liquid-crystalline materi.als of significantly varying their optical
properties, such as |ight absorption, light 5 scattering, birefringence,
reflectivity or colour, under the inftnce of electric fields are widely
utilised for el ectro-optical display el esents. The functioning of :
di spl ay el enentRessirimtion ype i s based here, for exanple, on the phenonena
of \ynami ¢ scattering, the deformation 10 of aligned phases, the )
Schadt-Hel frich effect The pereritiesdofenemgiticherchemasierrhohemhieréCphase
transi- tion. For the technical application of these effects in electronic
conponent's, |i ddAiErgIyatplidng Bréeripds o sigpdfiggnti¥dvakyeRgnust
nmeet a large n er of demands. The .chem cal resistance.to i, stur Lr
and physi cal i "PFd&EnORELC cﬁrggeﬁgéﬁ?’rﬁﬂF Pﬁnaﬁﬁthngﬂrgg?88: gFgﬁtle
and ul travipl et, regions,. a A a Ltet-..aating ri Lel ds,
IS hgre-ofEgarFf@%&ggliﬁﬁo?ggﬁggahgggggfngggfF%gﬁy§ggsggl58&88}"ﬁnaég
l!qu!d‘cryStalEh@eigkﬁh%&E%'%%léﬁgc%kig %@gﬂhgegrgowgagggautilﬁsed for

| i qui d-crystal I'ine mesophase 1n the tenperature range fromat [east +100C

to +500C, pre- ohglbdlo) opta®aielikpiayl 81khentad t heThavweghcReshiAkEOr
viscosity at roomtenperature, which preferably should not exceed 25 70 x

[err] Pa.s. ditispalalyy e LehentBUsl ROlshaypeany basedcherest ferabxamptiegn in
the region of visible light, that is to say they must be colourless. A
nunber of | i quioth ¢hes phlehomenazo mfo dytamias selatéadinggethdi selfosmdtianhi ch
fulfil the stability denmands o

: 10 of aligned phases, the Schadt-Helfrich effect in the

-2-3 Deseription The properties of .nematic or nematic-chol esteric <:::>

twisted -cell or fhe cholestericfnematic-phase transi-
fion. o
. For the technical application of these effects
in electronic components, iiquid—crystalline-dielectrics
15 are requiréd which_must.meét a large nqmber of demands.
The chemica1 resistance to moisture, air and physical
influences, such as heat, radiat;on in the infrared,
visible and ultraviolet regions, and continﬁous and alter-
nating electric fields, is.here of pab£icular importance.
20 Industrially usable liquid-crystalline dielectrics are
also required to have a liduid-crystalline mesophase in
the temperature range from at least +10°C to +50°C, pre-
.ferably from O°C to 60°C,-and the lowest possible viscdsity.
at room temperatufe, which preferably should not exceed -
25 70 x 10~° Pa.s. 'Finally, they must.not have any
charaéteristic'absorption in the region of'visible light,
that is to say they_mﬁst be colourless.:
A number §f liquid-crystalline compounds has

already bégn disclosed, which fulfil the stability demands



-3-§made; on diel ectrics intended for el ectroni c conponents, and which are
al so col ourl ess. These include, in par- ticular, the _ .
p, p' -di substituted phenyl behzoates desctiﬁeg in German O fenl egungsschrift
2,139,628 and the p,p'- 5 disubstituted phenyl cycl ohexane derivati ves

described in Gﬁgggnﬁgﬁfgg%ggg?ggg%hghghg§é§3§o§8électrgﬂéggéﬁgégﬁagkasses

of .eonpounds nenti oned, n ot NOWNn SErres o th a

Iidgyd-crystalhhaewﬁgéﬁpaaéealkbeaelaﬁﬁleeslDdiVi@HéEeCQHBgHEQS YQi gh.form
a lilquid- 10 crystalline nenmatic,mesophase in the required tehperature

range from 100€ital6@QCthe pAp'adivliBstitytylephehyt WerRbatld 8e£Q9BOYNAS
are therefore prepared in order to obtain substances which can be used as

Iiquid-crystalﬁhnGedmaheOffennegungsscﬁbmfth2$199(eeeeangtthéaﬁt?ODe_
conmpound having 15 a low nelting point and clear point is usually m xed
wi th anothed cE8ipvhRtitutedgrhenuikpdlghbkgher deeivahivesi aésanibed etn
poi nt. This normally gives a mixture, the nmelting point of which is
bel ow t hat of BREMPBWRELRBILERHpLEEANBAERt 2, 0B 684t he cIndothothet i s

bet ween the clear 20 ints of the conponents. Nevert hel ess,
difficulties aFi?ESSEaB% SRUPSYRAR Penthenpdepandt pRO ol oPERAD NKEPWN

tri h hay] I.gh | ti- I nt d clear
poi ni < 11 bquenbhy LaPSat| RRRPDCACR: BRED: 4. L iGetn e rysEnLl fnd tnraconase as a

l't, the A ' 5 ' .Qf _th | ect .O- 0Dt | di spl el ement s,
o oduced with Thece mrerecthiERidiet CRahORNGS MBhAET o e Madifer

Moreover, gy obLepBeai gihbeAMRALEY ﬁ@géﬁﬁagg %Het 3C£eégf¥eah?eﬂ%éy ure
solubility. of the various conponents, Tn particular at roomteéenperatire or
| ower tenperatdafge from 10°C to. 60°C, As a rule, mixtures of two or
| more compounds are therefore.prepared in order to obtain
substanceszwhich can be used as.liquid-crystalline dielec—
trics. For this purﬁose,_at'least one compound having
15 a low.melting point and clear point is usually mixed with
another compound'ha§ing a ﬁérkedly higher melting point
and clear point. " This normally gives a mixture, the
melting point of ﬁhfch is below that of the lower-melting
component, whilst the.clear point is between the clear
20  points of the components. Nevertheless, difficulties
arise again and again in the preparatioh'of optimum di-
électrics, because the componentS'having the high melting
points and-clear points frequently also impart a high vis-
cosity to the mixtures. As a result,lthe-switching
25 _times of the electro-optical display elements, prbduced
with these mixtures, are extendedlin an undesirable man-
ner. Moreover, problems are frequently caused by the
fact that the mutual solubility of the various components,

in particular at room temperature or lower temperatures,




-4-2is gnly very limted. The conpounds according to the invention are
superior to the conpounds of the prior art since they all possess a high
clear point, a low viscosity and 5 a broad nematic spectrum It is the
object of the invention to prepare liquid-4rystalline dielectrics which
have a nematic phase wthin the required.tenperature range and, in liquid
cry:. stal cellgs ks swrtychiing dddres possible, which are suf- 10 ficiently
shdogt. at roomtenperature. It has now been found that the

cycl ohexyl bi phenyl der iMta iccapauindshadcormiihg tb) thkeedievenRions azkekyl
having 1 -12 C atons, [err] is alkyl or 15 al koxy having 1 - 12 C atonms, CN
or fluorine, armhpR:idRS,tRAhenddRpearaishydr dhenpad ofrl awgti séncei theyhe
proviso that at | east one, but not nore than two of the radicals R [err]
and [err] are gllumasaessrae s cdefim@oiniui eaBlw vascgsd tis aB8nponent s -
of liquid-crystalline dielectrics. Addi- 20 tionally, these conpounds have
an extrenel p widieneahaema b SR Dependi ng on the sel ection of the

bstit ts, th d f I L) ; A b -5-
base maiorial s ropr osoAt g EHe BPdacH Rint paroapctPAoFa EryREER T o,

ds of the.
base materials represefti h§ “HE BS@
dielectrics, or _ conpounds. of.the f.or- | hh¢aA Abee Benafdedci pnasal | er
proportions Of}lﬂggg-crystaalln% 1ek1edikdch _
within the required temperature range and, in liquid cry-
stal cells, ﬁake switching times possible, which are suf-

10 ficiently short at room temperature.

It has now been found that the cyclohexylbiphenyl

derivatives of the formula (I)

(1)

wherein Ri is alkyl having 1 - 12 C atoms,\R6 is alkyl or
- 15 alkoxy having 1 - 12 ¢ atdms, CN or fluorine, and Ry, Rg,
R4 and R5 are hydrogen or fiuorine; with the proviso that
at 1east_one, but ﬁdt more than two of the radicals-Rz,
Ry, R,s Rg and Ry are fluorine, are oustandingly suitable for
use as components of liquid-crystalline dielectrics. Addi-
o0 tionally, these compounds have ah extremely wide range of
application:

Depending on the selection of the substituents,

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

&



from ot her classes of -conpounds, in order thus, to prepare dielectrics
having a wi dened |iquid- crstyalline nesophase or to influence the
magni t ude of the dielectric anisotropy of Sueh a dielectric. By a suitable
selection of the substituents R to 10 R6, the conpounds of the fornula (I)
can.be used ei PREE Mgterdels: asprasesting &hel peedominpnti pgré pfonounced
poéL;ive di el ectric anisotropy, for use.in display ele- nents based on the

f
twi sted nemati 1889F‘8Fy§ﬁaﬁﬂén8h8@8&?8??&9ﬁenﬁ?ié°ﬁﬁ8§€d§r8ﬁsFP?oﬁ9ror i t
s also pos- 15 sibl diel.ectrics hayi dielectric ani go-
tropy vl o onPY L (gt PERIERER: Bor AORETel SPALLeE, BRORBEELPOS. Of heZPE t or
di el [ bei d i I Sl | ' d s '
o the. def or mafranbIEs 2" 18 38 BY:CBHRALY FRIER: R0 TA0L G- 26 R EET 1 B80T

state, the eonpauRdsaerilg sf rdW dthbk 818ss@LOUE eaﬁlgoaﬂﬁst hgﬁ ;g&e}

nemati c mesophases of |ow viscosity in a tenperature range wﬁ! .

ast oni shingly wheg aodprepb@eodrialesthebsehacthg- apviaaheapplipgatlon. The
invention thus relates to the cyclohexylbi- 25 phenyl derivatives of the
formula (1) andristyteldineumesaphageporebs iaflueasedtheymbghlitnge of

exappl e,y 2 to 45 per cent by'meight to liquid-crystalline 5 base materials (é%;

~dielectrics. Moreover, the invention relates to liquid-crystalline
di el ectrics corthel diiegegttricasnhiseéropyl olfesykchi phdnglledéricati ve of the
formula (1), and to electro-optical display el enents -6- based on a

liquid crystal cell, wh¥ch evitabdeaseilgaitdoncefsthel snbstiishentsi B,otot his

type. 10 Ry, the cbmpounds of the formula (I) can be used either '
_fér the preparation of dielectrics having_a pronounced
positive die1ectric anisotropy, for use in display ele-
ments based on the twisted nematic cell or oh the
choiesteric—nematic phase transition, or it is also pos-

"15 sible to prepare dielectrics having a diélectfic aniso-
tropy Which only slightly differs froﬁfzero or is even
negative, the latter dielectrics being used in display
elements based on dynaﬁic scattering or on the deformation
of aligned phases (DAP effe§t). ) |

20 In the pure state, the compounds of the formula
(1) afe-colourless, and they form nematic mesophases of
low viscosity in a temperature range which is astonishingly
wide and is favourable for electro-optical application.

The invention-thus relates to the cyclohexylbi-

25 phenyl derivatives of the formula (I) and to their use as
components of liquid-crystailine-dieiectrics. Moreover,
the invention relates to liquid-crystalline dielectrics
containing at leasﬁ one cycl§hexylbiphenyl derivative of

the formula (I), and to electro-optical display elements



particular, the 4-(trans-4- 5 al kyl cycl ohexyl)-4"-fl uorobi phenyls of the
formula (la), (la) the 4-(trans-4-al kylcycl ohexyl)-3"-fluoro-4'-(R

bi phenyl's of the fornula (1b), (Ib) 10 thé& -
4-(trans-4-alk%lcyclohexyll-31,4'-difLuorobiphenyls of the fornula_%lc),
‘the, 4- (trans- 4PEFREA CPcPoRIM- STYSA4i PRSP o WALCPRIPD AL BhENAUAA- he
forgula (1d), 15 L . , (1d)
the 2, 3-di f| uoPFEYFLRLARE. A1LEOERIEl Ot P- BYPER7) - bi phenyl s of the
formula (1e) -7- (I

2 11 tor or &<t rans- 4- al BYFoyYFORESIPILAPHERYL. SBFANBNI eSO PRESHBENSPa (1)
(1f) F5 R 'Q&%h?ﬁﬁeﬁ%ﬁhﬁf%Bﬁ#gﬁﬁebeHﬂgggk%ikaﬁﬁral%Béy4h?¥kgﬂfz4l - 12¢C

atoms or CN, and Rl having the ani ig i ndi'cated under the fornula (1).

The trans-pesi i1y 10k c1RBeXy) -3l b 8RS Breh§1E- BeSitheORo2Rd14- R8N ON
of the cyclo- hexane ring is marked in.the fornmula illustrations by a 10
t hi ckened bl ack dot on the right-hand side of the ring. Those conpounds of

the formula (1) which are not eeRy prissed by e part fornmulae (la) to (If)
adni ttedly have R, Q Q r (Ia)

the-4-(trans-4-alkylcyclohexy1)-3'—fluoro-4'—(R7)-

' The;cychphexylbipheny{ derivatives according to the invention conprise, in <§EE

biphenyls of the formula (Ib),

(Ib)

10 the 4-(trans-4—a1ky1cyclohexyl)-3‘,4'-dif1u6robiphenyls

of the formula (Ic),

(Ic)

the 4-(trans—4-alkyldyclohexyl)—2',3'-difluoro-4'-(R7)—

biphenyls of the formula (Id),

15 (1d)

the-2,3—dif1uoro—4-(trans44-a1ky1cyclohexyl)-4'—(R7)--

biphenyls of the formula (Ie)



t heg samey advant ageous properties as those of the groups singled out, but <;;§>
they are more difficult to prepare and 15 therefore | ess economcal; the
conpounds of the part forrmulae (la) .to (I1f) are therefore preferred.

Anongst the conpounds of "the fornul a (I)"Phdee of the part fornulae (1a)
to (Ic) have a positive dielec- tric anlsotropy, by contrast, the conmpounds
of .t-he part 20 fornulae (I d) t ve dlelectrlc ani so-
trohy or val ues of aroundZa 6R.,al koxy, q ngy have
a di mi ni shed positive diel ectrie—¢ : 7 is ON. In the ‘¢rpounds
of the fornmula (1), the al kyl 25 radi ¢al and- the al kyl or al koxy

radi cal R can be -8- straight-chai # or Branched. If the radical is
straight - chalmndrﬁﬁe|g;ﬂuudﬁaL4J(ﬁﬁaﬂgﬂdnglkyyaygloh@xgqqQﬂ._(@ )buty
n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n- decyl, undecy or

n- dodecyl thebdqmmmm oth arac trimah g1 this way have, as a rule,

- hi gher clear poi nts than the conpounds with branched wi ng groups Rl and/or.
R6. For this reason, usually_3 he wing groups [err] and
[err] contains a branched ar by -ﬁ.‘ds of the fornmula (1)

wi th a branched w ng grougg[ ' S OCC§§IOHa||y i méatHant due
to a higher solubility in the conventi ona crystalline base
materials, but in particular they are ian€tant as chiral doping

subst ances, |f thg%lgﬁg sess o tlcal act|V| Yy because of the chain

br anchi ng. FENBATH FQTTMIESs PadNEo e 1KYt &ivn alkoxphaviR&n one

chain branchlnq 12 C % %%sb%%n dan%d%p-having the meaning indicated

under_the formula (I). The trans-position of the-sub-
stituents in the-l-position and 4-position of the cyclo-
hexane ring is marked in the formula'illustrations by a

10 thickened black_dot on the righf-hand side of the rihg.
_Those_eompounds-of the formula (I) which are not com-
prised by the part formulae (Ia) to (If) admittedly have
the same adVantageous properties as those of the groups
singled out, but they are more difficult to prepare and

15 therefore less economical; the compounds of the part
formulae (Ia) to (If) are therefore preferred.

Amongst the compcunds ef the formula (I), those
of the.part formulae (Ia) to (Ie) have a positive dielec-
tric anisotropy; by contrast, the-eompoundS'of the part

20° formulae (Id) to (If) have a negative dielectric aniso-
tropy,.or values of around zero, if R7 is alkyl or alkoxy,.
and they have a diminished positive'dielectric anisotropy;
if. R, is CN. |

In the compounds of the fermula (I), the alkyl

25 radical.R1 and the alkyl or alkoxy radical Rg can be



carpon radicals are preferred in which a nmethyl or ethyl group is present
' he 1-position, 2-position or 3- position of a |onger carbon chain, for
exanpl e 2-net hyl - propyl, 2-nethyl butyl, 3-nethylbutyl, 2-nethylpentyl, 3-
20 nethyl pentyl, 2-ethylhexyl or 1-nethyl Bexyl . If R6 is al kyl or

al koxy, the wing groups [err] and [err] together can contain up to 24
carbon atonms. straighitmchhdnsegpbrenchhd.presehf theenaddnalt hesetaadght-
pretgrred anongst these in which R and R6 together contain 3 to 14, in
particul ar 25 ghgdnsothat dgr Bensavods. 1$h@egbﬁéouﬁG§YéccBrEFﬁ@Y@o Bhe

I nvention are re- pared by a nethod which is. conventional for substances

of this type. PY y*hu§‘pﬁﬁ Y J(PrHﬁ§y31aPK9P8§¥Foh§x9PfY&5 nTPHBY&blBﬁenyls'

of the fornula,(la) are ohtai atln
gk g

4 (1rans-4- al KFFET2r oReRPAsS pﬁgnérgwaﬁgabsﬁ?ufs PP eReCHArBGLPFEBRY o
give the cogr e3poqdyn0, A RLlbo SATROKIYS Wi GReR 81EGAUEETNEE FEndenaM NO

com pounds an converte manner

according to S@:Bhl‘ﬁ%ﬂBsB@g%h' e&«gnbhedflmhgugmu enﬁouaﬂa( r R For ther
preparation of the 3 | uoro conpounds ~of he fornu a

4- (trans-4- al kythg¥cheasbeny usudlignaohbsRebie bf fchésfruﬁgek!‘bapng nd then
nitrated to the 3'-nitro-4'-acetam dobi phenyl derivative 10 which s then

converted by reﬁucﬁlonoamdlhxdapbyan&hEﬂtearbenSchélndlan1uohpphﬁd;lof
derivati ve. The § di - fluorobi phenyl derivative is then.obtained, in
turn, fron1thethatﬁbrmhﬁadKijoWu$ataobraneheﬂlwgnglghohbuﬁgopatasaade
thernal deconposi tion.

10 occasionally important due to a higher solubility in the
convéntional-liquid—orystalline base materials, but in
particular they are important as chiral_doping substances,
if they possess optical activity because of the chain
branching{_ | Such 6fanched wing groups do not contain

15 more than one chain branching. Those branched hydro-
carbon radicals are preferred in which_a-methyl or ethyl
group  is present in the l-position, 2-position or 3-

'position of a 1onger.carbon chain, for example 2-méthy1-
propyl, 2—mothy1butyl, 3-methy1butyl, 2fmethylpentyl, 3-

20 .methylpentyl, 2-ethylhexyl or l-methylhexyl. If RG is
alkyl or alkoxy, the wing groups R1 and 36 together can
contain up to 24 carbon atoms. Within the scope of the
present invention, those are preferred amongst these in
which R1 and R6 togéther contain 3 to 14, -in particular

25 4 up to 12, carbon atoms. |

The compounds accordlng to the invention are pre-
_pared by a method which is conventional for substances of
this type. Thus, the 4—(trans—4-a1kylcyclohexy1)-4'-

fluorobiphenyls of the formula (Ia) are obtained by



15 4 . The conpounds of the formula (1), wherein R is an alkyl or
al koxy group and one or two of the radicals R2 to R5 are fluorine, are -
prepared anal ogously fromthe corrrespondi ngly substituted nononitro or
dinitro com pounds. These starting met @ i-al s are obtained by 20
nitration of the 4-(trans-4-alkylcyclohexyl)-4'-(alkyl- or .

- al koxy) - bi phefiit&ating thee kﬁ’iog'ﬂ"r At itraRsort-rdird cycilehery 1) ebdphenyLs,

1 Xt of nitration.products c here be .influenced in_the direction, of
the i n_des ré‘&‘sbﬂ% il gy 12 33’& & r8°§ér|té8f‘i;gﬁ &L Ven&hfi cPErPSRONAIng

iti i i k f he |i . f .
exampl e the nacurSiite SRR Wb PR eBlen e th8 A" “ARungoPoRn:
the tenperat ur gouli@ Mdatclo%e%ehheggeg%}qﬂe%n%%P.t he ﬁﬁt 3l %gh The

desired products can then be separat i'n the conventional nmannei fromthe
resulting s - khQwn,Maklcwr@Ingf tos 8RN emahflBE12Mhe oL XnehyouRYy gghaphi ¢

met hods. - The, reduction of the nitro conpounds to the ami no conmpounds is
carried out by compotiedd.met hoder ftoe prapilrathyncairakyki g'hvdrggenabirgn, by
treatment with 5 aqueous dithionite or wth tin-I1 chloride and

hydrochl ori c aciotipoundshefSthiee farnulal £ Isynt bedi-§ tranki-kewlkglegelbed out
in a manner which is in itself known, for exanple according to one of the
process vari anhexydderdi'bamingbiphgayilc iReddrstnatetydbted Bn@l1848h, pages
193 - 228. 10 The dielectrics according to the invention consi st
of 2 to 15, pr@fdraged For $her3'codponcd sanpitenideblinbenyl Heaivashwe

fluori ne-cqnt ai ning cycl ohexyl bi phenyl derivative of the fornmula (I
The ot her ggns?ﬂ?ﬁgnég'then %onvgrte% by reduction and hydrolysis(i%to

the 3',4'-diaminobiphenyl derivative. Thg 3',4'-di-
f;uorobiphenyl derivative is then obtained, in turn, from
the latter by diazotisation, reacting with fluoborate.and
thermal decomposition._ | |
15 | " The compounds éf the'formula (I), wherein .R6 is
an alkyl_of alkoxy group and one or two of the radicals
R2 to R5 are flubrine, are prepared anélogously from the
corrrespondingly substituted mononitro or dinitro com- |
pounds. These stérting_materials'ére obtained by
20 nitration of the 4—(trans-4-a1kylcyclohexyl)-4'—(alkle
or'-alkoxy)-biphenyls. The distribution of isomeps in
the resulting mixture of nitration products can here be
influenéed in the direction of the main desired products
by a suitable selection of the nitration conditiohs which
25 are in themselves known from the literéture, for example
the nature and concentration of the nitrating agent, the
§olvent, the temperature, the duration of the reaction
and/or the catalyst.' The desired products can then be

separated in the conventional manner from the resulting



aregsel ected from anongst the nematic or nematogenic sub- 15 'stances from
the classes of azoxybenzenes, benzylidene- anilines, biphenyls, terphenyls,
phenyl benzoates or cycl ohexyl benzoates, cyclohexanecarboxyllc aci d phenyl
.or cycl ohexyl esters, phenylcycl ohexanes~ gpclohexyl - biphenyl s,

cycl ohexyl cyct ohexanes, cycl ohexyl napht hal enes, 20

1, 4: bi s- cycl oherixbereenes, idomerd| sfay céxdmpld hyp hetmydma t gdreaphic or
“cychpohexyl - pyri m di nes, phenyl- or cycl ohexyl - di oxanes, optionally

hal ogenat ed st iTESEPSs, benzlie predy¢tiomer s the | miteso aruhpalrsds tod ethe
cinnamic acids. , The nost inportant conpounds which can be used as
constituents 258MYRO| FOMPMRES st R ¢TI Pk thY cstasidand snethdsarfae

characterised b the f r mul a 1 - wherein A and C each are a

carbocyclic or |%”Fé#ﬁgﬁﬁéFEQF%&ﬁQﬁﬁ¥RFfrQﬁn??ﬂ?EﬂQﬂﬁ)Wiﬁ?nisind
i s P T B
2, 5-di substitut in dlsubstlt ted
napht Ih:lluefleI d f‘gﬁ&f)ﬁrl mﬂ&{ngﬁ ro nap %h%rger%geq%l n%?oﬁ%’(’elsa%c? ed

hyd
tg—lr:ﬁl(%l)) FO([?]glr p]adlﬂ':'ﬂ? aBné.r%[l%zﬂ'tjﬁ%h is in 1€ 'l%‘i w}f, f&fg:x%ple

‘[err] -NeN- 15 accditihg to one of[tﬁé]process variants described in
' "Organic Reactions", Volume 5 (1949), pages 193 - 228.
10 The dielectrics according to the invention consist
. of 2 to 15, preferably 3 to 12, components Which include
at least one fluofine-containing cyclohexylbiphenyl
derivative of the formula (I). The other constituents
are selected from_améngst the nematic or nematogenic sub-
15 stances from the classes of ézoxybenzenés, benzylidéne—
anilines, biphenyls, terphenyls, pheny; benzoates or |
_cyclohexyl benzoates;'cyclbhexanecarboxylié acid phenyl
or cyclohexyl esters, phénylcyclohexanes, cyclohexyl-
biphenyls,‘cyclohexylcyclohexénes, cyclohexylnaphthalenes,
20 1,4—bis-cyclohexylbenzenes, 4,4'-bis-cyclohexylbiphenyls,
phenyl- or cyclohexyl-pyrimidines, phenyl-'dr cyclohexyl-.
- dioxanes, optionally halogenéted.stilbenes, benzyl phenyl
ethers, tolanes and substituted cinnaﬁic acids. The
most important compounds which can be used as constituents
25 of liquid-crystalline dielectriqs of this type can be

characterised by the formula (II).

B ()= B

\

oy



or a G-Csingle bond, X is halogen, preferably chlorine, or -CN, and R an
R tare al kyl, al koxy, al kanoyl oxy or al koxycarbonyl oxy having up to- 18,
preferably up to 8, carbon atons, or one of these radicals can also be -CN,
20 -NC, -NO2, -CF3, F, :C or Br. -1 dlhost of these compounds, R8and R
are different from one, ano hgr one of these radicals being an alkyé gr oup
es. -

or al koxy groufPfReiBst 23 CRFReRIG aRi SATROSYCI RS RRViReEgReCYCl
sulysyituents, however, .are also. c n. Many such substances, or S
nisfires 25 tﬁt$§o§¥ss?@ EﬁhﬁﬁFiﬁgggvmaﬁg?lﬁﬁgﬁ?'?ﬂ@PH+%+%%tf1%§ accor di ng
to the inventi .taklpqa e e b -4 9 I n
parti- cul ar Ggﬂ§ﬁg§?lggkgg gﬁgﬁéﬁéhfféggtﬁéacg c%ﬁ%%%£%$'%%Eggbr%ﬂ?a_(l)
and (11).  ChiblbgtiBLels  8BbNeR)1! eBRbny1cycldhexanhhd By VG &Ry - and
in nost cases even 10 or nore parts by weight’, account .for one or nore

- conmpounds 0§ ta?gi@hexaﬁéasfréi:ems, 2,9bgi WD t@bed! SPrivi@inSesingOse
liquid- crystalline dielectrics to whi ch only less than 5 parts 5 by

- weight, for exangl g,8-dibradepaihgshy2yeigbsubetioite@r naphithadeneynds of

“the formula (1) have been added, for exanple for doping purposes. On the

. other hand, thdibpdpodndsdatetrdhydgroendbethaienéa uinazaolimeoand for up

. to 50 per cent by weight" of the dielectrics according to 10 the invention.

" Preferably, th&etrghydreayinazpilhnedi Bl &8trics according to the invention

rcontain 10 to 30 per cent by weight of one or nore conpounds of the for-
gnula (I'). The pr%ggr tion of t@&(&fﬁﬁgnrics according to

10 ~CH=CX~- -CH=N(O)~-
-C=C~ - =CH,-CH,~-
-C0-0- -CH,-0-

_-CO-S- -CHZfS-
~N=N- |

15 -~CH=N- .- -COOCOO-_--

or=a.C-C.sing1e bond, X is halogen, preferably chlorine,
or -CN; and Ry and Rg are'alkyl, alkbxy, alkanoyloxy or |
alkoxycafbonyloxy having up to 18, preférably.up to 8,
carbon atoms, or one of these radicals can also be -CN,
20 -NC, -NO

-CF3,'F, Cl or Br. In most of these compounds,

o
Rg and Rg are dif.f‘erent fr_‘om 61}1e another, one of these radicals
being an alkyl grouﬁ or alkoxy.grouplin most cases.

Otheéer varianté of the enQiséged substituents, however,
are also common. .Many such substances, or mixtures

25 thereof, are commercially available.

The dielectfics according to thé invention con-
tain,as a rule,at least 30, preferably 50 - 99, in parti-

cular 60 - 98, parts by weight'of the compounds of the

formula (I) and (II). of this, preferably at least



15 the. invention is carried out in a manner conventional per se. As a
rulfe, the desired quantity of the conponents used in a smaller quantity is.
di ssolved in the conponent representing the main constituent,

advant ageously at el evated tenperature. = 12 -If a tenperature above the
clear 20 point of the main constituent is chosen for this, the

conpl et eness of RELIPUIYOHERE 0cBRY HAMIRE AARKY RVER (3P QB 101] RAT so.
possj bl e, however, ¢ i X_sol utjops of the conmponents of the fqormula (1)
By i n A el raS Souit B S i HER SRR IR dtorhe St of or m

or netha- nol, , ter t ugh mxing, 1o renove the solvent. again, for
exanpl e by di s'{nlipga{:?gh undgﬁﬂér)e%%%]b%&p? s%f %_.9&%]?%%?]7 sttsa}?°§? r&ltlsq'%éct-essary
in this proced L oy A | r]%ggi | gﬂg;
substances ar e&&ﬂ&é&:&%@ﬁﬁ%ﬁ@@#%ﬁ he s%r} V%?’l]_ff_ e F%%?gs ryst?%l l'ine
di el ectricssacgprigéight? £6L XNRHT4 OB, £akb 0P JBekd e s gHY | abd Gone
additives in such a way that they can be used in all "hitherto disclo- 5

sed types of |éofUh6rer yohpduslds Pbaytid efefisla (I Adthid eservfaddds, togre are
known to those skilled in the art and are extensively described in the

rel evant |iteretample Fhor edaphe, putposSe0ssSi e the asithelr darad £ thyest uff s

or substances which are intended to nodify the dielectric 10 anisotropy,
t he vi scosity,cehpoents uat¢erdinganty othe htormubamt 6 ) orawfacdmame ner oip

phases. Substances of this type are described, for exanple, in Gernan
- Offenl egungs- &eh?P? fRen cenbooy weighbof sdre Pigbacyaics agaprdigg to
10 the invention. Preferably, the liquid-crystalline

dielectrics according to the invention contain 10 to 30
per cent by weight of one or more compounds of the for-
mula (I). |
The preparation of the dielectrics according to
15 the invention is carried out in a manner conventional per
.se.. As. a rule, the desired'quahtity of the components
used in a sméller quantify ié dissolved in the ccmponent
'representing the main conStituent; advantageously at
elevated temperature. If a temperature above the clear
20 point.bf the main constituent is chosen for this, the |
completeness of the solution procéss can be observed with
ease.
It is also possible, however, to mix solutions of
thé components of the formula (I).and (ITI) in a suitable
25 'organic_solvenﬁ, for example acetone, chloroform or metha—
nol, and, after thorough mixing, to remove the solvent
again, for exampie by-distillation_under reduced pressure..
of coufse, it is necessary in this_prbcedure.to take care

that no impurities or undesired doping substances are



2,450,088, 2,637,430, 2,853,728 and 2,902,177. 15 The exanpl es
which. follow are intended to explain the invention without restricting it.
‘In the exanples, mp. denotes the nelting point, and c.p. denotes the clear
point, of a liquid-crystalline subst ance iy$ degrees centigrade; ~ boiling

points are marked b.p. . Unl ess 20 otherw se stated, parts or _
per.cent age daténggﬂﬂﬁﬁeﬁaPYStBﬁ ﬁgiﬁﬁ?tOr per cent by weight. Exanple 1 (a)

1o\ag of (U ane & nepenuLeygl ehpRls bephenul oL L dOBES S,
o 200 SUL U Robip1 B! Bhol b G0 e1eh0G ol thot, LBELEEISL B

i.ce. Af t er gl RAWMR NG gyt - NnsafA-PaP | eyC i -
hexyl)-4'-nitrnggn%nyfymﬁﬁgﬁ ﬁ2§§c§§§tg?|?§%§ Bite hithento A1801Qr ed

of f and recpyskalll tgpdsf bem ehiaaobrystul. didpPayCePemdrifs. (D) Addibthdes
~normal pressure and at room tenperature, hydrogen is passed for one hour
into a suspensbfnthis3tgpb apt RAbwaAdtunthoseaskdblédOimoth®dartnand o
solution of 10 g of 4-(trans-4-n-pentylcycl ohexyl)-4'-nitrobi phenyl in 100
m of tetrahydavfueatensivelyTHescaibegsini Sheheelévantt diteraftarand t he
filtrate i s evaporated. The remai n- ing :

4- (trans- 4- n- pEaryeEenpdhRex§t) 18 pagbhbbephengfdi dighreder gyeatiftad from
petrol eum et her (boiling range 40 - 600); m.p. gerr],_c.p. 2150. (c% .

7.8 g of 4-(tr8ﬁsﬁﬂbﬁtﬁﬁﬁ?§lU?éFBhéR?I}Uﬁenﬁﬁﬁ o modify the dielectric

10 anisotropy, the viscosity, the conductivity and/or the

orientation of the nematic phases. Substances of this
_fype are described, for example; in German Offenlegungs-
schriften 2,209,127, 2,240,864, 2,3é1,632, 2,338;281, |
2,450,088, 2,637;430; 2,853,728 and 2,902,177.

15 .; Thé.examples Which follow are intended to explain
.the invention without restricting it. In. the examp;es;
m.p. denotes the mélting point,'aﬁd'c.p. dehofes the
clear point, of a_liquid—crystalline substanée in degrees
centigrade; boiling pbints are marked b.p. Unless_

20 otherwise stated, parts or percentage data denote parts
by weight or per cent by weight;

Example 1 ' o
(a) 5.3 g of 4-(traﬁs—44n-pentylcyclohexyl)-biphényl.'
are intrdducéd in portions into a warm mikture, at 40°,

25 of 5 ml of 65%'nitric acid and 6 ml of 96% sulfuric acid.
After the end of the addition, the readtion mixture is
stirred for 1 further hour at 60° and is poured onto 150 g
of ice.. . After thawing, the 4—(trans—4-n—penty1cyclof

hexyl)-4'-nitrobiphenyl which has crystallised out is



bi phenyl, are suspended in 5 nl of 36% aqueous hydrochloric acid. 15

Aft'er the addition of 5 m of dioxane, the solu- tion of 1.9 g of sodi um
nitrite in 7.5 nmM of water i's added dropw se at 0. | medi atel y
afterwards, and like- wise at [err], a soligion of 6 g of sodium
tetrafluoborate in 10 m of water is added dropw se. The precipitate 20

whi ch forns isfﬁﬂhbeeddodﬁfahﬂzrbomvs&hﬂéiseuefenm ethaheladdmtpon1m5°the_
fl ugri ne conpound, washed with ice water and dried in vacuo at room
tenperature. c¢.Pheldbi®ed pow. der is heated to 1200. . \Wen the evolutlon
of [err] has ceased the residue is dissolved in ethanol. 3.5 g of
25 4-(trans- 4{RIpent yVBPEroREXTR)]- BreseuseoBnghaly FosR ﬁﬁﬁpeggﬁuﬁﬁd c.p.
1540 crystalllse frcmthe solution. The foll ow.n aresgre ared analogously

4-(trans- 4- metny PECOneRy Prere F88r GBFphenyi nto @ stspension of 3

HUER L BRI DU T, P
4 (trans-4-n- b%&y|6¥%| -% %en&&ég&gg EQQXB 4'—n1trob1phenyl in

(trans-4-n- hexyl

4

4-(trans-4-n-h yGYy obi phe _
4-(trans-4-n- dggslggcﬁgﬁgxy¥%biér ffE’g‘(rg%blphen@}ﬂLe cdtalyst is then fil
4- (
4-

trans-4-n- dedeew oyel ahaxthk- 4~11ftw%oalspeeabbrar&éd. The remain-
trans-4-(2-net hyl butyl)-cycl ohexyl]-4"-fluorobi phenyl. Exanple 2 (a)

16.7 g of 4-(tiags44(rreest-y-ay-peatgivlridhexyd)euhybhipbbapheaye it rated-
I n the manner described in Exanple 1(a). The m xture of isoneric
nltratlon poo- recrystalllsed from petroleum ether (boiling range 40 -
60°); m.p.-132°, c.p. 215°. |
(c) | 7.8 g of 4-(trans—4-n—pentylcyclohexyl)—4‘-amino-_
biphenyl are suspendéd-in 5 ml'of 36% équqoﬁs hydrochloric'
acid. -

15 After the addition of § ml of dioxane, the solu-
tion’of'l.Q,g'of_Sodium.nitrite in 7.5 ml of water is |
added dropWise at'09: Immediately afterwards,_and like-
wise at 0°, a solution °f,5 g of.sodiumutetrafluOborate
in 10 ml of water is added dropwise. The precipitate

20 which forms is filtered off % hour after the end of the

addition of the fluorine_compouhd, washed with ice water

and dried in Vacuo at room temperature. The dried pow-
der is heated to 120°. When the evolution of'BF3 has
ceased, the residue is dissolved in ethanol. _ 3.5 g of

25 '4-(transA4-n—pentylcyclohexyl);4'-fluorobiphenyl'of m.p.
99° and c.p. 154° crystallise frcm the solution.. |
| The.following_aré'prépared analogouSly:
.4-(trans-4-methylcyclohexyl)-45-fluorobiphenyl,

4-(trans-4-ethylcyciohexyl)-4'-fluorobiphényl,

H_.

>
§



tol uene and is then separated by high-pressure |iquid chromatography on a
preparative scal e. This 15 gives 8.7 g of

4- (trans-4-n-pentyl cycl ohexyl)-2"-nitro--41sethyl bi phenyl and 5.5 g of

4- (trans-4-n-pentyl cycl o- hexyl)-2-nitro-4'-ethyl bi phenyl .- (b) The . =
nitro conpoundst{remEmed-aoqurabyigital dhexyll )o- 2 (-1 wwrobiehessd,, anal ogously
to Exanple 1(b), 20 to the correspondi ng am no conpounds and the latter are
convert ed analdbdhmn%n31ﬂ45ﬁhqﬁxicMhiphedeJ44(W{QMMbﬁbuigmsmyﬂ ,cycl o-
nexyl)-2'-fluoro-4'-ethyl bi phenyl of mp. 27, c.p. [err] and 4-(trans-

4- n- pentylcycldhéﬁmﬁm§?4ﬂnnhﬂﬁwﬂGMQHQHQmMﬂHemw -f3fuomap.iphenyil ,and c. p.

1070. The follow ng are prepared anal ogously: 25

ducts isgpoured inta ice water, filtered off and then dis- solved in (é}

Ll RS A e,
-(trans- ro Y - - |
4-(trans- 4- Bro 3A%Q£§QWQ ) oé?9¥ Hﬂ?ﬁ?yﬁ - 16-

e g b Cyawﬁ-:ry-ﬁgfefﬁa%&ao&% oSl gna
4-(trans-4-n- EZ’SE@‘{’% SR ame vy el Bt -4.'%%21%0"0%6“1-
smetic- nenatlcEt,{metlg)n [err], c.p. [err]

4- (trans-4-n-octyl cycl ohexyl) - 2" -fluoro-4' - met hyl bi phenyl, 10

4- (trans- 4- et hylaycl oheeyl?) 2-dt W(Q:r‘énsllﬂh-lﬂi-ﬂe?ﬂtgh%&)@lohexyl)-m

10 ethylbiphenyl are nitrated in the manner described in
Example 1(a). The mixture of isomeric nltratlon pro-
ducts is poured into ice.water, filtered'off and then dis-~
solved in toluene and is then separated by high-preSsure
liquid chromatégraphy on a preparative sdale, _'This

15 gives 8.7 g of 4—(tfans—4-n—pentylcyclohexyli—?’-nitro—
4;-ethylbiphenyl-énd 5.5 g of 4-(trans-4-n-penfylcyclo-
hexyl)—2-nitro-4‘-ethylbiphényl.

(b) The nitro compounds:prepared according to
Example 2(a) are reduced, anélogously to Example 1(b),

20 to the corrésponding amino compounds and the latter are
converted analogously to Example 1(c) into 4-(trans—4-n—pentylcyclo-
nexyl)-z'—fluoro—4'-ethy1biphenyl of m.p. 27°, . c.p. 104° and 4-(trens-
4—n—pentylcyclohexyl)-2ff1uoro-4'eethylblphenyl of m.p. 26°and.¢.p. 1079._

The following éré prepared anélogously:

25 4~(trans-4-ethyleyclohexyl)-2'-fluoro-4'-n-butylbiphenyl,
4-(trans-4—n—propquyclohexyi)—2'—f1u6r0—4'—n-propyl—
biphenyl,. _ _ | |
4-(trans 4-n—propylcyclohexy1)-2'-fluoro-4'-n—octy1b1—

phenyl,,



(}ran§-4 n- propyl cycl ohexyl )-2-fl uoro-4'-n-propyl bi - phenyl,
-(trans-4-n-propyl cycl ohexyl)-2-fluoro-4'-n-octyl bi - phenyl, 15
-(trans-4-n-butyl cycl ohexyl ) - 2 fl uoro-4'-n-butyl bi phenyl, .
-(trans-4-n-pentyl cycl ohexyl ) -2-fl uor o-4'ten-propyl bi - phe. nyl,
-(trans-4-n-pentyl cycl ohexyl)-2-fluor.o-4. -n-pentyl bi- phenyl, 20
-(trans-4-n- hép(ybamskéha*ybﬁyzeybmohexyl9nzbafyhbre-phenybutylbi-
- (trans-4-n-octyl cycl ohexyl)-2-fl uoro-4'-nethyl bi phenyl and

- (trans- 4- n- pphepydycl ohexyl ).- 2 2 '-difluoro-4'-ethyl bi phenyl, mp. -2,
p. [err]. 25 The follomnng exanples relate to I|qU|d-
rystalline d|éré§ranés4aac§¢atmécye phexyhveh! r6hUOFRafhro-RrapEl-
e

- (

(

_ =

uid-crystalline dielectric conposed of 24% of
trans- 4- n- pPéB VPEV&hohexyl) benzonitrile, -17- 36% of-

Utrane. 4B haSCSFEYErdnbrhtBERTSNPhrry D) aRa- T89pEp-4' -n-pentylbi-
4-(trans-4-n-p L giyclohexyl) bi phenyl - 4" -carbo- nitrile 5 has a nematic
range fron1[er§? ﬁ +700 and a viscosity of -3 -3

.28 x 10 Pa. s af ¢ 200sand, Qgepg%?gzgggggx?%)OQ._flhgrghg.Iﬁsguggﬂg%oned

conponent in this mxture is e sane quantity by we t " of
4- (trans-4-n- pgAbwy ey Chretic-nematic transition 52°, c. -P. 105°,

#bh—ophbbbhbbb

4—(trans-4-n-octylcyclohexyl)-2'-fluoro-4'—methylbiphényl,

10 4-(trans—4-ethylcyclohexy1)-2-f1uoro-4'-n-butylbiphenYl,
4-(trans-4-n-propy1cyclohexyl)-2-f1uoro-4‘-n—propy}bi-
phenyl,
4-(trans-4-n-§ropylcyclohexyl)-2-fiuoro—4'-n-octylbi-
'phenyl, | ' |

15 4—(trans-4-n-butyiéyclohexyl);24fluoro-4!-n?butylbiphenyl,
4-(tréns-4-n¥pentyl¢YC1ohexyi)—2—f1uoro—4'-n—pfopylbi—
phenyl, '

| 4— (trans-4—n-penty1cyclohexyl) 2- fluoro—4'—n-penty1b1-

phenyl, _

20 4-(trans-4-n-heptylcyclohexyl)-2-fluoro-4'-n-butylbi-
phenyl , |
4-(transJA—n—octylcyclohexyl)-2—f1uoro-4’-methylbiphenyl and
4-(trans-4-n—penty1cy§lohexyl)-2,2'-diflu§ro—4?-ethylbiphenyl, m.p. -2°,
c.p. 80°. ' | |

25 The following examples relate to.liquid- _
cryétaliine dielectrics according to the invention:
Example A

The liquid-érystalline dielectric composed of

24% of 4-(trans-4-n-propylcyclohexyl)-benzonitrile,

v\



hegyl)-%‘-fluorobiphenyl, the tenperature range cf the 10 nematic phase
changes 'slightly to a range from-10 to +650; the viscosity val ues, which
have a significant influence on the switching tines, in the dielectric
according to the invention, thus preparedjyare 24 x [err] 3 Pa.s at 200 and
only 68 x 10 Pa.s at O. - 18 - Patent.C ainms (For the contracting

'states : CH Dgy R A rdahsld-n lecycﬁoak@(ﬁ%ir)i('{i%%iadﬂ%g’ i s alkyl

cyal ohexyl bi phenyl derivatives of “the“fornu rein

having 1 - 12 L5opt o Rrdrss A nd¥tyh cyclohexyl) -benzonitrile and 6
.al koxy having 1 - 1 atons, CN or fluorine, and R2, R3, R4 and RS are

2 C
hydr ogen or fl ing, Wifh the provis hat_at |east one,  but not re than
two of the radtohl SERAT L PRSnA R BeReY L cior eempl) b ivtenel o Moprbos
cyclohexylbiphﬁg }iggrivatives of the formula (1) according to Caim1l as
conponent s of IéUI -crystalline dielectrics. 3. Li quid-crystalline

3

15

di el ectric yi tolwg ALnlPIE FhalhdrAbYSLEL! 100, FORPANENL Sy ghar gy egpsed in

that at |eaSt one conponen cycl ohexy phenyl derivative

formula (1) acggrgi pg~®opgl 8i gt 1204 ana 97EkefdTd-PRILCaL @ SP! ayr ehgarent
based on a liquid crystal cell, characterised in that it contains a |liquid-
'iigiailllne di ehetlheht 26688 dtBEpbReft aiM Bhid Iiidddrd 114 1degidddq It 11

- ~ the same quantity by weight of 4-(trans-4-n-pentylcyclo-

hexyl)-4'—f1uorobiphenyl, the temperature range cf the
10 nematic phase changes slightly to a range from -10° to
: +65°; the viscosity values, which have a significant

influence on the switching times, in the dielectric

according to the invention, thus prepa;ed, are_24 x 10'3

3

Pa.s at 20° and only 68 x 10™° Pa.s at 0°.



fluorhaitiger Cyclohexyl bi phenyl derlvate der Fornmel (1), Rs.

R6 R2 R3 R4 RS worln RL Al kyl mt -1id2 C Atonen, R Al kyl odor Al koxy
mt 1-12 G Atonmen, CN odor Fluor, und R2, R3, R4 und Rs Wasserstoff odor
Fl uor bodeuten, mt der Ma~gabe, daB m ndestens oiner, jedoch nicht nehr
al s-zwel der ResterR2.CIRiidd, (R Wc@ﬁtﬁcwﬂﬁ% Rededd engr,2bh, FATAGSICREeR T NL)
fl Cgsigkrlstalliner Delektrika. 2. FiGseigkrlistallines D ele trl’unyhit’

zvel oder mehr I Ossi -gifliusriaeéorsmaitingp oyeivhexyl bdpiseryt higrakarnesi 6inge, daB
m ndest ens ei |l ne Konponente ein Cycl ohoxyl bi phonyi deri.vat der Fornel (1),

R. fornula (I) " RERR R3 R4 RSwrin RAAkyl nmit 1-12

C- Atonen, Re Al cyl odor Al koxy ; CN odor Fluor, und R2,

A,, R4 und Rs Wasserstoff dYe 3 i
m ndest ens ei ner, jedoch nicht nek’ ‘ > oste R2, R3, R4, R und
Rs Fluor bedouten, let. 3. Elektroopti ¢ S Adfzei dool enent auf der Basis

ei ner Fl9sigkrlstalizelle, dad urch goRgnnBgi & nds daB es ein

‘fl Cssigkristallines D elektrikumnach Anspruch 2 |it. 11111111 111111 .
1111111211212113 4% e L * 1. Clhai g 4(for . the ntr.act i St at es:
CH DE FR GB%qeﬁel FlefN%&g§%rFﬁyégf fo-”ﬁz E atoms,cﬁ6 is aﬁﬂgl or

alkoxy having 1 - 12 C atoms, CN or fluorine, and R

An sptacy (fur den Vertragsataat AT) (As printed) 1. Verwendung (:El

2> R
R4 and R5 are hydrogen or fluorine, with.the proviso that
at least one, but not more than two of the-radicals R2,
R3, R4, Rs'and RG are fluorine. |

2. : Use of ‘the cyclohexylbiphenyl derivatives of

the formula (I) according to Claim 1 as componénts.of
liquid-crystalline dielectrics. |

3. | Liquid—crystailine'dielectrié with two or more
liquid;crystal;ine cdmponents,'charactefised in that at
leést one component is a'cyélohéxylbiphenyl derivative

of the formula (I).éccording to Claim 1.

4, Electrd—optidal display element based on a liquid
crystal Cell, characterised in that it contains a liquid-

crystalline dielectric according to Claim 3.

. * c L M s *



R ' (1) 20 wherei
[err] is alkyl having 1-12 C atons, [err] is alkyl or al koxy having 1-12 C
atons, CN or fluorine, and [err] and [err] are hydrogen or fluorine, with’
the proviso that at |east one, but not nore than two of the radicals [err]
~and_[err] are fluorine. 25 2. Use of the cycl ohexyl bi phenyl :

denj vatives of-the formula (1) according to Caim1 as conponents of
liquid-crystalline dielectrics. -3, Liquid- crystalline dielectric with two
or nor eAﬁnmd(quwtwhhumworp@cﬁeprmtedhar acterised in that. at | east one
conmponent |s a cycl ohexyl bi phenyl derivative of the fornmula (1) according
to O ai m 1. Verwendugg fiyeshaiiger Exdlohtryibpnegyidarvatacter Fermebd: on a 1iquid crystal

1. Cycl ghexyl bi phenyl derivatives of the formula (1) 15 E @

cell, characterised in that It contains a 30 I|qU|d crystalline dielectric
accordl ng to Caim3. Caijns P& - ng_State. AT) (As printed)
35 1. Use of the Cycl%he ANy . s of the formula (1)
wher ei n 45 [err] is alkyl gtons, [err] Is alkyl @f

al koxy having 1-12 C atons, CN or f|ﬂ0l‘lﬁle s[err] and [err] are
hydrogen or fluorine, wth the provi so that ‘at Peast one, but not nore than
two of §éwn radicals [err] and [err] are fluorine, as conponents of

| i qui d- cr ymtamyl mpa-1diceAteradn; i cs 50 2. Uquid-crystalilne dielectric
cont ai ni nwl aler Mkoxy rhit 802 G-Atamesi G bdeleFIuoompd)nent s, characterised in that
at | east cﬂem "!ﬁ" é | Maigabee, deB imjndegtenstefner. fedpstul a

(1) 55 Ff'% 'd“ i Fzrﬂg‘% 42 C atons, [err] Is alkyl
or” al koXy'y % fmﬁ s o 26l ddeb ﬁﬁﬁssigﬁ}ﬂtahiﬁ&”(o o, Taha e

hydr ogeghkswn GAEminddstens biNG KBnEdHee einGycloRdxylbIBRnyIdeHVaY, deb wérmepfl), NOr e t han
two of the radicals [err] and [err] arefluorlne 3. Electrooptical display

el enrent based on -a liquid cr tg‘l sed in that it contains
a65 liquid-crystalline dRel™@ ; 8 m 2. .
)

worin

Ry Alkyl mit 1-12 C-Atomen,

Re Alkyl oder Alkoxy mit 1-12 C-Atomen, CN oder Fluor. und
" Ry Ry, Ry und Rs Wasserstoff oder Fluor bedeuten, mit der Maﬂgabe daB8 mindestens. einer, jedoch
nicht mehr als zwei der Reste R; R;, R4 Rs und Rg Fluor bedeuten,

ist.
3. Elektrooptisches Anzeigeelement auf der Basis einer Fllssigkristalizelle, dadurch gekennzeichnet,

daB es. ein flissigkristallines Dielektrikum nach Anspruch 2 ist.
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0 0%1»738 Revendl cations (pour les Etats contractants: CH, DE, FR, GB, IT,
LI. NL) (As printed) 1. Dérives fluor6s du cycl ohexyl -bi phényl eo de fornmul e
I 5 R2 P3R4 R5 dans laquelle RI repr6sente un groupe alkyle en C 1-C
12. Rs repr6sente un groupe alkyle ou alcoxy en C 1-C 12. un group. CN ou
le fluor, et 15 R2, R3. R4 et R5 repr6sentent |'hydrogbne ou le fluor,
6t ants sp6cifi 6 qu' au noins un et pas plus de deux dos synboles R2, R3, R4,
Re 8t Re repoigine ior e Gontridting Stated.: CH DE, FRRGBOIT, DERL)IGS pHftdY)

cycl ohexybbi phényl e de fornmule.l selon la revendication 1. on tant quo
conposants de di gciabepibiphenyl derivatives ¢fithe formule flos. 3. D16l ectri ques &
cristaux |iquides a deux ou plusieurs conposants a cristaux |iquides.
caracteris6é 20 en ce gu' aud nMDI NS URA n dérivi du- .

cycl ohexyhk- blphenyle de fornul g, kg =Bp 1. 4. El 6nents
cristaux |iquides. @
‘caracterises on ce qu'ils contionnent un die iqde & cristaux |iquides
solon la revendication 3. 25 Rsvendl cat hRs (ﬁnnﬁhl 'Bgt at contract ant AT)
(As printgd)ypeeitt i|isation de dérivés fluores du cyclohexyl -biphinyle de-
formule |30 3@, i atkyrhaving 1-12°Catoms, R - R6. 35

2 RoR4 R5 Gaman&yaonmﬁokﬁhﬁingrmcﬁmmsmwa fiotine) andal kyl e ent 1-C 12, Rs
repr6sent o un Ra:ﬂ‘;@mw @fdb@gﬂ@mitb thq_PfQYISPZhai atieagt anahut @itimore than two of

fluor. et acdt ""“““P&R@ ﬁ'e?ﬂ Egs.n% }gg@ﬂ%grg 9:&""“&1;4@“% 6t antgft_

3
speci fi uq @WF
Rs reprisent enh ui lineSieldcite lwith UiRo Gpﬁmslﬂﬁlaéwstﬂﬁnecuoﬁlb&{eﬁis%ﬁo@ﬂsed in that

cristaux i qﬂlldiaSono%omBirﬁ farcyélomaxylbipHehyl idaxivativel of qpnel ﬁmlacmr&maﬁgt aivh DU

pl usi eurs corrpds%lemw-aﬁti@l displayelerhant) baseid on a liquid crystal cell, characterised in that it contains a
3o0- liquid-crystalline dielectric according. to Claim 3.

Claims. (for the Contracting State AT) (As printed)

35 1. Use of the Cyolohexylbiphenyl derivatives of the formula () o '
S 6 S O O -
- Re Rs R¢ BRg
wherein '
45 R; is alkyl having 1-12 c atoms,.

R is- alkyl or alkoxy having 1-12 C atoms, CN or fluorme. and
Rz, Rs, R,.and R; are liydrogen or fluorine, with the proviso that at least one, but not more than two of
the: radicals. R;, R;, R, Rs and R; are fluorine,
as components of liquid-crystaliine dielectrics:
50 2. Liquid-crystailine dieiectric containing two or more liquid-crystalline components. characterised
in that at least one component is a oyclohexylblphenyl derivative of the formuila: (l)

R, Rs R, Ry

wherein
60 A; is-alkyl having 1-12. c atoms.
R is alkyl or alkoxy having 1-12 C atoms, CN. or fluorine, and
R, Rs, R, and R, are hydrogen or fluorine; with the proviso that at least one, but not more than two of
the radicals Ry, R;, R,, Rs; and Ry are fluorine.
3. Electro-optical display element based on-a liquid crystal cell, characterised in that it contains a
-] liquld-crystalllne dieleotric according to Claim 2.
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car@ er¢se en co qu' au noins un conposant oat un derivé du

cycl ohoxyl - bl ph6nyl o do forrml el 45 R R)
60 ~ R2  R3 R4 Rs dans laquelle \KY,
Rl repr6sente un group. al kyI e on C1l-C12 55 Rs reprasento un group.

.al-kyl e ou al coxy en C 1-C 12, un group. G#’o'ﬁ Be quor et R, R3, R4 et RS

Blbk do. oux PIUPRSESHRED oot mp B S5Riarfanc o BRI b, LA RAP el < P

El 6ment i ndi cat eprmm,gqggrgggpw,gyggq&.m% dYeaue el | uI e a cristaux

.Iqu|des caract6ris6 en co qu' il consists on un dl 6l ctrlque a cristaux
Iiqui des s on |a revendication 2. 0f

R~ 2 )~ 0)~0)—
o . o )
;.:i- 10 Rz P‘3 R( Rs
| dans laquelle

R, représente un groupe alkyle en C 1-C 12,
_ Rs représente- un groupe alkyle ou alcoxy en C 1-C 12, un groupe CN ou le fluor, et
_ 15 R,, Rs, Rs et Ry représentent I'hydrogéne ou le fluor, étant spécifié qu’au moins un et pas plus de deux
des. symboles R; Ry, Ry R; et Ry représentent le fluor.

2. Utilisation des dérivés du cyclohexylbiphényle de formule | selon la revendication 1, en tant que
composants de diélectriques a cristaux liquides.

3. Diélectrlques a cristaux liquides & deux ou plusieurs composants a cristaux liquides, caractérisé

20 en ce qu'au moins un composant est un dérivé: du cyclohexyl-biphényle de formule | selon la

revendication 1.
4. Eléments indicateurs électro-optiques é base d'une cellule a cristaux liquides, caractenses en ce
- qu’ils contiennent un diélectrique a cristaux liquides selon la revendication 3. -

Revendications (pour I'Etat contractant AT) (As printed)
1. Utilisation de dérivés. fluorés du cyclohexyl-biphényle de formule |
m
35

dans laquelle '
R, représente un groupe alkyle en'C 1-C: 12, :
Re représente un groupe alkyle ou alcoxy en'C. 1-C.12, un groupe CN. ou le fluor, et
49 R.. R, R, et Rs représentent I'hydrogane ou le fluor, étant spécifié qu'au moins un mais pas plus de
deux des symboles R, R; Ry Rs et Ry represement le- fluor,
en tant que composants. de diélectriques a cristaux liquides.
2. Diélectrique & cristaux liquides contenant deux ou plusieurs composants a cristaux liquides.,
caractérisé en ce qu'au moins un composant est un dérivé du cyclohexyi-biphényle de formule |

45
U]
50
dans laquelle ' ' ' S
R, représente. un groupe alkyle. en C 1-C 12,
55 Rs représente un groupe alkyle: ou aicoxy en C 1-C 12, un groupe CN ou le fluor, et g
Rz Rs. Ry et Ry représentent I'hydrogéne ou le fluor, étant spécifié qu’au moins un mais pas plus. de
deux des symboles R;, R, R, Rs et R; représentent le fluor.
3. Elément indicateur électro-optique-a base d'une cellule a cristaux liquides, caractérisé en ce qu’il
&., consiste en un diélectrique & cristaux liquides seion: la revendication 2.
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