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Description 

The invention relates to novel benzene 

derivatives of the formula X 

in 

3, 

is 

L y 

CnH2n+i-O~-+®-+s01-q)-x I 

z 

which n is from 1 to 7, Q is -(CH2)r-, where r is 2, 

4 or S, s is O, 1 or 2, t is 0 or 1, where s+t ~ 1, X 

F, Cl, -CF3 , -CN, -OCF3 or -OCHF2 , and Y, L and Z are 

in each case, independently of one another, H or F, 

where, in the case for X = -CN, s is 1 or 2 and/or Y = F, 

10 where, in view of the disclosures in documents 

EP-A-0 410 469 and EP-A-0 415 090 published in the 

interim, the following compounds are excluded for the 

contracting states DE and GB: 

15 
----....· @@@-F 

R = straight-chain alkyl having 1 to 7 carbon atoms 

l_.,. 20 

F 

R-OCH2CH2 --~F 

25 

30 

R = straight-chain alkyl having 1 to 7 carbon atoms 

y 
1 

R- OCH2CH2CH2 -@®®-F 
R = straight-chain alkyl having 1 to 7 carbon atoms 

'Y =hydrogen or fluorine 

R--OCH2CH2CH2-@@- CN 
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R = straight-chain alkyl having 1 to 5 carbon atoms 

.. R- OCH2CH2CH2 -@@®-cN 

5 R = straight-chain alkyl having 1 to 5 carbon atoms 

10 

15 

20 

25 

30 

F 

R- OCH:zCH2CH2 -©-©®-CN 
R = straight-chain alkyl having 1 ~o 5 carbon atoms 

and a liquid-crystalline medium for electro­
optical displays, having at least two liquid-crystalline 
components, characterized in that at least one component 
is a benzene derivative of the formula I, 

L y 

CnH2n+r0-Q I @-ts01$-x 1 

z 

in which n is from 1 to 7, Q is -(CB2)r-, where r is 1, 
2, 3, 4 or S, a is O, 1 or 2, t is 0 or 1, where s+t 2 1, 
X is P, Cl, -CP3 , -CH, -OCP3 or -OCID'2 , and Y, L and Z are 
each, independently of one another,, H or P, and the 

medium contains, as further constituents, one or more 
compounds of the formulae 1, 2, 3, 4 or 5: 

R'-L-B-R• 1 

R'-L-COO-B-R• 2 

R'-L-OOC-B-R" 3 

R' -L-CB2Clli-B-R" 4 

R' -L' -C.C-B-R• 5 

in which L and B, which may he identical or different, 
35 are in each case, independently of mie another, a 

divalent radical from the group formed hy -Phe-, -Cyc-, 
-Phe-Phe-, . -Phe-Cyc-, -Cyc-Cyc-, -Pyr-, -Dio-, -G-Phe­
and -G-Cyc-, and their mirror images, where Phe is 
unsubstituted or fluorine-substituted 1,4-phenylene, Cyc 
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is trana-1, 4-cyclohexylen.e or 1, 4-cyclohexenylene, Pyr is 

pyrimidine-2,5-diyl or pyridine-2,5-diyl, Dio is l,3-

dioxane-2,5-diyl and G is 2-(trans-1,4-cyclohexyl)ethyl, 

pyrimidine-2,S-diyl, pyridine-2,5-diyl or l,3-dioxane-

2,5-diyl, R' is alkyl, alkenyl, alkoxy, alkenyloxy or 

alkanoyloxy, each having up to ·e carbon atoms and a• is 

F, Cl, -cP,, -OCHP:a or -OCP,-

BP-A-0, 058, 981 discloses liquid crystals which 

carry a radical of the formula -~-0-c_H:a..1 (m = 1 to 

10 12). However, the compounds described therein do not 

15 

. 20 

25 

carry any fluorine-containing radicals and are pre­

dominantly liquid crystals having more or leas neutral 

dielectric anisotropy. The only dielectrically positive 

liquid crystal described is a compound of the formula 

C3H7-0-CH2 --@-@~cN 

JP 57-108,056-A and JP-A-5953459 disclose liquid crystals 

of the formula 

(n = 1 to 9 or 1 to 6; r = 1, 2 or 3) 

DB-A-32 37 020 discloses liquid crystals of the 

formula 

3 o (n = 1 to 8) • 

However, compounds of this type do not meet the 

high requirements regarding electrical resistance, as 

demanded, for example, for displays having an active 

matrix. In addition, compounds of this type have an 

35 extremely high temperature dependenc:e of the threshold 

voltage and clear points which are unusually low for 

benzonitriles. 
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Pinally, a compound of the formula 

5 is known from DB-A 36 31 611. 

Like similar compounds, for example those dis­

closed in German Off enlegungsachriften 2, 63 6, 684 and 

2, 356, 085, the compounds of the formula I are used as 

components of liquid-crystalline media, in particular for 

10 displays based on the principle of the twisted cell. 

15 

All the substances employed hitherto for this 

purpose have certain disadvantages, for example exces­

sively high melting points, excessively low clear points, 

inadequate stability to beat, light or electrical fields, 

inadequate electrical resistance, in particular at high 

temperatures and/or· under the action of UV radiation, 

unfavourable elastic properties for the particular 

application, and an excessive temperature dependence of 

the threshold voltage. 

2 O Zn particular in the case of displays of the 

25 

supertwist type (STN) having twist angles of considerably 

more than 220° or in the case of displays having an 

active matrix, the materials employed hitherto have 

disadvantages. · 

The invention had the object of finding novel 

liquid-crystalline compounds which are suitable as. 

components of liquid-crystalline media, in par;icular for 

nematic media having positive dielectric anisotropy, and 

which do not have the disadvantages of the kn.own com-

30 pounds, or only do so to a small extent. This object has 

been achieved hy the provision of the novel compounds of 

the foanula I and of liquid-crystalline media containing 

compounds of the formula x. 
:Et has been found that the compounds of the 

35 formula I are pre-eminently suitable as components of 

l.iquid-cryatalline media. They can be used, in par­

ticular, to obtain liquid-crystalline media having broad 

nematic ·ranges, excellent nematogeneity down to low 

temperatures, excellent chemical stability, excellent 
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elastic properties, a pronounced 1 J. with a positive 
dielectric anisotropy, low temperature dependence of the 
threshold voltage and/or low optical anisotropy. The 
novel compounds also exhibit good solubility for other 

5 components of media of this type an.d a high positive 
dielectric anisotropy at the same time as favourable 
viscosity. 

10 

The compounds of the formula I facilitate both 
STN displays having a very steep electro-optical charac­
teristic line and displays having an active matrix which 
have excellent long-term stability. . 'rhrough a suitable 
choice of r an.d n, the threshold vol tagea can. be con­
siderably reduced in both types of display. 

In the pure state, the compounds of the formula 
15 I .are colourless and form liquid-crystalline mesophases 

in a temperature range which is favourably located for 
electro-optical use. 

The invention thus relates to the compounds of 
the formula I and to the use of the compounds of the 

20 formula I as components of liquid-crystalline media, to 
liquid-crystalline media containing at least one compound 
of the formula r, an.d to electro-optical displays which 
contain media of this type. 

25 

Above and below, r, Q, n, a, t, L, X, Y and Z are 
as defined, unless expressly stated otherwise. 

ID the case where X is CN, preference is given to 
compounds where a • 2 and t = 0 o~ a • 1 and t =l (where 
Lis Hor preferably F). 

ID the compounds of the formula I, the alkyl 
30 groups ~1 are preferably straight-chain. Accordingly, 

CaH2D+l is preferably methyl, ethyl, n-propyl, n-butyl, n­
pentyl, n-hexyl or n-heptyl. n is preferably 1, 2, 3, 4 
or 5, particularly preferably 1. r is 2, 3,, 4 or S, 
preferably 2 or 3. In liquid-crystalline media according 

35 to Claim 8, r can. also be 1, in particular when 

a + t 1: 2. 

Compounds of the formula I containing branched 
alkyl groups may occasionally be important due to better 
solubility in the customary liquid-crysta1line base 
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materials, but in particular as chiral dopes, if they are 
optically active. Branched groups of this type generally 
contain not more than. one chain branch. Preferred 

branched alkyl radicals are isopropyl, 2-butyl 
5 (= 1-methylpropyl), isobutyl (= 2-methylpropyl), 

10 

15 

2-methylbutyl, isopentyl (• 3-methylbutyl), 2-methyl­
pentyl, 3-methylpentyl or 2-heptyl (= 1-methylhexyl). 

The radical ~X i• praferably 
z 

-@-x. -{§f.x or 
F 

~-x. 
F 

X is preferably P, Cl, -Cl'3 , -OCBl'2 or -OCP3 • 

Xn addition, the compounds of the formula X are 
prepared by methods known per ae, and described in. the 
literature (for example in. the standard works such as 
Bouben-Weyl, Methoden der Organischen Chemie [Methods of 

20 Organic Chemistry], Georg-Thieme-Verlag, Stuttgart}, to 
be precise under reaction conditions which are known and 
suitable for the reactions mentioned. Use may also be 
made here of variants which are known per se, but are not 
described here in greater detail. 

25 Xf desired, the starting materials can. also be 
formed in s~tu by not isolating them from the reaction 
mixture, but instead immediately reacting them further to 
form the compounds of the fonmla x. 

Precursors which are suitable for the synthesis 
3 O of the . compounds according to the invention can. be 

obtained, for example, by the following synthesis scheme: 

35 
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Scheme 1a: 

y 

'Br-<y}-x 
z 

OH Y 

ROOC-Ql <y)-x 
z 

+ 
1. H /-H20 

2. H2/Pd 

- 7 -

l. BuLi/-70° 
2. TiCl(OiPr)

3
/THF 

3. ROOC-Q=O 

l. H• /-H
2
o 

2. Chloranil 
3 . Reduction 

~ 3. XOH/E~OH 
y y 

I 

HOOC-Q·<r-x ------> C H •OOC-Q-1·X D 2n+l 
CnH2o+l·OH 

x 
Naff I 

----.> C H -O-CH -Q-®-X 
I D 2u+l 2 'f" 

CnB2n+l· Z 

ox. 
y 

,Y 
. OCH-Q-<r-X c K -o-CH=CH-Q-@-x 

11 2n+J I 
z 

15 Scheme 1b: 

By repeating this reaction sequence analogously, 

the compounds where r = 4 or 5 can be obtained. 

20 The Grignard compound obtained from the cor-

responding bromobenzene derivative is reacted with 

ch1orotrialky1 orthotitanate or orthozirconate in ac­

cordance with WO 87/05599 to give the tertiary cyclohex­

anol. Elimination of water, hydrogenation of the double 
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y 

HOCH ·@-©-x 
2 J . 

z 

y , 
OCH~X 

z 

- 8 -

I 
I 
I 

THF /HC1/H20 I 
<-----

bond and isomerization give the trans-cyc1ohexanecar­

boxylie acid ester by customary methods. Prom the 

latter, customary standard processes give the aldehydes 

which are suitable for the eom.pounda according to the 

invention, which can be obtained from the former by the 

Wittig synthesis and subsequent hydrogenation of the 

double bond. 

Some of the bromobenzene derivatives used as 

starting materials are known, and some can be obtained 

without difficulties from compounds known from the 

literature by standard methods of organic chemistry. :ror 

example, the OCP, or OCBF2 compounds can be obtained l?Y 

known. processes from the corresponding phenols and the 

~F3 or CH com.pounds can be obtained from the 

15 corresponding benzoic acids. Compounds of the formula 

20 
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or alternatively corresponding monofluorinated compounds 

can be obtained, for example, from the known precursors 

where X • B by lithiiation at low temperatures with 

subsequent reaction with a suitable electrophile. 

The homologization indicated in the above reac­

tion scheme can also be carried out by other standard 

methods known to those skilled in the art. 
The compounds according to the invention where s 

= 2 and t = 0 are synthesized in accordance with the 

following synthesis scheme (R = n-alltyl): 

·cnB2n+l-o-(CB2>rD@-oR 

KOT 
NMP/160° 

C H -O-(CH2 ) -~OB 
n 2n+l r~ 

2. Jones-oxidation 

y 

1. Orignard reaction with MfJBr~X 
z 

" 2. Elimination of water and hydrogenation 

+ 3. Xaomeriaation 
y 

C .H -0-(CH-) ~X 
n 2n+l --z r \_J \__/ \.f'" 

The starting materials can be obtained as follows: 
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Br-@-oR 

l. BuLi/-70° 
2. TiCl(OiPr)3/TBF 

3. Rooc-(}o 

OH 

Rooc-o@-OR 
~<f H+/-B2

0 
"' 
~ R2/Pd 

\..,.·· ; 

ROOc{)©-01 
,i. ti.Alli 4 

"' 

NaH ----> C H2 +1-o-_CH2~0R c B - I .11 D "--T\::../. 
D 2n+l 

OCH-G©-OR 
C H -o-CH=CH-~OR 

D 2.n+l ~ 

5 

~ H
2
/Pd-C 

CnH2n+J-O(CH2 ) 2~oR 
nlF/JtCl/H2o <----....=.--
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C H -~CH=CB-CH fl.../0\.-oR 
n2n+l 2~ 

~ H2/Pd-C 

CnHla+1-0-(CH2)3~0R 
THF/HC1/R20 <--------

By repeating this reaction sequence analogously, 
the compounds where r = 4 or S can be obtained. 

A further way of preparing the preferred com­
pounds where r = 3 and n = 1 is indicated below: 

ao-~D©oR 

.ICH2D0oR 

1. TsCl/pyridine 
2. NaI/acetone 

C2-homologization by the malonic ester 
synthesis and reduction using LiAlH4 

NaB/MeI 

25 A further possible synthesis for compounds where 

30 

a • 2 and t • O and a possible synthesis for compounds 
where s = t • 1 is shown in the scheme below: 
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ao-@0cooa 

ox 
-> oOQ-cooa 

2. -~o 
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Et OB 

aoDQcooH 

o{)Q-cooE~ 

l. Chloranil 

2. OB9 

The · compounds according to the invention are 

15 .obtained entirely analogously to the aboveme:ntioned 

synthesis schemes by homologization of the cyclohexane­

carboxylic acids or the corresponding aldehydes. 

20 

25 

The compounds of the formula :C where t = 1 and L 

= P are obtained entirely analogously to the first 

synthesis scheme (preparation of compounds where s = 1 

and t = 0) by using 

F I . 
Br-0-©-x 

z 

in place of the bromobenzene derivative. The bromobi­

.phenyl compound can be prepared in a manner known. per se 

by coupling reactions catalysed by noble metals 

30 (E. Poetsch. Kontakte (Darmstadt) 1988 (2). p. 15). 

Compounds where t = 1 and L • B or P may also be 

obtained by Pd(O)-catalysed couplings of boric acids of 

the f ormul.a A 
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A 

with Br~X by the -thod Of SUzulti et: al. 

Alt:ernat:ively, (BD) 2B~X aan also be coupled 

z 

with appropriate halides, such as, for example, iodides 

of the formula B 

B 

(L =Hor P). 

The boric acids A can be obtained from the 

corresponding bromides, which are themse1ves prepared in 

15 accordance with scheme I (X =Br, Z = H, Y = P or B). 

20 

The iodides B can be prepared analogously or the 

compound of the formula 

25 is prepared. entirely analogously to schema 1 from 

m-bromofluorobenzene and converted into B by ortho­

metallation using ltOT/BuLi at -100° with subsequent 

treatment with iodine. 

The liquid-crystalline media according to the 

30 invention preferably contain 2 to 40, in particular 4 to 

30, components as further constituents besides one or 

more compounds according to the invention. 'l'hese media 
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very particularly preferably contain 7 to 25 components 
besides one or more compounds according to the invention. 
These further constituents are preferably selected from 
nematic or nematogenic (monotropic or isotropic) 

5 substances, in particular substances from the classes of 
the biphenyls, terphenyls, phenyl or cyclohexyl 
benzoates, phenyl or cyclohexyl esters of cyclohexane­
carboxylic acid, phenyl or cyclohexyl esters of cyclo­
hexylbenzoic acid, phenyl or cyclohexyl eaters of cyclo-

10 

15 

hexylcyclohexanecarboxylic acid, cyclohexylphenyl esters 
of benzoic acid, of cyclohexanecarboxylic acid and of 
cyclohexylcyclohexanecarboxylicacid,phenylcyclohexanea, 
cyclohexylbiphenyls, phenylcyclohexylcyclohexanes, 
cyclohexylcyclohexanes, cyclohexylcyclohexenes·, cyclo-
bexylcyclohexylcyclohaxenes, 1,4-bis-cyclohaxylbenzenes, 
4,4'-bis-cyclohexylbiphenyls, phenyl- or cyclobexyl­
pyrimidines, phenyl- or cyclohexylpyridines, phenyl- or 
cyclohexyldioxanes, phenyl- or cyclohexyl-1,3-dithianes, 
l,2-diphenylethanes,l,2-dicyolohexylethanes,1-phenyl-2-

20 cyclohexylethanes, 1-cyclohexyl-2-(4-phenylcyclohexyl)­
etbanes, 1-cyolohexyl-2-biphenylylethanes, l-phenyl-2-
cyclohexylphenylethanes and tolans. 

25 

30 

35 

The 1,4-phenylene groups in these compounds may 
also be fluorinated. 

The most important compounds suitable as further 
constituents of media according to the invention can be 
characterized by the formulae 1, 2, 3, 4 and 5: 

R'-L-E-R• 1 

R'-L-COO-B-R" 2 

R'-L-OOC-B-R• 3 

R' -L-~C!li-B-R• 4 

R'-L-CEC-B-R" 5 

Zn the formulae 1, 2, 3, 4 and 5, L and B, which 
may be identical or different, are in each case, indepen­
dently of one another, a divalent radical from the group 
formed by -Phe-, -Cyc-, -Phe-Phe, -Phe-Cyc-, -Cyc-Cyc-, 
-Pyr-, -Dio-, -G-Phe- and -G-Cyc- and their mirror 
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images, where Phe is unsubstituted or fluorine-substi­

tuted 1,4-phenylene, Cyc is trans-1,4-cyclohexylene or 

1, 4-cyclohexenylene, Pyr is pyrimidine-2, 5-diyl or 

pyridine-2,5-cliyl, Dio is 1,3-dioxane-2,5-diyl and G is 

5 2-(trans-1,4-cyclohexyl)ethyl, pyrimidine-2,5-diyl, 

PYJ:idine-2,5-diyl or l,3-dioxane-2,5-diyl. 

10 

15 

20 

25 

One of the radicals L and B is preferably Cyc, 

Phe or Pyr. B is preferably Cyc, Phe or Phe-Cyc. The 

media according to tbe invention preferably contain one 

or more components selected from the compounds of the 

formulae 1, 2, 3, 4 and 5 in which L and B are selected 

from the group comprising Cyc, Phe and Pyr and simul­

taneously one or more components selected from the 

compounds of the formulae 1, 2, 3, 4 and 5 in which one 

of the radicals L ·and B is selected from the group 

comprising Cyc, Phe and Pyr and the other radical is 

selected from the group comprising -Phe-Phe-, -Phe-Cyc-, 

-Cyc-Cyc-, -G-Phe- and -G .. eyc-, and optionally one or 

more components selected from the compounds of the 

formulae 1, 2, 3, 4 and 5 in which the radicals L and B 

are selected from tbe group comprising -Phe-Cyc-, 

-Cyc-Cyc-, -G-Phe- and -G-Cyc-. 
In the compounds of the sub-formulae la, 2a, 3a, 

4a and Sa, R' and R• are in each case, independently of 

one another, alkyl, alkenyl, alkoxy, alkenyloxy or 

alkanoyloxy having up to 8 carbon atoms. In most of these 

compounds, R' and R• are different from one another, one 

of these radicals usually being alkyl or alkenyl. Xn the 

compounds of the sub-formulae lb, 2b, 3b, 4b and Sb, a• 
30 is -CN, -CP3 , -OCBP2 , -OCP3 , P, Cl or -NCS; in this case, 

R has the meaning given for the compounds of the sub­

formulae la to Sa and is preferably alkyl or alkenyl. a• 
is particularly preferably selected from the group 

. consisting of -r, Cl, CP3 , -OCBl'2 and -OCP3 • However, 

35 other variants of the proposed substituents in the 

compounds of the formulae l, 2, 3, 4 and 5 are also 

common. Kany such substances or alternatively mixtures 

thereof are commercially available. All these substances 

can be obtained by methods which are known from the 
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literature or analogously thereto. 

Besides components from the group comprising the 
compounds la, 2a, 3a, ta and Sa (Group 1) , the media accord­
ing to the invention also preferably contain components 

5 from ·the group comprising the compounds 1b, 2b, 3b, 4b 

and Sb (Group 2), whose proportions are preferably as 
follows: 

10 

15 

20 

25 

Group 1: 20 to 90%, in particular 30 to 90\, 
Group 2: 1·0 to 80\, in particular 10 to 50\, 
the sum of the proportions of the compounds according to 
the invention and of the compounds from Groups 1 and 2 
adding up to 100\. 

The :media according to the invention preferably 
contain 1 to 40\, in particular preferably 5 to 30\, of 
compounds according to the invention. Further preferred 
media are those which contain more than 40\, in parti­
cular 45 to 90\, of compounds according to the invention. 
The media preferably contain three, four or five com­
pounds according to the invention. 

The media according to the invention are prepared 
in a manner which is customary per se. Zn general, the 
components are dissolved in one another, expediently at 
elevated temperature. By means of suitable additives, the 
liquid-crystalline phases can be modified in accordance 
with the invention in a manner such that they can be used 
in all types of liquid-crystal display elements which 
have hitherto been disclosed. Additives of thi,s type are 
known to those skilled in the art and are described in 
detail in the literature (B. Eelker/R. Batz, Handbook of 

30 Liquid Crystals, Verlag Chemie, Weinheim, 1980). For 

35 

example, pleochroic dyes can be added for the production 
of coloured guest-host systems, or substances can be 
added to modify the dielectric anisotropy, the viscosity 
and/or the orientation of the nematic phases. 

The examples below are intended to illustrate 
the invention without representing a 1imitation. mp. = 
melting point, cp. • clear point. Above and below, 
percentages are per cent by weight; all temperatures are 
indicated in degrees Celsius. •Customary work-up• means 
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that water is added, the mixture is extracted with 
methylene chloride, the organic phase is separated off, 
dried and evaporated, the product is purified by crystal­

lization and/or chromatography. 
:In addition, the abbreviations have the ·following 

meanings: 
c: crystalline-solid state, S: smeatic phase (the index 
characterizes the phase type) , N: nematic state, Ch: 
cholesteric phase, I: isotropic phase. The number between 
two symbols indicates the conversion temperature in 

degrees 
DAST 
DCC 
DDQ 
D:CBALB 
DMSO 
POT 
THI' 

pTSOB 

Celsius. 
Diethylaminosulfur trifluoride 
Dicyclohexylcarbodiimide 
Dichlorodicyanobenzoquinone 
Diisobutylaluminium hydride 
Dimethyl sulf oxide 
Potassium tertiary-butanolate 
Tetrahydrofuran 
p-Toluenesulfonic acid 
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Example 1 

Hydrogenation of 1-methoxy-2-[trans-4-[p-tri-
fluoromethylphenyl)cyclohexyl]ethene [obtainable fromp-

5 hromotrif luorotoluene by the above synthesis scheme] on 
Pd/C and customary work-up give trans-4-methoxyethyl-(p-
trifluoromethylphenyl)cyclohexane. 

~I 
Examples 2 to 61 

10 

The following compoUZ1ds (Q = -<CBi>~-, t = 0) are 
obtained analogously to Example l from the corresponding 

vinyl ethers: 

15 

r n 8 x y z 

(2) 2 2 1 -CP3 H II 

20 (3) 3 1 1 -CP3 H H 

(4) 4 1 1 -Cl':s H H 

(5) 2 1 1 p H H 

(6) 3 1 1 p II H 

(7) 4 2 1 p B H 

25 (8) 2 l 1 Cl H H 

(9) 3 1 l Cl H H 

v (10) 4 2 1 Cl H B 

(11) 2 1 l -OCP3 H H 

(12) 3 1 l -OCP3 H H 

30 (13) 4 2 1 -OCP3 H ll 

(14) 2 1 1 -OCHP2 H H 

(15) 3 l l -OCHP2 H H 

(16) 4 2 l -OCHP2 B B 

(17) 2 1 1 -CN p H 

35 (18) 3 l 1 -CN p H 

(19) 4 2 1 -CH p H 

(20) 2 l 1 -CN p P* 
(21) 3 1 1 -CN F P* 
(22) 4 2 1 -CN F P* 

40 
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r n 8 x y z 

(23) 2 1 1 p F B 

5 (24) 3 1 1 p p H 

(25) 4 ·2 1 p p H 

(26) 2 1 1 Cl p B 

(27) 3 1 l Cl p B 

(28) . 4 2 1 Cl F H 

I ' 
10 (29) 2 1 1 CF3 

p B - (30) 3 1 1 er, 'I! B 

(31) 4 2 l CP3 
p H 

(32) 2 2 2 -er, H B 

(33) 3 1 2 -Cl's H H 
v 

15 (34) 4 1 2 -Cl", H B 

(35) 2 1 2 F H H 

(36) 3 1 2 p H H 

(37) 4 2 2 F B B 

(38) 2 1 2 Cl B H 

20 (39) 3 1 2 Cl B B 

(40) 4 2 2 Cl H B 

(41) 2 1 2 -OCP3 R H 

(42) 3 1 2 -OCP3 H H 

C51S.105B 158.SI 

25 (43) 4 2 2 -OCl'3 ·B H 

(44) 2 1 2 ~OCBP2 B H 

\,_.--' (45) 3 1 2 -OCHl'2 B H 

(46) 4 2 2 -OCBP2 H B 

(47) 2 1 2 -CN I' B 

30 (48) 3 1 2 -CN I' B 

(49) 4 2 2 -CH I' B 

(50) 2 1 2 -CH I' I'* 

(51) 3 1 2 -CH I' I'* 

(52) 4 2 2 -CH I' I'* 

35 (53) 2 1 2 I' I' B 

(54) 3 1 2 I' p H 

(55) 4 2 2 I' I' B 

(56) 2 1 2 Cl p H 

(51) 3 1 2 Cl I' B 

40 (58) 4 2 2 Cl I' B 
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(59) 2 1 2 CP3 
p H 

(60) 3 1 2 CP3 
p H 

(61) 4 2 2 Cl', I' H 

* Z in the ortho position to x 

Example 62 

0.1 mol of magnesium and 0.1 mol of p-bromotri­

fluoromethoxybenzene are reacted under an N2 atmosphere 

in '?'BP to give the corresponding Grignard compound, to 

which is added 0.1 mol of 4-(trans-4-(4-oxapentyl)cyclo­

hexyl)cyclohexanone, and the reaction :mixture is stirred 

at the boil for l hour. The mixture is subjected to 

customary work-up, and the reaction product is dehydrated 

on a water separator by boiling with p-toluenesulfonic 

acid in toluene. The reaction product is subsequently 

hydrogenated on a Pd/C catalyst. After customary basic 

isomerization, the isomers are resolved by chromatography 

or by crystallization, to give ·trans,trans-4-(4-oxa­

pentyl)-4'-(p-trifluoromethoxyphenyl)bicyclohexyl, C 51 

S8 105 lf 158.8 I. 

Example 63 

A solution of 0.2 mol of p-toluenesulfonyl 

chloride in 75 ml of toluene is added dropwise to a 

solution of 0.2 mol of p-(3,4-difluorophenyl)phenethyl 

alcohol in 150 ml of pyridine with cooling at such a rate 

that the reaction temperature does not exceed 10°C. 

Stirring is continued overnight at room temperature, 

35 250 ml of toluene are added, and the mixture is washed 

successively with water, 6 lf HCl solution, water, 2 N 

NaOH solution and water. The p-toluenesulfonic acid 

•ster is purified by crystallization after removal of the 

organic solvent •. A solution of 0.4 mol of the resultant 

40 p-toluenesulfon:i.c acid ester in 500 ml of toluene is 
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added to a sodium methoxide solution obtained from 250 ml 
of methanol and 0.6 mol of metallic sodium. The mixture 
is refluxed for 3 hours and then subjected to customary 
work-up, to give 4-methoxyethyl-3',4'-difluorobiphenyl. 

Bxmaples are given below of media containing at 
least one compound of the formula X: 

Example A 

A mixture comprising 

7% of trans-4-methoxyethyl(p-trifluoromethyl-
phenylphenyl)cyclohexane, 

5% of p·- ( trans-4-butylcyc::lohexyl) benzoni trile, 
24% of p-{trans-4-pentylcyc::lohexyl)fluoro-

benzene, 
14% of p-(trana-4-heptylc::yc::lohexyl)fluoro-

benzene, 
15% of 2-[trans-4-(3,4-difluorophenyl)cyclo-

hexyl]-5-butyl-1,3-dioxane, 
18% of 2-[trans-4-(p-fluorophenyl)cyclohexyl]-5-

ethyl-1,3-dioxane and 
17% of 2-[trans-4-(p-fluorophenyl)cyclohexyl]-5-

propyl-1,3-dioxane 
has a high elec::trical resistance. 

Example B 

30 A mixture comprising 

35 

7% of 

5% of 
24% of 

14% of 

trans-4-methoxymethyl-(p-trifluoromethyl­
phenylphenyl)cyclohexane, 
p-(trans-4-butylcyclohexyl)benzonitrile, 
p-(trans-4-pentylcyclohexyl)fluoro­
benzene, 
p-(trans-4-heptylcyclohexyl)fluoro­
banzane,. 
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2-[trana-4-(3,4-difluorophenyl)cyclo­
hexylJ-5-butyl-1,3-dioxane, 

2-[trans-4-(p-fluor~henyl)ayclohexyl]-5-

ethyl-1,3-dioxane and 
2-[trans-4-(p-fluorophenyl)cyclohexyl]-5-
propyl-l,3-dioxane 

has a high electrical resistance. 

Example C 

A mixture comprising 
7% of 
S\ of 

24% of 

14% of 

15% of 

18% of 

17% of 

4-methoxymethyl-3',4'-difluorobiphenyl, 
p-(trans-4-butylcyclohexyl)benzonitrile, 
p-(trana-4-pentylcyclohexyl)fluoro-
benzene, 
p-(trans-4-heptylcyclohexyl)fluoro­
benzene, 
2-[trans-4-(3,4-difluorophenyl)cyclo­
hexyl]-5-butyl-1,3-dioxa.ne, 
2-[trans-4-(p-fluorophenyl)cyclohexyl]-5-
ethyl-1,3-dioxane and 
2-[trana-4-(p-fluorophenyl)cyclohexyl]-S­
propyl-1,3-dioxane 

has a high electrical resistance. 
Further preferred compounds according to the 

invention are given below (Q = (Clla)r, L • Z = H, Y = F, 
X =Cl): 

n 

1 

1 

1 

1 

r 

2 

3 

4 

5 

B 

1 

1 

1 

1 

t 

0 

0 

0 

0 
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Patent c1aims for the contracting states DB and GB 
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1. Benzene derivatives of the formula I 111111111111111111111111111111 
* C L M S * L y 

CnH2n+i-O-Q -r-@-i s0 4 X I 

z 

5 in which n is from 1 to 7, Q is -(CH2)r-, where r is 2, 

3, 4 or 5, s is 0, 1 or 2, t is 0 or 1, where s+t ~ 1, X 

is F, Cl, -CF31 -CN, -OCF3 or -OCID'21 and Y, L and z are 
in each case, independently of one another, H or F, 

where, in the case for X = -CN, s is 1 or 2 and/or Y = F, 

10 with the proviso that the following compounds are exclud-

ed: 

-@@©-F 

15 R = straight-chain alkyl having 1 to 7 carbon atoms 

20 

25 

30 

F 

R- OCH2CH2--~F 

R = straight-chain alkyl having 1 to 7 carbon atoms 

y 
1' 

R- OCH2CH2CH2-@G.:©- F 

R = straight-chain alkyl having 1 to 7 carbon atoms 

Y = hydrogen or fluorine 

R = straight-chain alkyl having 1 to 5 carbon atoms 
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R = straight-chain alkyl having 1 to S carbon atoms 

F 

CN 

R = straight-chain alkyl having l to S carbon atoms 
2. Benzene derivatives according to Claim l, charac-
terized in that n • l. 

3. Benzene derivatives according to Claim 1 or 2, 

characterized in that X • CN, Y = P and z = H. 
4. Benzene derivatives according to Claim 1 or 2, 

characterized in that X = F, Cl, -CF3 , -OCB1'2 or -OCF3 • 

5. Benzene derivatives according to Claim 4, charac-

terized in that Y • Z = H. 
2 0 6. Benzene derivatives according to Claim 4, charac­

terized in that Y • F and Z = H. 

25 

30 

7. Use of the benzene derivatives of the formula z 
according to Claim 1 as components of liquid-crystalline 
media for electro-optical displays. 
8. Liquid-crystalline medium for electro-optical 

displays, having at least two liquid-crystalline com­
ponents, characterized in that at least one component is 
a benzene derivative of the formula X, 

L y 

CnH2n+1-0-Q-l-@-h+@h~X I 

z 
35 in which n is from l to 7, Q is -(CJli)r-, where r is 1, 

2, 3, 4 or 5, s is 0, 1 or 2, t is O or 1, where s+t ~ 1, 
x is F, Cl, -cl',, -CH, -OCl'3 or -OCBl'2 , and Y, L and z are 
each, independently of one another, B or I', and the 
medium contains, as further constituents, one or more 
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compounds of the formulae 1, 2, 3, 4 or 5: 

R'-L-E~R" J 

R'-L-COO-E-R" 2 

R'-L-OOC-E-R" 3 

R'-L-CH2CH2-E-R" 4 

R'-L-C e C-E-R" 5 

in which L and B, which may be identical or different, 
are in each case, independently of one another, a 
divalent radical from the group formed by -Phe-, -Cyc-, 
-Phe-Phe-, -Phe-Cyc-, -Cyc-Cyc-, -Pyr-, -Dio-, -G-Phe­

and -G-Cyc-, and their mirror images, where Phe is 

uns~stituted or fluorine-substituted 1,4-phenylene, Cyc 

is trans-1,4-cyclohexylene or 1,4-cyclohexenylene, Pyr is 
pyrimidine-2,5-diyl or pyric:line-2,S-cliyl, Dio is 1,3-
dioxane-2, S-diyl and G is 2-(trans-1,4-cyclohexyl)ethyl, 
pyrimidine-2,5-diyl, pyridine-2,5-diyl or 1,3-dioxane-
2,S-diyl, R' is alkyl, alkenyl, alkoxy, alkenyloxy or 
alkanoyloxy, each having up to 8 carbon atoms and a• is 

P, Cl, -CP,, -OCHP2 or .. ocF,. 

9. Medium according to Claim 8, characterized in 
that it contains a benzene derivative of the formula I 
according to Claim 1. 
10. Liquid-crystalline medium for electro-optical 
displays, having at least two liquid-crystalline com­
ponents, characterized in that at least one component is 
a benzene derivative of the formula I according to Claim 

1. 

11. Blectro-optical display based on a liquid-crystal 
cell, characterized in that the liquid-crystal cell 
contains a medium according to Claim 8, 9 or 10. 
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Patent claims for the contracting states PR, XT and RL 

1. Benzene derivatives of the formula I 

L y 

CnH2n+J 0-Q- [-0+st0h-¢-X 
z 

I 

10 in which n is from 1 to 7, Q is -(C~)r-, where r is 2, 

3, 4 or 5, s is 0, 1 or 2, t is 0 or 1, where s+t ~ 1, X 

is F, Cl, -CF3 , -CN, -OCF3 or -OCBF2 , and Y, L and Z are 

in each case, independently of one another, H or F, 

where, in the case for X = -CN, s is 1 or 2 and/or Y = F. 

15 2. Benzene derivatives according to Claim 1, charac­

terized in that n = 1. 

3. Benzene derivatives according to Claim 1 or 2, 

characterized in that X = CN, Y = F and Z = H. 

4. Benzene derivatives according to Claim 1 or 2, 

20 characterized in that X = F, Cl, -CF3 , -OCHF2 or -OCF3 • 

5. Benzene derivatives according to Claim 4, charac-

terized in that Y = Z = H. 

6. Benzene derivatives according to Claim 4, charac~ 

terized in that Y = F and Z = H. 

25 7. Use of the benzene derivatives of the formula I 

according to Claim 1 as components of liquid-crystalline 

media for electro-optical displays. 

8. Liquid-crystalline medium for electro-optical 

, displays, having at least two liquid-crystalline com-

30 ponents, char.acterized in that at least one component is 

a benzene derivative of the formula I, 
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L y 

CnH2n+1 O-Q--t-@-ts0i-¢-x I 
z 

in which n is from. 1 to 7, Q is -(CJri)r-, where r ia 1. 

2, 3, 4 or 5, s ia o. 1 or 2, t ia O or 1, where s+t ~ 1, 

X is 'I!, Cl, -CP3, -CH, -OC'l13 or -OCHP2 , and Y. L and Z are 

each, independently of one another. H or P. and the 

medium contains, as further constituents, one or more 

compounds of the formulae 1, 2. 3. 4 or 5: 

R'-L-E-R'' 1 

R'-L-COO-E-R" 2 

R'-L-OOC-E-R" 3 

R'-L-CH2CH2-E-R" 4 

R'-L-C = C-E-R" s 

in which L and B, which may be identical or different, 

20 are in each case,, independently of one another, a 

divalent radical from the group formed by -Phe-. -Cyc-, 

-Phe-Phe-, -Phe-Cyc-, -Cyc-Cyc-, -Pyr-, -Dio-, · -G-Phe­

and -G-Cyc-, and their mirror images, where Phe ia 

unsubstituted or fluorine-substituted 1,4-phenylene. Cyc 

25 is trans-1,4-cyclohexylene or 1,4-cyclohexenylene. Pyr is 

pyrimidine-2, 5-diyl or pyridine-2. 5-diyl, Dio is 1, 3 -

dioxane-2.S-diyl and G is 2-(trans-1,4-cyclohexyl)ethyl, 

pyrimidine-2,5-diyl. pyridine-2,S-diyl or 1,3-dioxane-

2, 5-diyl,, R • is alkyl, alkenyl, alkoxy, alkenyloxy or 

30 alkanoyloxy, each having up to 8 carbon atoms and a• is 

'I!, Cl, -cl',, -OCBl'2 or -OCF3. 

9. Medium according to Claim 8, characterized in 

that it contains a benzene derivative of the formula X 

according to Claim 1. 

35 10. Liquid-.crystalline medium for electro-optical 

displays, having at least two liquid-crystalline com­

ponents, characterized in that at least one component ia 

a benzene derivative of the formula X according to Claim 

1. 
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11. Blectro-optical display based OD a liquid-crystal 

cell, characterized in that the liquid-crystal cell 
contains a medium according to Claim 8, 9 or 10. 


