a4 Di chroitic anthraqui none dyestuffs” -2- The presen3%¢ﬁ%ﬁ; i (:)
boncerned with new dichroitic anthraqui none dyestuffs tended
for use as conmponents of liquid crystalline dielectrics for electro-optical
‘ndi:_cat or elenent.s based upon the guest-host effect. In the case of
inngator elements with liquid crystalline dielectrics, it is known to
preduce the electro-optical effect of the indication by i ncorpor- ation of
dichroitic or pleochroitic dyestuff.s as a so- called "guest phase" in a
liquid crystalline matrix as a so-called "host phase' (see G H Heilneier
et al., Mlecular Crystals and Liquid Crystals, Volune 8, pages
293-304/1969). The dyestuff nolecul es of the guest phase are hereby
oriented by the enbeddi ng host phase, in which they are dissolved or
di stributed, according to the agplied electrical field and, because of
their pleochr0|t|c properties, show a differing light absorption, depending
upon their orientation. In contradistinction to normal nonochroitic
dyestuffs, the amount of |ight absorbed by pleochroitic dyestuffs depends
upon the orientation of their nolecules to.the

"Dichroitic anthraquinone dyestuffs"




electrical field vector of the incident |light. By application of an (13)
electric ‘fietd to the dielectric distributed in a cell as a thin layer, the
nemagd ¢ liquid crystals of the host phase and, together with these, the

pl eochroitic dyestuffs enbedded as guest phase, are reorientated, which
l.eads to a* change of -3- the light absorption. The practical use of this
tieghnique, referred to in the literature_gs the guest- host effect, is
deScri bed, for exanple, in Federal Republic of Gernmany Patent Specification
No. 1, 928, 003. As exanpl es of pleochroitic or dichroitic dyestuffs, nention
is thete made of indophdh§ PEEIENt ABvERtden; |4t ForSerE9d wikRtRe¥s and the

| i ke. However, the.contrasts _which can thereby.b acaﬁeved are,onIX
sufficient for a Ga6BTPAEIGHARThFSGRERONS AYCHERRES, Which, 25 HoFended
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pol ar- iser can ,b%b%i@%@_f@hgﬁt§c§@}ihvd\ﬁgﬂﬂ8§’ ei%eﬁ%@nﬂ$§e£'e\#%%fkﬂé% by

wei ght of an optically-active hateria I ch brings about a
structure (chol esiygeisé-host effect.

In the case of indicator elements with liquid
crystalline dielectrics, it is known ﬁo produce the
electro-optical effect of thg indication by incorpor-
ation of dichroitic or pleocﬁ;oitic.dyestuffs as a so-
called "guest phase" in a liquid crystalline matrix as
a so-called "host phase" (see G.H. Heilmeier et al.,
Molecular Crystals and Liéﬁid Crystals, Volume é,_
pages 293-304/1969). The dyestuff molecules of the
guest phase are hereby oriented by the embedding host
"phase, in which they are dissolved or distributed,
according to the applied electrical field and, because
of their pleochroitic properties, show a differing
light ab;q;ption, depending upon their orientation.

In contradiétinction Eo normal monochroitic dyestuffs,
the amount of light absorbed by pleochroitic dyestuffs
depends upon the orientation of their molecules-to;the
‘electrical field vector of the incident light. By
application of an electric field to the dielectric
distributed in a cell as a thin layer, the nematic
liquid crystals of the host phase and, together with
these, the pleochroitic dyestuffs embedded as quest

phase, are reorientated, which leads to a change of
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;. Structure) formation in the liquid crystal is incorpor- ated into a

rdi el ectric conposed of nematic liquid crystals with positive dielectric

" ani sotropy (as host phase) and pleochroitic dyestuff (as guest phase).

’.

absorption therein, have been des- cribgd by D.L. Wiite and G N. Tayl or

(et New Absorptive Mdde Reflective Liquid Crysta

e
Exanpl es of such conpositions, as well as the physical bases of the |ight

D spl ay Device, J. Appl

Physrcs, 45, 4718_4723/1974%@ Exanpl es of the, con- struction and operation

of " el ect r o- optheal 19REi 2BE3FPEI Rent TR
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t'o as chol esteric guest-host

pol arisation foils, they provide a good indicator contrast

and, in additAsnexsispeayofl plesdierobtighd nedisclofoi tice dp st s mage.

mention is there made of indophenol blue, indigo
derivatives, azo dyestuffs and the like. However,
the contrasts which can thereby be achieved are only
sufficient for a good readability when using a polar-
isation foil.

According to a more recent development, such as
is described, for example, in Federal Republic of
Germany Patent Specification No.2,410,557, the polar-
iser can be omitted when a small amount, for example
0.1 to 15% by weight of an optically-active material
which brith'about a helical structure (cholesteric
structure) formation in the liquid crystal is incofpor-
ated into a dielectric composed of nemaﬁic liquid
crystals with positive dielectric anisotropy (as host

phase) and pleochroitic dyestuff (as guest phase).

' Examples of such compositions, as well as the physical

bases of the light absorptibn therein, have been des-

‘cribed by D.L. White and G.N.fTaylor (see New Absorptive

Mode Reflective Liquid Crystal Display Device, J. Appl.

Physics, 45, 4718-4723/1974). Examples of the con-

struction and operation of electro-optical indicator

elements based on this effect are described in Federal

+ S SR e i T,



4t has.been shown that the choice of appropriate dyestuffs for CGH (15}
indi cator elements is very difficult: in the first pl ace, the dichroitic
conpa’atlve val ues of such systens wi th host phase and dyestuff enbedded
herein as guest' phase nust be sufficiently great in order to inpart to the
“inffi'eator cell a sufficient brightness and sufficient contrast ratio. The
col= trast which can t hereby be achi eved dégénds upon the degree of order S
of the dyestuff in the liquid crystalline matrix. For the degree of order,
there applies the RepabldesbifpGpemahywiatent Bpecifisathenanyos.between the
| ongi tudi nal axis of the dyestuff nolecule and the optical axis of the
liquid crystal: [errP38n87PerPP 2r658k868al ues of the extinction of the
i ndi cator el enment when the neasure- nments are carried out with_ parallel

orientation [err] or vergpcépeoiﬂéﬁFéFPGH [ EPR) LidBigeCtYTERY, 16¢1?%E°r

| d | | | A | t

bt aet§ ce. and whi onSIBRRPES SORPRLENEH, o BRRLARhE-iFoohLerbRachoRY ilase ang
thus ‘regarding the jeehyi gak sﬂﬁﬁkuhﬂﬁéﬁdgﬁ ndygshuls- Lhguid ﬁ£¥§t§re

conbi nati on,
frequently referred to as cholesteric gpest-gpst dis-

blays. These 'CGH indicator elements have proved to
be advantageous because, without polarisation foils,
they provide a good indicator contrast and, in
addition, display a greater brightness of the depicted
image.

It has been shown that the choice of éppropriatef
dyestuffs for CGH indicator elements is very difficult:
in the first place, the dichroitic comparative values
of such systems with host phase and dyestuff embedded
therein as guest phase must be sufficiently great in
order to impart to the indicator cell a sufficient
brightness and a sufficient contrast ratio, The con-
trast which can thereby be achieved depends upon the
degree of order S of the dyestuff in the liquid
crystalline matrix. For the degree of order, there

applies the.relatibnship

E__-E
- < 3cos? 8 -1 > = XL T

EII+ZEI

s = =
2

wherein 8 is the angle between the longitudinal axis

of the dyestuff molecule and the optical axis of the




., s the so-called dichroitic ratio V, which represents the'qudiient of { t{ag
»: Above-defined extinction values: [err] In technically usable
{7~ dyestuff-liquid crystal conbinations, the value of Vis 5 or nore. In
! practice, the degree of order of a dyestuff depends, in the first place,
~upon its ehem cal structure, as well a&. upon the nature of the liquid
“crystalline matrix. A nunber of exanples of this has been des- cribed by
~1. Cox (see Mdlecular Crystals and Liquid Crystals, 55, 1-33/1979). Apart
fromthe degr%éq‘é?'do?‘t']?é?t#’ t Heygli ¥ g i 259 a"tq/%,"adt"r?e’r farBfeters are,
however, also_ipporiant for _the use of a dyestuff .in I ndi cat or
el enents: an 3’6{5’[8?5{:1‘%% ?rgxﬁﬂ?ﬁjrﬂ‘rb 1%%"’8@ ?Tﬁ’?% rﬂﬁetn I({%Cf:“e2a< i“}?atslxl’é:eFange of
vi si bl e wavel g Sk - _ m ufyf nust be
stable in theﬁgg%gdaré g%rp,ﬁ%%vte phg‘g{e&%%%%%er?pe%%ﬁogqa t [err].

agai nst_al teraet'agtyeiilaaéfe@éa 4 (20 V. r SRSy 13A Y emg N the

infra-red, visible and ultra-violet range and "agal nst “t he conponents of the
liquid crystajiqnedhesystdiBsfoldutitder nore, a good solubility in the host
' A value which is easier to use in everyday
practice and which permits a statement regarding the
degree of order S and thus regarding the technical
usefulness of a dyestuff-liquid crystal combination,

is the so-called dichroitic ratio V, which represents

the quotient of the above-defined extinction values:
By

Ey

VvV =

In technically usable dyestuff-liquid crystal
combinations, the value of V is 5 or more.
In practice, the degree of order of a dyestuff

depends, in the first place, upon its chemical structure,

as well as upon the nature of the liquid crystalline
matri#. A number of examples of this has been des-

- cribed by R.I. Cox (see Molecular Crystals and Liquid
Crystals, 55, 1-33/1979).

Apart from the degree of order or the dichroitic
ratio, other parameters are, however, also important
for the use of a dyéstuff in -CGH indicator elements;
an absorption maximum of the dyestuff must lie in-thé
range of visible wavelengths, i.e. between 400 and

700 nm, and the dyestuff must be stable in the doped



sPhase and a high optical density are desirable. However, the dyestuffs <2})
hitherto suggested for CGH i ndicator el &ments do not fulfil these requir
mentsto a sufficient extent. In particular, the azo dyestuff s which are
preferable with-regard to the dichroitic ratio and the absorption maxi mum
agthave nostly been suggested for use in CGH indicator elenents prove to
bé\fnsufficiently stabl e against light or uté+a-violet radiation (too |ow a
phot o-chem cal stability) and, in sone cases, they are also chemcally
unstabl.e. On the r » 1wl NESPRO ' BS0% C abj |1 f
ant hr aqui none dyes?h??s?ﬂaﬁgcﬁbigoggnggnggkﬁ?g 2$gi% conpg¢92éﬁlvé%%ﬁ%§o
dyestuffs, is knoweleaénahmﬂgedelea?essafSupau@ beew, nBgeinde t heaidé i@t ure
for the use of anthraqui none dyestuffs for CGH indicator el ements. However,
nmost of the previotial yheuggéshedednt #i aibl @oand dybstad ¢solety erdmgpe samd | a
dichroitic ratio V to make possibl e technically usable CGH indicator

el ements. British RgeénstSphei €omponentsioe?, the biuikdscrystibbine dwst ut ed

ant hr aqui none dyestuffs of the general formula:- -7-
- phase. Furthermore, a good solubility in the host

&

phase and a high optical density are desirable.
However, the dyestuffs hitherto suggested for
CGH indicator elements do not fulfil these require-
ments to a suffiéient extent. In particular, the azo
dyestuffs which are preferable with regard to the
dichroitic ratio and the absorption maximum and have
'mostly been suggested for use in CGH indicator elements
prove to be insufficiently stable against light or
ultra-violet radiation (too low a photo-chemical
stability) and, in some cases, they are also chemically
unstable. On the other hand, the photocﬁemical and
chemical stability of anthraquinone dyestuffs, which
is generally higher in comparison with azo dyestuffs,
is known and, indeed, proposals have been made in the
literature for the use of anthraquinone dyestuffs for
CGH indicator elements. However, most of the previously
suggested anthraquinone dyestuffs have too small a
dichroitic ratio V to make possible technically usable
CGH indicator elements.
. British Patent SQZZ;EI;;Eion No.2,011,940 des—
cribes substituted anthraquinone dyestuffs of the

general formula:-



S

[err] mhereln [err] is an optionally ring-substituted aniline group - [
i attached via the-nitrogen atom [err] is a hydrogen atom or a hydroxyl
group and [err] is a hydrogen atomor, when [err] is a hydrogen atom can
! also signify an optionally substltuted aniline group. The dichroitic ratio
8 Qi\these ant hraqui none dyestuffs, measured in comercially available

nobi phenyl / cyanot er phenyl liquid crystal m xtures, is from3.8 to 8.4,
nmost val ues being from5 to 6. However, the solubility of the dyestuffs in
nost conventional liquid crystall- ine

st phﬁses is reduced by the
aniline groups. In particular, in liquig crygtalline base materials of the
phenyl cycl ohexane cl ass, used t oday W tent, the solubility of

t hese dyestuffs of the general f | ow for pract (sl

require- nents. It is an object vention to provide
dichroitic dyestuffs which are su uble in comercially
available liquid crystalline base naterigls, fior exanple to give a m ni num

§ concen- tration of 0.5% by weight. &@rthernnrgz t hese dyestuffs, - 8-

wherein Ry is an optionally ring-substituted aniline
group attached via the nitrogen atom, R, is a hydrogen
atom or-# hydroxyl group and R3 is a hydrogen atém

or, when Rz is a hydrogen atom, can also signify an
optionally substituted aniline group.. The dichroitic

ratio of these anthraguinone dyestuffs, measured in

commercially available ¢yanobiphenyl/cyanoterphenyl

liquid crystal mixtures, is from 3.8 to 8.4, most
values being from 5 to 6. However, the solubility
of the dyestuffs in most conventional liquid crystall-

ine host phases is reduced by the aniline groups. In

et — ¢

particular, in liquid crystalline base materials of

A ma— Ay 8 e e e e e ¢

the phenylcyclohexane class, used today to a wide
extent, the solubility of these dyestuffs of the
general formula (A) is too low for practical require-
ments,

It is an object of the present invention to

‘provide dichroitic dyestuffs which are sufficiently

soluble in commercially available liquid crystalline
base materials, for example to give a minimum concen-

tration of 0.5% by weight. Furthermore, these dyestuffs



are to have a dichroitic ratio of at least V
chem cally and phot ochem cally stable.

ant hraqui none dye- 5

stuffs of the general

It has now been found that

(9

5 and to be substantially

formula:- [err] wherein W X,

& and‘Z, which can be the same or different, are hydrogen atoms, hydroxy
grdggs, primary am no groups or nethylamno or ethylamno 10 radi cal s, at

nost™ 3 of these synbols being the sane, -8xd one or two of the synbols [err]
and [err] represent radicals of the general fornulae:- [err] - 9 - and
the others repregght, hydl.ooen At i@_ﬁbq:iagoar&]falalﬁyllera@@ ¢2l cgntaining up
to 12 carbon atons, are surprisingly well soluble 1n the conventional
liquid crystalligjg Ras dmhiidtalnt 1314 yichhitea199d a8laC Bhekbheldbh1yal ues
therein. Consequently, the present i1nvention provides hew ant hraqui none
dyestuffs of genstamidornula (I) and is also concerned with their use as
conponents of liquid crystalline dielectrics. Furthernore, the present

It has now been found that anthraquinone dye-

5 . stuffs of the general formula:-

z 0 W
Re 8 Ry
e (1)
Ry N3 R,

Y 0 X

wherein W, X, Y and 2, which can be the same or

different, are hydrogen atoms, hydroxyl groups,

primary amino groups or methylamino or ethylamino .
10 radicals, at most 3 of these symbols being the same,
and one or two of the symbols Ry, R,. Ry and R,

represent radicals of the general formulae:-

(112) (IIb)
(IIc) (rrd)




-4ﬁnvention provides a liquid crystalline dielectric conprising at |east o Lﬂ
dichroitic dyestuff for electro-optical indicator el enents based on the
guest - host effect, which contains at |east one anthraqui none dyestuff of
general formula:(l); furthernmore, the present invention provides an
#éhectroJOptical i ndi cator el ement based gy a guest-host |iquid crystal cel

I which the liquid crystalline dielectric contains an ant hraqui none
dyestuff of general formula (1). In the coqgfunds of general, fornmula (1),

)
the synbols W 30d \the PEhars 987380 b QAR 2987 o 1P % @™o groups
or methylam no oy, ef hyl ami no radicals, not nore than three of these
substi tuents b_e?ir"?@yli h%a‘gjacrﬁ;i. cmﬂq 18 0 c]b%cﬁﬁ%’g‘ (?f%og&eraé'le fornul a
(1) are preferr ' t.al re d r rakly. .anly one
iof the strongl y%gﬁ/%x‘%ﬂop% al%gr?'oeegl?%ﬂ%sé-\g%ntg}egq}%gg%qa?‘g c%“elg] er
soluble in the allfid by SHAldHNA Paffa BN R R BHRIidilY

-10- in those wit'h the phenylcycl ohexane structure. 'Two of the symbols W

X, Y and Z prefeiehd Wwoil s fehdpedirpgen atons and at | east one of them
met hyl am no or ethyl am no radi cals; anongst these, those conpounds '

Consequently, the present invention provides new

{
anthraquinone dyestuffs of general formula (I) and is

also concerned with their use as components of liquid
crystalline dielectrics. Furthermore, the present
invention provides a liquid crystalliné dielectric

comprising at least one dichroitic dyestuff for

electro-optical indicator elements based on the guest-

host effect, which contains at least one anthraquinone

dyestuff of general formula (I): furthermore, the

present invention provides an electro-optical indicator

element based on a gﬁest—host liquid crystal cell in

which the liquid crystalline dielectric contains an
anthraquinone dyestuff of general formula (I).

In the compounds of general formula (I), the

P . symbols W, X, ¥ and Z signify hydrogen atoms, hydroxyl
or amino groups or methylamino or ethylamino radicals,
not more than three of these substituents being the
same. Amongst these, compounds of general.formula (1)
afe preferred which contain not more than two and

N preferably only one of the strongly polar hydroxyl or

amino groups since these are better soluble in the

usual liquid crystalline base materials and especially

P




5 of general fornmula (1) are especially preferred in which ei ther Wand {%Ea
or. Y and Z signify hydrogen atons. Wth regard to the symbol s [errT and
[err], those conpounds of general fornmula (1) are preferred in which one of
L hese - synbols represents a cycl ohexyl- 10 phenyl radical of general formula
l?% or a cycl ohexyl - cycl ohexyl radical of general formula (11d) and the
oth three synbols represent hydrogen atgge. Al so preferred as guest
dyestuffs in the scope of the present i nvention are those in which one of

~the synbols 15 H%Fr ,kgn % resents a_radical of general formul ae
(11c) or (11d) a a\:&"]?e" &hee E%AFE'CA%%PRW BRERGFuTe} a) Twe

4- al kyl | oh I al o T di cal f bl
' the.peri- positi & k‘ SYRREIR, Mot Ron¥, hdct BYEEeEably Flonidr™ Madi cal &

are present int d r d o] S t ggginone
base structure. #eagfpgnagﬁe%? lzas?séh%ré eF?% €§5ﬁ9¥£m t he
symbol s [err] an@r[%%hkl%ﬁﬁhoskgahExlé raﬂbﬁéktoﬁhégé géﬂéééjc mhOnES
(ftay or (ll1b). 25 he alkyl radicald Rin the radicals ©0 genera

formulae (118, el b)ane(rhllc)‘.’oaﬂdlél (d) apataspedPallylgreperpeafpnably up
to 7 carbon atons. When
which either W and X or ¥ and 2 31gn1fy_hydrogen atoms.
With regard to the symbols R, Rye R and R,,

those compounds of general formula (I) are preferred
in which one of these symbols represents a e}clohexyl-

10 .phenyl radical.of general forﬁula {IXlc) of a cyclohexyl-
cyclohexyl radical of general formula (IId) and the
other three symbols represent hydrogen atoms. Also
preferred as guest dyestuffs in the scope of the
present invention are those in which one of the symbols

15 R;, Ry, R, and R, represents a radical of general
formulae (IIc) or (IId) and a second one repre;ents a
4-alkylphenyl (IIa) or 4-~alkylcyclohexyl (IIb) radical.
This second cyclic radical is preferably in the peri-
position to the first one, i.e. the two cyclic

20 radicals are present in the 2- and 6- or 3- and 7-
positions of the anthraquinone base structure. The
same arrangement is also preferred when two of the
symbols R;, R,, Ry and R, each signify a radical of
the general formulae (IIa) or (IIb).

25 The alkyl radicals R in the radicals of general
formulae (IIa), (IIb), (IXIc) and (IId) contain up

to 12 and preferably up to 7 carbon atoms. When




\&/

t he al kyl radicals R contain 3 or nore carbon atons, they can be straight
:a_p*.branched chagi ned. However, those dyestuffs of general forrmula (I) in
hq’which R is-a straight-chained al kyl radical are easier to synthesise and

are, therefore, preferred. If, however, a branched al kyl radical is present
+in the conpounds of general fornula<«1)4 for exanple for the alteration of
5??1he solubility or for the production of optical activity, then such an

"™af kyl radical | r : r5§5%5§¥ r %ﬁa& - pr.eferred

~ branched radi c{é g %?k‘?%lgg%% arl{e) those |n@\ﬂ%c a (rzr’re;thy_ln gr%oeshyl group
. 1s present in thgylsaRne- POSILHON K Brd MR SRR .CNAe ke, exanpl e

i 1-methylpropyl, 2= methylbutyl,”2-methyl pentyl, 2-ethyl hexyl, 1-methyl-
heptyl or 2- [reemg@ca,{éscdffsw dnd raIndicrul R (ane i esgeh RNig conpound
of general formula (1), prefer- ably at nost one of themis branched. The
dyestuffs of genetpkiglotiehaindd alkylbergatiedr edre Raldieruzgal way for

ant hr aqui none dyestuffs. A preferred synthesis consists in reacting a

. substitut ed phsymtheshsdyand deralerihentaforenf prdedegmedr.al Ifor however(l||)
lerr]

a branched alkyl radical is present in the compounds
of general formula (I), for example for the alteration
of the solubility or for the production of optical

rJ " activity, then such an alkyl radical is, as a rule,

not branched more than once; preferred branched

il - radicals of this kind are those in which a methyl or

ethyl group is present in the l- or 2-position of a

longer carbon chain, for example l-methylpropyl, 2-

methylbutyl, Z-methylpentyl.'Z—ethylhexyl. l-methyl-

- heptyl or 2-~methyloctyl. If two alkyl radicals R are

present in a compound of general formula (I), prefer-
ably at most one of them is branched.

The dyestuffs of general formula (I) may be

e o——s - . ——————

prepared in the usual way for anthraquinone dyestuffs.

5@ A preferred synthesis consists in reacting a substituted

phthalic anhydride derivative of the general formula:-

0 (111)

N\

YI



-12- wth a benzene derivative of the general formula:- [err] (ég)
TIV) in the manner 'of a Friedel-Crafts reaction in the presence of. an aci
catalyst. In.general forrmulae (I111) and (IV), [err] and [err] have the
greanings given in general formula (1) and W, .X, Y and Z' have the same
megnings as W X, Y and Z or represent substituents convertible into these
groups by sinple reaction steps. The react4l@* conditions for the

Friedel -Crafts reaction (solvent, catalyst, tenperature and tine) are

sel ected in anal ogy; 1 4 NSeddHEL RS v d U RHRPYendGad0Fo rilililkuli onal |y
simlar anthraqui none dyestuffs known fromthe litérature, depending upon
the structure and reactivity of the starting materials. The starting
materials are, as a rule, known or can bg:prepared wi thout difficulty

anal ogously to known conpounds by standand processes of synthetic organic
chem stry, such as are de3cribed, for exdnpl e, Rikn Houben-Weyl- Miller,

Met hoden der Organi schen Chenie, 4th edltiowy” 1960. The dielectrics
according to the present invention co‘tézy P to 15 and preferably 3(gg)l2

x'

in the manner of a Friedel-Crafts feaction in the
presence of an acid caﬁalyst. In general formulae {III)
and (1IV), Ry, RZ' R3 and R4 have the meanings given in
general formula (I) and W', X', Y¥' and 2' have the
same meanings as W, X, ¥ and Z or represent substituents
éonvertible into these groups by simple reaction steps.
The reaction conditions for the Friedel-Crafts reaction
(solvent, catalyst, temperature and time) are selected
in analogy to the processes used for preparing con-
stitutionally similar anthraquinone dyestuffs known
from the literature, depending upon the structure
and reactivity of the starting materials. The starting
materials are, as a rule, known 6r can be prepared
without difficulty.analoqously to known compounds by
standard processes of synthetic organic chemistry,
such as are described, for example, in Houben-Weyl-
Miller, Methoden der Organischen Chemie, 4th edition,
1960.

The dielectrics according to the present

invention contain 2 to 15 and preferably 3 to 12




# o cOnponents, including at |east one” ant hr aqui none dye- stuff of generalégg

+formula (1). The ofher conponents are selected fromthe nematic or
" hemat ogeni ¢ azoxy- benzenes, benzylideneanilines, biphenyls, terphenyls,

henyl or cycl ohexyl benzoates; cycl ohexanecar boxylic acid phenyl or

| qrghexyl esters, phenyl cycl ohexanes, cypj:ohexyt®iphenyl s,
cyc

hexyl cycl ohexanes, cycl o- hexylnaphthalenes

1, 4-bis- cyclohex Ibenzenes S cl ghexyl bi phenyl s, phe
_cycl ohexyi - ﬁ% é%ﬁdﬁﬂﬁi%ﬁquﬁﬁi 6§ﬁﬂE§y 43 g&

hal ogenat ed st e £t |tuted
- ci nnam ¢ aci dséé‘p%: éﬂ Q rrpor an comjndsﬁ%%}%&ca%@%?%%m dered as
: conponent s _of iwt% %a/éaaﬂcsrﬁlecﬁws&enr@f@@é it dyediRPuzzsgled by the

. general formula:

; heterocyclic rbdzenes em&eigﬁpidghéarﬁmlheds disipdriyis ed:.ell@hé‘h%
t cycl ohexane rings, 4,4'-disu

wherein A and C each represent a carbo-

stituted bi phenyl, phenyl cycl ohexane and

4 cycl ohexyl cyclstenyneo s yspeXohey 15 Yol ezt & Utaact Jatre wardicanr baney 11,63+ di oxan

L rings, 2,6-disubstituted naphthal enes and di- and tetrahydro- naphthal enes,
i qui nazol i ne amscidtphenyk czicwcdcitiexyl RSters, phenyl_cyclohexaneS.

cyclohexylbiphenyls, cyclohexylcyclohexanes, cyclo-

Hdi hexylnaphthalenes, 1,4-bis-cyclohexylbenzenes, 4,4'-~

1 " bis-cyclohexylbiphenyls, phenyl- or cyclohexyl-

pyrimidines, phenyl and cyclohexyLdioxanes, optionally
halogenated.stilbenes, kenzyl phenyl ethers, tolanes
and substituted cinnamic acids. The most important |
compounds which can be considered as components of
liquid crystalline host materials may be represented

by the general formula:=

DD

wherein A and C each represent a carbo- or heterocyclic

ring system selected from 1l,4-disubstituted benzene
and cyclohexane rings, 4,4'-disubs£ituted biphenyl,
phenylcyclohexane and cyclohexylcyclohexane systems,
2,5-disubstituted pyrimidine and 1,3-dioxan rings,
2,f~-disubstituted naphthalenes and di- and tetrahydro-
naphthalenes, quinazoline and tetrahydroquinazoline,

B is

= -L -



o 14 - CHECH I “N(O =N- -CHECD- G/y
T-CH=EN(O) - [err] : -CH2-CH2- -CO- O '

- -CH2-0- -CO S : -CH2-S- - CH=N-

s[err] -NEN- . or a GC single bond, Dis a hal ogen
"atromand preferably a chlorine atomor a cygno group and [err] and [err],
wht~¢h can be the sane or different, are arégr, al koxy, al kanoyl oxy or

al koxy- carbonyl oxy radicals containing up to 18 and preferably up to 8
carbon atons, or one ofH=@¥se synbols can al so si gnM¥{9)aNeyano, isocyano,
nitro or trifluoronethyl group or a fluorine, chlorine or bromne atom 1In
the case of nost of tE¥EC®mpounds, [err] and [er rFHEN{Odr from one

anot her, one of these synbols usually representing an alkyl or al koxy

radi cal . However, otﬁ§¥‘v5?iants of the above- nentFBpslBgubstituents are
al so conventional. Mny _suych substances or al so nixg reg thereof are
commercial ly avail abl €. € dielectrics according T ﬁﬂﬁ “present invention
usual Iy contain 0.1 to lpg preferably 0.5 to 10 and.gspgcially 1 to 5% by
wei ght of one or nore conpounds 2

~CH=N- - | -coo@-coo-

-N=N- or a C-C- single bond,

D is a halogen atom and preferably a chlorine atom or

a cyano group and R; and R, which can be the same or
different, are alkyl, alkoxy, alkanoyloxy or alkoxy-
carbonyloxy radicals containing up to 18 and preferably
up.to 8 carbon atoms, or one of these symbols_can also
signify a cyano, isocyano, nitro or trifluoromethyl
group or a fluorine, chlorine or bromine atom. In the
case of most of these compounds, Rg and. Rg differ from
one another, oné of these symbols usually representing
an alkyl or alkdx§ radical. However, other variants

of the above-mentioned substituents are also conventional.
Many such substances or also mixtures thereof are
commefcially available.

The dielectrics according to the present invention
usually contain 0.1 to.ls, preferably 0;5 to 10 and
especially 1 to 5% by weight of one or more compounds
of general formﬁla (I). The dielectrics according to
the présent invention can be prepared in the usual

manner. As a rule, the desired amount of the components




-hof general formula (l1). The dielectrics according to the present inveé%ﬁJL

~can be prepared i h the usual manner. As a rule, the desired anount of t

IG

tonponent s -15- enployed in |l esser anount is dissolved in the conponent
making up the main constituent, preferably at an elevated tenperature. If a
t enper at ure above the clear p0|nt of the main conponent is used, the

-cdnﬁleteness of the dissolving can bel®served espec- ially eaS|Iy

However, is also possible to nmix solutions of the conponents of general
~formil ae (') é(g:%i a 1ih sas%fi; iy FWYLHIREY SR £hkOk
acet one, chl (ﬁgﬁcwl Q? éTter t horough m xin OEESHBhe sol vent

i s again remygfdind Up @maanbxeo@is%tﬂddend ngf&f@%m ﬁeeanpressure of

course, in the case of this method, care nust be taken that no inpurities
or undesired dliopdediiedpedatuiie] e ai ethpyr aithes abweat £thBy neans of

. appropriate additives, thediquid crystalline dielectrics according to the

present i nvertlear noirte ofb thedinfaiisd cdomgionienty isaased,ushe i n al |
.+ previously known ki nds of guest-host indicator elenments. Such additives are
‘P well known ambrepletgness of the dissolving can be observed espec-

ially easily.
However, it is also possible to mix solutions
~of the components of general formulae (I) and (V) in
an apprbpriéte organic solvent, for example, acetone,
chloroform or methanol, and, after thorough mixing up,
the éplyent is again removed, for example by distill-
ing ﬁnéef réduced pressure. Of course, in the case of
'this method, care must be taken that no impurities or
undesired doping materials are entrained by the solvent:
By means of appropriaée additives, the liquid
crystalline dielectrics according to the present
invention may be.so modified that they can be used in
all previously known kinds of guest-host indicator
elements., Such additives are well known aﬁd are des-
cribed in detail in the appropriate literature. Thus,
for example, substances can be added for altering the
dielectric anisotropy, the viscosity, the conductivity
and/or the orientation of the nematic phases. Such
substances are described, for example, in Federal
Republic of Germany Patent Specifications Nos.2,209,127;

2,240,364; 2,321,632: 2,338,281 and 2,450,088.

£



cribed . in.detail in the appropriate literature. Thus, for exanple, (;é?/
substances can.be added for altering the dielectric anisotropy, the

vi sc@sity, the conductivity and/or the orientation of the nematic phases.
Euch substances are described, for exanple, in Federal Republic of Germany
atent Specifications Nos. 2,209, 127; 2.240,64; 2,321,632; 2,338,281 and
2, 456, 088. -16- The foll ow ng Exanpl es are given for the purpose of
illustrating the present invention, In_the Exanples, mp. neans the nelting
point and K the clear pofRe 6pliovingi Bxapples| arecIiyMRttokthe pvpess
Cel sius and boiling_poinhts, ,are.,indjcated b . p. Lf_nothi g stated to
the contrary, stat ﬁeﬁ#S“BFrﬁEF?g B?epBng%%Etgﬁﬁ n%ﬂ%?tn”ﬁ&ﬂ%hﬁ.é¥éﬂﬁﬁﬁ§?
1. a) To a solution of 32,1 0.,4-ampo-4'- ns- X
4-n-pentyl cycl _ohextf/'l’?-‘ b'l"%ﬁre‘ﬁyf:hlenmg%)g“r‘ré.pé#égi %?d alé_e?llec %J(':?adr a‘?oel%’ﬂd’efd at
Lerr], with stivrigosiglid celsPaly 2ALCOUEs BaAES CiRCadhrdds Yo PUNPLAIRD! | Y
stirring for 2 hours, e reacttion mxture i's poured oh to 1 kg. of iIce and
the precipitated 4p8¢2iAaf p8ints are indicated by b.p. If nothing is

3-nitro-4'-(trans-4-n-pentyl cycl ohexyl) - bi phenyl
stated to the contrary, statements of parts or per-
centages are by weight.
Example 1.

a) To a solution of 32.1 gq. 4-amino—4'—(gg§g§-
4—g¢pentylcyclohexyl)-biphenyi in 300 ml. glacial
acetic acid are added at 50°C., with stirring, 50 g.
of 65% aqueous nitric acid. After subsequenély
stirring for 2 hours, the reaction mixture is poured
on to 1 kg. of ice and the preéipitated 4-acetamino-
3—nitro-4‘-(5535274-g¢pentylcycl6hexyl)-biphenyl.
is filtered off, washed with water and tfansferred
to a solution of 12 g. potassium hydroxide in.loo ml.
ethanol. The reaction mixture is boiled for 2 hours,
poured into 500 ml. of water and the 4-amino-3-nitro-
4'-(trans-4-n-pentylcyclohexyl)-biphenyl formed is
extracted therefrom with toluene. After distilling
off the toluene, the residue is slurried in 40 ml. of
50% aqueous sulphuric acid. After adding 20 ml. |
dioxan, a solution of 4.8 g. sodium nitrite in 25 ml.
water is added dropwise at 0°C. The resultant sus-
pension is introduced into a soluﬁidn of sodium

tetracyanocuprate-(I) kept at 0°c. and prepared from




s filtered off, washed wth water and transferred to a solution of 1 E
pot assi um hydroxide in 160 m . ethanol. The reaction mxture is boil ed#0r :

{2 hours, poured into 500 ml. of water and the 4-ami no-3-nitro-

4' - (trans-4-n-pentyl cycl ohexyl)-bi phenyl formed is extracted therefromwith

|toluene. Aftér distilling off the toluene, the residue is slurried in 40

n1f“df'50@6aqueous sul phuric acid. After %gding 20 m . dioxan, a solution

of 4.8 g. sodiumnitrite in 25 nl. wat er 'S added dropwi se at [err]. The

resultant sus- pension is introduced into a solution of sodium '

|t et¥acyanocupratperid )sudghtatet, Godiuvmm@udiphyidee@nid @edium cyanddpri c

isul phate, sodium sul phite and sodi um cyani de, whereafter the reaction
mxture is furvhesge rdeorrepatdan suxtuw@ lisnduekherbReptedhé&ozool ed

‘;suspension is extracted severgl times with dichloronmethane and the organic

Iphase is washéed BR4H PN A RRIGINS SREGFIRT-oxiTHE SORFECFUSRETRACE: and

“1dried over anhydrous saodiym sul phate. After.the distilli of f _af the

il sol vent, the EHhiPFF3E rﬁ?—vé?rgl(lt r%ﬂ?—ﬁ-"ﬁ-%‘e%{"ﬁ }°E§’8‘F5g‘ | 228 phenyl

remai ni ng behit'ilde iosrgra e i}hﬁéé %.esd Jars?t@de UI%@!Olz;N @q%‘eo[.&r rsladiu.m -
hydroxide soclution and water and dried over anhydrous
sodium sulphate. After the distilling off of the

ﬁ: 'solvenﬁ, the 3-nitro-4-cyano-4'-(trans-4-n-pentyl-
cyclohexyl)-biphenyl remaining behind is recrystallised
from ethanol; m.p. 118%c.

b) A solution of 16 g. 3-nitro-4-cyano-4'-

ﬂi (trans-4-n-pentylcyclohexyl )-biphenyl in 100 ml. dioxan

is carefully introduced into a solution of 29.0 g.

o e

stannous chloride in 25 ml. of 37% hydrochloric acid,

taking care that the'temperature does not exceed 45°C.

T o

SRR -

After stirring for 2 hours, the reaction mixture is

E‘ slowly introduced into 200 ml. iée-cooled 30% acqueous
sodium hydroxide solution. The 3-amino-4-cyano-4'-

??i (trans-4-n-pentylcyclohexyl)-biphenyl which thereby

' crystallises out is filtered off, washed with water
and recrystallised from ethanol. The material purified
in thié manner is slurried in 40 ml. of 50% sulphuric
acid, After the addition of 20 ml. of dioxan, a sol-
ution of 4.8 g. sodium nitrite in 25 ml. of water is
added dropwise at 0°c. . The resultant suspension is
introduced into a solution of sodium tetracyanocﬁprate

(I) kept at 0%. and prepared from cupric sulphate,




&) A solution of 16 g. 3-nitro-4-cyano-4'- @
(trans-4-n-pentyl cycl ohexyl)-bi phenyl in 100 m . dioxan is carefully

i ntroduced into a solution of 29.0 g. stannous chloride in 25 m. of 37%
«wydrochloric acid. taking care that the tenperature does not exceed 45 C
After stirring for 2 hours, the reaction mxture is slowy introduced into
200~ . ice-cool ed 30% aqueous sodi um hydrek&<e sol ution. The

3-anm no-4-cyano-4 - (trans-4-n-pentyl cycl ohexyl)-bi phenyl which thereby

crystallises out ggaiivht 86EghPEé  aN@SHEE: Wh tdy AR &L, Ak F&Lr dest alHd sed from
ethanol. The material purified in this manner is slurried in 40 m. of 50%

sul phuric acid. Arégctibe aidthireni of f2bthér dathdxfor 1 Wdlr o ipn of 4.8
g. sodiumnitrite in 25 mM. of water is added dropwi se at [err]. The

resul tant suspensboinlisgi watedbathl. i MThe accnled | snspEnsicah U extracted
tetracyanocuprate (1) kept at [«rr] and prepared from cupric sul phate,

sodi um sul phite apevesdl uhimgarvifeh dichlererethanre randtthe onganie is
further heated for_ | hour on a boiling waterbath. The coql ed suspension is
extracted sever al PRRARsL{i VASEPL HybERneY ey Ietiwn Jwdxe Sk

washed with 2N a ugous sodi u h¥drqgige.§gl- utiqala d matenaand dried over
anhydr'ous SOdi um 10N an wate an rie over a Y rous sodalium

sulphate. Afﬁer distilling off the solvent, the 4'-
(trans-4-n-pentylcyclohexyl )-biphenyl-3,4~-dicarbo-
nitrile remaining behind is recrystallised from
ethanol: m.p. 13499.

c) 2 g. 4'-(trans-4-n-Pentylcyclohexyl)-
biphenyl-3,4~dicarbonitrile are boiled for 16 hours
in a solution of 1.5 g. potassium hydroxide in 15 ﬁl.
amyl alcohol. Subsequently, the reaction mixture is
poured into 25 ml. of 5% aqueous hydrochloric acid
and the 4'-(trans-4-n-pentylcyclohexyl)-biphenyl-3,4-
dicarboxylic acid which crystallises ouﬁ is filtered
off and boiled with 2.5 ml. acetic anhydride and 0.5 g.
zinc chloride for 1 hour. After cooling, the 4'-~
(5555574-5fpentylcyclohexyl)-biéhenyl—3,4—dicarboxylic
anhydride which has crystallised out is filtered off,
washed with a litéle'cold wéter and dried under reduced
pressure; .yield 1.5 g.

d) 1.2 g. 4'-(trans-4-n-Pentylcyclohexyl)-
biphenyl-3,4-dicarboxylic anhydride, 2.0 g. hydro-
quinone and 10 g. oxalic acid are heated for 2 hours

to 220°C. After cooling, the 1,4-dihydroxy-6-[4-




‘ ul phate. After distilling off the solvent, the 4'- G%é)
%trans 4- n- pentyl cycl ohexyl ) - bi phenyl -3, 4-di carbo- nitrile remaini ng behind
5 |s recrystallised fromethanol; mp. [err]. ¢c) 2 g.
-(trans-4-n- Pentylcyclohexyl) bi phenyl - 3, 4-di carbonitrile are boiled for
16 -hours in a solution of 1.5 g. pot assi um hydroxide in 15 m . anyl
al &ohiol . Subsequently, the reaction” MPxture is poured into 25 m. of 5%
aqueous hydrochloric acid and the
- (trans- 4{prpastylaypeabeXyy ¢l bhekeDy pRedyl i snteadrhitomei d whi ch
crystallises out is Tiltered off and boiled With 2.5 m. acetic anhydride
and 0.5 g. ebteivkfoisdputbdfiddhbyr redfystakbibsatipn t fueom' ethanol.
(trans-4-n-pentyl cycl ohexyl ) -bi phenyl - 3, 4-di car boxyl i ¢ anhydri de- whi ch has
crystal | i sed out TgeffP%é¢EHn§f¢°mD®B%@% are roxepared anvlagomsler: and dried
under reduc

! 4'-(trans- 4Ed4gé§$¥aﬁ9§¥ylehgTﬁfbﬁﬁaﬂigg?ﬂy§)ﬂaQﬁQ£ﬁQRﬁﬁH9?7 anhydride, 2.0
: 9. hydrg- qﬂl&o?ﬁhgggﬁig ﬁ' 8%2{5_4_ _grgg§%éygigﬁgx§¥) aggkgs to [err].

After cooling,
(trans-4-n- &ggh¥hgyclohexyl) phenyl] ant hr aqui none

l.4—dihydroxy—6-[4—(Erans-4—ethylcyclohexyl)-cyclo-

hexyl]-anthraquinone.

e Bt B+ semin b

: Example 2.
i
2 10 0.7 q. l,4-Dihydr0xy—6-[4—(trans-4-g-pentyl-

...-......,._.._..
e s L

cyclohexyl }-phenyl]-anthraquinone is dissolved in
5 ml. pyridine and 50 ml. of gaseous methylamine are
passed into the solution. The resultant solution is
heated for 16 hours to 90°C. and then poured into

15 50 ml. of water. The mixture of the violet dyestuffs

L

1-N-methylamino-4-hydroxy~6-[ 4-(trans-4-n-pentyl~
cyclohexyl )-phenyl J-anthraquinone and l-hydroxy-4—N--
methylamino-6-[ 4-(trans-4-n-pentylcyclohexyl)-phenyl ]-
§ anthraquinone which crystallises out is separated by
20 column chromatography on silica gel (eluent: toluene).
The following compounds are prepared analogously:

1-N-methylamino-4-hydroxy-6-(4-n-butylphenyl )-anthra-

quinone and l-hydroxyf4—N-methylamino—6-(4;g¢butyl—
phenyl)—anthfaquinone:

25 l-amino-4-hydroxy~6-(trans-4-n-propylcyclohexyl )~
anthraquinone and l-hydroxy-4-amino-6-(trans-4-n-

- propylcyclohexyl)-anthraquinone.




nds are prepared anal ogously:
, 4+ & hydr oxy- 6- (4-n-butyl phenyl ) - ant hr aqui none, 5
g, 4+ di hydroxy- 6- (‘trans-4-n-propyl cycl ohexyl)-ant hra- qui none.
1. 4- dihydr oxy- 6-[ 4- (trans- 4- et hyl cycl ohexyl ) -cycl o- hexyl -anthraqui none.
Exampl e 2. 10 0.7 g. 1 4-Dihydroxpgb-[4-(trans-4-n-pentyl -
cycl ohexyl) - phenyl ] -ant hraqui none is dissolved in 5 m. pyridine and 50 .

of ! gaseous et hylﬁm nﬁ are passed into the solution. The resultant
sol ution is heat *hours to 90 C. and then poured into 15 .50 ni.

of: water. The m xture e\l dyegst ugf _ : .
1¥N-hethylanino-4-hydrggiFkg[£¥%?%g%§-é?niﬁénéylPhthallc anhydride
cycl-ohexyl ) - phenyk tlr aqui ledihiyd &

et hylam - b L4t s e e Ry T hone L RRPRAT one whi ch
crystal lises out firomsgptbauedify 3Ad pCBLHEBqENHEAB! 89 ARBYrPBediihca gel
(eluént: toluene). The foll ow ng conpounds are prepared anal ogously:

| - N et hyl aniSno- &-.axdr.Sxy- 66(42478/19BgNeank)logathlg- tquExansleant 4),

1- hydr oxy- 4- N- net hyl am no- 6- (4-n- butyl - phenyl) -anthraqui none; 25
1-anino-4-hydrox$hGIPtﬂ&nPrﬁpﬁrﬁﬂobyﬂc9égﬁﬁ§9yY)2-éﬁtm¢§hulmhﬁEYhhﬂ

1- hydr oxy- 4- ami no- 6- (trans-4-n- propyl cycl ohexyl) - ant hr aqui none.
y y anthgaquinone. Propyrey yh |

gb}_ﬂ?%ﬁed I's purified by recrystallisation fromethanol. The foll ow ng
conpgu
1, 4t &

The following compounds are obtained analogously:
1,4-dihydroxy-2-[4-(tzrans-4-n-propylcyclohexyl )~

10 phenyl]-anthraquinone,

1,4~-dihydroxy-2-(4-n-pentylcyclohexyl )-anthraquinone.

Example 4.
Analogously to Example 2, from the dyestuffs

prepared according to Example 3, there are obtained:
15 l-amino-4-hydroxy-2-(4-methylphenyl }J-anthraquinone
and l-amino-4-hydroxy-3-(4-methylphenyl )-anthra-

P . quinone;
1-N-ethylamino-4-hydroxy-2-{4-(trans-4-n-propylcyclo-
hexyl )-phenyl]-anthraquinone and l-N-ethylamino-4-.

20 hydroxy-3-[4—(3525574-E¢propylcyclohexyl)—phenyl]-

anthraguinone..




i §20- Exanple 3. By the reaction of 1.5 g. phthaliq.anhydride with 2 g. ! 2(2
1~ (4- met hyl phenyl ) - hydr oqui none (prepared from p-tol uidine and p-benzoqu
J-as described in 5 J. A C S., 56, 2478/1934) anal ogously to Exanple 1 d),
i dhere. is prepared 1, 4-dihydroxy-2-(4-nethyl phenyl)- ant hraqui none. The
“ foll awi ng conpounds are obtai ned analZdgously:
1,4?ﬁihydroxy-2-[4-(trans-4-n-propy|cyclohexyl)- 10 phenyl ] -ant hraqui none,
1, 4-di hydr oxy- 2- (4-giseP e Ml SWAGH P ESeadp -t LAk radRe tHeX pHaba rd-
Anal ogously to Exanple 2, fromthe dyestuffs prepared according to Exanple
3, there are sdion refl:1ikfuid crystalline dielectrics according to
1- am no- 4- hydr oxy- 2- (4- et hyl phenyl ) - ant hr aqui none and
- 1- am no- 4- hy ditex \p e gehtreinwdngtiems ) - ant hra- qui none;
- 1-N-et hyl am no- 4- hydr oxy-:2-[ 4-(trans-4-n-propyl cycl o-
hexyl ) - pheny|Bxammlg £y none and |- N-et hyl am no-4- 20 :
hydroxy-3-[4-(tran§f4-n-prqpyL%¥cloheg&])zphen I v ant hr aqui none. .

n the liquid cryst mixture o
i 22% 4-{trans-4-n-propylcyclohexyl)-benzonitrile,
| 19% 4-(trans-4-n-butylcyclohexyl)-benzonitrile,
30% 4-(trans-4-n-pentylcyclohexyl)-benzonitrile,
15% 4~(trans-4-n-pentylcyclohexyl)-~-biphenyl-4'-
carbonitrile and

14% 4-p-pentyl-4"-cyanoterphenyl

there are dissolved 3 parts by weight of the right-

handed helix-inducing 4-(2-methylbutyl)-biphenyl-4'-

i carbonitrile and 1 part by weight of l-hydroxy-4-N-
methylamino-G-[4-(Eggg§f4-g¢pentyicyclohexyl)-phenyl]-

| anthraquinone. With this dielectric, there can be
achieved in CGH indicator elements with a layer thick-
ness of 12,um., very good contrasts between violet
(cholesteric phase, planar, without electric field)
and colourless (nematic phase, homeotropic, with
electric field).

Similar results are obtained when, as dyestuff,
there is used, for example, 1l,5-diamino-4,8-dihydroxy-
2-[§£§g§¢(4-g¢pentylcyclohexyl)-phenyl]-anthra@uinone
or l,S—bis—N—methylamino-Z.6—bis—(4fg-pentylphenyl)— '

anthraquinone.




21- The following Exanples illustrate the prepar- ation of liquid { 3
??ystalllne di el ectrics according to the present invention: Exanple 5

.the liquid crystal m xture of 22%
g§- (trans-4-n-propyl cycl ohexyl)-benzonitrile, 19%
4- (trans-4-n-butyl cycl ohexyl)-benzonitrile, 30%
4- (‘=~ans- 4- n- pent yl cycl ghexyl ) - benzonitrile, 15%
4- (trans-4-n-pentyl cycl ohexyl)-bi phenyl -4' - carbonitrile and 14%
- n- Ent | - 4" -cyanot er phenyl there are dissolved 3 parts by wei ght of the
nded hel i x-i nduci ng 4-(2-net hyl butyl)-bi phenyl -4'- carbonitrile

| d
ﬁgthilgﬁ:ﬁggéngh??t 9& %abygéﬁ?yfcyg#o% xy?} p%enyl] ant hraqui.none. Wth

saaéddbebg%kl Ehel B?Eﬁr&ﬁﬂ1Eed9£9£@fﬁd1lﬁ-xﬁ§hﬂ‘£hﬁ%-0r elenents with a .
Layer thick- ness of 12 [err]., very good contrasts between violiet

@CHQBQ‘sk?f-GC[ﬂhﬁ’é?anBL4ﬂﬂlf>eﬂt{rt@yél&h@£§vI)-Cplfxéx@}ﬁ]- and col ourl gss (nemati
phase, honeotroprc, with electric field Simlar results are obtained
ahehragqeidyaet off Extple R2s usadthisrsaxmmpﬁm. thé- di am no- 4, 8- dlhydroxy-
dichroitic dyestuff displéys a dichroitic ratio of

11.1 and a degree of order S of 0.77.

)

[ R -




_%—[Lrans-(4-n-pentylcyclohexyl)-phenyl]-anthLaqukﬂeﬁe—fﬁ—————”—‘

I, 5-bi s- N-net hyl ant no- 2, 6- bi s- (4-n-pentyl phen

Exanple 6. To the liquid crystal m xture of Egm @“1“@““(“@ 0.
ichroitic dyestuff 1-N-nethylam no- 4-hydrox

(trans- 4- n- pentyl cycl ohexyl ) - phenyt3= ant hr aqui none of Example 2. In this

sotefion, the dichroitic dyestuff displays a dichroitic ratio of 11.1 and

degree of order S of 0.77. -23- é}éﬁ{? A dichroitic dyestuff of

the general fornula:- [err] (I) 1 wherein W X, Y and Z.

whi ch can be the sanme or 5 different, are hydrogen atons, hydroxyl

groups, Ppsinmark dm¢hmotﬁigudyeﬁtuﬁﬁrgﬁzﬂheugenengknﬁqnnukakadicals, not
more than 3 of these synbols being

(1)

wherein W, X, ¥ and Z, which can be the same or

S different, are hydrogen atoms, hydroxyl groups,
primary amino groups or methylamino or ethylamino
radicals, nﬁt more than 3.pf these symbols being
the same, and one or two of the symbols Rl, RZ' R

3
and R, represent radicals of the general formulae:-

@ L

10
(11a2) ' (11b)
(1Ic) (11d)

and the others represent hydrogen atoms, R being an

.alkyl radical containing up to 12 carbon atoms.

T g el e

sen s




—

' ‘fyané, and one or two of the synbols [err] and [err] represent radicals
_ f@he general fornulae:- 10 ~ [err] and t%ﬁ?Tﬂﬁﬁﬁ%LJJﬂﬂjﬁfﬂgn z
h ygogen atons, R being an al kyl radi cal contalnlng 2 carbon
F 2R 2 Di chr oitic dyestuffs according to'claim wjﬁ ’!ﬁ nbef ore
spé@cally exenplified. 3. Aliquid crystalllne* Ic m a|n|ng
feast one dichroitic dyestuff for el ect?8-opti cal i ndi cat Or ®l ement s
ba.gd on the guest-host effect, wherein it contains at |east one dichroitic

dypstuff according to dlahmoltlé dyeski@@isdaceypstahhi 86 dLaiACLr WRich
acfording to claim3, substantially as hereinbefore described and
expnplified. 5. areAhezledabedowpt spekifhdatdyorxemphififeased on a

’st-host liquid crystal cell, wherein the liquid crystal cell contains a

least one dichroitic dyestuff for electro-optical
indicator elements based on the guest-host effect,

'ﬁ | wherein it containsfat least one dichroitic dyestuff
according to claim 1.

4, Liquid crystalline dielectric according to
claim 3, substantially as hereinbefore described and
exemplified.

S. | An electro-optical indicator element based on
a guest-host liquid crystal cell, wherein the liquid

crystal cell contains a liquid crystalline dielectric

IR 12

according to claim 3.
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