1 Liquid crystal dielectrics containing halo-bicyclic conmpounds kﬁ@b?j'ES\C)

I nvention is concerned with certain novel |iquid-crystalline hallogen
conmpounds, w th processes-for their preparation, with dielectrics '
cont gtni ng such novel codpounds, and with el ectro-optical display elenents

5 rising such dielectrics: The property of nemati c or .
nemat M- chol esteric liquid-crystalline materials of significantly varying
t b

optical properties, such as |ight absorption, |ight scattering, iﬁ
bi refringence, reflectivity or colour, ‘under 10 the influence of electric
fields, is wdely utilised for electro-optical display elenments. The
functioning of display elenents of this kind is based, for exanple, on the
phenomena of dynamic scattering, the deformation of aligned phases, the
Schadt-Hel frich effect in the 15 twisted cell or the cholosteric-nematic
phase transition. For the industrial application of these effects in
el ectronic conponents, liquid-crystalline dielectrics are required which
nmust nmeet a | arge nunber of demands. The chenical resistance to noisture,
air and physical 20 influences, such as heat, radiation in the infrared,
visible and ultraviol et regions, and continuous and alternating electric
fields, is of particular inportante. Tndustrially usable |iquid-crystalline
dielectrics are also required to have a liquid-crystalline 25 nesophase in
the tenperature range of at least [ERR] to
Liquid crystal dielectrics containing halo-bicyclic
conpounds

This invention is concerned with certain novel
liquid-crystalline halogen compounds, with processes for
their preparation, with dielectrics qontainins'such novel
compounds, and with electro-optical disﬁlay elements

5 comprising such dielectrics. - ’ _ .

The property of nematic or nematic-cholesteric
liqﬁid-crystalline materiais of significantly varying
their optical properfies, such as light absorption, light
scatteking. birefringence, reflectivity or colour, under

10 the influeﬁce‘of electric fields, is widely utilised for
electro-optical display elements. The functioning of
display elements of this kind is based, for example, on
the phenomena of dynamic scattering, the deformation of
aligned phases, the Sch&dt-ﬂelfrich éﬁfect in the

15 twisted cell or the.cholesteric—nemgiic phase transition.

~ For the industriai application of these effects
in electronic componeﬁts,'liquid-crystalline dielectrics
are required which must meet.a large number of demands.
The chemical resistance to moisture, air and physical

20 influences, such as heat, radiation in the infrared,
visible and ultraviolet regions, and continuous and
alternating electric fields, is of particular importance.

Industrially usable liquid-crystalline
dielectrics are also required to have a liquid-crystalline

25 mesophase in the temperature ransé of at least 0°C to

L4
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-2- [ERR]Y préferably from[ERR to [ERR], and the | owest possible
viscosity at roomtenperature, which preferably should not exceed 70 x
tERR] Pa.s. Finakly, they nust not have any characteristic absorptiong
the region of ‘5 visible light, that is to say they nust be .colourle
nunber of |IC]UI d-crystal Line corrpound-s 2have been described which fulflff
?sqch stability demands and which are also col-ourless. These incl ude, :
partdcul ar, the p, p'-disubstituted phenyl benzoates described in 10 Gernan_
o8+ 2, 139, 628 and the p, p' -disubstituted phenyl cycl ohexane derivatives
described in GO, OS2ty Ohom L10% el 0% A5565 e oA

menti oned, and~"al so i-n ot her Series of conpounds with a i quid- stalline

mesophase, no PogdbPleu LSO AT LEQzis f@mﬂﬁrﬁ*éﬁrteo B’é’éﬁhdlp&ﬂf(fé' i ch
form.a I'i.qui d-ﬂdﬁwldameém 70 egePraga is tfrarraaw' J @hdyematat ure
range from[ERR] to [E a rule, .mxtyres wWQ,_or,.nore conpounds are

t her ef or e preﬁ‘&l’tea“’]‘lr? &‘%’ r"hﬁ'a&ﬁ é‘l"r?tﬁ'é‘t séﬂ”?%ﬁrﬁ"cﬁ%é‘r?eoé'etfg‘e Lsin

li qui d-crysst alviisieid aligtit, that Ao ﬁdlls&yZ&.}myrmsa; st dodaatr less .conpound
having a I ow nelting poi,nt_and clear. QY. d I ]%q; her
conmpound having a mar keéﬁﬁ' Q, %arré'llt r?'g& pcfasy % (ragé.)rﬁ&%c'i{l%{

normal Iy gi ves:e&rmwamb&me:mmﬂt ifv fidi reuadf smlvﬁ-:lw e mandsh anidof the _

Iovver-rreltlng QNRoO , | St4 cl btxy\g.g}. ar
poi nts of the g‘o%on%gkt al\%eve‘%‘tﬁ%ﬁe%} di |scétjﬁirpéelsd§;eepeat dl 1;J'rf}"r%lljgexe| n
the preparati drheofp «qpit-idnantei tol taxted @WW%W%W@ @A ng the
hi gh ”e'“ Féﬂé aﬁa%l%%e%g Rm“a?na‘ rﬁ%l%tgv-&ﬁmsmae@ hi gh
VISCOSIty o the m xt result, 30 th e switching tinmes of -

el ectro- Opt|thqﬂxﬁﬂgﬂgngﬁﬂﬂﬂsgerzvatlves described in German OLS

2,536,684, In both the classes of compounds mentioned,

and also in other series of compounds with a liquid-
crystalllne mesophase,'no individual compounds have
15 hitherto been disclosed which form a llquld-crystalllne
| nematic mesophase in the required temperature range from
0°c to-60°C. As a rﬁleg.hiktures of two or more compounds
are.therefore_preparéd'in order to obtain materials which
can be used aslliquid;crystal;ine dielectrics.-'For this
20 purpose, at least one compound having a low melting point
and cléaf point is usually mixed with another compound
having a markedly hlgher meltlng point and clear point.
This normally gives a mixture, the meltlng p01nt of which
is below that of the 1ower-melt1ng component, whilst the
'25 clear point is between the clear poznts of the components.
Nevertheless, dlfflcultles repeatedly arlse in the
’ preparatlon of optimum dlelectrxcs ‘because the components
having the hlgh melting poxnts and clear poznts frequently
also 1mpart a high v1scoszty to the mlxture. As a result
30 the switéhing times of electro-optical display elements
incorporating these mixtures are undesirably 1ong.
Problems also frequently arise from the facu
 that the mutual solubility of the various components, in
_ particular.at.room.temperature or lower temperatures,.is

:35 only very limited.
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i ncorporating these mxtures are undesirably |ong. Problens alsd frequently
arise fromthe fact that the nmutual solubility of the various conponents,
in partlcul ar at' roomtenperature or |ower tenperatures, is 35 only very, =
ted.- -3- Ve have now found that hal ogen conpounds of formula (1): '
} 10 ‘wherein the ring Aiis.1,4- phenylene or' trans-1, 4-cycl b- )
| ene, [ERR] is al kyl .or al koxy kaBiag 1 to 12 carbon atons or,if Ais
1,4- phenyl ene, is alkyl or alkoxy having 1 to 12 carbon atons or cyano, .% *
[ERR] is alkyl or alkoxy having 1 to 12 carbon atons or, if Ais E g
1 4 cyclohexylene, is 15 ‘chlorine or bromne, and X is fluorine, chlorine

~hydrogen, with the Wé ON& 6@ ﬁbalfagnaeeﬁgtomglgg +h@b§ p&ﬁa;uggts [ ERR]
and is a h@lo Qg {gr] are outstand- ingly suit 2Dl e a5 conponent s of
I|qU|d crysté?fln ectrics. In particular, these conpounds have a 20
nemati c phase within the requjred tenperature range and when used in liquid
crystal cells, give switching tines which are sufficiently short at room
t enper at ug e. The conpounds of fornul'a (I¥ are novel and constitute one
aspect of2the present invention. 25 Dependi ng on the sel ection
of the substituents, the coppound? f W\ a (1) can either be used as
base. materials represeRyie <Ja ngf liquid, cgystalline
dielectrics, or they can be\added - _ -

10 wherein the ring A is 1 ;4-phenylene or ﬁrans i 4-cyclo-
hexylene, R1 is alkyl or alkoxy having 1 to 12 carbon atoms
or,if A is 1, 4 phenylene, is alkyl or alkoxy hav1ng 1 to
12 carbon atoms or cyano, Rzlls alkyl or alkoxy Hav1ng
1 to 12 carbon atoms or, if A is 1 »4-cyclohexylené, is

15 chlorlne or bronlne, and X is fluorlne, chlorine or
hydrogen, with the prov1ao that at least one of the
substituents R2 and X is a halogen atom, are outstand-
ingly suitable as components of liQui&-crystallihé
dielectrics. In particular, these compounds have a

20 nematic phase within the requlred teﬂperature range and,
when used in 11qu1d crystal cells, give sw1tch1ng times

which are suff1c1ently short at roon tenperature.

The compounds of formula (I) are novel and
constitﬁte one aspect of.the present_lnventzon.
25 Depending'on_the selection of the substituents,
 the compounds of formula (I)'can either be used as base
materiaIS'répresenting the major component of liquid,
crystalline dielectrics, or they can be added in minor
proportions of, for example, 2 to 45 % by weight to liquid-
30 crystélline bése-materials donstituted by other classes -
of compounds so as to obtain dielectrics having a'
" widened lzquid-crystalllne mesophase: or a lower viscosity
or to 1nf1uence the magnztude of the dielectric anisotropy
of the dlelectrlc.. ' ' |
35 . -By suitable selection of -the substituents Rl’

Rz and X, the compounds of formula (I) can be used either



proporti ohs of, for exanple, 2 to 45 % by weight to liquid- 30 crystalline
base materials constituted by other classes of conpounds so as to obtain
dlielectrics having a w dened liquid-crystalline nesophase or a | ower '

vi scosity. or to influence the’ magnl tude -of . the dielectric .anisotrop he |
diel ectric. 35 : . By 'suitable 4etection of the substituentf "" -
-[E;RR and X, the corrpounds of formula (1) can be used either for.

prgpar ation of dielectrics having a pronounced positive dielectric
anrsotropy for use in display elenents based on the twi sted nematic cell or

on the cholestﬁﬁrcmﬂuﬁﬁﬁéﬁaﬁﬁwﬁﬁhtéﬂﬂ&i&l@@tri%sfﬁ&viﬁ@ 2 PrERSLALsen of
dielectrics hawﬁhag l}gie c ani s %p%%vvmch differs onli/ sllghtlyfrom
zero or is evelPirelHys T’a‘itae‘? %"? Yo% B2entp 1dktP14Y di spl ay-

el enments basecbmdytmmxse&aéﬁeth@gtmisﬂéutﬂﬂandei@ré@nOélroénahwnecj '

phases (DAP eff _ state, Lhe conpounds of
formila (1) are %o %our le%sne"ﬁaht%eg/h?so? mpﬁ'zf'gfﬂ'g"%?ys?‘él *?"ﬁeﬂ'h%sophases in a
t enper at ur & rang@mupn oS utjriec talys vhdmmgdalaiémwﬁbl e for

el ectro- Optlcaanﬁstg]H. ch fPféU-ngoﬁ #J#ﬁw ¥, sz eCt%ﬁQ‘;. trfge present

15 invention erefore erelI's pro crys :
di el ectric corﬁdfql’smﬁﬁ%tl‘f%as’fhﬁv»kﬁttemldiiebermmz% i peingnponknts, at | east

one of Whi o I 118 Kl 4 U4 d 0 o AR SRR Mg T B )

According to anot her aspect _of_ the invention, 20 there I's provide
el ectro-opti c&leXA=MA tiP® | ehekigned phases (DAP effect).

10 ] In the pure state, the compounds of formula (1)
are colourless and they form llquld-crystalllne mesophases
_ in a temperature range whlch is swrprisingly wide and is
favourable for electro-opt;cal applications.
According to a further aspect of the present

15 invention, therefore, there is provided a llqu1d~
_c:ystalllne dielectric comprising at least two liquid-
crystalline components, at 1eest'one ef which is a liquid-
crystalline halogen compound of.formula (1).

Accordzng to another. aspect of the invention,

20 there is provided an electro-optical dxsplay element
comprlszng a liquid crystal cell, in which the cell
contains a d1electr1c according to the invention.

The liquid- crystalllne halogen compounds of
formula (I) compr1se ' '

25 _ . chlorophenylcyclohexanes of formula (Ia):

(Ia),
30 : . .
fluorina;ed_biphenyl-derivafives of formula (Ib):
F
R : R, =~ (Iv),

0

35 -



conprising a liquid crystal cell, in which the cell contains a dielettric
according to the invention. The |iquid-crystalline hal ogen conpounds of
formula (1) conprise: 25 ' chlorophenylcyclohexanes of formula
ERR] 30 fluorinated biphenyl |vat|ves ‘of fornula (1b): [ERR
enylcyclohexanes of fornula.(T [ERR] 5 chlorlnated blphenyl . L
i ves of formula (1d): . [ERR] Sﬁé.

fluo ochIorophenylcyclohexanes of fornul a (Ie) 15 -

[ ERR] fTuorobronmophenyl cycl ohexanes of formula (If): 20 [ERR] 25
di chl or ophenyl cycl ohex dnemaphenyinyicl qiepandsERH] rnaulh (Ic):
chl or obr.onophenyl cycl ohexanes of fornmula (l1h): [ERR 35

.5. Ry Br (Ic),
chlorinated biphenyl derivatives of formula (Id):
(Id),
fluorochlorophenylcyclohexanes of formula (Ie)
15
(Ie) 9
_ fluorobromopﬁenylcyclohexanes of formula (If):
A 20 .
(1£),
25
30

and _ _ chlorobfomophenyl;yclohexanes of formula (Ih):

Br . . (In)

35



| f the cohpounds of formula (1) contain a-1,4- disubstituted cycl ohexane
ring, the substituents in the 1- and 4- pOSItlonS are in a trans-arrangenent
felative to one another; in the graphic fornulae, this is indicated by
an enl arged bl ack dot on the right-hand side of the‘ring. The chloro-
br ono- phenyl cycl ohexanes of f.ornul ae « 1€)- and (Ic) have a positive
diel ectric anisotropy and a nenatic nesophase situat ed in a nore favourable
tema/erature range than that of the anal ogous fluorophenyl- 10  cycl ohexanes
described in German OLS 2,907,332. The fluorinated and chl ori nat ed

bi phenyl der.i vat | ves of. Ifior,a}g acq,,{)d&)mpsncgf( Iggmnﬁvae G P ddass: 4 8 el ric

ani sotropy if i s aqg//ano group, and have a negative dielectri’

ani sotropy if Sﬁlst’-bﬁ Ic}’(?rl%%ﬁﬁ rﬂ’%ﬁvlSthQ thioents dmoue &~ t he.
conpounds accQhd g fpwhtﬂ%dswm 150D ,a te Al 100 St LAl v SQ Gses

a marked w denin he tenperature range of the nenmatic nesophase and a
di spl acenent GMaYher ir diy i SFARM IR AFTHAL « et diuriddicadqserRyi ng on

the positign a.m adleﬂgawrbaa%k fot hn |ﬁté3rn’>il gHBlmgrn sidstdd Uald ride.

di hal ogenocyc anes of f rmul ae ( to (I h) have noder at e p03| tive
di el ectric ani r° o Ak é’f’ﬁ’r‘éﬁ xal”ses\n% farmuydae,d Ia

t er m nal substamtcudmc)) tmvdhe;ﬂ:saJEMd |d1earu$ntﬂ®mnﬂmmpyalam rear zero
(if the later stl |s Vi, Cl tothe nd he en the two ring
systens). Arm%‘ge tihe coerﬁ? un uoartr?u Ia) M ose or T h‘\rlﬁ‘ ornmul ae (la),

(I1b), (lc), .(l‘empert uny mqorféﬂfaer rmmmm tahalqmubeflpxmwmsﬂr-om
more readily 39 WIS t ?p, cqipounds  of
t he sub- forrrul ac?' ; I n Whl‘ﬁ%'l gelkﬁrléhaw ng 2 PtZ.J% .
_ fluorlnated and ¢ lorznated blphenyl derzvatlves of
formulae (Ib).and_(Id) have a positive dielectric

anisetropy if R, is a cyano group, and have a negative

dielectric aniSitrOpy_if Rl is alkyl_or'alkoxy. In

15 these two sub-groups of the compounds according to the
invention, the halogen suBstitution aleo causes“a marked
wzdenlng of the temperature range of the nematic mesophase
and a dzsplacement of this range to more favourable
tcnperatures,_ Depending on the position and the nature

20 _of the lateral halogen substituent, the dihalogenocyclo~-
hexanes of formulae (Ie) to (Ih) have a moderate positive
dielectric’ anlsotropy (it the lateral substltuent is
vicinal to the terminal subst;tuent), or the dielectric
anisotroﬁy hae a Qalue_near_zero (if the lateral

25 substituent is wvicinal to the bond betweeﬁ the two ring

| systems). “ o . - .

_ Among . the compounds’ of formula (I) those

of sub-formulae (Ia), (Ib), (Ic), (Id) and (Ig) are
preferred because they can be prepared from more readzly

30 acce551ble stertlng materials. Of these, the compounds

1 is alkyl heving_2 - 12 C

atoms, preferably_B'- 8 c, atems, and those of sub-formula

of the sub-formula (Ia) in which R

(Ib) have particularly advantageous properties for use in
liguid crystal display elements.

35 . "In the compqghds'of formula (I), the alkyl or



atoms, preferably 3 - 8 C, atons, and those of sub-formula (1b) ‘have

igul arly advant ageous properties for use in liquid crystal display

Epl\s. 35 : In the conpounds of formula (1), the al kyl or 7
N\glr adi cal s [ERR] and [ERR] can be straight-chain or branched | f

a/e straight-chain, that is to sa§ ¢+hey aré nethyl, ethyl, n-propyl,

n- butyl " n-pentyl, n-hexyl, n-heptyl, n-octyl', n- nonyl, n-decyl n- undec I,
5 or n-dodecyl, or the correspondi ng al koxy groups, then the conpounds X».;
have, as a-rule, higher clear points than the conpounds w th branched end
groups .[ERR] and/or [ERR] For this reason;, it is usually preferred that not .
nore than on@ldgoxnhe ahies o Upgs ﬁ'ERR}zaﬁm‘[lﬁRI:thh‘d-mxalwa 10

branched chaiyya conpeuwlsy ofrd ] group

[ ERR] or [ERI‘?j]} e?rc-eb;{?(?ccay onal I'y T g%%%tec%{%){?hg?ﬁﬁgﬁ]ﬁgoa%gher

sol ubi lity i Fiteeheift ity 4 ?erf VETRT Ry ettt ernzpentynl, | n
particul ar, tdl%é:é%fle InqHEg B, as-sdiyn) rd.qum Stmsae?&ﬁfs ﬁiuﬁ

possess -0 |caI | vity due t t he chain anchin Such’ br anc end
groups sh nd’t‘ ade dyelh’er%f' eco‘?ﬂraﬁ'?ls‘fﬂﬂ%l FERYPHY a?hﬁﬂ ng.
Preferred brammheibxﬁotantk Thave gratips mike hﬁﬁ@xé:ﬂ cystu&h poi¥etdVina ethyl

group is. pregz% cor;npt d]s%sﬂ}{ebci% 3‘ cPSIt on ol E?gsm n of. 20 a

| onger car bon aln or “exanp yIpr
~ 3-net hyl butyIFOIQ ﬁigtm)ﬂmmy,l 1 8-iretdsgicnt Wreﬂexatéq/luwylnw more
1- met hyl, hexylthad o IR @ erﬁfs aﬁlkydnd R, s_hould contain a

10 branched chain. The compounds of formula (I) with a

branched end group Rl'of R, ére:occasionélly'important
due to thelr having a higher solubllzty in conventional
'11qu1d-crysta111ne base materlals and, in partlcular,
. they are important as ch1ral doplng substances if they
15 . possess optical act1v1ty due to the chain branchlng.
Such branched end groups should not, in- general, contain
- more than one chain branching. Preferred.branched Rl and
Rz groups are’ those in which a methyl or ethyl group is
: present in the 1-poszt10n, 2-p051t10n or 3-position 01
20 a longer carbon chaln, for example 2-methylpropyl 2-
methylbutyl 3-methylbutyl, z-methylpentyl, 3-methylpentyl,
2-ethylhexyl or l-methylhexyl. If Rl and.Rz are alkyl
or alkoxy, the end groups Rl and R2 together can contain
and R

- 1 2.
25 together contain 3 to 16 more preferably 4 to 13, carbon

up to 24 carbon etoms, compounds in which R
- atoms are preferred. o
The comnounds accordlng to the invention can.
" be prepared by methods which are conventlonal for
compounda of the kind in questlon.- Thus,'for example;
30 compounds of formulae (Ia) and (Ic) can be obtained by

diazotising an aniline derivative of formula (I):

(II)




or alkoxy, the end groups [ERR] and [ERR] together can contain up to 24
carbon atons; conpounds in which [ERR] and [ERR] 25 together contain 3 to
%6, nore preferably 4 to 13, carbon atons are preferred. The conpounds.- .-
according to the invention can be.prepared by methods which are. S
conventional for conpounds of the ki-n@ =n question. .Thus, for exanpl e/ B8\ -
angpunds of formulae (la) and (Ic) can be -obtained by diazotising an

a7/l ne derivative of formula (11): [ERR] = and reacting the product g
copper (I) chloride or brom de under the conditions of a Sandneyer

reaction. The,dhazghk$ahiz0RnaNgrbRaceangdRRY @oph@AC(ioN cRRYri@eCarr i ed out -
‘in a manner ‘known p described, for 5 exa ' '

_per se, as ed, mple, in ..

Gat t er mann- W Bramgdepupderathe -genddtionsseficf ERBAMRELE FORGEAPR:Chenistry
,inzgzaCtESE),Tﬂgthi?d?kﬁeafﬁwal?ga dﬁeGG$g$ﬁky&®ﬁ?eﬁBgﬁbhnm%96%k1 pa?ES 252
- 254, npounds . of formyl ae an in i.c i s alkyl or alkoxy,
and al so coanﬁﬁﬁgggf°P3rﬁﬂ[§e&TBLeflgf%“?lﬁﬁ? éﬁg)aénﬁefFﬁfgﬁFe &BFai ned
by first ngtrakamgla,cdnr Gapdednagn-dtielandy DieubBshixtist désconpound (I111):

L nings. to gEganiscneR Chol eicd (R S ETEREERC T S L .
reducing the AbthoedékponndWalyprt deafirayitor &ofpouBdriyn: 1961) ERRRges

'+ 252 - 254, Compounds of formulae (Ib) and (Id) in which
R1 is alkyl or alkoxy, and aléo compounds of formulae
10 (Ie), (If), (Ig) and (Ih) are obtained by first nitrating
a corresponding laterally_unsubstituted compound (III):

3

o R, - (III)

15 _
wherin A ahd’R2 have the above-stated meanings, to give
a compound of formula (IV):

20

Ry (IV)
reducing the nitro éqmpound (IV).to an amino compound (V):
i 25 |

(V)

30 and reacting the iatter, affer diazotisation,'with
copper (I) chloride under the conditions of a Sandmeyer
feéction, or with.a tetréfluéborafa under the conditions

" of a Schiemann-Balz.reaction. The nitration of (III) to
gi&e (1V) may be carried out in conventional manner for

35 compounds of this type. DBy suitable selection of the



30 .and reacting the latter, after diazotisation, with copper (I') chloride
under the conditions of a Sandneyer-reaction, or with a tetrafluoborate
under, e conditions of a Schiemann-Balz reaction. - The nitration of (I111)
to gi V) may be carried out in conventiopal ‘manner for 35 conpounds of
this e. By suitable selection of- tohe- - 9'- nitrating agent, the '
tenperdture, the reaction time and, if appropriate, a sol vent or a

catal yst, the formation of the possible isoneric nitro conpounds, that |s\g
substituted in the ortho- or the neta-position 5 relative to the R2 group,

can be ‘di reCLﬁQrscmgd%g%nctes iRty iaturd, A8 e idifSiind Ng M xture

of the isonmeric nitr mpoun s i s separated to give the individual
conponent s i ang smdfn@PPRNPREaIE, Fe SHGTend Aplde RV ALYARH dih

crystal l'i sat ilgm@i iR QJF QR %saaqhnce 4G MRS e JRBHRIE, ofndd V) to

(V) may al so be carried out in manner known fromthe literature, for
exanpl e by c&lsalsyt"isé‘llﬂ'&feé’géﬁht"i% QF e i, Hen @2 1RFE AR hydr ochl ori ¢
acid, with tlrléﬁ.blt)wf‘ehlw l‘bdté ar Wiridugdj tdroid @liredtedlitaainasatd on of the

",amne and the 15 San on.to glveth chl ora conpou 1 d),
(1g) and (| h)‘eﬁ§r€§r Asomezy | ‘# St e Sl iR e Qf ‘d’é
synt hesi s - of 1t«shexeee.rqomﬂm (dcajpmqu a)s sdparctsde nten nziBed zthag/nt hesi s of

e P o35 Rl dibrldl o (P Wllf O IGRRAN Ul A1 Wl V) 021 P

carried out 2G°% accor process varil ed in
"Organi ¢ Reaexagpd.e’ bwdﬂml'&r(am@)yswg&sa&mn @28y chromatographic

10 methods. The reduction of (IV) to (v) may also be

carrled out in a manner known from the lzterafure,_for
. example by catalytlc hydrogenation with tin, zinc or

iron and hydrochloric acid, w1th_t1n(II) chloride or with
dithionite. The diaZOtiSaﬁion of the ‘amine and the

15 Sandmeyer reaction to give the chloro compounds (1d), (Ig)
and (Lh) is carried out in the same way as the above—
descr1bed synthesis of the compounds (Ia) or (Ic); the
Schiemann-Balz.synthesis'of the'oompounds'(Ib); (Ic) and
(If) from the corresponding amine (V) can be carried out

20 according.fo one of the process Qariants described in

"Qrganic Reactions ", volume 5 (1949), pages 193 - 228.

The compounds of formula (I) in which A is
1l,4-phenylene, Rl is Ch, X is fluorlne or chlorine and R2
is alkyl or alkoxy, are prepared by nitrating a compound

25 of formula (VI):

CH_CO (V1)

30

to give a nitro cohbound (VII):



s

The conpoﬁnds'of formula (1) in which Ais 1,4-phenylene, [ERR] is CN, X is
fluorine.or chlorine and [ERR] is al kyl or al koxy, are prepared by
~Ritrating a conpound 25 of forrmula (VI): [ERR] 30 to give a nitro conpoungd.,
(Vi) -10- ,[ERR] 5 reducing the latter to an am no conpound (VII1):
[ERR] diazotising (VIIl).and then rEa&Ping t he product w th copper(l)
chl ori de under the conditions of a Sandneyer 15 reaction or with

t &t af | uoborate under the conditions of a. Schiemann-Balz reaction to give
t he hal ogen conpound (1 X), 20 [ERR] which is then reacted with
hydr oxyl am ne to gi ve the oxine, from which am%gnine (X) is prepared by a-
Beckmann 25 rearrangerent known per se: [ERRJ This amne (X) i's then _
di azotised in conventional nmanner A X . i's reacted with copper(l)

cyani de to give the desir Ltri di tions of a Saq&gﬁgfr
reaction. 35 D' e Tawvention co
5
10

(VIII)

diazotising (VIII) and then reacting the product with
copper(I) chloride under the conditions of a Sandmeyer
15 reaction or with tetraflucborate under the conditions

of_a'Schiemann-Balz_reaction to give the halogen compound
(IX), |

20 Ok)

which is then reacted with hydroxylamine to give the
oxime, from which an amine (X) is prepared by a Beckmann
25 rearrangement known per se:

(xX)

30 .
This amine (X) is then diazotised in conventiohal'
manner and the product is reacted wifh'copper(I) cyanide
to give_thé'desired nitrile under the conditions of a
Sandmeyer feactibn.

35 ‘Dielectrics according to the invention consist



'_cycfo exyl

0 15, preferably 3 to 12 conponents, of which at |east one 4s -a.
sjcrystal I i ne hal ogen conpound of formula (I). The other constituents

ected from nenmatic or nenatogeni c conpounds which are: -
nzenes, 5 benzylideneanilinos, biphenyls, ‘terphenyls, phenyl or
exyl benzoates, phenyl or cyclqﬁex XY cycl ohexane- car boxyl at es,
phenyl cycl ohexanes, cycl ohexyl bi phényTs

cycl ohexyl cycl ehexanes,

-cycl ohexyl napht hal enes, 1, 4-bis- cycl ohexyl benzenes,

4, 4' - bi s-cycl ohexyl bi phenyl s, phenyl- 10 or cycl ohexyl - pyrinidihés' phenyl -

\V,

. or cycl ohexyl di oxanes, stil benes which may be hal ogenat-ed, benzyl phenyl
tol-anEs2ate 3GhsPredesabdindatioc Lacicomponeaitsnr ef wbdsduads for use

as constituenbssef ohbqugdacuihahuc&gscthqh%fer Ihsiogfent b:'oﬁlptoma ogn be

et hers,

characterised by 15 formul a

wher ei n D are each a

car boxyclic SPrﬁéﬁér6§9cI|3hPlﬁ§h§isF€HF§éﬁ§@P§& PFGnﬁflﬁﬂéﬁ§u§§Pmtuted
benzene and ﬁ&ﬁh@mexaﬂenamagsgeﬁa.é cdh:@%lil&ﬁlst um@hblamea%xybenzenes,
phenylcycé

n

pyri m di

r PREEY &

di hydr o- andcyenbhbxgaobenaph&halephpngulb&zebbnehaﬁgl cyclohexane=-

tetrahydrqu|na€

CH=N(0) -
-CO S-
10
15
20
25
30

35

xyT tes, phﬁgﬁRfyg&ohexanes, cygq BeﬁglgH:genyls,
cyclohekﬁﬂﬁ?clohexanes, cyclohexylnaphthalenes, 1,4-bis-
cyclohexylbenzenes,_4 4 -bzs—cyclohexylblphenyls, phenyl-
or cyclohexyl-pyrlmldlnes, phenyl- or cyclohexyldloxanes,
stilbenes which may be halogenated, benzyl phenyl ethers,
tolanes and substituted cinnamic acids. Preferred
compounds for use as conStituents of liQuid-orystalline
dlelectrlcs of this type can be characterzsed by

formula (XI)

(XI)

whereln C and D are'each a carboxycllc or héterocyclic
ring system selected from 1, b-disubstituted benzene ‘and

cyclohexane rings, 4, 4'.disubstituted biphenyl,

_ phenjlcyclohexane ‘and cyclohexylcyclohetane systems, 2,5~
| dzsubstltuted pyr;midzne rings and 1,3~dioxane rings, 2 6-

disubstituted naphthalene, dihydro- and tetrahydro- '

naphthalene, quinazoline and tetrahydroqulnaquine, B is

-CH=CH- | -N(0)=N-
~CH=CY- " «CH=N(0)-
-c=C-  ~CH,~CH,-
~C0-0- | ~CH,~0-
~-C0-5- ~CH,-S~

~CH=N- . «CO0-

ohgxane agd Céc ﬁhexylc hexane systens, di substituted
epeanilipsfa ny3sg. thPhGPgﬁﬁsthﬁpgé R&pht hal ene,

[ ERR] |



-CH=N Y [ ERR] --12 - or a CGC single.bond, Y is hal ogen
preferably chlorine, or CN ‘and [ERR] and [ERR] are-al kyl, al koxy, ,
.al kanoyl oxy or- alskoxycar bonyl oxy having up to 18, preferably up to 8,
- carbon atons, or one of these radicals can also be -CN, 5 -NC [ERR
[ERR], F, O or Br. It is generally preferred that [ERR] and [ ERR] sT
- be di fferent from one anot her, one of= t¥fest radical s bei ng.an al kyl group
a An al koxy group in nost cases.. Mny conpounds of fornmula (X), or
mxtures thereof, are commercially available. 10 In general ,
the dielectrics accordlng to the invention contain at |east 30, preferably
.50 to 99, and eoore @%@f@imblej hd 0 O8is %dd;om,gmraﬁemmommmher,or mul a
(1) and (X1). of t Sa &e&ermmat £ Vol ¥ I iy Ayl cases
10 to 40. % by vvelg , 3accourfte for one or nore conpounds of fornula
(1). However, %Wm?@r\l%d‘m iwesta Rdse ANfiar@blyr ypt 319 i%he
diel ectrics tocadbeh 4 6&ils | hewd &xé’/o&y R N tnadiQfa 16X BHA Ql&olbteo-&l\/o by

wei ght, of ne 0 un for Ia ( have bee added,
exanpl e for doph g%@!ﬂp s:esd"s h’er ]!n spé'feffed'f'r?ﬂl a (1)

“can account fothap R sherwiivt lni dﬂfa“meeitacﬁmucsrac@nodheg-,t ontehe
invention. Preferablye alf’é“tpe; aq,# alihivie HRLL Y 1a%S a3 (5 d| gu o the
I nvention contaln 10 to 30 by wel g ONé or nore-conpoun la
25 (1). in most cases. Many. compounds of formula (XI), or

m1xtures thereof, are commercially available.

10 . In general , the dielectrics according to
the 1nvention contain at least 30, preferably 50 to 99,
and more preferably 60 to 98, % by weight of compounds
of formuia (I) and (XI)f  of thls, preferably at least
5 % by weight, and in most cases 10 to 40 % by_weight,

15 ' is accounted for one or more compounds of formula (1).
However, fhe invention also compriSee those liquid-

: crysfalline_dieleeﬁrios to which 1ess than 5 % by weight,
.for.example 0.1 to 3 % by weight, of one or more compounds
of formula (I) have been added, for examﬁle for dopiﬁg

20 purposes."On the other hand, compounds”of formula (I)
can account for up to 60% by weight of the dielectrics
according to the invention. Preferably, the liquid-
crystalline dielectrics according to the'invention'contain
10 to 30% by weight of one or ‘more compounds of formula
25 (I). S
The preparatzon of d;electrlcs accordlng to

.the 1nvent10n can be carried out in conventional manner.
In general, the desired amount of the minor component(s)

_'1s dlssolved in the maJor component, advantageously at an

30 elevated temperature. If a temperature above the clear
point of the major constituent is chosen for this, the
completeness of the dissolution can be very easily
observed. - .

The liquid;erystailine dielectrics according to

“35 the invention can be modified by snitable additives in



The preparation of "dielectrics according to the invention can be*carried

out ig=sgnventional manner. In general, the desired amunt of the m nor
ﬁ!ﬁb(s) is dissolved in the major conponent, advantageously at an 30 o
a&%kﬂtenperature. If a tenperature above the clear point of the major

dent is chosen for this, the-chpFeteness of the dissolution can be

very easily observed. The I|qU|d crystalline dielectrics according to 35

the invention can be nodified by suitable additives in -13- such a way

that they can be used in all hitherto disclosed types of liquid crystal

-di splay el eme S S pRU eiar airkn hg lelged in -
the art. and 3géﬁextenglve%% 5gggrkggdbpnb?%§ %gle&gnﬁwﬁrkgfgtuégcaégeh

exanple, it txppessfbﬂeqvédaGQYéFéﬂréFéPé?ESeéPm§Hﬁ§ranéé§1ﬁﬁW€H are.

intended to gp }x;&h u%sls%%%ckaaw%ottbonmset Eﬁl\m%aosht %het Bet
conductivity and or t e orientation of the nenatic’ Rfases Subst ances of

this type arende3tei BEdenpdvedyafsseribfdcipnihecrsisyansd, 13Feragure.
2,240, 8645 2rgr1eR3mp1é,33% 281podsible0ds, aad631cﬁ391c2d§53 628 and

2,902, 17 I n order Fhat t.h |nvent|on y I n tood t he
fol | owi ng ex&HBp&enses gP&@ﬁ B§°mé?’8?dn% J ngﬁgﬁ gheydg ﬁ °t“fié&exanpl es,
mp. = neltlaﬁlﬁﬁhﬂbph§5 thepviscbh&aw,pahmtc@hdachuqdk& amﬂdb&lhhne '
substance LIin n Iy ture l.ess
ot herwi se stggéﬁntﬁgﬁ gfp%grcgh ggég ggﬁb%b pa%ﬁ% %anﬁes or ¥ s
type are descrlbed for example, in German OLS 2, 209 127,
i0 2, 240 864 2,321, 632 2, 338 281 2, 450 088 2,637,430,
2, 853 728 and 2,902, 1?7. | '
‘In order that the invention may be more fully

understood, the following examples-are given by way of

illustration only. " In the-examplee,-m.ﬁ. = melting point,
15 c¢.p. = clear point of a liquid crystalline substance,
b.p. = boiling point; all temperatures are in °C . Unless

otherwise stated, parts or percentages denote parts or
percentages by weight._e
Example 1 N : . _ |
20 - 189 g of’4-(trans;4-n-propy10yclohe2yl)-aniline
| h&drocﬁloride wefe suspended in 500 ml of'15% aqueous
hydrochloric acid and 300 ml of a 2.5 molar sodium
nltrlte solut;on were added thereto at -5 in the course
of half an hour. This solution was added, at 2% in the
25 course of. cne hour, to a copper(I) salt solution
'prepared from 250 g of Cu504 *5 H,0, 88 g of NaCl, 63 g
of Na 503, 1,000 ml of water and 400 ml of 32% hydro-
chloric acld. After heating at 40°C for half an hour,
the solutlon was cooled and extracted 3 tlmes w1th 300
30 ‘ml of dlchloromethane.




N

per cent-ages bYy méight. Exanple 1 20 | ' lég g of
4- (trans-4-n-propyl cycl ohexyl)-aniline hydrochl ori de were suspended

41 of 15% aqueous* hydrochloric acid and 300 mi of a 2.5 nolar sodi @

nitrite solution were added thereto at -5 in the course 0 of half pur .
This solution was. added, at 2 in the 25 14¢ourse of one hour, to a copper (1)~

"salt solution prepared from250 g of [ERR], 88 g of  Nad, 63 .g of [ERR],

S wth
300 30 mM ofmdichlwateet hane. - 14 - The coll ected organi c phases were

13000 M of v M of 2% hy - i¢, agi h ' a
i or oy 1 e e fln g BRIELS PR UbEndl HaenlthSbel3R0' 1O, N

~washed with twice . of . Af he sgl had istilled
of . the rosi due ikt &l Bie i Tené bR, P8 BRAFRL AR e TC s s 5 ©

. _ ati on°rh vacud, “dsing a 5
spi nni.ng bandtrexiduwe.was subjddeed-¢orandidtnlpavpyhcynl vacuo, using a

2 LR ot e, Pt (R SR e

ng were

~ prepared analtoegk) yehlotobedntenandigt elhihgyovehekptyzehl 405bended82°

4'(tra”5'4*r“&&ﬁ&%¢dl@f¢%¥'ﬁgCQ£QfPQSP§§€§11§§Ehr@Pﬁh4é@hBﬁB&¥'E¥$L°B%*¥'

) - chl or obenzee
' Sc.p. -17°,

The following wére'prepared analogously:
10 | 4-(trans-4-ethy1cyéldhéxyl)—ehloroéenzene,'
.14-(traﬁsé4-n-butylcybléhexyl);éhlépobenzene;
'.;A;(tran§;4an-pentylcycldhexyl)—chlorobeﬁzehe, _-
- 4-(trané-4—n;hexy1cyclohéxy;)-chlorpbegzehe. |
-.;4-(trans-#—n-heptylcyciohexyl)-chlorcbenzéne,
15 ‘4;(trénéQ4en-octylc&c1ohexYl)Qchlprobehzene;
| 4—(traﬁs-4-nrde¢ylcycloheXyl)-chiorobenzené,'
. f4-(trans¥4-n-d§dec§lcyclohéxyl)—chlorébenzene,
14;[trans-4-(z-methyibﬁt?i);cyClohexy;)-ghlorobénzene;
'.4-[érans-4;(2-ethylhe;§l)-c&élohéxyl]fphloerenzéneJ
:20 4-(trans-4-etﬁylcyclohex§1)-bfomcbenzéne,
: 4;(tfans:4—nfprbpylcyc;ohéxyl)—brphobenzene,m.;.51°,c.p.d°,.
", ié(tgans-4-n-5utylpyclqhexyl)—brpmobenzene;
:4-(trans-4eh-penty1cyclohexyl)-bromobenzene,
_;4-(transf4-n-hé¥ylcyclohexY1)-bromobenzene,
25 4-(tran5b4en-h¢thLCYClohékyl)-bbémobenzene,_

4~ktrans-4-n-octleyclohexyl)—brcmobenzene,'.

o 4~(trans-4an—dc¢ylcycldhexyl)—brom:bcnzeng,

4-(trans-4-a-dodecyleyclohexyl)-tromobenzene,

-



t rans- 4- (
trans-4-(

4-
) -
4-
4-
4-
4-
4-
4-
4-
(
4-
4-
4-
)-
t

of 4-n-hexyl
di chl oronet h
at 50C with
m xture was:
separ at ed of
-dichloroneth
in 300 f@ of

als- 4-n- hexylcyclohexyl) chl orobenzene,

ronnd%nzeﬁéis%b - 9 ¢ f

4-(2 .

e o T e R ¥ X?ﬁ?ﬁﬁﬁé Sy P BPados enzﬁg@&en Bafole wi th 1nten837 g
4' - 5 1 :

Y Sxigrindny' o BEERE siRkide, i 1% Fonihy Hhe %ﬁweon_ |

2- et hyl butyl ) - cycl ohexyl ) - chlorobénzene
&—Ethghheﬁy[2-m9¢hyhbuyvp)ehwoﬂohcmyédebnmmobenzene and

(t,
c
(
(
|
(trans-4-ethyl cycl ohexyl ) - bronobenzene,
(trans-4- n4ﬁEbpgheyé+6Eegyhylbeéuﬁﬂenxeﬂ@hnwwl]EERRmpqaﬂﬂqne-
(trans-4-n-butyl cyct ohexyl ) - br omobenzene, 4- :
trans- 4-n- pEN@WDb?chhexyl) br onobenzene,
(trans-4-n-hexyl cycl ohex
(trans-4- nahepty|c98|She¥yﬁ7nbhsﬁﬁééﬁ¥eﬁe-n-pentyl biphenyl were
(trans-4-n- heptxlcyclohiéﬁl ) - brambenzene, (trans-4-n- decyl%yclohexyl
b

) - br omobenzene,

YeHahs Bbd8@yF&§Bﬂ8H€W§Fﬁﬁﬁﬁonﬁ%§h

R B e W P 0

paratbhl 8Eeuashi N 3eyel Ao P Sl dslos 1 tn ngssol Fred

|IIed orty-resi
tH@tB§eﬂho?BQetﬁ5B§rwEQedlstllled off. The oily resi-

due was disso;ved.in;SOQ ml of methanol and,.éfter_the

"addition of 10 g of Raney nickel;.hydrogenated at room

- temperature under normal pressure; the absorption of hydro-

gen ceased after 1 hour. After the catalyst had béen
filtered off, the methanol was distilled off, the residue
was dissolved in 25 ml §f toluene and the solution was
passed over'a:cﬁromatography éo;umn (éiiica gel, toluene

as solvent). - The main fraction was concentrated and

freed from fhe solvent by diStiliation This gave 20 g

20

4- (trans-4-n-heptyl tyc. ehexyl
openzene, . 4-(trans-4-n- octylcyclohexyl ) - chl or obenzene,
51 4- n- decylcyclohexyl) chl or obenzene, s

‘4-n- dodecyl cycl ohexyl ) - chlorebéﬁzene '

.\&J

of 3-am1no-4-n-hexyloxy—4‘-n-oentyl—blphenyl, c. p (smectic-

,isotroplc) 70°

25

b) - 16.5 g of 3-am1no—4—n-hexyloxy-4'—n-pentyl biphenyl
were stirred into 15 ml of 36% aqueous hydrochloric acid.
After 10 ml of dioxane héd-been_added,.thejsolution of 3.0 g
of sodium difrite in 12 ml of water was added.dropwisé at

0° to the above solution. .Imgédiatély after this, and
likewise at 0°, a solution of 15 g_of SOdium'tétraflgof

borate in 25 ml of water was added dropwise. The pre-

cipitate- wh‘ch fqrmed was fl;tered off after 2 hours, washed



¢

addi tion of 10 g of .Raney nickel, hydrogenated at roomtenperature upde
normal pressure; the absorption of hydro- gen ceased after 1 hour. e
After,.the catal ystt had been 15 flltereg of f, the nethanol was distiTTed. ,
~off, the residpye was dissol ved in. 25 nT ? toluene and*the solution was .

d h t I t
D T acrfSh TR WA Pl WS U, 07 o d P B i T doon
d | I at .
BIEIrr: noai;Qn gfwgff%r%ngg\e/ﬁt 3?/1?\ bi p% ﬁy decr of (dslnaéz(?tnli(?-m |tseottrr%fp]i% " 700.
%g%(% ta Y AR O 1P0k 4'urﬁ1@.ertt"§@ -V PN W ad i rred

|nto 15 m of aqueous hydrochl oric 'acird.” After 10 ml of di oxane had

‘been added, 1 RGSAIN! ik Fhed Anfhi3ing U~ RSty Idkyl 2 inGferey px

was added dropmnse at to the above solutlon . Imedi ately after

this, andgikewptRndll Gas? st®jddt dfo I 10N Sbrind & allgiccutwraddes n
25 n1 of mater was -added dropw se. . The pre- cipitate which farned mas

filtered of f ahleer a2 RBAUGT AvafdiRfry g dudicm WRingy; ang Jr( sk atites
reduced pressure at room tenperature. The dry powder of diazoni-um

tetrafluo- boractrepidiedsrd to [ERR], -until. the evoluti-on of gas ceased,
and. the remai ning 3- fluoro 4-n- hexyloxy 4'-n-pentyl- 5 bi phenyl -was
subjected to distillatfie folbowing webe preparetecanatogewsiya nercury
di ffusion punp; c.p. (snectic- |sotrop|c) 840. The foll owi ng -were prepared
anal ogousl y: 3341100 m0-44+me blooyy 44 ¢ ﬂnppnngbbpnbﬁle,lo :
3-fl uoro-4-net hoxy-4'-n-butyl bi phenyl
- 10 3=~ fluoro-4-methoxy-4'-n—butylblphenyl
3-f1uoro-4-methoxy-4'-n—pentylbiphenyl,
'3-fluor6—4—methoxy-4'-n—hexylbiphényl,
' 3-fluoro-4—me£hoxy-4‘Qn—heptylbiphenyl,
3—f1uoro-4—methoxy—4'—neoctylbiphehyl,
15 3-f1uoro-4-mefhoxy-4'Qh-honylbiphenyl,
3-fluoro-4-methbxy-4'-n-decylbiphenyl;
'3—fluorof4—methoxy—4!-n;undecylbiphenyl,
3-f1u6ro-4-methoxy—4'-n-dOdecylbiphenyl,

3—f1uoro—4-methoxy-4'-h-(2-methjlbutYl)—bipheny1,

20 3-fluoro-4-ethoxy-4 '—e thylbiphenyl,
3—f1uoro-4-ethoxy-4‘-n;propylbiphenyl,
3-fluoro-4fethoxy—4f—h-butylbiphenyl,
3—f1uoro—4-ethoxy-4'7ﬁ-pentylbiphényl,
34f1uoro-4-éthoxy-4'—n-héxylbiphenyl,

25 3-f1uoro-4;ethOXy—4'—n-héptylbiphényl,
3-f1uoro-4—etboxy;4'-neoctylbiphenyl,
3-fluoro-4-ethoxy-4'-n-nonyltiphenyl,

3-fluoro-4-ethoxy-4'-n-decylbiphenyl,



| uor o-4-

uor o- 4-
uor o- 4-
uor o- 4-
uor o- 4-
uor o- 4-
uor o- 4-
uor o- 4-
uor o- 4-

uoro-4-
uor o- 4-
uor o- 4-
uor o- 4-
uor o- 4-
uor o- 4-
uor o- 4-
uor o- 4-
uor o- 4-

10

f
f
-f
-f
-f
-f
-f
-f
-f
-f
-f
-f
-f
-f
-f
-f
-f
-f
-f
-f
-f
-f
- f

15

20

25

- r0;4_
. 0- 4-
o 4-

i e SR ot e A

|
|
|
|
|
|
|
|
|
: uoro-g- et:fl-of(l/udroﬂzldﬁﬁfﬁ@{:@ﬁﬁﬂﬂ - thyiiélpnenyl
|
|
|
|
|
|
|
|

met hoxy- 4' - n- pent yl bi phenyl ,

nmet hoxy- 4' -.n- hexyl bi phenyl ,
met hoxy- 4' - n- heptylblphenyl ' :
met hoxy- 4' - n-oct yl bi-phenyl , =157 ~3- f I' uor o- 4= nethoxy 4

/
<AL

:&éﬁoxy §°‘E‘gggﬁg¥ﬁy|butgﬁfESV&Héﬁ?F“Y%o B s | | v
et ogyuéiéﬁagﬁ%gkgPegyl(F mEEH9&8u%yith%§%hen prODYIblphenyI, :

et hoxy-
et hoxy-4' - n- pentyl bi phenyl ;|
et hoxy- 4' - n- hexyl bi phenyl, 25

etd09Yuére Da DR0E ¥EBLR EHYL thyl ' _ : L
et%@29u4'9n oct%lb?phgnyl g P ugﬁghing%HOXy-4'-n-nonylbiphenyl,
et hoxy-4' - n-umdecyl bi phenyl

etimzyuéromd@dpﬁdbbxphanyh,-propylblphenyl
et hoxy-4' - (2-nmet hyl butyl) - bi phenyl ,

r13u£nmuy044-ﬂnphgbbxphenyhrbﬁtylblphenyl
n- propoxy-4' - et hyl bi phenyl ,

n- $ﬁfmmag644~n—propgkp+phenybentylb1phenyl
n- pr opoxy-4' - n-butyl bi phenyl .

n- @fbbwyem-n-penpgkjorﬁhenyhexylb1phenyl y

n- pr opoxy-4' - n- hexyl bi phenyl ,
3-f1uoro—4—n—propoxy-4'-n—heptylblphenyl
-;luoro—4-n-propoxye4'—n;octylbiphenyl,

. 3=fluoro-4-n-propoxy-4'-n-nonylbiphenyl, N
3-fluoro-4-n-propoxy-4'-n-decylbiphenyl,

| 34f1uoro¥4—n-propoxy-4'-n-undecylbiphenyl:
3—f1uorof4en-propoxy-4'-n-dodecylbiphenyl,

3-fluoro-4-n-propoxy-4'-(2-methylbutyl)-biphenyl,

3-f1uoro-4-ﬂ—butoxy¥4'—meth&lbiphényl,
3-flﬁoro-4-n-butoxy-4'-ethylbipheﬁyl,
3-flhoro-4-n-butoky¥4'-nApropylbiphenyl,
- 3-fluoro-4-n-butoky-4';n—butylbiphenyl,
3—f1uoro-4;n-butoxy-4'-n—péntylbiphenyl;
3-fluorof4—n—butoxy-4'-n-héxylbiphenyl,
3-f1uoro-4-n-butoxy—4'—n—héptylbibhenyi,
3-f1uoro-4-n-butoxy~4f—n—octylbiphehyl;'
3-fluoro—4;n—butoxy-4'-n-nonylbiphenyl,
3-fluoro-4-n-butoxy-4'-n-decylbiphenyl,

3~-fluoro-4-n-butoxy-4'-n-undecylbiphenyl,



I

| uor o- 4- n-
fluoro-4-n-
| uor o-4-n
I or o-4-n-
uoro 4-n-
‘uor o- 4- n-
uor o- 4- n-
uor o- 4- n-
uor o- 4- n
uor o- 4- n-
uor o-4-n
uor o- 4- n-
uor o-gt-n
uor o- 4- n-
uor o- 4- n-
uor o- 4- n-
uor o- 4- n-
uor o- 4- n-
uor o- 4- n-
uor o- 4- n-
uor o- 4- n-

—hl —h—h—h—h—h—h—h—h—h—h—h—h—h—h—h—h—h

_'O_________________

uor o- 4- n-
pent iGi phgflyo Bo+4tnrpertyl pxyn+ 4! exyodtyhbhphghpl phenyl ,
uor o- 4-n-

0 3-f [ uor 0-4-n- propoxy-4' - n- heptyl bi phenyl ,
uor o- 4- n- :

propoxy-4' - n-oct yl bi phenyl , |
pr opoxy-4'-n- nonylbiphenyl,la . B
pfOpOXy 4' - n-decyl bi phenyl ,=~ = : .

%ﬁ’g g""ﬂ‘%‘gg‘é’é% ,‘Bﬁ éﬁiécy?biphenyl -
%dfﬁ&x¥%74né$%§ PF ﬁ ptré'mgkgnyXLYl) b1pheny1

but oxy-4' - ethylblphenyl .
but oxy-4' - n- propylblphenyl 20 .

%Lﬂ{f(}{%r%, t} nrh %%%%&Esﬁ“xl -'-nethylblphenyl
L%fﬁﬁ%éLArhrﬁgﬂ nXlaethylblphenyl
3 peepny)

ut oxy-4' - n- hept
{?@f&@%éL4Ihﬁﬁéd%%F6*§mwi«nzéropylblphenyl

ut oxy-4' - n- nonyl bi phenyl ,
RN rd-4Ln desyt P OPPLY ) ~n-butylbiphenyl,
but oxy-4' - n- undecyl bi phenyl , - 18-
QHEIHQT6L4Ih£EEK£V1&&ﬁbﬁnyhrpentylblphenyl
but oxy- 4" - (2-net hyl butyl) - bi phenyl, -
3HﬁﬁqﬁﬁmyAAn-memhyI@xphenyh?hexylblphenyl
pentyl oxy-4'-ethyl bi phenyl, 5
$Hfﬂq¢nn344h-pemmpbqkﬁ+@henyheptylbiphenyl,

E

pent yl oxy-4'-n-butyl bi phenyl , 3-fluoro-4-n-pentyl oxy-4

pent yl oxy-4' - n- heptyl bi phenyl ,
3~-fluoro-4-n-pentyloxy-4'-n-nonylbiphenyl,

: 34f1ubro—4-n-pentyloxy—4'-h-decylbiphenyl,

" 15

20

25

'S—fluoro-4-n;pentyloxy—4'-n-undecylbiphényl,

3ff1uoro—4~n¥pentyloxy-4'-(2-methyibutyl)—biphenyl,

3-fluoro-4—n—hexyloxy-4'-methylbiphenyl,

é-fluoro—4-n-héxyloxy-4';ethylbiphenyl,'

'3-f1uofo-4-nehexyloxy44f-n-ppopylbiphenyl,

3—f1uoro-44n-hexyloxy§4'Qn-butylbibnenyl,
3—f1uoro-4-n-hexyloxye4{¥ﬁ—he£ylbiphenyl,
3-fluoro-4fnéhexyloxy—4'-nfheptylbiphenyl,
3-fluoro—4fn-hexyloxy-4'-n-octylbiphenyl,
3-f1uoro-4—nfhexy;qu-4'-q—nonylbiphenyl,
3-f1uoro-4-n—hexyldky-4'-n—decylbiphenyl,
é-fluorq—4—n-hexyloxy—4'-(2—methyibutyl)-biphenyl,

-34fluoro-4-n-heptyloxy—4'—methylbiphenyl,

.3-fluoro-4-n-heptyloxy-4'-ethylbiphenyl,



wwwwwwwwwwwwwwwwwwwwwwwwwmp.

o
CIJO.
5 —h

r
n-
n-
n-
n-
n-
n-

u
\ 4-
4-
-4-
-4-
-4-
-4-
-4-

—h —h —h —h —h —h —h —h —h —h —h —h —h —h —h —h —h —h —h —h —h —h —h —h —h’'—h

n-
ro-4-n-
or o- 4- n-
or o- 4- n-
or o- 4- n-
or o- 4- n-
or o- & n-
or o- 4- n-
oro-4-n-B
or o- 4- n-
or o- 4- n-
or o- 4- n-
or o- 4- n-
or o- 4- n-
or o-4-n-
or o- 4- n-
or o- 4- n-

or o- 4- n-
or o- 4 n-

CCCCCCCCCCCCCCCCCCCCCCCC
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20

Or 014y N- QC!

or o- 4-n- pent yl exy- 4'-n octylblphenyl o ‘

pentyl oxy-4'-n-nonyl bi pheny! ,

pent yl oxy-4' -n-decyl bi phenyl , ' _ .
pentyl oxy-4'-n- undecylblphei9l - o '
pentyl oxy-4'-(2-met hyl butyl) - blphenyl 15
Befyhorp-4-nﬁhep¢yﬁngUEmykn-propylb1pheny1

hexyl oxy-4' --et hyl bi phenyl ,
Befyborp-4-nﬁhpp¢wﬂbmwpwéwﬂ-bUtylbiphenyl

hexyl oxy--4' - n- but yl bi phenyl, -
aefyuoxpr4-nnhn@$mlm&Mnﬂﬁﬁn—gamtylblphenyl

hexyl oxy-4'-n- heptylblphenyl
ﬁef}u@%?<4*ﬁ1hﬁﬂ§ﬂhﬂﬁﬂnﬁnnn-hexy1blphenyl

hexyl oxy-4'-n- nonylblphe yl

- Bekyrerp-—A4-nrhgedy) ﬁﬂﬂﬁﬁnn‘heptylblphenyl

s i,

Eg §§4¢ ﬁﬁﬁ& hfg A meéhylbutyl)-biphenyl,

hept yl oxy-4' - n-butyl bi phenyl,
heptyloxy 4'-n pentylblphenyl

i PNer

% %o i %@J&blghewnéﬁhﬁblphenyl

%ept 5(403))%42,11 %éﬂ?e% I but;r/%/ "y bllbp en rryl, e
ﬁ'H“géﬁyﬂaiyuﬁ“dnaPropylblphenyl, '

octyloxy 4' - et hyl"bi phenyl

@Ufﬂdaﬁbﬁﬁ'HldUﬂyDﬂﬂyJﬂmﬂﬁdbutylblphenyl,

3-fluoro~4—n-octyloxy-4'-n-pentylblphenyl,

3-f1uoro-4—n—octyloxy44'-n—hexyibiphenyl,

'3—f1uoro-4-nfoctyloxy—4'-n-heptylbiphenyl,

_3-fluoro;4-n-octyioxy—4‘;(24methylbutyl)ebiphenyl,

3-flu6ro;4-(2—ethylhexy10xY)-4'—methylbiphenyl,
3—f1u9ro-4-(2-éthYlhexyioXy)-4‘-ethylbipbenyl;
3-fiubro;4-(2;éthy1hexyloxyy-4'-n-propylbiphenyl,
3-f1u0r0-4-(2—ethylhéxy10ky)—4'—n-butylbiphenyl,

3-fluoro—4-(2-éthy1hexyloxy)-4'-nApentylbiphenyl;

3-f1uoro-4f(2—ethY1hexquxy)-4'-n-hexylbiphenyl,

.25

-3-fluor6—4-(2-ethylhekylokY)—4‘—n-heptylbiphenyl and

3—f1uoro-4-(2-ethyihexyloxy)f4ﬂ—n-octylbiphenyi.

'Example 3 ' | |

a) | 59 g of 4,4'-di- n-pentyl blphenyl in the solld form
were introduced into a warm mlxture; at 40°, of 40 ml of

65% nitric acid and 48 ml of 96% sulphuric acid. . After

(7

/



3- fIuoroL4-n?octonxy-4'-nQbutbeiphenyI,
3--fl-uor 0- 4- n-octyl oxy-4' - n- pentyl bi phenyl ,
.3-fluoro-4-n-octyl oxy-4'-n-hexyl bi phenyl
A
3-fl

-f)

uor o- 4- n-octyl oxy-4'-n- heptylblphenylo

38{8 j ?Z?Ctyl "t%é)@o’i&zs g h%' DUty t%mg 1Yré was stirred for 1
T e e Lot B e wnggter.
:2),_. ?|t Bz'rgeﬁyl(gxﬁﬁwﬂ)@-}’% Iblfr'hzed%p%? %ﬁ%%lwhlch had crystalllsed
g-]t: 38;8 j Egcgk{ ! he%]&%}% oﬂf c}/ﬁb%t%}ﬁ%%]rha%%d from ethanol.

3-11 Uor 0-4- (2+gf hyl he 59
gofu4 4'%( npe%tylx%{p%g%gll ‘intif g%ld ormvvereln%é\%irg}é%ad |F10a '
varm mxture. flsdPved 1 A%60 & Hb% Mﬁfd%?f@%éﬁ'd 48 mhrobr96RR

~.sul phuric aci After - 20- end e additi'on, the mxture

was stirred f ra At o] c -
LTSl 46410 T SR 0,0k e

filtered of f anch ress sdadéd Spded rome ehbee@be Sor D)hour ué%&es x%rma;
4,4' -di-n-pentyl-2-nitro-bi phenyl were dissolved in 200 :

t et r ahydr of ur Yressure Mdedt t FeordeéhmpoPahrd. g of méledtalny@a #asbeRen
(10% of Pd), hydro- gen was passed into the m xture for 1 hour under nornal

pressure 1@nd afiloored coPLrahdrthe filthdte cragl yshpopatéden 10 Théiltered—
-off and the filtrate was evaporated. The :

remaining 2-amino-4, 4'-d1-n—pentyl—b1pheny1 was recrystal— '

‘3’(““"

lised from petroleum ether (boiling range 40 - 60°).
'¢) ~ 18.5 g of 2—aﬁino-4,4ﬂ—di-n-pentyl-biphenyl were
converted, analogoﬁsly to EXémple 2, by reaction with nitrous

15 aéid; sodium-tetrafluoborate, heating and by high-vacuum
distillation and fecrysta;lisation from ethancl into 2-
fluoro-4,4'-di-n-pentyl-biphenyl; m.p. -3?, c.p. =-35°..

| The following were prepared analogdusly:
.2-f1uoro-4-metny1-4'-n-propylbiphenyl,

20 "2—f1uoro-4—methyi—4‘—n;butylbiphenyl,V
2-fluoro-4-methy1;4‘-n-pentylbiphenyl,
2-f1uoro—4-methyi-4'-n—hexylbiphenyl,
2—flupro-4-he£hy1é4‘-n—heptylbiphenyl,
2-f1uoro-4—hethyl-4'-n-octylbiéhenyl,

25  2—f1uoro44eméﬁﬁy1e4'-n—nonyibiphenyl,

| 2—fluoro-4-methyi-4'-n-decylbiphenyl,
2-flﬁorp-4-methyle4'eneundecyibiphenyl,
26f1ﬁ0r9-4-methyi—4}-n-dodecylbiéhenyl;

2-fluoro-4-methyl-4'-(2-methylbutyl)-biphenyl,



ing 2-ami no-4,4' -di -n-pentyl -biphenyl was recrystal- Iised®*rom
et her (boiling range 40 - 60). c) 15.5 g of

-di -n-pentyl - bi phenyl were converted, anal ogously to Exanple 2,
by reattion-with nitrous 15 aci d, sddl%%11etrafluoborate heating.and by
hi gh- VaCUUHIdIStI||atI0n and recrystalllsatlon from ethanol into 2-

f1 uor o- 3 4' - ;ﬁ‘?ﬂﬁ?ﬁﬁyﬁ : Fankng f -me fhyl :S hepy), -ﬁﬁ Ehe rolggmﬁng were. |,
prepar ed anal ogous uoy o 21; pr opy! bi pheny % 7
P aor o- 4 mATOTSORerEnt Y b phahghyLbiphany®! E S

lﬂgﬁg:j,méTgiué%'” ie§9¥tb Egﬁggrbpylbiphenyl
dor o- 4. TR SGre AR PO bk FaRybutysptpneny,
yorC)él:ggrgiu%Fo_4nggM%ylbheﬁyéergyibggﬁgn§1nethyI 4'-n decylblphenyl

I
I
I
I
| uor o-4 -n-un
I
I
I
I

uor o- 4- ”E%f¥1u§ro %QQGE%Y|DIQHG§¥%Y1R1phe1yl

‘uor o- 4- | but yl

uor o- 4- et@NfI&orGE&D¥£HYPDE“¥ﬁ-h3p£&ﬂ9i9h§ngihy| - et hyl bi phenyl ,
uor o-4-ethyl -4" - n- propyl bi phenyl ;" 2-f| uoro- ethy -4' -n- butylblphenyl

~ 2-fluoro- ﬂ;ﬁiﬁdfoﬁd—@tﬁgDL¥Ibhpbéﬂyhbiphunyl .
-fluoro-4-ethyl-4"-n-hexyl bi phenyl, 2-fluoro-4 ethyl 4' -n- heptylblphenyl
f1uoro-4- etﬁyfldor@-mcéyhplphenuLnoayibuﬁhen§1ethyl 4' -n- nonylblphenyl

2-f
2-f
2-f
2-f
2-f
2-f
2-f
2-f
2-f
2-f
5
2
2

10 2 fluoro-4-ethyl-4'-n-decylbiphenyl
2-f1uoro-4-ethyl-4'sngundecylbiphenyl,
.2-fluoro—4-ethy1;4‘-n—dodecylbiphenyl,

‘2-fluoro-4-ethyl-4'-(2-methylbutyl)-biphenyl,

15 2;flqdro-4;n—propyl—4'-methylbiphehyl,
2—f1uoro¥4—n-oropyl—4'-ethylbiphenyl
2- fluoro—4—n—p ropyl- 4'-n—propylb1phenyl
2-fluoro-4—n~propyl-4'—n—butylbiphenyl,
2-fluoro-4-n—p:opyl-4'-hepeﬁtylbiphenyl,

20 2-fluoro-4-n—prdpyl—4'-n—hexylbiphenyl,
2—f1uoro~4-n-propy1f4'—n-heptylbipﬁenyi, :
2—flubro—4-h-propyl—4l-n-oétYIbiphehyl,'
2—fluoro-4-népropyl-4'-n-nqnjlbiphenyl,
2—f1uoro-4-n-propy1;4'¥n-décylbiphenyl,

25 2-flu$ro-4-n;propyi—4'-n—undecylbiphenyl;

| 24f;uoro—4fn-prbpYI—4'—h-dodecylbiphenyl,

2-f1uoro-4-h-propyl—4'-(2-meﬁhylbutyl)4biphenyl;

2—f1uoroF4—nfbutyl-4';methylbiphenyl;'



10 - * 2-fFuor & 4- et hyl - 4' - n- decyl bi phenyl ,
2;fluoro-4-ethyl -4'-n-undecyl bi phenyl, 2-fluoro-4-ethyl -

.

fl uer o- 4-n-
fl uoro-4-n-
L{uoro 4-n-

uor o- 4- n-
|-uor o- 4- n-
| uor o- 4- n-
| uor o- 4- n-
| uor o- 4- n-
| uor o- 4- n-
| .uor o- é n-
| uor o-2-n-
| uor-o-4-n-
| uor o- 4- n-
| uor o- 4- n-
| uor o- 4- n-
| uor o- 4- n-
| uor o- 4- n-
| uor o- 4- n-
| uor o- 4- n-
| uor o46- n-
| uoro-4-n-
| uor o- 4- n-
I

2-
2-
é.
2
2-
2-
2-
2-
2-
2-
2-
2-
2-
2-
2-
2-
2-
2-
2-
2-
2-
2-fl uoro-4-n-

-f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
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L)

.- n-dodecyl bi phenyl , 2 fl uor o-4- et hyl - 4' &3 nethylbutyl) blphenyl

propyl - met hyl bi phenyl

E §3§§"P'r§'—'4?-t zﬁg&g‘th%ﬂ%ﬁwlblphenﬂ s
g'gg§9r2'hﬂnp§H¥yq5,phgﬁffoq§7blphenyl
8 %gék'ﬁ 42 hga%ygbggﬁgﬁhptylblphenyl

BL E%k é--n n2% heﬂﬂpentylblphenyl

pr op - n- nony |phenyl

@r?@ﬁ5?6-4nnq%%%&qLﬁhQWﬂhefyib1phenyl
propyl -4' - n- undecylblpheny

@L?ﬁ.ﬁlor@) AndedRsr - ety 1biphenyl,
propyl -4' - (2-met Ayl but yl ) - blphenyl,

QUEEhU$UJE$ﬁ%MQWQhﬂHwn-octjid%bhenyl
but yl -4' - et hyl bi phenyl .

buEihoéoquwummwbbkﬁh&mﬂnony1biphényl;
‘butyl -4' - n-butyl bi phenyl , :

bufyho@o—m~memuwwnhghemwdeéy1b1pheny1
butyl - 4' - n- hexyl bi phenyl ,

huﬁﬁho&o—ﬁ-hemmywﬂPMHemﬂundecy1b1pheny1

butyl -4' - n-octyl bi phenyl
E&ﬁﬂho¢0ﬁ4ﬂmmbquqaﬂémﬁ—dodecylblphenyl

butyl - 4' - n-decyl bi phenyl ,

2-fluoro-4-n-butyl- 4'—(2—methylbuty1)-blphenyl,

'2—f1u0r5-4—n-pentyl-4'—methylbiphenyl;
2¥fluoro-4-n-pentyl-4'-ethylbiphenyl,.
2—f1uoro-4-n—pentyl-4‘-n-prépylbiphenyl,
2—f1uoro-4—n-penty1-4'-n—butylbiphenyl,

_ 2-f1uobof4—n—pentyl-45-ﬁ—hexylbiphenyl,

2—f1uoro-4—n-pentyl-45Qn-heptylbiphedyl,'

_ 2-fluorq-4-n-pentyl-4'—n—octylbiphényl,

2—f1uoroé4-n—pentyl-4'-n-nonylbiphenyl;
2-f1Uoro-4—n—peﬁty1—4'-n-dedylbiphenyl,

2—fluoro—4-n-pentyl—4'-néuhdécylbiphényl,

2-fluoro-4-n-pentYl-4'?(Zemethylbutyl)-biphenyl,

2-f1uoro-4-n—hexy1-4'-methylbiphenyl,'
2-fluoro-4-n-hexyl-4'-ethylbiphenyl,
2-fluoro-4-n-hexyl-4'-r-propylbiphenyl,

2-fluoro-4-n-hexyl-4'-n-butylbiphenyl,



0 ; fl uoro-4-n-butyl -4'-n-undecyl bi phenyl,
Yo-4-n-butyl - 4'-n dodecyl bi phenyl ,
-4-n-butyl - (2 met hyl butyl ) - blphenyl
0-4-n- pentyl - met hyl bi phenyl , = 23 - = ' o .

‘uor o- 4- n- pent yl - -ethylblphenyl 15 : a ' _
uor o- 4- n;zyﬂndoﬁb 4¥ﬂuhaxﬁﬂm4ﬂ¥nﬁdent}lblphenyl B \ 4/
uor o- 4- n- pent yl - 4' - n- but yl bi phenyl , : _ _ | -
or o- 4- n- p@ﬂ@ﬂuo@o—iﬁwe-nebdyllp#e'nyi-hexylblphenyl -

uor o- 4- n- pent yl - 4' - n- hept yl henyl ,

uor o- 4- n- Ferfthygang- 4anﬂ9ﬂﬂ%1§2 heggylbiohanyl
u

u

u

u

u

or o- 4- n- pentyl - 4' - n- nonyl hi ph
or o- 4- nlﬂﬂﬁ%H°ﬁP ﬁTmeﬁﬁ -ﬁhed%octylblphenyl

d bj,ph
S e R i
4- Bt
u8:8 4- 2 ng }‘ eth-Xﬁggﬁé%prn—&giylblphenyl

uor o- 4- “'@@i b o TR 'queré-me%héflb tyl)-biph 1-
0- 4- n- hexyl -4' -n- butylblpﬁghyl it ipheny

uor.o- 4- n- hexyl 4' - n- pentyl bi-phenyl ,
-uor o- 4- n- hexyl - 4' - n- hexyl bi phenyl-,

uor o- 4- nIﬁaﬁMuo?oannﬁMQdﬁynﬂﬂEmﬂethylblphenyl,
uor o- 4- n- hexyl -4' - n-oct yl bi phenyl, 5

.uor o-4-n- ma@ﬂucrOﬁﬂﬂnﬁﬂﬁnﬂxﬂﬂﬂﬂﬁethylbiphenyl

uor o- 4 n- hexyl - 4' - n- decylblphenyl : | . -~

uor o8- n- 3ﬂuQrQ1€FHHRQHﬂM%n€H7ﬂ1ﬂqﬂﬂﬁ%ﬂlphenyl

uor o- 4- n- heptyl -net h henyl

uor o- 4- n- %Hoqp- qﬂﬁ/'%ﬁeﬁprn—butylblphenyl
- 2= fluoro-4-n-hepty1—4l—n-pentylb;phenyl,
24f1uoro-4—n-heptyl-4';n—hexylbipheny;,
2-f1udro-4¥n;hepfyl-4'-n-heptylbiphenyl,

15 2—f1uoro-4-n-hepty1;4'—n-octylbiphenYl, )

2-fluoro-4-n-heptyl-4'-(2-methylbutyl)-biphenyl,

2-f1uoro—4-n-octyle4'-méthyibiphenyl,
2-f1Uqro-4-n-octy1-4'-ethylbibhenyl,
_ 2—f1uof§-4—n-octylf4'fﬁ-propylbiphenyl,
20 2-fluor6;4-n-octyl-4';n-putylbiphenjl,
2-f1udro;4-n-octyl-4'-nepentylbiphenyl,
.2-f1u9ro-4;h§octyif4'-n—ﬁéxylbiphenyl,
2—f1uqrb-4-n-octy1—4f—n-hepfylbiphenyl_and
2-f1uoro-4fn-octyl-4‘a(2-methyibutyl)-biphenyl.
The'éxamples:which foilow relate to dielectrics

~ according to the invention, containing at least one compound



. a _
- 10 2-f|uoPo-4-n-heptyI-4'-n-propylbiphenyl,
-fl,uoro-4-n-heptyl -4'-n-butyl bi phenyl ,” 2-f

uor o- 4- n- heptyh-4'-n pent yl bi phenyl ,; - :
-fl uer 0-'4- n- heptyl 4'-n hexylblphenyl‘ 24 -
-fl uor o-4-n-hept 4' -n-he t( ?Iphenyl 15

-f y b -

| uor o- 4- n- hept me41°ﬁm%k phenyli

uor o- 4- n- ggg I-4' (2 met hyl but yl ) - bi phenyl, - : :
uor o- 4-n- ?¥ thylbiphenyl 2-fluoro-4-n-octyl -4'-ethyl bi phenyl

uor o- 4-n-octyl - $8¥%béﬁ%§@¥illg9 dielectric composed of

§
fl
I
| uor o- 4-n-octyl - 4'-n
I
I
I

uor 0- 4-n- oghyl 54 % r|;th]_c,\,n L |
o 4 ans-4-pro le clohexanecarbox late,
uor o- 4-n- oc?% exy |pheny¥ propytey y

uor o- 4g N- 08dy |oﬁ-4£@fﬁ$& e Ve MY hareds 2n lb ey Loy Iorstanedarboxylate,
(2 nethyﬁ%utyl) bi phenyl . ﬁ%éTﬁgpexanples ancﬁf¥cﬂ#€wvrelate to - Y

di el ectrics acgo¥donostme thexypivernyl otransrd-an+pargt¥licy chstie xarte cartpaxyih te ,
- 24 - of the fornmula (1). Exanple 4 Aliquid-crystalline dielectric

conposed of 2080%fof- ﬁhbuwpﬂeﬂ%—pr@mwlmgl@mﬂm&ﬁcﬂmmmﬁm e, 5
20% of 4-ethoxy8hen trans- 4- n- butyl cycl ohexanecar boxyl ate, 20% of

4- et hoxyphenyl %rsa s4-4(ﬁrm%%y@rmkmk%wmm@nm%ms-4-n-
4-(trans-4-n-pro cl ohex chlorobenzene and 10% of

4- (trans- 4- n- pp¥ }E %I%%%&%W%C%ﬁ RPSY L &F@ins- 4- n-- :

butylcyplfhexaﬂgcarboxxaéic phase in the temperature range from -3 to
| +'$5°, a dielectric anisotrophy of 3z = + 0.9 and an
astonishingly low viscosity of only 12 i 10° Pa;s at 20°;
Example 5 ' | o
A liquid-cryStélline dielectric composed of
15  40% of'4en-pentyl-4f-cyanobiphenyl, |
30% of.4-(trans-4-n-pentylcy¢lohexyl);chlorobenzéne,
15% of 4-(trans~4§n-pentylcyc1oheky1)-4F-éthylbiphenylIanﬂ
15% of 4~(trans—4-n-propyicyclohexyl)—4f—ethylbiphenyl
has a nematic phase in the temperature Eange from -7¢ to
éo +54°%, a dielectric ahisotrophy of Ae = ;6 7, an optical 
anzsotrophy of 4n = 0 18 and a viscosity of only 14 b 4
10~° Pa s at 20°. By virtue of this low v1scosity and
the comparatively hzgh optical and dlelectric anisotrophles,_
this dlelectrlc is. very suitable for liquid crystal dlsplay
és elements based on the twisted nematic cell.
Example 6 |
A liquid-crystalline dielectric COmﬁqsed of
_27% of.4-(trans—A-h-propylcyclohexyl)-chlorobenzene,

18% of 4-eth§xyphenyl trans-4-n-propylcyclohexanecarboxylate,



efri c ani sotrophy of [ERR] = + 0.9 and an astonishingly |ow viscosity-
)y. 12 x [ERR] Pa.s at [ERR]. Exanple 5 A liquid-crystialline }
e\ esL ri.c conposed of 15 40% of '4- n_pgpt yl - 4" - cyanobi phenyl , . 30% of _
4-(trans¥4-n-pentylcyclohexyl)fchlorobeniéne, 15% of : : : _
4‘(fran3‘4‘n‘Qﬁﬁ%M%§YEié%Ha%§ahéHyfﬂib@ﬁ&{ﬁuﬁBﬁuﬁymbyHﬁ%KHxanecarboxylate)x-{
4- (trans-4-n-propyl cycl ohexyl’) - 4~ et-hyl bi phenyl has a nematic phase in thew' .
tenperature rame df o (B sio-reb rogERFtcleheattyd pgiterty lani :saats-opiry- of
- [ERR] = +6.7, an optical anisotrophy of An = 0.18 and a viscesity of only
14 x [ERR] Pa.mutaldyRRjhexaneddrhoxytletef this | ow viscosity and the
.conparatively high optical and dielectric anisotrophies, this dielectric is
very suitabl e ¥@% ¢f R+ (Betyanerhenshl <~ ropy lerferi<d iRt #nd he twi st ed
nematic cell. Exanple 6 A liquid-crystalline dielectric conposed of 27% of

4- (trans- & n- pkhyI £yt ASHANCRNE B bhernThRH tyilgoh ot - Bty pheny |
s oo Cher e e U < SR SR
bty oyl onoxcrabuy A PEFEItAL SN LAY S8 a: = +7 and a viscosity
2" chanophen oo fbriqn gl grone o Fgudfealanst siomiay oie-
tenperature rangecd rossedRa tre [EREted AiMderd rd1 RN ol apRI &Yt FRR =

+7 and a viscosity
10 has a steep characteristic and is therefore very suitable
-for displays driven En multiplex opehation.
Example 7 |
| A liquid—Crystaliine dielectric composed of
30% of 4-n;pentyl-4'-cyahobiphenyl,' ' | |
15 25% of 4-(trans-4-nfbutylcyclohexyl);chlorobenzeng,
18% of 4-(trans-4—n-p:opY1§yclohéxyl)-benzonitfile,
10% 6f.4-(fraﬁ$—4-ﬁ—pentylcyclohexy})-4;-ktrans-4—n-§ropyl-
¢yclohexyl)-biphenyl, |
9% of 44(trans-4~n-penty1cYélohéXyl)-4P—cyanobiphenyl and
20  8% of 4—n-pentyl-4f'-cyanotérphenyl o
l'has a[ nematic phaSe in the temperature-range'from -9°% to
. +75°, a dielectrié anisotrophy of Ac #_+9.4,:an optical"
'_anisotrophy of A h = +0.18 and a'viscosify of only 21 x
 10-? Pa.s at 20°. - It is very suitable for large-area,
. 25 fast-switching display elements based oh the twiéted nématic
cell. | |
Example_s
A liquid-cryétallihe'dieléctric-composed of

' 27% of 4-(trans-4-n-heptyleyclohexyl)-chlorobenzene,



of onfy;16 x* [ ERR] Pa.s. In liquid crystal display ele- nents basgd on

the ,tw sted nematic cell, this dielectric 10 has a steep characte&b L

and_ is therefore-very suitable for displays driven in nultiplex ope(®

Example 7 A liquid-crystalline djelectnl%éuunxwed-of_30@6of,

4-n-pentyl - 4'-cyanobi phenyl, 15 - 25% of '

§;§trah8-4-n-bzsxi@fchnbeﬁahéanhﬁop@ﬁeyz@?eloﬁ@&@pf-z'-f1u0p0-4r-ethy1-
€,

N

- ftrans- 4-n- propyl cycl ohexyl ) -benzonitri 10% of -

={trans- 4-n- pepphenytl ohexyl )-4' - (trans-4-n-propyl - cycl ohexyl)-bi phenyl .
9% of 4-(trans-4-n-pentyl cycl ohexyl)-4'-cyanobi phenyl and 20 . 8% of
~4-n-pentyl -4 ' 28%anbt 4+ phrans-Aeas-pentghey¢ topdrsk) +4) tethy Brjmhentyk e r ange
from[ERR] to +75, a dielectric anisotrophy of [ERR] = +9.4, an optical

ani sotrophy of 18%no€ 4¢( tBanadéanvPEeR%] €Y brhexy]) Suenz eyl . andt

[-ERR] . It is yery,suitable for |arge-area, 25 fasj-sw tching display
el ements Basedl®% Pher (FERRI-fichnPPREELFYC leheRpt 14’ 1\{ FrRF TR RERY i e
_dielectric.Congosgd of gy of 4-§%rans-4-n-heptylcyclohexyr)-chlorobenzene,
26 23% of 4- (tY¥R 9ﬁ?ﬁ¥§ n%§?%§ﬁ hexyl )-2' -fluoro-4'-ethyl - bi phenyl, 22%

rans. 4 o or ongiys) SRENEH S BEA fr, BRD Lok eg AR fidn o0
4-(trans-4-n-pegt ybey ¢l 2haxyldcbri6t 4ADSrdbmy Y1 sz = +3.8 and a vis-
' . cosity of 19 x iQ-’ Pa.s at 20°, which even at 0° does ﬁot
10 rise to more than 55 x 10 °. | This_dieléétric is very
suitable for liquid éryStal display elements which are
_operated under extreme temperature conditions.
'_Example 9 _. _
r A liquidfcrystalline dielectric composed §f '
15 - 15%'of 4-(tréns—4;n-propylcyclohexyl)-benzonitriie, |
"11% of 4-(trans-4fn-bufylcyc}ohexy1)-benzonitrile,
21% of 4-(trans—@-n-pentylcyclohexyl)-benzohitrile,
21% of 4;(tréhé—4-n—§entylcycloheiyl)-4'—ethylbfphenyl,
4% of 4-(trans-4-n—bentylc&clohexy;)-4'-cyanobiphenyl,
20 12% of 4-(trahs-4—n-pentylcyclohexyl)—4}-(trans-4—n-pro§yl-
_ cyclohexyl);biphenyl'ahd ' '
16% of 4,4‘—bis—n-pentyl-2-f1uordbiphényl
" has a nematic phase in the temperature_range frém.—20° to
+90°%,a dielectric anisofrophy.of dg = 10.5 and a_visbosity
25 of only 20 x 10™° Pa.s. N Ii_is especially suitable for
use in display elements' based on the tﬁisted nematic cell
under extreme temperature éonditién$.  |

Example. 10

A liquidécrystalline dielectric composed of



e

exyl ) - bi phenyl has a nematic phase in the tenpefature ranéé.ffom

cyc
[E .og[ERR], a dielectric anisotrophy of [ERR] = +3.8 and a vis- cosity
of "FERR] Pa.s at 200, which even at 0 does not 10 rise to nore than *
. 55 1 ERR . This dielectric is very Suid7aml e for liquid crystal display
el enents which_are oper t ed under extre te r re condltlons Exanple. 9
“ A liquid- cryst%ﬁ |9ﬁaﬁr W?ﬁﬂ? ?ﬂﬁlﬁ%ﬁ?ﬁﬁe%¥¥3-ﬁ_ proenzene, E W4
. 4-(trans-4-n- y ex - benzo r _ -
4-(trans-4-n- §'¥6ﬁ%¥?¥ enfbn JI%Jéigﬂﬁyyﬁy-phenetole, '
4-(trans-4-n- £ y__@ﬂﬁéy gt Jygqy :
4-(trans-4-n- B’?r?%y cyé:cl oheXx H‘F et flbls}pcﬁen 4‘V t?hylbenzene, '
4- (trans-4-n- pepy YA§Y41@1%Y§-)4- = Qiy@lecﬁ'yéxylzp-mjezt%ﬂblqhenyl '
. 4-(trans-4-n-pentyl cycl ohexyl)-4"-(trans-4-n-propyl - cycl chexyl) blphenyl

! and 16% ofs 4, 4'sehidE n-petrats-24-Ir Ly I TBhdIas B Serddna iy 1 dhe
tenperature range from[ERR] .to [ERR],a dielectric anjsotrophy of [EHQ

10.5 and a V|smrﬁhdﬁl4&1traﬁs*ﬁ#nhﬁahbyIuydldhexyl)-4'-(ﬁﬁans;4¥ﬂ¥;ndﬁyhh
suitable for use in displlay el ements based on the twi sted nematic cell '
under extreme aysirenyl e-wimhdinilons. Exanple 10 A |i qui d- crystalline

di el ectric conposed of - 27 - 25% of

4- (trans-4-et H}ﬂ%yﬁ:l&ﬁi’@&ﬂ% Rhass dﬁbﬁi@né’eﬂmﬁﬁure range from -13 to
. 4-(trans-4-n-p clohe phene 15% of -
4- (trans-4-n- ;5‘?% IaoH’ % f{)@ﬁ;é’n § x 1077 Pa.s at 20°.

10 Example 11

A liquid—cryStalline dieléctric composed of
27% of 4-(traﬁs-#—n-propylcyélohexyl)-chlorobénzene,
18% of 4—(tfans-4-n—propylcycldhexyl)-bepzonitrile{
. 16% of 4-(trans-4-n-propylcyclohexyl)-phenetole,
15 22% of 4-(trans-4;n-pentylcyclgﬁexyl)—4'eethy1biphenyl,
7% of 4-(trans~4-n-§entylcyclohexyl)74'-cyanobiphenyl'and
10% of_44(trahs-4-n-peﬁtylcyclohele)-biﬁhenyl
has a ngmatic phase in the tempéréture range from -15° to
+86° and a viscosity of onl§ 15 x 10_"3 Pa.s at 20°; even

20 at 0°, the viscosity rises only to 48 x 107% .,



e d. - » — N ANV, Aeee e o
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1596of "4 (traas~4~n~p#9pylcyclohexyl) 4'-ethy|b|phenyl 5 15% of

4- (trans-4-n- 4'-ethy|b|phenyl and 10@6of
,34 (trans-4-n- m IF -(trans-4-n-propyl - cycl ohexyl) - b :
has a nenatlc erature range from-13 to [ERR] and

viscosity of only 9 x [ERR] Pa s at 200. .10 _ Exanple 11 A
ulquld crystalline dielectric conposed- oF 27% of
4. (%t rans- 4- n- propyl cycl ohexyl ) - chl or obenzene, 18% of
4>t rans- 4-n-propyl cycl ohexyl ) -benzonitrile, 16% of
4- (trans-4-n-propyisygel ohexyl ) -phenetol e, 15 22% of
. 4-(trans-4-n-pentyl cycl ohexyl)-4'-ethyl bi phenyl, 7% of
4~(trans-4-nepentyrcyblohexyl)-4‘-cyanobiphenxl and 10% of
4-(trans-4-n-pemtyl cysl dbhauyb)ycbyphedyinrpadie ﬁéﬁﬁ%?ccﬁﬁa§é5FﬂgtﬁE
tenperature rangeaL£0€kolﬁlagla8§r996aQIYhscesmpaneataplatliexsﬁEaRk Pa. s

at [ERR]; even 20 at 00, the viscosity r
Cains: 1. APflHUFShCFﬁsPaFFHHéddFéVéﬁﬁ Eénﬁoﬂﬁi?gfﬂgchpPgﬁ t°fmo
of which is a

| i qui d-crystall gppmGREPODGAL S,

~liquid-crystalline hal ogen co R A
"I in which the ring Ais R4 >R >—1tRiy cycl o: hexyl ene, [ERR]
is al kyl or al koxy having 1 to\l12 cag 5 when A is 1, 4-phenyl ene,

s alkyl or alkgxy hayinged §0nd i HL

er 4- phenylenecy%'n%ra[nERl?] I %y%lllsw or
hexylene, Rl is alkyl or alkoxy having 1 to 12 carbon.
atoms or, when A is 1,4-phenylene, is alkyl or alkoxy
~having 1 to 12 carbon atoms or cyano, R2 is alkyl or
alkoxy having 1 to 12 carbon atoms when A is 1, —phenyl-
ene or is chlorine or bromine when A is 1,4- cyclohexyl-
ene, and X is flﬁorine,.chlorine or hydrogen, with the

provisb that at least one df.the substituents R, and X

2
'is a halogen atom.

2. A liquid-crystalline dielectric according to
claim 1, which contains from 5 to 40% by weight of at

least one compound of formﬁla (1).

3. An electro-optical display element compfising a
liquid crystal cell, in which the liquid crystal cell
contains a dielectric according to claim 1 or 2.

4. Liquid-crystalline halogen compounds of formula (II):

11

in which the ring A is 1,4 phenylene or trans-1,4-cyclo-
hexylene, R3 is alkyl or alkoxy having 1 ﬁo 12 carbon
atoms or, when A is 1,4-phenylene, is alkyl or alkoxy
.hav1ng 1 to 12 carbon atoms or cyano,.and R, is aikyl'
or alkoxy having 1 to 12 carbon atoms and Y is fluorine
" when A is 1,4- phenylene, and R4 is chlorine or bromine
and Y is fluorine, chlorine or hydrogen when A is

1,4-cyclohexylene.



~al koxy having 1 to 12 carbon atons when A is 1,4-phenyl- ene or i$ chlorine
or brom ne when Ais 1,4-cyclohexyl- ene, and X i.s fluorine, chlorine or

‘hydr , With the proviso that at |east one of .the substituents [ERR] and
Xis! al ogen-atom 2. . A liquid-crystallinedielectric according to
clai‘m %, which contains from5 to 40%_by %?lght of at |east one conmpound of
formula (I). 3. An el ectro-optical display elenent conprising a I|qU|d
. crystal cell, in which the liquid crystal cell contains a dielectric . >
according to C'?l M1 Rrplocéss folﬂeuedppéyétaakibﬂeohakoggaugacrpounds of
formula (11): whi ch the ring A

is 1,4 phenylen%’%?t?¥%h%e1hﬁ1€98P0°°ﬁ829F€n8f fEF@?lPsIQIE9P°6f139koxy
“having 1 to 12 ggrépaimt H[EinrwhibRNtRei sidg4Apbenytene-1i 8 al kyl or al koxy

h 1to 12 ERR | k h 1
Lo 12 car bon atSRELSRERxATae rpnd) Pngs AER-REra. i BnerorBhidetng (oo s

chlorine or brodzmeoandlﬂglanfhuml;ne dehivatheeoof hfdrogéa EAEn A is

1, 4-cycl ohexylene. =~ 29 - 5. ~ A process for the preparation of a |iquid-
-cryst-al line hal ogen conpound - of fornmula Il specified in claim4, in which
-the ring Ais trans-1,4 - cycl ofiexyhene an hydr.ogen, which conpri ses

di azotising an aniline degé III -

in which R, has the meaning stated in claim 4, and
reacting the resulting diazonium compound with copper (I)
chloride'or bromide under the conditions of a Sandmeyer

reaction.

6{ A process for the preparat1on of a 11qu1d—

crystalllne halogen compound of formula II spec1f1ed

3

in claim 4, in which the ring A is 1,4-phenylene, R
is alkyl or akoxy and Y is fluorine or the ring A is

1,4- cyclohexylene and Y is fluorine or chlorine, which

comprlses nitrating a compound of formula (IV):

Iv

in which R, has the meaning specified in claim 4,
reducing the resulting nitro compound of formula (V):

- to form an amino compound.of formula (VI):

—_—

AN 0

]

)



o~

sinahich {ERR] has the neaning stated in claim4, and reacting the
“resul ting .diazoni um conpound with copper (lI) chloride or brom de under 1%;
-~ conditions of a Sandneyer reaction. 6. A process for the preparat|sﬁ%LJ
“a tiguid- crystalllne hal ogen- conpound of® formula Il specified in claimd4,
in which the ring Ais 1,4-phenylene, [ERR] is aIkyI or akoxy and Y is
fluorlne or the ring Ais 1,4-cyclohexylene and Y is fluorine or chlorine,
whi‘ch conprises nitrating a.compound of fonnpla (1V): [ERR] in which [ERR]
ﬁaé the meaning specified in claim 4, redu i‘ng the resulting nitro conpound
of formuta (V): [ERR] to form g nd of formula (VI): [ ERR]
di azoti sing the am no congpoung and reactingythe resulting
di azoni um conpound wi th cappe U der the conditions of a
Sandneyer reaction (for the A = C conpounds) or with
tetrafluoborate under the condltlons of a Schlenann Bal z reaction (for the
Y = F conpounds). 7. A process for the preparation of a I|qU|d-

crystal li ne hal ggen mpoun of . fornmula 1] e01fJed i,n ¢ m 4, in which A

3 e phonyl end2SPRRRRTRg thg) anfid e qud i d i th, WG

nitrating a conpg&qdlug tb¢nﬂ¢su¥tﬂﬂg d{&ﬂ%ﬂlum compound with copper (I)
chloride_under-the conditions of a Sandmeyer reaction

(for the A ='cyclohéxylehe, Y =C1 Qomﬁounds) or with
tetrafluoborate under the conditions of a

Schiemann-Balz reaction (for the Y = F compounds).

7. A process for the preparation of a liquid-
crystalline halogen comﬁound of fdrmula,II specified
in'claim_4, in which A is 1,4-pheny1éne, R3 is -CN,
and Y is fluorine, which comprises nitrating a

compound of formula (VII):

CVII

in which R4 has the meaning spec1f1ed in - clalm 4,

redu01ng the resultlng nitro compound of formula (VIII)

VIII

IX

diazotising the amihq'qompound of formula (1IX), reaéting

the resulting diasonium compound with tetrafluoborate

* c L M s *




in whi ch [ERR] has the neaning speC| fied in claim4, reducing the réesul ting
ni'tro ‘conmpound of formula (VI I1): [ERR] to forman am no conpound of

a (1 X): [ERR] diazotising the am no conpound of fornul'a (IX)

ng the resulting diasonium conpound with-tetrafl uoborate-, 31 -

the conditions of a Schiemann-Bal z rgaction to give a fluorine .
conpound of formula (X): [ERR] reacting the fluorine conpound of formula \
(X) with hydr oxyl ami ne and effecti ng a Beckmann rearrangenent to give-an \J
amne of formula (Xl): [ERR] diazotising the amine of formula (XI), and ~
reacting the resgyderngnd %mtalllériba@rrbeuadcwﬁbmaaapealeI}eayalbde under the
conditions of a Sandrreyer _r.eaction. es tgor t? giparatlon of a

li qui d- crystal [h&4Y4 6gér3r“‘86r’rﬁ8uﬁ8m8 uf’g ﬁ‘gl °FPYy-2 E ffied in claim4,
substantially as -herein descrlbed in any ¢f Exanples 1 to 3. 9. A
l'iquid-crystalline-dielectri as herein described.in any of
Exanples 4 to 11.

- CH,COC
K)

reacting the fluorine compound of formula (X) with
hydroxylamlne and effectlng a Beckmann rearrancement

‘to give an amine of formula (XI):

R . XI

‘diazotising the amine of formula (XI), and reacting
the resulting diazonium compound with copper, (I)

cyanide under the conditions of a Sandmeyer reaction.

&. A process for the prepérétion of a liquid-
cryétalline'haLogen compound of formula (II) specified
in claim 4, substantially as herein described in any

of Examples 1 to 3.

9. A liquid-crystalline dielectric substantially

as herein described in any of Examples 4 to 11.
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