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temperature range S¢ phases. This has made them excellent candidates for constituents of ferroelectric
smectic mixtures. See for example their use in the mixtures disclosed in PCT/GB 87/0441 and GB 8627107.
It is an object of the present invention to provide novel compounds which may be used as constituents
45 of liquid crystal mixtures, and novel liquid crystal mixtures which incorporate them.
According to this invention novel laterally cyano-substituted terphenyls of general formula | below are
provided:

© (OO0

56 wherein R' and R? are independently selected from hydrogen or Ci1~15s alkyl, alkoxy, or alkyl or alkoxy in
which one or more CHz groups are replaced by O, COO, O0OC, CHX, CXz, CH=CX, CX=CH, CX=CX,
where X is fluorine or chlorine, CRCN where R is alkyl, or C=C, or in which a terminal CHs of the said alkyl
or alkoxy chain is replaced by CFs, n is 0 or 1, and the CN and F (if present) substituent are independently

fi-t
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#45 Qf liquid crystal m xtures, and novel |iquid crystal m xtures which

i ncorporate them According to this i,nvention novel laterally

cyano substituted terphenyl's of ERASPAG6§BInul a | bel ow are provided: 50
F)n I 66 wher e| n Rl and R2 are independently selected

from hydro n or al kyI or al koxy i n which one or
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| ocated in any of the &vai IBabIQa subBt Bt uti@n positions. The structural _
pref erences di scussed bg ar g—aged p ter alia on ease of preparation
and suitability for_qu o { >'hQU| d crystgl mxtures and

el ect f0- opt i cal dev?c ‘ ot erred structures for terphenyls
of formula | are those \aa ng ge grmula | A below. 5 A B C

E &to R | A 10 wherein
R and RehemineR'i and &P eraciedepengdently falky!, a“@kﬂ(@f)@}kvw agd pheny fhias ¢ pubsiititio HE*W! has
a subst i selecteirormanytase of the followingcrubstityhiancaaloress of ﬁﬁﬂl’(ﬁ/\ﬁf Ggt ﬁ ilﬁgtl on
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CN), (C D e @ £, 0 5O, B =F %(BFFEC FBF’@ thagpmpi I'p =
CN) (Asubq:htutlcm posi bel gﬁ‘occuppd @ é aE . (A =F, B — O\I)the
t &mai ni ng FHASEpclyres dindermiia T e fiidbe wﬂf‘eT 81 occupl ed by hydrogen. The

\s—t/ructures included in formula A are listed belowin Table 1. K 20 Table 1
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i 1. 4 40 CN F 1.5 45 Fs Q| Rlde-@ R2

1.6 50 55 3 EP 0 395 666 Bl Table . %contd) 5 F . CN 1.7
10 F ON' nl >bR * EP 0 395 666 1.R 15

F CNi -d-g-&1712 1.9 K) 20

Ts CRhl-'"4-@ R 10 I ;

nitild $.<g-diR2 @ iél’l—eiliﬁmf:“% CC 25 1.74 ¢ ¢ 2@530
n2 1.12 36~~~~~~~~~ ]-~b - R 2

1.1 F CH 40 il 4 4 > R

.gI W, R2 = allkyl, n~ koxy or al kynyl 46 of the structures listed in Table
1, structures 1.1, 1 3, 1.4 1 5 1.6 agﬂ 1.18 are particularly preferred,
d

especially 1.1, 1.3, 1.4, 1.F In conp s of formula 1, 1A or as listed
in Table 1, R and R2 ar &,1oy dﬁ@endenthy7n al kyl, n-

10
CN

OB
; f@@@f s

20
CS @@ 1.10
CN
’ u]'—z(:))-@-@-n?‘ 1.11
o | FoocH
~ | nl@S-@-@mz 1.12
FCH
% i) -6@-@42 1.17
~ | F CH
o nl--©@-n2 1 14

Rl. RZ = alkyl, alkoxy or alkynyl

of the structures listed in Table 1, structures 1.1, 1.3, 1.4, 1.5, 1.6 and 1.18 are particularly preferred,
especially 1.1, 1.3, 1.4, 1.10.
In compounds of formula |, IA or as listed in Table 1, R' and R2 are preferably independently n-alkyl, n-
so alkoxy or n-alkynyl containing 3-12 especially 3-10 carbon atoms, or branched or asymmetrically substi-
tuted alkyl, alkoxy or alkynyl, which may be in an optically active or racemlc form, but especially n-alkyl or
n-alkoxy. R! and RZ may be the same or different.
In a compound of formula 1, R! and R? may therefore be independently selected from the following
preferred groups listed in Table 2 below:-
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50 al koxy or n-al kynyl containing 3-12 especially 3-10 carbon atons, or
branched or asymetrically substiz- tuted al kyl, al koxy or al kynyl, which
may be in an optically active ‘or EPR G €6B) ny but especially n-al kyl or
n-al koxy. RI and R2 may be the sane or different. In a conmpound of fornmula
1, R and R2 nay therefore be indepengdgnt]y selected fromthe follow ng
preferred groups listed in Table 2 below. - 55 4 EPO39k5666B1 Table 2

n- al kyl n- al koxy n- al kywH—-5 — CaH7
ClH70 C2H C- C CshHs ¢40ply | nalioxyf- gesliagylHgi 1 CsH110 CAHeCnC
CsHlag C6H1-O C5H G C 927@345 ckHILS O cHs€addi 4C- C 10

CgHI 7 CsH170 C7TH15CNCl @19 | ¢Ke00190c,H,CécSHI7CGC C oH21 Cl0H21
C9H1sHCC C,,1 H2 C, H120| cs6l.o0H tNG €13HaB,CaC1412-50 16 Preferred
asymetrically substituted 3ldyls apdsitk@ oy yCstli @mps |lare 2- et hyl butyl ,

2-met hyl but yl oxy, 3- nethyl peGrtiysl | | 8/Hed hy| GéOpCoxy, 4- met hyl hexyl ,

4- met my| pentyl, 1-net hyl heptjy@sHand| Cshire® hyf| CréitOpCoqy. Preferred
asymetrical ly substituted 3lG¥inyl %v'dle@s APakh7Cm=G0 |CF 3 CH3 CH 2CECH 2 r. C
25 CioH21 10H21 CoHisf=05 |13 CHOW=C- 6 13- 30
Conpounds of forrmula | nmay BhelipieppCedhal q @oluftfer] of synthetic routes,
for exanple routes A - F shavirizts | FeeHesQ dnpanyi ng figures 1-11, route B
provi i ng sone useful internediates. The respective structural types which
may be preprfeed dEimiiptricilly Sabstitst alkylan@ alkoxyl gidup® W, 2-methyibutyl, Randiyibigioxye 3-1
above: - Bbthylmshiyl, 8-mefRgipdntyloly 4-methylhexyl, 4-methylpentyl, 1-methylheptyl and 1-methylheptyloxyl.. 1

@5 A2 Preferred asymmetrically substituted alkynyl groups are:-
20
CH_CH_CHCH_(C=C-~
3R, e
25 CH
. N 3
C _H _CHC=C-
. 613 csc
L - Compounds of formula | may be prepared via a number of synthetic routes, for example routes A - F

shown in the accompanying figures 1-11, route B providing some useful intermediates. The respective
structural types which may be prepared using these routes are as follows, referring to Table 1 above:-

Structure | Route
% 1.4 At, A2
« 1.2 Ct
s 13 C1,C2
1.4 D1, D2
40 15 D3
1.6 D4
1.7 E1, E2
1.8 E1
1.9 E1
o 1.10 E1,E2
1.1 F1
1.12 F2
1.13 F3
1.14 F4

50
Modifications to routes A-F to prepare compounds in which the substituents R1 and Rz of Table 1 are
different to those illustrated in figures 1 to 11 will be apparent to those skilled in the art of organic synthesis,
for example the replacement of the alkyl or alkoxy groups R, R!, R? R" by their perfluorinated analogues or
by alkynyl or alkynyloxy groups.
65 Although the overall routes A-F and their end products are novel the individual steps use known
reactions.
For example the following steps use the known coupling reaction between the halo-phenyl ring and the
phenylboronic acid in the presence of tetra-(triphenylphosphine)-palladium (0): A11, A23, A24, C14, C23,



1.2, a 1.3 Cl,C2 1.4 D1D215 D3 40
1.6 M 1.7 El, E2 1.8 El 1.10 El, E2 1.11 Fl
1.12 F2 1.13 F3 1.14 -EPG Wﬁ\ﬁﬁﬁlm cations to routes A-F to prepare
conmpounds i n whi ch the substituents RI and R2 of Table 1 are different to
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pr oduced A2n,F46 t Nerdmabwphiadgidicioremethane 0° Gy t he known net hod which first

pr epar es AR2,EH4B g (icNaflOREGO usi ng Magnesi um i n tetrahydrofuron (THF)

f ol | owed B3y - ﬁrledelaﬁnﬂsmcw{WQQ'/NCIssopropyl borate then hydrolysis with

hydr ochl dHRd 48 ¢ vig hydrazing hysdrate (A8 © direct u56) ysed in steps B13, B22, Cl13, D41,

D43,5 | | B2AON1, B3, F43nBacpone/ef0s D3 and D4 the |ateral CORH group is

i nt roduced2r Bro the | uorinated ri Butyl- lithi h
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en con € oG9 o GRRRE Pafd i) Hoc S 38R KASWH of loorbrOaly il
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N- b ﬁ‘?é e'ﬁq Jt& -EWnéH ffie "‘Mﬁd m y “one or more of the
r Ongtﬁ&qut&' tms d@hﬁ@ of (G3Pih RRbec hosthat this starting compound may be made via step

C13.
it should also be noted that the products of steps D13, D22 and D43, and the starting compound for
25 step D31 are protected by the claims of the Applicant's EP-0132377-B and US Patent 4,594,465.
To prepare compounds in which R! and/or R? contain fluorine, the appropriate perfluoroaltkyl com-
pounds may be used as starting points, eg in steps B11 or B22 etc.
Compounds in which R' and/or R? contain a COO or OOC group, eg RCOO- where R is alkyl may for
_ example be prepared by removing a terminal R' or R? group which is alkoxy from a terphenyl product of
\—/ 3 formulalorIA using the known method of reaction with BBrs followed by hydrolysis to leave a terminal -OH
group, followed by esterification of this phenol with a carboxylic acid RCOOH or an acyl chloride RCOCI.
The C=C group in compounds in which R' and /or R? is alkynyl is a reactive functional group and may
for example be hydrated, eg using HgSOs / H2S04 or BHs to yield terminally ketone substituted terphenyls,
eg having terminal -CO.CHz-R or -CH2CO.-R groups. Such ketones may be reduced to form the
35 corresponding alcohols, ie -CH(.OH)CHz-R or -CH2CH(OH)-R, which may themselves be esterified with a
. carboxylic acid to form the corresponding esters.
. Alternately the ketones may be converted into cyanohydrins by reaction wuth HCN, leaving terminal
groups of structure -C.CN.OH-CHz-R and -CHz-C.CN.OH-R. Such cyanohydrins may then be esterified eg
with a carboxylic acid R"-COOH where R" is alkyl to yield terphenyls with one or more terminal substituent

40 groups of structure:

@ Y
F."COO-(':- or R"GOO—(E—CHZ-
45 ' CHZR R

Also reaction of the C=C group with halogens or hydrogen halides can lead to terphenyls of formula |
with halogenated terminal substituents R' and / or R2. For example well known reactions of an alkyne
§0 subsituent R-C=C such as in the product of step C25 can lead in this way to R-CX2CXz-, R-CHX = CHX-, R-
CH2CX2- and R-CX2CH.- where X is a halogen eg chlorine.
Many terphenyls of formula | show liquid crystal phases, and also a high negative dielectric anisetropy
AE. These are therefore useful components of liquid crystal materials, and therefore according to a further
aspect of this invention there is provided a liquid crystal material, being a mixture of compounds, at least
66 one being a terphenyl of formula 1, preferably formula IA.
Such a liquid crystal material may be a nematic or smectic liquid crystal material.
A nematic liquid crystal material my therefore be a mixture of compounds at least one of which is a
terphenyl of formula |, preferably one which exhibits a nematic liquid crystal phase. As terphenyls of
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: A22,, F46 - (i) NaNO2/HCI (ii) KI Bi 1 - Friedel Crafts reaction,
RCOCI/AICII Bl12, F48 - via hydra,zr ne ...hgdrate (F48a = direct use) 15

B21, G 1, D21, F4l - RBr/acetoncFRkO@eB®86B1. pro 21, F47 - R C-CH 2znCl 2;
Pd(PPhS) 4 C22 - H2, Pd/C Apart from standard reagents the starting

mat er i aI s for route éa Agn W'LQ; cb%rm% %tﬂl thg DR g.g forom
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nmade Vi afibuid Ju?rphehils SiiRLihvéntivh 2/ 1ikgly Qe ieefil Ailquit REstaIrmitiures @hia uss theESBD1 3,
D22 ande@gos .and the starting conmpound for 25 step D31 are protected by the

cl ai ns of tHaegeARall dlssstBtor SthérRoMBRIATE/Whidh rasydbelifcikdatl dmé neémdlie Aquid Erystal anaterigpar e
conpoundgcordingvibiittéshasbet ahtilé dwenltith with bé srbinknbiva tor thase skillekddn thp fliquiheryeial @rt. Some

per f | 1oreaahdisslof compeunge bavilg anewAl&@e lideicbelew: st arting points, eg in steps Bl 1
or B22 etc. Conpounds in which RL and/or R2 contain a COO or OOC group, e€eg
RCOO- where R is alkyl may for exanple be prepared by renoving a term nal

R or R2 gro Cched y froma tg % uct of 30 formula | or
| A using the drir:et (kSE?Xreactl on wt -l?dowed by hydrolysis to
| eave’™a term nal -OH gfoup, foll owed by esterl fi cat on of this phenol with
a carboxylic acid RCO%Y—t or an acyl chl of _@_ Ge€ group in
conpounds in at P R2 is al kyn IS & rea¥ve functional group
'arfd may for exa e be rated, eg using HgSO4 / H2SO4 or BHa to yield
(%al | y ketone substituted terphenyl £ Lo termnal -CO CH2-R or
-CHZ R gr ket ones may be red formthe 35 correspondi ng
al cohols, ie - 2-R or - CH2CH(OH) - |ch ma Fi' nsel ves be
esterified vm'thacarboxyllc acrdtofogu@ang asters.
Alternately the ketones may be converted o] c?arﬁ) y reaction -wth

HCN, 4eaving term nal groups of structure -C. CN. OH CHz- R and
-CH2-C.CN. OH R Such cyanohydrins may then be esterified eg wwth a
carboxylic acid R'-COOH Wnere R' is alkyl to yield terphenyls with one or

nore term nal sub t uent Ygroups of st_ﬁtu : -
‘R.or VCOO C-CHR 0O~ - -R RAIso reaction of the

&/ C gwoup with hal-odens hydr ogen hal i des“can edl to ter phenyl s of
formula | wth hal ogenat@d term nal substi ents RI , or R2. For

exanpl e wel | kng?@eé@bt@.mf an al ky' R-C-C such as in

t he product of lead in this vvay to R CXZCXZ-, R-CHX =CHX-, R-
CH2CX2- and R-CX2CH2- whgre X is a hal o @ j ne. Many terphenyls of

formuf®a | show | i gwhd cry | _phases, gh negative dielectric

@ani sotropy AE. ‘B-&P@*@r‘%fore useful conmpbnents of |iquid crystal

Teterials, and therdfore according to a$@§ @ g3 i nvention

there is provi de%—@dk crystal mat er ; e*rlatgza' xty#e of conpounds,
F

at | eg)st

Some examples of compounds having a positive AE are listed below:

aORC A, 08,4 Q)-

. oo OO
Q- (Q)-me-©)-

s R{:)—@-CN
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; 66 ,one being a terphenyl of formula | , preferably fornula I AL Such a
I|qU|d crystal material may be a nematic or smectic liquid crystal

material . A nematic liquid crydPA39%8688%al ny therefore be a nixture of
conpounds at |east one of which |s a terphenyl of formula 1, preferably one

s b'gg@@% B v ot

Ui ls
ot her CO \&I- afid/ rtﬂ Io mbrb 3opth mdﬁ& hor
earrp phised p03|t|ve to provi eamx ureo
I nt gf |€all t élélvwlalnerkﬁgmld Systal Rixtukelbi kb depecbtMe imvehition béntairsi gn of AE
(ie + ve -ve a nematic I|qU| d crystal material is chosen according

6 Hence the avail abili t)F°5'P° nggoffor _ahega Y cprmpounds of the

to the klnd of electroL pttcatr—devite vngugu material is to be used.
v

invention is very advant °°"F A irti.cul 6o tler phenyl s of the
inveation are likely to ot a@ﬁ dngé“ 5Ty I{ m xtures which use the
ECB ef fect. The general lgo§§r§§d cpnyposl Whi ch may be included in

a nematic liquid crystal aspect of the invention
will be well known to those skilled in the liquid crystal art. Sorre Io

exanpl Ees ayprabammal waight Paezontaggs bRINa0 AE%ar e | i st ed bel ow  R-0 CCoj-- 'R Ret
15 15 The invention also provides a smectic liquid crystal material which is a mixture of two or more X 20
P X compounds, at leag} qge otjupvgl]_ls gerg n nfja hpreferably of formula 1A, and especially of < -E
30 formula 1.1 or 1.4 of Table 1. Thl -mixture preferably also contains in addition one or more ©

:'X4~~~~Q°'Qﬂ9mg§ Wh'@i°P°‘Pa’J°4t?PR7P‘°’EQEﬂlh@|'E°°}'b°'§8%£“° mectu %hsaseol E:SBGF?BHUSH ng: ohaVI ng

\3/(:5) % ICEIZVPe for yﬁ% it oithQ Eipgéﬁ’ ‘of éig m&ntlorlzco%lins one More terphenyls of formula | anffEP
mula ps oo oL Re AR TP ROV T 0~~~~~~~ R--HC 00-s 45
-0 -H2(?.0 7

11-0 =X
3 ' ‘*).4 -
R ©@<O>- R F)p Formula IIX

-/ s0 where R? and R* are independently selected from hydrogen, alkyl and alkoxy each containing 1-12 carbon
atoms, p may be 1 or 2 and the fluorosubstituents(s) may occupy any of the available lateral substitution
positions. Preferred FTP's for this aspect of the invention have a formula lIA, IiB or lIC.

Xy
35 1
o o3 _@ _@ _@_R'-- Formula IIA
NS

2

]

F 7
1!3-<()-€)5—©-R!+ Formula .IIB
F F
R3-@-@-©-Hl+ Formula IIC

where R® and R* are as defined above, and where X and Y are independently selected from hydrogen and
fluorine, at least one of X and Y being fluorine. Preferably R® and R* are n-alkyl or n-alkoxy containing 3-12
carbon atoms, especially 3-10.
R3 and R* may be the same or different. Preferred n-alkyl and n-alkoxy groups from which R® and R*
55 may be selected are those from which R' and R? are selected, as listed above, although the combinations
of R' and R2 need not be the same as R® and R* in the mixture.
Preferably X in formula lIA is hydrogen and Y is fluorine. The preparation of such FTPs is described for
example in' EP-A-0132377. The preparation of FTPs in which p is 2, eg of formula IIB and IIC is described

45

50
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sEP 0. 395 666 B1 Wiere R and R independently represent C, - Ca al kyl or

al koxy, and X represents F or H :The nematic liquid crystal m xture of this
aspect of the invention may al'soEPSh3¥%i688®1cochroi c dyes, such as those
descri bed in EP- A—82300891 and/ or one or nore optically active conpounds

to mdumthB-Aesfla n stg'ﬁ\ § ige rlg Hhap%at %remb réf&'?snccgl |y but not
I'I

excl usi vel q\n c %E A lgth)c ephase at
|xt rﬁor@‘ form FB ancliJ SQ' rc,me }é\?mg\‘e eiydf

i nvent i %omaip@;a&?e a

CONMPOUNUgiing invention, oF rhay ﬁ“ﬁn

Opti cal |ﬁ5rnﬁ|ﬁtllcvdﬁls‘5 l%rphenyls f the fveéiion?0 P eoc r0| c dyes:

Wt % The ovRd adltiod & Bn®br M&b G&lﬁpomfb?f%hﬂm&o BR) 8 GnoldBrPétor femulebil often reIJilﬁ in

i nvent i Ogupprbssidn [of Ghdbsiaisie 8, BHiESs! shbwrl byditié BT laEindy alsrbsiitiid midikedhowifig an S¢

M Xt ur e gHasd Yver @ lbroatisr RendpRrafurs fafge, th&d thb EIB.L ThNE parficulslly e witls FEP'S efripdvaRilA. Of
formul a thesgbiticrmdy ho Gianibasdral quitd Aow aafick aSipeiadl doyhpadnds) tonENRss, Tor bxamiplel . 4
of Tald etydicallyl initiss ranget1t20 ¢ 105 B waighibte\of irauda lcompaund(s) to ATR{gIdi t i on one or nore
ot her v'  Otheocopwovmds whibh showtan Fetrhase apd whictp mma be bised dh mixtuges Dfrthist dspechbftie .

The snecinveotioplaredthe knowmpeanfpeund®sl y Sc, SF or S./ 20 Preferably the m xture
of this aspect of the invention contains one or nore terphenyls of formula
| and one or nore FTP' s of formul a &d: 2( R3

R4 % F)p PFornula e “and R4 are independently selected from
hydr ogen, al kyl an ining 1-12 carboprgions, p may be 1 or
2 %nd the fluorosubstituents(s) may“occupy any of the avail abI e lateral
substitution p05|thn ed sgfor this aspegi.of the invention
ave goforrmlaIIA F‘@C&C}F@ﬁaj Formula |11A% P

F R Formula .11B 46

F F 4 Formula 11C 50
where R3 and R4 aréQ '%nd where X andt¥Gre i ndependent |y

sel ected from hydrogen and f I uorine, at |east one of X and Y being
fluorpne. Prefer abgﬁ_@g ARmre n-al kyl or n-al koxg ntai ning 3-12
carbon atons, espe R3 and R4 may be the s or different.
Preferred n-al kyl and n-al goxy groups fromwhich R3 and R4 66 nay be
sel ected are those fromwhich R and R2 are selected, as |listed above,

al t houghwhsheeR*c BRriidrR€tindependenttly Rintainid- R atheredomm £ brel R®ees indapendently Raaligired nR4 i N
\t‘l"/le nox t alory, and RC is independently n-alkyl.

With the smectic mixtures of this aspect of the invention may be mlxed one or more optically active
compounds which induce the mixture to show an S; phase and/or increase the Pg of the mixture. The
mixtures produced in this way are ferroelectric mixtures showing a Pg value and are a further aspect of this
invention. The use of terphenyls of the invention in such mixtures may result in advantageous Pg values and

35 switching times.
i Many optically active compounds are known which may be used in this way. Preferred optically active
./ compounds are those described in PCT GB 85/0512, eg

o
gty P~(0)~(0)-0o00mc00C 4, v

45 the compounds described in EP-A-0110299, eg

Gy |
. ety (OO0t v

55



3

Pref.erably X in fornmula Il Ais hydrogen and Y is fluorine. The preparation
of such FTPs is described for exanple.in EP-A-0132377. The preparation of
FTPs in which pis 2, eg of forfR93%§988Bhy |1C is described 8 EP 0 395
666 01 in GB-A- 8806220 filed 16-03-88, the contents of which are

i ncorp rated h in 6B e snectic liquid crystal material of
this a p°u s(’ac'r'lbnv"?a?tﬁg‘?t@maymt’gé1 exanpl e show an Sc phase at room

terrperature and may be a M xture one gr nore FTPs of formula Il A plus
one or nore terphenyls of the |me@2§moum§|?§ be a m xture of one or nore
FTP's of fornula 1lBan Qe o of 5 ypormula |1 C plus one
or nore terphenyl sg t| on. The |t| on of one or nore conpounds
of formula | to one nore Ps of formula 11 often results in suppression
of undesirabl e SB phases shown by the FTP, and nay also result in a mxture
show ne@ndsin p&sticuahthe eompoemdsaieémnmdelacrlem@om wwhigh centainea CORGHEMB gFTPWheRBIi s i S
par tib c @lisalkyy fag examiptesh FTP's of formula |1 A These effects nmay be nmanifested.
at quite lowratios of forrmula I conpound(s) to FTP's, for exanple 10

typically in the range 1:20 to 1C¥ by weight % of fornula | conpound(s) to

FTP(s). O her conpgé _ﬁlh Sc phase and wgpgh may be used in
m xtures of this aspe 0 e Inwention are the known conpounds: 15
RA4 6 ' SL @FA~-~¢p)~4PRB ~~I1 11} 20 25 RA.

I11) where RA, R9 and Rc independently contain 1 - 12 carbon atons, RA and

\:1/8‘?[(5 o:gl\f p%:u(: a:é% xafll C% Im c?o%lk@ %EEQ Rgn&gﬁflﬁfn ipﬂemg\ﬁll&irn%g%%y be

iirs oun |ch|n uce the mxture to
show an S; phase and| or |ncrease t he Ps of the m xture. The m xtures
produced in this way are ferroel ectrj ca“zmqres showi ng a Ps value and are
a further aspect of this inwqmH,)aeH The use of terphenyls of the invention
in such mxtures may result in &fantage Ps val ues and 35 swi tching
timgs. Many optically active.conpounds ﬁ%ﬂnom which may be used in this
way. Preferred optically active conmpounds are those described in PCT GB
85/ 051 #here g map bé&B ldBarbiiiger &G1G0H edch of b endaosrprointegks 1@cwefpiablid béing Eand/at Bast 10299,

eg C8I bhgdfberobdimgdsncZ6 V 60
-\69/63 ae 59Preferred groups R® in compounds VIl are methyl, -CH(CHs)2, -CH.CH3.CH2CHs and cyclohexyl.
30 Additives if used in such mixtures may fulfil a number of functions. For example additional optically

active compounds may be included to control the piich of the Sc phase such as the optically active amide
compounds described in PCT GB 87/00223, eg

CH, H
o (OO e

40 or the optically active terphenylsdescribed in GB 8703108 eg

where R, R® and RC are independently n-alkyl or n-alkoxy containing 1-12 carbon atoms, D is F or Cl, Xis
OOCCH(CH;)OR", OCH(CH3)COOR" or COOCH(CH3)R" where R" is n-alkyl containing from 1 to 12

- carbon atoms.
80 Additives may also serve the function of encouraging the formatlon of an S, phase at a temperature
above that of the Sg , to assist in alignment of the mixture with the electrodes of an electro-optic device.
Additives may also suppress undesirable phases such as S, or Sg so that these occur at temperatures

far away from the working temperature range, eg

55
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i EP O 395 666 Bl the conpounds described in PCT/GB 87/00280, eg Cede
hi C) =01 and in particular the compounds described in PCT/ GB87/00441 which
contain a COOCSH(CN) R group wher EPDB9R66€B]| ky|  for exanple: a 15
(F) (F) -, where RA is n-al kyl or n-al koxy contai ning 5-12 carbon
atons, (F) indicates that the phenyl ring may carry a ky.) fluoro
substituent, and RBis C Fn al kyl, cycl oal kyl or a branched al kyl of
bI

formul a: 20 where~~4/ H ir;i?e 16 -(Cw) Cg" CH 25
2+ where a may be (B - -6, and each of b andXc is an integer

1-6, preferably a being O and at | east one of b or ¢ being 1. Preferred
groups R6 in conpounds VII are nethyl, -CH(CHa)2, -CH CH3.CH2CH3 and

cycl ohexytere QGind RE adGHdbjcn¥edBy h-Blkyl 5FalkoRy SorGiRing M2 darism atoiig. T ul fi | a number
of functi omgpicallyobut @sEERALSVeROSl sinedtio @ ligRiatdn@tl Mgtert iof this apstp oLihel invertiyn 3

i ncl udedmikioreavirigraddompbsitioped foklowef t he S; phase such as the optically active
am derconpounds described in PCT GB 87/00223, eg 35

CH3 H 4T G, of M6re Qthactts whicA Stfoly {Sget o Spiéte J?%‘?éo?r{ Ioed 1n G5 870gd (g5 v R C

X
 ndependeZTISERee S pape. spocly piommiag IR IBIE R L A0 J8, o P oot o

O, X id Somemnderetfarelal. ocH( CH3) COOR' or  COOCH( G- @%@fﬁefﬂ'vfrsﬁﬁﬂaﬁ fyl
cont afni r&u&élpmt.ae&o&pa&d@ﬁatb&&saﬁasaang geébent if theAddilt i ves may al soo szswies § he
functi on ,ﬁ]hurem@woaghsgpnabe ormati on of an SA phllase at a tenperature above
t hat of ((i to asSSTSt T ar TgnmeEnt of the M Yrure wrn tne ST 5Gh es
of/ an el ifiye(s ptic device Addltlves_w ol ses
‘\sdch as Jatabr SB so that these occur at tenperatyres far away frHidwtlhe

wor ki hg Tenperature range, eg b5 10 EP 0 395 666 Bl

The nematic and ferroslectric smectic liquid crystal mixtures of the invention may be used in any of the
known types of liquid crystal electro-optical display device which use such materials, for example as
described in the two Appl. Phys. Lett. references mentioned above.

25 The construction and method of operation of such liquid crystal electro-optical devices is well known.
Generally such a device comprises two substantially parallel substrates, at least one of which is optically
transparent, and having electrodes on their facing surfaces, and sandwiched between them a liquid crystal
material. The application of a voltage across the liquid crystal material via the electrodes causes a change

. in the optical properties of the liquid crystal material to produce a visible effect. Suitable dimensions,
N~ s0 voltages and other parameters for such a device will be apparent to those skilled in the art.

The invention will now be described by way of example only with reference to the accompanying
figures 1 - 11 which show preparative routes for terphenyls of the invention and figure 12 which shows a
cross section through a liquid crystal device.

In the following examples all temperatures are in *C. The abbreviations N = nematic, Sy = smectic A,

35 Sc = smectic C, S, and Sy, unidentified smectic phase, | = isotropic liquid, K = solid crystal. Liquid
crystal transitions shown () are virtual transitions seen on supercooling.

Preparative Examples

40 Example 1

Using routes A1, A2, B1 and B2 the following compounds of structure 1.1 were made:

900

50

66
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"F IRAMg-COO -_B X 5 where RA and
RB are independently n-al kyl or_mn-al koxy containing 1-12 carbon atons.
Typi cal Iy but not exclusively ‘O30 PRE B | | quid crystal material of this
aspect of the invention is a m xture having a conposition as follows: 10
One or nore conpoyrds—wri-ghishow—together—or—separately—a room
50 - 95 wt % tenpdrat e Yc pHBse,| ddquidorysial transifontempadiiQe| 11A, 11B 11 C or

1A Gonpound(s) dfn-b, Ml lan-bcstis | K3555,97.51 5 - 50 wt %
preferably 5 - 25 |wi-c .5 | n-ObiH,£ A k¥a.66] 106® iconpound(s),| at | east some
bei ng present if t|h®CsH30 | n-CsHiq R 48.5 &2 2w6) 7B Xt ure is[ to show an Sc

phase. Additive(s)| n-CsHizO | n-CsHiy K350S:420N 7301

0- 20w %20 Fot-@dH130 | n-OCsHis | K 101.5 (S 61.0) SA 110.0 N 114.01
100 Wt % The nemmat|i eCdhd flem-Cdii edt 84-K (3:5ER4 (38.0) K-Igiwiod crylstal m xtures of
the invention may |beCaked |i mOGtya df t he known types of lijguid crystal

el ed®ro-optical display device which use such materrals, for exanple as
described in the two Appl. Phys. Lett. references nentioned above. 25

The copestggcti on and net hod of operation of such liquid crystal

el ectro-optical devices is well known. Cenerally such a device conprises
t\/\o1ssublsgar1ui ally parallel substrates, at |east one of which is optically
transparent, and having el ectrodes on their facing surfaces, and sandw ched
bet ween {Theeampolidqui d crystal material. The application of a voltage across
the liquid crystal material via the electrodes causes a change in the

-\oytical properties of the liquid cry | material to produce a visible
effgget. Suitable dimensions, Oa_ -g8k pend ot her paraneters for such a
device will be apparent to thd&s@ ski dinthe art. The invention will now

be descri bed ? way, gf gxangl e only with reference to the a(_:corrpangi ng

fi gur e&as Preparp %6’& oL W‘P Ban BetYeeR bragebenzene gpd peetanay| \phieridgf(CHy GOCH)

i nvent "8I PEsRce niym RGO shows a cross section through a liquid

crysd aétegg\{'éce. In the followi ng exanples all tenperatures are in * C. The
ns

abbre N = nematic, SA = smectic A, 35 Sc = snectic C, S? and S??
unidentified snmectic phase, | = isotropic liquid, K= solid crystal. Liquid
crystal transitions shown ()are virtyal transitions seen on supercooling.

\fF;veparative Exanpl es 40 Exarm&%ﬂ}l Boutes Al, A2, Bi and B2 the
ol Powi ng conpounds of structur 1 YW e made: 46 50 56

A mixture of the product of step B11 (77.1g, 0.32 mol), hydrazine hydrate (46.4g, 0.93 mol) and
potassium hydroxide (59.0g, 1.05 mol) in diethylene glycol (250 ml) was heated at 130°C for 2h. The
_ excess of hydrazine hydrate was distilled off and the temperature was raised to 200°C for 2h. The cooled
\\/, mixture was poured into 18% hydrochloric acid, the product was extracted into ether (twice), and the
combined ethereal extracts were washed with water and dried (MgSOs). The solvent was removed in vacuo
and the residue was distilled to yield a colourless liquid. The identity of the product was confirmed by nmr,
ir and MS. Yield 58.1g (80%), bp 145-148°C at 2700 N m~2 (20mm Hg).

35

40

Step B13
. ) ol
45 n { -3
5h11-( N ok

A solution of the Grignard reagent prepared from the product of step B12 (24.0g, 0.11 mol) and
magnesium (2.95g, 0.12 mol) in dry THF (85 ml) was added dropwise to a stirred, cooled (-78°C) solution
of tri-isopropyl borate(39.8g, 0.21 mol) in dry THF (25 ml) under dry nitrogen. The stirred mixture was
allowed to warm to room temperature overnight and stirred for 1h with 10% hydrochloric acid (120 ml) at
room temperature. The product was extracted into ether (iwice), and the combined etheral extracts were
washed with water and dried (MgSO4). The solvent was removed in vacuo to afford a soft off-white solid.
Yield 19.3g (95%). The identity of the product was confirmed as above.

50
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+ EP 0 395 666 Bl Rl R2 Ugui d cryst transition tenps ( C
n-C5 H 1 n-0C6 H 3 K 35.5.SA97.5 1 n-C5 H.1 n-OC8 H 7 K 33.5
SA 103.0 1 5 - FPOSRREEEBIL. 5 H 1 K 48.5 (SC 29.5) N
77.5 1 n-C8H170 n-C5 H 1l K 35 0 Sc 42.0 N 73.0 1 n-C6H130 rn-OC6H 3
*K 101.5 (S¢ 61.0) SA 110.0 N 114.0 1 n-C5 H 1 n- C H11 SA-N (33.5)
N-1 (38. | 40.0 n-C6 H3 n-OOr H 3 10 Route Bl Step B 11 The

conpoun (]321 _ C ANC |IL Br was
pr epar e%y—a Friedel - Crafts reaction between bronpbenzene and
n- pentanoyl chloride (C4HOCOCI) in the presence of alum niumchloride. Step

B 12 m xture of the product aqf= RD)=R¥7. 1g, 0.32 nol), hydrazine
hydrate (48.4g, 0.93 nmol) and pot?gg' u drox.i de (59. 0gq, 1? 05 ?lml) in
di et hyl ene glycol (250 nml) was heated at 1300C for 2h. The excess of
hydrazi ne hydrate was distilled off and the tenperature was raised to 200 *
C for2h. Aheluidaal adramokéxeanec(60.6G 0R6LMaldin iandtane I(85ami s @ddedaironwisg d¢ &, stirase
product migere @k t-bacbpiendl I{T10ge0.#emolf and potassiura getbanpte (1298Bi (&7omell R eacetane (600
ext r act sminet womderrechturs. tThe titedr mixtivg wisiheated NageOIPfux BP8S <@ fref h WAL Gepyed
i n vacuanalysis tevraled @ atispscanelisi-eipraehexane)d Thepprodusl weszpxikacted jptp ether (twicr)aad theyq
i dent i t ycombinedhsharrabeltrects were waghad pithyerteriie addium bugroxide, wale ried,{ Q‘g,sggelg
(809 15 isolvant was| vemovesin vappmand Wﬂrzs%uzm?ﬁf Yipd tosfiale pojoyripes,igut 5VD‘°"’ -Ag (86%).
n- C 3LUR-180-519 C at 133 N gy 1,01y k- They ideptity ¢ e, ppdpt waR SRR 8L TP £ 1 om ¢ he
product of step B12 (24.0g, 0.11 nol) and nagnesium (2.95g, 0.12 nol) in
ary THFM&U was added dropwi se to a stirred, cooled (-780C) solution of
\P_fl -isopropyl borate(39.8g, 0.21 nol) in dry THF (25 m ) under dry
nitrofen. The stirred mixture was allo te®brmto roomtenperature
overnight and stirred for 1h vﬁ't%ﬂig%@ﬂghl oric acid (120 m) at room
tenperature. The product was extracted 1nto her (tw ce), and the conbined
etheral extracts were washed with water and dried (MySO4). The sol vent was
removgd in vacuo to afford a soft off-white solid. 55 Yield 19.3g (95%.
The i dent i aysoffiont dtathd) GAgHARI resigont, paparbd froml tiss pradhey of. std? B21 (72.0g, 0.28 mol) and
magnesium (7.75g, 0.32 mol) in dry THF (220 ml) was added dropwise to a stirred, cooled (-78° C) solution
of tri-isopropy! borate(109.1g, 0.58 mol) in dry THF (40 ml) under dry nitrogen. The stirred mixture was
J allowed to warm fo room temperature overnight and stirred for th with 10% hydrocholoric acid (320 ml) at
30 room temperature. The product was extracted into ether (twice), and the combined ethereal extracts were
washed with water and dried (MgSOs). The solvent was removed in vacuo to afford a colourless solid. Yield
61.2g (99%) mp 80-85°C. The identity of the product was confirmed as above.

al
H.
H
7

Route A1l
85

stGE Al
oN
w ' Br@-ar

Bromine (44.0g, 0.275 mol) was added dropwise to a mixture of benzonitrile (10.0g, 0.097 mol) and
45 aluminium chloride (42.0g, 0.31 mol) at room temperature. The mixture was heated at 70°C for 3.5h and
poured into ice/water. The product was extracted into ether (twice) and the combined ethereal extracts were
washed with sodium thiosulphate and dried (MgSOs). The solvent was removedin vacuo to afford an off-
white solid (23.4g) (glc analysis revealed presence of three components) which was recrystallised from
benzene to give colourless crystals. Yield 3.1g (12%). mp 144-145°C (lit 144-145°C). The identity of the

s0 product was confirmed as above. '
Note: The low yield was probably due to insufficient reaction time or too low a temperature being used as
glc analysis of the crude product revealed the presence of starting material and what is suspected to be 3-

bromobenzonitrile.

13



'EP0395666B1 Route B2 Step B21 n- C6%1130- J-B 10 A sol ution of
1- bronobhexane (60.0g, 0.36 nol) i-n acetone (150mM ) was added dropwi se to a
stirred mxture of 4-bronophenoFP 0B85686Bb. 41 nol) and potassi um carbonate
(120.0g, 0.87 nol) in acetone (600 m) at roomtenperature. The stirred
mxtures heated under reflux(90-95*C) for 43 h (ie until glc analysis
reveal absence of 1-bronohexane). The product was extracted into ether
(twice), and the conbined etheregl, extracts were washed with water, 5%
sodi um hydr oxi de, water and drigg . The 15 solvent was renoved in
vacug and the residue wasc%{];t @ 4%5‘?13“' ourless liquid. Yield
79.49 (86%, bp 100-110 * . mm Hg). The identity of the
product was confirned as above. - St ep B22 20
OH nC C6H330 4 Bo 1% 25 A solution of the Gignard reagent, prepared from
t he pr odua tsolotion Sdf elpeRiphenyiBoréhil, adld 83 ryoR.88g 015wl a6 iethano§ (5071l wad addédnol )
i n dwoy didpivis§ R2Dstined mistuse efcficdibrenabpraomiieilet(040g, 5.86 molpshd teteabib-¢tdphenyiBosphias)
sol ut i ealladitm(0y i(0.3742g0r0:88F | mrivaly ]t les(n2eO . (3 Mi)OarEiS2Mrsddjum arblorgte TR nfd@ b under
dry ni tlenengeature (ider diy hitregent T glined enbiiag wesl heate dndeorefiexr(80-953 C oo tahtlie wpiid glgt ur e
over ni @halysisrrevesled phseerofoh starting mptesial).L oovieth wort eftvad fios 11 hicat seamdtenparaiurawith 36% 30
room t éMgregentnaroxide halpFheamixiure s filoreq, doa ipte waswasherb with ethgr (iwjce). &Pﬂj“‘Phe
conb®n é’ﬂ’“'@?ﬂqé’lﬂ@fﬁ' Rh2gep &’8'%"%9 & 'tMQtPFeﬂd Wied{MagPs The Sejveat W@d‘:g%ﬁ.m__f‘:’)‘m

2

sol vent“’"‘&\éf? fesitHs %‘q puffiagaRy, ' vcer"aw?"e '°g'a|fraa"°" E

(99% gthane, 1%8“’? Eys Pﬁ';gg t 5.
Rqut e '°l§§ 3 fggﬂ B T, e o ot Tt
Wopvvl gl gb VAT e (10 Og, '0.097 nol) and 4s al um ni um

Chky 'etfnzso"r?
chl ori de* 2. ) at roomterrperature. The m xture was heated at
70 *C feu 5h and poured into icetwater. The product was extracted into
et her (‘[‘\%I_Ce) and the conbi ned ethereal extracts were washed with sodi um
t hi osul phate and dried (MgSO4). The sol vent was renovedin vacuo to afford
an off- white solid (23.49) (gic gwalysis revealed presence of three

conponent s) which was reé fr benzene to give colourless
crystals. Yield 3.1 g 6g1 ﬁ@ gﬁl ~144-145 C). The identity
of the 50 product was confl rmed as above. Note: The |low yield was probably
due to insufficient reaction tinme or too | ow a tenperature being used as

gl c sanal ysis of the crude product reveal ed the presence of starting

mat eri al Amelutigh at 4-hexoxyphenwlberenic adid OB 23-) (B83gnBBtmohintethahel (705ml) was added
dropwise to a stirred mixture of 2,5-dibromobenzonitrile (1.30g9, 4.98 mol) and tetrakis-(triphenylphosphine)

palladium (0) (0.3554g, 0.308 mmol) in benzene (30 ml) and 2M-sodium carbonate (30 ml) at room
. temperature under dry nitrogen. The stirred mixture was heated under reflux (90-85 * C) for 21h (ie until glc
35 analysis revealed absence of starting material), cooled and stirred for 1hr at room temperature with 30%
o hydrogen peroxide (5 mi). The mixture was filtered, the filtrate was washed with ether (twice), and the
1 combined ethereal phases were washed with water and dried (MgSO.). The solvent was removed in vacuo
and the residue was purified by column chromatography [silica gel/petroleun fraction (bp 40-60°C)-
dichloromethane, 2:1] to give a colourless solid which was recrystaliised from ethanol to give colourless

40 crystals. Yield 0.87g (38%).

Route A2

The 4-alkyl-and 4-alkoxy-phenylboronic acids prepared using route B exemplified above were used to
45 prepare compounds of formula 1.1 via route A 2.

Step A21

cN

) =G,

56 :

N-Bromosuccinimide (NBS) (37.71g, 0.21 mol) was added in small poriions over 40 mins to a stirred,
cooled (-10-0°* C) solution of 2-aminobenzonitrile (25.00g, 0.21 mol) in dry dichloromethane (150 ml) under
dry nitrogen. The mixture was stirred at 0°C for 1 h 10 mins (glc analysis revealed a complete reaction)

14



*1 3. EP O 396 666 Bi Step A12 CN6 -~~~ n-C H

-44 C ~ljj n A solution of 4- pen%\ﬁlﬁahe%l boronlc acid (B13 ) (2.88g, 0.015
nol) in ethanol (50 m) was adde se to a stirred m xture of

2, 5-di bronobenzonitrile (1.40g, 5.36 nol) and tetrakis-(triphenyl phosphi ne).

pal | adi n ) was wadhod wi o
car bona;J ggﬁ&{b e ?K%ﬂﬂ X gi%ﬁdw T‘?Jﬁ%ﬁ &%% ﬂﬁjg\%%@ sii'{l%g%%ht g mg:ge'bdelrﬁn 5

m xture yYage eé'g,pg o4 {,ggr )% 99 (ie unt | gic an Si's
reveal ed absence of starting material), cool ed and stirred for 1lhr at room

t enpersat gtegead t h 30% hydrogen peroxide (5 m ). The mxture was filtered,
the filtrate was washed with ether (tw ce), and the 15 conbi ned et hereal
phases were washed with water and dried (MJSO). The sol vent was renoved in
vacuo and the residue was purified by c m chromat ography [silica

gel / petroleumfraction (bp 40-60- i&£hl oronet hane, 2:1] to give a

col ourd ess solid which was recryst fromethanol to yield fine -
colourless crystals. Yield 1.13g (53% . The identity of the product was
confirmed as above. The product KJ showed the fol |l owi ng quui d crystal
tran5|t|ons 9C: 20 K—I 40. 0. SA—N(SS%% 6980 Ste

CN n-C 6 H mino;3-begmopenzenitiile i( %P“h"‘ﬂ his S'r(b 'B') A d (
B 22 J° (%% '”‘ﬂ 'h ) "ti" %@t 15,mol)
stirred ! m(l) wlo adB’P ' prdeing 'lgl 5 sasst'”e‘;:g

Lo ki gl %@%f 633 a4 atq” E, por o o o e
-benze n. wmnsa %fm rﬁa {T} g%ﬁ H or
\dT/ d |{$ oth diéce
21 h (' emH idulphitd! (‘Fo uﬁa'ﬂﬁ du‘édd’é &éiéf @ §d§‘4 eth sol$ér@r~£é B&o&%tu#% }

cool ed a>dahd-6ditireb Q61id 1dbg )rngpmﬁ@mecat ure with 30% hydr ogern peroxi de
(5 mM). The m xture Wasfllte the filtrate was washed with ether

(twi ce),stegabst he combi ned et hereal phases were washed with water and dried
(MySQO&) .~ The sol vent was renoved in vacuo and the residue was purified by
col um chr omat ography [silica gel/petroleun fraction (bp 40-60'C)-

di chl oronet hane, 2:1] to give a colourlessgyolid which was recrystallised
from et hanol to give col ou ess gg cr d 0.87g (38% . Route A2
Jhe 4-al kyl -and 4-al koxy-p yI b Oé@ f’&ared using route B .
exenppd fi ed above were used to 4s prepare conpounds of fornula 1.1 via
route A 2. Step A21

A solution of 4-hexoxyphenylboronic acid ( see step B22) ( 1.56g, 7.03 mmol) in ethanol (minimum
amount possible == 20 ml) was added dropwise to a stirred mixture of 5-bromo-2-iodobenzonitrile (1.80g,
35 5.84 mmol) and tetrakis (triphenylphosphine) palladium (0) (abbreviated hereinafter to TTP) (0.35 72g, 0.31
- mmol) in benzene (30 mi) and 2M-sodium carbonate (30 mi). The stirred mixture was heated under reflux (
RN 95°c) for 1% hr (ie until glc analysis revealed a satisfactory starting material - product ratio (1:10)). The
product was extracted into ether (twice), the combined sthereal extracts were washed with brine and dried
(MgS0:). The solvent was removed in vacuo and the residue was purified by column chromatography
40 (silica gel/petroleum fraction (bp 40-60° C) dichloromethane, 1:1) to give a colourless solid (1.72g, 82%).

. (2) 'Caﬂlf@)mi@-ﬁr

50 §-bromo-2-iodobenzonitrile 2.50¢g, 8.12 mmol
4-octoxyphenylboronic acid (via route B2) | 2.44g, 9.76 mmol
TTP 0.4927g 0.43 mmol

The method was the same as that above. The mixture was reheated under reflux (85°C) for 2 h.
56 Purified by column chromatography [silica gel/petroleum fraction (bp 48-60 C) -dichloromethane, 1:1] to
give a colourless solid (2.50g, 80%).
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s 50 . ON 55. N- Bronpsucci ni m de
(NBS) (37.71g, 0.21 nol) was added in.small portions over 40 mns to a
stirred, cooled (-10-0 I1C) sol (RPiG3PSAE6RY, i nobenzonitrile (25.00g, 0.21
nmol) in dry dichloronethane (150 ml) under dry nitrogen. The m xture was
stirred at GC for 1 h 10 mns (glc anal¥iis reveal ed a conplete reaction)
14 EP 0 395 666 Bl and washed with a rge anount of water. The agueous
| ayer was washed with dichloronethan d e _conbi ned organi c phases were
washed with water and dri (Nb@ : j t was renoved in vacuo to
give a red/purple solid (39g, 94% np = 92-94 * C. 5 Step A22 10
Br Astirred mxture of 2-am no-5-bronobenzonitrile (25.00g 0.13 nol) and
36% (conc) HCl (110 m) was i5 gently warnmed to obtain a solution, then .
cooled to -5 C ande—sututT o of _SQUdT oM i {T D200,10.15 nol) in water
(50 m) vas added drBRREECWRPERY A N ain "[""-rg‘ég?f g%%.?ea ure at -50 C. The
m xtelre was stirre heifoR i iadd i cyc?o bR ¥eemaedded, and a sol ution
of potassiumiodid ' cH-Op at between 5 and
100C. The m xture was stirred at roomtenperature for a few hours (or
over ni ghtThé owthecwascthd sames that abeve. Thermidiro wankeaipd ppder rpfux {2952 C) fe%;’g;qff'éd
conpl ebycolumpcehyanstography (pjlics @alpetralpua fragtion {(be 40-405 Q-dighiopmetheng, 1:() 3pf digylatiqy o
contsb né@odraie12aM PR tem fe) b giveanely velpwliaud (PPL0y 4} h sodi um
met abi sul phite, 10% sodi um hydroxi de, water and dried (MgSO4). The sol vent
was refi8BA8* in vacuo to give a sand-coloured solid (359, 87%. np =

~1%3-1140C Step A23 25 ON (1) C0130 "4'-Br A solution of

4 hexoxyphenyl boronic acid ( see step.B22) ( 1.56g, 7.03 mmol) in ethanol
(mi A num anbunt possible 20 n) was“Jdded dropwise to a stirred mxture of
5-bronn-2-iodobenzonit§iIe 1. 80g 5 §é& nd tetrakis
(tri phenyl phosphi ne) (Bal |ad§q?#nn@ &ﬁpi nafter to TTP) (0.35
729, 0.31 mml) in benzene (30 mM) and 2M sodi um carbonate (30 m ). The
stirged mxture was heated under reflux ( 95. c) for 1 %hr (ie until gic
anal ysis revealed a satisfactory starting material - product ratio (1:10)).
‘The product was extracted into ether (tw ce), the conbi ned ethereal

exiracts were wa o B DOF 17 B 10measoryent was reroved
g%n’%?'ﬁ;%é% egd"gi)%gﬁ? L@&(@IWF .ﬂf&%&gr aphy 40 (silica .

o

.in vacuo and the |

“gél /spet rol eum frac - di chl of Q)REDAGE4 mioil) tO give a
colourless solid . —3204——45 ()Br 50
5- br ono- 2- | odobenzonitrile 2.50g, 8.12 nmol
CN
35
o ® o OO
40
4-bromo-2-cyano-4'-hexoxybiphenyl { A23(1)) | 1.50g, 4.19 mmol
4-pentylphenylboronic acid (B13) 1.05¢, 5.47 mmol
TTP 0.314g, 0.27 mmol

' CN
) O e~y

55
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"4- oct oxyphenyl boronic acid (via route B2) 2.44g, 9.76 mmol TTP

0.4927g 0.43 mol The nethod was :t he sane as that above. The m xture was
reheat ed under reflux (95 C for EP Q305686 B | ed by col unm chr omat ogr aphy
[silica gel/petroleumfraction (bp 48-600 C) -dichloronethane, 1:1] to give
a colourl ess solid f=2~50g—80%—+—15——FER-0-395-666-B1-CSl{ 3) fi_
5 5- br onp- 2- i odoberjzbbrome-g-cyano-4'-pentylbighep@P§A23(3))0 D 1-3fe B.9§ gmol L

4- pent yl phenyl bor ori £odrsyrenyipospicacip{vja rout9B22 | (.18 §-7fgamolr T
0.6421g, 0.56 nmol |TH® nethod was the same as | R2P5%PeRBMOIThe ni xture was
heateg under reflux (295 C) for 2 h. Purified by col utm chr omat ogr aphy
(silica gel/petroleumfraction (bp 40-60 C)-dichl oronethane, 1:1) and

distillatior 15 (Kugel rohr, 13.3 M 0.1nmm Hg)) to give a pale yellow
liquid (2.67 g9 74 %9. Step A24 20

CN (11) ceal, -4Xc60? 425 4- r c 4 e Ib| phenyl (A23(3))
0.34g 1.0 mmol 4- hexoxyphenyl8 ni 0.44g, 1.98 mml TTP

0.1645g, 0.14 nmol 35 (2) 40 4-brono-2-cyano-41- hexoxybi phenyl (A23(1))

1.50g, 4.19 muol 4-pentyl phenyl boronic acid (B133) 1. 059, 5.47 mmol
TTP 0.314q0, 0.27 mmol 45 CN 50
(3) .5 C5Hn 4-bromo-2-cyano-4*-octoxybipheny! (from A23(2) p5.488 3.83 mmol
4-pentylphenylboronic.acid (from B13) 1.01g, 5.26 mmol
TTP 0.2812g, 0.34 mmol
\_/ In each case the method used was that of step A23 above. The mixiure in case (2) was heated under

20 reflux for 17 hours, in cases (1) and (3) for 21 hours, and case (4) for 22 hours, ie until glic analysis revealed
a complete reaction. The product was purified by column chromatography (silica gel / petroleum fraction
(bp 40 - 60) - dichloromethane 1:1) to afford solids which were recrystallised from ethanol. The product of
(2) was pale yellow and so was decolourised with charcoal.

25 Yields:
(1) colourless crystals (0.26 g, 61 %)

(2) colourless plates (0.80 g, 44 %)
(3) colourless crystals (1.18 g, 66 %)

~ 30 (4) colouless solid (1.18 g, 67 %)
Example 2
Using route C1 the following compounds of structure 1.3 were prepared:
35 '
i B
1
DS+
w© .
R; Rz Liquid Crystal Transition Temp
4 n-CsHi1 | OCsHiz-n K620SA1601
n-CsHi ¢ OCgHia-n K 62.0 SA 1635 |

50

55
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+EP 0- 395 666 Bl 4-bronp-2-cyano-41-pentyl bi phehyl (A23(3)) 1.30g, 3.96
nmol 4-oct oxypenyl boronic acid (wia rqQute-B22) 1.19g, 4.76 mmol TTP

0.265g, 0.23 mml 5 10 -EP 0385666 B1 (4 aeHl 7_: CO

4- br onp- 2- cyano- 4' - oct oxybi phenyl (from A23(2) 1.48g, 3.83 muol 15

4- pent %ke%@gyl boroni c-acid (from B13) 1.01g, 5.26 muol TTP

0. 2812634 mmol In each case the nethod used was that of step A23 above.

The m xture in case (2) was heated under 20 reflux for 17 hours, in cases
(1) and (3) for 21 hours, and @¥se (4) for 22 hours, ie until gic analysis
revegl ed a conplete reactio he p %& was (aurified by colum

chromat ography (silica gel rol Bum r2ct i on (bp 40 - 60) -

di chl oronethane 1:1) to aff sol i h welEs recrystallised from

et hanol . The product of (2) was pal € y&l Fow and so was decol ourised with
charcoal. 25 Yields: (1) colourless crystals (0.26 g, 61 %9 (2) colourless
pl at.es (0.80 g, 44 %9 (3) colourless crystals (1.18. g, 66 % 30 (4)
colouless solid (1.16 g, 67 %9 Exanple 2 Using route ClL the foll ow ng
conpounds of structure {3 WekBeRbmAR' FA7.500 008 md 1] R | R2
Liquid Crystal Transitin Temp 45 B B.105. 0.068 mol HI 17 C5HL1
OCsHM -n K 62.0 SA 160 H—mr—t+Hit—og—ati—rn K 62.0 SA 163.5 1 50
55 17 EP 0 395 666 Bf Idvupp-acere 5 A 14.00g, 0.127 mol

1 (A) 1-bromohexane B 13.50g, 0.082 mol
- Potassium Carbonate | A 17.50g 0.127 mol
Y . B 18.77g 0.136 mol

20
The experimental procedure was the same as for Step B21 described above. Yield: A 13.90g (96%) bp
130-135° at 8.7 N m™2 (0.05mm Hg); B 13.11g (95%) bp 115-118° at 13.3 N m™2 (0.1mm Hg).

Step C12
25
N .
ca!-.17 (A)
u B Q-
~0C 2
35 -
Bromine A 18.70g, 0.117 mol
W, B 19.32g 0.12 mol
C11 product | A 13.50g, 0.058 mol
B 12.25g, 0.060 mol
40
The bromine was added dropwise during 15 minutes to a stirred solution of the C11 product in
chloroform (30 ml) at room temperature. The stirred solution was refluxed for 42 hours (glc showed a
complete reaction). The cooled solution was washed with sodium metabisulphite, water, then dried (Mg
45 S$04). The solvent was removed in vacuo in give an off-white solid. Yield: A 17.50g (97%) mp 36-37°, B

16.10g (95%) low melting around 15°.

50

66
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B

10 2-<hydroxybenzonitrile A 7.50g, 0.063 nol B 8.10g, 0.068 nmol 75

1 -bronp-octane A 14.00g, 0..127 nol 1 -bronpbhexane B 13. 50g,

0. 082 nol Potassi um Carbonate ° P1°739§(ﬁ§5@1127 nol B 18.77g 0.136 nol 20
The experinental procedure was the sane as for Step B21 descri bed above.

Yi el d: A@éggng (96% bp 130-135* at 6.7 Nm2 (0.05mm Hg); B 13.11g (95%
bp 115-1 13.3 Nm2 (0.1lmmHg). Step Cl2 25 - -7 (A 30

4 t-QOC, (B) 35 Br om ne

A 18.70g, 0.117 nol } B 19.32g 0.12 1 prOHBuct A 13.50g, 0.058 nol

12.25g, 0.060 nol

t enperature
conpl ete reaction).
nmet abi sul phite, water,

40 The broni @
stirred solution of the Cl1 pr
The stirred solution was refluxed for 42 hours (gic showed a
The cool ed sol uti on was washed wi th sodi um

then dried (Mg SO4).

uct

<R opwi se during 15 minutes to a -

orS?GHn1(3O

m) at room

The sol vent was renoved in

vacuord n give an off-white solid. Yield: A 17.50g (97% np 36-37, B 5

16.10g (95% low nelting a
OH 10 4'-bromo - 4 -
0.871g tri-isopropyl

pentyl

D Pl0
(t};’&gmg ? peﬁglbghen}ﬁ 9:35% dm
bor at ¢ tri-isopropyl bbrated® 69 15 11.66g

16

395 666 Bl Step C13

The experimental procedure was the same as for steps B13 and B22. The crude yield was 8.29¢g,

(4)
()

: 100%.
P
NG Step C14
20
'°9¥&7
5**11@@
2 3
-/ 30
(A) | C12 product (A) | 1.55g, 5.00 mmol
C13 product 1.75g, 6.53 mmol
TPP 0.38g, 0.33 mmol
(B) | C12 product (B) | 1.55g, 5.50 mmol
35 C13 product 1.91g, 7.13 mmol
: TTP 0.39g, 0.34 mmol
/

The experimental procedure was the same as for Step A23 above. The crude product was purified by
column chromatography (silica gel/petroleum fraction (bp 40-80 ) dichloromethane 2:1) to give a colourless
solid which was recrystallised from ethanol-ethylacetate (2:1) to vield colourless crystals. Yield: A 1.85g
(82%), B 1.10g (47%).

Example 3
% Using route E1 the compound of structure 1.10:
F CN
50 5 H. .=
nCsf *11‘@'@'@"’“8“1? "
was prepared. Liquid crystal transitions were K 48.0 S, 1180 1.
85

19



‘The experinental procedure was the same as for steps B13 and B22. The crude

yield was 8.29g, 100% XJ Step Cl4 20 C~~~~~~~ C -0131 (A 26

- Oc, (B) 30 * EP 0 335 666 B1 (A) - Cl2 product (A)
1.55g, 5.00 mvol C13 product ~ 1.75g, 6.53 mmvl TPP 0. 38q,
0. 33 I ) Cl2 product (B) 1..55g, 5.50 mmol 36 _
C13 pp}o@?&éf 1.91g, 7.13 mmol TTP 0.39g, 0.34 mmol The

experi mental procedure was the sane as_for Step A23 above. The crude

product was purified by colum chropgtog aphxo@si | ica gel/petrol eum
fracgion (bp 40-60 w) dichl or-agn‘t "@3Q give a colourless solid which
- was recrystallised from ethano - Bt hyFAcsHat e €& 1) to yield colourless
crystals. Yield: A 1.85g (82%, B 1.1y (47% . Exanple 3 Using route El the

conmpound of structure 1.10: F CN 60

nC C5 1i 11d9-d-cown was prepared. Liquid crystal transitions were K 48.0

SA 1188.0 |I. 55 19 EP0395666B1 Step Eli 5 n-@gl | 4Bo

~~~~~~ O 10 4 - brond- 2- {11 -2l BB | 0.8 PO Magnesi um

0.871g Tril sopropyl bor at|epagnesium 1.660 [LBg experimental procedure

was the sanme as for Stef Bisogropytoiete Cr ude yi Bliglgeg8] 859, 100% - Step
-t - — 4-19 mol

E12 20 5- bronp- 2- oct oxyB
15
The experimental procedure was the same as for Step B13 above. Crude yield: 8.85¢g, 100%.
./ stepE12
/
20

S-bromo-2-octoxybenzonitrile (C12A) | 1.30g, 4-19 mmol
E11 product 1.56g, 5.45 mmol
TTP 0.28g, 0.24 mol

25
The experimental procedure was the same as for step A23 above. The crude product was purified by
column chromatography (silica gel/pstroleum fraction (bp 40-60°) dichloromethane 2:1) to give a colourless
solid which was recrystallised from ethanol to give colourless crystals.

~/ 30 Example 4 '
Using route D2 the following compounds of structure 1.4 was prepared:
35 vt F
- SO0
40
Ry Rz Liquid Crystal Transition Temps
n-CsHi30- | nGCsHs;4 K 100.5 S, 167.0 |
n-CsH170- nCsHi1 K 100.0 S5 1635 I*
* * The extrapolated dislectric anistropy AE of the compound was measured
to be - 9.5.
50
55

20



1.56g, 5.45 muol TTP

- 0.28g, 0.24 nol 25 The experinentsal pr.ocedure was the sane as for step A23
above. The crude product was pur EPi%¥5886®3| urm chr omat ography (silica
gel /petroleumfraction (bp 40-60 ) dichloronethane 2:1) to give a

*Eli product

col ourl eSS @?jl id which was recrystallised fromethanol to give col ourl ess
crystal s ample 4 Using route D2 the foll ow ng conpounds of structure
1.4 was prepared: 35 Cll F 40 Ri

|| Liquid Crystal Transition Telgps n- H1l K 100.5 SA

.39—
00.8Y8R 163.5 |1 * 45

167.041 n-CH117 O nCs H 1 K
* The extrapol ated dielectri CB y AE of the conpound was neasured to

be - 9.5. 50 55 20 EP0395666BY=St e _Q;.lu~~~-;6“1) (A4) 10 (A
4- br ono- 3- f | uor ophenol 6. 00g 15 i e A B :

- br ono- oct ane 7.30g potassi um carbonat e 1 0.0Qg (B)

4- br omo- 3- f | uor ophenol 1 0.0 1 -bronohexane 10.37g v

14.50g 20 The experinental procedure was the sanme as
Yields: A 9.01g, 96% as a colourless liquid bp 140-142

a3 4-b@mo3R8rophenodt| S .deg 4 - Cc8HLY (1; 35
g, [61-88mb%BhneSt ep ¢l gppoduct 2. 30g, 8.58 mol
potassium carbonate 10.00g

4-bromo-3-fluorophenol | 10.00g
1-bromohexane 10.37g
potassium carbonate 14.50g

pot assi um car bonat e
for Step B21 above.
at 66.7 Nm2 (0.5nm Hg);

(A %t ep D21 product 2.0

B

20

The experimental procedure was the same as for Step B21 above. Yields: A €.01g, 96% as a colourless
liquid bp 140-142° at 66.7 N m~2 (0.6mm Hg); B 13.71g, 96%.

,; Step D22

-0Cgty7

-CCgH1 2

(x}

-~ n=C 51*.11-@.@- (5)

30

G

Step D21 product
Step C13 product
TTP

2.00g, 6.60 mmol
2.30g, 8.58 mmol
0.60g, 0.52 mmol

1G]

Step D21 product
Step C13 product
TIP

1.50g, 5.46 mmol
1.90g, 7.10 mmol
0.50g 0.43 mmol

The experimental procedure was the same as for Step A23 above. The crude products were purified by
column chromatography (silica gel/petroleum fraction (bp 40-60°) dichloromethane, 3:1) to yield colourless

45
78%; B 1.48g, 64%.

These products showed liquid crystal phases as below:

(A) K69.0 (Sk 25.0 S, 43.0) S¢ 119.0 N 158.0 |
(B) K 83.5 (S 48.5 S, 62.0) Sc 105.0 N 166.0 |

50

56

21

solids which were recrystallised from ethanol-ethyl acetate (2:1) to yield colourless crystals. Yield: A 2.30g,



FTTP * 0.60g, 0.52 nmmol (B) Step D21 product 1.50g, 5.45 mol
40 s Step C13 product 1.90g, 7.10 nmmol TIP
0.50g 0.43 mmol The experi nent’aﬁpﬁp?ftgéﬂ'e was the sanme as for Step A23
above. The crude products were purified by colum chromatography (silica
gel / peggolpgym fraction (bp 40-601) dichloronethane, 3:1) to yield
col our 5 solids which were recrystallised fromethanol -ethyl acetate
(2:1) to yield colourless crystal?. Ybﬁbﬁl A 2.30g, 78% B 1.46g, 64%
' 9l sphase a@céigL/-ow(A()A) K 69.0 (SK 25.0
)
Hio

SJ 43.0) Sc 119.0 N €32 @) (-SK448. 5 62.0) Sc 105.0 N 166.0 |
50 55 21 i - EP 0 395 6B8 BE-St ep” D23 c BACir | ~ (A Csl
{-0C6H1? (B) 10 (A) Step D22 product 1.50g, 3.36 nmol n-butyl |ithium
0.50 M 10.OMin hexane, 5.00 mml (B) Step D22 product 1.25g, 2/99 mmol
16_ n-butyl lithium 1.20 m 2.5Min hexane, 3.00
mmolre The sol oution of n-butyl lithiumwas added dropw se to the solution of

the appropriate DIZaP]CflaiBooipfodith)] 1505, 38 mib) under dry hitrogen with
stirring, cooled Y0 - T& Kty fthurh N€ [CAEEMO0.0MM ndxbie, SiB0chmEie] Was 20
mai nt ai ned under { —conditTons —rour-s—ard—for—¢ for 5 hours. The

o Ul
mi xture was then gdft ePQSt?pri%?ﬁ’d%I i;jz%ﬁ}ﬁ!ﬂ%r sl yrry. 10P6 hydrochl ori ¢
aci d®was added, the_ad [YAMIWGo 5200 A "Rie%h '86%-@9 and the conbi ned
et hereal extracts were washed with water and dried (My SO . The sol vent was
repoved iThe seladion ofortityy tithiom |wasi adided Sirapwise tsthe dlutibriel:the apropriafbBg2 ragluctlin 459
(i ¢ adul THE ©€0 mi) ewbredry tnivegqor withestitieg, gooleth tee-781Gurin thacpasmaoicld) thb Sixiure vast ep
N4 ,5 Olaintained unday) thesg conditions for 8 hours, and for (B) for(hqurs1 The nfixturgiwas thes) p@Ed into a
solid COz/ether slurry. 10% hydrochloric acid was added, the aqueous layer was washed with ether and the
combined ethereal exiracts were washed with water and dried (Mg S0:). The solvent was removed in vacuo
to give colourless solids. Yields: (A) 1.65g, (B) 1.45g (tic analysis revealed the presence of some starting
materials).

% Step D24

-5 W -oCgH,,  (A)

O C5""11 ~0CgHy,  (B)

35

-/ (A) | Step D23 product | 1.85g 3.37 mmol
oxalyl chloride 1.00g 7.87 mmol
35% ammonia 30 mi
40 DMF 8 drops

thionyl chloride 4.10g, 0.034 mol
(B) | Step D23 product | 1.45g 3.14 mmol

oxalyl chloride 0.80g 6.30 mmol
5 35% ammonia 25 ml
DMF 2 drops

thionyl chloride 3.70g, 0.03 mol

A solution of the oxalyl chloride in dry benzene (30 ml) was added dropwise to a stirred solution of the

50 Step D23 product and DMF in dry benzene (30 ml) at room temperature. The mixture was stirred at room
temperature overnight and the excess of oxalyl chioride and benzene were removed in vacuo. The residue
was dissolved in diglyme (10 ml) and added dropwise to the gently stirred 35% ammonia. the resulting
precipitate was filtered off and dried (Ca Cl) in vacuo 13.3 Nm~2(0.1mm Hg) to give a colourless solid. A
solution of the thionyl chloride in dry DMF (30 ml) was added dropwise to a stirred solution of this solid in

56 dry DMF (30 ml). The mixture was stirred at room temperature overnight and poured onto ice/water. The
product warn extracted into ether (iwice), the coined ethereal extracts were washed with water, sodium
hydrogen carbonate, water and dried (MgSQOs). The solvent was removed in vacuo and the residue was
purified by column chromatography [silica gel/petroleum fraction (bp 40-60°C) - dichloromethane, 2:1] to
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K (A) Step D23 product 1.65g 3.37 mol
oxalyl chloride 1.00g 7.87 mol .35% ammoni a 30 m 40
DVF 8 drops thionyl ERR38FFBRB14 109, 0.034 nol (B) Step D23
product 1.45g 3.14 mmol oxalyl chloride 0.80g 6.30 nmmol 35% ammmoni a
25 m Dlvﬁe a colourjess soalid. In %eq:aé%po% IR *M.é’ws' r? s§djf?om g‘gﬁ%%tg 'apé)’(MLm%th%EUbu“ on
of the GVl :rtbgﬁld'cglo Feésﬁ% VieldlA?'9.214, 1139/ dtO6H 2ﬂ5r688¥’t’, B9.2b8 18%
stirred 3Q44hpe prgjuc. e 50 te 3 product and DVF in dry benzene (30 m)
at roomtenperature. The m xture was stirred at roomtenperature overnight
and t pe gRiffieasSor Bhui@BatuiMahbédr i de and benzene were renoved in vacuo. The
resi due was dissolved in diglyne (10 mM) and added dropwi se to the gently
stirredg&fpiesmoni a. the resulting precipitate was filtered off and dried
(Ca d2) Tnvacuo 13.3 Nm2(0.1 mmHg) to give a colourless solid. A
sol uti on ofrofiektias bivhigtargs ofctkd cyanhaiterphenyls o/ foidhda . B® (Al wherdtothcRi dediRtarepebtyd t 0 a
stirred asd{B)whavebaili Rt dnd 2 greInthexyilony, ¥8h andFiP diFM@80 ni ). The m xture was '
stirred at roomtenperature overnight and poured onto Ice/water. The
product warn extracted into ether (t® ce), the coined ethereal extracts .

were washed with water, sodium hy (0] carﬁnate, wat er and dried (MgSO4).

The sol vent was renoved ih—ﬂél! Ht}&a purified by colum
pet -

chr on®t ography [silica gel/ I fyetct | (bp *40- 606C)
di chl oronet hane, 2:1] to 22 EP O 395 666 Bl give a colourless solid. In

\ti)/h.e cas%eq{sﬁéﬁglg%g%gz?e\é\@v?,kérgé:e;t%%gﬁé‘e&u?e,c_:irpfrom ethyl acetate, and (B) from

.:e hanol -7¢€ o col ourl ess crystals. Yield A 0.21g,
3% b SW@T@{OdUCt; B 0.20g, 15% based on D22 product. 5 Exanpl es of

Li qui ures Exanple 5 Properties of m xtures of two
cyano-terphenyls of fornula 1.1, ie (A where both RI and R2 are n-pentyl,
io and (B) . an F1P or t1ofnul a:
165n &; -1 ~e~-cSX~n 2 are |isted below tQgether with prope ties of
the pdre FTH 20.Exanple ¥ (cont8B) Tr&&~ticl 984U C %5
X SB | 100% r1¥C . 46 SA(35) . BRIDO%FED . 126:5 46
* 52,2 , -89 : 1265
95% FTP )
. - o« 48 . 80 . 122 .
. 5% (A) ) 42.5. . |
./ 30
85% FTP )
. . - e 39 « 60.5. 113 .
158 (A) ) 6 - . -
94% FTP )
. - . 5 . 82 . 12§ .
6% (2) ) " 55
35 . -
U :::g';; . 44 . - . 56 . 7 . 1:23 .
40
From these results it is clear that the mixing of a cyanoterphenyl of the invention with an FTP
suppresses the Sg phase of the FTP, in some cases lowers the temperature at which the S¢ phase of the
FTP appears on heating, and in others broadens the temperature range over which the S¢ phase persists.
In the following examples the following mixtures and compounds are referred to by the abbreviations
45 indicated: '
50
55

23



-95% FTP - 49 08 2 St (A

Xad2.1.. .48 .. .80 . 12 30
85%rTP) |Is (A X36 ‘EP0395666B1 39 a 60.5. 113 35
96%49) . 44 .- .5.5 * 82 125 85% FTP
| 151(34. .44 *- 56 .78 123 40

Fromthese+esu|ts it is clear that the m xing of a cyanoterphenyl of the
i nvention with an FTP suppresses the SB phase of the FTP, in sonme cases
| owers the tenperature at which theF—‘Sc phase of the FTP appears on heating,

and gn others broadens the tenp gage over which the Sc phase
persists. In the fol | ow ngCgH; * mi xt ur3®s Sawtl %6 onpounds
are referred to by the abbrew at aled: 50 55 23 EP 0395 666

Bi Mxture H F- f- 32.Sw JIC9.;
cg~la~fI5 dijn 29.5083 % C5Y111-n
22.00ht 0 16 C

LI - li.00 rt -J~~~~~~ ie a rs of formul | A (Y- P)
desce bel above) 20 Thi s—ﬁg -@n st al  t323Qswt i%n
tenperatures: K 31. 8 S? 40 S’> 0 1 25 Mxture H2 6- 13
4471 35 40.1 A~~*.
- 5nf€8H1701795H11- f ““‘10 --1C-C> -@-c 'ﬂt % A%.0 wt %

n- C8R1704->->-C5H1 n .

\/ - {ie = aixture of FTF's of formula IIA (Y = P) describel above)
20
This mixtures shows liquid crystal transition temperatures:
K 31.8 S, 40.4 S;, 50.6 Sc 107 N 160 |
25 Mixture H2

. “’Céﬁﬁo@i@f@'csﬂrr’ 27.25 wt %
" - ”'°8H17°'@‘b'@'°5ﬂn 50.8 wt %
. e D Dy 16
"5 B 70@‘@'@“’5“11'“ 8.35 wt. 5

(ie a mixture of FTE's of formula IIB and IIC described above)

50
This mixture shows liquid crystal transition temperatures:
<20Sc 969 N 146.2 |

55
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‘(iea mxture o' F%q of formula II1B and I1C ieccribed above) 50 This

m xture shows liquid crystal transitian tenperatures: < 20 Sc 96.9 N 146. 2
1 55 24 EP0395666B1 M xture' HEPO.IB[EOBL vt 10

CNH-n 15 (ie a mxture of conpounds of formula I1LA) 20 This m xture
shows "gg!!QrBrVStal transition tenperatures: S? 41.5 Sc 87 SA 120.7 N

134.5 1 CNL- 87 O(Qg
- COOCH : Dopant 1. CH* 30 ~c3 D COH 70- COOCHCH -
Dopant 2. 35 oN * CH (ie

forrmgla VI describe! ab I Xt ure H%
n n"vg 17 ] \ / %34 3 50 A’ddl tion of
t he cyanot erphenyl results ‘da. ge étgl'ellmnatlon of | ow
t enperature undesirable snectic phases relative to pure HlL. 55 25
10 CN
/ ; H,-n
49

15

(ie a mixture of compounds of formula IITA)

/
20
This mixture shows liquid crystal transition temperatures:
S, 415 Sc 87 S5 120.7 N 1345 |
25 ”
TN C/ Gl
R o-@-@-coocu q Dopent 1.
8”17 P
i g}
AN 30 -
CN
| -0
p-cgi, ,0-{0)-(O)-cooccf Dopant 2.
35 = \GHq

( fe forrula VII describei above)

40
Example 6

CN
% Mixture H1 + 10% n-CSHn-@@-@—Csﬂll-n

K 13 Sc 88.4 N 134.3 I
50

Addition of the cyanoterphenyl results in increased Sc range and elimination of low temperature undesirable
smectic phases relative to pure H1.

25



*EPO 895 666 Bl Exanple 7 CN M xture HL + 10% n-C H

-n K16.5 Sc 96.4 N 153 | 10 Increased Sc range, elimnation of |ower
smectic phases. Exanple 8 16 MER @B@5 §6681. 1005 net IT 20 G20
Sc 66 SA 106.6 N. 124 | 25 Supercooled to nmuch | ower tenperature than pure
H3, noo%%xﬂz snectic phases. Exanple 9 > 30FM xture 82

72 W % CN F n-COH1zC e
*C501{1 -n 18 wt % 35 Dopant 1

6.25 wt % Dopant 2 CN 3.75
w % <20 Se 90 SA 124N1$ 1 40 This m xtp < 8 roomtenperature S
phase, with a ¥HXEe ‘[]eﬁeg Yt ure SAnThigls 4Pty '50 ' nt in a
liquid crystal device. Switching responsé tTne (asec) at various peak
voltages with zero_vglts AC hi.gs,at 30* C, and spontaneous pol ari sation Ps
at various ten%eisatsug‘ésg%d‘s‘iq?\gsg 5 am polyi mde aligned 4s cell are ,
tabubated bel ow. 50 55 26 EP 0 395 666 Bl Peak voltage (v) Resp. tine

Tenp ( © P (nCcnR) 10 205 80 2.0 15
99 Increased Sg fange, elimination of Jowsr smectic phases. 20
63 60 6.7

Example 8

15

: CN
v '
7 -C Y . - -2 -
9 I P Y YO N

£-20 Sc 66 SA 106.6 N 124 I

25 Supercooled to much lower temperature than pure H3, no lower smectic phases.

Example 9
N a0 Mixture H2 72 wtd
CN F
n—CSHI.?O-@-@-©---Cjﬂll-n 18 wt &
35 Dopant 1 6.25 wt %

*
£ 20 sc 90 S, 124 ¥ 133 I

This mixture shows a room temperature S; phase, with a higher temeprature S, phase which assists
alignment in a liquid crystal device. Switching response time (usec) at various peak voltages with zero voits
AC bias at 30°C, and spontaneous polarisation Ps at various temperatures using a 2 um polyimide aligned

45 cell are tabulated below:

50

26



467 U¥ing a 6 am pol yi m de aligned cell
measur ed amdBot eltiel cahecahgle wadRLMb bd28 27

H /1
. Example 10
20
Mixture H2 72 wt &
cy &
oty -G el
N 17 511
Dopant 1 5.8 wt &
Dopant 2 4.2 wt &
/ *
30 20 Sc¢ 91.5 sA 123.7 N 133.7 I
Switching response times (usec) at various AC bias voitages, at 30°C using a 1.9 um polyimide
a5 aligned cell are tabulated below. The cone angle was 23°
-/ Peak Voltage (v) | Resp time OVAC | Resptime 5V AC | Resp time 10V AC
10 1300 995 530
© 15 287 283 - 280
20 155 174 219
25 127 130 192
30 88 114 213
35 77 125
pu 40 81 233 .
45 124 366
50 300 467

Using a 6 um polyimide aligned cell the Ps at various temperatures was measured and tabulated

s0 below.

55

27

©25 @ 46 50 8.1 30 38 40
9.3 35 31 40 . 9.3 40 27

30 10.5 10 EP 0 396 666 B1 45 23 50

21 55 19 60 17 65 1 16 At 30 e Cthe
cone angl e was foundg.o.J:.e.Z&'__,Ex.a.an& 0 20 Mxture H2

72 wt % Cryl F n- CrPealovoltage (v) | Respctime | Temp (°C) | P (nClem?)

18 wt % 25 Dopant 1 ' 5.8
W % Dopant 2 :g 233 38 ig 4.2 w |
K)* 3Q PO SC9991. 5 |SA 63123]7 Ngg 133} 7 lgpwi tljchi ng response
tinmes (usec) at vari pus Ags bi as |vol tgges] ats@00d usigg ajl. 9 am pol yi m de
35 aligned cell are|tabubated el ovss The cose anpl e s@s 43' K)

Peak Voltage (V) Resp tisge OV|AC 31 Regp t#ore 5V A@3 Hesp time 1 OV AC
10 130p 40 595 30 105530 15

287 10 28B 45 23280} 20 155

174 2IL9 2550 21 127 130

192 30 8855 19 |14 213 35

77 125| 40 60 17 B1 433 46

45 12 65 B66 b0 1300

the Ps at various tenperatures was



-EP 0895 666 Bi Tenp ( © Ps (nC/cnR) 80 1.3 70 2.5 5
60 3.4 50 4.0 40 ., 4.4 30 4.9 10 Exanpl e
11 (conparative) To illustrate Eh@3PRGeHBLges of use of the terphenyls of
the invention in liquid crystal materials two m xtures were prepared
containing m xture H2 w t hout )e i nvention, and proportions
of dopants 1 and 2 the same gsTemp(EYYy Rd(0®emPq t hose used in the nixtures
of exanples 9 and 10, identiflredggs n{xtuygs rand 1 OA below. vy

| |9 1==76 | J0A 520

M xtyre H2 J w % go WM %gpopaht 134 6.]25 W % 5.63 wt % Dopant
2 3.75 wt % 4.37 Wt % 38 59 Their ppoperfties were: 9A: 20 So 90.4
SA 109.6 N 1331 1 CA: 20 $c 930 SA4409. ¢ N 1331 30 Hence these two

m xtures retain their useful |S; phasejup 88 viftually the sanme tenperature
as the m xtures of Exanples 9 and 10 respecttvely. At 30 * C m xtures QA
and 1@ OA showed the following Ps and m ni mum switching response tines (T
mn) ( yoltage (V mn) and AC bias shown, the corresponding
val ues%@&vrxw{mﬁg%ﬂvépand 10 being 36 given for conparison. M xture ov
AC To, illustrate’ tH@Cadvantages of use bP e Arphenyls of 1 inVentibAn liquid trystal rhatdfidis two vV
TM N méaidswetd prepared containing mixfdre H2 without a terphenyl bfl the USBftiodt an@ QPropofibhs\of M N
obséeP vaghants 1 and 214& £2mB4As or very clod8 to those usédOR the mixturdSof examples® anki 10, identifiel -
8. 96 1@s mixtures 9K énd 10A below> 114 30 192 25 4.9 10A
86, 35 149 30 243 20 4.24 Fromthis table it
)4 .
.\(_:}n be seen that m xtures Tcontarm |a t er phenyl of the
nveption, have a higher tchi-ng—ti nes than the
correspondi ng m xtures 9A

80 wdeh |a ter phenyl .
5.83 wt %

4.37 wt %

25 Their properties were:

9A: | 20S; 90.4 SA 1096 | N1331

_ 10A: | 20S; 93 SA 10968 | N1331
N
30
Hence these two mixtures retain their useful S; phase up to virtually the same temperature as the
mixtures of Examples 9 and 10 respectively.
At 30° C mixtures 9A and 10A showed the following Ps and minimum switching response times (T min)
(L sec) at the voltage (V min) and AC bias shown, the corresponding values for mixtures 9 and 10 being
35 given for comparison. :
Mixture OV AC 5V AC 10V AC Ps
Tmin | Vmin | Tmin | Vmin | Tmin | Vmin
40 9 (17 usec at 60V, no V min observed) - 10.5
9A 23 50 36 40 - - 8.96
10 77 35 114 30 192 25 4.9
5 10A 86 35 149 30 243 20 4.24
From this table it can be sesn that mixtures 9 and 10, which contain a terphenyl of the invention, have a
higher Ps and faster switching times than the corresponding mixtures 9A and 10A which lack such a
terpheny!. .
50 An example of the use of a compound of Formula 1 in a liquid crystal material and device embodying

the present invention will now be described with reference to the accompanying drawing, Figure 12 which is

a cross sectional end view of a liquid crystal shutter.
In Figure 12a liquid crystal cell comprises a layer 1 of liquid crystal material exhibiting a nematic or
chiral smectic C phase, between a glass slide 2 having a transparent conducting layer 3 on its surface, eg
s5 of tin oxide or indium oxide, and a glass slide 4 having a transparent conducting layer 5 on its surface. The
slides 2,4 bearing the layers 3, 5 are respectively coated by films 8, 7 of a polyimide polymer. Prior to
construction of the cell the films 6 and 7 are rubbed with a soft tissue in a given direction the rubbing
directions being arranged parallel upon construction of the cell. A spacer 8 eg of polymethyimethacrylate,
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50 An exanpl e of the use of a conmpound of Formula | in a liquid crystal
mat eri al and devi ce enbodyi ng the present invention will now be described
with reference to the acconpany, Figure 12 which is a cross
sectional end view of a liquid %'?95??%?“ Egtter In Figure 12a liquid
crystal cell conprises a layer 1 of liquid crystal material exhibiting a
nemat i Separates the Isfides 2{TR &l the rekuifdd ABRNcED 63 B/AMFons. The Aguid &rlydtdl thatbrid) 3Vié iMBodaced

t r ans pestvadeh tHRGNIEE @14 BYJillh@\ihe fspate BBwbdnthe$lidésd; @ ande§palep 8 ard sdaling tidXdpalser Bn

i ndi uma eacuwhein aknowrewayl ass sl i de 4 having a transparent conducting |ayer 5
on its s$uitahieanatefible fof tHedaysr ofdiqie enystalgnaterial atecthemistu®s obexamples aWd0bove) vy

c oatsedwithya spatimgsbeByeeii theffilmg Goant yiofrabwet 2xoh.ymer. Prior to construction of the
cell the filnms 6 and 7 are rubbed with a soft tissue in a given direction
the ruﬁ!&l“ﬁg directi ons bei ng arranged parall el upon construction of the

cell. A spacer 8 eg [é)egl ynmet hyl et hacryl at e, EPO 395 666 Bl
separ al esA'?tFi’é"Vs‘?VF'EPé%’sz““ trehepy| sharReiiipaddy a(ﬂ"%‘i’%h‘ﬂf’é”'a ‘eg 5 nmicrons. The
liqlf d crystal materi al lis |ntroduced bet ween the slices 2,4 by filling

t he space betweery t he
a vacuumin a kn V\ﬁl

feallng t he spacer 8 in
t enayer 1 of liquid
crystal materi al and 10 above, I5 with a
spagd ng between t\he fi ] &aims 1. Alaterally
cyano-substituted terphenyl characteri sed by a general fornula: 10 wherein

Rl and RéyhaeR A' 3RS REAE fabderdenty SuidcRE o Marbye P BRNs Bkyl,Glkoxyl & aMykotlalkoxd! kOXy,
or al Kyl iiwhih kA ¥r imidre\¥.Céroapscard FepliBédebyC? COOODDS, e dXeptrees, by=6H,

OOC, CHX,cxGXX, whirb-KXs fiuoniierchiérike, TROK whateeR B alkyl] 6 J=iCLIGM i WiCHD4 tofhiithad CHA6E, CRCN
wheee R li® saldkajkyl or @lkoxy-cBain Brreplavedby Cky, a ist (o, arall theCBHS af F @(present) dubstitweati d

al kyl or apd ikdepgndedtiyilovated inraeyp bicteeatailable GBtitution ipesitbnor 1, and the CN and F (if
present) substituent are independently |ocated in any of the available
subst i utA terrhesylacedrdingsto claim Wcharaciglised py aam@lmnn@ to claim1 characterised
by a general fornula: 25 A B a C & R12

| A %0 wherein R1 and R2 are | ndependently al kyI al koxy or al kynyl, and the
terphenyl has a substit@dti oanaOternIBeEectem from any one of the follow ng

substitution patterns: () =F. G=35 CN), (A =CNB
= F),(B =CN), (C—CN]_D 2E—CN)& = F,E=CN), (B
FD—CN),(A—FR (B &=CN, (A=F B

= Ci% the remai ni ng | at ext tlons bei ng occupi ed by
hydrogen. 3. A terphenyl according to cI aim 2 characterised in that R and

R2 are i QesBRH el Rt £85a6JeRgnky AN Naikoxy or alkynyl, and the terphenyl has a substitution
pattern selected from any one of the following substitution patterns: (D = CN), (A = CN), (B = F, G =
35 CN),{A=CNB=F),B=CN,(C=CND=F,A=F,G=CN),(A=F,E=CN),(B=FE
=CN),B=F,D=CN),(A=F,D=CN),A=F,C=CN),(B=F,C=CN),(A=FB=CN)"
the remaining lateral substitution positions being occupied by hydrogen.

3. A terphenyl according to claim 2 characterised in that R! and R? are independently selected from n-
40 alkyl or n-alkoxy containing 3 - 12 carbon atoms.

4. A terphenyl according to claim 3 characterised by a formula:

Hl_@_@_@_az

s0 5. A terphenyl according to claim 3 characterised by a formula:

45

CN F
: ROJOZON
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*40 al kyl or n-al koxy containing 3 - 12 carbon atons. 4. A terphenyl
according to claim3 characterised a formula: 45~~~~~~~~~~ Cso 5 A
t er phenyl according to cIain13‘cﬁﬁﬂéé§@56§éd by a fornula: 55 29 EPO 395

666 Bl separates the slides 2 4 to the required distance eg 5 mcrons.

The I|qU|d ] l|ntrod ced be en t 'é% si2 4ou
(11100 ﬁ%&i@?ﬁ%&k s éa;“égm St ‘%’ﬁ? Goibor b : i f#ﬁc‘{)
T R e g ewmmwwmw

cyano- subst i uted t er phenyl characterlsed by a general . fornmula: 10 to ( R
1 R—~~~~ailWg~——n E~F wherein R and R2 are
i ndependent|y sel ected fromhydrogen or C 1 5 al kyl, al koxy, or al kyl or
al koxy Ad A aterally cydnb-siifsiitGtd BfpRer@l chifadtérisédty pgenerdormole: r epl aced by 0, COO,

OCC, foHX, CX2, CH=CX, CX=CH, )

OCX= CX, where X is fluorine or

chl orine, CRCN where Ris aIkyI or GC, or in which a termnal CH9 of 20

t he said al kyl or
and F (if present)} &
avai |l abl e substitu\ion
chara@terlsed by a genera or

\gelecte

D_

3 , —{¥)js 0 or 1, and the CN
: : JSpt RS J ocated in any of the
. N, fenyl @ﬁrding to Claiml

D E G 30
mhereln RI and are i nde endentI

al ka (] B‘ g]d@ lndeg?ﬂﬂlelttln éelf 0 e rnal
Q%L gs)l‘: |s uorm v zﬁ%r Q%W % lq " (A
the ("Ef’ {UR n

ain ¥
2{6 E?\V%h Ble uf'0(1 'ﬁolg B = CN) t he remal ni ng

Pt eral asuhsérbﬁewuh&emn saaa.m%hi?fae%a%?gwﬂfonxumydrogen S. A terphenyl

according to claim?2 characterised In

hat R1 and R2 are independently

sel ectsed fromn- 40 al kyl or n-al koxy containing 3 - 12 carbon atons.
4. A terphenyl according fo clgirg3 cﬁarﬁcterésed by a formula: CN

Y

30

35

40

45

50

55

nlO QZ IA

wherein R! and R? are independently alkyl, alkoxy or alkynyl, and the terphenyl has a substitution
pattern selected from any one of the following substitution patterns: (D = CN), (A = CN), (B = F, G =
CN),(A=CN,B=F),B=CN),(C=CND=F,A=FG=CN,A=FE=CN),B=FE
=CN,B=FD=CN),A=F,D=CN),(A=F.C=CN),(B=F,C=CN),(A=F,B =CN)
the remaining lateral substitution positions being occupied by hydrogen.

3. A terphenyl according to claim 2 characterised in that R' and R? are independently selected from n-
alkyl or n-alkoxy containing 3 - 12 carbon atoms.

4. A torphenyl according to claim 3 characterised by a formula:

RO OO

5. A terphenyl according to claim 3 characterised by a formula:

ROZOLOR

29
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*50 5. A terphenyl according to claim3 characterised by a fornula: CN F

55 . é 4 g> R2 29 lJ
iiJj oIt u 11 EP 0 395 odkP ®p39%66681 or phenyl according to claim3
characterised by a formula selected fromthe two bel ow. CN FC

S e 10 7. A

Cer pho iyl A Bheny Becordng 6 g  Garagerceliy 8 formul selectl iy e yo boloyy o
t erphenyl according to claim3 characterised by a forrmula: 20 F

CRR1.4QdR2 25 9. Aliqawd & ystal materigl bewng a nixture of conpounds,

characterised in that I pane of said c unds i.s, a 4 erphenyl as
claimed in claim1. g3 -@.ﬁ crystnzl-l FRg a m xture of
conpounds characteri se n at—dat | east one serd ounds is a

terphenyl as clained in claim2. 11. Aliquid crystal material according to
claim 10, characterised in that at |est one of said conpounds is a

t er phey| A tfphényl avadrding 18 5lai403 ctiarteiisad Bl a forebldR2 ar e | ndependently Ca - C12
n-al kyl or n-al koxy. 12. A liquid crystal material according to claim 10,
characterised in that at |east d of said conmpounds is a terphenyl of
formula: 45 CN F. 50 wherein R Wndependently Cs - Cl12 n-al kyl
or n-al koxy. 13 Aliquid crysth} o ding to claim 10,
char'dcterised in that at |east on& o0 conmpounds is a 55 t er phenyl
having a fornula selected fromthe two bel ow

_ b 8. A terphenyl according to claim 3 characterised by a formula:
-/
20

25

9. A liquid crystal material being a mixture of compounds, characterised in that at least one of said
compounds is a terphenyl as claimed in claim 1.

80 10. A liquid crystal material being-a mixture of compounds characterised in that at least one of said
compounds is a terphenyl as claimed in claim 2.

11. A liquid crystal material according to claim 10, characterised in that at lest one of said compounds is a
terpheny! of formula:
35

R OSeO

wherein R' and R2 are independently C3 - C12 n-alkyl or n-alkoxy.

12. A liquid crystal material according to claim 10, characterised in that at least one of said compounds is a
terphenyl of formula:

{500+

wherein R! and R? are independently Cs - Ci2 n-alkyl or n-alkoxy.

50

13. A liquid crystal material according to claim 10, characterised in that at least one of said compounds is a
85 terphenyl having a formula selected from the two below:

* c . L N S *



*EP O 39d666 Bl CN o F WMN 5
-Z wherein Rl and R2 are independently CO - Cl12 n-al kyl or n-al koxy. 10 14.
A liquid crystal material acconFﬁQ@gsﬁﬁwone of clains 9 to 13
characterised in that the material additionally contains one or nore
fluorinated terphenyls of general fornula: 15 : R3
4 &3 e p 20 where R3jand R4 are independently
sel ected from hydrogen,, al,kyl and al koxy each conF inNhg 1-12 carbon atons,

t@

p may be 1 or 25'3@@& u s_%lastituents(s) rrg;t W_,ﬁhe

avail gble Il ater F@ ositions. 15. Al XA S fat eri al
according to claim 14 characterised in that the fluorinated terphenyl has a
25 formul a sel ected fromone or nore of the followi ng: F

F F  wherein R' and R? arefindependenlly G- C1A ntalkgflor d-alkexyst al material according to
any one of clains 9 to 13 characterised in that the m xture 35

addi t toorl Ayliquid retyslahmateriad acpording rte anyo peoefiaim 8 té 33 ichdracterised il GhahvtherredteriaRA
and Rc i ndaqsitiaeriiv canfaing orr eimerelfluoringted texphbryls afigenews! forlal s n- al kyl or

n-al koxy, RCis n-alkyl. 45 17. A liquid crystal material according to
claim9 or claim110 characterised in that the m xtureEadditi onal |y contains

one or nore optically facti yEEXD ) L . CNYO
A,p™ . Bad &‘ 7 Q 1 @ q" F) C12 n-alkyl or
n-al koxy; (F) indicatads thy\_iAg [ ¢/carryfa flRoro

supstituent, and RL isVC -‘-8é=/n-al Kys= |, oy a branched al kyl
gioup of fornula: 31 1111111 11121112111 112111 111111 * C L M S* .

0 2’395 GﬁﬁerﬁR" gﬂi ﬂvzlr ~iJldei: g%:&;)selé ]'fro?n hﬁf' en, %"‘ané aﬁwl %Gh"'éonm%el-é is O
or an i nt eg@bonlatomsBp HAY b8 3 2%hd bhedd o&xbétiﬁxeg’\?(s)' hdyeEdpy lny ofthe available lateral

substitution positions.

dag

16. A liquid crystal material according to claim 14 characterised in that the fluorinated terphenyl has a
25 formula selected from one or more of the following:

< - e OO e

16. A liquid crystal material according to any one of claims 9 to 13 characterised in that the mixture
35 additionally contains one or more compounds of formula;

. @K

wherein R* and RC independently contain 1 - 12 carbon atoms. R is n-alkyl or n-alkoxy, RC is n-alkyl.

45 17. A liquid crystal material according to claim 9 or claim 10 characterised in that the mixture additionally
contains one or more optically active compounds of formula:

c|:N
50 n"-@@-eooin-nf’

(7 (F)

65 wherein R* is Cs - Ci2 n-alkyl or n-alkoxy; (F) indicates that the phenyl ring may carry a fluoro
substituent, and R® is Cy - C4 n-alkyl, cycioalkyl, or a branched alkyl group of formula:

31
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18 Use in a liquid crystal electro optical display device in the form of
two substantially parallel substrates 10 at |l east one of which is
optically transparent and hawrﬁf%ﬂ%%s on their facing surfaces of a
liquid crystal material as claimed in claim9 or 10. PatentansprUche t5 1.

Seitlich cyano-substituiertes Terphenyl, ekennzel chnet durch die

al i genei ne Fornel: 20 viope1

CN worin R1 und R2 unabh~ngi g auﬁ(gp\yLb](m nd aus Wasserstoff oder C -1Is
Al kyl, Al koxy oder Al kyl odor Al ko 'ya ™ dem ei ne oder nehrere CH2 -

G uppen ersetzt sind durch 0, COO OCC, I2<£|‘,>12 25 CH = OX, CX= CH,
CX= CX, wobei X Fluor oder Chlor ist, CRCN, wobei R Alkyl ist, oder COC,
oder in dehatead i16 oNdgiegep P €6 eidtoattsf bAhk Y is-an Gftger 1 & oxyket t e durch CFs
ersetzt ist, n O oder 1 ist und die CN- und (falls vorhanden)

F- Substis.t User e fquichaipdteh nigety apticabdisplag ldedmrin the formedf fwdcsbibstaptially parallel substrates
Subgt i t utét deastPos pft whinhds optinalie dransparent sndhtaving Blecrodescandheirfgding readdcesiof sdiquidh 1,

gekennzeimmateiﬂmlﬁﬂh@iat‘ﬁig@m”l@}e Formel: A B C D N G
95 . 2

| A wor Patentansprichg) unabhang| g Al kyI Al koxy odor Al kynyl sind und das

Ter phenyl ein Substitutionsnuster as ausgewdhlt ist aus

i r gehddi rieiich syanpgibgiriertes TERAY Q%?W“Eﬂ‘?&?ﬁ!ig't"@} dis f'Be"‘e'@%”medA = CN), (BF, G

=CN), (A=ON, B=F), (B=0ON), (C_ON D=F), (A=F G=0V, (A=F
Cl{CN) (B=F/E=0Q B (A = Fh=oN), (A=F, C-=

. CK (B=F C . g8 ¢ verbl ei bendery seitlichen
\Sﬁbs‘,{,itutionspo i?lu?)

genq Q‘V\erden 45 3. Ter phenyl
nach Anspruch 2,Vdadur¥ daB R1” und R2 unabhingig

ausgewahl t si.nd aus n-Al kyl odor n-Al koxy mt 3-12 Kohl enstof fatonen. 4.
Ter pheny| woaa &hud FeUhabhlingidy auSRK SN a6 Wadserdidft 6dbr 81 55 KRV PRMoxy &tfdr AikYI 8der |
4 a~Atkoky, W dem dinePdder ehrere 0¥i 4 Grupploh! otsetzt lsind durei® o) COR5 CBH CBX, Ox.,
Ter pheny| cH=EX) CRREBI OXACKE , wobét BEmudY 6det CMmer istICREN) wdbe? RFAIKyN®Y, odeflSC, odbr id) _
dem eine Endgruppe CHa der Alkyl- oder Alkoxykette durch CFs ersetzt ist, n 0 oder 1 ist und die CN-
und (falls vorhanden) F-Substituenten unabhéngig in beliebigen der verfligbaren Substitutionspositionen

angeordnet sind.
~ 30 2. Terphenyl nach Anspruch 1, gekennzeichnet durch die allgemeine Formel:
A B C D E G

worin R' und R2 unabh#ngig Alkyl, Alkoxy oder Alkynyl sind und das Terpheny! ein Substitutionsmuster

40 hat, das ausgewdhit ist aus irgendeinem der folgenden Substitutionsmuster: (D = CN), (A = CN), (B =
F,G=CN),(A=CN,B=F),B=CN),(C=CND=F,(A=F,G=CN),{A=FE=CN),B
=F,E=CN,(B=F,D=CN),(A=FD=CN,(A=F,C=CN),(B=F,C=CN),(A=FB
= CN), wobei die verbleibenden seitlichen Substitutionspositionen von Wasserstoff eingenommen
werden.

3. Terphenyl nach Anspruch 2, dadurch gekennzeichnet, daB R' und R? unabhéingig ausgew#hlt sind aus
n-Alkyl oder n-Alkoxy mit 3-12 Kohlenstoffatomen.

4. Terphenyl nach Anspruch 3, gekennzeichnet durch die Formel:

nl@—@-@-nz

50

85
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10 6. Terphenyl nach Anspruch 3, gekennzeichnet durch eine der beiden

f ol genden Fornel n: CN F : . . F CN 7. Terphenyl nach
Anspruch 3, gekennzei chnet durchERiO3%&6RE1: 20 cm 25 . Terphenyl nach
Anspruch 3, gekennzeichnet durch die Fornel: 30 F CNi R 4 4 QR2
35 9. H i i I (] i j m schs von Ver bi ndungen,
dadur ch ﬁﬁéﬁ%gﬁ%%n%‘tg& Bcg'élngvlf/gAr?lg %glgé@aﬁg&gi%%@g Elﬂer Ver bi ndungen ei n

Ter phenyl nach Anspruch 1 ist. 40 10. Flassigkristallmterial in Form eines
Gem schs von Ver bi ndungen, dadurcBNgek®nnzei chnet, daB weni g- stens el ne
der Vgrbi ndungen ein Terphenyl ngc NX j~L C ist. 11.

Fl I ssigkristallmaterial nach Ani%r@-ﬁ% gekennzei chnet, daB
weni gstens ei ne der Verbi ndun- 45 gen eim Terphenyl der fol genden
Formel ist: CN 50 "R -
worin R und R2 unabhgbgig Cs - C1 2 n-Al kyl oder n-Al koxy sind. s5 12.
Fl Usstogks. i Jerphenytarachr Anspruahsic gekganggichnet ldurth) einalded beiddn fojgdadenfomnedhinet , daB
weni gst ens ei ne der Verbi ndun- gen ein Terphenyl der fol genden Fornel ist:

33 11111 111111 111 1 Tlligl EP O 395 @66 Ry CN PR -

QR-R 2 worin R und R2 un ngi C% - Cl2 n- | oder -Alzkoxy sind. 10
13 Fl | ssigkristall nﬁﬁe@ h@a uch 10gL .@n@»ﬂei chnet, daB
weni g® ens eine der Ve n ein TerpI!}en ge er der beiden
fol genden Forneln ist: CN P F CN 15
t5, _<gMR14t( R2 20 worin R1L und R2 unabh~ngig C3 - Cl12 n- Al kyl odor

\P/" A koxy.,. S ll'gl'ghenyl nach Anspruch 3, gekennzeichnet durch die Formel:
20

#<-0-@*

8. Terphenyl nach Anspruch 3, gekennzeichnet durch die Formel:

25

30
F CN

G-

9. Flussigkristallmaterial in Form eines Gemischs von Verbindungen, dadurch gekennzeichnet, daB wenig-
stens eine der Verbindungen ein Terphenyl nach Anspruch 1 ist.

35

10. Fllssigkristallimaterial in Form eines Gemischs von Verbindungen, dadurch gekennzeichnet, daB wenig-
stens eine der Verbindungen ein Terphenyl nach Anxpruch 2 ist.

11. Flussigkristallmaterial nach Anxpruch 10, dadurch gekennzeichnet, daB wenigstens eine der Verbindun-
45 gen ein Terphenyl der folgenden Formel ist:

. o |
1 2
. QS0
. worin R und R? unabh&bgig Cs - Ci2 n-Alkyl oder n-Alkoxy sind.

56 12. Flussigkristalimaterial nach Anspruch 10, dadurch gekennzeichnet, daB wenigstens eine der Verbindun-
gen ein Terpheny! der folgenden Formel ist:

33
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“14. 'Fl |l ssigkristall material nach ei nemder AnsprUche 9 bis 13, dadurch
gekennzei chnet, daB das Material -zus~t.zlich ein oder nehrere fluorierte

Ter phenyl e der fol genden ali ge‘rﬁﬁ%ﬁ?ﬁﬁ?r%l enthilt: 25 30 worin R3 und R4
unabhgngi g ausgewghit sind aus Wasserstoff, Al kyl und Al koxy, von denen .

j edes 1-12 Kohl enstoffatone enthlit, p 1 oder 2 sein kann und der oder die
Fl uor substi uenten irgendei ne dermgS F ver fagbaren seitlichen
Substitutionspositionen ei nnehnmer_kgnnen. 15. Fl Ussigkristall material nach
Anspruch 14, dadurch gekennzei _@_@_@i Ziorierte Terphenyl eine
Forrgel genl B ei ner oder rrehrerer n Fornmeln hat: 40 F
F F F F 83-4g -A4 a_-dX-R4 RX53- R4 45
16. Fl Gssigkristallmaterial nach ei nem der Anspr(che 9 bis 13, dadurch
gekennzeivwohimBt yndRA BnathBiingigai- Sim-Alkys oder hiAtkbxyasinde oder mnehrere Ver bi ndungen
der fol genden Fornel enthlit: 50 R @< ~~CN 55 worin RA und Rc unabhfngig
1- 120 K| FRillssighstilimaterial neght Anaidrachri0, dadureh gekédnpreichorbrdaf) wedidetsrs einesder Yertlingm- n-
AMNKy| i stgen gin Terphenyl pem4s) ainet der beidgn foigenden FprRemis66 51 17.

Fl Ussi gkristall material nach Anspruch 9 oder 10, dadurch gekennzoi chnet,

das Gem sch zusatzlich el ne oder nehrere optlsch aktlve Ver bi ndungen der

f ol genden For el ent%lt

CN n- RB 10 2 (F)
(F) worin RA @3-@ '-Bodor n- Al koxy |§t v@-BaB der
Phenyl ring einen tuenten tragen kann, RB C4 n- Al kyl,

%cl oal kyl oder eine verzvvel gto Al kyl gruppe der fol genden Fornol !st: 16 -
Hop! v\foﬁl‘h@ndn‘;hhdp%%ngug s - Cya Alkyl oder n-Alkory sin a

c HZc+1 worin er eine ganze Zahl von is 6 st und b sowie ¢ elne

ganze {@Husyghstdintaiefial Bachi difdm der Anspriiche 9 bis 13, dadurch gekennzeichnet, daB das Material
zusitzlich ein oder mehrere fluorierte Terphenyle der folgenden allgemeinen Formel enthélt:

25

-/
worin R3 und R* unabhiingig ausgew#hit sind aus Wasserstoff, Alkyl und Alkoxy, von denen jedes 1-12
Kohlenstoffatome enthilt, p 1 oder 2 sein kann und der oder die Fluorsubstiuenten irgendeine der
35 verfligbaren seitlichen Substitutionspositionen einnehmen k&nnen.
-/ 15. FlUssigkristallmaterial nach Anspruch 14, dadurch gekennzeichnet, daB das fluorierte Terphenyl eine

Formel gem#8 einer oder mehrerer der folgenden Formeln hat:

POHD-@" PO+ PO

16. Flussigkristallmaterial nach einem der Anspriiche 9 bis 13, dadurch gekennzeichnet, daB das Gemisch
zusitzlich eine oder mehrere Verbindungen der folgenden Formel enthélt:

45

veled

worin R? und RC unabhiingig 1-12 Kohlenstoffatome enthalten, R* n-Alkyl oder n-Alkoxy ist und R® n-
Alkyl ist.

56
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25 18. Verwendung eines Fl Ussigkristallmaterials nach Anspruch 9 oder 10 in
ei ner el ektrooptischen Fl Ussi gkr . stallanzelgevorrlchtung i n Formvon zwei
i mwesent | i chen parall el on Subst ERO395 6§6B1denen weni gst ens el nes optisch
durchsichtig i st und deren elnander zugewandt e Qberfl achen El ektroden

auf wei s t | e,
o, Fﬁ& #?Psgallﬁn feP B A %2 Juch I%Em%g:\ihlﬁchageﬁém?e chhet tda® Bor¥ @ QesAbrO5 R

caract*ri's e‘\r Formel enth3 é
F 40 dans [aque sont c o1 sl S chacun dpendamrent, parm un

at one d' hydrogene ou un groupe al kyle, alcoxy en C, a Cl15 ou bien al kyle ou
al coxy dans | oquel un ou plusleurs groupes CHXNsont ronplacds par 0, COO

O0C, CHX, CX2, CH = CX, CX = CH  CX_.= groppe “dans | esquels X
repr6sente un atonme de fluor ouwr IN COBEH+ ans | equel R reprdsente un
groupe al kyle, ou bien 45 CC n un groupe termnal CH3 de ladite
chai he al kyl e ou al coxy est renplg$6 ; nvaut 0 ou 1, et le
substituant CN et | e substituant est present) est ou sont,

i nddpendanment, situes sur |'une quelconque des positions dlsponlbles pour
une subst i worin BhCs 2 CizTe:pllart ey ncAlkowy ish (F) angilety dak cHet: Reanyring einen lugrstbstituentenn ar
une for nul gaqjg k@paynd RB @1 AL+ n-AlkylsLyclogliy! oder eingyerzweigte AIkng@Bpe c@r fgigenden Formel

2 ist: A 35 | 11111111 111111 1111111111111 * c L N s
** Ep 03956661B1 dans laquelle R et R2 reprdsentent chacun,

i ndependanment, un groupe al kyl e, alcoxy 0@ a8 nyle, et |le terph6nyle a un
sch6na de substitution choi si par 5 qu Igbﬁhue des sch6émas suivants de
=subst|tut|on (D CN), (A =CN, =82 , (A=CN B=F, (B-=

%c F. (A=F G‘CN)*‘(V‘*EEZELCN) (B=F E=0ON, (B

:F ,(A—F D=CN), (A=F, 5 *+L N, (B=F C=0CN), (A
= = CN), les autres positions |at6rales de substitution 6tant occup-~es
par des at Wmdjodab’dﬁé%pz'&Qahl?mn 1 616 Bt (I 50w cthelganzo 24 6H £8S b SiRd. 2, )
caract6rl s6 en ce gue et R2 sont choisis chacun, inddpendam nent, parm
un graupms. Verabrt)goeinds FllssijkhsteflyiateriRirachoatisproch® olidr RLiD &R edktroBitiséhan eluss?gﬂn-4.
Ter ph6ny| estairhaigevoarictitengai Gortadoh @wei 3n wesehilichbid parsiBledd Stibstidiéh, i@ detidnaweniptens

2.0 t6 eines optisch durchsichtig ist und deren-einander-idgewandte Oberflichen Elektroden aufwsisen.

N N t
W, " Revendications
1. Terphényle & substitution cyano latérale, caractérisé par une formule générale

OO0

dans laquelle R' et R2 sont choisis chacun, indépendamment, parmi un atome d'hydrogdne ou un
groupe alkyle, alcoxy en Cy & Cis ou bien alkyle ou alcoxy dans lequel un ou plusieurs groupes CH.
sont remplacés par O, COO, 00C, CHX, CXz2, CH=CX, CX=CH, CX=CX, groupes dans lesquels X
représente un atome de fluor ou de chlore, CRCN dans lequel R représente un groupe alkyle, ou bien

45 C=C, ou bien un groupe terminal CHz de ladite chate alkyle ou alcoxy est remplacé par CF3 ; n vaut 0
ou 1, et le substituant CN et le substituant F (s'ils est présent) est ou sont, indépendamment, situds sur
I'une quelconque des positions disponibles pour une substitution.

]

2. Terphényle selon la revendication 1, caractérisé par une formule générale
50

35
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=)' 20 5. Terph6nyle selon |a revendication 3, caracterise par une fornule

CN F 25 2 so

6. Terph~nyle selon la revendi c%ﬁpéﬂ-"gssﬁhr act~ris6 par une formule choisie

parm |es deux ci-aprbs CN F F C 35

R1-4 pmen E % e Indl cation
dansl elle R‘ et R2 r résen nt ¢ md u al u al

3, caract ] sgt s ueﬁ Alow Srot ‘.‘Ll by 0 ' o

! s |t CN), (A B N), = CN,D = F),

fis ograuda oo on &8 a)leblimeuéﬂﬁ(a : FEBCL 29%(;65 - tklire ¢

propg i 6t 65 Jj@NFr(BSJ fUg 4 'cﬂ}“(liieﬁF AW CRS; losUhltrdsBloSRHS | 31600908 Sution Bkt DT €
car act ~r|&e@,égybap@es%nﬂyd r@gnd un desdits conposes est un terphenyl e tel
que revendique a |la revendl cation 1. 10. Matiere & propridt6s de cristaux

| i qui des, TephényRSselob i EWENGICYOh 2j@aaaén3e 8H6e qUBER' i of REsoRBiEhalsis @hdcoi) hdégendain- 5

gqu' au nDi ment, Iparnin urdgreube tnalkgio B O-alESKy e6ritendt tdc12Ekveey e cdrisne.que revendi que a | a
revemdi cation 2. 11. Matiere & proprift~s de cristaux |iquides selon |a

r evendHc aferphényleGselot Rrrevetdicationez caravtégied paruneformolens | ' un desdits conpos6s est
un terph~nyle de fornule 10 15 dans |l aquelle R ot R2 repr6sentent chacun,

i ndependanment, un groupe n-alkyle ou -z coxy en Ca a Cl2- 12. Matibre a
proprietes de cristaux I|qU|des sel on | evendlcatlon 10, caractdrisdo en
ce d&' au noins |'un 20 de%dj _@ st2un terphdnyle de fornulo ON
P 25 '@ R2 dans laquelle R et R2
representent chacun, inddpendanment, un groupe n-alkyle ou n-alcoxy en C3 A
i CI2. 30 13. Matibre & propr| dtds de cristaux |liquides selon |a '
evczmdsca%egﬂ%yie%em Ja{.&%mﬁﬁse&vumrn;ﬁw " un desdits conposes est

un terphdnyl e ayant une orrru olrsie parm |es deux ci-aprbs: CNi ?

2 '31@5 _-‘"@”_RZ

s0 6. Terphényle selon la revendication 3, caractérisé par une formule choisie parmi les deux ci-aprés

. reBOT S0

40 7. Terphényle selon la revendication 3, caractérisé par une formule

: So¥oron

50 8. Terphényle selon la revendication 3, caractérisé par une formule

F CN

SRS
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40 + formules dans losquelles R et R2 representent chacun,
i ndependanmrent, un groupe n-al kyl.e ou n- alcoxy en C3 a Cl2- 14. Matibre &
proprietes de cristaux |iquides ERO395B6§BE quel conque des revendications 9
a 13, caract6ri- seo en ce quo la matire contient en outre un ou plusieurs

ter phenyd ati fa ué)rg n%g rmJl 41 L) 0s6és alére actén ée en ce
RA Fgfp‘é o b Bl s Rﬁ.e@ﬂgg.eq aueeriem@ SR g
parni un afone hydrogene un group coxy cont enant
chacun LoamlmdPs piapsd Ao AR Rflides, HmFbQHIn Nédngd Ge éowaUség rRedtiore Sar8iéris€sSen ce

Subst t UaNal i1t ARHKBpRES D EH telphdhI 1616 GRRGINIA 208 Rovétiahtoh 8NS
| at br al es di sponi bl es pour une substitution. 37 11 1111 1111121121112111 11

11111 11ERatRAOH plofifétsd le Lhstauliduidas Seioh 1DFeRdtication $0, dradidriséd éhlbs qulad] okl€Funs el on
| a revendi aabitscompebés esturtliphényeae forfiulee quo | e terphdnyl e fluor4 a une
formul e choisle parm une ou plusieurs des suivantes: 5

F 10 F F ENR3- @4- RR3- @<44R3 -k-g--R4 10
16. Matibre a propridt~s de crlstaux i eIon | " une quel conque des
revendi cations 9 a 13, caract~r§ .qﬁég nelange contient on
outre un ou plusleurs conmposds de 0 dans | aquel l e RA et Rc

conti ennent chacun independannent 1 a 12 atones de carbone ; RA

reprd€ente un € ou n ot Rc reprdsente rou
BTy o qape it BY ol o imiont cosgr soenepima . 1 PR S kEB PG e o Or &
revendlcat Bn 9 ou Ia revendlcatlon 10, caractnrisde 25 on ce que le

\VO' ange 1&0 ?eaiprgpné%g b Grist RdbicBS S%n 4 feBonGIOAHOT 36! %ar%{riii&“e%% U @?%iini Fun €

CO .! te mf$§ ﬁgu%grg S&ﬁé' %PFm‘reprdsente un groupe n-al kyle ou
n-alcoxy en Cs a Cl12; (F) indique quo | e noyau ph~nyl e pout porter un
substituant fluoro ; et RB reprdsenteﬂnlgroupe n-al kyle en C, a 4,

cycl oal kyl e, ou un groupe al kyl e @_@rmlzo 40 Cb |1 2bi -
25

dans laquelle R' et R? représentent chacun, indépendamment, un groupe n-alkyle ou n-alcoxy en Cs &

. Cia.
N 12
13. Matidre & propriétés de cristaux liquides selon ia revendication 10, caractérisée en ce qu‘au moins I'un
desdits composés est un terphényie ayant une formule choisie parmi les deux ci-aprés :
cy F F CN
35
l 2 1 22

o QS0 3500

40 formules dans lesquelles R' et R? représentent chacun, indépendémment, un groupe n-alkyle ou n-

alcoxy en Cs & Cy2.

14, Matidre & propriétés de cristaux liquides selon 'une quelconque des revendications 9 3 13, caraciéri-
sée en ce que la matiére contient en outre un ou plusieurs terphényles fluorés de formule générale

_ . n3 n‘*}-q F)

dans laquelle R® et R* sont choisis chacun, indépendamment, parmi un atome d'hydrogéne, un groupe

55 alkyle et alcoxy contenant chacun 1 3 12 atomes de carbone ; p peut valoir 1 ou 2 et le ou les
substituants fluoro peuvent occuper I'une quelconque des positions latérales disponibles pour une
substitution.

37
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-(Ctt) -dt ccli2c+l. 45 dans laquelle a est nul ou est un nonbre entier
valant 1 & 6 et chacun des indices b et c reprdsente un nonbre ontier
valant 1 a 6. 60 18 Utilisati ofP @Q?ﬁsﬁpgdosmlf 6l ectro-optique a cristaux
I|qU|des sous |la fornme de deux substrats sensible- nment parall bles, dont

cur acke E?&}fé Fﬁqfﬁfg@'m "ig%%ﬁ%ﬁf:&%ﬁ:ﬂ“gﬂ’ﬁ? R0 B DR

| i qui des, e quo reven a revendication 9 ou 10. 55 38 1 1!1111
111111 11111“11111 111111

Rl,@_.@_@_m' Rj_@_@ _@ e 53-2(_35 _@ -@-a“

16. Matigdre & propriétés de cristaux liquides selon I'une quelconque des revendications 9 & 13, caractéri-
sée en ce que le mélange contient en outre un ou plusieurs composés de formule

10

16

[Yoled

20
dans laquelle R* et RC contiennent chacun, indépendamment, 1 & 12 atomes de carbone ; RA
représente un groupe n-alkyle ou n-alcoxy ; et R® représente un groupe n-alkyle.
17. Matigre 3 propriétés de cristaux liquides selon la revendication 9 ou la revendication 10, caractérisée
25 en ce que le mélange contient en outre un ou plusieurs composés optiquement actifs, de formule

%0 " _@ @-cooﬂn-ns

(F) (¥)

s dans laquelle R* représente un groupe n-alkyle ou n-alcoxy en Cs & Ci2 ; (F) indique que le noyau
N phényle peut porter un substituant fluoro ; et R® représente un groupe n-alkyle en Ci 2 Cs4, cycloalkyle,
ou un groupe alkyle ramifié de formule

40
| - %o''zor
~cll
-(cit,)-C

dans laquelle a est nul ou est un nombre entier valant 1 & 6 et chacun des indices b et ¢ représente un
nombre entier valant 1 3 6.

s0 18. Utilisation d'un dispositif électro-optique & cristaux liquides, sous la forme de deux substrats sensible-
ment paraliéles, dont 'un au moins est optiquement transparent, et comportant, sur leurs surfaces en
regard, des électrodes en une matidre & propriétés de cristaux liquides, telle que revendiquée & la
revendication 9 ou 10.

&5
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