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The present invention relates to a new photoactive copolyner and its use -

al one or %T‘} MARSowi th at least with one other photoactive palyRl07422S
orientatio ayers for liquid crystals and “10 in the construction of

unstructured and structured optical elenments and multi-Ilayer systems. The
successful functioning of a liquid crystal device relies upon the ability

of the liquid crystal nolecules within that 15 devi and mai ntain
an alignnment inposed upon them Alignnment of the Illlmmmmmmm nmol ecul es
is achieved by use of an orientation |layer which defing 01 g.direction of
orientation for quid crystal nol ecul es of the devi cé with the result

t hat the Im mﬂ\m&mﬂm axes of the nol ecul es beconme aligned with 20 the

di rection on defined by the orientation layer. In addition to
“this directioraod! i gnnent, tPhotpacties Gopdlggearis also able to inpart to
ther#si quid crystal nolecules an angle of tilt so that the nol ecul es align

t hemsel ves at an angle to the surface of the orientation |layer rather than
lying parallel 25 hereto. Tilt angles of between 1 and 15 are usual for

nematic liquid crystal displays (LCDs). Sonme el ectro-optical effects used
for LCCEhe hpyeseRt LBYERELOBI FEARBAE Faydr HeW PROROAFTHvEh Gepeivmer3end

angl es. Jbé? figall afédaegngﬁ QSHB—&& gvrom L. COS. £ Cae,féllaaaﬁs LRGkLT Gl | t

angl es ween 85 an msasure e surta ane. In the case of
hybri d attjvnedpoagmeirc mw) okChatat henpietyelrts aimt ela@ndecmysthés and

substrates has to be in 21U~3 2 above, range,
whehbeast® het ¢ | tc%ﬁ?ﬁu?ﬁl@ﬁe %/J%)hé'i‘n%ttﬁ}%ér%eég—sa %W S(Lé)%%dﬁqq%/ (?Rtol%?])
Met hodsepém@ﬁggaéﬁ@gmﬁiﬁyciwgg astructured orientation 5 |ayers are
well known to a skilled person. stomarily used uniaxially rubbed polymer

orientation |layers such as, for exanple, polyimdes however inpact a series

of di _s?],fl]? nta eser%légﬁ dlﬂﬁ%c ?nﬁiix‘&' ol dgrl %#&bl S (iceagw_ggstlréjﬁtéé)n

of thi ors an struc & Fubbi Nng process

consequ@péﬁy ttheesapolial| @f t bre pricdticid Oﬁrpétalr mcdwceﬂdsayeismn that
Oientation layers i.n which_the direction of ,orientation can be

pr ddet efPYHeR By i pRaBEatdth W%Ht%waﬁnzeﬂugﬁ'ﬂ?nﬁa\?é“ﬂ?@@ﬂ kKHBRR fdteonme
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r ubbi ng pr |t|on I"s 15 possible to provide areaS having
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20 the direction of orientation defined by the orientation layer.
In addition to this directional alignment, the orientation layer

is also able to impart to the liguid crystal molecules an angle

of tilt so that the molecules align themselves at an angle to

the surface of the orientation layer rather than lying parallel

25 hereto.

Tilt angles of between 1° and 15° are usual for nematic liquid
crystal displays (LCDs). Some electro-optical effects used for
LCDs, however, require alignment layers with very high pretilt
30 angles. Vertically aligned nematic (VAN) LCDs for instance
require pretilt angles between 85° and 920°, measured from the
surface plane. In the case of hybrid aligned nematic (HAN) LCDs,

the pretilt angle at one of the substrates has to be in the



20 polarized light is enployed | eading to an ani sotropic pol yner networKk.
Those photo-oriented pol yner networks can be used wherever structured or
unstructu oé/dng ,ld crystal- orientation layers are requir gr@iners

EP- A- 0611 WO A- 96/ 10049 (both F. Hof fmann-La Roche AG, as well as
EP- A-0763552 (Rolic AG), describe cinnamc acid polynmers that are suitable
in principle for the synthesis of such Zani sot ropi cally cross-1inked,
photostructured orientation layers for liquid crystals. In thé case of the
conpoungdsoweseahfed iwhed@alEP-thO763352 syl VR - 88L1084%r osubstuatat iien
with I'inearly polarized Ilght it is possible, in addition to inducing the
desi r ed- @ i ERfRAGHNLY § arousl y to induce an angle of tilt. It is thus
' possible to produce | ayers having structuring in respect WO || 2/ OS3I >09
PCT/ CHOL/ 007~2 - 3 of surface orientation and angle of tilt. The above
phot ostMetchaited off | prepairénd agérschavedt handi wm%ere%ommntattﬁép f or
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resi st angeaypalley | Audibdddi polayer toménmaawn& $ayers valuah ofaSt, he flaxrqui d
crystal nmediumleads to an I nadequate, "holding rati 0" ‘\é\P f{j{l asure
ha
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bri ght ness trast over time~and thuS result in unstabl e graduations
of the fiby tmmslsﬁec:sntalgd ﬂh@ﬂtor@&ctsltvecnumngal Theyr rubbéng afrOFasfyer s

with 15 i roved, hol din descrl be AG
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I n WO A- 99/ 49360, JP-A-10-195296 and JP-A-10-23240d, bl epds of agol y een
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their m scl Low cORt ctive polyners however
| ead t0pﬂo]bDéxas oflrmreuxem:ttl nin prideer rubbingd ;mmmenl[ny adsligiceduced 1s

contrast ratio of liquid crystal layers t 25 or ente ced
poly?i ni BesedRtentor BEEVEES r?’-?er?s%f]f‘%\ﬁ%%t 8ﬁ8§8f%tr8ﬁ'8§1 ﬁOV\OaRdQ&@%g
and m€b9%/§%@§%rgo'ﬂﬂéﬂ éffehfa&@i@ﬁr afa 8g RROtMEaciba® E€bAnaxahler Gips
in their side chains are descri bed usual ly inportant feature

necessadynf od . oAplet aPhgﬁ l ayerds 13§-ed14%2llGD§145§-15l4e (Pedacdt &5 154y of IR | t
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observed with tinme. Such changes in tilt_angle however [|ead tQ a canti nuous
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need fo ali t L8k $eha¥iNdpaPPfler Al hONIREKS PEAPErid esuserl
si mul ta{r}%g{}g#g th'gﬂg%g ?% ?%%ﬁce angl es Ofrtl |t of variabl-e size, which

show anwhepeveed ssmaimtlurte,d oorr st tyaeidod bduid n@rYISﬁaédd?lﬂQﬂF%W

vol tage_hol ding ratios.shquld be feasible whenever required. "10

Sur pri sFﬁ§F§S rﬁa§eﬂ'6w:%§en found that the photoactive copol yner according
toclaiml1 fulfills at least partly these requirenents. A first aspect of

the present invention therefore pI’OVI des a 15 1‘phot oactive copol yper |ch
co@i nEPsAde6&hABAS anse oWPohaff 0049 (both F. Hoffmann-La Roche A

as well as EP-A-0763552 (Rolic AG), describe cinnamic acid poly-
mers that are suitable in principle for the synthesis of such
anisotropically cross-linked, photostructured orientation layers
for liquid crystals. In the case of the compounds described in
30 EP-A-0763552 and WO-A-96/10049, on irradiation with 1linearly
polarized light it is possible, in addition to inducing the de-
sired orientation, simultaneously to induce an angle of tilt. It

is thus possible to produce layers having structuring in respect



phot or eactive groups and sinul taneously side chains of the general formula
| : S1 Al -Z1 A2 Z2- A3 n m20 | wherein the total nunber of rings
(includin gigber of rings in optionally present condgnsg ns} is
at | east ?“%ngﬁ‘Hg? 25 nost six; and wherein the broken |ine gg&(ﬁﬁﬁzes t he
| i nkage to the polyner main chain; 30 A2 represents an alicyclic ring or a
condensed ring systemincorporating 2-53rings, in which one or nore non
adj acent CH2 groups are optionally replaced by oxygen, WO U2/ U53109 . 5
PCT/ CH( 2%/ ubfate whiehtasionsahdt ahgledobrtsbstituted by fluorine or by a
straight-chain or branched al kyl residue which is unsubstituted,
_nono-substituted by cyano or hal ogeno, or poly-substituted by hal ogeno,
having 4nko 18p63EboNpaLEAEL PudPErdlier 6P 8R€a Lol € - ad] acend CHzhe
groups nmay |ndependenFIy be replaced by a group Q where Q represents -0,
_-CO, -d&bsedyvantege,, hoseyers) thasi (foMs)certaiyrapplivRLicms, -axperally

-NR2- CO-O-, -0 CONRZ:., sNR2: CO-NR2-, -CH=CH., .-CC-., -0.CO.Q .. and
opresehPE Wit dobnel FORRHR k[ Rk FoRY  badh ArHESERTe st TR Wiher
repr esefii stapeaniiEilicc @f dhisa¥ehictegtowl adtikivdls vesibsantet @dlae. In
substituted by fluorine, chlorine, cyano or by a cyclic,

straight-chain 15
or bran€héd SdigpjlaYifesitRR WAV ch SSRGS (R AbnbBEbst "I‘-‘d’%eocwté‘%']ano
or hal 0ggRg,mOr 1894%- Stbstdf utied, 90RR1 dNAY NYalibe, 18,58ER0N; gt Ofrs
and wherein one or nore non ad]acen CH2 groups y I ndependently be
repl acedebypufe wiiecdien vOlaadeRAriopydnt Héenehirpigyyiafder2 @ teboxel, tage hhade
pravi so,_t hat - -GG axe npt.in conjugation.with omatic ri.ngs; Sl
FerhbocRESh sPROFE ey Ahn DoMd By diafactin vallien bSRELEFal diotdia n
or brangbedtalideieraas dugandi£Nihs K38 gHisidest idnd edonfPast Swheld tedms by
cyano or hal ogeno, or poly-substituted by hal ogeno, having 1 to 24 carbon
at ons, @REr BhasonesvltnbReunshablp ageaduarpons oebsthmyareicparrient |y be
replaced by Q wherein Q and R2 have the meani ng gi ven above; 30 Z1, Z2
represent a single coval ent bond or a spacer unit, such as a straight-chain

or branrbednallkyl epicot@seatueiwdi matiexiaisubsdrt Whrd@Entamiomsubayetrat e tdy

cyano of hal ogenq, _or, WO 02/ OS3@)9 6 . ) \
15 improved holding ratios were described in WO-A-99/49360 (Rolic

AG), JP-A-10-195296, JP-A-10-232400 {both Samsung Electron
Devices Co., Ltd.), WO-A-99/15576 (Rolic AG) and WO-A-99/51662
(Kanegafuchi Kagaku Kogyo KK). In WO-A-99/49360, JP-A-10-195296°
and JP-A-10-232400, blends of polymeric compounds containing
20 photoreactive polymers on the one hand and polyimides on the
other hand are proposed. A disadvantage of such blends is their
limited miscibility. Low contents of photoreactive polymers
however lead to a loss of orienting properties and consequently
to a reduced contrast ratio of 1liquid crystal layers to be
25 oriented whereas a reduced ©polyimide content results in
insufficient holding ratios. In WO-A-99/15576 and WO-A-99/51662
polyimides incorporating photoreactive cinnamate groups in their

side chains are described.

30 A usually important £feature necessary for orientation layers
used in LCDs is the photostability of tilt angles. Especially in
displays using high light intensities, for instance in projec-

tion displays, for the known photo orientation materials often



PCT/ CHI I 1/0117-L2 pol y-substituted by hal ogeno, having 1 to 8 carbon atons,
wherein one or nore non adjacent CH2 groups may independently be replaced
by Q wheRgd ph/fh@pd R2 have the nmeaning given above; 5 ~1Gchciil/do$id

hydr ogen aton1 a hal ogen atom a cyano group or a straight-chain or
branched al kyl residue which is unsubstituted, nono-substituted by cyano or
hal ogeno, or pol ysubstituted by hal ogerfo, havrng 1 to 18 carbon atons,
wherein one or nore non adjacent CH2 groups may i ndependently be replaced
by Q wbRarges Qanth&2phadetebminedantijtgengleabave wbskrtvee priahi sdntehat
the groups, -CH=CH, -C---C are _not attached directly to an aronﬁtic ru?g;
n and nPBERhChABEBENdBnityY tardhdle VLT (RGAY haP B PPRkIlouSaAgsg ©
denot es,0-00r-d - 4 BYsth %rnﬂlg”}lﬂ G ééﬁ.tidnShﬂﬁ'éPebﬁsu%%%%hﬁgﬁtﬁ.? a
|ncIude nonar omat 1 ¢ carbocCyclic or heterocyclic ring systens with 3 to 10
_carbon needs |fike cpﬂqnﬂaipagmemycl vbteanelscychapeny anegoes cl e ardmg

Chodt o BROGREELET 0B oF ALt GRS GHT T UnerPy UM B WSy TS ERg OF |

het er ocy gl Co@r QRS alb1eOr PDE@) | WHiEhV&how hmrlﬁ;ﬁd‘b\l‘édlgsﬁ&bM1ty keveur an,
phenyl pyrrdrne (fyrrnldrne napht hal ene, or tetraline units, 30 By the
term "l bABE Aegiod | of sHomer béluRididics Righnaaidass rgpbﬂ%n%hﬁa&]é’r?d

branche Cc _to 6 carbon atons, preferably
ghgégég§ oﬁggﬁgﬁeé.@kg?€@¥f %ﬁf?gpropyl and isopropyl groups are
especrally preferred. WO 02/083((19 7 PCT/C H(11 /11117-t2 In further

aspects, the, inpvention_al rovrde the u 0 ol ners f t he .gener al
f ortrful aSPr?B?‘S’fIPI%f}SrodEctl of " Phot ‘?ee‘éct %ﬂ ?EFE t&aé: “She

or in NeypyiPRedS aecRrd@mAt tONchayar s f@ﬁl’fi’.ﬂllsda@:r YEéa’t’é’é p§H@iﬂy these
orientation Tayers may be unstructured or structured (patterned,
nultl-deﬁﬁuhyemﬁ@tﬁay advant ageously be used in the construction of LCDs as
well as in the construction of unstructured and structured optical elenents
and nulti-layer systenms such as non-absorptive color 10 filters, linear and
circul an pilmyd zespecoptdftakhdel pyedenter snet:nt;onhiuifemﬁﬁe)rpeman@es a
exe lified in EP-A-0611981, EP-A-0689084, EP-A-0753785 %ali : befnann La
ABFORARCYEY R $OPSIOTEY RErieh AGPRtesngh SRy FRBEBSCtIRRTRATSIRI
S_hOWS egﬁskbﬁe ﬁﬂr@””%? ggd g88er &) hy1 ¢ UGS MPT Vs TP Rietdd t gnghage |0
m xtureS wth other phot active polynmers, 1t can be used to achieve
defi nedgpnetaltfanghbas In the whole range of 1 to 90. Surprisingly, such
adjusted pretilt angles are stable upon illumnation with 20 strong visible
light during a very Iong period of tine. Preferred rings A2 are

unsubstituted five red or S nenber dri r an optionally
substituted group q 2 t } rgd ering’fmone or two non
adj acent CH2 group 'arke \o una I en. re preferred rings
A2 are cycl opentane-1, 3-diyf, hexanel, 4-diyl ,— gecal in-2, 6-di yl,

per hydr ophenant hr.en-2, 7-di yl , 30 perhydroanthracen 2,6-diyl or a group

i nédt porating a condensed ring system s€l ected froma radical of a
naturallﬁ gg?Hrring, at least bicyclic, diterpene or triterpene or froma

steroid, preferably chol esterol or chol estanol .

the total number of rings (including the number of rings in
optionally present condensed systems) is at least two and at

25 most six; -and wherein

the broken line symbolizes the 1linkage to the polymer main

chain;

30 A2 represents an alicyclic ring or a condensed ring system
incorporating 2-5 rings, in which one or more non

adjacent CH; groups are optionally replaced by oxygen,




WO I12/053(U9 PCT/CH I1/0117~2 8 Most preferred rings A2 are
trans-decalin-2,6-diyl, trans,transperhydrophenanthren-2,7-diyl or a group
i ncorporat‘%(ngz/@ﬁg(gndensed ring systemselected froma rad'lf(?ll/cﬁﬁl/(fbuz
naturally occurring, at least bicyclic, diterpene or triterpene or froma
steroid, nost preferably cholesterol or cholestanol. Preferred rings Al and
A3 i ndependently -of each other are unsubstituted saturated five or six
menbered alicyclic rings or '10 six nmenbered aromatic, rings optionally
substituted by #hiehi he @isehsoltEedrobyswbstitugHd Whai Tusridy achsd a

al kyl residue which is unsupstituted, nono-_ or poly-substituted_ by quorrne
having 1-12 carﬁBﬁaéﬁB%%cﬂﬁemerﬁron@EQHQHﬁQErﬁi%%ﬁjaﬁéﬁ%dﬁﬁz YhdGhs sy

NRono Yo Rpate et g no st lescatb by Eenbler fad odild e,

-CH=CH, -C=C potynstbsnitwrgddat il agdrio arhariomptl ¢co i18) caxborhertains R2

) represents a hydrogen atamor lower al kyl. 20 Mye preferred rings Al and
A3 are unsubstl‘?ﬁ‘g hePEnet: 314 neycl%‘t&@%fet-l Chogi g¥odps may

1, 4- phenyl ene Whh@lpésd sthé Ut edp 18888 ¥y P Y-syhgh 'frﬁt edvmértel uggine
or chlorine or a straight-chain or branched al kyI resi due
unsubstitut ed, HERBESSRLHol yOsubstiGQried bFOfPueri m@ Iﬁ'éAn,ng -151.12(3125) & bon

atons wherein o yTor e adj agent 2 grups.may _ ndent |y, he
repl aced by - ng(% 89%0 @f’:&é}‘ &é Rﬁwr th e grsogr o) %@Ef‘o
CH=CH and -C -§g2- are.Npt_donNQ@nj ugathopuw t h_aLempt i HIdHs., 3thd R2
Preferred "spacer units" Sl in the context of the present i nvention are a

si i@ e bond, - GrPPrefertsthvdradernien nawebhralkkyled al kyl ene groupi ng,
represented by -(CH2)r-, and also -(CH2)r-O, - (CH)r-CO. - (CH2)r-CO O,

{(CH2)r-0C0. - (CH2)r-CO NR2-, WD 02/053109 9 PCT/ CHO1/1107.12 - (CH2)
r-NR2- Q&+, A3 (GRghridRender(tdR)of e (cﬁ'ﬂ?ér Sre res(e@t‘l@ dr G@dRat(iddr s- .
- (CH2) r-o- oo CH2) s-. - (CH2) r-NR2-CO (CH2) r-NR2-CO O
(CH2) s-, - 1<FY®11<( FEyUR-Wich ferppsp eel tF@HQ}‘ @@Stlwt@@w

r- O Co (CHZ) > Qiorfne, ( R se ke, %éﬁzég gpolay(g%}ir ¥ 5‘% yame acr d

and i f attached to a polystyrene, aci
estlér backbone af sbratcli€&i2pikyl- @@sQdueHyich - Dscmémds):rttuted mono-

:gR(ZG(-:le)ruaz%:gs b%g 't’:%‘i )‘rﬁﬁ&né N‘% gg{(’é{ag ‘- @ﬁzpoﬁ %ﬁ}ltuéed by

-0 (CHZ) r - NR2- (Ra1ogd¥R2- HdédHig 't G G s CNBBOn( SERhs! afh- whE'B%in( SHe) or
NR2-, _NR2_(CHR) 1O CO-, - CO NR2- (CH2) r-O - - GO NR2- (CHZ) T - NR2-
- CO- NR2- {CH2) T T8 , oW sl j e - OCH; - GXOUpe CHRRY - Oindepeadenitily) r baRo- |

'_%C?(ng_lz)r'cg%la&%% C&( $ZM&eQ% gHRzQ alliécﬁ Ohca:(()eéﬁzt%H meanlng glvce:% ’
- O20CH2) 1 - NR2- CKM&HZ) ﬁlth @h(egﬂﬁ)d'v:r.w QQaQ (—@HZ):ﬁ ~Qr=cl- CA’i?e)nétCQnO (
CHZ) s-O , -O .( CH 2 ) , CH2 r - NR2- 0O (CHR) s
-0 (CH2) r- NR2- @@%M@@lthmat(mmlm (CHZ) s-, -COO (CHZ) r-O
(CH2) s-O, wherein r and s
sl represent a single covalent bond or a spacer unit, such
as a straight-chain or branched alkylene residue which is
25 unsubstituted, mono-substituted by cyano or haiogeno, or
poly-substituted by halogeno, having 1 to 24 carbon
atoms, wherein one or more non adjacent CHy groups may
independently be replaced by Q, wherein Q@ and R2 have the
meaning given above;
30
Zl, Z? represent a single covalent bond or a spacer unit, such
as a straight-chain or branched alkylene residue which is

unsubstituted,. mono-substituted by cyano or halogeno, or



2 0 are each an integer from1 to 2 O, but especially from2 to 12 , with
the proviso that r + s < 21, especi aIIy _< 15, and wherein R2 represents

hydr ogen OJZ%\Q%@ al kyl . More preferred "spacer units" Sl pfacpnmpbigl e

bond, - stral ght -chai n al kyl ene grouping represented by -(CH2)r-,
and also - (CH2)- - (CH2) r-COO, - (CH2) r-0-CO, - (CH2) r-CO NH,
-'(CHZ)r-NH-CO,-(CHZ)r-NH-C@(CHZ)s-.-(CHZ)r-NH-COO
(CHR) S-, - (CH) r-O (CH2) s-O0, - (CH2) r-NHCO (CH2) 5-0,

-(CH2) r - NH- CO- @dl@l%%ms@i,tuamﬂ iy dtellagead,t haxipgl y.stt}vr @n@arwnpelt?mﬁi:de
olyam c acid or polyam c acid ester backbone | s
F o ) r- e ¥1( B )OF. mory dﬁgja)‘c‘?nt &’E‘ﬁ co‘-?%?{‘%ﬁz 5‘&9

"r-C0 0 , -0 (G dth@Qbez@pl(ac@dZ rQ',CQhNTJ'e1n OdrfdHERPr hbideCBhe
-COO(CH)r-O NH (CH2}r-O. -0-(CH2}r-O WO 02/ OS3G119 5 10 10
PCT/ CHOL/ 1107~ Zmaalqgjgavanwwhqm; (CH2) s-. o (CH2) r-O (CH2) s-O,
-O (CH2) r-O (CHZ) s-O, -COO (CH2) r-0- (CH2) s-O, -O ( CHz )

CO (CH2 ) s-O , Yoo (CH2 ) r-NHCO (CH2 ) s-O, whereinr and s
are eaqgft an i ntiegeq hy@ﬁbgehOathﬁnchtMQgﬂn oftomy 8 <ydtn dvbsup poef erred
“spacer units" of Sl are_a singl e bon a str ht - chain al k ne
groupi ng repr esEE@y chedmp)gx b %(}fiY%}ﬁ?S?gbg WhlEEHi % -
(CH2) 1 OO gededdd) n{ong-s(ubg#lt)ub%dow cryalndCidz barl-ayéz@@r @0@5*2 )
s-O , and if atta ‘to a pol ystyrene, pol yi'mi de, polyam c acid or
pol yanm ¢ acid eaaik&rtnl:tan:ldni)nbyallﬁclogar(@-mmVlngC@ C-¢ CHB) r carben catomsEa) r -

515 P R T SR BERD G 49 S0

-CO O (CHz) 1 - OdrfeHR) O ve &l by @NOvieralit EAGMARE Meage thES rfeaming t o
8-and the sumof r '+ s 5 8 20 25 30 Exanpl es of Ereferred " gac L&@ts"
S1 are 1, 2- et hyddsran QbQVSrd‘fN}TénEhel REBHSA ehB2 1%1epeﬁF9PB

1, 6- hexyl ene, 1, 7 hept ne, 9-non 0- erne
1, 11- undecyl ene; - 1?%30 gy a(];r?éa q?‘irﬁe t]113’41:6) ta¥’| %%gjm%‘ g)cr ogy éne- oxy,
3- propyl eneoxycar bonyl , 2-ethyl ene- carbonyloxy, 4- butylene oxy,

4- but yl eneoxy- car bonyl, 3-propyl ene-carbonyl oxy, 5-pentyl eneoxy,
5-mgntyﬁeﬂ@@ﬁﬁ&&&ﬁﬂnyhdeﬁeﬁmmytbpeamarbonﬁl4mmy2 sukbx\Hhateolty, + n) < 2
6- hexyl ene- oxyc- ar bonyl, 5-pentyl ene-carbonyl oxy, 7-heptyl eneoxy,
7-hepty|ene-oxfﬂ35rbonyl 6- hexyl ene- car bonyl oxy, 8-octyl eneoxy,

8- oct yl eneoxycar bonyl, 7-heptyl ene-carbonyl - oxy, 9-nonyl eneoxy,
9-nony|eneoxycarbony|, 8- octyl ene-car bonyl oxy, 10-decyl ene-oxy-car bonyl
11- undegyl eneoxdendiesiet yd®erie- car bonyl oxy, 12-dodecyl ene-oxy-carbonyl,
3- propyl enei m no-carbonyl, 10-decyl ene-oxy, 9-nonyl ene-carbonyl oxy,

11- undecyl ene- oxy- car bonyl, 12-dodecyl eneoxy, 11-undecyl ene-carbonyl oxy,
4- byt vl ppetRen@esar MaVlcyclic" it should be understood to include non-

aromatic carbocyclic or heterocyclic ring systems with 3 to 10
carbon atoms 1like ‘cyclopropane, cyclobutane, <cyclopentane,

cyclopentene, cyclohexane, cyclohexene, and cyclohexadiene.

25 By the term "aromatic" it should be understood to include
optionally substituted carbocylic and heterocyclic groups
incorporating five, six or ten ring atoms like furan, phenyl,

pyridine, pyrimidine, naphthalene, or tetraline units.

30 By the term "lower alkyl" it should be understood to include
straight chain and branched hydrocarbon radicals having from 1
to 6 carbon atoms, preferably from 1 to 3 carbon atoms. Methyl,

ethyl, propyl and isopropyl groups are especially preferred.



WO (12/0S3(09 - 11 PCT/CHO1 /007.12 5-pentyl enei m no-car bonyl,

6- hexyl enei m no- car bonyl, 7-heptyl enei m no-carbonyl,

8-octyl enw \AR3&3" bonyl,  9-nonyl enei mi no- car bonyl , PCT/CHO1/00742

10- decyl enel m no- car bonyl, 11-undecyl enei m no-car bonyl ,

12- dodecyl enei m no-car bonyl, 5 2-ethyl ene-carbonyl -i m no,

3-propyl ene-car bonyl -i m no, 4-butyl ene- tar bonyl -i m no,

5- pent yl ene- car bonyl -i mi no, 6-hexyl ene-carbonyl -i m no,

7- heptyl ene-car bonyl -i m no, 8-octyl ene-carbonyl -i m no,
2;3255335@;@;2{)5@@% ,ngShQSEXLSH&SQr 99 A %es the use of the

' 6-(3-pr§81 Dzl MLRO- ¢bORM=0%Y) - Fortuene, 16- ((3pr amd eneraiugdtitaxylehe,
6- ( 3- propyf ene- oxy) - hexyl eneoxy, . )

6- ( 3- pr phyteneachine- catdornes ox Rpdhesdye eigyalone or in mixtures as

" 6-(3-propyl epe:im ng-carho 6-(3= yl M 10- GRS ) hHXY,
R e e e sl o i i

1, 5- penfugiene- dirsdruds Brédxyt eserdobuyed]l, (balisptrylednediudbyi,-domain) and

1, 8-octyl enedi oxy, 1, 9-nonyl enedi oxy, 1,10-decyl ene--di oxy,

1,11- un@éﬁyl@ﬂéﬁwoﬁlﬂ-%dﬁ%ﬁeﬁﬁ- FibSxy° ’{‘h(étjtc?rke‘?gZBCBFefaesr o
groups far 71 and Zgo@g@r@cvﬁa}gl 8 CYRIHctRARE 0ind Stiraicghireahabpt ral
branche allkyl ene residue ich i's unsubstituted, nono-substituted or

pol y- subdtmented doyd f mudrtd,- Lageirngsystems sachonrat 608 - 2RFOrBLd veneCdk%or e

non adj acent CH2 25 groups Jmay.in endent | rep Y 42 -

"8 BIters, nbiShRrands i SR Lt PR b e T ew

-C=C, 2PcCO Oyniwir h 4he preyi sexthple- Cix@npldifd edC -HC- BPeANOE11981,

conjugation with aromatic rings and wherein R2 represents _a hydr gzn até)m
PR é arn

or | oweEPaRkP689964Mor EPphef P e8d gr Qids For Bat 5obd KOFIG

coval ent__bgn trai - in or branched al kyl ene residue, having 1 to
6 car bohoagogré?%\%%grs]ei(%ogﬁté: %rbﬁr'mre non adj acent CH2 groups may VWO

(2121 (1'S3C09 12 PCT/CH I1/(1117~2 i ndependently be replaced by -G, -COO,

-0CO, -CH=CH, -C=C, -OCOO, with th OVi SO at, - -C=C-
ar elhot The cH&FugRBOSRARSH Y Car B‘ﬁ'EFF&atrﬂi nag_oelg wSé‘F%?SP‘ér?%E%“}”B%‘Eg f%rigz"l
and Z2 hQgl I ong stiakghinghas n am bmamrchedsal kytkne
resi due,%reﬁlg\%ia%&% ?gﬁ%&%a?g%%PatO% g/nrer ein onlé@or two non adj acent ,CH

t
groups mmherndipsrmerRdtite pelymeetl bit - cARn beoused ke gghievg) @ELREA0Iy
Rl is a hydr,qgen at a_fluoro I to an 4
Ctrai ghPREALE Gt ahcRBy B VAT EE] HasBHn e Po e ey T b gpPeBLREL?,
nONOo- SUksidH WEfudyedypretalthalmgeno, axs pohpleuhstont uiEdiingtimr owith
having 1 to 18 carbon atons, wherein one or nore nondadjfa(éent CH2 groups
may2 P ndepaeien g il o doigite ursngy 2. By, ¢8ng PEHISS CroF el - NR2- CO-,
-CONR2-, -NR2-CO O, -OCONR2-., -CHCH, -CC, -OCOO, wth the
proviso that -CH=CH and -C---C are not attached directly to an aromatic
ring and wherein R2 represents a hydrogen atomor |ower alkyl. 20 Mre

preferred oups, of Rl ar hydr o | ugrq .at chl o a a
Cyano GRFSLeeR! arr i Anat cor DPUASRAT SRy CLes, dameRreR  o° -
unsubst igfdgiRtedavingsl ¢0 b3 CopHINAL DY sublserieutednegoouppo ndn to 5
adj acent CH2 groups, may i ndependently be replaced bg -0, - -COOT

_0 B, candemged -GS, - OHEFL 982 (PE htVReNERo#AdACRE CRerBEPIPEnG e

oo G RIS ") 2P E L0 1L el
substructure of fornmula |, are 2-5
More preferred rings A2 are cyclopentane-1,3-diyl, cyclohexane-
1,4-diyl, decalin-2,6-diyl, perhydrophenanthrenFZ,7—diyl,
30 perhydroanthracen-2,6-diyl or a group incorporating a condensed
ring system selected from a radical of a naturally occurring, at
least bicyclic, diterpene or triterpene or from a steroid, most

preferably cholesterol or cholestanol.



i ncluding the nunber of rings in a condensed system Mre preferred are

substructures of fornmula | where mand n are WO (12/ 053009 13

PCT/ CHO1/ Qi dks@bosen such that the total number of ringsc&idkging the

rings in a condensed systemare 3 or 4. 5 It is preferred that qis 1

except where ring Al is chosen froma radical of a di- or triterpene or a

steroid. In the latter case g has the Val ue of 0. , The side chain

copol ymer of the invention conprises in addition 10 to the side chains of

foanula | side crains i ncor porating photoreactive groups which are able to

under g ot oc i sation. Su | n r 0 n se s

for §f|¥wgﬁ ??5% aﬁﬁn%?e anw% %ggheéﬁgﬁgéﬁ gE?IPXXE anﬁgsgg&ggg g.

‘ from ER & IRRIAAS e n MR 1A-6/21,0048,yIEP- A- 463582, gipupP- ALi860E6Bating a
WO A- 00/ 59966 and PCT/ EPO0/ 06788. 20 25 30 Preferabj uch side chai

i ncorp&%d%%?ﬁéwaoﬂwlﬁyréﬁ p&ckre ShIERNt r BotiRdy %f ﬂl%e Ye aﬁi?’rrul a

g P %%?e | loVheF bgpk | ge

|nd|caté%mfﬁﬁg%Tnk%gef%gg#hggggegﬁgr %%in g%nC)Sl hggé?%gﬁ%egﬁlﬁgog|3én

above; & eteniod emest groniiably @idlpstidmlgrouphdiiesttamnlunsubst it ut ed or

substituted by fluorine, chlorine, cyano or by a straight-chain or branched

al kyl residue which is unsubstituted, nono-substituted by cyano or

hal ogenpre £ RO Y-Sithed | talt ednlly hal ogedeped@ity 1 40 léhaar ameat oame
unsubstituted saturated five or six membered alicyclic rings or

10 six membered aromatic rings optionally substituted by fluorine
or chlorine or by a straight chain or branched alkyl residue

which is wunsubstituted, mono- or poly-substituted by fluorine

having 1-12 carbon atoms wherein one or more non adjacent CHz

groups may independently be replaced by -0-, -CO-0-, -0-CO-,
15 -NR2-CO-, -CO-NR2-, -NR2-CO-0O-, -0-CO-NRZ-, -CH=CH-, -C=C-,
-0-CO0-0-, with the proviso that -CH=CH-, -C=C- are not in

conjugation with an aromatic ring and wherein R? represents a

hydrogen atom or lower alkyl.

20 More preferred rings Al and A?® are unsubstituted cyclopentane-
1,3-diyl, cyclohexané-1,4—diyl or 1,4-phenylene which is
unsubstituted, mono- or poly-sybstituted by fluorine or chlorine
or a straight-chain or branched alkyl residue which is
unsubstituted, mono- or poly-substituted by fluorine having 1-12

25 carbon atoms wherein one or more non adjacent CH; groups may
independently be replaced by -0-, -C0-O0-, -0-CO-, -CH=CH-, -C=C-,
with the proviso that CH=CH- and -C=C- are not in conjugation

with aromatic rings.

30 Preferred "spacer units" Sl in the context of the present inven-
tion are a single bond, -CHp- or a straight-chain or branched
alkylene grouping, represented by -(CHz),-, and also -(CHz)r-O-,
- (CHy) x-CO-, - (CHz) x-CO-0~, - (CHy) -0-CO-, - (CHy) »~CO-NR2-




WO 112/053GLl19 pl, pa signify photoreactive groups; PCTICHO 1 /007.t2 and
wherein one or nore non adjacent CH2 groups may independently be repl aced
by Q wheug) Qi@dhdoR2 have the meaning given above; 5 10 193 bs2a
hydrogen atom or a straight-chain or branched al kyl residue which is
unsubsti tuted, nono-substituted by cyano or hal ogeno, or poly-substituted
by hal ogeno, having 1 to 1& carbon ators, wherein one or nore CH2 groups
may i ndependently be replaced by Q where Q and R2 have the neani ng given
above; apcip J-WRB-00-]. Preferred(pho) omeect,i ve groups -RCHahg- ®2(@mipy-.se

groups whi ch undergo a photocyclisation and have the ney. r |V and

V respett$imly CrOx (CH2)g-~ o (PHg) Wz%ovpfé‘?gisﬁm‘d@%rfﬁ@b‘&‘gk@%%i%{e

" indi cat _e&f‘ﬁ?tl‘;e Y Ig%g)qot_qc%gggjl respectively; C reprggenys-ehedy))ene-which
st

i s unsub tt ed or subst] tuted by fluorine, chlorine“or cyano, or by a
cyclic, - $CHA L Go-chal@HOrs-Branched al kyl resi due whFER) ¥sO-CO- (CHz) 5-0-,
5 -{(CHy) y-NR2-CO- (CHz) g-O-, - (CH3)y-NR2-CO-0-(CHy)g-0-, and if at-
tached to a polystyrene, polyimide, polyamic acid or polyamic
acid ester backbone also -0-(CHj) -, -CO-0- (CH3) -,
~0-CO- (CHy) y~, -NR2-CO- (CHp)y-, -CO-NR2-(CHp)y-, -NR2-(CH3)r-,
-0- (CH3) ,-CO-0-, -0- (CH3) x-0-CO-, -0- (CHy) x~CO-NR2-,
10 -0-(CHy)-NR2-, | -O- (CH3) -0, -0- (CHy) r-NR2-CO-,
-NR2- (CH) x-CO-0-, -NR2- (CH3) -O-, -NR2- (CHp) x-NR2-,
‘ -NR2- (CHj) x~0O-CO-, -CO-NR2- (CHz) »-O-, -CO-NR2- (CHjp) r-NR?-,
-CO-NR2- (CHp) r-0-CO-, -0-CO- (CH2) -CO-, ~-0-CO- (CH3) r-0-,
-0-CO- (CHy) x-NR2-, -0-CO- (CHy) - CO-0-, -0-CO- (CHy) x-CO-NR2-,
15 -0-CO- (CHy) r-NR2-CO-, =0-(CHjp)y-0O-(CHp)g-, -O-{(CHz)-CO-0O-(CHz2)s~,
-0~ (CHj) x-NR2-CO- (CH2) -, -0- (CHy) x-NR?-C0O-0- (CH2) -,
-0- (CHy) y-CO-0- (CH3) g-0-, -0- (CHy) x-0- (CH3) g-0-,
-0- (CHy) y-NR2-CO- (CH3) 5-0-, -0~ (CHy) x-NR2-CO-0- (CH2) g~0-,
-CO-0- (CH3) ¢-O- (CH3) g-, -CO-0-(CH3)-0- (CH3) s-O-, wherein r and s

20 are each an integer from 1 to 20, but especially from 2 to 12,
with the proviso that r + s £ 21, especially < 15, and wherein R2

represents hydrogen or lower alkyl.

More preferred "spacer units" Sl are a single bond, -CHy-, a

25 straight-chain alkylene grouping represented by -(CHz)r-, and

also - (CHp),-O-, =-(CHp),-CO-0-, -(CHz),-0-CO-, - (CHy),-CO-NH-,
- (CHy) x-NH-CO-, - (CHp)-NH-CO- (CHz) g-, - (CHp)x-NH-CO-0- (CH3) s-,
- (CHZ) r“o— (CHz) S-O— I} = (CHz) r"NH_CO‘ (CHZ) S_O- ’

- (CHy) x-NH-CO-0- (CHy) s-0-, and if attached to a polystyrene,
30 polyimide, polyamic acid or polyamic acid ester backbone also
~0- (CHz) - -C0O-0- (CHz) ¢~ -CO-NH-~ (CHz) -, ~0-CO- (CHz) x-,
-0-CO- (CHz) -CO-0-, -0- (CHz) r-0-CO-, -0- (CHz) r-CO-NH~-,
-0- (CH3) ,~-NH-CO-, -CO-0-(CHy),-O-, -CO-NH-(CH3),-0O-, -0-{(CH2),-0-,



WO 02/ (1 S3G119 15 PCT/ CH(11/007~2 unsubstituted, nono-substituted by cyano
or hal ogeno, or poly-substituted by hal ogeno, having 1 to 18 carbon atons
and wher ej nore non adj acent CH2 groups may i ndepgRdenfid

repl aced B@’@ﬂﬁvﬁ%re Q and R2 have the 5 neaning gi ven above, J%‘%??urther
represents pyrimdine2,5-diyl, 'pyridine-2,5-diyl, 2,5-thiophenylene,
2,’5-furanyl ene, or 1,4- or 2,6-naphthyﬂéhe; E represents -OR4, -NR5R6, or
an oxygen atomlinked to ring "10 Cin the ortho- position to forma
counarrnoumbﬁzmhemgu@b}%bHJSS -and R6 are a hydrogen _@-qumgn aocYehh s-0-,
strai ghtchai n or branched aIkyI resi due which is unsubstrtuted

nmono- sub@tCDuﬁ@Hzhy<haﬂ5§ém00~or pol y--substi t ut&€e- @y(ﬁthgeﬁo(CHaW$T@ra.to

" 18 carbo k: e one or r QUP inde Y, be
repl acedthyhe = WSl 202 &g I N PRt s SN

_oxygen ahQnE are BQEhdhﬁe§ﬁ£¥gé£tEEBﬁdzteoeﬁﬁhaxQ& helle Qlim RS and, R6 ares,

| i nked together to forman alicyclic ring wwth 5 to 8 atons; and 20 X, Y

eacl?p |ndependently fluorine, chlorine, by fluorine having optlonally one or

25 repl by - O Cq, of the ot.her, reprggent hy LQ cyano,

optrona sﬁ%gfffaﬁgd PSRt fgngfgcar o% at ré % E%hlﬁ%?g né%h%djacent

CH2 grogﬁﬁaagﬁthﬁhln Q11 e/ grouptiagH refy’béee@teaemwd -@(KZM;![)@ Pl andl P2

have the_general fornula IV and V respectlvel wher ei n: resents
phenyleﬁesﬁhrch is Uﬁgﬁﬁgrpruted or subSHz2 Sy a strarg F @ al P

branched  aj;k e 1i ch ¢ t r pplg@gggﬂé

by fl uorr(ﬁieI Vi- (é/l §¢i%%(‘f’z US36 HEC%)CI%O?%?)@O?I Zahdg/r ng 1 to 18 car bon
at aros aa]dpdiqzrsmyrramae cpo]ngmxmdm,n pdijxammt @d2 dgraxupsobheymindepdddesstter be
repl ace

2,5-furl ﬁ?%@ﬂ@e 1, %}SBr 278 r(rg%h)tlhyl eneO@QE ﬁ%‘;:r’égeafgt[]g& ggt?ﬁnﬁ-&;'

wher ei n_ Gécabde guijbLyclrc stpaighty sheddp-or branchedoabkybH%p§uﬂue
whi ch, is unsubs |tuted or nono- or polysubstltuted by fluorine aV|ng

to 18 caPbdéfHal o1~ and vhef@Hn o GiHader@-non alf §0eifH2lp- Q}&C@z -y
|ndepenggat_by(Bﬁzrfpégg&gz)gxo_cl} %ﬂgreln r and s are each an integer

15 from 2 to 8 and the sum of r + s £ 8.

Examples of preferred ‘"spacer units"” Sl are 1,2-ethylene,

1,3-propylene, 1,4-butylene, 1,5-pentylene, 1,6-hexylene,
1, 7-heptylene, 1, 8-octylene, 1, 9-nonylene, 1,10-decylene,
20 1,1l-undecylene, 1l,12-dodecylene, 3-methyl-1,4-butylene,

3-propylene-oxy, 3-propyleneoxycarbonyl, 2-ethylene-carbonyloxy,
4-butylene-oxy, 4-butyleneoxy-carbonyl, 3-propylene-carbonyloxy,
s—pentyleﬁeoxy, 5-pentyleneoxycarbonyl, 4-butylene-carbonyl-oxy,
6-hexyleneoxy, 6-hexylene-oxyc-arbonyl, 5-pentylene-carbonyloxy,
25 7-heptyleneoxy, | 7-heptylene-oxy-carbonyl,
6-hexylene-~-carbonyloxy, 8-octyleneoxy, 8-octyleneoxycarbonyl,

7-heptylene-carbonyl-oxy, 9-nonyleneoxy, 9-nonyleneoxycarbonyl,

8-octylene-carbonyloxy, l0-decylene-oxy,
10-decylene-oxy-carbonyl, 9-nonylene-carbonyloxy,
30 1ll-undecyleneoxy, ll-undecylene-oxy-carbonyl,
10-decylene-carbonyloxy, l12-dodecyleneoxy,
12-dodecylene-oxy-carbonyl, ll-undecylene-carbonyloxy,

3-propyleneimino-carbonyl, 4-butyleneimino-carbonyl,



X, Y are hydrogen atons. 15 The pol yner backbones of the copol yner
according to the invention, which the side chains of formula I and the

phot or eacti Vg Si4e chains are attached to, are those whi chegi@9peasally
used for %}ﬁdfi@a'}(ﬂgni ng polyners and which are well known to a person

skilled in the art. Exanples have been 20 published e.g. in EP-A-0611786,
WO A- 96/ 10049, EP- A-0763552, EP- A-0860UYb5, WD A-99/ 15576 and WO A- 00/ 59966.
Preferred pol ymer backbones in the present invention are polyners fornmed

from acy s, efRliRAG ) Rlr®ordrichl or oacryl at e, s2hezyhaaBymaabytatBony?,
optional I'y Nlower al kyl substituted acrylam de, nethacryl am de,

2- chl orbdmptiydeingd mincpteamdaaslyl ani de, vinyl 8rRELYlersymissr 6rrPeRYiene

" derivatjves, .silaxanes, inides, am c acids andathei apldini des,
mal ei ¢ é&odly&&qe\%q?ésqa%ﬁﬁ’ i'c acid derivat ?'geggc%&g%ggeﬁgge%r rglc-iﬁ;af e
pol yners figidere lfdn@inaciod Rirthor¥gtl hacr yl at e12efdbidergilepeimino-carbonyl,

" N-lower-al kyl -substituted acryl am de, nethacryl am de, vinyl eth vi nyl

2 -

, -
est Br, Zt§fleHengergaraiesinifYes, anic V\@)’B?"PBSéFB@"@é’FP@HMﬁ/’ tBFe
17 aci —lfﬂkclrlterh '_rcaﬁog{gﬁh_aiqﬁ i di m des. Es @eg,ggltlyiepigegg&bggyat empabyners

formed fTrom-acryl ate, acryldte, optionall'y N1ower-alkyl-substituted
acryl and texy8 enet-ltembdrayli-deginag nyl et her, viimpepsyilene-gagbonyiepmino,

derivatives. Mst preferred are polyacrylate, jpal t hacr.yl p Lnl

et her %’@%W%‘fﬁﬂ&q@l_‘%%e proportion of nt%‘g‘igpl ecérr%%gglogln%ﬁéh’ml a
| rel ati ygid &t RhatiumActinéns] de gr oupgii-mndeeynengreardongldimngnbo t he
invention is usually < 50 % preferably < 25 0, and nost preferred < 20 %

151%he & nlZermyany leoiol o ar RIS EF Ya - &e&Ydesref erabl y in mixtures with
at | east_ ﬁ%’nro‘%ﬂrﬁe eh_oot;&[)e_a}{;é*}g%srpegrl ynerg_qiy _;g;tg) Wle- Ay UhRen «a8BRGL Of

t he inven rerore ‘conpri 0 photore e mxtures which contain a
copol yner (Dfpidis meseimiinowventbanl My rireparlemecsyar e conponent s known
for photoaligning properties, for instance as exenplified in EP-A-0611786,
VO A- 96?1@#@?0@&%%716@3502,0@@%363 A%’g WO- A- 99/ 15576, WO- A- 00/ 59966 and

PCT/ EPOQ/ pﬁ_%ﬁfﬁar@ﬂﬂé%mq%@ﬂﬁy’m xt ur es  bogeiRakne-taibke,

copol ynmer of" t Invention are photoreactive polyners based on acryl ate,
netlbacry) atmxomptermidxy N- | owers -dudcplengssotut ed dobylgmtydene-dioxy,

met hacryl am de,. vinyl. et her, vinyl.es e derivatiyv i m. des,

ani ¢ aci/dé"r?éwlt%‘??é % s ané'ﬁmhﬁpw%%rslé%é}? "t he Sll'i O(?ﬁ?ilr?glggcl)% i'n as

phot or eAcs 1 yen el SRSl SpSt r uctiarascoieher raiexy) ori,lll-undecylenedioxy,
1,12-dodecylene-dioxy and the like.

20
Preferred groups for Zl1 and Z2 are a single covalent bond or a
straight-chain or branched alkylene residue which is
unsubstitﬁted, mono-substituted or poly-substituted by £fluoro,
having 1 to 8 carbon atoms, wherein one or more non adjacent CHjz

25 groups may independently be replaced by -0-, -CO-, -CO0-0-,
-0-CO-~, -NR2-CO-, -CO-NR2-, -NR2-CO-0-, -0-CO-NR2-, -CH=CH-,
-C=C-, -0-CO-0-, with the proviso that -CH=CH- and -C=C- are not
in conjugétion with aromatic rings and wherein R2 represents a
hydrogen atom or lower alkyl.

30

More preferred groups for 2! and 7Z2 are a single covalent bond or
a straight-chain or branched alkylene residue, having 1 to 6

carbon atoms, wherein one or more non adjacent CHy; groups may




WO 02/0, 3(U9 18 PCT/ CHO1/ 1107.12 More preferred conponents for m xtures
together with the copolyners of the invention are photopol yners based an

i mdes, ag [ and am c acid esters incorporating cinngH Josi20r
counmarin éf%@g%ﬁées as photoreactive side chains. 5 Nbstqggzggﬁged are

m xtures containing a copolyner of the present invention based on

pol yacryl ate, pol ynet hacryl ate, pol yvi AR et her and pol yvinyl ester together
wi th a photoreactive polynmer based on polyimde, polyarnic acid and

pol yam ¢,86bdnahely bdOrdffacatisp!-o!, t heotepol yomtoaccarkhian; 1 o ¢e-,
invention i e n1¥tures an vary in a broad range, depending on the

ni sci bi Lot ¥o0H-t heyicanPeRentsovlicef ethigrl aom=-CH25 and) -fsCe @ epped 0 15
"W % nost preferred < 10 wt % of the copolynmer. 15 The pol yner of fornula I
i s char ecngugabdobywhehngrewabifyrsedessi ble. It may be prepared using

met hods that are known to a person skilled in the art. 20 The inventive
“copolyner, with acrylate, nethacrylate, acrylam de, nethacrylam de and
styrenemdeti yatEuerad gepepsi figrnphoamed Zhiate carsbwls eparalenth Rpndepl e
according to two different processes, ln additiaon t.o the di

pol yner Az a4 B HRAFG nPEheRF r ?TFKg?Beeﬂesstlsdut%e g‘%{s’gﬁ%i 15t ¥t
pol ymer c%?béﬁalm, reaetkb?h nd €8st ivi® Phehoagtjatenter CNAt resps tay
functional polyners. For the direct polynerization, the nonomers and the
cononongndependentdyl peprepireddsbpar@tel yCProm t he-¢Pdi vi dual conponent s.
30 The formation of the copolyners is subsequently effected in a . manner
known per se under the influence of Wradiation or heat or by the action of
radi gal peerk@BRbIyCatal ¥shshyRobgesni atoperaxdiisudfatey, d benkoyd peewxiae,
azobi si sobutyro-nitrile or WO (12/US3(09 19 PC}%SH%#;{ U7~2.Q£}§e&£igﬂtyl
per oxi d6YaNe EAWH «F of PhEREENTT ARR1AL BF s PTRAGGIE e &aity st e

al kal i - gr.gapni S SRSVt htddi OQﬁﬂﬁﬁhtB¥|SﬁQ1Q Ab, Lests
aci ds sﬁgh gggﬁﬁggﬁggg%§: gﬁ%?g %r Tic%%%é@hgﬂhononers can be ngynerized

i n sol upody- saibspensited, by elmogioon havingbst drcel 8 | gRIMRN REGRR, pFBeESSa
pol ymer can al so be produced in pol yner - anal o | o

pr e- f i ni°8Fe @Tf MPEE; Gﬁ&lagéﬁfﬁQF §Ha g%??ﬁﬁl@ayuggaggégﬁgé%gys$%e?% §aged
derjyat ies.oMany_dd. knawp-procesgeaso-suchnge-cbor, eXCUHNRS - ,eStHRPE - EDea@t | on,
transesteéerification, amdation or the etherification are suitable for

pol yner --analooqmids ,r eaCHQHS, SuCHC<opolGHa-O-havaridbnokbeul BEOWEEght LR
between 1 000 and 15 5 000 000, preferably however between 5 000, and,2 000
000, espeli=gH-y awtl artageoate ynabnartpchetnddretts lyodcaid 12HJtPbbs. *HE

preparation of the pglyanmc _acids_a LM des aecob@iRdairyihe invention

i s generdl §3§3¥?f%gloéFp§ﬁ§?§§%ugl99928%%en§g netﬁogs frequg%tly descri bed

inthe polyimde literature, for exanple in Plast. Eng. 36 (1996)

(Pol yi m des, fundanental s and appl,ication . _For exanpl e,

poI9Qond@ﬁ%hﬁ$QﬁfQﬁﬁﬁ§iﬁﬁ?qﬁﬁ'Qﬁhg;p?Eﬁaﬁag&gﬁoggnoFéPﬂe %oF%Qﬁfg 3EPBs Ps

carried Qutodd SYPM I Oy dhd FAO@ or a straight-chain or branched alkyl
residue which is unsubstituted, having 1 to 12 carbon atoms,
wherein one or more non adjacent CHp groups may independently be
replaced by -0-, -CO-, -CO-O-, -0-CO-, =-CH=CH-, -C=C-, -0-CO0-0-,

25 with the proviso that -CH=CH- and -C=C- are not attached directly

to an aromatic ring.

It is preferred that n and m are each chosen such that the total
30 number of rings in the substructure of formula I are 2-5

including the number of rings in a condensed system.

More preferred are substructures of formula I where m and n are



aprotic organic solvent, such as y-butyrol actone, N, Ndi methyl acet am de,
N- et hyl pyrrolidone or N, N-di nethyl formam de. In nost cases equi nol ar
anounts of, 4 h&sdi@nhydride and the diam ne are used, that ge§¢giRaYi0ne
am no group per anhydride 30, group. If it is desired to staBL Ize the
nol ecul ar wei ght of the polymer, it is possible for that purpose to add an
excess or a | ess-than-stoichionetric afount of one of the two components or
to add a nonofunctional compound in the formof a dicarboxylic W O
021(1S3:08s28 RULHCHYHY 10He2tachd mmdmihyslt | dengs fnclheibhgr mhef mings
nonoam ne. Exampl es of such nonofunctional conpounds are naleic acid
anhydr i 8, apFPRAPRESdcFYShAMyB¥Fde, ®&nfli ne and so on. The reaction is
"carried out preferably at a tenperature of less than 10'0 C. 5 For the
preparation of m xtures containing conparatively apolar polyners |ike
_polyacryl ates, polynmetacrylates, polystyrols with polar polymers |ike

pol yam ¢ aci ds, polyim des _and, polyam c_acid ester e. ab

polf%on§§n§§tp5ﬁ.Fﬁ%@g:gﬁaEaﬂ.lglioeggeE Bg?F%rﬁ% gi%bth% %%%%%%C%F%W Fhe
| ess pohagikahyE a Wie el tﬁﬁtéﬁlﬁeﬁé bheapekyania . agndsHe Tautet hease
polyi mi des alone or in mxture with other types of polyners can be carried
out by He&esnghet NatupsofoOsay by condensation with removal of 15 water or
by other imdisation reactions with reagents. Wen carried out purely
thermally, the imdisation of the polyam c acids is not always conplete,
that isThe sAyid hehaiasutépobymet yofi dbe naywesttion compaiises oporaddbsiofn
polyam ¢ acid. The imdisation reactions are generall]y.carried out at.a
t enfr atr e 96 oFlfl?on?d%W’?% 25’{) -0 Br ef egéafay 5#¥F8§s fﬂ%‘ﬁraﬁﬁaénﬁln
or der tgh%%%&%t'i%d?%%??%n wili AtV ANETtd elidE Aol BRot BEyEl 8s&tion.

0

additionally mxed in the reaction mxture reagents that facilitate_the
renoval Suichwat eideSucthabtagentarer e, CIgROBRANPNEESNT XL 0r esPEOYBEEEI ngf BF

aci d anhydrides, such _as_aceti i dr.j r Qi Ond [

Anhydr | PO EPT AT Aoy B pae: R b I Rol ARS8 e are,
tertiary g nes froach asEpsA-addylzee he, twWOARidy/ooo4e, triBRtXFanEBB52,
pyridine, N,Ndinethylaniline, lutidine, collidine etc.. The anpunt of
reé&%nt§5h§e@q5ﬁ4ﬁﬁatW@a§e°P§58P§§eP&§I?CQ{EPQQZPGFQB'SO equi val ents of

am ne and four equival ents of acid anhydride per equival ent of polyamc
acid to be condensed. The inmdisation reaction can be carried out before or
WO 02/ 033@Fe3adlyPCRUGH( 1881 1divailps alinepmabirating omhptamenctapid | gheupa t o
a support. The latter variant.is prefeérgd esEec%€II¥ ¥@§n the polyimde in
quest | o TR SUPSEFISEHEES PLy tPR BRESEGd: SREFY 8ol VeRtsT 5 Pol yani ¢ aci ds
and polyim des according to the present invention have an intrinsic
viscosity preferably in range of 0.05 to 10:pL/ , mpre preferably 0.05 to 5
dL/30 Herein, the-rnfti Bl ®iscosity (ninH‘f(ﬁapnPerﬁ “Ts determ ned by
measuring a sol ution coptaining a polymer in a cofggntration of 0.5 g/100
m for '10 its viscosity at 30 C using N-nethyl-2-pyrrolidone as sol vent.

wherein

25 the broken line indicates the linkage to the polymer main chain;

si has the meaning given above;
B denotes an aromatic or alicyclic group which is
30 unsubstituted or substituted by fluorine, chlorine, cyano

or by a straight-chain or branched alkyl residue which is
unsubstituted, mono-substituted by cyano or halogeno, or

poly-substituted by halogeno, having 1 to 18 carbon atoms



The nunber of nonomer buil ding bl ocks from which the pol yner chains
according to the invention are synthesized can vary within a wide range. It
i's generak‘}(yozf/({ig(%Z to 2000, but 15 especially from3 to 3RQGvcHfiRns@PO! yner
and the pol'yner m xtures according to the invention may contain additives
such as sil ane-contai ni ng conpounds and epoxy-cont ai ni ng crosslinking
agents for further inproving 20 the adRdsi on of the polyner to a substrate.
Exanpl e for silane adhesion pronoters were described in the literature, for
exanpl e Plast. Gng. wiedei¥96bnePobyi Hdies, nbundedpatahts aM agpbupat ingns) .
The above epoxy-containing crosslinking agent preferably inclydes

4, 4~- et hyl ene-m@emmde@twybewe@ﬁapﬁﬁe%y Qi e¥et QyParpREpadye the
“triglycidyl ether pgnzeng-l,g év -tetracarboxylic acid 1, 2:4,5-N,

N - di gl yci dyl di TR o3t VP h5P R’ gl ycol di gl yci dyl et her,

N, N-di gl yci dyl -cycl ohexyl ami ne and the |ike. 30 The copol yner and the

~ polymer m xtures_according to the invention may contain additives such as a
phot®seRSi t P2 ersignbht BRAEPEARCHERR I VPSNd/ or a cationic photoinitiator
Exanpl e for such additives were 2, 2-di nmet hoxy-phenyl et hanone, m xture of
WO 02/ OS3@09 22 PCT/ CH111/(1117-t2 di phenyl net hanone and

N, N- di me hyl benzenanhydrogert Aybma- ¢l ares by bolh hoj e oar oraaghebrielkyl

t hi oxant hone, | RGACURETM 184, . 369 00..651 an _ LGl ba, r'
ketone, triaryl TSEFABRI BHERI 5 aHESY %t+?$%§§5q$%%3C%é%#%#&g@éﬁiﬁ{nﬁfhno
pol ymer mi xt ur egy ag&DEGERE, t 6rt PO AVEREt Diutead e ppbdgetb | eavsupporto

and, after any imdisation step which nay be necessarg, crosslinked b

i rre@iation with8ligrREReYy BEHomS. zeWherghR Qlfat OFs PorSay-iy g??FBﬁddﬁYon
of "10 their side- ' t ai.ni p eaghd r , f2h et ng
obt ai ned, depengﬁﬁggg%gﬁnggg %Fré%%ﬁ%%%gfQﬁéﬁ%??ﬁ%%?%neogﬁghgpl?gﬁfp

radi ated in, a peshtngedideneabooa;odndrientati on and of the angle of tilt
for liquid crystals that are bought into contact with the orientation

| ayer. By spatially selective 15 irradiation of the nolecular units
accordi?g to thegipvgpthon it is hence possible for very specific regions
of a surface to be aligned and provided with a defined angle of tilt. At
thelSane tinme the orientation | ayer so produced is also stabilized by the
cycl oaddition. 20 The present invention therefore also relates to the use
of the polymer according to the invention as orientation layer for |liquid
cryst al prefagriea tgiRitorsectivd | gubdpsr 3t alndeb? s cofipdiispl gypoupsndwiivch

| ayers of optical constructional elenents, 25 especially_ in the odq&t%on
of ~ hybr uadezger acPdRtRyCcldsat ion andadiaye |%§Fer£er}%?1bef%‘?"8&'1?ceﬁ’,[ Y
exanpl e, A reparing a solution of the polyner material, which is

t hen apﬁfgégckg%%lgupport such that honobgeneous | ayers of preferably 30
0.0®0to 50 umthickness are produced. The support may optionally be
provided with further constructional elenents such as an el ectrode | ayer
(for exanple a glass plate coated with indiuntin oxide (1TO). For applying

the solution of the | ymerx WO 0211)53Q0 3 PCX/ CH111/007~2
- 0 O
% \ 7
Y E )

Y

Iv v

25 wherein
the broken line indicates the linkage to B or Sl respectively;
c répresents phenylene which is unsubstituted or substi-

30 tuted by fluorine, chlorine or cyano, or by a cyclic,

straight-chain or branched alkyl residue which is



material, different coating techniques may be used |i ke spincoating,
m ni scuscoati ng, W recoating, slotcoating, offsetprinting, flexoprinting,

gravurprigtd ,;3@0%, optionally after prior imdisation, ddiscHABVABRS to be
oriented can be irradi ated, for exanple, with a high-pressure nmercury

vapour |anp, a xenon lanp or a pulsed UV | aser, using a polarizer and
optionally a mask for creating patternsSor structures. The irradiation tine
i s dependent upon the material and the output of the |ight source used. The
di merisation caphips® Reteadr,r inktho-Hupsuti titdd nadi @éidwn of hhkohenogepeous

| ayer using filters that, for exanple, allow only the radiation suitable

for the crossl BKihFHsEdtused SYpaed agsPoughavERSt IlfeFoa%ﬁeEf"§g8f1 firoms
" present invent inata a(«rﬁéﬂréﬁna)o tigal mBQeGLiS&ﬂr%d?]F&tde%%' grYyi CRSURYI Rgyat

| east one orie ion l'ayer, characterized 1n that the orientation |ayer
cont ai ns phot origakidersicaaiyl ywersephacedobut Qng wicde chamd Bf haveultde

“and _b) Use of photaoreactjve cqpol yners [ncorporating.si hai f1:2Q
forfula | in t AEEYRE (UG V%’ns?lfulat gpggﬂgﬁdrsgfﬁgtg-ﬁ‘rc%d%’%tﬁf@%l%%
el ements and nuy t4.-4:gper syst RE-idie R0lsudER1i,n accordaneaiviphienyene,

’

invention is illustrated in nore detail by the follow ng Exanples. In the
Exanpl es Tg 25 %imrfidtasyleme glodsd stdemsdr & fr@apREhyieRe inol ecul ar wei ght s
(M) were determ ned by gel perneation chromatography (GPC) at 35C using
THF as solvent with polystyrene standard. WO 02/ (1 S3GL19 24 PCT/C

Hf 11/ 118) 7- 42 Bxagideerlcs -OR4, -NRSRS, or an oxygen atom linked to ring

Pol y-chol esteryl - 2-net hacry] at e- co; 6; [ 4- (2net hoxycar bonyl. vi nyl.) phenyl axy] he
xyL02- et hacr yiGt ¥ (Ehe) o th@?’?E"é@ é????rﬁ“ é_crpgmg%y;l %}:Awﬁ’ﬁyﬁed‘lﬁe/ of
0.115 g (0.25 mgwl )pchp|eHere % l’@%@@&éé’ﬂlaéﬁoﬁngroa- cgcii@,( straQyhnewl )

6~ [ 4 - ( 2 -nethoxycarbonylviny phenyl oxy] hexyl 2-nethacrylate
(preparation actliti ngrt brEpched7635%yd) rgriidue 3vhighy (6. eumuhsdibtuted,

a. a' -azobi cycl ohexanegarbqnitriyle ( in 3.2 i | if '
(DMF) was degass&tfP it ?g:tﬂtaard e%tyub 2 ?ﬁgnf%ﬂbeg%wa en selg?léel un erqb‘;’r gon
and stirred at 180 &gd¥, Mafinglhencé hesr eaebbanatvns uaadwahedelint etienicth 5

m tetrahydrofurane (THF), precipitated into 400 m_nethanol and 15
collBect ed by fimereit CHa. JReaDsol Ha¥r idenaientily 158 edRlGReHPY 4. @ )

into 300 m nethapol to.yiel d 003809  _cy=cH-, with the proviso that
pol y- (chol est er yI'2-het (h&é%royl'at e)-Cco-6-[ 4-7 2- et hg;ycar bonyl%i nyl ) - phenyl oxy
] hexyl - 2- met hacoyygdre 4oy ase anahi dérsotily; abhachéd8soxeagh, ofdiers L3 |

20 The chol esteryl - 2-nmet hacryl at sed as,.starting material . r.epar in
accordance wit iRt 2 03% oﬁfﬁg&bpgt?gd%p&e%ra tsoolg?]f%na%f a;lg}_’(s:%gf %ﬁimnf%)d
chol esterol, 0.4819 £ 5d §mMHdme2S et hacrylic acid and 0.09 g

N, N- di net hyl am nopyridine in 50 mM CH2Cl2 at 10 C a solution of 1.5 g

di egcl ohexyl carbodiinmde (DCC) in 20 M CH2C12 was slowy added. The
sol ut i Qp vgs then., Vgéejp%nﬁe%?t%fg of the other represents hydrogen,

fluorine, chlorine, cyano, alkyl optionally substituted
by fluorine having from 1 to 12 carbon atoms in which
optionally one or more non-adjacent CHz groups are

25 replaced by -0-, -CO-O-, -0-CO- and/or -CH=CH-.

More preferred groups P! and P2 have the general formula IV and V
respectively wherein:

30
C répresents phenylene which is unsubstituted or substi-

tuted by a straight-chain or branched alkyl residue which

is unsubstituted or mono- or polysubstituted by fluorine,



25 PCT/ CHOL/ 007.~2 stirred during 15 h at roomtenperature, then filtered
and the solution subsequently evaporated to dryness. Chromatography of the

resi due O%Qfoﬂikéloﬁagel with ethyl acetate/ hexane (1:9) gaveckd it he
acrylate as a colorless solid. 5 The foll owi ng conpounds were prepared in

an anal ogous manner: Pol y-chol esteryl -2-met hacryl ate-co-6-[410
(2- met hoxycar bonyl vi.nyl ) phenyl oxy] hexy}€ 2-met hacryl ate (1:9), M1 = 2.3 x
105, pdi = 2.47,
Pol y- 2- (chol esterihganba®yl 8 ethybor- Bebiac aylbaterese-iGr [che 20wt hoxy cachony|
vi nyl ) phenyl oxy] hexyl - 2-met hacryl ate (1:4),
Pol y- chol est er WdJ2ceBtn §8py DEEEPSoMBY[ Angdspendently be replaced by -O-,
(2 met hoxycar hoy Vi nybg henz oyl hexihi=alret RACT ¥ dherdrler) refResdnbsX

, pdi = 2.46;"
Pol y- chol est er yl, 52 fnebhgteyeat a- ée- 6x[ 2- 62mephokytenbonyl vi nyl ) benzoyl oxy] h
" exyl-2-nmethacrylate (1:9 Mh =3.7 x 105, pdi = 7.03; 20
PoI?-choIesteryl-2-nethacry|ate-co-6-[2-nethoxy-4-(2nethoxycarbony|vinyl)ph
enyl oxyd hexyl - Zppihaeiyl alks( brS)>-NHRS, wherein R%* and R5 are a cyclic,
Pol y-chol est eryl - 2- net hacr yl at e- co- 6- [ 2- met hoxy- 4- (2met hoxycar bonyl vi nyl ) ph
enyl oxy] hexyl - Btretighérghatia ©r dranc ed alkyl residue which is unsub-
Pol y- 6- (chol est er. |- 2- h Y, =.C0=:6r [ 4- . .
nethoxycarbonyf%?%#%%%ﬁéﬁ&ﬁ%%i hgﬁélégii% %éﬁ%#%é% %g:g}?orlne' having
Pol y- 6- (chol estiemyd ilsexprbdnratibas whait eheretn] 4ne2oet moxpcavhoagljacenk) phe
nyl oxy] hexyl -2-nmethacrylate (1:9); Paly-all
tr&ﬁs-[2-(phen§¥¥d8€8ﬁ?8r8§8-H&Gﬁ?ﬁ?ﬁfﬁﬁ?ﬁypgcngl?ﬁ?é-H¥thBR?c%P%onylvinyI
) phenyl oxy] hexyl - 2-met hacryl ate (1:4); 30 Poly-all
t rans-[ 2- (phenyl ) decahydr o- 6- napht hyl ] met hyl - co- 6- [ 4( 2- met hoxycar bonyl vi nyl
) benzoy ,0X%y] hexare hydigtigecy pltams .(1: 4) ; WO 112/ 053C(19 26 PCT/ CHOL/ (107~2
Pol y-all trans- [6- [2- (phenyl)
decahydr o- 6napht hyl ] met hyl oxy] hexyl - co- 6-[ 4- ( 2- net hoxy- car - bonyl vi nyl ) benzo
yl oxy] hexyl - 2- et hacryl ate (1:4). 5 Exanple 2 Poly-3- L (E) -4- [ (E) -4-
(4Met hyl phenyl cyclohexyl%cyclohexyl]propyl-2-nethacry|ate-po-2[4-(2-nethox
ychPbodBheyi rmiqawaw BaGFROAGS - 20kt G yiGaROYIEY) ~dgroerding o gpO £hep ~

~ = O 3%venfion, which the side chains of formula I and the

photoreactive side chains are attached to, are those which are

generally used for photoaligning polymers and which are well

known to a person skilled in the art. Examples have been

20 published e.g. in EP-A-0611786, WO-A-96/10049, EP-A-0763552,
EP-A-0860455, WO-A-99/15576 and WO-A-00/59966.

Preferred polymer backbones in the present invention are

polymers formed from acrylate, methacrylate, 2-chloroacrylate,

25 2-phenylaérylate, optionally N-lower alkyl substituted
acrylamide, methacrylamide, 2-chloroacrylamide,
2-phenylacrylamide, vinyl ether, vinyl ester, styrene

derivatives, siloxanes, imides, amic acids and their esters,
amidimides, maleic acid derivatives, fumaric acid derivatives.

30
More preferred are polymers formed from acrylate, methacrylate,
optionally N-lower-alkyl-substituted acrylamide, methacrylamide,

vinyl ether, wvinyl ester, styrene derivatives, imides, amic




A mxture of 0.3l g (0.8 mmol)
3-[trans-4-[trans-4-(4-nmet hyl phenyl)cycl ohexyl ] cycl ohexyl ] propyl - 2- met hacry

late and Q.o ofhs %‘%((2 .41 mmol) 2- [4- (2-nethoxycarbonyl - \pdﬂ]yél)mmghﬁnyl oxy]
et hyl - 2mret hacry ate (preparation according to EP-A-0763552) and 5.3 ng

(0.032 nmmol ) a.a'-azoisobutyronitrile §A| BN) in 19 m dry tetrahydrofuran
(THF) was degassed in a seal able tube 17The tube was then seal ed under
argon and stirred at 57 C for 15 h. The 20 polyner was precipitated into

500 M #heidhunettheri anskieotd egiedntiydifdildgsat i on. The pol yner was
reprecipitated fromTHF (6.0 m) into 300 M nethanol to yield 0.58 g (80%
poly-3-[(E)-4-[(E)-4(4-nmethyl phenyl)cycl ohexyl ] cycl ohexyl ] propyl - 2- met hacry

| ate-cogel 4: (%11[?“ hareeRshanyl vipy )gtbqwew] CkBthed: MAAGHT Y bREG18Re( 1 3)

as a white so

~3- [tranmet;ha[dn‘;atm&:ed,—(@prmdr;dml}enw )Jsamrdmlaémq-@rhsth@tgtle]dpr epyy-lamidehacr y
| at e used as start mat er i wa repared i n accordance with th

f ol Powi TRF ’lyazi/ ﬁhp & To é’1§’(¥qut| SiPtSt 3 g 227 Styrene
PCT/ Oﬁt&él(ﬂwt~ia,4§. 54 mmol ) 3- [trans 4- [trans-4- (4

met hyl phenyl ) cycl ohexyl ] cycl ohexyl ] pr opr opanol, prepared according to US
5,454,974, 1.94 g 2-nmethacrylic acid and 0.33 g N, N 5 di met hyl am nopyri di ne

i n 20 MOt ee e oty SaoheR - reTabe: | RS PREEY2RRRY oy BT RG ) 1

at rooretiesmpesad lgcelyﬂwﬂ. tdwtear gani ¢ phase was filtered washed with wat er,
drjed over Na2S04, filtered and evaporated to dryness. Chromatography '10
of 1%e residue over silicagel wth hexane/ether (19:1) gave 2.73 g of the

acryl at@n@ getetbﬁS%fquHéi side §pbhoyi BE FUTRRNRAST Wes BapiwPated the an
analogous

Pol y- 3- I@Mmseaﬂst[-t‘r@n&emet 4-grequps ptﬂe’nyla) cysiRsHamAY cypsloselipg) 5  the
proPY| - EDacY sLe- G2k ol & GRSy bomyl v 1! o] e

Pol y- 3-pté&persrdd [ 4 ramss 4- (4- met hyl phenyl )cycl ohexyl ] cycI ohexyl ] pr opyl - 2- met
hacryl at e- co- 2-[ 4- (220 net hoxycar bonyl vi nyl ) phenyl oxy] et hyl - 2- net hacryl at e

(119); -

Pol y-3-[trans-4-[trans-4-(4-nethyl phenyl)cycl ohexyl]cycl ohexyl] propyl - 2- net
hacryl at e- co- 2- [ 2- met hoxy- 4- (2rmet hoxycar bonyl vi nyl ) phenyl oxy] et hyl - 2- net hac
ryl at e THe 9)invéntivée Smpbaymeprm can2.158; @ed alone or preferably in

Poly-3- 1%115}21'.8‘15?85? [trtal'? 5 4lenal.astthyI enylt)heyrcl %}ﬁo)golt‘.]eca}gfl%heex)go]lymer or
copolymer. A further aspect of the invention therefore comprises
20 photoreactive mixtures which contain a copolymer of the present
invention. Mixing ‘partners are components known for
photoaligning properties, for instance as exemplified in
EP-A-0611786, WO-A-96/10049, EP-A-0763552, EP-A-0860455,
WO-A-99/15576, WO-A-00/59966 and PCT/EP00/06788.
25
Preferred components for mixtures together with the copolymer of
the invention are photoreactive polymers based on acrylate,
methacrylate, optionally N-lower-alkyl-substituted acrylamide,
methacrylamide, vinyl ether, vinyl ester, styrene derivatives,
30 imides, amic acids and their esters and amidimides where the
side chains contain as photoreactive groups substructures of

formula II or III.



propyl - 2- met hacryl at e- co- 6- [ 4- ( 2met hoxycar bonyl vi nyl } benzoyl oxy] hexyl - 2- et
hacrylate (1:9);
Pol y- 3- [ t Gapssidksbind- (4- cyanophenyl ) phenyl ] cycl ohexyl ]| pr opyeremiihaeny! at e-c
0- 2-[ 4- (2- net hoxycar bonyl vi nyl ) phenyl oxy] ethyl -2 30 nethacrylate (1:3), M
= 8.75 x 104, pdi = 2.27,
Poly-3-[trans-4-[-4-(4-cyanopheny|}pheﬁ§|]cyc|ohexyl]propyl-2nethacry|ate-c
0- 2-[ 2- met hoxy- 4- ( 2- met hoxycar bonyl vi nyl ) phenyl WO 02/ G 36110 28
oxy] et wdre2- npthastykat e cohipdhenBET/ @dd1/ GRipWtes 7¢@oxthed, pdrth= zhey,
Poly-3-[trans-4-[traps-4-(3,4-difluorophenyl)cycl ohexyl.] cycl ohexyl ]. yl -2
- met hac¥SRREEne®s 204 -Yhe R FRAGADR bBRI 0PSpETy R S 5dEa ORE Ui iet
S vinyl) | t 2kt h | ake el Ancd¥poratihg ddnamik ac2d2%r

Pol y- 3- trangé%bﬁt?§#2-4-(3,%€%?fIEgrophepyf%gicloheé?l]cyclohexyl]propyl-2
- net hacrouredein od€r { Pabivemas LHItortarsdiarbsiy |SHaHAS phenyl oxy) et hyl - 2-m

ethacrylate (1:3), 10 Mh = 8.5 x 104, pdi = 2.14; _
PoI?-3-[trans-4-[trans-4-(3,4-difIuorophenyl)cyclohexyl]cyclohexyl]-propyl-
2- et hags ol apeegerzeli2aiel i xtudels?-dmitiaiosy ongbpohyheéphefy lcbry jpetesA - 2-
met hacrylate (1:9); Poly-3-[trans:4-(4-net hoxggﬂ@enél %}c cl gh xyl H)ro .In- 2 15
met hacr§iat dn¥enLipR hstsesk - POLKBERBXFESr b FTFH F%EN ﬁgFOX AR e
t hacryl 1. 3); ; i hotoreactive polymer
Pol y- B-ﬁk?%éns?%h( E—Onlgfvﬁg %pﬁesril:ﬁs C%/OC %%%?(?I Yﬁ?%pf}l 32rret hacryl at e-][')co-ﬁg]rt [ 2- e
t hoxy- 4b42ededhopytainbdy) vibolyambe yd bk ydrd yolyanimeiarid e (1: 9) . 20
Exanple 3 Polyimde 25 0.199 g (1.02 mol ) of
1, 293, 4- cycl obut ant et racar boxyl i ¢ acid di anhydri de was added to a sol ution
of 0.05Bhg (Bntdat™aH )tid Sopotimainekeszaiagadidl chel ¢avenyioaster trel
0.45 g (1.02 muol ) of 3,5-di am nobenzoic acid . e e
6- [ 2- nemhokyrds( 2anevhayydar BolFoadnyiangeenyieReH@dy) ICTe st BIPHL 1A B i1
tetrahydrofyran. 30 Stirring carried 223 horus-ed hen
anot her® .Og Sg COMPPERES \g%%éfteg%%% ?f(ﬁ obﬁtﬁtér’nt%ett r'acgﬂr%%(yl%i)c aci d
di anhydei g were mddedpréberpéat ureowass sobsebeervpylyahéowed to react for
22 hours at roomtenperature. The pol ynmer m xture was V'O 02/ CS3(~f19 29
PCREC HU 1 /0117a2

The polymer of formula I is characterized by being readily

accessible. It may be prepared using methods that are known to a -

person skilled in the art.

20 The inventive copblymer, with acrylate, methacrylate,
acrylamide, methacrylamide and styrene derivative as repeating
monomer unit, can be prepared in principle according to two
different processes. In addition to the direct polymerization of
pre-finished monomers there exists the possibility of polymer-

25 analogous reaction of reactive photoactive derivatives with

functional polymers.

For the direct polymerization, the monomers and the comonomers
are firstly prepared separately from the individual components.
30 The formation of the copolymers is subsequently effected in a
manner known per se under the influence of UV radiation or heat
or by the action of radical or " ionic catalysts. Potassium

peroxodisulfate, dibenzoyl peroxide, azobisisobutyro-nitrile or



diluted with 3.5 mM THF, precipitated into 200 m diethyl ether and
collected by filtration. The polyner was reprecipitated from T THF (10 m)

after fil{rallf@ebnto 600 n water to yield, after drying w@ty¢mAmr+2
tenperature under vacuum 0.687 g of polyamic 5 acid in the formof a beige

powder; [n] - 0.57 dL/g. The 3, 5-di am nobenzoic acid chol esteryl ester and
t he 3,5 di ani nobenzoic acid 19

6- [ 2- net hoxy- 4- (2met hoxycar bonyl vi nyl ) phenyl oxy] hexyl ester used as
startingilPepBipni¢l YeEExPAEParedexamplesr d@neaddicell tiel tfigltoos.ngonic
procedure: 3,5-Dialtrobenzoic acid cholesteryl ester 15 4, o0.0Q-N 0 i~

o' ~' ~o GaBalystsoaremsdikpldnerasndcolcompaunds (9eCl FFpPRes %gilﬁP%PB‘bé’ﬁfzow
" chloride 3 4- di net m i dj r IS d ¢ :

di chl or %%%%%%}ﬁjégg%%gsg?uj{jig%%g]mgg%% g{dggeﬁ%eﬁf‘ y %gg?(g'd %lgc%?cdﬂanqc‘ilglhg‘en
4.1 M pyei dudRowassadadat drispw pelynerihedcodnse sofl @3 on,nutVESPensfHaay, 4 |
75 hours at 0 Cthe reaction m xture was partitioned between .

di cif or BHBLAARR GhdSWREERICE€he organic phase was washed with a sat.

sol ution. of sodium bi carbonate and repeatedly with water, dried over
sodium 25 sulfate, filtered and concentrated by rotary evaporatiqn.,

Chr omat 8gr aphy  sfecoms! r pEPaasSore 1EPLYMSY | 68Ngehl R RP TOFRERESH elRed

5.56 g (95% 3, 5-dinitraobe | G saGid estery s : el | FAovsde. 30
WO 02/ Oégiﬁeﬁfﬁ?éﬁg%ﬁ%%%%%@ 5- Bpgllrr}l noben glgctfg%llgﬁgéol e@%ﬁeryl eslt er
0 HzN ~pB1imbiz ahda54ud teH1e4 fumitiionall zeddisiider-aerzoi deaicrat iches .e Magry |
ester and 2.0 g (37.39 nmol} of ammoni um chloride were suspended in 5 80 ml
of 0 mi krawWe JFRIeSeRy SHCRet3BnoLor \GXJPLE 1 €F5exd - 1€f§iomlt)rag}s-zi nc
powder ; d LpigaeiRar N tHae-iFaTdlthiond dvetailicHld risk at
40- C. A}Q’?ggrﬁgﬂﬁgggﬁmh%ﬁ%?12%016'%2?@0@#114% met hanol . water 9:1 were
added t pollimerhanklogeuspeascbmonad the reaction allowed to continue during
4.25 10 hours. The reaction m xture was then cooled to roomtenperature
diluted with 100 mM nethanol/water (9:1) and then partitioned between

di chl or ggehhadsp e ehavéhea Omgdeicalpirasee st Wiwhede twédn a1sa00r el
sodi um bi carbonat € sol uti on_and repeatedly with wat then_dried ove

er

sodifum Sulopat 8001 i | paederakd Yc oMOMeNiedt e PELSORP ev'%lﬁproat i 3 Cf’lr%%t%@?'aphy
of the Leg Lkhga i g yobiens/ gbbYyhnacet 8¢ 4o 3)
gave af ngegb‘l%llgg éggggt%%%h\%gguﬁrgﬁ%‘.rgg g o? a pasty conpound. 20 Exanple
4 .

The preparation of the polyamic acids and polyimides according

to the invention is generally carried out analogously to the

20 methods frequently described in the polyimide literature, for
example in Plast. Eng. 36 (1996) (Polyimides, fundamentals and

applications) .

For example, the polycondensation reaction for the preparation
25. of the polyamic acids is carried out in solution in a polar
aprotic organic  solvent, such as  y-butyrolactone, N,N-
dimethylacetamide, N-methylpyrrolidone oxr N,N-dimethylformamide.
In most cases equimolar amounts of the dianhydride and the
diamine are used, that is to say one amino group per anhydride
30, group. If it is desired to stabilize the molecular weight of the
polymer, it is possible for that purpose to add an excess Or a
less-than-stoichiometric amount of one of the two components oxr

to add a monofunctional com-pound in the form of a dicarboxylic



Preparation of cell wth high tilt Atw percent by weight solution of the
phot or eacti ve copol yner

Poly-3-[t Kﬂf‘&‘qﬁ‘s({&)r ans- 4- (4-met hyl phenyl ) cycl ohexyl ] cycl o p&ychor00742

hexyl ] pr opyl - é nmet hacryl at e- co- 2-[ 2- met hoxy- 4- ( 2net hoxycar bonyl vi nyl ) phenyl
oxy] et hyl -2-net hacrylate (1:3) (preparation see Exanple 1) was prepared
using cycl opentanone as a sol vent. The2§ol ution was stirred for 30 mnutes
at roomtenperature. 30 WO 02/(1;3C09 31 PCT/CHI | /00 p2 This solution

was spi fict@amelodhhRQ depraonia twe |Addi 6di Winhonexhiiey . cBatmdlgkasst

pl ates, which were then dried for 30 mnutes at 150 C. 5 Both substrates
ver e subd@yuemonpfansisianalor @RRPOHTHE e &St hd\ i i zBELHI t ARAYSIHAS i ght
" of a.35 { Ssur y | . JThe Jnt epsity. of e 5 i it t he
cubst r apushghE0, RS EELORLIHEY LRl d A B it A e et 2ds! dos
faci ng canaidsd, otibeptabephhl ¢satves et emsendt @de | off dl esparten el0q i d
“crystal cell using 20 umthick glass rods as spacers. The cell was filled
witl? the nematic liquid crystal m xture M.C12000-000 (Merck) at 105 G,

whi ch iﬁofelthea%\gpéﬂﬁcfdrﬁ%f Ngi % ENPES ath%a(iiE@ng Wriphreft itvee vl igptihr5

crystal mxture”. The cell was subsequently cooled down to 95 Cwth a
cool i ngpelymens 3 iBeri potyactylrhess PObyBSLECHVIAtEs coBPly§tyaréSofWwikn

C/ i n. from85s C tg.25 C with. 14 f ' 4
or ocoa b e BasBabRIEEa R Pavaril, ST Helindlac? FE Bqubiil Fd 1D

m xt ur ee@bit€, 20 tpRSSi APotde pbigtbngdeheapeoat unreadtfiem t heaxel blwas be
investigated with a polarizing mcroscope, the alignnent quality was found
to e ecReefpPened ¥nt khg PreeeRge cofpehlat bFSHPL g/agoﬂﬁ‘?? duced in the

m croscope the alignnent of the long axis of the liquid crystal nolecul es

was found to be parallel to the polarization 25 direction of the uv-1light

whi ch wilke ussctlticsgitimroabifgreiehepphyanpol yamrds The tfidum ahhke Rehaimkdss i n

the liquid crystal material by the photoaliagned | ayer ) asyre j
t he st aﬁ%‘a?a g?"y%flaf“ UrSt at"‘?/lc'fﬁi‘ 5d%y'ﬂ$%’ coom’PeJrlc}?'}ﬁ i r'f“{s%]r }%énc?a%é}gS
from Auprienivgs Hélchey s wast ussd thorsdyhaby pubpastsaiben pwethl tremoglad vels

eval uated to 89.1 respective to _the surface plane. WO 02/ 053@09 32
Exalfpl ewstereprif athion ofhege| imiili fakbem ukeadtionsr ey opgagents. When

carried out purely thermally, the imidisation of the polyamic
acids is not always complete, that is to say the resulting
polyimides may still contain proportions of polyamic acid. The
imidisation reactions are generally carried out at a temperature
20 of from 60 to 250 °C, but preferably at less than 200 °C. In
order to achieve imidisation at rather lower temperatures there
are additionally mixed into the reaction mixture reagents that
facilitate the removal of water. Such reagents are, for example,
mixtures consisting of acid anhydrides, such as acetic acid
25 anhydride, propionic acid anhydride, phthalic acid anhydride,
trifluorocacetic acid anhydride, and tertiary amines, such as
triethylarﬁine, trimethylamine, tributylamine, pyridine, N,N-
dimethylaniline, lutidine, collidine etc.. The amount of
reagents used in that case 1is preferably at least two
30. equivalents of amine and four equivalents of acid anhydride per

equivalent of polyamic acid to be condensed.

The imidisation reaction <can be <carried out Dbefore or



Fol |l owi ng exactly the procedure of Exanple 4 a second parallel 5 cell was
prepared. However, different to Exanple 4, a two percent by weight solution

of the phgtor.eactive copol yner

Pol y3-[t rgxr?s([@?f't'? ans-4- (3, 4-di fl uorophenyl)cycl ohexyl ] cyglc%celgg}/loi'grzopyl - 2-
met hacryl at e- co- 2- [ 2- net hoxy- 4- ( 2- net hgxycar bonyl vi nyl ) phenyl oxy] et hyl - 2- ne
thacrylate (1:3) fromExanple 1 in '10 (1:ycl opent anone was used. This

sol ution was coated onto both substrates which were subsequently

phot oal ajpernasively hendyndrftens applEgahpbe 40 18 Fupnatte cEhet dlatter

rotation neasurenent retilt _angl f 49, S observed .
Prepar at Foh*3F &R &3S rd:ﬁdone?%ﬁgi’g]u%n g%fqe\r,t]\%se %$f¥+r§hdi%§nﬁu%tsgrlé%of a
' phOtOfeE&é%@oﬁOédﬁmmﬁ@' dif St par &SIt dratpesdmpatt scl osed in '
WO- A- 99/ 15576 - al so avail able as ROP-401 from Rolic Research 25 Ltd.,
Switzerland - and

" pol - - G0z AL 456 2= Meih honyl- vi |
R e e e s C R e e
cycl opehdeaorem t dnachineve aviistakliyy?2 psefecihity orirof rpolbgneef .0 Te to

m xture_30 s then stirred at. ro enperatyre for 10.mn._.to .get .a ¢l ear
sol uti oh® Ab{gH oBPER3A Qra@&%&?@n%ﬁi#‘@'sﬁ'ﬁﬁ%ﬁ o EhR gﬁectft]in&]lcof
phot or L.YE: pol yam ¢ acq - 401 (97 d ; -
ol y- (chorSSFLRD) BRRE A ch My o A [ R P T St oy
hexyl - 2t fieh haonyhiheng ladpol$mpar in) awasnGeptepaied adcor.di gy 1100 e for
preparation of Solution 1. Solution 1 andxa,%gl ution %‘p\ﬁre each filtered
oveéi® a B8 VRFTefien #%F13Qr *anusipy VelEty b 4imesr & @ PSR Seen 10
coated with indiumtin oxide (ITO, in a spin-coating apparatus at 3000

rev./mn. in the course of 60 seconds. The resulting filmwas then predried
for 15 Theutsmber, ¢80 ronowen hbnildingsddocks 1fhenr whiclpotlet Palomax he

polyim de. .15 The gl ass pl.ate s0o coQat t i J or ds
with t h‘éﬁf‘f‘ﬂﬁar?‘f/c%f)c?wq zédP LS g V%ﬁ t§%§50gg§hi ég'%ggﬂri%é]g%?% n%agrguﬁz;'a apor
|l anp. AwhtHUhA-£1 WSiR | raege Xt ke D§ dGampdlanes fwam t hentappioew, byut
spin-coating to the irradiated |ayer and subsequently cross-1|inked by

i sétT opeePeripi it ¥R B ®BPnEaPRs. 20 Under a polarization microscope, a

uni axi al ly doubl e-refractive |ayer of oriented liquid crystal nol ecul es was
observed and a contrast ratio as high as 1500:1 was neasured. Using a tilt
conpensaher copolgmeas cerd athedpoigner haiditueesi areafrdin@entat ithe dgyesad
with the direction of polarization of th7he uv I.'Léght useq: 25 .for the

pol yi ni BEOPaf&y G AH | BHILELERSFUSTY, 37 08ddfPEn SOP AR le iAB B Yy er
having gndefdgied -Ricait :aralRy 38rokstihtidy0agkass piet esugtkeed MWgddving
Solution 1 according to Exanple 6 were irradiated for 4 mnutes with
|iﬁghr|yhpopdpp§égnupﬂi%ﬁ@,polymer to a substrate. Example for silane

adhesion promoters were described in the literature, for example
Plast. Eng. 36 (1996) (Polyimides, fundamentals and appli-
cations). The above epoxy-containing crosslinking agent prefera-
bly includes 4,4'-methylene-bis-(N,N-diglycidylaniline), tri-
25 methylolpropane triglycidyl ether, benzene-1,2,4,5-tetracarbo-
xylic acid 1,2:4,5-N,N’'-diglycidyldiimide, polyethylene glycol
diglycidyl ether, N,N-diglycidyl-cyclohexylamine and the like.

30 The copolymer and the polymer mixtures according to the
invention may contain additives such as a photosensitizer, a
photoradical generator and/or a cationic photoinitiator. Example

for such additives were 2,2-dimethoxy-phenylethanone, mixture of



WO (12/(1a3(~09 34 PCT/C HO01 /00 7.12 the direction of incidence of the
l'ight being inclined by 40 relative to the plate normal. The direction of

pol ari zat WUZ?L3&0PG light was kept in the plane defined bypdhenfiwmesti on of

i nci dence ight and the plate normal. From both plates a 5 cell of
20 um spacing was built such that the illum nated surfaces were facing each
other and the previous polarization diPéctions. of illumnation were

parallel. The cell was then filled with liquid crystal m xture M.C12000- 000
from Medfkhehy 108t kafbset r ol phaseN-dihetagllbenasnthénegr adoral | y egduotled

to 10 roomtenperature at a rate ranging fromQ. 1L Cmn to 2 en
cr ossed? pbRERe ngléY@‘al%l‘Pﬂ hRRFPILD | el’fgé‘&%PPGw d WHREREAORR %@%@g@fﬂ‘e

" The ti Iiagngl 90f 5hBbs Rafal Lk o1 . (8ebgy M nedHeroly skakohel atd iyl

met hod, " was 70.” 15 Exanple 8 Pr oduction of an orientation | ayer having a

defi nedsmbﬁoangﬂnesalttamd 2%e Fbikew ng the same procedure as in Exanple 7
“but using Solution 2 of Exanple 6, a tilt angle of 5.5 has been achieved.
ﬁ"ple 9 25 Optical stability of tilt angle The cell according to Exanple

8 havi ngh@n ebbeniakiron ahadyerthe expobjméng midehireed angbeddhgti ldo oftle 5
was subjected to .photostability experinments using a focused halogen |a
The 30 1WgeRtiepacanohet AEPSARPI EOhAd SAPPOEtoRdat A6 ARh - HH 3R Ance

of 3 Wg v{ﬁféh a@%f@éﬂ' Aeld %fégfa' B Ofr§ le%(?(%g sw%ahgam&icfmg@ of

t he abov angl S obser 'V1I"O (12
Det er mnﬂhe@ﬁlpf gd‘imnm:letdagblghtdl rtgnartatus (t\d-lRyza?C'mO-UymlbeJMitlgn5 otfipo
gl ass plates coated with Sol ution acc r di n}g@éo Exa le 6 were irr d| ted

perifendr R4y | ?leﬁrFlﬁﬁlﬂs m ﬁ%‘f‘%@ V\H‘ﬂ I eI A Vae UV:ERe

both pl gL esq2opeklinah, 1depBn "Lg)cyiﬁstl@é“ hirégehoh hat tﬁ%ﬂ.dﬂﬂzlarﬂl@ai[%t
surfaces we?e faci ng éach ot her and the previous polarization directions of

i |1 unmi nekeod ighte Iﬂdlpa‘—leél ligl,. ghbseferredadirhehingi rfaitdendating @ithder

hi gh vaguumfor 14, houts 30 t Aot eatigtafl ihad ol TRl Liguideiestaleo

mi xt ur e° in~vacuo at “roomtenperature

crossedcgAtattzewsth Uﬂhéorﬁi:jleﬁta’eﬂbﬂd layged d cﬂyst@paﬂmmymxﬂmxxaed.

Prior to testing the voltage_15 hol din ratlo ﬁ the was first,
F’tgag}é’

suldjSect t8rediagePRgofothso MRSy 13T W?Ihttmfl BN

ms) of #s hence possible for very spec1f1c regions of a surface to be
aligned and provided with a defined angle of tilt. At the same
time the orientation layer so produced is also stabilized by the
cycloaddition.

20

The present invention therefore also relates to the use of the
polymer according to the invention as orientation layer for
liquid crystals, and to their use in liquid crystal cells of
displays, and for layers of optical constructional elements,

25 especially in the production of hybrid layer elements.

Such orientation layers can be produced, for example, by first
preparing a solution of the polymer material, which is then
applied to a support such that homogeneous layers of preferably
30 0.05 to 50 um thickness are produced. The support may optionally
be provided with further constructional elements such as an
electrode layer (for example a glass plate coated with indium-

tin oxide (ITO)). For applying the solution of the polymer



vol tage surge of 64 us wwth Vo (Vat t = 0) = 0.2 V was then neasured over
a period of T = 20 ns. The voltage holding ratio then determ ned, given by
VHR = Wr = /VO, was 99 o at room 20 tenperature an 0 C
WO 02/ oggv(‘%”‘BEf@umllf 1U7~2 36 Clainms 1. A phot oact i veqjéﬁ'g%%?}ﬁ’e?ém ch
contains side chains 5 incorporating photoreactive groups and
si-mul t aneously side chains of the generdl fornula I: S1 AL -Z1 n mz 10
wherein the total nunber of rings, including the nunber of rings in

opt i onahhyepigsent Jddtderned Sysdteirsy i stathhigesest wmagnd ¢ nusedsi xtikend
wherein 15 the broken |ine synbolizes the poi,nt of linkage to the polyner
mai n chSPHICPILEBYr esenfdNARCHELEPELRE 1 i ng I 5% E8nsed ré#ﬁf%ﬁéﬁ 20
" i ncorpogat] iRt §hg9s £1i {6l 1QRE Oy AL £ P Bl aceRbnCHLHE 1BiRs) B €
optiona??%égggfégg%hgg é?ﬁg%%&hwhic%eigﬁun§dﬁgtitd?g% or $ug?tf?ited 55?
~fluori nafber bypaist r dimjistisatdion,or theantegtions kyio r &si dasigRreq jgan be

unsubstituted no-substituted by cyano or .hal r
polfisubgf?gh?gggby:ﬁ%ToﬁgﬁS?Sﬁéviﬁbgﬁ t IQE@EE%%%%E %nsﬁgﬁ%ua%ef%ﬁ 'Gne
or norei1aqp, adl aeeiin Gngr 6xpa MRy seddapentiesdt y heingphaged any zewgranp Q
where Q represents -O=, -CO-, -CO-O, -OCO, -Si %20-%%2-08%0-!3 2-, -NR2-,
- NR2- COPPEiQmRARE- | a30rafiRe-ias OSreaping NRBL terRRy- b NporY SN The
-C=C, ; . and . repr d n | pyesr A KYhna tHR GR@R3409
37 PCT/%%E%?E%§i8gzqﬁﬁ% Agpegéﬁgéﬁﬁg%e% gﬁtﬁgk%f t he othe% represents an
aromat i ofotthal i hait csgunoe weedh Theurdimstisaiiah ocarubssSpt Weedcayried

f|¥¥glngﬁtcggpqg¥%d£2§ygﬂ(gftyhg'ﬁgﬁgbghegaéaigggicggﬁ%g filters that,

for example, allow only the radiation suitable for the cross-

linking reaction to pass through.

Further aspects of the present invention are:

15 a) Optical or electro-optical devices having at least one
orientation layer, characterized in that the orientation
layer ' contains photoreactive copolymers incorporating side
chains of formula I; and

b) Use of photoreactive copolymers incorporating side chains of

20 formula I in the construction of unstructured and structured

optical elements and multi-layer systems.

The polymer in accordance with the invention is illustrated in
more detail by the following Examples. 1In the Examples Tg
25 - signifies the glass temperature. Relative molecular weights (Mp)
were determined by gel permeation chromatography (GPC) at 35°C

using THF as solvent with polystyrene standard.



5 or branched al kyl residue which is unsubstituted, nonosubstituted by
cyano or hal ogeno, or poly-substituted by hal ogeno, having 1 to 18 carbon
at ons and Lh,one or nore non adjacent CH2 groups may tﬁggg tly be
repl aced H@p@?g%ﬁérein Q and R2 have the neani ng given '16ia ovg?ﬁﬁ?th t he
proviso that -CH=CH, -C---C are not in conjugation with aromatic rings;
St represent a single coval ent bond or24 spacer unit, such as a

strai ght-chain or branched al kyl ene resi due which is 15 unsubstituted,

nDno-SLﬁgaﬂéygep by cyano or hal ogeno, or poly-substituted by hal ogeno,
havi ng 0 carbon atons, wherein one or nore non adjacent CH2 groups

may i ndRperdthrles tar e -Raetdhasr d atgraasior [B-4d9¢ R2 have the neani ng gi ven
" above; . i HE%&%L n cgR unit, such
as a st“rg%'%%’égcc%%’l%r{f @Wmﬁﬁ%ﬂa@ﬁ ene re?i Ei“t?}g%\%%i #a{%s;es lF}%S'S%Sti tut ed,
nono- substituted by cyano or hal ogeno, or poly-substituted by hal ogeno,
~having 1 to 8 carbon atons, 25 , wherein one or nore non adjacent CH2
groups may i ndependently be replaced by Jywhereryh Q and R2 have the
meani ng gi ven above; Rl is a hydrogen ‘ a hal ogen atom a cyano group
or a 30 straight-chain or branched i due which is unsubstituted,
nono- substituted by cyano or hal pol y-substituted by hal ogeno,

having 1 to 18 carbon atg;ggg§f- ei ixgne or nore non adjacent CH2 groups

may WO 02/1153109 38 P 17 007~2 i ndependently be replaced by Q
wherein Q and R2 have the amisng -gi ven aboye with the proviso that the

groups -CH=CH, -C=C are n att ached. dig-e @ aromatic ring; 5 n
fe ,O/T\P'h\p\/
C

o]
and m each i ndependent| y= 1 or 2 suchHat ¥ + n) < 2 and g denotes
0O or 1. 10 2. A photoactiv pol ymer according to ©&@aim1l, wherein A2 is
an @nsubstituted five nenbered or six nenbered ring or an optionally
substituted group of 2 to 5 condensed rings, in which one or two non

adj acent CH2 groups are optionally replaced by 15 oxygen. 3. A photoactjve
copol yrer maseerei a§ PolﬁiﬂgnﬂP-%%eW@Pﬁ)AEhP§eéyéFBﬂégf§ﬁ§h§F§Y3P§F,and

cycl ohe -1, 45dpy! aldnr2, pdi ﬁ%gﬁgﬁh llyﬂg 16590 Ylex v -
per hydréég% héagéhbé, glmg:i?l é20[4(2)r§§ii r%(J'rtorhdgwi ncorp rgﬁﬁﬁ{;h cgﬁﬁder@gd ?ciyng
syst em seheth®trfrate a (pdepakraofioa natascaldingoccisri B§-RAad762552) bi eypd ic,
diterpene or triterpene or froma steroid, nost preferably chol esterol or

chdloest ainblmg 2504032 pheebhctol e BHeSiayel ohexangicagboaicrdilm 1(AGHEr din A2
is t - lip-2, 6;di -perh -2 7diyl
or oup. | hbr i o i b he RSt 68" TR DA PPEBNRRLEAT? sk

nat ur al t yb@cCctlhé | Pabe atvabeadlendisaglldd  undtidrerqeyen osand r st erpedeadr 80r 6@ a
steroid, nost preferably 30 chol esterol jor cholestangl. 5. A Bhoh?ggt%ﬁg
ERfent My © a

copol ynEeT addor i nFhed cFaEmZeaGihiai RLKTURAd "RE | AddH
other afg. LopyBsi# iRl Saknat e@recipitated into 400 ml methanol and

15 collected by filtration. The polymer was reprecipitated from THF
(4.0 ml) into 300 ml methanol to yield 0.35 g poly-(cholesteryl-
2-methacrylate) -co-6- [4- (2-methoxycarbonylvinyl) -phenyloxy] -
hexyl-2-methacrylate (1:4) as a white solid; Mp = 1.85 x 105,
pdi = 4.23

20
The cholesteryl-2-methacrylate used as starting material was

prepared in accordance with the following procedure:

To a solution of 2 g (5.2 mmol) cholesterol, 0.49 g (5.7 mmol)
25 2-methacrylic acid and 0.09 g N,N-dimethylaminopyridine in 50 ml
CH,Cl, at 10 °C a solution of 1.5 g dicyclohexylcarbodiimide
(pcc) in 20 ml CH;Cl, was slowly added. The solution was then



WO 02/ 11S3( (19 39 PCT/ CHOL/ 007~2 five or six nenbered alicyclic rings or
si x nmenbered aromatic rings optionally substituted by fluorine or chlorine

or by a sty teohai n or branched al kyl residue which is pisgigidebsat €d,
nono- or RN g’/%u%stltut ed by fluorine having 1-12 carbon atons 5 wherein

one or rmre non adj acent CH2 groups rra\ézl ndependently be replaced by -0,
-CO0, -0OCO, -NR2-CO, -CO NR2-, -0 CO NR2-, -CH=CH, C-C-,
- 0- COO with the proviso that CH:CH- -C—--C— are not in conj ugati on
with anseqepedi guking and Wwher ersoi? teapeasenire ,a thr ofht exedn end| cnmar

al kyl. 10 6. A photoactive_copol yner acfordl ng to any oge of clai r’r}sl fo
wher ei nS@HeL o gSUREEANETAS YarVaRRIHRY t HPe ARG Thent BHEI2 8T oPLY ©

" cycl ohexane I 1.4 e i fon Ve
ol y- SyELE: Faradey Tt PATECROY AR el Gty fa e e (arh o
br anched. 2l §ybf relsé daerybach as ansebstless eshblidno- or pol y-substituted by
"fluorine having 1-12 carbon atons wherein one or nore non adjacent CH2
grops may i ndependently be replaced by =0, -COO, -0 CO, -CH=CH,
-C=C-, with the proviso that -CH=CH and -C=C- are not in conjugation 20
with aromatic rings. 7. A photoactive copola/rrer according to any one of

cl ai ms The of6llomengi AoMPORRA] We¥Ry| RERAEET - IAD GNal QFUS &A1 n or
branched al kyl ene grouping, represented by -(CH2)r-, and also 25 - (CH2)
r-o-, - (CH) r-coO, - (CH2) r-CO0-, - (CH) r-O0CO, - (CH2) r-CO NR2-, -
(CH2) rpdliRg- éﬁblestéﬁﬁ?}zFmé\BRacrylz@Gﬂ):o%OM(CHZ) s-, - ( CHZ) r- coOo

CH2 CHE - CH2
R Zt@f&?owwb@%vw%ﬁ%nx o%(@;%ynr B C@%ﬁrysl%e (1553 (CHZ)
-COO 2 CO (CH2 O, 30 - (CH2 -NRZCO CH2
r % 3 {IR;'ZOS (pg_i , 49 (and)lfs attached go a) p[:)l ystyr ene( )

p(élglo m( g?—ﬁé pQLY@Hb@eéﬁédy@éaﬁbéxﬂﬁ?flbeahyﬁ Esmethdwrj(lmrégmm)- H& (Z?az)r
r-. -p - r-
- NR2- (wgoxycarﬁmyéﬂw%i@E@nﬂﬁoaﬁﬁﬁ%ﬂér %)o%eﬁlﬁacwl?“c‘ﬂg 4()

0-
CH2 NR2-, -O (CH2) r-O. -O
ECH2§ p%@l&ﬁ%ﬁ%ﬁzy £t5%1at9R%&% o e ((CHZ)Z-LIRZ-
- NR% ( Ci&l?}meﬁhﬁf)ycarﬁﬁhdeRQﬂlﬂI?benﬁoyl@m neyl {}lzf)lethmryla;te (1:4), '

-CO NR2- (CH2)r-O-CO-, -0O CO (CHZ)r-CO ,'-OCO(CHZ)r- , -0-CO (CH2) r- NR2-,
-om(mﬂzﬂ ©x 304+ @BOT GHAG- CO- NR2-, -0-00 (CH2) r-NR2-CO-, -O (CH2)

0 Bt Bk Lk e (B0 S0 . (£10) 1N O (G) o,
r-o0- (Cin@):h&x@carb&ﬂyl@a.nﬁzﬂ-lﬁaanzeymxmez(cm;t BeChacrylafeH?D): 3 - NR2- CO- O

(CH2) s-O, -COO(CH2)r-O (CH2 -COO(CH2)r-O(CH2)s- O, wherein r and
s are eMah= an7|ﬁtb@%r B 17 ¢ :‘20 but especially from2 to 12, with the

Y SORLR chodeBepeyR e BEBREP M- doc. RathubeLgn, st ot coen

FoRer~a ot oacti ve copo ynre “according to anyone
Of cl ai ﬁi&thokycﬁrbwhynehnyﬂphenglexy@hexpﬂ:ﬁd meChReyyhaser &1 ght 7 chai n

o o ens SLoup 19 Lebrcosnie B S SED Lo o2t BPRoRGES Oy (S2)
r'NH'CCRe@EH%&cﬁrbonyﬁG@%&l5phkh§£b§&]ﬁgkgl $-methacrylate (1:9);
Poly-6- (cholesteryl)hexyl-2-methacrylate-co-6-[4-(2-

25 methoxycarbonylvinyl)phenyloxylhexyl-2-methacrylate (1:9);
Poly-6- (cholesteryl) hexyl-2-methacrylate-co-6-[4~ (2~
methoxycarbonylvinyl) phenyloxyl hexyl-2-methacrylate (1:9 ) ;
pPoly-all trans-[2- (phenyl)decahydro-6-naphthyllmethyl-co-6-[4-
(2-methoxycarbonylvinyl) phenyloxy] hexyl-2-methacrylate (1:4);

30 Poly-all trans-[2- (phenyl)decahydro-6-naphthylimethyl-co-6-[4-
(2-methoxycarbonylvinyl)benzoyloxy] hexyl-2-methacrylate (1:4);



-(CH2) r-O0 (CH2) s-O , - (CH ) r-NHCO ( CHZ) s-O ,
-(CH2)r-NHCO O (CH2)s- O, and if attached to a polystyrene, polyim de,
pol yam ¢ %C%(,ngpol yam ¢ aci d ester backbone also -O ( Cgdr/dno1/00842 O

(CH2) r-. r-. -0-CO (CH2) r-, 25 -0 CO (CH2)r-CO O,

-0 (CH2) r- O CO-, -O(CHZ)r-CONH— O ( Q2 ) r-NH CO . - COO ( CH2 )
<0 . - CONH ( CH2 ) r-0- . -0- ( ) r-0- . -O ( CH2 ) r-N+CO
CH2 ) s- . -O (CH ) r-0 (CHR) s-O , -OCO (CH) r-O (CH2) s-O.

- CO O HsHP)all GrihdP)e-F6 (phe@10H)aaliyd@O-§-CH2) s- O,

-0-CO (CH2) r- NH CO-( O, wherein r sareech n integer from?2
to 12 é?ﬁplﬁszmﬁ@?y]ro’a}’s]gleé‘YWo?# ¢ ﬁ?ot“&f;g} X¥e Cdp ﬁ}é? according to
any One\fﬂfl BBt 4:8/16 efze'xﬁbﬁiaé Batsd ndl ; enbond -CH2-, a
straight - al n V% )%]UEB% 41 PCT/ |1 /11U7~2 al kyl ene groupi ng
‘represented by -(CH2)r-, and also -(CH2)r-O, - (CH2) r-CO0-. - (CH2)

r-0.Co. - (G2) r-0- (GH2) s-0, -{CH2)r-NHCOo0-(CH2)s-O, and if
attdched to a pol ystyrene, polyinm de, polyanm c acid or pol yam'c acid ester
backbonexah IJe52 O(CHZ)r- COO(CHZ)r-. -OCO{CH2)r-.

-0 CO( { CH2) r-0-CO . -COO ( CH ) r-O , -O ( CH )
r-o E@Y3CH§E54UE)(4<:|424-)30..-OCO(CHz)r-O(CH2)so.
- CO- O (g by Spyeoh SERT to 8
and th(e su %&éﬁ@ &°h Oled el ony Al

0. A phot oactl ve copol yner accordi n93 to any
one of [:4a(m&thmﬁamﬂwm{lﬂmyw]cﬂtmlW@ﬁ@ﬂ%ﬁ%g‘l

coval ent bond or a straight-chain or branched al kyl ene residue which is
un%ﬂbstltuted nono- substituted or poly-substituted by fluoro, 15 having 1
to 8 carbon atons, wherein gne or nore_non ag acen CH2 groups may

i ndependent |y be repl aced by)-6 , - CO-, -CO NRZ-,
-NR2-CO- O, -0OCONRZ-, -

-0 0- wth the provi so
that - CHECH and - C=C- are’nd¥+ in conj ugation with aromat i ¢ ri ngs and

wherein R2 represents a 20 drogen ayom or lower alkyl. 11. A photoactive
copol ymer according to né of @@,— wherein at | east one of Z1
and Z2 is a single coval nd or a rai ghtk- chai n or branched-al kyl ene
residue, having 1 to 6 25 carbon atons, whereif one or nore non adj acent

CH2 groups may i ndependently be repl aced by -0, -COO, -O0CO, -CH=CH,
-C=C, -0C0 0O, with the proviso that -CH=CH and C—C- are not in

conj ugaAl O Witfe apemas im rgNge . $0mkd1) A Phpteacd | ae] oo yarer4 -agestydi-ng
to any one of clainms 1 to 9 wherein at |east one of Zl and Z2 is a sSi ngl e
coval emphényd) oycbolsemlwcmmwb}pmmﬂ:ﬁédn%ﬂwmea%s| 888, hafing 4 to

02185300032 TabDendent T b b TS PatRRe SR AR (A PRI <0 -2-

PCT/ CHUé 084 c2ylate (preparatlon accordlng to EP-A-0763552) and 5.3 mg
(0.032 mmol) o«.o'-azoisobutyronitrile (AIBN} in 19 ml dry
tetrahydrofuran (THF) was degassed in a sealable tube. The tube
was then sealed under argon and stirred at 57 °C for 15 h. The

20 polymer was precipitated into 500 ml diethyl ether and collected
by filtration. The polymer was reprecipitated from THF (6.0 ml)
into 300 ml methanol to yield 0.58 g (80%) poly-3-[(E)-4-[(E)-4-
(4-methylphenyl) cyclohexyll cyclohexyl] propyl-2-methacrylate-co-
2- [4- (2-methoxycarbonylvinyl) phenyloxy] ethyl-2-methacrylate

25 (1:3) as a white solid; My = 8.15 x 10%, pdi = 2.16.

The 3- [trans-4- [trans-4- (4-methylphenyl) cyclohexyl] cyclohexyl] -
propyl-2-methacrylate used as starting material was prepared in

accordance with the following procedure:



13. A photoactive copol yner according to any one of clains 1 to 12, wherein
Rl is a hydrogen atom a fluoro atom a chloro 5 atom a cyano group or a
strai ght - Ghywns9gpebr anched al kyl residue which is unsubstigcai@shioor42
nono- substituted by cyano or hal ogeno, or poly-substituted by fluoro,
having 1 to 18 carbon atonms, wherein one or nore non adjacent CH2 groups
may i ndependently be replaced by -0, 20, -CO0O, -0CO, -NR2-CO-, '10
-CONR2-, -NR2-CO O, -OCONR2-, -CH=CH, -CC, -OCOO, with . the
proviso that -CH=CH and -C=C- are not attached directly to an aromatic
ring and wherein R2 represents_a hydrogen_atqmor_I|pwer al kyl. 15 14.
_ phot oactPve ZcopBPtet cc&fgi ny Yo gr?y%gn el a%‘ngtﬁaqso' 'Zﬂ,t%—e 'n(‘él i's
a hydr LYO1 8hakPN cPc EHhO% rSp&YSN0 PEepRres @&ccord-
straigﬁ??g%g}%ﬁ%?§%§a%ched a?E§I§$esidd%la%ic ?% unsubgti?uted, having 1

to 12 cangohoatltshss, 4her 274, ohe26r IndraaidhacrdjldcerrcidHard olpd3 nd@y N, N-

| ependEnLL Ny PER R ERIATRE BY SR py By FEY oo @ WG G o 0

to an afoeRtiehekplcatbodAimhatodDttyeiaopal yrlerCrRHior diany slovalyy aiiedf
claine 1 25 to 14, wherein n and m are each chosen such that the total

nunber BRer SRJAtLOTY s ubBERUESLLFESS FEART 2’4 Br B2 I h SR e -
nunber efefi NGR i By aggedeﬁ% syakeni G ry PRAkARAL iWa IEORQLY AT dried

according to any on clains 1 30 to 14, wherein mand n are chosen such
t hat theveot da80aberfidfteriedysanidicevripborrted tongriness .c PP FEAR M

e 3 or 4. WO /083109 43 PCTL CHUL U11.7-42.17. A j ye
R di P15 THany TR AVEtmsoL 045 whirbi RorrS/E i topt LRkl o TG AL

i's chosgn7grgnba tadi gakydhta db-aotolorlespeseldd.a steroid. 5 18. A
phot oacti ve copol yner according to claim 17, wherein Al is a radical of a
steroid and g has the value of 0. 19. A photoactive copol yner according to

any onerRl £Lah kol BotBouttE! fhle! brEOUPLASER AR AMg 44O iardier ST de

chains of ormiPa [ §rde chains Inc rporati ng photoreactive groups

whi ch apelgbbe [transder jorphst ey ¢t nsahybphePl) dychohaart I oecbupatyhir

according to_claim 19, wherein the _side chain?_%gcorporating phot or eacti ve
m

gr oups EF@PX$‘§DH§F%&EFXF@§36F°fﬁé[6éﬂ%F§PxY6 all or 11l __ gl (B)p_pl
R3_( B~PnERn8%ycarbbnylVihy2pwBayebRy] ethyl-2-methacrylate (1:3),
Mp = 9.1 x 104, pdi = 2.08;
Poly-3- [trans-4- [trans-4- (4-methylphenyl)cyclohexyl] cyclohexyl] -
propyl-2-methacrylate-co-2-[4- (2~

20 methoxycarbonylvinyl)phenyloxylethyl-2-methacrylate (1:9);
Poly-3- [trans-4- [trans-4- (4-methylphenyl)cyclohexyl] cyclohexyl] -
propyl-2-methacrylate-co-2-[2-methoxy-4-(2-
methoxycarbonylvinyl)phenyloxyl ethyl-2-methacrylate (1:9),

M, = 9.8 x 104, pdi = 2.58;

25 Poly-3-[trans-4-[trans-4- (4-methylphenyl)cyclohexyl]cyclohexyl] -
propyl-2-methacrylate-co-6-[4-(2-
methoxycarbonylvinyl)benzoyloxylhexyl-2-methacrylate (1:9);
Poly-3-[trans-4-[-4- (4-cyanophenyl)phenyl] cyclohexyl]lpropyl-2-
methacrylate-co-2-[4- (2-methoxycarbonylvinyl)phenyloxy]ethyl-2-

30 methacrylate (1:3),

M, = 8.75 x 104, pdi = 2.27;
Poly—3—[trans—4—[—4—(4-cyanophepyl)pheny1]cyclohexyl]propyl-z—
methacrylate-co-2- [2-methoxy-4- (2-methoxycarbonylvinyl)phenyl-



the broken line indicates the |inkage to the polynmer main chain; S1 has the
meani ng gi ven above; 25 B denotes an aromatic or alicyclic group which is

unsubstit yeeh @heeubstituted by fluorine, chlorine, cyano gir/d¥oi@oer42
straight-chain or branched al kyl residue which is unsubstituted,

nono- substituted by cyano or hal ogeno, el 30 poly-substituted by hal ogeno,
having 1 to 18 carbon atons and wherei n 'one or nore non adjacent CH2 groups
may i ndependently be replaced by Q where Q and R2 have the neani ng given
above; oxwWDe0RyDS3cmetAacpylape §1ghl fy photoreactive groups;

PCT/ CH111/007~2 R3 ii apgqydrf)?gen atom or a straight-chain or branched

al kyl 5Mpesi due Whith Bumsdbstit uted, nono-substituted by cyano or

" hal 0genge1 9r 309k ¥a75URSt ELaheds by hal @0eDgor aNeREL oy o1 diSe £l hOPc TS 0TS,
wherein 8% or%m?g CHZr[gr oups rrgy independren Iyﬁ‘%le r%pl aced by Q where Q
~and R2 hexgli beopphn? myegheenyhdbeecoand(4102 preghoxyeanbonyl- A phot oacti ve

copaql yner _according to,claim 20 i d,P2 conprise groups which
und govén¥ﬁ89589¥?9§%1? ﬁYgL§ %%gggggy?%gggggé%g1 fornula IV and V
respectjyvely,X; y 164 YdaiX L2 29]V 20 wherein V the broken line indicates

the |inkage to B or Sl respectively; C represents fhenyl ene which is
unsubst Poliyed-dtraGssabstiransed- by, £ dbflweropheny heyotokgurbl cyrlayy a

mono- SuBEKIELOREPE) €5 AR5 8F ERARbhaRS, Zof Jir phetbett (s B hal ogeno.
havi ng &atBoh§1626D0NpRLAYECRPUe AP €2 Fm@BRa6ryDREE (DB3 Rdj acent CH2 groups
miylo Mp = 8.5 x 104, pdi = 2.14;
Poly-3- [trans-4- [trans-4-(3,4-difluorophenyl)cyclohexyl] cyclo-
hexyl] -propyl-2-methacrylate-co-2- [2-methoxy-4- (2-methoxy-
carbonylvinyl)phenyloxylethyl-2-methacrylate (1:9);
Poly-3- [trans-4- (4-methoxyphenyl)cyclohexyl]propyl-2-
15 methacrylate-co-2- [2-methoxy-4-(2-methoxycarbonylvinyl)phenyl-
oxylethyl-2-methacrylate (1:3);
Poly-3- [trans-4- (4-methoxyphenyl) cyclohexyl]propyl-2-
methacrylate-co-2- [2-methoxy-4- (2-methoxycarbonylvinyl)phenyl-
oxylethyl-2-methacrylate (1:9).
20

Example 3
Polyimide

25 0.199 g (1.02 mmol) of 1,2,3,4-cyclobutantetracarboxylic acid
dianhydride was added to a solution of 0.059 g (0.113 mmol) of
3,5-diaminobenzoic acid cholesteryl ester and 0.45 g (1.02 mmol)
of 3,5-diaminobenzoic acid 6-[2-methoxy-4- (2-methoxycarbonyl-
vinyl)phenyloxylhexyl ester in 3.5 ml of tetrahydrofuran.

30 Stirring was then carried out at 23 °C for 2 hours. Then another
0.022 g (0.113 mmol) of 1,2,3,4-cyclobutantetracarboxylic acid
dianhydride were added. The mixture was subsequently allowed to

react for 22 hours at room temperature. The polymer mixture was



30 i ndependently be replaced by Q where Q and R2 have the neaning given
above, .or C further represents pyrimdine WO U2/ U53@09 PCTI CHULlI U07~2 45
2,5-diyl, y (;zi/(gw,g- 2,5-diyl, 2,5-thiophenylene, 2,5furanylggf¢cnffoniad- oOr

2, 6- napht hyl ene; represents -OR4, -NRS5R6, or an oxygen atomlinked to
ring 5 Cin the ortho- position to forma coumarin unit wherein R4, R5 and
R6 are a hydrogen atomor a cyclic, sti&ightchain or branched al kyl residue
whi ch is unsubstituted, nono-substituted by hal ogeno, or poly--substituted
by hal cgtengzedaving 1 .50 mh8 @8, basrad DFbt 2l Whet €1 o oNR10Kk1iethyrorea Heti?
groups may independently be replaced by -0, -CO, -CO-0O, -0GCO, -CHCH,
wi th t Rngreeliectadt boxfddhratbas - aflenPolymesc ey FEPFSTER TG tEcH ¥her

“or R5 re i o] f a i gycl i i B 5t

ot oms; e 1300y’ HERes DRELEESLLS, PRELIROY oY Nhaler B9 VAMIS SEANT
fl uori négyid ordtherooparnempmratiurept undalk | wesnlvst,i t ot €87 by f dbfiondaleyawivd ng
"from1l to 12 carbon atonms in which optionally one or nore non-adjacent CH2
gr oGps agkd 20nr epeaermpyf - beigg wpwdey CN] andd 077 ABHCH . 22. A
phot oacti ve copol yner according to claim 21, wherein: C represents
phenyl ene which is unsubstituted or substi25 tuted by a straight-chain or
branchertha&l ky| sr@sasiipopbnedidc s adsdibséhdlderkoy]l nosszenor gpul ysest ix,H-ed
by fluorine, having,1 to, 18 carbon atons and wherein one or nore non
adj acerdiappngbenpeifadCifdepehdedtrgX et 7 &bT aced by -O, -CO-, -CO O,
-0 CO, - ESEP 2, agkudran , &s4- Martin
2,6-na6%%%@?%%%?9%9§z%?222%{%ﬁé%ém orjﬁil S, %ﬁggginxgﬁﬂgndéES 5?2 a g
cyaloi ¢, matenight - eleaien oprépararhedinl kyEcqogsiagee whiwkth i s thewo Tl awsaauo
46 PCT/CHI 11/0U7. 12 unsubstituted or nono- or pol ysubstituted by fluorine,
havi ng A¥?9°48X€4r bon atons and wherein one or nore non adj acent CH2 groups
may i ndependently be replaced by -O; and 5 X, Y are hydrogen atons. 23. A
phot oacti ve copol yner according to ané one of clainms 1 to 22, wherein the
pol yner3 bacRbehbsobengpichachd ahelkesharnt efter

%, 9
F -
O’N‘\O

15

3.89 g (10.1 mmol) Cholesterol, 2.44 g (10.5 mmol) 3,5-
dinitrobenzoyl chloride, 12.3 mg 4-dimethylaminopyridine were
dissolved in 76 ml dichloromethane. The solution was
20 subsequently cooled to 0 °C and then 4.1 ml pyridine was added
dropwise, in the course of 25 minutes. After 4.75 hours at 0 °C
the reaction mixture was partitioned between dichloromethane and
water; the organic phase was washed with a sat. solution of
sodium bicarbonate and repeatedly with water, dried over sodium
25 sgulfate, filtered and concentrated by rotary evaporation.
Chromatography of the residue on 100 g silica gel using Toluene
yielded 5.56 g (95%) 3,5-dinitrobenzoic acid cholesteryl ester

as yellow powder.

30



7.0 formula | and the photoreactive side chains are attached, are those
whi ch are generally used for photoaligning polyners. 24. A photoactive
copol yrrer\,ﬁp&ﬂjsgjm@g to claim 23, wherein the backbones argd¢pRAoiHOM
acrylate, nethacrylate, 15 2-chloroacryl ate, 2-phenylacrylate, optionally
N- | ower al kyl substituted acryl am de, nethacrylam de, 2-chloroacryl am de,
2-phenyl acryl ami de, vinyl ether, vinyl3@ster, styrene derivatives,

sil oxanes, imdes, amc acids and their esters, am dimdes, nmaleic acid
deri vat3 yeidnifshenzsid dleid wlioMatexBfl Hstek phot oacti ve copol yner
according to claim 23, wherein the backbones are fornmed fromacryl ate,

nmet hacryl ate, optionally NI ower-@l kyl- it uted acryl am de,
" met hacryl ami de, vinyl et herfaNy o re derivatives, imdes, amc
acids and 25 their esters and di m . A phot oacti ve copol yner

according to claim 23, whereinnN{)e backbones are formed from acryl ate,
“nmethacrylate, optionally N-1ower-al kyl-substituted acryl am de,

met hacrylzan gle (ovBay Imnid(l )etdier 3, ¥+dini estleenzaiw stydechodesteayilvester WO
02/ US3C09. 47 PCT/ CHOL/ 007. 12 _27. hot oacti ve_copal ymer accordin o.claim
23, "W nt Re habkbonds P41 SHeRIv BRI BoCFIETIRE, dreti| SEPRALRI At

pol yvi Ko giihes s and nBOMId VoSt ingd 3B. mAtRRAboaCt i WL £&Opol ¥ et 2aggorgdi ng
to any of the clainms 1 to 27, wherein the proportion of the side groups of
f or nul al19k el v eof 0zine phwderewerevehendadgdedups pieuPgartipn<agd dghe

pr ef er abl 25 % .and S [ rred 2Q.% 9. m X% ur
conpri s?%%l%lq%a@}&tv%ggo%%gﬂlg%} sfa%i n4<OMi gh a %%st‘l 'gnggé%grr;%r?en ii soqfa
phot oacirniotnheopobymer &Ecretdhagol o :amatefr thel clvaires dddenl 28 anHeattHigdst
one ot her conponent is an ot her photoreactive polynmer or cogﬂ mer. 15 30.

A M xt UTESRRADIAR ndD  EP&I nF23CT1PRr & IWRE ofRer CRRbEBEEA $oltyrfer or
copg yr%tﬁ(%/'l bag drgacﬂ‘iéﬂﬁl it uPet RAY Wide, cOpté@Nabl Yoom temperature

N- | ower - a -substituted acryl am de, methacrylam de, vinyl ether; vinyl
ester, &ilutad wechvald@em]l imeithemolaivateaci €18: ahd artki thest gegtdtioned

am di m.des where,t side,_20 chains contain.as photoreaciive groups
substr RE e o&l?gfﬂﬁ?ﬂeFﬁaB? F‘Pa. w %erA %hﬁ u ]égaa%Jc%rEf’ﬁaet 58! ¢ ﬁns1

wher ei nyitie Pt beEuphetar eaaiiimeoRehyYbBhabe £6RALYBRI andl Rapedtedlymwdas
am c 25 acids or amc acid esters mcorgoratl ng cinnanic acid or counarin
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20 Example 4
Preparation of cell with high tilt

A two percent by weight solution of the photoreactive copolymer
Poly-3- [trans-4- [trans-4- (4-methylphenyl) cyclohexyl] cyclo-

25 hexyllpropyl-2-methacrylate-co-2-[2-methoxy-4-(2-
methoxycarbonylvinyl)phenyloxy] ethyl-2-methacrylate (1:3)
(preparation see Example 1) was Prepared using cyclopentanone as
a solvent. The solution was stirred for 30 minutes at room
temperature.

30
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cooling rate of 0.3 °C/min. and from 85 °C to 25 °C with a
cooling rate of 5 °C/min. Above cooling procedure was applied to
allow stress-free alignment of the liquid crystal mixture while
20 passing the clearing temperature. When the cell was investigated
with a polarizing microscope, the alignment quality was found to
be excellent. With a tilting compensator which was introduced in
the microscope the alignment of the long axis of the liguid
crystal molecules was found to be parallel to the polarization

25 direction of the uv-light which was used to photoalign the

photopolymer.

The tilt angle generated in the liquid crystal material by the
photoaligned layer was measured using the standard crystal
30 rotation method. The commercial instrument TBA105 £f£rom Autronics
Melchers was used for that purpose. The pretilt angle was

evaluated to 89.1° respective to the surface plane.
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cry-late) -co-6- [4- (2-methoxycarbonyl-vinyl) -
phenyloxy] -hexyl-2-methacrylate (1:4) from Example
1 (1 part) was added to cyclopentanone to achieve
a totally 2 %wt solution of polymers. The mixture
30 was then stirred at room temperature for 10 min.

to get a clear solution.
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5 prepared according to the preparation of

Solution 1.

Solution 1 and Solution 2 were each filtered over a 0.2 pum
Teflon filter and applied to a glass plate, which had been
10 coated with indium-tin oxide (ITO), in a spin-coating apparatus
at 3000 rev./min. in the course of 60 seconds. The resulting
film was then predried for 15 minutes at 130 °C and then

imidised for 1 hour at 200 °C to form the polyimide.

15 The glass plate so coated was then irradiated for 15 seconds
with the linearly polarized UV light of a 350 W high-pressure
mercury vapor lamp. A liquid-crystalline mixture of diacrylates
was then applied by spin-coating to the irradiated layer and
subsequently cross-linked by isotropic UV 1light for 5 minutes.

20 Under a polarization microscope, a uniaxially double-refractive
layer of oriented liquid crystal molecules was observed and a
contrast ratio as high as 1500:1 was measured. Using a tilt
compensator it was ascertained that the direction of orientation
agreed with the direction of polarization of the UV light used

25 for the polyimide layer irradiation.

Example 7

Production of an orientation layer having a defined high angle

30 of tilt

Two glass plates coated with Solution 1 according to Example 6

were irradiated for 4 minutes with linearly polarized UV light,
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' the light was kept in the plane defined by the direction of

incidence of the light and the plate normal. From both plates a

5 cell of 20 pm spacing was built such that the illuminated
surfaces were facing each other and the previous polarization
directions of illumination were parallel. The cell was then
filled with 1liquid crystal mixture MLC12000-000 from Merck at
100 °C (isotropic phase). The cell was then gradually cooled to

‘10 room temperature at a rate ranging from 0.1 °C/min to 2 °C/min.
Between crossed polarizers a uniformly oriented liquid crystal
layer was observed. The tilt angle of this parallel cell,

determined by crystal rotation method, was 70°.

15
Example 8
Production of an orientation layer having a defined low angle of

tilt

20 Following the same procedure as in Example 7 but using Solution

2 of Example 6, a tilt angle of 5.5° has been achieved.

Example 9
25 oOptical stability of tilt angle

The cell according to Example 8 having an orientation Ilayer
exhibiting a defined angle of tilt of 5.5° was subjected to
photostability experiments using a focused halogen lamp. The
30 1light impact on the sample had a cut-off at 400 nm and an
irradiance of 3 W/cm2. After an irradiation time of 600 hours no

significant change of the above tilt angle was observed.
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and the previous polarization directions of illumination were
‘10 parallel. This cell was then maintained at 120 °C under high
vacuum for 14 hours and thereafter filled with TFT liquid
crystal mixture MLC12000-000 from Merck in vacuo at room
temperature. Between crossed polarizers a uniformly oriented
liguid crystal layer was observed. Prior to testing the voltage
15 holding ratio (VHR) the cell was first subjected to ageing for
50 hours at 120 °C. The voltage decay V f{(at T = 20 ms) of a
voltage surge of 64 us with Vo (V at t = 0) = 0.2 V was then-
measured over a period of T = 20 ms. The voltage holding ratio
then determined, given by VHR = Vypg (t = T)/Vp, was 99 % at room

20 temperature and 88 % at 80 °C.
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incorporating photoreactive groups and simultaneously side

chains of the general formula I:

@ A@EEm
n m

I

wherein

the total number of rings, including the number of rings in
optionally present condensed systems is at least two and at most

six; and wherein

the broken line symbolizes the point of linkage to the polymer

main chain;

A2 represents an alicyclic ring or a condensed ring system
incorporating 2-5 rings, in which one or more non
adjacent CH, groups are optionally replaced by oxygen,
which is unsubstituted or substituted by fluorine or by a
straight-chain or branched alkyl residue which 1is
unsubstituted, mono-substituted by cyano or halogeno, or
poly-substituted by halogeno, having 1 to 18 carbon atoms
and wherein one or more non adjacent CHz groups may

independently be replaced by a group Q, where Q

represents -0-, -CO-, -CO-0-, -0-CO-,
-Si (CH3) 2-0-S1i (CH3) 2-, -NR2-, -NR2-CO-, -CO-NR2-,
-NR2-C0-0-, -0-CO-NR2-, -NR2-CO-NR?-, -CH=CH-, -C=C-,

-0-C0-0-, and R2 represents hydrogen or lower alkyl;
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109& () -, 10%& (§luxriness ekleyine, cyano or by a ‘cyclic, straight-chain
5 or branched alkyl residue which is unsubstituted, mono-
substituted by cyano or halogeno, or poly-substituted by
halogeno, having I to 18 carbon atoms and wherein one or

more non adjacent CH; groups may dindependently be

replaced by Q, wherein Q and R2 have the meaning given
10 above, with the proviso that -CH=CH-, -C=C- are not in

conjugation with aromatic rings;

st represent a single covalent bond or a spacer unit, such
as a straight-chain or branched alkylene residue which is
15 | unsubstituted, mono-substituted by cyano or halogeno, or
poly-substituted by halogeno, having 1 to 24 carbon
atoms, wherein one or more non adjacent CHz groups may
independently be replaced by Q, wherein Q and R2 have the
meaning given above;
20
Zl', Z2 represent a single covalent bond or a spacer unit, such
as a straight-chain or branched alkylene residue which is
unsubstituted, mono-substituted by cyano or halogeno, or
poly-substituted by halogeno, having 1 to 8 carbon atoms,
25 , wherein one or more non adjacent CHy; groups may
independently be replaced by Q, wherein Q and R2 have the

meaning given above;

R1 is a hydrogen atom, a halogen atom, a cyano group Or a

30 straight-chain or branched alkyl residue which is
| unsubstituted, mono-substituted by cyano or halogeno, or
poly-substituted by halogeno, having 1 to 18 carbon

atoms, wherein one or more non adjacent CHp groups may
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n and m each independently are 0, 1 or 2 such that (m + n) < 2

and
q denotes 0 or 1.
10
2. A photoactive copolymer according to claim 1, wherein A2

is an unsubstituted five membered or six membered ring or an
optionally substituted group of 2 to 5 condensed rings, in which
one or two non adjacent CH, groups are optionally replaced by

15 oxygen.

3. A photoactive copolymer according to claim 1, wherein A2
is cyclopentane-1,3-diyl, cyclohexane-1,4-divyl, decalin-2,6-
diyl, perhydrophenanthren-2, 7-diyl, perhydroanthracen-2,6-diyl
20 or a group incorporating a condensed ring system selected from a
radical of a naturally occurring, at least bicyclic, diterpene
or triterpene or from a éteroid, most preferably cholesterol or

cholestanol.

25 4. A photoactive copolymer according to claim 1, wherein A2
is trans-decalin-2,6-diyl, trans,trans-perhydrophenanthren-2,7-
diyl or a group incorporating a condensed ring system selected
from a radical of a naturally occurring, at least bicyclic,
diterpene or triterpene or from a steroid, most preferably

30 cholesterol or cholestanol.

5. A photoactive copolymer according to claim 1, wherein Al

and A3 independently of each other are unsubstituted saturated
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Y& ()-10%&4() wherein the rings Al and A3 are unsubstituted cyclopentane-
1,3-diyl, cyclohexane-1,4-diyl or 1,4-phenylene which 1is
unsubstituted, mono- or poly-sybstituted by fluorine or chlorine

15 or by a straight-chain or branched alkyl residue which is
unsubstituted, mono- or poly-substituted by fluorine having 1-12

carbon atoms wherein one or more non adjacent CHz; groups may

?

independently be replaced by -0-, -CO-O-, -0-CO-, -CH=CH-, -C=C-,
with the proviso that -CH=CH- and -C=C- are not in conjugation

20 with aromatic rings.

7. A photoactive copolymer according to any one of claims 1
to 6, wherein 8! is a single bond, -CHp- or a straight-chain or

branched alkylene grouping, represented by - (CHz)r-, and also

25 - (CHz)r-O-, - (CHz) -CO-, - (CHg) x-CO-0-, - (CHg) x-0-CO-,
- (CHp) x-CO-NR2-, - (CHjy)-NR2-CO-, - (CHp)y-NR2-, - (CHjy)-0O-(CH2)g-,
_ (CHy) p-CO-0- (CHy) g~, - (CH3) x-0-CO- (CHp) g-, - (CH2) p-NR2-CO- (CH2) -,
- (CH2) x-NR?-CO-0- (CH2) g-, - (CHy) y-0- {CHp) 5-0-,
- (CHz) - CO-0- (CH2) 5-0-, - (CH2) r-0-CO- (CHp) g-O-,
30 - (CHp)x-NR3-CO- (CHz) 5-O-, - (CH3) y-NR2-C0O-0- (CH2) g-0-, and if

attached to a polystyrene, polyimide, polyamic acid or polyamic
acid ester backbone also -0- (CH3) - -CO-0- (CH2) x-,
-0-CO- (CHp) y-, -NR2-CO- (CHy)y-, -CO-NR2-(CHp)yr-, -NR2-(CHz)r-,
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-NR2- (CHp) y-0-CO-, -CO-NR2- (CHp) -O-, -CO-NR2- (CHp) y~-NR2-,

5 -CO-NR2- (CHp) y-O-CO-, ~-0-CO- (CHp) x-CO-, -0-CO- (CHz) x-0-,
-0-CO- (CHy) x-NR2-, ~-0-CO- (CHz) x-CO-0-, ~-0-CO- (CH3) x-CO-NR2-,
—O-CO—(CHé)r—NRz-CO—, -0- (CHp) x-0- (CHy) g-, -0-(CH3)-CO-0O- (CH2) g,

-0- (CH3) y-NR2-CO- (CHy) g~, -0~ (CHy) y-NR2-CO-0- (CHz) 5-,

-0~ (CHz) y-CO-0- (CHz) g-0-, ~0- (CHjz) g-O- (CHz) g-0-,

.10 -0O- (CH3) x~-NR2-CO- (CHz) g-0O-, -0O- (CH3) x-NR2-CO-0- (CH2) g-0O-,
-CO-0- (CHy) -0- (CHy) g-, -CO-0-(CHy) r-O- (CHz) g-O~, wherein r and s

are each an integer from 1 to 20, but especially from 2 to 12,

with the proviso that r + s < 21, especially £ 15, and wherein R2

represents hydrogen or lower alkyl.

15
8. A photoactive copolymer according to anyone of claims 1
to 6, wherein Sl is a single bond, -CHz-, a straight-chain
alkylene grouping represented by -(CHz)y-, and also - (CHz)ry-O-,
- (CH3) r~-CO-0-, - (CHz) x-0-CO-, - (CHz) ,-CO-NH-, - (CHz) x-NH-CO-,

20 - (CHjy) x-NH-CO- (CHy) 5-, - {CHy) y~-NH-CO-0- (CH3) 5-,
- (CH3) x-O- (CH3) g-0O-, - (CH2) x-NH-CO- (CHz) 5-0O-,
- (CHy) p-NH-CO-0- (CHz) g-O-, and if attached to a polystyrene,
polyimide, polyamic acid or polyamic acid ester backbone also
-0- (CHjp) -, -CO-0- (CH3) -, -CO-NH- (CH3) v~ -0-CO- (CH2) -,

25 -0-CO- (CHy) r~-CO-0-, -0~ (CH3) y-0-CO-, -0O- (CHy) x-CO-NH-,
-0- (CHy) x-NH-CO-, -CO-0O- (CHy)},-O-, -CO-NH-(CHz)r-0-, -O-(CHz)r-O-,
-0- {(CHjy) x-NH-CO- (CH3) 5, -0- (CHz) -0~ (CHy) g-0-,
-0-CO- (CHj) y-O- (CHz) s-O-, ~C0-0- (CHy) -0~ (CHp) s-0-,
-0- (CHy) x-NH-CO- (CH3) g-O-, -0-CO- (CHy)-NH-CO- (CHz) ¢-0O-, wherein r

30 and s are each an integer from 2 to 12 and the sum of r + s < 15.

9. A photoactive copolymer according to any one of claims 1

to 6, wherein 81 is a single bond, -CH;-, a straight-chain
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~CO-0- (CH3) -0- (CHy) g-0-, wherein r and s are each an integer

from 2 to 8 and the sum of r + s £ 10.
10
10. A photoactive copolymer according to any one of claims 1
to 9, wherein at least one of'Z1 and Z2 is a single covalent bond
or a straight-chain or branched alkylene residue which is
unsubstituted, mono-substituted or poly-substituted by £fluoro,
15 having 1 to 8 carbon atoms, wherein one or more non adjacent CHy
groups may independently be replaced by -0-, -CO-, -CO-O-,
-0-CO-, -NR2-CO-, -CO-NR2-, -NR2-C0O-0-, -0-CO-NRZ-, -CH=CH-,
-C=C-, -0-CO-0-, with the préviso that -CH=CH- and -C=C- are not
in conjugation with aromatic rings and wherein R2? represents . a

20 hydrogen atom or lower alkyl.

11. A photoactive copolymer according to any one of claims 1
to 9, wherein at least one of Z! and Z? is a single covalent bond
or a straight-chain or branched alkylene residue, having 1 to 6
25 carbon atoms, wherein one or more non adjacent CHy groups may
independently be replaced by -0-, -C0-0-, -0-CO-, -CH=CH-, -C=C-,
-0-C0-0-, with the proviso that -CH=CH- and -C=C- are not in

conjugation with aromatic rings.

30 12. A photoactive copolymer according to any one of claims 1
to 9, wherein at least one of Z! and Z2 is a single covalent bond
or a straight-chain or branched alkylene residue, having 1 to 4

carbon atoms, wherein one or two non adjacent CHy groups may
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to 12, wherein R! is a hydrogen atom, a £luoro atom, a chloro
atom, a cyano group or a straight-chain or branched alkyl
residue which is unsubstituted, mono-substituted by c¢yano or
halogeno, or poly-substituted by fluoro, having 1 to 18 carbon
atoms, wherein one or more non adjacent CHy; groups may
independently be replaced by -0-, -CO-, -CO-O-, -0-CO-, -NR2-CO-,
-CO-NR2-, -NR2-CO-0O-, -0-CO-NR2-, -CH=CH-, -C=C-, -0-CO-0O-, with
the proviso that -CH=CH- and -C=C- are not attached directly to
an aromatic ring and wherein R2? represents a hydrogen atom or

lower alkyl.

14. A photoactive copolymer according to any one of claims 1
to 12, wherein R! is a hydrogen atom, a fluoro atom, a chloro
atom, a cyano group or a straight-chain or branched alkyl
regidue which is 'unsubstituted, having 1 to 12 carbon atoms,
wherein one or more non adjacent CHz; groups may independently be
replaced by -0-, -CO-, -CO-O-, -0-CO-, -CH=CH-, -C=C-, -0-CO-O-,
with the proviso that -CH=CH- and -C=C- are not attached directly

to an aromatic ring.

15. A photoactive copolymer according to any one of claims 1
to 14, wherein n and m are each chosen such that the total
number of rings in the substructure of formula I are 2-5

including the number of rings in a condensed system.

16. A photoactive copolymer according to any one of claims 1
to 14, wherein m and n are chosen such that the total number of

rings including the rings in a condensed system are 3 or 4.
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radical of a di- or triterpene or a steroid.

5 18. A photoactive copolymer according to claim 17, wherein A?

is a radical of a steroid and g has the value of 0.

19. A photoactive copolymer according to any one of claims 1
to 18, wherein it comprises in addition to the side chains of
‘10 formula I side chains incorporating photoreactive groups which

are able to undergo photocyclisation.

20. A photoactive copolymer according to claim 19, wherein
the side chains incorporating photoreactive groups  are

15 substructures of the general formula II or III

---81- (B)p-P? R3- (B)p-P2-81---
IT : III

20 wherein
the broken line indicates the linkage to the polymer main chain;

st has the meaning given above;
25
B denotes an aromatic or alicyclic group which is
unsubstituted or substituted by fluorine, chlorine, cyano
or by a straight-chain or branched alkyl residue which is
unsubstituted, mono—sﬁbstituted by cyano or halogeno, or
30 poly-substituted by halogeno, having 1 to 18 carbon atoms
and wherein one or more non adjacent CHz groups may
independently be replaced by Q, where Q and R? have the

meaning given above;
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R3 is a hydrogen atom, or a straight-chain or branched alkyl
5 ' residue which is unsubstituted, mono-substituted by cyano

or halogeno, or poly--substituted by halogeno, having 1
to 18 carbon atoms, wherein one or more CH; groups may
independently be replaced by Q, where Q and R2? have the
meaning given above; and

“10

P is 0 or 1.

21. A photoactive copolymer according to claim 20, wherein P!
and P2 comprise groups which undergo a photocyclisation and have

15 the general formula IV and V respectively

20 wherein
the broken line indicates the linkage to B or Sl respectively;

C represents phenylene which is unsubstituted or

25 substituted by fluorine, chlorine or c¢yano, or by a
cyclic, straight-chain or branched alkyl residue which is
unsubstituted, mono-substituted by cyano or halogeno, or
poly-substituted by halogeno, having 1 to 18 carbon atoms

and wherein one or more non adjacent CHy groups may

30 independently be replaced by Q, where Q and R2 have the

meaning given above, or C further represents pyrimidine-
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22.

2,5-diyl, pyridine-2,5-diyl, 2,5-thiophenylene, 2,5-

furanylene, or 1,4- or 2,6-naphthylene;

represents -OR%, -NR5R6, or an oxygen atom linked to ring
C in the ortho- position to form a coumarin unit wherein
R4, R5 and R® are a hydrogen atom or a cyclic, straight-
chain or branched alkyl residue which is unsubstituted,
mono-substituted by halogeno, or poly--substituted by
halogeno, having 1 to 18 carbon atoms and wherein one or
more CH, groups may independently be replaced by -0-,
-CO0-, -CO-0-, -0-CO-, -CH=CH-, with the proviso that
oxygen atoms are not directly attached to each other, or
R5 and R® are linked together to form an alicyclic ring

with 5 to 8 atoms; and

each independently of the other represents hydrogen,
fluorine, chlorine, c¢yano, alkyl optionally substituted
by fluorine having from 1 to 12 carbon atoms in which
optionally one or more non-adjacent CHz groups are

replaced by -0-, -CO-0O-, -0-CO- and/or -CH=CH-.
A photoactive copolymer according to claim 21, wherein:

represents phenylene which is unsubstituted or substi-
tuted by a straight-chain or branched alkyl residue which
is unsubstituted or mono- or polysubstituted by fluorine,
having 1 to 18 carbon atoms and wherein one or more non
adjacent CHz groups may independently be replaced by -0O-,
-co-, -C0-0-, -0-CO, -CH=CH-, or C further represents
2,5-furanylene, 1,4- or 2,6-naphthylene;

represents -OR¢ or -NHR5, wherein R% and R5 are a cyclic,

straight-chain or branched alkyl residue which 1is
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unsubstituted or mono- or polysubstituted by £luorine,
having 1 to 18 carbon atoms and wherein one or more non

adjacent CH; groups may independently be replaced by -0-;

and
5
X, Y are hydrogen atoms.
23. A photoactive copolymer according to any one of claims 1

to 22, wherein the polymer backbones to which the side chains of
10 formula I and the photoreactive side chains are attached, are
those which are generally used for photoaligning polymers.
24, A photoactive copolymer according to claim 23, wherein
the backbones are formed from acrylate, methacrylate,
‘15 2-chloroacrylate, 2-phenylacrylate, optionally N-lower alkyl
substituted acrylamide, methacrylamide, 2-chloroacrylamide,
2-phenylacrylamide, vinyl ether, vinyl ester, styrene
derivatives, siloxanes, imides, amic acids and their esters,
amidimides, maleic acid derivatives, fumaric acid derivatives.
20
25. A photoactive copolymer according to claim 23, wherein
the backbones are formed from acrylate, methacrylate, optionally
N-lower-alkyl-substituted acrylamide, methacrylamide, vinyl
ether, vinyl ester, styrene derivatives, imides, amic acids and

25 their esters and amidimides.

26. A photoactive copolymer according to claim 23, wherein
the backbones are formed from acrylate, methacrylate, optionally
N-lower-alkyl-substituted  acrylamide, methacrylamide, vinyl

30 ether, vinyl ester, and styrene derivatives.
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5 28. A photoactive copolymer according to any of the claims 1
to 27, wherein the proportion of the side groups of formula I
relative to the photoreactive side groups is usually < 50 %,

preferably < 25 %, and most preferred < 20 %.

*10 29. A polymer mixture comprising at least two components, in
which at 1least one component is a photoactive copolymer
according to any of the claims 1 to 28 and at least one other

component is an other photoreactive polymer or copolymer.

15  30. A mixture according to claim 29, wherein the other
photoreactive polymer or copolymer 1is based on acrylate,
methacrylate, optionally N-lower-alkyl-substituted acrylamide,
methacrylamide, vinyl ether; vinyl ester, styrene derivatives,
imides, amic acids and their esters or amidimides where the side

20 chains contain as photoreactive groups substructures of formula

IT or IIT.

31. A mixture according to claim 29, wherein the other
photoreactive polymer or copolymer is based on imides, amic
25 acids or amic acid esters incorporating cinnamic acid or

coumarin derivatives as photoreactive side chains.

32. A mixture according to claim 29, wherein the photoactive
copolymer according to any of the claims 1 to 28 is based on
30 polyacrylate, polymethacrylate, polyvinl ether or polyvinyl
ester and the other photoreactive polymer or copolymer is based

on polyimide, polyamic acid or polyamic acid ester.




Cl cPBUX"ej ; qxP' B=Qor 4K3- | |
UP$N , . 02468: <>@DFHILNPRTVXZ\ 7" bdf hj | nprt vxz| ~%62FW =j *{3C ~&N\*)

"$78+) s- | WPEHEEBE2FVKLPASTWKLZZ[ \ . ~ a- c8f 9h=] m95mx{~Qm§ sy D

ci We3P" #&( N* I"H#PUR () *+,-./0123456789: ; <=>?@\BCDEFCGHI JKL STUGTI nes

New RomanAri al Courier New'h Root Ent ry\i‘grdDocurrent

I"H#B9& ()*+,-./0123456789: ; N

<=>? @\BCDEFGHI JKLMNOPORSTUVWKYZ[ \ ] ~ -~ abcdef ghi j kI mopqr st uvwxyz{| } ~

| " #SUR I3+ +, - . [FO1REABETRY: AceODGNBLDERGH MIOPQRETUAKY s 29 to 32,

+10

15

20

25

30

wherein the content of the photoactive copolymer according to
any of the claims 1 to 28 is < 25 wt%, more preferred < 15 wt%,

most preferred < 10 wt%.

34, A polymer layer comprising' one or more copolymers as
claimed in any one of claims 1 to 28 or a mixture as claimed in
any one of claims 29 to 33 in at least partially crosslinked

form.

35, An orientation layer- for liquid crystals comprising one
Oor more copolymers as claimed in any one of claims 1 to 28 or a
mixture as claimed in any one of claims 29 to 33 in at least

partially crosslinked form.

36. An optical or electro-optical device comprising one or
more copolymers as claimed in any one of claims 1 to 28 or a
mixture as claimed in any one of claims 29 to 33 in at least

partially crosslinked form.

37. An optical constructional element comprising one or more
copolymers as claimed in any'one of claims 1 to 28 or a mixture
as claimed in any one of claims 29 to 33 in at least partially

crosslinked form.

38. The use of a photoactive copolymer according to any one
of claims 1 to 28 or a mixture according to any one of claims 29

to 33 in an orientation layer for liquid crystals.

39. The use of a photoactive copolymer according to any one
of claims 1 to 28 or a mixture according to any one of claims 29

to 33 in the comnstruction of optical or electro-optical devices.
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40. The use of a photoactive copolymer according to any one
of claims 1 to 28 or a mixture according to any one of claims 29

to 33 in the construction of optical constructional elements.

41. The use of a photoactive copolymer according to any one
of claims 1 to 28 or a mixture according to any one of claims 29
to 33 in the construction of unstructured and structured optical

elements.

42, Use of a photoactive copolymer according to any one of
claims 1 to 28 or a mixture according to any one of claims 29

to 33 in the construction of a multi-layer system.



