WD 98/ 50340 _
PCT/ US97/ 15861 HI GH | NDEX OF REFRACTI ON MONOVERS FI ELD OF THE | NVENTI ON The
i nvention relates to al kyl -substituted, brom nated aromatic ester 5

(met h) acrYOM88038noner s. BACKGROUND Hi gh i ndex of refracti E&THRIYMSELE are
useful in the production of optical materials and optical products. High

i ndex of refraction NpigIEIRPEXN OFEREFRACPIONMONOMERS zed, alone or in
conmbi nation with other reactive materials, to produce optical products such
as filnms, lenses, optical fibers, mcroreplicated materials, and ot her
articles useful to control tRELDOFIHEJINVENTIONof |ight. United States
Patent No. 4,578,445, for exanple, describes the use of high index of
refraction hal ogbke ingentionirakates torakul-substitutedy brominated axpmatis @stef opt i cal

| enses. See, al ' tes 15 Patent Nos. 4,721,377, 4,812,032, and
5,424, 3§9. W@?%ﬁ%%‘sg%'ﬁ%’?hual |y inprove such optical products, or the
processes for preparing them there is an ongoi ng need to devel op new and
i mproved hi gh index of refraction nononers. Sone hal ogenated aronatic

(meth)acryl ate nononers have beerBAGKGROUND yseful as high index of
refracti on nonongrs.. The nomers exhi bit I rabl e .20. ti.cgl
qualities, but ﬁ@?‘d'é#é‘r@ﬁf’@gﬁn@f‘&}?r\?&e{f T{Fb’ﬁe P§$$g°%€t% Ojl%é’t'f:ﬂat exi st
as solids ahafeRIRSAGDPHIGS pFRARELs! PREA InBBPEF RirHEton(Bokbomers Bad BEcirad@ee from
about 20 to 25[err]C), and often have nelting points significantly above

r oom t dfperpilymerizeBeadlans er intfvombination mithothsrireacting matdriatss taaprodocem

t enperature, po ri zabl e sition tai ning these nonqQners .can
Fequi r o hectntlial HBOUE Skt S0 donsss. SPRE SBe S BireRiir A RS 34
processed agflef fidBudeRii % doitrdllind ﬁsi%neiméﬁ{tga?h 12N WHiel SadtePPAAEYICt - The

need to heat nononers above roomtenperature durihg processing adds
si gni fi cantNoohiT8,444, ifonexanple; dpsenibes the uséef gl indsx oficefrattiémkalogemoner i nto

tical duct. Pr¢ ' | i ne; t .be, heated, ich '
"ar g6 anouriRUNIG HEFHRS 05 IEProdiEto oF BENGah cgheen ogh 2l Uk s Sitegani 30
conpoungds, pifich SQSEELI73E 377108 Y, 633, Wl 3%23ABE Th LRI to Bdrtfhuatty infi?GW €1 € and

such optical products, or the processes for preparing them, there is an ongoing need

to develop new and improved high index of refraction monomers.
Some halogenated aromatic (meth)acrylate monomers have been found to

be useful as high index of refraction monomers. These monomers exhibit desirable

20  optical qualities, but are generally relatively high melting materials that exist as
solids at temperatures near room temperature (e.g., in the range from about 20 to
25°C), and often have melting points significantly above room temperature.
Because these monomers exist as solids at room temperature, polymerizable
compositions containing these monomers can require heating to a temperature

25 above room temperature to be processed and formed into a high index of refraction
optical product. The need to heat monomers above room temperature during
processing adds significant complication and expense to the processing of the
monomer into an optical product. Processing lines must be heated, which can
require large amounts of energy, cause the evolution of high volatile organic

30 compounds, and sometimes rupture tubing connections. Also, 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-
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uni form heating is not consistently maintained, the nonomer can crystallize
within the curable conposition during processing, resulting in the
production of non- -1- WO 98/ 50340 : _ _ _
PCT/ US97/ W3B®I50848i f or m and unusabl e product, and thereby reoriusonmgsssn hi gh
amounts of waste product. Furthernore, maintaining the polynerizable

iti : ' ' t \ tentially cause
o oot yrrer | ST BRIt Bofne; fie BereBg ceobltg i bigh dphais o araten; ( heso
added pr ocepfodueld FurfheRRére, ﬁﬁﬂtdiiﬁﬁéiﬂe\’;%lﬁneﬁzﬁﬂgf%ﬂx 8865 at ﬁf&md@e cost

of producing high index of refraction products fromthese 1t ng
nmononers. | pracessing temperatise can pusentially gawseqpuépolymerization of the miaholneeries peci al | y

i rabl i dent i f I ' I t hat, have physi cal properties
R o e R F I Nk (MGG I
rel ativesy LonNedinbdsfcretNethe céit 8f Pro@lu&h@ miIgLQndéx%éfr%io? g%:?ncﬂfad gy TONOMET

that can be processed at tenperatures at- ol near norna [ enperat ure
(bet ween abthese kigh ewe]tinganchadidrer r] C) . SUMMARY OF THE | NVENTI ON The present

i nvention provides,. Rpol rizabl e, brom nated, nononers that 15 have a
rel ativel yphi gh f’h‘é@&l Og&eeﬁ%P‘iO&E%SI"grr eqyirementsy it woidd pe ¢spsciallydesirable so)

nononers of; E%ﬁ | ' ' | £i ng
tenperaturelscgem?}@? . be %%@gﬁgh{ng (}ﬁ%ma%?gy%@}e/ﬁgﬁjgﬁ%i%g%ﬁ %_%x(l)u ¢ 5[err]C
or 3[ err] C, highdihder of refracfien, aintl udditibaallypa estmtivelbosimeltifg point, @4, da Righ
relatively | ow %&P eratures such as at normal room tenperature. Because

g

t hese nbhonidd ApRQNINPRQIMEF th@waﬁbpmrmsaeéﬁﬁanm;mt@r@,s taQOf neltaheybcan, by
h I | ' ' | e materials, be
br ocessed apormsl AT R AbeleRbbith JBRCURFASER” > TR 0T L S0

tenperature), thereby reducing the expense and conplication associated with
heating the nononers duri ng_ rocessing. By "processing” it is neant that
t he nonomers can SUMMARY OF THE INVENTION

The present invention provides polymerizable, brominated, monomers that

)

15 have a relatively high index of refraction; i.e., at least 1.55. Preferred monomers of
the present invention can also have relatively low melting temperatures; i.e., below
about 60°C, more preferably below about 35°C or 30°C, and most preferably, the
monomer exists as a liquid at relatively low temperatures such as at normal room
temperature. Because these monomers have relatively low melting temperatures,

20  they can, by themselves or in combination with other polymerizable materials, be
processed at relatively low temperatures (e.g., at or near room temperature),
thereby reducing the expense and complication associated with heating the
monomers during processing. By “processing” it is meant that the monomers can
be blended, pumped, and otherwise handled prior to polymerization and

25  manufacturing to produce a polymer or optical product. Further, even those
monomers of the present invention that have melting points above room
temperature (e.g., from about 30°C to about 60°C) can be desirable, because these
monomers can often be easily dissolved in other liquids without significantly raising
the melting point of the liquid.

. 30 An aspect of the present invention relates to an alkyl-substituted brominated

aromatic ester (meth)acrylate monomer having an index of refraction of at least
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be bl ended, punped, and otherw se handl ed prior to polynerization and 25
manuf acturing to produce a polyner or optical product. Further, even those
nononers of the present invention that have nelting points above room

t enper at U@ 86340 fr om about 30' C to about 60' C) can be d&@GIEHFAS8hecause
t hese nononers can often be easily dissolved in other liquids wthout

significant r Sl | gl [ L Ol : aspect
of “the pr esiie: Belitily BEad 46, TokaBledof Shor MEndehethud those having 15
aromati ¢ esgeierd forinfuléicr yl at e nononer having an index of refraction of at

| east - 2- WD 98/ 50340 :

PCT/ US97/ 15861 1.55, preferably at | east 1W56. Exanples of such nononers

i ncl ude those having the general fornula:iz%g] wherein x is from1l to 4, R
is -Hor -CH3, and R err] is a straight ranched al kyl 5 havi ng at

| east two carbon atons. As used within Yhe @resent description, "nononer"
refers to a nononmer on an individual se&le, and can also refer collectively
to a conposition of such m)nomerﬁ on roqopi c scal e such that the
conposi tion can be described as F&i da/phySical state of matter (e.g.
liquid, solid, etc.) and physical prop®#fies 10 (e.g., nelting point,

viscosity, glass transitio e rat yr.e 1@ polyneric fo ,,and i ndex of
refraction)W eﬁ?fé\’fls?f&%hitﬂp’:k‘ggﬁl?gé%aﬁ’a% é%gétﬁ lght&fﬁwﬁ@%qm , refers
to the tsanpﬁg‘gﬂaégtqeﬁh‘»@'gﬁiaoﬁ%n{gpnoner passes froma solid state to a
liquid state, neasured at atnospheric pressure. Melting point can be

measured by met haduisddbwithinthevpresent idescription;i “ednoaret”, refars teex argnbmer osi ng a

Thomas- Hoover , Mel ti ng Point Apparatus, available from, Thomas Scientific,
Swedesbor o, amindividual scale, and can also refer collectively to a composition of such

monomers on a macroscopic scale such that the composition can be described as
having a physical state of matter (e.g., liquid, solid, etc.) and physical properties

10  (e.g., melting point, viscosity, glass transition temperature (of a polymeric form),
and index of refraction). |

“Melting point,” as used with respect to the monomer, refers to the
temperature at which the monomer passes from a solid state to a liquid state, as
measured at atmospheric pressure. Melting point can be measured by methods

15  known in the chemical art, for example, using a Thomas-Hoover Melting Point
Apparatus, available from Thomas Scientific, Swedesboro, NJ.

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

20  material, with the radiation being of sodium yellow light at a wavelength of about
583.9 nanometer (nm). Index of refraction can be measured by known methods,
and is generally measured using an Abbe Refractometer.

“(Meth)acrylate” refers to both acrylate and methacrylate compounds.

25 DETAILED DESCRIPTION
Monomers of the present invention comprise alkyl-substituted brominated

phenolic ester (meth)acrylate monomers (also referred to herein as “the monomer”
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"Index of refraction,” or "refractive index," refers to the absol ute
refractive index of a material (e.g., a nononer), which is understood to be
the ratio of the speed of el ectromagnetic radiation in free space to the
speed of wba@ssesddati on in that 20 material, wth the radpPariusa7/b86hg of
sodiumyellow | ight at a wavel ength of about 583.9 nanoneter (nm. Index of

refraction cg e neasuyed by kno net hods, IS neral |y measured
usi ng an Ab?fe%—?e rPHE’f%?fL?‘@?‘?‘X“( f/bmﬁ 5’8?%%3"&6@1"8??%&0"%5’5# acryl ate and
met hacryl atﬁoﬁ&ﬂ?@&ﬁ@t%- the&P chemical structure, which includes anldedmhdic3téfESCRI PTI ON
Mononers of” the present invention conprise alkyl-substituted brom nated

phenol i ¢ esfmeth)acrylate, sl priesenee nbbromine; andithepresenes ofan alkyligrowp.n as "t he
nononer" - 3- r "the bronm.nated nmpnoner"),. The nononers_exhi bit
desirabl e physi Rt e#&%ﬁtﬁg@ (pEomatiG perfipn pf the;monomer can affect ory i cp

i ncl udex a ' et nf : heom.ne and the

pr esenc? o?sug%tgﬁlyfdegr Oug_tﬁgﬁﬁﬂ%@rpkﬁgﬁgﬁgﬁl{:ﬁgﬁgﬁgﬁg{h@ HE)Hopﬁb? on of the

n?noger carreﬁ'ﬁét'&nianldnﬁélﬁng poihs t'th]?é pfc#pyrtibshmlmlia?d tlmlebemfﬁeet'edeﬁy the oEer ties

of the nmonomer, including index of refractjon an ting pQint. These

properti es dhegieabeoapesifianpijhe substituents, s’tzﬁé“‘iﬁ\é‘ﬂg%a‘?fjsb‘g‘hﬂg’s‘?‘meﬁ% of the

substi t uent I: f ] . ] ocati on of
fid the oot ofith BUtRlentS qritlé iobRly (aiGdthte, \Whle hiling

such substi e nbnoneric structure. o be bound

by theory, #dieo 8k bpindbipieody| thataliéyt sgbstituehts(esd. Zies size) position), andellemicalri cal 10
conposition) is believed to affect the nmelting Poi nt of the nononer.
Fur t herl0 t heongpesitiondis believed do affest|thgymelting peint pEthgmaenamer. Furtheptheof t he

Gasirea phyRit o5 AT Gurdin s Sednld potiBH Br SRHGIORR S RIREIGE o
groups in tdige mh@glg?%%'rbhp&qhhad tPprRVIdee deseabplysitalopérfgsthiadt or index

of refraction may | a size range different from 15 preferred alkyl
groups i n tmeltingpainbr Thattis; prefexsed alkylgrovpstin shesparp positiow thah pravids a ed

desired melting point or index of refraction may be of a size range different from

15  preferred alkyl groups in the meta or ortho positions that also provide the desired
property.

The chemical composition and position of the alkyl on the aromatic ring can
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

20  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
and position of bromine on the monomer. It is generally understood that bromine
increases the index of refraction of the monomer. Bromine can be present on the

25 monomer at any useful position and in any amount sufficient to provide a monomer
having an index of refraction of at least 1.55. 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. Ifthe alkyl is attached at the 4 position relative to the ester substituent,
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property. The chem cal conposition and position of the alkyl on the
aromatic ring can affect the index of refraction of the nononer. Thus,
while wi shing not to be bound by theory, and while observing that nononers
havi ng r VEO8HBHY | arger al kyl groups 20 can be useful wWPER{USIT/HB6hr esent
i nvention, it can be said that in a very general sense |arger al kyl groups
can result 3 gl ' 7y Ls of the
ronorer cafrolnies @B the 2 hd 8 pobiBne, B EHHOMIs dihIRphiB T OF
monomner . | tbréMingsarerpréfesablinaiahs4 andl 6tpositions.om ne i ncreases the index of
refraction of the nononmer. Brom ne can be preﬁﬁ 'gn t he, 25 nononer at
any useful posi tixemplasefusefalbrominated mepemersinshdethoss hayingdhe stgastures

havi ng an i pd fe e ction of at least 1.55. This can be acconpli shed,
for exanpl eo?g%erﬁaf\?{nﬁlggeait | east two bromines directly attached to the
aromatic portion of the nononer. O ten, e position of the brom ne can be
a function of the materials and process u to prepare the brom nated
nmononer (described infra). 30 Al so, t position of the brom ne can
depend at least in part on the positi ofQt he alkyl. If the alkyl is
attached at the 4 position relative tg_the ester substituent, -4-

brom nes are preferably at the 2 an sitjons, and, if the alkyl is at
the 2 position, bromnes are prkf Rhe 4 and 6 positions. Exanples
of usefgl br om nat ed nononers inclu se h?l\si ng the structure of general
formul a”l: wherein: > [err] R can be
hydr ogen ('vliﬂerﬁﬂ: nmethyl (-CHerr][3); x can be in the range froml to 4,
and is preferably 2; and R err] can be a straight or branched al kyl having
two or nore car Rnrambohlgiroge ((EhndmethyhGC);a si ze and chenical conposition

h : . . th oth
that, in combl naxtclzacr)l%e\’%nntthe rOaElgee from 1 to 4, and is preferably 2; and

R' can be a straight or branched alkyl having two or more carbon atoms,

10  and being of a size and chemical composition that, in combination with other
substituents of the monomer, will provide a monomer having an index of refraction
of at least 1.55. R! can be positioned either ortho, meta, or para to the ester.

Some preferred brominated monomers are of such a chemical composition,
i.e., contain bromine and an appropriate alkyl group, that the monomers can be

15  processed at a relatively low temperature. Specifically, these preferred monomers
can have a melting point below about 60°C, more preferably below about 35°C or
30°C, even more preferably below about 25°C, and most preferably the monomer
remains in a liquid state at abqut room temperature (23°C).

A property that is related to melting point of the monomer is viscosity. The

20 monomers of the present invention preferably are of a viscosity that allows the
monomer or a polymerizable composition thereof to be processed at room
temperature. Although viscosities outside of the following ranges can be useful,
preferred viscosities of the monomer can be in the range from about 100 to 5000
centipoise (cps), more preferably in the range from about 300 to 4000 cps, as

25 measured at 23°C. Viscosity of a liquid monomer can be measured by methods that
are known in the chemical art, for example using a viscometer such as a Brookfield

viscometer.



substituents of the nononer, will provide a nononer having an index of
refraction of at least 1.55. R err] can be positioned either ortho, neta,
or para to the ester. Sone preferred brom nated nononers are of such a
chem cal wowe®Eea40bi on, i.e., contain brom ne and an appropr PETAISAY/KS861 gr oup,
that the nononers can be 15 processed at a relatively | ow tenperature.
Specifically, these preferred noper,s can have.a .nelti oi nt bel ow about
60[err]C, nore M"étﬂ@’%@f’@gﬁmtﬁ%Bﬁ%vﬁ'?@tlﬁdéﬁ%é}?&wgﬁn re
preferably ' NatArPdl emai ns in
aliquid stﬂgte%ﬁgétiﬂ%go t&%?ﬁ%ﬁ%ﬁﬁfﬂ?gﬁﬁﬁgtﬁfer r] ng.q é,&b%? ?Sg??y%at IS

rel at ed to toehe ester substitwmentsf t he nononer is viscosity. The 20 nononer s of
the present invention preferably are of a viscosity that allows the nononer
or a polymerizabl e conposition thereof be processed at room tenperature.
Al t hough viscosities outside of the foll g ranges can be useful,
preferred viscosities of the nononer e in the range from about 100 to
5000 centi poise (cps), nore preferabljy i ¥ the range from about 300 to 4000
cps, as 25 measured at 23[err osity of a liquid nononmer can be
measured by nethods that are known hem cal art, for exanple using a
vi sconeter such as a Brookfield vi er. X-5- Exanpl es of nononers
havi ng t he above-identified index o efracti@y and preferred nelting point
include those substituted with an alkyl g)roup located ortho to the ester

subst i t dentwhegein Ryxepnd R pre as defined swprey In ppartiewlariy greferpediembodiment
ticularl Qdi i .. i .ocat ed at
Phe 4 anq i FiaighEl EORRE Hlhcafed duthe 4 TREBHRigRS SN ApRae HRES CF °

subst i t uentartfordndlpahiafol the ester subBritaemr s according to formula 3 include
4, 6- di br ono- 2- al kyl

o)

Br 3).

Particular monomers according to formula 3 include 4,6-dibromo-2-alkyl
10  phenolic ester (meth)acrylates wherein the alkyl has from 3 to 4 carbons, including
the following:
4,6-dibromo-2-sec-butyl phenyl (meth)acrylate:

15



10 phenolic ester (neth)acrylates wherein the alkyl has from3 to 4
carbons, including the follow ng: 4, 6-di bronp-2-sec-butyl phenyl
(meth)acrylate: [err] -6- [err] Monomers of the present invention can be
pr epar ed ‘é?%!ﬁ‘?‘ thod generally 10 useful in preparing BCIHIHEY
phenol i c conpounds, and in particular, alkyl- substituted brom nated
phenolic e [y W Inrg % s are well known in the chem cal
art. By on?’%glrl{rlaﬁ’hpa?&{ng%?%@,&ngn al I?&F‘?isashgsti tuted phenol can be

brom nated to produce a brom nated al kyl phenol . Al kyl phenol s are
commercially avail able from Schenectady International Inc., Chem cal

Di vision, 15 Schenect ady, NY.. Such alNgyl -substituted phenols can be

brom nated by nethods that are generallf~RBnown in the chemical art, and as
descri bed, for exanple, in the Kirk r Encycl opedi a of Chemi cal

Technol ogy, Volunme 4, 543 (40 ed. 1992) .Y Such a process as exenplified with
ortho-substituted al kyl phenol™>\{s_#gkQowBras foll ows: -7- [err] The
brom nat ed al kyl phenol can be “est a' bd to produce an al kyl -substituted
brom nat ed phenolic ester (neth)ad gl e by reaction with an appropriate
acid 5 chloride. The reaction bet™en an al cohol and an acid chloride is
wel | known in the chem cal art and iJs described, for exanple, in the

Ki r k- Ot hmer Encycl opedi a of or (3.2); and

5  4,6-dibromo-2-isopropyl phenyl (meth)acrylate:

(3.3).

Monomers of the present invention can be prepared by any method generally

10  useful 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 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 as described, for example, in the
Kirk-Othmer Encyclopedia of Chemical Technology, Volume 4, 543 (4" ed. 1992).
Such a process as exemplified with ortho-substituted alky! phenols is shown as

follows:



Chem cal Technol ogy, Volune 9, 769 (4h ed. 1992); see also United States
Pat ent No. 3,845,102. Inhibitors, such as phenot hi azi ne or -4-nmet hoxyphenol
(MEHQ, can be used in such an anmount to provide protection from

pr e- pol ynWwoi98&0346n of the 10 nmononer during its synthesi PCANPIZAFA6hge,
whil e not excessively influencing the subsequent polynerization. Wth
respect to the nononer of the present invention, the brom nated al kyl phenol
can be reacted with (neth)acryloyl chloride as shown: [err] The bronm nated
nononer of the invention, alone of in conblnatleﬂ{mnth 15 other materials
such as unsaturated ponnerizabP conDnoners can be included in a

pol yneri zabl e conposition at | z&q_omrcopol yneri zed to
produce useful polynmers or po materials. As used
within the present descriptio ble" refers to a

conposi tion or nononer capable copol ynerizing (e.g., via
unsaturated noieties) to produce a 20 higher Dl ecul ar wei ght materi al

such as a polyner or polyneric material. "Poly "or "polyneric material"
refers to a materi al (E)re pared fromthe reaction of -8- [erérl3 one or nore
unsat ur at edThehrominated alkylghenst gan hﬁes{mfgpdﬂo 9r0tb109 an aligyltsubstitus e.g.,

di , tri ; h , etc.
The. pr oduct PEmitAS,BIHREF SteflmeulRrdtare B whoRen ViR aheRPORTRRAGE o
refractign, cme}.werﬁéé%ﬁnmmenadn%lcdm ﬁm}f aé?&émoﬁ@é isS¥AMBoRvn ihindni t ed

St at es Pat ent Nos. , 030, 5,183,597, and 5,591, 527. The i1nvention
wi || be nor ehdmitdl ytrtaqnﬂ usadnsemlmd ﬁurteb!amplfeemdherﬂsOthmrfEﬂcydmpedya ofon-1inmting

vt gt per c.onpaicptechipolSBh Vit S e (ot T et ap Ui Met PN ot ur s

whi ch are nfgl ?%héﬁoioﬁﬂﬂﬁdo%“su&?as%%ﬁm&ﬂé or3-fB@bksheHB! (MERG, NOM nal

and
can be used in such an amount to provide protection from pre-polymerization of the
10  monomer during its synthesis and storage, while not 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:

e
OH o)

0]
R Br R Br
(meth)acryloy!
c e

r Br

The brominated monomer of the invention, alone or in combination with
15  other materials such as unsaturated polymerizable comonomers, can be includedin a
polymerizable composition that can be polymerized or copolymerized to produce
useful polymers or polymeric or copolymeric materials. As used within the present
description the term “polymerizable” refers to a composition or monomer capable
of polymerizing or copolymerizing (e.g., via unsaturated moieties) to produce a
20  higher molecular weight material such as a polymer or polymeric material.

“Polymer” or “polymeric material” refers to a material prepared from the reaction of

-8-



10 conversion to netric units is approxi mate. Examl es Preparation of

4, 6-di br ono- 2-sec-butyl phenol (DBsBP) In an appropriately sized round
bottom fl ask equi pped with a nechanical 15 stirrer, condenser, nitrogen
cap, addit Weno¥doe| and tenperature probe, 850g (grans) of PCT/US97/15861
2-sec-butyl phenol was m xed with 5097g of deionized water. The m xture was

stirred with ' o . i ' . 10

i nut os. 16628 B B ocitd RlonBfls Histierk dr bl AL, O SRR,

addi tion funggl dimhbs, temets %ﬂﬁéﬁaﬁeFﬁ-yéWxﬂé?é copolyints) didnipoffers, el err] C
or less using an ice 20 bat h. Fol ['ow ng the addition of the brom ne, the
reacti on ni xThe pradustion iof pelyniers axbopticalipradugts from rhigheindex of wefractioact i on

conpl eti on was, determi ned by gas, chromatography, .b itori t

di sappear anc@U@%ﬂgt“éﬂ%‘?%ﬁwbﬁ %ﬂ{ xﬁg'pﬁﬁﬁmrﬁt@ﬂs gtﬁ@&&%‘. Upon
conpl eti o1 ok ltﬁq)ggegc;ggogm 4d 5591 se3.hyl acetate was added. The 25

m xture was stirfed for 15 ninutes and then allowed to phase split. The
bot t om (aqueous) [Thyénventisn wihbe/mdrefutly 2ppredigtediwith reference tadbefollowingli um

hydrosul fite sol.ution was,  added, ,The m xture was stirred well and then
al l owed to pna%bﬂ%tma xamples ‘%B&l@ﬁp‘%%ﬁﬁ%g‘iml’%ﬁ Ahe S1VER AD SEINSHGC 856. 4¢

o e Do Sl B T

stirred well "a phase s aqueous)

| ayer was r egfevsehinglly K00l weight %a Difrensionscd Bnglish anis sre@pomiidbandisi ng a
rotary evaporator. -9- . The crude product was then distilled using a

di stil| alQ onCoR¥EmIemMIP MEGERIK 1SAPPIIMatehe product distilled at 0.1 nm Hg,
a pot tenperature of 151C, and a head tenperature of 970C. This procedure
provi ded approxi mately 15003 of DBsBP.

Examples
Preparation of 4,6-dibromo-2-sec-butyl phenol (DBsBP)

In an appropriately sized round bottom flask equipped with a mechanical
15  stirrer, condenser, nitrogen cap, addition funnel and temperature probe, 850g
(grams) of 2-sec-butylphenol was mixed with 5097g of deionized water. The
mixture was stirred with a mechanical mixer and purged with nitrogen for about 10
minutes. 1881g bromine was added to the mixture drop-wise through the addition
funnel. The reaction temperature was maintained at about 30°C or less using an ice
20  bath. Following the addition of the bromine, the reaction mixture was stirred for 30
minutes at room temperature. Reaction completion was determined by gas
chromatography, by monitoring the disappearance of the starting material and of
monobrominated species.
Upon completion of the reaction, 4487g of ethyl acetate was added. The
25  mixture was stirred for 15 minutes and then allowed to phase split. The bottom
(aqueous) layer was removed and 750.5g of a 13 wt% aqueous sodium hydrosulfite
solution was added. The mixture was stirred well and then aliowed to phase split.
The bottom (aqueous) layer was removed and 856.4g of a 13 wt% aqueous sodium
chioride solution was added. The mixture was stirred well and then allowed to
30  phase split. The bottom (aqueous) layer was removed and solvent was stripped

from the top layer using a rotary evaporator.
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5 Preparation of 4,6-dibrono-2-isopropyl phenol (DBi PP) The procedure
descri bed for the preparation of DBsBP was foll owed using 8003 of.

2-i sopropyl phenol instead of the 2-sec-butyl phenol, 5291g of water, 1953g
of brom nWOBEBRY of ethyl acetate, 780g of 13% (W w) aquecIT/esydiissst 10
hydrosul fite and 890g of 13% (W w) aqueous sodium chloride to produce 1598

g of DBi PP. Pr ratko f 4 6-8i bropp-2-t - but.yl. enol t,.BP) The
procedure descr ec%u#eoé}oﬁwgv&sg ?ﬂg’tgﬁing “&%@'ﬁ’ﬂlﬁ?ﬁgw&%&)&%ng 15 the
fol | owi ng n@dhgnn 2irhe prodlctdistiled at 04 tPlE Y4 pASERber 2-sec-
but yl phenol , 5500 grgms dei oni zed water,g’73 grahesﬂag'ﬁ%rﬁﬁﬁgse?fc?é (?Srams et hyl
acet ate, 3dwadgempeatate of TPC( \Whi§ pragedure provideduapphosimaselyl F500g ofol ut i on,

and' 3300 gr of a saturated aqueous sodium chloride solution, to produce
573 grans g 20 Exanpl e 1 Synthesis of 4, 6-dibronp-2-sec-butyl phenyl

acryl atg (DBsBPA) In an appropriately sized round bottom flask equi pped
with a nmechanical stirrer, condenser, addition funnel and tenperature

probe, 1400Pxeparationdofos,6-dibrbmd 24sdpropyl (PBAGYg of t-butyl nethyl
ether, 55.2g triethyl amne, and 0.02g 2 _phenot hi azi ne were m xed (in
these exanpl es, ThfPregedure desgribedsfor thepreparation aEDBsBRavasfollewet wsinghi onet ri ¢

amount of i ul l,s0 b d, .such sodi um
nyar oxi de. Q008D PborBRARG S cBF B theZectbufyiBhens] HSFE b Fier ¥ acded
drop wi se agftbromiine, 5588 dfethyDadefate, TROg TABYS GREAAsY s maintain
bel ow 20C. The reacti o% was y!)un to cor%pl eti oﬁ?/v%)agigng gpgfugﬁ?rmtel y 30 30
m nut ed0 - shydrosulfite and 890g of 13% (w/w) aqueous sodium chloride to produce 1598 g of

DBiPP.

Preparation of 4,6-dibromo-2-t-butyl phenol (DBtBP)
The procedure described for the preparation of DBsBP was followed using
15 the following materials; 330 grams of 2-t-butylphenol instead of the 2-sec-
butylphenol, 5500 grams deionized water, 730 grams bromine, 329 grams ethyl
acetate, 3620 grams of a 9% (w/w) aqueous sodium hydrosulfite solution, and'3300
grams of a saturated aqueous sodium chloride solution, to produce 573 grams
DBtBP.
20
Example 1 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 triethyl amine, and 0.02g
25  phenothiazine were mixed (in these examples, the base used was triethyl amine;
however, a stoichiometric 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, taking approximately 30

30 minutes.
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The product was then worked up by sequential washings with deionized water
(257g9); 0.7% (W w) aqueous hydrochloric acid (S 1g); 16. 1% (ww) aqueous
sodi um car bonate (59.6g); and 8.3%w w) aqueous sodi um chl oride (54.5Q).
Sol vent wWi© 98¢eBped using a rotary evaporator and the crudepP@T/USaWNISS61AS
vacuum 5 distilled to yield I'55grans (94% of DBsBPA. Exanple 2 Synthesis

R I N itmachud A il
2-
di br omo- 10*%#;@@ rv;rg}rﬂxkv/wfaa(}%eggpgde@cMSﬁ@wa R 1Y) Qi) alheidsde vas

4, 6- di br ontsodium barbghatpf&ﬁh@g) and&B%(w/(vamn} sdﬂxmlcnhkmdeeﬁ&ﬁg) lar to that
are 4, di br -2-t-butyl phenyl

describe in ampl e was, used to
acr yI at e, eségx‘é‘iﬂt 363’8%‘?"()‘?‘?!)“32“{‘“ p?fﬁ%&f‘df}m%&ﬁ uct Wakvacuu® i nst ead

of 4,6-4dibr ggqarg 4 Synt hesi s of
4, 6- d| b(rgom)(gi {eég%?&%&;ﬁ ngfyxgc)ry ate (%BI PPA) A procedure simlar to

that describe in Exanple 1 vvas used to prepare 4, 6- di brom) 2- isopropyl
phenyl acryl ate, except 4, 6-di brono-2-isaopraopyl phenol DBi PP) was used

in place ofExamplei2,3yitaesis’ of det -gibromorZrgacdiutyl WW@W@ SBB fy over

a period of days rf t | e was
taken prior to soI 3 |ca"|m-(g%etr°%§ ?’?ﬂeﬁgg%‘ﬁi’gg‘ \Q%-‘I‘é&%? tégkegﬁ?%ggpovm ng
solidifi Catdlbﬂbmo?ﬁ-sec- !Zlfpihdhyﬁm&hﬂérbmé %x@éptﬁ!e@hé%bbgﬂréﬁfo?rdbwrlﬁéﬂﬂn phenyl
nmet hacryl at e ( DBi PPMA) procedure simlar to that describe in Exanple 1
was usd@ tcplpqeeqfaﬁé’lwlﬁhloudbrono 2-isopropyl phenyl acrylate, except

4, 6-di br ono- 2-.i sopropyl phenol (DBi PP) was used in place of

4, 6-di brono- 2- sec-butyl phenol, and methacryl oyl chloride was used in place

of acryl oylEﬁﬂ.pre'm@ymﬂéMssOﬁasraibeoﬁb@r {-BstyPpHienfSachylateqDBIBBA) at room
tenperature and thereafter solidified over a peri od of days or weeks. -1 1-
A procedure similar to that describe in Example 1 was used to prepare 4,6-
dibromo-2-t-butyl phenyl acrylate, except 4,6-dibromo-2-t-butyl phenol (DBtBP)

15  was used instead of 4,6-dibromo-2-sec-butyl phenol.

Example 4 Synthesis of 4,6-dibromo-2-isopropyl phenyl acrylate (DBiPPA)
A procedure similar to that describe in Example 1 was used to prepare 4,6-
dibromo-2-isopropyl phenyl acrylate, except 4,6-dibromo-2-isopropyl phenol
20  (DBiPP) was used in place of 4,6-dibromo-2-sec-butyl phenol. This sample would
solidify over a period of days or weeks. Therefore, viscosity data from this example
was taken prior to solidification, and melting point data was taken following

solidification.

25  Example S Synthesis of 4,6-dibromo-2-isopropyl phenyl methacrylate (DBiPPMA)
A procedure similar to that describe in Example 1 was used to prepare 4,6-
dibromo-2-isopropyl phenyl acrylate, except 4,6-dibromo-2-isopropyl phenol
(DBiPP) was used in place of 4,6-dibromo-2-sec-butyl phenol, and methacryloyl
chloride was used in place of acryloyl chloride. This sample started out as a liquid

30  at room temperature and thereafter solidified over a period of days or weeks.
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Conpar ative Exanple 1 - 2,6-di bronp-4-nonyl phenyl acrylate (DBNPA) In an

appropriately sized round bottom flask equi pped with a nmechanical -stirrer,
condenser, nitrogen cap, addition funnel and tenperature probe, 44g of 4-

nonyl phenowsss03®0g of deionirzed water were m xed. To this EII/USRA5861

m xture, 5 77.4g of brom' ne was added dropwi se being careful to keep the

reaction te ratur Iow r the addition of t t he
m xture was te F@'&? 2’@5‘5}'&[‘"&3’ ' B%%l afeé ‘?—ﬁkﬁ?

conplete, as det elmasbrbg ﬂ@?s%ﬂ?&ﬁid%ﬁﬁﬁhﬂask%ﬁﬁxppé@mtameﬂmﬁﬁhen up
into an organi c phase of ethyl acetate. The organic phase was then

washed with mqeremndsnsexmtroggscapf addition fann¢h\andjtempgraturasprobeli 44 of 4-

ey~ acet at BORBEPLAOLSDR At biobized WAl dors Bostor (R B sparmetiPlie

product cu [ | d
appr oxi mas'?el 34718% &ydéhglg#ghg&fdn% yl phgir? %?%ﬂsﬁ&%%egﬂgﬁropn ately

si zed round tempepatufe bebdew 802C.p Afidr thietaddidionf tiserbromine] the mixture eras condenser
addi tion funnel, and tegperature probe, 30.5g of 2, 6-di brorm 4-

nonyl phenol , ademedsto reaqs fox3 q%mwuret%th@reaemwwm gteass determined 0. 005¢

of phenothia oyl
chl ori de was 5¥g%e(§§é§g{rggga$ p tﬁgg}&ﬁgﬁﬁakuxgeg\rﬁé%gr% cé?ha?é ?ﬂfiogep t he
reaction tenmpgiybidétate. b'fh@btg%ﬁic@ihﬁdeﬁvas“ﬁh&@ﬁraﬁﬂw vaittodelghientiab ivasHisgsastrighoy |
chloride, the mxture was allowed to react at room tenperature

(appr oxi Hat el(y/vosiqueeysapdium hﬁ@%ﬂﬁ@@@ﬁg)zaﬂﬁ‘o\}l’/s (ufw)suepugndium gas
h t h di t f th
i or omo- 4. noRPRRE(T2eD, 360 Bfesle SR b 52 Rty BeomoT by e

product was thedud@preddctiRciic Iansanew&mg @khdf@ﬁgbﬁﬂﬁ c@ﬁmﬁ'ﬁb%ﬂ!( jged wat er
0

(45.69); 0.7% (w w aqueous hydrochloric acid 16. 4 w w) aqueous
sodi um 25  epprosimately 669 24gdibrorep-4-rowylpheng) (1 NE&US sodi um chl ori de

(9,50 The or G| st LIS Sl S By SRS L TR il e
o B 5 M 8 4o R iromo -
nonylphenol, 64g of t-butyl methyl ether, 9.8g of triethylamine, and 0.005g of
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
20 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
product was then worked up with sequential washings of deionized water (45.6g);
0.7% (w/w) aqueous hydrochloric acid (8.9g); 16.4% (w/w) aqueous sodium
25  carbonate (10.4g) and 8.7% (w/w) aqueous sodium chloride (9.5g). The organic
layer was then dried over magnesium sulfate and the solvent stripped in vacuum to

yield approximately 32g of 2,6-dibromo-4-nonyl phenyl acrylate.

Comparative Example 2 ~ 4,6-dibromo-2-dodecyl phenyl acrylate (oDBDPA)
30 In an appropriately sized round bottom flask equipped with a mechanical

stirrer, condenser, nitrogen cap, addition funnel and temperature probe, 19.6g of
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30 In an appropriately sized round bottom flask equi pped with a
nmechani cal stirrer, condenser, nitrogen cap, addition funnel and

t enperature probe, 19.6g of -12- WO 98/ 50340

PCTI US9711WSeB/56340t ed 2- n- dodecyl phenol and 67.3g of dei oni BEHU§E(18861ver e
m xed and heated to 45[err]C. The reaction flask was purged with a stream

of nitrogen. _dieRk ag Asfohd "W{%f‘ﬁ o5ix g%ﬁ'@ lq30
m nut es and ?@ge&rr?gture éiltaggvl\ga,%o reacEze?or BUr s g‘? . 0 69
addi ti ons of 44D MTkerencrich Mk @éhsipurgddewith a stredth ofnitdgei. To the kdatsde at one
hour intervals in order to conplete the reaction. Once the reaction was

conpl et e, asmiksores 24. ﬁsofbgorgaemhnde@r 3P myinutes andsthe muixturevwas alloweed up
i nt [ f 59. t h th

Qgsﬁeﬁnwpiﬁa%éﬁafzhgméﬁﬁ%; SPoics o of hidone YeRrfS Bau 1 to
(9.99) and 1igaddYellrdhiixalie of BE HorhfeRial iR o('&erjto%g)nglel-é‘ﬁne%&%hc | ayer

was 10 drie rragne5| um su te an then the solvent stripped under

vacuum t o yi ©hce themeactionawasicompletd gs aleterminied by gas chrométdgraphyy dmprdduimdecyl

phenol (oDBDP). In an, appropriately siz d bott fl ask ed W th
a mechani cal WQ%W‘P’éPP‘@Bﬁﬂ@ﬁ&ﬂ!‘l‘cl’@dﬁpﬁgggﬁaﬁ'ﬂﬁe@ﬁd -'bbe 259

tri et ﬁy?;ﬁ{ P80 Sresti Gl SR wihingd of av% (WY o lfr%%déﬁmwﬁwﬁ% otirred
m xture, ? .9) and rlw’/.owughhaémdesouﬁﬁn elddﬁ@b Quedg)aThe brgnﬁmﬁye?&ram nut es

bei ng carefu to keep the reaction tenperature below 35 C. After the
addi ti onlQf dwwmaswsnamsglfataend th?@ the salvens stiipped updereacyum teyield at room

t t h t
gas” chr omat obRHeIetE 0§ a¥ of R niits s «3-aBfcoaiodthy 2peR (SRRDRYC 56" 20
di br ono- 2- dodecyl Bhﬁﬂiﬁprbﬁha‘lel?sﬁb@ FOUTRH bt f4sk eqaipped withd tbéiafic1o DBDPA) .

The product was then worKk up with sequenti al vvashl ngs of deioni zed water

(33.7g); 0. 7stirtes mndanpmcadshtimfnm laod temperature(13obey 258 b6 4/8ibremg-2aqueous
dodecylphenol, 47.2g of t-butyl methyl ether,7.2g of triethylamine, and 0.004g of

15  phenothiazine were mixed. To this stirred mixture, 6.2g 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 4,6-

20  dibromo-2-dodecylphenol to 4,6-dibromo-2-dodecyl phenyl acrylate (0)DBDPA).
The product was then worked up with sequential washings of deionized water
(33.7g); 0.7% (w/w) aqueous hydrochloric acid (6.5g); 16.4% (w/w) aqueous
sodium carbonate (7.7g) and 8.7% (w/w) aqueous sodium chloride (7.0g). The
organic layer was then dried over magnesium sulfate and the solvent stripped in

25  vacuum to yield approximately 23.5 of 4,6-dibromo-2-dodecyl phenyl acrylate.

Comparative Example 3 - 2,6-dibromo-4-dodecyl phenyl acrylate (pDBDPA)
In an appropriately sized round bottom flask equipped with a mechanical
stirrer, condenser, nitrogen cap, addition funnel and temperature probe, 52.0g of 4-
30 n-dodecyl phenol and 178.5 of deionized water were mixed and heated to 40°C.

The reaction flask was purged with a stream of nitrogen. To the heated mixture,
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sodi um carbonate (7.7g) and 8.7% (w w) aqueous sodiumchloride (7.0g). The
organic |l ayer was then dried over nmagnesium sul fate and the sol vent
stripped in 25 vacuumto yield approximately 23.5 of

4, 6- di br owmm» s¥/s0mgdecyl phenyl acryl ate. Conparative Exanpl e pET/US97/15861

2, 6- di br onp- 4- dodecyl phenyl acryl ate (pDBDPA) In an appropriately sized

T bt oL il St I FEGaE b High e S i | °°"
phenol  and Aqdp gmfifc oﬂx‘ﬁleﬂgh.. @%%a%h‘%v ﬁ@l&@%%@hﬂﬁﬁhﬂxeate fyes & The

reaction flask was a stream o rogen m xture,

-13- 65. mafnattrg@aphyethe@soda.xidwds taken uFGhtman orgamicplthsé b£158.9¢ ethgl was
allowed to react at 40[err]C unt|I conp etion. Once the reaction was

conpl et e, ascwﬁeﬁhﬁﬁ%nw ay thon washed vith seguentia) washingsofdd%et was t aken

then wached YD Raleti 3R h:%ei%!fﬁﬁa?é‘?bé&qé@* Gy S aRtent oG b
hydr osul fi t gnlorée 30)0g)Ndhé BPganity iyer s AFied ovadhaghesSithOsulfdR dnd@hdidhe The

organic layer was dried over magnesi umsul fate and then the sol vent
stripped unselven stipped underivecupmiyieldiappraximately $2giof 8 lightjpmbenaily 2,60 | y 2, 6-

di br ono- 4- dedec p an appropriately sized round bottom
flask equi pgg’ﬁmﬁ?' &?@%é’&gﬁg@layw stirrer, condenser, addition funnel
and tenperature pf aPgppr @ndiél?@k‘ed)foxﬂ\d%ﬁbﬁfmeq&p Qi gRH ARRRARNical 196. 39 Of

t-butyl nethyl ether,”"22.5g of triethyl am ne, and 01 I g of phenothi azi ne
wer e m Med. stitverf bnndesser radditionifixanet and tethperptwe pmirwﬂ&gramehtbﬁﬂr 6-dibrome- added

O e T B RS 02 S RS o SR 2L
e et o ket s gpar a1 (O
i ndi cat ed awasaqidedtcver @ periodsofd) minutdsdbeihgrackfidrto keepitheadamtiphphenol to
2, 6-dibr Omtedrfr;perature at approximately 30°C. After addition of the acryloyl chloride, the
15  mixture was allowed to react at room temperature (approximately 25°C) for a
period of 1 hour at which point thin layer chromatography analysis indicated a
complete conversion of the 2,6-dibromo-4-dodecylphenol to 2,6-dibromo-4-
dodecyl phenyl acrylate (pDBDPA). The product was then worked up with
sequential washings of deionized water (105g); 0.7% (w/w) aqueous hydrochloric
20  acid (20.4g); 16.4% (w/w) aqueous sodium carbonate (24g) and 8.7% (w/w)
aqueous sodium chloride (21.9g). The organic layer was then dried over
magnesium sulfate and the solvent stripped in vacuum to yield approximately 83g of

2,6-dibromo-4-dodecyl phenyl acrylate.
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The product was then worked up with
(105g); 0.7% (ww) aqueous

dodecyl phenyl acrylate (pDBDPA).

sequenti al washi ngs of deionized water
hydrochloric 20 acid (20.4g); 16.4% (w w aqueous sodi um carbonate (249)
and 8. 7% VR WW5039ueous sodi um chl oride (21.9g). The organi PCHYE/ 1L t hen

dried over nmagnesium sulfate and the solvent stripped in vacuumto yield

approxi mately 83g of 2, 6-di brono-4-dogggqyh phenyl acrylate. -14- Table 1
Physi cal Properties Exanple oh WTm ies | ndex of Viscosity
Mel ting Point Refraction (cps Terr fgfner r1jC ([err]Q) 1

DBs BPA Examplé . 3-6—20 Name TddeR of Vischhity. | i quMtitihg Point

DBs BPVA 1. 5567 RefsiCtion (eps) @2%C | ijqui d @C)

DBt BPA 1 1. §685DBsBPA 315520 4W7. |1 qui dRA. liquid ‘

DBi PPA 2 1. 5665DBSBPMA 30§567 32062- 53[ler r RA. Bquid

DBi PPVA 3 1. §580DBtBPA nol.sasaken 37000t _t dkenRODlignid 1

DBNPA 4 1. 9436DBIiPPA 3B£E8S5 360 T. |ifqui ds2<a3e@. 2

oDBDPA 5 1. Y26 DBIPPMA not 1.5588¢en not taldn- 40C COIiot taken

pDBDPA Comp. 1. 33 30DBNPA 385436 3800 1. | i|qui H.TVeasdlr efent of
Refracti vel T rgomp. oDBDPAIThg ref1.saebl ve || Ndeast @kenMONGMEI S36MBPE MAJE

usi ng an Dol 3 2L O A ngde bys3zona l[nc., 03g4d OKYO [ JAPRIT, ligitd

di stributed@ Dy Frsner SClentriic. Neasurenent ol VISCOSIty WVISCOSItIes were
measured using a Brookfield Moddel LV visconeter set at 10 30 RPM and

usi ng a #3 Mueasa¥ement of Refractive Index

5 The refractive index of monomers were made using an Abbe Refractometer,
made by Erma Inc.,of Tokyo Japan, and distributed by Fisher Scientific.
Measurement of Viscosity

Viscosities were measured using a Brookfield Model LV viscometer set at
10 30 RPM and using a #3 spindle.
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What “is clained is: 1. A mononer of the general fornmula: R [err] wherein
xis fromlto 4 Ris -Hor -CHerr], and R err] is a straight -or branched
al kyl 5 having at | east two carbon atons, and wherein the nonomer has an

i ndex of WEf%848¥Pon of at |east 1.55. 2. The nmononer of PET/ASHIE86her ei n
the index of refraction is at |east about 1.555. 10 3. The nononer of
claim1l, iigfl%ﬂ%pdex of refraction is at |east about 1.56. 4. The
nononer of i ) e€rein the nelting point of the nmonomer 15 is bel ow
about 60[err]C pB. A Mononerenthe geherall fofmiuld, Wherein the nelting point of
t he nononer is bel ow about 30[err]C. 20 6. The nononer of claim
1, wherein the nelting point of the nono Is in the range from about 20
to 25[err]C 7. The nononer of claiml, rein RL is a straight or
branched al kyl having from3 to 4 carb ons. 25 8. The nononer of
claim7, wherein x is 2. -16- 9. he noner of claim 1, having the

general fornul a:
1

Brx R
wherein x is from 1 to 4, R is -H or -CHs, and R! is a straight or branched alkyl
5  having at least two carbon atoms, and wherein the monomer has an index of

refraction of at least 1.55.

2. The monomer of claim 1, wherein the index of refraction is at least
about 1.555.
10
3. The monomer of claim 1, wherein the index of refraction is at least
about 1.56.
4, The monomer of claim 1, wherein the melting point of the monomer

15  is below about 60°C.

5. The monomer of claim 1, wherein the melting point of the monomer
is below about 30°C.
20 6. The monomer of claim 1, wherein the melting point of the monomer

is in the range from about 20 to 25°C.

7. The monomer of claim 1, wherein R' is a straight or branched alkyl
having from 3 to 4 carbon atoms.

25

8. The monomer of claim 7, wherein x is 2.

A



[errf“’wherei n Rand R err] are as defined. 5 10. The nononer of

claim9, wherein R
11. The nonomer of claim 10, wherein the nonomer

car bons.

co
di br ono- YOIBEBMPy| phenolic ester (neth)acrylate. 10 12. PCHYS

Is a straight or branched al kyl having from3 to 4

ngrises 4, 6-
Hoither of

claim 10, wherein the nononmer conprises 4,6- dibronp-2-tert-butyl phenolic

ester (neth)acryg ate. THemonom@Cof BN hafihg HediefitrhPformtig! €i n t he monormer
conpri ses 4,6- 15 i y

di brono- 2-i sopropyl phenolic ester (neth)acryl ate. 14.

pol ymer conpri sing nononeric units derived m t he nmonomer 20 of claim

1.

16.

An optical product prepared frd>

A pol yneri zabl e conmposition conprising t;?;rononer of claim1. 15. A

he pol yner of claim15. -17-
(0]

Rl Br

Br

wherein R and R! are as defined.

10.

The monomer of claim 9, wherein R' is a straight or branched alkyl

having from 3 to 4 carbons.

11.

The monomer of claim 10, wherein the monomer comprises 4,6-

dibromo-2-sec-buty! phenolic ester (meth)acrylate.

10

15

20

12.

The monomer of claim 10, wherein the monomer comprises 4,6-

dibromo-2-tert-butyl phenolic ester (meth)acrylate.

13.

The monomer of claim 10, wherein the monomer comprises 4,6-

dibromo-2-isopropyl phenolic ester (meth)acrylate.

14.

15.

of claim 1,

16.

A polymerizable composition comprising the monomer of claim 1.

A polymer comprising monomeric units derived from the monomer

An optical product prepared from the polymer of claim 15.

o
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