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FEB 2003 WO 00107975 PCT/ 1B99/ 01419 Liqui,d crystalline conpounds 5
i nvention r@g%;ﬁ%ﬁo new |iquid crystalline conpounds, m Xturgs %,?ﬂgse
conpounds and their application in optical devices. Mre particularly, it
relates to the 5 use of a conmponent of a polynerisable liquid crystalline
mxture in the productioliguidicrystaliinecompoundsne pol yners;
conmpounds used as conponents in polynerisable liquid crystalline m xtures;
liquid crystalline m xtures conprising these conponents, liquid crystalline
pol ymers prepared from such conponent.s; and liquid crystall|ine devices
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t he manufac f ot:1 - /@ss. gjé’hq@ﬁ ' ratings,
filters, re%dzﬁl Oelglgs g’g‘? te}fzég’ealpggé??gqgtg fliéllgﬁ\cil n%\r@?ﬁ? ear o%rtlf’ggr&%‘é g)sfﬁgnd
films. The udeodfcecahpdneR for polymeiisabdnliquid erydtallie mattore iretitei pproduttioptof c al
conponent s depend _uBon its associated optical properties such 15 as the
optical ani qxg,tﬁi,hq ik eryetpilive nohuRses: ¢ P E‘i/)aéﬁﬂntﬂoélﬁ’ét?slpd?ﬁly@ﬁti cal

filters, fof a@PéaFE?{;i%’ AR iR ANAIY GyballAe BNLARLY Wikl Rl | ow
di spersi on (sn = err])). In sonme applications there 1s a requirenent to
produce LCPRsormponshiscHquiderystatponpolyn2s pepared| fesm addptcompepets;f arel Lquid

angl e or orientﬂtion W th resggcb to thelg ane of the substrate or to a

pl ane per peHyFiRHIngAeyiges OPRIFHENAESOMPARIE | cP material s can be used as
optical jgonponents such as conpensation |ayers and retarders. Such opti cal

i conponents nmay be used in the production of |liquid crystal devices (LCDs)

wi t h i mpr oveuid ewistal) palygiees (LERY) asxaned i tRSmacHactyree ofrmptital ctompeaeity
orientating all ayer of ﬁl ol {]reri sa"qu Ihguri d cr tal _single .congﬁsund or

m xture on Giflof eNF HEEH© u8§ﬁ“ ¢ BFeHARE PEEE ITFRIGCHy PIFEOHESH T Mder to
forma |i quhgh-Ghyst @dlticlobeReind BER. TRt vRdike JPOlEPERL SAB! @ GAETRTURE S

used in the manufacture of the LCPs need to be chemically and thermally
stabl e, st adforernentvoekonsical enmnpnetts depands HPPTLHS assetiatsH optigalqrepatiesdsuch

sol vent s.and sci.hl,e_w LC. I bt gyl d
crystal ?F neasp{}[l]cgpong1 zilleaéu 88{\55;9}8%%&}13%6%0%%%?{%8 %%80}%&% &f%p (%Hm bbngalgﬂgx% 2003
WO 001 07975fJpCckanBRIcOdtdin TR Bavaktl X 1&Be bAis8Rofy (A)eandoaid vy Wispets@h (mhPposed
by the orientation layer on the polynerisable LC single conpound or m xture

becones fi x&d)or frozen into the LCP network fornmed upon cross-1linking. The
resulting LCP filns have a high viscosity and are stable to nechani cal
stresses, tenperature and |ight exposure. 5 There is therefore a need for a

liquid crystabdrh®8pslicBebm (RGEROH RehemhioUsro didel LOPE xhividhSthe cBfpBfent
| i quid-crystallinethermal range and which can be orientated on a substrate

prior t@0crmwiecujaiddapt & spepifith il angle ohaxientpion Wit Hespechio dhe plame € Bengl e

conReu oL R A PR M LS R 1

in photo -caosspticak akthporehubuthe by Soalpehdadioh aleers @tde rpyarders ubadll Yptical
desirabl e. Conpounds known fromthe prior art_include those disclosed in
EP- A- 06751860mEpentsomgy dig1usg dnetbe Aroquesign of Lgyd erysigl denpss (1LIPOCwERAG) .

The three e i ! t i gse conpounds such as (taken from

EP- A- 067518 ‘i.’llc’git’%g"%‘i’gl% e @rg’tﬁc’% -~ ~o0oc\ / OcmHm-0 ~000000O0

O ocCme2m O/ \ coo ~\ ooc ~\ d-CmHpm~-0'" |-b US 3971824 (Van Meter

et al. / Ea n Kodak_. Co ny) .discl oses in.its braadest. 20 aspect.

conpounds OitC{%équ H}ap%ﬁﬂpﬁgc)l%%/ %{eﬁnéqtmg a l%yer & a po ymense(tjbqe t11qu1d cryEtal single
compound or mixture on an orientated substrate and cross-linking the mesogenic layer

to form a liquid crystal polymer (LCP) network. Polymerisable LC compounds used in
the manufacture of the LCPs need to be chemically and thermally stable, stable to
30 electromagnetic radiation, soluble in standard solvents and miscible with other LC

components, and to exhibit liquid crystalline properties over the range 25 to 150 °C.
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0 5 FE8 2003 WO 00/ 07975 PCT/1B99/01419 UO I. 1/ \ p ~ [/ ° p-&SFEB Q0 .
RR8 R~ ~i6 R RR3 though in fact there is no enabling disclosure of
anyt hing other than the following: Ti. j fl gl / \ p~/\ ~C/ X5 where
X i's chl or WROVEPE,j ous strategies used for obtaining the deSCFERPIOMEr ma
and optical properties with a given LCP material have mainly relied upon

m xtures of,6REMPHNESICONPCT TheGoRtighR@sh iRREsdd Btk 6fi¥Sthadd laE}Fr on the

pol yrmeri sabl e nononer and the conbination of theit 10 individua

properti es.pdijovensablediu€ single hempeurst ot mixivrsaombs fiked oo frogdneintoatht drCP

conponents at the. nol ecul ar scal.e, the ther.no 1 ¢ .behavi.qur. of. thejr
oo ma ko Re Sher Gafefutng Tk bR LLP R 1BYE S8 VisdBah PL i on
of the cl egyrl BEbRb MechthitRHEdskONeberahife Jnidll‘i%}g eggsaé§£eal line range etc.),

besi des some problens of mscibility between t i fferent conponents of
the m xtlure leading to difficulties in 15 achieving a uniformorientation

of the LCP terial. .To aneljorate this situatio a hew concept of. .

bt ai i ng. LR BFIPS Dot vttt it s reapoi o an e Whieh

i nvest i gat eghibiidi & bEHICERLid LHREIRAE Mhdilal katdetdndnehidh daat B 8ieddRed bhops of
different nolecules, at [east one_ of them being nesogenic, having each one
or nore of suhéirgie ppier e esosatinkingaire svaydiwaydthah theneriqritation piCthe et eivight .

Dependi ng on the applicatio 0 roper i can .be sel ectively

i nduced fr ocr?lanoufl‘ilé’gtmgﬁ%reor}i {c}ﬁeesxﬁﬁ%%%e%nﬁga?%st %tﬁ?l% % rtt % P ’%Ex%qtuérle? cfS%e

mol ecul g3" . mAkifEctiigs | Y eDCPORelcki desmpdtienss! wiHictaGhay abe uséd dh' BRG6-
conpounds of formula |: ., _ 05 FE B 2003 W 00/07975 PCT/1B99/014'
A - MG - - - A-crosglinkaplg liquid grystRitiie layprs arepaptrujslydesiratde.wher ei n: A’ to A6
each independently represent hydrogen; an optionally-substituted 10 net hyl
group; or an optionally-substituted hydrocarbon group of 2 to 80 C- atons,
in which on@ompounids ekrfowal didkn Ny privrr &plindede hiyosa disdlesedairDEP-A-0633I8H, a way

 habpentonnt - SRBE and el O GhyEt e SRCA T (525 e
opti onaj 4 y'a%égﬁxtehtrs‘dti%ﬂ)swgﬁﬂmg(iﬂéﬁ%cﬂEQQ&&ffr&ntE‘?’-_ﬁQM% ms, in which one
or nore C-atons nay be replaced by a heteroatom in such’a way that oxygen

atons are not |inked to one another; 20 MG and M3 each i ndependently
represent an optionally-substituted aliphatic group with 1 to 80 C- atons,

in which one or nore C-ato be re d by a roatom in such a way
t hat oxygen&%g{@'&rﬂé"i’m&o 8 RS O=CnHzm—
optional | y-subs\i tuted aroma or non-arogati c carpocyclic or hgferocyclic

ring 25 system Qith 1 to 80 C-atons; M® pefesents a group corfrising at

| east two and up to four optionally-substixuted aromatic or non-aromatic

carbocyclic or heterocyclic ring systens, Jwith 1 to 80 C atons, wherein,

when 3 0 M represents a group conpri siour optionally-substituted ring
WH

systens, at |east three of the ring syst are aligned in between Bl and

B2: -4
o
0 O 0
’/ O"Cm'Ham"’O“Q_COO OOCO—O-Cm'Hzm"‘ \\
I-b

US 3971824 (Van Meter et al. / Eastman Kodak Company) discloses in its broadest

20 aspect compounds of the following formula:



WD 00/07975 0 5 F E B 2003 PCT/1B99/ 01419 nl1 and n2 are each ind&gendently
1 or 2, where "nl = 2" (or "n2 = 2") indicates the presence of twdIF&pAilt e
| i nkages, Vigd bdi@oey oups B' (or the groups B2) between the grpgpseddfgiagnd
M= (or M2 5 and M33); and n3 is a positive integer up to 1000; wth the
proviso that: 10 when A3 and A4 both represent hydrogen, then both MG and
M33 represent an araliphatic group wit® 1 to 80 G afons, in which one or

nore C-atons nay.be replaced by a hetejjoa or an“opt' oaal |y éubstitut ed
aromatic or non-éromati ¢ Xar I_'bc__ O).C-y§| i < tem with 1
N 1 a =
carb

;
to 80 C-atons; and at | eas popf A, nd A ‘
represent an optionally-sufhsyrttted hyd group fpf 3 ta,80 C-atons,
in which one or nore C-at may bd re¥§ aced a hetyef oat org~20 when A,
A2, AS and A6 all represent hydrogen, then A3 and A4 both represent an
optional |l y-substituted hydrocarbon group of 3 to 80 C-atons, in which one
or nore C-atons may be replaced i by a heteroatom and 25 when MX

repr esent s thoughoingaetdhere il%ncp]gnatbh@gdxscmﬁ@@f apYthngathsr thange fallomarg:r i ng
systens, then neither of A3 and A4 inﬂjudes an aromgtic ring. The term
"al i phatic" inclldlas straight-chain a branched ar%gl ene, as well as 30

saturated and unsaturated gypDUNRS. Posslﬁ bl stitugnhts gmgl ude al kyl, aryl
(thus giving an aral i pgRatd :@» an@ ,—@s&@? i nNo, cyano,
epoxy, hal ogen, hydroxys ni NLZ/ oxo etc. bl e heter %ch may
repl ace carbon atons include 5 WD 00/07975 0 5 FEB 2003 PCT/ 1 B99/ 014’
ni trogen, oxygen and sul phur. In the case &f nitrogen further substitution
is possible with groups such as al kyl, ary# and cycl oal kyl. Li kew se, the
ternms )HZJD kyl " 39{1 " glﬁléc | ene", as used herein, includes straight-chain and
branched® grdtff& X SEMUPME: as saturated and unsaturated groups. 5 When Mce
represents a group conprising four optionally-substituted ring systens, at
| east three of the ring systens are aligned in between Bl and B2. Thus, at
| east t hr edPreviouheiratpgigs usaddon pbtainingthgi desirask thernepd and ppadsl prapedick with a

positioned i.n b n. B_,an : ] bl trard fLned region wth
sone of t hegl‘r"fnnggﬁgﬁjgfc%&b?’ﬁge Bfa 6‘%%?% %gé&;%ﬁg&l gp%heéa‘gf'ow@uﬁd"g‘%ﬁ go%%rﬁ%%%ﬂ ng Bl
wi th B2. Cqspardmolqiidy ciystalli@depallyiericatip ahoidenes Uald e Eonlinative bf ahaf

EP- A-0675186:. O Cm-l-i2mM~O\ / coo ~ ~ooc \ ~ OcmH2N-O0 p 0 O CPH2P O
O O i ~0!mipgividugl /propesties.) Howsyer dug 10 the gomsralo inqompatipilish of ol laser dr awn
with an arhj L f hne e niyr.al I ayy JLour 15 1.1 Ngs.
Two of t hegd eogﬂl%r%é%p%gt FH&dce{ngrregﬁl?{) hgcagegi g{eofth%}ﬁ{e(;dzg%}g%u?Hgﬂ%ééllﬁecotfi 2%&{ he
remai ni ng aomespdindidye nivtueesuise gerenallyt hedasoape Wic &xnide, cutdsprdssidrhef shope of
the present i nventi on. en, represents.a group ¢ rising two . or three
opti onal | y-cé‘E?_Egltgi R f%%ogg%é’g}%ﬁ@wa,“ﬁ?é‘ﬂpwgﬁsﬁo ES)ES %ae Rﬂ’q??{ﬁ? udes
an aromat i Coffmi@abiﬂg ibStvRAithe SRRt cbmBbRAks (RS mikthie |EAIMOET AHED 1S
Conmpound I-a of US 5567349 fall outside the scope of the present invention.
It is nbt psbiivirigea woiforodurisstation @fr bsddiP matesial.i bn aglionatsi thisasifuation, a

| abel i ng parts of mol ecul es wn_fram the Lor art.. -6. . VWD 00/ 07975 "'
20T | B/ Th S rRES T DETRECP et s HRERE dnd mceLaphaties VAl
nol ecul es' ' inY@ighRdS Thec teskepd ubdrath@miehl fhasticiReatOlateddlr ositfonk T dffeRALti es
which are required in the final LCP nmaterial. To an expert in liquid

crystal s, tmelegalescatl lgpstaonenpt themy beingf mewgpricnEtviRg cach one or more of the
properties which are required in the final LCP material. Depending on the application,

20 these properties can be selectively induced from at least one of the mesogenic stairs of

the new “staircase molecules”.

Thus the invention provides chiral or achiral “staircase” compounds of formula I:



S formula I would not have been thought to be favourable for obtaining a
l'iquid crystalline mesophase, because a bul ky substituent at a p03|0t mm}
| ateral to_a nesogenic core woul d have been thought to cause a | 0ss.©
mesogeni ¢ CHAPUY gsr However we have now di scovered that thePCUHIdAHts of
formula | were surprisingly found to be liquid crystalline over a broad
thermal range. Besides, they are suitable for producing a 10 high tilt and
hi gh optical birefringence together V\Ai-h-MﬁH—Ao?ri ented LCP filnms. MG may
be either a nmesogenic group or otherw se.l]t is advant ageous {Ipr the liquid
crystalline conpounds to be photo-crossl ‘Qﬂb so 15 that for exanple
they may be used in a crosslinked stage i a‘%ﬁal devi ces. Thus preferably
at | east one of A to A6 includes a poly | e group. In such a case,
when A3 and A4 both represent hydrogen t at | east one of A, A2, AS and
A6 woul dSinclude a pol yneri sabl e group; when A, A2, AS and A6 all
represent hydrogen then at | east one QﬂfS—MGa-ndt\C)M woul d |ncI ude a

pol ynmeri sabl e group. 20 In a first preferred enbodi nent of the present

i nvention, PR&hinor any of the groups A to A6 may be selected froma
residue of formula (I1): P-(~P )kt-(Xl)ci - (1l) 25 wherein: P is hydrogen
or a polynerisable group selected from groups conpri si ng CH2=CW, CH2=W O,
CHI =CW COO- ) CFKFC( Ph) -

CHI =C( Ph) - @GNS 30 CHI _q%%%%P%g?%gsﬁgéOandn ORHQE"““&(E{‘E&W‘“
(Ph) - CHRE! - | - WO 00/ 07rﬁ8tﬁ Ogrbu EJEBn%Qﬁ JubB@8ted Iy drocarbon group of
CHSC-N-(CI—|2)n3 HO KD C§—|z CH2) nB- HO(CHZ)ntOOOR,

HS( CH2) MBC00-, HVIN-, HOC(Z)t)CLSO @awrpwh\c )Onﬂ opmapg-Ceptoms

CHECOO 5 wher ei n: Wrepre r IkyI

is an integer having a val f}'n tg‘ ?tgnrﬁ %}fucgﬁ ;\Qiyo{hng&l(@egaﬂ?mg Qg

value of 0 or I, R repre&er@hSaﬁotﬁ‘é:,_S al kyl group; and 15 R' represents a
Cl 5 al kyl group, nethoxy, cyano, F, Cl, Br or |; Spy represents an
optionall y-substituted Cl1_20 al kyl ene group, in which one or nore C atons

o1 0 1PIBSER Y © et oiaet Sty koret SRR IR IR St o 1Tom

-SO, -CH2(SO -, - 802- @d%}ﬂdﬁ@lly-subéﬁﬂed hy@fParbon@ouef HCBSEO—atonﬁQ S-,
-SOO - 0SO-, -S% - CHe- CH?1 CH20-, -(%—hCIiI- or .-C- C; and
25 t' is an integer havi ndnévvg}?fee%fm@e&'at?ms\ﬂ“i}h ¢ ¥Rlaspd by @ hetepodtomy

| east one of the groups A'inlAcH¥Pwhy iHaPbxyieh YHnAIAB ndl Bilted 8 one Qnotﬁer FEgQ
?pp~ WD 00/ 07975 PCT/1B99/ 01419 In relation to the residue of formufa (11),
the termPh is to be understood as denoting phenyl ene and (Ph) as denoting
phenyl .

20 MG’ and MG? each independently represent an optionally-substituted aliphatic
group with 1 to 80 C-atoms, in which one or more C-atoms may
be replaced by a heteroatom, in such a way that oxygen atoms
are not linked to one another; or an optionally-substituted
aromatic or non-aromatic carbocyclic or heterocyclic ring

25 system, with 1 to 80 C-atoms;

MG? represents a group comprising at least two and up to four
optionally-substituted aromatic or non-aromatic carbocyclic or
heterocyclic ring systems, with 1 to 80 C-atoms, wherein, when

30 MG* represents a group comprising four optionally-substituted
ring systems, at least three of the ring systems are aligned in

between B! and BZ;



The C1-20 al kyl ene group Sp' may conprise branched or straight gs?g
al kyl ene groups 5 and nay be unsubstituted, niono- or polysubst € cmﬂy F
Cl Br, k. orwQNo/oA7sernatively or in addition one or nore of GREr/EYYLHASI
present in the hydrocarbon chain nmay be replaced, independently, by one or
nor e groups selected from-0O, -S, -NH, N(CH2)-, -CH(CH -, -CO,
-CH2(CO) -, -SO, -CH2(SO-, -S02-, -CH2(s02}-, -COO-, -0OCO, -0OCO O,
-S-CO-, Coﬁﬁand n>00-, Osé?eyeac}s%'e endently & or ‘3( %%)e ¥n —19’" dIC%) = )

C(WL )=C(W2)-, with the proviso th a{) no two oxygen atoms are |rectly
linked to each other. W aidicegs theqiteseope oS Tt Separatelivirgen viaythe igroups B!

H (CH2)q,- or Cl The integer 1 each i nde ent e
nuErber)gf bet ween 1 and 198 ?hel\,%flpgp Bg)f @?tﬁ’ﬁﬂlﬁleAgrOPBPweﬁ’&‘ﬁihﬁd&fmntIy
represeng a group of for rru{,@}(d{j )md 1$ P2- Sps-X4- (111); wherein: 20 X4

represents -0, -CO, -COO, -G -_GC, or a single bond, especially
-0-, -COO, -0OCO or single bond ' Sp5 represents a Cl_2o strai ght-chain

aIIerne group, especially. et .ene I butyl ene, pentyl ene,

hexyl ene, h&btyl ene, octylléﬁé’og{lg H%?%Dﬁ’é‘% ?@(ZOCyI ene, undecyl ene, or
dodecyl ene; and P2 represents hydrogen, CH2=CWs- or CH2=CWs- ((C0),, 20-,
wherein: 30 W represents H, CH3, F Cl, Br or I; and 9 WD 00/07975 v2
i sOorl . ~WF1EI§1<’ZDI@3’ISPGIWE1899/014 One or nore of A to A6 may al so

repr esezb a Cl- C2o0-al kyl, Cl~-Czo-allcoxy, ClC2o-al koxycarbonyl,
Cl- C~ kyl car bonyl or C1~- C20- al kyl car bonyl oxy group, for S exarrpl e

met hyl , ethyl, propyl, butyhen rqérah&IA“ Bethylepred@mit ildrogeal Yhen BORYMG' daay!
undecyl dodecyl met hoxy, et,hoxy, n-prop ox%,rﬁ i sopropoxy, butoxy
¥

pentyl oxy, hexyl oxy, hept yl\@(yrepﬁé@?l%k?rahﬁ | B5epp widle \l| &% B0 Grﬁﬁ@‘é&l@xy,
dodecyl oxy, methoxycarbonyg;. Etoﬂr?éyﬁl%?é)?@@ms 8%3?%’;91%%,[ Oc%é(%tg; atom, or

but oxycar bonyl , pentyloxycar ony exyl oxycar
nonyl oxycar bonyI decyl oxyamopiungally-substirogt mxmatndoorryrbn atdimatic carbocyclic

dodecyl oxycar bonyl, acetyl, propionyl, but val eryl ., hexanoyl
hept anoyP, octanoyl, nonaneiyReteTageHAdIAg SY§ %&ec‘ﬁ%ﬂlm %b@eear%yand at least

t erdecanoyl, acetoxy, propjQnyt Ry, Abugyﬁggégyﬁaggllﬁaé@ ggé{m &y, Y,

hept anoyl oxy, octanoyl oxy, nonanoyl oxy, oxy, undeca
dodecanoyl oxy, terdecanoyl opqonalhdsdﬁs&tdteibydr&&rbwn grospcndrSdtopS(bCe&tomsl, in

enbodi ment of the present ipvention eac r eith of t roups B and/or
B2 conprises a group of fo?”ﬁﬁﬁ&n? PWP”(Q???I&S repiacelf‘l?%'gachetglo%méo
wherein: Sp2 represents a Cl 20 al kyl ene group X2 and X3 each

i ndependently represent - , -, -CHOH)-, 25 - ,

- CH2(CORO, -SO-, -CHz(SO) - whers@‘z, A? «Ag_r@(d yll reprm hydroxm therogami A
-SCO, -COS-, -S00, -

-G -_C or a single bond; %hir%P§an“‘|% ggq“’n%ﬁ as\'r/:b%twg aﬁ:f%nogrSS:p f¥330 t2

and t3 are integers, each ionﬁEQQ!ﬁﬂﬁﬂtthﬁlal\/bﬂ@oﬁnmé @at@fns&n@y bé repthddd 0.5
FEB 2003 WO 00/ 07975 PCT/1B99/01419 with the proviso that oxygen atons are

not |ihked one to anot her. byt Betetogton a3d and B2 each i ndependently
represent a group of formula (1V), wherein:

25 when MG? represents a group comprising two or three
optionally-substituted ring systems, then neither of A? and A*

includes an aromatic ring,

The term “aliphatic” includes straight-chain and branched alkylene, as well as
30 saturated and unsaturated groups. Possible substituents include alkyl, aryl (thus giving
an araliphatic group) and cycloalkyl, as well as amino, cyano, epoxy, halogen,

hydroxy, nitro, oxo etc. Possible heteroatoms which may replace carbon atoms include



5 X2 to X3 each independently represent -0-, -CO, -COO, -0OCO, -CC, or
a single bond, especially -0, -COO, -0OCO or a single bond; and Sﬁ%
representsvg g 1 20 straight-chain al kyl ene group, especially et hg '8_,2003
propyl ene, WP &e, pentyl ene, hexyl ene, heptyl ene, octyl endCTEB*PAYI ene,
decyl ene, undecyl ene or dodecyl ene. An especially preferred conmpound is
that in whigilroBen, anxge” ardeliphurd ép eineleade yf niejopes Gnthed sgbRismicdf isfRisiblea
(I'V) and A° to A6 each inde;i)er]dently represent a group of formula (111). 15
The i nvent i WHD| OBy sieturaralkyly gafl indyssriophsy]. | Likgwings dhfepgrarsgradkyl” 2and t he
groups of 0] i I (AW ule, in
aadi £ on to PRAEE, Molusll Al HANhaAT SRAER. ral ARETLARSL BroliR PR s
preferably dffiragddndtunts@ated@peusf MG and ME3 represents a nesogeni c group
conprising at |east two 20 optionally-substituted aromatic or non-aronmatic
car bocycﬁi c or heterocyclic ring systens. ' Preferably M represents a
nmesogeni c [.Sd J8t ? r j r lLig or
et or ocycl | R ASSCPOEIAE e O EoRIERRlE fuP bR AT SAEMIES £ 0 o
| east one ofeadWithreanfl tHdGing Bpteasant algnebgetweergB barpl B ik sitAepstthtez of

aromatic or_non-aro i ¢ carbocycl | r.heteracycljc ring systemns, and
optional | y 1 rirgs el ot acrawdﬁf}gl.ﬁcﬁhﬂ%égc PSRRI & Wd@b agtiad
fromthe megpLfes,, Wi = had s H€3) meot 43 i.N
which: oAb ufly e ron/siBdme of MEBRES poffialny) fio e &) 8PukT
case i ndlepemdictleycoaptitmgd | wits (Bfs Compazison ameyaboomate evithacommedunds such as

car bocyclic_or heteroc iC S; 5Z 1to Z are independently from each
ot her -Coo?oméﬁ@d?{'%@béﬁg?%%mz-, -CH20-, -CHECH, -C--_ G,

-CH=CH COO-, -0OCO CH=CHor a single bond; and al , a2 and a3 are ;

i ndependently integers O to 3, such that al + a2 + a; < 3. 10 Especially

preferred are those in whic - to (4 sel ect g om ( L)m( L )ut (
L Jux N ( LW"IPH)‘%"(Q_ cqQe 9%@-@'@1‘3%%# LDug ( L
Jux (L )u~ N ~~and O=<S Owth: L being™= , - COCH3, 2, CN,
or halogen a 1 bRi ng O, | , 2, 3, or 4, 2 being 0, 1, 2, or93, and u3
being 0, 1, or 2. -12 ~ 5 ~E8 2003 WO 0@ 07975 PCT/1B99/ O 419 More

especially preferred are those in which C- &4 are selected from
cycl ohexyl ene, phenyl ene, napht hyl ene or enant hryl ene. For ease of
synt hesis, the | ecul es may possess sone s etrical aspects. ®hus: 5

O-cm-Hzm--O—Q—COO ooc—@—o-cm-Ham-—o‘ A

I-a
which could be drawn with an arbitrarily defined Z-shaped central portion having four
15 rings. Two of these rings protrude from the axis of the molecule connecting the
remaining arms of the molecule, and the compound falls outside the scope of the

present invention.

When MG? represents a group comprising two or three optionally-substituted ring
20 systems, then neither of A® and A” includes an aromatic ring. This again makes it clear
that with compounds such as Compound I-a of US 5567349 fall outside the scope of
the present invention. It is not possible to produce the present invention by arbitrarily

labelling parts of molecules known from the prior art.



Al and AZ may be identical; AS and A6 may be identical; 10 Al-M5 -A" and
AS- Mz3- A6 may be identical; A~ and A4 may be identical; or nl, n2 and n3

may equal L,8hgeR-sand BZ may be identical. 15 The conpounds b tbBeii410
i nvention may be readily prepared using nethods that are well known to the

person skilled in the art, such as those docunented in Houben-Weyl,
Met hoden der Organi schen Chem e, Thiene-Verlag, Stuttgart. The conpounds

may for exanple be e ordinngst.o the fallow ng reaction schemes:. -1J
"% Feg 200SPTOBr 06 pa EE REfUMIE R b e S Bied T s i YelRER 50
PCTI | B99/ 01éhat 'eath hekidaeldrlmokd offl thk | roEérﬁBé WHRh%Preﬁ@ﬁQﬂ?)t&oﬁQalcglPo \\

O CH2)sOC~ o O 00 o\ o -0 Cr03/H2SOy/ H20 Acetone O H2) 6~C -14 0.5. FEB

2003 WO 00/ wrersl.(Fo pn experoin Wqpidacrystalsy the mjolgcgar arghitect@e @f ompounds of

5 formula I would not have been thought to be favourable for obtaining a liquid

crystalline mesophase, because a bulky substituent at a position lateral to a mesogenic

core would have been thought to cause a loss of mesogenic character. However we

have now discovered that the compounds of formula I were surprisingly found to be

liquid crystalline over a broad thermal range. Besides, they are suitable for producing a

10 high tilt and high optical birefringence together with well oriented LCP films.
. MG? may be either a mesogenic group or otherwise.

It is advantageous for the liquid crystalline compounds to be photo-crosslinkable, so
15 that for example they may be used in a crosslinked state in optical devices. Thus
preferably at least one of A' 1o A® includes a polymerisable group. In such a case,
when A> and A* both represent hydrogen then at least one of A', A%, A® and A® would
include a polymerisable group; whereas when A, A%, A’ and A® all represent hydrogen

then at least one of A® and A* would include a polymerisable group.

In a first preferred embodiment of the present invention, each or any of the groups A’

to A® may be selected from a residue of formula (II):

P-(Sp"J-(X Ju - (I
25 wherein:

P is hydrogen or a polymerisable group selected from groups comprising
CH2=CW-, CHy=W-O-, CH2=CW-COO-, CHp=C(Ph)-COO-,
CH»=CH-COO-Ph-, CH2=CW-CO-NH-, CH2=C(Ph)-CONH-,

30 CH2=C(COOR")-CH2-COO-, CH»=CH-0O-, CH2=CH-O0C-, (Ph)-CH=CH-,
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Cv-=-cmZmmCr mN Scheme Z2 H O HU OPSI/IRYS/Qp""

CH3-C=N~(CH2)ms-, HO-, HS-, HO-(CH2)m3-, HS-(CHa)m3-, HO(CH3)m3COO-
HS(CHy)mCOO-, HWN-, HOC(0)-, CH2=CH-Ph-(0)pme

?

/O\ R” R
HWC—CH- , @w:w— or ©CH:COO—

wherein:

W represents H, F, Cl, Br or ] or a C,_s alkyl group;

m3 is an integer having a value of from 110 9;

m4  isan integer having a value of O or 1,

R represents a Cy_s alky! group; and

R" represents a C;_s alky! group, methoxy, cyano, F, Cl, BrorI;

Sp'  represents an optionally-substituted C;_a0 alkylene group, in which one or more
C-atoms may be replaced by a heteroatom,;

k' is an integer having a value of from 0 to 4;

X' represents -O-, -S-, -NH-, N(CH;)-, -CH(OH)-, -CO-, -CH,(CO)-, -SO-,

-CH,(S0)-, -S0,-, -CH,(50,)-, -COO-, -OCO-, -0CO-0-, -S-CO-, -CO-S-,
-SO0-, -0S0-, -S0S-, -CH,-CH,-, -OCHa;-, -CH,0-, -CH=CH-, or -C=C-; and

is an integer having a value of 0 or 1;

with the proviso that at least one of the groups A'to A%isnota hydrogen atom.

o~ 0



2 3 DVF HO OH ~~C6H5~3~4pd Cul OH ~O H9CyO O Br HO CH B-~-B NazCI)J
Tol uenel Et hanol HI9C90 ~ O OCOH Hi) o0 0.0 HOCHzA 2 ii) KOH aq ﬁ EBIZUUJ

O HO HL9CSyopo/he7E9HI9 OH0 0 QOJ J b nHc7 tn, 0 - n, ﬁCTﬂng/led\l 00

W 0.5 FEB 2003 WO 001 07975 PCT/1B99/014 U O"Nr~~a ._0 NWOU ~ ,~
~MWE~- -0 NOOox OO0 x UOJ =00 =0 J -_is SUBSTITUTE SHEET (RULE
261 O In relation to the resxdue of formula (II), the term Ph is to be understood as denoting

phenylene and (Ph) as denoting phenyl.

The Ci_y alkylene group Sp] may comprise branched or straight chain alkylene groups
5 and may be unsubstituted, mono- or polysubstituted by F, Cl, Br, I or CN.
Alternatively or in addition one or more of CH, groups present in the hydrocarbon
chain may be replaced, independently, by one or more groups selected from -O-, -S-,
-NH-, N(CHj)-, -CH(OH)-, -CO-, -CH,(CO)-, -SO-, -CH(SO)-, -SO5-, -CH2(SO;)-,
-COO-, -0CO-, -0C0-0-, -§-CO-, -CO-S-, -SO0-, -OSO-, -SOS-, -C=C-, -(CFy)- ,
10 ~(CDy)s or C(W’)=C(W2)-, with the proviso that no two oxygen atoms are directly
linked to each other. W' and W? each represent, independently, H, H-(CH,)q;- or Cl.

) The integers r, s and q1 each independently represent a number of between 1 and 15.

More preferably, A' to A each independently represent a group of formula (III):

15
P2-Sp-X*- (1I1);
wherein:
20 x* represents -O-, -CO-, -COO-, -OCO-, -C=C-, or a single bond,
especially -O-, -COO-, -OCO- or single bond;
’ Sp5 represents a Cp straight-chain alkylene group, especially ethylene,
propylene, butylene, pentylene, hexylene, heptylene, octylene,
25 nonylene, decylene, undecylene, or dodecylene; and
p? represents hydrogen, CH,=CW°*- or CH2=CW5-(CO)sz-,
wherein:
30

w? represents H, CHj, F, Cl, BrorI; and



U=0 J MOONLt_r.-~OOO-0O-CEUa n0OOOO3HOB6IH~~ ~~ -

~G-6lH A1 loueql3 '6e HO?I (ac IJ zl O&zH~ HB O O H 6i H6~0- - ~~ '9{;)5533
|~~~/ 1uQ zl ~Pdz(f(5H9~)) ~8~~a)siH\~V ~(/~H (nt 0 d~I~I. 3+l vl~(~0
(ti H 1~ ~YO%03%757) OPdz( (SH9~)) ---- !i -- (~ ~6~6TH H O r.PEIBRWA/S cOo N
Wf m~us wrEHmm 05 . F E 8 2003 WO 00/07975 N AU "MZ p=0 G

v2 isOor 1.

One or more of A' to A® may also represent a C—Cyp-alkyl, C;~Cyp-alkoxy, Ci—
Cyo-alkoxycarbonyl, C;—Cyp-alkylcarbonyl or C,—Cyp-alkylcarbonyloxy group, for
5 example methyl, ethyl, propyl, butyl, pentyl, hexyl. heptyl, octyl, nonyl, decyl, undecyl,
dodecyl, methoxy, ethoxy, »-propoxy, isopropoxy, butoxy, pentyloxy, hexyloxy,
heptyloxy, octyloxy, nonyloxy, decyloxy, undecyloxy, dodecyloxy, methoxycarbonyl,
ethoxycarbonyl, propoxycarbonyl, butoxycarbonyl, pentyloxycarbonyl, hexyloxy-
carbonyl, octyloxycarbonyl, nonyloxycarbonyl, decyloxycarbonyl, undecyloxycarbonyl,
10 dodecyloxycarbonyl, acetyl, propionyl, butyryl, valeryl, hexanoyl, heptanoyl, octanoyl,
nonanoyl, decanoyl, undecanoyl, dodecanoyl, terdecanoyl, acetoxy, propionyloxy,
butyryloxy, valeryloxy, hexanoyloxy, heptanoyloxy. octanoyloxy, nonanoyloxy,

decanoyloxy, undecanoyloxy, dodecanoyloxy, terdecanoyloxy and the like.

15 In a second preferred embodiment of the present invention each or either of the groups

B' and/or B* comprises a group of formula (IV):
X)e-(Sp7 -(X)a av)

20 wherein:

2 represents a C;_yg alkylene group;

Sp
X* and X* each independently represent -O-, -S-, -NH-, N(CHj)-, -CH(OH)-,
25 -CO-, -CHy(CO)-, -SO-, -CH»(S0)-, -SO,-, -CH3(80,)-, -COO0-, -OCO-,
-0C0O-0-, -S-CO-, -CO-S-, -SO0-, -0OS0-, -SOS-, -CH,-CH,-, -OCH;-,
-CH-»0-, -CH=CH-, -C=C- or a single bond;

'S is an integer, having a value of 0 or 1;

30

t* and t are integers, each independently having a value of 0 or 1,

-10 -



00pOOOO0O0OX=0.. 0Mv.. COEUO... O0O0,00 O~N"~UC3-5J£EBQ003
OCUONUOoO, OOUOOOOO0O0~NO~U~ OU=0 0 suBSTI TUTE SHEET ( RULE
26) PCT/| B@h@dé7e7s O 5~ FEB 2003 WO 00/ 07975 a~ a~ 0 U x OplrWédhidye
xUNMJ VWY ., x ::., - 27 d7 C w 47

with the proviso that oxygen atoms are not linked one to another.
Preferably B’ and B? each independently represent a group of formula (I'V), wherein:

5 XX each independently represent -O-, -CO-, -COO-, -OCO-, -C=C-, or a
single bond, especially -O-, -COO-, -OCO- or a single bond; and

Sp represents a Cj_po straight-chain alkylene group, especially ethylene,
propylene, butylene, pentylene, hexylene, heptylene, octylene,
10 nonylene, decylene, undecylene or dodecylene.

) An especially preferred compound is that in which B' and B? each independently
represent a group of formula (IV) and A' to A® each independently represent a group of
formula (I1I).

15
The invention is particularly useful when MG? is a mesogenic group and the groups of
MG' and MG’ also impart mesogenic properties to the molecule, in addition to those
properties imparted by the mesogenic group MG?. Thus preferably MG? and at least
one of MG' and MG’ represents a mesogenic group comprising at least two
20 optionally-substituted aromatic or non-aromatic carbocyclic or heterocyclic ring

systems.

Preferably MG? represenis a mesogenic group comprising 2 to 4 aromatic or non-
-aromatic carbocyclic or heterocyclic ring systems and optionally up to 3 bridging
25 groups, and at least one of MG' and MG? represent a mesogenic group comprising 1 to
4 aromatic or non-aromatic carbocyclic or heterocyclic ring systems and optionally up
to 3 bridging groups. These are more preferably selected from the meanings of

formulae V:
30 C(Z'-CH(Z2-CHn-(Z-Chey (V)
in which:

-11-
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Cr 03/ H2S04/ HzO Acet one ~C9H19 / ~--COH

CltoC4 are in each case independently optionally-substituted non-aromatic,

aromatic, carbocyclic or heterocyclic groups;

5 ZltoZ3 are independently from each other -COO-, -OCO-, -CH,-CHs-,
-OCH3-, -CH,0-, -CH=CH-, -C=C-, -CH=CH-COO-, -OCO-CH=CH-

or a single bond; and

al, a2 and a3 are independently integers O to 3, such that al + a2 + a3 <3

10
Especially preferred are those in which C! to C4 are selected from:
(3) m (L) }n
Rl @N Q-
(L)u (L) l
@@ @@@ 0
(L (D (D (L)uz (Lyy NN
N-N N-N
\@/ ﬂ/ , /4 »\ and /4 »\
(¢] ’ S (4] S
with:
15

L being -CH3, -COCHj3, -NO», CN, or halogen

ul being 0, 1, 2, 3, or 4,

20 u2 being 0, 1, 2, or 3, and

u3 being 0, 1, or 2.



0 H3cso2c~ i Et3rr 0 ~0o~0A DMAP THF 0 0~0 ~% $l yCyO ~Cyfl19 O O Oﬂé '
SUBSTf TUTE SHEET ( RULE 26) ccmzmmcr mN Schene G N/O i I—%Bdﬂﬁ'
10 O O (CHaY6Gd 0179 Nal / KiCO3 (CH2) 60 O Br DMF ktO /~ OH BB/ k63/a14fH
((C6H5) 3) 4P~ Cul O H Na2C03 2M Tol uene/ Et hanol 0 ~Q(CH )60 0 0 o QU CH2)60 O
O~ 1li i) HJ (5% / Cli3OHO o iii) G033/ H2SO4 /| HOii) ~~~ Et3N/ THF
Acet one” O OMpreespecially preferred areghoss, in whichdivto Ctarg selegterhfram ¢yetohexNenw,

phenylene, naphthylene or phenanthrylene.

For ease of synthesis, the molecules may possess some symmetrical aspects. Thus:

5
Al and A? may be identical;
AS and A6 may be identical;
10 Al—MG'—A? and A5—MG’—AS may be identical;
) A3 and A% may be identical; or
nl, n2 and n3 may equal 1 and B' and B? may be identical.
15

The compounds of the invention may be readily prepared using methods that are well
known to the person skilled in the art, such as those documented in Houben-Weyl,
Methoden der Organischen Chemie, Thieme-Verlag, Stuttgart. The compounds may

for example be made according to the following reaction schemes:



Scheme G (continued): tJ /O HO O ~Q~-C~2~6fl o O Q-CH2)6Q O OH HO Q :ﬁ%g— 0
0 o OCOH19 cH3s2C~ off Et3N / DVAP THh' ououo 9H19 o0-O-~H2)6Q o O EB 2003
~2)60~ TOOObnaoOO0O~ mNOOW 05 FEB 2003 V1' O 00/07975 0 s ro

0, 0 U xM wWP 8407875 26 SUESTI TUTE SHEET (RULE 26) PCT/ | B99/ 01RETABIYON 'S FFB
2003 WO 00/ 07975 wNEf 0O ~dwUOwWOOOOO X

Scheme 1:
\ OH
\——ﬁO(CH2)6O—©—<\
5 - 0
i) CH350,Cl ii) HO ol
Et;N

THF DMAP =
Q 2
\/—©—O(CH2)60C
. O 3
CO(CH,)O
(|)| ( 2)6 O \\0 \:0
Cr03/H2SO4/H20

Acetone

o 0
Il
\/\ @—O(CHz)GOC—\\
\ aSa
CO(CH2)60-@—\/\
4 0 —0 |
HO
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on the synthetic ways drawn in Schemes 1-7, typi cal exanpl es representing
"staircase” derivatives of formuila | and shown in the followi ng list of
conpounds nmay be prepared. This list is, however, to be understood only as

illustrative without limting the scope of the present invention: 5

Q
! s
=
S
=X &
B
XS Q
iy O
& &z &
oo
o8 )
: O
= =X ~
/O o\mro O m_us:' g
1™
mN
=
i Q 5 0O
oy
B 0
~
°.

Scheme 1 (continued):
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29 05 F E B 2003 PCT/1B99/ 01419 SUBSTI TUTE SHEET ( RULE 26)
5 (I. 6) -30 PCT/1B99l 014~" SUBST| TUTE %‘F

8) FEB 2003
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F E B 2003 V~' O 00107975 (1.

( RULE 26) 0. 5 F E B 2003 ~~ WD 00/ 07975 (1. 7) (I.
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0.5. FEB 2003 WD 00/ 07975 (I. 9) (1. 10) -32 PCT/1B99/014' " SUBSTI TUTE SHEET

(RULE 26) 0 5. F E B 2003 WD 00107975 n ~CQ(C PCT/ | B99/ 01418 XFHB 2003L1)
5 (1.12) -wd3oni4BSTI TUTE SHEET (RULE 26) WO 001 07975 ~Qpdr/faebofais 20U3
PCTIIB99Id% " fl. 13) b 0 s (I.14) The "staircase" conpounds of formula I

di sclosed in the foregoing and the followi ng nmay be used alone or as a
conponent of a liquid crystal m xture. Liquid crystalline 10 naterials
conprising a conmpound of forrmula (1) may be used in the manufacture of

LCPs. Anot her aspect of the invention therefore conprises a liquid
crystalline material conprising a conpound of formula (1). Preferably the
liquid crystalline material conprises at |east two conponents. The
addi ti onal conponents must be mscible with the conpound of forrmula (1) and
may be selected front known nmesogenic materials 15 such as those reported
in Adv. Mater, s, 107 (1993), M/I. Cyst. Liq. Cryst. 307, 111 -34
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". WO 001 07975 0 5 FEB 2003 PCT/1B99/01419 (1997), J. Mat. Chem 5, 2047
(1995) or in patent applications US-A-5,6593,6l7; US-A-ab567, 349; (Iﬂ&JEquB
556; GB-A-2 299 333; DE-A-195 04 224; EP-A-0 606 940; EP-A-0 643 121 and
EP-A-0 606 430047873 onal |y sel ected from EP-A-0 606 940; EP- A@mfsoil2l and
EP-A-0 606 939. 5 The formof the liquid crystal material w !l depend upon
the application in which it is to be used and may be preTé%% as a liquid
crystalline m xture, (co)polyner, elastoner, polyner gel lor polyner

net wor k. Pol yner networ ks have been found to be of pégﬁiﬁblar use and in a
further preferred enbodi ment of the invention there is pQovided 10 a

pol ymer network conprising a compound of fornmula (1). Preferably the

pol ymer network conprises at |east two conponents, at | t one of which is
a "staircase" conpound of formula (1). The pol yner net may be prepared
by copol yneri sation of a nesogenit\m xture 15 conprising=i) at |east one
chiral or/and achiral nesogeni c pollyneri sabl e conpound; ) at | east one

"staircase" conpound of fornula I;
achiral nmesogeni c pol ynmeri sabl e conp
formula (1). Alternatively or in addi
may be sel ected fromthe known nesoge
Preferably the chiral or achiral pol yner) sabl e conmpound>hcl udes the
nemati c phase in its thennotropi c sequence. The pol ymer petwork may
optionally conprise further conponents. gse include 2&furt her

pol yneri sabl e conpounds, staakggsers and dyes. The ad@i'ti okl pol yneri sabl e
conpounds preferably conprisg a non-nesogerni c conpound havijng at | east one
pol yneri sabl e functional Qrolyp, especially dimcrylate co ds. -3~ :

nd 20 iii) an initiator. The chiral or
nd may be a "st ai e" conpound of

ion, the polyne e conpound 25
i exred to above.

c materials ref

SUBSTI TUTE SHEET (RULE 28) Q.5 DES 2003 WO D0/ 07975 PC /014'" Any
suitabl e stabilisef that prew&nts undesired spont aQeous_lpa grisation, for
exanpl e during;iLdEage of thg?nixture, may d i qui d
crystalline m @ according)yto the invent A brc£d rarjge of these
conpounds is c@mexcially avarl abl e. Typi cd anpl eQi ncl =)

5 phenol (BHT). Y4 col our
m xture. In a
ai Nns no dye.

but yl - 4- net hyl
be added to th

4- et hoxyphenol Yar 2, &di -ter
filters are reM r8tdyes
enbodi nent of e FRAnteEnti o
or achiral f

conpri si ng 0.QF to 99% by
m xture, pref=gyably 50 to 939 ’
formula (1) be present i anount fromP.1 to 1 ~ 100% py wei ght of
the liquid crgstalline nepLw 1 to 50% by @i ght. The
initiator is greferably a be a radical=-Hr cationic

anount

(4 5,
initiator th i S present gO.lto S%WV\eight of
t he pol yner ure, prefera 2%y wei ght . &)
eTe o 5 ]
o 0=0
Eigj jjJ
)
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20 When the m xture further conprises a stabiliser, this is gener§£I¥
present in an ampunt conprising 0.01 to 5% by wei ght of the quui 5.FEB 2003
crystallin e, preferably fromO0.1 to 1% by wei ght.

pol ymsri‘sa‘g‘f@(i; 7%% d crystalline m xtures nmay be forned i nto i qui 6/ 1419
crystalline polymer (LCP) filnms and a fifth aspect of the invention
provides a LCP film conprising a conpound of formula (1). LCP filnms may be
readily prepared by UV polynerisation of a LC m xture according to the
invention; a filmconprising the LC mxture is formed on a substrate and
pol ymerised using UV light to give a cross-linked 30 liquid crystal polyner
(LCP) film The filmis both light and tenperature stable and can be used
in the manufacture of devices such as wavegui des, optical gratings,

filters, retarders, piezoelectric. cells or thin filnms exlubiting non-Iinear
optical properties. -36 SUBSTI TUTE SHEET ( RULE 26) 0, 5 F EB 2003 --1
WO 00/ 07975 PCT/1B99/01419 Different nethods can be used for the formation
of the sought LCP network, starting fromthe polynerisable liquid
crystalline m xture manufactured as descri bed above. Transparent substrates
such as coated ITO (indiumtin oxide), glass or plastic 5 substrates, my
be used. Preferred substrates include glass or plastic, especially those

i ncluding a | ayer of rubbed polyimde or polyam de or a | ayer of

phot o-ori ented photopolymer (LPP). Said |ayers are used to facilitate
uniformorientation of the liquid crystalline mxture. 10 In the
preparation of LCP filns, it is particularly inportant to prevent the
formati on of defects or inhonbgenities. This can be achieved by formng the
pol ynerisable liquid crystalline mxture iento a thin film and placing the
m xture between two of the aforenenji onedgsubstrat e which gre then sheared
over a small distance until a plan@rgbrdaﬁ was obtaighed; orgapillary

filling the polynerisable, Iiquid cEy& al IPne i xturgg 15 betyfeen two of the
sai d substrates; prior toFburlng Ept;ex.qnl- i ght, wrefErany in
the presence of a phot0|n |at éh RGAGURETM A fursiher maspect of
the invention provides anppt? %g el & opticag%conpur-~ containing a
l'iquid crystalline ipol ymeg “E%]ﬁ1§ rising a conpou of la (1). 20
The optical or elecftro-opI | =cbnponent y be a wewyegui de] an opti cal
gratings, a filte reta = a piezoelfctric cell or a ngn-linear
optical cell or f ThEﬂﬂ“ﬂﬂﬂTTﬂTTMﬂl ow bédescribed th reference to

the follow n

s. V arlgtupns on these falliqﬁ Wi thinithe scope of

the invention e app a 25 pergon skillgd in thesart. In the
fol l owi ng Exa ihe th [ e,.[c : re abbrievi at eq follows: K
crystalline 30 D dlicot |__c_rb_S__s@c,g,| c o op -
S Q b—@ = o
-’ o o [}
= = = o %
! =
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N nematic -37 SUBSTI TUTE SHEET ( RULE 26) 0 5, FEB 2003 V[)OOIO?%@# 20
PCT/1B99101Q -~ N* chiral nematic (cholesteric) | isotropic ExaaneEP @
2,5-Bis-[4- 6-acr¥onIoxyhexyloxy)benzoyloxy]ben20|c acid .

'-[ 2, 5-bi -?ﬁwf@fecryloyIoxyhexyloxy)benzoyloxy]benzoyloxy]PETﬂBgﬂpﬁentyl[
1,1';4" ,1"]terphenyl-2'-yl ester. 10 1 ) 2',5'-D nethoxy-4,4"-di pentyl [
1,1';4',1 "]terphenyl ououo 15 To a well degassed m xture of
4- pentyl benzeneboronic acid (3,84 g), 1, 4-dibrono-2,5-di met hoxybenzene
(2,95 g), NazC03 2~1~ (40 m), ethanol ( 15 m) and t ene (25 m),
tetraki s(tri phenyl phosphi ne) pal | adi um(0) (0.62 g) is Jadded and the obtai ned
m xture i s maintai ned under argon atnosphere and @unQously stirred at
reflux for two -38 SUBSTI TUTE SHEET (RULE 26) 0 3 E B 2003 WD 00/ Q7975
PCT/ 1 B99/ 01419 hours. The cooled reaction m xture is~Sxtracted with ether
(3 x 80 m) and the conbined ether extracts are washgy with saturated NaCl
solution (120 m) dried over nmagnesi um sul phate and éyaporated to dryness,
The obtalned dark residue is filtered through a shorg;S|I|ca gel colum to
afford 2 - di met hoxy- 4, 4"-di pent5~1[ 1, | ,1") 5 tlerphenyl as white

crystalllne material . field: 3.9 g. 2) 4, 4" Di pent [1,1';4',1
"lterphenyl-2',5 -diol 10 A solution of 2',5'-dirre4,4"-di pentyl [

1,1';4",1 "]Jterphenyl (2.15 g) in dichloronethane ) is cooled to -76C
and treated with a dropwi se addition of 1 M solutionef boron tribromde in
CH2A 2 (12 m). After conplete-addition the reaction [15 m xture is allowed
to reach roomtenperature angétlrrlng is cBntinuedA£er 6 hours. The
reaction mxture is thenmgagefully poured to iC t & (100 g) and
stirred for further 20 mn.yhe obtained nixture is them saturated with
NaCl and extracted with dietByl ether (3 xC50 m). The—~svybi ned organic
extracts are washed with sa rated NaCl i S|Utlén ( ), dried over

nagne5|unrsulphat and evaquated under redbced™~X esse to afford
4, 4" -di pentyl 1 " ¥erphenyl - 2° l:nol al§y whife crystalline

naterlal. Yi el g 3) o
2,5-Bis-[4-(6- oyl oxyhex ¥) benzoic acid -[2,5-bis25

-[4-(6-acryl oy exyl oxy oonxy]benzo;ony] 4, 4" -dipentyl [ 1,1';4",1
"]terphenyl - 2'{y| sé%r. SUBSTf TUTE SHHET ( RULE 26) 8.5 F E B 2003
VID 00/ 07975 PCRP1ERGL014'
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To 'a sol'ution of 4, 4"-dipentyl[ 1,1':4',1 "]Jterphenyl-2',5' -di ob5(fEB0y)
2,5-di -[4-(6-acryl oyl oxyhexyl oxy) benzoyl oxy] benzoi c acid (0.42 g) and
4- di met hyl dlne (DVAP) (7 mg) in dichloronethane (8 at
0C, a sol’ u%@g}é% ~di cycl ohexyl car bodi i mi de (DCC) (0. 12 3@%599’3*4%’
di chl oronet hane (2 n1) is added 5 dropwi se. After conplete addition, the
reaction mxture is stirred at roomtenperature for 6 h then evaporated
under reduced pressure. The obtained crude white residue is chromat ographed
on silica (dichloronethane/diethyl ether : 1911 ) to afford pure
2,5-bis-[4-(6-acryl oyl oxyhexyl oxy) benzoyl oxy] benzoi ¢ aci d
-[2,5-bis[4-(6-acryl oyl oxyhexyl oxy) benzoyl oxy] benzoyl oxy] - 4, 4"-di pentyl [ 1
;4" 1" terphenyl -2" -yl ester as 10 white crystalline material. Yield:
0.32 g. This conmpound has the follow ng thernotropic sequence: K 172C |
Exanpl e 2: 15 2,5-Bis-[4-(6-acryl oyl oxyhexyl oxy) benzoyl oxy] benzoi c acid
3-[2, 5-bis-[4-{6-acryl oyl oxyhexyl oxy) benzoyl oxy) benzoyl oxy] - 4, 4" - bi snonyl ox
y[1,1";4",1 "]Jterphenyl-3"-yl ester. --COQ(CHx O 20 1 ) 4,4"-D nonyl oxy]
1,1';4",1 "]terphenyl -3,3 "-dicarbal dehyde - 40 SUBSTI TUTE SHEET ( RULE
2fi) 0 5 F EB 2003 -~ WO 00107975 PCT/1B99/01419 H~ U 09H19 To a wel |
degassed m xture of 1, 4-benzenedi boronic acid (1.4 g),
5- br onp- 2- nonyl oxybenzal dehyde (5.50 g),
and toluene 5 (40 m), tetrakis(triphenyl
and Cul (5 ng) are added. The obtained m
at nosphere and vigorously sgirred at reflgx for 12 h. Aft®r cooling the
organic layer is separated gnd the aqueou§ phase is extracted with 2 x 60
m of ether and the conbig organi c extrgdcts are dried oyer nagnesium
sul phate and evaporated t ryness. The tai ned bl ack reésidue is 10
chromat ographed on silica\usi ng 0H2012 / uant. The

, ethanol (15 m)

\um(0) (0.62 Qg)
ed under argon

ture i s maintai

obtai ned yell ow crystall /e material i I ssolved in hum of 0H2012 (30
m ) and poured into 200 of .acetone. e obtained sol\ytion is half
concentrated and cool ed OC%or 2 h. The pure 4,4"-dironyloxy[ 1,1';4",1

es~as @hlt er. 15 field:
l-3,8"-diol H9ej20 19 A

nyl -8, 3" - di hyde (3.42
eated wth t rops addition
xtureQs stir at room

"lterphenyl-3,3 "-dicarb dehﬁﬂe cryst
3.8 9. 2) 4,4"-Di nonylox 1, 1'~4"  1"]ter pheny
solution of 4,4"- no I y[1,4d ;4 ,1")t
g) in CHdO z (120 ool éd at 0OC a
of n}chloroperben20|c ach (3.83 g). The

tenperature for t 1 SUBSTFT SHEET (RdiE 26). o 0 5.FE8~2003 WO
00/ 07975 PCTJIB99/ “—tsthen qtenchéd with Qﬁtura gd sol ution of
NaHCO8 (50 m) and xtracted t@ CS Wi t 2

i) H,CSO,Cl
EtN
IF
0
CrO 3/1‘1

O [t
) f,) o ["‘)/K' J)/I
© )

221 -
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ether (2 x 200 m ). The conbined organic extracts are further washed with
saturated solution of NaHCO3 ( 100 ml), with saturated sol ution oﬂsrﬂ{g‘,lzlguj
dried over %ne5|un1sulphate and evaporated to afford a yellow crystalline
resi due. TAYQUWEW8ue is dissolved 5 in ethanol / dichl or onePEHMRSI01E0 n /
30 ml and treated with 75 m of 1.5 MKOH at 55C for 20 mn. The resulting
m xture is then concentrated and extracted with ether (3 x 0 mM). The

et her extracts are washed with sat. NaCl (2 x 200 m), driﬁé§over magnesi um

sul phate and evaporated to dryness. This affords the difydroxy conpound as
yellow crystalline material which is purified by recry ‘%gfsation in

et hanol to give 10 4,4"-dinonyloxy[1,]"';4",1"]terphenyl - diol as a
slightly yellow crystalline material. Y|eId 3.1 g. 3) N

2,5-Bi s-[4-(6-acryl oyl oxyhexyl oxy) benzoyl oxy] benzoi c aci d=
3-[2,5-bis-[4-(6-acryl oyl oxyhexyl ox benzoyloxy]benzoylox&ﬂ 4, 4" - bi snonyl ox
yl 15 [ 1,1';4',1 ")terphenyl-3"-yl edter. A solution of @syl chloride
(0.73 g) in 10 mM of dry THF is dropwijse added to a sol utijon of
-bis-[2,5-di-(4-(6-acryl oyl oxyhex xy) benzoyl oxy) | benzoi ¢ acid (4.50
g) and triethylamne (3.6 m) in/50 m of dry THF, cool ¢ § |- 25C and
mai nt ai ned and 20 under argon aynosphere\_After conpl et jtion ( 15
mn), the reaction mxture is fiwther stirhed for 120 m n -25 C then
treated with a solution of 4,4"-d¢inonyloxy[|1,]1';4",1 "]ter{phenyl -3, 3"-di ol
in 60 mM of dry THF containing 78 ng of DMAR.and the reaefhgn mxture is
further stirred at -25C for 2 h.\The tenperature is th al I'ved to reach
roomtenperature and stirring is rontinued overnight. The 25 reaction
mxture is poured into 120 m of /water, extract@ with 2 20Q~n1 of ether
and 120 m of dichloronethane. The conblned org rle washed
with HJ 3N (Zﬁb n1) then with a half saturat * 2 x 100 m),

dried over evaporated to dryness to|¢

pasty materi aI ch d| ssol ved ed from
300 of net hano ash chro col um.

- 42 SUBSTIT TP{FMLE 26)

PCT/ 1 B991 01419 Pure 2, 5-bis-[4- ¢ ]benzoic
aci d

3-[2,5-bis-[4-(6-acryl oyl gxyhex) ; bi snonyl ox

alline

y[ 1,1 ;4,1 ]terphenyl -3"-yl ;
material. Yielld: 4.7 g. 5 This cqg
sequence: K 1

2-[4-(6-acryloylo
| oxy) benzoi c acid

hexanecarbonyloxy)
-yI ester. 1)

carbonyloxy)benzal
WO 001 07975

=)

poemo-(O)I
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PCT/1B99/A 4 "" A solution of nesyl chloride {1.14 g) in 10 m of dry THF
is dropwi se added to a cooled (-40 to -25C) solution of USFEB%Nﬁ

- 4-(6-acryl yl oxy) benzoic acid (2.78 g) and triethyl ap in
40 m ofydﬁékgéﬁpgﬁd under argon. After conplete addition (1% 3 R?ﬁg@j%he
reaction m xture was further stirred for 60 mn at -25 Cthen treated with
a sol ution ofSche®ed; hydr oxybenzal dehyde (1.38 g) in 10 m of dry THF and
the reaction mxture is further stirred at -25C for 2 h. This m xture was
then treated with a suspension of

triethyl-(traps-4-pentylcycl ohgxynecarbonyl)amroni unmp chloride (prepared
fron1traps-4-penty|cyclohe,.ngbarboxylic acid (2.26 g), triethylamne (6 10
m ) and nmesyl chloride (1.4 ¢) in THF(35 m)) in dry THF (35 m), followed
by one-crop addition of DVAP (0—24 Q). — ring~s~continued for 3 h at

-25c and for 30 rnin ﬁt ogm ﬁrgrt;&ﬁ&r)en; SmE hgtnher

poured into 80 nl of sa?uPatec
15 drieg,- MyS04, filtered

The conbi ned organic extracts are ‘
hal f saturated NaCl solution (2 x 100 m ), :

and evaporated to dryness to afford a shightly yellow pasty material. This
is flash chronmat ographed over a short silica-gel | um (CHZCh). The

obt ai ned white residue (Cr®:gH;RE24/BHE ol Aaetong CHZCl z (5 ml) then
reprecipitated fromethanol (50 m). This affords puxe

2-[4- (6-acryl oyl oxyhexyl oxy) benzoyl oxy] 15- (4-traps- pentyl cycl ohexanecar bony
| oxy) benzal dehyde as white cryggtalline terial. 20 Yield 1.3 g. 2)
2-[4-(6-Acry|oonxyhexyh&gé)M“nzoyloxy]-S—(4-traps-pentyIcyclohexane

car bonyl oxy) benzoi ¢ aci
' > cycl ohexanecar bon
Q 00 0. ?MZOOB

2-[4-(6-acryl oyl oxy
yl oxy) -44 SUBSTITU?E%éEE ,
I'n acetoner di chl oronmet hane (40 ml/ 20

m). After conplete addition (10 min), stirring is)xee@H nued at room
tenperature overnight. The green-orange m xture i /then filtered off and
the green precipitate i d it m of ether. The conbi ned organic
solutions are then mash2@§§§Qﬁ2ggyJ§%éﬁtil the 5 orange coloration is
removed (6 x 100 m). Iﬁfﬁﬁbtained col ourl ess organic solution is washed

wi th saturated NaCl solutjon x-80 ¢f)} dried over MyS04, filtered and
evaporated to dryness. O/Q%v/A\V/

2-[4- (6-acryl oyl oxyhexyl oxypbpgag@y! oxy] -|5- (4-t ~~ans- pent yl cycl ohexanecar bon
yl oxy) benzoic acid as whit stalline jmaterial Yield 1.18 g. 10 3)
2-[4-(6-acryl oyl oxyhexyl oxy zoyl oxy] ~5- (traps- 4- pentyl cycl ohexane ,,

car bonyl oxy) benzoi c acid

3-[2-[4-(6-acryl oyl oxyhexyl oxy) benzoyl oxy] -5-(trarzs-4-pentyl cycl ohexanecar
bonyIoxy)]benzd§|oxy]-4,4"-bisnonyloxy[ 1,1';4",1 "]Jterphenyl -3"-yl ester.
15 Follow ng the ocedure desctibed in Exanple 2, the reaction was
performed with/l. I\g of /
2-[ 4- (6- Acryl €)1 oxy | oxyObefzoyl
yl oxy) benzoic acid , 0.3 7 g of {4

"-diol, Q02 g of DVAP. 2
af fording the 20 desirgﬁ9€gkb

oxy] - 5- (4-t~~ans- pentyl cycl ohexanecar bon

- di npny| oxy 1';4',1 "]terphenyl -3,3
s 0,0 syl chloride
Qéﬂ'ﬁrfﬂal. Yield 0.81
g . This compound presents the B as
|'i quid-crystalline phase at a tenperature above 90

thermal |y o)

pol ynmerises at this tenperature. 25 Exanple 4: / é__J/ﬂEﬁ\ y

2,5-Bi s-[4-(6-acryl oyl oxyhexyl oxy) benzoyl oxy] benzoi @ aci Oé
7 hynyl

3-[3-[2,5-bis-[4-(6-acryl oyl oxyhexyl oxy) benzoyl oxy] benzoyl oxy] phenyl
] phenyl ester. 30 - 45 SUBSTI TUTE SHEET (RULE 26) 0 5 FEB 2003
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WO 00107975 1 ) 3-(3-Ethynyl phenoxy)tetrahydropyran: CO 0 PCTI | g3 F%@ﬂm 5
To a well degassed sol ution of 3-(3-bronobphenoxy)tetrahydropyran (5.14 ;
triphenyl p ne (204 nmg), copper(l) iodide (38 ng) and
bi s(tri phe%‘?@% $Phi ne} pal | adi un(11) dichloride (3.93 g) in FLTEBMAEM ne
(40 m ), maintai ned under argon atnosphere, trinethylsilylacetylene is
added and the m xture is stirred at 85C for 3 h. The precipitated ammoni um
salts was renoved by filtration and the filtrate was 10 evaporated to
dryness. This affords a yellow sh oil which is dissolved in 30 mM of THF
containing 3 m of water, then cooled at OC and treated by dropw se
addition of 5 m of tetrabutylamoniumfluoride ( 1 Min THF). After
stirring for 30 mn the reaction was conpl ete and the obtai ned browni sh
solution was filtered over a short silica-gel colum and concentrated to
yield a browni sh residue, which was chromat ographed on 15 silica-gel colum
af fordi ng 3-(3-ethynyl phenoxy)tetrahydropyran (s |l ow sh crystals. Yield
3.8 g. 2) 1,2-Bis-(3-hydroxyphenyl)ethyne: 20C9no Fol | owi ng the above
procedure, the reaction was perforned with
3- (3- bronophenoxy}tetrahydropyran (2.57 g),
3-(3-et hynyl phenoxy) tetrahydropyran (2.02 g), tKPphenyIphos hine ( 105 ng),
copper (1) iodide (I 9 ng) and bis(triphenyl pho hlne)palléggun(ll)
dichloride (70 nmg) in triethylamne (40 m). Th%icrude dar K&r esi due - 46
SUBSTI TUTE SHEET ( RULE®26) V1l' O 00/ 07975 0 5 B 2003 PCT21899/01419
obt ai ned after filtration over S|Ioca gel colu is gfssolv@d in a mxture
of dichl or omet hane ( ) and Eganol (40 m) Jthehtreat®d with 1 SO ngy
pyridi ni um ~-t oluene honat e @t=60 C for 2 e -nsﬁﬁ ré@nt reaction
solution was thery wth 1gégn1 of ethe 4| washed tw @ with 40 ni
of water then wt of 5 s&uFated NaCl sokutl on, dr|éa @ver MyS04 and
evaporated to drydess @ af ford @3- bis-(3-hydr
yell owi sh solid. Yieldeal.66 g. =
2,5-Bis-[4-(6- acryloyl xyhexyl oxy) benzoyl oxy] bé
[4 (6- acryloyloxyhex xy)béﬁZUyTUYyTbénzoyl~.‘,.
ester. Foll ow ng the ocedure desc&;bed in Exanple 2, &?e reacti on was
ony&}bem30|c acid, 0.14

performed with 1. 4

2' 5 -bis- [2 5- di - cr5-T ?oxjﬁexyloxy) 2

g of 15 1, 2-Dhis- (3 h dro yphe et 89'01‘ 1.4 m of
trlethylanlne and O. or| T Oxé ng the.de?&red conmpound

as white past 3~ naterlal Ylel . 39C Thils conpohd pnesent the
fol | owi ng t her ot ®pilc sequerge:g O N 1" 20 =xamplg 5: - &/ 50% SUBSTI TUTE
SHEET (RULE 2fi) -8 nmixture is £or mul at ed conS|§§|ng of 0.% FEB 2003 WD

00l 07975 ~~ O O ~%( (%) 60~ ~O( CH2) 6 E °=(:

| g C> =
L2, = |
{ o; z A @

[
[=a]

o\
- O
=

-24 -
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a 00005 1,4-butanediol diacrylate; A drich O OC PCT/1B99/01 a ﬁ(g%r@%(?}
10% To this mxture 500 p.p.m inhibitor 2,6-di-te~~t-butyl-4-nethylp

- (BHT) is_ a t 0 prevent prenature polynerisation. For t 1S 2yl

phot o- pol-yggsraﬁ)éogﬁson we use 500 p.p.m initiator: IRGACURETI\/Fg-(g/gﬁsghﬁ‘?19
(comrercially available from C ba Ceigy, Basle, Switzerland). These m xture
were solved in anisole with a ratio of 20 : 80. After stirring at room
tenperature, this mxture were spin-coated on a glass plate with 15 an
orientation |ayer on top to forma layer of ca. 800 nm This filmis then
dried at 80C for 1 or 2 mnutes and photo-pol ynerised by irradiation with
W light using Mercury lanp for 5 mnutes at roomtenperature in a

N2- at nosphere. The fil mshows well oriented nematic nmesophase with
exclusion of any defects. In 20 addition this filmexhiits a great. tilt
angle wr.t. to plane, as shown by ellips tric neasurenents, - 48
SUBSTI TUTE SHEET (RULE 26) 05 F EBA2003 dains 1. A@o‘rr%gnd of

formula I: 5 wherein: 10 w Al to Ab , 1% ,, 20 25 - 30 AgGp, 4 . . (B~)ai
" . As-~CiZ-Aa,. . -M33-A6 . oath ingependently represent a |residue of

formula (11): . BISP)~(Xi~i - ' (~ erein: ' ' Pis Rgdrogdn or a

pol yneri sabl e groupsel ected from group$ conprising CH2=RW -Q |[CHZ=W O, ~

CH2=CW 000-, CH2aC(@h)-COO-, , , , , CHI
CH2=C( Ph) - CONH-, , J8HZaC( COOR. * ) - CHZ- COf
(Ph) - CH=CH-, CH3-Ci} (CH~~-, HO-, - HS-|
HO[ CH~, ) ~G00-, . HSEZH-, 000, HWK-,  HOO!

HWC-NCH , ~ H=ECH ©or & CH=COO exei nj | or
a C_$ al kyl group;| n8 S an i nt®ger ha
o % E
% 7k
=
0 —
&}
O &
S
°N ©
=2 ©
-]
L
> © :
| :
o) =
| <
=
&
(5}
=
£
"
g
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m- is an integer having a value of 0 or 1, R ~ represants a C_s al kyl .
group; and R' represents a C-_S al kyl group, nethoxy, cyana, FUS(HE,B %3 or
l; -49 0 5 FEB 2003 Spl represents an C~_2o0 al kyl ene group) which 1's
unsubstit ut®¥8 8P %dbstituted with alkyl) aryl, cycloal kyl, aficTdps%§dtio,
epoxy, hal ogen hydnxy, vitro and the like, in which one or nore C atons may
be replaced by a hetematom 5, kIl is an integer having a value of fromO
to 4; Xl represents -O, -S-, NH, N(CH3)-, -CHOH-, -CO, -CH2(CO)-,

-SO, -CHz(sO ", -S02-, -CH(Sz)-, -COO-s -0OCO, -0C0-0-, -S-CO, -CO S,
-S00-, -0S0-) -SOs-, -CHs-CH2-, -OCH2-, -CHZO, -CH=CH, or -~C-; and 10 tl
is an integer having a value of 0 or 1; in which the tenu Ph denotes

pheayl ene and the term (Ph) denotes ph~yi~ ~, , . . 1% with the proviso
that at feast one of the groups A to A6 is not a hydrogen atom Bl and B2
each independently represent a group of formula (I~ 20 02)t2-(Sp2?~z -C-3~

C~ wheleln: | Spy represents a C~ 24 allrylene group; 25 X2 and X3 each
i ndependently represent -0-, -S-, -NH, N(CH3)-, -CHOH)-, -CO, -CH2(CO) -,
-S0O, -CH2(SO -, -S02-, -CH(SsQz)-, -€00., -0OCO, -0CO-O, -S-CO, -CO S,
-S0o, -0sO, -S0s., -CH2-CH2-, -OCHx-, -CHZO, 30 ~ -CH=CH, -OC or a
single bond; k2 is an integer, having a valug of 0 or 1; - 50 ., 0.5 FEB
2003 ~.. ... .]._. tz and t3 are integers, eagh independently having a
value of 0 or {x_wth the proviso that oxygen'@tons are not |inked one to
another; MG 1 angd M33 each independently represént a nmesogenic group
sel ected fromtheb5 neanings of fornulae V. '
C-~zZ1~-C2)al ' ~ZZ- ~)s2yZ3-C4)e3 | ' 'r . in Wich: |C-to C- are in each case
i ndependent!ly non- matic, aromatic, carbocyclic het er ocycl i ¢ groups,:
whi ch are unsubstitufed . , 10 . , ~ or substituted|wth alkyl, aryl,
cycl oal kyl , am no, cyamo, _epoxy, hal ogen hydroxy,
~~"'" Z1to Z3 are ; ndébendently from each othe
- CH2- CH2-, - OCHZ-, -CH=CH-, -G-GC, - 15
or a single boad; ang al, a2 and a3 are indepa~—,ntly integers 0 to
onprising at | east two
c or heterocyclic
uted or substituted

ring systems, with 1
with alkyl; aryl, r
vitro and the like, . land whergin, when M represent|s a group conpri sing
four ring 25 . ' ms, WhPs# are unsubsti tait ed
allryl, aryl, cyclod , am neACcygn@, epoxy,
the like, at |easto ege of th ng' syst ed in. between B and
BZ, nl and n2 ar E’éacla:,i ndependegnt | § Z or whore "l = 2" (or "n2 = 2")

i ndi cates 30 ~ the presgnce of tHo geg‘ara i nkages vha the groups B 1 (or
the groups B?) between tlhe grougs MG and (éJr M= and M33); and -51
I T
= }

hydroxy, vitro and

(CHy)60

I
0

N _co

.26 -
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0.5 FEB 2003 n3 is a positive integer up to 1000; with the proviso tﬁt@:m@
when A3 and A4 both represent hydrogen, then at |east two of Al, AE' a

A6 each _in |y represent a hydrocarbon group of 3 to -

whi ch |s\u§§§bsgﬁ€ﬁted or substituted with al kyl, aryl, cyclggﬁﬁ?ﬁéﬁgﬁ{no,
cyano, epoxy, hal ogen hydroxy, vitro and the |ike) and in_which one or nore
C-atonms may be replaced by a heteraatom to 15 20 when < A2, AS and A6
all represent hydrogen, then A3 and A4 ''both represent 'a hydrocarbon group
of 3 to 80 C-atoms, which is unsubstituted or substi®&ited wth al kyl, aryl,
cycl oal kyl, am no, cyano) epoxy, hal ogen hydroxy, vitrowand the |ike, and
in which one or nore CGatons may be replaced by a heterGatom and when MX
represents a group conprising two or three zing, syste whi ch are
unsubstituted or substituted with kyl, aryl, cycloal kg, am no) cyano)
epoxy, hal ogen hydroxy, vitro and the¢ |i7ce, then weit of A3 and A4

i ncludes an aromatic ring. 2. A conpqund as claincg in ¢laiml, wherein Al

to A~ each independently represent a gnup of for 25 p2_gps-~
wherein: 30 X ~ represents -O, -CO, -|[COO, -0CO, or a single bond,
especially -G, -COO, -OCO or single nd; -52 0 F B 2003 Sps
represents a C ~ straight-chain al kyl ene|group, especially ethyl ene,

prcpyl e~ne, butyl ene, pentyl ene) hexyl enel hegtyl ene, qgtyl ene, nonyl ene,

cl ecyl ene, undecyl ene, . or dodecyl ene; andy. 5 P2 rqpréSu,ts hydr ogen,
CH2=CW&- or CHz CWb-(CO) YZO-) wherein: , 10 WS represents H CH3, F, G, Br
or I; and v2 isflorl Z5 3. ~ A conpound as 3 I, mhereln 20
4, 25 5, x2 and X3 .each independently represent Ccoo, -0CO,

-C=C-,, or a single bond; errd Sp2 represents alC~ chai n al kyl ene
group. A conmpeungdas clained in claim3, wh

TR each
|ndependentIyLi, e ent -0, -COO, -0CO or i . 6corrpound as

claimed in cIGDrn<3 claim4, wherein Spy reg propyl ene;
but yl cne, §§ﬁ§%hexylene heptyl ene, octy enez wonyl ene, decylene_

undecylene or ene 6. A conpound as claifed in any preseding claim
wherein M2 a&d | east one of MG and N apresent s fg7msjogeni ¢ group
conprising at |east two optionally substitut arjomat i ¢ or-aromatic

car boeycl i ¢ 6r heterocyciic Tig systems. - $ ~.5 FEB 20032 conpound
as claimed in any pxe€eding claim mhereln M2 represents a mesogeni c group
selected fiomthe RZEai ni ngs of fornul

| -~~~ C2) al - (22- C3~aZ' U3' C~e3 @ -~
3) s
S S
. =)
©£( @J\ o 0=0
. z

(CH3)s0
(CH,)6O

1
0

\\—-CO

(I)I

N co

.17 -
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121 ~Vh1C31: 10 . d to A4 are in each case independently
optional |l y-substituted con-aromatic) aromatic, csrbocyclic orhet%555§3m5c
goups; ' , ! Z1 to Z3 are independently fromeach other -COO, -0CO=,

“CHZ- CHZ- , WaI7975 - CHZO-, - CHECH-, - C=C-, 15 =CH=CH C0O-, - BEBIBIEL or a
singlo bond; and al, a2 and a3 arc independently integexs 0 to 3, such tbat
sl + a2 + a%ia%e@ onzﬂe%yntﬁeﬁ@mwé‘ ¢S i ISRherRE 11‘7 at'?}élcﬁf @ﬁ@rﬂbl@g rEﬂr@éethg
wherein Cl1L to C- are. Selected from L (

Yaz ( (L), w “stafrchyel’ derivdtiveg of formula I and Sihoy\'ﬂ iR the ﬁ)llaminghst of Qomp@undsarnay S

- sa. 0. 5 F hal.ogen '
. 5 ul bei ndje@riparﬁgoénmﬁ‘ IS4hOWEV?rbTQIq%dJDgIe_I%tOO§ Iﬁ %lnuétﬁ?fwe Wgh%ﬂlﬁdu

or Z. 10 9. ggﬁEQHﬂQ [#8schl @8Rt N claim 8, wherein Cl to C- are selected
fronicyclohexyl e) phenyl ene, naphthylene or phenanthrylene. 10. A
conpound @as clainmed in any preceding claim wherein Al sad AZ are 15
identical. 11. ~ A conmpound as clainmed in any preceding claim wherein AS
and A6 are identical. 20 12. A conpound as clained in any preceding claim
wherein A1 M3d Az and A$ M3 A~ are identical. 13. Ac und as clained in
any preceding clain wherein A3 and A4 are |dent|caiﬁﬂgao 14. A conmpound
as clainmed in any preceding claim wherein nl, n2/and A3 equal 1 and B 1
and B2 are identical. 15. A liquid crystalli m xture conprising at | east
one conpound as 30 clained in any eti>ms 1to 14. -5~ 0,5.FE8 2003
| b. A polynmer.network co €ast—one conpound as_cfainmed in any
network as clainme n claim 16,

one of claims 1 to 14. 3.
essentially consisti of 5 |) at lcast one chiral or~and achiral nmesogenic
pol ymeri sabl e §o und; ii) ' at g;@_&@}"{%}

e" conpound of  f lia
[; and 10 iiil/~dn initiator.

. rk as cleaned in/clg m17
fiuther conprising one or nore/further polyneri able conpound stabilisers
o crystalline poly fik 51 ng a conmpound

éd @;2

H

and~or dyes. 1~ 19. Aliq
as claimed in any one off clainms 1 to 14. ,20. al l'i ne pol yner
fil m obtainabl e by pol ynerisation of a§§>+@ rystalline mxture as
clainmed in claim15. 21. A process pr%paration of aliquid
crystalline polymer filmas glajioned in claim20 conprising the steps of

form ng the polynerisable |i d crystalline mixture into a thin filin,
prior to curing. @©1)

10
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The “staircase” compounds of formula I disclosed in the foregoing and the following
may be used alone or as a component of a liquid crystal mixture. Liquid crystalline
10 materials comprising a compound of formula (I) may be used in the manufacture of
LCPs. Another aspect of the invention therefore comprises a liquid crystalline material
comprising a compound of formula (I). Preferably the liquid crystalline material
comprises at least two components. The additional components must be miscible with
the compound of formula (I) and may be selected from known mesogenic materials

15  such as those reported in Adv. Mater. 5, 107 (1993), Mol. Cryst. Lig. Cryst. 307, 111
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15 comprising:
i) at least one chiral or/and achiral mesogenic polymerisable compound;

i) at least one “staircase” compound of formula I; and
20

iii)  an initiator.

The chiral or achiral mesogenic polymerisable compound may be a “staircase”
compound of formula (I). Alternatively or in addition, the polymerisable compound
25 may be selected from the known mesogenic materials referred to above. Preferably the
chiral or achiral polymerisable compound includes the nematic phase in its

thermotropic sequence.

The polymer network may optionally comprise further components. These include
30 further polymerisable compounds, stabilisers and dyes. The additional polymerisable
compounds preferably comprise a non-mesogenic compound having at least one

polymerisable functional group, especially diacrylate compounds.

th
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is present in an amount comprising 0.1 to 5% by weight of the polymer mixture,
preferably from 0.2 to 2% by weight.

20
When the mixture further comprises a stabiliser, this is generally present in an amount
comprising 0.01 to 5% by weight of the liquid crystalline mixture, preferably from 0.1
to 1% by weight.

25 These polymerisable liquid crystalline mixtures may be formed into liquid crystalline
polymer (LCP) films and a fifth aspect of the invention provides a LCP film
comprising a compound of formula (I). LCP films may be readily prepared by UV
polymerisation of a LC mixture according to the invention; a film comprising the LC
mixture is formed on a substrate and polymerised using UV light to give a cross-linked

30 liquid crystal polymer (LCP) film. The film is both light and temperature stable and
can be used in the manufacture of devices such as waveguides, optical gratings, filters,

retarders, piezoelectric cells or thin films exhibiting non-linear optical properties.
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A further aspect of the invention provides an optical or electro-optical component
containing a liquid crystalline polymer film comprising a compound of formula (I).
20 The optical or electro-optical component may be a waveguide, an optical gratings, a

filter, a retarder, a piezoelectric cell or a non-linear optical cell or film.
l The invention will now be described with reference to the following examples.
Variations on these falling within the scope of the invention will be apparent to a

25 person skilled in the art.

In the following Examples the thermotropic phases are abbreviated as follows:

K crystalline
30 D discotic

S smectic

N nematic
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5
2,5-Bis-[4-(6-acryloyloxyhexyloxy)benzoyloxylbenzoic acid 5'-[2,5-bis-[4-(6-acryl-
oyloxyhexyloxy)benzoyloxy]benzoyloxyl-4,4'-dipentyl[1,1";4',1"]terphenyl-2'-y] ester.

O(CHZ)soﬁ—\\
\-—CO(CH2)6O—©:>——< Q
O~O—O

0
}—@—O(CHZ)GOE—\
A\
N\ 0 2@ o
ﬁ0<cnz)60~@—-§0

1) 2',5'-Dimethoxy-4,4"-dipentyl[1,1';4',1"]terpheny]

10

OO

15 To a well degassed mixture of 4-pentylbenzeneboronic acid (3,84 g), 1,4-dibromo-
-2,5-dimethoxybenzene (2,95 g), Na;CO3 2M/ (40 ml), ethanol (15 ml) and toluene (25
ml), tetrakis(triphenylphosphine)palladium(0) (0.62 g) is added and the obtained

mixture is maintained under argon atmosphere and vigorously stirred at reflux for two
-38-
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rr7r| obU310!licht Y22 #8016d -radbtivS mbkture is extracted with ether (3 x 80 ml) and the

combined ether extracts are washed with saturated NaCl solution (120 ml) dried over

magnesium sulphate and evaporated to dryness. The obtained dark residue is filtered

through a short silica gel column to afford 2',5'-dimethoxy-4,4"-dipentyl[1,1';4',1"]-
5 terphenyl as white crystalline material .

Yield: 3.9 g.

2)  44"-Dipentyl[1,1:4",1"]terphenyl-2",5"-diol

HO

| O-O~O

10 OH

A solution of 2',5-dimethoxy-4,4"-dipentyl[1,1:4',1"terphenyl (2.15 g) in
dichloromethane (40 ml) is cooled to -76°C and treated with a dropwise addition of /
M solution of boron tribromide in CH,Cl; (12 ml). After complete addition the reaction
15 mixture is allowed to reach room temperature and stirring is continued for 6 hours. The
reaction mixture is then carefully poured into ice-water (100 g) and stirred for further
20 min. The obtained mixture is then saturated with NaCl and extracted with diethyl
ether (3 x 150 ml). The combined organic extracts are washed with saturated NaCl
j solution (150 ml), dried over magnesium sulphate and evaporated under reduced
20 pressure to afford 4,4"-dipentyl[1,1';4',1"]terphenyl-2',5'-diol as white crystalline
material.
Yield 1.8 g.

3) 2.5-Bis-[4-(6-acryloyloxyhexyloxy)benzoyloxylbenzoic ~ acid  5'-[2,5-bis-
25 -[4-(6-acryloyloxyhexyloxy)benzoyloxyJbenzoyloxy]-4,4"-dipentyl[1,1';4',1"}-

terphenyl-2'-yl ester.
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109X&&' () - ~ pueYds-dinenyloB3,1';4',1")terphenyl-3,3"-dicarbaldehyde crystallises as white
powder.
15 Yield: 3.8 g.

2) 4 4"-Dinonyloxy{1,1".4',1"]terphenyl-3,3"-diol

HO

sacio-—~O—D)-ocs

OH

20
A solution of 4,4"-dinonyloxy[l,1';4',1"Jterphenyl-3,3"-dicarbaldehyde (3.42 g) in
CH,Cl; (120 ml) is cooled at 0°C and treated with two crops addition of

m-chloroperbenzoic acid (3.83 g). The mixture is stirred at room temperature for 3 h. It
-4 -
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solutlon of 2',5'-bis-[2,5-di-(4- (6-acryloyloxyhe)xyloxy)benzoyloxy)]benzmc acid (4.50
) and triethylamine (3.6 ml) in 50 ml of dry THF, cooled at -25°C and maintained and

20 under argon atmosphere. After complete addition (15 min), the reaction mixture is
further stirred for 120 min at -25 °C then treated with a solution of
4,4"-dinonyloxy[1,1';4',1"]terphenyl-3,3"-diol in 60 m! of dry THF containing 78 mg of
DMAP and the reaction mixture is further stirred at -25°C for 2 h. The temperature is

then allowed to reach room temperature and stirring is continued overnight. The

25  reaction mixture is poured into 120 ml of water, extracted with 2 x 200 ml of ether and
120 mi of dichloromethane. The combined organic extracts are washed with HCl 3N

(200 ml) then with a half saturated NaCl solution (2 x 100 ml), dried over MgSO4 and
evaporated to dryness to afford a slightly yellow pasty material. This is dissolved in 25

m) of THF and reprecipitated from 300 of methanol, then flash chromatographed over

30 a short silica column.
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Pure  2.5-bis-[4-(6-acryloyloxyhexyloxy)benzoyloxy]benzoic  acid  3-[2,5-bis-
-[4-(6-acryloyloxyhexyloxy)benzoyloxylbenzoyloxy}-4,4"-bisnonyloxy[1,1';4',1"]-

terphenyl-3"-yl ester is obtained as a white crystalline material.

Yield: 4.7 g.
5
This compound has the following thermotropic sequence: K 105.5 °C N 122.6 °C 1.
When the sample is quickly cooled from the isotropic state, the nematic mesophase
still occurs at room temperature for 2 hours before the crystallisation.
10

Example 3:

2-[4-(6-acryloyloxyhexyloxy)benzoyloxy]-5-(trans-4-pentylcyclohexanecarbonyloxy)-
benzoic acid 3-[2-[4-(6-acryloyloxyhexyloxy)benzoyloxy]-5—(trans-4-pentylcyclo-
15 hexanecarbonyloxy)lbenzoyloxy}-4,4"-bisnonyloxy{1,1"';4',1"Jterpheny!-3"-yl ester.

\—CO(CH2)60

048 T
~0-0-Qr
Wﬁbﬁ@

[} 2-[4-(6-Acryloyloxyhexyloxy)benzoyloxy]-5-(4-trans-pentylcyclohexane-

0

20 carbonyloxy)benzaldehyde
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A solution of mesyl chioride (1.14 g) in 10 ml of dry THF is dropwise added to a
cooled (-40 to -25°C) solution of 4-(6-acryloyloxyhexyloxy)benzoic acid (2.78 g) and
triethylamine (6 ml) in 40 ml of dry THF and under argon. After complete addition (15
min), the reaction mixture was further stirred for 60 min at -25 °C then treated with a
solution of 2,5-dihydroxybenzaldehyde (1.38 g) in 10 ml of dry THF and the reaction
mixture is further stirred at -25°C for 2 h. This mixture was then treated with a
suspension of triethyl-(frans-4-pentylcyclohexynecarbonyl)ammonium; chloride
(prepared from trans-4-pentylcyclohexanecarboxylic acid (2.26 g), triethylamine (6
ml) and mesyl chloride (1.14 g) in THF(35 ml)) in dry THF (35 ml), followed by
one-crop addition of DMAP (0.24 g). Stirring is continued for 3 h at -25° and for 30
min at room temperature. The reaction mixture is then poured into 80 ml of saturated
NaHCO,, extracted with 2 x 100 ml of ether . The combined organic extracts are
washed with HCI 3N (100 ml) then with half saturated NaCl solution (2 x 100 ml),
dried over MgSQ;, filtered and evaporated to dryness to afford a slightly yellow pasty
material. This is flash chromatographed over a short silica~-gel column (CH,Cl,). The
obtained white residue (2.3 g) was dissolved in CH,Cl; (5 ml) then reprecipitated from
ethanol (50 ml). This affords pure 2-[4-(6-acryloyloxyhexyloxy)benzoyloxy]-
-5-(4-trans-pentylcyclohexanecarbonyloxy)benzaldehyde as white crystalline material.
Yield 1.3 g.

2) 2-[4-(6-Acryloyloxyhexyloxy)benzoyloxy]-5-(4-trans-pentylcyclohexane-

carbonyloxy)benzoic acid

=0
0 L\_\\(} . .
: O«C?Oz;z»__%\/\/\/\

Jones oxidant (CrO3/H,S04/H20) (8 ml) is added dropwise to a ice-cooled solution of

2-[4~(6-acryloyloxyhexyloxy)benzoyloxy]-5-(4-trans-pentylcyclohexanecarbonyloxy)-

- 44 -
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benzaldehyde (1.21 g) in acetone/dichloromethane (40 ml/20 ml). After complete
addition (10 min), stirring is continued at room temperature overnight. The
green-orange mixture is then filtered off and the green precipitate is washed with 150
ml of ether. The combined organic solutions are then washed with water until the
5  orange coloration is removed (6 x 100 ml). The obtained colourless organic solution is
washed with saturated NaCl solution (2 x 80 ml), dried over MgSO4, filtered and
evaporated to dryness. 2-[4-(6-acryloyloxyhexyloxy)benzoyloxy]-5-(4-trans-pentyl-
cyclohexanecarbonyloxy)benzoic acid as white crystalline material
Yield 1.18 g.
10
3) 2-[4-(6-acryloyloxyhexyloxy)benzoyloxy]-5-(trans-4-pentylcyclohexane-

\ carbonyloxy)benzoic  acid  3-[2-[4-(6-acryloyloxyhexyloxy)benzoyloxy]-
-5-(trans-4-pentylcyclohexanecarbonyloxy)lbenzoyloxy]-4,4"-bisnonyloxy-
[1,1';4',1"]terphenyl-3"-yl ester.

15
Following the procedure described in Example 2, the reaction was performed with 1.1
g of  2-[4-(6-Acryloyloxyhexyloxy)benzoyloxy]-5-(4-trans-pentylcyclohexane-
carbonyloxy)benzoic acid , 0.37 g of 4,4"-dinonyloxy[1,1';4',1"]terphenyl-3,3"-diol,
0.02 g of DMAP, 2 ml of triethylamine and 0.2 g of mesyl chloride affording the
20  desired compound as white crystalline material.
Yield 0.81 g.

i This compound presents the nematic mesophase as a single liquid-crystalline phase at a
temperature above 90 °C and thermally polymerises at this temperature.
25

Example 4:

2.5-Bis-[4-(6-acryloyloxyhexyloxy)benzoyloxylbenzoic acid 3-[3-[2,5-bis-[4-(6-acryl-
oyloxyhexyloxy)benzoyloxyJbenzoyloxy]phenylethynyljphenyl ester.
30

-45 -
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1) 3-(3-Ethynylphenoxy)tetrahydropyran:

Oy,

To a well degassed solution of 3-(3-bromophenoxy)tetrahydropyran (5.14 g),
triphenylphosphine (204 mg), copper(l) iodide (38 mg) and bis(triphenylphosphine)-
palladium(ll) dichloride (3.93 g) in triethylamine (40 ml), maintained under argon
atmosphere, trimethylsilylacetylene is added and the mixture is stirred at 85°C for 3 h.
The precipitated ammonium salts was removed by filtration and the filtrate was
evaporated to dryness. This affords a yellowish oil which is dissolved in 30 ml of THF
containing 3 ml of water, then cooled at 0°C and treated by dropwise addition of 5 ml
of tetrabutylammonium fluoride (1M in THF). After stirring for 30 min the reaction
was complete and the obtained brownish solution was filtered over a short silica-gel
column and concentrated to yield a brownish residue, which was chromatographed on
silica-gel column affording 3-(3-ethynylphenoxy)tetrahydropyran as yellowish
crystals.

Yield 3.8 g.

2) 1,2-Bis-(3-hydroxyphenyl)ethyne:

Following the above procedure, the reaction was performed with 3-(3-bromophenoxy)-
tetrahydropyran (2.57 g), 3-(3-ethynylphenoxy)tetrahydropyran (2.02 g), triphenyl-
phosphine (105 mg), copper(l) iodide (19 mg) and bis(triphenyiphosphine)-
palladium(II) dichloride (70 mg) in triethylamine (40 ml). The crude dark residue

- 46 -
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obtained after filtration over silica-gel column is dissolved in a mixture of
dichloromethane (10 ml) and methanol (40 ml), then treated with 150 mg pyridinium
p-toluene sulphonate at 60 °C for 2 h. The transparent reaction solution was then
diluted with 100 ml of ether and washed twice with 40 ml of water then with 50 ml of
saturated NaCl solution, dried over MgS04 and evaporated to dryness to afford
1,2-bis-(3-hydroxyphenyl)ethyne as yellowish solid.

Yield 1.66 g.

3) 2,5-Bis-[4-(6-acryloyloxyhexyloxy)benzoyloxy]benzoic acid 3-[3-[2,5-bis-
-[4-(6-acryloyloxyhexyloxy)benzoyloxy]benzoyloxy]phenylethynyl]phenyl

ester.

Following the procedure described in Example 2, the reaction was performed with 1.4
g of 2',5'-bis-[2,5-di-(4-(6-acryloyloxyhexyloxy)benzoyloxy)lbenzoic acid, 0.14 g of
1,2-bis-(3-hydroxyphenyl)ethyne, 0.012 g of DMAP, 1.4 ml of triethylamine and 0.23
g of mesyl chloride affording the desired compound as white pasty material.

Yield 0.64 g .

39°C
This compound present the following thermotropic sequence: N =¥ [,

Example §:

A mixture is formulated consisting of:

w

1)

}f@f
/Fﬂ Q@»—@

o)

=>‘° 50%
-47 -
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Vgpemso— 04 S—Oroemat
(CH,)sO H O(CH,);0
B o S T

20%
0 ) Q
\\—ICO(CH,).SO—@—{ }—@—mcnz)sog—\
I 0 ¢ N
o
—/_/_‘0
20%
]
1.,4-butanediol diacrylate; Aldrich 10%

To this mixture 500 p.p.m. inhibitor 2,6-di-tert-butyl-4-methylphenol (BHT) is added
to prevent premature polymerisation. For the radical photo-polymerisation we use 500
p.p-m. initiator: IRGACURE™ 369 (commercially available from Ciba Geigy, Basle,

Switzerland). These mixture were solved in anisole with a ratio of 20 : 80.

After stirring at room temperature, this mixture were spin-coated on a glass plate with
an orientation layer on top to form a layer of ca. 800 nm. This film is then dried at
80°C for 1 or 2 minutes and photo-polymerised by irradiation with UV light using

Mercury lamp for 5 minutes at room temperature in a Np-atmosphere.

The film shows well oriented nematic mesophase with exclusion of any defects. In
addition this film exhibits a great tilt angle w.r.t. to plane, as shown by ellipsometric

measurements.

- 48 -
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Claims
1. A compound of formula I
—MGL—A2
A gﬁj A o
3 =
. AB_ITIGZ— A4
B
VG5
wherein: |
10 :
© A'AS  each independently represeﬁt_ & residue of formula (T):
P-(Sp - - | @
wherein: | - . |
15 P is hydroéeﬁ ora polymérisable group selected from groups
comp;-ising CHo=CW-, CHp=W-O-, - CHy=CW-COO-,
| CH2=C(Ph)-COO-, o CHo=CH-COO-Ph-,
ha | CHo=CW-CO-NH-,  CH=C(Ph)-CONH-,
" CHy=C(COOR')-CHp-COO-, CHy=CH-O-,
20 CHz=CH-00C-, (Ph)-CH=CH-, CH3-C=N-(CHp)gs-, HO-,
. HS-,  HO-(CH)us~, HSHCHpus-, HO(CHz)usCOO-,
f HS(CH2)x3COO-, HWN-, HOC(O)-, CH2=CH-Ph-(O)ms
A R @ R'iég
HWC~—CH- , H=—CH~- or CH=COO—
25 wherein:
W represents H, F, CL, Br or I or a C;s alky! group;
m3 is ap integer having a value of from 1 to 9;
mé4 is an integ& having a value of O or 1,
R » represents a Ci_s alkyl group; and
30 R" represents a Cy—s alkyl group, methoxy, cyano, F, Cl, Bror ;
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represents an Cy.yp alkylene group, which is unsubstituted or
substituted with alkyl, aryl, cycloalkyl, amino, cyano,
epoxy, halogen hydroxy, nitro and the like, in which one or
more C-atoms may be replaced by a heteroatom;

is an integer having a value of from 0 to 4;

represents -O-, -S-, -NH-, N(CH;)-, -CH(OH)-, -CO-,
-CHz(CO}-, -SO-, -CHx(80)~, -80,-, -CH2(80,)-, ~COO-,
-0Co-, -0C0-0-, -s-CO-, -CO-8-, -800-, -080-, -SOS-,
-CH;-CH3-, -OCHz-, -CH20-~, -CH=CH-, or -C=C-; and

is an integer having a value of 0 or 1;

in which the term Ph denotes phenylene and the term (Ph) denotes

phenyl;

with the proviso that at east one of the groups A' to A® is not a

hydrogen atom;

each independently represent & group of formula (IV):

KD-5p 2 - av)

wherein:

Sp"

X2 and X°

represents a Cyop alkylene group;

each independently represent -O-, -S-, -NH-, N(CHy)-,
-CH(OH)-, -CO-, -CHy(CO)-, -SO-, -CHx(S0)-, -SO,-,
-CHa(S80;)-, -CO0-, -OCO-, -0CO-0-, -§-CO-, -CO-§-,
-S00-, -080-, -80S-, -CH>-CH:-, -OCH-, -CH,0-,
-CH=CH-, -C=C- or a single bond;

is an integer, having a value of O or 1;
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t2 and £ are integers, each independently having a value of 0 or 1;

with the proviso that oxygen atoms are not linked one to another;

MG' and MG’each independently represent a mesogenic group selected from the
5 meanings of formulae V: '
CHEZ-CZ*-Char(ZChs (W),
in which:
CltoC4 are in each case independently non-aromatic, aromatic,
carbocyclic or heterocyclic groups, which are unsubstituted
10 . . or substituted with alkyl, aryl, cycloalkyl, amino, cyano,
epoxy, halogen hydroxy, nitro and the like;

Zlt0Z3® are independently from each other -COO-, -OCO-,
~-CH3-CHy-, -OCHp-, -CH20-, -CH=CH-, -C=C-,
15 | -CH=CH-COO0-, -OCO-CH=CH- or a single bond; and

al, a2 and a3 are independently integers 0 to 3, such that al + a2 + a3

<3;

20 MG? represents & group comprising at least two and up to four aromatic or
non-aromatic carbocyclic or heterocyclic ring systems, with 1 to 80
C-atoms, which arc unsubstituted or substituted with alkyl, aryl,
cycloalkyl, amino, cyano, epoxy, halogen hydroxy, nitro and the like,
.and wherein, when MG? represents a group comprising four ring

25 . .systems, which are unsubstituted or substituted with alkyl, aryl,
cycloalkyl, amino, cyano, epoxy, halogen hydroxy, nitro and the like, at
least three of the ring systems are aligned in between B! and B

ni and n2 are each independently 1 or 2, where “nl = 2” (or “n2 = 2”) indicates

30 the presence of two separate linkages via the groups B! (oz, the groups
B?) between the groups MG' and MG? (or MG? and MG®); and
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is a positive integer up to 1000;

with the proviso that:

when A? and A* both represent hydrogen, then at least two of A, A2 AS
and A® each independently represent a hydrocarbon group of 3 to 80
C-atoms, which is unsubstituted or substituted with alkyl, aryl
cycloalkyl, amino, cyano, epoxy, halogen hydroxy, nitro and the like,
and in which one or more C-atoms may be replaced by a heteroatom;

when A}, A% A’ and AS all represent hydrogen, then A® and A* both
represent a hydrocarbon group of 3 to 80 C-atoms, which is
unsubstituted or substituted with alkyl, aryl, cycloalkyl, amino, cyano,
epoxy, halogen hydroxy, nitro and the like, and in which one or more
C-atoms may be replaced by a heteroatom; and

when MG® represents & group comprising two or three ring systems,
which are unsubstituted or substituted with alkyl, aryl, cycloalkyl,
amino, cyano, epoxy, halogen hydroxy, nitro and the like, then nelther

of A% and A4 mcludes an eromatic ring,

A compound as claimed in claim 1, wherein A' to A® each
independently represent a group of formula (1II):

Pgp>-X*- (Im);
wherein:

x* represents -O-, -CO-, -COO-, -OCO-, -C=C-, or a single
bond, especially -O-, -COO-, -OCO- or single bond;
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Sp represents & Ci.zo straight-chain alkylene group, especially
- ethylene, propylene, butylene, pertylene, hexylene,
heptylene, octylene, nonylene, decylene, undecylene, . or
dodecylene; and
p? represents hydrogen, CH;=CW*- or CH;=CW*~(C0),,0-,

wherein:

W*  represents H, CH;, F, Cl, BrorL and

v2 isOorl

A compound as claimed in claim 1, wherein:

X?and X* ‘each independenily represent -O-, -CO-, ~COO-, -0CO-,
-C=C-, or a single bond; and

2 represents & Cjy straight-chain alkylene group.

A compound as claimed in claim 3, wherein X* and X° each
independently represent -O-, -COO-, -OCO- or 2'single bond.

A compound as claimed in claim 3 or claim 4, wherein Sp* represents

-ethylene, propylene, butylene, pentylene, hexylene, heptylene, octylene,
nonylene, decylene, undecylene or dodecylene

A compound es claimed in any preceding claim, wherein MG? and at
least one of MG’ and MG® Tepresents a mesogenic group comprising at

least two optionally-substituted aromatic or non-aromatic carbocyclic or
heterocyclic ring systems.
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A compound as claimed in any preceding claim, wherein MG?

represents & mesogenic group selected from the meanings of formulae
V:

CHZ - CHa (B (@ CHs (W),
in which:

Clto C4 are in each case independently optionally-substituted nop-
' -aromatic, aromatic, carbocychc orheterocychc groups

Zlto Z? are independently from each other -COO-, -OCO:,
‘ -CH;-CH;-, -OCHp-, -CH0-, -CH=CH-, -C=C-,
~-CH=CH-CO0-, -OCO-CH=CH- or a single bond; and

al, a2 and a3 are independently integers O to 3, such that a1 + a2 + a3
-4 X |

A compound as claimed in any preceding claim, wherein C! to C4 are,
selected from: L _ SRR N

“ 4 B

@@ @% g

@’@,/g:;\ and /z;ﬁ\
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" #$UR' ()*+,-./0123456789: ;

<=>? @GABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghij kl mopqgr st uvwx

" #$UR' ()*+,-./0123456789: ; AR o Par 05 Fe0s

<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~

P"#$UR' () *+, -./012345678%ith: .

<=>? @GABCDEFCH JKLI\/NCPQ?STU\/V\XYZ[ \]~ abcdef ghi j kI mopqr st uvwxyz{| } ~

P #$g¢' 8;;(}' /0123456789:

<>’>B FGHI JKLMNOPQRSTUVWKYZ] \ d K 0 e ~ .
"HSUR () * +, - /0123456Q7Q83‘ g L COCH; NOLRN, o igatr {1

< >’>@\BCDEFG—|I JKLI\/NODQQSTU\/V\XYZ[\]’\_ abcdef ghi j kIl mopqgr st uvwxyz{| } ~
"HIUR' ()*+,-./0123456789:

< >’>@\BCDEF(§HI JKLNNOPQRstVWWZ[ \Being Gdc ek n#j kI mopgr st uvwxyz{| }~ -

#EOR' () *+, -./0123456789:

>’>@\BCDEFG—|I JKLI\/NCPQ?STU\/V\XYZ[ \ ] A~ abcdef ghi j kl mopgr st uvwxyz{ | } ~
"HEUR () *+,-./012345678; being 0, 1, 2, or 3, and

<= >’>@\BCDEFGHI JKLMNOPQRSTUVWKYZ[ \ |~ ~ abcdef ghlj Kl rmopqr stuvwxyz{|}~

1K) being 0,1, or 2.
10
.. 0. A compound as claimed in claim 8, wherein C! to C4 are selected from
cyclohexylene, phenylene, naphthylene or phenanthrylene.
10. A compound as claimed in any preceding claim, wherein Al and A2 are
15 identical.
11. - A compound as claimed in any preceding claim, wherein A5 and AS are
identical.
20 12. A compound as claimed in any preceding claim, wherein Al—MG!—
"~ AZand A5—MG _—A® are identical. )
(
13. A compound as claimed in any preceding claim, wherein A3 and A4 are
identical.
25
14, A compound as claimed in any preceding claim, wherein nl, n2 and n3
equal 1 and B! and B? are identical.
15. A liquid crystelline mixture comprising at least one compound as
30 claimed in any one of claims 1 to 14.
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" #$UR' ()*+,-./0123456789: ;

<=>?@A\BCDEFGHI JKLMNOPQRSTUWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{b%~

| "#$UR () *+,-./0123456789: ; 3-FEB 2003

<=_>?@\BCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_"abcdef ghi j kIl mopqr st uvwxyz{| } ~

HEUR' () *+, -. 1612345678% polymer network comprising at least one compound as claimed in any

>’>@\BCDEFG—|I JKLIVNOPQRST YZ[\ 1~ " apcdef ghi j kl mopqr st uvwxyz{| }~
"#$9 ()*+, -. /01234567880 0PtC o 1o ) |

< >’>@\BCDEFGHI JKLI\/NODQ?STUVV\XYZ[ \]"~_"abcdef ghi j kl mopgr st uvwxyz{| } ~
"HEUR ()*+,-./0123456789:

< >7? @\BCDEFGHI JRL I\/NODQQS'HMMMZ[: h]:tWorlatscdlmmgﬂ i &lbimm b cpesentintiykgongisiing of:
"HIUR' ()*+,-./0123456789: _

<=>?@\BCDEF(§—|I JKLI\/NODQ?STUVV\XYZ[ \']"_"abcdef ghi j kl mopqgr st uvwxyz{ | } ~

| " #$Y& () *+, - ./ 0123456789 ; Jond erisah
<=>7@BODEFGH! JKLMNOPORSTVWKYZ] \ A4 B0 P S osiral fnesogenic pjymmeriseble
" #$9& ()*+,-./0123456789: ; compound
<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~
i) " at least one “staircase” compound of formula I; and
10
i) an initiator,
18. A polymer network as claimed in claim 17 further comprising one or
more further polymerisable compounds, stabilisers and/or dyes.
15 '
19. A liquid crystalline polymer film comprising a compound as claimed in
_any one of claims 1 fo 14,
20. A liguid crystalline polymer film obtainable by polymerisation of a
20 liquid erystalline mixture as claimed in claim 15.
21. A process for the preparation of a liquid crystalline polymer film as
claimed in claim 20 comprising the steps of forming the polymerisable
~ liguid crystalline mixture into a thin film, prior to curing.
25
22. An optical or electro-optical component containing a liquid crystalline
polymer film as claimed in claim 20,
30
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