
Description For liquid-crystal displays of the nematic twisted- cell type,
also called TN displays, it is known that nema- tic liquid-crystaL
materials having positive dielectric constant anisotropy, also called
positive DCA, are required. 5   The DCA or Ac is defined as [err]e = " - E[
, where " is the dielectric constant (DC) parallel to the longitudinal
moLecular axis and el is the DC perpendicular to the molecular axis. For
multiplex operation of such cells, a steepest 10  possible contrast
characteristic line of the LC substance 



is desirable in addition, i.e. a change in light-absorp- tion properties on
change of the field voltage applied which is the most sudden possible.
This can again be favoured by optimization of two selection criteria for 15
the available anisotropic substances, namely (a) a smal- lest possible
value of the ratio of the elasticity con- stant for flexion and extension,
also called the k33/k11 value', and (b) by a smallest possible value for
the ratio of the DCA ([err]e) to DC perpendicular to the nematicaxis 20
([err]l), i.e. the A[err]/[err].  Details on 'this can be found in the
literature (Gharadjedagji, F. et al. in Rev. Phys. 



Appl. 11/1976/467; Metz, A. R. in SID Digest, Techn. Papers IX/1978/70 and
Alt, P.M. et aL. in IEEE Trans. El. Dev. Ed. 21/1974/146). 25           For
selection of anisotropic compounds according to the criteria mentioned, two
types of anisotropic com- pounds are currently available; these contain in
each case two or three rings and have the following structure: Type I: 30
[err]   



-2- Type II: [err] [err]    -3- formation of'smectic phases, in particular
when these substances have relatively long wing groups, for example 



alkyl parts of some. Length.  Reference should be made here to values which
are known from the literature, for exam- 5   ple "Flussigkristalle in
Tabellen" CLiquid crystals in .  tables] VEB Deutscher Verlag, Leipzig,
1974. The appearance of smectic phases in anisotropic compounds narrows the
'range of the. only nematic phase which is suitable for TN displays or
causes this phase to 10  disappear.completely. The object of the invention
is to specify new anisotropic compounds of type II in which the tendency
towards formation of smectic phases is suppressed or 



eliminated; the criterion for this is that a suitable com- .15 'pound has a
nematic phase at all or that the temperature range of the nematic phase
increases in the case of com- parable structures. Surprisingly, it has been
found that this can be achieved in the case of a precisely limited group of
com- 20  pounds of type' II by introducing at least one so-called lateral
substituent onto a ring in'the basic structure. The anisotropic compounds
of type II used in the liquid-crystaL mixtures according to the invention
and having a nematic phase are characterized by the formula 



25  (1) [err] In this formula, A' is a cyclic radical according to one of
the formulae (sic) (10), (11) or (12)    -4- where. the formula (11) may be
either 'a 2,5-linked pyrimi- dine ring or a 5,2-linked pyrimidine ring. The
cyclic radical of the formula (12) is always 



present in the trans-configuration indicated by the dot, 5   so long as R1
is not the hydrogen atom and, accordingly, no cis/trans isomerism exists.
The bridging member Z in formula (1) is a single bond, the ethylene group
(-CH2CH2-), the methylenoxy group (-CH20-) or the oxymethyLene group
(-OCH2-), unless 10  excluded below. The indices have the following
meaning:  n is 1 or 2; p is zero, 1 or 2; and r is zero or 1. The minimum
of one Lateral substituent X which is essential to the invention is
halogen, i.e. fluorine, 



15  chlorine, bromine or iodine, or methyl (-CH\3) or nitrite (-CN).  If
the molecule in formula (1) contains several. lateral substituents X, these
may be identical or differ- ent. At the same time, the following provisos
apply to 20  compounds of the formula (1): (A)     A methylenoxy or
oxymethylene group is not bonded directly to the C atom of any of the
aromatic radicals of the formulae (sic) (10), (11), (13), (14) or' (15)
present in the molecule of formula (1); in other words, the mole- 25  cute
of the formula (1) may not contain a ring of the for- 



mula where Ar is a cyclic radical of the formulae (sic) (10), (11), (13),
(14) or (15).  This is because it has been 30  determined that such benzyl
ethers and corresponding com- pounds having a group of the formula    - 5
- in which Ar and A have the abovementioned meaning, tend towards
instability when used as or in liquid crystals. 



(B)    The proviso furthermore applies to new compounds of the
formula(1).that at least one X in the molecule of 5   the formula (1) is
methyl if only one or none of the groups R1  and R2 is a cyclic radical of
the formuLae (sic) (13) or (16), at the same time A has the formula (12)
and the bridging member Z and the optionally present bridging member Z3  or
Z6  is a single bond. 10           For many purposes, it is furthermore
preferred that the cyclic radical of the formula (12) or the cyclic groups
of the formula (16) are in each case not bonded simultaneously directly to
an oxygen atom on the one hand 



*     and to an oxygen or nitrogen atom on the other hand. 15
Finally, it is preferred for particularly stable compounds of the formula
(1) that the aromatic rings are not located between two directly
ring-bonded oxygen atoms, in particular when a lateral substituent X = CN
is attached to this ring. '20          R1 and R2 may be identical or
different and are. hydrogen atoms, alkyl, alkoxy, aLkanoyloxy (ALk-C(O)-O-)
or alkylamino.(ALk-N(H)-) in each case having 1 to 12 C atoms. in the alkyl
part; the alkyl part may be linear or bran- ched 'and is optionally chiral;
R1 and/or R2 may further-. 



25  more be a cyclic group of the formuLae (13) to (16): [err]    - 6- In
the formula (sic) (13) to (16), the wing groups R  to R6 have the meanings
mentioned above for the non- cyclic R1 and R2; X, p and r are as specified
above, and the bridging groups Z  to Z6  have one of the meanings 5
specified for Z, it being possible for the meanings of Z 



on the one hand and Z3  to Z6  on the other hand to be iden- tical or
different ina molecule of the formula  (1). In general, the compounds of
the formula (1) may be dinuclear, trinuclear or tetranuclear, and preferred
10  new compounds according to the' invention have the formulae (22) to
(33) specified and defined in patent Claims 2-13. Liquid-crystal mixtures
which contain at least one compound of the formula-(1), e.g. one or more
compounds of the formulae (.22) to (33), are according to the inven- 15
tion.  This is described in greater detail below. In a group of preferred
compounds according to 



the invention, X is the methyl group.  In another group of preferred
compounds according to the invention, X is fluorine, chlorine, bromine or
iodine, fluorine and chlor- 20  ine being particularly preferred. In a
further preferred group of compounds accord- ing to the invention, X is the
nitrite group. If the compound of the formula (1) has a large lateral
dipole moment, which, for example, may be the con- 25  sequence of two or
more X as nitrile and/or halogen, it will generally also have a large,
negative [err]s and can then be used, for example, for liquid-crystal
displays 



which operate according to the so-called inverse guest/ host effect or can
be used for certain types of dynamic 30  scattering cells, DAP and HN
displays. Compounds according to the invention contain at least one lateral
substituent X, but may also contain two or more lateral substituents X,
where the particular mole- cule '(1) may carry identical or different,
lateral sub- 35 stituents X, for example methyl plus halogen, methyl plus
nitrile, halogen plus nitrile or methyl plus halogen plus nitrile. The
compounds of the formula (1) are based on the 



knowledge that it is essential, in order to prevent or    -7- suppress the
tendency towards formation of smectic phases in certain compounds of type
II, that the LateraL substituent or the LateraL substituents must have a
cer- tain, but not too great, bulk; the Lower Limit for the 5   bulk of
Lateral substituents which are suitable accord- ing to the invention
depends on the tendency of the basic 



structure II (i.e. formula (1) without lateraL substitu- ents X) towards
formation of smectic phases.  In generaL, introduction of a LateraL or
severaL LateraL sub'stituents 10  X having a relativeLy Large buLk compared
to the corre- sponding basic structure without a Lateral substituent Leads
to a reduction of the clear point; for dinuclear compounds of the formula
(1), the less buLky Lateral sub- stituents fluorine, chLorine and methyL
are therefore pre- 15  ferred.  The bulk of the substituents X increases
approxi- mately in the folLowing order: F < [err] 



Two synthetic routes are suitable, in particuLar, for the preparation of
the compounds (1), nameLy, firstly, 20  introduction of the desired
substituent(s) X into the ap- propriate basic compound, for exampLe by
chlorination or bromination, if appropriate with subsequent replacement of
a substituent X, such as chlorine, by another, such as fLuorine, by means
of haLogen exchange, or by reaction of 25  an appropriate halogen compound
with metaL cyanide in order to introduce the nitrite group.  In an
analogous fashion, a carbonyl group can be introduced into the ap-
propriate basic compound, for example by catalyzed reac- 



tion with a formyLating agent, such as oxaLyL chloride, 30  and then
reduced to the methyL group. The other synthetic route comprises building
up the compound (1) by using part compounds which are already provided
with- appropriate substituents X and combining them, for example, by
condensation. 35           Furthermore, to modify the wing groups R  to R6,
a compound according to the invention can also be converted into another
compound according to the invention by methods which are known per se.  



Suitable.basic and starting compounds are known or can be obtained by
methods analogous to those for the known compounds.  SuitabLe starting
compounds.having pyri- midine nuclei are described, for example, in DDR
Patent 5   95,892 and German Offenlegungsschrift 2,641,724. The folLowing
reaction equations, in which the general symboLs have the meaning specified
in formula  (1), are given as general examples of the preparation of the
new ani.sotropic compounds.. 



10  EQUATION A [err] 2    -9- EQUATION 3 [err] Hydrogenation H2PdC  (sic)
EQUATION C 



groups    EQUATION E [err] z               2 5            The compounds of
the formula (1) can be used in an analogous fashion to the known compounds
of type II for LC mixtures in TN displays with multiplex operation, and
offer the advantage in this use that the problems of smec- 



tic phases can be eliminated or substantially reduced. 10           LC
mixtures according to the invention can con- tain one or more compounds of
the formula (1), for exam- ple in proportions of, in total, up to about 60
mol X, where the proportion of the individual compounds of the formula (1)
comprises up to about 30 mol % of the mixture. 15  As the remaining
proportion, the LC mixtures according to the invention usually contain one
or, preferably, seve- ral known compounds of type I.   



The following examples serve to further illustrate the 'invention.  The
temperature properties of the meso- phases are specified in a conventional
fashion through the appropriate temperatures ([err]C) between the symbols 5
C (crystalLine), S (smectic), N (nematic) and I (isotropic). Example 1
4-Hydroxy-4'-pentyl-diphenyl was reacted with ele- mental chlorine to form
3-chloro-4-hydroxy-4'-pentyldi- phenyl, and converted, by condensation with
n-hexyl iodide, 10  into a compound of the formuLa (1), namely 3-chloro-4- 



hexyloxy-4'-pentylbiphenyl of the formula (100) [err] The comparison
compound of the formula (101) [err] 15  was prepared in an analogous
fashion, but without chLor- *   ination.  Investigation of the mesophase
temperatures gave the surprising finding that the compound of the formuLa
(100), with C 1.7 N 11.1 I, exhibited a purely nematic mesophase, whereas
the comparison compound of the formula .20  (101), with C 82 S 84.1, had no
nematic phase and was smectic over the entire mesophase range. 



Example .2 A compound of the formula (200) [err] 4 9 25  was prepared by
the method specified in Example 1 and compared to the corresponding
compound of the formula (201)    -12- 



[err] Compound (200) proved to be monotropic nematic (C 38.1 N (7.5) I.),
whereas comparison compound (201) had onLy smectic mesophases (C 37 S 80.1
S 88.1 I).. ExampLe 3 The compound of the formuLa (300). [err] prepared by
esterification of 3-chLoro-4-hydroxy-4'-pentyL- diphe-nyL proved to be
monotropic nematic (C 22.3 N (-5) I), whereas the compound of the formuLa
(301). had an mereLy smectic mesophase (C 45.7 S 87.4 I). 



ExampLe 4   The new anisotropic compound of the formuLa (400) exhibited no
smectic phase, whereas the comparison com- pound of the formuLa (401)
-13- [err] had an excLusively smectic mesophase (C 30.6 S 47.7 I). ExampLe
5 



The new anisotropic compound of the formuLa (500). 5
r had no smectic phase, whereas the comparison compound of the formuLa
(501) [err] had an excLusiveLy smectic mesophase (C 39.5 S 189.2 I). 10
ExampLe 6 The new anisotropic compound of the formuLa (600) had no smectic
phase (C 111.2 N (103) I), whereas the com- parison compound of the formuLa
(601) 15 



[err]                             S      (601) had an excLusiveLy smectic
mesophase (C 106.4 S 185.2 I). ExampLe 7 A cold (about 0[err]C) mixture of
16 g of oxalyl chLoride, 45 g of 1,4-bis-(4-trans-pentyLcycL.ohexyl)-
-14- benzene and 16 g of anhydrous aluminium chloride in 100 ml of sym.
tetrachloroethane was stirred in an autoclave in- 



sert until the temperature of the mixture had approxi- mately reached room
temperature (10-20 minutes).  10 g of 5   anhydrous sodium acetate and 1 g
of Pd/C catalyst were then added.  After expelling the air by means of
nitrogen, hydrogen was introduced to an excess pressure of 30 bar whilst
stirring the reaction mixture.  After about 120 minutes at this pressure,
the autoclave contents were 10  warmed to 50[err]C..  After 30 minutes at
this temperature, the reaction mixture was cooled to room temperature, and
the excess pressure of hydrogen was then blown out, and the autoclave was
fLushed with nitrogen and opened. 



The reaction mixture was washed with water, if 15  necessary with cooLing,
and the separated-off organic phase freed from solvent.  The residue was
recrystallized. The product of the formuld (700) [err] obtained had a
melting point of 555[err]C (sic) and exhibited a nematic pha'se up to
86.5[err]C. 20 Example 8 The two compounds
2'-fluoro-4-butyloxy-4'-pentyl-diphenyl. 



and 25  3'-fluoro-4-butyloxy-4'-pentyldiphenyl exhibit a significant
nematic phase, whereas the corres- .ponding compounds without fluorine in
the 2'- or 3' -posi- tion have no significant nematic phase. The following
compounds may be mentioned as fur-. 30  ther compounds of the formula (1):
[err] 



[err]        



















-48- where the alkyl part is straight-chain or branched and optionally
chiral, Z2 to Z6 have one of the meanings specified for Z, and X, p and r
have the abovementioned meaning, with the proviso that at least one X in
the mole- cule of the formula (1) is methyl when (A) one or both of groups
R1  and R2 is a cyclic radical of the formula (16), at the same time A has
the formula (10) and the bridging members Z and Z6  are a single bond,
and/or 



(B) only one or none of the groups R1 and R2 is a cyclic radical of the
formulae (sic) (13) or (16), at the same time A has the formula (12) and
the bridging member Z and the bridging member Z3 or Z6 which is optionally
present is a single bond. 2.      Liquid-crystal mixture according to Claim
1, characterized in that it contains a compound of the formula (22) [err]
3.      Liquid-crystal mixture according to Claim 1, characterized in that
it contains a compound of the formula 



(23) (23) in which R1, R2, X, Z, n and r have the meaning specified in
CLaim 1. 4.      Liquid-crystal mixture according to Claim 1, characterized
in that it contains a compound of the formula (24)    -49- 



[err] in which R1, R2, X, Z, r and n have the meaning speci- fied in Claim
1. 5.       Liquid-crystal mixture according to Claim 1, characterized in
that it contains a compound of the formula (25) R (25) [err] in which R1,
R2, Z, X and n have the meaning specified in Claim 1. 



6.       Liquid-crystal mixture according to Claim 1, characterized in that
it contains a compound of the formula (26) [err] in which R, R3, Z Z3, A,
X, p and n have the meaning specified in Claim 1. 7.       Liquid-crystal
mixture according to Claim 1, characterized in'that it contains a compound
of the formula (27.) [err] in which R2, R4, Z Z4, A, X, n and r have the
meaning 



specified in CLaim 1. 8.       Liquid-crystal mixture according to Claim 1,
[err] -50- characterized in that it contains a compound of the formula (28)
[err] 9.      Liquid-crystaL mixture according to Claim 1, 



characterized in that it contains a compound of the formula (29) (X) [err]
in which R1, R3, Z Z3, A, X, n and p have the meaning specified in Claim 1.
11.     Liquid-crystal mixture according to Claim 1, characterized in that
it contains a compound of the formula (31)                      [err]   



[err] 12.     Liquid-crystaL mixture according to Claim 1, characterized in
that it contains a compound of the formula (32) [err] in which R1, R5, Z,
Z5, A, X, n and r have the meaning specified in Claim 1. 13.
Liquid-crystal mixture according to Claim 1, characterized in that it
contains a compound of the formula (33) 



-52- 0 084 194 Claims   (as printed) 1. A liquid crystal mixture containing
at least one anisotropic compound having a nematic phase having the formula
(1) wherein A is a cyclic radical according to one of the formulae (10) to
(12) Z is a single bond or a -CH2CH-group. n is 1 or 2. 



pisO 1 ,or2. r isO or 1, X is fluorine, chlorine, bromine, iodine, nitrile
or methyl. RI and R2 are alkyl. alkoxy or alkanoyloxy each having 1 to 12
carbon atoms in the alkyl moiety the alkyl moiety being straight chain or
branched and optionally chiral, or are cyclic groups of the formulae (13)
to (16) [err] wherein R3 through RG are alkyl. alkoxy or alkanoyloxy each
having 1 to 12 carbon atoms in the alkyl moiety, the alkyl'moiety being
straight chain or branched and optionally chiral Z2 to Z6 have one of the
meanings given for Z. and X, p and r have the meanings given above; with
the proviso that at least one. X in the molecule of formula (I) is methyl
when (A) one or none of the groups R1 and R2 is a cyclic radical of the
formula (16) A has the formula (10) and the 



bridging groups Z and Z6 are a' single bond and/or (B) only one or none of
the groups RI and R2 is a cyclic radical of the formula (13) or (16)
whereby A has the formula (12) and the bridging group Z and the optionally
existing bridging group Z3 or Z6 are a single bond 2. A liquid crystal
mixture according to Claim 1 characterised in that it contains a compound
having the formula (22)    - 53 - 0 084  194 wherein R1. R2, X. Z. p and n
have the meanings given in Claim 1 



3. A liquid crystal mixture according to Claim 1 characterised in that it
contains a compound having the formula (23)d wherein R1, R2 X. Z. n and r
have the meanings given in Claim 1. 4. A liquid crystal mixture according
to Claim I characterised in that it contains a compound having the formula
(24) [err]      



-5 5 0 084  194    56- Revendications   (as printed) 1 - Melange a cristaux
liquides, contenant au moins un compose anisotrope A phase nematique de
formule [err]                 .                 R2  








