WD 2006/ 044910 PCT/ US2005/ 037473 - 1 PROCESS FOR THE SYNTHESI S OF SOLUBLE,
H GH MOLECULAR WEI GHT POLYMERS s Field of the Invention The present
invention relates to processes for the synthesis of soluble, high nolecular
wei ght pol yners. to Background of the Invention Methods f facture
of sol ubl e pHP YR Hayi ng nol ecul ar weights |ess than 5@3&F9$6@?@ 0 are
wel | known. For exanple, sol uble pol yHEMA possessing nol ecul ar weights in

t he range of 500,000 to 700,000 nass units nmaybe acconplished by reacting
concentrated sol utions of one or nore olefinic nmononers 15 in the presence
of radical initiators, followed by the term nation of the process once a
gel has been formed. Unfortunately, this prbcess often yields inconsistent
results. Furthernore, depending on the crosslinker content of HEMA used in
their syntheses, these conpounds may consist of significant branching in
the pol yneric chai ns PRAGESS BRRRHRS @amseh@%%mw@mm

resul tant pol yHEMA. 20 Summary of theygiaugdisvERE present invention
relates to a nethod conprising polynerizing at | east one nononer under
conditions where at | east about 95% of the incident light produced by the
light source is filtered to produce a sol uble, high nolecular weight 25

pol ymer. WD 2006/ 044910 PCT/ US2005/037473 2 More specifically, the present

invention5Selates to a process conpri sing
Field of the Invention

The present invention relates to processes for the synthesis of soluble, high

molecular weight polymers.

10 Background of the Invention

Methods for the manufacture of soluble polymers having molecular weights
less than about 700,000 are well known. For example, soluble polyHEMA
possessing molecular weights in the range of 500,000 to 700,000 mass units may be
accomplished by reacting concentrated solutions of one or more olefinic monomers

15 in the presence of radical initiators, followed by the termination of the process once
a gel has been formed. Unfortunately, this process often yields inconsistent results,
Furthermore, depending on the crosslinker content of HEMA used in their syntheses,
these compounds may consist of significant branching in the polymeric chains. This
branching reduces the solubility of the resultant polyHEMA.

20
Summary of the Invention

The present invention relates to a method comprising polymerizing at least
one monomer under conditions where at least about 95% of the incident light
produced by the light source is filtered to produce a soluble, high molecular weight

25 polymer.



polynmerizing via irradiation froma |ight source, a reaction m xture
conprising at |east one nononer and at | east one photoinitiator wherein at
| east about 90% of incident light emtted by the Iight source is filtered

to produce | hi gh s nol ecul ar wei ght polymer. Description of the
Fi gures Fi gﬁ\gé%d&fbg@g%e absor bance spectrum for | RGACURE R U%E@G’?”""Fi gure 2

shows the em ssion spectrumof a Phillips TLO3 bulb. 10 Description of the
I nvention It has been surprisingly found that by controlling the intensity
of incident |ight to polynerizable systens the rate of initiation may be
mani pul ated to conveniently produce sol ybl e polyners having hi gh nol ecul ar
wei ghts. is As used herein "sol ubl e" mearfs "t hat t he resulting polyner has a
| ow degree of crosslinking. Suitable degrees of crosslinking include those

bel ow about 0.1 % refergplq gglow%gbout 0.08% and nore pref.erably bel ow
about 0.06% Al t er natT R c4 B1e QEFTHITFFHPN FrAFS R RGRTE f BY® di ssol ving
the polyner in polyélzitfiVia iRdiafie fonsd ight svirce QOefEoNMmiNIEk dsthfnisingati t abl e

sol vents may be readilééZO s%iefted b%ﬁ%hose of skill in thg Eét using for
exanpl e di el ect Iepe OB&IALIORIFF 80d 2§ e% Pre PhatoRiator stheterneat kegttobont PORpsfs en

sol ubi ity par apeidedt sigRrechidtddcby!thedfht sbcé RlFltered @) predtic a sdibhle, BQERI POl yners,

such as pol yHEMA i ncl ude, but are not limted to dinethylfornmam de,

di met hyFsul f oxi Belecarieisht Baly®ete. water, nethanol, isopropyl al cohol

et hanol, m xtures thereof and the |ike at 25C. Suitable solvents for non 25
pol ar polymers, such as methyl nethacrylate include, but are not limted to
t ol uene, ~net hyPeseptonobthediddusesy the |i ke at 25C. Pol ymers which are sol ubl e

under the present imMRET isQRe MWsbrbarnbeBetiin bEBRIACHPRE LA 18500m of pol yner
dissolve in 100 m of the selected solvent at 25C. WO 2006/ 044910
PCT/ US2005/ 037473  Figure 2 shows the emission spectrum of a Phillips TLO3 bulb.
10
Description of the Invention
It has been surprisingly found that by controlling the intensity of incident
light to polymerizable systems the rate of initiation may be manipulated to
conveniently produce soluble polymers having high molecular weights.
15 As used herein “soluble” means that the resulting polymer has a low degree
of crosslinking. Suitable degrees of crosslinking include those below about 0.1%,
preferably below about 0.08% and more preferably below about 0.06%.
Alternatively, the solubility may be confirmed by dissolving the polymer in a
solvent having a similar degree of polarity. Suitable solvents may be readily
20 selected by those of skill in the art, using for example dielectric constants, dipole
moment of the solvent, Hansen solubility parameters and the like. Suitable solvents
for polar polymers, such as polyHEMA include, but are not limited to
dimethylformamide, dimethylsulfoxide, ethyl lactate, water, methanol, isopropyl
alcohol, ethanol, mixtures thereof and the like at 25°C. Suitable solvents for non-
25 polar polymers, such as methyl methacrylate include, but are not limited to toluene,
methylene chloride and the like at 25°C. Polymers which are soluble under the

present invention will have at least about 0.5 gm of polymer dissolve in 1 00 ml of

the selected solvent at 25°C.



3 Additionally, the soluble, high nolecular weight polyners of the present
invention may have pol ydi spersities fromabout 1.4 to about 1.8, nore
preferably betmeen about 1.1 to about 1.5.As used herein "high nmol ecul ar
wei ght meang 3 average nol ecul ar wei ght Mv of at_| east about

400, 000 and pre era y at | east about 5 500, 000 as neasuré&wﬁy EN t h
absol ute nol ecul ar wei ght determnation using a multiangle |light scattering
detector. Appropriate instrunments are available from Watt Technol ogi es Any
free radical polynerizable nononer(s) may be pol ynerized using the process
of the present invention. Generally free radical polynerizble nononers 10
conpri se reactive groups including acrylates, styryls, vinyls, vinyl ethers,
acryl am des, N-vinyllactans, N-vinylamdes, C2_i2al kenyls,

C2- 1221 Keny | penglf. 2B RULABIRLIN LSl e PO KRR 1031 k1

Preferred free ra meriz I se ne acr ates
acryl ates, net hamayyhaaﬁrpqlleélsperat@s ylomreboled 4 tamblout ha, moﬂcerefaddy htmvenpr ef er abl y

Cl. bal kyl acryl at §50 Bﬁa fe-.'fjto]a%oga 1—56 &X&ﬁo i l‘hl%ﬂcrpglgculla:;' w%%gﬁ megpsoa%@?t s. The free

radi cal polyneriza Honomer are nof u iona re specitrcally
sui t abl e reacti vavegigeo mpkculmokighe Mvacfiay least abdueztd@a)@ﬁ yhd prefembly\ak Riast shout

0 vi my! L bonat e, 00 PR RB R P S " iy SR B igigp wine

N-vi nyl | act am anfhulNandleydha sdadtering detodter. R@Pbpriate ﬁl@ﬂhyildn& ake/pailabdy froncryl i ¢ 20
cont ai ni ng" nnnogpr%Ta%glthose nononers containing the acrylic group
(CR H=CRCOX) wher'efh R™MPE%f or CcH3, R is H, alkyl or carbonyl, and Xis 0

or N, which are al so Ad¢essnadial Wmﬁﬁlamoﬁc@@e{bﬂ iay I&lp@tym’tﬁzed using the
N, N- di met hyl acryl am de dr gx drox hyI
ret hacr yl at e gl PRELIT BERFRELDreabis SBaIH oy BsRoRYFergI R RETH L
pol yet hybenegl ycedmpiissiaiive gy iatleding@iylad tyiyi, vimad, dinybahe,i ¢ aci d and
m xtures thereof acrylamides, N-vinyllactams, N-vinylamides, C,.j;alkenyls, C,.j,alkenylphenyls,
C,.12alkenylnaphthyls, or C;.¢alkenylphenylC, ¢alkyls. Preferred free radical
polymerizable monomers comprise methacrylates, acrylates, methacrylamides,
acrylamides, and the like, and more preferably C,.¢alkylacrylates and
15 Ci.alkylacrylamides in some embodiments. The free radical polymerizable
monomer are monofunctional. More specifically suitable reactive groups include
acrylic, methacrylic, acrylamido, methacrylamido, fumaric, maleic, styryl,
isopropenylphenyl, O-vinylcarbonate, O-vinylcarbamate, allylic, O-vinylacetyl and
N-vinyllactam and N-vinylamido double bonds. “Acrylic-type” or “acrylic-
20 containing” monomers are those monomers containing the acrylic group
(CR’H=CRCOX)
wherein R’ is H or CH3, R is H, alkyl or carbonyl, and X is O or N, which are also
known to polymerize readily, such as N,N-dimethylacrylamide (DMA), 2-
hydroxyethyl acrylate , 2-hydroxyethyl methacrylate, glycerol methacrylate, 2-
25 hydroxyethyl methacrylamide, polyethyleneglycol monomethacrylate, methacrylic
acid, acrylic acid and mixtures thereof.
Free radical reactive monomers may also include monomers such as N-vinyl

lactams (e.g. N~vinyl pyrrolidone (NVP)), N-vinyl-N-methyl acetamide, N-vinyl-N-



Free radical reactive nononers may al so include nononers such as N-vinyl

| actanms (e.g. N-vinyl pyrrolidone (NVP)), N-vinyl-Nnethyl acetam de,
N-vinyl -N WO 2006/ 044910 PCT/ US2005/ 037473 4 ethyl acetam de,

N-vi nyl - N- et Qi de N-vinyl formam de, N 2-hydroxy.

car banat e, N{;V}:l)azp 62){%/@ al anine N-vinyl ester, with NVP beﬁ?gg%}P@f"é?“&%d

Still further exanples are the hydrophilic vinyl carbonate or vinyl
carbamate nononers disclosed in U S. Pat. No.5,070, 215, and the hydrophilic
oxazol one s nononers disclosed in U S. Pat. No. 4,190,277. Oher suitable
hydrophilic nononers will be apparent to ,one skilled in the art. More
preferred free radical reactive nmononers whi ch may be incorporated into the
pol ymer of the present invention include N, N-dinethyl acrylam de (DWA),

2- hydr oxyet hyl a WY.Eelal. ttﬂx?r ‘§

met hacryl am de, ﬁwill(?g%/ti&r‘\ld? I\y?l?gﬁk:l étgﬁ‘e fqg,"ﬁgtj&aﬁxyet hy?% eth yI ate,
and pol yet hyl enegihylcﬁatbammri‘d)ﬂGbmdi‘th&teé\l-V@Vll qscomfb@ﬁﬂhbmngmefmdoner S may

al so be included. Sui | east one
LS 08T group. Proparlf lepRRug i Hylohngy FHIGRRL. (Ve kiathie SR

si |l i cone-cont ai nmngommmm injLhS.dat. 2ediH70, 21% agf@ahy&ironhﬂa;mxmlomel ght

percent, _and nore e reat h f the total
mol ecul af wei ght o?gnil Seé%%slg%%rggcpg%yt ai ﬁbr?gﬁgz\(l)\%hgr Sulfgbele E@P#plqlgm | i cone-

cont ai ni ng corrpoanmerpwélftcerambﬂrgntmmmpsmm ipdlewrter i zabl e functional groups
such as acryl ate, thacr acryl am.de, nethacryl am.de yl | actam
N-vi nyl ani de, and smElV?VIpr Wgﬁe%ﬁgﬁcgﬁd?a%ﬁs’hm@?ﬁﬁﬂﬁ‘é rﬁﬁ‘ybéil"ilcoﬁ’fiﬁtegcont ai ni ng
conponent s whi chixﬁd)thapﬁym&effmﬂe prdaeﬂt EﬂvSntioﬂmhﬁe BIN-dimyelts] dcoylmdide (DMAS. Pat .

Nos, 3,808, 178; 1 1 533; 5 461 and
5,070,215, and ERBEGRYGEVMe I BRERRl hubienide A0 el e hhiru P

i ncorporated in hlngzlpymﬂialbnd(emmsz quylrobcgéﬂ@n aithacrylaithad olyethglesged di scl ose

many exanples of olefinic.,silicone-containin
y P monomethacryla Re. 9

Silicon containing monomers may also be included. Suitable silicon
containing monomers include at least one [—Si—O—Si] group. Preferably, the Si
and attached O are present in the silicone-containing component in an amount

15 greater than 20 weight percent, and more preferably greater than 30 weight percent
of the total molecular weight of the silicone-containing component. Useful silicone-
containing components preferably comprise polymerizable functional groups such as
acrylate, methacrylate, acrylamide, methacrylamide, N-vinyl lactam, N-vinylamide,
and styryl functional groups. Examples of silicone-containing components which

20 are useful in this invention may be found in U.S. Pat. Nos. 3,808,178; 4,120,570;
4,136,250; 4,153,641; 4,740,533; 5,034,461 and 5,070,215, and EP080539. All of
the patents cited herein are hereby incorporated in their entireties by reference.
These references disclose many examples of olefinic silicone-containing
components.

25 Further examples of suitable silicone-containing monomers are

polysiloxanylalkyl(meth)acrylic monomers represented by the following formula:

Formula I



conponents. 25 Further exanples of suitable silicone-containing nononers are
pol ysi | oxanyl al kyl (net h)acrylic nononers represented by the follow ng
formula: Formula I WD 2006/ 044910 PCT/ US2005/037473 - 5 RYI

X- (CH2) n- Si (WhdsknidRB) 3 wherein: R denotes H or |ower algolie %Eﬁ%t es 0 or
NR4; each R4 independently denotes hydrogen or methyl, eacﬁ -

i ndependently denotes a | ower al kyl radical or a phenyl radical, and n is |
to 10 and preferably 1 or 3 to 10. Exanpl es of these polysil oxanyl al kyl
(meth)acrylic nononers include nethacryl oxypropyl tris(trinethylsiloxy)
silane, pentanet hyl di siloxanyl nethyl nethacryl ate, and

met hyl di (tri net hyl sil oxy) nmet hacryl oxynmet hyl silane. 10 Met hacryl oxypropyl
tris(trinethylsiloxy)silane is the nost preferred. One preferred class of

si |l i cone-contai ni ng conmponents is pol y(organosi | oxane) prepol yner
represented by Fornula Il: Fornmulg Il RS 57 55 | 5i-[99]mG-(R9)-A Re

I Rs Re 15 wherein each A indep Mky-@eRis®sHragy)) vat ed unsat ur at ed
group, such as an ester or am dg of an acrylic or a hethacrylic acid or an
al kyl or aryl group (providing that one A conprises an activated

unsat urated group capable of undergoing radical polynerization); each of

R5, R6, R7 and R?h&éiﬁRM@@@ﬁ@?B%yaIkﬁ;ﬁk 8&lRd Of dr WIR*1 ddeh B ReBerieRy) Sting of a

nonoval ent hydrocarbon radi cal or a hal ogen
denotes hydrogen or methyl,

5 each R'-R? independently denotes a lower alkyl radical or a phenyl radical, and
nis 1 to 10 and preferably 1 or 3 to 10.

Examples of these polysiloxanylalkyl (meth)acrylic monomers include
methacryloxypropy! tris(trimethylsiloxy) silane, pentamethyldisiloxanyl
methylmethacrylate, and methyldi(trimethylsiloxy)methacryloxymethyl silane.

10 Methacryloxypropyl tris(trimethylsiloxy)silane is the most preferred.

One preferred class of silicone-containing components is a

poly(organosiloxane) prepolymer represented by Formula II:

Formula I
Rs 7 5
|
A—(R9)—Si—[OSi]7—08i—(R9)—A
g
15 wherein each A independently denotes an activated unsaturated group, such as an

ester or amide of an acrylic or a methacrylic acid or an alkyl or aryl group
(providing that one A comprises an activated unsaturated group capable of
undergoing radical polymerization); each of R®, R, R” and R® are independently
selected from the group consisting of a monovalent hydrocarbon radical or a halogen
20 substituted monovalent hydrocarbon radical having 1 to 18 carbon atoms which may
have ether linkages between carbon atoms;
R’ denotes a divalent hydrocarbon radical having from 1 to 22 carbon atoms,

and



20 substituted nonoval ent hydrocarbon radical having Ito 18 carbon atons
whi ch may have ether |inkages between carbon atons; RO denotes a dival ent
hydr ocar bon radi cal having from1l to 22 carbon atons, and WD 2006/ 044910
PCT/ US2005/ 0@,6%@0991“ nis O or an integer greater than or equal to 1, and
preferable 500 206"%nd nore preferably 10 to 300. One BPREFPW3WBnple is
a, O01-bisnethacryl oxypropyl poly-dinethylsiloxane. Another preferred
exanple is nPDVS (nononet hacryl oxypropyl term nated nono-n-butyl term nated
5 pol ydi net hyl si | oxane). Anot her useful class of silicone containing
conponents includes silicone- containing vinyl carbonate or vinyl carbanmate
nononmers of the follow ng formula: Forrmufa 111 11 | CH C(CHZ}-O~Y Rs' L
d 10 wherein: Y denotes O, S. or NH, e denotes a silicone-containing organic
radi cal; R denotes hydrogen or nethyl; dis 1, an i§.0 or 1. Suitable
si | i cone-cont ai ni ng ﬁﬁgrﬂgén mrteéfc’ﬁ %%?!t ﬁ@“f"nﬂ“?}d%l’taﬁgp%(gqnﬁ’&fa tﬁﬁp&_fgds
- (CHR) gSi [ ( OHR) skélbaferatlcHPiop80. OFé dpeiftPdxampidlisdu, (Rdimethdchoxgpropd - R O R10
© poly-dimethylsiloxane. Another preferred example is mPDMS

(monomethacryloxypropyl terminated mono-n-butyl terminated

5 polydimethylsiloxane).
Another useful class of silicone containing components includes silicone-

containing vinyl carbonate or vinyl carbamate monomers of the following formula:

Formula I1I
i !
CH2=é—(CH2)q—-O—— —y| RS
d
10 wherein: Y denotes O, S. or NH; R¥ denotes a silicone-containing organic radical; R
denotes

hydrogen or methyl; d is 1, and q is 0 or 1. Suitable silicone-containing organic

radicals R¥ include the following:

15
—(CH2)qSIl(CH2)sCHgls ;
—(CH2)¢SI[OSi(CH)sCHals ;

Fluo
—(CHalg—§IOTR10,
R10
e
|:|(1o R10
—(CHa)g—SiO ?i——R10
R10 | R10
e

wherein:



Rlo RLO -(CH2 g $i0i-R1O RO R10 e wherein: WO 2006/ 044910
PCT/ US2005/ 037473 7 R10 denotes Il -(CHz)fr-O G CH=CHz Wherein pis | to
6; or an alkyl radical or a fluoroal kyl radical having 1 to 6 carbon atons;

e is 1to 200u@igoelpascdp 3 OF 4, and s is 0, 1,2,3,4 or 5. &
silicone-contai ning vinyl carbonate or vinyl carbamate no

specifically include:

n%@$2g05/037473

1, 3- bi s[ 4- (vi nyl oxycar bonyl oxy) but - 1-yl Jtetramet hyl -i si | oxane
3- (vinyl oxycarbonyl thi o) propyl-[tris (trimethylsiloxysilane]; 3-

[tris(trimethylsiloxy)silyl] propyl allyl ,carbamate;

3-[tris(trinethylsiloxy)wlyl] propyl vinyl carbamate; trinethylsilylethyl
vinyl carbonate; trinmethylsilylnmethyl io vinyl carbonate, and The sel ected

nmononers nust be essgptidlby free fromcrosslinking

conpounds. As used

herein, a crosslinking conpound is any nultifunctional conpound which,
because of it reactivity, is reactive under the polynerization conditions
of the present invention. yt should be understood that rnultifunctional is
conpounds whi ch ar¢CHpt-O-eaetH0H, under the pol ynerization conditions
selected may be present in amobunts above those specified herein. The anpunt
of crosslinker which may be tolerated will to sone extent vary, depending
upon t he nononmers whWhdreinpeas bwitngr qpoalkylmedicad ets l@saakd rddical hahimg dto@int  of

crosslinker incl yﬂﬁ‘gﬁ*f;&rigﬁﬁ ltthzﬁatqiiéaﬂ 2,”3 &‘r%,’!u% ssipg,ull,g’ Qg o¥ gss t han about 6 Xx

10-3 nol e% prefera
S

The silicone-containing vinyl carbonate or vinyl carbamate monomers

specifically include: 1,3-bis[4-(vinyloxycarbonyloxy)but-1-yljtetramethyl-isiloxane

3-(vinyloxycarbonylthio) propyl-[tris (trimethylsiloxysilane]; 3-

[tris(trimethylsiloxy)silyl] propyl allyl carbamate; 3-[tris(trimethylsiloxy)wily1]

propyl vinyl carbamate; trimethylsilylethyl vinyl carbonate; trimethylsilylmethyl

10 vinyl carbonate, and

The selected monomers must be essentially free from crosslinking

compounds. As used herein, a crosslinking compound is any multifunctional

compound which, because of it reactivity, is reactive under the polymerization

conditions of the present invention. It should be understood that multifunctional

15 compounds which are not reactive under the polymerization conditions selected may

be present in amounts above those specified herein. The amount of crosslinker

which may be tolerated will to some extent vary, depending upon the monomers

which are being polymerized. Generally, the amount of crosslinker included in the

reaction mixture should be less than about 6 x 10~ mole%, preferably less than

20 about 5 x 10 mole% and more preferably less than about 4 x 10 mole %, based

upon all reactive components in the reaction mixture. When the monomers

comprise a polydimethylsiloxane, such as mPDMS, the amount may be higher such

as less than about 2 mole%, preferably less than about 0.5 mole% and more

preferably less than about 0.2 mole %.



20 about 5 x 10-3 nol e% and nore preferably | ess than about 4 x 10-3 nole %
based upon all reactive conponents in the reaction m xture. Wen the
nononers conprise a polydi nethyl sil oxane, such as nPDMS, the anmount may be

hi gher such han about 2 nole% preferably |ess 0.5

nol e% and rm\;vg%dp??)g@eé ably less than about 0.2 nole % VE%@%&%&’E@%

PCT/ US2005/ 037473 B The rate of initiation used for the present invention
shoul d be sel ected such that rate chain propagation remains greater than

t he conbined rates of chain termnation and chain transfer. W have found
that the desired rate of chain propagationgmay be readily 5 achieved by
controlling the anpbunt of incident |ight V\?’ll ch reaches the polynerization
m xture. The incident |ight may be controlled by a nunber of ways known in
the art. For exanpl erpf faltet&muatﬁml@ed%& %%%éseﬁ%eﬁ@dmbmbé bééc@a%aﬁay be
used alone or in conbination to reduce the intensity fromthe |ight source.
The filter is s@biaate erinproppgaiongemens gsaispien thapmbinedrates peinsour ce and
the spectrum of {B{:Lﬁ:ingtg h cthlaﬁttg? sised in the polynerization. CGenerally the
filter is selected cut o i wavel engt hs bel ow about 400 nm and
greater than about 52&’6e1|rmf@n@ltl@bf}legdsir@da&j@gfcha@%rmgabomay@awdﬂy maxi mum
transmttance ar G o at about 420nm
The t hi ckness of chtﬂ ﬁ%dﬁ?&ﬁ%ﬁoﬁﬁ%@%ﬁ{?@ﬁ%g %lrd (‘13]%7)[1% P‘Nhla%gwheszt?bc/ about 5 nm The
di mensi ons of thEolgththimixt@re s"ﬂlngmctderbehgnmybc certrabed ye miulnbdr ofevags ons of

t he reaction ves u t e ses

t hrough the fil t%gr% inthégrz 4 ai stlLilf%’ Is%{ﬂ e g{% arndggfnﬁ&eﬁlye%sﬁﬁ'l &&%?T gl ass
filter V& (1 minmorillqmmbtdah@kmgsma thﬁlmtemsrtatfnoueﬂhyhgltfsmdmeerThdﬁBermay be

used. The absor r ma nd in The
Si gma- Al drich H%%g% %Qr% ngééjgﬂe(r%gwﬁ%g?ﬂéen hlt EO g?hg SP%FRI%(? fﬁl'é G een, The
Adrich @hem cal RitiaGongdmythe p@ADeridaanpGesraly the ﬁltt@ns seligeted m{a)cduteibsor bin
the region bet V\e%aveﬁggh'st below about 400 nm and greater than about 525 nm, and (b) give about

5% to about 60% of maximum transxmittance around about 450nm and about 10% to

about 20% at about 420nm. The thickness of the glass filter varies from about 1 mm
to about 5 mm. The dimensions of the glass filter should be greater than the
15 dimensions of the reaction vessel to insure that all light entering the vessel passes
through the filter. An example of a suitable glass filter isa SCHOTT glass filter
VG6 (1 mm or 2 mm thickness). Alternatively a filter dye may be used. The
absorbance spectrum of several filtexr dyes may be found in The Sigma-Aldrich
Handbook of Stains, Dyes and Indicators, Floyd J. Green, The Adrich Chemical
20 Company, 1990. Examples of filter dyes which absorb in the region between about
350 nm and 400 nm include amaranth, Reactive Blue 4 and blue HEMA, which is
disclosed in US 5,938,795.
The distance between the light source and the polymerization mixture may
vary up to about 12 inches Suitable filters block at least about 95% of the incident
25 light produced by the light source, amid preferably in some embodiments at least
about 98%, and even more preferably at least about 99%.
The incident light may be measured using known equipment, such as

commercially available spectral radi ometers, such as an International Light



350 nm and 400 nm i nclude amaranth, Reactive Blue 4 and blue HEMA, which is
di sclosed in US 5,938, 795. The di stance between the |ight source and the
pol ymeri zation m xture may vary up to about 12 inches Suitable filters

bl ock at Iea@bzagggsn@5@6of the incident 25 |ight prOduﬁﬁﬂ‘ | i ght
Bl

source, and preferably in sonme enbodi nents at |east abo tven
nore preferably at |east about 99% The incident |ight may be neasured usi ng
known equi pnent, such as commercially avail able spectral radionmeters, such
as an International Light W 2006/ 044910 PCT/ US2005/037473 9 (Newburyport,
MA.) IL 1400A radi oneter equipped wth a rgppdel XRL 140A sensor. Suitable

| i ght sources should emt at |east about mlliwatt of power and have an
em ssion spectra which overlaps at least in part with the absorbance spectra

5 of the sel ect egiRl arnm?f %éAT m?etérregﬁ a,;e@mvﬁ@%]nm@ KR 1 %@bl € mononers

are dissolved in a sofvent mnt hot of ni e photoinitiator is
selected by refe$@igte to its absorbance spectrum and the spectral output of

the |ight source. SPRGIIHE ourdloPRRaield A08 AR BN powdME O ar e

selected so that the ITi1ght Source emts radiation in one regi on of
10 the absor banchavspﬂa@mﬁw pectratydighinyerdaps pitlpagt ip rpartrwith g apserbancepspestine 1
shows thg absormﬁbcs%leétg@ﬁﬁdi?lﬁﬁhgt&rs | RGACURE CE@ 1850 (commercially available
fromdC ba Specialty Chemc 3 ure 2 shows the em ssion sEectrun1of
a Phillips TLO3 bul ghe ﬁemémlrpglymgqu? nemersiaxe digsplved inaselveamhithahere i s

I f th
pect rum pet veen Shan v b GG RS PR RS 15 STl e R SRR S50
and a Phillips Tu@3hdnpkdraheuput bbtheight stuncet Bpecificadlysthe photoindiater emidight
I nvention. Those BICF §1l§'s’f:l}:>ctécf1sott ?t}@rli%ht sHi?ﬂB?grmIEsr}gﬂ{aElg@ﬁ!hdt 'i]e%t%fne FeQ%an esent

i nvention can rea y sel ect
10 the absorbance spectrum of the photoinitiator. For example, Figure 1 shows the

absorbance spectrum for IRGACURE CGI 1850 (commercially available from Ciba
Specialty Chemicals) and Figure 2 shows the emission spectrum of a Phillips TL03
bulb. Comparing the Figures, it can be seen that there is an overlap of the
photoinitiator absorbance spectrum and the lamp ermission spectrum between about

15 375 and about 425 nm. Thus, IRGACURE CGI 18 50 and a Phillips TLO3 bulb may
be used in the process of the present invention. Those of skill in the art, using the
teaching of the present invention can readily select other suitable light
source/photoinitiator combinations. Both UV and wisible light activated
photoinitiators may be suitable for the present invemtion. Suitable photoinitiator

20 systems include aromatic alpha-hydroxy ketones, alkoxyoxybenzoins,
acetophenones, acylphosphine oxides, bisacylphosphine oxides, and a tertiary amine
plus a diketone, mixtures thereof and the like. Illustrative examples of
photoinitiators are 1-hydroxycyclohexyl phenyl ketone, 2-hydroxy-2-methyl-1-
phenyl-propan-1-one, bis(2,6-dimethoxybenzoyl)-2,4-4-trimethylpentyl phosphine

25 oxide (DMBAPO), bis(2,4,6-trimethylbenzoyl)-phenyl phosphineoxide (Irgacure
819), 2,4,6-trimethylbenzyldiphenyl phosphine oxide and 2,4,6-trimethylbenzoyl
diphenylphosphine oxide, benzoin methyl ester and a combination of

camphorquinone and ethyl 4-(N,N-dimethylamino)benzoate. Commercially



source/ photoi nitiator conbinations. Both UV and visible |ight activated
photoinitiators nay be suitable for the present invention. Suitable
photoinitiator 20 systens include aromatic al pha-hydroxy ket ones,

al koxyoxybe i . t ophenones, acyl phosphi ne oxi des, kj i ne
oxi des, andnﬁgfgﬁPW§$§ am ne plus a diketone, mxtures 9%%%%%@B§%QR?he
like. Illustrative exanples of photoinitiators are 1-hydroxycycl ohexyl
phenyl ketone, 2-hydroxy-2-nethyl-I-

phenyl - propan-| - one, bi s(2, 6-di net hoxybenzoyl ) -2, 4-4-tri et hyl pentyl
phosphi ne 25 oxi de (DVBAPO), bis(2,4,6-tr]gethylbenzoyl)-phenyl

phosphi neoxi de (Irgacure 819), 2,4,6-trinethyl benzyl di phenyl phosphine
oxi de and 2, 4, 6-trinethyl benzoyl di phenyl phosphi ne oxi de, benzoi n net hyl

ester and a comnbj j . : i no: I

T N N ot hol ShAR IOl 1o RGO AR B, s 1200 FEBSSs/ 037473
- 10 avail abl e 1808 Irdagurk Btfhirgaquiet 850 Gl fopsCibaBpecialty Ghiemipalg)andibwciging,

| rgacure 1700, | ; (§%g, . | Cb
Spgcialty Chenicg§§§M%hé(%%@¥$3%&9%%§?fnlt|é?%?g g§§§F§§%§m§rdh?B&§E3. :
Conmer ci al | y avainfladd Rerosur pHitaod Berorut286%(Cibafpeaidty Chemirels). Tiesamhd Dar ocur
2959 (G ba Speci ghdnnoBHMGRIcn mk) B8 iscdft dihcldSh VB bt RERI! Ch

maybe used are disclosed in Vol urme . otoini-tiatqrs ree Radi cal
Cati oni ¢ & Ani onfoc FepBadigsd Cotinmid & Amianis Phoigpelutnerizefipnpy™ Fdition by E¥j.vel | 0& K.

Dietliker: editegiofx Biaileuiealyt Wildi. At wiRDana M NI Yoxi 1998, whi ch

is incorporated herein by reference’” The inditiator’is used, € reaction
m xture in effecti%evhishs incerppigtell hereindty aefprianre olhslipitiater iy weed omthefeacken r eact i on

mxture, 10 e. . .5L0RAANE aBofhs aho 15408 : ts of
reactive nmonomer. Arft ernati Gef)y, tlto(ri:?l??a |060}0§gl:§1 %g c%fﬁ%%c?%g}l\%?ltx olt a
phot oi nitti at or usgngom hlenut 0.8k torabpus 5 perth pemh00 Pokf parts @lreadiive menhemer.i ncl ude

bi sacyl phosphi ne, pxh e, kel Bn bOlohborch bl RO RBP AN horDPenY !
phosphi ne oxi de (lrgacure (rl or a conblrnation o ydroxycycl ohexyl
phenyl ket one anekatipk(2bmdiPreferrobiyibigoms aelude bisacylphosphine oxides, such as
bis(2,4,6-trimethylbenzoyl)-phenyl phosphine oxide (Irgacure §19®) or a
combination of 1-hydroxycyclohexyl phenyl ketone and bis(2,6-dimethoxybenzoyl)-
15 2,4-4-trimethylpentyl phosphine oxide (DMBAPO) , and the preferred method of
polymerization initiation is visible light. The most preferred is bis(2,4,6-
trimethylbenzoyl)-phenyl phosphine oxide (Irgacure 8§19®).
The reaction solvent should be selected to solubilize the monomers seslected
as well as the polymer as it is formed during the reaction. Suitable reaction s olvents
20 may be selected by Hanssen solubility parameters, dielectric constant, polarity and
combinations thereof. Additionally solvents should have low chain transfer
coefficients, such as those up to about 10, preferably up to about 5 and more
preferably up to about 1, all relative to styrene at 60°C. Chain transfer coeffi cients
are disclosed in Principles of Polymerization, Odian, John Wiley & Sons, 1991, pg
25 252, The chosen solvent (and any impurities) also should not significantly abbsorb
light in the chosen wavelength region and should be free from contaminants ~which
might react with the selected photoinitiator. Where HEMA is a monomeric

component suitable solvents include ethylene glycol, dimethylformamide,



15 2,4-4-trinethyl pentyl phosphi ne oxi de (DVMBAPO) , and the preferred netho,
d of polynerization initiation is visible light. The nost preferred is
bis(2,4,6- trinethyl benzoyl)-phenyl phosphine oxide (lrgacure 819(r)). The
reaction sol w@nposdigsihd be selected to solubilize the rmn)%gp ed as
well as the polynmer as it is formed during the reaction. UI/pgzgﬁszds‘r?::g/ ction
solvents 20 maybe sel ected by Hanssen solubility paraneters, dielectric
constant, polarity and conbinations thereof. Additionally solvents should
have | ow chain transfer coefficients, such as those up to about 10,
preferably up to about 5 and nore preferably up to about 1, all relative to
styrene at 60C. Chain transfer coefficients are disclosed in Principles of
Pol yneri zati on, Odian, John Wley & Sons, 1991, pg 25 252. The chosen
sol vent (and any ;i i {1 € S 3 nat. skamni f4 t rb light in
t he chosen wavel ei:;]n%?ﬁ/ [spfg%xﬁ%%glgéﬁﬂ% %@8’?"‘ g‘f)eéﬁ?rreéke‘g% %dﬁfl%% %I%Pnﬁ)%gl ts which
m ght react w t hptefeeredel ected photoinitiator. Where HEMA is a nononeric
conponent suitable so@gent i.ncl ud t hyl en | xcol . di nethyl f oroam de, WO
2006/ 044910 PCT/ US200 di’f‘fﬁ s°9"%&‘%‘?‘8‘|{&¥nﬁe °§P‘gﬁf¥"f’g¥ﬁ g e",“gg‘ffj%lé?‘% neand
m xt ur es t her eof mmimhmeiroyhteifieagtoycolver & tegsedpis tat emowd neceiserynemetdnon i s
conducted with aneagtian. hf sty eampunt. of (SOLKEN o The yThol um amount
of reaction sol vER PO BEULEG St HE "BROINES W sasry o &Fé@gn S
gel lation of reaetkesarym ptovide the Titndeculppesightespeefiaifheretra dior exampiy, waait2-i s t he
amount. necessary i, POVl fe Lo, Dl o AL 0l AN 3 SDel b edugr sl For
exanpl e, when 2- IS AR Y TRONOher Credct oh effective anpunts of
reacti on sol vent amowktsriéicieatto prividesolufionsibetweent abogridv iankkateol LML ons bet ween
about 1 M and about M_T reac%i n, t rat ur.e i S, C Lol to maintain
the solubility of thgmefﬁacg(gnatg ) t%‘%é%%?%%@%é\ﬁ}’c‘lﬂé‘gﬁa‘r?ﬁ‘ﬁ sg?u;bgﬁxlén © Agai n usi ng
reacti veom xt ur esactants aidmirgigycts HEMAscdhent Agsimpising rective @extiuies porfadwiper at ur es  of
at |east about 19[%1\/@('95 aD cro?rlcpgrrle%,lrélaction temperatures of at least about 10°C and preferably
from about 10°C to about 75°C may be used. Temperatures for other reactive
components may be readily determined by those of skill in the art, using the teaching
of the present invention.
15 Generally the process of the present invention is continued until the desired
molecular weight is achieved. Suitable reaction times include up to about 2 hours
and preferably from about 10 minutes to about 1 hour.
These examples do not limit the invention. They are meant only to suggest a
method of practicing the invention. Those knowledgeable in contact lenses as well
20 as other specialties may find other methods of practicing the invention. However,
those methods are deemed to be within the scope of this invention,
Molecular weight distribution was determined by light scattering using the following
instrument parameters:

Instrument: HPLC
25 Injection volume: 20 ul.
Flow Rate: 0.5 mL/min
Detection: RI and Mini Dawn (Light Scattering) or compatible
Column: Phenomenex Phenogel Su Linear (2 ) 300 x 7.8 mm or equivalent
Column Oven Temp:60° C
30 Eluent A: 0.2 % Li Br in DMF (use soln filtered by 0.2um nylon membrane)



from about 10C to about 75C maybe used. Tenperatures for other reactive
conponents may be readily determ ned by those of skill in the art, using the
teaching of the present invention. is Generally the process of the present

i nvention i Ssweodsddasgg until the desired nolecular weig j ' d.
Suitable reaction tinmes include up to about 2 hours andhl%)(#éﬁsezrggi“ﬁgﬁfr om

about 10 m nutes to about 1 hour, These exanples do not |limt the invention.
They are nmeant only to suggest a nethod of practicing the invention. Those
know edgeabl e in contact |enses as well 20 as other specialties may find
ot her nmethods of practicing the invention, However, those nethods are
deened to be within the scope of this invention. Ml ecular wei ght

di stribution was determ ned by |ight scattering using the follow ng

i nstrument par angtdSprofil@Sikdsignt : HPLC 25 Injection volune: 20 uL Flow
Rate: 0.5 nl/m npietigetd0inyRy and M ni Dawn (Light Scattering) or

conpati bl e Col um: Phenonenex Phenogel 5u Linear ( 2) 300 x 7.8 mm or

equi val ent  Col Uy, Qe Taupi:Cl HAKDRHER holdE A28 kDa Bialdi@VE( use sol n
filtered by 0.2um r%;%é?r%ry?_re% a1 QR Deb, BolSERAC31 lohe Pl US€E 3

El ution Profil e:preeserdring imd of (it DriBin DMF. W08 semples oBgpepngrstepe added ( 28KDa,
L000KE) 203 01 N385 Kl oAV s S BELEMESI B 1, 2%,
in DVF via pi petand/or igptedpatildigsplved mjlesampleeis énjestndiinta thedIPLghand dre heat ed untii |
di ssol ved. The Sﬁ'ﬁ&hﬁre ioﬁtliin&i ﬁgktsﬁgl\/f-aﬂﬁa@f& E}ﬁlyliﬁg g’gﬁ’t@gat{eﬁ?g data was used to
determine molecular weight and polydispersity by Astra Software.
10 The absorbance spectrum of the photoinitiator used in the
photopolymerization was measured using a commercially available spectrometers
capable of measurements in the ultraviolet and visible regions of the electromagnetic
spectrum, such as a Spec 55 made by Perkin Elmer. The absorbance spectrum of a
commercially available photoinitiator, Darocur 1173, is shown in Figure 2.
15 The absorbance spectrum of the filter dye may measured using a UV/VIS
spectrometer, described above. More conveniently, the absorbance spectrum of the
filter dye can be found in The Sigma-Aldrich Handbook of Stains, Dyes and
Indicators by Floyd J. Green published by the Aldrich Chemical Company in 1990.
The absorbance spectrum of a commercially available dye, amaranth, is shown in
20 Figure 3.
The following apparatus was used in the Examples. The exterior sides of a 4
quart colorless Pyrex dish were wrapped in silver reflective tape to prevent light
from entering the system from the sides and to increase reflectivity within the dish.
The Pyrex dish was placed on a mirror during the reaction to further increase
25 reflection within the dish. The top edges of the dish are sealed with foam insulation
tape (4 mm? strips) to provide a seal between the dish and the filter glass, preventing
light from entering the system at this juncture.
A filter glass cover was placed on top of the Pyrex dish. A sheet of 2mm
thick VG-6 filter glass (Schott Technologies, Inc.) large enough to cover the entire



procedure outlined in Astra Manual for analyzing |ight scattering data was
used to determ ne nol ecul ar wei ght and pol ydi spersity by Astra Software. 10
The absorbance spectrum of the photoinitiator used in the

phot opol ynerwaabdsddsos nmeasured using a commercially avaﬁéﬁ%ﬂ)ﬁ%m 473
spectroneters capable of neasurenents in the ultraviolet and vi sffol e

regions of the electromagnetic spectrum such as a Spec 55 nade by Perkin
El mer. The absorbance spectrumof a comercially avail able photoinitiator,
Darocur 1173, is shown in Figure 2. 15 The absorbance spectrumof the filter
dye may neasured using a UW/ VIS spectromgeter, described above, Mre
conveniently, the absorbance spectrumof the filter dye can be found in The
Si gma- Al dri ch Handbook of Stains, Dyes and Indicators by Floyd J. Geen

publ i shed by thg. 4l gg ¢ (B ﬁalco@pn’@wtet Blads AP placIJ"@nt@Q%ﬁJeb@ﬂ"ﬁﬁﬁs pectrum
of a commerciall'y avail abl e d?/e, amaranth, s shown in 20 Figure 3. The

fol | owi ng apparBehibickyrey setipal glass fa SEBP&M“@QI*‘C?‘F}%V%Q‘F@M%|d13§|dﬂ@¥tB‘F a4

quart col orl essregylf,@xlslg,;rghlmg&ge%@%%qmg n silver reflective tape to prevent
light fromentering the systemfromthe sides and to increase reflectivity

within the dish. The Pyrex dish was placed on a mrror during the reaction

to further 'ncreaseT%@fcﬂl%&rin?%bx@ﬂaﬁ&n&EHeGseH*ﬁ?tth)&HrpleI'Bao&rop edges of the dish
are sealed with foaminsulation tape (4 m® strips) to provide a seal

bet ween the di sHE@AO he kl(w@}blwdﬁé-hycypww@hew pheryhkatorerandbie@ider i ng t he

systemat this juncture. dithdfd: n@%@fpyﬁ}; Bl AR of the Pyrex
di sh. A sheet of 2mm thi ck VGleyg% gl assm( égt}?ﬁTec}E%o(f ogies, Inc.)

| ar ge enough toDQf@CVJéll17[3h%fhﬁ¢it>¥w%'m¢®y12bd®ﬁﬂ4m%@-1m¢'/ US2005/ 037473 - 13
Pyrex di sh was used as the cover. The filter glass was placed onto a sheet
of 1/16, inch tpiagipleHyrex opti cal gI ass for support, then placed over the

Pyrex dish during the reacti.on. qure 1l illustrates_the ap/parat us.
2-Hydroxyethyl methac ate (HEMA, containing 0.07 weight % ethyleme

glycol dimethacylate — “EGDMA?”, commercially available from Rohm, 538.56 g,
4.14 mol) and the initiator CGI1850 (commercially available from Ciba, 7.38 g)
were added to a 2500 mL amber bottle. The bottle was capped and either rolled or
15 agitated until a homogeneous solution was obtained. Ethylene glycol (Aldrich, 99
+% spectrophotometric grade, 1998.1 g) was then added to the solution and the
solution was rolled a further 10 minutes. The solution was then degassed for a
minimum of one hour. The reaction apparatus described above was transferred to a
glove box and the glove box was degassed at room temperature by putting it undexr a
20 positive pressure of N,. The glove box was monitored so that the O, level was <
0.2% and a positive N, flow was maintained. The degassed HEMA/initiator
solution in ethylene glycol was transferred to the glove box. This solution wras
poured into the Pyrex dish and placed on the mirror. The dish was centered under
the light bulbs and the filter glass was placed on top of the dish with gentle pressuare
25 on top of the glass to ensure a good seal against the dish. The HEMA/initiator
solution in ethylene glycol was allowed to cure for 1 hour under 4 evenly spaced
TL-03 20W visible light bulbs, under the glove box conditions of O, level < 0.2%,

room temperature, and a positive N, flow. Immediately after one hour, the reaction



s The foll ow ng abbreviations are used in the exanples below. CG 1850 1:1
(wgt) bl end of 1-hydroxycycl ohexyl phenyl ketone and bis(2, 6-

di met hoxybenzoyl ) -2, 4-4-trinet hyl pentyl phosphi ne oxide Darocur 1173

2- hydr oxy- 2-wBhbokloadsnpheny! - propan-1-one 1 o Exanple 1 2- M d()g {1

nmet hacryl ate (HEMA, containing 0.07 weight % ethylene glyco hacyl at e
- "EGDMA", commercially available from Rohm 538.56 g, 4.14 nol) and the
initiator CA 1850 (comercially available from G ba, 7.38 g0 were added to
a 2500 nL amber bottle. The bottle was capped and either rolled or is
agitated until a honbgeneous sol ution wag, obtai ned. Ethylene glycol

(Aldrich, 99 +% spectrophotonetric grade, 1998.1 g) was then added to the
solution and the solution was rolled a further 10 m nutes. The sol ution was
then degassed fgfne wm H&d@?&ﬁ’e&’ie g 18Q¥Hory iﬁaﬁael; Qﬁ’&&b&&i APPAbRdS; descri bed
above was transferred to a ove box and't gl ove box was degassed at room
tenperature by PP ey hich lmﬁge[r oadezr@mg@swaet@r\f@r Py of o Rgnutephdhgyl ove box
was monitored Sfol Lyds ril‘i‘enct%llal-c%‘é(iecl m&oﬁ_&m&h?l%tﬁﬁéj a%epoﬁﬂnet dx¥6ss N%tei' ow was
mai nt ai ned. The degassed HEMA/ i n|t| ator solution in ethylene glycol was
transferred to WeereEpwidiamshe pphimer 8 maryaly squgezing,ibe atgr %ﬁtndhq gﬂempg/r ex dish
and plaged on thgedn feQhork IB%IO@ES% faf\aﬁﬁdlﬁge@ita{@dam%éezmg REt dxceiltwalRll bs and
the filter glass was placed on top of | e pressure 25 on
top of the gl aswax perfomsed @ t@talg@%ﬂwsélalles, dgavmsnlly W@ICHPsfhlelyméuﬂdEWtﬁ nitiator
solution in eth I r evenly
spaced TL-03 Z%nglth?é%ﬁyn‘{@?v i dhga\?gll?%ﬂet‘r&%é?gﬁlgl o@lghﬁgg I}go Ftw %?)ns of 02
| evel < 0.2% trmfvﬂ@cbwrﬁeqmﬂ%ie@deram@ graunsio shihe groand\polytheswras washsdifertoat y af t er
one hour, the r T ure was
transfer red to S&ZHLQ?E reétglgr%d%%% éf%,g{%g%% ﬂzﬁwa%fnéﬁﬁ?‘%g&% he

m xt ur @ on hi ghwhsnregeagd|a momietlm@nEm@ weddr avas fsgreezed ruhphthenpolymenwfteni nut es.
The

each wash. The resultant polyHEMA was dried at room temperature. After drying,
the polyHEMA was ground down using a small blender yielding 245.4 g of a fine,
white powder (46% yield).

15 Example 2
A homogeneous mixture of 615 mg CGI 1850, 150 mL of ethylene glycol,

and 45g of HEMA was degassed by evacuating the system for several minutes,
followed by purging with nitrogen. This process was continued for one hour, using
3 to 4 evacuate/purge sequences, and the mixture was placed under a nitrogen

20 atmosphere.

104 gm of a solution of blue HEMA in ethylene glycol (0.9 g in 200 mL)
was poured into a crystallizing dish having an inner diameter of 184.15mm to
provide a light filter. This cover was then placed on the silvered vessel described
above, which had been charged with the reaction mixture. The junction of the

25 reaction vessel and cover was tightly sealed using duct tape to avoid the penetration
of any higher intensity light from the sides of the system.

The reaction was then exposed to visible light (4 Philips 20W/TL03 bulbs

bulbs arranged parallel to each other and within a distance of 10-12 inches from the



pol ymer was then collected by filtration through blotting paper. The excess
water was renoved fromthe polyner by manually squeezing the water fromthe
blotting 5 paper. The work-up process of blending, filtering, and squeezing
out excess Wb8hosoWdso Perforned a total of four tines, tQKﬁ%ﬁﬂ&H%kh¥sy'eld a
finely ground, white material. The polyner was dried at room tenperature.
The dried polyner was transferred to a snmall bl ender and ground. The ground
pol ymer was washed for one hour in 2 L of de-ionized water, using overhead
stirring. This washing procedure i o was repeated a second tine. Excess water
was squeezed out of the polyner after each.wash. The resultant pol yHEMA was
dried at roomtenperature. After drying, e pol yHEMA was ground down usi ng
a small blender yielding 245.4 g of a fine, white powder (4696y|eld) 15
Exanpl e 2 A honog fy ene
glycol, and 45g %?ﬁﬁzﬁﬁg&§§£%232§2gﬁéﬁggggg%ﬁg@?ﬁ&“%ﬁgugkgge % or- sever al

m nutes, fol | owedilutipg themiktmy withtwateri ollaygediby vikhions w@mhlmemfolﬂ’tq nued for

one hour, usin e | aced
under a nitroggn %8%§?ée %ﬁ%gghﬁ@ﬁ%{@ﬁggﬁ a sgﬁ%ﬁfgﬁggéﬁﬁf ﬁﬁig P

et hyl ene glycol (OLOfg- wn@@ti)wnttl)untl\l/\mste)ﬁwFMerqomiss@ntmsmaddmmahg d| sh
having an, i nner dﬂﬁ&%}n%rwaﬁt)bs]eﬁf o LRTR SRy REHA B8 e doiTheo bl brecd N 5 cOver

was t hen placed o] e sl lvered vesse ove, been
charged with the tdztiredin 389 slaf®.1. Fher pumwothoers. lie liduisls Mrerdseantedoandy essel

and cover was ti gmwem h r(@eﬁgdeaug o;eagﬁe}%rgd\ﬁyghsdsqhgégelgﬂgéﬂ@eﬁa“ on of

any hi gher |ntenS|ty Si he system reacti on was
t hen exposed to vbleitibg eapler ghem@ eRprsy water apdRlACEH @Ba totarphevaperatobie remevanged

parallel to each %%%8@}1%%%“&&&&@@%&% 2690 pojr}QneJr%/aL RERASS oM the WO

2006/ 044910 PCTI U
10 particles prior to use.

GPC data was obtained using both refractive index and light scattering
detectors. Chromatography was performed using a phenogel 5pm linear (2) 7.8 mm
x 30 cm column (Phenomenex), and 0.5 wt. % lithium bromide in N,N-

dimethylformamide as the eluent. Molecular weights were determined using

15 polystyrene standards. Typical values obtained using low angle light scattering
were: Mn = 2.9 x 108 Mw =4.2 x 10%, Mz = 6.5 x 105, polydispersity (Mw/Mn) =
1.5.

Examples 3-8
20 Example 2 was repeated using the conditions and monomers listed in Table

2, below. TLO3 bulbs were used for the 380-480 nm wavelengths and TLO9 bulbs
were used for the 300-400 nm wavelengths.



sanple) for one hour at roomtenperature, after which it was quenched by
rapidly diluting the mxture with water, foll owed by vigorous agitation
while open to the atnosphere. The resultant white pol yner was washed
several ti Wois 9 to 150 nL of de-ionized water untgd. re
remai ns cozgﬁgtenrmgﬁd no additi onal s hardeni ng was obsé&%@gﬁa¥h§%¢%bbery
material was then tominto smaller pieces, and stirred in 300 nL of D.I
water for two hours. The liquids were decanted, and the water wash was
repeated once nore. The product was squeezed between blotting paper to
renbve excess water and placed in a rotajy evaporator to renove the

resi dual water at reduced pressure. The dried polynmer was mlled into fine
10 particles prior to use. GPC data was obtai ned using both refractive index
and light scattering detectors. Chromatography was perfornmed using a
phenogel 5mlinear (2) 7.8 mm x 30 cnhggkqnn (Phenonenex), and 0.5 wt. %

['ithi um brom de—+mrNGFN—dchipethytformamde—asthe—etovent—hhecotat——ywei ght s

R T i : rik
vere deter i nepyyst 11 B <G g oy s v ue PUIRES
6.5 x 106, pol siper QI'?WA( Ma/. I\/h)14_ 1380-486, rrpl%': 2?52-5nlqu }T?ﬁ 0 43.lyns
repeat ed usi ng|the| codtiMPons and4 nohoA89-480 i|st &Nl i n REN1E’ 21.4DEIS8W. | TLO3
bul bs were used Jor tHEMB0-480 rddéin wad¥l-48gths Yand| Theduljel bs we3.& used
for the 300-400 eim wavBEMAgt hs. D 2006800400910 RCT/ US23586037478| 93.316
Tabl e 1 Mononef(s)| HEMARGMMA,YI e1d  Ex. (Tnm| 7 (Nm) Filter Mv Pg 3 HEMA 14
380-480 Y > 2_bx406 1.63w42.1 17 380-480 Y 3.34x10° | 1.47 ] 49.8
HEMA + 2 wt%
8 BHEMA 14 380-480 NA 1.43x10° | 1.71| 58.0
GMMA = glycerol monomethacrylate, BHEMA = Blue HEM A

5 The highest molecular weight soluble polymers were procluced in Examples
3 and 7 (TLO3 bulbs with a blue HEMA filter). As can be seen firom Table 1, this
process is also amenable to the preparation of random copolymers.
Yields of polymers made using blue HEMA filters and TL09 bulbs
(Examples 3 and 7) were poor in comparison to those made using the TLO3 bulbs
10 (with or without the blue HEMA filter)- Examples 5 and 6. As shown in Figure 2,
the emission intensity at wavelengths greater than 400 nm of th.e visible light bulbs
(TLO3) is much greater than that of the TL0O9 bulbs. With the drop in absorbance of
blue HEMA after 400 nm, it is this higher wavelength of light that is exploited to
trigger homolysis of DMBAPO. Given the data, only the TLO3 bulbs — or bulbs that
15 emit light at wavelengths greater than 400 nm — would be effective in working with
a filter such as blue HEMA.

Example 9
To a 250 mL amber bottle were added 45g HEMA, 150 mL ethylene glycol

20 and 200 mg Darocur 1173. The mixture was stirred by rolling for 4 hours. The
mixture was degassed for 1 hour using a vacuum pump, with N, purging, four times

for 10 — 15 seconds each during degas. In a glove box under positive N, the mixture



4 HEMA 14 380-480 N 126x103 1.49 88.0 5 HEMA 14 300-400 Y Insoluble 3.1 6
HEMA 14 300-400 N 145x103 1.77 93.3 HEMA GWA, 7 9:1 wt 17 380-480 Y
3.34x106 1.47 49.8 HEMA + 2 wt % 8 BHEMA 14 380-480 NA 1.43x106 1.71 58.0
GWA = gl ycegglhodtpipqet hacryl ate, BHEMA = Bl ue HEMA s Th%ﬁ%g@% ﬁg{)ecul ar
wei ght sol ubl e polymers were produced in Exanples 3 and s wth
a blue HEMA filter). As can be seen from T Table 1, this process is also
anenable to the preparation of random copol yners. Yields of polynmers nade
using blue HEMA filters and TLO9 bulbs (Exanples 3 and 7) were poor in
conparison to those nade using the TLO3 bulbs. io (with or without the blue
HEMA filter)- Exanples 5 and 6. As shown in Figure 2, the emssion intensity
at wavel engths greater than 400 nmof the visible light bulbs (TLO3) is
much greater thanythal, difinhBes Thifuskifbepsr aishl rhe fhGiof vORellvhs BReRA haRCE Of
bl ue HEVA after 480 rlfn l?t ll?s relﬁgls Hveﬁélr 1S\/vaveeé::n 1t0 ofellé ht that is
exploited to tri geuvtiondiist Etsnas;ﬂdcw dmm@lg/émaltah@ i 2R0-mL ethylenetghisolTL03
bul bs - or bul bs I g at )0 nm -
woul d be effecti vgﬁlaiﬁte\g/}g Eglﬂr%t#l i apat ﬁ?#@l’rﬁ@u{éﬁ%w a§rpﬂk%ﬁnto nple 9 To
a 250 nL anber botepétinwessel camib@ﬂ mﬁgamﬁ«iw\ Tfr%hrcml_taletnbyhessnbltlgi filwowas 20 and
200 ng DaE ocur 11%]%%Fd-m(%oﬂ%f)fﬁe%a%nmess% '"fh ?Qlctfi)&ﬁ Jeg)éei ngéq)le{]gi&(ﬂlﬂo&@ The
m xture was degas 1 hou I'ng, four
times for 10 - 1ﬁome902@h‘d§LéaUWl:ghtbuﬂg;adégasdmlgiovabg’t fovéhmmtnqmder positive
N2 the mixture VIO_2006( 044940, RETS USPRQR! 037473 - 17

The resulting polymer was worked up in a blender, blending four times in 500 mL

portions of DI H,O. The product was washed by stirring in 500 mL of DI H,0 for

10 24 hours. The water was squeezed from the product with blotting paper and dried

overnight. The product was ground down using a blender, washed in 500 mL DI

H,0 for 3 hours and dried overnight. The wash and drying was repeated once. The

product was ground down after the final wash. The product had a Mn of 2,430,000;

a Mw of 2,780,000, and a Mw/Mn of 1.15. A polymer which was made under the

15 same conditions but without an aramanth filter had the following molecular weight

Mn of 310,000; Mw of 400,000 and Mw/Mn of 1.27



was poured into an 8 cmradius silvered dish. The reaction vessel was
covered with a solution filter prepared by dissolving 250 ng Amaranth in
200 nmL ethylene glycol and filtering using #1 filter paper. The filter
solution (105 g) was poured into the reaction vessel described in Exanple
2. The dish containing the solution fil £r was 5 placed on top of the
reacti on vessel. The reaction vessel was” placed 10-12 inches from4 20W
TL- 09 UVWeiotdim: bul bs and cured in glove box for 1 hour at room tenperature,
positive N2, 02 < 0.01 % The resulting polymer was worked up in a bl ender,
bl ending four tines in 500 nL portions of DI H2O The product was washed by
stirringliApko&s odmssidg potfierizg vialitaddidngibnsa thHneouwet, @ Feavish migueezed from
the product with blotting paper and dried overnight pr oduct s ground
down usi FRINRLISBIBEIEET OnRaRRIReT AR Farestne photoipgiesor &Persm%ﬁﬁ alpi S0fiob

over ni ghtm.dzmlgw&rhn@d@ e Mgr JoesSis hiRpedt od?i@@@solﬂ-th@ hi S%rrﬁabmar\o@hﬁmgr ound
down after the final wash. The product had a M of

2,780, 00@olymerd a Mv/ Mh of 1.15. A pol ymer which was nade under the 15 sane
condi tions but without an aramanth filter had the foll owi ng nol ecul ar wei ght
vh of 310, 000; Mw of 400,000 and Mv Mh of 1.27 -18- W claim 1. A process
conpri si Agrhpergcewsrof ziamg 1 wiharein sagidit feastone monoma i selphted Srovrtbe@groap cansistinigar

t | i | east .and at hot oi ni ti at
uher oi n BEPRUREEs dEn e soBa s T A AGAEN oA B PSRyt he | | ght Source i s

filtered to produce a soluble, high nolecular weight polyner 2. The

process of_claim!]l n said at |east one | ected fromthe
group constStPres SS@?‘A{Q% IAETCLR satded leag] Opg maposaer T IR taéf #raup cosisyigti des

and m xt MOeSinkd#8N R flamide, 2Tmrcp<ry@tﬁ5a5a§rymfte er@uxraskyemm’feﬂiaerysa@é Elyé‘éroﬂ east one
nononer is selected fromtHhe 8rou p consisting o N, N- di met Iacr | am de,

2- hydr oxysthagylage?Pydipwetnl me F%le@tdﬁywolmweglw%tr@norgwpwl@% metha acrylic
met hacr yhag Senyfie hygl Nl IQMmemﬁtmnﬁmy@s‘%tam&d RLANI8NBMY Y&Bhmide, N-
nmononet hach/ at e, met h acry
viny[-N- ethyl formamide, N- vmyl formamide, N-2-hydroxyethyl vinyl carbamate, N-carboxy-B-
alanine N-vinyl ester, hydrophilic vinyl carbonate monomers, hydrophilic vinyl carbamate

monomers, hydrophilic oxazolone monomers, silicone containing monomers and mixtures thereof.

4. The process of claim 1 wherein said at least one monomer is selected from the group consisting of
N, N-dimethylacrylamide, N-vinyl pyrrolidinone, 2-hydroxyethyl-methacrylate, glycerol
monomethacrylate, methacrylic acid, methacrylic acid 2-hydroxyethyl acrylate, 2-hydroxyethyl

methacrylamide, N-vinylpyrrolidone, polyethyleneglycol monomethacrylate and mixtures thereof.

5. The process of claim 1 further comprising dissolving said at least one monomer in a solvent to

form a reaction mixture and degassing said reaction mixture prior to said polymerizing.

6. The process of claim 1 wherein said polymer has a weight average molecular weight of greater
than about 400,000.

7. The process of claim 1 wherein said polymer has a weight average molecular weight of greater

than about 500,000.



acid, acrylic acid, Nvinyl lactanms, N-vinyl-Nnmethyl acetam de,

N-vi nyl -N-et hyl acetam de, N vinyl-Nethyl formam de, N-vinyl fornmam de,

N- 2- hydroxyet hyl vinyl carbamate, N-carboxy-0- alanine N-vinyl ester,
hydrophilic vinyl carbonate nononers, hydrophilic vinyl carbamate nononers,
hydr ophi | i ¢ oxazol one nononers, S|I|conf containing nononers and m xtures
thereof. 4. The process of claiml e|n said at | east one nononer is

sel ected fron1the group consisting of N, N—dlnethylacrylanide N-vi nyl

pyrrolidingne, 2- rox hy| - met hacryl at e, cerol  nononeth e,

P hacr i e Gigcts ok ERRAL FhPls Rairaesot GGk s SrHHe Bt hiAram o3 Bhls St ny!
met hacr y bidcaéhal anpoﬁéﬁt@% badel dpsieall RRtyetdipnergnteotcattRRGiRiuRACr yl at e and
m xtures thereof. 5. The process of claiml further conprising dissolving

said at | east one nononer in a solvent to forma reaction m xture and

degassi N9 BRiptbctLIFEIaMN 1 Wh¥leh BidREAASN Ik nfB SRRy RB th# db8ut Ox10Fh@IPROCESS
of claim1l wherein said polyner has a weight average nol ecul ar wei ght of

great er baspdypoaislugactirocopponents inthegeastipe @&8uref cl aim | wherein said pol yrer
has a wei ght average nol ecul ar wei ght of greater than about 500, 000. -19-
8. The process of claim1 wherein said reaction m xture conprises |ess than
about 6x 10.0'h8 preoése oflaimd] whereinisaid dilteciltppom daastsibodted e ¢t ingidemt Hphit frogesstdi ve
conponent. mgn the reaction mxture. 9. The process of claim| wherein said
reaction Bl XtUre conprises |ess than about 4 x10-3 nole % based upon al
reactive conponents in the reaction m xture. 10. The process of claim!]

ai a1 Jhiiheatseessor i 0 pieinsid B Meror aton IR itent b dem

filters afidligRséur@gbout 98% of the incident light from said |ight source.
12. The process of claim1l wherein said incident light is filtered by at a
filter conprising |east one glass filter, solution filter or combinations

thereof . 12131'he-5m3e99 bP&ERT 1 Q'fnergan%ldﬂaﬂ'n]lcmygﬁﬁr 't R fﬁl@"eq b%%@&ﬂté?rao l)gnllﬂ[’lgasft H{t her

conprises at l'east one sol vent : ocess cohprising t eps of
pol yrer i glassfiltgr.selatiern Glter ot mmm@atl@mmm@ﬁ ng at |east one

13. The process of claim 1 wherein said reaction mixture further comprises at least one solvent.

14. A process comprising the steps of polymerizing a reaction mixture comprising at least one
solvent, at least one free radical polymerizable monomer, less than 6 x10"* mole % multifunctional
compounds and at least one photoinitiator, using a light source and at least one filter which filters at
least about 90% of incident light from said light source, under conditions sufficient to produce a

substantially linear, soluble high molecular weight polymer.

15. The process of claim 14 wherein said filter filters at least about 95% of the incident light from

said light source.

16. The process of claim 14 wherein said filter filters at least about 98% of the incident light from

said light source.

17. The process of claim 14 wherein said at least one monomer is selected from the group consisting

of methacrylates, acrylates, methacrylamides, acrylamides and mixtures thereof.



solvent, at |east one free radical polynerizable nononmer, |ess than 6 x10-3
nmole % mul tifunctional conpounds and at | east one photoinitiator, using a
| i ght source and at | east one filter which filters at |east about 90% of
incident light fromsaid |ight source, under conditions sufficient to
produce a substantially linear, soluble high nolecular weight polyner. 15.
The process of claim 14 wherein said fifter filters at |east about 95% of
the incident light from sai d I i ght source. 16. The process of cI aim 14
wherein ﬁﬁalg filter fl|tel‘ﬁ ast about 98% of the jncident light from
sai d |i ght T8Ages oheaimrhy ?5?'86@ &t lggst Q1eAMPROTET (RTRIFLrhiramithy géi?“ﬂ"@&%i““&ne
MONONEr  bisN Neduﬁﬁ@ﬂw?l@cr&raﬁmé My%gwwwﬂht%tz Hﬁiro@%th%&ﬂﬁr%ht@ _I%ﬁ‘,ercﬂlcr yl ates,
m

met hacryl am des, acryl am des an xtures thereof. - rocess of

claim | WRBAGYIAesHh %B‘tye!héla@?th%ﬁ"ﬁéaWﬁWtW?“%Y@bmé@PWWﬂﬁWﬁ% r@eﬂ@arﬁhc
consi stipgq, 5 %n.é\hd‘ﬁ 6. Vﬁflhb(ét% X @mlc}@me% h%@{awemmkylﬁ@émyl%@[am.de

2- hydroxyeth met hacryl ate, gl ycerol rret hacryl ate, "2- hydroxyeth ’I

met hacr yr/laer‘éi@thylof@rlp@mHyll*éM@gl fprodmide rﬁ\b%vcﬂfa@rewweyl aeemaecr Ty’rca@oxsa& d,

acrylic , I ; I-N-ethyl
acet am dg‘% NI\\hn l %\F}g}%ﬁipﬁ"ﬁ V"wgaydrg%ateﬁtd\}?hg (ﬁ"aﬁw&ﬂ%l ﬁl}g é;géd/r oxyet hyl
vi nyl cambmmetre,hywom‘ahdwwyolpl&—maimrsnsllwnv|cmyt41megmmnomhydnd)mmtwrcs:thwmI
carbonat e nononers, hydrophilic vinyl carbamate nonomers, hydrophilic

oxazol one nononers, silicone containing nononers and m xtures thereof. 19.
The pr oce%srhabrocésabmlwn wmehieeénm saBdiiatdeaﬁt one@@mbmenie s¢tamnainfesm the gmlpeomsmﬁng rom

the grou i Sti m de Vi n |d|none

2- hydr ox@gﬁﬁ@?ﬁ'—"ﬁ@ﬁgfé CL\I&E]- “O”ﬁozz}b‘ﬁlé‘fxpf& yiyp %@rﬁ#&%@fﬂ% ic acid,
met hacr YHoﬁo@&i\ddryl’at@W&lﬁwﬂE bd, rﬁ’&lﬁab&ﬁk@enda HyM K Pt bty late, mp&aﬁyeﬁiyam de,
N-vi nyl pyrrolidone, pol | enegl ycol nononet hacryl ate and m xtures

t her eof . methacryhmyd epww rr@ dmeamqweiwl@ma&lmémoem gceylatg an BEGIA theedai d at
| east one nmononer in a solvent to forma reaction m xture and degassi ng
said reaction mxture prior to said polynerizing. 21. The process of claim
14 wher e2th Thaprpcgss bferaim Hefdirtherweinghsingdissobving seidlaglsadt ane menayinr irod saiveattber

than 0ol 40000 e o B.aBERESES ALuSL AT BdELRA PougRbtlife! yer has &

wei ght average nol ecu

21. The process of claim 14 wherein said polymer has a weight average molecular weight of greater
than about 400,000.

22. The process of claim 14 wherein said polymer has a weight average molecular weight of greater
than about 500,000.

23. The process of claim 14 wherein said reaction mixture comprises less than about 1.6x10 " mole

% difunctional components, based upon all reactive components in the reaction mixture.

24. The process of claim 14 wherein said reaction mixture comprises less than about 1 x10™ mole %,

based upon all reactive components in the reaction mixture.

25. The process of claim 14 wherein said incident light is filtered by at a filter comprising least one

glass filter, solution filter or combinations thereof.

26. The process of claim 1 wherein said filter cuts off light having wavelengths below about 400 nm

and above about 525 nm.



t han about 500, 000. 23. The process of claim 14 wherein said reaction

m xture conprises |ess than about 1.6x10'3 nole % difunctional conponents,
based upon all reactive conmponents in the reaction m xture. 24. The process
of claim 14 wherein said reaction m xture conprises |ess than about | x10-5
nole % based upon all reactive conpongnt s in the reaction m xture. 25. The
process of claim 14 wherein said incident light is filtered by at a filter
conprising least one glass filter, solution filter or conbinations thereof.

26. The ess of claiml wherei aid filter cuts off |light havin

eovel onge haREaPen: abofi ot S ard sy e UisEleS Basr nsthsdiow Bpu g
process gfd bbw dbodis29Merein said filter cuts off Iight having wavel engt hs
bel ow about 400 nm and above about 525 rim 28. The process of claim1
wherein said reaction mxture conprises |ess than about 5x10-3 nole %

di funct i 9fahe GRERSBENLiT: | RASEH sMB A mKBRACLInHRIsGABR A AbSutisR1 ¢ N0tk SACT | ON

m xture.
difunctional components, based upon all reactive components in the reaction mixture.





