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[57] ABSTRACT 

Anisotropic compounds of the formula (1) speci?ed in claim 
1 are suitable, owing to their low Ae/ei values for liquid 
crystal displays which have high information densities of for 
examples up to 106 image dots and accordingly need to be 
highly multiplexible; compared with known compounds 
they offer improved application properties and are relatively 
simple to synthesize. 

56 Claims, No Drawings 
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ANISOTROPIC COMPOUNDS AND LIQUID 
CRYSTAL MIXTURES THEREWITH 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

This application is a continuation of application Ser. No. 
07/444,251, filed Dec. 1, 1989 now abandoned, which in 
turn is a reissue of application Sen No. 06/815,708, ?led 
Dec. 16, 1985 (US. Pat. No. 4,710,315). 

BACKGROUND OF THE INVENTION 

In electrooptical displays based on liquid crystals, Which 
are also referred to as liquid crystal displays or LCDs, the 
liquid crystal phase is present as a dielectric between tWo 
sheetlike electrodes Which are spaced from each other and 
are constructed in patterns or grids; selective excitation of 
predetermined electrode ?eld regions has the effect of 
changing the position or orientation of the molecules of the 
dielectric Within the regions of the selective excitation and 
thereby of bringing about a visible selective local modi? 
cation of the dielectric. 

This effect requires potentials Whose siZe is dependent 
inter alia on the degree of anisotropy of the liquid crystal 
phase; this degree of anisotropy is expressed in general for 
a given liquid crystal substance by the difference (A) of the 
dielectric constants (6) parallel to the electric ?eld minus 
that perpendicular thereto (61), i.e. by the relationship 
referred to in short as dielectric constant anisotropy or DCA 

Ae=e|\—eJ_. 
In liquid crystal displays Which are based on the principle 

of the twisted nematic cell (TN=tWisted nematic; see W. 
Helfrich, and M. Schadt, Appl. Phys. Lett. 18 (1971) 127), 
a property Which is dependent upon the DCA is the so-called 
threshold voltage, Which in turn must not be excessively 
high for various reasons, such as CMOS compatibility, and 
Which in practice can be the smaller, the higher the value of 
As is. 

Since As is the difference of tWo values, the same differ 
ence can be the result of very different pairs of values, for 
example the resulting DCA being the same for 

For a completely different reason, namely because of the 
matrix addressing, Which is essential in particular for dis 
plays having high information content (for example Within 
the range of up to 106 image dots per display), and the 
attendant desirability of a very steep and high shoulder of 
discontinuity in the voltage/contrast diagram of the liquid 
crystal dielectric of the liquid crystal display, the value of the 
ratio Ae/ei should in addition be small; from the above 
numerical example it Will be readily understood that this 
ideal can be approached in tWo Ways, namely: 
(a) by using appropriate liquid crystal mixtures of sub 

stances having a strongly positive or Weakly negative 
DCA (see for example A. R. KmetZ, SID Digest, Tech. 
Papers IX (1078) 70); this has in particular the disadvan 
tage that the mixtures tend to form smectic phases; 

(b) by using substances Which, in the molecule, have a 
marked polarization not only in the longitudinal direction 
but also in the transverse direction, relative to the gener 
ally “stretched” form of the liquid crystal molecules (M. 
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2 
A. Osman, European Patent Application Publication No. 
0,019,665); this has the advantage that the ratio Ae/ei can 
be reduced by increasing the contribution and not or not 
necessarily by reducing the EH contribution of the same 
molecule. The disadvantages of the compounds described 
in the citeed European patent application reside in their 
relatively high viscosity or relatively high melting points 
and in the usually dif?cult synthesis and/or loW stability. 

SUMMARY OF THE INVENTION 

It is an object of the invention to specify a neW class of 
anisotropic compounds Which are suitable for liquid crystal 
displays or for liquid crystal mixtures and permit a substan 
tially free choice of the As and 6 contributions by reducing 
or eliminating the disadvantages of the knoWn compounds. 

This object is achieved according to the invention With 
anisotropic compounds of the formula (1) 

(I) 

x2 x3 

Rm CH2— ‘@ixii 
11 1]] 

in Which R is an alkyl, alkoxy, oxaalkyl, alkenyl or alkanoy 
loxy group Which has in each case 1—12 C atoms in the alkyl 
moiety and Which has a straight or branched and chiral or 
non-chiral chain, X2 and X3 are selected from hydrogen, 
halogen and nitrile, X4 is halogen or nitrile, Z is the 
methylene group —CH2— or the ether oxygen bridge 
—O— and m and n are each 0, 1 or 2 With the provisos that 
(a) the sum of n and m is at least 1 and at most 3, 
(b) m is 2 and n 0 if Z is —CH2— and X4 nitrile, 
(c) at least one of the groups X2 and X3 is not hydrogen and 
(d) n is 0 or 1 if Z is —CH2— and X4 halogen. 
R is preferably an alkyl, alkoxy or alkanoyloxy group 

Which has in each case 1—12 C atoms in the alkyl moiety and 
Which has a straight or branched and chiral or non-chiral 
chain, i.e. C1—C12-alkyl, C1—C12-alkoxy and 

groups, such as, for example, methyl, ethyl, propyl, butyl, 
pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl or dodecyl 
as alkyl moiety including the corresponding chiral-isomeric 
alkyl moieties such as, for example, l-methylpropyl, 
l-methylbutyl, 2-methylbutyl, l-methylpentyl, 
2-methylpentyl, 3-methylpentyl, 1- or 2- or 3- or 
4-methylhexyl, 1- or 2- or 3- or 4- or S-methylheptyl and 
further alkyl-alkyl groups formed on that basis and having 
an asymmetrical C atom. Alkyl moieties having 2—8 C 
atoms, in particular 3—8 C atoms, are frequently preferable. 

In the formula (I), X2 and X3 are selected from hydrogen, 
halogen, ?uorine, chlorine, bromine, iodine and nitrile 
(—C=N) With the proviso that at least one of the groups X2 
and X3 is not hydrogen; Z is the methylene group —CH2— 
or the ether oxygen bridge —O—; m and n are each 0, 1 or 
2 With the proviso that the sum of n and m is at least 1 and 
at most 3. For many purposes preference is given to com 
pounds (1) in Which n is 1 or 2, preferably 1, and m is 0 or 
1. Z is preferably the ether oxygen bridge —O—. 
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Preferably one of the groups X2 and X3 is ?uorine and the 
other hydrogen. 

X4 is halogen or nitrile, preferably nitrile, ?uorine or 
chlorine. If (m+n) is 2 or 3 and n is 1 or 2 and Z is —CH2—, 
X is preferably F or Cl, particularly preferably F. If (m+n) 
is 1 and Z is —CH2—, X4 is preferably F or Cl, particularly 
preferably F. 

Apreferred group of compounds (1) thus has the formula 
(9) 

x2 x3 

R<<g>icnzcnz4©inalogen 
in Which R, X2 and X3 have the abovementioned meaning 
and Halogen is ?uorine or chlorine, preferably ?uorine. 

(9) 

Apreferred group of compounds (1) has the formula (2) 

(2) 

x2 x3 

Rm CHZCHZA©~HMO gen 
in Which R, X2 and X3 have the abovementioned meaning 
and Halogen is preferably ?uorine or chlorine, in particu 
larly ?uorine. 

In a similarly preferred group of compounds of the 
formula (1) or (2), R is an alkyl group having 1—12 C atoms, 
preferably having 3—9 C atoms, such as, for example, 
n-pentyl or n-heptyl. 

For many purposes, preference is further given to com 
pounds (1) of the invention Which have a longitudinally 
polariZing Wing group, i.e. those in Which X4 is the nitrile 
group (—CEN) or a halogen atom, in particular F, one of 
X2, X3 being a halogen atoms, in particular ?uorine, and the 
other of X2, X3 being the hydrogen atom. 

Afurther generally preferred group of compounds (1) are 
those of the formula (6) 

(6) 

x2 x3 

Rm CHZO ‘@ixzi 
ml 

in Which R, X2, X3 and X4 have the general preferred 
meaning speci?ed for the formula (1) and m1 is 0 or 1. 
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4 
A further generally preferred group of compounds (1) are 

those of the formula (7) 

(7) 

x2 x3 

RM CHZO ‘@ixii 
in Which R, X2, X3 and X4 have the meaning speci?ed in 
claim 1 and X4 is preferably CN, F or C1, in particular 
preferably CN. A further generally preferred group of com 
pounds (1) are those of the formula (8) 

(8) 
x2 x3 

RM CHZCHZGHaIOgeH 
in Which R, X2 and X3 have the meaning speci?ed in claim 
1. 

R, X2 and X3 have the formulae (7) and (8) the general or 
preferred meaning speci?ed for the formula 

The provision of compounds of the formula (1) also very 
generally represents an immense Widening of the range of 
liquid crystal substances Which, from various application 
aspects, are suitable for preparing nematic mixtures. 
The compounds of the formula (1) have a Wide range of 

uses. Depending on the choice of substituents, these com 
pounds can be used as base materials of Which liquid crystal 
dielectrics are predominantly composed; hoWever, it is also 
possible to add to compounds of the formula (1) liquid 
crystal base materials from other classes of compound, for 
example in order to reduce the dielectric and/or optical 
anisotropy of such a dielectric. The compounds of formula 
(1) are also suitable as intermediates for preparing other 
substances Which can be used as components of liquid 
crystal dielectrics. 
The compounds of the formula (1) are in the pure state 

colourless and form liquid crystal mesophases Within a 
temperature range Which is favourably located for electro 
optical use. They are very stable chemically, thermally and 
to light. 
The invention thus relates to the compounds of the 

formula (1) and to the use of the compounds of the formula 
(1) as components of liquid crystal phases. The invention 
further relates to liquid crystal mixtures containing at least 
one compound of the formula (1) and liquid crystal display 
elements, in particular those With multiplex operation, Which 
contain such mixtures. 
Compounds of the formula (1) Which have a branched 

Wing group R can occasionally be of importance oWing to 
superior solubility in the customary liquid crystal base 
materials, but in particular as chiral dopants, provided they 
are optically active. Branched groups of this kind generally 
contain not more than one chain branching. Preferred 
branched radicals R are isopropyl, 2-butyl (=1 
methypropyl), isobutyl (2-methylpropyl), 2-methylbutyl, 
isopentyl (=3-methylbutyl), 2-methylpentyl, 
3-methylpentyl, 2-ethylhexyl, 2-propylpentyl, 2-octyl, 
isopropoxy, 2-methylpropoxy, 2-methylbutoxy, 
3-methylbutoxy, 2-methylpentoxy, 3-methylpentoxy, 
2-ethylhexoxy, l-methylhexoxy, 2-octyloxy, 2-oxa-3 
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methylbutyl and 3-oxa-4-methylpentyl. Such compounds 
can be used as components of smectic mixtures having 
ferroelectric properties. 
Of the compounds of the formula (1), preference is given 

to those in Which at least one of the radicals contained 

therein has one of the speci?ed preferred meanings. 

The compounds of the formula (1) are prepared by 
conventional methods, as described in the literature (for 
example in the standard Works such as Houben-Weyl, Meth 
oden der Organischen Chemie [Methods of Organic 
Chemistry], Georg Thieme-Verlag, Stuttgart), and in fact 
under reaction conditions Which are knoWn and suitable for 
the stated reactions using, if so desired, conventional vari 
ants Which are not described here in detail. 

The skilled person, through routine methods, can ?nd 
appropriate methods of synthesis in the state of the art (for 
example German Offenlegungsschriften Nos. 2,344,732, 
2,450,088, 2,429,093, 2,502,904, 2,636,684, 2,701,591 and 
2,752,975 concerning compounds having 1,4-cyclohexylene 
and 1,4-phenylene groups; German Offenlegungsschrift No. 
3,208,089, German Offenlegungsschrift No. 3,117,152, Ger 
man Offenlegungsschrift No. 3,042,391 and European 
Offenlegungsschrift No. 84,194 concerning laterally substi 
tuted compounds; and German Offenlegungsschrift No. 
3,201,721 concerning compounds having —CH2CH2— 
bridge members). 

The starting materials can, if desired, also be formed in 
situ by not isolating them out of the reaction mixture but 
immediately reacting them further to give the compounds of 
the formula 

For instance, those compounds of the formula (1) in 
Which Z is the methylene bridge (—CH2—) can preferably 
be prepared for example in accordance With scheme I beloW 
using a Grignard reaction and subsequent reduction, While 
those compounds of the formula (1) in Which Z is the ether 
oxygen bridge (—O—) are advantageously accessible by 
condensation as per scheme II. Compounds of the formula 
(1) in Which X2, X3 or X4 is the nitrile group can be obtained 
by nitrilation from the corresponding compounds (1) in 
Which the corresponding X2, X3 or X4 is a halogen atom 
suitable for nitrilation, for example bromine. 

Schemes I and II are subject to the further de?nitions: 

A is the radical 

R 

H 1]] 

and 
B is the radical 

x2 x3 

X4 

in Which R, n, m, X2, X3 and X4 have the abovementioned 
meaning. 
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SCHEME I 

A-CN + BrMg CH2—-B 

0-3) 
(1b) 

SCHEME II 

A—CH2Br + HO—B 

(II-1) (II-2) 

(IIa) 

Suitable compounds of the formulae (I-1) and (I-2) and of 
the formulae (II-1) and (II-2) are either knoWn or are 
obtainable analogously to the knoWn compounds by stan 
dard methods. 
An example of preparing a compound of the formula (I-2) 

is illustrated in scheme III beloW. 

SCHEME III 

F 

HO2C4©iC1 —> 
F F 

HOCH24©iC1 CH34©iC1 
\ t 

F F 

BrMgCH24©iCl <— BrCH24©iCl 
Liquid crystal mixtures (phases) according to the inven 

tion consist of 2 to 25, preferably 3 to 15, compoonents, 
including at least one compound of the formula The 
other constituents are preferably selected from the nematic 
or nematogenic substances, in particular the knoWn 
substances, from the classes of the aZoxybenZenes, 
benZylideneanilines, biphenyls, terphenyls, phenyl or cyclo 
hexyl benZoates, phenyl or cyclohexyl 
cyclohexanecarboxylate, phenylcyclohexanes, 
cyclohexylbiphenyls, cyclohexylcyclohexanes, 
cyclohexylnaphthalenes, 1,4-biscyclohexylbenZenes, 4,4‘ 
biscyclohexylbiphenyls, phenyl- or cyclohexyl-pyrimidines, 
phenyl- or cyclohexyl-dioxanes, phenyl- or cyclohexyl-1,3 
dithianes, 1,2-diphenylethanes, 1,2-dicyclohexylethanes, 
1-cyclohexyl-2-phenylethanes, halogenated and non 
halogenated stilbenes, benZyl phenyl ether, tolanes and 
substituted cinnamic acids. 



Re. 36,849 
7 

The most important compounds Which come into consid 
eration as constituents of such liquid crystal phases can be 
characterized by the formula II 

in Which L and E are each a carocyclic or heterocyclic ring 
system from the group comprising 1,4-disubstituted benZene 
and cyclohexane rings, 4‘4-disubstituted biphenyl, phenyl 
cyclohexane and cyclohexylcyclohexane systems, 2,5 - 
disubstituted pyrimidine and 1,3-dioxane rings, 2,6 
disubstituted naphthalene di- and tetrahydronaphthalene, 
quinaZoline and tetrahydroquinaZoline, 

or a C—C single bond, Y is halogen, preferably chlorine or 
—CN, and R‘ and R“ are alkyl, alkoxy, alkanoyloxy or 
alkoxycarbonyloxy having up to 18, preferably up to 8, 
carbon atoms, or one of these radicals can also be CN, NC, 
N02, CF3, F, C1 or Br. 

In most of these compounds, R‘ and R“ are different from 
each other, one of these radicals usually being an alkyl or 
alkoxy group. But it is also possible to use other variants of 
the proposed substituents. Many such substances or mix 
tures thereof are commercially available. All these sub 
stances can be prepared by methods described in the litera 
ture. 

The phases according to the invention contain about 0.1 
to 100, preferably 10 to 100%, of one or more compounds 
of the formula I. 

Preference is also given to dielectrics according to the 
invention Which contain 0.1 to 40, preferably 0.5 to 30%, of 
one or more compounds of the formula I. 

The dielectrics according to the invention are prepared in 
conventional manner. As a rule, the components are dis 
solved in one another, advantageously at elevated tempera 
ture. 

By means of suitable additives it is possible to modify the 
liquid crystal dielectrics according to the invention in such 
a Way that they can be used in any previously disclosed type 
of liquid display element. 

Such additives are knoWn to the skilled person and are 
described in the literature in detail. For example it is possible 
to add conducting salts, preferably ethyldimethyldodecy 
lammonium 4-hexyloxybenZoate, tetrabutylammonium tet 
raphenylboronate or complex salts of croWn ethers (cf. for 
example I. Haller et al., Mol. Cryst. Liq. Cryst. volume 24, 
pages 249—258 (1973)) for improving the conductivity, 
dichroic dyes for preparing coloured guest-host systems or 
substances for modifying the dielectric anisotropy, the vis 
cosity and/or the orientation of the nematic phases. Such 
substances are described for example in German Offenle 
gungsschriften Nos. 2,209,127, 2,240,864, 2,321,632, 2,338, 
281, 2,450,088, 2,637,430, 2,853,728 and 2,902,177. 

The folloWing examples Will illustrate the invention With 
out limiting it. m.p.=melting point, c.p.=clear point. Here 
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8 
tofore and hereinafter percentages are by Weight; all tem 
peratures are in degrees Celsius. “Conventional Working up” 
means: addition of Water, extraction With methylene 
chloride, separation, drying of the organic phase, evapora 
tion and clari?cation of the product by distillation, crystal 
liZation and/or chromatography. 

EXAMPLE 1 

Preparation of 4-(trans-4 
pentylcyclohexylmethoxy)-3-?uorobenZonitrile; 
formula 6: R=n-pentyl, m1=O, X2=F, X4=CN 

This compound Was prepared in accordance With scheme 
IV beloW. To this end, butan-2-one (50 ml) Was added to 
4-hydroxy-3-?uorobenZonitrile (1.0 g, 0.0074 mole) and 
trans-4-pentylcyclohexylmethyl bromide (2.5 g, 0.0102 
mole); the mixture Was heated to the re?ux temperature, Was 
maintained at the re?ux temperature for 48 hours With 
stirring, Was then cooled doWn to room temperature and Was 

poured into Water (250 ml), and the mixture Was extracted 
With chloroform (three times 50 ml). The combined organic 
phases Were Washed With Water and dried over magnesium 
sulfate. The crude product obtained after the chloroform had 
been evaporated off Was puri?ed by column chromatography 
over silica gel using toluene as the eluent. After the toluene 
had been evaporated off, the product Was repeatedly recrys 
talliZed from methanol until the phase transition tempera 
tures (in degrees Celsius, K=crystalline; N=nematic,; 
I=isotropic) Were constant; the corresponding values Were: 

K.57.5.N(45.5).I. 
The trans-4-pentylcyclohexylmethyl bromide used Was 

obtained by the method described in European Patent Appli 
cation No. 802011585 from the corresponding carboxylic 
acid by reduction to give the corresponding methanol 
derivative and bromination of the latter. 

The 4-hydroxy-3-?uorobenZonitrile Was prepared as fol 
loWs: 

4-Bromo-2-?uoroanisole Was obtained in almost quanti 
tative yield by the method described by Gray, G. W., and 
Jones, B. (J. Chem. Soc. (1954), (1967)) and Was heated in 
an amount of 93 g (0.4537 mole) With anhydrous copper (I) 
cyanide (49 g, 0.0544 mole) in dry dimethylformamide (90 
ml) under re?ux for 3.5 hours by the method described by 
Adamska, G. et al. (Mol. Cryst. Liqu. Cryst. 76 (1981) 93). 
The crude product thus obtained gave 39 g (57% yield) of 
pure 4-methoxy-3-?uorobenZonitrile, m.p. 985° to 99° C. 

5.0 g (0.0329 mole) of the compound thus obtained and 
8.75 g (0.0658 mole) of anhydrous aluminium chloride Were 
used together With 1.9 g (0.0329 mole) of sodium chloride 
to prepare a ?nely pulverulent mixture Which Was heated 
under anhydrous conditions at 210° C. on an oil bath for 40 
min. After cooling doWn, the mixture Was treated With 250 
ml of Water and Was extracted three times With 50 ml of 
diethyl ether each time. The combined ether extracts Were 
extracted With sodium chloride solution (2><250 ml) and 
dried over magnesium sulfate. The solvent Was evaporated 
under slightly reduced pressure, and the residue Was crys 
talliZed from 1:1 toluene:hexane. This gave 3.0 g (66% 
yield) of pure 4-hydroxy-3-?uorobenZonitrile, m.p. 133.5° 
to 134.5° C. 
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SCHEME IV 

Rm COZH CH3O 

Rm CHZOH CH3O 

Rm CHZB r + H0 

Rm CHZO 

Analogously to scheme IV 4-hydroXy-2 
?uorobenZonitrile can be used to produce the corresponding 
isomeric compounds according to the invention. 

F 

EXAMPLES 2—4 

The method described in Example 1 Was used to prepare 
compounds according to the invention of the formulae (20), 
(30), (40) and (50) indicated hereinafter and of the similarly 
indicated phase transition temperatures: 

(20) 
F 

C7H15 @ CHZOAG CN 
K 69.5.N (51).I 

(30) 
F 

C7H15 @ CHZOAG CN 
K 37.N (24.5).1 

(40) 
Cl 

C7H15 @ CHZOG CN 
K 39.N (-30).I 

45 

65 

i? 

Br 

CN 

CN 

-continued 

(50) 
F 

C7H15@—©~CH2O CN 
K 72.5.SS 73.5.N 85.I 

EXAMPLES 5—6 

The method depicted in scheme V beloW Was used to 
prepare the compounds according to the invention. 

2-(4-[trans-4-heptylcycloheXyl]phenyl)-1-(4-chloro-2 
?uorophenyl)ethane (K.58.5.N.83.I) 

and 

2-(4-[trans-4-pentylcycloheXyl]phenyl)-1-(4-chloro-2 
?uorophenyl)ethane. 
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2-(trans-4-pentyl-4‘-bicyclohexyl) - 1 -(2,4-di?uorophenyl) 
ethane 

2-(trans-4-hexyl-4‘ -bicyclohexyl)- 1 -(2,4-di?uorophenyl) 
ethane 

2-(trans-4-heptyl-4‘—bicyclohexyl) - 1 -(2,4-di?uorophenyl) 
ethane 

2-(trans-4-methyl-4‘-bicyclohexyl)- 1 -(3,4-di?uorophenyl) 
ethane 

2-(trans-4-ethyl-4‘-bicyclohexyl) - 1 -(3 ,4-di?uorophenyl) 
ethane 

2-(trans-4-propyl-4‘ -bicyclohexyl)- 1 -(3,4-di?uorophenyl) 
ethane 

2-(trans-4-butyl-4‘ -bicyclohexyl) - 1 -(3 ,4-di?uorophenyl) 
ethane 

2-(trans-4-pentyl-4‘-bicyclohexyl) - 1 -(3,4-di?uorophenyl) 
ethane 

2-(trans-4-hexyl-4‘ -bicyclohexyl)- 1 -(3 ,4-di?uorophenyl) 
ethane 

2-(trans-4-heptyl-4‘—bicyclohexyl) - 1 -(3,4-di?uorophenyl) 
ethane 

2-(4‘-methylbiphenyl-4-yl)-1 -(4-cyano-3-?uorophenyl) 
ethane 

2-(4‘-ethylbiphenyl-4-yl)-1 -(4-cyano-3-?uorophenyl)ethane 
2-(4‘-propylbiphenyl-4-yl)-1-(4-cyano-3-?uorophenyl) 

ethane 
2-(4‘-butylbiphenyl-4-yl)-1 -(4-cyano-3-?uorophenyl)ethane 
2-(4‘-pentylbiphenyl-4-yl)-1 -(4-cyano-3-?uorophenyl) 

ethane 
2-(4‘-hexylbiphenyl-4-yl)-1-(4-cyano-3-?uorophenyl) 

ethane 
2-(4‘-heptylbiphenyl-4-yl)-1 -(4-cyano-3-?uorophenyl) 

ethane 
2-(4‘ -methoxybiphenyl-4-yl)- 1 —(4-cyano —3-?uorophenyl) 

ethane 
2-(4‘-ethoxybiphenyl-4-yl)-1-(4-cyano-3-?uorophenyl) 

ethane 
2-(4‘ -proproxybiphenyl-4-yl)- 1 -(4-cyano —3-?uorophenyl) 

ethane 
2-(4‘-butoxybiphenyl-4-yl)-1 -(4-cyano-3-?uorophenyl) 

ethane 
2-(4‘ -pentoxybiphenyl-4-yl)- 1 -(4-cyano —3 —?uorophenyl) 

ethane 
4-(trans-4-propylcyclohexylmethoxy)-3—?uorobenzonitrile 
4-(trans-4butylcyclohexylmethoxy)-3-?uorobenZonitrile 
4-(trans-4-pentylcyclohexylmethoxy)-3-?uorobenZonitrile 
4-(trans-4—ethylcyclohexylmethoxy) —3 —?uorobenzonitrile 
4-(trans-4-hexylcyclohexylmethoxy) —3 —?uorobenzonitrile 
4-(trans-4-octylcyclohexylmethoxy) —3 —?uorobenzonitrile 
4-(trans-4-methylcyclohexylmethoxy) —3 -chlorobenZonitrile 
4-(trans-4—ethylcyclohexylmethoxy) —3 -chlorobenZonitrile 
4-(trans-4-propylcyclohexylmethoxy)-3-chlorobenZonitrile 
4-(trans-4-butylcyclohexylmethoxy) —3 -chlorobenZonitrile 
4-(trans-4-pentylcyclohexylmethoxy)-3-chlorobenZonitrile 
4-(trans-4-hexylcyclohexylmethoxy) —3 -chlorobenZonitrile 
4-(trans-4-heptylcyclohexylmethoxy)-3-chlorobenZonitrile 
4-(trans-4-propylcyclohexylmethoxy)-2-?uorobenZonitrile 
4-(trans-4-butylcyclohexylmethoxy) -2-?uorobenZonitrile 
4-(trans-4-pentylcyclohexylmethoxy)-2-?uorobenZonitrile 
4-(trans-4-hexylcyclohexylmethoxy) -2-?uorobenZonitrile 
4-(trans-4-heptylcyclohexylmethoxy)-2-?uorobenZonitrile 
4-(trans-4-octylcyclohexylmethoxy) -2-?uorobenZonitrile 
4-cyano-2-?uorophenyl 4-(trans-4-propylcyclohexyl)benZyl 

ether 
4-cyano-2-?uorophenyl 4-(trans-4-pentylcyclohexyl)benZyl 

ether 
4-cyano —3 —?uorophenyl 4-(trans-4-propylcyclohexyl)benZyl 

ether 

10 

25 
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4-cyano-3-?uorophenyl 4-(trans-4-pentylcyclohexyl)benZyl 

ether 
4-cyano-3-?uorophenyl 4-(trans-4-heptylcyclohexyl)benZyl 

ether 
4-(trans-4-propyl-4‘-bicyclohexylmethoxy)—3 

?uorobenZonitrile 
4-(trans-4-pentyl-4‘-bicyclohexylmethoxy)-3 

?uorobenZonitrile 
4-(trans-4-heptyl-4‘-bicyclohexylmethoxy)-3 

?uorobenZonitrile 
4-(trans-4-propyl-4‘-bicyclohexylmethoxy)-2 

?uorobenZonitrile 
4-(trans-4-pentyl-4‘-bicyclohexylmethoxy)-2 

?uorobenZonitrile 
4-(trans-4-heptyl-4‘-bicyclohexylmethoxy)-2 

?uorobenZonitrile 
4-(trans-4-propyl-4‘-bicyclohexylmethoxy)- 1 ,2 

benZodicarbonitrile 
4-(trans-4-pentyl-4‘-bicyclohexylmethoxy)-1 ,2 

benZodicarbonitrile 
4-(trans-4-heptyl-4‘-bicyclohexylmethoxy)-1 ,2 

benZodicarbonitrile 
4-(trans-4-propyl-4‘-bicyclohexylmethoxy)- 1 ,3 

benZodicarbonitrile 
4-(trans-4-pentyl-4‘-bicyclohexylmethoxy)-1 ,3 

benZodicarbonitrile 
4-(trans-4-heptyl-4‘-bicyclohexylmethoxy- 1 ,3 

benZodicarbonitrile 
Liquid crystal mixtures according to the invention contain 

at least one compound of the formula (1), usually together 
With knoWn liquid crystal substances and additives Which 
are knoWn for the operation of electro-optical display cells 
of the various types. Preferably such mixtures contain tWo or 
more different compounds of the formula (1), for example in 
total in amounts of 1—90 mole %; such mixtures can be 
obtained in conventional manner by combining the 
components, if appropriate heating and mixing and can be 
introduced in knoWn manner into the display cells. 

Liquid crystal compounds according to the invention of 
the formula (1) are of particular advantage, in particular for 
base mixtures Which are generally suitable for tWisted 
nematic cells Which each require a high degree of multi 
plexibility in order to offer high information densities, for 
example for input or/ and output facilities in portable 
systems, for example for text editors, teletext equipment, 
personal computers, memory oscilloscopes and the like. 
We claim: 
1. A compound of the formula 

in Which R is an alkyl, alkoxy, or alkanoyloxy group Which 
has in each case 1—12 C atoms in the alkyl moiety and Which 
has a straight or branched and chiral or non-chiral chain, X2 
and X3 are independently hydrogen, halogen or nitrile, X4 is 
halogen or nitrile, Z is the ether oxygen bridge —O— and 
m and n are independently 0, 1 or 2 With the provisos that 
(a) the sum of n and m is at least 1 and at most 3, and 
(b) at least one of the groups X2 and X3 is not hydrogen. 

2. Acompound according to claim 1, Wherein R is an alkyl 
group having 1—12 C atoms. 

3. Acompound according to claim 1 or 2, Wherein halogen 
is ?uorine or chlorine. 
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4. A compound according to claim 1, wherein one of X2, 
X3 is a halogen atom and the other is hydrogen. 

5. A compound according to claim 1, of the formula 

(6) 
x2 x3 

RM CHZO @ix4 
,3 1 

in Which R, X2, X3 and X4 have the meaning speci?ed in 
claim 1 and m1 if 0 or 1. 

6. Acompound according to claim 5, Wherein R is an alkyl 
group having 1—12 C atoms. 

7. A compound according to claim 5 or 6, Wherein X4 is 
a nitrile group and one of X2, X3 is a halogen atom and the 
other is hydrogen. 

8. A compound according to claim 5 or 6, Wherein X2 is 
?uorine. 

9. Acompound according to claim 6 [or 7,] Wherein X3 is 
?uorine or chlorine. 

10. A compound according to claim 1, of the formula 

RM CHZO 
in Which R, X2, and X3 and X4 have the meaning speci?ed 
in claim 1. 

11. A compound according to claim 10, Wherein R is an 
alkyl group having 1—12 C atoms. 

12. A compound according to claim 10 or 11, Wherein X4 
is a nitrile group and one of X2, X3 is a halogen atom and 
the other is hydrogen. 

13. A compound according to claim 10 or 11 Wherein X2 
is ?uorine. 

14. A compound according to claim 10 or 11 Wherein X3 
is ?uorine or chlorine. 

15. In a liquid crystal mixture having at least tWo liquid 
crystal components; the improvement Wherein at least one 
such component is a compound of claim 1. 

16. In an electro-optical display element With multiplex 
operation comprising a liquid crystal mixture as dielectric, 
the improvement Wherein the mixture is one of claim 15. 

17. A compound of the formula (8) 

(7) 

(8) 

R W CH2 CH2 

wherein 

Halogen 

R is an alkyl, alkoxy, alkenyl or alkanoyloxy group which 
has in each case 1—12 C atoms in the alkyl moiety and 
which has a straight or branched and chiral or non 

chiral chain, 
X2 and X3 are independently hydrogen, halogen or nitrile, 

and 

16 
Halogen is ?uorine or chlorine, 

with the proviso that at least one of the groupsX2 and X3 
is not hydrogen. 

5 18. A compound of claim 17, wherein R is alkyl of 1—12 
C atoms. 

19. A compound of claim 17, wherein X2 and X3 are H, F 
or Cl. 

20. A compound of claim 17, wherein one ofX2 and X3 is 10 
F and the other is H. 

21. A compound of claim 17, whereinX2 is H, X3 is F and 
Halogen is F 

15 22. A compound of claim 20, wherein halogen is Cl. 

23. A compound of claim 1 7 which is 

2-(4-trans-4-propyl-4’-bicyclohexyl)-1 -(4-chloro-2 
?uorophenyl)ethane 

20 2-(4-trans-4-pentyl-4 ’-bicyclohexyl)-1 -(4-ch loro-2 
?uorophenyl)ethane 

2-(4-trans-4-heptyl-4 ’-bicyclohexyl)-1 -(4-ch loro-2 
?uorophenyl)ethane 

25 2-(4-trans-4-propyl-4’-bicyclohexyl)-1 -(4-chloro-3 
?uorophenyl)ethane 

2-(4-trans-4-pentyl-4 ’-bicyclohexyl)-1 -(4-ch loro-3 
?uorophenyl)ethane 

3O 2-(4-trans-4-heptyl-4 ’-bicyclohexyl)-1 -(4-ch loro-3 
?uorophenyl)ethane 

2-(trans-4-methyl-4’-bicyclohexyl)-1 -(2,4 
di?uorophenyl)ethane 

35 2-(trans-4-ethyl-4 ’-bicyclohexyl)-1 -(2,4-di?uorophenyl) 
ethane 

2-(trans-4-propyl-4 ’-bicyclohexyl)-1 -(2,4-di]‘luorophenyl) 
ethane 

40 
2-(trans-4-butyl-4 ’-bicyclohexyl)-1 -(2,4-di?uorophenyl) 

ethane 

2-(trans-4-pentyl-4 ’-bicyclohexyl)-1 -(2, 4 -di?uorophenyl) 
ethane 

45 

2-(trans-4-hexyl-4 ’-bicyclohexyl)-1 -(2,4-difluorophenyl) 
ethane 

2-(trans-4-heptyl-4 ’-bicyclohexyl)-1 -(2, 4 -di?uorophenyl) 
ethane 

5O 

2-(trans-4-methyl-4’-bicyclohexyl)-1 -(3,4 
di?uorophenyl)ethane 

2-(trans-4-ethyl-4 ’-bicyclohexyl)-1 -(3,4-di?uorophenyl) 
55 ethane 

2-(trans-4-propyl-4 ’-bicyclohexyl)-1 -(3,4-di]‘luorophenyl) 
ethane 

2-(trans-4-butyl-4 ’-bicyclohexyl)-1 -(3,4-di?uorophenyl) 
6O ethane 

2-(trans-4-pentyl-4 ’-bicyclohexyl)-1 -(3, 4 -di?uorophenyl) 
ethane 

2-(trans-4-hexyl-4 ’-bicyclohexyl)-1 -(3,4-difluorophenyl) 
65 ethane, or 

2-(trans-4-heptyl-4 ’-bicyclohexyl)-1 -(3, 4 -di?uorophenyl) 
ethane. 
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24. A compound of formula (9) 

wherein 

(9) 

Halogen 

R is an alkyl, alkoxy, alkenyl or alkanoyloxy group which 
has in each case 1—12 C atoms in the alkyl moiety and 
which has a straight or branched and chiral or non 

chiral chain, 
X2 and X3 are independently hydrogen, halogen or nitrile, 

and 

Halogen is ?uorine or chlorine, 
with the proviso that at least one of the groupsX2 and X3 

is not hydrogen. 
25. A compound of claim 24, wherein R is alkyl of 1—12 

C atoms. 
26. A compound of claim 24, wherein X2 and X3 are H, F 

or Cl. 

27. A compound of claim 24, wherein one ofX2 and X3 is 
F and the other is H. 

28. A compound of claim 24, wherein X2 is H, X3 is F and 
Halogen is F 

29. A compound of claim 27, wherein halogen is Cl. 
30. A compound of claim 24, which is 
2-(4-trans-methylcyclohexyl)-I -(4-chloro-2 
?uorophenyl)ethane 

2-(4-trans-ethylcyclohexyl)-I -(4-chloro-2-?uorophenyl) 
ethane 

2-(4-trans-propylcyclohexyl)-1 -(4-chloro-2-?uorophenyl) 
ethane 

2-(4 -trans-butylcyclohexyl)-1 -(4-chloro-2-?uorophenyl) 
ethane 

2-(4-trans-pentylcyclohexyl)-1 -(4-chloro-2-?uorophenyl) 
ethane 

2-(4-trans-hexylcyclohexyl)-I -(4-chloro-2-?uorophenyl) 
ethane 

2-(4-trans-heptylcyclohexyl)-1 -(4-chloro-2-?uorophenyl) 
ethane 

2-(4-trans-octylcyclohexyl)-I -(4-chloro-2-?uorophenyl) 
ethane 

2-(4-trans-methylcyclohexyl)-I -(4-chloro-3 
?uorophenyl)ethane 

2-(4-trans-ethylcyclohexyl)-I -(4-chloro-3-?uorophenyl) 
ethane 

2-(4-trans-propylcyclohexyl)-1 -(4-ch loro-3 -?uorophenyl) 
ethane 

2-(4 -trans-butylcyclohexyl)-1 -(4-chloro-3-?uorophenyl) 
ethane 

2-(4-trans-pentylcyclohexyl)-1 -(4-ch loro-3 -?uorophenyl) 
ethane 

2-(4 -trans-hexylcyclohexyl)-1 -(4 -ch loro-3 -?uorophenyl) 
ethane 

2-(4-trans-heptylcyclohexyl)-1 -(4-ch loro-3 -?uorophenyl) 
ethane 

2-(4-trans-octylcyclohexyl)-I -(4-chloro-3-?uorophenyl) 
ethane 

2-(4-trans-methylcyclohexyl)-I -(2,4-di?uorophenyl) 
ethane 

1O 
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2-(4-trans-ethylcyclohexyl)-I -(2,4-di?uorophenyl)ethane 
2-(4-trans-propylcyclohexyl)-I -(2,4-di?uorophenyl) 

ethane 

2-(4-trans-butylcyclohexyl)-1 -(2,4-di?uorophenyl)ethane 
2-(4-trans-pentylcyclohexyl)-I -(2,4-di?urophenyl)ethane 
2-(4-trans-hexylcyclohexyl)-1 -(2,4-di?uorophenyl)ethane 
2-(4-trans-heptylcyclohexyl)-1 -(2,4-di?uorophenyl) 

ethane 

2-(4-trans-methylcyclohexyl)-I -(3,4-di?uorophenyl) 
ethane 

2-(4-trans-ethylcyclohexyl)-I -(3,4-di?uorophenyl)ethane 
2-(4-trans-propylcyclohexyl)-I -(3,4-di?uorophenyl) 

ethane 
2-(4-trans-butylcyclohexyl)-1 -(3,4-di?uorophenyl)ethane 
2-(4-trans-pentylcyclohexyl)-1 -(3,4-di?uorophenyl) 

ethane 

2-(4-trans-hexylcyclohexyl)-1 -(3, 4-di?uorophenyl) 
ethane, or 

2-(4-trans-heptylcyclohexyl)-1 -(3,4-di?uorophenyl) 
ethane. 

31. A compound of formula (2) 

(2) 

Rm CHZCHZ 
wherein 

R is an alkyl, alkoxy, alkenyl or alkanoyloxy group which 
has in each case 1—12 C atoms in the alkyl moiety and 
which has a straight or branched and chiral or non 

chiral chain, 
X2 and X3 are independently hydrogen, halogen or nitrile, 

and 

Halogen is ?uorine or chlorine, 
with the proviso that at least one of the groups X2 and X3 

is not hydrogen. 
32. A compound of claim 31, wherein X2 and X3 are H, F 

or Cl. 

33. A compound of claim 31, wherein one ofX2 and X3 is 
F and the other is H. 

34. A compound of claim 31, which is 
2-(4-[trans-4-heptylcyclohexyl]phenyl)-1 -(4-chloro-2 

?uorophenyl)ethane, or 
2-(4-[trans-4-pentylcyclohexyl]phenyl)-1 -(4-chloro-2 

?uorophenyl)ethane. 
35. In a liquid crystal mixture having at least two liquid 

crystal components, the improvement wherein at least one 
such component is a compound of claim 17. 

36. In a liquid crystal mixture having at least two liquid 
crystal components, the improvement wherein at least one 
such component is a compound of claim 24. 

37. In a liquid crystal mixture having at least two liquid 
crystal components, the improvement wherein at least one 
such component is a compound of claim 31. 

38. A compound of claim 31, wherein R is alkyl of 1—11 
C atoms. 

39. A compound of claim 31, wherein R is alkoxy or 
alkanoyloxy of 1—12 C atoms. 

40. A compound of claim 31, wherein R is alkoxy, alkenyl 
or alkanoyloxy of 1—12 C atoms. 

41. A compound of claim 31, wherein halogen is ?uorine. 

Halogen 
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42. A compound of claim 31, wherein halogen is chlorine. 
43. A compound of claim 17, wherein R is alkyl of 1—11 

C atoms. 
44. A compound of claim 17, wherein R is alkoxy or 

alkanoyloxy of 1—12 C atoms. 
45. A compound of claim 17, wherein R is alkoxy, alkenyl 

or alkanoyloxy of 1—12 C atoms. 
46. A compound of claim 17, wherein R is alkyl, alkoxy or 

alkanoyloxy which has 1—12 C atoms in each case in the 
alkyl moiety. 

47. A compound of claim 24, wherein R is alkyl, alkoxy or 
alkanoyloxy which has 1—12 C atoms in each case in the 
alkyl moiety. 

48. A compound of claim 31, wherein R is alkyl, alkoxy or 
alkanoyloxy which has 1—12 C atoms in each case in the 
alkyl moiety. 

49. A compound of claim 17, wherein R is alkenyl which 
has 1—12 C atoms in each case in the alkyl moiety. 

50. A compound of claim 24, wherein R is alkenyl which 
has 1—12 C atoms in each case in the alkyl moiety. 

5]. A compound of claim 31, wherein R is alkenyl which 
has 1—12 C atoms in each case in the alkyl moiety. 

52. A compound of claim 21, wherein R is alkyl. 
53. A compound of claim 52 which is 
2-(trans-4-methyl-4’-bicyclohexyl)-1 -(2,4 

di?uorophenyl)-ethane 
2-(trans-4-ethyl-4 ’-bicyclohexyl)-1 -(2,4-di?uorophenyl) 

ethane 

2-(trans-4-propyl-4 ’-bicyclohexyl)-1 -(2,4 
di?uorophenyl)-ethane 

2-(trans-4-butyl-4 ’-bicyclohexyl)-1 -(2,4-di?uorophenyl) 
ethane 

2-(trans-4-pentyl-4 ’-bicyclohexyl)-1 -(2,4 
di?uorophenyl)-ethane 

2-(trans-4-hexyl-4 ’-bicyclohexyl)-1 -(2,4-difluorophenyl) 
ethane 

2-(trans-4-heptyl-4 ’-bicyclohexyl)-1 -(2,4 
di?uorophenyl)-ethane 

2-(trans-4-methyl-4’-bicyclohexyl)-1 -(3,4 
di?uorophenyl)-ethane 

2-(trans-4-ethyl-4 ’-bicyclohexyl)-1 -(3,4-di?uorophenyl) 
ethane 

2-(trans-4-propyl-4 ’-bicyclohexyl)-1 -(3,4 
di?uorophenyl)-ethane 
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2-(trans-4-butyl-4 ’-bicyclohexyl)-1 -(3,4-di?uorophenyl) 

ethane 

2-(trans-4-pentyl-4 ’-bicyclohexyl)-1 -(3,4 
di?uorophenyl)-ethane 

2-(trans-4-hexyl-4 ’-bicyclohexyl)-1 -(3,4-difluorophenyl) 
ethane, or 

2-(trans-4-heptyl-4 ’-bicyclohexyl)-1 -(3,4 
di?uorophenyl)-ethane. 

54. A compound of claim 28, wherein R is alkyl. 
55. A compound of claim 54 which is 

2-(4-trans-methylcyclohexyl)-1 -(2,4-di?uorophenyl) 
ethane 

2-(4-trans-ethylcyclohexyl)-1 -(2, 4-di?uorophenyl) 
ethane 

2-(4-trans-propylcyclohexyl)-1 -(2,4-di?uorophenyl) 
ethane 

2-(4-trans-butylcyclohexyl)-1 -(2,4-di?uorophenyl) 
ethane 

2-(4-trans-pentylcyclohexyl)-1 -(2,4-di?uorophenyl) 
ethane 

2-(4-trans-hexylcyclohexyl)-1 -(2,4-di?uorophenyl) 
ethane 

2-(4-trans-heptylcyclohexyl)-1 -(2,4-di?uorophenyl) 
ethane 

2-(4-trans-methylcyclohexyl)-1 -(3,4-di?uorophenyl) 
ethane 

2-(4-trans-ethylcyclohexyl)-1 -(3, 4-di?uorophenyl) 
ethane 

2-(4-trans-propylcyclohexyl)-1 -(3,4-di?uorophenyl) 
ethane 

2-(4-trans-butylcyclohexyl)-1 -(3,4-di?uorophenyl) 
ethane 

2-(4-trans-pentylcyclohexyl)-1 -(3,4-di?uorophenyl) 
ethane 

2-(4-trans-hexylcyclohexyl)-1 -(3,4-di?uorophenyl) 
ethane, or 

2-(4-trans-heptylcyclohexyl)-1 -(3,4-di?uorophenyl) 
ethane. 

56. A compound according to claim 7, wherein X3 is 
?uorine or chlorine. 


