1 Descrl ption The present i nvention is concerned wi th novel chiral dopants
for | |qU| d crystals as well as liquid crystalline m xtures which contain
sugh dopants and their use for optical and el ectro- optical purposes.
Liquid crystal materials for electro-opjical indicating devices frequently
conteu n one or nore optically active additives for the induction of a
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- 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

p\f' 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,



hellcal pltch The spectral width of this reflected |ight can be varied by
a suitable choice of the liquid crystal. The reflected light is conpletely
ci‘rcul arly pol ari zed. The direction of rotation of the reflected Iight
depends on the direction of rotation of2the cholesteric helical structure.
The fnyght circularly polarized in the opposite direction is transmtted
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v " 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-

o ~ 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-O 182 054.

The invention is concerned with optically active ‘4-methyl-
1,3-dioxane derivatives of the general formula




woul d he desirable for the twi sting and the spontaneous polar- ization to
be adj'usted independently of each other as far as possible and for the
viescosity of the chiral dopants to be conparatively | ow. Numerous dopants
will be known to a person skilled in thq art. Thus, for exanple, liquid
crystalline deriva- tives of dioxane rings which are substituted in the 2-,

4-* or '5- position and I ch ca e used as, chiyal gdopants en they .carr
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eneral fornula r # in an r r1 1;
([:]err] denotes a [sﬁh{)‘}dé[%g-\‘/%Fm" Hyﬁég'r’ T@E?'ﬁéﬁgﬁ;—s &J '?legg?@#a e]nt
bond, [err] - cCooandr AZ0@ach independentlyarepresentctransdpéreiciohexyl-
represent trans- lefecyel eptionallyehalogen-onrdysnvy landyadrogsethylaudsno- and/ or
et hyl - sub- sti tukggyfed- phge .bﬁpfeﬁcﬁ] itWhEhoBptioRAY 1 10P'2 TIPS
is/are replaced béypltrgﬂﬁn' ﬁ;- . enotgiﬁ? oup or a gpoup of "the
general fornul a [ &/ AreRERIPERE (RENUPIEH, al‘%@é’ru‘, S[REPUP By @h3a) kyl
group with 1-18 cgreup af dhe generalctorepglaonal [y one >CH CH< is repl aced by
>C=C< and/or optionally one net ene group or two non-adjacent nethylene
groups is/are replaced by -0-, /fCOO of -O0C and/or optionally one
nmet hyl ene-group is repl aced err]; Shot es hydrogen ag fluorine; [err]
signifies hal ogen, cyano or net derr] and [err] denote alkyl with 1-1 8
carbon atons in which optionally >CH CH< is replaced by >C=C< and/ or
optional ly one methylene group or twoggon-adjacent nethylene groups is/ are
rehkgped by -0- and/or optionally one oP nmore hydrogen

o R4 signifies cyano, halogen, -OCY1F2, -CY1F2 or an alky!

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 -O0C- and/or optionaily one

methylene group is replaced by -CHYZ-; Y1 denotes hydrogen

or fluorine; Y_2' signifies halogen, cyano or methyi; R1 and R3

denote alkyl with 1-18 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.

A 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 nemati¢, 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 Alin the
ortho-position to the dioxane ring the-sign of the spontaneous

~ polarization can be reversed with the same helicity. This permits




atons,..i s/are replaced by fluorine;, and (S*) and (R*) denote the relative
configurations of the chiral carbon atons. The.-conpounds in accordance
Wisth the invention are colour- less, have a good solubility in usual liquid
crystals and have an especial ly:good cgnpatibility with nematic,
cholgsteric and tilted snmectic phases. They have an adequate stability
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Jare replaced by -O-, -COO-
and/or -O0C- and/or optionally one methylene group is replaced
by -CHX2-" 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
}v residues are methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl,
octyl, nonyl, decyl, undecy!, dodecyl, 1-methylpropyl, 1-methyl-
heptyl, 2-methylbutyl, vinyl, 1E-propenyl, 1E-butenyl, 1E-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-
butyloxycarbonyt), 1-methylpentyloxycarbonyl (= 2-hexyloxy-
carbonyl), 1-methylheptyloxycarbonyl (= 2-octyloxycarbonyl),
1-(methoxycarbonyl)ethoxy, T1-(ethoxycarbonyl)ethoxy, 1-

o (methoxycarb_onyl)ethoxycarbonyl, 1-(isobutyloxycarbonyl)-




repl aced by >C;CK and/or optlonally one net hyl ene group or two non- adjacent
met hylene groups is/are replaced by -0-, -COO and/or -OOC and/or
optionally one met hyl ene group is replaced by [err] enbraces straight-chain
and branched (optionally chiral) resi dugs such as al kyl, |E-al kenyl,

3E- atkenyl , 4- aIkenyI al kenyl having a term nal double bond, alkoxy,
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al Iyl oxy, 2E-diph Léﬁyk,gﬁ gﬁﬂ{ fples- et enyl oxy,

3Z- pentenyl o I C oX
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rret hoxycar bo d 'met propyt,
hyl pr opy -(mg lb@,p}:yl,( 2- menhyﬂlw 3E-pentenyl 3E-hex-
%mw pent @y GEdheptenyd, 2-peryemyly- 4Z-draxe1wl) ,5-hexenyl, 6-heptenyl;
- met hyl hept y| sataeny®na -nietRoaed thyd X \3-anéenony propylTet immrnmr*arpyu ) et hoxy,
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ony et
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the like. Thelengotad *) rangh (R) dmtfosmadla amé therfaliewing fopmad
: 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 AZ in formula | above can preferably signify 1,4-

ﬁ" phenylene or halogen-substituted 1,4-phenylene. 2-Fluoro-

- 1,4-phenylene and 2,3-difluoro-1,4- phenylene are preferred
halogen-substltuted rings. .

2 22 can preferably denote a singie covalent bond, -CH2CH3-

or -O0C-, especially a single covalent bond. 21 can preferably
denote a single covalent bond. -

Accordingly, there are especially preferred in general those
compounds of formula | in which ring A2 represents 1,4-phenyl-

- ene, 2-fluoro-1,4-phenylene or 2,3-difluoro-1,4- phenylene and 71

and Z2 denote single covalent bonds. :

Ring A1 can preferably represent pyridine-2,5-diyl, pyri-
m_idine-Z,S-diyl, trans-1,4-cyclohexylene or optionally halogen-,




by: >C=C< and/or optionally one nethylene group or two non- adjacent

met hyl ene groups i's/are replaced by -O and/or option- ally one or nore
hydctogen atons is/are replaced by fluorine" enbraces al kyl, al kenyl (e.g.
3E- al kenyl, 4-al kenyl, al kenyl having a term nal double bond), al koxyal kyl
(e.g%-al koxyet hyl, 3- al koxypropyl), &l uoroal kyl and the like. The
residues can be straight-chain or branched (optionally chiral). Exanples of

preferred reagyams and/metrhethylesthtyétlttweww A- bh@ﬁylenentsd edigity! . heptyl,

octyl; nony _ ptyl,
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(S)-configuration and (R*) stands fgrxihe (Ryfconfiguration as well as
their optical anti es in ch (%) ~tands ofr the (R)-configuration and
(R*) stands for the (ﬁi})—oconﬂ our atd on., F 2 in formula | above can
preferably S|gn|fy ; Lbst4tuted 1, 4- phenyl-ene.

2- Fl uor o- ? el ene are preferl-<d

hal ogen- substl u ) denote a single coval ent
bofreh. - CH2CH2- or - a S|no e covalent bond. [err] can
preferably denote a S|ngle covalent bgpd Accgrdingly, there are especially
preferred in genersl those conpounds fa | in which r|ng A2
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6, cyano- and/or nethyl-substituted 1, 4-phenylene. Especially preferred
significances of ring [err] are trans-1, 4-cycl ohexyl ene, 1, 4-phenyl ene and
hal ogen-substituted 1, 4-phenyl ene, especially 1 ,4-phenyl ene,

2-fluoro-1, 4- phenyl ene, 2,3-difluoro-17,4-phenyl- ene and 2-chloro

1, 4-phenyl ene. Preferred sub-groups of conmpounds of formula | are the
conpounds. of the gener faqr ]ae err] whe I es cyano,
hal ogen, [err] ergin j*‘kyﬂlgg L/aﬂﬁmufab%@q o{?& f eéggEEC?ka s
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a doubl e bond, 1-2 oxygen atoms one or nore fluorine atons and/ or
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The resrdues R? 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- branchmgs, for example when a slight mod-
ification of the properties is desired or when chiral residues are

desired, R1 and R3 can especially also signify identical residues.

Preferred residues R4 in formulae | and I-1 to I-5 above are
" cyano, fluorine, -chlorine, difluoromethoxy, trifluoromethoxy,
difluoromethyl, tnfluoromethyl alkyl, alkoxy, alkoxycarbonyl, .
‘1-(alkoxycarbonyl)ethoxycarbonyl, alkanoyloxy, 2-fluoro-
alkanoyloxy, alkenyl and alkenyloxy.

A - Preferred residues R2 are the residues referred to as being -
' ~preferred for R4 as well as the groups of formula Il in which R3
has the significances referred to above as being preferred. .

The substituents X1, X2, X3 and R4 in formulae I-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 pref_erably different from hydrogen. There are
especially preferred in general those compounds of formulae I-1
to 1-6 in which X1 denotes hydrogen, fluorine or chlorine, X2 and

_ X3 denote hydrogen and X4 denotes hydrogen fluorine or chlorine.

' - The compounds of formula | can be manufactured by reacting
‘a diol of the general formula




di fl uoronethyl, trifluoronethyl, alkyl, alkoxy, alkoxycarbonyl,
1- (al koxycar bonyl ) et hoxycar bonyl , al kanoyl oxy, 2-fluoro- al kanoyl oxy,

al kenyl and al kenyl oxy. Preferred residues R2 are the residues referred to
as being preferred for R4 as well as thegggroups of forrmula Il in which
[err]--has the significances referred to above as being preferred. The
substituents [err]Jand [err] in forgulae 1-1 to 1-6 above can each

i ndividual ly preferably signify hy fluorine or chlorine. -In each
case a maxi mum of one or two of thg sub- stituents is preferably different
from hydrogen. There are espeti preferred in general ghlgose conpounds of
formulae 1-1 to 1-6 in-which [err] \denotgs hydrogen, fluorine or chlorine,
[err] and [err] denote hydrogen and not es hydrogen, fluorine or

chlorine. Thewpcgrrgﬁu?'gghgﬂef ?f rﬂﬁea\%l nersl P@"ﬁﬁﬂuf actured by reacting a diol

of the general Ttor th an al dehyde of the-general formula

[err] wherein [err] denotes a—gioyp [err] gd [err] n, (RY), (S*)
and the rings [err] anp [e r]1ha ¢ ) i gyliil.gances, or an acgyal

t hereof. The reetf+onlo \ or of a suitable acetal
(e.g. the dinmethyl acetal) With th di ol V8 111 can be effected in

a manner known per se. Prefeerably, the reactlon Is effected in. an inert

organi ¢ sol vent (f ke

t ol uene or xyl ene)‘%ﬁﬁ%iﬁnﬁ r%%m% gn&téi 9? FM&E‘?’CQ anb%agl ¢ or
i norgani ¢ aci d such GR* k- am&egmgﬂq .an daAfdhaveth ﬂtﬁbQ,V%tm d or dry
hydr ogen chl ori de.significamoesgt ure and pressure are not critical. However,

thé\r_gact i on & apr gEet#lbtherealfr i ed out at atnospheric pressure and at the .
refliux tenperature while. separatlng the water which is

The reaction of the aldehyde of formula IV or of a surtable

~ acetal (e.g. the dimethyl acetal) with the diol of formula lil can
be effected in a manner known per se. Preferably, the reaction is
effected in an inert organic solvent (for example, an aromatic
hydroca_rbon 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 whrle separating the water which is
formed

_ When RZ in formula I srgmﬁes a group of formula I, the
A formation of the two dioxane rings can be effected as indicated
{ above successively or - especially when R1 and R3 are rdentlcal
' also simultaneously.

When z2 and/or R2 have ester groups, the esterification is
preferably effected only after the formation of the dioxane ring.
'Further, when R1, Z2 and/or R2 have ether groups, the ether-
ification can, if desrred 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 Il can be effected
in-a manner known per se. A preferred method comprises intro-
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formed. When R2 in fornula I S|gn|f|es a group of formula 11, the formation
of thé two dioxane rings can be effected as indicated above succeSS|ver or
-~ especially when [err] and [err] are identical - * al so si mul taneously.
Wien [err] and/or [err] have ester grotﬁs the esterification is preferably
effer\ ted only after the formation of t di oxane ring. Further, when [err]
and/ or R2 have ether groups, the gther- ification can, if desi red, al so be
effected af tducingethersubstituent Rie inli theaRepositipn Tfcanl alkyl 3ebydroxyr mul a

|V are knowbutyrate -2eaj.obyeseadtidnonithc the ccordesponding atieyl phalide,ed

accor di ng t gikapyn hﬁﬁ&éoé'ﬁc ifheher sieniceodf o shit%b%(ﬂa%eo T Filatod || can )

be effect edg % ﬂS&r e—@ pégbe ‘f§ ER& Ll% ntro-
UL e s B AR

hal i de etc. Gan b r pactrdwithran alkyt bromidas kanyérbrmnda agsuthaa r to
Tet r ahedr on ifethe presen(:egeﬂ)a basadsuclbm]hehmm disopeopylarnidesanet  gr oup.

For exanpl e,¢ y@@ 1 Y. om de,
al kenyl br oq}% ﬁﬁgﬂ%ﬁ t Xy%giﬁ&ﬁggmfﬁﬁége%a?gé;tﬂgﬂuggalM I um
di i sopropyl a 12 g hﬁ droxy- [err]-butyrate obtained can be
reduced with lithiumalum nium hydride. The conpounds in accordance wth
the invention areTB@&icompeundssin wccardangewithf the linventiosr gee Auitme

m xt ures. Thablenasnchival idopdrsefor diqulidocostalines inixtubes: *Theui d

crystall'ine lﬁ\léh’ﬂfd'h hgvtHere¥bre e4lsh goﬁéwr\h&h whlighid Scryseatiiplecr i zed in

L R R S T LS T
crySvall ine or}‘f"gﬁ Fgﬁﬁao aﬁanope cg"y "actiVé compountof

Preferably, the mixtures in 'accordance with the invention
contain a liquid crystalline carrier material and one or more
optically active compounds of formula |. 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
60°C.. The compounds of formula | 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 | 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 um 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 um, for example about 0.4-0.6 um,
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 | is in
general preferred.

”




optrcally actrve conpounds of fornula I Suitable carrier mater- ials are
basrcarly all liquid crystal materials which have a * twistable liquid
crystal phase with an adequate nesophase range. The liquid crystalline
carrier material can be a single conpoyad or a mxture and preferably has a
clearﬁng poi nt of at |east about [err].YThe conmpounds of fornula | are
especi‘al |y suitable as chiral dopants for carrier materials having a
nematic, cholesterjc or tilted snectic (preferably smectic C) phase. The
amount of chiral HoBaMEXtUseSt b aGcardance dwutl rifiendvention | whigh &avend by

t he twi sti ngclilpstetig, phase amipretenably @antain, zimt addition tohenteoirr ed
pitch.. The amretopﬂcanyla@drvslmnbogﬁdstbﬁlfcrmuh Y,abvel Or amorgle range

W o6 For | @ oY fRrar af“*“"ae"’a SRS e
nematic stru qi ér?%éﬁ:e 4'- %ﬁg ’Hgg %isﬁ' red dependi ng on the
type of cell and c: g of. about ‘3-40 [err] and therefore
a correspondigngl y, 7 4 qut 0.1-3 wt.% is
sufficient. "O /DN ons i-ch are basedvon the
reflection of visNole fig ' A&/l ayers, pitches of |ess than 2
[err], for exanple about 0 4-0.6 [err] are required, which requires a
correspondrngly ' ala For 'such applications and

in the case of . TeC\y an angunt of about 3-30 wt.%
especi al |y aBouf—% - re~Bbpants of formyga | is in
general preferreé h i gordance wth the invention
thﬁg!have a chol esteric phase cdn preferaoly contain, in addition to one
or re optically active conpounds-of forrmula |, one or nore conpounds of

thé foll ow ng general -formul ae as conponents of the nematic or chol esteric

carrier material:

VII

XII

wherein m stands for the number O or 1; ring B1 represents
1,4-phenylene or trans-1,4-cyclohexylene; R6 denotes alkyl,
alkenyl or on a benzene ring also alkoxy or alkenyloxy; R7




wherein mstands for the nunber Oor 1; ring [err] represents 1

, 4- phenyl ene or trans-1, 4-cycl ohexyl ene; R6 denotes al kyl, alkenyl or on a
benzene ring al so al koxy or al keny.l oxy; R7 signifies cyano, alkyl,

al koxy, al kenyl or al kenyl oxy;" Z3 deno\t.ﬁs a single coval ent bond or
-CH2CH2-; R8 signifies cyano, alkyl oxy, al kenyl al kenyl oxy, _

al- koxﬁmet hyl or al kenyl oxynet hyl ; enot es as Ie cova,l ent - COO
or [err] and RO SigRifieeLyansg;i aIIW:aIa ’ 3I(§FW II“F@’ Qé}fh eferabl y
have a maxi num ofddiotey bosnrglermovaien'ecbmid wra-QrixChigw; R Zigaifies at ons.

Preferred al kenyl p e 4 or ane ring
al so 1E- al kenyl Qg'%l’kéuéﬂ E%?]Iﬁl;%wéqyehyﬂéﬁgﬂékg aIR ?"g%lﬁfkenyt oxy
groups. The m xtuﬁkgnVIQ)@ﬁBQF koé vﬁlenp&aseamogIﬁ F@Ha oﬁQve a chiral
tilted smectic phaa@Ocaprp+CHoCH)Y, andtRd rslgniﬂ@dlkyloortaikenyl or nore

opti-cally active conpounds of fornula |, one or nore conpounds of t he
fol l'ow ng general ‘as c rrponents of carrier pateri [err]
wherein p and q & di% ?agheﬂfé ¢'Eﬂbﬁ Vﬁuﬁﬂ@ax@HmP &rr] and

[err] each |¢attmmé¢omsg esgmmIIyaa Imaxlmumo@f/ 7 darhooyatoms. Preferred
al koxycar bonglkengl 'efrovipsoarél 3Batkenyl, 4-atkdnydedoiors aalc lohexammmg Rl 3

f I I I h
ndependant 1550 %&'@" 'az‘?‘“II‘iﬁ%Iq @%’eg’é‘f“ ISRy Hie, Brefetiey oo

1, 4- phenyl - %IIIE denot es a si ngl e coval ent bond, = CH2CH2-, [err]

000 oder - OOC-. err] each preferably have a maxi mum of 18 carbon atons,
especi al |y about.§ eznmtu:res wx agsordange avith the invention which have a
k’\,,/ chiral tilted smectic phase can preferably contain, in addition to

P one or more optically active compounds of formula |, one or more
' compounds of the following general formulae as components of
the carrier material:

XVII.

wherein p and q each independently stand for the number 0
or 1; R10 and R11 each independently signify alkyl, alkoxy,
alkanoyloxy, alkoxycarbonyl, alkenyl or alkenyloxy; R12
denotes alkyl or alkenyl; R13 signifies alkyl, alkoxy, alkenyl
~or alkenyloxy; rings B2, B3 and B4 each independently




1, 4 phenylene and 2 3 drfluoro 1, 4- phenylene are preferred

halogeh substituted 1, 4- phenylene groups. Those conpounds of formnul ae
Xb11-XVIT .in which [err] or, respectively, [err] signifies al koxy or
aIKenonxy are in general preferred. The manufacture of the |iquid
crysrﬁlline m xtures and of the electro-optical devices can be effected in

amanrer known Detepfeseit 1,84fbhiRred ol hiRddH Shnshieied o8 eyt e

fol |l owi ng Exanple ave in
each.case the sarr@"ﬁha@!‘@pérsaagn?{?%at%'ﬁﬂ& §0yA taEQ"ﬂndGHé!é 2-:same

absol ute val ues of §pe00@ecoder p@@C+zati on and of the tw sting, but

W th opposite signs. he abbrevi ations used for the characterization of the

hase transitions e | o nrfrc C stands f or
Prystalline. s ot RIGL RS R and R E edch preferably Have anmaximum of
etc., [err] d& casbandatams;especialiyabotCs- mmwbomatomanasﬂuoro-
nemat,l c, N SL4n|dheh renéﬂedmistasl-drﬂrmro 3§4arm1seri)denesare0pre:ferh‘edrml elA
Xt e of 3rdidy %5 §d, o hghyRer gr00Rs Thobe? eomounds of, 1y of
t ol uene was 5893\@%3 %?Ht ﬁchn ro?fndrﬁﬁ%‘ri'\ﬁ% b ng a mighiies:
stirrer, wat @k @%&raaﬂrerw{axxoar@enwenemb prefeed. was heated to refl ux
for 3 hours while separating water. The cool ed reaction m xture was poured

i nto aqueous SOdl trrhéwlaﬁam“cméb@ﬂathe HQuid iceystdlliné r eitedes ahdnef hyl ene
chloride. The gfe‘?:'ﬁ%e ical'de nedr%‘égaééﬁ Frreced ?r?tae‘i'né] &e per

nethylene chgg organi ¢ phases were washed twce w't
r, dried®0ver magnesi um sul phate, filtered and evaporat ed.

Recyystal | i zation_of the crude_ product obtained (5.84 ¢ 2) froma nixture of
200 m of hexane The invention is illustrated in more detail by the followrng

Examples. Optical antipodes of the compounds of formula | 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
U significances:

C stands for crystalline,

S stands for smectic,

SA, SB, Sc etc. stand for smectic A, B C etc.,
Sc*, SF* etc. stand for chiral smectic C, F etc,,

N stands for nematic,
o N* stands for cholesteric,
o~ 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-b|phenylcarboxaldehyde 0 1 ml of 1IN _
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 organrc

- 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 m of et hyI acet ate gave 4.97 g of 4'-[(2S, 4R, 5S) - 5-
octyl ‘4- et hyl - 1, 3di oxan- 2-yl ] - 4cyanobi phenyl with mp. [err] 11 [err]
ct.p. [err] The (2S,3R) -2-octyl-1, 3 but anedi ol used as the starting
mat'eri al was prepared as foll ows: Ab? xture of 83.5 g of

dii soRropyI am ne and 400 m of tetrahy ofuran was treat ed dropw se at

h 3 h, 500 f I hi
(6 5ho o) ARA RS ARU O shy) asargewagvé‘t acg TS 4R 5 s #@‘; far
further 30 nP6tykd-mathydguddioxan+dry enly aw&h dNewi [err]

within 30 m nqi4e5ogi chpa(SRHYt128.40C. 50 g (0 378 nol) of ethyl
(3R) - 3- hydroxybutyrate in 250 m of tetrahydrofuran and stirred at [err]

for a further 30 eaf t t.he rea xtur reated
dropwi se at [err] 23 %gs]%r Eﬁvétbptérﬁff‘at Iaoiasléﬁe rting

1- br onpoct anmmﬂajOW@SI prenaw gy fellomstamet hyl phosphori ¢ acid-triam de.
The reaction mxture was left to warmto roomtenperature and was stirred

at [err] forg Z hoﬁiﬁtuﬁe EWL%S ?glhﬂ‘edngop# lahﬁnérm 4@@cmloof sol ution
was poured i ithig h et hyl

o
acet ate. The C, a e (? ﬂée‘% | ori de
sol ution, ?%g@m# e% ﬁﬁi\%@p ﬂﬂ,aé\% é@ﬂi\ﬂéﬁ pj’&a Hi gh
vacuum di stl (DB9Gn mel)tipeh @sm he. m&u&en‘@aS(SMge ays ¥ of et hyl
(2S, 3R) - 3- hyBOeLy far acfurthery3at minutes. bSpbsgqueptlyorﬁheamrxmlfe wvasE = 1 %
i n chl orof or tleated Aropw esapnsob@%ﬂno 80 aﬁihuws) with |3 sblutionl ofri ni um

hydride in 98 ¢'setrms') 8F leth Rty EfLedin 20500 AitTgfer at ure
Z”E;@%E) 32 hmy | rﬁéﬁ% d| eq;;ggeét %rm'gu uently,
t he reactlon %é% ‘éﬂof‘o"}”étfqrﬁxWr rzea§ PWiRF t%n @ogl ed to
[err]. There&ﬁt@n 3016“!@&@& withriaxsolutiorof 148 @@Qﬂct ANE00 m of

acet one and 1(6e5|6®1 1rhot9amu96tﬁdgsoﬂuhemacmﬂm;ahespboumamdutmamlde The
precipitate pagctiohRilxtureeweishift Pl seantdsteleoan a@mpératigtel ahd ewas. The
- stirred at 25°C for a further 3 hours. Subsequently, the brown
reaction solution was poured into 1.3 | of water and extracted
three times with ethyl acetate. The organic phases were washed
with saturated sodium chioride solution, dried over sodium
sulphate, fiftered 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. 99°C/0.03 Torr and [a]p = +6.2°
(c=1% in chloroform)

o b) A suspensuon of 33.5 g (0.883 mol) of lithium alumlmum
\(_, hydride in 980 ml of diethyl ether was treated dropwise at room
V... . 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 mixiure was heated to reflux for
2.5 hours and then cooled to 0°C. 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 | 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 160°C gave as the residue 40 g of
(2S,3R)-2-octyl-1,3-butanediol with [a]lp = +18.7° (c = 1% in
chloroform). ' '
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re5|due in the reactlon flask was trlturated a further twce with 1 | of
di et hyI ether each tinme and in each case the ether phase was decanted off
and filtered. The ether phased were combi ned and concentrated to dryness.

There were thus obtained 45 g of cr Udl: product as a yellow oil. H gh vacuum
di st\IIatlon up to an oil bath tenper %ure of 1 [err] gave as the residue
4090f [err] with [err] = +1 [err] (¢ = 1%in chloroform. 14 The

foI | o ng conpounds can be manuf actured i n an anal ogous manner:

-[(2S, 4R, 59) - st fpllowingeampousds; eambe Manutacturedhddiathenyl , m p
(C—S) 11 [arralbgohsm\ahaer] 4-[trans-4-[(2S, 4R 5S)-5-octyl - 4- met hyI
, 3-di oxan-2-yl] cyclohexyl]benzonitrile, mp. (CN) [err] cl.p. (Nt- I)

Lorr] 1 }]rans 44{ g;% .58):6:1 %Egi gAY 113 dick ety 4
4-[trans- 4 A C!S’pdl(§A"alp }39@‘%
cycl ohexyl ] - 411-&1]“05045 4R rﬁS)) Seocstgt4-zmpthyhs1 3-ioan-yl]
59) - 5- Octyleyblohehyllbénzamtmegam&XIQ-NG\)%SMIi:hi ¢NIr) @ra@e@e, m p.
[err]; 4-[tran-s44fyraas ,.45{(:‘@ @R%)’JS-ﬂ)o’f?‘liWJ étﬁ ﬂJ10>SaHl@xé’ -]Z-ylgz
cycl ohexy 1%%6'@“;%9@ ?f;gkf?f j{séﬂ“ shaxa Lheneoni i e
m p. [errio tﬁr et »gnégbyﬂﬁx? bf?xén'( I]
decy! oxyphe%gnpbyxy bignalif Imp qnzeve, [prr 2499C; (N+-1) Jerr];
5-1(2S, 4R, 5S) - 5- ﬂe[ayans-ﬁet(r%,lm,:Sﬂ)dem{ylw-]metbym 3-dioxan-2-yl]
f I uor o- 4- hepytioherpHRYichigrolsenganen m.pl GaY7Zed;err]. cl.p. (N*-1) 87.70.
E%amp' e 2838y Qf[ttrﬁh;%pmf@@'WW}E—S’W&y‘U@%%hW-ﬁhﬁd?&é'ﬁlz)fylﬂf
cyclohexyl]-1-chloro-2-fluorobenzene, m.p. 40°C;
4-[trans-4-[(2S5,4R,5S)-5-(2-propenyl)-4-methyl-1, 3-
- dioxan-2-yl]- cyclohexyl]benzomtnle m.p. 87.2°C;
5-[(2S,4R,55)-5-0ctyl-4-methyl-1,3-dioxan-2-yl]-2-(4-
decyloxyphenyl)pyrimidine, m.p. (C-N*) 67 50C, cl.p. (N*-)
106.7°C;
- 5- [(23 4R,5S)-5-decyl- -4- -methyl- 1 3-dioxan-2-yl]-2-(3-
fluoro-4- hexyloxyphenyl)pyndme m.p. (C- N*) 72.2°C, cl.p. (N*—l)
87.79,

Example 2

8.8 g of terephthalaldehyde were treated with a solution of
N - 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 1N sulphuric acid and heated to reflux
for 18 hours. Thereafter, the reaction mixture was cooled to
room temperature, treated with 1.5 mi of trimethylamine and
partitioned in 500 mi 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,55)-5-0ctyl-4-methyl-1,3-dioxan-
2-yl]benzene as white crystals with m.p. (C-) 80 40C and [a]D =
+32.00 (c = 1% in chloroform)




25 g of (2S, 3) 2- octyl 1, 3-butanediol in 500 m of toluene V\/mIe gassi ng
with fditrogen in a sul phonatlon flask having a stirrer, condenser and water
separator. Subsequently, the m xture was treated with 1n of 1N sul phuri c
aC|d and heated to reflux for 18 hour s Thereafter, the reaction mxture
eﬁ)ol ed to roomtenperature, treatedsvmth 1.5 m of trinmethylamne and
part ioned in 500 mM of diethyl ether and 500 ml of saturated sodi um
hydr ogen carbonate sol uti on. The aqueo pha]se was separated and extracted
twice with 300 mM of diethyl ether 'eacﬁﬁ%—%he organi ¢ phases were -
washed twice with 400 ml .of saturated sodi um hydrogen carbonate sol ution
each time and oncde mixturé0ofn#.93 gaoér4'-§(28HR5S)-Satitylhdmetintle,

i eredoma @g%ﬁ%- )-4Dl @éﬂ;ﬁ*%"ggfgg%;ﬁgg?ggw %w
o | f
v oo9 & ﬁffasa %ﬂ%? A b

crystals w tﬂ*’rﬁﬁra Qic4 ) assing -W[ @ pjtrogen. S S%l&ﬂﬂyoform
15 Exanpl e The meactioa mlxuums wWRS f llnes:q d zB)dihesyileate t wasevapar -
1, 3- di oxan- Zated] ?hé)cm@expmdum)obuattn@utl(m 282@)nWa9fsds pndedoirt anol , 3. 72

258f mN '(;'f dit 9: Pt‘ilebf’ | éfﬁ?@n’e”bﬁﬁ)n ﬁ% 8lis ﬁbﬁeﬁvﬂ% filfer@drandg di ?ﬁ and
ni trogen. Su Se fﬁ ?fhz t t ré %@2@5?{9%]!&\1 trate
was evapor - ?’Fi%‘be iqp%?t \ﬂg in 150

m . of met hylléﬁe"ﬂﬁumﬁeée Tgﬁ@ﬁ'er%\’@ﬁpﬁﬁﬁoﬂlq éh@dmﬂmef hléqﬁﬂq”f tﬂﬂﬁe was
e\onrat ed. fﬂrt;ammhlovarlbasxof aluminighowidquivtiomethgléng? obdogileat [err]

gna’i;g?gtneon_ 434.4:@1 2{;\‘?&-{%25;?5 f5$)15 -bepy 4%}@:%%1;:3%@%;02, i de
v ' -'Eﬁ arbb ( r 133.UTpBiogM OXi
with net hyl eﬁg oI LT ggl o(f'aﬁ 7% o C%IOIIO(‘&%P?%/

58) 5- oct yI

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 180°C for 2.5 hours.
Thereafter, the reaction mixture was cooled to 70°C, diluted with
150 ml of water and adjusted to pH 9 with 1N hydrochloric acid.
g The solution was cooled with ice; treated with 250 ml of

(V - methylene chloride and adjusted to pH 3-3.5 with 1N hydrochloric
o 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-methyi1,3-dioxan-2-yl]-4- blphenylcarboxyhc acid as a
yellowish, solid residue.

The following compounds can be manufactured in an
analogous manner:

_4_-[(28,4R,SS)-S-(Z.-Propenyl)-4-methy|-1 ,3-dioxan-2-yl}-
benzoic acid (R)-2-octyl ester, isotropic oil;

4-[(2S,4R,5S)-5-octyl-4-methyl-1,3- dloxan 2-yllbenzoic
acid (R)-2-octyl ester, isotropic oil;



yl]-4- hlphenylcarboxyllc acid (R) 2-octyl ester with cl.p. [err] and [err]
= [erf] (c = 0.7%in chlorofornm). The
4"-1(2S, 4R, 5S)-5-octyl -4-net hyl -1, 3-di oxan-2-yl]- 4-bi phenyl carboxylic
aci d used as the starting material wapgprepared as follows: 4.97 g of
[ €25, 4R, 595) - 5- octyl 4-met hyl -1 |, 3-di oxan- 2-yl)-4-cyanobi phenyl was

{roatad wi th » SO0, 4, 55 ). 50 #Xmaﬁémwhygtam%m y{foehz8ic

EZII et ]hy:cenez ﬁoI& ?ﬁﬁ g;&q te m Xt ure OIe?t eEj to]
err or C re wa ed to [err
el or 2. 5ot Yrrdegyl JHGFEYI)WS NI 2P BZRIG |

aci d. The sod¢idi éR)vdrociydl @ﬂt%,tﬁQTE@PlCt ated with 250 m of nethyl ene

chloride and adj u4t-442(S4iR:5%5)355decyh-4-meyhybdhBediax ami2kylJ+¥- aqueous :
phase was sefpipheinglctdxsiic réGICPC(R9rE-Qﬁ:t | Eten Hﬂ ) enege;ori de. The

conbi ned. or gani c thggs‘:’ fé?ﬁ hsetgfr‘te?nét y‘i‘j fd over
PO S GO 40 ) ki aé?rag» N
as a yell ow 88Cslue. The fol I owi ng conpounds can be nmanufactured

in an anal ogous nﬁﬂhﬂ'ans44[-[(23$44:R55§)55(cn:ugrlo@ernprthyhﬁm-w;xan 2-yl]

, 3- di oxan- 2- gydlohesyplbenzaic adifR) (R)~Rcdot Ie@st%lr MmPRCH) 2nBPC.
4- [ (2S, 4R, 58?y5°octyrl - et hyl - U?‘dl oxe)lln be?;)o(lrcéL )aC| d (R -2-octyl

ester, isotropic oil; 16 4-[(2S, 4R, | - 4-met hyl -

, 3-di oxan- 2- ylo] ben20| C aC| d (Rg(z hexyﬁﬁ@wsot ropi cy0| | ;

4 [(2S, 4R, 5S) - 5-decyl - rret | -1, 3-di oxan-2-yl] benzoic acid (R) oct yl
esiter,. isotropic Bi miXhUC 3689 smg of dé‘c{((%ﬁr%tsﬁ)ﬁﬂ@y&%m&twlyl ]-4-
b| pﬁ’éﬁyl car bb)@-ldloxamZi-y(l]thénobt yBSegngr of n($)-2-flubyoEaprdic acid,

-[(2S, 4R 533351agt uf -N;Nedivycidhéxyicarbodimidé, 20 mg of 4-(dimethyl-
amino)pyridine and 40 mi 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 mil 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-fluorohexanoyloxylbenzene
as white crystals with m.p. (C-1) 58.8°C and [a]p = +16.7° (C = 1%
in chloroform)

_ The 4- [(ZS 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 [a]p = +27° (c = 1% in chloroform).



bi phenyl car boxyl ic acid (R)-1-(isobutyl oxycar bonyl )ethyl ester, mp. (C1)
[err]; 4-[trans-4-[(2S, 4R 5S)-5-octyl-4-methyl-1 , 3-di oxan-2-yl]
cycl ohexyl]benzoi c acid (R -2-octyl ester, mp. (C—I) [err]. Exanple 4 A
m xture of 380 ng of 4-[(2S, 4R 55)-5-qcgtyl -4-nethyl -
&I’S oxan- 2- yI]phenoI 185 ng of (S)-2-fluorocaproic acid, 333 ng of

N -di cycl ohexy f I di ne and 40
m et hyl ene C l%?%\lgiﬂ#%lﬁ@d@d?&% %’e era h?%&?rqaer%trogen for
16. 5 hours. 284 g 9 ef'he suspensi on was flltered and the filtrate was
evaporated on a rotary evaporator. The crude product (1.0 g) was suspended
in 50 M of net hy-Qetyloxybenzpia hacisushd(2504R,&S)5-DCctybd -anethyle
filtrate wag Ber&Eeyll]pﬂenwméh rapl ¢C-9) 32CBiNE.5B49C] clgsi due (0.5

g)3f(rjom hex Nell? % EL 1- [(28 4R458) ; octyl- 4- et hyI I ]
1 | oxan-2-y 44 H @oy igz > _ I- > é{ﬁ)t”a_l S Wt
C E‘ .
[(25 4R 53 5séleewr Pﬁp fs e BB (& j%g us(@'d 21002C;
starting materi a4-REXyo¥y ReRaoit a@dl Al (25,4R:8 dﬁcﬂfﬂ ethyl-

(2S, 3R) - 2- odt,smdxah-lafybhadcblarophanyb esiten- hy.gt o@&b)erzﬂzhlmyde 0.1 m of

IN sul phuric acid and 20 mM of tol uene was placed under nitrogen in a round

fl ask having a. magnetic stirrer, water BaRIet 8" and condenser. The m xture
was heated to reflux for 3 hours V\hllewﬁaﬁgng wat er. The cool ed

reaction mxture was poured | t aqueauys |u enc rbonat e sol ution

and treated wi t h Alisa! lorbﬂfea THeO 2% ’gfggc@sv\g zﬂ'@ ¥hd

&?ct ed tHr,3dIQX3ﬂe§Z-\M|1-I4 dyanablphﬂn}drm T mbrofi noluengawas pieated were
ed thr ewntths\Amlhoﬁvad:wobwhylwldnmnﬂrmrmmﬂdeuatSCDI‘P(DhMEhmfl | tered and

ﬁ;ggg;f;tegy @Cﬁ%ﬁﬁﬁgéé Rl m% .meldn . PREI fbdctfonupixtiffe mo) from
ling_an
3";.%2[8’;51 5— gUUOES % d' OX n_ méﬁregfva gbﬁr’%igh e ystals

in dnet ether/water adjusted o 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
L 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-methyl1,3-dioxan-2-yl]-biphenyl; m.p. (C-N*) 95. 3°C cl.p. '
(N*-1) 120.5¢°C.

' | . 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 M 4-(trans-4-propylcyclohexyl)benzonitrile,
14.67 " 4-(trans-4-pentylcyclohexyl)benzonitrile,
521" "  ‘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-




17 The fol |l ow ng corrpounds can be manufactured in an anal ogous manner:
4- Cct yl oxybenzoic acid 4-[(2 S, 4R 5 S)-5-octyl-4-nmethyl -

i, 3di oxan-2-yl ] phenyl ester, mp. (CGS) [err] cl.p. (N* 1) [err];
4- hexyl oxybenzoic acid 4-[( 28, 4R, 5S) - §gdecyl - 4- net hyl -

1, 370 oxan-2-yl ] phenyl ester, mp. (GN) [err] cl. p. (N* 1) [err];

4- hexyl oxybenzoic acid 4-[ (S

1, 3di oxan- 2- %l 2 3- chl.orophe%f ég ﬁ:?déhg)‘@?&g 1 %((’J\TDAB

sol ution of g of 4 [(2% %74% & y)ety

1, 3di oxan- 2- a% 4- cyanobi ph b -pentylgyclo Iet)‘M‘n M?mfeat edwith 4.6 m

of diisobut y\é Qni ni Um hydr Adé2altriams-#-butyloyclohexyl}ethyldr4 e gassing

with nitrogen. The reacti ontrrans-uq:-e[Msrms-rq-giobylcycmhemr)e&hmy S

W t hout cool pnggand tthen tre @I@h@&ﬁhé@ﬁﬁidx d Beid & 208 a?fo ?ggé ure was
P4

22‘?%%2"2335%@5%3?%@3&)“ é“ﬁ’a%‘?&% B B ré @“l??%’ eyl

g et hyl
ether. The BiGASMIedpdt Cwere washed twice with water, dried over
magne3| um sul phate, fi I tered and evaporated. The crude

[ (2S, 4R, 5S) - 5- oct Thet twisting -dafa cit)(i))@ffltﬁey{oﬂ)tléalljb abeve | dopaaral dehyde

e e

~ basic mxture BMl was used to rreasure t he |nduced pltch and its

t enperature depen eng g.rl I q;u.'dzcrystal materials: 5.36 wt % of

4\;@} hyl - 4- cyanolpic 4' - propyl - 4- cyanobi phenyl, 6.08
4' -butyl -4- cyanoblphenyl 6. 53 " :

{1 LRI AR e o sgnncances

T1 = T-22°C

T = temperature in °C
p = pitch in um (a positive- value s:gnlfles a
‘v _ _ clockwise helical structure and a negative
value signifies an anticlockwise helical
structure)
c = concentration of the optncally 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,55)-5-0octyl-4-methyl-1,3-dioxan-2-yl]-4-
. . ~ biphenylcarboxylic .acid (R)-2-octy! ester,
D-2 = 4-[(2S,4R,5S5)-5-decyl-4-methyl-1,3-dioxan-2-yl]-
benzoic acid (R)-2-octyl ester,
D-3 = 4-[(2S,4R,55)-5-0octyl-4-methyl-1,3-dioxan-2- yl]-
- - benzoic acid (R)-2-octyl ester,
D-4 = 4'-[(2S,4R,55)-5-decyl-4-methyl-1,3-dioxan-2-yl]-4-
-cyanoblphenyl
D-5= 4'-[(2S,4R,55)-5-decyl-4-methyl-1,3-dioxan-2-yl]- 4-
- blphenylcarboxyllc acid (R)-2-octyl ester,
D-6.=-  4,4'-bis-[(2S,4R,5S)-5-0octyl-4-methyl- 1,3-dioxan-
- =2-yl]biphenyl,
D-7 = 1,4-bis-[(2S,4R,55)-5-octyl-4- methyl 1,3-dioxan-
-yl]benzene

D-8 = 4-[trans-4-[(2S,4R,55)-5-octyl-4-methyl-1,3-dioxan-




5.21 | - 4-ethyl -1-(trans-4-propyl cycl ohexyl ) benzene 16. 54
4- et hoxy-1 -[2-(trans-4-propyl cycl ohexyl)- ethyl]benzene, 5.60-
4" : pentyl - 4-cyano- p-t er phenyl, 5.71 "

4' - (trans-4-pentyl cycl ohexyl)-4-cyanobigphenyl 15.95
1-[2=trans-4-butyl cycl ohexyl)ethyl]4-(trans- 18

4- pent yl cycl ohexyl ) bgngs -

4- FZ- ( %/'r axs- 4- bu%/yl) c?&ﬁﬁ%&&é?é#%&ﬂe—%qn'H'leains- 4- pentyl cycl ohexyl )

bi phenyl, 7.59 4-12- (trans-4-butyl cycl ohexyl) et hyl L 4' -
trans-4-[ 2- (trans- 4- fhepheligal pitekyp p&t239C, thezhange AT¢ in the

cycl ohexanegpdifhy |ddin€ il ‘thiy@’laeﬂwhess UndTCPof [1hie’ Lhélesterich |) [err]
= 8.5, [err],ni—ggi(.) %b"i a{r| V%ivéa {neﬁ-gl)lérqasure at [err]. The twi sting

h
capacity of 't P |ca?ﬂ1yé°§1c opant "and i'ts tenperature dependence is
characterized by the paranmeters A, B and C corresponding to the serial
progression: 1 [err] wherein p, ¢ and [err] have the follow ng
significances: [err] T = tenperature in [err] p = pitch in
[err] (a positive value signifies a clockw se helical structure and a
negati ve value signifies an anticl ockw se helical structure) c =
concentration of the optically active dopant -in wt.% Basic mxture BM1
(99 Wt.% was in each case mxed with 1 wt.% of one of the foll ow ng
dopants of formula I: D 1= _ ’

4'-[(2S, 4R, 5S) - 5-octyl - 4-met hyl - 1, 3-di oxan-2-yl ]-4- bi phenyl carboxylic .
acid (R -2-octyl ester, S




D2 =. 4- [(28 4R, 5S) 5-decyl - 4:- et hyl -1, 3-di oxan-2-yl]- benzoic acid
(R - 2- octyl ester, D-3= - “ '
4- [(28 4R, 5S) - 5- octyl -4-nmet hyl - 1, 3-di oxan-2-yl]- benzoic acid (R)-2-octyl
ester, D4 = 4'-[(2S, 4R, 55) - 5-decyl 2@- net hyl - 1, 3-di oxan-2-yl ] - 4-
-cyarT(pbl phenyl, D-5 =

-[(2S, 4R, 5S) - 5- ecyl4- et hyl -1, 3-di oxan- -yI] 4 D5 =
b| phenyl carboxyliq acid (R)-2-octyl ester,
4,4 . -bis-[(2S, 4R, SS)U -octyl - 4-net hyl -1, 3- i oxan- - 2-yl ] bi phenyl, D 7=
1,4-bis-[(2S,4R 5 )-i’ ctyl -4-met hyl -1, 3-di pxan- 2-yl]benzene, D8 =

4-[trans-4-[(2S, 4R 515-octyl -4-nethyl -1 , 8- di oxan- 19 2-yl]cycl ohexyl]
benzon itrile. Thg hé&'jcal pitch p at [err]} the change [err] in the
cl earing point -an g val.ues of -A, B and Clof the cholesteric m xtures
obt ai ned are give Y [abteal ) <+ P00 [~erD 21 Exanple 7 The foll ow ng
chol esteric m xtujes TTW 1‘3&‘%@% t%at > the use of several chiral
dopants for the p odLEHop.chacs:hor..r ebicpl pitch with | ow tenperature
-dependence. For this PYrpdse, several hemat|c basic m xtures were mni xed
with a conbinatio oﬁc')B or. 4 chiral dopants| The chol esteric m xtures
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obtalned are espeC|aIIy SU|tabIe for cholesterlc filters and are
characterized by a | ow tenperature dependence of the wavel ength [err] of
the selectively reflected, circularly polarized light. The values of Xnmax
neasured at different tenperatures T gne conpiled in Table 2. The

abbrgvi ations of the conponents used in the Mxture Exanples have the

foll ewi ng significances: 2PP = 4' - et hyl - 3- cyanobi phenyl, 3PP
= 4' - propyl - 4- cyanobi phenyl , 4PP Ex 7=

4' - butyl - 4- cyanobi phenyl, 3CP

4-(trans-4- propylcyctohexyl)benzonltrlIe 5CP

4-(trans- 4- pent yl cycThecfoligwing chalesteric Jobetures CM-1 to= CM 6

3- et hyl - 1- (fllustsate Fth@pukey@f seweyal bhiral dopantsChdP2he productlen of

-et hgxgt ﬁoa[ §h6w%w:; R WAk IBWE%EM e@ttbvé]d c e.SF6P g@g,sﬁ,
detho it ?ﬁﬁv &g@fw RER“Mth 2

-(trans- 4& pa'btﬁen e @@Jﬁéﬁeﬂc mixtures 1
[2 (trans aine meoﬁépypaébrnmtable( foraghole 1@|fdyet%mq/|a)rsenzene
5CPPAC4 characterized by at aempmna;thnch nee lofl the'wavelength
(trans-4- pef/\iﬁég%fW%@&W@I?ﬂeﬂé@ﬁtﬁ@ﬁcularﬁy pc‘rlanzed Ilght The

2-(t tyl | oh I t hexyl)-1, 1
_[et h§,| ;;’;‘Q? y Cn?ém SR ureByal dnfferén{ empefa etrtljr sTare ) )-

_trans-4-[2- cumpdedupr'bquc&cW&ieeabbrewatlby\ls] of theheemponeritsxysed inci d

4-cyano- phehgl Mistirle EXdhipleSORave the folIonQszgmﬁtbﬁwsl [trans-4-(3E-
pgkﬁxenyl ) - cycl ohexyl ] cycl ohexane, 1 d( 1) CC101 ~ =

nt
‘trgns-4 rrettécmyrret hyl - [trans exyl ] - cycl ohexane,
Qd(3) coo2  &F trans A-ethy % F ?ﬁﬁ@ﬁﬁﬁéggﬁi‘?nyu
cycl ohexyl ] %Pcl? ohexane, ropy 4 -cyanobiphenyl, * '

| 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, .
- 3CAPQO2 =  4-ethoxy-1-[2-(trans-4- propylcyclohexyl)-
.  ethyl]-benzene,
5CAPO2 = 4-ethoxy-1-[2-(trans- 4- pentylcyclohexyl)-
' -ethyl]benzene,
S5PPP = 4"-pentyl-4-cyano-p-terphenyl,
- 5CPP = 4'-(trans-4-pentylcyclohexyl)-4-cyanobi- -
) phenyl,
Ao SCPAC4 = 1-[2-(trans-4- butylcyclohexyl)ethyl] -4-
' - (trans-4-pentylcyclohexyl)benzene,
S5CPPAC4 = 4-[2-(trans-4-butylcycliohexyl)ethyl]-4'-
. ~ (trans-4-pentylcyclohexyl)biphenyl,
SCPAPAC4 =  4-[2-(trans-4-butylcyclohexyl)ethyl]-4'-
"~ (trans-4-pentylcyclohexyl)-1,1'-ethylene-
a _ dibenzene,
3CACEP = trans-4-[2-(trans- 4- propylcyclohexyl)- ,_
' ethyl]cyclohexanecarboxylic acid 4-cyano-
' . phenyl ester,
1d(3)CCO1 = trans-4-methoxy-1-[trans-4-(3E-
_ pentenyl)-cyclohexyllcyclohexane,
1d(1)CC101 = trans-4-methoxymethyl-1-[trans-4-(1E-
propenyl)cyclohexyl]cyclohexane,
0d(3)ccoz . = trans-4-ethoxy-1-[trans-4-(3-butenyl)-
- ' cyclohexyl]cyclohexane,
=oo: 0d(4)CCo2 = trans-4-ethoxy-1-[trans-4-(4-pentenyl)-




Od(4) C(I)Z = trans-4-et. hoxy 1 -[trans-4-(4-pentenyl)- 22
cycl ohexyl ] cycl ohexane, 1 d(3)CP02 = 4-et hoxy-1
s[trans-4-(3E-pentenyl)cycl o- hexyl]benzene, 3CPCd(3)1. =

4- (2E- but enyl oxy) - 1- (trans- 4- propyl - cyel o- hexyl)benzene, 5CPQd(3)1
4- ( 2k- but enyl oxy) - 1- (trans- 4- pentyl cycl o- hexyl )benzene 1 d(3)CPP2

4 -ethyl-4-[trans-4- (3E—penteny %W 1 d(3)CPP3
4 | - 4. 3E- t =
e aprok o SIS i

E- pent enyl ) cycl ohexyl ] phenyl - eshexylloenzge
4-[trans- 4- BEPQA(8)¥! ) cycl e:hexyH}baﬁzbutenyﬂmi(y)-11-(cttan§F4 propyl- cyclo-
4-[trans-4-( 1 E-propenyl)cycl ohexyhbenameonitrile, 4PP(1 )P5

g Efrggtsylélpet y c@l gﬁegiln%ylzp?g §gkb ﬁ"g*?fpyf(,%él neSP%BHl CYCIO-

= 4- (1-pro 4 ropyl bi
RESATE PRl 1 ok MR,
= 4-1(2S, 4R, 59) - 5-decyl - 4- rrehkp(yllblphenyhxan 2-yl ] benzoi ¢ acid
(R) -2-octyl 1d(BQCPPB~ 10 = 4'-propyl-4-[trans-4-(3E-pentenyl)cyclo-
(4S,5S5)-2-[trans-4-(4- cyanophenh@(wfglahe 9](yl]- 1, 3-di oxol ane-4,
S-di car boxyb’(f’EPini(@ﬂd' et hy—' StPins-4-propylcyclohexanecarboxylic acid
: 4-[trans-4-(3E-pentenyl)cyclohexyl]phenyl

' ester,
Ry . 0d(3)CP _ = 4-[trans-4-(3- butenyl)cyclohexyl]benzo-
( : . - nitrile,
' - 1d(1)CP = - 4-[trans-4-(1E- propenyl)cyclohexyl]-
: benzonitrile,
4PP(1)PS = 5-(4-butylphenyl)-2-(4-pentylphenyl)-
- . pyrimidine,
2CP(1)P5 ‘= S-(trans-4- ethylcyclohexyl) -2-(4- pentyl-
. phenyl)pyrimidine,
N 3PPt1- = 4-(1-propynyl)-4'- propylbiphenyl
. D-7 = 1,4-bis-[(2S,4R,5S)-5-octyl-4-methyl-
'1,3-dioxan-2-yl]lbenzene,
D-2 = 4-[(2S,4R,55)-5-decyl-4-methyl-1,3-
‘dioxan- Z—yl]benzmc acid (R)- 2-octyl
: . ester; :
. D-10 - =" (4S5,5S)-2-[trans-4-(4- cyanophenyl)cyclo-
' “ ' o hexyl!]-1,3-dioxolane-4,5- dlcarboxyhc
{ | acid’ dnethyl ester,
D-11 = (5)-4'-(2-methylbutyl)- 4 cyanoblphenyl
Mixture CM-1
4350 wt.% of 2PP
2.580 ™. 3PP
4930 " 4PP
5300 v 3CP
11.900 " 5CP
- 4230 " 3CP2.
13.420 - " " 3CAPO2
4540 " SPPP
4630 " . 5CpP
12.940 " 5CPACA4

' 3.850 " . 5CPPAC4



T A TS S SR SO DL

D-. 11 | (S)-4 (2 et hyI butyl) 4- cyanobl phenyl M xture CM1

4.350"wt. % of - 2PP 2.580 " 3PP 4.930 " 4PP 5. 300
8CP 11.900 " 5CP 4.230 " 3CP2 13.420 " 3CAPQ2 4. 540
5 PPP 4.630 " 5CPP 12 " 5CPAC4 3.850 "
5CPPAC4 23 6.160 5CPAPACA E " 3CACEP 7. 700 D7

7.310 " 0 3,850 " D2 Mxture CM 2 4,220 wt.%of 2PP 2,500 -
" 3PP ﬁ‘%@l 4PERARAE4 3CP 11,540 " 5CP 4, 100"
30P2 13,020 2.310  3capo2 BCAGEP 5PPP 4, 490" 5CPP 12,550 "
5CPAC4 3,7307.700 "5 CPPAD+B, 970 5 CPAPAC4 2,240 " " 3CACEP
7.310 " D-10
3.850 " D-2
iX M-
4,220 wt.% of  2PP
2,500 " 3PP
4,780 " 4pPP
5,140 " 3CP - .
11,540 " - SCP
.. - 400" - 3CP2
. . 13,020 " 3CAPO2 -
o 4,410 .~ SPPP
4,490 " - 5CPP
12,550 " 5CPAC4
3,730 " . SCPPAC4 -
5970 " - S5CPAPAC4 .
2,240 " . 3CACEP
o . 8700 °  D-7
~ . 8260 " - D-10
4,350 " - D-2
Mixturg -CM-3
3. 190 wt % of 1d(3)CCot1
| 7.960 " 1d(1)CC101
o 5570 " 0d(3)CCo2
( 3.180 " . ' 0d(4)cCO2
e 2390 " 1d(3)CPO2
3.980 " - 3CPOd(3)1
" 4780 " - - 5CPOd(3)1
4.780 " - 3CAPO2
4780 " ° 5CAPO2
3.980 " 1d(3)CPP2
3.570 " 1d(3)CPP3
6.370 " . - 5CPAC4
3.980 " . 3CEPCd(3)1
.3.980 " 0d(3)CP
3.180 " - 1d(1)CP
2390 " - 4PP(1)P5
2.390 " 2CP(1)P5
2.390 " S5CPPAC4

4.780 " 3PPt1
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.-8 700’ D-7 8,260 "* " D10 4,350 " D-2 Mxture-CM 3 3. 190

.%of 1 d(3)CCOL 7.960 " °  1d(1)CCl0l 5.570 " 0d(3) CCO2 3. 180
" Od(4)CCOZ 2.390 " 1d(3) CPO2 3.980 " 3CPCd(3)1 4.780
5CPOd(3) 1 4. 780 ' 3CAPO2 4. 780 5% 5CAP02 3. 980 " 1d( 3) CPP2
5.579 " 1d(3) CPP3 6.370 ' CPACA 3.980 " 3CEPCd(3) 1 3.980
D )ﬂvos..lso d(l )CP 2.390 " 4PP(1) P5 2.390
2CP( 1) P5 2. % %@04 780" 3PPt 1 24 6. 710 D7
6.320 ' 190 D-2 3.160 " D-11 M xture CM 4
3.070 Wt . %&f1901"d(3)001 . | d(1) CC101 5.380 "
Od( 3) Co02 3301780 OdD-4') u:ooz -
Mixture CM-4 . -
3.070 wt % of 1d(3)CO1
7.680 ' 1d(1)CC101
5.380 " : 0d(3)Ccco2
- 3.070 " ~ 0d(4)CCO2
2.300 " 1d(3)CPO2 .
3.840 " 3CPOd(3)1 .
,, ' 4610 " = . 5CPOd(3)1
. - 4610" 3CAPO2
{ . 4610 " 'SCAPO2
_. - 3.840 " 1d(3)CPP2
5.370 " 1d(3)CPP3
6140 " - -5CPAC4
3.840 " : 3CEPCA(3)1
3.840 " 0d(3)CP
: 3.070 " 1d(1)CP
N 2300 " ~ 4PP(1)PS
A 2300 " - 2CP(1)P5
2.300.". 5CPPAC4
4610 " . 3PPtT -
- 7.650 " - .D-7
7200 " . D-10.
_ 4,770 " D2
u '3.600 " ~D-11
( | :
2.970 wt%of - 1d(3)CCOo1
7.420 " 1d(1)CC101
5,190 " 0d(3)CCo2
2.970 " 0d(4)CCO2 .
2.230 " 1d(3)CP02
3.710 " 3CPOd(3)1
4450 " .. '5CPOd(3)1
. 4450 " -~ 3CAPO2
4450 " .- - - 5CAPO2
3.710 " “1d(3)CPP2 -
5190 * 1d(3)CPP3
5.930 " SCPAC4

S 370" 3CEPCd(3)1
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2,300 ° 1d(3) CPO2 3. 840 " 3CP0d(3) 1 4.610 " 5CPOM( 3) 1

4. 610 3CAPO2 4.610 5 CAPO2 3.840 " 1d(3) CPP2 5. 370
. 1d(3) CPP3 6.140 "  5CPAC4 3.840 " 3CEPCA(3) 1 3.840 "
-Od(3)CP 3.070 1 d(1 )CP 2. 30" 4PP(1) P5 2. 300
2CPL1) P5 2.300 SCPPACA 4. 6167 3PPt1 7.650 " D7
7.200 " 10 4.770 " D2 3.600 " D11 Mxture OM5
2.970 wt. %%fﬂé}d 3) coor 7,993 )CP i d(1)CC101 5, 190 Qd( 3) CO02°
2.970 " 2.97Qu(4) cco2 2. bl )CP 1d(3) CPO2 3.710 " 3CPOd( 3) 1
4. 450 " 223@ od(3) 1 4.4BB(1)PS 3CAP0O2 4.450 " 5CAP02 3.710
" . 1dpRIWP? 5.190 " 2CP(1)P5 1d(3)CPP3 5.930 " 5CPAC4 3.710 "
3CEPCA(3) 1 2,230 * 5CPPAC4
- 4.450 " - "3PPtT
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
\(-‘ 4590 " - . 4PP
- 4930 " . 3CP
11.080 " . 5CP
. 3,930 " 3CP2
12.490 " 3CAPO2
4230 " SPPP
. .. 4310" . 5CPP
N 12.040 " ' SCPAC4
. ~3.580 " SCPPAC4
. 5730 " SCPAPAC4
2.140 " -+ 3CACEP ..
10.000 " - D-7
9.500 " . D-10
5.000 " - D-2
N Table 2
T R Amax[nml B
- [C] 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



VARSI RIS

25, 3. 710 S @d(3)CP2.970 1 d(1)CP 2.230 " 4PP(1) P5

2.23Q " _ 2CP(1)P5 2.230 " 5CPPAC4 4. 450 3PPt1 8.500 "
B-7 8.000 " D-10 5.300 " D-2 4.000 D-11 M xture CM6
4.050 wt.%of 2PP 2.400" 3PP 4,590" 4PP 4.930"
11.1 " 5CP 3.930 3CP2 § 490 ' 3CAPQ2 4. 230
5PPP 4. 310 " 5CPP 12.040 " ECPA 580 " 5CPPAC4 5.730 "
5CPAPACA 2.140 " 3CACEP 10. 000 "EXam 9.500 " - D-10 5.000 "
D-2 Table 2 T [err] [err] "CM1 CM2 CM3 Cv4
CM5 CvM6 0 TaeochirabAilted smectic mai@turesA®M-1 t056M-3 set6forth 527
614 540 in T4ble 3 Wadtzte thélise of Stk chiral Joparélofformula | in
471 464 30tiited Smectie3fiquid Trystal. fA(pc) éﬁaractéﬁies the twisting’
capacity of the chiral dopant, with p and ¢ having the
significances given in Example 5. Pg denotes the spontaneous
polanzatlon (extrapolated to 100 wt.%). The concentrations given
in Table 3 are in wt.%. The abbreviations used for the components
have the following sugmflcances
100PEPACS = 4-Decyl_oxybenzoic acid 4-[2-(trans-4-
pentylcyclohexyl)ethyllphenyl ester,
110PEPACS = 4-undecyloxybenzoic acid 4-[2-(trans-4-
N pentylcyclohexyl)ethyl]phenyl ester,
L 120PEPACS =  4-dodecyloxybenzoic acid 4-[2-(trans-4-
. .pentylcyclohexyl)ethyllphenyl ester,
7P(1)PO8. = 2-(4-octyloxyphenyl)-5-heptylpyrimidine,
9P(1)P0O6 = 2-(4-hexyloxyphenyl)-5-nonylpyrimidine, -
9P(1)PO9 =  2-(4-nonyloxyphenyl)-5-nonylpyrimidine,
10P(1)PO10 = 2-(4-decyloxyphenyl)-5-decylpyrimidine,
U D-12 = 4-octyloxybenzoic acid 4-[(2S,4R,5S)-5-
: octyl-4-methyi-1, 3-dio$<an-2-yl]phenyl
ester,
D-13 = 4-hexyloxybenzoic acid 4 -[(2S,4R SS) 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. -
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AQ, , 621 540 611 - .540 476 473 50 636 548 624 544
478 * AT7 26 Exanple 8 The chiral tilted snmectic mxtures SM1 to SM3
set “forth in Table 3 illustrate the use of the chiral dopants of fornula |
-in atilted smectic liquid crystal. #fpc) characterizes the tw sting
capéczity of the chiral dopant, with and c having the significances given
"Exanple 5. Ps denotes the spont aneoml zation (extrapolated to 100
.9% . The concentrations gi ven i n Tabl in w.% The abbreviations
used for the conponents hay he follow significances: 100PEPA =

4- Decyl oxybenzm c acid 4-[2- (tr&MsM pentyl cgM-@hexyl ) et hyISMh&nyI ester,

1 1 OPEPA gi-undecyl o olc aclrd (trans Z-

pentyl cycl I]phenyl @3{3@%2 1 20PEP. 2% 2 oxyben20| C
aci d 4- 2- ( entyl cyclohie ) et hyl ] ph %éester 7P ?ﬁo
2-(4-octylo 5- hept yl py' i ne, 9P(1

2- (4- hexy! oK ) 5- nonyl pyr #@%i ne, 9P(1 = 43%
2- (4- nony! SBENPOB) - 5- nonyl pyr1|416% ne, 1 OP(14)65%L O = 147%
2- (4-decyl QPpEIPDY) - 5-decyl pyrigigsg ne, D-12 1469% - =

4-oct yl-oxy d 4- [(28 5- octylq44egt hyl - Wan- 2-yl]
phenyl est%ﬁﬁggpﬁfb 4||iIﬁiﬁ?‘%exyl oxybe1nél0| Cc acid 4- [?i 4R, 5S) - 5-
decyl - 4- net y] 3- di oxan- 2- ylf nyl ester, 614

4- hexyl oxyddnk3di c acid 4-[(2S, 4R58) - 5- decyl - 4 %et hyl -1, 3—d|6%>é2n 2-yl]-3-

chl or ophenyD-t4t er .

1/(pc) S
‘\/ [mm-lewt.%-1]. . +12 445 - +8.3
{ : : PS [nC /cmZ] ' : -67 ' -33 ‘ +24
Transition '- | | |
temperature[oC]  59.9(Sc*-N*) 58(Sc*-Sa) 51(Sc*-Sa)
98.8 (N*-)
p -Claims |
1. Optically active .compounds of the general formula
CH ' - -
(R%)
; 1
| R T
A

wherein n stands for the number O or 1; Z1 denotes a single i
covalent bond or -CHpCH-; ZZ denotes a single covalent
bond, -CH2CH32-, -CH20-, -OCH2-, -COO- or -00C-; rings Al
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

(S%) 3



1 QOPEPACS

27 Table 3 SM1 SM 2 SM 3 23. 4% :
23. 2% 23.4% 1 1 OPEPACS 11. 7% 1 :
1. 7% 1 20PEPACS 11.7% 11. 6% ﬂl“HMﬂ“MH |“l
4. 3% 4. 3% 4. 3% 9P( 1) P06 14.%%° *

14. 6% 14. 7% 9P( 1) P09 27 14. 6% 14. 6%

14Y7% 1 0P(1)POl 0 1 2.7% 12. 6% 12.8%D12

7. 0% - D13 Table 3 7.5%
D14 : . 6.5%1 /(pc) [err]

+12 7.5 SM-P_ S [NC [ECEM-2 -SJM-3 -33
+24 Tr an . 8
(N*-1) tically 4%e compoun 3+ the gener mul'a [err]

wher ei n nUtQ\PﬂgAC& the nunbdd.&or 1; [err
bond or [@OPERAEE es a si nglld.Zval ent bont}

118% 0t es a si ngl Z%oval ent

§%rr] - CO31.8% - OOC-;

rings [er Vp(agpogz each |ndepe413%1tly represey89g r ans- 1 , 4- 433%0- hexyl ene.

or optiongpl gPgen-, cyano-43ggl or nethylq4g9Rstitut ed 7%'|enyl ene in
whi ch optbgi s% CHor 2 CHﬁT S isl/lare 12%0 ced by n|t 4)9%1
denotes a Pg( 8r a groupﬁ%ﬁe gener al Ia O [err 28%
D-12
D-13 - . 7.5% , -
D-14 ' - - 6.5%
1/(pc) -
[mm-lewt.%-1]. +12 +4.5 +8.3
Ps [nC /cm2] -67 -33 +24
Transition .
temperature[oC]  59.9(Sc*-N*) ~ 58(Sc*-Sa) 51(Sc*-Sa)
98.8 (N*-I)
-Claims
1. Optically active -compounds of the general formula

3 -
- \R®) ) :
1 . *)_ 1 1 2 2
0 - n

wherein n stands for the number O or 1; Z1 denotes a single _
covalent bond or -CH>CH2-; Z2 denotes a single covalent
bond, -CH2CH>2-, -CH20-, -OCH2-, -COO- or -00C-; rings Al
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

(S%) 3
5T R _ II

)



27 Tabl e 3 SIVI-l SM 2 ° SIVI-3 1 OOPEP AC5

IS R

23,29 ¢ 23.4% 1 1 OPEPACS 11. 7%

1. 7% 120PEPACS 11. 7% 11. 6% Eﬂﬂrﬂﬂ "ﬂ# ””m
4. 3% 4.3% 4.3% 9P(1g PO6 '
14. 7% 9P( 1) P09 14. 6% 14’ 6% 14 7% 1 OP(1 )POlO
12. 7% 12. 6% 12.86D12 - 7. 0%

D13 7.5%D 1 4

6.5% 1 /(pc) [errR4 5|gn|f|e3r1‘3ano, halogen, +<D(B( F2 -C\“ Fo+orarPalkylC [err]

-67 n 9.9 [err
ith 1 ri%ﬁ ﬁtén‘n pgﬁhﬁﬂyloné Lerr]
58 [err 51 é ac ounds
of 'Ehe ]general ? édﬁéiz Jt)ﬁ@ é‘%&d%%ﬁt S [err]
denot es -a singl e Q!'@ﬁ/:gr rdeQJr“ rb'ﬁ aCQiEnB! yAeRe (GflosIRSois{iaEdt bond,
[err], -COO or -repiaced |bngs-q-er- Qﬂcamh/macGQGTd@md{MnopgaonaHye@aat
trans-1,4-cycl o- fmethyRiR ro t.scre Iddempomz-cy&neena%w Bnl -
substituted 1, 4- phe ene | Cﬂ—iigr a xrs,are
en wf Genofyang, of, eyl & o &

;gfkﬁfgdob{em} ' ?e;lzgte alkyl wn carbon atoms in whlc optlona
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 chlral carbon
d ' atoms.

2. Compounds according to cl_aim 1, characterized in that
ring A2 represents 1,4-phenylene or halogen-substituted 1,4-
phenylene, Z2 denotes a single covalent bond, -CH2CH2- or -0O0C-
and Z1 denotes a single covalent bond.
— o 3. . Compounds according to claim 1. or 2, characterized in
that ring Al 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
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R4 signifies cyano, hal ogen, [err] or an alkyl group with 1-18 carbon._

atons, fn which optionally one >CH CH< is replaced by >C=C< and/ or

optjonally one nethyl- ene group or two non-adjacent methyl e
i-s/'are replaced by -O, -COO. and/or -ZBC and/or optionalI3'[““H1Iﬂﬂ'ﬂ”l"“ﬂl“l
group,is replaced by derr] denotes hydr kuorine; [err] Csifgnities *
hal 6gen, cyano or netty3; [err] and [err] Yenotesal kyl with 1-1 8 carbon
atons in which optional¥8Jgne >CH CHk i s s@placfgd by >C=C< and/ or

1 ) met hyl ene groups is/are
oggh atons is/are

repl aced by fluorine; 7 d relative configuk&ions
of the chiral carbon atons.¥y 2. [ % to claim1,
characterized in that ring A2 represents3l, 4- phghyl ene or

hal ogen- substi t ut ed qu e ' - denot#s a single coval ent bond,

[err] or -OOC- and [er 5 ovafent bond. 3. Conpounds
according to cl ai i zgd £ | ring [err]

represents. pyri dR , Rﬁrans-1,4-cycl ngylene
or optionally hal ogen- Ituted 1 ,4-phen3l ne. 4.
Conpounds according to “characterized by the
general formulae [err] [err] mhe{ein [eﬁr] signLgies cyano hal ogen,
[err] and or an >C=C< ancﬂﬂg‘ opti oMal |y ope met hyl e§et gr @up -or two non-

adj acent nethylene group \@sre replacgd by -O, -§0OO /6. Conpounds
according to claimb5, ' \ '

fNyor.i ne or chlorine,g and\p&
hydfogen, fluorine or ¢ [
1 to 6, '

oby drag \’ XApsignifieg
ds according tofany one of clains

wherein R4 signifies cyano, halogen, -OCY1F2, -CY1F2 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 -O0C- and/or optionally one methylene group is
K\“ ' replaced by -CHYZ-; Y1 denotes hydrogen or fluorine; Y2
signifies halogen, cyano or methyl; X1, X2, X3 and X4 each
independently denote hydrogen or halogen; and n, R1, R3,
(§*) and (R*) have the above significances.

, 5. Compounds according to claim 4, characterized in
that X1, X2, X3 and X4 each independently signify hydrogen, fluor-
ine or chlorine.

6.  Compounds according to claim 5, characterized in
. that X1 signifies hydrogen, fluorine or chlorine, X2 and X3 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.
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_..characterl zed I n that Rl and R3 Si gnlfy al kyI . 30 8

acco?fdl ng to any one of clains'1 to 7, characterized |n th m;’,”f”mﬁlm
:cyano, fluorine, chlorine, difluoromethoxy, trifluoromethoxy,

~di fluoronet hyl, trifluoro- mnethyl, ?b{ al koxy, al koxycar bonyI

“1- ealkoxycarbonyl)ethoxy- carbonyl anoyl oxy;, 2-f|uoroa|kanoy|oxy,

‘aIkenyI or al kenyloxy. 9. Cbnpounds accordlng to any one of clalns lto
8, characterized in that [err] err have 1- Iarab
carbon atoms. 10. & |i qGo#Re %Iaqcﬁé mxt@raé%aoe glaims, ttq

conponent scharactsizsd adthat tthtsnghlﬂneascya)m; flaopimesntchlosime) optically
ﬁftx 'txfecggam at\eftﬁbgg' adiflelr ﬁ?@tHdk %iéﬂ}léroﬁtjeth yi\ ltrFisr o~ yf]te al)lrl ne
R T gg;ﬁ. e
carrier mat@fPaNYhad ‘UF?@ Q)fl%yor l??m'@d’ rs HKENYIO Kase. 1

Aliquid crystalline mxture accordl ng to claim 10 or 11, characterized | n
that the anount of eonpoﬁ)mdnpoﬁndsraudmtdinganomn)eone of cialmsnd.to &3. The

use of 11 dehdrsltetiald iR QB RY RS lahdPRIChdve 198 ot ferably" 1Lq 2, of
optical or C%rgg :-&o?‘ﬁ |ca purpbses.

10. A liquid crystalline mixture having at-east two
components, characterized in that at least one component is an
optically active compound of formula | defined in claim 1.

( i : 11. A liquid crystalline mixture according to claim
10, characterized in that it contains one or more optically active
z compounds of formula | and-a liquid crystalline carrier material
havmg a nemattc cholestenc or tilted smectic phase.

12." A liquid crystalline mixture according to claim
10 or 11, characterized in that the amount of compounds of

formula 1 amounts to 0.1-40Q wt.%.
13. The use of liquid crystalline mixtures in accord-
ance with claim 10 for optical or electro-optical purposes.
N




