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The present invention is concerned with novel liquid
crystalline compounds, namely the tetracycllc and. pentacycllc.

monoesters of the general formula

4)

‘9

15

20

25

- wherein n stands for the number O or 1;

one of the groups Xl-and_x2 signifies

~ an ester group -COO- or ~-0OC- and the

remainder of the groups Xl, Xz, X3 and

x? signify a single covalent bond or

one of these groups signifies the

.ethylehe group'—CHZCHz—;'-the rings

1 5

A" and A° signify a group of the formula

II

or trans-l,4-cyolohexylene; the rings

2 3 4

A", AT and A signlfy a group of

formula II or, when they are not linked

with at least one of the other two of
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. these rings by a single covalent

bond, élso_trans-l,44cyclohexyiené;

with the'proviso that at least one

of the rings présent is'a group of
formula II; Y signifies hydrogen

or on one of the fings of formuia.II
which is not linked with a further ring
'vié a single covalent bond aléo fluodrine,

chlorine or methyl; and Rt 2

and R
éignify straight-chain alkyl containing
1 to 7 carbon atoms or on a ring of
formula II also straight-chain alkoxy
containing 1 to 7 carbon atoms.
/ :
- The invention is also concerned with the manufacture

of thé qupounds of formula I above, liqguid crystalline

mixtures which contain compounds of formula I above as

well as their use for electro-optical and chrOmatographical

purposes.

The compounds provided by the invention contain four

or five p-phenylene and/or trans¥l,4-cy¢10hexylene groups,

‘whereby one of the optionaliy present'p-phenylene groups

which-is not linked via a single covalent bond direCtly to
dne of the remaining rings (p-phenylene or trans-1,4-cyclo-
hexylene) can carry a lateral fluorine, chlorine or methyl

substituent. At least one of the rings present (i.e. at
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"least one of the rings A

l-A5 when n stands for 1 or at least

2 3 5

one of the rings Al; A%, A° and A° when n stands for 0)

signifies a group of formula II.

Those of rings Az, A3 4

and R™ which are Jjoined direcﬁly

via a single covalent bond directly to at least one of the

- other two of these rings signify p-phenyiene._ On the other

hand, a trans-l,4-cyclohexyléne'group which may be present

as ring Az_can be linked directiy via a single covalent

1

bond with ring A and a trans-1l,4-cyclohexylene group

which may be present as ring A3 or A4 can be linked directly

with ring As via a single covalent bond.

1 3

- If X~ is an ester group, then x2, X~ and X4.signify

single covalent bonds or one of these groups also signifies

l, X3 and X4'signify

the ethylene group. Correspondingly, X
single covalent bonds or one of these groups alSO'Signifies

the ethylene group when R? represénts'an ester group.

The groups R1 and R2 can be the same or different

- and signify methyl, ethyl, propyl,butyl,'pentyl, hexyi,

heptyl, methoxy, ethoxy, prdpyloxy, butyloxy,pentyloxy,
hexyloxy or heptyloxy. S |

Liquid-cryétals have recently gained considerable
importance primarily'as dielectrics in indicating devices,
since the optical properties of such substances can be in-

fluenced by an applied voltage. Electro-optical devices
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based on ligquid crystals are well known to the éersbn
skilled.in the art and cah'be baséd on. various effects
such.as) for example, dynamic scattering, deformation
of aligned .phaées (DAP-ﬁype), the Schadt-Helfrich effect
(rotation cell), the "guest;host'effect“ or a cholesteric-

-nematic phase transition.

The liquid crystals must satisfy a number of reéuire—
ments in order to be suiﬁable és dielectrics for electro-
-optical indicatihg devices. For example, they must have
a high chemical stability towards environmehtal factofs,
(e.g. heat, air, moisture and fhe like), 'must be photo-
chemically stable and colourless, must have shért response
times and not too high:a viscosity, must have a nematic or

cholesteric mesophase in all temperature ranges .in which

_thé liguid crystal cell is to be operated, and must give a

good -contrast. Other properties such as, for example, the
threshold potential, the dielectric anisotropy and the
electrical conductivity, must fulfil different conditions

depending on the type of cell which is used.

~ Since, in general, it is not possible to achieve all

desired and to some extent contradictory properties with

a single compdund{ attempts have mainly been made ta épﬁimize

- the properties for the particular_applications by mixing

several components. In this case it is, however, important

that the components undergo no chemical reactions with one
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another and can be mixed well. Further, the mixtures formed

" should have no smectic mesophases.

Since, moreover, the custsmary compohents having low
viscosities generally haﬁe only low clearing points or are
not themselves'liquid'crystalline, components having high
clearing'points ﬁust frequently be added to the mixtures.
Howsvet, the latter components.genetally have the dis-
advantage that at the sameitime-they also greatly increase

the viscosity of the mixtures.

Smectis trans—4-(ttans—4—alkylcyclohexy1)cyclohexyl
esters of transf4—a1kylcyclohexanecarboxYlié acids and of
trans—4—(trans—4—a1kylcyclohexy1)cyclohexanecarquylic acids
aré-already known-frsm JP-A-57570839 (Patent Abstracts of

Japan, Vol. 6, No. 149), and liqﬁid—crystalline derivatives

.of the 4'—cyclohexyl—4—biphenyicarquylic acid phenyl ester

carrying terminal fluorine, chiorine, bromine or cyano sub-
stitﬁents sre-already'knows from JP-A-57-9742 (Patent i-
Abstracts of Japan, Vol. 6, No. 73). Moreover, liquid
cystalline monoesters containing é bicyclo[2.2,2]octane ring
have been described in DE-A-2931637, and tricycliq mono-
esters possessing liquid-crystalline propérties haie been

described in DE-A-2800553.

Compounds of the above formula I, wherein n stands for
the number 0, as well as their preparation and.their use in

liquid-crystalline compositions and for electro-optical
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purposes are.in part also disclosed in EPQA—87032 (designa-
ted contracting states: AT, CH, DE, FR, GB, IT, LI, NL),
EP—A;87102 (designated contrac;ing states: CH, DE, FR, GB,

T IT, LI), DE-A-3524774 and Gﬁ;A-2124218; EP-A-87032 describes

compounds of the above formula I,_wherein_n stands for the

1l 3

number O, X2 signifies -C00- or -00C-, X and X

signify single covalent bonds and either rings Al and A2

or rings A3 and A5 signify trans-1,4-cyclohexylene.
. EP-A-87102 describes p-(trans-4-alkylcyclohexyl)phenyl
4'—alkyibipheny1—4"—carboxylates as well as compounds of the

above formula I, wherein n stands for the number O, x?

'signifies -CO0- or -00C-, Xl and x3 signify single

covalent bonds and R1 and R2 signify propyl.

DE-A-3324774 and GB-A-2124218 describe compounds of the

above formula I, whereiﬁ n signifies the number -0, xl

signifies ~-COO-, Xz signifies a single covalent bond, x3,
signifies —CHZCHZ-, rings Al and A5 signify

2 3

trans-1,4-cyclohexylene and rings A® and A signify

l1.4-phenylene.



Furthermore, liquid crystals have recently also been

effectively used as stationary phases in gas chromato-~ =

- graphy. However, the known stationary phases have, above

~all, the disadvantage that they can be used oniy up to

temperatures of about 180°C.

The object. of the present invention is therefore to

~ provide novel liquid'cfystalliné compounds which do not

-have the aforementioned disadvantages or which have these

disadvantages to a lesser degree.

It hés now been found-that the compounds ﬁrévided by
the invention are véry well suited as components of |
liguid crystalliné mixtures, since.they surprisingiy.at
the same time have large mesophase ranges with high clearing
points and to some extent remérkably low melting pdints as

well as low viscosities and correspondingly short response
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timés. Further, the coﬁpounds provided by the invention
have small absolute values of the dielectric éniso-

tropies and generally a nematic and/dr'smectic mesophase.
Furthermore, they haﬁe a ggod chemical and_photoéhemical
stabilityiand are colourless. The compounds provided by“

the invention can be widely'used, since they are miscible -

‘with other liquid crystals and since liquid crystals haVing

nematic or cholesteric mesophases can be manufactured
readily by mixing the present compounds with otherlliquid

crYstalline and/or non-liquid crystailine compounds. Those

‘compounds which carry a 1ateral'fluorine, chlorine or

methyl substituent are above all distinguished by especially
good solubility. On the basis of the aforementioned prop-
erties the compounds_provided by the invention aie'espe- |
cially suitable for increasing the clearing points of
mixtures having low viscosities, since in this case the
viséosity is not increased or is inéreased only insignifi-

cantly.

Further, the compounds prbvided by the invention
have shown themselves to be extremely selective stationary

phases in gas chromatography and, on the basis of their

_ high clearing points andlboiling points, they can be used

at distinctly higher working temperatures than the pre-

viously known phases. In many cases they can be used withe'_

out problems up to the working temperatures of about 250°C

which are usual in gas chromatography.
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The aforementioned;advantages in the use in gas

chromatography'and in the clearing point increase of

'liquid crystalline dielectrics apply especially in the

case of the pentacyclic compounds of formula I (n = 1).

The compounds-of'formula I in which Y signifies hydro~-
gen aﬁd_therefore formula II signifies 1l,4-phenylene (i.e.

those compounds which carry no lateral substituents) are

preferred.

Further, at least one of the rings preferably signi-
fies trans-1,4-cyclochexylene. If formula I contains an
ethylene group -CHZCHZ-, then Xl preferably signifies the
éthylene group (and acéo;dingly X2 signifies an ester |
group). Further, in compounds.of formuia I in which one
of the groups Xl-X4 signifies the ethylene group at least
oné of the two rings linked_directly fo thé ethyleﬁe gfoup
ié advantageously trané-l,4-cycloheXylene.. However,'there
are generally preferred those compounds of formula I in

which one of the groups Xl and X2 signifies an ester group
2 3

-COO- or -00C- and the remainder of the_grdups X;, X~, X
and X4 signify-a-singlg covalent bond. Further, there

are preferred those compounds of formula I in which at least
one of the two rings linked directly to the ester group Xl

or X2'(preferably the ring linked to the oxygen atom of the

ester group) signifies a group of formula II; this applies

especially in the case of the tetracyclic compounds .

Furthermore, there are basically preferred those compounds
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of formula I in which n stands for the number 1. Ftrther,

X2 preferably signifies an ester group when n stands for

the number 1.

Especially suitable compounds of formula I are there-
fore those in which one of the groups xt and x° signifies
an ester group -COO- or -00C- and the remainder of the

1l 2 3 4

groups X", X”, X7 and X" signify a single covalent bond;

the rings Al and A5 signify 1,4-phenylene or'trans-l,4-

~cyclohexylene; the rings A2, A3 4

and A" signify 1,4~
-phenylene or, when they are not linked with at least one

of the othér two of these rings by a single covalent bond,
aiso trans~i,4?cYclohexy1ene; and at least one of the

rings present signifies 1,4-phenylene (pfeferably one of the
rings linked“to the ester group) and at least one of the
rings present signifies trans~l,4—cfclohexyl¢ne. Further,_.

it is preferred that n stands for the number 1 and/or

that X2 signifies an ester group -COO- or =-00OC-.

Preferred groups denoted Ey R' and Rz_are the'étraight-.
-chain alk&l groups containing.l-to 7 carbon atoms. Fur-
thermore, there are preferred those compounds of formula I
in which the'sum of the carbon atoms in the groups Rl and

R% is 5 to 10.

The monoesters provided by the invention embrace,

inter alia, the compounds of the following general formulae
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_ A
&
wherein Rl and'R2 have the above

" significances and E signifies an -

- ester group -CO0O- or -00C-.

' Exampleé-of p:eferred compounds provided by the.
inVention are the compoundé of formulae Ia-In above in
Which Rl, Rz-and E each have the Significances given in
Table 1 as well as the_compounds of formula I refefred to in

the detailed Examples hereinafter.
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Table 1

Rt E R?
Ethyl -C00- Pentyl
Propyl -CO0- Propyl
Propfl- --COO- Butyl
Propyl -C00- Pentyl
Butyl ~coo- Propyl
Butyl -=CO0~ Butyl
Butyl -C00- PentYl
Penﬁyl -C00- Ethyl
' Penty1 -Coo- Propyl
Pentyl -CO0- Butyl
Pentyl -CO0- Pentyl
- Ethyl -00C~ Pentyl
Propyl '~ooc- ‘Propyl
Propyl ~00C- Butyl:
Propyl -OOCf Pentyl
Butyl' -00C- P;opyl
Butyl ~00C~ Butyl
Eutyl ~-00C~ ‘Pentyl
.Pentyl -00Cc~ Ethyl
-Péﬁtyl ~-00C- - Propyl
' Pentyl ~00C- Butyl
Pentyl Pentyl
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Preferably, E sigﬁifies -00C- in . formulae Ib, Ih, Ii,
Ik, Im and In above and -COO- in formulae Ia, Ic-Ig and
Ii-In above. Especially preferréd examples are the com-
pounds_of formulae Ia, Ic; If,'Ij, Im, In and patticularly

those of formula Ik.

The COmpounds of formula I can be manufactured in

accordance with the invention by

- (a) for the manufacture of the compounds of formula I

in which Xl signifies an ester group -COO- or -00C-,

esterifying a compound of the general formula

-

and a compound of the'general formula.

- IV

2

" wherein one of -the groups Zl and 2

signifies the carboxyl group and the

other sigrnifies the hydroxy group and

%)
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4 5 1 2 2 3

1, 2%, 4% A% a0, R, R X2, 0,

AV, A7, A
x? and n have the significances
given above,

5 or a reactive derivative of these compounds,

orx

(b)) for the manufacture of the compoundé of formula I in

2

which X signifies an ester group -COO- or -Q0C-, esteri-

\rj 10 fying a compouhd of the genéral formula

and a compound of the general formula

]. | ;#i{‘lli'}—«?{giililby-x4‘ {‘Ii"
oo NS

wherein one of the groups Z1 and Z

15

2

signifies the carboxyl group and the

other signifies the hydroxy group and

. 25 al, a2, a3, a%, a°, Rl,.Rz, X+, x3,

x* and n have the significances given
above,

or a reactive derivative of these compounds.
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These reactions can be carried out in a manner known

per se by esterifying the carboxylic acid or a reactive,

- derivative thereof (e.g. an-acid chloride, bromide or

‘anhydride) with the corresponding hydroxy compound or a

suitable salt thereof_(e.g._the eodium"salt). A preferred
method_is the reaction of the ecid chloride-(which is
obtainable from the carboxylic acid by, for example, heatihg
with thionyl chloride) With the hydroxy compound.  This

reaction is conveniently carried out in an inert organic

'solvent, for example an ether such as diethyl'ether or

tetrahydrofuran, dimethylformamide, benzene, toluene,
cyclohexane, carbon tetrachloride and the like. In order
to bind the hydrogen chloride liberated in the feaction
there is conveniently used ah,acid-binding agent, for.

example a tertiary amine, pyridine'and the like. The

-acid—bindinglagent can also simultaneously serve as the

solvent. ‘Further preferred methods afe the reaction of the

carboxylic acid with the hydroxy compound in the presence

of 4- (dlmethylaman)pyrldlne and N N'-dlcyclohexylcarbodl—

1m1de or in the presence of oxalyl chlorlde and dimethyl-
formamide  [P. A. Stadler, Helv. Chim. Acta 61, 1675 (1978)].
The temperature and pressure at which the above esteri—
fication reactions.are carried out are not critical, the
reactions generally beihg carried out at atmospheric
pressure and a temperature between about -30°C and the

boiling point of the reaction mixture.
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The compounds_of formulae III-VI are known or are
analogues of known compounds and can be prepared according
to known methods.

For example; the compounds of formula IV in which Z2

signifies carboxyl, A2 signifies p-phenylene and X2 signi-

fies the ethylene group, the compounds of formula V in

which Zl signifies cafboxyl} A2 signifies'p—phenylene and

Xl signifies the ethy1ene group and the coﬁpounds of

formula VI in which z2 signifies carboxyl, a3

signifies
p-phenylene and X3 signifies the ethylene group can also
be prepared by reaéting methyl p—formylbenzoete in a
Wittig reaction with the corresponding_phosphonium salt,

then catalytically hydrogenating the double bond (e.g. in

-the presence of palladium as the catalyst) and saponifying

' the ester obtained. The cdfresponding hydroxy compounds

can also be prepared according to the same method by using

p-acetoxybenzaldehyde as the starting material.

The.compounds.of formula IV in i/vhich.A2 signifies
trans-1,4-cyclohexylene and X2 signifies the ethylene-group,'
the compounds of fo:mula V in which A2 signifies trans-1,4-
;cyclohexylene'and Xl signifies.fhe ethylene gronp-and the

3

compounds of formula VI in which A~ signifies trans-1l,4-

- =cyclohexylene and X3 signifies the ethylene group can

also be prepared, for eXample,'by reacting 4-cyanocyclo-
hexanecarboxaldehyde in a Wittig reaction with the corre-

spdnding phosphonium salt and then catalytically hydrogen-
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ating the double.bond.. The cyano compound obtained can then
eitﬁer be converted'by.saponifidation into the carboxylic
acid or can be converted into the co#respondiné hydroxy
compound.by regction with mefhyl lithium, methylmagnesium
bromide and the like, subsequent Baeyer-villiger bxidaﬁion
(e.g. with m~chloroperbenzoic acid) and saponificafion of'

the ester obtained.

In an analogous,maﬁner to the above ;eabtiéns.there
can also be preparea those compounds of formulae IV and
VI which contain an'éﬁhylene grbup and two or three rings
betweeh the ethylene group and the carboxyl'or hvdroxy

group.

The compounds of formula I can be used in the form
.of mixtures with other suitable liquid_crystalline_or non-
-1i§uid crystalline substances-sﬁch,as, for example, with
substances from the classes of Schiff;s bases, azobenzenes,'
azdxybenzenes, phenylbenzoates, cyclohexanecarboxylic acid
phenyl ésters, cyclohexanecarbbxylic acid cyclohexyl
esters, biphenyls, terphenyls, phenylcyclohexanes, cyclo-
hexylbiphehyls, cinnamic acid derivatives, phenylpyvrimidines,
diphenylpyrimidines, cyclohéxylphenyipyrimidines, phenyl-

dioxanes, 2-cyclohexyl-l-phenylethanes and the like.

- Such substahces are known to the person skilled in the art

and many of them are, moreover, commercially available.
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The liquid crystalline mixtures provided by the
invention contain, in addition to one or more compounds.

of formula I, preferably 6ne or more of the following

5  compounds:

4-Cyanobiphenyls of the general formula

10 5
R CN
VII |
wherein 3 signifies a straight-chain
15 alkyl or alkoxy group containing 2 to 7
 carbon atoms,
p—(trans—4-alkylcy¢lohexyl)benzonitriles of the general_ i
formula |
20
VIII
25

wherein R4_signifies a stréight—chain
alkyl group containing 2 to 7 carbon
atoms and,R5 signifies cyano or a

straight~chain alkyl group containing
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'l to 7 carboh atoms,

- p~(5-alkyl-2-pyrimidinyl)benzonitriles of the general

formula

—CN

4

wherein R® has the above significance,

IX

p—[5-(trans—4-alkylcyclohexyl)—2-pyrimidinyl]benzonitriles

of the general formula

. 4 s o :
wherein R™ has the above significance,

p—(tréns-s-alkyl-mfdioxan-Zryl)benzonitriles of the general

formula

wherein R? has the above significance,

X1
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p—alkylbenzoic.acid phenyl esters of the general formula

CRP— COO r®
XITI
wherein Rsxsignifies-the_CYano group or
&N/ 1 10 a stréight-chain alkoxy group containing -
' 1 to 6 carbon atoms and R? has the above
significénce, |
‘trans-4-alkylcyclohexanecarboxylic acid_phenyl esters of
the general formula
15 .
RA— Coo —g° -
XIIT
t?/ 20
wherein R4 and R6 ﬁave the above sig-
nificances,
2—(trans—4-alkylcyclohexy1)—l—éhenylethanes of the genefal
formula | | |
v 25
’ R7 CH20H2 R8

XIV

N

&

-



10

15

20

25

- 2] -

wherein R7 signifies.a straight-chain alkyl
group containing 3 to 7-carbon atoms and R.8

. signifies the cyano grﬁup or a straight—chain
alkyl or alkoxy group contaiﬁing 1 té 7'¢arbon

atoms,

4"-alkyl-4-cyano-p-~terphenyls of the general fo;mula

CN
' _ XV
wherein R? has the above significance,
or 4'-(tranSf4-alkylcyclohexy1)f4-cyanobiphenyls of the
general formﬁla

XVI1

‘'wherein R4 has the above significance.

‘The mixtures provided by the invention can contain
one or more compounds of formula I. Mixtures which contain
one or more compounds of formula I in an amount of about 1

weight % to about 40 weight % and one or more other suitable
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+liguid crystalline and/or non-liquid crystalline substances

are preferred. Mixtures which contain about 3 weight %

~to about 20 weight % of compounds of formula I are especially

preferred}

Furthér, the mixtureS'providea by the invention can
contain_suitable optically active.compounds (e.g. optically
active biphenyls) and/or dichroic cplouring substances (e.g.
azo, azoxy and anthraquinone célouring substances). The
amoﬁnt of such compounds is determined by the solubility and
the desired pitch, colour, extinction and the like. Pref-
erably, the amount of optically active compounds is at most
about 4 weight_% and the ambunt of dichrqic gblouriné_

substances is at most about 10 weight %.

The manufacture of fhe-liquid crystalline mixtures and
of the electro-optical devices can be carried out in a
manner known per se and therefore need not be described

herein in more detail.

The use . of the ;ompounds provided by the invention
for or as liquid crystalline stationary phases in gas
chrométography'can be carried out in a manner known per
se and on-usual carrier materials. The compounds provided
by the invention are especially suitable for thé separation

of isomer mixtures which can not be separated or which can
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be'separated only with difficuity ﬁsing conventional

stationary phases such as, for example, cis/trans—-isomeric

.1;4-disubstituted cyclohexanes, isomeric aromatic hydro-

carbons (e.g. xylenes, phenenthrene/anthracene), double

bond isomers (e.qg. unsaturated fatty acid esters) and

the like .

The invention is .also concerned with all novel com-

pounds, mixtures, processes, uses and devices as described

herein.

The following mixtures 1-4 are éxamples of preferred
mixtures provided by the invention for electro-optical

uses. Ac signifies the dielectric anisotropy, v or V.

10 °F V50

signifies the threshold potential for 10% or 50% transmis-

sion (measured in a rotation cell with 8 pm plate sep¥
aration and 0° tilt angle),_ton signifies the switching-

-on time (0-50% transmission), toff signifies the switching-
-off time (100%-10% transmission), % signifies the viscosity
nax Signifies the maximum nomber of

multiplexible lines and An signifies the optical anisotropy.

Mixture 1

6.55 weight ¢ of 4'-ethyl-4-cyanobiphenyl,
3.64 "  of 4'-propyl-4-cyanobiphenyl,

5.83 " of 4'-butyl-4-cyanobiphenyl,
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18.94 weight g of
4.37 " of
4.37 " of
3.92 " of
7.29 " of

| 7.29 " of

14.56 " of
5.59 " of
5.49 . of
7.84. " of
4.32 " of

m.p. <-3d°C,lcl.p,
Voo = 2,88V; tn =

68; An = 0.151.

- 24 -

4'-pentyl-4-cyahobipheny;,
4"-pentyl-4-cyano-p~-terphenyl,
4'-(tfans—4-pentylcyclohe#yii-4—cyano-
biphenyl,
1—(trans-4épentyicyclohexy1)-4-propyl-
benzene,‘ | _
tfahs-4—butylcycloheXanecarboxylic acid
p-ethoxypheﬁyl ester,.
trans—-4-pentylcyclohexanecarboxylic acid
p—methoxyphenyllester |
2—(trans-4~pentylcyc;ohexyl)-l—(p-ethoxy-_
phenyl)ethane,
l-[2-(traﬁs-4;bﬁtylcyclohexyl)ethyi]—4-

- (trans—-4-pentylcyclohexyl)benzene,

'4-[2-(trans-4-butylcyclohexyl)ethyl]+4'-

-(transf4-pentylcyclohexyl)biphenyl,
4—[2-(trans-4-butylcyclohéxyl)ethyl]-4'—
—(trans-4-pentylcyclohexyl)—l,l'-ethylené-_
dibenzene,
4'-(trans-4-pentylcyclohexyl)-4-bi-
phenylcarboxylic acid p-(trans¥4fpropyl-
cyclohexyl)phenyl ester; | _
98°C, nematic; Ac =.7.37; V.. = 2.55V,

10

28 ms, togg = 48 ms; 7= 27 cPj; Noiax =



Mixture 2

4.49 weight % of

5 2.99
. 5.09
'13.82
4.40

4.49

ch" 10

7.41

15 . 3:10
19.65
8.59

20

5.43

9,30

of

. of
. of

of
of 4

of

of
| of
of
.of.
| of

" of

of
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4'-ethyi-4fcyanobiphenyl,

4'-propyl-4~cyanobiphenyl,

4'-hutyl—-4-cyanobiphenvl,
4- (trans—-4-pentylcyclohexyl)benzonitrile,
4“-pentyl-4-cyano-p—terphenyi,

-(trans 4-pentylcyclohexyl) d-cyano-
biphenyl,

trans-4-butylcyclohexénecarboxy1ic acid

p-ethoxyphenyl ester,

trans-44pentylcyclohexanecarboxylic acid

p—methoxyphenyl ester,

2~ (trans-4-propylcyclohexyl)-1- (p-ethyl-

phenyl)ethane,

2-(trans-4—penty1cyclohexyl)-14(p—ethoxy- “_-'

phenyl)ethane,
l-[2—(trans—4fbu£ylcyclohexyl)ethyi]-4—
_(trans-4—penty1cycloh¢xyl)benzene,.
4-[2-(trans-4-butylcyclohexyl) ethyl] -4 -
—(trans;4-penty1cyciohexyl)biphenyl)
4-[2*(trans-4—butyl¢yclohexyl)ethyl]-4'-

.—(trans—4-pentylcyclohexyl)-l l'-ethylene—

dlbenzene,
4'-(trans- 4—pentylcvclohexyl) 4-blphenvl-
carboxyllc acid trans-4- (p-proovlnhenvl)-'

cyclohexyl ester;
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50

= 73; An

Mixture 3

-m.p.'<430°c; cl.p. 100°C, nematic; At = 6.46;_'V

4.49 weight % of

2.99
5.09
13.82
8.89

7.41

3.10

- 19.65

9.30

n

ofz

of

of

of

of

of

of

of

of

on = 31 ms, t = 42 ms; % = 27 cP; N

0.131.

10 = 2.61V;

off max

4'4ethyl-4-cyahobiphenyl,
4'-propyl-4-cyanobiphenyl,
4'-butyl-44cyanobiphenyl,
4-(trans-4—pentylcycldhexyl)benzonitrile,
4'-(trans-4-pentylcyclohexyl)-4-cyano-_
biphenyl, |
trans—-4-butylcyclohexanecarboxylic adid.
p—ethoxyphen?l ester, |
trans-4-pentylcyclohexanecarboxylic acid
pfmethoxyphenyl ester,

2~ (trans-4-propylecyclohexyl) -1- (p-ethyl-
phenyl)ethane,
2-(tranéf4-pen£ylcyclohexy1)-1-(p-ethoxy-
phenyl)ethaﬁe, |

l—[2-(trans-4-butylcyclohexylfethyl]-4—-

" = (trans-4-pentylcyclohexyl)benzene,

of

of

of

4—[2—(t;ansé4-bu£y1cyclohexyl)ethyl]-4'-
—(trané—4¥pentylcyclohexyl)biphenyl,
-4~[é-(trans-4-butylcyclohexyl)ethyl]-4'—_
-(trans—4—pentylcycl§hexyl)-1,1'-ethylene-
dibenzene, |

4'-(trans-4-pentylcyclohexyl)-4-biphenylcar-
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‘boxylic acid trans-4-(p-propylphenyl)-

cyclohexyl ester;

m.p. <=30°C, cl.p.'98°c, nematic.

- "Mixture 4

4.49 weight % of

2.99
5.09
13.82

3.10

7.41

9.30

"

of

of
of

of

of

of

of

4‘—ethyl~4-cyanobipheny1,
4'-propyl-é-cyanobiphenyl,
4'-buty1—4—cyanobiphenyl,
4-(trans-4-pentylcyélohekyl)benzo—
nitrile, |
4"-pehtyl—4—cyano—p;terphenyl,
4'—(trans—4-penty1cyc16hekyl)—4-cyano-
biphenyl, |

1- (trans—-4-ethylcyclohexyl)-4~propyl-
benzene, ' . o - .

trans—-4-butylcyclohexanecarboxylic acid

- p-ethoxyphenyl ester,

of

of

of

of

of

trans—4-pentylcyclohexaneéarboxylic acid
p—ﬁetﬁoxypheﬁYl ester, |
2—(transf4—pentylcyclohexyl)—l—(p—ethoxy—
phenyl)ethane, |
l-[2-(trans—4—butylcyclohexyl)éthy11-4-'
- (trans-4-pentylcyclohexyl)benzene,

4-[2—(trans-4-buty1cyclohexyl)ethyl]-4'—

' - (trans-4-pentylcyclohexyl) biphenyl,

4~[2-(trans~4~butylcyclohexyl)ethyl]=-4'- -
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- -(trans-4-pentylcyciohexyl)-l,l'-ethYlene-
dibenzene, _ | |
4.65 weight % of 4'-(trans-4-pentylcyclohexyl)-4-biphenyl—
: carboxYlic acid p~-(trans-4-propyl-
cyclohekyl)phenyl ester;

m.p. <-30°C, cl.p. 100°C, nematic.
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The manufacture of the compounds provided by the

'invention, the preparation of certain starting materials

and the use of the compounds provided'by the invention in
chromatography is illustrated in more detail in the follow-

ing Examples. C denotes a crystalline phase, S denotes

. a smectic phase, N denotes a nematic phase and I denotes

the isotropic phase.
_ Example 1

1.40 g of 4'—(trans—4-pentylcyclohexyl)?4—bipheﬁyl-
carboxylic acid were heated-to boiling for 3 hours with 0.82
g of thionyl chloride in 25 ml of beﬁzene. The solvent
and excess thionyl éhioride were distilled off and the
residue was taken up twice in 25 ml of toluene each timé

and concentrated.

The crude 4'—(tfans-4—pentylcyclohexyl)-4fbiphenyl—
carboxylic acid chlbride obtainedIWas dissolved in 40 ml of
benzené and then added'dropwisé to a solution of 0.90 g of
trans-4—(p-propy1phenyl)cyclohexanoi in 20 ml of pyridine. .
The mixture was stirred at a bath temperature of 65°C
overnight, then poured into ice-water and éxtracted with
diethyl ether. The'exéfact‘was washed four times with
25 ﬁl of 3N hydrochloric acid each time, then Washed-with
25 ml of 2N sodium carbonate solution ahd several times with

water, dried over sodium sulphate and concentrated. The

- crude 4'5(tran5f4—penty1¢yclphexy1)—4fbiphenylcarboxylic
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acid 1IBnS—4%p-propylphenyl)cyglohexyl ester obtained was

recrystallized once from ethanol containing a small amount

- of 'ethyl acetate and once from ethyl acetate. Yield 1.1 g3

m.p; (C-S) 131.2°C; phase transition. S-N 143.3°C; ciip.
(N-I) 337.5°C.

The following compounds were manufactured in an

analogous manner:

p—(Trans-4-pen£ylcyclohéxyl)benzoic acid trans—-4- (p-
—propylphenylfcyclohexyl ester; m.p. (C-S) 116.1°C,
phase transition S-N ll8.é°C, cl.p. (N-I) 262.7°C.

p-(Trans¥4-penty1cyclohexy1)beﬁzoic'acid p—- (trans-4-

-propylcyclohexyljphenyl ester; phase transition C-C

192.5°C, m.p. (C-S) 135.6°C, phase transition S-N 142.5°C,

cl.p. (N-I) 3l0°C.

p—[2 Trans- 4-penty1cyclohexy1)ethyl]ben201c acid -

trans—4-(p-propylphenyl)cyclohexyl ester; m.p. (C-S) ll0°C,

phase trénsition S-N 118°C, cl.p. (N-I) 213.5°C.
p-[2—(Trénsf4-pentylcyclohexyl)ethYl]benzoic acid p-

-(trans-4—propy1cyclohekyl)phepyl ester; m.p. (C-S) 117.3°c,

phase transitiqn S=~N 133°C,.c1.p. (N-I) 262.5°C.
4'-(Trans-4-penty1cyciohexyl)—4fbiphenylcarboxylic

acid trans-4—(p—butylphehyl)cyclohexyl ester; m.p. tC—S)

107.0°C or 112 7°C or 1l17.6°C (3 modlflcatlons), phase

transition S-N 149. 1°C cl p. (N-I) 333.0°C.
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Further, all’compounds of formula I referred to in

Examples 2 and 5 can be manufactured in an analogous manner.
. Example 2

0. 40 g of 4-hydroxy-4'-(trans- 4-penty1cyc ohexyl) -
biphenyl, 0.21 g of trans-4—propylcyclohexanecarboxylic acid
and 0.025 g of (4-dimethylamino)pyridine were dissolved in
25 ml of dichloromethane and then 0.31 g of N,N;rdicycio-_
hexylcarbodiimide Qas added portionwise ﬁithin 10 minutes
while stirring;=.The mixture was left to stand at room.

temperature for 3 days and then the precipitate was fil-

. tered off. The filtrate was diluted with dichloromethane,

washed twice w1th 20 ml of saturated sodlum bicarbonate
solutlon each tlme and then with water, drled over sodium
sulphate and concentrated The crude trans 4-propvlcyclo-
hexanecarboxylic acid 4'-(trans—4-penty1cyclohexyl)-4-

~biphenylyl ester obtained was chromatographed on silica gel

-with'hexane/dioxane (volume ratio 19:1).'-The fractions

which were pure according to thin—iayer chromatography were
pooled and recrystallized from ethyl acetate. Yield 0.33 g;
m.p. (C-S) 92°Cc, cl.p. (N-I) 319°C; further phase tran-

sitions: S-S 154°c, S-S 218.5°C, S-N 240°C.

The folloWing compounds were manufactured in an analo-

gous manner:
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Trans—4—(p-pentylphényl)cyclohexanecarboxylic acid

transf4-(p—propyiphenyl)cyclohexyl ester; m.p. (C-S)

' 66.5°C, phase transition S-N 183°C, cl.p. (N-I) 234.5°C.

Trans—4-[2-(trans-4-pentyicyciohexyl)ethyl]cyclo—
hexanecarboxylic acid trans-44(p—propylphenyl)cyclohexyl_
ester; m.p. (CéS)n65.4°C, phase tranéition S-N 228.4°C,
cl.p. (N-Ij 245.1°C.'

4'-(Trans-4-§entyicyciohexyi)-4-biphenylcarbdxylic acid
.trans-4-propylcydiohexyl estef; m.p. (C-S) 111.8°C, phase
transition S-N 118°C, cl.p. (N-I) 282.5°C. |

4'-(Trans-4—pentylcyclohexyi)-4-biphenylcarboxylic
acid p-(trans—4-propylcyclohexyl)phényl ester; m.p. (C-S)
153.9°C, phase transition S-N 195.0°C cl.p. (N-I) 419°C.

4'-(Trans-4-pentylcyélohexy1)-4—bipheny1carboxylic
acid p-(trans-4-butyl§yclohéxyl)phenyl ester; m.p. (C-S)
l40°c, phase'transition S-N 201°é, cl.p. (N-I) 413?C;

4'4(Trans-4—pentylcycloheXyl)—4—biphenylcarboxylic
acid p-[2?(trans—4—bﬁtylcyclohexyl)ethyl]phenyl ester;
m.p. (C-S) 139°C or 145°C (2 modifications), phase trans-

ition S-N 189.5°C, cl.p. (N-I) 358.5°C.

Further, all compounds of formula I referred to in

Examples 1 and 5 can be manﬁfaétured in an analogous manner.
Example 3
A mixture of 2.51 g of p-pentylbénzyl-triphenylphospho—

nium bromide and 615 mg of a cié/trans mixture (about 1:1)

of 4-cyanocyclohexanecarboxaldehyde in 30 ml of t-butyl
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methyl ether was placed at 0°C undér'argon gasificatioﬁ in
a sulphonation flask fitted with a thermometer and solid
substance addiﬁion tube, treated within 2 minutes with

673 mg of solid,potassiﬁm't-butYlate ahd subsequently'stir_
red_for a further ;.5 hoﬁrs; 'The red-browh heferogeneous

mixture was then poured into 100 ml of water and extracted

- three times with 100 ml of diethyl ether each time. The

‘organic phases were.wgshed'twice with 50 ml of water each

time and once with 50 ml bf saturated sodium chloride sol-
ution, dried over maghesium sulphate'and concentrated. The

residue was suspended in 150 ml of hexane, freed from pre-

~cipitated triphenylphosphine oxide by filtration (rinsing

with hexane) and the filtrate waslconcentrated. Low-
—pressure chromatography (0;4 bar) of the_resulting oil
(1.36 g) on silica éel_usihg 3% ethyl acétate/petroleum
ether as £he eluting agent gave 1.02 g (81%) of 4-[2-(p-
-pehtylphenyl)éthenyl]cyclohexanecarbbnitrile as a colour-
less o0il; Rf values (10% ethyl.acetate/petroleum ether) :

0.27 and 0.37 (stereoisomer mixture) .

956 mg of the:4-[2;(p—pentylphenyl)ethenyl]cyglohéxane;
carbonitrile obtained were dissolved in 50 ml of toluene in
a sulphonation flask, treatéed with 150 mg of 10% palladium/
carbon and hydrogenated at normal préssure and room ﬁemp-

erature until the hydrogen uptake came to a standstill

(about 30 minutes). Filtration of the mixture (rinsing with

toluene), concentration of the filtrate and low-pressure
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chromatography (0.4 bar) of the residue (890 mg) on silica
gel using 5% ethyl acetate/pétroleum ether as the eluting

agent gave 788 mg (82%) of'4—[2-(p-pentylphenyl)sthyl]-

'~ cyclohexanecarbonitrile (cis/trans ratio about 1l:3 accord-

ing to gas'chromq;ography and NMR spectrosoopj). Two-fold.
crystallization from pentane at -20°C finally yielded'the -
trans-nitrile (trans content 98.8%); m.p. (C-I) 22.4°C, -
cl.p. (N-I) -14.1°c, Rf value (5% ethyl acetate/petroleum
ether) 0.22. '

The trans-4-[2-(p-pentylphenvl)ethyl]cyclohexane- -
carbonitrile'obtained can be converted into'trans-4-[2-
-(p-pentylphenyl)ethyl]cyclohexanecarboxylic acid in an

analogous manner'to-Example 4,
Example.4

A mixture of 3.60 g of trans—-4-[2- (trans-4-pentyl-

- cyclohexyl)ethyl] cyclohexanecarbonitrile and 5.0 g of
potassium hydrokide'in 50 ml of diethylene glycol was

heated to 180°C for 22 hours in ‘a round flask fitted with a

reflux condenser. After'cooling, the brown mixture was
acidified with about 100 ml of 2N hydrochloric acid and
extréctsd three times with 150 ml of:diethyl ether each
time. 'The organic.phaSes were washed three times with lOOI
ml of water each time, dried ovef magnesium sﬁlphate and

concentrated. Subsequent crystallization of the residue
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(3.74 g3 cis/trans ratio about 1:3) from 100 ml of hexane

'-_gave 2.12 g'(55%) of pure trans-4-[2-(trans-4-pentylcyclo-

hexyl)ethyl]cyéiohexanebarbonlic acid; m.p. 143.0°C,
cl.p. 209.9°C. '

Example 5

A solution of 0.902 ml of dimethylformamide in 20 ml
of acetonitrile was placed aﬁ. -20°C while gassing with
argon in a sulphonation flask fitted with a mechanical
étirref, serﬁm cap, thermometer and dropping funnei and
treated within 2 minutes with 0.338 ml of oxalyl chloride.
Aftef compleﬁion of_the'additién, the mixtute was stirred
at -20°C for a further 20 minutes and then. 1.0 g of trans-

-4- (trans-4-pentylcyclohexyl)cyclohexanecarboxylic acid

was introduced into the resulting white suspension via

a solid éubstance addition tube. Ihe mixture was sub-

" sequently stirred at -20°C for 30 minutes and then treated

dropwise at -20°C within 10 minutes with a solution of
1.97 g of trans-4-(p—propﬁlphenyl)cyclohexanol and 0.9 ml
of pyridine in'Zb.ﬁl of aCetonitri;e; The mixture was
stirred for a further 15 houré while slowly Wafming to

room temperature, then pourea into 200 ml of cold 2N sodium
carboﬁate solution and exﬁraéted three times with 200 ml
of metﬁylene chloride each time. The organic phases were
washed once with 100 ml of 2N sodium carbonate solution and

twice with 200 ml of water each time, dried over magnesium

sulphate and concentrated. -Low—preséure chromatography
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(0.5 bar) of the residue (2.6 g) on 140 g of silica gel
using toluene/hexane (volﬁme rati§ 1:1) Qave 757 mg (44%)
of'trans-4-(trans-4-pentylcyciohexyl)cyclohexahecarboxylic
acid_traﬁé-4—(p—propylphenyl)cyclohexyl ester as colourless
crystals. A single récrYstallizationlfrom acetoﬁé'yiéided
analytically-pure product of m.p. (C-S)'63.3°C,.phase

transition S-N' 241.5°C, cl.p. (N-I) 285.5°C.

The following compound was manufactured in an analogous .

mannexr:

Trans—-4- (trans-4-pentylcyclohexyl)cyclohexanecarboxylic

~acid p-{(trans-4~-propylcyclohexyl)phenyl ester; m.p. (C-S)

44°C, phase transition S-N 241.5°C, cl.p. (N-I) 31l0°C.

Further, all compoﬁnds of formula I referred to in

Examples 1 and 2 can be manufactured in an analagous manner.

" Bxample 6

An'isomer'mixture of 4-cis/trans-propyl-l-(4—prb§yl-
phenyl)cyclohekane (cis/trans ratiq about l:1) was
separated at an aﬁalysis teﬁperature of 160°C on a packed.
column (length 3 m, internal-diameter 2.2 mm) which was

filled with 2 weight $ of 4'~(trans=-4-pentylcyclohexyl)-4-

'-biphenyléarboxylic acid-trans—4-(p—propylphenyl)cyclohexyi
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- ester on Gas-Chrom é:)(Applied-Séience Labs), 120/140 mesh.

Nitrogen (30 ml/minute) was used as the_carrier'gas; The
retention time was 20 minutes for the cis isomer and 39
minutes fof the trans isomer. The relative retention a for

the trans isomer was 2.0 (a = 1.0 for the cis isomer).
Example 7

An isomer mixture of_methyl oleate f(Z) isomer] and
methyl elaidate [(E) isbmef] (zZ2/E ratio.ébout_3:l) was
separated at an analysis temperatufe of 150°C on a packed
column (length 2 m, internal diameter 2.2 mm) which was
filled with 2 weight % of 4'-(trans-4-pentylcyclohexyl)-4-
=biphenylcarboxylic acid trans—4-prolecyclohexyl ester on
GanChrom QCD(Applied Science Labs), 120/140 mesh. Nifﬁogen
(30 ml/minufe) was used as the cér:ier gas. The retention
time was 32 minutes for the methyl oleate and about 35

minutes for the methyl elaidate. The relative retention «

- for the methyl elaidate was 1.1 (a = 1.0 for methyl oleate).

Example 8

A mixture of anthracene and phenanthrene (isomer ratio
anthracene/phenanthrene about 3:1) was separated at an

analysis temperature of 180°C on a packed column (length
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3 m, intérnal diameter 2.2 mm) which was filled with 2
weight & of 4'—(trans-4—pentflcyclohexyl)-4~biphenyl-
carboxylic acid trans-4-(p-propylphenyl)cyclohexyl ester
on Gas-Chrom d:)(Applied Science Labs), 120/140 mesh.
Niﬁrogen (30 ml/minute) was used as the carrier gas. The
retention time was IO-minutes for phenanthrene and 13

minutes for anthracene. The relative retention a for

anthracene was 1.3 (a = 1.0 for phenanthrene).

Claims

“No English translation of the claims is provided
herewith since the Letters Patent already contain an
English version of the claims..
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3 m, internal diameter 2.2 mm) which was filled with 2
weight ¢ of 4'*(trané-4—pentyicyclohexyl)f4—biphenyl—
Carngylig acid trans-4—(p—propylnhenyl)cyclohexvl'estef
on Gas—Chfom d:)(Applled Sc1ence Labs), 120/140 mesh.
Vltrogen (30 ml/mlnute) was used as the carrier gas. The

retention time was 10 mmnutes for phenanthrene and 13

minutes for anthracene. The relative retention o for

anthracene was 1.3 (a¢ = 1.0 for phenanthrene}.

Claims

“No English translation of the claims is provided
herewith since the Letters Patent already contain an
English version of the claims.
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