"quuid cryétalfine di el ectrics" The present invention is concerned W th lé:)

l'iquid. &rystal line direl ectrics for electro-optical indicator E§ E?sg
onffhe guest - host effect having a content of at |east one pl r0|
naph®hoqui none 5 dyestuff. In the case of el ectro-optical indicator

" 8lements with liquid crystalline dielectric it is known to produce the

ekectro-optical effect of the indication by |ncorporation of dichroitic or
pl eo- 10 chroitic dyestuffs as a so-called "guest phase"” into a liquid
crystalline matrix-as a so-called "host phase" (see.GH Heilneier et al.,

Mol ecul ar Crystals and Liquid Cystals, Volung 8, es £93-304/1969). The
dyest uff nol ecul es of thQi&ﬂ&ﬂEJﬂf%ﬁf%%%&qﬂa ?é% 18" ented by the
enbeddi ng host phase, in which they are dissolved or distributed, according
to the applied electricgal field and, because of their pleo-.chrpjtic
properties, show a di f&gre RFeseqt 1nyeRgaht %&%’f&ﬁﬁg‘*fp‘&n&f hgiqu"d
orientation. I arger&taaa.mao diedieritinicis (fbﬁ @mm-dp&mt odindicator
dyestuffs, the amgunt of gspt absor bed t'fl eOCh[@éé est uf fs depends
upon the orient aPIlGH‘e&FstPPéi %"eé’lheeg'{%’ -hesh 8t PRt or of the
incident |ight. Byntept oF a® 1efast dilet Plddutrdiitildl raphtitogtiindie :

electric distributed in a cell as thin layer, the nematic |iquid crystals
of the host éhaSQY&ﬁ&“ fbgether with these, the pleochroitic dyestuffs

In the case of electro-optical indicator
elements with liquid crystalline dielectrics, it is
known to produce the electro-optical effect of the
in@ication by inco;poration of dichreoitic or pleo-

10 chroitic dyestuffs as a so-called "guest phase" into
a liquid crystalline matrix as a so-called "host
~ phase" (see G.H. Heilmeier et al., Molecular Crystals
B and Liquid Crystals, Volume 8, pages 293-304/1969).
The dyestuff molecules of the guest phase are hereby

15 oriented by the embedding host phase, in which they
are dissolved or distributed, according to the
applied electrical field and, because of their pleo-
chroitic properties, show a differing light absorption
depending upon the orientation. In contra-

20 distinction to normal monochroitic dyestuffs, the
amount of light absorbed by pleochroitic dyestuffs
depends upon the orientation of their molecules to
the electric field vector of the incident light.

By application of an electrical field to the di-

25 electric distributed in a cell as thin layer, the
nematic liquid crystals of the host phase and,
together with these, the pleochroitic dyestuffs
incorporatéd as guest phase, are feoriented, which

" leads to a change of the light absorption. The
30 practical use of -this technique, referred to in the



i ncorporat €d as guest phase, are reoriented, which |eads to a change of t

| ight absorption. The 30 practical use of this technique, referred to in |
th” - literature as the guest-host effect, is described, for exanple, ‘in
Fedefsal .Republic of Germany Patent Specifgzluation No. 1,928,003. As
exanpl es of pleochroitic or dichroitic dy ffs, there are there nentioned
i ndo- phenbl blue, indigo derivatives, azo dyestuffs and the |ike. The
contrasts which can thereby be achieved are only sufficient for a good
readabi l ity when Litegatupel asi 8héi gaebti-hosfceffdcty is deserdbed,ecfor
devel opnment, such as is described, for exanple in Federal Republic of

Ger many Pat ent Spexampleji im RedefalllRepaBlichefpGemmanyr Pakenite Specitfdes-
when to the dielectric conposed of nematic liquid crystals with positive

di el ectric ani sotabbyn(¥@. hbs?29003) ahd pravphesi oF cPdgeshapitic or

I ncor por at ed thereln (as guest phase) there is added a smal | amount, for
example 0.1 to 1534 r%k?g%tdY%#tﬁﬁfﬁptFbﬁ?ﬁyaﬁétFb@rﬁaPBPF&Pnﬁﬁléﬁdﬁrlngs

oo e LU CYS Bl B o 0L 2ol L8 GSLLUSHILS 1o, oo
prysical bases ofy e | SURCLRMSALSH0s BRtEeREBelaRbsSC LY
) Gystal Display [xﬁlf suffacfgg%'for a good readability when using a
| polarisation 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 polariser can be
omitted when to the dieledtric composed of nematic liquid
crystals with positive die;gctric anisotropy (as host
phase) and pleochroitic dyestuff incorporated therein
(as guest phase) there is added a small amount, for
example 0.1 to 15% by weight, of an optically-active
material which brings about in the liquid crystal the
formation of a helical structure (cholesteric structure).
Exaﬁples of such compositibns, as well as the physical
bases of the light absorption therein, have been dés-
cribed by D.L. White and G.N. Taylor (see "New Absorptive
Mode Reflective Liquid Crystal Display Device®, J. Appl.
Physics, 45, 4713-4723/1974). Examples of the construction
and operation of electro-optical display elements based
on this effect are described in Federal Republic of

Germany Paﬁent Specifications Nos. 2,639,675 and
2,658,568,



Ph?si@s 45, 4718-4723/1974). Exanples of the construction and operation
el ectro-optical display elenents based on this effect are described in
Feder.al Republ i ¢ of ‘Germany Patent Specifications Nos. 2,639,675 and
2,658, 568. In the literature, the liquid crystal indicator elements wit
a-chol esteric oriented host phase and a dyestuff embedded therein as guest
phase are frequently referred to as chole ri c guest-host displays. These
CGH i ndicator el enments have proved to be a®vant ageous because, w thout

pol arisation foils, they provide a good indication contrast and, in

caddi tion, display a gregnethe ighietature, ttie dejguidcrysgel indieatdbeen
shown that the selection of appropriate dyestuffs for CGH di splay el enents
is very difficultelements fwitht apichodestexridi drisnted txisto phasesand guch
systens with host phase and dyestuff enbedded theréin as guest phase nust
be sufficiently | dygstuffoembedded mheneim ahguertt @hase are treqguentlynt
brightness and a sufficient contrast ratio. The contrast_which can thereby
be achi eved depen&Sfggzzrd: ko asgchelestaria guast-hest\disnkaysn tTeese

liquid crystalline matrix. For the degree of order, there applies the .
rel ationshi p [ ERRFCHh&PELRAROTS et’-ﬁ@ei’%@ baya praved & Ry ntAIeANE of

because, without polarisation foils, they provide a

good indication contrast and, in addition, display a
greater brightness of the depicted image.
It has been shown that the selection of appropriate
dyestuffs for CGH display elements is very difficult:
in the first place, the dichroitic ratio values of such
~ . systems with host phasé and dyestuff embedded therein as
| qguest phase must be sufficiently large in order to impart
to the indicator cell a sufficient brightness and a
. sufficient contrast ratio. The contrast which can
thereby he-achieved depends upon the degree of order S
of the dyestuff in the liquid crystalline matrix. For

the degree of order, there applies the relationship

E..-E

1 II°°1
5='2"<3c082R-l> =
EII+ZEI

wherein R is the angle between the longitudinal axis of
the dyestuff molecule and the optical axis of the liquid
crystal: Erp and EI are the values of the extinction

of the indicator element when the measurements are
carried out with parallel orientation (EII) or vertical
orientation (EI), respectively, of the liquid crystal

molecules.



~and [ERR}] are the values of the extinction of the indicator el ement when

t hesfreasurements.are‘carried out with parallel orientation ([ERR]) or

vertital. orientation ([ERR]), respectively,.E¥ the liquid crystal : 6:;;
malecul es., A value which is easier to uselin everyday practi'ce and whic
permts a statenent regarding the degree of order S and thus regarding the
techni cal use- fulness of a dyestuff-Iliquid crystal combination, is the
so-cal l ed dichroitic ratfovalugnhwhichepscgagior: ko 46t idneveryaay

above-defined extinction values:. [ERR] In technically usable .
dyestuff-1iquid cr?E?ﬁPQESnﬁP af?gﬁg L?ﬁ@iﬁélﬁesﬁﬁt9 at; reganding the

515 chim 5 BB CHE st A KRGl A et e
L S TS FepHESE PR SRT A iRl B e
o e degre of 1061188 MEnBENE HAEibcl O IRCSaBRRRRLS Sedl ©

el enents: an absorgidLlefBXSFULKE  abBGeddEEIHEE BURLnktEchNvhiGes:

Ery

t he' dyest uf f’ mol ecul e and t he optical axis of the liquid crystal: [ERR](Z%%??

Vv =

Ey

In technically usable dyestﬁff-liquid crystal
combinations, the value of V is 5 or above.

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
matrix. A number of examples herefor has been described
by R.I. Cox (see "Molecular Crystals and Liquid Crystals"”,
55, 1-33/1979).

Apart from the degree of ofde: or the dichroitic
ratio, other parameters are, however, also important
for the use of a dyestuff in CGH indicator elements:
an absorption maximum of the dyestuff must lie in the
range.of the visible wavelengths, i.e. between 400 énd
700 nm, and the dyestuff must be stable in the doped
host phase up to a temperature of about lOO?C. against
alternating voltages of up to 20 V, against radiation
in the infra—red.lvisible and ultra-violet range and

against the components of the liquid-crystalline host



rahge.of ‘the visible wavel engths, i.e. between 400 and 700 nm and the
dyestuff nust be stable in the doped host phase up to a tenperature of {3
abdlt [ERR] against ‘alternating voltages 'of up to 20 V, against radiation
inthe infra-red, visible and ultra-violet range and agai nst the conponents -
@l the liquid-crystalline host- phase. Fﬁ#thernnre, a good solubility in "
the host phase and a high optical density are desirable. However, the
dyestuffs hitherto suggested for CGh indicator elenments do not fulfil these

) ' ts t fficient tent. | tJj cul . .t..he azo e- stuff
oot v Suggest od BBABER n FRFEREERBTes oA BOES SOUHIHRY. drt,CHE DRtk Flaee,
d to the dichrqgitig.rati t ' ' h dtob
noat ficient Ty st Apea BigPoeBrifar’ Aendiy BredRdTREARIR."ONe PLOVEC D P
-phot ochemnical stabilit ' t I ]
et abl e on the ot her HoRGver, ehgTRyeRtazes HOLRES SRGIRIS Ay

unstable. On the other : tﬁe p em cal chem _ _
ant hraqui none dyeggf {adinlter bIenBRARB2MLY nBLIFRLF1N CHERRY |l iPdnibris

dyestuffs, is known and, indeed, proposals have been nmade in the literature

for the use of antgraqeiifeneidneseutbatfor 1RCHartdcudad, HHRITREC dydwever,
most of the hitherto suggested ant hraqui none dyestuffs have too small a

dichroitic ratio ¥tuffermostly saygepeed Alsebeingnpieflerredlfor Wdd in
| ndicator CGH indicator elements with regard to the dichroitic
ratio and the absorption maximum have proved to be
insufficiently stable towards light or ultra-violet
radiation (too low a photochemical stability) and, in
sdme cases, they are also chemically unstable;. oﬁ.the
o ) other hand, the photochemical 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 hitherto suggested anthragquinone
dyestuffs have too small a dichroitic ratio V in order
to make possible technically usable CGH indicator
elements, |
Briﬁish Patent Specification No. 2,011,940 des-
cribes substituted anthraquinone dyestuffs of the

general formula:-

(a)



el éments. British Patent Specification No. 2,011,940 des- cribes
substituted anthraqui none dyestuffs of the general formula:- (A [ERR]

mhéréLn [ERR] is.an optionally ring-substituted aniline attached via the

nitrogen atom R2'is a hydrogen atomor a kydroxyl group and R is a.

hydr ogen atomor, when R is a hydrogen atogy can also signify &an optionally
The dichroitic ratio of thegse anthraqui none
dyestuffs, measured in commercially avai]abl e, cyanobi phenyl /[ cyapot er phenyl
WBaARdL Ry ol § (P PHRRELY rMTS‘&%?g’eEu%%‘Fn

5° substituted aniline group.

liquid crystal

However, the solyfiddHe %id Neheliestrdden idtdd, R
crystalline host phases IS Teduced due to the ani+i ne group. Tn particular,
in the |iquid crofstadHydnBas eyrtieramd R
whi ch are today used to a | arge extent, the solubility of these dyestuffs

K prnllaa hy@rdgern atdmw dart gl et siognifyeoan repeidsally is an
I nvention to pro- vide liquid crystalline dielectrics
containing & - cubsEtitnted snifffinelgrdups e The fdiclerddyioetrdtsolobl e in

of general i5

obj ect of the preésent

commercially available liquid crystalline base

10

15

20

25

these anthraquinone dyestuffs, measured in commercially
available cyanobiphenYl/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 crystalline host phases is

reduced due to the aniline group. In particular, in

" the liquid crystalline base materials of the phenyl-

cyclohexane class, which are today used to a large
extent, the solubility of these dyestuffs of genefal
formula (A) is too low for practical requirements.

It is an object of the present invention to pro-
vide liquid crystalline dielectrics containing di-
chroitic dyestuffs which are sufficiently well soluble
in commercially available liquid crystalline base
materials, for example to a minimum concentration of
0.5 wt.%. Furthermore, these dyestuffs are to have a
dichroitic ratio of at least V > 5 and to be substant-
ially chemically and photochemically stable.

We have now found that naphthoquinone dyestuffs

of the general formula:-

R2NH. 0
Ry X
(1)
v Ry

nHHHRE5 1o 6.
054 & ORY@RSGERAL bR Ui d

ofi § he WBierdden CyebRhexanwhéhass,

1y



20 nﬁtgrials, for exanple to a m ninmum concentration of 0.5 wt. %

Furg hernore, these dyestuffs are to have a dichroitic ratio of at least V ||
[ERR] 5 and to be substant- ially chem cally and photochem cally stable. W
have how found that napht hoqui none dyestuffs 25 of the general fornula:-

" [ERR] ~ wherein X and Y. which are the same di fferent, are hydrogen,
chloririe or brom ne atons,[ ERR] and which are/the sane or different, are
hydrogen atons or al kyl or al koxyal kyl radicdls containing up to 8 carbon
atons or a cyclic group Z, Zis RR _ [ ERR]
and R is an al kylwhefdinxyX andokyawtddth areokhel Rame or dikfevehntxyaredi cal
containing up to 8 carbon atons, with the proviso that _at |east one and at
most two of the dydwagen EFjlorine sentbronine atemsupRy, aRd WwRgnanfioR,
cyclic groups Z are present, these stand either for [ERR] and [ ERR] and

when the resi duesyHichgreR tid csdind | 6 € @ PEPPert, t ALEChpdLoEN! Aoms @2d 6-
or 3- and 7-positions of the naphthal ene structure, are surprisingly well

sol ubl e i n converdlkylalor i aikaicywadiopl Fadicdbs ccontaihihg apdtdi spkaxbemod
dichroitic ratio values (degrees of order) therein
atoms or a cyeclic group Z, 2 is

and R is an alkyl, alkoxy, alkoxyalkyl, alkoxyalkoxy
or alkanoyloxy radical containing up to 8 carbon atoms,
with the proviso that at least one and at most two of
the symbols Rl' RZ' R3 and R, represent a cyclic group
Z and when two cyclic groups Z are present, these stand
either fdr Ry and R2 or for R3 and R.4 and when the
residues R3 and R, are cyclic groups Z, these are in
the 2- and 6~ or 3- and 7-positions of the naphthalene
structure, are surprisingly well soluble in conventional
liquid crystalline base materials and display good
dichroitic ratio values.(degrees'of order) therein.

The naphthoquinone dyestuffs of the general formula
(I) essentially display green, blue-green, blue and

violet base colours and are, therefore, a valuable



The “napht hoqui none dyestuffS of the general formula (1) essentially
. display dreen, blue-green, blue and violet base colours and are, therefore,
a valuabl e suppl enent to the anthraqui none dyestuffs used for the sane
pur pose, for exanple according to Federal public of Germany Pat.ent
Speéification No. 30 28 593, which preponde#’antly display red, orange or
yel |l ow col our 5 shades. Therefore, the present invention provides a
liquid crystalline dielectric for electro-optical indicator elenents

cont ai ni ng at Ieag}grangl, r O i kb, kl <C [ at..l east
one n;phtﬁo- 10 éﬁlnone ﬁ?ﬁ?tfﬁ% %?9%§§%€£§°?§f§gF§E?F§? ggéae?ﬁragh n

el ectro-optical |suike PEpSsSTEfdr DAL DA 488 HIERY ¢ Oﬁédékgﬂiﬁegﬁﬁi'g

cell which contains such a dielectric. Sone of the haphthoqui none dyestuffs

of general 15 faff Gdmdry PateneVSperpPiIPaeiondNGéhe3e 28es5985cwher and
clainmed in our copendi ng Patent Application No. 8418701. In the conpounds

of general fornuipregdnderantdyiiid spLayinted, sogange Sy dyeUEsw &B8Leaikne or
brom ne 20 at ons, compounds irn which X and Y are both hydrogen atons

bei ng preferded. shadg®r nore, those conpounds of general formula (1) are
especially preferred in
Therefore, thg present invention provides a
liquid crystalline dielectric for electro-optical
indicator elements containing at least one pleochroitic
dyestuff, wherein it contains at least one naphtho-
10 quinone dyestuff of general formula (I), as well as an
electro-optical indicator element based on the guest-
host liquid crystal cell which contains such a
dielectric.
Scme of the naphthoquinone dyeStuffs of general
15 formula (I) are new compounds and these are described
and claimed in our copending Patent Application No.
- 8418701.
In the compounds of general formula (I), the
symbols X and Y signify hydrogen, chlorine or bromine
20 atoms, compoﬁnds in which X and Y are both hydrogen
atoms being preferred. Furthermore, those compounds
of general formula (I) are especially preferred in
which ocne of these substituents is a chlorine or
bromine atom when the adjacent group (R3 to X or R,
25 to Y) is a hydrogen atom. When both_substituents X
and Y signify chlorine or bromine atoms, they are

preferably the same; in this case, Ry and R, are -



-wht ch _one of these substituents is a chlorine or brom ne atom when the
adj acen? group ([ERR] to X or R 25 to Y) is a hydrogen atom \Wen both [
supstituents X and ¥ signify chlorine or bromne atons, they are preferab
the same; in this case, R3 and R4 are preferably a hydrogen .atomor a
ghort -chai ned, unbranched al kyl radical, foﬁexarrpl e a nethyl,” ethyl,
n-propyl or n-butyl radical. O the residues|{[ERR], one or two 5 signify
a cyclic group Z. Wen two of these residues signify a cyclic group Z,

these are either t t resi,dues ERR% and [ ERR ortt e Iv\/odradi cal s
[ERR]. Oyclic gPSSFERRLY dhdY fom |QF 7 T €%t on are ZAR

signi fyi ng phenyl ]..s).gni fyi.ng .10 cycloh | _rings subsijtuted in
the 4-position, X‘é‘ﬂ@ét%néé’%c cail aﬁ%‘i’?‘%‘?‘gs ﬁﬁ%se@ﬁmeggﬁén% Unﬁéﬁ% ’
general formnul a,( d ording t he present invention thereby having
the trans confi Supartom, o?;ﬁ‘i_x[ r%%r rr%ég'gfa&r'avm ngs, this is indicated in

o Phenuc ro, B 2arBedtacdle ) o, i dla e, S st 7o,
can be al kyk radigai¥y a k9elicadrotiss.Z. wWhen two of these residues
signify a cyclic group Z, these are either the two
residues R; and R, or the two radicals R, and R,.
Cyclic groups Z in the meaning of the present invent-
ion are Zar signifying phenyl and ch signifying
10 cyclohexyl rings substituted in the 4-position, all the
cyclohexane rings preéent in the compounds of general
U formula (I) used acéording to the present invention
thereby having'the trans configuration; in the formulae
drawings, this is indicated in each case by a black

15 spot on the right side of the cyclohexane ring. The

substituents in the 4-position of the phenyl or cyclo-



alkanoyloxy radi cal s, al koxyal kyl radicals or al koxy- al koxy radicals witH,
i n_each®case, up !
or.Tan be phenyl.
of these groups.
44 R) - phényl, tra
[trans-4-(R)-cycl ohexyl]-phenyl, trans- 4 4- (R) - phenyl ] - cyclohexyl and
trans-trans-4-[4-(R)-cycl ohexyl]-cycl o- hexyl. Anobngst these, because of
t he conparative eaiexpl rings panpbeaalkyl rhditallsqualioxye resiicals, v
preferred: 4-alkylphenyl, 4-al koxyphenyl, 4-al kanoyl oxyphenyl,

4- aIkoxyalkylpheny$lkﬂnQYkox2arﬂ@¥9phényﬂlknxualkyéychdheﬁﬂs or alkoxy-
4' - al kyl bi phenyl -

4' - al kanoyl oxybi p

to 8 carbon atons and preferably with 2 to 6 carbon ato
or cycl ohexyl rings substituted in the 4- position by on
Thus, exanpl es of cycllc oups Z include the follow ng:
ns-4-(R)-cycl ohexyl , (gg bi phenyl - (4)-yl, 4-

( 4' -al koxybi phenyl - (4) -
h%#§¢x¥4ya§icahs H%kgxyhpk9Pﬁ pﬁéﬁ?k-up4foyﬁ carbon

4- (trans-4-al kyl cyc] ohex 4-(trans-4-a
alﬁylcyclohexyr) é% Z¥$aﬁ§eﬁzfﬂb¥¥ﬁyiﬁheﬁyF? éyEPEH@?yPtoms or can

trans- 4- (4-al koxy-

cycl ohexyl: trans- i
Rin the 4- p05|t|on of g 8¥C|IC JEOERS e S2N be stra&ﬁht'chglne for

exanpl e,

nmet hyl ,

#aﬁggm% 5% Syeidnenyl ootage) srBatPRted SR EBA Mryen: s

one e groups. ample
cyclic groups Z include: the following: 4-(R)-phenyl,
trans-4-(R)-cyclohexyl, 4'-(R)-biphenyl-(4)-yl, 4-
{trans-4-(R)-cyclohexyl ]-phenyl, trans-4-{4-(R)-phenyl]-
cyclohexyl and trans-trans-4-[4-(R)-cyclohexyl ]-cyclo-
hexyl. Amongst these; because of the comparaﬁive ease
of their preparation, the following are especially
preferred: -
4-alkylphenyl, 4-alkoxyphenyl, 4-alkanoyloxyphenyl,
4-alkoxyalkylphenyl, 4-alkoxyalkoxyphenyls: |
4-alkylcyclohexyl; | '
4’-alkylbiphenyl-(4)-yl, 4'-alkoxybiphenyl-(4)-vl,
4'-alkanoyloxybiphenyl-(4)-yl, 4'-alkoxyalkylbiphenyl-
(4)-y1; |
4—(5525574-a1ky1cyclohexyl)-phenyl, 4-(trans-4-alkoxy-
alkylcyclohexyl )-phenyl:
trans-4-(4-alkylphenyl)-cyclohexyl, trans-4-(4-zlkoxy-
phenyl )~cyclohexyl, trans-4-(4-alkanoyloxyphenyl)-
cyclohexyl:
trans-trans-4-(4fa1kylcyc1°hexyl)-cyclohexyl.

The substituents R in the 4-position of the ecyclic

groups can be straight-chained, for example, methyl,



ethyl, n-propyl, n-butyl, n-pentyl, N-hexyl, n-heptyl, n-octyl, nethoxy,
et hoxy, *®n- propyl oxy, n-butyl oxy, n- pentyl oxy, n-hexyloxy, n-heptynoxy,
n-§€ty|oxy, acet oxy,- propi onyl oxy, n-butyryioxy, n-pentanoyl oxy,

n- hexanoyl oxy, . n- hept anoyl oxy, n-octanoyl oxy, 2- oxa n- propyl, 2- or 3-
QxA- N- butyI 2-, 3- or 4-oxa-n-pentyl, 2- é%ﬂ - oxa-n-hexyl, 2-,
3-, 4-, 5-*or 6-oxa-n-heptyl, 2-, 3-, 4-, , 6- or 7 oxa- n-octyl,
2-oxa-n-propyloxy, 2- or 3-o0xa-n- butyloxy, 2-, 3- or 4-oxa-n- pentyloxy, 2-,

3-, 4- or 5-oxa- n-ggﬁy § ox ndbnt91, Oh-Bed¥d1N- I1 10X ¥
4-, 5-, 6- or 7-oxa-n- ott%|8§3py en t ? éontge orEhDre carUbn%gﬁy

or, in the case Ofnaéaeppylﬁéﬁhéﬁylcahaox9 Oh-BROBYI¥HRQN NIty LdHES hLan
al so have a branch&d chai n. ru however, in a dyestff used

according to the Fﬁéﬁﬁyloxyyeﬂtheﬁylaﬁy,nnnnephgnoﬁpe hadictyLoRygN o tisky

i nsofar as one or nore of the radicals [err] R3 and R are al kyl or

al koxyal kyl radi capsopionyboRy anarbdtgayhony¢ha-pentianby loxyt,hins-heasmoy loxy ,
‘usual l'y only branched once. Preferred alkyl radicals are those 1n which, on
a conparatively | oncheptanoylosyh, necatahgyloxyet Rybxaag-pxiopyd ,pr2esent 3-n
the 2- or 3-position, for exanple 2-nmethyl propyl, 2-nethylbutyl,

3-net hyl butyl, 2- mstayppeatyl, o2-2- 3t hgrhéxoka-mhpangylal Roxy 3ot 4~ or 5-

al kanoyl oxy radical is branched, these criteria also apply.to the al kyl

moi ety of these rcKazdshexwladérsidm, ﬁnmeﬁerOraﬁkyxanﬂréﬁp§§lbr3hohébw|n

the 1-position are
4-, 5-, 6- or 7-oxa-n-octyl, 2-oxa-n-propyloxy, 2- or

3-oxa-n-butyloxy, 2-, 3- or 4-oxa-n-pentyloxy, 2-, 3-,
4~ or 5-oxa-n-hexyloxy, 2-, 3-, 4-, 5~ or 6-oxa-n-
heptyloxy or 2-, 3-, 4-, 5-, 6- or 7-oxa-n-octyloxy:

\ when they contain 3 or more carbon atoms or, in the
case of alkanoyloxy rédicals, 4 or more carbon atoms,
these can also have a branched chain.

As a rule, however, in a dyestuff used according
to the present invention, not more than one r#dical R
and also, insofar as one or more of the radicals Ry, R,,
R,y and R, are alkyl or alkoxyalkyl radicals, has a
brénched carbon chain which, in this case, is usually
only branched once. Préferted alkyl radicals aie those
in which, on a comparatively long carbon chain, a methyl
or ethyl radical is present in the 2- or 3-position, for
example 2-methylpropyl, 2-methylbutyl, 3-methylbutyl,
2-methylpentyl or 2-ethylhexyl, Wwhen an alkoxy or
alkanoyloxy radipal is branched, these criteria also
apply to the alkyl moiety of these radicals; in addition,

however, alkyl moieties branched in the l-position are



t he abote-nentioned al kyl radicals, there are al so of inportance, for

exanpl e, 1-nethyl propyl oxy, 1-nethyl butyl oxy, 1-nethyl pentyl oxy,

1- metthyl hexyl oxy "and 1- net hyl hept yl oxy: a'gEranched al kanoyl oxy radi cal s,
ihsobut yryloxy and isoval eryl oxy are of sdg ~al interest. The napht hoqui none
dyestuffs of general forrmula (I) in which all such carbon chains are
unbranched are, in practical use, preferred because they usually dis- play
a hi gher degree dcilso def ;intexest fso vihat pbrascabkioxy hnadicabsi apamts are
sonetines better soluble in sone liquid crystal base m xtures; otherw se,
as a rule, they dizomithose dexived fxemthe apovermentionedadtkyvhg, they
simul taneously inpart optical activity to the liquid crystalline dielectric
or strengthen thixadigakdy (here Are 21 tef | {MROTFANER: r FRE §¥RBPESing to

the present invention_are those which, as napht hogui nope dyestuffs,_ contain
those of the gencrZeYNYIRFORY1oNYE, (§-1 Eﬁ¥£ﬁ# r&gkyz,frgg¥ YLIRANE¥LPEY have

t he neani ngs glv3&&é}ﬁ¥¥ﬁ§§§lgégrgﬂéifl&éthylheptyloxy= as branched

alkano&loxy radicals, isobutyryloxy and isovaleryloxy

al 30 of intérest so that, as al koxy radicals, apart fromthose derived fronggi

are of special interest.
The naphthoquinone dyestuffs of general formula
(I) in which all such carbon chains are unbranched are,
in practical use, preferred because they usually dis-
play a higher degree of order; dyestuffs with branched-
chain substituents are sometimes better soluble in some
liquid crystal base mixtures: otherwise, as a rule,
they are only used where, because of the chain branching,
they simultaneously impart optical activity to the
liquid crystalline dielectric or strengthen this.
Preferred liquid crystalline dielectrics accord-
. ing to the present invention are those which, as

naphthoquinone dyestuffs, contain those of the general

formulae:-
ZNH O ZNH ? z'mz 0
Y X v X R R
4 ~ 3
|
0
0 NHZ . 0 NHZ
(1a) : (Ib) ' (Ic)

wherein X, Y, 2Z, R3 and R, have the meanings given 'in

general formula (I).



The conpounds of general fornmula (1) are prepared in the usual way for this
cl ass of* substances. Thus, conpounds of general fornula (la) are obtained
by eacting an optional |y hal ogenated 4, 8-di ani no-1, 5- napht hoqui none of
the general fornmula:- [err] with an anine [err] in a nole ratio of about
1.1 under conditions known for such transamnations. The trans--am nation
reaction with an aromatic amne [err]2 is t eby preferably carried out by
heating the reaction conponents in a polar solvent, for exanple acetic
acid, nethanol, ethanol, N, N-dinmethylformam de or dinmethyl sul phoxide,
optionally in the presemhe cbomponnds i genexallfdmitao (X ) vaterpréfhared
4, 8-di am no-1, 5- napht hoqui none of general forrmula (lI1) is reacted with a
cycl oal i phati ¢ aniine ther ujsual way Fogyddhitn dlaseaf anhstancrs: o Thwmoert

t he napht hoqui none derivative (I1) into a |euco conpound, for exanple by
reduction with a Senpeyndssef: generalyfiaawda {18 ) Axmiektaimed |Ryico

conmpound is then reacted in the above-described manner with the 1 ne [err]
and the reaction EPGEG&PQSGBS9&@%&H§}¥5ﬂhﬁ¥9§?ﬂﬁfﬁﬂ\ﬂ?QTQiﬂﬂkﬂﬁéﬁn =

eneral fornula (Ia); oxi dat agents, there can be ed all those
gsua||y (naLht%gquinoég ofI%ge ené%al'ggrméia:- us >

(II)

o NH,

with an amine Z-NH, in a mole ratio of about 1:1 under
conditions knoﬁn for such transaminations. The trans-
amination reaction with an aromatic amine Zpp~NH, is
thereby preferably carried out by heating the reaction
components in a polar solvent, for example acetic acid,
methanol, ethanol, N,N-dimethylformamide or dimethyl
sulphoxide, optionally in the presence of small amounts
of up to 25% of water.

When a 4,8-diamino-1,5-naphthoquinone of general
formula (II) is reacted with a cycloaliphatic amine

zc -NHz. it has proved to be desirable first to convert

th: naphthoquinone derivative (II) into a leuco compound,
for example by reduction with a stannous salt, a
sulphite or a dithionite. The leuco compound is then
reacted in the above-described manner with the amine
_ch-unz and the reaction product subsequently oxidised

to give a compound of general formula (Ia); as

\

@'/



enpfbyed Jor such reactions; advantageously, air is passed through the
sreagtjon mxture, optionally at an el evated tenperature. The conpounds of
"general formula (lb) are pre- pared in an anal ogous nanner either by _
reacting -a com pound of general formula (la) in the above-described manner

wi+H an anmine Z-NH2 or reacting a conpound OR/Q@neral formula (I11) wth
about the double nolar amount of such an amifde. In the case of the first
route, the radical Z of the am ne used in the second step can be the sane

[ ' d_i he first._ step. Usually,
Chi SrtSLTL?LS”Lr222&*?@%§%yﬁ€§e§%§#? osfeﬂc%sﬁaa#aia&_if gfai% o
' ' e | -
tnal ogous. manner . Fometoyda BLEebdfi HYBcLEShEY RabaRtdalblotlE s 1)

al so be prepared t 9§8s6@ PRENGSh Cbnd PEARE1OAT MikEuth), bRtYBRGR1E alS a1
e a g g ge

al kyl or al koxyal kyl radical: for this purpose, 1nt ve-descri bed

manner, the conpourglldv#ied StémpswEfeutd, t he | euco conpound, this then
reacted with an al kyl or al koxyal kyl am ne and the reacti on product again

oxi di sed. For the prepar afiercaipihnds sOgenedal (£ rmilaiIbh hbe pwa-
residues Z are the sane, the 4,8- diam no-1, 5-napht hoqui none of the fornula
(1) is preferably paseed eih van ramdogou s endnme £ obiither aby apeasting hheom-
amne 2= Nre. pound of general formula (Ia) in the above-described
manner with an amine Z2-NH, or reacting a compound of
general formula (II) with about the double molar amount
of such an amine. 1In the case of the first route, the
radical Z of the amine used in the second step can be
\, ‘the same as or different from that of the amine used
in the first step. Usually, this two-step process is
only used when those compounds of general formula (Ib)
are to be prepared in which the two residues Z are
different. In an analogous manner, from the Eompounds
of general formula (Ia), there can also be prepared
those compounds of general formula (I} in which R, is
an alkyl or alkoxyalkyl radical: for this burpose, in
the above-described manner, the compound (Ia) is
reduced to the leuco compound, this then reacted with'
an alkyl or“alkoxfalkylamine and the reaction product
again oxidised. For the'preparation of those compounds
(Ib) in which the two residues Z are the same, the 4,8-
,diémino-l.S-naphthoquinone of the formula (II) is

preferably reacted with about the two fold molar amount

of the amine Z-NHz.



In+the same way as the conmpounds of general fornmulae (la) and (1b), there
al so are*prepared those conpounds of general forrmula (1) which otherw se
coryés- pond to t he conmpounds (la) or (Ib) but are additionally substituté
on t he napht hoqui none ring system by one or two_ al kyl or al koxyal kyl

riadi cal s for the preparation of these conpﬁp ds, appropriately
substituted anal ogues of the conpounds of ge al fornmula (11) are used as
starting material. The conpounds of the general formula :- [err] wherein R3
and/or R4 signify a gr%gp ZAR attached via an aronati rigg to the

napht hoqui none structur ,_Qﬂﬂ1iﬁﬁﬁwﬂﬁ¥w§§i?Beafﬁm%??ﬁ o) d tﬁ6§3r65npounds
of oneral T ol gk hlhse | (kA s LAY, YoReS0) LYoV SERUct ot il
e e 22 BB UL Bk P, oh 08 oty ad 2500UT
2ol U ons bY 00\ APl RAERRSRAS AT o  ETPAIE! A AANEELErig S
;ﬁgperat“re of Trstl it Un +HP g o AKE i AG" &P¥ R BY SRE! brOf |
two alkyl or alkoxyalkyl radicals; for the preparation
of these compounds, appropriately substituted analogues
of the compounds of general formula (II) are used as
starting material.
The compounds of the general formula :-

NH2 0

R ' (Ic)

whefein R, and/or R, signify a group Z,, attached via
an aromatic ring to the naphtﬁoquinone structure, can
be prepared by arylation of those compounds of general
formula (IX), in which X and Y signify hydrogen atoms,
with aromatic diazonium compounds ZAR-NEN*A-, wherein
A~ is an anion conventionally used in the case of

2-

aromatic diazonium salts (e.g. C1~, Br',.so4 . BF4-).

The diazonium compounds ZAR-NEN+A' are, as a rule,
prepared in the form of their aqueous solutions by
conventional processes from the corresponding aromatic

amines ZAR'NHé and, as such, reacted with compounds of



the cyclic group [err] entering into the free [err]-position of the ‘
napht halkene structure. By appropriate selection of the anount ratio of the jV”
rexction conponents ((nmole ratio of 1:1 or 1:2), conpounds of general
formila (1c) can thereby be obtained in which,one or both groups [err] or
R4/ signifies cyclic residues [err]. The pre? ti on of conpounds of general
formula (Ic) with two residues ZAR different Trom one another takes place
in two successive arylation reactions with appropriate, different diazoni um
conmpounds [err]. égyg nggg&ﬂg f I fégﬁﬁ@ n o_bkeggrepared
by reacting those corrzlc)dc?'un S 0 ﬁe‘n%?gﬁé?o? mul a (ﬁﬁf%n&ﬁhifgé\ﬁx grt\a( are
chlorine or bronmggPal Oitoleddlar GHiahaiyat celilbré b betig [ SH11t UBLET ahlie
conditions of an Ul mann reaction, for exanple heating the reaction
conponents in a hihgh dyalicngrau aﬁlf@mmcjmht@stmwﬁbenaepesﬂtion

NN- di met hyl formam de, or in the nel'l’, in the presence of copper powder or

ni ckel - tri phenylgthdhehinaphtigllenee stictapre opriytappiopriaté séteatbont
ratio of the reaction conponents (nole ratio 1:1 or 1:2), the conpounds of
general formul a @fc)the amcwntesatiln ofhdhe readtion wonponents s{mbbes

[err] or [err] signify cyclic residues [err]. The synthesis of conpounds of
general forml a @Eadioniath ksdo aredisdios compaunds rof, gererabntomnelack Iedkes

place in two successive U |l mann . . .
' can thereby be obtained in which one or both groups R3

or R, signifies cyclic residues ZaR® The preparation
of compounds of general formula (Ic) with two residues
Zar
successive arylation reactions with approp;iate.

different from one another takes place in two

different diazonium compounds ZAR-NEN+A-.

The compounds of general formula (Ic) can also
be prepared by reacting those cémpounds of general
formula (II), in which X or Y are chlorine or bromine
atoms, with iodobenzene derivatives Z,.-I under the
condi;ions of an Ullmann reaction, for example heating
the'reaction components in a high boiling, polqr solvent,
such as nitrobenzene or N,N-dimethylformamide, or in the
melt, in the presence of copper powder or nickel-
triphenylﬁhosphine complexes. By appropriate choice of
the amount ratio_qf the feaction components (mole ratio
1:1 or 1:2), the compounds of general formula (Ic) are
thereby obtained in which one or both symbols Ry or R,

signify cyclic residues 2 The synthesis of compounds

AR.
of general formula (Ic) with two residues Zar differing

from one ancther takes place in two successive Ullmann



reactions with appropriate, different iodobenzene derivatives ZAR-|.

| nst ead~of a conpound .of general fornula (Il1), as starting material for th

U Mfann reaction there 5 can also be used 1,5-dinitro-2,6- (or

3, 7- »-di chl oro- napht hal ene. An internediate of the general formula:- [err]

~ikss/thereby first isolated, which is then cop rted into a conpound of

general fornmula (lc) in a manner 10 known' ffor such conpounds, for exanple
by treatnment with sul phur sesqui oxi de (see U'S. Patent Specific- ation No.

- 2,238,959). The conpounds of general fornulacé wherein R3 and/or R4
signify a group Zeacititrshed th appronsiatey cibfitasent  iadobenerae

napht hoqui none system are prepared, for exanple, by nitration of

napht hal ene der|@ﬁﬂhnitkﬂeﬁfﬁagmheral formula:- [err] to give the

correspondi ng 1, 5-dinitronaphthal ene derivatives, m?igh ar tEen
converted in the aboveIRfRQ3d 1R wmowrmooﬁh@ea%g? °E’BH§8U &d o

general fornmula (lc). Starting naterials of ge f or mul | Va) are known
from Federal Rep@® i%t3Ftiag makewial I%R%n’f % %‘ﬁ ?’éﬁt F%ﬁcﬁb‘(’n 82‘?5%80 and
those of gengr al cfa?'lr r1a1§i.|so G va.zs danl h.'ve— .r 3 %2392 ) 6 (orn§e5- ~-dichloro-

naphthalene. Aan intermediate of the general formula:-
- NO 2

~ (1II)

NO 2

is thereby first isolated, which is then converted
into a compound of general formula (Ic) in a manner
10 known for such compounds, for example by treatmént
with sulphur sesquioxide (see U.S. Patent Specific-
ation No. 2,238,959).
The compounds of general formula (Ic), wherein
R3.and/gr R, signify a group ch attached via the
15 cyclohexane ring to the naphthoquinone system, are

prepared, for example, by nitration of-haphthalene

derivatives of the general formula:-

or
P cy cy cy

(Iva) | (IVb)

to give the éorresponding 1l,5-dinitronaphthalene



anat ogous to the processes described therein.
. conpounds of general forrmula-(Ic), in which one of the synbols R3 and R4 1

. signifies a group [err] and the other a group [err] a conpound of general

forrmuka (1Va)

is preferably first subjected to an Ul mann reaction with an

i gdobenzene derivative [err] and the react Qﬁ product thereby obtai ned
converted via the 1,5-dinitro conpound into 15 t he desired conpound of
general formula (lc). Conmpounds of general fornula (I) wherein R5 and/ or
[err] are al kyl oaeewaa%@/' wh@;@hc%.lr% tHen 9{“ aboye-
correspondi ng conpounds of general fornula (lc ([err = :I% by
conversion into tE&sb?ﬂﬁ@dzﬂann%}”&?:‘t%d’tlfee@édl%dmé&k\;ﬂihrﬂﬁ X Yed¥d1

and/or [err] and subsequent oxi dati on.

of general fornul Sothpilai PI)i.ChsKazdne materd A ¥f Har¥rdl EF6AfaXd ONs,

a conpound of

general formula (lI11) is preferably hal ogenated in known

manner and the refTva)napeorneiwno firamn edetalh Repudlics ol Gexdnairscr i bed

above, i.nto the naphthoqui none derivative or a conpound of general
(1), in which X Batént SpecéfibhtibneNor 20029n080 @l those dfated in the
above-descri bed manner with an aromati c di azoni um conpound. The diel ectrics

according to the gereradl favonipofIVb) can be prepared in a manner

10

15

20

analogous to the processes described therein.
For the preparation of those compounds of general
formula (Ic), in which one of the symbols Ry and R,

signifies a group 2 and the other a group AR' a

cy
compound of general formula (IVa) is preferably first
subjected to an Ullmann reaction with an iodobenzene
derivative ZAR-I and the reaction product thereby
obtained converted via ﬁhe 1,5-dinitro compound into
the desired compound of general formula (Ic).

Compounds of general formnla (I), wherein Rg -
and/or R are alkyl or alkoxyalkyl radicals, are
obtained from the corresponding compounds of general
formula (Ic) (R5 = R6 = H) by conversion into the leuco
compound, reaction with an amine(s) Rg-NH,, and/or
RG-Nﬂz and subsequent oxidation. For the preparation

of the compounds of general formula (I), in which X

and/or Y are chlorine or bromine atoms, a compound of

For the preparation of those

For the preparation of the conpounds

f or mul a

A



one napht hoqui none dyestuff of general fornmula (1). The other conponents
are.sel ected fromthe némati c or nemat ogeni c substances of the follomnng
cl asses: azoxybenzenes, benzylldeneanlllnez bi phenyl s, terphenyls, phenyl

comsist of 2 to 15 and preferably of 3 to 12 conponents, including at Ieaszizz/

- and cycl ohexyl benzoates, cycl ohexanecar box Iﬁc acid phenyl and cycl ohexyl -
esters, phenylcyclohexanes cycl ohexyl bi phenylls, cycl ohexyl - cycl ohexanes,
cycl ohexyl napht hal enes, 1, 4-bi s-cycl ohexyl - benzenes

4, 4" -bi s- | oh | bt ph l's, ph | - d | oh di h | -
and syt onmyl i cEReEaT EpBmaERy (FET g A et et a B dhaaANet iy
th t ol d bstituted ci d

Conpounds o be ¢ e%ﬁeﬁahnégeeaﬁggﬁéﬂ“éa% I‘P?‘q? ke “1%4:&& chen
materials can be %§R&§§€Q&ed %ggFeac Qbob%r”ﬂ %o ;bnaphtq$431none

R8 Breih A repreéen erocyclic
ring system sel ec dis e b a e 4 ngs,
4,41- dlsubstltuteggglp%ggy% éﬁhgngpﬁgbﬁuﬁeggn %y?%b ex%3 oheggne
systems, 2,5- d'subﬁiéﬁqkeQnBYEk”?thE éﬂﬂo%iﬁedng Bﬂﬁatcms. is

2, 6- di substi t ut ed napht hal ene, di- and tetrahydro- pht hal ene, qui nazol i ne

and tetrahydroqui 8a¢pAt&d. iF the above-described manner with an aromatic
diazonium compound.

The dielectrics according to the present invention
consist of 2 to 15 and preferably of 3 to 12 components,
including at lgastlone naphthoquinone dyestuff of
general formula (I). The other copponents are selected

o from the nematic or mematogenic substances of the
following classes: azoxybenzenes, benzylideneanilines,
biphenyls, terphenyls, phenyl and cyclohexyl benzoates,
cyclohexanegarboxylic acid phenyl and cyclohexyl ésters.
phenylcyclohexanes, cyclohexylbiphenyls, cyclohexyl-
cyclohexanes, cyclohexylnaphthalenes, l,4-bis-cyclohexyl-
benzenes, 4,4'-bis~-cyclohexylbiphenyls, phenyl- and
cyclohexyl-pyrimidines, phenyl- and cyclohexyldioxans,
optionglly halogenated stilbenes, benzyl phenyl ethers,
tolanes and substituted cinnamic acids. The most
importént compounds to be conside:ed as components of
liquid crystalline host materials can be represented

by the general formula:-

DD

wherein A and C each represent a carbo- or heterocyclic



-CRECH T -N(Q =N- - CH=CD- @
-CH=N(Om [err] [err] -CO O
[erT] -CO S | [err] -CHEN-

-COO4 err] COO- or a CGC single bongg—@)ls a hal ogen at om
preferably a chlorine atom or -a cyano grogf; and [err] and [err], which
can be the sane or different, are alkyl, al koxy, al kanoyl oxy or al koxy-
car bonyl oxy radicals containing up to 18 and preferably up to 8 carbon
atons, or one of rihagesgpton sedbeted Grof 25 4-AisubSEitiuted bdrezerie Cl or
Br. In the case of nost of these conpounds, R7 and [err] differ from one
anot her, one of tandecygdbbexansuzingsy,ecp,ddediisndpssi tutied biphsinkdxy

radi cal . However, other variants of the above-nentioned substituents are

al so conventlonalPhﬁamycygéﬁhsusgﬁaﬁaésCU#leh§8Y#FYFéP§§me9%§ﬁsﬁﬂmﬁ

commerci al ly avai |l abl e, di el ectrics according_tao . the present
i nvention usualIyzcénﬁﬁPﬁbﬁtitPBeQSPYEF§¥€F&BI9“9 3 .80dioxan) WO al |y 1
to 5% by weight o e Cco ener_al fornul The
dielectrics accor% g BStEFHEeEP L?gﬁvlgﬁ aPEdp %géqq?ﬁrma
usual way. As a rHéShtﬁafege?l&ggnggg Qheognhhge% %gailﬁ%ggff%e.
B is:
-CH=CH- -N(0)=N-
~CH=CD- _ -CH=N(0)-
-C=C- . --CI-I2 -CHZ-
—CO-Q- -CHZ-O-
‘ ~CO=S- -,-CHZ-S-
' -CH=N- -C00 -@- coo-

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

D is a halogen atom, preferably a chlorine atom, or a
cyano group, and R, and Rg. which can be the same or
different, are alkyl, alkoxy, alkanoyloxy or alkoxy-
carbonyloxy radicals containing ﬁp to 18 and preferably
up to 8 carbon atoms, or one of these symbols also
signifies -CN, ~NC, -Noz. CF3. F, Cl or Br. 1In the
case of most of these compounds, R and Rg differ from
one another, one of these symbols usually representing
an alkyl or alkoxy rgdical. However, other variants of
the above-mentioned substituents are also conventional.
Many such substances or also mixtures thereof are

commercially available, .



| esser. anount are dissolved in the conponents constitut- ing the main party

prqi;rab?y at an elevated tenperature. |f a tenperature above the clear
poi.At of the main com 10 ponent is thereby chosen, the conpl eteness of
the drssol ving process can be observed especially easily. By neans of

appropriate additives, the liquid cry I l'ine dielectrics according to the

present invention can be so nodified t they can be used in 15 al |

previ ously known types of guest-host Indicator elenments. Such additives are
wel | known and are des- cribed in detail in the appropriate literature. For

exanpl e, subst ancthecdiellectidesd hecoxrding o tthe Prdsmt i invention opy,
the viscosity, the conductivity 20 and/or the orientation of the nematic

phases. Suahdualbgtaontainr 9.desor L5gdprieferably|®,5 ito Hdleaand Republic of
Ger many Patent Specifications Nos.22 09 127: 22 30 864, 23 21 632: 23 38
281 and 24 &gp@@ballyeclf bol 5% hy Weigbteofaoaeyiormang qamdpunddse 25  of
il lustrating the present invention, |If nothing is stated to the contrary,

statenent s @f general afermula p&)ecenfhgediplemtiviins accanding Lo, A
suspension of 25 g. 4-(trans-4-n-propylcyclo- hexyl)-aniline hydrochloride
in 250 3 . e preseRt sbaventignr axedbrebrEerodta ey . Wa¥euene is

As a rule, the desired amount of the components used in
lesseﬁ amount are dissolved in the components constitut-
ing the main part, preferably at an elevated temperature.
If a temperature above the clear point of the main com-
10 ponent is thereby chosen, the compléteness of the
dissolving process can be observed especially easily.
~ - By means of appropriate additives, the liquid
crystalline dielectrics according to the present ’ - .
invention can be so modified that they can be used in
15 all previously known types of guest-host indicator
elements. Such additives are well known and are des-
cribed in detail in the appropriate literature. For
example, substances can be added for changing the
dielectric anisotropy, the viscosity, the conductivity
20 and/or the orientation of the nematic phases. Such
| substances are described, for example, in Federal
Republic of Germany Patent Specifications Nbs;zz 09 127
22 30 864: 23 21 632; 23 38 281 and 24 S50 088.
The following Examples are given for the purpose
25 of illustrating the present invention, If nothing'ﬁﬁ

stated to the contrary, statements of percentages are _ %

percentages by weight,




5 * VLgoroust stirred for 30 minutes at [err]. After cooling to 200C. , (:éiy

tthprganic phase is separated off, evaporated and the resi due added
dropwi se to a boiling solution of 9.4 g. 4, 8-diam no-1, 5- napht hoqui none
100 M. acetic acid. The reaction mxture i ngiled 10 for 6 hours,
t\aéreafter poured into 1000 m . of water aéz e precipitated
4,8-bis-[4-(trans-4-n-propyl - cyclohexyl)-anilino]-I.5-naphthoquinone is
filtered off and recrystallised fromdichl oronet hane; mp. 2610C. 15

The foll ow ng cgggﬁﬂﬂgslare prepar ed anal ogously:

4,8-bis-[4-(trams—= fcycl ohexyl)-anilino]-1,5- naphthoqui none, 4,

8-bis-[4-(trans-4-n-bﬂtghgﬁghgﬁ?ﬁybk-??[ELDP%ﬁg%§¥éggnﬁégﬁﬁﬁk@@yﬁléﬂ)

4, 8- bi s-[4-(trans-4-n-pentyl cycl ohexy ni gui'none,

- bi's- (4-et théﬁ*i'D«_Daixiliﬁenﬁ?hirbéﬁ!b&@a& iR B50’#d .C5% aqueous
S-(4-n-propylanilino)-I,5-naphthoqui none,

s- (4- n- busydfdn hparokifenaphiitoani aaAC 420 Al .2%oluktie lis

s-(4:-n-pentyl ani I 1 no) -1, 5- napht hoqui none,

i s- (4-9- hewjganrbhsby) stivredpiorogoi minated pt poFc. After

S- (4- met hoxyani | i no) - 1, 5- napht hoqui none,

s-(4-ethoaqahihgnb¢-2OQCnaphh50ananme,phape fier separated off,
evaporated and the residue added dropwise to a boiling
solution of 9.4 gq. 4,8—diamino-l,S-naphthoquinone in
100 ml. acetic acid. The reaction mixture is boiled

10 for 6 hours, thereafter poured into 1000 ml. of water
and the precipitated 4,8-bis-[4-(3522574-279ropy1-

k/ cyclohexyl)-anilino]-1, 5-naphthoquinone is filtered
off and recrystallised from dithoromethane: M.P.
261°C.

15 The following compounds are prepared analogously:
4,8-bis-[4-(trans-4-ethylcyclohexyl)~anilino]-1,5-
naphthoquinone,
4,8-bis-[4~(trans-4-n-butylcyclohexyl)-anilino]-1,5-
naphthoquinone,

20 4,8-bis-[4—(5552574—57penty1cyc1ohexyl)~anilino]-1,5-
naphthoquinone,
4,8~bis-(4-ethylanilino)-1,5-naphthoquinone, m.p. 232°C.,
4,8-bis—(4-grpropylanilino)-i;S-naphthoquinone,
4,8~bis~(4-n-butylanilino)-1l, 5-naphthoquinone, m.p.

25 164%.,



4,8-bi s- (4-n-propyl oxyani | i no) -1, S-napht hoqui none, 4,8-bis -

(4-n-but yl oxyani |l i no) -1, 5- napht hoqui none,

4381bis-(4-n-penty|oxyaniIino)-l,5-qpphthoquinone,

4, 8- bi s- (4- n-hexyl oxyani | i no) - 1, 5- napht hgqui none, mp. [err].,

4, B- bi s- (4- n- heptyl oxyani |l i no) -1, 5- napht? éyinone, mp. 163 C.,
, 8-bi s-"(4-n-octyl oxyani |l i no)-1, 5- napht hoqui none, 4,

8- bi s- 4- [ 3- oxabut yl oxy) - ani i no] - 1, 5- napht hoqui none, mp. [err]

S e S R A B s AP 1A AIGr fofla D' S

(trans-4--propylscyc ) Lgfﬁﬁgé, - 1y0-5. 44 : .p. 151°
4,8-bis-(t rans-4-'§??3ft}e;/ft?y ohe yjae{%]'_rr}o -1, 5" nap é Eo- axlsz!.r?]%rr:]ee,,‘ m-p _ sLUe..
4, 8-bi s- (trans- 4 BNl yietloBeddiig y-i S AtEplehoguinone, 4, 8-bi s-
(trans-4-n-hexyl cycl ohexyl am no) -1, 5- napht ho- quinone, _

4, 8- bi s- (trans- 4, 8-pam-yl4= aniaFine)~11, Sripttsquineiepen. p.  E36%0l ¢
2. To a solution of 9.4 g. 4,8-diam no-1, 5-naphtho- quinone in 100 mM. 90%
acetic acid- ar e438dad sch{@pti-propyloxyanilino)-1,5-naphthoquinone,

4,8-bis-(4-n-butyloxyanilino)-1,5-naphthoquinone,
4,8-bis-(4-n~-pentyloxyanilino)-1, 5-naphthoquincne,
'4,B-bis-(4-g¢hexyloxyani1ino)-1,S—naphthoquinoqe,
m.p. 166°.,
4,8-bis-(4-n-heptyloxyanilino)-1,5~naphthoquinone,
m.p. 163°%., '
4,8~bis~(4~n-octyloxyanilino)-1,5-naphthoquinone,
m.p. 164°C.,

4,8-bis-[4~(3~oxabutyloxy)-anilino]~1, 5-naphthoquinone,
m.p. 191°%.,
4,8-bis-[4;(3—oxapentyloxy)-anilino]—l,S-naphthoquinone,
4,8-bis-(trans-4-ethylcyclohexylamino)-1, 5-naphthoquinone,
4,B-bise(3522274-57propy1cyc1ohexylamino)-l.5—naphtho-
quinone, '
4,8~bis~(trans-4-n-butylcyclohexylamino)-1,5-naphtho-
quinone, .
4,8-bis-(trans-4-n-pentylcyclohexylamino)-1,5-naptho-
-quinone.
4,8~-bis-(trans-4-n~hexylcyclohexylamino)-1, 5-naphtho-
quinone, :
4,8-bis-(trans-4-n-heptylcyclohexylamino)-1, 5-naphtho-~

quinone.



at 900C., 10.8 g. 4-(trans-4-n-propylcyclohexyl)- aniline and the reaction
m xture #s stirred for 6 hours at this tenperature. Subsequently, after
coQH ng to ambient tenperature, the reaction mxture is poured into 1000
m. ot water and the precipitated 4-(trans- :

4xnr pr opyl cycl ohexyl ) - ani | i no- 8- ami no- 1, 5- rf hoqui none is filtered off
and recrystallised fromglacial acetic acid, mp. [err] The follow ng
conpounds are prepared anal ogously:

4-(trans-4-et hyI.cﬂﬁwlj; ani I'i no- 8-ami no-1, 5- napht hoqui none,
4-(trans-4-n-buty | )-ani |l ino-8-am no-1,5- napht hoqui none,
4-(trans-4-n-pentyl cycl aieay|do1aitfldd &H8-04 9. 14 B-dehi G0l SORgphtho-
4- (4- et hyl ani li no) - 8-am no- 1, 5- napht hoqui none, )

- (4-n-propyl ani | igudhoheaIin 10D WMINAPUN HBdtihacid are added dropwise
-(4-n-butyl anilino)-8-am no-1, 5- napht hoqui none, _

- (4- n-pentyl ani | atopoScani 19.8 g.nap(trms-bis-propylecyclohexyl )~

- (4-n-hexyl ani | i no) - 8- am no- 1, 5- napht hoqul none,

- (4- et hoxyani | i aoildneniand the meacticpimioraire is stirred for 6 hours
- (4- et hoxyani | i no) - 8- am no- 1, 5- napht hoqui none, o

- (4- n- propyl oxyaRt! ithds femperature.nafnkasauently . after cooling to

- (4-n-butyl oxyani | i no) - 8- am no- 1, 5- napht hoqui none, | .

- (4- n- pent y| oxyaRMPiedt. Femperature, i FRAGHGER mixture is poured

into 1000 ml. of water and the precipitated 4-(trans-

ArAEADMDMBADMDIADNS

4-n-propylcyclohexyl )-anilino-8-amino-1, 5-naphthoquinone
is filtered off and recrystallised from glacial acetic
acid: m.p. 199%%.
The following compqunds are prepared analogously:

:4—(££g§§r4-ethylcyclohexyl)-anilino—&—amino-l.sr
naphthoquinone, |
4-(trans-4-n-butylcyclohexyl)-anilino-8-amino-1, 5~
naphthoquinone, |
4-{trans-4-n-pentylcyclohexyl)-anilino-8-amino-1, 5~
naphthoquinone,
4-(4-ethylanilino)-B-amino-l,5-naphthoquinone.
4-(4—g¢propylanilino)-8-amino—1,5-naphthoquinone,
4-(4-n-butylanilino)-8-amino-1, 5-naphthoquinone,
4—(4;grpentylanilino)-B-amino-l,5-naphthoquinone.
4-(4-n-hexylanilino)~8~amino-1, 5~-naphthoquinone,
4-(4-methoxyanilino)-8-amino-1,5-naphthoquinone,’
4—(4-ethoxyanilinp)-B-amino—l.S-naphthoquinone,

: 4-(4—2¢propy;oxyanilino)-S-amino-i,5—naphthoquinone,

4~(4-n-butyloxyanilino)-8-amino-1, 5-naphthoquinone,

b



(4-n-keptyl oxyani | i no) - 8-am no- 1, 5- napht hoqui none, 4-
X< octyl oxyaniiino)-8-am no- 1, 5- napht hoqui none,
[43(3-oxabutylbxy)-aniIino]-8-anino-1,5-naphthoquinone,
4-] 4- (3- oxapentyl oxy) -anilino -8-anino-1,57qﬁphthoquinone,

4- ¢4- n- hexyl-oxyani |l i no)-8 -am no-1, 5- napht hoqui none, (Z%E)
4

4

4
4 (trans-4-ethy|cyc|ohexylanino)-8-anino-ﬁ?5-naphtho- qui none,
4
4
4
4

:(trans-4-N- propyl cycl ohexyl am no) - 8- am no- 1, 5- napht hoqui none,

-(t - 4- n- but | oh |.am -8-am pog 1, 5: t ho- Lpone
B i AR oA RAE At e
-(trans-4-n- hex - - = 2

4-(trans-4-n- hepﬁfﬁ&ﬁ&%ﬁ%’) -6-a -rgrl)-()w'r'lgp%f %gﬂ%l&gg%xé,one.
4- (4 -ethyl bi phe@U('ﬁ'ﬂt}nﬂgdﬁoﬁﬁﬂfﬂi&)@M&Dﬂyﬁm%tﬂaqﬁfnone,

- n-but yl bi phenyl - 4-y| ami 8- no- 1, 5- napht ho- qui none,
4-(4' -n-pentyl bi ghqardsotyABRAANNI0 B LB Jamt AEPD | $0nagitReG8inone,

4- (4' - n- hexyl bi phenyl “2-yl am no -8-an1no-1,5-naphtho- gui nong,

4- (4' -n-heptyl bi ghfap (-3-oidabiitiDoxwy yani BriepldLeni il D 9S.ehaphthoquinone,
4-{4-(3-oxapentyloxy)-anilino]-8-amino-1, 5-naphthoquinone,
4-(trans-4-ethylcyclohexylamino )~8~-amino-l, 5-naphtho-
‘quinone, _
4—(3552574-gr§ropylcyclohexylamino)-8-amino-1,5-
naphthoquinone, |
4-(trans-4-n~-butylcyclohexylamino)~-8-amino~1l, 5-naphtho-

U, quinone,

. 4-(trans-4-n-pentylcyclohexylamino)-8-amino-l, 5-naphtho-
‘quinone, '
4-(trans-4-n-hexylcyclohexylamino)~-8-amino-1,5-naphtho-
quinone,
4-(trans-4-n-heptylcyclohexylamino)-8-amino-1,5-naphtho-
quinone,
4-(4'~-ethylbiphenyl-4-ylamino)-8-amino-1, 5-naphthoquinone,
' 4-(4%-n-butylbiphenyl-4-ylamino)-8~amino~1, S-naphtho-
quinone,
4-(4'-n-pentylbiphenyl-4-ylamino)-8-amino-1, 5-naphtho-

. quinone,
4-(4'-n-hexylbiphenyl-4-ylamino)~8-amino-1, 5-naphtho-
quinone, _ |

' 4-(4'-n~heptylbiphenyl-4-ylamino)-8-amino-1, 5-naphtho-

quinone,



4- (*4 - et hoxybi phenyl - 4-yl am no) - 8- am no- 1, 5- napht ho- qui none, f%;
4- (4' - n=propyl oxybi.phenyl - 4-yl am no) - 8- am no- 1, 5- napht ho- qui none,

éﬁ - n- pent yl oxybi phenyl - 4-yl am no) - 8- am no- 1, 5- napht ho- qui none, 4-(4
¢n .oct yl.oxybi phenyl - 4-yl am no) - 8- am no- 1, gz-gphtho- qui none. Exanple 3. .To
a-golution of 5 g. 2,6-dibronp-4,8-diamn 5- napht hoqui none“in 100 nl .
N, N- di net hyl f ormam de are added at anbient tenperature 13.7 g.
4- n- hexyl oxyi odo- benzene and 2.9 g. copper powder. The reaction m xture is

heated, with stirglng-eehbiihliphenyld 40y Enfihd yUE andith U IR
nitrogen, thereafter cooled to anblent tenperature and stirred into 1000

m. of water. Thequ&fshei,ng precipitate is filtered off, dried and
extracted with 200 m . acetone. The extract is evaporated and the

2, 6- bi s- (4- n- hexykeX ¢ karpirppy18xybiphenyl -4—ylamimojcd-ramino-engh-maphtho-
behind is purified by chromato- graphy on silica gel (eluent:

di chl or onet hane) ; quipoengerr]. The fol l.owi ng conpounds are prepared

anal ogously: 2, 6-bis- Q4 met hyl phenyl ) - 4, 8- di am_no- 1, 5- napht hoqui none,

2, 6-bi s- (4-et hyl phekg’y 4psn&v§ é i phenyipiyd otimene-8-amino-1, 5-naphtho-
2, 6-bi s-(4-n- propyIEhenyI) 4, 8- di am no- 1, 5- napht hoqui none,
2,6-bis-(4-n-butyﬁB BRPLY- 4, 8- di ami no- 1 , 5- napht hoqui none,

4-(4'-n-octyloxybiphenyl-4-ylamino}-8-amino-~1l, S-naphtho-
quinone.
Example 3.

.To a solution of 5 g. 2,6-dibromo-4,38-diamino-
1,5-naphthoquinone in 100 mi. N,N-dimethylformamide are
added at ambient temperature 13.7 g, 4-n-hexyloxyiodo-
benzene and 2.9 g. copper powder. The reaction mixture
is heated, with stirring, to 100°%c. for 50 minutes under
an atmosphere of nitrogen, thereafter cooled to ambient

'.temperature and stirred into 1000 ml. of water. The
resulting precipitate is filtered off, dried and
extracted with 200 ml., acetone. The extract is evaporated
and the 2,6-bis<(4-n-hexyloxyphenyl)-4,8-diamino~1,5-
naphthoquinone remaining behind is éurified by chromato-
graphy on silica gel (eluent: dichloromethane); m.p.
168°%c. |

The following compounds are prepared analogously:
2.6—bis-(4—methylphenyl)-4,8-diamino;1,5-naphthoquinone.
2.6-bis-(4—ethylphepyl)-4,8-diamino-l,S—naphthoquinone,
2,6-bis~(4-n-propylphenyl)-4,8-diamino~1, 5-naphthoquinone,
2,6-bis-(4-n~butylphenyl)-4,8-diamino-1, 5~-naphthoquinocne,



27 *2, 6- bi s- (4- n-pentyl phenyl ) - 4, 8- di am no- 1, 5- napht hoqui none, 2, 6-bis- (ggﬁ
(4-n- hexyl phenyl) -4, 8-di am no- 1, 5- napht hoqui none,
Z,beis-(4-nethoxypheny|)-4,8-dianinq-1,5-naphthoquinone, 2,

6- bi s« (4- et hoxyphenyl) -4, 8-di am no- 1, 5- napht hoqui none,

4, 6- bi s- (4-n-propyl oxyphenyl ) - 4, 8- di anm no- apht ho- qui none, 2, 6-bi s-°
(4-n-butyl oxyphenyl ) -4, 8-di am no- 1, 5- napht Ba- fQui none,

2, 6- bi s- (4-n-pentyl oxyphenyl ) -4, 8-di*am no- 1, 5-napht ho- qui none. Exanpl e 4.
A suspension of 14.9 g.. 4-n-butylaniline in 55 m_. of 17% aqueous .
hydrochl ori ¢ aci i?i & B2z t4+Repentybpenyl ) h4a8s6iamipe-4f S¥naphthosmiinane,
nitrite in 75m . of _water and excess sodiumnitrite is renoved by the
addi ti on of ani ostd $ri¥Sc(4caghexylphenyd)-4; §784rBineatly Ssaﬁeh%e%none.

BBl i no- 1. 5. AR hoethoRhenyL e ne R BRI pPr v AanrEb pauinene
Feacti on mi xt ur e 1O TRReEReGReR £ o8 (N pRing "t -probiRnuinene.”
2- (4 1-buty| pien o 4 e of A4 B2 A0BHEREYL 898t nk b 8 88l heilt

recrystallised from ace
quinone,

2, 6~bis-(4-n-butyloxyphenyl )-4,8-diamino-1, 5~-naphtho-
quinone,

2,6-bis-(4-n~pentyloxyphenyl)-4,8~diamino-1, 5~-naphtho-~

quinone,
Example 4.
/- A suspension of 14.9 g. 4-n-butylaniline in 55 ml.

of 17% aqueous hydrochloric acid is diazotised at 5°c.
with a solution of 7.3 g. sodium nitrite in 75.ml. of
water and excess sodium nitrite is removed by the
addition of amiabsulphonic écid. The clear di'azonium
salt solution so obtained is added dropwise at 5 - 10°%c.
to a solutién of 18.1 g. 4,8-diamino-1,5-naphthoquinone
in 300 ml. N,N-dimethylformamide and the reaction mixture
subsequently stirred for 5 days at 15° l Thereafter,
the reaction mixture is poured into 2000 ml. of water
and the precipitéted 2-{4-n-butylphenyl )-4,8-diamino~
l,S-naphthoquinone'is filtered off and recrystallised
from acetone; m.p. 201°%.

The following combounds are prepared analogously:
2-(4—methylphenyl)-4.8-diamino-1,5-n$phthoquinone,
2-(4-ethylphenyl)-4,8~diamino-~1, 5-naphthoquincne,



The=fal | owi ng conpounds are prepared anal ogously:

2- (4- metdyl phenyl ) -4, 8-di am no- 1, 5- napht hoqui none,

2- (% et hyl phenyl ) - 4, 8- di ani no- 1, 5- napht hoqui none,
2- (4- n- propyl phenyl) -4, 8-di am no- 1, 5- hap ﬁﬂ ui none,
2¢(A- n-pentyl phenyl) -4, 8-di am no- 1, 5- naph SEU|none 2-f 4-n-pentyl phenyl )
-4, 8-diam no-1, 5- naphthqu|none
2- (4-n-hexyl phenyl ) - 4, 8- di am no- 1, 5- napht hoqui none,

4-n- heptylphen¥ }14 ggﬁgégﬁf%giaagp? g Qﬁh”oni S-naphthoqulnone.

nethoxtheny

4-
4- et hoxyphenyl 8..di aphih €1 5-

4-n- propyloxyp% ﬁ gegkgig glq g %a%%gﬁag§lnds naphthoquinone,
4-n- but yl oxyphgp 4 h.3- Ba LRo®’E oqu

4-n- pentyloxypgegé%n-ﬁggqgﬁgﬁggé)1559ngghgﬁg§u?ngngaphth inone,
n-

4-

4-

hexyl oxyphenyl (4=A-népeyephéfiyl ) -3, aaamhheaahmosena hthoquinone,
(trans-4- ethylcydTohégy* ﬁghg%y -4 8-di am na- 1, 5- ﬁ%phtﬁgaU|none

(trans-4-n- pznpyLﬁuﬁhehgﬁuéhyDhenyBLdia&1ﬁbaulsana§hihaaphhh@ﬂulnoné,
[err]. 2-[4-(trans-4-n-butylcycl ohexyl)-phenyl]-4, 8-di am no-

napht hoqui non2y ( 2-@thbéikyphenyl h-pe8iilandhoka ) f-haphthpkiifiothedi am no-
napht hoqui none, 2-4-(trans-4-n-hexyl cycl ohexyl)-phenyl] -4, 8-di am no-
napht hoqui non2-(4@saptrep¥loxyphenyl )-4,8-diamino~1, S-naphthoquinone,

- (

-(

-(

-(

-(

(

- [

- [

P-

, 5-

5-

5-
2—(4-g¢butyloxyphenyl)-4,8-diamino—i.S—naphthoquinone,
2-(4-n-pentyloxyphenyl )-4,8~-diamino-l,5-naphthoquinone,

2-(4-n-hexyloxyphenyl )-4,8~diamino-1, 5-naphthoquinone,

2-[4-(trans-4-ethylcyclohexyl )-phenyl ]-4,8-diamino-1, 5~

naphthoquinone,

2-[ 4~ (trans-4-n-propylcyclohexyl )-phenyl ]-4,8-diamino-

1,5-naphthoquinone, m.p. 300°C.,

2-[4—(trans-4—grbutylcyclohexyl)-phenyl]-4,8-diamino-

1,5-naphthoquinone,

2-[4-(trans-4-n-pentylcyclchexyl )-phenyl ]-4,8-diamino-

l,5-naphthoquin6ne,

2-[4-(trans-4-n-hexylcyclohexyl )-phenyl ]~4,8-diamino-

1,5-naphthoquinone.

Example 5.

A liquid crystalline dielectric of

24% 4-(trans-4-n-propylcyclohexyl}-benzonitrile,

36% 4-(trans-4-n-pentylcyclohexyl )-benzonitrile,

25% 4~(trans-4-n-heptylcyclohexyl)-benzonitrile and

15% 4-(trans-4-n-pentylcyclohexyl )-4°'-cyanobiphenyl

is mixed with 1.0% 4,8-bis-(4-methoxyanilino)-1,5-



A D

Atiquid crystalline dielectric of 24%
-(trans-4-n-propyl cycl ohexyl)-benzonitrile, 36%
-t rans-4-n-pentyl cycl ohexyl )-benzonitrile, 25%
- (

tnans-4-n-heptylcyclohexyl)-benzohitrngﬁ nd 15% ,
4-(trans-4-n-pentyl cycl ohexyl)-4'-cyanobi gﬁyl Is mxed with 1. 0%

4, 8- bi s- (4- met hoxyani | i no)-1, 5- napht hoqui none. The di el ectric obtained
has a green colour with an extinction maxi numat 670 nm The degree of
order of the dyeshiphtheqiirdhe.Exatiel Ai®lelbtrdd iobtalndd/ Hiad |d ifreen
dielectric of 22% 4-(trans-4-n-propyl cycl ohexyl)-benzonitrile, 19%

‘4- (trans- 4- n- but yeojourheiyh) anhcextinttiba madimum at 670 nm. The

4- (trans-4-n-pentyl cycl ohexyl)-benzonitrile, 15%

4- (trans- 4- n- pent gegyeobéxpries ofcyheodypisemff didd OLFBL.
4-n-pentyl -4' -cyano- p-terphenyl, the dyestuff

4, 8-bi s- (4- et hoxyExamphe) 63 5-napht ho- quinone is soluble at-[err] in an
amount of 0.1% The dielectri¢ obtained has,a green colaqur with an
extinction maxi num at 6¥3 Amtiquddjegvatadtipejdiedectrdy@lst uff is 0. 73.

Exanple 7. In the S ielectric described_ip EX e 6, the dyestuff

4, 8- bi s- (4- n- but y?g‘gi 1?1'ﬂs;e&.,%sf‘napﬂFﬂsY1&&’%8&8’?3@5%‘699%1{ r]. in an
0,

amount of up to olé&?4-(trans-4—grbutylcyclohexyl)—benzonitrile,

¢

30% 4-(trans-4-n-pentylcyclohexyl)-benzonitrile,

15% 4-(trans-4-n-pentylcyclohexyl)-4‘-cyanobiphenyl and
14% 4-n-pentyl-4*'-cyano-p-terphenyl,

the dyestuff 4,8-bis-(4-ethoxyanilino)-1,5-naphtho-
quinone is soluble ag 0°c. in an amount of 0.1%. The
dielectric obtained has a green colour with an extinction
maximum at 675 nm. The degree of order of the dyestuff
is 0.73. |
Example 7.

In the base dielectric described in Example 6,
the dyestuff 4,8-bis-(4-n-butylanilino)-l,5-naphtho-~
quinone is soluble at 0°c. in an amount of up to 0.8%.
The dielectric obtained has a green colour with an
extinction maximum at 670 nm. The degree of order of
the dyestuff is 0.69. |
Example 8.

In the base dielectric described in Example 6,
the dyestuff 4-(trans-4-n-propylcyclohexyl)-anilino-~
8-aminofl,S-naphéhoquinone is soluble at 20°C. in an

amount of up to 1.8%. The dielectric obtainea has a



The diel ectric obtained has a green colour with an extinction nmaxi nrum at
670 nm-«The degree of .order of the dyestuff is 0.69.. Exanple 8. In the b3
d|é+%ctr|c descri bed.in Exanpl e 6, the dyestuff 4-
(trans4-n- propyl cycl ohexyl ) -anilino-’ q}no-I,S-naphthoquinone is solubleée
at ferr]..in an anmount of up to 1.8% The @l ectric obtained has a bl ue
colour with an extinction maxi numat 635 n The degree of order of the
- dyestuff is 0.67. Exanple 9. In the base dielectric described in Exanple 6,
the. dyestuff 4, 8- (sl R AR bkt 10 t do® - mARDMROGE! §35€nihs SPhebl e
at 0 C. in an amount of up to 1.1% The dielectric obtained has a green
colour with an eXdddifdd ¥ Grder BAt e dywatdhe 1€00£670f order of the
dyestuff is 0.74. Exanple 10. In the base dielectric described in Exanple
6, the dyestuff ZEadle (94 n-hexyl oxyanilino)-1,5-nhaphtho- quinone is
soluble at [err] 1n an amunt of up to 0.8% The diel ectric obtained has a
green colour wth an exin rthe drasedirniectriy described digr Exampler 6er of

the dyestuff is 0.74. Exanple 11.
the dyestuff 4,8-bis-(4-n-heptyloxyanilino)-l,5~

naphthoquinone is soluble at 0° C. in an amount of up
to 1.1%. The dielect;ic obtained has a green colour
with an extinction maximum at 675 nm. The degree of
order of the dyestuff is 0.74.

Example 10. : ] -

In the base dielectric described in Example 6,
the dyestuff 4,8-bis-(4-n-hexyloxyaniline)-1,5-naphtho-
guinone is soluble at 0°c. in an amount of up to 0.8%.
The dielectric obtained has a green colour with an

_ extinction maximum at 675 nm. The degree of order of
the dyestuff is 0.74.
Example 11l.

In the base dielectric described in Example 5,
the dyestuff 4,8-diamino-2,6~bis-(4-n-hexyloxyphenyl)-
1,5-naphthoquinone is soluble at 20°c, in an amount of
up to 2.5%. The dielectric obtained has a green colour
with an extinction maximum at 675 nm.’ The degree of

order of the dyestuff is 0.77.



I n«thg base dielectric described in Exanple 5, the dyestuff

. 4, 8-di ari no-2, 6-bi s-(4-n-hexyl oxyphenyl)- 1,5- nabﬁfﬁBﬁUTnﬁﬁe~+s~sngple a

. [ebr] in an amount of up to 2.5% The dielectric o reen

- colous with an extinction maxi mum at 675 nm The 'lglajﬂ t he
dyestuff is 0.77. Clainms *1. Li qui d, crystallithe i el sed on

the guest- host effect containing at |ea$ ne pl eochroitic dye- stuff for

el'ectro-optical indicator elenments, wherein 5 it contains at 'l east one

dyestuff of the general fornula:- [err] in which X and Y, which are the

sane or different, are hydrogen, chlorine o ne atoms, [err] and 10
R4, which are the sane or different, are hydrogen atons' or al kyl or
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is R

R host effett conﬂa:.mdxd?as lava st e ﬂ&wyroﬂtk@xaﬁékyl :
al koxyal koxy or al kanoyl oxy radi cal containing up to 8 carbon atons, with
the proviso that atuffagtbroedeamtdosoptristal indicator elements, wherein

5 it contains at least one dyestuff of the general

formula:-
R,NH 0
- R4 x
L
Y - R3
o NHRl

. in which X and ¥, which are the same or different, are
hydrogen, chlorine or bromine atoms, Ry R, R3 and

10 R,

atoms or alkyl or alkoxyalkyl radicals containing up

' whlch are the same or different, are hydrogen

to 8 carbon atoms or a cyclic group 2Z, 2 is
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or R

and R is an alkyl, alkoxy, alkoxyalkyl, alkoxyalkoxy
or alkanoyloxy radical containing up to 8 carbon

atoms, with the proviso that at least one and at most
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and R4 and, when the residues R3 and R, afe cyclic
groups Z, these are in the 2- and 6- or 3- and 7~
positions of the naphthalene structure, said dyestuff
(I) being dissolved in the liquid crystalline base
material.

2. Liquid crystalline dielectric according to
claim 1, wherein the dyestuff is a néphthoquinone

derivative of the general formula:-

~N
- |
0 NHZ 0 NHZ

.in which X, Y and Z have the same meanings as in
claim 1.

3. Liquid crystalline dielectric according to
claim 1, wherein the dyestuff is a naphthoquinone

derivative of the general formula:-
NH, O

(Ic)

o NH2

in which R, and R, have the same meanings as in

claim 1.
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5. s An electro-optical indicator elenment based upon 5 a quést-host qud%d
crystal .cell, wherein.it contains a liquid crystalline dielectric accondin

fkdaime. B N O

- 33
4.  Liquid crystalline dielectrics according to
claim 1, substantially as hereinbefore described and
exemplified.
S. An electro-optical indicator element based upon

5 a guest-host liquid crystal cell, wherein it contains

a liquid crystalline dielectric according to claim 1.




