WO 02/ 090447 PCT/ CHO2/ 00044 Di chroic m xture The present invention rel ates
to a new m xture of crosslinkable liquid crystals and polynerisable

di chroi c wWoag/ogmd7 t heir use in the construction of unstrueCurG2ands 5
structured polarisers. Optical polarisers (hereinafter also called

pol arising filnms, polarisation filnms or polariser filnms) play a crucial
role in the functioning principle of many optical or electro-optical

devi ces, such as Liquid Crystal vji ces, nodern Security Elenents, 10 and
the like. Furthernore, optical polaichigiemxtuEe so used in many instrunents
or devices, for exanple in different kinds of neasuring instrunents,
dashboards or sungl asses, where stray light and undesired reflections have

to be elim e Ny - i.Sibil ] - i8S :

conpri se. st DICpsefts REGH FeS 0 o A TP URURAHR IMTRMREIS |
(PVA), a di cfulpherisabkodibetoindgesodrtiethedpidecimathe l&nkiayation. ofDintshiotueedalnsdr ber s
usual ly are iodine or dichroic dyes which are absorbed on or dissolved in
the pol yner H5Uchred Rolearisetsy 544 describes |iquid crystals characterised by a
nol ecul ar architecture, wherein a chronmophore is laterally attached to a
pol ynmeri sabl e nesogenic core. Such 20 conpounds and liquid crystalline

m xt ur es conDptical nplarsese(lerenates calsd edlled polrismgf films, npoladisatiborfilnenet | near

optic devices or calour filters. . Yet,. di.sadvant age of the npbst w despread
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dyes have a tendency to |ose efficiency during tinme due to diffusion
pr ocessed0orandnthentige Feithérewre aentisal bylamsers vl alse ysedin ipayiinsirumentypt her
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systens are %ee u as e. d. SCrIli
EP- A- 0689084sunglhidés, wheer §trzg5 lighttaid Yindesiree e@dflE@iona oBCePbe himiredsd & | or
at | east sone of the_above disadvant ages may be 30 avoided. -1
improve visibility. Such polarising films usually comprise stretched polymer films
such as, for example, polyvinyl alcohol (PVA), a dichroic absorber and other optional
15 layers. Dichroic absorbers usually are iodine 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. Polariser 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.



WO 02/ 090447 PCT/ CHO2/ 00044 Applicants have now found that certain

m xtures conprising liquid crystals and dichroic dyes may be able to

over cone whe2ad@atvant ages descri bed herei nabove. Thus, PERTAHR08G44aspect
t he present invention provides a nesogenic, crosslinkable 5 m xture
conprising at |east one polynerisable liquid crystal and at | east one

pol yneri sabl e di chroi c dye of th eneral formula |I: (B3, )n3 (Bl)nl A
(B4) n4 ( B2) n2pplicgntinavai 3pva fpwist &t estain miixtiresi eonpising dquidnemsieisnancat

| east parti a&lcﬁgﬁ: erlé% b’e'ablettg'gv &h@hﬁe ‘fé&%%ﬁai éﬁg&n%@lh inaBve. N3, N4

signifies 0 or t he sum Is >0, and 15 Bl to
B4 represent a group of substructure II - - - - 81 A - Z A2 Z2 (::A3 (32
p)o m nR Il ﬁherel t he broken line Ségbolises the Iin ﬁ?% to
sai d di chroi L}Seéfi‘éi‘u s %PFFsentAfvel}iﬁm REOVEISE 17 IPSR85B1Hfol ¢hessinka
represents anidiRNBrhsrisig at i163¢! dife %%ensam@uﬁimd SridtauRsd i ulgd Ofe
substituted by fluorine, chIorlne cyano, 25 or a straight-chain or
br anched almyﬂwn@ymhkéhdmhwéhepéﬂwuﬁs@bkbnnuhéd nDno substituted by cyano
or hal ogeno, or -2 WD 02/090447 PCT/ CHO2/ 00044 poly-substituted by

hal ogeno, having 1 to 18 carbon atons, and wherein one or nore of the
non- adj acent CH2 groups nay (Bs)n3 (51)

(B4)n4 (Bz)nZ

10  wherein

A represents a dichroic residue exhibiting at least partial absorption in

the visible region > 400 nm;

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

B! to B4 represent a group of substructure 11

S ORI ORI (Ol
mt m?2 m3

20

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

Al A2 A3 each independently represents an aromatic or alicyclic group,
which is 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 halogeno, or

-2.



i ndependently be replaced by Q whereby Q represents -0-, -CO, -COO,
-0CO, -Si(CH3)2-O0Si(CH3)2-, -NR2-, -NR2-CO-, 5 -CO NR2-, -NR2-CO O,

- O CO NRWO 23410 NR2-, -CH=CH, -C=C, -OCO O, and RETHERO6EMt S
hydrogen or |ower alkyl; Si, S2 represent a single coval ent bond or a
spacer unit, such as a 10 straight-chain or branched al kyl ene resi due,
which is unsubstituted, no- substituted by cyano or hal ogeno, or

pol y-substituted by hal ofehosubsiaiitedgby halggene, dgyipanl & &fecarbopraip@pnatshe or

nore of the non-adjacent (Hd2..gr i IR p Q
wherein Q has the neaning gi \}gn&{%granigﬁr\?e;oqj Q %?%%%eﬁlgﬁcd%ﬁtérgﬁﬁsgﬁ?%sent a
singl e coval ent bond or andupagdhtlyb treplacddy @Swhersby & @ptesetaLO-,0CO-,
branched al kyl ene residue, which is wunsubstituted, nono-substituted by
cyano or hal ogeno, or 20 -66+9=suBsEPt, utBECHy)HHSHEE 02-, haVRg NRDC®-car bon
atoms, wherein one or nore of the non-adjacent

[ CH2 groups ma
i ndependehtly be repl acelf R@,a - AR ‘%@'QERZf@:%I\?RgVner RXQ:W%%Z have
the neaning given above; ~25 P repLesentsa. ol bS , ne,
nB i ndependently are 0O orc%l;scglnd g_?:’ @&ég’v%‘g?fe{byl%%ege@%%g’gpg[e e®r
symbols o in B 1 to B4 idoweflkyl; 30 In a further aspect the invention also
provi des the use of said nesogenic crosslinkable mxtures for the
production of dichroic crosslinked filns as well as their use in the -3 WO

027090447 P/ @102/ 00044 reﬁ?&ﬁ{ raugih.g{%nc&faléﬁ@%ornﬁcgpraegpa%g'rd uﬁi&,r USRS da
optical elements and nul ti-lTayer syStens

10 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 CHj groups may

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

15 above;

Z1, 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 halogeno, 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 R2 have the

meaning given above;

25 P represents a polymerisable group;

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

0 is 0 or 1, whereby the sum of the symbols 0 in Bl toB4is>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

-3



as for exanple, for colour filters, polarisers and for the construction of
security devices. 5 These new pol yneri sabl e dichroic m xtures show good
honogenedw® oalopgwnrent and upon crosslinking do not exhi biPCTiGHv00ENEi ti es
or changes of the dichroitic ratio due to relaxation, diffusion or mcro
crystallisation processes over tinme. The term "crosslinkable m xture"

refers to a mxture c rising.at |east qne . 10.conpound that conprises
nore t han oncé’nf)tﬁcﬂslﬁﬂrq?gglﬁ Cﬁérgg&Bd SHustpe sotplnﬁét %?@‘%ﬁ'ﬁ’é F&M‘r‘ﬁa’y&f St
residue” refgr ﬁ)rt@(aﬁllpﬂﬂ!, Giof Rblouf! YRtee HPiriseRJaRP $brt théCcktrB@RBAL b Security |

di chroismstructurally reduced to the pure chronophore systens. 15 It"is
under st ood tdeaices.he term "aronatic" includes optionally substituted
carbocyclic and heterocyclic groups conprising five-, six- or ten-nenbered
ring systems, such as furane, phenyl, pyridine, pyrimdine, naphthalene,

or tetral$ neThest hew polymé&risdbldaticiroietnixiats tHigv EsdThorbidiehs Aignhieat bEEs
non-aromatic car bocgcl ic or 20 heterocyclic ring systens having 3 to 10

carbon at omsPO8EpssEEkisg doot FRIvE, inhegpeedsiiicarns, chaggssgfehe difbrortic ratio

I t V| . i nd d line. It i
p e T L L R e T

-chain or branched al kyl group,
which 25 is optionally substituted by a single cyano group or by one or
nor e hal ogen_at ons, in whi ch one nore of the non-adjacent -CH2-

. and. r
groups may b eoﬁ%naﬁqsgm@% DEE ey Ay Qup XIS FOIRESIEE Al p'Sade PRE L ed

from the;@r Qg oAnw ited boOEpHRE Mbre th&l S polRhoMble Jr&@P! yl,
i sobutyl, sec-blﬁ)tyl , tentl-)butyl ,Pepentyl ,poi j{é}gpent yﬁlg,T c&lgf%lslggﬁt{aﬁ hexyl ,

cycl ohexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, 30

3-nmet hyl pentyl , . al L.yl . but-3-en-|zyl nt-4-en-1-:yl..hex-5-en-1-yl,.
propynyl , bu?(lif"n pn “dicholg ﬁ%léue@F%&% Q@f%ﬂ%%ﬁféﬁg’wg P%Sbtbvlﬁo‘ﬁo&‘%é?hlﬁ%t oxy,
i sobut oxy, s@ehrbighDtbhcturdlBf fedBeHIQd Yhe ﬂiﬁélbhﬁ‘oﬁ?b%ﬂe% fems.y ! oxy,

cycl opentyl oxy, hexyl oxy, cycl ohexyl oxy, -4 02/ 090447 PCT/ CHO2/ 00044

hept yl oxy, octyl oxy, nonyl oxy, decyl oxy, undecyl oxy, dodecyl oxy,
15 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.

It 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 —CHy— groups may be optionally

replaced by a group Q” includes groups selected from the group comprising methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, fert-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,
fert-butoxy, pentyloxy, isopentyloxy, cyclopentyloxy, hexyloxy, cyclohexyloxy,

-4-



3- et hyl pentyl oxy, allyloxy, but-3-enyloxy, pent-4-enyloxy,

cyl ohexyl net hoxy, cycl opentyl net hoxy, nethoxycarbonyl, ethoxycarbonyl,
pr opoxycawbeago447 i sopr opoxycar bonyl, but oxycar bonyl, i solparaHicasd@enyl ,
sec- but oxycarbonyl, 5 tert-butoxycarbonyl, pentyl oxycarbonyl,

i sopent yl oxycar bonyl, cycl opentyl oxy- carbonyl, hexyl oxycarbonyl,

cycl ohexyl oxycar bonyl , octyl oxycarbonyl, nonyl oxy- carbonyl,

decyl oxycar bsmploxsundeesyyloxy car Bowyexy, dodieeyibsyy cantstasyloxy,  dodecyloxy,
3- net hyl penty r |, |yl oxycarbonyl , but-3-enyl ox rban

pent-4-eny|-y%§§§§%E§%§3? & 18%%xé¥ﬁ§fﬁ%f¥%aﬁ§ %?F?%oxm YRR Eoxy,
cycl opent yl nsichoxyghndibony, , aaethoxycarbbdyet hydtbawseamphdXy, propoxycarbonyl,

propyl car bonyl oxy, isoprapyl carbonyl oxy, butyl carbonyl oxy,

i sobut yl car bléwm?ﬁwa@@wlbuttsﬂt%/%%ﬁwloxyl,sowwtysbﬁbpw arfsstopraxygarbemsis v -
car bonyl oxy, ;i Hﬁ&% bo pe , )
hexyl car bS(; nytle%)riosl , c%ljgﬁglﬂ’exg ?%%g%ay%{%iﬁ , %é%( éiﬂ?@é%g%”y" ﬂg%(’/y ,CyCloPentyloxy

nonyl car bonydathopyl, decylegcibonyloxcyclohexyttegydrbanyip wgtydowycarbonyl, nonyloxy-
dodecyl car bonyl oxy, 3-pethyl pentyl carbonyl gxy, 15 hut- 3-enyl oxy,
pent-4-eny|d?é¥?ﬁ§etyﬁgggfﬁvﬁﬁﬁF%Lnylf“@%@ﬁ?%%ﬁ&ﬁaﬁyl, ﬂgg%wgﬁéF@k€%ﬂbonyl,
but yl car bonyi.metSaRiatbSRAMBAYI  alSRHyRMbYAA ARy 10RGEHOFART Pgrgyd-f:nyl—

i sopent yl carbonyl”,” cycl ohexyl carbonyl’, octyl carbonyl, " nonyl’ca ny
decyl car bonyexycarboudcy Fdahdxytméthoxisddonylk archdnpéntylmethvsygabatybx yacetoxy,

1-neth = 2- 3-met h -] - 2- met th
2 T eopr ol by Rb AT vio naup el R0 Yeoss iy By oxy
5- chl or opentiyshiltylcftbHBAbsnec Qieb%y}}l@%fwone?o@[ Op%Eﬁkbﬁtylgb@gdﬂiﬁloxy, pentyl-

6- propyl oxyhexyl oxy, 2-fluoroethyl, trifluoronethyl, trifluoroethyl,
1H, 1H pent adwEenylesyootsopentylembopyloxy, d csloatntylsedloaployy, hexylcarbonyloxy,

e or QI Al fibbayio: { BEAAHRORMLY! MGk RibkuorSIde! hlREAIRNELS MY

2- (perfl uorodecy f F'uoro-
per f | uor ohepindecylpabbiyi@rygoct yl dodeeylchibongioony! . 23 -thethflpeatyprsapgxy, 1

3, 3101 11 bor UBROIERYS BN et RN o6 bp By CoPT) doPRethoR SaMoPYne

B i R A e

preferably lsémndlcabdyh @thexylcarbonyl, octylcarbonyl, nonylcarbonyl, decylcarbonyl,
undecylcarbonyl, = dodecylcarbonyl,  methoxyacetoxy, 1-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, 2,2 2-trifluoroethyl,
1H,1H-pentadecafluorooctyl, 1H,1H,7H-dodecafluoroheptyl, 2-(perfluorooctyl)ethyl,
2-(perfluorobutyl)ethyl, 2-(perfluorohexyl)ethyl, 2-(perfluorodecyl)ethyl, perfluoro-
propyl,  perfluorobutyl,  perfluoroheptyl,  perfluorooctyl,  perfluorononyl.

25 1-fluoropropoxy,  l-fluoropentyloxy,  2-fluoropropoxy,  2,2-difluoropropoxy,
3-fluoropropoxy, 3,3-difluoropropoxy, 3,3,3-trifluoropropoxy, trifluoromethoxy, and
the like.

It is understood that the term “lower alkyl” includes straight chain and branched
30 hydrocarbon radicals having 1 to 6 carbon atoms, preferably 1 to 3 carbon atoms.

Methyl, ethyl, propyl and isopropyl groups are especially preferred.



Met hyl , ethyl, propyl and isopropyl groups are especially preferred. -5 WO
02/ 090447 PCT/ CHO2/ 00044 Dichroic dyes, of which the dichroic residues A
are deri W0 021000347 are described in the literature, e.g. PETMHROM4Ar
Crystals, Liquid Crystals 150A, (1987). In a preferred enbodi nent the

di chroi c dyes of the present invention include azo dyes, anthraqui nones,

benzoqui non eryl ene | enes, . and .merocyani nes.. Particularly 5
preferred dle@ir‘f I%XWEQP%P%%% %%Q@HPS@W%P eo‘%nivﬁ‘i 98 2 c Rt ng
azo- or ant ENOBEIn RE) . S [ n t F@Q! a
dichroic r eslihg%g}f% %g'p}nem%ugai C(%fgli’ %giugf g&@ﬁg r%g?gi @55 )e'?tgregg y é(g,

mor e pref er adshlyodimergt, the dekabir rdyes r ohgbe Abreséi  aman¥n | mabdendent dyespf
each ot her ae{nﬁglénagg&tsi%eut edui saturalt ed f%%e- or dzi X- menber e A i“ﬁ%@fi o
rings or sixX-Henbered ar ot coFrngeY NG T OHEM PETEOCY TSy @3‘1 i ne
or chlorifpe gefeiclirdiclabichiyed @it Mhai §Blent hidjentioh indh@e dc&hlkﬂshn%%-daﬁ,
whi ch is unsubstituted, nono- or poly-substituted by Tluorine 15 having
1- 12 car bon @tyaguingiededidvesone or nore of the non-adjacent CH2 groups nay
i ndependently be replaced by -0-, -COO, -0-CO, -NR2-CO, -CO NR2-,
-NR2-CO- O, -OCONR2-, -CH=CH, -C=C, -0-CO O, wherein R2 represents
hydrogen or Tiewin af dpbtituds Badtiatleed taral dichbifredidasA lek passellby (AL+aRd- 453

i ncl ude unsubstituted cycl opentane-1, 3- diyl, unsubstituted

cycl ohexane-t n#)-igpyeferably <13, mqsperaférably, <@&hi ch is unsubstituted, nono- or
pol y-subzéi tuted by fluorine or chlorine or a straight-chain or branched
al kyl residue, which is unsubstituted, nono- or poly-substituted by

fluorine havpgerbd 1@ngC DAL 3h@NR3 WBGRHIhIINET VackiferOhret B uBQuRE] acent
CH2 groups may 1~I25 i ngdepen_dent ly be 1r epleacedslgy -89, -Cé%e, 8 C%n,%ﬂ,
- CH=CH-, - C=saturatpy efiver radsixspanteredinlicylic idgsand sB2memmbtied pomatatrings,
i nvention ing| udglla si ngl rai ght -.%rhai n.or bran%he al klyl ene

e, pon or a
gr oupi ng, s omtiogglly ¢ t‘_ac} gnﬁﬁ%ﬁlrgeoog e p ZQ¥. nifro or by a straight chain o
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 CHp groups may
independently be replaced by -O-, -CO-O-, -O-CO-, -NR2-CO-, -CO-NR2-,
-NR2-CO-O-, -0-CO-NR2-, -CH=CH-, -C=C-, -O-CO-0O-, wherein R2 represents
hydrogen or lower alkyl.

20 Particularly preferred rings Al, AZ 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 CHp 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 -(CHp),-, and also -(CHj),-O-,
-(CHy)-CO-, -(CHy);~CO-O-, -(CHp);-0-CO-, -(CHy),-CO-NR2-, ~(CHp);-NR2-CO-,
30 -(CH)-NR2-, -(CHp);-O-(CH2)s-, -(CH2)-CO-O-(CHp)s-, -(CHj)-0-CO-(CHp)-,
-(CHp)-NR2-CO-(CHz)s~,  -(CH2)-NR2-CO-O-(CHp)s-,  ~(CHy)-O~(CH3)s-O-,



-(CH2)r-CO, -(CH2)r-CO- 0O, -(CH2)r-0OCO, -(CH2)r-CO NR2-,
~(CH2)r-NR2-CO-, 30 -(CH2)r-NR2-, -(CH2)r-O (CH2)s-, -(CH2)r-CO O (CH2)s-,
- (CH2) r - WO@0BH2) s-, - (CH2)r- NR2- CO- (CH2) s-, - ( CH2) r - NRPCT@HD2)EHR) s- ,
-(CH2)r-O (CH2)s-O-, -6 WD 02/ 090447 PCT/ CH02/ 00044

-(CH2)r-CO- O (CH2)s- O, -(CH2)r-O CO (CH2)s-O, -(CH2)r-NR2-CO (CH2)s- O,

-(CH2)r-NR2-CO- O (CH2) s- O, -O- r CH2)r-, -0-00 (CH2)r-,
- NR2- CO- ( CH2Y¢H)r- fC@ﬂzx(@i:()cﬂz) rﬁCszkt@C@(-@){I)s » 0 CERNREEOHCH2)s-O-,
0. (G r - e MR ORI 00 -0y o Procﬁxc}?zb(mz)@d%%@fm
NRZCORzo;(i)glrﬂzﬁRg%%C% > o (?g@;{ (852?% N?é%f‘?@ﬂ%) -0-(CH2)rCO-0-,
& (G2) R P e BT (@@WW( B CE-

( CH2) r 5 NRRy- (&P14) ONRPSCO-,- ONREHZ)H, =610 CNR »O-, -NR2-(CHj)-NR2-,
(CHZ)r-COO( oy e oo -O(gjz)rz?%g?mz)s om@ﬁ) (CHo)

( CH2) r - NRNRCQQHHRDSCO,,, - O- ( GER)NRRRZHGR @, ( CH2) S ~CO;NR2-(CHy),-NR2-,
-COO0(CH2)ro(CH2)s-, -COO(CH2)r-O0(CH2)s-O, whereinr and s are each
an integer fGOMRE- (CF200-CBe sum of -@-GO4CBE22LOwher ei n -G (FEs)et-s

hydrogen or |ower 15 alkyl, and which are attached to the dichroic residue

and the pol yfsFOsEBia-hRoup,  r eOpetFlyCOsduh t hatOHePdrdaldre- I‘é&?e not
Cnctude a sitht oG BAT0L: gnr - etk orouiiar cbD

CH2) r - CH2) r CO- O o0
Ecmg: Z:‘af&ﬂl?éﬁ%m?@mc@@s ((CH)Z;r NI—I—CO(CI—BK(QHZ) %k€0-0-Cry)-
- (CH2) r NH- COx(€ pr-O (CH2)s-0O, -(CH)r- J@;ﬂ(@%;{g@ )Q0-,

-(CH2) r NH- CO O ( )SO— - (CH2)r -, COO(CHZ)r
-0- CO (CH2) r-Q- (CIQ)Z)QNW)(C-I{}Q@-,, - 0- ( CHZ) r- &OCQCHZ)QNR@PGK)-IO-C(I}INHO
-0-(CH2)r-NHCO-, - )r-O CH)r-o, -0-(CH)r-O
-CO-0O- (CHz)r -O- ((CH2) -CO-0- (CHz)r iCHp_)S O-, wherein t and s are each an

O

-0
- 0-
- 0-
- 0-
- 0-

integer from 1 to 20, the sum of r+ s <21, wherein R? represents hydrogen or lower
15 alkyl, and which are attached to the dichroic residue and the polymerisable group,

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

Particularly preferred “spacer units” S! include a single bond, a straight-chain
alkylene grouping, such as -(CHj);~, and also -(CHp)-O-, -(CHj3);~-CO-O-,
20 -(CH)-O-CO-, ~(CH3)-CO-NH-, -(CH2);-NH-CO-, -(CHj3)~-NH-CO-(CHy)s-,
-(CH2)-NH-CO-O-(CHp)s-,  -(CH2);-O-(CH2)s-O-,  -(CHj),~-NH-CO-(CHj3)s-O-,
-(CH2)-NH-CO-O-(CHp)s-O-, -O-(CH3);~, -CO-O-(CHj);-, -CO-NH-(CHj),-,
-0-CO-(CHp);~, -O-CO-(CHp)-CO-O-, -O-(CHy)-O-CO-, -O-(CHj3)~CO-NH-,
-O-(CHy)-NH-CO-, -CO-O-(CHp);-O-, -CO-NH-(CHp);-O-, -O-(CHjy);-O-,
25 -0-(CH3)-NH-CO-(CHp)s-, -O-(CH3)~-O-(CHp)s-O-, -O-CO-(CHjy);-O-(CHy)s-O-,
-CO-0-(CHy)~0-(CHp)s-O-, -0-(CH3)-NH-CO-(CH3)s-O-,
-0-CO-(CHj)-NH-CO-(CHy);s-O-, wherein r and s are each an integer from 1 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.



25 -0-(CH2)r-NH CO (CH2)s-, -0-(CH2)r-O (CH2)s- O,
-0-CO(CH2)r-0(CH2)s-O, -COO(CH2)r-O0(CH2)s-0O,
- 0- (CH2) rWwBHRED4YTH2) s- O, -0-CO (CH2) r- NH CO (CH2) s- O, painarteRi0044and s
are each an integer froml to 16, the sumof r + s< 18 and which are
attached to the dichroic residue and the polynerisable group,
respectively, such that heteroatons are not directly linked to 30 each
other. -7 WD 02/090447 PCT/ CHO2/ 00044 Mbst preferred "spacer units" of Sl
i nclude a single bond, a straight-chain alkylene groupi ng represented by
-(CH2)r-, and also -(CH)r-0, -(CH2)r-CO O, -(GH2)r-0CO-,
- (CH2) r - O ( M2yt pré¥erred (“Spdgr ulils GOSO- (b s sﬁhgle ®Bﬂd id stﬂilglﬂfélﬂ@ﬂ alkfee
carbon atom of the dichroic re5|due aIso-O(CH 2) r

- 0- CO- ( CH2) rgrounipg ceepresanicd- cey o-(CHDr( capd ¢ a@Dco(Cﬁzb@@ (@;hf@ O-,

i (C)JO( 84(2)0—&) r ((@O)Cl%!g)t‘? O(%ﬁgﬁl IﬁI%F aha(cg%rr( é@h%ﬁ%ég@?dﬁ%%cﬁeq o 12,

the 10 sumab b tarboR: didm aftd i dibhraice rafidRChed to- )di csnigdigsl-due
and the polymerisable group, respectively, such tha e eroat ons are’ not

directly |inkedOt@Hsach -0-GO(CHDB- E@a@pl esOQCHp),e@@CDed “EpaEarHYp-s" Sl
include 1, 2-eth 1, 3- prop&fne 4- butyl ene, 8enty| ene,

1, 6- hexyl ene© gﬂ’sh@pvt yl ene; 01 Zbc@gfpgﬁ non;@ Hy),- OI(@:[Z)e@rJ ene,

L 11 ey ene 6 GRL55H s Tl YR PR
4- but yl eneOXYEATROPYL 31@@9&'%&%@0%@%& 02t emc?f&&ee%&ue 204 the

5- pent yl eneoxycar bonyl ,” 4-’but yl enecar bonyl oxy, exy eneox

6- hexyleneonyﬁwnamhbhwhpmﬁ1@@ﬂt§bdyﬁmﬂhhbﬂwhampmnﬂmhﬁphmkemeakyhnkaito
7- heptyleneoxggarbonyl 6- hexyl enecar bonyl oxy, 8-octyl eneoxy,

8- oct yl eneoxS# hyl 7- heptyl enecar bonyl - oxy, 9-nonyl eneoxy,

9- nonyl eneoxycar bonyl, 8-octyl enecarbonyl oxy, 10-decyl ene- oxy, 1
O-decyleneoxycarbonyl, 9- nonyl enecar bonyl oxy, 11-undecyl eneoxy,

15 Examples of preferred “spacer units” S! include 1,2-ethylene, 1,3-propylene,
1,4-butylene, 1,5-pentylene, 1,6-hexylene, 1,7-heptylene, 1,8-octylene, 1,9-nonylene,
1,10-decylene, 1,11-undecylene, 1,12-dodecylene, 3-methyl-1,4-butylene,
3-propyleneoxy, 3-propyleneoxycarbonyl, 2-ethylenecarbonyloxy, 4-butyleneoxy,
4-butyleneoxycarbonyl, 3-propylenecarbonyloxy, 5-pentyleneoxy,

20  5-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-
OXYy, 10-decyleneoxycarbonyl,  9-nonylenecarbonyloxy, 11-undecyleneoxy,

25 1l-undecyleneoxycarbonyl, 10-decylenecarbonyloxy, 12-dodecyleneoxy,
12-dodecyleneoxycarbonyl, 11-undecylenecarbonyloxy, 3-propyleneiminocarbonyl,
4-butyleneiminocarbonyl,  5-pentyleneiminocarbonyl,  6-hexyleneiminocarbonyl,
7-heptyleneiminocarbonyl,  8-octyleneiminocarbonyl,  9-nonyleneiminocarbonyl,
10-decyleneiminocarbonyl,  11-undecyleneiminocarbonyl, = 12-dodecyleneimino-

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

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

-8-



25 11 -undecyl eneoxycar bonyl, 10-decyl enecar bonyl oxy, 12-dodecyl eneoxy,

12- dodecyl eneoxycar bonyl, 11-undecyl enecar bonyl oxy,

3- pr opyl eweioaiosnagar bonyl ,  4- butyl enei m nocar bonyl PCT/CH02/00044

5- pent yl enei m nocar bonyl, 6-hexyl enei m nocar bonyl ,

7- hept yl enei m nocar bonyl , 8-octyl enei m nocarbonyl, 9-nonyl enei m nocar bonyl
10- decyl enei mi nocar bonyl, 11-undecyl enei mi nocarbonyl, 12-dodecyl enei m no 30
car bonyl, 2-lgtigyl| enéd;amﬂmyiﬂﬁemrhmyl'maipv,opyIGe@emapjdemr;imiindcampnyloxy)hexyl,
4-but yl enec nyl-.imn 5: penty enec rbon .

6- hexyl enec Zé'ggqﬂ'e}/’wlﬁpﬁo&yshfx%pt y%é#]é’ﬁ(ﬁ’r %L?’&}l 6~(3-propyleneimino-

8- oct yl enecaga ldxgmwylogy,noam 9@9&&9@{%&%&%}1&9@4 de&)@s %ﬂﬁﬁz?eh@ﬁ&ﬁ}ib

WO 02/ 090447 PCT. /00044 imino, 11 -undecyl énecarbony
6- ( 3- pr opy| esdiomyhbeaiony| bkyisapdioxy,s- @@mppﬂynmmy) héabytylenedloxy,

6- (3-propyle X Y, 1 8- | enej ca .bony

6- (3-pr op%l efr;g?)é%}{%gaglggﬁ ﬁh(&?’l%eéﬁ{ p‘raldpy f lﬂyéry c§§§8ﬁ’$ﬁr§éﬂ é’l oxYy,
1, 2- et hyl eneﬂ@-&ﬁyyleriedio)@[ O[D,\lb&]&@jdb@éﬁhloxyl 4; 1tpuinylé@ﬂ@rédmy, B12-dodecylene-

1, 5- pentylenedloxy, hexyl enedi oxy, 1, 7-heptyl enedi oxy,

1, 8- oct yl enelpkgnid t ghbe nonyl enedi oxy, 1, 10-decyl enedi oxy,
1, 11- undecyl enedi oxy, 1, 12-dodecyl ene- di oxy and the like. Preferred Z1 and
Z2 groups include a single covalent bond or a straight-chain or 10

branched al ktefened rals athi@? mbiysshinciidens singlel ¢avakdt bond @r sultedighitwhed eF
pol y-substi tut ed gy fluoro, having 1 to 8 carbon atons, wherein one or nore

of the hon-tiagche ntaHQdEnegrWﬁglenawm%eﬂﬁene‘éwbﬁ‘}mﬁé rémr@c@bstﬁytedo or - O,
R -0 ,
DO Ol s W g1 R G, CoERANR: S

| ower al kyl .nobEadRaeni ahlzagﬂoypqmmyemdepbnﬁénﬂ;nﬁe A2plgeacdupy -OActTOe -€G0agl e
coval ent bond or a straight-chain or branched al kyl ene residue, having 1

to 6 carbon &-6fs, -WRErEPn cﬁ@-NRﬁ* n‘bﬂ%z cP- @he (h@(@ Mzaeceﬁﬂ—&ﬁ gCslps may
I_ ?)d g%e?)d ent :\&kﬁg {)@Rgla @ecél% \gﬁgpelvﬁnel@n R2 represents hyd?o:cl,rzegg-r lowecr:zlliyl

Particularly preferred Z! and Z? 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 CHy groups may independently be replaced by -O-,
-CO-0-, -0-CO-, -CH=CH-, -C=C-, -O-CO-0O-, -N=N-, -CR2=C-CO-, wherein R2

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-,
CHp=CW-COO-, CHp=CH-CO-NH-, = CH=C(Ph)-CO-NH-, = CH=CH-O-,
CH,=CH-O0C-, Ph-CH=CH-, CH=CH-Ph-, CHp=CH-Ph-O-,

30 R3-Ph-CH=CH-COO-, R3—OOC-CH=CH-Ph—O-, N-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 represents hydrogen or |ower alkyl. Mst preferred Z1 and Z2 groups

i nclude a single covalent bond or a straight-chain or branched al kyl ene
resi due, weweng4d7to 4 carbon atons, wherein one or two ofPCTHE02/00044

non- adj acent CH2 groups may i ndependently be replaced by -0-, -CO O,
-OCO, 25 -N=N-. Polynerisable groups P are preferably selected fromthe
formul ae CH2=CW, CH2=CWCOO, CH2=CH CO- NH, CH2=C(Ph)-CO NH, CH2=CH O,
CH2=CH OCC-, Ph-CH=CH, CH2=CH Ph-, CH2=CH- Ph-O, 30 R3-Ph- CH=CH COO,

R3- OOC- CH= A i BidW ; r 8- M)_S I&Ho- L O Qh.
met hyl , RBC:—bs l%u\(}\)iér%y %@Jf&og%%\g}\ﬁ mac%xgggﬁ - ig %er‘@l andcﬁ-{&l@{iqg
1, 4- phenyl enghereid W Q20£364 6rmefBl1.CHO2/ 00044 Particularly preferred

groups P include CH2=CW, CH2=CWCOO, CH2=CH O wherein Wis hydrogen or
met hyl. 5 The nunber of rings in substructure Il expressed by mM + n2 + nB

is preferably < er I Ul ryst.aj L which -gre present
in the i n@en }llev%un%‘lbe%f) Egé%@rsggggw@ﬁré E%%R% S eg% he El?ﬁl]@g)g lf)grreg%?ﬁﬁg.s - from
EP 0331233 , WO 95/24454, US 5,567,349, US 5,650,534, WO 00/04110, WO
00/ 07975, WD 00/48985, 10 WD 00/55110 and WD 00/ 63154. For adjustnent of

nesonor phi ¢ Plppersablesligind crystabp tldsl)i whichfare piesend i ithe inventiveninigtanes gteof  t wo

or more LCP FaP Sﬁomatﬁe 981&d éryonb ee.éj.s%m AEP'O%??i%O.n,e \?9{) §5I?f44|5£ip .

conponents nay optionally conprise hore Than one polyrWeri’sabl'e “group’ i n

t he cheni cal UStr36G1340¢ iUS 6564@)534,0 aC0i08E 116 0SBOI 00KI79g5, ASVarocadogsnat i ve
[ove C ounds

corpri si b 15 B 5cheab YR GG oFe sdiBsmegh of ansseaOm o FEMeRE: 1 may
der i vati ves TOPESTob (G Shir sl ik plr of il b BRrS Iy Sompbnthy BRETDL 1)
may al so begqpemigbe used. tAidedshorendfithe LEP xbmpenents may optionally comprise more
than one polymerisable group in the chemical structure in order to achieve
crosslinking. As an alternative or to improve crosslinking abilities the addition of
15 isotropic compounds comprising two or more polymerisable 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, selectively 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
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20 The nunber of dyes of fornmula | present in the mxture may depend nainly
on the spectral working range of the polariser and on the solubility of

t he dyes.wQokoored polarisers, which are absorbing in a ®€ramom®eodgpectr al
range may preferably be achieved by the presence of one or two, black

pol ari sers, selectively absorbing in the whole visible range by the
presence of three or nmore dyes  in the mxture. 25 Preferred m xtures of the
i nvent i on cdipséepieht Piplesteshire Buxtyres| conprisiggengite fousidickugie dyszebfadmptp o t he
general formylia,l t . . \ ' ] i qui st al . erein
at | east ong“%?“ﬂﬁ%ﬁﬁ?@d%?ﬁ@%@“ﬁ%fg hé%ﬁ%%gq%%ﬁ§ﬁ%%i%%Bﬁéxbﬁﬁﬁ%Bgﬁ%ﬁg
optional | y agtoipsi andptisndly alditbeosighiankarsslinketsabiabilis&s andphibtoinitiators.
photoinitiators. 30 -10 WD 02/ 090447 PCT/ CH02/ 00044 Particularly preferred

are mxtures conprising one to four dichroic dyes of fornula | and at
| east twos pPOFNTRE SRRt df A CApes LR FSmARAP HeNGvERARE i rpﬁiayﬂ%gexgﬁb' e
groups and optionally additives such as crosslinkers, stabilisers an

phot oi ni ti atar diffenTfetarpswh asentubiity af theti oGP bost, thflesnasforf the mesambrphic t he

i nventive m xtur y depend on.differe factors. such. as solubility in
he* LCP hostBopfr ek ST Stinsrtion s b spition dB e (g optap et on o
clearing poidyed imdihedd PRIBY D By BddcehtyatloBX hhdichd fMhebngder ol &S soaal ved.
Preferred dye concentrations may be in the range of 0.1 to 50%w, nore
preferably fmem prefraly Soome.S tvré@%wm@mérmbfeyab?y am0).5 tq 20%@0mt . 10

Di chroiclgyes fromthe class of azo dyes suitable for the inventive

m xtures hay preferably be selected fromthe groups according to general

fornul ae |1 1DichMic dRés Abdr teN14s 20fBikzol dyes Isuithde Aol ti-Mveitdvd\miktAfed -ayl | V
R4- Arl - NEN- Ar 2- N=N- Ar 3- N=N- Ai 4-B1 V  wherein
preferably be selected from the groups according to general formulae III - V:

R4-Arl-N=N-Ar2-B! il
15 R4-Arl-N=N-Ar2-N=N-Ar3-B! I\
R4-Arl-N=N-Ar2-N=N-Ar3-N=N-Ar4-Bl \%

wherein

20 R4 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- 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-NR2-, -NR2-CO-O-,
-0-CO-NR2-, -CH=CH-, -C=C-, -O-CO-0-, wherein R2 and R3

independently represent hydrogen or lower alkyl,

30 Arl, Ar2, Ar3, Ar* independently of each other are 1,4-phenylene, 1,4- or 1,5-
naphthylene optionally substituted by fluorine, chlorine, hydroxy,
-NRZR3 or by a straight chain or branched alkyl residue, which is

-11 -



20 R4 represents hydrogen, fluoro, chloro, brompo, cyano, nitro, -NR2R3, a
three- to seven-nenbered cyclic am no group, -CR2=CR3-NO2, -CR2=CR3-CN,

- CR2=C( CNV/D,02/090487 st rai ght chain or branched al kyl resi dRE€T/CH2Ob4HS
unsubstituted, nono- or poly-substituted by fluorine having 1-18 carbon
atons, wherein one or nore of the 25 non adj acent CH2 groups may
|ndependently be replaced by -0-, COO, -0-CO, -NR2-CO, -CO NR2-,
“NR2-CO O, -0- CO NR2-, ngybstifutéd, mere- Or-mlml@iﬂfut%by darimg hayidg R312

i ndependent |y repr esent UHRIRBRY v&lh%}‘@ﬁ et of o thy ﬁ&gadﬂf‘h She

i ndependent|y of each other are en Iene

optionally substituted b)gr&llpzk%hilmdepéﬁdéﬁﬂ‘lj\(be rbmaéesaxy -0+, N@Zﬁ@ 0I0- b:o a
straight chain or branched al kyl resi due which is -11 WD 02/ 090447

PCT/ CH02/ 00044 unsubst i t-DREdCOnDie-NK -,poNﬁtzzﬁibQ-J +Qt@ad-NB2-f | uGHFAE-havi ng

1-12 carpon atons, wherein ne re.of .t no asd cent 2 groups may
i ndependent |y be repl acedcﬁgo tp%og}@herel q%oa 'K e?i’}def%_i P

-NR2-CO- O, -0-CO NR2-, -firfdeh or Pweratkyl; anf- CO- O, vvhereln R2 and R3’
|ndependently repr esent hydroogen or Iower al kyl ; and wherein Arl is also a
group of formula a) to c)wher&HlAr! is eﬂlsd\hgx(o@jﬂbffc(rﬁilﬁlla):{ata):) b) ¢c) wherein pis
an integer of 1 to 3 and R4 of fornulae |11 to V is 10 attached to the

nitrogen atom and Bl has the neaning given (cH )pt'
2
CHz)p\ ; CH

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 III to V are new and represent a further aspect of the present

15 invention.

Preferred dyes of formula IIT 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 R2 and R3 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, -NR2R3 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 CHj

-12-



The dyes of fornmula Ill to V are new and represent a further aspect of the
present 15 invention. Preferred dyes of formula Ill to V include those
wher ei n R¥Oroepppmsent s hydrogen, chloro, cyano, nitro, - NRZREH2AMMperi dyl -
1-pyrrolidyl or a straight chain or branched alkyl residue, which is
unsubstituted, having 1-12 carbon atons, wherein one or two 20 of the
non-adj acent CH2 groups na |ndependently be replaced by -0-, -CO O,
-0-CO-, CH:gzpups Wae menerrénéme ReplageddpeerE PO+ ePreQenCHTEH-oybereor

| ower al kyl erred for | ude al so those where
Ar(err) to A§(@} Fﬁ% %g%ﬁihV?me§%§@Pg@%8ﬁf3%%3¢:gre 1, 4- phenyl ene or

1, 4- naphthy|ﬁﬂﬁwﬂﬁ&hQGa%h¥n§Mﬂﬁhk5%&%@cﬁ%b&ﬁh@&ﬂﬁ%ﬂ hydroxy, -NRZR3 or by
a straight chain or branched al’kyl “resSidue, which is unsubstituted, having
1- 12 carbon atons, wherein one or two of the non-adjacent CH2 -12 WD

O 00T POl 0084 o SR TR SRS R B O AC

hydrogen or AB@Wf Rikila;, BN e 6hd 1A-hapfglbdd andl hnd befardl 20d9és bor mul a
a) toc). eferred azo dyes of formula IT] may conprlse no

1, 4- napht yl ef@@nulm\fgotlp@@ftbmﬂw ladwaphiylsse viits ormul a |V at nost one

1, 4-naphtylene unit, and preferred azo dyes of fornula V not nore than two
1, 4- naphtyl ene uni ts. Dichroic dyes fromthe class of anthraqui nones

sui t abl e f orDicheietydstFas tiaf clise o f piith@tinondssuitalle mibr tﬁé\nﬁwrd@roeﬁ%rpabsleﬁt be

sel ected fromthe groups accordlng to forpulae VI-X O NH2 NH2 NH2 O NH2
0 NH2 NH2O O ipveptiopimaypreferably Reselpgted Epmythe moppoHaqpplingte feﬂmﬂze VEX:X

O NH, O NH, NHZ? NH,
O NH, NH, O o)
Vi Vil Vil
O NH, NH, O  NH,
NH, O  NH, NH, O  NH,
IX X

wherein one to four hydrogen atoms are substituted by the groups of Bl to B4 either
at carbon or nitrogen atoms, and wherein B! to B# 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

invention.

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

-13-



wherein one to four hydrogen atons are substituted by the groups of Bl to
B4 either at carbon or nitrogen atons, and wherein Bl to B4 have the

meani ng gwoen/ogldeve, 15 with the provision that at nost @®c@/@fo2Blo40 B4 is
attached to the same nitrogen atom Such ant hraqui none dyes are new and
represent a further aspect of the present invention. 20 Preferred
ant hr aqui none dyes nmay conprise one or two of the groups Bl to B4. Further
preferred ant hraqui none dyes nay be represented by the fornmulae VI, VII or
X. -13 WO 02 . / The,di 0] Z0 of formyla JIl to
V and the dit%%@grzécﬁ%ra%g%g%%ﬁ y%lsgbgglélg %%%ﬁ@%cﬂq%réawpo?eogy%ed

readi |y be pepaneade WitoX ey faady veplepkied wsing ondthelspaslsladwnsithd fdsdm t he
art, such as tpagse docunent ed i n Houben-\Weyl , Mt hoden _der 5 O gani schen
Chenie, Thi elfdiegett ég? agh, T1chaft thasei dooumeaied iy Rewpen-dYeyladderhadsui der
Crystal s ¥ol g, T ] i 8ah L qui t ' ' s
accor di ngyt oOit eggﬁ%égﬁ%nlf’n@gﬁ@ieovﬁ% ’y§Lu ﬁ[ h%air:w tj)‘gOl?%%l%ngleS}rﬁzt%gmﬁ é,%?}%le
crystalline @obsiseYolf 150w, IOBTP filns). Thus, in a further 10 aspect the

i nvention provides dichroic filnms fornmed fromm xtures according to the
present invention. Such LCP films may readily be prepared by WV or thernal
pol ymeri sat i e Mdyrh&ﬁsaﬁléﬁq%ﬁ&&y@ﬁallfrﬂ%_@ni&ﬁﬁ@s%ﬁcotdm§fbtﬂ19 greséntfih*!/ BRIy S! NY
a mxture according to the présent invention is forned on a substrate, for
exanpl e, by rthertbe formedhintohquid soystallinerpadymer flimet (LCL, filwts).CFhussinsufostbeuent | y

appl i ed a rt by.15 different .coati t echni que such as

abF ncoat | g RS e ey pi ek PRt A W BRI RreS Arcbudife tontiong,

fl exopri nti ngesedt avwsheph.i BidNPCPATLRS meMapaiddy | B pafpatddeby SOV VEN thehgl
obtained filmis polynerised using UV light to give a cross-|inked

di chroi c | i qiplynespgempt the mixgireselkthe praseyt ioventios. Arfilrnecmprising a mixtuesqui r ed
such filns hgr r u as., £.4d.
protective I%?%rrd IsnLéF %’r ﬁ‘lﬁr}grtg Seec? %\%ﬂggﬁ 2‘1%5% %le%sglh,ﬁraﬁé_tfég r@g@’p%ltei g?ﬂ fglst
mechani cal sirepsmg Suclhutibn lofsa mAytubee wiseld id Buisb@uently applied to a support by

15 different coating techniques, such as spincoating, miniscuscoating, wirecoating,
slotcoating, offsetprinting, flexoprinting, 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 um 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-orientable 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
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manuf act ure of devices such as polarisers or optical filters. Exanples of
substrates used in the preparation of dichroic LCP filnms may incl ude

t ranspar ewo 020984T at es, such as glass or plastic includi ngCarCHII0ewdat i on
| ayer, which is 25 able to induce a uniformorientation to the m xture.
Such orientation |layers may include rubbed polyimde, or polyam de or
preferably |l ayers of photo-orientable materials. A well-suited kind of
phot o- or i entdadlireicdsCR letystsi may beaperdsiced. Fulthaeaort ynulPlgenpsteyeibimeabiom

Pol LPP ] d t Phot oor i ent ed |
et vor ke ( PRIess BE e PR E Rt FERUMEE: athehgn o Ko e G Gt G s e s 30
are di scl osefictirbic £OP [S%2ER Rasible. SucdBRY&%r stdekd oﬁﬁﬁeﬁ%%h&ﬁo%’&ﬁl’

US 6,160,597, US 6, 144,428, all of the applicant. Using LPP |ayers,
segnents ( pioeapy bygtherarell knowrafupriienabaverst suchos, erayprotecting tayers aphinst not

or i ent at 1 on PERLy PR b B Rl ol RuRt B R 00044 a chr o o

LCP | ayers nay be produced. Furthernore nultilayer systens forned from
stacks of alternating LPP and LCP | ayers, wherein at |east one of the LCP
layers is a Refenhy #ihas besn shoyas egr i VEARY/B224, Gt phpigyasicnting mataxiakssliles
layers may adsidt | o1v2-1a i gﬂ? ers,
such as, e.g. psrigfta %Hoﬁbgbﬂ%éey@rs aggﬂlﬂétc%ﬁgéfg@n&o#@ﬁ%ﬁ{él:é?g}}éor g(f/&e?%/ for
protecti on abainmsturellte evorgdngdd paeli @t ilmminRenewithypdliriseddigheein tivoway, e. g.
in WO 99/64924, tha hot o- orjentin terials like LPPs may al so be able
to ori enﬁ I i‘ﬁlﬁn@_tleP;@{%éﬁ %n% g@é Eﬁy§§ r%@g?‘,‘“ .{’? ?Qrﬁ’éf} SﬁPaéat{ig’_m%J@E% a_fld”‘na]ﬁ)ﬁéus .
mxture to beeOritRsH 66a RiéRbictIOCE | HiNiAAE 28 NinWirdtive RRIxRIE S Gflich iﬂhédditkéﬁ this
way, 10 orientation layers and LCP layerS need not be fornmed separately.
Thus, an analoptjenss Phpteprieniehlomagdia way hlsobe pb@ibléi | m usi ng an i nventive

m xture, which in addition contains a photo-orientable material, nay al so
be possible. The dichroic mxtures and filns of the present invention nmay

be used to prigpaicEroicl hitlREtdnd- ARty 6Rtheapids@RtihvdliofQiAF 88 UsF k! Prdpre
security devices. A further aspect of the invention therefore provides an
el ect r o- bt idegtrogyptisph andapticelrgsyiren inchyding sesurity dgvices. A further aspect of 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.

20
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 in the art.

25
EXAMPLE 1
Preparation of 4-(6-Acryloyloxyhexyloxy)phenyl-1,4-diaminoanthraquinone-2-
carboxylate:

30
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device conmprising a dichroic liquid crystalline polynmer filmforned froma
m xture of the invention. Exanples of optical or electro-optical
conponentworeagIint| ude structured or unstructured opti calPCTidH0208044

pol ari sers or elements of security devices. 20 The following non-limting
exanpl es further describe the present invention. Variations on these
falling wwthin the scope of the invention will be apparent to a person
skilled in the art. 25 EXAMPLE 1 Preparation of 4-(6-Acryl oyl oxyhexyl oxy
phenyl -1 4-diam, NnQg; agui e-2- ,ear bpxy , -1 A

02/ 090447 P@?%gﬁggﬁﬁﬂc@g@ n% xire ‘gﬁéﬁg’%ﬂgf?e’%@(’&%ﬂ Famfd-4

4- (6- acryl oylitrmartleceyhioryd-Pleerppkylate, 16mhof dimethylformamide, and 2 ml of water

ni t r oant hr aqui none-,2-car boxyl ate, 1 of .di |.f ormam de, .and 2 .m of
water was 3@%%6‘9‘%1‘1 ot é‘%‘f}@t‘%ﬂl’iﬁ §4g§ £o8t érog?ﬁ]ihég?ﬂ‘iq F‘rﬂﬂﬁéﬂi feT e 0. 281
g of zincs5 RAVKRET Thel RAIERSHI Gk ANoWES t@Ipt B 16,01 PhogRRA chRinudas Bihder
continuous stirring. Then the reaction m xture was extracted wth

met hyl enechl Brandbe redetion mjakire woh asleastediith nesthyleracbiyridadthemsgraic phashs

wat er, dried over .sodium.sul phate,,filtered . and cagncentrated to dryness.
Chr omat ogr apH§Fe o EREd 8 gﬁ%egnwgpl‘f'%tﬁr’ 05 S0 f%lsﬁtpg‘?fﬁt é'ﬁ‘ieFF%t %‘i“ﬁene
and subsequegthcartyssddalh i 8heRn Cliromaichyphyacetat efdsiyanen (sdlicd) usfiggaye 0. 12
g of blue crystals; Amax. (CH2A 2): 624 nm (s = 10" 100), 590 nm (c =

10’ 133). Thethylagetate i toducaeiaad sybseapens sarstadlisation dopr ethceceldite/hexane (1:2)

(6 nor 37 ORI HEH B TREATS oot (G PAP P S GR350 mm (o =

car boxyl at e:10°133).

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

15 Preparation of 4-(6-Acryloyloxvhexvloxy)phenyl-1-amino-4-nitroanthraguinone-2-

carboxylate:

To a mixture of 043 g of 4-(6-hydroxyhexyloxy)phenyl-1-amino-éll-
nitroanthraquinone-2-carboxylate, 20 ml of methylenechloride, 0.015 g of N,N-
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 (CHaCly): 482 nm (g = 7,647).

Preparation of  4-(6-Hvydroxyhexyloxy)phenyl-1-amino-4-nitroanthraguinone-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
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To a m xture of 0.43 g of 4-(6-hydroxyhexyl oxy) phenyl -1 -am no- 4-
ni t r oant hr agqui none- 2- car boxyl ate, 20 m of nethyl enechloride, 0.015 g of
N, N- 20 owowsiigd4ari nopyri dine, and 0.117 m of acrylic acipdTware/oadded
dropwi se 0.246 g of dicycl ohexylcarbodiimde in 10 m of nethyl enechl oride.
The m xture was stirred for 15 h at roomtenperature, then filtered and
the solution concentrated to dryness. = Chronmat ograph%/ of the residue on

O

silica, usirfftactsdothsthetcandqthe organicophase &ag Mashed, ik sedipmdicashoratopd

et hyl acet at 21 . of \Y .S (CH2C12) :
482 nm (c :%jﬂgﬁ%@ d&rgcé é&gﬁlg?cycg%rgoi%}ﬁte. Su'i)gcglugﬁt filkiSn aag%ncen%rgtl&n ?o

4- ( 6- Hydr ox ydrgngsk gaye @AR n\if atedasulido- 4- ni t r oant hr aqui none- 2- car boxyl ate: 30
A mxture of 0.9 g of

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

ni troant hs aguef@RGsr? Cardioxy! ale. (oA uhy@bpyEhNRAGhe RNk Ahetl1 bl 4.
hydrochloric acid was stirred for 15 h at roomtenperature. Tne reaction
m xt ure was panthraq@nuR-A2aMhoRWAE: PCT/ CH02/ 00044 extracted with ether and
t he organi ¢ phase was washed wi th sodi um bi carbonate and water and dried
over sodi um sul phate. Subsequent filtration and concentration to dryness
gave 0.43 g Td & fegufoldfd. ®8Pgepar dlanffoAinitroanthraquinone-2-carboxylic acid

4- (6-(2- Tetrahydropyr anyl ) oxyhexyl oxy) phenyl - 1- am no- 4-

ni t r oant hr adgPmeseciall ar pyrilekle: " TBoRm ni Bayed, of W@ g & of  4-(6-(2-

o By 807" CEARPEALAGARIESSSORRRN b8 ACHEmchSRITRIGHALLY Y3 BLS
30 ml of metMN-éneshylenimdeyadide0. ¥dd adedd Ndbsiiset hyl argegopyriudi pe vwas

added dr opwi qu,e @él 15C 0.74 g of _dicycl ohexyl carbaodiimde in 15 of
met hy| enechl BFyRhexylarbodiamideoin 1 wd @f ansiydenachloridet The egctiosy mguse wes r oom

tenper at ure. ¢, gy 9&&9&1@35@% %nlt @%}A&&@&%@P@%@a&&% EAftiof and'$RESF0Y R 09 9

of the product as a
dryness gave 0.9 g of the product as a red solid.

15

Preparation of 4-(6-(2-Tetrahydropyranyl)oxvhexyloxy)phenol:

A mixture of 10 g of 2-(6-chlorohexyloxy)tetrahydropyrane, 25 g of hydroquinone, 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-Chlorohexvloxvy)tetrahydropyrane:

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-



Preparati on of 4-(6-(2-Tetrahydrop ry anyl)oxyhexyl oxy)phenol: A m xture of
10 g of 2-(6-chl orohexyl oxy)tetrahydropyrane, 25 g of hydroqui none, 31 ¢
of pot asswome@si@enat e, 0.752 g of potassium odi de and 250 PEIT/GH02/00044

di met hyl sul foxide 20 was allowed to react for 4 days at 80C. Subsequently,
the reaction mxture was cooled to roomtenperature and after addition of
water extracted with ether. The organic phase was then dried over sodium

sul phat e, f itptdsynegs. &Awomatesphy af ¢ revduciery piliss vsitg hexrmesthenphy) gavesdll i ca
with 10% et te dn.t ve 11 g of product as a yellow sh oil.
25 Preparati %ﬁggb%@?gkgﬁf%%%§%§Vﬁgxy)tetrahydropyrane: To a m xture of 15
g of 6-chl orohexanol, 100 m of nethylenechloride and 0.2 g of p-

t ol uenesul phoni ¢ _aci.d were added dropwi se 12 g of di hydropyrane_ in 40 m of
30 met hyl enekli Eiotane TReDPaE, Ve Thteseed WaBzst SRl Method Shdeeripesom

t enper at ug e @ugd..t hen distributed between ether and saturated sodi um

bi carbonate solution. The ether phase was washed with water, dried over
sodi um sul phate, filtered and concentrated -17 WD 02/090447 PCT/ CHO2/ 00044
to dryness. | o ) resi due. on s'qua[X i ng_hexane/ et her
(3:1) gave ArC(-Aerieylohexylaxyighenyloxyearhonydinhenylyl 4-diamimoantzaguinone-
conpounds wey g, ByRfifiesi sed using a simlar nmethod as described 5 above:

4- (4- (6- AcryT oyl oXxyhexyl oxy) phenyl oxycar bonyl ) phenyl -1, 4- di am noant hr aqui no
ne- 2-carboxylate : NH2 O- & N®QPO0 NH2 10 2max. (CH(err)dC (err)): 625 nm

((err) = 12'995), 599 n g@o j?\/
>—< >—0\/\/\/\O #

10 Amax. (CH2Clp): 625 nm (e = 12°995), 599 nm (g = 12°900).

6-(4-(4-(6-Acrylovloxyhexyloxy)phenyloxycarbonyl)phenvloxy)hexyl-1.4-

diaminoanthraquinone-2-carboxyvlate :

O NH, QO
0/\/\/\/0@_?/_@,0 \/\/\/\O)ol\/
O NH,

15
Amax. (CH2Cl2): 624 nm (g = 11°306), 590 nm (g = 11°404).
6-Acrvloyloxvhexvloxy -1.4-diaminoanthraguinone -2-carboxylate:
0 NH, O
O/\/\/\/O\[(\
0
20 O NH,

Amax. (CH2Clo): 624 nm (g = 11°921), 591 nm (¢ = 11°789).
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6- (4- (4- (6-Acryl oyl oxyhexyl oxy) phenyl oxycar bonyl ) phenyl oxy) hexyl - 1, 4-

di am noant hr aqui none- 2-carboxylate : NH2 _ 0 OO0lIl 15 0 NH2 Anax.

(CH( err) GVOe2i0dM47 624 nm (6 = 11' 306), 590 nm (c = 11' 404)PCT/CH02/00044

6- Acryl oyl oxyhexyl oxy -1, 4-di am noant hr aqui none -2-carboxylate: NH2 0 ~~~

~1 ~0O/UO0OI1l O 20 0 NH2 2max. (CH2A 2): 624 nm (E = 11'921), 591 nm (8

= 11'789). - /090447 PCT/ CHO2/ 00044 EXAMPLE 2 Preparation of

(4- heptyl phe@éﬁﬁ%eryl am do- 1- am noant hr aqui none- 2- car boxylate: 0 NHz O

O HNO 5 To a stirred solution of 0.91 g of

(4- hept yl phepgparatiorfoft aidhRARA N 2AHERRARI P - A OMDrhGliBodd? - BRBORY1ARN

anal ogous to exanple 1) 1n 80 m of nethylenechloride cooled to 0C was

added dropwi se (over a period of §0chp) i of 0.36 g of

acryloylchloride in 20 m of ng s ide . After stirring for 1 h at

0 Cand 30 min at roomtenpe P was added and stirring was

continued for further 10 60 m n. -‘ reaction m xture was then concentrated

to half its volume and passed throu ~a silica gel colum using

met hyl enechl oride as the eluent. The*afforded violet solid was further

recrystallised from ethanol /et hyl enechloride 9/1 (v/v) to give 0.88 g

(4- heptyl phenyl)- 4-acryl am do-I| - am noant hr aqui none- 2- car boxyl ate as vi ol et
5 To a stirred solution of 0.91 g of (4-heptylphenyl)-1,4-diaminoanthraquinone-2-

carboxylate (preparation analogous to example 1) in 80 ml of méthylenechloride ,
cooled to 0°C was added dropwise (over a period of 30 min) 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/methylenechloride 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-Acrylovloxvhexyloxy)benzyllaminoanthraquinone;
o)
O HN” \Ej A
o HNQ OJW
l
20

A mixture consisting of 4.8 g of 4-(6-acryloyloxyhexyloxy)benzylbromide , 0.48 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 at room 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.
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crystals; k max. (CB 483): 572 nm 15 EXAMPLE 3 Preparation of 1

, 4-di - N-[ 4- (6- Acryl oyl oxyhexyl oxy) benzyl ] am noant hraquinone: O HN~\ | | O
i O HN I WO 02090441 xture consisting of 4.8 g of PCT/CHO02/00044

4- (6-acryl oyl oxyhexyl oxy) benzyl brom de , 0.48 g of

1, 4- di am noant hr aqui none and 1.38 g of potassium carbonate in 20 m of DWW
was stirred_under nitrogen. at npsphere for roomtenperature. The

6 h
reaction m Xtiewategaphy o8 silifgamgerte dicthylether Wha%emyhepdawadeeg@fvp&& saf \ém th
ac ! :
uth st ur ari vl B o RS R S o St o Rl inng WU & (TR

concent r at ederl,Qaldr ¥NESECH 28Y) 4! ue residue. -19 WO 02/090447

PCT/ CH02/ 00044 Chr onat ogr aphy on silica using 5% diethyl ether with

met hyl enechl ori de gave 0.9 g of pure

1,4-di-N-[4-(6-acryl oyl ox}/hexyl oxy) benzyl ] am noant hr agui none as bl ue

cryst al s; S ke stréips agtgrial wae Bynigsissd aeeording fa the doltasying Peacedis: synt hesi sed
according to the foll owi ng procedure:

4- (6- Acryl oyl oxyhexyl oxy) benzyl brom de: To an ice-bath cool ed sol ution of
5.0 g of 4-(&{@dcytloylbxyhekehoyibryditenmydeal cohol in 10 50 ml of

nmet hyl enechl ori de was added dropw se a solution of 3.27 g of phosphorus
tribromde in 10 M of nethylenechloride . After conplete addition, the

reaction  m uf GeWth 88d16d §udddf of 316 fghﬁm-g%Sacpgiwa;{y}?&%ky)%%ﬂmc&l%?Fh
h I"ay P iluted

poured into 100 g of ice water. The oOrganic |‘ayer was” separat’ed,
with 50 i of0 mtohpietndetecloiide, wasvaklee drajivibe hadlirtiomdfiB &7 epoNat@splswohait i on
(3 x 60 n) ’trl%g(;rrei\i eulpldﬁf mrle(%u r%%&inerngaﬁgrri(?e . 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-Acrylovloxvhexvloxy)benzylalcohol:

20
A mixture consisting of 2.48 g of 4-hydroxybenzylalcohol, 5.64 g of 6-iodohexyl
acrylate, and 2.76 g 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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15 and concentrated to dryness to give 4.8 g of a yellowish oil mainly
consisting of 4-(6- acryloyl oxyhexyl oxy)benzyl brom de. This oil was used
wi t hout fwiotoR@sodpurification in the next reaction step. PCT/CH02/00044

4- (6- Acryl oyl oxyhexyl oxy benzyl al cohol: 20 A m xture consisting of 2.48 g
of 4-hydroxybenzyl al cohol, 5.64 g of 6-iodohexyl acrylate, and 2.76 g of
potassiun1cgg§gﬂgﬁﬁ%%n 50 mM of DMF was stirred under nitrogen atnosphere
for 3 h at - bei ng cooled to roomtenperature the reaction

m xture was quenched with 100 mM 3N HO and extracted with diethyl ether 25
(2 x 100 m ). The conbi ned et her extracts wer e mashed wth saturated NaCl
sol ution, diepatatinrer ofodilifndis M Pridd( @ Mathb 7 Ayl 3 '

5.3 g of ne I¥ ure 4-. (6-.acr IoyIoxyhexyloxy)benzylalcohol as a belge

heavy oil. - 28/ CH02/ 00044 EXAMPLE 4 Pr eparation of 1
, 4-di - N-[ 2- (4- (6- Met hacryl oyl oxy) nyl car bonxy) -
benzyl ] am noant hr aqui none: o o0 \ ~/[~ OQ@HNal~ OHNOON~~0

~1 ~i OOy 5Amxturecon5|5|r?g 4.3 of o
2-[ 4- (6 nethacryloyloxyhexylox’ HNphenylcarooony oxy] benzyl brom de, 0.42 g

of 1, 4-di am noant hr aqui none 38 g of

T T

A mixture consisting of 43 g of 2-[4-(6-methacryloyloxyhexyloxy)-
phenylcarbonyloxy]benzylbromide, 0.42 g of 1,4-diaminoanthraquinone and 1.38 g of
potassium carbonate in 20 m] 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; Amax. (CB 483) : 611 nm.

The starting material was synthesised according to the following procedure:

20 2-[4-(6-Methacryloyloxyhexyloxy)phenylcarbonyloxvlbenzylbromide:

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 in 10 ml of methylenechloride
25 . 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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pot assi um carbonate in 20 mM of DWVMF was stirred under nitrogen atnosphere
for 6 h 10 at roomtenperature. The reaction m xture was then quenched with
100 m 3NwvB@R/09Ewd extracted with ethylacetate (2 x 150 niPLT/CHo/0¢@dbi ned
organi c extracts were washed with saturated NaCl solution (100 m), dried
over sodi um sul phate and concentrat ed to dryness to give a blue residue.

Chr omat ogr aphy on |I|ca 5‘V t hyl et her_ i n_met hyl enechl ori de gave
0.7 g of gneglfl%y é)Vfl’ &oéojlpmﬁgtfgr a(zt% ag concentrated to drynessyto give 43 g of a D

acryl oyl ox Laky n t o]
bRt ms"?ﬁr%‘ﬁ*s@?e‘%?ﬁé‘& Sl R i e
acetone; 2 rraphenylcabdﬂﬁ))xy]b&izylbnmmdﬂ Abisstibmwes ugedrmtthmut durtherspsifichties irs ed
accordi ng to t he tfol procedure: 20

2-14- ( 6- Net hEEPSY 5y2fcct)]>?§}ﬁ§gyl oxy) phenyl car bonyl oxy] benzyl broni de: To an

i ce-bath gool ed solution of 5.0 g of 2-[4-(6-nethacryl oyl oxyhexyl oxy) -
phenyl car bon on benzyl brom de in 50 m  of meth Ienechl or| de was added
dropwi se a s&l4rt9-dethq dnexylogyphenteank oh o)

met hyl enechl ori de 25 . After conpl ete addl tion, the reactl on m xture was
stirred for further 15 mn at about 5C then poured into 100 g of ice

wat er. The drgami Clcé-@yﬁEdV\@(ﬂuﬁ(ﬁ‘pa(ﬁatm of fof dhlysdl@échydei { he 59 0®f 4-(6-

nmet hyl enechl ori de, washed with half saturated NaC _sol ution (3 x 60 -21 W

02/ 090447 PCREbREYIyETIRexIgRY)bedzoisacry ard Qdigeh NV élﬁeaﬂevlenwoem@eﬁm at ed
Lo arYaceg, 1 b Setnkafibofonde! | O SRl | hofiBRET L ARl ot £995bSHE 19 Of

2-[ 4- (6- et hacryl oyl oxy exy oxy) - car bo Yo I's oil
was used w tdloynloﬁaxylchﬂ)bdmmrdef iic d0imhof methyhmectdutida eadiet oompleapaddition

2-[4-(6-Meth | ox ny| car bonyl oxy] benzyl al cohol 0, an
|cEe cgol ed s ? ’iX © of S ergs%%‘fds% yigl ?Herl‘?%‘e eHYPérai‘lfe fote(r%d and the

met hacryl oyl %ﬂﬁ%h%&%qa%ﬁle%me @Hﬂlngd Bh oily residue was dlssc()jl %m
N, N- di met hyl am nopyri dine in y enecworl e was a a/e

dropwi se a s¥lmi Dﬁtvthmfol 40m2mglgd} 5 mdloéy@te_o hekme@ambMadmbUJeioh wai Gootled af
et hyl engs h (SUCl dt%llo b%/r sl%x?vngchcf %1 o?ddg’} %n of sodium borohydride. The mixture

obtained after complete addition was stirred for 15 min at 0°C, and subsequently for

30 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 sodium 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:

-2



the m xture was further stirred for 3 h at roomtenperature, then filtered
and the solution concentrated to dryness. The obtained yellow sh oily

resi due Wa® odioget ved in 30 ml of ethanol containing 0.5Pgir/@fozineiser and
the so obtained solution was cooled at 15 0C, foll owed by slow addition of
0.37 g of sodium borohydride. The mixture obtained after conplete addition
was stirred for 15 mn at 0C, and subseouentl for 30 mn at room

t enper at ur e. LAeHENRBdrGErAgylovioxyhex wieia)pheanlcaibendnrsy-itrohenzdlaning ni  of
wat er followﬁﬁnQ%ngﬁgactlon mnth et her (2 X 150 m). The conblned et her
extracts wer th hal f saturated amoni um chloride solution, dried
over 20 sodium sul phate and coddler and to dryness to give an oily

resi due. Subsequent purificatio le filt ra@%,og t hrough a short
silica-gel colum using ether as ny\%§¥9\§ g of pure

2-[ 4- (6- et hacryl oyl oxyhexyl ox¥) enylcarbéhy oXy]- benzyl al cohol as a

bei ge heavy oil. 25 The fol onpound was synt hesi sed using a simlar
met hod: -22 WO 02/ 090447 1 00044

1, 4-di-N-f2-(4-(6-Acryl oyl oxyhexyN oxy n;dWI oxy)-5-nitrobenzyl]am n
o- anthraquinone: 2N Ol 0 O HN %b -0 Ol 2N O Xmax. (CB 483) :
639 nm 5 EXAI\/PLE 5 Preparation ryI oyl ox yI oxy

- 3-net hyl - 4' - phenyl azo- azobenz@;nle

Amax. (CB 483) : 639 nm

EXAMPLE 5

Preparation of 4-(4-Acryloyloxybutyloxv)-3-methyl-4’-phenylazo-azobenzene:

ot st
{L\__/—\o N‘\N_ON\‘NQ

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; Amax. (CB 483) : 395 nm.
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011 ,O0/-\' N N\ ~ NN 10 To a solution of 0.63 g of
4- hydr oxy- 3- net hyl - 4' - phenyl azo- azobenzene, 1.05 g of triphenyl phosphi ne
and 0. 58 Wyowk/ g4y dr oxybut yl acrylate in 10 mM THF, which ®ra3/CHpe0dEd t o
-30C, was added dropw se a solution of 0.70 g of diethyl azodi carboxyl ate
in5mM THE After conplete addition, the reaction mxture was stirred for
further 45 15 min at roomtenperature, and then concentrated to dryness.
The obtai nedE}AMI¥ éed residue was purified by filtration on silica using
nmet hyl enechl oride as the eluent to give 0.65 gof pure yellow orange
crystalys; (err)max. (CB 483) : 395 nm -23 WD 02/090447 PCT/ CHO2/ 00044
EXAMPLE 6 Pr ratioron off 1-[4-(4-(dimethylamino)naphthylazo)phenylazo]-4-(6-acrylo loxy-
1- 14- (4- (di net hyl am no) napht hyl azo) phenyl azol - 4- (6-acryl oyl oxy-
hexyloxy)naﬁﬁﬁ&éégg@Q@Lgﬂé NN&N "NaMN 5\~ A nmixture consisting of
0.44 g of 1-[4-(4-(dinethylam no)naphthyl azo) phenyl azo] - 4-
hydr oxy- napht al ene, 0.56 g of 6-i odoh acrylate and 0.28 g of potassium
carbonate in 10 nm of DWW %&j S @ trogen at nosphere for 3 h at
m

60C. 10 After cooling to r t enper at@f e 13» eqiggjn/nlxture was quenched

with 100 mM 3N HCO and the resulting precipitate s ¥iltered off, washed
wth water (100 mM) and ethanol (50 m) to give g of pure
1- [ 4- (4- (¥i met hyl ami no) napht hyl azo) -
phenyl azo] - 4- (6- acryl oyl oxyhexyl oxy) napht al ene as a browni sh powder; ', nmax,
(CB 483) : 504 nm 15 . .
A mixture consisting of 0.44 g of 1-[4-(4-(dimethylamino)naphthylazo)phenylazo]-4-
hydroxy-naphtalene, 0.56 g of 6-iodohexyl acrylate, and 0.28 g of potassium
carbonate in 10 ml of DMF was stirred under nitrogen 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 1-[4-(4-(dimethylamino)naphthylazo)-
phenylazo]-4-(6-acryloyloxyhexyloxy)naphtalene as a brownish powder; Amax (CB

483) : 504 nm.
15

The starting material was synthesised according to the following procedure:

1-[4-(4-(Dimethylamino)-naphthylazo)-phenvlazo]-4-hvdroxv-naphtalene:

20 2.9 g of 1-(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 obtained 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.
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The starting material was synthesised according to the foll ow ng procedure:
1-[4- (4- (D nmet hyl am no) - napht hyl azo) - phenl ] - 4- hydyr oxy- napht al ene: 20 2.9 ¢
of 1-(4- awpreiphenyl azo) - 4- (di met hyl am no) napht al ene wer e Pdirggmewed4i n a

m xture of 2.5 mM of HO 37%and 5 mM of water. The obtained sol uti on was
cooled to OC, followed by dropwi se addition of 0.69 g of sodiumnitrite in
3 mM of water, while keeping the reaction tenperature below 4C. After
conplete addition, stirring was continued for 45 mn at about 4C and the
obt ai ned m x{ by & -'i-?‘-J-iu&h’Qmﬁ5r «gepl.ed solution of 1.44 g of
1- naphtol i ' A ) HH$P§&k€€brng the reaction
tenperature bel ow 5C. After conplete addition, the reaction m xture was

furth ti d. f 1 t t 5C and t into 100 nm of ter.
The. resul i ry MEBHToAS o G, -t Rty Repr BT dplam Rk RN e i br
(100 m) ?ndsoﬂﬁﬁrﬁﬁlﬁfﬂgeﬁ§91\;&%ﬂﬂehongﬁ8§%@gd‘}§ @Jt'il??zggég)ﬁ;iﬁ SERPbf BRUBNST Wag Of

the desired product. 24 02/ 090 PCT/ CHO2
1- (4- Ani no- pieetediabradlox4ox 3h. e mgdction no¥iureapin thee aeoled i mpmttemperefure 8ndy of

1- (4-nitro-pheny] azo)-4- (di.nmet hy 1ho) napht al ene, 7 odi umhydr,ogen
sul phat e nor%%%ir lﬂfoe%?%ﬁ&o\{nwﬁtt% kﬁ%ﬂ\r)%%gprgﬁlpﬁ%e&asm%%gﬁ, ‘O(leéedty’ﬁgg} ed at
reflux for 3Raterd (20013 ahd esldThethaicd-wiks (10@m1A00maytd give QIR dfakaady Pukd € and
poured into 300 M of water. The brownish precipitate was filtered off,
washed wit h 1-{the@norpieoylsrg)-aflmediyirmiae mapplengeses brovosholidoo m) to give
12 g of arly pure 1-(4-am no-phenyl azo)-4-(di net hyl am no) naphtal ene as a
browni sh™solid. 10 1-(4-N tro-phenyl azo)-4-(di net hyl am no) napht al ene: 6.91
g of 4-nitrobM-Nitheph&iyeazd)-3 9 dinvehlyvlamingd)mapktalene: of 15 m of HA 37% and 40
m of water. The obtained solution was cooled to 0C, followed by dropw se
addition of 15 3.45 g of sodiumnitrite in 15 m of water, while keeping
the reactio rat: : . Iehe, 2784 1 L i S
conti nued f(r)'6r'§§grb %4?{513%) &éﬁgéu?@éf Sgﬁfghﬁigq%ésmﬁf%fkgﬂﬁiogw e37V/V§3.SJnP ﬁ@%ﬂlggded
to an i ce- codfl waters GhatobtainedfsoBitlb wpsafoolkd to 0°C, followed by dropwise addition of

15 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 mixture was then added to an ice-cooled solution of 8.56 g of 1-
(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.

25
EXAMPLES 7-11

Preparation of dichroic mixtures:

30 Five mixtures were prepared using the dichroic, polymerisable, blue antraquinone dye
B1 and the red, polymerisable, azo dye R1 shown in Table 1 and the monomeric,

crosslinkable liquid crystal components (LCPs) Mon! to Mon5 shown in Table 2.
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(di met hyl am no) naphatal ene in 20 ml of acetic acid. The reaction m xture
was stirred for 30 mn, followed by dropw se addition of 18 g of a

sol uti on WD opOPE$BI um acetate 20 in 30 mM of water, whil ePKEagHHOHe
reaction tenperature below 5C. After conplete addition the reaction

m xture was further stirred for Ih at roomtenperature and then poured
into 300 mM of water. The brownish precipitate was filtered off, washed
with water Yabbol:Pichmindygst h net hanol (100 m) and crystallised from
met hanol to give 15.3 g of thesdesired product. 25 EXAMPLES 7-11

Preparation of dichroic m ' e mxtures were prepared using the
di chroic, polyneri sgﬁ e, ragui no dye Bl,-anestheorled,

pol yneri sabl e, azo dye Rl shoyn  ,n Table nd nononeri c,
crosslinkable |iquid crystal conponents (L nl to Mon5 shown in Table

2. -25 WD 02/ 090447 PCT/ CH02/ 00044 Table 1: Dichroic dyes ONHZ OOV O --~
Bl O NH2 O-wa 0 1-0/ O/ & NR N\ / NNN 5 Table 2: LCP conponents O

'

A

- {Lo o O N _@N\N O y
\

Table 2: LCP components

o)

EVARN

Monl 0 060 o)
o o0 = e et

Mon2 o) o@o 0
o O = Aol

al
o e :)L‘L/—\J{:HZOZH )-o o
Mon4 :?O@OO——«ZQ?—Q_O\_C{—\_/O@—{CN
K Op/_\_/°_<=

DA e N
(o]

Mon5

o= =
le

Using these crosslinkable liquid crystal monomers and polymerisable dichroic dyes,

15  supercoolable dichroic nematic mixtures My 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.
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Monl

MOn4\ -/ ~-/ |-\
i quid crwyetaldmwhoners and pol ynmeri sabl e di chroic dyes,
di chroic nematic mxtures MLCP1 to M.CP5 were devel oped, allow ng
preparation of LCP |ayers at
m xtures M.CP1 to MLCP5 were chosen as given in Table 3.

t he

0o0-()--o0 Mnt oo/ _\ o-0 Y\1ci
\ / \-/~J\ [

roomtenperature.

cN NMbns

10 MN3 00O/ \ oo

t he

-26 WO

02/ 090447 PCT/ CHO2/ 00044 Table 3: M xture conpositions MLCP1: M.CP2:

MLCP3:
Mont 7

t he ph
The m

crystal
di chroi

MwﬁabM—%’ﬁf%{ . §m§/§s

14. 42w
13. 95w

% Mapt  14. 42
% Nort3"4. 65
DBD- i n3.85veteor
{16 1€ S7eM Lk

| es on

MoRE 443

W % IM)nt 74. 4
Wt % 5= we
RRGAGFE3%9

[1@orML G We, €

| ass subsotr

I‘(7?‘I"—"12v el 4&AaMbP ¢

2wt %MVon3 4. 8
i ght %5 I n 3
(B3 ba)s.5f%atr ag

rised tQuwpf, 0C
at es as descr

Mapdr & 46?@}7%

6. 15w % MonS

96. 15wt %

Usi ng these crosslinkabl e
PCT/cHpoo@sol abl e

The conposition ratios of

WEJRRL 3. 85wt % B1 5. 58wt % B1 3. 85w % R1 3. 85wt %

1.40wWt % Mon4d 9 Mbn2

1 wt@ Mon3 4.
ddi tl?ﬂ)bﬁﬁ“'a f L
eéad t3_c85wt‘l’ee
W4 Olob 8Bk d.
i bed bel ow. 1
ed, whereby ¢

81 VWI% Mpn2
irt her “FSit % ¢
\Bove BIBRVI e
VIS N6k Sl ¢
|0 Production
rach single

f
ui d
of

speci meMoc Mg va®d Avioral | ggnveit |Mon2  13.95wi%

Mon3 4.65wt%

wt% = weight %

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

to the above mixtures.

The mixtures My cp) to My cps were used to produce oriented, dichroic liquid crystal

samples on glass substrates as described below.
10
Production of dichroic L.CP 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 bhoto-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 0 611 786, 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:

\ (0]
0} O
L~ O
A o@ﬂo_
—0
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| ayer and a dichroic liquid crystal polyner |ayer. The alignnment |ayers
were 15 manufactured using the linearly photo-polynerizable aligning (LPP)
t echni quewoDheodithroic liquid crystal polyner |ayers wer@CordHmied4by t he
adj acent LPP layers. The manufacturing processes of both |ayers are
described in the follow ng. For the production of an LPP orientation |ayer,

suitable LPP materials are described 20 for exanple in patent publications
EP 0 611 786} 2yio ¥btivooefghaddPrpagrizisia mehylprepyiketons L hhaaphventawpy

derivatives d ul.i ' ldnv.ak i v ol L owi ng
PP mat or | ol AR RN A008GbE 707 RLIE Y08 (Ao SUGTRAERY Bl i s

PCT/ CHO2/ 00QHénh drfed2fo¥6 011 0tminntesht 13tetol BB Owherhicaistags. Subkéytepilnied ketone
(MPK) as a solvent was . spin-coated at 2000 rpm for 60 seconds at room

t enper at ur e Y30TPOsepHe lingpdy pelesised gt T @gnergiryshighypiesstre deme doratl 130 to
150C on a5 hofsostagfls (@&ﬁaﬂgggtt éI/stﬁ,In éfetﬁgiar?ﬁé‘@ngd efesc%qratc@ghtgcg%%rﬂp?

polarised light froma nerc gh- pressure or 10 to 0 seconds
(dependi ng omdt tiehwia &6t haysfs) t dterobmnpenapredatore. tThe bilyar aes ethestused asf arl. PP
and dichroic LCP.la ers} at. ropm tenperature. The J.ayer was then used as an
orientation Y4 lo?X?ryeﬁ qriadtﬁ“bdo %rygglflgﬁte%hcgmpgsm(g PIidYES-di chroi ¢ dyes.
10 For the production of the dichroic LCP |ayers, the m xtures M.Cpl to
M.CP5 were dissolved in anisole to give a 20 wt % sol ution. These LCP

m xt ur es i ' Fghr aj i.Nk t t 8 pm
For 60 skbont the BiciEon Bt B Ao ECe WRES ARERs MECRL B Le P34 &

di chroi ¢ LCRiiésaiel Sn \Waiselel taesvélhi260nB4 s68foh OThes@ RRIFOMiFBEeS] Whith Théldde on a
hot stage. For photo-initiated cross-linking of the Iiquid 15 crystals and

dye conponertighroicriyes.ayere shanespin-engses aldSdlorpns Surrédpiegondsgh toprafithaphatpon
lanp for aboe‘f(&)oéedrﬂfrpjfﬁgrs.(’?ﬁéjﬁ)qg-lcgage@ (ri]icfn%?c E&f’%‘ trp W«Q}e timQﬁa dllig({TB)60'°8 o

i nert
approximately | minute on a hot stage. For photo-initiated cross-linking of the liquid

15 crystals and dye components, the layers were exposed to isotropic 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 E; to Es derived from the 5 dichroic LCP

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

25  The order parameter S of a dichroic dye is given by the following expression:
S =D1] -D / D|| +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.

30
Table 4 shows the order parameters S of samples Ej to Es as measured at the

indicated wavelength.
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at nosphere. The procedure described above gave photo-aligned dichroic LCP

| ayers on glass 20 substrates leading to 5 different sanples E1 to E5
derived fwormiodE4b di chroic LCP mixtures ML.CP 1 to M.CP5POTAE0208KANEL €r S
of sanples E1 to E5: 25 The order paraneter S of a dichroic dye is given by
the follow ng expression: S=DiI -D1 / DIl +2D1 wherein D1 and D1 are the
optical densities of a dichroic dye in a liquid crystal neasured for |ight
pol ari sations parallel and perpendicular to the liquid crystal director.
30 Table 4 slgag)sz the order paraneters S of sanples E1l to E5 as neasured at
the indicat Ei/\%lvel ength. -28 WD 02/090447 PCT/ CHO2/ 00044 Table 4: Sanple

Dye Bl Dye Rl Dyes BI+Rgypfle S0 fFe B 31 B}eﬁlb“ﬁg‘eﬁéﬁﬂs = 0.57 -
at Xx=499nm E3 - - S ¥ 0.55 at 4v _="493nm{ E4"S = 0/65 at X =| 642nm E5 -
S=0.75 a t?507nm Alll sanples & 1St=cbf85 were crosslinked sucpessfully. The
surfaces were conpl efely dty 2t — 6390m
E; - S =0.57 -
at A = 499nm
E3 - - S =0.55
at A=493nm
E4 S =0.65 - -
at A= 642nm
Es - S=0.75
at A=507nm

All samples E; to E5 were crosslinked successfully. The surfaces were completely dry

5 and were more or less resistant against scratches.
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5 and were nore or |ess resistant against scratches. -29 WO 02/090447

PCT/ CHO2/ 00044 CLAIMS: 1. A nesogenic, crosslinkable m xture conprising at
| east onewpekymadi sable liquid crystal and at | east one poryaHERiosEbl e

di chroic dye of the general 5 fornmula I: (B3)n3 (B1)nl A (B4)n4 (B2)n2
wherein 10 A represents a dichroic residue exhibiting at |east partial
absorption in the visible region > 400 nm nl1, n2, n3, nd4 signify 0 or 1,
wher eby the GuMN$: ni, n2, n3 and n4d is >0, and 15 Bl to B4 represent a

group of substructure Il - - - - S1 A~ - ZH g2 Z2 A3 (32 P)a

71 1112 1113

Il 20 wherein the broken |ine synbolises the |inkage to said dichroic
resi due and 1.whex ehésogerd, c®2slinkableagtktimedeRemiai lay léa%pro@sqmylﬁ&l@bmmtl c

or alicyclic group, which 25 is unsubstituted or substituted

fluorine,

chlorine, cyan, UG srystabrand st degsyiene drpdymergsablsy dichradel dyekgd theegp@m@l

whi ch i's 5-30 WQ 024990447 PCT/ CHO2/ 00044

(B%)ns (BDn1
(B*)ns (B?)n;
I
wherein
10
A represents a dichroic residue exhibiting at least partial absorption in
the visible region > 400 nm;
nl,n2,n3,n4  signify O or 1, whereby the sum of ni, n2, n3 and n4 is >0, and
15
Blto B* represent a group of substructure II
SLORC i n Ol
m? m?2 m3
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 is unsubstituted or substituted by fluorine, chlorine, cyano, nitro,

or a straight-chain or branched alkyl residue,

-30 -
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unsubsti tuted, nono-substituted by cyan or hal ogeno, or poly-substituted
by hal ogeno, having 1 to 18 carbon atons, and wherein one or nore of the
non- adj acwot2@@4yr oups nay i ndependently be repl aced byPQI/CHvealy Q
represents -0-, -CO, 5-CO0, -0-CO, -Si(CH3)2-O0Si (CH3)2-, -NR2-,
-NR2-CO-, -CONR2-, -NR2-CO O, -OCONR2-, -NR2-CO NR2-, -CH=CH, -C=C,
-OCO 0O, and R2 represents hydrogen or lower alkyl; 10 Si, S2 represent a
singl e coval ent bond or alnsqiat;@rted,rnmonosubttlt@sdabYStcwemcgh@r chadogenoy or

branched al kyl ene resi due ubstr ted bstituted

cyano or hal ogeno, or (?IOV %"l}i’ﬁg?liet%ulfyeﬁsl%enr?al G E Cr? op att8m§4 rbon
atons, wherein one or MuflRrdh &4 oRORORMjOACEB ndeHRj i8Rt PSHABModss may
|ndependently be replaced by Q wherein Q has the neaning given above; Z1,

Z2 independently repr esemmdegemdmgy@err@laiedr’tty Qowlieroby & @peasarts e@4,t-CO-such
as a strajght-chain or branc ne. i due, ich i

unsubsti tut ed, m)no-subst&rf‘s{3 @ﬁ% n%‘(éﬁshacbjg )2 or I\E%% y- %Y}Bsppt ut ed
by hal ogeno, having 1 to on a erei or nmore,0f \the
non- adj acent CH2 groups ngycﬁ{%depengﬁ%ovége r@p ggﬁ% yn%(yﬁ (l\?‘-fﬁ(?\l-tl\ng’

- CR2=C- CO-, wherein Q andcR2dpayecthe -ORIUAY AHVRE RBRY&ts a@d%greﬁp&esents
a pol yneri sabI e group; mnm, n2, nB8 |ndependently are 0 or 1, 30 0is O

or 1, whereby the sum of lowqélyﬁbols oinB1ltoB4is>0. -31 WO
02/ 090447 PCT/ CHO2/ 00044

10 Sl 2 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;

Z1,72 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 8 carbon atoms, wherein

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

replaced by Q, -N=N- or -CR2=C-CO-, wherein Q and R2 have the

meaning given above;

25
P represents a polymerisable group;
ml, m2, m3 independently are O or 1; and
30 o is 0 or 1, whereby the sum of the symbols 0 in Bl to B4is >0 .

-31 -



2. A mesogenic, crosslinkable m xture according to claim1, wherein the
aromatic group is a optionally substituted carbocyclic or heterocyclic
group corupiogiopng47 five-, six- or ten-nmenbered ring systenPCTEH2/08044
mesogeni ¢, crosslinkable m xture according to clainms 1 or 2, wherein the
aromatic group is furane, phenyl, pyridine, pyrimdine, naphthalene or
tetraline. 4. A nesogenic, crossl i nkabl e m xture according to any

precedi ng clZai mA ffepgsIie. Crsslinkblp anixgurg pepsding te clasn -lamberein theesmpdigcl i c

or heterocyclic sg?&ﬁg §ﬁt?5ﬂall%%u&%¥ﬁt@@ é'bBQ%cilg ocfa}fepqu'%i% d? %goué)l %oln%ns e i

nmesogeni ¢, Cros e m xture accor |ng 0 any prece

the alicyclic gdbmgsus(myﬂtmpmbaadﬁng@yﬁhﬁbutane, cycl opent ane,

cycl opent ene, cycl ohexane, cycl ohexene, cycl ohexadi ene or decaline. 15 6.
A mesogeni ¢, crosslinkable mxture according to any preceding claim

wher ei n 5h¢3._str@irsab%&ﬁél aogghniem@ﬁh%@h&&dﬁ% gn:wb Io{39t %eie&mé he

group conprising net , ethyl, propyl, isopropy i sobuty
sec- butyl, tent4@®ny&qgmemeﬁwmw;ﬁnpghpyméngyuhnpémbwmphﬂmkmbprE&ﬂhmmexyl
heptyl, octyl, nonyl, decyl, undecyl, 20 dodecyl, 3-nethylpentyl, allyl,
but-3-en-1-yl, pent-4-en-1-yl, hex-5-en- | -yl, propynyl, butynyl,

pentynyl, mef hO)SA{ meBbHMY, crRERRAKS mixBRB LRI g t6 ldh?bi’ecedm% ch&lh()%lﬂerem
sec- but oxy, tert- butgy&l, pent yl oxy, |sopentyl oxy, cycl opentyl oxy,

hexyl oxy, cycl oilkph C giewn \i oxpn-apungticosarbogyshy losheterelcli¢ sing, system
undeconNy dodql {%@Wbl% thxﬁ&gntyloxy, al Iyl oxy, but-3-enyl oxy, 25
pent - 4- enyl oxy, heXyl met hoxy, cyclopentylnethoxy nmet hoxycar bonyl ,

et hoxycar bonyl , propoxycarbonyl i sopr opoxycar bonyl , butoxycarbonyl
|sobutoxycarbonyl sec- butoxycarbonyl tert- butoxycarbon , entyloxy-
carbonyl , i soperft M58 SEAFFINKaBleanBER RHEGHRELP B@ﬁyrece%@wf Ry WAeISENY | |

e SR B, ST s
car bonyl, al |yl eyylactmoydycldhekens; eyejdhexydianduamiekalineent - 4- enyl oxycar bonyl ,

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, fert-butoxy, pentyloxy, isopentyloxy, cyclopentyloxy,

hexyloxy, cyclohexyloxy, heptyloxy, octyloxy, nonyloxy, decyloxy,

undecyloxy, dodecyloxy, 3-methylpentyloxy, allyloxy, but-3-enyloxy,

25 pent-4-enyloxy, cylohexylmethoxy, cyclopentylmethoxy, methoxycarbonyl,

ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl, butoxycarbonyl,

isobutoxycarbonyl, sec-butoxycarbonyl, tfert-butoxycarbonyl, pentyloxy-

carbonyl, isopentyloxycarbonyl, cyclopentyloxycarbonyl, hexyloxycarbonyl,

cyclohexyloxycarbonyl, octyloxycarbonyl, nonyloxycarbonyl, decyloxy-

30 carbonyl, undecyloxycarbonyl, dodecyloxycarbonyl, 3-methylpentyloxy-

carbonyl, allyloxycarbonyl, but-3-enyloxycarbonyl, pent-4-enyloxycarbonyl,

cylohexylmethoxycarbonyl, cyclopentylmethoxycarbonyl, acetoxy, ethyl-

carbonyloxy, propylcarbonyloxy, isopropylcarbonyloxy, butylcarbonyloxy,
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cyl ohexyl met hoxycar bonyl, cycl opentyl nmet hoxycar bonyl, acetoxy, ethyl-

car bonyl oxy, propyl carbonyl oxy, isopropyl carbonyl oxy, butyl carbonyl oxy,

- 32 WO 02W090440Aa4PCT/ CHO2/ 00044 i sobut yl car bonyl oxy, secPoltGHRAWBINY| OXY,
tent - but yl car bonyl oxy, pentyl - carbonyl oxy, isopentyl carbonyl oxy,

cycl opentyl car bonyl oxy, hexyl - carbonyl oxy, cycl ohexyl carbonyl oxy,

octyl carbonyl oxy, nonyl carbonyl oxy, decyl carbonyl oxy, undecyl carbonyl oxy,
dodecyl car bonyl dxghutﬁcabmlhw peat bu‘rcflaqaﬂmmyloaxy teptbutglcarpphylryy, pentyl-

t-4- I , t t - I b [, i carbonl
butyi carbony1 i SEBIAET bSO R 82@%@%&%@@9@8 Foonprot
i sopent yl car bonydarbdaytdx@h eé@ﬂl&l@kﬂ@ﬂ%bnylogﬁt souwabwmo fﬂzﬁmdxy,

decyl car bonyl , undecylcarbonyl dodecyl - carbon |, gox acetoxy
1- met hoxy- 2- pr opisRylcarporEpkBX y - |-prwﬁb%ﬂcmhﬁnﬂmmmthoxyeﬁhdﬁwkmﬂmnﬂoxx

2-1 sopropgxyeth y p nyl.oxy,
5-chl oropgntynyIO”XXYA‘fhg}'e&ttn né%%&g%%{% okge(ygméog% |*0X hex%’xy’ Hoet Y eth};i

6- propyloxyhexyl@MymyB;mbpﬂbmhmnﬂ wo@m@@ku@mnﬁ@&hﬁﬂmuﬁ@ﬁd2mbmﬂﬂbﬁﬁbﬂﬁ1hyl
1H, 1H- pent adecaf | ugr ooct 1H, 1H, 7H dodecaf | uor ohep

t
2- (per f | uor ooct yleyBPHjgar g%yéspe?%ﬂ%r%ml,yl Papamiyl Carbof(yéer eyclhesresppydt hyl |

v oneoty AP IO AR SOt et
1- f | uor opent yl oxsarbongi,f | methopyaptoxy, 4ﬁaﬂoxyﬂqnqmmgpoﬁynaﬁeiymQrmﬁmgpoxy,
3,3-difl 8ropro

poOX 3, i.f I uor opr.opoxy nd trifl oro hox 20 7. A
mesogeni ¢, crossf P%E%V‘étﬁﬂ’f&t F%)pé%ﬂf’égﬁtgg’@' Yr B &F logger ei n
the lower alkyl 4 §elﬁy§§15>ey glﬁtchﬁl?élbéhtﬁ{ylbﬁ%lﬁxﬁﬁficmﬂgﬁﬁ&?f b@@ AbGAkx1avi ng
1 to 6 carbon atons. mesogeni ¢, "crosslinkabl e 'm xture accordi ng’ to
any preceding cI@:pmpnyefh@qy&DXyZS 2-fleorbethgl, afrifpbronsetiaylst 2&, 2trifluwhedtiylor

branched hydr Ocaflg,?ﬁl gad%caﬂur(])('ri(;/olc ) 1 to3 car bor}{?b()ﬁ} -dodecafluoroheptyl,

2-(perfluorooctyl)ethyl,  2-(perfluorobutyl)ethyl,  2-(perfluorohexyl)ethyl,

15 2-(perfluorodecyl)ethyl, perfluoropropyl, perfluorobutyl, perfluoroheptyl,

perfluorooctyl, perfluorononyl. 1-fluoropropoxy, I-fluoropentyloxy,

2-fluoropropoxy, 2,2-difluoropropoxy, 3-fluoropropoxy, 3,3-difluoropropoxy,
3,3,3-trifluoropropoxy, 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
25 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 is methyl, ethyl, propyl or isopropyl.
30
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.
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9. A mesogenic, crosslinkable m xture according to any preceding claim
wherein the lower alkyl is nethyl, ethyl, propyl or isopropyl. 30 10. A
mesogeni cwoor0sskT nkabl e m xture according to any precedi RGTEHROP04her ei n
the dichroic dye is an azo dye, an ant hraqui none, a benzoqui none, a

peryl ene, an azul ene or a nerocyanine. -33 WO 02/090447 PCT/ CHO2/ 00044
11. A nesogenic, crosslinkable m xture according to any preceding claim
wherein the dichroic dye is a dye conprising azo- or anthraqui none
residues. 5 2. A BSOGRNIcRssAABR! hixkablaodikE Ub SnRBRREMLEYalf, RA%ein
preceding claim wherein the sum of substituents attached to a dichroic
resi due A expr esbedichyoi¢ difesis a)dlye coiprising 8zor on4thiasjumone egsaeyy < 3. 13. A
mesogeni ¢, crosslinkable m xture according to any preceding claim wherein
10 the sum of substituents B attached to a dichroic residue A expressed by
(n(err) +5n212 + AZnesogdhic, icPostlirtdaBlealixYure acdordihg to énﬁA?ﬁéé%ﬂg Claifi! RA&leimnkabl e
m xture according to any preceding claim wherein , A2 and A3

i ndependent | y oftheawh of sitstitusnts Riattached fot adicbioic@sidna teekpidssed- byon! +11%

si x- menber ed alic%§lig rings gr<§%x-nenbered aromatic rings, optionally
substituted by f1lior PbiSEFEIRRPS e or nitro or by a straight chain or
branched al kyl residue, which is unsubstituted, nono- or poly-substituted
by fluorine having 1-12 carbon atons, wherein one or nore of the

non- adj acent 13CH2A guasugenic, weyssiimabpentémt lagcdrdingdp lany @recbding @lajm; @ier@in

-0-CO, -NR2-CO, -CO -,.. 20 - NR2- O, -OCONR2-, -CH= , = C=C-

-0- 00O Ouher eithe pgm Oyg‘éﬁgwﬁﬁssé\l BWE%@I*P @Fhliob%\@ﬁﬁﬁ? @yq:}gprqﬁge_j oy We?sjroﬁzeni c,

crosslinkabl e m%({ly-rk%“)”‘&%?{fgliaﬂ d9 any preceding claim wherein A, A2 and
cyc

A3 are a unsubstituted opentane-1, 3-diyl, unsubstituted 25
cycl ohexane-1, 4-diyl, or 1, 4-phenylene, which is unsubstituted, nono- or

poly

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

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

15 six-membered 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

having 1-12 carbon atoms, wherein one or more of the non-adjacent CHy groups

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

20 -NR2-CO-0-, -O-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 CH; groups may
independently be replaced by -O-, -CO-O-, -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 -(CHp)y, -(CHj)-O-,
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substituted by fluorine or chlorine or a straight-chain or branched al kyl
residue, which is unsubstituted, nono- or poly-substituted by fluorine
havi ng 1-W@ o2oambdbn at ons, wherein one or nore of the nonPadjGenoo4CH2
groups may i ndependently be replaced by -0-, -COO, -0-CO, -CH=CH
-C=C-. 30 16. A nesogenic, crosslinkable m xture according to any preceding
claim V\/nerei n S 1 and S2 are selected fromthe group conprising -(CH2)r -,
-(CH2) r - - 34U BZI®Y 044 A CPIET+CPE2/, 00044°H 2 ){- C]-QDF CO-,(CHQI{;HZ)-NI@G} o,
(CHZ)r-OCO £CHZ)r- NR2- E&?Z )r-NR2-CO-, -(CH2)r-NR2-,

-(CH2)r-O (CH2) s CHz)@ QOGO(GHQ RE, -((REDRPH-(BI0, ((F8)sCO-0-(CHy)s-,

CH2) r - NR2- CO- NR2- CO- O ( CH2) s- _
-ECHZg;-COO(CI(-'i )000? )r-OCO(CH(z)s)oS (@Q))E\W%é%a’b&mso
- (Cr2) 1 - NR2- CO-Q
N oy TN a0 HIE (G gy PR g Bkt o
- 0-(CH2) r< O CO _, -0-(CH2)r-NR2-

- 0- ECHZg;-NRZ C&Cﬁz&%@?gﬁ' 3O, -(NR2 %ﬁz)r-gHg&gﬁiNg? @&@ﬁ NR2- |
“NR2- (CH2) - O .. (&1. N

PATYSS ()Clr-|2) r?g%%zmﬂg{z@d@ggﬁz)s@ o O (&) (e -0-Co-(CHlr-

- 0- CO- ( CH2) - NR2NR2- @eccong;Hz) rcocNRJZ -(CHz -, CONTHAYH, SO N@Z(CHZ)r CO-0-,

-0-CO (CH2) r-NR2-CO-, -0-(CH2)r-O (CH2)s-,  -0-(CH2)T-CO O (CHY) s- |

-0- (CH2) r - NR2- CGO((@-HQ))SO -CO5 - @{CHR)CNRED EOH(CHR)SNR?-,  -O-(CHy),-O-,
-0-(CH2)r-CO O (CH2 O(CI-|2)r-O(CHZsO

_0- (CH2) r - NR2- 0% SNBZ 0=,0- ( CHR) ©0c@HR) s- O , “NR2-(CHy)-0-,
L0 O (OB -0 ()R R0 O, CONRRABROGE, e B e oo
hydrogen or | ower AL CHANNR?-,  -CO-NR2-(CH,)-0-CO-,  -O-CO-(CHy),-CO-,
-0-CO-(CHy),-O-, -0-CO-(CHy),-NR2-, -0-CO-(CHy),-CO-O-,
-0-CO-(CHp)-CO-NR2-, -O-CO-(CHp);-NR2-CO-,  -O-(CHy)-O~(CHy)s-,
-0-(CHy),-CO-O-(CHa)s-, -0-(CH),-NR2-CO-(CHy)s-,
15 -0-(CHz)-NR2-CO-O~(CHy)s-, _O-(CHy)-CO-0-(CHy)-O-,
-0-(CH2)-O-(CHp)s-O-, -O-(CHz)p-NR2-CO-(CH)s-O-,
-0-(CHy)-NR2-CO-O~(CHy)5-O-, _CO-0~(CHy),-O-(CH)s-,

-CO-0O-(CHy);-O-(CH2)s-O-, wherein r and s are each an integer from 1 to 20,

the sum of r + s<21, 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

S1 is selected from the group comprising -(CH3);-, -(CH3);-O-, -(CH3);-CO-O-,

25 -(CH2);-O-CO-, -(CHj3)-CO-NH-, -(CHj3)-NH-CO-, -(CH3)-NH-CO-(CH3)s-,
-(CH2)-NH-CO-O-(CHy)s~, -(CH2);-O-(CHj2)s-O-, -(CH»)-NH-CO-(CH2);-O-,
-(CH2)-NH-CO-0-(CH)5-O-, -O-(CH»);-, -CO-O-(CHp),~, -CO-NH-(CH>),-,
-O-CO-(CHy);-, -O-CO-(CHj);-CO-O-, -O-(CH2)~0-CO-, -O-(CH3)-CO-NH-,
-0-(CH2)-NH-CO-, -CO-O-(CH3),~-O-, -CO-NH-(CH3),-O-, -O-(CHj);-O-,

30 -O-(CHy)-NH-CO-(CH2)s-, -O-(CHy)-O-(CH3)s-O-,
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20 which are attached to the dichroic residue and the pol ynerisabl e group,
respectively, such that heteroatons are not directly linked to each ot her.
17. A nmeswoeriogn44tr ossl i nkabl e m xture according to any pPETAHMRHOGHai M
wherein S 1 is selected fromthe group conprising -(CH2)r-, -(CH)r-0O,
-(CH2)r-c0 0, 25 -(CH2)r-0CO, -(CH2)r-CO-NH, -(CH2)r-NH CO,

oo TN 0o | SR s B O ao o L b 5. Skl 0-
-CO- O (CH2) r -,

_0-(CH2)r- O CO %%%@%%@%%@W @3@!0 E:O creiy

- CO- NH- (CH2) 1 - O-and- Dake@déh ranCniegdOfrofr { &4k tHuEPof ©H23 8718 and which are
L0-(CHR2)rO (CHR) SO . =35 WO 05/ 090447 PCT/ CHO2/ 00044

- 0- CO- ( CH2) r - O (ataphesl tothe dicko® (esidpy andtheqiatymerdable group, respectively, such
-0-(CH2) rz NH CO 2) S- - 0- = NE: CO- 2)s-O, whereinr and s
ar e( eac% %n i nt etégjle%‘?r%%%s%%fiﬁ%@lgﬂﬁ%d& G?C%ﬂ%la%e)é 18 and which are

attached to the dichroic residue and the pol ynerisable group, respectively,
such 5 that heteroatons are not directly linked to each other. 18. A
mesogeni ¢, ckosshimgeagenc, prosslipeblecpbitaicrageardingriy apy dcecading ciimi mhewdirer ei n

S1 sel ected fromnih i sing - (.CHR) raps - -Q . - _C0- 0O,
(6970 co NGB B B Gnao d ok € LS o
att ache O adcC u _OT_ . 1€y - ~OL ¢hl - :

_CO O (CH2)r-, a&%@f?’ﬁ% (G co@(ﬂcﬁg-&fGD d c@%ﬂr h o-é?cﬂze):rﬁ-g‘g o, and 1
-CO- O (CH2) r - O, attaChddCHR) ra- GarbonO-afdd? pf - fBe( @itdysie Orgsidue also -O-(CHp),-,

-0-CO(CH2)r-O (CH2) s- O, -COO%)CHZ r-0(CHR)s-0, whereinr and s are
each an integer TGO CHDr12,-GHO-EHaof -P-¢OsECHIACOMd viPri(SH2 @ CAt ached

to 15 the dichroi esi.dye and the p ri sabl e grou ctively such
that heteroat o&bé%gr'%’y ectly I'ﬁi@”f@'pach ot hg?(éﬁé?%ﬁﬁ%e)@&ém c,
crosslinkabl e m g gtR@sHR0NC19)L 8- A0S0 H-B., WIRFSL P and s are

each an integer from 1 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, 1,3-propylene,

20 1,4-butylene, 1,5-pentylene, 1,6-hexylene, 1,7-heptylene, 1,8-octylene,
1,9-nonylene, 1,10-decylene, 1,11-undecylene, 1,12-dodecylene, 3-methyl-
-1,4-butylene,  3-propyleneoxy,  3-propyleneoxycarbonyl,  2-ethylene-
carbonyloxy, 4-butyleneoxy, 4-butyleneoxycarbonyl, 3-propylenecarbonyloxy,

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

9-nonyleneoxy, 9-nonyleneoxycarbonyl, 8-octylenecarbonyloxy, 10-decylene-
oxy, lO-decyleneoxycarbonyl, 9-nonylenecarbonyloxy, 1l-undecyleneoxy,
30 11-undecyleneoxycarbonyl,  10-decylenecarbonyloxy, 12-dodecyleneoxy,
12-dodecyleneoxycarbonyl, 11-undecylenecarbonyloxy, 3-propyleneimino-

carbonyl, 4-butyleneiminocarbonyl, 5-pentyleneiminocarbonyl,
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Sl is selected fromthe group conprising 1, 2-ethylene, 1,3-propylene, 20

1, 4-butylene, 1,5-pentylene, 1,6-hexylene, 1,7-heptylene, 1,8-octylene,

1, 9- nony| W0®2/090430- decyl ene, 1, 11-undecyl ene, 1, 12- dodecylP€Em&HZONEY Ny -

-1, 4- butyl ene, 3-propyl eneoxy, 3-propyl eneoxycarbonyl, 2-ethylene-

car bonyl oxy, 4-butyl eneoxy, 4-butyl eneoxycarbonyl, 3-propylenecarbonyl oxy,
4- byt yl enecar bonyl oxy

5- pentyl eneoxy, 5-pentyl eneoxycarhbonyl, , 25

6- hexyl eneoxy, éihé%@Féﬁ%@??EéWB@ﬁbgﬂﬁﬁkﬁﬁﬁFVF@ a3 Schsilengimmnocarbonyl,
7-heptyl eneoxy, ofab\aRinehBREEXY&GRNLONY decRahis bopyl ino-

8- oct yl eneoxy, 8-%@?@Ieﬁeoxycd@%€hy?? %9ﬁ%pty%%ﬁ%@gﬁﬁbn??é@é?ﬁﬂenmnnno

9- nonyl eneoxy, Sartmmyl, diedndgcdetzamidocaiBonyl Hetindemeoboystlioxiyio, I-Prapebankene-
oxy, 10-decyl eneoxycar.bonyl, 9-nonyl enecar honyl oxy, 11-undecyl eneoxy, 30 11
-undecyleneoxycé?ﬁ%ﬁ?ﬁ?n -dec%18ﬁé?§?ﬂ§ﬂ$ﬁ5%é?’12-&6&@85?Eﬁ RyyHmino,

12- dodecy} eneoxygp&RMhkarbddyl e Cx heReeAs Atk B¥no, %z&&ﬁ%%@%ﬁm&b,
carbonyl, 4-butyl enei m nocarbonyl, 5-pentyl enei m nocarbonyl, -36 WO

02/ 090447 PCT/ CHonemdergarbenylisnipd e heiderviersaatbonylimino, 11-undecylenecarbonyl-
7-hepty|eneininqcarbonyg_ 8-ocﬁ%Leneininoc

|,
9-nony|eneininocg?%%nyl,C%B¥@¥cy?gﬂgrﬁ#ﬁggg%ggﬁ%w? 1 P-Grrsaxlensssyiveny.
carbonyl , 12- dode(yb@peleaiouesbbRyl , 2- 6XBykaneSRIRBMDI oKy RaplRpY | ene-

car bonyl i m no, 4-butyl enecarbonylinm no, 5-pentylenecarbonylim no,
6- hexyl enecar borfy{3-PioRslengmirgsaihoaybbenybonyi-{3npepylepeipénorribeardhessiofyi mi no,

9- nonyl engcar bonyd i.m 10-d vl i,{ 1- undecy| car honyl -

- (3- propyl eneox e Jox oct - ,
6-(3-propy|eneini?o ar?on 1) he , -(?-pnopyleneini oggrbonyl)hexyﬁgxy, 10
1, 2- et hyl enedi oxiy1%- ?%%Féﬁ%fveﬁﬁtpa%w eﬁ?dw@mayﬁéd@&foéﬁyy,lenedwxy-

1, 5- pentyl enedi oxy, 1, 6-hexyl enedi oxy, 1, 7-heptyl enedi oxy,

1, 8-octyl enedi oxy, 1, 9-nonyl enedi oxy, 1, 10-decyl enedi oxy, 1, 11
- undecyl enedi(bxyA nagsdgenid 2rabsliidapleamedumeragcording to any preceding claim, wherein

15 Z1 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
CHjy groups may independently be replaced by -O-, -CO-, -CO-O-, -O-CO-,
-NR2-CO-, -CO-NR2-, -NR2-CO-O-, -O-CO-NR2-, -CH=CH-, -C=C-,

20 -0-CO-0O-, -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
25 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 R2 represen;ts

hydrogen or lower alkyl.

30 22. A mesogenic, crosslinkable mixture according to any preceding claim, wherein
Z! and 72 groups are 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-
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20. A nesogenic, crosslinkable m xture according to any preceding claim
wherein 15 Z1 and Z2 groups are a single covalent bond or a straight-chain
or branch&o 02abldeyt ene resi due, which is unsubstituted, noRETAHIODMYt ed or
pol y-substituted by fluoro, having 1 to 8 carbon atons, wherein one or
nore of the non- adjacent CH2 groups may i ndependently be repl aced by 0-
-CO, -CO O, NR2- CO-, - CO NR2-
_C=C, 20 -O Coaélacentl\ﬁﬂe STOURRANAY | Peﬁaﬂ@r}’e‘?e&eﬁkw?‘gb}’eQen@Q QWCB&&: or
lower al kyl. 21y.4.nesogenic, crosslinkable mxture according to any
precedi ng claim erein Z1 and Z2 groups are a single coval ent bond or a
straight-chain or branched 25 al kylene residue, having 1 to 6 carbon

atons, wherein ope or npre of the non adj acent CH2 grou ma |ndependently
be repl aced %%/ mesogenigncrossiynkable mixtyseraegording do @ny Prf@e%@gg’a Khgpein

- CR2=C COs, wherel NpdfanbafibRs eilups PYMCORIBAE! FeCihed iy -oﬁocﬁ% ¥ ein

mesogeni ¢, crossli l'e m xt according to any prec g clai

Z1 and Z2 groupsCHj€CW-600g] eCtw»aHe00-NHAd GHZ@C&thD&](Q—NH{:h&IHQ%HJlU-anChed
al kyl ene residue, having 1 to 4 carbon atons, wherein one or two of the
non- -37 WO 02/ C@@MHW(MOZI God44=CHadj aceﬁﬂh@ﬂﬂ -Ghoups FEp=ChidBpéhdent | y

be replaced by A_nmesogeni ¢, crosslinkable

m xture accordi r% P %ﬁ%@@u%?&@ﬁa% CWH%‘PQ nN'Bla¥e|‘féHb®{ yHRFPBab| e

groups P are sel g}{nflpjgo of CHZ Cw, CH2=Cw COO-,
CH2=CH- CO- NH- , dﬁ%g?:?d‘f"% chidho SF By, CH2=CH OOC-, Ph- CHECH-

CH2=CH- Pho, mZZKﬁﬁ%w@alkleBld%&r@lk@@M— COO , R3-00C- CH=CH- Ph- O :
N- mal ei ni m dyl erel n Wis hydrogen, chloro or nmethyl, 10 R3 is |ower
al kyl or |ower affkoRyphenyl, and

-Ph- is 1,4-phenylene.

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! + m?2 + 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 isotropic compounds comprising two or more polymerisable groups.

28. A mesogenic, crosslinkable mixture according to any preceding claim further
comprising additives.
30
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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Ph- is phenyl, and -Ph- is 1, 4-phenylene. 24. A nmesogenic, crosslinkable
m xture according to any preceding claim wherein 15 the pol ynerisable
groups P wWp@2@¥@+CW, CH2=CW COO-, CH2=CH O wherein Wi s PRYATHIQOM4dr

met hyl . 25. A nesogenic, crosslinkable m xture according to any preceding

claim wherein the nunber of rings in substructure Il expressed by m + n®
+ mMis < 2. 20 26 A melsogenl crossli kabl e mxiure accordl ng to. any
precedi ng cl ai mle3th&ve PALymgrisg %L;lzlﬂu’érféy% 5.t Werpigpt BeRANHITISES  nor e

than one pol yner}sabhs orfd er?sgbI%%{ Lﬁ, mesogeni c, cr ossl [ nkabl e mxture
according to any precedi ng claimfu ?1 conpri si ng i sotropi c conpounds

conprising two or nore polynerisable groups 28. A mesogeni c,

crosslinkabl g m xture accordin an recedi ng. cl ai m furt her rising
addi ti ves. @ R ﬁ%%eBbcenFré’S&@ﬁ‘%élg B ST g’cn@r do aé‘%r?ﬁeﬁeéhli%

precedi ngscl ai mcong@mgl ohe @ etk diasit dgék fFhGRI2T Snd¥9eRE GRS Ho1)MetiStide
general fornmula | and at -38 WO 02/ 090447 PCT/ CHO2/ 00044 |eaSt two

pol yrreri sabl e. liggid erystelpspaipsisingisacheiwe polymersssbleggieunsf t hem conpri ses
nore than one pol yneri sable group. 30. A mesogenic, crosslinkable m xture
according to any preceding claim 5 conprising one to four dichroic dyes of

formula | amgl. ata hlﬁ%x%sgenﬁd\&rdk@hmrd Badlre actdréiizdo Qﬁ%@%@b&m@%ﬁh‘h‘ sihegieach
two pol yneri sabl e roups. nesogeni ¢, crosslinkable mxture according

to any precedi nd 3 %@I@Pnﬁﬁﬁbﬂ?féil?hfolcﬁém wtfem 8drie SAYVSF di chroic dyes is from
0.1 to 5qgmt.

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 ITI - V:

20 R4-Arl-N=N-Ar2-B! 111
R4-Arl-N=N-Ar2-N=N-Ar3-B! v
R4-Arl-N=N-Ar2-N=N-Ar3-N=N-Ar4-B!l \Y%

wherein

25

R4  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- or poly-substituted by fluorine having 1-18 carbon

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

independently be replaced by -O-, -CO-O-, -O-CO-, -NR2-CO-,
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32. A nesogenic, crosslinkable m xture according to any preceding claim
wherein the total content of dichroic dyes is fromO0.5 to 30%. 33. A
mesogeni cwoor0sskT nkabl e m xture according to any precedi RGTEHROP04her ei n
15 the total content the dichroic dyes is fromO0.5 to 20%. 34. A
mesogeni ¢, crosslinkable m xture according to any preceding claim wherein

t he dIChI’OIC dye is an azq %\?of theforrrulaglll - V. 20
R4- Ar 1- N=N- Ar 2- Bl ||CON£AH REROAPt - 1NN 1QH7=CH-, -C=C-, -0-CO-O-,

RA- Arl - N=N- Art - N=N- Ar wherel n 25 e resents hydrogen,
fluoro, chloro, bron®" er‘(l‘,’?% nﬁrﬁlp cpen eprﬁset“ﬁ Lo ?%OEE\Y@“H? L‘oer ed
cyclic am no group, -CR2=CR3-NQ2, CRZCR30N -CR2=C(CN) 2, or a straight

chai n or branched aIK¥ resi due, which is unsubstituted, npbno- or
pol y- subst i t ut ecABly Af%, P Aet dopangenilyl 6 ezhlntier39e atdepienylsher ki-norhs- or

T e o e s 2 B S Gesb o B o
-NR2-CO- O, -0 CO NRgpy 3 %gﬁf chanp‘f'oranclge C@cﬁremd‘&@ SRR 15%n§h’3gf t??éd,

|ndependently repr esent hydr dgen or wer al Art,” Are, Ara
i ndependent |y of eachomi-tne Ipobr slbmlmtqdﬁran@nhc&me ha¥ing-1-02 carbba apmsaphtiey ene

optionally substituted by fluo chl ori ne, ydrox - NR2

straight chain or bréfc HloéP@f%fee%‘?rﬁffgac |Ctﬁ:2 B%tlp‘g‘%’FB‘genﬂynlb%o or
pol y-substituted by i av r ns ) 9 r nore
of the non-adjacent Ig)-@‘?%drg}g § mb;gﬂpﬁ’dgg%géﬁtgﬁ @bd) Gr:g;glt?gcédﬂg C&Sd)

-CO- O, 10-CO, - NRZOCOO-NRED- NRRH~CHNR2.(E0-0O--0-80-00- GReliie- R2 - 5id-Gk3 |
-CC, -0-COO, wherein R2 and R3
independently represent hydrogen or lower alkyl; and

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

) e
(CHz)p (CH2)p -
a) b)

c)
wherein p is an integer of 1 to 3 and R4 of formulae III to V is attached to

15 the nitrogen atom; and
Bl  has the meaning given above.

35. A mesogenic, crosslinkable mixture according to claim 34, wherein R4
20 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 of the non-adjacent CH; groups may
independently be replaced by -O-, -CO-0O-, -O-CO-, -CH=CH-, wherein R? and
R3 independently represent hydrogen or lower alkyl.
25
36. A mesogenic, crosslinkable mixture according to claims 34 or 35, wherein Arl
to Ar* independently of each other are 1,4-phenylene or 1,4-naphthylene
optionally substituted by chlorine, hydroxy, -NR2R3 or by a straight chain or

- 40 -



i ndependent|y represent hydrogen or |ower alkyl; and wherein Arl is also a
group of fornmula a) toc) (CH2)p --- N (CH2)p (CH2)/ N Nb) a) c)
wher ei n pwvpo2am4ient eger of 1 to 3 and R4 of formulae |11 PETMHOR/0M48 ached
to 15 the nitrogen atom and Bl has the neaning given above. 35. A
mesogeni ¢, crossli nkabl e m xt ure according to claim 34, wherein R4 20

represents hydro , ano tro p d

1-pyrrolidyl or gﬁ]t r‘?,s F%H@ﬂg’%lhwg’ﬁ E’dg X%}Pﬁ%ﬁtqn?
unsubsti tut ed, h@f}ibﬂéﬁl énel%r tﬁ/@félome%idh% adéﬁﬁ@lgn afs %ayt iﬁﬁeﬁéfndéﬁ’cgr be

non- adj acent CH2 groups may |ndependent y be replaced -

-0-CO-, - CH=CH, repheeébn -G -60d0-,R3-COd e QRN bvhelreﬁpRéaﬁle3 Iﬁyﬂpagienﬂpr

| over al kyl. 25 36. A nesogeni c, ‘crosslinkabl e m xtyre according to clains
34 or 35, wher ei Fepresent hysrogen qrigwperiiEhend varrandi! sddiipnallyeis 2 groppeihy| ene
or 1, 4-napht hyl e |y substituted by chlorine, hydroxy, -NR2R3 or
by a stra?ght chgb?rﬁmpa?at) tggg WO 02/ 090447 PCT/ CHO2/ 00044 branched al kyl
resi due, which is unsubstituted, having 1-12 carbon atons, wherein one or
two of the non-adjacent CH2 ¢ ps may i ndepepdent | ,be r | aced by -0-,
-CO- 0O, -0-C¥, mcm@?a@mﬁahﬂ&naﬁ@rwqo %&e’é g?yr‘é%‘ifﬁltnt e
hydrogen or | owe i o)1 i lgfg@ﬁﬁly is a group of 5
formula a) to c)alcwy%n@gﬁﬂ?gﬁccrﬁg Hﬁ’kéﬁﬂé}k5 n}/xture according to
clainms 34 to 36, wherein the

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

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

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

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

15
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)
\Yi| Vil VI
O NH, NH, O  NH,
NH, O NH, NH, O  NH,
IX X
wherein one to four hydrogen atoms are substituted by the groups of B! to B4
20 either at carbon or nitrogen atoms, and wherein B! to B4 have the meaning

given above, with the provision that at most one of B! to B4 is attached to the

same nitrogen atom.
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di chroic dye of forrmula Ill conprises no 1, 4-naphtylene unit. 10 38. A
nmesogeni ¢, crosslinkable m xture according to clains 34 to 37, wherein the
di chroi c Wo@2e904Drmul a 1V conprises 0 or 1 1,4-naphtyl en®@CoindH02/0884 A
mesogeni ¢, crosslinkable mxture according to clains 34 to 38, wherein the
di chroic dye of fornmula V conmprises 0, 1 or 2 1, 4-naphtylene units. 15 40.
A nesogeni c,,.crosslinkable m xtu according to any preceding claim
wherein t héldi chisesdce q%sfi%aéﬁtwﬁa@i Ir6oreling tor Flain 4P FRMpPEISRE-oRe @ NH2 0
NH2 NH2 0 NH2 %ﬂ{gl—% Q1 I VIII O NH2 NH2 0 NH2 NH2 0 NH2 NH2 0
NH2 | X X wher ei(P‘rﬁlwgne 3" osurvclﬁ%ﬂr' ogen atons are substituted by the groups
of Bl to B4 20 either at carbon or nitrogen atons, and wherein Bl to B4

have the neani ng iven_above, wih the provision that at npst one of Bl to
B4 is attacl®d t'd %%gené%ﬁéosﬁlﬂ@i\g%t?éﬁlxé‘ﬁfsrﬁcwﬁlfg\/@ Pams g+ pehersin 1200044

41. A Tespgen ¢ i elt Ny AN REERAALAG VIOVE B 40 compri sing one

or two of the groups nmesogeni ¢, crosslinkable m xture
according to clainms 40 or 41 wherein the 5 dichroic dye is an

ant hr aqui nong of, the f ormul |, M I or X 43. A dichroic dye of the
formul ae |V or %dlcawlﬁﬁﬁqﬁﬁﬁﬁ}él@?ﬁ%@’oﬁe}%s 11V 10
RA- Ar 1- N=N- Are- N=N- Ar 3-N=N- Ar4-B1 V wherein

R4-Arl-N=N-Ar2-N=N-Ar3-B! v

10 R4-Arl-N=N-Ar2-N=N-Ar3-N=N-Ar4-B! \Y
wherein

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

15 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- 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 -O-, -CO-O-, -O-CO-, -NR2-CO-,

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

wherein R2 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 CHy groups may independently be
replaced by -O-, -CO-0O-, -O-CO-, -NR2-CO-, -CO-NR2-, -NR2-CO-O-,
-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)
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R4 represents hydrogen, fluoro, chloro, brono, cyano, nitro, -NR2R3, a
three- 15 to seven-nenbered cyclic am no group, -CR2=CR3-NO2, -CR2=CR3-CN,
- CR2=C( CNV/D,02/090487 st r ai ght chain or branched al kyl resi du®@CTiKtH02I00G48
unsubstituted, nono- or poly-substituted by fluorine having 1-18 carbon
atons, wherein one or nore of the non-adjacent CH2 groups may

i ndependently be replaced by -0-, -COO, -0-CO, -NR2-CO, 20 -CO NR2-,
-NR2-CO- O, -0-CO NR2-, -CH=CH, -C=C, CO O, whergim\R2 and R3

i ndependent |y represent hydrogen or |o kyl ; Affp—2 Ar3, Ar4

i ndependently of each ofhe e_1, 4-phe 1, 4- 4,3y napht hyl ene
optionally substi tut(gg b orine, cf hydrom?‘, RZR3 25 or by a
strai ght chain or branthed al Kyl rEkd /—whi ch is unsubstituted, nobno- or

pol y-substituted by fluorine having 1-12 aarbon atons, erein one or nore
of the non-adjacent CH2 groups may independently be replaced by -0-,

-CO O, -0CO, -NRAvKdrin p-iCeh Mr2ezer of NE2 3 G0 ®4, of fofhiled NRZ V is &lthefkl to
-C=C-, -0-CO O, wherein RR and R3. 30 independently represent hydrogen or
| ower al kyl; and whéh@epirogen atpg); apdo a group of fornula a) to c) -42 WO
02/ 090447 PCT/ CH02/ 00044 (CHZ)p NN N (CH2) (CHOP a) b) c) wherein pis
an integer of 1 to 3 and R4 of fornulae Il to Vis attached to the

ni trogen &tom apld Sefesadpy £genp of subgtrattpredi substructure Il ----51 A - Z~
A2 Z2 A3 (S2 P)o tlIl, 0712 0113

OO O
m1 m?2 m3

I
10 wherein the broken line symbolises the linkage to said dichroic residue and

wherein:

Al A2 A3, 81,82 71, 72, ml, m2, m3 and o have the same meaning given

above, and
15
P represents CHy=CW-, CH,=CW-COO-, CHy=CH-CO-NH-, CHy=C(Ph)-
CO-NH-, CHp=CH-0O-, CH=CH-OOC-, 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, -NR2R3, 1-piperidyl- 1-pyrrolidyl or a straight chain or branched

alkyl residue, which is unsubstituted, having 1-12 carbon atoms, wherein one or
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[1 10 wherein the broken line synbolises the Iinkage to said dichroic
residue and wherein: A, A2, A3, Sl1, S2, 71, Z2, m, nR2, nB and o have the
sanme nearwpg@2g9oen above, and 15 P represents CH2=CW,6 CHZFCNICOW44
CH2=CH CO-NH, CH2=C(Ph)- CO NH, CH2=CH O, CH2=CH OOC-, Ph-CH=CH,

CH2=CH Ph- O, R3-Ph-CH=CH COO , RBOOCCH:CH-PhO I\I—rraleinim'dyl,
wherein 20 WIS hydr ogen, chloro or_ et hyl i's Iovver al k or | ower

al koxy, Ph- is tFRedfyfie norcpdigsgot ?Hzlgraunfh@ﬁyu@df@en@gﬂmbe Vﬁpé@%bbﬁ'@'dye

according to clai 3, ei 4 J.epresent s, hy ro 3 chl ano
Nitro, - NReR3, IORF éer.@”ﬁ-a echr abee B s oRE oGt - ehed

al kyl residue, Vﬁgidﬁ%eh%rwwlaﬁ& yituted, having 1- 12 car bon at ons, wherein
one or -43 WO O 0447 PCT/ CH02/ 00044 tvvo of the non-adjacent CH2 groups

may |ndependently be replaced by -0-, - -0-CO, -CH=CH, wherein R2

ye accor i ng 1 or e TS G diag dr%”#’ %J(W)er%% o Bl £,

of each other arg dacl o@t@wéqrmp@ényiené d}aphunla tﬁ n&R tlmlyl StbStBeli syt ed
by chlorine, hydroxy, -NR2R3 4\; a stral ain or branched al kyl
av

resi due, whi ch dhdorines hbénoxy,ufWR ¥ bR &tralghtcczhabonr brapobed ahegl edsiduene or
two of the non-adjacent r,0 i ndependent|ly be repl aced -0-,
1000, 10 - o costith & eSSy bRinRB g BRI FRGEpEGR: PYE PoBrSEEe
hydr ogen or non-adjacent CHj 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 c).

46. A dichroic dye of formula IV according to claims 43 to 45 comprising 0 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 Vil Vil
O NH, NH, O NH,
NH, O NH, NH, O NH,
20 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
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| ower al kyl; and wherein Arl additionally is a group of fornmula a) to c).
46. A dichroic dye of formula IV according to clains 43 to 45 conprising O
or 1 1, 4woapktoshene unit. 15 47. A dichroic dye of fornulPaTMHICOM4di ng to
claims 43 to 46 conprising O, 1 or 2 1,4-naphtylene units. 48. A dichroic
dye of the formulae VI-X: ONH2 O NH2 NH2 ONH2 O NH2 NH2 OO0 VI VII VI
O NH2 NH2 O NH2 NH2 O NH2 NH2 O NH2 20 I X X wherein one to four hydrogen
atons are substiBUOd BGPreseat yeioup el bswuctiig IB4  eit her at carbon or
nitrogen atons, and wherein -44 WO 02/090447 PCT/ CHO02/00044 Bl to B4
represent a group of substructure Il ----51 A~ - ZH g2 Z2 g3 (S2 p)o m nR
n3 5 Il wherein the bragken _ljine synbelises the_li ) said dichroic
resi due and wherei naAl A3, .91 5nd_ophave the
same meani ng given Xy o.. Hr ts522 : %@VCO%DQ
CH2=CH CO- NH-, CH2=C(Ph)- CO"NH, CHP- , ' 3 CH=CH-,
CH2=CH Ph- O, R3-Ph-CH=CH COO-, R3-00C-CH=CH Ph-O, N-maleinimdyl,

5 I
wherein the broken line symbolises the linkage to said dichroic residue and

wherein:

Al A2 A3, S1, 82, 71, 72 m1, m2, m3 and o have the same meaning given

10 above, and

P represents CHy=CW-, CH,=CW-COO-, CH,=CH-CO-NH-, CHy=C(Ph)-
CO-NH-, CH,=CH-0O-, CH»=CH-O0C-, Ph-CH=CH-, CH,=CH-Ph-O-,
R3-Ph-CH=CH-COO-, R3-O0C-CH=CH-Ph-O-, N-maleinimidyl,
15 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

atom.

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

25 B4,

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

51. Liquid crystalline polymer film formed from a mixture according to claims 1 to

30 42 by polymerisation.

- 45 -



15 wherein Wis hydrogen, chloro or nmethyl, R3 is |lower alkyl or |ower

al koxy, Ph- is phenyl, and -Ph- is 1, 4-phenylene, 20 with the provision
that at nwet2oma4df B 1 to B4 is attached to the sanme nit PCFarH2A0@IN 49. A
di chroic dye according to claim48 conprising one or two of the groups Bl
to 25 B4. 50. A dichroic dye according to clains 48 or 49 of fornulae VI,
VIl or X. 51. Liquid crystalline polynmer filmformed froma m xture
according to clainms 1 to 30 42 by polymerisation. -45 WO 02/090447

PCT/ CHO2/ 00%4 ﬁéuld%r%’chﬂjing rp6SiRdy RS ROAAIRS tof bllaﬂfl 3531(3 Q-8 the Hhaim 51,

wherein the filmis coated with further layers. Process of preparing
a liquid crystaldonted with fartber laydrsn according to cl al m; 51 or 52 on a
substrate conprising the steps of (i) preparing a solution of a m xture
according to claims 1 to 42, (ii) applying said solution to a support,

(iii) evaporsyi mgo&dagoﬁpxlemﬁﬁgé pqlgbtcaysfhu@qd‘pdlmlerlﬁln{ hé/cbrcﬁﬁg YOBlkin$d $10osai d
filmusing W |Iﬁ%ht to give a cross-linked dichroic liquid crystal film

and (v) optional %atbﬁﬁﬁ@teﬁamnn@ngﬁ@ stépakéd di chroic liquid crystal film
substrate is a fDandard e SUBEET S ERRRuR s b Bl i Ko on [ayer.
(i) applying sa1d solut1on to a support,
(iii) evaporating the solvent to obtain a film,
10 (iv) polymerising said film using UV light to 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.
20

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 1 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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55. Process according to claim54, wherein the transparent substrate is
glass or plastic. 20 56. Process according to claim54 or 55, wherein the
ori ent atiwooa9wes7i s rubbed polyimde or polyam de. 57. PCoaaR3/0eador di ng
to claim54 or 55, wherein the orientation |ayer conprises a 25
photo-orientable material. 58. Multilayer system conprising two or nore
liquid crystalline polynmer |ayers, wherein at |east one of the liquid
crystalline polynmer layers is a dichroic liquid crystalline polyner |ayer
formed fromeay Muxdels€nRESRAMY RebskithiabRI MBxtrel Qe to 3RiMO1Y{FRE) $Rtthon 59.
Mil tilayer systemaccording to claim58, wherein said |ayers are covered by
at | east one otpteductioneof ligwdlcrystajlaxe polyiGenidnG2/ 090447 PCT/ CHO2/ 00044 60.
Use of nesogenic, crosslinkable mxture according to clains 1 to 42 in the
production of liquid crystalline polynmer filnms. 5 61. Use of mxtures

accordi ngs t ®lc! aigofimixurdLadcafdifd'® QAR &f 4Dforahe Prphlatieh Uf Bektrudifed
structured optical elenents and nulti-layer systens and for the

construction ofandstustured aptigalcdementpand multiokayer Sysiemsced fer the corstmréoms 51
or 52 for the prq%g%gﬂtﬁgwggsunstructured 10 and structured opti cal

el enents and mulTi- yer syStens and for the construction of security
devices. 63. Electro-optical or optical conponent or device or security

device conprising a _dichroic_liquid, cr¥stal line polynmer filmformed froma
m xture accdii n(gse( of files aqeqrding to elging 51 o p2 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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