble matter was separated by filtration and then
a filtrate was concentrated under reduced pressure. A residue was purified according to fractionation by column chro-
matography using a mixed solvent of heptane and ethyl acetate (ethyl acetate : heptane = 1 : 2 in a volume ratio) as an
eluent and silica gel as a filler, and thus 4.41 g of
(4-((3,4,5-trifluorophenol)methyl)cyclohexyl)methanol was obtained as a yellow liquid.

Second step

[0211] Into a reaction vessel under a nitrogen atmosphere, 4.41 g (7.2 mmol) of (4-((3,4,5-trifluorophenol)methyl)cy-
clohexyl)methanol obtained in the first step and 40 mL of acetone were put. A Jones reagent was added dropwise thereto
in an ice bath until an orange color did not fade away, and then 2-propanol was added thereto. An insoluble matter was
separated by filtration, a filtrate was concentrated by means of a rotary evaporator, diethyl ether was added thereto, and
then washed with water. The resultant mixture was dried over anhydrous magnesium sulfate, and then an insoluble
matter was separated by filtration and then a filtrate was concentrated under reduced pressure. A residue was purified
according to fractionation by column chromatography using ethyl acetate as an eluent and silica gel as a filler. The
resultant mixture was further purified by recrystallization (n-heptane / ethanol = 50 / 50 in a volume ratio), and thus 2.1 g of
4-((3,4,5-trifluorophenol)methyl)cyclohexanecarboxylic acid was obtained as a light yellow solid.

Third step

[0212] Into a reaction vessel under a nitrogen atmosphere, 2.1 g (7.4 mmol) of 4-((3,4,5-trifluorophenol)methyl) cy-
clohexanecarboxylic acid obtained in the second step, 1.7 g (8.8 mmol) of
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride, 0.09 g (0.7 mmol) of 4-dimethylaminopyridine and 60 mL
of dichloromethane were put, and a dichloromethane (20 mL) solution of 1.15 g (8.8 mmol) of 3-propyl-3-hydroxymeth-
yloxetane was added dropwise thereto at room temperature. The resultant mixture was stirred at room temperature for
20 hours, and then concentrated by means of a rotary evaporator, ethyl acetate was added thereto, and washed with
water. The resultant mixture was dried over anhydrous magnesium sulfate, and then an insoluble matter was separated
by filtration and a solvent is distilled off. A residue was purified according to fractionation by column chromatography
using a mixed solvent of heptane and ethyl acetate (ethyl acetate : heptane = 1 : 4 in a volume ratio) as an eluent and
silica gel as a filler, and thus 2.35 g of
(3-propyloxetane-3-yl)methyl-4-((3,4,5-trifluorophenoxy)methyl)cycl ohexanecarboxylate was obtained as a yellow liq-
uid.

Fourth step

[0213] Into a reaction vessel under a nitrogen atmosphere, 2.35 g (5.87 mmol) of
(3-propyloxetane-3-yl)methyl-4-((3,4,5-trifluorophenoxy)methyl)cycl ohexanecarboxylate obtained in the third step and
50 mL of dichloromethane were put, the resultant mixture was cooled to -70°C, and 0.18 mL (1.5 mmol) of boron trifluoride-
diethyl ether complex was added dropwise thereto. The mixture was warmed to room temperature, and stirred for 15
hours. Then, 0.7 mL (5mmol) of triethylamine was added thereto, and the resultant mixture was concentrated by means
of a rotary evaporator. Then, 30 mL of diethyl ether was added thereto, and the resultant mixture was washed with
saturated brine, and dried over anhydrous magnesium sulfate. Then, an insoluble matter was separated by filtration and
then a filtrate was concentrated under reduced pressure. A residue was purified according to fractionation by column
chromatography using a mixed solvent of heptane and ethyl acetate (ethyl acetate : heptane = 1 : 4 in a volume ratio)
as an eluent and silica gel as a filler. The resultant mixture was further purified by recrystallization (heptane / ethanol =
80 / 20 in a volume ratio), and thus 0.9 g of
4-propyl-1-(4-((3,4,5-trifluorophenoxy)methyl)cyclohexyl)-2,6,7-tri oxabicyclo[2.2.2]octane was obtained as a white solid.
[0214] Chemical shifts (δ (ppm)) according to 1H-NMR analysis are as described below, and the compound obtained
was identified to be 4-propyl-1-(4-((3,4,5-trifluorophenoxy)methyl)cyclohexyl)-2,6,7-tri oxabicyclo[2.2.2]octane. A solvent
for measurement was CDCl3.
[0215] Chemical shifts (δ (ppm)); 6.47 (m, 2H), 3.90 (s, 6H), 3.64 (d, 2H), 1.91 (m, 4H), 1.71 (m, 1H), 1.56 (m, 1H),
1.3 - 1.1 (m, 6H), 0.98 (m, 2H), 0.90 (t, 3H).
[0216] A transition temperature of compound obtained (No. 51) is as described below.
[0217] Transition temperature: C 123.9 (SB 112.7) I.

Physical properties of compound (comparative compound 1)

[0218] Liquid crystal composition L including 95 % by weight of base liquid crystal A and 5% by weight of
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4-propyl-1-(4-((3,4,5-trifluorophenoxy)methyl)cyclohexyl)-2,6,7-tri oxabicyclo[2.2.2]octane (comparative compound 1)
obtained in Reference Example 1 was prepared. Physical properties of liquid crystal composition L obtained were
measured, and extrapolated values of physical properties of compound (comparative compound 1) were calculated by
extrapolating measured values. Values thereof are as described below.
[0219] Maximum temperature (TNI) = 49.7°C; dielectric anisotropy (Δε) = 29.8; optical anisotropy (Δn) = 0.077; viscosity
(η) = 129.0.

Example 12

Synthesis of 4-propyl-1-(3,4,5-trifluorophenyl)-2,6,7-trioxabicyclo[2.2.2]octane (No. 5)

[0220]

[0221] Then, 4-propyl-1-(3,4,5-trifluorophenyl)-2,6,7-trioxabicyclo[2.2.2]octane was prepared by performing synthesis
in a manner similar to the operations in the third step and the fourth step in Example 1 using 3,4,5-trifluorobenzoic acid
in place of 4-(3,4,5-trifluorophenyl) cyclohexanecarboxylic acid.
[0222] Chemical shifts (δ(ppm)) according to 1H-NMR analysis are as described below, and the compound obtained
was identified to be 4-propyl-1-(3,4,5-trifluorophenyl)-2,6,7-trioxabicyclo[2.2.2]octane. A solvent for measurement was
CDCl3.
[0223] Chemical shifts (δ (ppm)); 7.25 (t, 2H), 4.08 (s, 6H), 1 .3 - 1.2 (m, 4H), 0. 91 (t, 3H).
[0224] A transition temperature of compound obtained (No. 5) is as described below.
[0225] Transition temperature: C 127.5 I.

Physical properties of compound (No. 5)

[0226] Liquid crystal composition M including 95 % by weight of base liquid crystal A and 5% by weight of
4-propyl-1-(3,4,5-trifluorophenyl)-2,6,7-trioxabicyclo[2.2.2]octane (No. 5) obtained in Example 12 was prepared. Physical
properties of liquid crystal composition M obtained were measured, and extrapolated values of physical properties of
compound (No. 5) were calculated by extrapolating measured values. Values thereof are as described below.
[0227] Maximum temperature (TNI) = -74.3°C; dielectric anisotropy (Δε) = 32.1; optical anisotropy (Δn) = 0.017; viscosity
(η) = 69.2.

Example 13

Synthesis of 1-difluoro(3,4,5-trifluorophenoxy)methyl)-4-pentyl-2,6,7-trioxabicy clo[2.2.2]octane (No. 17)

[0228]

First step

[0229] Into a reaction vessel under a nitrogen atmosphere, 25.0 g (123 mmol) of 2-bromo-2,2-difluoroacetic acid ethyl
ester, 18.2 g (123 mmol) of 3,4,5-trifluorophenol, 17.02 g (123 mmol) of potassium carbonate, 3.97 g (12.3mmol) of
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tetrabutylammonium bromide and 150 mL of DMF were put, and the resultant mixture was stirred at 90°C for 3 hours.
Then, 100 mL of saturated brine was added thereto, the resultant mixture was extracted with diethyl ether, the resultant
extract was washed with a saturated aqueous solution of sodium hydrogencarbonate, and subsequently with water, and
dried over anhydrous magnesium sulfate. Then, an insoluble matter was separated by filtration and then a filtrate was
concentrated under reduced pressure. A residue was purified according to fractionation by column chromatography
using a mixed solvent of heptane and ethyl acetate (ethyl acetate : heptane = 1 : 10 in a volume ratio) as an eluent and
silica gel as a filler, and thus 25.0 g of ethyl 2,2-difluoro-2-(3,4,5-trifluorophenoxy)acetate was obtained.

Second step

[0230] Into a reaction vessel under a nitrogen atmosphere, 12.0 g of ethyl 2,2-difluoro-2-2-(3,4,5-trifluorophenoxy)
acetate obtained in the first step, 140 mL of methanol and 23 mL of aqueous solution of sodium hydroxide (2 N) were
put, and the resultant mixture was stirred at room temperature for 2 hours. Hydrochloric acid (1 N) was added thereto
until the mixture acidified. The resultant mixture was extracted with ethyl acetate, and the resultant extract was washed
with water, and dried over anhydrous magnesium sulfate. Then, an insoluble matter was separated by filtration and then
a filtrate was concentrated under reduced pressure. A residue was washed with heptane and dried, and thus 7.25 g of
2,2-difluoro-2-(3,4,5-trifluorophenoxy)acetic acid was obtained.

Third step

[0231] Into a reaction vessel under a nitrogen atmosphere, 7.25 g (29.9 mmol) of 2,2-difluoro-2-(3,4,5-trifluorophe-
noxy)acetic acid obtained in the second step, 4. 74 g (29. 9 mmol) of 3-pentyl-3-hydroxymethyloxetane, 0.37 g (2.99
mmol) of 4-dimethylaminopyridine and 150 mL of dichloromethane were put, and the resultant mixture was cooled to
0°C. Then, 50 mL of dichloromethane (50 mL) solution of 6.49 g (31.4 mmol) of dicyclohexylcarbodiimide was added
dropwise thereto at 0°C, and the resultant mixture was stirred at room temperature for 15 hours. Then, an insoluble
matter was separated by Celite filtration, a filtrate was washed sequentially with hydrochloric acid (1 N), a saturated
aqueous solution of sodium hydrogencarbonate and water, and dried over anhydrous magnesium sulfate. Then, an
insoluble matter was separated by filtration and then a filtrate was concentrated under reduced pressure. A residue was
purified according to fractionation by column chromatography using a mixed solvent of heptane and ethyl acetate (ethyl
acetate : heptane = 1 : 4 in a volume ratio) as an eluent and silica gel as a filler, and thus 5.64 g of (3-pentyloxetane-3-
yl)methyl 2,2-difluoro-2-(3,4,5-trifluorophenoxy)acetate was obtained.

Fourth step

[0232] Into a reaction vessel under a nitrogen atmosphere, 5.64 g (14.8 mmol) of (3-pentyloxetane-3-yl)methyl
2,2-difluoro-2-(3,4,5-trifluorophenoxy)acetate obtained in the third step and 60 mL of dichloromethane were put, the
resultant mixture was cooled to -70°C, and 0.47 mL (3.7 mmol) of boron trifluoride-diethyl ether complex was added
dropwise thereto. The resultant mixture was warmed to room temperature, and stirred for 24 hours. Then, 0.8 mL (6
mmol) of triethylamine was added thereto, and the resultant mixture was concentrated by means of a rotary evaporator.
Then, 40 mL of diethyl ether was added thereto, the resultant mixture was washed with saturated brine, and dried over
anhydrous magnesium sulfate. Then, an insoluble matter was separated by filtration and then a filtrate was concentrated
under reduced pressure. A residue was purified according to fractionation by column chromatography using a mixed
solvent of heptane and ethyl acetate (ethyl acetate : heptane = 1 : 5 in a volume ratio) as an eluent and silica gel as a
filler. The resultant mixture was further purified by recrystallization (heptane / ethanol = 80 / 20 in a volume ratio), and
thus 2.5 g of
1-(difluoro(3,4,5-trifluorophenoxy)methyl)-4-pentyl-2,6,7-trioxabic yclo[2.2.2]octane was obtained as a white solid.
[0233] Chemical shifts (δ (ppm)) according to 1H-NMR analysis are as described below, and the compound obtained
was identified to be 1-(difluoro(3,4,5-trifluorophenoxy)methyl)-4-pentyl-2,6,7-trioxabic yclo[2.2.2]octane. A solvent for
measurement was CDCl3.
[0234] Chemical shifts (δ (ppm)); 6.92 (t, 2H), 4.11 (s, 6H), 1 .4 - 1.2 (m, 8H), 0.89 (t, 3H).
[0235] A transition temperature of compound (No. 17) obtained is as described below.
[0236] Transition temperature: C 70.5 (SB 64.7 I).

Physical properties of compound (No. 17)

[0237] Liquid crystal composition N including 85% by weight of base liquid crystal A and 15% by weight of
1-(difluoro(3,4,5-trifluorophenoxy)methyl)-4-pentyl-2,6,7-trioxabic yclo[2.2.2]octane (No. 17) obtained in Example 13
was prepared. Physical properties of liquid crystal composition N obtained were measured, and extrapolated values of
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physical properties of compound (No. 17) were calculated by extrapolating measured values. Values thereof are as
described below.
[0238] Maximum temperature (TNI) = -83.0°C; dielectric anisotropy (Δε) = 20.6; optical anisotropy (Δn) = -0.010; viscosity
(η) = 118.9.

Example 14

Synthesis of 4-(4-pentylcyclohexyl)-1-(3,4,5-trifluorophenyl)-2,6,7-trioxabicycl o[2.2.2]octane (No. 26)

[0239]

First step

[0240] Into a reaction vessel under a nitrogen atmosphere, 10.5 g (59.5 mmol) of 3,4,5-trifluorobenzoic acid, 13.7 g
(71.4 mmol) of 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride, 0.72 g (6.0 mmol) of 4-dimethylaminopy-
ridine and 100 mL of dichloromethane were put, a dichloromethane (10 mL) solution of 4.8 g (65. 5 mmol) of diethylamine
was added dropwise thereto at room temperature, and the resultant mixture was stirred at room temperature for 15
hours. Then, 50 mL of water was added and the resultant mixture was extracted with diethyl ether, and the resultant
extract was washed with water and dried over anhydrous magnesium sulfate. Then, an insoluble matter was separated
by filtration and then a filtrate was concentrated under reduced pressure. A residue was purified according to fractionation
by column chromatography using a mixed solvent of heptane and ethyl acetate (ethyl acetate : heptane = 1 : 4 in a
volume ratio) as an eluent and silica gel as a filler, and thus 11.4 g of N,N-diethyl-3,4,5-trifluorobenzamide was obtained.

Second step

[0241] Into a reaction vessel under a nitrogen atmosphere, 9.36 g of N,N-diethyl-3,4,5-trifluorobenzamide obtained in
the first step and 45 mL of dichloromethane were put, 3.7 mL (43 mmol) of oxalyl chloride was added dropwise thereto
at room temperature, and the resultant mixture was stirred at room temperature for 30 minutes, and then at 40°C for 3
hours. The mixture was cooled to 0°C, 4. 7 mL (29 mmol) of triethylamine trihydrofluoride was added dropwise thereto,
and subsequently 8.2 mL (58 mmol) of triethylamine was added dropwise thereto, and the resultant mixture was stirred
at room temperature for 30 minutes. A reaction mixture was filtered, and a solid separated by filtration was washed with
hexane, and then a filtrate was concentrated under reduced pressure. A small amount of hexane was added to the
residue, the resultant mixture was filtered, a filtrate was concentrated under reduced pressure, and a residue was distilled
under reduced pressure of 1 mmHg at 40°C, and thus 9.7 g of
N-(difluoro(3,4,5-trifluorophenyl)methyl-N-ethylethanamine was obtained.

Third step

[0242] Into a reaction vessel under a nitrogen atmosphere, 7.30 g (183 mmol) of well dried and powdery sodium
hydroxide, 100 mL of acetonitrile and 13.8 g (459 mmol) of paraformaldehyde were put, and while stirring the resultant
mixture at room temperature, an acetonitrile (30 mL) solution of 30.0 g (153 mmol) of 2-(4-pentylcyclohexyl)acetaldehyde
was added dropwise thereto over 40 minutes. After completion of dropwise addition, temperature was 34°C. The resultant
mixture was stirred at room temperature for 30 minutes, and then heated to 70°C and stirred for 20 minutes. The resultant
mixture was cooled to room temperature, an insoluble matter was separated by filtration, and a solvent was distilled off
under reduced pressure. A residue obtained was purified according to fractionation by column chromatography using
ethyl acetate as an eluent and silica gel as a filler and dried, and thus 11.0 g of 2-(hydroxymethyl)-2-(4-pentylcy-
clohexyl)propane-1,3-diol was obtained as a white solid.
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Fourth step

[0243] Into a reaction vessel under a nitrogen atmosphere, 2.48 g (9.29 mmol) of 2-(hydroxymethyl)-2-(4-pentylcy-
clohexyl)propane-1,3-diol obtained in the third step, 30 mL of DMF, and 1.8 g of molecular sieve 4A were put, and the
resultant mixture was stirred at room temperature for 1 hour. The mixture was cooled to 0°C and 2.35 g (9.29 mmol) of
N-difluoro(3,4,5-trifluorophenyl)methyl-N-ethylethanamine obtained in the second step was added dropwise thereto,
and the resultant mixture was stirred at room temperature for 2 hours. Then, 1.5 mL of triethylamine was added, and
then the resultant mixture was poured into 100 mL of aqueous solution of sodium hydroxide (2 N), and the resultant
mixture was extracted with dichloromethane. The resultant extract was dried over anhydrous magnesium sulfate. Then,
an insoluble matter was separated by filtration and then a filtrate was concentrated under reduced pressure. A residue
was purified according to fractionation by column chromatography using a mixed solvent of heptane and ethyl acetate
(ethyl acetate : heptane = 1 : 4 in a volume ratio) as an eluent and silica gel as a filler. The resultant mixture was further
purified by recrystallization (acetonitrile), and thus 1.1 g of 4-(4-pentylcyclohexyl)-1-(3,4,5-trifluorophenyl)-2,6,7-triox-
abicycl o[2.2.2]octane was obtained as a white solid.
[0244] Chemical shifts (δ(ppm)) according to 1H-NMR analysis are as described below, and the compound obtained
was identified to be 4-(4-pentylcyclohexyl)-1-(3,4,5-trifluorophenyl)-2,6,7-trioxabicycl o[2.2.2]octane. A solvent for meas-
urement was CDCl3.
[0245] Chemical shifts (δ (ppm)); 7.24 (t, 2H), 4.11 (s, 6H), 1.81 (m, 2H), 1.64 (m, 2H), 1.4 - 1.1 (m, 10H), 1.01 (m,
2H), 0.9 - 0.8 (m, 5H).
[0246] A transition temperature of compound (No. 26) obtained is as described below.
[0247] Transition temperature: C 155.3 I.

Physical properties of compound (No. 26)

[0248] Liquid crystal composition O including 95% by weight of base liquid crystal A and 5% by weight of
4-(4-pentylcyclohexyl)-1-(3,4,5-trifluorophenyl)-2,6,7-trioxabicycl o[2.2.2]octane (No. 26) obtained in Example 14 was
prepared. Physical properties of liquid crystal composition O obtained were measured, and extrapolated values of
physical properties of compound (No. 26) were calculated by extrapolating measured values. Values thereof are as
described below.
[0249] Maximum temperature (TNI) = 89.7°C; dielectric anisotropy (Δε) = 20.2; optical anisotropy (Δn) = 0.097; viscosity
(η) = 87.2.

Example 15

Synthesis of 4-pentyl-1-(2,3’,4’,5’-tetrafluoro[1,1’-biphenyl]-4-yl)-2,6,7-triox abicyclo[2.2.2]octane (No. 34)

[0250]

First step

[0251] Into a reaction vessel under a nitrogen atmosphere, 50.0 g (166 mmol) of 4-bromo-2-fluoro-1-iodobenzene,
29.3 g (166 mmol) of (3,4,5-trifluorophenyl)boronic acid, 45.9 g (332 mmol) of potassium carbonate, 10.7 g (33.2 mmol)
of tetrabutylammonium bromide (TBAB), 2.7 g (2.3 mmol) of tetrakis (triphenyl phosphine) palladium, 300 mL of toluene
and 200 mL of 1-butanol were put, and the resultant mixture was subjected to heating reflux for 6 hours. A reaction liquid
was poured into 300 mL of water, and then the resultant mixture was extracted with toluene, and the resultant extract
was washed with saturated brine, and dried over anhydrous magnesium sulfate. Then, an insoluble matter was separated
by filtration and then a filtrate was concentrated under reduced pressure. A residue was purified according to fractionation
by column chromatography using heptane as an eluent and silica gel as a filler, and thus 36.8 g of 4-bromo-2,3’,4’,5’-
tetrafluoro-1,1’-biphenyl was obtained.
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Second step

[0252] Into a reaction vessel under a nitrogen atmosphere, 30.0 g (98.3 mmol) of 4-bromo-2,3’,4’,5’-tetrafluoro-1,1’-
biphenyl obtained in the first step and 30 mL of THF were put, 98.3 mL (128 mmol) of isopropylmagnesium chloride-
lithium chloride complex solution (1.3 M) was added dropwise thereto at room temperature, and the resultant mixture
was stirred at room temperature for 2 hours. Thereto, 25 g (570 mmol) of dry ice was added at 0°C, and the resultant
mixture was warmed to room temperature and then stirred for 15 hours. The mixture was cooled to 0°C and 70 mL of
hydrochloric acid (3 M) was added dropwise thereto, extracted with ethyl acetate, and the resultant extract was washed
with water and dried over anhydrous magnesium sulfate. Then, an insoluble matter was separated by filtration and then
a filtrate was concentrated under reduced pressure. A residue was recrystallized in toluene, and thus 22.0 g of 2,3’,4’,5’-
tetrafluoro[1,1’-biphenyl]-4-carboxylic acid was obtained.

Third step

[0253] Into a reaction vessel under a nitrogen atmosphere, 10.0 g (37.0 mmol) of 2,3’,4’,5’-tetrafluoro[1,1’-biphenyl]-
4-carboxylic acid obtained in the second step, 5.9 g (37 mmol) of
3-pentyl-3-hydroxymethyloxetane, 4.5 g (37 mmol) of 4-dimethylaminopyridine and 100 mL of dichloromethane were
put, and the resultant mixture was cooled to 0°C. Then, a dichloromethane (50 mL) solution of 8.0 g (39 mmol) of
dicyclohexylcarbodiimide was added dropwise thereto at 0°C, and the resultant mixture was stirred at room temperature
for 15 hours. Then, an insoluble matter was separated by Celite filtration and then a filtrate was concentrated under
reduced pressure. A residue was purified according to fractionation by column chromatography using a mixed solvent
of heptane and ethyl acetate (ethyl acetate : heptane = 1 : 4 in a volume ratio) as an eluent and silica gel as a filler, and
thus 13.9 g of (3-pentyloxetane-3-yl)methyl 2,3’,4’,5’-tetrafluoro-[1,1’-biphenyl]-4-carboxylate was obtained.

Fourth step

[0254] Into a reaction vessel under a nitrogen atmosphere, 13.9 g (33.9 mmol) of (3-pentyloxetane-3-yl)methyl
2,3’,4’,5’-tetrafluoro-[1,1’-biphenyl]-4-carboxylate obtained in the third step and 70 mL of dichloromethane were put and
cooled to -70°C, and 1.2 g (8.5 mmol) of boron trifluoride-diethyl ether complex was added dropwise thereto. The resultant
mixture was warmed to room temperature, and stirred for 15 hours. Then, 5.0 mL (37 mmol) of triethylamine was added
thereto, and the resultant mixture was concentrated by means of a rotary evaporator. Then, 100 mL of diethyl ether was
added thereto, the resultant mixture was washed with saturated brine, and dried over anhydrous magnesium sulfate.
Then, an insoluble matter was separated by filtration and then a filtrate was concentrated under reduced pressure. A
residue was purified according to fractionation by column chromatography using dichloromethane as an eluent and silica
gel as a filler. The resultant mixture was further purified by recrystallization (heptane), and thus 9.1 g of
4-pentyl-1-(2,3’,4’,5’-tetrafluoro[1,1’-biphenyl]-4-yl)-2,6,7-triox abicyclo[2.2.2]octane was obtained as a white solid.
[0255] Chemical shifts (δ (ppm)) according to 1H-NMR analysis are as describe below, and the obtained compound
was identified to be 4-pentyl-1-(2,3’,4’,5’-tetrafluoro[1,1’-biphenyl]-4-yl)-2,6,7-triox abicyclo[2.2.2]octane. A solvent for
measurement was CDCl3.
[0256] Chemical shifts (δ (ppm)); 7.5 - 7.4 (m, 2H), 7.34 (t, 1H), 7.15 (m, 2H), 4.11 (s, 6H), 1 .4 - 1.2 (m, 8H), 0.89 (t, 3H).
[0257] A transition temperature of compound (No. 34) obtained is as described below.
[0258] Transition temperature: C 110.2 (N 73.1 I).

Physical properties of compound (No. 34)

[0259] Liquid crystal composition N including 90% by weight of base liquid crystal A and 10% by weight of 4-pentyl-
1-(2,3’,4’,5’-tetrafluoro[1,1’-biphenyl]-4-yl)-2,6,7-triox abicyclo[2.2.2]octane (No. 34) obtained in Example 15 was pre-
pared. Physical properties of liquid crystal composition N obtained were measured, and extrapolated values of physical
properties of compound (No. 34) were calculated by extrapolating measured values. Values thereof are as described
below.
[0260] Maximum temperature (TNI) = 65.7°C; dielectric anisotropy (Δε) = 36.1; optical anisotropy (Δn) = 0.117; viscosity
(η) = 122.9.

Example 16

Synthesis of 4-pentyl-1-(4’-(trifluoromethyl)-[1,1’-bi(cyclohexane)]-3’-en-4-yl) -2,6,7-trioxabicyclo[2.2.2]octane (No. 40)

[0261]
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First step

[0262] Into a reaction vessel under a nitrogen atmosphere, 17.2 g (64.0 mmol) of 4-(1,4-dioxaspiro[4,5]decane-8-
yl)cyclohexanone, 10.0 g (70.0 mmol) of trimethyl(trifluoromethyl)silane and 100 mL of THF were put, and 70 mL (70
mmol) of tetrabutylammonium fluoride (1.0 M, THF solution) was added dropwise thereto at 0°C. The resultant mixture
was returned to room temperature and 150 mL of hydrochloric acid (2 N) was added thereto, and extracted with diethyl
ether, the resultant extract was washed with water and dried over anhydrous magnesium sulfate. Then, an insoluble
matter was separated by filtration and then a filtrate was concentrated under reduced pressure. A residue was purified
according to fractionation by column chromatography using a mixed solvent of heptane and ethyl acetate (ethyl acetate :
heptane = 1 : 2 in a volume ratio) as an eluent and silica gel as a filler, and thus 8.0 g of 4-(1,4-dioxaspiro[4,5] decane-
8-yl)-1-(trifluoromethyl)cyclohexanol was obtained.

Second step

[0263] Into a reaction vessel under a nitrogen atmosphere, 6.4 g (20.8 mmol) of
4-(1,4-dioxaspiro[4,5]decane-8-yl)-1-(trifluoromethyl)cyclohexanol obtained in the first step and 60 mL of THF were put,
4.7 mL (35.6 mmol) of N,N-diethylaminosulfur trifluoride was added dropwise thereto at room temperature, and the
resultant mixture was stirred at 70°C for 1 hour. The reaction mixture was poured into water, the resultant mixture was
extracted with toluene, and the resultant extract was washed with water and dried over anhydrous magnesium sulfate.
Then, an insoluble matter was separated by filtration and then a filtrate was concentrated under reduced pressure. A
residue was purified according to fractionation by column chromatography using a mixed solvent of heptane and ethyl
acetate (ethyl acetate : heptane = 1 : 4 in a volume ratio) as an eluent and silica gel as a filler, and thus 6.6 g of
8-(4-(trifluoromethyl)cyclohexy-3-en-1-yl)-1,4-dioxaspiro[4,5]decan e was obtained.

Third step

[0264] Into a reaction vessel under a nitrogen atmosphere, 6.6 g (23 mmol) of
8-(4-(trifluoromethyl)cyclohexy-3-en-1-yl)-1,4-dioxaspiro[4,5]decan e obtained in the second step, 100 mL of toluene
and 8.5 mL of formic acid were put, and the resultant mixture was refluxed at 92°C. The resultant mixture was returned
to room temperature, washed with water and dried over anhydrous magnesium sulfate. Then, an insoluble matter was
separated by filtration and then a filtrate was concentrated under reduced pressure. A residue was purified according
to fractionation by column chromatography using a mixed solvent of heptane and ethyl acetate (ethyl acetate : heptane
= 1 : 4 in a volume ratio) as an eluent and silica gel as a filler, and thus 5.1 g of 4’-(trifluoromethyl)-[1,1’-bi(cyclohexane)]-
3’-en-4-one was obtained.

Fourth step

[0265] Into a reaction vessel under a nitrogen atmosphere, 8.4 g (25 mmol) of chloro (methoxymethyl) triphenylphos-
phorane and 50 mL of THF were put, a THF (15 mL) solution of 2.8 g (25 mmol) of potassium tert-butoxide was added
dropwise thereto at -15°C, and the resultant mixture was stirred at -15°C for 1 hour. Then, a THF (20 mL) solution of
5.1 g (21 mmol) of 4’-(trifluoromethyl)-[1,1’-bi(cyclohexane)]-3’-en-4-one obtained in the third step was added dropwise
thereto at -15°C, and the resultant mixture was stirred at -15°C for 1 hour. The mixture was returned to room temperature,
100 mL of water was added thereto, and the resultant mixture was extracted with toluene, and the resultant extract was
washed with water and dried over anhydrous magnesium sulfate. Then, an insoluble matter was separated by filtration
and then a filtrate was concentrated under reduced pressure. A residue was dissolved in a small amount of toluene,
and while stirring, the resultant solution was poured into 200 mL of heptane. Then, an insoluble matter was separated
by filtration, and a solvent is distilled off under reduced pressure. A residue was purified according to fractionation by
column chromatography using a mixed solvent of heptane and ethyl acetate (ethyl acetate : heptane = 1 : 4 in a volume
ratio) as an eluent and silica gel as a filler, and thus 4.9 g of
4’-(methoxymethylene)-4-(trifluoromethyl)-[1,1’-bi(cyclohexane)-3-en was obtained.
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Fifth step

[0266] Into a reaction vessel under a nitrogen atmosphere, 4.9 g (18 mmol) of
4’-(methoxymethylene)-4-(trifluoromethyl)-[1,1’-bi(cyclohexane)-3-en obtained in the fourth step, 30 mL of acetone and
2. 8 mL of hydrochloric acid (4 N) were put, and the resultant mixture was stirred at room temperature for 1 hour. Then,
20 mL of water was added thereto, the resultant mixture was extracted with toluene, and the resultant extract was washed
with water, and a solvent was distilled off by means of a rotary evaporator. Then, 50 mL of toluene, 50 mL of ethanol,
2.2 g of sodium hydroxide and 9 mL of water were added thereto, and the resultant mixture was stirred at room temperature
for 6 hours. The reaction mixture was washed with water and dried over anhydrous magnesium sulfate. Then, an insoluble
matter was separated by filtration and then a filtrate was concentrated under reduced pressure. A residue was purified
according to fractionation by column chromatography using a mixed solvent of heptane and ethyl acetate (ethyl acetate :
heptane = 1 : 4 in a volume ratio) as an eluent and silica gel as a filler, and thus 4.3 g of 4-(trifluoromethyl)-[1,1’-
bi(cyclohexane)]-3-en-4-carboaldehyde was obtained.

Sixth step

[0267] Into a reaction vessel, 4.3 g (16 mmol) of

4-(trifluoromethyl)-[1,1’-bi(cyclohexane)]-3-en-4-carboaldehyde obtained in the fifth step and 100 mL of acetone were
put, and a Jones reagent was added dropwise thereto at 0° Cuntil an orange color did not fade away. Then, 2 mL of
isopropanol and 4 g of sodium hydrogencarbonate were added thereto, the resultant mixture was filtered, the resultant
solid was rinsed with acetone, and a filtrate was concentrated under reduced pressure. Then, 20 mL of water was added
thereto, the resultant mixture was extracted with ethyl acetate, the resultant extract was washed with water, and a solvent
was distilled off by means of a rotary evaporator. A residue was purified according to fractionation by column chroma-
tography using ethyl acetate as an eluent and silica gel as a filler. The resultant mixture was further purified by recrys-
tallization (heptane), and thus 2.5 g of 4-(trifluoromethyl)-[1,1’-bi(cyclohexane)]-3-ene-4-carboxylic acid was obtained.

Seventh step

[0268] Into a reaction vessel under a nitrogen atmosphere, 2.5 g (8.9 mmol) of 4-(trifluoromethyl)-[1,1’-bi(cyclohexane)]-
3-en-4-carboxylic acid obtained in the sixth step, 2.0 g (11 mmol) of
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride, 0.1 g (0.9 mmol) of 4-dimethylaminopyridine, and 30 mL
of dichloromethane were put, and a dichloromethane (10 mL) solution of 1.5 g (9.8 mmol) of 3-pentyl-3-hydroxymethy-
loxetane was added dropwise thereto at room temperature. The resultant mixture was stirred at room temperature for
15 hours, and then concentrated by means of a rotary evaporator, ethyl acetate was added thereto, the resultant mixture
was washed with water, and dried over anhydrous magnesium sulfate. Then, an insoluble matter was separated by
filtration, and a solvent was distilled off. A residue was purified according to fractionation by column chromatography
using a mixed solvent of heptane and ethyl acetate (ethyl acetate : heptane = 1 : 4 in a volume ratio) as an eluent and
silica gel as a filler, and thus 2.3 g of (3-pentyloxetane-3-yl)methyl
4-(trifluoromethyl)-[1,1’-bi(cyclohexane)]-3-en-4-carboxylate was obtained as a colorless liquid.

Eighth step

[0269] Into a reaction vessel under a nitrogen atmosphere, 2.3 g (5.5 mmol) of (3-pentyloxetane-3-yl)methyl
4-(trifluoromethyl)[1,1’-bi(cyclohexane)]-3-en-4-carboxylate obtained in the seventh step and 50 mL of dichloromethane
were put, and the resultant mixture was cooled to -70°C, and 0.20 g (1.4 mmol) of boron trifluoride-diethyl ether complex
was added dropwise thereto. The mixture was warmed to room temperature and stirred for 15 hours. Then, 1.5 mL (11
mmol) of triethylamine was added thereto, and the resultant mixture was concentrated by means of a rotary evaporator.
Then, 30 mL of diethyl ether was added thereto, the resultant mixture was washed with saturated brine, and dried over
anhydrous magnesium sulfate. Then, an insoluble matter was separated by filtration and then a filtrate was concentrated
under reduced pressure. A residue was purified according to fractionation by column chromatography using a mixed
solvent of heptane and ethyl acetate (ethyl acetate : heptane = 1 : 4 in a volume ratio) as an eluent and silica gel as a
filler. The resultant mixture was further purified by recrystallization (heptane / ethyl acetate = 80 / 20 in a volume ratio),
and thus 1.0 g of 4-pentyl-1-(4’-(trifluoromethyl)-[1,1’-bi(cyclohexane)]-3’-en-4-yl) -2,6,7-trioxabicyclo[2.2.2]octane was
obtained as a white solid.
[0270] Chemical shifts (δ (ppm)) according to 1H-NMR analysis are as describe below, and the compound obtained
was identified to be 4-pentyl-1-(4’-(trifluoromethyl)-[1,1’-bi(cyclohexane)]-3’-en-4-yl) -2,6,7-trioxabicyclo[2.2.2]octane. A
solvent for measurement was CDCl3.
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[0271] Chemical shifts (δ (ppm)); 3.89 (s, 6H), 2.20 (m, 2H), 2.09 (m, 1H), 2.0 - 1.7 (m, 6H), 1.53 (m, 1H), 1.4 - 1.1
(m, 14H), 1.0 - 0.8 (m, 5H).
[0272] A transition temperature of compound (No. 40) obtained is as described below.
[0273] Transition temperature: C 160.7 C’ 184.4 SB 248.3 I.

Physical properties of compound (No. 40)

[0274] Liquid crystal composition Q including 97 % by weight of base liquid crystal A and 3% by weight of 4-pentyl-
1-(4’-(trifluoromethyl)-[1,1’-bi(cyclohexane)]-3’-en-4-yl) -2,6,7-trioxabicyclo[2.2.2]octane (No. 40) obtained in Example
16 was prepared. Physical properties of liquid crystal composition Q obtained were measured, and extrapolated values
of physical properties of compound (No. 40) were calculated by extrapolating measured values. Values thereof are as
described below.
[0275] Maximum temperature (TNI) = 118.4°C; dielectric anisotropy (Δε) = 28.5; optical anisotropy (Δn) = 0.084; viscosity
(η) = 145.2.

Example 17

Synthesis of 3,4,5-trifluorophenyl 4-(4-propyl-2,6,7-trioxabicyclo[2.2.2]octane-1-yl)cyclohexane carboxylate (No. 44)

[0276]

First step

[0277] Into a reaction vessel under a nitrogen atmosphere, 10.2 g (59.2 mmol) of cyclohexane-1,4-dicarboxylic acid,
13.6 g (71.0 mmol) of 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride, 0.7 g (6 mmol) of 4-dimethylami-
nopyridine and 60 mL of dichloromethane were put, and a dichloromethane (20 mL) solution of 8.6 g (58 mmol) of 3,4,5-
trifluorophenol was added dropwise thereto at room temperature. The resultant mixture was stirred at room temperature
for 20 hours, concentrated by means of a rotary evaporator, ethyl acetate was added thereto, and the resultant mixture
was washed with water. The mixture was dried over anhydrous magnesium sulfate. Then, an insoluble matter was
separated by filtration, and a solvent was distilled off. A residue was purified according to fractionation by column
chromatography using a mixed solvent of heptane and ethyl acetate (ethyl acetate : heptane = 1 : 4 in a volume ratio)
as an eluent and silica gel as a filler, and thus 5. 9 g of 4-(3,4,5-trifluorophenoxy)carbonyl)cyclohexanecarboxylic acid
was obtained as a colorless liquid.

Second step

[0278] Into a reaction vessel under a nitrogen atmosphere, 5.9 g (20 mmol) of 4-(3,4,5-trifluorophenoxy)carbonyl)cy-
clohexanecarboxylic acid, 4.5 g (23 mmol) of 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride, 0.24 g (2.0
mmol) of 4-dimethylaminopyridine and 60 mL of dichloromethane were put, and a dichloromethane (20 mL) solution of
3.1 g (23 mmol) of 3-propyl-3-hydroxymethyloxetane was added dropwise thereto at room temperature. The mixture
was stirred at room temperature for 20 hours and then concentrated by means of a rotary evaporator, ethyl acetate was
added thereto, and the resultant mixture was washed with water. The mixture was dried over anhydrous magnesium
sulfate. Then, an insoluble matter was separated by filtration, and a solvent was distilled off. A residue was purified
according to fractionation by column chromatography using a mixed solvent of heptane and ethyl acetate (ethyl acetate :
heptane = 1 : 4 in a volume ratio) as an eluent and silica gel as a filler, and thus 6.1 g of
1-((3-propyloxetane-3-yl)methyl)
4-((3,4,5-trifluorophenyl)cyclohexane-1,4-dicarboxylate was obtained.
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Third step

[0279] Into a reaction vessel under a nitrogen atmosphere, 6.1 g (15 mmol) of
(1-((3-propyloxetane-3-yl)methyl)-4-((3,4,5-trifluorophenyl)cyclohe xane-1,4-dicarboxylate obtained in the second step
and 150 mL of dichloromethane was put, and the resultant mixture was cooled to -70°C, and 0.52 mL (3.7 mmol) of
boron trifluoride-diethyl ether complex was added dropwise thereto. The mixture was warmed to room temperature and
stirred for 22 hours. Then, 3.9 mL (29 mmol) of triethylamine was added thereto, and the resultant mixture was concen-
trated by means of a rotary evaporator. Then, 80 mL of diethyl ether was added thereto, the resultant mixture was
washed with saturated brine, and dried over anhydrous magnesium sulfate. Then, an insoluble matter was separated
by filtration and then a filtrate was concentrated under reduced pressure. A residue was purified according to fractionation
by column chromatography using a mixed solvent of heptane and ethyl acetate (ethyl acetate : heptane = 1 : 4 in a
volume ratio) as an eluent and silica gel as a filler. The resultant mixture was further purified by recrystallization (heptane
/ ethyl acetate = 80 / 20 in a volume ratio), and thus 3.1 g of 4-(3,4,5-trifluorophenyl)cyclohexyl 3,4,5-trifluorophenyl
4-(4-propyl-2,6,7-trioxabicyclo[2.2.2]octane-1-yl)cyclohexane carboxylate was obtained as a white solid.
[0280] Chemical shifts (δ (ppm)) according to 1H-NMR analysis are as describe below, and the obtained compound
was identified to be 3,4,5-trifluorophenyl
4-(4-propyl-2,6,7-trioxabicyclo[2.2.2]octane-1-yl)cyclohexane carboxylate. A solvent for measurement was CDCl3.
[0281] Chemical shifts (δ(ppm)); 6.78 (t, 2H), 3.91 (s, 6H), 2.43 (m, 1H), 2.13 (m, 2H), 2.00 (m, 2H), 1.61 (m, 1H), 1.46
(m, 2H), 1.3 - 1.1 (m, 6H), 0.91 (t, 3H).
[0282] A transition temperature of compound (No. 44) obtained is as described below.
[0283] Transition temperature: C 109.8 SB 117.3 N 125.1 I.

Physical properties of compound (No. 44)

[0284] Liquid crystal composition R including 90% by weight of base liquid crystal A and 10% by weight of 3,4,5-
trifluorophenyl 4-(4-propyl-2,6,7-trioxabicyclo[2.2.2]octane-1-yl)cyclohexane carboxylate (No. 44) obtained in Example
17 was prepared. Physical properties of liquid crystal composition R obtained were measured, and extrapolated values
of physical properties of compound (No. 44) were calculated by extrapolating measured values. Values thereof are as
described below.
[0285] Maximum temperature (TNI) = 73.7°C; dielectric anisotropy (Δε) = 39.9; optical anisotropy (Δn) = 0.077; viscosity
(η) = 101.7.

Example 18

Synthesis of 3,4,5-trifluorophenyl 4-(4-butyl-2,6,7-trioxabicyclo[2.2.2]octane-1-yl)cyclohexane carboxylate (No. 45)

[0286]

[0287] Then, 3,4,5-trifluorophenyl
4-(4-butyl-2,6,7-trioxabicyclo[2.2.2]octane-1-yl)cyclohexane carboxylate was prepared by performing synthesis in a man-
ner similar to the operations in the second step and the third step in Example 17 using 3-butyl-3-hydroxymethyloxetane
in place of 3-propyl-3-hydroxymethyloxetane.
[0288] Chemical shifts (δ (ppm)) according to 1H-NMR analysis are as describe below, and the compound obtained
was identified to be 3,4,5-trifluorophenyl
4-(4-butyl-2,6,7-trioxabicyclo[2.2.2]octane-1-yl)cyclohexane carboxylate. A solvent for measurement was CDCl3.
[0289] Chemical shifts (δ (ppm)); 6.77 (t, 2H), 3.91 (s, 6H), 2.43 (m, 1H), 2.13 (m, 2H), 2.00 (m, 2H), 1.61 (m, 1H),
1.46 (m, 2H), 1.3 - 1.1 (m, 8H), 0.89 (t, 3H).
[0290] A transition temperature of compound (No. 45) obtained is as described below.
[0291] Transition temperature: C 117.3 SB 126.7 I.



EP 2 690 103 B1

56

5

10

15

20

25

30

35

40

45

50

55

Physical properties of compound (No. 45)

[0292] Liquid crystal composition S including 95 % by weight of base liquid crystal A and 5% by weight of 3,4,5-
trifluorophenyl 4-(4-butyl-2,6,7-trioxabicyclo ¥[2.2.2]octane-1-yl)cyclohexane carboxylate (No. 45) obtained in Example
18 was prepared. Physical properties of liquid crystal composition S obtained were measured, and extrapolated values
of physical properties of compound (No. 45) were calculated by extrapolating measured values. Values thereof are as
described below.
[0293] Maximum temperature (TNI) = 75.7°C; dielectric anisotropy (Δε) = 34.2; optical anisotropy (Δn) = 0.077; viscosity
(η) = 96.8.

Example 19

Synthesis of 3,4,5-trifluorophenyl 4-(4-pentyl-2,6,7-trioxabicyclo[2.2.2]octane-1-yl)cyclohexane carboxylate (No. 46)

[0294]

[0295] Then, 3,4,5-trifluorophenyl
4-(4-pentyl-2,6,7-trioxabicyclo[2.2.2]octane-1-yl)cyclohexane carboxylate was prepared by performing synthesis in a
manner similar to the operations in the second step and the third step in Example 17 using 3-pentyl-3-hydroxymethyl-
oxetane in place of
3-propyl-3-hydroxymethyloxetane.
[0296] Chemical shifts (δ (ppm)) according to 1H-NMR analysis are as describe below, and the compound obtained
was identified to be 3,4,5-trifluorophenyl
4-(4-pentyl-2,6,7-trioxabicyclo[2.2.2]octane-1-yl)cyclohexane carboxylate. A solvent for measurement was CDCl3.
[0297] Chemical shifts (δ (ppm)); 6.77 (t, 2H), 3.90 (s, 6H), 2.43 (m, 1H), 2.13 (m, 2H), 2.00 (m, 2H), 1.62 (m, 1H),
1.48 (m, 2H), 1.3 - 1.1 (m, 10H), 0.89 (t, 3H).
[0298] A transition temperature of compound (No. 46) obtained is as described below.
[0299] Transition temperature: C 118.8 SB 138.6 N 139.3 I.

Physical properties of compound (No. 46)

[0300] Liquid crystal composition T including 95 % by weight of base liquid crystal A and 5% by weight of 3,4,5-
trifluorophenyl 4-(4-pentyl-2,6,7-trioxabicyclo[2.2.2]octane-1-yl)cyclohexane carboxylate (No. 46) obtained in Example
19 was prepared. Physical properties of liquid crystal composition T obtained were measured, and extrapolated values
of physical properties of compound (No. 46) were calculated by extrapolating measured values. Values thereof are as
described below.
[0301] Maximum temperature (TNI) = 89.7°C; dielectric anisotropy (Δε) = 32.2; optical anisotropy (Δn) = 0.097; viscosity
(η) = 98.8.

Example 20

Synthesis of 1-(4-(difluoro(3,4,5-trifluorophenoxy)methyl)cyclohexyl)-4-pentyl-2 ,6,7-trioxabicyclo[2.2.2]octane (No. 49)

[0302]
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First step

[0303] Into a reaction vessel under a nitrogen atmosphere, 60.9 g (317 mmol) of (1,3-dithiane-2-yl)trimethyl silane
and 500 mL of THF were put, 351 mL (379 mmol) of sec-butyl lithium (1.08 M, cyclohexane n-hexane solution) was
added dropwise thereto at -70°C, the resultant mixture was slowly warmed to 0°C and then cooled again to -70°C. Then,
a THF (150 mL) solution of 64.6 g of ethyl 4-oxocyclohexane carboxylate was added dropwise thereto at -70°C, and the
resultant mixture was stirred at room temperature for 6 hours. Then, 500 mL of hydrochloric acid (1 N) was added to
the reaction mixture, the resultant mixture was extracted with ethyl acetate. The resultant extract was washed with water,
and dried over anhydrous magnesium sulfate. Then, an insoluble matter was separated by filtration, and a solvent was
distilled off. A residue was purified according to fractionation by column chromatography using a mixed solvent of heptane
and ethyl acetate (ethyl acetate : heptane = 1 : 4 in a volume ratio) as an eluent and silica gel as a filler. The resultant
mixture was further purified by recrystallization by heptane, and thus 32.7 g of ethyl 4-(1,3-dithiane-2-ylidene)cyclohexane
carboxylate was obtained.

Second step

[0304] Into a reaction vessel under a nitrogen atmosphere, 32.7 g (120 mmol) of ethyl 4-(1,3-dithiane-2-ylidene)cy-
clohexane carboxylate and 800 mL of dichloromethane were put, and the resultant mixture was cooled to -20°C, 17.2
g of trifluoromethane sulfonic acid was added dropwise thereto, and the resultant mixture was returned to room temper-
ature. Then, the mixture was cooled to -70°C, a dichloromethane (50 mL) solution of 24.7 g (166 mmol) of 3,4,5-
trifluorophenol, 18.7 g (185 mmol) of triethylamine, 91.4 g (567 mmol) of triethylamine trihydrofluoride, and a dichlo-
romethane (200 mL) solution of 165 g (577 mmol) of 1,3-dibromo-5,5-dimethylhydantoin were sequentially added drop-
wise thereto, and the resultant mixture was stirred at room temperature for 15 hours. The reaction mixture was poured
into 1,500 mL of ice-cooled saturated aqueous solution of sodium hydrogencarbonate, and the resultant mixture was
extracted with ethyl acetate. The resultant extract was washed with water, dried over anhydrous magnesium sulfate.
Then, an insoluble matter was separated by filtration, and a solvent was distilled off. A residue was purified according
to fractionation by column chromatography using a mixed solvent of heptane and ethyl acetate (ethyl acetate : heptane
= 1 : 4 in a volume ratio) as an eluent and silica gel as a filler, and thus 21.1 g of ethyl 4-(difluoro(3,4,5-trifluorophe-
noxy)methyl)cyclohexane carboxylate was obtained.

Third step

[0305] Into a reaction vessel under a nitrogen atmosphere, 21.1 g (15 mmol) of ethyl 4-difluoro(3,4,5-trifluorophe-
noxy)methyl)cyclohexane carboxylate obtained in the second step and 700 mL of methanol were put, and the resultant
mixture was cooled to 0°C, and 90 mL (3.7 mmol) of aqueous solution of lithium hydroxide (1 N) was added dropwise
thereto. The resultant mixture was warmed to room temperature, and stirred for 24 hours. Then, 50 mL of water was
added and the resultant mixture was washed with diethyl ether. Then, hydrochloric acid (1 N) was added to adjust pH
to 3 to 4, and the resultant mixture was extracted with ethyl acetate, and the resultant extract was dried over anhydrous
magnesium sulfate. Then, an insoluble matter was separated by filtration and then a filtrate was concentrated under
reduced pressure, and thus 12.0 g of 4-(difluoro(3,4,5-trifluorophenoxy)methyl)cyclohexane carboxylic acid was ob-
tained.

Fourth step

[0306] Into a reaction vessel under a nitrogen atmosphere, 12.0 g (37.0 mmol) of 4-(difluoro(3,4,5-trifluorophenoxy)me-
thyl)cyclohexane carboxylic acid obtained in the third step, 6.4 g (41 mmol) of 3-pentyl-3-hydroxymethyloxetane, 1.4 g
(11 mmol) of 4-dimethylaminopyridine and 250 mL of dichloromethane were put, and the resultant mixture was cooled
to 0°C, a dichloromethane (30 mL) solution of 8.4 g (41 mmol) of dicyclohexylcarbodiimide was added dropwise thereto
at 0°C, and the resultant mixture was stirred at room temperature for 15 hours. Then, an insoluble matter was separated
by Celite filtration, and then a filtrate was washed sequentially with hydrochloric acid (1 N), a saturated aqueous solution
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of sodium hydrogencarbonate and water, and dried over anhydrous magnesium sulfate. Then, an insoluble matter was
separated by filtration and then a filtrate was concentrated under reduced pressure. A residue was purified according
to fractionation by column chromatography using a mixed solvent of heptane and ethyl acetate (ethyl acetate : heptane
= 1 : 4 in a volume ratio) as an eluent and silica gel as a filler, and thus 16.9 g of (3-pentyloxetane-3-yl)methyl 4-(dif-
luoro(3,4,5-trifluorophenoxy)methyl)cyclohexane carboxylate was obtained.

Fifth step

[0307] Into a reaction vessel under a nitrogen atmosphere, 16.9 g (36.4 mmol) of (3-pentyloxetane-3-yl)methyl) 4-(di-
fluoro((3,4,5-trifluorophenoxy)methyl)cyclohexane carboxylate obtained in the fourth step and 170 mL of dichlorometh-
ane were put, and the resultant mixture was cooled to -70°C, and 1.3 g (9.1 mmol) of boron trifluoride-diethyl ether
complex was added dropwise thereto. The mixture was warmed to room temperature, and stirred for 15 hours. Then,
5.1 mL (36 mmol) of triethylamine was added thereto, and the resultant mixture was concentrated by means of a rotary
evaporator. Then, 100 mL of diethyl ether was added thereto, the resultant mixture was washed with saturated brine,
and dried over anhydrous magnesium sulfate. Then, an insoluble matter was separated by filtration and then a filtrate
was concentrated under reduced pressure. A residue was purified according to fractionation by column chromatography
using a mixed solvent of heptane and ethyl acetate (ethyl acetate : heptane = 1 : 4 in a volume ratio) as an eluent and
silica gel as a filler. The resultant mixture was further purified by recrystallization (heptane / ethyl acetate = 80 / 20 in a
volume ratio), and thus 3.2 g of 1-(4-(difluoro(3,4,5-trifluorophenoxy)methyl)cyclohexyl)-4-pentyl-2 ,6,7-trioxabicyc-
lo[2.2.2]octane was obtained as a white solid.
[0308] Chemical shifts (δ (ppm)) according to 1H-nuclear magnetic resonance analysis are as describe below, and
the obtained compound was identified to be
1-(4-(difluoro(3,4,5-trifluorophenoxy)methyl)cyclohexyl)-4-pentyl-2 ,6,7-trioxabicyclo[2.2.2]octane. A solvent for meas-
urement was CDCl3.
[0309] Chemical shifts (δ (ppm)); 6.83 (t, 2H), 3.90 (s, 6H), 2.00 (m, 5H), 1.58 (m, 1H), 1.4 - 1.1 (m, 12H), 0.88 (t, 3H).
[0310] A transition temperature of compound (No. 49) obtained is as described below.
[0311] Transition temperature: C 68.8 C’ 83.1 SB 142.5 I.

Physical properties of compound (No. 49)

[0312] Liquid crystal composition U including 85% by weight of base liquid crystal A and 15% by weight of
1-(4-(difluoro(3,4,5-trifluorophenoxy)methyl)cyclohexyl)-4-pentyl-2 ,6,7-trioxabicyclo[2.2.2]octane (No. 49) obtained in
Example 20 was prepared. Physical properties of liquid crystal composition U obtained were measured, and extrapolated
values of physical properties of compound (No. 49) were calculated by extrapolating measured values. Values thereof
are as described below.
[0313] Maximum temperature (TNI) = 81.7°C; dielectric anisotropy (Δε) = 36.9; optical anisotropy (Δn) = 0.070; viscosity
(η) = 98.0.

Example 21

Synthesis of 1-(4-(difluoro(3,4,5-trifluorophenoxy)methyl)phenyl)-4-pentyl-2,6,7 -trioxabicyclo[2.2.2]octane (No. 60)

[0314]

First step

[0315] Into a reaction vessel under a nitrogen atmosphere, 15.0 g (42.5 mmol) of 5-(4-bromophenyl)difluoromethoxy)-
1,2,3-trifluorobenzene, 7.6 g (85 mmol) of copper cyanide and 150 mL of N-methylpyrrolidone were put, and the resultant
mixture was stirred at 160°C for 50 hours. The mixture was returned to room temperature, 50 mL of aqueous ammonia
was added thereto, and then the resultant mixture was filtered with Celite, the resultant filtrate was extracted with toluene,
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and the resultant extract was washed with water. The resultant mixture was dried over anhydrous magnesium sulfate,
an insoluble matter was separated by filtration, and a solvent was distilled off. A residue was purified according to
fractionation by column chromatography using a mixed solvent of heptane and ethyl acetate (ethyl acetate : heptane =
1 : 1 in a volume ratio) as an eluent and silica gel as a filler, and thus 8.8 g of 4-difluoro(3,4,5-trifluorophenoxy)me-
thyl)benzonitrile was obtained.

Second step

[0316] Into a reaction vessel under a nitrogen atmosphere, 8.8 g (30 mmol) of 4-difluoro (3,4,5-trifluorophenoxy)me-
thyl)benzonitrile and 170 mL of toluene were put, and the resultant mixture was cooled to -70°C, diisobutylaluminum
hydride (1.01 M, toluene solution) was added dropwise thereto, and the resultant mixture was stirred for 2 hours. The
mixture was returned to room temperature, poured into 200 mL of hydrochloric acid (1 N), the resultant mixture was
extracted with toluene. The resultant extract was washed with water, dried over anhydrous magnesium sulfate. Then,
an insoluble matter was separated by filtration, and a solvent was distilled off. A residue was purified according to
fractionation by column chromatography using toluene as an eluent and silica gel as a filler, and thus 7.7 g of 4-dif-
luoro(3,4,5-trifluorophenoxy)methyl)benzaldehyde was obtained.

Third step

[0317] Into a reaction vessel under a nitrogen atmosphere, 1.9 g (12 mmol) of sodium dihydrogenphosphate dihydrate
and 40 mL of water were put, and 3.6 mL of aqueous solution of 2.9 g (32 mmol) of sodium chlorite was added dropwise
thereto at room temperature. Then, a THF (38 mL) solution of 7.7 g (25 mmol) of
4-difluoro(3,4,5-trifluorophenoxy)methyl)benzaldehyde obtained in the second step was added dropwise thereto, and
the resultant mixture was stirred at room temperature for 2.5 hours. Then, the mixture was poured into 50 mL of hydro-
chloric acid (1 N), the resultant mixture was extracted with toluene. The resultant extract was washed with water and
dried over anhydrous magnesium sulfate. Then, an insoluble matter was separated by filtration and then a filtrate was
concentrated under reduced pressure, and thus 7.8 g of 4-difluoro (3, 4, 5-trifluorophenoxy)methyl)benzoic acid was
obtained.

Fourth step

[0318] Into a reaction vessel under a nitrogen atmosphere, 5.0 g (16 mmol) of 4-difluoro(3,4,5-trifluorophenoxy)me-
thyl)benzoic acid obtained in the third step, 2.5 g (16 mmol) of 3-pentyl-3-hydroxymethyloxetane, 0.19 g (1.6 mmol) of
4-dimethylaminopyridine and 50 mL of dichloromethane were put, and the resultant mixture was cooled to 0°C. Then,
a dichloromethane (20 mL) solution of 3.4 g (17 mmol) of dicyclohexylcarbodiimide was added dropwise thereto at 0°C,
and the resultant mixture was stirred at room temperature for 3 hours. Then, an insoluble matter was separated by Celite
filtration, and then a filtrate was washed sequentially with hydrochloric acid (1 N), a saturated aqueous solution of sodium
hydrogencarbonate and water, and dried over anhydrous magnesium sulfate. Then, an insoluble matter was separated
by filtration and then a filtrate was concentrated under reduced pressure. A residue was purified according to fractionation
by column chromatography using a mixed solvent of heptane and ethyl acetate (ethyl acetate : heptane = 1 : 4 in a
volume ratio) as an eluent and silica gel as a filler, and thus 6.3 g of (3-pentyloxetane-3-yl)methyl) 4-difluoro(3,4,5-
trifluorophenoxy)methyl)benzoate was obtained.

Fifth step

[0319] Into a reaction vessel under a nitrogen atmosphere, 6.3 g (14 mmol) of (3-pentyloxetane-3-yl)methyl) 4-dif-
luoro(3,4,5-trifluorophenoxy) methyl)benzoate obtained in the fourth step and 40 mL of dichloromethane were put, and
the resultant mixture was cooled to -70°C, and 0.50 g (3.5 mmol) of boron trifluoride-diethyl ether complex was added
dropwise thereto. The resultant mixture was warmed to room temperature and stirred for 15 hours. Then, 0.7 mL (5
mmol) of triethylamine was added thereto, and the resultant mixture was concentrated by means of a rotary evaporator.
Then, 50 mL of diethyl ether was added thereto, and the resultant mixture was washed with saturated brine, and dried
over anhydrous magnesium sulfate. Then, an insoluble matter was separated by filtration and then a filtrate was con-
centrated under reduced pressure. A residue was purified according to fractionation by column chromatography using
a mixed solvent of heptane and ethyl acetate (ethyl acetate : heptane = 1 : 4 in a volume ratio) as an eluent and silica
gel as a filler. The resultant mixture was further purified by recrystallization (heptane), and thus 3.0 g of 1-(4-(difluoro(3,4,5-
trifluorophenoxy)methyl)phenyl)-4-pentyl-2,6,7 -trioxabicyclo[2.2.2]octane was obtained as a white solid.
[0320] Chemical shifts (δ (ppm)) according to 1H-nuclear magnetic resonance analysis are as describe below, and
the compound obtained was identified to be
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1-(4-(difluoro(3,4,5-trifluorophenoxy)methyl)phenyl)-4-pentyl-2,6,7 -trioxabicyclo[2.2.2]octane. A solvent for measure-
ment was CDCl3.
[0321] Chemical shifts (δ (ppm)); 7.73 (d, 2H), 7.65 (d, 2H), 6.69 (t, 2H), 4.12 (s, 6H), 1 .4 - 1.2 (m, 8H), 0.90 (t, 3H).
[0322] A transition temperature of compound obtained (No. 60) is as described below.
[0323] Transition temperature: C 106.9 9 (SB 84.1 I).

Physical properties of compound (No. 60)

[0324] Liquid crystal composition V including 90 % by weight of mother liquid crystal A and 10% by weight of
1-(4-(difluoro(3,4,5-trifluorophenoxy)methyl)phenyl)-4-pentyl-2,6,7 -trioxabicyclo [2.2.2] octane (No. 60) obtained in Ex-
ample 21 was prepared. Physical properties of liquid crystal composition V obtained were measured, and extrapolated
values of physical properties of compound (No. 60) were calculated by extrapolating measured values. Values thereof
are as described below.
[0325] Maximum temperature (TNI) =71.1°C; dielectric anisotropy (Δε) =35.1; optical anisotropy (Δn) = 0.087; viscosity
(η) = 92.3.

Example 22

Synthesis of 1-(4-(difluoro(3,4,5-trifluorophenoxy)methyl)-3-fluorophenyl)-4-pen tyl-2,6,7-trioxabicyclo[2.2.2]octane (No. 
62)

[0326]

First step

[0327] Into a reaction vessel under a nitrogen atmosphere, 20.2 mL (26.3 mmol) of an isopropylmagnesium chloride-
lithium chloride complex solution (1.3 M) was put, a THF (20 mL) solution of 7.5 g (20 mmol) of 5-((4-bromo-2-fluoroph-
enyl)difluoromethoxy)-1,2,3-trifluorobenzene was added dropwise thereto at room temperature, and the resultant mixture
was stirred at room temperature for 2 hours. The mixture was cooled to 0°C and dry carbon dioxide gas was blown
thereinto until heat generation stopped. Then, the reaction mixture was poured into 50 mL of hydrochloric acid (2 N),
and extracted with diethyl ether. The resultant extract was washed with saturated brine, dried over anhydrous magnesium
sulfate. Then, an insoluble matter was separated by filtration, a solvent was distilled off. A residue was purified according
to fractionation by column chromatography using a mixed solvent of heptane and ethyl acetate (ethyl acetate : heptane
= 1 : 4 in a volume ratio) as an eluent and silica gel as a filler. The resultant mixture was further purified by recrystallization
(heptane / ethanol = 80 / 20 in a volume ratio), and thus 4.2 g of
4-(difluoro(3,4,5-trifluorophenoxy)methyl)-3-fluorobenzoic acid was obtained.

Second step

[0328] Into a reaction vessel under a nitrogen atmosphere, 2.1 g (6.3 mmol) of 4-(difluoro(3,4,5-trifluorophenoxy)me-
thyl)-3-fluorobenzoic acid obtained in the first step, 1.4 g (7.5 mmol) of 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride, 0.08 g (0.6 mmol) of 4-dimethylaminopyridine and 30 mL of dichloromethane were put. Then, a dichlo-
romethane (10 mL) solution of 1.7 g (6.9 mmol) of 3-pentyl-3-hydroxymethyloxetane was added dropwise thereto at
room temperature, and the resultant mixture was stirred for 3 days at room temperature. Then, 30 mL of water was
added thereto, the resultant mixture was extracted with diethyl ether, and the resultant extract was washed with saturated
brine, and dried over anhydrous magnesium sulfate. Then, an insoluble matter was separated by filtration and then a
filtrate was concentrated under reduced pressure. A residue was purified according to fractionation by column chroma-
tography using a mixed solvent of heptane and ethyl acetate (ethyl acetate : heptane = 1 : 4 in a volume ratio) as an
eluent and silica gel as a filler, and thus 2.2 g of (3-pentyloxetane-3-yl)methyl) 4-(difluoro(3,4,5-trifluorophenoxy)methyl)-
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3-fluorobenzoate was obtained.

Third step

[0329] Into a reaction vessel under a nitrogen atmosphere, 2.2 g (4.6 mmol) of 3-pentyloxetane-3-yl)methyl) 4-(dif-
luoro(3,4,5-trifluorophenoxy) methyl)-3-fluorobenzoate obtained in the second step and 50 mL of dichloromethane were
put and cooled to -70°C, and 0.17 g (1.2 mmol) of boron trifluoride-diethyl ether complex was added dropwise thereto.
The mixture was warmed to room temperature, and stirred for 15 hours. Then, 1.3 mL (9.2 mmol) of triethylamine was
added thereto, and the resultant mixture was concentrated by means of a rotary evaporator. Then, 50 mL of diethyl ether
was added thereto, and the resultant mixture was washed with saturated brine, and dried over anhydrous magnesium
sulfate. Then, an insoluble matter was separated by filtration and then a filtrate was concentrated under reduced pressure.
A residue was purified according to fractionation by column chromatography using a mixed solvent of heptane and ethyl
acetate (ethyl acetate : heptane = 1 : 4 in a volume ratio) as an eluent and silica gel as a filler. The resultant mixture
was further purified by recrystallization (heptane / ethyl acetate = 80 / 20 in a volume ratio), and thus 1.0 g of 1-(4-(dif-
luoro(3,4,5-trifluorophenoxy)methyl)-3-fluorophenyl)-4-pen tyl-2,6,7-trioxabicyclo[2.2.2]octane was obtained as a white
solid.
[0330] Chemical shifts (δ (ppm)) according to 1H-nuclear magnetic resonance analysis are as describe below, and
the obtained compound was identified to be
1-(4-(difluoro(3,4,5-trifluorophenoxy)methyl)-3-fluorophenyl)-4-pen tyl-2,6,7-trioxabicyclo[2.2.2]octane. A solvent for
measurement was CDCl3.
[0331] Chemical shifts (δ (ppm)); 7.62 (t, 1H), 7.47 (m, 2H), 6.95 (t, 2H), 4.09 (s, 6H), 1 .4 - 1.2 (m, 8H), 0.90 (t, 3H).
[0332] A transition temperature of compound (No. 62) obtained is as described below.
[0333] Transition temperature: C 94.2 I.

Physical properties of compound (No. 62)

[0334] Liquid crystal composition W including 85% by weight of base liquid crystal A and 15% by weight of
1-(4-(difluoro(3,4,5-trifluorophenoxy)methyl)-3-fluorophenyl)-4-pen tyl-2,6,7-trioxabicyclo[2.2.2]octane (No. 62) ob-
tained in Example 22 was prepared. Physical properties of liquid crystal composition W obtained were measured, and
extrapolated values of physical properties of compound (No. 62) were calculated by extrapolating measured values.
Values thereof are as described below.
[0335] Maximum temperature (TNI) =45.7°C; dielectric anisotropy (Δε) = 39.2; optical anisotropy (Δn) = 0.084; viscosity
(η) = 102.2.

Example 23

Synthesis of 4-butyl-1-(4-(difluoro(3,4,5-trifluorophenoxy)methyl)-3,5-difluorop henyl)-2,6,7-trioxabicyclo[2.2.2]octane 
(No.65)

[0336]

[0337] Then,
4-butyl-1-(4-(difluoro(3,4,5-trifluorophenoxy)methyl)-3,5-difluorop henyl)-2,6,7-trioxabicyclo[2.2.2]octane was prepared
by performing synthesis in a manner similar to the operations in Example 10 using 3-butyl-3-hydroxymethyloxetane in
place of 3-propyl-3-hydroxymethyloxetane in the second step in Example 10.
[0338] Chemical shifts (δ (ppm)) according to 1H NMR analysis are as described below, and the compound obtained
was identified to be 4-butyl-1-(4-(difluoro(3,4,5-trifluorophenoxy)methyl)-3,5-difluorop henyl)-2,6,7-trioxabicyc-
lo[2.2.2]octane. A solvent for measurement was CDCl3.
[0339] Chemical shifts (δ (ppm)); 7.25 (d, 2H), 6.94 (t, 2H), 4.10 (s, 6H), 1.4-1.2 (m, 6H), 0.92 (t, 3H).
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[0340] A transition temperature of compound No. 65 obtained is as described below.
[0341] Transition temperature: C 75.0 I.

Physical properties of compound (No. 65)

[0342] Liquid crystal composition X including 85 % by weight of base liquid crystal A and 15% by weight of
4-butyl-1-(4-(difluoro(3,4,5-trifluorophenoxy)methyl)-3,5-difluorop henyl)-2,6,7-trioxabicyclo[2.2.2]octane (No. 65) ob-
tained in Example 23 was prepared. Physical properties of liquid crystal composition X obtained were measured, and
extrapolated values of physical properties of compound (No. 65) were calculated by extrapolating measured values.
Values thereof are as described below.
[0343] Maximum temperature (TNI) =8.4°C; dielectric anisotropy (Δε) = 44.1; optical anisotropy (Δn) = 0.057; viscosity
(η) = 82.6.

Example 24

Synthesis of 4-pentyl-1-(4-(difluoro(3,4,5-trifluorophenoxy)methyl)-3,5-difluoro phenyl)-2,6,7-trioxabicyclo[2.2.2]octane 
(No. 66)

[0344]

[0345] Then, 4-pentyl-1-(4-(difluoro(3,4,5-trifluorophenoxy)methyl)-3,5-difluoro phenyl)-2,6,7-trioxabicyclo[2.2.2]oc-
tane was prepared by performing synthesis in a manner similar to the operations in Example 10 using 3-pentyl-3-
hydroxymethyloxetane in place of 3-propyl-3-hydroxymethyloxetane in the second step in Example 10.
[0346] Chemical shifts (δ (ppm)) according to 1H-NMR analysis are as described below, and the compound obtained
was identified to be 4-pentyl-1-(4-(difluoro(3,4,5-trifluorophenoxy)methyl)-3,5-difluoro phenyl)-2,6,7-trioxabicyc-
lo[2.2.2]octane. A solvent for measurement was CDCl3.
[0347] Chemical shifts (δ (ppm)); 7.24 (d, 2H), 6.94 (t, 2H), 4.10 (s, 6H), 1.4-1.2 (m, 8H), 0.90 (t, 3H)
[0348] A transition temperature of compound (No. 66) obtained is as described below.
[0349] Transition temperature: C 88.5 I.

Physical properties of compound (No. 66)

[0350] Liquid crystal composition Y including 85% by weight of base liquid crystal A and 15% by weight of 4-pentyl-
1-(4-(difluoro(3,4,5-trifluorophenoxy)methyl)-3,5-difluoro phenyl)-2,6,7-trioxabicyclo[2.2.2]octane (No. 66) obtained in
Example 24 was prepared. Physical properties of liquid crystal composition Y obtained were measured, and extrapolated
values of physical properties of compound (No. 66) were calculated by extrapolating measured values. Values thereof
are as described below.
[0351] Maximum temperature (TNI) = 23.7°C; dielectric anisotropy (Δε) = 43.5; optical anisotropy (Δn) = 0.077; viscosity
(η) = 73.9.

Example 25

Synthesis of 4-pentyl-1-(4’-(3,4,5-trifluorophenyl)-[1,1’-bi(cyclohexane]]-4-yl) -2,6,7-trioxabicyclo[2.2.2]octane (No. 69)

[0352]
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First step

[0353] Into a reaction vessel under a nitrogen atmosphere, 24.3 g (70.8 mmol) of chloro(methoxymethyl)triphenyl-
phosphorane and 100 mL of THF were put, a THF (50 mL) solution of 8.0 g (71 mmol) of potassium tert-butoxide was
added dropwise thereto at -15°C, and the resultant mixture was stirred at -15°C for 1 hour. Then, a THF (60 mL) solution
of 20.0 g (64.4 mmol) of
4’-(3,4,5-trifluorophenyl)-[1,1’-bi(cyclohexane)]-4-one was added dropwise thereto at -15°C, and the resultant mixture
was stirred at -15°C for 1 hour. The mixture was returned to room temperature, 200 mL of water was added thereto, the
resultant mixture was extracted with toluene. The resultant extract was washed with water and dried over anhydrous
magnesium sulfate. Then, an insoluble matter was separated by filtration and then a filtrate was concentrated under
reduced pressure. A residue was dissolved in a small amount of toluene, and while stirring, the resultant solution was
poured into 500 mL of heptane, and an insoluble matter was separated by filtration. A solvent is distilled off under reduced
pressure. A residue was purified according to fractionation by column chromatography using a mixed solvent of heptane
and ethyl acetate (ethyl acetate : heptane = 1 : 4 in a volume ratio) as an eluent and silica gel as a filler, and thus 20.0
g of 4-(methoxymethylene)-4’-(3,4,5-trifluorophenyl)-1,1’-bi(cyclohexane ) was obtained.

Second step

[0354] Into a reaction vessel under a nitrogen atmosphere, 20.0 g (59.1 mmol) of 4-(methoxymethylene)-4’-(3,4,5-
trifluorophenyl)-1,1’-bi(cyclohexane )obtained in the first step, 200 mL of methanol, 20 mL of toluene and 3.4 g (18 mmol)
of p-toluenesulfonic acid monohydrate were put, and the resultant mixture was refluxed for 23 hours. The reaction mixture
was washed with water and dried over anhydrous magnesium sulfate. Then, an insoluble matter was separated by
filtration and then a filtrate was concentrated under reduced pressure. A residue was purified according to fractionation
by column chromatography using a mixed solvent of heptane and ethyl acetate (ethyl acetate : heptane = 1 : 4 in a
volume ratio) as an eluent and silica gel as a filler. Next, 3.8 g (12 mmol) of tetrabutylammoniumbromide, 100 mL of
formic acid and 100 mL of toluene were added thereto, and the resultant mixture was stirred at room temperature for
15 hours. The reaction mixture was washed with water and dried over anhydrous magnesium sulfate. Then, an insoluble
matter was separated by filtration and then a filtrate was concentrated under reduced pressure. A residue was purified
according to fractionation by column chromatography using a mixed solvent of heptane and ethyl acetate (ethyl acetate :
heptane = 1 : 4 in a volume ratio) as an eluent and silica gel as a filler, and thus 11.3 g of 4’-(3,4,5-trifluorophenyl)-[1,1’-
bi(cyclohexane)]-4-carboaldehyde was obtained.

Third step

[0355] Into a reaction vessel, 11.3 g (34.7 mmol) of 4’-(3,4,5-trifluorophenyl)-[1,1’-bi(cyclohexane)]-4-carboaldehyde
obtained in the second step and 200 mL of acetone were put, and a Jones reagent was added dropwise thereto at 0°C
until an orange color did not fade away. Then, 4 mL of isopropanol and 8 g of sodium hydrogencarbonate were added
thereto, the resultant mixture was filtered, a solid was rinsed with acetone, and a filtrate was concentrated under reduced
pressure. Then, 50 mL of water was added thereto, the resultant mixture was extracted with ethyl acetate, the resultant
extract was washed with water, and a solvent was distilled off by means of a rotary evaporator. A residue was purified
according to fractionation by column chromatography using a mixed solvent of toluene and isopropanol (toluene : iso-
propanol = 1 : 1 in a volume ratio) as an eluent and silica gel as a filler, and thus 10.9 g of
4’-(3,4,5-trifluorophenyl)-[1,1’-bi(cyclohexane)]-4-carboxylic acid was obtained.

Fourth step

[0356] Into a reaction vessel under a nitrogen atmosphere, 3.5 g (10 mmol) of 4’-(3,4,5-trifluorophenyl)-[1,1’-bi(cy-
clohexane)]-4-carboxylic acid obtained in the third step, 2.3 g (12 mmol) of 1-ethyl-3-(3-dimethylaminopropyl)carbodi-
imide hydrochloride, 0.13 g (1.1 mmol) of 4-dimethylaminopyridine and 50 mL of dichloromethane were put. Then, a
dichloromethane (10 mL) solution of 1.8 g (11 mmol) of 3-pentyl-3-hydroxymethyloxetane was added dropwise thereto
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at room temperature, and the resultant mixture was stirred at room temperature for 15 hours. Then, 20 mL of water was
added thereto, the resultant mixture was extracted with diethyl ether, and the resultant extract was washed with saturated
brine, and dried over anhydrous magnesium sulfate. Then, an insoluble matter was separated by filtration and then a
filtrate was concentrated under reduced pressure. A residue was purified according to fractionation by column chroma-
tography using a mixed solvent of heptane and ethyl acetate (ethyl acetate : heptane = 1 : 4 in a volume ratio) as an
eluent and silica gel as a filler, and thus 3.7 g of (3-pentyloxetane-3-yl)methyl)
4’-(3,4,5-trifluorophenyl)-[1,1’-bi(cyclohexane)]-4-carboxylate was obtained.

Fifth step

[0357] Into a reaction vessel under a nitrogen atmosphere, 3.7 g (7.8 mmol) of (3-pentyloxetane-3-yl)methyl)
4’-(3,4,5-trifluorophenyl)-[1,1’-bi(cyclohexane)]-4-carboxylate obtained in the fourth step and 80 mL of dichloromethane
were put, and the resultant mixture was cooled to -70°C, and 0.28 g (1.9 mmol) of boron trifluoride-diethyl ether complex
was added dropwise thereto. The resultant mixture was warmed to room temperature and stirred for 15 hours. Then,
2.1 mL (16 mmol) of triethylamine was added thereto, and the resultant mixture was concentrated by means of a rotary
evaporator. Then, 100 mL of diethyl ether was added thereto, the resultant mixture was washed with saturated brine,
and dried over anhydrous magnesium sulfate. Then, an insoluble matter was separated by filtration and then a filtrate
was concentrated under reduced pressure. A residue was purified according to fractionation by column chromatography
using a mixed solvent of heptane and ethyl acetate (ethyl acetate : heptane = 1 : 4 in a volume ratio) as an eluent and
silica gel as a filler. The resultant mixture was further purified by recrystallization (heptane / ethyl acetate = 80 / 20 in a
volume ratio), and thus 2.0 g of 4-pentyl-l-(4’-(3,4,5-trifluorophenyl)-[1,1’-bi(cyclohexane]]-4-yl) -2,6,7-trioxabicyc-
lo[2.2.2]octane was obtained as a white solid.
[0358] Chemical shifts (δ (ppm)) according to 1H NMR analysis are as described below, and the compound obtained
was identified to be 4-pentyl-l-(4’-(3,4,5-trifluorophenyl)-[1,1’-bi(cyclohexane]]-4-yl) -2,6,7-trioxabicyclo[2.2.2]octane. A
solvent for measurement was CDCl3.
[0359] Chemical shifts (δ (ppm)); 6.79 (t, 2H), 3.90 (s, 6H), 2.36 (m, 1H), 1.9 - 1.7 (m, 8H), 1.51 (m, 1H), 1.4 - 0.9 (m,
18H), 0.87 (t, 3H).

Example 26

Synthesis of 1-(2,3’,3",4",5"-pentafluoro[1,1’:4’,1"-terphenyll-4-yl)-4-pent yl-2,6,7-trioxabicyclo[2.2.2]octane (No. 79)

[0360]

First step

[0361] Into a reaction vessel, 10.2 g (28.7 mmol) of 2,3’,3’’,4’’,5’’-pentafluoro[1,1’:4’,1’’-terphenyl]-4-carboaldehyde
and 100 mL of acetone were put, and a Jones reagent was added dropwise thereto at 0°C until an orange color did not
fade away. Then, 4 mL of isopropanol and 8 g of sodium hydrogencarbonate were added thereto, the resultant mixture
was filtered, a solid was rinsed with acetone, and a filtrate was concentrated under reduced pressure. Then, 40 mL of
water was added thereto, the resultant mixture was extracted with ethyl acetate, the resultant extract was washed with
water, and a solvent was distilled off by means of a rotary evaporator. A residue was purified according to fractionation
by column chromatography using a mixed solvent of methanol and acetone (methanol : acetone = 1 : 4 in a volume
ratio) as an eluent and silica gel as a filler. A solid obtained was washed with water and heptane and dried, and thus
4.1 g of 2,3’,3’’,4’’,5’’-pentafluoro[1,1’:4’,1’’-terphenyl]-4-carboxylic acid was obtained.

Second step

[0362] Into a reaction vessel under a nitrogen atmosphere, 4.1 g (14 mmol) of 2,3’,3’’,4’’,5’’-pentafluoro[1,1’:4’,1’’-
terphenyl]-4-carboxylic acid obtained in the first step, 3.2 g (17 mmol) of 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
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hydrochloride, 0.14 g (1.4 mmol) of 4-dimethylaminopyridine and 100 mL of DMF were put. Then, a dichloromethane
(20 mL) solution of 2.0 g (15 mmol) of 3-pentyl-3-hydroxymethyloxetane was added dropwise thereto at room temperature,
and the resultant mixture was stirred at room temperature for 24 hours. Then, 30 mL of water was added thereto, the
resultant mixture was extracted with diethyl ether, and the resultant extract was washed with saturated brine, and dried
over anhydrous magnesium sulfate. Then, an insoluble matter was separated by filtration and then a filtrate was con-
centrated under reduced pressure. A residue was purified according to fractionation by column chromatography using
a mixed solvent of heptane and ethyl acetate (ethyl acetate : heptane = 1 : 4 in a volume ratio) as an eluent and silica
gel as a filler, and thus 1.8 g of (3-pentyloxetane-3-yl)methyl)
2,3",3""4"",5""-pentafluoro[1,1’:4’,1"-terphenyl]-4-carboxylate was obtained.

Third step

[0363] Into a reaction vessel under a nitrogen atmosphere, 1.8 g (3.7 mmol) of (3-pentyloxetane-3-yl)methyl) 2,
3’,3’’,4’’,5’’-pentafluoro[1,1’:4’,1’’-terphenyl]-4-carboxylate obtained n the second step and 40 mL of dichloromethane
were put, and the resultant mixture was cooled to -70°C, and 0.13 g (0.91 mmol) of boron trifluoride-diethyl ether complex
was added dropwise thereto. The resultant mixture was warmed to room temperature, and stirred for 15 hours. Then,
0.95 mL (7.3 mmol) of triethylamine was added thereto, and the resultant mixture was concentrated by means of a rotary
evaporator. Then, 50 mL of diethyl ether was added thereto, the resultant mixture was washed with saturated brine, and
dried over anhydrous magnesium sulfate. Then, an insoluble matter was separated by filtration and then a filtrate was
concentrated under reduced pressure. A residue was purified according to fractionation by column chromatography
using a mixed solvent of heptane and ethyl acetate (ethyl acetate : heptane = 1 : 4 in a volume ratio) as an eluent and
silica gel as a filler. The resultant mixture was further purified by recrystallization (heptane / ethyl acetate = 80 / 20 in a
volume ratio), and thus 1.1 g of 1-(2,3’,3’’,4’’,5’’-pentafluoro[1,1’:4’,1’’-terphenyl]-4-yl)-4-pent yl-2,6,7-trioxabicyc-
lo[2.2.2]octane was obtained as a white solid.
[0364] Chemical shifts (δ (ppm)) according to 1H-nuclear magnetic resonance analysis are as described below, and
the compound obtained was identified to be
1-(2,3’,3",4",5"-pentafluoro[1,1’:4’,1"-terphenyl]-4-yl)-4-pent yl-2,6,7-trioxabicyclo[2.2.2]octane. A solvent for measure-
ment was CDCl3.
[0365] Chemical shifts (δ (ppm)); 7.6 - 7.3 (m, 6H), 7.23 (t, 2H), 4.13 (s, 6H), 1 .4 - 1.2 (m, 8H), 0.90 (t, 3H).
[0366] A transition temperature of compound (No. 79) obtained is as described below.
[0367] Transition temperature: C 99.9 C’ 107.7 N 226.2 I.

Physical properties of compound (No. 79)

[0368] Liquid crystal composition Z including 85% by weight of base liquid crystal A and 15% by weight of
1-(2,3’,3",4",5"-pentafluoro[1,1’:4’,1"-terphenyl]-4-yl)-4-pent yl-2,6,7-trioxabicyclo[2.2.2]octane (No. 79) obtained in Ex-
ample 26 was prepared. Physical properties of liquid crystal composition Z obtained were measured, and extrapolated
values of physical properties of compound (No. 79) were calculated by extrapolating measured values. Values thereof
are as described below.
[0369] Maximum temperature (TNI) =153.7°C; dielectric anisotropy (Δε) = 41.5; optical anisotropy (Δn) = 0.184; viscosity
(η) = 170.8.

Example 27

Synthesis of 1-(4’-(4-difluoro(3,4,5-trifluorophenyl)methyl) 3,5-difluorophenyl)cyclohexyl-4-pentyl-2,6,7-trioxabicyc-
lo[2.2.2]oc tane (No. 95)

[0370]
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First step

[0371] Into a reaction vessel under a nitrogen atmosphere, 6.8 g (280 mmol) of magnesium powder and 10 mL of THF
were put, a THF (200 mL) solution of 50.0 g (259 mmol) of 1-bromo-3,5-difluorobenzene was added dropwise, and the
resultant mixture was refluxed for 1 hour. The resultant mixture was returned to room temperature, a THF (300 mL)
solution of 33.7 g (216 mmol) of 1,4-dioxaspiro[4,5]decane-8-one was added dropwise thereto, and the resultant mixture
was stirred at room temperature for 2 hours. The reaction liquid was poured into 500 mL of a saturated aqueous solution
of ammonium chloride, the resultant mixture was extracted with ethyl acetate, and the resultant extract was washed with
saturated brine, and dried over anhydrous magnesium sulfate. Then, an insoluble matter was separated by filtration and
then a filtrate was concentrated under reduced pressure. A residue was recrystallized in toluene, and thus 48.7 g of
8-(3,5-difluorophenyl)-1,4-dioxaspiro[4,5]decane-8-ol was obtained.

Second step

[0372] Into a reaction vessel under a nitrogen atmosphere, 48.7 g (180 mmol) of 8-(3,5-difluorophenyl)-1,4-dioxas-
piro[4,5]decane-8-ol obtained in the first step, 1.7 g (9.0 mmol) of p-toluenesulfonic acid monohydrate, 10 mL of ethane-
1,2-diol, 3.5 mL of water and 250 mL of toluene were put, and the resultant mixture was refluxed for 5 hours. The resultant
mixture was returned to room temperature, washed sequentially with a saturated aqueous solution of sodium hydrogen-
carbonate, water and saturated brine, and dried over anhydrous magnesium sulfate. Then, an insoluble matter was
separated by filtration and then a filtrate was concentrated under reduced pressure. A residue was purified according
to fractionation by column chromatography using a mixed solvent of heptane and ethyl acetate (ethyl acetate : heptane
= 1 : 9 in a volume ratio) as an eluent and silica gel as a filler, and thus 38.1 g of 8-(3,5-difluorophenyl)-1,4-dioxas-
piro[4,5]dec-7-ene was obtained.

Third step

[0373] Into a reaction vessel, 38.1 g (151 mmol) of 8-(3,5-difluorophenyl)-1,4-dioxaspiro[4,5]dec-7-ene obtained in
the second step, 120 mL of toluene, 80 mL of isopropanol and 2.3 g of Pd/C (E type) were put, and an atmosphere
inside the system was replaced by hydrogen. Under the hydrogen atmosphere, the resultant mixture was stirred at room
temperature until the mixture did not absorb hydrogen. After reaction completion, Pd/C was removed by filtration and a
solvent was distilled off. A residue was purified according to fractionation by column chromatography using a mixed
solvent of heptane and ethyl acetate (ethyl acetate : heptane = 1 : 3 in a volume ratio) as an eluent and silica gel as a
filler, and thus 38.2 g of 8-(3,5-difluorophenyl)-1,4-dioxaspiro[4,5]decane was obtained.

Fourth step

[0374] Into a reaction vessel, 38.2 g (150 mmol) of 8-(3,5-difluorophenyl)-1,4-dioxaspiro[4,5]decane obtained in the
third step, 200 mL of toluene and 113 mL of formic acid were put, and the resultant mixture was refluxed for 2 hours.
The resultant mixture was returned to room temperature, 150 mL of water was added thereto, the resultant mixture was
extracted with toluene, the resultant extract was washed with water and dried over anhydrous magnesium sulfate. Then,
an insoluble matter was separated by filtration and then a filtrate was concentrated under reduced pressure. A residue
was purified according to fractionation by column chromatography using a mixed solvent of heptane and ethyl acetate
(ethyl acetate : heptane = 1 : 3 in a volume ratio) as an eluent and silica gel as a filler, and thus 28.3 g of 4-(3,5-
difluorophenyl)cyclohexanone was obtained.

Fifth step

[0375] Into a reaction vessel in which an atmosphere was replaced by nitrogen, 66.8 g (195 mmol) of chloro(meth-
oxymethyl)triphenylphosphorane and 150 mL of THF were put. Then, a THF (50 mL) solution of 21.9 g (195 mmol) of
potassium tert-butoxide was added dropwise thereto at -40°C, and the resultant mixture was stirred at -40°C for 1 hour.
Then, a THF (150 mL) solution of 28.3 g (134 mmol) of 4-(3,5-difluorophenyl)cyclohexanone obtained in the fourth step
was added dropwise thereto at -40°C, and the resultant mixture was stirred at -40°C for 1 hour. The mixture was returned
to room temperature and stirred for 15 hours, and then 400 mL of water was added thereto, the resultant mixture was
extracted with ethyl acetate, and the resultant extract was washed with water and dried over anhydrous magnesium
sulfate. Then, an insoluble matter was separated by filtration and then a filtrate was concentrated under reduced pressure.
A residue was dissolved in a small amount of toluene, and poured into 500 mL of heptane while stirring, and an insoluble
matter was separated by filtration. A solvent was distilled off under reduced pressure. A residue was purified according
to fractionation by column chromatography using a mixed solvent of heptane and ethyl acetate (ethyl acetate : heptane
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= 1 : 20 in a volume ratio) as an eluent and silica gel as a filler, and thus 31.9 g of 1,3-difluoro-5-(4-(methoxymethyl-
ene)cyclohexyl)benzene was obtained.

Sixth step

[0376] Into a reaction vessel under a nitrogen atmosphere, 31.9 g (134 mmol) of 1,3-difluoro-5-(4-(methoxymethyl-
ene)cyclohexyl)benzene obtained in the fifth step, 300 mL of methanol and 7.7 g (40 mmol) of p-toluenesulfonic acid
monohydrate were put, and the resultant mixture was stirred for 12 hours. Then, 200 mL of a saturated aqueous solution
of sodium hydrogencarbonate was added thereto, the resultant mixture was extracted with toluene, and the resultant
extract was washed with water and dried over anhydrous magnesium sulfate. Then, an insoluble matter was separated
by filtration and then a filtrate was concentrated under reduced pressure. Then, 70 mL of toluene, 13 g (40 mmol) of
tetrabutylammonium bromide, 35 mL of formic acid and 70 mL of toluene were added thereto, and the resultant mixture
was refluxed for 3 hours. The reaction mixture was washed with water and dried over anhydrous magnesium sulfate.
Then, an insoluble matter was separated by filtration and then a filtrate was concentrated under reduced pressure, and
thus 30.3 g of 4-(3,5-difluorophenyl)cyclohexanecarbaldehyde was obtained.

Seventh step

[0377] Into a reaction vessel, 30.3 g (135 mmol) of 4-(3,5-difluorophenyl)cyclohexanecarbaldehyde obtained in the
sixth step, and 300 mL of acetone was put, and a Jones reagent was added dropwise thereto at 0°C until an orange
color did not fade away. Then, 10 mL of isopropanol and 20 g of sodium hydrogencarbonate were added thereto, the
resultant mixture was filtered, a solid was rinsed with acetone and a filtrate was concentrated under reduced pressure.
Then, 200 mL of water was added thereto, the resultant mixture was extracted with ethyl acetate, the resultant extract
was washed with water, and a solvent was distilled off by means of a rotary evaporator. A residue was purified according
to fractionation by column chromatography using ethyl acetate as an eluent and silica gel as a filler. The resultant mixture
was further purified by recrystallization (toluene), and thus 25.0 g of 4-(3,5-difluorophenyl)cyclohexane carboxylic acid
was obtained.

Eighth step

[0378] Into a reaction vessel under a nitrogen atmosphere, 10.0 g (41.6 mmol) of 4-(3,5-difluorophenyl)cyclohexane
carboxylic acid obtained in the seventh step, 9.6 g (50 mmol) of 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydro-
chloride, 0.51 g (4.2 mmol) of 4-dimethylaminopyridine and 100 mL of dichloromethane were put. Then, a dichloromethane
(20 mL) solution of 7.2 g (46 mmol) of 3-pentyl-3-hydroxymethyloxetane was added dropwise thereto at room temperature,
and the resultant mixture was stirred at room temperature for 15 hours. Then, 30 mL of water was added thereto, the
resultant mixture was extracted with diethyl ether, the resultant extract was washed with saturated brine, and dried over
anhydrous magnesium sulfate. Then, an insoluble matter was separated by filtration and then a filtrate was concentrated
under reduced pressure. A residue was purified according to fractionation by column chromatography using a mixed
solvent of heptane and ethyl acetate (ethyl acetate : heptane = 1 : 4 in a volume ratio) as an eluent and silica gel as a
filler, and thus 13.3 g of (3-pentyloxetane-3-yl)methyl) 4-(3,5-difluorophenyl)cyclohexane carboxylate was obtained.

Ninth step

[0379] Into a reaction vessel under a nitrogen atmosphere, 13.3 g (34.9 mmol) of (3-pentyloxetane-3-yl)methyl) 4-(3,5-
difluorophenyl)cyclohexane carboxylate obtained in the eighth step and 40 mL of dichloromethane were put, and the
resultant mixture was cooled to -70°C. Then, 1.2 g (8.7 mmol) of boron trifluoride-diethyl ether complex was added
dropwise thereto. The mixture was warmed to room temperature and stirred for 15 hours. Then, 9.1 mL (70 mmol) of
triethylamine was added thereto, and the resultant mixture was concentrated by means of a rotary evaporator. Then,
150 mL of diethyl ether was added thereto, and the resultant mixture was washed with saturated brine and dried over
anhydrous magnesium sulfate. Then, an insoluble matter was separated by filtration and then a filtrate was concentrated
under reduced pressure. A residue was purified according to fractionation by column chromatography using a mixed
solvent of heptane and ethyl acetate (ethyl acetate : heptane = 1 : 4 in a volume ratio) as an eluent and silica gel as a
filler. The resultant mixture was further purified by recrystallization (heptane / ethyl acetate = 80 / 20 in a volume ratio),
and thus 10.6 g of 1-(4-(3,5-difluorophenyl)cyclohexyl)-4-pentyl-2,6,7-trioxabicyclo[2 .2.2]octane was obtained.

Tenth step

[0380] Into a reaction vessel under a nitrogen atmosphere, 10.6 g (27.8 mmol) of
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1-(4-(3,5-difluorophenyl)cyclohexyl)-4-pentyl-2,6,7-trioxabicyclo[2 .2.2]octane obtained in the ninth step and 200 mL of
THF were put, and the resultant mixture was cooled to -70°C. Then, 22.6 mL (36.1 mmol) of n-butyl lithium (1.60 M,
hexane solution) was added dropwise thereto, and the resultant mixture was stirred at -70°C for 1 hour. Next, a THF
(20 mL) solution of 8.8 g (42 mmol) of dibromodifluoromethane was added dropwise thereto at -70°C, and the resultant
mixture was stirred at -70°C for 1 hour. Then, the mixture was returned to room temperature, stirred for 1 hour, and a
reaction mixture was poured into 300 mL of ice water, the resultant mixture was extracted with toluene, and the resultant
extract was washed with saturated brine, and dried over anhydrous magnesium sulfate. Then, an insoluble matter was
separated by filtration and then a filtrate was concentrated under reduced pressure. A residue was purified according
to fractionation by column chromatography using a mixed solvent of heptane and ethyl acetate (ethyl acetate : heptane
= 1 : 4 in a volume ratio) as an eluent and silica gel as a filler, and thus 3.7 g of 1-(4-(4-(bromodifluoromethyl)-3,5-
trifluorophenyl)cyclohexyl)-4-pen tyl-2,6,7-trioxabicyclo[2.2.2]octane was obtained.

Eleventh step

[0381] Into a reaction vessel under a nitrogen atmosphere, 3.7 g (7.2 mmol) of
1-(4-(4-(bromodifluoromethyl)-3,5-trifluorophenyl)cyclohexyl)-4-pen tyl-2,6,7-trioxabicyclo[2.2.2]octane obtained in the
tenth step, 1.1 g (7.2 mmol) of 3,4,5-trifluorophenol, 3.0 g (22 mmol) of potassium carbonate and 100 mL of DMF were
put, and the resultant mixture was stirred at 85°C for 4 hours. The mixture was cooled to room temperature, 100 mL of
toluene and 100 mL of aqueous solution of sodium hydroxide (2 N) were added thereto, an organic layer was separated,
and an aqueous layer was extracted with toluene, the resultant extract was washed with saturated brine, and dried over
anhydrous magnesium sulfate. Then, an insoluble matter was separated by filtration and then a filtrate was concentrated
under reduced pressure. A residue was purified according to fractionation by column chromatography using a mixed
solvent of heptane and ethyl acetate (ethyl acetate : heptane = 1 : 4 in a volume ratio) as an eluent and silica gel as a
filler. The resultant mixture was further purified by recrystallization (heptane / ethyl acetate = 80 / 20 in a volume ratio),
and thus 0.2 g of 1-(4’-(4-difluoro(3,4,5-trifluorophenyl)methyl)3,5-difluorophenyl)c yclohexyl-4-pentyl-2,6,7-trioxabicy-
clo[2.2.2]octane was obtained as a white solid.
[0382] Chemical shifts (δ (ppm)) according to 1H-nuclear magnetic resonance analysis are as described below, and
the compound obtained was identified to be
1-(4’-(4-difluoro(3,4,5-trifluorophenyl)methyl)3,5-difluorophenyl)c yclohexyl-4-pentyl-2,6,7-trioxabicyclo[2.2.2]octane. A
solvent for measurement was CDCl3.
[0383] Chemical shifts (δ (ppm)); 6.95 (m, 2H), 6.80 (m, 2H), 3.91 (s, 6H), 2.47 (m, 1H), 2.00 (m, 2H), 1.91 (m, 2H),
1.63 (m, 1H), 1.4 - 1.1 (m, 12H), 0.88 (t, 3H).

Example 28

Synthesis of 1-(4’-(difluoro(3,4,5-trifluorophenoxy)methyl)-3’-fluoro[1,1’-biphe nyl]-4-yl)-4-pentyl-2,6,7-trioxabicyc-
lo[2.2.2]octane (No. 101)

[0384]

First step

[0385] Into a reaction vessel under a nitrogen atmosphere, 3.8 g (10 mmol) of
5-((4-bromo-2-fluorophenyl)difluoromethoxy)-1,2,3-trifluorobenzene, 1.8 g (12 mmol) of 4-formylphenylboronic acid, 0.34
g (0.48 mmol) of dichlorobis(triphenylphosphine) palladium (II), 1.7 g (12 mmol) potassium carbonate, 0.34 g (1.3 mmol)
of triphenylphosphine, 20 mL of toluene and 20 mL of ethanol were put, and the resultant mixture was stirred at 80°C
for 5 hours. The mixture was cooled to room temperature, 200 mL of hydrochloric acid (2 N) was added thereto, and
the resultant mixture was extracted with toluene, the resultant extract was washed with saturated brine, and dried over
anhydrous magnesium sulfate. Then, an insoluble matter was separated by filtration and then a filtrate was concentrated
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under reduced pressure. A residue was purified according to fractionation by column chromatography using a mixed
solvent of heptane and ethyl acetate (ethyl acetate : heptane = 1 : 4 in a volume ratio) as an eluent and silica gel as a
filler, and thus 3.2 g of 4’-(difluoro(3,4,5-trifluorophenoxy)methyl)-3’-fluoro[1,1’-biphenyl ]-4-carboaldehyde was obtained.

Second step

[0386] Into a reaction vessel, 3.2 g (8.1 mmol) of 4’-(difluoro(3,4,5-trifluorophenoxy)methyl)-3’-fluoro[1,1’-biphenyl ]-
4-carboaldehyde obtained in the first step and 100 mL of acetone were put, and a Jones reagent was added dropwise
thereto at 0°C until an orange color did not fade away. Then, 4 mL of isopropanol and 4 g of sodium hydrogencarbonate
were added thereto, the resultant mixture was filtered, a solid was rinsed with acetone and a filtrate was concentrated
under reduced pressure. Then, 50 mL of water was added thereto, the resultant mixture was extracted with ethyl acetate,
the resultant extract was washed with water, and a solvent was distilled off by means of a rotary evaporator. A residue
was purified according to fractionation by column chromatography using a mixed solvent of toluene and ethanol (toluene :
ethanol = 1 : 1 in a volume ratio) as an eluent and silica gel as a filler, and thus 3.2 g of
4’-(difluoro(3,4,5-trifluorophenoxy)methyl)-3’-fluoro[1,1’-biphenyl ]-4-carboxylic acid was obtained.

Third step

[0387] Into a reaction vessel under a nitrogen atmosphere, 3.2 (7.8 mmol) of
4’-(difluoro(3,4,5-trifluorophenoxy)methyl)-3’-fluoro[1,1’-biphenyl ]-4-carboxylic acid obtained in the second step, 1.8 g
(9.3 mmol) of 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride, 0.09 g (0.8 mmol) of 4-dimethylaminopyri-
dine and 20 mL of dichloromethane were put. Then, a dichloromethane (10 mL) solution of 1.4 g (8.5 mmol) of 3-pentyl-
3-hydroxymethyloxetane was added dropwise thereto at room temperature, and the resultant mixture was stirred at
room temperature for 15 hours. Then, 20 mL of water was added thereto, the resultant mixture was extracted with diethyl
ether, and the resultant extract was washed with saturated brine, dried over anhydrous magnesium sulfate. Then, an
insoluble matter was separated by filtration and then a filtrate was concentrated under reduced pressure. A residue was
purified according to fractionation by column chromatography using a mixed solvent of heptane and ethyl acetate (ethyl
acetate : heptane = 1 : 4 in a volume ratio) as an eluent and silica gel as a filler, and thus 3.0 g of (3-pentyloxetane-3-
yl)methyl)
4’-(difluoro(3,4,5-trifluorophenoxy)methyl)-3’-fluoro[1,1’-biphenyl ]-4-carboxylate was obtained.

Fourth step

[0388] Into a reaction vessel under a nitrogen atmosphere, 3.0 g (5.6 mmol) of (3-pentyloxetane-3-yl)methyl)
4’-(difluoro(3,4,5-trifluorophenoxy)methyl)-3’-fluoro[1,1’-biphenyl ]-4-carboxylate obtained in the third step and 50 mL of
dichloromethane was put, and the resultant mixture was cooled to -70°C, and 0.20 g (1.4 mmol) of boron trifluoride-
diethyl ether complex was added dropwise thereto. The resultant mixture was warmed to room temperature and stirred
for 15 hours. Then, 1.5 mL (11 mmol) of triethylamine was added thereto, and the resultant mixture was concentrated
by means of a rotary evaporator. Then, 50 mL of diethyl ether was added thereto, the resultant mixture was washed
with saturated brine, dried over anhydrous magnesium sulfate. Then, an insoluble matter was separated by filtration
and then a filtrate was concentrated under reduced pressure. A residue was purified according to fractionation by column
chromatography using a mixed solvent of heptane and ethyl acetate (ethyl acetate : heptane = 1 : 4 in a volume ratio)
as an eluent and silica gel as a filler. The resultant mixture was further purified by recrystallization (heptane / ethyl acetate
= 80 / 20 in a volume ratio), and thus 2.3 g of 1-(4’-(difluoro(3,4,5-trifluorophenoxy)methyl)-3’-fluoro[1,1’-biphe nyl]-4-
yl)-4-pentyl-2,6,7-trioxabicyclo[2.2.2]octane was obtained as a white solid.
[0389] Chemical shifts (δ (ppm)) according to 1H-nuclear magnetic resonance analysis are as described below, and
the compound obtained was identified to be
1-(4’-(difluoro(3,4,5-trifluorophenoxy)methyl)-3’-fluoro[1,1’-biphe nyl]-4-yl)-4-pentyl-2,6,7-trioxabicyclo[2.2.2]octane. A
solvent for measurement was CDCl3.
[0390] Chemical shifts (δ (ppm)); 7.8 - 7.6 (m, 3H), 7.57 (d, 2H), 7.41 (m, 2H), 6.98 (t, 2H), 4.13 (s, 6H), 1 .4 - 1.2 (m,
8H), 0.92 (t, 3H).
[0391] A transition temperature of compound (No. 101) obtained is as described below.
[0392] Transition temperature: C 119.5 C’ 127.4 SA 187.0 N 193.5 I.

Physical properties of compound (No. 101)

[0393] Liquid crystal composition α including 90% by weight of base liquid crystal A and 10% by weight of 1-(4’-(dif-
luoro(3,4,5-trifluorophenoxy)methyl)-3’-fluoro[1,1’-biphe nyl]-4-yl)-4-pentyl-2,6,7-trioxabicyclo[2.2.2]octane (No. 101)
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obtained in Example 28 was prepared. Physical properties of liquid crystal composition α obtained were measured, and
extrapolated values of physical properties of compound (No. 101) were calculated by extrapolating measured values.
Values thereof are as described below.
[0394] Maximum temperature (TNI) =151.7°C; dielectric anisotropy (Δε) = 35.2; optical anisotropy (Δn) = 0.157; viscosity
(η) = 134.2.

Example 29

Synthesis of 4-butyl-1-(4’-(difluoro(3,4,5-trifluorophenoxy)methyl)2,3’,5’-trifl uoro-[1,1’-biphenyl]-4-yl)-2,6,7-trioxabicyc-
lo[2.2.2]octane (No. 104)

[0395]

[0396] Then, 4-butyl-1-(4’-(difluoro(3,4,5-trifluorophenoxy)methyl)2,3’,5’-trifl uoro-[1,1’-biphenyl]-4-yl)-2,6,7-trioxabi-
cyclo[2.2.2]octane was prepared by performing synthesis in a manner similar to the operations in the second step, the
third step and the fourth step in Example 8 using 3-butyl-3-hydroxymethyloxetane in place of 3-pentyl-3-hydroxymeth-
yloxetane.
[0397] Chemical shifts (δ (ppm)) according to 1H-nuclear magnetic resonance analysis are as described below, and
the compound obtained was identified to be
4-butyl-1-(4’-(difluoro(3,4,5-trifluorophenoxy)methyl)2,3’,5’-trifl uoro-[1,1’-biphenyl]-4-yl)-2,6,7-trioxabicyclo[2.2.2]oc-
tane. A solvent for measurement was CDCl3.
[0398] Chemical shifts (δ (ppm)); 7.6 - 7.4 (m, 3H), 7.19 (d, 2H), 6.99 (t, 2H), 4.13 (s, 6H), 1 .4 - 1.2 (m, 6H), 0.93 (t, 3H).
[0399] A transition temperature of compound (No. 104) obtained is as described below.
[0400] Transition temperature: C 78.9 C’ 106.3 C" 113.1 N 148.3 I.

Physical properties of compound (No. 104)

[0401] Liquid crystal composition β including 85% by weight of base liquid crystal A and 15% by weight of 4-butyl-
1-(4’-(difluoro(3,4,5-trifluorophenoxy)methyl)2,3’,5’-trifl uoro-[1,1’-biphenyl]-4-yl)-2,6,7-trioxabicyclo[2.2.2]octane (No.
104) obtained in Example 29 was prepared. Physical properties of liquid crystal composition β obtained were measured,
and extrapolated values of physical properties of compound (No. 104) were calculated by extrapolating measured values.
Values thereof are as described below.
[0402] Maximum temperature (TNI) = 103.7°C; dielectric anisotropy (Δε) = 56.1; optical anisotropy (Δn) = 0.135; viscosity
(η) = 126.1.

Example 30

Synthesis of 1-(4’((3,5-difluoro-4-(trifluoromethyl)phenoxy)difluoromethyl)-2,3’ ,5’-trifluoro-[1,1’-biphenyl]-4-yl)-4-pentyl-
2,6,7-trioxabicyclo[2. 2.2]octane (No. 107)

[0403] Then,
1-(4’((3,5-difluoro-4-(trifluoromethyl)phenoxy)difluoromethyl)-2,3’ ,5’-trifluoro-[1,1’-biphenyl]-4-yl)-4-pentyl-2,6,7-triox-
abicyclo[2. 2.2]octane was prepared by performing synthesis in a manner similar to the operations in Example 8 using
3,5-difluoro-4-(trifluoromethyl) phenol in place of 3,4,5-trifluorophenol in the fifth step in Example 8.
[0404] Chemical shifts (δ (ppm)) according to 1H-nuclear magnetic resonance analysis are as described below, and
the obtained compound was identified to be
1-(4’((3,5-difluoro-4-(trifluoromethyl)phenoxy)difluoromethyl)-2,3’ ,5’-trifluoro-[1,1’-biphenyl]-4-yl)-4-pentyl-2,6,7-triox-
abicyclo[2. 2.2]octane. A solvent for measurement was CDCl3.
[0405] Chemical shifts (δ (ppm)); 7.6 - 7.4 (m, 3H), 7.20 (d, 2H), 6.99 (d, 2H), 4.13 (s, 6H), 1 .4 - 1.2 (m, 8H), 0.89 (t, 3H).



EP 2 690 103 B1

71

5

10

15

20

25

30

35

40

45

50

55

[0406] A transition temperature of compound (No. 107) obtained is as described below.
[0407] Transition temperature: C 152.3 (N 134.8 I).

Physical properties of compound (No. 107)

[0408] Liquid crystal composition γ including 90% by weight of mother liquid crystal A and 10 % by weight of
1-(4’(3,5-difluoro-4-(trifluoromethyl)phenoxy)difluoromethyl)-2,3’, 5’-trifluoro-[1,1’-biphenyl]-4-yl)-4-pentyl-2,6,7-
trioxabicyclo[2.2 .2]octane (No. 107) obtained in Example 30 was prepared. Physical properties of liquid crystal compo-
sition γ obtained were measured, and extrapolated values of physical properties of compound (No. 107) were calculated
by extrapolating measured values. Values thereof are as described below.
[0409] Maximum temperature (TNI) = 97.7°C; dielectric anisotropy (Δε) = 63.2; optical anisotropy (Δn) = 0.137; viscosity
(η) = 140.0.

Example 31

Synthesis of 1-(4-(difluoro(2,3’,4’, 5’-tetrafluoro-[1,1’-biphenyl]-4-yl)oxy)meth yl)-3,5-difluorophenyl-4-pentyl-2,6,7-triox-
abicyclo[2.2.2]octane (No. 115)

[0410]

[0411] Then, 1-(4-(difluoro(2,3’,4’,5’-tetrafluoro[1,1’-biphenyl]-4-yl)oxy)methy 1)-3,5-difluorophenyl-4-pentyl-2,6,7-tri-
oxabicyclo[2.2.2]octane was prepared by performing synthesis in a manner similar to the operations in Example 10 using
2,3’,4’,5’-tetrafluoro[1,1’-biphenyl]-4-ol in place of 3,4,5-trifluorophenol in the fifth step in Example 10.
[0412] Chemical shifts (δ (ppm)) according to 1H-NMR analysis are as described below, and the compound obtained
was identified to be 1-(4-(difluoro(2,3’,4’,5’-tetrafluoro[1,1’-biphenyl]-4-yl)oxy)methy 1)-3,5-difluorophenyl-4-pentyl-
2,6,7-trioxabicyclo[2.2.2]octane. A solvent for measurement was CDCl3.
[0413] Chemical shifts (δ (ppm)); 7.33 (t, 1H), 7.24 (d, 2H), 7.13 (m, 4H), 4.10 (s, 6H), 1 .4 - 1.3 (m, 8H), 0.90 (t, 3H).
[0414] A transition temperature of compound (No. 115) obtained is as described below.
[0415] Transition temperature: C 115.0 (N 57.9 I).

Physical properties of compound (No. 115)

[0416] Liquid crystal composition δ including 95% by weight of base liquid crystal A and 5 % by weight of
1-(4-(difluoro(2,3’,4’,5’-tetrafluoro[l,l’-biphenyl]-4-yl)oxy)methy l)-3,5-difluorophenyl-4-pentyl-2,6,7-trioxabicyc-
lo[2.2.2]octane (No. 115) obtained in Example 31 was prepared. Physical properties of liquid crystal composition δ
obtained were measured, and extrapolated values of physical properties of compound (No. 115) were calculated by
extrapolating measured values. Values thereof are as described below.
[0417] Maximum temperature (TNI) = 89.7°C; dielectric anisotropy (Δε) = 44.1; optical anisotropy (Δn) = 0.137; viscosity
(η) = 84.6.

Example 32

Synthesis of 1-(4’-(difluoro((2,3’,4’,5’-tetrafluoro[1,1’-biphenyl]-4-yl)oxy)met hyl)-2,3’,5’-trifluoro-[1,1’-biphenyl]-4-yl)-4-
pentyl-2,6,7-trioxab icyclo[2.2.2]octane (No. 151)

[0418]
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[0419] Then, 1-(4’-(difluoro((2,3’,4’,5’-tetrafluoro-[1,1’-biphenyl]-4-yl)oxy)me thyl)-2,3’,5’-trifluoro-[1,1’-biphenyl]-4-yl-
4-pentyl-2,6,7-trioxab icyclo[2.2.2]octane was prepared by performing synthesis in a manner similar to the operations
in Example 8 using 2,3’,4’,5’-tetrafluoro[1,1’-biphenyl]-4-ol in place of 3,4,5-trifluorophenol in the fifth step in Example 8.
[0420] Chemical shifts (δ (ppm)) according to 1H-NMR analysis are as described below, and the compound obtained
was identified to be 1-(4’-(difluoro((2,3’,4’,5’-tetrafluoro[1,1’-biphenyl]-4-yl)oxy)met hyl)-2,3’,5’-trifluoro-[1,1’-biphenyl]-4-
yl)-4-pentyl-2,6,7-trioxab icyclo[2.2.2]octane. A solvent for measurement was CDCl3.
[0421] Chemical shifts (δ (ppm)); 7.6 - 7.3 (m, 4H), 7.18 (m, 6H), 4.12 (s, 6H), 1 .4 - 1.2 (m, 8H), 0.90 (t, 3H).
[0422] A transition temperature of compound (No. 151) obtained is as described below.
[0423] Transition temperature: C 110.9 SA 128.8 N 245.7 I.

Physical properties of compound (No. 151)

[0424] Liquid crystal composition ε including 90% by weight of base liquid crystal A and 10% by weight of
1-(4’-(difluoro((2,3’,4’,5’-tetrafluoro[1,1’-biphenyl]-4-yl)oxy)met hyl)-2,3’,5’-trifluoro-[1,1’-biphenyl]-4-yl)-4-pentyl-2,6,7-
trioxab icyclo[2.2.2]octane (No. 151) obtained in Example 32 was prepared. Physical properties of liquid crystal compo-
sition ε obtained were measured, and extrapolated values of physical properties of compound (No. 151) were calculated
by extrapolating measured values. Values thereof are as described below.
[0425] Maximum temperature (TNI) =152.7°C; dielectric anisotropy (Δε) = 55.2; optical anisotropy (Δn) = 0.187; viscosity
(η) = 127.8.
[0426] Compounds (No. 1) to (No. 157) shown below can be synthesized by synthetic methods in a manner similar
to the methods described in Examples 1 to 32.
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(continued)

No. No.
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Examples of liquid crystal compositions

[0427] Hereinafter, liquid crystal compositions to be obtained according to the invention will be explained in detail by
way of Examples. In addition, liquid crystal compounds used in Examples are expressed using symbols based on
definitions in Table below. In the Table, a configuration of 1,4-cyclohexylene is trans. Unless otherwise noted, a ratio
(percentage) of each compound is expressed in terms of weight percent (% by weight) based on the total weight of the
composition. Values of characteristics of the composition obtained are presented in the last part of each Example.
[0428] In addition, the number described in a part of a liquid crystal compound used in each Example corresponds to
the formula number of a liquid crystal compound to be contained in a liquid crystal composition of the invention described
above. When only a symbol "-" is simply described without description of the formula number, the compound means
any other compound.
[0429] A method for description of compounds using symbols is presented below.

(continued)

No.
153

 
154

 
155

 
156

 
157

 

Table Method for Description of Compounds using Symbols R-(A1)-Z1-.....Zn-(An)-R’

1) Left-terminal Group R- Symbol 4) Ring Structure-An- Symbol

CnH2n+1- n-

 CnH2n+1O- nO- H
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(continued)

1) Left-terminal Group R- Symbol 4) Ring Structure-An- Symbol

CmH2m+1OCnH2n- mOn-

 
CH2=CH- V- B
CnH2n+1-CH=CH- nV-
CH2=CH-CnH2n- Vn-

 
CmH2m+1-CH=CH-CnH2n- mVn- B(F)

CF2=CH- VFF-

 

CF2=CH-CnH2n- VFFn- B(2F)

2) Right-terminal Group-R’ Symbol

-CnH2n+1 -n

 

=OCnH2n+1 -On B(F,F)

-CH=CH2 -V

-CH=CH-CnH2n+1 -Vn

 

-CnH2n-CH=CH2 -nV B(2F.5F)

-CmH2m-CH=CH-CnH2n+1 -mVn

-CH=CF2 -VFF

 

-F -F B(2F,3F)

-Cl -CL

-OCF3 -OCF3

 

-CF3 -CF3 Py

-COOCnH2n+1 -En

3) Bonding Group -Zn- Symbol

 
-CnH2n- n G
-COO- E
-CH=CH- V

 

-CH2O- 1O Oe

-OCH2- O1

-CF2O- X

 
-C≡C- T ch

 
Ch

5) Examples of Description

Example 1 3-OeHB(F,F)-F Example 2 5-OeB(F)B(F,F)XB(F,F)-CF3

  

Examples 3 3-HB-O2 Example 4 1-BB(F)B-2V
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[0430] Characteristics were measured according to methods as described below. Most of the methods are applied as
described in EIAJ ED-2521A of the Standard of Electronic Industries Association of Japan, or modified thereon.

(1) Maximum temperature of a nematic phase (NI; °C)

[0431] A sample was placed on a hot plate in a melting point apparatus equipped with a polarizing microscope and
was heated at a rate of 1°C per minute. Temperature at which part of the sample began to change from a nematic phase
to an isotropic liquid was measured. Hereinafter, a higher limit of a temperature range of the nematic phase may be
occasionally abbreviated as "maximum temperature."

(2) Minimum temperature of a nematic phase (TC; °C)

[0432] Samples each having a nematic phase were kept in freezers at temperatures of 0°C, -10°C, -20°C, -30°C and
-40°C for 10 days, and then liquid crystal phases were observed. For example, when a sample maintained the nematic
phase at -20 °C and changed to crystals or a smectic phase at -30°C, TC was expressed as TC ≤ -20°C. A lower limit
of the temperature range of the nematic phase may be occasionally abbreviated as "minimum temperature."

(3) Optical anisotropy (An; measured at 25 °C)

[0433] Measurement was carried out using an Abbe refractometer with a polarizing plate mounted on an ocular, using
light at a wavelength of 589 nanometers. A surface of a main prism was rubbed in one direction, and then a sample was
added dropwise on the main prism. A refractive index (n||) was measured when the direction of polarized light was
parallel to the direction of rubbing. A refractive index (n⊥) was measured when the direction of polarized light was
perpendicular to the direction of rubbing. A value of optical anisotropy (Δn) was calculated from an equation: Δn = n|| - n⊥.

(4) Viscosity (bulk viscosity; q; measured at 20°C; mPa·s)

[0434] A Cone-type (E-type) viscometer was used for measurement.

(5) Dielectric anisotropy (Δε; measured at 25°C)

[0435] A sample was put into a TN device in which a distance (gap) between two glass substrates was about 9
micrometers and a twist angle was 80 degrees. A voltage of 20 V was applied to the cell, and a dielectric constant (ε||)
in the major axis direction of liquid crystal molecules was measured. A voltage of 0.5 V was applied, and a dielectric
constant (ε⊥) in the minor axis direction of the liquid crystal molecules was measured. A value of dielectric anisotropy
was calculated from an equation: Δε = ε|| - ε⊥.

(6) Voltage holding ratio (VHR; measured at 25°C and 100°C; %)

[0436] A TN device was prepared by putting a sample into a cell having a polyimide alignment film in which a distance
(cell gap) between two glass substrates was 6 micrometers. The TN device was charged at 25°C by applying pulse
voltage (60 microseconds at 5 V). A waveform of voltage applied to the TN device was observed with a cathode ray
oscilloscope, and an area between a voltage curve and a horizontal axis in a unit cycle (16.7 milliseconds) was determined.
From a waveform of voltage applied after the TN device was removed, an area was determined in a similar manner. A
value of voltage holding ratio (%) was calculated from an equation: (voltage holding ratio) = (value of area when a TN
device is present) / (value of area when a TN device is absent) 3 100.
[0437] The thus obtained voltage holding ratio was presented as "VHR-1." Next, the TN device was heated at 100°C
for 250 hours. The TN device was returned to 25°C, and then a voltage holding ratio was measured in a manner similar
to the method as described above. A voltage holding ratio obtained after the heating test was presented as "VHR-2." In

(continued)

1) Left-terminal Group R- Symbol 4) Ring Structure-An- Symbol
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addition, the heating test was conducted as an acceleration test, and used as a test corresponding to a long-term
durability test for the TN device.
[0438] A ratio (percentage) of components is expressed in terms of weight percent (% by weight) based on the total
weight of the components.

Use Example 1

[0439]

Use Example 2

[0440]

3-OeHB(F,F)-F (No. 17) 4%

5-OeHB(F,F)-F (No. 19) 3%

5-HB-CL (2-2) 16%

3-HB-O2 (11-5) 10%

3-HB-O2 (11-5) 6%

3-HHB-F (3-1) 4%

3-HHB-CL (3-1) 3%

4-HHB-CL (3-1) 4%

3-HHB(F)-F (3-2) 10%

4-HHB(F)-F (3-2) 9%

5-HHB(F)-F (3-2) 9%

7-HHB(F)-F (3-2) 5%

1O1-HBBH-5 (13-1) 3%

3-HHBB(F,F)-F (4-6) 2%

4-HHBB(F,F)-F (4-6) 3%

5-HHBB(F,F)-F (4-6) 3%

3-HH2BB(F,F)-F (4-15) 3%

4-HH2BB(F,F)-F (4-15) 3%

NI = 116.6°C; Δn = 0.100; Δε  = 6.6; Vth = 1.98 V; η  = 24.6 mPa·s.

4-OeHB(F,F)-F (No. 18) 3%

3-OeB(F,F)XB(F,F)-F (No. 54) 3%

5-OeB(F)B(F,F)XB(F,F)-F (No. 94) 3%

3-HHB(F,F)-F (3-3) 9%

3-H2HB(F,F)-F (3-15) 8%

4-H2HB(F,F)-F (3-15) 8%

5-H2HB(F,F)-F (3-15) 8%

3-HBB(F,F)-F (3-24) 21%

5-HBB(F,F)-F (3-24) 20%

3-H2BB(F,F)-F (3-27) 8%

5-HHBB(F,F)-F (4-6) 3%
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[0441] A helical pitch when 0.25 part by weight of optically active compound (Op-5) was added to 100 parts by weight
of the composition described above was 61.0 micrometers.

Use Example 3

[0442]

Use Example 4

[0443]

(continued)

5-HHEBB-F (4-17) 2%

1O1-HBBH-5 (13-1) 4%

NI = 87.1°C; Δn = 0.111; Δε  = 12.4; Vth = 1.28 V; η  = 39.7 mPa·s.

3-OeB(F,F)XB(F)B(F,F)-F (No. 102) 3%

5-OeB(F)B(F,F)XB(F)B(F,F)-F (No. 139) 3%

5-HB-F (2-2) 12%

6-HB-F (2-2) 9%

7-HB-F (2-2) 7%

2-HHB-OCF3 (3-1) 7%

3-HHB-OCF3 (3-1) 7%

4-HHB-OCF3 (3-1) 7%

5-HHB-OCF3 (3-1) 5%

3-HH2B-OCF3 (3-4) 4%

5-HH2B-OCF3 (3-4) 4%

3-HHB(F,F)-OCF2H (3-3) 4%

3-HHB(F,F)-OCF3 (3-3) 5%

3-HH2B(F)-F (3-5) 3%

3-HBB(F)-F (3-23) 7%

5-HBB(F)-F (3-23) 7%

5-HBBH-3 (13-1) 3%

3-HB(F)BH-3 (13-2) 3%

2-OeHB(F,F)-F (No. 16) 3%

7-OeHB(F,F)-F (No. 20) 2%

5-OeVHB(F,F)-F (No. 36) 3%

5-HB-CL (2-2) 8%

3-HB-O2 (11-5) 4%

5-HB-O2 (11-5) 4%

3-HHB-1 (12-1) 2%

3-HHB(F,F)-F (3-3) 8%



EP 2 690 103 B1

91

5

10

15

20

25

30

35

40

45

50

55

Use Example 5

[0444]

Use Example 6

[0445]

(continued)

3-HBB(F,F)-F (3-24) 20%

5-HBB(F,F)-F (3-24) 15%

3-HHEB(F,F)-F (3-12) 8%

4-HHEB(F,F)-F (3-12) 3%

5-HHEB(F,F)-F (3-12) 3%

2-HBEB(F,F)-F (3-39) 3%

3-HBEB(F,F)-F (3-39) 5%

5-HBEB(F,F)-F (3-39) 3%

3-HHBB(F,F)-F (4-6) 6%

3-OeHXB(F,F)-F (No. 40) 4%

3-OeBXB(F,F)-F (No. 51) 4%

3-HB-CL (2-2) 3%

5-HB-CL (2-2) 4%

3-HHB-OCF3 (3-1) 5%

3-H2HB-OCF3 (3-13) 5%

5-H4HB-OCF3 (3-19) 15%

V-HHB(F)-F (3-2) 5%

3-HHB(F)-F (3-2) 5%

5-HHB(F)-F (3-2) 5%

3-H4HB(F,F)-CF3 (3-21) 8%

5-H4HB(F,F)-CF3 (3-21) 10%

5-H2HB(F,F)-F (3-15) 5%

5-H4HB(F,F)-F (3-21) 7%

2-H2BB(F)-F (3-26) 5%

3-H2BB(F)-F (3-26) 5%

3-HBEB(F,F)-F (3-39) 5%

5-OeB(F)B(F,F)XB(F,F)-F (No. 94) 5%

5-OeB(F)B(F,F)XB(F,F)-CF3 (No. 95) 5%

5-HB-CL (2-2) 7%

7-HB(F,F)-F (2-4) 3%

7-HB-1 (11-5) 5%
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Use Example 7

[0446]

Use Example 8

[0447]

(continued)

3-HB-O2 (11-5) 15%

V2-BB-1 (11-8) 5%

3-HHB-1 (12-1) 8%

3-HHB-3 (12-1) 5%

3-HHB-O1 (12-1) 5%

2-HHB(F)-F (3-2) 73%

3-HHB(F)-F (3-2) 73%

5-HHB(F)-F (3-2) 7%

3-HHB(F,F)-F (3-3) 6%

3-H2HB(F,F)-F (3-15) 5%

4-H2HB(F,F)-F (3-15) 5%

3-OeB(F,F)XB(F)-OCF3 (No. 58) 4%

5-OeB(F)B(F,F)XB(F)-F (No. 93) 3%

5-OeHB(F,F)XB(F,F)-F (No. 85) 3%

5-HB-CL (2-2) 3%

7-HB(F)-F (2-3) 7%

3-HB-O2 (11-5) 9%

3-HH-EMe (11-2) 23%

3-HHEB-F (3-10) 8%

5-HHEB-F (3-10) 8%

3-HHEB(F,F)-F (3-12) 10%

4-HHEB(F,F)-F (3-12) 5%

5-HGB(F,F)-F (3-103) 6%

2-H2GB(F,F)-F (3-106) 4%

5-GHB(F,F)-F (3-109) 7%

3-OeHB(F,F)-F (No.17) 4%

5-OeHB(F,F)-F (No.19) 4%

3-HB-O1 (11-5) 15%

3-HB-O2 (11-5) 5%

3-HB(2F,3F)-O2 (5-1) 12%

5-HB(2F,3F)-O2 (5-1) 12%
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Use Example 9

[0448]

Use Example 10

[0449]

(continued)

2-HHB(2F,3F)-1 (6-7) 12%

3-HHB(2F,3F)-1 (6-7) 10%

3-HHB(2F,3F)-O2 (6-7) 7%

5-HHB(2F,3F)-O2 (6-7) 13%

3-HHB-1 (12-1) 6%

NI = 80.5°C; Δn = 0.091; Δε  = 0.3; η  = 41.4
mPa·s.

3-OeB(F,F)-F (No. 5) 3%

5-OeXB(F,F)-F (No. 17) 4%

5-HB-CL (2-2) 16%

3-HB-O2 (11-5) 10%

5-HB-O2 (11-5) 6%

3-HHB-F (3-1) 4%

3-HHB-CL (3-1) 3%

4-HHB-CL (3-1) 4%

3-HHB(F)-F (3-2) 10%

4-HHB(F)-F (3-2) 9%

5-HHB(F)-F (3-2) 9%

7-HHB(F)-F (3-2) 5%

101-HBBH-5 (13-1) 3%

3-HHBB(F,F)-F (4-6) 2%

4-HHBB(F,F)-F (4-6) 3%

5-HHBB(F,F)-F (4-6) 3%

3-HH2BB(F,F)-F (4-15) 3%

4-HH2BB(F,F)-F (4-15) 3%

NI = 106.8°C; Δn = 0.095; Δε  = 5.6; Vth = 1.91 V; η  = 22.8 mPa·s.

3-OeB(F,F)-F (No. 5) 3%

5-HOeB(F,F)-F (No. 26) 3%

5-HB-F (2-2) 12%

6-HB-F (2-2) 9%

7-HB-F (2-2) 7%

2-HHB-OCF3 (3-1) 7%
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Use Example 11

[0450]

Use Example 12

[0451]

(continued)

3-HHB-OCF3 (3-1) 7%

4-HHB-OCF3 (3-1) 7%

5-HHB-OCF3 (3-1) 5%

3-HH2B-OCF3 (3-4) 4%

5-HH2B-OCF3 (3-4) 4%

3-HHB(F,F)-OCF2H (3-3) 4%

3-HHB(F,F)-OCF3 (3-3) 5%

3-HH2B(F)-F (3-5) 3%

3-HBB(F)-F (3-23) 7%

5-HBB(F)-F (3-23) 7%

5-HBBH-3 (13-1) 3%

3-HB(F)BH-3 (13-2) 3%

NI = 80.5°C; Δn = 0.087; Δε  = 5.6; Vth = 2.02 V; η  = 1 7.7 mPa·s.

3-OeHEB(F,F)-F (No. 44) 3%

4-OeHEB(F,F)-F (No. 45) 3%

5-OeHEB(F,F)-F (No. 46) 3%

3-HHB(F,F)-F (3-3) 9%

3-H2HB(F,F)-F (3-15) 8%

4-H2HB(F,F)-F (3-15) 8%

5-H2HB(F,F)-F (3-15) 8%

3-HBB(F,F)-F (3-24) 21%

5-HBB(F,F)-F (3-24) 20%

3-H2BB(F,F)-F (3-27) 8%

5-HHBB(F,F)-F (4-6) 3%

5-HHEBB-F (4-17) 2%

1O1-HBBH-5 (13-1) 4%

NI = 88.8°C; Δn = 0.109; Δε  = 11.5; Vth = 1.30 V; η  = 38.7 mPa·s.

4-OeB(F,F)XB(F,F)-F (No. 65) 5%

4-OeB(F)B(F,F)XB(F,F)-F (No. 104) 5%

5-HB-CL (2-2) 7%

7-HB(F,F)-F (2-4) 3%
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Use Example 13

[0452]

Use Example 14

[0453]

(continued)

7-HB-1 (11-5) 5%

3-HB-O2 (11-5) 15%

V2-BB-1 (11-8) 5%

3-HHB-1 (12-1) 8%

3-HHB-3 (12-1) 5%

3-HHB-O1 (12-1) 5%

2-HHB(F)-F (3-2) 7%

3-HHB(F)-F (3-2) 7%

5-HHB(F)-F (3-2) 7%

3-HHB(F,F)-F (3-3) 6%

3-H2HB(F,F)-F (3-15) 5%

4-H2HB(F,F)-F (3-15) 5%

NI = 84.3°C; Δn = 0.089; Δε  = 7.5; Vth = 1.40 V; η  = 24.2
mPa·s.

3-OeB(F,F)XB(F)-F (No. 63) 4%

5-OeB(F,F)XB(F)B(F,F)-F (No. 115) 4%

5-HB-CL (2-2) 8%

3-HB-O2 (11-5) 4%

5-HB-O2 (11-5) 4%

3-HHB-1 (12-1) 2%

3-HHB(F,F)-F (3-3) 8%

3-HBB(F,F)-F (3-24) 20%

5-HBB(F,F)-F (3-24) 15%

3-HHEB(F,F)-F (3-12) 8%

4-HHEB(F,F)-F (3-12) 3%

5-HHEB(F,F)-F (3-12) 3%

2-HBEB(F,F)-F (3-39) 3%

3-HBEB(F,F)-F (3-39) 5%

5-HBEB(F,F)-F (3-39) 3%

3-HHBB(F,F)-F (4-6) 6%

NI = 75.0°C; Δn = 0.109; Δε  = 11.7; Vth = 1.22 V; η  = 27.9 mPa·s.

5-OeB(F)XB(F,F)-F (No . 62) 5%
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Use Example 15

[0454]

Use Example 16

[0455]

(continued)

5-OeBB(F)XB(F,F)-F (No. 101) 5%

5-HB-CL (2-2) 3%

7-HB(F)-F (2-3) 7%

3-HB-O2 (11-5) 9%

3-HH-E1 (11-2) 23%

3-HHEB-F (3-10) 8%

5-HHEB-F (3-10) 8%

3-HHEB(F,F)-F (3-12) 10%

4-HHEB(F,F)-F (3-12) 5%

5-HGB(F,F)-F (3-103) 6%

2-H2GB(F,F)-F (3-106) 4%

5-GHB(F,F)-F (3-109) 7%

NI = 86.0°C; Δn = 0.076; Δε  = 8.2; Vth = 1.36 V; η  = 27.0
mPa·s.

5-OeBXB(F,F)-F (No. 60) 4%

5-OeHXB(F,F)-F (No. 49) 4%

3-HB-CL (2-2) 3%

5-HB-CL (2-2) 4%

3-HHB-OCF3 (3-1) 5%

3-H2HB-OCF3 (3-13) 5%

5-H4HB-OCF3 (3-19) 15%

V-HHB(F)-F (3-2) 5%

3-HHB(F)-F (3-2) 5%

5-HHB(F)-F (3-2) 5%

3-H4HB(F,F)-CF3 (3-21) 8%

5-H4HB(F,F)-CF3 (3-21) 10%

5-H2HB(F,F)-F (3-15) 5%

5-H4HB(F,F)-F (3-21) 7%

2-H2BB(F)-F (3-26) 5%

3-H2BB(F)-F (3-26) 5%

3-HBEB(F,F)-F (3-39) 5%

NI = 71.9°C; Δn = 0.094; Δε  = 10.6; Vth = 1.59 V; η  = 31.7 mPa·s.
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Use Example 17

[0456]

Industrial Applicability

[0457] A compound of the invention has general physical properties necessary for the compound, namely, stability to
heat, light and so forth, a wide temperature range of a liquid crystal phase, a good compatibility with other compounds,
a large dielectric anisotropy and a suitable optical anisotropy. A liquid crystal composition of the invention contains at
least one of the compounds, and has a high maximum temperature of a nematic phase, a low minimum temperature of
the nematic phase, a small viscosity and a low threshold voltage. A liquid crystal display device of the invention includes
the composition, and has a wide temperature range in which the device can be used, a short response time, a small
electric power consumption, a large contrast ratio and a low driving voltage, and therefore can be widely utilized for
display of a liquid crystal television, a monitor of personal computer, a notebook personal computer, a cellular phone,
or the like.

5-OeB(F)B(F)B(F,F)-F (No. 79) 5%

4-OeHch-CF3 (No. 40) 5%

3-HB-O2 (11-5) 10%

5-HB-CL (2-2) 13%

3-HBB(F,F)-F (3-24) 7%

3-PyB(F)-F (2-15) 10%

5-PyB(F)-F (2-15) 10%

3-PyBB-F (3-80) 10%

4-PyBB-F (3-80) 10%

5-PyBB-F (3-80) 10%

5-HBB(F)B-3 (13-5) 10%

NI = 89.7°C; Δn = 0.179; Δε  = 11.1; Vth = 1.51 V; η  = 49.7 mPa·s.

5-HOe-CF3 (No. 9) 3%

5-OeH-CF3 (No. 10) 2%

5-Oech-CF3 (No. 11) 3%

3-HB-O1 (11-5) 15%

3-HB-O2 (11-5) 5%

3-HB(2F,3F)-O2 (5-1) 12%

5-HB(2F,3F)-O2 (5-1) 12%

2-HHB(2F,3F)-1 (6-7) 12%

3-HHB(2F,3F)-1 (6-7) 10%

3-HHB(2F,3F)-O2 (6-7) 7%

5-HHB(2F,3F)-O2 (6-7) 13%

3-HHB-1 (12-1) 6%
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Claims

1. A compound represented by formula (1):

wherein, in the formula, R1 is a straight chain alkyl having 1 to 10 carbons, and in the alkyl, at least one of -CH2-
may be replaced by -O-, at least one of -(CH2)2- may be replaced by -CH=CH-, and at least one of hydrogen may
be replaced by halogen; ring A1, ring A2, ring A3, ring A4, ring A5 and ring A6 are independently 1,4-cyclohexylene
or 1,4-phenylene, in the 1,4-cyclohexylene, at least one of -CH2- may be replaced by -O-, in the 1,4-cyclohexylene,
at least one of -(CH2)2- may be replaced by -CH=CH-, in the 1,4-phenylene, at least one of -CH= may be replaced
by -N=, and in the 1,4-phenylene, at least one of hydrogen may be replaced by halogen; Z1 , Z2 , Z3 , Z4 , Z5, Z6

and Z7 are independently a single bond, -(-CH2)2-, -COO-, -OCO-, -CF2O-, -OCF2- or -CH=CH-; X1 is fluorine, -CF3
or -OCF3; Y1 and Y2 are independently hydrogen or fluorine; i, j, k, m, n, p and q are independently 0 or 1; and a
sum of i, j, k, m, n, p and q is 1, 2, 3 or 4.

2. The compound according to claim 1, wherein, in formula (1) according to claim 1, a sum of i, j, k, m, n, p and q is 2, 3 or 4.

3. The compound according to claim 1 or 2, wherein, in formula (1) according to claim 1, q is 1.

4. The compound according to any one of claims 1 to 3, wherein, in formula (1) according to claim 1, R1 is a straight
chain alkyl having 1 to 10 carbons, alkenyl having 2 to 10 carbons or alkoxy having 1 to 9 carbons; ring A1, ring A2,
ring A3, ring A4, ring A5 and ring A6 are independently 1,4-cyclohexylene, 1,4-cyclohexenylene, tetrahydropyran-
2,5-diyl, 1,3-dioxane-2,5-diyl, 1,4-phenylene in which at least one of hydrogen may be replaced by fluorine or chlorine,
or pyrimidine-2,5-diyl; and Z1, Z2, Z3, Z4, Z5, Z6 and Z7 are independently a single bond, -(CH2)2-, -COO-, -CF2O-
or -CH=CH-.

5. The compound according to any one of claims 1 to 4, wherein, in formula (1) according to claim 1, R1 is a straight
chain alkyl having 1 to 10 carbons; ring A1, ring A2, ring A3, ring A4, ring A5 and ring A6 are independently 1,4-
cyclohexylene, 1,4-phenylene, 3-fluoro-1,4-phenylene or 3,5-difluoro-1,4-phenylene; and Z1, Z2, Z3, Z4, Z5, Z6 and
Z7 are independently a single bond, -(CH2)2-, -COO-, -CF2O- or -CH=CH-.

6. The compound according to claim 1, represented by formula (1-1-1) :

wherein, in the formula, R1 is a straight chain alkyl having 1 to 10 carbons; Z4 is independently a single bond,
-(CH2)2-, -COO-, -CF2O- or -CH=CH-; X1 is fluorine, -CF3 or -OCF3; and Y1 and Y2 are independently hydrogen or
fluorine.

7. The compound according to claim 1, represented by formula (1-2-1) or (1-2-2):
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wherein, in the formulas, R1 is a straight chain alkyl having 1 to 10 carbons; ring A1 and ring A4 are independently
1,4-cyclohexylene, 1,4-phenylene, 3-fluoro-1,4-phenylene or 3,5-difluoro-1,4-phenylene; Z1, Z4 and Z7 are in-
dependently a single bond, -(CH2)2-, -COO-, -CF2O- or -CH=CH-; X1 is fluorine, -CF3 or -OCF3; Y1 and Y2 are
independently hydrogen or fluorine; in formula (1-2-1), at least one of Z4 and Z7 is a single bond; and
in formula (1-2-2), at least one of Z1 and Z7 is a single bond.

8. The compound according to claim 7, wherein, in formula (1-2-1) according to claim 7, any one of Z4 and Z7 is -CF2O-,
or in formula (1-2-2), any one of Z1 and Z7 is -CF2O- .

9. The compound according to claim 1, represented by formula (1-3-1), (1-3-2) or (1-3-3):

wherein, in the formulas, R1 is a straight chain alkyl having 1 to 10 carbons; ring A1, ring A2, ring A4 and ring
A5 are independently 1,4-cyclohexylene, 1,4-phenylene, 3-fluoro-1,4-phenylene or 3,5-difluoro-1,4-phenylene;
Z1, Z2, Z4, Z5 and Z7 are independently a single bond, -(CH2)2-, -COO-, -CF2O- or -CH=CH-; X1 is fluorine,
-CF3 or -OCF3; and Y1 and Y2 are independently hydrogen or fluorine;
in formula (1-3-1), at least two of Z4, Z5 and Z7 are a single bond;
in formula (1-3-2), at least two of Z1, Z4 and Z7 are a single bond; and
in formula (1-3-3), at least two of Z1, Z2 and Z7 are a single bond.

10. The compound according to claim 9, wherein, in formula (1-3-1) according to claim 9, any one of Z4, Z5 and Z7 is
-CF2O-, in formula (1-3-2), any one of Z1, Z4 and Z7 is -CF2O-, or in formula (1-3-3), any one of Z1, Z2 and Z7 is -CF2O-.
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11. The compound according to claim 1, represented by formula (1-4-1), (1-4-2), (1-4-3) or (1-4-4):

wherein, in the formulas, R1 is a straight chain alkyl having 1 to 10 carbons; ring A1, ring A2, ring A3, ring A4,
ring A5 and ring A6 are independently 1,4-cyclohexylene, 1,4-phenylene, 3-fluoro-1,4-phenylene or 3,5-difluoro-
1,4-phenylene; Z1, Z2, Z3, Z4, Z5, Z6 and Z7 are independently a single bond, -(-CH2)2-, -COO-, -CF2O- or
-CH=CH-; X1 is fluorine, -CF3 or -OCF3; Y1 and Y2 are independently hydrogen or fluorine;
in formula (1-4-1), at least three of Z4, Z5, Z6 and Z7 are a single bond;
in formula (1-4-2), at least three of Z1, Z4, Z5 and Z7 are a single bond;
in formula (1-4-3), at least three of Z1, Z2, Z4 and Z7 are a single bond; and
in formula (1-4-4), at least three of Z1, Z2, Z3 and Z7 are a single bond.

12. The compound according to claim 11, wherein, in formula (1-4-1) according to claim 11, any one of Z4, Z5, Z6 and
Z7 is -CF2O-, in formula (1-4-2), any one of Z1, Z4, Z5 and Z7 is -CF2O-, in formula (1-4-3), any one of Z1, Z2, Z4

and Z7 is -CF2O-, or in formula (1-4-4), any one of Z1, Z2, Z3 and Z7 is -CF2O-.

13. A liquid crystal composition containing a first component and a second component, wherein the first component is
at least one compound selected from the compounds according to any one of claims 1 to 11.

14. The liquid crystal composition according to claim 13, wherein the second component is at least one compound
selected from the group of compounds represented by formulas (2), (3) and (4):
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wherein, in formulas (2) to (4), R2 is independently alkyl having 1 to 10 carbons or alkenyl having 2 to 10 carbons,
and in the alkyl and the alkenyl, at least one of hydrogen may be replaced by fluorine, and at least one of -CH2-
may be replaced by -O-;
X2 is independently fluorine, chlorine, -OCF3, -OCHF2, -CF3, -CHF2, -CH2F, -OCF2CHF2 or -OCF2CHFCF3;
ring B1, ring B2 and ring B3 are independently 1,4-cyclohexylene, 1,3-dioxane-2,5-diyl, pyrimidine-2,5-diyl, tet-
rahydropyran-2,5-diyl, or 1,4-phenylene in which at least one of hydrogen may be replaced by fluorine;
Z8 and Z9 are independently - -(CH2)2-, (CH2)4-, -COO-, -CF2O-, -OCF2-, -CH=CH-, -C≡C-, -CH2O- or a single
bond; and
Y3 and Y4 are independently hydrogen or fluorine.

15. The liquid crystal composition according to claim 13, wherein the second component is at least one compound
selected from the group of compounds represented by formulas (5), (6), (7), (8), (9) and (10):
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wherein, in formulas (5) to (10), R3 and R4 are independently alkyl having 1 to 10 carbons or alkenyl having 2
to 10 carbons, in the alkyl or the alkenyl, at least one of -CH2- may be replaced by -O-, and in the alkenyl, at
least one of hydrogen may be replaced by fluorine;
ring C1, ring C2, ring C3 and ring C4 are independently 1,4-cyclohexylene, 1,4-cyclohexenylene, 1,4-phenylene
in which at least one of hydrogen may be replaced by fluorine, tetrahydropyran-2,5-diyl or decahydronaphtha-
lene-2,6-diyl;
Z11, Z12, Z13 and Z14 are independently -(CH2)2-, -COO-, -CH2O- , -OCF2-, -OCF2(CH2)2- or a single bond;
Y7 and Y8 are independently fluorine or chlorine; and
r, s, t, u, v and w are independently 0 or 1, and a sum of s, t, u and
v is 1 or 2.

16. The liquid crystal composition according to claim 13, wherein the second component is at least one compound
selected from the group of compounds represented by formulas (11), (12) and (13):

wherein, in formulas (11) to (13), R5 and R6 are independently alkyl having 1 to 10 carbons or alkenyl having
2 to 10 carbons, in the alkyl or the alkenyl, at least one of -CH2- may be replaced by -O-, and in the alkenyl, at
least one of hydrogen may be replaced by fluorine;
ring D1, ring D2 and ring D3 are independently 1,4-cyclohexylene, pyrimidine-2,5-diyl, 1,4-phenylene, 2-fluoro-
1,4-phenylene, 3-fluoro-1,4-phenylene or 2,5-difluoro-1,4-phenylene; and
Z15 and Z16 are independently -C≡C-, -COO-, -(CH2)2-, -CH=CH- or a single bond.

17. The liquid crystal composition according to claim 14, further containing at least one compound selected from the
group of compounds represented by formulas (11), (12) and (13) according to claim 16.

18. The liquid crystal composition according to claim 15, further containing at least one compound selected from the
group of compounds represented by formulas (11), (12) and (13) according to claim 16.

19. The liquid crystal composition according to any one of claims 13 to 18, further containing at least one optically active
compound and/or at least one polymerizable compound.

20. The liquid crystal composition according to any one of claims 13 to 19, further containing at least one antioxidant
and/or at least one ultraviolet light absorber.

21. A liquid crystal display device including the liquid crystal composition according to any one of claims 13 to 20.

Patentansprüche

1. Verbindung, die durch Formel (1) wiedergegeben ist:
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wobei in der Formel R1 ein geradkettiges Alkyl mit 1 bis 10 Kohlenstoffen ist und in dem Alkyl mindestens eins der
-CH2- durch -O- ersetzt sein kann, mindestens eins der -(CH2)2- durch -CH=CH- ersetzt sein kann und mindestens
ein Wasserstoff durch Halogen ersetzt sein kann; Ring A1, Ring A2, Ring A3, Ring A4, Ring A5 und Ring A6 unabhängig
1,4-Cyclohexylen oder 1,4-Phenylen sind, in dem 1,4-Cyclohexylen mindestens eins der -CH2- durch -O- ersetzt
sein kann, in dem 1,4-Cyclohexylen mindestens eins der -(CH2)2- durch -CH=CH- ersetzt sein kann, in dem 1,4-
Phenylen mindestens eins der -CH= durch -N= ersetzt sein kann und in dem 1,4-Phenylen mindestens ein Was-
serstoff durch Halogen ersetzt sein kann; Z1, Z2, Z3, Z4, Z5, Z6 und Z7 unabhängig eine Einfachbindung, -(CH2)2-,
-COO-, -OCO-, -CF2O -, -OCF2- oder -CH=CH-sind; X1 Fluor, -CF3 oder -OCF3 ist; Y1 und Y2 unabhängig Wasserstoff
oder Fluor sind; i, j, k, m, n, p und q unabhängig 0 oder 1 sind und eine Summe aus i, j, k, m, n, p und q = 1, 2, 3 oder 4 ist.

2. Verbindung gemäß Anspruch 1, wobei in Formel (1) gemäß Anspruch 1 eine Summe aus i, j, k, m, n, p und q = 2,
3 oder 4 ist.

3. Verbindung gemäß Anspruch 1 oder 2, wobei, in Formel (1) gemäß Anspruch 1, q = 1 ist.

4. Verbindung gemäß einem der Ansprüche 1 bis 3, wobei in Formel (1) gemäß Anspruch 1 R1 ein geradkettiges Alkyl
mit 1 bis 10 Kohlenstoffen, Alkenyl mit 2 bis 10 Kohlenstoffen oder Alkoxy mit 1 bis 9 Kohlenstoffen ist; Ring A1,
Ring A2, Ring A3, Ring A4, Ring A5 und Ring A6 unabhängig 1,4-Cyclohexylen, 1,4-Cyclohexenylen, Tetrahydropyran-
2,5-diyl, 1,3-Dioxan-2,5-diyl, 1,4-Phenylen, bei dem mindestens ein Wasserstoff durch Fluor oder Chlor ersetzt sein
kann, oder Pyrimidin-2,5-diyl sind und Z1, Z2, Z3, Z4, Z5, Z6 und Z7 unabhängig eine Einfachbindung, -(CH2)2-,
-COO-, -CF2O- oder -CH=CH- sind.

5. Verbindung gemäß einem der Ansprüche 1 bis 4, wobei in Formel (1) gemäß Anspruch 1 R1 ein geradkettiges Alkyl
mit 1 bis 10 Kohlenstoffen ist; Ring A1, Ring A2, Ring A3, Ring A4, Ring A5 und Ring A6 unabhängig 1,4-Cyclohexylen,
1,4-Phenylen, 3-Fluor-1,4-phenylen oder 3,5-Difluor-1,4-phenylen sind und Z1, Z2, Z3, Z4, Z5, Z6 und Z7 unabhängig
eine Einfachbindung, -(CH2)2 -, -COO-, -CF2O- oder -CH=CH- sind.

6. Verbindung gemäß Anspruch 1, die durch Formel (1-1-1) wiedergegeben ist:

wobei in der Formel R1 ein geradkettiges Alkyl mit 1 bis 10 Kohlenstoffen ist; Z4 unabhängig eine Einfachbindung,
-(CH2)2-, -COO-, -CF2O- oder -CH=CH- ist; X1 Fluor, - CF3 oder -OCF3 ist und Y1 und Y2 unabhängig Wasserstoff
oder Fluor sind.

7. Verbindung gemäß Anspruch 1, die durch Formel (1-2-1) oder (1-2-2) wiedergegeben ist:
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wobei in den Formeln R1 ein geradkettiges Alkyl mit 1 bis 10 Kohlenstoffen ist; Ring A1 und Ring A4 unabhängig
1,4-Cyclohexylen, 1,4-Phenylen, 3-Fluor-1,4-phenylen oder 3,5-Difluor-1,4-phenylen sind; Z1, Z4 und Z7 unabhängig
eine Einfachbindung, -(CH2)2-, -COO-, -CF2O- oder -CH=CH- sind; X1 Fluor, -CF3 oder -OCF3 ist; Y1 und Y2 un-
abhängig Wasserstoff oder Fluor sind; in Formel (1-2-1) mindestens eins von Z4 und Z7 eine Einfachbindung ist
und in Formel (1-2-2) mindestens eins von Z1 und Z7 eine Einfachbindung ist.

8. Verbindung gemäß Anspruch 7, wobei in Formel (1-2-1) gemäß Anspruch 7 eins von Z4 und Z7 -CF2O- ist oder in
Formel (1-2-2) eins von Z1 und Z7 -CF2O- ist.

9. Verbindung gemäß Anspruch 1, die durch Formel (1-3-1), (1-3-2) oder (1-3-3) wiedergegeben ist:

wobei in den Formeln R1 ein geradkettiges Alkyl mit 1 bis 10 Kohlenstoffen ist; Ring A1, Ring A2, Ring A4 und
Ring A5 unabhängig 1,4-Cyclohexylen, 1,4-Phenylen, 3-Fluor-1,4-phenylen oder 3,5-Difluor-1,4-phenylen sind;
Z1, Z2, Z4, Z5 und Z7 unabhängig eine Einfachbindung, -(CH2)2 -, -COO-, -CF2O- oder -CH=CH- sind; X1 Fluor,
-CF3 oder -OCF3 ist und Y1 und Y2 unabhängig Wasserstoff oder Fluor sind;
in Formel (1-3-1) mindestens zwei von Z4, Z5 und Z7 eine Einfachbindung sind; in Formel (1-3-2) mindestens
zwei von Z1, Z4 und Z7 eine Einfachbindung sind und in Formel (1-3-3) mindestens zwei von Z1, Z2 und Z7 eine
Einfachbindung sind.

10. Verbindung gemäß Anspruch 9, wobei in Formel (1-3-1) gemäß Anspruch 9 eins von Z4, Z5 und Z7 -CF2O- ist, in
Formel (1-3-2) eins von Z1, Z4 und Z7 -CF2O- ist oder in Formel (1-3-3) eins von Z1, Z2 und Z7 -CF2O- ist.

11. Verbindung gemäß Anspruch 1, die durch Formel (1-4-1), (1-4-2), (1-4-3) oder (1-4-4) wiedergegeben ist:
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wobei in den Formeln R1 ein geradkettiges Alkyl mit 1 bis 10 Kohlenstoffen ist; Ring A1, Ring A2, Ring A3, Ring
A4, Ring A5 und Ring A6 unabhängig 1,4-Cyclohexylen, 1,4-Phenylen, 3-Fluor-1,4-phenylen oder 3,5-Difluor-
1,4-phenylen sind; Z1, Z2, Z3, Z4, Z5, Z6 und Z7 unabhängig eine Einfachbindung, -(CH2)2 -, -COO-, -CF2O-
oder -CH=CH- sind; X1 Fluor, -CF3 oder -OCF3 ist; Y1 und Y2 unabhängig Wasserstoff oder Fluor sind;
in Formel (1-4-1) mindestens drei von Z4, Z5, Z6 und Z7 eine Einfachbindung sind;
in Formel (1-4-2) mindestens drei von Z1, Z4, Z5 und Z7 eine Einfachbindung sind;
in Formel (1-4-3) mindestens drei von Z1, Z2, Z4 und Z7 eine Einfachbindung sind und
in Formel (1-4-4) mindestens drei von Z1, Z2, Z3 und Z7 eine Einfachbindung sind.

12. Verbindung gemäß Anspruch 11, wobei in Formel (1-4-1) gemäß Anspruch 11 eins von Z4, Z5, Z6 und Z7 -CF2O-
ist, in Formel (1-4-2) eins von Z1, Z4, Z5 und Z7 -CF2O- ist, in Formel (1-4-3) eins von Z1, Z2, Z4 und Z7 -CF2O- ist
oder in Formel (1-4-4) eins von Z1, Z2, Z3 und Z7 -CF2O- ist.

13. Flüssigkristallzusammensetzung, die eine erste Komponente und eine zweite Komponente enthält, wobei die erste
Komponente mindestens eine Verbindung ist, die aus den Verbindungen gemäß einem der Ansprüche 1 bis 11
ausgewählt ist.

14. Flüssigkristallzusammensetzung gemäß Anspruch 13, wobei die zweite Komponente mindestens eine Verbindung
ist, die aus der Gruppe von durch die Formeln (2), (3) und (4) wiedergegebenen Verbindungen ausgewählt ist:

wobei in den Formeln (2) bis (4) R2 unabhängig Alkyl mit 1 bis 10 Kohlenstoffen oder Alkenyl mit 2 bis 10
Kohlenstoffen ist und in dem Alkyl und dem Alkenyl mindestens ein Wasserstoff durch Fluor ersetzt sein kann
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und mindestens eins der -CH2- durch -O-ersetzt sein kann;
X2 unabhängig Fluor, Chlor, -OCF3, -OCHF2, -CF3, -CHF2, -CH2F, -OCF2CHF2 oder -OCF2CHFCF3 ist;
Ring B1, Ring B2 und Ring B3 unabhängig 1,4-Cyclohexylen, 1,3-Dioxan-2,5-diyl, Pyrimidin-2,5-diyl, Tetrahy-
dropyran-2,5-diyl oder 1,4-Phenylen sind, bei dem mindestens ein Wasserstoff durch Fluor ersetzt sein kann;
Z8 und Z9 unabhängig -(CH2)2 -, -(CH2)4-, -COO-, -CF2O-, -OCF2-, -CH=CH-, -C≡C-, -CH2O- oder eine Ein-
fachbindung sind und
Y3 und Y4 unabhängig Wasserstoff oder Fluor sind.

15. Flüssigkristallzusammensetzung gemäß Anspruch 13, wobei die zweite Komponente mindestens eine Verbindung
ist, die aus der Gruppe von durch die Formeln (5), (6), (7), (8), (9) und (10) wiedergegebenen Verbindungen aus-
gewählt ist:

wobei in den Formeln (5) bis (10) R3 und R4 unabhängig Alkyl mit 1 bis 10 Kohlenstoffen oder Alkenyl mit 2 bis
10 Kohlenstoffen sind, in dem Alkyl oder dem Alkenyl mindestens eins der -CH2- durch -O- ersetzt sein kann
und in dem Alkenyl mindestens ein Wasserstoff durch Fluor ersetzt sein kann;
Ring C1, Ring C2, Ring C3 und Ring C4 unabhängig 1,4-Cyclohexylen, 1,4-Cyclohexenylen, 1,4-Phenylen, bei
dem mindestens ein Wasserstoff durch Fluor ersetzt sein kann, Tetrahydropyran-2,5-diyl oder Decahydronaph-
thalin-2,6-diyl sind;
Z11, Z12, Z13 und Z14 unabhängig -(CH2)2 -, -COO-, -CH2O-, -OCF2-, -OCF2(CH2)2 - oder eine Einfachbindung
sind;
Y7 und Y8 unabhängig Fluor oder Chlor sind und
r, s, t, u, v und w unabhängig 0 oder 1 sind und eine Summe aus s, t, u und v = 1 oder 2 ist.

16. Flüssigkristallzusammensetzung gemäß Anspruch 13, wobei die zweite Komponente mindestens eine Verbindung
ist, die aus der Gruppe von durch die Formeln (11), (12) und (13) wiedergegebenen Verbindungen ausgewählt ist:
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wobei in den Formeln (11) bis (13) R5 und R6 unabhängig Alkyl mit 1 bis 10 Kohlenstoffen oder Alkenyl mit 2
bis 10 Kohlenstoffen sind, in dem Alkyl oder dem Alkenyl mindestens eins der -CH2- durch -O- ersetzt sein
kann und in dem Alkenyl mindestens ein Wasserstoff durch Fluor ersetzt sein kann;
Ring D1, Ring D2 und Ring D3 unabhängig 1,4-Cyclohexylen, Pyrimidin-2,5-diyl, 1,4-Phenylen, 2-Fluor-1,4-
phenylen, 3-Fluor-1,4-phenylen oder 2,5-Difluor-1,4-phenylen sind und
Z15 und Z16 unabhängig -C=C-, -COO-, -(CH2)2-, -CH=CH- oder eine Einfachbindung sind.

17. Flüssigkristallzusammensetzung gemäß Anspruch 14, die ferner mindestens eine Verbindung enthält, die aus der
Gruppe von durch die Formeln (11), (12) und (13) gemäß Anspruch 16 wiedergegebenen Verbindungen ausgewählt
ist.

18. Flüssigkristallzusammensetzung gemäß Anspruch 15, die ferner mindestens eine Verbindung enthält, die aus der
Gruppe von durch die Formeln (11), (12) und (13) gemäß Anspruch 16 wiedergegebenen Verbindungen ausgewählt
ist.

19. Flüssigkristallzusammensetzung gemäß einem der Ansprüche 13 bis 18, die ferner mindestens eine optisch aktive
Verbindung und/oder mindestens eine polymerisierbare Verbindung enthält.

20. Flüssigkristallzusammensetzung gemäß einem der Ansprüche 13 bis 19, die ferner mindestens ein Antioxidans
und/oder mindestens ein Ultraviolettlicht-Absorptionsmittel enthält.

21. Flüssigkristallanzeige, die die Flüssigkristallzusammensetzung gemäß einem der Ansprüche 13 bis 20 aufweist.

Revendications

1. Composé représenté par la formule (1) :

dans lequel, dans la formule, R1 est un alkyle à chaîne droite ayant de 1 à 10 carbones et dans l’alkyle, au moins
l’un des -CH2- peut être remplacé par -O-, au moins l’un des -(CH2)2- peut être remplacé par -CH=CH- et au moins
l’un des hydrogène peut être remplacé par un halogène ; l’anneau A1, l’anneau A2, l’anneau A3, l’anneau A4, l’anneau
A5 et l’anneau A6 sont de façon indépendante le 1,4-cyclohexylène ou le 1,4-phénylène, dans le 1,4-cyclohexylène,
au moins un des -CH2- peut être remplacé par -O-, dans le 1,4-cyclohexylène, au moins un des -(CH2)2- peut être
remplacé par -CH=CH-, dans le 1,4-phénylène, au moins un des -CH= peut être remplacé par -N=, et dans le 1,4-
phénylène, au moins un hydrogène peut être remplacé par un halogène ; Z1, Z2, Z3, Z4, Z5, Z6 et Z7 sont de façon
indépendante une liaison unique, -(CH2)2-, -COO-, -OCO-, -CF2O-,-OCF2- ou -CH=CH- ; X1 est le fluor, -CF3 ou
-OCF3 ; Y1 et Y2 sont de façon indépendante l’hydrogène ou le fluor ; i, j, k, m, n, p et q sont de façon indépendante
0 ou 1 ; et une somme de i, j, k, m, n, p et q est 1, 2, 3 ou 4.

2. Composé selon la revendication 1, dans lequel, dans la formule (1) selon la revendication 1, une somme de i, j, k,
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m, n, p et q est 2, 3 ou 4.

3. Composé selon la revendication 1 ou 2, dans lequel, dans la formule (1) selon la revendication 1, q est 1.

4. Composé selon l’une quelconque des revendications 1 à 3, dans lequel, dans la formule (1) selon la revendication
1, R1 est un alkyle à chaîne droite ayant de 1 à 10 carbones, un alkényle ayant de 2 à 10 carbones ou un alkoxy
ayant de 1 à 9 carbones ; l’anneau A1, l’anneau A2, l’anneau A3, l’anneau A4, l’anneau A5 et l’anneau A6 sont de
façon indépendante le 1,4-cyclohexylène, le 1,4-cyclohexenylène, le tétrahydropyrane-2,5-diyl, le 1,3-dioxyane-2,5-
diyl, le 1,4-phénylène dans lequel au moins l’un des hydrogènes peut être remplacé par le fluor ou le chlore, ou la
pyrimidine-2,5-diyl ; et Z1, Z2, Z3, Z4, Z5, Z6 et Z7 sont de façon indépendante une liaison unique, -(CH2)2-, -COO-,
-CF2O- ou -CH=CH-.

5. Composé selon l’une quelconque des revendications 1 à 4, dans lequel, dans la formule (1) selon la revendication
1, R1 est un alkyle à chaîne droite ayant de 1 à 10 carbones ; l’anneau A1, l’anneau A2, l’anneau A3, l’anneau A4,
l’anneau A5 et l’anneau A6 sont de façon indépendante le 1,4-cyclohexylène, le 1,4-phénylène, le 3-fluoro-1,4-
phénylène ou le 3,5-difluoro-1,4-phénylène ; et Z1, Z2, Z3, Z4, Z5, Z6 et Z7 sont de façon indépendante une liaison
unique, - (CH2)2-, -COO-, -CF2O- ou -CH=CH-.

6. Composé selon la revendication 1, représenté par la formule (1-1-1) :

dans lequel, dans la formule, R1 est un alkyle à chaîne droite ayant de 1 à 10 carbones ; Z4 est de façon indépendante
une liaison unique, -(CH2)2-, -COO-, - CF2O- ou -CH=CH- ; X1 est le fluor, -CF3 ou -OCF3 ; et Y1 et Y2 est de façon
indépendante l’hydrogène ou le fluor.

7. Composé selon la revendication 1, représenté par la formule (1-2-1) ou (1-2-2) :

dans lequel, dans les formules, R1 est un alkyle à chaîne droite ayant de 1 à 10 carbones ; l’anneau A1 et
l’anneau A4 sont de façon indépendante le 1,4-cyclohexylène, le 1,4-phénylène, le 3-fluoro-1,4-phénylène ou
le 3,5-difluoro-1,4-phénylène ; Z1, Z4, et Z7 sont de façon indépendante une liaison unique, - (CH2)2-, -COO-,
-CF2O- ou -CH=CH- ; X1 est le fluor, -CF3 ou -OCF3 ; Y1 et Y2 sont de façon indépendante l’hydrogène ou le
fluor ; dans la formule (1-2-1), au moins l’un de Z4 et Z7 est une liaison unique ; et
Dans la formule (1-2-2), au moins un de Z1 et Z7 est une liaison unique.

8. Composé selon la revendication 7, dans lequel, dans la formule (1-2-1) selon la revendication 7, l’un quelconque
de Z4 et Z7 est -CF2O- ou dans la formule (1-2-2), l’un quelconque de Z1 et Z7 est -CF2O-.

9. Composé selon la revendication 1, représenté par la formule (1-3-1), (1-3-2) ou (1-3-3) :
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dans lequel dans les formules, R1 est un alkyle à chaîne droite ayant de 1 à 10 carbones ; l’anneau A1- l’anneau
A2, l’anneau A4 et l’anneau A5 sont de façon indépendante le 1,4-cyclohexylène, le 1,4-phénylène, le 3-fluoro-1,4-
phénylène ou le 3,5-difluoro-1,4-phénylène ; Z1, Z2, Z4, Z5 et Z7 sont de façon indépendante une liaison unique,
-(CH2)2-, -COO-, -CF2O ou -CH=CH- ; X1 est le fluor, -CF3 ou -OCF3 ; et Y1 et Y2 sont de façon indépendante
l’hydrogène ou le fluor ; dans la formule (1-3-1), au moins deux de Z4, Z5 et Z7 sont une liaison unique ; dans la
formule (1-3-2), au moins deux de Z1, Z4 et Z7 sont une liaison unique ; et dans la formule (1-3-3), au moins deux
de Z1, Z2 et Z7 sont une liaison unique.

10. Composé selon la revendication 9, dans lequel, dans la formule (1-3-1) selon la revendication 9, l’un quelconque
de Z4, Z5 et Z7 est -CF2O-, dans la formule (1-3-2), l’un quelconque de Z1, Z4 et Z7 est -CF2O-, ou dans la formule
(1-3-3), l’un quelconque de Z1, Z2 et Z7 est -CF2O-.

11. Composé selon la revendication 1, représenté par la formule (1-4-1), (1-4-2), (1-4-3) ou (1-4-4) :
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dans lequel, dans les formules, R1 est un alkyle à chaîne droite ayant de 1 à 10 carbones ; l’anneau A1, l’anneau
A2, l’anneau A3, l’anneau A4, l’anneau A5 et l’anneau A6 sont de façon indépendante le 1,4-cyclohexylène, le
1,4-phénylène, le 3-fluoro-1,4-phénylène ou le 3,5-difluoro-1,4-phénylène ; Z1, Z2, Z3, Z4, Z5, Z6 et Z7 sont de
façon indépendante une liaison unique, -(CH2)2-, -COO-, -CF2O-ou -CH=CH- , X1 est le fluor, -CF3 ou -OCF3 ;
Y1 et Y2 sont de façon indépendante l’hydrogène ou le fluor ;
dans la formule (1-4-1), au moins trois de Z4, Z5, Z6 et Z7 sont une liaison unique ;
dans la formule (1-4-2), au moins trois de Z1, Z4, Z5 et Z7 sont une liaison unique ;
dans la formule (1-4-3), au moins trois de Z1, Z2, Z4 et Z7 sont une liaison unique ;
et
dans la formule (1-4-1), au moins trois de Z1, Z2, Z3 et Z7 sont une liaison unique.

12. Composé selon la revendication 11, dans lequel, dans la formule (1-4-1) selon la revendication 11, l’un quelconque
de Z4, Z5, Z6 et Z7 est -CF2O-, dans la formule (1-4-2), l’un quelconque de Z1, Z4, Z5 et Z7 est -CF2O-, dans la
formule (1-4-3), l’une quelconque de Z1, Z2, Z4 et Z7 est -CF2O-, ou dans la formule (1-4-4), l’un quelconque de Z1,
Z2, Z3 et Z7 est -CF2O.

13. Composition à base de cristaux liquides contenant un premier composant et un second composant, dans lequel le
premier composant est au moins un composé sélectionné dans les composés selon l’une quelconque des reven-
dications 1 à 11.

14. Composition à base de cristaux liquides selon la revendication 13, dans laquelle le second composant est au moins
un composé sélectionné dans le groupe de composés représentés par les formules (2), (3) et (4) :

dans laquelle, dans les formules (2) à (4), R2 est de façon indépendante un alkyle ayant de 1 à 10 carbones
ou un alkényle ayant de 2 à 10 carbones, et dans l’alkyle et l’alkynyle, au moins l’un des hydrogènes peut être
remplacé par le fluor, et au moins un de -CH2- peut être remplacé par -O- ;
X2 est de façon indépendante le fluor, le chlore, -OCF3, -OCHF2, -CF3, -CHF2,-CH2F, -OCF2CHF2 ou
-OCF2CHFCF3 ;
l’anneau B1, l’anneau B2 et l’anneau B3 sont de façon indépendante 1,4-cyclohexylène, le 1,3-dioxane-2,5-diyl,
la pyrimidine-2,5-diyl, le tétrahydropyrane-2,5-diyl, ou le 1,4-phénylène dans lequel au moins l’un de l’hydrogène
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peut être remplacé par le fluor ;
Z8 et Z9 sont de façon indépendante -(CH2)2-, -(CH2)4-, -COO-, -CF2O-, -OCF2-,-CH=CH-, -C≡C-, -CH2O ou
une liaison unique ; et
Y3 et Y4 sont de façon indépendante l’hydrogène ou le fluor.

15. Composition à base de cristaux liquides selon la revendication 13, dans laquelle le second composant est au moins
un composé sélectionné dans le groupe de composés représentés par les formules (5), (6), (7), (8), (9) et (10) :

dans laquelle, dans les formules (5) à (10), R3 et R4 sont de façon indépendante un alkyle ayant de 1 à 10
carbones ou un alkényle ayant de 2 à 10 carbones, dans l’alkyle ou l’alkényle, au moins l’un des -CH2- peut
être remplacé par -O-, et dans l’alkényle, au moins un hydrogène peut être remplacé par le fluor ;
l’anneau C1, l’anneau C2, l’anneau C3 et l’anneau C4 sont de façon indépendante le 1,4-cyclohexylène, le 1,4-
cyclohexenylène, le 1,4-phénylène dans lequel au moins l’un des hydrogènes peut être remplacé par le fluor,
le tétrahydropyrane-2,5-diyl ou le décahydronaphtalène-2,6-diyl ;
Z11, Z12, Z13 et Z14 sont de façon indépendante -(CH2)2-, -COO-, -CH2O-, -OCF2-, -OCF2(CH2)2- ou une liaison
unique ;
Y7 et Y8 sont de façon indépendante le fluor ou le chlore ; et
r, s, t, u, v et w sont de façon indépendante 0 ou 1, et une somme de s, t, u et v est 1 ou 2.

16. Composition à base de cristaux liquides selon la revendication 13, dans laquelle le second composant est au moins
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un composé sélectionné dans le groupe de composés représentés par les formules (11), (12) et (13) :

dans laquelle, dans les formules (11) à (13), R5 et R6 sont de façon indépendante un alkyle ayant de 1 à 10
carbones ou un alkényle ayant de 2 à 10 carbones, dans l’alkyle ou l’alkényle, au moins l’un des -CH2- peut
être remplacé par -O-, et dans l’alkényle, au moins l’un des hydrogènes peut être remplacé par le fluor ;
l’anneau D1, l’anneau D2, l’anneau D3 sont de façon indépendante le 1,4-cyclohexylène, la pyrimidine-2,5-diyl,
le 1,4-phénylène, le 2-fluoro-1,4-phénylène, le 3-fluoro-1,4-phénylène ou le 2,5-difluoro-1,4-phénylène ; et Z15

et Z16 sont de façon indépendante -C=C-, -COO-, -(CH2)2-, -CH=CH- ou une liaison unique.

17. Composition à base de cristaux liquides selon la revendication 14, contenant en outre au moins un composé sé-
lectionné dans le groupe de composés représentés par les formules (11), (12) et (13) selon la revendication 16.

18. Composition à base de cristaux liquides selon la revendication 15, contenant en outre au moins un composé sé-
lectionné dans le groupe de composés représentés par les formules (11), (12) et (13) selon la revendication 16.

19. Composition à base de cristaux liquides selon l’une quelconque des revendications 13 à 18, contenant en outre au
moins un composé optiquement actif et/ou au moins un composé polymérisable.

20. Composition à base de cristaux liquides selon l’une quelconque des revendications 13 à 19 contenant en outre au
moins un antioxydant et/ou au moins un absorbant de la lumière ultraviolette.

21. Dispositif à base de cristaux liquides incluant la composition à base de cristaux liquides selon l’une quelconque des
revendications 13 à 20.
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