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Description 
The invention relates to a liquid-crystalline 

phase containing tolans of the formula I 

I 

5 in which 

R1 and R2 are each, independently of one another, alkyl 
having up to 15 carbon atoms in which, in addition, one 
or two non-adjacent CB2 groups may be replaced by -o-, 
and one of the radicals R1 and R2 is alternatively -OCF3 , 

,._. 10 CF31 fluorine or chlorine, 

15 

20 

A1 is unsubstituted 1,4-phenylene or trans-1,4-
cyclohexylene, 

m is 0 or 1, 

and 

A3 and A4 are each, independently of one another, 1,4-
phenylene which is unsubstituted or monosubstituted or 
polysubstituted by fluorine, 

with the provisos that either 
a) the tol~ns of the formula I contain a 2,3-difluoro-
1,4-phenylene group, or 

b) R1 or R2 is -CF3 , or OCF31 

or that 

c) in the case where m = 0 and A3 and A4 • unsubstituted 
25 1,4-phenylene, R1 is ethoxy, propoxy, butoxy, pentoxy, 

hexoxy or heptoxy, and R2 is fluorine, or· one of · the 
radicals R1 and R2 i~ an alkyl group in which at least two 
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d) compounds where m • 0 and A3 and/ or A• = monosub­
stituted 1,4-phenylene are excluded, 

e) in the case where A3 and A4 • unsubstituted 1, 4-

.phenylene, m • l and Z1 • a single bond, one of the 

5 radicals R1 and R2 is an alkoxy group and the other is 
then alkyl, 

·and contains, as the most important further constituents, 

compounds of the formula V 

R'-L-G-E-R7 v 

10 in which L and B are each a carbocyclic or heterocyclic 

ring system from the group formed by 1,4-disubstituted 

cyclohexane rings, 4,4-disubstituted phenylcyclohexane 

and cyclohexylcyclohexane systems, 2,5-disubstituted 

pyrimidine and 1,3-dioxane rings, 2,6-disubstituted 

15 naphthalene, d~- and tetrahydronaphthalene, quinazoline · 

and tetrahydroquinazoline, 

G is -CB•CB- -N(O)•N-
-CB•CY- -CB•N(O)-
-C•C -c~-CR2-

20 -co-o- -CB2-0-
-co-s- -CB2-S-
-CH•N- -coo-Phe-coo-

or a c-c single bond, 

Y is chlorine or -CH, and 

25 R' and R7 are alkyl, alkoxy, alkanoyloxy or alkoxy­
carbonyloxy having up to 8 carbon atoms, or one of these 
radicals is alternatively CN, NC, N02 , CP3 , F, Cl or Br, 

and also to preferred tolans of the formula I. 
The invention also relates .to the use of these 

30 tolans as components of liquid-crystalline phases for 
electro-optical display elements based on the BCB effect. 
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Por the sake of simplicity, in the following Phe 
is an unsubstituted 1,4-phenylene group, PheX is a mono­
substituted or polysubstituted 1,4-phenylene group (X is 
halogen and/or nitrile), Cyc is a trans-1,4-cyclohexylene 
group, Dio is a 1,3-dioxane-2,S-diyl. group, Pyd is a 
pyridine-2,5-diyl group, Pyr is a pyrimidine-2,S-diyl 
group, Dit is a 1,3-dithian-2,S-diyl group and Bea is a 
l,4-bicyclo[2.2.2]-octylene group. 

The compounds of the formula I can be used as 
10 components of liquid-crystalline phases, in particular 

for displays which are based on the principle of the 
twisted cell, the guest-host effect, the effect of the 
deformation of aligned phases or the effect of dynamic 
scattering. 

15 

20 

Compounds of the formula I are preferably also 
suitable for use as components in liquid-crystalline 
phases for displays which are based on the BCB effect • 

. Similar compounds are disclosed for example in GB 
2155 465 A or PR 2234 261, and in Mol. Cryst. and Liq. 
Cryst. 62, 127 (1980) 1 Chem. Abs., ,ll, No. 166967 s 
(1977)1 BP-A-0 255 7001 BP-A-0 276 0671 DB-A-25 04 641 
and WO-A-88/02130. 

The object of the invention was to provide new 
stable liquid-crystalline or mesogenic compounds which 

2·5 are suitable as components of liquid-crystalline phases. 
This object has been achieved by the provision of the 
compounds of the formula I. 

It has been found that the compounds of the 
formula I are highly suitable as components of liquid-

30 crystalline phases. In particular, stable liquid­
crystalline phases having relatively high optical aniso­
tropy and pronounced negative dielectric anisotropy can 
be prepared with · the help of these compounds. 
Accordingly, the substances of the formula I are 

35 preferably suitable for use in mixtures for ECB effects. 
The BCB effect (electrically controlled birefrin­

gence) or also the DAP effect (deformation of ·aligned 
phases) was first described in 1971 (M.P. Schieckel and 
K. Pahrenschon, "Deformation of nematic liquid crystals 
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with vertical orientation in electrical fields•, Appl. 
Phys. Lett. ll ( 1971), 3912). This was followed by papers 
by J.F. Kahn (Appl. Phys. Lett. ll (1972), 1193) and 
G. Labrunie and J. Robert ( J. Appl.· Phys. il ( 197 J) , 

4869) •. 
The papers by J. Robert and F. Clerc (SID 80 

Digest Techn. Papers (1980), 30), J. Duchene (Displays 7 
(1986), 3) and B. Schad (SID 82 Digest Techn. Papers 
(1982), 244) have shown that liquid-crystalline phases 
must have high values for the ratio of the elasticity 
constants K3/K1 , high values for the optical anisotropy An 
and negative values for the dielectric anisotropy Ae, so 
that they can be used for high information density 
display elements based on the BCB effect. 

Electro-optical display elements based on the BCB 
effect exhibit a homeotropic edge orientation, that is to­
say the liquid-crystalline phase has a negative dielect­
ric ani.aotropy. 

For the industrial application of this effect in 
20 electro~optical display -elements, LC phases are required 

which must satisfy numerous requirements. Of particular 
importance in this context are the chemical resistance to 
moisture, air and physical influences such as heat 1 

radiation in the infrared, visible and ultraviolet range 
25 and electric direct fields and alternating fields. LC 

phases which can be used industrially must also have a 
liquid-crystalline mesophase in a suitable temperature 
range and a low viscosity._ 

There is not a single compound which fulfils all 

30 of these requirements in any of the hitherto known series 
of compounds having a liquid-crystalline mesophase. Thus 
mixtures of 2 to 25, preferably 3 to 18 compounds are 
generally preparedi in order to obtain substances which 
can be used as LC phases. However,- optimum phases could 

35 not be prepared easily in this fashion, since no liquid­
crystalline materials having clearly negative dielectric 
anisotropy and .sufficient long-term stability were 
hitherto available. 

There is therefore still a great need for liquid-
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crystalline phases having favourable mesophase regions, 
high values for X3/X11 high optical anisotropy An, negative 
dielectric anisotropy Ac and high long-term stability. 

Surprisingly, it has been found that the addition 
of compounds of the formula I produces liquid-crystalline 
phases which fulfil all of the abovementioned criteria 
very well indeed. 

In addition, by providing the compounds of the 
formula I, the whole range of liquid-crystalline sub­
stances which are suitable from a variety of technical 
viewpoints for the preparation of nematic mixtures, has 
been considerably broadened. 

The compounds of the formula I have a wide area 
of application. Depending on the choice of aubatituenta, 

15 these compounds can serve as base materials from which 
the major part of liquid-crystalline phases are made up1· 
liquid-crystalline base materials from other classes of 
compounds can however also be added to compounds of the 
formula I, for example to optimize the dielectric and/or 

2 0 optical anisotropy of a dielectric of this type. The 
compounds of the formula I are also suitable as inter­
mediates for the preparation of other substances which 
can be used as constituents of liquid-crystalline phases. 

The compounds of the formula I are colourless in 
25 . their pure form and form liquid-crystalline mesophases in 

a temperature range which is favourable for electro­
optical use. They are chemically . and thermally very 
stable and are very stable to light. 

The invention accordingly relates to liquid-
30 crystalline phases containing compounds of the formula I, 

pref erred tolans of the formula I and the use of these 
_compounds as components of liquid-crystalline phases and 
as components of liquid-crystalline phases· for electro­
optical display elements based on the ECB effect. The 

35 invention furthermore relates to liquid-crystalline 
phases and liquid-crystalline phases for electro-optical 
display elements based on the BCB effect which contain at 
least one compound of the formula I, and also to liquid­
crystal display elements, in particular electro-optical 
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display elements, which contain phases of this type. 
In the foregoing and in what follows R1 , A1 , Z1 , 

m, A3
, A4

, A2
, n and R2 have the meaning indicated, unless 

specifically stated otherwise. 
5 The compounds of the formula I accordingly 

include compounds of the. sub-formulae Ia (having two 
·rings), lb and Ic (having three rings): 

R1-A3-C•C-A4-R2 

R1-A1-A3-C•C-A4-R2 
Ia 
lb 

10 R1-A1-Z1-A3-C•C-A4-R2 le 

15 

20 

25 

30 

The preferred compounds of the sub-formula Ia 
include those of the sub-formulae Iaa to lac: 

R1-Phe-C•C-Phe-R2 

R1-Phe-C•C-PheX-R2 

Iaa 
Iab 

R1-PheX-C•C-PheX-R2 Iac 
Among these, those of the formulae Iaa and lab 

are particularly preferred. 
The pref erred compounds of the sub-formulae Ib 

and Ic include those of the sub-formulae Il to I22: 
R1-Phe-Phe-C•C-Phe-R2 Il 
R1-Phe-Phe-C•C-PheX-R2 I2 

R1-Phe-PheX-C•C-Phe-R2 13 

R1-Phe-PbeX-C•C-PheX-R2 I4 
R1-Cyc-Phe-CaC-Phe-R2 IS 
R1-Cyc-Phe-C•C-PheX-R2 I6 
R1-Cyc-PheX-C•C-Phe-R2 I7 
R1-A1-CB2CB2-Phe-C•C-Phe-R2 Il8 
R1-A1-CB2CB2-Phe-C•C-PheX-R2 I22 

Among these, those of the formulae 11, I2, IS, 
I6, I18 and 122 are particularly preferred. The compounds 
of the sub-formula IS are particularly preferred. 

In the compounds of the formulae above and below, 
R1 and R2 are preferably alkyl, alkoxy or another oxaalkyl 
or dioxaalkyl group. Furthermore compounds of the for-

35 mula I are preferred in which one of the radicals R1 and 
R2 is halogen, -OCP 3 or -CF 3 • 

m is 0 or 1, m preferably being O. 
A3 and A' are preferably unsubstituted l, 4-phenyl­

ene. If A3 and A4 are substituted 1,4-pbenylene, then they 
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are substituted by fluorine. In the case of monosubstitu­
tion, the substituent is preferably in the o-position 
relative to R2 or R1 • But the lateral aubstituent can also 
be in the a-position to the -C•C- triple bond. 

5 If R1 and/or R2 are ·alkyl radicals in which one 
("alkoxy" or "oxaalkyl") or two ("alkoxyalkoxy" or 
"dioxaalkyl") non-adjacent CB2 groups can also be repla­
ced by oxygen atoms, they can be straight-chain · or 
branched. They are preferably straight-chain having 1, 2, 

10 3, 4, S, 6 or 7 carbon atoms and are accordingly 
preferably methyl, ethyl, propyl, butyl, pentyl, hexyl, 
he~tyl, ethoxy, propoxy, butoxy, pentoxy, hexoxy, 
heptoxy, 2-oxapropyl · (• methoxymethyl), 2-
(• ethoxymethyl) or 3-oxabutyl (• 2-methoxyethyl), 2-, 3-

15 or 4-oxapentyl, 2-, 3-, 4- or 5-oxahexyl, 2-, 3-, 4-, S­
or 6-oxaheptyl, furthermore octyl, nonyl, decyl, undecyl,· 
dodecyl, tridecyl, tetradecyl, pentadecyl, metboxy, 
octoxy, nonoxy, decoxy, undecoxy, dodecoxy, tridecoxy, 
tetradecoxy, _pentadecoxy, 2-, 3-, 4-, 5-, 6- or 7-

20 oxaoctyl, 2-, 3-, 4-, 5-, 6-, 7- or 8-oxanonyl, 2-, 3-, 
4-, s-, 6-, 7-, e- or 9-oxadecyl, 1,3-dioxabutyl 
(• methoxymethoxy), 1,3-, 1,4- or 2,4-dioxapentyl, 1,3-, 
1,4-, 1,s-, 2,4-·, 2,5- or 3,5-dioxahexyl, 1,3-, 1,4-, 
1,5-, 1,6-, 2,4-, 2,5-, 2,6-, 3,5-, 3,6- or 4,6-dioxahep-

25 tyl. 
Compounds of the formula I having branched wing 

groups R1 or R2 can occasionally be of significance 
because of their better solubility in the customary 
liquid-crystalline base materials, but in particular as 

30 chiral dopes, if they are optically active. 
Branched groups of this type do not, as a rule, 

contain more than one chain branch. Preferred branched 
radical [sic] are isopropyl, 2-butyl (• 1-methylpropyl), 
isobutyl (• 2-inethylpropyl), 2-methylbutyl, isopentyl 

35 (• 3-methylbutyl), 2-methylpentyl, 3-methylpentyl, 
2-ethylhexyl, 2-propylpentyl, 2-octyl, isopropoxy, 
2-methylpr~poxy, 2-methylbutoxy, 3-methylbutoxy, 
2-methylpentoxy, 3-methylpentoxy, 2-ethylhexoxy, 1-
methylhexoxy, l~~thylheptoxy (• 2-octyloxy), 2-oxa-3-
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metbylbutyl, 3-oxa-4-metbylpentyl, 4-methylhexyl, 
2-nonyl, 2-decyl, 2-dodecyl, 6-metbyloctoxy, 6-methyl­
octanoyloxy, s-methylheptyloxycarbonyl, 2-methylbutyryl­
oxy, 3-methylvaleryloxy, 4-methylhexanoyloxy, 2-methyl-3-
oxapentyl and 2-methyl-3-oxahexyl. 

For compounds having branched wing groups, 
formula I encompasses both the optical antipodes and 
racemates and also mixtures thereof. 

Preferred compounds of the formula I and their 
subformulae are those in which at least one of the 
radicals contained therein has one of the indicated 
preferred meanings. 

Particularly preferred compounds of the -formula I 

are those in which at least one of the groups A3 and A' is 

a 2,3-difluoro-1,4-phenylene group. 
Examples of preferred representatives of com-. 

pounds of the formula I having a 2,3-difluoro-1,4-
phenylene group are illustrated in the following (sub­
formulae l-9b)~ 

-Alkyl-Phe-c:c-~-Alkoxy 
F.>-=-( F 

l - 0 2 R -Phe-C:C- 0 -R 
F F 

a1-cyc-Phe-c=c-~-R2 -
F)..:..( F 

R1-Phe-~-C~C-Phe-R2 
F F . 

1 

2 

3 

4 
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6 

7 

Alkyl-Cyc-Phe-C•C-~-Alkoxy 
. F F 

9 

- ir;:\ 2 
Alkyl-Cyc-Z -~-c:c-Phe-R 

F F 

9a 

9b 

Where m • O, the following substances of the sub-formulae 
10-14 are particularly preferred among the compounds of 
the formula I: 

alkoxy-Phe-C•C-Phe-F 
alkoxyalkoxy-Phe-C•C-Phe-alkyl 

10 
13 

a.lkoxyalkoxy-Phe-C•C-Phe-halogen 14 
A smaller group of particularly preferred com­

pounds of the formula I where m ~ 0 are those of the sub­
f ormula.e 21-28: 

alkyl-Cyc-Phe-C•C-Pha-alkoxy 21 
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alkyl-Cyc-c~c~-Phe-C•C-Phe-alkoxy 23 
alkyl-Phe-Phe-C•C-PheF-halogen 
alkyl-Cyc-Phe-C-C-PheP-alkoxy 

24 
26 

alkyl-Phe-CB2CB2-Phe-C•C-Phe-alkyl 27 
alkyl-Phe-PheX-C•C-Phe-alkoxy 28 

Also particularly preferred are compounds of the 
formula I wherein one of the radicals R1 and R2 is an 

-OCF 3 or trifluoromethyl. Especially preferred compounds 
in this case are, for example, those of the sub-formulae 
Iga to Igk: 
alkyl-Cyc-Phe-C•C-Phe-CF3 Iga 
alkyl-Phe-Phe-C•C-Phe-CF3 Igc 
alkyl-Phe-F~-c:c-Phe-cF3 Ige 
R1-Phe-C•C-Phe-CF3 Igg 
R1-PheX-C•C-Phe-CF3 Igi 
R1-Phe-C•C-Phe-OCF3 Igj 
R1-Cyc-Phe-C•C-Phe-OCF3 Igk 

Pref erred compounds of the formula I are those of 
the sub-formula II 

R1-A3-C•C-~-R2 II 
x x 

wherein 

x I F, 18 

ai and R2 have the meaning given in formula I, 

A1 is 1,4-phenylene which . unsubstituted or 18 

monosubstituted or polysubstituted by fluorine, 

where R1 is preferably an alkyl group and R2 is an alkoxy 
group. 

Also pref erred are compounds of the sub-f oraula 
Ila 

I Ia 

wherein 
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A3 and A• are each unsubstituted 1,4-phenylene, 

R1 is· alkoxy having up to 14 carbon atoms in the 
alkyl group, 

is fluorine or 

5 one of the radicals R1 and R2 is an alkyl group, wherein 
at least two non-adjacent c~ groups are replaced by -o-. 

Preferred compounds of the formula I are also 
those of the sub-formula III 

III 

10 wherein 

15 

one of the radicals R1 and R2 is an alkoxy group having 
up to 14 carbon atoms in the alkyl group, 

the other of the radicals R1 and R2 is halogen or alkyl 
having up to 15 carbon atoms, 

and 

A1 is 1,4-phenylene. 
The compounds of the formula I are prepared by 

methods known per se, as are described in the literature 
(for example, in the standard reference works such as 

20 Houben-Wey!, Methoden der Organischen Chemie, 
Georg-Thieme-Verlag, Stuttgart) , specifically under 
reaction conditions which are known and suitable for the 

. reactions mentioned. Variants may also be used which are 
known per se but are not mentioned in more detail here. 

25 If desired, the starting substances can also be 
formed in situ, in such a manner that they are not 
isolated from the reaction mixture, but are immediately 
reacted further to the compounds of the formula I. 

The compounds of the formula I can thus be 
30 prepared by brominating the corresponding stilbenes and 
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subsequently subjecting them to a dehydrohalogenation. 
Variants of this reaction can be used which are known per 
se but are not mentioned in detail here. 

The stilbenes can be prepared by reacting a 
5 4-substituted benzaldehydewith a corresponding phosphor­

us ylide according to Wittig or by reacting a 4-
substituted phenylethylene with a corre~ponding 

bromobenzene derivative according to Beck. 
A further possibility of forming the c-c triple 

10 bond consists in reacting a compound which corresponds to 
the formula I except that it contains a -cs2-co- group in 
place of the -C•C- bond, either with an inorganic acid 

;,,..,.,..· chloride and dehydrohalogenating the -CB2-CC12- group then 
formed in the presence of a base, or reacting the com-

15 pound with semicarbazide and selenium dioxide and subse­
quently converting it into the triple bond by heating in 
the presence of methyllithium. 

It is also possible to convert a corresponding 
benzyl derivative into the tolan using hydrazine and 

20 subsequently BgO. 
Compounds of the formula I can also be prepared 

by coupling alkynyl-zinc compounds with arylhalides 
analogously to the process described by A.O. King, 
E. Negishi, Y.J. Villani and A. Silveira in J. Org. Chem. 

25 43 (1978) 358. 

Compounds of the formula I can also be prepared 
by the Fritsch-Buttenberg-Wiechell rearrangement (Ann • 
.2.1.i, 319, . 327, 332, 1894) in which 1, l-diaryl-2-halogeno­
ethylenes are rearranged in the presence of strong bases 

30 to form diarylacetylenes. 
Compounds of the formula I can furthermore be . 

prepared from 4-substituted phenylacetylenes and aryl 
halides in the presence of a palladium catalyst, for 
example bis (triphenylphosphine) palladium( II) chloride and 

35 copper(I) iodide (described in Synthesis (1980) 627 or 
Tetrahedron Letters .21 (1986) 1171). 

The liquid-crystalline phases according to the 
invention consist of 2 to 15, preferab1y 3 to 12 compo­
nents, at least one of which is a compound of the formula 
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I. 'l'he other constituents are preferably selected frbm 
the nematic or nematogenic substances, in particular the 
known substances from the classes of the azoxybenzenes, 
benzylideneanilines, biphenyls, .. terphenyls, phenyl 

5 benzoates or cyclohexyl benzoates, phenyl cyclohexane­
carboxylatea or cyclohexyl cyclohexanecarboxylates, 
phenylcyclohexanes, cyclohexylbiphenyls, cyclohexyl­
cyclohexanes, cyclohexylnaphthalenea, 1,4-biscyclohexyl­
benzenea, 4,4-biscyclohexylbiphenyls, phenylpyrimidines 

10 or cyclohexylpyrimidines, phenyldioxanes or cyclohexyl­
dioxanea, phenyl-1,3-dithianea or cyclohexyl-1,3-
dithianes, 1,2-diphenylethanea, 1,2-dicyclohexylethanes, 

\.....· l-phenyl-2-cyclohexylethanes, optionally halogenated 
stilbenes, benzyl phenyl ethers and substituted cinn8Jnic 

\_.,,,·. 

15 acids. 
The most important compounds which are suitable 

as constituents of liquid-crystalline phases of this type 
can be characterized by the formula V 

R6-L-G-E-R7 v 

20 in which L and E are each a carbocyclic or heterocyclic 
ring system from· the group formed by 1,4-disubstituted 
cyclohexane rings, 4, 4-disubstituted phenylcyclohexane 
and cyclohexylcyclohexane systems, 2,5-disubstituted 
pyrimidine and 1, 3-dioxane rings, 2, 6-disubstituted 

25 naphthalene, di- and tetrahydronaphthalene, quinazoline 
and tetrahydroquinazoline, 

G is -CB•CB- -N(O)•N-
-CB•CY- -CB•N(O)• 
-C•C- -CB2-CB2-

30 -co-o- -CB2-0-

-co-s- -CB2-S-

-CB•H- -coo-Phe-coo-

or a c-c single bond, 

Y is chlorine or -CN, and 
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R' and R7 are alkyl, alkoxy, alkanoyloxy or alkoxycarbony­
loxy having up to 8 carbon atoms, or one of these 
radicals is alternatively CN, NC, N021 CP31 F, Cl or Br. 

In most of these compounds R' and R7 are different 
5 from one another, where one of these radicals is usually 

an alkyl or alkoxy group. Other variants of the intended 
substituents are also useful. Many substances of this 
type or also mixtures thereof are commercially available. 
All these substances can be obtained by methods which are 

10 known from the literature. 

15 

The phases according to the invention contain 
about O .1 to 99, preferably 10 to 95t of one or more 
compounds of the formula I. Liquid-crystalline phases 
according to the invention which are further preferred 
are those which contain 0.1 to 40, preferably 0.5 to 30t 
of one or more compounds of the formula I. 

The compounds of the formula I can also be used 
as components of smectic or chirally tilted smectic 
liquid-crystal~ine phases. These phases are preferably · 

20 chirally tilted smectic liquid-crystalline phases, the 
achiral base mixture of which contains, in addition to 
compounds of the formula I, at least one other component 
having negative or relatively low positive dielectric 
anisotropy. This/these further component(s) of the 

25 achiral base mixture can comprise up to 1 to sot, prefer­
ably 10 to 2St, of the base mixture. 

The preparation of the phases according to the 
invention is carried out by a method known per ae. As a 
rule, the components are dissolved in one another, 

30 preferably at.an elevated temperature. 
By means of suitable. additives, the liquid­

crystalline phases according to the invention can be 
modified in such a way that they can be used in all types 
of liquid crystal display elements which are hitherto 

35 known. 

Additives of this type are known to the skilled 
worker and are described in detail in the literature. For 
. example, conductive salts., preferably ethyl-dimethyl­
dodecyl-mianonium-4-hexyloxybenzoate, tetrabutylammonium-
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tetraphenylboranate or complex salts of crown ethers 
(compare, for example, I. Baller et al., Mol. Cryst. Liq. 
Cryst. Vol • .2,l, paqes 249-258 (1973)) can be added to 
improve the conductivity, dichroic dyes can be added to 

5 produce coloured quest-host systems or substances can be 
added to change the dielectric anisotropy, the viscosity 
and/or the orientation of the nematic phases. Substances 
of this type are described for example in DB-A 22 09 127, 
22 40 864, 23 21 632, 23 38 281, 24 50 088, 26 37 430, 

10 28 53 728 and 29 02 177. 
The phases according to the invention for 

electro-optical display elements based on the BCB.effect 
contain preferably at least 7% of compounds of the 
formula I, particularly preferably .7-to 30t of compounds 

15 of the formula I. 
The following examples are intended to illustrate. 

the invention without limiting it. Above and below, 
percentages are per cent by weight; all temperatures are 
stated in degrees centigrade. 

20 "Customary working up" means: water is added, the 

25 

mixture is extracted with methylene chloride, the organic 
phase is separated off, dried and concentrated by evapor­
ation, and the product is purified by crystallization 
and/or chromatography •. 

m. p. means melting point and c. p. means ·clear 
point. 

Example 1 
0.2 DUDol of bis(triphenylphosphine)palladium(II) 

chloride and 0.1 mmol of copper(I) iodide are added to a 
30 mixture of 0.01 mol of 4-ethoxyiodobenzene, 0.01 mol of 

4- (trans.-4-propylcyclohexyl) phenylacetylene (which can be 
prepared, for example, according to Smith, Boahn, Am. 

Soc • .§1.· (1941) 1175) and 40 ml of triethylamine at room 
temperature and stirred for 12 hours. The course.of the 

35 reaction can be followed with the aid of thin-layer 
chromatography. After completion of the reaction, the 
suspension is filtered, and the filtrate is concentrated 
by evaporation. Purification by chromatography and/or 
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crystallization gives 4-ethoxy-4'-(trana-propylcyclo­

hexyl)tolan having m.p. • 110° and c.p. • 253°. 

The following are prepared analogously: 

4-methoxy-4'-(trans-4-propylcyclohexyl)tolan, m.p. 99°, 

5 c.p. _245° 

4-propyloxy-4'-(trana-4-propylcyclohexyl)tolan,mpp.97°, 

c.p. 236° 

4-butyloxy-4'-(trana-4-propylcyclohexyl)tolan 

4-pentyloxy-4'-(trana-4-propylcyclobexyl)tolan 

10 4-methoxy-4'-(trans-4-methylcyciohexyl)tolan 

4-ethoxy-4'-(trana-4-methylcyclohexyl)tolan 

4-propyloxy-4'-(trana-4-methylcyclohexyl)tolan 

4-butyloxy-4'-(trana-4-methylcyclohexyl)tolan 

4-pentyloxy-4'-(trana-4-methylcyclohexyl)tolan 

15 4-methoxy-4'-(trana-4-ethylcyclohexyl)tolan 

4-etboxy-4'-(trana-4-ethylcyclohexyl)tolan 

4-propyloxy-4'-(trans-4-ethylcyclohexyl)tolan 

4-butyloxy-4'-(trans-4-ethylcyclohexyl)tolan 

4-pentyloxy-4'-(trana-4-ethylcyclohexyl)tolan 

20 4-methoxy-4'-(trana-4-butylcyclohexyl)tolan -

4-ethoxy-4'-(trans-4-butylcyclohexyl)tolan 

4-propyloxy-4'-(trana-4-butylcyclohexyl)tolan 

4-butyloxy-4'-(trans-4-butylcyclohexyl)tolan 

4-pentyloxy-4'-(trans-4-butylcyclohexyl)tolan 

25 4-methoxy-4'-(trans-4-pentylcyclohexyl)tol~ 

4-ethoxy-4'-(trans-4-pentylcyclohexyl)tolan 

4-propyloxy-4'-(trans-4-pentylcyclohexyl)tolan 

4-butyloxy-4'-(trans-4-pentylcyclohexyl)tolan 

4-pentyloxy-4'-(trans-4-pentylcyclobexyl)tolan 

30 4-methoxy-4'-(trans-4-heptylcyclobexyl)tolan 

4-ethoxy-4'-(trana-4-heptylcyclohexyl)tolan 
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4-propyloxy-4'-(trana-4-heptylcyclohexyl)tolan 
4-butyloxy-4'-(trana-4-heptylcyclohexyl)tolan 
4-pentyloxy-4'-(trana-4-heptylcyclohexyl)tolan 

4-methoxy-4'-(trana-4-methylcyclohexylethyl)tolan 
5 4-ethoxy-4'-(trans-4-methylcyclohexylethyl)tolan 

4-propyloxy-4'-(trans-4-methylcyclohexylethyl)tolan 
4-butyloxy-4'-(trans-4-methylcyclohexylethyl)tolan 
4-pentyloxy-4'-(trans-4-methylcyclohexylethyl)tolan 

4-methoxy-4'-(trans-4-ethylcyclohexylethyl)tolan 
10 4-ethoxy-4'-(trans-4-ethylcyclohexylethyl)tolan 

4-propyloxy-4'-(trans-4-ethylcyclohexylethyl)tolan 
4-butyloxy-4'-(trans-4-ethylcyclohexylethyl)tolan 
4-pentyloxy-4'-(trans-4-ethylcyclohexyletbyl)tolan 

4-methoxy-4'-(trans-4-propylcyclohexyletbyl)tolan 
15 4-ethoxy-4'-(trans-4-propylcyclohexylethyl)tolan 

4-propyloxy-4'-(trans-4-propylcyclohexylethyl)tolan 
4-butyloxy-4'-(trana-4-propylcyclohexylethyl)tolan 
4-pentyloxy-4'-(trans-4-propylcyclohexylethyl)tolan 

20 

4-methoxy-4'-(trana-4-pentylcyclobexylethyl)tolan 
4-ethoxy-4'-(trans-4-pentylcyclohexylethyl)tolan 
4~propyloxy-4'-(trans-4-pentylcyclohexylethyl)tolan 

4-butyloxy-4'-(trans-4-pentylcyclohexylethyl)tolan 
4-pentyloxy-4'-(trans-4-pentylcyclohexylethyl)tolan 

4-methyl-4'-(trans-4-propylcyclobexylethyl)tolan 
25 4-etbyl-4'-(trans-4-propylcyclohexylethyl)tolan 

4-propyl-4'-(trana-4-propylcyclohexylethyl)tolan 
4-butyl-4'-(trana-4-propylcyclohexylethyl)tolan 
4-pentyl-4'-(trans-4-propylcyclohexylethyl)tolan 

4-methyl-4'-(trana-4-pentylcyclohexylethyl)tolan 
30 4-etbyl-4'-(trana-4~pentylcyclohexyletbyl)tolan 

4-propyl-4'-(trans-4-pentylcyclohexylethyl)tolan 
4-butyl-4'-(trans-4-pentylcyclohexylethyl)tolan 
4-pentyl-4'-(trans-4-pentylcyclohexylethyl)tolan 
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3,4-difluoro-4'-(-4-methylphenyl)tolan 
3,4-difluoro-4'-(4-ethylphenyl)tolan 
3,4-difluoro-4'-(4-propylphenyl)tolan 
3,4-difluoro-4'-(4-butylphenyl)tolan 
3,4-difluoro-4'-(4-pentylphenyl)tolan 

3-fluoro-4-methoxy-4'-(trans-4-propylcyclohexyl)tolan, 
m.p. 107°, c.p. 208° 
3-fluoro-4-ethoxy-4'-(trana-4-propylcyclohexyl)tolan 
3-fluoro-4-propyloxy-4'-(trans-4-propylcyclohexyl)tolan 
3-fluoro-4-butyloxy-4'-(trans-4-propylcyclohexyl)tolan 
3-fluoro-4-pentyloxy-4'-(trans-4-propylcyclohexyl)tolan 

3-fluoro-4-methoxy-4'-(trans-4-pentylcyclohexyl)tolan 
3-fluoro-4-ethoxy-4'-(trana-4-pentylcyclohexyl)tolan 
3-fluoro-4~propyloxy-4'-(trans-4-pentylcyclohexyl)tolan . 
3-fluoro-4-butyloxy-4'-(trans-4-pentylcyclohexyl)tolan 
3-fluoro-4-pentyloxy-4'-(trans-4-pentylcyclohexyl)tolan 

4-methyl-4'-(4-propylphenylethyl)tolan 
4-ethyl-4'-(4-propylphenylethyl)tolan 
4-propyl-4'-(4-propylphenylethyl)tolan 
4-butyl-4'-(4-propylphenylethyl)tolan 
4-pentyl-4'-(4-propylphenylethyl)tolan 

4-methyl-4'-(4-butylphenylethyl)tolan 
4-ethyl-4'-(4-butylphenylethyl)tolan 
4-propyl-~'-(4-butylpbenylethyl)tolan 

25 4-butyl-4'-(4-butylphenylethyl)tolan 
4-pentyl-4'-(4-butylphenylethyl)tolan 

4-methyl-4'-(4-ethylphenylethyl)tolan 
4-ethyl-4'•(4-ethylphenylethyl)tolan 
4-propyl-4'-(4-ethylpbenylethyl)tolan 

30 4-butyl-4'-(4-ethylphenylethyl)tolan 
4-pentyl-4'-(4-ethylpbenylethyl)tolan 

4-methyl-4'-(4-pentylphenylethyl)tolan 
4-ethyl-4'-(4-pentylphenyletbyl)tolan 
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4-propyl-4'-(4-pentylphenylethyl)tolan 
4-butyl-4'-(4-pentylphenylethyl)tolan 
4-pentyl-4'-(4-pentylphenylethyl)tolan 

4-fluoro-4'-(4-ethoxyphenyl)tolan 
4-fluoro-4'-(4-propyloxyphenyl)tolan 
4-fluoro-4'-(4-butyloxyphenyl)tolan 
4-fluoro-4'-(4-pentyloxyphenyl)tolan 

4-chloro-4'-(4-methoxyphenyl)tolan 
4-chloro-4'·(4-ethoxyphenyl)tolan 
4-~hloro-4'-(4-propyloxyphenyl)tolan 

4-chloro-4'-(4-butyloxyphenyl)tolan 
4-chloro-4'-(4-pentyloxyphenyl)tolan 

4-methoxy-3'-fluoro-4'-(4-ethylphenyl)tolan 
4-methoxy-3'-fluoro-4'-(4-propylphenyl)tolan 
4-methoxy-3'-fluoro-4'-(4-butylphenyl)tolan 
4-methoxy-3'-fluoro-4'·(4-pentylphenyl)tolan 

· 4-methoxy-3'-fluoro-4'-(4-hexylphenyl)tolan 
4-methoxy-3'-fluoro-4'-(4-heptylphenyl)tolan 

4-ethoxy-3'-fluoto-4'-(4-ethylphenyl)tolan 
4-ethoxy-3'-fluoro-4'-(4-propylphenyl)tolan 
4-ethoxy-3'-fluoro-4'-(4-butylphenyl)tolan, 
c.p. - 208° 
4-ethoxy-3'-fluoro-4'-(4-pentylphenyl)tolan 
4-ethoxy-3'-fluoro-4'-(4-hexylphenyl)tolan 
4-ethoxy-3'-fluoro-4'-(4-heptylphenyl)tolan 

4-propoxy-3'-fluoro-4'~(4-ethylphenyl)tolan 

4-propoxy-3'-fluoro-4'-(4-propylphenyl)tolan 
4-propoxy-l'-fluoro-4'-(4-butylphenyl)tolan 
4-propoxy-3'-fl~oro-4'-(4-pentylphenyl)tolan 

30 4-propoxy-3'-fluoro-4'-(4-hexylpbenyl)tolan 
4-propoxy-3'-fluoro-4'-(4-heptylphenyl)tolan 

4-butoxy-3'-fluoro-4'-(4-ethylphenyl)tolan 
4-butoxy-3'-fluoro-4'-(4-propylphenyl)tolan 

. . 

m.p. - ss•, 
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4-butoxy-3'-fluoro-4'-(4-butylpbenyl)tolan 
4-butoxy-3'-fluoro-4'-(4-pentylpbenyl)tolan 
4-butoxy-3'-fluoro-4'-(4-bexylphenyl)tolan 
4-butoxy-3'-fluoro-4'-(4-beptylpbenyl)tolan 

5 4-pentyloxy-3'-fluoro-4'-(4-ethylpbenyl)tolan 
4-pentyloxy-3'-fluoro-4'-(4-propylphenyl)tolan 
4-pentyloxy-3'-fluoro-4'-(4-butylpbenyl)tolan 
4-pentyloxy-3'-fluoro-4'-(4-pentylphenyl)tolan 
4-pentyloxy-3'-fluoro-4'-(4-hexylpbenyl)tolan 

10 4-pentyloxy-3'-fluoro-4'-(4-heptylphenyl)tolan 

4-(4-methoxyphenyl)-4'-(trans-4-metbylcyclohexyl)tolan 
4-(4-etboxypbenyl)-4'-(trans-4-methylcyclohexyl)tolan 
4-(4-propyloxyphenyl)-4'-(trans-4-methylcyclobexyl)tolan 
4-(4-butyloxypbenyl)-4'-(trans-4-metbylcyclobexyl)tolan· 

15 4-(4-pentyloxypbenyl)-4'-(trans-4-methylcyclobexyl)tolan 

20 

4-(4-methoxypbenyl)-4'-(trans-4-etbylcyclohexyl)tolan 
4-(4-ethoxyphenyl)-4'-(trans-4-ethylcyclohexyl)tolan 
4-(4-propyloxyphenyl)-4'-(trans-4-ethylcyclohexyl)tolan 
4-(4-butyloxypbenyl)-4'-(trans-4-ethylcyclohexyl)tolan 
4-(4-pentyloxypbenyl)-4'-(trans-4-ethylcyclohexyl)tolan 

4-(4-metboxyphenyl)-4'-(trans-4-propylcyclohexyl)tolan 
4-(4-ethoxyphenyl)-4'-(trans-4-propylcycl.-oheXyl)tolan 
4-(4-propyloxyphenyl)-4'-(trans-4-propylcyclohexyl)tolan 
4-(4-butyloxyphenyl)-4'-(trans-4-propylcyclohexyl)tolan 

25 4-(4-pentyloxypbenyl)~4'-(trans-4-propylcyclohexyl)tolan 

4-(4-methoxyphenyl)-4'-(trans-~-butylcyclohexyl)tolan 

4-(4-ethoxyphenyl)-4'-(trans-4-butylcyclohexyl)tolan 
4-(4-propyloxypbenyl)-4'-(trans-4-butylcyclohexyl)tolan 
4-(4-butyloxyphenyl)-4'-(trans-4-butylcyclohexyl)tolan 

30 4-(4-pentyloxyphenyl)-4'-(trans-4-butylcyclobexyl)tolan 

Example 2 
The corresponding 4-fluoro-4'-heptyloxytolan 

having m.p. 63° and c.p. 52.3° is obtained, analogously 
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to Example 1, from 4-heptyloxyphenylacetylene and 
4-fluoro-iodobenzene. 

The following are prepared analogously: 

4-fluoro-4'-ethoxytolan 
S 4-fluoro-4'-propyloxytolan 

4-fluoro-4'-butyloxytolan 
4-fluoro-4'-pentyloxytolan 

4-methyl-4'-methoxymethoxytolan-
4-ethyl-4'-methoxymethoxytolan 

10 4-propyl-4'-metboxymetboxytolan 
4-butyl-4'-methoxymethoxytolan 
4-pentyl-4'-metho:xymethoxytolan 
4-hexyl-4'-methoxymethoxytolan 
4-heptyl-4'-methoxymethoxytolan 

15 4-methyl-4'-(2-methoxyethoxy)tolan 
4-ethyl-4'-(2-methoxyethoxy)tolan 
4-propyl-4'-(2-methoxyethoxy)tolan 
4-butyl-4'-(2-methoxyethoxy)tolan 
4-pentyl-4'-(2-methoxyethoxy)tolan 

20 4-hexyl-4'-(2-methoxyethoxy)tolan 
4-heptyl-4'-(2-metboxyethoxy)tolan 

4-methyl-4'-ethoxymethoxYtolan 
4-ethyl-4'-ethoxymethoxytolan 
4-propyl-4'-ethoxymethoxytolan 

25 4-butyl-4'-etho:xymethoxytolan 
4-pentyl-4'-ethoxymethoxytolan 
4-hexyl-4'-ethoxymethoxytolan 
4-heptyl-4'-ethoxymethoxytolan 

4-methyl-4'-(2-ethoxyethoxy)tolan 
30 4-ethyl-4'-(2-ethoxyethoxy)tolan 

4-propyl-4'-(2-etboxyetboxy)tolan 
4-butyl-4'-(2-ethoxyethoxy)tolan 
4-pentyl-4'-(2-ethoxyethoxy)tolan 
4-hexyl-4'-(2-ethoxyethoxy)tolan 
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4-heptyl-4'-(2-ethoxyethoxy)tolan 

4-methyl-4'-propyloxymethoxytolan 
4-ethyl-4'-propyloxymethoxytolan 
4-propyl-4'-propyloxymethoxytolan 
4-butyl-4'-propyloxymethoxytolan 
4-pentyl-4'-propyloxymethoxytolan 
4-hexyl-4'-propyloxymethoxytolan 
4-heptyl-4'-propyloxymethoxytolan 

4-methyl-4'-(2-propyloxyethoxy)tolan 
4-ethyl-4'-(2-propyloxyethoxy)tolan 
4-propyl-4'-(2-propyloxyethoxy)tolan 
4-butyl-4'-(2-propyloxyethoxy)tolan 
4-pentyl-4'-(2-propyloxyethoxy)tolan 
4-hexyl-4'-(2-propyloxyethoxy)tolan 
4-heptyl-4'-(2-propyloxyethoxy)tolan 

4-fluoro-4'-metho:xymethoxytolan 
4-fluoro-4'-(2-methoxyethoxy)tolan 

4-cbloro-4'-propyloxymethoxytolan 
4-chloro-4'-(2-methoxyethoxy)tolan 
4-fluoro-4'-(2-ethoxyethoxy)tolan 
4-fluoro-4'-(2-propyloxyethoxy)tolan 

Example 3 
a) n-Butyllithium (0 .• 105 mol) is added ·to a mixture 
of O .1 mol of 2, 3-difluoroethoxybenzene, 0. 1 mol of 

25 tetramethylethylenediamine (TMBDA) and 200 ml of TBF at 
-70° to -60°, and the mixture is stirred for about 4 
hours at -70°. 0.1 mol of 4-(trans-4-propylcyclohexyl)­
acetophenone is then added to the reaction mixture at 
this temperature. The mixture is then allowed to come to 

30 room temperature and is hydrolysed with saturated NB,Cl 
solution. The organic phase is separated off and worked 
up. The residue is heated with 2 g of p-toluenesulfonic 
acid and 200 ml of toluene on a water separator. ~orking 
up and recrystallization give 1-(2,3-difluoro-4-ethoxy-
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phenyl)-l-[4-(trans-4-propylcyclohexyl)phenyl)ethylene~ 

b) 0.065 mol of bromine is added at 0° to a solution 
of 0.065 mol of the ethylene derivative prepared in a) in 
100 ml of CB2Cl2 and 50 ml of acetonitrile. 10 g of 
triethylamine are then added and the mixture is worked up 
in the customary manner • 

The residue is taken up in about 50 ml of THF and 
added at -so• to a solution, prepared at -30°, of lithium 
diisopropylamide in TBP (120 ml TBP, 0.13 mol of diiao-

10 propylamine and 0.13 mol of n-butyllithium). 'l'he reaction 
mixture is stirred overnight, slowly rising to room 
temperature. It is then hydrolysed with 820, and the 
organic phase is worked up and recrystallized from 
acetone/ethanol to give 2,3-clifluoro-4-ethoxy-4'-(trans-

15 4-propylcyclohexyl)tolan having m.p. = 87° and c.p. = 
231°. 

The following are prepared analogously: 

2,3-difluoro-4-ethoxy-4'-(trans-4-methylcyclohexyl)tolan 
2,3-difluoro-4-ethoxy-4'~(trans-4-ethylcyclohexyl)tolan 

20 2,3-difluoro-4-ethoxy-4'-(trans-4-butylcyclohexyl)tolan 
2,3-difluoro-4-ethoxy-4'-(trans-4-pentylcyclohexyl)tolan 
2,3-difluoro-4-ethoxy-4'-(trans-4-hexylcyclohexyl)tolan 
2,3-difluoro-4-ethoxy-4'-(trans-4-beptylcyclohexyl)tolan 

25 
2,3-difluoro-4-methoxy-4'-(trans-4-methylcyclohexyl)tolan 
2,3-difluoro-4-methoxy-4'-(trans-4-ethylcyclohexyl)tolan 
2,3-difluoro-4-methoxy-4'-(trans-4-propylcyclohexyl)tolan 
2,3-difluoro-4-methoxy-4'-(trans-4-butylcyclohexyl)tolan 
2,3-difluoro-4-methoxy-4'-(trans-4-pentylcyclohexyl)tolan 
2,3-difluoro-4-methoxy-4'-(trans-4-bexylcyclohexyl)tolan 

30 2,3-difluoro-4-methoxy-4'-(trans-4-heptylcyclohexyl)tolan 

2,3-difluoro-4-propoxy-4'-(trans-4-methylcyclohexyl)tolan 
2,3-difluoro-4-propoxy-4'-(trans-4-ethylcyclohexyl)tolan 
2,3-difluoro-4-propoxy-4'-(trans-4-propylcyclobexyl)tolan 
2,3-difluoro~4-propoxy-4'-(trana-4-butylcyclohexyl)tolan 

35 2,3-difluoro-4-propoxy-4'-(trana-4-pentylcyclohexyl)tolan 
2,3-difluoro-4-propoxy-4'-(trans-4-hexylcyclobexyl)tolan . 
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2,3-difluoro-4-propoxy-4'-(trans-4-heptylcyclohexyl)tolan 

2,3-difluoro-4-butox}r-4'-(trans-4-methylcyclohexyl)tolan 
2,3-difluoro-4-butoxy-4'-(trans-4-ethylcyclohexyl)tolan 
2,3-difluoro-4-butoxy-4'-(trans-4-propylcyclohexyl)tolan 

S 2,3-difluoro-4-butoxy-4'-(.trans-4-butylcyclohexyl)tolan 
2,3-difluoro-4-butoxy-4'-(trans-4-pentylcyclohexyl)tolan 
2,3-difluoro-4-butoxy-4'~(trans-4-hexylcyclohexyl)tolan 

2,3-difluoro-4-butoxy-4'-(trans-4-heptylcyclohexyl)tolan 

2,l-difluoro-4-pentyloxy~4'-(trans-4-methylcyclohexyl)-

10 tolan 
2,3-difluoro-4-pentyloxy-4'-(trans-4-ethylcyclohexyl)­
tolan 
2,3-difluoro-4-pentyloxy-4'-(trans-4-propylcyclohexyl)­
tolan 

15 2,3-difluoro-4-pentyloxy-4'-(trana-4-butylcyclohexyl)­
tolan 
2,3-difluoro-4-pentyloxy-4'-(trans-4-pentylcyclohexyl)­
tolan 
2,3-difluoro-4-pentyloxy-4'-(trans-4-hexylcyclohexyl)-

20 tolan 
2,3-difluoro-4-pentyloxy-4'-(trans-4-heptylcyclohexyl)­
tolan 

2,3-difluoro-4-pentylo.xy-4'-(4-methylphenyl)tolan 
2,3-difluoro-4-pentyloxy-4'-(4-ethylphenyl)tolan 

25 2,3-diflu~ro-4-pentyloxy-4'-(4-propylphenyl)tolan 

2,3-difluoro-4-pentyloxy-4'-(4-butylphenyl)tolan 
2,3-difluoro-4-pentyloxy-4'-(4-pentylphenyl)tolan 
2,3-difluoro-4-pentyloxy-4'-(4-hexylphenyl)tolan 
2,3-difluoro-4-pentyloxy-4'-(4-heptylphenyl)tolan 

30 2,3-difluoro-4-butoxy-4'-(4-methylphenyl)tolan 
2,3-difluoro-4-butoxy-4'-(4-ethylpbenyl)tolan 
2,3-difluoro-4-butoxy~4'-(4-propylpbenyl)tolan 

2,3-difluoro-4-butoxy•4'-(4-butylphenyl)tolan 
2,3-difluoro-4-butoxy-4P-(4-pentylphenyl)tolan 

35 2,3-difluoro-4-butoxy-4'-(4-hexylphenyl)tolan 
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2,3-difluoro-4-butoxy-4'-(4-heptylpbenyl)tolan 

2,3-difluoro-4-propoxy-4'-(4-methylphenyl)tolan 
2,3-difluoro-4-propoxy-4'-(4-ethylphenyl)tolan 
2,3-difluoro-4-propoxy-4'-(4-propylphenyl)tolan 

5 2,3-difluoro-4-propoxy-4'-(4-butylphenyl)tolan 
2,3-difluoro-4-propoxy-4'-(4-pentylphenyl)tolan 
2,J-difluoro-4-propoxy-4'-(4-hexylphenyl)tolan 
2,3-difluoro-4-propoxy-4'-(4-heptylphenyl)tolan 

2,3-difluoro-4-ethoxy-4'-(4-methylphenyl)tolan 
10 2,3~difluoro-4-ethoxy-4'-(4-ethylphenyl)tolan 

2,3-difluoro-4-ethoxy-4'-(4-propylphenyl)tolan 
2,3-difluoro-4-ethoxy-4'-(4-butylphenyl)tolan 
2,3-difluoro-4-ethoxy-4'-(4-pentylphenyl)tolan 
2,3-difluoro-4-etboxy-4'-(4-hexylphenyl)tolan 

15 2,3-difluoro-4-ethoxy-4'-(4-heptylphenyl)tolan 

2,3-difluoro-4-methoxy-4'-(4-methylphenyl)tolan 
2,3-difluoro-4-methoxy-4;-(4-ethylphenyl)tolan 
2,3-difluoro-4-methoxy-4'-(4-propylphenyl)tolan 
2,3-difluoro-4-methoxy-4'-(4-butylphenyl)tolan 

20 2,3-difluoro-4-methoxy-4'-(4-pentylpbenyl)tolan 
2, 3-difluoro-4-metboxy-4 '-(.4-hexylphenyl)tolan 
2,3-difluoro-4-methoxy-4'-(4-heptylphenyl)tolan 

2,3-difluoro-4-(4-methylphenyl)-4'-methyltolan 
2,3-difluoro-4-(4-ethylphenyl)-4'-methyltolan 

25 2,3-difl~~ro-4-(4-propylphenyl)-4'-methyltolan 

2,3-difluoro-4-(4-butylphenyl)-4'-methyltolan 
2,3-difluoro-4-(4-pentylphenyl)-4'-methyltolan 

2,3-difluoro-4-(4-methylphenyl)-4'-ethyltolan 
2., 3-difluoro-4- (4-ethylphenyl )-4 '-ethyltolan 

30 2,3-difluoro-4-(4-propylphenyl)-4'-ethyltolan 
2,l-difluoro-4-(4-butylphenyl)-4'-ethyltolan 

. ' 
2,3-difluoro-4-(4-pentylphenyl)-4'-etbyltolan 

2,3-difluoro-4-(4-methylphenyl)-4'-propyltolan 
. . . 
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2,3-difluoro-4-(4-ethylphenyl)-4'-propyltolan 

2,3-difluoro-4-(4-propylphenyl)-4'-propyltolan 

2,3-difluoro-4-(4-butylphenyl)-4'-propyltolan 

2,3-difluoro-4-(4-pentylpbenyl)-4'-propyltolan 

5 2,3-difluoro~4-(4-methylphenyl)-4'-butyltolan 

2,3-difluoro-4-(4-ethylphenyl)-4'-butyltolan 

2,3-difluoro-4-(4-propylphenyl)-4'-butyltolan 

10 

· 2,3-difluoro-4-(4-butylphenyl)-4'-butyltolan 

2,3-difluoro-4-(4-pentylphenyl)-4'-butyltolan 

2,3-difluoro-4-(4-methylphenyl)-4'-pentyltolan 

2,3-difluoro-4-(4-ethylphenyl)-4'-pentyltolan 

2,3-difluoro-4-(4-propylphenyl)-4'-pentyltolan 

2,3-difluoro-4-(4-butylphenyl)-4'-pentyltolan 

2,3-difluoro-4-(4-pentylphenyl)-4'-pentyltolan 

15 2,3-difluoro-4-(4-methylphenyl)-4'-fluorotolan 

2,3-difluoro-4~(4-ethylphenyl)-4'-fluorotolan 

2,3-difluoro-4-(4-propylphenyl)-4'-fluorotolan 

2,3-difluoro-4-(4-butylphenyl)-4'-fluorotolan 

2,3-difluoro-4-(4-pentylphenyl)-4'-fluorotolan 

20 Example 4 
a) 1-(4-Pentylphenyl)-1-(2,3-clifluoro-4-ethoxyphenyl)­

ethylene is obtained, analogously to Example 3a, from 

0.1 mol of 2,3-difluoroethoxybenzene and 0.1 mol of 

4-pentylacetophenone. 

25 b) 2,3-Difluoro-4-ethoxy-4'-pentyltolan having m.p. 

= 57° and c~p. = 61° is obtained, analogously to 

Example 3b, from 1-(4-pentylpbenyl)-1-(2,3-difluoro-4-

ethoxypbenyl) ethylene · after recrystallization from 

methanol/ethanol. 
30 The following are prepared analogously: 

2,3-difluoro-4-etboxy-4'-methyltolan 

2, 3-dif luoro-.4-ethoxy-4 '-ethyl tolan 

2,3-difluoro-4-ethoxy-4'-propyltolan 

2,3-difluoro-4-etboxy-4'-butyltolan 



~· 

\ ....... 

\._,· 

5 

10 

15 

20 

- 27 -

2,3-difluoro-4-etboxy-4'-hexyltolan 
2,3-difluoro-4-ethoxy-4'-heptyltolan 

2,3-difluoro-4-metboxy-4'-methyltolan 
2,3-difluoro-4-metboxy-4'-etbyltolan 
2,3-difluoro-4-m.ethoxy-4'-propyltolan 
2,3-difluoro-4-metboxy-4'-butyltolan 
2,3-difluoro-4-metboxy-4'-pentyltolan 
2,3-difluoro-4-methoxy-4'-hexyltolan 
2,3-difluoro-4-methoxy-4'-heptyltolan 

2,3-difluoro-4-propoxy-4'-methyltolan 
2,3-difluoro-4-propoxy~4'-ethyltolan 

2,3-difluoro-4-propoxy-4'-propyltolan 
2,3-difluoro-4-propoxy-4'-butyltolan 
2,3-difluoro-4-propoxy-4'-pentyltolan 
2,3-difluoro-4-propoxy-4'-hexyltolan 
2,3-difluoro-4-propoxy-4'-beptyltolan 

2,3-difluoro-4-butoxy-4'-methyltolan 
2,3-difluoro-4-butoxy-4'-ethyltolan 
2,3-difluoro-4-butoxy-4'-propyltolan 
2,3-difluoro-4-butoxy-4'-butyltolan 
2,3-difluoro-4-butoxy-4'-pentyltolan 
2,3-difluoro-4-butoxy-4'-hexyltolan 
2,3-difluoro-4-butoxy-4'-heptyltolan 

2,3-difluoro•4-pentyloxy-4'-metbyltola~ 

25 2,3-difluoro-4-pentyloxy-4'-ethyltolan 
2,3-difluoro-4-pentyloxy-4'-propyltolan 
2,3-difluoro-4-pentyloxy-4'-butyltolan 
2,3-difluoro-4-pentyloxy-4'-pentyltolan 
2,3-difluoro-4-pentyloxy-4'-hexyltolan 

30 2,3-difluoro-4-pentyloxy-4'-heptyltolan 

2,3-difluoro-4-hexyloxy-4'-methyltolan 
2,3-difluoro-4-hexyloxy-4'-ethyltolan 
2,3-difluoro-4-hexyloxy-4'-propyltolan 
2, 3-dif luoro-4-h_exyloxy-4 '-butyltolan 
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2,3-difluoro-4-haxyloxy-4'-pentyltolan 
2,3-difluoro-4-hexyloxy-4'-hexyltolan 
2,3-difluoro-4-hexyloxy-4'-heptyltolan 

2,3-difluoro-4-ethyl-4'-methoxytolan 
s· 2,3-difluoro-4-propyl-4'-methoxytolan 

2,3-difluoro-4-butyl-4'-methoxytolan 
2,3-difluoro-4-pentyl-4'-methoxytolan 

2,3-difluoro-4-ethyl-4'-ethoxytolan 
2,3-difluoro-4-propyl-4'-ethoxytolan 

10 2,3-difluoro-4-butyl-4'-ethoxytolan 
2,3-difluoro-4-pentyl-4'-ethoxytolan 

2,3-difluoro-4-ethyl-4'-propo:Xytolan 
2,l-difluoro-4-propyl-4'-propoxytolan 
2,3-difluoro-4-butyl-4'-propoxytolan 

15 2,3-difluoro-4-pentyl-4'-propoxytolan 

2,3-difluoro-4-ethyl-4'-butoxytolan 
2,3-difluoro-4-propyl-4'-butoxytolan 
2,3-difluoro-4-butyl-4'-butoxytolan 
2,3-difluoro-4-pentyl-4'-butoxytolan 

20 2,3-difluoro-4-ethyl-4'-pentoxytolan 
2,3-difluoro-4-propyl-4'-pentoxytolan 
2,l-difluoro-4-butyl-4'-penthoxytolan (sic] 
2,3-difluoro-4-pentyl-4'-pentoxytolan 

2,3-difluoro-4-(trans-4-ethylcyclohexylethylene)-4'-
25 ethyltolan 

2,J-difluoro-4-(trans-4-propylcyclohexylethylene)-4'­
ethyltolan 
2,3-difluoro-4-(trans-4-butylcyclohexylethylene)-4'­
ethyltolan 

30 2,3-difluoro-4-(trana-4-pentylcyclohexylethylene)-4'­
ethyltolan 
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2,3-difluoro-4-(trans-4-etbylcyclobexylethylene)-4,.­
propyltolan 
2,3-difluoro-4-(trans-4-propylcyclohexylethylene)-4'­
propyltolan 

5 2,3-difluoro-4-(trans-4-butylcyclohexylethylene)-4'­
propyltolan 
2,3-difluoro-4-(trans-4-pentylcyclohexylethylene)-4'­
propyltolan 

10 

2,3-difluoro-4-(trans-4-ethylcyclohexylethylene)-4'-
butyltolan 
2, 3-difluoro-4- (trans-4-propylcyclohexylethylene.) -4 ' -
butyltolan 
2,3-difluoro-4-(trans-4-butylcyclohexylethylene)-4'­
butyltolan 

15 2,3-difluoro-4-(trans-4-pentylcyclohexylethylene)-4'-· 
butyltolan 

2,l-difluoro-4-(trans-4-ethylcyclohexylethylene)-4'­
pentyltolan 
21 3-difluoro-4-(trans-4-propylcyclohexylethylene)-4'-

20 pentyltolan 
2,3-difluoro-4-(trans-4-butylcyclohexylethylene)-4'­
pentyltolan 
2,3-difluoro-4-(trans-4-pentylcyclohexylethylene)-4'­
pentyltolan 

25 2,3-difluoro-4-(trans-4-ethylcyclohexylethylene)-4'­
fluorotolan 
2,3-difluoro..,;4-(trans-4-propylcyclohexylethylene)-4'­
fluorotolan 
2,3-'difluoro-4-(trans-4-butylcyclohexylethylene)-4'-

30 f luorotolan 
2,3-difluoro-4-(trans-4-pentylcyclohexylethylene)-4'­
fluorotolan 

2,3-difluoro-4-(trana-4-ethylcyclohexylethylene)-4'­
trifluoromethyltolan 
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2,3-difluoro-4-(trans-4-propylcyclohexylethylene)-4'-­
trifluoromethyltolan 
2,J-difluoro-4-(trans-4-butylcyclohexylethylene)-4'­
trifluoromethyltolan 

5 2,3-difluoro-4-(trans-4-pentylcyclohexylethylene)-4'­
trifluoromethyltolan 

10 

Example 5 
A mixture of 0.02 mol of 4-(trans-4-propylcyclo­

hexyl)phenylacetylene, 0.02 mol of 4-trifluoromethoxy-
iodobenzene and 50 ml of triethylamine is admixed at room 
temperature with 0.4 mm.al of bis(triphenylphosphine)­
palladium(II) chloride and 0.2 mmol of Cul. The reaction 
mixture is stirred for 2 hours at room temperature and 
then diluted with 100 ml of methyl tart-butyl ether, 

15 filtration is carried out with auction and the solution 
is concentrated by evaporation. Purification by 
chromatography and/or crystallization gives 4-trifluoro­
methoxy-4 '-(trans-4-propylcyclohexyl) tolan having a c.p. 

20 
of BB 0 J s. 126° SA 163° N 198° I. 

The following are prepared analogously: 

4-trifluoromethoxy-4'-(trans-4-ethylcyclohexyl)tolan 
4-trifluoromethoxy-4'-(trans-4-butylcyclohexyl)tolan 
4-trifluoromethoxy-4'-(trans-4-pentylcyclobexyl)tolan 
4-trifluoromethoxy-4'-(trans-4~hexylcyclohexYl)tolan 

25 4-trifluoromethoxy-4'-(trans-4-heptylcyclobexyl)tolan 
4-trifluo~omethoxy-4'-(trans-4-octylcyclohexyl)tolan 

4-trifluoromethoxy-4'-ethyltolan 
4-trifluoromethoxy-4'-propyltolan 
4-trifluoromethoxy-4'-butyltolan 

30 4-trifluorametboxy-4'-pentyltolan 
4-trifluoromethoxy-4'-hexyltolan 
4-trifluoromethoxy-4'-heptyltolan 
4-trifluorom~thoxy-4'-octyltolan 

4-trifluoromethoxy-4'~ethoxytolan 

35 4-trifluoromethoxy-4'-propoxytolan 
4-trifluorometboxy-4'-butoxytolan 
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4-trifluoromethoxy-4 '- (trans-4-propylcyclohexylethyl) ·­
tolan 
4-trifluoromethoxy-4'-(trans-4-butylcyclohexylethyl)tolan 
4-trifluoromethoxy-4'-(trans-4-pentylcyclobexyletbyl)-

S tolan 
4-trifluoromethoxy-4'-(trana-4-hexylcyclohexylethyl)tolan 
4-trifluoromethoxy-4'-(trans-4-heptylcyclohexylethyl)­
tolan 
4-trifluoromethoxy-4'-(trans-4-octylcyclohexylethyl)tolan 

10 1-(4-trifluoromethoxyphenyl)-2-[2,3-difluoro-4-(4-ethyl­
phe~yl)pbenyl]ethyne 

l-(4-trifluoromethoxyphenyl)-2-[2,3-difluoro-4-(4-propyl­
phenyl)phenyl]ethyne 
l-(4-trifluoromethoxyphenyl)-2-[2,J-difluoro-4-(4-butyl-

15 phenyl)phenyl]etbyne 

20 

1-(4-trifluoromethoxyphenyl)-2-[2,3-difluoro-4-(4-pentyl­
phenyl)phenyl]ethyne 
l-(4-trifluoromethoxyphenyl)-2-[2,3-difluoro-4-(4-hexyl­
phenyl)phenyl].ethyne 
l-(4-trifluoromethoxyphenyl)-2-[2,3-difluoro-4-(4-ethoxy­
phenyl)pbenyl]ethyne 
l-(4-trifluoromethoxyphenyl)-2-[2,3-difluoro-4-(4-
propoxyphenyl)phenyl]ethyne 
l-(4-trifluoromethoxyphenyl)-2-[2,3-difluoro-4-(4-butoxy-

25 · phenyl)phenyl]ethyne 

30 

35 

l-(4-trifluoromethoxyphenyl)-2-[2,l-difluoro-4-(4-pentyl­
o.xyphenyl)phenyl)ethyne. 

Bxample A 
A liquid-crystalline phase, consisting of 

20 ' of p-trans-4-pentylcyclohexylbenzonitrile, 
18 ' of p-trans-4-propylcyclohexylbenzonitrile, 
20 ' of trans-l~p-ethoxyphenyl-4-propylcyclohexane, 
18 ' of trans-l-p-butoxyphenyl-4-propylcyclohexane, 

8 ' of 4-methoxy-4'-(trans-4-propylcyclohexyl)tolan, 
8 ' of 4-e~hoxy-4'-(trans-4-propylcyclohexyl)tolan and 
8 ' of 4-propyloxy-4- (trans-4-propylcyclo.hexyl) tolan 

bas a clear point_ of +ss• and An • +0.154. 
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Example B 

10 ' 10 ' 10 ' 15 • 
15 ' 16 ' 8 ' 

of 
of 
of 
of 
of 
of 
of 

A liquid-crystalline phase, consisting of 
4-ethyl-4'-cyanobiphenyl, 
4-propyl-4'-cyanobiphenyl, 
4-butyl-4'-cyanobiphenyl, 
4-pentyl-4'-cyanobiphenyl, 
4-hexyl-4'-cyanobiphenyl, 
trans-l-p-methoxyphenyl-4-propylcyclohexane, 
4-methoxy-4'-(trans-4-propylcyclohexyl)tolan, 

10 8 % of 4-ethoxy-4'-(trans-4-propylcyclohexyl)tolan, and 
8 I of 4·-propyloxy-4 1 - ( trans-4-propylcyclohexyl) tolan 

has a clear point of +72° and An • +0.212. 

Example c 
A liquid-crystalline phase, consisting of 

15 10 t of p-trana-4-propylcyclohexylbenzonitrile, 
18 t of trans-1-p-methoxyphenyl-4-propylcyclohexane, 
15 % of trans-l-p-ethoxyphenyl-4-propylcyclohexane, 

8 % of 4-fluo~o-4 1 -heptyloxytolan, 

4 I of 4-methoxy-4'-(trans-4-propylcyclohexyl)tolan, 
20 3 % of 4-ethoxy-4'-(trans-4-propylcyclohexyl)tolan, 

5 t of 4-propyloxy-4'-(trans-4-propylcyclohexyl)tolan, 
12 I of 4-etbyl-4'-(trans-4-propylcyclohexyl)biphenyl, 
12 I of 4-ethyl-4'-(trans-4-pentylcyclohexyl)biphenyl, 
4 I of 4,4'-bis(trans-4-propylcyclohexyl)biphenyl, 

· 25 5 t of 4-(trans-4-pentylcyclohexyl)-4'-(trana·-4-propyl-
cyclohexyl)biphenyl and 

4 % of 4,4'-bis(trans-4-pentylcyclohexyl)biphenyl 
has a clear point of +110° and An • +0.160. 

Example D 

30 A liquid-crystalline phase consisting of 
13 I of r-l-cyano-cis-4-(trans-4-propylcyclohexyl)-l-

propylcyclohexane, 
21 I of trans-1-p-methoxyphenyl-4-propylcyclohexane, 
24 t of l-(trans-4-propylcyclohexyl)-2-(4 '-ethyl-2 '-

35 fluorobiphenyl-4-yl)ethane, 
4 I of 4,4'-bis(trans-4-propylcyclohexyl)-2-fluorobi­

phenyl, 
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4 t of 4,4'-bis(trans-4-pentylcyclohexyl)-2-fluorobi-
phenyl, 

4 t of 4-(trans-4-pebtyleyelohexyl)-4'-(trans-4-propyl­
cyclohexyl)-2-fluorobiphenyl, 

5 12 % of 4-pentyl-4-propyltolan, 
6 t of 4-(trans-4-propylcyclohexyl)4'-methoxytolan 

(sic), 
5 % of 4-(trans-4-propylcyclohexyl)4 '-ethoxytolan [sic] 

and 
10 7 % of4-(trans-4-propylcyclohexyl)4'-propoxytolan[sic] 

has a clear point of 101°, an optical anisotropy of 0.15 
and a viscosity of 24 mPa.s at 20°. 

Bxample B 
A liquid-crystalline phase consisting of 

15 13 t of r-l-cyano-cis-4-(trans-4-propylcyclohexyl)-
1-propylcyclobexane, . 

19 \ of l-(trans-4-propylcyclohexyl)-2-(4'-ethyl-2'-
fluorobiphenyl-4-yl)ethane~ 

19 \ of 1-(trans-4-propylcyclohexyl)-2-(4'-pentyl-2'-
20 fluorobiphenyl-4-yl)ethane, 

16 % of l-(trans-4-pentylcyclohexyl)-2-(4'-ethyl-2'-
fluorobiphenyl-4-yl)ethane, 

5 t of 4,4'-bis(trans-4-propylcyclobexyl)-2-fluorobi- · 
phenyl, 

25 7 % of 4-butyl-4'-ethoxytolan, 
7 t of 4-pentyl-4'-methoxytolan, 
7 t of 4-pentyl-4'-ethoxytolan and 
7 % of 4-(trans-4-propylcyclohexyl)-4'~methoxytolan 

has a clear point of 99°, an optical anisotropy of 0.17 
30 and a viscosity of 29 mPa.s at 20°. 

Example F 
A liquid-crystalline phase consisting of 

12 t of r-l-cyano-cis-4-(trans-4-propylcyclohexyl)-
l-propylcyclohexane, 

35 21 \ of trans-1-p-methoxyphenyl-4-propylcyclohexane, 
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21 t of l~ (trans-4-propylcyclohexyl )-2-( 4 '-ethyl--
2'-fluorobiphenyl-4-yl)ethane, 

6 t of 4,4'-his(trans-4-propylcyclohexyl)-2-fluorobi­
phenyl, 

6 \ of 4,4'-bis(trana-4-pentylcyclohexyl)-2-fluorohi­
__ phenyl, 

6 i of 4-(trans-4-pentylcyclohexyl)-4'-(trans-4-propyl-
cyclohexyl)-2-fluorobiphenyl, 

7 t of 4-hutyl-4'-ethoxytolan, 
7 t of 4-pentyl-4'-methoxytolan, 
7 i of 4-pentyl-4'-ethoxytolan and 
7 i of 4-(trans-4-propylcyclohexyl)-4'-methoxytolan 

has a clear point of 98°, an optical anisotropy of 0.16 
and a viscosity of 24 mPa.s at 2"0°. 

Example G 

A liquid-crystalline phase consisting of 
13 % of r-l-cyano-cis-4-(trans-4-propylcyclohexyl)-

1-propylcyclohexane, 
22 t of trans-l-p-methoxyphenyl-4-propylcyclohexane, 

20 26 % of 1-(trans-4-propylcyclohexyl)-2-(4'-ethyl-

25 

2'-fluorobiphenyl-4-yl)ethane, 
6 % of 4,4'-bis(trans-4-propylcyclohexyl)-2-fluorobi­

phenyl, 
6 t of 4,4'-bis(trans-4-pentylcyclohexyl)-2-fluorobi­

phenyl, 
6 t of 4-(trans-4-pentylcyclohexyl)-4'-(trans-4-propyl­

cyclohexyl)-2-fluorobiphenyl, 
5 i of 4-butyl-4'-ethoxytolan, 
5 t of 4-pentyl-4'-methoxytolan, 

30 4 t of 4-pentyl-4'-ethoxytolan and 
7 i of 4-(trans-4'-propylcyclohexyl)-4-methoxytolan 

bas a clear point of 99°, an optical anisotropy of 0.15 
and a viscosity of 24 mPa.s at 20°. 

Example B 
35 A liquid-crystalline phase consisting of 

3 t of r-l-cyano-cis-4-(trans-4-propylcyclohexyl)-
1-propylcyclohexane, 
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20 ' of trana-1-p-methoxyphenyl-4-propylcyclohexane, 

8 ' 
Of trans-1-p-ethoxyphenyl-4-propylcyclohexane, 

3t of 2-fluoro-4,4'-bis(trana-4-propylcyclohexyl)-
biphenyl, 

5 ' of 2-fluoro-4-(trana-4-pentylcyclohexyl)-4'-(trans-
4-propylcyclohexyl)biphenyl, 

16 ' of 4-propyl-4'-butyltolan, 
15 ' of 4-propyl-4'-pentyltolan, 

4 ' of 4-methyl-4 '.-ethoxytolan, 

s ' of 4-etbyl-4'-metboxytolan, 
3 ' of 4-(trans-4-propylcyclohexyl)-4'-etboxytolan and 

18 ' of 2,3-difluoro-4-ethoxy-4'-(trans-4-propyl~clo-

hexyl)tolan 
has a melting point of < -40°, a clear point of +80°, 
Ae • -0.9 and An • 0.2006. 

Example I 
A liquid-crystalline phase consisting of 

20 ' of _2,3-difluoro-4-etboxy-4'-pentyltolan, 
20 ' of trana-l-p-methoxyphenyl-4-propylcyclohexane, 
10 ' of trans-1-p-ethoxyphenyl-4-propylcyclohexane, 

5 ' of trans-1-p-butoxyphenyl-4-propylcyclohexane,· 

'' of 2-fluoro-4,4'-bia(trana-4-propylcyclohexyl)-
biphenyl, 

4 ' of 2-fluoro-4-(trans-4-pentylcyclohexyl)-4'-
(trans-4-propylcyclohexyl)biphenyl, 

5 ' of 4-propyl-4'-butyltolan, 
s ' of 4-propyl-4'-pentyltolan, 
5 ' of 4-methyl-4'-ethoxytolan, 
4 ' of 4-ethyl-4'-methoxytolan, 

6 ' 
of 4-(trans-4-propylcyclohexyl)-4'-metboxytolan, 

5 t. of 4-(trans-4-propylcyclohexyl)-4'-ethoxytolan and 
7 t of 4-(trans-4-propylcyclohexyl)-4'-propoxytolan 

bas a melting point of< -40°, a clear point of 85°, Ae • 
-1.1 and An • 0.2040. 
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Patent Claims 

1. Liquid-crystalline phase, characterized in that 

it contains at least ~ne tolan of the formula I 

5 in which 

R1 and R2 are each, independently of one another, alkyl 

having up to 15 carbon atoms in which, in addition, one 

or two non-adjacent CB2 groups may be replaced by -o-, 
and one of the radicals R1 and R2 is alternatively -OCF3 , 

'~· 10 CF3 , fluorine or chlorine, 

Ai is unsubstituted 1,4-phenylene or trans-

1,4-cyclohexylene, 

m is 0 or 1, 

15 and 

A3 and A4 are each, independently 

1,4-phenylene which is unsubstituted 

or polysubstituted by fluorine, 

with· the provisos that either 

of one another, 
or monosubstituted 

20 a) the tolans of the formula I contain a 2,3-difluoro-

1,4-phenylene group, or 

b) R1 or R2 is -CF3 or OCF3 , 

or that 

c) in the case where m = 0 and A3 and A4 = unsubstituted 

25 1,4-phenylene, R1 is ethoxy, propoxy, butoxy, pentoxy, 

nexoxy or heptoxy, and R2 is fluorine, or one of the 

radicals R1 and R2 is an alkyl group in which at least two 
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CB2 groups have been replaced by -o-, 

d) compounds where m • 0 and A3 and/or A' • mono­
substituted 1,4-phenylene are excluded, 

e) in the case where A3 and A' • unsubstituted 1,4-
5 phenylene, m • 1 and Z1 • a single bond, one of the 

radicals R1 and R2 is an alkoxy group and the other is 
then alkyl, 

and contains, as the most important further constituents, 
COlDJi>OUnds of the formula V 

10 R'-L-G-B-R1 v 

in which L and E are each a carbocyclic or heterocyclic. 
ring system from the group formed by 1,4-disubstituted 
cyclohexane rings, 4, 4-disubstituted phenylcyclohexane 
and cyclobexylcyclohexane systems, 2,5-disubstituted 

15 pyrimidine and 1,3-dioxane rings, 2,6-disubstituted 
naphthalene, di- and tetrahydronaphthalene, quinazoline 
and tetrahydroquinazoline, 

G . -CB•CB- -N(O)•N-is 

-CB-CY- -CB•R(O)-
20 -C•C -CB2-CB2-

-co-o- -CB2-0-
-c~-s- -CB2-S-
-CB•N- -coo-Phe-coo-

or a c-c single bond, 

25 Y is chlorine or -CN, and 

R' and R7 are alkyl, alkoxY, alkanoyloxy or alkoxy­
carbonyloxy_ having up to 8 carbon atoms, or one of these 
radicals is alternatively CH, NC, N021 CF.,,- P, Cl <:"tr Br. 
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2. Liquid-crystalline phase according to Claim 1-, 

characterized in that it contains compounds selected from 

the sub-formulae IS, I6, IlS and 122: 

R1-Cyc-Phe-C•C-Phe-R2 

5 R1-Cyc-Phe-C•C-PheX-R2 

R1-A1-CB2CB2-Phe-C•C-Phe-R2 

R1-A1-CB2CB2-Phe-C•C-PheX-R2 

IS 

I6 

Il8 
I22 

in which Cyc is trans-1,4-cyclohexylene, Phe is 

unsubstituted 1, 4-phenylene and PheX is 1, 4-phenylene 

10 which is monosubstituted or polysubstituted by fluorine. 

15 

3. Tolans, characterized by the sub-formulae 2, 6 

and 7: 

in which Cyc 

unsubstituted 
independently 

Rl-Phe-c=c-)£(-R2 

F F 

R1-Cyc-Z1-Phe-c=c*R2 
· F F 

R1-Phe-Zl-Phe-OiC~R2 
F F 

2 

6 

7 

is trans-1,4-cyclohexylene and Phe is 

1,4-phenylene, R1 and R2 are each, 

of one another, alkyl having up to 15 

carbon atoms ·in which, in addition, one or two non-

20 adjacent CB2 groups may be replaced by -o-, and one of 

the radicals R1 and R2 is alternatively -OCF31 CF3 , 

fluorine or chlorine, and Z1 is -CB2CB2- or a single bond. 

4. Tolans, characterized by the sub-formula 21: 

alkyl-Cy-Phe-C•C-Phe-alkoxy [sic) 21 

25 in which Cyc is trans-1,4-cyclohexylene, and Phe is 
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unsubstituted 1,4-phenylene and alkyl and alkoxy each 
have up to 15 carbon atoms. 

5. Tolans, characterized by the sub-formulae Igj and 
Igks 

S R1-Phe-C•C-Phe-OCF3 

R1-Cyc-Phe-CIEC-Phe-OCP, 
Igj 
Igk 

in which Cyc is trana-l,4'.'9cyclohexylene, Phe is 
unsubstituted 1,4-phenylene, and R1 is alkyl having up to 
15 carbon atoms in which, in addition, one or two DOD-

'..,/ 10 adjacent CB2 groups may be replaced by -o-. 

\...,_.,-

6. 4-Methoxy-4'-(trana-4-propylcyclohexyl)tolaD 
4-Bthoxy-4'-(trana-4-propylcyclohexyl)tolan 
4-Propyloxy-4'-(trans-4-propylcyclohexyl)tolaD 

7. 4-Fluoro-4'-ethoxytolan 
15 4-Pluoro-4'-propyloxytolan 

4-Pluoro-4'-butyloxytolan 
4-Fluoro-4'-pentyloxytolan 
4-Fluoro-4'-heptyloxytolan 

8. 4-Methyl-4'-(2-methoxyethoxy)tolan 
20 4-Ethyl-4'-(2-methoxyetboxy)tolan 

4-Propyl-4'-(2-methoxyethoxy)tolan 
4-Butyl-4'-(2-methoxyethoxy)tolan 
4-Pentyl-4'-(2-metboxyethoxy)tolan 
4-Bexyl-4'-(2-methoxyethoxy)tolan 

25 4-Beptyl-4'-(2-methoxyethoxy)tolan 

9. 4-Pluoro-4'-D;lethoxymethoxytolan 
4-Pluoro-4'-(2-metboxyethoxy)tolan 

10. 2,3-Difluoro-4-ethoxy-4'-(trana-4-metbylcyclo-
hexyl)tolan 

30 2,3-Difluoro-4-ethoxy-4'-(trans-4-ethylcyclohexyl)tolan 
2,3-Difluoro-4-ethoxy-4'-(trana-4-propylcyclohexyl)tolaD 
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2,3-Difluoro-4-ethoxy-4'-(trans-4-butylcyclobexyl)tolan 
2,3-Difluoro-4-ethoxy-4'-(trana-4-pentylcyclohexyl)tolan 
2,3-Difluoro-4-ethoxy-4'-(trans-4-hexylcyclohexyl)tolan 
2,3-Difluoro-4-ethoxy-4'-(trans-4-heptylcyclohexyl)tolan 

5 11. 2,3-Difluoro-4-ethoxy-4'-methyltolan 
2,3-Difluoro-4-ethoxy-4'-ethyltolan 
2,3-Difluoro-4-ethoxy-4'-propyltolan 
2,3-Difluoro-4-ethoxy-4'-butyltolan 
2,3-Difluoro-4-ethoxy-4'-pentyltolan 

10 2,3-Difluoro-4-ethoxy-4'-hexyltolan 
2,3~Difluoro-4-ethoxy-4'-heptyltolan 

12. 4-Trifluoromethoxy-4'-(trana-4-ethylcyclo-
hexyl)tolan 
4-Trifluoromethoxy-4'-(trana-4-propylcyclohexyl)tolan 

15 4-Trifluoromethoxy-4'-(trana-4-butylcyclohexyl)tolan 
4-Trifluoromethoxy-4'-(trans-4-pentylcyclohexyl)tolan 
4-Trifluoromethoxy-4'-(trana-4-bexylcyclobexyl)tolan 
4-Trifluoromethoxy-4'-(trana-4-heptylcyclohexyl)tolan 
4-Trifluorometboxy-4 1 -(trana-4-octylcyclohexyl)tolan 

20 

25 

4-Trifluoromethoxy-4'-ethyltolan 
4-Trifluoromethoxy-4'-propyltolan 
4-Trifluoromethoxy-4 1 -butyltolan 
4-Trifluoromethoxy-4'-pentyltolan 
4-Trifluoromethoxy-4'-hexyltolan 
4-Trifluoromethoxy-4'-heptyltolan 
4-Trifluoromethoxy-4'-octyltolan 
4-Trifluoromethoxy-4'-ethoxytolan 
4-Trifluoromethoxy-4'-propoxytolan 
4-Trifluoromethoxy-4 1 -butoxytolan 

30 4-Trifluoromethoxy-4'-pentyloxytolan 
4-Trifluoromethoxy-4'-hexyloxytolan 
4-Trifluoromethoxy-4'-heptyloxytolan 
4-Trifluoromethoxy-4'-octyloxytolan 

13. Liquid-crystalline phase having at least two 
35 liquid-crystalline components, characterized in 'that it 
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contains at least one compound according to one of Claims 
3 to 12. 

14. Use of the compounds according to one of Claims 
3 to 12 as components of liquid-crystalline phases. 

5 15. Use of· compounds according to one of Claims 3 to 
12 as components of liquid-crystalline phases for 
electro-optical display elements based on t~a BCB effect. 

16. Liquid-crystalline phase for electro-optical 
display elements based on the BCB effect, having at least 

'-~· 10 two liquid-crystalline components, characterized in that 

\.. .. -

it contains at least one compound according to one of 
Claims 3 to 12. 

17. Electro-optical display element, characterized in 
that it contains, as liquid-crystalline dielectric, a 

15 liquid-crystalline phase according to Claim 1, 2 or 13. 

20 

25 

18. Electro-optical display element based on the BCB 
ef feet, characterized in that it contains, as dielectric, 
a phase according to Claim 16. 

19. Tolans of the formula I 

R1
- (A1-Z1

) .-A3-C•c-A•-R2 

in which 

Ri is alkyl having up to 15 carbon atoms, 

R2 is -OCP3 , 

Ai is trana-1,4-cyclohexylene, 

z1 is a single bond, 

m is 1 
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and 

A3 and A4 are each, iµdependently of one another, 1,4-
phenylene which is unsubstituted or monosubstituted or 
polysubstituted by fluorine. 

5 20. Tolans of the formula I according to Claim 19, in 
. which R1 is a straight-chain alkyl group having 1-7 
carbon atoms. 
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1. Liquid-crystalline phase, characterised in 1hat it contains at least one tolan of the formula I 

in which 
R1 and R2 are each, independenUy of one another, alkyl having up to 15 carbon atoms' in which, 

in ~ition. one or two non-adjacent CH, groups may be replaced by -o-. and one of 
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the radicals R' and R2 is altematively-OCFa. Cfa. fluorine or chlorine, 
A' is unsubstituted 1,4-phenylene or trans-1.4-cycJohexylene, 
Z' is -CHzCHz· or a single bond, 
m is O or 1. 

and 
As and A" are eac:b. independently of one another. 1.+phenylene which is unsubstituted or 

monosubstituted or polysub8tiluted by fluorine. 
with the provisos that either 

a) the tolans of the fOrmula I contain a 2.3-diftuoro-1,4-phenytene group, or 
. b) R' or R2 is -CFa or OCFa, 

or that 
c) in the case where m • O and A' and A' • unsubstituted 1,4-phenylene, R' Is ethoxy, propoxy, 
butoxy, pentoxy. hexoxy or heptoxy, and R2 is fluorine, or one of the radicals R' and R2 is an alkyl 
group in which at least two CHz groups have been replaced by -<>-. 
d) compounds where m • o and A3 and/or A4 • monosubsti1uted 1,4-phenytene are excluded, 
e) in the case where A' and A' = unsubstituted 1,~ylene, m • 1 and Z' = a single bond, one 
of the radicals R1 and R2 is an alkoxy group and the other is 1hen alkyl, 
and contains, as the most important further c:anstituents. compounds of the formula V 

R'·L-G-E~7 V 

in which L and E are each a carbocyclic or helarocycfic ring system from the group formed by 1,4-
disubstituted cyclohexane rings, 4.4-disubstitulad phenylcyclohexa and cyctohexylcyclohexar)e 
systems, 2.5-disubslilut pyrimidine and 1.3-dioxane rings, 2,Misubstituted naphthaline, di- and 
tetrahydronaphlhafine. quinazolne and tetrahydroquina, 

Gis -CH•CH- -N(O)•N-
-cH•CY· -cH•N(O)-
·C=C -CHz-CHz· 
-co-o- -CHz-0-
-co-s- -ctia-S-
-CH•N- -coo-Phe-COO-

or a C-C single bond, 
Y is chlorine or -CN, and 
R' and R7 are alkyl, alkoxy, alkanoyloxy or alkoxycarbonyloxy having up to 8 carbon atoms, or one 
of these radicals is alt8matively CN, NC, N~. CFa, F, Cl or Br. 

2. Uqukk:rystalBne phase according to Claim 1, daact8rlsed in that It contains compounds selected 
from 1118 sub-formulae 15, 16, 118 and 122: 

R1-cyc.Phe-C:.c-Phe-R2 15 

R1-cyc.Phe-Cmc-PheX·R2 16 

R'·A'-CHzCHz·Phe-C-C-Phe-R2 118 

R'-A'-cHzCHz·Phe-CaC-PheX·R2 122 

in which Cyc Is trans-1,4-cyclohexylene, Phe is unsubstituted 1,4-phenyfene and PheX is 1,4-phenylene 
which is rnonosubstituted or polysubstituted by fluortne. 
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3. Tolans, charact8rised by the sub-formulae 2, 6 and 7: 

a1-cyc-Z1-Pbe-OIC~R2 
F F 

2 

6 

7 

-
in which Cyc is trana-1,4-cyclohexylene and Phe is unsubstituted 1,4-phenylene, R' and R2 are each, 
Independently of one another, alkyl having up 1D 15 carbon atoms in which, in addition, one or two non­
adjacent Ctla groups ""1 be replaced by-0-, and one of the radicals R' and R2 is alternatively -OCFJ, 
CFa. fluorine or chlorine, and Z1 is -CHactti· or a single bond. · 

4. Tolans, characterised by the sub-formula 21: 

in which Cyc is trans-1,4-cyclohexylene, and Phe is unsubstituted 1,4-phenylene and alkyl and alkoxy 
each have up to 15 carbon atoms. 

&. Tolans, characterised by the sub-formulae 1Q1 and lgk: 

R'·Cyc-Phe-()lc-Phe-OCFa lgk 

in which Cyc is 1,4-cyclohexylene, Phe is unsubstituted 1,4-phenylene, and R' is alkyl having up to 15 
carbon atoms In which, in add"dion, one or two non-adjacent Cli2 groups may be replaced by -0-. 

6. 4-Mettloxy-4'-(trans-4-propylcyclohexyl)tolan 
4-Eihoxy-4'-(trans-4-propylcyclohexyl)tolan 
4-Propyfoxy-4'-(trans-4-propylcyclohexyl)tolan 

1. 4-Fluoro-4'-ethoxytolan 
4-Fluoro-4'·propyloxytolan 
4-Fluoro-4'-butyloxytolan 
4-Fluoro-4'-pentyloxytolan 
4-Fluoro-4'-heptyloxytolan 

8. 4-MethyM'-(2-methoxyethoxy)tolan 
4-EthyM'-(2-methoJCyethoxy)tolan 
4-PropyM'-(2-methoxyethoxy)tolan 
4-Butyl-4'-(2-metho>Cyethox~ 
4-Pentyl-4'-(2-methoxyethoxy)tolan 
4-HexyM'-(2-methoxye'thoxy)tolan 
4-Heptyl-4'-(2-methoxyethoxy)tolan 
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9. 4-Fluoro-4'-rnethoxymethox 
4-Fluoro-4'-(2-methoxyethoxy)lolan 
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10. 2,3-Diftuoro-+ethoxy-4'~lcyclohexyl)tol 
2.3-~'-(lrans-4-ethyllohexyl)lolan 

2.3-~'-(trans-4-propylcycloh 
. 2.3-Difluoro 4 elhoxy-4'-(lrans-4-bulyll)tolan 
2,3-Diftuoro· 4 elhoxy-4'-(trans-4-pentyl)tolan 
2,3-Difluoro-+ethoxy-4'-(1rans-4-hexylcyclohexyl)tol 
2,3-Diftuoro-4-ethoxy-i'-(nns-4-heptylcyclohexyl)tolan 

11. 2,3-Diftuoro 4 elhoxy-4'-methyltolan 
2,3-Difluoro 4 elhoxy-4'-elhyllolan 
2,3-Difluoro 4 elhoxy-4'-propyltolan 
2,3-Difluoro-4-elhoxy-4'-butyltolan 
2,3-Difluoro-4-elhoxy-4'-penlyllolan 
2,3-Ditluoro-4-e'-hexyltolan 
2,3-Diftuoro-4-ethoxy-i'-heptyltolan 

12. 4-Trifluoromethaxy'-(Rnl-+elhylcycl)lolan 
4-Trlfluoromethoxy-41'-(111...-t-pnt>PYtcyclOIMl~JIOlan 
4-Trlfluoromelhoxy-4'-(lrans-4-bulyll)lolan 
4-Trlfluoromethoxy-4'-(tranH-pentylcl)tolan 
4-Trlfluoromethoxy-4'-(trans-4-hexyll)lolan 
4-Trifluoromethoxy-4'-(lnuw+heptylcyl)tolan 
4-Trifluoromethoxy-4'~)tolan 
4-Trifluoromethoxy-4'-elhylolan 
4-Triftuoromelhoxy'-propyllolan 
4-Trifluoromethoxy-4'-butyllolan 
4-Triftuoromelhoxy'-pentyllolan 
4-Trifluoromelhoxy-4'-hexyllolan 
+ Trffluoromethoxy'-heptyltolan 
4-Trifluoromethaxy'-octyllDlan 
4-Trlfluoromelhoxy-4'-ethoxylolan . 
4-Trifluoromethoxy-4'-propoxytolan 
4-Trifluoromethoxy'-buloxylolan 
4-Trifluoromethoxy-4'-pentyloxylolan 
4-Trffluoromethoxy'-hexyloxytolan 
4-Trlfluoromethoxy-4'-heplyloxytolan 
4-Trlfluoromelhoxy-4'-octyloxytolan 

13. Uqukkrystalllne phase having at least two Dquid-crystalllne components, characterised In that it 
contains at least one ~ according to one of Claims 3 to 12. 

14. Use of the compounds according to one of Claims 3 to 12 as components of riqulckrystalline phases. 

16. Use of compounds according to one of Claims 3 to 12 as components of liquid-crystalline phases for 
electnH>pUcal cftSPlay elemenls based on the ECB effect. 

16. Liquid-crystalline phase for eleclro-optical display elements based on the ECB effect. having at least 
two liquid-crystalline components, characterised in that It contains at least one compound according to 
one of Claims 3 to 12. 

17. Electro-optical display element. characterised in that it contains, as liquid-crystalline dielectric, a liquld­
crystalline phase accordi~ to Claim 1, 2 or 13. 

18. Electro-optical display e1em8nt ~ on the ECB effect. characterised in that It contains, a8 dielectric, 
a phase according to Claim 18. 
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19. Tolans of the formula I 

in which 
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R1 Is alkyl having ~ to 15 carbon atoms. 
R2 ls-OCFa. . 
A1 Is trans-1.4-cyclohexylene. 
z1 is a single bond, 
m Is 1 

and 
A• and A4 are each. independently of one another. 1.4-phenylene which is unsubstituted or 

monosubstituted or polysubslflutad by fiuorine. 

20. Tolans of the formula I according to Claim 19, In which R1 is a straight-chain alkyl group having 1·7 
carbon atoms. . 

[As print.ad] 
Revendlcatlona 

1. Phase cristallne llqulde. caract.sris'8 en ce qu"elle contient au moins un 
tolane de formula I 

dans laquelle 
R1 et R2 

A, 
Z1 
m 

et 

•aentent chacun lnd6pendamment run de rautre un alcoyle en c, l Cis , ob 
6galernent un ou deux groupes CHa non voiains peuvent ltre remplds par -o-. l'un 
des raclcaux R1 et R2 resrisenfe 6galernent -0CFa , CFa , tluor ou chlore, 
reprdsente un 1,+JHnylMe ou trans-1,-kyclohexyane non substitulf, 
rapnjsente -CHaCHa OU une Raison simple, 
vautOou 1 

· A:t et A4 reprffenlent chacun lndllpendamment l'un de l'autre un 1,+pWnyane non substitud ou 
. mono- OU polysubatitull par un fluor, 

avec ces prKJsions que 
OU bien 

a) les tDlanes de formula I contierl."lent un groupe 2,3-diftuoro-1,~ne. ou 
b) R1 OU R2 rapnjsenle -CFa OU OCFa. 

OU blen 
c) dans le cas oO m • o et A3 et A4 • 1,4-phlSnyane non subslltu6, R1 resrisente un 6thoxy, 
propoxy. butoxy, penloxy, hexoxy ou heptoxy et R2 reprfsente un fluor ou run des radicaux R1 et R2 
est un groupe alcoyle. oO ., moins d8UJc groupes CH, sont remplds par -0-, 
d) les compo9'1 oO m • O et A:t et/ou A4 1,4-phl§nylttne monosubstitu6 sont exclus, 
e) dans le cu oO A1 et A4 • 1,.....,,.nyane non subslitulf, m • 1 et Z1 • une liaison simple, l'un 
des radicaux R, et R2 repn§sente un groupe alcoxy et l'autre est un alcoyle, 

et cornme autres composants trh lmportants des compo8's de formula V 

ob l et E resrisentent chacun un sydme cyclique carbo- ou WbSrocyclique parml les suivants: 
noya1>e cycfohexane 1,-t-disubstitms, sydmes phtfnyl-cyclohexane et cycfohexyl-cyclohexane !414-
disubslltuM, noyaux pyrimidine et 1.3-dioxanne 2,5-disubstitutSs, naphtallne 2.8-disubstitm. di- et 
bftrahydronaphtalhe, quinazoRne et *8hydroquinazofine, 
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-CH=CH- ·N(O)=N-
-CH=CY· -CH•N(O)-
-c-c -CHa-ctfi-
-co-o- -CHa-0-
-co-s- -CHa-S-
-CH•N- -coo-Phe-COO-

R' et R7 reprMentent un alcoyle. alcoxy. alcanoyloxy ou alcoxycarbonyloxy avec jusqu'l 8 atomes de 
carbone, ou un de ces radfcaux reprNente t§galement CN. NC. NOz CFa • F , Cl ou Br. 

2. Phase cristallne lquide selon la revendicalion 1, C8111Cldri8'e en ce qu'elle contient dos compo8's de 
formulas parlielles 15, 18, 118et122: 

R1-cyc..Phe-QIC-Phe-R2 IS 

R1-CVC-Phe-QIC-PheX-R2 18 

R'-A'-CHaCHz·Phe-Cmc-Phe-R2 118 

R1-A'-CHaCHa-Phe-c-c-PheX-R2 122 

oO Cyc reprNente un trans-1.+cyclohexylMa. Phe un 1,4-phl§nylMe non substitm et PheX est un 1,4-
ph6nylltne mono- ou polysubstitu6 par un ftuor. 

3. Tolanes caracllSrWs par les formules partielles 2, 8 et 7: 

A1~Pbe-z&-f he-c:IC~R' 

r 'r 

2 

7 

oO Cyc repnfsente un trans-1.+cyclohexylltne et Phe un 1,4-piMJnylltne non substitutf. R' et R2 
resrisentent l chaque fois indllpendamment run de rautre un alcoyle ayant jusqu'l 1s atomes de 
carbone, oil dgalernent un ou deux groupes CHa non voislns peuvent atre remplds par -0-, l'un des 
radlcaux R' et R2 resrisente par -0-, run des radlcaux R' et R2 resrisente ~ -OCFa CFa , un 
ftuor OU un chlore, et Z' refrisente -CH:tCHa· OU une liaison simple. 

4. Tolanes carad6ris6s par la fonnule partielle 21: 

oil Cyc repiisente un trans-1.4-cyclohexyll!ne et Phe un 1.4-ph6nyl8ne non substitut§ et alcoyle et 
alcoxy Jrisentent l chaque fois jusqu'l 15 atomes de carbone. 
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5. Tolanes caracbSris6s .par les fonnules partielles lgj et lgk: 

R1·Phe-C-C-Phe-OCFa lgj 

R1-cyc-Phe-C-C-Phe-OCFa lgk 

oO Cyc reJrisente un trans-1,4-cyclohexylltne, Phe un 1,4-pMnylltne non substilW et R1 un alcoyle 
ayant jusqu•• 15 atornes de carbone, oO 6galement un ou dewc groupes CHa non voisins peuvent itre 
remplaa§s par ·0-. 

6. 4-tMthoxy-4'-(trans-4-propylcyclohexyl)-tolane 
4-Ethoxy-4'-(trans-4-propylcyclohexyl)-tolane 
4-Propyloxy-4'-(trans-4-propylcyclohexyl)-tolane 

7. 4-Fluoro-4'-4thoxy-tolane 
4-Auoro-4'-propyloxy-tolane 
4-AUC>fH'-butyloxy·tolane 
4-Auoro-4'-pentyloxy·tolane 
4-Auoro-4'-heptyloxy·tolane 

a. 4-tMthyl-4'~)-tolane 
4-Elhyl-4'-(2-rMthoxy6thoxy)-tolane 
4-Propyl-4'-(2-rMthoxyftioxy)-tolane 
4-Butyl-4'-(2-mffmy6thoxy)-tolane 
4-Penlyl-4'-(2-mflhoxyffloxy)-lolane 
4-Hexyl-4'-(2-m6thoxyfthoxy)-tolane 
4-Heptyl-4'-(2-m6thoxy6thoxy)-tolane 

9. 4-Auoro-4'fithoxym6thoxy-tolane 
4-Auoro-4'-(2-m6thoxy6thoxy)-tolane 

10. 2,3-Difluoro-4-4thoxy-4'·(trans-4-m6thylcyclohexyl)-tolane 
2,3-Difluoro-4-4thoxy-4'-{1rans-4-6thylcyclohexyl)-tolane 
2.3-Dlfluoro-4-ethoxy-4'-(trans-4-propylcyclohexyl)-tolane 
2.3-Diftuoro-+4thoxy-4'-(trans-4-butyll)-tolane 
2,3-Dlfluoro-+4thoxy-4'-(trans-4-pentylcyclohexyl)-tolane 

\.._,· 2,3-Diftuoro-4-ethoxy-4'-(trans-4-hexyll)-tolane. 
2,3-Difluoro-.Uthoxy-4'-(trans-4-heptylcyclohexyl)-tolane 

11. 2,3-Difluoro-4-4thoxy-4'-m'thyltolane 
2.3-Difluoro-4-4thoxy-4'-4thyltolane 
2.3-Difluoro-+4thoxy-4'-propyltolane 
2.3-Difluoro-4-ethoXy-4'-butyltolane 
2.3-Dlfluoro-4-4thoxy-4'-pentyltolane 
2.3-Difluoro-4-ethoxy-4'-hexyltolane 
2.3-Difluoro-4-tlthoxy-4'-heptyltolane 

12. 4-Trifluorom6thoxy-4'·(1rans-4-6thylcyclohexyl)-tolane 
4-TrifluororMthoxy-4-(trans-4.-propylcyclohexyl)-tolane 
4-TrifluororMthoxy-4'-(trans-4-butylcyclohexyl)-tolane 
4-Trifluoromlthoxy-4'-(trans-4-pentylcyclohexyl)-tolane. 
4-TrifluonXMthoxy-4'-~xylcyclohexyl)-tolane 
4-Trifluorom6thoxy-4'·(trans-4-heptylcyclohexyl)-tolane · 
4-Trifluore>rMthoxy-4'-(trans-+octylcyclohexyl)-tolane 
4-Trifluorom6thoxy-•l':.ethyltolane 
4-Trifluorom6thoxy-4'-propyltolane 
4-Trifluorom6thoxy-4'·butyltol8ne 
4-Trifluorom6thoxy-4'-pentyltolane 
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4-Trifluoromlfthox'-hexyltolane 
4-TrifluororMthoxy-4'-heptyltolane 
4-Trifluoromfthoxy-4'-octyltolane 
4-Trifluoromcllhoxy-4'-4thoxytolane 
4-Tritluorom6thoxy-4'-propoxytolane 
4-Trifluoromftloxy-4'-butcDcytolane 
4-Trifluoromfflmcy'-pentyloxytolane 
4-Trifluorom6thoxy-4'-hexyloxytolane 
4-Trifluorom6thoxy-4'-heptyloxytolane 
4-Trifluoromt§thoxy-4'-octyloxytolane 
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13. Phase cristalline liquide avec au moins deux composants cristallins liquides, caracterisH en ce qu'elle -
contient au mains un c:ompo8' selon rune des revendications 3 l 12. · -

14. Application des cornpcas selon l'une des revendications 3 l 12 comme composants de phases 
"-.J cristallnes liquides. 

1&. Appfication des compcas selon l'une des revendications 3 l 12 comme composants · de phases 
cristallines llquldes pour '"ments d'affichage 'lectro-optiques l base d'effet ECB. 

16. Phase crisl8rlne liqufde pour '"ments d'affichage 'lec1ro-optiques l base d'effet ECB avec au moins 
deux composants cristalline liquicles, e&rdri8'e en ce qu'elle contient au moins un compo8' selon 
l'une des revendications 3 l 12. 

17. E"ment d'aflichage 'leclro-optique carac*i8' en ce qu'il contient c:omme dicflectrique cristallin liquide 
une phase crislalline llqulde selon la revendication 1, 2 ou 13. 

18. 8'ment d'affichage 'leclro-optique l base d'effet ECB, carac9'ri8' en ce qu'il contient comme 
di41ec:trique une phase selon la revendication 16. 

19. Tolanes de formule I 

dans· laquelle 

et 

R1 reJrisente un alcoyle ayant jusqu'l 15 atomes de carbone, 
R2 . repn§sente -OCFs 
A1 un trans-1,4-cyclohexyll)ne, 
Z1 une lialson simple. 
m vaut 1 

A3 et A4 repn§sentent chacun indt§pendamment l'un de l'autre un 1,4-ph6nyll)ne ·non substitu6 ou 
mono- ou polysubstitu6 par un fluor. 

20. Tolanes de forrnule I selon la revendication 19, oO R1 rep"'sente un groupe alcoyle en Ct l en. 


