
EP 0 452 274 B1 Description 1. Field of the Invention 5     This invention
relates to phenylcyclohexyldioxane derivatives having ether bond which are
useful as an electro-optical display material. 2. Prior Art 10
Representative examples of liquid crystal display devices include
field-effect mode proposed by M. Schadt, et al., (APPLIED PHYSICS LETTERS,
18,127-128 (1971)); dynamic scattering mode proposed by G. H. Heilmeier, et
al., (PROCEEDING OF THE I.E.E.E., 56, 1162-1171 (1968)); and guest host
mode proposed by G. H. Heilmeier, et al., (APPLIED PHYSICS LETTERS, 13, 91
(1968)), or by D. L. White, et al., (JOURNAL OF APPLIED PHYSICS, 45, 4718
(1974)). 15     Furthermore, the WO-A-86/04895 discloses a series of
2-[trans-4-(4-cyano-5-fluorophenyl)cyclohexyl]-5- alkyl-1,3-dioxanes which
are useful as a component of electro-optical display materials, for
example, to modify the anisotropy in dielectric constant of such materials.
The EP-A-0 315 014 discloses, among other compounds, a series of
trans-2-[trans-4-(4-chloro- or 4,5-
difluoro-phenyl)cyclohexyl]-5-alkenyl-1,3-dioxanes for use as components of
electro-optical display materials 20  having low threshold voltage values.
Among these types of liquid crystal display devices (LCDs), the twisted
nematic liquid crystal display devices (TN-LCDs) which fall in the group of
the field-effect mode cells currently are of greatest interest. As reported
by G. Bauer (Mol. Cryst. Uq. Cryst. 63, 45 (1981)), in the TN-LCDs, the
product of the anisotropy, An, of refractive index of a liquid crystal
material to be filled in a cell, and the thickness d (in 25  [err] of the
liquid crystal layer in the cell must be set to a specified value in order
to prevent the occurrence of interference fringes on the surface of the
cell, which could impair the appearance of the cell. In cells in practical
use, the value of An* d is set to one of 0.5, 1.0, 1.6 or 2.2. Usually,
such cells have a feature that when the value of An- d is set to 0.5, the
visual appearance of the cell is improved, whereas when the value is set to
1.0, 1.6 or 2.2, the contrast of the cell viewed from the front is
improved. Therefore, it is usual 30  practice that in the case of liquid
crystal display cells in which primary importance is placed on the visual
characteristic that the cell be easily visible from all viewing angles, the
value of [err] is set to 0.5; whereas in the case of liquid crystal display
cells in which primary importance is attached to the contrast of cells
viewed from the front, the value of [err] is set to 1.0, 1.6, or 2.2. On
the other hand, the thickness d of the liquid crystal layer in liquid
crystal display cells in practical 35  use is usually set to a value within
the range of 6 to 10 [err] and hence when the value of [err] is set to 0.5,
liquid crystal material having a small value of An is required; whereas
when the value of [err] is set to 1.0, 1.6, or 2.2, a liquid crystal
material having a large value of An must be used. As stated above, a liquid
crystal material having a small or large value of An becomes necessary
depending on which display characteristics are desired in the liquid
crystal display cells. 40 



SUMMARY OF THE INVENTION It is an object of the present invention to
provide a novel nematic liquid crystal compound which when mixed with a
liquid crystal matrix can give rise to a liquid crystal mixture which has a
decreased threshold 45 voltage Vth, a smaller anisotropy in diffractive
index An, and a larger anisotropy in dielectric constant Ae. In order to
achieve the above-described object, this invention provides a compound
represented by general formula (I) below. 50                     [err] 55
wherein R represents a straight-chain alkyl group having 1 to 7 carbon
atoms; n is an integer of 1 to 5; X represents Fluorine (F), Chorine (CI)
or Cyano group (CN); Y represents Hydrogen (H) or F; and a dioxane ring in
a trans configuration with respect to a cyclohexane ring. 2    EP 0 462 274
B1 The compound represented by general formula (I) according to the present
invention has a small value of An and a large value of [err] and as a
result, when it is mixed with a nematic liquid crystal mixture which is
currently being used generally as the typical liquid crystal matrix, the
resulting mixture of a nematic liquid crystal and the conventional liquid
crystal matrix can have an increased [err] and a remarkably decreased 5
threshold voltage without decrease or change of An. Furthermore, the
compound of this invention exhibits superior effects to the known compound
having a similar chemical structure and is useful as a material for
producing TN mode liquid crystal display cells which have excellent visual
characteristics and can be driven at low voltages. 10 DETAILED DESCRIPTION
OF THE INVENTION The compound represented by general formula (I) can be
prepared according to the following reaction scheme. 15 [err] Y 20 20 25 Y
wherein R represents a straight-chain alkyl group having 1 to 7 carbon
atoms; n is an integer of 1 to 5; X 30  represents F, Cl or CN; Y
represents H or F; and a dioxane ring in a trans configuration with respect
to a cyclohexane ring. The above reaction scheme is to produce a compound
represented by general formula (II) and a 



compound represented by general formula (III) reacted in toluene in the
presence of an acidic catalyst such as p-toluenesulfonic acid at a reflux
temperature to effect dehydration. 35     The compound represented by
general formula (I) is a nematic liquid crystal compound having a positive
anisotropy in dielectric constant, and therefore it can be used, for
example, as a material for dynamic scattering mode cells in a state of a
mixture with another nematic liquid crystal compound having negative
anisotropy in dielectric constant, or as a material for field effect mode
cells in a state of mixture with another nematic liquid crystal compound
having positive or negative anisotropy in dielectric constant. 40
Preferred examples of another nematic liquid crystal compound which can be
used as an admixture with the liquid crystal compound of the present
invention represented by general formula (I) include 4- substituted benzoic
acid-4'substituted phenyl ester, 4-substituted cyclohexanecarboxylic
acid-4'-substituted phenyl ester, 4-substituted cyclohexanecarboxylic
acid-4'-substituted biphenyl ester, 4-(4-substituted
cyclohexanecarbonyloxy)benzoic acid-4-substituted phenyl ester,
4-(4-substituted cyclohexyl)benzoic acid- 45 4'-substituted cyclohexyl
ester, 4-substituted-4-substituted biphenyl, 4-substituted
phenyl-4'-substituted cyclohexane, 4-substituted-4'-substituted terphenyl,
4-substituted biphenyl-4'-substituted cyclohexane, and 2-(4'-substituted
phenyl)-5-substituted pyrimidine. EXAMPLES 50 This invention will be
described in greater detail by way of examples. However, this invention is
not restricted thereto. In the examples, symbols [err] designate a
temperature of transition from a crystal phase to a smectic phase, a
temperature of transition from a crystal phase to a nematic phase, a 55
temperature of transition form smectic phase to a nematic phase, and a
temperature of transition from nematic phase to an isotropic liquid phase,
respectively. 3    EP 0452274 B1 Example 1 To 3.1 g (0.021 mol) of a
compound of formula [err] of a compound represented by the formula: 5 [err]
F 10 were added 50 ml of toluene and 0.040 g (0.00021 mol) of
p-toluenesulfonic acid monohydrate, and the resulting mixture was stirred
at a reflux temperature for 3 hours to carry out a dehydration reaction.
After 



cooling the reaction mixture to room temperature, the toluene portion was
washed with a saturated aqueous sodium hydrogen carbonate solution and then
with saturated saline, and dried. Thereafter, toluene was 15 evaporated off
to obtain a crude product. This product was purified using silica gel
column chromatography and then recrystallized from ethanol to obtain 3.8 g
(0.011 mol) of a compound represented by the following formula to give a
yield of 52%. 20                             [err] F The liquid crystal
compound had following transition temperatures; [err] was 71 * C , [err]
was 77 C and 25  TNA was 95 C. Example 2 The procedures in Example 1 were
repeated except that in place of the compound represented by 30 formula 35
F a compound represented by formula 40 45 was used to obtain a compound
represented by the following formula to give a yield of 62%. CH30(CH2)3 50
The liquid crystal compound thus obtained had following transition
temperatures; [err] was 107 C and [err] was 123 C. 55 Example 3 The
procedures in Example 1 were repeated except that in place of the compound
represented by formula [err] a compound represented by formula [err] was
used to 4    EP 0452274 B1 obtain a compound represented by the following
formula to give a yield of 30%. 5                            [err] F The
liquid crystal compound thus obtained had following transition
temperatures; [err] was 81 [err] and 10  [err] was 87 C. Example 4 The
procedures in Example 3 were repeated except that in place of the compound
represented by 15 formula [err] 



20 F a compound represented by formula 25 [err] 30 was used to obtain a
compound represented by the following formula to give a yield of 23%. CH30
CH2                           F 35 The liquid crystal compound thus
obtained had following transition temperatures; [err] was 95 C and [err]
was 121 [err] 40 Example 5 The procedures in Example 1 were repeated except
that in place of the compound represented by formula 45 [err] F 50 a
compound represented by formula OHC    EP 0 452 274 B1 was used to obtain a
compound represented by the following formula to give a yield of 61% 5
CH30(CH2)3 The liquid crystal compound thus obtained had following
transition temperatures; [err] was [err] 10 Example 6 The procedures in
Example 3 were repeated except that in place of the compound represented by
formula 15 [err] F 20 a compound represented by formula OHC 



25 was used to obtain a compound represented by the following formula to
give a yield of 17%. 30                          [err] The liquid crystal
compound thus obtained had following transition temperatures; [err] and 35
T[err] Example 7 The procedures in Example 1 were repeated except that in
place of the compound represented by 40 formula [err] 45 F a compound
represented by formula 50                                  [err] 55 6    EP
0 452 274 B1 was used to obtain a compound represented by the following
formula to give a yield of 56%. [err] F The liquid crystal compound thus
obtained had following transition temperatures; [err]  and 10 [err] Example
8 The procedures in Example 3 were repeated except that in place of the
compound represented by 15 formula [err] 20 5.0 g (0.023 mol) of a compound
represented by formula 25                                  [err] was used
to obtain a compound represented by the following formula to give a yield
of 36%. 30 [err] 35 The liquid crystal compound thus obtained had following
transition temperatures; [err] and [err] 



Example 9 40 The procedures in Example 1 were repeated except that in place
of the compound represented by formula 45
[err] F 50 a compound represented by formula [err] 55 7    EP 0 452 274 B1
was used to obtain a compound represented by the following formula to give
a yield of 53%. [err] 5 The liquid crystal compound thus obtained had
following transition temperatures; [err] and [err] io Example 10 The
procedures in Example 1 were repeated except that in place of the compound
represented by formula 15 [err] F a compound represented by formula [err]
25 F was used to obtain a compound represented by the following formula to
give a yield of 49%. CH30(CH2)3 35     The liquid crystal compound thus
obtained had following transition temperatures; [err] and [err] Table 1
below shows the phase transition temperatures of the liquid crystal
compounds obtained in Examples 1 to 10, respectively. 40 45 



50 55 8    EP 0 452 274 B1 Table 1 [err] 10 Example        n     X     Y
Phase  Transition  Temperature [err] in Formula (I) 15 1         3    F
F          TC/S:71         TS/N:77            [err] 2         3     F     H
TC/N:107        TN/I:123 20       3          1    F      F         TC/N:81
TN/I:87 4         1    F      H          TC/N:95         TN/I:121 5
3     Cl   H           TC/S:80         TS/N:83            TN/I:142 25 6
1    C1   H            TC/N:89         TN/I :138 7         3    C1   F
TC/N:82          TN/I:106 30       8         1    CN   H
TC/N:115         TN/I:209 9         3     CN   H           TC/N:117
TN/I:200 10          3    CN   F           TC/N:103         TN/I:162 35 In
Table 1, symbols [err]designate a transition temperature from a crystal
phase to a smectic phase, a transition temperature from a crystal phase to
a nematic phase, a transition temperature 40  from a smectic phase to a
nematic phase and a transition temperature from a nematic phase to an
isotropic liquid phase, respectively. Application Example 45     A liquid
crystal mixture composed of 80% by weight of the liquid crystal matrix (A),
described below currently in general use as a nematic liquid crystal
material and 20% by weight of the liquid crystal obtained in any one of
Examples I to 10, was examined to measure its threshold voltage, anisotropy
in refractive index An, and anisotropy in dielectric constant [err] For
comparison, the threshold voltage of the liquid crystal matrix (A) itself
was measured, as well a liquid crystal mixture composed of 80% by weight of
50  the liquid crystal matrix (A) and 20% by weight of a liquid crystal
compound (a) having a chemical structure 



similar to that of the liquid crystal compound obtained In Example 1. Table
2 shows the results obtained. 55    EP 0 452 274 B1 Table 2 Liquid Crystal
An      [err]    Threshold Voltage (V) 5                (A) alone
0.092    6.7           1.60 (A) and Compound of Example 1    0.090    8.1
1.35 (A) and Compound of Example 2    0.092    7.3            1.52 (A) and
Compound of Example 3    0.089    8.9.           1.29 (A) and Compound of
Example 4    0.092    7.8            1.46 to               (A) and Compound
of Example 5    0.098    8.5            1.56 (A) and Compound of Example 6
0.098    8.9            1.47 (A) and Compound of Example 7    0.096    9.3
1.39 (A) and Compound of Example 8    0.106   12.6            1.40 (A) and
Compound of Example 9    0.105   10.0            1.47 15               (A)
and Compound of Example 10   0.100   11.7            1.29 (A) and compound
(a)             0.096    6.2            1.92 The liquid crystal matrix (A)
has the following composition: 20 20% by weight of  [err] 25 16% by weight
of  [err]                        CN 30             16% by weight of [err]
8% by weight of  [err] 8% by weight of  [err] 40 8% by weight of [err] 45
8% by weight of  [err] 50             8% by weight of [err] 8% by weight of
[err] The liquid crystal compound (a) is a known compound (cf. Japanese
Patent Publication. No. 4413211988) represented by the following formula 10



EP 0 462 274 B1 [err]                       - (a) F The results shown in
Table 2 confirmed that the mixing of the known liquid crystal compound (a)
with the liquid crystal matrix (A) gave rise to undesirably increased An,
decreased [err] and considerably elevated threshold voltage to the mother
liquid crystal (A), in contrast to the liquid crystal compound represented
by formula (I) according to the present invention gave rise to an increased
[err] and remarkably decreased 10 threshold voltage without decrease or
change of An, of the liquid crystal mixture. Claims 1. A compound
represented by general formula (I) below. 15 [err] 20 wherein R represents
a straight chain alkyl group having 1 to 7 carbon atoms; n is an integer of
1 to 5; X represents Fluorine (F), Chlorine (Cl) or cyano group (CN); Y
represents Hydrogen (H) or Fluorine (F); and a dioxane ring in a trans
configuration with respect to a cyclohexane ring. 25 2. The compound as
claimed in Claim 1, wherein X represents F or Cl. 3. The compound as
claimed in Claim 1, wherein X is CN. 30 4. A liquid crystal mixture
essentially consisting of the compound as claimed in Claim 1. 5. The
compound as claimed in Claim 1, used for a liquid crystal material as a
display. PatentansprUche 35 1. Verbindung der aligemeinen Formel (I) 40
RO(CH2)-dO-   O'X(I in der R einen geradkettigen Alkylrest mit 1 bis 7
Kohlenstoffatomen bedeutet, n eine Zahl von 1 bis 5 45     bedeutet, X
Fluor (F), Chlor (Cl) oder eine Cyanogruppe (CN) bedeutet; Y Wasserstoff
(H) odor Fluor (F) bedeutet; und der Dioxanring in trans-Konfiguration in
bezug zum Cyclohexanring steht. 2. Verbindung nach Anspruch 1, in der X F
odor Cl bedeutet. 50  3  Verbindung nach Anspruch 1, in der X CN bedeutet.
4. FlUssigkristaligemisch, das im wesentlichen aus der Verbindung nach
Anspruch 1 besteht. 5. Verbindung nach Anspruch 1, zur Verwendung fUr ein
Fllssigkristallmaterial als Anzeige. 55  



EP 0 452 274 B1                   1lllllll ii ii 111 452 274 Bi         ~
~~~I DIII M11111 IlII 111II11 II P1 * C   L   M   S* [err] 5 The results
shown in Table 2 confirmed that the mixing of the known liquid crystal
compound (a) with the liquid crystal matrix (A) gave rise to undesirably
increased An, decreased [err] and considerably elevated threshold voltage
to the mother liquid crystal (A), in contrast to the liquid crystal
compound represented by formula (I) according to the present invention gave
rise to an increased [err] and remarkably decreased 10 threshold voltage
without decrease or change of An, of the liquid crystal mixture. Claims 1.
A compound represented by general formula (I) below. 15 [err] 20
Y wherein R represents a straight chain alkyl group having 1 to 7 carbon
atoms; n is an integer of 1 to 5; X represents Fluorine (F), Chlorine (CI)
or cyano group (CN); Y represents Hydrogen (H) or Fluorine (F); and a
dioxane ring in a trans configuration with respect to a cyclohexane ring.
25 2. The compound as claimed in Claim 1, wherein X represents F or Cl. 3.
The compound as claimed in Claim 1, wherein X is CN. 30  4. A liquid
crystal mixture essentially consisting of the compound as claimed in Claim
1. 5. The compound as claimed in Claim 1, used for a liquid crystal
material as a display. PatentansprOche 35 1. Verbindung der aligemeinen
Formel (I) ROC2H2)n4C <OX                                      (I) Y in der
R einen geradkettigen Alkylrest mit 1 bis 7 Kohlenstoffatomen bedeutet, n
eine Zahl von 1 bis 5 46     bedeutet, X Fluor (F), Chlor (Cl) oder elne
Cyanogruppe (CN) bedeutet; Y Wasserstoff (H) oder Fluor (F) bedeutet; und
der Dioxanring in trans-Konfiguration in bezug zum Cyclohexanring steht. 2.
Verbindung nach Anspruch 1, in der X F oder Cl bedeutet. 50  3. Verbindung
nach Anspruch 1, in der X CN bedeutet. 4. FlUssigkristallgemisch, das im
wesentlichen aus der Verbindung nach Anspruch 1 besteht. 5. Verbindung nach
Anspruch 1, zur Verwendung flr ein FlUssigkristallmaterial als Anzeige. 



55    EP 0 452 274 B1              ilc        M Revendicatlons 1. Compose
represente par la formule gtntrale (I) ci-dessous: RO(CH2m)jKn
- - X   (I) Y 10 dans laquelle R represente un groupe alkyle h chatne
droite ayant 1  7 atomes de carbone, n est un nombre entier de 1 & 5, X
reprdsente du fluor (F), du chlore (Cl) ou un groupe cyano (CN), Y
reprtsente de l'hydrogbne (H) ou du fluor (F), et dans laquelle un cycle de
dioxanne est en configuration trans par rapport a un cycle cyclohexane. tS
2. Compost selon la revendication 1, dans lequel X reprtsente F ou Cl. 3.
Compost selon la revendication 1, dans lequel X est CN. >  20  4. Melange
de cristaux liquides constitue essentiellement du compost selon la
revendication 1. 5. Compost sWlon la revendication 1 utilise comme mattriau
& cristaux liquides pour un dispositif d'affichage. 25 30 35 40 45 50 55 12


