CHEM CAL COWVPCSI TI ON AND POLYMERS AND PCLYMERI C

MATERI ALS DERI VED THEREFROM The invention relates to
pol yner i za‘BP@s’éB‘ﬁfJosi tions containing high index of refract iW’HWGﬁ%qZS,
and polyneric materials prepared therefrom Optical materials

and optical produCHEMEKPADCOMEPOSENON AND ROLYMERSANDPOLYMERIC

materi al s such as pol yneri za g ATERYALS DEYOVED THEREFRON nononer s and
curabl e conpositions containing such high index of refraction nononmers. An

exanpl e of useful high index of refraction nononers are brom ne-substituted
aromatic (nmeth)acrylate nonorrermmOFdrﬂE@_@_H’lmN ed States Patent No.

4,578, 445. Such nononers can typically be relatively high nmeltipg-.mterials
that exist $n the fghmrmenfeprsmt@tatp éﬂnwehlﬁeomaeﬁ9 aiping dighdpdexos t en

have el ting_pgkpiscitgRbhy a@tAM&@&cra%axsgp@g@%a gRgpause these

nmononmers exi st as so room t erature conposi‘tions
contai ning these nononers nust either be dissolved into solution or heated

to their nelting points (above roomter?erature to be processed and forned
into a high index of refraction optiW@ The need to heat
hi gh i ndex of refra terial ur prLocessin ant
conplication and exﬁ%é‘ r{l%ertuﬂ%a ‘b‘g §g?'ﬁ8 i c? ﬂ%f’ﬁﬁﬁafﬁ xo?ﬁ I cal
product. Pj@cesgtdifion maftialfsath E:%iblev"ﬂi *?n&%rbfrré’ﬂé&tifoﬁ rh@ddih‘i‘eré‘ﬂi?&' nts

of energy, can rupture tubing con ectlons can even cause the evolution
of volatile or ganbb wmppmﬂnnbsqomd:mngmhﬁngbtwembf sefiactian inogometsazin dous

wor kK envi r onnent onpl.et e .and m heatin not . consi st ent |

mai nt ai ned, th@"ms P%ﬂﬁ“@r‘%@‘a‘? rFé%“m‘ﬂ?WWq%%awaﬁf@‘%@ r‘]it i on
duri ' bl
uring pr OCGSS%atfc?ﬁi&ﬂ%&ﬁ?gﬁ%&ﬂ&n&£0§m g?aerﬂ%r i eHrStit% Ph@HPNH“USG e

product, and r ting I anounts o uct. And, rmalntaining
t he pol yneri zad|58¢ds5p Such nmnombrsa:anamcaﬂprbeaelen\mlphlghmshmg matmahtthate can

e e
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products from cura ' oNsS that exl st as 'So

tenperature. solids at kéomwﬁptr&tereammb&gﬁtpuﬁnb@s ¢ohtdihing Yhede pdnofRrs mabl e
conposi tion useful to produce optical materials and optical products having
a rel atively heijheribeglissolyed inte polutiomer heatrd tg their meltmsmm%&mm 9018 poi nt ,

€e.g., apoly ”egéurgfe?%tgreé 16'Be girotcks%d E.F'@forﬁx%ﬁ tnRS ahigif et 8t Pe?ra@n&ﬂ ghtich

terrper atures e nor ma
20  product.

The need to heat high index of refraction materials during processing adds
significant complication and expense to the processing of the material into an
optical product. Processing lines must be heated, which can require large amounts
of energy, can rupture tubing connections, and can even cause the evolution of

25  volatile organic compounds, thereby potentially creating a hazardous work
environment. If complete and uniform heating is not consistently maintained, the
monomer can crystallize within the curable composition during processing, resulting
in the production of non-uniform and unusable product, and resulting in high
amounts of waste product. And, maintaining the polymerizable composition at an

30 appropriate processing temperature can potentially cause prepolymerization of the

monomeric composition. Of course, all of these added process requirements and
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- conposition cont

resent invention provides pol ynerizable conpositions having a high

I ndgx of refraction as disclosed in the clains and preferabl hi_gh I ndex
ef r actAQM/398#3 meri zabl e conpositions that can be procesgéﬁm? 15862

eratures at or near roomtenperature (e.g., in the range from 20 to

25[jerr] ) to piegatieonsdibNd¥E incPéase HeVdRt prrB'ﬁ&cﬁﬁ% Righ inde® oFeéfyddeibhzabl e

copposi tion contains brom nated, high index of refraction nononers. The

mohoner and t roduntepBeintdumblecompoxitions sivat exist ast solids 3t ioom temiperatuyepoi nt s,

arid desirabl e opti cal erjies. .. _Npnoners useful in the cogposition

20C1 e ai Ryt - subs eElEbEAdaaEsaus 1 idsmi  POBETSRlS SO RBASRET ¢ hat
ave rel ativel ' ki : | : ; be

i et t o i DR B BN addoptal e e b B el FRLPHER AEELY P e
rom nat ed Snorrefraction; frat a eedativelyllowanélting point, egnrepalymerzabengpmpoaitionehat

jdesired because these can often, be easily dissaolved in |iqujd polynerizable
dasa el

conposi ti ons dfaNPFProsessed 3 aligyid at temperaturgs aqualitg or pear K09 ng t he
nel ting point f the polymerizable conposition. Thus, a polynerizable

gl ning these nononmers can preferably have a relatively | ow
melting point, and can nore preferably exist in the formof a liquid at

tenperatures at or around roomtenperature, thereby reducing or elimnating
the need to heat these corrposﬂlMﬁm.ﬂWThe i nvention

t her eby el,iym nat es p n lication.otherw se assaci,ated with
heating a 1I|t())ol yner i zlg‘)tg)‘l %ﬂ%@h%ggef,ﬁ.ﬁ%ﬁref%xébr}vfs%?rbprmv@qs ﬂ@g’)?"@b?? efraction

pol ymeric nat ardnq:losmoﬁyhivﬁafgoa:ﬁ%ﬁ liri&x"ofkéfrdcﬁoﬂpélﬂtprétﬁﬁbly%m%hﬁﬁd&r&r or

pol ymeri zabl e conposition can be bl ended, punped, or ofherw se
- 2- hdefraetionmolymerizablp cbmpesitions thatrcanrbe progessedat tepagatucesmt otluce a

| ti | duct . . 1 t i i | at t
Dol ymor i 2abl o AEALIRSE! (PR A0uR 5 En it e dA0GR ROM 0o P CAIEPHAFEt od
aromati c est erpdiyidror dolyetic tndtBil The aniyﬁiggmg? EShpdtitidtecontfhd™s, the

brom nated nonorer preférably having a X refraction of at |east

1. 50. The 150l ybreminated] bigh dndenof réfractibn manemerso el menoomer and thocempusitionoer
or conononers, incl.udin t |least one high index. of, refraction,conononer
havi ng an i nde%?“&?"hruiéafvfsgﬁlgwfhy @f” ‘QFI%F‘%QQE“SL _ag@_ﬁesnragle °P“°$é¥°%‘?’l'8?%er aspect
of the invention re\Bh&RedsUsddali OHTREN &l L
mononeric units derived ?rgrsn t hﬁemgi)%%?%mscrl ]gge %lﬁggitg%g{%é@hp{%si tion.
Speci fical | y, phenolic(weth)acrylateshanmmers that hpve selativelythighoingenes iof refesction,al
derived fromi narﬁdi ents i g@l %d',ng,.an al kyl - substituted brom nat ed cﬂromat iCc
ester (net h) A0pyhatcan pesfksably bg liquid &t tempsgatures betveen spom temperafreandiat ed

mononer  prgf ergoby Evay kife BbniRsed Bolfs iftthid R hra?ttrx]r%g')a(.n d one

nﬁ{noéfefsrtﬂﬁttdr?
or nore conmonomer or conobnoners, Including at |east one

I ~J
refracti on corvanbedesited\biecapsa these daxofén bedasiby dissvivedfin diquidgadymetizable
As used within the | resetn descriptiaon: . ."Mononer" refers to a
mononer on an SOMPOSIIRSP! tae presentinyentipn withaptesignifieantly saising the meltipg point

. t . f . . 1 - e »
conbosi 1 on_ et e BbiFREEEle olbofibh 1936 WHdyraeRalle tWhiBokah coining |
l'iquid, solid,theseangnoniesls canyseferdblyhiavearrelatively ®ve meltiig foitgardciaftmore

viscosity, glass_transition tenperature (of a polyneric formof the
monorer ), 29r rREsfeEably; exist innthe fgrm of a liquid at temperatures at or around room

temperature, thereby reducing or eliminating the need to heat these compositions

during processing. The invention thereby eliminates expense and complication
~ otherwise associated with heating a polymerizable composition to prepare high
index of refraction polymeric materials. By “processing,” it is meant that the

30  monomer or polymerizable composition can be blended, pumped, or otherwise
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"Melting point," as used with respect to the nononer, refers to the
terrperature at _whi ch the nononer passes froma solid to a |igui te, as
measur ed YO3¥ Q%)herl C pressure. Melting point can be neasmf?ﬁﬂjdsgiégwg
exanpl e, using a Thomas-Hoover Melting Point Apparatus, from Thonas
Scientific of RMALATIRE P PHlymerization and ndBAcRIing @b brsducen., polﬁﬁer erfptx@ﬂt I ve
I ndex," refers to the absolute refractive index of a material (e.g., a
monomer ) whi chpioduetnder st ood to be the ratio of the speed of

el ectromagnetic radlatlonl free space .to the speed,pof the radiation in
that material, with?®PR&PFHY QFF’B’I’?“B ngatgsot&i au?ﬂllﬁﬁ q‘?"é’ﬁﬂosﬁpn CO\R/tﬂ/‘BT'%ngt h
of about 583.9 L ?‘hl&l laPSin eUnbmsméntibbe

Ref ract onet er. ailkyl ﬁg&ﬁ???btbh acfﬁ&Pat e' ﬁ%}f %? to %b(’)rﬁﬁt acrylate and

met hacryl at® cbroainatetsmonomer preferably having an index of refraction of at least 1.50- The

The present |nvent|Qn describes a pol ynerizabl e conposition conprising an
al kyl - subst i t uP mmmmswﬁeﬁmth% contams OPﬁﬁfﬁP&‘éF‘}‘F‘ﬁ’E‘%m?ﬁﬁfoner As used

within the present, c‘%g rlﬁc%du%at ]Qfst Bﬁé ﬂ?gb@r?de*%ﬂéﬁﬂhﬁ co{n% r 1O 2

chem cal nol ecul'e su Sni cal

conposi tion, capabl ¥epinotkeriasfuct ame IWenﬁoxpfdlateaanrol polyiger( or. ;galymbricﬁmatenal
unsaturated noieties) to produce a higher nolecul ar vveleght mat er | aI such as
a pol yner or pmrymng:mﬁmmncwmts dpavgdﬁemtmabqysﬂmrm nelymagrizable are used
i nt er chang to refer to e red fromthe reacti one or
mor 6 unaat i at Sy aneCgaly” tneSpfenfp BB s 4 BRmar of PR et mperial

pol ymer, prepoyeiRE frodt Mgredihes 1hé]ﬁ!ﬂﬂ§%ﬁ all@l-ﬂxbst:ﬁxhé%x%nnﬁité@?fo?nati@'e’s&? mers,
pre- polyners copol ynmer s, honopol yners, yI-substltuted
brom nated ar o(!acth)ace'ﬁttemoomt;)bﬁ:brphmmdmnmmer prafesablpheﬁm a!emdBX)Oﬁer ein

as "the Mononer or t nat.ed Mononer referably has
properties thaf® @F“W ¢ ?,aégggbrga"&f oneipL %ﬁﬁ@f’&?'ﬂﬁ ot ¢ 04?%?#%%%%
tenperature toaﬂgwgﬁ@h%hmdgg&%ugﬁ céﬁgﬁﬁﬁérl on optical product. Thus,
t he Brom nated Mononer relatively hi I ndex of refraction, and

pr ef erabl ylhas a relAamsecbW;ﬂuhmhembentdgsqnptmm The substltuents of

the aromatic portio f th noner can affect bs ant&al det erm ne
the physical propert QO'BP THQrfoRaRomer AN 3R ip ‘q“ﬁﬂﬁ;ﬁieo?" 3139 ref8®i on and

mel ting point. .4 E@ﬁ@e]?ﬁ@?ﬁ%ﬁ%ﬂs&g@[(ﬁ usgﬁl% in%i( efs dnHEmads Bg&tﬁ)%scmé B that

chem cal conposition © S, e sl ze an suc
substituents, therdntpositioncat b@desoﬁbainsrhasmgatﬂhysiedtsmte of matenferglisquid;
structure, e.g.,.o0n the tic portion of  the Mnoner. V\hlle wj shi ng not
to be bound bySdlidesicy, anflmgwg RSHPegilPBé? Bt (REHINE(ROIRY, Viscqsitysglass transtion; on,

and chem c oi nt of the
Mononer . I—j)(%t her, ﬁ]tﬁﬂe SI P?lgﬁ@la{;?dtéﬁp tﬁﬁ“ﬁfné&g} Inhxee L‘I’aéigra% atic portion
of the Mononer can aMettmgphhm”Sa'sneed)hthh&padtkyltheghonmnéxem&fsetdtheto provi de

a desired physical property such as nelting point. That is, preferred
al kyl groups .wmméatp@raé“fbe@ntbmwmstpwmqmaéou@maéawﬁ}mtﬁm poi nt or

I ndex of refr .. f.ferent fr pg.ef al kyl
aroups i n the TebuP FmBRnRe redndE MR iy Bh B8 lnpa S f Kl
property. Pref gsinph Sl‘hohb@-mbkbﬂ Melting Point Apparatus, from Thomas Scientific of

25  Swedesboro NIJ.

“Index of refraction,” or “refractive index,” refers to the absolute refractive

index of a material (e.g., a monomer) which is understood to be the ratio of the
speed of electromagnetic radiation in free space to the speed of the radiation in that
material, with the radiation being sodium yellow light at a wavelength of about

30 583.9 nm. Index of refraction can be measured using an Abbe Refractometer.

“(Meth)acrylate” refers to both acrylate and methacrylate compounds.
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em cal conposition and position such that the Mnonmer has a
below 60[err]C, nore preferably bel ow 35[er C or

r]C, €0oWSkd2e preferably below 25[err]C, and nost prR&T&ISARNEA62 he

inaliquid state at about 23[err]C. A property
melting point of the Mononmer is the viscosity. The Mnoners
I nvention preferably are of a viscosity (at 23[err]C that
oner or a pol yneri DBEAGLEINDESORIPTIONpri si ng the Mononer to

be/ processed at room tenperature (WIthOUt heatin z;qgl.gto produce a hi.,gh i ndex
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position of th
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be neasured by known nethods, for exanple using a visconeter

uch as a Br oomplestlg su¢hsascmmonromer or ohgomeh@m;m chemicab gpmpositiem capable
e, a on the aro ng.c soten t0 aff ct the
ex o~ 1 ook By o Rl ERing (6 ) Y et ed bl oo B e . by

;theory, and mhbﬁeﬁﬁ&@éﬂér%:%ﬁl%at%@ﬁ@f&iw Br 61PN he®d tateibiger al kyl

" groups can be useful wthin

he present invention, it  can be said that in a

very general s%®olymérdogépolginksi¢ mgtenialfare asedrmgthngeably tboefer to mdtexialsf

refraction,
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ex of fractlon of the noms can al so be
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gener ot UniefBhE Clmdd 6y BHGHEDFerlyrll L o BB, O iy
useful positi otrimers] dligomess, pmqwiymm wpowmaes auohimpolynfemaw ng one or nore

of the above-d
Br om nat ed Mn

at |l east 1.50,

escri bed desired physical properties. Preferably, the
omer hbe ylowbﬂéu&ﬂtbaemtqdrﬁr@ngfeﬁ esteri (Beth)acrpigtt manpmer;

opPr O 2L o DOl RSB, TRABIEL BP U SRt 1 0n f

acconpl i shed,
attached to th

f)mfer&){?m physiol praperties that dlmproi:ﬁmn@rdfmhd\aﬁnﬁbsﬁmwt Yr
e aromatic portion of the Mononmer. Oten, the position of the

broni ne can beNarFeera teraperanre toepraducera high indew of refragtien optical produste Jhus, t he

Brom nat ed Mon
depend at | eas
attached at th

oSBT MRk N R relsf B vighdRa bt o artd ety " o2

Bas‘e relatively Qv hidltig pointt 0 t he ester substituent

brom nes are preferably at the and 6 positjon, and, if the alkyl is at

the 2 position,
Brom nate n
al kyl - subs dlv'?u
general formul
(1). I'n forml
a straight or

25

30

br ofkhe 8upstituents of ther ammytl@\pmttlne of theMogomer can affest or

fUBtan A et b B BF bl o MR MENGG: BB ingee o

fefractiorl &1d thelting point. These properties are believed to be affected by the

a [1] R can be dr ogen (p or nethyl (-CH3), R[err] can be
chemical composition of the subsutuents the size and number of such substituents,
and the location of such substituents on the monomeric structure, e.g., onthe
aromatic portion of the Monomer. While wishing not to be bound by theory, the
alkyl substituent (e.g., its size, position, and chemical composition) is believed to
affect the melting point of the Monomer. Further, the position of the alkyl group on
the aromatic portion of the Monomer can affect the size of the alkyl group required
to provide a desired physical property such as melting point. That is, preferred

alkyl groups in the para position that provide a desired melting point or index of
refraction may be of a size range different from preferred alkyl groups in the meta

or ortho positions that also provide the desired property. Preferably, the alkyl
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branched al kyl preferably having from1 to 18 carbon atons, and x can be in
the range from to 4, with the conbination of these varl,gm s_?

pr ef er abl ;chgqlﬁ’é‘"such that the brom nated nonomer has an i n§SYVSP//15862
refraction of at least 1.50. R err] can be positioned ortho, neta, or para

to the ester. group has’h lithii¢at bbmpdsitioh AldeidsRidnGhas thabtheBuiBibmart ik aVbnoner
are those conprising an aromatic portion substituted with an alkyl at the

posi ti on ort honelting peintbalew abosH0°Cumnate preferatilpbelpw about 35°C or 30°C, even

(1) and R or POkt Hbw Rl 7, o8 it orstrabife BRGTBR: RbaPf can be

an al kyl grouﬂnc{uihﬁﬁt@‘é't A 28|noner having an index of refraction of at
| east 1.50, e.g., an alkyl group having from 1 to 18 carbon atons, nore
preferably5from 3 Aprdgeriyaelated taneiting mdmtoof the Monoader is, visdosityvoBherer can

have at | east two brom es attached, direct o the, aronnat] [ . In a
particularly FMQP%'F‘F’@(? aﬁemewer&mtw%rqb&mef apisspfifydat 23°C) that

-6 t"he es ﬂxeﬁ& 4 E&X ble ?&ﬁ%sﬁi[oﬁrbﬁi%sﬁl@%@mme? t¢ 1 N9,

ortho and para

(3) ﬂ&btesﬁéd altrﬁoﬁvﬂlékﬁ hfuréy 1€Hdﬂ1|t Reating) toprodude 4 Righiindaxuste
4, 6-di br ono- 2- al kyl phenol i cl”gster@f(jrret h) acirng?atgs Wne?iegl n the al kyl

(Rlerr]) has frﬁﬁwwmwlmrmmmncﬂwenal é»lf&npglevrsmmes outside efthesén at ons.
Exg”g: gf o | S % el\s{btﬁ%ﬁ gﬁso E)ﬁ éxﬁegﬁxf" g%é'%rﬁhsed %?W@F% oﬂhe%{onomer can be below about
10,000 cps, for example in the range from about 100 to 5000 centipoise (cps), more
preferably from about 300 to 4000 cps. Viscosity can be measured by known
methods, for example using a viscometer such as a Brookfield viscometer.
The chemical composition and position of the alkyl on the aromatic ring can
15 also tend to affect the index of refraction of the Monomer. Thus, while wishing not
to be bound by theory, and while observing that Monomers having relatively larger
alkyl groups can be useful within the present invention, it can be said that in a very
general sense larger alkyl groups can result in a lower index of refraction.
The index of refraction of the Monomer can also be affected by the presence
20  and position of bromine on the monomer. It is generally understood that the
presence of bromine increases the index of refraction of the Monomer. Bromine
can be present on the monomer at any useful position and in any amount to provide
a Monomer having one or more of the above-described desired physical properties.
Preferably, the Brominated Monomer has bromine attached in a sufficient amount
25  and at appropriate positions to produce a monomer having an index of refraction of
at least 1.50, more preferably at least 1.55, or 1.56. This can be accomplished, for
example, by having at least two bromines directly attached to the aromatic portion
of the Monomer. Often, the position of the bromine can be a function of the
materials and process used to prepare the Brominated Monomer (described infra).
30  Also, the position of the bromine can depend at least in part on the position of the
alkyl. If the alkyl is attached at the 4 position relative to the ester substituent,
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15

20

brono-2-tert-butyl phenyl (neth)acryl ate:
4YQ9¥F¥ABdno- 2- i sopropyl phenyl (neth)acryl ate:

(3.1
PCT/US97/15862
Br

A'S %mﬂem@fpk&vﬂae aY thY 2hiRT 6 96&66@%&1 af tl'Bra(HESll RedtqRe Dpositien,

(640) I’ISGS an aI’OTTB.tIC port

I on bstltute with anaky group at the

Examples of Brominated Monomers useful in (tl@ practice of the invention

include alkyl-substituted brominated aromatic ester (meth)acrylate monomers of

A

(0]

general formula:

Bry A
(1).
In formula 1, R can be hydrogen (-H) or methyl (-CH;), R* can be a straight or
branched alkyl preferably having from 1 to 18 carbon atoms, and x can be in the
range from about 1 to 4, with the combination of these variables preferably being
such that the brominated monomer has an index of refraction of at least 1.50. R*
can be positioned ortho, meta, or para to the ester.
A particularly preferred class of Brominated Monomer are those comprising

an aromatic portion substituted with an alkyl at the position ortho to the ester

substituent:

@),
In Figure 2, R and x are as defined with reference to Figure 1, and R’ is an alkyl
according to R*. Preferably, R! can be an alkyl group to provide a monomer having
an index of refraction of at least 1.50, e.g., an alkyl group having from about 1 to
18 carbon atoms, more preferably from about 3 to 12 carbon atoms. Also
preferably, the Monomer can have at least two bromines attached directly to the

aromatic ring. In a particularly preferred embodiment of this Monomer bromines

eet Has Been Replaced
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In formula (4), R and x are as defined wwth reference to formula (1), and
Rerr] i | such as R err]. Preferably, R err] can
group-tos"p‘)’?ggﬁgbga Mononer havi ng an index of refraction oflp(glyﬁ#bgaégél 50,
e.g., an alkyl group having from 1 to 18 carbon atons, nore preferably
from 3 to 12aretlocated 4t the 4@né6gyoaitioys ohﬂm%ﬂﬁﬁ@ﬁng,mﬂwﬁ ira tethgtestero
brom nes attached dlrectly to the aromatic ring. In a particularly
preferred enb SHMSAt: of this Monomer, bromines are located at the 2 and 6
positions on the aromatic ring, each being Qrtho to the ester substituent:
[err] (5).

- 8- One particularly preferred paragstBstituted al kyl group is
nonyl, giving dibrom nat ed-4-nonyl phenyd t h)acryl ate nonomers, such as
2, 6-di brono-4- nonyl phenyl (neth) a(l:ryl ate:
(6). Another particularly preferr .
dodecyl, giving di brom nat ed- 4- dodecyl
as 2,6-di br ono- 4- dodecyl phenyl (net

yl (meth)acryl ate nononers, such
| at e: [err]

®3)
Particular Monomers according to formula 3 include 4,6-dibromo-2-alkyl
5  phenolic ester (meth)acrylates, wherein the alkyl (R") has from 3 to 12 carbons, for
example from 3 to 4 carbon atoms. Examples of such Monomers include the

following.

4,6-dibromo-2-sec-butyl phenyl (meth)acrylate:

Br G.1)

10 4,6-dibromo-2-tert-butyl phenyl (meth)acrylate:

A

(0]
Br

Br (2)

4,6-dibromo-2-isopropyl phenyl (meth)acrylate:

cen Replaced

S 1T —

THIS SHEET HAS BEEN
REPLACED




The Bfom nated Mononers can be prepared by any nethod generally useful in
prepafing brom nated phenolic conpounds, and in particul ar

al kylf- subst i @ B¥¥44%r oni nat ed phenolic ester (neth)acryl ates. PETUS B ds
are Il known in the chem cal art. By one particul ar nethod, an

al kyf-substituted phenol can be brom nated tQ produce a bronlnated

al kyl phenol . Al kyl phenols are commercially a é#able for exanple, from
Schgnectady International, Inc., Chemcal D on, Schenectady NY. Such
al kyl - substituted phenols can be brom nat met hods that are generally
kn in the chemcal art, and are depcri for exanple, in the

Ki ifk- & hmer Encycl opedi a of Chem ca , volune 4, 543 (4[err] ed.

1992). An exanple of such a process, sh h respect to an
ort ho-substituted al kyl phenol, is as fo :
PLAUt | MM bhrtt Br
PLACEMENT SHEET [(813D] In a second step

f this nmethod, the hrom nated al kyl phen can.phe esteriftied to oduce an

| kyl -substituted br P?r&f@dﬂﬁﬁ%‘mﬁ%gf@gt%s%gfwaﬁﬂﬁ PRomer,£o Eé"u%‘n

th an approprja } t d an
facid chloride is hﬁfl?(bbﬁbémimrgupgﬁﬁr?% Hﬁu{ﬁ gerlé)l?b Qgh%‘ﬁ&ﬁuﬂi‘gc“ﬁﬂ@es?égr
‘exanpl e, in thesibstitaehd: hner, Encycl opedi a of Chem cal Technol ogy, vol une 9,
769 (4[err] ed.1992; see also United States Patent No. 3,845, 102).
I nhi bitors, such as phenot hi azi ne or 4-net hRygyphenol (MEHQ , can be used in
such an ampunt to provide protection from pre*Rol yneri zati on of the Monomer
during its synthesis and storage, while § xcessively influencing the
subsequent polynerization. Wth respect §o tHe Mnoner of the present
i nvention, the brom nated al kyl phenol ¢ be reacted with (neth)acryl oyl
chl ori de as shown: Brﬂ‘{)e”] The
Brom nat ed Monomer can be used al one o corfpi nation with one or nore
conononers or high index of refraction noners to prepare a
pol yneri zabl e conposition that can be pogmeri zed or copolynerized to
produce usefql polymers or polyneric or pol yr’rqajc materials. As will be
apparent in light

In Figure 4, R and x are as defined with reference to Figure 1, and R? is an alkyl

such as R®. Preferably, R? can be an alkyl group to provide a Monomer having an
index of refraction of at least 1.50, e.g., an alkyl group having from about 1 to 18
carbon atoms, more preferably from about 3 to 12 atoms. Also preferably, the

10 Monomer can have at least two bromines attached directly to the aromatic ring. In
a particularly preferred embodiment of this Monomer, bromines are located at the 2

and 6 positions on the aromatic ring, each being ortho to the ester substituent:

P
0" Yo
Br Br

e ).
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of the various exanples below, the nolecular weight of a cononomer can be

W thin avmlg goghseful range. As used within the present deggh f(l@ﬁﬁ&é&he
term “cononoher” can refer not only to those naterials genera known in

the chem cal art as nononers,"” but also to relatively higher rml ecul ar
wei ght nat er iQaespartiailarlji ptgferred para-substitatddadlisyl goonyr is siony), givingrer i zabl e

ol yer 1 3abi ASPEI fdow ) (SRR A THORUR hnstich 25 A rBo o of
refraction My gﬁ;h%he X&Xﬁ{é i ndex of refraction of at |east 1.50.

The conononer ¢ rnes y of a nunber of known and useful

pol yneri zabl e unsaturated noieties, e.g. nyl, (nmeth)acrylate, N-vinyl,
acrylic acid, nethacrylic acid, aIIyI acry 'de, acrylonitrile, etc. The
conononmer can be nono- or nultlfunctlonal respect to the unsaturated

noi ety, and where nultifunctional, the nsamrat ed noi eties need not be of
identical chem stry. One cl rr?pomers found to be useful in
t he pol yneri zabl e conposition is t of (rmeth)acryl ate-functional
nononer s havi ng an i ndex of refracti o] t least 1.5. Such
(meth)acrylate functional conononers i
general fornmula: [err]

(8). In formula 8, R can be hydrogen (-GyHpy nethyl (-CH3), y is preferably
from 1 to 6, and Rlerr] can be of any chem cal(63tructure that allows

pol yneri zgtio the.c |ath uns ted noie .Noi eties, and
bref orabl y praAf TP RSFET eﬁgeﬁar@* gﬁﬂtﬁﬁ&ﬂsﬁ Broupcr 109 dRE ot | ons:
1.50. Prefer f

Riorr] can | napomibdeds HoRieyl Bheifl(hehelylite Mo, Micte 2.5 SHAGROON
products art duoslegyl phenil Ggethjacrydate: activity such as an aromatic noiety,

cycl ohexyl, a hal ogen such as chlorine, bromne, or iodine, or a sulfur-
cont ai ni ng group, Further, however, the R‘;%\r] group can optionally

conprise one or nore other chem cal noieti Rr structures, for exanple
oxyal kyl ene, urethane, epoxy, alkyl, an allyl groups, etc., any of

whi ch can be straight, branched, cycllc or Qinsat ur at ed. Exanpl es of
speci fic useful (nmeth)acrylate- f urkd ”. oBononmers include a nunber of
commerci ally avail abl e nono-, and nul {ﬁ! ctional (meth)acryl ate nononers,
i ncl udi ng hexa-functi onal aronatic ur elhane acryl ate oligoner avail abl e
from UCB Radcure Inc., under the desigmgtlon EB 220, and 2- phenoxyet hyl
acrylate, sold under the nane Photoner 40 by Henkel Corp., of Anbler PA
anong ot hers. The above-listed (neth)acM? q¢ ctional conononers are

hal ogenated. Particularly preferred polynerlzab conposi tions of the
present invention TheBfdnsfated BicHomers cahdieiprepared By any mefhod dénaalipasefitnd

further

in preparing brominated phenolic compounds, and in particular alkyl-substituted
brominated phenolic ester (meth)acrylates. Such methods are well known in the
chemical art. By one particular method, an alkyl-substituted phenol can be
brominated to produce a brominated alkylphenol. Alkylphenols are commercially
available, for example, from Schenectady International, Inc., Chemical Division,

15  Schenectady NY. Such alkyl-substituted phenols can be brominated by methods
that are generally known in the chemical art, and are described, for example, in the
Kirk-Othmer Encyclopedia of Chemical Technology, volume 4, 543 (4™ ed. 1992).
An example of such a process, show with respect to an ortho-substituted
alkylphenol, is as follows:
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conprfi se conononer conprising a hal ogenated (i.e., brom nated, iodinated,
or clifl orinated) aromatic (neth)acrylate conmononer. Exanples of such
hal ofjenat edOP8#B4#Rr s i ncl ude tri bronophenoxy acryl ate, tri brBrHUBHESH2
| at e, tetrabronobi sphenol A diacrylate, ethoxylated tetrabronobi sphenol
A diacryl ate, pentabronophenyl acry e, tet rabrormof_gl yl diacryl ate,
2-(£,4,6-tribronmophenyl)- 1- ethan acrylic estery sold as BR-3 1 (CAS
#7347-19-5) by Dai-lchi Kogy®'Sei yaka Co. of pdapan an%rbrom' nat ed epoxy
di acryl ate manufactured by UCB €, in Snyrna,
Geprgi a, under the designation e nononers are
criystal line solids at roomtenpe Especi al ef erred nononers are
t hose that exist as |low viscosity liquids at room ffenperature.
other preferred conmononer is methyl styrene, havBng the formula: [err]
9). Met hyl styrene exists and is useful in the polynerizable conposition
s any of varifiipeds5aTsieh of #if HElHHChe brofhintba il HENGT oanBR'cBrerifipfiipar &
i sonmers. Methyl styrene Ts commercially availabl € 'as a m xture of one or
jnore of these prodoes an alkylrsubstituteddhromitiated phehglicceseer {meti)scryiatefibyredction
;connercially avagjlable in ratios_ of_ 8020, 70:30, 60:40 5:45, and. 5:90
/ (meta: para): with an appropriate acid chloride. The reaction between an alcohol and an acid (10),

__ ey . . . . . . Met hyl
styrene is sg:orr?*rhé(r’r(l:ﬁlealls |“§’/°“§‘\? g?vlnal% Iﬂée ?hregn hY %ﬁbarrnedrl? 98?"37#%(1!’ fgf B‘aa]m ée, Eljét%'r atory

i n Feast ervi | | KirkiOthmbl,IBxichalbpedia ¥f CHEhieul Tédhﬁélﬁ?ﬁ Voliind9, #redd 9by;

nmet hods known in the chem cal art; see the Ean/c opedi a of Pol yner Science

and Engi neer i nge alssl UnitediS3atep Patent NopB 845108} . Inbibgsys, such as phermthiagine opf
nmet hyl styrene hi gh i1 refractg.on noner for the,producti on of
oot 1 a1 o oduct Betoph PAEHG. s bl i SadD AR it B plcbipBifedgon

from pre-polymerization of the Monomer during its synthesis and storage, while not

10  excessively influencing the subsequent polymerization. With respect to the
Monomer of the present invention, the brominated alkylphenol can be reacted with

(meth)acryloyl chloride as shown:

De
OH O 0O
R Br R Br
(meth)acryloyl
chlonde
Br T

The Brominated Monomer can be used alone or in combination with one or
15  more comonomers or high index of refraction comonomers to prepare a
polymerizable composition that can be polymerized or copolymerized to produce
useful polymers or polymeric or copolymeric materials. As will be apparent in light
of the various examples below, the molecular weight of a comonomer can be within
a large useful range. As used within the present description the term “comonomer”
20  can refer not only to those materials generally known in the chemical art as

“monomers,” but also to relatively higher molecular weight materials including

eet Has Been Replaced -10-
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Patent Application entitled "Methyl Styrene as a Hi gh Index of Refraction
Mononer, " __havi Att orney Docket No. 53255USA2A, filed on e
herevm.th.wrbgslgag‘nThe particul ar conmononers included in any &?5‘@%@%5862

pol ymeri zabl e conposition, their nolecul ar weight or nolecular weights, and
the anmounts Ofna%?ﬁ_rk,coﬁfyi‘isﬁﬁ @Mﬁéﬁaﬂﬁ%g&hw, il {158 FeditiveRUiBherndlBeulstesi r ed
nature and properties of the pol ynerizable conposition, and the desired
properties of weight pateriatsrsuch appolymerizablenpreepolymers and polymepizatle polymess. r om
(e.g., index gf refraction .glass.transition t erat ur | t.i n ol nt,

Vi seosi ty, et Erefergbly s bisdsihal Toesan SUASET b AR S BROTEE TeT LR o |
The anount of jdabyeapaiPispat ed Mononer present in the polynerizable

conposition can be any anount that will allow the production of a polyner
or pol ymer5 c nat er iThk chmonomeriesi coatprisp any of a aumiberanflkaoivnzndmisefpbrt i es. For .

exanple, and whjl e ampunts outside of this, r e can alsg be usefyl, it can
be preferred PBYHEEZ3 q)w‘\saturatga RPIEHES G B4 yryﬁ?&g\l@mla%&;w#}ylepgyg%md,f rom
25 to 40 part i ) . +.base |_ght
of the pol yne?‘}e%aﬁi@ccg@bgw ’trglc(p)‘ﬂme"\@ dmgﬁi#éle’c%%ogggrg?&‘ggﬂﬂgf éagx t%émﬁﬁdesent :
in the pol ynepf ambifincionBlosith tespedt fo @i/urisatatated RidkatyitandFetiere NSt ance, the
conononer can be_gresent in an anmount _in the

-13- netiopal, the wgatupated moigties negd not ibgiof idengicdl chemistvabl v from

60 to 75 rts by |_ght n rd s | ri . osition.
The conon @er can ?a}sg8P§?§'§g%oﬁneg“]i§\g1}£fon%qlfs§ﬁﬂWgﬁéﬂ%})&ﬁ% conpnoner s
or high index c@ﬁnpéﬁﬁérﬁﬁ&h@ﬂaﬁ%ﬂﬂﬂflﬁi&#aﬁoﬁm&ﬁtﬁ{aﬁﬂﬁﬂombﬂ%a@ﬁ@yﬁqu &ran
conprise a mxture of one or nore (freth)acrylate nonomers (including nono-,

and/ or nul ti f eefoactiomaf atrteast abonug)1,. 5.t Sechc@mtihpecnylate functiongd comenomess cagpe of

m xture and cgn further coggggée rrertﬁ’g%l sfe%/rene, or, the conononer can
conpri se eit h8fVo? STYRUTE IR HELEPPRP & ures, and can further include an
aromatic (neth)acrylate nononmer (efg.,a brom ndted aromatic (nmeth)acryl ate
nononer). In a particularly preferfed gnbodi nent|, the polynerizable
conposition conprises from 2 O40CpaCc=sChy |wei ght of the Brom nated
Mononer, from 5 to 15 parts by wei ggt nmet yl styrene nononer, and
from 45 to 70 parts by wei ght of ®ne or conbi rYa{)g on of (meth)acryl ate
nononers, such as, optionally and preferably, one |) nore brom nat ed

aromati c {set [in frimwlas8, R cansep/deogen (-H) or methyl GCEL), 3409 peferiably feompb@ittli on
of the invention is | yneri zabl e. Pol ynmeri zation can be acconplished by
usual neans, %ékﬁl@sﬁ E@&therﬁ any; ch%"?}r%ﬁlé?%%ﬂm allpws palymerzation of the i at or
irradiation w . | | ak] i . vi si bl e
[Tgnt n the srRelomer Vif BBk fubd oy GPbithds 3Ra BrlrbRblyRrbliala 0
For reasons otomofiomer mmg aAifddx sftefrhdtivn cfRCRAst L.5® Preférablyced dthiched of
pol ymerization is by irradiation with ultraviolet or visible light in the

presence of peeffisiently highindexpf sefraction R’ ¢aadnadude enexerongre ghemical moigties ul i n
t he poly I zabl e copposi.ti,on include. but.are nof limted to thos
commerc, a2hy BB b SphtehReedbeat 5 prwicidl SoritBhae e tan ArEARE he
trade desi gnamdiéty, @@roﬁsgn, alHalSgen FAER 48 EnldA®D brdmma ol i6dine lor d sulfaeur e 1800,
| rgacure 369, Irgacure 1700, and |rgacure 184, and 1rgacure 907.

Phot oi ni t i at ocentaisinggranmg Hundern howeverx thedk™ group can optionally comprise one or

more other chemical moieties or structures, for example oxyalkylene, urethane,

epoxy, alkyl, and/or allyl groups, etc., any of which can be straight, branched,
25  cyclic, or unsaturated.
Examples of specific useful (meth)acrylate-functional comonomers include a
number of commercially available mono-, and multi-functional (meth)acrylate
monomers, including hexa-functional aromatic urethane acrylate oligomer available

from UCB Radcure Inc., under the designation EB 220, and 2-phenoxyethyl

-11-
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atives are preferred A preferred photoinitiator is Lucirin[ferr] TPO:
- trinet benzoy) diphenyl phosphine oxide, commerciall avarlable
fro BASF &98@‘&” otte NC. The photoinitiator can preferabl ¥€

a nts in the range from 0.1-10 parts by weight per 100 parts by
weifght of pol Kéi?fatez a@rtﬁm@emaes.h&tbmofdmér)4oss by Henkel Corp., of Ambler PA,
-14- pol yneri zabl e conposition can al So contain one or

n'ﬁfr e ot her usamohg Dﬂgr&edflmnb@vethamd (mtm¢wlaweﬁlambtmembwsm skill ed
t he pol yney .art be ful .in su yneri zabl e osition. For
ekampl e, the bﬂF’W’t‘g;%rgc"ggﬁbWﬁeﬁegrP W@Sﬁ?%pﬂs’ﬁc’ﬁ %@EBFR?F’HQ agent ,
€ Of Nnbre Syp |§g§ﬂgéé itors or

t her ingredi ent S t at c’és?] e usef ld{ddﬂh& n a p : ngéﬁgiagﬂgmc}g“rregosr tion or

n opti cal5 pr oomptise cdmdnontey compssihg admlmgbmtedt(xle.;cbedrmmtddhmdmmqabsrtr on in
crosel i ki ng. SHBReReDAramatS refactylia cPBRSBmEh GRS Booaeh halpgsnated
tenperature o t | yneri zabl e
; conposi tion. &o&?@eﬁﬁgﬁg% P@Eéé‘lbérpéérg’a{’ Ea'glaﬁ{, a c%’%@ﬁ%’l J&ﬁr 1(E:ign be neasured
; by nethods knessabromoébisphensl, A diactylate, dﬁ:éﬁyﬂﬂtedrtambroﬁmha@l@aaﬁcnym ry

(DSC), nodul ated DSC (MDSC), or Dynam ¢ Mechani cal Anal ysis %ﬂ
Il ustrati ve peutabsomophenylacrylate) tetrebroma xylyl wrﬂgf@nZéZﬂrﬁrmhtemep ny)t1-

a5 tri 192 Bk RBIERAe JoR A BR-A1CAS FB 7152 e DaH oK Per Ry
commer ci al | y @¢abf Riphs, @ brémbhatedfePory diackfidte RAAGRERI&S bySUDBEhéafibals
Ebercryl 3603 (Acryl at ‘ed epoxy novol ac from UCB- Radcure Ebercryl 693, CN1

12C60 ( Sart onEoyp., Radguee, it Sevom, (ieprglmrmdpbtbaldeagm| Xrﬁtﬂﬁanéoa@mfl ate).
Sur f act ant h fl t ant bl
composi 11on ¢ Heve anambty 98 chysRlhg3ofes A TpPB semapatrt  Ehdrly Bl s -

coating and f giabmdff £€ tfosethdt REisCAALW Escolity iqulea fobf RipERLas, of useful
surfactants include nonionic fluorosurfactants sold by the 3M Conpany of

St. Paul , 13N under Another peeferrethoamonc®ig s metbyl ftyreng hhving-the orm@ila: h

=i,

surfactants can be included in the polynerizable conposition, e.g., in an
anount in the range from 0.01 to 0.3 parts by weight per 100 parts of
pol yneri zabl e conposition. Pol yngric beads, inorganic fillers,

and/ or pignments can be added to the pofnerizable conposition in order to
i nprove processing, to inpart slip andj|scratch resistance to the

pol ymeri zed material, or to affect o | properties of the polynerized
mat eri al . Exanpl es of useful pol ymer i ncl ude those nmade of

pol ystyrene, polyacryl ates, copol yne styrene and acryl ates,

pol yet hyl ene, pol ypropyl ene, pontetra uoroe(ﬁylene or conbi nations

t her eof  Ex ' lu lid er holl
gl ass beats, " VAt a0r S it spd e s in U iRl efonaitonas kel  ani um
di oxi de. The yRidusisirhérid & m%tu%é‘s ﬁi%'lhdi’r?gn&%cwe%tal afid a:%Qnﬁhféw”ﬁEﬂn&l (um,

and the particles can be i ncludéd 1 n e polynerizabl e conmposition in an
anount i n2Q hestryemges éommeaiaﬂytavﬁlabl}. asa mixhere pfione er mene of thesedspmerseFabl y
from about 0.25 tci WE ght perc

example, methyl styrene can e used and is commercially available in ratios of

80:20, 70:30, 60:40, 55:45, and 5:90 (meta:para):

(10),
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The polynerizable conposition can be fornmed into any of various known and
useful hi refraction, optical products or artlc

articles "@?ﬂ# ﬂ’g%ﬁsed i n numerous applications where it. Jf‘gﬁ-/{rﬂe—ﬁ%ﬁz
efficiently control the flow and intensity of |ight, for exanple to produce
optical |enses, optical filns such as h»gh i ndex of refraction filns (e.g.,
those referred to as Brightness Enhanceffent Filns, including nmultilayer
films and films containing one or nore 'crorepllcated | ayers). The
production of optical products from hj Nndex of refraction, polynerizable
materials, is described, for exanple, nited States Patent Nos.
5,175,030, 5,183,597, and 5, 591, 527. ¢ enbodi nents and preferred

enbodi nents of the present invention are summarized in the follomnng itens:
1. A pol ynerizabl e conposition conpri'si rigi).

al kyl - substi tut ed brom pat ed phepol i | a oner of t he
general for m.MIQ% yl styreng ﬁsrﬁOmmgfmﬁ}ﬁéYf’é%aﬁ‘%ﬁ% wfmleﬁf‘ﬁm&’eﬁ DQ?J'H or -

and Rlerr] i h@g@@aﬁfbr éradéd b n
conononer havi ngréu)@lllno}l7 e?(& grfvnlle ?ﬁaﬁlfegrx]atg?elygtﬂ& ]gjgst i ¥

The pol yneri zmbdhadshnmniﬂxenhmcaltmég thetEncgclopediz of Hdlarmeosmenmndact i on
of the brom nated npnoner is at | eas| 3. The

pol yneri zabl eE%Em%@EtYQleSf 64Eelr§ri2 ﬁﬂire'rggg?I the i ndex of refraction of

t he brom nated npbn for th
ey PR Lp ot b1 Bns horigh e of rftction onper fox the |

wher ei n t he npiodiétiondst diihcﬁ!fprbdi&tbfsmdiﬁieddn Assigne’s ¢apendingWnited (States | C.
5. The polémarl zabl e conposition of item1, wherein the ne|ting point of
the broni nat eBatentnpplicatien ensitisd,“Methyl Styrpus as a High Index OfRefFﬁ%t‘oﬁol yneri zabl e

conposi tion O&H)Intgﬁxﬂ e#EMBg @@ﬁe&ﬁ&k@ ﬁ'@ g?ﬁfﬁ] SRIR"Bed lofi evbifilid @t room

tenperature a
10  herewith.

The particular comonomers included in any given polymerizable
composition, their molecular weight or molecular weights, and the amounts of each,
can be chosen according to factors such as the desired nature and properties of the
polymerizable composition, and the desired properties of the polymer or polymeric

15  material to be prepared therefrom (e.g., index of refraction, glass transition
temperature, melting point, viscosity, etc., of the polymerizable composition or
polymeric material).

The amount of the Brominated Monomer present in the polymerizable
composition can be any amount .that will allow the production of a polymer or

20  polymeric material having desired optical and mechanical properties. For example,
and while amounts outside of this range can also be useful, it can be preferred to
use from about 5 to 50 parts by weight, more preferably from about 25 to 40 parts
by weight Brominated Monomer, based on 100 parts by weight of the
polymerizable composition.

25 The comonomer can also be present in the polymerizable composition in any

useful amount. For instance, the comonomer can be present in an amount in the

This Sheet Has Been Rep
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7. The pol yneri zabl e conposition of item1, wherein Rerr] is a straight
or hranched al kyl having from1 to 18 carbon atons. The
pol yner i zalﬂ%’%éﬁposmlon of item 1, wherein the brom nat edPﬁBﬁ&ﬁE?“ﬁés t he
gengeral forml a: [err] wherein R and x are as defined in item 1.

wher ein Ri'anFS fradn stlday 50 kews PErté bP Welght, ndi prefeBIy Ré@MWbout 60 to 75 9.
The¢ pol yneri zabl'e conposition of item 8, wher ei n Rlerr] is an al kyl having

m 3 toPﬂT%fafoélﬂhhbm on 100 parts pobmenmmn@ompytm. zabl e conposition
item 8, wherein att)le com 03|t|on of

em 6 wher oin t ndhe ESmbhemer AR sapREFe Rad ot SRR o D

7 - comonm{.&g o} high inded¥Firéfrattion comoRSmeR! Faethstdhck, g 8.
The pol ynerizable conposition of item 11, wherein t he bromni nat ed

nomer c dhpr cemenomdr-ain lsomprisea sm:tuttmﬁnnemnmqrb (methydcaylaete monomers

(including mono-, and/or multifunctional monomers), the comonomer can comprise

this type of mixture and can further comprise methyl styrene, or, the comonomer
can comprise either of the above-described mixtures, and can further include an
aromatic (meth)acrylate monomer (e.g., a brominated aromatic (meth)acrylate

10 monomer). In a particularly preferred embodiment, the polymerizable composition
comprises from about 25 to 40 parts by weight of the Brominated Monomer, from
about 5 to 15 parts by weight methyl styrene monomer, and from about 45 to 70
parts by weight of one or a combination of (meth)acrylate monomers, such as,
optionally and preferably, one or more brominated aromatic (meth)acrylate

15 monomers.

As stated above, the composition of the invention is polymerizable.
Polymerization can be accomplished by usual means, such as heating in the presence
of a free-radical initiator, irradiation with electromagnetic radiation such as
ultraviolet or visible light in the presence of suitable photoinitiators, and by electron

20 beam. For reasons of convenience and production speed, the preferred method of
polymerization is by irradiation with ultraviolet or visible light in the presence of
photoinitiator. Examples of photoinitiators that are useful in the polymerizable
composition include, but are not limited to, those commercially available from Ciba
Geigy of Tarrytown, New York under the trade designations Darocur 1173,

25  Darocur 4265, Irgacure 651, Irgacure 1800, Irgacure 369, Irgacure 1700, and
Irgacure 184, and Irgacure 907. Photoinitiators containing phosphine oxide
derivatives are preferred. A preferred photoinitiator is Lucirin® TPO, (2,4,6-
trimethylbenzoy) diphenyl phosphine oxide, commercially évailable from BASF of
Charlotte NC. The photoinitiator can preferably be present in amounts in the range

30  from about 0.1-10 parts by weight per 100 parts by weight of polymerizable
composition (pph).

cet Has Been Replaced -14-
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13. The pol ynerizabl e conposition of item 11, wherein the brom nated
nononer cgmp 4, 6- di brono-2-tert-butyl phenyl acrylate. 115863
The pol yneri za“gj € conposition of item 11, wherein the brom naq[TéUdsgrmnoner
conprises 4, 6-di brono-2-isopropyl phenyl acrylate. 15. The

pol yner i zabl e c onp @hie tpotymerizable compasitiom earealso toreaibroneioranard otierawsefil has
the ‘general formnu

wherein R and “33’54"@‘%&1“8@!5 Wil §e jappreciatad by tQHEF figilleddn the B‘PI&VF" Mm&ef rom 1

to 18 carbon [)H‘r?f f item 15,
wherein R err ?Eé}glﬁiggu% ?(l/)?lyﬁ%efarl\)gl;e @ﬁ%&% ' %‘S %r%;%ﬁ%}b]%
-18 - composition fhight cortain Pparioyslinkingagknt, ommt)more ﬁnfactams, pipmients,

vvhereinxis%g 18.. .The polynerizabl e conp 05|t|on(%u|t em 15,
wher ei n t he biBeRsnealpgernzationinhibitoss g@ﬂ@\emngmm« that can be useful within a

Lerr] polymerizable composition or an optical product. Such ingredients can be included

in the composition in amounts known to be effective for their respective purposes.
A crosslinking agent can be useful to increase the glass transition
temperature of the polymer resulting from crosslinking the polymerizable

10 compoéition. Glass transition temperature of a composition can be measured by
methods known in the art, such as Differential Scanning Calorimetry (DSC),
modulated DSC (MDSC), or Dynamic Mechanical Analysis (DMA). Illustrative
examples of suitable crosslinking agents include diallyl phthalate, diallyl
terephthalate, 1,3,5-tri-(2-(meth)acryloxyethyl)-s-triazine, and crosslinkers that are

15  commercially available as, e.g., EB 220 (UCB-Radcure of Smyrna GA), Ebercryl
3603 (Acrylated epoxy novolac from UCB-Radcure), Ebercryl 693, CN112C60
(Sartomer), Ebercryl 6602 (trifunctional aromatic urethane acrylate).

Surfactants such as fluorosurfactants can be included in the polymerizable
composition to reduce surface tension, improve wetting, allow smoother coating

20  and fewer defects of the coating, etc. Specific examples of useful surfactants
include nonionic fluorosurfactants sold by the 3M Company of St. Paul, MN under
the trade names FC-430, FC-171, and FC-740. Such surfactants can be included in
the polymerizable composition, e.g., in an amount in the range from about 0.01 to
0.3 parts by weight per 100 parts of polymerizable composition.

25 Polymeric beads, inorganic fillers, and/or pigments can be added to the
polymerizable composition in order to improve processing, to impart slip and
scratch resistance to the polymerized material, or to affect optical properties of the
polymerized material. Examples of useful polymeric beads include those made of
polystyrene, polyacrylates, copolymers of styrene and acrylates, polyethylene,

30  polypropylene, polytetrafluoroethylene, or combinations thereof. Examples of

inorganic fillers and pigments include solid or hollow glass beads, silica, zirconia,
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wherefn Rlerr] is as defined in item 15. 19. The pol yneri zabl e

conpgsition of |t 18, wherein the brom nated nononer has
: 7098/504(3{“ 20. The pol yneri zabl e conposi H&ﬁ@%ﬁﬁ%@gm

erein the brom nated nonomer has the general fornula:

[err] aluminum trilyddroxide]aqd piednitine dioxidel erheanigunparticle siaé can ben 1,
whefein the high index of refraction conononmer conprises one Qor nore

noner havi g“’%ﬁ?nllrﬁi’éﬂodﬂlcfmﬁerc@mﬁna‘& thg partislesican be npluded inthe oo
Thj pol ymeri za l gi%é 'c&.lnggslt%n in'afh W\gé ?An%(%x& Qﬁ&ﬂ d ﬂjﬁ?ﬁ Welght

refraction co mer conprises an unsa ura IC nononer.

23 The pol ymfdeﬂ@h{cﬁeﬁmyiﬂoﬁﬂawutthgftb&lweighleﬁeﬁ’béhtt he high index of
rgfracti on conononer coRr;pivrlses met hyl styrene nononer. 24. The

ppl ymeri zabfe conposhheipplynsirizable nompgsmomeaneberfomed intg any afiearioys knewpact i on
SRRSO TR TRE TR i AN - S
fomoNoNer  CoNPlkHeEd M&%ﬁﬂcﬁbﬂa%b& if 1¥efe ki CHoYEREi St JEUNRN the flow
" and intensity of light, for example to produce optical lenses, optical films such as
high index of refraction films (e.g., those referred to as Brightness Enhancement
10  Films, including multilayer films and films containing one or more microreplicated
layers). The production of optical products from high index of refraction,
polymerizable materials, is described, for example, in United States Patent Nos.
5,175,030, 5,183,597, and 5,591,527.
The invention will be more fully appreciated with reference to the following
15  non-limiting examples in which the reaction components are given as grams used, or
weight percents (wt %) based on the total weight of the polymerizable composition.
Dimensions in English units are nominal and conversion to metric units is

approximate.

20 Examples

Preparation of 4,6-dibromo-2-sec-butyl phenol (DBsBP)
In an appropriately sized round bottom flask equipped with a mechanical

stirrer, condenser, nitrogen cap, addition funnel, and temperature probe, 850 grams
(g) of 2-sec-butylphenol was mixed with 5097g of deionized water. The mixture

25  was stirred with a mechanical mixer and purged with nitrogen for about 10 minutes.
1881g bromine was added to the mixture drop-wise using the addition funnel. The
reaction temperature was maintained at about 30°C or less using an ice bath.
Following the addition of the bromine the reaction mixture was stirred for 30
minutes at room temperature. Reaction completion was determined by gas

30  chromatography (GC) by monitoring the disappearance of the reactants and

monobrominated species.
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26. . The polynerizable conposition of item1, wherein the nelting point of

the conpogg ¢sdaq44s bel ow 30[err]C 27. The pol yrmrtassriess?
conposition of item1, wherein the conposition i s i qui d at room
tenperature and at nospheric pressure ITEI’I zabl e
conposi ti on of | t &lnon complation of thrreastinn, 44878 efetaukacgwt@wasn M¥si ti on

Is at | east Item
1, wherein thémf“r\’fl%wa&stm? fog igtm'glrllt-ggg m?ﬁ*e co?’r%’ég% %%S%{Egﬁ eglgostfgml 57.
30  The pol yr(Eédeéﬁ&)'lEy&%Q&hb#Mﬁdﬁ%bﬂalS%QW/W;h&&Ju&@%mEx to 50
parts by weight of t'he al kyl -substituted brom nated aromati c ester

(et h) acr yl at dydrmsolfits sddatiemowamadiied. The mixtuoe waesiiuzecbmll @ommm allowied to
-20

the compos?ti aReteAR Theboror (EReb yef sk rémctisbond S5 ot BN Gr
of the al kyl - ighabis'sdfith ENGUNAbr A RIded, THe SHixtuFE WAl il Gl afiPNOTET

from to /0 parts by weight (neth)acryl ate nononer; : _
from 5 t 0 thén gikowted tbphasei split. 'ﬁhebgttorat(ngnas)r’rmywms removed and sobient A
pol yneri zabl e co&o& tion that is ﬁw d at room tenperature and

at nospheri c prEaSSHIRPe tF%“E‘??rFﬁBé‘}YFTB ng 8 Fptans SYRPORROG| kyl - substi t ut ed

br o nal ed ar oMt i Gl e Wl hiH AIGAHEEY SRR 1380 bAT el
Fr Gledished i P g

refraction of at ol'yneriza NPOSi ti on

of item 330 V\’fBéltﬁmD m@ mﬂa@stmlsqaohaﬁnﬁ{g,l @ﬁ&&bﬁmeﬁtur%f@@@"mﬁiad & head
(centipoise) or less at 23[err]C A polyneric materi al

conpri si ng nortempenaturenf 9%°CheThnvpmcbdm¢|pmgdedjapmbsmmdy)rliS@ﬁ)g@BsBP
an al kyl -substituted brom nated aromatic ester (nmeth)acrylate nonomner
havi ng the general formul a:

Preparation of 4,6-dibromo-2-isopropyl phenol (DBiPP)
The procedure described for the preparation of DBsBP was followed using
15  800g of 2-isopropylphenol instead of the 2-sec-butylphenol, 5291g of water, 1953g
of bromine, 4658g of ethyl acetate, 780g of 13% (w/w) aqueous sodium
hydrosulfite and 890g of 13% (w/w) aqueous sodium chloride to produce 1598 g of
DBiPP.

20  Synthesis of 4,6-dibromo-2-sec—butyl phenyl acrylate (DBsBPA)

In an appropriately sized round bottom flask equipped with a mechanical
stirrer, condenser, addition funnel and temperature probe, 140g of 4,6-dibromo-2-
sec-butyl phenol, 360g of t-butyl methyl ether, 55.2g of triethyl amine, and 0.02g
phenothiazine were mixed. (In these examples, the base used was triethyl amine;

25  however, a stoichiometrically equivalent amount of any other appropriate bases
could also be used, such as sodium hydroxide or pyridine, among others). 47.3g of
acryloyl chloride was added drop wise and, using an ice bath, the reaction
temperature was maintain below 20°C. The reaction was run to completion in
approximately 30 minutes.

30 The product was then worked up by sequential washings with deionized

water (257g) 0.7% (w/w) aqueous hydrochloric acid (51g); 16% (w/w) aqueous
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[err]
strai
conongner hav

pol y

wherein x is froml to 4, Ris -Hor -CH3, and Rerr] is a

t or al kyl ; and a high index of refraction
é?}g’g@égl ndex of refraction of at |east 1.50. PCT/URY7/1586% ¢

ric material of item 34, wherein the index of refraction of the

brom mat ed nononsdiins ca’boha!aefw 6g); add 8% (w/w) aqueous sodium chloride (54.5g).

-21-

The polyneric material of item 34, wherein

Rlerf] is a stradguent W*iﬁrrﬁmewédlsa}g@mtm\ﬁm@mpbmthecs:rqd}: predietvas esum

37. The poly
has {t he general

f it erein the brom nated nononer
élg@lr‘raumag'{em %&ams (gﬁéfgfﬁrvgg“gnd x are as defined in item
nd wherein R is an alkyl having from3 to 4 carbon atons. 38.
Thef polyneric material of item 36, wherein the brom nated nononer has the

gederal ~ f or mf a: Synthpsis of 4 6-d1bromo-2-|sopropyl phenyl acrylate (DBiPPA)

/ 10

15

20

25

30

A procedure similar to that describe in the synthesis of DBsBPA was used
to prepare 4,6-dibromo-2-isopropyl phenyl acrylate, however, 4,6-dibromo-2-

isopropyl phenol was used in place of 4,6-dibromo-2-sec-buty! phenol.

Synthesis of 2,6-dibromo-4-nonyl phenyl acrylate (DBNPA)

In an appropriately sized round bottom flask equipped with a mechanical
stirrer, condenser, nitrogen cap, addition funnel and temperature probe, 44g of 4-
nonylphenol and 180g of deionized water were mixed. To this stirred mixture,
77.4g of bromine was added dropwise being careful to keep the reaction
temperature below 30°C. After the addition of the bromine, the mixture was
allowed to react for about an hour. Once the reaction was complete, as determined
by gas chromatography, the product was taken up into an organic phase of 160g
ethyl acetate. The organic phase was then washed with sequential washings of 13%
aqueous sodium hydrosulfite (26.5g) and 13% aqueous sodium chloride (30.2g).
The ethyl acetate was then stripped on a rotary evaporator and the crude product
vacuum distilled using a short vigeraux column to yield approximately 66g 2,6-
dibromo-4-nonylphenol (DBNP).

In an appropriately sized round bottom flask equipped with a mechanical
stirrer, condenser addition funnel, and temperature probe, 30.5g of 2,6-dibromo-4-
nonylphenol, 64g of t-butyl methyl ether, 9.8g of triethylamine, and 0.005 gof
phenothiazine were mixed. To this stirred mixture, 8.4g of acryloyl chloride was
added over a period of 30 minutes being careful to keep the reaction temperature
below 35°C. After the addition of the acryloyl chloride, the mixture was allowed to
react at room temperature (approximately 25°C) for a period of 2 hours at which
point gas chromatography analysis indicated a complete conversion of the 2,6-
dibromo-4-nonylphenol to 2,6-dibromo-4-nonyl phenyl acrylate (DBNPA). The

-~
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wherein R and x are as defined in item1, and wherein R err] is an alkyl
havi ng frQghdghkged2 carbon atons. 39. The pol yneri,@r,ggg,?{shﬁl of
item 36, wherein the conononmer conprises one or nore high index o
refraction nononers selected fromthe group consisting of a (neth)acrylate
nmonomer, a br opfodugtavas(then wpekedypavish pestwential washings edeignized waten &4 drer .

40. © The pol yueg) terial .of item 36 en ¢ . ndex of refraction

of the pol ymerér"z/ "rréY/gVS iagpequg hﬁijr‘ﬁcé@gf a. ig(ﬁ%{b%ii@%ﬁ%/ W) aqueous s?‘%um _

- 22 - carbonate (o, ahd' 894 (WA ) idueoREsdiRir chidhit¥ (28E). EPheéb@dnii t h
reference to the foll ow non-lirmting exanples in which the redction
conponent s ar elaggrweas then driethaven sagnesium sulfitgland ther sobvens stfipped/4n Yagpeni ton t he
total weight of, t.he polyneri_zabl osition.., Dinensions in English units
are noni nal® anticld@Rp MR 3 gr?é&rqc’g‘ p¢-panyl P%&FW e. Exanpl es
Preparati on of 4, 6-di brono-2-sec-butyl phenol (DBsBP) In an
appropriately sized round bottom flask equi pped with a nmechanical stirrer,

condenser, ni tMw@sirenidnt ofRéfractive Indexel , and tenperature probe, 850 grans
(g) of 2-sec-butyl phenol was m xed with 5097gq of deionized water. The

mxture was stirre&hefefrpchiveindexof resin compesitignsiand eused filins were measyeed f or

he addi t1 on 1 OEH RER e ERR e Hadk i Hriatob B Tokba el Rty 0

30[err] C oyo | epFighdrStientific.cCe bath. Follow ng the addition of the brom ne
the reaction mxture was stirred for 30 mnutes at room tenperature.
Reacti on conpl etion was determ ned by gas chromatography (GC) by
nonitoring tthii sappeara of, the reactants and nonobrom nated speci es.
Upon conpl et u “rté’g&t?§°8ﬂ,ty4487g of ethyl acetate was added. The

mxture was sti rredThotisddiioRhaited Alid AfpdAlonyR: @a(agv/aﬁﬁgamrbskﬁame

bott om (aqueous) | ayer was em)vedeand 750.5g of a i% 0 w) ~aqueous sodi um
hydrosul fite sModelloW vissematdd eet.at BARRN and usingad?3sspindled wel | and t hen

al l owed to phase split. The bottom (aqueous) |ayer was renoved and 856. 4g
of a 13% (W w) aqueous. sodi um chloride solution was added. The m xture was

stirred wel | aggaslgnpféﬂ 198 LRM:&&:BR%?:&HJ;J] 1 P?%bgr aytéP”Pdlﬁﬂb%Hl%) | ayer

was renoved an vent was stripped from't er using a rotary
evapor at or . Compbsitionisude product was then distilled using a distillation

head and vi geraux g¢olumm. The product distills at 13 Pa (0.1 ,.a pot
tenperature of 15 1POlypwriza %"EW&%?B’W@W&J[?ﬂ%gé’ﬁi@WPB Bt e

provi ded appr oyfeTRiahs shoW%n PEIBT: The values for the monomers/oligomers are the

20  weight percent (wt%) of the component based on the total weight of monomers and
oligomers in the composition. The values for the surfactant, FC430, and initiator,
Lucirin® TPO, are the parts per hundred parts of the polymerizable components
(i.e., the monomers and oligomers).

The general procedure which was followed in the preparation of these

25  compositions included first charging into a single pot the RDX51027, PEA, and
BR31 (comparative example 1) and then heating at 100°C until melted, followed by.
mixing. The methyl styrene, (meth)acrylate monomers, and EB220 were then
consecutively blended into the above mixture. The FC430 and TPO were then
mixed in for at least 15 minutes. The mixture was then heated in an oven at 60-

30 70°C for 30 to 60 minutes.
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- 23 + Preparation of 4, 6-dibrono-2-isopropyl phenol (DBi PP)

The pfocedure cribed for the preparation of DBsBP was foll usi

800g fof 2-i é’gﬁg’g&’l&phenol i nstead of the 2-sec-butyl phenol, §%ﬁ8996(#5§%gter,
1953¢ of brom ne, 4658g of ethyl acetate, 780g of 13% (w w) aqueous sodi um
hydr psul fite and 890g of 13% (w w) aqueous sodi um chloride to produce 1598
g of/ DBi PP. Synt hesi s of 4, 6-di bronp-2-sec-butyl phenyl acryl ate (DBsBPA)
In an appropriately sized round bottom flask equi pped with a nechani cal

stifrer, condenser, addition funnel and tenperature probe, 140g of
-di brono- 2- sec-butyl phere 3505 frtmbtatbmst hyl et her, 55.2g of

trfethyl am ne, and 0.02g )hepgt hi aziing¢ werje m'Jerd. (I'n these exanpl es, the
base used was triethyl am '@'SJ%V\B el e|e|st|et|chiel rical |y equi val ent
agount of any ot her appr op[iaBe—bas Y “YrYys” s8] used, such as sodi um
hydr oxi de or pyridine, anopg others 7.13d df lackryjoyl chloride was added
rop Wi se and, using an i Cpks ba h, ctji gn [t enperature was nai ntain
bel ow 20[err] C. The reacti 3@ .ma(q I Yiga, T |t fie@lm] N approxi mately 30
m nut es. The producfhuwBsot hew s ilsyl Spquenti al washings with
dei oni zed water (257g); 0. (W w) s (hyldriochl pric acid (51g); 16%
(w'w) aqueous sodi um car bpnat PALOF: and [8% (W v aqueous sodi um
chl oride (54.5g). Solvent /és o i oafgé-zﬁ-/ evapor at or and the
crude product was vacuum di&ti |Ted M55 Y3 (949 of product.
Synt hesis of 4, 6-di bronp- 2fTS0OpT Op) CriyT et B=( DBi PPA) A
procedure simlar to that sc [‘Qbe i he qynt Hes|i sj.af DBsBPA was used to
prepare 4, 6-di brono- 2-i sopf@pylephén agryl gt d, hop8ver, 4, 6-di br ono- 2-
i sopropyl phenol was -used pa—place] ~G=di dr - 2l<9ec- but yl phenol .
Synt hesis of 2, 6-di brono-4faonyl p yllatle |( DBRNPA) In an
appropriately sized round hat t )glf ' %Gd i®pma nmechanical stirrer,
condenser, nitrogen cap, aﬁit On { P pBure probe, 44g of 4-
-24 - g
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nonyl'phenol and 180g of deionized water were mxed. To this stirred
i xture, 77 w@siso4lr oni ne was added dropw se bei ng careful toPHcTapsszhsss?
reaction tenperature bel ow 30[err]C After t he addition of the brom ne, the

m xture was allowed to re or, a n hour. the reactlon was
conplete, as d wmmtw?%@%cm aaBﬁ‘}'““t"Wé %B‘&“%bs t aken up
I nto an organi ¢ pha f 9’?’3‘? hen
washed with sequent ?‘gfﬁ’ﬁdéﬂ?‘%&é&tgw& oagﬁ’té'%ass so :al}%tﬁ% rto ?I te F;}G 59)
and 13% aqueougprimed PET filfs amldlmtﬁreﬁ?:ﬁm%gh a khife coatey,| Thcatr@pxecﬂasf REEfilm

stripped on a rotary,.evaporator and the crude product vacuumdistilled
using a short wééh%wréévmwm@ Yatween wers passedander Udblamps gt a conveyor

| Bok oqun ooy WARP 20 (s mimre. The b8 CoBRRGABLLAL BlarpRinfich s AN, o

Lenper al ur e pr giin @ tgr@briballyo 05aRRyof bragpupBIRNAL n66 obicfackti |

net hyl et her, of triethylamne, and O. of phenot hi azi ne were

m xed. To thi 5165582} wsmaﬁedm@themmgl oﬁaraAblgabqﬁac@mmr dA piece ofd@aun Uver a
period of 30 utes b reful to kee actlo er I e Iow

DSl err] & Aft P SCHGHTRRtSR Yirplioa g Gpiotin BiRriAssPhlehs et

al lowed to  reqgk relfecleA¥Mtd HERRMBe by fABRIRY rﬂmrsh th%ii AcliGe Irfdek o uRe’ i od
of 2 hours at whi {:h poel nt gas g’lﬁl? 'r.%t?aograpit ana ys(iys in |ce{t ed a conpl ete
conver si onl®f tiwed 2oM@positibn sampleé was reakdp Mo bret givéh Welalwbr ono- 4- nonyl phenyl

acrylate (DBNPA). The product was then worked up with sequential washings
of deionized water (45.69); 0.7% (W w) %ueous hydrochl oric acid (8.99);

16. 4% (w w) aqueous sodi um carbonate (10 al$ 2and 8. 7% (W w) aqueous sodi um
chloride (9.5g). The or gaﬂi’hgsxd:aé}?mpm QﬂP@dmﬁbnzabllmﬁmnpm&gm@& um sul fat e

and t he sol ven
2, 6-di br ono- 4-

n

nyl R&%?‘;‘F%t e.

The refractiveli r edindexofiposj ed
usi ng an Abbe Refract onenspolymedizedy Ercnmploaitio,n (nps @)k 0 Jemaposition
distributed by F| sher SC campbiition 23°C)

-25 - Ment 1@&so)1 SCOSTTY The vi sicosi Ty s@bpuncurkd
resin composit made usi ng a Br ookfleﬁ’g l\/bdel vi sconmeter sef at

30 RPM- and usi

Preparati on of -Pel—i-mu. Al e Wf,,wi A -
1.57585 6400 1.5945
3
4
5
6
7
8

1.5740 2400 1.5936
1.5730 3800 1.5951
1.5675 3800 1.5892
1.5665 7400 1.5919
1.5685 9200 1.5944
1.5640 4600 1.5912

15 The data in Table 2 shows that the compositions of the invention have a
higher refractive index and a viscosity more suitable to coating operations than that

of the comparative example.
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Pol yiferi zabl e conpositions were prepared by bl eridi ng the conponents in the
ampupts shown in Table 1. The valu s/oligonmers are the
wei ght per CERPBBUA3Y of the comonjﬂ"uﬂmmmnﬂ"mm{m al vei §RTUSP7Hdfoner s
and/ol i goners in the conposition. The Val les"fot the surfactant, FC430, and
|n|£|ator Luciwihg{ 8klalmddls are the parts per hundred parts of the
p0|lerEI’I zabl e conponents (i.e., the nononers and ol igoners). The
geperal procedure whl.ch V\Aqaol)undmmﬁdcompmdmmrmommnsmgl on of these
cgnposi tions included first g,] gln&( gto A Si nﬁ pot the 027 PEA,
apd BR31 (conpar atlve exa?ﬁj‘?] SR egl Eminasd p 3‘05!?3&'60 ag ?FPlI

el ted, followeg styrene, (neth)acryl ate nonomners,

nd EB220 were tﬂen consec t|veF ended into the above m xture. The FC430
;nd TPO were then mxed in for at | east 15 m Ryutes. The m xture was then
‘heated in an oven at 60- 70[err]C for 30 to 60i,nutes.
- 26 - [err]

%" %

Bry A

wherein x is from 1 to 4, R is -H or -CHs, and R* is an alkyl; and

a high index of refraction comonomer.

2. The polymerizable composition of claim 1, wherein the index of

10  refraction of the brominated monomer is at least about 1.50.

3. The polymerizable composition of claim 1, wherein the index of

refraction of the brominated monomer is at least about 1.55.

15 4, The polymerizable composition of claim 1, wherein the melting point

of the brominated monomer is below about 60°C.

5. The polymerizable composition of claim 1, wherein the melting point
of the brominated monomer is below about 35°C.
20
6. The polymerizable composition of claim 1, wherein the brominated

monomer is liquid at room temperature and ambient pressure.

7. The polymerizable composition of claim 1, wherein R*is a straight

25  or branched alkyl having from 1 to 18 carbon atoms.
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-27 - Measur enent Jmu’tmlgj“luﬂﬂﬂlluEex of a Pol ynmerized Conposition
Aliquid niZabl e conpk "¥ced between two pi -
pri nmed PE%%(%“‘%d noved throcugh a knife coater. The two p.i’g’cf@’?gﬁ“@%
filmwth the Iiquid conposition between were passed under UV |lanps at a
conveyor speed of 86.9 riheipolyhRgizikle coppositivmaf daim Iwhesginghie brompnated i on
was approximately 76.[etr meé_ 11), thick. Athin |ayer (approximtely

0. 05mm) of brm%ﬁpktﬁ‘ggﬁn arfg“&'}lﬁ'f refraction = 1.6582), was placed on
the prismof an Abbe Refractoneter. A piece f 1 Onm x 25nm cur ed

conposition was place on top of the brononaphtghal ene. Incident |ight was
refl ected onto the sample by a reflective prisnR and the Refractive |ndex

of the cured conposition sanple was read. t\Na, are gi ven bel ow.

Table 2 Physi cal Pr o%grt i e§ of "Pol yneri zabl e Conpositions
Exanpl e Refractive ! of Refracti ve | ndex

| ndex of unpol yneri zed pperi zed

unpol yrmeri zed conposition nPajerr]s (c rF‘E conposition

conposition 23[err] O

wherein R and x are as defined, and wherein R' is an alkyl having from about 1 to

5 18 carbon atoms.

9. The polymerizable composition of claim 8, wherein R is an alkyl

having from about 3 to 4 carbon atoms.
10 10.  The polymerizable composition of claim 8, wherein x is 2.
11.  The polymerizable composition of claim 8, wherein the brominated

A

(¢
R Br

monomer has the general formula:

- Br

15 whereinR! is as defined.

12,  The polymerizable composition of claim 11, wherein the brominated

monomer comprises 4,6-dibromo-2-sec-butyl phenyl acrylate.

20 13.  The polymerizable composition of claim 11, wherein the brominated

monomer comprises 4,6-dibromo-2-tert-butyl phenyl acrylate.
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14. Mﬁ(; polymerizable composition of ggnol 1, wherejn the brominated

monomer cqmgsts 4,6-dibromo-2-igaprapy) ENFRT 4 2 shows ¢ hat the
‘conposi tions of the invention have a higher refractive index and a
viscosity nore suitable to coating operations than that of the conparative

exanpl e. 5 15. The polymerizable composition of claim 1, wherein 2 brominated
C ai ns: nmer ] zahl e conposition conpri sing:
an al kyl - subst |"E‘?ﬂ°€t?rbi”b# %/%'Eiflﬁﬂ@‘ﬁbl ic ester (meth)acryl ate nononer of
the general fornula (1) [err] whereiin x is froml to 4, Ris -Hor
-CH3, and Rerr] is an alkyl; and a hi gh i ndex of refraction
conononer having an i ndex of refraction of Reast 1.50.

0" o

Bry
R2

and wherein R and x are as defined, and R? is an alkyl having from about 1 to 18
carbon atoms.
10
16.  The polymerizable composition of claim 15, wherein R? is an alkyl

having from about 1 to 12 carbon atoms.

17.  The polymerizable composition of claim 15, wherein x is 2.
15

18.  The polymerizable composition of claim 15, wherein the brominated

monomer has general formula:

Br Br

20  wherein R? is as defined.
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refracti ogogiso4@ brom nated nono PCT/USS/15862 1N€
pol ymeri zabl e conposition of claim 1 e mel ti ng pol nt of the

brom nat ed nononer is bel ow 60[ err] c : The pol yneri zabl e
conposition of claiml1l, wherein Rerr] is a stral ght or branched al kyl

havi f bl
Composi {1 on of ol ai% 1, ABPUPIZAhe sompRsatiel GhifRe MHELRR fir o gEiercd

2. The pol ynmeri zabl e conposition of cI E‘FE el n the index of

formul a: monomer h sth eneral formula: [err]
- 29 - ereﬁ'n Rg X arue as defined in claim1, and wherein
Rl err] is an al kyl having froml to 18 carb at ons. 6. The
pol yrmeri zabl e conposition of claimb5, wherei I{le brom nat ed nonomer has
t he general fornula: [err] wher ej I's as defined in claimb5.
7. The pol ynmeri zabl e conposition of cldm wherein the brom nated
nonomer Br Br
oHyg
5

20.  The polymerizable composition of claim 18, wherein the brominated

monomer has the general formula:

0
Br Br
12Has
10 21.  The polymerizable composition of claim 1, wherein the high index of

refraction comonomer comprises one or more comonomer having an index of

refraction of at least about 1.50.

22.  The polymerizable composition of claim 21, wherein the high index

15  of'refraction comonomer comprises an unsaturated, aromatic monomer.

23.  The polymerizable composition of claim 21, wherein the high index

of refraction comonomer comprises methyl styrene monomer.
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has ft he general fornul a: [err] ”“l“l &mﬂum\‘Mn R and x are as defined
I n Ialm 8}?&?@%(3”] Is an al kyl 18 carb peAmo)

Hhisse2

i zabl e conposition of claim?7, wherein the brom nateéed

nooner has general fornmula: [err]

PLACEVMENT SHEET wher ei n

24,  The polymerizable composition of claim 21, wherein the high index
%Enerr is as defined in claim 7. 9.

The pol yneri zadf @ﬁ@mm@qmmmmeotompasqmam argthagicdmeth)aerylateymonemen of
riefracti on conononer corrprl ses one or nore cononomer having an i ndex of

unsat ur at ed,

nefraction of at |east 1.50. 10. The polyrnerizabl e conposition
f claim9, whereinzghe hiegﬁblyxﬂa%bﬁfcoh@t;ﬁasﬁ bPﬂaﬁPﬁpﬂmé?émQﬁhnﬁgh fiRtfex A

aronmat i ¢ nonorer’, The po ynerl zab

rconrp03| ti orS of reftagtion quoﬁmnmcnmpheesrnabrbnmgtqﬂnmmabé (meth)acqrhtemanomerl S
{ bel ow 30[ err] C 12. The pol yneri zabl e conposition of claiml,
~wherein the index of refraction of the conposition is at |east 1.56.

10

15

20

25

30

26.  The polymerizable composition of claim 1, wherein the melting point

of the composition is below about 30°C.

27.  The polymerizable composition of claim 1, wherein the composition

is liquid at room temperature and atmospheric pressure.

28.  The polymerizable composition of claim 1, wherein the index of

refraction of the composition is at least about 1.56.

29.  The polymerizable composition of claim 1, wherein the index of

refraction of the composition is at least about 1.57.

30.  The polymerizable composition of claim 1, comprising from about 5
to 50 parts by weight of the alkyl-substituted brominated aromatic ester

(meth)acrylate monomer based on 100 parts polymerizable composition.

31.  The polymerizable composition of claim 1, wherein the composition
comprises:
from about 25 to 40 parts by weight of the alkyl-substituted
brominated aromatic ester (meth)acrylate monomer;
from about 45 to 70 parts by weight (meth)acrylate monomer; and
from about 5 to 15 parts by weight methyl styrene monomer.

32. A polymerizable composition that is liquid at room temperature and

atmospheric pressure, the composition comprising an alkyl-substituted brominated
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13. The pol ymeri zabl e conposition | mulsi ng from5 to 50
(meth)yacryl ate nononer based on 100 part< pdl yhert zabl e conposi tion.

14. The pol ynerizabl e conposition of claim1, wherein the conposition
conpri ses: aromatic ester (methjzcaylatzanenpmey hgving an indewoff gefractipn of at least

al kyl - subst i tlitbe(\)d brom nated aromatic ester (neth)acryl ate nononer;
from45 to 70 parts by weight (nmeth)acrylate nononer; and

from5 to 15 parts by weight nethyl styrene nononer. 15. A
pol yneri zabl e conposition that is liquid at roomtenperature and

at omspheric pressudd, t Hheqwiymerizablercompogition ofiaian32y whdreiadhet i t ut ed
br om nat edsaromatic.es er .meth;aﬂéllo%e nonpmer haviﬁg n i ndex of
refraction® of cgmPpRtieR has ayyscosity of 10,000 gentipois¢ og less et 251G zabl e conposi ti on

of claim 15, wherein the conposition has a viscosity of 10,000 nPa[err]s

" (centipoise) or less at 23[err]C. 17. A polyneric materi al
conpri si ng nonomer i34. uniA polyewriv ethtériab vomprisingimendmerioumits derived from

an al kyl - subst i t‘%ed brom nated aromatic ester (nethy)acrylate nononer

-31 - IngreieAts GOMPRSIBEner al  f or nul a: [err] wherein x is from

1to 4, Ris -Hor -CHi8,,a0d) Risdibdied Ero\%ﬁ%&%%a&%res ?Gﬁét?ﬁ?%gﬂ&t%yl , and

a high index of refraction cononomer ha ex 0 I'on of at
| east 1.500 monomer having the general formula:

wherein x is from 1 to 4, R is -H or -CHa, and R* is a straight or branched alkyl;
and

a high index of refraction comonomer.
15

35.  The polymeric material of claim 34, wherein the index of refraction

of the brominated monomer is at least about 1.50.

36.  The polymeric material of claim 34, wherein R* is a straight or

20  branched alkyl having from 1 to 18 carbon atoms.

37.  The polymeric materials of claim 36, wherein the brominated

monomer has the general formula:
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wherein R and x are as defined, and wherein R' is an alkyl having from 3 to 4

carbon atoms.

5 38.  The polymeric material of claim 36, wherein the brominated

monomer has the general formula:

Pe
0™ Yo
Br Br
2

wherein R and x are defined, and R? is an alkyl having from 1 to 12 carbon atoms.

10 39.  The polymeric material of claim 36, wherein the comonomer
comprises one or more high index of refraction monomers selected from the group
consisting of a (meth)acrylate monomer, a brominated (meth)acrylate monomer,

and methyl styrene monomer.

. 15 40.  The polymeric material of claim 36, wherein the index of refraction
of the polymeric material is at least about 1.590.
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