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CHOLESTERI C LI QUI D CRYSTAL COPCOLYMERSAND ADDI Tl VES
Field of the Invention The invention generally relates

wo eooshzddest eri c |iquid crystal conpositions foPCT/U820041021610

cholesteric liquid crystal filnms and optical bodies
such as reflective polarizers, and particularly
relates to cholesteric liquid crystal copolyners and
additives for inclusion in cholesteric liquid crystal
C ONPOHOLIEYTERICACKIDIORYSTALNEOPOYYMERS ABD ADBITIVES
devi ces, such as polarizers and mrrors, are useful in
a variety of applications including liquid crystal

di splays (LCD s). Liqqhgdggﬂ§q§bmgk§plays fall broadly
into two categories: Backlit (e transm ssive)

di spl Aysinveitien aeneragyrelpigs tsrcbqlpsi@w liopigreryseth Forapastiions for
gbrg—gtll ofé@t@mﬁée lrl%lﬁﬁ'i‘ Qr&ﬁcﬁlqm& bid ((p%cﬁé)o%h%&fdcﬁ 6d fe¥iBdtive polfarlzers

ays, I's provid romthe front
whépattigyryrelptss tp. cholgstbiiekhquid ¢my¥ial copofyreere andysidiivepioainclusion

?ﬁ&?ﬁSgﬁghgﬁ%gggﬁ1¥gﬂ?&ﬁmkorn1transflectlve di spl ays

can or exanple, under dimlight
condi tions or read under bright anbient |ight.

Convent i onal backli# ?fgﬁ tg&%ﬁgkl¥ gse absor bi ng
pol ari zers and can I ght
t r ans Mpdeil deMceﬁ;muv}eastriohmladzrs nef hewtd, ve ukdilsin averiety sb
ed on.a Ln rizers d.typicall ave |
Al ettt R S e LR St gbs Btroaay
ﬁﬁf) k@6 tagoden fhatiiR$eg. sﬂﬂrﬁ\@xk@}ﬁse)rd@mggav}ﬁtes@hau provided from

brij ght d t
RekiPR e drelegra pd fo b e i Y BPlafied P shaapioyided
LS Be Ao raeSdidtayB k|, adbie}El). TRRL W@&lb}ﬂﬁbsmodes can be

Ref | ective pol arizers. p referentlallﬁlreflect
1

rambingd trferm bpngflpotive dishlaxrietcrn brbackliy fog prample, Pﬁ@r dim light

%Hcﬁﬁbl{s%rE%d%&&%@ﬁ%bféﬁh%’tZatI on. The reflected
I'ight has the abil iagto be recycled, nmaking it

possi bloaventionsdbackhit i lhigpicpbruse ﬁ\vsagjvéngd?olatrﬁ@rs [rRdypan have less
Ccf?e{h%“% t‘&rQnsm ésbe' Hvélnh&m re"i’iggt}v‘é ‘i&?ﬁ%ﬁg%& s dH BGbing

ransm SssSi on 0 erre ective
pmlaalmrz emdstypipdlryslwt leamthanr 2% mﬂbctivutg hii"hwowrtrammlsswn or

s M

lﬁﬁﬁmhmonptlon for the transm ssion polarization over
the d‘f{ hec%ve pglngzersqt];avg\@ e%ldgxlf’] ope§ for NSSin tﬂ‘ese dlsplgys as We‘l:“l as other

applications. Reflective polarizers preferentially reflect light having one polarization and

transmit light of the opposite or orthogonal polarization. The reflected light has the ability
to be recycled, making it possible to have a higher percentage of the light converted to
polarized light and consequently a higher transmission of light. It is preferred that
reflective polarizers transmit and reflect light without absorbing relatively large amounts
of the light. Preferably, the reflective polarizer has no more than 10% absorption for the
transmission polarization over the desired range of wavelengths. Most LCD’s operate
over a broad range of wavelengths and, as a consequence, the reflective polarizer must

typically operate over that broad wavelength range, as well.
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over a broad range of wavel engths and, as a
consequence, the reflective polarizer nust typically

wopesar®eover that broad wavel ength range, as MeI/US0€021610

i nvention provides conpositions and net hods of maki ng
opti cal bodies for use in such applications Summar y

of the,lnvent ner a th rese inventio

el at dbe S ign ptoaiaen gormeastiogs atihBishady BF maie sl ogiss pr use
dh yischapplibatigtisays, as wel | as the displays and ot her

devi ces contai ning the optical bodies. In one

enbodi nent, a cholesteric liquid crystal conposition

i ncludes a) a chol esisafdnsary bfliledntenyioh al conpound or a
chol esteric liquid crystal precursor; and

conpo{asaeTaty, fhs pgsent ipveptionr ilates Forontialpogies foes Idﬁﬂlla&% such as
(llqllﬂd) or}és‘tal &sM%ﬁasY‘&élf ﬁ the @sﬁaﬁ aﬁ{fl thi' dgvﬁeﬁ%nﬁlr}rﬂ%eﬂh@ optical

3; Ris an ac
Hﬁ@ﬁécrylate acrylan1de |socyanate epoxy, or

si |l an 2 , I,S a
ool SRS B Byl
-cholestezi¢diuid crystde@ppound opp chdliGfedy liquid cRBtal preeursor; and b) a

K%hgﬁ #ﬁ%ﬁmg |Kﬁﬂ%l]gﬁﬂa@ﬁ:erocyclylene,

arytene, o ond, (C -Cg)

al kyl ene, (C - Cs)Rng§ cﬁ§€§%¥a5kkg , carbonyl, - O
_1,‘1_

-C(OO0 - , 4X@C- , -CHN -,
-N=CH - hKXC» - ; R5 is a bond, cycloalkylene

cycloalkenylene -%t @gﬁagﬁ “yiggne, or
hetroarylene; is hydrogen yan alo, (1§ -GCs)
al koxy, (C Cg) al kyl, nitro, am no, carboxy,

t Cthgﬁ}g#{w : SCF ;
gefgag ?C C) élky ne 9— ; &e%f?eq or ?E )

i1
al kylyne; is is hydrogen, halo C -GCs) glkoxy (C- C
Ywherdkiyis 1, 2i% pod nam 1nd, oréaRbb@q,a ¢ ezpthaerylate, @crylamide,

fek
ey R e e KL p (T aSTep S Gy b, or o
WlmqeRz iop bhat, r@ar yCERe:-, 7:@(@)(33, %O(C(O)Ofls?C(é])NyJ =N,
(C 5 I | epe
o ﬁeﬁ n h@g@ ﬁ isla g %léeﬁq(l:le e) arﬁllogﬁ%l)r{)glgl}ea etero%iéllenﬁ a(%lene
tdlﬂibtroamid:nﬂ:dﬁslsa bond (C1-Cs) alkylene, (C,-Cs) alkenylene, (C,-Csg) alkylyne,
carbonyl, ~O—, —C(0)O—, “O(0)C~, —0C(0)0O—, —C(O)N—, ~CH=N-, -N=CH-, or
—NC(0)—; Rs is a bond, cycloalkylene, cycloalkenylene, hetrocyclylene, arylene, or

hetroarylene; R is hydrogen, cyano, halo, (C;-Cs) alkoxy, (C;-Cg) alkyl, nitro, amino,
carboxy, mercapto, (Ci-Cy)thioalkyl, COCHj3, CF3, OCFs, or SCF3; R; is a (C1-Cy)
alkylene, (Cy) alkenylene, or (Cy) alkylyne; Rg is is hydrogen, halo, (C;-Cs) alkoxy, (C;-
Cs) alkyl, nitro, amino, carboxy, mercapto, (C;-Cy)thioalkyl, COCHj;, CF3, OCFs, or SCF3;
Ry is a cycloalkylene, cycloalkenylene, heterocyclylene, arylene, or hetroarylene; and Ryg
is a (C1-Cs) alkylene, (Cy-Cs) alkenylene, or (C,-Cs) alkylyne.

Another embodiment is a cholesteric liquid crystal composition that includes a
reaction product of a) a cholesteric liquid crystal precursor; and b) a compound of formula

(I), formula (II) or formula (I11).
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reacti on product of a) a cholesteric liquid crystal
precursor; and b) a conpound of formula (1), fornula

w@ kaop/ozaoef orrmula (I11).1n a further enbodi ment PCHUS2004/021610

chol esteric liquid crystal filmincludes a cholesteric
liquid crystal polyner; and a conpound of fornula

V) - - 1V) wh
énv)acm éfptﬁer ewépéfacm ghalosteg .h'w?l& mya@l ﬁ‘inyaevawa& félolestenc
RO YrysQI petjth@N id 4 &m(psun&&)fma{ulreydrepe (C -GCs)

alkenylene or (C-Cs) alk Iyne Is a bond, - O ,
-Q(QO - , -0(0R”B—RGR RECQIN -, -CHN -
-N=CH - or -NKXC» -, Ris a c IoaIkerGW)

| oal het
BRI s or SRR bl Ttace oS0, i8cypmate, epagy, or
alldeeyt, &91€; dsﬁalkﬁer)e, @0 KO8 YRénylemarod (mlyd:s) atkyBme; R, is £663d0-0—,

SN SPOIC-: FROFOB 5ROy o BNy TEHRH - or NCOY Ris
CYabARI&R Wc%ﬁﬂtelglﬁfer M@dy)ﬂy%ﬁ@ arydng! (ﬁ”'h%troé}g/lene Ré;s a bond,

het r oaryl ene; dr ogen ano, halo, (C 3
A KRB Relhepenn( o) B SnEamory - -C(0)0-
Ry GRPL 0o(&0-C-Hhinealkyt-n-CQeEEw- Gr NC‘(EF Rs ¥ a 5, -

| n anot her enbddi nent,” a nethod of form

chdradistene; chloaﬂfemden@rlg@pwcbﬂfmemrylmq, Ulaeﬁrodnybpwnﬁ Ruasy
2 %@b%ﬁc Glo E('JFC Z'aﬁw%)g (ELY 2%&21 gmﬁﬁﬁﬁ)' g.ﬁ)%ﬁ% mercapto,

Zbove" on trat al 'gni'ng
dGoCotimitiyt QG 8FcIGfFhalr SEEmposi tion to forma

chol eﬁita% Jch‘ér éﬂl%ld en‘fryrﬁétf?(ld ffc 1n TJ]% RARR nc hsu rtleq
ot i ded to descy Ach

t he present I hven |dn 'S no e eac
dmcéluiemélqmbsmg’:amd pithethadasteev daqtyid Icmpﬂabdmahomrdesxfnbb&ldaove ona

t_i.nyent i es i,on
(R angRER s Pl SRR spFortiesie R Eh altb ey
ﬂ@ﬁmmeMnmns Brief D%cnphonoftMaDawn%
The ention nor e | et el tood in
consi 3B FEVSRTIR Y AL P TS R R e L b S5 e
\dﬂklo@édsenﬂﬁbﬂ%ﬂ(ﬁ{w&y%pleﬁlenthﬁbm iitleQReskit IFRAASE THérFl gures
with the acconpan draMAqgw@vln whi ch: Flgure

Pebdlpd Paterietion ¢ XF‘%‘P les Whish fellow raers partiselatly eremplif fa%ﬁed

Chbsdigdendi Spl ay in

Brief Description of the Drawings

The invention may be more completely understood in consideration of the
following detailed description of various embodiments of the invention in connection with
the accompanying drawings, in which:

Figure 1 is a schematic illustration of one embodiment of a liquid crystal display in
accordance with the invention; and

Figure 2 is a schematic illustration of another embodiment of a liquid crystal
dlsplay in accordance Wlth the invention;

Fi 1gure Jisa schema‘uc 111ustrat10n of yet another embodlment of a liquid crystal

display in accordance with the invention; and
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accordance with the invention; and Figure 2 is a
schematic illustrati on of another enbodi nent of a

wo p@paiozBoes yst al di splay in accordance w t h t hePCT/US2004/021610

invention; Figure 3 is a schematic illustration of yet
anot her enbodi ment of a liquid crystal display in

accordance wth the inhyentiaon; dFi qu 4 1s | i ght

t r ansHigeE;4gh 2 SBRIITARES B SPRCTBSH %I OPﬂY?:IJI gc"?yo"lf’ﬁ%% accdtding to
Feapdng to Exanple 2. Wile the invention is

amenabl e to various nodifications and alternpative

f or ms Whilp i inyemtion §emenabla g varions s ddicatipnsgyd pligmagiyve forms,

‘gg&iﬁb% hekddf hite vIEAWRE DY ¥AY oPédatnpRan AR AW RN Wil be
tail. It should be understood, however, that the

idasceihed ipetal]. Hohouldbe mderstoopchopigyasrtbptahe mfpntiprpis not to limit the
e S N A h ey
anvbr all redifwatiions seqbivhlentspndialtdrhaiivehielling iwithin the spigicasg ecope of
A LS hpvention. Detailed Description The polyneric

opetl cal Tilmof the present invention is believed to

be applicable to optical conpensators for displays,

such as liquid crystal Pd'!aslg@%scgi ifmnwel | as the
di spl ays and ot her devi g the optical

conpemiapéalymeridyitical filhef fegsseit invenitont is believed todk apglicable to

limted, an appregciation_of various, aspects of. the ..

R SR R R gl St T O SE L are i M isplays
%A BRbeGEvRESNINE SN DBk 0ticab@WmpeRitore | Wailé e pebedrit ifention is not
ternms, these definitions shall g‘e, applied unl,esds a

P fipdied i agRIer 1Al of yapQus @FR?%tﬁ of the fnyentiangy lpré’e gpined through a

iR BWAIE texhhtpies peiatd bedd.i on. As used herein, the
term"alkyl" refers to a straldght or branched chajn
(¢

ronov &Pt fallpaingcdefibehicres et doBpitipeyhrl he enphiedivlent
erQit d@?‘ﬁ?iﬁoﬂ%%ﬁfeﬁﬂ QLG Sishhakkd ANis spdaReRdent Iy

selected fromsS, , S, or N A kyl groups generally
i ncl ude us¢rdweeintheterncalkd” refientoy strpightor branklied chpig wipgovalent
L R
findependentlypseldcted foonpddiSiicotN. Akl praups geneslly mreolugdg ghose with one

| kox hydr ner capt.Q, s . . .
SOV PRI B0 e BL YRR R WL fbsttcns
uhgdio met iaterfeienaithuile spebified Ametionatf thel avirtpestiéo, Subvetitignits include

egllg};cly,’ hygfcgcg/,o Iggrlcépto, amino, alkyl substituted amino, or halo, for example.

Examples of “alkyl” as used herein include, but are not limited to, methyl, ethyl, n-propyl,
n-butyl, n-pentyl, isobutyl, and isopropyl, and the like.

As used herein, the term “alkylene” refers to a straight or branched chain divalent
hydrocarbon radical optionally containing one or more heteroatomic substitutions
independently selected from S, O, Si, or N. Alkylene groups generally include those with
one to twenty atoms. Alkylene groups may be unsubstituted or substituted with those
substituents that do not interfere with the specified function of the composition.
Substituents include alkoxy, hydroxy, mercapto, amino, alkyl substituted amino, or halo,

for example. Examples of “alkylene” as used herein include, but are not limited to,
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n-butyl, n-pentyl, isobutyl, and isopropyl, and the

like. As used herein, the term"al kylene" refers to a
w@reoaioedss4 or branched chai n di val ent hydr ocar bp@I/US2004/021610

radi cal optionally containing one or nore heteroatomc

substitutions independently selected fromsS, , Si, or

ro with one to
f@@ﬁ%@y Eﬁ@% @ngﬁP$§€H@ Sy %Hyglﬁﬂﬁﬁﬁ@%ltuted or
subst Ak wkcichewid, el thaselieuisid  rtfeRtSa bttbadht 60bfdhed chain
interfere with the specified function of the

dorrEE Ao sice] vz PHEPTS FaR KRN dﬁyﬂe}? Bogls and

RFSARY ContAHinE Bne &Y otk hStbd bl buBit@Bnd rdeRd &l Qeledt&d from
exanpl e. Exanpl es of "al kyl ene”" as used herein

iSm % oielar Np ddkeaylangggpugsigapdradly ipgdudeetheopg Mathdwo & figenggéoms.
Qﬁ(lf?&@ﬁ:ﬁe %rogpsdﬂnw be @ﬁ%aﬁ%d%r g.r’bgﬁﬂﬂed %H?ix thdie sﬁﬂsﬁﬁentﬁhat do not

used " heréin, the term"al ene ers
guterijre with éhe a@pcaﬁ@dwiedct@h af ﬂile @pmmséwm ﬁywwms m‘lude alkoxy,

glggﬂog%tnll 1 H‘Bﬁe{lgl sﬁg%ﬁﬁlte%%mﬁbn or [l l?&rlaxgﬂglgl Exgﬂﬁgssof

coht & ni ng one or nore heteroatom cC
S'alietyileng? asorssd hereie ptmwemdt yre et louiteldof atieme-$,2-JiylSpropae-1,3-

L Al ne groups generally include those with two
P%ﬂtﬁég$x gtons Al kenyl ene groups may be

unsubats im;adtkecblm thesteros talltylstnetlrefidrs to at duaght abbsichdd rhain glivalent
that dp not. interfere with t nction o
e A SRR R R e
mememlﬁigmne aninbe heelrda;dmls idbsﬁtluﬁdﬁs eldiepemdemldy sﬁrecﬂa&ﬁﬁm g, ox; Si, or
K T L

ﬂﬁ@ﬂﬁl’hﬁs@ast:ﬁtuted loy bubstaiidd Witk tﬂdsgﬁkbstﬁﬁeﬂﬂﬁtﬁﬁ ddeloBinkrfeteRfth the
term"al kyly refers to a stralght or _branched chain

cfp%fﬁeéirftmqﬁlya 96@5 FoRBpesition; Salstivsuis Higludp alke¥y, pjrexy, mercapto,

%?rﬁﬁ@ﬁﬂcypﬁﬁg%e& fihib SorB IR &RhpRPt i onal 1y cont ai ni ng
one Or nore heteroatonic substltutlons i ndependent |y

sel ecedsqdrhsrairs “cyclagikyl’gefery to ap fhjayglicshygrasagben grorpr @dlgalkyl

PSSRl Wl DL AR IRy e
énglgtubsmteﬁqd or sulpstituigd with thosssubstiteenés thittde nohiatesfiororifhi thel

3 P%{fﬁéd%%c?lgn %P&le ggrgﬁoosﬁio% g@bsh@é@é Eﬂcfu@g nltk&% ﬂcér?)gf m&rc apto,

oXY,
aammm alkgl subsiitut;ad &romo,eoranalpl ﬁar e)iampﬂfs e&ﬂlcln ecwilenlkyl ring may be

I 1 G55 B A U LSS RER GL
trmg(S\)\/&Iy&vlealkmybﬂﬁg(a)t angclolidlrings. kEl}larrgJﬂeG WP ScydBYIKPE as used herein

ncj{ljged%uthge: ne {ngf; Tg?éltcwpﬁl?g W‘l(;;b r}:c})/c gpesnltjy ,Sctylclto exy{
cycloheptyl, or cyclooctyl, and the like.

As used herein, the term “cycloalkenyl” refers to an alicyclic monovalent
hydrocarbon radical having at least one carbon carbon double bond in the ring system.
Cycloalkenyl groups generally include those with three to twelve carbon atoms.
Cycloalkenyl groups may be unsubstituted or substituted with those substituents that do
not interfere with the specified function of the composition. Substituents include alkoxy,

hydroxy, mercapto, amino, alkyl substituted amino, or halo, for example. Such a
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specified function of the conposition. Substituents
i ncl ude al koxy, hydroxy, nercapto, am no, alkyl

wa@ st ed am no, or hal o, for exanple. SuchP@r/us2004/021610

cycloal kyl ring nay be optionally fused to one or nore
of anot her heterocyclic ring(s), heteroaryl ring(s),

o L) VRS R i S SHEL IR i v,

Ih@féfdd@e nn%(tiﬁ a@[ ﬂng(gt C}}cldiﬂkkﬁ}d rfh@(,s), @y@}cman@pryﬁgs Examples of
¢ycl obut opent cycl ohexyl , cycl ohept

SorIpErgl as vkl herh ey, Sikéreepliti wclopﬁge% cyflohexenyl,
aﬁ&gk@@gkenyl refers to an alicyclic nonoval ent
hydrocarbon radi cal having at |east one carbon carbon

doubl &syesdderein thedet eyclediylens rafgrs form alisyshc dibsabs
?&%Eﬁt&ﬂra&@ﬁl @ﬁoﬁlﬁﬁé& Mt gErﬁ:Ea?ﬁ h@udeWeds¥ iR DO twelve

cl oal kényl groups nmay be unsubstituted or
satbor aﬁoms:e@ywlmlwlmc%@ps mie% be vrpubgtisutedertsulpptituigsk with those

sﬂlgsﬁfu f1is ?na%('i gbttnl& fetl) @f'ﬁh ftﬂe%ﬁ c{tﬁ%@%ﬁc@i@n Qf thE Egrg_;r)ogl)gvn.

nposi tion. bstituents i al koxy,
rﬁabstmpmts incdwderadkox gl Hygtoxg,uhsstdpta, tmoho aatkyl sybstifutddainmono, oohalo,

I h n
L T S T
hletemcpcﬂrcying(sb l’l@’(eﬁ)aryl ang(ls), piyhogLs), cyc}oalkemjﬂ kiap(g), or cycloalkyl

e eyt S 50 e s PR et RES e gt o

|clyﬂbﬁreﬂlelQ-;dlﬁly@lclbpﬁipt/lenxl-ldlyl Q:yabmhyamemﬂyl ch?behﬁBlBl-diﬁ,
rein rerer

oS LR d ahbSal bt FEo R IV )BTyt tifinor

@&au&ﬁﬂgeﬁ&&ﬁbﬂymkmﬁéude those with three to twel ve
carbon atons.  Cycl oal ylene groups _nay

insubas pckhstein hedemB e plankenime Hefrvies Sglaﬁagﬁdtqh@ml@ divalent

tyalocHBolichIHafihf 8F l%s%&Qaﬁbhﬁ--&H%'chﬁg b tedheQstem.
t he conposition. Substituents include al koxy, hydroxy,

reycloalsemylong eravps eenterally inslids thoseiwish thags ta gweld capbnatontsor
; Sfeﬁik@rgrl ?pou?s ﬁﬁég loQﬁ’#s'ﬁMJtﬁR 6r s[ik RN \pi tfﬁgg Is %IJ g{ts that

anot terocyc Icri
hletet interfpte withrih¢ specifiad wncinolmgf (tly) compygitianl Subst;tuents include

r,ail%}%&%&fi{g?& Iﬁéé&lp%a lariﬁ}/no a[l*%}ﬁ %ﬁbstlgl)fe%rgﬁ 1%)2 09 %a&ct), f%rr eé(arrr]lglte. Such a

as used rherei
[ciyctbalkehytene nng( okhp be qmohamy]ﬁmhdyd) pnecor ohap@ o gmpthet heRerddyyli

g%g% gﬁ’g%ey ar}il 'ﬂﬂg@ T}’1 1‘13%%) %ﬁgo%%ll})ﬂ l’riggcigi)()?(l:}}cloalkyl rings. Examples

Cb)f Cd:}(a[hﬁ}ky!hyléneﬂ adusysﬂ herendhadddepvy brelno#ililited to, 4QF-cyclopentene-1,3-
c a e like. As used herein, the
b L0Eorsmea et et s {6%h oubert s ut o

al i cy @lsiugedtieyeih, @it term “heterocyclic” or the term “heterocyclyl” refers to a

monovalent three to twelve-membered non-aromatic ring containing one or more
heteroatomic substitutions independently selected from S, O, or N and having zero to five
degrees of unsaturation. Heterocyclyl groups may be unsubstituted or substituted with
those substituents that do not interfere with the specified function of the composition.
Substituents include alkoxy, hydroxy, mercapto, amino, alkyl substituted amino, or halo,

for example. Such a heterocyclic ring may be optionally fused to one or more of another
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hydr ocar bon radi cal having at |east one carbon- carbon
doubl e bond in the ring system Cycloal kenyl ene groups

w@emwsnzdoby i ncl ude those with three to twel ve PEF/D82004/021610

atons. Cycl oal kenyl ene groups may be unsubstituted or
substituted mﬁth t hose substituents that do not

t f t he ecifie n of .t.h
B b Rihts) deend DasbL s e a PRI i, gygyetoalkyd
HREE @hﬁtpleaﬂ’lfq ﬂQtercﬁJnyl}d’ |a§ u@aFekmtleau@nbmerebm lilétbdto, }‘ Ior
exa uc a Cycl.oa en ene ring | e o0 na
Fﬁe@r?@ryirwrw o) ahgtdﬁ’é‘?n%ét‘lgﬁ“g%k PyRoliiny (s) Y
mﬁﬁ{ogaylyteutuyagﬁ}ﬁapyrﬁfyy |tetfahitﬁ6tﬁ1)oph&x%5p laﬂHiﬂhK qry|

rlng(s) or cycl oal'kyl rin qp
" cycl BaPsesdhgieahthe t%tgi @ﬁ@@cwéylet e 19 ﬁrét%éwalsththra? o thgtve

lnheBiteRE nbRarofnatic Eé’t@o@ﬁﬁ@ tigPRdlcaRonfl nYr @ one or more heteroatoms
, b-cycl ohexene-1 , 2-diyl, and the As used

h@eéﬁblﬁent{yﬁ‘@leptéd fipmife Oe PION ?@4 het}’mgdﬁfottﬁ @VQ dogiges of unsaturation.
t o 5‘2 %ﬁ% giloupsr Sk s frufR P Mk AHed With §fost Substituents that do

non-aromatic ri ng cont al ni ng one or
mot igteHetearithethosrieeiflied Buttian afithereomppsiégre fubstitheptssindladst adlebxy,

OBl DR B Sl B ISRRERE S .,

dmtemamylemm@nw ltetoptlhmaé;lg ﬁsadb &t onb loembse dflandthetdetzoicyclic

BRGLLEERoat bl Fr D (el R HhRR, S oo RS siges. Examaples

nﬁf‘lﬁmb@ply&m has, uséd tieydin fidlge, ibutdre dotdimitea to, @strahgdrofurdned,s-

A R e R R R e

hidesiti@anyldiyl, pigérsdine- Byl HyRelidhe-1,8306H OabkBEIHke-2,4-diyl, and the
ring(s), or cycloalkyl rings. Exanpl es of

1‘Ilf%terocycllc as used herein include, but are not

|'im t ad ubed hetelit, 'ﬂﬁh&’&ﬂ' ‘%Hf Wors RV GHAYAlent lmﬁttghted( adMhsic

1, 3-di oxanyl, piperidinyl, pyrrolidinyl, hol i nyl ,
tCé‘tbP%)}ﬁWFaétchtSé?B‘ﬁlP%ﬁ gingle tleg»rsath PBeH, @pﬁeﬁmle congensedangs,
sh&teas nﬁ?ho %garﬁ £ Al %Bt?ps vBe ulﬂffbgﬁtﬁﬁa 6t éﬁlb?tpc@ted with those

refers adIV ent "'three to twe nber ed
rrobstisnentyiial do pettierderg with dlewpmﬁqdefdmc@an otibe t:qnmsrt@no ne

b t q e QMR th%Q? %&9&% laﬁ(un%efh ts%n];urte% ’or halo,
or ﬂﬁﬁ d ﬁ gﬁg ég %@

avi ng frve rees unsatura
Hiett exrimplgc Sy¢1’emelrsg riog pslyl’waypﬂumallmms@htb iobelbredore rof another
sti tut ed ubs nts

AR BT R S) Pl bR b kBt PR or coctoan
Gmgp OBstatriptes of Sutpls s tided hersini 1mﬂ1hd¢d1mt atel«mxymltéd/td[ ﬁ)e)tyl 2-
ner.capnt ' substlt r
SRR s SEnd s gt Zengrou o 3 bruabend
finesige. t o one or nore of another heterocycllc ring(s),

P Ietn S E z& allxg I@épq;aa/ {a&l?q%b ge E;Paqt'b‘%félg %?sla{(u%]tec{ aromatic

carbocyclic radlcals having a single ring, such as phenylene, or multiple condensed rings,

such as naphthylene or anthrylene. Arylene groups may be unsubstituted or substituted
with those substituents that do not interfere with the specified function of the composition.
Substituents include alkoxy, hydroxy, mercapto, amino, alkyl substituted amino, or halo,

for example. Such an “arylene” ring may be optionally fused to one or more of another
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of "heterocyclylene" as used herein include, but are
not limted to, tetrahydrofuran-2,5- diyl,

woreoplzdoshe- 2, 3-di yl, pyran-2, 4-diyl, PCT/US2004/021610

|, 4-di oxane-2, 3-diyl, |, 3-di oxane-2,4-diyl,
pi peri di ne-2, 4- din piperidine 1, 4-diyl,

rolidi ne;
R DSt tin gl B D D Fatlot B0 Bt
hrfm@@\@iamples Uﬂfa’ﬁlbﬂeﬁ\h@dseamﬁﬁﬁtmcﬁudéa&? ayok hﬁltécm@l E@h@e-l 2
avi.ng a si erin ch as n or multi
Bttt P g bongtriet S h AR ) -k ppcerariyh-dil, and
ghOiges nmay be unsubstituted or substituted with those

substituents that do not interfere with the specified
f unct POHsYretet thedprpbdicterasrl” ripstojammeanyaent fypuigeseven-

ahdsfbéded aﬂiﬁ?ﬁ'ﬁ@ Yig reﬂiﬁrap&%a%mg%ﬂerb? motd Méroa?&iﬁ§ﬁlﬂéﬂéh@£’gy

am no al o, for exanple. ch an aryl ring may
éelwt@iw%w;‘i @L@é\ﬁ Heferop] @fpumay h?ﬂma}b@mm@d or substituted with

hedse %ﬁgﬁtﬁéﬂté:thﬁﬂ JoHo? )sﬂterf%?et \@1? £ ¥leclte ﬂfng‘g?rk&f td comd)osmon

ring(s), cycloal ring(s), or cy
@ubmeeg igpflude aﬂspky, Mérome@brmme ammlomikx] debstlbm;ﬁd aarigo, nohalo,

%‘ﬁglx hﬁdl;?lg%é’ Q%n I%gﬁg’ ln?]y(lp’tlgn ’%E eH¥o ne or o?enécffl ahother

tthrdcydm rmgS) hstechatyd mag(s),, anyheng(er mcloanwxh}é mmg(s}, ef eyckoatkyl

q*{nééa xag1ps %}é‘fhge?éae » & use glgteglscm%ﬁci éi};]e fo quatﬁ%fof kxﬁrl

Ghlnplﬁﬂﬁepiyrrd‘lyﬂ,gmldeﬂulg?h pﬂ&zd’ljﬂpliﬂihmljllﬂl@&azolyl ahiaholyll @&golyl
be .unsubstitute stl ute

oo St he B BRER- Y Rt par A W TR he

Sp@ﬁﬁlicfim}e,dqufﬂéﬁﬁilj edquolihNEbHOGROS |bEilééﬂnopﬁéhlPﬁtlhadlﬁnirﬁl
ﬁ%@%g , hydroxy, nercapto, am no, alkyl
'no

or halo, for exanple. Such an

ar y| QQ @sedrheReh, ﬂﬁ)fet?ﬁ‘ HeRFdaBN&He? Yerdry@athit B Aife- Qb sERAE
of anotherheterocycllc rind(s), heteroaryl ring(s),

araprbered gepnagfic rigg e4dinal eafing eneqr syore siereajempiafigapgndently
sbl@&éd frént 10| SN Oﬁetel%ﬁﬁﬂe g gxzog%g?mﬁlﬁi{sﬁfu&d' R Shdlfted with

are not limted to,
ﬁ@sg @.ﬁ)@tlmergs ‘dja‘rydo nob@tpg@mewuh the gpeyiﬁed functlon of the composition.

%‘Eﬁft&% ST nct e ’ ﬁ( %)ﬁh/dro tr&{r@a&ﬁn %ﬁﬂntb g}’aliégl?sxlﬁ‘l?e%a&@o, 06 halo,
efomnmplal 8wih o ‘{heteroatydens@risnmayrbardeiondlydnsdad b orinmge of

e%glﬁ 90%%/ h%lnngp gc NG aOr ng(ré)e ary?nng(ﬁat}ﬁg%%g?%wig(s), or
g:lyduq:ilkyl MARYS. ﬁﬁiampkﬂ bﬁfheteuﬁmdermr usadbhsteirt intlade, bt dde fidt Gh&&ted to,

Ubﬁ- ;SE-)cﬁ}?lgrlth%qph C%Lﬂ‘glgg qui’)l, 1azo e- 3 SV\él lhl ga-thla 1ee1.go|1£ d1y1
1,3-thiazole-2,4-diyl, 1,3-thiazole-2,5- d1y1 pyridine-2,4-diyl, pyridine-2,3-diyl, pyridine
2,5-diyl, pyrimidine-2,4-diyl, quinoline-2,3-diyl, and the like.

As used'herein, the term “halogen” or “halo” shall include iodine, bromine,
chlorine and fluorine.

As used herein, the terms “mercapto” and “sulfhydryl” refer to the substituent —
SH.

As used herein, the term “hydroxy” refers to the substituent —OH.
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Substituents include al koxy, hydroxy, mercapto, am no,
al kyl substituted am no, or halo, for exanple. Such a

w0 bh@seees yl " ring may be optionally fused to PEEUS2004/021610

nore of another heterocyclic ring(s), heteroaryl
ring(s), aryl ring(s), cycloalkenyl ring(s), or
cycloal kyl rin Exanpl es of "heteroaryl” used herein

i ncl ueisedaprel g‘Ee feBR " pmigp’t wtery 18 therypsituent ldnheny | |

pyr rofrid ’ﬁerrh "ft)djﬂﬁ&l’ Will b dRARIN ko inblbdSFMNiHérs, copolymers (e.g.,
tetrazoly hi azol yl, oxazolyl, isoxazolyl,

b(me@szfemgﬂd usingitwe| phlf@newffe% BORPRHH Pligonisys ardicpyapinations

Rird A 3% '\J&’llas Vil &%ﬁlomeﬁ}/&r' BhS s tha%‘a‘nrbglfbﬂiéh in a miscible
|sogU|no |ny benzofuryl benzot hi ophenyl, i ndolyl,

IbMamawG ensaitredion drirgestionincliding thaasesterificatine. Bethilock
HELREARCH I ors L€ Rikiol notihBhENmbde- o seven -
e ere r

IC ring radi ca contal ning one or nore
h et er Ehﬂ BB “tapdbyperiteferd tp apelyeet fodméd hom Byo or merehonomers

ups may be unsubstituted or
sug ufgggﬁfg%%those substituents that do not

i nter ﬂ"hdf ’ermﬁ'pdiaﬂzla’&orﬁ'pefetsfta) pzldna‘pmﬂurizamm cdifcutan @olarization, elliptical
co ition. nts jncl.ude a

GOPBIRoh S di RO BrleRfarts ot iy Hibh oo ectpr gt he
exanpl Bght Sosmotchahgd difeordnyhfddenly, butgtheByiaibring phbmlt ly
fused.to one qQr nmore of anoth heterocyclic rin

BN Q) Vanqsifyp Systempio mapnery f”s@ ang %/ﬂ%é RiFs to e Heetric

rvb&@ﬁr%ﬂlamﬁfg 1§H‘§ﬂn§1@|p|l§ahle WHiRGS eirdaled BPIBSticAf polarization, the electric
"het er oaryl ene", used hereln i ncl ude, but are not

IVP?FPlt fdheq fampaf light Totatss &) 4 JystemplicpHERe- 2, 4- di yI |
F&%éﬂt ?Pe’r)oeﬁt' et Wél%ht log By QVefgh’c di ﬁﬁé ‘Hi{@ ard s?hcﬂ&ﬁ[xls that

3 thlazo hi azo
rrgffpt @ithrecopcepirgiign of awybatmm&tlze welahtwf thap wbﬁ@m@éhwded by the

%ﬁégﬁb{&ec &kﬂbg @nﬁkﬁhgi%éuqu|nollne 2, 3- d|yI and

use ere| term "hal ogen" or "hal o
shal | Thewscitationiod dum@wabmgﬁs he endphintsringledea al nfulnbeys subsumed

AR HEGL D, 1 BSHEAN, 1551 530105 sl gyl fhydr vl

st Puen erein,
t er m ‘Alyshddn yHis spetificatioh @and the appehddd daiartthe sﬁlrgukr lﬁarﬁrd “a” “a

OFASH ks RSP i F6S QGRS bR
mhmple,rrsfe_ren&ptelayﬁmmsm@ @ntain “dempondr MRtidesd ﬁig(tlir%ftwo
e, S, SEh IR Sl St SO S804 i e o
Q§ géneRaY ¥iBloSed MNats s&RO iMRIdME BRIor? GnldsstheSdonRhEclearly dictates
otherwise.

Cholesteric liquid crystal material generally includes chiral molecules or moieties,
or a mixture of chiral and achiral molecules and can include monomers, polymers,
oligomers, non-monomeric molecules, or any combination thereof. Examples of non-
monomeric molecules can be found in U.S. Serial No. 10/373,213. Examples of chiral and
achiral molecule mixtures can be found in U.S. Serial No. 10/373,126. Cholesteric liquid

crystal material can include one or more cholesteric liquid crystal compounds (including

cholesteric liquid crystal polymers), one or more cholesteric liquid crystal precursors



10

15

20

25

bl end by, for exanple, coextrusion or reaction,
i ncluding transesterification. Both bl ock and random

weowslgdver s are included, unless indicated ot heCTHSHE4/021610

The term "copolynmer" refers to a polynmer formed from
tmo or nDre nononer s having different structures The

arlzatlon efers t | ane pol arj zati
ilelafa&r epsiPifomt ‘?I’BLFSte’é‘F f’%ﬂf prpl BBPAFISa OF A n@r‘fm%my
Qﬁek’&? ORSEHHR AR Ryl Z@ﬁlbdﬂﬁds%eﬁérﬁlly clbid &hedshdhe molecular
el ectric vector of the beam of %ht does not change

Akt et 15 Ghiral anersire {1 e-o15ges nof poRegss ﬁa At of sramety hinghad fepst one

IR0 RliPMRatQE m\éﬁfgbﬁé id Mhnie (Ei)éséxﬁimts b FiqtiE RRRtal pﬂa@é)lo af8steric
pol arization refers to the electric vector remaining

iliquig csistaheanpsiupdscare §lbn 1eferied toCais chiidl apmafic lgquid gy te gpmpounds.
Qfﬁloﬁgtkﬁcaﬁ%ﬂ&]crggtﬁ%oﬁ%&ﬂdg bdn ESH Qﬁolé%terﬁ: hi ulla%%a@f)halsé HWhich

rotates I tic nanner. ercent
plmm@mulayyn@\eptghlt direipt cueioghit vectordn fiselabi i of pestage loca

&ﬂ%pg’l egtng'lg{ltt) ﬁﬂh@ ﬁlqﬁlﬁt f}g‘%l 1%%%% ?12% Eﬁcgﬁgg@% as?né etge %1men810n

stanc
Kﬁmhﬂhnme@p&pmﬁmmthpmsdtwmn and nultlplled by 100.

Th ts

ot b Sy PR B BPSs R e EEREL T3 g
betpendiculdred the @ivector) ﬂﬁt it BrkesXor'the dﬁectc& 08 thesdben aonatale) throAgh
SR aihtitupe FERueh R S B af el RS BRTEa GuBo fReiedjoui

rc8fsRl Rdreatl §ipRaBy bd’lﬂteﬁddTHyelﬁkmg beathéryisdiceidingf (e.g., by
otherMAse ghus for exanple, referﬁ ﬁe to a
BPALHRTTZRHOR) b FALIGMHPIRBOTHIONS ¥ gAst 198 o) CPHIRRINd ey & ehpesteric

quufd‘%?ysf&'l cdRFRng 0NN IS lestdc BRSdcryfaltphdchrser) with another

speci fication and the appended clalns the term"or'

itpiepdly apmptioliguidrysid gompound s Inswpk e casﬁ»dhquhgiepeaﬂﬁa prythe
%&hﬁésfaﬁda ebﬁﬁ@lfaﬁ&tor Weﬁgﬂ{ 'oy the hﬁ%a%@rﬁpd%‘h@ & W Sholesteric liquid

Cholesteric liqurd crystal material generally includes
@mstaépommswul dhe mtchnme@@faﬁsssekmedéo b ont the erdst ofgh¢ wayelength

%@ﬂéﬁ}%@ Ht&!a Wﬁ%ﬂkﬁﬁwﬁp& tﬁea(ﬂrebfaf; {eglﬁ% iy E}?e{ﬁgﬁf%enodlc variation

mer s, goners, non- nonomeri c nol ec
dothe |drdﬂctr®rtert5he webih. in Bxagpésasse &f the oandengtesdlactive reﬂectlon of

@lhﬁp CP:'(I% g)g’a i h%eplﬁfc canﬂve;sg clg?ds uc§ﬁ1a{: %e lscl)b ctw%' Oe/ﬂ‘?c’gtlgdnzo]cgurs in the
b;&sﬂﬂe;tmlltchvldhet Lbr?mfraﬁiﬁif walelehgths AfQighT &, c])ﬁﬁmaﬁlim;l thlfré(ffr | C

chol e CPEEN R oy o P E g REOTAE ST e R pestre liauid
crystal polymers, are generally known and any cholesteric liquid crystal compound or
precursor known to those of skill in the art can be used in compositions of the invention.
Examples of suitable cholesteric liquid crystal compounds and precursors are described in
U.S. Patent Nos. 4,293,435, 5,332,522, 5,886,242, 5,847,068, 5,780,629, and 5,744,057.

An example of an achiral molecular unit is a compound of formula C2:

10
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chol esteric liquid crystal polyners), one or nore
cholesteric liquid crystal precursors(which can be

w@e@d/ 02364 orm chol esteric liquid crystal conmpoRedE}2000021610

conbi nations thereof. Cholesteric liquid crystal
conmpounds general ly include at Ieast one nol ecul ar
unit that is chiral in nature (i.e., does not possess

a plane of symetry) and at |east one i ar unit
that is nesogenic in nature (i.e, aliquid
crystal phase). Cholesteric lg quigd TFY conmpounds

ira ¢ c liquid crystal
compounds. Chol esteric d erystal conpounds can
form a chol gstenic K 0 rystal phase in which the
nol ecul ar andjfoptical®director (i.e., the unit vector
in the directioon of average |ocal nol ecul ar alkg@pent)
of the liquid crystal rotates in a helical fashion

dooriga R eanfpemsprarhas deseebesein Faepeandaiont Havlisetien Rubligation No.
fs84f0e Aqill e&%ﬁfﬂ@ lof coﬂi‘rﬁer@ﬂaflﬁ BaQbu1t 5@11&1@%1@&51&@ thﬁ i Pallb fbr

crystal er is distance (in a direction

é&%ém@l&lbﬂb{ o BASHeCwlp@@tI\{ﬁ YAnterample of eqpmerciBy atafable

ghﬁaﬁ‘}ﬁo‘?&uﬁ{ uiliPR PP ofo? 5@85 b 6aj 1%51% AUEB RGP0 Chl%r% NG,

I'stance 1s generally 6 600 N or nore

diovavcrhoth@smghemnd luqlpm dystsl yemnpdundagrelpresarsotsynot chactld)syd ﬁerein

EEEEk (pH) HIcRBo066 L BERUAERTD! D (2.0, by
proportions, at |east one
c h| r aGewaipo ol nlibl¢sterig . liquia cc;lstal emm}@und: o1 prepmrszdr Breylsttad, at least in

&axg%%ﬁe%gorn;ﬁlwatxﬁcugaﬁ 8{)}%1%21&%% og 081:1 a:l {)O%:J){ éﬁ% tlt LY L%l?lmaﬁly Cfo be used in.
dAxysiples ouhaactaristics that wdh censiiesed in theehgitd affivhdlegeitdiuah

L PR AR onatuREareiodm P g os, pen

GRdtpaabilityDélarity h@1d] Ibwmbécﬁptgﬁn@ﬂaalwlayels@tleretgm of éntdaest,oNn
the order of the wavel ength of i nterest._ The

irampEiiity Withoths compongrts c&:&rnefr@%ﬁ%g prafstal COpRPYIAY, segse of

RednkfRdiufe, ¥alilh@lityOT thethbR ekl IRURTrTdtA cbBPSA, prédhirdoR ok N
turn gives rise to the wavel ength selective reflection

dronomgrsito farpra chlestpiicliquidaysiplelymenihaplogy apetiodands uch
ufﬂ?ﬁreltngﬂs sehenk,) e‘é% Jf%f)llvé‘rﬁtrén%ilap ﬁﬁ}é{cﬁl dnﬁ chglﬁlcéﬂ' p?(')ﬂ%h%s (e.g.,

ravi ol et, or i nfrared wavel eng
dlsrbilintiensie stfméﬂiewﬂven@qmtw@éﬂa@h| rﬁ%ﬁyar@e,@rlgz ﬁhaép transition

GOHRLMIAS 2RDELsPEEGHIRMoR: | ncl uding cholesteric liquid
crystal polyners are generally known and any

chol e&belesterd mm dydalypempoundspunehodastepe élqmd sostakprdymers
5 DR, Dl il b ol el of Pllte BE8Hal A cliny otecule
dtm ludmg erdnomeistyhhtincndest mésogompgrowm Mmgerm goupssug generally

%{gg% ?@%gér%%?g%%?giilesg?é%g?ﬁgg‘? ng)ﬁe}é%%%aéz} é?e Cé)lr‘{lgonents of liquid

Srykthds, xdmples of mesogenic groups include, but are not limited to, para-substituted

are also referred to as

cyclic groups, such as para-substituted benzene rings. These mesogenic groups are
optionally bonded to a polymer backbone through a spacer. The spacer can contain
functional groups having, for example, benzene, pyridine, pyrimidine, alkyne, ester,

alkylene, alkane, ether, thioether, thioester, and amide functionalities.

11
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An exanmpl e of an achiral nolecular unit is a conmpound
of formula C2: (C2). Formula C2 can be prepared as

waele®sinived i n European Patent Applicati on Publ PCHUS®N4/021610

No. 834754. An exanple of commrercially avail able
achiral nolecular unit is Pal i ocol or LC242, avail able

f ASF, I
avar | SRR P gty e TR e R RT kBl

aolginkrahhwng 4 dﬂTaB&SEhlréIIpalyb@eErt Imlydhﬁoné'h\WMHudeopdlﬁcrylate,

| est id t .
PR G i et B SRBE B Rang Aipe e i RSoiRric
g@ﬁp@dﬁﬁbhm?&elﬁfrat_édl@ Higld enfldxitle cdngsmemalsl ¥xardples of other suitable

| est id crystal recur
? wktis qu fwsgggﬁwpﬂg B%\Vreta POfygfééﬁacgh ey £or SXA0R %mpafywylate
g&pinbtﬁadrym Islilys‘ilﬁidné a}JolylawﬂM drip@lymiatonh® bb.léldbbﬁ@tw&ih)éhirﬂ and

used | es of characteristics tp at cag
ae] meseg ﬁdﬁt H@Hbsﬁalilpée Th sidgiefaggratns can bgpRtign bgﬁgvaa@ted
GORINRYBHIRLAE bP B 8FdLES Qich ab Ekpélléﬂ@nebﬂ bik§leRe HAle $pa88r! 8 Yrovide
to: refractive indices, pitch, processab| lity,
8??8\3@193/ col or, | ow absor ption in the wavel ength

regi ogmaf mbEEtﬁEserﬁiy beCRAIRAD 'llthh k¥t P&k BIQEG incorporated into
conponents (e.g., a nematic |iquid crystal conpound),

tedwuigicrysish pelaaeiasa coplaneta H‘uhpaetsylaléfn aquleg pro| impraxe fhe optical

l:faﬂi% N, cﬁglys%ﬁlsyﬁé}ﬁpﬁfd@gnulﬁﬁ&ﬁﬁg gﬂfduc WettBOIHB M Em uhﬁ’ormlty and
a cholesteric liquid crys pol ymer, rheo ogy,

thas rdlgctiiec ficaengy.r Ehte persbivdtion lgaisig, impreyed esmitagratiorst the
%Tq g{e[ﬂ &[b‘ﬁs ’Iﬁ@ée II?EBV&H&’EQ arépro ﬁ%@ Wlth' @mfeﬁzﬁﬂe small
exi | SO

ty, tensi strength;, vent st ance,
soleatlehadded iosthaclpdsstesin dqpth axyetalt crompsisitlmodﬁfme&rb;eqrcamwaqs of
n S L [ ter 1 d stal
T BBy bl B R b Bt b Bl
aasml;tnwzmhbvitly cladesteeid presumgs ohpdlghersridfmed b sompouads of formula

t ur e _of chi i.ral nol ecul es (including
E'Exmarg?ortf%uﬁa I(fescag’e‘ig?‘}% Wogeni ¢ group. Mesogenic
gr oupk: cae emyediread dfyherm@nﬁlorr adihitakle cholesdéricliquidecrystal
nmol ecyl es or porti a_nol e e.that are .. .
EomoHen s PR T e e el B s it
gérapiuad bﬂ&iowﬂ@nc ydid afyetalyRécutsors an@®) 4 Eompound of formula I,

ar azlub ted cyclic groups, such as

g%ﬂ“ﬁ f”[‘ #8Y benzene rings. These nesogenic groups
are optionally bopdeq to_a ckbone through a
spacer. The spaceii jﬂ cgh‘@ﬁh“y}fﬁ*kt nat)l gr oups

havi ng, for exanple, benzene, pyridine }r. m di ne,

al kyne, ester, alkylene, alkane, ether, thioether,
t hi oester, and ani de functional.ities. Suitable

chol esteric |iquiRrTRystRy B@R@nﬂ%S‘Rmcl ude, but are
not limted to, ‘6 @y

R9HR4R3>;1R2_R10_R) o) a

wherenis 1,2,3,or4 and mis 1, 2, or 3. Ris an acrylate, methacrylate, acrylamide,

isocyanate, epoxy, or silane. R; is (C3-Cs) alkylene, (C;-Cs) alkenylene, or (C;-Cs)

12
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pol yners having a chiral or achiral polyester,
pol ycar bonat e, pol yam de, polyacryl ate,

weoiogneohacr yl at e, pol ysil oxane, or pol yest eri PeTES2004/021610

backbone that include nmesogenic groups optionally
separated by rigid or flexible comnoners. Exanples of

Ay B "Bk 3 herc. SR EGIE0 T sl B e P G
BN—XUEE{ beex @d(@t—e& pal cWSlb&lQ?qaﬁbecycﬂIﬁllﬁéﬁj'lafel, hbter@diyclylene, arylene

Ll%@éw 62132 5 aﬁﬁa‘? R% Pgdﬁ}sy 6%%@' i e&@ﬁ% @r ~Grl gy bag
Rervem, mal—tyomao@)tdr BfO(UC((d)Q bacidysne- ¢H—N—SQ&@H or

such as an al k or ~al kyl ene oxi de spacer,

prGPe R l‘é%Pﬁ‘M FXC}O&I@F&H CYﬁleitlE%me@%» hﬁ‘aeﬁyalaleaa@éﬁdert%or

:h'eﬂéﬂr%elfer mtlﬂhyd%leﬂ Rk, Bdlo,NE:- C@Q&‘H{oﬁ? ret- E,Ql) dl@l Chlfnl)'] 1@mino,
I QUI Crys
U BN MRy HEO0H Tt O bt SEsg s 1 A (C1-C)

GIGARS (B abkeR: ¥1§ﬁ& Hﬁ(@ﬁﬂlgﬁ%rﬂ’é“u by, h%og‘}i &) Qﬁ&ﬁye [Ci-Cs)

allgnment uniformt relectlvee i ci enc
BiyS niteoarnimat cradwxy,en@gapttca (T rpoinelkyl 68GHRs€Fx Gl O<151?3CF3 Ry

SheopthiSL Lt RGBT L0y 1o

t(ﬁeC@h&Yéegl@f(Cn-Es] allegnmn@ Dy@zs@s) elsylpesi ti on defi ned by

conpo &l I sk bk,

for WF{{]S%\?HI&, gélé}{e%% tmlflovv or 52 hgllT I llfiqg’c%ll lg:tés Cofalkytene,

Fapot Qrebiigplenyletdy Re ot@EO)@r,ioc —P(@)E1t Boiss bond piophgnders and
tgﬁ$g3?¥ﬁconpounds of formula |, formula Il, or

descri bed below. | n one enbodi ment of the
| nvenili omwr, enﬂ)oénmehaﬁlﬁenmﬂa) les tselot 2, R isquiythte; Ry &t (@4-C») alkylene,

g?ngo@ 3%@1’%&'@% ?@ (éﬂs’t"él blé@l?po ﬁﬁta' 130 b SHeH1ER ana

mdéﬂﬂfgrmfthd;xmomlfhtmyyst al plrecur sor s]c and b) a
conpound o rmu all or
TR B Socemprn ot St oyt U & g 23R s § b Gent, Kejis ~6{0)0-,
Pr -B(OX-QAR; RGphbiléhe, RES aacr—ykgt@a (AATY h1RfeAte and R is an
i socyanate, epoxy, or silane. is alkylene, alkenylene,
94 yne. Ris a bond, - O -C(OO- , -0(OC - ,
- OC( OE(imples 6fG0fd Bhitable cdetpobhds of forMafel, formul@ i1, oMNGtdkdla HI are:

. Is a cycloal kyl ene, cycloalkenylene
het er ocycl yl ene, arylene
Hzc—CH—c_o—(CHz)—o~©— —@
HzCZCH—@—O*‘(CHz)E‘O—Q‘E_O@O—C@F
H2C=CH—ﬁ“—O—‘(CHg>ZO @—o\©\0~@—®7m

Hzc:—“CH—ﬁ—o———(CHz)z—o c—o@ o—Q
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or hetroarylene. R4 is a bond, (C -Cs) alkyl ene,

al kenyl ene, (C -Cs) al kylyne, carbonyl, - 0 - , -C(OO
WO 200502806 C - , or -OC(O O - -C(ON - , -CH=N PCT/USNo64Zh21610
-, or -NC(O - . R5is a bond, cycloal kyl ene,

cycl oal kenyl ene, hetrocyclylene, arylene, or
hetroarylene. is hydrogen cyano, han, (C -GCs)

al koxy, (Cﬁ Cs) aI ky ro o, _dar ,
ner capCoeHc ¢t Po orogewcs: R

is a (C-C) alkylene, (C) alkenylene or (C) J
al kylyne. is hydrogen hal o, (& -Cs) al koxy (C-Cs)

al kyl', nibro, arbo ner ¢ pt
- A4) t,higa lll,}p cﬂl )Sca-CH—CHz
cycl oal kyl ene, oalkeny heter cIerne

aryl ene, or het roar ylene. is a (q - Cs) al kyl ene, (C
-Cs) al kenfl ene, I rﬁ

enbodicrent-ceb—eefx A CH® BR— oescHl S
(C -C) alkylene, 0 - phenyle R4 is |,
-C(OO0-, or -0(OC- , B |s a bond or phenyI ene and

is F or cEano In one erbodfinent orrrulﬁ II
| or ygw—=di- &@e(exyz);a G0 ! F3
, R is phenyl ene, C(O)O- (XO)C s

bond or phenyl ene and is F, CF, met hoxy, or butoxy.
In one enbodlrrent of Forrrula¢HIaI mis 1 or 2, RRis a

phenyl enhé R4 | -OﬁO) Ris ﬁa
pheuy#ceﬁce—(crﬁo ‘Q yd-€erg;-c-acretcir
= arrpl es 35

is an acryl ate ne sui e corrpounds of , or
formula I, forrrula 1, or forrrula 1l are: H C=CH - -
(CH VrO H

CH, 4 = 5 @m c¥

i} ((fH

In another embodiment of the invention, a suitable cholesteric liquid crystal film in
accordance with the invention includes a cholesteric liquid crystal polymer and a
compound of formula I'V:

R—R 0_R2_<R3R4)'£R5_R1 1

av)

where nis 1, 2, 3, or 4. R is an acrylate, methacrylate, acrylamide, isocyanate, epoxy, or
silane. Ry is (C;-Cs) alkylene, (C;-Cs) alkenylene, or (C,-Cg) alkylyne. R, is a bond,
—0-, -C(0)0—, —0(0)C—, —OC(0)O—, ~C(O)N—, ~CH=N—, -N=CH-—, or -NC(O)—. R3
is a cycloalkylene, cycloalkenylene, heterocyclylene, arylene, or hetroarylene. R4 is a
bond, (C;-Cys) alkylene, (C,-Cs) alkenylene, (C,-Cs) alkylyne, carbonyl, —O—, —C(O)O—,
—0O(0)C—-, —OC(0)O~, —C(O)N—, ~CH=N—, -N=CH-, or —-NC(O)—. Rjis a bond,
cycloalkylene, cycloalkenylene, hetrocyclylene, arylene, or hetroarylene. Rj; is hydrogen,
cyano, halo, (C;-Cs) alkoxy, (C-Cg) alkyl, nitro, amino, carboxy, mercapto, (C;-
Cy)thioalkyl, COCHj3, CF3, OCF3, or SCFs.
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, or HC=CH - - - - In another enbodi nent of the
invention, a suitable cholesteric liquid crystal film

woO poogozdsddance with the i nvention i ncludes a PCT/US2004/021610

chol esteric liquid crystal polymer and a conpound of
formula IV: - 10- - where nis 1, 2, 3, or 4. Ris an

acr I th [

1B e TRRRER B Sy T AT SRR <SR,
(agl:i(y:i(eg?,)gzaé k&*mg leheslylanéJ g&I\TC(OIYB R)E((-:HOI@C . Rs rs&(t@)lgor
- - - - - - - - , o r - -
phegylege én‘blfm Il&l R fEs, mehoRy O kIétﬂW ene, N9
het er pgY ctampddra safdi@8Rapoahd fbiaad W Bne. R4 is a

bond, al kyl ene, al kenyl ene, alkylyne carbonyl, - O
C(O)O-,L(O)C-,- )Oﬁ IEN -
- N=CH e op0f— N5 _albe - ~7CN

gy
cycloa kenyl ene, * hetroc , o
hetroaryl ene. is hydrogen, cyano, halo, (C -Cs) :
al koxyhe él@leéﬁﬁl}: hq{llh)ﬁfystalﬂlbdl‘_frﬁer t@idaM inchRlePHEiral molecular unit
nmer capt o, - thioal kyl, COCH , CF , OCE , or
PRSI R 8151%9 reovey, Thchieal prgjecular ygit wd the
aghivd ﬁb%culbﬁurﬁﬂ da¥ b€ QRferdnBthan the %&nﬂ Refyhene, fofdulh § or

, .R5 is a bond or phenyl ene and

-4 00 -
fgrnpla 1, s Aokt mOIF@tﬂﬁbw cappe, ﬁerteéﬁlypled]@nawaﬁwfefowl%\02
sidid-abY gogenmpound of formula Vis: HCCH - - - v The
cholesteric liquid crystal polyner typically includes

a chi imenergmbediment of the mveptign.holggeric lalul%w%fé (FPRIPOSIfANE
acﬁéjrglﬁpﬁalvpfrg al%gytq to 359, S 1 Z'Oa%, 4120 &S Y8R lor Bl dr n?d?gcérﬂﬁ)unds

i ral uni t can different than the
ctiprowtid, frmfledhnfitraula, oy ifcnfmmb IVIbygreight philze sotal|splidsTRatent of

O T 5B Mg R B o RN o P
t finem Bloue hd oY% aflvak esmemlcomboqﬂs of fornpde Alfomorpldsiotwnyl, or
n o @?/{\y ?;y \r;]vglv Et gff tl?e to%%)o%s con&e?}t gfﬁF{g ?0%’11)081]121%19 | % f 8: mzhloa

I I f it miﬂleaemﬂoldlrmafnts‘ thenraiioaby Weiglyt, Uﬁh@mmncﬂd'ﬁ forotudd 1,

Sf%rmu a IIC{% ntIII,oofr formula IV to the cholesteric liquid crystal compound
(including cholesteric liquid crystal polymer) or cholesteric liquid crystal precursor is in
the range of 1:99 to 1:3. In some embodiments, the ratio, by weight, of the compounds of
formula I, formula II, formula III, or formula IV to the cholesteric liquid crystal compound
(including cholesteric liquid crystal polymer) or cholesteric liquid crystal precursor is in
the range of 1:10 to 1:5.

The addition of compounds of formula I, formula II, formula III, or formula IV to
cholesteric liquid crystal compositions of the invention is thought to aid in the alignment
of the cholesteric liquid crystal precursors or compounds during the formation of an
aligned liquid crystal layer. Because compounds of formula I, formula II, formula III, or
formula IV may serve to impart this characteristic to cholesteric liquid crystal

compositions of the invention, they are often referred to as "compatible". One indication

of compatibility is that at least one cholesteric liquid crystal layer is more uniformly
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the conposition. In another enbodi nent, the
cholesteric liquid crystal conposition has from about

W 200202896§ one or nore conpounds of formula |I,PEDUNINE021610

I1, formula Il1l, or formula IV by weight of the total
solids content of the conposition. In sone

i ek E2iogie 3 ottt AR, coRippts o APRRIR) aghdaea

ttmﬁlocdatahe Hiped bgystal @uiipdunts ps praturespotiv tlﬁei d@ipadnR@f formula I,

SRR -
'FEI eﬂaﬂp&@é@nﬁﬁbﬂl@i d”ﬁﬁlblb Sbsfefvla@ bilj’ ﬁiellasiﬁnng)ﬁle\bﬁh@msmrﬁff atdfied film
; ormi or

C ounds of f or mul I, or
fog?ﬂ?ﬁﬁ extspicliguidraystah sprarasition &vi ﬂaﬁﬁoalpevé}}éqf?? gqmala I,
(Fbrif ATk, Gﬁoﬁﬂxﬂh e\%w&dncpawdq&a sinfilay &dnosiA6h WitRGuk tHfcompound of
chol esteri c crystal precursor is in the range

dermyilarlyforguly Hs% “T‘HB‘ IHaehi o3 B conpounds of formula

I, fotdahbmhet émedﬁﬁéHt' |t§e thédsure® fradsBfidfldhdvérd (Ie@ued wavelength
cholesteric liquid stal conpositions of

ir#\ze At 4t@mart§ukahwa@qlﬂn hdorg Gilm macieﬁ@malﬂileglﬁﬁ@ﬁve @holetswéc liquid
CRRIESIS 051?10}1 isqh'%}fér fhhy ﬁlta%f aﬁflﬁ%}ﬁ&‘arﬁmg Mth& &%%%&enc liquid

duri ng the ormati on an aligne I quid crystal

lceppiat conB@elagls @flth@ﬁﬁcﬂmam ogid off é(yrmlaal, formgla ﬂhﬁnr@ulalﬂl or

q¥gﬂmg @& 11, or fornula V may serve to inpart this
aracteristic to cholesteric liquid crystal
conpo$he $peetsmp Hf théecatadvidmtcanhe nmsegﬁdaﬁoee)@mp@n with f2dambdp 900
t f

RO R B b S LB s OR Bt plabitersie o
rmheawrﬁhﬁaom theyoati¢aj pgb. Whehd taes azmupuumﬂalma‘d att éi%m ﬂm pblarlzer
faolrs n}‘l 6% the pol fn%ér%l eln Itlll 1 9 \r)va\f/eo A 1sa laltc\e/d A Fe f:\dﬁ:{e ath and the

1 eSt e i gt a "EPyS ounds St "prechr £6rs

Vhﬁmnmblli'tes L00ado Tthel sangfle st]lidmpllaaed in theolghti bah kfter the 1/4 wave plate

fo la lll, are inc oraedlntot | i id.c t al

551 it o/ Vel OB et 5 Bt St o 1S & BACRA o gover
Plael \aﬁslfe nlgﬁtipmrt]ruffﬁ ?:Iﬁcw’rrlpaﬁll)lb b@tfggmﬁ m(ﬁilﬁbdl[hz@ fvhizh dédtted light
1L MO t he chol esteric | qUul cryst oconp03|t|on

e Frdpges ﬂ&/ﬁﬁsﬁﬁran%msaﬂ%hﬂﬂ% qr exmavlﬁg P% 11, formula

L1, Qhe $3faB3HrahshMsiBR (%Ot @t dhbletertd lﬁqulldaérystal film that is
conp03|t|on w t hout the conpound of formula I, fornula

[fprmed Siom g ghojesteric Hguid giypial compositionofihginpation guRe adpdication

LR SoEATH ﬁ‘épérﬁ@hrb? 'ﬂle%%l@ﬁe&"lﬁfn@cr?s‘i’aﬁ 'R %a\f\@l\é.? hﬁﬁ&&é‘l‘y be
range or at particul ar wavel en for a fi

(whiagd {9 4 W@ﬁfﬁwhq% @W&tgltcem@sm%ﬂfuﬂeﬁ lev%r@twsuch as
%Hzﬂafeh&y mhé SholtisZhe hq&l@ s Jamyn @[fhe 3, f)dsls {Msﬁﬁﬁﬁﬂ cBtéspBnds

sane chol esteric crystal onposi tion

vtﬁ) thﬁ deyel Qﬂ’f@n@@m@lj@fdh@)fﬂm f@r tha Ipalarlzatlp@ ihetishould be ppesedrby the
|didy: 1P6ne embodiment, the % pass transmission of a cholesteric liquid crystal film

formed from a cholesteric liquid crystal composition of the invention is greater over a
particular wavelength range or at a particular wavelength than that of a cholesteric liquid
crystal film formed from a cholesteric liquid crystal composition without the compound of
formula I, formula II, formula III, or formula IV. In another embodiment, the % pass

transmission is at least about 65%, 75%, 85% or 90%. Greater values of % pass
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formula I'V. The spectrum of the coated filmcan be
neasured, for exanple, with a Lanbda 900

waep@shephot oneter (Perkin El ner, Santa C ara, PAYUSA04/6R1610

a d an-Thomas pol arizer and a 1/4 wave filmin the
optical path. The 1/4 wave axis is maintained at 45 to
arizer a rst th ol.arli zer then the. .
PPERENE 4 e bl Pintinsti i RO PRE G4~ e ihSsion s
|1nm% G, 1030Z0raedast J008 gsateptian b Sintifae corpposttien ot filnt WRhout

ShekEmgBi o Pl B S PSRN Sr ThvebPsots

MfintBcal 0164 used Bor\heSH D], £ cdnl @ lHkteERIAEd 4tHIB salnd GRREIBkdID A he
coat i ngs can prodél e haze which scatters |ight and

PEETVES 7 RS Ceicrilehala: on bel ow, for exanpl e

65% ThemfiRasds &ﬁlﬁ;ﬁﬁiﬂo‘ﬁ%k Qﬁln(:ﬁ@f)?@sr),m) of the I3Bolesterlc liquid
chol esteric liquid crystal filmthat formed fraom a

CREtab Sl forgt frommariplantercdifyikarystad sompositie of the invention

IcBY B i@l ARR o Sorddofl tRIp SRR B cﬁ&gﬁerﬁthhnf‘crystal film that
properties of the cholesteric liquid crystal filmthat

Wy ulfirpatehy be phtained Bem aichelestericdis Cé&‘ﬁéﬂl é@tl@qsn@nwf ﬁ’@ |11aventwn
GhotStsAligE IR Qi) GthOdholeliErid AYADLL QR fiRUGHRe %velen%th at the
transparency of the cholesteric [iquid crystal
éln%m%é@nﬁmﬁmmrs%n@%we GPresBYYA Exsthe wavdengthea die ragximum
0 of ha

SHCSeR e im0 byflfiob b lanbtPinh Ak e bl ssiop bt
pathshe paarsaei wt@POCdeglaea:ﬁmh dwtpesition ised)iri tHe trm;ssnaionf il m
fn?erag[ﬁgn&ﬁ ﬁggcﬁbe%ha%ln?es tlﬁ E)h enllﬂo%}ﬁlle%t Hhe, e%Jhﬁétlo%%?Q gﬁtj)léslte% liquid
0 inventron s greater over ’a cul-ar
sttall ﬁlmg fommedfrge accho]aﬂtera; limaidt drystdl aasmpmmh efi e linvtehidom is of

. fil.mf . .
0o it 574 ey BRaf EA3 ot g s G i
corpbeomposition odthvittahd confpolindLdf ﬁorhiula If ol &L, EdrinpladIl, or

AR D e PR T2 B S 5 i

@ EabEY5W. ainasthef endsopsat, ﬂ&rlﬁ[ﬁlh(ﬁlﬁh oﬂuafs et g@m evaboy3%, 4% or

ref e | n. anot her enbodj the % p

S h S e 0T Sy L oo om et guihout
ghefpoutd\eiTodnusd Infdrfﬁﬁlaqp ARl IIO6: BFmifla fTvn Wi t hout the
conpound of, formula I, formula Il, formula 111, or

f or uiThe mximam opiray éﬁ?ﬁp ECR)qf dherphatertyie Havid srvsial filaehat is
frofmel Rt AR SRAE 8 uTH e@gtapéon{ptaﬁtlmhé/ﬁva{u%ﬂ 8ibed ihdi€tion

m ni mum % transm ssi on (described bel ow). The m ni num

of somenafhihesproptiesrof dherchplssiprisiquegiorysyal Gim e mey sltimetedy be:
:o'b%ﬂeg ﬁ%ﬁyagcgh% estfeh‘l: @%sthﬁ:o?xﬂ&ﬁ@(% Jf“c%@enﬁm |G & bﬁcal

uid crystal S|t|on 0 nventio
quality of the cholesterlc 11qu1d crystal film. Maximum contrast ratlo (CR) can be

determined by dividing the %Tpass by %Tmin. In one embodiment, the maximum contrast
ratio (CR) of a cholesteric liquid crystal film formed from a cholesteric liquid crystal
composition of the invention is greater than that of a cholesteric liquid crystal film formed
from a cholesteric liquid crystal composition without the compound of formula I, formula
11, formula IIL, or formula IV. In another embodiment, the maximum contrast ratio (CR) is

at least about 6, 10, 12, 15, or 16. In another embodiment, the maximum contrast ratio
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can be an indication of some of the properties of the

cholesteric liquid crystal filmthat may ultimately be
w@bioaiozsdes f rom a chol esteric liquid crystal cop@DBER1000021610

of the invention, such as alignnment quality of the

chol esteric liquid crystal film The wavel ength at the

B Gablerse i RO% 2 SDmt o o e 0% FORRA R e
Exdxingh b@ﬂra@t&ﬁhcbcﬁ“ alsaaigdd igald lcfysal FORIpaEikion omfilawithont the
ransn1s§|on but with_t

?CP%‘H?‘FH of fapk Lofergda b FOHn\e ‘%&‘éﬂg‘y gegﬂég%gﬁgﬁ‘gﬁ%m

deshiliRes BRPMeratid (CIONESs %Tim% rrem 20004) @r B5fol mo%l @éhtédfthan the
a cholesteric liquid crgstal f|In1forned fro

ARAFIRR gp1trast rptéﬂﬁ & Séql% apldeglﬁﬁb%gnmogﬁo% or ﬁlﬁlewﬁhout the

cBHlﬁ&Iﬂd%@fdrﬁmﬁfI foﬁiﬂ\ﬁﬁ TIV R MEla 1257 fériata 1/, @ chol est erl c
l'iquid crystal filmformed froma cholesteric |i

cryst Qme xRk ofta methed oneAryingpat urRyBeHN test mﬁ%\Pmﬁcald?s the
Ltﬁl%&(?rihga%ljo!:edufeo M b Simpdubnd oPforh @b TUb@ndiMI, oBn@f B, Q@ Formula IV

> ( he extinhction is not greater t han ‘about
5emixpd with tiogholsstericliquid erysielmolyaer Brrwiithle prlvent. nan exemplary

; hfélh@ﬁ%dn%r% lﬂﬁﬁtukesln@“lilésqg%tchafégtegc/ﬁlqéﬁf/ rysdfa(f"pgfymrér/ozl ﬁ/’é Sf

e extinction value of a sim qui d “crystal
compogids pHieroula i thmmuld HiHfoumula Hb ot mnp@larl‘d, aﬂd 8t maslleent. The

fsgfu ?111’[;1111 n% ngﬂ@oéul of fﬁr'énu es%’ﬁ? I'IIVfcfrH]ﬁ Igﬁ&l Ml? IV and

con I'quid’ cryst
fthd motehianc liguidl o:rysmlcpomnﬂn iacapltedl oasatckar pla$tlcq‘1]mdwd1r apslighment

Cs%r ce to% %gmg{e 4 %o Yet Seen%gtér%]}lﬂ? ?%e {i’QET? 8?%1{3 fﬁg{J \%Vl?([}h gtffers a
Ofayﬁetl allqulﬂlci'ystal hi@mﬁﬁtysutfhdelmainﬁht;tmbﬂzy ohilahlafdmf3Mdm a

UM RO Bt g o

| ik etiddchng &Mlida&ﬂ af 4 fefipervitixd sidNThaohé Elﬁﬁdsteﬁalhqmd @B}R)al ®adursor is

be detern1ned di.vidi.ng t %l ol .

i BRI b b SBA di UBE DAECPoH 5t T o gve dhed
GhRkRsd 6ffab6utl4l Eidiothetdiy) of sthverbl ditth fapmed from a

chol esteric liquid crystal conposition of the

i nventGhglestprc lgq%fréﬁﬂwﬁ@ﬁw% ppecordatieg Ml s ingentipg eangplso

Ghd18ded sofvehiMh SSHBHsthiRENofe &hﬁb@ %r @16 Icﬁowgté}iamlufarcyﬁstaal
conposition w thout the conPoun formula I, fornula

|RrecurseFsrAl iofher gampopenty ofrthgtheleptgric Wl%%ﬁ@é@rr@ﬁ%@} fBAeLasa
téa?veﬂiﬁxﬂhg]dﬂé &C}H&E aStleri@bi GhdrCRhpdihdfthal BAGHon DR WIvé&it are

10, 12 5, . I'n anot her enbodi nent, the maxi mum
casnerpis rtubstamtiaéi(/ @R}lma@d Aom theeholastgic ligeg cysl coggwgition during
05 ROP O i OB
othe §alvemt oui mmgg a pbrgiog oﬁqb@ saldend (e g.oeactihga bolvating hianid cryistal

flg)rgcmféo% 110}11‘1 ?lqulﬁ g{yrs% ﬁol%ﬁ/er) ! &nﬂ%?\}eﬁﬁ 'icn&%)%dfh&% Uk ekill in the art
as being able to solubilize the components of the composition can be used, specific
examples include, but are not limited to, tetrahydrofuran, cyclohexanone, cyclopropanone,
methyl ethyl ketone and 1,3-dioxolane. Combinations of solvents can also be utilized in
compositions of the invention.

Cholesteric liquid crystal compositions in accordance with the invention can also

18



10

15

20

25

30

the maxi mum contrast ratio (CR) is 5 to 300% 10 to
200% or 25 to 100% greater than the nmaxi mum contrast

WO 2005023964 a simlar liquid crystal conpositi onP@F/U$1004021610

wi t hout the compound of forrmula I, forrmula I, fornula
[11, or formula IV. One exanple of a nethod for
Clgquq{% %létpggg dtﬁé%&r@% ; esa HH”E%? o g%l?ﬁcfﬁla (()jr}e gr ctrohsslmkmg of

fredndileAc bd othdr Wwad hididchiar w@ﬂ'ghtf cOmpbids biMhe Sorﬁ‘ﬂ)osﬁﬁn\l\lstulfable
the chol esteric liquid crystal polyner

SO RERERtON N BaER HIoAK ceBRPEdE e bt Ay Bantiace and
| RSl polda%aahon &Sctr@délnﬁqﬂg Qideladiba Sitiddtord @zlt%giihose% bagéd on a

of ‘conpounds of fornmula formula I'l, fornu

frpoed of faotors, dprinding bz%lgtdw@ﬁtto strhidityea Bett élﬁe Frefetably, e free

99&1&@ Elﬂ'ld?& cfo@sencﬁ g%%@ﬁlyoafddfn@ﬁﬂl%l@r ih thef DORBEAC fiduid crystal
formul a , ormula’l'V and the cholesteric [iqu

dmv%bhﬂm@@ﬁym@ﬁOﬁﬁﬂ§wéoated on a clear plastic film
W th ot Lﬁ&@@&g@%fmla ﬁ%nﬁmgﬁpblefonﬁnm ¥t BHd8aeo a

terephthal ate oriented filmwhich offers a
rrzlmlqﬂatc liquig drstal ppkymet ingdl Suéfivirahamenyt sugh ghai the compounds of

%%g{ %P k(%%"h}élgﬁ\fwwﬂemf%l@};@m &1?% b oAB&srs)hni(%(cpﬁ)llowmg the
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ultraviolet (UV) irradiation is used to activate the photoinitiator, although other light

sources or irradiation (e-beam) can be used. Photoinitiators can be chosen based on the
absorption of particular wavelength of light.

Cholesteric liquid crystal compositions in accordance with the invention may also
additionally contain compounds that function as dispersing agents, terminators, curing

agents, crosslinkers, antiozonants, antioxidants, plasticizers, stabilizers, viscosity
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conpositions of the invention. Cholesteric liquid
crystal conpositions in accordance with the invention
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similar techniques.

One example of a process of forming a liquid crystal layer includes depositing the
cholesteric liquid crystal composition on an oriented substrate. After deposition, the
cholesteric liquid crystal composition is heated above the glass transition temperature of

the composition and onto the liquid crystal phase. The composition is then cooled below
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ultraviolet (UV) irradiation is used to activate the
photoi nitiator, although other |ight sources or
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having the same optical layer thickness in multilayer reflective polarizers.

The center wavelength, A, and the spectral bandwidth, AA, of the light reflected by
the cholesteric liquid crystal layer depend on the pitch, p, of the cholesteric liquid crystal.
The center wavelength, Ao, is approximated by:

Ao =0.5(n, + ne)p
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formation of a cholesteric liquid crystal |ayer can be
acconplished by a variety of techniques including
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The backlight 404 that supplies the light used to view the display system 400
includes, for example, a light source 416 and a light guide 418, although other
backlighting systems can be used. Although the light guide 418 depicted in Figure 1 has a

generally rectangular cross-section, backlights can use light guides with any suitable
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determ ned for non-normally incident |ight using known
techni ques. The cholesteric liquid crystal |ayer can
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Figure 3 is a schematic illustration of one type of transflective liquid crystal
display 600. This transflective liquid crystal display 600 includes a phase retarding
display medium 608, a partial mirror 603, a cholesteric liquid crystal reflective polarizing
mirror 604, a backlight 606, and an absorptive polarizer 602. The display system
optionally includes a wave plate as part of the cholesteric liquid crystal reflective polarizer

604 or as a separate component to convert mixed polarization light from the liquid crystal
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The chol esteric Iiquid crystal optical bodies can be
used in a variety of optical displays and ot her

w@ppbiozasd ons, including transm ssive (e.g., beCkUB10p4/021610

reflective, and transflective displays. For exanple,
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The reflective polarizer 408 is an optical filmthat

i ncludes at | east one cholesteric liquid crystal

optical body, as described above. The reflective

pol ari zer 408 is provided to substantially transmt

light of one polarization state exiting the |ight

gui de 418 and substantially reflect |light of a

different polarization state exiting the |ight guide

418. Figure 2 is a schematic illustration of one type

of reflective liquid crystal display
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liquid crystal ical body\can /depend/onif actors such
as, for exanple, costpP @ 't ckpess, natgm-# s, and
wavel ength range of interest. Figure 3 is & scioamH]icC
illustration of one type of transflective hdQHatH,
crystal display 600. This tr nsfl ective qugnﬁiggystal
di splay 600 includes a phasare éTi'nSﬁdisplay medi um

608, a partial mrror/6098, a/chy|egteric liquid
crystal reflectiveo u@ rAg mrTor 604, a backlight
606, and an absorptive—p0Ol ari z8 602. Phers£h spl ay
systemoptionally includes a|wave pl at @cas=pay, of the

cholesteric liquid=rystadp reflective Q@|ﬁ£®@ﬁ; 604 or
as_a Jjseparat QY NL_f/0 canvert m xed pob@ri zation
I %ﬂtizr’m%n\tﬂé%éﬁ alldevice to an °

appropriately polarized Irght. In the reflective node,
bright anmbient_ |ight 610 is polarized by the

. Q.. .
absorptive poljarizer 602, t | s /A hrough Re di QY
medi um 608N/em~ @r—r@l R
passes back through thé dis y mee 3—&nd
absorptive polarizer 602. In | ow anbi I i ght
situations, the backl3gghtr 628 is activated and |i ght

I's selectively passedut Repugh t he cl3dl RsOEH] a=1

pol ari zer 604, matchest ReOPHYvi-de apprRECEat aky
polarized light to the display. Light of the opposite
handedness i s backrefl ected,

Preparation of 4-[(4-fluorobenzoyl)oxy]phenyl 4-{[6-(acryloyloxy)hexyl]oxy}benzoate
(3a):

A reaction flask was charged with 36.8g (0.257 moles) of 4-fluorobenzoic acid,
53.21g (0.526 moles) of triethylamine and 284g of ethylene glygol dimethyl ether. The
solution was cooled to —30°C, and 30.12g (0.263 moles) of methane sulfonyl chloride was
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recycl ed, and sel ectively passed through the
chol esteric polarizer 604 to effectively increase

whawki2yy brightness. The refl ective pol ari zepCDUS1004/621610

reflective liquid crystal display 600 includes one
cholesteric liquid crystal optical body, as descri bed

aa%ﬁé/c? éf?f-trel? ﬁ}aﬁﬁa ﬁm% lstg—nﬁg gén %g o for r|'11e02|1 t er hour LHrqg €S%263 moles)

CrySt epen OrS *suc
faid- (bemmok}e)phﬁmkﬁnd 382 276,026 hlotek)’tﬁ'gfs(dmnmm&:{mﬁbﬁ)ymﬁﬁ@were added.
e The chol est c |ligui

I th nt er
o St e B Vo S e B PR DB B fortres
oI Fﬁ@HﬂQﬁhﬁfﬁb&urast édolld'd&o tddad teRPAAI N Gll@t"e@\fvhtﬁq liter of
ot her ropgrtles t gui d crystal displa

cHtiPor 8ntadatves 9 Ct‘?drhﬂ filtrationsagd washsfhpii W%‘?fi &ﬁ?rﬁ’@é@m la

SRR POE BLERL red‘:ﬂyétﬁ]lﬁzatfoﬁ tﬂ@fndlaf lieR o la@e&&&rﬂé" QJ }HQH BShite solid.
quarter-wave ates and filns, nulti

cont i Al &wEsef 5@@/@%@8%&% é Wﬂlééﬂ‘lm@nég %rpgezweteé in the presence
ge%q dnh a@ww?giadﬁlﬁf SEGHRA St ronn' té‘HPérétﬁre B¢ Eo;{sﬁc‘ab&&t OF Spy)

usel | ecting back reflectors,
divérogen W@u@awmrgéf | B@tceialyst wsdehened gy mﬁt@nmd fthe solvent was

regidp @&B@é%@%hﬁ&%%e ?,rltyzgal s for the follow ng

exanpl es can” be "obt ai ned omAldrich, Inc. of
M | wadkisestion flash wasshigel] with £H08 (AOBSIDES) &daffpt e 1:

FADbeB NSNS R SETPPATED b SREL B SR oo
chttgbane gb)dolah;met]hﬂ eRek Tl d8tu@th had eboRAGCHBOPE, Re@34gkh 238
Rr;oﬁes% of nFlee::t aneHsungnyll?gl%l_ldezwas%% A3fter Eﬁltarl]mr?g stirring at —30°C for
one additional hour, added 8.80g (0.038 moles) of intermediate 2a and 0.46g (0.004
moles) of 4-(dimethylamino)pyridine. The resulting mixture was then warmed to room
temperature, and then to 50°C for three hours. Finally, the mixture was cooled to room
temperature and diluted with 300ml of water. The crude product was collected by
filtration and washed with water. The product 3a was purified by recrystallization from

acetonitrile

Preparation of 4-[(4-fluorobenzoyl)oxy]phenyl 4-[2-(acryloyloxy)ethoxy]benzoate (3b):

3b was prepared by the same procedure as 3a except that 4-[2-
(acryloyloxy)ethoxy} benzoic acid was used instead of 4-{[6-
(acryloyloxy)hexyl]oxy}benzoic acid.

Preparation of 4-[(4-butoxybenzoyl)oxy]phenyl 4-[2-(acryloyloxy)ethoxy]benzoate (3c):
3c was prepared by the same procedure as 3b except that 4-butoxybenzoic acid was

used instead of 4-fluorobenzoic acid.

Preparation of 4-[(4-methoxybenzoyl)oxylphenyl 4-[2-(acryloyloxy)ethoxy]benzoate (3d):
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3b R=F n=1 3d R=0CCH n=1 3c R=0OC H n=1 3e R=CF, n=1
Preparation of 4-[(4-fluorobenzoyl) oxy] phenyl

wa2qop@230ecr yl oyl oxy) hexyl ] oxy}benzoate (3a): APCEHHS1000021610

flask was charged with 36. g (0.257 nol es) of

-4-f1 uorobenzoi ¢ acid, 53.21g (0.526 noles) of

triet e

o ey SRR QR0 RPAR o BhL L ROl AR i i
Qs 268 imsidad of 4-Ghonobérizainecidul f onyl chl ori de wasadded.
After maintaining stirring at - 30C for one additiona
hour, 52.6Q0g (0.263 noles) of 4-(benzyl oxy)phenol and
Brepgrafith 26 nol es) of 4- (dinethylanino)pyridine wer e

e O T T T G TR B e S O3

Fi nal Belwasiﬂ'i@ai’ﬁ@ﬁyuh@sam%r@ﬁmireds 3toexcepd fhat 44mifioadmitieylbenzoic

di | ut.ed er of ter. The crude a was
86‘ |Wé‘&P%?81Waf‘ P‘t‘#ﬁ?‘i" H2aiiaashed with wat er.

Intermediate a was purified by recrystallization from

1.5 liter f acetonitrile e .
Greppretion off-[Esyamoaaeiody] Phenzrﬁﬂr{tﬁ a&ﬁwﬁ%ﬁﬁ%ﬁf yftensoate
ltyelr ogenated in the presence of 1 gram of 1@%

pal | adi um on carbon at raqaomtenperature_and

( about* WaireRides el dgpetindsiivbeiierade (PP >3 #ﬁl@leébﬁm yst
\Behizf 18R o1Y0d 246t 6.331 ABles)afrddizb18 (gooj Fef@Z?\’Yﬁ&es) in 508 ml of

stripped on a rotary _evaporator to pure 2
MeNckinefhylfqraamidgases stirsdgé o t@wpqram’gfo’( dHder3g Then the 5nv6\ﬂre

4>va{s B@o‘lei W M i@é( bax Xﬂm&ylkl]a@&%)ﬂhb@ B OF Gatef | The rdsuflifg solid was
(0.076nol es) of trletiz am ne and HOg of ethyl ene

gp%ctﬂd véH fiiretingl, washee with ater.god theh sasysiellzaddmeé82 wl of 30
4.
gfﬁt@lﬁgﬂe ﬁéges(lglalggrﬁ rﬁ%hﬁ@4 VQJS Tk %‘rﬂ?oﬁ?gé ngé/r crystals I\éeét

ori de was ter maintalnin
35§ of 4 wachyaldetendteshialtethbydrofuradde the 8@@@6 @01@/3 aalindilms n carbon
n di a n 0, S . .
%{ ?d ?Stln'gat%na !P%)olﬁ)%ro% 19 PrgSsﬁ%%t g > énstg P%ﬁ%ﬁe rrtlz) )%/?efljdr 1é1te%%dlate 5.
t hen lAaBmEldn flaskrvoe thrga‘(belﬂaﬂ 0325(0.0& h choldapof 4-cyabdbe@zdioxcid,

t.jhree | t.he S coo 0 0

DEHEE R e g e O Bl B R B difleh By e
RoRHbICH RSl & -30eC eadTy4E (0. (bfnaholes) oaﬂldthmmdnﬁdnymmbnde was
wat er . The product 3a was purifi

regqdy fisr miaeéaﬂil%stmmﬂﬁtaé%@oﬁer PR qdémpmé Baiiat JedR-061 moles) of 5
4anﬁ (047'5%|((9l 96@19813@)%'4)(%%%1% pyndmesvgesre added. The resulting

2- (acryl oyl oxXy) et hoxy['benzoate (
mlxture was then warmed to room temperature, and then to 50°C for three hours. Finally,

the mixture was cooled to room temperature and diluted with 298 ml of water. The
resulting solid was collected by filtration and washed with water, and then recrystallized
from acetonitrile, to yield a white solid. The white solid (10g, 0.028moles) was then
stirred for 1.5 hours in N,N-dimethylformamide with tetrabutylammonium fluoride (7.76g,
0.029 moles), followed by vacuum stripping of all volatile materials to yield crude 6,
which was then purified by column chromatography (silica gel, eluting with 10%

methanol in chloroform).
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3b was prepared by the sane procedure as 3a except
that 4-[2- (acryl oyl oxy)ethoxy}benzoic acid was used

wo pwsezdenf 4-{[6- (acryl oyl oxy) hexyl] oxy} benzpdTUsZm04021610
Preparation of 4-[(4-butoxybenzoyl)oxy] phenyl
4-[2-(acryl oyl oxy) et hoxy] benzoate (3c): 3c was

preparedlav the sane procedure as 3b except that
)
‘I =/

4- but oxy 0 aci dwas used i nstead of
4-fluoro oi c\A

' Rr epar,at i
4-[ (4- et hoxybenzo y] %ﬁ%—nyITgﬂVIS%lc
4-[ 2- (acryl oyl oxy) et hoxy] benzoate (3d):3d was prepared

by the sane procedyreyas 3b/except that
4- met hoxybenzoi c @‘ used—hnst ead of
fl uor obenzoi c acind

4 a

4 [(4-trif|uoronethylbenzoylﬁ phégyl

4-[ 2- (acryl oyl oxy) et hoxyJbenzopate (2e): 3e was
prepared by the sane procedur% as 3b/except that
4-1

4-f
4

-trifluoronethyl benzoic aci dywas used i nstead of

| uor obenzoic acid. Prep i on of
[(4-cyanobenzoy|)oxyhnhe%ii?}-o
4-{[ 6- (acryl oyl oxy) hexyl]o enzdate (7): A mixture

of tert-butyldinethylsilyl chloride (80g, 0.531

nol es), 4- (benzyl oxy) phenol “(106. , 0.531 nol es),

i mdizole (90.33g, 1.327 noles) in 508 N

N, N- di met hyl f ormam de was stirred at| rodm¥tenperature
for 2 days. Then the mxture was cool gdgi th an ice
bath and slowy added 400 m of wa .

solid was collected via filtrati
and then recystallized fgan \C @
The resulting internedi ate 4 tee formof |arge
clearp crystals. Next, 35¢gaf 4 was hydrogenated in
tetrghydrofuran int 0 sncg of 10% pal | adi um on
carbon att P+ out \R hydyr ogen pressure at room
tenperature to yield i nt ermedi a® 5Y A reaction flask

was charged wi h 9.03g (0.061 nol gsh of @&-cyanobengzoi
acid, 12. 4$¢g/éh 1 es)~ of o ' 24N ne and p§—®vm
105. 68g of et hyl%®ne gl ygol di met h\dl Zet heg @ o

(0 06/

solution was cooled to - 30 C, and 7.04g nol es) ,
of methane sul fonyl chloride was added. After
mai ntaining stirring at - 30 C for one additiona

hour, ,159..(0,061 no] es). of 5 and 0. 75g (0.006 nol es)
of 4- éd?#@érhwsgﬁﬁ a4 845"15%‘%“1 e -QRe 03 mmeles) of hell$-esul ti ng
(acryloyloxy)hexyljoxy}benzoic acid, 7.67g (0.076moles) of triethylamine and 1 10g of

ethylene glycol dimethyl ether. The solution was cooled to —30°C, and 4.34g (0.038
moles) of methane sulfonyl chloride was added. After maintaining stirring at -30°C for
one additional hour, 9.09g (0.038 moles) of intermediate 6 and 0.46g (0.004 moles) of 4~
(dimethylamino)pyridine were added. The resulting mixture was then warmed to room
temperature, and then to 50°C for three hours. Finally, the mixture was cooled to room
temperature and diluted with 300ml of water. The crude product was collected by

filtration and washed with water. The product, 7, was purified by recrystallization from

ethanol.
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m xture was then warned to roomtenperature, and then
to 50 C for three hours. Finally, the m xture was

W@ ombeeBoso room tenperature and diluted wth 2B8r/Kk2004/021610

water. The resulting solid was collected by filtration
and washed with water, and then recrystallized from
acetonitrile, to yield a white solid. The white solid
(10g, 0.028nples) was then stirred for 1.5 hours in
I\Emmtileret lﬁ)ﬂeémfrvmiode(hmmhumht rabut yl ammoni um f | uori de
(7.76 u ng. o
VeGSR F Ry P B R g RGeS known

t zts&yamthmlfenﬁdaeb;w&wlthymrﬁb}ﬂe @raR)anh &p byepdisd hd d,‘eacrgﬁﬂ in European

ettt ABpialich BP eI B P s SR lom s giomer

nizdviag ¥heasirudtufel 6- (acryl oyl oxy) hexyl ] oxy} benzoi ¢ aci d,
7.67g (0.076nol es) of triethylam ne and 10gof eth | ene
gl ycol dinethyl ether. The sol ution was cool ed
C, and 4.34g (0.038 noles) of nethane sul fonyl
chloride was added. After maintaining stjirring
C for one additional hour, 9.099 (0.038
internediate 6 and 0.46g (0. 004] nol es
(di met hyl am no) pyri di ne w

m xture was then warne
to 50 C for three hour
cooled to

aIIy, the m xture was
dg.oom tenper g ind di luted with 300m of
emﬂé%fuct s col lected by filtration
ed wwth water. The product, 7, was purified by
recrystal l'i zation from ethanol . Exanple 2: Effect of
§ﬁ%8us Compounds 4-(2- Acryl oyl oxy- et hoxy) - benzoi c

- cyano- bi phenyl - 4-yl ester (also known as cyano
bi phengiwtderyzmsbiphealehzaerefiyahaylate, CR}% Palioddr LC756 (BASF,

R aI G R e aliroter e (LS ChRARoN R fand? bicvolane, 37

CW 96 Ey@lohBRumone L Wit daft@n tdiRbSbiides bndl ©3%Addh 52 g[ﬁmplﬁt wt %
éhpo bi phenyl benzoate etheéFi acrylate, 1 w%
P 8

PdRESIe PE) Betseopbinat anddeg Eztbeut qQEf- fopatpuipt4hours under
Pﬂ{rbg%ﬁ% ﬁ)&mlag%%&%n Charlotte, NC), 45 w %

D oxol ane % cycl ohexanone, 2 wt % car bon
t et r al¥tsal HBours e @rrwr\da,@éfomme DuPawitla IT, formula IIT or formula IV

(in the amounts indicated in Table 1) were added to the polymer solution. The additives

were added in an amount 15.5% of the weight of the initial solids, typically with additional
solvent. The resulting solutions were mixed until clear, at a temperature of 60° C. The
mixed solutions were then coated on to 100 micron thick PET film (SCOTCHPAR™, 3M,
St. Paul, MN). The coated film was baked at about 120° C for about 12 minutes. The
spectrum of each coated film was then measured by using a Lambda 900
spectrophotometer (Perkin Elmer, Santa Clara, CA) with a Glan-Thomas polarizer and
Newport zero order achromatic 1/4 wave film in the optical path. The polarizer and
quarter wave plate were oriented to give the minimum % transmission (extinction) of the
spectra (% Tmi,). At the wavelength that produced the %Ty, value, the % transmission of

pass of the spectra was measured (%Tyas) by rotating the polarizer 90°. The maximum
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waeoloanedm After

formula Il, formnul

14 hours,

DE) were conbi ned and heated at about 60 C

der nitrogen to forma pol yner
t he conpounds of f oPEmUs2004/021610

alll or formula IV (in the anmounts

indicated in Table 1) were added to the pol yner

SQnhdt Bio (
of t

agiténtindiable 1deloyent .

Al RT3 e SRS

y- d are
thg%dlﬁ,ﬁssﬂﬁ{o%n aﬂ{%%gfue;'?% sBried

The resulting solutions were m xed

until clear, at a tenper at upg,

solutions were then coated 0On

?i 60 C. The m xed
0 100 mcron thick PET

fill m (SCOT CHPAR(t m)A,ddﬂMe St Paul I\/N) T haeTg.gat%El“pass CR
fl U.IJUUL L I IFU “-
The spectr HP%?IT% ag‘ﬁ’e‘i%ﬁi"é‘a"?ﬂl% was then neasyr é'gby >3
usi ng a ¢anbda 90 ( Per{kigs Ellmegg 9.4
Sdnt{za=63—£-lﬁ @{en .e pal arli zer gnd
I\Ieavvport zero orde chroma ve fillmin |the
optTat at h—The pUl artzer and quar ter Ve ptrat g3 79
Were ori ntedto gi ¥ he mn| otrangm ssi gn '
((‘X‘EZFTT@IIICOH?_@‘@"? a @At tihe wayvel engtlh
t hat produced the % vaI ue, the %t r angni ssi c_n of
pass of sThe spec sured (vd ) Dby timgs theg 2
POl aciczbro 90 M@‘@—L (R i s
p! ovi ded by d| VI ng the % Th(—: val ugs
obyserveg—are grven i || Table—t—petow—TFabire Acreht3ve
% mzcgccﬂzgl ,% L@_@ﬁﬁ@% erISeL'%uI e) 831 10
66. 8 90 4HC- 7.9 H|C=CH -| - -
(\_,I_ll_yl 4'\ 8'\ f‘ III'\I'\IIﬁ L,H 10 Ilél:?:clléo 13
9.8 90 9.1
H;FCH—E——o—(CH;);o fcr—0A<;>7<)—E—<;>7o—(cm}3cm
g s 0 13 87 6.8
HC=CH-C—{Cci}p c—-o—@o-— 4@'0—(&{2)—(3—(}[—0{1

As can be seen from Table 1, while all of the additives that were utilized were

compatible with the liquid crystal polymer (they all had pass transmission of >65%) the

cholesteric liquid crystal films formed thereby had varying results for extinction. Pass

transmissions in excess of 80% provide excellent transparency of the film. They all

produced cholesteric liquid crystal layers with a similar or better (lower) extinction, versus

the composition without any additive (control). Extinction values below 10 %

transmission indicate excellent alignment quality. In addition, all of the additives tested

produced cholesteric liquid crystal films with enhanced maximum contrast ratios verses

the control.

Figure 4 illustrates examples of sample light transmission spectra. Lines 120 and

130 are the transmission spectra for the reflected polarization and pass polarization of an
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9.8 90 9.1 13 87 6.8 C=CH - - - (CH )JC - CH=CH As can
be seen from Table 1, while all of the additives that
wWoes/028964 | zed were conpatible with the |iqui dPCT/YS1084/021610
pol ynmer (they all had pass transm ssion of >65% the
cholesteric liquid crystal filnms formed thereby had
{ S

B RRl S oo MR, oSS I LA 3 Al
f LllnPﬁ 10‘9?@99’ 1H) are ﬁwd@u&eleblmb@@tfelrmc refiecfed polanaptioraind the pass
I X
V@&fﬁ{uzé‘ut ep%rg %fcgf'bloﬁ% %Q{M m?ﬁ&ets Sle s‘xlaﬁvl%)égcu% cfen ConS?(Eb (‘)2
E&ﬂwnaﬁﬁ@ﬁAwdhm®§259bmmwmﬂi&ﬂ@ihmgnlSS|on |nd|cate
excel | ent aI|g nt qual it n addltlon all of the
addi tives &g_ g_%g;§¥_ est ¢ dmgrysta
films with ance XI contr s ver 9 t he
control. Flgure 4 illustrates exanples of sanpl %lght
t fFSaimSﬂ(ﬂiE'Eﬁi torchglpsteriorlaguid dryséed leQ@eJaasdierribecéaliohe Figure 4

f h rizati
EPRANT SRR ERSTE Bloh 4P ul SmafF RSy e 6 gl
Cmmppnntﬂﬂy asfmfpm'mdl (98T Jass) alnd lth’eflsb‘a:tl’a] extlﬁaromQ%ﬂ“ mh) i reddted leading to
t he rans

SRR e) B PurrecBacRy b ol i R e Hua y the
plehgh b2tat darbld arowakines phdwiag the paky % ﬁlﬁismllsi@ﬁ)h B atta}ven
smal%_1n | ecul e denoted as C2 (C2 Pol yner w C2 Add and
crae rT'ﬁer w C2 Add Pass): H C=CH - - as an additive
to cholesteric liquid crystal polymer as described
gove Figure 4 graphically shows that with the

PRYYBST of the small nolecule, both the spectral

trans ﬂ@ﬁﬂ’lﬁ?aﬁ&blbﬁ%&p%ﬁgoae & %@ﬁ&}la@nﬂw&%%ﬁ&%ﬁr IL®756 (BASF
e

extinctio I's_reduc | eadi ng to_ an i nmpro

SR -7 46 Helipsetpe LTS CRhE Aot CIdS W6 Dioxolane, 37
gﬁ/f%" E‘)‘cﬁﬁlleka\ﬁoﬁ@ Q\W‘V@érﬂoh%t}aﬁﬂ)gﬁ& ol 6.8% oy Bh ep@ihew

i nes show ng pass %transm ssion (%) at a gi'ven

wi ety RE) @@bmngnwnd affoxmuds & feamelad], ph EompnladB yesmgosbined.

g} 2¥: (;I?ltge&ln%gc?xd o% f&%ll{i’a?/oaf.l;ghﬁﬁ% %Io(f W@i&%&gﬁloums indicated in

Chabld Hitvree addg) in apmmegus 15 55k of thevereightpof the initial solids, typically with
additional solvent. The resulting solutions were mixed until clear, and heated for about 14
hours under nitrogen at a temperature of 60° C. The mixed solutions were then coated on
to 100 micron thick PET film (Scotch Par™ | 3M, St. Paul, MN). The coated film was
baked at about 120° C for about 12 minutes. The spectrum of each coated film was then
measured by using a Lambda 900 spectrophotometer (Perkin Elmer, Santa Clara, CA)
with a Glan-Thomas polarizer and Newport zero order achromatic 1/4 wave film in the
optical path. The polarizer and quarter wave plate were oriented to give the minimum %
transmission (extinction) of the spectra (%Tmin). At the wavelength that produced the
%Tmin value, the % transmission of pass of the spectra was measured (%Tpass) by rotating
the polarizer 90°. The maximum contrast ratio (CR) is provided by dividing the %Tpsss by

%Tmin. The values observed are given in Table 2 below.
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The conpound of fornula I, fornula Il, or fornula Il
(in the anounts indicated in Table 2) were added in an
amount 15.5% of the wei ght {bléi‘e initial solids,
typically with additional solvent. The resulting

sol utions were m %ecpolymérl clear, and heclt%ﬂfmi.o%”ﬁ,hgautCR
hoUTSTMUeT, It f (RO ed ma‘i‘lrh&éc{i\?adlu'c o oo Thees 53

mixed sol utions were then coa on to 100 mcHo

thick PE film( co tn) M St Pawd.5 M\)8s Theile
coag, @ﬂmp Lque@% -- about |12
m nut es. The ‘spect Num f each ed f| I m was then

nmeasured by using a Lanbda 900 enprtrophrtomet pI

(Per ki nf El ﬁCI a an CA)f a Qlark-Thoness 16
pol“éﬁ“?‘é_“g%@ 7@‘ rerécr ofmt/i c 1/ 4 wave
filmin the optical pat h The polarizer and quarter

wave plfte wereso |qme gifve e mnimuid % 85 6.5
t f SSATSTTBA (At iyncTPo ot ral(9@ j|). At
the wavel ength that produced the | vallue, the %

transnmfsi on of /pasq of RS Spfc was rnedasur e¢d §4dp 15

) | By Pt 2 {CHay poar p—90¢ Xi um cont r ast

ratio (CR) is provided by dividing the % by %m n.

The vaﬁues obgey vied gifvep~i n Tabl e 2 |bel.ow| Tadsl e| 214

Co-"Hol et %% Ny ass cofitrol (no added small
-\Ier\nla\ 12 668 5 5 n 5 5 83 16 H C=CH C-1-_ - -

5 (oS i 5@--0 5.7|19%.1 ®8 H 11

CQ,C—L@ —@51_<:>-0L§L'\V 3/~L

s 10 90 8.8

H;FCH—@-(CH;)EP ﬁ—o@o~ﬁ—©—o—(cxﬁ);@—cn=cm

As can be seen from Table 2, while all of the co-polymerized small molecules that

were utilized provided pass transmissions equal to or in excess of 85% which provides
excellent transparency to the film. They all produced cholesteric liquid crystal layers with
a similar or better (lower) extinction, versus control. Extinction values below 10 %
transmission indicate excellent alignment quality. In addition, all of the co-polymers

tested produced cholesteric liquid crystal films with enhanced maximum contrast ratios

verses the control.

The present invention should not be considered limited to the particular examples
described above, but rather should be understood to cover all aspects of the invention as
fairly set out in the attached claims. Various modifications, equivalent processes, as well
as numerous structures to which the present invention may be applicable will be readily
apparent to those of skill in the art to which the present invention is directed upon review

of the instant specification.
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- -(/ CH7.9 11 HCCH QCHOV OCF, 10 90 H C=CH -
As can be seen from Table 2, while all of the

w@eeopotigeeri zed smal |l nol ecul es that were uti | P@BUS2004/021610

provi ded pass transm ssions equal to or in excess of
85% whi ch provi des excellent transparency to the film

\E}ﬁ#@h@ produced cholesteric liquid crystal |ayers
ifmlar or better (lower) extinction, versus

aont rAIcholEstérﬁditz;uidnTystaaIcmﬁposhﬁh@wnﬁﬁsiﬁ@ transni ssi on
|nd|c ex | ent..al.. gnment qual.it Inadltlon [
of thd) co-aPHER i guL PR PRR B ¥ et i
crystal flﬂrémlrsm,tahdenhanced maxi mum contrast ratios

verses the contro The ent ven oul d not
be coPsi detr PP g {I}ng Pt(ﬁ?:ﬁﬁtlg‘fmgi Ml es

descri bed above, Rut understood to
cover all aspect sﬁof lheHF_rf\}%#ﬁ}J_ ”Iy set out
in the attached clainms. Various nDdl f| cat’fons,

equi val ent procesgesp asp R?)S.. Lous structures
to which the present |nveﬁf(-l3 ybe ap@hi cable w ||
be readily apparent tothose of skill |nthe art to
whi ch the present j d‘ﬁe _spdirefrt ed upon review of
the instant specifit Rén i I\/IH 'ﬁI hol esteric
liquid crystal conposition conprising: ?

chol esteeinc |iquid crystal conmpound or a cholesteric
[iquid. Erysial al 4Precursor; and b) a compound of formula

(1), P&RNETM) or formula (111): - Vn- - () (I11)
misl1,2,or3;

R is an acrylate, methacrylate, acrylamide, isocyanate, epoxy, or silane;

R is a (C5-Cy) alkylene, (C3-Cs) alkenylene, or (C3-Cs) alkylyne;

R; is a bond, ~O—, —C(0)O—, —O(0)C—, —OC(0)O—, —C(O)N—, -CH=N-,
—N=CH-, or —-NC(O)—;

R; is a cycloalkylene, cycloalkenylene, heterocyclylene, arylene, or hetroarylene;
R4 is a bond, (C;-Cg) alkylene, (C,-Cs) alkenylene, (C,-Cs) alkylyne, carbonyl,
—0-, =C(0)0—, —O(0)C—, ~0C(0)0—, ~C(O)N-, ~CH=N~, —N=CH-, or
—NC(O)—;

Rs is a bond, cycloalkylene, cycloalkenylene, hetrocyclylene, arylene, or
hetroarylene;

R is hydrogen, cyano, halo, (C;-Cs) alkoxy, (C;-Cs) alkyl, nitro, amino, carboxy,
mercapto, (C;-Cy)thioalkyl, COCHj, CF3, OCF3, or SCF3;

R7 is a (C-Cy) alkylene, (C,) alkenylene, or (C;) alkylyne;

Rg is is hydrogen, halo, (C1-Cg) alkoxy, (C1-Cys) alkyl, nitro, amino, carboxy,
mercapto, (C;-Cy)thioalkyl, COCHj, CF3, OCF3, or SCF3;

Ry is a cycloalkylene, cycloalkenylene, heterocyclylene, arylene, or hetroarylene;
and

Ry is a (C1-Cg) alkylene, (C,-Cs) alkenylene, or (C;-Cs) alkylyne.
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wherein, nis 1, 2, 3, or 4, mis 1, 2, or 3; Ris an

acrylate, nethacryl ate, acrylam de, isocyanate, epoxy,
woeoosiokmne; Ris a (C -Cg) al kylene, (C -Cs) PCT/US2004/021610

al kenyl ene, or alkylyne; Ris a bond, - O -C(OO - ,

-0(0C-, -0C(OO-, -C(ON -, -CHN - , -N=CH - ,

or -NC(O - ; is a cycloal kyl ene, cycl oal kenyl ene,

het erocycl yl ene, arylene, or hetroarylene; R4 is a

band, "J(}@colﬁmsitajnlayd:cemag to( GiimCs Whedeloaniy llere R i§ ebryle) R is (Cs-

%é{ag' Tie, lfg é? O)i%ﬁ is phenylell_e"iﬁr; %(—@(% Cﬁr —8 (951 RF\E(a@)ond or

; pienylese aaldmamsjE ocyyﬁnoal kyl ene, cycl oal kenyl ene,

hetrocycl yl ene, arylene, or hetroaryl ene; is hydrogen,
cyano, halo, (C -GCs) al koxy, (C -Cs) alkyl, nitro,

ami no T@abﬁpd&:‘uonrmé(ﬁ&ﬁgmclzﬁfﬁ L th%ﬁirﬂah&)d ngﬁﬁy‘la’se Rfis (Ci-

a?%ﬁ%y e@?‘ré{ 2 1% I‘O—( gz 38 ﬁl}em?]f;éﬁﬂ 1SR'q(§ $yloﬁy Q}&g 5 ﬁa'qb@nd or

( fhenf@sne 2ald RQXYE, dFQm@Eaxyaéﬂmt nitro, amno, carboxy,
nmercapto, ( -C )thioal kyl, , CF, OCF, or SCF ;

is a cycloal kyl ene, cycl oal kenyl ene, heterocycl yl ene,
agyl ense com Mdn%@é&ﬁlﬁg'% cland, Rheks rﬁlls(lgr'ZCﬁ) 1s a pherylene Ry is

al k | ene, al kenyl ene, "or %?C al k

THe(QBrps] (9&1 éﬁﬂ}eﬁﬂeﬁ%kusél “1R10v$ﬁéf%ré6) alkylkeng,gpd R is
ZamBryl.S acrylate, is (C3- alkylene, is - -, R3is
phenylene, R4 is -C(OO- , or -QOC- , RS is a bond

or phenylene and is F, or cyano. 3. The conposition

ag.Ccor Aifg ot os‘ftk&ﬁ' g&o]rdmg\‘g)e({laﬁfnq Q/&&gm tfd co%}ggﬁend of formula @,

acryl ate, ene
phenylfelﬂileﬂa@)lgfm@(@(@ll)ls or -O(O)C -, R5 is a bond
or phenyl ene and |s F, CF3, net ho or butoxy. 4. The

conposi tion acco dlng to cl erel is 1 or 2,
i s a phenyHeRaEcHRAGS(CH 04@7 —@-CN
HZCZCH—ﬁ—o—(cnz)ﬁ—o lﬁ*O‘@‘O—@@F
HZCZCH—T(I—o—(CHz)Eo c—o—@— @
Hzc.:ca—@—o—(cm);o c—o—Q @—
HZC:CH"@—O—(CHZ)Z—O c—o@ —@—0—(0;12)30}13

CHs
H;C:CH—E—(CHQ)-GO\Q‘LO—@‘O—LQ‘O—(CHZ)?@—‘CH:CHZ

H
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-C(O0-, or —-QOC -, Ris a phenylene, Ris a - 0
-, Ris a alkylene, and Ris an acryl. 5. The

W@ 09p03i9s4 on according to claim, wherein the PONPS2INH021610

of formula (1), formula (I1), or forrmula (Il1l) is: CH
HCCH- ¢(CH+D- - CHECHH CCH - - - - - - HH CCH
-(cafrp - -, 0 (CHT-C CH= or HC=CH - - - 6. The
conposi ti orﬁ accordi ngZ t & cllai m ‘ ereiffl L4
chol e‘g‘fﬁF‘ﬁ?"Tﬁﬁﬁif C @ ‘co @ o’ ¢co s g CHs
chiral nolecular unit and an achital nol ecular unit ,
wherein the chiral nol ecul ar, unit and an achiral

F %

nol ecul ar {junit 6 are di en han /& h& conmpgund
for ﬁﬁﬁCP(‘IC)‘TOT@F‘?Sﬁﬂ&F‘P or ‘PT)CCFs
conposition accordi ng¥o’claim®6, Wierein the &€ ral ,

nmol ecul ar unit is a conpound of fornula (C2): (C2). 8.

The conposition according to EPaim 1, wherein th
cholest@gric |ig mﬁystal D osirﬂi 'ththeﬁ
cofipotthd 6194 '@ T)° @ &4 OY e EC T FFCH:
has a m ni mrum % transm ssi on val ue at @ m ni num % , Or
transm ssi %n wavel ength that is less than a m ni num %

fle

transm ssi §n val ue of a Q| es ric lyqud crysta
corrrmgcs:i:tcﬁeu—vxbi—lﬁcuﬂ)%—o g hotHae—of—{7or mufe CN
formula (11) or formula\g&HA ). 9. The\ecenposi W0

according to claim8, wherein the cholesteric liquid
c6.y st alhe compasitidniaoeording to ddim 1¢ ehpeinntk dhblekerieidudd Edytal

Sttt domprif d i otk 887 ol SRR BR S haperg the
getéral moledubanmit bad aﬁchﬁal@ﬁtﬂécﬁ&t enéit z&]? ldfcfﬂwnd‘?h@ﬁ izhi%;cainpound of

C SL.L1.0Nn out. t oun (e} ormul a ,

Brkilr QS’(f?ﬁ“W%ﬁﬂf‘Hrfﬁ‘Eﬂ@a @ﬁﬂj) . 10. The conposition

at.cor dihe GoimpPosiitoi aotokdindMAe1 Bin's, (WAGeRNR! R8fr&rhAedulad Yhidis a

crystal conposition with the conmpound of formula (1),
f?ﬂ%}‘%ij‘(flfi")m"iar(q‘%rnul a (l11) has a

-
foad
T

8. The composition according to claim 1, wherein the cholesteric liquid crystal

(C2).

composition with the compound of formula (I), formula (I) or formula (III) has a
minimum % transmission value at a minimum % transmission wavelength that is less than
a minimum % transmission value of a cholesteric liquid crystal composition without the

compound of formula (I), formula (II) or formula (III).

9. The composition according to claim 8, wherein the cholesteric liquid crystal

composition with the compound of formula (I), formula (II) or formula (III) has a % pass
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maxi mum contrast ratio value that is greater than that
of a cholesteric liquid crystal conposition wthout

wo b@sozypound of fornmula (1), fornmula (11) or PCT/IB1084/021610

(I1r). 11. A cholesteric liquid crystal conposition
conprising a reaction product of: a) a cholesteric

ui d . recursor, f.or
(tfa% *s%? e a(t P‘Fe)mlgllm% ( mﬂnsml(s?%)rf Yave%%%ﬂa? 1S gree}ter than tﬁ‘at of
(d dhbjestediceli giderystal LomBosition vaithodt, the campond of foBnulir(l), Sommla (II)
acréF$%H31 net hacryl ate, acrylam de, isocyanate, epoxy,
is a (C-C) alkylene, (C-C ) alkenylene,
or (C-C) alkylyne; Ris a bond, - O -C(OO - ,

A g S b, i B AT

hehRbaethih 88 Compdinitl 6N frmela (1f) abimaad §{l)en&rmuk (HI)bﬁ@ﬁi
gg@%%@:cgntlra%%gﬁo Va?uecfl\lﬁ)lé‘rle!l(’cgrnt r&t@f& choles@%ﬁ%ﬂgg rysta’l
c@(rg})ﬁhon withdetEblcompomioSidrmula (19, fornhEK 9) or formbh (1B, a
on cycloalkylene cycl oal kenyl ene, etrocyclylene
aryl ene, or hetroaryl ene;is hydrogen, cyano, halo, (C
-Gs) & Mt@n& ﬁqm@&)yst@i éfﬂﬂposﬂ%ﬂ Joﬁl&r:@ﬁh R Seactéi ﬁ@éﬁ%t of:
mercapt o, ( )t hioa , SCF ;

is a @-C2% C]éﬂl‘F@}qUéllﬂémd%éUZBal BERETYI @Ae, or (cz)
al kyl e Bcblﬁ}[)duﬁd Bi’f&hﬁ%(‘{g fb@lu@a @ Gr fo(ﬁ%)ﬂa"(‘hboxy, (C

- Cs) am no oxy, nercap 0,
)thloalkyl R-CFR 3—§ Rg R9 is a
cycloalkylene cycloalkenyl

erocyghyl ene,
aryl ene, or hetroaryl ene;

R—R;— R2_<'R3R4)_ R5—Rg

Re{{RRY)-R—R107R) 5

(D

(IIT)

wherein,

nis1,2,3,or4;

mis 1,2, or3;

R is an acrylate, methacrylate, acrylamide, isocyanate, epoxy, or silane;

R; is a (C3-Cyg) alkylene, (C;-Cs) alkenylene, or (C3-Cg) alkylyne;

R; is a bond, —O—, —C(0)O—, —O(0)C—, ~OC(0)O—, —C(O)N—, —-CH=N-,
—N=CH-, or -NC(0)—;

R3 is a cycloalkylene, cycloalkenylene, heterocyclylene, arylene, or hetroarylene;
R4 is a bond, (C;-Cs) alkylene, (C,-Cs) alkenylene, (C,-Cs) alkylyne, carbonyl,
—0-, —C(0)0O—, —~O(0)C—, —0C(0)O—, —C(O)N—, -CH=N—, -N=CH-, or
—NC(0)—;

Rs is a bond, cycloalkylene, cycloalkenylene, hetrocyclylene, arylene, or

hetroarylene;
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and Rois a (C -Cg) al kylene, al kenyl ene, or al kylyne.
12. A cholesteric liquid crystal filmconprising: a) a

w@bwbesioesic |iquid crystal polyner; and b) a PONpS2en4021610

of formula (IV): R10- 1 (1V) wherein, nis 1, 2, 3,

or 4, Ris an acrylate, net hacryl ate, acryl arri de

' {

I(a) ?y n%&}%&gﬁ yl? gﬁanooﬁalo ((éat?@s ko Igé &F% alky nlltgo,a neoncga’rboxy,
- O nﬁ(@)ﬂ@ (C1>Coythipakd, €OCH3,CG$(3®@5 oL SCB(O N -

cycl ogﬁm @hﬁ%}W?@a q@é%@?@e %&6%?%3@87 'yl ene,

alr ¥| |8lR§ is 1@hyd‘i@gdhp}aﬂ<y, I((enes) aRéxy, i{C ACHalg], n(ttd, afip, carboxy,
al kyl ene, C yI yne,
car bofFFeaPto, (¢ %thloélg‘é éO%%% C g or &lj 30C( 0) O -

- (O Nyisacye ene, cyclddHytene, h&érocﬂ@(l&ﬂ)e arylendor h&rodrylene;

bond, cycl oal kyl ene, cycl oal kenyl ene, hetrocycl yl ene,
aryleﬁ or hetroarylene; and R is hydrogen, cyano,

hal o, R(G lak&tene, (€ kit by (020 Slky198. O,
car bo>1§§/0 S?re@?)éggtahg@ e( ch)hl oa?k{ffy s ky%ﬁe CCF ,

or SCF . 13. The fllmaccordl ng to cl a|m12 V\,hereln n

i®. | 01 choldReliS 11§68 YlyathBhilnd dmpGsing ) al kylene, is - 0 -
,Rls,pen3€/:I1erﬁ1ﬁ Ily?téf Hglgor -0(OC-, RBis
a bond) or ?Jﬁ@ﬁ%ﬁFeéﬁélqalﬁGrMS%ﬂlFDlWEVaﬁ@ CF , methoxy, or

but oxyy 14. alg}gpguhhgfﬁ%gg@wg to claim12, wherein the
conpound of formula (IV) is? HCCH-Hrv-(CHTO- // \

15. An opti cal d|1§-p4-ﬁ%—qgn:(ag§f§®rngs—q{lq| spl ay medi um
av)

and

wherein,

nis1,2,3,or4;

R is an acrylate, methacrylate, acrylamide, isocyanate, epoxy, or silane;

Ry is (C;-Cs) alkylene, (C;-Csg) alkenylene, or (C;-Cs) alkylyne;

R; is a bond, —O—, —C(0)0—, —0O(0)C—, —OC(0)O—, —C(O)N—, -CH=N-,
—N=CH-, or -NC(0)—;

R; is a cycloalkylene, cycloalkenylene, heterocyclylene, arylene, or hetroarylene;
R4 is a bond, (C1-Cys) alkylene, (C,-Cyg) alkenylene, (C,-Cg) alkylyne, carbonyl,
—0-, —C(0)0—, —0(0)C—, “0C(0)0O—, —C(O)N—, —CH=N—, -N=CH-, or
—NC(0)—;

Rs is a bond, cycloalkylene, cycloalkenylene, hetrocyclylene, arylene, or
hetroarylene; and

R is hydrogen, cyano, halo, (C;-Cs) alkoxy, (C1-Cs) alkyl, nitro, amino, carboxy,
mercapto, (C;-Cs)thioalkyl, COCHj, CF3, OCF3, or SCF3.

13.  The film according to claim 12, wherein n is lor 2, R is acrylate, Ry is (C2-Cs)

alkylene, R; is —O—, Rj is phenylene, R4 is —C(O)O—, or ~O(O)C—, Rs is a bond or
phenylene and R;; is F, cyano, CF3, methoxy, or butoxy.
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a reflective polarizer conprising a cholesteric liquid
crystal conposition according to claim. 16. An

w@piosozdvedi spl ay conprising: a display nmedi umPERUSHE04/021610

refl ective polarizer conprising a cholesteric liquid
crystal conposition according to claim. 17. An

optical display conprising: a display nedium and a
reflective polarizer conprising a cholesteric liquid
chy st dihe fiith avcacting Wdictagm t1 2, velieadimihg 2omi@mnd Af foethla I\ fis:
formng a cholesteric liquid crystal f|In1conpr|S|ng

a) conbining a chol estewi i qui d crysts mer wWith
a conpotnok éfﬁd@@m: {1&!;» 4@&;» i 20N
3, or 4; Ris an acryl ate=/net hacryl a 3 _

i socyanate, epoxy, or silane; Ris a bond, - - |,
-qqo-,-ch-,cnqo-,-qQN-,-mm-,

-NCH s a cycl oal kyl ene,
c?%logpf} E%kg%e é%clylene, aryl ene, or
hetroamwp@mmmdumlanbond (C - Cs) al kyl ene, (C -GCs)

al kenyl e%) BV Oif%'( Nmp%%"%glg R}\foléstenc NQEIQI gsgl COW%J %ccordmg

R |s ao bleind]. cycl oal kyl ene, cycl oal kenyl ene,
hetrocycl yl ene, arylene, or hetroarylene; and Ris
hydr ogen, cyano, hal o, al koxy, (C -Cs) alkyl, nitro,
&ﬂ",:no,Arﬁiﬁibﬂ)d}Spla;rE&ﬁ@ﬁkﬁ@: ( -C)thioalkyl, COCH ,6 CF,

;@

, of SCF ;..
a dﬂspﬁy medium: and
a reflective polarizer comprising a cholesteric liquid crystal composition according

to claim 11.

17.  An optical display comprising:
a display medium: and
a reflective polarizer comprising a cholesteric liquid crystal film according to claim
12.

18. A method of forming a cholesteric liquid crystal film comprising;

a) combining a cholesteric liquid crystal polymer with a compound of formula
Iv):
R R0 Ry TR3R4T-Rs— Ry
Rk -
wherein,
nis 1,2, 3, or4;

R is an acrylate, methacrylate, acrylamide, isocyanate, epoxy, or silane;
Rz is a bond, ~O—, —C(0)O—, —0O(0)C—, ~OC(0)O—, —C(O)N-, ~CH=N-
—N=CH-, or -NC(O)—;

>
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b) di sposing the cholesteric liquid crystal polyner
and conpound of fornmula (1V) on a substrate; and c)

wa@bdogieived t he chol esteric |iquid crystal polyneCT/US2004/021610

forma cholesteric liquid crystal film 19. The nethod
accordi ng to claim, wherein the choI esteric quuid

crystal R%E e

formula (I i}};?Jaza% eﬁe %ﬁé?}al ol?ed etemngc(f\@?% WT@G or
wherein théeﬁn@m:tienu, ng a cholesteric liquid crystal

pol ymer wi

combi ni ng ahcﬁwa est )ﬁ{wd @r@%%lk‘? y&%?&ﬁéﬁ/ﬂﬁlfw

conpound ofabomyiHGa-, 6[1(0))0—\4\,#}9(@)0% HOC@O)lcm —-Q(O)R-, SCH=N-,
acryl at e, C.- | kylene, Ris - -, Ris
phenyl ene, Rﬁlﬁgﬁ 83!%03 or -0(OC - , Rlsabond

or phenyl e®g 1ﬁnldmki$cy510alkylaﬁw cyddalkeniletd) ﬁé‘t}bcy&ﬁleﬁ&l b8%ene, or
2 . The net hod alcco%r%ing to claim, whereint

conbi ni ng A ic liquid crystal polymer with a
conmpound ofR, 1f i9 hydibgen( dyho, %@lﬁp{@liﬁ}? alﬁ&ﬁb (Cﬂl—@gg alkyl, nitro, amino,
chol esteric WE’UI d crystal ound_of

formula (I ¥ oRRePEIAPPHE 1S Bfﬂlﬁd %@Cﬁbﬁﬁai %C % o8 SCF3;

i s:22.p)The dﬁfﬁ& heletoRsRED Uqti@ okl ﬁBlymé‘M&ﬁc‘i @6rﬁ'pJuH§ of formula
allgnlng the c esteric |iquid crystal polyner forns

a chol est efi¥% Q°P|a(§E|‘PS€Faf€r%P§t al filmhaving a mnimum %
transrg)ssi Qﬂ%'}{ tHe cl%lesﬁanmhaﬁlméf?stﬂﬁ n%l‘ﬂér% $3n W Eholesteric liquid

wavel ength t is less than a m % transm ssi on

val ue of acoH®lBleteric | | qui d cryst al filmw thout the
conpound of formula (1V). 23. The nethod according to
claim 22, wherein the aligning the cholesteric |iquid
cky st alhe pasthodaccdrdingty drimh @) whdreinitte dhblgsterk liquydstradtal mixture

o ERE O3 A LB L PRERUERNGL (7o er than hat of

a chol esterl c liquid cryst al filmw thout the conmpound

\I\%O f Or’[% \Qcord?m eﬁmc bvlgeg?lg Ceq:rod Y Cl;gtte:g(f flquld

rein aI|n|n

pmysympolyﬁxar with a cmhprﬁmﬂ ef foemihilh Qv dompxyﬁb a(bmlﬁlhin@a I&HMbsmlc
i.s. greate

trast
i e B miRt BN R iing of i Chlyheinis 1k Riibhseviae
t Reis COPPY ultslletd, B, 8 -ADH, R (4 Phenylene, Ry is —C(O)O—, or —O(0)C—, Rs is a

bond or phenylene and R is F, cyano, CF3, methoxy, or butoxy.

21.  The method according to claim 18, wherein the combining a cholesteric liquid
crystal polymer with a compound of formula (IV) comprises combining a cholesteric
liquid crystal polymer with a compound of formula (IV),wherein the compound of formula
V) is:

Hzc——*CH—-@——o—(CHz);o @-—CN
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25. The nethod according to claim18, further
conprising curing the conpound of fornmula (IV) within

wo b@soksbesteric iquid crystal film PCT/US2004/021610

22.  The method according to claim 18, wherein the aligning the cholesteric liquid
crystal polymer forms a cholesteric liquid crystal film having a minimum % transmission
value at a minimum % transmission wavelength that is less than a minimum %
transmission value of a cholesteric liquid crystal film without the compound of formula
(Iv).

23, The method according to claim 22, wherein the aligning the cholesteric liquid
crystal polymer forms a cholesteric liquid crystal film having a % pass transmission value
at the minimum % transmission wavelength that is greater than that of a cholesteric liquid

crystal film without the compound of formula (IV).

24.  The method according to claim 18, wherein the aligning the cholesteric liquid
crystal polymer forms a choesteric liquid crystal film having having a maximum contrast
ratio value that is greater than that of a cholesteric liquid crystal film without the

compound of formula (IV).

25.  The method according to claim 18, further comprising curing the compound of

formula (IV) within the cholesteric liquid crystal film.
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