8 NOVEMBER 2005 \1'0 ('2/090447 PCT/ CHO2/ 00041 Dichroic m xture The present
invention relates to a new m xture of crosslinkabl e |igNOVEMBERI28055 and
polynerlsa | e dichroic dyes and their use in the construction of unstructured
and 5 stYUE"Hed pol arisers. Optical polarisers (herei naft&CTHEEE¢al | ed
polarising filns, polarisation filns or polariser filnms) play a crucial role
in the functioning principle of many optical or electro-optical devices,
such as Liquid Crystal Devices, nodem Security Elenments, 10 and the I|ike.

Furthernore, optical polarisers aﬁﬁ ﬁlS% uie@ in many instrunents or
devi ces, for exanple in different Rf 1 ring instrunents, dashboards

or sungl asses, where stray |ight and undesired reflections have to be
~elimnated to inprove visibility. Such polarising filnms usually conprise

stretched p@zheygge; erti LhV&tmﬁ Ueht@Sto 4 QE\velﬁﬁﬁ'iﬁ)rleeof B%EMMM'ME 1§fgsor§15taﬁsp¥€a

di chroi c absor and ot her optional 15 layers. Dichroic ers usually
are iodi ne mlydecdabti dictypés dwhs @hd ah@r abs on beel constretiodi gswistredtured e

pol ymer f| Im US 5,707,544 describes liquid crystals characterised by a

mol ecul ar al eI EERUREETS- wherei n a chromophore is laterally attached to a
pol ymeri sabl e nesogenic core. Such 20 conpounds and liquid crystalline

m xtures containing these are described to be useful nmainly for non-I|inear
optic devi coptical modromers fher¢ieaSer ¥hb, cazhlediprﬁainisinga@msr,)fpdliﬁsanmtﬁlwisdespread

polariser filnms b i odi ne _ab orb rs. is their d stablll y agai nst
P di Ly, AR A PR REY PETUT O i T BLt S Prsios Ch e @g have a

tendency t Oellac,ci&ﬁoﬁfcfal BLERAGY s h@%cﬁduﬂ“@k?&@l bevakf fisien Se@ﬁﬁ’[g/ E[ ,
i nhormogenei ties caused by partial crystallisation. A further drawback is

m grati A ofnddthehil@ Fudjesndre, anqlcanh@ntanlsanyeatrs dlfo ssachinsyshe msstareentesi gned
there s ol ST &7 FBBIT OF IoEORG AN WAy ToFF BB dB NSSHE 6 1 he
above di sadyapl.3@8s WiRY B8y 3ehavuaH d8fesired reflections have to be eliminated to
improve visibility. Such polarising films usually comprise stretched polymer films
such as, for example, polyvinyl alcohol (PVA), a dichroic absorber and other optional
13 layers. Dichroic absorbers usually are todine or dichroic dyes which are absorbed on

or dissolved in the polymer film.

US 5,707,544 describes liquid crystals characterised by a molecular architecture,
wherein a chromophore is laterally attached to a polymerisable mesogenic core. Such
20 compounds and liquid crystalline mixtures containing these are described to be useful

mainly for non-linear optic devices or colour filters.

Yet, a disadvantage of the most widespread polariser films based on iodine absorbers
is their limited stability against humidity, heat and light. Polaniser films based on
25 dichroic dyes have a tendency to lose efficiency during time due to diffusion
processes or inhomogeneities caused by partial crystallisation. A further drawback is
the migration of dichroic dyes to adjacent layers if such systems are designed for use
in multilayer systems as e.g. described in EP-A-0689084.. Thus, there is clearly a
need for a concept whereby all or at least some of the above disadvantages may be

30  avoided.



8 NOVEMBER 2005 WD 021090-147 PCT/ CH02100044 Applicants have now found t hat
certain mxtures conprising liquid crystals and di chrONQVEMBERZHF be able to
overcone the di sadvant ages descri bed herei nabove. Thus, in a first aspect the
present iwvenboan provi des a nesogeni c, crosslinkable 5 rCUaGHig/ @ohpri sing
at | east one polynerisable liquid crystal and at | east one polynerisable
dichroic dye of the general formula I: I 2} 1n2 10 wherein A represents a
di chroic residue exhibiting at |east partial absorption in the visible

regi on > 408pahgangs] haver now3found Hiagiertilasmixtares 1coppetseby gkl sivgiabt apd | n2,

3 dndis . s 11
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and wherein: 25 Al, A2, A3 each independently represents an aromatic or

alicyclic group, which is unsubstituted or substituted by fluorine,

chlorine, cyho,in fifrstospest Brespieagngnnvemiapnpioridss ¢havseeaidyrosseskeile, which

5305“%‘1325 %%gbo%rqglhguasﬁéatsyto%g DYy ELAORIO IR OFFAX aRE atHeasS HROVEMBER
polymerisable dichroic dye of the general formula [

(B)ns (BY)

N

n1

(B4)n4 (BZ)nZ

10  wherein
A represents a dichroic residue exhibiting at least partial absorption in

the visible region > 400 nim;

nl, n2, n3, n4 signifies O or | whereby the sum of nl, n2, n3 and n4 1s >0, and
15

B! to B4 represent a group of substructure I1

m’ m?2 m?3
I

20

wherein the broken line symbolises the linkage to said dichroic residue and wherein:

Al AZ A3 each independently represents an aromatic or alicyclic group,

which 1s unsubstituted or substituted by fluorine, chlorine, cyano,

25 nitro, or a straight-chain or branched alkyl residue, which is

unsubstituted, mono-substituted by cyano or halogene, or

-2 -

“~



C7/ C HO2/ 00044 pol y-substituted by hal ogeno, having 1 to 18 carbon atons, and
wherein one or nore of the non-adjacent CH? goups may 8 YOYEYJBRREMS| vy be

repl aced by ereby Q represents -0-, -CO, -COO,

-Si(CHB)‘é-Dézgr’”d—B)Z NR2-, -NR2-CO-, -CO NR2-, -NR2- co(’ge””’ﬁi"éb NR2- |

- NR2- CO- NR2-, CH:CH- -C:C-, -OCOO, and R2 represents hydrogen or Iower
al kyl; Si, S2 represent a single covalent bond or a spacer unit, such as a

10 straight-chain or brglglﬁ?eﬁb L keyh %QGhilgg':e‘nguﬁawM‘%'lC% b c:cln.fbogoat&ﬁgup[ﬁl tuted,

nono- substituted by cya ogeno pol y-substituted by hal ogeno,
having 1 to 24 carbon atwhapin wherai mncomeobrthermroa o adehe @id)n-gdyl;&cemay CH2
groups may independently be replaced by Q wherein Q_has the neaning given
above; 71, Z2 |ndependen@ﬂ?Pqﬂéﬁrte‘s@ﬂePéﬁ%d hEIQ whsrehseR: repsadtorOa -Shhcer

unsubst Lut ed, mono- ubSTATred By By ang ars ﬁ%&@ﬁ%ﬂ or 8 LA e by

hal ogeno,. having 1 to 8 ato 2 jmred@ﬁ 2
non- adj aéent CH2 groups % md’ependfe{nwtﬁ rep ace - NR

-CR2=C- CO-, wherein Q andtHRcHavecthe -areanongafi vieh 1epre\geﬂs %@dfégeﬁpafesents a
pol ymer i sabl e group; ni, zn2, nB |ndependently are 0 or 1; and o or 1,

wher eby the stingy of thlev@ynﬂbiyls oinBl toB4is >0 30

St 82 represent a single covalent bond or a spacer umit, such as a

10 straight-chain or branched alkylene residue, which is
unsubstituted, mono-substituied by cyano or halogeno, or

poly-substituted by halogeno, having 1 to 24 carbon atoms,

wherein one or more of the non-adjacent CH; groups may

independently be replaced by Q, wherein Q has the meaning given

15 above;

zl, 72 independently 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

20 ' poly-substituted by halogenc, having 1 to 8 carbon atoms, wherein

one or more of the non-adjacent CH, groups may independently be
replaced by Q, -N=N- or -CR2=C-CO-, wherein Q and R? have the

meaning given above;

25 P represents a polymerisable group;

ml, m2, m3 independently are 0 or 1; and

0 is 0 or 1, whereby iife stimy o7 the symbols 0 in Bl to B4 is > 0 .
30

In a further aspect the invention also provides the use of said mesogenic crosslinkable

mixtures for the production of dichroic crosslinked films as well as their use in the



In a further aspect the invention also provides the use of said nesogenic
crosslinkable mxtures for the production of dichroi cs SOVEMBERRE fil ns as
well as their use in the 8 NOVEMBER 2005 ' WD 02/090417 PCTI CH02100044
const r uctviconmeb+sunst ruct ured and structured optical el ene®s/¢¥iZAnE+

mul ti-layer systenms as for exanple, for colour filters, polarisers and for
Lyl e construction of security devices. 5 These new pol yneri sable dichroic
m xt ures show good hopogeneous %%t rrent and on Ccros F}Lgkl ng do not

exhi bit i nhgHio E?\té?nt? sHCRgh tyrpd ogf 16?’1 IR HS ap , Sygfems

rel axation, pdighf ps Ofor”bc%ﬁ’f GIr¥s! %Hah%@tts' Q18 RIOGRSaRSraAMEIn bF Beudipe term
"crosslinkabl e m xt re refers to a xture conprising at | east one 0

- conpound t hé&tviesnpri ses nore than one pol ynerisable group in its structure.

The term "dichroic residue” refers to a dichroic dye exhibiting positive or
negative dichroismstructurally reduced to the pure chronophore systenms. 15

It is un@er?ﬁee%h@l @ﬁs&b@é Bichai@WRkiufes dHAG g@&ﬁh&%g&l@@ﬁé i SRSt iahHt ed

carbocyclic ocyc ic groups conprising five-, six- or ten-nenbered
ring syst ermponscmlsslakmg‘ do ant pxlpheﬂykhqmmmmen@r qhymgamf the didiapitichatiene, or
tetraline units. %6 gq%+rstood t hat t ern "alicyclic" includes

non- ar omat i Y&Qr6 %‘ﬂ SIOTHAMIGE} Ep3f@ ’cgla 1%“?5%6555?/ YZ i %aving 3 to 10
carbon atons, such as cycl opropane, cycl obutane, cycl opentane, cycl opentene,
cycl ohexane, cycl ohexene, cycl ohexadi ene and decaline. It is understood that
t he phrase Thydbking, “stsshhighte crhiadtwrebrrem:artohedn'amnw cogmpupng witi ¢dast 2Bei s

optionally substituted by a sin cyano one, or e hal ogen
oo by TS b SR M ey o et moRrat R uti s Vg Bl may be

optionally replaced by a group Q' includes groups selected fromthe group
conprising nethyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl,
tent - butyl, Tbemr;n “dmhgopzerﬂsgﬁlue” rwfyltsltomemomow Idewkhlbetm pﬁbﬁe&w O hegative,

octyl, nonydlchrm st lstmcL%u ﬁy){educeg go t%% pure chromophore systems.

5 It is understood that the term “aromatic” includes optionally substituted carbocyclic
and heterocyclic groups comprising five-, six- or ten-membered ring systems, such as

furane, phenyl, pyridine, pyrimidine, naphthalene, or tetraline units.

[t is understood that the term “alicyclic” includes non-aromatic carbocyclic or
20 heterocyclic ring systems having 3 to 10 carbon atoms, such as cyclopropane,
cyclobutane, cyclopentane, cyclopentene, cyclohexane, cyclohexene, cyclohexadiene

and decaline.

It is understood that the phrase “cyclic, straight-chain or branched alkyl group, which
25 is optionally substituted by a single cyano group or by one or more halogen atoms,
and in which one or more of the non-adjacent —CHj— groups may be optionally
replaced by a group Q” includes groups sellected from the group comprising methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, terz-butyl, pentyl, isopentyl,
cyclopentyl, hexyl, cyclohexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl,
30 3-methylpentyl, allyl, but-3-en-1-yl, pent-4-en-1-yl, hex-5-en-1-yl, propynyl, butynyl,
pentynyl, methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, sec-butoxy,

tert-butoxy, pentyloxy, isopentyloxy, cyclopentyloxy, hexyloxy, cyclohexyloxy,



30 3-nethyl pentyl, allyl, but-3-en-I-yl, pent-4-en-Il-yl, hex-5-en-1-yl,
propynyl, butynyl, pentynyl, nethoxy, ethoxy propoxWNﬁ)gﬁl}ﬂBEBéW butoxy

i sobut o [ butoxy, tert-butoxy, pentyloxy, isopentylgxyc-yeyghQpentyloxy,
hexyl oxy™ ot Ghbxyl oxy. 4 8 NOVEMBER 2005 WO 12/ 090447 Pest F b5/ 60) 044

hept yl oxy, octyl oxy, nonyl oxy, decyl oxy, undecyl oxy, dodecyl oxy,
3-net hyl pentyl oxy, allyloxy, but-3-enyloxy, pent-4-enyloxy, cylohexylnethoxy,

cyclopentyl bhg%(}ly n&tt\qgﬁcarg%i}){& et h@@&%ﬁggon)ﬁgdf@q&@gxy%ﬁé

i sopropoxyca butoxycCarb I'sobut rbony butoxeggrbonyl 5
tert- butoxybaﬁﬂgmymnd@antyﬂpmygaﬂhmnwmﬁuxspQmmm¢+@x&®amboﬂyhmq¢meﬂmpgﬁtyloxy-

car bonyl, hexyl oxycarbonyl , ohexyl oxycar bonyl , octyl oxycarbonyl
nonyl oxy- c%’P%’@ﬁVD’ m?ﬂé@w oxy& S&Bﬁ}ﬁ%ﬂr Ony dec?ttF1 %@él?cﬁlé’ yl, PH’BHéX‘SﬁFWéar bonyl ,

3- et Byl Pent i 3yaR 1139 - Blibydamendt bogm!)ut%%r&rﬁmy' QX625 2B bony,

pent - 4- enyl - car cyl ohiexyl net hoxycabon
cycl opens ylfmtummmambmyiyl peatyetxorarpod, etshpérﬂa]rotwmrb@w pyadpydncdvbpny| oxy,

i sopropyl car bony| o but carb but | car bonyl .ox

oot butyl carHOmYoass PSRBTl IOHIBEH Bk Dot SRR AR guyIon-
i sopentyl ca lOXy<k£%%k9&§&&%hcarbﬁﬂ%bﬁ6xcmﬂﬁ%%ﬂcaraﬂﬂ%k S¥ycarbor
cyclohexylcar onyl oxy, octyl carBonyl oxy, nonylcarbonyloxy dec§ carB%nonxy

undecyl car bbn;etlgokpe,nt;doucbea;ﬂomak bdh&cbwcyl;boﬁyl- rt&tﬁyd:rgémtmh@anﬁo rpdmaéyenyl 5
but - 3- enyl acet t hyl car bo | car bon

t-4-
i sopropyl - qEéFﬁgggY Bﬁg e/ S@WQY“1@¥%Eut F@B@Hﬁﬂg@hmgégﬁ%ﬂY Iéﬁ?%%ﬁyl
pentyl ca boeaj?(hcarbbéﬁ@ﬁmyreﬁ;ne 10@5yc|19$1§5p/3he£5§1gymy, O&Jtmlc&f%ﬁwaxy

nonyl car bony decyl cdr bony ecy car bonyl I"car bony
met hoxyac et isohyutyltarbretHoxy - 2- mtdpn)dyalbomylmat hongﬁ,‘d—blprybprbonyl,osz rretpl&anet hoxy,

2| obropoeL oKy LLSLRN B Rentyl o 20, T BMLYANL o tupentyayl 0w
oL B S OTBL Mt 2 gt
2- (per f | uorwwletylcarbotyldxy, dodecylcarbonyloxy, 3- rnethylpentylcarbonyloxy,

15 but-3-enyloxy, pent-4-enyloxy, acetyl, ethylcarbonyl, propylcarbonyl, isopropyl-
carbonyl, butylcarbonyl, isobutylcarbonyl, sec-butylcarbonyl, pentylcarbonyl,
1sopentylcarbonyl, cyclohexylcarbonyl, octylcarbonyl, nonylcarbonyl, decylcarbonyl,
undecylcarbonyl,  dodecylcarbonyl, methoxyacetoxy, l-methoxy-2-propoxy,
3-methoxy-1-propoxy, 2-methoxyethoxy, 2-isopropoxyethoxy, 1-ethoxy-3-pentyloxy,

20  3-butynyloxy, 4-pentynyloxy, 5-chloropentynyl, 4-pentynecarbonyloxy, 6-propyloxy-
hexyl, 6-propyloxyhexyloxy, 2-fluoroethyl, trifluoromethyl, 2.22-trifluoroethyl,
1H,1 H-pentadecafluorooctyl, 1#,1H,7H-dodecafluoroheptyl, 2-(perfluorooctyl)ethyl,
2-(perfluorobutyl)ethyl, 2-(perfluorchexyl)ethyl, 2-(perfluorodecyl)ethyl, perfluoro-
propyl, perfluorobutyl, perfluorcheptyl, perfluorcoctyl, perfluorononyl.

25 I-fluoropropoxy, l-fluoropentyloxy,  2-fluoropropoxy,  2,2-difluoropropoxy,
3-fluoropropoxy, 3,3-difluoropropexy, 3,3,3-trifluoropropoxy, triflucromethoxy, and
the like.

It is understood that the term “lower alkyl” includes straight chain and branched

(O8]
<

hydrocarbon radicals having 1 to 6 carbon atoms, preferably 1 to 3 carbon atoms.

Methyl, ethyl, propyl and 1sopropyl groups are especially prefeired.



2- (perfluorobutyl)ethyl, 2-(perfluorohexyl)ethyl, 2-(perfluorodecyl)ethyl,
perfluoro- propyl, perfluorobutyl, perfluoroheptyl, petFOUBMBERLZ2NS,
perfluorononyl. 25 1 -fluoropropoxy, 1-fluoropentyloxy, 2-fluoropropoxy,

2, 2-di f | wariappropoxy, 3-fl uoropropoxy, 3, 3-difl uoropropoxyCT/CHOZ/00044

3,3, 3-tifluoropropoxy, trifluoronethoxy, and the like. It is understood that
the term"lower alkyl" includes straight chain and branched 30 hydrocar bon
radi cal s hay ngltchr 0 tons, preferably tp.3 carb n Met hyl ,
eyt pr opYICTGRiE i S0 BRI B SR ar B e oAty it 6t e & ER 2005
CVO 02/ 09044, RETYEHOZ{ 880440 CfYsRie YR, O S ! Qe;gemm Fefesidues A
are derived from are described i'n literature . in cul ar

Crystal s, LembodmeEnty sthal dichfHGA, d;(e]sQ&T) thel rpresept eﬁﬂamtam ewhddi rent dyde

di chroic dyes of the present.invention include az es anthlg ci ctnes
benzoqui non®¥ Haﬂwpgnggnzoggwpgﬁegery el r?é’?lr?é“ff%\rﬁn S mﬁ’}éfff{l?ec“ul Artigularly

preferre@ dh. SRRUCIENST: Bled BE R BRABI: 10 S %Idd’%cig@ecdj&{ﬁ%éﬁ raasl ng azo-

ant hraqui none residues. The sum of stituents attac i chroic
reS| due A exphmgsiadnbiesidnds.+ n2 + n3 + n4) is preferably 5 3, rmre
preferably < 2. 10 Preferred rings Al, A2 and A3 independently of each other
are unsubstituted, saturated five- or six-nenbered alicyclic rings or

Si x- Menber eqr AL OMBELgcfhAGS B 2BRLERRAL iy RHDRL ki £ g hulugrpng or. gl or ne

or nitro or y a straig chain or ranc ichis

unsubsti tuteel4)1@@n§feraery$)g)lm¢>&qﬁeﬁeidbwedzby fI uorine 15 havi ng 1-12 carbon
at ons, wherein one or m)re of the non-adjacent CH2 groups may independently
bereplé@ed by -0-, - -0-CO, -NR2-CO, -CO NR2-, -NRZCI)O

Q.S gt Pin%g? 0 SRRl P PRI, pRee
unsubsti t ut gehneiel aPenbaRR-rhedbered alicyclic rings or six-membered aromatic rings,
optionally substituted by fluorine or chlorine or nitro or by a straight chain or
branched alkyl residue, which is unsubstituted, mono- or poly-substituted by fluorine
15 having 1-12 carbon atoms, wherein one or more of the non-adjacent CH; groups may
independently be replaced by -O-, -CO-O-, -0-CO-, -NR2-CO-, -CO-NR:2-,
-NR2-CO-O-, -O-CO-NR2-, -CH=CH-, -C=C-, -O-C0O-0-, wherein R2 represents
hydrogen or lower alkyl. |

20 Particularly preferred rings Al, A2 and A3 include unsubstituted cyclopentane-1,3-
diyl, unsubstituted cyclohexane-1,4-diyl, or 1,4-phenylene, which is unsubstituted,
mono- or poly-substituted by fluorine or chlorine or 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 of the non-adjacent CHj; groups may

25 independently be replaced by -O-, -CO-O-, -O-CO-, -CH=CH-, -C=C-.

Preferred “spacer units” S! and S2 of the present invention include a single bond, or a

straight-chain or branched alkylene grouping, such as -(CH»);-, and also -(CHj3)-O-,
-(CH3);-CO-, -(CH2)-CO-0-, -{(CH2);-0-CO-, ~(CH3),-CO-NR2-] S(CH3)-NR2-CO-,
30 -(CHy)-NRZ-, -(CH2)-O-(CHa)s-, -(CHz)-CO-O-(CHz)s-, -(CH2)-0-CO-(CH3)s-,
-(CH3)-NR2-CO-(CHz)s-,  -(CH3)-NR2-CO-O-(CH3)s-,  -(CHp)-O-(CH1)s-O-,



diyl, unsubstituted cycl ohexane-1, 4-diyl, or 1, 4-phenylene, which is
unsubstituted, nono- or poly-substituted by fluorine %NOEEMBERﬁgﬁor a

st rai ght ai.n, Qr branched al kyl residue, which is unsub fed  ono- or
pol y- subgggtﬁ fed’ by fluorine having 1-12 carbon atons, (HHL%H%ng nor e
of the non-adjacent CH2 groups may 25 |ndependently be replaced by -0-,
-COO, -0-CO, -CH=CH, -C=C-. Preferred "spacer units" S 1 and S2 of the

present i nvi @HI OQ?C’) r@pt % I(:Eg%ﬁ)fb@% (QF{SZ Ostr gbt_}%ﬁb?é%ﬁlf)r_%ched

al kyl ene gr uprﬁg, su and ‘&

CH2) r - CO- @4, .02 ) CHZ, 5NR2 iR2- Q0
gc:H')gr-NRngHy( ):0@(@@{% O( Ucﬁ rto§ %rf (cﬁi():r (ocft)} (CH2) s-,
- (CH2) r NR2- m«wazocsf (CHQCM\NE& @@Q(CH:ANR, (eﬂGh;lZ) - OQ-@12))-C»-0-H6 8
NOVEMBER 2005 W O 02/ 000447 PC /C [ 02/ 00044 - (CH2)T-CO O (CH2) s- O,

- (CH2) r - O CO-(Wih))©-00-, - ( CERJGHNRED-BRX,CH2)-6-(H,)-NR2-,  -O-(CHp)-O-,

- (CH2) r - NR2- CO- O ( CHR) s- -0-(CH)r-, -CO-O (CH2)r -, _0- QO (CH2) 1 -,

- NR2- COéCHZ) (CH 2 )-ORNRR- (ei>@<)2 (CH2)NRE-06H, NR- (CHD:- QeszR’—e@m)r NR
-0-(CH9) r- O 0- (CH2)r C0-NR2-, - Q- (CH2) 1-NR ' -, (SCHZr
-0 ( 2)rNRQJ-R— @m S(CH) - COBR>(Gika: @eHZ)r-o -CORRR? @Q}TNH‘\E@

- NR2-

NF% A awooacﬂ'cﬁ 2 O\ ap) § eo-0-CH: %@Q(‘ﬁ? b S R - - -
cH) ) 8%(&?2 6(4034;) ?Oéggé@@ﬁgj oy )H\@C%)ﬁcﬁ??f ‘2:6?1%042)5-

z?rfg*?éﬁéT?S@%&C%%@* o PR ‘C%é {oeP T8 B e o-

- 00 0 (@) KR er coterO CHR) 1- 0- ( OH2) 5- O, onhrenrgy, IiE2- 8000 (.9, each’ an

integer fro to 20, the sumof r + s < 21, wherein represents hydrogen
or lower  -O-(CHz)-CO-O-(CH)s-O-, -0-(CH3)-0-(CH3)s-O-,

-0
Q0-
-O

~—~~ 1

-O-(CH2)-NR2-CO-(CH2)s-O-, -0-(CH2)-NR2-CO-0-(CH3);:-0O-,
-CO-0-(CH;3);-O-(CHyp);-, -CO-0-(CHjp)-O-(CHj)5-O-, wherein r and s are each an
integer from [ to 20, the sum of r +s <21, wherein R2 represents hydrogen or lower
15 alkyl, and which are attached to the dichroic residue and the polymernisable group,

respectively, such that heteroatoms are not directly linked to each other.

Particularly preferred “spacer umits” S! include a single bond, a straight-chain
alkylene grouping, such as  -(CHp)-, and also -(CH)-O-, -(CH2);-CO-O-,
20 -(CHj);-O-CO-, -(CHy);-CO-NH-, -(CH2)~-NH-CO-, -(CHj)-NH-CO-{CH3)s-,
-(CH3)-NH-CO-O-(CH2)s-,  «(CHj);-O-(CHj)s-O-,  -(CH3)-NH-CO-(CH2)s-O-,
(CH,),-NH-CO-O-(CH2)s-O-, -O-(CHa)-, -CO-O-(CHn)-, -CO-NH-(CHz),
-0-CO-(CH3)-, -0-CO-(CH32)-CO-O-, -0O-(CH3)-0-CO-, -O-(CH3)-CO-NH-,
-0-(CHp)-NH-CO-,  -CO-O-(CH),-O-, -CO-NH-(CH3);-O-, -O-(CH2)-O-,
25 -0O-(CH2)~-NH-CO-(CH2z)s-, -O-(CH2)-O-(CH»y)s-0-, -0O-CO-(CHy)-O-(CHz)s-0O-,
-CO-0-(CH3):-0-(CH2)s-0O-, -0-(CH3);-NH-CO-(CH3)s-0-,
-0-CO-(CH»)-NH-CO-(CH3)5-O-, wherein r and s are each an integer,from | to 16,
the sum of r + s<18 and which are attached to the dichroic residue and the
polymerisable group, respectively, such that heteroatoms are not directly linked to

30 each other.



15 al ky[, and which are attached to the dichroic residue and the

pol yi neri sabl e group, respectively, such that heter ot SOBEMBERRWS directly

| inked to each other. Particularly preferred "spacer units" Sl include a

si ngl e band,naigt rai ght-chain al kyl ene groupi ng, such aspef@HBymagiiand al so
-(CH2)r-o, -(CH)r-cO-0, 20 -(CH)r-0CO, -(CH2)r-CO NH, -(CH2)rNH CO,

~(CH2)r-NH CO (CH2)s-, -(CH2)r-NHCO O (CH2)s-, -(CH7)r-0O (CH2)s- O,
~(CH2)r-NHCO (CH2)s- O, -(CH2)r-NHCO O (CH2)s-0-, -0-(CH2)r-, -Q0-0-(CH7)T
, -CONH(CH2)r , -OCOCH2)r-, -O-CO(CH2)r-CO 0O, -0-(CH2)rO CO,

-0-(CH2)r-CO-NH, -0-(CH2)r-NHCO, -CO O (CH2)r-0-, -CONH (CH2)r-O
~0-(CH2)rO-, 25 -0-(CH2)r-NH CO (CH2)s-, -0-(CH2)r-0O (CH2)s- O,

-0- CO- (CH2) sé(cé;%@éd %acer Rz o- ng'%)}l%lgdé g's%)c’?e Qond a straight-chain alkylene

-0-(CH2)r- r- NH CS s-O,“wherein T and s arer
each an i ntggeringonegretantd®d, byt héCEIg)p ofard +alse< L(BHa)adD-\;ml -(bHar€@&tQ-ached to

the dichroic residue and the_pol yneri sabl eé\g{é 5 respectlvely such that
Ol

het er oat dns (@GR MO Qi r@aomyOr Ot.g(CHo) M) 708 2NDUNBERRD005 VO
0210904. 47 PCT/ 2/ 000- 4

single bond® & SEPRFGAPTLAT H NB%I QS? ﬁgrrreggblﬁpgﬁcer%g{}y@gnt e@%? (—Q}?ﬁag?e aand
al so - (CH2) 13.€0-(C (O}(Iﬂ"?) r-tQ@tP(CHﬁ) éﬁ XR) - O Eﬁh ) -dLeR2) » - d. 94055 Q0. - (CH2)

-NH-CO O (CH2) S- and if attac to a carbon atom of the dlchr0|c resi due
al so - O ((CHR-{CH,)-03; O ( CH2D-(CH,)z-0-@MOKR) 1, - -0 O );-OX ;3 )5-O-,
-O(CH)r-0 Co, -COOéCI—l’?),O, -O(CH)r-0, -0-(CH2)r-O(CH2)s-O,

- 0- Q0- ( CHR2) B O-ECHEY)s-BECH2)s- €O Oriiatein) 1) andDs aGHRYoh- - intagiee i Lrtoakdd the ar e
each an integer from1l to 12, the 10 sumof r + s < 14, and which are

at t ached0t csuthefdf chr bEd4r esidd ididindre rstachesl Joretiesdishoigrsugue r ashdaei vel v,
such that he&lﬁn@%&%@ gr%rus Pe%%ecq Jeﬁ/?tshgh ltl’la@ Hq%ger&%orngaagg n8 ranre(’:tly linked to

each other.

[13

15 Examples of preferred “spacer units” S! include 1,2-ethylene, 1,3-propylene,
1,4-butylene, 1,5-pentylene, 1,6-hexyiene, 1,7-heptylene, 1,8-octylene, 1,9-nonylene,
1,10-decylene, 1,1 1-undecylene, 1,12-dodecylene, 3-methyl-1,4-butylene,
3-propyleneoxy, 3-propyleneoxycarbonyl, 2-ethylenecarbonyloxy, 4-buty1eneoxy,
4-butyleneoxycarbonyl, 3-propylenecarbonyloxy, S-pentyleneoxy,

20 S-pentyleneoxycarbonyl, 4-butylenecarbonyloxy, 6-hexyleneoxy, 6-hexyleneoxyc-
arbonyl, 5-pentylenecarbonyloxy,  7-heptyleneoxy,  7-heptyleneoxycarbonyl,
6-hexylenecarbonyloxy, §8-octyleneoxy, 8-octyleneoxycarbonyl, 7-heptylenecarbonyl-
oxy, 9-nonyleneoxy, 9-nonyleneoxycarbonyl, 8-octylenecarbonyloxy, 10-decylene-
0XY, 10-decyleneoxycarbonyl, 9-nonylenecarbonyloxy, 11-undecyleneoxy,

25 1l-undecyleneoxycarbonyl, 10-decylenecarbonyloxy, 12-dodecyleneoxy,
12-dodecyleneoxycarbonyl, 1l-undecylenecarbonyloxy, 3-propyleneiminocarbonyl,
4-butyleneiminocarbonyl,  5-pentyleneiminocarbonyl, 6-hexyleneiminocarbonyl,
7-heptyleneiminocarbonyl,  8-octyleneiminocarbonyl, 9-nonyleneiminocarbonyl,
10-decyleneiminocarbonyl,  ll-undecyieneiminocarbonyi, 12-dodecyleneimino-

30 carbonyi, 2-ethylenecarbonylimino, 3-propylenecarbonylimino, 4-butylenecarbonyl-
imino, 5-pentylenecarbonylimino, 6-hexylenecarbonylimino, 7-heptylenecarbonyl-

imino, 8-octylenecarbonylimino, 9-nonylenecarbonylimino, 10-decylenecarbonyl-

-8 -



15 Exanpl es of preferred "spacer units" Sl include 1,2-eth%lene,

1, 3-propyl ene, 1, 4-butylene, 1,5-pentylene, 1,6-hexyl EN@YEMBERZAL y| ene,
1, 8- oct ¥{\@NE,yoky 8- nonyl ene, 1, 1 O-decylene, 1, 11 -undesyten@a/nnis

1, 12- dodecylene -met hyl - 1, 4-butyl ene, 3-propyl eneoxy,

3- propyl eneoxycar bonyl , 2- ethylenecarbonyloxy, 4- but yl eneoxy,

4- but yl eneoxycar bonyl, 3-propyl enecarbonyl oxy, 5-pentyl eneoxy, 20

5- pent yl enegyycar bqrrymdpéylg%xéb%agﬁﬁﬁﬁonyl O orheXiheBeOXny B fexylieneoxyc-

arbonyl , 5-pent’yl enecar bonyl oxy, eptyl eneoxy, 7- hept yl eneoxycar bonyl ,
6- hexyl enec@cfbpwb/lmyoxﬁh@@ﬂ,yl erfe@xyop Bensixy)hengioxy.car lﬁa@ypropylenelmmo—

7- heptyl enecar bo yl eneoxy, . 9- npnyl eneoxycar_bonyl

8- oct yi enec#F %ﬂi}?’ 3 M%ydegﬁémpﬁmm%ﬂgew alox /e BoHyfeneimino-

9- nonyl enecag gmggg engoXY Gl RN~

0- decylenecar%ﬂﬁbbe%moxiz dbdecyleneoxy, 1£&§)de %&keoxycé@%bny %hm

11- undecyl ehe@anﬂymmyaﬁmxy, $6p1n&):grlqdeém&y,m ng- km@lt}kiexmﬁiqu, 1,8-octylenedioxy,

4- but yl enei noc Iene||n|n exyl e car bonyl ,
7- hept yl enet> “ﬁBg@Pﬁgéﬁf ?§ %?ﬁYnobg enghﬁﬁﬁyﬁ-Le %*ﬁ%@&?bonyl,

| O- decylen&bggggp %@Q@yl 11" -undecylenelnlno carbonyl, 12-dodecyl eneirnino
30 car bonyl eth enecarbonylinino, 3-propy|enecarbony|inino,

4- but yl enecar bonyl - |nino 5- pentylenecarbonylinino 6- hexyl enecar bonyl i m no,
7- heptyl enecar bony m 8- oct necar onyllnlno 9- nonyl enecar bonyl i m no,
10- decylene@é&b@ﬁf@laéd “NEVERB 1?§b 6??@@9@4‘?¥IBfPC%Fé§¢1 B00044

LM o, 13- updraxhengeachonyty gﬁwo wfirch 3 Er%kﬁ i hocANI AL neRy !

6- ( 3- propyl eneoxy) hex C p yl eneoxy) hexyl oxy, gl( propyl enei m no-
carbonyloxymﬁexywmeedﬁyGBmpbdnthpenmﬁnmﬁmnbﬂnyk)hexybgoneornuneofthe

¢ (3 Py TP e S eSS Y co. o
11 6- exyl enedlpoxy. 1o Bept kLefied] oo k300 W ERERKDY.crp-crr, cnc,
-0-CO-0-, -N=N-, -CR2=C-CO-, wherein R2 represents hydrogen or lower alkyl.
15 '
Particularly preferred Z! and Z2? groups include a single covalent bond or a
straight-chain or branched alkylene residue, having 1 to 6 carbon atoms, wherein one
or more of the non-adjacent CHj groups may independently be replaced by -O-,
-CO-0-, -0-CO-, -CH=CH-, -C=C-, -0-C0O-0-, -N=N-, -CR2=C-CO-, wherein R?2

20 represents hydrogen or lower alkyl.

Most preferred Z! and Z2 groups include a single covalent bond or a straight-chain or

branched alkylene residue, having 1 to 4 carbon atoms, wherein one or two of the

non-adjacent CHy groups may independently be replaced by -O-, -CO-O-, -O-CO-,
25  -N=N-.

Polymerisable groups P are preferably selected from the formulae CHy=CW-,
CH,=CW-COO-,  CHy=CH-CO-NH-, CHy=C(Ph)-CO-NH-,  CH»=CH-O-,
CH,=CH-O0C-, Ph-CH=CH-, CH,=CH-Ph-, CHy=CH-Ph-O-,

30 R3-Ph-CH=CH-CCO-, R3—OOC-CH=CH~Ph—O-, N-maleinimidyl, wherein W is
hydrogen, chloro or methyl, R® is lower alkyl or lower alkoxy, Ph- is phenyl and
-Ph- is 1,4-phenylene.



1, 9- nonyl enedi oxy, 1, 10-decyl enedi oxy, 1, 11-undecyl enedi oxy, 1, 12-dodecyl ene-
dioxy and the like. Preferred Z1 and Z2 groups incl udes MOBEMBER 285val ent bond
or a straight-chain or 10 branched al kyl ene resi due, which is unsubstituted,
mono- sub¥OiE{Ped’ or pol y-substituted by fluoro, having 1 P&18-REWHH at ons,
wherein one or nore of the [ion-adjacent CH2 groups may independently be
replaced by -0-, -CO, -COO, -0-CO, -NR2-CO, -CONR2-, -NR2-CO O,

-0 CO NR2-, -CH=CH, -CC, -O0OCOO, -N=N, -CR2=C-CO, wherein R2
represents hydrogen or lower alkyl. 15 Particularly preferred Z1 and Z2

groups incl Mﬁc@aﬁ*] Ne&Rrre@\u3h 8R! P RRAEILICHR =S achtcenai o or chranghed

al kyl ene residue, having 1 to 6 carbon atons, wheréin one or nore of the
non- adj acen¥hékz Griouparomy or noglpéndent |y be repl aced by -0-, -CO O,

-0CO, -CH=CH, -CC, -OCO0-, -N=N, -CR2=C-CO, wherein R2 20
represents hydrogen or |lower alkyl. Mst preferred Z1 and Z2 groups include a

si ngl e cpvalent id cor a:s i ght - in Qr.. brgnched akkyl ene r.esidue,
havi ng 1§)t §+ %%15%%%fgtn5§§1, Srll\'E/)\)Igltllel(?‘:,ogtll rﬁ(ig%x I%S(rge(% & m§f+ e+ mﬁé%P%ﬁajrg%lg/n%t E‘ICHZ
groups may i ndependently be replaced by -0-, -C0O-O, -OCO, 25 -N=N-.
Pol ymeri sabl e groups P are preferably selected fromthe fornul ae CH2=CW,
CH2=CW COO- Polpreaeal Ol WE-cryseHp 46 Ph hisd- NeHpreser HCHe0nyentOr7meHEeare

Ph- CH=CH-, =CH- Ph- 2=Cth.Ph- O, 30 R3-Ph- 0, 70z /SHRGH Ph- O,
N- el ei ni m‘(%fi% %‘é eltonc\lggi éﬁlﬁgd%’%ﬁ%, e'éhl%?%cm@ﬂ’, ’@]I s Bt al kyl
or lower alkexyss7Pho, i suphessplszand wWPho/04BI01, 4vwahenyiens. V8 MNMENBER 2005

\' VO 02/ 090447 PCT/CHO2/ Q0O 4 Particularly preferred groups P include
CH7=CW 10 cHX< 006030 amdp¥EHrp3154. For adjustment of mesomorphic properties and

suppression of crystallisation, mixtures of two or more LCP components 1may
generally be used. At least one of the LCP components may optionally comprise more
than one polymmerisable group in the chemical structure in order to achieve
crosslinking. As an alternative or to improve crosslinking zbilities the addition of
15 isotropic compounds comprising two or more polymerisabie groups, so called
crosslinkers, may also be possible. Furthermore well known additives such as, e.g.
phenol derivatives for stabilisation and photoinitiators such as, e.g. Irgacure® may

also be present in the inventive mixture.

20 The number of dyes of formula I present in the mixture may depend mainly on the
spectral working range of the polariser and on the solubility of the dyes. Coloured
polarisers, which are absorbing in a selective spectral range may preferably bé
achieved by the presence of one or two, black polarisers, selectivelry absorbing in the
whole visible range by the presence of three or more dyes in the mixture.

25
Preferred mixtures of the invention consequently comprise at least one dichroic dye
according to the general formula I and at least two polymerisable liquid crystals,
wherein at least one of them comprises more than one polymerisable group and
optionally additives, such as crosslinkers, stabilisers and photoinitiators.

30

-10-



wherein Wis hydrogen or nethyl. 5 The nunmber of rings in substructure 1|1
expressed by m + n2 + nB is preferably < 2. Pol yneri&¥YEMBERAIE crystal s

(LCP) whjch are present in the inventive mixtures are we 1oun tq the
skilied Bg)r“é@ﬁ‘”é: g. from EP 0331233 , WO 95/24454, US 5, %%?@%@“‘B

5, 650, 534, WO 00/04110, WO 00/07975, WO 00/48985, 10 WO 00/551 tO and WO
00/ 63154. For adjustnent of nesonorphic properties and suppression of

crystal |i sasl g, i sLures oL 0.0 cJﬁﬁg{r%Mnecﬁ%ﬁpﬂﬁh;f{oigg%%sr geRehaldy be

used. At |east one conponents ity optiona I Se nore

one pol ynerimlahl kagrewppélpmiHeabdd éiguribtbrystatsucdtipgsing® catklatot ool ok eahde
crosslinking. As an al te{ native or to inprove crosslinking abhilities the
addi tion of S'98PS ¥GtIPHBRAESIHOEER dLcleBrgP 1SS PGS tIRP LbTervdePBP P S ab e
groups, so called crosslinkers, may al so be possible. Furthernmore well known
additives such as, e.g. phenol derivatives for stabilisation and

phot oi ni ti aTlor ®tA wohteasof dclyoid dgscafrfefinylarfay thalisentiee priemeninay niepbed
inventive mxture. 20 The nunber of dyes of fornula | present in the m xture
may depend %@#@gﬁ% @ su @ﬁﬁ%lﬂwwﬁ%gcfab?@% tpfuge OFINAFISFPOEMC on t he
solubility £ : gl : he - i j

sel ective s%tég%rﬁgsl @Déﬁag%gygfgf %@%ﬁ@hﬁgﬁg@%}gg%%{?tf‘%ﬂ%gﬂés r?lggh%f one
or two, bl atjespotadvéds @rafpree dee touenyraddtsomby g inrthe hengewdfollel w SO, r ange
by the presence of three or _nor es in the mixture._ 25 Preferred m xtures
of the inveﬁ?lieoﬂfeg%ﬁbgﬁgi?gh{)ﬁﬁoégo p s prefergaly f&??%%d? OGPt dye according
to the ggneral formula I and at least two polynerisable liquid crystals,
wherein at | east one of them conprises nore than one pol yneri sabl e group and
optional | y Badidi¢ dess frouc heaslassr o std dikex syitabteabirl thseinsemng photws mhey at or s.

30 8 NO\IEI\/B&Qfe%%?}? be ggecqgg J‘Qrgr% 4(Z gr%%lg %_(%%é1gg?§ general formulae I1I - V:

RA-Arl-N=N-Ar2-Bl I1I
15 R4-Arl-N=N-Ar2-N=N-Ar3-Bl v
R4-Arl-N=N-Ar2-N=N-Ar3-N=N-Ar4-Bl \Y

wherein

20 R4 represents hydrogen, fluoro, chloro, bromo, cyano, nitro, -NR2R3,
a three- to seven-membered cyclic amino group, -CR2=CR3-NO»,
-CR?2=CR3-CN, -CR2=C(CN)p, or a straight chain or branched
alkyl residue, which is unsubstituted, mono- or poly-substituted by

fluorine having 1-18 carbon atoms, wherein one or more of the

25 non-adjacent CHy groups may independently be replaced by -O-,
-CO-0-, -0-CO-, -NR2-CO-, -CO-NRZ-, -NRZ-CO-O-,
-0-CO-NR2-, -CH=CH-, -C=C-, -O-CO-0-, wherein R? and R>

independently represent hydrogen or lower alkyl;

30 Arl, Ar?, Ar?, Ar* independently of each other are 1,4-phenylene, 1,4- or 1,5-
naphthylene optionally substituted by fluorine, chlorine, hydroxy,
-NR2ZR3 or by a straight chain or branched alkyl residue, which is

- 11 -



Particularly preferred are -m xtures conprising one to four dichroic dyes of
formula | and at |east two polynerisable liquid cryst&eY@VEMBBR2&ISng each two
pol ynmeri sabl e groups and optionally additives such as crosslinkers,

stabi | i sers2/@ndi’photo initiators. 5 10 The total content RAT/@HehPEH¢ dyes of
formula | in the inventive mxture may depend on different factors such as
solubility in the LCP host, influence on the nesonorphic properties (e.g_
depression of clearing point) and absorption abi]lity (extinction) of the

dyes invol ved. Pref erre@ﬂﬁwfl%%éﬂ@m%tqf@f@ﬁﬁ@s%@e%{ Rytheorngmyeies lol2 to

50%u, nore preferably c%urb%q| aQtPélst Qh gg{wonemﬁr?&reeé@rt lnxnja\lé}girﬂegt %ﬁvo 209 .

Di chroic dyes fromthe class of azo es suitable for enrn I've m xtures
may preferably be sele @%Lsfrﬁgmﬂ&e?eﬁeaﬂ%ea&g%éd Bg 0, genepal-ooomul ae 111
- V. 15 wherein RA-Ar 1-N=N-Ar2 -B 11 "R4 -Ar 1-NEN-Ar2 -N=NAr3-B 1 |V
R4- Ar 1- N=EN- Ar e- N=EN- Ar 3- NNRZATO4- BI0WRD, RIRZ €0 e3entsCRyR3gen; CH¥GbI-0,
chloro, brono, cyano, nitro, -NR2R3, a threeq- to seven-nenbered cyclic am no
group, -CR2=CR3-N02, - CRBCGRII-GY-O-criergioNg 2 ang B2 183505nepRtlyc IFarsseBl
branched al kyl residue, i.ch i ] t;uted, nono- or poly-substituted by
fluorine having 1-18 capggﬂkg gkg?ﬂﬁﬁe éfﬁhone or nore of the 25 non-adjacent
CH2 groups may i ndependefiddin el ienbag etbubffOmula @, -0-CO, -NR2-CO,
-CONR2-, -NR2-CO-0-, -0-CO-NR2 , -CHCH, -CFC, -OCO O, wherein R2 and
R independently represent hydrogen or |owey kyl; 30 Artt, Ar3, Ar4

i ndependent |y of each other are_1, 4-phenyl efe, ¥, 4- or(Cty ht hyl ene

e,..chl orj ne/—hydr oxy,
N -

/
(CH,)p
a) b} o)

optionally substituted by f|ug

/
(CHop

wherein p is an integer of 1 to 3 and R* of formulae III to V is

10 attached to the nitrogen atom; and
B! has the meaning given above.

The dyes of formula IIT to V are new and represent a further aspect of the present

15 1nvention.

Preferred dyes of formula III to V include those wherein R# represents hydrogen,
chloro, cyano, nitro, -NR2R3, 1-piperidyl- 1-pyrrolidyl or a straight chain or branched
alkyl residue, which is unsubstituted, having 1-12 carbon atoms, wherein one or two

20 of the non-adjacent CHy groups may independently be replaced by -O-, -CO-O-,
-0-CO-, -CH=CH-, wherein R? and R> independently represent hydrogen or lower
alkyl,

Preferred dyes of formula III to V include also those where Ar! to Ar# independently
25  of each other are 1,4-phenylene or 1,4-naphthylene optionally substituted by chlorine,
hydroxy, -NR?R3 or by a straight chain or branched alkyl residue, which is

unsubstituted, having 1-12 carbon atoms, wherein one or two of the non-adjacent CH



-NR2R3 or by a straight chain or branched al kyl residue, whichis - 11 8
NOVEMBER 2005 \ VO 2/ 090447 PCT/ CHU2/ 00044 unsubsti t ut EBNOVEMBER 2095

pol y-sulstituted by fluorine having 1-12 carbon atons, \ef ek 0 or nore
of the ngh-"é{g‘j}“g%ent CH2 groups may i ndependently be rep},\g@éghgy (?)&, - C0- 0-,
-0-CO, -NR2-CO, -CONR2-, -NR2-CO0-, -0-CONR2-, -CH=CH, -CC,

-0-CO O, wherein R2 and R3 independently represent hydrogen or |ower alkyl;

and wherein Art | roul g a c a wherein pis
an integer %@Epf %]%y gildgﬁal%ﬂg;ﬁ% frgif?lranéﬁ a@lf%’ %:(C))t '@-’i'sb'egf’t a%%%ﬁ%’ox}&ﬁgﬁni tPogen
atom and Bi2 hasri hdeplarhidgreprasemt Bagyen of hevehu@isy1of formula 111 to V are

new and represent a further aspect of the present 15 invention. Preferred
dyes of f oramdivéherdin Ardagditinoallidie atdnoeeofveeneiar) Rick epr esent s hydr ogen,

chl oro, cyano, nitro, -NR2R3, 1-piperidyl- 1-pyrrolidyl or a straight chain
or branched al kyl residue, which is unsubstituted, having 1-12 carbon atons,
wher ei n onepeferkWaz28y&foftibenMa M agk riseid 1M-QMRSvIeRY uhiRd pREQEGNIAY be
repl aced by -0-, -CO0O, -0-CO, - . wherein R2 and R3"i ndependent|y
represent hyds ogenmownial ohert mdskyine Rf-efphiyksde dyes aof frefemad sazpb| dyesoofy

I ncl ude al ngrrrtnﬂgi}angw rgcl;r% tﬁgﬂl. t\ﬁtfool,ﬁrn%pflt?f?e%%%rr]n se.nt ly

Dichroic dyes from the class of anthraquinones suitable for the mixtures of the present

[0 invention may preferably be selected from the groups according to formulae VI-X:

O NH,
O NH,
Vi Vil VIl
O NH, NH, O NH,
l
NH, O  NH, NH, O  NH,
IX X

wherein one to four hydrogen atoms are substituted by the groups of B! to B4 either
at carbon or nitrogen atoms, and wherein B! to B4 have the meaning given above,

15  with the provision that at most one of B! to B# is attached to the same nitrogen atom.

Such anthraquinone dyes are new and represent a further aspect of the present

inventiorn.

20 Preferred anthraquinone dyes may comprise one or two of the groups B! to B%.
Further preferred anthraqumone dyes may be represented by the formulae VI, VII or



25 of each other are 1, 4-phenylene or 1, 4-naphthylene optionally substituted
by chlorine, hydroxy, -NR2R3 or by a straight chain or8 HOEEYRER 2805y |

resi due, which is wunsubstituted, having 1-12 carbon atomnms, wherein one or
two of th® nonsadj acent CH? 8 NOVEMBER 2005 \ VO 021090447 PPCTIQL1E2+#00044
groups may i ndependently be replaced by -0-, -COO, -0-CO, -CH=CH, wherein
R - and R3 independently represent hydrogen or |ower alkyl; and wherein Art
additionally is a group of fornmula a) to c). 5 Preferred azo dyes of formula
[1l may conprise no 1, 4-naphtylene units, preferred azo dyes of fornula IV

at npbst one - naphtyl ene it, a r.ef err.ed,.azo. d f. fornmula V,not
mor e than +W? SRRRASHE Orert Ty S TtsBoR el By E88iC e Rmar GBI, Pasta

ant hr aqui noge Sorfitll 4201 ® X HaylrBRIII b pregfedhisihh & RIS ¥l knbdvd BUBSHeMBnNBY
preferably be selected fromthe ?roups according to fornmulae VI-X: NH 0 NH2

NH, 0 NH2 Nekillg NpptheHerto sngd ap xthgseufocenpntedeint loubeir- Wil déethoddrorderar e
substi t ut.ed )Y t.h r.Qups Bl B4 ejthe t rbon. or. ni.trogen_ at,ons,
and wher tgi nogqllﬁczle’%ﬁzﬁ%\l/eé%h%n enggﬁlﬁﬁg%%t%é{lora O\J/X}Ie;of%ecfgmvmgpﬁmtl%é”%?é llmsfi on
that at nost-@ags 9hH1.Bsbat 09834 is attached to the sanme nitrogen atom Such
ant hraqui none dyes are new and represent a further aspect of the present

i nvention. 20 Preferred anthraqui none dyes nay conprise one or two of the

o 0uPS B1 01 Bl PS5 L LAMLIANG 150 B AR 300 o0
further be formed into liquid crystalline polymer films (LCP films). Thus, in a further
10 aspect the invention provides dichroic films formed from mixtures according to the
present invention. Such LCP films may readily be prepafed by UV or thermal
polymerisation of the mixtures of the present invention. A filin comprising a mixture
according to the present invention is formed on a substrate, for example, by first
preparing a solution of a mixture, which is subsequently applied to a support by
15 different coating techniques, such as spincoating, miniscuscoating, wirecoating,
slotcoating, offsetprinting, {lexoprinting, gravureprinting. After evaporation of the
solvent the obtained film is polymerised using UV light to give a cross-linked
dichroic liquid crystal film of preferably 0.5 to 5 pm thickness. If required such films
may further be coated with other layers, such as, e.g. protective layers for protection
20 against oxygen, UV-irradiation or mechanical stress. Such films may be used in the

manufacture of devices such as polarisers or optical filters.

Examples of substrates used in the preparation of dichroic LCP films may include
transparent substrates, such as glass or plastic including an orientation layer, which is
25 able to induce a uniform orientation to the mixture. Such orientation layers may
include rubbed polyimide, or polyamide or preferably layers of photo-orientable
materials. A well-suited kind of photo-onentable orientation layers are Linearly
Photopolymerisable Polymers (LPP), also sometimes referred to as Photooriented
Polymer Networks (PPN). Backgrounds and manufacturing of such orientation layers
30 are disclosed in, for example, US 5,389,698, US 5,838,407, US 5,602,661,
US 6,160,597, US 6,144,428, all of the applicant. Using LPP layers, segments (pixels)
of locally varying orientation may be formed. Thus, not only uniformly aligned

dichroic LCP layers but also structured complex orientation patterns within the

- 14 -



The dichroic azo dyes of fornula Il to V and the dichroic anthraqui none dyes
based on fornmulae VI to X may readily be prepared usisWOYEYIEER300%e| | known
to the person skilled in the art, such as those docunent gflr'i“nmw) n- eyl ,
Met hoden™@er "8 gani schen Chenie, Thieme-Verlag, Stuttgart of fn Nblecul ar
Crystals and Liquid Crystals Vol. 150A, 1937. The pol ynerisable liquid
crystalline m xtures according to the present invention may further be

formed into._liquid.grystalline po rofilms (LCP films). Thus, in.a further
10 aspect CHEEPHVERE 1SR Py R Em TR o P B ER Y8 r ety Bam

accor di ng t@adber apsresaiM LPNYSDLICPNaySHCRheER 4t 1486 onByf Mheddip e Rrepar ed
by W or thermal polynerisation of the m xtures of the present invention. A

film conpridfhrgical G Xassr ere tesbiediSneh tayersher Packs exftlayany exyi aiditianatlyrieed on a
substrate, for a e, firs reparin asolutoion Of,% m xture, which is
subsequent |5 asR e dY stk B AT sl Y Bo Ryt dBes such ac
spi ncoat 5 NGyx¥kMbSEHRERALE NG ersvibf @A AAgain§h Ot £85I RAdiatighf set printing,

fl exoprinting, gravureprinting. After evaporation of the solvent the
obtained filmis polynerised using UV light to give a cross-linked dichroic

s ey Reeehor e e s, forrR e B gk R SR St S G B R Ve
layers for prmi etkian RO ASdnt GXYUEES Ry sthif Vouch hadicisi ONh&Y ardRehané Co)

stress. Such films may be used in the manufacture of devices such as

pol ari sers b¢ moptiredd tei preryl pEeEMpiligmpptien gty aplesseks ddht dntths prEpar ati on
-of dichrgic LCP filns i pgliude  tr.a rent  substrat suc s.glass or
pl asti c1 ncT Ut faﬁlﬁné%yeé%i%nfrggil%ﬂerT gél”éir@s[\%%i 8ﬁn?dzsef§ra5%V'§§ % 5%38@ S3%ni form

orientati onyrbgarkdtd 6T XtdiElgoicSUCR Rl emhat immhveay e mitfye, Wwiich udedaubhed

pol yi m de, or polyam de or preferably |ayers of photo -orientable materials.
A wel | - sui t@atdnsidpsto-pretabls maserialh ey fioé??tl%@ﬁﬁlgﬁ-l ayers are Linearly

Phot opol yneri sabl e Pol yners (LPP), also sonetines referred to as

Phot oori ented Pol ymer Networks (PPN). Backgrounds and nmanufacturing of such

ori ent at i onThayRhSiSthireesdisiclinsedf ity ptaentexasmion, dp B 389, GOBrepbls
5,838,407, US 5,602,661, US 6,160,597, US 6, 144,428, all of the a?pl i cant.
Usi ng LPP |eéyérrosqptg:é]g%péinqpglcelpqiggfét]:e@)mcludmg security devices. A further aspect ot the

invention therefore provides an electro-optical or optical component or a security
device comprising a dichroic liquid crystalline polymer film formed from a mixture of
the invention. Examples of optical or electro-optical components may include

structured or unstructured optical filters, polarisers or elements of security devices.

The following non-limiting examples further describe the present invention.
Variations on these falling within the scope of the invention will be apparent to a

person skilled i the art.

25
EXAMPLE 1
Preparation  of 4-(6-Acrvlovloxvhexyvloxy)phenvl-1.4-diaminoanthraguinone-2-
carboxvlate:
(l) NH2 O
9209 0~ Y0 lr
O NH
30 z
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of locally varying orientation may be fonned. Thus, not only uniformy
aligned dichroic LCP layers but al so structured conplseSO\ENBER 20050n patterns
within the -14 8 NOVEMBER 2005 Wa 02, ' 090447 PCTY%C~1 02/ WM4 di chroic LCP

| ayer s nmay theviproduced- Furthernore nultilayer systens forf@dHreomistacks of
alternating LPP and LCP | ayers, wherein at |east one of the LCP layers is a
dichroic LCP |ayer are feasible. Such |ayers or stacks of |ayers may
additionally be covered by other well known functional |ayers, such as, e.g.
protecting | ayers against 5 oxygen or humidity or |ayers for protection

agai nst ul t+avj ol et digti Recent | y -t ) al D
99/ 64924, t %thpﬁ%}g‘{rgr iognt(jl?fr;gg i’”‘ra'f0 gri a?is(!sla}c{}géy@gggbxm%hsegy%é ag‘gP%\@"to
orient |iquiidomitiyat@nsne-guwatboaglatd P, mil foftdimptial @rmdmidecdinti @ il heef whteture to
be oriented prior to illumnation with polarised lLight. In this way, 10

ori entat i on"iaydsied AntPorCreTByaTE feke AR Ber ket vl yg othtiss an
anal ogoug  preparftd oy 0fi, 2 vﬂs%ﬂl’b@eﬁ throbdel o?’sl'snﬂ et Pé/rﬁ[?ﬁbm‘f?[sﬂhﬁ ire,
which in addition  contains a photo -ori entable naterral, may arso be

possi bl e. Thendhe he¢xtion mixtwe eas andadted nathofmethyéenprldsade, thawvegniophasey be

used to prepare 15 electro-optical and qptjcal devices jncluding security
devi ces. A Veiftdpélectas wgpbgch s Envaiti B REFRPBFETh SBPRaEs DAljred and

el ectro-opti opL, i , , I t Y agevicee j Sl a
G chror o1 Garg Rl P e Pk g, Iy e P e
i nvention. dxdmptas infologpte aal subseqakricdrysialbpiticafromortpynatase/epne itRude
structured or unstructured optical filters olarisers el enents of security
devi ces.|0202aFRd)- FoR| wplig HBHaLE: hintx 66%9%5%% oy €§ ret0 'd89k PPBEIRHE Present
invention.  Varjations on these falling within the scope of the invention

w il be apphqg?t)'to a person skilled in the art. 25 EXAMPLE 1

The starting material was prepared in accordance with the following procedure:

15  Preparation of 4-{6-Acrvlovloxvhexvloxviphenvl-1-amino-4-nitroanthraquinone-2-

carboxvlate:

To a mixture of 043 g of 4—(6-hydroxyhexyloxy)phenyl—1—amino-t.‘f-
nitroanthraquinone-2-carboxylate, 20 ml of methylenechloride, 0.015 g of NN-
20 dimethylaminopyridine, and 0.117 ml of acrylic acid were added dropwise 0.246 g of
dicyclohexylcarbodiimide in 10 ml of methylenechloride. The mixture was stirred for
15 h at room temperature, then filtered and the solution concentrated to dryness.
Chromatography of the residue on silica, using 2.5% ethylacetate in toluene and

crystallisation from ethylacetate/hexane (2:1) gave 0.16 g of red crystals; Amax

25 (CH;Clp): 482 nm (s = 7,647).

Preparation of  4-(6-Hvdroxvhexvloxv)phenvl-l-a::- .- >-4-nifroanthraguinone-2-

carboxylate:

30 A mixture of 0.9 g of 4-(6-(2-tetrahydropyranyl)oxyhexyloxy)phenyl-1-amino-4-
nitroanthraquinone-2-carboxylate, 40 ml of methanol and 20 ml of 2N hydrochloric

acid was stirred for 15 h at room temperature. The reaction mixture was then

- 16 -



Preparati on of 4- 6-Acrvlovloxvhex |ox) hen | -1, 4-di am noant hr aqui none- 2-
carboxvlate: 30 -15 8 NOVEMBER 2005 WD 02/ 090447 PCT/ BIOQYEMBER 2003 a mi xture
of 0.16 of 4- (6-acryl oyl oxyhexyl oxy) phenyl -1 -am no- 4- e
nitr oant\gpéfféfﬁimﬁghe- 2-carboxyl ate, 16 ml of dinethylfor mam de. and 3°m  of
water was added at roomtenperature 0.465 g of iron-l11l-chloride and 0281 g
of zinc 5 powder. The reduction was allowed to proceed for 15 h under
conti nuous Skiafkd Rdih ethBCihd M8 k@R biRfe W%t WL BB HeddNae bRAriMnkl: and
met hyl enechl ori de, the organic phases were collected and washed with water,
dried over wagdi emd sukphate sodiitint sripthtanthbsegreoedtliratiedand carogniesison  to
Chr omat ogr aphy of the resi.due orl. ilica using 5% ethylacetate in toluene and
subsequent _gfl‘l'eiéﬁf BOR AP E‘f‘hyl acet at e/ hexane (1:2) 10 gave 0.12 g of
blue crystals; ~, max. (CH2Cl12): 624 nm (a = 10'100), 590 mu (s = 10'133).
The starting material was prepared in accordance with the foll ow ng
"~ procedur 2: Prbp®ategrar at jdn of 4-(6-(2-Tetrahydropyranylyoxyhexyloxyphenyl-1-amino-4-

4- (6- Acryl ové oxrxhex | oxy) phenyl - t-_am' no- 4- ni t r oant hr aqui none- 2- car boxyl at e:
To a mixtur®® B roxyhexyl oxy) phenyl -1 - ani no- 4-
ni t r oant hr aqui none- 2- car boxyl ate, 20 m of nethyl enechloride, 0.015 g of N, N
20 di net hyl am nopyridine, and 0.117 m of acrylic acid were added dropw se
0.246 g of Tdi zyviohexylfcar®8did mfdd-dminget-pitroefithmetunonefecid arylide acifhe
m xture was, stirred.for 1 at r.oomt erature,..then filtered t he
sol ution co(ﬁ@élﬁ}efcégl«?’d toavﬁ%ﬂgss. 108 o%&%ﬁaph 8% thé regfdue4'g§' Silica,
usi ng 2,5%et-ldaaRk a8 ok fhdx@iHeNsheadd 30CkY SF ahdth Slahd AR 0.044
et hyl acet at e/%ie/“)xane ( :'1)%&% ,?1?16 g of red crys?lal s; ~max. 25 (84%{0 2):
482 nm (s ,N-G4rothylaminopyridine was added dropwise at 15°C 074 g of

dicyclohexylcarbodiimide in 15 ml of methylenechloride. The reaction mixture was
then stirred for 15 h at room temperature. Subsequent filtration and concentration to
dryness gave 0.9 g of the product as a red solid.

15

Preparation of 4-(6-(2-Tetrahvdropvranvloxvhexyloxv)nhenol:

A mixture of 10 g of 2-(6-chlorohexyloxy)tetrahydropyrane, 25 g of hydroguinone, 31
g of potassiumcarbonate, 0.752 g of potassiumiodide and 250 ml of dimethylsulfoxide

20 was allowed to react for 4 days at 80°C. Subsequently, the reaction mixture was
cooled to room temperature and after addition of water extracted with ether. The
organic phase was then dried over sodium sulphate, filtered and concentrated to
dryness. Chromatography on silica with 10% ethylacetate in toluene gave 11g of
product as a yellowish oil.

25

Preparation of 2-(6-Chlorohexvloxy)tetrahvdropyrane:

To a mixture of 15 g of 6-chlorohexanol, 100 ml of methylenechloride and 0.2 g of p-
toluenesulphonic acid were added dropwise 12 g of dihydropyrane in 40 ml of
30 methylenechloride. The reaction mixture was stirred for 15 h at room temperature and
then distributed between ether and saturated sodium bicarbonate solution. The ether

phase was washed with water, dried over sodium sulphate, filtered and concentrated

- 17 -



Preparation of 4-(6-Hydroxyhexyl oxy)phenyl-1-a -:: o0-4-nitroanthraqui none 2-
carboxylate: 30 A mxture of 0.9 g of 8 NOVEMBER 2005

4- (6- (2-tetrahydropyranyl ) oxyhexyl oxy) phenyl - | - am no- 4-

ni t r oant kwraaguionane- 2- car boxyl ate, 40 m of met hanol and 2@cmcrofz/o2N: 4
hydrochloric acid was stirred for 15 h at roomtenperature. The reaction

m xture was then -16 8 NOVEMBER 2005 WO 02/ 090447 PCT/ 0102/ 0004 extracted
with ether and the organi c phase was washed wi th sodi um bi carbonate and

wat er and dhx@wmﬁwe@hsmﬂﬂmyawud@hhtewuﬂubseqh@muumgbtxammdmraﬂd)gm%téhtratlon
to dryness gﬁ e 0.43 % of a red ﬁO|Id 5 Preparation of

4-(6-(2-Tet$ %rp&b L RS FIRYHER Ploxv) phenvl - 1- ani no- 4-

ni t roant hr aqui none- 2- carboxyl ate: To a m xture of 0.8 g of 1-am no

-4-ni troant hraqui none- 2-carboxylic acid (comercially available from Bayer),
0.904 ‘g of 7h¢6el{@ving ¢mtpaidd vopy santkisedy hergloxiyifirenothod 36 ddscobed

nmet hyl enechl oride and 0.044 g of N, N-dinethyl aniinopyridine was added

dr opwi se’at DR 0. 74 g of dicycl ohexylcarbodiimde in 15 m of nethyl
enechlo ride. The reaction m xture was then stirred for 15 h at room

t enper at ur e. Subsequent f| I trat| on and concentration to dryness gave 0.9 g
of the prodfict-(@dcavlprldxgidxvi py loprragtdnyhipbényl- 1 .4-diaminoanthraquinone-

4-(6-(2-Tetrah dr p ranyl)oxyhexyl oxy)phenol A mxture of 10 g of

2- (6-chl oroh&%ﬁéﬁ?gﬁ ‘et r ahydr opyrane, 25 g of hydroqui none, 31 g of

pot assi untar bonate, 0.752 @ pot assi um odi de and 250 m of

di net hyl sul f oxi de 20 k. t eact for 4 days at.80C. Subsequently,
the reaction m xture oo pPer at ure _an fter addition of
wat er extracted with ether, or ganloc se\e\\/agkt/rf& dried over sodium
sul phate, filtered and concent rated to dryness. Chromatography on silica

wi th 10%;et hyl agelate, idh<tol Hene; 83¥E 3360l - 12900).

OffiH,

6-(4-(4-(6-Acrvlovloxvhexvloxy)phenvloxvearbonylphenvioxyihexvl-1.4-

diaminoanthraquinone-2-carboxylate :

NH, O
OWO@O; (:: o
0.0 O™ J’kf
o @]
8] NH_

15
Amax. (CH2Cl2): 624 nm (e = 11°306), 590 nm (g = 11°404).
6-Acrvlovloxvhexvioxy -1.4-diaminoanthraguinone -2-carboxylate:
O NH, O
O/\/\/\/O\hof\
20 O NH,

Amax, (CH2Clo): 624 nm (e =11°921), 591 nm (g = 11°789).

- 18 -



product as a yellowi sh oil. 25 Preparation of

2- (6- Chl or ohexvl oxy) t etrahvdropyrane: To a m xture of SISOYEMBER 2005

6- chl orohexanpl 100 M of methyl en echloride and 0.2 g 'f'ﬁ'_""‘ |

t ol uenestlPHORI ¢’ aci d were added dropwi se 12 g of dlhydroﬁgFﬁ 440 m of
30 nethyl enechlori de. The reaction mxture was stirred for 15 h at room
tenperature and then distributed between ether and saturated sodi um

bi car bonat epgahution. The ether phase was washed with water, dried over
sodi um sul phate, Tiltered and concentrated -17 8 NOVEMBER 2005 WO 02/ 090447
PCT/ C1- 10- 2/00044 to dryness Chronatography of the re5|due on S|I|ca usi ng
hexane/ et hePreps 2] ' firemisnghr: S 1

fol | owi ng conpounds wer e synt hesi sed u5| ng a sim I ar rret hod as descrl bed 5

above: O NH,O e@o/\/\/\/
4- (4-(6-Acry_I1 oyl oxyhexyl oxy SR OXYy onyl ) phenyl - 1, 4- di am noant hr aqui no
ne- 2-carboxylate : 0 NH2 0 1Q Xng (CH2C1 2): 625 nm (E = 12'995), 599 run

(E = 12'900).
6- (4- (4- (6-Acryl oyl oxyhexyl oxy) phenyl/&(ycar bonyl ) phenyl oxy) hexyl -1, 4-
di am noant hr aqui none- 2- carboxvl ate : "0 15 Xmax. (CH? Cl-): 624 run (s =
11'306), 590 rim (E = 11'404). 6-Acryl oyl oxyhexyl oxy -1, 4-di
am noant hr aqui none - 2-carboxvl ate: 20

5 To a stirred solution of 0.91 g of (4-heptylphenyl)-1,4-diamincanthraquinone-2-

carboxylate (preparation analogous to example 1) in 80 ml of méthylenechloride ,
cooled to 0°C was added dropwise {over a period of 30 mmn) a solution of 0.36 g of
acryloylchloride in 20 ml of methylenechloride . After stirring for 1 h at 0°C and
30 min at room temperature, DMAP was added and stirring was continued for further

10 60 min. The reaction mixture was then concentrated to half its volume and passed
through a silica gel column using methylenechloride as the eluent. The afforded violet
solid was further recrystallised from ethanol/methylenechioride 9/1 (v/v) to give
0.88 g (4-heptylphenyl)- 4-acrylamido-1-aminoanthraquinone-2-carboxylate as violet

crystals; Amax. (CB 483): 572 nm.

15
EXAMPLE 3
Prepafation of 1.4-di-N-[4-{6-Acrvlovioxvhexvloxy)benzvi]aminoanthraguinone:
0
O HN” \[j I
o~ O
OWO
o HNQ Oaj
l
20

A mixture consisting of 4.8 g of 4-(6-acryloyloxyhexvloxy)benzylbromide , 0.48 g of
|, 4-diaminoanthraquinone and 1.38 g of potassium carbonate in 20 ml of DMF was
stirred under nitrogen atmosphere for 6 h at roony temperature. The reaction mixture
was then quenched with 100 ml 3 N HCl and extracted with ethylacetate (2 x 150
25 ml). The combined organic extracts were washed with saturated NaCl solution {100

ml), dried over sodium sulphate and concentrated to dryness to give a blue residue.

-19-



NH, OO0 NH2 X. . (CH2C12): 624 nm (s = 11'921), 591 nm (s = 11'789). 8
NOVEMBER 2005 W 2/ 090447 PCTi C1102100044 EXANVPLE 2 Pr @pHI\EMBER #i05

(4- heptyl phenyl )- 4-acryl am do-I- am no ant hraqui none- 2-carboxylate: 05 To a
stirred wolobdam of 0.91 g of (4-heptyl phenyl)-1, 4-di am noantdi@guirone- 2-
carboxyl ate (preparation anal ogous to exanple 1) in 80 m of

nmet hyl enechl oride , cooled to OC was added dropw se (over a period of 30
mn) a solution of 0.36 g of acryloylchloride in 20 mM of m ethyl

enechl or i deChropfatagrapdtyionrsilngs ¥serg i%rv?ll@hﬂ@ﬂl@r anid mebylenechderideogaretdetrgeiat ur e,

DVAP was added a ti-rri s continued.for further, 10 60 m n, The reaction
m xture vvaslm{rﬁenrﬂ%bcﬁ@érg{'r(é;g %r\&@qyéowg:le?ﬂ%d)b\gﬁyd “3%%“%%@%@%6 t h?soughﬁlug silica
gel colum usi.ng. yet h el oyl as the eluent. The afforded violet solid -
was furt hercl%?%%rgyg%%t ?@%353?‘% ethanol / m et hyl enechloride 9/1 (v/v) to give

0.88 g (4-heptyl phenyl)- 4-acryl am do-I-am no ant hraqui none- 2-car boxyl ate as
violet crystals; 2max. (CB 483): 572 nm 15 EXAM PLE 3 Preparation of

1, 4- di - N FAT{Gstany heydrox whae xytthesyijddenzytdireniorntbe &ilodwiagptavedes: O o 20 A

m xture consisting of 4.8 g of 4-(6-acryl oyl oxyhexyl oxy)benzyl brom de , 0.48
g of 1, 4-di am noant hraqui none and 138 g of potassium carbonate in 20 m of

DMVF was st4_h§_ggr¢;@gg£jglﬁl_}' ,E:foggﬁ_,@n#%mg%r e for 6 h at roomtenperature. The
reacti on mXture was en quenched w 100 M 3 N HC1 and extracted with
et hyl acetate (2 x 150
To an ice-bath cooled solution of 5.0 g of 4-(6-acryloyloxyhexyloxy)benzylalcohol in
10 50 ml of methylenechloride was added dropwise a solution of 3.27 g of phosphorus
tribromide in 10 ml of methylenechloride . After complete addition, the reaction
mixture was stirred for further 15 min at about 5°C and then poured into 100 g of ice
water. The organic layer was separated, diluted with 50 ml of methylenechloride,
washed with half saturated NaCl solution (3 x 60 ml), dried under reduced pressure
15 and concentrated to dryness to give 4.8 g of a yellowish oil mainly consisting of 4-(6-
acryloyloxyhexyloxy)benzylbromide. This oil was used without further purification in

the next reaction step.

4-(6-Acrvlovioxvhexvloxyibenzvlalcohol:
20

A mixture consisting of 2.48 g of 4-hydroxybenzylalcohol, 5.64 g of 6-iodohexyl
acrylate, and 2.76 ¢ of potassium carbonate in 50 ml of DMF was stirred under
nitrogen atmosphere for 3 h at 60°C. After being cooled to room temperature the
reaction mixture was quenched with 100 ml 3N HCI and extracted with diethylether
25 (2 x 100 ml). The combined ether extracts were washed with saturated NaCl solution,
dried over sodium sulphate and concentrated to dryness to give 5.3 g of nearly pure 4-

(6-acryloyloxyhexyloxy)benzylalcohol as a beige heavy oil.
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25 m ). The conbined organic extracts were washed with saturated NaC

solution (100 m), dried over sodium sul phate and corft®@YEMBEB 20® dryness to

give a bl ue r§3| due. -19 8 NOVEMBER 2005 WD 02/ 090447 PCT/(QIIJ(Qﬁjl%)Qﬁm

Chr omat oﬁr‘a’pﬁ’ Hdn silica usi ng 5% di et hyl ether with net hy enechl’oride gave

0.9 g of pure 1,4-di-IV-[4-(6-acryl oyl oxyhexyl oxy) benzyl ] ani i noant hr aqui none

as bl ue crystals 2 max. (CB 483) : 604 rim 5 The starting material was

synt hesi sedg m@@fmag to the foll ow ng procedure: 4-(6-Acryl oyl oxyhexylox. )Y

benzyl brom de: To an ice-bath cool ed solution of 5.0 g of

4-(6-acryl oyI oxyhexyl oXy )benzyl al cohol in 10 50 m of nethylenechloride was
7 f tribr 0

A . IS vhexyloxy)phenvle LoX V]

stirred forbgdibmé}g{nog{&hﬁhnu@heabout 5C and t hen poured into 100 g of ice

water. The organic layer was separated, diluted with 50 ml of

met hyl enechl ori de, washed with ﬁ?f saturated NaCl gsolution (3 x 60 m),

&

dried under reduced pressure 15 ntrated t yness to give 4.8 g of
a yellowi sh oil mainly consistij ngJo acsyleyloxyhexyl oxy) benzyl brom de.
This oil was used without fuyrthé purlflca?lon in the next reaction step.

4- (6- Acryl oyl oxyhexyl oxy)bohol : 20 A m xture consisting of 2.48 g of
4- hydr oxybenzyl al cohol, 5. 64" girof” 6-i odohexyl acrylate, and 2.76 g of

pot assi um carbonate in 50 m of " wa Prree~umder nitrogen atnosphere
for 3 h at 60C. After being cool m t enper @ the reaction mxture
was quenched with 100 m 3N HC extracted with diethylether 25 (2 x 100
m ). The conbined ether extracts were washed with saturated NaC sol ution,
dried over sodium sul phate and concentrated to dryness to give 5.3 g of

near | ure 4- (6-acryl oyl oxyhexyl ox benz | al cohol as a beige heavy oil.
y P A m(L\rule yconglwtmg fy y) % 2-[4-(6- methacryloylo?n:yhexyl()}}/y)—

phenylcarbonyloxy]benzylbromide, 0.42 g of 1,4-diaminoanthraquinone and 1.38 g of
potassium carbonate in 20 ml of DMF was stirred under nitrogen atmosphere for 6 h
10 at room temperature. The reaction mixture was then quenched with 100 ml 3N HCl
and extracted with ethylacetate (2 x 150 ml). The combined organic extracts were
washed with saturated NaCl solution (100 ml), dried over sodium sulphate and
concentrated to dryness to give a blue residue. Chromatography on silica using 5%
diethylether in methylenechloride gave 0.7 g of nearly pure 1,4-di-N-[4-(6-

15 acryloyloxyhexyloxy)benzyl]aminoanthraquinone as a blue crystalline material which

was further recrystallised from 9/1 (v/v) ethanol / acetone; Apax, (CB 483) : 611 nm.

The starting material was synthesised according to the following procedure:

20 2-[4-(6-Methacryvlovlioxyhexvloxyiphenvlcarbonvioxv]benzvlbromide:

To an ice-bath cooled solution of 5.0 g of 2-[4-(6-methacryloyloxyhexyloxy)-
phenylcarbonyloxy]benzylbromide in 50 ml of methylenechloride was added

dropwise a solution of 2.80 g of phosphorus tribromide.#2. 12 m! of methylenechloride

OS]
Ln

. After complete addition, the reaction mixture was stirred for further 15 min at about
5°C then poured into 100 g of ice water. The organic layer was separated off, diluted

with 50 ml of methylenechloride, washed with half saturated NaCl solution (3 x 60
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8 NOVEMBER 2005 bl (] 02i U~ril~~ 7 EXAMPLE 4 Preparation of

1, 4-di - N-[2-(4-(6-Met hacr vl oyl oxyhexyl oxy) phenyl car borBf@XEKVBER@HBy | |

am noant hraqui none: 0 A m xture consisting of 4.3 g of

2- [ 4- (6-wethacryt oyl oxyhexyl oxy) - phenyi car bonyl oxy] benzylrorarigenco. 42 g of
1, 4- di am noant hr aqui none and 1.38 g of potassiumcarbonate in 20 nl of DWW
was stirred under nitrogen atnosphere for 6 h 10 at roomtenperature. The
reaction m xture was then quenched with 100 ml 3N HC1 and extracted with

et hyl acet at BI( gngd 10567 p§umrgel PEaFhHITHe qoricganicd BxErAeESs [WEE *iagHdidawi t h
sat ur at ed | utii,o ) ied.: - 50di M4m. s d. )
concentr at 2%%(08/% r%lgsgl a&%ggi%&%y g{o&gﬂ%rg%’?oéugﬁqgg?%%% %g%g%ﬁ?ﬂﬁﬁlgﬂ)i ca

usi ng 5% dpehhybdbheloxiberptiyhddechiionildeasgassd Witoy fafthergard ficafion én
1,4-di-N-[4-(6 15 acryl oyl oxyhexyl oxy) benzyl ] am noant hr aqui none as a bl ue
crystal | i ne"FEEErEHIOWMHeh was further recrystallised from9/1 (v/v) ethanol
| acetong; ?max. (CB 483) @ 611 nm The starting material was synthesised
according to the foll owi ng procedure: 20

2- [ 4- ( 6- Met b & Muyhaxyibeboy Vigsxy)pdveshehgratbonyloaxitieheyizigblslon de: To an

i ce-bath cool ed solution of 5.0 g of 2-[4-(6-nethacryl oyl oxyhexyl oxy) -

phenyl car bonyl oxy] benzyl brom de in 50 m of nethyl enechl ori de was added
dronw se a | utiop . f .ph hqr i .de. f t hyl gnechl ori de
25 . After Jg(grr%f elgg Cgrcjilglat iggl#?o?hgprg'ggt icolr?%mgél?%?&e)éﬂ\xgg étlg'rlﬁg% P)gr g'f rther 15
m n at aboutrethbCytdydox vhoxyledy)bertawid 86d gandf0.24€ e ofid{,bi-dinmEtleylongapycdinayer was

separated off, diluted wth 50 m of nethylenechloride, _vvas?ed wth rf]al f
sat urat el NS AfuEReshy gaschlogge. 2 #asg adgedENEImY 5905 soVgion) of0dd4- g7 0

PCT/ G 102/ Oagﬁ?ﬂgxm%hﬁm@ev% SPAl WP SuhPbal e AR CRReERbLAEadibn YNess
to give 4.3 g of a

the mixture was further stirred for 3 h at room temperature, then filtered and the

solution concentrated to dryness. The obtained yellowish oily residue was dissolved in
50 ml of ethanol containing 0.5 ml of water and the so obtained solution was cooled at
15 0°C, followed by slow addition of 0.37 g of sodium borohydride. The mixture
obtained after complete addition was stirred for 15 min at 0°C, and subsequently for
50 min at room temperature. The resulting mixture was then quenched by adding
100 ml of water followed by extraction with ether (2 x 150 ml). The combined ether
extracts were washed with half saturated ammonium chloride solution, dried over
20 sodmum sulphate and concentrated to dryness to give an oily residue. Subsequent
purification by simple filtration through a short silica-gel column using ether as the
eluent gave 5.2 g of pure 2-[4-(6-methacryloyloxyhexyloxy)phenylcarbonyloxy]-

benzylalcohol as a beige heavy oil.

25 The following compound was synthesised using a similar method:



yellowi sh oily material mainly consisting of

2-[ 4- (6- met hacryl oyl oxyhexyl oxy) - phenyl car bonyl oxy] behXQVEMBHERPES Thi s oi
was usedwwﬁgﬁﬂﬂgyﬁurther purification in the next reacti onSteRs-mo0is

2- F4- (6-1ytet hacryl oyl oxyhexyl oxy) phenyl car bonyl oxyl benzyl al cohol : To an

i ce-cool ed solution of 2.44 g of salysal dehyde , 6.14 g of 4-(6-

nmet hacr yl oyl oxyhexyl oxy) benzoi ¢ acid and 0224 g of N, N-di net hyl am nopyri di ne
in 10 30 m «ofi-wet iyl eneehiboldr: Was:3etad] AFRRIcSe)-a nsedtehi AMleiod. 12 g of
di cycl ohexyl carbodiimde in 10 nl of nethylenechloride . After conplete
addi ti on tBethrAaringne: was further stirred for 3 h at roomtenperature, then
filtered and the solution con&gntrated to dryness. The obtai ned yell ow sh
oily residue was dissolved in | Sof et hanol cgntaining 0.5 mM of water

and the so obtained sol ution was tg0o 15 0C, fFatTowed by sl ow addition
of 0.37 g of sodi um borohydridg. Fhe m e~obtaifed after conplete
addition was stirred for 15 _uqih gt OC, and subsequently for 30 mn at room
tenperature. The resulting D was t hen quenched by adding 100 m of
wat er followed by extraction thh ether (2 x 150 m ). The conbi ned et her
extracts were washed with hal f°sdturate it Cldl oride solution, dried
over 20 sodi um sul phate and concaé%i- o] drynes§4&g give an oily residue.
Subsequent purification by si ildration through a short silica-gel

colum using ether as the eluent gave 5.2 g of pure

2-[4-(6-nethacry, yhexyl oxy) phenyl car bonyl oxy] - benzyl al cohol as a bei ge
heavy oil. a@ﬁtgg%gﬁogiﬁéﬂhonpound was synt hesised using a simlar nethod:
8 NOVEMBER 2005 WO 12/ 090447 PCT/ CH 2/ ODU-1-4
1.4-di-_N12(4-(6-Acryl ovl oxvhexyl oxy) phenyl carbonyl oxy)-5-nitro

benzvl | am ngxAmptEraqui none: 0 or --0

Preparation of 4-(4-Acrviovioxvbutyloxyv!-3-methvl-4’ -phenvlazo-azobenzene:

QUaS SN
\ O m.@

10
To a solution of 0.63 g of 4-hydroxy-3-methyl-4’-phenylazo-azobenzene, 1.05 g of
triphenylphosphine and 0.58 g of 4-hydroxybutylacrylate in 10 ml THF, which was
cooled to —30°C, was added dropwise a solution of 0.70 g of diethyl azodicarboxylate
in 5 ml THF. After complete addition, the reaction mixture was stirred for further 45
15 min at room temperature, and then concentrated to dryness. The obtained yellow-red

residue was purified by filtration on silica using methylenechloride as the eluent to

give 0.65 gof pure yellow-orange crystalys; Agax. (CB 483) : 395 nm.



5 2max. (CB 483) : 639 rim EXAMPLE 5 Preparation of

4- (4- Acryl oyl oxvbut vl oxv) - 3- net hyl - 4' - phenvl azo- azobert2¢MeEMBERI2A3 To a
solution of 0.63 g of 4-hydroxy-3-nethyl-4"'-phenyl azo-azobenzene, 1.05 g of
tri phenyMghosphtiie and 0.58 g of 4-hydroxybutyl acryl ate i mEAQCHZPHE. whi ch
was cooled to -30C, was added dropwi se a solution of 0.70 g of diethyl

azodi carboxylate in 5 m THE After conplete addition, the reaction m xture
was stirred for further 45 15 mn at roomtenperature, and then concentrated
to dryness. E¥#eVBBEL ned yellowred residue was purified by filtration on
silica using nethyl enechloride as the eluent to give 0.65 gof pure

yel | ow- orange crystalys; 2max. (CB 483) : 395 nm 8 NOVEMBER 2005 WHO

02/ 090447 PCHeneididh 006/ 4 1 -[EXANPItetby] Bhaatahtofazeiphenylazol-4-(6- acrylovloxy-
1-[4-(4- (d|nethvlanlno%naphthylazo)phenylazo] -4-(6-acryl oyl oxy-

hexyl oxy) nap&t® m xture consisting of 0.44 g of

1-[4- (4- (di met hyl am no) napht hyl azo) ph | azo] - 4- hydr oxy-naphtal ene, 0.56 g
of 6-iodohexyl acrylate, and 0.28 g otassium carbonate in 10 mM of DW
was stirred under nitrogenatfmsphey «3 h at 60C. 10 After cooling to

roomtenperature the reactifon mxture s“Nhe ith 100 nl 3N HC and
the resulting precipitate was filtered off, wasHhé ' water (100 ni) and
ethanol (50 ml) to give 0.5 g of pure 1-[4-(4-(di yl am no) napht hyl azo) -
phenyl azd] - 4- (6- acryl oyl oxyhexyl oxy) napht al ene as a browni sh powder; Amax.
CB :

A mixture consisting of 0.44 g of 1-[4-(4-(dimethylamino)naphthylazo)phenylazo]-4-
hvdroxy-naphtalene, 0.56 g of 6-iodohexyl acrylate, and 0.28 g of potassium
carbonate in 10 ml of DMF was stirred under nitfogen atmosphere for 3 h at 60°C.
10 After cooling to room temperature the reaction mixture was quenched with 100 ml 3N
HCI and the resulting precipitate was filtered off, washed with water (100 ml) and
ethanol (50 ml) to give 0.5 g of pure I-[4-(4-(dimethylamino)naphthylazo)-
phenylazo]-4-(6-acryloyloxyhexyloxy)naphtalene as a brownish powder; Amax. (CB

483) : 504 nm.
The starting material was synthesised according to the following procedure:

1-[4-(4-(Dimethviamino)-naphthvlazo)-phenvlazol-4-hydroxy-naphtalene:

20 2.9 g of |-(4-amino-phenylazo)-4-(dimethylamino)naphtalene were dissolved in a
mixture of 2.5 ml of HC1 37% and 5 ml of water. The obtained solution was cooled to
0°C, followed by dropwise addition of 0.69 g of sodium nitrite in 3 ml of water, while
keeping the reaction temperature below 4°C. After complete addition, stirring was
continued for 45 min at about 4°C and the obtaine:: mixture was then added to an ice-

25 cooled solution of 1.44 g of 1-naphtol in NaOH/water (1.1 g/11 ml, while keeping the
reaction temperature below 5°C. After complete addition, the reaction mixture was
further stirred for 1h at about 5°C and then poured into 100 ml of water. The resulting
brownish precipitate was filtered off, washed with water (100 ml) and methanol (50

ml). Crystallisation in methanol gave 3.3 g of the desired product.

-24 -



4S3): 504 nm 15 The starting material was synthesised according to the

foll owi ng procedure: | -f 8 NOVEMBER 2005

4-{4- (D no) - napht hyl azo) - phenyl azol - 4- hydr oxV- naph 2} 0 2.9¢g
of 1-(4-a Jr]%”f?“{|;]r-1enyl azo) - 4- (di m et hyl am no) napht al ene we{?r{eﬁ?qdll%sg'(’)l 4\%/ed in a
m xture of 2.5 mM of HO 37%and 5 mM of water. The obtained sol ution was
cooled to O0C, followed by dropw se addition of 0.69 g of sodiumnitrite in 3
mM of water, while keeping the reaction tenperature bel ow 4C. After conplete
addi tion, stl rri ng was contl nued for 45 m n at about 4C and the obtained

m xture wasl{he dentle cme@Slac slamef on of 1.44 g of 1-naphtol in
NaCOH wat er (1. 1 g/ll n1 Wmle keepl ng the reactlon t enper at ure bel ow 5C.
After conplete addition, the reaction mxture was further stirred for 1h at
about 5C ang H"ﬁﬂrep%?rl%d 'cEF @-(30Qed h@rfylé’%§-ﬂf(d1rﬁ€tﬁ Iﬁﬁﬁﬁﬂ)héﬁ]ﬁalex?é OyNi 1§
precipitate was fil tered of f, wash eg % m) and rrethanol (50
m). Cryst astddmgaluydmcanmuirélat@armﬂahgim@ (i@%gﬂbtrn wattel)dleéﬁﬂenﬂ pochenol wast 8

NOVEMBER 20 4 7 -102/.00044 1-
- ohenvl azo) gei‘t‘?\égi rrr%‘é tf‘)) gl ﬁ'?;l O Waﬁ\%&DA@qup%te&iWamm and
1- (4-ni tro-pheay Iﬁ@qbo 4n1 c(fclm&t h}hlead%@@)sm%%ﬁ a@@e,as ?&ef@d of§ wadbywndr ogen

sul phat e nonahydrate (50% w in water) nmet hanol” was heated at
reflux for @htelmméamdlcow qu@leWH@B(ltOﬂenl/kﬂﬂodeOt@Vﬁr bbmqfemréyamlme and

pour ed |nto 0 m of rLOWNi cipita tered of f,

washed with! &/&fnél?o? ; g I%(l@n}.p@?%gﬁ%fwgr r?\ffﬁlﬁﬁrsr?l} 100 M) to give
12 g of |pearly pure 1-(4-am no-phenyl azo)-4-(diinethylam no)naphtalene as a
br owni sh solid. 10 I (4 N t r o- phenyl azo) - 4- (dl met hyl am no) napht al ene: 6. 91
g of 4-nitrbéAtNire®hee lonobulamingnaihialene of 15 m of HO 37%and 40 ni
of water. The obt a| ned sol ution was cooled to 0C, followed by dropw se

addi tion of

6.91 g of 4-nitroaniline were dissolved in a mixture of 15 ml of HCI 37% and 40 ml

of water. The obtained solution was cooled to 0°C, followed by dropwise addition of

.,_..
t

3.45 g of sodium nitrite in 15 ml of water, while keeping the reaction temperature
below 4°C. After complete addition, stirring was continued for 15 min at about 4°C
and the resulting nixture was then added to an ice-cooled solution of 8.56 g of I-
(dimethylamino)naphatalene in 20 ml of acetic acid. The reaction mixture was stirred
for 30 min, followed by dropwise addition of 18 g of a solution of potassium acetate
20  in 30 ml of water, while keeping the reaction temperature below 5°C. After complete
addition the reaction mixture was further stirred for 1h at room temperature and then
poured into 300 ml of water. The brownish precipitate was filtered off, washed with
water (300 ml) and with methanol (100 ml) and crystallised from methanol to give

15.3 g of the desired product.

EXAMPLES 7-11

Preparation of dichroic mixtures:

30  Five mixtures were prepared using the dichroic, polymerisable, blue antraquinone dye
Bl and the red, polymerisable, azo dye RI shown in Table ! and the monomeric,

crosslinkable liquid crystal components (LCPs) Monl! to Mon5 shown in Table 2.

_25.



15 3.45 g of sodiumnitrite in 15 mM of water, while keeping the reaction
tenperature below 4C. After conplete addition, stirriSNOVMBERRSnued for 15
mn at about 4C and the resulting m xture was then added to an ice-cool ed
sol uti onvofiz/@056 g of | - (di nethyl am no)naphat al ene 11 120Tigitnafiviadet i c
acid. The reaction mxture was stirred for 30 mn, followed by dropw se
addition of 18 g of a solution of potassiumacetate 20 in 30 ml of water,

whi | e keeping the reaction tenperature below 5C. After conplete addition the
reacti on miDablerie Dualsrofaudtsieher stirred for 1h at roomtenperature and then
poured into 300 nl of water.,Theg orownish precipitate was filtered off,

washed with water (300 ) Wt hanol (100 nl) and cyystallised from
nmet hanol to give @ ", g0l desirel oduct . 28 EXANPLES.7- 11 :
Preparation of dichroic mxtlirgs: 30 Fiv i Xt[urés were prepared using the

di chroic, polynerisable, blue artraqui none ‘d¢€~"Bl and the red,
pol ynmeri sabl e, azo dye RI shown in Table | amd the nononeric, crosslinkable -
liquid crystal components (LCPs) Monl to MonS shown in Table 2. -25 8
NOVEMBER 2005 WO 02/090447 Table | : Dichroic dyes Bl PCT/CHO. 2/00044 0 5

Table 2: LCP conponents Mont.ci 10 IY 0

3 SESVARS N
R1 §_ Q

wy

Table 2: LCP components
¢

Cg‘tﬂ

Monl 0 ol o) 0

o o0 e el

Mon2 o) o@o 0
LR ©~\<0 — J@“O\__/—\JOL

’ Cl
0 Mons joﬂo@z{}zf@oﬂoﬁ
— 0 o o}
Mond ‘gﬁm_f’@‘(@»‘@‘mc’@’(c
N

Ty
o]

Mon5

N\
OO = O d "% /\=> = OO —\(o—
.

Using these crosslinkable liquid crystal monomers and polymerisable.dichroic. dyes,

supercoolable dichroic nematic mixtures M cp) to My cps were developed, allowing

the preparation of LCP layers at room temperature. The composition ratios of the

mixtures My cp1 to My cps were chosen as given in Table 3.

_96 -



J NCNO O O Using these crosslinkable liquid crystal nononmers and

pol yneri sabl edi chroi c, dyes, 15 supercool abl e di chroi B FMRYBMBER 305t ur es MLCP
1to M (devel oped, allowi ng the preparation of LCB-L, t room

t enper atcgr ew%‘l)'ﬁe conposition ratios of the mxtures NLCP1C+%¥I‘I{%/L/%5§4mere
chosen as given in Table 3. 8 NOVEMBER 2005 WD () 2! 090447 Table 3: M xture
Conposi tions PCT/ C1102/ 00044 M.CP1: MLCP2: MLCP3: MLCP4: MLCP5: Bi 3. 85wt %Rl
3.85wm ¥B1 5.58wt ¥B1 3. 85wt %1 3. 85wt % Mont 76. 92wt %vbnt  76. 92wt %RR1

1. 40 %vbn4 96. 15wt %vbn5 96. 15wt % Mon2 14. 42wt %vbont 14. 42wt %vbnt  74. 42wt %
Mon3 4. 81 WS IMBIGPOOIRBHIONS. 95wt % Mon3 4. 65wt % Wt % = weight %5 I n

addi tifom,—=a forther—2 w9 of theg photo-initiaror T RGACURERG69(Crba)—wag added
to the abdVeemi xt ures. Miezmi xt ur es MAcBR1 t o] M.CMLaweT e used thLgpsoduce
orient E?O dbﬁ? t(;}l c k qui 98§ tyst aél saxrgévﬁ o | ass Qst A es ?Esﬂt@fc” bed

bel ow. Pro bn of di ¢h Ive sa wer e prepared
wher etMO@‘acFﬁ %ZW‘E@I <3M3rp1ec?fi&2wf°éo Rt i seﬂ4Qa.fﬁ/oaI Memfends. Tﬂvﬁ%e Merrbd 6. thvalir oi ¢

l'iqui dverystaloRel Yiske | ayesmy Theedl | IuRR, | ayers were
Mon3 4.81wt% Mon3 4.81wt% Mon2 13.95wt%
Mon3 4.65wt%

wto = weight %

5 In addition, a further 2 wt% of the photo-initiator IRGACURE369 (Ciba) was added

to the above mixtures.

The mixtures My cp; to Mpcps were used to produce oriented, dichroic liquid crystal

samples on glass substrates as described below.
10
Production of dichroic LCP layers:

Five samples were prepared, whereby each single specimen comprised an alignment
layer and a dichroic liquid crystal polymer layer. The alignment layers were
15 manufactured using the linearly photo-polymerizable aligning (LPP)} technique. The
dichroic liquid crystal polymer layers were oriented by the adjacent LPP layers. The

manufacturing processes of both layers are described in the following.
For the production of an LPP orientation layer, suitable LPP materials are described
20 for example in patent publications EP 0611 786, WO 96/10049 and EP 0 763 552,

and include cinnamic acid derivatives and ferulic acid derivatives. For the examples,

the following LPP material was chosen:

Ao
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15 manufactured using the linearly photo-polynerizable aligning (LPP)
technique. The dichroic liquid crystal polyner |ayerss MOeVEMBEReEMSed by t he
adj acent LPP layers. The manufacturing processes of both [ayers are
descri bedOim/otke f ol | owi ng. For the production of an LPP 8fiditiatidedt | ayer,
suitable LPP materials are described 20 for exanple in patent publications
EP 0 611 786, WD 96/10049 and EP 0 763 552, and include cinnamc acid

derivatives and ferulic_acid derivatives. For the exal{r/%l es, the follow ng
LPP mat er i at dndssobHisent hg ING/memER! Zposthadropylsoons IVPER AsCrE1RREO0BAL A 2 %

sol ution of r k was
spi ﬁ Icoat edg pﬁa‘?goé%%lp atwd()% %ﬁl g%”%dg%ﬁgﬁs%t%%ﬂ@o mhﬁ)qﬁdpnélr aI\CIt3 g‘%%)a?g%é)ﬁ %]ﬁ'ﬁ’gg | ayer
was then Cthelednéd)fors tt)d 0l@irmtasust €S0 a8 1 BT droa h6Otagen Sabiwatuesiades layer

Subsequently, the |ayer was exposed to l'inearly gol arised light froma
mercury hi ghepe@essd © lingapgyirslarsed dighbirgmon gweing $ghdRsasiar fgn Ibﬁort Het&trength

of the la ﬁ%c&{&ﬁg@é‘aeﬁ%ﬂr%‘}hﬂ%'ﬁéﬂﬁ?o?%e%ﬁ AB9ndhE BEAL &eﬁ%f) yer 1§) at

room terrperat ure ayer was t use orientation

l'iquid crysdndl dua’mtoar iLalP doywps)i si Agondi tedapedatire. YRS lakd Fas thée upecbdascm on of
the dichroic LCP |ayers, the xtures M.CP1 to M.CP5 were dissolved in

ani sol e t o Yispt 181’*?@/ %asl(‘)‘i‘ij@#@’ﬁt TRESE! EEPRIE BYCBYLIC GKFSch i ncl ude

di chroic dyes, were then spin-coated at 800 rpmfor 60 seconds on top of the
phot o- exposed LPP |ayers. The spin-coated dichroic LCP | ayers were then

dried a oxi pat e te on hot sta For photo-initiated
Ccross- Ig%k?%)d tﬁ? pﬁﬁiglg{?%ﬁ?gh g%(h,ﬂ]% QIL ﬁg‘:ﬁr& Ps1 totlﬁéc?%lyé?% wer e

exposed to §;S0f/.QRh b aeQimoaw%%@%nmdnameg‘e%cﬁ%%ués Ak esaikgepend ng
on the strength of t arrp In an inert atnosphere.” The procedure descri bed
above gave qnblnrbm-cmes,gwad tterc hpioicoateCRt B epra foM@Ismds 28 tspbstirapkstiot eadi ng

to 5 different o E5 derive the 5 dichro Xxtures
MOP 1 to Neps yeraaFéﬁéwngaf&f] dé»iwr:i? RpSprg s e Griea st 60T ot

approximately | minute on a hot stage. For photo-initiated cross-linking of the liquid
15 crystals and dye components, the layers were exposed to 1sotropic light from a xenon
lamp for about 5 minutes (depending on the strength of the lamp) in an inert

atmosphere.

The procedure described above gave photo-aligned dichroic LCP layers on glass
20 substrates leading to 5 different samples Ej to Es derived from the 5 dichroic LCP

mixtures My cp1 to My cps.
Order parameters of samples E; to Ej:

25  The order parameter S of a dichroic dye is given by the following expression:
S=Dy-D./Dy+2D,
wherein Dy and D, are the optical densities of a dichroic dye in a liquid crystal

measured for light polarisations parallel and perpendicular to the liquid crystal

director.

Table 4 shows the order parameters S of samples E; to Es as measured at the

indicated wavelength.



25 The order paranmeter S of a dichroic dye is given by the follow ng
expression: S=Day -D. /| Dj~ +2 Di wherein D9 and D ar®&N@WEMBER28® densities
of a dichroic dye in a liquid crystal nmneasured for light polarisations

par al | el "&id""pe?pendi cul ar to the liquid crystal direct oF&‘)ggﬂ)ngﬁé 4 shows
the order parameters S of sanples E1 to E5 as neasured at the indicated
wavel ength. -28 8 NOVEMBER 2005 WO 02/ 090447 Table 4: PCTICr[ 02/ 00044

Sanpl eDye BlDye RlDyes B1+Rl1 E1S = 0.48-- at639nm E2 -S = 0.57- - ate=499nm
E3--S = 0.55 at X. =493nm E4S 0.65 at 2 = 642nm ES-S=0.75 at T. = 507nm Al
sanpl es El tm1&h were crosslinked successfully. The surfaces were conpletely

dry 5 and were nore_or less resistant against scratches
Sample Dye Bl Dye R1 Dyes B1+R1
Eq S=048 - -
at A = 639nm
E, - S=10.57 -
at A =49%nm
Ej - - §$=10.55
at A =493nm
E4 S=10.635 - .-
at A = 642nm
Es - S5=40.75
at A =507nm

All samples E to Es5 were crosslinked successfully. The surfaces were completely dry

5 and were more Or less resistant against scratches.



8 NOVEMBER 2005 \VO 02/090447 PCT/0102/0UU44 CLAIMS: 1. A nesogenic
crosslinkabl e m xture conprising at | east one pol yneri$8OVEMBERGOD crysta
and at | east one pol ynerisable dichroic dye of the general 5 fornmula 1: (B4
/nd | 10wkbymherein (B2)n2 A represents a dichroic resi due@xbibi/tdong at

| east partial absorption in the visible region > 400 nm nl, n2, n3, n4
signify 0 or 1, whereby the sumof ni , n2, n3 and n4 is >0, and Bl to B4
represent’ a group of substructure Il ----Si Z2 |l 20 25 wherein the broken

| i ne synbol CgasMiShe |inkage to said dichroic residue and wherein : A, A2,
A3 each independently represent an aromatic or alicyclic group, which is
unsubstituted or substituted by fluorine, chlorine, cyano, nitro, or a

straight- Chﬁi n Qr HRE@é&ﬁﬁ?Qr@sm&ﬂg%‘;{%e é/g%pﬁﬁlﬂgs af ?IQasg &@%@r&gﬂg

liquid crystal and at least one polymerisable dichroic dye of the general

Ln

formula I:

(BS)HS (81)n1

(B (B2

wherein
10
A represents a dichroic residue exhibiting at least partial absorption in

the visible region > 400 nm;

nl, n2,n3, nd4  signify 0 or 1, whereby the sum of'nl, n2, n3 and n4 is >0, and
15

Blto B4 represent a group of substructure II

s DG D] e
m? m?2 Jm3
I

20
wherein the broken line symbolises the linkage to said dichroic residue and

wherein ;

Al A2 A3 each independently represent an aromatic or alicyclic group, which
25 1s unsubstituted or substituted by fluorine, chlorine, cyano, nitro,

or a straight-chain or branched alkyl residue, which is

-30-



WO 02/ 09U44 PCT/ CHO2/ 000- 14 5 unsubstituted, nono-substituted by cyano or
hal ogeno, or poly-substituted by hal ogeno, having 1 tbNOBEMBEBEMSat ons, and

wher ei n.ppe. a5, pore of the non-adjacent CH2 groups may iy pdent|y be
a?@@x%ﬁﬁm | _g&?ﬁcg_ﬁpﬁn&l

repl ace whereby Q represents -0-, -CO, -COO
-Si(CH3)2-0-Si(CH3)2 -, -NR2-, -NR2-CO, -CONR2-, -NR2-CO-0-, -OCONR -,
-NR2-CONR -, -CHCH, -CC, -OCOO, and R2 represents hydrogen or | ower

al kyl; 10 Si, S22 repre 819 Q! t.sband Qf a it,.such as
a 15 20 25 strai ght-chai%ﬁmgrb r%ﬁc@&%@%}ﬁgﬁg (r% Si 33? v%kgi %ﬁforggﬁg o

unsubsti tut ed, nono-subsgblytubedtuteyd oy anlogero, halmgehae 1 carpod ytesndysinidt ut ed by
hal ogeno, having 1 to 24 carbon atons, erein ongjéor re of the
non- adj acent CH2 gr oups “REJFID | pife PENEETR 1 B8 PEpP é%fltggj% e eMIYQ has

the meaning given abovey gl g2, kndenendan) by, epieseol, & singl e cgval ent

bond or a spacer unit, u S straight ~chai n or arnche yI'éene
residue,s which is unsubspidut ed.copnosgabst,idgiectiby- cyRRa- ornRal@geno, or
pol y-substituted by hal ogeno, having 1 to S'carbon atons, wherein one or
more of the non-adj acentCGHRREY, oupSIRFaYOiDJepeddeatNR’he MNHA-80eHRBY, Q
-N=N- or -CR2=C-CO-, wherein Q and R2 have the neaning given above; P
represents a pol ymeri sabPE=Cgl-oup=C-, -O-CO-O-, and R’ represents hydrogen or

fower alkyl,

10 Si, 82 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 24 carbon atoms,
wherein one or more of the non-adjacent CH, groups may

15 independently be replaced by Q, wherein Q) has the meaning given

above;

zl, z2 independently represent a single covalent bond or a spacer unit,

such as a straight-chain or branched alkylene residue, which is

20 unsubstituted, mono-substituted by cyano or halogeno, or
poly-substituted by halogeno, having 1 to § carbon atoms, wherein

one or more of the non-adjacent CH groups may independently be

replaced by Q, -N=N- or -CR?=C-CO-, wherein Q and R? have the

meaning given above;

25
P represents a polymerisable group;
ml,m2, m3 independently are 0 or I; and
30 o is 0 or 1, whereby the sum of the symbols o in Bl to B41s >0 .



in 1, n2, nB independently are O or 1; and 30 ois O or 1, whereby the sum of
the synbols o in Bl to B4 is >0 . 8 NOVEMBER 2005 \ 8'SON@PENIBBER 20057 PCT/ | C
F1() 2/ 00044 '. A mesogenic, crosslinkable m xture according to claim1,
wher ei n ¥gi2zapgratic group is a optionally substituted ca&ckbhoayeliveé+or

het erocyclic group conprising five-, six- or ten-nmenbered ring systens. 5 3.
A nesogeni c, crosslinkable m xture according to clains 1 or 2, wherein the

aromatic group is furane, phenyl, pyridine, pyrimdine, naphthalene or
tetraline. 4. A FRESBEEHCrossEpkbls w@m ChiG g ieclaEt br ARG HiegRYMItecedi ng

claim wherein o010l GHGIAG, S0 OB NOM LIRS AL BRRKCLIfoOling

het erocyclic rﬁhg syste havi ng carbon at ogeﬁlc
crossl i nkabl e miwetwie @teprdiigrddoimnyyspecedi ng claln1 wherein the
alicyclic group is cycl opropane, cycl obutane, cyclopentane cycl opent ene,
cycl ohexane, cycl ohexene, cycl ohexadi ene or decaline. 6. A nesogenic,

crossl i nkabf e " x sle,csmgcg%g{i@gbﬂe%ﬂ%epm&%%on90<a ﬁm ﬁggr SbreihNBe

strai ght-chai n or branc group Is selected fromt group conpri sing

met hyl, ethyl, a#psmpyt grousapfiome, phautl yyridireoputividing @@pltitlths of sttatinut yl ,
pentyl, isopentyl, cycl opentyl, hexyl, cycl ohexyl, heptyl, octyl, nonyl,
decyl, undecyl, 20 dodecyl, 3- nethylpentyl allyl, but-3-en-1-yl,

pent - 4- en- Lyl A BeXoRaR0- CIJ)SSII able B QRyYdY, cogdt?ﬁ;%%"éﬂgcp%%ﬁﬂmf a%nelgta?r%ut oy

et hoxy, propoxy, I SOpropoxy, butoxy, IS0 ut oxy

pentyl oxy, i sopbataibpaic, srovpliopeminyboxatic dasboglolxy or Gytetalyelxy Ibmgys yshept yl oxy,
oct yl ox nonyloxy decyloxy undecyl oxy, dodecyl oxy, 3-nethyl pentyl oxy,
aIIonxio but - 3¥H¥4b§& i %bﬁ?n% enyl oxy, cyl ohexyl net hoxy,

cycl opent yl met hoxy, met hoxycarbonyl, ethoxycarbonyl, propoxycarbonyl,

i sopropoxycar bonyl, but oxycarbonyl, isobutoxycarbonyl, sec- but oxycar bonyl ,

t ent - bt oxycar bohyhgsopent,ydrosslinkable mixture according to any preceding claim, wherein

the alicyclic group is cyclopropane, cyclobutane, cyclopentane, cyclopentene,
cyclohexane, cyclohexene, cyclohexadiene or decaline.
15
6. A mesogenic, crosslinkable mixture according to any preceding claim, wherein
the straight-chain or branched alkyl group is selected from the group comprising
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl,
isopentyl, cyclopentyl, hexyl, cyclohexyl, heptyl, octyl, nonyl, decyl, undecyl,
20 dodecyl, 3-methylpentyl, allyl, but-3-en-1-yl, pent-4-en-1-yl, hex-5-en-1-yl,
propynyl, butynyl, pentynyl, methoxy, ethoxy, propoxy, isopropoxy, butoxy,
isobutoxy, sec-butoxy, tert-butoxy, pentyloxy, isopentyloxy, cyclopentyloxy,
hexyloxy, cyclohexyloxy, heptyloxy, octyloxy, nonyloxy, decyloxy,
undecyloxy, dodecyloxy, 3-methylpentyloxy, allyloxy, but-3-enyloxy,
25 pent-4-enyloxy, cylohexylmethoxy, cyclopentvimethoxy, methoxycarbonyl,
ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl, butoxycarbonyl,
isobutoxycarbonyl, sec-butoxycarbonyl, ferz-batoxycarbonyl, pentyloxy-
carbonyl, isopentyloxycarbonyl, cyclopentyloxycarbonyl, hexyloxycarbonyl,
cyclohexyloxycarbonyl, octyloxycarbonyl, nonyloxycarbouyl, decyloxy-
30 carbonyl, undecyloxycarbonyl, dodecyloxycarbonyl, 3-methylpentyloxy-
carbonyl, allyloxycarbonyl, but-3-enyloxycarbonyl, pent-4-enyloxycarbonyli,
cylohexylmethoxycarbonyl, cyclopentylmethoxycarbonyl, acetoxy, ethyl-

carbonyloxy, propylcarbonyloxy, isopropylcarbonyloxy, butylcarbonyloxy,

230 .



carbonyl, isopentyl oxycarbonyl, cyclopentyl oxycarbonyl, hexyl oxycarbonyl,
cycl ohexyl oxycar bonyl, octyl oxycarbonyl, nonyl oxycar bohNOVEMBER 2665y 30
carbonyl , _undecyl oxycar bonyl, dodecyl oxycarbonyl, 3-nethyl pentyl oxy-
carbonyl?IHFRVT%Xycarbonyl, but - 3- enyl oxycar bonyl , pent-4%§ﬁ§%%&§§§#bonyl,
cyl ohexyl met hoxycar bonyl, cycl opentyl net hoxycarbonyl, acetoxy, ethyl-

car bonyl oxy, propyl carbonyl oxy, isopropyl carbonyl oxy, butyl carbonyl oxy, -32 8
NOVEMBER 2005 WD .02/.090147 PCT/ 2/ 00044 i.sobutyl carbonyl o .

Sec_butyl oar bongP ORI EPRRIoGTt yEarbang P eR)S Shertey P i aeREoRg by Pentsl-

i sopent yl car bonydigusiniosey ¢l oRepyHAadrbemIbBXY bﬁﬂwent}ﬂ@d’rb@{w&g)ﬁy, hexyl-

cycl ohexyl car bonyl oxy, oetylcarbonyloxy, nonyl car bonyl oxy, ecyl carbonyl oxy,
undecylcarbonyl%WV¥U%bﬁ@cyyﬁéh%%ﬁVﬁﬁwyC$¥5 FiricetoRyylpEnt yicaaicaeeny by,

but - 3- enyl oxy, peni-4-enyl oxy, ace t hyl -, car bonyl , opyl gar bonyl ,
isopropylcarbon§¥yh%ﬁF?V%%Vbonyl, %é%% c??%%?@éﬁyl, seég%ﬁ$¥F§§PE§h b,
pentyl casbonyl , 3 h&apepént)ieabbeyiyky, GrebahelyCabreanyényloogt wtas! bemsl,

nonyl car bonyl , decylcarbonél, undecyl carbonyl, dodecyl - carbonyl,
net hoxyacet oxy, catharet-hpsepyEaphos ploxsopraniet pents- butpicareryl, i3 ubleasbermrdy et hoxy,

2-1sopropoxyet hoxy,  1-ethoxy-3-pe lLoxy, :3-Dbut ynyl oxy, - pent.ynyl oxy,
5-ch|oropentyny?fX%§%%% 9ﬂﬁtaP%§XG%%Q§¥L6}%)8%?%%§§H¥Kyf?ék@gx%xm%onﬁ’

6- pr opyl oxyhexyb@x¥arbdnfll Uebagichpbayll r dbdHienesmihylindedyRadohil, fdode@no et hyl,
| H, | H pentadecafluorooctyl, |IH, 1H 7H dodecaf | uoroheptyl, 2-£$ erfl

uor ooct yl ) et hyl cerbargiber fCIBERIYTY) et hilethoxy(Zpeiopptior obeR§iny et hpropoxs,

2- (perfluorodecyl e DEI e )k, ¢ .~ Pe heptyl,
perfluo#goutyl,”B%?@%%%#@ﬁghfﬂé&%gﬁﬁégﬁﬁ%ybQoé%%ggfgﬁﬁﬁ%%ﬂénf%Pgﬁgﬁgy’

2-f 1 uor opr opoxy4-pgptgngliokl.ucr-apoepexynyl3- Hpeerapepayioxy3, Sptipylduaeer opoxy,
3,3,3-trifluoropropoxy, and trif|uoromethoxy. 20 7. A mesogenic,
crossl i nkabl e nPREGVEaEeBaFNg Ldlvametivlec dailvryoertv  whergifhoroethyl,

1 H, L H-pentadecafluorooctyl, 1H,1H,7H-dodecafluoroheptyl,
2«(perfluorooctyl)ethyl, 2-(perfluorobutyl)ethyl, 2-(perfluorohexyl)ethyi,
15 2-(perfluorodecyl)ethyl, perfluoropropyl, perfluorobutyl, perfluoroheptyi,
perfluorooctyl, perfluorononyl. 1-fluoropropoxy, 1-fluoropentyloxy,
2-fluoropropoxy, 2,2-diflucropropoxy, 3-fluoropropoxy, 3,3-difluoropropoxy,

3,3,3-triflucropropoxy, and trifluoromethoxy.
20 7. A mesogenic, crosslinkable mixture according to any preceding claim, wherein
the lower alkyl is a straight chain or branched hydrocarbon radical having 1 to 6

carbon atoms.

8. A mesogenic, crosslinkable mixture according to any preceding claim, wherein

%]
[}

the lower alkyl is a straight chain or branched hydrocarbon radical having 1 to 3

carbon atoms.

9. A mesogenic, crosslinkable mixture according to any preceding claim, wherein

the lower alkyl 1s methyl, ethyl, propyl or isopropyl.

10. A mesogenic, crosslinkable mixture according to any preceding claim, wherein
the dichroic dye is an azo dye, an anthraquinone, a benzoquinone, a perylene, an

azulene or a merocyanine.



the lower alkyl is a straight chain or branched hydrocarbon radi cal having I
to 6 carbon atons. S. A nesogenic, crosslinkable m xtdN@vVEMBBERAPMIg t o any
preceding claim wherein 25 the |ower alkyl is a straight chain or branched
hydr ocar barwzriadiical having | to 3 carbon atons. 9. A nmesegenii)z/oviid
crosslinkable m xture according to any preceding claim wherein the | ower

al kyl is nmethyl, ethyl, propyl or isopropyl. 0 10. A nesogenic, crosslinkable
m xture according to any preceding claim wherein the dichroic dye is an azo
dye, an anthraquinone a benzoqui none, a perylene, an azulene or a
nerocyanine 4 geni c,
crossllnkab h$g$g§§§€%?%ﬁﬁ%ﬁ¥%%g%®9%$§€éggé Eﬁgﬁgggaﬁgféﬁﬁ Qh ichroic
dye is a dye cothardic&rcng daz s 2 dye @ntigtisagpuazooneanthegitoas reshiuk2. A rresogeni c,
crosslinkabl e m xture according to any preceding claim wherein the sum of
substituents B attached to a dichroic residue A expressed by (n1 + n2 + n3 +
n4) is prcefera 1 ng to
any precedlﬁg 6%%?%?gﬁﬁer%bﬁﬁn%%ﬁgﬁgggﬁ%$o 9ﬁﬁ%k¥§€?éﬁ?§h L%h atheg&?h

di chroi c resi dugeAu@X¥isebsRtentyB (afthchednd a dicHidicresidle A&x@k@ﬁ@r@ﬁ{xﬂ <n2. 14. A
mesogeni ¢, crosslinkable m xture according to any preceding claim wherein
A, A2 and A3 rhdéﬁeﬁﬁ@nutﬁn@ﬁvéanh ot her are unsubstituted, saturated five-
or 15 six-nenbered alicyclic rings or six-nmenbered aromatic rings, optionally
substituted by fluorine or chlorine or nitro or by a straight chain or

branched alkyl s ngsiodbige, WiGRkA e WNSRBS hdbHiRE to BB Precdinp@layms Wstd;h ut ed by
fluorine having 1-12 carbon atons, wherein oné or nore of the non-adjacent

CH2 groufs the sum of substituents B attached to a dichroic residue A expressed by (n! + n?

+n3 +n*) is preferably < 2

14. A mesogenic, crosslinkable mixture according to any preceding claim, wherein

Al, A2 and A3 independently of cach other are unsubstituted, saturated five- or

15 six-membered alicyclic rings or six-membered aromatic nngs, optionally
substituted by fluorine or chlorine or nitro 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 of the non-adjacent CH; groups

may independently be replaced by -O-, -CO-O-, -O-CO-, -NR2-CO-, -CO-NR?2-,

20 -NR2-CO-0-, -0-CO-NR2?-, -CH=CH-, -C=C-, -O-CO-O-, wherein -R2

represents hydrogen or lower alkyl.

15. A mesogenic, crosslinkable mixture according to any preceding claim, wherein

Al A2 and A3 are a unsubstituted cyclopentane-1,3-diyl, unsubstituted

25 cyclohexane-1,4-diyl, or 1,4-phenylene, which is unsubstituted, mono- or poly-
substituted by fluorine or chlorine or 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 of the non-adjacent CHp groups may
independently be replaced by -O-, -CO-0-, -O-CO-,-CH=CH-, -C=C-.

30

16. A mesogenic, crosslinkable mixture according to any preceding claim, wherein

S! and S? are selected from the group comprising -(CHa)-, -(CHg)-O-,

-34-



may i ndependently be replaced by -0-, -COO, -()-Co-, -NR2-CO, -CONR2-, 20
- NR2- CO- O, -OCONR2-, -CHCH, -CGC, -0-CO0O, wherfQvVEMBER@HSesent s
hydrogen | ower al kyI 15. A mesogenic, crosslinkable , rding to
any prect f)tt'(j’”éf aim wherein A, A2 and A3 are a unsubsm(ﬁj&l‘% o

cycl opent ane-1, 3-diyl, unsubstltuted 25 cycl ohexane-1,4-diyl, or

1, 4- phenyl ene, mhich is unsubstituted, nono- or poly- substituted by fluorine

O sy T G ERR SR nchef ol ches) e RIS,
wh [ i d I
be 1 epl aced by @Bﬂe D R e o= U1

crosslinkabl e miogilir e @ggefdhng to any precedi ng cI Wmﬁlékﬁ(Sﬁ and S2
are selected fr nf#ﬁe gr oup gonpr|5|ng -(CH2)r -, g%ﬁ%h , S 2%ICNEI\/BER

2005 1) 2/ HATRP SO, - )e-O-,
(op)onco) L{(Q‘ CH2) NR @@@M@H@s %Hv;tr@bt%b:tt gQa EH@??T)@O@(@H )5-0
-(CH2), -SO(CHZ)GSJHo)r O%D)(cmoa(mz) s- (CHZ)r CHGQI(IEH@C&(CHv)S 0-,
_(CH2) r-NR2-CO- (CHB) 5-, - (CH2)r- NR2-CO O (CH2) 5-, - (CH2)r-O (CH2)s- O,
(mZ)r-COO(GHGHiﬂr-NR-— -Q*DEH)z}SGD CO-(CHR) s - @OO(@%B)H NREOBGSH@M)S o,
-(CH)INR2 coog@ , éCHZ r- Igcm%{ (CH2) T -,
NR2- CO- (CH2) r - ;NR ‘N(:@HQIEHZ) rC¢ N}?ﬁcﬁﬁrﬂ)r'N @HZ)r @:@Sao)r CO-0-,
-0 (CH2)r - CH2) 1 - CO-

0 (G2)1-0 00 G SO BTN N SRR 0 o

cH2) r O 7 >
-CON(RZ ()Clr-IZ)r é@}%ﬁg‘ﬁ? CH)Z;r- NRC&#I\I%OC%) 23;0, - N Ry PR 2-

-0-CO(fH ) - k@ cm,), -NR2, NR2-(CHy),-0-CO-, ~CO-NR2-(CHa),-O-,
CO-NR%(CH2)e-NR2-,  -CO-NR2-(CHp)-0-CO-,  -O-CO-(CHy);-CO-,
-0-CO~(CH2)p-O-, -0-CO-(CHa);-NR2-, -0-CO~(CHa),-CO-O-,
-0-CO-(CHy)-CO-NR2-, -O-CO-(CHp)-NR?-CO-,  -O-(CHa)p-O-(CHa)s-,
-0-(CH3)-CO-0-(CHa)s-, _0-(CHa);-NR?-CO~(CHa)s-,

I5 -O-(CH3)-NR2-CO-0~(CHy)s-, _O-(CHp)e-CO-0-(CHa)s-O
-0-(CHz)-O~(CHa)s-O-, -O=(CH2)-NR2-CO~(CHz)5-O-,
-0-(CHz)rNR2-CO-O~(CHy)s-O-, -CO-0-(CHa)p-O-(CHa)s-,

-CO-0O-(CH»)-0O-{CH2)s-O-, wherein 1 and s are each an integer from 1 to 20,

the sum of r + s<2I, wherein R? represents hydrogen or lower alkyl, and
20 which are attached to the dichroic residue and the polymerisable group,

respectively, such that heteroatoms are not directly linked to each other.

17. A mesogenic, crosslinkable mixture according to any preceding claim, wherein

S! is selected from the group comprising -(CH3);-, -(CH2)-O-, -(CH2)-CO-0-,

25 -(CH2)-0-CO-, -(CH32)~-CO-NH-, -(CH2)-NH-CO-, -(CH3)-NH-CO-(CH32)s-,
-(CH2)-NH-CO-O-(CHj)s-, -(CH2)-0-(CH3)s-O-, -(CH7)-NH-CO-(CHj3);-0O-,
~(CH3)-NH-CO-0-(CHz)s-0O-, -O-(CH3)-, -CO-O-(CHz);-, " -CO-NH-(CHa),-,
-0-CO-(CHjy),-, -O-CO-(CHy2)-CO-0-, -O-(CH2)0-CO-, -O-(CH3)-CO-NH-,
-0-(CHy)-NH-CO-, -CO-O-(CHp){-O-, -CO-NH-(CH3)~-0-, -O-(CH)-0O-,

30 -0-(CH)-NE-CO-(CHa)s-, -O-(CH2)-0-(CH2)s-O-,



O CO(CH2)r@-NrR2-, -OCO(CH2)rNR2-CO-, -0-(CH2)r-O (CH7)s-,
-0-(CH2)r-CO- O (CH2) s-, -0-(CH2)r-NR2-CO (CH2) s-, 15 SOvMGVENZBERNERS
COO(CH2)s-, -O(CH2)r-COO(CH2)s-O0, -O(CH)r-0(CH2)s-0O,

-0- (CH2)woNR2»CO- (CH2) s- O, -0 (CH?), NR2-CO- O (CH2) s- O, PCT/CHOZ/B0044
-COO0(CH2)r-0(CH2)S-, -COO(CH2)r-0(CH2)s-O, wherein r and s are each
an integer from1l to 20, the sumof r + s <_ 21, wherein R2 represents

hyd | kyl h ttached to t h d
and e pol yrer Deaa SO rsapect i vel y.  such: cRELOHBEEIANbIE 2Fe: not
di tly linked ot 7~ A '
ai:::g(r:dl %g ![g :ny @@bgﬁgﬁf Cd;ﬁf Oﬁher@%w@%)ré\ﬁse ek:dl:ﬁd)gf rOm%%%eygr oup
conprising - (Clda)i &S)e(ram%@@ge %H%_@)t{ﬁl 1%%% un%%f‘l(—u'lz\’) s @ifRhich are

-(CH?)r-CO NH,
-(CH2) r - NH CO @Etééﬂdﬂ)t&ﬂne dickitd?) fes@ué@hﬁ)t]ﬁe p)alymeﬁﬁﬂ’l’é glhsih:b GsfeCtizgly; &uch

-(CH2)r - NH CO- O (CH2) s-0-, - O- -lad' -NH (CH2) r -,
-0 CO (G 1 thﬁteete(@r@i}lﬁ e lfectbleléﬂf@)ti@ e@ft@ef O (CH2) r - CO- NH-,
-O(CHZ)r-NH—CO ~CO O (CH2)r0-, -CO NH (CH2)r-O, -0-(CH2)r-0-, 30

SO (CH2) r-NH-CO- (CH2) s-, -O (CH2)1-0O (CH2), -O-, -35 8 NOVEMBER 2005 WO

02/ 0904471 IBCB'A ad@agdmﬂztaos@iﬁeb(eaﬂmmm@omdmgto@ny IR0 Q) WD) 5- O

-0 (CH?), NH-CO(CHZ)S— , ~OCO(CH)r-NHCO (CH)) reinr and s are
each an int egerS'f pelatied fepm ghe gmoup Sompsing <CH2 kg é@H’W cl‘(Qﬂzér Cé&t-fached to

hever oat ons. ar gt ol 1RSSRk R TPl e

crosslipkabl e e (acgor t Ny,cp cl ei selected
eross| | kabl o mstise Aodorslng Li-anpusCeHlg.cla: WIes el R 5

- (CH2) r- O (CH2) s 6B (CHGHR) 1 OWOQ@@)K-Q@*E{QCH@WO D- -O -(CH)-0-CO-,
-CO-0-(CHa),-0O-, -0-(CH2)-O-, -0-(CH2)-0-(CH2)5-0O-,
-O-CO-(CH»)-O+(CH3)s-0-, -CO-O-(CH3);-0-(CH3)s-O-, wherein r and s are
each an integer from | to 12, the sum of r + s < 14, and which are attached to

15 the dichroic residue and the polymerisable group, respectively, such that

heteroatoms are not directly linked to each other.

19. A mesogenic, crosslinkable mixture according to any preceding claim, wherein

S! is selected from the group comprising 1,2-ethylene, [,3-propylene,

20 1,4-butylene, 1 ,5-pentylene, 1,6-hexylene, 1,7-heptylene, [,8-octylene,
1,9-nonylene, 1,10-decylene, 1,l11-undecylene, 1,12-dodecylene, 3-meth-"
-1,4-butylene, 3-propyleneoxy, 3-propyleneoxycarbonyl, 2-ethylen «-

carbonyloxy, 4-butyleneoxy, 4-butyleneoxycarbonyl, 3-propylenecarbonyloxy,

5-pentyleneoxy, 5-pentyleneoxycarbonyl, 4-butylenecarbonyloxy,
25 6-hexyleneoxy, 6-hexyleneox ycarbonyl, S-pentylenecarbonyloxy,
7-heptyleneoxy, 7-heptyleneoxycarbonyl, 6-hexylenecarbonyloxy,
8-octyleneoxy, 8-octyleneoxycarbonyl, 7-heptylenecarbonyloxy,

9-nonyleneoxy, 9-nonyleneoxycarbonyl, 8-octylenecarbonyloxy, 10-decylene-

oxy, l0O-decyleneoxycarbonyl, 9-nonylenecarbonyloxy, 1l-undecyleneoxy,
30 11-undecyleneoxycarbonyl, 10-decylenecarbonyloxy, 12-dodecylenes:v,

12-dodecyleneoxycarbonyl, 1l-undecylenecarbonyloxy, 3-propyleneim::ino-

carbonyl, 4-butyleneiminocarbonyl, 5-pentyleneiminocarbonyl,

.36 -



10 attached to a carbon atomof the dichroic residue also -O(CH2)r-,
-COO(CH)r-, -OCO(CH?)r, -0-CO(CH7)r-CO O, -0-(GH)VEMEER 2005
-CO-0-(CH?)1-0-1 -0-(CH?)r-O, -0-(CH)r-0(CH2)s-0, . "

- 0- cm&%%'”@ﬂmz)so _00 O (CH2)r-0 (CH7)s- O, wher it T 4HE"E are  each

an integer froml to .2, the sumof r + s _< 14, and which are attached to 15

the dichroic residue and the pol ynerisabl e group, respectively such that

het eroat oms ar g 1o leﬁ&{rﬁﬁééagzdngf‘k/eﬂ%&t@eﬁéﬁpn Eﬁa%&v Be mﬁ@&‘?r?ﬁcﬁ%b?nfl

crosslinkabl e mixture accor precedi ng C am-

selected from Phﬁngrenummmmmngl ngl(ldQcyéeEri‘tyfhﬂmearbdn}B pﬂd)pmﬂecn&ene&&mo-

1, 4- butyl ene, 5- pent y | ene, 1, 6- hexy]| ene, 7 b. e tylene 8- octylene

1, 9- nonyl ene, Fafﬂ@Yldéﬂ‘ﬁPé?Fédenf“TI@% e er‘? yqlew a@déwpe%@m@z Rh. -

1, 4-but yl ene, : b
utyl ene 4§%§§§ﬁ¥hﬁgeoxy.4§m$kﬁg&hg cargér ony m@w@ﬁ Hﬁnghgbny | oxy,

car bonyl oxy, eneoxy, yl eneox onyl , propy enec
5- pent yleneoxy g-Hex pbneqatm}m@hmm r7eioayylenebathohylimére GardogaydcarbypnyRimino,

6- hexyl , b e bonyl
/- hg)r;%/ylegﬁgéiy “?’“Hgé %%‘ﬁﬁ%%?%ﬁ%ﬁe e%y Qﬁ%@;rﬁny O@Sﬁgmecarbonﬂ-
8-octyl eneoxy, if %Cty'se(g %ﬁ@ﬁé?ﬁmdcarbzm ER&%‘ Qgeca%g(ﬁgyrbﬁ%wneox%ﬂ{&'i}yl eneoxy,

9- nonyleneoxycar onyl yl enecar bonyl ox dec
10- decyl eneoxyée{Bﬂmliene@xmhﬁyjflemec ar boty(b-gxopylehtimimdenpbmneoiitex80xy,

12 dodecy] encosy e Bonyieim PR ab i I SHbo oo by e B RSB oRb.
car bonyj, 4-bu yﬂ &%gag%anbpgwwéem%sa?yl@rb%&mmwgﬁqrsvfmtméﬁecﬁoWENBER

2005 WO 02/ 090447 2/ 00 6- hexyl'enei mnocarb
7- hept yl enei m hgekhaxtybampdiox 8- b,é’tbpptafh@ladlmcér&amﬁyﬂened@kmoh%nenﬁiam'tdiomar bonyl ,

12- dodbey! anei ERPHGEARBRHYES, T2 T RYE KRBRAP BD A RSt BriyPene-

20. A mesogenic, crosslinkable mixture according to any preceding claim, wherein
Z! and Z2 groups are a single covalent bond or a straight-chain or branched
alkylene residue, which is unsubstituted, mono-substituted or poly-substituted
by fluoro, having 1 to 8 carbon atoms, wherein one or more of the non-adjacent
CH» groups may independently be replaced by -O-, -CO-, -CO-0-, -O-CO-,
-NR2-CO-, -CO-NR2-, -NR2-CO-O-, -0O-CO-NR2-, -CH=CH-, -C=C-,

20 -0-C0O-0-, -N=N-, -CR2=C-CO-, wherein R? represents hydrogen or lower

alkyl.

21. A mesogenic, crosslinkable mixture according to any preceding claim, wherein

Z! and Z2 groups are a single covalent bond or a straight-chain or branched

2
A

alkylene residue, having 1 to 6 carbon atoms, wherein one or more of the non-
adjacent CH» groups may independently be replaced by -O-, -CO-O-, -O-CO-,
-CH=CH-, -C=C-, -0-CO-O-, -N=N-, -CR2=C-CO-, wherein R? represents

hydrogen or lower alkyl.

30 22. A mesogenic, crosslinkable mixture according to any preceding claim, wherein
Z! and Z2? groups are a single covalent bond or a straight-chain or branched

alkylene residue, having | to 4 carbon atoms, wherein one or two of the non-
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car bonyl i m no, 4-butyl enecarbonylim no, 5-pentylenecarbonylimno, 5

6- hexyl enecar bonyl i m no, 7-heptyl enecarbonylim no, 8- aXNgVEMBERRISNY! i M no,
9- nonyl enecar bonyl i mi no, 10-decyl enecarbonyli m no, 11-undecyl enecarbonyl -

i mno, 6wW(3Brproep7yl enei m nocar bonyl oxy) hexyl, 6-(3-propyl BAg&sXyphesd

6- ( 3- propyl eneoxy) hexyl oxy, 6-(3-propyl enei mi nocar bonyl oxy) hexyl oxy,

6- (3-propyl ezl eii a-iinocarbonyl ) hexyl, 6-(3-propyl enei m nocarbonyl ) hexyl oxy,
10 1, 2- ethyl enedio x |, 3- propyl enedj oxy, 1, 4-butyl enedi oxy,

1, 5- pent yl enedi ¥x3eent @,Xf@-%ﬁ@%@?IIEﬁﬁééFid@R?I}deﬁElﬁbﬁéﬁﬂ’l?‘Feéln@d'r%xy?o' - -0-CO-,

1, 8- octyl enedi oxy.,; 1, 9-nonyl enedi oxy, 1, 1 O-decylenedioxy, 1, 11
-undecyl enedi oxy, and 1, 12- dodecyl enedi oxy. 20. A nesogenic, crosslinkable
m xture according to any preceding claim wherein 1 ZI and Z2 groups are a
singl e coval ent bond or a straight-chain or branched alkyl ene residue, which
i s unsubst it eﬂ,mma@u@m@stSilﬂmgté@rrump%worsim%tq it pgcedys Elager whemawi ng 1

to 8 carbon atogs, erein:o re. of -adlLa r S may

i ndependént |y btggr%%wagg%%tl)eynﬁe)‘%s rF)C&?e S-eﬁgég %%Bbqg%%ﬂh@%@wéo NR2- ,
-NR2-CO- O, - O G NRRr.cOTCHE Gl =CIECO-NHO (@1 L0(6h)-cOMRM., ER2TE 62,
wherein R2 represents hydrogen or |lower alkyl” 21." A nesogenic,
crossl i nkabl e nCKbaCH-@OCOr di NPH-CHasyH-pr ecedHprgCHIB-M  WheHe+OH-Zh-Ggnd Z2
groups are a single coval ent bond or a straight-chain or branched 25 al kyl ene
resi due, havi ngR3Phe I6=CHrBHOM- AR oM ClErEi#hole Wrmaemenalyl,thiereion- adj acent

CH? groups may nhd ndent be repl aced by -0-, -COO, -OCO, -CH=CH,
-C=C, -0CO Owlﬁﬁl&gio,beg’ékél—rﬁpfﬂ}e?hﬁherei n R2 represents hydrogen or | ower

al kyl . 3@ 22. AR3esSQ@eniieyi £Nesst ikkapl e m xture according to any preceding
claim aherein ZI angngygroups ar%gg singl e coval ent bond or a

strai ght - chai n Bir- braacyieghd al kyl ene residue, having | to 4 carbon atons,

wherein one or tP\{_\P ig ,4qu1%ny%1qe.-37 8 NOVEMBER 2005

24. A mesogenic, crosslinkable mixture according to any preceding claim, wherein
15 the polymerisable groups P are CHp=CW-, CH;=CW-COO-, CH,=CH-O-

wherein W is hydrogen or methyl.

25. A mesogenic, crosslinkable mixture according to any preceding claim, wherein
the number of rings in substructure II expressed by m! + m2 +m3 is < 2.
20
26. A mesogenic, crosslinkable mixture according to any preceding claim, wherein

at least one of the LCP components comprises more than one polymerisable

group.

25 27. A mesogenic, crosslinkable mixture according to any preceding claim further

comprising 1sotropic compounds comprising two or more polymerisable groups.

28. A mesogenic, crosslinkable mixture according to any preceding claim further

comprising additives.

29. A mesogenic, crosslinkable mixture according to any preceding claim,

comprising at least one dichroic dye according to the general formula I and at
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WO ) ?-1090447 PCTI 0102i 00044 adj acent CH2 groups nmay independently be
replaced by -0-, -CO-0-, -0-CO, -N=N--. 23. A rresogerSiNI)VEj\IBEBIZQOﬁkable

m xt ure cording to any precedl ng claim wherein 5 the | e groups
Pare se\lgé ‘t'8d“trom the group of CH2=CW, CH2=CW COO-, (ﬁﬂ{f—‘f
CH2=C(Ph) -CO- NH, CH2=CH O, CH2= CH-OOC Ph- CH=CH, CH2= CH-Ph-

CH?=CH- Ph- O, R3- Ph- CH:CH-COO RSOOCCH:CH-PhO N- el ei ni . m'dyI wher ei n
Wis hydrogen, in{g% ; S I lbn®%f R Ph-
i s phenyl, and I%L%@g TSE%%]% 1élrlile r%%alg Wh%@ogg!ﬁ%% Oncrgés\lﬁ?eﬁﬂgbe m xture
according to amgorprtk&mememlﬁhmsable\@u@:;el n 15 the pol yneri sable groups P are
CH2=CW, CH2=CW COO, CH2=CH O wherein Wis hydrogen or nethyl. 25. A
mesogeni ¢, crossli cable mxture according to any preceding claim wherein
the number B TA NGRsdenRUbSELkLEIE Hlxﬁ@rﬁx%&%%%)Ytomany BlectdB ichim 2. 20
26. A mesogenic, crosslinkable m xture according to any pfeceding claim
wherein Sat | ea;smpuﬂmg@fnet@&m@ﬂmmgmﬁfsrmuimr&n@esleaﬁmomhannsmrﬁeble

pol yneri sabl e %éod,:lf' Zlg 27. qrgenl €11 SLOS |ll| nkabl e m xture according to
any precedi ng ¢HETHER Ff@’rnp“ﬁ]& @ VYPgP(? EOET T ¢ ChRbounds conprising two or
nore pol ynerisabl e groups. 28. A nmesogeni c, crosslinkable m xture according
to any preceding claimfurther conprising additives. 30 29. A nesogeni c,
crossl i nkaldle nﬁmeam@nawmsehmiglbtmmaﬁgmempe@émmg aglly gireqedingoepim, wh@emt | east

one di chroi ¢ dyg, acqording.1.0,Lhe LN Ale b MR, and at

10
32. A mesogenic, crosslinkable mixture according to any preceding claim, wherein
the total content of dichroic dyes is from 0.5 to 30%wt.
33. A mesogenic, crosslinkable mixture according to any preceding claim, wherein

15 the total content the dichroic dyes is from 0.5 to 20%wt.

34. A mesogenic, crosslinkable mixture according to any preceding claim, wherein
the dichroic dye is an azo dye of the formulae III - V:

20 R4-Arl-N=N-Ar2-Bl I
R4-Arl-N=N-Ar2-N=N-Ar3-Bl v
R4-Arl-N=N-Ar>-N=N-Ar3-N=N-Art-Bl v

wherein
25
R# represents hydrogen, fluoro, chloro, bromo, cyano, nitro, -NR2R3, a three-
to seven-membered cyclic amino group, -CR2=CR3-NO;, -CR2=CR3-CN,
-CR2=C(CN);, or a straight chain or branched alkyl residue, which is
unsubstituted, mono- ~r nely-substituted by fluorine having 1-18 carbon PR
30 atorns, wherein one or more of the non-adjacent CH; groups may

independently be replaced by -O-, -CO-O-, -0-CO-, -NR2-CO-,



-38 8 NOVEMBER 2005 WD 62/ 07044? PCTI 0, 102/ 00044 | east two

pol ynerisable.liquid crystals, wherein at | east one of8 NOVMEMBERMOESES nore

t han one pol yneri sabl e group. 30. A nesogeni c, crosslinkable m xture according
to any p&eGeding: cl ai m Sconprising one to four dichroic dyes fizfoosula | and
at least two polynerisable liquid crystals conprising each two pol yneri sabl e
groups. 31. A nesogenic, crosslinkable m xture according to any preceding
claim wherein the total content of dichroic dyes is from0.1 to 50%. 10
32. A mesogeni ¢, cr ogsl-NRegbMNR FT-0x e -t hg toHamH-presedi ng-cbabm
wherein the total content of dichroic dyes is fromO0.5 to 30%u. 33. A
mesogeni c, crossl i nkedstie A sad R eindepandditisgrepresamyhyoregradpmigwet aikiyl; wher ei n
15the total content the dichroic dyes is from0.5 to 20% . 3A A nesogenic,
crosslinkabl e m xture according to any preceding claim wherein the dichroic

RA<Ar 1- NN A oo Mo Ao 11 BRI A R T A 1 v
wherein 25 R4 repr esphthyldiy dpogeily substoted bgttherrie, bilofbe, YRS, -NRERS,
"NRZR3,a three- 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 of the non-adjacent CH; groups may independently be
replaced by -O-, -CO-0O-, -O-CO-, -NR2-CO-, -CO-NR2-, -NR2-CO-0-,
10 -O-CO-NR?-, -CH=CH-, -C=C-, -O-CO-0O-, wherein R2 and R3

independently represent hydrogen or lower alkyl; and

wherein Ar! is also a group of formula a) to ¢)

"
(CHa)p (CHp T A=
a) ¢

b)

wherein p is an integer of 1 to 3 and R# of formulae III to V is attached to

L[5 the nitrogen atom; and

Bl  has the meaning given above.

(U8}
Ln

A mesogénic, crosslinkable mixture according to claim 34, wherein R4
20 represents hydrogen, chloro, cyano, nitro, -NR2R3, 1-piperidyl- 1-pyrrolidyl or
2 straight chain or branched alkyl residue, which is unsubstituted, having 1-12
carbon atoms, wherein one or two of the non-adjacent CH; groups may
independently be replaced by -O-, -CO-O-, -O-CO-, -CH=CH-, wherein R? and

R3 independently represent hydrogen or lower alkyl.

1~
wn

36. A mesogenic, crosslinkable mixture according to claims 34 or 35, wherein Ar!
to Ar* independently of each other are 1,4-phenylene or 1,4-naphthylene

optionally substituted by chlorine, hydroxy, -NR2R? or by a straight chain or

S 40 -



to seven-nenbered cyclic. am no group, -CR2=CR3-NO2, -CR2=CR3-CN,

-CR2=C(CN) 2, or a straight chain or branched al kyl res$ HOFEMBERCN0S S

unsubsti tuf ed, nqono- ~r toly-substituted by fluorine havipg, 1-18 carbon 30

at ons, wher'ei'n one or nore of the non- adj acent CH2 groups nay i ndependently
be replaced by -0-, -CO0-, -0-CO, -NR2-C0-, pan- ~tnt - 4ii 8 NOVEMBER 2005
WU 02i 090447 PCT/ C1102/ 00044 branched al kyl residue, which is unsubstituted,
having 1-12 car beAackddontyl rwh@iLiwhiehes OinstivRitekd! hevingnt-ad] aseit afhirs, gr oups
may i ndependently be replaced by -0-, -COO, -0-CO, -CH=CH, wherein R2
and R3 i ndepend@hele) opepy d&ene! Fydregediagimt| elersrarscyay: ndependprsbeba Ar t

additionally is a_gr f formula a)_to . 37.. A sogeni c,
crossli nkab?/e n‘f%@ﬂ%ﬁgggcgor&aﬁﬁt' -4 %@{ﬁgﬁﬁ'ow%?m%ﬁ%m@ %%W@Pefmeeﬂifoi c dye

of formula 111 r'[s]g_;ﬂ 1,4 € it " sQgeni
crosslinkabl e ?ﬁ%g;f%ﬁ%rle aéc%epd?rﬂlagt%ggg%giir}r@ ‘gfj,&{ercl)l égl gc\?%tééro%l lgﬁeé}og?gﬁr oi C
~dye of faormula fofmubaprbses O or 1 1, 4-naphtylene unit. 39. A nmesogenic,

crosslinkable mxture according to clains 34 to 38, wherein the dichroic
dye of forrmula V conprises 0, 1 or 2 1,4-naphtylene wunits. 15 40. A

mesogeni ¢, @rossl inkable %@Hﬁm@%ﬁ& le%%g&r@irﬂrn% agiﬁg?g%gg%&%ﬁ% rein

t he dichroi ¢ dye i's an ahthraquinone o ornul ae HO O
NHZ NH2 0 VI diNkbi€iPd2Y fornula III comprises no 1,4-naphtylene unit.

10 38. A mesogenic, crosslinkable mixture according to claims 34 to 37, wherein the

dichroic dye of formula IV comprises 0 or | 1,4-naphtylene unit.

39. A mesogenic, crosslinkable mixture according to claims 34 to 38, wherein the

dichroic dye of formula V comprises 0, | or 2 1,4-naphtylene units.

i5
40. A mesogenic, crosslinkable mixture according to any preceding claim, wherein
the dichroic dye is an anthraquinone of the formulae VI-X:
O NH, O NH, NH, O NH,
|
O  NH, NH, O O
VI Vil Vil
O NH, NH, O NH,
i
NH, O  NH, NH, O  NH,
IX X
wherein one to four hydrogen atoms are substituted by the groups of B! to B4
20 " eitfier at carbon or nitrogen atoms, and wherein B¢ fo B nave the meaning

given above, with the provision that at most one of B! to B“ is attached to the

same nitrogen atom.
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NH2 O X NH, wherein one to four hydrogen atons are substituted by the groups
of Bl to B4 20 either at carbon or nitrogen atons, angINGMEMBER 25T 94' have
t he neani ng gi ven above, with the provision that at nost one of Bl to B4 is
at t achedwtoizttheidi7same nitrogen atom 8 NOVEMBER 2005 wO TZL/TOQ@R 474

PCTICl -11) 2i 0(11 44 41. A nesogenic, crosslinkable mxture according to claim
40 conprising one or two of the groups B 1 to B4. 42. A nesogeni c,

crosslinkable m xture according to clains 40 or 41 Wherlei n the, 5di chroic dye
is an ant hrAalquif?idH%SO(SFmPh%mﬁ%‘rﬂgr@h" lg @nigfure \peporgingyio A 48 OFkBISEIZIORE 8F t he

formulae 1V or V; fﬁ rl- 2zN=N-Ar3-B 1 IV 10
R4- Ar 1- hhMAre-%z AP@“’NL—U%%@E 1V wherein R4 represents hydrogen, fluoro,

chl oro, brono, cyano, nitro, -NR2R3, a three- 15 to seven-nenbered cyclic

am no grou -CR2=CR3- N2, -CR2=CR3-CN, -CR2=C(CN)2, or a straight chain or
branched al%d/| feBexgaticyFPeshinkable grsiHe predias, o mHes 4 ondl ywhersthe ut ed by
fl uori nechavi ng;. r. , i n r f the non-adjacent
CH2 grouf)s may dl%%légcpﬁgyndg%{qlmﬁﬁ%%@lgg agEe @gﬂg@ﬁﬁ{%@%}y@. -0-CO, -NR2-CO,
20 -CONR2-, -NR-CO0O, -OQ-NR2-, -CHCH, -CC, -OCOO, wherein R2
and R3 independently represent hydrogen or |lower alkyl; Arl Ar2, Ar3 Ar4

i ndependentty of ddenicstyret thedannulae phéryiiene, 1,4- or 1,5- naphthyl ene
optionally substituted by fluorine, chlorine, hydroxy, -NR2R3

R4-Arl-N=N-Ar2-N=N-Ar3-Bl v
10 R4-Arl-N=N-Ar2-N=N-Ar3-N=N-Ar-B! \%

wherein

R4  represents hydrogen, fluoro, chloro, bromo, cyano, nitro, -NR2R3, a three-

15 to seven-membered cyclic amino group, -CR2=CR3-NO», -CR?=CR3-CN,
-CR?=C(CN)y, or a straight chain or branched alkyl residue, which is

unsubstituted, mono- or poly-substituted by fluorine having 1-18 carbon

atoms, wherein one or more of the non-adjacent CH; groups may

independently be replaced by -0-, -CO-O-, -0O-CO-, -NR2-CO-,

20 -CO-NRZ-, -NR2-CO-0-, -0-CO-NR2-, -CH=CH-, -C=C-, -0-CO-O-,

wherein R? and R3 independently represent hydrogen or lower alkyl;

Arl, Ar2, Ar3, Ar* independently of each other are 1,4-phenylene, 1,4- or 1,5-
naphthylene optionally substituted by fluorine, chlorine, hydroxy, -NR2R3
25 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 of the non-adjacent CH» g ips mey independently be
replaced by -O-, -CO-0O-, -O-CO-, -NR2-CO-, -CO-NR?2-, -NR2-CO-0-,
-0-CO-NR2-, -CH=CH-, -C=C-, -O-CO-O-, wherein R2 and R3
30 independently represent hydrogen or lower alkyl; and

wherein Ar! is also a group of formula a) to c)



25 or by a straight chain or branched al kyl residue, which is unsubstituted,
nono- or poly-substituted by fluorine having 1-12 car bbNOHEMBER 20ferei n  one
or m)re f the non-adjacent CH2 ps may independently be | - 0-

Ay G3"MNR2-CO-, -CO NR2-, -NR2-CO-0-, -0-C0- NR%(EF? &M&@’ - C=C,
-OCOO, wherein R2 and R3 30 |ndependently represent hydr ogen or Iower
al kyl; and wherein Art is also a group of fornmula a) to c) 8 NOVEMBER 2005 ,1
O 023090447 PCL/ CH02/ 00044 a) b) CO wherein pis an |nter of 1to 3 and R4
of formulae Il to Vis attached to thg rogen d 5 B1represents
a group of substructure 1 10 V\herel he broken I| ynbol i ses the

| i nkage to said di chr0|N eji.n: Al .91, S22, ZI, Z2,
m, n2, nB and o hau:eu‘she e nemrfg G 5 P represents
CH2= CW, CH2=CW COO -, CH2=CH CO H2=C( Ph) - CONH— " CHe= CH O,

CH2= CH-OOC Ph- CH=CH— CH?! =CH- Ph-O-, R3:Ph- CH=CH—COO<; R3- 0OC- CH=CH- Ph- o,
N-malelnlmdyl V\/nereln 20 Wis hydro en, chloro or nethyl R3 is | ower

al kyl or |ower al kogfereinanis ansnsigehgf | [apand &ﬁﬂflfmulm%%\/ueﬁ%ached to

the nitrogen atom; and

5 Bl  represents a group of substructure 11
L@ (DT
m‘] sz m3
I
10 wherein the broken line symbolises the linkage to said dichroic residue and
wherein:

Al A2 A3 Sl S2 71 72 ml, m2, m3 and o have the same meaning given

above, and
15
P represents CHp=CW-, CHy;=CW-COO-, CH>=CH-CO-NH-, CHp=C(Ph)-
CO-NH-, CHy=CH-0-, CH,=CH-00C-, Ph-CH=CH-, CH;=CH-Ph-O-,
R3-Ph-CH=CH-COO-, R3-O0C-CH=CH-Ph-O-, N-maleinimidyl,
wherein
20 W is hydrogen, chloro or methyl,
R3 is lower alkyl or lower alkoxy,
Ph- is phenyl, and
-Ph- is 1,4-phenylene.
25 44, A dichroic dye according to claim 43, wherein R* represents hydrogen, chloro,

cyano, nitro, -NRZR3, 1-piperidyl- 1-pyrrolidyl or a straight chain or branched

alkyl residue, which is unsubstituted, having 1-12 carbon atoms, wherein one or

_ 43 -



25 44. A dichroic dye according to claim43, wherein R4 represents hydrogen,
chloro, cyano, nitro, -NR2R3, | -piperidyl- 1-pyrroligyOveMB&ER2005aI ght chain
or branched al kyl residue, which is unsubstituted , having 1-12 carbon
atons, whereimi@ne or - 43 8 NOVEMBER 2005 WO 1~17"090447CRPCH(CHE2/100044 two
of the non-adjacent CH2 groups may independently be replaced by -0-, -COO,
-0-CO, -CH=CH, wherein R2 and R3 independently represent hydrogen or | ower
alkyl. 5 45. A dichraoic dye according to clains 43 or 44, wherein Art to Ar4
i ndependent | y fofo ekl mrhedacent CH gpven yashadependently dighicmiaceh &yopdt onal | y
substituted by chlorine, hydrox -NR2R= or_ ,by straight chain or branched
al kyl residue, “GMith PsCBns obEF téﬂl}efﬁévﬁr%g”i- 1 dBfESRIEHEECPIREE ei n one
or two of the = ad] groups may i ndependently be replaced b.. -0-,
-CO-0O, 10 -0- é&&ﬁ%&ﬁuﬁ%ﬁﬂ&a erein R2 and R3 independently represent
hydrogen or |ower alkyl; and wherein Arl additionally is a group of fornmula
a) toc). 46. A dichroic dye of fornmula |V according to clajnms 43 to 45
conpri si ag ¥5-orA Hichioig dyg gEgalagdo ghilis 431 44, W)&emrtﬁrbr%%@dé@enrﬂ@am aV

A di chrove dye B1 TEhe Por il e R OPr gty ¥psfencl o BRI MOF ISR &1 n one
to four hydrogeshi@trthyaraysUIRER? wrad, bystralvt @houps: BfanBled 81kBA residue,
which 1s unsubstituted, having 1-12 carbon atoms, wherein one or two of the
non-adjacent CHs groups may independently be replaced by -O-, -CO-O-,
10 -0-CO-, -CH=CH-, wherein R? and R3 independently represent hydrogen or

lower alkyl; and wherein Ar! additionally is a group of formula a) to ¢).

46. A dichroic dye of formula IV according to claims 43 to 45 comprising O or 1

1,4-naphtylene unit.

15
47. A dichroic dye of formula V according to claims 43 to 46 comprising 0, 1 or 2
1,4-naphtylene units.
48, A dichroic dye of the formulae VI-X:
O NH, O NH, NH, O  NH,
!
O NH, NH, O o)
VI Vi Vil
O NH, NH, O NH,
NH, O  NH, NH, O  NH,
20 X X

wherein one to four hydrogen atoms are substituted by the groups of B!l to B4

either at carbon or nitrogen atoms, and wherein

.44 -



ei ther at carbon or nitrogen atons, and wherein -44 8 NOVEMBER 2005 B | to B4
represent a group of substructure Il ----S . 5 - z1 ndNQVERBER®S P)0 nB il
wherein the broken line synbolises the Iinkage to said dichroic residue and
wherein: Al. A2. A3, St, S2, Z1, Z2, m, n2, nB and o have the sane neaning
given 10 above, and P represents CH2=CCH3-, CH2=CCl-, CH2=CW COO ,
CH2=CH CO- NH, C H2=C(Ph)-CO NH, CH2=CH O, CH2=CH OOC-, Ph-Cl 4=CH,
CH2=CH Ph- O, R3-Ph-CH=CH COO-, R3-00C-CH=CH-Ph-O-, N 15 nal ei ni m dyl,
wherein Wis hydr dijem, Bt htpeende crephyflspybstR8tirsIll ower al kyl or | ower al koxy,
Ph- is phenyl, and -Ph- is 1, 4-phenylene, 20 with the provision that at nost
one of Bl to B4 is attached to the sane nitrogen ao

O RIRORE Can
m? me m3

5 : | _ a
wherein the broken line symbolises the linkage to said dichroic residue and

wherein:

Al A2 A3 Sl 82 7zl 72 ml, m2, m3 and o have the same meaning given

10 above, and

P represents CH,=CCHj;-, CH,=CCl-, CH,=CW-CQOO-, CH,=CH-CO-

NH-, CHz=C(Ph)-CO-NH-, CH;=CH-0-, CH;=CH-00C-, Ph-CH=CH-,

CHp=CH-Ph-O-, R3-Ph-CH=CH-COO-, R3-00C-CH=CH-Ph-O-, N-
15 maleinimidyl, wherein

W is hydrogen, chloro or methyl,

R3 is lower alkyl or lower alkoxy,

Ph- is phenyl, and |

-Ph- is 1,4-phenylene,
20 '

with the provision that at most one of B) to B4 is attached to the same nitrogen

o —
avyrise.

49, A dichroic dye according to claim 48 comprising one or two of the groups B! 10

25 B4,
50. A dichroic dye according to claims 48 or 49 of formulae VI, VII or X,

51, Liquid crystalﬁne polymer film formed from a mixture according to claims | to

2
o

42 by polymerisation.



49. A dichroic dye according to claim48 conprising one or two of the groups
Bl to 25 134, 50. A diehroic dye according to cl ai ns SiSOVEMBBEReDON or nul ae
VI, VII or X. 51. Liquid crystalline polyner filmformed froma mxture
accordi ngad@mwebarms 1. to 30 42 by polynerisatiorn. a 'a8TNONVEVBER 2005 W
D!1)9i1 t47 PCT! C402/ 00044 52. Liquid crystalline polyner filmaccording to
claim51, wherein the filmis coated with further layers. 5 53. Process of
preparing a liquid crystalline polymer filmaccording to clains 51 or 52 on
a substrate conprising the steps of (i) preparing a solution of a mxture
according tg, clai , I , ' i.d [ u rdg, (iii)
evaporati ngg)zt'heltzllsqoqﬁjv(%ﬁlts %%lggeog?lgllﬂr?} afﬁf%ioF%%O?{%Bgﬁovfﬁg%@ﬁgﬁ%gﬁgﬂ%aﬁggfllgI m
using WV |ight ¢oategl wieh &rthieotsetsi nked di chroic liquid crystal film and (v)
optionally coating said cross-linked dichroic liquid crystal filmw th other
| ayers. 15 54. Process according to claim53, wherein the substrate is a

t ransparent -su LSing: AR oL iieat atd cordi ng-
o ol bi 54 e LR Pk ot LR A Al b Bicordins  PABERS 1960756,
Process accor di $iyoi o sehsaiate dvdnoisifebthewhkps ef n t he orientation |ayer is rubbed
pol yam de or polyam de. 57. Process according. to claimb4 or 55, wherein the
orientation | ayél CBRFINEESOHIINDT3RREEISRFORIASIIR Sl faft2,

(11) applying said solution to a support,

(iii) evaporating the solvent to obtain 2 film,
10 (iv) polymerising said film using UV light fo give a cross-linked dichroic
liquid crystal film, and
(v) optionally coating said cross-linked dichroic liquid crystal film with other

layers.

15 54. Process according to claim 53, wherein the substrate is a transparent substrate

comprising an orientation layer.

55. Process according to claim 54, wherein the transparent substrate is glass or

plastic.

56. Process according to claim 54 or 55, wherein the orientation layer is rubbed

polyimide or polyamide.

57. Process according to claim 54 or 55, wherein the orientation layer comprises a

25 photo-orientable material.

58. Multilayer system comprising two or more liquid crystalline polymer layers,
wherein at least one of the liquid crystalline polymer layers is a dichroic liquid
crystalline polymer layer formed from a mixture according to claims | to 42 by

30 polymerisation

59. Multilayer system according to claim 58, wherein said layers are covered by at

least one other functional layer.
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58. Multilayer systemconprising two or nore liquid crystalline polyner

| ayers, wherein at |east one of the liquid crystalli rieNQOEMBER 20068yers is a
di chroic _|i (&Ui(d crystalline polyner |ayer forned froma m'(g;,ljté@re7 according to
claims | YOU%%%Y 30 polynerisation 59. Miltilayer system@¢ER MG to claim
58, wherein said |layers are covered by at |east one other functional |ayer.
-46 8 NOVEMBER 2005 WO 02/ 090447 PCT/ CHO2/ 00044 60. Use of nesogenic ,
crosslinkabl e m xture according to clains 1 to 42 in the production of
liquid crystalline polynmer filnms. 5 61. Use of m xtures according to clains 1
to 42 for tl66. pilspasfategrpenic, unstlinkable adktuanatcstding tourcddmept tcdl i@l dwent s
and nulti-laver systens {]d for the construction of security devices. 62.
Use of films ac® 'CHBHP?)1‘&?@?9@@1“0?015@6? iM% he preparation of unstructured
10 and structured optical elenents and multi-layer systens and for the
construction of security devices. 63. Electro -optical or optical conponent
or devi ce oblsediseidafymidevecacconimy fosélaignsal tdi ivrahe prépguatdnarfyat@idting

olymer filmforned from,a m xture accor di to 15 clai to 42. .
poLy aHE structured optica elllements anJ muﬁglayer systems andr?ér ‘ghe construction

of security devices.

62, Use of films according to claims S1 or 52 for the preparation of unstructured
10 and structured optical elements and multi-layer systems and for the construction

of security devices.
63. Electro-optical or optical component or device or security device comprising a

dichroic liquid crystalline polymer film formed from a mixture according to

15 claims 1 to 42.
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