
-1 -                4 "LIQUID CRYSTAL MIXTURE   FOR  USE IN ELECTRO-OPTICAL
DEVICE USING TWO-FREQUENCY MATRIX ADDRESSIING PROCEDURE" The present
invention is concerned with a novel liquid crystalline mixture for
electro-optical devices, 5   which are operated according to the
two-frequency matrix addressing procedure, as well as its use in such
devices. The mixture in accordance with the invention consists of three
components A, B and C, each of which contains one or more compounds,
component A having a 10   viscosity (bulk viscosity,) of at most        40
cp, a clearing point of at least       [ERR] and a dielectric anisotropy
between        -2 and       +1, component B having a dielectric anisotropy
below         -2, and component C having a dielectric anisotropy above
+10,  a clearing 15   point of at least        [ERR]and a cross-over
frequency in the total mixture of at most        15 kHz at [ERR]. Novel
compounds, which are especially suitable as components in this mixture,
their manufacture and their use in liquid crystalline mixtures for
two-frequency addressing, electro-optical devices are also disclosed. These
20   compounds are the subject of Divisional Application No: 8301476
(Serial No: 2115808A).   



-2- The customary, static operation of liquid crystal indicating devices
has in the past been replaced to an increasing extent by the so-called
multiplex control. In this case there is mainly used. an
amplitude-selective 5   multiplex procedure, whereby, however, by the
procedures usually used in most cases maximum multiplex ratios of. 1:8 to
1:10 can be attained.. In order to achieve higher multiplex rates in the
control of liquid crystal displays, a two-frequency matrix addressing
procedure has therefore 10   been proposed (e.g. German
Offenlegungsschriften 2 856 134 and 2 907 940). In the case of this
two-frequency procedure there is made use of the fact that the dielectric
anisotropy of nematic liquid crystals, which have upon application of 15
a low-frequency voltage a positive anisotropy of the dielectric constants
([err] signifying the dielectric constant along the longitudinal axis of
the molecule and [err]signifying the dielectric constant perpendicular
thereto), is negative in the case of high 20   frequencies.  This effect
has been ascribed to the hindering of the rotation of the long axis of the
molecule round the short axis of the liquid crystal molecule (M. Schadt,
Mol. Cryst. Liq. Cryst. 66 (1981) 319-336). In contrast 



to [err] in the case of [err] dispersion effects only appear 25   in the
microwave range because of the barely hindered    -3- rotation of the
molecule around its longitudinal axis. In the frequency range which is of
interest here [err] is therefore constant, while [err] and consequently
also [err]are frequency-dependent. The dielectric relaxation 5
frequency, at which [err]=  is denoted in the technical terminology as the
"cross-over frequency" (f       The most common nematic liquid crystals
generally have cross-over frequences of about 100 kHz and above at room
temperature. For the operation of an indicating device according 10    to
the two-frequency procedure there are used two alternating current sources,
whereby the frequency of one of these sources must lie above the cross-over
frequency and the frequency of the other source must lie below the
cross-over frequency. Moreover, the voltage ratio 15    of the signals for
the on-condition and the off-condition must lie above a certain value.  The
greater this voltage ratio  is, the more lines can be portrayed, i.e. the
greater is the multiplex rate. In addition, the two-frequency procedure
offers 



20    the advantage that not only the switching-on process, but also the
switching-off process can be influenced directly by the application of a
corresponding voltage, whereby an acceleration of the switching-off process
is achieved. For example, in the case of a liquid crystal    -4- indicating
element with a twisted nematic structure (rotation cell) the homogeneously
orientated liquid crystal can be aligned in the field direction by the
application of a voltage of low frequency [err] and can 5 again be
converted into the twisted, homogeneous orientation by the application of a
voltage of high frequency [err] c Furthermore, with liquid crystal cells,
which are based on guest-host effects (Applied Physics Letters 13 10
(1968) 91; D.L. White and G.N. Taylor, J. Appl. Phys. 45 (1974) 4718 inter
alia), there is possible with the use of liquid crystals with  positive
dielectric aniso- tropy in general only the reading of colourless image
elements on a coloured background, since the colouring 15 substances which
are usable mainly exhibit positive 



dichroism. By homeotropic wall orientation and control according to the
two-frequency procedure there can now be produced with such liquid crystals
coloured image elements (homogeneously orientated by the application 20
of a voltage of high frequency) on a colourless back- ground. The
two-frequency procedure has, however, the disadvantage that the energy
consumption is high, since not only the amplitude of the applied
alternating voltage,    but also the frequency are high.  In order to
reduce the energy consumption, it is therefore important that the operating
voltage can be maintained low.  The cross- -over frequency should for the
same reason lie relatively 5 low (thereby the capacitive losses are small).
It has now surprisingly been found that the mixtures in accordance with the
invention make possible clearly higher multiplex rates and shorter response
times compared with the previously known mixtures. For example, it has 10
been established that with mixtures in accordance with the invention the
multiplex rates of rotation cells can be readily increased by around the
factor 30, and that on the basis of the low threshold voltages by reversing



the frequency even in the case of relatively low control 15   potentials
very short turn-off times of about 10 ms can be achieved.  Further, the
mixtures in accordance with the invention have lower cross-over frequencies
and viscosities and at the same time higher absolute dielectric
anisotropies  than the previously known mixtures.  More- 20   over, in
accordance with the proposed mixture concept, by the choice of suitable
compounds or by altering their concentrations the low-frequent ("static")
dielectric anisotropy  [err] (measured at frequencies which lie clearly
below the cross-over frequency) and the high-frequent h 25   dielectric
anisotropy-  [err] (measured at frequencies which lie clearly above the
cross-over frequency) can be varied    -6- independently of one another..
This makes it easier especially to optimise the mixtures for the different
applications. Compounds and mixtures with the above properties 5   required
for the components A, B and C are basically known to the person skilled in
the art. The total mixture must have nematic or cholesteric properties. 



Component A can be nematic or cholesteric and component C can be nematic,
cholesteric or, as long as the total 10   mixture is not smectic, also
smectic.  The components A and C must have at least monotropic liquid
crystalline properties. However, those mixtures in which at least component
C is enantiotropic liquid crystalline are preferred and those mixtures in
which components A and B 15   are enantiotropic liquid crystalline are
especially preferred. Individual compounds in the mixtures in accordance
with the invention and component B can, however, be liquid crystalline or
non-liquid crystalline, whereby in the latter case care should be taken
that the meso- 20   phase range of the total mixture is not restricted too
severely. Compounds and mixtures which are suitable as component A are to a
large extent known and many of them are also commercially obtainable. The
following compounds    -7- or mixtures thereof are especially suitable:
[err] [err] [err] 



[err] wherein [err] and Rsignify straight- -chain alkyl groups containing 1
to 8 carbon atoms, R5 denotes a straight-chain alkyl. or alkoxy group
containing 1 to    8 carbon atoms and n is 1 or 2; 6 R represents
trans-4-alkylcyclo- hexyl, 4'-alkyl-4-biphenylyl,
p-(trans-4-alkylcyclohexyl)phenyl, 2-(trans-4-alkylcyclohexyl)ethyl or
p-[2-(trans-4-alkylcyclohexyl)- ethyl]phenyl and R represents trans-
-4-alkylcyclohexyl, or [err] represents trans-4-alkylcyclohexyl and R rep-
resents p-(trans-4-alkylcyclohexyl)- phenyl,
p-[2-(trans-4-alkylcyclohexyl)- ethyllphenyl or 4'-(trans-4-alkylcyclo-
hexyl)-4-biphenylyl, or R represents 



p-alkylphenyl and R7represents p-[2-
-(trans-4-alkylcyclohexyl)ethyl]phenyl, and the alkyl groups in the
substituents R6 and R are straight-chain groups containing 1 to 7 carbon
atoms. Especially preferred are the compounds of formulae VII, IX, XXI,
XXII and XXIII and particularly the compounds of formula VI.    - 10 -
Compounds which are suitable for or as component B are, for example,
pyridazine derivatives such as, for example, the phenylpyridazines and
diphenylpyridazines mentioned in Z. Chemie 17, 333 (1977), J. prakt. Chemie
5   151, 221 (1938), Z. Chemie 6, 467 (1966) and Mol. Cryst. Liq. Cryst.
25, 299 (1974), and especially the compounds which are describedin German
Offenlegungsschriften 2 933 563 and 2 937 700 and which have two lateral
cyano groups on a benzene ring. Especially preferred compounds 10   are the
dicyanophenyl esters of the general formula R               00
OR4 XXIV CN     CN 



wherein [err] and R signify straight- -chain alkyl groups containing 1 to 8
carbon atoms and ring B denotes 15          p-phenylene or a trans-1,
4-disubstituted cyclohexane ring, and especially the cyclohexylpyridazines
of the general formula    wherein R  signifiesa straight- -chain alkyl
group containing 1 to 12 carbon atoms, R represents an 5          alkyl,
alkoxy, p-alkylphenyl, p- -alkoxyphenyl or trans-4-alkyl- cyclohexyl group
and the alkyl and alkoxy groups in [err] are straight- -chain groups
containing 1 to 10 10          carbon atoms. Under the aforementioned
"dielectric anisotropy" of component B there is to be understood in the
case of non- -liquid crystalline components the extrapolated value (from
liquid crystalline mixtures which contain these 15   components) of the
dielectric anisotropy  at a temperature which lies [err]below the
extrapolated (virtual) clearing 



point. For example, the aforementioned pyridazines have dielectric
anisotropies  of about -9. For or as component C there are suitable, for
example, 20   compounds containing 3 or 4 p-phenylene or trans-l,4-
-cyclohexylene groups,a polar terminal group (e.g. cyano    -12- or
2,2-dicyanovinyl) and optionally a lateral halogen or cyano substituent.
Such compounds are partly known and are described, for example, in Mol.
Cryst. Liq. Cryst. 63, 129 (1981) and in the German Offenlegungsschriften 5
2 736 772, 2 752 975 and 3 046 872. Further, compounds of the general
formula V wherein[err]signifies a straight- -chain alkyl group containing 1
to 10          12 carbon atoms, can also be used. However, the compounds of
the general formula R2    



13- wherein R denotes hydrogen, fluorine, chlorine, bromine or the cyano
group, Y represents 2,2-dicyanovinyl, 2,2- -dicyano-l-methylvinyl or cyano,
5          and E together signify p-R -phenyl, trans-4-R -cyclohexyl, 4'-R
-4-bi- phenylyl, p-(trans-4-R -cyclohexyl)- phenyl, p-(5-R
-2-pyrimidinyl)phenyl, p-[2-(p'-R -phenyl)ethyl]phenyl, p- 10
-[2-(trans-4-R -cyclohexyl)ethyl]phenyl, trans-4- (2- (p-R
-phenyl)ethyl]cyclo- hexyl or trans-4-[2-(trans-4-R -cyclo-
hexyl)ethyl3cyclohexyl, and R  denotes a straight-chain alkyl group
containing 15          1 to 12 carbon atoms or on a benzene ring also a
straight-chain alkoxy group containing 1 to 12 carbon atoms, have been
found to be especially suitable compounds for component C.  These compounds
have a large nematic 20   mesophase range with high clearing points and
especially large absolute dielectric anisotropies.   In general, at room
temperature the cross-over frequencies of liquid crystal mixtures which
contain 3-ring compounds of formula I lie at about 10 kHz or below and the
cross-over frequencies 



25   of liquid crystal mixtures which contain 4-ring compounds of formula I
lie at about 1 kHz. The compounds of    14 formula I have in the case of
frequencies below the cross- -over frequency a large positive dielectric
anisotropy and in the case of frequencies above the cross-over frequency a
large negative dielectric anisotropy.   These properties 5   make possible
especially high multiplex rates and a low energy consumption in the
operation of indicating devices according to the two-frequency procedure.
Of the compounds of formula I above there are preferred those wherein [err]
signifies cyano or chlorine, 10 especially chlorine. R is preferably alkyl.
Y preferably denotes cyano or 2,2-dicyano-l-methylvinyl.  Further, there
are preferred the 4-ring compounds of formula I, especially those wherein R
and E together signify 4'- -alkyl-4-biphenylyl,
p-(trans-4-alkylcyclohexyl)phenyl or 15
p-[2-(trans-4-alkylcyclohexyl)ethyl]phenyl.  Preferred alkyl and alkoxy
groups R are those containing 2 to 10 carbon atoms and especially those
containing 4 to 8 carbon atoms. The mixtures in accordance with the
invention preferably contain at least two or three compounds of 



20 formula I above. Mixtures in accordance with the invention in which
component C has cross-over frequencies in the mixture of at most 10 kHz at
200C are preferred and those mixtures in which component C has cross-over
25   frequencies in the mixture of at most about 5 kHz are especially
-15- preferred. The amount of the individual components in the total
mixture conveniently amounts to at least 30 wt.% for component A,
3-40 wt.% for component B and       5-40 wt.% for component C.  Preferred 5
concentration ranges are about 40-87 wt.% for component A,       3-30 wt.%
for component B and about 10-30 wt.% for component C. The mixtures in
accordance with the invention can also contain (depending on properties as
constituents of 10 components A, B and C) optically active compounds, for
example optically active biphenyls, and/or dichroic colouring substances,
for example azo, azoxy or anthra- quinone colouring substances. The amount
of such compounds is determined by the solubility, the desired pitch, 



15 colour, extinction and the like. The amount of optically active
compounds preferably amounts to about 4 wt.% and the amount of dichroic
colouring substance preferably amounts to about 10 wt.%, these percentages
being based on the total mixture. 20          The liquid crystalline
mixtures in accordance with the invention can be manufacture in a manner
known per se; for example, by heating a mixture of the constituents to a
temperature barely above the clearing point and sub- sequently cooling said
mixture.    -16- The production of an electro-optical device containing a
mixture in accordance with the invention can also be carried out in a
manner known per se; for example, by evacuating a suitable cell and
introducing 5    the mixture into the evacuated cell. The compounds of
formula I above in which Y signifies cyano and R1 and E together signify
p-R -phenyl or trans-4-R -cyclohexyl are known or are analogues of known
compounds. The remaining compounds of formula I, 10    i.e. the compounds
in which R2 denotes hydrogen, fluorine, 



chlorine, bromine or the cyano group; Y represents 2,2-dicyanovinyl or 2,2-
-dicyano-l-methylvinyl and [err]and E 15           together signify p-
R-phenyl or trans- -4-R -cyclohexyl; or Y represents 2,2- -dicyanovinyl,
2,2-dicyano-l-methylvinyl or cyano and R and E together signify 4 -R
-4-biphenylyl, p-(trans-4-R -cyclo- 20           hexyl)phenyl, p-(5-R
-2-pyrimidinyl)phenyl, p-[2-(p'-R -phenyl)ethyl]phenyl, p-[2- -(trans-4-R
-cyclohexyl)ethyl]phenyl, trans- -4-[2-(p-R -phenyl)ethyl]cyclohexyl or
trans-4-[2-(trans-4-R -cyclohexyl)ethyl]- 25           cyclohexyl; and R
denotes a straight- -chain alkyl group containing 1 to 12    - 17 - carbon
atoms or on a benzene ring also a straight-chain alkoxy group containing 1
to 12 carbon atoms, are novel and are the subject of Divisional Application
Nc: 8301476 (Serial No: 2115808A).  They are preferred over the known.
compounds of fomula I above and, inter alia, 



generally have improved cross-over frequencies. Especially preferred are
the compounds which are referred to above as being preferred in-connection
with component C. Examples of preferred compounds are the compounds of
formula I named in the synthetic Examples hereinafter. 10 Among the
compounds of formula I there also fall, for example, the compounds of the
general formula 15 R2 IV    18 wherein R denotes a straight-chain alkyl
group containing 1 to 12 carbon atoms and R  denotes fluorine, chlorine,
bromine or the cyano group and [err] and 5          E together signify
p-alkylphenyl, trans- -4-alkylcyclohexyl, 4'-alkyl-4-biphenylyl,
p-(trans-4-alkylcyclohexyl)phenyl or p- -(5-alkyl-2-pyrimidinyl)phenyl. The
novel compounds of formula I can be manufactured 10   by esterifying an
acid of the general formula 



[err] RL-E-COO                 COOH               XIII or a reactive
derivative thereof with a compound of the general formula 15
HO             Y                    XIV    - 19 - wherein R  denotes
hydrogen, fluorine, chlorine or bromine; Y represents 2,2- -dicyanovinyl or
2,2-dicyano-1-methyl- vinyl and R and E together signify 5          p-R
-phenyl or trans-4-R -cyclohexyl; or Y represents 2,2-dicyanovinyl, 2,2-
-dicyano-l-methylvinyl or cyano and [err] and E together signify 4'-R -4-
-biphenylyl, p-(trans-4-R -cyclohexyl)- 10          phenyl, p-(5-R
-2-pyrimidinyl)phenyl, p-[2-(p'-R -phenyl)ethyl]phenyl, p-[2- -(trans-4-R
-cyclohexyl)ethyl]phenyl, trans-4-[2-(p-R -phenyl)ethyl]cyclo- hexyl or
trans-4-[2-(trans-4-R -cyclo- 15          hexyl)ethyl]cyclohexyl, and R
denotes a straight-chain alkyl group containing 



1 to 12 carbon atoms or on a benzene ring also a straight-chain alkoxy
group containing 1 to 12 carbon atoms, 20   and, if desired, reacting a
resulting compound of formula I in which R  signifies bromine with copper
(I) cyanide, sodium Cyanide or potassium cyanide. The esterification of an
acid of formula XIII or of a reactive derivative thereof (e.g. acid
chloride or acid 25   anhydride) with a phenol of formula XIV can be
carried    - 20- out in a manner known per se.  For example, a carboxylic
acid of formula XIII can be esterified with a compound of formula XIV in
the presence of a catalytic amount of a strong acid such as sulphuric acid
or a hydrohalic 5 acid, in the presence or absence of an inert organic
solvent. However, a preferred method is the reaction of the acid chloride
(which can be obtained from the acid of formula XIII, for example, by
heating with thionyl chloride) with the phenol of formula XIV. This
reaction 10  is conveniently carried out in an inert organic solvent, for
example an ether such as diethyl ether or tetrahydro- furan, or
dimethylformamide, benzene, toluene, cyclohexane, 



carbon tetrachloride and the like.  In order to bind the hydrogen chloride
liberated in the reaction, there is 15   conveniently used an acid-binding
agent, for example tertiary amines, pyridines and the like. The
acid-binding agent is preferably used in a large excess, so that it can
simultaneously serve as the solvent. Temperature and pressure for these
esterification reactions are not 20   critical and in general atmospheric
pressure and a temper- ature between room temperature and the boiling point
of the reaction mixture are used. A resulting compound of formula I in
which R signifies bromine can, if desired, be converted into the 25
corresponding cyano compound ( a compound of formula I in which R signifies
cyano) in a manner known per se with    - 21 - copper (I) cyanide, sodium
cyanide or potassium cyanide. The reaction is conveniently carried out in
an inert organic solvent, for example in ethylene glycol, tetra-
hydrofuran, N-methylpyrrolidone, dimethylformamide, 5  dimethyl sulphoxide,
pyridine or acetonitrile.  The reaction with copper (I) cyanide in
dimethylformamide is preferred. The temperature and pressure are not
critical 



aspects in this reaction. The reaction is conveniently carried out at
atmospheric pressure and a temperature 10   between room temperature and
the boiling point of the reaction mixture. The compounds of formula XIV and
the compounds of formula XIII in which [err] and E together represent p- -R
-phenyl or trans-4-R -cyclohexyl are known or are 15   analogues of known
compounds.  The remaining compounds of formula XIII, i.e. those in which
[err] and E together represent 4'-R -4-biphenylyl, p-(trans-4-R
-cyclohexyl)- phenyl, p- (5-R -2-pyrimidinyl)phenyl, p-[2-(p'-R -phenyl)-
ethyl]phenyl, p-[2-(trans-4-R -cyclohexyl)ethyl]phenyl, 20
trans-4-[2-(p-R -phenyl)ethyl]cyclohexyl or trans-4-[2- -(trans-4-R
-cyclohexyl)ethyl]cyclohexyl are, on the other hand, novel. For the most
part they likewise possess liquid crystalline properties.    -22 - The
compounds of formula XIII can be obtained on the basis of the following
Reaction Scheme in which R1, R2 and E have the significances given in
formula XIII above:  



- 23 - Scheme 1 [err] xv                                    XVI.
4-(Dimethylamino)pyridine, N,N'-Dicyclohexylcarbodiimide [err] [err] [err]
Jones' oxidation [err]    - 24 - The compounds of formulae XV and XVI are
known or can be prepared in a manner known per se. The compounds of
formulae V, XII, XXIII and XXV above are novel. 5 The compounds of formula
V can be obtained in an analogous manner to the compounds of formula I. A
preferred method is the reaction of the corresponding 



acid with p-(2,2-dicyanovinyl)phenol in the presence of 10
4-(dimethylamino)pyridine and N,N'-dicyclohexylcarbodi- imide. The acids
required for this method can be prepared in a manner known per se by
subjecting the known, liquid crystalline
p-(5-alkyl-2-pyrimidinyl)benzonitriles to saponification (e.g. by heating
with potassium hydroxide 15   in ethylene glycol and subsequent addition of
a mineral acid). The compounds of formula XII can be obtained by reducing a
compound of the general formula    - 25 - wherein [err] and n have the
above significances, in a manner known per se; for example, by Clemmensen
reduction or using hydrazine according to the Huang- 5 -Minlon process. The
compounds of formula XVIII can be prepared by Friedel-Crafts acylation of
an alkyl- or alkoxybenzene or of a 4-alkyl- or 4-alkoxybiphenyl with the
acid chloride of a (trans-4-alkylcyclohexyl)acetic acid. 10          The
compounds of formula XXIII can be obtained on the basis of the following
Reaction Schemes 2 and 3 in 



which [err]represents trans-4-alkylcyclohexyl, 4'-alkyl- -4-biphenylyl,
p-(trans-4-alkylcyclohexyl)phenyl or 2-(trans-4-alkylcyclohexyl)ethyl and
represents 15   trans-4-alkylcyclohexyl, or  [err] represents trans-4-
-alkylcyclohexyl and R   represents p-(trans-4-alkyl- cyclohexyl)phenyl,
p-[2-(trans-4-alkylcyclohexyl)ethyll- phenyl or
4'-(trans-4-alkylcyclohexyl)-4-biphenylyl, 11 or [err] represents
p-alkylphenyl and [err]represents p-[2- [err] 20
-(trans-4-alkylcyclohexyl)ethyl]phenyl, and R   and R as well as the alkyl
groups in the substituents [err]and [err]are straight-chain alkyl groups
containing 1 to 7 carbon atoms:    - 26 - Scheme 2 [err] [err] XXVIII
[err] P(C6H5)3    - [err] XXXI 



Toluene/ethanol    -27 Scheme 3 CH300C [err] XXXIII [err]
XXXIV 12 [err] [err] XXXV R13 2   4 XXIII B    - 28 - The compounds of the
formula [err]-CHO in Scheme 2 can be prepared in a simple manner from known
compounds; for example, the trans-4-alkylcyclohexanecarboxaldehydes can be
prepared by Rosenmund reduction of the corresponding 



5 acid chlorides and the remaining compounds can be prepared by reduction
of the corresponding cyano compounds. By reacting the compound of formula
XXXIV with 10 Grignard reagents in accordance with Scheme 3 there can be
obtained compounds of formula XXXV or directly compounds of formula XXIIIB
in which R12 and R13 have the same significance. When at least about 2 mol
of Grignard reagent are used per mol of the compound of 15   formula XXXIV
there is in general mainly formed directly a compound of formula XXIIIB.
The compounds of formula XXV can be obtained by a)     for the preparation
of the compounds of formula XXV in which R represents an alkyl,
p-alkylphenyl, 20 p-alkoxyphenyl or trans-4-alkylcyclohexyl group,
oxidizing a compound of the general formula XXXVI N-N    - 29 wherein R
represents an alkyl, p- -alkylphenyl, p-alkoxyphenyl or trans-
-4-alkylcyclohexyl group, the alkyl and alkoxy groups in R14 are straight- 



5          -chain groups containing 1 to 10 carbon atoms, and R   has the
above significance, or a tautomeric dihydropyridazine, or b)     for the
manufacture of the compounds of formula XXV in which R9 represents an
alkoxy group, reacting a 10   compound of the general formula [err] XXXVII
wherein X denotes chlorine or bromine 8 and R has the above significance,
with an alkali metal alcoholate. 15          The oxidation of a compound of
formula XXXVI can be carried out in a manner known per se; for example,
with 2, 3-dichloro-5,6-dicyano-p-benzoquinone in dioxan, with sodium
nitrite in glacial acetic acid and ethanol, with isopentyl nitrite in
glacial acetic acid and the like.    30 Temperature and pressure are not
critical aspects in this reaction. However, atmospheric pressure and a
temperature between room temperature and the reflux temperature, preferably
about room temperature, are conveniently used. 



5   The compounds of formula XXXVI are, however, preferably oxidized to
compounds of XXV by catalytic dehydrogen- ation in a manner known per se.
The dehydrogenation can be carried out with any catalyst which is usually
used in dehydrogenation reactions, examples of such catalysts 10   being
palladium, platinium and the like (optionally on an inert carrier material
such as carbon). Palladium is the preferred catalyst. As the solvent there
can be used any inert organic solvent such as alcohols, ethers, esters,
carboxylic acids and the like, for example ethanol, 15   dioxan, ethyl
acetate or glacial acetic acid.  Ethanol is the preferred solvent.
Temperature and pressure are not critical aspects in this reaction. A
temperature between room temperature and the reflux temperature of the
reaction mixture and atmospheric pressure are 20   conveniently used. The
compounds of formula XXXVI can rearrange to tautomeric compounds by
migration of the double bonds in the dihydropyridazine ring. Such
rearrangements can be brought about, for example,by the presence of a trace
25   of acid or base.  Since, however, the tautomeric dihydro- pyridazines
can also be oxidized under the above conditions    



-31- to give compounds of formula XXV, not only a-compound of formula
XXXVI, but also a tautomeric dihydropyridazine or a mixture of such
compounds can be used in process variant a). 5          The reaction of a
compound of formula XXXVII with an alkali metal alcoholate can be carried
out in a manner known per se. Sodium is the preferred alkali metal. As the
solvent there can be used any inert organic solvent such as ethers,
saturated or aromatic hydrocarbons and 10   the like, for example benzene,
toluene, hexane, diethyl ether or dioxan. Preferably, however, there is
used as the solvent the alcohol corresponding to the alcoholate (optionally
in combination with another inert organic solvent). In this case, the
alcoholic solution of the 15   alcoholate is conveniently prepared by
reacting an excess of the alcohol with sodium, sodium hydride, potassium
hydride and the like. Temperature and pressure are not critical aspects in
the reaction of the compounds of formula XXXVII with an alkali metal
alcoholate. Atmospheric 20   pressure and a temperature between room
temperature and the reflux temperature of the reaction mixture, preferably
about 40 to about [err], are conveniently used. The starting materials of
formulae XXXVI and XXXVII are novel. 



- 32 - They can be prepared on the basis of the following Reaction Schemes
A-D in which R8, R14 and X have the above significances and [err]
represents a straight- -chain alkyl or alkoxy group containing 1 to 10
carbon 5   atoms:    - 33 - Scheme A 8 R8                         XXXVII 8
R              COCH                XL [ERR] 14      XXXVI    - 34 - Scheme
B 



8 [ERR] XLIII R8            COCH2CH2 COH     XLIV Br /glacial acetic acid
XLVI    -35.- Scheme' C R15        [ERR] XLVI
XLIX (C2H5)3 L 1) Na2CO3 LI XLII a    - 36 - Scheme D LII COCH2CH2CO-R14
LII  



- 37 - The starting materials of formulae XXXVIII, XLI, XLVII, LI and LII
are known or are analogues of known compounds and can be prepared in a
known manner. For example, the aldehydes of formula LI can be prepared by 5
Rosenmund reduction of the acid chlorides of formula XXXVIII. The addition
of an aldehyde to a compound of formula XL, XLVIII or L can be carried out
according to the method of Stetter [Chem. Ber. 114 (1981) 581] in the 10
presence of a 1,3-thiazolium salt catalyst. 3-Benzyl-
-5-(2-hydroxyethyl)-4-methyl-l, 3-thiazolium chloride is the preferred
catalyst for the addition of an aldehyde of formula LI or of an aldehyde of
formula XLI in which [ERR] signifies alkyl or trans-4-alkylcyclohexyl and
3,4- 15   -dimethyl-5-(2-hydroxyethyl) -1,3-thiazolium iodide is the
preferred catalyst for the addition of an aldehyde of formula XLI in which
R14 signifies p-alkylphenyl or p-alkoxyphenyl. The coupling of a compound
of formula LIV with a 20   compound of formula XXXVIII can be carried out
according to the method describedby T. Sato et al in Bull. Chem. Soc. Japan
54 (1981) 505. 



As already mentioned above,the compounds of formula XXXVI can also be
present in tautomeric form or as mixtures    - 38 - of tautomeric forms. 5
In the following C denotes a crystalline phase, S denotes a smectic phase,
N denotes a nematic phase and I denotes an isotropic phase. The following
mixtures are examples of preferred components A, B and C and of preferred
total mixtures. 10   The relationship of the individual constituents of the
total mixtures to the components A, B and C follows from the details given
earlier. Mixture Examples for component A: Basic mixture Al 15   38.0  wt.%
of p-methoxybenzylidene-p'-butylaniline, 18.6     "
trans-4-butylcyclohexanecarboxylic acid p- -ethoxyphenyl ester, 17.5
trans-4-pentylcyclohexanecarboxylic acid p- -methoxyphenyl ester, 20   25.9
trans-4-pentylcyclohexanecarboxylic acid p- -propyloxyphenyl ester, m.p. <
[ERR]cl.p. (N-I) [ERR]. 



- 39 Basic mixture A2 21.9  wt.% of trans-4-butylcyclohexanecarboxylic acid
p- -ethoxyphenyl ester, 29.2          trans-4-butylcyclohexanecarboxylic
acid p- 5                 -pentyloxyphenyl ester, 19.9
trans-4-pentylcyclohexanecarboxylic acid p- -methoxyphenyl ester,, 29.0
trans-4-pentylcyclohexanecarboxylic acid p- -propyloxyphenyl ester, 10
m.p. < 0C; cl.p. (N-I) 69.0C. Basic mixture A3 20.2 wt.% of
trans-4-butylcyclohexanecarboxylic acid p- -ethoxyphenyl ester, 27.2
trans-4-butylcyclohexanecarboxylic acid p- 15
-pentyloxyphenyl ester, 18.3          trans-4-pentylcyclohexanecarboxylic
acid p- -methoxyphenyl ester, 25 .1    "
trans-4-pentylcyclohexanecarboxylic acid p- -propyloxyphenyl ester, 20
9.2     "    4-[(trans-4-butylcyclohexyl)carbonyloxy]- benzoic acid
p-butylphenyl ester, 



m.p. < 0C; cl.p. (N-I) 78C. Basic mixture A4 14.2 wt.% of
trans-4-butylcyclohexanecarboxylic acid p- 25                 -ethoxyphenyl
ester,.    -40 - 18.4 wt.% of trans-4-butylcyclohexanecarboxylic acid p-
-pentyloxyphenyl ester, 12.3          trans-4-pentylcyclohexanecarboxylic
acid p- -methoxyphenyl ester, 5   17.6
trans-4-pentylcyclohexanecarboxylic acid p- -propyloxyphenyl ester, 32.1
2-(trans-4-pentylcyclohexyl)-1-(p-ethoxy- phenyl)ethane, 5.4
4-[(trans-4-butylcyclohexyl)carbonyloxy]- 10                 benzoic acid
p-butylphenyl ester, m.p. < -[ERR]; cl.p. (N-I) [ERR] Basic mixture A5 19.9
wt.% of trans-4-butylcyclohexanecarboxylic acid p- -ethoxyphenyl ester, 15
28.1          trans-4-butylcyclohexanecarboxylic acid p- -pentyloxyphenyl
ester,, 18.0          trans-4-pentylcyclohexanecarboxylic acid p- 



-methoxyphenyl ester, 21.7          trans-4-pentylcyclohexanecarboxylic
acid p- 20                 -propyloxyphenyl ester, 12.3         2-
(trans-4-pentylcyclohexyl)-1-(p-ethoxy- phenyl)ethane, m.p. < 0C; cl.p.
(N-I) 64.9C. Basic mixture A6 25    9.9  wt.% of
trans-4-butylcyclohexanecarboxylic acid p- -ethoxyphenyl ester,    41 9.9
wt.% of trans-4-pentylcyclohexanecarboxylic acid p- -methoxyphenyl ester,
16.3          trans-4-pentylcyclohexanecarboxylic acid p- -propyloxyphenyl
ester, 5   23.3     "    2- (trans-4-propylcyclohexyl)-1- (p-ethoxy-
phenyl) ethane, 27.6          2-(trans-4-pentylcyclohexyl)-1-(p-ethoxy-
phenyl) ethane, 13.0          2-(trans-4-pentylcyclohexyl)-1-(4'-ethyl-4-
10                 -biphenylyl)ethane, m.p. <  [ERR] Basic mixture A7 



8.7 wt.% of trans-4-butylcyclohexanecarboxylic acid p- 15
-ethoxyphenyl ester, 8.7          trans-4-pentylcyclohexanecarboxylic acid
p- -methoxyphenyl ester, 14.9          trans-4-pentylcyclohexanecarboxylic
acid p- -propyloxyphenyl ester, 20   21.0
2-(trans-4-propylcyclohexyl)-1-(p-ethoxy- phenyl)ethane, 25.1     "
2-(trans-4-pentylcyclohexyl)-1-(p-ethoxy- phenyl)ethane, 12.7
2-(trans-4-pentylcyclohexyl)-1-(4'-ethyl-4- 25
-biphenylyl)ethane, 8.9
trans-4-(p-pentylphenyl)cyclohexanecarboxylic acid trans-4-propylcyclohexyl
ester,    - 42 - m.p. < -10C; cl.p. (N-I) 64.6-65.2C; (22C)   15.7 cp;
[ERR](22C) = 2.86; [ERR](22C) --0.65. Basic mixture A8 8.7 wt.% of
trans-4-butylcyclohexanecarboxylic acid p- 5                 -ethoxyphenyl
ester, 7.7     "    trans-4-pentylcyclohexanecarboxylic acid p-
-methoxyphenyl ester, 



13.7          trans-4-pentylcyclohexanecarboxylic acid p- -propyloxyphenyl
ester, 10   27.9          trans-4-propylcyclohexanecarboxylic acid
trans-4-propylcyclohexyl ester, 23.0
2-(trans-4-pentylcyclohexyl)-1-(p-ethoxy- phenyl) ethane,, 11.5
2-(trans-4-pentylcyclohexyl)-1-(4'-ethyl-4- 15
-biphenylyl)ethane, 7.5
trans-4-(p-pentylphenyl).cyclohexanecarboxylic acid
trans-4-propylcyclohexyl ester, m.p. < -10C; cl.p. (N-I) 62.3-62.[ERR](22C)
= 15.8 cp; [ERR]) = 2.88; [ERR]= -0.92. 20          Basic mixture A9 10.9
wt.% of trans-4-butylcyclohexanecarboxylic acid p- -ethoxyphenyl ester, 9.9
trans-4-pentylcyclohexanecarboxylic acid p- -methoxyphenyl ester, 25   17.3
trans-4-pentylcyclohexanecarboxylic acid p-    -43- -propyloxyphenyl ester,
24.1          2- (trans-4-propylcyclohexyl) -1-/p-ethoxy- phenyl) ethane, 



27.5          2-(trans-4-pentylcyclohexyl)-1-(p-ethoxy- 5
phenyl)ethane, 10.3          trans-4-(p-pentylphenyl)cyclohexanecarboxylic
acid trans-4-propylcyclohexyl ester, m.p. < -[ERR]; cl.p. (N-I) [ERR]- 14.4
cp; [ERR] [ERR]. 10          Basic mixture A10 19.3 wt.% of
trans-4-butylcyclohexanecarboxylic acid p- -ethoxyphenyl ester, 26.2
trans-4-butylcyclohexanecarboxylic acid p- -pentyloxyphenyl ester, 15
17.5          trans-4-pentylcyclohexanecarboxylic acid p-methoxyphenyl
ester, 26.1          trans-4-pentylcyclohexanecarboxylic acid p-
-propyloxyphenyl ester, 10.9
trans-4-(p-pentylphenyl)cyclohexanecarboxylic 20                 acid
trans-4-propylcyclohexyl ester, m.p. < [ERR]. Mixture Examples for
component B: Basic mixture Bi 24.5  wt.% of
3-phenyl-6-(p-pentylphenyl)pyridazine,    -44- 



15.5  wt.% of 3-pentyloxy-6-(p-pentylphenyl)pyridazine, 60.0
3-pentyl-6-(trans-4-pentylcyclohexyl)pyrida- zine, cl.p. (S-I)
59.0-59.[ERR]. 5          Basic mixture B2 24.3 wt.% of
3-propyl-6-(trans-4-ethylcyclohexyl)pyridazine, 22.6
3-propyl-6-(trans-4-pentylcyclohexyl)- pyridazine, 15.2
3-propyl-6-(trans-4-heptylcyclohexyl)- 10                 pyridazine, 30.4
3-pentyl-6-(trans-4-pentylcyclohexyl)- pyridazine, 7.5
3-(p-pentylphenyl)-6- (trans-4-propylcyclo- hexyl)pyridazine.. 15
Basic mixture B3 10.4  wt.% of
3-propyl-6-(trans-4-ethylcyclohexyl)pyridazine, 25.5
3-propyl-6-(trans-4-pentylcyclohexyl)- pyridazine, 17.7
3-propyl-6-(trans-4-heptylcyclohexyl)- 20                 pyridazine, 33.2
3-pentyl-6-(trans-4-pentylcyclohexyl)- pyridazine, 13.2
3-(p-pentylphenyl)-6-(trans-4-propylcyclo- hexyl)pyridazine.  



45 - 45 - Basic mixture B4 12.4 wt.% of
3-propyl-6-(trans-4-ethylcyclohexyl)- pyridazine 30.0
3-propyl-6-(trans-4-pentylcyclohexyl)pyridazine, 5   19.2
3-propyl-6-(trans-4-heptylcyclohexyl)- pyridazine, 38.4     "
3-pentyl-6-(trans-4-pentylcyclohexyl) pyridazine. Basic mixture B5 10
21.6  wt.% of 3-heptyl-6-(trans-4-propylcyclohexyl)- pyridazine, 28.0
3-propyl-6-(trans-4-pentylcyclohexyl)- pyridazine, 35.0
3-pentyl-6-(trans-4-pentylcyclohexyl)- 15                 pyridazine, 15.4
3-propyl-6-(trans-4-heptylcyclohexyl)- pyridazine. Mixture Examples for
components A and B together: Basic mixture ABL 20   13.6  wt.% of
trans-4-butylcyclohexanecarboxylic acid p-ethoxyphenyl ester, 



18.5          trans-4-butylcyclohexanecarboxylic acid p- -pentyloxyphenyl
ester,    - 46 - 12.3 wt.% of trans-4-pentylcyclohexanecarboxylic acid p-
-methoxyphenyl ester, 18.4          trans-4-pentylcyclohexanecarboxylic
acid p- -propyloxyphenyl ester, 5    7.7
trans-4-(p-pentylphenyl)cyclohexanecarboxylic acid trans-4-propylcyclohexyl
ester, 5.3          3-heptyl-6-(trans-4-propylcyclohexyl)- pyridazine, 6.9
3-propyl-6-(trans-4-pentylcyclohexyl)- 10                 pyridazine, 8.6
3-pentyl-6-(trans-4-pentylcyclohexyl)- pyridazine, 3.8
3-propyl-6-(trans-4-heptylcyclohexyl)pyridazine, 4.9
3-(p-pentylphenyl)-6-(trans-4-propylcyclo- 15
hexyl)pyridazine, cl.p. (N-I) 61.4-[ERR]. Basic mixture AB2 15.4 wt.% of
trans-4-butylcyclohexanecarboxylic acid p- -ethoxyphenyl ester, 



20   20.6          trans-4-butylcyclohexanecarboxylic acid p-
-pentyloxyphenyl ester, 14.0          trans-4-pentylcyclohexanecarboxylic
acid p- -methoxyphenyl ester, 20.5
trans-4-pentylcyclohexanecarboxylic acid p- 25
-propyloxyphenyl ester, 5.3          3-heptyl-6-(trans-4-propylcyclohexyl)-
pyridazine,    47 6.9  wt.% of 3-propyl-6-(trans-4-pentylcyclohexyl)-
pyridazine, 8.6          3-pentyl-6-(trans-4-pentylcyclohexyl)- pyridazine,
5    3.8          3-propyl-6-(trans-4-heptylcyclohexyl)- pyridazine, 4.9
3-(p-pentylphenyl)-6-(trans-4-propylcyclo- hexyl)pyridazine, cl.p. (N-I)
59.1-59.[ERR]. 10          Mixture Examples for component C: Basic mixture
Cl 58.7  wt.% of 2-chloro-4-[(p-pentylbenzoyl)oxy]benzoic acid
p-(2,2-dicyanovinyl)phenyl ester, 



41.3          2-chloro-4-[(p-heptylbenzoyl)oxy]benzoic 15
acid p-(2, 2-dicyanovinyl)phenyl ester, m.p. 87.8-90.[ERR]; cl.p. (N-I)
167.1-167.[ERR]. Basic mixture C2 32.7  wt.% of
2-chloro-4/[p-(p'-pentylphenyl)benzoyl]oxy/- benzoic acid p-(2,
2-dicyanovinyl)phenyl 20                 ester, 34.3     "
2-chloro-4-/[p-(p'-heptylphenyl)benzoyl]oxy/- benzoic acid p-(2,
2-dicyanovinyl)phenyl ester,    -48- 33.0  wt.% of
2-chloro-4-/[p-(trans-4-pentylcyclohexyl)- benzoyl]oxy/benzoic acid
p-(2,2-dicyano- vinyl) phenyl ester, m.p. 96-98C; cl.p. (N-I) >[ERR]. 5
Mixture Examples for total mixture: Total mixture T1 53 wt.% of basic
mixture AS, 27     "    basic mixture B4, 7
2-chloro-4-/[p-(4-heptylphenyl)benzoyl]oxy/- 15                  benzoic
acid p-(2,2-dicyano-l-methylvinyl)- phenyl ester, 



5          2-chloro-4--/[p-(2-(trans-4-heptylcyclohexyl)-
ethyl)benzoyl]oxy/benzoic acid p-(2, 2-di- cyano-l-methylvinyl)phenyl
ester, 20      4           2-chloro-4-/[p-(4-heptylphenyl)benzoyl]oxy/-
benzoic acid p-cyanophenyl ester, 4
2-chloro-4-/[p-(2-(trans-4-heptylcyclohexyl)- ethyl)benzoyl]oxy/benzoic
acid p-cyano- phenyl ester, 25   m.p. (C-N) < [ERR]; cl.p. (N-I) Total
mixture T2 46.5 wt.% of basic mixture AS, 8.8
trans-4-pentyl-l-(p-propylphenyl)cyclohexane,    -49- 3.5  wt.% of
4-(trans-4-pentylcyclohexyl)-4 '-[2-(trans-4- -butylcyclohexyl) ethyl
biphenyl, 23.7          basic mixture B4, 6.1
2-chloro-4-/[p-(4-heptylphenyl)benzoyl]oxy/- 5                 benzoic acid
p-(2,2-dicyano-1-methylvinyl)- phenyl ester, 4.4
2-chloro-4-/[p-(2-(trans-4-heptylcyclohexyl)- ethyl)benzoyl]oxy/benzoic
acid p-(2,2- -dicyano-l-methylvinyl) phenyl ester, 



10    3.5           2-chloro-4-/ p-(4-heptylphenyl)benzoyl]oxy/- benzoic
acid p-cyanophenyl ester, 3. 5    "
2-chloro-4-/[p-(2-(trans-4-heptylcyclohexyl)- ethyl)benzoyl]oxy/benzoic
acid p-cyanophenyl ester, 15   m.p. (C-N) <[ERR]cl.p. (N-I) [ERR] 2.0 and
h= -4.2 at [ERR]. For this mixture there was measured in a rotation cell
with 10 Um plate distance in the case of two-frequency control a turn-off
time of 9 ms, compared with about 200 20    ms in the case of conventional
control.  The attainable increase in the maximum number of multiplexable
lines in the case of two-frequency control is dependent on the ratio of the
voltage strengths of the high frequency voltage (Vh) and of the low
frequency voltage (V ). With a 25   10 kHz high frequency voltage and a 30
Hz low frequency voltage there was attained for [ERR]= 1.0 a 8.1-fold,    -
50 - nd                for = 1.5 a 15.4-fold  and for [ERR]= 2.0 a 39-
-fold increase in the multiplex rate in comparison to conventional control
with a low frequency voltage. Total mixture T3 



5   69.1  wt.% of basic mixture A5 9 .1
trans-4-pentyl-l-(p-propylphenyl)cyclohexane, 3.6          basic mixture B4
6.4          2-chloro-4-/[p-(4-heptylphenyl)benzoyl]oxy/- benzoic acid p-(2
,2-dicyano-1-methylvinyl)- 10                 phenyl ester, 4.6
2-chloro-4-/ p-(2-(trans-4-heptylcyclohexyl)- ethyl)benzoyl]oxy/benzoic
acid p-(2,2-di- cyano-l-methylvinyl)phenyl ester, 3.6
2-chloro-4-/[p-(4-heptylphenyl)benzoyl]oxy/- 15                 benzoic
acid p-cyanophenyl ester, 3.6
2-chloro-4-/p-(2-(trans-4-heptylcyclohexyl)- ethyl)benzoyl]oxy/benzoic acid
p-cyanophenyl ester, m.p. (C-N) < 0C; cl.p. (N-I).[ERR]. 20          Total
mixture T4 45.5 wt.% of basic mixture A5 9.1
trans-4-pentyl-1-(p-propylphenyl)cyclohexane, 20.9          basic mixture
B4 9.1          2-chloro-4-/[p-(4-heptylphenyl)benzoyl]oxy/- 25
benzoic acid p-(2,2-dicyano-1-methylvinyl)- phenyl ester,    



6.4  wt.% of 2-chloro-4-/[p-(2-(trans-4-heptylcyclohexyl)-
ethyl)benzoyl]oxy/benzoic acid p-(2,2-dicyano- 1-methylvinyl)phenyl ester,
4.5          2-chloro-4-/[p-(4-heptylphenyl)benzoylloxy/- 5
benzoic acid p-cyanophenyl ester, 4.5          2-chloro-4-/[p-
(2-(trans-4-heptylcyclohexyl)- ethyl)benzoyl\oxy/benzoic acid p-cyanophenyl
ester, m.p. (C-N) < [ERR]= 10   4.4 and = -4.2 at [ERR]. Total mixture TS
40.0 wt.% of basic mixture A6 8.0
4-[2-(trans-4-pentylcyclohexyl)ethyl]-4'-
-(trans-4-butylcyclohexyl)-1,1'-ethylenedi- 15                 benzene, 8.0
4- 2-(trans-4-propylcyclohexyl)ethyl]-4'-
-(trans-4-butylcyclohexyl)-1,1'-ethylenedi- benzene, 24.0     "   basic
mixture B4 20    8.0          2-chloro-4-/[p-(4-heptylphenyl)benzoyl]oxy/-
benzoic acid p-(2,2-dicyano-l-methylvinyl)- phenyl ester, 5.6
2-chloro-4-/[p-(2-(trans-4-heptylcyclohexyl)- ethyl)benzoyl]oxy/benzoic
acid p-(2,2- -dicyano-l-methylvinyl)phenyl ester, 



25    3.2     "    2-chloro-4-/[p-(4-heptylphenyl)benzoyl]oxy/-    -52-
benzoic acid p-cyanophenyl ester, 3.2 wt.% of
2-chloro-4-/[p-(2-(trans-4-heptylcyclohexyl)- ethyl)benzoyl]oxy/benzoic
acid p-cyano- phenyl ester, 5   m.p. (C-N) [err]. Total mixture T6 60.6
wt.% of basic mixture A10 18.2          basic mixture B5 21.2
basic mixture C2 10          Total mixture T4 is especially preferred.
-53- The following Examples illustrate the preparation of the compounds of
formula I in accordance with the invention and of the novel compounds of
formula V: Example 1 5         13.1 g of
2-chloro-4-[(p-heptylbenzoyl)oxy]benzoic acid are heated to boiling for 3
hours with 8.3 g of thio- 



nyl chloride in 100 ml of benzene. The solvent and excess thionyl chloride
are distilled off and the residue is taken up twice in 50 ml of toluene
each time and concentrated. 10         The resulting, crude
2-chloro-4-[(p-heptylbenzoyl)- oxy]benzoyl chloride is dissolved in 150 ml
of benzene and the solution is then added dropwise to a solution of 5.7 g
of p-(2,2-dicyanovinyl)phenol in 125 ml of pyridine. The mixture is stirred
overnight at a bath temperature of [err], 15   then poured into ice-cold,
dilute hydrochloric acid and extracted with methylene chloride. The extract
is washed several times with 3N hydrochloric acid, then washed neutral with
water, dried and evaporated. The resulting, crude 2-chloro-4-
(p-heptylbenzoyl)oxylbenzoic acid p- (2,2-di- 20   cyanovinyl)phenyl ester
is chromatographed on silica gel with toluene/acetone (9:1). The fractions
obtained which are almost pure according to thin-layer chromatography are
recrystallized a further twice from ethanol/acetone (9:1);    54 - 54 -
m.p. (C-N)[err] The 2-chloro-4-[(p-heptylbenzoyl)oxy]benzoic acid used as
the starting material can be prepared as follows: 



10.3 g of N,N'-dicyclohexylcarbodiimide are added 5 within 5 minutes to a
mixture of 7.0 g of 2-chloro-4-hydroxy- benzaldehyde, 9.9 g of
p-heptylbenzoic acid and 0.5 g of 4-(dimethylamino)pyridine in 200 ml of
methylene chloride. The mixture is stirred at room temperature for a
further 2 hours, the precipitated N,N'-dicyclohexylurea is filtered 10 off
under suction and the filtrate is evaporated. The resulting, crude
2-chloro-4-[(p-heptylbenzoyl)- oxy]benzaldehyde is dissolved in 350 ml of
acetone, Within 40 minutes there are added dropwise thereto 30 ml of Jones'
reagent, the mixture warming slightly. The mixture is 15 stirred for a
further 1 hour, precipitated inorganic material is then filtered off under
suction, the filtrate is diluted with 300 ml of water (the product
precipitating), con- centrated on a rotary evaporator to about 300 ml and
the suspension obtained is suction filtered. The suction filter 20 material
is washed three times with 50 ml of 10% aqueous acetone, dried and
recrystallized from about 60 ml of benzene. There are obtained 13.8 g of
2-chloro-4-[(p-heptyl- benzoyl)oxylbenzoic acid, m.p. [err](nematic). The
following compounds can be prepared in an    analogous manner: 



2-Chloro-4-[(p-propylbenzoyl)oxy benzoic acid p-(2,2- -dicyanovinyl)phenyl
ester; m.p. (C-N) 163C; cl.p. (N-I) [err] 5
2-Chloro-4-[(p-butylbenzoyl) oxyl benzoic acid p- (2,2-
-dicyanovinyl)phenyl ester; m.p. (C-N) 140C; cl.p. (N-I) 176C.
2-Chloro-4-[(p-pentylbenzoyl)oxy]benzoic acid p-(2,2- -dicyanovinyl)phenyl
ester; m.p. (C-N) [err] (2 10   modifications); cl.p. (N-I) [err].
2-Chloro-4-[(p-hexylbenzoyl)oxy]benzoic acid p- (2,2- -dicyanovinyl)phenyl
ester; m.p. (C-N) [err] or 94.5C (2 modifications); cl.p. (N-I) [err].
2-Chloro-4-/[p-(trans-4-pentylcyclohexyl)benzoyl]oxy/- 15   benzoic acid
p-(2,2-dicyanovinyl)phenyl ester; m.p. (C-N) 135.5C; cl.p. (N-I) >[err].
2-Chloro-4-/[p-(trans-4-heptylcyclohexyl)benzoyl]oxy/- benzoic acid
p-(2,2-dicyanovinyl)phenyl ester; m.p. (C-N) 120.5C; cl.p. (N-I) 289.5C. 20
2-Chloro-4-/ p-(4-pentylphenyl)benzoyl oxy/benzoic acid
p-(2,2-dicyanovinyl)phenyl ester; m.p. (C-N) 140C; cl.p. (N-I) 305.5C.
2-Chloro-4-/[p-(4-heptylphenyl)benzoylloxy/benzoic acid
p-(2,2-dicyanoviny1)phenyl ester; m.p. (C-N) 121C; 25   cl.p. (N-I) 288C.
2-Chloro-4-/[p-(4-pentylphenyl)benzoyl]oxy/benzoic 



acid p-cyanophenyl ester; m.p. (C-N) 137.5C; cl.p. (N-I) [err].    - 56 -
2-Chloro-4-/ p-(4-hexylphenyl)benzoyl]oxy/benzoic acid p-cyanophenyl ester;
m.p. (C-N) 139.5C; cl.p. (N-I) [err].
2-Chloro-4-/[p-(4-heptylphenyl)benzoyl]oxy/benzoic 5   acid p-cyanophenyl
ester; m.p. (C-N) 127.5C; cl.p. (N-I) 291C.
2-Chloro-4-/[p-(trans-4-pentylcyclohexyl)benzoyl]oxy/- benzoic acid
p-cyanophenyl ester; m.p. (C-N)[err]; cl.p. (N-I) 306C. 10
2-Chloro-4-/[p-(trans-4-heptylcyclohexyl)benzoyl]oxy/- benzoic acid
p-cyanophenyl ester; m.p. (C-N) 114C; cl.p. (N-I) 292.5C.
4-/[p-(4-Pentylphenyl)benzoyl]oxy/benzoic acid p- -cyanophenyl ester; m..p.
(C-N) [err], cl.p. (N-I) >350C. 15
4-/[p-(4-Heptylphenyl)benzoyl]oxy/benzoic acid p- -cyanophenyl ester; m.p.
(C-N) 147.5C; cl.p. (N-I) >350C. Example 2 (Compounds of formula V) 1.03 g
of N,N'-dicyclohexylcarbodiimide are added portionwise while stirring
within 10 minutes to a suspension 



20   of 1.2 g of 4-(5-heptyl-2-pyrimidinyl)benzoic acid, 0.68 g of
p-(2,2-dicyanovinyl)phenol and 0.05 g of 4-(dimethylamino)- pyridine in 25
ml of methylene chloride.   The mixture is subsequently stirred for a
further 3 hours, then the precipitated N,N'-dicyclohexylurea is filtered
off and the 25   filtrate is evaporated.  The resulting, crude 4-(5-heptyl-
57 -2-pyrimidinyl)benzoic acid p-(2,2-dicyanovinyl)pheny1 ester is
recrystallized twice from acetone; m.p. 143.[err];cl.p. [err]; yield 1.0 g.
The 4-(5-heptyl-2-pyrimidinyl)benzoic acid used as 5   the starting
material can be prepared as follows: 10.2 g of
4-(5-heptyl-2-pyrimidinyl)benzonitrile are heated to 1800C for 6 hours in a
solution of 7.3 g of potassium hydroxide in 200 ml of ethylene glycol.
After cooling, the mixture is diluted with water and acidified 10   with 3N
hydrochloric acid.  The precipitated product is taken up in methylene
chloride. The extract is washed with water, dried over sodium sulphate and
evaporated. The crude 4-(5-heptyl-2-pyrimidinyl)benzoic acid is purified by
boiling in hexane/ether; m.p. 220.5-221.[err]; yield 10.4 g. 15         The
following compound can be prepared in an analogous 



manner: 4-(S-Pentyl-2-pyrimidinyl)benzoic acid p-(2,2-dicyano- vinyl)phenyl
ester; m.p. 170.[err]; cl.p. [err]. Example 3 20         The compounds of
formula I in which Y signifies the 2,2-dicyano-l-methylvinyl group can be
prepared in an analogous manner to Example 1.    -58- The
p-(2,2-dicyano-l-methylvinyl)phenol used as the starting material can be
prepared as follows: A mixture of 92.0 g of p-hydroxyacetophenone, 44.6 g
of malononitrile, 5.2 g of ammonium acetate, 8.1 g of acetic 5 acid and 500
ml of toluene was boiled on a water separator for 2 hours while stirring.
After cooling, the two-phase mixture was diluted with 700 ml of diethyl
ether. The dark red solution was washed four times with 50 ml of saturated
sodium chloride solution, dried over sodium 10 sulphate, filtered and
evaporated. By fractional crystall- ization from diisopropyl ether there
were obtained 95.7 g of p-(2,2-dicyano-l-methylvinyl)phenol, m.p.
120.5-121.[err]. The following compounds can be obtained in this manner: 



15         2-Chloro-4-/[p-(4-pentylphenyl)benzoyl]oxy/benzoic acid
p-(2,2-dicyano-l-methylvinyl)phenyl ester; m.p. (C-N) [err]; transition S-N
[err] (monotropic); cl.p. (N-I) [err].
2-Chloro-4-/[p-(4-hexylphenyl)benzoyl]oxy/benzoic acid
p-(2,2-dicyano-l-methylvinyl)phenyl ester; m.p. (C-S) 20 [err] transition
S-N [err]; cl.p. (N-I) [err].
2-Chloro-4-/[p-(4-heptylphenyl)benzoyl]oxy/benzoic acid
p-(2,2-dicyano-l-methylvinyl)phenyl ester; m.p. (C-S) 115.[err]; transition
S-N [err]; cl.p. (N-I) [err].    - 59 -
2-chloro-4/[p-(trans-4-pentylcyclohexyl)benzoyl]oxy/- benzoic acid
p-(2,2-dicyano-l-methylvinyl)phenyl ester; m.p. (C-N) [err]; cl.p. (N-I)
[err]. 2-Chloro-4-/[p-(trans-4-heptylcyclohexyl)benzoyl]oxy/- 5   benzoic
acid p-(2,2-dicyano-l-methylvinyl)phenyl ester; m.p. (C-N) 140.[err]; cl.p.
(N-I) 254.[err]. 4-/ p-(4-Pentylphenyl)benzoyl]oxy/henzoic acid p-(2,2-
-dicyano-l-methylvinyl)phenyl ester;. m.p. (C-N) 179C; cl.p. (N-I) [err].
10         4-/Ep-(4-Heptylphenyl)benzoyl]oxy/benzoic acid p-(2,2-
-dicyano-l-methylvinyl)phenyl ester; m.p. (C-N) [err]; cl.p. (N-I)
302.[err]. 



Example 4 Those compounds of formula I in which [err] and E to- 15   gether
signify p-[2-(trans-4-alkylcyclohexyl)ethyl]phenyl can be prepared in an
analogous manner to Examples 1 and 3. The
p-[2-(trans-4-alkylcyclohexyl)ethyl]benzoic acids used as the starting
materials can be prepared as illu- strated hereinafter for the heptyl
compound: 20         A solution of 21.3 g of
p-[2-(trans-4-heptylcyclohexyl)- ethyl]benzonitrile and 14.0 g of
potassiumhydroxide (85%) in 500 ml of ethylene glycol was heated to boiling
for 8 hours (bath temperature [err].  After cooling, the mixture    -60 -
was poured into water and acidified with 3N hydrochloric acid. The
precipitated p-[2-(trans-4-heptylcyclohexyl)ethyl]- benzoic acid was
filtered off under suction, washed on the suction filter with water and
then taken up in diethyl ether. 5   The solution was dried over sodium
sulphate and evaporated. There were obtained 22.9 g of product which was
pure according to thin-layer chromatography; m.p. 184-[err] cl.p.
220-[err]. The following compounds can be prepared in this 10   manner: 



2-Chloro-4-/[p-(2-(trans-4-heptylcyclohexyl)ethyl)- benzoyl]oxy/benzoic
acid p-cyanophenyl ester; m.p. (C-N) [err]; cl.p. (N-I) 247.[err].
2-Chloro-4-/[p-(2-(trans-4-heptylcyclohexyl)ethyl)- 15
benzoyl]oxy/benzoic acid p-(2,2-dicyano-l-methylvinyl)- phenyl ester; m.p.
(C-N) 122C; cl.p. (N-I) 216C. Example 5 Those compounds of formula I in
which [err]and E to- gether signify
trans-4-[2-(p-[err]-phenyl)ethyl]cyclohexyl 20   can be prepared in an
analogous manner to Examples 1 and 3. The trans-4-[2-(p-R
-phenyl)ethyl]cyclohexanecarboxylic acids used as the starting materials
can be prepared as    - 61 - illustrated hereinafter for the pentyl
compound: a)    A mixture of 2.51 g of (p-pentylphenyl)methyl-tri-
phenylphosphonium bromide and 615 mg of 4-cyanocyclohexane- carboxaldehyde
(cis/trans mixture about 1:1) in 30 ml of 5   t-butyl methyl ether was
placed at [err] in a sulphonation flask while gassing with argon, the
mixture. was treated within 2 minutes with 673 mg of solid potassium
t-butylate and the mixture was subsequently stirred at [err] for a further
1.5 hours.  The red-brown, heterogeneous mixture 



10   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 time and once with 50 ml of saturated sodium
chloride solution, dried over magnesium sulphate and concentrated. The
residue was 15   suspended in 150 ml of hexane, freed from precipitated
tri- phenylphosphine oxide by filtration (back-washing with hexane) and the
filtrate was concentrated. Low-pressure chromatography (0.4 bar) of the
resulting oil (1.36 g) on silica gel with 3% ethyl acetate/petroleum ether
as the 20   eluant gave 1.02 g (81%) of 4-[2-(p-pentylphenyl)ethenyl]-
cyclohexanecarbonitrile as a colourless oil; Rf values of this isomer
mixture (10% ethyl acetate/petroleum ether): 0.27 and 0.36. b)    956 mg of
the 4-[2-(p-pentylphenyl)ethenyl]cyclohexane- 25   carbonitrile obtained
were dissolved in 50 ml of toluene in    - 62 - a sulphonation flask, the
solution was treated with 150 mg of palladium/carbon (10%) and the mixture
was hydrogenated at normal pressure and room temperature until the hydrogen
uptake came to a standstill (about 30 minutes). Filtration 5   of the
mixture (back-washing with toluene), concentration of 



the filtrate and low-pressure chromatography (0.4 bar) of the residue (890
mg) on silica gel with 5% ethyl acetate/ petroleum ether gave 788 mg (82%)
of 4-[2-(p-pentylphenyl)- ethyl]cyclohexanecarbonitrile as a viscous,
colourless oil. 10   Although in the thin-layer chromatogram using
different solvent systems as the eluant there appeared only a single spot,
with gas-chromatographic analysis and NMR spectro- scopic analysis showed
this material to be a cis/trans isomer mixture (about 1:3). Two-fold
crystallization of 15   this material from pentane at -[err] finally
yielded trans- -4-[2-(p-pentylphenyl)ethyl]cyclohexanecarbonitrile of
sufficient purity (98.8% of trans compound and 1.2% of cis compound
according to gas-chromatographic analysis); m.p. 22.4C; cl.p. (N-I)
-14.[err] 20   c)    A mixture of 567 mg of trans-4-[2-(p-pentylphenyl)-
ethyl]cyclohexanecarbonitrile and 20 ml of a 10:1 mixture of 2N potassium
hydroxide and ethanol was heated to reflux for 2 hours while gassing with
argon in a round flask fitted with a reflux condenser. The cooled mixture
was diluted 25   with 20 ml of water and extracted twice with 30 ml of
diethyl ether each time. The separated aqueous phase was    - 63 - 



acidified with about 20 ml of 2N sulphuric acid and extracted three times
with So ml of diethyl ether each time. The organic phases were washed twice
with 50 ml of saturated sodium chloride solution each time, dried over
magnesium 5  sulphate and concentrated.  There were obtained 490 mg (81%)
of trans-4-[2-(p-pentylphenyl)ethyl]cyclohexanecarboxylic acid as
colourless crystals which were purified further by recrystallization from
hexane. Example 6 10         Those compounds of formula I in which [err]and
E to- gether signify trans-4-[2-(trans-4-alkylcyclohexyl)ethyl]- cyclohexyl
can be prepared in an analogous manner to Examples 1 and 3. The
trans-4-[2-(trans-4-alkylcyclohexyl)ethyll cyclo- 15 hexanecarboxylic acids
used as the starting materials can be prepared as illustrated hereinafter
for the pentyl compound: a)    3.79 g of lithium aluminium hydride were
placed in 100 ml of absolute tetrahydrofuran while gassing with argon 20
and treated within 30 minutes with a solution of 19.83 g of
trans-4-pentylcyclohexanecarboxylic acid in 100 ml of absolute
tetrahydrofuran. After completion of the addition, the mixture was heated
to reflux for 1 hour, then cautiously   



-64- added to 200 ml of 2N hydrochloric acid and extracted three times with
100 ml of diethyl ether each time. The organic phases were washed with 100
ml of saturated sodium carbonate solution, dried over potassium carbonate
and concentrated. 5   Distillation of the residue (19.2 g) gave in the main
run 17.7 g (96%) of (trans-4-pentylcyclohexyl)methanol as a colourless oil
(purity 99.9%.); b.p. [err]/0.2 mmHg. b)    A solution of 3.69 g of
(trans-4-pentylcyclohexyl)- methanol and 5.51 g of triphenylphosphine in 70
ml of 10   methylene chloride at -[err] was placed under argon gas-
ification and treated portionwise within 15 minutes with 7.30 g of solid
tetrabromomethane in such a manner that the internal temperature did not
exceed -[err]. After completion of the addition, the cooling bath was
removed and the 15   mixture-was stirred for a further 18 hours with
gradual warming to room temperature. The mixture was then con- centrated on
a rotary evaporator and the resulting, semi- -crystalline residue was
triturated with 200 ml of warm hexane, filtered and the concentrated
filtrate was chroma- 20   tographed with hexane on a column of silica gel.
There were obtained 4.79 g (97%) of trans-l-(bromomethyl)-4-
-pentylcyclohexane as a colourless liquid which was purified further by
distillation; b.p. [err]/0.08 mmHg. 



c)    A mixture of 18.9 g of 1-methoxy-3-(trimethylsilyloxy)- 25
-1,3-butadiene [S. Danishefsky et al, J. Amer. Chem. Soc. 96, (1974) 7807],
6.4 g of acrylonitrile, 100 mg of di-    - 65 - benzoyl peroxide and 50 ml
of benzene was heated to reflux for 23 hours while gassing with argon.
After cooling, the liquid constituents (benzene and excess acrylonitrile)
were removed on a rotary evaporator and the residue was heated 5 to boiling
for 2 hours in 100 ml of tetrahydrofuran/1N hydrochloric acid (4:1). The
cooled mixture was subsequently extracted three times with 100 ml of
methylene chloride each time.. The organic phases were washed twice with
100 ml of water each time and once with 100 ml of saturated 10   sodium
chloride solution, dried over magnesium sulphate and concentrated.  There
were obtained 10.3 g of a yellow oil which consisted of 87.9% of
4-cyano-3-cyclohexen-l-one, of 4.1% of 4-cyano-2-cyclohexen-l-one and of
2.7% of trans- -4-cyano-3-methoxycyclohexanone (an intermediately occuring
15   hydrolysis product).  Bulb-tube distillation (130-[err] 0.27-0.15
mmHg) of the resulting oil gave 7.64 g of a mixture of
4-cyano-3-cyclohexen-1-one and 4-cyano-2-cyclo- hexen-l-one as an orange,
crystallizing oil. This was 



dissolved in 70 ml of ethanol and hydrogenated in the 20   presence of 764
mg, of 10%. palladium/carbon at. normal pressure (hydrogen uptake 1425 ml).
After filtration of the catalyst, washing with methylene chloride,
concentration of the filtrate and bulb-tube distillation (130-[err]/0.11
mmHg), there were obtained 5.45 g (70%) of 4-cyanocyclohexa- 25   none as a
colourless oil; Rf value (toluene/ethyl acetate 3:1): 0.25.    - 66 - d)
9.6 g of triphenyl(methoxymethyl)phosphonium chloride were suspended in 50
ml of t-butyl methyl ether while gassing with argon and treated portionwise
at -[err] with 3.39 g of solid potassium t-butylate. After completion of 5
the addition, the mixture was stirred at 0 to [err] for a further 30
minutes and then the deep orange, partially heterogeneous mixture was
treated dropwise'within 10 minutes with a solution of 2.30 g of
4-cyanocyclohexanone in 20 ml of t-butyl methyl ether. In so doing, the
internal temp- 10   erature should not exceed [err]. After completion of
the addition, the now yellow-orange mixture was warmed to [err] and stirred
for a further 2 hours. 50 ml of a 2% sodium hydrogen carbonate solution
were subsequently added and 



the separated, aqueous phase was extracted twice with 50 ml 15 of diethyl
ether each time. The organic phases were washed with 50 ml of saturated
sodium chloride solution, dried over potassium carbonate and concentrated.
The residual, semi-crystalline, orange oil was triturated with 400 ml of
hexane, cooled to -[err] and freed from precipitated tri- 20
phenylphosphine oxide by filtration (rinsing with cold hexane).
Low-pressure chromatography (0.4 bar) of the concentrated residue on silica
gel using 10% ethyl acetate/ petroleum ether as the eluant gave 1.60 g
(56%) of 4-(methoxy- methylene)cyclohexanecarbonitrile as a colourless oil
(purity 25 97%).    - 67 - e)    The
4-(methoxymethylene)cyclohexanecarbonitrile ob- tained was heated to reflux
for 1.5 hours in 100 ml of tetrahydrofuran/0.2N hydrochloric acid (4:1).
The cooled mixture was then poured into 50 ml of water and extracted 5
three times with 50 ml of diethyl ether each time. The organic phases were
washed with 50 ml of water and 50 ml of saturated sodium hydrogen carbonate
solution,. dried over magnesium sulphate and concentrated.  There were
obtained 1.35 g (94%) of a colourless oil which, according to gas- 



10   chromatographical analysis, contained 92% of a mixture of the cis- and
trans-4-cyanocyclohexanecarboxaldehydes (in the ratio of about 1:1).  This
material was used in the following reduction without additional
purification.  Rf values (toluene/ethyl acetate 3:1):
cis-4-cyanocyclohexane- 15   carboxaldehyde 0.36,
trans-4-cyanocyclohexanecarboxaldehyde 0.32. f)    A solution of 1.34 g of
4-cyanocyclohexanecarbox- aldehyde (cis/trans mixture) in 40 ml of O.lN
methanolic potassium hydroxide solution was treated portionwise at [err] 20
while gassing with argon with 378 mg of solid sodium boro- hydride.  After
completion of the addition, the mixture was stirred at [err] for a further
20 minutes, 50 ml of water were then added and the mixture obtained was
extracted three times with 50 ml of methylene chloride each time.  The 25
organic phases were washed twice with 50 ml of water each time, dried over
magnesium sulphate and concentrated. Low-    - 68 - -pressure
chromatography (0.4 bar) of the residual oil on silica gel with
chloroform/ethyl acetate (1:1) gave 1.22 g (90%) of 4- (hydroxymethyl)
cyclohexanecarbonitrile (likewise as an about 1:1 mixture of the two
epimers) as a colourless, 



5 viscous oil. This material was used in the following tosylation without
further purification. Rf value of 4- -
(hydroxymethyl)cyclohexanecarbonitrile (chloroform/ethyl acetate 1:1) 0.29
(longish spot). g)    A solution of 1.20 g of the 4-(hydroxymethyl)cyclo-
10 hexanecarbonitrile obtained in S ml of pyridine was treated portionwise
with 2.46 g of tosyl. chloride at room temp- erature and while gassing with
argon. After stirring at room temperature for 3.5 hours (formation of a
white pre- cipitate), the mixture, cooled to [err], was treated with 1S
about 2 ml of water, cautiously made acid with about 7 ml of concentrated
hydrochloric acid and extracted three times with 30 ml of diethyl ether
each time. The organic phases were washed with 50 ml of water and 50 ml of
saturated sodium chloride solution, dried over magnesium sulphate and 20
concentrated, there remaining behind 2.31 g of a semi- -crystalline oil.
Low-pressure chromatography (0.5 bar) on 480 g of silica gel using 30%
ethyl acetate/petroleum ether as the eluant gave 1.06 g (42%) of
trans-4-(tosyloxymethyl)- cyclohexanecarbonitrile as a colourless,
crystallizing oil 25 (m.p. 84-[err] and 1.03 g (41%) of
cis-4-(tosyloxymethyl)- cyclohexanecarbonitrile as a colourless, viscous
oil. Rf    



-69- values (30% ethyl acetate/petroleum ether): trans product 0.25, cis
product 0.20. h)    121 mg of magnesium shavings were covered with 3 ml of
absolute tetrahydrofuran while gassing with argon, 5   treated with a
crystal of iodine and then treated at reflux temperature with a solution of
989 mg of trans-l-(bromo- methyl)-4-pentylcyclohexane [from paragraph b)]
in 7 ml of absolute tetrahydrofuran. After completion of the addition, the
mixture was heated to reflux for a further 45 minutes. 10
Subsequently, the mixture, cooled to -[err], was treated with 0.7 ml of a
0.1N solution of dilithium tetra- chlorocuprate [prepared according to M.
Tamura et al, Synthesis 1971, 3031 in tetrahydrofuran and with a solution
of 587 mg of trans-4-(tosyloxymethyl)cyclohexanecarbonitrile 15   in 9 ml
of absolute tetrahydrofuran.  The mixture, warmed to -15 [err], was stirred
for a further 21 hours, then treated with about 10 ml of saturated ammonium
chloride solution and extracted three times with 50 ml of diethyl ether
each time.  The organic phases were washed with 50 ml of sat- 20  urated
sodium chloride solution, dried over magnesium sul- phate and concentrated.
Low-pressure chromatography (0.5 bar) of the residue on silica gel with 3%
ethyl acetate/ petroleum ether gave, besides a large amount of coupling
product of trans-l-(bromomethyl)-4-pentylcyclohexane, 164 mg 



25   (28.5%) of trans-4-[2-(trans-4-pentylcyclohexyl)ethyl]cyclo-    -70 -
hexanecarbonitrile [353 mg of trans-4-(tosyloxymethyl)cyclo-
hexanecarbonitrile could be recovered with 30% ethyl acetate/ petroleum
ether]. A single recrystallization from 5 ml of methanol yielded 96 mg of
trans-4-[2-(trans-4-pentylcyclo- 5   hexyl)ethyl]cyclohexanecarbonitrile as
colourless crystals (purity 99.98%); solid-solid transition 39.[err]; m.p.
56.; cl.p. 72.[err] (nematic). i)    The nitrile obtained can be saponified
to give trans- -4-[2-(trans-4-pentylcyclohexyl)ethyl]cyclohexanecarboxylic
10   acid in an analogous manner to Example 5 c) with 2N potassium
hydroxide and ethanol under reflux.    C L              71 CLAIMS: 1.  A
liquid crystalline mixture for electro-optical devices, which are operated
according to the two-frequency matrix addressing procedure, said mixture
consisting of 5. three components A, B and C, each ofwhich contains one or 



more compounds, component A having a bulk viscosity of at most 40 cp, a
clearing point of at least         [err] and a dielectric anisotropy
between        -2 and        +1, com- ponent B having a dielectric
anisotropy below         -2 and 10   component C having a dielectric
anisotropy above          +10, a clearing point of at least        [err]
and a cross-over frequency in the total mixture of at most         15 kHz
at 20C. 2. A liquid crystalline mixture according to claim 15 1, wherein
component C has a cross-over frequency in the total mixture of at most
10 kHz at [err]. 3. A liquid crystalline mixture according to claim 1 or 2
consisting of at least        30 wt.% of componentA, 3-40 wt.% of component
B and        5-40 wt.% of 20   component C. 4. A liquid crystalline mixture
according to any one of claims 1 to 3, wherein component C contains one or
more compounds of the general formula    *
I  11111  111111111 - 72 -         L M S R2 [err] 



wherein    denotes hydrogen, fluorine, chlorine, bromine or the cyano
group, Y represents 2,2-dicyanovinyl, 2,2- 5         -dicyano-l-methylvinyl
or cyano, and E together signify p-R -phenyl, trans-4-R -cyclohexyl, 4'-R
-4-bi- phenylyl, p-(trans-4-R -cyclohexyl)- phenyl, p-(5-R
-2-pyrimidinyl)phenyl, 10         p-[2-(p'-R--phenyl)ethyl]phenyl, p-
-[2-(trans-4-R -cyclohexyl)ethyl]- phenyl, trans-4-[2-(p-R -phenyl)ethyl]-
cyclohexyl or trans-4-[2-(trans-4-R - -cyclohexyl)ethyl]cyclohexyl, and R
15         denotes a straight-chain alkyl group containing 1 to 12 carbon
atoms or on a benzene ring also a straight-chain alkoxy group containing 1
to 12 carbon atoms. 20         5. A liquid crystalline mixture according to
claim 2 4, wherein R  in formula I denotes cyano or chlorine    * C    L
M    S    * 



-73- 6. A liquid crystalline mixture according to claim 4 or 5, whereinR
in formula I signifies a straight-chain alkyl group containing 1 to 12
carbon atoms. 5         7.  A liquid crystalline mixture according to any
one of claims 4 to 6, wherein Y in formula I represents cyano or
2,2-dicyano-l-methylvinyl. 8. A liquid crystalline mixture according to any
one of claims 4 to 7, wherein in formula I [err] and E to- 10   gether
signify 4'-alkyl-4-biphenylyl, p-(trans-4-alkyl- cyclohexyl)phenyl or
p-[2-(trans-4-alkylcyclohexyl)ethyl]- phenyl. 9. A liquid crystalline
mixture according to any one of claims 1 to 8, wherein component B contains
one or 15  more compounds of the general formula wherein [err] signifies a
straight-chain alkyl group containing 1 to 12 carbon    74 - atoms, R9
represents an alkyl,alkoxy, p-alkylphenyl, p-alkoxyphenyl or
trans-4-alkylcyclohexyl group and the alkyl and alkoxy groups in R9 are
straight-chain groups containing 1 to 10 carbon atoms. 



5          10.  The use of a liquid crystalline mixture as set forth in any
one of Claims 1 to 9 in an electro- optical device which is operated
according to the two- frequency matrix addressing procedure.    




