
-3- Cyclohexyl cyclohexanoates, process for their prepar- ation and liquid
crystal mixture containing these The invention concerns new anisotropic
compounds, namely the new class of cyclohexyl hexanoates, as well 5   as
liquid crystal (LC) mixtures which contain cyclo- hexyl hexanoates and are
used as dielectric for liquid crystal indicators. Furthermore, the
invention con- cerns a process for the preparation of the new aniso- tropic
compounds and LC mixtures which contain the new 10   anisotropic compounds.
Anisotropic compounds of the formula (10) [err]                   CN
(10) in which R' signifies e.g. an alkyl radical, are known e.g. from
published Federal Republic of Germany Patent 15   Application No. 2 356 085
and belong to the substances most used for LC mixtures. Furthermore, it is
known from published Federal Republic of Germany Patent Application No. 2
636 684 that the comparatively high viscosity and An values 20   of the
compounds (10) can be reduced when one of the phenylene rings is replaced
by a trans-1,4-cyclo- hexylene ring, which leads to phenylcyclohexanes of
the formula (20)    -4- [err] in which [err] has the same meaning as [err]
in formula (10). As is known, the An values of anisotropic components of LC
mixtures represent a measure for the 5 optical anisotropy and are expressed
as the difference of the refractive indices parallel or vertically to the
molecule axis of the substances in question as An = nil - [err]. For some
types of LC indicators, especially the 10 so-called 'guest-host" effect
cells, there are needed nematic LC phases with the smallest possible An
values, e.g. not over 0.1. Due to the replacement of one of the phenylene
rings in the compounds (10) by the trans-cyclohexylene ring, the An value
is reduced 15   to practically the half (An   0.22 in the case of compounds
of the formula (10), An   0.12 in the case of compounds of the formula
(20). If, now, the second phenylene ring of the anisotropic compounds (10)
or the remaining phenylene 20 ring of the compounds (20) is also replaced
by the cyclohexylene ring, then one gets to the cyclohexyl- 



cyclohexanes, known from published Federal Republic of Germany Patent
Application No. 2 702 598, of the formula (30)    (30) R"'
CN in which [err]  has the meaning given for R' in formula (10); here
again, the An value is hereby reduced, namely, to values below 0.1,
typically to about An = 5   0.06. Disadvantageous in the case of the
compounds (30) is, however, the fact (see R. Pohl et al., Phys. Letter, 65A
(2), 169/1978) that the hydrogenation of the second phenylene ring brings
about a marked 10   tendency to the formation of smectic phases. It is the
task of the invention to indicate a class of new anisotropic compounds
suitable for use in LC indicators which possess low An values of preferably
below 0.1 and have no marked tendency to 15   the formation of smectic
phases. It has been found that this object is achieved in that one
interrupts the planarity of the molecule with two neighbouring cyclohexane
rings by the interpolation of the carboxyl group between the two 20
cyclohexane rings, namely, without destroying the anisotropy of the
molecule. The new anisotropic compounds according to the invention have the
formula (1)    -6- (1 ) [err] trans        trans in which X and Y are each
alkyl groups with 1 to 12 C-atoms, alkoxy groups with 1 to 12 C-atoms, N-
monoalkylamino groups with 1 to 12 C-atoms in the 5   alkyl moiety, halogen
atoms, nitrile or nitro groups; furthermore, one of the groups X,Y can
signify a cyclic radical of the formulae [err] trans in which R is a
hydrogen atom, a halogen atom, the 10   nitrile or nitro group or an alkyl
or alkoxy group with 1 to 12 C-atoms, [err] the group -COO- or -[err] 2
1 



and Z  is the same as Z  or represents a single covalent bond. However,
only one of the groups XY may thereby signify a cyclic radical. i5
The new anisotropic compounds (1) differ from the cyclohexanecarboxylic
acid phenyl esters known from published Federal Republic of Germany Patent
Application No. 2 429 093 not only in structural but also in use-technical
regard, especially with regard 20   to the [err] values.    -7- The new
compounds can be prepared in that one condenses a corresponding
cyclohexanecarboxylic acid of the formula (2) [err] trans preferably after
conversion into a corresponding acid 5   halide, with the corresponding
cyclohexanol of the formula (3) HO          Y                     (3) trans
to give the compound (1) aimed for. Suitable cyclohexane carboxylic acids
(2) or 10   cyclohexanols (3) are per se known or can be prepared in per se
known manner. For example, the compounds (2) can be obtained by
hydrogenation of the corres- ponding benzoic acid compounds. In the case of
the formulae (1), (2) and (3), 15   it is a question, in the case of the
corresponding compounds, in each case of the trans forms, as is indicated
in the formulae in the usual way by a dot. If e.g. in the case of the
preparation of the start- ing compounds (2), (3), cis-trans isomeric
mixtures 20   result, the desired trans isomers can be obtained in    -8-
the per. se usual way by fractional crystallisation or according to similar
methods. Preferably, the cyclohexanecarboxylic acid compounds (2) are
converted with S02C1 into the 5   corresponding acid halides of the formula
(2') [err] [err] trans and these condensed in the presence of a normally 



liquid organic base, which preferably also serves as reaction medium, e.g.
in pyridine, with the 10   cyclohexanol compound (3) The new compounds of
formula (1) according to the invention are anisotropic, i.e. either
enantio- tropically liquid crystalline or monotropically liquid
crystalline; in the case of monotropically 15   liquid crystalline
materials, the clear point [err] of the pure substance lies lower than its
melting point (Tm) but can be measured e.g. by undercooling on the pure
monotropic substance or are calculated by investigation of an enantiotropic
mixture contain- 20   ing the monotropic substance and calculation of the
mesomorphic share of the monotropic substance. Surprisingly, the new
anisotropic compounds of formula (1) show practically no marked tendency to
-9- smectic phases; on the basis of the properties of the cyclohexyl esters
described by R. Eidenschink et al. (8th Freiburger Arbeitstagung, 1978)
with very broad smectic phases, it was, on the contrary, 5   to be expected
that a carboxyl group standing between two cyclohexane rings would not
substantially influence the marked tendency of cyclohexylcyclohexanes (30)
to the formation of smectic mesophases. On the other hand, the carboxyl
group used as 10   bridge between the neighbouring cyclohexane rings in the
new anisotropic compounds (1) according to the invention clearly has no
action on the optical aniso- tropy since the compounds (1) according to the
invention possess An values of below 0.1 and, conse- 15   quently, offer
advantages in the case of use as components of LC mixtures. On the basis of
the above considerations, it is obvious to the expert that the new
anisotropic compounds (1) have an extraordinarily wide spectrum 20   of
use;  depending upon the choice of the substituents X, Y in formula .(1) in
the sense of a stronger or weaker polarisation of the molecule, the new
aniso- tropic compounds (1) can fulfil different functions in LC mixtures
for LC indicators of different types; 25   consequently, with the
anisotropic compounds (1) - which can be used singly or in mixture - there
can be formed quite different LC mixtures which consist   



-10- preponderantly or practically completely (e.g. up to 90 wt.%) of the
new anisotropic compounds (1) or, however, only contain these as
components, e.g. in proportions of 2 to 40 wt.%. As halogen for X, Y 5
and [err] Cl and Br are most preferred. The following Examples explain the
preparation of the compounds of formula (1) according to the invention.
Statements of percentage refer to the weight. If nothing else is stated,
the cyclohexane 10   compounds used as starting materials are present in
trans form. All compounds (1) obtained according to the Examples have the
trans configuration. Example 1 Preparation of 4-methylcyclohexyl-4
-pentylcyclo- 15 hexanoate (formula 1; X = H11C5, Y = CH3) 2.1 g. (10.6
[err]) 4-n-Pentylcyclohexane- carboxylic acid (formula 2; X as above) were
heated under reflux in 10 ml. thionyl chloride for 20 min., then
evaporated, mixed three times with, in each case, 20   20 ml. toluene and
again evaporated in order to drive off the last residues of thionyl
chloride. The acid chloride was placed in 12 ml. pyridine and mixed, while
stirring, with 1.2 g. (10.6 [err]) 4-methyl- cyclohexanol in 6 ml.
pyridine. The reaction mixture 25   was stirred for 2 hrs. at room
temperature, for 30 min. at 600C., poured on to ice/2N [err] and extracted
three times with methylene chloride. The organic    phases were washed once
with 2N NaOH/ice, once with NaCl solution, evaporated and gave 3.0 g. pale
yellow crystals. After recrystallisation from EtOH and hexane, the pure
product aimed for was obtained in 5   the form of colourless crystals (GC
99.7%). Tm 18.30C., Tc [err]. Examples 2 - 74 According to the method of
working of Example 1, with the use of the corresponding substituted cyclo-
10   hexanecarboxylic acid compounds of the formula (2) with the
correspondingly substituted cyclohexanols of the formula (3), there were
prepared the following compounds of the formula (1): (2)
4-Propylcyclohexyl-4 -propylcyclohexanoate 15   (3)  4-Propylcyclohexyl-4
-pentylcyclohexanoate (4)  4-Propylcyclohexyl-4'-heptylcyclohexanoate (5)
4-Pentylcyclohexyl-4 -propylcyclohexanoate 



(6) 4-Pentylcyclohexyl-4 -pentylcyclohexanoate (7)
4-Propyloxycyclohexyl-4'-propylcyclohexanoate 20   (8)
4-Propyloxycyclohexyl-4'-pentylcyclohexanoate (9)
4-Propyloxycyclohexyl-4'-heptylcyclohexanoate (10)
4-Pentyloxycyclohexyl-4'-propylcyclohexanoate (11)
4-Pentyloxycyclohexyl-4'-pentylcyclohexanoate (12)
4-Propylcyclohexyl-4'-propyloxycyclohexanoate 25   (13)
4-Propylcyclohexyl-4'-pentyloxycyclohexanoate (14) 4-Propylcyclohexyl-4'
-heptyloxycyclohexanoate (15) 4-Pentylcyclohexyl-4'-propyloxycyclohexanoate
-12- (16) 4-Pentylcyclohexyl-4'-pentyloxycyclohexanoate (17)
4-Propyloxycyclohexyl-4 -propyloxycyclohexanoate (18)
4-Propyloxycyclohexyl-4'-pentyloxycyclohexanoate (19)
4-Propyloxycyclohexyl-4'-heptyloxycyclohexanoate 5   (20)
4-Pentyloxycyclohexyl-4'-propyloxycyclohexanoate (21)
4-Pentyloxycyclohexyl-4'-pentyloxycyclohexanoate (22)
4-Pyrrolidinocyclohexyl-4 -nonylcyclohexanoate (23)
4-Propylcyclohexyl-4'-cyanocyclohexanoate (24)
4-Butylcyclohexyl-4'-cyanocyclohexanoate 10   (25)
4-Pentylcyclohexyl-4'-cyanocyclohexanoate (26) 4-Nonylcyclohexyl-4
-cyanocyclohexanoate (27) 4-Propylcyclohexyl-4'-nitrocyclohexanoate (28)
4-Pentylcyclohexyl-4'-nitrocyclohexanoate (29)
4-Nonylcyclohexyl-4'-nitrocyclohexanoate 15   (30)
4-Propylcyclohexyl-4'-chlorocyclohexanoate (31)
4-Pentylcyclohexyl-4'-chlorocyclohexanoate (32)
4-Nonylcyclohexyl-4'-chlorocyclohexanoate (33)
4-Propylcyclohexyl-4'-bromocyclohexanoate (34)
4-Pentylcyclohexyl-4'-bromocyclohexanoate 20   (35)
4-Nonylcyclohexyl-4'-bromocyclohexanoate (36)
4-Cyanocyclohexyl-4.'-propylcyclohexanoate (37)
4-Cyanocyclohexyl-4'-pentylcyclohexanoate (38) 4-Cyanocyclohexyl-4
-nonylcyclohexanoate (39) 4-Nitrocyclohexyl-4'-propylcyclohexanoate 25
(40) 4-Nitrocyclohexyl-4'-pentylcyclohexanoate (41)
4-Nitrocyclohexyl-4'-nonylcyclohexanoate (42)
4-Chlorocyclohexyl-4'-propylcyclohexanoate    -13- (43)
4-Chlorocyclohexyl-4'-pentylcyclohexanoate (44)
4-Chlorocyclohexyl-4'-nonylcyclohexanoate (45)
4-Bromocyclohexyl-4'-propylcyclohexanoate (46)
4-Bromocyclohexyl-4'-pentylcyclohexanoate 



5   (47) 4-Bromocyclohexyl-4'-nonylcyclohexanoate (48)
4-Propylcyclohexyl-4'-butylaminocyclohexanoate (49)
4-Propylcyclohexyl-4'-hexylaminocyclohexanoate (50)
4-Pentylcyclohexyl-4'-butylaminocyclohexanoate (51)
4-Pentylcyclohexyl-4'-hexylaminocyclohexanoate 10   (52)
4-Cyanocyclohexyl-4'-butylaminocyclohexanoate (53)
4-Cyanocyclohexyl-4'-hexylaminocyclohexanoate (54)
4-Nitrocyclohexyl-4'-butylaminocyclohexanoate (55) 4-Nitrocyclohexyl-4
-hexylaminocyclohexanoate (56)
4-Bromocyclohexyl-4'-butylaminocyclohexanoate 15   (57) 4-Bromocyclohexyl-4
-hexylaminocyclohexanoate (58)
4-Cyanocyclohexyl-4'-pyrrolidinocyclohexanoate (59)
4-Nitrocyclohexyl-4'-pyrrolidinocyclohexanoate (60)
4-Bromocyclohexyl-4'-pyrrolidinocyclohexanoate (61)
4-Propylcyclohexyl-4'-pyrrolidinocyclohexanoate 20   (62)
4-Pentylcyclohexyl-4 -pyrrolidinocyclohexanoate (63) 4-Heptylcyclohexyl-4
-pyrrolidinocyclohexanoate (64) 4-Butylaminocyclohexyl-4
-cyanocyclohexanoate (65) 4-Butylaminocyclohexyl-4'-nitrocyclohexanoate
(66) 4-Butylaminocyclohexyl-4 -bromocyclohexanoate 25   (67)
4-Hexylaminocyclohexyl-4'-cyanocyclohexanoate (68)
4-Hexylaminocyclohexyl-4'-bromocyclohexanoate (69)
4-Hexylaminocyclohexyl-4'-nitrocyclohexanoate    -14- (70)
4-Pyrrolidinocyclohexyl-4'-cyanocyclohexanoate (71)
4-Pyrrolidinocyclohexyl-4'-nitrocyclohexanoate (72)
4-Pyrrolidinocyclohexyl-4 -bromocyclohexanoate (73)
4-Pyrrolidinocyclohexyl-4'-propylcyclohexanoate 5 (74)
4-Pyrrolidinocyclohexyl-4'-pentylcyclohexanoate. All given compounds are
present in the trans configuration. Example 75 Preparation of
4-phenylcyclohexyl-4'-n-propylcyclo- 10   hexanoate (formula 1; X = n-C3H7.
Y = phenyl) 2.2 g. (13 mMole) n-Propylcyclohexanecarboxylic acid (formula
2: X = n-C3H7) were heated under reflux in 10 ml. thionyl chloride for 2
hrs., then evapor- ated, mixed twice with, in each case, 20 ml. benzene 15
and again evaporated in order to drive off the last residues of thionyl
chloride. 2.2 g. (12.5 mMole) 4-Phenylcyclohexanol (formula 3, Y = phenyl)
were placed in 20 ml. pyridine at room temperature and mixed dropwise,
while cooling, with the acid chloride 20   in 10 ml. pyridine.  The
reaction mixture was stirred for 5 hrs. at room temperature, poured on to
ice/2N HC1 and extracted three times with ether. The ether 



extracts were washed once with 2N NaOH/ice, once with NaCl solution, dried
over Na2SO4 and evaporated. As 25   crude product, there were obtained 3.6
g. of yellow crystals. After recrystallisation three times from EtOH, the
product aimed for was obtained in the form    of colourless crystals (GC
99.8%), Tm 84.[err]: [err] Examples 76 - 96 According to the
above-described method of 5   working, the following compounds of formula
(1) were prepared in an analogous manner which were all present in the
trans configuration: (76) 4-Propylcyclohexyl-(4"-propylpiperidino-4 )-
cyclohexanoate 10   (77) 4-Pentylcyclohexyl-(4"-propylpiperidino-4 )-
cyclohexanoate (78) 4-Nonylcyclohexyl-(4"-propylpiperidino-4')-
cyclohexanoate (79) 4-Cyanocyclohexyl-( 4"-propylpiperidino-4')- 15
cyclohexanoate (80) 4-Nitrocyclohexyl-(4 "-propylpiperidino-4')-
cyclohexanoate (81) 4-Bromocyclohexyl-( 4"-propylpiperidino-4')-
cyclohexanoate 20   (82) 4-Propylcyclohexyl-(4"-propyl-p-phenylene-4 )-
cyclohexanoate (83) 4-Propylcyclohexyl-(4"-pentyl-p-phenylene-4 )-
cyclohexanoate (84) 4-Propylcyclohexyl-(4"-cyano-p-phenylene-4')- 25
cyclohexanoate (85) 4-Propylcyclohexyl-(4"-bromo-p-phenylene-4" )-
cyclohexanoate    -16- (86) 4-Propylcyclohexyl-(4"-nitro-p-phenylene-4")-
cyclohexanoate (87) (4"-Propyl-p-phenylene-4 )-cyclohexyl-4-propyl-
cyclohexanoate 5 (88) (4"-Pentyl-p-phenylene-4 )-cyclohexyl-4-propyl-
cyclohexanoate (89) (4"-Cyano-p-phenylene-4')-cyclohexyl-4-propyl-
cyclohexanoate (90) (4"-Nitro-p-phenylene-4 )-cyclohexyl-4-propyl- 10
cyclohexanoate 



(91) (4"-Bromo-p-phenylene-4')-cyclohexyl-4-propyl- cyclohexanoate (92)
(4"-Propyl-p-phenylene-4')-cyclohexyl-4-pentyl- cyclohexanoate 15   (93)
(4"-Pentyl-p-phenylene-4')-cyclohexyl-4-pentyl- cyclohexanoate (94)
(4"-Cyano-p-phenylene-4')-cyclohexyl-4-pentyl- cyclohexanoate (95)
(4"-Nitro-p-phenylene-4 )-cyclohexyl-4-pentyl- 20         cyclohexanoate
(96) (4 "-Bromo-p-phenylene-4')-cyclohexyl-4-pentyl- cyclohexanoate.
Examples 97 - 105 In the following Table are given further com- 25   pounds
of the formula (1) with the particular meaning of X and Y and the usual
characterising values for anisotropic compounds. The numerical values in
the    -17- columns between "C" (crystalline), "S" (smectic), "N" (nematic)
and "I" (isotropic) are the temperature values in [err]. of the particular
transition.    -18- [err] [err] [err] [err] [err] [err] [err] [err] [err]
[err] 0 [err] [err] _ [err] [err] 4 [err]    



-19- CLAIMS 1.    Anisotropic compounds of the formula (1) 0 [err] trans
trans in which X and Y are each alkyl groups having 1 to 5   12 C atoms,
alkoxy groups having I to 12 C atoms, N-monoalkylamino groups having 1 to
12 C atoms in the alkyl moiety, halogen atoms, nitrile groups or nitro
groups or cyclic radicals of the formulae [err] trans 10   in which R is a
hydrogen atom, a halogen atom, a nitrile or nitro group or an alkyl or
alkoxy group having 1 to 12 C atoms, Z is a group -COO- or -OOC- and [err]
is the same as [err] or is a single covalent bond, with the proviso that
only one of the groups X and Y 15   is a cyclic radical. 2.    Liquid
crystal mixture, characterised in that it contains at least one anisotropic
compound of the formula (1)    -20- 0 [err] trans         trans in which X
and Y are each alkyl groups having 1 to 12 C atoms, alkoxy groups having 1
to 12 C atoms, N- monoalkylamino groups having 1 to 12 C atoms in the 5
alkyl moiety, halogen atoms, nitrile groups or nitro groups or cyclic
radicals of the formulae [err] trans in which R is a hydrogen atom, a
halogen atom, a nitrile or nitro group or an alkyl or alkoxy group 10
having 1 to 12 C atoms, [err] is a group -COO- or -OOC- 2                 1
and Z  is the same as Z  or is a single covalent bond, with the proviso
that only one of the groups X and Y is a cyclic radical. 3.    A process
for the preparation of anisotropic 15   compounds of the formula (1) [err]
[err] trans         trans.  



-21- in which X and Y are each alkyl groups having 1 to 12 C atoms, alkoxy
groups having 1 to 12 C atoms, N-monoalkylamino groups having 1 to 12 C
atoms in the alkyl moiety, halogen atoms, nitrile groups or 5   nitro
groups or cyclic radicals of the formulae [err] trans in which R is a
hydrogen atom, a halogen atom, a nitrile or nitro group or an alkyl or
alkoxy group 1 having 1 to 12 C atoms, Z is a group -COO- or -OOC- 10   and
Z2 is the same as [err] or is a single covalent bond, with the proviso that
only one of the groups X and Y is a cyclic radical, characterised by con-
densing a cyclohexanecarboxylic acid of the formula (2) 15
X    H    COOH                (2) trans in which X has the meaning given
above, or a functional derivative of this acid, with a cyclohexanol of the
formula (3)    -22- [err] [err] trans in which Y has the meaning given
above. 4.    Process according to claim 3, characterised in that, as the
functional derivative of the compound (2), 5  the corresponding acid
halide, in particular the acid chloride, is used. 5.   Process according to
claim 4, characterised in that the condensation is carried out in the
presence of an organic base, such as pyridine.    


