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concerned with novel liquid crystalline, optically active 7¢

bi s- met hyl di oxanes, liquid 5 crystalline mxtures which contain suc
conpounds, the use of suchd‘ﬁggﬁ.‘;nd mxtres for optical and

el ectro-optical devices, a e Y-lggti cal fdevices co b or nore
conpounds of formula I. 10, N%ISS ﬁf’l"chﬁ*' 1PNt Al s are use%ﬂpg%ﬂ%&as
dielectrics in display devices, since tne-opttrcal properties of such

substances can B§.d ﬁrgFgﬁgﬁﬁygﬁg@&B Rbnedrved twad nBhRFtidui@pt i cal devices

based on liquid cry ) -known tq a person skilled in the art
and can be %u&éﬂllﬁﬁ,vﬁpﬁ&@)’gfa‘@b\f%. @mﬁma@@%&s@ ﬂﬂb’l‘d 15 exanpl e,
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gues ost c S, cel,l s ving a "tw sted nematj c' ru [.E cells
(" super tm%@u@ﬁﬂﬁ@ﬁ‘@ﬁﬁ@@@&l—'@s (f‘oguﬁ@ﬂcﬁfragdr Fh%testﬁ%&éﬂf:glct ") and OM
ce:cls (" optdesategpdadi slentreraptiedl) devimesdceptaining e pramongh cont ent of
i nformation 20 actie hled cells, e.g. TFT cells ("thin film
transi stor'S",mRQU@H%n‘I’%&@%@LﬁO&r recently become inportant in addition to
t he passively controlled, nultiplexed cells. In addition to the

af orenent i oned AV | e '
chol est 26“ c | |qﬂTqéhE:dr y@?%ltasl\,gngg l@%%g@ﬁﬁﬁrgg g?ed gceﬂfl%@nqmgi Elg%ri nci pl e
of chiral tdevieessmEs EhpraRESahRTRPRILRHOfySUE: SHPSIABRRS SHER& 0 there

bel ong SSF igfillikhckdUbyase siplid ivetehge. Electro-optical devices based

on liquid crystals will be well-known to a person skilled in the
art and can be based on various effects. Such devices are, for

15 example, cells having dynamic scattering, DAP cells (deformation
of aligned phases), guest/host cells, TN cells having a "twisted
nematic" structure, STN cells ("super twisted nematic"), SBE
cells ("super birefringence effect") and OMI cells ("optical mode
interference"). For displays having a high content of information

20 actively controlled cells, e.g. TFT cells ("thin film transistor"),
have in particular recently become important in addition to the
passively controlled, multiplexed cells. In addition to the
aforementioned cell types, which are based on the use of nematic
or cholesteric liquid crystals, cell types which are based on the

2 principle of chiral tilted smectic phases have recently become
known. Thereto there belong SSF cells (surface stabilized
ferroelectric), SBF cells (short-pitch bistable ferroelectric) or
DHF cells (deformed helix ferroelectric). For these cells types
there are generally preferred as tilted smectic phases chiral

30 smectic C (Sc*) phases, which permit especially large response
speeds.

Materials for display devices based on chiral tilted smectic
phases can preferably consist of a material having a tilted
35 - smectic phase, usually a Sc phase, and one or more optically
active dopants. The use of such chiral dopants in ferroelectric
liquid crystals primarily serves to produce or alter a twisting of
the tilted smectic phase and to induce a spontaneous polarization.
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flerroelectric), SBF cells (short-pitch bistable ferroelectric) or DHF cells
(deformed helix ferroelectric). For these cells types there are generally
preferred as tilted snmectic phases chijal 30 smectic C (S[err]*) phases,
which permt especially large responsé& speeds. Materials for display
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As chiral dopants there al so cone |nto consideration in principle conpounds
whi ch t hermsel vesphaugralodbphhes! theAE€al8b come into consideration in

principle compounds which themselves have no tilted phase or

generally no mesophase. This is especially frequent in the case

of dopants having a very high twisting capacity. However, such

dopants usually have the disadvantage that they severely narrow

15 the tilted phase range of post mixtures to which they are added.

Accordingly, dopants have been sought which do not have this

disadvantage or which have this disadvantage only to a small

extent.

20 The compounds in accordance with the invention, which are
distinguished by a high twisting capacity and a comparatively
high spontaneous polarization, have mostly smectic mesophases,
partially even Sc* phases at comparatively high temperatures. In
mixtures with Sc basic mixtures they give rise to no lowering or

25 only to a relatively small lowering of the Sc+ phase. In spite of
their basic structure comprising five rings they have a
surprisingly good solubility in Sc basic mixtures. Having regard
to these properties, they are outstandingly suitable as dopants
for use in ferroelectric cells, especially in DHF cells. Moreover,

30 they can also be used for cholesteric mixtures, especially in
applications as cholesteric filters or as polarizers.

These compounds have the general formula
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0] O
@) R*



general | y no nmesophase. This is especially frequent in the case of dopants
having a very high tw sting capacity. However, such dopants usually have

t he di sadvantage that they severely narrow 15 the tilted phase range of
post m xtures to which they are added.” Accordi ngly, dopants have been
sought which do not have this disadvantage or which have this di sadvant age
only to a small extent. 20 The conpounds in accordance wth the

i nvention, whichV ?69613t|ngU|shed by a high tw sting capacity and a
conparatively hi gh spont aneous pol ari zation, have nDstIy snectic

erper at ur es. 1 RUPRUUTae it h ach POgEEndentiy Bl ﬁ' By catkenyl
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10 ' of rings |
A, Band C signifies a 1,4-phenylene optionally sub-
stituted with 1 or 2 fluorine atoms,
pyridine-2,5-diyl or pyrimidine-2,5-diyl
and the other two rings each independently
15 signify 1,4-phenylene optionally
substituted with 1 or 2 fluorine atoms or
trans-1,4-cyclohexylene;
ZV and Z4 each independently signify a single bond,
-CH2CH32-, -CH20-, -OCHz-, -C=C-,
20 -(CHz2)4-, -(CHz2)30~, -O(CHz2)3-,
-CH=CH-CH30-, -OCH2-CH=CH-,
-CH=CH-(CH32)2- or -(CH2)2CH=CH-, with
the proviso that the oxygen atom is not
linked directly with the chiral dioxane
%5 ring;
Z2 and Z3 each independently signify a single bond,
-CH2-CH3-, -0-CH;z-, -CH2-0-, -COO-,
.-00C-, -C=C-, -(CH2)4-, -O(CH2)3-,
-(CH2)30-,-CH=CH-CH20-, -OCH2-CH=CH-,
30 -(CH2)2-CH=CH- or -CH=CH-(CH2)2-; and
R* and S* signify the relative configurations of the
chiral carbon atoms.

The terms used in the definitions will be explained
3% hereinafter:
The term "alkyl or alkeny! in which optionally one methylene
group or one or two non-adjacent methylene groups is/are
replaced by -O-, -COO- and/or -O0C- and/or one or more hydrogen



3. wherein R err] and R err] each independently signify al kyl or

al kenyl 5 I n which optionally one nethyl ene group or
two non-adj acent nethylene groups is/gfe replaced by -O, -COO and/or
-O0C- and/or one or nore hydrogen atoﬁg is/are replaced by fluorine,

chl ori ne °ath s/ e rdflaced gxa]‘g:orine chlorinebr dy28R"AenfbraiésC

o o Bataighb.hAiny G BEAGRRC BTSN, Ghirali o AUPS: SHER (3 o
Coon | o plkenyl, 3alenyl, & alkenyly ahehy! havingarxeeninab ora
and Z[err] dOUbleeﬁmq’nag@W@égﬁ'ya X ﬁ)?)fly%&gf’n p@lﬁéﬁl&?ﬂf%ﬁ&l, err]
Clgl[_l[ere:]r% ,[allféﬁﬂarbdé?ylalkybr:f%ubr,oa:tbyl, difluoroalkyl, triﬂuorQEH{)érr])_[eLr]-,
pﬁovi so th l{:'hglg}’i/gé:&]agp[gﬁgwg%B&F&ﬁ%‘%ﬂylﬁﬁe@&ﬁﬂl %néi gﬁdr él WIdit oxggg
25 like, in each casenwitlz[aimaximumzet 1§ carbonegtemsydupéeanly| y
signify a sj neh8mAAdef 12 carbon atoms.. Examples of preferred groups are
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl,
10 decyl, undecyl, dodecyl, 1-methylpropyl, 1-methylheptyl, 2Z-
pentenyl, 2Z-hexenyl, 2Z-heptenyl, 2Z-octenyl 3E-pentenyl, 3E-
hexeny!, 3E-heptenyl, 3E-octenyl, 5E-octenyl, 3-butenyl, 4-
pentenyl, 5-hexenyl, 6-heptenyl, 7-octenyl, methoxyethyl,
methoxypropyl, methoxybutyl, ethoxyethyl, propyloxyethyl, 2-
15 fluoropropyl!, 2-fluoropentyl, 2-fluorooctyl, 2-chlorohexyl, 2-
chlorooctyl and the like.
The term "1,4-phenylene optionally substituted with 1 or 2
fluorine atoms" signifies 1,4-phenylene, 2- or 3-fluoro-1,4-
phenylene, 2,3-difluoro-1,4-phenylene, 2,6- or 3,5-difluoro-1,4-
20 phenylene. Preferred fluorine-substituted rings are 2- or
3-fluoro-1,4-phenylene or 2,3-diflucro-1,4-phenylene.

Especially preferred compounds of formula | are those in
which Z1 and Z4 signify a single bond, -CH2CH2-, -CH20- or
25 -OCH2-; and Z2 and Z3 signify a single bond, -CH2CH2-, -CH20-,
-OCH2-, -CO0- or -00C-, with an oxygen atom present in groups
Z1 to Z4 preferably being linked with an aromatic ring. In quite
especially preferred compounds a maximum of two of groups Z1 to
Z4 are other than a single bond.

Particularly preferred are compounds of formula | in which
rings A, B and C each independently signify 1,4-phenylene, 2- or
3-fluoro-1,4-phenylene or 2,3-difluoro-1,4-phenylene; or one of
rings A, B and C signifies 1,4-phenylene, 2- or 3-fluoro-1,4-

35 phenylene or 2,3-difluoro-1,4-phenylene and the other two rings
each independently signify 1,4-trans-cyclohexylene, 1,4-
phenylene, 2- or 3-fluoro-1,4-phenylene or 2,3-difluoro-1,4-
phenylene.



[err], [err], -CHerr]-O, -COO, -00C, -CJerr]C, -(CHerr])[err]-
[err], [err],[err], [err], 30 [err] or [err]; and R*
and S* S|gn|fy the relative conflfguratlons of the chiral carbon atonms.
The terns used in the definitions will be explained 35 hereinafter: The.
term"al kyl or al kenyl in which optionally one nethyl ene group or one or

t wo non-adjacen th Iene s/ re re Ia ed by, -, - and/ or
-O0C- and/ or on ?%e?@ o@%ﬁe"e(ﬁ NES A& I’é%?éa&f% fluorine,
chl ori ne orgeryenab fcmbukaees strai ght-chain and branched (optionally chiral)
groups such as al kyl, 2-al kenyl, 3-al kenyl, 4-al kenyl, alkenyl having a
term nal doubl e bond, aI koxyal yI gl kepyl oxyal kyl , al kyl car bonyl oxyal kyl ,
5 al koxycar bony & kyI fl or Q kyI d| fxuoroal kyI trifluphoal kyl,

chl or oal kyl , I thyI aI I kyI 22 | i ke, in each

case wrth aa z11 ) z‘“a— df 1 2 carbon
at ons. npl es prefer groups rrethy et hyl , yl, butpda

pentyl exyI heptyl oct nyl,310 cyl, undecyl dodecyl
ty|’3@ x310 4@

e e e O
v esToste
e Te sty Sotte

R11 s'

10 wherein
R11 and R21 each independently signify alkyl or
alkenyl with a maximum of 12 carbon
atoms in which optionally one methylene
group is replaced by -O-, -COO- or -O0C-;
15 Z11,733 and Z41 each independently signify a single bond
or -CH2CH2-;
Z21 and z31 each independently signify a single bond,
-COO0O- or -00C-;
Z22 and Z32 each independently signify a single bond,
20 -CH2CH2- or -OCH2-;
Z23 signifies a single bond, -CH2CH3- or
-CH20-; and the substituents
X1 to X4 each independently signify hydrogen or
fluorine.
25

The relative configurations of the chiral carbon atoms
denoted by (S*) and (R*) in formula | and the subsequent formulae
signify that the denoted carbon atoms as indicated have the (S) or
(R) configuration or that all denoted carbon atoms have the mirror



pentenyl , 2Z-hexenyl, 2Z-heptenyl, 2Z-octenyl 3E-pentenyl, 3E- hexenyl,

3E- heptenyl, 3E-octenyl, 5E-octenyl, 3-butenyl, 4- pentenyl, 5-hexenyl,

6- heptenyl, 7-octenyl, methoxyethyl, mgethoxypropyl, methoxybutyl,

et hoxyet hyl, propyl oxyethyl, 2- 15 fluoropropyl, 2-fluoropentyl,

2- f 1 uor ooctiyage? conhfiguration. , The formutae tagcoadingiyeetnbirace Theeaeh m

"1, 4- phenyl i é{&,ﬁ Ltut ed: Wi telx f kiBE ons" signifies
1, 4- phenyl é%g% 9% o@gg{-éﬁé&zr 0- %'rlfH %ﬁleml(gni,%,@-s W'Io&grgo( , 4- greqnﬁll ene,
2,6- or 3, sanfiguration and $B*prsapdentor Hher®)r eanfiousating- aan¥ell 1ag ed
rings are Zeg prt%élla'ﬁfiﬁgae,mmﬂew gfar?ds%f@rfth@r(mlcoﬁﬁﬁbambﬂne.

Especially preferred co unds of..fo la | . are those in which Zerr] and
Z[err] s$grﬂﬂq1(8*ii$§r‘€|3b dﬂ“%éﬁ&]?oéw@wf@’ﬂf% or 25 -OCH err]-; and
Z[err] and Zerr] signify a single bond, [err], -CHerr]O, -CCH err]-,

- COO -0O0C-, with | Z
o e er abl yber ndh PARGHHRY A8, AR A e ¥ohdiing' Geherdls 1"
preferred cormuladsape erefenredhf two of groups Z[err] to Z[err] are other

than a single bond. 30 Particularly preferred are conpounds of forrmula |I in
which rings A B and C each,i ndependently signify 1 ,4-phenylene, 2- or
di f

3-fluoro-1, 4- phemyl enenor oro-1, 4-phenyl ene; or one of rings A B
and C signifies /4 5 or B4 ,,_" % 35 phenyl ene or
2, 3-di f| uormt4=4- phesy ot %4 ri ¥sR&ach i ndependent |y
signify 1,4-t =0 e OR*

10 -1




phenyl ene,

[err] 10 wherein R err] and
al kyl or alkenyl with a naX|nun1of
met hyl ene_group g r e

X! - 000 or -00C;

2- or 3-fluoro-1 ,4-phenylene or 2,3-difluoro-1,4- phenyl ene.
5 Quite especially preferred conpounds are those of the general

formul ae

R efr] each independently signify

1 2 carbon atons in which optionally one
15 Zlerr],Zerr]

and Z[err] each epengdse +=gnify a gledend or [err]; Zerr] and
Z[Srg% | [ "bbb : t)RTFXZOOr -00C-; Z[err]
an err ' S|gn| on
[err] or -CI}{err]t; Z[err] Q Single bond, ]CyZCHZ-
or -CHerr]O; and the subs I tue q}s X err] to X[err] each
|ndependentl%—jéﬁ?lfngydr?gen f1@0rine.
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The rel ative configurations of the chiral carbon atons denoted by (S*) and
(R*) in formula I and the subsequent fornulae signify that the denoted
carbon atons as indicated have the (SBor (R configuration or that all
denot ed carbon atons have the mrror 6 image configuration. The formlae
accordingly e p case t he di astereoi somer in which (S*) stands
for the (S) con : foq) he(R) configuration as well
as its opti ﬁm(R) configuration 5

and (R*) stan8%\f hd (F c N rticular, the conpounds of
the foll ow ng general formnul ae are preferred R*\ 7 8 [err] V\/neres
x!' X2
*
Ro
R 0O
SANIS 7 \S*aan
O *
R [-16
R* xt X2
R11 0
S* OS* S S*R21
O *
R 1-17
1 x2
%*
Ro
Rt o)
X O>S* 2 f W}Rm
0
R -18
X3 x4
*
Ro 0 .
R11 i S S H21
S* S*
o) OR*
5 -19
x3 x4
R*
o 0
S* S*
o Ox
1-20
wherein
R11 and R21 have the significances given above; and the
10 substituents
X1 to X4 signify hydrogen or fluorine; preferably in

each case a maximum of one or two of the
substituents X1 to X4 is/are different from
hydrogen.



Fi[err]‘ and Rlerr] have the significances given above; and the 10

substituents X err] to Xerr] signify hydrogen or fluorine;
preferably in each case a maxi mum of gne or two of the substituents X err]
to Xerr] is/are different from hydrogen. 15 9 The conpounds of general

fornmula | can bengr&sipednts &f GRARRAI fotavilaneean e ppodasedrheain
accordance with Schene 1. Sch signifies

. me 15 rr] wherein Q .
-CN or - CHBRNNER KNOWNper se, Yor exam{’@ b’L?FFQEg‘F%%rW'&PQﬁh%’USMas met hyl ,
et hyl, propyl, i-propyl, butyl, 2-butyl or tert.-butyl; and the remaining
synbol s have the above significanc s, an al dehyde of general
formula I'l, which contains a %iiﬁgnghﬂ

5
o)
(DD
II R*
. OH
H* | g 5 III
OH
*
R o 4
1 1 2 __
e OO
O
IV
1 DIBAH
R*
0 O
1 1 "/
Rﬁt 2 —(a)=x)7<c )2
)
\Y R*
. OH
H R2 - VI
OH
I
wherein -
Q signifies -CN or -COOR;

10 R signifies lower alkyl such as methyl,
ethyl, propyl, i-propyl, butyl, 2-butyl or
tert.-butyl;
and the remaining symbols have the above
significance.

15

Thus, an aldehyde of general formula I, which contains a
second group Q readily convertible into an aldehyde, is firstly
reacted with a diol of general formula lll to give a monoacetal of



second group Q readily convertible into an al dehyde, is firstly reacted
with a diol of general formula Il to give a nonoacetal of 10 general
formula I'V. Thereafter, the nitrile the ester of general formula IV is
converted by reduction, for exanple wth diisobutylal um ni um hydri de

(DIBAH), i pteﬁeaﬂl foeDd ey of Theradfrery thel Altril®Yora thecestbragétgéneral i on
with a dio ral fornul a

f VI A t di | | f |
" hen esfarmpfto st roRyRtithdy nedderion, 406 Sxample with, foner e formi
gst er}f i CaniQEbhs)r/]hlllﬂhm' iabt yhyuride 2iD1BAdH Jouintonan| aldedydieoxdnformiulgs have
een forne [ r c | e
etherifi ca'g/i W&Qh%’a}f é’\ggggﬁg’f %@%@ﬁ,zaﬁndg’;?ﬁe%,&gp?gré?%?%%rr\n%l? the
di oxane 5 i Mjs givesphendiacatal wfrgeaeral fomnutenlz[ err] and/or Z[err] signify

an ester group are preferably produced by esterifying correspondi ng 15

partial structures having pre-fornmed di oxane r1i ngs. Fggrezth rnore, those
conpounds of gef¥han eEmArPUPSATE PreseRthimh RWANFAPREENttE rect Iy 1 nked

ppenyl ri n%%téﬁﬁ‘ic}é@idzrg Qﬁ%r%?e?afzglpahb@dtu{ﬁ@@tcﬁhwﬁmilcm:diﬁwantbor fexarml e

of an appropriate sybst | romatj c i de, or n gener a

formul a VI IMAgS haé{é Besn %F i |$duéﬂ%%"vi"t’h?'agﬂamd@f i@yé&’ﬁﬁﬁb%@%eral

f or mul a10/1 Igrotipee thehethedficaionhcanuplsonge kéfertederif dbasirédedfter
formation of the dioxane rings.

Compounds of formula | in which Z2 and/or Z3 signify an
ester group are preferably produced by esterifying corresponding
15 partial structures having pre-formed dioxane rings.

Furthermore, those compounds of general formula | which
contain two adjacent directly linked phenyl rings can be produced
by palladium-catalyzed coupling, for example, of an appropriately

20 substituted aromatic halide or sulphonate of general formula Vi
with an appropriately substituted arylboric ester of general
formula Vil (see Scheme 2). Such couplings have been described
many times, thus, for example, in Tetrahedron Letters 35, 3277
(1994)



many tinmes, thus, for exanple, in Tetrahedron Letters 35, 3277 (1 994) 25
11 Schenme 2 [err] 5 wherein Y signifies Br, | or [err];
and the remai ning synbol s have the aq ve significance. 10 The starting
rkraterials required for the synthesis of the conpounds of fornmula | are

nown or are anal ogues of known co Thus, for exanple, numerous
nitriles or esters of fornmula Il hangegZenZdescri bed as irrﬁterrredi ates in
the synthesis of liquid crystals, for exanple in EP-A-0 1 22 389. The
prepar- 15 ation of the diglg.of fornula I1I X's aP€o known fromthe
literature, for exanple fro | Cry Lig. Oyt 213, 1 59 (1992) The
anal ogues of the startiﬁ terN e s D_pr VI, for exanple
conpounds havi ng an achir8r\did84nhe &r__di oxo- ane ring, which usually
serves as a protecting group, are al scvtnown fromthe literature. Linkage
reactions of rings by ester formation, Lt her formation or by direct

aromati c couplings via
X3 x4
(PhsP),Pd 0
Na,CO4/EtOH (HO),B Z4__S_< éﬁz
O

v Vil
1 2 3 4
R*O X X° X X N
1 1 2 2
vl 7Dl s
5 wherein
Y signifies Br, | or -0S02CF3; and the
remaining symbols have the above
significance.
10 The starting materials required for the synthesis of the

compounds of formula | are known or are analogues of known
compounds. Thus, for example, numerous nitriles or esters of
formula II have been described as intermediates in the synthesis
of liquid crystals, for example in EP-A-O 122 389. The prepar-

15 ation of the diols of formula Ill is also known from the literature,
for example from Mol Cryst. Lig. Cryst 273, 159 (1992)

The analogues of the starting materials of formulae VIl or

VIil, for example compounds having an achiral dioxane or dioxo-
20 lane ring, which usually serves as a protecting group, are also
known from the literature. Linkage reactions of rings by ester
formation, ether formation or by direct aromatic couplings via
boric acids, as described, for example, in Tetrahedron Letters,
35, 3277 (1994), will be known to a person skilled in the art.

25 These reactions belong to standard methods in the synthesis of



boric-acids, as described, for exanple, in Tetrahedron Letters, 35, 3277 (1
994), will be known to a person skilled in the art. 25 These reactions

bel ong to standard nethods in the syfpbhesis of 12 liquid crystals and
will therefore be very famliar to a person skilled in the art. The
conpounds liquitt arydtaiseandt wilt therefem iben varg fariliaratd ea geersbinr al  dopant s
for liquid ﬁﬂl Q%§L$ﬂ§ L xtures. The invention is therefore also concerned
W th quuia %@E I xtures having at |east two conmponents, with at

| east one of the conmponents being an optically active conpound of formula

. 10 . Pr fTHeABbInpd Uifdd ik [t dac8ORHIBRE anvkhiighhard nvent i on
contain a single liquid crystalline conpound or Iquid crystalline

m xt ur e Sas SUH@biaras iRt GQPant%rngroﬁamﬁj %F@lgﬁﬁi Xtyreget iﬂ%e conpounds
of formul ajdverfybhal ehepefdrel aldd efditerrice withpligor Rrgsedllinki qui d
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contain a single liquid crystalline compound or a liquid
crystalline mixture as the carrier material and one or more
optically active compounds of formula I. Suitable carrier
materials are in principle all liquid crystal materials which have

15 a twistable liquid crystal phase with an adequate mesophase
range. As mentioned, 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

20 a nematic, cholesteric or tilted smectic phase, especially for
carrier materials having an achiral or chiral smectic C phase.
Suitable liquid crystal components will be known to a person
skilled in the art in large numbers, e.g. from D. Demus et al.,
Flussige Kristalle in Tabellen, VEB Deutscher Verlag fur

25 Grundstoffindustrie, Leipzig, volumes | and I, or from Landolt-
Bornstein, Liquid Crystals, volume IV 7a-d, many of them are,
moreover, commercially available.

The content of chiral dopant of formula | is determined

30 largely by the twisting capacity, the spontaneous polarization and
the desired pitch. The content of chiral dopant can accordingly
vary in a wide range according to use and can be, for example,
about 0.1-40 wt.%. In general, a content of about 1-30 wt.%
especially of about 3-25 wt.%, of optically active dopants of

35 formula | is preferred for display devices based on liquid crystals
having tilted smectic phases.



carrier materials having an achiral or chiral snectic C phase. Suitable
liquid crystal conponents will be known to a person skilled in the art in
| arge nunbers, e.g. fromD. Denus et1& ., Fl[err]ssige Kristalle in

Tabel |l en, VEB Deutscher Verlag f[err]r 25 Grundstoffindustrie, Leipzig,
vol umes | and | Preferablymthenduiktures| br rdooostdance withuitheCinpaaretien vol une
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the invention contain, inja N pre conpounds of formula I,
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14 [err] wherein 5 p signifies O or 1; g and r
each independently signify 1 or 2, whereby q +r =2 or 3; Rerr] and

Rl err] each independently signify4al kyl, al kenyl, al koxy, al kenyl oxy,
al koxyal kyl , al koxy- 10 al koxy, al kanoyl oxy,
al kenoyl oxy, al koxy- carbo alkenyloxycarbonyl Rlerr] and R err]
each i ndependently srgnrfy a nyI and R err] each
i ndependent |y srgnrfy E%%f al koxy and/ or
al kenyl oxy; Z[err], Z err] rr each i --aendently srgnrfyc§§§%f¥y e
bond, [err] or [err] and Z[err] also signifies -OCH2-, -COO or - -2
and F each independently signify phenyl ene-1,4- 20
di yl or cycl ohexyl ene R*4 d|yI X err] and X[err] each i ndependently
signify hydrogen or fl FF) and fy the relative
configurations. -1@ w to gﬁare optically
active (
XIX
wherein
5 P signifies 0 or 1;
gandr each independently signify 1 or 2, whereby
q+r=2or3;
R3 and R4 each independently signify alkyl, alkenyl,
alkoxy, alkenyloxy, alkoxyalkyl, alkoxy-
10 alkoxy, alkanoyloxy, alkenoyloxy, alkoxy-
carbonyl, alkenyloxycarbonyl;
RS and R8 each independently signify alkyl or
: alkenyl,
R6 and R7 each independently signify alkyl, alkenyl,
15 alkoxy and/or alkenyloxy;

Z5,26 and Z7 each independently signify a single bond,
-CH2CH32- or -CH20-, and Z6 also signifies
-OCHz-~, -COO- or -00C-;

EandF each independently signify phenylene-1,4-
20 diyl or cyclohexylene-1,4-diyl; |
X1 and X2 each independently signify hydrogen or

fluorine; and
(R*) and (S*) signify the relative configurations.

2 The compounds of formulae XV to XIX are optically active
dopants which, depending on the desired effect, can be present in
the mixture in one of the two enantiomeric forms in addition to
one or more compounds of formula 1.

30 The substituents R3 to R8 have a maximum of in each case
18 carbon atoms, preferably 5-12 carbon atoms. They can be
straight-chain or branched, but are are preferably straight-chain.



dopants which, depending on the desired effect, can be present in the

m xture in one of the two enantioneric forns in addition to one or nore
conmpounds of formula I. 30 The sypstituents Rerr] to Rlerr] have a
maxi mrum of in each case 1 8 carbon atons, preferably 5-12 carbon atons.
They can be straight-chain or branched, but are are preferably
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the fol I ow ng b Wideh&R57 She' Toftowing Examples. OFtiEa! bhiipodes of

snmecti c,
10 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 significances:

15

C crystalline,

S smectic,

SA, S, Sc etc.  smectic A, B, C etc,,

SA*, SE* etc. chiral smectic C, F etc.
20 N nematic,

N* cholesteric, and

| isotropic.

Example 1

2

a) A mixture of 0.80 g of 4-cyano-4'-(trans-4-formyl-
cyclohexyl)biphenyl (preparation see. Mol Cryst. Lig. Cryst. Vol.
131, 327 (1985)), 0.587 g of (2R,3S)-2-octyl-1,3-butanediol
(preparation see EP-0 457 105) 40 ml of toluene and 8 drops of

30 2N sulphuric acid was heated under reflux in a round flask having
a magnetic stirrer, water separator and condenser under nitrogen
for 15 hrs. Then, the mixture was cooled to room temperature,
30 drops of triethylamine were added and the mixture was
partitioned between diethyl ether and sat. sodium bicarbonate

35 solution. The organic phases were separated thereupon dried over
magnesium sulphate, filtered and the filtrate was evaporated.
This gave 1.4 g of crude 4'-{trans-4-[(2R,3S,5R)-5-octyl-4-



Slerr}, S[err], S[err] etc. snectic A, B, Cetc., SA*, SF* etc.
snmectic C, F etc. 20 N nematic, N*
chol esteric, and | i sojgopi c. Exanple 1 25 a) A m xt

0.80 g of 4-cyano-4'-(trans-4-fornyl- cyclohexyl)biphenyl (preparati
Mol Cryst. pldthy IQ,SB&HIOM -2-YBlcyAaRekH88) ¢yafobshenydf as a light

(2R, 39) - 2-0¢ anedlol preparation see EP-0 457 105) 40 m of
t ol uene an¥® ggﬂﬁﬁBs g

30 2N sul phuric acid was heated under reflux
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temperature for 15 hrs. Thereafter, the mixture was partitioned
between diethyl ether and water, the ether phases were poured
into 80 ml of water, the mixture was cooled to 0°C and treated
dropwise with 1N hydrochloric acid while stirring vigorously
until the pH was 2. The mixture was transferred to a separating
funnel, the aqueous phase was separated and the organic phase
was washed immediately with sat. sodium bicarbonate solution.
The ether phase was dried over magnesium sulphate, filtered and
the filtrate was evaporated. This gave 1.37 g of crude 4'-{trans-
4-[(2R,3S,5R)-5-octyl-4-methyl-1,3-dioxan-2-
yl]cyclohexyl}biphenyl-4-carboxaldehyde as a yellow solid.

c) A solution of 1.37 g of 4'-{trans-4-[(2R,3S,5R)-5-
octyl-4-methyl-1,3-dioxan-2-yl]cyclohexyl}biphenyl-4-
carboxaldehyde and 0.61 g of (2R,3S)-2-octyl-1,3-butanediol in
40 ml of toluene was treated with 8 drops of 2N sulphuric acid in
a round flask having a magnetic stirrer, water separator and
condenser under nitrogen and stirred under reflux for 2.5 hrs.
Then, the mixture was cooled to room temperature, 30 drops of
triethylamine were added and the reaction mixture was
partitioned between diethyl ether and sat. sodium carbonate
solution. The organic phases were dried over magnesium
sulphate, filtered, the filtrate was evaporated and the residue
was chromatographed on 140 g of silica gel with toluene/ethyl
acetate (50:1). Three-fold crystallization from hexane gave
0.95 g of pure 4'-{trans-4-[(2R,3S,5R)-5-octyl-4-methyl-1,3-
dioxan-2-yl]cyclohexy!}-4-[(2R,3S,5R)-5-octyl-4-methyl-1,3-
dioxan-2-yl]biphenyl as colourless crystals m.p. (C/SB): 73.5°C,
SB/SA: 75.59C, SA/N*: 1060°C, cl.p. (N*/1): 219°C, [a]p (CHCI3):
-23.90,



b) 1.4 g of 4'-{trans-4-[(2R, 3S,5R)-5-octyl-4-nmethyl- 5

1, 3-di oxan- 2-yl ] cycl ohexyl } - 4- cyanobi phenyl were dissolved in 30 m of

tol uene, cooled to O[err]C and treatqd, dropwise with 3.2 ml of D BAH
solution (20%in toluene) within 3 mn. The reaction m xture was warnmed to
roomtenperature and stirred at this tenperature for 1 5 hrs. Thereafter,

the m xture was-partigioned 10 between diethyl ether.and water, the ether
phases were pour }fﬂlﬁéw ﬁpn?ﬁo'x}é\&%rc,ant ﬁﬁ %ﬁ%ﬁ‘lﬁ'eéf Mbé%éﬂ?@’@%ﬁ Oferr]C
and treatedanoeri se with 1 N hydrochloric acid while stirring vigorously

until the pH was 2. The m xture was transferred to a separating funnel, the
aqueous phase was separated and the organi c phase 15 was washed i nmedi ately

with satd sodi urft'big@nsodal 62BeB 8t 5 B-Sthep ey hérmethy - had -diaxan-drer
magnesi um yihtgr i~ rat Jhi-s_ gave
S [0 b S e AR s b A T S
yl ] cycl ohew i) yl - 4- car boxal dehyde as a yellow solid. 20 c) A

sol ution of 1. 3%'g{pfarB-4-[(2R535; 5RIF IeHR-45m @diyi-143 rgidrdn-L-

(ngl?)g;(ag 5{4{%}8%@%@?%%@%,%'5@ 'nr’ic'%gf)o(?/i'o %ﬁ%gﬁe '3rlgr'aé$%@g0\?{ h 8 drops
of 2N sud phylbipheriyd, in 25 a round flask having a magnetic stirrer, water
e Then, the. metns b tEoRr a8 RIS AN e AP e NN T 3 Gl d i =+ °
tri et hyl amylécwelahexydddd 2@ R 23S, 5R)cSi-oenyil-¢ wmethst-1,3-dioxan-2-
yl]biphenyl,
2',3'-difluoro-4'-{trans-4-[(2R,3S,5R)-5-0ctyl-4-methyl-

15 1,3-dioxan-2-yl]cyclohexyl}-4-[(2R,3S,5R)-5-0octyl-4-methyl-

1,3-dioxan-2-yl]biphenyl,

2,3-difluoro-4'-{trans-4-[(2R,3S,5R)-5-octyl-4-methyi-
1,3-dioxan-2-yl]cyclohexyl}-4-[(2R,3S,5R)-5-heptyl-4-methyl-
1,3-dioxan-2-yl]lbiphenyl,

20 4'-{2-{trans-4-[(2R,3S,5R)-5-octyl-4-methyl-1,3-dioxan-
2-yl]cyclo-hexyltethyl}-4-[(2R,3S,5R)-5-octyl-4-methyl-1,3-
dioxan-2-yl]biphenyl, .

4'-{trans-4-{2-[(2R,3S,5R)-5-octyl-4-methyl-1,3-dioxan-
2-yl]ethyl}lcyclohexyl}-4-[(2R,3S,5R)-5-0octyl-4-methyl-1,3-

25 dioxan-2-yl]biphenyl, m.p. (C/Sa): 880°C, (Sa/N*): 98°C, cl.p. (N/I):
184.6°C,

4'-{{trans-4-[(2R,3S,5R)-5-octyl-4-methyl-1,3-dioxan-2-
yllcyclohexyl}methoxy}-4-[(2R,3S,5R)-5-octyl-4-methyl-1,3-
dioxan-2-yl]biphenyl,

30 4'-{2-{trans-4-[(2R,3S,5R)-5-octyl-4-methyl-1,3-dioxan-
2-yl]cyclohexyllethyl}-4-{2-[(2R,3S,5R)-5-0octyl-4-methyl-1,3-
dioxan-2-yllethyl}biphenyl,

1,4-bis-{trans-4-[(2R,3S,5R)-5-octyl-4-methyl-1,3-
dioxan-2-yl]cyclohexyllbenzene, m.p. (C/N*): 106.19C, cl.p. (N*-I):
¥ 2229C,
1,4-bis-{2-{trans-4-[(2R,3S,5R)-5-octyl-4-methyl-1,3-
dioxan-2-ylJcyclohexyl}ethyl}benzene and



partitioned between diethyl ether and sat. sodium carbonate 30 sol ution.
The organi c phases were dried over magnesi um sul phate, filtered, the
filtrate was evaporated and the resi was chronmat ographed on 140 g of
silica gel with toluene/ethyl acetate (50:1). Three-fold crystallization

from hexane gavel B-¥isg{nfans+de{2-[(2R,3S,5R)-5-octyl-4-methyl-1,3-

3I oigaagsquwépogexgﬁ%hxr %&fﬁl@@(%@é&g e§’| §5met hyl -1, 3-

di oxan- 2-yl ] bi phenyl as colourless crystals mp. (CSB): 73.5[err]C,

S[err]/S[err]: 75.5[err]C, Slerr]/Ngy hJdi8lerr]C cl.p. (N/1): 219[err]C
[[err]][err] (CHC[err]): -23. 9[errF—£§—g The foll owi ng conpounds can be
producedSi n an anal ogous manner: 5

4| : E t rc??)?\ei [(2Ry SZgR) mixtiRBt of 04t8r7qt Idm,@ruﬂn@bsenzﬂdehyde
Z {%/rans [.%&?Q of5§R§§p Eycpc %t%pn%nggcé g&%ﬁ%a%)é%on se>éI Ep_phenyl,
Zl ] f%’f;ﬁge)‘“@ 24&55% 1263384@?}\} of olyénd -amet By Hrdp$-ofi 2Masulphutio g¢itbi phenyl ,
yl ] cycl ohex‘Q’% tlé?f(éﬂ?e%@%Rfe%’ﬁéﬁ‘geha&ﬁﬁﬂy%g%noﬁ% g?(%rr]\q Zf-IaSI? Pavmpg]enyl
10 a magnetic stirrer, water separator and condenser for 15°h
Then, the mixture was cooled to room temperature, 30 drops of
triethylamine were added and the mixture was partitioned
between diethyl ether and sat. sodium bicarbonate solution. The
organic phases were combined dried over magnesium sulphate,
15 filtered and the filtrate was evaporated. Chromatography of the
residue on 140 g of silica gel with 3% ethyl acetate in hexane
gave 0.69 g of 1-bromo-4-[(2R,3S,5R)-5-octyl-4-methyl-1,3-
dioxan-2-yllbenzene as a brownish oil.

2 b) A mixture of 1.33 g of 1-bromo-4-[(2R,3S,5R)-5-
octyl-4-methyl-1,3-dioxan-2-yllbenzene, 0.3 g of phenyl-1,4-
bis-boric acid, 0.077 g of 10% palladium on charcoal, 0.477 g of
finely ground sodium carbonate and 20 ml of ethanol was stirred
at 900C for 100 hrs. Then, a further 0.050 g of phenyl-1,4-bis-

25 boric acid, 0.02 g of catalyst and 0.2 g of sodium carbonate were
added and the mixture was stirred at 90°C for a further 15 hrs.
The reaction mixture was then cooled, filtered over Celite/silica
gel and the filtrate was partitioned between diethyl ether and 1N
ammonium chloride solution. Thereupon, the organic phases were

30 combined dried over magnesium sulphate, filtered and the filtrate
was evaporated. Chromatography of the residue on 200 g of
silica gel with 3% ethyl acetate in hexane and subsequent
crystallization from hexane gave 0.1 g of 1,4-bis-{4-
[(2R,3S,5R)-5-octyl-4-methyl-1,3-dioxan-2-yl]phenyl}benzene as

35 colourless crystals, m.p.: < 25°C, Sg/Sc*: 129.8°C, Sc*/N*: 1930°C,
cl.p. (N*/1): 246.3°C.



2',3"-difluoro-4'-{trans-4-[ (2R 3S, 5R)-5-o0ctyl -4-nethyl - 15
1, 3-di oxan- 2-yl ] cycl ohexyl }-4-[ (2R, 3S, 5R) - 5- oct yl - 4- net hyl -
1, 3-di oxan- 2-yl ] bi phenyl , 9
2,3-difluoro-4'-{trans-4-[ (2R 3S, 5R)-15- octyl - 4- net hyl -

1,

3- di oxan- 2-yl ]Pb{élﬁdﬂwlh%-dbrhbaan%, &R e peoduted-inedmdnaldgous
, 3-di oxan- 2-yl | bi phenyl, 2
4 -{2-{tran'§‘éé NEroR 35, 5R) - 5-octyl -4-nethyl -1 , 3- di oxan-
2-yl]cycl o-hexyl }ethyl}-4-[ (2R, 3S,5R)-5-octyl -4-nmet hyl -1, 3-

di -2-yl ] bi phenyl g4 - 5R) - - 51
T oxan ooyl 2%-{3%%%@4%@5%%"5&%&%% dpRhsiY BBkt o s
di oxan- 25yl Yldppaeylloenzepe, (C/ S[err]): 88[err]C, (S[err]/N): 98[err]C,
|.p. (N1): 18476fesilCa- -5. -4- -1 3-di 2.

Z' -{p{tﬁansz4-[ Zl?f%q?%s]l-? -5[(020$’y%s-’45-Rn)et5h;r/]I -Xl}l,léc{ing;g -I21-’3 dioxan-2

yl ] cycl ohexYlIpheny i‘ﬂinﬁé 2R, 3S, 5R) - 5- oct yl - 4- et hyl - 1, 3- di oxan-2-yl ]

bi phenyl, 30 ~  1,44bist24{[(2RB 3 -IR 2B-pRrftHI-S-aetili 4 Bidigkah-3-di oxan-

2-yl ] cycl ohe ef iyl 1-4-{2-[ (2R 3S,5R)-5-octyl -4-methyl -1 , 3-
di oxan-2-y|¥g§h§p}’l}i nl{e,' 1 .-

, 4- bi s- {Ibr ans- 4- (QFb'GS{éH}(-El?,fﬁﬁ,)ER)demtdnyl-4rmethyl-1 ,3-dioxan-2-

di oxan- 2-yl kﬁ%ﬁle 9 fRzene, mp. (CN): 106.1[err]C, cl.p. (N-1): 35
222[ err]C, 4& g 2- tréns-gé(ZR, 3S,5R)-5-octyl -4-nmethyl -1 , 3-
di oxan- 2-yl ] cycl dndxgisrédhi{3 RIS AR) dmdlecyl-4-methyl-1,3-dioxan-2-

yl]phenylibenzene, _
1-{4-[(2R,3S,5R)-5-heptyl-4-methyl-1,3-dioxan-2-

15 yllphenyl}-4-{4-[(2R,3S,5R)-5-octyl-4-methyl-1,3-dioxan-2-
yl]phenyl}benzene,

1,4-bis-{4-[(2R,3S,5R)-5-(7-octenyl)-4-methyl-1,3-
dioxan-2-yl]phenyl}benzene,
1,4-bis-{4-[(2R,3S,5R)-5-0octyl-4-methyl-1,3-dioxan-2-

20 yllphenyl}-2,3-difluorobenzene, )

1 ,4-bis-{3-fluoro-4-[(2R,3S,5R)-S-(7—octenyl)-4-methy|?
1,3-dioxan-2-yl]phenyl}benzene,

1,4-bis-{2-fluoro-4-[(2R,3S,5R)-5-(7-octenyl)-4-methyl-
1,3-dioxan-2-yl]phenyl}benzene,

2 1-{2,3difluoro-4-[(2R,3S,5R)-5-(7-octenyl)-4-methyl-1,3-
dioxan-2-yl]phenyl}-4-{4-[(2R,3S,5R)-5-(7-octenyl)-4-methyi-
1,3-dioxan-2-yl]phenyl}benzene and

1,4-bis-{4-{2-[(2R,3S,5R)-5-0ctyl-4-methyl-1,3-dioxan-2-
yl]ethyl}phenyl]lbenzene, m.p. (S/Aa): 140.20C, (Sa/N*): 175°C, cl.p.

20  (N*/1): 181.80°C.

Example 3

1.2 g of N,N'-dicyclohexylcarbodiimide are added portion-
3 wise within 10 min. while stirring to a solution of 2.05 g of
4-{4-[(2R,3S,5R)-5-octyl-4-methyl-1,3-dioxan-2-ylIphenyl}-
benzoic acid, 1.4 g of 4-[(2R,3S,5R)-5-octyl-4-methyl-1,3-
dioxan-2-yl]phenol and 0.1 g of 4-(dimethylamino)pyridine in



18 i ;4-bi s{t rans-4-{2-[ (2R 3S,5R)-5-octyl -4-nmethyl -1 , 3- di oxan-2-yl]

et hyl } cycl ohexyl ] benzene. Exanple 2 5 a) A mxture of 0.871 g of

4- br onobenzal dehyde, 0.587 g of (2R 38 2-octyl-1 , 3-butanedi ol
(preparation see EP- A-0 457 1 05) 40 m of toluene gnd 8 drops of 2N

sul phuric a@30 wad ofedichiovomiethane! uX henthixturer isistirpec rat n?am oundhf | ask
having 10 a | td ight"afrfy : an 0 r rs.
Then, gt he m'txt re, ’tﬁgéc%\fﬁrgf(l]gl?o roo%ﬁggﬁ%@treg%a'r eﬁ-@o?@ﬁﬁgg '(?f ailw}%?hyl am ne
wer e added awaht@@%sam%hm, meashed dudee beithe S0 dndt o Isasrurateghd sat .

sodi um bi casbefanecateiate solioR &l ¢irRBagks MRIrE vAeRbivAESH dafied over
magnesi ugsWhate 15.fil teipd and fhe tiltrate S evapor at éd.
a

Chr onat o FofgNesiug sy e 4titgred andthe Jufrake: IS 3% et hyl acetate
i n hexane g@omcenteatechf ChiomatodrdphiRo8IHeRreSiduet vh- dilieat §El witl3-

O or o4 | (OMGE' g8 1Rl eliZakigh rof) hexang giveS, FLeReS 5930 or
phenyl - 1, 4- Qﬂtylifoﬁggthyl-d,ﬁdmng%]émgﬁglaﬁmgxfﬁ%wsﬁg ’%goéfn g
of finely grapndrsegismy.a Fia8thyl*11R8-Aoxan 39 oiEhy] " ddtel:
Soferricd °rm.%Sg(cbrsi)??%?é'éc,a(ﬁ/ﬁ*g?r1os’.éoc, %.8.% (&)3/61@3406. o

The following compounds can be produced in an analogous
manner:

15 4'-[(2R,3S,5R)-5-0ctyl-4-methyl-1,3-dioxan-2-yl]-
biphenylcarboxylic acid 4-[(2R,3S,5R)-5-nonyl-4-methyl-1,3-
dioxan-2-yllphenyl ester,

4'-[(2R,3S,5R)-5-nonyl-4-methyl-1,3-dioxan-2-yl]-
biphenylcarboxylic acid 4-[(2R,3S,5R)-5-hyptyl-4-methyl-1,3-

2 dioxan-2-yl]phenyl ester,

4'-[(2R,3S,5R)-5-octyl-4-methyl-1,3-dioxan-2-yl]-
biphenylcarboxylic acid 4-[(2R,3S,5R)-5-(7-octenyl)-4-methyl-
1,3-dioxan-2-yl]phenyl ester,

4'-[(2R,3S,5R)-5-(7-octenyl)-4-methyl-1,3-dioxan-2-

% yl]biphenylcarboxylic acid 4-[(2R,3S,5R)-5-octyl-4-methyl-1,3-
dioxan-2-yl]phenyl ester,

2,3-difluoro-4'-[(2R,3S,5R)-5-octyl-4-methyl-1,3-dioxan-
2-yl]biphenylcarboxylic acid 4-[(2R,3S,5R)-5-octyl-4-methyl-
1,3-dioxan-2-yllphenyl ester,

30 2',3'-difluoro-4'-[(2R,3S,5R)-5-octyl-4-methyl-1,3-dioxan-
2-yl]biphenylcarboxylic acid 4-[(2R,3S,5R)-5-octyl-4-methyl-
1,3-dioxan-2-yl]pheny! ester,

4-[(2R,3S,5R)-5-octyl-4-methyl-1,3-dioxan-2-yl]benzoic
acid 4'-[(2R,3S,5R)-5-octyl-4-methyl-1,3-dioxan-2-yl]bipheny!

% ester, m.p. (C/Sa): 114.10C, (So/N*): 128.5°C, cl.p. (N*/1): 230.60°C,

4-[(2R,3S,5R)-5-octyl-4-methyl-1,3-dioxan-2-yl]benzoic
acid 4-{trans-4-[(2R,3S,5R)-5-octyl-4-methyl-1,3-dioxan-2-
yt]cyclohexyl}phenyl ester and



25 boric acid, 0.02 g of catalyst and 0.2 g of sodium carbonate were added
and the m xture was stirred at 90[err]C for a further 1 5 hrs. The reaction
m xture was then cooled, filtered over Celite/silica gel and the filtrate
was partitioned between diethyl ether and 1 N ammoni um chl ori de sol ution.

Ther eupon, the 4+{dnans-AhpS2R, 3®5R PG -wutlyl emdthed- by3rdioagne&-um

sul phate, fihkt8r | 1t Gat e ) teed. .Chro aphy_ of the
ot due oy JoBCITRNbeRZolg 1 4E, B-Do R SR T Res R AT
subsequentdioxastarylilphenyh €sten hexane gave 0.1 g of 1, 4-bis-{4-

[ (2R, 3S, 5R) - 5-octyl -4-net hyl -1, 3-di oxan- 2-yl ] phenyl } benzene as 35

colourless crystals, mp.: < 25[err]C, Slerr]/Serr]*: 1 29.8[err]C,
S[err]*ANc: 193[err]C, cl.p. (N*/Iﬁ._!ﬁ.#xa E€3fterr] C 19 The foll owi ng

conmpounds can be produced in an anal ogous nanner: 1
(5 AR WM bt S ifafel RS Dreere
1, 4-bi s- {BME( 285, rBpabegdnt prddr ot imvestightei tharpidpertigshefiyilerenzene,
10 Leodip¥utids* o (iffmita >R ike0Vds.* GREMYS ah adnflaP (@
10 doped) mixture and serves to determine the phase sequence,
especially the extent of the Sc* phase transition, as well as the
spontaneous polarization (Ps). GM-ll is a chiral doped mixture
and serves to measue the wavelength of the selective reflection
(Asel). This is a measurement for the helical pitch, i.e. the
15 smaller the measured value for Age| is, then the smaller is the
pitch and the stronger is the twisting capacity of the dopant.
Moreover, two comparative mixtures were prepared for
comparison purposes. For this purpose, the two basic mixtures
GM-1 and GM-ll were each doped with a tetranuclear chiral bis-
20. methyldioxane.

The measurements were carried out under the following
conditions: Ps measurements at about 8 my cell thickness and a
delta voltage of 10 Hz and 5 V/u. Measurements of Asel With

25 homeotroptic orientation. A temperature of 250C was observed
for all measurements.

Basic_mixture | (BM-I

7.0 wt.% of 5-(S-heptyl-1,3-dioxan-2-yl)-2-(4-octyloxy-
30 phenyl)pyridine;
7.0 wt.% of 5-(5-octyl-1,3-dioxan-2-yl)-2-(4-octyloxy-
phenyl)pyridine;
6.0 wt.% of 5-(5-decyl-1,3-dioxan-2-yl)-2-(4-octyl-
phenyl)pyridine;

3 15.9 wt.% of 4-decyloxybenzoic acid 4-[2-(trans-4-pentyl-
cyclohexyl)ethyl]lphenyl ester;
7.1 wt.% of 4-dodecyloxybenzoic acid 4-[2-(trans-4-
pentylcyclohexyl)ethyl]phenyl ester;



yl'] p?he'nyl }bénzene, 1,4-bis-{4-[(2R 3S,5R)-5-decyl -4-nethyl -1, 3-di oxan- 2-
yl ] phenyl } benzene, 1-{4-[ (2R 3S,5R)-5-heptyl-4-nethyl-1 ,3-di oxan-2- 15
yl ] phenyl }-4-{4-[ (2R, 3S,5R)-5-octyl -4pethyl -1 , 3-di oxan- 2-

yl ] phenyl } benzene, 1 ,4-bis-{4-[(2R, 3S,5R)-5-(7-octenyl)-4-nethyl-1, 3-

di oxan- 2-yl Jm0eny%p lmfnzene,2,B -difl boso{4-und2iBybsk e n 2o tadidd -4 Rhy| - 1

bl o (311 uoro- | E’2%”éQ@?ff%%eiﬁ&iﬁiﬂﬁﬁ%mfwy.'Jaheny' ester;
' 3-di oxan- 2-W4.Powé qub’enz’ 4-hexyloxyphenyl)-5-nonylpyrimidine;
L 4-bi's. {2 Mooy grgldRR 39 B-ioriylolybRENY) S RIMWbyrimidind; oxan- 2-y1 ]

phenyl } benzene, T

1- {2, 3di f5 uor-8-wtp Bt 35, 5r8-(H-ortytexyphpnylinS-h@rptylpgrimidine;

Cli i gxglnoia%l ]‘I_Ud)‘.ﬁlnwrt]}ggﬁclzﬂ gféL(EZ-%@%é@loibeeWIWJdct‘yIﬁ?PWidine;

T 47Dl o {4 PHASRERSURET 4 00 0a0Cs: M 899G - $a di BRaFG.- Sc - -17.59C

yl ] et hyl } phenyl ] benzene, m@®. (S/Alerr]): 140.2[err]C, (S err]/N): 175C,
cl.p. 30 (N*/1): 181.8[err]C.. Exanple 3 1.2 g of .

N, N - di cycl ohexyl carbodiim de are added portion- 35 wise within 10 mn.

while stil®ring t rati t g of . .
+ 245[ ¢ szf[s{g,g?v}:?’o | YL gcqu%”&a:ﬁz By sR)LsLBREJYI4-mBEAGRITG 3301
dioxan-2-yl]ibenzene

93.0 wt.% of BM-I|
sequence: | - 104.00C - N* - 67.40C - Sc* -;
15 Ps: 10.1 nC/cm?2

Test mixture [-1
7.0 wt.% of 1,4-bis-{4-[(2R,3S5,5R)-5-0octyl-4-methyl-1,3-
dioxan-2-yl]phenyl}benzene
20 93.0 wt.% of BM-I
sequence: | - 109.40C - N* - 800C - Sa - 72.90C - Sc* -;
Ps: 13.1 nC/cm2

Test mixture |-2
25 7.0 wt.% of 4'-{trans-4-[(2R,3S,5R)-5-0octyl-4-methyl-
1,3-dioxan-2-yl]cyclohexyl}-4-[(2R,3S,5R)-5-
octyl-4-methyl-1,3-dioxan-2-yl]biphenyl
93.0 wt.% of BM-I
sequence: { - 110.19C - N* - 72.00C - Sc* - ;
0 Ps: 11.5 nC/cm2

Basic_mixture Il (BM-II
27.0 wt.% of 1,4-bis-{4-[(S)-2-octyloxy]phenyl}benzene
15.7 wt.% of 2-(4-octyloxyphenyl)-5-[(4E)-4-octenoyloxy]-

35 pyrimidine;
5.2 wt.% of 2-(4-octanoyloxyphenyl)-5-octylpyridine;
5.2 wt.% of | 2-{4-[(2E)-2-octenoyloxy]phenyl}-5-heptyl-

pyridine;



di.oxan-2-yl ] phenol and 0.1 g of 4-(dinethylam no)pyridine in 20 250 m

of dichl oronethane. The m xture is stirred at roomtenperature overnight
and then filtered. The filtrate is dibued w th dichloromethane, washed
twice with 50 m of satrurated sodi umCarbonate sol uti on each t| me and then
w th water, }qRivwtl% ofver n@gigs dct i_ltrate is
concentr at ed Chr omat ogr aph qof[ﬁ%ﬂeg&ggg ?Ptﬁ‘?@gng” > B@ !tol uene and
recrystallization from hex -[ (2R, 3S, 5R) - 5- octyl 4 met hyl -

, 3- di oxan- 2-1{. ﬂprl%mﬂ car lﬁ}(ﬂl—hepaylpchenyl) 5- H(ZE) -2- octenyloxg(}
mp

4 [ (2R, 3S, 5R) - 5-octyl - é;iJ /Jr éil oxan- 2-yl | phenyl ester
(dS[err]): 95. 6[err]C (Sgj Tﬂl%’l% 6[err]C, cl.p. (N/1I) 234[err]C
The fol | dwi 1$-Bonb8amds carR-f4-beustloxadhenyh)-5raboydpyrimidiee; 15
4'-[(2R 3S, 5§ 4- met_laygl -0 d boxylic acid
4-1(2R, 35,5 F@sa’xﬁﬁ"y’?ﬂf ”‘””. Syl OHeRy P8 oy BUBRIGfAE,
4' -[ (2R, 3S, 5&9! 5- nonyl - |n_n’1 , 3-di oxan- 2-yl ]- bi phenyl carboxylic acid
4-[ (2R, 3S, 5R) - 5- hyptyl - 4-nmet hyl - 1, 3- 20 di oxan-2-yl]phenyl ester,
4' -[ (2R, 3S, 5R) - 5-0ct vl -4 net h I -1, 3-di oxan-2-yl]- bi phenyl carboxylic acid
4-1 (2R, 3S, 5R) -5 -

10 3.0 wt.% of 1,4-bis-{4-[(2R,3S,5R)-5-octyl-4-methyl-1,3-

dioxan-2-yl]}benzene
93.0 wt.% of BM-|

Asel: 437 nm
15 Test mixture ll-1
3.0 wt.% of 1,4-bis-{4-[(2R,3S,5R)-5-octyl-4-methyl-1,3-

dioxan-2-yllphenyllbenzene
97.0 wt.% of BM-I1I
A.sel: 404 nm

Test mixture [|-2
3.0 wt.% of 4'-{trans-4-[(2R,3S,5R)-5-octyl-4-methyl-
1,3-dioxan-2-yl]cyclohexyl}-4-[(2R,3S,5R)-5-
octyl-4-methyl-1,3-dioxan-2-yl]biphenyl
25  97.0 wt.% of BM-1]
Asel: 414 nm




1, 3- di oxan- 2-yl ] phenyl ester, 4'-[(2R 3S, 5R)-5-(7-octenyl)-4-nethyl -

, 3-di oxan-2- 25 vyl ]bi phenyl carboxylic acid

4-[ (2R, 3S,5R) -5-octyl -4-met hyl -1, 3- glpoxan-2-yl ] phenyl ester,
2,3-difluoro-4'-[ (2R, 3S,5R)-5-0octyl -4-nethyl-1 , 3-di oxan-

2-yl ] bi phenyl carboxylic acid 4-[ (2RSiRARY -5-octyl-4-nmethyl- 1
, 3-di oxan- 2-yl ] phenyl ester, 30

2',3 -difluoro-4'-[ (2R 3S,5R)-5-o0ctyl -4-net hyl -1, 3-di oxan-

2-yl ] bi phenyl cat boxyCompmaiintstof (te @nerat Soomtld - 4- net hyl -

1, 3-di oxan- 2-yl | phenyl ester, 4-[(2R 3S,5R)-5-o0octyl -4-nethyl -
1,3-dioxan-2-y| benzoic acid

-[ (2R 3S, 5R) -
(C/S[err])
230. 6[err]CR

-4-nmeth I-1 3- di oxan- 2- yI]blphenyI 3 ester
hﬁ) 8 5 er
, O I] fﬁic aci d
4-{trans-4-[ ( ) -5-0 -4- neth 3 d|o 2- yl]qy hexyl } phenyl

ester agd 21 4- {trans 4- [(2R 3S, 5R) - 5- octyl 4 nethyl 1, 3RINoxan- 2-
yl ] cycl ohexyl ] benzoi c acid 4-[ (2R, 3S,5R)-5-octyl -4-nethyl -1, 3-

di oxan- 2-yl ] phenyl ester. 5 Exarrpl e 4 Test
m xtures each wmhereir two basic m xtures BM 1 and

R1 and R2 each independently signify alkyl or alkenyl
10 in which optionally one methylene group or
two non-adjacent methylene groups is/are
replaced by -O-, -COO- and/or -00C-
and/or one or more hydrogen atoms is/are
replaced by fluorine, chlorine or cyano; one
15 of rings
A, Band C signifies a 1,4-phenylene optionally sub-
stituted with 1 or 2 fluorine atoms,
pyridine-2,5-diyl or pyrimidine-2,5-diyl
and the other two rings each independently
20 signify 1,4-phenylene optionally
substituted with 1 or 2 fluorine atoms or
trans-1,4-cyclohexylene;
Z1 and Z4 each independently signify a single bond,
-CH2CH3-, -CH20-, -OCH3>-~, -C=C-,
% - ~(CH2)4~ -(CHz2)30-, -O(CHz)s-,
BT -CH=CH-CH,0-, ~OCH5-CH=CH-.
(AR -CHe=ch-CHaz- or ~(Cra)aCrecr, with
* ¢ L MW 5 7 the proviso that the oxygen atom is not
linked directly with the chiral dioxane
30 ring;
ZZ2 and Z3 each independently signify a single bond,
-CH2-CH2-, -0-CH3-, -CH2-0-, -COO-,
-00C-, -C=C-, -(CH2)4-, -O(CH3)3-,
-(CH2)30-,-CH=CH-CH>0-, -OCH2-CH=CH-,
35 -(CH2)2-CH=CH- or -CH=CH-(CH;);-; and



BM 11 'were prepared in order to investigate the properties of the conpounds
of formula | in mxtures. GWI is an achiral (non- 10 doped) m xture and
serves to determ ne the phase sequenc? especially the extent of the
S[err]* phase transition, as well as Ee spont aneous pol ari zation (Ps).
Gl is a chiraR*daed*ni XtUres@ﬁﬁ'fﬁ&h‘é%eh@ﬁéﬁﬁ#ﬁ‘n@h%t?&@'@ﬁ%@ of the
sel ective reflection ([err]). h |s a measgrement for the helical pitch,
i.e. the 15 snaller the measureﬁ ¥al G8rkgR REPMS.is, then the smaller is
the pitch and the stronger is the twi sting capacity of the dopant.

Mor eover, two coppara ' 4 e e f fi r poses.

For this purposegpt he&'mgp(g %Egﬁlpgs%;l\ﬁsﬁﬁdh gﬂ‘%?g 1 gﬁgﬁdoped
with a tétrsinifyear single aboﬂﬂ s-CliP.)CHIIEI hyChig Ox are-OGHe- ‘rraaduZ rand Z3ver e
mrerr] cell 'qg'?t oSl PO e sos 205 (ORHERTEOq B 0L, ©
Measur enent WIEY 3NePXYIGN t3H OB HESEDE r'BpﬁrQiJRﬁ Zén'ftQaQ oprefarablypbemair e of
Zf[err]g \(/vgﬁ?]h@?e\lrwm{ﬂagp?_rgiﬁatmza | erzre?'zs {Ba|5| cm égure Il (BMI) 7.0 wt. %
0 -(5-heptyl -1 , 3-di oxan-2-yl)-2-(4-octyl oxy-

phenyl ) pyridine; 7.0 wt. % of 5-(5-octyl -1, 3-di oxan- 2-yl ) - 2- (4-oct yl oxy-
phenyl ) @pri di ne; 36. 0 Gompodinds aczordirdecy! claird- Ui oxalaith \A,) whetdioat y! -
phenyl) pyr hli®um of two of groups Z! to Z4 are other than a single bond.

4, Compounds according to any one of claims 1 to 3 of
the general formulae

15
e Lo Ol S
[-A
O R.
R s, >—'Z“‘©~ @_ _O.ZM < 537-,:@1
o I-B
el O e o
I-C
il il O s
I-D
20
wherein
R11 and R21 . each independently signify alkyl or
alkenyl with a maximum of 12 carbon
atoms in which optionally one methylene
25 group is replaced by -0O-, -COO- or -O0C-;
211,733 and Z41 each independently signify a single bond,
or -CH2CH»-;
Z21 and 731 each independently signify a single bond,
-COO0- or -00C-; e

A



35 1 5.9 wt.%of 4- decyl oxybenzoi c acid 4-[2-(trans-4-pentyl -
cycl ohexyl ) et hyl ] phenyl ester; 7.1 wt. % of 4- dodecyl oxybenzoi ¢ acid
4-[2-(trans-4- pentyl cycl ohexyl)et hyla@henyl ester; 22 7.0 wt. % of

2,3-difluoro-4- | .0 en20|c .
(trans-4-pentyl %G\ﬁgﬁ%}et hyI? qieeéﬂféﬁntlmwmo‘ty, & single bond,
g Ej hexy: oxypﬂenylg g nony: pyr-l(mgCHQ ae - @0812-% of
nonyl oxyp nonyl py
2- (4-octyl oxyphi;y#) 5- hept yl py$ Wea gi@f 9%% ogHZCHZ or
2- (4- hexyl oxyphenyl ) - 5- oct yl pyr-tGhigIOﬂ,eandhbbe suhptituents| - 103[err] C- N-
80[err - Slerr ANpg SC - ratlve
e T 7ob X xe X é%&h '”#é?éﬁ%@%@-@o g ogefiy -1, 3-

di oxan-2-yl]}benzene 93. 0wt . %)f luorm@.| sequence: | - 104 O[err]C -
N - 67.4[err]C - S[err]* - 15 Ps: ' 10.1 nC/cn{err] Test

1 - ) -bhi «- - -
(Ti é;;;?zl_ y|1] Z)'hgn 4 }g)eﬁfgg]&oun&s ’aéclzcglféinbélté( %gl’rrcl)’s 5@ the q‘%r%ul4 methyl-1,3

10

Iy



20 93. 0wt . Yof BM | sequence: | - 109.4[err]C - N - 80[err]C -

Sferr] - 72.9[err]C - S[err]* -; Ps: 13.1 nC/cnferr] Test
mxture 1-2 25 7.0 wt. % of 4" -{ ns-4-[ (2R, 3S,5R)-5-octyl-4-nmethyl - 1
, 3-di oxan- 2-yl ] cycl ohexyl }-4-[ (2R, 3S,5R) - 5-
octyl -4-net hyl -1, 3- di gtan- 23] bi ghenyl 93.0 wt. % of BM | sequence:
| -1 10.1C - RO72 ~ Aerr]* - 11.5
nC/cnferr] Basi 3 éﬁ‘;
1, 4-bi s-{4- (§)2- 7\t oo'f:‘
2- (4- octyloxyphen )-5- 4E) 4-octenoyloxy - 3§3R
pyri m di ne; 5 2 wt % of 2- (4- oct anoyl oxyphenyl )*-5-octyl pyri di e:7 5.2
wt . % of L(ZE)X‘Z oxenoykdxy] yhenyl } 5-heptyl - pyridine; 23 5.2
wt . % of (2E oct enoybaxy] phenyl -octy %I‘I dine; 10.4 w.%
of 2(4Fhet @ ) te&% D\8 }
wherein
5 R11 and R21 each independently signify alkyl or
or alkenyl with a maximum of 12 carbon
atoms in which optionally one methylene
group is replaced by -0-, -COO- or -00C-;
and the substituents
10 X1 to X4 each independently signify hydrogen or

fluorine.

A e

-9

-11



5 156 wt.% of 2- (4- hexyl oxyphenyl ) - 5-nonyl pyrimdine; 1 5.6 wt. % of

2- (4- nonyl oxyphenyl ) -5-nonyl pyrimdine; [err]: 508 nm
Conparative mxture Il 10 3.0 vvt.%%g

1,4-bis-{4-[ (2R 3S,5R)-5-0octyl -4-nethyl -1, 3- dioxan-2-yl] benzene 93.0 wt. %
of BM I [er(]: X! X2 x437 ym 15 Test mxture 11-1 3.0 wt. % of
1 ,4-bis-{4-[( octyl -A-net hyl -1, 3- di oxan-2-yl ] phenyl } benzene
97.0 vvt.%g‘ﬁ1 NE 404 nm 20 Test mixture 11-2 3.0

, 3-di oxan- 2-yl ] cy9 ohexyT}-4-[(2ZR, 3S, 5R
octyl -4-net hyl -1, 3- di oxan- 2-yl ] bi phenyl 2% 97.©R . % of BM | : 1[Srr] X

414 nm 24 C ai ns

R* X' x2 X3 x4
0
S Oz

-13
R* X! X2 X2 x4
i 00C
? E’CE‘_@ ‘6—_\_@_8(0:2&@
0
R 114
5 wherein
R11 and R21 each independently signify alkyl or alkenyl
with a maximum of 12 carbon atoms in
which optionally one methylene group is
replaced by -0-, -COO- or -O0C-; and the
10 substituents
X1 to X4 each independently signify hydrogen or

fluorine.

7. Compounds according to claim 4 of the formulae

e OO e g

-15
R* e
R"{O 5 SERS



1. Conpounds of the general formula [err] 5 wherein R1 and R2 each
I ndependently signify al kyl or al kenyl 10 I n which
optionally one nethyl ene group or twpgnon-adjacent methylene groups is/are
replaced by -0, -COO and/or -0O0OC- and/or one or nore hydrogen atons

I s/are repl ace flyoring chlorine or cyano; one 15

of rings A B gnifies a 1, 4-phenylene optionally sub- stituted
with 1 or §1JI di ne- 2, 5-di yl ¥ yrimdine-2,5-diyl and

t he ot her twg*N ng: S* o4 signify

1, 4- phenyl ene opt Fonal 2 f)udtine atons or
trans-1, 4-cycl ohexyl ene; Zerr] 0 Ow#ch i ndependently signify
a single bond, [err] 25 [err] Merr] illi ~I47 Jerr]

or [err], l%b t hgi prog@ so that the oxygen atomis not |inked directly
wi th the chiral\®pxan
R 0!
- s* O>s*§§ \ < > < >sz° S
°R

[-18
wherein

5 R11 and R21 each independently signify alkyl or alkenyl
with a maximum of 12 carbon atoms in
which optionally one methylene group is
replaced by -0-, -COO- or -O0C-; and the
substituents

10 X1 to X4 each independently signify hydrogen or

fluorine.

8. Compounds according to claim 4 of the formulae

. | N
S H21 i * [ L M $ *

15 -19
x3 x4
R*
o O
Rﬂ S S*R21
S* S*
o) oR
[-20
wherein
R11 and R21 each independently signify alkyl or alkenyl
20 with a maximum of 12 carbon atoms in

which optionally one methylene group is
replaced by -O-, -COO- or -O0C-; and the
substituents



T ey

30 }"' 7 ring;, Zerr] and Zerr] each independently

signify a S|ngle bond, [err] [err] [err] 35 [err];
and 25 R* and S* signify theggel ative configurations of the chiral
carbon atons. 2. ounds according to claim1, wherein Z[err] and
Z[err] 5 signi fyxhtel)(tgl e bond, e@cehl rihdependéntly Signifly haxllogearof and

Z[err] signify a single bond, n%err-], [err], -COO or -O0OC-, with an
oxygen atom present in groups erri o Z[err] preferably being linked with
an aromatic ring. 10 3. Conmpounds according to claim1l or claim 2,

wherein a maxi mun of Cyg urﬂi’sOHEéo?eilﬁgrﬂo by Z&ﬁé rdf é‘l'élﬂnguﬂﬁtro Bha” a si ”9' €
bond. 4. Cﬁ ounds accordin 0 ang S@ t he general
f or nul aeS15WVneé @6@]%&?\8% Q%[EWP]O &IORPérXf aE'Igr\'erdéEQ\'H@it ly
signify alkyl or alkenyl with a maxi numof 1 2 carbon
10. Liquid crystalline mixtures containing at least two
components, wherein at least one component is an optically active
compound of formula | defined in claim 1.
10 )
11. Liquid crystalline mixtures in accordance with claim
10, wherein the content of optically active compounds of formula
| defined in claim 1 is 1-30 wt.%.

15 12. The use of the compounds of formula | defined in claim
1 for electro-optical purposes.

13. The use of |iquid crystalline mixtures in accordance
with any one of claims 10 to 12 for electro-optical purposes.

14. An electro-optical device containing a compound
according to any one of claims 1 to 9.

L
ol tle

15. An electro-optical device containing a mixture
25 according to claim 10 or claim 11.

RO A .



atoms in which optionally one methyl ene 2 : group is
replaced by -O, -COO or -0OOC; Z[err], Z[||etHlp %TZ[A&?IEEI‘echh

i ndependently signify a single bond,39r [grr]; &@%ﬁquﬁuujiq rr] each
i ndependently signify a single bond, -CO> [err]
Z[ err] each i ndependently 5|gn|fy a S|ngle bond [er,&NoﬁZE@VﬂZﬁ Z[ err]
signifies a single bond, [err] or [err]; and the substltuents 5
Xerr] to Xerr] each independently signify hydrogen or fluorine. 5.
Conpounds according to claim4 of t#bstaetl ae [err] 27 [err] wherein 5
Rlerr] and R err] each independently signify al kyl or
5 Compounds of the general formula
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wherein
10
R1 and R2 each independently signify alkyl or alkenyl

in which optionally one methylene group or
two non-adjacent methylene groups is/are
replaced by -O-, -COO- and/or -00C-

15 and/or one or more hydrogen atoms is/are
replaced by fluorine, chlorine or cyano; one
of rings

A, BandC sighifies a 1,4-phenylene optionally sub-
stituted with 1 or 2 fluorine atoms,

20 pyridine-2,5-diyl ‘or pyrimidine-2,5-diyl
and the other two rings each independently
signify 1,4-phenylene optionally
substituted with 1 or 2 fluorine atoms or
trans-1,4-cyclohexylene;

25 Z1 and Z4 each independently signify a single bond,
-CH>CH>-, -CH20-, -OCH32-, -C=C-, -(CH32)a-
, -(CH2)30-, -O(CH3)3-, ~-CH=CH-CH,0-,
-OCH2-CH=CH-, -CH=CH-(CH3),- or
-(CH32)2CH=CH-~, with the proviso that the

30 oxygen atom is not linked directly with the
chiral dioxane ring;
Z2 and Z3 each independently signify a single bond,

-CH2-CH2-, -O-CH3z~-, -CH>-0-, -COO-,
'OOC"! -CEC-a -(CH2)4-1 -O(CH2)3-1
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or’afkényl wi th a maxi num of 12 carbon atons T Ch ptj ijair"%:y one
_nmethylene group is replaced by -O, -COO or - P ~d"‘ ‘helghsti tuents 10
Xerr] to Xerr] each |ndependently S i { yARY e Sen—ar #luorine. 6.

Conpounds according to claim4 of the 3€or nul ae [err] 28 [erT] 5
wherein R err] and R err] each ndent | vl kenyl
with a maxi mumof 1 2 carbon ato Wﬁ §H %ﬂﬁ%&d’r’y @hé mﬁﬂéne group
is replaced by -O, -COO or -CftCHzMHh@HiCbr -CH=CH- (CHz)z ; and
substituents X eRr]gf err] a\q.[b paj:w y rogen or
fluorine. 7. CorrpaC)u(%)d?q accordl\fg Pﬁ ai ?dfﬂyl%or rﬂ?g% QWI
carbon atoms;
5 as well as liquid crystalline mixtures which contain such
compounds and the use of such compounds and mixtures for
optical and electro-optical purposes.



29 [érr] wherein 5 Rlerr] and R err] each ind MM@MT‘H%@

al kyl or alkenyl with a maxi nrumof 1 2 carbon atons i i ch optionall
net hyl ene group is replaced by -O, -COO or -OOC; a th@:ggpﬂt‘lggper

X1 to X4

d
Conpounds according to claim4 of the fornulae [err IVATIVERI.;E' '| L

each independently signifly hydrogen or} fl uorine.
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crystalline, optically active bis-methyldioxanes, liquid
crystalline mixtures which contain such compounds, the use of
such compounds and mixtures for optical and electro-optical
devices, and electro-optical devices containing one or more
compounds of forrmula .

Liquid crystals are used primarily as dielectrics in display
devices, since the optical properties of such substances can be
influenced by an applied voltage. Electro-optical devices based
on liquid crystals will be well-known to a person skilled in the
art and can be based on various effects. Such devices are, for
example, cells having dynamic scattering, DAP cells (deformation
of aligned phases), guest/host cells, TN cells having a "twisted
nematic" structure, STN cells ("super twisted nematic"), SBE
cells ("super birefringence effect") and OMI cells ("optical mode
interference"). For displays having a high content of information
actively controlled cells, e.g. TFT cells ("thin film transistor"),
have in particular recently become important in addition to the
passively controlled, multiplexed cells. In addition to the
aforementioned cell types, which are based on the use of nematic
or cholesteric liquid crystals, cell types which are based on the
principle of chiral tilted smectic phases have recently become
known. Thereto there belong SSF cells (surface stabilized
ferroelectric), SBF cells (short-pitch bistable ferroelectric) or
DHF cells (deformed helix ferroelectric). For these cells types
there are generally preferred as tilted smectic phases chiral
smectic C (Sc*) phases, which permit especially large response
speeds.

Materials for display devices based on chiral tilted smectic
phases can preferably consist of a material having a tilted
smectic phase, usually a.Sc phase, and one or more optically
active dopants. The use of such chiral dopants in ferroelectric
liquid crystals primarily serves to produce or alter a twisting of
the tilted smectic phase and to induce a spontaneous polarization.



9. - Conpounds according to any one of clains 4 to 8,
of two of groups X/ err] to X err] signify fluorine. 10, ra-erystdal || ne
m xtures containing at | east two conponents, wherein af le ngnt
is an optically active conmpound of forrmula | defined in ¢l gék’.%i@’ll
Liquid crystalline mxtures in accoggance with claim 1|0l-whereln-th
content of optically active conpounds of fornula | defilned in claim1l is
1-30 wt. % 15  opriéArLy!AeTsdveBet-MBEHYDDIONANE DERLT St—drefmed—h
claim1l for electro-optical purposes. 1 3. The use of liquid crystalline
m xtures in accordance with any one of clains 1 0 to 1 2 for

el ectro-optical purposes. 20 14. Afbsdractro-optical device containing a
conmpound according to any one of clainms 1 to 9. 1 5. An electro-optical
device containing a m xture 25 according to claiml1 0 or claim11l. ***
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wherein
10
R1 and R2 each independently signify alkyl or alkenyl

in which optionally one methylene group or
two non-adjacent methylene groups is/are
replaced by -0-, -CO0O- and/or -O0C-

15 and/or one or more hydrogen atoms is/are
replaced by fluorine, chlorine or cyano; one
of rings

A,BandC signifies a 1,4-phenylene optionally sub-
_ stituted with 1 or 2 fluorine atoms,

20 _ pyridine-2,5-diyl or pyrimidine-2,5-diyl
and the other two rings each independently
signify 1,4-phenylene optionally
substituted with 1 or 2 fluorine atoms or
trans-1 ,4-cyclohexylene;'

25 Z1 and 74 each independently signify a single bond,
-CH2CH3-, -CH20-, -OCH3-, -C=C-, -(CH2)4-
, =(CH2)30-, -O(CH2)3-, -CH=CH-CH,0-,

- -OCH2-CH=CH-, ~-CH=CH-(CH32)2- or
-(CH2)2CH=CH-, with the proviso that the

30 oxygen atom is not linked directly with the
chiral dioxane ring; '
Z2 and Z3 ~each independently signify a single bond,

-CH2-CH2-, -0-CH3z-, -CH2-0-, -COO-,
-00C-, -C=C-, -(CHz)4-, -O(CH2)3-,



