OPTI CALLY ACTI VE TOLANE DERI VATI VES The present invention is concerned with
novel chiral dopants for liquid crystals as well as liquid crystalline

m xtures whi ch cont ai n such dopants and their use for optical and electro-
optical devices. Liquid crystal materials for cholesteric_filters
frequently contain, in addition to nematic liquid crystal%“,\No&%Q”H&e
optically active additives for the induction of a chiral structure. For
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desirabl e f@ptigali @@vie@p! i cation in cholesteric filters. In order to
achi eve a bandwi dth of the

Liquid crystal materials for cholesteric filters frequently
contain, in addition to nematic liquid crystals, one or more

10 optically active additives for the induction of a chiral structure.
For example, for the use of such liquid crystals in optical filters
a nematic liquid crystal is doped with optically active additives
such that on the one hand a fixed rotational direction of the helix
results and on the other hand the desired helical pitch is induced.

15 In addition to the chiral properties of dopants, certain dielectric
and optical properties are also desirable for optimal application
in cholesteric filters. In order to achieve a bandwidth of the
selective filter reflection which is as great as possible, chiral
dopants having a large optical anisotropy are, for example,

20 required. Further, cholestefic filters can be built with dopants of
negative dielectric anisotropy which give rise to a planar
orientation without disinclinations in electric fields. A high
optical 'quality of the filter can thus be realised [M. Schadt, Liquid
Crystals 14, 73 (1993)]. ' _

25 '

Cholesteric quuid crystals reflect selective light in a
wavelength range for which the wavelength is about the same as
the helical pitch. The‘spectral width of this reflection light can
be varied by suitable choice of the liquid crystal. The reflected

30 light is completely circularly polarized. The rotational direction
of the reflected light depends on the direction of rotation of the
cholesteric helical structure. The opposite circularly polarized
light is transmitted unimpaired. These properties can be used for
the production. of optical filters, polarizers, analyzers etc.

35 .

Cholesteric liquid crystals for the above applications can
preferably consist of a nematic or cholesteric basic material and
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selective filter reflection which is as great as possible, chiral dopants
having a | arge optical anisotropy are, for exanple, required. Further,
cholesteric filters can be built with dopants of negative dielectric

ani sotropy which give rise to a planar orientation w thout disinclinations
in electric enelas.marejghirapdopantguwhicly permite &isimplec adjustasemnte of

real i sed [M thafhdéliredi B8li€alCpitehal s 14, 73 (1993)]. Cholesteric liquid
crystals reflect selective Iight in a wavel ength range for which the

wavel ength is about the same as the helical pitch. The spectral w dth of
this reflection |lmgterdeantobachieve tholestéricbhixteld travihg t epitthluind
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pol arized 11 ghbutds HAVE Hdddef SR "iRdushEPIRIUIG CBR/SthF matdtidls. used for
Furthermore, the chiral dopants should have an adequate stability,
should have a good compatibility with the mesophase type of the
10 liquid crystal material and should not restrict the mesophase
range too severely. Such properties would also be desirable for
chiral dopants in order to produce the highly twisted nematic
structures referred to earlier, as their amount can be kept low in
order that the properties of the liquid crystal material are
15 influenced only immaterially.

The invention is concerned with optically active compounds
of the general formula

{@-
20

wherein

ring A signifies 1,4-phenylene, which is unsubstituted
or mono- or multiply-substituted and in which
25 optionally one or two CH groups can be replaced
by nitrogen, or trans-1,4-cyclohexylene:
Z signifies a single covalent bond, -CH2CHa-,

-CH20- or -OCH2-;
| X1,X2,X3,X4 each independently represent hydrogen or
30 fluorine;

R signifies hydrogen, alkyl or alkeny! with 1 or,
respectively, 2 to 12 carbon atoms, which is
unsubstituted or mono- or multiply-substituted
with fluorine or chlorine and in which one or

35 ' two non-adjacent CHz groups can be replaced by
-O-, or a group of the formula
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t he production of optical filters, polarizers, analyzers etc. Cholesteric
liquid erystals for the above applications can preferably consist of a
nematic or cholesteric basic material &nd 2 one or nore chiral dopants,
which permts a sinple adjustnment of the desired helical pitch. In order to
achi eve cholesteric m xtures having a pitch in the range of the wavel ength

of visible light, the chiral dopants shoobé&‘have a twi sting capacity which
is-as high as possible and should h a good solubility in usual liquid

crystal materials. Furthernore, tte

@ ‘-‘134 gg)pants shoul d have an adequate
stability, should have a good conpat bt | 9/

with the nd8pphase type of the

or - where R1 is bonded to an aromatic ring -
5 also fluorine, chiorine, cyano, CF3, OCHF2 or
-OCFj3; _
R2,R3,R4,R5 signify alkyl or alkenyl with 1 or, respectively,
| 2 to 8 carbon atoms; |
n signifies 0 or 1; and
10 . marks a centre of chirality.

The compounds of formula | accordingly have at least one
optically active dioxolane ring. The dioxolane set forth in
formula | has a chiral carbon atom in positions 4 and 5 (i.e.

15 adjacent to the residues -COOR2 and -COORS3). It will be evident
to a person skilled in the art that in order to achieve optical

- activity the carbon atom in position 4 of the dioxolane ring must

be present wholly or predominantly in the R or S form and, where
R2 and R3 are identical, the carbon atom in position 5 of the

20 dioxolane ring should have wholly or predominantly the same
configuration as the carbon atom in position 4 or basically can
also have a R/S ratio of 50:50. In order to achieve a twisting
capacity which is as high as possible, the carbon atom in position
4 of the dioxolane ring should preferably be present in the optic-

25 ally most possible pure form in the R or S configuration and the
carbon atom in position” 5. of the dioxolane ring should be present
in the optically most possible pure form in either configuration,
which intensifies the twisting capacity. The (4R,5R) isomers and
the (4S,5S) isomers of the compounds of formula | are preferred

30 optical isomers having a high twisting capacity.

The compounds of formula | have a very good solubility in
usual liquid crystal materials and permit a Very high twisting of
the liquid crystal structure. In contrast to known materials

35 having a high twisting capacity, the clearing points of liquid
crystals are, moreover, as a rule not lowered or lowered only



liquid crystal material and should not restrict the nesophase range too
severely. Such properties would. also be desirable for chiral dopants in
order to produce the highly tw sted nefratic structures referred to earlier,
as their amount can be kept low in order that the properties of the liquid
crystal mat einsignidicantlyr upencthe @dditiormat @ompoyndshef fformutd dn iMany

concer ned Wi b tAB! E6APOUrRE iil CadcraRnREs with tHE BGBAtRh BYBAUtHember ein

ring A signjfies 1, 4-phenyleng,.which is _.unsulstituted or nonp- or

mul tiply- subg?|vtq.ﬁ i@"&&avﬁmvwﬂef&immfyeéneb@!e t%“@ﬂ%%uﬁg can be
repl aced by fovimulagé¢ncamrbé rmanulactuced! ewrdily, ehaveZa relativelysigwi fies a
single cqyal sgco%ﬂ?d’ar{oeqr] ddddla’ skSbiily towards electric and magnetic

fields. They therefore fulfil the requirements referred to above
in an optimal manner. '

The properties of the compounds of formula | can be varied |
10 depending on the choice and the significance of ring A and the
substituents R1, R2, R3, X1, X2, X3 and X4. For example, an add-
itional aromatic ring leads to higher values of the optical
anisotropy. Polar end groups R, such as cyano, halogen, tri-
fluoromethy! or trifluoromethoxy, or a ring, such as pyrimidine-
15 2,5-diyl, increase e.g. the dielectric anisotropy. Lateral halogen
substituents contribute to the dielectric constant not only
parallel to, but also perpendicular to the longitudinal axis of the
molecule, which can be used, depending on the substitution
~ pattern, to increase or reduce the dielectric anisotropy or to
20 produce a negative dielectric anisotropy. Further, a possible
tendency to form highly ordered smectic phases can be largely
suppressed for the most part and often the solubility can also be
improved by lateral substituents on one or more rings. Further-
- more, the elastic properties, the thr_eshold potentials, the
25 response times, the mesophases etc. can be modified by a C=C
double bond in the side-chain.

The present invention therefore permits, in addition to the
induction of a high twisting, additionally the optimization of
30 liquid crystalline, optical and electro-optical properties in a
wide range according to application and desired properties.

The term "1,4-phenylene, which is unsubstituted or mono-

_ or multiply-substituted and in which optionally 1 or 2 CH groups
35 is/are replaced by nitrogen," embraces groups such as 1,4-

phenylene, 2-fluoro-1,4-phenylene, 2,3-difluoro-1,4-phenylene,

- 2-chloro-1,4-phenylene, 2-bromo-1,4-phenylene, 2-cyanoc-1,4-

phenylene, 2,3-dicyano-1,4-phenylene, 2-methyl-1,4-phenylene;
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[err] each independently represent hydrogen or fluorine; [err]
signifi-es hydrogen, alkyl or alkenyl wth 1 or, respectively, 2 to 12
]E:iar hon at ons, hYVhI ch is unsubstituted nono- or nultiply-substituted with
uorine or chlorine and in which one or two non-adjacent CH2 groups can be
repl aced by pydiding-2:b-ghiyup Pyrazing-2d-¢iyla RYAMIGIMENE, Steivy and etll?‘ﬂ (a)
or - where [|pd.] | % 4LPHANIEACAN2QFRI1G4pEnylene, 2,3-difluoro-1,4-
) phenylene, pyridine-2,5-diyl, pyrimidine-2,5-diyl and the like are

preferred groups.

The term "alkyl or alkeny! with 1 or, respectively, 2 to 12
carbon atoms, which is unsubstituted or mono- or multiply-
substituted by fluorine or chlorine and in which one or two non-
_ adjacent CH2 groups can be replaced by -O-," embraces in the

10 scope of the present invention straight-chain and branched
(optionally chiral) residues such as alkyl, 1E-alkenyl, 3E-alkenyl,
4-alkenyl, alkenyl having a terminal double bond, alkoxy, 2E-
alkenyloxy, 3-alkenyloxy, alkenyloxy having a terminal double
bond, alkoxyalkyl, alkenyloxyalkyl, 1-fluoroalkyl, 2-fluoroalkyl,

15 2-fluoroalkoxy, 1-chloroalkyl, 2-chioroalkyl, 2-chloroalkoxy, 1-
methylalkyl, 2-methylalkyl, 1-methylalkoxy, 2-methylalkoxy and
the like. Exampl'es of preferred residues are methyl, ethyl,
propyl, butyl, pentyl, hexyl, heptyl, 'octyl, nonyl, decyl, undecyl,
dodecyl, 1-methylpropyl, 1-methylheptyl, 2-methyibutyl, 3-

20 methylpentyl, vinyl, 1E-propenyl, 1E-buteny|; 1E-pentenyl, 1E-
hexanyl, 1E-heptenyl, 3-butenyl, 3E-pentenyl, 3E-hexenyl, 3E-
heptenyl, 4-pentenyl, 4Z-hexenyl, 4Z-heptenyl, 5-hexenyl, 6-
heptenyl, 7-octenyl, 8-nonenyl, S-decenyl, 10-undecenyl, 11-
dodecenyl, methoxy, -ethoxy, propyloxy, butyloxy, pentyloxy,

25 hexyloxy, heptyloxy, octyloxy, nonyloxy, decyloxy, undecyloxy,
dodecyloxy, 1-methylpropyloxy, 1-methylheptyloxy, 2-
methylbutyloxy, 3-methylpentyloxy, allyloxy, 2E-butenyloxy, 2E-
pentenyloxy, 2E-h—exen§|oxy, 2E-heptenyloxy, 3-butenyloxy, 3Z-
pentenyloxy, 3Z-hexenyloxy, | 3Z-heptenyloxy, 4-pentenyloxy, 5-

30 hexenyloxy, 6-heptenyloxy, 7-octenyloXy, 8-nonenyloxy, 9-
decenyloxy, 10-undecenyloxy, 11-dodecenyloxy, methoxymethyl,
ethoxymethyl, propyloxymethyl, allyloxymethyl, 1-fluoropropyl,
1-fluoropentyl, 1-chloropropyl, 2-fluoropropyl, 2-fluoropentyl,
2-chloropropy!, 2-fluoropropyloxy, 2-fluorobutyloxy, 2-

35 fluoropentyloxy, 2-fluorohexyloxy, 2-chloropropyloxy,
chlorobutyloxy and the like. '
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al so fluorine, chlorine, cyano, [err] or -OCF3; [err] signify alkyl or

al kenyl. with 1 or, respectively, 2 to 8 carbon atons; n signifies O
or 1; and * marks a centre of &hi rality. The conpounds of fornula I
accordingly have at |east one opticallg active dioxolane ring. The

di oxol ane set for'tAlkyl #othel tesidues B2, aR4 cand dA° asignifies pskraighins 4

and 5 (1. e SKaipcand bPaﬁéHfbd,eés) YRally CHFR gRlipE W) 1 td 19 lclrbgnevi dent

to.a person ski n the ar at rder~to achieve qgptical,_agctiyity

the carbon a2EMEn SHEE @Somet mldi%"ﬂﬂﬂhés?‘?‘?ﬁj’yﬁu:h”tgt XL olly

or Bredogn' napgtyy (2 theethyprépyiys R-methyibety, Iﬁemy?i,d%wlﬁ I'nd||atytlj cal, the

carbon atom | 0%y Lion oxohane [i Sk or

or edoni néntl?/&ty e%'s-éﬁﬁl F= -rﬁ&%yﬂ%eﬁ({yll), and' tife fes!! A BrRE e AIN?(I
residues in R2, R3, R4 and RS are C1-Cs-alky! residues, especially
methyl, ethyl, n-propyl, n-butyl and n-pentyl.

_ Preferred compounds of formula | are those in which n = 1.
10 Further, those compounds of formula | in-which X1 and X2 or X3
and X4 signify fluorine are preferred. In the case of particularly
preferred compounds of formula | R1 signifies alkyl, alkenyl,

alkoxy, alkenyloxy, alkoxyalkyl or alkoxyalkenyl with 1 or,
respectively, 2 to 6 carbon atoms. '

15
In particular, those compounds of formula | in which R?
signifies a group of the formula
., COOR*
e
"o . COORS T (a)
20
and n = 0 or 1 are preferred.
Especially preferred compoundé of formula | are therefore
optically active compounds of the following formulae
25

- . O
- o-R3
(@ 2™ .
. . ®)
F F | _ 9 |
A OLy=C e
_ 0
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configuration as the carbon atomin position 4 or basically can also have a
R'S ratio of 50:50. In order to achie a twisting capacity which is as

hi gh as possible, the carbon atomin ;ﬁsition 4 of the dioxolane ring

shoul d preferably be present in the optic-nally nost possible pure formin

the Ror S configd:ati pn and the carbon atgmin position 5 of the di oxol ane
ring should be presem\ in the gpEncal |@ oRgesi ble pure formin either

configuration, RV (W gting cgpacity. The (4R 5B isoners
and the (4S,5S) coApourplsT sftul a | are preferred opti cal
i soners having a high twi sting capacity. The conpounds of fornmula | have a
very good solubility in usual liquid crystQ materials and pernit a very

high twisting of the liquid crystal structure. In contrast to known
materials having a high tw sting capacity, the clearing points of liquid
crystals are, noreover, as a rule not Iowebed or- lowered only
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15
wherein R' signifies hydrogen, alkyl or alkenyl with 1 or,
respectively, 2 to 12 carbon atoms, which is unsubstituted
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4 insignificantly upon the addition of conpounds of fornmula 1. Many of the
conpounds in accordance with the invention even them selves have liquid
crystalline properties. The conpounds &% formula | can be manufact ured
readily, have a relatively | ow viscosity and an adequate stabjljty towards
“electric and magn@f i @ONoe| 8. MuHiglytsulstituted by riluotine peqehlatifshtand

referred to abovejq WfﬂBhO@r‘ié “@,Hﬂ%\@é-caﬁ‘be@?@ﬁﬁ"cbhebyo-fol,f'_@r PQﬁher@dS of

formula | can be E@rl.e de(gee 3| ng on the.choice gj%d tEJe méqmé‘ c&{lce of

e A and e suba S hrtded 3 rah amais g > 2o, liore o RhIHIE vt ¢

ring | eads to hi gbpanoa+CEs, «@CHFe opOCREY; and R2, R3, R4 and RS have the '
5 significances given above.

Of the compounds of formulae If to li there are preferred
those in which R2 is the same as R4 and R3 is the same as RS.
Those compounds of formulae If to li in which R2 and R3 are the

10 same as R4 and RS are particularly preferred.

The compounds in accordance with the invention can be
manufactured readily in a manner known per se. Acetylene
couplings, as generally used for the manufacture of tolanes, are

15 especially suitable. Thus, for example, a phenylacetylene deriv-
ative 3 can be coupled with an optically active phenyldioxolane 2,
which carries in the para-position a suitable substituent such as,
for example, iodine, bromine or trifluoromethylsulphonate (OTf)
as the leaving group, with the aid of a suitable palladium catalyst

20 (Scheme 1). '

Scheme 1

xt
CHO

1 X=1,Br, OTi

RZ00C_osiMe;
. BF30(El)2
r300c” OSiMe3 | TtOH

X COOR?2
X I
COOR3
2
oo x* " cooR?
O' .
- COOR
n .
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ani sotropy. Polar end groups [err], such as cyano, hal ogen, tri-
fluoronethyl or trifluoronethoxy, or ring, such as pyrimdine- 2,5-diyl,
increase e.g. the dielectric anisotropy. Lateral hal ogen substituents
contribute to the H'Lel ectric constant not inY parallel to, but also

per pendi cul ar to TAE BRI dSnasPagciallyosuitabledoscthe mapuiactuse ot used,

depen?i ng oncbitifpcmm of libi'mulaéti_tléetbg_le.lt OC'tbPr_i-‘pfdiﬂ%ﬁ @{f fbﬁ?ﬁmf% ft {rewhiehect ric
ani.sotropy Op4t Q. pr.oduce negative dielectric otr urt her

poss1 bl ot endenSITEH of aREHRS BRgenly it i AMEHS, At dfdiadt,
suppressed ffrom HR2 angt Rgacan aaigo die ananbiaciutadbin ithis ormnerso e i npr oved
by later S huent o] g €.L4.ng r- nore, the elastic
properti g‘sls, hﬁghpﬁr Esgtﬁ@f%%%tag”?lrgﬁgé q%@“r fehspgﬁiéeﬁgi %’35, t he nesophases

etc. can be nodified by a C=C double bond in the side-chain. The present
i nvention ther Scheme@rnits, in addition to the

R*00C_osiMe; | | .
, BF3O(Et)2
RS0OC” ~OSiMes * TIOH .
n400j:o
rRSooc” © [:
@ x 5 .
COOR?
ZI Pd(PhaP)q4, EtsN
COOR? _ -

6 X=1,BrOT .
1 2
RY00C_ o X X o- fOORZ
P
R%OZIO: |© n 0~ ~COOR?
Compounds of general formulae la to le, or compounds of
10 formulae If to li in which _R2 is the same as R4 and R3 is the same
as RS, can conveniently be manufactured as shown in Scheme 3.
In this, the dioxolane ring or both dioxolane rings are formed at
the end of the synthesis by acetalization of a mono- or dialdehyde

with the desired tartaric acid diester.
15 °
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I nduction of a high twsting, additionally the optim zation of liquid
crystaliine, optical and el ectro-optical properties in a w de range
according to application and desired operties. The term "1, 4-phenyl ene,
which is unsggﬁgi%y ed or nono- or nultiply-substituted and in which
optionally 1 va groups is/are replacegd by nitrogen," enbraces groups
such as 1, 4- phenyl ene, 2-flupro-1, 4;pe ene, 2,3-difluoro-1,4-phenyl ene.
2-chl oro- 1, 4- phenyl ene, 2-bro ene, 2-cyano-1, 4- phenyl ene,
2, 3-di cyano-1 , 4- phenyl ene, p enylenex='- | OT
pyridine-2,5-diyl, pyrazine-2t5-diyl#npyrimdine 2,5-diyl and the Iike.
1, 4- Phenyl ene, 2-fluoro-1, 4-phenyl €ne, 2,3-difluoro-1, 4-

- =—SiMe3 BuLli, ZnCl,

Pd(PhaP)4

l KoCOs

RZ00C, OSiMes |
OSiMes

r300C

The acetylene derivatives set forth as starting materials in
Schemes 1 and 2 are known or are analogues of known compounds.
5 Their preparation has been described repeatedly in the literature,
for example in EP-A 501268 or EP-A No. 0593997. Moreover, they
can be prepared in accordance with Scheme 3 in a manner known
per se by coupling with trimethylsilylacetylene and subsequent
hydrolysis.
10
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phenyl ene, pyridine-2,5-diyl, pyrimdine-2,5-diyl and the like are
preferred groups. The term "al kyl or alkenyl with 1 or, respectively, 2 to
12 carbon atons, which is unsubstitut®el or nono- or mul ti ply- substituted
by fluorine or chlorlne and in which one or two non- adjacent [err] groups
can behrepl aced bYheOforiatidn aafethé rdiokelarmpingftakbs placeeciy iacetalti on
straight-ch r I r res |,

E- al keny! %E'ihaqa”fh& a?IB%HgFiE( geefhmga r’n&t%l %}h & %911!86!&“:%'&&%& %égéﬁ

al koxy, 2E- Qiesterl gk@fereblm It@n?' I¥aied aﬁ/ox%w Aqalmws\greaaqtmﬁ e doubl e

bond, al koxy@égdﬂ,bedtl I@né&gmﬁbkyh TﬂLfZF_ck)rf@gyyw giyf I uoroal kyl,

2- quoroaIkoxy 1-chl or oal kyl', 2-chl oroa . 2-chl of oal koxy, 1--
nethylalﬁyl, 2-met hyl al kyl, 1- nethylalkoxy, 2-net hyl al koxy and the |ike.
Exanpl es of prefehr ¢Her easduot aldehydésywhictt hyave psuffigientbstabilitygethey| |,

hexyl, heptyl.offib%tion " @ the do%bland &5 Ydlso be carried out using boron

trifluoride etherate.

10 The invention is also concerned with liquid crystalline
mixtures containing a liquid crystalline carrier material and one
or more optically active compounds of formula |. Suitable carrier
materials are basically all liquid crystal materials which have a
twistable liquid crystal phase with an adequate mesophase range.

15 The compounds of formula | are especially suitable as chiral
dopants for nematic or cholesteric carrier materials. The -liquid
crystalline carrier material can be a single compound or a mix-
ture and preferably has a clearing point of at least about 60°C.

20 The content of chiral"dopant of formula | is determined
essentially by its twisting capacity and the desired pitch. The
content of chiral dopant can therefore vary in a wide range
depending on the application and can be, for example, about 0.1-
30 wt. %. For indicating devices based .on liquid crystals having a

25 twisted nematic structure a pitch of about 3-40 pm is mainly
required depending on the type of cell and thickness of cell and
therefore a correspohdipgly smaller amount 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

30 example about 0.4-0.6 um, are necessary, which requires a corr-
espondingly higher content of chiral dopant.

Suitable liquid crystalline carrier materials are known in
large numbers and are commercially available. As a rule, liquid
35 crystalline mixtures containing 2 or more components as carrier
materials are preferred. Basiéally, however, one liquid crystal-
line COmpound can also be used as the carrier material when it
has a sufficiently broad mesophase. '




dodecyl, t-nmethyl propyl, 1-nmethyl heptyl, 2-nethylbutyl, 3- nethyl pentyl,
vinyl, 1 E-propenyl, 1 E-butenyl, 1 E-pentenyl, 1 E- hexanyl, 1 E-heptenyl,
3-butenyl, 3E-pentenyl, 3E-hexenyl, 3E2 heptenyl, 4-pentenyl, 4Z-hexenyl,
4Z- heptenyl, 5-hexenyl, 6- heptenyl, 7-octenyl, 8-nonenyl, 9-decenyl,
10-undecenyl, 11- dodecenyl, nethoxy, ethoxy, propyloxy, butyl oxy,

pent yl oxy, hexyl oXthe NepitkesYIn BELYIdaNee WIHK! B/ indBRIDA prefétdey! oxy.
dodecyl oxy, 1bgﬁt¢yLRroaéJpx 1- net hyl he tg oXYy, é— thyl Ptéioxy,

3- ot hy! pent ORI, 41| SHILON to-QNR @fyMers . CoPPOHBRBLAY et UleE: RBELAYI oxy.
2E- hept eny| oxpiores compoyhas frord Zthep ghd @p Yo fosy mpdiniasx ofithexgeneral '
3Z-hepten%I04x rrﬂggfgntenyloxy, 5- hexenyl oxy, 6-heptenyl oxy, 7-octenyloxy,
8- nonenyl Oxy, §n enyl oxy, 10-undecenyl oxy, 11 -dodecenyl oxy,

met hoxynet hyl , ethoxynet hyl, propyl oxynethyl, allyl oxynethyl,

1-fl uoropropyl, 1-fl I h , 2-fluoropropyl,
2-fluoropentyl, I

10
OO w
OO s
F
i5 S .
- R12
OO
: 0O
DT
0
20
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2-chl oropropyl, 2-fluoropropyl oxy, 2-fluorobutyloxy, 2- fluoropentyl oxy,
2-fl uorohexyl oxy, 2-chl oropropyl oxy, | or obutyl oxy and the |ike. 6
"Alkyl in the residues [err] and [errf signifies straight- chain and
branched, optionally chiral groups with 1 to 12 carbon atons, such as
met hyl , ethyl, propyl, isopropyl, butyl, isobutyl, 2- butyl (=

1- et hyl propyl ), 2-nethyl butyl, penBW¥ , hexyl, heptyl, octyl, 2-octyl (=

1-met hyl heptyl), and jhe\like. erred al kyl residues in R2, R3, R4 and
R5 are [err] resipgéres pe il kyl, ethyl, n-propyl, n-kghyl and
n-pentyl. Preferred canpdunds o rmula | are those in which n = 1.
' F
O o
5
_ F |
o _
RG_C >_Z1 F . XV
o)

' ' R14 '
OO o
10 - _

wherein _
R6,R® signify alkyl, alkoxyalkyl, 3E-alkeny!, 4-alkeny!
or on saturated rings also 1E-alkenyl;
15 m signifies 0 or 1;

ring B signifies 1,4-phenylene, pyridine-2,5-diyl,
pyrimi_dine-2,5-diy|, trans-1,4-cyclohexylene or
trans-1,3-dioxane-2,5-diyl;
R7 represents cyano, isothiocyanato, fluorine,
20 alkyl, 3E-akenyl, 4-alkenyl, alkoxy, 2E-
alkenyloxy, 3-alkenyloxy or 1-alkynyi;
ring C signifies 1,4-phenylene or trans-1,4-cyclo-
hexylene;
Rs - represents alkyl, 3E-alkenyl, 4-alkenyl or on
25 _ trans-1,4-cyclohexylene also 1E-alkenyl or on
1,4-phenylene also cyano, isothiocyanato,
alkoxy, -2E-alkenyloxy or 3-alkenyloxy;
R10 signifies alkyl, 1E-alkenyl, 3E-alkenyl or 4-
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Further, those conpounds of fornula I in which [err] and [err] or [err] and
[err] signify. fluorine are preferred, In the case of particularly
preferred conpounds of formula | [err145| gnifies alkyl, alkenyl, alkoxy,

al kenyl oxy, al koxyal kyl or al.koxyal kenyl with 1 or, respectively, 2 to 6
carbon atons. In particul ar alkegyk conpounds of formula | in which [err]

1 f
signifies a groupRIfl the Oli'éyirﬁdrﬂérb éﬁb %mgﬂ 1ere%erriyl :?I caF%ﬁpdctlve

Especial ly preferred conmpound for
conpounds of the follow ng $ %rﬂip y[eéé]-altkenyloxy, 3- alkeny oxy,

_ alkoxymethyl or (2E-alkenyl)oxymethyl;
5 z1,22 each independently signify a single covalent
bond or -CH2CHp2-, with two aromatic rings
always being linked by a single covalent bond:

R12 signifies hydrogen, fluorine or chlorine:
R13 = represents cyano, fluorine or chlorine;

10 R14 ‘represents hydrogen or fluorine; and
R1% represents fluorine or chlorine.

The above term "saturated ring" embraces trans-1,4-
cyclohexylene and trans-1,3-dioxane-2,5-diyl. Each of the
15 residues RS to R11 preferably has 1 or, respectively, 2 to 12
carbon atoms, especially 1 or, respectively, 2 to 7 carbon atoms.
Straight-chain residues are generally preferred.

The term "alkyl" preferably signifies in this connection

20 straight-chain residues with'1 to 12 carbon atoms, preferably

with 1 to 7 carbon atoms, such as, for example, methyl ethyl,
propyl butyl pentyl, hexyl or heptyl.

The term "alkoxyalkyl" preferably signifies in this
25 connection straight-chain residues with 1 to 12 carbon atoms,
especially with 1 to 7 carbon atoms, such as, for example,
'methoxymethyl, ethoxymethyl, propyloxymethyl, butyloxymethyl,
methoxypropyl and the like.

30 The term "alkoxy" preferably signifies in this connection
straight-chain residues with 1 to 12 carbon atoms, especially
with 1 to 7 carbon atoms, such as, for example, methoxy, ethoxy,
propyloxy, butyloxy, pentyloxy, hexyloxy, heptyloxy and the like.

35 The term "1E-alkenyl" preferably signifies in this connec-
tion straight-chain alkenyl residues with 2 to 12, especially with
2 to 7, carbon atoms in which the double bond is situated in the
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7 [err] [err] [err] [err] O [err] [err] and R4-0 [err] wherein Rl signifies

hydr ogen,

al kyl or alkenyl with 1 or,1éespectively, 2 to 12 carbon atons,

whi ch i s unsubstituted

10
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1-position, such as, for example, vinyl, 1E-propenyl, 1E-butenyl, -
1E-pentyl, 1E-hexenyl, 1E-heptenyl and the like.

The term "3E-alkenyl" preferably signifies in this connect-
ion straight-chain alkenyl residues with 4 to 12, especially with
4 to 7, carbon atoms in which the double bond is situated in the
3-position, such as, for example, 3-butenyl, 3E-pentenyl, 3E-
hexenyl, 3E-heptenyl and the like.

The term "4-alkenyl" preferably signifies in this connection
straight-chain alkenyl residues with 5 to 12 carbon atoms in
which the double bond is situated in the 4-position, such as, for
example, 4-pentenyl, 4-hexenyl, 4-heptenyl and the like.

The term "2E- or 3Z-alkenyloxy" preferably signifies in this

~ connection straight-chain alkenyloxy residues with. 3 or 4 to 12

carbon atoms, especially with 3 or 4 to 7 carbon atoms, in which
the double bond is situated in the 2- or 3-position and E or R indi-
cates the preferred configuration, such as, for example, allyloxy,
2E-butenyloxy, 2E-pentenyloxy, 2E-hexenyloxy, 2E-heptenyloxy,
3-butenyloxy, 3Z-pentenyloxy, 3Z-hexenyloxy, 3Z-heptenyloxy, 4-
pentenyloxy, 5-hexenyloxy, 6-heptenyloxy and the like.

The term "1-alkynyl" preferably signifies in this connection
straight-chain alkynyl residues with 2 to 12, especially with 2 to
7, carbon atoms in which the triple pond is situated in the 1-
position, such as, for example, ethynyl, 1-propynyl, 1-butynyl, 1-
pentynyl and the like. '

The manufacture of the liquid crystalline mixtures and of
the electrp-optical devices can be effected in a manner known per
se.

The .invention is illustrated in more detail by the following
Examples. In connection with liquid crystal phases and phase
transitions - C signifies a crystalline phase, Sg signifies a smectic
B phase, N signifies a nematic phase, N* signifies a cholesteric
phase and | signifies the isotropic phase. The helical pitch is
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8. or nmono- or nultiply-substituted by fluorine or chlorine and in which
one [err] can be replaced by -0-, or - where [err] is bonded to an aronmatic
ring - also fluorine, chlorine, cyanEB,6 [err] or [err] and [err] and [err]
have the significances given above. O the conpounds of formulae If to Ii
there are pasnateddbynpsandnthghiwavetength tofetheirselestivalyanefledteds t he sane

as R5. Thoseiuimo pulsrizéd flightulsidenbtéd Hﬁ] Aaphi Optikalagdtifédase the same
as R4 and RS are.particul arly preferred. e conpounds in accordance with
the inventi V@ahﬁb%a%rﬁﬁs?ctﬁﬁ'gﬂr AEa08 Propediomndd- thgamer malting

Acetyl ene points etc., but lead to opposite helical direction of rotation and
5 opposite circular. polarization of the reflected light.

Example 1

_ a) 18.8 ml of butyllithium in hexane were added

10 dropwise under nitrogen at -50°C to 4 ml of ethynyltrimethyl-
silane in 50 mi of anhydrous tetrahydrofuran and after 30 min.
57 ml of 1M ethereal zinc chloride solution were added dropwise.
Thereupon, the cooling was removed and the mixture was left o
react for 1 hr. Then, the reaction solution was cooled to 0°C and

15 5g of 4-(trans-4-propylcyclohexyl)phenyl triflucromethyl-
sulphonate in 50 ml of dimethylformamide, 0.824 g of tetrakis-
(triphenylphosphine) palladium(0) and 1.2 g of lithium chloride
were added in succession. The reaction mixture was heated to
859C and left to react at this temperature overnight. In order to

20 complete the reaction an equal amount of the zinc ethynyltri-
methylsilane solution, prepared as above, was thereupon added
and the mixture was left to react at 85°C. After one hour it was
cooled, treated with 20 ml of water, partitioned between 1N
sulphuric acid and pentane and the separated organic phase was

25 washed with water. The organic phase was dried over magnesium
sUIphate, filtered over Celite and evaporated completely. This
gave 3.82g of 1[-4-(trans-4-propylcyclohexyl)phenyl]-2-tri-
methylsilylacetylene as a -solid mass (GC purity 97%), which was
used directly in the next step. :

30 ' .

b) A mixture of 3.8g of 1[-4-(trans-4-propylcyclo-
hexyl)phenyl]-2-trimethylsilylacetylene, 0.4 g of potassium
carbonate an_d 50 ml of methanol/ether (2:1) was stirred at room
temperature for 1 hr. Then, the mixture was partitioned between

35 water and ether and the organic phase was washed in succession
~ with saturated sodium chloride solution and water, dried over

magnesium sulphate, filtered over Celite and evaporated. After
chromatography of the residue over 150 silica gel with cyclo-
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couplings, as generally used for the manufacture of tolanes, are especially
suitable. Thus, for exanple, a phenyl acetylene deriv- ative 3 can be
coupled with an optically active pheny¥di oxol ane 2, which carries in the
para-position a suitable substituent such as, for exanple i odi ne, brom ne

or trifl uor ohgxayesul Hfogatos (4G)¢ﬂf9lnas4-tmaplymalaQegyt)mhenmlabetyienel d of a
sui tabl e pal {,méugbgaﬂhgaygg 4 E6180Redl sgﬁ@eme 1 [err] [err] [err] [err]

REPLACENMENT SHEET [err]
c) 0.54 ml of boron trifluoride etherate was added

5 dropwise at 0°C to a solution of 5g of 4-bromobenzaldehyde and
13.2g of dibutyl (2R,3R)-2,3-bis-trimethylsilyloxy-glutarate
and then the mixture was left to react for 30 min. Thereafter,
0.24 m| of trifluoromethanesulphonic acid was added at 0°C and
the mixture was left to react for 30 min. Then, the cooling bath

10 was removed and the reaction mixture was stirred at room
temperature for 4 hrs. Subsequently, the reaction solution was
poured into a saturated aqueous sodium bicarbonate solution,
partitioned between water and methylene chloride and the organic
phase was separated, dried over magnesium sulphate, filtered

15 over Celite and evaporated. Chromatography of the residue on
250 g of silica gel with ethyl acetate/cyclohexane (1:9) gave
9.3 g of dibutyl (4R,5R)-2-(4- bromophenyl) -1,3-dioxolane-4,5-
dicarboxylate (GC purlty 98%)

20 d) 1.45ml of an about 1.6M butyllithium solution in
hexane were added dropwise at -50°C to a solution of 0.5 g of
4-(trans-4-propylcyclohexyl)phenylacetylene in 5 ml of dry
tetrahydrofuran and the mixture was left to react at this
temperature for 30 min. Then, 4.4 ml of a 1M zinc chloride

25 solution in ether were added dropwise, the cooling bath was
removed and the mixture was left to react for 30 min. There-
upon, the mixture was cooled to 0°C and at this temperature a
solution of 0.95g of dibutyl (4R,5R)-2-(4-bromophenyl)-1,3-
dioxolane-4,5-dicarboxylate in 5 ml of dry tetrahydrofuran was

30 added dropwise and thereafter 0.128 g of tetrakis(triphenyl-
phosphine) palladium(0) was added. The reaction mixture was
then heated to 60°C for 15 hrs., then cooled, partitioned between
water and ether and the organic phase was separated and dried
over magnesium sulphate. Thereupon, it was filtered over Celite,

35 the solvent was evaporated and the residue was chromatographed
on 100 g of silica gel with 5% ethyl acetate in cyclohexane.
Further purification with active charcoal in isopropanol and two-
fold crystallization from isopropanol gave 0.23 g of dibutyl




This method is especially suitable for the manufacture of conpounds of

formul ae 1la

to le. Conpounds of formula | in which [err] signifies a

di oxol ane ring and in which R4 and Ri&re different fromR2 and R3 can al so

be manuf act

ured in this manner. The nethod is illustrated in nore detail

Schene 2. SEHEWSR)-Ref{41[4-étrang-érpropyicyciohearyiphpoytdthynytener al

formul ae 1la
sane as R4
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The following compounds can be prepared in an analogous
manner:

Diethyl (4R,5R)-2-{4-[4-(trans-4-propylcyclohexyl)phenyl-
ethynyl]phenyl}-1,3-dioxolane-4,5-dicarboxylate;

dibutyl (4R,5R)-2-{4-[4-(trans-4-pentylcyclohexyl)phenyl-
ethynyl]phenyl}-1,3-dioxolane-4,5-dicarboxylate;

dibutyl (4R,5R)-2-{4-[2,3-difluoro-4-(trans-4-propyl-
cyclohexyl)phenylethynyllphenyl}-1,3-dioxolane-4,5-
dicarboxylate;

dibutyl (4R,5R)-2-{2,3-difluoro-4-[4-(trans-4-propyl-
cyclohexyl)phenylethynyl]phenyl}-1,3-dioxolane-4,5-
dicarboxylate; m.p. (K-1) 73.49C, cl.p. (N*-]) 68.2°C;

dibutyl (4R,5R)-2-{3-fluoro-4-[2-fluoro-4-(trans-4-
propylcyclohexyl)phenylethynyllphenyl}-1,3-dioxolane-4,5-
dicarboxylate; v _ |

~ dibutyl (4R,5R)-2-[4-(4-propyl-phenylethynyl)phenyi]-1,3-
dioxolane-4,5-dicarboxylate;

dibutyl (4R,5R)-2-{4-[4-(2,3-difluoro-4-propylphenyl)-
phenylethynyl]phenyl}-1,3-dioxolane-4,5-dicarboxylate;

dibutyl (4R,5R)-2-{4-[4-(2,3-difluoro-4-pentylphenyl)-
phenylethynyllphenyl}-1,3-dioxolane-4,5-dicarboxylate;

dibutyl (4R,5R)-2-{4-[2,3-difluoro-4-(4-propylphenyl)-
phenylethinyl]phenyli}-1,3-dioxolane-4,5-dicarboxylate;

dibutyl (4R,5R)-2-{4-[4-(2,3-difluoro-4-propyloxyphenyl)-
phenylethynyllphenyl}-1,3-dioxolane-4,5-dicarboxylate; '

dibutyl (4R,5R)-2-[4-(2,3-difluoro-4-propyl-phenyl!-
ethynyl)phenyl]-1,3-dioxolane-4,5-dicarboxylate m.p. (K-1) 35°C;

dibutyl (4R,5R)-2-[2,3-difluoro-4-(4-propyl-phenyl-
ethyny_l_)_phenyl]-i,3-dioxolane-4,5-dicarboxylate m.p. (K-1)
75.3°C; | .

dibutyl (4R,5R)-2-[3-fluoro-4-(2-fluoro-4-propyl-phenyl-
ethynyl)phenyl]-1,3-dioxolane-4,5-dicarboxylate;

in
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as [err], can conveniently be manufactured as shown in Schene 3. In this,
t he di oxol ane ring or both dioxol ane rings are forned at the end of the
synt hesis by acetalization of a mono $r di al dehyde with the desired

tartaric acid diester. 10 .Scheme 3 [err] [err] [err] [err] [err] [err]
dibutyl (4R,5R)-2-[4-(2,3-difluoro-4:pentyl-phenyl-

ethynyl)phenyl]-1,3-dioxolane-4,5-dicarboxylate;
diethyl (4R,5R)-2-[4-(2,3-difluoro-4-pentyl-phenyl-
ethynyl)phenyl]-1,3-dioxolane-4,5-dicarboxylate;
5 dibutyl (4R,5R)-2-{4-[4-(2-(trans-4-propylcyclohexyl)-
ethyl)phenylethynyllphenyl}-1,3-dioxolane-4,5-dicarboxylate;
dibutyl (4R,5R)-2-{4-[2,3-difluoro-4-(2-(trans-4-
propylcyclohexyl)ethyl)phenylethynyl]phenyl}-1,3-dioxolane-4,5-
_ dicarboxylate;
10
Example 2

a) A mixture of 1 g of 4-ethynyl-benzaldehyde, 1.56 g of

4-bromobenzaldehyde, 0.22 g of tetrakis(triphenylphosphine)-

15 palladium(0) and 10 ml of triethylamine was stirred at 80°C for
16 hrs. Then, the reaction mixture was part'itioned between
water and methylene chloride and the organic phase was
separated, dried over magnesium sulphate, filtered and
evaporated. This gave 1.54 g of tolane-4,4'-dicarboxaldehyde as

20 a solid brownish residue (GC purity 98.8%), which was used
without further purification for the following step.

b) A suspension of 0.5¢g of tolane-4,4'-dicarboxaldehyde
in 5 ml of methylene chloride was added to a mixture of 2.6 g of
25 dibutyl (2R,3R)-2,3-bis-trimethylsilyloxy-glutarate, 0.039 ml of
trimethylsilyl trifluoromethanesulphonate and 10 ml of _
methylene chloride and the reaction mixture was stirred at room
temperature for 4 hrs. ) Thereupon, a further 0.04 ml of
trimethylsilyl trifluoromethanesulphonate was added and the
30 mixture was stirred at room temperature for a further 64 hrs.
After adding 0.5 ml of pyridine the reaction mixture was
partitioned between sodium bicarbonate and methylene chioride
and the organic phase was separated, dried over magnesium
sulphate, filtered over a mixture of Celite/Alox (neutral, act. lll)
35 and evaporated. Chromatography of the residue on 100 g of silica
~ gel with 5% ethyl acetate in toluene and subsequent . :
crystallization from hexane and then from isopropanol gave
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[err] The acetylene derivatives set forth as starting materials in Schenes
1 and 2- are known or are anal ogues of known conpounds. Their preparati
has been described repeatedly in the 20terature, for exanple in EP-A 501268
or EP-A No. 0593997. Moreover, they can be prepared in accordance with '
Schenme 3 in 8.8&mnheofknbi-bisr[(48,6{R)eé fpidibgtyloxlycarboeyivl ,g-Hidasiany! ene

and subsequegréxmblfgzﬁé% ﬁ%hig? d%’.ﬂ;(tjéelgr rm'_té.og‘q_gb t he di oxol ane ring takes

pl ace by acet
tartaric acid diester,

Starfting material with a suitable

are described, foThexfivingi dompbuRds dei bd b?8Bared in an analogous
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manner:

4,4'-Bis-[(4R,5R)-4,5-diethoxycarbonyl-1,3-dioxolan-2-
ylJtolane; ' |
4,4'-bis-[(4R,5R)-4,5-dimethoxycarbonyl-1,3-dioxolan-2-
yl]tolane;
2,3-difluoro-4,4'-bis-[(4R,5R)-4,5-dibutyloxycarbonyl-1,3-
dioxolan-2-yljtolane;
2,2'-difluoro-4,4'-bis-[(4R,5R)-4,5-dibutyloxycarbonyl-
1,3-dioxolan-2-yijtolane, m.p. (K-l) 70°C, cl.p. monotropic (S*-I)
59.80C; | | |
4-{4-[(4R,5R)-4,5-diethoxycarbonyl-1,3-dioxolan-2-
yllphenyi}-4'-[(4R,5R)-4,5-dibutyloxycarbonyl-1,3-dioxolan-2-
ylJtolane; _ ' :
4-{2,3-difluoro-4-[(4R,5R)-4,5-diethoxycarbonyl-1,3-
dioxolan-2-yl]lphenyl}-4'-[(4R,5R)-4,5-dibutyloxycarbonyl-1,3-
dioxolan-2-ylJtolane; .
2,3-difluoro-4-{4-[(4R,5R)-4,5-dibutyloxycarbonyl-1,3-
dioxoIan-2-yl]phenyl}-4'-[(4R,5H)-4,5-dibutyloxycarbonyl-1 KE
dioxolan-2-yljtolane, m.p. (K-1) 73.1°C
4-{4-[(4R,5R)-4,5-diethoxycarbonyl-1,3-dioxolan-2-
yl]lphenyl}-2',3'-difluoro-4'-[(4R,5R)-4,5-dibutyloxycarbonyl-1,3-

 dioxolan-2-ylltolane; _

Example 3
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,

3.8 " 4'-propyl-4-cyanobiphenyl,
6.08 " 4'-butyl-4-cyanobiphenyl,
653 " 4-(trans-4-propylcycliohexyl)benzonitrile,

on

preferably in silylated form Anal ogous reactions

e
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In the case of al dehydes which have sufficient stability, the acetalization
to the di oxolane can also be carried out using boron trifluoride etherate.
The invention is al so concerned with 2ilquid crystalline mxtures containing.
a liquid crystalline carrier material and one or nore optically active
conpounds of 14dB4rul a "1. Sui #apiransad-pentyktyclodexd)bebzamittile, al | |iquid

crystal materi whinch havg _ (.St |l O} ' n
adequat e nesoéﬁg e range. T%égéﬁﬁ%iuﬂgéﬂgfhfét%%?g%ﬁﬂgbéﬂgﬁgggﬁgkﬁfe
suitabl e as dBi%4l ddpants Hoethexyti c[2(trans tropylexycioBexydlerial's.
The liquid crystalline carri ' can be a single conpound or a m x-
ture and ref?§§ ly ‘has a CF§g¥g§§ﬁ§gﬁhf of at_|legst apout 60[err]. The
cont ent chid@P dopant of 4 oP&ILY-#-C¥aRO-PrIRRNLRYSential [y by its
twisting capad@yy and the dési(teshgid4-geniifieyclutiexyl)od-cyanebipbeayt, can
therefore vang 4§ a W de raRges trans-4-butylcyclohexyl)ethyl]-4-(trans-

4-pentylcyclohexyl)benzene,

_ 474 " 1-[2-trans-4-butylcyclohexyl)ethyl]-4'-(trans-
10 . 4-pentylcyclohexyl)biphenyl, |
7.59 " 1-[2-trans-4-butyicyclohexyl)ethyl]-4'-(trans-
' 4-pentylcyciohexyl)-1,1'-ethylenedibenzene,
2.84 " 1-[2-trans-4-propylcyclohexyl)ethyl]-
cyclohexanecarboxylic acid 4-cyanopheny! ester.
15
Liquid crystal basic mixture BM-1 was treated with 1.0
wt.% of each of the following optically active dopants:

D-1 = dibutyl 4R,5R)-2-{4-[4-(trans-4-propylcyclohexyl)-

20 phenylethynyl]phenyl}-1,3-dioxolane-4,5-dicarbox-
ylate,

D-2 = dibutyl (4R,5R)-2-{2,3-difluoro-4-[4-(trans-4-
propylcyclohexyl)phenylethynyl]lphenyl}-1,3-
dioxolane-4,5-dicarboxylate,

25 D-3 = dibutyl (4R,5R)-2-[4-(2,3-difluoro-4-propylphenyl-
ethynyl)phenyl]-1,3-dioxolane-4,5-dicarboxylate,

D-4 = dibutyl (4_I_=l,5R)-2-[2,3-difluoro-4-(4-propy|phenyl-
ethynyl)phenyl]-1,3-dioxolane-4,5-dicarboxylate,

D-5 = 4,4'-bis-[(4R,5R)-4,5-dibutyloxycarbonyl-1,3-

30 dioxolan-2-ylJtolane, '
D-6 = 4,4'-bis-[(4S,5S)-4,5-dibutyloxycarbonyl-1,3-

dioxolan-2-yljtolane, _

2,2'-difluoro-4,4'-bis-[(4R,5R)-4,5-dibutyloxy-

carbonyl-1,3-dioxolan-2-yl]tolane,

35 D-8 = 2;3-difluoro-4-{4-[(4R,5R)-4,5-dibutyloxycarbonyl-
1,3-dioxolan-2-yl]-phenyl}-4'-[(4R,5R)-4,5-dibutyl-
oxycarbonyl-1,3-dioxolan-2-yljtolane.

- D-7
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depending on the application and can be,

for exanpl e,

about 0.1 30

Ww. %

For indicating devices based on liquid crystals having a tw sted nematic

structure a pitch of about 3-40 [err]22s mainly required depending on the
type of cell and thickness of cell and therefore a correspondingly smaller
amount is suffici he. résultshecompited Handabieor! apete cdtaved for dheacbirahsed

on the refl e&{,éga mixt\’l.réé,b

r exampl e a

than 2 [err]
a corr- espofauad

AL 8141 7 yéonig aneck

IO hi gher content of chiral

dopant .

SFamellsC \AEF%HB
essary, I C
Suitable |iqui

crystalline carrier materials are known in | arge nunbers and are

commercial ly avail abl e.
or nore gonponents as carrier natew&aks-BﬁE-p(Eﬁ%rred.

As a rule

Basical l y,

f |ess
requires
d

liquid crystalline mxtures containing 2

however,

one liquid crystal- line conpound®®an al so be used as the carrier materi al
when it has a sufficiently broad nesophase. '

and p, ¢ and T1 having the following significances:

T1q = T-220C
10 T temperature in °C
p = pitch in mm (a positive value signifies dextrorotating
helical structure and a negative value signifies
levorotating helical structure)
C = concentration of the optically active dopant in wt.%.
15 - .
Table 1:  Measured parameter of 1 wt.% of the respective
dopant in the basic mixture BM-1 at 220C
Dopant A B C p.C (22°C)
[.10'2-mm‘1-wt,%'1] [10%-mm-1-wt.%-1] [10-6-mm-1-wt.%"1] [mm-wt.%]
D-1 -16.9 4.99 -1.84 -5.90
D-2 -10.5 -0.77 -0.61 -9.50
D-3 -17.2 7.40 -3.30 -5.81
D-4 -11.9 -0.34 -1.51 -8.38
D-5 -26.1 8.39 -4.52 -3.83
D-6 25.7 -7.93 277 3.89
D-7 -18.0 2.0 -0.76 -5.57
D-8 -22.1 2.70 -0.70 -4.53

THIS SHEET HAS BEEN
REPLACED




12 The m xtures in accordance with the invention pmn
addition to one or nore conpounds of formula 1, one or m from
the group of conpounds of the general2f8ornulae [err] ‘“\m“\i“““mn I
[err] V[err] [err]

1.  Optically active compounds of the general formula:

5 I
wherein
ring A signifies 1,4-phenylene, which is unsubstituted
or mono- or multiply-substituted and in which
10 ' optionally one or two CH groups can be replaced
' by nitrogen, or trans-1,4-cyclohexylene;
Z signifies a single covalent bond, -CH2CH2-,
-CH20- or -OCHa2-;
X1,X2,X3,X4 each independently represent hydrogen or
15 fluorine;
' R1 signifies hydrogen, alkyl or alkenyl with 1 or,

repectively, 2 to 12_carbon atoms, which is
unsubstituted or mono- or multiply-substituted
with fluorine or chlorine and in which one or

20 two non-adjacent CHz groups can be replaced by
-O-, or a group of the formula

E{OOR“

0”,"COOR® . (a)
25 ~ or - where R! is bonded to an aromatic ring -
also fluorine, chlorine, cyano, CF3, OCHF2 or

-OCFj3;
R2,R3,R4,R5 signify alkyl or alkenyl with 1 or, respectively,
_ 2 to 8 carbon atoms;
30 n signifies 0 or 1; and
* marks a centre of chirality.

2. Optically active compounds according to claim 1,
wherein the centres of chirality in the 4-position and S5-position

THIS SHEET HA
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13 [err] wherein R6, R9 signify al kyl, al koxyal kyl, 3E—alkényl,

4-al kenyl or on saturated rings also 1 E-al kenyl; m 1Ol T 0
or 1; ring B signifies 1 ,4-pheB4ene, pyri di ne 2'“""”'""““'""“
pyrimdine-2,5-diyl, trans-1, 4. cycl ohexyl ene or tra

f|3 di oxane- 2051ﬁeyd|:lzuoxb¢arré ri E b|°|§“ ermi\ﬂ@etlhES[R]yaggfnguFe{:(ttdn ;myboﬂg Cha}vke |
uori ne, al keny al koxy, - al kenyl oxy, al kenyl oxy
o1 14 (5] "eBNfgtranay

or _1-al kynyl fies 1,4-phenylene or trans-1, 4-cycl o-
hexylene [err] represents al kyl, 3E-al kenyl, 4-al kenyl or on
3. Optically active compounds according to claim 1 or 2,

5 wherein n = 1.

4. Optically active compounds according to any one of
claims 1 to 3, wherein X1 and X2 or X3 and X4 signify fluorine.

10 5. Optically active compounds according to any one of
claims 1 to 4, wherein R! signifies alkyl, alkenyl, alkoxy,
alkenyloxy, alkoxyalkyl or alkoxyalkenyl with 1 or, respectively,
2 to 6 carbon atoms.

15 6. Optically active compounds of the formulae
0
O -R2
O-O—O e
. (0 2ag™ o-R?
' o
F.F o
o<1 °
R! - =
o— O -R®
o]
20 .
F F T o
O 2
O-R
L= .
O * O"R
o]
R F 0




trans-1, 4-cycl ohexyl ene al so 1 E-al kenyl or on 1, 4-phenyl ene al so cyano,

I sot hi ocyanat o, al koxy, 23-al kenyl oxy or 3-al kenyl oxy Jﬂ

signifies alkyl, 1 E-al kenyl, 3E-al ked§l or 4- mm”"m m””"I
represents cyano, alkyl, 1 E— al kenyl , 3E-al kenyl, 4 aI ken I°, &l kioxys

2E- al kenyl oxy, 3-al kenyl oxy, al koxyrret hyl (2E— al kenyl )oxyrret hyl ; [err]
each independently s=gnify a siaghe copal 'gg or -CH2CH2-, vm'th two
aromatic rings gl gl i | nglqe oval ent bond; Ie

7,

wherein R1 signifies hydrogen, alkyl or alkenyl with 1 or,
réspectively, 2 to 12 carbon atoms, which is unsubstituted
5 or mono- or multiply-substituted with fluorine or chlorine
and in which one -CH2- group can be replaced by -O-, or -
where R1 is bonded to an aromatic ring - also fluorine,
chlorine, cyano, CF3, -OCHF2 or -OCF3, and R2 and R3 have
the significances given in claim 1.
10
7. Optically active compounds according to claim 1,
wherein R1 signifies a group of the formula

OOR*
( « COORS (a)
15
andn=0or1.
8. A liquid crystalline mixture containing at least one
compound in accordance with any one of claims 1 to 7 as a chiral
20 dopant. -
9. The use of-optically active compounds of general
formula | defined in claim 1 for optical and electro-optical
devices. '
25

10. The use of liquid crystalline mixtures according to
claim 8 for optical and electro-optical devices.

11. A process for the manufacture of compounds of
30 formula | defined in claim 1, which process comprises coupling an
optically active dioxolane derivative 2 with an acetylene
derivative 3 (both from Scheme 1), with the aid of a palladium
catalyst.

REPLAZED
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R1 2 signifies hydrogen, fluorine or chlorine; R13 represents
cyano, fluorine or chlorine; Rl4 represents hydrogen or fluorine; and
R15 . represents fluorine or chl @ ne. The above term"saturated ring"
enbraces trans-1,4- cycl ohexylene and trans-1, 3-di oxane-2, 5-diyl. Each of
the residues [err] to [err] preferably has 1 or, respectiRAN/.62204 11
carbon atons, especially 1 or, respectively, 2 to 7 carbon atons.
Straight-chain residues are generally preferred. The term "al kyl"
preferably signifies in this connect iﬁgﬂh‘ﬁ.@i ght-chain residues with 1 to
12 carbon atons, preferably with 1 to 7 carbon atons, such as, for exanple,

el KoxyaPkyl * pr of BSclov@Ebgn i€ Babenes Witbonauel icbiral deparis. of the

resi dues wi tflormuta 12 carbon at ons,

10 wherein
ring A signifies 1,4-phenylene, which is unsubstituted
or mono- or multiply-substituted and in which
optionally one or two CH groups can be replaced
by nitrogen, or trans-1,4-cyclohexylene;
15 V4 signifies a single covalent bond, -CH2CH2-,
-CH20- or -OCHg2-; |
X1,X2,X3,X4 each independently represent hydrogen or

fluorine;
R1 signifies hydrogen, alkyl or alkenyl with 1 or,
20 respectively, 2 to 12 carbon atoms, which is

unsubstituted or mono- or multiply-substituted
with fluorine or chlorine and in which one or
two non-adjacent CH2 groups can be replaced by
-O-, or a group of the formula

25
. COOR*

L

5

or - where R! is bonded to an aromatic ring -
also fluorine, chlorine, cyano, CF3, OCHF3 or
30 -OCFj; :
R2,R3,R4,R5 signify alkyl or alkenyl with 1 or, respectively,
2 to 8 carbon atoms;
signifies 0 or 1; and
marks a centre of chirality,
t!HlS\SHEETHAS BEEN ﬂ
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especially with 1 to 7 carbon atons, such as, for-exanple, nethoxynethyl,

ethoxynethyl propyl oxynet hyl, butyl oxymethyl, methoxypropyl and the Iike.

The term™” alkoxy preferably S|gngﬁles in this connection stralght chai n

residues with 1 to 12 carbon atons, especially with 1 to 7 %g ? at ons,
yl

such as, for exanpl e, net H@éh‘ie ﬁ@fg,cd@nawlm}qh %’l‘@x oxy,

hexyloxytuhﬁdtpnﬁﬁﬁu e E-alkenyl preferably
SI gnl fies %él pQ@aMeandtelﬂﬁt@Q’Pﬂl '&ﬁ’i éé?éllcré] al kenyl residues with 2 to
espec? |y mn to 7, carbon atoms in which the double bond is

'S|tuated in the 1- position, such as, for exanple, vinyl, 1 E-propenyl, 1
E-butenyl, 1 E-pentyl, 1 E-hexenyl, 1 E-heptenyl and the |ike.
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“The termJ 3E-al kenyl" preferably signifies in this connect- ion
stralght-"chal n al kenyl residues with 4 to 12, especially with 4 to 7,
carbon atons in which the double bond is si t uat ed in the 3-position, -such
as, for exanple, 3-butenyl, 3E- pent enyl, 13E— hexenyl -3E-heptenyl and the
Iike The term "4-al kenxjf Nb vt & 1 5 necti on

strai ght-chai n al kenyl TESTOUES W tIT o tO T2 Cor ooty whi ch t he

doubl e bond f
oubl e bond is snmrféq:ﬁesani hﬁvénﬁgﬁldfs't %gncét\%uaﬁlth Hovef At

4- pentenyl, 4-hex e term”?2
37- al kenyl ox {0 $e bl?'ﬁ”ég tals as welt asnliged m§falﬁﬂghm'5ﬂﬂ'3$

al kenyl oxy remdueéomﬁrlﬂ Such dh;iahtéZaﬁéer qjgeHor eHpRsalaahd @lédir@ or 4
to 7 carbon at d& v(y_jrﬁ?ach t he double bond is situated in the 2- or

3-position af@ 'Eaz)r cates the preferred configuration, such as, for
exanpl e, allyloxy, 2E-butenyl oxy, 2E-pentenyloxy, 2E-hexenyl oxy,

2E-heptenyl oxy.  |iquid crystal materials for cholesteric filters frequently
| contain, in addition to nematic liquid crystals, one or more

optically active additives for the induction of a chiral structure.
For example, for the use of such liquid crystals in optical filters
a nematic liquid crystal is doped with optically active additives
such that on the one hand a fixed rotational direction of the helix
results and on the other hand the desired helical pitch is induced.
In addition to the chiral properties of dopants, certain dielectric
and optical properties are also desirable for optimal application
in cholesteric filters. - In order to achieve a bandwidth of the
selective filter reflection which is as great as possible, chiral
dopants having a large optical anisotropy are, for example,
required. ~ Further, cholesteric filters can be built with dopants of
negative dielectric anisotropy which give rise to a planar
orientation without disinclinations in electric fields. A high
optical quality of the filter can thus be realised [M. Schadt, Liquid
Crystals 14, 73 (1993)].

Cholesteric liquid crystals reflect selective light in a
wavelength range for which the wavelength is about the same as
the helical pitch. The spectral width of this reflection light can
be varied by suitable choice of the liquid crystal. The reflected
light is completely circularly polarized. The rotational direction
of the reflected light depends on the direction of rotation of the
cholesteric helical structure. The opposite circularly polarized
light is transmitted unimpaired. These properties can be used for
the production of optical filters, polarizers, analyzers etc.

- Cholesteric liquid crystals for the above applications can
preferably consist of a nematic or cholesteric basic material and

Ca .
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3- but enyl-oxy; 3Z-pentenyl oxy, 3Z-hexényl oxy, 3Z-heptenyl oxy, 4-
penteﬁyl&xy, 5- hexenyl oxy, 6-heptenyloxy and the like. The term
"1-al’kynyl " preferably signifies in this connection straight-chain al kynyl
residues with 2 to 12, especially with 2 to 7, carbon atonms in which the
triple pond is situated in the 1- posttion, such as, for exanple, ethynyl,

1 aui a0 o yode ot iRkt il SokAis. WnibHCpel i A SitBl tiustreat 4"
ef fect ed i nthe rdesiced knelicalp@itche. The invention is illustrated in nore

detail by the follow ng Exanples. In connection with Iiquid crystal phases

and phase transitions C signifies a crystalline phase, SB signifies a
smectic B phase, InNardghi to @shieve eholestaric enixtures havingsaapitabl dsteri c

phase and |ind ¢Bhgecdftihe wdidleRpth RiTaeRsibiegight! itha! cRirbF dants
should have a twisting capacity which is as high as possible and
should have a good solubility in usual liquid crystal materials.
Furthermore, the chiral dopants should have an adequate stability,
should have a good compatibility with the mesophase type of the
liquid crystal material and should not restrict the mesophase
range too severely. Such properties would also be desirable for
chiral dopants in order to produce the highly twisted nematic
structures referred to earlier, as their amount can be kept low in
order that the properties of the liquid crystal material-are
‘influenced only immaterially. . -

The invention is concerned with optically active compounds
of the general formula

wherein :

ring A signifies 1,4-phenylene, which is unsubstituted
or mono- or multiply-substituted and in which
optionally one or two CH groups can be replaced
by: nitrogen, or trans-1,4-cyclohexylene;

zZ signifies a single covalent bond, -CH2CH2-,

.~ -CH20- or -OCH2-;
X1,X2,X3,X4 each independently represent hydrogen or
- . fluorine;

R1 signifies hydrogen, alkyl or alkenyl with 1 or,
respectively, 2 to 12 carbon atoms, which is
unsubstituted or mono- or multiply-substituted
with fiuorine or chlorine and in which one or
two non-adjacent CH2 groups can be replaced by
-O-, or a group of the formula
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REPLACEMENT SHEET denoted by p and the wavel ength of the selectively
reflgct el, circular polarized light is denoted by Xmax. Optical antipodes
have'in each case "mrror inmage properties”, i.e. the sane nelting points
etc., but lead to opposite helical diBection of rotation and -opposite
circular polarization of the reflected light. Exanple a) 18.8 ml of
butyllithiumin hexane were added dropw se under nitrogen at -50[err] to 4
m of ethynyltrinmethyl- silane in 50 ogréanhydrous tetrahydrofuran and
after 30 min. 57 mM of 1 Methereal®z¥nc chloride solution were added

dropwi se. Thereupon, the cooling wé% @ and the mxture was left to

or - where R! is bonded to an aromatic ring -
also fluorine, chlorine, cyano, CF3, OCHF2 or
-OCFj3;

R2,R3,R4,R5 signify alkyl or alkenyl with 1 or, respectively,
2 to 8 carbon atoms;
signifies 0 or 1; and

* marks a centre of chirality.

The compounds of formula | accordingly have at least one
optically active dioxolane ring. The dioxolane set forth in
formula | has a chiral carbon atom in positions 4 and 5 (i.e.
adjacent to the residues -COOR2 and -COOR3). It will be evident
to a person skilled in the art that in order to achieve optical
activity the_carbon atom in position 4 of the dioxolane ring must
be present wholly or predominantly in the R or S form and, where
R2 and R3 are identical, the carbon atom in position 5 of the
dioxolane ring should have wholly or predominantly the same
configuration as the carbon atom in position 4 or basically can
also have a R/S ratio of 50:50. In order to achieve a twisting
capacity which is as high as possible, the carbon atom in position
4 of the dioxolane ring should preferably be present in the optic-
ally most possible pure form in the R or S configuration and the
carbon atom in position 5 of the dioxolane ring should be present
in the optically most possible pure form in either configuration,
which intensifies the twisting capacity. The (4R,5R) isomers and
the (4S,5S) isomers of the compounds of formula | are preferred
optical isomers having a high twisting'cap'acity.

The compounds of formula | have a very good. solubility in
usual liquid crystal materials and permit a very high twisting of
the liquid crystal structure. In contrast to known ‘materials
having a high twisting capacity, the clearing points of liquid
crystals are, moreover, as a rule not lowered or lowered only
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react for 21 hr. Then, the reaction solution was cooled to O[err] and 5 g of
4- (trans%4- propyl cycl ohexyl ) phenyl- trifluoronethyl- sul phonate in 50 m of
di maf‘hyl formam de, 0.824 g of tetrakis- (triphenyl phosphine) palladiun(0)
and 1.2 g of lithiumchloride were added in succession. The reaction

m xture was heated to 85[err] and left to react at this tenperature

over ni ght . limsignificaritty upqﬂ dhe additiomafi compowwislof aformulaof. t Mamy nc

and” the i xlr £4.eDmAgEndg i, aePord BAF Wit “thef PN Tatelt FOREC Cooren

treated w tisehesrhave viguid, cr;y;srtalimeopeepemeaeenma campaunds afi d and

pent ane and a edeORaHUf ﬂn@ae ﬁag;é %;eq‘, e organic
phase was drflé}gﬁu%graéh ﬁgm um sgf: ater&?alyvgr o\\;getrrg It ’OW
evapor at ed (y(lﬁﬁp%tye@pdmsaggqgagp @agllgy tfowards electric and magnetlc

[-4-(trans- ﬁmgpylw qhewfdréhmrmllth& Trét;uxr@ﬁﬁéwﬂs"rbtér@ééttd@é@o@é a

solid nmass g u&l)tl%a?m hng\/{_n ch was

The properties of the compounds of formula | can be varied
depending on the choice and the significance of ring A and the
substituents R1, R2, R3, X1, X2, X3 and X4. For example, an add-
itional aromatic ring leads to higher values of the optical
anisotropy. Polar end groups R1, such as cyano, halogen, tri- -
fluoromethyl or trifluoromethoxy, or a ring, such as pyrimidine-
2,5-diyl, increase e.g. the dielectric anisotropy. Lateral halogen
substituents contribute to the dielectric constant not only
parallel to, but also perpendicular to the longitudinal axis of the
molecule, which can be used, depending on the substitution
pattern, to-increase or reduce the dielectric anisotropy or to
produce a negative dielectric anisotropy. Further, a possible
tendency to form highly ordered smectic phases can be largely
suppressed for the most part and often the solubility can also be
improved by lateral substituents on one or more rings. Further-
more, the elastic properties, the threshold potentials, the
response times, the mesophases etc. can be modified by a C=C
double bond in the side-chain. :

The present invention therefore permits, in addition to the
induction of a high” twisting, additionally the optimization of
liquid crystalline, optical and electro-optical properties in a
wide range according to application and desired properties.

The term "1,4-phenylene, which is unsubstituted or mono-
or multiply-substituted and in which optionally 1 or 2 CH groups
is/are replaced by nitrogen," embraces groups such as 1,4-
phenylene, 2-fluoro-1,4-phenylene, 2,3-difluoro-1,4-phenylene,
2-chloro-1,4-phenylene, 2-bromo-1,4-phenylene, 2-cyano-1,4-
phenylene, ‘2,3-dicyano-1,4-phenylene, 2-methyl-1,4-phenylene,
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used dlreotly in the next step. b) A mxture of 3.8 g of

1[ - 4s(tréns-4-propyl cycl o- hexyl)phenyl]-2-trinethylsilylacetylene, 0.4 g
of pOtaSS|un1carbonate and 50 m of nethanol/ether (2:1) was stirred at
roomtenperature for 1 hr. Then, the 1§ xture was partitioned between water
and ether and the organic phase was washed in succession wth saturated

sodi Ugefhimpydaﬁnﬁ@zts @tnylgné ﬁimre-z%-lcﬁ l, O\Wnrﬁmpétslaislé ISW tHé '1%8“90'

over Ite 0) e e ro 0 r ue over

o T ca gel ikt oy LiGFHemIaeyeRrfidppiy 48R e, L. 3-g8luprar 1.4

4-(trans-4- mmwlenel, opymdlr}e}ﬂeﬁgdaycepyrmmdme25d|yl and the hke are
preferred groups.

The term "alkyl or alkenyl with 1 or, respectively, 2 to 12
carbon atoms, which'is unsubstituted or mono- or multiply-
substituted by fluorine or chlorine and in which one or two non-
adjacent CH2 groups can be replaced by -O-," embraces in the
scope of the present invention straight-chain and branched
(optionally chiral) residues such as alkyl, 1E-alkenyl, 3E- alkenyl
4-alkenyl, alkenyl having a terminal double bond, alkoxy, 2E-
alkenyloxy, 3-alkenyloxy, alkenyloxy having a terminal double
bond, alkoxyalkyl, alkenyloxyalkyl, 1-fluoroalkyl, 2-fluoroalkyl,
2-fluoroalkoxy, 1-chloroalkyi, 2-chloroalkyl, 2-chioroalkoxy, 1-
methylalkyl, 2-methylalkyl, 1-methylalkoxy, 2-methylalkoxy and
the like. Examples of preferred residues are methyl, ethyl,
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl,
dodecyl, t-methylpropyl, 1-methylheptyl, 2-methylbutyl, 3-
methylpentyl, vinyl, 1E-propenyl, 1E-butenyl, 1E-pentenyl, 1E-
hexanyl, 1E-heptenyl, 3-butenyl, 3E-pentenyl, 3E-hexenyl, 3E-
heptenyl, 4-pentenyl, 4Z-hexenyl, 4Z-heptenyl, 5-hexenyi, 6-
heptenyl, 7-octenyl, 8-nonenyl, 9-decenyl, 10-undecenyl, 11-
dodecenyl, methoxy, ethoxy, propyloxy, butyloxy, pentyloxy,
hexyloxy, heptyloxy, octyloxy, nonyloxy, decyloxy, undecyloxy,
dodecyloxy, 1-methylpropyloxy, 1-methylheptyloxy, 2-
methylbutyloxy, 3-methylpentyloxy, allyloxy, 2E-butenyloxy, 2E-
pentenyloxy, 2E-hexenyloxy, 2E-heptenyloxy, 3-butenyloxy, 3Z-
pentenyloxy, 3Z-hexenyloxy, 3Z-heptenyloxy, 4-pentenyloxy, 5-
hexenyloxy, 6-heptenyloxy, 7-octenyloxy, 8-nonenyloxy, 9-
decenyloxy, 10-undecenyloxy, 11-dodecenyloxy, methoxymethyl,
ethoxymethyl, propyloxymethyl, allyloxymethyl, 1-fluoropropyi,
1-fluoropentyl, 1-chloropropyl, 2-fluoropropyl, 2-fluoropentyi,
2-chloropropyl, 2-fluoropropyloxy, 2-fluorobutyloxy, 2-
fluoropentyloxy, 2-fluorohexyloxy, 2-chloropropyloxy,

- chlorobutyloxy and the like.
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were obtained as a colourless solid. c) 0.54 m of boron trifluoride

et her;at e 'was added dropwise at O[err] to a solution of 5 g of

4- br onobenzal dehyde and 13.2 g of di butyl

(2R, 3R)-2,3-bis-trinmethylsilyloxy-glut&ate and then the m xture was left

to react for 30 m ereafter fa t f thanesul phoni c acid
was added at O[errguﬁﬁb 10K %rﬁﬁlﬁ@%&g'l o FH) lnydﬂ%ﬁfamn t he
cool i ng bat h civasn rgme sranehed! hﬁpﬁcﬁ@t @mmlx?mmsfvwatﬁﬂ rtbedzabafmm

2 Shturat cd AMERCSdo: 8%, et st B5PaFTolsehsPy kil BeBlR, %ar or

and met hyl enbutyl s d!emmhyﬂpmpyrlbaﬂ-mqihyMMS pm'm(t atheky! driieptybver

the residue o8 t?g‘%g R meth md‘iﬁe% aceta L7 cPLPe. aiiPs)

gave 9.3 g ofeaﬂbeﬁyln Rf en bR 5 Cs-alky! dresiduesc-especially
methyl, ethyl, n-propyl, n-butyl and n-pentyl.

Preferred compounds of formula | are those in which n = 1.
Further, those compounds of formula | in which X1 and X2 or X3
and X4 signify. fluorine are preferred. In the case of particularly
preferred compounds of formula | R signifies alkyl, alkenyl,
alkoxy, alkenyloxy, alkoxyalkyl or alkoxyalkenyl with 1 or,
respectively, 2 to 6 carbon atoms.

In particular, those compounds of formula | in which R?
signifies a group of the formula

4
o fOOR
ol

s
0”."COOR | ()

and n = 0 or 1 are preferred.

Especially preferred compounds of formula | are therefore
optically active compounds of the following formulae

' - Q
O-O—O< L
' o (6 g™ o-R?
(o)
| £ F o
OO e
o * 0-R3
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di car boxyl-ate (GC purity 98% . d) 1.45 m of an about 1.6M butyllithium
sol ufiontin hexane were added dropwi se at -50[err] to a-solution of 0.5 ¢
of 4i(trans-4-propyl cycl ohexyl)phenyl acetylene in 5 m of dry
tetrahydrofuran and the mixture was left to react at this tenperature for
30 mn. Then, 4.4 M of a 1 Mzinc chloridg solution in ether were added
dropwi se, the coolffng Bath was renpved and he m xture was left to react

for 30 mi.n. There- w% ot0 Oferr] and at this
tenperature a o of O utfyl 5@ 2(4bmmmmigw 1, 3-
di oxol ane- 4, 5-di ca late in 1 o t@bﬁ&hydrofuran was ad '

dr opw se and thereafter 0.128 g of tef?aﬁl (triphenyl - phosphi ne)

pal | adi um(0) was added. The reaction m xtuoe was then heated to 60[err] for
15 hrs., then cooled, partitioned between water and ether and the organic
phase mas separ at ed and dried

_ 0]
O 2
O-R
0 - O'R
: _ o]

0 0 .
S I O—=—CO<C e
s_ =
RS-0 5 0—~_.0-R®
o . 0

Ig
Ih
o o
and
e FF Q -
s T O-O—=—CO~em
RS-0 A T o—_0-R®
o] | 0

wherein R! signifies hydrogen, alkyl or alkenyl with 1 or,
respectively, 2 to 12 carbon atoms, which is unsubstituted
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over magnesi um sul phate. Thereupon, it was filtered over Celite, the

.sol yent twas evaporated and the residue was chromat ographed on 100 g of
silitca gel with 5% ethyl acetate in cyclohexane. Further purification with
active charcoal in isopropanol and two- fold crystallization from

| sopropanol gave 0.23 g of dibutyl -—18

4R 5R) - 2- { 4-[ 4- (t 4- | ol
éhenyl% 1, Sl oy mena- @D{j?ﬁéb‘é’& X e@f iﬁ"JSWM n 41’9[%W'P]”"ec|a’?§’
(Ne-1) 78. 3[err]mTwmdl'DldnaM-6§lgegrmprm banremapedpbyed)-l roran whetegous
manner: D ethyl & #ReSBhngeli*td 4 drBRttt RIMPY S0 HUSHAE, PERId¥ e,

cyano, -CF3, -OCHF2 or OCF3; and R2, R3, R4 and RS have the

significances given above.

Of the compounds of formulae If to li there are preferred
those in which R2 is the same as R4 and R3 is the same as RS.
Those compounds of formulae If to li in which R2 and R3 are the
same as R4 and RS are particularly preferred.

The compounds in accordance with the invention can be
manufactured readily in a manner known per se. Acetylene
couplings, as generally used for the manufacture of tolanes, are
especially suitable. Thus, for example, a phenylacetylene deriv-
ative 3 can be coupléd with an optically active phenyldioxolane 2,
which carries in the para-position a suitable 'substituent such as,
for example, iodine, bromine or trifluoromethylsulphonate (OTf)
as the leaving group, with the aid of a suitable palladium catalyst
(Scheme 1). -

Scheme 1

x4t
CHO
1 X =1 Br,OTt

R200C,_oSiMe;
. BF30(EY)2
r300¢c” OSiMes | TIOH

) |
COOR? : |

x—)b—éI Pd(PhaP)s, EtaN
COOR? _
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ethynyl]phenyl} 1, 3-di oxol ane- 4, 5- di car boxyl ate; di butyl

(4R, 5R)

-{4-[ 4- (trans 4- pentylcyclohexyl)phenyl- et hynyl ] phenyl }-1

, 3- di oxol ane- 4, 5-di car boxyl ate; di butyl
(4R 5R)-2-{4-[2,3-di fluoro-4-(trans- 4g1ropyl-

cyclohexyl)phenylethynyl]phenyl} 1,3

oxol ane- 4, 5- di car boxyl at e;

di but yl

e oot s ohar T i&ﬁ?ﬁ#ﬁ apetif Wfan abie. fprsthey MAWREIUEC O m o,

(K-1) 73. 4] ecomnpotin

of Mormy

@8 1a[tor 1§, Giompgunds of formula | in which

| eyel éﬁei‘yﬁgg{iﬁﬂ% diokg ﬁ“&‘i il 8Rer i, whic xoﬁgna"s{ B e, JIBEM .

di but yl

(4R B

regma 8adpg Irpanytagtyrad iy thist manner.

di oxol ane-4, ﬁréih?ér @ﬂﬂﬁ?ﬂedd'lﬁ%b're dﬁtaﬂ in Scheme 2.

(4R 5R) - 2-{4-[ 4-

3-di fluoro-4-propyl phenyl)
Scheme 2
R‘OOCIOSiMes
_ . ' BF30(Et)3
. RSpoc” OSiMe;.

R‘OO ] G
RS00C [ :
OOR?

;[c —-i Pd(PhaPls, EtaN
COOR3 _

8 X=1I Br,OTi
»{@ Q
R500C

‘Compounds of general formulae la to le, or compounds of

formulae If to li in which R2 is the same as R4 and R3 is the same

as R5_, can conveniently be manufactured as shown in Scheme 3.
In this, the dioxolane ring or both dioxolane rings are formed at

the end of the synthesis by acetalization of a mono- or dialdehyde

with the desired tartaric acid diester.
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phenyl et.hynyl ] phenyl }-1 , 3-di oxol ane- 4, 5-di car boxyl ate; di butyl
(4R, DR) - -2-{4- [4 (2, 3-di fI uor o- 4- pent yl phenyl )- phenyl et hynyl ] phenyl }-1
, 3- di oxol ane- 4, 5- di car boxyl ate; dibutyl
(4R 5R) - 2- {4- [2 3-di fl uoro-4-(4-propyiphenyl)- phenyl et hi nyl]phenyl}-1
, 3- di oxol ane- 4, 5-di car boxyl ate; di bufyl
(4R 5R) - 2- {zquenge &B-di f| uor o- 4- propyl oxyphenyl )- phenyl et hynyl ] phenyl }-1
, 3-di oxol ane- 4, 5-di car boxyl ate; di butx!
(4R5R) 2-[4-(2,3-di fluoro-4-|pre
et’hynyl ) phenyl ]-1, 3-di oxol aR€ Q
(4R, 5R) - 2-[ 2, 3-di fl uor o- 4- (4-|p+epyl -

yKate m pX =(/8d pT85C, di butyl

et hynyl ) phenyl ] - 1, 3- di oxol ane- 4, 5-gli carboxylate mp. (K-1) 75.3[err];
di butyl (4R 5R)-2-[3-fluoro-4-(2-fluor ol4£o§%e3 Bﬁﬂykﬁmet hynyl ) phenyl ]-1
— N 2

Pd(PhaP)s
2

, 3- di oxol ane- 4, 5-di car boxyl at e;

K2COsy
MeOH/ether (2:1)

R200C._OSiMe;
OSiMe3 ‘ TIOH

R300C

The acetylene derivatives set forth as starting materials in
Schemes 1 and 2 are known or are analogues of known compounds.
Their preparation has been described repeatedly in the literature,
for example in EP-A 501268 or EP-A No. 0593997. Moreover, they
can be prepared in accordance with Scheme 3 in a manner known
per se by coupling with trimethylsilylacetylene and subsequent
hydrolysis.
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1 9 dibutylt (4R 5R)-2-[4-(2, 3-difluoro-4-pentyl-phenyl- ethynyl)phenyl]-1
, 3- di.oxol-ane- 4, 5- di car boxyl ate; di et hyl

(4R 5R)-2-[4-(2, 3-di fl uoro-4-pentyl -phenyl - ethynyl)phenyl]-1

, 3- di oxol ane- 4, 5-di car boxyl at e; di but

(4R 5R)-2-{4-[4-(2-(trans-4-propyl cycl ohexyl) -

et hyl ) phenyl et hynYhepfarmyatien. of3thié odioixatand , ingi takeisopidcs by tdutal

4R, 5R) - 2- { 4~ | f —i4- (2= . . . .

b onyl byel orBta Y, ANBhILE Sfattiddinaferial witha,syitapla tartaric acid

di car boxy| at@diestemnpreferably inasiylated efasm.1 Analogoushyegctiors zatalehyde,
1.56 g of 4-@sgertiedZ fdeRafiilel iR2THILOR1! &1 89K @(dgg)pheny! phosphi ne) -

In the case of aldehydes which have sufficient stability, the
acetalization to the dioxolane can also be carried out using boron
trifluoride etherate.

The invention is also concerned with liquid crystalline
mixtures containing a liquid crystalline carrier material and one
or more optically active compounds of formula |. Suitable carrier
materials are basically all liquid crystal materials which have a
twistable liquid crystal phase with an adequate mesophase range.
The compounds of formula | are especially suitable as chiral
dopants for nematic or cholesteric carrier materials. The liquid
crystalline carrier material can be a single combound or a mix-
ture and preferably has a clearing point of at least about 60°C.

‘The content of chiral dopant of formula | is determined
essentially by its twisting capacity and the desired pitch. The
content of chiral dopant can therefore vary in a wide range'
depending on the application and can be, for example, about 0.1-
30 wt. %. For indicating devices based on liquid crystals having a
twisted nematic structure a pitch of about 3-40 um is mainly
required depending on the type of cell and thickness of cell and
therefore a correspondingly smaller amount 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 necessary, which requires a corr-
espondingly higher content of chiral dopant.

Suitable liquid crystalline carrier materials -are known in
lar_ge'numbers and are commercially available. As a rule, liquid
crystalline mixtures containing 2 or more components as carrier
materials are preferred. Basically, however, one liquid crystal-
line compound can also be used as the carrier material when it
has a sufficiently broad mesophase.
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pal I adi um(0) and 10 nml of triethylam ne was stirred at 80[err] for 16 hrs.
Then, the reaction mixture was partitioned between water and net hyl ene

chl'éride and the organi c phase was separated, dried over

sul phate, filtered and evaporated. Tops gave 1.54 g of
~tol ane-4, 4' -di car boxal dehyde as a sot7md browni sh residue (GC purity 98. 8%,

whi ch was used wi t hout further
suspension of 0.5 g of tolane-4,4'-djcarbox

chl ori de was addgbet ixtures dﬂea%OW@‘-‘@ it

magnesi um

purification for the followi ng step. b) A

ﬁadﬁ'@/ Sﬁvierqtignmprgierg%‘yhyl ene

(2R 3R)-2, 35 ﬁhfanh“nﬁ%d&ihéh'td wghrharetaom oQRdsnbf $brrulards oylesot y!

trlfluoronet anesu

m xture wasMArer €@ Qﬁur}‘{ﬁiﬁﬁ%tr}‘gﬁﬁgr qu}f% g 93%%0%%&%%&%“&?'

trifluoronethanesul phonate was added and the
roomtenperature for a further 64 hrs.

0.04 m of tgimeiag! silyl

m xture was stirred at

R6

B \/n7
m

m
Ol e

oo oS
OO
e

F

OO
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After addiing 0.5 ml of pyridine the reaction m xture was partitioned

bet ween sodi um bi car bonat e and net hyl ene chl ori de and the organi c phase was
separated, dried over magnesi um sul phate, filtered over a mxture of
Celite/Alox (neutral, act. Il and evpgorated. Chromatography of the

resi due on 100g of silica gel with 5%®thyl acetate in toluene and
subsequent crystallization fromhexane and then from i sopropanol gave
REPLACEMENT SHEET 20 0.88 g of 2
4,4'-bis-[(4R,5R)-4;5-dibutonxycarBonyI-1,3-dioxo|an- 2-yl]tol ane as white

crystals, mp. 54[err he f ol ng conpounds can be prepared in an
anal ogous RS Z! Cl X1
F _
SO es o
| F .
' o)
R5—<: »—2z F o XV
o .
H12
"R14
O e

wherein _

R6,R® ~ signify alkyl, alkoxyalkyl, 3E-alkenyl, 4-alkenyl
or on saturated rings also 1E-alkenyl;

m signifies 0 or 1;

ring B signifies 1,4-phenylene, pyridine-2,5-diyl,
pyrimidine-2,5-diyl, trans-1,4-cyclohexylene or
~trans-1,3-dioxane-2,5-diyl;

R7 represents cyano, isothiocyanato, fluorine,
alkyl, 3E-akenyl, 4-alkenyl, alkoxy, 2E-
alkenyloxy, 3-alkenyloxy or 1-alkynyl;

ring C signifies 1,4-phenylene or trans-1,4-cyclo-
hexylene; | '
R8 represents alkyl, 3E-alkenyl, 4-alkenyl or on

trans-1,4-cyclohexylene also 1E-alkenyl or on
1,4-phenylene also cyano, isothiocyanato,
alkoxy, 2E-alkenyloxy or 3-alkenyloxy;

R0 signifies alkyl, 1E-alkenyl, 3E-alkenyl or 4-
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manner: 4,4'-Bis-[(4R 5R)-4, 5-di et hoxycarbonyl -1 |, 3-di oxol an-2- yl]tol ane;
4, 4' -bi s*[ (4R, 5R) - 4, 5- di net hoxycar bonyl -1 , 3-di oxol an-2- yl]tol ane;
2,3-difluoro-4,4"-bis-[(4R 5R) -4, 5-di butyl oxycarbonyl -1 ", 3-

di oxol an-2-yl ] tol ane; 14

2,2'-difluoro-4,4"'-bis-[ (4R 5R) -4, 5-drbut yl oxycar bonyl -

1, 3-di oxol an- 2-yl ] tol ane, n?rﬂﬁ?é d) 70[err], cl.p. nonotropic (S*-1)
59.8[err]; 4-{4- [%4R 5R) -4 oxycar bonyl 1 , 3-di oxol an- 2-

yl ] phenyl }-4' -[ (4R'R) - 4, 5- mMSﬁFﬁSycuaUOnyalkyl I Etatsanyin- 2E-alkpngl,ane;

4-1{2,3-difluoro-4-[ (4R, 5R) g,é 5 h?qﬁagzt el a|1<en§ B-alkenyloxy,

di I 2-yl]ph |}-4" -
' oxolan-2-yl ] phenyl }- aﬁ(oxymethyl or E-a I?ealgyl oxymethyl
Z1,22 each mdependently signify a single covalent

bond or -CH2CH2-, with two aromatic rings -
always being linked by a single covalent bond;

R12 signifies hydrogen, fluorine or chlorine;
R13 represents cyano, fluorine or chlorine;
R14 represents hydrogen or fluorine; and
R15 represents fluorine or chiorine.

The above term "saturated ring" embraces trans-1,4-
cyclohexylene and trans-1,3-dioxane-2,5-diyl. Each of the
residues R® to R11 preferably has 1 or, respectively, 2 to 12
carbon atoms, especially 1 or, respectively, 2 to 7 carbon atoms.
Straight-chain residues are generally preferred.

The “term "alkyl" preferably signifies in this connection
straight-chain residues with 1 to 12 carbon atoms, preferably
with 1 to 7 carbon atoms, such as, for example, methyl, ethyl,
propyl, butyl, pentyl, hexyl or heptyl.

The term "alkoxyalkyl® preferably signifies in this
connection straight-chain residues with 1 to 12 carbon atoms,
especially with 1 to 7 carbon atoms, such as, for example,
methoxymethyl, ethoxymethyl, propyloxymethyl, butyloxymethyl,
methoxypropy! and the like.

The term "alkoxy" preferably signifies in this connection
straight-chain residues with 1 to. 12 carbon atoms, especially
with 1 to 7 carbon atoms, such as, for example, methoxy, ethoxy,
. propyloxy, butyloxy, pentyloxy, hexyloxy, heptyloxy and the like.

The term "1E-alkenyl" preferably signifies in this connec-

tion straight-chain alkenyl residues with 2 to 12, especially with
2 to 7, carbon atoms in which the double bond is situated in the

.REPLACEMENT SHEET
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di oxo | an-2-yl]tol ane; 2,3-difluoro-4-{4-[(4R 5R)-4,5-di butyl oxycarbonyl -1
, 3- .di oxol an- 2-yl | phenyl } -4' - ((4R, 5R) - 4, 5- di butyl oxycar bonyl -1 , 3-
di oxol an-2-yl]Jtolane, mp. (K-1) 73.1[err] -
4-{4-[ (4R, 5R) - 4, 5-di et hoxycar bonyl - 11 83- di oxol an- 2-
yl ] phenyl)-2",3" -difluoro-4 -[(4R 5R) -4, 5-di butyl oxycar bonyl -1 , 3-
‘éiwfi"' an- 2-ylk ctt:@ilti@m; suEmP@s,e_far Téb@(ujﬁwp_lé,owim, 1 Lﬁﬁtépyrm,t ?E@géﬁymaxt ure
was us Q_[ea n | s,.{ enper at ure dependence
in liquid o ’Pﬁﬂfﬁaiﬁﬁﬂx@?‘fb 3#&13;:5’;@@)?! a?'gp-t@%h!}'l‘%- cyanobi phenyl , 3.8
4' - propyl - 4- cyanobi phenyl , 6. 08 o 4' - butyl - 4- cyanobi phenyl, 6.53
4-(trans-4- propy higC @R ¥BELRIKENYI 'dreferably signifies in this connect-
ion straight-chain alkenyl residues with 4 to 12, especially with
4 to 7, carbon atoms in which the double bond is situated in the
3-position, such as, for example, 3-butenyl, 3E-pentenyl, 3E-
hexenyl, 3E-heptenyl and the like.

The term *"4-alkenyl" preferably signifies in this connection
straight-chain alkenyl residues with 5 to 12 carbon atoms in
- which the double bond is situated in the 4-position, such as, for
example, 4-pentenyl, 4-hexenyl, 4-heptenyl and the like.

The term "2E- or 3Z-alkenyloxy" preferably signifies in this
connection straight-chain alkenyloxy residues with 3 or 4 to 12
carbon atoms, especially with 3 or 4 to 7 carbon atoms, in which
the double bond is situated in the 2- or 3-position and E or R indi-
cates the preferred configuration, such as, for example, allyloxy,
2E-butenyloxy, 2E-pentenyloxy, 2E-hexenyloxy, 2E-heptenyloxy,
3-butenyloxy, 3Z-pentenyloxy, 3Z-hexenyloxy, 3Z-heptenyloxy, 4-
pentenyloxy, 5-hexenyloxy, 6-heptenyloxy and the like.

- The term "1-alkynyi" preferably signifies in this connection
straight-chain alkynyl residues with 2 to 12, especially with 2 to
7, carbon atoms in which the triple pond is situated in the 1-
position, such as, for example, ethynyl, 1-propynyl, 1-butynyl, 1-
pentynyl and the like.

. The manufacture of the liquid crystalline mixtures and of
the electro-optical devices can be effected in a manner known per
se. '

The invention is illustrated in more detail by the following
Examples. In connection with liquid crystal phases and phase
transitions C signifies a crystalline phase, Sg signifies a smectic
B phase, N signifies a nematic phase, N* signifies a cholesteric
phase and | signifies the isotropic phase. The helical pitch is
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21 14.64 . - 4- (trans-4-pentyl cycl ohexyl)benzonitrile, 5.21
4- et hyl.-1- (trans-4- propyl cycl ohexyl ) benzene, 16.54 4- et hoxy-1
-[2-(trans-e-propyl cycl ohexyl)- ethyl]benzene, 5.60
4 - pentyl - 4-cyano- p-terphenyl, 5. 71
-(trans-4-pentyl cycl ohexyl) - 4-cyanébt phenyl, 15.59

ra o ‘3%{59 %‘?aﬁi‘gﬁ*'fﬁ é%l%eéi ?§*Z 0§, FeipoivBly, Bngtted, e

pent yl cyclCheaian h i'denoted by Amax. Optncal antipodes

[2-trans- 4 YA Cé’&éﬁ”&?@é )'ﬁﬂmSHmf’agé 'grdperties”, i.e. the same melting
points etc., but lead to opposite helical direction of rotation and
opposite circular polarization of the reflected light.

1
4.
4-
1-

Example 1

a) 18.8 mi of butyilithium in hexane were added

dropwise under nitrogen at -50°C to 4 ml of ethynyltrimethyl-

 silane in 50 mi of anhydrous tetrahydrofuran and after 30 min.
57 ml of 1M ethereal zinc chloride solution were added dropwise.
Thereupon, the cooling was removed and the mixture was left to
react for 1 hr. Then, the reaction solution was cooled to 0°C and
5g of 4-(trans-4-propylcyclohexyl)phenyl trifluoromethyl-
sulphonate in 50 mi’ of dimethylformamide, 0.824 g of tetrakis-
(triphenylphosphine) palladium(0) and 1.2 g of lithium chloride
were added in succession. The reaction mixture was heated to
85°C and left to react at this temperature overnight. In order to
complete the reaction an equal amount of the zinc ethynyltri-
methylsilane solution, prepared as above, was thereupon added
and the mixture was left to react at 850C. After one hour it was
cooled, treated with 20 ml of water, partitioned between 1N
sulphuric acid and pentane and the separated organic phase was
washed with water. The organic phase was dried over magnesium
sulphate, filtered over Celite and evaporated completely. This
gave 3.82g of 1[-4-(trans-4-propylcyclohexyl)phenyl}-2-tri-
methylsilylacetylene as a solid mass (GC purity 97%), which was
used directly in the next step.

b) A mixture of 3.8g of 1[-4-(trans-4-propylcyclo-
hexyl)phenyl}-2-trimethylsilylacetylene, 0.4 g of potassium
carbonate and 50 mi of methanol/ether (2:1) was stirred at room
temperature for 1 hr. Then, the mixture was partitioned between
water and ether and the organic phase was washed in succession
with saturated sodium chloride solution and water, dried over
magnesium sulphate, filtered over Celite and evaporated. After
chromatography of the residue' over 150 silica gel with cyclo-
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4-pentyl cycl ohexyl)-1 ,1'-ethylenedi benzene, 2.84

1-[ 2-t'rans- 4- propylcyclohexyl)ethyl]- cyclohexanecarboxyllc aci d
4- cyanophenyl ester. Liquid crystal basic mxture BM1 was treated with 1.0
wt . % of each of the follow ng opticall® active dopants: D1 = di but yl

4R, 5R) - 2-{4-[ 4- (trans- 4- propyl cycl ohexyl)- phenyl et hynyl ] phenyl }-1

, 3- di oxol anehdxéndl q4295qx- of | 4t rarﬁ%-z- ropylyetéNexyl)phenyla

AR 5R 2{ fxang 13 O(Q%%/ t(? i P IPV yeldhbéxyl)phenylacetylene

propyl cycl o )%@Hiﬁ%t r%/%‘h ?ﬁ S0 @ di oxol ane- 4, 5- di car boxyl at e,
D-3

- dlbutyl (4R 5R)-2-[4-(2, 3-di fl uoro-4- propylphenyl

(4R 585 12, 3 i) uor ook T g "%@P&héﬂﬁ%@t g%é Was 46650

, 3- di oxol andiropwige cat 1096, Itat @, solution of 5¢g of 4-bromobenzaldehyde and
13.2g of dibutyl (2R,3R)-2,3-bis-trimethylsilyloxy-glutarate
and then the mixture was left to react for 30 min. Thereafter,
0.24 ml of trifluoromethanesulphonic acid was added at 0°C and
the mixture was left to react for 30 min. Then, the cooling bath
was removed and the reaction mixture was stirred at room
temperature for 4 hrs. Subsequently, the reaction solution was
poured into a saturated aqueous sodium bicarbonate solution,
partitioned between water and methylene chloride and the organic
phase was separated, dried over magnesium sulphate, - filtered
over Celite and evaporated. Chromatography of the residue on
250 g of silica gel with ethyl acetate/cyclohexane (1:9) gave
9.3 g of dibutyl (4R,5R)-2-(4-bromophenyl)-1,3-dioxolane-4,5-
dicarboxylate (GC purity 98%).

d) 1.45 ml of an about 1.6M butyllithium solution in
hexane were added dropwise at -50°C to a solution of 0.5 g of
4-(trans-4-propyicyclohexyl)phenylacetylene in 5 ml of dry
tetrahydrofuran and the mixture was left to react at this
temperature for 30 min. Then, 4.4 ml of a 1M zinc chloride
solution in ether were added dropwise, the cooling bath was
removed and the mixture was left to react for 30 min. There-
upon, the mixture was cooled to 09C and at this temperature a
solution of 0.95g of dibutyl (4R,5R)-2-(4-bromophenyl)-1,3-
dioxolane-4,5-dicarboxylate in 5 ml of dry tetrahydrofuran was
added dropwise and thereafter 0.128 g of tetrakis(triphenyl-
phosphine) palladium(0) was added. The reaction mixture was
then heated to 60°C for 15 hrs., then cooled, partitioned between
water and ether and the organic phase was separated and dried
over magnesium sulphate. Thereupon, it was filtered over Celite,
the solvent was evaporated and the residue was chromatographed
on 100 g of silica gel with 5% ethyl acetate in cyclohexane.
Further purification with active charcoal in isopropanol and two-
fold crystallization from isopropanol gave 0.23 g of dibutyl
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D5 = 4,4 -bis-[ (4R 5R) - 4, 5-di butyl oxycar bonyl -1, 3-

di oxol-ant 2-yl Jtol ane, D-6 =

4,4"'~Dbis-[(4S,5S) -4, 5-di butyl oxycar bonyl -1, 3- di oxol an-2-yl]tolane, D7 =
2,2 -difluoro-4,4" -bis-[ (4R 5R)-4,5-di butyl oxy- carbonyl - :

,3-di oxol an-2-yl | tol ane, D-8 = 18

2 3-difluoro-4-{4-[ (4R 5R) -4, 5-di butyl oxycarbonyl - 1

g g: gigl 22_(%&15}13))*391{9'#544“&'!?}ﬂ-mﬂpﬁcyalmbnvlblphewlﬂthwmﬂw 1
obt ai ned forFﬁ?%J?e)hzoﬂ Q"gm ola r#??ﬁ{c??ﬂb&ihﬁ@g\phgﬁ ngaggeno %ﬁg’etﬁiep

par amet ers

The following compounds can be prepared in an analogous
manner:

Diethyl (4R,5R)-2-{4-[4-(trans-4-propylcyclohexyl)phenyl-
ethynyl]phenyi}-1,3-dioxolane-4,5-dicarboxyiate;

dibutyl (4R,5R)-2-{4-[4-(trans-4-pentylcyclohexyl)phenyl-
ethynyl]phenyl}-1,3-dioxolane-4,5-dicarboxylate;

dibutyl (4R,5R)-2-{4-[2,3-difluoro-4-(trans-4-propyl-
cyclohexyl)phenylethynyl]phenyl}-1,3-dioxolane-4,5-
dicarboxylate; -

dibutyl (4R,5R)-2-{2,3-difluoro-4-[4-(trans-4-propyl-
cyclohexyl)phenylethynyl]phenyl}-1,3-dioxolane-4,5-
dicarboxylate; m.p. (K-l) 73.4°C, cl.p. (N*-l) 68.20C;
- dibutyl (4R,5R)-2-{3-fluoro-4-[2-fluoro-4-(trans-4-
propylcyclohexyl)phenylethynyi]phenyl}-1,3-dioxolane-4,5-
dicarboxylate; | _

dibutyl (4R,5R)-2-[4-(4-propyl-phenylethynyl)phenyl]-1,3-
dioxolane-4,5-dicarboxylate;

 dibutyl (4R,5R)-2-{4-[4-(2,3-difluoro-4-propylphenyl)-

phenylethynyl]lphenyl}-1,3-dioxolane-4,5-dicarboxylate;

dibuty! (4R,5R)-2-{4-[4-(2,3-difluoro-4-pentyiphenyl)-
phenylethynyl]phenyl}-1,3-dioxolane-4,5-dicarboxylate;

~ dibutyl (4R,5R)-2-{4-[2,3-diflucro-4-(4-propylphenyl)-
phenylethinyl]phenyl}-1,3-dioxolane-4,5-dicarboxylate;

dibutyl (4R,5R)-2-{4-[4-(2,3-difluoro-4-propyloxyphenyl)-
phenylethynyl]phenyl}-1,3-dioxolane-4,5-dicarboxylate;

dibutyl (4R,5R)-2-[4-(2,3-difluoro-4-propyl-phenyl-
ethynyl)phenyl]-1,3-dioxolane-4,5-dicarboxylate m.p. (K-l) 35°C;
_ dibutyl (4R,5R)-2-[2,3-difluoro-4-(4-propyl-phenyl-
ethynyl)phenyl]-1,3-dioxolane-4,5-dicarboxylate m.p. (K-1)
75.3°C;

dibutyl (4R,5R)-2-[3-fluoro-4-(2-fluoro- 4. -propyl- phenyl-
ethynyl)phenyl]-1,3-dioxolane-4,5-dicarboxylate;
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equation {err] and p, ¢ and [err] having the follow ng significances: [err]

= T-22[err] T = tenperature in [err] p = pitch in mm (a
positive value signifies dextrorotating helical structure and a negative
val ue signifies |evorotating helical gtgucture) C = concentration of
the optically active dopant in wt.% le 1: Measured paraneter of 1
A . % of the respeglbm(iypoqiﬁ SF{) bh@ Q@Sécdm%értg?zgygstyr f‘[zeé‘{ elrr] Dopant
[err] ethyayi)phenyl]-1,3-dipxolane-445-dicarboxylate;- 16. 9

f‘b?gl . %iléf‘hyl (4R, 32204 (2,3-difluorct4-pentyl-phenyl- -0 77

ethynyl)phenyl] -1,3-dioxolane-4,5-dicarboxylate;
dibutyl (4R,5R)-2-{4-[4-(2-(trans-4-propylcyclohexyl)-
ethyl)phenylethynyi]phenyl}-1,3-dioxolane-4,5-dicarboxylate;
dibutyl (4R,5R)-2-{4-[2,3-difluoro-4-(2-(trans-4-
propyicyclohexyl)ethyl)phenylethynyl]phenyl}-1,3-dioxolane-4,5-
dicarboxylate;

Example 2

a) A mixture of 1 g of 4-ethynyl-benzaldehyde, 1.56 g of
4-bromobenzaldehyde, 0.22 g of tetrakis(triphenylphosphine)-
palladium(0) and 10 ml of triethylamine was stirred at 80°C for
16 hrs. Then, the reaction mixture was partitioned between
water and methylene chioride and the organic phase was
separated, dried over magnesium sulphate, filtered and
evaporated. This gave 1.54 g of tolane-4,4'-dicarboxaldehyde as
a solid brownish residue (GC purity 98.8%), which was used
without further purification for the following step.

b) A suspension of 0.5g of tolane-4,4'-dicarboxaldehyde
in 5 ml of methylene chloride was added to a mixture of 2.6 g of
dibutyl (2R,3R)-2,3-bis-trimethylisilyloxy-glutarate, 0.039 ml of .
trimethylsilyl trifluoromethanesulphonate and 10 mi of
methylene chioride and the reaction mixture was stirred at room
temperature for 4 hrs. Thereupon, a further 0.04 ml of
trimethylsilyl 'trifluoromethanesulphonate was added and the
mixture was stirred at room temperature for a further 64 hrs.

~ After adding 0.5 ml of pyridine the reaction mixture was
partitioned between sodium bicarbonate and methylene chloride
and the organic phase was separated, dried over magnesium
sulphate, filtered over a mixture of Celite/Alox (neutral, act. i
and evaporated. Chromatography of the residue on 100 g of silca
gel with §% ethyl acetate in toluene and subsequent
crystallization from hexane and then from isopropanol gave
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D-3 ‘ -17.2 7.40 -3.30 -5.81 D4

-11.9° -0. 34 -1.51 -8.38 D5 -26.1
8.39 -4.52 -3.83 D6 : 25. 7 : -7.93
2. 77 3.89 D7 - -18.0 2.0 -0.76
-5.57 D-8 22,1 2% 70 -0.70 -4.53
Cains 1. Optically active conpounds of.the general formula: [err]
wherein rin®.88 g s@énﬂ-ﬂebl&[ rglﬁﬁjrl“eﬁedlb/uﬁy yeathroyki3tdiexolan-

2-ylltolane as white crystals, m.p. 54°C.

The following compounds can be prepared in an analogous
manner:

4,4'- Bis-[(4R,5R)-4,5-diethoxycarbonyl-1 ,3-dioxolan-2-
- yl]tolane;

4.4'-bis- [(4R 5R)-4,5-dimethoxycarbonyl-1,3-dioxolan-2-
yl]tolane;

2,3-difluoro-4,4'-bis-[(4R, 5R) -4,5- dlbutyloxycarbonyl -1,3-
dioxolan-2-yl]jtolane;

2,2'-difluoro-4,4'-bis-[(4R,5R)-4,5-dibutyloxycarbonyl-
1,3-dioxolan-2-yl]tolane, m.p. (K-1) 70°C, cl.p. monotropic (S*-I)
59.8°C;

4-{4-[(4R, SR) 4 5-diethoxycarbonyl-1,3- dioxolan-2-
yllphenyi}-4'-[(4R,5R)-4,5-dibutyloxycarbonyi-1,3-dioxolan-2-
yl]tolane;

| 4-{2,3-difluoro-4-[(4R,5R)-4,5-diethoxycarbonyl-1,3-

dioxolan-2-yl]phenyl}-4'-[(4R,5R)-4,5- dlbutyloxycarbonyl -1,3-.
dioxolan-2-yljtolane; -

2,3-difluoro-4-{4-[(4R,5R)-4,5-dibutyloxycarbonyl-1,3-
dioxolan-2-yllphenyi}-4'-[(4R,5R)-4,5-dibutyloxycarbonyi-1,3-
dioxolan-2-yljtolane, m.p. (K-1) 73.1°C

~ 4-{4-[(4R,5R)-4,5-diethoxycarbonyl-1,3-dioxolan-2-

yllphenyl}-2',3'-difluoro-4'-[(4R,5R)-4,5-dibutyloxycarbonyl-1,3-
dioxolan-2-yljtolane;

Example 3
The following liquid cryétal 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,

3.8 y 4'-propyl-4-cyanobiphenyl,

608 " 4'-butyl-4-cyanobiphenyl,

653 " 4-(trans-4-propylcyclohexyl)benzonitrile,
REPLACEMENT SHEET |
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or nmono- or nultiply-substituted and in which optionally one or two CH
groups can be replaced by nitrogen, or trans-1,4-cycl ohexyl ene; Z
sighifies a single covalent bond, [err] [err] or [err]; [err] each

i ndependent |y represent hydrogen or Huorine; [err] - signifies
hydrogen, alkyl or alkenyl with 1 orsrepectively, 2 to 12 carbon atons,

e b S one A eSS b e o 2o

-0-, or a groypqof the formugahlyerrrftiams- 4-propylcyc|ohexyl)benzene, oy

16.54 . " 4-ethoxy-1-[2-(trans-e-propylcyclohexyl)-

| ethyl]benzene,
560 ° 4"-pentyl-4-cyano-p-terphenyl,
5.71 " 4'-(trans- -4-pentylcyclohexyl)-4- cyanobiphenyl,

15.59 " 1-[2-trans-4- butylcyclohexyl)ethyl]-4-(trans-
- 4-pentylcyclohexyl)benzene,

474 " 1-[2-trans-4-butylcyclohexyl)ethy_I]-4'-(trans-
4-pentytcyc|ohexyl)biphenyl,
7.59 " ' 1-[2-trans-4-buty|cyclohexy|)ethyl]-4'-(trans-
4-pentylcyclohexyl)-1,1"-ethylenedibenzene,
2.84 " 1-[2-trans-4-propy‘lcyclohexyl)ethyl]-
| cyclohexanecarboxylic acid 4-cyanophenyl ester.
Liquid crystal basic mixture BM-1 was treated with 1.0
wt.% of each of the following optically active dopants:

D-1 =  dibutyl 4R,5R)-2-{4-[4-(trans-4- propylcyclohexyl)-
phenylethynyi]phenyi}-1,3- dioxolane-4,5-dicarbox-
ylate,

D-2 = dibutyl (4R.SR)-2-{2,3-difluoro-4-[4-(trans-4-

: propylcyclohexyl)phenylethynyl]phenyl}-1 ,3-
dioxolane-4,5-dicarboxylate, ' '

D-3 = dibutyl (4R,5R)-2-[4-(2,3-difluoro-4- propylphenyl-
ethynyl)phenyl]-1,3- dioxolane-4,5-dicarboxylate,

D-4 = dibutyl (4R,5R)-2-[2,3-difluoro-4-(4- -propylphenyl-
ethynyl)phenyl]-1,3- dioxolane-4,5-dicarboxylate,

D-5 = 4,4'-bis-[(4R,5R)-4,5- dibutyloxycarbonyi-1,3-
dioxolan-2-yl]tolane,

D-6 = 4,4'-bis-[(4S,55)-4,5- dlbutyloxycarbonyl -1,3-
dioxolan-2-yl]jtolane,

D-7 = 2,2'-difluoro-4,4'-bis- [(4R;5R)-4,5-d|butyloxy-
carbonyl-1 .3-dioxolan-2-yljtolane,

D-8 = 2,3-dif|uoro-4-{4-_[(4R,5R)-4,5-dibutyloxycarbonyl-
1 ,3—dioxolan-2-yl]-phenyl}-4'-[(4R,5R)-4.5-dibutyl-
oxycarbonyl-1,3-dioxolan-2-yljtolane.
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or - where [err] is bonded to an aromatic ring - also fluorine, chlorine,
cyano, CF3, OCHF2 or -QOCF3; [err] signify alkyl or alkenyl with 1 or,
respectively, 2 to 8 carbon atons; n signifies 0 or 1; and *

marks a centre of chirality. 2. Optically active conpounds according to
claim1l1l, wherein the centres of chgpality in the 4-position and 5-position
24 of the dioxolane ring both havethe [R] configuration or both have the

[S] configuratifie results compiled in Table 1 were obtained for the chiral
doped mixtures, with A, B and C denoting the parameters of the
equation

1
—_ 2
pc-A+EH+CT,

and p, ¢ and T1 having the following significances:

Ty = T-220C

T = temperature in °C
P = pitch in mm (a positive value signifies dextrorotating

‘helical structure and a negative value signifies
levorotating helical structure)
C = concentration of the optically active dopant in wt.%.

Table 1: Measured parameter of 1 wt.% of the respective
dopant in the basic mixture BM-1 at 220C

Dopant A | B C p.C (22°C)
[10-2mm-1-wt%-1] [10-4-mm-1-wt.%"1] [10-6-mm-1-wt.% 1] [mm-wt.%)
D-1 - -16.9 4.99 -1.84 -5.90
D-2 -10.5 -0.77 -0.61 -9.50
D-3 -17.2 7.40 -3.30 -5.81
D-4 -11.9 - -0.34 -1.51 -8.38
D-5 -26.1 8.39 -4.52 -3.83
D-6 25.7 . -7.93 2.77 3.89
D-7 -18.0 2.0 - -0.76 -5.57
D-8 -22.1 2.70 -0.70 -4.53
\
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3. Optically active conpounds according to claiml or 2, [fierern
4. Optim active conpounds according to any one of cI a n%EFfL W“@ENTSHEET

wher gi n [err] and [err] orferr] and [err] signify fluorine ‘*cﬁoOBJaBgs

active co to any one of claims 1 to 4, whe*et?aﬁ R
signifi esm"m mg’g"{ﬂ | koxy, al yI oxy, al koxyal kyI or "al koxyal kenyl
with 1 or, ﬁresp to 6 carbon atons. 6. Optically active
conmpounds of the fornulae [err] [err] Gl@ims [err]

1. Optically active compounds of the general formula:
' 2
o foon
R! 2
O“+“COOR3
I
wherein _
ring A signifies 1,4-phenylene, which is unsubstituted

or mono- or muiltiply-substituted and in which
optionally one or two CH groups can be replaced
by nitrogen, or trans-1,4-cyclohexylene;

y4 signifies a single covalent bond, -CH2CH2-,

| -CH20- or -OCHa2-; :
X1,X2,X3,X4 each independently represent hydrogen or
fluorine; |

R1 ' signifies hydrogen, alkyl or alkenyl with 1 or,
repectively, 2 to 12 carbon atoms, which is
unsubstituted or mono- or multiply-substituted
with fluorine or chlorine and in which one or
two non-adjacent CHz groups can be replaced by
-O-, or a group of the formula

..... oGl

]

or - where R! is bonded to an aromatic ring -
also fluorine, chlorine, cyano, CF3, OCHF2 or
-OCF3; -

R2,R3,R4,R5 signify alkyl or alkenyl with 1 or,- respectwely,
2 to 8 carbon atoms;

n signifies 0 or 1; and

* marks a centre of chirality.

2. Optically active compounds according to claim 1,
wherein the centres of chirality in the .4-position and 5-position



REPLACENENT SHEET 25 [err] wherein [err]
al kenyl With 1 or,

unsubstituted or nono- or nultiply-substituted with fluorine
and in which one -CH2- group can be 2eplaced by -0-,
bonded to an aromatic ring - also fluorine, chlorine, cyano,

and [err] an {ty dioXoldfe! FiAgsbeth @ 858 [F]VEanf
active conmpqund ccording,.to claim1, wherein [er
?Fgr f?f(cognflgurgtlon.

the formula

respectively, 2 to 12 carbon atons, which j{ts

H HE}'-'-;,;F:',};QEMENT SHEET

rDs((ng:jr%%T 1995 ..... |

signifies hydrogen,

or - whe Ferr 1S

[err] or [err]

rationof bdth hatBt ! cal 1y

signities a group of

3.  Optically active compounds according to claim 1 or 2,

wherein n = 1.

4, Optically active compounds according to any one of
claims 1 to 3, wherein X! and X2 or X3 and X4 signify fluorine.

5. Optically active compounds according to any one of
claims 1 to 4, wherein R! signifies alkyl, alkenyl, alkoxy,
alkenyloxy, alkoxyalkyl or alkoxyalkenyl with 1 or, respectively,

. 2 to 6 carbon atom_s.

6. Optically active compounds of the formulae

-2 Ia
0
o
0-R? Ib
o
o-R?
0-R? Ic
o]
0
0-R? Id
o-R®
o)
—

A



and n :8, or 1. 8. A liquid crystalline mxture containing He i QR EMENTESHEET
conpound in accordance with any one of clains 1 to 7 as a cfliral o$ T
The use of optically active conpounds of general fornula | defjned

---------------------------

1 for optical and el ectro-optical devices. 10. The use of | {‘giid

crystalline mixtures according to cl &% 8 for optical and el ectro- opti cal
devices. 11. A process for the manufacture _of conpounds of fornula I
defined in claim1, which process conprise§ coupling an optically active

di oxol ane derivative=k wWith an yI €HEC.. iova&é' ve a (both from Schene 1),

with the aid oigta @ Ie

-R3
o) O-R

o)

wherein R1 signifies hydrogen, alkyl or alkenyl with 1 or,.
respectively, 2 to 12 carbon atoms, which is unsubstituted
or mono- or multiply-substituted with fluorine or chiorine
and in which one -CHz- group can be replaced by -O-, or -
where R is bonded to an aromatic ring - also fluorine,
chlorine, cyano, CF3, -OCHF2 or -OCF3, and R2 and R3 have
the significances given in claim 1.

7. Optically active compounds according to claim 1,
wherein R signifies a group of the formula :

OOR*

Ve

5
0. COOR (a)

andn=0or1.

8. A liquid crystalline mixture containing at least one
compound in accordance with any one of claims 1 to 7 as a chiral
dopant.

9. The use of optically active compounds of general
formula | defined inn claim 1 for optlcal and electro-optical
‘devices.

10. The use of liquid crystalline mixtures according to
claim 8 for optical and electro-optical devices.

11. A process for the manufacture of compounds of
formula | defined in claim 1, which process comprises coupling an
optically active dioxolane derivative 2 with an acetylene
derivative 3 (both from Scheme 1), with the aid of a palladium

U R
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OPTICALLY

The invention is concerned with novel chiral dopants of the
formula

wherein . -
ring A signifies 1,4-phenylene, which is unsubstituted
or .mono- or multiply-substituted and in which
optionally one or two CH groups can be replaced
by nitrogen, or trans-1,4-cyclohexylene;
Z . signifies a single covalent bond, -CH2CH2-,
-CH20- or -OCHa-;
X1 X2,X3,X4 each lndependently represent hydrogen or
. fluorine;
Rt ~ signifies hydrogen, alkyl or alkenyl with 1 or,
| respectively, 2 to 12 carbon atoms, which is
unsubstituted or mono- or multiply-substituted
- with fluorine or chlorine and in which one or
two non-adjacent CHz groups can be replaced by
-O-, or a group of the formula

OOR*
(O L)
..... 5

or - where R1 is bonded to an aromatic ring -
also fluorine, chlorine, cyano, CF3, OCHF3 or
- -OCFjg;
R2,R3,R4,R5 signify alkyl or alkenyl with 1 or, respectively,
| 2 to 8 carbon atoms;
n signifies 0 or 1; and
* - marks a centre of chirality,



")

liquid crystalline mixtures which contain such dopan
use for optical and electro-optical devices.
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