‘1, CHIRAL CRNSTALLINE—LIQUID 2. 5- DI SUBSTI TUTED 1. 3. 4 THI ADI AZOL %Q ??‘HS
EXTENDED QMECTI C G- PHASES ;The invention relates to chiral ||§£
crystals preferably Wth extended snectic C phases .for crystalllne _
liquid.~ mxtures for el ectroopt jcal arrangenentf for nodulating-
transnmjtted or. reflected light and for the col oured or '
bl ack-dnd-white display of figures, synbols and nmoving or. non-noving _
fmages. - It is-known that crystalline |iquid substances can be used for "
modul ating 1ight and for displaying neasured val ues or for reproduci ng
i nfformati on. These nethods are based on the fact that the preferred
ori entation of thi CHIRALCCRYSTALLINE:BIOUAD 2, 5+DISUBS n be
altered by the application of an electrlcal field. The chanoe in :
preferred orientation THIAD A Z0LES ) XTENDED | ISMECTIA e&Snbi ned with

~a variation in optical behaviour (double refractlon rotatory power, |i ght
absorption). According to the initial orientation, the dielectric and
optical anfsotrop

_diclhroid Snr} and  al séhshterixgéﬁgﬁéﬁh' \’éghgteéﬂ)gga‘gﬁggs p°i,€% lt'gt?f:ﬁ]feals.f
ool €0 1 ot o) i AR B AERL Y Elonlfcp PEELS ceFiin1 o

ligquid - mixtures for electrooptlcal arrangement  for

.modulating transmittedh or _reflected light. andt for the
.\'.,.- .ccloured:or blackeand-white'dispiay oflfigures, symbcis and
moving or non-moving images. | | . |
It . is known that crystalllne 11qu1d substances can be.'
'used for modulatlng light and for d1sp1ay1ng measured values.l
_or. for reproduc1ng 1nformat10n These methods are. based onl'
'the fact that the preferred or1entat1on of thin 1layers ofr
crystalllne 11qu1d substances can be altered by the
'appllcatzon of an electr1ca1 f1e1d._ The change in preferred
orlentatlcn _of crystalllne llguid substances_.is COmbined_
with a variation in optical'behavicur (double refraction,
rotatory power, llght absorption). hccording to the.initial'
orientation, 'th dielectric and optical anisotropy, the
conductivity,_.spontaneous polar1sat1on,_d1chroiSm and also
the _strength, direction and. frequency _of .the . applied
'eiectrical field which can be achieved by special pre-
treatment of the electrodes or by the addltion of sultable
substances, SO dlfferent types of electrooptxcal effects are

_observed and can_ be technrcally exploited (M. Tobias:
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~method. i's based on ctic C phase the mean d|rect|0n of .
substance = W an,opt i Cﬁc}llhd/oxhg %ierréarﬁb§aﬁ§ﬂlmby J@ubl@;éﬁ}ﬁé;}éfi o
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.For' - the industrial o
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application of ferroelectric smectic . L
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For example, one known method is based on the fact that-d

'I_by applying ‘an electrical field to a substance W1th an
optlcally active smectic C-phase the mean d1rection of the'~

' 10ng1tudina1 'axes of the molecules can be varied by doublef~ -

the tilt angle. T L I

The: rapid change—over wh;ch occurs thereby can,'-for3a
) instance afor'- irradlated light, (with the aid of
Polarisatlon) be -observed, as a marked . variation - in_'

'1ntensxty.

'-'*qu the industrzal applicatlon of ferroelectrlc smect1c. c-
:phases, the substances used must meet certalnj condltionsl
' such as for. example ' _' |
| - extended optically active smectzc C-phases,
- chemlcal stab111ty and 3

- a negatxye.dielectrlc and anisotropy;'

:Slnce almost exclus1vely mlxtures are used for 1ndustr1a1 -
:applications._ it is necessary to find mlxture components"
which on the one hand have high- conversxon temperatures of-

the' smectlc C-phase to d1fferent pPhases and, on the other



?xtenged aptical ly active: snectlc C—phases - chemcal stabillity and - a
negatlve di el ectric and ani sotropy. Since. alnnst exclusively m-xtures are
used for -industrial-"applications, it is necessary to find mixture
.conponent.s which on the one hand hade high conversion tenperatures of the

smecti,c, C-phase to different phases and, on the other, = 3 have no -
addi tional crystalline .liquid phases -at | ower tenperatures, R
including the sub-cooled range. It is not absolutely .essential that-

theSe'conponeH?§e tH@nséﬂ¢é§i°ﬂélopFF8§WP}1aeelvblquxﬁeyph¢§e$eqétredleﬂey

to form optlgaII¥ active. mxtures when m xed with optically active
Sc- phases or r@ﬁFFGékly1§€§P9é“§ub§P§n§B§‘°Q%%edQB?%S? oft thg not

invention is i de . _new sta st a

a0 2bBgIRERiy)eatEinaanl) §?-aﬁc£z $hgrcomendts, | ‘Fmi‘f)gY?%atPﬁns
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of - flndlng _ m Xt'ure conp an ex ran
Pf the . active mixtures when mixed with optically active Sc-phases

or otherﬂopticaily active substances.

The obJect of the invent1on is to prov:de new liquld--_

- crystalline substances for mxxtures of 11qu1d-crysta111ne

substances for electrooptlcal appllcationslﬁith'an extended'
':tehperatﬁra range._-' | 'l | .

The ihVentidn.is.based on the probiem'of _finding suitabie'
‘mixture ~components with.an exteh&édIStatus rangéi of fhe
Sméctic ' C-phase, :negatiVe disIeCtriés anisitropy and the
qual:ty of form:ng optically active phases when in mlxture.
-Accordlng.to the 1nvent1on, ch1ra1 preferably smectic - phase

forming - crystalline 1iqu1d 2,5 . dlsubstltuted 1,34~

thiadiazoles'of géneral formula I,

N — N

Rl-A< )— B-Q-C-R2
in which A = | | PR
. . Q
;LY T




~negative .dielectric: anisitropy and the quallty of
~formng optically active phases when in ~mxture. According to the ™" - -

i nvention, chiral preferably smectic ‘phase formng. crystalllne Iqu|d
2,5. disubstituted 1, 3,4- thi-adi agoles of general forrmula I. [err] - 4
-i[err] 'single bond in mhrch n=0.... 4X Y, Z=independently of one .|
another -H, -CN, -d -Br, F[err] or ,C}C is also -OOC in which U, V.-_Gpo;.l
0S; S Sandr =1"... 12 or -QC is'a single bond, if [err] or [err] and
Rl R2 and R3 represent each case stralght chain :or : : .

~ e ~  -  ' -cnr_rrg |
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" sndctic’ G phase,

0 =.-C00(CH2)n -;'— oocrcuz) --' |
- -orcnz)n-*-(cnz)no-
s1ngle bond |
in which n %"0 ;..'4l
X, Y,'Z_= 1ndependent1y of one another -H _-Cﬁ -CI.
. I -Br, F | - :
| S R —OCH3, -0C2H5. -CH3,.-C2H5 . o R f
or -0-C is also -OOC-—{:j\‘UL : B -
1n which U V 0 0 0 S S, S
_and r'=:1 .o 12
or —Q-C-'is a single bond
if R? = -oocn3 or
'_-cooa3_ e :1- -

and R!, g2 3 -
RY, R and R represent in each case strazght-chain ‘or



5 branched alkyk chai ns haV|ng 2 to 20 C-atons in whi ch one CH2 group which
i s wnot”adj.acent to .a heteroaton1nay be replaced by 0, S, -00C, -COO,
-00CO or -CH=CH [err] nmeans also [err] in which [err] and m= 2 to 16
a,b=00r 1 c -0to 6 provided "that the thiadiazole ring is not:
dlrect¥y substituted by a heteroatomThe invention also provides for the
use such material in quantities wuse of these substances in
quantities of 0.1 to 80 mol % in crystalline liquid mxture with extended

smectic C phasggapéndd 2R ¥Baths! REVIAS 2 AW Td RitomNG AN Snedlcn,
- forming optically active ~phases and which may al so contain other

-erystalline |igublp wRichNos- ib¥Saajaéast to WikbterdiciaRy bd Oreplidted
-modul ation of transmtted or reflected light as well as for reproducing

digrts, synbol byabd Spmge8C-, -C00-, -00C0- or ~CH=CH-
ll - e

kz means also -(0)g-(C)p-(CHy)c - c - R4
| | \

'_'in which R4'=_.' ‘Cm32m+1' 'ocm-iHZmF-l

and m = A to 16
a.b =.0.or 1
c=0to6
provided  that the thiadiazole ring is  not directly
subétituted'by.a”heteroatoﬁ.Theiinventiph also proQides for
the 'ﬁse -of such mate;ial- in _quenfities usee_of these
| eubs;ances inaquantities of 0.1 to 80 mol & in  cfyéta11ine
liguid mixture with_ex@eﬁded smectic_c-éhases of a.-negetive
- dielectric anisitrophy ' and capable _qf -formingj optically
L;' .ective .phases and which may also cdﬁtein ether crystalline'

liquid l”or ﬁon-erystalline liquid substances, for - the
modulation'of tfansmitted or reflected 11ght as well as for'“.
reproducing dlgits, symbols and images. .

'~ The 2,5- dlsubstituted 1 3,4~ th1ad1azoles accord1ng to the
linvention have broad,ch1rel S, existence areas- with low
emelting temperatures and in pafficula:' high cla:ification:’

temperatures; N |

The_ new substances are stable under heat, irradiation by



- : . - s - o - Con
The  2,5-di subst it ut ed -1, 3, 4-thi adi-azol es "accordi ng t?tlhhe {gveg:atures
‘have - I d chiral err]'existence areas with Ilow ne g mp _
have - broad chiral |er -new subst ances -

and in particular high ‘clarification ter_rperaturglse ;ES AN
| ére stable e et -|rrad|at|8n ?Pgrnat?néliurrent fields. |In contrast
~and electrical direct” current. and a urrent pie s | 15

- ' ' vatives - of 2,5
..to the hitherto known ﬁ?[;talle in Tabellen Il pp. 359-361), they have

: thladlazolesv(FI 93! d edectiacaled; Eﬁt péh&' Iar--”'
 broad snectic: %h§ %nﬁb aﬂ%%zggugﬁgfﬁgfﬂ 8 &;II 41081 rk %H

advantage ig Ei‘é&% tiWIth £ teastt ke Itﬁéuﬁi’tﬂ t8‘c
_fe\r/roelectncn crys? Re qurFent é&Bgﬁancégoﬁgguggg o, EHE hitt ?5

hi ral
“ferroel ectri gabunpr oa@&%‘éiivb%{ he®2ndaei ondsubABEthted phoread: drol e
- nesophases -as ording to _the.invention

further _advaﬂl?ﬂiig@fa%??s%ﬂ?i%agﬁmﬂabgffennﬁﬁyppep3§geaﬁhiLvEBeﬁIehave'
{"Lgﬁcgsﬁed Igbenadnsmedubcceﬂbhﬁge ?Qnges.'_ SR -
The substances can be used to particular advantage jih;ip:-
mixtures w1th one another ‘as ~well 'as': with other:_
-ferroelectric _ crystalline liquid substances,'~ fbr..-thei"
. induction of ferroelectrical properties _1nto non-chiral'
compounds w1th smectic mesophases 'as we11 as for_-thep
| induction of smectic C-phases _ | | _ R
3 further advantage of the substances according to the_f'
;1nvention | reszdes in ]fhe't fact : that where 1 manylf
irepresentatives are concerned even Wlth sub-cooling, no
additlonal smectic phases occur below the smectic C-phase
-The substances are access1ble by per se known procedures by'
- the reaction of carboxylic ac1d hydrazides w1th carboxylic
aCid ' chlorides, particularly chiral 4-alkyloxy—benzoyl
' 3h chlorides or"achiral 4- acyloxy-benzoyl chlorides and -j543'

hsubsequent' sulphurization with P4Slo in organic solvents

' particularly pyridine, or in the absence of this latter'

’R-C-NH NHK-I- Crer’ "Pm‘w- N
. —4 >—'R
c';' NS '?S“’ RN



addttlgnal swectrc phases occur bel ow t he snmectic C-phase. The.substahces
are ‘accessi'bl'e by per se known procedures by the reaction of carboxylic

acid hydrazides with carboxyllc aci chlorides, particularly chiral -
4- al kyl oxy- benzoyl chlorides Jphrral 4- acyloxyabenzoyl chlorides
and ‘subgequent  sul phuri zation mnth [err] in organic solvents,
particularly pyridine, or in the absence of this latter: [err] 7 The

reaction of achiral 4-acyl oxy-benzoyl chlorides wth carboxylic acid
hydrazi des. results in achiral 2-subst. -4- (4- acl oxyphenyl) -t hi-adi azol es
which are first saponified to the corresponding. phenols in accordance
with the followng reaction di agram af ter whi ch they are again esterrfred
wi th chiral carboxylic aci ds directly or via their acid chloride. Jerr]
this scheme is illustrative and give rise to conpounds not of the invention
The chiral ~c&heox wWdartacns wﬂmqlnmﬂucsdai:gnoayabpheoyby childztides oWwith
chiral al cohols (such as for instance .(S)-

carboxylic ac1d hydrazides results in achiral 2-subst —4 -{4~
acloxyphenyl) thiadiazoles which are f1rst saponified to the"
- correspondlng phenols in accordance WIth the followxng"

reaction diagram after wh1ch-they are again esterlfled w:th o

chiral. carboxylxc acids d1rect1y ox v1a the1r ac1d chlor1de.

- _ o
_,Rlp _N.H-.-NH-’_‘ 40 OCR__._'R—-( }-—@\
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ayfhswh%: B | e B —N ; L
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¢ §—<: )--oc'R* *"'I - ' .'P\ —<50H
$ o
K;‘ .- . +:.1#?_~/lq—5gl ﬁﬁ*'

' .r"us sokc_wq. Ty 1“‘.\5\0:.“\-/0. o;»\cl Cc\n avve. mse ”o cor'\?ahnAs
Y\O" Df- bl lnvzn"n'\ .

The chiral carboxylic acids are produced for exzample
-by Oxidation of chiral alcohols (such as for instapce (5)4

.isoamylalcohol)

-by asymmetric synthes;s, e. g. by means of chiral’ oxazolones



y

: hal i : ferificati-on of
h Ildes or. tosylates - by es Jent
achdd “;tgeﬁithehsde ~with chiral carboxyllc aC|dsbeﬁgglcs;??§q__ by~
~4-hy fQ x':df;-by' di rect esterificatloneof 4- hydroxy e i
'QTLS?EL?on of chiral ﬁ!hydroxycarboxyllc acids (e.g.

Ltk deri-vativeor éﬁf&ﬁd€§m1&§ the invention of preparatlon ° startlng
o their Exanpl e 1
|'s and ‘conparative exanples henyl ] thladlazole

o el o
R n of 2.64 ¢ o 01 mol) .
._AQSS: ﬂ% Ieopyrl di n@leyd Hednidies of Qiosiilsk ‘é.‘“h 2d4 9a§° 0 ‘to %err] _
'aSS 4-(2 nethylbutanoyloxy) benzoi c acid -chloride C ture Ps stirred . .
gclonpanled by agwtaﬁsjeriﬁﬁtetm@md%t 4Lh§dESQQBEBQaghehyde with chiral

',for.45_ n1nutes -carboxylic acids and subsequent oxidation or by direct

.-fhesterification of 4-hydroxybenzoic acid _ S _
l-_ by alkylation of chiral -hydroxycarboxylic acids -(e;g..:
'_lactic acids) and their derivatives. d- ' " -

o Examples of the 1nvention of preparation of startin"*,i
materials and comparative examples- . SJmi
Example 1 ' o _ o _ _
(S) 2 (4-n-octyloxyphenyl) -5- [4 (2-methylbutanoy1oxy);
phenyl] thiadiazole “ __l | |
A solution of 2 64 g (0.01 mol) -n-octyloxbenz01c ac1d_ﬁl
hydra21de' in 30 ml absolute pyridine was blended drop-w1se-
w1th 2.4 g (0 01 mol) (S) 4- (Z-methylbutanoyloxy)-benzoic'

.ac1d chloride at 0 to 59 accompanied by agitation |

Afterwards,' the reaction mixture is stirred for 45 minutes_f

at 0°C, ang then for 45 minutes at 20°C and then for 3 hounkg

at 80°C.

' 100°C. . After cooling to room temperature, "~ the reaction

mixture has ethanol added to it after Wthh it is poured_

.

into 200 ml 1ced water.”

iThe solution is neutralised with aqueous NaOH and the



at ,[err].and. then for 45 nminutes at [err] and then for 3 hour at [err]
Af'ters*being allowed to cool to roomtenperature, 3 g [err] are .added and
after the exothermal reaction has died away, the result is stirred for
hour at_[err] and for 12 hours at [e@r] - After coolihg to room

tewperepure the reaction mixture has ethanol added to it after mhlch

it iks™ poured - into 200 mM iced water. The solution is neutralised
Wi th aqueous NaOH and the . 9 product of reaction extracted by a vaguum.
washed - vmtrmpqqguqtemnfnﬁssqﬁﬂqn|qxﬁa9qﬁeﬁnhytﬁaﬁépuuvvewashedngl BoosiaP
-t he theory Further . conpounds wer e syntheilsed by. this procedure (see
Table 1,3). BRgFiescygigllised Y- 5- (4- n- oct yl oxypheny] ) -

g(nl adi azol e éﬁi r%qlng_)rég% oafcct%‘ wi th the procedure set out |n |
Example 1,2. ( 5?yben20|c acid hydrazide -
Further compounds were synthesised by this procedure
(see Table 1, 3) | | | |
Example 2
(S) -2~ (2-methy1propy1) ~5- (4-n octyloxyphenyl)—
thiadiazole (compound _1_)
~ o ' In accordance with the: procedure set out in Example
0 1,2.64 'g. (0.01 mol) 4—n-octyloxyben201c ac1d hydrazide
"wasreacfed with '1.20 g (0;011 mol) . (S)-ZémethylbutYryi-'
chloride. B IR
Yield: 2.7 g 74% of the theory
B =_o,0074.moi | o
'Example 3 i
(S)-2-[4- (hexyloxypropanoyloxy) phenyl] 5 (4-n—.
pentyloxyphenyl) thladlazole"
.:' 0.36 g (1 mmol) 2- (4-n-pentyloxypheny1) -5-(4~ hydroxyphenyl)-
” thladlazole, 2.6 g (1. 5 mmol) (S) hexyloxypropanlc ac1d 0 4
.g (1.3 mmol) EDC meth:odzde and 10 mg DMAP were suspended 1n~'
5 ml CH,C1, and agxtated for 20 hours at room temperaturer'
The resulting solution is diluted with 100_mi CH,Cl1,; washed
twice with 100 ml H,0. and once.nith 100 ml 5% NeHCO3.
soiution, the solvent distilled off in a rotary evaporator
and the residue recrystallised from ethanol.-_l

Yield: 0 35 g = 70% of the theory.



wagsregcted with 1.20 g (0.01 wmol) (S)-2-nethylbutyryl chloride.
‘Yield: 2.7g.- 74%of the theory = 0.0074 nol Exanple.3 - , ' T
('S) -2-[ 4- (hexyl oxypr opanoyl oxy) - phenyl ] - 5- (4- n- R
-'pentyloxyphenyl) thiadiazole 0.36 g g4 mmol) = _

2- (4-n- pent yl oxyphenyl ) - 5- (4- hydr oxyphenyl ) - “t hi adi azol e; 2. 6 g (1 5 nnDd)
- (S)- hexyloxypropanlc acid, 0.4 g (1.3 nmol) EDC net hi odi de and 10 gy DWM?
~~ were suspended in g%.tb [err and agi'tated for 20 hours at room - °

- tenperature. ‘The redtireeng Gumnbunﬂslﬁefh|¢§ﬁ¥h er meshed
twice with q’?’go ni ‘[err] and once with 100 rﬁ&%%[eﬁ% ‘{Aﬂ‘?ﬁldﬁlth
t he sol vent- ’t?l?’é%c yre r( see dTable levzm,ora)t or and the residue
__.recrystalllsed fronrethanol Yield: 0.35 ¢ 70% of the theory. 10

~ Further ' conpounds were synthesrsed in accordance mnth this procedure (see -

i Tabl e le&LEB) [err]

No. R n2
Ry | R2 c s
T UL . ST
T C6H13_0.—?—._C5"’!\' - B -'-cg'ng' : . '_
CH3 |
_1/2' CgHy70- -"C;H‘Czﬂs .52 (. 19) .
| CHy
: 1/3_.: ész-éH-COO— | C O ea .
CHay | : o
L 1/4 '-'.Cﬁsd-:c’:-‘n;cco; i -c H o 55
s Ty - "CqHys . .55 - -
1/5 "-c"n'ogn:'. o .
: o -CH-C00- - =CoHe N
| CHy | |
C = crystalline solid

| SA_'S-C _ = smectic A-, ‘C-phase
CH _=7cholesterin_phase'
is = isotropic-liquia .



C ... o crystalllne sol i d [err] snmectic A- C phase CH

choresterrn phase is . . —|sotrop|c Ilqurd - TABLE 2 [err] TABLE .
-3 No. : [err] 'R C : Jerr] ‘ -~ CH
Is 3/1 oo Jerr] 11 126 140 3/2 .
[err] 3. - OMve . 108 . 139 - . 139.5 3/3
-{err} - .- 110 - . . 121 - - 34
err] TABLE 2Ft 155 .101 : ' .163 3/5 - :
ferr] O Ne : 155 - 165 3/6 - [err]
[err] ' . 13 31 - Jerr] : [err] 92 -
133 .[err] [eHL 3/ >[£' 163
2 O
T S | _C'Hs |
No. n ¢ 'S¢ S, CH  is

2/1 7 .103 . 115- - . 166

CHa
p _No.. -. _ .Rl RZ i T c . sc . | '._CH-.' .. is._'

3/1 . CpMy EE . 126 . 140 S e

3/2 CioMpyy ~ OMe . 208 . 139 . 139.5 .
3/3  CioMa OCHs . 110 .121 - - .

3/4 C CgHy0 - Ee 355 L 101 163 .

3/5 - CgH,0 O Me . 9 . 155 . 165 .

3/6 . CgM0 0GRy . 93 .. 138 - -

3/7 ' Csn.,D_ "oclo“_m . 92 . 133 - - .



- 3/9 . [err]
80kte |
163

[err] .85 - .. 1435 e L.3/i0

"EXANPLE'4' (Cbﬁparatlve) Productlon 1ef 2- (4 n- octyloxyphenyl) 5- ( 4- o
[trans 4-n- - pro§ylcycIohexﬁ}propronyloxyl]phenyl) 1, 3, 4-thi adi azol e. OHQ} a

(3.82

2- (4-n-octyl oxyphenyl )-5-(4- hydroxyphenyl)

1 3 4 t Bj adlazo . susp@ g n 15 m, apsolute, teBuene andy';af;er_
/4

the addltron- S } _
4- di rretDyB ami nd_@l-i,g,m ne Ofglyith  agita8bon teh¢Bel - wi th- 0.011.

triethylam.ne and. 100 ngy

ol - (2.38g) 3-(trans-4- ntﬂbaﬁglcyclohexyl) propi onyl chloride, - The:

i xt ure3/18 agi (ag‘écb@or

Terr] Adter
di lut ed3ftth

cooling to roon1 t-enperature, the -reaction 'solution is-
106y 4@t her O &M washed -ent®lwith 1086& [err] onck6i 1

“134.5 . - - 311 ferr].  ferr] 7 T 101 ¢
166 3/12.- [err] [err] K 70 - . 144 5

at roonrtéﬂperaturb34a5d for 2 hours at o

"100 m’ [err tion once agai nwith 100 nl [err]  After ”'f”
- .drying 32@ rd']ﬁ{)lh sol \%%ﬁ?’@dl stil I'ed7&1‘f at - H’ré grot ary evapor ator.__

- The -resi due i

s recrystallised from ethanol and nethanol to constancy of

‘conversion tenperatures. Yield: 4.2 g (0.0075 nmol) = =:75% of the theory

~Production

_propylcyclohexylpropionyloxyl]phenyl) -1,3,4- thxadlazole

of -1 o 2-(4-n- octyloxphenyl) 5- (4-

| EXAMPLE 4 (Comparat1ve)

Production of 2-(4 n-octyloxyphenyl) 5-(4 [trans-4-n-

hydtoxtheny1)4 1, 3 4 th1ad1azole are suspended in 15 mlf

. absolute toluene 'and after ~the addition of '10c 'mi

'tr1ethy1am1ne and 100.mg 4-d1methy1—am:nopyrld;ne,._ere

P

Sod
0.01 mol (3 82 9): 2- (4-n-octyloxypheny1) -5- (4-?"" .

" with 'agltatlon.'jreacted -with 0.011".m01' f(2.38g).'

' 3-(trans-4-n-propylcyclohexyl)-propionyl - chloride.  The -

mixture .is'agitated.for 12'hours“etIroom:temperature and

for 2 hourscat 80°C. After cooling to room: temperature, .

the_~reaction .solution'is diluted with 100 ml - ether and

“washed once uith 100 ml .H,0, once with 100 ml 5% NaﬁCO3

solutionf and once again with 100 ml H,0. After drying..f

over NaZSO4;_the_soi§ent-is distilled off at the rotary

. evaporator. :'Thé residue'is recfystallised from .etﬁanol;s'

-and methanol to constancy of convers1on temperatures

Yield: 4.2 g (0 0075 mol) 75% of the theory._
Production ' 1of S 2= (4-n-octyloxphenyl) 5 (4-

acetoxyphenyl) 1 3,4~ thladxazole



aceToxyphenyI) 153, 4- thladlazole 13 0.1 mol (26.4 g)

4-n- octyloxyben20|c ‘acid " hydrazide is dissolved in 300 m absolute- _
pyri-dine and reaeted with 0.1 nol (19.8 g) 4-acetoxybenzoyl chloride
drop-wise with agitation and at O3 [err] = Now the reaction mxture is-
aIIowedJsIovay to heat to roomtenperature after which it is agitated for
2 hours at [err] and then for 2 hours to [err] After being allowed to
cool ‘to roon1ﬁbﬂpeﬂ&ﬂurd254ﬁu9)%%nﬂﬂQﬂtyloﬁVkﬁﬂﬁélpsasedrebY pegide| j ige of
iced water. The precipitate is washed with [err] and _recrystallised once

from et hanol . S¢8siadvess ip G gﬂnmsolugeo/mﬂfihae RBEr yeagtedg wigp 0.1

gg%;ﬁoxshenggypf h%]é&resulfgc yéeH§BVAZfﬁ§1°r1de 'drﬁPéwa§§soV§EB -in
07 o 0 g agectsth s 5 B o by BEBR O AEAEL,

abatenent exot her ne react’l he n1x ed for
| hours to [e”]aﬂ%edt *é%wﬁg'ttoaf&%t to room temperature after whlch it

is agitated for 2 hours at 20°C and then for 2 hours to

70°C.
After being aliowed to cool to room temoerature} 'theh.
reactioh_ mixture is poured into 1 litre of ioed water.
— ' The precipitate is washed with H,0 and reorystallised once
from_ethanol.. | | | |
Yield: 38 g (0.09 mol) = 90% of the theory.

0.05 ‘mol  (21.3 g) of = the resultant E'Ne(4-n-
'ootyloxybeh10y1)—N;—(4;acetoxybenzoy1)-hydrazine-h, 3 are
'dissolVed_ﬁin 150 ml pyridine and reacted with 15 g Py810
under agltatlon. | '. - | g .

After abatement of the exothermal reaction,. the
ﬁixture 1s heated for 2 hours to 80°C and then -agxtated_
for' a further 12 hours at 100°C _After cooling to__room.
temperature, -50 ml ethanol are added anﬁ- the _reaction“
mixture poured.into 1 litre of iced water. The resultant
solution is neutralised with'ld% caustic soda SOIutioh and
the product'extracted by'a vacuum. The reaction- product7
is thoroughly'washed with water and recrystallised froﬁ

".ethanol or methanol. |

Yield 18.1 g (0.0426 mol) = B85% of the theory.



~fors “a, further

After coollng

t he.

to

12 hour's at _'[ie'r, r] room terrperat ure,
reaction mxture poured into 1 I'itre of

50

nm ethanol’ are added and
resultant solution is neutralised with 10@6caust|c .soda

iced water. The .
. solution and the
thoroughly washed with mater and

rec

product - extracted b%/g/a vacuum
stal lised

The reaction
“from et hanol or

product is

rret hanol :

14 The foll ow ng

s _ o . | :
| sSmectic .,pha_se net 1dentified in greater detail

F 2 ~

Yield.18.1 g (0.0426 nol) = 85%of the theory. -
. substances are obtained ina sinilar manner No. R R Co
is s s o N sl ferr] . 117 .o
' 134-- 183 1The fo[lelrr] S 80 .- .13 1573 .
- lerr] : L owging substances a%@aob 166 | S
Cpde] o e t"“”‘ES‘slf 3 Sipiipr mamner -
.95 . - 141 196 1 6. [err] - 16 nF e 10
- - 213 1 [eri] ' ' 209
8 ferr} - [err]- - |
flerr] . .87, o o
No. 1 e _ B ;
- R . I o ' S S s N .is-:
Tl Gy CHy L 117 il ga L 183 .
| | Cio¥z | OGHs - . 80 - - ' 383 _ - 157
= Cu_,u,., | _OC;,Hq . 64— L 946 - - 166
I. o . . ) : . -
L% G ae Ll e L 225
1.5 OCgH, -~ OGHy . o5 . _ 141 .
D A . > - - . 196
6. ocf%Hl? .- CH4 o116 - - 170 - 213
L7 -o%"w Gl - 113 - - | 169 - . 209
8 - OCgHg  Cglyg B T 194.- o
19 _OCSHW . CH0GHg . 87  - - .19'.7 3
I 10_°‘s“n Czﬂh‘<:>”‘ﬂ#;z 90(;75) 216 - ; 249
136 - - - . 204 .
B 1. 12 OCsur; CH(CHQCsH\a .. 65 (.64) 135 :
T R LI T T
1 14 O(-q“).\ _°Cq an - 94 - . i98 .-
A ) LI - - 186 .



I %Q [err] .. [err] 90(.75) 216 - - . 2491 11 [erf] 130 °

w02 - - <+ 204 1" 12 [err] [err] .. 65 (.64) . 135 -
- - -1 13 Jerr] - [err] . .- , . 83 -- 0 0174--

. 183 1> 14 [err] Jerr] . 1 - - . 198- - -1~ 15 [Jerr]
[err] - - . 168- - 186 S - snectic phase not identified in
greateF/detall 15 (e.qg. |n'case | 10 [err]) N- nematic Cbnpounds i 10, |
11, and (elgQ. air cdseé hk lovsémom- méeEmatic R - C S s -
S Neompoundsi5-10, 1115, apér¥]121dve of the invention. 121 . 135
c146 0 A1l 27 _[ebr] 105 -- 140 141 . 143 11
37 [err] - - .iigg;_~$:::%r;o. A71 11 4.9'. [err]
123 -- 1Xa3 C.\ Hgm,—-é- N _9’~-°é‘ , 98

- - 1701 6 3 Terr] 105 ... 133 S
17311 7 9 [err] 81 - - .8 - - .99 11 89
Terr] o JI7 - . 81 - .89 - - 11 [err] . O
72 - No. '—‘-..R119 s § s -8 _"9. is
B 11 15 =W, . 104 - - 2121 . 135 .-146
- 11_-’__. 27 @c.‘uu.-lqs S o-- .40 141 . 243 -
11 37 <G>0ty 100 - - . 159 - - Jm .
- II 49 —(G>Cn,; 103 - - 143 - - - -
I s _GEyeghy %8 -- 166 - - 170 .
I 6 9 —0 )-OGM,. 105 -- .13 - - .173 .
I 79 —_,@—ogk Bl -- . 8 - - . 99 .
11 89 —en L MG 77 0 - - . 81 . 89 - - .
11 | 8 9-(4_%0%“4. 72 -- .19 . 14.2__ — - .
11 10 9 e ue{OrShy. 83 L 105 . 112 0 . 130 - - .
_ Cdmpounds'II 8, 11 9 and II 10 are of the invention
v

Example 5 (Comparative) _
Productlon of Z-n-nonyl -5- 4(4-methoxycarbony1pheny1) -1, 3 4- |
thiadiazole. | '
'.Ofl mol'(18.6.g).decanoic acid h&draZide is reééted
in accordance with ﬁxampie 4lﬁith 0.1 mol (18.9 g)
methoiyéérbohyl-benzoyl'chidride to pfbduéé-N-dgéandyl-N'—
(4—methoxycarbony1-benzoyl)-hydraz1ne. _ B

. 0. 05 mol (18 6 g) of the resultant. d1acy1hydra21ne are._



" the resultant dlacylhydra2|ne are

- , . ' : - Cbnpounds I 1
. 105.. 112. . 130" .

8 9 aid Il 10 are of the |nvent|on Exanple 5 (ﬁbnga;gg:ge)oP;odﬁgtron
qlotlz n nonyl - 5- 4(.4- nethoxycarbgnylphenggczeé ?n4 azco?dence wiih Example
- drazide is €

glanfhg)odicaggic ?gédghyg) nethoxyé%ibonyl benzoyl chloride to produce

8.6 g)dﬁ
nzoyl ) - hydrazi ne. 0.05 nol (1
- N-decanoyl -N - (4- met.hoxycar bonyl - be 16yréac¥ed zine-. 9 0 [err]

e 1 Q,9° [err] - 83

8 @6of th theory
| a“"{S?Pfeprf;'i;??ﬁp‘“’m i 5 r?éﬁy?f’%a%%%éégtﬁd%a%& Besty. gbenzo' ‘.
02ané P43- pdé1peshezycar 9H¥ ® |
o4, 0. 02 M " 6§ad(Zjeg tg a sglutlon of 0.2 nol ?%? % in 400

h S i l 8 ' The solvent is
“.m - et hanol q%% ég $eq- forté hours unti | borllng | |
_.d|st|IIed of f atpraéuct£8h gf 4 (2—n—nonyl 1, 3 4 th1adiazole- -Yl)'.{.1
| benzoic acid :

0.02 mol (7 4 g) 2—nonyl 5-(4-methoxycarbony1phenyl)-"

1, 3 4- thiad1azo1e are added to a solution of 0 2 mol (11 2;.- o

g) KOH in 400 ml methanol and heated for 2 hours untrl'
_boxling The solvent -1s d1st1lled off at the_ rotary;
;evaporator _and the res1due dissolved 1n 200 ml H20 and B

ac1du1ated w1th concentrated hydrochlorlc ac1d _-Thefﬁ
'prec1pitate formed -1s extracted with a’ “-vacuum and '
"recrystallised from ethanol N ._ | | |

lﬂ Y1e1d 5. 8 g (0 017 mol) = _ 87%_of.the.theory."

Mp: 1 2559¢ (decomp ).

| Production of . 4- (2 Z-n-nonyl 1- 1,3,4- th1ad1azole—5-
'yl)benioic acid-4-n-octyloxpheny1ester'

0 005 mol (1 66 g) 4- (2-n-nony1 1 3,4~ th1ad1azole 5- _:'

yl) benzo1c ac1d are mixed w1th 5 ml - th1onyl chlorxde and :,jV |

”l_heated for_ 2 hours untll borling. Afterwards, exceSS"
th1onyl chlorzde is d1st1lled off at the rotary evaporator
and the residue is mixed with 0.006 mol (1.33 “,g;
.0ctyloxypheny1' dxssolved in 20 ml toluene, -5 ml
triethylamlne and 100 mg 4-d1methylam1nopyr1d1ne.
The reaction mlxture is agitated for 12 hours at room-

'temperature- and for 2 hours at 80°C After cooling to



evaporatpr .and s*the residue dissolved in 200 M [err] - and aci dul at ed

wt h*t toncentrated -hydrochloric -acid. The precipitate formed 1is
éextracted with .a vacuum and recrystallised fromethanol. Yield: 5.8 g
(0.01%mol ) = 87% of the t heory. Mpa7[err] (deconp.).. Productlon of

4- (Q-ij,-n nonyl -1-'1, 3, 4-t hi-adi azol e-5- yl ) benzoic _

aci d44-n- octyloxphenylester .0.005 nol (1.66 g) 4 -( -
2-n-nonyl -1, 3roéomhi temperatute,yl itbedsoddlated withniged mltheﬁhar tanényl
~chloride and heated for. 2 hours-until boiling. Af terwards, ‘excess

t hi'onyl chl or washed uﬂthlﬂlsdlﬁﬂfmétﬂgﬁe ioxalQOemhpS%aﬂéﬂcggd s@h@tion
.residue is mxed with 0.006 nol ( g) _octyl ox

- dj ssol ved inando1 g 100omleHgO- bfteﬁidFYﬁEShV}§h1ﬁé2§§ 1g%en§o1vent
“4-'dirmet hyl am nopyr.i dine. The reaction m-xture is |tate 12 hoyés at

‘room t enper at dFe” G4s¥ilggd rof @ £PtP§Vrfvapﬂf? T 8% |n ores Veroom'
-Egpffritgrioo ﬁFIQ@&FgP#%E dorgﬁggﬁoome han Qerunggf “atﬁgd “ﬁ&ﬂv&réléﬂo m
temperature attains constancy. '
Yield: 2.2 g (4.10°3 mo1).
As_.lan example;. tne conversion temperatnreS' of two -

-compounds are given: -

o . o : Ny ' '

No. R . R € B 8 N 1
wa LD % g0 - - L 224 - -
2 Cha —>o9Ma. 97 . 131 . 136 - - .

lExample 6 (comparative) _ .
Production of 2-n-hepty1 -5-14- (4-n-hepty1pheny1methylenoxy)-'
_ phenyl] -1,3,4- thiadiazole. o _
' &-j o A mixtura- of 0.01 mdli (2. 76 é) 2—n-hepty1—5—(4-
| hydroxyphenyl) -1, 3 4-th1adiazole, 0. 015 mol (4. 03 g) 4-n-'
-heptylbenzylbromide, 50 m1 acetone and 15 g K2C03 are
heated. to reflux for 6 hours under agitation. After
cooling of e reaction mixture, the solid precipitate isd'
filtered off and carefully washed with 100 ml CHC13. The
solution obtained is reduced at a rotary evaporator to the

.

dry state and the residue recrystallised from acetone to .



~.until © the

-_and 1 x 100 n [err]
of f a?rqtary evaporator * and the

‘mol). As an eXxanple,
are given: -1V, No. R R

[err] 240 - - .224 - IV [err]

phenyl]-1, 3,4

" 2-n-hept yf - 5: YfeldydBogygheoyo)s imd1 ¥- »:mwrmzoﬂm £thdbsfy ol -
50 m -acetone and 15 g

E'*heptylbenzylbronrde

the conve

Aft er dryr ng vvrth Na2804

the solvent is _
from nethanol .

residue recrystallised

i%l on

-thi adi azole. A mxture.

"reflux for 6 hours under "agitation.

‘nixture, the solid "precipitate

N— N

S

[err] 97

S

131

nol

[err]

Aft er -cool i ng
_ is filtered off and carefully washed Wth
100 ni .[err] ThehfolbowingrTableigives sexamplesl at a rotary evaporator to-

R DB

tNo; lé | ﬁl. '
v Cz,u.s C—H,:O“—.;“;. 109

V2 CaHg CH;-@“’Q“@ 108
V 3GHs el Gns, s

V 4 C:'H,s Cu&"@'{qlﬂs 95 - '

117

142

156

124

V1 and V3 are of the 1nvention'

Example 7 .

Productlon of

. 165
. 160

. 140

N

" the dry ‘state and the resrdue recrystallrsed fronracetone

two . conpounds-:
rrl®

136 -

tO

distilled " -

IV

conversion tenperature attai.ns constancy. 'Yield: 2.2 g [err]
t emperatures of

Exanple 6

(comparat i ve) i Ogught 0Bf OoRsPakept ot - né %&Avélrém& y%ézrrggad%{?t@yl enoxy) -

(4.03 g)
are. heat ed
of e reaction

to.

is

4 n-'

_ 2- (trans 4-n-hexylcyclohexy1) 5-{4-

(trans 4-n-hexy1cyclohexy1carbonyloxy) phenyl] -1,3, 4-

thladlazole.'

0 01 mol (1 52 g) 4- hydroxybenzo1c acid hydrazxde

are

'reacted as in Example 4 w1th 0.025 mol (5. 75 g) trans-4-n-'.

_hexylcyclohexanocarboxyl1c acid chloride to produce N-'

(trans-4-n-hexy1cyclohexylcarbonyl)-N'-4 (trans-4-

hexylcyclohexylcarbonyloxy)-benzoyl-hydrazine.

0 005 mol (2 7.9) of the d1acy1hydraz1ne thus obtained '

are reacted with 1.5 g P4S;10 in accordance with Example 4.

(]



18 ,the ppi nt-.of constancy of the conver'si on tenperature Yield: 3.9 ¢
(0. OlS‘nDI) - 84% of the theory. The follow ng-Table gi ves exanpl es V -No.

“lerr] [err] - C S S S N is V]err] -
109 2 ' 165 - V 2 1§err] [err] 108 117 . 156 V 3
Ler] 84 . 142 - . 160 -V 4 [err] - 95
+ - 124 . 140 vV and V3 are of the. invention Exanple 7 Production

: of '2-(trans-4-n- hexylcyclohexyl) 5-[ 4-
(trans 4- n- hexyieydtomeky¢carh®%yéﬁxyherthﬁo&ﬁ 1,3, 4- t hi adi azole. 0. 01 nol -
(1.52 g) 4-hydroxybenzoic acid hydrazide ‘are reacted as in Exanple 4 with
0.025 nol. (5.75 g)trans-4-n- hexyl cycl ohexanocarboxylic acid. chloride to
~ produce N (trans-4-n-hexyl cycl ohexyl-carbonyl)-N - 4-(tran574-: : '

. hexyl cycl ohexyl car bonyl oxy) - - benzoyl - hydrazi ne. 0.005 nol (2.7 g) of the-
. di acyl hydr azi ne thus obt ai ned . o : R

- The follow;ng Table g1ves examples

| . C“_"
_VI nM_O_«y—@- ‘O" 2 .\

- No. n m _C s N. is
K,f N _ . o S '
. VIl 6 6 . 112 . 159 . 166 . .
vi 2 8 8 .105  .161 - - . .
. Example 8
. By mixing a plurality of éubstances according to the
invention together, the melting of the 'férroelgttricél'
crystalline liquid materials are iowered_and-the range of
existence subsfantially widened.
O ' This is demonstrated by the following two mixtures:
Mi t : o
- I S
No. 3/9 C,»RO-@JZJ >\"'@}“’=L > 50 Mol-%
t5“<c:>401¢91i**>“3 R
No. 3/10C9|-t, 50 Mol-%
Ocm“zs

ST P  c 60 - 65 Sc 133-134 1s.

Mi 2



'are reacted with 1.5 g [err] in accor dance- wrth Exarrple 4 419 Yield: 2.'1'_'

g .—.?8%40f t'he theory. The fol'l owing Tabl e gives exanpl es No Soooon; m ..
C .- . S _ N is V.1 6 6 - .'112 -~ . 159
‘166 VI 2 - 8 -8 - .105 161 - - Exarrpl e 8 By mXxing a-

plurality of substances according to tR8 i nvent ion toget her, the mglLi ng

" of y the. ferroelectrrcal crystallrnequw terials eIovvered and the
- range of exi stenc anti %@ .I‘L@T“ T
f.ol owi ng two ni x g% e %Xb er 1» 50 6 NoY 3/ 1 [er r%gemol 3
OMol - % C 60 - 65 Sc 133 134IsM 2 . o

S '_ .No. 3/5 c H., ~.—%’ }—.—D,\c,—%'.u (.H3 50 Mol- % .

och,

C 70 S% 146 47 H* 156~ 57 Is

Both these m1xtures can. be used in optoelectronic dlsplays. .

' Ex gle 9 | |
| The pr'opert'ies' .'-of ' the "susstances acco‘t‘diné | to .the
-1nventlon' are substantlally mod1fied by mixture w1tﬁj
'_further substances, preferably those which themselves have

ferroe_lectnc_al- smectic C-::-—_phases_ or non-_chn:al_ C-phases__..

This  should 'he demonstrated by the 'following'__ 'three

m1xtures
Mi 3 )cnﬁ'
C —-Z:k(. —.—0 C--(.H-t_u_ e . o
S“?o i ¢4y . . 35 Mol-%
/cH; . . o
- H-— 4 o SEEE
'°“"'°_@-w’:’. ’“c P = Newy ~ 0 3T.5 MolJ
—.—4 >>—<:)-o c-c.H—c.H ' -
c \-\,10 > 27.5 Mol-%
' oc'b“r:s : : : S

) -”c‘-i37 %'.60. S, 84 'ﬁ(.'so_. is

.y

- Mi 4
"'—“"‘s_

PR : . . — { — Y .
S C%H\-_-,O.u’z. - ?zc'- C&"“ "\M43 45 Mol-%



20 No, 3/9 . - | 50 Mol -% No. 3/5 [err]
'50‘&@! -95'C’70 [err] 146-47 156-57 |s Both these mixtures can be used

~in optoklectronic displays. Exanple 9 The properties of.

the substances

according to the invention are sgbpstantially nodified by nmixture

~wkth further-substances, preferabty those which themsel ves have
Thi's .

ferroﬁpectrlcal snectic C*-phases or non-chiral C-phases.
denonstrated by the follow ng three mxtures. M 3

* [err] 37.5 Mol [err] M 4 21 [err] X ,CMa
: ' u- o-—(:)-o CH—CH
C\D H?\‘D c’ A 7.‘-' CJ \'LH3 .

(& QH—' CH’;
%nﬂo@—d‘ >—@—

D(..b HI‘$
¢ 33 S§ 46 s, 70 ﬁ*  &1,s
Mi 5

C%“n‘.O_._('. _@_ 2‘(—‘— L\'\'-—LH\ }
gn,:, —<5>< »@— C Cu CHa

casdh 47 s, 108 79 1s

N Also these mixtures are ideally suitable

displays.

shoul d be

35 Mol-%

© 20 Mol-% -

1s _

44 Mol-%

21 Mol-%

14 Mol-%

21 Mol-%

for

use in



2041

33 - ferr] 46. [err] 70'[err] : R1 R. Ls M. 5 LI..

CLAIMS

"thzad1azole of general formula 1-

_f R A—{——&B QLR"

:_in whlch

| :1,_ A chiral crystalline 11qu1d 2 5- disubst1tuted 1,3,4- _“ 

—O—Q{} LY "-‘—“" '@—Q‘<D
c L < N - onron

—’—.— —L:.} sms"v bond

R AT

'Q -:-coorcnz)n ; -oocrcnz)n, -orcuz)n

-'-(CHz)nO-- s1ngle bond

'in which n = 0 ..; 4

X, ¥, z = 1ndependent1y of one another -H, -CN, -¢f, -Br,

.

'F/ -OCH3, -OC2H5, -CH3,' -C2H5

s

S %O . LI ]
44 Nb !52f;rr] C 25 [err] 47 [err] 70 [err] 79 1S Al s theiﬁirg}xrures ]
“are ideally suitable for  use -in drsplays ! !m. , Huulmu"eral formila
- crystall'ine liquid 2,5- dlsubstltutgdzzl 3,4 -t oY deﬁendently AER
-1 in which [err] [err] inwhichn=70"... 4 X, Y, Z = o
“another -H, -CN, -C;* -Br, _[err]_ .



ferr] inwhich.U V=00 085 SS andr =1 ... 12 or C;EZ“TETE??HTEﬂ??—‘*—

b8n ]H'f lerr] or [err] and [err] and [err] are in eac ’Mﬁ
chain or branched al’ kyl chains with 2 to 20 C-atons in Whl m,‘nuﬂ:mm
whi ch |s not adj acent .a het er oat om gan be replaced by 0, S, -

ﬁﬁﬂpr - CH=CH, [err] al so . : ' err] neans in- mhrch [err]
andr 2 - 16 a; b=0Oor 1c=0 to_6prqovigde at t hi-adi azol e
Ting is -not or di r-ech Substi t 7t ed b?)?actﬁetm Z'L Y€ +bf the
',subStances mentioned “in Caim 1 in quantities of - 0.1 to 80 mol" %
~i'n crystalline Irqurd m xtures wth extended snectic C phases. of a
negative dielectric anisitropy and capable of fornming optically active
phases and V\hri@hwﬁdy:haﬂbovcmt(hrm ®.18ar SeByseall kne Wi qui-dl2or .'
non-crystal lline 'liquid substances, for the nndulatron of transmtted
or reflected light as well as ' '

or -0-C- is a single bond if R2 = -oocn3

or -COOR3'
and RI, Rz and R3 are in each case straight t:hain or
'branched alkyl chains with 2 to 20 C-atoms in whu:h a CHZ

.group which is not_ adjacent a heteroatom can be replaced '

- . by o, s, -ooc-, -coo-, -00CO- or 4CH=CH-;
= " | o V.(;H3
means

',i_n which R = ~ CM \‘\zmu OC— ..-\-) 1,.,..

' and'm¥ 2 - 16

0 or 1l

a, b

Cc

0 to 6

provided "that the . thiadiazoie ring'.is _hot. :diiecfly_
:ivzl_ | | éubefituted by a.héteroafom;e ; | o o
| 2. use of fhe substances ﬁentioﬁed in} Claim 1 in
.quantities of 0}1. to 80 mol -% in cryétalline liquid
mixtures with exteﬁded smegtic-C-phases 'of a negative
D dielectric anisitropy and capable of forming optically
active phasee and which may also contain 6ther crystalline
liquid or hon#crystailine liquid substances, for lfhe

s

mo'dulation of transmitted oz". reflected light as well as



g mages. 3. C}ystalllne I|qU|d as
_Zﬁvfﬁé&rﬁpﬁgdu0|EE—HTETFE“‘Vﬁbofs;?Qﬁl; gs descrlbed |n any one ‘of the :
clai .
__-_exarrpl es d| scl oseﬁlmm,’ﬁ"ﬂmm”m | L

"

for reproducxng d1gits, symbols and images.-

'd1sclosed hereln.'

} 3. Crystalline-liquid as claimed:- in 3 C1éim 1  1,

substant1a11y as described in'any one  6£ -the1fexémp1es"H

w .



