; €3e383v" 6T8W WD 00/ 55110 PCT/1B00/ 00158 LI QUI D CRYSTALS COMPOUNDS The
present i I relates to laterally substituted curabl e Lj-gui tal s
(LCPs) hawﬁgwﬁg@ggeni C properties or properties which causlgb? ieaﬁs’oé(ﬁﬁ S to
be conpatible with a nmesogenic nol ecul ar structure. In particular the
present invention 5 relates to laterally substituted curable Li @ui d

Crystals (LCPs) with adjustable optical anisotropy and in pimwﬂm H ulmﬂl | ow
mel ting point or good supercpopl ahj it relatively high cle nd
good al i gnnent properties a "l‘h‘g' bﬁ(gtﬁl éﬂﬂ’rp(ﬂ@ési n the preparabosn of
substantially upjform or, patterr;i(led filmin which the orientation of the LCP
mol ecul es i n t hdhpIPEssEntainyentignateiajes toolaterallypsubstitugsd eurabls JiquidEwsialn be 10

controlled i i QU] s (S i ), are

wel | Rnown (G2 e BRkknlc BEpEhicR U irbb ks ol LA e L LRy et Ca

and el ect r cempitibda withes messgenidSnble6diar Sddndt skl RstsuleOtip Piedat MVentgnxt Ur es
dt .Sui t abl i -1 _optical (NLO

appl | cat | oA o BT PR LA Tp L s K3yHBE (LEPPEihaciseiplstapiieht r a

snmectic or ,chi t ; : hSialoses: crpounds

and m xt urg@?%t&ﬁy@agﬁgﬁ fﬂgfalﬁgwﬂaﬁﬁ%clgggf’?’é‘;? ?5?‘?5@5\?@\?&?& hlzegazwggrrpounds

are char achighi deatirigypaint @td galdyaligngrentrprdpertips poi the usdJSf SudBOBCB4 Tn dhiescl oses

hot ochem cal | y ..pol ri sabl.e liquid cryst onpounds . and, m xtures, which
e enat BtsptauBR of SHES R E niiedite Or PARREL A R o hEdnisbieon phdise 0
m xtures haye adl&duids MEkDE PRIbE OMOPEARIE 1Y thaplifeab 1R Gubdistd taklg for

use at higher tenperatures. LCP filnms are generally manufactured by using
known loat cesfralledhni ques such as spin coating. This involves casting an

or gani ¢ sol uti or..of cross-linkable. L or I xture onto .a substrate

or ovi ded it h aﬁ"g}sipg}%‘faé?‘?f{%ml%‘;@?f‘ﬂ%‘g 5% a1 TG G e KNOMB Flent | y
removed t o skill¢@ parsoglahd ard emeid,thégfefpemioﬁ lo€ @pliE:s Q@ e vl tloldpticaly @vicedhi ch in
turn is cross-linked to give an LCP film The desired optical performance
of such fi lUs5.8ehadtidiseloshsicamppurds angrpixpuEes wet &9 BIepaisIpaIPORents switabla er s

whi ch the rial £l Sk t 0 ' are a
et ¢ medtopaaior ipr Sl ALY bbbu Gk, 1APECHRNqunty ol BARY SLfie

t endenidy t and exMbit@BirslShiftiPoT nBRXDealats nexsysitaatd. USes, A0 644 alsb dikclstow

neltin oi nt (supercopoling), go olubility in organic | vent s ood
T sl b | OFOMPORAG: Ml TRehas SHGYIe ToigHRnd? Y Rer Bty SHrutEh: it
| ayers, an@oﬁﬁb@uﬁ&' btet Béhﬁxﬁ%tiEﬁ%éa‘dw ?éiit%l)ﬁm(ij@;mélﬁng%oiﬂtfs. tihe sspserate

pl ane essentially free of oimai ns and clinations. Tilt domains are
regi ons wi tdiiclose$h hp@Phémically rpolymyriseblet heuid omystalx egmpdunds eandChixtvrescul es
formtilt ar]al es Omﬁ?ft t he ?I anet.%]fl t he Isutllgst.rate of theﬁgarre siﬁ][% but in
opposite di%¥ Elfi . USER @1 PIRETCoRBYEY 50 F §E ?rflﬁecsona?onﬁ’étisg o ﬁ'vlelr"lg P9 t
domai nx) WhepiktlréFhdvelagelatiosly hrroRpeidiifg rinde 220 Gkesnsaitebiadpragenit highbese
tilt domains and disclinations result in both a disturbance in the uniform
appear ance onp¢ma@regsi | m and an i nhonogeneous optical perfornmance. 10 Good

al i gni ng propertii Lihd j I ] are of
particul ar rel evlé%iefﬂtl%g a;%%gtegé-}%lrw %%ng agéﬂgcgln(??gﬁsgr?%ﬁ%‘?{?ecﬁ)ﬁ{e‘ té?cfﬂgnlug?i on

| ayer s ar e susleds fspin ¢daeingr Thistiatoloes cdstihgfaa. orginiis ssimtioaldfed clossiiakable

phot o- pol ynerisation (LPP) technology (c¢f.,e.g. Nature, 381, .p. 212 (1996))
al | ows the Ipé%ﬂhi:f:gdﬂ‘ re RBto %%ﬂ%tr%}gipr%‘flﬂqdomtgav SHCRBHPR {4yl d e crdnid

(phot oo pat ts%w‘egﬂgs s%&eaﬁ&ﬁpg RhovaY & Sive lafweciNGJ?q[nEéec{ E&wﬁteﬂeé RegeRiRtiatp on

| ayers are used tor the orientation of LCPs, CP nol ecul es shoul d adapt

t he i nf or ndtyan vdiishenn byrrt he coossdimked itongivayar DER HilmesPecdesirgdt pptical

direction of alignnment. an e tilt angle. For adjustin he .opti cal
properties W&’Pﬁg"‘iea gr%“cgnﬁ?rpﬁlﬁ?eﬂ&eg%?céﬁ@f rOmSPESs r%\tgoé c?blgxg %l
retardati onyfrhth&Bss which thel LT RfiterRS BN falfil khndlGMEoRYRISueR pfopRriieararel y Of
20 LCP materials with differing optical anisotropy, mainly high optical

ani sot r opy. ndmaticsmésopbaset & ighl deaningxpiing viley macling pomptor @dpwalsndascy dpy
often show a negative inpact on several of the above properties.
Particularly the formation of snmectic nesophases, high nelting points, an
enhanced tendency to crystallise, a l ow_slo_l ubility in organic solvents or
reduced mscibility wwth other LCPs is observed. Furthernore the ability 25
of honogeneous alignnent free of tilt domains and discli nat”“ﬂlﬂl“lﬂ‘ﬂl"ﬂl"lﬂjﬁn
reduced. There is, therefore, a negNFRMATRNTGOFYLCP materi al

used in the preparation of an LCP m xture, which significantly #igguces the
af orenenti oned di sadvant ages. The present invention addresses that need. A
first aspect of the invention provides a conpound of formula (1) -2



WD 00/ 55110 PCT/1B00/00158 G ~ ~ G X-.sP M1 wherein G- and Z

| ndependently re resent a pol yneri sabl e nesogeni ¢ resi due; ents a
gr oup Sel Yo BysAIG -0, -CO, -C0O, -00C-, -CONR - ECW‘%

-OCONR ; Sp represents a group of the formila - (CHZ)p in which pis an
integer of 1 to 18 and in which one or two non adjacent -CHZ- groups are 10
optionally replaced by -CH=CH; or in which one or two -CHz- groups are
opt i onal I ycrb’ét@l&ééﬂ’em?o@lﬁé below mejtige @9’@% (%@F@@leg),fgmsph@llgb’@mprg?lms| sting

%ﬂ\j vi so t hat
f| rst I y t%e%lg%né Odrrgg% & S nog E’lerlft arney dd al%g%\l&:%qpeﬁgf %‘ﬁ)dﬁ%t 198nd

secondl y Wh@ﬂrs)(ancﬁtheaﬁﬂity tp fmanamlasjasﬂameﬂaodt&f\:tﬂé @@bs@fateoplaﬁé\dss%ﬁamr esents
an achiral rogE of formula,( & ,E@A ZBZCR-n-n2inwhich A and B
i ndependenfiFs of Blsdeweis apd disclingtinns, Bt Josepigscare gegdpnshitin dkg bCP dilaoingr oup

or napht hag@iﬁdﬂhlé'lo?é:akés seheatEs Iﬁ({’l%és%rlﬂrlﬁygnnégﬂg?]ISP; i dﬁgrlreaof jpee and

si x nmenber I'socyc heterocyclic group or and n2
are 0 or 1sutstrhtetdfethpsame szethuatin bppesite \ditkcton. ﬁsdhrmﬂon:s_arﬂ tﬁ)m@brhﬁﬁsor!fﬁil Y,

wh C hal 0 3 00 0 / ool
e Ceel cBRBNboRist tih abmpa e LrBinmlstiles Stopposeoml amelspere sdeesmt. -
-CONR -, - BReLOlt §deidths an®P RN Enationrs NBs@OGh vy aadﬁiﬂﬂirﬁfoﬁnﬂe dxﬁfo\(‘ﬂ' ch S

R is selected fromthe group consi sting of hydrogen, I ral al kyl
group and appeavaece ot tierfdin @Hwenyhor@g@u@uszptlaaiqbeﬁfarmer ndependent |y

"o [0 RSB Wil BRSBTSy R e P

sel ected f chmae rglreOMQeCﬁ’ lofd-briicht&Ed -a&l, 1ro€835?atten€éa08nemmra O R
-NRCOROEOOR rtfhlc:OOR ér) - ayned Rin

whi clhkR | s used) Etibe ornemﬁlpmef é—erGpTébE%ﬂ e&lheﬁdm@ar mpmérmerentlm PR C~ ., g
|
15 al ky &;{R%rﬁgﬂ é@fn }nM_@J igé‘ra S;? diﬁ?”ﬂbg%g%‘@w‘é‘th@ pt AV RGP RA at

3-position 0O
uniform but also structured (photo-patterned) orientation layers. If such structured

15 orientation layers are used for the orientation of LCPs, the LCP molecules should
adapt the information given by the orientation layer with respect to the direction of
alignment and the tilt angle.

For adjusting the optical properties of the layers and films prepared from LCPs
as for example retardation films, it is further essential to have available a variety of

20 LCP materials with differing optical anisotropy, mainly high optical anisotropy. It 1s
known that LCPs exhibiting a high optical anisotropy often show a negative impact
on several of the above properties. Particularly the formation of smectic mesophases,
high melting points, an enhanced tendency to crystallise, a low solubility in organic
solvents or reduced miscibility with other LCPs is observed. Furthermore the ability

25 of homogeneous alignment free of tilt domains and disclinations is often reduced.

There is, therefore, a need for a new LCP material that may be used in the
preparation of an LCP mixture, which significantly reduces the aforementioned
disadvantages. The present invention addresses that need.

A first aspect of the invention provides a compound of formula (I)



with the proviso that at nost one of the rings AL Band Cis a

napht hal e gl(% éoup. 20 1n addition to the laterally substPictng 58

mesogeni ¢ conpoun s referred to above, such conpounds are al so |sé?osed in

WO 9S/ 24454 and WD 9S/ 24455. However, many of these conpounds are not

suitable for preparing LCP filnms with high optical anisotropy w thout one

or nore of the aforenentioned di sadvantages. It has been found that by

usi ng the conpounds of the present inye \ it Is possible to 2S control

the optical anisotropy of LCPs withoB 3ht i ncrease of nelti ng

poi nt or decrease of clearing point. t| on they generally have a

surprisingly |ow tendency to crystallise even far below the melting point

(good supercool ability). Furthernmore they geMer@tM exhibit eflhanced

al i gnment properties especially on structured LPP orientation |ayers, they

are abl e t ovliepeim tilt angl es and show a decreased tendency to 30 formtilt

dOfTB.I ns and(é |scéi natl Furthernmore the conpounds of the invention have
wo 00i@std 5 pcTr8 ‘Eﬂeﬂg‘?r’élé' TEPIERHAPS ylWFé’ISg'HEJBE?BO%"@I‘WF‘IdP?’y in organic

soI vents and a hi gh mscibility with other LCP conpounds. The opti cal

ani sotropy of the conmpounds of the invention may be easily adapted to

requi reirentX¥ only by reptesents aggrdun Seleetnd fymoupbl,of-OM e€Of,01GAMDY -0AQECL hout 5

changing the main core of the molecule  This allows an econom cal access to

a broad range of LCPs C@MRM'QQ%O © er\él?ﬂt optical anisotropies with a

m ni rum of chem cal steps in their production. The pol ynerisabl e rresogeni C

Lo 0 TP e oun X epSerdE et o MblG" ¥ Mo ERR LRk oL "o
-CH -, -0, -000 andy, @§Gng mea@qﬁ{e {QHB = TR %Pﬁ‘t L OB Y are

substltuted by one or nore fluorine or chlorine ato Grou sTin whic

there & e no substi t ugniongiiptapbacpd by eOH=Q1k; priefvdricledne bxttwos—(&i;ngmtmlsl y
preferred that the intege & %fﬁ&e of from1l to gr}dt at no 15
more than tw - Cro- gPEaRuoml Falesd iy Opg or 60 giibes RelECisE sk &% BRAP one
-CHZ group is repl aceghRitifg6f &B-OLQOSEC%G@GCDUCDNR%VQGEC&O@C@NFOQ of
-CH=CH, -CO, -COO, -00C, -CON OCOO The groups A and
B conprising the achiwih the ugvisa #hae fissthndhe spacer arosg. daes sut (roatain twe
aromatic. They are op ti r. sub 20
selected fromthe gr oédﬂgconf%%{gr?ﬁgﬁ% a%'H gg@,”%&? RIF wer’ ECEE Sgl%o&éa

al kenyljs | ower al koxyvaoeof @wad al kenyl oxy. Pr eferably the groups A and B

each contain no nore that one substituent. S espeC| ally preferred that
the groups M and B coffPEisenthan aghied g{qylppé,ﬁormula (1

A
nt n?2

I n \add

in which
A and B independently represent a six membered isocyclic or heterocyclic
20 group or naphthalenediyl;
C is selected from the group consisting of a five and six membered
isocyclic or heterocyclic group or naphthalenediyl;
n' and n’ are 0 or 1 with the proviso that firstly 1 < n' + n? < 2 and secondly,

when C is naphthalenediyl 0 <n' + n*<2;
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It i s preferred that the groups A and B are selected fromthe group
consistin , 4- phenyl ene, pyridine-2,5-diyl, pyrimdiges iy |
trans-1, 4%‘%@ /%&ule())l(yl ene or trans-1, 3-di oxane-2,5-diyl, 1, 4-% toﬁlgﬂg%edi yl
and 2, 6-naphthalenediyl. Is it especially preferred that A and B are
selected fromthe group consisting of 1,4-phenylene,

trans-1, 4- cyc)ohexyl ene . and, 2, 6- napht hal enedi yl . . The group conprising the
achiral grouf"Mis el% %?Ct%dafrﬂi”aﬁ@dgroﬂﬂscaf’ﬂ?tﬁéeﬁf 0(5" 38309'0 G 6P s '
optional |y substitut edoWrth .NReCOL, DEDGUbIEHNRNL S eeteg raog;hg e -5
WD 00/ 55110 PCT/ 1 B00/ 00158 group consisting of F,”Cl, CN, a lower alkyl,

| oner al kenyl, |ower badioxy and | ower al kenyloxy. It is preferred that the
group C contains at Emsh. Bne substituent. It is especially preferred that
the group C contains ho™%ostitution. It is preferred that the group Cis
sel ectgd from furan- R 4s chilathed fromathe %{&rpﬂzdﬂsistiﬁg bem?axf@géﬁ,q Wl -aéhftaldi ¥
tetrahydrofuran-2,5-diyl, dioxolane-2,4-diyl, dioxolane-2,5 -diyl,

oxazol e- 2, 4-diyl, oxakyl eropp andipjeweraghiry #heroup;3- di yl |

cycl opent anel;4-diyl . 1. 4- i.di ne- -diyk,. .

pyrim di ne- Z,ZS-aél:ay , ’a¥er gég&é%ﬁﬁx% bﬁ%?%%@?f)gln@gcﬁ% Olgl? g?(%ﬁ%lpg,qsf-sd?%)? ,bond’

1, 4- napht hal enedi yl a@OdQ2, 6oaaht haj}gr@q;-yl-cﬂ 0-] sogq;gqcl@tm:@}p,r et;g(jt,ed t hat
Cis selected fromthe group consisting 10 of furan- , 5-di yl,

t et r ahydr of ur an- 2, 5- d{GH,),-andz@).,R)-5amdi yl , 1, 4- phenyl ene,
traps-1, 4-cycl phexyl ene, and 2, 6-naphthal enediyl. The group Z' conprising
the adiiral dgRoup M issqigcigdelrem|the swupcoptstingoth -Che -gORIpCOSTSI-OGOR: of

-0, -COO, -00C and RO hE hS_ gl Ly reeghthat Z~ is
selected from-O or gém& g‘%@?@?"?@%hﬁ%@@&@ %(gdrbl?@ﬁ’cgrlfp?‘ﬁ’i ng the
achiral group M are pO€fer-a ands® ected fromthe group consisting of -COO,
-00C-, -CHzCHz-, -CHzO, .-OCHZ-, -CH=CH, -C=C- and a single bond. It is
especially preferred"ﬂﬁ@fChZz and Z3 are selected fromthe group consisting
of -C00, -OOC-, -Cg i@%c@edsfr&ﬂltﬁe%?&%comﬁtiﬁé OF Ry Moo e R Achirp Ct he :
achiral group Mis preferably selected fromthe 20 group consisting of -CN,
-COOR, 15 OCOR, F, O, atliyAgrcoprdd agRchimal Caswhicoyl Rovepitbgbatigutde Gond-at
achiral alkyl, C4_,z achiral %:igﬁnen'yl group with the doubl e bond at position
3- or higher, or hydrodsHionqriigheand i o'y preferred that R is sel ected
fromthe group consi fig dfineChbove; C, CF3, OCF3, OR R, in which R
represents a C, _H achiral alkyl group or hydrogen. 25 By the term"| ower

al kyl " it showtB the praviser debaidmes onecofude rings, A-B 298 ¢ a§ 2 nsphthalsaedipk

st rai ght - chai g,%q al kyl group. Exanples of |ower alkyl groups that nay be
present in th cghpounds of the invention include nethyl, ethyl, propyl,
but yl ,2(pentyl hekyhkdditidn tthetht i lkerallBy siisatnitelr mesdégener cainkeimds" refdrreshaul d be

understood to include C3 6, achiral, . 30 bran d rai ght - ' al kenyl
G oup | - wbOY- (e Gomm Bt 110 discoeed o ano- 8744 Bef SsiGOERSs
PCT/ 1 BOO/ 0Qiqafevet, Mhn bghﬁ]ge cENPER A8 Srdhot m;alegfok aritll QU fiiMgtwiflRy be

present in the conpounds of the invention include 2-propenyl, 3-butenyl,
3-i sopent erhigh optiqaéanisvtydny Bithat eng oy rdore o6 lesxafoydmeatidneddishdvaptagdy It he

term "l ower, al koxy" i.t, shoul d be understood.to include Ci. .6 _achiiral, 5
branched orM@{FEl gé‘?f’iibﬁéﬁmﬁl ‘E%ﬁ@ma?‘m&% .O?gfa%feé‘_L"B’f’fﬂi‘M?s BPR fS'/{Elogr oups
that may beoRtreF@BBbLplithl bhROESHPSUNTEs Withdiignificant inBitase ¢t HelangpbnesY ,

et hoxy, pr;i)oxy, but oxy, pentoxy hexoxy and the |like. By the term

" al kenyl oxydecreasesofnigaging woinidarddivion they generallybasa surpuinglylowpendsseied or

st rai ght - chai Kk I I 0, i fa%s BN ition
10 2- or hhghcgfgal%ea%’p%e@% loé?ﬂfvg%g rrhéz}}lii\gha}%%b%g (rjsglg%]sc 8@%2{& gyr?a?} uﬁféergqg)zésent in
t he conpoundisy @endrhidy exhibhtdnhinded cligtimert proppieiny lespegially- i semytined yI,PP
4- pent enyl oxy, 5-hexenyl oxy and t he Iik?.

orientation layers, they are able to form tilt angles and show a decreased tendency to

30  form tilt domains and disclinations. Furthermore the compounds of the invention have
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Preferably the polynerisable nesogenic residues G~ and & are each

i ndepende esented by the group of formula Il 15 Rz Za- _
mill V\hr\gb)e‘)f){slgl%&and E are independently selected fromthe @85%&&13

conS|st| ng of 1, 4-phenyl ene, 20 pyridine-2,5-diyl, pyrimdine-2,5-diyl,
trans-1, 4- cyclohexyl ene and trans-1, 3-di oxane-2,5-diyl; mis 1 or 0, 25 ZQ

and Z' arelndee tl el cedfromth rou consi st of si.ngl e
bond. - aoo Congetvel pgod s syeanic ahdpehgh misceblitiwith ofhep) 4.
and - (CH2) 3P compoundsVO 00/ 55110 PCT/ 1 BOO/ 00158 Z6 represent a group of

formula - (CH2)p X— in which pis an integer having a value of 1 to 18 and X
i s defined aboveTheaantlfiah anpsotrhpy o the componods afljtbe émtentiGhinay veugsilyay be

"ol aced by<BREdy arenianly BhatCoiti iRy i it SO0 tformlad Biedt  na

firstlyst h&hﬁﬁglbi@ thePmeidesord 6f the ARd1adule. (THIs ALVACANEcoRBinEa0 3L REB 1P Broagcondl y
when X is - r&acan al so have a value of 0 R2 represents a pol yneri sabl e

group sel edﬂ@&? ok birPs sehigitingslitfensst epticalagsotrapicpiiceprinimuoHY-ambed- |
CHz =CH- COO- Ph- H, C-1Z=CH O, CH =CH OOC-, Ph- CH=CH-,
CH2=CH- Ph- , &}’ ‘ﬂ@é@%ﬁ&gw R3- Ph- CH=CH- COO-.  R3- QOG- CH=CH- Ph- O and

2- W epoxyet hyl | TheMpoBinetfzablé r @pscpaaiat fesiduedIG' Bhd 0B andyower thal kathe oR3
represents a | ower alkyl with ghe provi so that when R3 is attached to a
phenyl ene gcilgﬁi?“t’-bphaffpir?fe £ §¥0§-epresent hydrogen or a | ower al koxy.

The teggs * Ph" &ﬁ% g,l;*apl}% epéefasby@g%aéhqp&nwe g@%g&ggsﬁéﬁwﬁrgraup The

20 term"- stoo to nean any 1 nyl ene;, ndnely
1, 2 phenyl aﬁﬂ)Olarﬁ%-m(MDyl ene or 1 4- phenyl ene, except where the context

requi res otherw e The grou d Eari)[klg)ﬁl onal |y substituted with one
or two hal ogens, [DEHpaceTErRPP PK’W’ "I(&RHQPZ‘ {jjute ¢ ol RSy IYIne Qrer

al kenyl oxy &{1&%Rsatom§ d}@bﬁgﬁnwzéhswéwetmfb&naéﬁ g%@Dn%ga?&sehh ¥ pRifEred.

preferably F or . It 1s preferred that the groups
from opti onklis yspmbﬁymrcﬁeerdd lhad-tmemgeemehamjvalpdowxﬂrmHeboylEeami thangs. |t

e I A A e T T
C(()]rjlil(js—ﬁl 29 Q{ouﬁ 1§ﬂe€@b%ﬂo§bggx%l%mﬁﬁélecte% ‘the &ddp EbBsistimgld20H=CI1CHEO.,
O-, -00C-, -CONR'-, -OCOO- and -OCONR".
The groups A and B comprising the achiral group M are either saturated.
unsaturated or aromatic. They are optionally substituted by one or two substituents
20  selected trom the group consisting of F, Cl, CN, a lower alkyl, lower alkenyl, lower
alkoxy and lower alkenyloxy. Preferably the groups A and B each contain no more
that one substituent. It is especially preferred that the groups A and B contain no
substitution.
It is preferred that the groups A and B are selected from the group consisting
25 of 1,4-phenylene, pyridine-2,5-diyl, pyrimidine-2,5-diyl, trans-1,4-cyclohexylene or
trans-1,3-dioxane-2,5-diyl, 1,4-naphthalenediyl and 2,6-naphthalenediyl. Is it
especially preferred that A and B are selected from the group consisting of
1,4-phenylene, trans-1,4-cyclohexylene and 2,6-naphthalenediyl.

The group C comprising the achiral group M is either saturated, unsaturated or

30  aromatic. It is optionally substituted with one or two substituents selected from the
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PCT/ 1 BOO/ 00158 -C- - C— It is especially preferred that Za and ZS represent

a single b&gﬁ)g 8§8n a{, -COO or -OOC-. Z6 may be optionally ?*ﬂé&dﬂf"ﬁ ed by |

one or ons, preferably one or nore fluorine a

preferred that p has a value of 1 to 11. It is also 5 preferred that 26
contains no substitution. It is further preferred that, for the group Z6, X
Is selected from - CH2- O0oC- especrally -CH2- or -O. It

i s pref er r BEPUPIFANSIEHRE @frBﬂug @,reloyer éﬂ‘t}’édoY"Pbﬂk?% gt plkonyi and dower of :
CHZ=CW COO 2
mfor each® O?Efl Rgglrfc%: fgzé 5&1}8& %%%Pr@g;ohﬁﬁ-% é‘nﬁ"%g‘yﬂégp“é’%ﬂg’FﬁR‘w‘prgr g?reez

t hat for besdeciclly preferd thatihs geoupdl ventaihs Ao sdbisettionpounds of the invention

may be readily repared procedures wel |l knqown to @ skilled person in
accor dance vvith? G Prefree ﬁ]%ﬁ@%?%gdaﬁe‘gﬂ%tﬁoau urpny 2 defighduran-2a3rdivd, pel ow.

-9 00 o ltetrativdl i _HO\
o KT DB e ah g o eyl 2. Ml RO MG idsglank 25, 10 o

0 HO \ | O-diyEDO®XazahARR - dxyCHz@raZole b-ﬂly\l C):)(Dldpehtamz-ﬂ 3 dr/yl O @cﬁ)ﬁenv’ané- -1~

VH\S 90[_5?_1}_93?&1- | BOO{_/OIOZ}-%ﬁenSﬁQn%,WE 2 ~p§r|idir|;|gi;~5-5iy{ pyr1m1 n 21? -diyl, HF ~~Cl
trans-1,4-cyclohexylene or dioxane-2,5-diyl, 1,4-naphthalenediyl and 2.6-
naphthalenediyl. It is especially preferred that C is selected from the group consisting

10 of furan-2,5-diyl, tetrahydrofuran-2,5-diyl, oxazole-2,5-diyl, 1,4-phenylene,
trans-1,4-cyclohexylene, and 2,6-naphthalenediyl.

The group Z' comprising the achiral group M is preferably selected from the
group consisting of -O-, -COO-, -O0C- and a single bond. It is especially preferred
that Z' is selected from -O- or a single bond.

15 The groups Z% and 7° comprising the achiral group M are preferably selected
from the group consisting of -COO-, -O0OC-, -CH,CH,-, -CH,0-, -OCH;-, -CH=CH-,
-C=C- and a single bond. It is especially preferred that Z* and Z* are selected from the
group consisting of -COO-, -O0C-, -C=C- and a single bond.

The group R' comprising the achiral group M is preferably selected from the

20 group consisting of -CN, -COOR, -OCOR, F, Cl, CF;, OCF;, OR, R, in which R
represents a Cy.jp achiral alkyl, Cq4.2 achiral alkenyl group with the double bond at
position 3- or higher, or hydrogen. It is especially preferred that R' is selected from
the group consisting of -CN, F, Cl, CF3;, OCF3, OR, R, in which R represents a C,.4
achiral alkyl group or hydrogen.

25 By the term “lower alkyl” it should be understood to include a C, achiral,
branched or straight-chained alky! group. Examples of lower alkyl groups that may be
present in the compounds of the invention include methyl, ethyl, propyl, butyl, pentyl
hexyl and the like.

By the term “lower alkenyl” it should be understood to include Cs.¢ achiral,

30  branched or straight-chained alkenyl group in which the double bond is at position

-6-



[~ ~~~ ] Pyridine OCl O~~~~0O1 OHO~/ OCHKI / DBUI| Acetonitnl I
Rfl OH O HO.\ [/ O0~-0~~~~0 /O\1li ppH ~~ ~/~ P I
CHzCl Z cré)"?}’?’ss-‘ﬂ*\ /] 00~J 000~/ ~/ 00 in which DESEP{;%WIG hy|
azodi car boxyl ate  wo o00i ssi ~0 PcTnsooi ooi ss TPP is triphenyl phospi ne THF
is tetrahydrofuran KI is potassiumiodide DBU is

1, 8-di azabi cycl o[ 5. 4. OJ undec-7-ene 5 EDC i s .

N ( 3- di met fndrdnghespixaninles of lowenhgtken igsrtips thay anayyheryesenbin e coNpPuids

4- di met hyl g 4 tant | aterials used in.t reparation
of the corrpougglgy%#lg{‘ %dg&eis gg({p%fl \’/gnt{%‘:t%ﬁ’l’inglral‘Cssﬁed1 e:.nyé,nfg-ﬁangmydt E'E‘Fg?n henyl
and bi phengdisohbxamigbhndathe 1ik6. car boxyl i ¢ aci d conpounds as wel |l as

1, 4-cycl ohexanedi ope. The starting materjals are conmmerci al Ié avai | abl e or
may be readily BVéB%#‘éa’ anwenpkoRg] it $98ldnbe undersired e inchdesEng adtieal,

Corbousd Shuiea {PASIIIRRATES BESSERYEDRSHRL o ! AR {1

includes a lateral gro nesogenic re

Al t er nat i vy be tphesedhindberpampaisidsray theanpamtipa fisdudeymehory nghaxy! prgokhat

i ncl udes a @o%msri sa?}l e m%@qﬁnbé residue prior to linking the lateral
group. A sBUSKY PLRIOX¥ hexexy “WENtion therefore provides a method of
preparation of @y,CREREHRdalen) Bk itsHduld bk hﬁ]d%“&@dﬁop deSENG QLT N9 @
ring that includés a lateral group and subsequently Iinking the nesogenic
resi due t hbrastled oFfstraighs clgpemidcalkeanyilakyemodp in wimdh G doubleraiias atypositR)
connegt.ed 5_0 t central ri ng 1si nul t.ane uslé/r. As i ndi cated above, it is

e
especi'dl | y p?reglfrhfred ¥amples 9L IRSH GEFRYIoNY SETaHRS ﬂf@ ‘B%_bézp%?ﬁ%r’ti BeHis cal .
It will bec&’_ﬁﬁ&ﬁ‘ﬁi‘s%ﬁ?ﬂxe?iﬂ%ntmei&ma@%lﬁﬂ)%eﬁiloiﬁ93-bﬁt‘éﬁﬂbk?ﬁﬂﬁéﬁteﬁﬂo%ﬁed in
the preparation of liquid crystalline m xtures. Such m xtures may be
prepared by-hgdenwexiend thohdund of fornula (1) with one or nore additional
conponents. An ni,c sol y e i it he  preparat) on of
t hese m xtures. %gef%ﬁiggd tlges g’é’ﬁ%ﬁsapﬁe n?éﬁ\glgeﬁ]?cl (fﬁgﬁﬁeesr et or gd p?’ovﬁﬂ eéécgl l'iquid
crystal | i néndepaidentty espgaented by tise groupofifvdmafa llornul a (1) and one or nore
addi ti onal conponents. The one or nore additional conponents present in the
i qui d5crystal line mxture may be further conpounds of formula (1), other

nmesogeni ¢ conmpounds, conpound at are 30 coppatible with a nesogenic
nmol ecul ar architect %e 0:26 grhi opaznst g f e -215_2___

m

I

11

wherein
Dand E are independently selected from the group consisting of 1,4-phenylene,
20 pyridine-2,5-diyl, pyrimidine-2,5-diyl, trans-1,4-cyclohexylene and
trans-1,3-dioxane-2,5-diyl;
m islorQ,
25 Z'and 7’ are independently selected from the group consisting of a single bond,

.COO-, -00C-, -CH,-CHy-, -CH,0-, -OCH,-, -CH=CH-, -C=C-.
-(CHjy)4- and -(CH3)30-;



WD 00/ 55110 PCT/ 1B00/ 00158 i nduction of heli cal

pitch. The LCP m xture may

al so include a suitable organic solvent. Exanples of solven t be
used in th@%’r"’éﬁ‘dpati Eﬁﬁépﬁ]@@w

on of such liquid crystalline m xtures

N- net hyl nmor phol i ne, caprol act one, cycl ohexanone, nethyl ethyl
5 Exanpl es of additional conponents that may be used

ani sol e,
ketone and the I|ike.
in the prepgration of

liquid crystalline LCP m xtures according to the

third aspect of the impwepent8groupcofifaentlnoddpphpiourhish pdpar indeges daving
formul ae 111

to X. R 4--- N Q~\O/ ~p--([, H. -
1B /\ p- O( CH 2)"n"fitléa\‘g %g"z@ é@ # ig di‘?ﬂfteé#}b?% and E{hwbg[hwe/or\te"mg@l

R4 O

(CElZr- Rq ~I N~ y~Z—diacent-CHLOut8dps mhay b&optidharly YeRaSed ¥y (EGH-CH- i\ 1\
]\ O(CH~~Ra M O\ 7 0(205‘~r?5- 4 bSogpichly ferlad Iﬁ?yCH Z)(~:I”ro(8/”§1 I\
O (CH ~~i Ra O O (~H-which one- or o (-Ci>~ gPotps/ may/ ba répl@ed( by -dneser }?d O O

|_ §'<3 Ve ool ssiio PCTarh%%%n%Pligl?mg Igrosu?f)_s )El %viﬁlzthgsp_rg\%sé/ Itl{alt I{?;tlys’&x_e%'otllzpz Z$3_ - Ra

10

15

20

25

does not contain two adjacent heteroatoms and secondly when X is

-CH,, p can also have a value of 0

represents a polymerisable group selected from the group consisting of
CH,p=C(Ph)-, CH,=CW-COO-, CH,=CH-COO-Ph-,
CH,=CW-CO-NH-, CH,=CH-O-, CH,=CH-O0C-, Ph-CH=CH-,
CH,=CH-Ph-, CH,=CH-Ph-0O-, R*-Ph-CH=CH-COO-,
R*-00C-CH=CH-Ph-O- and 2-W-epoxyethyl

in which

W represents H, Cl, Ph or a lower alkyl,

R? represents a lower alky! with the proviso that when R’ is attached to
a phenylene group (-Ph-) it may also represent hydrogen or a lower

alkoxy.

The terms “Ph” and “Ph-” will be understood to indicate a phenyl group. The

term “-Ph-" will be understood to mean any isomer of phenylene, namely 1,2-

phenylene, 1,3-phenylene or 1,4-phenylene, except where the context requires

otherwise,

The groups D and E are optionally substituted with one or two halogens, -CN,

lower alkyl, lower alkenyl, lower alkoxy or lower alkenyloxy groups. If halogen

substituents are present they are preferably F or Cl. It is preferred that the groups D

and E are selected from optionally substituted 1,4-phenylene and 1,4-cyclohexylene

rings. It is especially preferred that the groups D and E contain no substitution.

It is preferred that the groups Z* and Z° are selected from the group consisting

of a single bond, -COO-, -O0C-, -CH,-CH;-, -CH,O-, -OCH,-, -CH=CH- and



Ra S ~~Za~~Z~~S~-RaL"1,SL~ Xinwhich5R4 is selected from
the group consisting of CHz=CH O, CHz=CH COO, CHZ=C(CH3) - COO-

CHZ=C( Ol ) W@B¥/55IM H2~O-H S3, SQ i ndependent |y represent - (PEbyB00/0g}58
-Q(CHz)"-; E, EZ are independently selected fromthe group consisting of
1, 4- phenyl ene 10 trans-1, 4-cycl ohexyl ene, pyridine-2,5-diyl,
pyrimdine-2,5-diyl and trans 1, 4-cycl ohexyl ene-1, 4-phenyl ene; F , FZ are
i ndependentCxCsdt Bespatidllyqrefetred grad @ and A3 rgtrésent ofindlebopbe@EiGeneoand 2-
or 3-tluoro-1,4-phenylene; L4, L5 L6 are independently selected fromthe
group consioét(pgg'-of OH, 15 C,-CZo-al kyl, C--C2o0-al kenyl, C,-C2o0-al koxy,

Ci - Czo- al koxy-c : 7 I

C~- C20- al kyl car Zg!;ny %%(ey?ﬂtﬁgﬁ%%seur?gl?%r?g ?ﬁ?rﬁ?&g%ﬁn ?tgmg,e?rg(fﬁraebéyf romthe
group consioationgnat hodDe,ator@OAt js pEGiied, thatCpihas a vabicChiZ)] 3o, 11 QOB( 46&) 2-

and - CHZ) 3-; . - 6 WD 00/ 551 PCT/.1.BQ0/,00158 Zg, i S sel ected froomthe
G oup. cons PELTPE Bt £° coGPa nBREEHrLtarpfip rhep ppgsrrot 30 56 s 25 o
-(CH2) a-, 0GRk frdnPHENAO-020d00Cakd 068 | e%p&@zh%lgﬁ@lz-fo& omLt he group
consisting of a single bond, -CH2CH2-, 5 -CH20-, -OCH2-% -COO-, -0OOC-, and
-C=C-; Y is inddpéngesfertrad siett ahé egodp & it helegteduRomomei group Goakistind 0dxy,

C, -C29-al kyl, C, -C20-al kenyl, C -C29-al koxy, C -C29-al koxycarbonyl,

fornyl -, c,CMWr@Qpcan% FQI'E(,)-‘-CZQ- al kyl car bonyl oxy, fluoro, chloro,

brono, cyano and. nitro; n.is an integer having. a value of from?2 to 20;
and v isyan int gbb‘;rprﬁéw%&aéﬂ}?af’luﬂ’emlo e?‘g%mt%ef%m%ﬁf #6%%’19??8%869’1‘5 he
i nventj®n r@dis 8los 9. R8s epedally plef@rddansfebi Both @' aad PRy hayevally of@Sting a LCP

conpound according to the first aspect of the invention or a 15 m xture
accordi ng to thelkeh¢qrapaundeof thg inveatiom eyt heorpadily prepasedbysingitpeoceduedur t h

Comr i st ng Vol NS TR B R R RAEE SR JERE Y MhM S R

cross- | i nkiSweinbe 1 lhayerelow.quid crystal line mxtures according to the third
aspect of the invention may al so be used in the manufacture of LCP networks
in asimlar way. 20 The invention also includes, in a fifth aspect of the
i nvention, a cross-linked LCP network conprising a conpound of formula (1)
in a cross-linked form Cross-linked LCP networks conprising a m xture
according to the third aspect of the invention in cross-I|inked form may

al so be included in this aspect of the invention. A sixth aspect of the

i nvention provides the use of a conpound of forrmula (1) 25 in the
preparation of an optical or an electro-optical device. The use, in the



preparation of an optical or electro-optical device, of liquid crystalline
m xtures according to the third aspect of the invention is also included in
this aspe™MO®5518e i nvention. A seventh aspect of the i nveﬁﬁTgﬁo%&ﬁ% des an
optical or an electro-optical 30 device conprising a conpound of formula
(1) in a cross-linked state. An optical or -15 WO 00/55110 PCT/|B00/ 00158
el ectro-optical device conprising a LCP liquid crystalline mxture in a
cross-linked state according to the thSeimgsbect of the invention is also
included in this aspect of the invention. The invention will now be
described with reference to the following 5 non-limting exanples. These

exanpl es are provided by wa f j=\ustration opLxﬁJya&ngions on these
exanpl es falling\w t/ %the i thvent i Wi | e apparent to a
skill ed person. Exanples 10 Exappl'e 1 Synthesis of

8- Chl oruoctyl -4-(4'-octyl bi phenyl) ether a\ / \ / 15 A solution of

di et hyl azodi carboxylate (2.1 gj 12rmefP)TRPéTHFahydrofuran ( 1 OM) was added
dropwi se at 0C to a solution of}4-octyl-4'-hydroxybi phenyl (3. 2g;

11. 3mol), 8-chlorooctanol (1.9§; |2mol), triphen¥lphosphine (3. 2g;

| 2rmmol ) and tetrahydrofuran %ﬁp \ X[ t Foomtenperature

overni ght. The react\.a LAt ure added to water (200nl) and extracted
with ethyl acetate (3 x 100ml). The 20 conbi ned organic | ayers were washed
with water (2 x 100nl), dried ojer magnesi um sul phate and filtered. The

sol vent was renoved in vacuo. The residue ( 11.1 g) was purified by flash
chromat ography on silica gel coljum usitng a tol uene/ethyl acetate m xture

(95:5) as eluent to give 4.4g (93%0 or ©oovy hestdhur( /41 - 0Cct y| bi phenyl)
ether. 25 Synthesis of 8[(4'-octlyl-4-biphenylyl)oxy]octyl

2, 5-di hydroxybenzoate - 16  WD{00I 5511 /1B00/00158 HO\ / OH O A
m xture of 2,5-di hydroxybenzoicjacid (1.7g; Il.Omol), 1,8-diazabicyclo

[ 5. 4. 0] undec- 7- engq @411.CWW01), 8- chl orooctyl -4' - octyl - 4- bi phenyl
ether (4.4g; 5 10.2 , potassiumiodide (6.6g; 40. Omol) and

acetonitrile ( 150m) o he d er //ef | pwfor 72h. The reaction m xture
was cool ed, poured int& water ( omﬁ ethyl acetate (3 X
150mLl) . The conbi ned organic | ayers were washed with I N-hydrochloric acid
(150m) and water (2 x 150ml), dried over nagnesi um sul phate and filtered.
The sol vent was renoved in vacu®. The residue (4.99) was 10 purified by
recrystallisation fromethyl ace¢tafe/ ene to gige‘h.Sg (809% of

8- ((4'-octyl - 4-bi phenyl yl ) oxy] o¢t yb” 2, T Ry of oxyb@nagat eE°C ML 1f8ks of
[[(8-[(4" -octyl-4-biphenyl)oxy] octyl]oxy]carbonyl J-p-phenylene bis [p-[ [
6- (acryl oyl oxy) hexyl] oxy] benzoate)

-10-



150~/ \ \/ \V/ 000\ / \ / Asolution of

N- ( 3- di met hyl am. nopropyl )- N -et hyl -carbodi i m de hydrochl ori X

13. 7nmmmol) v OQﬁsdﬂq or onet hane (50nl) was added slowy to a sgﬁjlgllﬁ]g@glgp
8-[(4' -octyl -4-biphenylyl)oxy]octyl-2,5-di hydroxybenzoate (3.0g; S.Smmovl),
4- (6-acryl oyl 20 hexyl oxy)benzoic acid (4.1g; 13.7mol) and

4-di met hyl am nopyridine (1.3g; 10.9mmol) in dichloronethane ( 100nl) at OC.
The m xture was stirred at roon1tenper§9ﬁﬁ§ébvernight, added to water
(200mL) and extracted with di et hane (3 x 100mL). The conbi ned
organi c | ayers were washego-w p-of 2 X 100mL)/ Wrifed\o %r magnesi um
sul phate and filtered. The s st

as, renoved in vacuo. The 25 residue
(8.49) was purified by flash chromat ogfaphy on silica gel columm using a
tol uene/ ethyl acetate m xture (95:5) ap el uentao/Reromyst al | i sation from
ethyl - 17 WO 00/55110 rcTnBOO ool ssyacet at e/ hexane gave 2.2g (3 8% of

[[[8-[(4'-octyl-4-biphenyl)oxy]octyl]oxy]carbonyl]-p;phenyl ene
bi s[ p-[[6- (acryl oyl oxy)hexylp]s(]_—.\wy_(\c-_%) = 89.5C, Op (N1) =
103C 5 The fol |l owi ng conmpounds wet%e sy hesi sed using a simlar nethod.

2, 5-bi s-[4-(6-acryl oyl oxyhexyl oxy) benz onxy%beq;oic acid
8-[4-(5-octyl pyridin-2 yl)phenoxy] nonyl| est el |\ /p@aho / \ ~0 0~/ o0

00o \V/ 10MI(CN =61C dp (NI)) =28 1

[[[9-(p-(5-nonyl -2-pyrimdinyl)phenoxyfnonyl ] oxy] car bonyl ] - p- phenyl ene bi s[
-[[6-~acry|oyIoxy)hexyl]oxyTQgﬂfb@LET\94€;;:%€i>L_- \'/ ~\ 00\ / o0o0o NO
\'/ N/ 20 M (CGN) =5S.5C dp (N1)°=\og. N
[[[8-[e(traps-4~entyl cycl ohexyl ) phenoxy] octyl ] oxyptarbonyl ] - p- phenyl ene

bi s[ p-[[ 6- (acr ~I oyl oxy) hexyl ] oxy] benzoate] -18

HO OH
KI/ DBU / Acetonitrl / Rfl
OH

e}

ooV
QMM

Hoo>\_©so\__/_\_/0«<0=

EDC / DMAP / CH,Cl,

Y
=o>\’— °\_/_\_/°'©_<: }_O"\_/T_P‘{:

in which :

DEAD is diethyl azodicarboxylate

-11 -



/55110 1O rcTnBOO oolss 00O\ / o000\ / 0o 0OOHOO\N/ HTJ (]

00
[ 8-[ (4" -cyano-4-bi phenyl yl)oxy] octyl] oxy] carbonyl]-p-ph
bi s[p-[][ 6- W‘?IIUM oxy) hexyl ) oxy] benzoate] 0 0 \ / o oho /e‘{y%&@&(ml/sso 00
00\ / \V/ =NM (GN) =72C, dp (N1) = 114.7C Solubility in MPK: 7.2%
2, 5- Bi s[ 4- (6-acryl oyl oxyhexyl ox-y) benzoyl oxy] benzoi c acid
8- (6- pentyl oxy-2napht hyl oxy)octyl ester / \ 00000 - \/ oo~\/ 0o
\ / \ o TPP i1s triphenylphospine
] ~2-[2-[(4' Cyan -:Pi xy] et hoxy~I et hoxy] car bonyl ] - p- phenyl ene
bis[pl S [6-(a§¥¢llgl§ff2%§%ﬂﬁgdgffoxy] benzoate ~o o/ \ oo\ / oo-0\ / 0o
\~/ ~o / \ \ [ KliSpotasé¥inDiddidel 10 PCTI | BOO/ 00158 Mp. (C-N) = 54C, dp (N1)

= 86C, Sol ubili

2,5-Bi s[ 4- (6- acbéd){;l lﬁgﬁ%?%ﬁﬁﬁﬁwc&ﬂ%enzoi c acid
6L i pyanopbep N el B ANIO SR b | 0\ O

2, 5- Bi s[ 4- ( 6- ac DMAY lind-dieethylamyrdperidimg| oxy] benzoi ¢ acid 8- (2

napht hyl oxy)octyl ester -oo/ \ oo\ / oo\ / o0~ \/ \ M. (GN =
63C, CAp (N-1) = 74C, This conpound may be supercool ed

Suitable starting materials used in the preparation of the compounds of the

present invention include, amongst others, phenyl and biphenyl alcohol and
10 carboxylic acid compounds as well as 1,4-cyclohexanedione. The starting materials
are commercially available or may be readily prepared and are well known to a skilled
person.

The compounds of the invention are preferably prepared by forming a ring that
includes a lateral group prior to linking the mesogenic residues. Alternatively, the
compounds may be prepared by forming a ring that includes a polymerisable
mesogenic residue prior to linking the lateral group. A second aspect of the invention
therefore provides a method of preparation of a compound of formula (1), the method
comprising forming a ring that includes a lateral group and subsequently linking the
mesogenic residue thereto. The mesogenic residues G' and G* are preferably
20  connected to the central ring simultaneously. As indicated above. it is especially

preferred that the mesogenic residues G' and G? are identical.

It will be appreciated that the compounds of the invention may be used in the
preparation of liquid crystalline mixtures. Such mixtures may be prepared by
admixing a compound of formula (I) with one or more additional components. An

25 organic solvent may also be used in the preparation of these mixtures. A third aspect

of the invention therefore provides a liquid crystalline mixture comprising a

compound of formula (I) and one or more additional components. The one or more

additional components present in the liquid crystalline mixture may be further
compounds of formula (I), other mesogenic compounds, compounds that are

30 compatible with a mesogenic molecular architecture or chiral dopants for the

-12-



Exanple 2 1 ~ Synthesis of 4'-[(8-chlorooctyl)oxy]-4-biphenylol C HO ~ ~ ~
~ O A solution of diethyl azodicarboxylate (3.5g; 20muvol) a

t et r ahydr oV@O¥#1% 10m) " was added dropwise at OC to a sol ut ?'g:ﬁ/lg?ommss

4, 4' -di hydr oxybi phenyl (7.4g; 20 4Umvol), 8-chloro-1-octanol (3. 3g;

20mmol ), triphenyl phosphi ne (5.2g; 20mvol) and tetrahydrofuran ( 120ml) and
stirred at roomtenperature 72h. The reaction m xture was added to water
(400nl) andnduetionfekeligpk piteh hhe BES mixuge3mpy @@rincludeha suitgble opgardg| 55110
PCT/ 1 BOO/ O C ' ' r d._wi mat x 150nt),
dried overgéglgﬂté%}rﬁbz%l %%g‘?gé“g%w ie[f'%yer &d" e*ﬁgmgeo 1{/@ tﬁ{atl s‘ﬁiseu%ﬁvléad“?n
vacuo. The cigsdlline (mib8urdg) imehudpur ahiseld, byNmhabyinisielat 0grapkilacéhed
silica gel colum using a toluene/ethyl acetate m xture (95:5) as el uent,
to give 2.6yclohexaponps m@tb!{l(eéhylcfﬁp@fl%% the)kgy] - 4- bi phenyl ol . 5 Synthesis of
4' - [ (8-ghl orooct 5 é= i 5 Y- 1 ikon of
2-furoyl chlori %’1 a%@ﬁéédg()ﬁ%&é%%%w ggeaﬂ( %g%élt&?agg\;\f éltsaedaén 315 ’tgrgé%a{s?égrtgftf i on of
4' - [ ( 8- chl diquéd tryktphing] AP biixtosesyacodrd(n2. t6ghe thif@mspdct odintic: myentiinnaciudeg;
253mmo1l), shérred at éﬁ(r)omtengje aLure O\al{ﬁr néght. The resulting m xture was
added to 1 ROYFFAMPOHPYT FeReSEt ‘%32 JacdHdo&tracted with ethyl acetate (3
x 100ml). The conbi ned organic | ayers were washed with saturated sodi um
chloride solution (2 x 15 80nl), dried over magnesi um sul phate and
filtered. The solvent was renoved i(g vacuo. The residue (3.3 g) was
purified by recrysgal].jsation t hyl acégt hexane. to give 2.99 (88%
of 4-[(8-Chlor ooct%/l-)égkyzja‘- 4(?b| enyd-y & Oat=e- ﬁn_f(ﬁés’i“s o‘?

{[8-[(2, 5-di hydroxybenzoyl ) oxy] oct -yl ] oKXy} - 4- bi phenyl yl 2-furoate HO -G WOH
O 20 O A mixture of 2,5-di hydroxybenzoi®vatid ( 1.1 g; 7.O0molJII

1, 8-di azabi cyclo [5. 4. 0]undec-7-ene (1.1g; 7.0mvol),

4' -[ (8-chl orooctyl)oxy] -4bi phenyl -2-furoate (2.99g; 6.8mopl), potassium

i odi de (5.2g; 35nmpl) and @Mgi go)rr_il)RN\/as heat ed under reflux for
48h. The cool ed react/’@[ﬁi X e poured™i nto water
- Y )

7 — —
0 zo (CH )y — R* v

N
r N_p— rR*
zv—@—%N ;>—0 (CH )
N
VN Nt Yo (o),
N= \Y

O 0
R*—(CH gn—O—©—4 : @O—(CH )o—R?
0 4
<)otz —z
0

VI

0 Q
R4—-—(CH2)n"'0"©_« Q @0—(CH9.\—R4
0
0]
CHo, VII

0
R —(CH o0 ) 5 —(_)-o- CHp— R

0 O
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-21 WO 00/55110 PcTnaoo/ ool 5s (500nl) and extracted with ethyl acetate (3
X 150n) ined organic | ayers were washed with 1N-h lord.c acid
(100m) an‘ﬁomgﬂn:?(Z x 100ml), dried over nagnesi um sul phat égé}r?lﬁodafoﬁﬁsered.
The sol vent was renoved in vacuo. The residue (2.8g) was purified by flash
chromat ography on a silica gel colum using a 5 toluene/ethyl acetate

m xture (93:7) as eluent _to give 1.1 g (30% of {

[8-](2,5-di hydroxybegr? u@e wl-eattyl ] oxy} - 4- bi phenyl yl -2-furoate. Synthesis -
of furan-2-carboy d 4'-(8-{2,5-bis-]4-(6-acryl oyl oxyhexyl ox~~
benzoyl oxy] benzdyl dxy) oot yl oxy) bi phenyl - 4yl ester 10 1 v 00000 - o\

[\ / 000\ / A sol ytion of
N-( 3- d|nethylanlnopﬂbﬁ?ﬁ%ij‘%Tﬂyl-carbodl|nlde hydrochl oride (y4799; 5.1
mol ) in dichloromethane (20m) was slowy added to a 15 solutlon of
-{[8-[(2, 5-di hydr oxybenzoyl ) oxy] octyl ] oxy}-4-bi phenyl yl -2-furoate (I .|
g; 2.0mol), 4-(6- acrylo | hexyl oxy) benzoic acid (1.5g; S. Omml) and
4- di met hyl am nopyri —‘i‘e i—18. 9nmol ) i n di chl oromet hane (30nl) at OC.
The m xture was d overnight at roomtenperature, added to water
(200m) and extr wi th dichl oronet hane (3 x 100nil). The organic | ayers
were washed with 20 {?&er {2 x 80ntl), dried over magnesium sul phate and
filtered. The sol‘ven s rehoved in vacuo. The residue (2.69) wasXpurified
by flash chromat ography on a silica gel colum using a toluene/ethyl
acetate m xture (90:10) as el uent. Recrystallisation from et hyl

acet at e/ i sopr opaqol gave=0. 4 fu -car boxlyl ic acid

-8-{2,5-bi s[4-t6-4& crﬁi@l ‘@V@Tﬁ
benzoyloxy}octyloxy)blphgnyl ester. -22 Lo MO 00/55110 PCT/ 1 BOQ/ 00158
M (CN) 89.5C, dp = 103C The conpound i s super cool abl e bel ow f'oom
tenperature. 2,5-Bis[4-(6-acryl oyl oxyhexyl oxy)benzoyl oxy] benzoi c acid
8- [6 [(4S octyl obtwlhéhyl) et hi nyl ] - 2-napht hyl oxy] hexyl ester ~o / \ ~ 0 M.
(GN 4Op(NI T r l_ed, . )
2,5-Bi s -acryl oyl oxy ééég%o%%egﬁ&gd?oxy nggg?ls éHp@ ’Céﬁz_%q{ %R)O’
8-[ 6- [(4 cyanophenyl)C%h@@ﬂ@@@a@i{ﬁﬂ(@xﬂ@@tgﬂd ester o~/ \ \ / o\ [/

HZC\—;—/CH—

s*, s independently represent -(CH,),- or -O(CHz),-;
E', E? are independently selected from the group consisting of 1,4-phenylene
10 trans-1,4-cyclohexylene, pyridine-2,5-diyl, pyrimidine-2,5-diy]l and

trans 1,4-cyclohexylene-1,4-phenylene;

F', F are independently selected from the group consisting of 1,4-phenylene,
and 2- or 3-fluoro-1,4-phenylene;

| L are independently selected from the group consisting of OH,

15 C-Cyp-alkyl, Cy-Cyp-alkenyl, C;-Cyo-alkoxy,

C,-Cy¢-alkoxy-carbonyl, formyl, C,-Cyp-alkylcarbonyl,
C;-Cyo-alkylcarbonyloxy, halogen, cyano and nitro;

A is selected from the group consisting of -COO-, -O0C-, -OCHjy-,
-CH;0-, -O(CHy);-, -OOC(CH;),- and -COO(CH,)3-;

-14 -



O0OO0O\N/ V\V/ -NM. (GN =103C dp (N1) = 142C, 15 This conpound may
be supercaqol e

d
[2-(2-(2- [‘?’ -owgam?)phenyl ) et hi nyl ] - 6- napht hyl oxy] et hoxy] et hof$f€g?%ogﬁ§ﬁ ]1-p
phenyl ene bi s[ p-[ 6- (acryl oyl oxy) hexyl oxy] benzoate o\ / ~0 20 Mp. (CG-N) =
90C, dp (N1) =133C - 23 WO 00155110 PCT/ 1B00/ 00158 Thi s conpound nmay
be supercool,ed

[[2-[2-[4" 4 (4- Cyanophépigstpermythg eroun ﬁﬁ@rh%ﬂngl @fxy]semgi@wpéx F@Hﬂﬂar bonyl L

p_ phenyl ene bis [p [E_S ﬁg% (0)¢ b@ty oho \
/| oV~ \ [\ [ - )@(gg P’ ( ‘? 99@3%)3 LCng)&% IiS(Lnd may
be supercool ed Exarrpl €=6-;10 Prepar atlon of Nematic LCP films (i) A m xture

of the foll gwi ng conponents i soI e was prepared: 60w % of OO ~0O0/ ~
~/ Oo-/ &0 o~ 0 155 s8ir'ed érf]omt & groyp \cogsifting okya\singley bpnd; -CHChlyt - 24

5 -CH,0-, -OCH;-, -COO-, -00C-, and -C=C-;

Y is independently selected from the group consisting of hydroxy,
C-Cyg-alkyl, Cy-Cyo-alkenyl, C,-Cyp-alkoxy,
C1-Cyg-alkoxycarbonyl, formyl-, C;-Cyp-alkylcarbonyl,
C;-Cyp-alkylcarbonyloxy, fluoro, chloro, bromo, cyano and nitro;

10 n is an integer having a value of from 2 to 20; and

\Y is an integer having a value of from 2 to 12

The compounds of the invention may also be used in the formation of a LCP
layer by casting a LCP compound according to the first aspect of the invention or a

15 mixture according to the third aspect of the invention onto a substrate. A fourth aspect
of the invention therefore provides a method forming a LCP network comprising
forming a LCP layer including a compound of formula (I) and cross-linking the layer.
Liquid crystalline mixtures according to the third aspect of the invention may also be
used in the manufacture of LCP networks in a similar way.

20 The invention also includes, in a f{ifth aspect of the invention, a cross-linked
LCP network comprising a compound of formula (I) in a cross-linked form.
Cross-linked LCP networks comprising a mixture according to the third aspect of the
invention in cross-linked form may also be included in this aspect of the invention.

A sixth aspect of the invention provides the use of a compound of formula (I)

25 in the preparation of an optical or an electro-optical device. The use, in the
preparation of an optical or electro-optical device, of liquid crystalline mixtures
according to the third aspect of the invention is also included in this aspect of the
invention.

A seventh aspect of the invention provides an optical or an electro-optical

30  device comprising a compound of formula (I) in a cross-linked state. An optical or
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WD 00/ S5110 PCTI | BOO/ 00158 ~-O/ \ OO\ / GO0 ~J\ /| O~ ~\ I\

OOand 1 %% f 1, 4-but anedi ol diacrylate as a pronoter
pol yrer % “‘5 Furt her SOOppm of 2,6-di-(t-butyl)-4- hyd'}%f(@{"g)f’%

( BHT) inh| bitor were added to this mxture in order to prevent untinely

pol ymerisation. Polynerisation was started using SOOppminitiator such as
I rgacure 369 (comercially available from G ba Geigy. Basle, Swtzerland).
The i xt ur"ée%ﬁk(’@!qa[ deyce compasipg @nfel diayidecrystalling anixgpe rm,@aﬁr@-‘t!i -linked gl ass -

plate havig %thi%@co?aﬁnﬁ]% el ¢ ﬁld la%)ég{ ofggcé eHﬁ 13¢aﬁp lIlélll&r%d)ln tg‘% &spect §Ppgm in

t hi ckness. r|e
phot opol ynmwvesténh. by i rradl ation with UV I ight for approxinmately 5 mnutes
at roomtenpera{l; rein a N2, tm)spgere usi mercury | anmp. The wel |l

g a

oriented film shBasVegione vl i powely rﬁr?é%réoegt wigossieenpertat thee follovipgi ) A
m xt ur e of MRsle$ OTRA g to
t he prgcedﬁédgﬁgﬁméanpl eeéi:L 60“?&?%1?p18g5%@8§5u1§6d’\@%\9£)\?8? %&158%%&9 20wt %
of O-O/ \V@riﬂldns@n these ¢xamples' fallingOmitimfthe s2épe of \i2 QAvEnEdA Owill be

PCT/ 1 BOO/ 00158 ~ kll \ / ~t~ \V/ \/ 5 and 10 w % of 1, 4-but anedi ol
di acryl ate r(,&f"d‘r‘f thi™! %Pgs‘ﬁbrratl c filmalso shows a well oriented nematic
nmesophase at roomtenperature with a clearing point of about 8SC) In
addition this filmexhibits a tilt angle of about 10 1 relative to the

pl ane of the suBxamples as shown by ellipsometric nmeasurenents. -26

10 Example 1
Synthesis of 8-Chlorooctyl-4-(4'-octylbiphenyl) ether

O/_\—/—\_/Cl

15 A solution of diethyl azodicarboxylate (2.1g; 12mmol) tetrahydrofuran (10ml)
was added dropwise at 0°C to a solution of 4-octyl-4'-hydroxybipheny! (3.2g;
11.3mmol), 8-chlorooctanol (1.9g; 12mmol), triphenylphosphine (3.2g; 12mmol) and
tetrahydrofuran (80ml) and stirred at room temperature overnight. The reaction
mixture was added to water (200m]) and extracted with ethyl acetate (3 x 100ml). The

20 combined organic layers were washed with water (2 x 100ml), dried over magnesium
sulphate and filtered. The solvent was removed in vacuo. The residue (11.1g) was
purified by flash chromatography on silica gel column using a toluene/ethy! acetate
mixture (95:5) as eluent to give 4.4g (93%) of 8-Chlorooctyl-4-(4'-octylbiphenyl)
ether.

25
Synthesis of 8|(4'-octyl-4-biphenylyl)oxy]octy! 2,5-dihydroxybenzoate
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WO 00155110 G aims 5 10 15 1. A conpound of fornula (I) G ~ ~ &G X-Sp-M
wherein G =~ i ndependently represent a pol yneri sabl e
resi due; Iw%%&g‘ﬂ%sents a group selected from-CH2-, - @Rﬁ&%’;
-00C-, -CONR -, -0OCOO, -OCONR ; Sp represents a group of the formul a
-(CH2)p- in which pis an integer of 1 to 18 and in which one or two non
adj acent -CHZ- groups are optionally replaced by -CH=CH; or in which one
or two -CHZ- grou 34 onal ly replaced by one or two groups sel ected
, -CO, -COO, -00C, -CONR -, -0COO,

-OCONR' with the provisoythat |rstI the spacer group does not contal n iwo
adj acent heteroatons ang’' s dl X - OH/ p can_al so have a val ue
of 0; and Mrepresents an achiral group 0 oryw/a N-7Z AZB ZCR-~
n~ nz 20 in which A and B i ndependently represent an optionally substituted
si x menbcred isocyclic or heterocyclic group or naphthalenediyl
PCT/ 1 B0OO/ 00158 [ e .om,t he
ar oup consi st ng- B SR St T oRA Ty Rubry foran o iR L Rwabpl
i socyclic ¢5.4l0¢treeodyaiei @. ’lydummnohaphh}mdxmnﬁeﬁ Jktyl-A-bipighyh 2tiRe §44g0r 1
wthtg rgwso hat flrstld\id1<n < 2 and secondlémv\,hen Cirs
napht hal enddidmel).Pqiassipny jodide,(6.6g; 210 ngmglé@é‘étf’éﬁtofl}%}ﬁ A @rW@bh@é%l sting

.~ Cofder refiefor 726 he rem mlxturyla'a%olﬁ red mmjgr Nﬁ?rgn and
a Si ngle bond; in which R is selected fromthe ‘group COI’ISIS |ng 0
hydr ogen, axiraciet watd)mth)dlacm@t%@loyll S@nbuﬁhan@tnhmbdmegananhyexalwah kexsgied gr oup;

Zz and Z3 ar. endent | dfromt 9 QuR, © |st|n of single
bond. - oowith HYSRRRARHclod T G e Piles £ x°1 Uy SH Steeladhesep) °.
and - (CHZ) %Qtphat@%dRﬁltd:réd seheebioentf W@inrérﬁ&/egr ﬁwhuﬁ@n%étrbﬁmeo fa.s ag COR,

-COOR, -OCOR, 15 -CONR R, -NR COR, OCOOR, -0OCONR R, -
- CF3, l(bCF:’,’UFlflG]i? s drecrstp Hisaliane Hrom | eshye Restate/plpensmia r@wgr‘béltp ) Qtl ng of

hydr ogen, 0. iral C4 al kenyl grou
leth ?he dou &@ggidblgpe?@@%&? |oﬁeb§aﬁ) 8 en%gkand R |sgas deflyneg P
above; wth the proviso that at nost one of the rings AA Band Cis a
napht hal eneyinyhess o1 [|8-[24'-oRtyI ABIPUBAY IFS i @y INky| carbbiay Iplpheéniylédei ch G- and
&2 are the 1{aEe|6-(acryloyloxy)hexylloxy]benzoate]

: 15

=O>' K_/_\_f‘@_{ :>—®"L_/‘\_/°‘<O=
NN, O

A solution of N-(3-dimethylaminopropyl)-N'-ethyl-carbodiimide hydrochloride (2.6g;
13.7mmol) in dichloromethane (50ml) was added slowly to a solution of 8-[(4'-octyl-
-4-biphenylyl)oxy]octyl-2,5-dihydroxybenzoate (3.0g; 5.5mmol). 4-(6-acryloyl-
20 hexyloxy)benzoic acid (4.1g; 13.7mmol) and 4-dimethylaminopyridine (1.3g;
10.9mmol) in dichloromethane (100ml) at 0°C. The mixture was stirred at room
temperature overnight, added to water (200ml) and extracted with dichloromethane (3
x 100m}). The combined organic layers were washed with water (2 x 100ml), dried
over magnesium sulphate and filtered. The solvent was removed in vacuo. The
25 residue (8.4g) was purified by flash chromatography on silica gel column using a

toluene/ethyl acetate mixture (95:5) as eluent. Recrystallisation from ethyl
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25 3. A conpound according to Caiml1 or aim2, in which Xis selected
from-CH2- COO- and -OOC-. 4. A conpound according t

clainms 1 tg%m/sllsﬁomhl ch the integer p of the group Sp has aq)\?iﬂﬁg‘l%g)?s%rom 1
to 12. 5. A compound according to any one of the preceding clains, in which
no nore than 30 two -CHZ- groups are replaced by -O. -28 WO 00/ 55110
PCT/ 1 BOO/ 00158 6. A conpound according to any one of the precedi ng cl ai ns,
in whi ch n@ceiatediek®ign one - CHBaVyroup is ref aced by a38%dup sel ectefl from -

oo 7 TG e B A oD o SO eabab L palk e Bbgte: PR '

Whl ch gr oum&y)H&ey]@o@]h&:ﬂoBe}:Mm(@-N)n@im g}lp(m-INbaIOWGel ected fromthe
group consisting of 1,4-phenylene, pyridine-2,5-diyl, pyrimdine-2,5-diyl,
trans-1, 4-cycl ohexyl ene or trans-1, 3-di oxane- 2 5- d|yI 1, 4- napht hal enedi yl
and 2, 65naﬁ%%ﬂl@@ﬁg'cﬁh‘rpognds'%v&g@ﬁﬁﬁé@sea%fﬂﬁ@sﬂgllﬁ &f¥a one of the
precedlng cl ai s, which the group C conprising the group Mis selected
from furan-2, 4- d|yI furan-2,5-diyl, 10 tetrahydrofuran-2,4-diyl,

t et rahydr of ur an- 2 dloxohan- 2 _ dIOXO| , -
oxazol e- 2, 424 L Al Zoyloxy 1k 3 ridin-
cycl opent ang-yl)pcﬁ-eﬂb,yj]noﬂy%sﬂhenyl ene pyri di ne- 2, 5. di yI

pyrimdi ne-Z,5-diyl, trans-1, 4-cycl ohexyl ene or di oxane- 2,5-diyl. and

2, 6- naphthalenedlyl 9. A conpound according to any one of the preceding
clains, in which_the roup Z ~ %5 conpr|5|ng the achiral group Mis

sel ect ed fr—;%L upocqu>s%l g&h&;}%%ﬁi\_gﬂjﬁg and a single bond.
10. A compou according t anyo. ofo t h recedi ng cl ayns, in which the
groups Zz and Z3 conprising the a raI group Mare selected fromthe group
consi sting of -COO-, -0OOC-, -CHZCHz{ \Q}Q@\chtxkg- -C:C— and a
single]@ond 20 11. A conpound accordlng to any one 1
clainms, in which the group R~ conprising the achiral group M is selected
fromthe group consisting of -CN, -COOR, -OCOR, F, Cl, CF3, OCF3, OR R in
which Rrepresents a G _i2 achiral alkyl, or CA_~z achiral alkenyl group,
with the d bI n Q t Q or higher, or hydrogen. 25 12. A
conpound agg gﬂﬁg géq%éy '{mfge preceding clains, in which the

pol ymeri sabl e nesogeni c reS|dues G and Gz are each independently

represented by the group of ornula 11, -29 MD 00/55110 R2-726 E Z5 () Z
o n1ﬂ%Tndﬁ§&ﬂﬂ§ﬁ£ﬂﬂﬁkﬁﬂEﬂ‘ s xynopxlloxyjearbanplldr-phenylene: ed from t he
group consi gt ! ted 1, 4 phenyl ene,

pyri di ne- 2, rans- 1, 4- cycl ohexyl ene and

trans-1, 3- dloxane 2,5-diyl; n1i§ 1 or O,

OO IO

20 Mp (C-N) = 55.5°C; Clp (N-I) = 90.2°C

[{[[8-[p-(trans-4-pentylcyclohexyl)phenoxy|octyljoxy]carbonyl]-p-phenylene

bis[p-[|6-(acryloyloxy)hexyljoxy]benzoate]

-18 -



10 Z~ and ZS are independently selected fromthe gr oup consisting of a

singl e bond ooC-, -CH2-CH2-, -CH20-, -OCHzZ-, -CH=
- (CH2) 4- 00/%@) 30-~ Z6 represent a group of formula - %&}'/bl}g%/ooﬁml ch

pis an integer having 15 a value of 1 to 18 and X is as defrned in Caim
I, and in which one or two non adj acent -CH2- groups nmay be optionally
repl aced by - CH:CH- or in which one or tvvo -CHZ- groups nmay be repl aced by

one or two m@/‘r‘\ cé)ups X he/'m\(l\éy?qt firstly the
group ZG do ot cont ai n nd 9stondly 20 when X

is -CH2, p can al so have a val ue o 9 RZ represents a poI yfreri sabl e group
sel ect ed fromthe group consisting of)~GH2= CH ,

CH2=CH COO Ph-, CH2=CW CO NH-, CHZ=0H O~/ CH
CH2=CH- Ph-, CHI =CH- Ph- O, R3- Ph- CH=CH COO-, R3-O0C-
2- Wepoxyet hyl in which Wrepresents H Cl, Ph or a Iower aI kyl, -30 WO
00/ 55110 PCT/1B00/ 00158 R3 represents a |ower alkyl with the provi so t hat
when R3 is lﬁt[S-@(di}eyian®4d)i|ﬂmm1mxgjq;txjjtpry]eai>hex)yl]-p-mmriynslnso repr esent

hydr ogen or, .a | r al kox 13,, A grd according to Caim112, in which
the groups : How ! em.. fdtional |y substituted 1,4-phenyl ene
and 1, 45 cycl ohexylene rings. 14. A corrpound according to Caim 12 or Claim
13, in vvhich Z4 and Z' are selected fromthe group consisting of a single

bond, - CPR20-, - OCH2 Cytsq—: and - __C. 15. A
corrpound accor %g to antp."‘T‘?I 12 @ oin iclﬁ)ﬂ@ group R2 is

10 sel ected ffomthe group consi st fOCH =cW COO- and CH2ECH O-. 16. A
LCP mi xture conprising a conpound of fygrgul I) -sp-M | vvherei n G- and
& independently represent a pol yneri & =
represents a group selected from-CH2-, - n OZ, -CONR -

-0OCOO, -OCONR ; Sp represents a group of the forrrula (CHZ)p in which p i's
an integer of 1

Mp (C-N) = 72°C; Clp (N-]) = 114.7°C
Solubility in MPK: 7.2%

10
2,5-Bis[4-(6-acryloyloxyhexyloxy)benzoyloxy]benzoic acid 8-(6-pentyloxy-2-
naphthyloxy)octyl ester

0

[[2-]2-[(4’Cyano-4-biphenylyl)oxy]ethoxy]ethoxyjcarbonyl]-p-phenylene  bis|p-

15 [6-(acryloyloxy)hexyloxy|benzoate
0] 0] o) 0
0] o] o) 0
=>_ w <:> Zo 05 <> ‘/<=
8] O
IS
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20 to 18 and in which one or two non adj acent -CHZ- groups are opti onal |y
repl aced b ; in which one or two -CH2- groups are optionally

r epl aced @OBW?IHP tvvo groups selected fromthe group consi BtT OQPISSO
-CO-, , -O0C-, -CONR -, -OCOO-, -OCONR with the proviso that frrstly
t he spacer gr oup does not cont ain two 25 adj acent heteroatons and secondly
when X is - | so have a value of 0; and Mrepresents an achiral
group of fMI?nfrCeN)(’F ﬁ§°C @pmm\@&r@cmwm Mo/ BR%8 ----Z AZB Z C R -
n~ n2 in which A and B independently represent an optionally substituted

si x menbered isocyclic or heterocyclic group or naphthalenediyl; 5 Cis

sel ected f 2@Bisi(Gnayioydenydiesyloxy)behzoyloxyibdnasizl Jngids&ps[mtdyhﬁdplidm and

si x menbered i spcycl het erocycli¢c group or naphthalenediyl; n~ and nz
are 0 or 1%%&3&?&&% firstly 1 < n~ + n2 < 2 and secondly,

when C is napht hal enediyl

0 < n~gt nz <02 is selected froomthe gr oup
consi sting of mo OO8—¢ - CQ 9 @Ro,
- OCONR' -, HE)\_ an sre rue'@ D Wh R\_r./éNF\\yel_e_gd:fromthe

group consi sting of hydrogen, a | owerachiral al kyl g a | ower
achiral al kenyl group; 15 Z' and ZS ared nd end@ Sor=- +amn t he
group aonsisting of single bond, - e - OCHZ-
-CH=CH, - CSC- .. and R is selected fromthe group
consi sti ng <C&5%C%W@%£ “CONR R, -NR COR OCOOR. - COONR R,
-NR COOR, -F, -d, -CF3, 20 -OCF3, -OR and - an which Ris selected from
t he group consi str ng of hydrogen an achiral C,_~8 al kyl and an achiral
C4_8 al kenys>-Bishiro-aemoylonyhexyloxy)benznylonylbengai€i 1 i on oncidi gher - %k 25 R
is as defing octolesterO 001 55110 PCT/ | B0OO/ 00158 with the pr ovi so that
at nost one—gpggﬂe&rlrngs—ﬁr B and C is a naphthal enediyl group and one or
nore additionab suitable conpg vvork conprisimg a

conmpound accor
Claim 16 in Cfe
according to any one of claims 1 to 15,
in the manufacture of an optical or an el

ro iC devi 19. An
optical or electro-optical device includ®ng aconpound 8cd y to any one
of clainms 1 to 15, a mxture according to Caim16 or a net accordi ng
to Claledn 17. - 33
Mp. (C-N) = 63°C; Clp (N-1) = 74°C;

This compound may be supercooled

W ordr ng to
of conpound

r a mxture accordr ng to C aim16,

Example 2
15 Synthesis of 4'-|(8-chlorooctyl)oxy]-4-biphenylol

o0

A solution of diethyl azodicarboxylate (3.5g; 20mmol) and tetrahydrofuran

(10ml) was added dropwise at 0°C to a solution of 4,4'-dihydroxybiphenyl (7.4g;
20  40mmol), 8-chloro-1-octanol (3.3g; 20mmol), triphenylphosphine (5.2g; 20mmol)
and tetrahydrofuran (120ml) and stirred at room temperature 72h. The reaction

mixture was added to water (400ml) and extracted with ethyl acetate (3 x [50ml). The
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y#1008U& () -, ! y#10%JU& (é 9‘%159/67%\1 y# ,1S10% U U& ()-3!10%
U& ()- zodY: 109B& ()- 19 U U1l | : OTO% o0 P

o )\ ) 0

U& () -! My#10%JU&" () -, ! y#10%JU&' () -, ! Ry#lO%J ()-,0f u > SH109B& () -
109B& @P- SF "109B& ()-  109B& ()- 109B& ()- #109B& () - GhdEdY: # 109B& () -
F"109B& ()- m 10%B&" () I - HLOYBE M- (110986 ot ]

f 210988&! 8 Oy 1055@"’%“? W%ﬁ%@?ﬁ"ﬁ%ﬁ%ﬁ- & L Y ? bl 0 -
b@ 10%p&' (]15.2.00M8ed-Y-cB¢ 1@¥aE( ) 7.00@®1), 4'-[(8-chlorooctyl)oxy]-4biphenyl-2-furoate

(2.9g; 6.8mmol), potassium iodide (5.2g; 35mmol) and acetonitrile (100ml) was

heated under reflux for 48h. The cooled reaction mixture was poured into water
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10B 10B9109B& ()- 3109B& ()-aH [9b@ $
&&10%& ()-! @SHLOYM>N>& () - @/SHL0YE ()-! @/@SHL0%& ()-!
"109%& () - MBIYRNY - | aef ghyzOD9 10 10 10L9109&' ()-!a[f, S#1098 FEARY/00158
| aRf, S#109% 1 & ()- !f, SH10%& ()- f,S#10%l| d& ()- ht WEOD9 10 S "109B& ()-3
yMLOYBE' ()- @O0YB& ()-sGlOYB& ()- "109B& ()-109B& ()-WqdEODO 10 F
@oYB& ()-s-#109B& ()- F 1098& ()-3 109B& ()) GLOYBE () - 33
f 1098& () - (@fifedbend extraptesbmith efhyy acetagoBex (l§ ml) Filho e@abred -org0tBeLyEYs F
@ovBs& () - & (1) = : i 9YB& (- #109B& () S/.
1098B& () -, @ﬁg’%ﬁﬁ(w@m@%&&@-c %ﬁ%ﬁ%‘& @@Tr x/%(’@)r ﬁf\‘f‘d PYRR () -
109&' () - Shidkedivm sh@tBie( dnd fittdRARThHY sOROHBVGY rerd®RBd in vacuo. The residue
(2.8g) was purified by flash chromatography on a silica gel column using a
5  toluene/ethyl acetate mixture (93:7) as eluent to give 1.1g (30%) of

{[8-[(2,5-dihydroxybenzoyl)oxyloctyl]oxy}-4-biphenylyl-2-furoate.

Synthesis _of furan-2-carboxylic acid 4'-(8-{2,5-bis-[4-(6-acryloyloxyhexyloxy)-
benzoyloxy]benzoyloxy}octyloxy)biphenyl-4-yl ester

10
=O>_ °\_/_\J°©_</: :>\“®‘°\_/‘\_ﬁ‘<o=

A solution of N-(3-dimethylaminopropyl)-N'-ethyl-carbodiimide
hydrochloride (1.0g; 5.lmmol) in dichloromethane (20ml) was slowly added to a
15 solution of 4'-{[8-[(2,5-dihydroxybenzoyl)oxy]Joctyl]oxy}-4-biphenylyl-2-furoate
(1.1g; 2.0mmol), 4-(6-acryloylhexyloxy)benzoic acid (1.5g; 5.0mmol) and
4-dimethylaminopyridine (0.5g; 3.9mmol) in dichloromethane (30ml) at 0°C. The
mixture was stirred overnight at room temperature, added to water (200ml) and
extracted with dichloromethane (3 x 100ml). The organic layers were washed with
20 water (2 x 80ml), dried over magnesium sulphate and filtered. The solvent was
removed in vacuo. The residue (2.6g) was purified by flash chromatography on a
silica gel column using a toluene/ethyl acetate mixture (90:10) as eluent.
Recrystallisation from ethyl acetate/isopropanol gave 0.4g (19%) of
furan-2-carboxylic acid 4'-8-{2,5-bis[4-(6-acryloyloxyhexyloxy)benzoyloxy]-

25 benzoyloxy}octyloxy)biphenyl-4-yl ester.
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109& () - F1 ?)" $$9980688dEMV 10%{ 109& ()-' 109& ()- SY% 8
109 ()- 3"109& ()- 10%& ()- "(dEMN  10% S2° 109&' ()-0 109& ()- /

109&' () -fs- SH10%& () - +10%&() L*lO%&() (i ((((((((bC

10% #109B& () - Y109B&' é 1010 10 910% ()-5@10% ()- 310%&' ( }qm

() x*+-, , } [MBdAG-M 03a888°C5 dp 1T 193 YoBhe Cpmpounds 1psmRecqojable brfow co®BE: () - 9
- 109B& ()t I%i!;Qr /111111wXMB7 10B 10B

10B9109B& () %‘10%35& ()-1V, - @109BB& ()-!f#109BB& ()-9!!jf#109BB& ()- 9!
111022*33a?MB7 10!; @ 10%HUHU& ()-& @10% U U ()-&Y 10% U& ()-Y 10%
U&' () - #10% Ug {. -3B444v5y5z[< 7 1010% W& () - @0% L&
10%0JU&' () - 2 XyReyyloxy)henzeyioxs g : ;

110% U&5 () o@@%ﬁfﬁé@@thmyl}lﬁ{%hﬂo jﬁﬁ%ﬂ&%r

0

SO QIO
S CQ =

Mp. (C-N) = 67°C; Clp (N-I) = 145°C;
This compound may be supercooled
10

2,5-Bis[4-(6-acryloyloxyhexyloxy)benzoyloxy]benzoic acid 8-[6-[(4-cyanophenyl)

ethinyl]-2-naphthyloxy]octyl ester

-__O>\‘_ O\__f—\__/O_@—{QZ»_QO\_/_\_/O%O:

O

NIV

(0] (0] CQ _ O
Mp. (C-N) = 103°C; Clp (N-I) = 142°C;

15 This compound may be supercooled

[[2-]2-]2-[(4-Cyanophenyl)ethinyl]-6-naphthyloxy]ethoxy]ethoxy]carbonyl]-p-

phenylene bis{p-[6-(acryloyloxy)hexyloxy]benzoate

O, (0] (0] O
=>-°\_/_\_/0_®‘40‘Q;0>\“©‘0\_/_\_/0—<=
o o\—/0_\—0
) A= (e

Mp. (C-N) = 90°C; Clp (N-I) = 133°C;
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109%+&' () -. #109%& () - F10%& ()- 10UU 10UU 10UU 99109%JU& ()-1 3..10%

Ug ()- 7883 8UBIL var\ £ 100& ()- 109 ()-!y@L10%& () - 10%%’(1’8’-"?@?—‘58
"1098S& ()-1F "109EE& ()-9:: G :; <<}A<uVAI\! +@109%°2& ()- .y)10%& ()-,"

109& ()-! pL#10%& () -! #L#109& () - L#LOYR () - <<========={\=I\| #10%& () -
10%. ()- 10 10 10S910%& &Q)&-! +@109RRE ()- ! R +@10%CC& () -

=R>\ >77?7? @dlfiscompoynd maydig sppercaoled10% ) & ()- !, " 10%iu& ()-m "109%& ()-m
"109%& ()-m 10%& ()-3@A AMANACA{ AAA~ =I11q, Y

10%iu& () -g@0% u& ()-10% u& ()- 10 10 10sL910%& ()-!, g#10% } & ()-

AAAAAAAWIS {{2-23[@%4p@ECY dnaphintDethinyljs4-Bithen3lyliky | eth 04 eth ofky kch Bhéh¥l]-p-
10%ueu& ()-'Yk,Y %DO&IQ -g! @Y
phenylene bis[p-[6-(acryloyloxy)hexyloxy]benzoate

__}_ O\_/—\_/O_@ZQ}_Q-O\_/—\_/O—é;
ANy Ty =

Mp. (C-N) = 93°C; Clp (N-I) = 177°C;

This compound may be supercooled

Example 3
10 Preparation of Nematic LCP films

i) A mixture of the following components in anisole was prepared:

60wt% of

OO
o) O\___/_\

15
20wt% of
=7\_ /S o-@@o o
H
20 10wt% of
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10%++&' () - gAB&B>BMBRBSBTBUB} "SH=! 10-u 10-u 10-u&910% u& ()-'Y m(g

109&' ()-! U88& ()-110% & ()-"10% u& ()-UBaBpByBBBBa?S quﬁg

10%<<& () - ()-!'mMOoY%<<& ()-S10%& ()-"109%& ()- 10%K&H?3 g@é&}[QSH:

1103, &10%0&' ()-!3, &10%<& ()-!'10%& ()-!HL0%<& ()-yl0%& ()-yl0o& ()-CC C4

CECYCpCN<SH=! 1y, -10% m & () -y) 10%<& () - &10%<& () -!;

&10% </ <& ()-'&10%, & () - &10%&T() pCCCCCCCCC @@IIF 10%)U& ()-110% U& () -

10< 10< 10< "<& ()-n4 Z

 -109%" &' () E

1096 () - Sf 10%&'() F SlO%

U& ()- EESFF&HHI } [ 9~_@ ! ! S#10%JU& () - f! 10% U
U& ()-fl ,10% U& () - 10%U&()-IJlKI8<KKKKu @ll B 10 U910%
u& ()-, 5- #10% U& ()-3 10% U& ()-! MS#109%JU&' () - f KKKLLM MIEj] _@! P 10%& ()- F

and 10wt% of 1,4-butanediol diacrylate as a promoter of forming a polymer network.
5 Further 500ppm of 2,6-di-(t-butyl)-4-hydroxytoluene (BHT) inhibitor were added to
this mixture in order to prevent untimely polymerisation. Polymerisation was started
using 500ppm initiator such as Irgacure 369 (commercially available from Ciba
Geigy. Basle, Switzerland). The mixture was stirred at room temperature and than
spincoated on a glass plate having an orientation layer to form an LCP film of ca.
10 800nm in thickness. This film was dried at 50°C for 1 or 2 minutes and
photopolymerised by irradiation with UV light for approximately 5 minutes at room

temperature in a Ny atmosphere using a mercury lamp.

The well oriented film shows the nematic mesophase at room temperature.

15 (i) A mixture of the following components in Anisole was prepared
according to the procedure of Example 1

60Wt% of
ﬁ_ NIV Q Z—( >>/:c()) C Of—\_/—\o_\(o:
N\
20 20Wt% of
:y—o @06—400 @@j@OMOC
H
10wt% of
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10% { & () WOWSHAR () 1 n 210965& ()-310% ()- N>NDNHNI Ns NNz XB] T/E§0p/00158

89' @OYSS& ()-! P 689 @O%& ()- &9 @O%& ()-!8&9' @0%a& ()-!,SS 10%& ()-!"SS
10%@8& () - NNNNNNNRZ[ <1@ 109&9109%&’ () - 110%&’ ()-!50110% & ()-! 1109%& ()-!

. MLOY& ()-i . mLO%. () - i NNNOZO+O?OBOF D@ 10! 10%=& ()- Z 10% ()-! a0

109 ()-S 10% & ()-S 3s! 109& ()- 10 1030ccpo/ooo P{Y7D@ 10! y" - #10% " & () -

I[P 10% ] & ()- !*"109%Kk& "10% & () - 109%&' () -
A0 e L e S O L
10910%&' () - T - 00 ) 777 | - OrhoPR V' - #109B#54#&0 () - | N[y" - #10%& () -

ly"-#10%8' ()- RRRRRRSSTgH@ 10910(V<1%&/<\)7\!,1w‘/"\(18?cy ) -
109& () - Z, #109& () - 3109& ()- 10 16T1TgTTTUXUJEHE 1
, 1098 ()-10% ()-, T10% ()-1 109% ()-1 10% ()- Y 10% () - XUUWV<WW XdEH@
1091( 10%& ()-' 10%&' ()- @ %@10%&' ()- 109%& ()- @ @10%& () -
109&' () -, XXX! YuYYYdEH@
5

and 10 wt% of 1,4-butanediol diacrylate (Aldrich).
This nematic film also shows a well oriented nematic mesophase at room temperature

with a clearing point of about 85°C. In addition this film exhibits a tilt angle of about

10 1° relative to the plane of the substrate, as shown by ellipsometric measurements.
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1091f 210%&' ()-0 10%& ()-/ 10%& ()- S- @10%& ()-
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10910%&' ()W ?@9%% - 310%& ()-ZZL[ W[ <\ 2\ aBbCol 10% U& %’%Tﬂlgﬁé"‘“ss

" 10%CUCU& () - F 10%u& ()- 110% U& ()-1S 10% U& ()- |$10% & () -

Z\p\\\ G*__wU4bC0

Rs- #109%&' () -! Vs- #1000JU& ()-!ss- #109%AJU& () -! x| &10%JU& ()-! 10%JU&' ()- 3! f 10%
& ()-3 U d_@ Rsl S109& () - ! pl0%nm& ()- 10% & ()- !10%& ()- 10 U 10
U 10 U910% U& ()-d  aRbbb[crcaB @ RsClaims

109%' ()-' 109%& ()-LZ109%&' () -, TH10%& ()- 3

10%& () - ! @t 1@o@enipound o d) ? @ R@, @109%& ()- * 109%& ()-S) 10%&' ()-
109& ()-!11109%& ()-!( !10%h& ()-df VEffffffxmbC0 R 10%& () -

G G2
X—Sp-M

5 wherein

G' and G* independently represent a polymerisable mesogenic residue;

X represents a group selected from -CH,-, -O-, -CO-, -COO-, -O0C-,
-CONR'-, -OCOO-, -OCONR";

10
Sp represents a group of the formula -(CHy),- in which p is an integer of 1

to 18 and in which one or two non adjacent -CH,- groups are
optionally replaced by -CH=CH-; or in which one or two -CH;- groups
are optionally replaced by one or two groups selected from the group
15 consisting of -O-, -CO-, -COO-, -O0C-, -CONR'-, -OCOQ-, -OCONR'
with the proviso that firstly the spacer group does not contain two

adjacent heteroatoms and secondly when X is -CH,-, p can also have a

value of 0; and

M represents an achiral group of formula (II)

R Oa OsEr O
n n2

A and B independently represent an optionally substituted six membered isocyclic

20

in which

or heterocyclic group or naphthalenediyl;
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| 1098 () -
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10

15

20

25

30

ond;
in which
R' is selected from the group consisting of hydrogen, a lower achiral
alkyl group and a lower achiral alkenyl group;
Z*and Z’ are independently selected from the group consisting of single bond,
-COO-, -00C-, -CH,-CH,-, -CH,0-, -OCH,-, -CH=CH-, -C=C-,
-(CH,),- and -(CH,),0-; and
R is selected from the group consisting of -CN, -COR. -COOR, -OCOR,
-CONR'R, -NR'COR, OCOOR, -OCONR'R, -NR'COOR, -F, -Cl, -CF3,
-OCF3, -OR and -R
in which
R is selected from the group consisting of hydrogen, an achiral Cj_ig
alkyl group and an achiral C4.;3 alkenyl group with the double bond at
3-position or higher; and
R' is as defined above;
with the proviso that at most one of the rings A, B and C is a naphthalenediyl
group.
2. A compound according to Claim 1, in which G' and G are the same.
3. A compound according to Claim 1 or Claim 2, in which X is selected from -CHa-,
-0-, -COO- and -O0C-.
4. A compound according to any one of claims 1 to 3, in which the integer p of the
group Sp has a value of from 1 to 12.
5. A compound according to any one of the preceding claims, in which no more than

two -CH,- groups are replaced by -O-.
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0S10%&: () - ! ol
51008 8 y%a%?/ q(ge) ik (% 831%5% T ec@lgf%&“ ?@%ﬁ%&&%‘ ting of

b@

: : 0@ 10%@:2(1 % égk@lﬂegﬁ;&y}dlw&d@%}&pyﬂm%@i% 2:5- &?IFlté?iﬂé&?dm&e&y}g\éXg%@
' ' ' <
) 10%& (§) 5&10%“5(§ SVt O o(ytnpp bilgnediy! 4hd 26-saphihalenediyt. ~ %1

8. A compound according to any one of the preceding claims, in which the group C
comprising the group M 1is selected from furan-2,4-diyl, furan-2,5-diyl,
10 tetrahydrofuran-2,4-diyl, tetrahydrofuran-2,5-diyl, dioxolane-2,4-diyl,
dioxolane-2,5-diyl, oxazole-2,4-diyl, oxazole-2,5-diyl, cyclopentane-1,3-diyl,
cyclopentane-1,4-diyl, 1,4-phenylene, pyridine-2,5-diyl, pyrimidine-2,5-diyl,
trans-1,4-cyclohexylene or dioxane-2,5-diyl. and 2,6-naphthalenediyl.
9. A compound according to any one of the preceding claims, in which the group Z'
15 comprising the achiral group M is selected from the group consisting of -O-,
-COO-, -O0C- and a single bond.
10. A compound according to any one of the preceding claims. in which the groups Z?
and Z* comprising the achiral group M are selected from the group consisting of
-COO0-, -00C-, -CH,CHj3-, -CH,0-, -OCHj;-, -CH=CH-, -C=C- and a single bond.
20 11. A compound according to any one of the preceding claims, in which the group R
comprising the achiral group M is selected from the group consisting of -CN,
-COOR, -OCOR, F, Cl, CF3, OCF;, OR, R, in which R represents a C;_j; achiral
alkyl, or Cs.17 achiral alkenyl group, with the double bond at position 3- or higher,
or hydrogen.
25 12. A compound according to any one of the preceding claims, in which the
polymerisable mesogenic residues G' and G” are each independently represented

by the group of formula III
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DandE are independently selected from the group consisting of optionally
5 substituted  1,4-phenylene, pyridine-2,5-diyl, pyrimidine-2,5-diyl,

trans-1,4-cyclohexylene and trans-1,3-dioxane-2,5-diyl;
m islor0,

10 Z'and Z° are independently selected from the group consisting of a single bond,
-CO0O-, -00C-, -CH,-CHjy-, -CH,O-, -OCH,-, -CH=CH-, -C=C-,
~(CHy)4- and -(CH3)30-;

z° represent a group of formula -(CHp),X- in which p is an integer having

15 a value of 1 to 18 and X is as defined in Claim 1, and in which one or
two non adjacent -CH,- groups may be optionally replaced by

-CH=CH- or in which one or two -CH,- groups may be replaced by one

or two additional linking groups X with the proviso that firstly the

group Z® does not contain two adjacent heteroatoms and secondly

20 when X is -CHj, p can also have a value of 0
R? represents a polymerisable group selected from the group consisting of
CH,=C(Ph)-, CHy=CW-COO-, CH,=CH-COO-Ph-,
CH,=CW-CO-NH-, CH,=CH-O-, CH,=CH-OOC-, Ph-CH=CH-,
25 CH,=CH-Ph-, CH,=CH-Ph-O-, R*-Ph-CH=CH-COO-,
R*-00C-CH=CH-Ph-O- and 2-W-epoxyethyl
in which

W represents H, Cl, Ph or a lower alkyl,
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14, A compound according to Claim 12 or Claim 13, in which Z* and Z° are selected
from the group consisting of a single bond, -COO-, -OOC-, -CH,-CH,-, -CH,0-,
-OCH,-, -CH=CH- and -C=C-.
15. A compound according to any one of claims 12 to 14, in which the group R? is
10 selected from the group consisting of CH,=CW-COO- and CH,=CH-O-.

16. A LCP mixture comprising a compound of formula (1)
G G’

X—Sp-M
wherein
G' and G independently represent a polymerisable mesogenic residue;
15
X represents a group selected from -CH,-, -O-, -CO-, -COO-, -O0C-,
-CONR'-, -OCOO-, -OCONR';

Sp represents a group of the formula -(CH,),,- in which p is an integer of 1

20 to 18 and in which one or two non adjacent -CH,- groups are

optionally replaced by -CH=CH-; or in which one or two -CH;- groups

are optionally replaced by one or two groups selected from the group

consisting of -O-, -CO-, -COO-, -00C-, -CONR'-, -OCOO-, -OCONR'

with the proviso that firstly the spacer group does not contain two

25 adjacent heteroatoms and secondly when X is -CH,-, p can also have a
value of 0; and

M represents an achiral group of formula (1I)
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m n?

Aand B independently represent an optionally substituted six membered

in which

isocyclic or heterocyclic group or naphthalenediyl;
5 C is selected from the group consisting of an optionally substituted five
and six membered isocyclic or heterocyclic group or naphthalenediyl;
n' andn® are 0 or 1 with the proviso that firstly 1 <n' + n? < 2 and secondly,

when C is naphthalenediyl 0 <n' +n*<2;

VA is selected from the group consisting of -O-, -COO-, -OOC-, -CO-,
10 -CONR'-, -NR'CO-, OCOO-, -OCONR'-, -NR'COO- and a single
bond;
in which

R' is selected from the group consisting of hydrogen, a lower achiral
alkyl group and a lower achiral alkenyl group;

15 Zz?and Z* are independently selected from the group consisting of single bond,
-CO0O-, -00C-, -CH,-CH,-, -CH,0-, -OCH,-, -CH=CH-, -C=C-,
-(CH,),- and -(CH,),0-; and

R is selected from the group consisting of -CN, -COR, -COOR, -OCOR,
-CONR'R, -NR'COR, OCOOR, -OCONR'R, -NR'COOR, -F, -Cl, -CF3,
20 -OCF3, -OR and -R
in which

R is selected from the group consisting of hydrogen. an achiral Cj_j3
alkyl and an achiral C4.,3 alkenyl group with the double bond at
3-position or higher; and

25 R’ is as defined above;
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or a mixture according to Claim 16 in cross-linked or polymerised form.
5 18. Use of a compound according to any one of claims 1 to 15, or a mixture according
to Claim 16, in the manufacture of an optical or an electro-optical device.
19. An optical or electro-optical device including a compound according to any one of
claims 1 to 15, a mixture according to Claim 16 or a network according to Claim
17.
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