Description

The present invention is concerned with the use of a
liquid crystalline mixture with ferroelectric properties,
its use for ferroelectric electro-optical purposes and
novel compounds for these mixtures.

Liquid crystals are used primarily as dielectrics in
displays, as the optical properties of such substances can
be influenced by an applied voltage. Electro-optical
devices based -on liquid crystals are well-known to the
person skilled in the art and can be based on various
effects such as, for example, dynamic scattering, the
deformation of aligned phases (DAP cells), the
Schadt-Helfrich effect (TN cells [twisted-nematic] and STN
cells [super twisted-nematic]), the guest/host effect
(guest/host cells), a cholesteric-nematic phase transition
(phase-change cells) or the SBE effect (super bire-
fringence effect). The response times of such displays
generally lie in the order of several milliseconds or more.

It has recently been found that the speed of response
can be significantly improved by using displays based on
liquid crystals with ferroelectric properties. In this
case there can be used basically various chiral smectic
liquid crystals with ferroelectric properties such as, for
example, liquid crystals with smectic C, F or I phases.
However, liquid crystals with chiral smectic C phases have
been found to be particularly suitable. Such chiral
compounds are described, for example, in WO-8606373.

Hitherto, comparatively few liquid crystals with
ferroelectric properties have become known. Moreover, the
known liquid crystals frequently have an inadequate
chemical and thermal stability and have only relatively
narrow chiral smectic phases or chiral smectic phases
lying at elevated temperatures. There accordingly exists a
great need for further suitable materials, especially
having regard to the further improvement of ferroelectric
liguid crystal mixtures.

The object of the present invention is the use of a
liquid crystalline mixture containing at least
2 components, characterized in that at least one component
is a compound of the general formula
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wherein n stands for the number O or 1; X1
represents a single covalent bond, -COO- or -00OC- and
X2 represents a single covalent bond, -COO-, -0oC-,
~CHzCHz-. -OCHz- or -CHz0-: rings Al, AZ -
and A3 each independently signify unsubstituted
1,4-phenylene or 1,4-phenylene substituted with cyano,
halogen or lower alkyl or one of the rings also
signifies pyrimidine-2,5-diyl or pyrazine-2,5-d4iyl
and/or, when n stands for the number 1, one of the
rings alsd signifies trans-1,4-~cyclohexylene or
trans-m-dioxane-2,5-diyl; with the proviso that one of
the rings present stands for pyrimidine-2,5-diyl or
pyrazine-2,5-diyl when a further ring signifies
trans-1l,4-cyclohexylene or when n stands for the
number O and X1 stands for a single covalent bond;
Rl signifies an optionally halogen-substituted
alkenyl group with up to 18 carbon atoms in which
optionally 1 CH, group or 2 non- adjacent CH,
groups is/are replaced by ~0- and/or a C-C slngle bond
is optionally replaced by a C-C double bond; with the
proviso that Rl is different from 3,7-dimethyl-6-
-octenyloxy (citronellol ether); RZ2 signifies an
optionally halogen-substituted alkyl group with up to
18 carbon atoms in which optionally 1 CHy group or
2 non-adjacent CHz groups is/are replaced by
-0- and/or a C-C single bond is optlonally replaced by
a C-C double bond; with the proviso that residues Rl
and/or RZ attached to an aromatic ring have at least
2 chain atoms between the aromatic ring and a
C-C double bond present,

for ferroelectric electro-optical displays.

A preferred aspect is concerned with the use of
optically active compounds of formula I in which at least
one of the residues Rl and RZ has a chiral carbon
atom. Further preferred compounds of formula I which are
used are those which have in Rl and RZ2 together where
n = 1 at least 8, especially at least 10 and particularly
at least 12, chain atoms and where n = O at least 10,
especially at least 12 and particularly at least 14, chain
atoms (i.e. carbon and optional oxygen atoms) in an
unbranched chain.

It has been found that the presence of one or more
double bonds optionally in combination with one or more
chiral carbon atoms in the side-chains of the compounds of
formula I above enhances the ferroelectric properties and
especially the formation of chiral smectic C phases.
Liquid crystalline phases lying above the chiral smectic
phase are frequently largely suppressed by the presence of
a double bond. Further. in general the melting points are
lowered and highly ordered smectic phases are largely
suppressed. The compounds of formula I with long side-
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-chains R} and R? therefore generally have compara-

tively broad chiral smectic C phases. The compounds with
short side-chains Rl and R2 have to some extent only
monotropic or virtual phases, ‘but likewise enhance the
formation of chiral smectic C phases when used in mixtures.

, This finding contradicts the previous use of alkenyl
substituents in achiral compounds which, depending on the
position and configuration of the double bond, generally
leads to a deteérioration of the liquid crystalline
properties or to an intensification of the nematic
tendencies. Such compounds are described, for example, in
EP 168683, EP 167912 and EP 122389.

The compounds of formula I have a good chemical and
thermal stability and a low viscosity. They have a good
miscibility with one another and with known liquid
crystals, especially with known ferroelectric liquid
crystals.

The term "halogen® signifies in the scope of the
present invention fluorine, chlorine, bromine or iodine.
The term "lower alkyl"” signifies alkyl groups with 1-5%
carbon atoms such as methyl, ethyl, propyl, isopropyl and
the like. The term "aromatic ring" embraces substituted or
unsubstituted 1,4-phenylene, pyrimidin-2,5-diyl and
pyrazin-2,5-diyl.

The term "chain atoms" denotes in the scope of the
present invention the carbon and oxygen atoms présent in
an unbranched chain in R! or RZ, i.e. in the case of
branched chains substituents are discounted. Particulars
relating to the position of the double bond relate to the
chain containing the double bond. Particulars relating to
the chain length of Rl or RZ relate to the longest
unbranched chain. A group -O- present in the chain there-
fore counts as 1 chain atom. For example, S-~octenyloxy
contains 9 chain atoms and the double bond is separated
from the ring by 5 chain atoms. 5-Methylheptyl, 4-methyl-
hexyloxy and 5-methoxyhexyl. for example, each have
7 chain atoms in the longest unbranched chain.

The 1,4-phenylene groups present in formula I are
preferably unsubstituted. If desired, however, the
transition temperatures, the solubility, the dielectric
anisotropy and the like can be modified by using substi-
tuted 1l,4-phenylene groups such as 2-methyl-1,4-phenyl-
ene, 2-fluoro-l,4-phenylene, 2-cyano-1,4-phenylene and
2,3-dicyano-1,4-phenylene.

In formula 1 above X2 preferably stands for a single
covalent bond, -COO- or -OOC-. Especially preferred
compounds of formula I are those in which one of the
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groups Xl and X2 signifies a single covalent bond and
the other signifies a single covalent bond, -COO- or -0OC-.

A trans-l,4-cyclohexylene group optionally present in
formula I is preferably not attached to the oxygen atom of
an ester group -CO0O- or ~-00C-. Preferred cyclohexane
derivatives are, in general, the cyclohexanecarboxylic
acid esters, i.e. those compounds of formula I in which an
optionally present trans-1,4-cyclohexylene group is linked
with the carbon atom of an ester group -COO- or -00C-.

Examples of particularly preferred groups of compounds
of formula I are the compounds of the general formulae

Rl_©_ o O_ 2 .
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wherein X3 denotes -COO- or -0OC-, ring A%
represents pyrimidine-2,5-diyl, ring AD represents
trans-m-dioxane-2,5-diyl and Rl and RZ have the
above significances.

Preferably, the pyrimidine ring in formulae VvV, VII and
XII and the m-dioxane ring in formulae VIII and XIII are
linked in position 2 with the benzene ring.
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The straight-chain and branched alkenyl and alkenyloxy
groups, especially those which have at least 2, preferably
at least 4, chain atoms between the double bond and ring

- Al, have been found to be especially suitable residues

Rl1. The non-chiral, preferably straight-chain, residues
are generally preferred. Examples of especially preferred
residues Rl are the following groups which, apart from
those with terminal double bond, can each be present in
the E or Z form: 4-alkenyloxy such as 4-pentenyloxy,
4-hexenyloxy, ‘4-heptenyloxy, 4-octenyloxy, 4-nonenyloxy,
4-decenyloxy, 4-undecenyloxy and 4-dodecenyloxy: 5-alkenyl
such as 5-hexenyl, 5-heptenyl, 5-octenyl, 5-nonenyl, 5-de-
cenyl, 5-undecenyl and 5-dodecenyl; S5-alkenyloxy such as
5-hexenyloxy, 5-heptenyloxy, 5-octenyloxy. 5-nonenyloxy,.
5-decenyloxy, 5-undecenyloxy and 5-dodecenyloxy: 6-alkenyl
such as 6-heptenyl, 6-octenyl, 6-nonenyl, 6-decenyl, 6-un-_
decenyl and 6-dodecenyl; 6-alkenyloxy such as 6-heptenyl-
oXy., 6-octenyloxy, 6-nonenyloxy, 6-decenyloxy.
6-undecenyloxy and 6-dodecenyloxy: 7-alkenyl such as
7-octenyl, 7-nonenyl, 7-decenyl. 7-undecenyl and
7-dodecenyl; 7-alkenyloxy such as 7-octenyloxy.
7-nonenyloxy., 7-decenyloxy., 7-undeceanyloxy and
7-dodecenyloxy: 8-alkenyl such as 8-nonenyl, 8-decenyl,
8-undecenyl and 8-dodecenyl; 8-alkenyloxy such as
8-nonenyloxy., 8-decenyloxy, 8-undecenyloxy and
8-dodecenyloxy:; 9-alkenyl such as 9-decenyl, 9-undecenyl
and 9-dodecenyl. 9-alkenyloxy such as 9-decenyloxy.
9-undecenyloxy and 9-dodecenyloxy: 1l0-alkenyl such as
l0-undecenyl and 10-dodecenyl: l0-alkenyloxy such as
l0-undecenyloxy and 10-dodecenyloxy: and the like.
Especially preferred groups Rl are those with 5 or more
chain atoms between the double bond and ring Al as well

as those with a terminal double bond.

The ferroelectric properties are, however, enhanced
not only by the aforementioned residues R, but also
generally by groups derived from alkenyl in which one or
more hydrogen atoms is/are replaced by halogen and/or one
CHy group or two non-adjacent CH, groups is/are
replaced by -0-. If desired, Rl can also have a further
C-C double bond and/or a chiral carbon atom. However, for
the found effect it is essential that Rl has at least
one C-C double bond.

Rl conveniently has a maximum of 18 carbon atoms,
preferably about 4-15% and particularly about 6-12 carbon
atoms. The double bond is generally separated from ring
Al by at least 2, preferably by at least 4 and
particularly by at least 5, chain atoms.

R2 can be straight-chain or branched, chiral or
achiral. RZ embraces usual non-polar or weakly polar
groups, namely alkyl or alkenyl groups as well as groups
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derived therefrbm in which one or more hydrogen atoms
is/are replaced by halogen and/or one CH,; group or two

non-ad jacent CH, groups is/are replaced by -O-.

Especially preferred residues RZ are alkyl and
alkoxy groups such as pentyl, hexyl, heptyl, octyl, nonyl,
decyl, undecyl, butyloxy. pentyloxy. hexyloxy, heptyloxy,.
octyloxy, nonyloxy, decyloxy, undecyloxy and the like in
the case of straight-chain achiral groups and the readily
accessible methylalkyl and methylalkoxy groups such as
2-methylbutyl, 3-methylpentyl, 4-methylhexyl., 5-methyl-
heptyl, 6-methyloctyl, 7-methylnonyl, 2-methylbutyloxy.
3-methylpentyloxy, 4-methylhexyloxy. 5-methylheptyloxy.
6-methyloctyloxy, l-methylheptyloxy and the like in the
case of branched-chain., chiral groups.

RrZ conveniently has a maximum of 18 carbon atoms,
preferably 4-15 and particularly about 5-12, carbon atoms.
A C-C double bond optionally present in RZ is preferably
separated from the ring (AZ in the case of n = O or A3
in the case of n = 1) by at least 2, particularly by at
least 4, chain atoms.

In accordance with a preferred aspect, least one of
the residues Rl and RZ? has a chiral carbon atom.
Preferred groups Rl or RZ with chiral carbon atoms are
the groups of the general formulae

X
p4
25
|
-{0) -C H ~C*_
' Cqtlpq_p~C*-H
I X
56

wherein m, p and q signify whole numbers and m stands
for O or 1, p stands for O-6 and q stands for 2-6:

R3 signifies alkyl and R4 signifies halogen,

alkoxy, alkenyl., alkenyloxy or alkyl different from
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R3:; or R3 signifies alkenyl and R4 signifies
alkoxy; R® denotes alkyl and R6 denotes halogen,
alkoxy or alkyl different from R5° and C* signifies
the chiral carbon atom;
whereby as chiral residues Rl there come into consider-
ation only those groups which have a C-C double bond.

The groups of formula IX in which R3 signifies
methyl and R4 signifies alkyl different from methyl,
pgeferably ethyl, are especially preferred chiral residues
R L]

Of the optically active compounds of formulae I-VIII
and XI1-XIV there are generally preferred those in which
R2 has a chiral carbon atom and preferably a group of
formula 1X or X.

Those compounds of formulae I-VIII and XII-XIV in
which in each case Rl signifies a non-chiral, preferably
straight-chain, group and RZ? optionally has a chiral
carbon atom are especially preferred. Accordingly, those
compounds of formulae I-VIII and XII-XIV in which in each
case Rl denotes a non-chiral, preferably straight-chain,
alkenyl or alkenyloxy group (especially one of the
preferred alkenyl or alkenyloxy groups named above) and
R2 signifies a straight-chain or branched alkyl or
alkoxy group (such as n-alkyl, n-alkoxy. methylalkyl or
methylalkoxy) are particularly preferred.

Preferred compounds of formula 11 are those in which
Rl signifies alkenyloxy and RZ signifies alkoxy,
especially those in which Rl signifies straight-chain
alkenyloxy and R2 signifies straight-chain or branched
alkoxy.

Preferred compounds of formula 111 are those in which
Rl signifies alkenyloxy (preferably straight-chain
alkenyloxy) and RZ signifies stralght chain or branched
alkyl or alkoxy, especially those in which R2 signifies
straight-chain or branched alkyl and X3 signifies -00OC-.

Preferred compounds of formula IV are those in which
rl signifies alkenyloxy (preferably straight-chain
alkenyloxg) and RZ? signifies straight-chain or branchead
alkoxy. X° preferably stands for -COO-.

Preferred compounds of formula V are those in which
: 3 signifies alkenyloxy (preferably straight-chain
alkenyloxy) and RZ signifies straight-chain or branched
alkyl. X3 preferably stands for -COO-. The pyrimidine
ring A4 is preferably linked in position 2 with the
benzene ring.
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Preferred compounds of formula VI are those in which
Rl signifies alkenyloxy (preferably straight-chain
alkenyloxy) and RZ2 signifies straight-chain or branched
alkyl. The pyrimidine ring is preferably linked in
position 2 with the group p-Rl-phenyl.

Preferred compounds of formula VII are those in which
Rl signifies alkenyloxy (preferably straight-chain
alkenyloxy) and RZ signifies straight-chain or branched
alkyl. The pyrimidine ring A4 is preferably linked in
position 2 with the benzene ring.

Preferred compounds of formula VIIIa are those in
which Rl signifies alkenyl (preferably straight-chain
alkenyl) and RZ2 signifies straight-chain or branched
alkoxy. Preferred compounds of formula VIIIb are those in
which Rl signifies alkenyloxy (preferably straight-chain
alkenyloxy) and R2 signifies straight-chain or branched
alkyl. The dioxane ring A% in formulae VIIIa and VIIIb
is preferably linked in position 2 with the biphenyl
group.

Preferred compounds of formula XII are those in which
Rl signifies alkenyl (preferably straight-chain alkenyl)
and R? signifies straight-chain or branched alkyl. The
pyrimidine ring A% is preferably linked in position 2
with the benzene ring. In formula XII X3 preferably
stands for -COO-.

Preferred compounds of formula XI11 are thosée in which
Rl signifies alkenyloxy (preferably straight-chain
alkenyloxy) and R2 signifies straight-chain or branched
alkyl. The dioxane ring A5 is preferably linked in
position 2 with the benzene ring. In formula XIII X3
preferably stands for -COO-.

Preferred compounds of formula XIV are those in which
Rl gignifies alkenyl or alkenyloxy (preferably
straight-chain alkenyl or alkenyloxy) and RZ2 signifies
straight-chain or branched alkyl or alkoxy. Preferably,
X3 in formula XIV stands for -COO-.

Further, the group Rl in formulae II-VIII and
XI1-X1V preferably has at least 2 chain atoms,
particularly at least 4 chain atoms, between the double
bond and the ring to which it is attached.

The compounds of formula I with short residues Rl
and RZ often have only monotropic or virtual liquid
crystal properties, but they are also suitable for
improving the properties of ferroelectric mixtures. The
compounds of formula 1 with long residues R and RZ
for the most part have relatively broad chiral smectic
C phases.
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The invention is also concerned with the novel
compounds of the formula

wherein n stands for the number O or 1; Xl repre-
sents a single covalent bond, ~COO- or -0OC- and X2
represents a single covalent bond, -C00-, -00OC-,
-CHyCHy-, -OCHp- or -CHp0-; rings Aal, AZ

and A3 each independently singify unsubstituted
1,4-phenylene or 1,4-phenylene substituted with cyano,
halogen or lower alkyl or one of the rings also
signifies pyrimidine-2,5-diyl or pyrazine-2,5-diyl
and/or, when n stands for the number 1, one of the
rings also signifies trans-1l,4-cyclohexylene or
trans-m-dioxane-3,5~diyl; with the proviso that one of
the rings present stands for pyrimidine-2,5-diyl or
pyrazine-2,5-diyl when a further ring signifies
trans-1,4-cyclohexylene or when n stands for the
number 0 and X! stands for a single covalent bond;
Rl signifies an alkenyl group with a terminal double
bond and up to 18 carbon atoms in which optionally 1
CH; group is replaced by -0O-; RZ signifies an

alkyl group with up to 18 carbon atoms in which
optionally 1 CHy; group is replaced by -0O-, with the
proviso that the residue Rl has at least 4 chain
atoms (i.e. saturated carbon atoms or oxygen atoms)
between the double bond and ring Al.

Preferably., the number of chain atoms in the longest
unbranched chains in Rl and R? together amounts to at
least B when n stands for the number 1 and to at least 10
when n stands for the number O. More preferably. the
number of chain atoms in unbranched chains in Rl and
RZ2 together amounts to at least 10, especially to at
least 12, when n stands for the number 1 and to at least
12, especially to at least 14, when n stands for the
number O. Preferably, ring A2 stands for pyrazine-2.5-
-diyl when n signifies the number 1, ring Al signifies
optionally substituted 1,4-phenylene and ring A
signifies trans-l,4-cyclohexylene.

Preferred compounds in accordance with the invention
are, further, the compounds in accordance with the
preferred aspects mentioned above which have the given
number of chain atoms in Rl and R2. Examples of
especially preferred compounds of formula I are the
corresponding compounds of formulae II-VIII and XII-XIV as
well as the compounds named in the Synthesis Examples.
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The compounds of formula I can be manufactured in a
manner known per se, for example according to the methods
illustrated in the Synthesis Examples. The introduction of
chiral residues and alkenyl substituents c¢an be effected,
for example, according to the usual methods described for
cholesteric or nematic substances.

The manufacture of the liquid crystalline mixtures in
accordance wi;h the invention and their use in electro-
-optical devices can also be effected in a manner known
per se.

The compounds of formula I can be mixed with one
another and/or with usual liquid crystal materials. They
are primarily suitable for the manufacture of ferro-
electric mixtures, i.e. of mixtures having a chiral
smectic phase, especially of mixtures having a smectic C
phase.

The liquid crystalline mixtures used for ferroelectric
electro-optical displays contain at least 2 components, of
which at least one component is a compound of formula I.
The amount of compounds of formula I in the mixtures can
vary in wide limits and can amount, for example, from
about 1-100 wt.%. In general, the amount of compounds of
formula I preferably amounts to about 10-70 wt.% and
particularly about 20-50 wt.%.

These mixtures can contain, in addition to one or more
compounds of formula I, usual components for chiral
smectic mixtures. They preferably contain, in addition to

one or more compounds of formula I, one or more compounds
of the general formulae
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wherein R7 and R8 gignify alkyl, alkoxy., alkanoyl,
alkanoyloxy, alkoxycarbonyl or alkoxycarbonyloxy with
up to 18 carbon atoms; r and s denote the numbers 1 or
2; RY and R10 represent alkyl or alkoxy with 1-18
carbon atoms; X4 stands for CH and X5 stands for N

or X4 stands for N and X5 stands for CH:; G

signifies a single covalent bond, trans-1,4-cyclo-
hexylene, cis-4-cyano-trans-1l,4-cyclohexylene or 1,4-
-phenylene optionally substituted with halogen or
methyl: ring F represents trans-1,4-cyclohexylene,
l,4-phenylene optionally substituted with halogen or
methyl or, when G signifies a single covalent bond,
also cis-4-cyano-trans-1,4-cyclohexylene; R11l ana

R1Z2 each denote an optionally halogen-substituted
alkyl or alkenyl group in which optionally one CHj
group or two non-adjacent CHy groups is/are replaced
by -0O-, -COO- and/or -00C-; t stands for the number O
or 1; E signifies a single covalent bond,

-CHyCHz~, ~OCHz-, -COO- or -0O0OC-; rings B, C and

D denote l,4-phenylene optionally substituted with
cyano, halogen or lower alkyl: Y! and Y2 signify
hydrogen or one of the substituents Y! and Y2 also
signifies cyano; and R13 and R14 represent option-
ally halogen-substituted C;-Cjg-alkyl or

optionally halogen-substituted Cz-Cjg-alkenyl in
which optionally one CH; group or two non-adjacent
CH,; groups is/are replaced by oxygen.

The smectic mixtures can basically consist of
optically inactive compounds. However, they preferably
contain one or more optically active compounds in order to
produce a spontaneous polarization, i.e. they preferably
contain at least one optically active compound of formula
I having a chiral carbon atom in Rl and/or RZ and/or
at least one optically active additive. Preferred chiral
smectic mixtures with at least 2 components are
accordingly those in which at least one component is an
optically active compound of formula I and a second
component can be optically active or optically inactive,
as well as those in which at least one component is an
optically inactive, preferably achiral, compound of
formula I and a second component is optically active. The
second component is preferably a further compound of
formula I or a compound of formulae XI, XV, XVI or XVII.
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The invention is illustrated in more detail by the
following Examples. The enantiomers of the named compounds
have in each case the same phase transition temperatures
and a twisting of the same magnitude, but of opposite
sign. The abbreviations used for the characterization of
the phase transitions have the following significances:

C stands for crystalline

s stands for smectic

Sa stands for smectic A

S stands for smectic B

Sc stands for smectic C (achiral compound or

' racemate)

Sc* stands for chiral smectic C

N stands for nematic

Ch stands for cholesteric

1 stands for isotropic.
Example 1

A mixture of 0.3 g of 4-(9-decenyloxy)benzoic acid,
0.23 g of (S)-4-(4-methylhexyloxy)phenol, 0.27 g of
N.N'-dicyclohexylcarbodiimide, 0.04 g of 4-(dimethyl-
amino)pyridine and 50 ml of absolute dichloromethane was
stirred at room temperature overnight. The mixture was
subsequently filtered and concentrated. The crude product
obtained was purified by chromatography on silica gel with
toluene. The (S)-4-(9-decenyloxy)benzoic acid 4-(4-methyl-
hexyloxy)phenyl ester was recrystallized from methanol;
m.p. (C-Sc*) 28.5°C, phase transition (Sg*-Sp) 54°C,
cl.p. (Sa-1) 65°C.

The 4-(9-decenyloxy)benzoic acid used as the starting
material was prepared as follows:

a) A solution of 20 g of 9-decen-~1l-o0l in 50 ml of
absolute pyridine was treated portionwise at 0°C and while
gassing with argon with 25.6 g of p-tosyl chloride. After
stirring at 0°C for 8 hours (formation of a white
precipitate) the reaction mixture was treated with 50 ml
of water, cautiously made acid with 100 ml of 2N hydro-
chloric acid and extracted three times with 30 ml of
diethyl ether each time. The combined organic phases were
washed with 500 ml of water, 100 ml of concentrated
potassium carbonate solution and 500 ml of water, dried
over magnesium sulphate and concentrated. The crude
9-decen-1-yl p-tosylate (36 g) was used without additional
purification. '

b) A mixture of 18 g of 9-decen-1-yl p-tosylate, 17.7 g
of methyl 4-hydroxybenzoate, 3.6 g of potassium hydroxide,
75 ml of ethanol and 1 ml of water was heated under reflux
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overnight. The cooled reaction mixture was subsequently
poured into ice-water and extracted three times with 50 ml
of diethyl ether each time. The organic phases were washed
with 500 ml of water, dried over magnesium sulphate and
concentrated. Chromatography of the residue on silica gel
with toluene gave 17 g of methyl 4-(9-decenyloxy)benzoate
which was used without additional purification.

c¢) A nixture of 17 g of methyl 4-(9-decenyloxy)benzoate,
17 g of potassium hydroxide, 20 ml of water and 200 ml of
methanol was heated to 75°C on an o0il bath for 4 hours.
The cooled mixture was treated with 100 ml of ice-cold 3N
hydrochloric acid and the liberated acid was taken up in
150 ml of diethyl ether. The separated aqueous phase was
back-extracted twice with 100 ml of diethyl ether each
time. The combined organic phases were washed with 50 ml
of 2N sodium carbonate solution and several times with
water, dried over magnesium sulphate and concentrated.
Recrystallization of the crude product obtained from
ethanol gave 7 g of 4-(9-decenyloxy)benzoic acid, m.p.
(C-S¢) 77°C, phase transition (Sc¢-N) 116°C, cl.p.

{N-1I) 137°C.

The following compounds can be manufactured in an
analogous manner:

(S)-4-(5-Hexenyloxy)benzoic acid 4-(2-methylbutyloxy)-
phenyl ester, m.p. (C-Ch) 61.5°C, cl.p. (Ch-1I) 40°C;

(S)-4-(6-heptenyloxy)benzoic acid 4-(2-methylbutyl-
oxy)phenyl ester, m.p. (C-I) 56°C, cl.p. (Sa-I) 54.5°C:

(S)-4-(7-octenyloxy)benzoic acid 4-(2-methylbutyloxy)-
phenyl ester, m.p. (C-1) 43.5°C, phase transition
(Sc*-Sp) 26°C, cl.p. (Sa-1I) 49°C;

(S)-4-(8-nonenyloxy)benzoic acid 4-(2-methylbutyloxy)-
phenyl ester;

(S)-4-(9-decenyloxy)benzoic acid 4-(2-methylbutyloxy)-
phenyl ester, cl.p. (C-Sp) 39°C, phase transition
(Sc*-Sp) 36°C, cl.p. (Sa-1) 55°C;

(S)-4-(10-undecenyloxy)benzoic acid 4-(2-methylbutyl-
oxy)phenyl ester, m.p. (C-Sp) 48°C, phase transition
(Sc*-Sap) 33°C, cl.p. (Sa-1) 59.5°C;

(S)-4-(5Z-heptenyloxy)benzoic acid 4-(2-methylbutyl-
oXy)phenyl ester;

(S)-4-(5Z-octenyloxy)benzoic acid 4-(2-methylbutyl-
oxy)phenyl ester:

(S)-4-(5Z-nonenyloxy)benzoic acid 4-(2-methylbutyl-
oxy)phenyl ester;

(S)-4-(5Z-decenyloxy)benzoic acid 4-(2-methylbutyl-
oxy)phenyl ester;

(S)-4-(5Z~undecenyloxy)benzoic acid 4-(2-methylbutyl-
oxy)phenyl ester;

(S)-4-(5-hexenyloxy)benzoic acid 4-(4-methylhexyloxy)-
phenyl ester, m.p. (C-1) 62.5°C, cl.p. (Ch-1) 58°C;
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(S)-4-(6-heptenyloxy)benzoic ac1d 4-(4-methylhexyl-
oxy)phenyl ester;

(S)-4-(7-octenyloxy)benzoic acid 4-(4-methylhexyloxy)-
phenyl ester; m.p. (C-Ch) 47.5°C, phase transition
(S¢c*-Sp) 44°C, phase transition (Sp-Ch) 60.5°C,
cl.p. (Ch-1) 63°C;

(S)-4-(8-nonenyloxy)benzoic ac1d 4-(4-methylhexyloxy)-
phenyl ester;

(S)-4-(10-undecenyloxy)benzoic acid 4-(4-methylhexyl-
oxy)phenyl ester; m.p. C-Sg* 39.5°C, phase transition
(Sp-Sc*) 31°C, phase transition (Sc*-Sp) 55.5°C.
cl.p. (Sp-1) 70°C;

(S)-4-(5Z-heptenyloxy)benzoic acid 4-(4-methylhexyl-
oXy)phenyl ester;

(S)-4-(5Z-octenyloxy)benzoic acid 4-(4-methylhexyl-
oxy)phenyl ester; m.p. (C-I) 61°C, phase transition
(Sg*-Ch) 47°C, cl.p. (Ch-I) 50.5°C;

{S)-4-(5Z-nonenyloxy)benzoic acid 4-(4-methylhexyl-
oxy)phenyl ester;

(S)-4-(52-decenyloxy)benzoic acid 4-(4-methylhexyl-
oXxy)phenyl ester;

(S)-4-(5Z-undecenyloxy)benzoic acid 4-(4-methylhexyl-
oxy)phenyl ester;

(S)-4-(7-octenyloxy)benzoic acid 4-(l-methylheptyl-
oxy)phenyl ester;

(S)-4-(8-nonenyloxy)benzoic ac1d 4-(l-methylheptyl-
oxy)phenyl ester;

(S)-4-(9-decenyloxy)benzoic acid 4-(l-methylheptyl-
oxy)phenyl ester;

(S)-4-(10-undecenyloxy)benzoic acid 4-(l-methylheptyl-
oxy)phenyl ester;

(S)-4-(5Z-octenyloxy)benzoic acid 4-(l-methylheptyl-
oxy)phenyl ester;

(S)-4-(5-hexenyloxy)benzoic acid 4-(6-methyloctyloxy)-
phenyl ester; m.p. (C-Sc*) 44.5°C, phase transition
(S¢c*-Ch) 51°C, ¢l.p. (Ch-1) 64.5°C;

(S)-4-(6-heptenyloxy)benzoic acid 4- (6 methyloctyl—
oxy)phenyl ester; m.p. (C-Sp) 41.5°C, phase transition
(Sc*-5a) 40°C, phase tramnsition (Sa-Ch) 73.5°C,
cl.p. (Ch-1) 75°C;

(S)-4-(7-octenyloxy)benzoic acid 4-(6-methyloctyloxy)-
phenyl ester: m.p. (C-Sc¢*) 54°C, phase transition
(Sc*-Sa) 55.5°C, phase transition (Sa-Ch) 70.5°C,
cl.p. (Ch-1) 71°C;

(S)-4-(8-nonenyloxy)benzoic acid 4-(6-methyloctyloxy)-
phenyl ester;

(S)-4-(9-decenyloxy)benzoic acid 4-(6-methyloctyloxy)-
phenyl ester: m.p. (C-Sc*) 63°C, phase transition
(Sg-Sc*) 37°C, phase transition (Sc*-Sp*) 67°C,
cl.p. (Sa-1) 74.5°C;

(S)-4-(10-undecenyloxy)benzoic acid 4-(6-methyloctyl-
oxy)phenyl ester; m.p. (C-Scp*) 53°C, phase transition
(Sg-Sc*) 46°C, phase transition (Sc*-Sp) 68.5°C,
cl.p. (Sa-1) 78°C;
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(S)-4-(5Z-heptenyloxy)benzoic acid 4-(6-methyloctyl-
oXy)phenyl ester:

(S)~-4-(5Z-octenyloxy)benzoic acid 4-(6-methyloctyl-
oxy)phenyl ester; m.p. (C-Sp*) 48.5°C, phase transition
(S¢*-Ch) 55°C, c¢l.p. (Ch-1) 58°C:

(S)-4-(5Z-nonenyloxy)benzoic acid 4-(6-methyloctyl-
oxXy)phenyl ester;

(S)-4-(5Z-decenyloxy)benzoic acid 4-(6-methyloctyl-
oxy)phenyl ester:

(S)~-4-(5Z-undecenyloxy)benzoic acid 4-(6-methyloctyl-
oxy)phenyl ester;

(5)-4'-(5-hexenyloxy)-4-biphenylcarboxylic acid 4-(4-
-methylhexyloxy)phenyl ester;

(8)-4'-(7-octenyloxy)-4-biphenylcarboxylic acid 4-(4-
-methylhexyloxy)phenyl ester;

(S)-4'-(9-decenyloxy)-4- blphenylcarboxyllc acida a-
-{methylhexyloxy)phenyl ester;

(5)-4'-(5Z-octenyloxy)-4-biphenylcarboxylic acid 4-(4-
-methylhexyloxy)phenyl ester:;

(S)-4'-(5-hexenyloxy)-4-biphenylcarboxylic acid 4-(6-
-methyloctyloxy)phenyl ester;

(S)-4'-(7-octenyloxy)-4-biphenylcarboxylic acid 4-(6-
-methyloctyloxy)phenyl ester;

(S)-4'-(9-decenyloxy)~-4-biphenylcarboxylic acid 4-(6-
-methyloctyloxy)phenyl ester;

(S)-4'-(5Z-octenyloxy)-4-biphenylcarboxylic acid 4- (6~
-methyloctyloxy)phenyl ester;

(S)-4'-(7-octenyloxy)-4-biphenylcarboxylic acid 4-(1-
-methylheptyloxy)phenyl ester;

{S)-4'-(8-nonenyloxy)-4-biphenylcarboxylic acid 4-(1-
-methylheptyloxy)phenyl ester;

(8)-4'-(9-decenyloxy)-4- blphenylcarboxyllc acid 4-(1-
-methylheptyloxy)phenyl ester;

(S)-4'-(5Z-0octenyloxy)-4-biphenylcarboxylic acid 4-(1-
-methylheptyloxy)phenyl ester;

(S)-4-(9-decenyloxy)benzoic acid 4'-(2-methylbutyl-
oXy)-4-biphenylyl ester:

(S)-4-(7-octenyloxy)benzoic acid 4'-~(4-methylhexyl-
oxy)-4-biphenylyl ester;

(5)-4-(9-decenyloxy)benzoic acid 4'-(4-methylhexyl-
oxXy)~-4-biphenylyl ester;

(S)-4-(5Z-octenyloxy)benzoic acid 4'-(4-methylhexyl-
oxy)-4-biphenylyl ester;

(S)-4-(7-octenyloxy)benzoic acid 4'-(6-methyloctyl-
oxy)-4-biphenylyl ester:

(S)-4-(9-decenyloxy)benzoic acid 4'-(6-methyloctyl-
0Xy)-4-biphenylyl ester;

(S)-4-(5Z-decenyloxy)benzoic acid 4'-(6-methyloctyl-
oxy)-4-biphenylyl ester;

(S)-4-(7-octenyloxy)benzoic acid 4'-(l-methylheptyl-
oXy)-4-biphenylyl ester;

(S)-4-(8-nonenyloxy)benzoic acid 4'-(l-methylheptyl-
0Xy)-4-biphenylyl ester;
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(S)-4-(9-decenyloxy)benzoic acid 4'-(l-methylheptyl-
oxy)-4-biphenylyl ester;

(S)-4-(5Z-octenyloxy)benzoic acid 4'-(l-methylheptyl-
oXxy)-4-biphenylyl ester;

(S)-4-(5-hexenyloxy)benzoic acid 4-(5-[5-methyl-
heptyl]-2-pyrimidinyl)phenyl ester, m.p. (C-Ch) 67.5°C,
phase transition (Sc¢*-Ch) 50.5°C, cl.p. (Ch-I) 142.5°C;

(S)-4-(6~-heptenyloxy)benzoic acid 4-(5-[5-methyl-
heptyl]-2-pyrimidinyl)phenyl ester, m.p. (C-Sc*) 43.5°C,
phase transition (Sg*-Ch) 47.5°C, c¢l.p. (Ch-1) 148B.5°C;

(S)-4-(7-octenyloxy)benzoic acid 4-(5-[5-methyl-
heptyl]-2-pyrimidinyl)phenyl ester, m.p. (C-Sc*) 55.5°C,
phase tramsition (S¢*-Ch) 58°C, cl.p. (C-Ch) 140.5°C;

(S)-4-(8-nonenyloxy)benzoic acid 4-(5-[5-methyl-
heptyl)-2-pyrimidinyl)phenyl ester;

(S)-4-(9-decenyloxy)benzoic acid 4-(5-[5-methyl-
heptyl]-2-pyrimidinyl)phenyl ester, m.p. (C-Scg*) 68°C,
phase transition (S¢*-Ch) 70.5°C, cl.p. (Ch-1) 135.5°C;

(S)-4-(10-undecenyloxy)benzoic acid 4-(5-{5-methyl-
heptyl]-2-pyrimidinyl)phenyl ester, m.p. (C-Sp*) 60.5°C,
phase transition (Scg*-Ch) 75°C, cl.p. (Ch-1) 135.5°C;

(8S)-4-(5Z- heptenyloxy)ben201c acid 4-(5-[5-methyl-
heptyl]-2-pyrimidinyl)phenyl ester;

(S)-4-(5Z-octenyloxy)benzoic acid 4-(5-[5-methyl-
heptyl]-2-pyrimidinyl)phenyl ester;

(S)-4-(5Z-nonenyloxy)benzoic acid 4-(5-[5-methyl-
heptyl]-2-pyrimidinyl)phenyl ester;

(S)-4-(5-hexenyloxy)benzoic acid 4-(5-[6- methyl-
octyl]-2-pyrimidinyl)phenyl ester, m.p. (C-Ch) 65.5°C,
phase transition (S¢*-Ch) 43.5°C, cl.p. (Ch-I) 138.5°C;

(S)-4-(6- heptenyloxy)ben201c acid 4-(5-[6-methyl-
octyl)-2-pyrimidinyl)phenyl ester, m.p. (C- -Sc*) 45°C,
phase transition (Sc*-Ch) 48°C, cl.p. (Ch-1) 1l44°C;

(S)-4-(7-~ octenyloxy)benzo1c acid 4-(5-[6-methyl-
octyll-2-pyrimidinyl)phenyl ester, m.p. (C- Sc¢*) 50°C,
phase transition (Se¢*-Ch) 60°C, cl.p. (Ch-1I) 136.5°C;

(S8)-4-(8-nonenyloxy)benzoic acid 4-(5-[6-methyl-
octyl}-2-pyrimidinyl)phenyl ester;

(S5)-4-(9-decenyloxy)benzoic acid (4-(5-[6-methyl-
octyl]-2-pyrimidinyl)phenyl ester, m.p. (C-Sp*) 67°C,
phase transition (Sc*-Ch) 79.5°C, cl.p. (Ch-I) 132°C;

(S)-4-(10-undecenyloxy)benzoic acid 4-(5-{6-methyl-
octyl)-2-pyrimidinyl)phenyl ester, m.p. (C-Sc¢*) 61°C,
phase tramsition (Sg*-Ch) 79.5°C, cl.p. (Ch-I) 132°C;

(S)-4-(5Z2-heptenyloxy)benzoic acid 4-(5-[6-methyl-
octyl]-2-pyrimidinyl)phenyl ester;

(S)-4-(5Z-octenyl)benzoic acid 4-(5-[6-methyloctyl]-2-
-pyrimidinyl)phenyl ester;

(S)-4-(5Z-nonenyl)benzoic acid 4-(5-[6-methyloctyl]-2-
-pyrimidinyl)phenyl ester.

4-(5-hexenyloxy)benzoic acid 4-butyloxyphenyl ester:

4-(5-hexenyloxy)benzoic acid 4-pentyloxyphenyl ester;

4-(5-hexenyloxy)benzoic acid 4-hexyloxyphenyl ester;



4-(5-hexenyloxy)benzoic
4- (5-hexenyloxy)benzoic
4-(5-hexenyloxy)benzoic
4-(6-heptenyloxy)benzoic
4-(6-heptenyloxy)benzoic
4-(6-heptenyloxy)benzoic
4-(6-heptenyloxy)benzoic
4-(6-heptenyloxy)benzoic
4-(6-heptenyloxy)benzoic
4-(7-octenyloxy)benzoic
4-(7~o0octenyloxy)benzoic
4-(7-octenyloxy)benzoic
4-(7-octenyloxy)benzoic
4-(7-octenyloxy)benzoic
4-(7-octenyloxy)benzoic
4-(8-nonenyloxy)benzoic
4-(8-nonenyloxy)benzoic
4-(8-nonenyloxy)benzoic
4-(8-nonenyloxy)benzoic
4-(8-nonenyloxy)benzoic
4-(9-decenyloxy)benzoic
4-(9~-decenyloxy)benzoic
4-(9-decenyloxy)benzoic
4-(9-decenyloxy)benzoic
4-(10-undecenyloxy)benzo
4~ (10-undecenyloxy)benzo

ester;

4-(l10-undecenyloxy)benzo
4-(10-undecenyloxy)benzo

ester;
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acid 4-heptyloxyphenyl ester;
acid 4-octyloxyphenyl ester;
acid 4-nonyloxyphenyl ester;
acid 4-butyloxyphenyl ester;
acid 4-pentyloxyphenyl ester;
acid 4-hexyloxyphenyl ester;
acid 4-heptyloxyphenyl ester;
acid 4-octyloxyphenyl ester;
acid 4-nonyloxyphenyl ester;
acid 4-butyloxyphenyl ester;
acid 4-pentyloxyphenyl ester;
acid 4-hexyloxyphenyl ester;
acid 4-heptyloxyphenyl ester:
acid 4-octyloxyphenyl ester;
acid 4-nonyloxyphenyl ester;
acid 4-butyloxyphenyl ester;
acid 4-pentyloxyphenyl ester;
acid 4-hexyloxyphenyl ester;
acid 4-heptyloxyphenyl ester;
acid 4-octyloxyphenyl ester:
acid 4-butyloxyphenyl ester;
acid 4-pentyloxyphenyl ester:
acid 4-hexyloxyphenyl ester;
acid 4-heptyloxyphenyl ester;
ic acid 4-butyloxyphenyl ester;
ic acid 4-pentyloxyphenyl

ic acid 4-hexyloxyphenyl ester:
ic acid 4-heptyloxyphenyl

4'-(5-hexenyloxy)-4-biphenylcarboxylic acid 4-butyl-

oxyphenyl ester;

4'-(5-hexenyloxy)-4-biph

oxyphenyl ester;

enylcarboxylic acid 4-pentyl-

4'-(5-hexenyloxy)-4-biphenylcarboxylic acid 4-hexyl-

oxyphenyl ester;

4'-(5-hexenyloxy)-4-biphenylcarboxylic acid 4-heptyl-

oxyphenyl ester;

4'-(6~heptenyloxy)-4-bip

oxyphenyl ester;

4'-(6-heptenyloxy)-4-bip

oxyphenyl ester;

4'-(6-heptenyloxy)-4-bip

oxyphenyl ester;

4'-(6-heptenyloxy)-4-bip

oXyphenyl ester;

4- (5-hexenyloxy)benzoic

ester:
- 4~ (5-hexenyloxy)benzoic
ester;

4- (5-hexenyloxy)benzoic

ester;

4-(5-hexenyloxy)benzoic

ester;

henylcarboxylic acid 4-butyl-
henylcarboxylic acid 4-pentyl-
henylcarboxylic acid 4-hexyl-
henylcarboxylic acid 4-heptyl-
acid 4'-butyloxy-4-biphenylyl
acid 4'-pentyloxy-4-biphenylyl
acid 4'-hexyloxy-4-biphenylyl

acid 4'-heptyloxy-4-biphenylyl
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4-(-6-heptenyloxy)benzoic acid 4'-butyloxy-4-
-biphenylyl ester:;

4-(6-heptenyloxy)benzoic acid 4'-pentyloxy- 4—
-biphenylyl ester;

4-(6-heptenyloxy)benzoic acid 4'-hexyloxy-4-
~-biphenylyl ester;

4-(6-heptenyloxy)benzoic acid 4'-heptyloxy-4-
~-biphenylyl ester;

4-(5-hexenyloxy)benzoic acid 4-(5-hexyl-2-pyrimi-
dinyl)phenyl ester;

4-(5-hexenyloxy)benzoic acid 4-(5- heptyl ~-2-pyrimi-
dinyl) phenyl ester:

4-(5-hexenyloxy)benzoic acid 4-(5-octyl-2-pyrimi-
dinyl)phenyl ester:

4-(6-heptenyloxy)benzoic acid 4-(5-hexyl-2-pyrimi-
dinyl)phenyl ester:

4-(6-heptenyloxy)benzoic acid 4-(5-heptyl-2-pyrimi-
dinyl)phenyl ester;

4-(6-heptenyloxy)benzoic acid 4-(5-octyl-2-pyrimi-
dinyl)phenyl ester;

4-(7-octenyloxy)benzoic acid 4-(5-hexyl-2-pyrimi-
dinyl)phenyl ester:

4-(7-octenyloxy)benzoic acid 4-(5-heptyl-2-pyrimi-
dinyl)phenyl ester:

4-(7-octenyloxy)benzoic acid 4-(5-octyl-2-pyrimi-
dinyl)phenyl ester;

4-(8-nonenyloxy)benzoic acid 4-(5-hexyl-2-pyrimi-
dinyl)phenyl ester;

4-(8-nonenyloxy)benzoic acid 4-(5-heptyl-2-pyrimi-
dinyl)phenyl ester;
_ 4-(8-nonenyloxy)benzoic acid 4-(5-octyl-2-pyrimi-
dinyl)phenyl ester:

4-(9-decenyloxy)benzoic acid 4-(5-hexyl-2-pyrimi-
dinyl)phenyl ester;

4-(9-decenyloxy)benzoic acid 4-(5-heptyl-2-pyrimi-
dinyl)phenyl ester:

4-(9-decenyloxy)benzoic acid 4-(5-octyl-2-pyrimi-
-dinyl)phenyl ester:

4-(l0-undecenyloxy)benzoic acid 4-(5-hexyl-2-pyrimi-
dinyl)phenyl ester;

4-(10-undecenyloxy)benzoic acid 4-(5-heptyl-2-pyrimi-
dinyl)phenyl ester;

4-(10-undecenyloxy)benzoic acid 4-(5-octyl-2-pyrimi-
dinyl)phenyl ester;

trans-4-(5-hexenyl)cyclohexanecarboxylic acid 4-(5-
~-nonyl-2-pyrimidinyl)phenyl ester:

trans-4-(5-hexenyl)cyclohexanecarboxylic acid 4-(5-
-decyl-2-pyrimidinyl)phenyl ester;

trans-4-(6-heptenyl)cyclohexanecarboxylic acid-4-(5-
~octyl-2-pyrimidinyl)phenyl ester:

trans-4-~(6-heptenyl)cyclohexanecarboxylic acid 4-(5-
-nonyl-2-pyrimidinyl)phenyl ester;

trans-4-(6-heptenyl)cyclohexanecarboxylic acid 4-(5-
~decyl-2-pyrimidinyl)phenyl ester;
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trans-4-(7-octenyl)cyclohexanecarboxylic acid 4-(5-
-octyl-2-pyrimidinyl)phenyl ester;

trans-4-(7-octenyl)cyclohexanecarboxylic 4-(5-nonyl-2-
-pyrimidinyl)phenyl ester:

trans-4-(7-octenyl)cyclohexanecarboxylic acid 4-(5-
-decyl-2-pyrimidinyl)phenyl ester;

4-(9-decenyloxy)benzoic acid 4-(trans-5-nonyl-m-
-dioxan-2-yl)phenyl ester;

4-(9-decenyloxy)benzoic acid 4-(trans-5-decyl-m-
-dioxan-2-yl)phenyl ester;

4-(10-undecenyloxy)benzoic acid 4-(trans-5-octyl-m-
-dioxan-2-yl)phenyl ester;

4-(10-undecenyloxy)benzoic acid 4-(trans-5-nonyl-m-
-dioxan-2-yl)phenyl ester, m.p. (C-Sc) 75.7°C, phase
transitions (S-Sc) 43.5°C, (Sc-N) 11l1°C, cl.p. (N-I)
149°C;

4-(10-undecenyloxy)benzoic acid 4-(trans-5-decyl-m-
-dioxan-2-yl)phenyl ester, m.p. (C-Sc) 75,5°C, phase
transitions (S-Sc¢) 39.5°, (Sc¢-N) 116.5°C, cl.p. (N-1I)
147.5°C;

4-(1l1-dodecenyloxy)benzoic acid 4-(trans-5-octyl-m-
~dioxan-2-yl)phenyl ester;

4-(1l1-dodecenyloxy)benzoic acid 4-(trans-5-nonyl-m-
-dioxan-2-yl)phenyl ester, m.p. (C-Sc) 78.2°C, phase
transitions (S-Sg) 44°C, (Sc-N) 113.5°C, cl.p. (N-I) -
145°C;

4-(ll-dodecenyloxy)benzoic acid 4-(trans-5-decyl-m-
-dioxan-2-yl)phenylester, m.p. (C-Sp) 78.2°C, phase
transitions (S-S¢) 39.5°C, (Sc-N) 119°C, cl.p. (N-1)
143°C;

(S)-4-(5-hexenyl)benzoic acid 5-[4-(2-methylbutyloxy)-
-phenyl]lpyrazinyl ester:

(S)-4-(6-heptenyl)benzoic acid 5-[4-(2-methylbutyl-
oxy)-phenyl)lpyrazinyl ester:

(S)-4-(7-octenyl)benzoic acid 5-[4~(2-methylbutyloxy)-
-phenyl]pyrazinyl ester;

(S)-4-(8-nonenyl)benzoic acid 5-[4-(2-methylbutyloxy)-
-phenyl]pyrazinyl ester:

(S)-4-(9-decenyl)benzoic acid 5-[4-(2-methylbutyloxy)-
-phenyllpyrazinyl ester;

(S)-4~(1l0-undecenyl)benzoic ac1d 5-[4-(2-methylbutyl-
oxy)-phenyl)pyrazinyl ester;

(S)-4-(5-hexenyl)benzoic acid 5-[4-(4-methylhexyloxy)-
phenyllpyrazinyl ester;

(S)-4-(6-heptenyl)benzoic acid 5-[4-(4-methylhexyl-
oxy)phenyl]lpyrazinyl ester;

(S)-4-(7-octenyl)benzoic acid 5-[4-(4-methylhexyloxy)-
phenyllpyrazinyl ester:

(S)-4-(8-nonenyl)benzoic acid 5-[4-(4-methylhexyloxy)-
phenyl]lpyrazinyl ester:

(S)-4-(9-decenyl)benzoic acid 5-[4-(4-methylhexyloxy)-
phenyl}pyrazinyl ester;

(S)-4-(10-undecenyl)benzoic acid 5-[4-(4-methylhexyl-
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oXy)phenyl]lpyrazinyl ester;

{(S)-4-(5-hexenyl)benzoic ac1d 5-[4- (6 methyloctyloxy)-
phenyl]lpyrazinyl ester:

(S)-4-(6-heptenyl)benzoic acid 5-[4-(6-methyloctyl-
oxy)phenyl]pyrazinyl ester;

(S)-4-(7-octenyl)benzoic acid 5-[4-(6-methyloctyloxy)-
phenyl]lpyrazinyl ester:

(S)-4-(8-nonenyl)benzoic acid 5-[4-(6-methyloctyloxy)-
phenyl]lpyrazinyl ester;

(S)-4-(9-decenyl)benzoic acid 5 (4-(6-methyloctyleoxy)-
phenyl]pyrazinyl ester;

(8)-4-(10-undecenyl)benzoic acid 5-[4-(6-methyloctyl-
oxy)phenyl]lpyrazinyl ester;

4-(5-hexenyl)benzoic acid 5-(4-octyloxyphenyl)-
pyrazinyl ester;

4-(6-heptenyl)benzoic acid 5-(4-octyloxyphenyl)-
pyrazinyl ester;

4-(7-octenyl)benzoic acid 5-(4-octyloxyphenyl)-
pyrazinyl ester;

4~(8-nonenyl)benzoic acid 5-(4-octyloxyphenyl)pyra-
zinyl ester;

4-(9-decenyl)benzoic acid 5-(4-octyloxyphenyl)pyra-
zinyl ester;

4-(10-undecenyl)benzoic acid 5- (4-octyloxyphenyl)pyra-
zinyl ester;
as well as the opt1cal antipodes of the optically active
compounds.

Example 2

A mixture of 0.5 g of (S)-4-(6-methylhexyloxy)benzoic
acid, 10 ml of thionyl chloride (excess) and 40 ml of
toluene was heated to boiling for 1 hour. The solvent and
excess thionyl chloride were subsequently distilled off
and the residue was taken up twice in 25 ml of toluene and
concentrated each time.

The crude (S)-4-(6- methylhexyloxy)benzoyl chloride
obtained was dissolved in 40 ml of toluene and then added
dropw1se to a solution of 0.53 g of 4-(9-decenyloxy)phenol
in 5 ml of pyridine. The reaction mixture was stirred at
room temperature overnlght, then poured into ice-water and
extracted three times with 50 ml of diethyl ether each
time. The extract was washed with 25 ml of 3N hydrochloric
acid, then with 25 ml of 2N sodium carbonate solution and
several times with water, dried over magnesium sulphate
and concentrated. Chromatography of the thus-obtained
crude product on silica gel with toluene and recrystal-
lization from methanol at 0°C gave pure (S)-4-(4-methyl-
hexyloxy)benzoic acid 4-(9-decenyloxy)phenyl ester; m.p.
(C-Sc*) 25°C, phase transition (Sg*-Ch) 40°C, cl.p.

{(Ch-1) 56°C.
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The 4-(9-decenyloxy)phenol used as the starting
material was prepared as follows:

a) A mixture of 18 g of 9-decen-1-yl p-tosylate, 12.8 ¢
of hydroguinone, 3.6 g potassium hydroxide, 1 ml of water
and 75 ml of ethanol was heated under reflux overnight.
The cooled reaction mixture was subsequently poured into
ice-water and extracted three times with 50 ml of diethyl
ether each time. The organic phases were washed with

500 ml of water, dried over magnesium sulphate and
concentrated. Chromatography of the residue on silica gel
with toluene/ethyl acetate (vol. 4:1) gave 7.5 g of
4-(9-decenyloxy)phenol; m.p. 54-55°C.

The following compounds can be manufactured in an
analogous manner:

(S)-4-(2-Methylbutyloxy)benzoic ac1d 4-(4-pentenyl-
oxy)phenyl ester, m.p. (C-1) 55°C:

(S)-4-(2-methylbutyloxy)benzoic acid 4-(5-hexenyloxy)-
phenyl ester, m.p. (C-I) 50.5°C, cl.p. (Ch-1) 31°C;

(S)-4-(2-methylbutyloxy)benzoic acid 4-(6-heptenyl-
oxy)}phenyl ester, m.p. (C-1) 51.5°C, cl.p. (Ch-1I) 44°C;

(S)-4-(2-methylbutyloxy)benzoic acid 4-(7-octenyloxy)-
phenyl ester, m.p. (C-1) 51°C, cl.p. (Ch-1) 38°C;

(S)-4-(2-methylbutyloxy)benzoic acid 4-(8-nonenyloxy)-
phenyl ester:;

(S)-4-(2- methylbutyloxy)ben201c acid 4-(9-decenyloxy)-
phenyl ester, m.p. (C-I) 49°C, cl.p. (Ch-1I) 37.5°C;

(S)-4-(2-methylbutyloxy)benzoic acid 4-(l0-undecenyl-
oxy)phenyl ester, m.p. (C-Ch) 45.5°C, cl.p. (Ch-1I) 45°C;

(S)-4-(2-methylbutyloxy)benzoic acid 4-(5Z-octenyl-
oxXxy)phenyl ester;

(S)-4-(4-methylhexyloxy)benzoic acid 4-(4-pentenyl-
oxy)phenyl ester, m.p. (C-Ch) 41°C, phase transition
(S¢*-Ch) 34°C, cl.p. (Ch-1) 57.5°C;

(S)-4-(4-methylhexyloxy)benzoic acid 4-(5-hexenyl-
oxy)phenyl ester, m.p. (C-Ch) 38°C, phase transition
(Sc*-Ch) 34.5°C, cl.p. (Ch-I) 49.5°C;

(S)~4-(4-methylhexyloxy)benzoic acid 4-(6-heptenyl-
oxy)phenyl ester, m.p. (C-Sc¢*) 32.5°C, phase transition
(Sc*-Ch) 36.5°C, cl.p. (Ch-1I) 61°C;

(S)-4-(4-methylhexyloxy)benzoic acid 4-(7-octenyloxy)-
phenyl ester, m.p. (C-Sc*) 29.5°C, phase tramsition
(Sc*-Ch) 40°C, cl.p. (Ch-I) 55.5°C;

(S)~4-(4-methylhexyloxy)benzoic acid 4-(8-nonenyloxy)-
phenyl ester:

(S)~-4-(4-methylhexyloxy)benzoic acid 4-(10-undecenyl-
oxy)phenyl ester, m.p. (C-Sc*) 34°C, phase transition
(Sc*-Ch) 41.5°C, cl.p. (Ch-I) 61°C;

(S)-4-(4-methylhexyloxy)benzoic acid 4-(5Z-heptenyl-
oxy)phenyl ester:

(S)-4-(4-methylhexyloxy)benzoic acid 4-(5Z2-octenyl-
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oxy)phenyl ester, m.p. (C-Sc*) 22°C, phase transition

(Sc*-Ch) 40.5°C, cl.p. (Ch-1) 46°C;
(S)-4~-(4-nmethylhexyloxy)benzoic a
oxy)phenyl ester; '

cid 4-(5Z-nonenyl-

(S)-4-(4-methylhexyloxy)benzoic acid 4-(5Z-decenyl-

oxy)phenyl ester;

(S)-4-(4-methylhexyloxy)benzoic acid 4-(5Z-undecenyl-

oxy)phenyl ester;
(S)-4-(1l-methylheptyloxy)benzoic
oxy)phenyl ester;
(S)-4-(l-methylheptyloxy)benzoic
oxy)phenyl ester; '
(S8)-4-(l-methylheptyloxy)benzoic
oxy)phenyl ester;
{(S)-4-(1l-methylheptyloxy)benzoic
oxy)phenyl ester;
(S)-4-(1l-methylheptyloxy)benzoic
oXxy)phenyl ester;
(S)-4-(1l-methylheptyloxy)benzoic
oxy)phenyl ester;
{(S)-4-(l-methylheptyloxy)benzoic
oxy)phenyl ester;
(S)-4-(1l-methylheptyloxy)benzoic
oxy)phenyl ester;
(S)-4-(1-methylheptyloxy)benzoic
oXy)phenyl ester;
(S)-4-(l-methylheptyloxy)benzoic
oxy)phenyl ester;
(5)-4-(l-methylheptyloxy)benzoic
oxy)phenyl ester;
(S)-4-(l-methylheptyloxy)benzoic
oxXy)phenyl ester:

acid

4-(4-pentenyl-
4-(5-hexenyl-
4-(6-heptenyl-
4-(7-octenyl-
4-(8-nonenyl-
4-(9-decenyl-
4-(10-undecenyl-
4-(5Z-heptenyl-
4-(5Z-octenyl-
4-(5Z-nonenyl-
4-(5Z-decenyl-

4-(5Z-undecenyl-

(S)-4-(6-methyloctyloxy)benzoic acid 4-(4-pentenyl-
oxy)phenyl ester, m.p. (C-S5¢*) 48°C, phase transition

(Sc*-Ch) 53.5°C, cl.p. (Ch-I) 66°C;

(S)-4-(6-methyloctyloxy)benzoic acid 4-(5-hexenyloxy)-
phenyl ester, m.p. (C-Sp*) 38.5°C, phase transition

(Sc*~Ch) 51°C, cl.p. (Ch-1) 59°C;

(S)-4-(6-methyloctyloxy)benzoic acid 4-(6-heptenyl-
oxy)phenyl ester, m.p. (C-Sg*) 39°C, phase transition

(S¢*-Ch) 56°C, cl.p. (Ch-1I) 68.5°C;

(S)-4-(6-methyloctyloxy)benzoic acid 4-(7-octenyloxy)-
phenyl ester, m.p. (C-Spg*) 37.5°C, phase transition

(S¢*-Ch) 57°C, cl.p. (Ch-1) 65°C;

(S)-4-(6-methyloctyloxy)benzoic acid 4-(5-nonenyloxy)-

phenyl ester;

(S)-4-(6-methyloctyloxy)benzoic acid 4-(9-decenyloxy)-
phenyl ester, m.p. (C-Sc*) 45°C, phase transition

(Sc*~Ch) 60°C, cl.p. (Ch-I) 66.5°C;

(S)-4-(6-methyloctyloxy)benzoic acid 4-(10-undecenyl-
oxy)phenyl ester, m.p. (C-Sc*) 44.5°C, phase transition

(Sc*-Ch) 62.5°C, cl.p. (Ch-1) 70°C;

(S)-4-(6-methyloctyloxy)benzoic acid 4-(5Z-heptenyl-

oXy)phenyl ester;
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(S)-4-(6-methyloctyloxy)benzoic acid 4-(5Z-octenyl-
oxy)phenyl ester, m.p. (C-Sc*) 34°C, phase transition
(Sc*-Ch) 55.5°C, cl.p. (Ch-1) 56°C;

(S)-4-(6-methyloctyloxy)benzoic acid 4-(5Z-nonenyl-
oxy)phenyl ester; _

(S)-4-(6-methyloctyloxy)benzoic acid 4-(5Z-decenyl-
oxy)phenyl ester:

(S)~4-(6-methyloctyloxy)benzoic acid 4-(5Z-undecenyl-
oxy)phenyl ester;

(S)-4'-(2-methylbutyl)-4-biphenylcarboxylic acid 4-(4-
-pentenyloxy)phenyl ester, m.p. (C-S¢*) 73°C, phase
transition (S-Sc*) 56.5°C, phase transition (Sc*-Ch)
78.5°C, cl.p. (Ch-1I) 169°C;

(S)-4'~-(2-methylbutyl)-4-biphenylcarboxylic acid 4-(5-
-hexenyloxy)phenyl ester, m.p. (C-Scg*) 66°C, phase
transition (S-Sc¢*) 52°C, phase transition (Sc¢*-Ch)
79°C, ¢l.p. (Ch-1) 153.5°C;

(S)-4'-(2-methylbutyl)-4-biphenylcarboxylic acid 4-(6-
-heptenyloxy)phenyl ester, m.p. (C-Sc¢*) 59°C, phase
transition (S-Sc*) 37°C, phase transition (Sc*-Ch)
77°C, cl.p. {(Ch-1) 157°C;

(S)-4'-(2-methylbutyl)-4-biphenylcarboxylic acid 4-(7-
-octenyloxy)phenyl ester, m.p. (C-Sp*) 72°C, phase
transition (S¢*-Ch) 80.5°C, cl.p. (Ch-I) 148°C;

(S)-4'-(2-methylbutyl)-4-biphenylcarboxylic acid 4-(8-
-nonenyloxy)phenyl ester: _

(S)-4'-(2-methylbutyl)-4-biphenylcarboxylic acid 4-(9-
-decenyloxy)phenyl ester, m.p. (C-Sp*) 70°C, phase
transition {Sc*-Ch) 83°C, cl.p. (Ch-I) 141.5°C;

(S)-4'-(2-methylbutyl)-4-biphenylcarboxylic acid
4-(l0-undecenyloxy)phenyl ester, m.p. (C-Scg*) 67.5°C,
phase transition (Sc*-Ch) 84.5°C, cl.p. (Ch-I) 142°C;

(S)-4'-(3-methylpentyl)-4-biphenylcarboxylic acid
4-(4-pentenyloxy)phenyl ester, m.p. (C-Sp*) 96°C, phase
transition (S-Sc*) 74.5°C, phase transition (Sc*-Sp)
125.5°C, phase transition (Sa-Ch) 135°C, cl.p. (Ch-1I)
168.5°C;

(S)-4'-(3-methylpentyl)-4-biphenylcarboxylic aciad
4-(5-hexenyloxy)phenyl ester, m.p. (C-S¢*) 92°C, phase
transition (S-Sc*) 68.5°C, phase transition (Sc*-Sp)
122°C, phase transition (Sp-Ch) 128°C, cl.p. (Ch-I)
155°C; _
(S$)-4'-(3-methylpentyl)-4-biphenylcarboxylic acid
4-(6-heptenyloxy)phenyl ester, m.p. (C-Scg*) 86°C, phase
transition (S-Sc*) 47°C, phase transition (Sc¢*-Sp)
123°C, phase transition (Sa-Ch) 129°C, cl.p. (Ch-I)
158.5°C;

(S)-4'~(3-methylpentyl)-4-biphenylcarboxylic acid
4-(7-octenyloxy)phenyl ester, m.p. (C-Sc*) 78°C, phase
transition (Sc¢*-Sa) 119.5°C, phase transition
(Sa-Ch) 127.5°C, cl.p. (Ch-I) 150°C:

(S)-4'-(3-methylpentyl)-4-biphenylcarboxylic acid
4-(8-nonenyloxy)phenyl ester;
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(S)-4'-(3-methylpentyl)-4-biphenylcarboxylic acid
4-(9-decenyloxy)phenyl ester, m.p. (C-Sg*) 73°C, phase
transition (Sc*-Sp) 117.5°C, phase transition,

(Sa-Ch) 130.5°C, cl.p. (Ch-I) 146°C;

(S)-4'-(3-methylpentyl)-4-biphenylcarboxylic acid
4-(10-undecenyloxy)phenyl ester, m.p. (C-Scg*) 77.5°C,
phase transition (Sc*-Sa) 114°C, phase transition
{Sa-Ch) 131.5°C, cl.p. (Ch-1) 146.5°C;

(S)-4'-(3-methylpentyl)-4-biphenylcarboxylic acid
4-(5Z-heptenyloxy)phenyl ester;

(S)-4'-(3-methylpentyl)-4-biphenylcarboxylic acid
4-(5Z-octenyloxy)phenyl ester;

(S)-4'-(3-methylpentyl)-4-biphenylcarboxylic acid
4-(5Z-nonenyloxy)phenyl ester;

(S)-4'-(3-methylpentyl)-4-biphenylcarboxylic acid
4-(5Z-decenyloxy)phenyl ester;

(S)-4'-(2-methylbutyloxy)-4-biphenylcarboxylic acid
4-(4-pentenyloxy)phenyl ester, m.p. (C-Sg*) 115°C, phase
transition (Sc*-Sa) 141°C, phase transition (Sp-Ch)
161°C, cl.p. (Ch-1I) 189°C;

{S)-4'-(2-methylbutyloxy)-4-biphenylcarboxylic acid
4-(5-hexenyloxy)phenyl ester, m.p. (C-Sc*) 96°C, phase
transition (Sc*-Sa) 137°C, phase transition (Sa-Ch)
154.5°C, cl.p. (Ch-1) 176°C;

(S)-4'-(2-methylbutyloxy)-4-biphenylcarboxylic acid
4-(6-heptenyloxy)phenyl ester, m.p. (C-Scg*) 97.5°C,
phase transition (Sc*-Sa) 133°C, phase transition
(Sp~-Ch) 154.5°C, cl.p. (Ch-1) 177.5°C;

(S)-4'-(2-methylbutyloxy)-4-biphenylcarboxylic acid
4-(7-octenyloxy)phenyl ester, m.p. (C-Sc*) 97.5°C, phase
transition (Sc*-Sa) 130.5°C, phase transition
(Sap-Ch) 153.5°C, cl.p. (Ch-I) 169.5°C;

(S)-4'-(2-methylbutyloxy)-4-biphenylcarboxylic acid
4-(8-nonenyloxy)phenyl ester;

(S)-4'-(2-methylbutyloxy)-4-biphenylcarboxylic acid
4-(9-decenyloxy)phenyl ester, m.p. (C-Sc*) 99.5°C, phase
transition (Sc*-Sap) 126°C, phase transition (Sa-Ch)
154.5°C, cl.p. (Ch-1) 165°C;

(S)-4'-(2-methylbutyloxy)-4-biphenylcarboxylic acid
4-(l0-undecenyloxy)phenyl ester, m.p. (C-Sc*) 97.5°C,
phase transition (Scg*-Sa) 124.5°C, phase transition
(Sa-Ch) 154.5°C, cl.p. (Ch-I) 164°C;

(S)-4'-(2-methylbutyloxy)-4-biphenylcarboxylic acid
4-(5Z-heptenyloxy)phenyl ester;

(S)-4'-(2-methylbutyloxy)-4-biphenylcarboxylic acid
4-(5Z-octenyloxy)phenyl ester;

(S)-4'-(2-methylbutyloxy)-4-biphenylcarboxylic acid
4-(5Z-nonenyloxy)phenyl ester:

(S)-4'-(2-methylbutyloxy)-4-biphenylcarboxylic acid
4-(5Z-decenyloxy)phenyl ester;

(S)-4'-(2-methylbutyloxy)-4-biphenylcarboxylic acid
4-(5Z-undecenyloxy)phenyl ester;

(S)-4'-(4-methylhexyloxy)-4-biphenylcarboxylic acid
4-(7-octenyloxy)phenyl ester:
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(S)-4'-(4-methylhexyloxy)-4-biphenylcarboxylic acid
4-(8-nonenyloxy)phenyl ester;
(S)-4'-(4-methylhexyloxy)-4-biphenylcarboxylic acid
4-(9-decenyloxy)phenyl ester;
(S)-4'-(4-methylhexyloxy)-4- blphenylcarboxyllc acid
4-(5Z-octenyloxy)phenyl ester;
(S)-4'~-(1-methylheptyloxy)-4-biphenylcarboxylic acid
4-(7-octenyloxy)phenyl ester;
(S)-4'-(l-methylheptyloxy)-4-biphenylcarboxylic acid
4-(8-nonenyloxy)phenyl ester;
(S)-4'-(1l-methylheptyloxy)-4-biphenylcarboxylic acid
4-(9-decenyloxy)phenyl ester:
(S)-4'-(1-methylheptyloxy)-4-biphenylcarboxylic acid
4-(5Z-octenyloxy)phenyl ester;
(S)-4-(2-methylbutyloxy)benzoic acid 4-(7-octenyloxy)-
-biphenylyl ester; .
(S)-4-(2-methylbutyloxy)benzoic acid 4-(9-decenyloxy)-
-biphenylyl ester;
(S)-4-(2-methylbutyloxy)benzoic acid 4-(5Z-octenyl-
oxy)-4'-biphenylyl ester;
(S)~4-(4-methylhexyloxy)benzoic acid 4-(7-octenyloxy)-
-4'-biphenylyl ester;
(S)-4-(4-methylhexyloxy)benzoic acid 4-(9-decenyloxy)-
-biphenylyl ester;
(S)-4-(4-methylhexyloxy)benzoic acid 4-(5Z-octenyl-
0oXxy)-4'-biphenylyl ester;
(S)-4-(6- methyloctyloxy)ben201c acid 4-(7-octenyloxy)-
-4'~-biphenylyl ester:
(S)-4-(6-~ methyloctyloxy)benzo1c acid 4-(9-decenyloxy)-
-biphenylyl ester;
(S)-4-(6-methyloctyloxy)benzoic acid 4-(52-octenyl-
oXy)-4'-biphenylyl ester;
(S)-4-(l-methylheptyloxy)benzoic acid 4-(7-octenyl-
oXy)-4'-biphenylyl ester;
(S)-4-(1-methylheptyloxy)benzoic acid 4-(8-nonenyl)-
-biphenylyl ester;
(S)-4-(1l-methylheptyloxy)benzoic acid 4-(9-decenyl)-
-biphenylyl ester:
(S)-4-(l-methylheptyloxy)benzoic acid 4-(5Z-octenyl)-
~-4'-biphenylyl ester;
4-hexyloxybenzoic acid 4-(5-hexenyloxy)phenyl ester:
4-heptyloxybenzoic acid 4-(5-hexenyloxy)phenyl ester:
4-octyloxybenzoic acid 4-(5-hexenyloxy)phenyl ester;
4-nonyloxybenzoic acid 4-(5-hexenyloxy)phenyl ester;
4-decyloxybenzoic acid 4-(5-hexenyloxy)phenyl ester;
4-hexyloxybenzoic acid 4-(6-heptenyloxy)phenyl ester;
4-heptyloxybenzoic acid 4-(6-heptenyloxy)phenyl ester;
4-octyloxybenzoic acid 4-(6-heptenyloxy)phenyl ester;
4-nonyloxybenzoic acid 4-(6-heptenyloxy)phenyl ester:
4-pentyloxybenzoic acid 4(7-octenyloxy)phenyl ester;
4-hexyloxybenzoic acid 4(7-octenyloxy)phenyl ester;
4-heptyloxybenzoic acid 4(7-octenyloxy)phenyl ester;
4-octyloxybenzoic acid 4(7-octenyloxy)phenyl ester;
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4-pentyloxybenzoic acid 4-(8-nonenyloxy)phenyl ester;
4-hexyloxybenzoic acid 4-(8-nonenyloxy)phenyl ester;
4-heptyloxybenzoic acid 4-(8-nonenyloxy)phenyl ester;
4-octyloxybenzoic acid 4-(8-nonenyloxy)phenyl ester;
4-pentyloxybenzoic acid 4-(9-decenyloxy)phenyl ester,
4-hexyloxybenzoic acid 4-(9-decenyloxy)phenyl ester,
4-heptyloxybenzoic acid 4-(9-decenyloxy)phenyl ester,
4-butyloxybenzoic acid 4-(l10-undecenyloxy)phenyl ester:
4- pentyloxybenzo1c acid 4-(l10-undecenyloxy)phenyl
ester;
4- hexyloxyben201c acid 4-(l10-undecenyloxy)phenyl ester:
4'-pentyl-4-biphenylcarboxylic acid 4-(4-pentenyloxy)-
phenyl ester;
-hexyl-4-biphenylcarboxylic acid 4-(4-pentenyloxy)-
phenyl ester;
-heptyl-4-biphenylcarboxylic acid 4-(4-pentenyloxy)-
phenyl ester;
4'-octyl-4-biphenylcarboxylic acid 4-(4-pentenyloxy)-
phenyl ester;
-pentyl-4-biphenylcarboxylic acid 4-(5-hexenyloxy)-
phenyl ester;
-hexyl-4-biphenylcarboxylic acid 4-(5-hexenyloxy)- -
phenyl ester;
-heptyl-4-biphenylcarboxylic acid 4-(5-hexenyloxy)-
phenyl ester:
4'-octyl-4-biphenylcarboxylic acid 4-(5-hexenyloxy)-
phenyvl ester;
-butyl-4a-biphenylcarboxylic acid 4-(é6-heptenyloxy)-
phenyl ester;
4'-pentyl-4-biphenylcarboxylic acid 4-(6-heptenyloxy)-
phenyl ester;
-hexyl-4-biphenylcarboxylic acid 4-({6-heptenyloxy)-
phenyl ester;
~-heptyl-4-biphenylcarboxylic acid 4-(6-heptenyloxy)-
phenyl ester:
~-butyl-4- blphenylca:boxyllc acid 4-(7-octenyloxy)-
phenyl ester;
-pentyl-4-biphenylcarboxylic acid 4-(7-octenyloxy)-
phenyl ester;
4'-hexyl-4-biphenylcarboxylic acid 4-(7-octenyloxy)-
phenyl ester;
-heptyl-4a-biphenylcarboxylic ac1d 4-(7-octenyloxy)-
phenyl ester;
-butyl-4- b1pheny1carboxy11c acld 4-(8-nonenyloxy)-
phenyl ester;
-pentyl-4-biphenylcarboxylic acid 4-(8-nonenyloxy)-
phenyl ester:;
-hexyl-4-biphenylcarboxylic acid 4-(8-nonenyloxy)-
phenyl ester:
~-pentyl-4-biphenylcarboxylic acid 4-(9-decenyloxy)-
phenyl ester;
as well as the optical antipodes of the optically active
compounds.



- 28 -

Example 3

A mixture of 0.66 g of 9-decen-1-yl p-tosylate, 0.5 g
of (S)-4-~(5-[5-methylheptyl]}-2-pyrimidinyl)phenol and
0.97 g of potassium carbonate and 50 ml of absolute
butanone was heated under reflux overnight. The cooled
reaction mixture was subsequently poured into ice-water
and extracted three times with 50 ml of diethyl ether each
time. The organic phases were washed with 500 ml of water,
dried over magnesium sulphate and concentrated.
Chromatography of the residue on silica gel with toluene
and subsequent bulb-tube distillation gave 0.9 g of
(S)-5-(5-methylheptyl)-2-(4-[9 -decenyloxylphenyl)pyrimi-
dine; m.p. (C-Sg*) 19°C, phase transition (Sg*-Ch)
32.5°C, cl.p. (Ch-1) 43°C.

The (S)-4-(5-[5-methylheptyl]-2-pyrimidinyl)phenol
used as the starting material was prepared as follows:

a) A mixture of 23 g of (S)-2-(methoxymethylidene)-7-
-methylnonanal, 26.2 g of 4-isopropoxybenzamidine hydro-
chloride and 250 ml of absolute methanol was treated
dropwise at 10°C with 80 ml of a 5% solution of sodium
methylate in methanol. The reaction mixture was stirred at
room temperature overnight and subsequently made acid (pH
4-5) with concentrated hydrochloric acid, filtered and the
filtrate was concentrated. The residue was taken up in

500 ml of dichloromethane, washed several times with
water, dried over sodium sulphate and concentrated.
Chromatography of the residue on silica gel with
hexan/ethyl acetate (vol. 19:1) and recrystallization from
methanol gave 22.2 g of (S)-2-(4-isopropoxyphenyl)-5-
~(5-methylheptyl)pyrimidine; m.p. 47.2-47.7°C.

b) A solution of 22.5 ml of titanium tetrachloride in

125 ml of dichloromethane was added dropwise within 1 hour
at 0°C while gassing with argon to a solution of 22.7 g of
(S)-2-(4-isopropoxyphenyl)-5-(5-methylheptyl)pyrimidine in
300 ml of absolute dichloromethane. The reaction mixture
was stirred at 0°C for 45 minutes and at room temperature
overnight and subsequently poured into 1500 ml of ice-
-water. The organic phase was separated and the aqueous
phase was back-extracted twice with 200 ml of dichloro-
methane each time. The combined organic phases were washed
several times with water, dried over sodium sulphate and
concentrated. The crude (S)-4-(5-[5-methylheptyl]-2-
-pyrimidinyl)phenol was used without additional purifi-
cation.

The following compounds can be manufactured in an
analogous manner:
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(S)-5-(5-Methylheptyl)-2-(4-[5-hexenyloxylphenyl)-
pyrimidine, m.p. (C-Ch) 29.5°C, cl.p. (Ch-I) 30.5°C;
{S)-5-(5-methylheptyl)-2-(4-{6-heptenyloxy]phenyl)-
pyrimidine, m.p. (C-Ch) 35°C, phase transition (Sc¢-Ch)
29°C, cl.p. (Ch-1) 45.5°C;
(S)-5-(5-methylheptyl)-2-(4-[7-octenyloxylphenyl)-
pyrimidine, m.p. (C-Ch) 29°C, phase transition (Sc*-Ch)
27.5°C, cl.p. (Ch-1I) 40°C;
(S)-5-(5-methylheptyl)-2-(4-[{8-nonenyloxylphenyl)-
pyrimidine;
(S)~-5-(5-methylheptyl)-2-(4-[10-undecenyloxy]phenyl)-
pyrimidine, m.p. (C-Sc¢*) 17°C, phase transition
(Sc*-Ch) 37°C, cl.p. (Ch-I) 47.5°C;
(S)-5-(5-methylheptyl)~2-(4-[5Z-heptenyloxylphenyl)-
pyrimidine;
(S)-5-(5-methylheptyl)-2-(4-[{5Z-octenyloxylphenyl)-
pyrimidine;.
{S)-5-(5-methylheptyl)-2-(4-[5Z-nonenyloxylphenyl)-
pyrimidine; . :
(8)-5-(5-methylheptyl)-2-(4-[5Z-decenyloxy]phenyl)-
pyrimidine; '
(S)-5-(6-methyloctyl)-2-(4-[5-hexenyloxy]lphenyl)-
pyrimidine, m.p. (C-Ch) 12.5°C, cl.p. (Ch-I) 21°C;
(8)-5-(6-methyloctyl)-2-(4-[6-heptenyloxy]lphenyl)-
pyrimidine, m.p. (C-Sc*) 6.5°C, phase transition
(Sc¢*-Ch) 18.5°C, cl.p. (Ch-1) 39°C;
(S)-5-(6-methyloctyl)-2-(4-[7-octenyloxy]lphenyl)-
pyrimidine., m.p. (C-Sc*) 4°C, phase transition
(S¢*-Ch) 14.5°C, cl.p. (Ch-1) 32°C;
(S)-5-(6-methyloctyl)-2-(4-{8-nonenyloxy]lphenyl)-
pyrimidine;
(S)-5-(6-methyloctyl)-2-(4-[{9-decenyloxy])phenyl)-
pyrimidine, m.p. (C-Sc¢*) 12°C, phase transition
(Sc*-Ch) 27°C, cl.p. (Ch-I) 37.5°C:;
(S)-5-(6-methyloctyl)-2-(4-[10-undecenyloxy]lphenyl)~
pyrimidine, m.p. (C-Sc*) 20°C, phase transition
(S¢*-Ch) 35.5°C, c¢l.p. (Ch-1) 44.5°C;
{S)-5-(6-methyloctyl)-2-(4-[5Z-octenyloxy]lphenyl)-

pyrimidine;
(S)-5-(6-methyloctyl)-2-(4-[5Z-nonenyloxy]lphenyl)-
pyrimidine;
(S)-5-(6-methyloctyl)-2-(4-[5Z-decenyloxy]phenyl)-
pyrtimidine;
(S)-5-(6-methyloctyl)-2-(4-[5Z-undecenyloxy]lphenyl)-
pyrimidine; '
(S)-5-(2-methylbutyloxy)-2-(4-[7-octenyloxy]lphenyl)-
pyrimidine;
(S)-5-(2-methylbutyloxy)-2-(4-[{8-nonenyloxylphenyl)-
pyrimidine;
(S)-5-(2-methylbutyloxy)-2-(4-{9-decenyloxylphenyl)-
pyrimidine;

{S8)-5~-(2-methylbutyloxy)-2-(4-[5Z~-octenyloxy]lphenyl)-
pyrimidine;



- 31 -

(C-S¢) 37°C, phase transition (Sg-Sp) 47°C, cl.p.
(Sa-1I) 67.5°C;
5-undecyl-2-(4-[7-octenyloxylphenyl)pyrimidine;
5-dodecyl-2-(4-[7-octenyloxy]lphenyl)pyrimidine;
5-nonyl-2-(4-[8-nonenyloxylphenyl)pyrimidine;
5-decyl-2-(4-[8-nonenyloxylphenyl)pyrimidine, m.p.
(C-S¢) 32.5°C, phase transition (Sg-Sz) 55°C, cl.p.
(sp-I) 72°C;
5-undecyl-2-(4-[8-nonenyloxy]phenyl)pyrimidine;
5-dodecyl-2-(4-[8-nonenyloxylphenyl)pyrimidine;
5-octyl-2-(4-[9-decenyloxylphenyl)pyrimidine;
5-nonyl-2-(4-[9-decenyloxy]phenyl)pyrimidine;
5-decyl-2-(4-[9-decenyloxylphenyl)pyrimidine, m.p.
(C-S¢) 33°C, phase transition (Sc-Sp) 57°C, cl.p.
(sp-1) 70°C;
5-octyl-2-(4-[10-undecenyloxy]lphenyl]pyrimidine;
5-nonyl-2-(4-[10-undecenyloxy]phenyl]pyrimidine;
5-decyl-2-(4-[10-undecenyloxy]lphenyl]pyrimidine, m.p.
(C-S¢) 36°C, phase transition (Sc-Sp) 64.5°C, cl.p.
(sa-1) 72.5°C;
as well as the optical antipodes of the optically active
compounds.

Example 4

A solution of 0.9 g of 2-(4'-hydroxy-4-biphenylyl)-5-
-(4-pentenyl)-m-dioxane and 1.25 g of (S)-l-bromo-4-
-methylhexane in 25 ml of N,N-dimethylformamide was
treated with 1.2 g of finely powdered potassium carbonate
and the mixture was stirred overnight in an o0il bath of
60°C. The suspension was suction filtered and the filtrate
was concentrated in a vacuum. A solution of the residue in
diethyl ether was washed twice with water, dried over
sodium sulphate and concentrated. Chromatography of the
crude product on 40 g of silica gel with hexane/ethyl
acetate (vol. 23:2) and two-fold recrystallization from
ethyl acetate gave pure (S)-trans-2-[4'~(4-methyl-
hexyloxy)-4-biphenylyl]-5-(4-pentenyl)-mn-dioxane:; phase
transition (S-8) 99.5°C, phase transition (8-Sg*) 127°C,
phase tramsition (Sc*-Ch) 130°C, cl.p. (Ch-1) 148°C.

The 2-(4'-hydroxy-4-biphenyl)-5-(4-pentenyl)-m-dioxane
used as the starting material was prepared as follows:

a) A mixture of 21.06 g of 4-biphenylyl p-tosylate in

120 ml of dichloromethane was treated at -2°C with 23.6 ml
of titanium tetrachloride. 9.63 ml of (dichloromethyl)
methyl ether were then added dropwise thereto at the same
temperature within 30 minutes, the mixture was stirred at
‘room temperature for 1 hour and then poured on to ice. The
organic phase was separated and the aqueous phase was
extracted with dichloromethane. The combined organic
Phases were washed with saturated sodium hydrogen
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carbonate solution and with water, dried over sodium
sulphate and concentrated. Recrystallization of the
resulting crude product from 50 ml of ethyl acetate gave
11.65 g of 4'-(p-tosyloxy)biphenyl-4-carboxaldehyde.

b) A solution of 1.4 g of 4'-(p-tosyloxy)biphenyl-4-
-carboxaldehyde and 0.7 g of 2-(4-pentenyl)-1,3-
-propanediol in 25 ml of toluene was treated with 3 drops
of 10% (vol.) sulphuric acid. The mixture was heated to
boiling for 1.5 hours while stirring, with moist toluene
being distilled off and being replaced by the dropwise
addition of fresh toluene. Thereafter, the mixture was
neutralized with 3 drops of triethylamine. After cooling
the mixture was washed with semi-saturated sodium hydrogen
carbonate solution and with water, dried over sodium
sulphate and concentrated. The resulting crude 5-(4-
-pentenyl)-2-{4'-(p-tosyloxy)-4-biphenylyl]-m-dioxane
(1.9 g) was dissolved in 80 ml of ethanol while warming.
The solution was treated with a solution of 1.3 g of
potassium hydroxide in 15 ml of water and heated to
boiling for 2 hours while stirring. After cooling the
mixture was neutralized (to pH 6) with 1 ml of glacial
ascetic acid and concentrated. A solution of the residue
in 200 ml of dichloromethane was washed twice with 50 ml
of water each time, dried over sodium sulphate and
concentrated. Chromatography of the residue on 40 g of
silica gel with toluene/acetone (vol. 19:1) gave 0.9 g of
2-(4'-hydroxy-4-biphenylyl)-5-(4-pentenyl)-m-dioxane.

The following compounds can be manufactured in an
analogous manner:

(S)-trans-2-[4'-(4-Methylhexyloxy)-4-biphenylyl]-5-
~(5-hexenyl)-m-dioxane;
(S)-trans-2-[4'-(4-methylhexyloxy)-4-biphenylyl]-5-
-(6~-heptenyl)-m-dioxane;
(S)-trans-2-[4'-(4-methylhexyloxy)-4-biphenylyl]-5-
~(7-octenyl)-m-dioxane;
(S)-trans-2-[4'-(4-methylhexyloxy)-4-biphenylyl]-5-
~-{(8-nonenyl)-m-dioxane;
(S)-trans-2-[4'-(4-methylhexyloxy)-4-biphenylyl]l-5-
-(9-decenyl)-m-dioxane;
(S)-trans-2-[4'-(4-methylhexyloxy)-4-biphenylyl]-5-
-(10-undecenyl)-m-dioxane; _
(S)-trans-2-[4'-(4-methylhexyloxy)-4-biphenylyl]-5-
-(6Z-nonenyl)-m-dioxane;
(S)-trans-2-[4'-(6-methyloctyloxy)-4-biphenylyl]-5-
~-{5-hexenyl)-m-dioxane;
(S)-trans-2-[4'-(6-methyloctyloxy)-4- blphenylyl] 5-
-(6-heptenyl)-m-dioxane;
(S)-trans-2-[4'-(6-methyloctyloxy)-4- b1pheny1y1] 5~
~-(7~-octenyl)-m-dioxane;
(S)-trans-2-[{4'-(6-methyloctyloxy)-4-biphenylyl]-5-
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-(B-nonenyl)-m-dioxane;
(S)-trans-2-[4'-(6-methyloctyloxy)-4-biphenylyl]-5-
-(9-decenyl)-m-dioxane;
(S)-trans-2-[4'-(6-methyloctyloxy)-4-biphenylyl]-5-
-(10-undecenyl)-m-dioxane;
(S)-trans-2-{4'-(6-methyloctyloxy)-4- b1pheny1y1] 5-
-{(6Z-nonenyl)-m-dioxane;
(s)-trans-2-[4'-(1l-methylheptyloxy)-4-biphenylyl]-5-
-(5-hexenyl)-m-dioxane;
(S)-trans—-2-{4'-(l-methylheptyloxy)-4-biphenylyl]}-5-
~-(6-heptenyl)-m-dioxane;
(S)-trans-2-[4'-(l-methylheptyloxy)-4-biphenylyl]-5-
-(7-octenyl)-m-dioxane;
(S)-trans-2-[4'-(l-methylheptyloxy)-4-biphenylyl]-5-
-{8-nonenyl)-m-dioxane;
(S)-trans-2-[4'-(l-methylheptyloxy)-4-biphenylyl])-5-
-(9-decenyl)-m-dioxane;
(S)-trans-2-{4'~(l-methylheptyloxy)-4-biphenylyl}]-5-
-(l10-undecenyl)-m-dioxane;
(S)-trans-2-[4'-(l-methylheptyloxy)-4-biphenylyl]-5-
~-{6Z-nonenyl)-m-dioxane;
(S)-trans-2-[4'-(5-hexenyloxy)-4-biphenyl]-5-(4-methyl-
hexyl)-m-dioxane;
(S)-trans-2-[4'-(6~ heptenyloxy) 4-biphenyl]-5-(4-methyl-
hexyl)-m-dioxane;
(S)-trans-2-{4'-(7-octenyloxy)-4-biphenyl]-5-(4-methyl-
hexyl)-m-dioxane;
(S)-trans-2-[4'~-(8-nonenyloxy)-4-biphenyl}]-5-(4-methyl-
hexyl)-m-dioxane;
(S)-trans-2-[4'~(9-decenyloxy)-4-biphenyl]-5-(4-methyl-
hexyl)-m-dioxane;
(S)-trans-2-[{4'-(10-undecenyloxy)-4-biphenyl]-5-(4-
-methylhexyl)-m-dioxane;
(S)-trans-2-[4'-(52-octenyloxy)-4-biphenyl]}-5-(4-methyl-
hexyl)-m-dioxane;
trans-2-(4'-hexyloxy-4-biphenylyl)-5-(5-hexenyl)-m-
-dioxane;
trans-2-(4'-hexyloxy-4-biphenylyl)-5-(6-heptenyl)-m-
-dioxane;
trans-2-(4'-hexyloxy-4-biphenylyl)-5-(7-octenyl)-m-
-dioxane;
trans-2-(4'-hexyloxy-4-biphenylyl)-5-(8-nonenyl)-m-
~dioxane;
trans-2-(4'-hexyloxy-4-biphenylyl)-5-(9-decenyl)-m-
~dioxane;
trans-2-(4'-hexyloxy-4-biphenylyl)-5-(10-undecenyl)-m-
~dioxane;
trans-2-(4'-octyloxy-4-biphenylyl)-5-(5-hexenyl)-m-
-dioxane;
trans-2-(4'-octyloxy-4-biphenylyl)-5-(6-heptenyl)-m-
-dioxane;
trans-2-(4'-octyloxy-4-biphenylyl)-5-(7-octenyl)-m-
-dioxane;
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trans-2-(4'-octyloxy-4-biphenylyl)-5-(8-nonenyl)-m-
-dioxane;
trans-2-(4'-octyloxy-4-biphenylyl)-5-(9-decenyl)-m-
~dioxane:;
trans-2-(4'-octyloxy-4-biphenylyl)-5-(10-undecenyl)-m-
~dioxane;
trans-2-[{4'-(5-hexenyloxy)-4-biphenylyl]}-5-octyl-m-
-dioxane;
trans-2-[4'-(6-heptenyloxy)-4-biphenylyl]-5-octyl-m-
-dioxane;
trans-2-[4.'~(7-octenyloxy)-4-biphenylyl]-5-octyl-m-
-dioxane;
trans-2-[4'~(8-nonenyloxy)-4-biphenylyl}-5-octyl-m-
~-dioxane;
trans-2-[4'-(9-decenyloxy)-4-biphenylyl]-5-octyl-m~
~dioxane;
trans-2-[4'-(l0-undecenyloxy)-4-biphenylyl]-5-octyl-m-
~-dioxane;
as well as the optical antipodes of the optically active
conmpounds.

Mixture Example A

30 wt.% of (S)-4-(10-undecenyloxy)benzoic acid
4-(5-[6-methyloctyl])-2-pyrimidinyl)phenyl
ester,

70 wt.% of (S)-4'-(3-methylpentyl)-4-biphenylcar-

: boxylic acid 4-(9-decenyloxy)phenyl
ester:

phase transitions:(I-Ch) 137.5°C, (Ch-Scg*) 102°C,

(Sc*-C or Sp*-S) 43°C.

Mixture Example B

30 wt.% of (S)-4'-(3-methylpentyl)-4-biphenylcar-
boxylic acid 4-(6-heptenyloxy)phenyl
ester,

42 wt.% of {(S)-5-(5-methylheptyl)-2-(4-[10-un-
decenyloxylphenyl)pyrimidine,

28 wt.% of (S)-4-(9~-decenyloxy)benzoic acid 4-(4-

-~-methylhexyloxy)phenyl ester;
phase transitions:(I-Ch) 72.5°C, (Ch-Scg*) 56°C,
(Sc*-C) 7.5°C.

Mixture Example C

50 wt.% of 5-decyl-2-(4-[9-decenyloxy]lphenyl)pyrimi-
dine,

35 wt.% of (S)-4'-(3-methylpentyl)-4-biphenylcar-
boxylic acid 4-heptyloxyphenyl ester,

15 wt.% of (S)-4'-(3-methylpentyl)-4-biphenylcar-

boxylic acid 4-decyloxyphenyl ester;
phase transitions: (I-Ch) 101.5°C, (Ch-Sp) 93°C,
(Sa-Sc*) 86.5°C, (SC*—C) 14°C.
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Claims

1. The use of a liquid crystalline mixture :

containing at least 2 components, characterized in that at
least one component is a compound of the general formula

for

n

wherein n stands for the number O or 1: X1

represents a single covalent bond, -COO- or -00C- and
X2 represents a single covalent bond, -COO-, -00C-,
-CHCHp-, -OCHy- or -CH0-; rings Al, a2

and A3 each independently signify unsubstituted
l,4-phenylene or 1,4-phenylene substituted with cyano,
halogen or lower alkyl or one of the rings also
signifies pyrimidine-2,5-diyl or pyrazine-2,5-diyl
and/or, when n stands for the number 1, one of the
rings also signifies trans-1,4-cyclohexylene or
trans-m-dioxane-2,5-diyl; with the proviso that one of
the rings present stands for pyrimidine-2,5-diyl or
pyrazine-2,5-diyl when a further ring signifies
trans-1l,4-cyclohexylene or when n stands for the
number O and Xl stands for a single covalent bond:

Rl signifies an optionally halogen-substituted

alkenyl group with up to 18 carbon atoms in which
optionally 1 CHp group or 2 non-adjacent CH,

groups is/are replaced by -O- and/or a C-C single bond
is optionally replaced by a C-C double bond: with the
proviso that Rl is different from 3,7-dimethyl-6-
-octenyloxy; R2 signifies an optionally halogen-
-substituted alkyl group with up to 18 carbon atoms in
which optionally 1 CHp group or 2 non-adjacent CH,
groups is/are replaced by -O- and/or a C-C single bond
is optionally replaced by a C-C double bond: with the
proviso that residues Rl and/or RZ attached to an
aromatic ring have at least 2 chain atoms between the
aromatic ring and a C-C double bond present,
ferroelectric electro-optical displays.

2. The use of a liquid crystalline mixture according

to claim 1, characterized in that it contains at least one
optically active compound of formula I in which at least

one

of the residues R1 and RZ has a chiral carbon atom.

3. The use of a liquid crystalline mixture according

to claim 2, characterized in that it contains an optically
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active compound of formula I in which RZ2 has a chiral
carbon atom and Rl signifies a non-chiral, preferably
straight-chain, group.

4, The use of a liquid crystalline mixture according
to any one of claims 1 to 3, characterized in that one of
the groups X! and X2 signifies a single covalent bond
and the other signifies a single covalent bond, -COO- or
-00C-.

5. The use of a liquid crystalline mixture according
to any one of claims 1 to 4, characterized in that it
contains at least one compound from the group of compounds
of the general formulae

) ]
R 3
—_ 2
! 3
oA N N N
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wherein X3 denotes -CO0O- or -0O0C-, ring al
represents pyrimidine-2,5-diyl, ring A°> represents
trans-m-dioxane-2,5-diyl and Rl and RZ have the
significance given in claims 1-3.

6. The use of a liquid crystalline mixture according
to any one of claims 1 to 5, characterized in that Rl
signifies alkenyl or alkenyloxy.
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7. The use of a liquid crystalline mixture according
to any one of claims 1 to 6, characterized in that RZ
signifies straight-chain alkyl or alkoxy or chiral
methylalkyl or methylalkoxy.
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8. The use of a liquid crystalline mixture according
to any one of claims 1 to 7, characterized in that Rl
has at least 2, preferably at least 4, chain atoms between
the double bond and ring Al.

9. The use of a liquid crystalline mixture according
to any one of claims 1 to 8, characterized in that the
double bond in the residue Rl is terminal.

10. Compounds of the general formula

n

wherein n stands for the number O or 1; x!l

represents a single covalent bond, -COO- or -O0C- and
X2 represents a single covalent bond, -CO0O-, -0OOC-,
-CH3CHy-, -OCHy- or -CHp0-; rings Al, AZ

and A3 each independently signify unsubstituted
1l,4-phenylene or 1,4-phenylene substituted with cyano,
halogen or lower alkyl or one of the rings also
signifies pyrimidine-2,5-diyl or pyrazine-2,5-diyl
and/or, when n stands for the number 1, one of the
rings also signifies trans-1,4-cyclohexylene or
trans-m-dioxane-2,5-diyl; with the proviso that one of
the rings present stands for pyrimidine-2,5-diyl or
pyrazine-2,5-diyl when a further ring signifies
trans-1,4-cyclohexylene or when n stands for the
number O and Xl stands for a single covalent bond;

Rl signifies an alkenyl group with a terminal double
bond and up to 18 carbon atoms. in which optionally

1 CH2 group is replaced by -0-; RZ signifies an

alkyl group with up to 18 carbon atoms in which
optionally 1 CH; group is replaced by -0O-; with the
proviso that residue Rl has at least 4 chain atoms
between the double bond and ring Al.

11. Compounds according to claim 10, characterized in
that the number of chain atoms in unbranched chains in
Rl and R2 together amounts to at least 8, especially
to at least 10, when n stands for the number 1 and to at



I ————

| A O

least 10, especially to at least 12, when n stands for the
number 0.

-y
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12. Compounds according to any one of claims 10 to
11, characterized in that Rl signifies a non-chiral,
preferably straight-chain, group.

13. Compounds according to any one of claims 10 to
12, characterized in that Rl signifies alkenyl or
alkenyloxy.

14. Compounds according to any one of claims 10 to
13, characterized in that RZ signifies a straight-chain
alkyl or alkoxy group or a chiral methylalkyl or
methylalkoxy group.

15. Compounds according to any one of claims 10_to
14, characterized in that one of the groups Xl and X2
signifies a single covalent bond and the other signifies a
single covalent bond, -COO- or -00C-.

16. Compounds according to any one of claims 10 to
15, characterized by the general formula

LD

wherein X3 denotes -COO- or -00C- and Rl and ‘R?
have the significances given in claims 10-14.

17. Compounds according to claim 16, characterized in
that Rl signifies alkenyloxy and RZ signifies alkoxy.

18. Compounds according to any one of claims 10 to
15, characterized by the general formula

wherein X3 denotes -COO- or -00C- and Rl and R?
have the significances given in claims 10-14.

19. Compounds according to claim 18, characterized in
that Rl signifies alkenyloxy and RZ? signifies alkyl or
alkoxy.

20. Compounds according to any one of claims 10 to
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15, characterized by the general formula

A A D

wherein X3 denotes -COO- or -00OC- and R! and R?
have the significances given in claims 10-14.

21. Compounds according to claim 20, characterized in
that Rl signifies alkenyloxy and R2 signifies alkoxy.

22. Compounds according to any one of claims 10 to
15, characterized by the general formula

wherein X3 signifies ~COO- or -0OOC-; ring A%
represents pyrimidine-2,5-d4iyl; and Rl and RZ have
the significances given in claims 10-14.

23. Compounds according to claim 22, characterized in
that RLl signifies alkenyloxy and R2 signifies alkyl.

24. Compounds according to any one of claims 10 to
15, characterized by the general formula

wherein ring A% represents pyrimidine-2,5-diyl and
R1 and R2 have the significances given in claims
10-14.

25. Compounds according to claim 24, characterized in
that Rl signifies alkenyloxy and RZ signifies alkyl.

26. Compounds according to any one of claims 10 to
15, characterized by the general formula
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wherein ring A% represents pyrimidine-2,5-diyl and

Rl and RZ have the significances given in claims
10-14.

© 27.  Compounds according to claim 26, characterized in
that Rl signifies alkenyloxy and RZ signifies alkyl.

28. Compounds according to any one of claims 10 to
15, characterized by the general formula

ol ' — R2 Viiia

wherein ring AS represents trans-m-dioxane-2,5-diyl

and Rl and RZ have the significances given in
claims 10-14.

29. Compounds according to claims 28, characterized
in that Rl signifies alkenyl and RZ2 signifies alkoxy.

30. Compounds according to any one of claims 10 to
15, characterized by the general formula

wherein ring A5 represents trans-m-dioxane-2,5-diyl

and Rl and RZ2 have the significances given in
claims 10-14.

31. Compounds according to claim 30, characterized in
that Rl signifies alkenyloxy and RZ signifies alkyl.

32. Compounds according to any one of claims 10 to
16, characterized by the general formula

R  »—x° —Q \ af s R X11

wherein X3 signifies -COO- or -00C-; ring A4
represents pyrimidine-2,5-diyl; and Rl and RZ have
the significances given in claims 10-14.

33. Compounds according to claim 32, characterized in
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that Rl signifies alkenyl and RZ signifies alkyl.

34. Compounds according to any one of claims 10 to
15, characterized by the general formula '

// o 2 '
L7 N\ x> / N 6 R XIII
\_/ _

wherein X3 denotes -COO- or -00C-, ring AS
represents trans-m-dioxane-2,5-diyl and Rl and RrRZ
have the significances given in claims 10-14.

35. Compounds according to claim 34, characterized in
that Rl signifies alkenyloxy and R2 signifies alkyl.

36. Compounds according to any one of claims 10 to
15, characterized by the general formula

N
Rl—-@ x3 </:_\)——®— R? X1V

wherein X3 denotes -COO- or -00C- and Rl and RZ
have the significances given in claims 10-14.

37. Compounds according to claim 36, characterized in
that Rl signifies alkenyl or alkenyloxy and R2
signifies alkyl or alkoxy.



