Descri ption The present invention.is concerned with novel chiral dopants
for liquid crystals and their manufacture, and with liquid crystalline
m xtures which contain said dopants and 4t heir use for optical and

el ectro-optical purposes. Liquid crystal materials for electro-optical

i ndi cators frequently contain one or nore optically active additives for
the inducti op@éceiptibmal structure. For exanple, liquid crystal phases
for indicators having a twi sted nematic structure can be doped mnth
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~of chiral dopg{ii§et of a nematic-basic material. and one or more optically -
active dopants and. ferroelectric liquid crystals for indicators.

~ based on chiral tilted smectic phases can preferably consist of a

material having a tilted smectic phase and one or more optically
~ active dopants.

The electro-optical charactenstlcs of liquid crystal
indicators are temperature-dependent, which s dlsturbmg
- especially in the case of multiplex operation. It is, however,
known that this temperature dependence can be compensated for
at least partly by the addition of a chiral dopant which induces a
lower pitch with increasing temperature. Such an inverse
temperature dependence has hitherto been found only for a few
compounds. It can, however, also be achieved by the use of at
least 2 chiral dopants: which have a different relative temper-
ature dependence and induce a different twisting direction
(US 4 264 148). Of course, this usually requires a relatively
high amount of chiral dopants.

Cholesteric liquid crystals reflect light essentially only in
a wavelength range for which the wavelength is approximately
equal to the helical pitch. The spectral width of this reflected
light can be varied by a suitable choice of the liquid crystal. The
reflected light is completely circularly polarized. The direction
of rotation of the reflected light depends on the direction of
rotation of the cholesteric helical structure. The light which is
circularly polarized in the opposite direction is transmitted
unimpaired. These properties can be utilized for the production



Chol esteric li.quid crystals reflect light essentially only in a wavel ength
range for which the wavel ength is approximately equal to the helical pitch.
The spectral width of this reflected light can be varied by a suitable
choi'ce of the liquid crystal. The reflected light is conpletely circularly
pol arized. The direction of rotation of the reflected |ight depends on the
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optical filt ar| zers, analyzers etc. Further, cholesteric liquid
crystals are al so variously used for thermochronic appl I cations.
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stability.
concerned '\M ﬁﬁr{ley sf\%ukﬂ\ ve a good com atq?‘ ity Wlt m sop ase type of

liquid crystal material and: should not restrict the mesophase
range too severely. .

Dopants for the above . purpose are now provnded in. accord-
-ance - wnth the present mventuon ' . .

The mvenhon is concerned with chlral compounds of the
general formula

R1—-OOC_—."_N._ : N‘.-CO_O—-R2 1

wherein rings Al and A2 each independently signify
pyridine-2,5-diyl, pyrimidine-2,5-diyl or 1,4-phenylene,
which is unsubstituted or substituted with at least one of
halogen, cyano and/or methyl; R1 and R2 each independently
represent alkyl with 1to 18 carbon atoms in which
optionally 1 -CH2- group or 2 non-adjacent -CHz- groups
can be replaced by -O-, -COO- and/or -OOC- and/or one
-CH2-CH2- group can be replaced by -CH=CH-; with the
proviso that at least one of the groups R1 and R2 must be
chiral.

The compounds of formula | can be manufactured readily in
a manner known per se. They have a relatively low viscosity and
are stable towards electric and magnetic fields.

They have a good solubility in usual liquid crystal materials
and facilitate a high ‘twisting of the liquid crystal structure. The
clearing points of liquid crystals are not lowered or are lowered
only insignificantly upon the addition of compounds of formula I.



wherein rings [err] each independently signify pyridine-2,5-diyl,
pyrimdine-2,5-diyl or 1,4-phenylene, which is unsubstituted or substituted
with at | east one of hal ogen, cyano anqgor met hyl; [err] each independently
represent alkyl with 1 to 18 carbon atons in which optionally 1 -[err]
group or 2 non-adjacent -CH2- groups can be replaced by -0-, -COO and/or
-O0C- and/or one -CH2 CH2 group can be replaced by -CH=CH; with the
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ene,
2-fluoro-1, 4- phen Iene and 2. 3- dlfluoro 1, 4- phenyl ene are preferred

gr oups. The term: tegan"h glagen’i signifies Hia 5"&,%{&0 ope ©fc f&ﬁ@é@ﬁ?nt
mventlon fluorme chiorine, . bromme or idodine, especially

b fluorine and chlorine.

The term "alkyl with 1 to 18 carbon atoms in which
-optionally 1 <CHz- group or. 2 non-adjacent -CHz- groups can be
replaced by -O-, -COO- and/or -OOC- and/or one -CH2-CH2- group
can be replaced by -CH=CH-" embraces in the scope of the present
invention not only straight-chain, but also branched residues with
.1 to 18, preferably 1 to 12 or 4 to 12, carbon atoms such as
C1-C12 alkyl, C4-C12 2-methylalkyl, C4-C12 2-(3-alkenyl), L
C4-C12 1-(alkoxycarbonyl)ethyl, Cs-C12  1-[(alkenyloxy)carbonyl]- -
ethyl and the like.  Such residues are, for example, 2-butyl, '
2-pentyl, 2-hexyl, 2-heptyl, 2-octyl, 2-nonyl, 2-decyl, 2-undecyl,
2-dodecyl, 2-methylbutyl, 2-methylpentyl, 2-methylhexyl,
2-methylheptyl, 2-methyloctyl, 2-methylnonyl, 2-methyldecyl,
- 2-methylundecyl, 2-methyldodecyl, 2-(3-butenyl), 2-(3E-
~ pentenyl), 2-(3E-hexenyl), 2-(3E-heptenyl), 2-(3E-octenyl),

2-(3E-nonenyl), 2-(3E-decenyl), 2-(3E-undecenyl), 2-(3E-
dodecenyl), 1-(methoxycarbonyl)ethyl, 1-(ethoxycarbonyl)ethyl,
1-(propyloxy- carbonyl)ethyl, 1-(butoxycarbonyl)ethyl, 1-(pentyl-
oxycarbonyl)- ethyl, 1-(hexyloxycarbonyl)ethyl, 1-(heptyloxy-
carbonyl)ethyl, 1-(octyloxycarbonyi)ethyl, 1-(nonyloxycarbonyl)-
ethyl, 1-(decyloxy- carbonyl)ethyl, 1-(undecyloxycarbonyl)ethyl,
1-(dodecyloxycar- bonyl)ethyl, 1-([trans-2-propenyloxy]-
carbonyl)ethyl, 1-([trans-2-butenyloxy]carbonyl)ethyl, 1-([trans-
2-pentenyloxy]carbonyl)-ethyl, 1-([trans-2-hexenyloxy]-
carbonyl)ethyl, 1-([trans-2-heptenyloxy]carbonyl)ethyl, 1-

. ([trans-2-octenyloxy]carbonyl)-ethyl, 1-([trans-2-nonenyloxy]-
carbonyl)ethyl, 1-([trans-2-decenyloxy]carbonyl)ethyl, 1-([trans-
2-undecenyloxy]carbonyl)-ethyl, 1-([trans-2-dodecenyloxy]-
carbonyl)ethyl and the like.



invention fluorine, chlorine, bromne or idodine, especially fluorine and
chlorine. The term"alkyl with 1 to 18 carbon atons in which optionally 1
[err] group or 2 non-adjacent -[err] grogps can be replaced by -0-, -COO
and/ or - OOC- and/or one -CH2-CH2- group can be replaced by -CH=CH "

enbraces in the scope of the present invention not only straight-chain, but
al so branched residues with 1 to 18, preferably 1 to 12 or 4 to 12 car bon
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and the Tike. ;1o characterized by good solubility and high polarizability, |
whereby the compounds - in addition to their use as dopants in -
nematic mixtures - are also excellently suited for use ‘in
ferroelectric liquid crystals.

Other preferred compounds of formula 'l are compounds in
which rings Al and A2 signify a 1,4-phenylene group, which is
unsubstituted or substituted with at least one of halogen, cyano
and/or methyl.

As mentioned above, the compounds of general formula | are
very readily accessible -synthetically. . The compounds of formula
o | in which rings A1 and A2 signify 1,4-phenylene can be manu-

. ~ factured e.g. by converting the commercially available 1,4-
piperazinediyl-diphenyl in a manner known per se via bis-4,4'-
(1,4-piperazinediyl)dibenzaldehyde into a derivative suitable for
esterification with ROH (J. Med. Chem. 10, 111 [1967]). The
compounds of formula | in which rings A1 and A2 signify pyridine-

- 2,5-diyl can be manufactured by coupling the corresponding
6-chloro-nicotinic acid ester with piperazine in a suitable
“solvent. The manufacturing methods are illustrated in more
detail by the Examples.

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.



4 €onpounds of formula I in which rrmgs [err] both have the same
significance and residues [err] both have the sane significance are
preferred. Conpounds of forrmula | in whgch rings [err] signify
pyridine-2,5-diyl or 1,4-phenylene, which is unsubstituted or substituted
w th at Ieast one of halogen cyano and/or. nethyl, are especi al
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‘Suitable Irqurd crystallrne carrier materials are known and
- are commercrally available in large numbers.. As a rule, liquid
crystalline mixtures containing 2 or more components as carrier
materials are -preferred. Basically, however, a single liquid
crystalline compound can also be used as the carrier mater|a|
when lt has a suffrcrently broad mesophase '

Compounds of the following general formulae are especrally
suitable as components for liquid crystalline carrier materials
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6-chl oro-nicotinic acid ester with piperazine in a suitable solvent. The
manuf acturing nmethods are illustrated in nore detail by the Exanples. The
invention is also concerned with Iiquigcrystalline m xtures containing a
liquid crystalline carrier material and one or nore optically active
conmpounds of formula 1. Suitable carrier materials are basically all liquid
crystal materials which have a twistable liquid crystal phase with an

adequat e nmesophase r a/ge 5 Thesonpounds of formula | 3he especially
sui tabl e as chi raﬂacﬁa % R¥r chol esteric carri elr mat eri al s.
The |iquid crystalline—earrier mae¥ial can be a single conpound or a

m Xture and preferably has a clearing point of at |east about 60[err]C,
pat¥icularly at |east about 80[err]C. The content of chiral dopant of

fornula I is determ ned gssentifA bésitstwisting capaci \py and t he
desired pitch. THE T8 x—618hi r gr _Bopant can therefore vary in a wde
range according to apptitcati on and can be, for exanple, about 0.1-30 w. %
Dependi ng on cell type and thickness, a pitch of about 30-40 [err] is
mainly required for indicators based.on liquid crystals having a tw sted

nematic structure and therefore a correspondi/ngly | ower content is

sufficient. On the otjiem\hand, jomn\ applicaFYns which are Qﬂ ed on the
reflection of vigsRb “ Zhy @ i Fs, pitches of about 0.4-0.6
[err] are required, wlieh neces ates a espondi ngly hi gher content of

chiral dopant. Suitable liquid crystalline carrier materials. are known and
are commercially available in large nunbers. s a rule, liquid crystalline

m xtures containing 2 0r nore ceonponents gs_garrier materials are
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crystalline conpound can al so be usetl a8 the'carrier material when it has a
sufficiently broad nesophase. Conpounds of the follow ng general fornulae
are especially suitable as conponents for liquid crystalline carrier

materi al s 7 [err] trans-1, 4-cycl ohexyl ene; n.signifies the nunber 0O
or 1; [err] and [err] each independently denote a single bond or [err] with
two aromatic rings always being Iln@ed by a single bond; R3 and R6 each

i ndependent |y denote - al kyl , 3E-al kenyl and on sat urat ed
rings al so 1E—a|h$n¥KZt%y ' agkyl, 3E-al kenyl, 4-al kenyXVl al koxy,
2E- al kenyl - oxy, 3-al ony, ynyI, cyano, isothiocyanato or fluoro;
[err] denot es al kyl, 3E—a|keny| 4-al kenyl or on trans- 1, 4-cycl ohexyl ene
als0 1E-al kenyl or on 1! 4- phenyIFne al so cyano, isothiocyanato, alkoxy,
2E- al kenyl or 3-al kenyl oxy; R7 gignifies alkyl, 1 E-alkenyl, 3E-al kenyl or
4- al kenyl ; R8 repres ' 1 E—alkenyl 3E—a|keny| XVH al kenyl ,
al koxy, 2E—alkenyﬁ : alkoxynethyl or (2E-

al kenyl ) oxynethyl; [e es hydrogen, fluorine or chlorine; X2
denot es cyano, f1 uori ne or chlorlne [err] signifies hydrogen or fluorine;
and [err] stands for ' 'NUorlne [err] preferably hawayf to 12
car bon at ons, paﬁ? carbon atons. The aforenentioned term
"aromati c ring si gni H-e A héﬁylene, pyridi ne-2,5-diyl or
pyri m di ne- 2, d|yI The afore- -

.

OO O o

wherein ring A3 signifies 1,4-phenylene, pyridine-2,5-diyl,
pyrimidine-2,5-diyl, trans-1,4-cyclohexylene or trans-1,3-
dioxane-2,5-diyl; ring A4 represents 1,4-phenylene or
trans-1,4-cyclohexylene; n signifies the number 0 or 1; Z1
and Z2 each independently denote a single bond or -CH2CHo-, -
with two aromatic rings always being linked by a single
bond; R3 and R6 each independently denote alkyl, alkoxy-
alkyl, 3E-alkenyl and on saturated rings also 1E-alkenyl; R4
‘ signifies alkyl, 3E-alkenyl, 4-alkenyl, alkoxy, 2E-alkenyl-
e ‘oxy, 3-alkenyloxy, 1-alkynyl, cyano, isothiocyanato or
- fluoro; RS denotes alkyl, 3E-alkenyl, 4-alkenyl or on trans-
1,4-cyclohexylene also 1E-alkenyl or on 1,4-phenylene also
cyano, isothiocyanato, alkoxy, 2E-alkenyl or 3-alkenyloxy;
R7 signifies alkyl, 1E-alkenyl, 3E-alkenyl or 4-alkenyl; R8
represents cyano, alkyl, 1E-alkenyl, 3E-alkenyl, 4-alkenyl,
alkoxy, 2E-alkenyloxy, 3-alkenyloxy, alkoxymethyl or (2E-
alkenyl)oxymethyl; X1 signifies hydrogen, fluorine or
chlorine; X2 denotes cyano, fluorine or chlorine; X3 signifies
hydrogen or fluorine; and X4 stands for chlorine or fluorine.

R3, R4, RS, R6, R7 and R8 preferably have 1 to 12 carbon
atoms, particularly 1 to 7 carbon atoms.

The aforementioned term “"aromatic ring" signifies 1,4-
phenylene, pyridine-2,5-diyl or pyrimidine-2,5-diyl. The afore-



8 nentioned term"saturated ring" signifies trans-1, 4-cyclo- hexylene or
trans-1, 4-di oxane-2,5-diyl. The invention is illustrated in nore detail by
the following Exanples. In connection V\%t h iquid crystal phases and phase
transitions C signifies a crystalline phase, N signifies a nematic phase,
N signifies a cholesteric phase, S signifies a smectic phase and |

si gnifies thpengionedd erahaseatufatedielingdl sigrifibsi tratendi4dynlop. Opti cal
ant i podes hq,y@xe* gn%acgr Cﬁ%cf -1 4 IAbxafRYS yﬂmert i es' i.e. the sane
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n “ef et hano%xamp %at B‘d canregtion math dtqtmdjagrystarrwtamta a&%r e was
treat ed wi t htr&fSitionsofC veigeifiesida t trstaliineaphade N esignifies ai henidtic m  of
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Recrystall i zmqnﬁfﬂﬁﬁorn‘ 8t @orsagm/empmr& lﬂoémI @S} byted gﬁéaPQBWFtﬁet hyl |
6,6' - (1, 4-phekicalzirotatign ) endi oppositee circuiam polatizatior et reflested. The
(S)-1-(et hoxugmbonyl )ethyl 6-chloronicotinate used as the starting
material was prepared as follows: a) 1.5 g of 6-chloronigotinic acid were

heated to 80[err]C for 24 hours with%%idthl onyl chl ori-de in tol uene.
" The sol ution obtained was evapor at ed uced pressure, the residue

was treated with 20 ml of absol ute toluene and the sol uti on was
L A mixture of 1.4 g of (S)-1-(ethoxycarbonyl)ethyl

6-chloronicotinate, 0.2.g of piperazine and 25 ml of ethanol was
heated at 80°C for 2 days. The reaction mixture was treated
-with 500 ml of water and then extracted three times with

~ 100 mi of diethyl ether each time. The combined organic phases

~ were washed twice with 500 ml of concentrated sodium chloride
solution each time, dried over magnesium sulphate, filtered and
subsequently concentrated. The residue was chromatographed on
silica gel with toluene/ethyl acetate (vol. 4:1). Recrystallization

~ from ethanol gave pure . bis-[(S)-1-(ethoxycarbonyl)ethyl] 6,6'-
(1,4- plperazmedlyl)dlmcotmate with m.p. (C-l) 143°C, [a]2)=
+68.3°,

The (S)-1-(ethoxycarbonyl)ethyl 6-chloronicotinate used as
the starting material was prepared as follows:

a) 1.5 g of 6-chloronicotinic acid were heated to 80°C for

24 hours with- 25 ml of thionyl chloride in toluene. The solution
obtained was evaporated under reduced pressure, the residue was
treated with 20 ml of absolute toluene and the solution was
again evaporated under reduced pressure. The solid residue was
sublimed in a bulb tube. This gave 14.84 g of 6-chloronicotinoyl
chloride with m.p. 48°C.

b) 2.5 g of 6-chioronicotinoyl chloride were taken up in 50 ml -
of absolute toluene and treated with a solution of 1.7 g of ethyl
L(-)-lactate in 5 ml of absolute pyridine. The reaction mixture
‘was heated to reflux for 1 hour, then cooled, treated with dilute
hydrochloric acid and extracted three times with 50 ml of
dichloromethane each time. The combined organic phases were
washed twice with 100 ml of water each time, dried over mag-



agai n evaporated under reduced pressure. The solid residue was sublined in
a bulb tube. This gave 14.84g of 6-chloronicotinoyl chloride with mp.

48[ err] C. b) 2.5 g of 6- chloronlcotlgoyl chl oride were taken up in 50 m
of apsolute toluene and treated with a“solution of 1.7 g of et hyl
L(-)-lactate in 5 m of absolute pyridine. The reaction m xture was heated

to reflux fﬁésmmcw hatee anP eoadentra@ed d Tet brutle rodbetiobtained ¢ aci d
and ext ract% e%

f@scmr%f?%h%ma Qgﬁ?ﬂ !ﬁ@ aawmlme The
Grted over Qﬁ Bﬁ%s%ﬁéa% hedd ) rég\a%?%? 332/3%?08{12?’
obt & ned wa r(eﬁmm@rbenunﬁtbm oﬁe@taJ@mpmptmat@l |tha 5am=th

t okdene/ et hyft4att ate (vol. 4:1). This gave 2.6g of pure (97%
(S)-1-(ethoxycar bonyl )ethyl 6-chloronicotinate with [err] +14.4[err]. The

follow ng co ou n BNRGr :

B s [(S)-1- %ﬁm E’onﬁp)”@?ﬂ‘mﬂr@%‘*ak‘l b iagid Y8R

di yl ) di ni coff'd %}/ %./69[err] [a] = +70. 9C;

bis-[(S)-1-(propylo carbonyl)eth ] 6,6'-(1,4-piperazine-

iyl ) dini cot L nat Bisi(§)- mnmtrmmaus»)omywemmy@asbénmmpwa;me-
- (1, 4- pum mmﬁuafcb), mvegon BO g0 diSlerr], = +61. 60;

B: ;JS? néd;ﬂﬁﬂ r?’tl\éé@ tga?%}lﬂ @ ))lfémﬁ)l] %é (Q14Jp4perazme-
pi nggfngm yl ) dibh$ nﬁlr(authcg(@nyl)ethyﬁ 6,6'-(1,4-piperazinediyl)-

-([trans-2- Uemeomhatey] eaupboh259 e{d)el, = 6.63.6¢;1, 4-
pi per azi nedi yl ) dighk Go5) MR fraRlsP2- Hru%loxy]carbonyl)ethyl 6, 6' (1,4-
' piperazinediyl)dinicotinate; : o
bis-[(S)-1-([trans-2- pentenyloxy]carbonyl)ethyl 6,-6'-(1,4- o
piperazinediyl)dinicotinate; AR
bis-[(S)-1-([trans-2- hexenyloxy]carbonyl)ethyl 6,-6'-'(1,4- '
piperazinediyl)dinicotinate, ‘m.p. 130°C;
bis-[(S)-2-pentyl] 6,6'-(1,4- p:perazmednyl)dmlcotmate
m.p. 1190C, {03, = +49.80;
bis-[(S)-2-hexyl] 6,6'-(1,4-piperazinediyl)dinicotinate; .
bis-[(S)-2-heptyl] 6,6'-(1,4- piperazinediyl)dinicotinate;
' bis-[(S)-2-octyl]  6,6'- (1 4- plperazmedlyl)dlnlcotmate m.p.
940C, [a]39, = +650;
bis-[(S)-2-nonyl] 6,6'-(1,4-piperazinediyl)dinicotinate;
bis-[(R)-1-{(methoxycarbonyl)ethyl] 6,6'-(1,4-piperazine-
E . diyl)dinicotinate, m.p. 1699, [a]22, = +70.9°;
s ' bis-[(R)-1-(propyloxycarbonyl)ethyl] 6,6'-(1,4- plperazme-
diyl)dinicotinate, m.p. 1609°;
bis-[(R)-1-(butoxycarbonyl)ethyl] 6,6'-(1,4-piperazinediyl)-
dinicotinate, m.p. 125°, [a]3% = -61.6°;
bis-[(R)-1-(trans-2-butenyloxy]carbonyl)ethyl 6,6'-(1,4-
piperazinediyl)dinicotinate; '
bis-[(R)-1-(trans-2-pentenyloxy]carbonyl)ethyl 6,6'-(1,4-
piperazinediyl)dinicotinate;
bis-[(R)-1-(trans-2-hexenyloxy]carbonyloxy)ethyl 6,6'-
(1,4-piperazinediyl)dinicotinate, m.p. 130°C;
bis-[(R)-2-pentyl] 6,6'-(1,4-piperazinediyl)dinicotinate,
m.p. 1199C, [o)25,= -49.80;
bis-[(R)-2-hexyl] 6,6'-(1,4-piperazinediyl)dinicotinate;
bis-[(R)-2-heptyl] 6,6'-(1,4-piperazinediyl)dinicotinate;



bis-[(S)-2-pentyl] 6,6 -(1, 4-pi perazinediyl)dinicotinate, mp. 119C [err]=
+49.80; bis-[(S)-2-hexyl] 6,6'-(1, 4-pi perazi nedi yl)di ni coti nate;
bis-[(S)-2-heptyl] 6,6'-(1, 4-piperazinggdiyl)dinicotinate; bis-[(S)-2-octyl]
6' -i(1, 4- pi perazinediyl)dinicotinate, mup. [err] bis-[(S)-2-nonyl]
-(1, 4-pi perazinediyl)dinicotinate; bis-[(R)-1-(nmethoxycarbonyl)ethyl] -
, 6' - (1, 4- pi per azbis{(R}j-B-ddtyl] c 6,61 4-piperadif@diyl)dimieotingte, bim:g.(R) - 1
- (propyl oxyc%w% lfithyj 0-6,6"-(1,4- p| perazi ne- diyl)dinicotinate, mp.

1600; bis-[(R) %Y%r?,.%j)%téy fp?peﬁéz‘he"d&?)ro%l&?ﬁh&ké

di ni coti nate, m p:

bis-{(R)-1-(trans-2-butenyl oxy] carbonyl)ethyl 6,6 -(1, 4-

p| pe'ra2| nedi yl) di ni cot | hate; bis-[ ( RExampheaRs- 2- pent enyl oxy] car bonyl ) et hyl
-(1, 4- piperazinediyl)dinicotinate;

bls I[((Fa?ail gtrans 121 Xswag&)ﬂ&' éenly llchlonde
e I D het e e

b| s [(R) 2 h 8g of bls-[(S)

bis-[(R)-2- hémqumaaquyl):emydbr&ﬂ n(euﬁyp)mmmnemwbdrbenzqate -
bis-[(R)-2-octyl] 6,6"-(1, 4-piperazinediyl)dinicotinate, mp. 94[err] -650;

bi s-[(R)- 2 nonyI]Tﬁe6 biéua*qnpﬁbmmw pEryl NBhforideaueed asl- 1 g of
bis-4, 4 ﬂléﬂ% ge Bk tgkiap égyh @d Bilgws:of et‘,hyl L(-)-lactate
and 25 m of ol uene re react :
a) A solution of 2g of bis-4,4'-(1,4- plperazmedlyl)dlbenz-
- aldehyde in 100 ml of -acetone ‘was treated dropwise with
- 100 ml of Jones' reagent. The mixture was. stirred at room
temperature for 1 hour and then poured into 100 ml of water.
The precipitate which thereby resulted was filtered off, washed
portionwise' with water and dried in a vacuum. The crude product: -
‘was recrystallized from ethanol and gave 1.2 g of pure bis-4,4'-
(1,4-piperazinediyl)dibenzoic acid. |

b) 1.2g of bis-4,4'-'(1-,'4'-piperazinediyl)dibenzoic‘acid, 10 mi
of thionyl chloride and 100 mi of toluene were reacted in an: '
analogous manner to Example 1a). This gave 1.1 g of bis-4,4'-
(1,4-piperazinediyl)benzoyl chloride.

The following compounds can be manufactured in an
analogous manner:

: Bis-[(S)-1- (methoxycarbonyl)ethyl] 4,4'-(1,4-piperazine-
diyl)dibenzoate;
bis[(8)-1- (propyloxycarbonyI)ethyl] 4,4'-(1,4-piperazine-
' dnyl)dlbenzoate
bis[(S)-1-(butoxycarbonyl)ethyl] 4,4'- (1 4-piperazinediyl)-
dibenzoate;
bis[(S)-2-pentyl] 4,4'-(1,4-piperazinediyl)dibenzoate;
‘bis[(S)-2-hexyl] 4,4'-(1,4-piperazinediyl)dibenzoate;
bis[(S)-2-heptyl] 4,4'-(1,4-piperazinediyl)dibenzoate;
bis[(S)-2-octyl] 4,4'-(1,4-piperazinediyl)dibenzoate;
bis[(S)-2-nonyl] 4,4'-(1,4-piperazinediyl)dibenzoate.



an-. anal.ogous nmanner to Exanpl e I b). This gave 0.8 g of bis-[(S)- 1

- et hoxycar bonyl ) ethyl] 4,4'-(1, 4-pi perazinediyl)di benzoate. The
bis-4,4"-(1, 4-pi perazi nedi yl ) benzoyl oride used as the starting nmateri al
was’ prepared as follows: a) A solution of 2 g of

bi s-4,4' - (1, 4- pi perazi nedi yl )di benz- al dehyde in 100 m of acetone was
treated dropwi se with 100 m of JoneEmwt. The m xture was stirred at
roomtenperature for 1 hour and then poure Into 100 mM of water. The

precipitate whi c L he I esu na ter nw se
w th water and d ﬁi‘%‘\?gcﬁlﬁtﬁaﬁ’ﬁe% é;r g%d';és 1}2@? %M ﬁl zed from
et hanol and Vg%ﬁleus Ztog“lﬁasd-!!ﬁe donduged 9@5@ di benzoi ¢
achkd: b) ﬁ@@dﬂndzﬂ sitv Ilqmdlcrystpl gnatemaisdu yl ) di benzoic acid, 10 m of

t hi onyl chlorlde and 100 of toluene mere reacted in an analogous manner
to Exanple Jay b/g‘ geve 14'1e 4bb§ p| perazi nedi yl ) benzoyl

chl ori de. Tz’ g OWA Ng co ﬁ ﬁ;ﬁg % wred in an anal ogous
manner: Bi s- g ) - 1-(Jre thox ’l 4 p| pera2| ne-

di yl ) di benz 8 bIS (S 1 (1, 4-pi perazi ne-
di yl ) di benzdb8; bls (S)-1-¢ df%ﬂ?c‘&rmlmﬂw pxyl)benzomtnle, .

'%Peeeb

,4' - (1, 4-pipreazi netli yl ) - dli(teansad epehtyicyBloBerghibaizonitrile,
j: - E i’j p:@gqam Egg: y: gg:bgé'ﬂ'%t% (tPaR5(4) r%d}ﬂé b]ohexyl)benzene
2 (1 4 pi TEP47i nedi vl )d.%@fémﬁ%%g glzsk‘%@ -%-4 B HV cyclohexyl)-
4' - (1, 4- pi perazi ned| yI)d| -s[(S) 2- nonyl]
4'-(1,4- pi£69a2| nédi yI )d| #ireaty-4-cyananptierphenyl,
' - B.71 " 4'-(trans-4-pentylcyclohexyl)-4- cyanobiphenyl,
i 15.95 " 1-[2-(trans-4-butylcyclohexyl)ethyl]-4- (trans- -
: - 4-pentylcyclohexyl)benzene,
4.74 " ‘4-[2-(trans-4-butylcyclohexyl)ethyl]-4'- (trans-
. " - 4-pentylcyclohexyl)biphenyl,
759 .. - 4-[2-(trans-4-butylcyclohexyl)ethyl]-4'- (trans- .
: : 4-pentylcyclohexyl)-1,1'-ethylenedibenzene,
2.84 " trans-4-[2-trans-4- propylcyclohexyl)ethyl]-
©  cyclohexanecarboxylic acid 4-cyanophenyl ester;
m.p. < -30°C cl.p. (N-1) 90°C; Aa = 8.5; An = 0.139 and n =22 mPaos
_ measured at 220C. - :
Liquid crystal basic mixture BM-1 was treated with each of
the following optically active dopants:
; . D1 =" - Dbis-[(R)-2- octyl] 6,6'-(1,4- plperazmedlyl)dlmcott—
~ nate.
D-2 = bis- [(S) -1- (ethoxycarbonyl)ethyl] 6,6'-(1,4-piper-

azinediyl)dinicotinate.

The results obtained for the chiral doped mixtures have
been compiled in Table 1 in which A, B and C denote the
parameters of the equation

1 ' 2

and p, ¢ and T1 have the following significances:

Ty= T-220C;



The foldowi ng nematic liquid crystal basic mxture BM1 was used to measure
the induced pitch and its tenpetature dependence in liquid crystal
materials. 5. 36 wt.% of 4' - et hyl -4- fganoblphenyl 3.18

4' - propyl - 4- cyanobi phenyl , 6.08 4' - butyl - 4- cyanobi phenyl, 6.53
4- (trans-4-propyl cycl ohexyl )benzonitrile, 14.67 .
4- (trans-4- pgnty| tarppebatyyé Jineoganitrile, 5.21

o are 4P ? 86 yk?ﬁlcffﬁé%"nbp] Va6 sitfifids dextrorotatdryt Noxy-1
4" - pentyl - 4- Cﬁang a negatlve value signifies a

4' - (trans- 4- penty e,wmamm )hah@aylansﬂﬁuphm)t 15. 95

1- {-2¥(t r ans- 4- but gbngehtrationl pétthe ]optroailyaastlvé dept-mt anciandif%xyl )benzene
4.74 " 4-(2-(trans-4-butyl cycl ohexyl)ethyl]-4"-(trans-

4- pentyl cycl ohexyl ) bi phenyl, 7.59
"4-[2-(trans-4-buty|cyclohexyl)ethyl]-4'-(trans-

4- pentyl cycl ohexyl )-1, 1" - et hyl e- nedi benzene, 2.84

trans-4-[ 2-trans-4-propyl cycl ohexyl)ethyl]- cycl ohexanecarboxylic acid
4-cyanophenyl- ester; mp. [err] neasured at 22[err]C Liquid crystal basic
m xture BM1 was treated with each of the follow ng optically active
dopants: D1 bis-[(R)-2-octyl] 6,6 -(1, 4-pi perazi nediyl)dinicoti-
nate. D- 2= bi s-[(S)-1-(ethoxycarbonyl)ethyl] 6,6"-(1,4-piper-

azinedi yl)dinicotinate. The results obtained for the chiral doped m xtures
~have been conpiled .in. Table 1 in which A) B and C denote the.paraneters of
_the equatlon 2 :

o



[err] = A+ BT1 + CT1 and p, ¢ and [err] have. the follow ng significances:
[err] 12 T = tenperature in.[erf]C, P = pitch in [err] (a positive
val ue signifies dextrorotatory helical ,structure and a negative val ue
signifies a | evorotatory helical structtre); ¢ = concentration of the
optically active dopant in wt.% 13 E 1 4 Exanple 5 The foll ow ng

liquid crystal basic m x] s used to neasure the spontaneous
pol ari zability (Ps) of fprToefjectrijc smectic liquid crystal materials. 4.6
w. % of 2-(4-octyloxgﬁﬁe ng-g_heptylpyrinidine 15. 7
2- (4- nonyl oxyphenyl ) -'5- npfiy! yrsmdine 15.7 "
2-(4=hexy|oxyphenyl)-S-QEmzl@lﬁwn-ine 13.6
2- ¢4+ decyl oxyphenyl ) - 5-dpcy! &rim dine 25.1 _ 4- decyl oxybenzoi c
acid 4-[2-(trans-4-penty -°<aﬁ% ohexyl ) et hyl ] phenyl ester 12.6 "
4- undecyl oxybenzoi c acid{4-[2{(trafs-4-pentyl - cycl ohexyl)ethyl] phenyl
ester o |
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12.6 4- dodecyloxybenzorc acid 4-[2-(trans-4-pentyl -

cyclohexyl)et hyl ] phenyl ester. The:liquid crystal basic m xture BM 2 was
treated with an optically active dop . D3 = bis-[(S)-2-octyl]
,6'-(1, 4-piperazinediyl)- -dinicotinate 93 wt.% of BM2 7 wt.%of D3 AT
(Sc*) [err], Ps (Tsc* -15[err]) = 88 nC/cn2, [err] 550 . [err]Sc*) =

| onering of the. phase transition tmﬂe Sc* to SA, Nor |. Ps (Tsc*
-15[err]) spontaneous pol arizabili nmeasur ed bel ow the phase transition*

t t = I Ct t d
of The general EpAufal ”vﬁm“ef iR érwsr%L&zZésf%rm i U B8 58 s
pyLi di ne- 2,15 dngasupgrihe spreNtansaus, pajarizabil mﬁetR/s)em fwrrperrecrtglc

ungmbstltutmect|csumrdt wrgdtal trhadériilsast one of hal ogen, cyano and/ or
nmet hyl ; Rl and R2 each independently represent al kyl with 1 to 18 carbon

atoms in op14sExanpbe Ic mxture

BM 2 was us g‘ / ;%ure t% (%Spoo g‘éQkh z%ﬁéyéj@é ﬁgﬁg

ferroelectr ctlc l'iqu d( ne

2- (4- oct yl o¥k§@ghenyl') - 5- hepy( ‘b;hexu @rXrYGP"l@Y') 5. nonylpyrimidine

2- (4- nonyl ok&.ﬁhenyl') 5- non2t dedylioxyplteyl)-5-decylpyrimidine

2- (4- hexyl opgghenyt) - 5- nongl gy yx§behzoic acid 4-[2-(trans-4-pentyl-
cyclohexyl)ethyllphenyl ester

12.6 " ‘4-undecyloxybenzoic acid 4[2-(tran's-4-pentyl-
cyclohexyl)ethyllphenyl ester

126 " 4-dodecyloxybenzoic acid 4-[2- (trans 4- pentyl-
cyclohexyl)ethyllphenyl - ester. .

The Irqurd crystal basic mixture BM-2 was treated with an
optically active dopant | .
D-3 bis-[(S)-2- octyl] 6 6'-(1,4-piperazinediyl)-
dinicotinate

93 wt.% of . BM-2
7 wt.% of D-3

AT (S¢*) -4°C, Ps (Tge* -15°) = 88 nC/cm2, ¢ 550 psec.

AT (S¢¥) = lowering of the. phase transition temperature
Sc to Sa, Nor L .

‘Ps (Tge* -15°) = spontaneous polarizability measured below the
phase transition- temperature.

T = switching velocity.

Claims

1. Optically active cornpounds of the general formula

R'—OOC N N COO—R? |

wherein rings Al and A2 each independently signify
pyridine-2,5-diyl, pyrimidine-2,5-diyl or 1,4-phenylene,
which is unsubstituted or substituted with at least one of
halogen, cyano and/or methyl; R! and R2 each independently
represent alkyl with 1to 18 carbon atoms.in which



13.6 - 2- (4- decyl oxyphenyl ) - 5-decyl pyri m dine 25.1

4- decyl oxybenzoic acid 4-[2-(trans-'4-pentyl- cycl ohexyl)ethyl]phenyl ester
12.6 " 4-undecyl oxybenzod@& acid 4-[2-(trans-4-pentyl -

cycl ohexyl ) et hyl ] phenyl ester 12,6 4- dodecyl oxybenzoi c acid

4-[2- (trans-4-pentyl - cyclohexyl)eth | ] phenyl ester. The |liquid crystal
basic m xture BM 2 was treated vmthémmmﬂ_&illy active dopant: [err]

bis-[(S)-2-octyl] 6,6 -(1, 4-piperazinediyl)- dinicotinate 93 wt. % of BM 2
7 wt.%of D-3 ATThSC"fblloMrﬂj rﬂq@..dpwsw*basxé)mm&senmeewégruseéso )
Lert] sec. A (Mgakure the! Eﬁ@% sﬁﬁarFr Biifty [PEPIdf BrrioRIBetRl Ur e Se
to SA, N or ? neous’p |zab| Ity nmeasured
betow t he pﬁﬁk‘iﬂﬁ alrﬂg'r’lq offf tep switching velocity. Cainms 1.
Optically active conpounds of the general formula [err] wherein rings [err]
each i ndepedd®@mtl% sofni fy 2py4idctydoxyphidyyl)-mheptydpyeimidingyl or
1, 4- phenyl eng,7 whi ¢h is unubsindn Ryk)qshgnygt.stnl@ﬁ |;yyrt|h1|@|linbeast one of

i pg_ Fy ,{,ﬁmﬁﬁgnt aI kyl with

hal ogen, cyqgoy andmor net hyl [0
1to 18 cartfgrgatoms I n whi g eé
non- adj acen rr] ,groups b% gﬁl CiOC and/ or
one ecylox enzonc acn - rans- -penty
cyclohexyl)ethyl]phenyl ester
12.6 " ‘4-undecyloxybenzoic acid 4-[2-(trans-4-pentyl-
_ cyclohexyl)ethyllphenyl ester
12.6 " 4-dodecyloxybenzoic acid 4-[2-(trans-4- pentyl-
o | ' cyclohexyl)ethyl]phenyl ester. |
R
The lquld crystal basic mtxture BM-2 was treated with an
optically active dopant
D-3 = bis-[(S)-z-octyI] 6,6'-(1-,_4-p'iperazinediyl)-
dinicotinate
93 wt.% of BM-2
7 wt.% of D-3 . .
AT (S¢*) -4°C, Ps (Tgc* -15°) = 88 nC/cm2, © 550 psec. |
AT (S¢*) = lowering of the. phase transition temperature
: Sc* to Sp, Nor . :
Ps (Tgg* -15°) = spontaneous polarizability measured below the
phase transition temperature.

U B = switching velocity.

Claims

1. Optically active compounds of the general formula

R‘—-—OOCN NCOO—R2 |

wherein rings Al and A2 each independently signify
pyridine-2,5-diyl, pyrimidine-2,5-diyl or 1,4-phenylene,
which is unsubstituted or substituted with at least one of
halogen, cyano and/or methyl; R and R2 each independently
represent alkyl with 1to 18 carbon atoms.in which

I

A



[err]~group can be replaced by -CH=CH; with the proviso that at |east one

of the groups [err] must be chi ral”. 2. Optically active conpounds
“according to claim1, characterized 18 that rings [err] as well as residues
[err] and R2 each have the sane significance. 3. Optically active

conmpounds according to claim1 or 2, characterized in that rings [err]
represent pyridoptiogally di yiClp- grouppperd nonr-adiateit rGHansaMRS ut ed or
substituted w tbantbe ¢eplacett byl -0g! COO- andfor DOC andiaryones.
Cho et o S  REEEEMACHIONE .08, Iplacaa.y IO B, o,
Y car bon

atons in which @ﬁé g‘%et ? r%&%&ﬁ\t&f) n%n-ﬁa Ja%eﬁ(nt a[n\(gfr‘r:‘] g]rdoégpgsgcan be
riepl aced by -0-©C Irebo-* and/or -00C- and/or one [err] can be replaced by
-CH=CH . 5. Optically active conpounds in accordance with any one of
clainms 1 to 4, ghar aQptidallyd activeheonipourjds maeaording dor Tlaimkyl,,
% er H [ E“:‘lt E&héfﬂb{izbér {ri 1Kr1]§t Hrig A ) ,arbell\g]ptaéawlbflxasar?smuds) Eﬂhnhgor

o i ca active conpounds

HY g0t g e Sph Pnifigance ) g

accordi ng ) aracterized in that rings [err]
represent pyridine-2,5-diyl; and [err] sigpify 2-3]kyl -, :
(al koxycar bony! Bet hyOpticallyy @etixekeam &%r%&%&]’d/ﬁ?lg}ﬂfmh14of 8 car bon
atons. 7. charactuizeédciysthat! rimgsmiAd &éntrepreagnt pyddine-2:5iMl | i ne
carrier malgpr i a-phh ohwhieghe i9pinsabstituaeti ve substitubeld withf @tnul a |

defined in - ab- f 4 (0 ystalline mxture in

accor dance l%ﬁ]%%a?mh?p%—?ﬁbg??ggl agﬂ{jdrgm%ipr?([)'- optical purposes.

o -4, Optically active compounds according to any one of

nd “claims 1 to 3, characterized in that R! and R2 represent branched
alkyl with 4 to 12 carbon atoms in which one -CHz- group or two

non-adjacent -CHa- groups can be replaced by -O-, -COO- and/or |
-00C- and/or one -CHz-CH2- can be replaced by -CH=CH-.

5. Optically active compounds in accordance with any
one of claims 1 to:4, characterized in that R1 and R2 represent.
C1-Ci2 alkyl, C4-C12 2-methylalkyl, C4-C12 2-(3-alkenyl),
C4-C12 1-(alkoxycarbonyl)ethyl or Cs-C12 1-[(alkenyloxy)-
carbonyllethyl. : _

6. - Optically active compounds according to any one of
claims 1 to 5, characterized in that rings Al and A2 represent
pyridine-2,5-diyl; and R' and R2 signify 2-alkyl, 1- :

. (alkoxycarbonyl)ethy! .or 1-[(2-alkenyloxy)carbonyljethyl with . 4
St to 8 carbon atoms. -

7. - A liquid crystalline mixture containing a liquid
crystalline carrier material and one or more optically active
compounds of formula | defined in claim 1.

8. The use of a liquid crystalline mixture in accordance
with claim 7 for optical and electro-optical purposes.

* C_'L ] S *



