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Anisotropic compounds and liquid crystal mixtures 
Description 

The invention relates to new anisotropic compounds 
for use in liquid crystal mixtures (LC mixtQres> for elec-

5 trooptical displays. The invention also relates to LC 
mixtures containing the new anisotropic compounds. 

As is known, anisotropic compounds, the molecules 
of which carry, for polarisation in the direction of the 
longitudinal axis of the molecule and/or at right angles 

10 thereto, certain substituents which effect this polarisa-' 
tion, are required for the operation of various types of 
electrooptical displays. The polarisation effect thereby 

V caused is ·manifested by the positive or negative an ho-
~ tropy of the dielectric constants COCA or 4e> measured 

15 parallel Ce .. > and perpendicularly CejJ to the molecular 
axis, where 4£ = e., - e.L. 

Virtually all the known anisotropic compounds for 
liquid crystal mixtures contain two to four cyclic radi­
cals which are linked with one another by bridge members 

20 Ccoval•nt bonds or particular divalent groups>, and in 
most cases also carry so-called wing groups, according to 
the general formula 

a• 
(I) 

z 

'V in which R' and R" are the wing groups, a, b and c are the 
25 cyclic radicals and z• and Z" are the bridge members; z is 

0, 1 or 2. 
In a typical case, polarisation in the direction 

of the longitudinal axis of the molecule - called longi­
tudinal polarisation for short below - and accordingly 

30 the contribution to £., is effected by a highly polaris­
ing terminal group, such as the cyano group, on one end 
of the molecule Cas R' or R") and an alkyl or alkoxy group 
on the other end of the molecule CR" or R'). 

The polarisation·at right angles to the longitudi-
35 nal axis of the molecule - called cross-polarisation for 

short below - is generally effected by polarising 



r . 
v 

···········-······. ···----~~-------------------

- 2 - 0,139,996 
substituents in.the lateral position, and in particular 

hitherto virtually always by substituents on rings, such 
as cyano or halo~en atoms, usually fluorine or chlorine, 

on the aromatic cyclic radicals, usually benzene rings, 
S in accordance with the formula II 

ex'> n 

Cl!) 

in which X' is the polarising group, n is 1 or 2 and the 

arrows approximately correspond to the longitudinal axis· 
of the molecule. 

10 Formula II shows unambiguously that this customary 
type of cross-polarhation with the aim of increasing e:l., 
for ~xample for anisotropic substances with an overall nega­
tive DCA or for anisotropic substances with a positive DCA 

and at the same time by use of the. smallest possible values 
15. of the ratio t, always unavoidably leads to a consi~erable 

widening of the molecule, which is a disadvantage because it 
leads to a reduction in the clear point, and may result in 

other disadvantages. The limitation of the cross-polarisa­
tion according to formula II to the presence of at least 

20 one aromatic ring in the molecule can also have an adverse 
effect. 

The desirabilit~. of anisotropic compounds with a 
V positive DCA and as small as possible values of-~ is illus­

trated, for example, in EP-A-0,019,665, and is achieved 
25 there by combination of longitudinal polarisation and cross­

polarisation with substituents on rings. 

However, problems also result in longitudinal polar­

isation without cross-polarisation of the molecule if a 
highly polar.ising substituent must be attached to a cyclo-

30 aliphatic radical. As is known, the replacement of the 
aromatic rings by cycloaliphatic radicals offers various 

advantages, such as lower viscosity and reduced optical 
anisotropy; however, it is found that substituents on the 

rings, such as cyano groups, on cycloaliphatic radicals, 
35 lead to a reduction in the clear point or can even effect 
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disappearance of the mesophase, especially if 0 or N is 

at the same time bonded directly to the cycloaliphatic 
radi-cal. Thus, for example, cyclohexyl derivatives with 

a terminal ~itrile group, according to formula III 

(Ill) 

exhibit no mesophases, whilst the analogous phenylcyclo­
hexyl derivatives of the formula IV 

(IV) 

l.) still have clear points between 10° and ao 0 c. 
10 In the investigations leading to the present in-

vention, it was found that the conformation ~nergy of the 
groupings which form the anisotropic molecule, in parti­
cular the polarising substituents, and the difference bet­
ween the free conformation energy -AG 0 x of the groupings 

15 and substituents is of importance for their effect in 

reducing the clear point, and that it should be possible 
favourably to influence this effect by suitable choice of 
the substituents for longitudinal polarisation and/or 
cross-polarisation. 

20 

25 

The object of the invention is to provide new 
anisotropic compounds for LC mixtures for the operation 
of electrooptical displays, which enable the lon~itudinal 
polarisation and/or cross-polarisation problems mentioned .... .... 
to be solved. 

It has been found that this o~ject can be achieved 
by introducing a highly polarising substituent chosen from 
the group comprising cyano and halogen, such as fluorine 
or chlorine, into the alkyl part of a wing group of parti­
cular anisotropic molecules. 

30 Anisotropic compounds of the phenylbenzoate type 
which have a wing group of the formula -CCK2>m-CN Cm = 0 
to 4> have already been described in Patent Specification 
CH-AS-619,485, but the advantages of the compounds 
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according to the invention, resulting from the conformation 
energy of the g~oupings forming the anisotropic molecule, 
is (sic) of virtually rio importance in these com~ounds, 
which contain exclusively aromatic rings. Furthermore, 
GB-2,111,993-A, discloses anisotropic acetonitriles having a 
wing group of the formula -CH2CN, the mesoregions of whic~ 
are drastically narrowed in comparison with the properties 
according to the invention (cf. Table 1). A comparison of 
compound 10 from Table II with the structurally most similar 

10 compound from GB-2,111,993-A, that is to say with 4-Ctrans-
4-pentylcyclohexyl)-phenyl-acetonitrile <Example 31) shows 
that compound 1rr has a clear point which is higher by 

\.....,;' about 47°c. 

The invention relates to new anisotropic compounds 
15 of the formula (1) 

y 2 

.". --------- --- • 
(1) 

which is defined as follows: the rings A, B and C are iden­
tical or different and are chosen from the cycloaliphatic 

20 radicals of the formulae C1a) and C1b) 

-0 
C1a> C1b> 

that is to say the trans-1,4-cyclohexyl or 1,4-bicyclo­
<2,2,2)-octyl radicals, and aromatic radicals of the for-

25 mulae C1c>, C1d) and C1e) 

-«d>-
C1c> C1d) C1e> 

that is to say the 1,4-phenyl, 3~6-pyridazinyl or 2,5-
pyrimidine radicals. The radical X, that is to say the 
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highly polarising group present in the molecule, is the 
cyano group or a halogen atom, halogen atoms being f luo-

V rine- and chlorine, in preference to bromine, and iodine 
being least preferred. 

r . 
u 

5 Y is an optional structural component (that is to 
say p is 0 or 1), and is the oxygen atom C-0->, the car­
boxyl group c-cco>-0- or -OCO>c~> or the imino group 
C-NCH>->. If A is an aliphatic ring of the formulae [sic] 
C1a> or C1b>, p is preferably O. 

10 The bridges z1 and z2 can be identical or dif-
ferent and are covalent bonds or groups of the formulae 

x1 11 
• • 1 

-coo-, -cH20- or - c - c - , wherein X is hydrogen 
• • II 8 

15 or has the meaning given for X, and the groups can also 
be in the particular reverse sequence ~ooc-, -ocH 2- and 
-cH2ccx 1>CH>-, as long as these are not excluded by the 
provisos given below. 

If x1 has the meaning given for X, that is to 
20 say is cyano or halogen CF and Cl preferred as halogen>, 

the corresponding bridge member contributes towards cross­
polarisation of the molecule of the formula C1>. However, 
x1 can only be X if the wing group R or R1 is also identi­
cal to halogen or cyano~ 

25 The index n is a number· from 1 to 12. 
The ring C is an optional component of compounds 

according to the invention, that is to say s, like p, is 
0 or 1. 

R can have the meaning given for x1 if the adja-
30 cent ~ing C Cif s = 1) or B Cit s = 0) is an aromatic radi­

cal of the formulae rsicl C1c>, C1d> or C1e>; alternative­
ly, R is an alkyl CH 2m+ 1cm->, alkoxy CH2m+ 1cm-O->, alkoxy-_ 
carbonyl <Hzm+ 1cm-OCCO>->, alkylcarbonyloxy <Hzm+ 1cm-CCO>-O-> 
or alkylamino <Hzm+ 1c-NCH>-> group, the alkyl part of 

35 which contains 1 to 12 c atoms Cm = 1-12) in a straight 
or branched, optionally chiral chain. Exampl~s of the 
alkyl parts of the groups mentioned are methyl, ethyl, 
propyl, butyl, pentyl, he~yl, heptyl, octyl, nonyl, decyl, 
undecyl and dodecyl groups, including ~he isomeric and 
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chiral isomeric alkyls, such as 1-methylpropyl, 1-

methylbutyl, 2-methylbutyl, 1-methylpentyl, 2-methyl-, 

pentyl, 3-methylpentyl, 1- or 2- or 3-or 4-methylhexyl 

and 1- ~r 2- or 3- or 4- or 5-methylhept~l, as well as 

5 the other alkyl-a~kyl g~oups with an asymmetric C atom 

which are formed according_ to this principle. 

.10 

15 

The alkyl parts of R can carry one or more sub­

sti tuents, in particular halogen atoms or cyano groups, 
but at most in each case one such substituent is in each 

case attached to one c atom of the alkyl part. Further-
more, R can be a radical of the formula C1f> 

-z3 -0--a1 
C1f) 

in which the ring D has the meaning given for rings A, 
and c, z3 has the meaning given for z1 and z2 and R 1 

.has the meaning given for R, with the exception of the 

radical of the formula C1f). 

B 

According to the invention, the formula (1) is 

20 subject to the following restrictive provisos Ca>, Cb>, 
Cc>, -Cd> and Ce): 

25 

30 

<a> no oxygen atom, on the one hand, and no oxygen 
or nitrogen atom or cyano or halogen radical, on 

the other hand, is on the same side Csicl bonded 
directly to any of the cycloaliphatic radicals of 

the formulae Csicl C1a) or C1b) present in the 
molecule of the formula C1>; in other words, the 
molecule may not contain an'y rings of the formulae 

-00- -0-·-
and 

-o0-x-
wherein A1 is a radical of the formulae Csicl C1a> or 
(1b); 

b) no groups of the formulae Csicl -cH20- or -CCX>CH>-
35 are bonded directly, with the C atoms of these g~oups, 
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to any of the aromatic radicals of the formulae CsicJ 
C1c>, C1d) or C1e> present in the molecule of the for­

.mula (1), exc~pt when X is the fluorin~ atom; in other 
words, th• molecule may not contain any rings of the 
formulae 

and 

. 2 

-0-~-
wherein A2 is a radical of the formulae C1c> and 
C1e>, and x2 is cyano, chlorine, bromine or iodine, 
but not fluorine; 

\.._.,, 10 ·Cc> the radical XHznCn- is a group of the formula 

15 

NC-CHzCH2~ if th~ substitution by X is terminal, 
Cd> the molecule has the formula NCH-CH2CH2- @-@-

t1-1z-alk~l, if, in the molecule of the formula C1>, 
the ring A is an aromatic.radical bonded to a -CHzCHzCN­
group, and 

Ce> x1 can only be X if R and/or R.1 is halag~n (sic) · 
or cyano .. 

The provisos Ca>, Cb) and Cc> result from the fact 
20 that compounds of t~e formula C1> without these provisos do 

not have clear points or have clear points which are too 
low and/or do not have the required stability. The pro-
visos Cd> and Ce) serve for the purpose of delimitation. 

The knowledge, on which the invention is based, 
25 that the introduction of polarizing substituents into wihg­

located alkyl groups offers a large number of new anisotro-. ~-... 
pie compounds with low -! values, and does so irrespective 
of whether the rings of the molecule are only cycloaliphatic 
radicals or only aromatic r•dicals, or whether cycloali-

30 phatic radicals are present combined with aromatic r~dicals, 
is new and surprising. In this case, the·molecule of the 
new compounds <1> according to the invention contains a com­
bination of longitudinally polarising X and cross-polaris-
ing X, for example a terminal X at the end of a wing group 

35 or directly on an aromatic ring, together with at.least one 
lateral X as part of a wing group. 
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The knowle-dge on which the invention is based fur­

thermore offers a large number of new, highly longitudin­
ally polarising· anisotropic compounds, in which the longi­

t u d i n a l l y P.o l a r i s i n g c ya no o r ha l o gen a to 11 i s t e rm i n a l on 
an -alkyl part of a wing group attached ~o a cycloaliphatic 
radical; longitudinally polarising compounds with high 
clear points are thereby obtainable. 

This longitudinal polarisation by cyano or halo­
gen in the wing group of a cycloaliphatic radical can op-

10 tionally be combined with cross-polarising cyano or halo­
gen in a wing group or/and a bridge member. 

If the compound C1> according to the invention is 
to have a markedly positive DCA, it will in most cases 
carry a wing group which contains or consists of a terminal 

15 X - preferably cyano. Here is, as also in the ••• CsicJ 
to take into consideration, that a non-terminal X in the 

. . 

wing groups can also .contribute towards longitudinal polar-

isation. 
If the compound C1> is to have as small as pos-

20 sible a value of ~ith a more or less markedly positive 
DCA, it carries a wing group which contains or consists of 
a terminal X, prefe~ably cyano, combined with at least one 
non-terminal X in a wing group and/or an X on a bridge. 

Compounds C1> with negative DCA are obtained if 
25 the sum of the lateral polarisation contributions of X in 

the wings. and/or bridges exceeds the sum of the longHu-
l · dinally polarising contributions, or if the longitudin-
~' 

ally polarising groups are absent. 
Preferred groups of compounds of· the formula C 1 > 

30 according to the invention are defined in Claims 2-13 and 
have, in particular, the following f eitures, individually 

or in combination: 

- the molecule contains two or not more than three cyclic 

radicals and a to tat of 1 to not more than 4 cyano or 

35 halogen radicals; . 
- the ring A is preferably a cycloaliphatic radical, in 

particular one of the formula C1a); 
the ring A preferably carries an xc 1 _7 -atky~ group, in 
particular a cyano-c 1_7-alkyl group; 



5 

- 9 - 0,139,996 

- if X is halogen, fluorine and chlorine are preferred; 

- if R and/or R1 ctintain a substituted alkyl part, this 
preferably carries one or two substituents, preferred 

halogen atoms being fluorine and chlorine; 
- the molecule of the formula (1) preferably contains a 

total of at most one carboxyl group -coo- or -ooc-; 
- the molecule of the formula C1> preferably contains at 

most one aromatic ring of the formulae [sic] C1c), C1d> 
or C1e>; 

10 - the molecule of the formula (1) contains at least one 
bridge member Z in the form of a covalent bond; 

- the molecule of the formula (1) contains two or three 
cycloaliphatic radicals of the formulae (1a>, C1b); 

- if R and/or R1 has an alkyl part, this preferably co~-
15 tains 3 to 9 C atoms; 

if R and/or R1 is hydrogen or X, the adjacent ring is 
an aromatic radical of the formulae [sic] C1c>, (1d) or 

C1e>; 
- the radical X in the left wing group and the substituent 

20 optionally present on the atkyl pa~t of R and/or R1 is 
[sic] preferably attached to a C atom of the alkyl chain 

which is separated from the associated ring by not more 
than 2 c atoms. 

The following formulae illustrate the structure of 
25 specific groups of compounds according to the invention, A1, 

s1 and c1 in each case being the cycloaliphatic radicals 
C1a) and C1b>, A2, e2 and·c 2 in each ca~e being the aro-

• a t i c r ad i c a ls C 1 c > , . C 1 d > and~. C 1 e > , R 4 be i n g c 1- 12 - a l k y l , 

C1-12-alkoxy, XC1-7-alkyl, cy~no, F or Cl and R5 being C1-12-
30 alkyl, C1-12-alkoxy, C1-12-alkoxycarbonyl, or C1-12-alkyl­

carbonyloxy; the symbols A, B, c, z1, z2 and ~ 1 have the 

abovementioned meaning. R4 and R5 are preferably C1-12-
alkyl. 

xc, _7-All<Yl-0- z 1 -0-1\ 1 
I 10 I 

'11) 
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7
-Alkyl 

xc1 _7-~1Jcyl 

5 XC1-7~Alky1-0-0z2-0-a4. 

xc1_7-A1Jcyl ,20-·4 
v 

xc
1

_7-Allcyl ,2-0-·4 
xc1_

7-Alky1 

10 xc1_7-Alkyl 

0,139,996 0 ·· 
( 12) 

(13) 

( 14) 

( 15) 

(15) 

( 17) 

( 18) 

( 19) 

(20) 



... 

5 

- 11 - 0,139,996 
XC1-7-Alkyl is an n-alkyl group with 1-7 C ~toms 

substituted by X. The substitution is preferably terminal 
in the w-position. XC1-7-Alkyl is especially preferably 

NC-CHzCHz-. 
The invention a~so relates to liquid crystal mix­

tures which contain at least one compound of the formula 
(1), for example in amounts of 1-30 mol %, it being pos­
sible for the mixture also to contain several different 
compounds of the formula C1>, for example in an amount of 

10 up to 90 mol % in total. As further components, the LC mix­
tures according to the invention can contain known aniso­
tropic compounds and the additives corresponding to the 
intended use, such as dyestuffs, in particular pleochroic 
dyestuff~, optically active or cholesteric components and 

15 the like. 
The new compounds of the formula (1) can be ob­

tained by various methods which are known per se; a first 
general method is based, for example, on modifying a pre­
cursor corresponding to the molecule <1>, without an X 

2D radical or without X-alkyl, by introduction oi X or X­
alkyl, for example by halogenation~ such as bromination, 
if appropriate transhalogenation and if app~opriate nitri­
lation, or by Friedel-Crafts reaction and reduction in a 
manner which is known per se. 

25 A second general method is based, for example, on 
forming the molecule C1> by combining corresponding mole-

~ cular fragments, for example by condensation, esterif ica-
tion or etherification on a bridge member. .:, .. 

Corresponding precursors or molecular fragments~ ... 
30 are either known as su~h or can be obt~ined analogously 

to the known compounds. 
A general example for the first method is illus­

trated in the equation which follows; the chain length of 
the X-carrying wing group can be further increased by re-

35 peating th~ steps: bromination/carboxylation/reduction/ 
bromination, the radical X in each case being terminal; 
the formation of an alkyl-wing group with a non-terminal 
X, for example cyano, is illustrated in equation Va~ in 
vhich case a "compound C1>", that is to say a compound of 
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the formula C1>, or a corresponding "precursor" can in each 

~ case be used as the starting substance. 

I • 

v 

Equation Vb illustrates a specific example for the 

preparation of suitable "precursors-COOH 11
, that is to s~y 

5 of corresponding carboxylic acids for the synthesis accord­

ing to equation V or for the preparation of compounds of 

the formula C1) with terminal cyano on a ring by modif i­

cation of the carboxyl group by known methods, for example 

directly or via the corresponding amide. "X-alkyl" in 

10 equation Vb here is a group of the formula XHzn• C _ 
in which n' is in each case one smaller than that B~sired 
iri formula C1>. 

~ w 
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Precursor -COOH 

<Reduction> 

! 
Pre~ursor -cH2oH 

i 
5 CBromination> 

i 
Compound 

---------(Nitrilation) 

(1) -CHzBr 

~ 
CCarboxylation; -cH2cooH> 

. I ~ 
Compound <1> -CHzCN <Reduction; -cH2cH 2oH> 

I 
CBrominatjon> 

~ 10 c~mpound C1> -cH2cH2er 

I 
C Nit r il at ion> 

! 
Compound (1) -CHzCH2CN 

Equation Va 

~j 

Precursor -CN ( 1) R'MgBr 
15 or Compound (1) -CH-R' 

I Compound ( 1) -CN (2) TPSH/KCN CN 
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x-,alkyl-COCl + 

Co r ). 

5 x-a.lkyl-C(OJ-0-@
12 

--+ 

15 

~or> 

x-alkyl-C!Ol-@-0 

x-a.lkyl-ce20-@12 

Co r > 

. . ) 2 

x-.alkyl-cH20-\Q>-cooe 

Co r > 

X-alkyl-CH2@-@- COOR 

reduction,· 

(1) CH
3

COCl 

(2) oxidation 

_....,. (V). 

or 

nitrilation 

nitrilation) 
x-olky1-ca2-0-@-Cll 1

2 

Cor > 
. X- alkyl-ca2@-@- Cll 

....... 
./ 
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>2 .if appropriate subsequent separation and isolation 
of the trans-isomer 

The reduction of the carboxyl compounds can be 
5 carried. out with, for example, lithium aluminium hydride; 

the bromination is in most cases advantageously carried 
out with elemental bromine in the presence of triphenyl­
phosphine, and the nitrilation is carried out, for ex­
ample, with copper(!) cyanide or KCN; the Grignard method 

10 or, in certain circumstances, nitrile group hydrolysis, 
is suitable for the carboxylation. 

The following are general examples of known car-
boxyl-precursors or carboxyl-precursors which are obtain-
able in a known manner, R1, e, c, z and z having the 

15 abovementioned meaning: 

81-0110-cooa (.V-1) 

·,-&,&· CV•2·) 

Rl-0-z-O- COOR CV•l) 

-0 N-a 1 
1
1-<Q>-cooa (V•4) 

20 •,-0•,-\Q>-cooa (V-5) 

•1-012-Q- 1•0008 (V•6) 
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(V•7J 

(V•8) 

A general example of the second method for the 

preparation of compounds <1> according to the invention 
is illustrated in Equation VI below, in which the com-

5 pound {1) to be prepared consists of two fragments, for 
example fragmenta and fragmentb, which are bonded to one 

another by a bridge member z, for example a carboxyl or 

methoxy group. Depending on the nature of the bridge 

U group," the reaction is, for example, esterification, 
10 etherification or the like, and the fragment can carry a 

part cza, zb> of the bridge to be formed; L1 and L2 are 

corresponding leaving groups. 

Equation VI 

15. Suitable compounds for the synthesis according to 
\.. 

Equation VI are also either known or can be obtained in 

a manner which is known per se. 
The following examples serve to further illustrate 

the invention: 
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Example 1 

Preparation of 4-trans-cyanoethyl-cyclohexyl trans­
propyl-cyclohexyl-1-carboxylate 

4-trans-propyl-cyclohexane-1-carboxylic acid 
S <25 mmol> was warmed with· thionyl chloride (40 ml> at the 

reflux temperature_ for 30 minutes. The acid chloride 

formed was freed from excess thionyl chloride. The acid 

chloride thus obtained was now added dropwise to a sol­
ution of 4-trans-cyanoethyl-cyclohexanol <melting point 

10 52°c, 25 mmol obtainable in the following manner: 2-(4-
hydroxyphenyl)-propionamide is catalytically hydrogenated 

in 95% strength acetic acid (Nishimura catalyst>. The 1:1 
cis/trans mixture obtained is brought into equilibrium 

w"ith aluminiumopropylate. The trans-alcohol obtained is 
15 acetylated, converted into the nitrite using SOz and the 

acetyl group is subsequently hydrolysed with ~aOH) in 100 ml 
of pyridine. When the reaction had ended, the mixture was 

poured into excess dilute hydrochloric acid and extracted 
with methylene ·chloride. The product obtained from t~e ex-

20 tract by evaporation was recrystallised. The target com­
pound of this example thus obtained is monotropically tiquid 

crystal and has a melting point of 73.o 0 c and a clear point 

of 14.6°c. 

Example 2 
25 Preparation of 4-tr~ns-cyanoethyl-cyclohexyl 4-trans­

pentyl-cyclohexyl-1-carboxylate 
4-trans-pentyl-cyclohexane-1-carboxylic acid 

<36.5 mmol) was boiled under reflux with thionyl chloride 
C50 ml) for 1 hour. The excess thionyl chloride was dis-

30 tilled. The resulting acid chloride was added dropwise to 
a solution of 36.5 mmol of 4-trans~cyanoethyl-cyclohexanol 

in 100 ml of pyridine. The reaction mixture was stirred 
~ntil the reaction had ended and then poured onto dilute 

hydrochloric acid. The product was extracted with methy-
35 Lene chloride. For purification, the product was recrys­

tallised. It has a monotropic liquid crystal phase and 

a melting point of 61.5°c and a clear point of 39.3°c. 
Examples 3-7 

By the process described in Equation V or Va and 
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from the corresponding carboxylic acids of the formula C30> '\S:.Y 

HOOC Al~yl 
(30) 

the compounds of the formula C31> according to the inven­
tion 

X-Alkyl Alkyl C31) 

are prepared and their transition temperatures are deter­
mined. 

The results are summarized in the following Table 
TABLE I 

Example x-alkyl alkyl -melting clear 
point point c0 c> 

3 Br-CH2-CH2- n-pentyl 46.0 . 67.9 
4 NC-CH2-CH2- n-pentyl 9 108.8 
5 H3CCCH2)3CCH)CCN)- n-pentyl 35 80.0 

~mp le 6 

I 

The preparation of· 4-trans-cyanoethyl-4'-trans-pro-
pyl-bicyclohexane according to equation V; 
Step 1: a solution of 4'-propyl-trans,trans-bicyclo-hexane-
4-carboxylic a~id C0.1 mol) CR. Eidenschink, D, Erdmann~ J. 
Krause and L. Pohl, Angew. Chem. Int. Ed. Q, 133 C1978>l 
in dry THF was added dropwise to a suspension of LiAlH4 
.<10 g) in 100 ml of dry THF at o0 c. The reaction mixture 
was boiled under reflux for one hour and poured into cold 
dilute hydrochloric acid, a~d the produit was extr~cted with 

25 ether. 
Step 2: bromine C0.12 mol) was added dropwise to a suspen­
sion of PCPh)3 C0.12 mol> in dry CH3CN at o0 c. A solution 
in dry CH3CN of the alcohol prepared above was added drop­
wise to this suspension, and the mixture was stirred at 

30 this temperature for 15 mins. The solvent was then distil­
led off and the residue was heated at 130°c for 30 mins. 
After customary working-up of the reaction mixture, the 
crude product was extracted with CH2Cl2 and the solution was 
added to hexane to p~ecipitate out the triphenylphosphine 
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(silica gel/toluene>. 
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Step 3: a solution in dry ether of the bromide prepared 

above was added dropwise to a suspension of magnesium (4 g) 
S in dry ether, and the mixture was stirred for 1 hour at 

room temperature. COz gas was subsequently passed through 

the reaction mixture for 30 minutes, which was then worked 

up as usual. The crude product was recrystallised from 
toluene or hexane. Steps 1 and 2 were then repeated using 

10 

15 

this product as the starting material. 
Step 4: a ~ixture with solid KCN of 4-trans-bromoethyl-4'-

trans-propylbicyclohexane thus obtained was heated in DMSO 

tor 2 hours at 100°c, and was then poured into water. The 

reaction product was extracted with ether and filtered 
through a short silica gel column using toluene as eluent. 

The reaction p~oduct was recrystallised from EtOH and had 
a melting point of 13°c and a clear point of 99°c •. 

Examples 7-8 
By the process according to Reaction Equation V or 

20 Va from the ~orresponding carboxylic acids of the formula 

25 

30 

(80) 

HOOC Alkyl 
(80) 

the corresponding comp~unds of the formula C81> according 

to .the invention 

X-Alkyl Alkyl (81) 

were prepared. The resulting anisotropic compounds are 

suamarized in the following Table 11. 

TABLE II 

Example x-alkyl alkyl melting clear 

point point (OC) 

7 NC-CH -CH -2 2 n-pentyl 44.8 (28.3) 

8 H3CCCH2 >3tCH)(CN)- n-pentyl 34 
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Example 9 

Preparation of 4-cyanoethylphenyl 4-trans-pentyl-cyclohexyl-
1-ca:rboxylate 

A solution of trans-4-pentylcyclohexanecarbonyl · 
chloride C0.1 mol) in pyridine was added dropwise to a sol­
ution of 4-trans-cyanoethyl-cyclohexanol C0.1 mol) in pyri­
dine at 0 - s0 c, and the mixture was stirred at this temp­
erature for 2 hours. The reaction mixture was then worked 
up as usual, and the product was recrystallised twice from 

10 methanol, melting point 75°, clear point 51°. 
Other examples of compounds of the formul• (1) are 

the following: 
4-<2-fluorobutyl>-4'-cyano-biphenyl 
4-<1-fluoropentyl)-4'-cyano-biphenyl 

15 4-<2-fluoropentyl)-4 1 -cyano~biphenyl 

4-C3-fluoropentyl)-4'-cyano-biphenyl 
4-<2-chloroethyl)-4"-(2-flouropropyl)-p-terphenyl [sic] 
4-C1-fluoropentyl)-4"-cyano-p-terphenyl 
4-<2-fluoropropyl)-4"-cyano-p-terphenyl 

20. 1-C4-trans-C1-fluoropentyl>-cyclohexyl)-4~cyano-benzene 

1-<4-trans-C2-cyanoethyt>-cyclohexyl)-4-butoxy-benzene 
1-C4-trans-C2-fluoropentyl)-cyclohexyl)-4-cyano-benzene 
1-<4-trans-C3-fluoropentyl)-cyclohexyl>-4-cyano-benzene 
1-C4-trans-C2-cyanoethyl)-cyclohexyl)-2-C4~cyanophenyl)-

25 ethane 
3-C4-C3-fluoropentyl)-phenyl)-6-C4-cyanophenyl)-pyr·idazine 
3-<4-trans-C2-cyanoethyl>-cy~lohexyl)-6-C4-pentylphenyl)-

30 

pyridazine 
3-(4-trans-<2-cyanoethyL>-cyclohexyl)-6-butoxy-p~ridazine 

. ~ 

1-C4-trans-C2-cyanoethyl)-cyclohexyl)-2-C4-CS-C2-chloro-
ethyl)-2-pyrimidine)-phenyl)-ethane 
1-C4-trans-C2-cyanoethyl>-cyclohexyl)-2-C4-CS-C3-fluoro-
propyl)-2-pyrimidine)-phenyl)-ethane 
4-trans-CZ-bromoethyl)-4'-trans-propyl-bicyclohexane 

35 4-trans-C2-cyanoethyl>-4'-trans-propyl-bicyclohexane 
4-trans-C2-cyanoethyl)-4'-trans-pentyl-bicyclohexane 
4-trans-C2-cyanoethyl)-4"-trans-C4-pentyl-1-bicyclo­
C2,2,2>-octy()-bicyclohexane 
4-trans-CZ-cyanoethyl>-cyclohexyl 4-cyano-benzoate 



. 
~·. 

\._.,: 

v 

- 21 - 0,139,996 

4-trans-<2-cyanoethyl)-cyclohexyl 4-pentyl-benzoate 

1-C4-trans-C2-cyanoethyl)-tyclohexyl)-methoxy-4-butoxy­

benzene 

4-trans-C2-cyanoethyl>-cyclohexyl 4-trans-C4-butoxyphenyl>-
5 cyclohexane-1-carboxyla~e 

4-trans-<2-cyanoethyl)-cyclohexyl 4-C4-trans-<2-cyano­
ethyl )-cyclohexyl)-benzoate 

4-trarts-<2-cyanoethyl)-cyclohexyl 4-(4-trans-pentyl-cyclo­
hexyl )..;.benzoate 

10 1-C4-trans-C2-cyanoethyl)-cyclohexyl)-4-C4-trans-C3-fluoro-
propyl)-cyclohexyl)-methoxy-benzene 

4-trans-(fluoromethyl)-cyclohexyl-4'-C2-cyanoethyl)-bi­
cyclohexane-4-carboxylate 

4-t rar:is-<·2-c yanoe t hyl >-c ye l ohexyl-4' -C 3-f l uorop ropy l >-
15 bicyclohexane-4-carboxylate 

1-C4'-C2-cyanoethyl)-bicyclohex-4-yl>-methoxy-4-trans­
C2-cyanoethyl)-cyclohexane 

4-trans-C2-cyanoethyl)-cyclohexyl-4-C2-cyanoethyl)-bi­

cyclo-C2,2,2>-octane-1-carboxylate 

20 1-C4-C2-cyanoethyl)-1-picyclo-<2,2,2>-octyl)-methoxy-4-
trans-C2-cyanoethyl)-cyclohexane 

Examples follow for liquid crystal mixtures accord­

ing to the invention: 

Example A 
25 A liquid crystal mixture is prepared which consists of 

30 

9% of 2-p-cyanophenyl-5-propyl-1,3-dioxane 

12% 
9% 

6% 
5% 

5% 

4% 
6% 

of 
of 
of 
of 
of 

of 
of 

2-p-cyanophenyl-S-butyl-1,3-dioxane 

2-p-cyanophenyl-5-pentyl-1,3-dioxane 
2-p-octoxyphenyl-5-pentyl-pyrimidine 

2-p-nonoxyphenyl-5-pentyl-pyrimidine 
2-p~heptoxyphenyl-5-hexyl-pyrimidine 

2-p-nonoxyphenyl-5-hexyl-pyrimidine 
4,4'-bis(trans-4-propylcyclohexyl)-biphenyl 

9% of 4-Ctrans-4-pentylcyclohexyl)-4'-Ctrans-4-propylcy-
35 clohexyl)-biphenyl 

17% of r-1-cyano-·1-pentyl-cis-4-Ctrans-4-propylcyclohexyl)­

cyclohexane 

and 
18% of 4-trans-cyanoethyl~4'-trans-propyl-bicytlohexane. 
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Example B 

A liquid crystal mixture is prepared which tonsists of 
27% of trans,trans-4-pentylcyclohexylcyclohexane-4'-

carbonitrile 
5 17% of trans,trans-4-propylcyclohexylcyclohexane-4'-

. . 
carbonitrile 

30% of 4-trans-cyanoethyl-4'-trans-pentyl-bicyclohexane 

16% of p-ethoxyphenyl trans-4-propylcyclohexanecarboxylate 

and 
10 10% of trans,tran~-4-pentyl-4'-butyryloxybicyclohexane. 
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Patent claims 

1. New anisotropic compounds for use in liquid crys-
tal mixtures for electrooptical displays, characterised 
by the formula (1) 

y ( 1) 

in which the rings A, B and c are identical or different 
and are chosen from cy~loaliphatic radicals of the for­

mulae C1a) and C1b) 

-0- -&-
C1a> C1b) 

and aromatic radicals of the formulae C1c>, C1d) and C1e> 

-0- -0- -<0>-
C1c) C1d) C1e) 

x is cyano or 
halogen, Y is oxygen, carboxyl or imino, z1 and z2 are 

identical or different and are covalent bonds or groups 

x1 • 
' ' 1 ~f the formulae -coo-, -cH20- or - c - c - , wherein X . ' • 1· 

is the hydrogen atom or has the meaning given for X, n is 
a number from 1 to 12, p ands are in·ea~h case identical 

or different and are 0 or 1 and R has the meaning given 
for x1 or is an alkyl, alkoxy, alkoxycarbonyl, alkylcar­

bonyloxy or alkylamino group, the alkyl part of which in 
each case contains 1 to 12 C atoms in a straight or branched, 

optionally cchiral Csicl carbon ch~in, which chain option­
ally carries one or more substituents chosen from halogen 

and cyano;. at most one of the substituents men.tioned in 
each case being attached to one atom of the chain, or is a 

i 
r 
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C1f) 

in which the ring D has the meaning given for rings A, B 

and c, z3 has the meaning given for z1 and z2 and R1 

has the meaning given for R, with the exception of the 

radical of the formula C1f), with the provisos that 
Ca) no oxygen atom, on the one hand, and no oxygen or 

nitrogen atom or cyano or halogen radical, on the 
other hand, is at the same time bonded directly to 

any of the cycloaliphatic radical [sic] of the for­
mulae C1a> and C1b) present in the molecule, 

Cb) no groups of the formulae [sic] -cH 20- or -CCX>CH>­
are bonded directly with the c atoms of this g_roup, 

to any of the aromatic radical [sic] of the formula 
C1c>, C1d) or C1e> present in the molecule, except 

when X is Flour [sicl, 

Cc> the radical XHznCn- is a group of the formula NC-CHzCHz~, 
if the substitution by X is terminal,--

Cd> the molecule has the formula NC-CHzCHz-~C 

C1-12-alkyl, if, in the molecule of the formula C1>, 
the ring A is an a~omatic radical bonded to a -CHzCHzCN 
group, and 

Ce> x1 can only be X if R and/or R1 is halogen or cyano. 
2. Compound according to Claim 1, characterised in 

that the ring A in formula C1> is a cycloaliphatic ~adi­
cal of the formulae [s~cl C1a> or C1b). 

3. Compound according to Claim 1 or 2, char~cterised 

in that p and s are 0. 

4. Compound according to one of Claims 1 or 2, cha-
racterised in that R and/or R1 contains an alkyl part 

which is at most disubstituted. 
5. Compound according to one of Claims 1-3, charac­

terised in that R is only cyano, fluorine or chlorine if 
the ring bonded directly to R i• an aromatic radical of 
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the formulae [sic] C1c)~ (1d) or C1e>. 

6. Compound according to one of Claims 1-5, character~ 
ise~ in that the compound of the formula <1> contains at 

most one carboxyl group. 

7. Campound according to one of Claims 1-5, charac-

terised in that in formula (1) at least one of the bridge 
members z1, z2, z3 is a covalent bond. 

8. Compound according to Claim 1, characterised by 

the formula CS> 

1'-0-•' 
in which X, Y, A, B, z1, R1, n and p have the meaning 
given in Claim 1. 

(8) 

9. Compound according to Claim 8, characterised in 

that th~ rings A and B are radicals of the formulae C1a>, 
C1b> or/and C1c>. 

10. Compound according to Claim 1, characterised by 
the formula (9) 

XH2ncn --V--. 1y·pl A ~11~20· a1 

.... (9) 

in which X, Y, A, B, c, z1, z1, R1, n and p have the 

meaning given in Claim 1. 
11. tompound according to Claim 10, characterised in 

that th•~rings A, B and c are radicals of the formulae .... 
C1a>, C1b) or/and C1c). 
12. Compound according to one of Claims 1-11, charac-

terised in that the C •tom of the wing group of the for­

mula XH 2ncnCYJP, which carries the radical X, is separa­
t~d from the ring A by not more than two atoms of the wing 

:::! ~--.... pp·;;.· 

group chain. 

13. Compound according to one of Claims 1-12, in which 
R or R1 contains a substituted alkyl part, character-

ised in that none of the substituents is attached to a C 
atom of the alkyl part which is separated from the ring c 

- j 
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or D by more than two chain atoms of the wing group chain. 

14. Liquid crystal mixture, characterised in that it con-

tains at least one compound accordin~ to one of Claims 1-13. 

15. Electrooptical display element characterised in that 
it contains a liquid cr~stal mixture according to Claim 14. 

16 Use of a compound according to one of Claims 1-13 as 
components in liquid crystal mixtures. 

-­·' 
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Claims 

1. New anisotropic compounds for use in liquid crystal mixtures for electrooptical displays, characterised by 
the formula ( 1) 

(1) 

in which the rings A, B and C are identical or differem and are chosen from cycloaliphatic radicals of the 
formulae (1a)·and (1b) . 

-0-
C1 a> (1 b) 

and 1rom1tic r1dicals of the formulae (1c). (1d) and (1•) 

I I (1 c> (1 d) (1 •> 

X is cyano or halogen . . 
Y is oxygen carboxyi or imino, Z' and Z2 are idemical or different and are covalem bonds or groups of the 

formula ·COO·, -CH2C· or 

x' • • • -c-c-, 
• • • • 

wherein x1 la the hydrogen atom or h11 the meaning given far x. n is a number from 1 to 12. 
p and a are in ..... cue identical or different and are 0 or 1 and R hu th• meaning given for x1 or is In 1lkyl, 

1lkoxy, alk~. Ilk~ or 1lkylamino group, the alkyl plft of which in each caM com1ins 1 to 
12 C atoms in • .. .,._or brenchad, optionally chirel carbon win, which chain optionally c1nies one or more 
substituent8 cha11n from halogen end cyano, It mHt one of the subatituems mentioned in ••ch cilse being 
attached to one ltOm of the chein, or is a redlClll of th• fonnuf8 (1f) 

-z3 ~a1 
·c1 f> 

in which the ring D has the meaning given for rings A, B and C, Z3 haa the meaning given for z1 end Z2 and R1 

has the me1ning given for R. with the exception of the nadtcal of the formula (1f), with the provisos that 
(a) no oxvten atom. on the one hand, and no oxygen or nitrogen atom or radical cyano or halogen, on the 

other hand. are at the ume time bonded directly to any of th• cycloaliphltic radicals of the formul1e (1a) and 
(1b) pr ... m in the molecule. 

(b) no groups of the formulae -CH20- ind -C(X)(H)· are bonded directly. with the C atoms of this group, to 
any of the aromatic radicals of the formulae (1c). (1d) and (1e) preMnt in the molecule. except when Xis the 
fluorine atom, 

(c) th• radical XH2nC..· is a group of formula NC-CH2CH2- if the substituent X is in terminal position, 
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(d) the molecule h• the formula NC-CH2CH2 ©@-

C1•1ralkyl if the rlnt A in the •leeule of the formula (1) i1a1romatic radiCll llnked to 1 group -CH2CH2CN, 
and 

(•) X' can only be.X If R ind/or R' ia h1togen or cyano. 
2. ComPound 1ceon:llng to Claim 1. ch1r1cteriMd in that the ring A in fonnula 11) II 1 cycloallphatic radical of 

the formula (1a) or (1b). · · 
3. ComPound according to Claim 1 or 2. characteriMd in that p and 1 are O. 
'· Compaund accordlnt to one of Claims 1 or 2. chlractefiaed in that R and/or R' contalna 1n alkyl pan which 

II at moat dlaubsdtuted. 
&. Compound according to one of Claima 1 -3. chaflcteriled in that R only denot• cyano. fluorine or chlorine 

If the rint. bonded directly to R ia an aromatic radical of 1he formula (1c). (1d) or (1e). 
I. Com1»9und accordint to one of Claim• 1-1. characteriled In that the comPoUnd of the formula (1) cont1in1 

at moat one carboxyl group. 
7. Compound according to one of C11im• 1-I. ch1r1cter1Md In that in formula (1) at lent one of the bridge 

membera zt. 'D or Z3 i• a covalent bond. 
a. ComPound ICCOrdint to Cl1im 1. chlrecteriaed by the formul1 (I) 

•'0•' <I> 

in which X. Y, A. 8, zt, R'. n and p hlY9 the meaning glvu in Claim 1. 
8. Compound according to Claim I. chlrlcterlted In that the rin91 A and I .,. l'ldiClll of the formulae (1 a). 

(1b) or/Ind (tc) · 
10. Compound HCOrding to Cllilft·1. chlracterlMd by the formula (9) 

In wlllch X. V, A. I. C. zt, 'D. Rt, n and p have the muning...,..,.. Claim 1. 
11. Compound aD11Ndi119 to Claim 10, ............ In that die rfnp A, I MCI C denOle rldfcall of the 

formu• (11). (~It) or/and (1c). · · 
12. Compound 1111rdll• to OM of Clallna 1·11, .......,.... In tltat the C atolft of the end group of the 

formula X"2.C.M., wllllll ...._die,...... x, ii.....,..... fram tM rinl A by not more than two atoms of 

~----.. 
-H~Compound 1111 •• to w of a.I• 1·12. In wtllall R or. R1 ......... • lldlllilUtecl 1lkyl part. 
•r1t:tW111d ........ of die.........._ ii ......... to a C atonl of die llkyl pan which 11...,.rated from 

· die rlftl C or D .., ... ._two chain atotnl of the end group chlln. 
14. Liquid_,.........,.,....,......,. In that It .............. oompound aoaordlng to one of.Claim• 

1-13. 
11. Eleclroopll181 clllplay •lelllent. ............. In thM II .... a liquid cryetal mialure eooordlng to Cleim 

14. . 
11. U• of a compound 8CCOrdl119 tow of Claim t • 13 a ............. of liquid._., mbltur-. 

.............. 
1. Nouveaux cotnPoMe anleotropee pour rUllllution dine des ........... t ariataux llquldel eervant dan1 d .. 

lfftchltel •leclro-optlqun. caracttrlMI par la~ 1 · 
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XHznCn ' •' ,,, 
I 

dana laquelle lea cycles A. I et C, idemiquea OU diff•renta, IOnt choilia parmi lft groupea cycloeliphatiques 
de formulea 1•, 1 b 

-0 -& 
C1aJ c 11•1 

et lea groupea erometique1 de formuln 1c, 1 d, 1e 

& 1C) t 1et 

X repr••nte un groupe cyeno ou un halogtne et Y resrilente l'oxygtne. un groupe carboxyle ou imino, 
z1 et Z2. ayant dea lignificetion1 identlqu• o&a diff6...mei, rep,.......nt d• U1i10na coielentea ou des 

groupe1 de formulea ·COO-. -CH20- ou 

x, B 
• • - c - c -. . • 
B B 

d•na lequel x1 ,..,,...._ l'MOme d"hydrog6ne ou •a. ..... lffcMlona lncllquHI pourX. 
n111unnombntde1 •12.et 
p .... ..,... ...... iftullone ldenliquel OU d .......... IOnt ctulaun ..... 0 OU , II R •.l11 lignification1 

indlqu611 pour X1 ou repr611• un groupe •lkvle. 81ooay. ~. alkylcarbonyloxy ou alkylamino 
dont I• pMle .a,11 ......... .,. c111e1ue au 1 A 12 llOIMI de arbone en cllttne drolte ou r1mifiH et le cu 
Rh••nt......, ...... aMfne porgnt le Al~ un ou plulieurs 1Ubllilu•nt1 choilil parmi IH h•tog•nn 
et ... lfOUP99 .,_.. .._.. ...,.. qu•un •w di .. aMlne porte • maimum un des aubatituants 
mention• ... ...,. defonnule 1f 

-a.>-0--1 Ctll 

dan1 laquelle le cycle D • I• lignlfiatfoM incllqu• pour a. Oyclet A. 8 et C. P 1 I• ligniflatlona 
indiqu6ea pour Z' et Z2 et R' l11 li9niftc8tloM incliq.,._ pour R • l"exoeptlon du groupe de formule 1f, •vec lea 
reatrictiOM IUiv•ntH: 

(1) 1Ur 1ucun del groupea cycl011iphetiquu de formule 1• ou 1b exiaUnt dMI le mottcule. ii ne peut y avoir 
limultln6ment li•ilOn directe d'un 1tome d'oxyg6ne d"une part et U.ieon dlNCll d"un 1tome d'oxv1•n• ou d'un 
llOme d'uote ou du groupe cy1no ou d'un h•log•ne d'lutre part. 

(b) 1ur eucun dn groupn 1romatiquu de formule 1c, 1d ou 1• exillmnt dan1 I• molal•. ii ne peut y evoir 
liei10n directe de groupea de formull -CH20- ou -CCX) (H)· per l'lnterm6d18ire dea 1tomea de cerbone de ce 
groupe, •uf lorsque X repr6Mnte I• fluor, · 

\ 
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(c) le groupe XH2nCn· est un groupe de formule NC-CH2CH2- lorsque la substitution par X est en position 
terminale, 
. (d) la molecule repond i la formula NC-CH2CH2··0-0-

·C1.12-Alkyl lorsque. dans la molecule de formule. 1, le cycle A est un groupe aromatique relie a un groupe 
-CH2CH2CN, et . 

(e) x1 ne peut representer que X lorsque A ou At reprlisente un halog•ne ou le groupe cyano. 
2. Compose selon la revendication 1, caracterise en ce que le cycle A de la formule 1 est un groupe 

cycloaliphatique de formula 1a ou t b. 
3. Compose selon la revendication 1 ou 2, caracterise en ce que p et 1 sont 6gaux • O. 
4. Compose selon t'une des revendications 1ou2. caracteris6 en ce que A et R1 contiennent une partie alkyle 

substituee deux fois au maximum. 
5. Compose selon l'une des revendications 1 • 3, caracterise en ce que R ne peut representer qu'un groupe 

cyano, le fluor ou le chtore lorsque le cycle reli• directement 6 R est un groupe aromatique de formule 1 c. 1 d 
OU le. 

6. Compose selon l'une des revendications 1 • 5, caracterise en ce que le compoM de formule 1 contient au 
maximum un groupe carboxyle. 

7. Compose selon l'une des rev,ndications 1 a 5, caracterise en ce que, dans la formule 1. au moins un des 
ponts z1, Z2. Z3 est une liaison covalente. · 

8. Compose seton ta revendication 1. caracterise par la formula 8 

•'-.0:•' Cl I . . ·: . .-~ ~; 
~ ... ... 

' ' . 

dans laquelle X, V, A, B. Z1, R1, net p ont les significations indiqueel danl 18 revendication 1 .... •:. 
9. Compose selon la revendication 8. caracterise en ce que lea cycl• A et 8 aont des gr0upe1 ~e .forrnule ta, 

1b et/ou 1c. · .· . · · · · · · ,. · · · 
10. Compose selon la revendication 1, caracteriM par la formule 9 ~: '. . 

dana laqHlleX. Y. A. I, C. Z', %2, R' net p ont lea si9niffcation1 indiquees dana la ·revendicetion 1. 
11. Compol6 lllan la revendlcation 10, caractjris6 en ce que lea cyclea A, 8 et C aont des groupes de 

formules 1•. 1b flt/• 1e. 
12. Compos6 ielOft t"un• d• revendicaliona 1 a 11, caract•rt• en ce que l'ltome de carbon• du groupe 

d'exrimit6 de formule XH21aCnlVJr. qui porte le reate X, Ht upare du cycle A par deux atom•• au maximum 
de I• chain• du groupe d'extremil • · 

13. CompoM selon l'une de1revendicationa1612, dans lequel R ou R' contient une panie •lkyle substitu•e. 
caracteriM en ca qu'aucun d• subatituants n'eat pl1c6 sur un 1tome de carbon• de la partie •lkyle qui est 
Mparee du cycle C ou D respectivement par plus de deux atome• de ~•tne de la chaine du groupe 
d' extntmht. -· . t .• ~ ·-----·. • ••• -..: · •· • 

14. M•lange 6 criataux liquidea, caractjriM en ce qu'il contiem 1u moins un compose selon l'une des 
revendications 1 6 13. .· · · · · · . · · ' · , · 

15. Element d'afflchage 61ectro-optique, caract6ril6 en ce qu'il contient un "'6lange 6-criataux liquid•• seton 
la revendication 14. · ·· · ·· ·• · 

18. Utili11tion d'un compoM s81on l'une des revendicationl-1 •:;13 en tant qi,le·CfOmposant de mel•nges a 
criataux liquides. .. . . ., . . . . . .. . . , , ... , 


