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Description

The invention relates to new bicyclohexylethanes
of the formula I
1

R1-Cy-Cy-CHaCHa=A-(Cy) 4-RZ (1)

1

wherein R’ is aikyl, R2 is alkyl, in which one or two CHp

groups can be replaced by § atoms, or is F, CL, Br, CN, .

~=C00alkyl or -0-CO-alkyl, and one of the radicals R1 and

R2 can also be H, A is Cy} or.1,4-phenylene which'is unsub-

stituted or substituted by one or two F and/or CL atoms
and/or CH3 groups or by a CN group, Cy is 1,4-cycLohexyL-_
ene and n is 0 or 1, the alkyl gfoups in each case contain-
ing 1 - 10 C atoms, with the provisos that a) n is 1 if A
is Cy and R2 is CN and b) the compounds 1-(4'-trans-pentyl-
trans-bicyclohexféfyl)-2-(2-methyl¥4-pentyphenyl)-ethane,
1-(4'-trans-pentyl-trans-bicyclohex-4-yl)-2-(3-methyl-4-
pentyphenyl)-ethane, 1-(4'-trans—-pentyl-trans-bicyclohex-4-
yLJ-2-}4—butoxy-2-methprhenyL)-ethane, and 1-(4'~trans-
pentyl-trans-bicyclohex-4-yl)-2-(4-butoxy-3?mefhytphenyl)-
ethane, are excluded. 3 .

For simplicity, ?Phe"'in'the foleu{ng text is a
1,4-phenylene rad{cal, it being possible for this radical
to be unsubstituted or substituted by one or two fluorine
or chlorine atoms and/or CHgz groups_or'by a CN group.

Although some Laterélly methylated biclLohexyl-
ethanes (sic) have also already been_reported, in addition
to a Large number of Laterally substituted Liquid crystal
compounds, in EP-A-0,084,194, this document does not indi-
cate the.advantagéous properties of the class of bicyclo-
hexylethane substances according to the invention. As
compared with the structurally related cyclohexylcarboni-
triles known from EP-A-0,056,113, the bicyclohexylethanes -
of the formula I show wider liquid-crystalline ranges and
Llower viscosities. B - _

German Offenlegungsschrift 3,148,148 and European
Offénlegungsschrift 0,056,501 gives the general formula
(1) '
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1

R1-a1-21-(a2-22),-n3-r? N

2 can in each

2

wherein R' can also be CH3z(CH2) -, Al and A

case also be Cy, 21 can also be a valency bond, Z™ can

also be -CHpCH2-, m can also be 1, A> can also be Cy or
1,4-phenylene, R? can also be CH3(CH2) .,
CH3(CH2) -2€00-, CH3(CH2)p{-20-CO- or

CH3(CH2) 10~ and n can be a number from zero to 11. These

specifications also give the further general formuLa_(Z)

R3-a%-23(a%-2%) p-n8-cn @
in which R> can also be CH3(CH2)p~, A% and A? in each case
can also be Cy, Z3 can also be a valency bond, Z4 can al-

so be -CH2CH2-, p can also be 1, A6 can aLso be Cy or 1,4-

phenyLene-and n can be a number from zero to 11. However,

. neither part formulae nor individual compounds which con-

tain the ~CHpCHa- group, as the bicyclohexylethanes of

'the present formula I, are mentioned therein. Compared
‘"with the two publications menfioned, these compounds are

therefore still new, and they' are not suggested by the
prior art as stated by the two publications mentioned.
Like similar compounds, for example like the com-
pounds known from German Offenlegungsschrift 3,225,290,"
the cohpounds of the formula I can be used as components
of Liquid crystal dielecthics, in partieular for dispLays
which are based on the principle of the twisted cell, the
guest-host effect, the effect of deformation of orientated

phases or the effect of dynam1c scatter.

The invention wuas based on the object of discover-
ing new stable Liquid crystal or mesogenic compounds which
are suitable as components of liquid crystal dielectrics.
This object was achieved by providing the compounds of

the formula I.

It has been found that the compounds of the for-

mula I are outstandingly suitable as components of Liquid

crystal dielectrics. 1In particular, stable Liquid crystal

phases with a wide Liquid crystal range and low viscosity,
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in particular phases which are also Liquid crystal and
of Low viscosity at Low temperatures, c¢an be prepared with
the aid of these compounds.

Furthermére, by providing the compounds of the for-
mula I, the range of Liquid_crystal substances which are
suitable for the preparation of Liquid crystal mixtures
from various technological points of view is quite genef-
ally substantially increased. '

The-compouhds of the formula I have a wide field
of application. Depending on the choice of substituents,'
these cdmpounds can be used as base materials, from which
Liquid crystal dielectrics are predominantly composed;
however, it is also possible to add compounds of the for-
mula I to liquid crystal base materials consisting of
other classes of compounds, for example in order to réduce
the viscosity or the bimefringence of such a dielectric

“and/or to increase its clear point. The compouhdS'of the

formula I, especially those containing cyclohexane rings
with sdbstituents in cis-positions, and those wherein R2
is H, CL or Br, are furthermore suitable as intermediates
for the preparation of other substances which can be used
as cohstituents of Liquid crystal dielectrics. '
" The compounds of the formula I are colourless {n
the pure state and form liquid crystal mesophases of Low
visdosity in a temperature range favourably located for
electrooptical.use. Chemically, they are very stable.
The invention thus relates to the compounds of
the formula I and to a prodess for their preparation,
charactérised in that a compound which otherwise corres-
ponds to the formula I but contains one or more reducible
group(s) and/or C-C bond(s)instead of H atoms, is treated
with a reducing ageht, or in that, for the preparation of
esters of the formula I (wherein R2 is -C00atkyl or -0-
CO0alkyL), a corresponding carboxylic acid'or one of its
reactive derivatives is reacted with a corresponding al-
cohol or phenol or one of its reactive derivatiVes, or in
that, for the preparation of hatogen derivatives of the
formula I (wherein RZ is F, CL or Br and or A is 1,4-
phenylene which is substituted by one or two F and/or
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CL atoms) with aromatically bonded halogen, a correspond-
ing amino compound is diazotised and the diazonium group
is then replaced by a fluorine, chlorine or bromine atom

by methods which are known per se, or in that, for the
' 2

" preparation of nitriles of the formula I (RS = CN), a

corresponding carboxylic acid amide is dehydrated or a

_cbrresponding cqrboxylic acid halide is reacted with sul-

famide, or in that, for the preparation of ethers of the

2

formula I (wherein R is an alkyl group in which one or

two CH2 groups are redLaced by 0 atoms), a correspond-

ing hydroxy compound is etherified, and/or in that, if
apbropriate, a-chlorine or bromine compound of the formula

I (wherein Rz'is CL or Br and/or wherein A denotes a 1,4~

~ phenylene radical which is substituted by one or two Cl

atoms) is reacted with a cyanide.

The invention also relates to the use of the com-
pounds of the formula I as components of liquid crystal
dielectrics. The invention furthermore relates to liquid
crystal dielectrics containing at lLeast one compound of
the formula I, and'electrooptihal disp[ay elements contain4
ing such dielectriﬁs. | _ , _ . '

rR1, RZ, a, Cy, Phe and n have, above and below, the
meaning given, unless expressly indicated otherwise. -

The compounds of the formula I accordingly include
compounds of the part formulae Ia to Id:

‘RY-cy-cy-cHaCHp~Cy-RZ (1a)
R'-cy-Cy-CHaCHp-Phe-RE (1b)
R1-cy-cy-cHacHa-Cy-cy-R? (1)

'-cy-Cy-CHaCHz-Phe-Cy-RZ (1d)

of these, those of the formulae Ia and Ib are pre-
ferred. o _

In the compounds of the formULa_i and la to Id, the
alkyl radicals, wherein, in the case of RZ, one  or two CHZ
groups can also be replaced by 0 atoms, can be straight-
chain or branched.' Preferably, they are straight-chain
and have 2, 3, 4, 5, 6 or 7 C atoms, and accordingly are
preferably. ethyl, propyl, butyl, pentyl, hexyl and heptyL,
and in the cése of R2 also ethoxy, proboxy, butoxy, pentoxy,
hexoxy, heptoxy,_methoxymethyl, ethoxymethyl, propoxymethyl,

22
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methoxymethoxy and ethbxymethoxy, and furthermore methyl,
octyl, nonyl, decyl, methoxy, octoxy, nonoxy or decoxy.

Compounds of the formula I and Ia to Id with

2 may sometimes be of im-

branched end groups R1 and/or R
portance because of their better solubility in the usual

liquid crystal_base materials, but in particular as chiral

groups of this type as a rule contain not more than one
chain branching. Preferred branched radicals R1 and RZ
are isopropyl, 2-butyl (= 1-methylpropyl), isobutyl (=

'deethylpropyl), 2-methylbutyl, isopentyl (= 3-methyl-
‘butyl), 2-methylpentyl, 3-methylpentyl, 2-ethylhexyl and.

2-heptylpentyl, and for R2 also -isopropoxy, 2-methyl-
pentoxy, 3-methylpentoxy, 2-ethylhexoxy, 1-methylhexoxy
and 1-methylheptoxy. _
Specifically, R2 is preferably alkyl, alkoxy or
CN, A is preferably Cy or unsubstituted 1,4-phenylene and
n is preferably 0. Of the compounds of the formulae I
and Ia to Id, those in which at Least one of the radicals

contained therein has one of the preferred meanings men-

tioned are preferred.  Particularly preferred smaller

groups of compounds ahejthose of the formulae Ie to Ih:

R1-cy-cy-cHptHa-Cy-alkyt - . (Ie)
R1-cy-Cy-CHaCHa-Phe-alkYl . (1¢)
R1-cy-cy-CHaCHa-Phe-alkoxy o ag)
R1-Cy-Cy-CHaCH2-Phe-CN (Ih)

In the compounds of thé formulae I and Ia to Ih,
those stereoisomers wherein the substituents on the cyclo-
hexylene radicals aré in each case in the trans-position
relative to one another are preferred. a

The:compounds of the formula 1 are prepared by
methods which are known per se, such as those described
in the Literature (for example in standard works such as
Houben—weYL, Methoden der Organischen Chemie [Methods of
Organic Chemistry],'Georg-Thieme Verlag, Stuttgart), and
in particular under reaction conditions which are knoun

énd suitable for the reactions mentioned. Variants which

are known per se and are not mentioned here in more detail
can also be utilised. '

23
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If desired, the starting substances can also be
formed in situ, such that they are not isolated from the
reaction mixture but are immediately reacted further to
give the compounds of the formula I.

_ The compounds of the formula I are preferably pre-
pared by reducing a comppuhd which otherwise corresponds
to the formula I but contains one or more reducible groups -
and/or C-C bonds ‘instead 6f'H atoms. ‘
| Preferred possible reducible groups are carbdnyl
groups, in particular keto groups,_qnd.furthermore,.for
example, free or esterified hydroxyl groups or aromatically
bonded halogen atoms. Preferred starting substances for
the reduction correspond to the formula I, but contain
one of the groups -C0-CHp-, -CH2-CO0- or -CH=CH- instead of
the -CHpCHz- group and/or a cyclohexene ring instead of a
cyclohexane ring. | :
"Examples of preferred starting substances for the
reduction are ketones of the formulae R1-Cy-Cy-CH2-CO-A-
(Cy)n-RZ and R1-Cy—Cy-c0-CH2—A—(Cy)n-RZ, buf in particu-
Lar R1-Cy-Cy-CH2-CO-Phe-(Cy)n-R2.

" The ketones last mentioned can be obtained, for
example, by a Friedel-Crafts reaction from the cohrespond-
ing aromatics of the formula H—Phe-(Cy)n—RZ with the cor-
responding acid chlorides of the formula R1-Cy-Cy—CH2-C0-CL.

Examples of starting substances with cyclohekehe

rings are those of the formula

R -cy~D-CR,CH,-A- (Cy) -R7.

These can be obtained, for example, by reacting 4-
R -Cy-cyclohexanones with organohetallit compounds of
the formula LiCHZCHZ-A-(cy)n-R2 or corresponding Grignard
compounds and subsequently.dehydrating the resulting '

1

carbinols. _ _
Other preferred starting substances correspond

to the formula
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R*-Cy-Cy-CH,-CE=~(Cy) .R%.

These can be obtained, for example, by a Wittig
reaction from bromides of the formula R1-Cy-Cy~CHZACH2eBr
with triphenylphosphine, and then with A-RZ-(Cy)n‘cycLo-
hexanones. _

The reduction is preferably carried out by cata-
lytic hydrogenation at temperatures between about 0° and
about 200° under pressures befween about 1 and about 200
bar in an inert soLlvent, for example an alcohol, such as
methanol, ethanol or isopropanol,.an ether, such as tetra-
hydrofuran (THF) or dioxane, an ester, such as ethyl ace-
tate, a carboxylic acid, such as acetic acid, or a hydro-
carbon, such as cyclohexane.

Preferred suitable catalysts are noble metals,
such as Pt or Pd, which can be used in the form of oxides
(for example Pt0, or Pd0), on a carrier (for example Pd-on-
charcoal, -calcium carbonate or -strontium carbonate) or
in finely divided form. The ketones mentioned can also
be reduced by the methods of Clemmensen (with zinc, zinc
amalgam or tin and hydrochloric acid, preferably in aqheous-
alcoholic solution or in a heterogeneous phase system with
water/benzene or water/toluene at temperatures between
about 80 and 120°) or Wolff-Kishner (with hydrazine) pre-
ferably in the presence of atkali, such as KOH or NaOH,
in a.high-boilihg"soLvent, such as diethyleneglycol or
triethyleneglycol, at temperatures between abgut 100 and
200°). |

Starting substances of the formula R1—Cy-Cy-CH=CHf
Phe—(Cy)n-RZ, which can be obtained, for example, by a Wittig -

_reaction from bromides of the formula R1—Cy-Cy-CHZBr and

aldehydes of the formdla D=CH-Phe-(Cy)n-R2, can also be re-
duced-uifh NaBH,, preferably in an inert solvent, such as
methanol, ethanol or diglyme, at teﬁperatures between
about 0 and 120°. ' _

Esters of the formula I (wherein R® is —-C0Qalkyl
or -0-CO0-alkyl) can also be obtained by esterification of

2



o

10

15

20

25

- 30

35

_ -8 -
corresponding carboxylic acids of the formula R ~-COOH
[wherein RS is (a) R'-Cy-Cy-CHaCH2-A-(Cy)a- or (b) alkyl]
(or reactive derivatives fhereof) with alcohols or phenols
of the formula R4-0H Lwherein R4
alkyl and in the case of (b) is R
(or react1ve derivatives thereof).
Particularly suitable reactive derivatives of the

carboxylic acids mentioned are the acid hal ides, espec1aLLy'
the chlorides and bromides, and furthermore the anhydrides,
3_co0-0-co-
CH3, azides or esters, in particular alkyl esters with 1 - 4

3

in the case of (a) is

1 cy-Cy=-CHaCHa-A-(Cy) -1

for example aLso'mixed~anhydrides of the formula R

c atoms in the alkyl group.

Possible reactive derivatives of the alcohols or
phenols mentioned are, in part1cular, the corresponding
metal alcoholates or phenolates of the formula R4-0M, in
which M is one equivalent of a metal, preferably an alkali
metal, such as Na or K.

The esterification is advantageously carried out
in the presence of an inert solvent. Particularly suitable
solvents are ethers, such as diethyl ether, di-n-butyl '
ether, THF, dioxane or anisole, ketones, such as acetone,
butanone or cyclohexanone, amides, such as dimethylform%
amide (DMF) or phosphoric acid hexamethyltriamide, hydro-
carbons, such. as carbon tetrachloride or tetrachloroethyl-
ene, and sulfoxides, such as dimethylsulfoxide or sulfé-
Lane. Water-immiscible solvents can at the same time ad-
vantageously be used for removal of the water formed dur-
ing the esterification by azeotropic distillation. An
excess-of an organic base, fof example pyridine, quinoline
or triethyiamfne; can sometimes also be used as the sol-
vent for the esterification. '

The esterification can also be carried out in the
absence of a'soLvent, for example by simply heating the
components in the presence of sodium acetate. The reac-
tion temperature is usually between -50° and +250°, pre~-
ferably between -20° and +80°, At these temperatures, the
esterification reactions have as a rule ended after 15
minutes to 48 hours.

Specifically, the reaction conditions for the
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esterification Largely depend on the nature of the starf-_
ing substances used. Thus, a free carboxylic acid is as

a rule reacted with a free alcohol or phenol in the pre-

sence of a strong'acid; for example a mineral acid, such

as hydrochloric acid or sulfuric acid. A preferred re-

action procedure is the'reaction of an acid anhydride or,
in particular, an acid chloride with an alcohol, prefer-
ably in a basic medium, the important bases being, in
particutar, alkali metal hydroxides, such as sodium' '
hydroxide or potassium hydroxide, alkali metal carbonates.
or bicarbonates, such as. sodium carbonate, sodium bicar-

bonate, potassium carbonate or potassium bicarbonate,
‘alkali metal acetates, such as sodium acetate or potassium

acetate, altkaline earth metal hydro*ides, such as calcium
hydroxide, or organic bases, such as triethylamine, pyri-
dine, lLutidine, collidine or quinoline. A further prefer-
red embodiment of the esterification consists in first con-
verting the alcohol or the phenol into the sodium or potas--
sium alcoholate or phenolate, for example by treatment

with ethanolic sodium hydroxide solution or potassium hy-
droxide solution, isolating this alcoholate or phenolate
and suspending it in acetone or diethy[ ether, together
with sodium bicarbonate or pofaSsium-carbonate, with stir-
ring,_and adding a solution of the acid chloride or an-

hydride in diethyl ether, acetone or DMF to this suspension,

preferably at temperatures between about -25 and +20°.

| Halogen derivatives of the formula I (wherein R
is F, CL or Br'and/or A is 1,4-phen}Lehe which_is substi-~-
tuted by one or two F and/or CL atoms) with aromatically
bonded.halbgen-can be-prepared:from theicqrresponding
aﬁines by the methods of the Schiemann reaction (compafé,
for example, The Merck Index, 9th Edition, Merck & Co.,
Inc., Rahway, N.J., USA, 1976, page ONR-80) or the Sand-
meyer-feaction (compare, for'exampLe, The Merck Index,
Loc.cit., page ONR-79). ' ' '

The diazotisation is preferably effected first

with a salt or an ester of nitrous acid (such as NaNOy or
butyl nitrite), in an aqueous-acid phase, it being possible
to use, for example, HF, HCL, HBr, H»S0, or HBF; as the

2
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...10-

acid, at temperatures between about -20° and +10°. An ad-
ditional inert solvent may be present, for example an ether,
such as THF or dioxane, or a hydrocarbon, such as toluene
or xylene. ' | B

To'prepare the fLudring compounds of the formula
2 is F and/or A is 1,4-phenylene which is
substituted by one or two F atoms), the diazotisafion is
preferably carried out in HBF4. The diazonium tetrafluo-~
borates are thereby formed, and these can already be de-
composed at temperatures between about 10 and TDD°. If
the diazotisation is carried out with NaNOp in anhydrous

'7HF, the desired'fLuorine cbmpound is obtained directly

by subsequent warming.

A replacement of the diazonium group by CL or 8Br
is preferably carried out in aqueous solution in the pre-.
sence of CupCly or CupBrp at temperatures between 30 and
100°.. |

To prepare nitriles of the formulta I (RZ = CN and
or A = 1,4-phenylene which is substituted by a CN group),
in particular those of the formula Ih, corresponding acid
amides, for example those of the formula R1-Cy-Cy-CHZCH2-A-
(Cy)ph-CONH2, can be dehydrated. The amides can be obtained,
for example, from cbrresponding esters or acid halides by -
reaction with ammonia. Examples of suitable agents which
split off water are inorganic acid chlorides, such as
SOCL2, PCL3, PCls, POCL3y, SO02CL2 and COCl2, and further-
more P05, P2S5, ALCLy (for example as a double compound

.with NaCl), aromatic sulfonic acids and sulfonic acid ha-

Lides. This.reaction can be carried 6ut in the presence’

or absencé of an inert'solvent at temperatures between

about 0 and 150°; examples of possible solvents are bases,
such as pyridine or triethylamine, aromatic hydrocarbons,
such as benzene, toluene or xylene, or amides, 'such as

DMF.

Alkoxy compounds of the formula I (R2 = alkoxy)

can be obtained by alkylation of corresponding hydroxy
compounds, preferably corresponding phenols, the hydroxy
compound preferably first being converted into a corres-

ponding metal derivative, for example into the correspond-
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ing alkali metal alcoholate or alkali metal phenolate by
treatment with NaOH, KOH, NaC03 or K2C03. This can then
be reacted with the corresponding alkyl halide or sulfon-
ate or dialkyl sulfate, preferably in an inert solvent,
such as acetone, DMF or dimethylsutfoxide, or. an excess
of aqueous or aqueous-alcohotic'NaOH-or KOH at tempera-
tures between about 20 and 100°. '

To prepare the nitriles, it is also possible to
react corresponding chlorine or bromine compounds with a
qyanide, preferably with a metal cyénide, such as NéCN;"
KCN or Cup(CN)p, for example in the presence of pyridine
in an inert solvent, such as DMF or N-methyipyrrotidone,
at temperatures between 20 and 200°. _ o

To prepare the abovementioned-nitrileé, it is also
possible to react corresponding acid halides, preferably
the chlorides, with sulfamide; preferably in an inert sol-
vent, such as tetramethylene sulfone, at temperatures be-
tween about 80 and 150°, preferably at about 120°. After
customary working up, the nitriles can be isolated directly.

The dielectrics accofding to the invention con-’
sist of 2 to 15, preferably 3 to 12, components, at least.
one of which is a compound of the'formuta I. The other
constituents are preferably chosen from the nematic or
nematogenic substances, in particular the known substances
from the classes of azoxybenzenes, benzylideneanilines,
biphenyls, terphenyls, phenylL or cyclohexyl benzoates,
phenyl or cycLohekyL cyclohexane?arboxylates, phenylcyclo-
hexanes, cycLohexyibiphenyLs; cyclohexylcyctohexahes, cy-
clohexylnaphthalenes, 1,4-bis~cyclohexylbenzenes, 4,4'~
bis-cyclohekytbibhenyts,'phényl- or cyclohexyl-pyrimidines,
phenyl- or cyclohexyl-dioxanes, optionally halogenated
stilbenes, benzyl phenyl ethers, tolanes-aﬁd substituted
cinnamic acids. _

The most important'compdunds which can be used as
constituents of such Liquid crystal dielectrics can be

characterised by the formula III

R?-L-6~E-R® | | (111)
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wherein L and E are each a carbocyclic or heterocyclic
ring: system from the group comprising 1,4-disubstituted

benzene and cyclohexane rings, 4,4'-disubst§tuted biphenyl,

phenylcyclohexane and cyclohexylcyclohexane systems, 2,5-

disubstituted pyrimidine and 1,3-dioxane rings, 2,6-di-

substituted naphthalene, di- and tetha—hydronaphthalene,'
gquinazoline and.tetrahydroquinazoline, G is ' '

-CH=CH- ~N(0)=N-

~CH=CY- “CH=N(0)-

- ~C=C- o ~ -CH2-CHz-

-co~0- . ~CHy -0~

-C0-s- ~-CHa2-§-

~CH=N- -C00-Phe-C00-
or a C-C single bond, Y is halogen, preferably chlorine,
or -CN, and RS and-R6 are alkyl, alkoxy, alkanoyloxy or

atkoxycarbonyloxy with up to 18, preferably up to 8, car-_

bon atoms, or one of these radicals is also CN, NC, NOp,

CF3, F, CL or Br. ' '
_ - 5

In most of these compounds, R~ and R6

_differ from

‘one another, one of thesé radicals usually being an alkyl
‘or alkoxy group. However, other variants of the envisaged.

substituents are also usual. Many such substances or mix-
tures thereof are commercially available.

The.die(ectrics according to the invention contain
about 1 to 60%, preferabLyIS to 40%, of one or more com-
pounds of the formula I.

The dielectrics according to the invention are pre-
pared in a manner which is customary per se. As a rule,
the components are dissolved in one another, preferably at

elevated temperature. _
The Liquid crystal dielectrics according to the

invention can be modified by suitable:additives such that
they can be used in all the types of Liquid crystal dis-

play elements as yet disclosed.

Such additives are known to the expert and are des--

cribed in detail in the Literature. For example, conduc-
tive salts, preferably ethyt—dimethyl—dodecyL—ammonTum 4=
hexytoxybenioate, tetrabutylammonium tetraphenylboronate
or complex salts of crown ethers (compare, for example,

4o
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I. Haller et aL., Mol. Cryst. Ligq. Cryst. Volume 24,
pages 249 - 258 (1973)) can be added to improve the con-
ductivity, dichroic dyestuffs can be added to produce
coloured guest-host systems or substances can be added
to modify the dielectric anisotropy, the viscosity and/or
the orientation of the nematic phases. Such substances
are described, for example, in German Offenlegungsschriften
2,209,127, 2,240,864, 2,321,632,'2,338)281, 2,450,088,
2,637,430, 2,853,728 and 2,902,177.

The examples which follow aﬁe intended td illus-
trate the'inventiong without Limiting it. M.p. = melting
point, c.p. = .clear point. The percentages given above
and below are percentages by weight; all the temperatures
are given in degrees Celsius. "Customary working up"
means: water is added, the mixture is extracted with meth-
ylene chLoridé, the organic phase is separated off, dried
and evaporated and the resulting product is purified, if
necessary, by chromatography on silica gel.

Example 1 :
A mixture of 36.8 g of trans/trans—-4-p-propylben-~
zoylmethyt-4'-propyl-bicyctohekyl'(obtainable by reduction
of trans/trans-4'-propyl-bicyclohexyl-4-carboxylic acid

to trans/trans44-hydroxymefhyl-4'-propyl-bicycLohexyL

with LiAlH4, conversion of the product -into the tosylate,.
reaction with KCN to give trans/trans-4-cyanomethyl=-4'-
propyl-bicyclohexyl, hydrolysis to the carboxylic acid;
reaction with SOCly to give the acid chloride and reaction
with propylbenzene in the presence of AlCLz), 30 g of KOH,
50 mL of 85% hydrazine and 500 ml of tr1ethylene gLycoL

is warned at 120° for 1 hour. ‘The temperature is slowly
increased until the hydrazone formed decomposes, and the
mixture is boiled for a further 4 hours, cooled and worked
up in the customary manner to g1ve trans/trans 4~-(2-p~
propylphenyl- ethyl)-4'~propyl- b1cyclohexyl, m.p. 34°, C.p.
158°. :

The following correspond1ng ketones [51c] are ob-
tained analogously by reduction:
trans/transf4-(2-p-phenyL-ethyl)—4'-bropyl—bicyclohexyl
trans/trans~4~(2-p-tolyl-ethyl)-4'-propyl-bicyclohexyl

W
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trans/trans-4-(2-p-ethyilphenyl-ethyl)-4'-ethyl- b1cyclo-

hexyl
trans/tréns-4-(Z-p-ethylphenyl-éthyl)-4'-propyL-bicycLo-
hexyl _ .
trans/trans-4- (2 p-ethytphenyl ethyL)—A' ~butyl-bicyclo-~
“hexyl
trans/trans-4~-(2-p- ethylphenyl ethyl)- 4'—pentyt bicyclo~-
hexyl
trans/trans-4-(2-p- ethylphenyl ethyL) 4'-hexyl bicyclo-
hexyl B
trans/trans-4-(2-p-ethylphenyl-ethyl)- 4'—heptyl bicyclo--
hexyl
trans/trans-4-(2-p- propylphenyl ethyl)- 4‘-ethyl b1cyclo-
hexyl
trans/trans-4- (2 -p~-propylphenyl- ethyL) 4'-butyl- brcyclo- o
hexyl _
" trans/trans—-4-(2-p-propylphenyl-ethyl)-4'-pentyl-bicyclo-
hexyl
trans/trans-k—(Z-p-pfopylphenYLeethyL)-4'-hexyl—bicyclo-
hexyl '
trans/trans-é-(z—p-propylphenyL—ethyt)-4'—héptyL-bicycLo-
hexyl _
trans/trans-4-(2- p-butylphenyl ethyl) 4'-ethyl b1cycLo-
hexyl
trans/trans—-4- (2 p-butylphenyl- ethyL) 4'-propyl b1cyclo-
hexyl . _
trans/trans-4-(2-p-butylphenyl-ethyl)~4'~butyl=bicyclo~
hexyl | o | '
trans/trans-4- (2 p-butylphenyl ethyl)~ 4'-pentyl b1cyclo-
hexyl
trans/trans-4 (2-p- butprhenyL ethyl)~4'~hexyl- b1cycLo-
hexyl :
trans/trans-4-(2-p-butylphenyl-ethyl)~4'~heptyl-bicyclo~
hexyl | _
trans/trans~4-(2-p- pentprhenyL ethyl)-4'-ethyl-bicyclo-
hexyl
' trans/trans -4-(2- p pentylphenyl ethyl) 4*-propyl- b1cyclo-
hexyl :

trans/trans-~ 4 (2-p-pentylphenyl-~ ethyl)- 4'-butyL bicyclo-
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hexyl
trans/trans-4-(2-p-pentylphenyl-ethyl)- 4'-pentyl b1cycLo—
hexyl :
trans/trans -4=-(2-p- pentprhenyL ethyl) 4'-hexyl b1cycLo-
‘hexyt )

3 trans/trans-4~(Z-p-pentylphenyl-gthyl)—4'—heptyt—bicydto-
hexyl
trans/trans-4- (2 p- hexylphenyL ethyl)- 4'-ethyl- b1cyclo—
hexyl
trans/trans—4—(2-p-hexylphenyL—ethyl)?4'-bropyl-bicycLo- A
hexyl '
trans/trans-4- (Z-p hexylphenyl- ethyL) 4'<-butyl-bicyclo~-
hexyl
trans/trans-4-(2-p-héxylphenyl—-ethyl)-4'-pentyl~- b1cycLo-
hexyl
trans/trans-4- (2- p- hexylphenyl ethyl)-4'-hexyl- b1cycLo—
hexyl
trans/trans-4-(2-p- hexylphenyl ethyl)- 4'-heptyl- b1cyclo-
hexyl .
trans/trans-4-(2-prheptyLphenyL—ethyL)-4'-ethyl-bicyclo-
hexyl

trans/trans-4-(2-p- heptylphenyt ethyl)= 4'-propyL b1cycto—
hexyL

'trans/trans 4-(2-p-heptylphenyl-ethyl)-4"'- butyL b1cyclo—

hexyl _

trans/trans-4-(2-p- heptylphenyl ethyl)-=4"'-pentyl- b1cycLo-
- hexyt

trans/trans-4-(2-p- heptylphenyl ethyL) 4'-hexyl bicyclo-
hexyl

trans/trans- 4 (2-p- heptprhenyL ethyl)- 4'-heptyl b1cycLo-
-hexyl '

trans/trans-4-(2-p-methoxymethylphenyl-ethyl)-4'-ethyl~-
bicyclohexyl _ '

trans/trans-4-(2-p-methoxymethyLphenyl-ethyl)44'—propyl-
b1cycLohexyL

trans/trans-4-(2-p- methoxymethprhenyl ethyl) 4'—butyl-
bicyctohexyl

trans/trans-4-(2-p- methoxymethprhenyl ethyl)-4'-pentyl-
bicyctohexytl |
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trans/trans-4-(Z-p-methoxymethyLphenyl;ethyl)-4'—hexyL-
bicyclohexytl ’ : |
trans/trans~-4-(2-p- methoxymethyLphenyL-ethyL) 4'—heptyl-'
b1cycLohexyl '
trans/trans-4-(2-p-methoxyphenyl-ethyl)- 4'-ethyl b1cycLo—
hexytl _
trans/trans-#—(Z‘p-methoxyphehyl-ethyL)-4'—propxl-bicyclo-
“hexyl | |
trans/trans-4-(2-p- methoxyphenyL ethyl) -4'-butyl- b1cycLo-.
hexyl '
trans/trans-4-(2-p- methoxyphenyL ethyl)- 4'-pentyl bicyclo-
‘hexyl _
trans/trans-4-(2-p- methoxyphenyl ethyl)- 4'-hexyl b1cyclo—
hexyl
trans/trans-4-(2-p- methoxyphenyl ethyl)- 4'-heptyL bicyclo~-"
hexyl
trans/trans-4~(2-p-ethoxyphenyl-ethyl)-4'-ethyl=bicyclo-
hexytl '
trans/trans-4-(2-p-ethoxyphenyl-ethyl)-4'-propyl-bicyclo-
hexyl

transltrans-A-(Z*p-ethoxyphenyl-ethyt)-4'—butyL-bicyclo-
hexyl :
trans/trans-4-(2- p-ethoxyphenyl ethyl)- 4'—pentyL b1cycLo-
hexyl

trans/trans—-4-(2-p- ethoxyphenyt ethyL) 4'—heva bicyclo-
hexyl
trans/trans~4-(2-p-ethoxyphenyL-ethyL)-4'-heptytfbicycLo—
hexyl | - -
trans/trans-4- (Z-p propoxyphenyt ethyl)-4'-ethyl-bicyclo-
hexyl '
trans/trans-4-(2-p- propoxyphenyL ethyl) 4'-propyl-bicyclo-
hexyl

trans/trans-4-(2-p-propoxyphenyl- ethyL) 4'-butyl b1cycLo-
hexyl :
trans/trans-4-(Z-p-propoxyphenyl—ethyl)-4'—pentyl-bicyclo—
hexyl

trans/trans-4-(2-p- propoxyphenyl ethyL) 4'-hexyl-bicyclo-
hexyl
trans/trans-4-(2-p-propoxyphenyl-ethyl)-4'-heptyl~bicyclo-"
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hexyl
trans/trans-4- (2 -p- butoxyphenyl-ethyl) 4'-ethyL b1cyclo—
hexyl '

'_trans/trans-4-(2-prbutoxyphenyl-ethyL)—4'-propyt—bicyclo-

hexytl

_trans/trans-4-(Z-p-buthyphenyl—ethy[)—4'—butyl—bicycLo—

hexyl
trans/trans-4-(2-p-butoxyphehyl4ethyl)-4'-pentyL—bicyéLo-
hexyl -
trans/trans-4-(2- p-butoxyphenyl-ethyl) 4'-hexyl b1cycLo-
hexyl

Wb

trans/trans-4-(2-p- butoxyphenyt-ethyl) 4'-heptyl b1cyclo— -

"hexyl

trans/trans-4-(2-p- methoxymethoxyphenyL-ethyt) 4'-ethyl-
b1cycLohexyL

trans/trans-4- (2-p methoxymethoxyphenyl ethyl) 4'-propyL~
bicyclohexyl
trans/trans-a-(Z—p-methoxymethoxyphenyl-ethyl)-4'-butyl-
bicyctohexyl _'
trans/trans-4—(Z—p—methoxymethoxyphenyL-ethyL)-4'-pehtyl-
bicyclohexyl ' |

_ trans/trans-4~(Z—p-methoxymethoxyphenyL-ethyL)-4T-hexyt-'

bicyclohexyL
trans/trans-4-(2-p~- methoxymethoxyphenyl ethyl)- 4'-heptyl-
bicyclohexyl

trans/trans-4-[2-p-(trans-4- ethylcyclohexyl) phenyLethyL]-

4'-ethyl-bicyclohexyl

trans/trans-4—[2-p—(trans-4-ethy[cycLohexyl)4phenyLethyL]-

4'~propyl-bicyclohexyl

trans/trans-4-[2- -p- (trans-4 ethylcyclohexyl) phenytethyL]-

4'-butyl- b1cyclohexyl
trans/trans-4-[2-p~-(trans-4-ethylcyclohexyl)-phenylethyl]-
4'-pentyl-bicyclohexyl

trans/trans-4- [2-p- (trans 4 ethylcyclohexyt) phenylethyl]-
4'-hexyl-bicyclohexyl : :
trans/trans-4-[2-p-(trans-4-ethylcyclohexyl)-phenylethyl]-
4'-heptyl-bicyclohexyl

trans/trans~4-L2-p-(trans-4-propylcyclohexyl)- phenyLethyL]—

4'-ethyl-bicyclohexyl
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trans/trans-#-[Z-p-(trans-4—bropylcycLohexyl)-phehytethyl]-
4'-propyl-bicyclohexyl '
trans/trans-4-[2-p-(trans-4- propchycLohexyL) phenylethyl]-
4'-butyl-bicyclohexyl
transltrans—4-£2-p-(trans—4-propytcycldhexyt)4phenyLethyt]-
4'-pehtyl -bicyclohexyl
trans/trans-4-L[2-p- (trans 4~ propylcyclohexyL)-phenyLethyL]-
4'-hexyl-bicyclohexyl
trans/trans-4-[2-p- (trans~4-propylcyclohexyl) phenylethyl]-
4'-heptyl-bicyclohexyl
trans/trans-4-[2-p-(trans-4- butchycLohexyL) phenylethyl]-

-4'-ethyL-b1cycLohexyL

trans/trans-4-[2-p-(trans-4- butchycLohexyL)-phenylethyl]-~
4'-propyl-bicyclohexyl
trans/trans¥4—[2—p-(trans-4-butylcyclohexyl)-phenylethylJ-
4'-butyl-bicyclohexyl _
trans/trans~-4-[2-p-(trans-4-butylcyclohexyl)-phenylethyl]-
4'-pentyl-bicyctohexyl
trans/trans-4-[2-p—(trans-4—bdtyLcyclohexyl)—phenylethyl]—
4'-hexyl-bicyclohexyl

trans/trans-44E2-p-(trans-4-butyLcyclohexyl)—phenylethytJ- :

4'-heptyl-bicyclohexyl

_ trans/trans~-4-L2-p-(trans- 4-pentylcyclohexyl) phenyLethyL]-

4'-ethyl-bicyclohexyl _ _
trans/trans~-4-L2-p-(trans-4-pentylcyclohexyl)-phenylethyl]-
4'-propyl-bicyclohexyl

trans/trans-4—[2-p-(trans-4-pentyLcycLohexyL)-phenyLethyL]-

4%~ butyl bicyclohexyl

trans/trans- ~4-[2= p- (trans-4—pentytcycLohexyl)-phenyLethyL]-

4'-pentyl-bicyclohexyl

trans/trans~4-[2-p-(trans-4- pentylcyclohexyt)-phenylethyL]-
4'-hexyl~bicyclohexyl
trans/trans-4fE2-p;(trans44—pentylcyclohexyl)-phenytethyt]-
4'~-heptyl-bicyclohexyl . _ '
trans/trans-4-[2-p-(trans—4-hexylcyclohexyl)—phenylethyll-
4'-ethyl-bicyclohexyl

trans/trans-4-[2-p-(trans- 4-hexylcyclohexyl) phenyLethyL]—
4'-propyl-bicyclohexyl
trahs/trans-4-[2-b-(trans-4—hexyLcycLohexyL)-phenylethyl]-

h
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4'-butyl-bicyclohexyl

'trans/trans-4—[2—p—(trans-4-hexylcycLohexyl)-phenxtethyl]-

4'-pentyL bicyclohexytl

trans/trans-4-[2-p-(trans-4- hexylcyclohexyl) phenylethyl]-

4'-hexyl-bicyclohexyl : _

trans/trans-4-[2-p-(trans-4- hexylcyclohexyl) phenylethyLJ--
4'-heptyl-bicyclohexyl

trans/trans-4-[2- -p- (trans -4~ heptylcyclohexyt) phenylethyl]-
4'-ethyl- b1cyclohexyl

" trans/trans-4- [2-p~- (trans 4~ heptchycLohexyl) phenylethyL]- )

4'-propyl b1cyctohexyl

trans/trans-4-[2-p-(trans-4- heptylcyclohexyl) phenylethyl]-_
4'-butyl-bicyclohexyl

trans/trans-4-[2-p-(trans-4- heptchycLohexyl) phenylethylJ~"
4'-pentyl-bicyclohexyl

trans/trans-4-[2-p- (trans -4- heptylcyclohexyl)-phenyLethyL]-

'4'-hexyL -bicyclohexyl and

trans/trans-A-tZ—p-(trans-4—heptytcycLohexyl)-phenylethyl]-
4'-heptyl-bicyclohexyl. |
Example 2 |

A solution of 39.6 g of trans/trans-4-p- propyl-' _
benzoytmethyl 4'-pentyl- b1cyclohexyl (obta1nabte from trans/
trans-4'-pentyl-bicyclohexyl-4-acetyl chloride and propyl-
benzene/ALCLl3) in 500 mL of ethyl acetate is hydrogenated:
on 5 g of 10X Pd-on-charcoal at 20% under 5 bar. The mix-

ture is filtered and the fiitrate is evaoorated to give

trans/trans-4- (Z-p propylphenyl—-ethyl)- 4'-pentyl b1cycLo—
hexyl. _ o o
The other compounds ment1oned in Example 1 are also’
obtainable analogously.

Example 3 :
A solution of 34 g of 1-(2-p-methoxyphenyl-ethyl)-
4-(trans-4~propylcyclohexyl)—cyclohexene Lobtainabte by
reaction of 2-p- methoxyphenyL ethyl-magnesium brom1de w1th
4-(trans-4-propylcyclohexyl)~cyclohexanone and subsequent
hydrolysis to 1-(2-p-methoxyphenyl-ethyl)-4—(trans—4—propyl-
cyclohexyl)-cyclohexanol and dehydration with p-toluene-
sulfonic acid in boiling toluenel in 600 mlL of THF is hy-
drogenated on 5 g of PdO at 40° under 1 bar until the
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reaction stops. The mixture is filtered, the filtrate is
evaporated, the residue is taken up in 200 ml of boiling
methanol and the resulting hot solution is poured into a
boiling solution of 70 g of thiourea in 300 mL of metha-

“nol. The mixture is cooled to 0° and the thioureainclu-

sion compound precipitated is filtered off'and-boiled up -
with 350 mlL of petroleum ether (boiling point 40-60°).

The undissolved residue is warmed at 50° with 350 ml of

2 N aqueous potassium hYdroxide solution for 30 Minutes.
The resulting solution is acidified with 10% H2S04 andjfhe'
trans/trans-4-(Z-p-methoxyphenyL—ethyl)-4'-propylbicyc[o-
hexyl which has precipitated is filtered off.

The other compounds-mentioned in Exaﬁble 1 are also
obtainable anaLogousLy. '

Example 4 _

A mixture of 36.3 g of trans/trans-4-(2-p-cyano-
phenyl-vinyl)-4'-pentyl-bicyclohexyl (obtainable by a Wittig
reaction from 4-bromomethyl-4'-pentyl-bicyclohexyl and p-
cyanobenzaldehyde), 3.7 g of NaBH,; and 350 mlL of methanbl
is boiled for 4 hours. After customary working up, trans/
trans-4-(2-p-cyanophenyl-ethyl)-4'~-pentyl-bicyclohexyl is
obtained. : o
- The following compounds are obtained analogously,
by reduction of the correspond1ng vinyl compounds:
trans/trans-4-(2-p- cyanophenyl-ethyl) 4‘-ethyL b1cycLo-
hexyl
transItrans-é-(z;p-cyanophenyL-ethyl)—4'-propyl—bicycLo-
hexyl ' '
trans/trans-4-(2- p-cyanophenyt ethyl) 4'-butyL -bicyclo~-
hexyl

“trans/trans-4- (2 -p- cyanophenyl ethyL) 4'-hexyl-bicyclo-

hexyl and.
trans/trans-4-(2-p-cyanophenyl-ethyl)-4'-heptyl-bicyclo~
hexyl. . '
Example S

35.6 g of p-L2-(trans/trans-4'-propyl-bicyclohexyl-
4-yl)4ethyll-bénzoic acid (obtainable by a Wittig reaction
from trahs/trans-4-bromcmethyl-4'-propyL-bicycLohexyL and
terephthalaldehydic acid to give p-[2-(trans/trans-4'-propyl-

\
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b1cycLohexyL -4-yt)-vinyll-benzoic acid and hydrogenat1on)
are boiled with 24 g of SOCLy for 1 hour, the mixture is
evaporated, the resulting crude acid chloride is dissolved
in 300 mL of toluene, 8 mL of pyridine and 13 g of (-)-2-
octanol are added and the mixture is boiled for 2 hours.
After cooling and customary working up, (-)-2-octyl p-[2-
(trans/trans-4'-propyl-bicyclohexyl-4-yl)-ethyll~benzoate
is obtained. '

The following compounds are obtainable by esteri-
fication: '
Ethyl p-[Z-(transLtrans-k'-ethyt-bicycLohexyl-4-yL)—
ethyll-benzoate - |
Propyl p-C2-(trans/trans- 4'—ethyL bicyclohexyl-4-yL)~-
ethyl]- benzoate .
Butyl p—[Z-(transltrans-A’-ethyL-bicychhexyL-4—yl)-
ethylJ-benzoate ;
Ethytl p—[Z-(transltrans-4‘-proﬁyl-bicycLohexyL-4-yL)—
ethyll-benzoate . '
Propyl p—EZ-(trans/trans-4'-propyl—b%cyplohexyl-k-yl)—
ethyl]-benzoate
Butylt p-L[2- (trans/trans—4'-propyl-bicyclohexyl-4-yl)-

' ethyl] -benzoate

Ethyl p-L[2- (transltrans-4'-propyl bicyclohexyl-4-yl)-
ethyl]l-benzoate

Propyl p-L[2- (trans/trans-4'-propyt bicyclohexyl- 4-yL)-
ethyl] -benzoate

Butyl p-C2-(trans/trans- 4'-propyL bicyclohexyl-4-ylL)-
ethyll-benzoate

Ethyl p-[2- (trans/trans-A'-butyL b1cyclohexyl 4-ylL)-

'ethyL] benzoate

Propyl p-L2-(trans/trans-4'-butyl- b1cycLohexyL ~4=-yl)-
ethyll-benzoate :

Butyl p-L[2~-(trans/trans- 4'-butyL bicyclohexyl- -4-yl)-
ethyll-benzoate '

Ethyl p- -[2-(trans/trans-4"-pentyl- b1cycLohexyL -4-yl)~-
ethyll-benzoate

PropylL p-[2- (trans/trans 4'-pentyL b1cycLohexyL -4~ yl)-

‘ethyl]-benzoate

Butyl p-[Z—(trans/trans—4'-pentyl-bicyclohexyL—A-yL)-
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ethyll-benzoate
Ethyl p-[2-(trans/trans-4'-hexyl- blcyclohexyl -4-yl)-
ethylJl-benzoate :
Propyl p-[2-(trans/trans-4'-hexyl-bicyclohexyl-4-yl)-
ethyll-benzoate | N '
Butyl p-[2- (transltrans 4'-hexyL b1cyclohexyl 4b-ylL)-
ethytl]- benzoate
Ethyl p-[Z-(trans/trans-A‘—heptyL*bicyclohexyl—4fyt)- |
ethyll-benzoate - _
Propyl p-[2- (trans/trans 4'-heptyt bicyclohexyl-4~ yl)-

ethyll-benzoate and

Butyl p-[2- (trans/trans-A'-heptyL bicyclohexyl=-4-~ yL)-

ethyl] benzoate.

Example 6

32.8 g of trans/trans -4-(2-p- hydroxyphenylethyt)—
4'-propyl-bicyclohexyl and 30 g of CHzCOONa in 100 mlL of
acetic anhydride are heated at 80° for 1 hour and the mix-
ture is cooLed and worked up in the customary manner to
give trans/trans-4-(2-p-acetoxyphenylethyl)~4'-propytl-
bicyclohexyl.

The following compounds are obtained analogously
by esterification: _ |
trans/trans-4-(2-p- acetoxyphenylethyl) 4'-ethyL b1cycLo~
hexyl
transltrans-4 (2-p~- acetoxyphenytethyt) 4'-butyl-bicyclo-
hexyl
trans/trans- 4 (2-p~- acetoxyphenylethyl) 4'—pentyL b1cyclo-
hexyl '
trans/trans—-4~-(2- p—acetoxyphenylethyl) 4'-hexyl~- b1cyclo-

- hexyl

trans/trans-4-(2-p- acetoxyphenylethyl) 4'-heptyL b1cycto-'
hexyl

trans/trans-=4- (Z -p- prop1onyloxyphenylethyl) 4'~-ethyl-~
b1cyclohexyL

trans/trans -4=-(2-p- prop1onyloxyphenylethyl) 4'-propyl-
bicyclohexyl

'trans/trans-4-(2-p-propionyLoxyphenyLethyL)-4‘-butyl-

bicyclohexyl
trans/trans-4-(2-p-propionyloxyphenylethyl)-4'-pentyl-
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bicyclohexyl
trans/tran§—4-(Zép-propionyLoxyphehyLethyL)-4'-hexyL-
bicyclbhexyl
trans/trans -4-(2-p~ prop1onyloxyphenytethyl) 4'—heptyl-
b1cyclohexyl
trans/trans-4-(2-p-butyryloxyphenylethyl)-4'-ethyl~-

_b1cyclohexyl
trans/trans-4-(2- p butyrytoxyphenylethyl) 4'-propyl—

bicyclohexyl
trans/trans-4-(2-p-butyryloxyphenylethyl)-4'~butyl-

- bicycltohexyl

trans/trans-4- (Z-p-butyryloxyphenyLethyl) 4'-pentyL-
bicyclohexyl '
trans/trans-4-(2~ p-butyryLoxyphenyLethyL) 4'-hexytl-
bicyclohexyl and
trans/trans~4-(2-p-butyryloxyphenylethyl)-4'-heptyl-
bicyclohexyl.
ExampLe '

- 180 ml of 35% aqueous tetrafluoboric acid solution

'are added to a suspension of 39.7 g of trans/trans-4-[2-

(3;amino-4-propytphenyt)-ethyl]-4J—péntyt-bicyclahexyl
(obta{néble by nitration of trans/trans-4-p-propylbenzoyl-
methyl-4'-pentyl-bicyclohexyl and subsequenf hydrogenatioh
of the resulting crude 3-nitro compound on Pd in THF) in.
180 ml of dioxane at 15 - 20°,_uith stirring, and a solu-
tion of 7.2 g of NaNO2 in 25 ml of water is then added drop-
wise at 0°. The mixture is subsequently stirred for 6
hours, during which the temperature is allowed to rise to
159, After bustomary working up (extraction with toluene,

~filtration over silica gel), trans/trans-4-[2-(3-fluoro-

4-propylphenyl)-ethyll-4'~pentyl-bicyclohexyl is obtained.
The following compounds can be obtained analogohsly

from the coresponding amino compounds.

trans/trans-4- (2-o-fluorophenyl ethyl)- 4'—propyL b1cyclo-

hexyl '

trans/trans 4~(2-p~ fLuorophenyL~ethyL) 4'~-ethyl- b1cyclo-

hexyl

trans/trans-4-(2-p~-fluorophenyl-ethyl)-4'-propyl-bicyclo-

hexyl
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trans/trans-A—(Z-p—flubrophenyL—ethyl)—4'-butyL—bicycLo4
hexyl _ _
trans/trans-4-(2-p-fluorophenyl-ethyl)-4'-pentyl-bicyclo-
hexyl
trans/trans—4 (2-p~- fLuorophenyL ethyL) 4'-hexyl- b1cycLo-
hexyl and ,
trans/trans~4-(2-p- fLuorophenyL ethyl)- 4'-heptyl b1cycLo-
hexyl. o
Examhte 8' _

A solution.of 7.2 g of Naszuin'ZS mL of water is
added to a suspension of 35.5 g of tréns/trans-k—(z-p-
aminophenyl—ethyl)44'fpentyl-bicyclohexyl Cobtainable by
nitration of trans/trans-4-(2-phenylethyl)-4'-pentyl-bi~-

'cyclohexxl to 4-(2-p-nitrophenyl-ethyl)-4'-pentyl-bicyclo-

hexyl and hydrogenation on Pd]l in 150 mL of 15% aqueous
hydrobromic acid at -5% in the course of 0.5 hour. The
solution thus obtained is added dropwise, at 0 - 52 in the
course of 1 hour, to a Cu(l) salt solution which has been
prepared from 25 g of copper sulfate, 15.4 g of NaBr, 6.3 g
of Na2$03, 100 ml of water and 40 mlL of 32% hydrobromic
acid. After the mixture hés been héated_to 40% for half
an hour, it is extracted7with-CHZCL2 and the extract is-
worked up in the customary manner. Tréns/trans-4-(2-p-
bromophenyl-ethyl)—4’-pentyl-bicyclohexyl is obtained.

The following compounds are obtainable anqtogously
from the_correspoqding amino compounds by a'Sahdmeyer re-

action:

trans/trans-4- (2 -p- chlorophenyl ethyL) 4'-ethyl b1cyclo-
hexyl - _
trans/trans ~4=(2- -p- chtorophenyl ethyl)-4'-oropyl-bicyclo-~
hexyl . . _

trans/trans—4- (Z-p chlorophenyl ethyl)- 4'-butyl bicyclo-
hexyl '

trans/trans-4-(2-p- chlorophenyL ethyl) 4'~pentyl-bicyclo~
hexyl

trans/trans-4-(2- -p- chlorophenyl-ethyl) ~4'~hexyl~- b1cyclo—-
hexyl ) : _
trans/trans 4~(2-p~ chlorophenyl ethyl)~4'~heptyl - b1cycto-
hexyl
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trans/trans-4-(2-p-bromophenyl-ethyl)~4'-ethyl-bicyclo-
hexyl ' -
trans/trans-4-(2-p-bromophenyl-ethyl)-4'-propyl-bicyclo-
hexyL .
transltrans-4 (2- p bromophenyL-ethyL) 4'-butyl-bicyclo-

,hexyL ' _
trans/trans-4-(2- p-bromophenyl ethyl) 4'-hexyl b1cyclo-

"hexyl and _

trans/trans-4 (2 -p- bromophenyl ethyl)-~ 4'-heptyl b1cyclo-
hexyl.

"Example 9

A solution of 45.7 g of trans/trans-4 -{2-p~- (trans-.'
4-chlorocarbqnylcyclohexyl)-phenyt-ethytJ-4'—propyl—b1-'
cychhexyL and 8 g of sulfamide in 500 mL of tetramethyl-

. ene suLfone is heated at_120° for 4 hours and evaporated’

and the residue is worked up in the customary manner.
Trans/trans-4-[2-p-(trans—-4-cyanocyclohexyl)-phenyl-ethyll-
4'-propyl-bicyclohexyl is obtained.

The following compounds are obtained analogously
from the corresponding acid chlorides:
trans/trans-4-[2-p~(trans- 4-cyanocyclohexyl) phenyl ethyl]-
4'-ethyl- b1cycLohexyL o
trans/trans—-4-[2-p-(trans-4- cyanocyclohexyt) phenyl- ethyL]—"
4'-butyl-bicyclohexyl .
trans/trans-4-[2~-p-(trans-4- cyanocyclohexyl) phenyL ethyLJ-
4'-pentyl-bicyclohexyl '
trans/trans-4-[2-p-(trans-4-cyanocyclohexyl)-phenyl- ethyLJ-
4'-hexyL b1cyclohexyt ' |
trans/trans-4~[2-p-(trans-4- cyanocyctohexyl)-phenyl ethyl]-
4'-heptyl-~ b1cycLohexyL : -
trans/trans-4—[2-(trans/trans?4'-cyanobicycLohexyL-4-yL)-
ethyll- 4'-ethyl bicyclohexyl _ .
trans/trans- 4-[2- (trans/trans- 4'-cyanob1cyclohexyL 4~ yL)-
ethyL] 4'-propyl- b1cyclohexyl
trans/trans-4-[2-(trans/trans- 4'-cyanob1cyclohexyl 4-yl)~
ethyll-4'-butyl-bicyclohexyl _
trans/trans-4-[2-(trans/trans-4'-cyanobicyclohexyl-4-yl)-
ethyl]-4'-pentyl-bicyclohexyl
trans/trans-4-[2-(trans/trans-4'-cyanobicyclohexyl-4-yl)-
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 ethyll-4'-hexyl-bicyclohexyl and

transltrans-4-[2-(trans/trans—k'-cyanobicyclohexyl-4—yl)-.

' ethyl]-4'?heptyl—bicyctohexyl.

Example 10 _ _
A mixture of 41.9 g of trans/trans-4-(2-p-bromo-

phenyl-ethyl)-4'-pentyl-bicyclohexyl, 10 g of Cupa(CN)2,

120 mL of pyridine and 60 ml of N-methylpyrrolidone is

heated at 150° for 2 hours. The mixture is cootéd, a solu-
tion of 120 g of iron(IILl) chloride hexahydrate in 600 ml

of 202 hydrochloric acid is added and the mixture is warmed
at 7D°'for‘1.5 hours, with stirring, and worked up in the

-customary manner to give trans/trans-4-(2-p~-cyanophenyl-

ethyl)-4'-pentyl-bicyclohexyl.

The nitriles mentioned in Examples 4, 9 and 10 (sic)
are obtainable analogouslty, as well as o
trans/trans~-4-[2-(2-cyano-4-propylphenyl)-ethyl]l-4'~propyl-
bicyclohexyl _
trans/trans-4-L[2-(2-3-difluoro-4-cyanophenyl)-ethyl]1-4'~
propyl-bicyclohexyl and '
trans/trans-4-[2-(2-methyl~4-cyanophenyl)~ethyl1-4'-propyl-
bicyclLohexyl. _ '

ExamﬁLe 11 _ : _ _ _ _

A mixturé of 35.6 g of1trans/tfané-A—(Z-p—hydroxy-
phenyl—ethyl)F4'-pentyl-bicyclohexyl (obtainable by a
Wittig reaction from trans/trans-4-bromomethyl-4'-pentyl-
bicyclohexyl and p-hydroxybenzaldehyde to give trans/trans-
4-(2~p-hydroxyphenyL-vinyl)-4'-pentyl-bicyclohexyl and
hydrogenation),-6.9 g of K3C03, 25 g of hexyl iodide .and
250 mL of DMF is heated at 80° for 16 hours, with stirring,
and the mixture is theﬁ-dodled and worked ub in the'customf
ary manner. Trans/trans—4—(2-p-hexoxyphenyl-ethyl)-4'-
pentyl-bicyclohexyl is obtained.

The ethers hentioned in Example 1 are obtained
analogously by etherification, as well as the following
compounds: ' | ' _
trans/trans-A—(Z—prentoiyphenyL-ethyL)-4’-propyL-bicycLo—
hexyl ' _
trans/trans-4-(2-p-pentoxyphenyl-ethyl)-4'-butyl-bicyclo-

" hexyl
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trans/trans-4-(2-p-pentoxyphenyl-ethyl)~- 4'-pentyl b1cycLo-
hexyl
trans/trans-4-(Z—p-hexoxyphenyl—ethyl)-4'-propyl—bicyclo-
hexyl
trans/trans-4 (2-p~- hexexyphenyl ethyl)-4'- butyL b1cycLo-
hexyl
trans/trans-4- (2 -p- hexoxyphenyl ethyl)- 4'-pentyL b1cyclo-
hexyl
trans/trans~4—(2 -p- heptoxyphenyl ethyL) 4'-prapyL b1cycLo--
hexytl '
trans/trans-4-(2-p-heptoxyphenyl4ethyl)-A'fbutyl-bicyclo-
hexytl | | o -
trans/tréns-4-(2-p-heptoxyphenyl-ethyl)—4'-pentyl—bicyclo-
hexyl '
trans/trahs-4-(2-p-octoxyphenyl-ethyl)-4'—propyL-bicyclo—
hexyl ' _
trans/trans~4-(2-p-octoxyphenyl-ethyl)-4'-butyl-bicyclo-
hexyl ' _
trans/trans-4-(2-p- octoxyphenyt ethyl) 4'-pentyl-bicyclo~-
hexyl
trans/trans-4—(Z—p-nonoxyphenyleethyl)—4'-propyl-bicycto; :
hexyl _ " :
trans/trans-4-(2- p-nonoxyphenyl ethyL) -4'-butyl- b1cycLo-
hexyl
trans/trans~4-(2- p nonoxyphenyl ethyl)-4'-pentyl-bicyclo-~
hexyl _ |
trans/trans~4-(2-p~decoxyphenyl-ethyl)- 4'-propyl b1cyclo-
hexyl _ : :
trans/trans-4-(2- -p- decoxyphenyl ethyl) 4'-butyl b1cyclo-
hexyl and

trans/trans-4-(2-p- decoxyphenyl ethyl) 4'-pentyl-bicyclo~

hexyl. _
The following examples relate to dielectrics accord-

ing to the invention containing at least one compound of the
formuta 1I: ' '
Example A

Addition of trans/trans-4-(2-p—propylphenyL—ethyL)-
4'-propyl-bicyclohexyl ("A") increases the clear point of
a mixture ("M") of 29% of p-trans-4—bropylcycLbhexyl-
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benzonitrile, 41% of p-trans-4-pentylcyclohexyl-benzo-

nitrile and 30%_of p-trans-4-heptylcyclohexyl-benzonitrile -

as follows::

100% "M" c.p. 52°
90% “M" + 10% "A" c.p. 61°
80% "M" + 20% "A" c.p. 70°
70% "M" + 30% "A" c.p. 79°.
Eiample 8 ' '

Addition of "A" increaéeé the clear point of a
mixture ("N") of 24% of b-tréns—4-propylcydLohexyt-benzo-
nitrile, 36% of p-trans-k-pentylcycLohexyt-benzonitEiLe,
25% of p-trans?4—heptylcyclohexyl-benzonitriLe and 152-bf
4-cyano-4'-(trans-4-pentylcyclohexyl)- b1phenyl as follows:"

100% "N" c.p. 71°

90% "N" + 10% "A" c.p. 78°

80% "N" + 20% "A" c.p. 85°

70% "N" + 30% "A" c.p. 93°

Example C

_ A mixture of
174 of "A"

. 15% of p-trans-A—propyL6yclohexyt-benzonitriLe

27% of trans-1-p-ethylphenyl-4-propylcyclohexane

10% of trans-Z-p-ethoxyphenyL-4-prbbylcycLohexane

7% of 4~cyano~4'-(trans-4-pentylcyclohexyl)- biphenyt

10% of'4 -(trans-4-pentylcyclohexyl)-4'-(trans-4~propyl-
cyctohexyl) biphenyl

8% of p-propylphenyl p-trans- 4—propchyclohexyL ~benzoate

_ -and '

6%.of p~propylphenyl p—trans-4 pentylcyctohexyl benzoate'

has a c.p. of 35°.

Example D
A mixture of

192 of "A" ;

15% of p-tfans-#-propylcycLohexyL—benionitriLe

12% of p-trans-4-butylcyctohexyl-benzonitrile

14% of trans-1-p-ethylphenyL-A-propyt;ycLohexane

10% of trans-1-p-ethoxypheny[-4-propyLcycLohexane

6% of 4-cyano-4'~-(trans-4-pentylcyclohexyl)-biphenyl

4% of 4,4'-bis-(trans*4-propy£cycLohexyL)Qbiphenyl
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6% of 4-(trans-4-pentylcyclohexyl)-4'-(trans-4-propyl-
cyclohexyl)-biphenyl :
8% of p-propylphenyl p-trans-4-propylcyclohexyl-benzoate
and : -

6% of p-propylphenyl p-trans-4-pentytcycLohexyL—benzoafe

has a c.p. of 100°.
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Patent claims; . '
1. Bicyclohexylethanes of the formula I
Rl Cy-Cy=CHoCHo—A~ el |
_ y—-Cy-CHaCH2-A~-(Cy)p-R (1)

2 is alkyl, in which one or two CH

wherein R1 is alkyl, R
groups can be replaced by 0 atoms, or 'is F, Cl, Br, CN,
~C00alkyl or -0-CO0-alkyl, and one of the radicals R1 and

R2 can also be H, A is Cy, or 1,4-phenylene which is unsub-
stituted or substituted by one or two f and/or CL atoms
and/or CH3 groups or by a CN group, Cy is 1,4-cyclohexyl-
ene and n is 0 or 1, the alkyl groups in each case contain-
ing 1 - 10 C atoms, with the provisos that a) n is 1 if A

is Cy and--R2 is CN and b) the compounds 1—(4‘—trans-pentyl-

trans-bicyclohex-4-yl)42e(2-methyl—4-pentyphenyl)—ethane,
1-(4'-trans—pentflftrans-bicycLohex-4—yl7—2-(3—methyt—4-
pentyphenyl)-ethane, 1-(4'-tfans-pentyt-trans-bicycLohex-4—.
yl)-2-(4-butoxy-2-methylphenyl)-ethane, and 1-(4'-trans-
pentyL-frahS—bicyclohex;4-yl)-2-(4-butoxy-3-methylphenyl)-
ethane, are excluded. |
2. Process for the preparation of bicyclohexylethanes'
of the formuia I according to Claim 1, characterised in
that a compound which otherwise corresponds to the formula
I but contains one or more reducible group(s) and/or add-
itiohat €-C bond(s) {nstead of H atoms, is treated with

a reducing agent, or in that,'for the preparation of esters
of the formula I (wherein R% is -C00alkyl or -0-COalkyl),

a corresponding carboxylic acid or one of its reactive
derivatives is reacted with a corresponding alcohol or
phenol or one of its reactive derivatives, or in that,

for the prépération of halogen derivatives of the formula

I (wherein R2 is F, CL or Br and/or A is 1,4-phenylene
which is substituted by one or two F and/or CL atoms) with
aromatically bonded halogen, a corresponding amino compound
is diazotised and the diazonium group is then replaced by
a fluorine, chlorine or bromine atom by methods which are
known per se, or in that, for the preparation of nitriles

2 . CN), a corresponding carboxylic

‘AR G

o
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acid amide is dehydrated or a corresponding carboxylic
acid.halide js reacted with sulfamide, or in that, for
the preparation of ethers of the formula I (wherein R2
is an alkyl group in which one or two CHz groups are

‘replaced by 0 atoms), a corresponding hydroxy compound

js etherified, and/or in that, if appropriate, a chlorine
or bromine compound of the formula I (wherein RZ is CL

or Br and/or wherein A denotes a 1,4-phenylene radical
which is substituted by one or two CL atoms) is reacted

with a cyanide.

3. Use of the compounds of the formula I accordihg
to Claim 1 as components of Liquid crystal dielectrics.
4. Liquid crystal dielectric containing at Least one

compound of the formula I-ac;ording to Claim 1.
Se Electrooptical display element, characterised in
that it contains a dielectric according to ClLaim 4.

-

A
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Claims (as printed)

1. Bicyclohexylethanes of the formula |

R'—Cy—Cy—CH,CH,—A—(Cy),—R? _ | (i)

wherein

R' is alkyl.

R? is alkyl. in which one or two CH, '

groups can be replaced by O atoms. or is F. Cl. Br. CN. —CO0Qalky! or O—CO-alky!l.

:n_d co;ne of1 t:e hradk':als R’hand R? can aiso be H. :

A 18 Cy. or 1.4-phenyiene which i [ i : :
CH. ren pys o by g CNygroup. ch is unsubstltgted or substituted py one ortwo F and.or Cl atoms and or

Cy is 1.4-cyclohexylene and

nis0ort, ’

the alkyl groups in each case containing 1-10 C atoms. with'the proviso that
a)nis1if Ais Cy and R? is CN and :

Y,

o b) the compounds - , :
W : 1-(4.4rans-pentyl-trans-b!cyclohex-4-yl)-2-(2-methyl-4-pentylphenyl)-ethane
. 1-(4'-trans-pentyl-trans-blcyclohex-4-yl)~2-(3-methyl—4-pentylphe_nyl)-ethane
1-(4'-trans-pentyl-trans-bicyclohex-4-yl )-2-(4-butoxy-2-methylphenyi)-ethane

1-{4'-trans-pentyi-trans-bicyclohex-4-yi)-2-(4-butoxy-3-methyiphenyl)-ethane

are excluded. ' _ _
2. Process for the preparation of bicyclohexyiethanes of the formula | according to Claim 1.
characterised in that a compound which otherwise corresponds to the formula { but contains one or more
reducible group(s) and/or additional C—C bond(s) instead of H atoms. is treated with a reducing agent. or
in that. for the preparation of esters of the formuia | (wherein R? is —COOalkyl or —O—COalkyi). a
corresponding carboxylic acid or one of its reactive derivatives is reacted with a corresponding alcohol or
phenol or one of its reactive derivatives, or in that, for the preparation of halogen derivatives of the
formula | (wherein R? is F. Cl or Br and/or A is 1.4-phenylene which is substituted by one or two F and:or

Cl atoms) with aromatically bonded halogen. a corresponding amino compound is diazotised and the -
diazonium group is then replaced by a fluorine. chlorine or bromine atom by methods which are known
per se. or in that. for the preparation of nitriles of the formula | (R2=CN), a corresponding. carboxylic -acid
amide is dehydrated or a corresponding carboxylic acid halide is reacted with sulfamide. or in that, tor the
preparation of ethers of the formula | (wherein R? is an alkyl group in which one or two CH, groups are
replaced by O atoms), a corresponding hydroxy compound is etherified. and;or in that. if appropriate. a
chiorine or bromine compound of the formula | (wherein R? is Cl or Br and/or wherein A denotes a 1.4-

phenylene radical which is substituted by one or two Cl atoms) is reacted with a cyanide. .
2 3. Use of the compounds of the formula | according to Claim 1 as components .of liquid crystal

\—  dielectrics. .

4. Liquid crystal dielectric containing at least one compound of the formula | according to Claim 1.
5. Electrooptical display element. characterised in that it contains a dielectric according to Claim 4.

—_—
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| | - 5,563
Revendications (as printed) 0,125, .
1. Bicyclohexyléthanes de formule | _' o
| R'—Cy—Cy—CHCH,—A—(Cy)\:—R? M

dans laquelle

R' représente un groupe alkyle

R? represente un groupe alkyle dans lequel un ou deux groupes CHZ peuvent étre remplaces par des
atomes d'oxygéne. F. Cl. Br. CN. un groupe —COO-alkyle ou —O—CO-alkyle.

I'un des symboles R' et R? pouvant également représenter I'hydrogéne,

A représente le groupe Cy ou un groupe 1.4-phényiéne non substitué ou substitué par 1 ou 2 atomes
de F etrou Cl etiou groupes CH, ou par un groupe CN.

Cy représente le groupe 1.4-cyclohexyléne, et

nest égalaOoul,
les groupes alkyle contenant chacun 1 2 10 atomes de carbone. avec les restrictions suwantes

a)nestégalat forsque A représente Cy et R? représente CN. et
b) les composés :
1-(4 -trans-pentyl-trans-blcyctohexa-4-yl)~2-(2-methyl-4-pentylphenyl)-ethane
1-(4-trans-pentyl-trans-bicyclohexa-4-yl)-2-(3-méthyl-4-pentylphényl)-éthane,
1-(4'-trans-pentyl-trans-bicyclohexa-4-yl)-2-(4-butoxy-2-méthyiphényl)-éthane,
1-(4'-trans-pentyi-trans-bicyclohexa-4-yl)-2-(4-butoxy-3-méthylphényl)-éthane -
sont exclus.

2. Procédé de préparation des bicyclohexyléthanes de formule i selon la revendication 1. caractérisé
en ce que I'on traite un composé répondant par ailleurs & la formule |. mais contenant un ou plusieurs
groupes réductibles etrou une ou plusieurs liaisons C—C supplémentaires a la place d’atomes
d'hydrogéne. par un agent réducteur. ou bien, pour préparer les esters de formule | (dans laquelle R?
représente un groupe —COO-alkyle ou —O—CO-alkyle) on fait reagir un acide carboxylique correspon-
dant ou I'un de ses dérivés réactifs avec un alcool ou phénol correspondant ou {'un de leurs dérivés
réactifs. ou bien. pour préparer les dérivés halogénés de formule 1 (dans laquelle R? représente F. Cl ou
Br etrou A représente un groupe 1.4-phényléne substitué par 1 ou 2 atomes de F etiou Cl) portant des
‘halogénes a liaisons aromatiques, on diazote un composé aminé correspondant puis on remplace le
groupe diazonium. selon des procédés connus en soi. par un atome de fluor. de chiore ou de brome. ou
bien. pour préparer les nitriles de formule 1 (R2=CN). on déshydrate un carboxamide correspondant ou
on fait réagir un halogénure d'acide carboxylique correspondant avec le sulfonamide. ou bien. pour
préparer les éthers de formule | (dans laquelle R? représente un groupe alkyle dans lequel 1 ou 2 groupes
CH. sont remplacés par des atomes d'oxygéne). on éthérifie un composé hydroxylé correspondant. etrou
le cas échéant. on fait réagir un compose chioré ou bromé de formule | (dans laquelle R? représente CI
ou Br etou dans laguelle A représente un groupe 1.4-phényléne substitué par 1 ou 2 atomes de chiore)
avec un cyanure.

3. Utilisation des composés de tormule | selon la revendication 1. en tant que composants de '

diélectriques a cristaux liquides.

4, Dnelectnque a cnstaux liquides contenant au moins un composé de formule I selon la revendica-
tion 1.

5. Elément d affichage electro-opt:que caractérisé en ce qu'il contient un diélectrique selon la
revendication 4.




