
- 1- RAN 6220/032 5        The present invention is concerned with novel
liquid crystalline compounds, namely the tetracyclic and pentacyclic
monoesters of the general formula 10 I wherein n stands for the number 0 or
1; 15        one of the groups [err] and [err] signifies an ester group
-COO- or -OOC- and the 1   2   3 remainder of the groups [err] and [err]
signify a single covalent bond or one of these groups signifies the 20
ethylene group [err];  the rings [err] and [err]  signify a group of the
formula [err] 25 or trans-1,4-cyclohexylene;  the rings A ,.A  and A
signify a group of formula II or, when they are not linked with at least
one of the other two of    -2- these rings by a single covalent bond, also
trans-1,4-cyclohexylene; with the proviso that at least one 



5          of the rings present is a group of formula II; Y signifies
hydrogen or on one of the rings of formula II which is not linked with a
further ring via a single covalent bond also fluorine, 10          chlorine
or methyl;  and R  and R2 signify straight-chain alkyl containing 1 to 7
carbon atoms or on a ring of formula II also straight-chain alkoxy
containing 1 to 7 carbon atoms. 15 The invention is also concerned with the
manufacture of the compounds of formula I above, liquid crystalline
mixtures which contain compounds of formula I above as well as their use
for electro-optical and chromatographical 20    purposes. The compounds
provided by the invention contain four or five p-phenylene and/or
trans-1,4-cyclohexylene groups, whereby one of the optionally present
p-phenylene groups 25    which is not linked via a single covalent bond
directly to one of the remaining rings (p-phenylene or trans-1,4-cyclo-
hexylene) can carry a lateral fluorine, chlorine or methyl substituent. At
least one of the rings present (i.e. at    least one of the rings [err]
when n stands for 1 or at least one of the rings [err] and [err] when n
stands for 0) signifies a group of formula II. 



5 2   3      4 Those of rings [err] and [err] which are joined directly via
a single covalent bond directly to atleast one of the other two of these
rings signify p-phenylene. On the other hand, a trans-1,4-cyclohexylene
group which may be present 2 10  as ring A  can be linked directly via a
single covalent bond with ring A1 and a trans-1,4-cyclohexylene group which
may be present as ring A  or A  can be linked directly with ring A via a
single covalent bond. 15        If X  is an ester group, then [err] and
[err] signify single covalent bonds or one of these groups also signifies
the ethylene group.  Correspondingly, [err] and [err] signify single
covalent bonds or one of these groups also signifies 2 the ethylene group
when R  represents an ester group. 20 1      2 The groups R  and R  can be
the same or different and signify methyl, ethyl, propyl,butyl, pentyl,
hexyl, heptyl, methoxy, ethoxy, propyloxy, butyloxypentyloxy, hexyloxy or
heptyloxy. 25 Liquid crystals have recently gained considerable importance
primarily as dielectrics in indicating devices, since the optical
properties of such substances can be in- fluenced by an applied voltage.
Electro-optical devices  



4 based on liquid crystals are well known to the person skilled in the art
and can be based on various effects such as, for example, dynamic
scattering, deformation 5   of aligned  phases (DAP type), the
Schadt-Helfrich effect (rotation cell), the "guest-host effect" or a
cholesteric- -nematic phase transition. The liquid crystals must satisfy a
number of require- 10   ments in order to be suitable as dielectrics for
electro- -optical indicating devices. For example, they must have a high
chemical stability towards environmental factors, (e.g. heat, air, moisture
and the like), must be photo- chemically stable and colourless, must have
short response 15   times and not too high a viscosity, must have a nematic
or cholesteric mesophase in all temperature ranges.in which the liquid
crystal cell is to be operated, and must give a good contrast. Other
properties such as, for example, the threshold potential, the dielectric
anisotropy and the 20   electrical conductivity, must fulfil
different.conditions depending on the type of cell which is used. Since, in
general, it is not possible to achieve all desired and to some extent
contradictory properties with 25   a single compound, attempts have mainly
been made to optimize the properties for the particular applications by
mixing several components. In this case it is, however, important that the
components undergo no chemical reactions with one  



another and can be mixed well. Further, the mixtures formed should have no
smectic mesophases. Since, moreover, the customary components having low
viscosities generally have only low clearing points or are not themselves
liquid crystalline, components having high clearing points must frequently
be added to the mixtures. However, the latter components generally have the
dis- advantage that at the same time they also greatly increase the
viscosity of the mixtures. Smectic
trans-4-(trans-4-alkylcyclohexyl)cyclohexyl esters of
trans-4-alkylcyclohexanecarboxylic acids and of
trans-4-(trans-4-alkylcyclohexyl)cyclohexanecarboxylic acids are already
known from JP-A-57-70839 (Patent Abstracts of Japan, Vol. 6. No. 149), and
liquid-crystalline derivatives of the 4'-cyclohexyl-4-biphenylcarboxylic
acid phenyl ester carrying terminal fluorine, chlorine, bromine or cyano
sub- stituents are already known from JP-A-57-9742 (Patent Abstracts of
Japan, Vol. 6, No. 73). Moreover, liquid cystalline monoesters containing a
bicyclo[2.2..2]octane ring have been described in DE-A-2931637, and
tricyclic mono- esters possessing liquid-crystalline properties have been
described in DE-A-2800553. Compounds of the above formula I, wherein n
stands for the number 0, as well as their preparation and their use in
liquid-crystalline compositions and for electro-optical   



purposes are in part also disclosed in EP-A-87032 (designa- ted contracting
states: AT, CH, DE, FR, GB, IT, LI, NL), EP-A-87102 (designated contracting
states: CH, DE. FR, GB, IT, LI), DE-A-3324774 and GB-A-2124218. EP-A-87032
describes compounds of the above formula I, wherein n stands for the number
O, [err] signifies -COO- or -OOC-, [err] and [err] signify single covalent
bonds and either rings A  and A2 3      5 or rings A and A signify
trans-1,4-cyclohexylene. EP-A-87102 describes
p-(trans-4-alkylcyclohexyl)phenyl 4'-alkylbiphenyl-4"-carboxylates as well
as compounds of the above formula I, wherein n stands for the number 0, x2
1      3 signifies -COO- or -OOC-, [err] and [err] signify single covalent
bonds and [err]  and [err] signify propyl. DE-A-3324774 and GB-A-2124218
describe compounds of the above formula I. wherein n signifies the number
0, [err] signifies -COO-, [err] signifies a single covalent bond, [err]
signifies -CH CH -, rings [err] and [err] signify trans-1,4-cyclohexylene
and rings A  and A  signify 1,4-phenylene.    5b - Furthermore, liquid
crystals have recently also been effectively used as stationary phases in
gas chromato- graphy. However, the known stationary phases have, above 



all, the disadvantage that they can be used only up to temperatures of
about [err]. The object of the present invention is therefore to provide
novel liquid crystalline compounds which do not have the aforementioned
disadvantages or which have these disadvantages to a lesser degree. It has
now been found that the compounds provided by the invention are very well
suited as components of liquid crystalline mixtures, since they
surprisingly at the same time have large mesophase ranges with high
clearing points and to some extent remarkably low melting points as well as
low viscosities and correspondingly short response    -6- times.  Further,
the compounds provided by the invention have small absolute values of the
dielectric aniso- tropies and generally a nematic and/or smectic mesophase.
5   Furthermore, they have a good chemical and photochemical stability and
are colourless. The compounds provided by the invention can be widely used,
since they are miscible with other liquid crystals and since liquid
crystals having nematic or cholesteric mesophases can be manufactured 10
readily by mixing the present compounds with other liquid crystalline
and/or non-liquid crystalline compounds. Those compounds which carry a
lateral fluorine, chlorine or methyl substituent are above all
distinguished by especially good solubility. On the basis of the
aforementioned prop- 



15   erties the compounds provided by the invention are espe- cially
suitable for increasing the clearing points of mixtures having low
viscosities, since in this case the viscosity is not increased or is
increased only insignifi- cantly. 20 Further, the compounds provided by the
invention have shown themselves to be extremely selective stationary phases
in gas chromatography and, on the basis of their high clearing points and
boiling points, they can be used 25   at distinctly higher working
temperatures than the pre- viously known phases.  In many cases they can be
used with- out problems up to the working temperatures of about [err] which
are usual in gas chromatography.    7- The aforementioned advantages in the
use in gas chromatography and in the clearing point increase of liquid
crystalline dielectrics apply especially in the 5   case of the pentacyclic
compounds of formula I (n = 1). The compounds of formula I in which Y
signifies hydro- gen and therefore formula II signifies 1,4-phenylene (i.e.
those compounds which carry no lateral substituents) are 10   preferred.
Further, at least one of the rings preferably signi- fies
trans-1,4-cyclohexylene. If formula I contains an 1 



ethylene group [err], then [err] preferably signifies the 15   ethylene
group (and accordingly [err]  signifies an ester group).  Further, in
compounds of formula I in which one 1 4 of the groups X -X  signifies the
ethylene group at least one of the two rings linked directly to the
ethylene group is advantageously trans-1,4-cyclohexylene. However, there 20
are generally preferred those compounds of formula I in 1      2 which one
of the groups X  and X  signifies an ester group 1   2   3 -COO- or -OOC-
and the remainder of the groups X., X , X and X4 signify a single covalent
bond. Further, there are preferred those compounds of formula I in which at
least 25   one of the two rings linked directly to the ester group [err] or
X2 (preferably the ring linked to the oxygen atom of the ester group)
signifies a group of formula II;  this applies especially in the case of
the tetracyclic compounds. Furthermore, there are basically preferred those
compounds    -8- of formula I in which n stands for the number 1. Further,
x2 preferably signifies an ester group when n stands for the number 1. 5
Especially suitable compounds of formula I are there- fore those in which
one of the groups [err] and [err] signifies 



an ester group -COO- or -OOC- and the remainder of the groups X1, X2, X3
and X  signify a single covalent bond; 1      5 10    the rings A  and A
signify 1,4-phenylene or trans-1,4- -cyclohexvlene;  the rings [err] and
[err] signify 1,4- -phenylene or, when they are not linked with at least
one of the other two of these rings by a single covalent bond, also
trans-1,4-cyclohexylene; and at least one of the 15    rings present
signifies 1,4-phenylene (preferably one of the rings linked to the ester
group) and at least one of the rings present signifies
trans-1,4-cyclohexylene.  Further, it is preferred that n stands for the
number 1 and/or that [err] signifies an ester group -COO- or -OOC-. 20 1
2 Preferred groups denoted by R  and R  are the straight- -chain alkyl
groups containing 1 to 7 carbon atoms. Fur- thermorethere are preferred
those compounds of formula I in which the sum of the carbon atoms in the
groups R and 25    R  is 5 to 10. The monoesters provided by the invention
embrace, inter alia, the compounds of the following general formulae    E
R       Id    



- 10 - Im    wherein [err] and [err] have the above significances and E
signifies an ester group -COO- or -OOC-. 5 Examples of preferred compounds
provided by the. invention are the compounds of formulae Ia-In above in
which [err] and E each have the significances given in Table 1 as well as
the compounds of formula I referred to in 10   the detailed Examples
hereinafter. 15 20 25    -12- Table 1 [err]                     E
[err] Ethyl                   -coo-                Pentyl Propyl
-COO-                Propyl Propyl                  -COO-
Butyl Propyl                  -COO-                Pentyl Butyl
-COO-                Propyl Butyl                   -COO-
Butyl 



Butyl                   -COO-                Pentyl Pentyl
-COO-                Ethyl Pentyl                  -COO-
Propyl Pentyl                  -COO-                Butyl Pentyl
-COO-                Pentyl Ethyl                   -OOC-
Pentyl Propyl                  -OOC-                Propyl Propyl
-OOC-                Butyl Propyl                  -OOC-
Pentyl Butyl                   -OOC-                Propyl Butyl
-OOC-                Butyl Butyl                   -OOC-
Pentyl Pentyl                  -OOC-                Ethyl Pentyl
-OOC-                Propyl Pentyl                  -OOC-
Butyl Pentyl                  -OOC-                Pentyl    - 13 -
Preferably, E signifies -OOC- in formulae Ib, Ih, Ii, Ik, Im and In above
and -COO- in formulae Ia, Ic-Ig and Ii-In above. Especially preferred
examples are the com- 5   pounds of formulae Ia, Ic, If, Ij, Im, In and
particularly those of formula Ik. The compounds of formula I can be
manufactured in accordance with the invention by 10 (a) for the manufacture
of the compounds of formula I 



in which X signifies an ester group -COO- or -OOC-, esterifying a compound
of the general formula 15 [err] and a compound of the general formula 20 25
1      2 wherein one of the groups [err] and [err] signifies the carboxyl
group and the other signifies the hydroxy group and    -14- [err] X and n
have the significances given above, 5   or a reactive derivative of these
compounds, or (b) for the manufacture of the compounds of formula I in
which [err] signifies an ester group -COO- or -OOC-, esteri- 10   fying a
compound of the general formula [err] 15 and a compound of the general
formula [err] 20 wherein one of the groups [err] and [err] 



signifies the carboxyl group and the other signifies the hydroxy group and
25        [err] [err] and n have the significances given above, or a
reactive derivative of these compounds.    These reactions can be carried
out in a manner known per se by esterifying the carboxylic acid or a
reactive derivative thereof (e.g. an acid chloride, bromide or 5
anhydride) with the corresponding hydroxy compound or a suitable salt
thereof (e.g. the sodium salt). A preferred method is the reaction of the
acid chloride (which is obtainable from the carboxylic acid by, for
example, heating with thionyl chloride) with the hydroxy compound. This 10
reaction is conveniently carried out in an inert organic solvent, for
example an ether such as diethyl ether or tetrahydrofuran,
dimethylformamide, benzene, toluene, cyclohexane, carbon tetrachloride and
the like. In order to bind the hydrogen chloride liberated in the reaction
15   there is conveniently used an acid-binding agent, for example a
tertiary amine, pyridine and the like. The acid-binding agent can also
simultaneously serve as the solvent. Further preferred methods are the
reaction of the carboxylic acid with the hydroxy compound in the presence
20   of 4-(dimethylamino)pyridine and N,N'-dicyclohexylcarbodi- imide or in
the presence of oxalyl chloride and dimethyl- 



formamide [P. A. Stadler, Helv. Chim. Acta 61, 1675 (1978)]. The
temperature and pressure at which the above esteri- fication reactions are
carried out are not critical, the 25   reactions generally being carried
out at atmospheric pressure and a temperature between about [err] and the
boiling point of 'the reaction mixture.    -16- The compounds of formulae
III-VI are known or are analogues of known compounds and can be prepared
according to known methods. 5 For example, the compounds of formula IV in
which [err] signifies carboxyl, [err] signifies p-phenylene and [err]
signi- fies the ethylene group, the compounds of formula V in which [err]
signifies carboxyl, A  signifies p-phenylene and 10    X  signifies the
ethylene group and the compounds of formula VI in which [err] signifies
carboxyl, [err] signifies p-phenylene and X  signifies the ethylene group
can also be prepared by reacting methyl p-formylbenzoate in a Wittig
reaction with the corresponding phosphonium salt, 15    then catalytically
hydrogenating the double bond (e.g. in the presence of palladium as the
catalyst) and saponifying the ester obtained. The corresponding hydroxy
compounds can also be prepared according to the same method by using
p-acetoxybenzaldehyde as the starting material. 20 



The compounds of formula IV in which [err] signifies
trans-1,4-cyclohexylene and [err] signifies the ethylene group, the
compounds of formula V in which A  signifies trans-1,4- -cyclohexylene and
X  signifies the ethylene group and the 25    compounds of formula VI in
which A  signifies trans-1,4- -cyclohexylene and [err]  signifies the
ethylene group can also be prepared, for example, by reacting 4-cyanocyclo-
hexanecarboxaldehyde in a Wittig reaction with the corre- sponding
phosphonium salt and then catalytically hydrogen-    -17- ating the double
bond. The cyano compound obtained can then either be converted by
saponification into the carboxylic acid or can be converted into the
corresponding hydroxy 5    compound by reaction with methyl lithium,
methylmagnesium bromide and the like, subsequent Baeyer-Villiger oxidation
(e.g. with m-chloroperbenzoic acid) and saponification of the ester
obtained. 10         In an analogous manner to the above reactions there
can also be prepared those compounds of formulae IV and VI which contain an
ethylene group and two or three rings between the ethylene group and the
carboxyl or hydroxy group. 15 The compounds of formula I can be used in the
form of mixtures with other suitable liquid crystalline or non- -liquid
crystalline substances such as, for example, with 



substances from the classes of Schiff's bases, azobenzenes, 20
azoxybenzenes, phenylbenzoates, cyclohexanecarboxylic acid phenyl esters,
cyclohexanecarboxylic acid  cyclohexyl esters, biphenyls, terphenyls,
phenylcyclohexanes, cyclo- hexylbiphenyls, cinnamic acid derivatives,
phenylpyrimidines, diphenylpyrimidines, cyclohexylphenylpyrimidines,
phenyl- 25    dioxanes, 2-cyclohexyl-1-phenylethanes and the like. Such
substances are known to the person skilled in the art and many of them are,
moreover, commercially available.    -18- The liquid crystalline mixtures
provided by the invention contain, in addition to one or more compounds of
formula I, preferably one or more of the following 5   compounds:
4-Cyanobiphenyls of the general formula 10 wherein R signifies a
straight-chain 15        alkyl or alkoxy group containing 2 to 7 carbon
atoms, p-(trans-4-alkylcyclohexyl)benzonitriles of the general formula 20
25        wherein [err] signifies a straight-chain alkyl group containing 2
to 7 carbon atoms and [err] signifies cyano or a straight-chain alkyl group
containing 



-19- 1 to 7 carbon atoms, p-(5-alkyl-2-pyrimidinyl)benzonitriles of the
general formula 5 10 wherein R has the above significance,
p-[5-(trans-4-alkylcyclohexyl)-2-pyrimidinyl]benzonitriles of the general
formula 15 x 20        wherein R4 has the above significance,
p-(trans-5-alkyl-m-dioxan-2-yl)benzonitriles of the general formula 0
wherein R  has the above significance,    -20- p-alkylbenzoic acid phenyl
esters of the general formula XII wherein [err] signifies the cyano group
or 10        a straight-chain alkoxy group containing 1 to 6 carbon atoms
and R has the above significance, 



trans-4-alkylcyclohexanecarboxylic acid phenyl esters of the general
formula 15 XIII 20 4      6 wherein R  and R  have the above sig-
nificances, 2-(trans-4-alkylcyclohexyl)-1-phenylethanes of the general
formula 25 [err]    21- wherein R signifies a straight-chain alkyl group
containing 3 to 7 carbon atoms and R signifies the cyano group or a
straight-chain 5         alkyl or alkoxy group containing 1 to 7 carbon
atoms, 4"-alkyl-4-cyano-p-terphenyls of the general formula 10
[err] wherein R4 has the above significance, 15    or
4'-(trans-4-alkylcyclohexyl)-4-cyanobiphenyls of the general formula R
wherein R has the above significance. 25          The mixtures provided by
the invention can contain 



one or more compounds of formula I.  Mixtures which contain one or more
compounds of formula I in an amount of about 1 weight % to about 40 weight
% and one or more other suitable    -22- liquid crystalline and/or
non-liquid crystalline substances are preferred. Mixtures which contain
about 3 weight % to about 20 weight % of compounds of formula I are
especially 5   preferred. Further, the mixtures provided by the invention
can contain suitable optically active compounds (e.g. optically active
biphenyls) and/or dichroic colouring substances (e.g. 10   azo, azoxy and
anthraquinone colouring substances).  The amount of such compounds is
determined by the solubility and the desired pitch, colour, extinction and
the like. Pref- erably, the amount of optically active compounds is at most
about 4 weight % and the amount of dichroic colouring 15   substances is at
most about 10 weight %. The manufacture of the liquid crystalline mixtures
and of the electro-optical devices can be carried out in a manner known per
se and therefore need not be described 20   herein in more detail. The
use.of the compounds provided by the invention for or as liquid crystalline
stationary phases in gas chromatography can be carried out in a manner
known per 25   se and on usual carrier materials.  The compounds provided
by the invention are especially suitable for the separation 



of isomer mixtures which can not be separated or which can    -23- be
separated only with difficulty using conventional stationary phases such
as, for example, cis/trans-isomeric 1,4-disubstituted cyclohexanes,
isomeric aromatic hydro- 5   carbons (e.g. xylenes,
phenenthrene/anthracene), double bond isomers (e.g. unsaturated fatty acid
esters) and the like. The invention is also concerned with all novel com-
10   pounds, mixtures, processes, uses and devices as described herein. The
following mixtures 1-4 are examples of preferred mixtures provided by the
invention for electro-optical 15   uses.  [err] signifies the dielectric
anisotropy, [err] or [err] signifies the threshold potential for 10% or 50%
transmis- sion (measured in a rotation cell with 8 pm plate sep- aration
and [err] tilt angle), ton signifies the switching- -on time (0-50%
transmission), tff signifies the switching- 20   -off time (100%-10%
transmission), [err] signifies the viscosity (bulk viscosity), N
signifies the maximum number of max multiplexible lines and [err] signifies
the optical anisotropy. Mixture 1 25 6.55 weight % of
4'-ethyl-4-cyanobiphenyl, 3.64          of 4'-propyl-4-cyanobiphenyl, 



5.83          of 4'-butyl-4-cyanobiphenyl,    -24- 18.94 weight % of
4'-pentyl-4-cyanobiphenyl, 4.37     "   of 4"-pentyl-4-cyano-p-terphenyl,
4.37     "    of 4'-(trans-4-pentylcyclohexyl)-4-cyano- 5
biphenyl, 3.92     "    of 1-(trans-4-pentylcyclohexyl)-4-propyl- benzene,
7.29     "    of trans-4-butylcyclohexanecarboxylic acid p-ethoxyphenyl
ester, 10     7.29      "    of trans-4-pentylcyclohexanecarboxylic acid
p-methoxyphenyl ester 14.56          of
2-(trans-4-pentylcyclohexyl)-1-(p-ethoxy- phenyl) ethane, 5.59          of
1-[2-(trans-4-butylcyclohexyl)ethyl]-4- 15
-(trans-4-pentylcyclohexyl)benzene, 5.49     "    of
4-[2-(trans-4-butylcyclohexyl)ethyl]-4'-
-(trans-4-pentylcyclohexyl)biphenyl, 7.84     "    of
4-[2-(trans-4-butylcyclohexyl)ethyl]-4'-
-(trans-4-pentylcyclohexyl)-1,1'-ethylene- 20
dibenzene, 4.32     "    of 4'-(trans-4-pentylcyclohexyl)-4-bi-
phenylcarboxylic acid p-(trans-4-propyl- cyclohexyl)phenyl ester; m.p.
[err], cl.p. [err], nematic;  [err] = 7.37; [err] = 2.55V, 25   [err] =
2.88V; [err] = 28 ms, [err] = 48 ms; [err] = 27 cP;  [err] = 



68;  An = 0.151.    -25- Mixture 2 4.49 weight % of
4'-ethyl-4-cyanobiphenyl, 5     2.99          of 4'-propyl-4-cyanobiphenyl,
5.09          of 4'-butyl-4-cyanobiphenyl, 13.82          of
4-(trans-4-pentylcyclohexyl)benzonitrile, 4.40          of
4"-pentyl-4-cyano-p-terphenyl, 4.49          of
4'-(trans-4-pentylcyclohexyl).-4-cyano- 10                      biphenyl,
7.41          of trans-4-butylcvclohexanecarboxylic acid p-ethoxyphenyl
ester, 6.59          of trans-4-pentylcyclohexanecarboxylic acid
p-methoxyphenyl ester, 15     3.10          of
2-(trans-4-propylcyclohexyl)-1-(p-ethyl- phenyl)ethane, 19.65          of
2-(trans-4-pentylcyclohexyl)-1-(p-ethoxy- phenyl)ethane, 8.59     "   of
1-[2-(trans-4-butylcyclohexyl)ethyl]-4- 20
-(trans-4-pentylcyclohexyl)benzene, 5.43          of
4-[2-(trans-4-butylcyclohexyl)ethyl]-4'-
-(trans-4-pentylcyclohexyl)biphenyl, 9.30          of
4-[2-(trans-4-butylcyclohexyl)ethyl]-4'-
-(trans-4-pentylcyclohexyl)-1,1'-ethylene- 25
dibenzene, 4.65          of 4'-(trans-4-pentylcyclohexyl)-4-biphenyl- 



carboxylic acid trans-4-(p-propylphenyl)- cyclohexyl ester;    -26- m.p.
[err], cl.p. [err], nematic;  [err] = 6.46;  V10 = 2. 61V; [err] = 2.93V;
[err] = 31 ms, toff = 42 ms; [err] = 27 cP; [err] = 73; [err] = 0.131. 5
Mixture 3 4.49 weight % of 4'-ethyl-4-cyanobiphenyl, 2.99     "    of
4'-propyl-4-cyanobiphenyl, 10     5.09     "    of
4'-butyl-4-cyanobiphenyl, 13.82          of
4-(trans-4-pentylcyclohexyl)benzonitrile, 8.89     "   of
4'-(trans-4-pentylcyclohexyl)-4-cyano- biphenyl, 7.41          of
trans-4-butylcyclohexanecarboxylic acid 15
p-ethoxyphenyl ester, 6.59          of trans-4-pentylcyclohexanecarboxylic
acid p-methoxyphenyl ester,           - 3.10          of
2-(trans-4-propylcyclohexyl)-1-(p-ethyl- phenyl)ethane, 20    19.65     "
of 2-(trans-4-pentylcyclohexyl)-1-(p-ethoxy- phenyl)ethane, 8.59
of 1-[2-(trans-4-butylcyclohexyl)ethyl]-4-
-(trans-4-pentylcyclohexyl)benzene, 5.43     "   of
4-[2-(trans-4-butylcyclohexyl)ethyl]-4'- 25
-(trans-4-pentylcyclohexyl)biphenyl, 



9.30     "    of 4-[2-(trans-4-butylcyclohexyl)ethyl]-4'-
-(trans-4-pentylcyclohexyl)-1,1'-ethylene- dibenzene, 4.65     "   of
4'-(trans-4-pentylcyclohexyl)-4-biphenylcar-    -27- boxylic acid
trans-4-(p-propylphenyl)-. cyclohexyl ester; m.p. [err], cl.p. [err],
nematic. Mixture 4 4.49 weight % of 4'-ethyl-4-cyanobiphenyl, 2.99
of 4'-propyl-4-cyanobiphenyl, 10     5.09     "    of
4'-butyl-4-cyanobiphenyl, 13.82          of
4-(trans-4-pentylcyclohexyl)benzo- nitrile, 4.40          of
4"-pentyl-4-cyano-p-terphenyl, 4.49          of
4'-(trans-4-pentylcyclohexyl)-4-cyano- 15                      biphenyl,
3.10          of 1-(trans-4-ethylcyclohexyl)-4-propyl- benzene, 7.41
of trans-4-butylcyclohexanecarboxylic acid p-ethoxyphenyl ester, 20
6.59          of trans-4-pentylcyclohexanecarboxylic acid p-methoxyphenyl
ester, 19.65          of 2-(trans-4-pentylcyclohexyl)-1-(p-ethoxy-
phenyl)ethane, 8.59          of 1-[2-(trans-4-butylcyclohexyl)ethyl]-4- 



25                      -(trans-4-pentylcyclohexyl)benzene, 5.43
of 4-[2-(trans-4-butylcyclohexyl)ethyl]-4'-
-(trans-4-pentylcyclohexyl)biphenyl, 9.30          of
4-[2-(trans-4-butylcyclohexyl)ethvl]-4'-    - 28 -
-(trans-4-pentylcyclohexyl)-1,1'-ethylene- dibenzene, 4.65 weight % of
4'-(trans-4-pentylcyclohexyl)-4-biphenyl- 5
carboxylic acid p-(trans-4-propyl- cyclohexyl)phenyl ester; m.p. [err],
cl.p. [err], nematic. 10 15 20 25    -29- The manufacture of the compounds
provided by the invention, the preparation of certain starting materials
and the use of the compounds provided by the invention in 5
chromatography is illustrated in more detail in the follow- ing Examples. C
denotes a crystalline phase, S denotes a smectic phase, N denotes a nematic
phase and I denotes the isotropic phase. 



10                            Example 1 1.40 g of
4'-(trans-4-pentylcyclohexyl)-4-biphenyl- carboxylic acid were heated to
boiling for 3 hours with 0.82 g of thionyl chloride in 25 ml of benzene.
The solvent 15    and excess thionyl chloride were distilled off and the
residue was taken up twice in 25 ml of toluene each time and concentrated.
The crude 4,-(trans-4-pentylcyclohexyl)-4-biphenyl- 20    carboxylic acid
chloride obtained was dissolved in 40 ml of benzene and then added dropwise
to a solution of 0.90 g of trans-4-(p-propylphenyl)cyclohexanol in 20 ml of
pyridine. The mixture was stirred at a bath temperature of 650C overnight,
then poured into ice-water and extracted with 25    diethyl ether.  The
extract was washed four times with 25 ml of 3N hydrochloric acid each time,
then washed with 25 ml of 2N sodium carbonate solution and several times
with water, dried over sodium sulphate and concentrated. The crude
4'-(trans-4-pentylcyclohexyl)-4-biphenylcarboxylic    -30- acid
trans-4-(p-propylphenyl) cyclohexyl ester obtained was recrystallized once
from ethanol containing a small amount of ethyl acetate and once from ethyl
acetate.  Yield 1.1 g; 5   m.p. (C-S) 131.2C;  phase transition  S-N
143.3C; cl.p. (N-I) 337.5C. The following compounds were manufactured in an
analogous manner: 



10 p-(Trans-4-pentvlcyclohexyl)benzoic acid trans-4-(p-
-propylphenyl)cyclohexyl ester; m.p. (C-S) 116.1C, phase transition S-N
118.8C, cl.p. (N-I) [err]. p-(Trans-4-pentylcyclohexyl)benzoic acid
p-(trans-4- 15   -propylcyclohexyl)phenyl ester;  phase transition C-C
92.5C, m.p. (C-S) 135.6C, phase transition S-N 142.5C, cl.p. (N-I) 310C.
p-[2-Trans-4-pentylcyclohexyl)ethyl]benzoic acid
trans-4-(p-propylphenyl)cyclohexyl ester;  m.p. (C-S) [err], 20   phase
transition S-N [err], cl.p. (N-I) [err].
p-[2-(Trans-4-pentylcyclohexyl)ethyl]benzoic acid p-
-(trans-4-propylcyclohexyl)phenyl ester; m.p. (C-S) [err], phase transition
S-N [err], cl.p. (N-I) 262.5C.
4'-(Trans-4-pentylcyclohexyl)-4-biphenylcarboxylic 25   acid
trans-4-(p-butylphenyl)cyclohexyl ester; m.p. (C-S) 107.0C or [err] or
[err] (3 modifications), phase transition S-N [err] cl.p. (N-I) 333.0C.
-31- Further, all compounds of formula I referred to in Examples 2 and 5
can be manufactured in an analogous manner. 5
Example 2 0.40 g of 4-hydroxy-4'-(trans-4-pentylcyclohexyl)- biphenyl, 0.21
g of trans-4-propylcyclohexanecarboxylic acid and 0.025 g of
(4-dimethylamino)pyridine were dissolved in 10   25 ml of dichloromethane
and then 0.31 g of N,N'-dicyclo- 



hexylcarbodiimide was added portionwise within 10 minutes while stirring.
The mixture was left to stand at room temperature for 3 days and then the
precipitate was fil- tered off. The filtrate was diluted with
dichloromethane, 15 washed twice with 20 ml of saturated sodium bicarbonate
solution each time and then with water, dried over sodium sulphate and
concentrated. The crude trans-4-propylcyclo- hexanecarboxylic acid
4'-(trans-4-pentylcyclohexyl)-4- -biphenylyl ester obtained was
chromatographed on silica gel 20   with hexane/dioxane (volume ratio 19:1).
The fractions which were pure according to thin-layer chromatography were
pooled and recrystallized from ethyl acetate. Yield 0.33 g; m.p. (C-S)
[err], cl.p. (N-I) [err]; further phase tran- sitions: S-S [err], S-S
[err], S-N [err]. 25 The following compounds were manufactured in an analo-
gous manner:    -32- Trans-4-(p-pentylphenyl)cyclohexanecarboxylic acid
trans-4-(p-propylphenyl)cyclohexyl ester;  m.p. (C-S) 66.5C, phase
transition S-N [err], cl.p. (N-I) 234.5C. 5
Trans-4-[2-(trans-4-pentylcyclohexyl)ethyl]cyclo- hexanecarboxylic acid
trans-4-(p-propylphenyl)cyclohexyl ester; m.p. (C-S) [err], phase
transition S-N [err], cl.p. (N-I) [err].
4'-(Trans-4-pentylcyclohexyl)-4-biphenylcarboxylic acid 



10    trans-4-propylcyclohexyl ester;  m.p. (C-S) [err], phase transition
S-N [err], cl.p. (N-I) [err].
4'-(Trans-4-pentylcyclohexyl)-4-biphenylcarboxylic acid
p-(trans-4-propylcyclohexyl)phenyl ester; m.p. (C-S) 153.9C, phase
transition S-N 195.0C cl.p. (N-I) 419C. 15
4'-(Trans-4-pentylcyclohexyl)-4-biphenylcarboxylic acid
p-(trans-4-butylcyclohexyl)phenyl ester;  m.p. (C-S) [err], phase
transition S-N [err], cl.p. (N-I) 413C.
4'-(Trans-4-pentylcyclohexyl)-4-biphenylcarboxylic acid
p-[2-(trans-4-butylcyclohexyl)ethyl]phenyl ester; 20   m.p. (C-S) 139C or
145C (2 modifications), phase trans- ition S-N [err], cl.p. (N-I) 358.50C.
Further, all compounds of formula I referred to in Examples 1 and 5 can be
manufactured in an analogous manner. 25 Example 3 A mixture of 2.51 g of
p-pentylbenzyl-triphenylphospho- nium bromide and 615 mg of a cis/trans
mixture (about 1:1) of 4-cyanocyclohexanecarboxaldehyde in 30 ml of t-butyl
-33- methyl ether was placed at [err] under argon gasification in a
sulphonation flask fitted with a thermometer and solid substance addition
tube, treated within 2 minutes with 5   673 mg of solid potassium
t-butylate and subsequently stir- red for a further 1.5 hours. The
red-brown heterogeneous mixture was then poured into 100 ml of water and
extracted 



three times with 100 ml of diethyl ether each time. The organic phases were
washed twice with 50 ml of water each 10   time and once with 50 ml of
saturated sodium chloride sol- ution, dried over magnesium sulphate and
concentrated. The residue was suspended in 150 ml of hexane, freed from
pre- cipitated triphenylphosphine oxide by filtration (rinsing with hexane)
and the filtrate was concentrated.  Low- 15   -pressure chromatography (0.4
bar) of the resulting oil (1.36 g) on silica gel using 3% ethyl
acetate/petroleum ether as the eluting agent gave 1.02 g (81%) of 4-[2-(p-
-pentylphenyl) ethenyl]cyclohexanecarbonitrile as a colour- less oil; Rf
values (10% ethyl acetate/petroleum ether):. 20   0.27 and 0.37
(stereoisomer mixture). 956 mg of the
4-[2-(p-pentylphenyl)ethenyl]cvclohexane- carbonitrile obtained were
dissolved in 50 ml of toluene in a sulphonation flask, treated with 150 mg
of 10% palladium/ 25   carbon and hydrogenated at normal pressure and room
temp- erature until the hydrogen uptake came to a standstill (about 30
minutes). Filtration of the mixture (rinsing with toluene), concentration
of the filtrate and low-pressure    -34- chromatography (0.4 bar) of the
residue (890 mg) on silica gel using 5% ethyl acetate/petroleum ether as
the eluting agent  gave 788 mg (82%) of 4-[2-(p-pentylphenyl)ethyl]- 5
cyclohexanecarbonitrile (cis/trans ratio about 1:3 accord- ing to gas
chromatography and NMR spectroscopy). Two-fold 



crystallization from pentane at [err] finally yielded the trans-nitrile
(trans content 98.8%);  m.p. (C-I) [err], cl.p. (N-I) [err], Rf value (5%
ethyl acetate/petroleum 10   ether) 0.22. The
trans-4-[2-(p-pentylphenyl)ethyl]cyclohexane- carbonitrile obtained can be
converted into trans-4-[2- -(p-pentylphenyl)ethyl]cyclohexanecarboxylic
acid in an 15    analogous manner to Example 4. Example 4 A mixture of 3.60
g of trans-4-[2-(trans-4-pentyl- 20
cyclohexyl)ethyl]cyclohexanecarbonitrile and 5.0 g of potassium hydroxide
in 50 ml of diethylene glycol was heated to 1800C for 22 hours in a round
flask fitted with a reflux condenser.  After cooling, the brown mixture was
acidified with about 100 ml of 2N hydrochloric acid and 25    extracted
three times with 150 ml of diethyl ether each time.  The organic phases
were washed three times with 100 ml of water each time, dried over
magnesium sulphate and concentrated. Subsequent crystallization of the
residue    -35- (3.74 g; cis/trans ratio about 1:3) from 100 ml of hexane
gave 2.12 g (55%) of pure trans-4-[2-(trans-4-pentylcyclo-
hexyl)ethyl]cyclohexanecarboyxlic acid;  m.p. [err], 5   cl.p. [err].
Example 5 A solution of 0.902 ml of dimethylformamide in 20 ml 



10   of acetonitrile was placed at [err] while gassing with argon in a
sulphonation flask fitted with a mechanical stirrer, serum cap, thermometer
and dropping funnel and treated within 2 minutes with 0.338 ml of oxalyl
chloride. After completion of the addition, the mixture was stirred 15   at
[err] for a further 20 minutes and then 1.0 g of trans-
-4-(trans-4-pentylcyclohexyl)cyclohexanecarboxylic acid was introduced into
the resulting white suspension via a solid substance addition tube. The
mixture was sub- sequently stirred at [err] for 30 minutes and then treated
20   dropwise at [err] within 10 minutes with a solution of 1.97 g of
trans-4-(p-propylphenyl)cyclohexanol and 0.9 ml of pyridine in 20 ml of
acetonitrile. The mixture was stirred for a further 15 hours while slowly
warming to room temperature, then poured into 200 ml of cold 2N sodium 25
carbonate solution and extracted three times with 200 ml of methylene
chloride each time. The organic phases were washed once with 100 ml of 2N
sodium carbonate solution and twice with 200 ml of water each time, dried
over magnesium sulphate and concentrated. Low-pressure chromatography    -
36 - (0.5 bar) of the residue (2.6 g) on 140 g of silica gel using
toluene/hexane (volume ratio 1:1) gave 757 mg (44%) 5    of
trans-4-(trans-4-pentylcyclohexyl)cyclohexanecarboxylic acid
trans-4-(p-propylphenyl)cyclohexyl ester as colourless crystals. A single
recrystallization from acetone yielded 



analytically-pure product of m.p. (C-S) [err], phase transition S-N [err],
cl.p. (N-I) [err]. 10 The following compound was manufactured in an
analogous manner: Trans-4-(trans-4-pentylcyclohexyl)cyclohexanecarboxylic
15    acid p-(trans-4-propylcyclohexyl)phenyl .ester;  m.p. (C-S) [err],
phase transition S-N [err], cl.p. (N-I) [err]. Further, all compounds of
formula I referred to in Examples 1 and 2 can be manufactured in an
analagous manner. 20 Example 6 An isomer mixture of
4-cis/trans-propyl-1-(4-propyl- phenyl)cyclohexane (cis/trans ratio about
1:1) was 25    separated at an analysis temperature of [err] on a packed
column (length 3 m, internal diameter 2.2 mm) which was filled with 2
weight % of 4'-(trans-4-pentylcyclohexyl)-4- -biphenylcarboxylic acid
trans-4-(p-propylphenyl)cyclohexyl 30    -37- ester on Gas-Chrom Q
(Applied Science Labs), 120/140 mesh. Nitrogen (30 ml/minute) was used as
the carrier gas.  The 5       retention time was 20 minutes for the cis
isomer and 39 minutes for the trans isomer. The relative retention a for
the trans isomer was 2.0 (a = 1.0 for the cis isomer). Example 7 



10 An isomer mixture of methyl oleate [(Z) isomer] and methyl elaidate [(E)
isomer] (Z/E ratio about 3:1) was separated at an analysis temperature of
[err] on a packed column (length 2 m, internal diameter 2.2 mm) which was
15       filled with 2 weight % of 4'-(trans-4-pentylcyclohexyl)-4-
-biphenylcarboxylic acid trans-4-propylcyclohexyl ester on Gas-Chrom Q
(Applied Science Labs), 120/140 mesh.  Nitrogen (30 ml/minute) was used as
the carrier gas.  The retention time was 32 minutes for the methyl oleate
and about 35 20       minutes for the methyl elaidate.  The relative
retention a for the methyl elaidate was 1.1 (a = 1.0 for methyl oleate).
Example 8 25            A mixture of anthracene and phenanthrene (isomer
ratio anthracene/phenanthrene about 3:1) was separated at an analysis
temperature of [err] on a packed column (length    -38- 3 m, internal
diameter 2.2 mm) which was filled with 2 weight % of
4'-(trans-4-pentylcyclohexyl)-4-biphenyl- 5    carboxylic acid
trans-4-(p-propylphenyl)cyclohexyl ester on Gas-Chrom Q  (Applied Science
Labs), 120/140 mesh. Nitrogen (30 ml/minute) was used as the carrier gas.
The retention time was 10 minutes for phenanthrene and 13 minutes for
anthracene. The relative retention a for 10    anthracene was 1.3 (a = 1.0
for phenanthrene). Claims 



No English translation of the claims is provided herewith since the Letters
Patent already contain an English version of the claims.    -38- 3 m,
internal diameter 2.2 mm) which was filled with 2 weight % of
4'-(trans-4-pentylcyclohexyl)-4-biphenyl- 5    carboxylic acid
trans-4-(p-propylphenyl)cyclohexyl ester on Gas-Chrom Q  (Applied Science
Labs), 120/140 mesh. Nitrogen (30 ml/minute) was used as the carrier gas.
The retention time was 10 minutes for phenanthrene and 13 minutes for
anthracene. The relative retention a for 10    anthracene was 1.3 (a = 1.0
for phenanthrene). Claims No English translation of the claims is provided
herewith since the Letters Patent already contain an English version of the
claims..    




