
1 Description The present invention is concerned  with novel chiral dopants
for liquid crystals as well as liquid crystalline mixtures which contain
such dopants and their use for optical and electro- optical purposes.
Liquid crystal materials for electro-optical indicating devices frequently
contain one or more optically active additives for the induction of a
chiral structure. For example, for use in indicating devices having a
twisted nematic structure a nematic liquid crystal is doped with an
optically active additive, e.g. in order to prevent a reversal of the
twisting direction (reverse twist) in TN cells (twisted-nematic) or in
order to achieve a sufficient twisting in cells having a highly twisted
nematic structure such as STN cells (super twisted-nematic), SBE cells
(super birefringence effect) or OMI cells (optical mode inter- ference).
Further, cholesteric liquid crystals for phase-change cells can preferably
consist of a nematic basic material and one or more optically active
dopants and ferroelectric liquid crystals for indicating devices based on
chiral tilted smectic phases can preferably consist of a material having a
tilted smectic phase and one or more optically active dopants. The
electro-optical characteristics of liquid crystal indi- cating devices are
temperature-dependent, which is especially troublesome in the case of
multiplex operation. It is, however, known that this temperature dependence
can be compensated for at least partially by the addition of chiral dopants
which  induce a decreasing  pitch with increasing temperature. Such an
inverse temperature dependence has been found only for a few compounds. It
can, however, also be achieved by using at least two chiral dopants which
have a different relative temperature dependence and which induce a
different twisting direction (DE-A-2827471). Of course, this requires for
the most part a relatively high amount of chiral dopants. Cholesteric
liquid crystals reflect light in a wavelength range for which the
wavelength is approximately equal to the 



helical pitch. The spectral width of this reflected light can be varied by
a suitable choice of the liquid crystal. The reflected light is completely
circularly polarized. The direction of rotation of the reflected light
depends on the direction of rotation of the cholesteric helical structure.
The light circularly polarized in the opposite direction is transmitted
unimpaired. These properties can be utilized for the production of optical
filters, polarizers,    2 analyzers etc. Further, cholesteric liquid
crystals have also variously been used for thermochromic applications and
in cosmetic preparations. Cholesteric liquid crystals for the above
applications can preferably consist of a nematic or cholesteric basic
material and one or more chiral dopants, which permits a simple adjustment
of the desired helical pitch. In order to produce  cholesteric mixtures
having a pitch in the range of the wavelength of visible light, the chiral
dopants should have a twisting capacity which is a high as possible and
should have a good solubility in usual liquid crystal materials.
Furthermore, the chiral dopants should have an adequate stability, should
have a good compatibility with the mesophase type of the liquid crystal
material and should not restrict the mesophase range too stongly. Such
properties would also be desirable for chiral dopants for producing the
twisted nematic structures referred to earlier, since their amount can be
held low in order that the properties of the liquid crystal material are
influenced only immaterially. The use of chiral dopants in ferroelectric
liquid crystals serves primarily  to produce or change a twisting of the
tilted smectic phase and to induce a spontaneous polarization. The chiral
dopants should have an adequate stability, should have a good compatibility
with the tilted smectic liquid crystal and should not restrict the
mesophase range too strongly. Further, it 



would be desirable for the twisting and the spontaneous polar- ization to
be adjusted independently of each other as far as possible and for the
viscosity of the chiral dopants to be comparatively low. Numerous dopants
will be known to a person skilled in the art. Thus, for example, liquid
crystalline deriva- tives of dioxane rings which are substituted in the 2-,
4- or 5- position and which can be used as chiral dopants when they carry
an optically active group are described in EP-A-0 182 054. The invention is
concerned with optically active 4-methyl- 1,3-dioxane derivatives of the
general formula [err] [err]    3 wherein n stands for the number 0 or 1;
[err] denotes a single covalent bond or [err] denotes a single covalent
bond, [err]  -COO- or -OOC-; rings [err] and A2 each independently
represent trans-1,4-cyclohexyl- ene  or optionally halogen-, cyano- and/or
methyl-sub- stituted 1,4-phenylene in which optionally 1 or 2 CH groups
is/are replaced by nitrogen; [err] denotes a group R4 or a group of the
general formula [err] R4 signifies cyano, halogen, [err]   or an alkyl
group with 1-18 carbon atoms in which optionally one >CH-CH< is replaced by
>C=C< and/or optionally one methyl- ene group or two non-adjacent methylene
groups is/are replaced by -0-, -COO- and/or -OOC- and/or optionally one
methylene group is replaced by [err];  denotes hydrogen or fluorine; [err]
signifies halogen, cyano or methyl; [err] and [err] denote alkyl with 1-1 8
carbon atoms in which optionally one >CH-CH< is replaced by >C=C< and/or
optionally one methylene group or two non-adjacent methylene groups is/ are
replaced by -0- and/or optionally one or more hydrogen 



atoms is/are replaced by fluorine; and (S*) and (R*) denote the relative
configurations of the chiral carbon  atoms. The compounds in accordance
with the invention are colour- less, have a good solubility in usual liquid
crystals and have an especially good compatibility with nematic,
cholesteric and tilted smectic phases. They have an adequate stability
towards electric and magnetic fields and frequently themselves have liquid
crystalline properties. Although the chiral dioxane ring is relatively
non-polar, in tilted smectic phases they induce a comparatively high
spontaneous polarization. Further, they have a high twisting capacity and a
comparatively low viscosity. If desired, the twisting capacity and
spontaneous polarization can be intensified or modified by chiral end
groups. Further, by lateral substitution, inter alia, the spontaneous
polarization can be altered. relative to the twisting capacity; for
example, by lateral substitution (e.g. with halogen) on a benzene ring
[err] in the ortho-position to the dioxane ring the sign of the spontaneous
polarization can be reversed with the same helicity. This permits    4 a
variation of the twisting and of the spontaneous polarization which are to
a large extent different from each other. The term "halogen" denotes in the
scope of the present invention fluorine, chlorine, bromine and iodine,
especially fluorine, chlorine and bromine. The term "optionally halogen-,
cyano- and/or methyl- substituted 1,4-phenylene in which optionally 1 or 2
CH groups is/are replaced by nitrogen" embraces groups such as 1,4-phenyl-
ene, 2-fluoro-1,4-phenylene, 2-chloro-1,4-phenylene, 2-bromo-
1,4-phenylene, 2-cyano-1,4-phenylene, 2-methyl-1,4-phenylene, 2,
3-difluoro-1, 4-phenylene, 2,3-dicyano-1 ,4-phenyleone, pyridine-2,5-diyl,
pyrimidine-2,5-diyl, pyrazine-2,-5-diyl, pyridazine-3,6-diyl and the like.
The term "alkyl group in which optionally one >CH-CH< is 



replaced by >C=C< and/or optionally one methylene group or two non-adjacent
methylene groups is/are replaced by -0-, -COO- and/or -OOC- and/or
optionally one methylene group is replaced by [err] embraces straight-chain
and branched (optionally chiral) residues such as alkyl, IE-alkenyl,
3E-alkenyl, 4-alkenyl, alkenyl having a terminal double bond, alkoxy,
2E-alkenyloxy, 3-alkenyloxy, alkenyloxy having a terminal double bond,
alkoxy- alkyl, alkenyloxyalkyl, alkoxycarbonyl, alkoxycarbonylalkoxy,
alkoxycarbonylalkoxycarbonyl, alkanoyloxy, 1-haloalkyl, 2-halo- alkyl,
2-haloalkoxy, 2-haloalkanoyloxy, 1-cyanoalkyl, 2-cyano- alkyl,
2-cyanoalkoxy, 1-methylalkyl, 2-methylalkyl, 1-methyl- alkoxy,
2-methylalkoxy and the like. Examples of preferred residues are methyl,
ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl,
dodecyl, 1-methylpropyl, 1-methyl- heptyl, 2-methylbutyl, vinyl, 1
E-propenyl, 1 E-butenyl, 1 E-pen- tenyl, 3-butenyl, 3E-pentenyl,
3E-hexenyl, 3E-heptenyl, 4-pen- tenyl, 4Z-hexenyl, 5-hexenyl, 6-heptenyl,
7-octenyl, methoxy, ethoxy, propyloxy, butyloxy, pentyloxy, hexyloxy,
heptyloxy, octyloxy, nonyloxy, decyloxy, undecyloxy, dodecyloxy, 1-methyl-
propyloxy, 1 -methylheptyloxy, 2-methylbutyloxy, 3-methyl- pentyloxy,
allyloxy, 2E-butenyloxy, 2E-pentenyl- oxy, 2E-hexenyl- oxy, 3-butenyloxy,
3Z-pentenyloxy, 4-pentenyloxy, 5-hexenyloxy, 6-heptenyloxy, 7-octenyloxy,
methoxymethyl, ethoxymethyl, propyloxymethyl, allyloxymethyl,
methoxycarbonyl, ethoxy- carbonyl, propyloxycarbonyl,
1-methylpropyloxycarbonyl (= 2- butyloxycarbonyl),
1-methylpentyloxycarbonyl (= 2-hexyloxy- carbonyl), 1
-methylheptyloxycarbonyl (= 2-octyloxycarbonyl), 1-(methoxycarbonyl)ethoxy,
1-(ethoxycarbonyl)ethoxy, 1- (methoxycarbonyl)ethoxycarbonyl, 1
-(isobutyloxycarbonyl)-    ethoxycarbonyl, acetoxy, propionyloxy,
butyryloxy, 2-fluorohexan- oyloxy, 2-fluoropentyloxycarbonyl,
2-fluoro-3-methylbutyloxy- carbonyl, 2-fluoro-4-methylpentyloxycarbonyl and
the like. The term "alkyl in which optionally one >CH-CH< is replaced 



by  >C=C< and/or optionally one methylene group or two non- adjacent
methylene groups is/are replaced by -O- and/or option- ally one or more
hydrogen atoms is/are replaced by fluorine" embraces alkyl, alkenyl (e.g.
3E-alkenyl, 4-alkenyl, alkenyl having a terminal double bond), alkoxyalkyl
(e.g. 2-alkoxyethyl, 3- alkoxypropyl), fluoroalkyl and the like. The
residues can be straight-chain or branched (optionally chiral). Examples of
preferred residues are methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl,
octyl, nonyl, decyl, undecyl, dodecyl, 1 -methylpropyl, 1 -methylheptyl,
2-methylbutyl, 3-butenyl, 3E-pentenyl, 3E-hex- enyl, 3E-heptenyl,
4-pentenyl, 4Z-hexenyl, 5-hexenyl, 6-heptenyl, 7-octenyl, 2-methoxyethyl,
3-methoxypropyl, 1-fluoropropyl, 2-fluoropentyl and the  like. The relative
configurations of the chiral carbon atoms denoted by (S*) and (R*) in
formula I and the following formulae signify that the denoted carbon atoms
as indicated have the (S)- or (R)-configuration or that all denoted carbon
atoms have the mirror image configuration. The formulae therefore embrace
in each case the diastereoisomer in which (S*) stands for the
(S)-configuration and (R*) stands for the (R)-configuration as well as
their optical antipodes in which (S*) stands for the (R)-configuration and
(R*) stands for the (S)-configuration. Ring A2 in formula I above can
preferably signify 1,4- phenylene or halogen-substituted 1,4-phenylene.
2-Fluoro- 1,4-phenylene and 2,3-difluoro-1,4-phenylene are preferred
halogen-substituted rings. [err] can preferably denote a single covalent
bond, -CH2CH2- or -OOC-, especially a single covalent bond. [err] can
preferably denote a single covalent bond. Accordingly, there are especially
preferred in general those compounds of formula I in which ring A2
represents 1,4-phenyl- ene, 2-fluoro-1,4-phenylene or
2,3-difluoro-1,4-phenylene and [err] and [err] denote single covalent
bonds. Ring [err] can preferably represent pyridine-2,5-diyl, pyri-
midine-2, 5-diyl, trans-1,4-cyclohexylene or optionally halogen-,  



6 cyano- and/or methyl-substituted 1,4-phenylene. Especially preferred
significances of ring [err] are trans-1,4-cyclohexylene, 1,4-phenylene and
halogen-substituted 1,4-phenylene, especially 1 ,4-phenylene,
2-fluoro-1,4-phenylene, 2,3-difluoro-1 ,4-phenyl- ene and 2-chloro
1,4-phenylene. Preferred sub-groups of compounds of formula I are the
compounds. of the general formulae [err]    7 wherein R4 signifies cyano,
halogen, [err]   or an alkyl group in which optionally one >CH-CH< is
replaced by >C=C< and/or optionally one methylene group or two non-
adjacent methylene groups is/are replaced by -O-, -COO- and/or -OOC- and/or
optionally one methylene group is replaced by [err]  denotes hydrogen or
fluorine; [err] signifies halogen, cyano or methyl; [err] each
independently denote hydrogen or halogen; and n, R1, R3, (S*) and (R*) have
the above significances. The residues R1, R3 and R4 in formulae I and 1-1
to 1-6 above can each independently preferably have 1 to about 18 carbon
atoms. Residues with 1 to 12 carbon atoms are in general especially
preferred. The residues R1 and R3 preferably signify alkyl, especially
straight-chain alkyl. If desired, however, the residues R1 and R3 can have
a double bond, 1-2 oxygen atoms, one or more fluorine atoms and/or
chain-branchings, for example when a slight mod- ification of the
properties is desired or when chiral residues are desired.  [err] and [err]
can especially also signify identical residues. Preferred residues R4 in
formulae I and 1-1 to 1-5 above are cyano, fluorine, chlorine,
difluoromethoxy, trifluoromethoxy, 



difluoromethyl, trifluoromethyl, alkyl, alkoxy, alkoxycarbonyl,
1-(alkoxycarbonyl)ethoxycarbonyl, alkanoyloxy, 2-fluoro- alkanoyloxy,
alkenyl and alkenyloxy. Preferred residues R2 are the residues referred to
as being preferred for R4 as well as the groups of formula II in which
[err] has the significances referred to above as being preferred. The
substituents [err]and [err] in formulae 1-1 to 1-6 above can each
individually preferably signify hydrogen, fluorine or chlorine. In each
case a maximum of one or two of the sub- stituents is preferably different
from hydrogen. There are especially preferred in general those compounds of
formulae 1-1 to 1-6 in which [err] denotes hydrogen, fluorine or chlorine,
[err] and [err] denote hydrogen and X4 denotes hydrogen, fluorine or
chlorine. The compounds of formula I can be manufactured by reacting a diol
of the general formula    8 [err] with an aldehyde of the-general formula
[err] wherein [err] denotes a group [err] or formyl and [err] n, (R*), (S*)
and the rings [err] and [err] have the above significances, or an acetal
thereof. The reaction of the aldehyde of formula IV or of a suitable acetal
(e.g. the dimethyl acetal) with the diol of formula III can be effected in
a manner known per se. Preferably, the reaction is effected in. an inert
organic solvent (for example, an aromatic hydrocarbon such as benzene,
toluene or xylene) in the presence of a catalytic amount of an organic or
inorganic acid such as p- toluene- sulphonic  acid, sulphuric acid or dry
hydrogen chloride. The temperature and pressure are not critical. However,
the reaction is preferably carried out at atmospheric pressure and at the
reflux temperature while separating the water which is 



formed. When R2 in formula I signifies a group of formula 11, the formation
of the two dioxane rings can be effected as indicated above successively or
- especially when [err] and [err] are identical - *   also simultaneously.
When [err] and/or [err] have ester groups, the esterification is preferably
effected only after the formation of the dioxane ring. Further, when [err]
and/or R2 have ether groups, the ether- ification can, if desired, also be
effected after the formation of the dioxane ring. The aldehydes of formula
IV are known or are analogues of known compounds and can be prepared
according to known methods. The preparation of the diols of formula III can
be effected in a manner known per se. A preferred method comprises intro-
9 ducing the substituent [err] in the 2-position of an alkyl 3-hydroxy-
butyrate - e.g. by reaction with the corresponding alkyl halide, alkenyl
halide etc. in the presence of a suitable base in an analo- gous manner to
Tetrahedron [err] 1269 (1984) - and subsequently reducing the ester group.
For example, ethyl 3-hydroxybutyrate can be reacted with.an alkyl bromide,
alkenyl bromide and the like in the presence of a base such as lithium
diisopropylamide and the ethyl 3-hydroxy- [err]-butyrate obtained can be
reduced with lithium aluminium  hydride. The compounds in accordance with
the invention are suit- able as chiral dopants for liquid crystalline
mixtures. The invention is therefore also concerned with a liquid
crystalline mixture having at least 2 components, which is characterized in
that at least one component is an optically active compound  of formula I.
Preferably, the mixtures in accordance with the invention contain a liquid
crystalline carrier material and one or more 



optically active compounds of formula I. Suitable carrier mater- ials are
basically all liquid crystal materials which have a * twistable liquid
crystal phase with an adequate mesophase range. The liquid crystalline
carrier material can be a single compound or a mixture and preferably has a
clearing point of at least about [err]. The compounds of formula I are
especially suitable as chiral dopants for carrier materials having a
nematic, cholesteric or tilted smectic (preferably smectic C) phase. The
amount of chiral dopants of formula I is determined to a large extent by
the twisting Capacity, the spontaneous polar- ization and the desired
pitch. The amount of. chiral dopant can therefore vary in a wide range
depending on the application and can, for example, amount to about 0.1-40
wt.%. For indicating devices based on liquid crystals having a twisted
nematic structure there is for the most part required, depending on the
type of cell and cell thickness, a pitch of about 3-40 [err] and therefore
a correspondingly smaller amount, for example about 0.1-3 wt.%,  is
sufficient. On the other hand, for applications which are based on the
reflection of visible light by cholesteric layers, pitches of less than 2
[err], for example about 0.4-0.6 [err], are required, which requires a
correspondingly higher amount of chiral dopant.  For such applications and
in the case of use in tilted smectic phases an amount of about 3-30 wt.%,
especially about 5-20 wt.%, of optically active dopants of formula I is in
general preferred.    10 The mixtures in accordance with the invention
which have a cholesteric phase can preferably contain, in addition to one
or more optically active compounds of formula I, one or more compounds of
the following general formulae as components of the nematic or cholesteric
carrier material: [err] V 



wherein m stands for the number O or 1; ring [err] represents 1
,4-phenylene or trans-1,4-cyclohexylene; R6 denotes alkyl, alkenyl or on a
benzene ring also alkoxy or alkenyloxy; R7    signifies cyano, alkyl,
alkoxy, alkenyl or alkenyloxy; Z3 denotes a single covalent bond or
-CH2CH2-; R8 signifies cyano, alkyl, alkoxy, alkenyl, alkenyloxy,
alkoxymethyl or alkenyloxymethyl; Z4 denotes a single covalent bond, -COO-
or [err] and R9 signifies alkyl or alkenyl. [err]  and R9 each preferably
have a maximum of 12 carbon atoms, especially a maximum of 7 carbon atoms.
Preferred alkenyl groups are 3E-alkenyl, 4-alkenyl or on a cyclohexane ring
also 1E-alkenyl. 2E-Alkenyloxy and 3-alkenyloxy are preferred alkenytoxy
groups. The mixtures in accordance with the invention which have a chiral
tilted smectic phase can preferably contain, in addition to one or more
optically active compounds of formula I, one or more compounds of the
following general formulae as components of the carrier material: [err]
wherein p and q each independently stand for the number O or 1; [err] and
[err] each independently signify alkyl, alkoxy, alkanoyloxy,
alkoxycarbonyl, alkenyl or alkenyloxy; [err] denotes alkyl or alkenyl; R1 3
signifies alkyl, alkoxy, alkenyl or alkenyloxy; rings B2, B3 and B4 each
independently    12 represent 1,4-phenylene or halogen-substituted
1,4-phenyl- ene; and [err] denotes a single covalent bond, -CH2CH2-, [err],
-COO- oder -OOC-. [err] each preferably have a maximum of 18 carbon atoms,
especially about 5-12 carbon atoms. 2-Fluoro- 



1,4-phenylene and 2,3-difluoro-1,4-phenylene are preferred
halogen-substituted 1,4-phenylene groups. Those compounds of formulae
XIII-XVII in which [err] or, respectively, [err] signifies alkoxy or
alkenyloxy are in general preferred. The manufacture of the liquid
crystalline mixtures and of the electro-optical devices can be effected in
a manner known per se. The invention is illustrated in more detail by the
following Examples. Optical antipodes of the compounds of formula I have in
each case the same phase transition temperatures and induce the same
absolute values of the spontaneous polarization and of the twisting, but
with opposite signs. The abbreviations used for the characterization of the
phase transitions have the following significances: C stands for
crystalline, S stands for smectic, [err] etc. stand for smectic A, B, C
etc., [err] etc. stand for chiral smectic C, F etc., N   stands for
nematic, N* stands for cholesteric, I   stands for isotropic. Example 1 A
mixture of 3.0 g of (2S,3R)-2-octyl-1,3-butanediol, 3.07 g of
4'-cyano-4-biphenylcarboxaldehyde, 0.1 ml of 1N sulphuric acid and 30 ml of
toluene was placed under nitrogen in a round flask having a magnetic
stirrer, water separator and condenser. The mixture was heated to reflux
for 3 hours while separating water. The cooled reaction mixture was poured
into aqueous sodium hydrogen carbonate solution and treated with methylene
chloride. The aqueous phase was separated and extracted twice with
methylene chloride. The combined organic phases were washed twice with
water, dried over magnesium sulphate, filtered and evaporated.
Recrystallization of the crude product obtained (5.84 g) from a mixture of
200 ml of hexane   



13 and 25 ml of ethyl acetate gave 4.97 g of 4'-[(2S,4R,5S)-5-
octyl-4-methyl-1,3dioxan-2-yl]-4cyanobiphenyl with m.p. [err] 11 [err]
cl.p. [err] The (2S,3R)-2-octyl-1,3-butanediol used as the starting
material was prepared as follows: a) A mixture of 83.5 g of
diisopropylamine and 400 ml of tetrahydrofuran was treated dropwise at
[err] within 30 minutes with 500 ml of a 1.6M solution of butyllithium
(0.800 mol) in hexane. The mixture was stirred at - [err] to [err] for a
further 30 minutes. Subsequently, the mixture was treated dropwise at [err]
within 30 minutes with a solution of 50 g (0.378 mol) of ethyl
(3R)-3-hydroxybutyrate in 250 ml of tetrahydrofuran and stirred at [err]
for a further 30 minutes. Thereafter, the reaction mixture was treated
dropwise at [err] within 30 minutes with a solution of 108 g of
1-bromooctane (0.560 mol) in 96.5 g of hexamethylphosphoric acid triamide.
The reaction mixture was left to warm to room temperature and was stirred
at [err] for a further 3 hours. Subsequently, the brown reaction solution
was poured into 1.3 I of water and extracted three times with ethyl
acetate. The organic phases were washed with saturated sodium chloride
solution, dried over sodium sulphate, fittered and concentrated. High
vacuum distillation of the brown oil. obtained (128 g) gave 54 g of ethyl
(2S,3R)-3- hydroxy-2-octylbutyrate with b.p. [err] Torr and [err] (c = 1 %
in chloroform). b) A suspension of 33.5 g (0.883 mol) of lithium aluminium
hydride in 980 ml of diethyl ether was treated dropwise at room temperature
within 30 minutes with a solution of 54 g of ethyl
(2S,3R)-3-hydroxy-2-octylbutyrate in 250 ml of diethyl ether. Subsequently,
the reaction mixture was heated to reflux for 2.5 hours and then cooled to
[err]. Thereafter, the reaction mixture was treated dropwise with 100 ml of
acetone and then with saturated sodium carbonate solution until a
precipitate had formed. The ether phase was decanted off and filtered. The 



residue in the reaction flask was triturated a further twice with 1 I of
diethyl ether each time and in each case the ether phase was decanted off
and filtered. The ether phased were combined and concentrated to dryness.
There were thus obtained 45 g of crude product as a yellow oil. High vacuum
distillation up to an oil bath temperature of 1 [err] gave as the residue
40 g of [err] with [err] = +1 [err] (c = 1% in chloroform).    14 The
following compounds can be manufactured in an analogous manner:
4'-[(2S,4R,5S)-5-Decyl-4-methyl-1,3-dioxan-2-yl]-4- cyanobiphenyl, m.p.
(C-S,) 11 [err] cl.p. [err] 4-[trans-4-[(2S,4R,5S)-5-octyl-4-methyl-1
,3-dioxan-2-yl] cyclohexyl]benzonitrile, m.p. (C-N*) [err] cl.p. (N*-I)
[err] 4-[trans-4-[(2S,4R,;5S)-5-octyl-4-methyl-1 ,3-dioxan-2-yl]
cyclohexyl]-1-fluorobenzene, m.p. [err];
4-[trans-4-[(2S,4R,5S)-5-octyl-4-methyl-1 ,3-dioxan-2-yl]
cyclohexyl]-1,2-difluorobenzene, m.p. 32.90C; 4-[trans-4-[(2S,4R,
5S)-5-octyl-4-methyl-1 ,3-dioxan-2-yl] cyclohexyl]-1-chlorobenzene, m.p.
[err]; 4-[tran-s-4-[(2S,4R,5S)-5-octyl-4-methyl-1,3-dioxan-2-yl]
cyclohexyl]-1-chloro-2-fluorobenzene, m.p. [err]; 4-[trans-4-[(2S,4R,
5S)-5-(2-propenyl)-4-methyl-1 ,3- dioxan-2-yl]-cyclohexyl]benzonitrile,
m.p. [err]; 5-[(2S,4R,5S)-5-octyl-4-methyl-1 ,3-dioxan-2-yl]-2-(4-
decyloxyphenyl)pyrimidine, m.p. (C-N*) [err] cl.p. (N*-I) [err];
5-[(2S,4R,5S)-5-decyl-4-methyl-1,3-dioxan-2-yl]-2-(3-
fluoro-4-hexyloxyphenyl)pyridine, m.p. (C-N*) [err] cl.p. (N*-I) 87.70.
Example 2 8.8 g of terephthalaldehyde were treated with a solution of 



25 g of (2S,3)-2-octyl-1,3-butanediol in 500 ml of toluene while gassing
with nitrogen in a sulphonation flask having a stirrer, condenser and water
separator. Subsequently, the mixture was treated with 1 ml of 1 N sulphuric
acid and heated to reflux for 18 hours. Thereafter, the reaction mixture
was cooled to room temperature, treated with 1.5 ml of trimethylamine and
partitioned in 500 ml of diethyl ether and 500 ml of saturated sodium
hydrogen carbonate solution. The aqueous phase was separated and extracted
twice with 300 ml of diethyl ether each time. The organic phases were
washed twice with 400 ml of saturated sodium hydrogen carbonate solution
each time and once with 400 ml of water, dried over sodium sulphate,
filtered and concentrated. Chromatographic purification of the crude
product obtained (31 g) on silica gel with petroleum ether/ethyl acetate
(vol. 95:5) and two-fold recrystallization from hexane gave 19.1 g of
1,4-bis-[(2S,4R,5S)-5-octyl-4-methyl-1,3-dioxan- 2-yl]benzene as white
crystals with m.p. (C-I) [err] and [err] = [err] (c = 1 % in chloroform).
15 Example 3 A mixture of 4.93 g of 4'-[(2S,4R,5S)-5-octyl-4-methyl-
1,3-dioxan-2-yl]-4-biphenylcarboxylic acid, 2.28 ml of (R)-2- octanol, 3.72
g of N,N'-dicyclohexylcarbodiimide, 205 mg of 4-(dimethylamino)pyridine and
450 ml of methylene chloride was stirred for 4 hours while gassing with
nitrogen. Subsequently, the reaction mixture was filtered and the filtrate
was evapor- ated. The crude product obtained (11.28 g) was suspended in 150
ml of methylene chloride. The suspension was filtered and the filtrate was
evaporated. Crystallization of the yelow liquid obtained (7.62 g) at [err]
in hexane, separation of the crystall- ine impurities by filtration,
evaporation of the mother liquor and filtration over basic aluminium oxide
with methylene chloride gave 4.40 g of 4'-[(2S,4R,
5S)-5-octyl-4-methyl-1,3-dioxan-2- 



yl]-4-biphenylcarboxylic acid (R)-2-octyl ester with cl.p. [err] and [err]
=  [err] (c = 0.7% in chloroform). The
4'-[(2S,4R,5S)-5-octyl-4-methyl-1,3-dioxan-2-yl]- 4-biphenylcarboxylic
acid used as the starting material  was prepared as follows: 4.97 g of
4'-[(2S,4R,5S)-5-octyl-4-methyl-1 ,3-dioxan- 2-yl)-4-cyanobiphenyl was
treated with a solution of 7.1 g of potassium hydroxide in 70 ml of
diethylene glycol while gassing with nitrogen. The mixture was heated to
[err] for 2.5 hours. Thereafter, the reaction mixture was cooled to [err],
diluted with 150 ml of water and adjusted to pH 9 with 1 N hydrochloric
acid. The solution was cooled with ice; treated with 250 ml of methylene
chloride and adjusted to pH 3-3.5 with 1N hydrochloric acid. The aqueous
phase was separated and extracted three times with methylene chloride. The
combined organic phases were washed three times with water, dried over
magnesium sulphate, filtered and evaporated. This gave 4.93 g of
4'-[(2S,4R,5S)-5- octyl-4-methyl1,3-dioxan-2-yl]-4-biphenylcarboxylic acid
as a yellowish, solid residue. The following compounds can be manufactured
in an analogous manner: 4-[(2S,4R,5S)-5-(2-Propenyl)-4-methyl-1
,3-dioxan-2-yl]- benzoic acid (R)-2-octyl ester, isotropic oil;
4-[(2S,4R,5S)-5-octyl-4-methyl-1 ,3-dioxan-2-yl]benzoic acid (R)-2-octyl
ester, isotropic oil;    16 4-[(2S,4R,5S)-5-decyl-4-methyl-1
,3-dioxan-2-yl]benzoic acid (R)-2-hexyl ester, isotropic oil;
4-[(2S,4R,5S)-5-decyl-4-methyl-1,3-dioxan-2-yl]benzoic acid (R)-2-octyl
ester, isotropic oil; 4'-[(2S,4R,5S)-5-decyl-4-methyl-1,3-dioxan-2-yl]-4-
biphenylcarboxylic acid (R)-2-octyl ester, m.p. (C-I) [err];
4'-[(2S,4R,5S)-5-octyl-4-methyl-1,3-dioxan-2-yl]-4- 



biphenylcarboxylic acid (R)-1-(isobutyloxycarbonyl)ethyl ester, m.p. (C-I)
[err]; 4-[trans-4-[(2S,4R,5S)-5-octyl-4-methyl-1 ,3-dioxan-2-yl]
cyclohexyl]benzoic acid (R)-2-octyl ester, m.p. (C-I) [err]. Example 4 A
mixture of 380 mg of 4-[(2S,4R,5S)-5-octyl-4-methyl-
1,3-dioxan-2-yl]phenol, 185 mg of (S)-2-fluorocaproic acid, 333 mg of
N,N'-dicyclohexylcarbodiimide, 20 mg of 4-(dimethyl- amino)pyridine and 40
ml methylene chloride was stirred at room temperature under nitrogen for
16.5 hours. Subsequently, the suspension was filtered and the filtrate was
evaporated on a rotary evaporator. The crude product (1.0 g) was suspended
in 50 ml of methylene chloride, the suspension was filtered and the
filtrate was evaporated. Recrystallization of the white, solid residue (0.5
g) from hexane gave 0.4 g of 1-[(2S,4R,5S)-5-octyl- 4-methyl-
1,3-dioxan-2-yl]-4-[(S)-2-fluorohexanoyloxy]benzene as white crystals with
m.p. (C-I) [err] and [err] = [err] (c = 1% in chloroform). The
4-[(2S,4R,5S)-5-octyl-4-methyl-1,3-dioxan-2-yl]- phenol used  as the
starting material was prepared as follows: A mixture of 320 mg of
(2S,3R)-2-octyl-1,3-butanediol, 193 mg of p-hydroxybenzaldehyde, 0.1 ml of
1N sulphuric acid and 20 ml of toluene was placed under nitrogen in a round
flask having a magnetic stirrer, water separator and condenser. The mixture
was heated to reflux for 3 hours while separating water. The cooled
reaction mixture was poured into aqueous sodium hydrogen carbonate solution
and treated with diethyl ether. The aqueous phase was separated and
extracted three times with diethyl ether. The combined organic phases were
washed three times with water, dried over magnesium sulphate, filtered and
evaporated. Recrystallization of the yellowish, solid residue (480 mg) from
hexane/ethyl acetate (vol. 25:1) gave 410 mg of
4-[(2S,4R,5S)-5-octyl-4-methyl-1,3dioxan-2-yl]phenol as yellowish crystals
with [err] = [err] (c = 1% in chloroform).   



17 The following compounds can be manufactured in an analogous manner:
4-Octyloxybenzoic acid 4-[(2 S, 4R, 5 S)-5-octyl-4-methyl-
1,3dioxan-2-yl]phenyl ester, m.p. (C-S) [err]   cl.p. (N* I) [err];
4-hexyloxybenzoic acid 4-[(2S,4R,5S)-5-decyl-4-methyl-
1,3-dioxan-2-yl]phenyl ester, m.p. (C-N*) [err] cl.p. (N*-I) [err];
4-hexyloxybenzoic acid 4-[(2S,4R, 5S)-5-decyl-4-methyl-
1,3dioxan-2-yl]-3-chlorophenyl ester, m.p. (C-I) [err]. Example 5 A
solution of 1.7 g of 4'-[(2S,4R,5S)-5-octyl-4-methyl-
1,3dioxan-2-yl]-4-cyanobiphenyl in 12 ml of toluene was treated with 4.6 ml
of diisobutylaluminium hydride at [err] within 10 minutes while gassing
with nitrogen. The reaction mixture was stirred for a further 3 hours
without cooling and then treated cautiously with ice/water. The mixture was
partitioned in diethyl ether/water, adjusted to pH 6 with 1N sulphuric acid
and the aqueous phase was separated and extracted three times with diethyl
ether. The organic phases were washed twice with water, dried over
magnesium sulphate, filtered and evaporated. The crude
4'-[(2S,4R,5S)-5-octyl-4-methyl-1,3-dioxan-2-yl]-4- biphenylcarboxaldehyde
obtained (1.55 g) was converted in an analogous manner to Example 1 into
4,4'-bis-[(2S,4R,5S)-5-octyl- 4-methyll,3-dioxan-2-yl]-biphenyl; m.p.
(C-N*) [err], cl.p. (N*-I) [err]. Example 6 The following liquid crystal
basic mixture BM-1 was used to measure the induced pitch and its
temperature dependence in liquid crystal materials: 5.36 wt % of
4'-ethyl-4-cyanobiphenyl, 3.18    "       4'-propyl-4-cyanobiphenyl, 6.08
"       4'-butyl-4-cyanobiphenyl, 6.53    "
4-(trans-4-propylcyclohexyl)benzonitrile, 14.67    "
4-(trans-4-pentylcyclohexyl)benzonitrile, 



5.21            4-ethyl-1-(trans-4-propylcyclohexyl)benzene 16.54    "
4-ethoxy-1 -[2-(trans-4-propylcyclohexyl)- ethyl]benzene, 5.60
4"-pentyl-4-cyano-p-terphenyl, 5.71    "
4'-(trans-4-pentylcyclohexyl)-4-cyanobiphenyl 15.95    "
1-[2-(trans-4-butylcyclohexyl)ethyl]4-(trans-    18
4-pentylcyclohexyl)benzene, 4.74
4-[2-(trans-4-butylcyclohexyl)ethyl]-4'- (trans-4-pentylcyclohexyl)
biphenyl, 7.59            4-[2-(trans-4-butylcyclohexyl)ethyl]-4'-
trans-4-[2-(trans-4-propylcyclohexyl)ethyl]- 2.84
cyclohexanecarboxylic acid 4-cyanophenylester m.p. [err] cl.p. (N-I) [err]
= 8.5, [err] = 0.139 and [err] = 22 [err] measured at [err]. The twisting
capacity of the optically active dopant and its temperature dependence is
characterized by the parameters A, B and C corresponding to the serial
progression: 1 [err] wherein p, c and [err] have the following
significances: [err] T   =      temperature in [err] p   =      pitch in
[err] (a positive value  signifies a clockwise helical structure and a
negative value signifies an anticlockwise helical structure) c   =
concentration of the optically active dopant in wt.%. Basic mixture BM-1
(99 wt.%) was in each case mixed with 1 wt.% of one of the following
dopants of formula I: D-1=
4'-[(2S,4R,5S)-5-octyl-4-methyl-1,3-dioxan-2-yl]-4- biphenylcarboxylic .
acid (R)-2-octyl ester, 



D-2 =     4-[(2S,4R,5S)-5-decyl-4-methyl-1,3-dioxan-2-yl]- benzoic acid
(R)-2-octyl ester, D-3=
4-[(2S,4R,5S)-5-octyl-4-methyl-1,3-dioxan-2-yl]- benzoic acid (R)-2-octyl
ester, D-4 =    4'-[(2S,4R,5S)-5-decyl-4-methyl-1,3-dioxan-2-yl]-4-
-cyanobiphenyl, D-5 =
4'-[(2S,4R,5S)-5-decyl-4-methyl-1,3-dioxan-2-yl]-4- D-5   =
biphenylcarboxylic acid (R)-2-octyl ester, D-6. =
4,4'.-bis-[(2S,4R,5S)-5-octyl-4-methyl-1,3-dioxan- -2-yl]biphenyl, D-7=
1,4-bis-[(2S,4R,5S)-5-octyl-4-methyl-1,3-dioxan- 2-yl]benzene, D-8 =
4-[trans-4-[(2S,4R,5S)-5-octyl-4-methyl-1 ,3-dioxan-    19 2-yl]cyclohexyl]
benzon itrile. The helical pitch p at [err], the change [err] in the
clearing point and the values of A, B and C of the cholesteric mixtures
obtained are given in Table 1.    20 [err]    21 Example 7 The following
cholesteric mixtures CM-1 to CM-6 illustrate the use of several chiral
dopants for the production of a short helical pitch with low temperature
dependence. For this purpose, several nematic basic mixtures were mixed
with a combination of 3 or 4 chiral dopants. The cholesteric mixtures 



obtained are especially suitable for cholesteric filters and are
characterized by a low temperature dependence of the wavelength [err] of
the selectively reflected, circularly polarized light. The values of Xmax
measured at different temperatures T are compiled in Table 2. The
abbreviations of the components used in the Mixture Examples have the
following significances: 2PP             =    4'-ethyl-3-cyanobiphenyl, 3PP
=    4'-propyl-4-cyanobiphenyl, 4PP             =
4'-butyl-4-cyanobiphenyl, 3CP             =
4-(trans-4-propylcyclohexyl)benzonitrile, 5CP      .      =
4-(trans-4-pentylcyclohexyl)benzonitrile, 3CP2            =
4-ethyl-1-(trans-4-propylcyclohexyl)ben- zene, 3CAP02          =
4-ethoxy-1 -[2-(trans-4-propylcyclohexyl)- ethyl]-benzene, 5CAP02
=    4-ethoxy-1 -[2-(trans-4-pentylcyclohexyl)- ethyl]benzene, 5PPP
=    4"-pentyl-4-cyano-p-terphenyl, 5CPP            =
4'-(trans-4-pentylcyclohexyl)-4-cyanobi- phenyl, 5CPAC4               1
-[2-(trans-4-butylcyclohexyl)ethyl]-4- (trans-4-pentylcyclohexyl)benzene,
5CPPAC4         =    4-[2-(trans-4-butylcyclohexyl)ethyl]-4'-
(trans-4-pentylcyclohexyl)biphenyl, 5CPAPAC4        =
4-[2-(trans-4-butylcyclohexyl)ethyl]-4'- (trans-4-pentylcyclohexyl)-1, 1
'-ethylene- dibenzene, 3CACEP          =
trans-4-[2-(trans-4-propylcyclohexyl)- ethyl]cyclohexanecarboxylic acid
4-cyano- phenyl ester, 1d(3)CC01      =    trans-4-methoxy-1 -[trans-4-(3E-
pentenyl)-cyclohexyl]cyclohexane, 1 d(1)CC101   =
trans-4-methoxymethyl-1 -[trans-4-(1E- propenyl)cyclohexyl] cyclohexane,
Od(3)CC02       =    trans-4-ethoxy-1 -[trans-4-(3-butenyl)-
cyclohexyl]cyclohexane, 



Od(4)CC02       =    trans-4-ethoxy-1 -[trans-4-(4-pentenyl)-    22
cyclohexyl]cyclohexane, 1 d(3)CP02     =    4-ethoxy-1
-[trans-4-(3E-pentenyl)cyclo- hexyl]benzene, 3CPOd(3)1      =
4-(2E-butenyloxy)-1-(trans-4-propyl-cyclo- hexyl)benzene, 5CPOd(3)1      =
4-(2E-butenyloxy)-1-(trans-4-pentyl-cyclo- hexyl)benzene, 1 d(3)CPP2     =
4 -ethyl-4-[trans-4-(3E-pentenyl)cyclo- hexyl]biphenyl, 1 d(3)CPP3     =
4'-propyl-4-[trans-4-(3E-pentenyl)cyclo- hexyl]biphenyl, 3CEPCd(3)1     =
trans-4-propylcyclohexanecarboxylic acid 4-[trans-4-(3
E-pentenyl)cyclohexyl]phenyl ester, Od(3)CP        =
4-[trans-4-(3-butenyl)cyclohexyl]benzo- nitrile, 1 d(1)CP      =
4-[trans-4-( 1 E-propenyl)cyclohexyl]- benzonitrile, 4PP(1 )P5      =
5-(4-butylphenyl)-2-(4-pentylphenyl)- pyrimidine, 2CP(1 )P5      =
5-(trans-4-ethylcyclohexyl)-2-(4-pentyl- phenyl)pyrimidine, 3PPt1
=    4-(1-propynyl)-4'-propylbiphenyl, D-7            =
1,4-bis-[(2S,4R,5S)-5-octyl-4-methyl- 1 ,3-dioxan-2-yl]benzene, D-2
=    4-[(2S,4R,5S)-5-decyl-4-methyl-1,3- dioxan-2-yl]benzoic acid
(R)-2-octyl ester, D-10           =
(4S,5S)-2-[trans-4-(4-cyanophenyl)cyclo- hexyl]- 1, 3-dioxolane-4,
5-dicarboxylic acid  diethyl ester, 



D- 11               (S)-4'-(2-methylbutyl)-4-cyanobiphenyl. Mixture CM-1
4.350 wt.% of   2PP 2.580   "       3PP 4.930   "       4PP 5.300   "
3CP 11.900   "       5CP 4.230   "       3CP2 13.420   "      3CAPO2 4.540
"       5 PPP 4.630   "       5CPP 12.940   "      5CPAC4 3.850   "
5CPPAC4    23 6.160         5CPAPAC4 2.310   "     3CACEP 7.700         D-7
7.310   "     D-10 3.850   "     D-2 Mixture CM-2 4,220 wt.% of  2PP 2,500
"       3PP 4,780"        4PP 5,140         3CP 11,540 "       5CP 4,100"
3CP2 13,020 "       3CAP02 4,410"        5PPP 4,490"        5CPP 12,550 "
5CPAC4 3,730         5 CPPAC4 5,970         5 CPAPAC4 2,240 "       3CACEP 



8,700 "       D-7 8,260 "       D-1 0 4,350 "       D-2 Mixture CM-3 3.190
wt.% of   1 d(3)CCO1 7.960 "       ld(1)CC101 5.570 "       0d(3)CCO2 3.180
"       Od(4)CCO2 2.390 "       1d(3)CPO2 3.980 "       3CPOd(3)1 4.780
5CPOd(3)1 4.780 "       3CAP02 4.780 "       5CAP02 3.980 "       1d(3)CPP2
5.570 "       1d(3)CPP3 6.370 "       5CPAC4 3.980 "       3CEPCd(3)1 3.980
"       0d(3)CP 3.180 "        d(l )CP 2.390 "       4PP(1)P5 2.390 "
2CP(1)P5 2.390 "       5CPPAC4 4.780"        3PPt1    24 6.710 "        D-7
6.320 "        D-10 4.190 "        D-2 3.160 "        D-11 Mixture CM-4
3.070 wt.% of   1 d(3)CO1 7.680 "        ld(1)CC101 5.380 "
Od(3)CC02 3.070 "        Od(4)CC02 



2.300 "        1d(3)CP02 3.840 "        3CP0d(3)1 4.610 "        5CPOd(3)1
4.610 "        3CAP02 4.610          5 CAP02 3.840 "        1d(3)CPP2 5.370
"        1d(3)CPP3 6.140 "        5CPAC4 3.840 "        3CEPCd(3)1 3.840 "
Od(3)CP 3.070 "        1 d(1 )CP 2.300 "        4PP(1)P5 2.300
2CP(1)P5 2.300 "        SCPPAC4 4.610 "        3PPt1 7.650 "        D-7
7.200 "        D-10 4.770 "        D-2 3.600 "        D-11 Mixture CM-5
2.970 wt.% of  1d(3)CCO1 7.420 "        id(l)CC101 5,190          Od(3)CC02
2.970 "        Od(4)CC02 2.230 "        1d(3)CP02 3.710 "        3CPOd(3)1
4.450 "        5CPOd(3)1 4.450 "        3CAP02 4.450 "        5CAP02 3.710
"        1d(3)CPP2 5.190 "          1d(3)CPP3 5.930 "        5CPAC4 3.710 "
3CEPCd(3)1    



25 3.710 "       Od(3)CP 2.970 "       1 d(1 )CP 2.230 "       4PP(1)P5
2.230 "       2CP(1)P5 2.230 "       5CPPAC4 4.450         3PPt1 8.500 "
D-7 8.000 "       D-10 5.300 "       D-2 4.000         D-11 Mixture CM-6
4.050 wt.% of  2PP 2.400"        3PP 4.590"        4PP 4.930"        3CP
11.080 "      5CP 3.930         3CP2 12.490 "      3CAPO2 4.230
5PPP 4.310 "       5CPP 12.040 "      5CPAC4 3.580 "      5CPPAC4 5.730 "
5CPAPAC4 2.140 "       3CACEP 10.000 "      D-7 9.500 "       D-10 5.000 "
D-2 Table 2 T                      [err] [err]   CM-1  CM-2  CM-3   CM-4
CM-5   CM-6 0    610    527    616    540    467    456 10    610    527
614    540    467    460 20    610    534    613    540 22
471    464 30    618    535    612    541    471    470 



40    621    540    611    540    476    473 50    636    548    624    544
478    477    26 Example 8 The chiral tilted smectic mixtures SM-1 to SM-3
set forth in Table 3 illustrate the use of the chiral dopants of formula I
in a tilted smectic liquid crystal. 1/(pc) characterizes the twisting
capacity of the chiral dopant, with p and c having the significances given
in Example 5. Ps denotes the spontaneous polarization (extrapolated to 100
wt.%). The concentrations given in Table 3 are in wt.%. The abbreviations
used for the components have the following significances: 10OPEPAC5   =
4-Decyloxybenzoic acid 4-[2-(trans-4- pentylcyclohexyl)ethyl]phenyl ester,
1 1 OPEPAC5    =    4-undecyloxybenzoic acid 4-[2-(trans-4-
pentylcyclohexyl)ethyl]phenyl ester, 1 20PEPAC5    =    4-dodecyloxybenzoic
acid 4-[2-(trans-4- pentylcyclohexyl)ethyl]phenyl ester, 7P(1 )P08    =
2-(4-octyloxyphenyl)-5-heptylpyrimidine, 9P(1 )P06     =
2-(4-hexyloxyphenyl)-5-nonylpyrimidine, 9P(1 )P09     =
2-(4-nonyloxyphenyl)-5-nonylpyrimidine, 1 OP(1 )PO1 0    =
2-(4-decyloxyphenyl)-5-decylpyrimidine, D-12          =
4-octyloxybenzoic acid 4-[(2S,4R,5S)-5- octyl-4-methyl- 1, 3-dioxan-2-yl]
phenyl ester, D-13          =    4-hexyloxybenzoic acid 4-[.(2S,4R,5S)-5-
decyl-4-methyl-1 ,3-dioxan-2-yl]phenyl ester, D-14          =
4-hexyloxybenzoic acid 4-[(2S,4R,5S)-5- decyl-4-methyl-1,3-dioxan-2-yl]-3-
chlorophenyl ester.   



27 Table 3 SM-1           SM-2           SM-3 1 0OPEPAC5           23.4%
23.2%          23.4% 1 1 OPEPAC5          11.7%          11.6%          1
1. 7% 1 20PEPAC5           1 1.7%         11.6%          11.7% 7P(1 )P08
4.3%           4.3%            4.3% 9P(1)P06             14.6%
14.6%          14.7% 9P(1)P09             14.6%          14.6%
14.7% 1 0P(1)PO1 0         1 2.7%         12.6%          1 2.8% D-1 2
7.0%            -              - D-13                                7.5%
D-1 4                                               6.5% 1 /(pc) [err]
+12           +4.5            +8.3 Ps [nC [err]          -67            -33
+24 Transition temperature [err]  [err]    58 [err]      51 [err] 98.8
(N*-l) Claims 1.   Optically active compounds of the general formula [err]
wherein n stands for the number O or 1; [err] denotes a single covalent
bond or  [err] denotes a single covalent bond, [err]   -COO- or -OOC-;
rings [err] and A2 each independently represent trans-1 ,4-cyclo- hexylene
or optionally halogen-, cyano- and/or methyl- substituted 1,4-phenylene in
which optionally 1 CH or 2 CH groups is/are replaced by nitrogen; R2
denotes a group R4 or a group of the general formula 0 [err]    



27 Table 3 SM-1          SM-2           SM-3 1 00PEP AC5         23.4%
23.2%          23.4% 1 1 OPEPAC5         11.7%          11.6%
11.7% 120PEPAC5           11.7%          11.6%          11.7% 7P(1)P08
4.3%           4.3%           4.3% 9P(1)P06            14.6%          14.6%
14.7% 9P(1)P09            14.6%          14.6%          14.7% 1 OP(1 )P01O
12.7%          12.6%          1 2.8% D-1 2                7.0%           -
D-1 3                               7.5% D-1 4
6.5% 1 /(pc) [err]        +12            +4.5           +8.3 Ps [nC [err]
-67            -33            +24 Transition temperature[err]  59.9 [err]
58 [err]      51 [err] 98.8 (N*-l) Claims 1.   Optically active compounds
of the general formula [err] wherein n stands for the number 0 or  1; [err]
denotes a single covalent bond or [err]  denotes a single covalent bond,
[err], -COO- or -OOC-; rings [err] and A2 each independently represent
trans-1,4-cyclo- hexylene or optionally halogen-, cyano- and/or methyl-
substituted 1,4-phenylene in which optionally 1 CH or 2 CH groups is/are
replaced by nitrogen; R2 denotes a group R4 or a group of the general
formula 0 [err]    28 



R4 signifies cyano, halogen, [err]   or an alkyl group with 1-18 carbon
atoms in which optionally one >CH-CH< is replaced by >C=C< and/or
optionally one methyl- ene group or two non-adjacent methylene groups
is/are replaced by -O-, -COO- and/or -OOC- and/or optionally one methylene
group is replaced by [err]  denotes hydrogen or fluorine; [err] signifies
halogen, cyano or methyl; [err] and [err] denote alkyl with 1-1 8 carbon
atoms in which optionally one >CH-CH< is replaced by >C=C< and/or
optionally one methylene group or two non-adjacent methylene groups is/are
replaced by -O- and/or optionally one or more hydrogen atoms is/are
replaced by fluorine; and (S*) and (R*) denote the relative configurations
of the chiral carbon atoms. 2.  Compounds according to claim 1,
characterized in that ring A2 represents 1,4-phenylene or
halogen-substituted 1,4- phenylene, [err] denotes a single covalent bond,
[err] or -OOC- and [err] denotes a single covalent bond. 3.  Compounds
according to claim 1  or 2, characterized in that ring [err]
represents.pyridine-2,5-diyl, pyrimidine-2,5-diyl,. trans-1,4-cyclohexylene
or optionally halogen-, cyano- and/or methyl-substituted 1 ,4-phenylene. 4.
Compounds according to any one of  claims 1 to 3, characterized by the
general formulae [err]    [err] wherein [err]  signifies cyano halogen,
[err] and or an >C=C< and/or optionally one methylenet group or two non-
adjacent methylene  group is/are  replaced by -O-, -COO- 6. Compounds
according to claim 5, characterized  in that [err] signifies hydrogen,
fluorine or chlorine, [err] and [err] signify hydrogen and X4 signifies
hydrogen, fluorine or chlorine. 7. Compounds according to any one of claims
1 to 6, 



characterized in that R1 and R3 signify alkyl.    30 8.   Compounds
according to any one of claims 1 to 7, characterized in that R4 signifies
cyano, fluorine, chlorine, difluoromethoxy, trifluoromethoxy,
difluoromethyl, trifluoro- methyl, alkyl, alkoxy, alkoxycarbonyl,
1-(alkoxycarbonyl)ethoxy- carbonyl, alkanoyloxy, 2-fluoroalkanoyloxy,
alkenyl or alkenyloxy. 9.   Compounds according to any one of claims 1 to
8, characterized in that  [err] and [err] have 1-18, preferably 1-12,
carbon atoms. 10.  A liquid crystalline mixture having at least two
components, characterized in that at least one component is an optically
active compound of formula I defined in claim 1. 11.  A liquid crystalline
mixture according to claim 10, characterized in that it contains one or
more optically active compounds of formula I and  a liquid crystalline
carrier material having a nematic, cholesteric or tilted smectic phase. 12.
A liquid crystalline mixture according to claim 10 or 11, characterized in
that the amount of compounds of formula I amounts to 0.1-40 wt.%. 13.  The
use of liquid crystalline mixtures in accord- ance with claim 10 for
optical or electro-optical purposes.    


