Liquid crystal 4-fluorobiphenyl derivatives This invention s, cqQncerned
with eertain novel 4-fluorobiphenyl derivatives. with a prtgekéa‘éﬂqﬁﬁi r
prepppalion, with their use in liquid crystalline di- electrics, and with |
el ectrig-optical display elenents 5 conprising such dielectrics. W. have
foun hat 4-fl uorobi phenyl derivatives of fornmula I: 10 '

[err] in which Xis -CO0- or -0-CO,Z is 1, 4-phenyl ene or

1, 4-cycl ohexyl ene, and R is al kyl, al koxy or al kanoyl oxy, each having 1 to
8 C atons, are useful as conponents of liquid crystalline dielectrics, in
particular for electro- 15 optical display elements which are based on the
principle of the twisted cell. Mxtures of conmpounds having a positive
dielectric anisotropy are,in general, used in twi sted cell displays.
Sui t abl e conponents of such m xtures are, for exanple, 20 esters, nobst of
whi ch, however, have only a | ow positive dielectric anisotropy.

p- Cyanophenyl esters have a high positive dielectric anisotropy,but it is
conbined with a relatively hirgh viscosity which restricts their
applicability. It is a particular advantage of the compound of formula |
that 25 they have a high positive dielectric anisotropy and a relatively

| ow viscosity. "Wen used in mixtures with other suitable liquid crystal
conpounds, they provide liquid crystalline dielectrics which have short
switching tinmes at |ow tenperatures. 5 - The 4-f1 uorobi phenyl
derivatives of formula | are novel and constitute an aspect of the present
I nventi on. - - -

Liquid crystal 4-fluorcobiphenyl derivatives

This invention is concerned with certain novel
'4-f1uorobiphenyl'defivatives, witﬁ a process for their
preparation, with their use in liquid crvstalline di-
electrics, and with electro-optical display elements
5 comprising such dielectrics. _
We have found that 4-fluorobiphenyl derivatives

of formula I:

] . F . X-Z-R | 1

in which X is -C0-0- or -0-C0.,Z is 1,4-phenylene or
1,4-cyclohexylene, and R is alkyl, alkoxy or alkanoyloxy,
eéch having 1 to 8 C atoms, are useful as components of
liquid crystalline dielectrics, in particular for electro-
15 optical display elements which are based on the principle
of the twisted cell. ' )
Mixtures.of compounds having a positive dielectric
anisotropy are,in general, used in twisted cell displays.
"Suitable components of such mixtures are, for example,
20 esters, most of which, however, have only a low positive
dielectric anisotropy. p-Cyanophenyl esters have a high
positive dielectric anisotropy,but it is combined with a
relatively high viscosity which restricts their applicability.
It is a particular advantage of the compound of formula I that
25 they have a high positive dielectric anisotropy and a relatively
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The conpounds of for,nula | are colourless in the pure state and formliquid
crystal i nefmesaphases.in a range of tenperatures which is favourable for

el ectro- 10 optical use. Preferred conpounds of formula | are 4'-fluoro-

bi phenyl * 4=yl benzoates and cycl ohexane carboxylates of formula la and Ib;.
Fb- O CO- B la 15 Fb-0-CO Cy-R -

I b i'n-which#Fb is a 4'-f|uorob|phenyl 4.y|2radical Cy is a :

1, 4-cyclohexyl ene radical, and Phis -a 1,4 phenylene radi cal.. Formul a | :
al so includes the phenyl 4'-f|uorob|phenyl 20 4-yl carboxylates of fornula

| ¢ and the cycl ohexy¥ ﬁseo&iu@robméuenlysed yh BEkbaNySs arBth 06 tHeF NAbac sl o
Fb- CO-0-Ph-R . liguid crystal ¢ o %e%r talli
Id in which R Fb, t§*ahd*Ph Fab SPMROUBIT b SPEY FF FEART ik auld crysta ine
the conpounds of f@:ﬁ%¢atricandhibhameV¢dshehbsswstehxmgstmmﬂs @t clow
preferred in whichelhSetdPuded. Substituents are in the trans- position with
respect to one another. In_the conpounds of formula |, the Rradical is 30

preferably strajjght chain B heflnerobiphenyh| derikysii ve et 9f | formiln oby| |
n-butyl, n-pentyl, are Sovyél andePdystitudein, adPddOXyE HdPYesent invention.

e propYl Xy, DUCY! oK, Bl Silan TSESPRLSIY i Teet ok LY B Ot
heptanoyloxy or, oqﬂan@y$bmye and -Berm liquid crystalline ‘mesophases in a
-range of temperatures which is favourable for electro-
10 optical use. '

'_: _ Preferred compounds of *ormula I are é'-;luoro-
b1phenyl heyl benzoates and cyclohexane caxr boxylates of
fbrmula Ia and Ib:. _

Fb-0-CO-Ph-R = . Ia
145 Fb-0-CO-Cy-R | R Y
in which Fb is a 4'~f1uorbbiphenyl-’-v1'radicai' Cy is a
-1 Q-cyclohexylene radicai, and Ph is a 1 é—nhenylene _
radlcal. ' . - :
Formula I also 1ncludes the phenyl 4'-fluo*oo;pheny?~
20 4-yl carboxylates of formula Ic and the cyclohexyl 4'-
fluorobiphenyl-b-yl carboxylates of formula Id:
Fb=C0-0-Ph-R o Ic
Fb- CO-O—Cy-R ' - T 1
in whzch R, Fb, Cy and Ph have the above-statqﬂ meanlngs.
25. ~ In the compounds of formulae I and Ib and Id, |
those stereoisoners are preferred in which the two 1,4
- ' substituents are in -the trans-p051tion with respect to
_ one another. - o a ' - L.
. In the compounds of formula L, the R radical is
30-preferably straight chain and 1s thus preferably methyl,
ethyl, n-pr opyl, n-butyl, n-pentyl, n-hexyl, n-~heptyl,
neoctyl, methoxy, ethoxy, n~propy101y, n—butyloxy, n-’
pentyloxy, n-~heptyloxy, n-octyloxy, formylexy, acetoxy,
' ‘propionyloxy, butyryloxy, pentanoylexy, heiénoyloxy,
.35.heptanoy102y'or octanoy1exy.' ' |



Conpounds of fornula | in which .the R group i s branched can sonetines be

f .importance in conventional |iquid crystalline materials because of their
H better sol ubili ty, ‘but they are of particular inportance-as 5 chi ral- dopi ng..
‘materi al s when they have optical activity due to the chain branching. In

' eral, branched R groups should contain not nore than one chain '-“1
-gjézchlng Preferred branched R groups-are isopropyl, 2- nethylpropyPJ
thyl butyl, 3-nethylbutyl, he?HyIpentyl 3- nethyl 10 pentyl

2- et hyl hexyl, 1- netbylhexyl 1- nethylheptyl' |sopropyloxy,

2- nethylpropyloxy, 2- et h Ibu | but yJ.oxy. met hy Ipentyloxy,
3-net hyl pent yl oxy,C 3P e‘f’hy"f he’St< #oxy 1:1 *re? ’h‘e% 433& ngxﬁﬂa'f‘ﬁ fiept yl oxy;

i sobut yr yllwanciadratadty | sometimes be Sofmtmtbtﬂrwylmyqorﬁvexi&onal : '
~ethylbut yryl aida il éﬁ’iﬁtﬂé’%ﬁ@é%a]?s ‘bedade omxmdr dﬂpre%goy' oxy and 2-

or 3-ethyl pent anoyloxy R groups contain 1 - 8, rably 3 - 5,
.C atons. A9dpPiGddips Bitte, thq«y gufered P%ﬁ*é‘f‘@ﬂ%'ﬂ ’c‘@i’%ﬂ'k‘ﬂk@eaﬂi al kanoy! oxy
- grOUIOS~52Q:h1ra1 dopiGid il tir {1 ARt e Tt P atdvofopticd DViadii Wiyt here is
provi déd- oces for t.he agP ration of a co ourb%‘vf foc{rgjlal whi ch
conpri ses ctﬂ n3’ }{}' e of FhrEfer pnche Rlerr]
-COOH ™ groups should contain |Ho$ montd cthe} eomd chaiz at)rancliﬂlg.] or (b)

R z- d ) o _
R o B ARSI SIS 2SO 1 Y

-H in \A/n|2cllﬂe|¥[hé“r]{h]utylr n Tamathydbutyl R Zeme thyinentle (bmethy -
, and NGhesr thav,e 2RANIARBaMS sﬂ.@;mmms 1_@&‘,@1};%1;})@ deri vat I ve
thereqj isopropyloxy, 2-methylpropyloxy, 2-methylbutyloxy, 3=~
methylbutyloxy, 2-methylpentyloxy, 3-methylpentyloxy, 2-
ethylhexyloxy, 1l-~methylhexyloxy, 1-methylheptyIOXy,
isobutyryloxy, 2-methy1butyrylpxy; 3-hethy1$utyr§loxy; 3-
45 ethylbutyryloxy, 2-ethylbutyryloxy, 2-, 3- or h-methyl-
pentanoyloxy and 2- or 3~ethylpentanoyloxy. All R
_ groﬁps contain 1 -~ 8, anqureferébly 3 - S, C atoms.
Aikyl groups re,'in geheral, preferfed to alkoxy and
alkanoyloxy groups. ' .
20 "According to another aspect of the 1nvention,
there is provided a process for the p-eparat1on of a
¢ompound of formula I, which comprzses reactlng a carboayliic
acid of formulh II:

25 rl-coon S II

in which R‘ -i_é (a) F Q ~\ / -or (b) R-2-,
".and R and Z have the above-stated meanings, or a reactive

derivative therebf, with a hydt@ky compdund of formula III:
30 . ] O . : _
nRz-OH S AR III

in which R s in case (a). is R-Z-, or in case (b), is

-F .. _— , arl;d R an&-z ha\_ré_ th;a_

35,#bovg-stated'meénings, or a réacfive'derivatiQQ.thereof.



This esterifi'cation reaction can in principle, be carried out under
conventional condi'tions as described in the literature (for exanple, in
sdch standard works as Houben-Weyl, Methoden der O’gani schen Chemie
(Methods. 5 of "Organic Chenistry), Georg-Thiene-Verlag, Stuttgart). Use can
al so bey
nmenti o _
formed™efi. situ in such a manner that they are not isolated 10 fromthe
reaction mxture, but are imediately reacted further to give the conpounds
of fornula I. Particul ar fhisues&bréficatipnerdecitiani cen dh phincaphexylic
aci ds of formul a,Ll ;L.he i i Rat LGyl Y hl gr.i;de

brom des, and thklgggﬁﬁ§§rf gsgnPE%Igg?ﬁsgﬁﬁkgg?agh§§%% gggokgthgggggﬁgFa
Rl err]-CO O CoCcHiBr the Aitgratunad(€srepzamphepaini sUFhr siprgprdsverks

having 1- 4 C at agsHbGbeRewalLy! MOtAURenPaLE Ovkank ¥cAUL! BRbAiLCRALLMBAs
derivatives of th | cohol s .or noLs g orgg a aie corresgqndlng
2 20 metal aldohBF aPEEBH CpRERBEAEEY) of CCRESr APHERA-KPELFEs CREUERERREGR M

i s one equival enVsef cannalab, bprsadeabfypaacaskavariahal, wiilch ase NRnownK.
The esterificatign.ig,adyget S caLki Ul LR fhe.RLessnee. of

i'nert sol vent., SgTTa%Fé gg?vgﬁ?gugé¥?ngFEdggngg%nggaﬁglggfgtﬁgggfgsﬁggeés
di et hyl ether, di-n-buty¥hetREartingraayerbrisanand bladesired) sbee;

[err]etones, sUChoAsie@CLh0BELtubYHABRER &' maNALANEKABOBRey A 8680t SHED1 28 ed

di met hyl f or mani dg -or phosphort ¢ hexa-. nethy)triam de; hydrogarbons, such -
a; ben%ene,t*ﬂté&@p3ggﬁrpﬁ9fth8? éﬁﬁFBﬁ%ng%%glﬁ?ﬁrbﬁﬁ?ﬁ%ﬁE?fguﬁﬁﬁﬁﬁee;rbon

_ . further to give the compounds of formula I.

- Particularly suitable reactive derivatives of the
qarboxglic acids of formula II are the acid hélides,
particularly the éhlorides and bromides, and the |
15 anhydrides, including mixed anhydrides of_thé fofmﬁla

- RI—CO-GQCOCHB, azides, and esters, in.particular alkyl_
.esters having 1 - 4 C atoms iﬁ thc-alky1 groupe.
.Particularly“suitahlg reactive &érivativeé-of the
alcohols-or=phenbls'of formula III are the corresponding
20 metal alcoholates or phenolates of the formﬁla'R2~0M,'in
~ which M is'bhe'aquivalent of a metal, preferably an
alkali metal, such as Na or K. | |
'._ - The esterification_is-advantagéoudly carried out
in the presence of.an inert solvent. Suitable solvents
25 inclﬁdei for example: ethers, such as diethyl ether,
di-n-butyl ether; tetrahydrofuran, dioxan or anisele;:
?efones, such as acetone, b#ténbne or gyclbhekénane;
amides, such as dimethylformamide or phosphpric hexa-
’ methyltriamide; -hydfocarbons. such as benzene, toluene
30 or xylene; halogenated'hydrdcérhons, such as carbon
tetrachloride or tetréchldroeihylene; and sulfoxidés,_
such as dimethyl sulphoxide or sulpholane. Solvents
which are imﬁiscibie"with water can advantageously be
‘used at the same time for'aZeotropic reNOVal'éf the

35 water formed in ﬁhe esterification. If appropriéte,”an'

. © e mm et e et e S g TS} Y S e " .- R A I L 5 it aas SR 1

de of- process variants which aré known per se, but which are not
f in nore detail here. The stawtigng materials can, if desired, be ..



w

: tetrachlorlde or tetrachloroethylene and sUIfoxides 'such as di net hyl
sul phoxi de or sul phol ane. Sol vents which are inmi sci bI e wth water can

\dvantageously be used at the sane tinme for azeotroplc renbval of the 35° e
»ter formed in the esterification. |If appropriate,.- excess of. an

o. ic base, for exanple pyridine, quinoline or trlethylan1ne can ngused

al he solvent for the esterificati gn~ The esterification can also be
carrled out in the absence of a solvent, for exanple by - simpl’y 5 heating

the reactants.in the presence of sodlun1acetate The reaction tenperature

i s suitabl yekcess- 86 ap ezEentc kadepr dioer gxappleopyridime ,+8pfisrallide At

~these te”peBﬁt%EﬁéthghﬁmﬁﬁkerbEhC%B'QQeGﬁ%Qt&Q% b%lg%ﬁﬁr?%ry ggnplete in.
from 15 m nutes tq 48 hours ..The specific erred reaction

condi ti ons FBFthgiﬁéFéPPflcgpPoﬁsﬁéfééPfa&éﬁén&aﬁnaﬂﬁ@ Re gagrdfed he

starting., nabﬁtlahstnsedbseIBBSpflh balgeaeratby a&ah©QEEGthﬂMﬁmﬁ a free
car boxy[i Ci r th an, al cohol of for lLa 111 in
the pres cg o? %gspggﬁ§t58$ﬁ *For hgxgnﬁfgﬂﬁe %% F3F1§& oF@® as
hydrochl oric or sulﬁherreaa¢19n Aepperemneé enbeduwahﬂyoﬁrbhe-ﬁD@bess is to
react am. ackg aﬁgwﬂel dgn@r prb@ep%&yw}% §6°a‘£%0+%'°%“ d

£Wigh)
al cohol ;- preferabl y-in a basic medium which r ef era%l prOV|ded by
an alkall nE?%Peﬁ? BiFdethguﬁﬁt§§1§6&PﬁﬁPBrrﬁét&é??uﬁﬁhﬁ&?&%ﬁéér an al kal i

netal carboséhmpletebifnarbemals, mitakess t604BURbGREBRONAt €, sodi um :
bi carbongt e, potass Hn1carbogate ar ota sium |carbon an al kali netal

-acetat e,“Such as so PBFC2 ﬁoFagg AR ScEPAFEL OB °8R %ESFFn Farth met al

hydr oxi de, the esterification largely deperid on the nature of the
| ' starting materials used. Thus, it is generally preferred
to react a free carboxyllc acid of formula II with an
“alcohol or phenol of formula IIX in the presence of a
15 strong acid;.for example a mineral-acid,-sueh as
- hydrochloric or sulphurlc acid.,

A preferred embodlment of the. process is to react
an acld anhydride or, in par;mcula:, an . 301d chlo*lde
with an alcohol, preferably in a basic medium, which is

20 preferably provided by an alkali metal hydroxide, such
as sodium or potassium hydroxide, anialkali_mefal
carbonate or bicarbonate, such as sodium carbonate,

sedium_bicarbonate, potassium carbonate or potassium

bicarbonate,-an alkali metal acetate, such as sodium or
25 potassium acetate, or an alkaline earth metal hydroxide.

such as calecium hydroxide, or an organic base; such as

e _ triethylamine, pyridine, lutidine, collidine or
- quinoline. : _ . - o
. Another preferred embodxment of the process

30 cemprises 1n1t1ally_convert1ng the hydroxy compound of
formula III, whieh ie to be esterified, into the corres-
ponding sodium or potassium alcoholate or phenoiate,;for
'example_by treating with-ethenolic'sodium or potassium
hydroxide solution, isolating the latter and suspending

" 35 it, together;with SOdium'bicarhonate.orfpotdssium




such as cal ci um hydroxi de, or an organi c base, such as triethylan ne,
.pyridine, -lutidihe, collidine or quinoline. Another preferred enbodi ne of
T,he process 30 corrprl ses initially converting the hydroxy conpound of '
formula 111, wiich is to be esterified, into the corres- ponding sodi um or

. pot ass{ aI cohol ate or phenol ate, for exanple by treating with ethanolic
sodi u*m pot assi um hydr oxi de sol uti op, ¢l solating the latter and suspendi.ng
35 it,™oget her..wi th sodi um bi carbonate or potassium carbonate, with
stirring, in acetone.or diethyl ether and adding to this suspension a

sol ution of thecagbdnahborwﬂehostﬁﬁhyﬂgudenlacdtehbybreahsih 8CgkRRE O
dlmethylformamde fera t aterrg tueo %to +20[err]C

The starting ma?erl a S+ of 8 35T PPERE P2 811’*\%?? ?‘Esﬁléﬁt?‘ﬁé
derivatives ar eclﬁboride mosanpmdtiﬁaoim diénhyjlaetnert haye tome N6+ known

they can be premedhymp,uamﬁaa syaivxrpm;tg@dar@ﬁ.pgg §E3ES bF Hoproanic.

chenmi stry from knoyn congo ygnds. According to a fur aspec
‘invention, {Berz@?s pPot¥Bel-a I|qU|d crystalline dielectric for an

el ectro-optical di spl awwéeﬁeaftlmglﬁbtsﬂmsseﬁ ﬂ&rd:@.ﬁ&é Preag@npegnd of
formula- 1. 15 venti on nmay

the:;I'he d| eI & Irl c a:gco#g % tzc_)
consi st ‘of 2 to 15, “pref ef apf Valek Gl ) Ve o ‘Hu ﬁg‘“‘é’?tl@!%&'{‘ one
conmpound of forkm#!ani 11T$mf0th©$ tlmeustareuemows lanwmemaylcamrb@enat ogeni c

compounds fom gs, £k A8 SeSebud b lines,. 20
bi phenyl's, ter I%1eny| S, pheny ore pf%f%sb%eﬁg%%‘#e‘gg%éesses in”
o . 10 organlc Chemlstry from known compounds.

Accordlng to a further aspect of the 1nvent10n,
there is prov;ded a liquid crystalline dielectric for_an
electro-op tical dlsplay element, whzch comprises at
leagu one compound of formula I. _

15 The dzelectr;cs according .to the 1nvent10n may
consist of 2 to 15! preferably 3 to 12, compounds,
including at ;east une compound of formuia I. The other
conétituents‘are'neMatic or nematogenic compounds frcm
the cla:ses of azoxybenzenes, benzylldeneanllznes,_

20 blphenyls, terphenyls, phenyl or cyclohexyl benzoatps,
phenyl or cyclohexyl cyclohexanecarboxylates, phenyl—
cyclohexanes, cyclohexylbiphenyls, cyclohexylcyclohexanes;
cyclohexylnaphthalenes, 1,Q-b;scyclohexylbenzenes; 4,4
bisc&clohex&lbiﬁheﬁvls, phenylpyrimidines or cyclohexyl-

25 pyrzm;d;nes, pnenyldloxanes or cyclohexyldioxanes,
stl?benes which may be ‘halogenated, benzyl phenyl ethers,
_tolanes -and substltuted clnnamlf ‘acids. The most 'nportant
compounds which can be used as constztuents ‘of liguid
crystalline dielectrics of thls type are of the formula

- 30 IVSI '_.. | . ' o ) v' . o

R*-c-B-p-R2~ .. v

~ in which C and D are each a cafbocyclic or heterocyclic
rzng system selected from 1, 4 dlsubstltuted benzene and
cyclohetane rings, 4'-dzsubst1tuted blphenyl,

35 phenylcyclohexane and cyclohexylcyclohexane systems,2,5-



phenyl or cycl ohexyl cycl ohexanecar boxyl ates, phenyl- cycl ohexanes;

gycl ohexyl bi phenyl's, cycl ohexyl cycl ohexanes, cycl ohexyl napht hal enes, .

, 4- bi seycl ohexyl benzenes, 4,4'- biscycl ohexyl bi phenyls, phenyl pyri m di nes
Oor cycl ohexyl - 25 pyrim di nes, phenyl di oxanes or cycl ohexyl di oxanes, )

st nes whi ch may be halogenated“_Q£nzyI phenyl ethers, tolanes and-_r
sul tuted cinnam c acids. The nost -nportant conpounds mhlch can 'be used
as constituents of liquid crystalline.dielectrics of this type are of the

E?r”g|a 30 |His?b@%ﬂtuﬂ&d3#§ﬂﬂmydﬂ$e and 1,3-dioxane rings, 2, 6\/hnth|Ch
and D are ac a .carhocycli etero cC ri stem se] ecte rom
1,4-disubsti ﬁﬁgbéﬁﬁy %ééﬂ%ﬁﬁ%hﬁgquﬁﬁ?aéyi AR RY tuted
bi phenyl , 35tphemww§pdndﬁb@haiqnui(qnﬂniupﬁﬂnguanﬂumewnahmﬁndﬂniﬁhiblzne,

-7- disubsti d pyrimdine and 1, 3-di oxane rings, 2,6- disubstituted -
. napht hal ene, dlhydrona ht hal ene and tetrahydronaphthalene qui nazol i ne and
tetrahydEQQU|nazollnecﬁBQHy CH=CH -N(0)=N+\( 0) =N- - CH=CY-
-CH=N(OQ -~ -GG ~CH=CY- -CHerr] - CH[-Q‘JH:]N(‘O)COO '
-CHerr]-0-CO S - ' . -CHerr]- S— - CH=N-

-COO- Ph-GOO- or a C—Cc§chgle bond, Y i haloge fﬁﬁerably chlorine, or
-CN, and .R and R ar€0=lyl , alkoxy alkanoyhamaéqm; al koxycar bonyl oxy,
having up to 18, pref%bagly up to 8, carbon at@gs -r- one. of t hese radicals

is also -CN, -NC, - .
10 -CH=N- N . . -coo -Ph~C00-

or a C-C single bond, Y id halogen, preferably chlorlne,.
or -CN, and R1 and R2 are alkyl, alkoxy, alkanoyloxylor
alkoxycarbonvloxy, having up to 18, preferably up to 8,
carbon atoms, or éﬁe of fheée-radicals is aiSq.-CN, ~NC,
15, ~NOy, - CFy, F, C1 or Br. In.mpst-of these compounds,
R! and R? are different from one another, one of these
radicals be_ng an alxyl or alkoxy group in most caseé.
‘Subistituents other than thos= Mentidned.aré,howeVef;-also
conmmon. Many suéh SubstanCeS, and mixtures thereof, are
50 commercially available. |
"The dielectric according to the invention
preferably'contains.ffom 0.1 to 30, in general at least
5, and more preférably_id - 25, % of the c&mpéund(s) of
formula I. HoWever:'thefinyention also;comprises'thosé
25 liquid crystalline dielectric¢s which contain less than
5%, for example O. i to 3%, of one or more compounds of
formula I, for example fo“ doplng purposes. o
~ The preparatlon of the dielectric accordlng to
the invention is carrled out in conventional man=er.
' 30 In general, the desired.émount of “he minor components -
is dissolved in the main constituent, pre;efably af an
T elevated temperature. IiIf a temperature above the clear
" point of;the main'cohst1tuent_;s used for this procedure,
the comélefion of dissolutibﬂ.can be'observed With' |

35 partibularjease."
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15 -NJerr], - CF[err], F- C or Br. In most of those conpounds, Rl err]
and Rlerr] are dlfterent fromone another, one of these radicals being an
al kyl or al koxy group in npbst case-s. Subst i t uent s ot her than those

menti oned are, however al so common. Many such substances, and mi xtures

t her eofyw.sare 20 commercially available. The dielectric according to the
invention preferably -contains from0.1 to 30, in general at |least 5, and
nore preferably 10 - 25, % of the. cowpdbnd(s) of formula |I. However, the

i nvention al so conprises thase 25 liquid crystalline dielectrics which
contain |l ess than 5% for example O 1 to 3% of one or nore conpounds of

formula I, for exanpl e Thsr @iy cpusiadddneridd edesaissi encordihg to
drelectrlc euxxxukrnhﬁéhﬂﬂua bameﬁblaBdh$1@@rmwthQUhdHEtQQRVQQt'Ona|
manner. 30 In qgner the esired a the _m nor conponents is

di ssol ved in t AE ﬁ@ﬁtlinEFEerW?ythéﬁ &heyaran PEnﬁéF&turé
1f a tenperatunelaﬁdwéuuhm.¢U@as pﬁlﬂhq@ﬁdtheym&hn amspnayuemmeﬁtused for

this procedure, the CO@R#%&%?Q Eggglu 9“t g gsgrvgd ﬂkth 35

particul ar ease. crysta |ne rics accoralng to the
i nvention can B mﬁﬂQQ<§#1B}thénaéhPtP6ﬁ Gﬂdsérﬁabkéeaddvelyedesnrsbeu

way that they qzmub@ U\%QthﬂtahhtKPQ%rE¥pe?09f e&hauud cg¥sial pdsﬂ){;ﬁl
el enents. Suit e g: ves f r this ;gose are known to those skilled
the art and ar. fﬁ%n Vlae ¥EELel Fﬂ Runds) ¥high prectateRded ror

~exanple, it i'stposoidilfy theaddellecbrdtCafdyes tpbpgQNERENUSsYbEL by A €he

i nt ended 10 conductivity apd/or the oriénfation of the nematic |
phases. Additives of these kinds aré'described, for
example, in German OLS 2,209,127, 2,240,864, 2,321,632,
2,338,281, 2,450,088, 2,637,430, 2 853 728 and 2,902,177.

In order that the invention may be more fully

- 15 understood, the following examples are glven by way
of illustration. o _

In the ek;mples, m;p._denotes the mélting poih;,
and c.p. dénofes the clear point of a liquid crystalline
compog#d. All parfs or-beroentages are by weight; all

20 temperatures are given in degrees Celsius.
Example 1 -
A solut1on of 18.8 g of trans- 4-propylcyclohexane-
carbonyl chloride in 20 ml of toluene is added dropwise
_ to a solution of 18.8 g of 4'-fluoro-4-hydroxybiphenyl
25 and 8 g of pyridine in 25 ml of toluene and the mixture
is  heated, with stirring, at 80° for 20 hours. After
-  cooling, water is addéd, the phases are separated,-the
organic phase is washed, evaporated and 4t'~fluorobi-
phenyl-&-yl—&rans-k-propylcyclohexane) -carboxylate is
30 obtained, MmePe 96°, c.p. 174°.
Examples 2 to 100 _ o _

The following compounds are obtained by esterifi-
catlon ‘of the correspond1ng ac;ds by the procedure of
Example 1:

35 2. 4'-fluorob;phenyl-Q-ylitrans~4-methylcyclohexané—

n_-_



Q nodify the dielectric anisotropy, the viscosity, the 10 conductivity
gid/ or the orientation of the nematic phases. Additives of these kinds are
¢scri bed, for exanple, in German QLS 2, 209,127, 2,240,864, 2,321,632, ’
, 338, 281, 2,450,088, 2,637,430, 2,853,728 and 2,902, 177. |In order that the
invention may be nmore fully 15 understood, the follow ng exanples are-§i-ven
by way of illustration. In the examspBes., mp. denotes the nelting point,
and c.p. denotes the clear point of a liquid crystalline conpound. All
parts or percentages are by weight; all 20 tenperatures are glven in
degrees Cel si us. ExafiprBoX¥hager ution of 18.8 g of
trans- 4- propgtcycl 0hQXaﬂﬁuoﬁabbﬁfi&hyih‘tﬂ{rl-d@rhﬁs2@-&h?ic}@ib‘ﬁ@fahé) -added
dropwi se to a solution g ﬁ of fluoro- 4- hydr oxybi phenyl 25 and 8 g
- of pyridine in 25 n1°8f PBY0BAE and the nmixture is heated, with stirring,
at 80[err] fé#r 20 hohrsflﬁbrebzpheh?hg& y@&&wahs-hddeﬂyléhelaheﬁeﬁeﬁue
- separated,sthe organ&grgggff washed, evaporated and 4'-fl uorobi -

phenyl - y? trans-4 cycl ohexane % carboxylate is 30 obtained, mp.
960, c. p 1720. Exank 'zomb&mermb- nﬂvamgsc’emm;cmbohmmned by
esterlfl- cation of gggbg igeeondi ng acids by the procedure. of Exanple 1:

35 2. 4. -fluor pl tran t hyl cycl ohexane - 9-
carboxylate 63 Q ?fﬁ%¥ %%%ﬁ&f'i-ﬁ}qgf?%igy l%RW®¢EW-?%Mékbﬂe)-
cyclohexane)-carboxylate. o . _
10 7. _4'-fluorob:.phe_nyl-li-yl-(trans-‘i—hexylcycIohéxa_nej;_

7
{ .



-car boxyl ate. 4. 4' -fl uor obi phenyl -4-yl - (trans-4-butyl cycl ohexane) -
carboxylate. 5.~ -~ 4 '-fluorobiphenyl-4-yl-(trans-4-pentyl cycl ohexane)
_carboxylate 6. * 4'-fluorobiphenyl - 4-yl - (trans-4-(2-nethyl butyl)-
‘cycl ohexane) - carboxylate 10 7. o '
4' -f| gor obi phenyl -4-yl - (trans- 4- hexylcyclaﬁbiane)
4' - f Lddr obi phenyL- 4-yl - (trans- 4- hept yl cycl ohexane) -
4" -fLuor obi phenyl - 4- yILGFP&ﬁyléthtylcyclohexane)

fngggxgaégrbégpate 4;}TL4QZ%QBQQ%% y{-lLyﬁt&qgﬁ544L¥é$¥ynﬂiﬁﬂﬂﬁﬂﬁandaﬂl

4' -f Luor obi phenyl - 4-yl - g» ans- %thoxycyclohexane) car boxylate, 10 12Q
- 4' -f Luor obi phenyl - 4- yI ?xi et Hoxycycl ohexane) - carboxyl ate. 13.

4' -f 1 uor obi phenyl - 4-yl -,(str ARGyl h@mﬁﬁ@—4<&ﬂ&¥b@yeﬂqhem;ne)—
4f-fluorobiphe3%I-4 yl %tré&s }lmncmycyclohexane - 15

carboxylatg. zrc;45gyfﬁyﬂynenyl -(trans-4- pentyloxycycLohexane)
car boxylLat 4-1 Lubr obi phenyl - 4- yI (trans 4- hexyloxzcyclohexap

car boxyl at e. 2q° 17. 4v=-fluorcbiphenyl- A-yl—&rans-A ( ltheptyl

4--f|uorob|phenyl 4-yl - (trans-4- heptyl ox cyclohexane) carboxylate.
: _ ¢yclohexane-carboxy. ate.

10 carboxylafé  8.
carboxylate 9.

51 ' 4'-fluorob1phenyt k-yt-&rans-4-methoxycyclohexanm-

carboxylate.

10 12 . 4'-fluorobiphenyl-4-yL—&rans—k-ethoxycyclohgxane:
carboxylate.
13 4'-fluorob1phenyt 4=y~ &rans-4 propoxycycLohexane -

'carboxyLate.

14 4'—fluorob1phenyt 4-yl &rans-k butoxycyclohexane
15 i carboxyta:e.
. _ | s
15 .4'-fLuorobipheny}-k-yl-&rans-k-pentyloxycycLohexan@_

carboxylate.

16.: _-4'~flu6robiphenyl-4-ylf&ranSfAfhexyloxycyclohexane;

carboxylate.

20 17. 4‘-fluorob1phenyl-4-yL%trans-&-héptyloxycyclohéxane)—
carboxylate. o
18. :4'-fLuorob1phenyl—k—yb{trans-4-octyloxycycLohexand—
:carboxylate. _
19. | :4'-fluorob1phenyl-&-yl—&rans-h formyloxycyclohexand—-
25 o . “carboxylate. | |
20. 4'-f(uorobiphenyl-4-yl-&(ans-k-acetoxycyclohexgne,
-carboxylate.' i
! . \
21 4'-fluorob1phenyl-k—yl~&rans-b—propionyloxycyclohexane,

carboxylate.



18. 4'-fluorobiphenyL-4-yl-(trans-4-octyl oxycycl ohexane) - carboxylate-

18, . 4' -fl uor obi phenyl -4-yl -(trans-4-fornyl oxycycl ohexane) -

boxyl ate. 20. 4'-f|uorob|phenyl 4-yl - (trans-4- acetoxycyctohexane) {f

boxyl ate. 21. - 11 - : _

-quoroblphenyI'4 yl - (trans 4- proplonyloxycyclohexane) ‘carboxyl ate..” 'O

1 1- 22. 22 fIuorbbrpheaybbﬂpyknylPaﬁs{4&buhyﬁykemygygnahekqmaohexané-

car boxyl ate. 23.

4'-f|uorob|phenyl 4- yta(boanbauepentanoyloxycyclohexane) carboxylate. 5

24. -quoroblphen¥I-4 yl - (t rans- 4- hexanoyl oxycycl.ohexane) - '

~ carboxyl.ate. 2% luorob1phenyl-4-yl—&rans-4 pentanoyloxycyclohexane)-
4' -fl uor obi phenyl -4-yL- (trans-4- hept anoyLoxycycLohexane) - -carboxyLate 26..

4'-ftuorob|phenyl 4- yEaé??éhEaﬁeoctanoyloxycycLohexane)

car boxylLag e. ' uor o met h enzoat

4'-f|ugro |pheny 4 yé ;L?%Q?géﬁg ?L-4-§k @rani-XFFﬁGFBBVEﬁéﬁﬁl°4°¢E*a"e'
" p- propyl benzoat e. arbo tgoroblphenyl 4-yL p-butyl benzoate. 15 31.

4' -fl uor obi phenyl - f e%ty énzoat e ' 4' -ftuorobi phenyl -4-yL
p-(2- nEthy|t"ﬁ?')benz@£¢¢lu§30b1pheﬁytik”9LQPPQh§nth4p¥LnByQ%&¥E9%Q%%@§%ne‘
- 34 4' -f| uor obi phenyl -4-yL p-heptyl benzoate.

4' -f Luor obi phenyl - 4-ytapbogy Vhbenzoate. 20 36.

4' -f 1 uorobi phenyl -4-yl p-(1-nethyl heptyl)benzoate. 37. :
4'-f|u0r0b|phaﬂy| 4- yL'ﬁfhﬂbh@H?bEﬂﬁﬁBﬁG-yb{trans 4-octanoyloxycyclohexane,

10 carboxylate.
27. 4'-fluorob1phenyl L-yl p methylbenzoate.
28. ) 4'-fLu9rob1phgnyt-4-yL p-ethylbenzoate.
29. 4'-flgor0bipﬁeny(-4-yl'pfpropy[benzoaté..
30. 4'-fluorobipﬁenyl-4-yl p~butylbenzoate.
15 31.l | 4'-fluorobipﬁényl-4-yt'p-p;ntylbeﬁzoafe.'
- 32. ' 4'-fluorobiphenyl-4-yl p-(Z;ﬁethyibut}l)bénzoate.
33. 4;-fluorobiphenyl-4~yl thexylben;oéte.
34, 'é'ffluérobiphenyt-4—jl p-heptylbenzoate.
35. 4'-fluorobiphenyl-4—y( p-octylbenzoate.
20 _36. 4'-flqorobiphenyl-4-yl p-(f—methylheptyl)Benzoéte.
37. 4'-fluorobiphenyl-4-yl p-metﬁoxybenzoate.
38. ' 4'-fluorobiphgnyl-4—yL_pfetﬁo%ybenzbate..
39. .4'ff(uorobiphenylf4-y£ p-propoxybenzoafe.
40._ 4'-fluorobipheny(-4-yl p?butpxyﬁenzoate.,.
- 25 41. 4'-f[ﬁorobiphenyl-4-9l.p-pentyloxybenzoate;
| 42.  4'-fonrobiphenfl-4-yi pihexquxybenzoate.
' 43. j 4'-fluorob1phenyl 4=yl p?heptylo;ybénzo;té.
_ 64.: _ _4'-fluorob1phenyl 4-yl p-oﬁtylox;benioate.

45. 4'ffluorob1phenyl-4-yl_p-formylogybenzoate.



38. 4' -f Luor obi phenyl - 4-yl p- et hoxybenzoate. 39. ,

4' -fluorabi phenyl = 4-yt p-propoxybenzoate. 40. - 4' -f Luor obi phenyl - 4-yl
pﬁbutoxybenzoate 25  41. 4' -f| uor obi phenyl -4-yL p-pentyl oxybenzoat e!
42. -4' -fl uorobi phenyl - 4-yL p-‘hexyl oxybenzoate. 43.

4' - fl'uog gbi phenyl - 4-yl -p- heptyl oxybenzoat 8. 4%4- 4'-f|uorob|phenyl 4- yL
p- oct y#xybenzoate. 45. 4' - f Luor obi phenyl -4-yL p-fornyl oxybenzoat e.

46. 4' - f | uorsy phenyC‘Afyhopontﬁbeuybeazgatp-aéZtoxybenzoate.

4' - f1 uor obi phenyt - 4-yL p-propi onyl oxybenzoat . 48. -

4' -1 uor obi phendz4-yl . ptbftyoydboikphenzbabeyl4p-propi onytoxybenzoate._

4' -f| uor obi phenyl - 4-yl ent anoyl oxybenzoate. 5 50.

4' -f| uor obi pheny’18-4 yl p’*ﬁ’éf(h%@?@bk&ééﬂ!%érél nrbutzza[lepw}:enc;Opte-
199[err]. 51." . - -quoroblphen | - 4- -hegtanoyloxybenzoate :

4' - | uor obi phenyA2«-yl ptbetkwepe mb%zbaﬁer 587 pentapgwépﬁypﬁﬁéﬁwte-

4' - f Luor obi gheny, yLcay poxyl at e, 4 eth

4"f|uoroblgﬂ )A914 ylcaég fé?%f%b‘%%e“¥§ Ybr855F5ﬁ8ﬁ§R°xY%e"z°ate'
4' - fl-uor obi phenyl - 4- y|C%£%9 + %@ g 5. 1998, but yLphenyl

4' -f1 uorobi phenyl - 4-yLcar boxyl a 7. p-pentyl phenyt - . S

4 -1 Luor obi pheny ¢ 4- yLC%mVu@$&1§§enyL wyhewhaﬁeemb Loxybenzoate.
4" - f 1 uor obi phenyl - 4- yLcar boxyl at e. epty phenyl

4' -f1 uor obi phenys- yCarbDK¥ﬁ€@er591phenyD'OCPYp CB¥tanoyloxybenzoate.

4' -f Luor obi phenyL-4-ylLcarboxyate. 61. . p-nethoxyphenyl 4"-fl uorobi
phenyl - 4-yl car bggy) at e. ﬁihethyl@heﬁhoxypheﬂyhrob1phenyl 4-ylcarboxylate.
4' -f.uorobi phenyl - 4-ycarboxyl'ate. 63.. °  .p-propoxyphenyl .

4' -fl uor obigthenyi4 4- yLcaopboklyy bpeenP0 4° Gﬂl.uorob1phbuV®x§tpb¥¢mylrboxyLafe.
4' -f| uor obi phenyl -4-yLcar boxyLate. 65. pent yLoxyphenyl

4' -f1 uor obi pheny54-y| capbRsgpatehesn!l 4‘-‘gunegppekypménﬁr-ytcarhoxytate-

4'-fLuorob|phenyL 4 ylcarboxglate :
Lphenyl 4'~‘Luorob1phenyl 4-ylcarboxyla;e.

p-bu
57. p-pentylphenyL Li~fluorobiphenyl-4~ylcarbexylate.
58. p-hexylphenyL Af-fluohobiphenyLiAfyLcapboxyLate.
15 59." j _b-hept;tphenyl 4;4flubrobiphgn§L-&-ytcérbokytéte.'
60.- - pfdctylphenyl 4‘-fluoroﬁiphéﬁyl-4-yLcérboxytate.
6{. b-methoxyphenyl 45;fluorob%phen}L-é-ylcarboxylate._
) 6é; | p-ethoi}phenyl'4'-flu°robiphenxl-A-ylcarbcxylate.
63, 'p-pfopoxyphenyt 4'-fluorobiohenyL-4-charboxylate.
. | 20 64. ) p-butoxyphenyl 4'-fluorob1phenyl-A-/Lcarboxyla;e.
. 65. 'p-pentyloxyphenyl 4'-fluorob1phenyl A-cha'boxytate.
7; - . -66; . p-hexytcxyphenyl 4‘-fluprob1phgnyL-4*ygcarboxyLate.
'_67.  ___p-heptylbxyphenyl_4;-flﬁorobipﬂgnyl-4-yL;arquyLate.'.
68;_ .ﬁ—octYLoxybhényl~45?fLﬁprobiphenyL-A-charSoXyLéte.
- 25 69,_ -péformyioxyﬁhenyl Af-fluorobiphényl-4eylcarboxylate.
' 70. p-acetoxyphenyl 4'-fluorcb1phenyl 4-/lcarboxylate.
71. :' ;p prop1onytoxyphenyl 4'-fluorob1phenyl 4-ytcarboxllate.
72;' p-butyryloxyphenyl A‘ffluorob1ph§nyl-4-ylcarboxylate.

3. p-pentanoyloxyphenyl 4'-fluorobiphehyl-44charbaxylate.



67. + . p-heptyl oxyphenyl 4'-fluorobiphenyl-4-ylcarboxyLate. 68
Py oct yoxyphenyL 4' -fLuorobi phenyL-4-yl carboxytate. 25 69. ° . .
Mfornyt oxyphenyL 4'-fluorobi phenyl - 4-yl carboxyLate. 70. i N 4
p/ acet oxyphenyl “4' -f | uor obi phenyL- 4- yt ch3boxyl ate.. 71. ” . -

—P- pr opi onyt oxyphenyl 4'ﬁfLuorobiphényl-§-¥tcarboxylate. 72. . 3
p- but yryl oxyidheny| ~ p=rexanoni preriig nul 4 caf beapehighengl-4-ylcarboxyTate..

- pent anoyl oxyphenyl 4'-fl uorobi phenylL-4-ytc, arboxyl| at-e. o-13- . . '
Y Y P e R eRa AR Rt hr S PO TY hohFant phsyLearbeny Late.

-h | oxyphenyl 4'-f] bi ph - Ay ' 75 -
D e e R € TR e Bot oy tcarbonytote.

e e o A Ao oo neny -
car boxylsat e. 78.: ggggywyggggpyfbyclohexyl)-4'-quorobiphenyI-4¥yI-

= carboxylLate. 79. (trans-4-propyl cycl ohexyt)-4'-fl uorobi phenyL-4-yl -

- carboxylate.7gl0 G rans<4~+ettsy Yot ohexgl phexyl dodob § phenpbrphgoyl - 4-yL-
car boxyl ate. 81. (trans-4-pentyl cycl ohexyl )-4"-fl uorobi phenyL-4-yL-
car boxylLate. 82.. dadntemner Yateexyl cycLohexyl ) -'4' - f Luor obi phenyl -4-yl - 15
car boxyl ate. 83. (trans-4-heptyl cycl ohexyl)-4'-fl uorobi phenyl -4-yL-

carboxyl ate.7®4.  ( YrarsTh PRl exet omexy )t 4=f |l worobiphenyL-4-yl-
carboxylate. 20 85. . . : o
. (trans-4-nmet hoxycyclHBAY Lt e | uor obi phenyl - 4-yL- -carboxyl at e.

10-; 80. (trans-k—butylcyclohexyLLA'-fluorobipheny(-k-yt-
carboxylate. |
81; (trans-k#pentylcycLéheXyU-#'-fLuQrobipheny1f4-yt-

‘carboxylate.

.82; (traggék-hexchyéLQhexyLL@'-fLUorobibhenyl-4-yL-
15 o ‘carboxylate. o ' . |
| 83. (trans-4fhepty(cycloheny-&i-fluorobiphenyl-4~yL-
| carboxylate. . ' .
84. ‘ (trans-4;octylcybLohekyt}#f;fluorobiphenyl-4?yl-
..carboxyléte. :

20 8S. (trané-4-methoxycxcfoheny—A‘ffluorobiphenjL-A-yl-

ca{boxyléte;

86.  (trans-4-ethoxycyclohexyl)4'-fluorobiphenyl=4-yl-

| cafbdxyiate. ‘: "_' S '_" - o %

87. '(traﬁ§44-propoxycycLohexy0—4'-f[ﬁorobipheﬁyl-A-yl4 ; %

25 - carbéxylate.. . ' |
88. (traﬁ§;4~buthycyciohe;yl}A'ffldorpbiphenyl-k-y[?

carboxylate;
89} "'(tréhs-4-pentyl§xycyclohéxyl}b'-flhbfobiphényL*h—yl— |

carboxylate.



86. . (trans-4-ethoxycycl ohexyl)-4"'-fl uorobi phenyl -4-yL- carboxylLate. 87.
(trans-4-propoxycycl ohexyt)-4'-fl uorobi phenyl -4-yL- 25 _

car boxyl ate. '88. " (trans-4-but oxycycl ohexyt)4' -ftuorobi phenyt - 4-yl -

car boxyl ate. 89. (trans-4-pentyl oxycycl ohexyt)-4'-fl uorobi phenyl - 4-yL-

car boxylLate. 90. (trans-4-hexyl oxycycl ohexyl)-4 ' -fl uorobi phenyl - 4-
-yl -carboxyl ate. 91. (trans-4- hept yl_oxycycl ohexyl ) 4" -fl uorobi phenyl -4-

yl--carboxylate. 5 92. - (trans-4-octyloxycycl ohexyl)-4'-fluorobiphenyl - 4-
yl -.carboxyl ate. 93. ~(trans-4-fornyl oxycycl ohexyl )-4"'-fl.uorobi phenyl -

yl - carboxyl at e.9@4. ((ﬁam-&ea@qto@wao@mwh—v4ﬁhbuebepheh§myh 4- yl
10 car boxyl at e. ﬁ

(trans 4- pr opi onyl oxycycl Tﬁﬁﬁh°¥1laFFUOrob|phenyl 4-yl :carboxyl ate. 96.
(trans-4- butyryIQMycycIttmaqé94-hdﬁuMmuﬁmquawhbxély#P-caubcuphpheny15497

- (trans-4- pentanoyloxycy x&k atlel UOT Obi phenyl - 4-yl -carboxyl ate. 98.
(trans-4- hexanoyloxycycl exy . Gne -quoroblphenyI 4-yl - car boxyl ate. 99.

(trans- 4- hept 8nd3A oxy cyCHARSOi-PcAY IoRYGYSBopead ) 4 ' 9§ luorobiphenyl-4-

4-yl - carboxyl ate. -100. yiidgy35x91aqbanoyloxycyclohexyl) 4' -f1 uor obi phenyl -

4 yi- carboxylai 93. (trans-k-formyloxycyclohexyi}J'-fluoroblphenyl b4

yl- carboxylate.

N 94, (trans- 4-acetoxycyclohexyl) 4'f1uorob1phenyl k-yl-
.10 j = carboxylate. . _
95. (trans-&-prcpxonyloxycyclohexyﬂ-Q' fluoroblphenyl-
. 4-yl-carboxylate.
96, - (trans-Q-butyryloxycyclohexyl) 4Lfluorob1pheny1 4o
yl-carboxylate.
15 97. '(trans k-pentanoyloxycyclohexyl)ﬁv fluoroblphenyl-
“h4-yl-carboxylate. ' :
'98.. (trans-4-hexanoyloxvcyclphexyl}4ﬁ-f1u6robiphenYl-
. k-yl-carboxylate. - o '
99. . (trans-4- heptanoyloxycyclohexyl}4'-fluoroblphenvl-
20 .~ 4-yl-carboxylate.

100. (trans-&-octanoyloxycjclohex§1%4'gflubrqbiphenylf-
Q-yl-carbbxylate. . '
The follow1ng examples of llquld crystalllne
dzelectrlcs containing compounds of formula I are given
25 by way of illustration. o
Example A 1 - o .
A dielectric cons1st1ng of.
25% of p-(trans-&-propylcyclohexyl)benzonltrlle;
37% of p-(trans-k-pentylcyclohexyl)benzonltrlle,
30 _ 25% of p-(trans-&-heptylcyclohexyl)benzonltrzle,
and ' : :
' 13% of 4'-f1uorob1pheny1 4-y1—&rans-4-propylcyclo-
hexane) -carboxylate |
" has the_followxng.propertzes: m.p. -6%; c.p. +65°.
'35 Example B | | | |



> follow ng exanples of liquid crystalline dielectrics containing
npounds of fornula | are given 25 by way of illustration. Exanple A A
gbgl ectric consisting of: 25% of p-(trans-4-propyl cycl ohexyt)benzonitrile,
% of p-(trans-4-pentyl cycl ohexyl)benzonitrile, 30 : - 25% of
P- (trans-4-heptyl cycl ohexyl )benzonitrile, and 13% of
4' -fl uor obi phenyl -4-yl - (trans-4-propyl cycl o- hexane) -carboxyl ate has H{e
following properties: mp. -6[err]= 1x.p. +65[err]. 35 Exanple B. - 15 -
A dielectric consisting of:. 16% of p-(trans-4-ethylcyclohexyl)benzonitrile,
- 27% of p-(trans-4-butyl cycl ohexyl ) benzonitrile; 13% of :
4- et hyl - 4' - cyanobi phehydiekectric ‘consigmtine 4’fb'utyl 4' - cyanobi phenyl, 15%
of 4'-fl uorobi phenyl -#6% Yot (ﬁJGﬁ&zﬂs-ﬂ{%ﬂwaoMm@a%rﬁWﬁt e, and
11% of 4' -fl uorobi ph - yI hexano XV b n; oat 0_has th ollovm ng
properties: mp. -5% o t(farfzsxamr%ugt)écﬁc P]'r)jb %T‘Fq 34% -
of p-(trans-4-propyl cyas cﬂfe)&f-leﬂd‘aﬁz-dﬂl-tqaﬂdr@bm%nyfl.
p- (trans-4<butyl cycl ofg%(ygf) bgrmyit Ji .I lk? nyl, 10% of p- cyanophenyl
en

p- et hyi benZoate, 6% of cfyqlnophenyl - ate
-fluoroblphenyl 4-yL4trans-4-propylcyc10-

_—~

hexane) carboxylate, and
11% of 4'-f1uorob1pheny1 4-y1 p-hexanoyloxy-
benzoate B '
10 has the following properties: m.p. -50{ ch. +60°;
Example c | . o '
A dlelectrlc consisting of;'
 34% of p-(trans- Q-propylcyclohexyl)benzon1tr11e,
. - 30% of p-(trans—4 butylcyclohetvl)benzonxtrlle,
15 |  10% of P-cyanophenyl pfethylhenzoate,
6% of p-cyanophenyl_p-propylbeﬁzoate,
12% of kf-flﬁorobipﬁenyl 4-yl{&rans-4-propyl¢yclo-
_hexane,—ca"bb ylate, and : .
8% of 4'-f1uorob1phenyl 4-y1 p-hexanoyloxybenzoate
20 has the following properties: m.p. -3° i c.p. +67°.
Example D ' | o
A dielectric consisting of:
14% of 2;p-¢yanophehyl-sfpropyl-1,3-dioxane,
20% of 2-p-cyanophenyl-5-butyl-1,3-dioxane,
25 ~ 15% of 2—p-¢yanopheny1 S-pehtyl-l 3- dioxahe,'
21% of p-ethoxyphenyl trans-4-propy1cyclohexane-
- carboxylate,
'_20% of p-ethoxyphenyl trans-4 -butylcyclohexane-
carboxylate, and
30 10% of 4'-fluoroblphenyl-4-yl{¥rans—4-propylcyclo-
'hexane)-carboxylate |
has the followzng properties: . m.p. -4°§ CePe +6?°.

35



12@6of 4' -f | uor obi phenyl - 4-yl - (trans-4-propyl cycl o- hexane) -carboxylate
and 8% of. 4" -fl uorobi phenyl - 4-yl p-hexanoyl oxyb ol | ow

propertles 'mp. -3 ; c.p. +67. Exanple D A die g of: 1.
-of - 2='p- cyanophenyl - 5- pr opyl 1, 3-di oxane, 20% of uﬂm“"'"“nnmﬂmr
- 2- p- cyanophenyl - 5-but yl -1, 3- dloxane 25

2- p- cyanophenyl - 5- pent yl - 1 3-di oxane, 21% of p-et hoxyphenyl

“trans-4-propyl cycl ohexane- car boxyl ate, 1€0% of p- et hoxyphenyl

‘trans- 4- butyl cycl ohexane- carboxyl-ate, and 30 . '10% of
4" -f1 uor obi phenyl - 4-yl - (trans-4-propyl cycl o- hexane ) car boxylate has t he
fol | owi ng- propeCLAEMS:m p. -4[err]; c.p. +67[err]. 35 -16 - CLAIMS: 1.

4- Fl uor obi phenyl derivatives of fornula l:- [err] 5in mhich Xis -COO or
-OCO, Zis 1, 4-phenylene or 1,4- cyclohexylene and R is alkyl, alkoxy or.
al kanoyl oxy, cadh haV|nQ-51¥®r8b(P%£Gh% derivatives °f formula I:

4' - Fl uor obi phenyl - 4-yl -(trans- 4- propylcyclohexane ) - carboxylate 3.

4, - Fl uor obi phenyl - 4-yl p- hexangyexybgnzQate, 4. A process_for the
preparation of a 4-fluorobf- adii>? '§EZGF formul a | speglfled in
claim11, which conprises reactil éxylic acid of formula I1: -

5 in which X is -C0-0- or -0-CO-, Z is 1,4-phenylene or

1,4-cyclohexylene, and-R is élkyl, alkoxy or alkanoyloxy,

'each having 1 to 8 C atoms.

2. 4'-Fluorobiphenyl-4-yl-ftrans-4-propylcyclohexane)-

carboxylate.
3. 4'-Fluorobiphenyl-4-yl p-hexanoyldxybenzoate;
4, A process for the preparation of a 4-fluorobi-

'phenYl derivative of formula I specified 'in claim 1, .
which comprlses reactlng a carboxyllc acid of formula II:

-COOH B : II

in which r! is (a) - F or (b),

R-Z-, and R and Z have the meanings specified in claim

1, or a reactive derivative thergéf, with'a h&drcxy

compound of formula III._ .
10 | 2.8 III =

in whiCh'Ra, in.case_(a), is R-Z-, or, in case (b), is

F <L;\> <2;:\ ., and R and'z have the meanings

specified in claim 1, or a reactive derivative thereof.

5. A process for the preparation of a 4-fluorobi-.
. phenyl derivative of formula I Specified in claim 1,
substantially as herein described in any of Examples 1

to 100,



 Rlerr] -CH 11 2 in which R, in‘case (a), is:
PR Z, , I.n case (b), is , and R and Z have t he meani ngs. speC|f|ed |nv
- cl 1, or a reactive-derivative ther 5. «. A process for the i
'.pr@atlon of a 4-fluorobi- phenyl. ~dér |vat|ve of formula | specified in

- II5|nV\/mchR|s(a) ‘F

rl -
b), R mve the nmeani ngs specified in claiml, or a.
gactive dﬁ"“ﬂ“ﬂ"ﬂl“ﬂﬂﬂu with a hydroxy conpound of forfula II'l: 2 10

‘claim 1, .substantially as herein described in any of Exanples 1 to 100.

- 17-6 g,A |1 QU018 Gushakli8adhghEC ikl oktiadl F6l Q1 Qidozal di splay

el ements., which onprises at one conpoun fornula-1 specified in
claim1. 7. optipaldisglayystsmenis dvsiett coapsiisssamt dleastas herein

- described.in gay ebmpsanpl 6% AokaulPa & specithechiacinaigpti,cal display

el enent conprising a liquid crystal" ceI | whi ch contains a diel ectric

according:to claim®6 or 7.
. 7. A 11qu1d crystalline dzelectrlc substantlally

as hereln described in any of Examples A to D.

8. An electro-opt1cal d;splay element comprlslng a
liquid crystal cell which contains a dlelectrlc accordzng

to claim 6 or 7.

.-
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