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-2 Descri ption The properties 'of nematic or nematic-cholesteric 5
|t quid-crystalline materials, of significantly varying their optical

properties, such as |ight absorption, light scattering, birefringence;,
reflectivity or colour, under the influgnce of electric fields,are widely
utilised for electro-optical display el enents. The functioning of 10

dis | ay el enments of this type is based here, for exanple, on the phenonena.
of v-flynam c scattering, the deformation of aligned phases, the
Schadt-Helfrich effect in the twisted cell or the cholesteric-nematic phase
transition. For the industrial application of these effects 15-in

el ectroni c conponents, liquid-crystalline dielectrics are required which
must neet a | arge nunber of demands. The chenical resistance to noisture,
air and physical influences, such as heat, radiation in the infrared, vis-

i ble and ultraviol et regions; and continuous and alter- 20 nating electric
fields, is here of particular inportance. Industrially usable ’
li-quid-crystalline dielectrics are -3- also.required to have a

l'i quid-crystalline mesophase in the tenperature range fromat |east [err]
to [err], pre- ferably from[err] to [err], and the | owest possible visco-
'sity at roomtenperature, which preferably should not 5 exceed 70 x [err]
Pa. s. Finally, they nust not have any

Description
“ The properties of nematic or nematic-cholesﬁeric
5 liquid-crystalline materials of significantly varying
their optical properties, such as'1ight"abs§rptioh,_1ight
scattering, birefringence, reflecfivity or colour; under -
thé;influence of electric fields, are widely utilised for
electro-dptical display elements, The-functioning of
10 display elements of this type is based here, for example,
on the phenomena of dynamic scattering, the deformation
- of aligned phases, the Schadt-Helfrich effect in the
twisted cell or the cholesteric-nematic phase transitioﬁ. -
For the industrial application of these effects
15 in eledtronic componehts, liquid-crystalline dielectrics
are required which must meet a large number of demands,
The chemical resistance to moisture, air and physical
influences, such as heat, radiation in the ihfrared, vis-
ible and ultraviolet regions, and continudus and alter-
20 nating electric:fields, is.here of particular importance,

Industrially usable liquid-crystalline dielectrics are
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characteristic absorption in'the region of visible light, that is to say (@)
t hey nmust be col ourless. A nunber of |iquid-crystalline conpounds have '
al ready been disclosed, Which futfil the stability demands 10 nade on
dielectrics for electronic conponents, =ard <which are al so col ourl ess.

. Thesé include, jin-particular, the p,p'-disupstituted phenyl benzoates
© degCribed in @é‘r%rredﬁqié?ﬁigiiﬂmé*ﬁs"@ﬁ; i Qe RyAL Sl e, siesophase in

p, p'\- di substi tute henyl.cycl ohexane, deri vatij ves d | hed | rman O f en-
15 | egungsschrﬁi’ﬁ dczeo,,&%ﬁ' © LS %xf% ah FRaRt o"f%iggn %o"‘é#hcg’enﬁﬁq'oned,
and also in ot ' it I_qul Gd-Gr | ne
- mesophase, thﬁaﬁyﬁﬁgﬁﬁlwm%;ﬁlﬂlc%%é rﬁ%&gﬁﬁé’%ﬁéd' .
" liquid-crystalds | '&ﬁgﬁﬁﬂﬁﬁﬁ'.nﬁﬂﬁb | nge from
20 [err] to [delr@]e.ﬁx!?dé&rul , -m xt uér’es 0 1{%‘&01;&%0% =cor§%%§h%§ are '
. therefore pyepaicibd ITOREA0TD MO N SEINALY C otV il dib D hatee hrip
- liquid-crystalline dielectrics. For this purpose, at |east one conpound
having. a | ow ratidrisnteqrdisticarabsdmgetiqwiin tire usgildy off xebibld IAgenot her
conpound havi ng a markedly higher nelting point and cl ear point. Thi s
normal |y gi vedhathrida e, sayhetheyt miusk e molofurdtessh, i s bel ow that of the
"l ower-nel ting conmponent, whilst the clear poi.nt is between the clear points
of th® conponents.  Mevamben of Liguid-anystalline compoundsidaaye and

.again in the pr%par tion of_ optinmum dielec- . .
: : already been disclosed, which fulfil the stability demands

10 made on dielectrics for electronic components, and which
are also colourless, - These include, in particular, the
p,p'-disubsfituted phenyl benzoates described in German |
Offenlegungsschrift 2,139,628 and the p,p'-disubstituted
phenylcyclohexane derivatiﬁes described in German Offen-

15 legupgsschriff'2,636,684,_ In both the classes of con~

| pounds mentionéd, and also in other known series of comp_:

:pounds with.a-liquid-crystalline mésophaée, there are no
individual compounds which form a 1iquid—crystélline
nematic mesophase in the-required.température'range from

20 10°C to 60°C. As a rule, mixtures of two or more.com-
pounds are therefore prepared in.order to obtain substan-
ces ﬁhich cap'be uséd as liquid-crystalline dielectrics.
For this purpose, at least one COmpbund haviﬁg a low
melting point and clear point is usually mixed with

25 another compound having a markedly higher melting point

~ and clear point;' This normally gives .a mixture, the
melting point of which is below that of the lower-melting
compéhent, whilst the clear point is between the clear

points of the Components, Nevertheless, difficulties



tries, T)ecause t he conponents ‘Having the high nelting points and cl ear @
points frequently also inpart a high viscosity to the m xtures. As a
result, the switching 5 times of ‘the electro-optical display elenents

produced with these mxtures are extended jn an undesirable manner.

Moreover, problens are frequently caused by the fact that the nutual

sl ubility ofdﬂiese/@r'gg_uﬁ@ﬁr@%yg n | PR 2 ure
or wer tenperat_uresg, is 10 on yri%/g'rny %%ﬁ?gg.hbﬁﬁ?éﬁed’p%rﬂe‘%fraé’feé’]ta%ce'
invention to phrdeas e Hecgise mt@dﬁmﬂ@mﬁ@wqﬁ%ﬁpwﬁ,{?mt ic
phase within the required tenperature range and, 1n liquid crystal cells,
make swi t chi npaiintss auek sileaer puiicitarfrementlly cilen linmpdiey ta i ghoom
tenperature.. It has now been found that the 4,4'-bis-(cyclo-

hexyl ) - bi phenylS¢asikat iboe $hef mikdumnestul a Ad ja [resdl tyhebhe Bwieschlingnd
[err],which_are identjcal or differentare 20 alkyl or al koxy having up to 8
C atonms, ané &5 ofndher elestoropitiicad: dispday elements aproducest her s

e O e Gl B T L T s
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- 5- the mufugl Solubility of the various components, in par-
ticular at room temperatﬁré or lower temperatures, is

10 only very iimited.

It is the object of the invention to prepare
liquid-crystalline dielectrics which have a nematic phase
within the reqﬁired'temperature hange and, in liqﬁid.-

__'crystal cells,_méke’swifching times possible which are
15 sufficiently short at room teﬁperature, :
It has now been found that the 4,4'-bisAbycl§—
hexyl)-biphenyl derivatives of the formula (1)

x x x X ) '(I)
| X | |

wherein R, and R,, which are identical or different, are

20 alkyl or alkdxy having up to 8 C atoms, and one or two of
the substituents X are fluorine and i:he othe’fs are hydro;
gen,- are autstandingly suitable for use as components of
liquid-crystalline dielec_trics..ﬁ Additionally, thése
compounds have an extremely wide rahge of applicatibn:-

25 Depending ori the selection of the sﬁbstituents,

the compounds of the formula (I) can either be used as



base na%erials representing the predom nant part of |iquid- crystalline
diel ectrics, or conpounds of. the fornula (1) can also be added in smaller
proportions of, for exanple, .2 to 45° per cent by weight to
. quuid-crystalline base 5 materials frof.other classes of conpounds, in
~order thus to prepare dielectrics having a widened |iquid-crystalline
rmggphase or Basé Nid tearil ¢ heepmamun tides ofhé Rerelhaednt part sef ropyubd-
~a dielectric. By a suitable selection of the substituents R 10 and
[err], and therymsakliime adiqledtrios, ofr tdemgdurnds nef athoersf otdnel & ofippunds
of the formila (1) can be used elther for the preparation_ of dielectrics
havi ng a posicdwveakigo ke aadded imismallsyy prepouwkions of spfewy example s
based on the twi sted nematic cell or on the chol esteric-nematic 15 phase

o st ot oy v Saly SO g ere trom o bt e
geggfl \r/ngaC Scénj'%ﬁrqlﬁ% M QF: ﬂ%s‘?%e#lqp'ﬂ?%‘ﬁ & LHR on .
T fect). Cin’ i Tk Slbiqfutle R & %aié‘?%‘f?&f@?s tyolpataliine
Coerature ?ﬁz;ér% o 0108 B TuGESO TS Gindila B O£ 068 didfbdtric

el ectro-opti Ggli oﬁSderprh di‘@_éé\yﬁﬁ i on thus reI ates to the
4, 4" -bi s- (cyclo- ;hﬁﬁ bi phenyl derivatives of the fornula (1) and to
their use as Corrponersss ®fsuitabxe cse@écaticbmeoﬂlﬁi@cgubmtd&iwwei t he
I nvention relates to liquid-crystalline

10 amd R,, and the position or positions of the fluorine

atoms, the compounds of the formula (I) can be used either
for the pfeparation of dielectrics having a positivé di-
-electric anisotropy, for use in display_elements based on
the twisted'nematic cell or on the cholesteric—nematic
15 phase transition, or it is also possible_to.prepare di-
electrics having_é dielectric anisqtropy'which only
slightly differs from zero br is'even negatiVe, the latter.
dielectrics being used in display elements based on dyna-
mic scatteriﬁg or on the deformétioh of aligned phases
20 (DAP effect). |
| In the'pureastate, the compounds of the formula
(1) are colourless, and they form nematic mesophases of
low viscosity in a temperature range which is astonish-
ingly wide and is favourable for electro-optical applica-
25 tion. _
o The invention thus relates to the 4,4'Fbis-(cyclo--
hexyl)-biphenyl derivatives of the formula (I) and to
their use as componenté.of liquid-crystalline dielectrics,

Moreover, the invention relates to liquid-crystalline



t : - . .
6 dielectrics cont ai ni ng"at |'edst ‘one 4, 4" -bis-(cycl ohexyl)- biphenyl
derivative of the formula (1), and to electro- optical display elenents
based on a liquid crystal ‘cell, which contain a liquid-crystalline

~ dielectric of this 5 type. In t he 4, 4' abis -£ cycl ohexyl ) - bi phenyl

"~ derivatives of _the fornmula (I according to the I nvention, {he bi - phenyl
part is substidhfles W%@% iping (o i krask oone 454t +el sl exrel chesil it ns

Sr:efygfr”gd: VR qén“aﬁquewlé@eafqﬁﬁé‘dfp 5 :hecifr”“'ﬁmd%ﬁéﬁ% to

: I
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" conpounds of5 t éornulae (Ib) and (lc): 20
[err] 7 I'n these part fornulae, [err] and [err] have the sane

In the 4 4'-b1s-(cyclohexyl)—blphenyl derivatives
of the formula (I) according to the invention, the bi-
phenyl part is substituted by one or two fluorine atoms,
If the molecule contains only one fluorine atom, those

10 compounds of the formula (Ia) aré preferred in which the
- fluorine atom is in an prtho-position relative to the

bond between the two phenyl rings.

If the cbmpdundS'of'the formula (I) contain two
. 15 fluorine étoms, those are again;preferréd amongst these
| in which the fluorine atomS-are-arfanged in ortho-
positionsrelative to the bond between the two phenyl
rings, that is to say the compounds.of the formulae (Ib)
and (Ic): '

20 (Ib)

(Ic)




t . s ‘ : :
medni ngs as in the formufa (1). = The substituents in the 1- and
4-positions of the cycl ohexane rings are always in the trans-arrangenent;
this is marked in the 5 formula iilustrations by the thickened black dot on

the right-hand side of the cyclohexane Fisigs. Those conpounds of the
formula (1) which are not covered by the part fornulae (l'a) to (lc)

adni ttedly have the sake thesetpaebubormulme | iRs aed tRwdeawé tihe ddmgroups
siigl ed out, but they are nmore difficult to pre- pare and therefore |ess
econoni cal ; t e RS 91 the formular(l) ae (The subgtibuents timrefore
preferred. In the conpounds of the fornula (1) the al kyl or al koxy radicals
[err] and [errfR&ar g‘itﬂ%tm P rthe efekehasane rings rage are
straight-chaing, that js to sa th%are met h_%le, et h%

1, n- |, n-butyl,
- pentyl | n- hERNEE AR R Fensdrsrmecient it stpimtiediia By
, th | | .0 hi h : I hi_.gh N
ol car poi nt2 COHENS LTI G ph s SRl P B 0t i TR o
. F i : | t f & i ' d
Lerr] cont ai nd AR TRRE 148 W S oy ndiind o "0 O he Tor il & (1)
with a branched wi ng oys [@iﬂﬂo&{dé edf].thegfﬁi qﬁpﬁw dﬁsq:ﬂyﬁ%%l% nrme%ttm due

to a higher solubility in the-conventional 2 ase

materials, anccovemsdti @y athd Rirarforniiaid ala pste 16y Lo $¥edly

substances, if they pos- sess optical activity because of the chain

branchi ng. Sudiave dichesime reglvarhigze s prtoperitids) a@rihddw@nndthahai n

br anchi ng. Those branched hydrocarbon radical s _
N 10 groups singled out, but they are more difficult to pre-

pare and therefore less economical; the compounds of the
part formulae (Ia) to (Ic) are-therefore.ﬁreferred;
 In the compounds of the formula (I) the alkyl or
alkoxy radicals_Rl.a_nd.R2 can be straight-chain or
15 branched.  If they are straigﬁt-chain, that is to say
they are methyl, ethyl, n-propyl, n—butyl, h—pentyl,
n-hexyl, nshéptyl or n-qctyl, or the corresponding aik—
oXy groups;.the-compounds characterised.in this way have,
as a rule, higher cléar points than the compounds with
20 branched wing gfoups.Rl'and/or R,. For this reason,
| usually at most bne_of the wing groups ﬁl and R2 contains
a branched carbon chain;-_ The compounds 6f the formula
(I) with a branched.ﬁing 5r6up R1 or R2 are occasionally.
important due to a higher solubility in the conventional
25 1iquid—crYstalline base materials, and in particular they
are important as chiral doping substances, if they pos-
sess optical activity because of the chain branching.
Such branched wing groups do not contain more than one

chain branching. = Thoese branched hydroéarbon radicals

(s)



_ & . are preferred in which a methyl or ethyl group is present in the (EE)
l:position, 2-position or 3-position of a |onger carbon chain, for exanple

2- met hyl propyl, 2-nethyl butyl, 3-nethy|bu%y|, 2- met hyl pentyl ,

3-nmet hyl pentyl, 2-ethyl- 5 hexyl or 1-methyFhexyl. The wi ng groups [err]

11 bt PR StSERTeh BN ot iR SRS
b 75 AR Dpakebf EoARYABL B e b, T
Compounds accpedian bRtk VOKBHARY o HetBaral 3 JEhodnuthal |

conmpounds of é%ﬂ%é%ﬁiﬁﬁ%§1&|hlmégay&ﬁggfy}dr3—m%%h§%P%?%Z?En?&gg?k%and

[err] have t I ngs™1 ndi cat - mula with a

nitrating agepbxylihermipethyihexyaNd The wing groups R, and R,
dinitro-4,zg-bi§¥(cyclohexyl?—bigzenyls t hus Pgrﬁed greslrn a ner
conventional pegethersepar soataifl apf tandér edrbed btomse comWitchiandheg

nonoam no and di- am no conpounds; these am no conpounds are then di azo-
ti sed, conver sedpkyofe&hei prregenlt inventhongt ghoseo arkeepredersedndi ng
di azoni um fl uoborates and, fromthe |latter, fluorine-containing 4,4 "
- bi s- (cycl ohegpongsitpitbasges iof wadchhB,f enduRy (ogeiherpcopdedn By tonké al
- deconposi tion, ' ' ' ' ' :
aeconp in particular 4 up to 12, carbon atoms, Preferably, at
10 least one of the wing gfoups is an alkyl group.
The compounds according to the invention are pre-
pared by a method which is conventional for substances of
this type,: ‘In a preferred process, compounds of the -

formula (I1)

iII)

15 | R:IH'.O Rz_

wherein Rl and.R2 have the meanings indicated under for-
mula (I), are treated with a nitrating agent, the mono-
nitro- and dinitro-4,4'-bis-(cyclohexyl)-biphenyls thus
formed are, in a manner conventional per se, separated
20 off and reduced to the corresponding monoamino and di-
amino compounds; thesé amino compounds are then diazo-
tised, converted by reaction with a fluoborate into the
corresPondihg diazdnium'fluoborates and, from the latter,
fluofine-cgntaining 4,4'-bis—(cyclohekyl)-biphenyis of
25 the formula (I) are prepared:by thermal decomposition.



B e . » : : : '
-9- Any m xtures of nonofluoro and difluoro conpounds or iso- ners thus <E2
obt ai ned are then separated |in a manner conven- tional per se, for exanple

by fractional crystallisation, extraction or by a chromatographic nethod.

O course, 5 such a separation can alse a¥ready be carried out at one of

the preceding,synthesis steps, for _exanple after the nitration or

subsequent t oXe HEHYEES0 9 Lo AoPRE Tomea ead: Gidduer o Isomponnds on iso-

t&trafl uoborates. The ni}r tiqn of .the startigg materials of the 10 fornul a
(11) is carri BETEES O are JReNRPPREA T in. 2. BANBEF CRNVEN- xt ur e

of sulfuric agid d_nitric acid,_with aceti,c acid/nitric acid, or with an

acyl nit- rat§?°§§3hp§§ BSHZ%9F ﬁ??PBEg gy FCBCYLORPL S§T¥S aiiﬁgatlon,

di stribution ' ' e.r lg ' re iit- 1Rgration products

can be influe%%ggéggggﬁebgi% C i§§98#b?§§gééb§?dg§%P§8'progachuﬁgea

suitabl e s&i eglijcRNa0EehbBRaRl bhakhAn dighl ymy(: n r from

the lit- e?%ture, ?oregxaﬁnghthgﬁng§§Pe a%%%? ncgngﬁg??gﬁ gp%tﬁg ﬁ?%rating

agent, the sobyeghe phecbaifg’ ajthResiBesddpa, 28rt e28mpl ot BEtEPAEHhEON

and/ or the catal yst. The reduction of the ni'tro conpounds to the am no
conpounds is natratdoaubrbpubsendent ret khds retigctevanpirethy paephyhic

hydr o- genation or by treatnent with sodiumsul fide, wth adueous .
di t hi oni t e or tionhofi thel §iekbniune tatrtalfiidoborafeshl oric acid. The
di azoti sation, conversion to the diazonium _ . .
The nitration of the starting materials of the
10 formula (II) is carried out in a manner known per se, for
‘example with a. mixture of -sulfuric acid and nitric
acid, with acetic acid/nitric acid, or with an acyl'niéa
rate, such as benzoyl nitrate or acetyl nitrate.  The
distribution of isomers in the resulting mixture of nit-
15 ration products can bé.influenced in the direction of the
main desired prodﬁcts.by a.suitable.selection of the
nitration conditions which are known per se from the lit-
erature, for.example the nature and cbngentfafion of the
nitrating agent, the solvent; the temperature, the dura-
20 tion of the reacfibn and/dr the catalyst. The reduction
of the nitro compounds to the amino compounds is carried
out by standard methods, for example by catalytic hydro-
genation or by treatment with sodium-sﬁlfide, with |
aqueous dithionite or with tin(II) chloride and hydro-
25 chloric acid. | | '
The diazotisation, conversion to the diazonium
tefrafluoborate énd-thermél decomposition (Schiemann-
Balz'synthesis) are likewise carried'out in a manner

known per se, for example according to one of the process



. | e
tefrafl uoborate and tfher fal deconposi tion (Schiemann- Bal z synthesis) are
| i kewi se carried out in a manner known per se, for exanple according to one
of the process 10 variants, described in "Organi c Reactions”, volune 5
(1949), pages 193 - 228. In another synt®esis process, the starting mat-
" erial used is a 4-bronobi phenyl which is nonosubstituted 5 or
di\%ﬂbst i t ut ed viayrifeinter idemcribEd Lrst"Origang oRezictdlonsy r aadigre Huccessi vel y
Wi nmagnesi um a 4-al kyl cycl ohexa- none or 4- alkoxycyclohexanone and an-
acid, and thd1949), pidges 183 —ald@@ycycl ohexen- 1- yI] nmono- or -di-fl uoro-
blphenyl thus obtained is then hydr ogenated to the 4-(4- 10 al kyl- or
- al koxycycl ohexyl ) - nod& amothe fﬂymﬂ%mipﬁwmcesm $henisherdding asts
brom nat ed and the bro ne at n the resultlng 4' -brono-4-(4-alkyl- or
- al koxycycl oh&FH3L %mb ich %Wh%lt&t?dal kyl -

or -al koxy; cyclo X des bed abqve. 15 In pIaQe of

the reacti %’?&%ﬁe@g gnferrt er - q-érﬁg

. the brontne a t i [ Q! the
cycl ohexyl gr E)z%p%éﬂoe;a tér&g:gte%e "e\ﬂz th t%n&%égae%rl‘%l ccC %Wﬂt?&‘ eg?arrpl e

' 32& ?li/lalutc;gm rﬁ% %ibiﬁ%iWc‘?%ﬁtdh@iﬁa‘ﬂ Cl s- %qucoa%exy andwme-[q-
" trans-cycl ohexghyder Io&auanwcecqmﬁﬂlwﬂmnﬁ-%r Umseicardee

converted in a manner -conven-
‘biphenyl thus obtained is then hydrogenated to the 4-(4-

10 alkyl- or -alkoxycyclohexyl)-mono- or -dl-fluoroblphenyl.
This intermediate is brominated and the bromine atom in
the resultihg 4~bromo-4~(4~alkyl- or -alkoxycyclohexyl)-
mono- or -di-fluorobiphehyl iS'exchenged for a 4-alkyl-
or -alkoxy-cyclohexyl group in the manner described:above‘

15 In place of the reaction:wifh magnesium to form the.ihter-
mediate Grignard~comp0und;jthe bromine atoms in the inter-
.mediates can also be exchanged for the cyclohexyl groups.
by treatment with a metel?brganic;cempound, for example
butyllithium, and subsequenf reaction with the cyclo--

20 hexanone derivatlves. '~ If  mixtures of cis-
¢yclohexyl and trans-cyclohexyl derivatives are obtained
in this step, these can be.converted in a manner conven-
tional per se for example by treatment with potassium

 tert -butylate in dimethylformamide, into the trans- =~

25. compounds which are thermodynamically more stable.

" Fractions of the;undesired~cis-isomers whiCh'may still be
contained in the equilibrium mixture. can then be Separ-
ated off by fractional crystallisation or by chromato-

graphic methods.



“tidnal Ber se, for exanpl'e by treatnment with potassiumtert.-butylate in

di-met hyl formami de, into the trans- 25 conpounds which are thernodynam cally

nore stable. Fractions of the undesired cis-isoners which may still be
contained in the equilibriummxture cantthen be separ- ated off by
fractional crystallisation or by chromato- graphic nethods.. The

diselectrics accordi n%@é{?ﬂ%&&fﬁf&éOQcEBPﬁxa%r?ne%héo%éléﬁx%%eééﬂélsﬁ to

127 conponents of whi ast one 1s a -con

4,4'-bls-(cycbghQXﬁb)15p|p@gﬂyfagpyl3a%be20fcbﬂ§oﬁ@ﬁﬁylaf(*ﬁicthg ot her
constituents 5 are selected from anongst nefrati ¢ or nematogenic subst ances
fromthe groupeastponsi bg ahﬂlﬁbﬁﬁﬁescoﬁtazﬁiﬂ@eﬂzﬁ"EEisbeéﬁdiohexyl)_

i deneani | i nes, biphenyls, terphenyls, phenyl or cycl ohexyl benzoates,
phenyl or cycbiplesnyl dextictecsbdareofirfimxfbataia (dhenyitsy othbexeorestituents
cycl ohexyl bi phenyl s, cycl ohexyl cycl o- 10 hexanes, cycl ohexyl napht hal enes,

1, 4-bi s- cy@ odBRAed@ntedReom amongsy senaticrxpenaphganic sybshaicemfron

cycl ohexyl - pyri-m di nes, phenyl- or. cycl ohexyl -di oxanes, stil benes which
may be hal oget3® eSFOWRNG 5%%%9%'E@ﬂeQ%?S¥%$aﬂ%sa%ﬂ§V§%%§?$?%téBe%Zﬁhanic

o0 vont MR DAL £ PP LIS ML, SR8 U508 ey
el 1 2o hdilzddtes Oyl | b oy E1 EhelPE" 81 6h8REne A BoRPTLLEs,
phenylcyclohexanes, cyclohexylbiphenyls, cyclohexylcyclo-
10 hexanes, cyclohexylnaphthélenes, 1,4—bis-cYclohexylbénz-
enes, 4,4'-bis-cyclohexylbiphenyls, phenyl- or cyclohexyl-
pyrimidines; phenyl- or cyclohexyl-dioxanes, stilbemes
which may be halogenated, benzjl phenyl ethers, téianes
_ and'substituted cinnamic acids. The most importént.com; |
15 pounds which can be used as constituents of liquid-
crystalline dielectrics of -this type can'be characterised'

by the formula (III) .

R3-_®—B;@—R4 | (III)
wherein A and C are each;a'darbocyclic or heterocyclic
20 ring system selected from the group comprising 1,4-di-
 substituted benzene rings and cyclohexane rings; 4,4%-di-
substituted biphenyl, phen&lcyclohexane'and cyclohexyl-
cyclohexane systems,_2,5-disubstituted pyrimidine rings
and 1,3—dioxané.rings,_2,6—disubstitﬁted.naphthalene,‘
25 dihydro- and tetrahydro-naphthalene, quinazoline and

tetrahydroquinazoline, B is

@



¥ 3 .. .
20 ring system sel ected fromthe group conprising 1,4-di- substituted
benzene rings and cycl ohexane rings, 4,4'-di- substituted biphenyl,
phenyl cycl ohexane and cyc¢lohexyl - cyclohe&gpe systens, 2,5-disubstituted
pyri mdine rings and 1, 3-di oxane rings éi substi tuted napht hal ene, 25
di hydro- and tetrahydro-napht hal ene, quinazoline and tetrahydroqui nazoli ne,
B,-xi 12 - CH=CH -N(O) =N - CH=CY- -CHN(O)- [err]

2-CH2- -CO O [-HSCB-CO- S- -N(O _N{.err] - CH=N- [err]
or a CGC single bond, Y 'Scﬁﬁl en, prefergﬁég lorine, or -CN, and [err]
and [err] are al kyl, al koxy, al’kanoyl oxy 0 (3 Ycar bonyl oxy having up to
18, preferably up to 8, cad58lT at ons, or CE. €¢H£hese radi cal s can al so be
-CN,. -NC, [err], F, d or RBig-g- ! n nost of %geée conmpounds, [err] and [err]
are different fron1one anot her, one of thes di cal s being an al kyl group
or an al koxy group in nnsfcgh§bs. Ot herCRgr8ants of the envi saged :
substituents, however, are al so common. Many such substances, or m x-
tures thereof, are com‘rerc:cg é‘y avai |l abl e. Theel ectrics accor di ng to the

invention con- tain, as a at | east FPON(efer@®Py 50 - 99, in
or a C-C single bond, Y is haiogen, preferably chlorine,
or -CN, and Ry and R4 are alkyl, alkoxy, alkanoyloxy or
alkoxycarbonyloxy having up to 18, preferably up to 8,
carbon atomé, or one of these radicals can also be -CN,
-NC, -NO,, -CF, F, Cl or Br. In most of thesé compounds,
Ry and R, are different from one another, one of these
radicals beiﬁg an alkyl group or an alkoxy group in most
cases, Other.QariantS'of'the envisaged.substitﬁents,
howevér, are also common, 'Many'suqh.subsiancés,:or'mix-'
tures thereof, are commerciallj available,
The dielectrics according‘to the.inventidn con-
tain, as a rule, at least 30, preferably.EO - 99, in
.particular 60 - 98, parts by weight of the compounds of
the formulae (I) and (III).  Of this, preferably at
least 5 parts by weight, and in most;caSes'eVen 10 or
more parts by weighf;.account for one or more compounds
of the formula (I). However, the invention also com-
prises-those liquid~-crystalline dielectrics to which only
less than 5 parté'by weight, for example 0.1 to 3 parts
by weight, 6f one orimore compounds of the formula (I)
have-been added, for example for doping'purposeS; On |
the other hand, the compounds of the formula (I) can |
aécouht for up to 60 per cent by weight of the dieleckrics



and (Il11). O this, preferably at least.5 parts by weight, and in nost
cases even 10 or nore parts by weight,. account for one or nore conpounds
of the formula (1). However, the invention also com prises those
liquid-crystalline dielectrics to which-oaBy 4ess than 5 parts by wei ght,

fqr .exanpl e 0.gbddrdingarics dhe WRIvEHtid, ONPrfdiRi £ 0rHINduiids he
forfrula (1) have been added, for exanple for doping purposes.. On the

ot her hand, tkeyeyElQunes difelidetrivsmidct dridimarta e inverrtidn toorf0 per
.cent by weight of the dielectrics - 13 - according to the invention.

Preferably, tHain Q0 do GOy peat Ideret diyelvedight ofaone dimaadre tdompoursig i on
con- tain 10 to 30 per cent by weight of one or nore conpounds of the _
formula (1). ®f the formwdar{ddarati on of the dielectrics according to the
Inventiomis carried out in a manner conventional per se. As a rule, the

desired ano@nt of the Themporenaratiosy of, e ddelactyias iaceonding dQ ved i n
t he conponent _repr.esenting the naigéﬁﬁnstituent, advant ageously at. an 10
el evat ed terrpet!hg drwention 15 garnied, qut i & MpMEr: Sonysnhioney ReTmin
constituent is, chos for | S,pabth | £t ofe t.he sol utio ocess
can be obser v&f wi tﬁ‘%pz?rtz?%%’ar ea?f%ﬁl%ﬁﬁ c%g“jl}'zﬁ |°|°H§’°6’ré3}é§:t rics

according to yged in a smaller quantity is dissolved in the component

pafticufar 60 - 98, parts’by weight of the compounds of.the formlae (I) (?f)

representing the main constituent, advantageoﬁsly at an
10 elevated temperature, If a'témperature ébove the clear
_ point of the main cohstitﬁént'is chosen for this, the
.cOmpletenessjof the solution process can bé observed with
particular ease. |
| Tﬁe-liquid—drystalline dielectrics acéording to
15 the invention_can be-modified by suitable additives in
such a way that they can be used in all hitherto dis-
closed types ofiliquid crystal display elements, Addi—
tives of this type are known to those skilled in the art
and are extensively deéscribed in the relevant 1iteratufe.
20 For example, it is possible to add dichroic dyes of sub-
stances which are intended to modify the dielectric
anisotrbpy,fthe.viscosity, the conductivity and/or_fhe
orientation of thé nématic;phases. - Substances of this
type are described, for_ékample; in Germén'Offenlegungs_
25 schriften 2,209,127;_2,240,864, 2,%21,632, 2,338,281,
2,450,088, 2,637,430, 2,853,728 and 2,902,177, |
The examples which follow are intended to explain
the invention without'restricting.it-_ In thé-examples,

m.p. denotes the melting point, and c.p. denotes the



15 't he i‘nvention can be podified by suitable additives in such a way that
they can be used in all hitherto dis- closed types of |iquid crystal

di splay elenments. Addi- ‘tives of .this type are known to those skilled in
--the art and are extensively described imathe relevant literature. 20 For
exanple, it is possible to add dichroic dyes or sub- stances which are
intended to mulidar tguint eleftd ild @uidarypballiite \Sulsstdride ialegrees
conductivity and/or the orientation of the nematic phases. Subst ances of
this type are chestigresis; fhoildmmpeEnts g merkdd d)pgurlntesd otdmdr4i ften
2,209,127, 2,240,864, 2,521,632, 2,338,281, 2,450,088, 2,637,430, 2,853,728
and 2,902, 177 Wikt abafigd epatis o gensentage ratalatbnate)gaztis the

i nvention without restricting it. I'n the exanples, mp. denotes the.

mel ting poi nt Weiht 9F RAghQent ti¥e weightear point of a Iiquid-crystalli ne

substance in Sgtgre S ;rentlgrade boiling points are marked b.p. Unless
other- wse s ts or percentage data denote. parts by wei ght or per

S DY e gt & ﬁ"‘S"ﬁ@q & A% oo Crens /- nrmsn R var m

m xt ur e, at4 0 f o | fusic
“acid. After thé"pglnélﬁf e{Fhe & élldoaré jtrﬁce@%g‘{:%%grﬁc{que?’ea?g ’rr‘%ak(r:l for 1
further .hour gig [Ar rdr A | 'rﬁ.ﬁ%&f i MBYY M1 of 96% sulfuric acid..

After the end of the addition, the reaction mixture is

. 8tirred for 1l further ;hour at 60°and is poured onto 300 g
10 of ice.. The 4,_4'-bis-(trans-h—n—pentylcyclohexyl)—2—-
nitrobiphenyl which has crystallised out is filtered off
and recrystallised 'fr'om' ethanol. |
b) 20 g of '4,.1-}-‘ -bis—(trans-h—-n—peﬁtylcyclohexyl)-2-_
nitrobiphenyl are dissolved in 150 ml of “tetrahydrofuran.
15 ‘After 3 g of pé.lladium-on—ca:;‘bon (10% of Pd) have been

added, hydrogen is passe.d' into fhe. mixture_e. for 1 hour .
under normal pressure and at rbom temperature '.,. ' The cata-
lyst is then filtered off and the filtrate 'is evapdrated.
The remaining 4,{4'.-bis—(tréns—h—n—pentylcyclohexyl)-2—
20 'amiﬁobiphenyl is Ii*ecrystallised from petroieum ether
(boiling range 40-60°). | |
c) 15.0 g of 4,4'-bis-(trans-4-n-pentylcyclohexyl)-
2-aminobiphényl are suspended in 10 ml of 36% aqueous
hydroéhloric- acid. After 10 ml dioxane have been added,
25 a solu‘clon of 3.8.g of sod:n.um nitrate in 15 ml of water
is added dr_opwise at 0°C. Immediately afterwards, and
likewise at 0°C, a solution of 12 g of Sodium tetrafluo-

borate in 20 ml of water is added dropwise,  The



10 ‘of iee The 4, 4'-bi's: (trans-4-n- pentylcyclohexyl) 2- nitrobi phenyl
whi ch has crystalllsed out is filtered off and recrystallised from ethanol.
b) 20 g of 4,4'-bis-(trans-4-n-pentylcycl ohexyl)-2- nitrobiphenyl are

di ssolved in 150 m of tetrahydrofuran- i After 3 g of palladi um on-carbon
'(10% of Pd) have been added, hydrogen is passed into the m xture for 1

hour.. under n@mwllpﬂrm.lml@m farmsods fIteredicff Hiterat30 diyfitdss, t hen
filtered off and the filtrate is evaporated. The remmining 4

, 4' - bi s- (transashedaith dee sladey! el datdesdhiin cvtaqm:erqﬂ riconr drempetrE- | sed
f rom petrol eum et her, (boiling range 40-60). c). g of

4,4' -bis- (traﬁ@uwuniﬁeh@9n6¥b56n6ky1pi ﬂm@ﬁqnmuqﬂtgtnaﬁhamxusﬁshdéﬁ in 10
m of 36% aqueous I&édroc @ ic acid, After 10 m_di oxane have been added

25 a sol uti onheRte 05 o it ln thes @Y gLy tion o, gag caases o dady th
Sol ut i on o [erélla&%mlﬁ% R R At i e réllume-d
o eryri s S R B L7 L
e o0 o o1 SRR U R gty o e
- gm te)![ S aﬁ L amﬁﬁ%wtwwmﬁbwobﬁcvﬂwﬂ etk droviptenthd! | 1 sed
4= trans-l}-methylcyclohexyl )=41 (trans— 4-n-butylcyclo-
10 hexyl-2-f1uorob1pheny1 |
4~ (trans-4-ethylcyclohexyl )~ 4'-(trans-4-n-p ropylcyc.lo-
hexyl )-2-fluorobiphenyl, |
1+-(trans-h—n—propylcyclohexyl) 4i- (trans-lf-n-pentyl--
| cyclohexyl)- 2—f1uorobiphenyl
15 (trans-tl—n-pentylcyclohexyl) 4t (trans-li—n-propyl-
| cyclohexyl)- 2-f1uorob1pheny1
4-(trans-4-ethoxycyclohexyl)-4'- (trans-tl—n-propylcyclo-
hexyl)-2-fluo roblphenyl
4~ (trans-4-n-hexylcyclohexyl)=4'-(trans- Ll-—n-butoxycyclo-
20 hexyl)-z-fluoroblphenyl
4—(trans-ll-n-heptylcyclohexyl) 4= (trans-methylcyclo-
exyl) 2-f1uorob1pheny1
4=(trans-4-methoxycyclohexyl)-4"'- [trans-la— (2—methylbuty1 )-
cyclohexyl)]-2-fluorobiphenyl,
25 4,4%-bis-(trans-4-n-butylcyclohexyl)-2-fluorcbiphenyl,.
4, % -bis-(trans-4-ethylcyclohexyl)-2-fluorobiphenyl and
4,4'-bis-(trans-4-n-propylcyclohexyl)-2,5-difluorobi- - |
phenyl. |

)



» + - ’
The fol lowi ng are preparegd anal ogousl y: o <§E
4,4' -bis-(trans-4-n-propyl cy¢l ohexyl)-2-fl uorobi phenyl, . '

. 4-(trans-4-net hyl cycl ohexyl)-4"- (trans-4-n-butylcyclo- 10

“hexyl - 2-f 1 uor obi phenyl , , . 16 _

4-(trans-4- ethylcyolohexyl) 4 (trans 4- n.propylcyclo-

hexyl )-2-flua

4-(trans-4-n- propylcyclohexyl] 4' - (trans-4-n-pentyl -

cycl ohexyl ) - 2&f)l uor obisgplsdlydtickb of 24,5 g of 4~(trans-4-n-pentylcyclo-

4- (trans-4-n-pentyl cycl ohexyl )-4'-(trans-4-n-propyl -

cycl ohexyl ) - 2hiexydr)etaniddme in 100 ml of toluene is treated succes-

4- (trans-4-ethoxycycl ohexyl )-4'-(trans-4-n-propyl cycl o-

hexyl ) - 2- f | uosdpiediew§th 35 ml of pyridine-and then dropw1se with a solu-
4-(trans-4-n- hexylﬁéﬁlohex¥%% 4' - (trans-4-n- butoé%gyclo-

“hexyl ) - 2- f Buor B&edyd- shemid Bl ofstoluene,

| )(Zra{lfrgﬁtshil C cI 0- h%sylt%’ f | uor qhi pbgw_%(% E}é:ans 4- %dh%%cs)ﬁzl ohexyl

T bk T
éxgﬁrplbleSZ(;; a%%fl ut I on %ﬁ;ﬂs)sﬁi%t% f r anggi) pen 'yI c q §_j°§‘_

~hexyl) - an|I|n%Hé1ag@%yf_nﬂhJﬁ¥ﬂ£H§iHJiJﬂéﬁ%VT$f3T3H5§y1)-anlllde which

10 remains are introduced in portions of 1 - 2 g into a mix-"

ture of 118 ml of nitric acid (d = 1.40) and 47 ml of

sulfuric acid (d = 1.84) in such a way that the tempera-
ture remains between 30°C and.40°._ After the end of the
' additibn, the_mix?ure-is.stirred for a further 15 minutes_
15 and is then pbured into 700:ﬁl'of-cold'water; ~ The two-
| phase system is extracted with methylene chloride, after
which the organic phase is freed from solvent by distil-
lation, The residue is dissolved in 100 ml of boiling
ethanol, a solution of 15 g of potassium hydroxide in ',
20 20 ml of water is then added and the mixture is heated
under reflux for a further 20 minutes. After it has |
been poﬁred.in#o.500'mluof'wéter, the mixture.is again
extracted with.méthylene:chloride,_thé solvent is dis-
tilled off and the 4~(trans-4-n-pentylcyclohexyl)-2-
25 nitroaniline which remains is:purified by distillation
under reduced.pressure, b.P.g 3 mpar 139 - 143°,
b) 12, O g of 4—(trans-h—nrpentylcyclohexyl)-2-n1tro-
aniline are suspended in 10 ml- of.36% hydrochloric acid.
After 10 ml of dioxane have been added, a solution of



si Vel y With 35 m of pyri-di ne:'and then dropwise with a solu- 5 tion of 12 g
of acetyl chloride in 25 m "6f toluene. Subsequently, the reaction m xture

is extracted by shaking wﬁth'}OO m of water, and the organic phase is
separated off, dried over sodium sulfate and evaporat ed. 20 g of the
acetyl - N-4- (trans-4-n-pentyl cycl ohexyl ¥-&fi ti de which 10 remains are

(a0 ;Rdggét%f8%L?é%%?%rﬁ%95%?%o%§.gi§i8é¥r§%€éﬂg%§ég§%§&¥ﬁ%%ﬁ%ﬁeaCid
2 1 on, 1 he TSR OIE0r O arty e q-ERrol8 fiming CH RO R BB o

poured i nto 700ogbep(IyotHLUPLEE. 1ANET!HD- 0RNI6R RYEFESHISrox! hBFACHSW th

met hyl ene chlori'de, after whi.ch the organic phase 1s freed from sol vent by
distil- lationthenTaEl6w6ddbe randisgol VAGLEH éﬁﬂrﬂin?ffbﬁiiiﬁéu?t henel , a
0

solution of 15 g of potassium hydroxide in 20 20 m water is then added
and the m xtureeastieatmilxturerisevarmedotoarbomt bemp@Batbune| esouredAft er
it has been poured into 500 m of water, the mxture is again extracted -
wi t.h met hyl eneieho o20Qep]l ofiewabevecandi extiracted| vith ohethyleneechlor-
~4-(trans-4-n-pentyl cycl ohexyl)-2- 25 nitroaniline which remains is purified
" by distillatiohd@nderTheoeESaN}e cBbase; ifedried gyer calgjup ghheride
3% hydr ochl of FEALETUBORFERY 160 tap *hs BRahbont Esnieh areeaty LogBLari on
of _ hexyl)-2,2'-dinitrobiphenyl which remains is recrystal-
10 lised from.ethanol.
| c) 2 g of palladium-on-carbon (10% of Pd) are added
to a solution of 7.5 g of 4,4'—bis-(trans-h-nppentyl-
cyclohexyl)-2,2 t-dinitrobiphenyl in 100 ml of tetrahydro-
fufan, and hydrogen is passed into this suSpenéion for
15 1 hour at room temperatﬁre, . The catalyst is then fil-
tered off and the filtrate is evapdrated. 4,0 g of the
4,41 -bis-(trans-4-n-pentylcyclohexyl )-2,2"'-diaminobi-
phenyl which remains are suspended in 15 ml of 26%
agueous tetréf;uoboric acid. | After 5 ml of dioxane
20 have been added,_a_solﬁtion of 1.2 g of sodium nitrite
in 6 ml of water is added dropwise at 0°C. The preci-
pitate which forms is filtered off after 1 - 2 hours, -
washed with ice water and dried in vacuo at room tempera-
ture. The dried powder is heated to 120°,  After the
25 evolution of BFB_hés.ceased,-the 4,41 -bis-(trans-4~-n—~
pentylcyclohexyl)-Z,Z'-difluorobiphenyl which remains is
recrystalliéed. | ' B '
The following are prepared analogously:

4,4 -bis-(trans-4-ethylcyclohexyl)-2,2'-difluorobiphenyl,



- 17 - 2.8 g of sodiumhnitrite in 6 mM of water is added drop- wise at 0 C (%é
Wth vigorous stirring,» a sbfution of 4.5 g of copper(l) chloride in 17 n

of 36% hydrochloric acid:is then allowed to run in. After stirring for 1

hour, the 5 reaction mixture is warnmed_tpgrgom tenperature,. poured into

200 mM of water and extracted with nmethylene chlor- ide. The organic phase

is dried over scghci Qhd n “bhei_gi i =
A aﬁ* 4SarCHYBLERahE 8-A ﬁrSﬁ?%??%?%Eﬂex?ﬂ? phet_difluorebi

- bi s-(trand-4-n-pentylcyclo- hexy _ -di ni frobi phenyl whi ch remains

is recrystal - ﬁgny1§ed from et hanol. Q) 2 g of palladi umon-carbon
(10% of Pd) are added to a solution of 7.5 g of 4,4'-bis-(trans-4-n-pentyl-
cycl ohexyl) - 24242 dbist-( tbanse hyh-but§loyol chexyr)~2h2drdifluozobiand
‘hydrogen is passed into this suspension for 15 1 hour at roomtenperature.
The catal yst phenfggdpy fil- tered off and the filtrate is evaporated. 4.0 ¢
of the 4,4'-bis-(trans-4-n-pentylcycl ohexyl)-2, 2' -dianinobi- phenyl which
remains arB s&sﬁgnbéé-(ﬁrgeSnﬂ-nfhgsmagﬁgig exyapras, Rlosdfiluorgbiy.

After 5 m of dioxane 20 have been added, a solution of 1.2 g of sodium
nitrite in 6 BReBYLwaREr s added dropwise at [err]. The preci- pitate

which forms is filjered, off after.1 - 2 hours h , i wat er and
dried in vacug’ﬁf"6§ﬁgFEﬂB@FéTeFﬁpgycyciﬁgeﬁy%ggipg&ﬂgﬁkigoﬁggféd to
-[err]. Aft ey gg§ 25 evolution of [err] has ceased, the

4,4 -bis-(traReS# ks pentyl cycl ohexyl)-2, 2' - di f | uor obi phenyl which renains
IS recrystalltiggplghg foll owi ng are prepared anal ogously;

10 . . A liquid-crystalline mixture of
23.9% of 4~-(trans-4-n-propylhexyl)-benzonitrile,
36.1% of 4—(trans-h—nrpentyICyclohexyl)-benzonitrile,
25.0% of‘4—(tfans-Q—nyhéptylcyclohexyl)-benZonitrile and
' 15.0% of 4(trans-4-n-pentylcyclohexyl)-4!-cyanobiphenyl
15 has a meltihg'point'of;-Go,-a_clear point of +70° and a
Viscosity of 29 x 10'3_Pa.s at 20°.
| A liquid-crystalline dielectric consisting of
90% of “this mixture and 10% of 4,4'-bis-(trans-4-n-pentyl-
cyclohexYl)-2-f1uorobipheny1 has a-melting_point of -15°,
20 a clear point of 86°.énd a.viscosity of 27 x 10~2 Pa.s
at 20°, | |
Example 4 _ o
' A liquid-crystalline mixture of
21.1% of 4~(trans-4-ethylcyclohexyl)-benzonitrile,
25 22,2% of 4—(tfans-A-hébutylcyclohexyl)-benidnitrile,
13.9% of 4—ethyl-4’-cyéndbipheﬂy1,
17.8% of 4-n-butyl-4'-cyanobiphenyl,
16.1% of 4-(trans-4-n-pentylcyclohexyl)-4'-cyanobiphenyl

and



, a clear point of [err] and a viscosity of 29 x 10-3 Pa.s at 200. A

(o2}

4,4 -bis- (trans-4-ethyl<cycl ohexyl)-2: 2'-difl uorobiphenyl, 18 _

4, 4" -bi s-(trans-4-n-propyl cy€l ohexyl)-2, 2" -difl uorobi- phenyl,

4, 4" -bi s-(trans-4-n-butylcycl ohexyl)-2,2"-difluorobi- phenyl, 5

4,4' -bis-(trans-4-n-hexyl cycl ohexyl)-2, 3g dj f| uorobi - phenyl and

4,4" -bi s-(trans-4-ethoxycycl ohexyl)-2,2"-difluorobi- phenyl. Exanple 3 10
A {j-quid-cryst 8.I99h©ﬂﬁ4e&wp@rrﬂy12&"9-%ya‘no-p-ter%phenyl '
4-(trans-4-n-propylhexyl)-benzonitrile, 36.1%o0

4- (trans- 4-n- past W oeoiadiicx phesee drorthier ilempetaifteoirange from -6° to

4- (trans-4-n-heptyl cycl ohexyl ) -benzonitrile qgf 15. 0% of

4- (tr ans- 4- n- p&¥k y BEFc [Bo Fd:B8E0sity- ©ofaf@ompAdnyl Peashat 0%l ting point of
I

qui d-crystal line dié 8 € richiconabating afd 10% of
o U B IR o, A TR,
Lor ] B B A BRI 5 bbbt nase 1n the
' ' widened temperature range from -12° to +80° and a visco-
_sity of 33 x 10”2 Pa.s at 20°,
Example 5

10 The 1iquid-crysta11ine mixture of
: 38.2%-of_4—(trans—hfhspentylcyclohexyl)-benzonitrile,- |
15.3% of 4-(trans-5-n-propyl-1l,3-dioxan-2-yl)-béenzonitrile,
15.9% of 4-(trans-5-n-pentyl-l,5-dioxan-2-yl)-benzonitrile,
18.8% of 4—(traqs-E-n-hexyl—l,3—dioxan~2;yi)-benzonitrile
15 and S |
| 11.8% of 4—(trans-h-nrpentylcycloheXyl)44’-cyanobipheny1
~ has & nematid mesophase in fhe temperaturé-rénge from -5°
| to +62° and a viscbsity:of 35 x 10~3 Pa.s at 20°,
| A.1iquid-crystallineldielectric consisting of
20 85% of this mixture and 15% of 4,4'-bis-(trans-4-n-pentyl- |
- cyclohexyl)-2-fluorobiphenyl has a nematic phase in the
widened.temperature range from_-15°'to +86° and a visco-

sity of 26 x 10”2 Pa.s at 20°,



25 * 22 2@6of 4-(trans-4-n- butylcyclohexyl) benzonitrile, 13.9% of )E
4-et hyl - 4" - cyanobi phenyi, 17."8% aof 4-n- but yl - 4' - cyanobi phenyl, 16. 1% of
4-(trans-4-n- pentylcyclohexyl) '4' -cyangbbghenyl and I“ L

4-n- pentyl -4" -cyano-p-terphenyl has a nggatlc phase““l“ ||mmmm“ re

. range from-60 to +64 and a viscosity of 32 x 10-3 Pa: s at [elr]?

" liQuid-crystalline dielectric consisting of 5 90%of this m xture and 10%

of 4,4'-bis-(trans-4-n-pentyl- cycl ohexyl)-2-fluorobi phenyl has a nematic

phase in the w dened tenperature range from-12 to [err] and a visco- sity

of 33 x [err] Pa.s at [err]. Exanple 5 10 - The liquid-crystalline

m xture of 38.2% of 4-(trans-4-n-pentylcycl ohexyl)-benzonitrile, 15.3% of

" 4-(trans-5- n- it Bi3ididxan- 2-yl ) -benzonitrile, 15.9% of
4-(trans-5-n-pentyr-I , 5-droxan-2-yl)-benzonitrile, 18.8% of

4-(trans-5-n-hexyl -1, Conff Qidls o8 [ thd eframittd i(1€) 15 and 11.8%of
- 4-(trans-4-n- pentylcyclohexyl)-4'-cyanobiphenyl has a nemati c nesophase in

~ the tenperature range from-5 to; r] a viscosity of 35 x [err] Pa.s

at-[err]. Aliquid-crystallin -ct c-n3|st|ng of 20 85% of this
@), D
2

m xture and 15% of 4,4'-h&
wherein Rl and Rz,which are identical or different, are

‘alkyl or aikoxy having up to 8 C atoms, and one or ﬁwo

of the substituents X are fluorine and the others are

hydrogen.
2. ' Compounds accordlng to Claim 1, of the formula
(Ia)

wEXOXOE g
wherein.Rl and-Rz,which-are.identical or different,are

alkyl or alkoxy having up to 8 C atoms. |
3.  Compounds according to Claim 1, of the formula

(Ib) - . . '
OO
. F

wherein R, and R,,which are identical or different;are
alkyl or alkoxy having up to 8 C atoms.
4, Compounds according to Claim.1l, of the formula

(Ic) . ; _F
_ (OO e
| F



cyc1 ohe>2y| ) - 2-fl uor obi phenyl has a nematic phase | erature
range from-15 to [err] - and'a visco- sity of 26 x *ﬂ"mﬂﬁﬂ@ m - 20
- Patent Clainms 1... Conpounds .of the fornula (19 [ceri] [err]

and [err] which are identical or differgntare alkyl or al koxy having up to
8.C atons, and one or two of the substituents X are quorine and the others

are,_,hydrogen vherein %rmr&*l ,@%t\%ldé(ﬁ]@ :{.&’eﬁ %é}re?ﬁ.grg%ga (la)

[err] : (la) wher are | trc erent, are

al kyl or al komhmrmg alkdty hdrng £ 8 a-ggﬁg)ounds according to
Claim1, of the formula (Ib})w[err] vmr{g%ern [err] and [err], which are

identical or dfferentUsaref athe | conip Rlrkds Yo abhe of difimiXa 8(9 atons. 4.

- Conpounds accor di ng. to Clarml of the fornmula [err]

(Te) X XX X

~ wherein Rl and R,,which are identical or different, are

(1)

alkyl or alkoxy having up to 8 C atoms, and one or two

of the substituents X are fluorine and the others are
hydrogen, as components of liquid-crystalline dielectrics.
6. Liquid-crystalline  dielectric for electro-optical
display eleﬁents,,having at least two liquid-crystalline |
cbmponents,,characterised in;fhat at least one of these
liquid-crystalline-dompdnents is a compound of the for-

mula (I)

T

wherein Ry and-R25which-are identical or different,are
alkyl or alkoxy having up to 8 C atoms and one or twb.
of the substituents X are fluorlne and the others are
hydrogen.

7; Electro-optlcal display element based on a liquid
crystal cell, characterised'ln that the liquid crystal
cell contains a dielectric acéofding to Claim 6,

8. ' Proééss for the preparation of compounds of the

formula (I)

@



- 21 - wherein [err] and {err},;which are identical or or

al.koxy having up to 8 C atonsg. 5. Use of the co ﬂm ﬁ!'l E rrula

(1) [err] (1) wherein [ert] and [err] which are identi€alc on

. al kyl or al koxy having up to 8 C atons,™ &fd one-or two of the substltuents

~ X are fluorine and the others are hydrogen as conponents of

liguid-crystalline dielectrics. 6. Liquid-crystalline dielectric for

el éctro- optical display elenents, having at |least two.liquid-crystalline

- conmponents, characterised in that aX | eXs® ook of these l'i qui {IJrystalline
conponents is a conpound of the \m [err] wherein [err]

and [err], which are identicgl ¢ or al koxy having up

to 8 C atons, and one or two bf 7 , arz fluorine and the

others are hydrogen 7. El ectro- opnlca dISp ay el enment based on a

liquid crystal_cell acterised 1n t uid grystal cell contains
a dielectric YPESF Pn gﬁﬁl cé are 1d9P§E Fﬁrdﬂﬁgeﬁﬁ BXE on of
conpounds  of E&ﬁy&oogugikgk& hav&hk Lﬁr%k 8 C atoms, and one or two

of the-substituents X are fluorine and the others are

hydrogen, characterised in that compounds of the formula

5E) ' Rz . (11)

wherein R, and R, have the meanings indicated above, are
treated with a nitrating'agent, the mononitro and dinitro
derivatives thus formed aﬁe,:in-a.manner known per se,
separated off and reduced to monoamino and diamino com~
pounds, the latter are, i_n-amam__ner conventional p.er se,,
diazotised and coﬁvei-ted', by adding tetrafluoborate, ini:o.the
monodiazonium and didiazonium tetrafluoborates, these are
thermally decomposed and the-resulting mixture of mono-
fluoro and difluoro compounds of the formula (I) is sepa-

rated into 1ts components in a manner known per se,

¢



V\,herern [err] and [err],which are identical or

al koxy haiéinad %tﬂ-ﬁq@@) ons, and one or two of tk“nmmnmﬁmm‘“ are
fluorine and the others are hydrogen character.i sedsl net hat xorsponands of

t he fornul a. Cbinpounds of|the formuia(l) | ) wherein [err] and [err] have the

meani ngs i ndi cated above, are treated wrth a nitrating agent, the rmnonltro
and: dinitro derivatives thus formed®ar®Xif a manner known per se,

separat ed off and reduced to no ' §j no com pounds, the latter
are, inamanner conventi onal p&1 i &m convert ed, )
byaddi ngtetrafl uoborate, into the rmno' azoni um and di di azoni um

tetrafl uoborat es, these are thernal :‘f/ decogﬁosed and the resulting mxture

R
of nmono- '€ o'\"é‘ ng mil:‘IYVF'F“ YP 6"’6*&? @\R@“"cé?'e ;rrgr%n:a:g Pt &C atams ang eneed

into its cony ﬁﬁ)ﬂt A (As printed).1.
Conmpounds of the orrru _
“(I') wherein [err] and [err] Wmch are identical or different, are al kyl or

al koxy having up to 8 C atons. _a o~Q I he substituents X arﬁa)
fluorine and the other are hydfp 2 S hg's 2according to Claiml1,
the formula (la) [err] (la) wherein [err] and [err], which are identical or

di fferent whale R4 IR, Qbhichl 4r& ¥ntitaivdr iGtektnt, lakd a‘ikycoasmu;@ havihg (gOlBTROS! B@fs.
accor di ng t 03. Qoptnlls acdordidyetofanimuil & thé rmuld (Ib)

(Ib)

wherein R, and Flz. which are identical or different. are alkyl or alkoxy havmg up to 8 C atoms.
4. Compounds according to Claim 1, of the formula (ic)

. . : F ' .
m{E XOHOK )= | (e
" wherein R, and R,, which are identical or different. are alkyl or alkoxy having up.to & C.atoms.
5. Use of the compounds of the formula ()

X XX X

wherein R, and. Ry, which are identical or different, are alky! or alkoxy having up to 8 C atoms, and one or
two of the substituents X are fluorine and the others are hydrogen, as' components of liquid-crystalline
dielectrics. P

6. Liquid-crystalline dielectric for electro-optlcal display elements, having at least. two' liquid-
crystalline components, characterised in that at least one of these hquld-crystamne components is-a
compound of-the formula (I}

i ' _ X XX X

R1“2 | )

wherein R, and.R,, which are identical or different, are alkyl or alkoxy having up to 8 C atoms, and one or
two of the substituents X are fluorine and the others are hydrogen.
7. Electro-optical display element based on a liquid crystal cell. characterised in that the liquid
crystal cell contains a dielectric according to Claim 6. _
8. Process for the preparation of compounds of the formula. (I)

(a1



[efr] Wherein [err] and [‘err]w; whi ch are |dent|cal e al kyl

or al koxy having up to. 8 C-atons.. 4. Conpounds _ac mm’@ﬂ"m of the
formula (lc) [err] wherein [err] .and [err], vvhich i

different are al kyl or al koxy having up to 8 C atoms 5. Use of the
conpounds of the formula (1) [err] (1) wherein [err] and [err], which are
identical or different, are alkyl_or a! kgxy having up to 8 C atons, and one

ortwo of the substitdents X are ¥ upry ng and the others are hydrogen as -

conponents of |iquid-crystallif +{ I #. Liquid- crystallrne,
-dielectric for electro-opti Ba ‘Qc}@ havi ng at | east twé)
liquid- crystalline conponents, charasterised in that at |east one of these
| i qui d- crystallrne conponents is a conpound of the fornula mhereln
[err] arneref' gnd Ry whietharg jdantical gr'fe'art ﬁ?a'qw 'f’é'f°é‘h ""‘ “§<
havi ng e ft':gf'a u‘,’ﬂ“&?"%ma'ﬁ%f'%ﬁe 8P oG ot PF?@’"SU s'?c uen Are uorr ne
-.and the Sorhers are hydrogen. 7. Electro-optical display eI enent based on a
liquid crystal cell. characterjss e liquid crystal cell contains
a dielectric according to CRyj @ @ Rar the preparation of(l)
corrpounds of the formula (1) erern [err] and [err] which are

identi Cl'néb tie rf¥lafi K&‘lﬁr Q' apBle} QX ¥ tihd a argnd One
or twog ﬁﬁﬁgu\é@r&m : N%rfmma'ﬁ ps HJ%’ i ?ﬁ“ &g'ew |
char aCthhbﬁﬁ bt dibrdiho GoMpvaHEY theGattet AR, fnOd' Aibik dnigntional per se, dl $eld ander ei n
[err] amjre by adidingtetrafiyobnpate,i imtg shej mmodazcadmaaw\mlazam-e'n ttetsanoedrates tthesa

nit rat %m g‘@ Ht decomposed apthther rgsulting maiure: of gnenstivasp nd, difluqry gempeynaeaf Wee, in
a mann Q\ﬁsﬁﬁ?mg%'m"s%%ﬂ"%??%ﬁ' olff 12 M8e PN R 8% ¥v nonoani no and di ami no
“conpounds, the latter are, in a manner conventional per se, diazotised and
converted, by adding tet raf'I. uoborate, into the nonodi azoni um and

~di di azoni um tetrafl uoborates, these '



: f' —
are'thefnally deconposed and the resulting m xture of nonofl uoro and : (:::
ts in a gg

di fl uoro conpounds of the fornmula (I) i s separated | [

manner kn r. se. Rewni vd(cations - As print ed”"m”"llﬂ“wmmmn
111111 11%?@'1'?%‘?"?1(&19&% . Conposes de formule*(1} X K®XSR *~ R (1)
dahs | aquel | € Jdhp6dss BE sormdey | ques ou différents. representent des groupes
-~ alky] e ou al coxy contenant jusqu'i 8 atonmes de carbone, un ou _deux des
syr‘ﬁol es X representent le fluor et gesxaptkes |' hydrogene. 2. Conposes
selon la revendication 1 de fornule (\.a] RLE
(la) dans laquelle R et R2, @
groupes al kyl e ou al coxy cont enan used S8 énes de carbone. 3. Conpos6s
selon la revendication 1 de formule (I1b)®(Ib) dans laquelle R et R2,

I dentiques ou différents, repr6sentent des groupes al kyl e ou al coxy

cont enant dgngdepuelle B et tFaridentiaues ou rdiftérants. représentant d@sgrauped alkyle, oy algewy foptaranbn 1
de for nul ¥4 ?gato%?&&gaaﬁge- Péﬂquwgeﬁvme?:eﬁz rePTEBRIIAT (LY (¢ AR SEFORTe-
repr6sent ent™ TPYFH ehEs e ARV gfc%')weég’ntenant jusqu' a 8 atones de-
carbone. 5. Utilisation des conpos6s de formule (1) X X X X R11R2

1 dans laquelle RI et R2. identiques ou8iff6rents. representent des
groupes al kyle ou al coxy contega , RS de carbone. un ou g@gux
. synboles X representent |le fluok. ydf ogene. en tant

ts. repr6sentent des(g-

dans laquelle R, et R,, identiques ou différents. représentent des groupes alkyle ou alcoxy contenant
jusqu’a 8 atomes de carbone. '
3. Composés selon la revendication 1 de formuie. (Ib)

(ib)

dans laquelle R; et R,, identiques ou différents, représentent des groupes alkyle ou aicoxy contenant
jusqu'a 8 atomes de carbone.
4. Composés selon la revendication 1 de formule (lc)

S F ' _ .
<2 XOXOX=)® o)
dans laquelle R, et R,, identiques ou différents, représentent des groupes.alkyle ou alcoxy contenant

jusqu'a 8 atomes de carbone.
© B, Utilisation des composés de formule- (I}

- x :;:x' x |
RJ., 'Rz . (l.)
X

dans laquelle R, et R, identiques ou différents. représentent des groupes alkyle m'a alcoxx contenant
jusqu'a 8 atomes de carbone, un ou deux symboles X représentent le fluor, les autres |'hydrogene, en tant
que composants de diélectriques & cristaux liquides. . . _ ) .

- . Diélectrique a cristaux liquides pour éléments d'affichage électro-optiques a au- mgms_deux
composants a cristaux liquides. caractérisé en ce que l'un au moins de ces composants & cristaux
liquides est un composé de formule (1) : . :

—

XX X

Rlaz . 0)



,i, .
que éoﬁbosants de diel.ectriques a cristaux quuide 6Iec ri
cristaux liquides pour .elements d affichage 6l ectr ,m&’w&uﬂu | ns
~deux conposants a cristaux:liquides. caracterise e noi ns de
ces conposants a cristaux |iquides est un conpose de fornul e I) X X X X
X2 X ' (1) R3.~~ dans | aquelle
R. et R2. |e%'m'¢ al@sﬂmﬁ Rali 'ﬁ'ﬁﬁ‘@ﬁtos d'ffe 156'5?81??&9#?["‘ grsureHPetIpliade oy Rigoxy cgpenant
altdxy cont’éI ‘Efg?zu’e jcany ongy %SX' t"ﬂ'e'ﬁl ugjatles i)|'7§§'°$@"e
repr esent enj geﬁ.,. [ qﬁsza "é‘ b SRy 52@?3 o s B PP 1 g e
el ectro-opti osds Gé formak )1|qU| caracterlse en ce

que |l a ceIIuIe & crlstaux I|qU|des contient un d|6lectr|que selon la

revendication 6. 8. Proced6 de preparation des conposes de fornuie (1) (I)

dans laquelle R et R2. |dent|ques ou hlf érefits. representent des groupes

- al kyle ou al coxy contenant™ jusqu.i hone. un ou deux des
synboles X representent le fl uornk g y®& ogene. caractb6ris6

cc que l'on traite |es. conposes de fornul 4(|1) dane laquelle R et R2. ont

| es significations- indiqu6es ci dessus par un agent nitrant. on separe

~les d6riv6s_ nmono- res de Lere onqye en soi. _on ommmm
it esofE ke 1 @f e R e i
conpos6s deg @qmtum s@favrﬁan Wy . par_addition

t6traf|uoborate en [es t6trafl Luoborates de mono- et di-diazoni um
respectivenent. on deconpose ces conposGs a la chaleur et on sépare le

nbl ange de conposes nono- et di-fl /Qrs R At 1 ai nsi obtenu en ses
conposants de mani ere connue en SHN_ I L o (n

dans laquelle R, et R,, ont les significations. indiquées ci-dessus. par un agent nitrant. on sépare les.
dérivés mono- et di-nitrés formés de maniére connue en $oi. on les réduit respectivement en composés
mono- et di-aminés, on diazote ces composés de la maniére habituelle et on convertit, par addition d’'un
tétrafiuoborate, en les tétrafluoborates de mono- et di-diazonium respectivement. on décompose ces
composés a la chaleur et on sépare le mélange de composés mono- et di-fluorés de formule ! ainsi obteriu
en ses composants de maniére connue. en soi.

\



