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Anisotropic compounds and Liquid crystal mixtures

Description

The invention relates to new anisotropic compounds

for use in iiquid cristat mixtures (LC mixtures) for elec-

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

As is known, anﬁsbtropic compbunds, the molecules
of which carry, fdr_polarisation in the direction of the
tongitudinal axis of the molecule and/or at right angles
thereto, certain substituents which effect this polarisa-’
tion, are required for the operation of various types of
electrooptical displays. The polarisation effect thereby
caused is manifested by the positive or negative aniso-
tropy of fhe dielectric constants (DCA or Ae) meaéured
parallel (e,) and perpendicularly (el) to the molecular
axis, where Ae = g, - €. | '

Virtually all the kﬁown anisotropic compounds for
Liquid crystal mixtures contain two to four cyclic radi-
cals which are Linked with one another by bridge members
(covalent bonds or particular divalent groups), and in
most cases also carry so-called wing groups, according to

R

R' . Z - 2" —@_R. '
| (n

the general formula

in which R' and R" are the wing groups, a, b and ¢ are the
cyclic radicals and Z' and Z"” are the bridge membefs; z is
0, 1 or 2. -

In a typical case, polarisation in the direction
of the Llongitudinal axis of'the_molecule'- calted Longi-
tudinal polarisation for short below - and accordingly
the contribution to ¢, is effected by a highly polaris-
ing terminal group, such as the cyano group, on one end
of the molecule (as R' or R") and an alkyl or alkoxy group
on the other end of the molecule (R" or R').

The polarisation at right angles to the longitudi-
nal axis of the motecule - called cross-polarisafion for
short below - is generally effected by polarising

.
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substituents in the Lateral position, and in particular

hitherto virtually always by substituents on rings, such
as cyano or halogen atoms, usually fluorine or chlorine,
on the aromatic cyclic radicals, usually benzene rings,
in accordance with the formula II

(X',

(11)

in which X' is the polarising group, n is 1 or 2 and the
arrows approximately correspond to the longitudinal axis
of the molecule.

Formula II shows unambiguously that this customary

type of cross-polarisation with the aim of increasing eL,

for example 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
of the ratio & ,» always unavoidably leads to a considerable

~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 Llimitation of the cross-polarisa-
tion according to formula II to the presence of at least
one aromatic ring in the holecule can also have an adverse
effect. .
| The desirability of anisotropic compounds with a
positive DCA and as small as possible values of 4% is illus-
trated, for example, in EP-A-0,019,665, and is achieved
there by combination of Longitudinal polarisation and cross-
polarisation with substituents on rings.

However, problems also result in lLongitudinal polar-
isation without cross-bolarisation of the molecule if a
highly polarising substituent must be attached to a cyclo-
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 grbups, on cycloaliphatic radicals;
lead to a reduction in the clear point or can even effect
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disappearance of the mesophaée, especially if Q0 or N is
at the same time bonded directly to the cycloaliphatic
radical. Thus, for examp}e, cyclohexy!l derivatives with
a terminal nitrile group, according to formula III

exhibit no mesophases, whilst fhe analogous phenylcyclo-

_hexyL derivatives of the formula IV

still have clear points between 70° and 80°c.

In the investigations Leading to the present in-
Vention, it was found that the conformation energy of the
groupings which form the anisotropic molecule, in parti-
cular the polarising substituents, and the difference bet-
ween the free conformation energy -AG°x of the groupings
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 potarisatioﬁ and/or
cross-polarisation. '

‘'The object of the invention is to provide new
anisotropic compounds for LC mixtures for the operation
of electrooptical displays, which enable the longitudinal
polarisation and/or cross-polarisafion problems mentioned
to be solved. )

It has been found that this object can be achieved
by introducing a highly polariéing 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.

‘ Anisotropic compounds of the phenylbenzoate type
which have a wing group of the formula -(CHp),~CN (m = O
to 4) have already been described in Patent Spécification
CH-A5-619,485, but the advantages of the compounds
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according to the invention, resdlting from the conformation

energy of the groupings forming the anisotropic molecule,

is [sicl of virtually no importance in these compounds,
which contain exclusively aromatic rings. Furthermore,'
6B-2,111,993-A, discloses anisotropic acetonitriles having a
wing group of the formula -CH2CN, the mesoregions of which
are drastically narrowed in comparison with the properties
according to the invention (cf. Table 1). A comparison of
compound 10 from Table I1 with the structurally most similar .
compound from GB-2,111,993-A, that is to say with 4-(trans-
4-pentylcyclohexyl)-phenyl~acetonitrile (Example 31) shows
that compound 10 has a clear po1nt which is higher by
about 47%. _

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

e 13O OF O

1)
which is defined as follows: the rings A, B and C are iden-
tical or different and are chosen from the ;ycloaliphatic
radicals of the formulae (1a) and (1b)

YO

(1a) ' (1b)
that is to say the trans-1 4—cyclohexyl or 1,4~ b1cycLo-
(2,2,2)-octyl radicals, and aromatic radicals of the for-.
mutae (1c), (1d) and (1e)

O ©

(1¢) ' (1d) (1e)
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 polérising group present in the molecule, is the
cyano group or a halogen atom, halogen atoms being fluo-
rine and chlorine, in preference to bromine, and iodine
being Least preferred. _

Y is an optional structural component (that is to
say p is 0 or 1), and is the oxygen atom (-0-~), the car-
boxyl group (-C(0)-0- or -0(0)C-) or the imino group
(-N(H)-). 1f A is an aliphatic ring of the formulae [sicl
(1a) or (1b), p is preferably O. '

The bridges Z1 and Z2

ferent and are covalent bonds or groups of the formulae
1

can be identical or dif-

_ X' B
-c00-, -CHZO- of = é - é ~ , uwherein X1 is hydrogen
: * L]
# H

or has the meaning given for X, and the groups can also
be in the particular reverse sequence -00C-, -OCHZ- and

-CHZC(X1)(H)-, as long as these are not excluded by the
provisos given below.
If X1 has the meaning given for X, that is to

say is cyano or halogen (F and CL preferred as hafogen),
the corresponding brfdge member contributes towards cross-
polarisation of the molecule of the formula (1). However,
x’ can only be X if the wing group R or R1 is also identi-
cal to halogen or cyano.
' The index n is a number from 1 to 12.

The ring € 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-
cent ring € (if s = 1) or B (if s = 0) is an aromatic radi-
cal of the formulae [sicl (1¢c), (1d) or (1e); alternative-

_ Ly, R is an alkyl ‘"zm+1°m"' alkoxy (H2m+1cm-0-), aLkoxy-;
carbonyl (u2m+1cm-oc(0)-), alkylcarbonyloxy (H ¢ _-c(0)-0-)

2m+1"m
or alkylamino (H2m+1C-N(H)—) group, the alkyl part of

which contains 1 to 12 ¢ atoms (m = 1-12) in a straight
or branched, optionally chiral chain. Examples of the
alkylL parts of the groups mentioned are methyl, ethyl,
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl,
undecyl and dodecyl groups, including the isomeric and
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chiral isomeric alkyls, such as 1-methylpropyl, 1-

‘methylbutyl, 2-methylbutyl, 1-mefhprentyl, 2-methyl-

pentyl, 3-methylpentyl, 1- or 2- or 3-or 4-methylhexyl
and 1- or 2- or 3- or 4- or 5-methylheptyl, as well as
the other alkyl-alkyl groups with an asymmetric C atom
which are formed according_to this principle.

Thé alkyl parts of R can carry one or more sub-
stituents, in particular héLogen 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 (1f)

3 1

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

and €, 2> has the meaning given for Zj and 2% and R

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

radical of the formula (1f).
According to the iﬁvention, the formula (1) is
subjerct to the following restrictive provisos (a), (b),
(¢), (d) and (e): -
(a) no oxygen atom, on the one hand, and no oxygen
or nitrogen atom or cyano or haloggn radical, on
the other hand, is on the same side [sic] bonded
directly to any of the cycloaliphatic radicals of
the formulae [sicl (1a) or (1b) present in the
molecule of the formuta (1); in other words, the
" molecule may nof-contain any rings of the formulae

@ O=

wherein A1 is a radical of the formulae L[sicl (1a) or

(1b); _
b) no groups of the formulae [sicl -CHZD— or -C(X)(H)~-

=0

.and

are bonded directly, with the € atoms of these groups,
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to any of the aromatic radicals of the formulae [sic]
(1c), (1d) or (1e) present in the molecule of the for-
mula (1), except when X is the fluorine atom; in other
words, the molecule may not contain any rings of the
formulae

wherein A2 is a radical of the formulae (1c) and
(1e), and X2
but not fluorine;

is cyano, chlorine, bromine or iodine,

(c) the radical XHp,C,~ is a group of the formula

NC-CH2CH2- if the substitution by X is terminal,
(d) the molecule has the formula NCH-CHpCH>- @-@-

C1-12-alkyl, if, in the molecule of the formula (1),
the ring A is an aromatic radical bonded to a -CHpCHpCN-
group, and .- _
(e) X1 can onLy be X if R and/or R1 is halagen [sicl .
~ or cyano. '

‘"The provisos (a), (b) and (c) result from the fact
that compounds of the formula (1) 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 (d) and (e) serve for the purpose of delimitation.

The knowledge, on which the invention is based,
that the introduction of polarizing substituents into wing-
Located alkyl groups offers a Large number of new anisotro-
pic compounds with low & values, and does so irrespecti;e
of whether the rings of thé molecule are only cycloaliphatic
radicals or only arbmatic radicals, or whether cycloali-
phafic radicals are present coﬁbiﬁed with aromatic radicals,
is new and surprising. In this case, the molecule of the
new compounds (1) according to the invention contains a com-
bination of Longitudinaily polarising X and cross-pdlaris-

'ing X, for example a terminal X at the end of a wing group

or dtrectly on an aromatic ring, together with at Least one
Lateral X as part of 3 wing group.
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The knowledge on uhfch the invention is based fur-
thermore offers a Large number of new, highly longitudin-
ally polarising anisotropic compounds, in which the longi-
tudinally polarising cyano or halogen atom is terminal on
an alkyl part of a wing group attached to 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-
tionally be combined with cross-polarising cyano or halo-
gen in a wing group or/and a bridge member.

If the compound (1) 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
X - preferably cyano. Here is, as also in the ...[(sicl
to take into consideration, that a non-terminal X in the
wing groups can also contribute towards longitudinal polar-
isation. .

. If the compound (1) is to have as small as pos-
sible a value of with a more or lLess markedly positive
DCA, it carries a wing group which contains or consists of
a terminal X, preferably cyano, combined with at Least one
non-terminal X in a wing group and/or an X on a bridge.

Compounds (1) with negative DCA are obtained if
the sum of the Lateral polarisation contributions of X in
the wings and/or bridges exceeds the sum of the Longitu-

'dinally polarising contributions, or if the lLongitudin-

ally polarising groups are absent.

Preferred groups of compounds of the formula (1)
according to the invention are defined in Claims 2-13 and
have, in particular, the following features, individuatly
or in combination:

- the molecule contains two or not more than three cyclic
radicals and a total of 1 to not more than 4 cyano or
halogen radicals;

-‘the ring A is preferably é cycloaliphatic radical, in
particular one of the formula (1a);

- the ring A preferably carries an Xc1_7-atkyL group, in
particular a cyano-c1_7-alkyl group;

9
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- if X is halogen, fLuorihe and chlorine are preferred;

- if R and/or R1 contain 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 -C00- or -00C-;

- the molecule of the formula (1) preferably contains at
most one aromatic ring of the formulae [sicl (1¢c), (1d)
or (1e); _

—-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), (1b);

- if R and/or R1 has an alkyl part, this preferably con-
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 [sicl (1¢c), (1d) or
(1e); '

- the radical X in the Left wing group and the substituent
optionally present on the alkyl paft of k and/or R1 is
[sic] preferably attached to a C atom of the alkylL chain
which is separated from the associated ring by not more
than 2 C atoms. .

The following formulae illustrate the structure of
specific groups of compounds according to the invention, A1,
81 and c1 in each case being the cycloaliphatic radicals
(1a) and (1b), AZ, B2 and~cz'
matic radicals (1c), (1d) and. (1e), R
Cq-92-alkoxy, XCq_7-alkyl, cyano, F or Cl and R’ being Cq-12-
atkyt, C1-1z-atkdxy, C1-12-alibxycarbonyl, or C1_12-atkyl-

1, 22 and R1 have the

are preferably Cq-42-

in each case being the aro-

4 being Cq-q2-alkyl,

carbonyloxy; the symbols A, B, C, Z
abovementioned meaning. R4 and R5

alkyt.

xc,_-,—nxn—@— 2’ n’ (10)
1 4
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(14)
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(18)
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(20)
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XCq-7-Alkyl is an n-alkyl group with 1-7 C atoms
substituted by X. The substitution is preferably terminal
in the w-position. XCq-7-Alkyl is especially preferably
NC-CHpCH2-. | ' -

" The invention also relates to liguid 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 (1), for example in an amount of
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

dyestuffs, optically active or cholesteric components and

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
radical or without X-alkylL, by introduction of X or X- _
alkyl, for example by halogenation, such as bromination,
if appropriate transhalogenation and if appropriate nitri-
Lation, or by Friedel-Crafts reaction and reduction in a

- manner which is known per se.

A second general method is based, for example, on
forming the molecute (1) by combining corresponding mole-
culaf fragments, for example by condensation, esterifica-
tion or etherification on a bridge member. >

Corresponding precursors or molecular fragments
are either known as such or can be obtaihed analogously R
to the known compounds. _ '

A general examplte 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-
peating the steps: bromination/carboxylationlréduction/
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

which case a "compound (1)“, that is to say a compound of
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the formula (1), or a corresponding “"precursor” can in each
case be used as the starting substance.

| Equation Vb illustrates a specific example for the
preparation of suitable "precursors-COOH", that is to say
of corresponding carboxylic acids for the synthesis accord-
ing to equation V or for the preparation'of-compounds of
the formula (1) with terminal cyano on a ring by modifi-
cation of the carboxyl group by known methods, for example
direétly or via the corresponding'amide. "X-atkyL™ in
equation Vb here is a group of the formula XHzn. c -
in which n' is in each case one smaller than that 9e51red
in formula (1). '



o

10

15

Equation V

- 13 -

Precursor -COOH

|

(Reduction)

|

Precursor -CHZOH

l

(Bromination)

|

Compound (1) -CH.Br

(NitrilatTon)

}

Compound (1) -CHyCN

Equation va

2

S

(Carboxylation; -CHZCOOH)

|

(Reductionf -CHZCHZOH)
(Bromination)
+
Compound (f) -CHZCH2

(Nitrilation)

l

Compound (1) —CHZCHZCN

Br

=CN (1) R'MgBr

Precursor
or ' ~————>  Compound (1) -fH-RV
Compound (1) ~CN

(2) TPSH/KCN CN

0,139,996
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Equation vb :

=
©

X=-alkyl=-COCl + Alc13
_ (or), ‘—’
_ )2
5 X=alkyl=~C(0)
(or) reduction _ -
—_— I —
X=alkyl=-C(0) ' @
)2
x-a.lkyl-C!-I2
: (or) (1) CHBCOCJ. .
' (2) oxidation
2 ®
_ )2
x-_alkyl-cnzcooa b — (V)
— (or) or

(or)

. X= alkyl-cnz cN

x-alkyi-cxzcoou e nitrilation
| 2
x-az.kyl-cazcN )
15 " nitrilation . :
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See JJA.C.S. 67 (1945) 1045

.if appropriate subsequent separation and isotation
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 brdmine'in the presence of triphenyl-
phosbhine, and the nitrilatibn is carried out, for ex-
ample, with copper(I) 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, B, C, Z and Z having the

15 abovementioned meaning:

g’-‘@-:‘-@-ccm (v-1)
a' -@..z 1‘@%03 (v-2)
n‘z’-@» COOH (v-3)
NN o
R’ .@.z’@coou | (V=4)
; .
20 n‘z‘-(@-coou (v-5)
| N - |
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o O 0« e

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 fhe com-
pound (i) to be prepared consists of two fragments, for
example frégmenta and fragmentb, which are bonded to oné
another by a bridge member Z, for example a carboxyl or:
methoxy group. Depending on the nature of the bridge
group, the reaction is, for example, esterification,
etherification or the Like, and the fragment can carry a
part (Za, Zb) of the bridge to be formed; L1 and L2 are
corresponding leaving groups.

"Equation VI

1 2,b ‘e D b

Fragment?ZaL + L"2"Fragment”™ —> Fragmenta—Z-Fragment
Suitable compounds for the synthesis according to
. v .
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-cyanoethyt4cycLohexx} trans-

‘propyl-cyclohexyl-1-carboxylate

4—trans-propyl-cycLohexane-1—carboxylic acid
(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
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

with aluminiumopropylate. The trans-alcohol obtained is
acetylated, converted into the nitrile using S0 and the
acetyl group is subsequently hydrolysed with NaOH) in 100 ml
of pyridine. When the reaction had ended, the mixture was

poured into excess dilute hydrochloric acid and extracted
with methylene chioride. The product obtained from the ex-

tract by evaporation was recrystallised. The target com-
pound of this example thus obtained is monofropically Liquid
crystal and has a melting point of 73.0°C and a clear point
of 14.6°C.

Example 2

Preparation of 4- trans-cyanoethyl-cycLohexyl b-trans-

pentyl cyclohexyl-1-carboxylate

4-trans-pentyl-cyclohexane-1-carboxylic ac1d
(36.5 mmol) was boiled under reflux with thionyl chloride
(50 mL) for 1 hour. The excess thionyl chloride was dis-
tilled. The resulting acid chloride was added dropwise to
a sotlution of 36.5 mmol of 4-trans-cyanoethyl-cyclohexanol
in 100 mL of pyridine. The reaction mixture was stirred
until the reaction had ended and then poured onto dilute
hydrochloric acid. The product was extracted'uith methy-
Lene chloride. For pur1f1cat1on, the product was recrys-
tallised. 1It has a monotropvc Liquid crystal phase and
a melting point of 61.5%°C and a clear point of 39.3%.
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 (30)

HOOC (30)

the.cpmpounds of the formula (31) according to the inven-

are prepared and their transition temperatures'are deter-

tion

mined. _
The results are summarized in the following Table I
TABLE I _
Example X-alkyl altkyl -melting clear
| o point point (°C)

3 Br-CHz-CHp- n-pentyl 46.0 - 67.9

4 NC-CH2-CHp- n-pentyl 9 108.8

5 H3C(CH)3CC(H) (CN)- n-pentyl 35 - 80.0
Example 6 |

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-
b-carboxylic acid (0.1 mol) [R. Eidenschink, D, Erdmann, J.
Krause and L. Pohl, Angew. Chem. Int. Ed. 17, 133 (1978)1]

in dry THF was added dropwise to a suspension of LiAlHg

€10 g) in 100 mL of dry THF at 0°C. The reaction mixture
was boiled under reflux for one hour and poured into cold
dilute hydrochloric acid, and the product was extracted with
ether. o _

Step 2: bromine (0.12 mol) was added Hropuise to a suspen-
sion of P(Ph)3 (0.12 mol) in dry CH3CN at 0%C. A solution
in dry CH3CN of the alcohol prepared above was added drop-
wise to this suspension, and the mixture was stirred at

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 CHpClp and the solution was
added to hexane to pnecipitatg out the triphenylphosphine

@ |
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oxide. The product was purified by chromatography
(silica gel/toluene). o
Step 3: a solution in dry ether of the bromide pfeparéd

‘above was added dropwise to a suspension of magnesium (4 g)

in dry ether, and the mixture was stirred for 1 hour at
room temperature. €02 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 répéated using
this product as the starting material. ,

Step 4: a mixture with solid KCN of 4-trans-bromoethyl-4'-
trans-propylbicyclohexane thus obtained was heated in DMSO
for 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 product 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
Va from the corresponding carboxylic acids of the formula

(80) . .
HOOC

the corresponding compounds of the formula (81) according
to the invention

X=Alkyl -(O)—(B >—M.ky). (81)

were prepared. The resulting anisotropic compounds are

~summarized in the following Table II.

TABLE II
Example X-alkyl atkyl melting clear
point point (°c)
7 NC-CH,-CH,- n-pentyl 44.8 (28.3)

2 2
8 H3C(CH2)3C(H)(CN)- n-pentyl 34

©



. - 20 - ' 0,139,996
Example 9

Preparation of 4- cyanoethprhenyL 4-trans-pentyl - cyclohexyl-

C
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30

35

1-carboxylate

A solution of trans-4-pentylcyclohexanecarbonyl
chloride (0.1 mol) in pyridine was added dropwise to a sol-
ution of 4-trans-cyanoethyl-cyclohexanol (0.1 mol) in pyri-
dine at 0 - 5°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
methanol, metting point 759, clear point 51°.

Other examples of compounds of the formula (1) are
the following:
4-(2-fluorobutyl)-4'-cyano-biphenyl
4-(1-fLuoropentyl)-4'-cyano—biphenyl
4-(2-fluoropentyl)-4'-cyano-biphenyl
4-(3-fluoropentyl)-4'-cyano-biphenyl
4-(2-chloroethyl)44"-(2-flouropropyl)-p—terphenyl [sicl
4-(14fluoropentyl)—4“-cyano-p-terphenyl |
4-(2-fluoropropyl)-4"~-cyano-p-terphenyl
1-(4~trans-(1-fluoropentyl)-cyclohexyl)-4~cyano-benzene
1-(4~trans-(2-cyanoethyl)-cyclohexylL)-4-butoxy-benzene
1-(4-trans-(2-fluoropentyl)-cyclohexyl)-4~cyano-benzene
1-(4-trans-(3-fluoropentyl)-cyclohexyl)-4-cyano-benzene
1-C4-trans-(2-cyanoethyl)-cyclohexyl)~-2-(4-cyanophenyl)-
ethane ' | |
3-(4-(3-fluoropentyl)-phenyl)-6-(4-cyanophenyl)-pyridazine
3-(4-trans~-(2-cyanoethyt)-cyclohexyt)-6-(4-pentylphenyl)-
pyridazine . .
3-(4-trans-(2-~- cyanoethyl) cyclohexyl)~6~-butoxy- pyr1daz1ne
1-C4~trans-(2- -cyanoethyl)-cyclohexyl)=-2-(4-(5-(2~ chloro-
ethyl)-2-pyrimidine)-phenyl)-ethane
1-(4-trans-(2-cyanoethyl)-cyclohexyl)}-2-(4-(5-(3-fluoro-
propyL)—Z-pyrimidine)-phenyl)-efhahe
4-trans-(2-bromoethyl)-4'-trans-propyl-bicyclohexane
4-trans-(2-cyanoethyl)-4'-trans-propyl-bicyclohexane
4—trans-(2-cyanoethyl)-4'-trans-pentyt-bicyclohexane
b—trans-tz—cyanoethyl)—4“—tréns-(4-pentyL-1-bicyclo-
(2,2,2)~octyl)-bicyclohexane
4-trans-(2-cyanoethyl)-cyclohexyl 4-cyéno-benzaate
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4-trans-(2—cyanoethyt)-cyc(ohexyl 4—bentyl4benzoate
1-(4~trans-(2-cyanoethyl)-cyclohexyl)-methoxy-4-butoxy-
benzene :
4-trans-(2-cyanoethyl)-cyclohexyl 4-trans-(4-butoxyphenyl)-

- cyclohexane~1-carboxylate

4-trans-(2-cyanoethyl)-cyclohexyl 4-(4-trans-(2-cyano-
ethyl)-cyclohexyl)-benzoate
4-trans-(2-cyanoethyl)-cyclohexyl 4-(4-trans-pentyl-cyclo-
hexyl)<benzoate |
1-(4-trans-(2-cyanoethyl)-cyclohexyl)-4-(4-trans-(3-fluoro-
probyl)-cyclohexyl)-methoxy—benzene _
4—trans—(fluoromefhyl)-cycLohexyl-4'-(2-cyanoethyl)—bi-
¢yclohexane-4-carboxylate '
4-trans—-(2-cyanoethyl}-cyclohexyl-4'-(3-fluoropropyl)-
bicyclohexane-4-carboxylate
1-(4'-(2-cyanoethyl)~-bicyclohex-4-yl)-methoxy-4-trans-
(2-cyanoethyl)-cyclohexane
4-trans-(2-cyanoethyl)-cyclohexyl-4-(2-cyanoethyl)-bi-
cycto-(2,2,2)-octane~-1-carboxylate
1-(4-(2-cyanoethyL)-1~bicyclu-(Z,Z,Z)-octyL)—methoxy-k—
trans-(2-cyanoethyl)-cyclohexane

Examples follow for Liquid crystal mixtures accord-
ing to the invention:

Example A

A Liquid crystal mixture is prepared which consists of

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

12% of 2-p-cyanophenyl-5-butyl-1,3-dioxane

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

6% of 2-p-octoxyphenyl-5-pentyl-pyrimidine

5% of 2-p-nonoxyphenyl-5-pentyl-pyrimidine

5% of Z—p*heptoxyphenyL-S-hexyl-pyrimidine

4% of 2-p-nonoxyphenyl-5-hexyl-pyrimidine

6% of 4,4'-bis(trans~4-propylcyclohexyl)-biphenyl

9% of 4-(trans-4-pentylcyclohexyl)?4'-(trans-4-propchy-
cloﬁexyl)-biphenyl

172 of r—1-cyanoF1-pentyl-cis-4-(trans-4-propytcyclohexyl)-
cyclohexane

and _ _

18% of 4-trans-cyanoethyl-4'-trans-propyl-bicyclohexane.

(9
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Example B .

A Uiquid crystal mixture is prepared which consists of

27%
17%

30%
16%
and
10%

of trans,trans-4-pentylcyclohexylcyclohexane-4"'-
carbonitrile |

of trans,trans-#-propytcyclohexYLcyclohexane-ﬁ'-
carbonitrile | '

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

of p-ethoxyphenyl trans-4-propylcyclohexanecarboxylate

of trans,trans-4-pentyl-4'—butyryLoxybicycldhexane.
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1. New ahisotropic compounds for use in liquid crys-

Patent claims

tal mixtures for electrooptical displays, characterised
by the formula (1)

Ho-cbat

in which the rings A, B and C are identical or different
and are chosen from cycloaliphatic radicals of the for-
‘mutae (1a) and (1b) '

2%

(1a) ' (1b)
and aromatic radicals of the formulae (1c¢), (1d) and (1e)

; NN -d/ﬂ
o © O
| - N
(1c) : (1d) (1e)
X is cyano or : | :
halogen, Y is oxygen, carboxyl or imino, Z1 and Z2 are

identical or different and are covalent bonds or groups

x' = 1
of the formulae -C00-, -CHZO- OFe C = é e , Wwherein X

L] L] .

g8 R

is the hydrogen atom or has the meaning given for X, n is

a number from 1 to 12, p and s are in each case idgntical

or different and are 0 or 1 and R has. the meaniﬁg given

for x1 or is an alkyl, alkoxy, alkoxycarbonyl, alkchar-
bonyloxy or alkylamino group, the alkyl part of which in

each case contains 1 to 12 C atoms in a straight or branched,
obtionally cchiral [sicl carbon chain, which chain option-
ally carries one or more substituents chosen from halogen

and cyano, at most one of the substituents mentioned in

each case being attached to one atom of the chain, or is a
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radical of the formula (1f) é{i)

' (1)

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

and €, 23 has the meaning given for 21 and Z2 and R1

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

“radical of the forhula (1f), with the provisos that

(a) no oxygen atom, on thg 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 cycloatiphatic radical [sic] of the for-
mulae (1a) and (1b) present in the molecule,

(b) no groups of the formulae [sicl -CHZU- or -C(X)(H)~-
are bonded directly with the C atoms of this group,
to any of the aromatic radical [sicl of the formula
(1¢), (1d) or (1e) present in the molecule, except
when X is Flour [sic], ' '

(c) the radical XHapCp- is a group of the formula NC-CHaCHa-,
if the substitution by X is terminal,

(d) the molecule has the formula NC- CHZCHz- c

Cq-q2-alkyl, if, in the molecule of the formula (1>,
the ring A is an aromatic radical bonded to a -CHaCH2CN
group, and

(e) X1 can only be X if R and/or R1 is halogen or cyano.

2. Compound according to Claim 1, characterised in
that thé ring A in formula (1) is a cycloaliphatic radi-
cal of the formulae [sicl (1a) or (1b).

3. Compound according to Claim 1 or 2, characterised
in that p and s are 0.

4. Compound according to one of ClLaims 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, charéc-
terised in that R is only cyaho, fluorine or chlorine if
the ring bonded directly to R is an aromafic radical of
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the formulae [sicl (1¢), (1d) or (1e).

6. Compound according'to one of Claims 1-5, character-
ised in that the compound of the formula (1) contains at
most one carboxyl group.

7. Compound according to one of Claims 1-5, charac-
terised in that in formula (1) at Least one of the bridge

members 21, Zz, 23

is a covalent bond.
8. Compound according to Claim 1, characterised by

the formula (8)

. 1
XHZnCn ¥ . : ‘G—‘ (8

in which X, Y, A, B, Z1, R1

given in Claim 1.

, n and p have the meaning

9. Compound 5ccording to Claim 8, characterised in
that the rings A and B are radicals of the formulae (1a),
(1b) or/and (1c).

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

XH2ncn

(9)
in which X, ¥, A, 8, ¢, 2', 2!, R', n and p have the
meaning given in Claim 1. _

11. toﬁpound according to Claim 10, characterised in
that the rings A, B and C are radicals of the férmulae
(1a), (1b) or/and (1c).

12. Compound according to one of Claims 1-11, charac-
terised in that the C atom of the uing_group of the for-
mula XHann[YJp, which carries the radical X, is separa-

ted from the ring A by not more than two atoms of the wing

group chain. _

13. Compound according to one of Claims 1-12, in uhidh
R or R1 contains a substituted alkylL 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
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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 according to one of Claims 1-13.

15. - . Electrooptical display element characterised in that
it contains a'liqpid chxstal 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
.7 the formula (1)

. -t - . . - -
- 1 2 (1)
' L P L Js

in which the rings A, B and C are identical or different and are chosen from cycloahphmc radicals of the
formulae (1a) and (1b) :

(1) (1)

and aromatic radicﬂls of the formulae (1¢), (1 d) and (te) |

O ©

¢ ! | (1¢) 1) , (1¢)

X is cyano or halogen

Y is oxygen carboxyi or imino, 2' and 22 are identical or different and are covalent bonds or groups of the
formuls -COO-, -CH,C- or

x! »
] "

e o «,
- § - §

whaerein X! is the hydrogen atom or has the measning given for X, n is a number from 1 to 12,

p and s are in sach case identical or different and sre 0 or 1 and R has the meaning given for X! or is an alkyl,
alkoxy, alkoxycsrbonyl, aikyicarbonyloxy or alkylamino group, the alkyl part of which in each case contains 1 to
12 C atoms in @ straight or branched, optionslly chiral carbon chain, which chain optionally carries one or more
substituents chosen from halogen snd cyano, at most one of the substituents mentioned in sach case being
attached to one stom of the chain, or is a radical of the formula (1f)

1
-23 R 1)

in which the ring D has the meaning given for rings A, B and C, 23 has the meaning given for Z' and Z2 and R!
" has the meaning given for R, with the exception of the radical of the formuls (1), with the provisos that

(a) no oxygen atom, on the one hand, and no oxygen or nitrogen atom or radical cyano or halogen, on the
other hand, are at the same time bonded directly to any of the cycloaliphatic radicals of the formulae (1a) and
{1b) present in the molscule,

{b) no groups of the formulae -CH;0- and -C(X)(K)- are bonded dinctly. with the C stoms of this group. to
any of the sromatic radicais of the formulae (1c), {(1d) and (1) present in the molecule, except when X is the
fluorine atom, '

{c) the radical XH;,Cy-is a group of formuls Nc-cu,cn,- if the substituent X is in terminal position,
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1. Compound scoording
formulu (1a). (16} or/and (tc).
~ 12. Compound aceording

_28_
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(d) the molscuie has the formula NC-CH,CH, |

Cy.1z-alkyl if the ring A in the molecule of the formula (1} is a aromatic radical linked to & group -CH CH.CN,
and

(s) X! can only be.X if R and/or R! is halogen or cyano.

2. Compound according to Claim 1, characterised in that the ring A in formula (1) is a cycloaliphatic radical of
the formula {18) or (1b).

3. Compound according to Claim 1 or 2, cbnncunud inthatpandsare0.

4. Compound according to one of Claims 1 or 2, characterised in that R andlor R? contains an aikyl part which
is st most disubstituted.

5. Compound according to one of Claims 1-3, characterised in that R only denotes cyano, fluorine or chlonnc
if the ring bonded directly to R is an aromatic radical of the formula (1c), (1d) or (1e).

6. Compound according to one of Claims 1-, characterised in that the compound of the formula {1) contains
at most one carboxyl group.

7. Compound according to one of Claims 1-5, characterised in that in formula (1) st least one of the bridge
members 2!, Z2 or 23 is a covalent bond.

8. Compound according to Claim 1, charscterised by the formula (8)

inwﬁichx.Y A, B, Z', R', n snd p have the mesning given in Claim 1.
“:) mcg sccording to Claim 8, characterised in that the rings A and B are radicals oftho formulae (1a),
or ¢
proundaceordingtoml dumemlndtwmmmuhm

e J O DD,

inwhlchX.Y A.B,C.2),2a R, nlndphmunmm in Claim 1.
nmnmmmmmmklmcmmuam

to one of Claims 1-11, characterised in that the C stom of the end group of the
m%mmmmnhmmmmAwmmmmamw

. ‘!iiCommm”mdadmi-lz.hmnw.mmlmnwmnmdalky!pan.

characterised in thet none of the substituents is attached to a C stom of the alkyl part which is separsted from

- the ring C or D by more than two chsin atoms of the end group chain.

‘1; Liquid crystal mixture, characterised in that it contsins st lesst one compound according to one of Claims

“18 Emwmmmmmnmommmmummm

l&'UuoficommndMngtomofMi-laummdMMme

Revendications

1. Nouvesux composés snisotropes pour I'utilisation dans des mélanges & erlnwxliqnida servant dans des
électro-optiques, caractérisés par la formule 1
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1 3 |
XM, C == ¥ 3 z@-n (1)
. e - .

dans iaquelle fes cycles A, Bet C, idoWu ou différents, sont choisis parmi les groupes cyclosliphatiques

de formules 1a, 1b

(ta) ' (1)

et tes groupes aromatiques de formules 1c, 1d, 1e

O O

. (1e) (14) _Hn

k/l

X représente un groupe cyano ou un halogéne et Y rbpﬁunt_o '‘oxygéne, un groupe carboxyle 6u imino,
2! ot 22, ayant des significstions identiques ou différentes, représentent des lisisons covalentes ou des
groupses de formules -COO0-, -CH,0- ou

]

m _-O-%
]

M -0
]

o dans lequel X' représente I'stome d'hydrogéne ou a les significations indiquées pour X,
A nestun nombre de 1 3 12, ot . .

p ot 3, ayant des significstions identiques ou différentes, sont chacun égaux 4 0 ou 1 et R a les significations
indiquées pour X' ou représente un groupe slkyle, alcoxy, alcoxycsrbonyle, alkylcarbonyloxy ou alkylamino
dont ia partie alkyle contient dans chaque cas | & 12 stomes de carbone en chaine droite ou ramifiée et le cas
échéant chirsle, iadite chaine portant ls cas échéant un ou plusieurs substituants choisis parmi les halogénes
ot les groupes cyeno, étent spécifié qu'un atome de la chaine porte au maximum un des substituants

mentionnés, ou un groupe de formule 1

dans laqueile le cycle D a les significations indiquées pour les cycies A, B et C, 22 a les significations
indiquées pour Z! et Z2 et R! les significations indiquées pour R A I'exception du groupe de formule 1f, avec les
. restrictions suivantes: : .
{8} sur aucun des groupes cycloaliphatiques de formule 18 ou 1b existant dans la molécule, il ne psut y avoir
simultanément liaison directs d'un atome d’oxygéne d'une part et lisison directs d'un atome d’oxygéne ou d'un
stome d’szote ou du groupe cysno ou d’un halogéns d’'sutre part, _ .
(b) sur aucun des groupes sromatiques de formule 1c, 1d ou 1e existant dans la molécule, il ne peut y avoir
liaison directe de groupes de formule -CH30- ou -C{X) (H)- par Vintermédisire des stomes de carbone de ce
groupe, sauf lorsque X représente le fluor,
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_30-

or NI

(c) le groupe XH;,Cp- est un groupe de formule NC-CH,CH,- lorsque 1a substitution par X est en position
terminaie,
' (d) Ia molécule répond 4 Ia formule NC-CH;CHa- @@.

Cy.12-Alkyl Iorsque. dans la molécule de formule 1, le cycle A est un groupe aromatuque relié a un groupe
-CH,CH4CN, at

(e) X! ne peut représanter que X iorsque R ou R! représente un halogéno ou le groupe cyano.

2. Composé selon la revendication 1, caractérisé en ce que le cycle A de la formule 1 est un groupe
cycloaliphatique da formule 1a ou 1b.

3. Composé selon ia revendication 1 ou 2, caractérisé en ce que p ot s sont égaux & 0.

4. Composé selon I'une des revendications 1 ou 2, caractérisé en ¢ce que R at R? contiennent une partie alkyle
substitués deux fois su maximum.

5. Composé selon I'une des revendications 1 & 3, caractérisé en ce que R ne peut représenter qu'un groupe
cyano, le fluor ou le chiore lorsque le cycle relié directement & R est un groupe aromatique de formule 1¢, 1d
oule.

8. Composé selon 'une des revendications 1 & §, caractérisé en ce que le composé de formule 1 contient au
maximum un groupe carboxyls.

7. Composé seion I'une des revendications 1 & 5, caractérisé en ce que, dans ia formule 1, au moins un des
ponts 2, 22, Z3 est une liaison covalente.

8. Composé seion la revendication 1, ceractérisé par ia formule 8

o

dans laquelie X, Y, A, B, 27, R?, n et p ont les significations mdaqu“s dans la nvondncmon 1 BTN

8. Composé selon la revendication 8, caractérisé en ce que les evcl« A ot B sont du gtoupes de focmulc 1a,
1b at/ou 1c. S

10. Composé seion la mondncmon 1, caractérisé par la formule 9

o0

dans laquelie X, Y. A, B, C, 2!, 22, R! n et p ont les significations indiquées dans la revendication 1.

11. Composé seion la revendication 10, caractérisé en ce que les cycies A, B et C sont des groupes de
formules ta, 1D st/ou 1¢.

12. Composé selon 'une des revendications 1 & 11, caractérisé en ce que I'atome de csrbone du groupe
d’extrémité de formule XH,,C,[Y],. qui porte le raste X, est séparé du cycle A par deux stomes au maximum
de la chaine du groups d'oxtrdmur '

13. Composé selon I'une des revendicstions 1 & 12, dans lsquel R ou R! contient une partie alkyle substituée,
caractérisé en ce qu'sucun des substituants n’est placé sur un atome de carbone de la partie alkyle qui est
séparéde du cycle C ou D respectivement par pm do doux atoms do ehnim do (s chaine duy groupe
d’extrémité.

14. Méiange & cristaux liquides, caractérisé en ce qu il comiom a moins un compcu selon 'une des
revendications 1 4 13.

15. Elémenm d'affichage électro-optique, caractérisé an ce qu |l commm un milongc t cristaux hqmdes selon
1a revendication 14.

16. Utilisation d’un composé selon l'une des mondncoﬁom 1 413 en tam quo dompoum de melanges 3
cristaux liquides. e o e

*we




