WD 2004/ 000888 PCT/ US2003/ 019700 MACROVER FORM NG CATALYSTS Backgr ound of
the Invention This invention relates to the use of macroner-form ng

cat al yst swioeobhi@osssr mat i on of rmacroners, especially theamcs2o0sansonsed to
make ophthal m c | enses. Ophthal m c | enses such as contact |enses are often
made in polynerization processes which enploy initiators. Acyl phosphine
oxi des are a useful class of initiators for free radical polynerizations
of the type frequently used to make ophthalm c |enses. Bisacyl phosphine
oxi des and their use ar f ORM . 5,534, 559 incorporated
herein by reference. AI]IQIA@?%&%% ent@ﬁ?ﬁ%ﬁ%@appl ications listed
herein are incorporated by reference. Unfortunately, the prior art
macroner-formng catal ysts wWatehoaiEoftaethvietidhe preparation of the
macroners, which are used to nake ophthal mc | enses, often adversely
effect the stability of these initiators and the use_shelf |life of the

mul ti conpBhriemtvefidonislatasito e wekiof ackwirfPning sHpLYpts 1R thedPrBdfiofeli rabl e to
prepare a mxture of materials together with one or nore nacronmers, one or
nor e i ni tiatromsrsaexpecibligtheanatiremens sisechtgtmakiel aphialmisdenses; form the | ens
upon conpletion of curing. These types of m xes are referred to as the
“mononmer m x" in this specification. Stability of the initiator can effect
t he shel fophthenaé ldnke sioinanemtavt lensdsrce efisi mgde imgpolymsérégation f e” or
stability of the nmonomer mix fromthat seen in the prior art is 1 W

2004/ 0008&%0(?5@;/ WRéR Qf%%gﬁ@ﬁtors. Acylphosphine oxides are a useful class of

initiators for free radical polymerizations of the type frequently used to make
ophthalmic lenses. Bisacylphosphine oxides and their use are described in US
Patent No. 5,534,559 incorporated herein by reference. All of the patents and patent
applications listed herein are incorporated by reference. Unfortunately, the prior art
macromer-forming catalysts which are used in the preparation of the macromers,
which are used to make ophthalmic lenses, often adversely effect the stability of
these initiators and the use shelf life of the multicomponent formulations which

contain them.

It is often desirable to prepare a mixture of materials together with one or more
macromers, one or more initiators and other additives that will ultimately form the
lens upon completion of curing. These types of mixes are referred to as the

“monomer mix” in this specification.

Stability of the initiator can effect the shelf life of the monomer mix. Increasing the

“shelf life” or stability of the monomer mix from that seen in the prior art is



desirable since it reduces the need to frequently prepare nononer mx |ots
(as described below) and the possibility of introducing lot to | ot and

i ntra-| ot woexonaedossss i n | ens production. Unfortunatel y,padmus2hes/qoioor art
initiators tend to be unstable in a variety of environments |essening
their potential. EP 849,296 proposed a nethod of stabilizing

bi sacyl phosphi ne oxide initiators used in the production of urethane
(meth)acryl ate pol yners used for optical fiber coatings. The method

i nvol ves depirgflakinegit seduces thaneed toeftdruanttyprapare olangoeemix ith@sa tertiary
am ne catalyst and then mxing with the photoinitiator and other coating

f or mul at | QRcAMRRANtR thd PREBIlRY 8f alt®ausihgidias loretdiamis-btvaratiopy i or art of
stabi | i zi ng nonoacyl’'phosphi ne oxi de photoinitiators in the presence of a

tin conpaund us a macroner-formng catalyst in the urethane
(et h) acr?ﬁ%&sé)ro 1%nglrlf\er synthesis. U S. Patent Application No. 01/09076
teaches the use of tin catalysts with acetic acid. Unfortunately, a tin

o Lot BnEnRel: i brb A A AN E B ldbies, B0hadoReT 20l e Wheh

applied t used make opht ha enses” because of the
potentially deleterious effect it. hot Qi ni t.i and may have on
vari ous @HHORMEREERERRE G W@E1£@£@5W9f8%e§ ainéedﬂ)(g&r (?1{ cularly true
where the nmononer mix is used to nmpke silicone hychéo el .| epnses. The prior
art t eachssbitiniag bisecydphasehing oxidednitiatoss ysst & theperdigioRy of WathaRo: 1imited to,
tin catalysts, such as DBTDL for the formation of nmacronmers. The decrease
in initi@h&h)acesnepolgeys ysed fari apiticalditer cogtings.i Tt methpd involves
bi s- (2, 6- di met hoxybenzoyl )-(2, 4, 4- -2 WD 2004/ 000888 PCT/ US2003/ 019700

preparing a urethane (meth)acrylate oligomer using a tertiary amine catalyst and

then mixing with the photoinitiator and other coating formulation components.

There are also similar methods in the prior art of stabilizing monoacylphosphine

oxide photoinitiators in the presence of a tin compound used as a macromer-forming

catalyst in the urethane (meth)acrylate oligomer synthesis. U.S. Patent Application

No. 01/09076 teaches the use of tin catalysts with acetic acid.

Unfortunately, a tin catalyst such as dibutyl tin dilaurate (DBTDL) is not desirable
when applied to monomer mixes used to make ophthalmic lenses because of the
potentially deleterious effect it has on the photoinitiator and may have on various
other components of the monomer mix. This is particularly true where the

monomer mix is used to make silicone hydrogel lenses.

The prior art teaches the use of Lewis acid catalysts, including, but not limited to,
tin catalysts, such as DBTDL for the formation of macromers. The decrease in

initiator (especially photoinitiator, particularly bis-(2,6-dimethoxybenzoyl)-(2,4,4-



trimethyl pentyl) phosphine oxi de (DVBAPO)) concentration after mxing into
a nononer mx results in the production of |enses having unacceptabl e

par amet er woazed4/hogssi cal attri butes. Therefore, a new tympETofS2003/019700
macronmer-form ng catal ysts, which does not effect initiator concentration,
is desirable. Sunmary of the Invention The present invention involves the
use of macroner-form ng catal ysts, which catalyze the attachnent of
reactive polynerizable groups to a nacroner, from electrophilic conpounds

and macr gﬁaﬁgthprp@ﬁ@[)s}ﬁabsmeedm@é OMBAVE)) oomentaioniafgr mbanginfses” ), and

which in but are not limted to, tertiary am nes, preferably

E:;Ir EE)Q g: %:tmélréren -{ﬂs}ﬂts ?pcﬂe g# H%ﬁ(ﬁl SakRby ﬁé\ﬁngzlﬁl{a@f:éiﬁ@d)é paramsterg h

nor e era Ismuth (111 et hyl hexanoate, in the
TAcr oner sy nt hesi s e makin o | A fideSRe8sts, | N one
enbodi rreﬁfl Yr“éc% u@ﬁ?s |ﬂ§?§?jfh eoﬁ“%l Jfrﬂ#g&g%]rrpos}d | on?%sfS mat t er
conprising:a nmacroner. forned from an, el eﬁtsé%@?' lic conmpound and a

macr oner yhidtdeasaot piech iitiatoy q‘rpnpﬁgr%lpgglé a macromer- form ng

catal yst; conbined with a visible |ight photoinitiator, wherein the
macronmer-formng catalyst is conpatible with the phot0| nitiator. -3 WO
2004/ 000888 PCT/ u52003/0197o§ur_n3@3@1f_%§&’£il§% on O The Drawing Figure 1 is
a graph show ng the change in enthal py of photopol ynerization with aging
for three different nononmer m xes, one with a triethylamne ("TEA")

cat al yzeo mel e %@{)}@li}gﬁ&%@mg A GhYZREmIRCRAIRLs, athone with a K-

KAT 348 e catalyzed nacroner.

catalyze the attachment of reactive polymerizable groups to a macromer, from
electrophilic compounds and macromer-precursor materials, (“Macromer-forming
Catalysts™), and which include, but are not limited to, tertiary amines, preferably
triethylamine (“TEA”), and bismuth catalysts, preferably bismuth carboxylates,
more preferably bismuth (IIT) 2-ethylhexanoate, in the macromer synthesis used in
the making of ophthalmic lenses. In one embodiment, the present invention relates
to composition of matter comprising:a macromer formed from an electrophilic
compound and a macromer—précursor material in the presence of a macromer-
forming catalyst; combined with a visible light photoinitiator, wherein the

macromer-forming catalyst is compatible with the photoinitiator.



Det ai | ed Description of the Invention As used herein, macroner-formng
catal ysts are catal ysts that catalyze the reaction (preferably Lew s
bases) buwoaes/eosssati ble with visible |ight activated puTowrs2008/t1dADOr S,
such that they do not adversely affect the concentration of the
photoinitiator after m xing into the nononmer m x, naintaining a desired
shelf life. The macronmer-form ng catal ysts include, but are not |limted
to, am nes, pyridines, sodium hydroxides, sulfuric acids, trifluoroacetic
acids, bisnuth salts and Beief DascriptiamiQf&he Dileinel ect r ophi l i ¢ conpound has
the follow ng structure RG LG PG where RG conprises a reactive group,

whi ch may be selected fromthe group conprising electrophilic functional

groups including, but not limted to, isqc t aci d i de, acid
anhydri d&igwstés 2 sepbrhensingdheehange 4 %ﬁﬁi@é&n Pjﬁ"%ﬂo%%‘?rfz&gg}( %’?@f erably an
activated alkyl halide). LG conprises a divalent |inkipn roup, including,
but not dginyg foethrdeodiffarentiniepdmernmipes, eugtvath Q)‘iﬂeg’cyllﬁ?mﬁl(éﬂng dr a coval ent
bond. PG conprises -4 e WD 2004/000888 PCT/ US2003/019700 a _group that can
pol ymer i zgtayyde mabroneer] aicti with a DB TME catzbredmacomer enders, WitheBadi ng, but not
limted to, a group conprising a vinyl or substituted vinyl group;

pr ef er ably A TagRiniAhAE cABoRNaBdhRlyed nRsiodier. | actam or aryl group. Exanpl es
of the electrophilic conpounds include, but are not limted to, as
3-isopropenyl - a, a-di net hyl benzyl isocyanate (TM), vinyl benzyl chloride,

al 1yl chloride, netnh$4s;¥dda¥dsbriptdP61 18 vention

As used herein, macromer-forming catalysts are catalysts that catalyze the reaction
(preferably Lewis bases) but are compatible with visible light activated
photoinitiators, such that they do not adversely affect the concentration of the
photoinitiator after mixing into the monomer mix, maintaining a desired shelf life.
The macromer-forming catalysts include, but are not limited to, amines, pyridines,
sodium hydroxides, sulfuric acids, trifluoroacetic acids, bismuth salts and tertiary

amines.

The electrophilic compound has the following structure

RG-LG-PG

where RG comprises a reactive group, which may be selected from the group
comprising electrophilic functional groups including, but not limited to, isocyanate,
acid halide, acid anhydride, ester, epoxide, acetal, aldehyde, alkyl halide (preferably
an activated alkyl halide). LG comprises a divalent linking group, including, but

not limited to, an alkyl, aryl, ester or ether group or a covalent bond. PG comprises



(meth)acrylic anhydride, nethyl nethacryl ate, nethacryl am doacet al dehyde

di met hyl acetal , 4-nethacryl am dobut yral dehyde di et hyl acetal, gl ycidyl (neth)
acryl at e, W 1080apsssat oet hyl net hacryl ate, allyl i socyanaca/usznesyd19700

i socyanate, isoneric vinylbenzyl isocyanate or adduct of 2-hydroxyet hyl
nmet hacryl ate (HEMA) wth 2,4-toluene diisocyanate (TDI) or isophorone
diisocyanate(IPDI), preferably the 1:1 adduct. M xtures of the above may
al so be used. The nmacroner-precursor material conprises such reactive

groups, i Reloudiang calPpélynRtize hderified ridical pylyiexiybtiorsunditions andlodiyg, di ol or
thiol groups. The electrophilic conpound coval ently bonds at the RG group

with the pacrome: iR vinyf A sRbATuRd GRK2 LR, PRRskbIFUCh as,

wi t hout I?ﬁlﬁj{oggﬁ%tﬁmcg%tg@%%@ﬁrgg%‘,’stteSr oruet her é{gi;arﬁ}))u};s)l.g Thes3

macr onmer - pr.ecur.sor .al so. ¢ rise 1.cal S i.oute to
A i L Tl S e e

pol ydi met hyl si | oxane groups, or polyfluorinated groups.  The

macr oner - perspannds inchile, btase %Qir*ﬁmt%detoW&@BNOPP%Yl‘Ob?‘Efﬁ‘B?thg&@ﬂZYAS hydr oxyl s
(in excess of those needed to react with the el ectrophil ezj, _am de or ether
groups su@BcysateqTivED,hhhenzykélderidy, eligshl@idehmisthacoylnyl) icblogdeups -5 WO
2004/ 000888 PCT/ US2003/019700 nmay contribute to the formation of optically

clear sol Hhétﬁ?%r}@ifc aBih e eyl nityidicppiie,| hethamylanedacetaidhyde t he nonomer
mx. In a preferred enbodi nent, the nacroner-precursor conprises a

conbi nat i Lk 1iC ; i hput to both
AR R 0B W al @H9HP Bict etal, i @AGhéthput es to bo
the conpataﬁ%?qﬁt’Bfl?é)/%%T&)?rEee mg)gf]omer0 m%%(a, a?{d the}@gé%ygeﬁ%pe}?gheabi lity of the
ultimte ggrr}llfatt]e? [rllsgcylarei\a 8etﬁ}91| ﬁ{et ECryﬂE?alrmqgo%%ata rvw lis%%mnate,

isomeric vinylbenzyl isocyanate or adduct of 2-hydroxyethyl methacrylate (HEMA)

with 2,4-toluene diisocyanate (TDI) or isophorone diisocyanate(IPDI), preferably

the 1:1 adduct. Mixtures of the above may also be used.

The macromer-precursor material comprises such reactive groups, including, but not
limited to, hydroxyl, amino, carboxyl, diol or thiol groups. The electrophilic
compound covalently bonds at the RG group with the macromer-precursor material,

forming a covalent bond, such as, without limitation, a urethane, urea, ester or ether

group.

The macromer-precursor may also comprise chemical groups that contribute to high
oxygen permeability such as siloxane groups such as polydimethylsiloxane groups,
or polyfluorinated groups. The macromer-precursor may also comprise hydrophilic
groups such as hydroxyls (in excess of those needed to react with the electrophile),

amide or ether groups such as polyethylene oxide groups. Such hydrophilic groups



may have a nol ecul ar wei ght of from about 200 to about 2,000

preferably from about 800 to about 100, 000, and nost pre%erab?So%rg[r:{:bout
1000 to wioneb4/@0$BO0. One of the major benefits of usi mEWis0ci@dTRd
macroner-formng catalysts in the nacromer synthesis is that the initiator
subsequent|ly used in the polynerization process is not adversely affected
Addi tionally, any of the macroner-formng catalysts can be adjusted in .
anount to give acceptable reaction time in the macroner formation. The

el ect r ophidyi GnEBIRUNHEe Rithatioe bHopically elear brtiomapsiliegneaand exposed to a
macronmer-formng catalyst in order to synthesize the macroner. The

pref erreq . s MRGARIB AR IINA if HcAhyifinSerafie, TEApesferbédsemibduitent the
2- et hyl he%g%gaﬁ e. q’%e anount of nacroner-formpng cat al ystl(;1 co?llt ai ni ng

ol o o6 BT BRI TR § S 4 B b S € conpound,

sre Ive to an €l ectrophilic compound,

such as TM, preferably _about 0.05. e % 9
preferabltbusa‘_l%ﬂ’tb“@ifsdgbﬂgﬂ tge%@Batg’éﬁlbtgg?bTefn %r)r%qqré&l?&)% E?de@'? rgg%) inIAl) cmgiﬁrpounds
i ncl ude nonoi socyanates, diisocyanates and -6 2004/ 00088

PCT/ US20G8+104:b#09 of dasriatimateconhitialmis ensolyefa -8 Mactufel PIrA™9F oups
preferably a compound with at |east one isocyanate group and one ,

pol yner i zaby} kavdauhblecidanegighboofdiqm ebar 200 §o shout 3@99§H%t18‘értehyl met hacryl ate
(EM, nost preferably TM. The anmount of TEA used in the macroner

f or mat i onybfrapiefremaibomt SUT0MtabButll 001908, &id rhast pheferably. fpommebaent -
an el ect :bophi I i}g conpound such as TM, nore ? ¥ wdhel ative to

to about 20,000.

One of the major benefits of using the claimed macromer-forming catalysts in the
macromer synthesis is that the initiator subsequently used in the polymerization
process is not adversely affected. Additionally, any of the macromer-forming
catalysts can be adjusted in amount to give acceptable reaction time in the

macromer formation.

The electrophilic compound and macromer-precursor material are exposed to a
macromer-forming catalyst in order to synthesize the macromer. The preferred

macromer-forming catalysts are TEA or bismuth (IIT) 2-ethylhexanoate.

The amount of macromer-forming catalysts containing bismuth used in the

macromer formation is about 0.02 mole % to about 2.0 mole % macromer-forming
catalysts relative to an electrophilic compound, such as TMI, preferably about 0.05
mole % to about 1.0 mole %, most preferably about 0.05 mole % to about 0.2 mole

%. Electrophilic compounds include monoisocyanates, diisocyanates and
p



preferably about 1.32 nole %relative to TM. A macroner in the present
invention is a product produced by the reaction of an electrophilic
conmpound wx2o0a4/00m8880Er - precur sor nmaterial in the preserra/ws20es/019700
macronmer-formng catalyst. A preferred LG group conpri ses a urethane

| i nkage. The urethane |inkages in the macroner are fornmed as foll ows:
RINCO + R2CH ---> RI NHCOOR2 The macroner includes, but is not limted to,

the follow ng types of macronmers: linear a,wterm nated hydroxyl
funct i onalonpRMdRwRh ghdah@aliand Mbdyanhite gedupd, meferebly 4 vompowndarittpa] yner s,
| i near a,wterm nated carboxylic acid functional polyners, |inear

hyd |, ani.no: ' ' ' X
ydr oxyor1695%@O%ﬁaga%?%gdglﬁgo&ﬁ@ﬁ%u%me Mdhd b PReErablyEr OXy

am no, car ed star polyner (3-8 arns), pendant
hydr oxyl . functi opal I [S ndant ] ctional polyners, pendant
car boxyl i%OGOY&P%FOCW]&B%%S%X%%@?W&??péeﬁg?aggfr}wgati on of pendant and chain

term nated hydroxyl, am no, or carboxylic acid functional polyners |isted

above. -7 _ WO 2004/ 88 PCT/ US2003/019700Q. The pr DV ! i nvol ves
a met hod bie %P@%PS%%%%PW TPRPYBE PTG OAn® pre%%%@?%%%‘#tﬁ‘fg&éz)eqn%’ound and a
macroner-precursor material in the presence of & rﬂxsagr r-formng

cat al yst , tofabput2.p sade Voislasee e ahclesEoPBILCQOPEIONRE S %Wrgnd t he

macromer - precursor material, preferably a condensation reaction. The
macr oner - preétabig aboutdt ¥rmale Yreelagvedoddbound with at | east one group
capable of reacting with an electrophilic conpound and formng a
condensati on product, such as urethane, ("reacting groups"), including,
but not | Afhi®6mboin thepresemdsventidhisatproduct produced by the reaction of an

electrophilic compound and a macromer-precursor material in the presence of a
macromer-forming catalyst. A preferred LG group comprises a urethane linkage.
The urethane linkages in the macromer are formed as follows:

R;NCO + R,0H ---> R{NHCOOR;

/

The macromer includes, but is not limited to, the following types of macromers:
linear o,&-terminated hydroxyl functional polymers, linear o, c-terminated amino
functional polymers, linear o,0-terminated carboxylic acid functional polymers,
linear hydroxyl, amino, or carboxylic acid monofunctional polymers, hydroxyl,
amino, or carboxylic acid terminated star polymer (3-8 arms), pendant hydroxyl
functional polymers, pendant amino functional polymers, pendant carboxylic acid
functional polymers, any combination of pendant and chain terminated hydroxyl,

amino, or carboxylic acid functional polymers listed above.



| east one hydroxyl, am no, carboxyl, or thiol group. Preferred

macr oner - precursor materials conprise hydroxyls and nore preferred

macr onmer - pIoemu4/eo8ssmat eri al s are conprised of or nade fROIMUS2e¢BydsRY et hyl
acryl ate, hydroxypropyl acrylate, hydroxypropyl nethacryl ate,

et hoxyl at edhydr oxyet hyl net hacryl ate, pol ypropyl ene glycol

nononet hacryl ate, caprol actone acrylate, beta carboxyethyl acrylate
hydroxyet hyl vinyl ether, N (2-hydroxyethyl) nethacrylam de, ’

3, 4- di hyqn@xyhettihvedi@hiaedlydsaitethdd bfstepaimpemnigrbmarhy teactingsan

N- hydr oxynet hyl nethacryl am de, (3- nethacryl oxy-2-hydroxypropyl oxy)

propyl bi Seiécfﬂb@‘ﬁiig%égﬁbh}%}%&l{ﬁ%rﬂwr&hkﬁﬁ&cu&ﬁ MA)ial iackg/presenacofly et hacrylic

acid, itaconrctc a pol yvi nyl " al cohol, (PVA),

gl yceryl nononet hacryl at h LLLrd i I cerol

met hacry I‘%‘icé?m?fég’tnp}é}ﬁ ca’%l%{;gttf) 5%/%? ﬁé}f !&%{?’F%}?@g 6 i&gﬁgﬁ% gérggﬁﬁrrﬁgtaﬁg ?/ c eIr Iou | ose,
m xtures thereof and pol yners, and co 1ol nmer.s thereof . IfrﬁI erred nmacroner -
pr ecur sortheraReiorEr-HIHRISF r’§=IpF‘?f8‘i‘?B.y %‘F?éldﬁlhsé IEPU L ctisor material nmay

be prepared as known in the prior art, preferaply b r
pol ymer i zra@drmnw-p@cwm@wﬁ@logm aP@nppmbp yh @&g?%émg §8’8ﬁ0 %Sga r%ﬁr?: feer
described in US Patent Nos. 5,244,981; 5,331,067; 5,314,960; 5,314,961; and
5, 371, 14 Feadkigivtitiomatlestrophie newend aidfeemingomcindoniatien Dedigicfisier - f or ni ng
conposition conprising an el ectrophilic conpound and a nacroner - precursor

mat eri al, 5sapghane, (FBEAHIRE gréupsn] Mgludiigabytatot liftied tacompenndsovit afg r eact i on
preferably takes place substantially at one or nore term nal reacting

g: 8382 _ Ofﬁg%ﬁm %Inlgw&frga E I'Elﬁr}{grﬁ)g F’%‘E%gyl, r#ggl%i%f bhp apebfak&Pmadro@BepREUS® € pendant
materials comprise hydroxyls and more preferred macromer-precursor materials are
comprised of or made from 2-hydroxyéthy1 acrylate, hydroxypropyl acrylate,
hydroxypropyl methacrylate, ethoxylatedhydroxyethyl methacrylate, polypropylene
glycol monomethacrylate, caprolactone acrylate, beta carboxyethyl acrylate,
hydroxyethyl vinyl ether, N-(2-hydroxyethyl) methacrylamide, 3,4-dihydroxybutyl
methacrylate, N-hydroxymethyl acrylamide, N-hydroxymethyl methacrylamide, (3-
methacryloxy-2-hydroxypropyloxy) propylbis(trimethylsiloxy)methylsilane
(SiGMA), acrylic acid, methacrylic acid, itaconic acid, HEMA, polyvinyl alcohol,
(PVA), glycerylmonomethacrylate, methyldi(trimethylsiloxy)sylylpropylglycerol
methacrylate, dextran, 2-hydroxyethylcellulose, and hydroxymethylcellulose,
mixtures thereof and polymers and copolymers thereof. Preferred macromer-
precursor materials comprise silicone. The macromer-precursor material may be

-

prepared as known in the prior art, preferably by group transfer polymerization,



reacting groups which are placed at the end of any chain, as distinct from
pendant groups |ocated on a chain at positions other than either end. The
macr omer wy20b€000888ed i n nmul ti conponent fornul ati ons usedves2nweskasrvedi cal
devi ces such as ophthalmc | enses, which may be made of silicone

hydrogel s. Silicone hydrogels have hi gh oxygen perneability making them
particularly desirable for use in ophthalmc lenses. Silicone hydrogels
are preferably prepared by polynerizing a m xture containing at |east one
si | i cone-sgembaihBd@esobipaiarySPatentafod. 8244,98he5,p31d0@h hid1Ad0fpnoner . Ei t her
the silicone-containing monomer or the hydrophilic nonomer nay function as

a crossl @ﬁmlagﬁ@g 391,187separ ate crosslinker may be enpl oyed.
Crossl i nKi'ng agént s are nononers having nmultiple polynerizable noieties.

The term "nmononer m x" when used in this sense refers to a material used

in formn &1H8natf gﬁ)léﬂag?)tr eHPl|r1¥é¥ﬁfthn&HWS%QErSmleﬁIb'i’rrﬁlyéécﬁﬁ@osiffbﬁ crosslinking

agent may ave r aln units and still be considered a nononer.
I ncorporatl ossl.inki.n en MsthBY aggRerate a
cross -9 “KR@ E&‘F%Bg’%ﬁﬂé(} %@%E&%F{Q@)ﬁs& work. There are
numer ous sili cone cont ai n| ng pononeric units conmon formation
of sili coRACTRYIE-&yERS catplyst. phe maggmer C#’@B’élgf%tlongr ﬁ@;’@m@g‘i#& 250;
4,139,513; 4,139,692; 4,153,641; 4,740,533; 5,034,461; 5,070, 215;
5, 260, 000subStaBUA]y7atne 5 BHS: BUBMALIEFIIZRIQUPSPIBY MPGHOMES-DFHHIH5 0.
5,760, 100; 5, 849,811; 5,962,458 and 5, 998, 498 provi de sonme useful exanples.
Hydr ophi | inatefienamedlso dthoat ohae: paneeitorsips. Hisenifabreactingsarpups MeAn maki ng
silicone hydrogels include, but are not limted to: unsaturated carboxylic
aci ds, sughc@s groups which are placed at the end of any chain, as distinct from pendant

groups located on a chain at positions other than either end. The macromer may be

used in multicomponent formulations used to make medical devices such as

ophthalmic lenses, which may be made of silicone hydrogels.

Silicone hydrogels have high oxygen permeability making them particularly
desirable for use in ophthalmic lenses. Silicone hydrogels are preferably prepared
by polymerizing a mixture containing at least one silicone-containing monomer and
at least one hydrophilic monomer. Either the silicone-containing monomer or the
hydrophilic monomer may function as a crosslinking agent or a separate crosslinker
may be employed. Crosslinking agents are monomers having multiple
polymerizable moieties. The term “monomer mix” when used in this sense refers to
a material used in forming the ultimate polymeric ophfhalmic lens system. The
crosslinking agent may have repeat chain units and still be considered a monomer.

Incorporating a crosslinking agent into the monomer mix may generate a cross-



met hacrylic and acrylic acids; acrylic substituted al cohols, such as 2-
hydr oxyet hyl net hacryl ate and 2- hydroxyet hyl acryl ate; vinyl |actans, such as
N vinyl pyrioed/emssse; and acryl am des, such as mnet hacr ylram/akeoand 9Ny N-

di met hyl acryl am de. Still further exanples are the hydrophilic vinyl
carbonate or vinyl carbanmate nononers disclosed in U S. Pat. No.

5,070, 215, and the hydrophilic oxazol one nononers disclosed in U S. Pat.
No. 4,910,277 and each is incorporated herein by reference. Siloxane
MONOMET S fkad ndtdvek. PTIRME arestuyheb@arsilfconadontsiaing mbwymerigindly si | i cone
hydrogel s may be used in the present invention. Siloxane nononers include

st |1 cone-Ganl i Nhoa HRAORRR.RACbMRARGASRYIaE 0 SaPROKYSEH08ATAD] & vinyl
group, preferanly a nethacryl oxy group. Exanpl es of silicone-containing

mononer s aGr 5. A : I 2189641140 40833t 9,034B60- al kyl
t er mi nat éwgi@g?é@ Agl dﬁ%ﬁg&%}ﬁ%ﬁ? (APDVB neans nPDVS with a
nunber average nol ecul a Loht t ut 10, 000
i : : : : 6,999, ’ ’

pr ef er abl 3070 5v\é)2§(éd)§i)o{)éﬁglé’%géﬁ%%§%o§7g@é@%&lﬁgg@a@g’gqa’%‘& 400 and
about 2000 and nost preferablﬁ%betmeen bout. 800 an%ﬁﬁQOUt (%00) such as
nononet haG 760, B0y SEE8BIL; 3.86%4 ‘f—r@cﬁ’%%ﬁ’@f% PRV PP YRR RIS ch conpri se at
|l east two [-Si-O] repeating units, SiGVA type nononers (defined bel ow)
whi ch conprise a polyinerizable group having an average..nol.ecul ar wei ght
of about Hedsphiliam@OeGrOhhtlens preyiquslyrery ﬁowﬁfuiff?a%éﬁlﬂ%%’g@%ne
[-Si-O-Si-] group and TRI'S type nononers which conprise at | east one
Si (CSi R) 3hydgs@iiincMide;tut Reirot dmited ovaineattratadioptbosyliangidls, gpadas. Exanpl es of
sui tabl e

methacrylic and acrylic acids; acrylic substituted alcohols, such as 2-

hydroxyethylmethacrylate and 2-hydroxyethylacrylate; vinyl lactams, such as N-

vinyl pyrrolidone; and acrylamides, such as methacrylamide and N,N-

dimethylacrylamide. Still further examples are the hydrophilic vinyl carbonate or

vinyl carbamate monomers disclosed in U.S. Pat. No. 5,070,215, and the

hydrophilic oxazolone monomers disclosed in U.S. Pat. No. 4,910,277 and each is

incorporated herein by reference.

Siloxane monomers that have previously been found useful for making silicone
hydrogels may be used in the present invention. Siloxane monomers include
silicone-containing monomer and macromer having a polymerizerable vinyl group,
preferably a methacryloxy group. Examples of silicone-containing monomers and
macromers include, but are not limited to, mono-alkyl terminated
polydimethylsiloxanes (“mPDMS”) (mPDMS means mPDMS with a number

average molecular weight of between about 200 and about 10,000, preferably

-10-



met hacryl oxypropyltris(trinmethylsiloxy)silane (TRI'S) nononers include

nmet hacryl oxypropyltris(trinmethylsiloxy)silane. Preferably, the nPDVS type

nononer s wanppd/emsgsot al Si and attached O in an anpunt RYITEER2003/d1bmn 20

wei ght percent, and nore preferably greater than 30 wei ght percent of the

total nol ecul ar weight of the silicone-containing nononmer. Suitable nPDVS

nononers have the fornula, wherein n =51t0 15 OO~ C4H9 0 Si n Exanples
of suitable linear nPDVS include: -11 WO 2004/000888 PCT/US2003/019700 R12
R10 R10 | betweenSibouid(§and@bgut2000 and moRtiprefeiably betwicen abdut 809and 100, where

it is understood that b is a distribution having a node equal to a stated

val ue, pr ebeunld(p) dudhas hfononmetiecpilefyesrapyliteithihated polydendtisylsloxpad, ymer i zabl e

nonoval ent group containing at | east one ethylenically unsaturated nviety,

pr ef er abl yyiEchBOAYALLN eadl /67 -Si00|3EpHaNBg Bnisd RIGIA firggﬁiqnoﬁl!érsmt hacryl ate
noiety, nore preferably a nethacrylate npiety; each O is independently a
(defined below) which comprise a polymerizable group having an average
molecular weight of about less than 2000 Daltons, a hydroxyl group and at least one
[-Si-O-Si-] group and TRIS type monomers which comprise at least one Si(OSiR);
group, where R is a monovalent alkyl or aryl group. Examples of suitable

methacryloxypropyltris(trimethylsiloxy)silane (TRIS) monomers include

methacryloxypropyltris(trimethylsiloxy)silane.

Preferably, the mPDMS type monomers comprise total Si and attached O in an
amount greater than 20 weight percent, and more preferably greater than 30 weight
percent of the total molecular weight of the silicone-containing monomer. Suitable

mPDMS monomers have the formula, whereinn= 510 15

Examples of suitable linear mPDMS include:

-11-



nonoval ent al kyl, or aryl group, which may be further substituted with

al cohol, am ne, ketone, carboxylic acid or ether groups, preferably
unsubst i t wicemosranosssal ent  al kyl or aryl groups, nore praf@aresbgs/ometonyl ; R11
is a nonoval ent al kyl, or aryl group, which may be further substituted

wi th al cohol, am ne, ketone, carboxylic acid or ether groups, preferably
unsubsti tuted nonoval ent al kyl or aryl groups, preferably a C1 10

al i phatic or aromatic group which nmay include hetero atons, nore
preferably C3 8R%Ikyl gRoups, nug} preferably butyl; and R12 is

i ndependent |y yl or 4% omat i , preferably ethyl, nmethyl, benzyl, phenyl,
or a nonoval enf sil oxatle ch Econpr|5|ng froml to 100 repeating Si-O
units. The nP a\ re disclosed nore conpletely in 5,998, 498,
which is RbncoiRoréfe |her K ref efghce. -12 WD 2004/ 000888

PCT/ US2003/ 019700 Pr erabl the Si GVA type nononer silicone and its
attached oxyge onpri sg aboutRﬂgo wei ght percent of said nononer, nore
preferably nore han abolt 20 wei ght percent. Exanples of Si GVA type
nononers include nmononmers of Fornmula | RI R2 R7-R6-C-R8-Si-R3 OH R4
Wherein the substituents are as defined in US 5,998,498, which is

i ncorporated herein by reference. Specific exanples of suitable Si GVA type
nononers i nclude 2-propenoic acid, 2-

where b = 0 to 100, where it is understood that b is a distribution having a mode
equal to a stated value, preferably 4 to 16, more preferably 8 to 10; Ro isa
polymerizable monovalent group containing at least one ethylenicﬁlly unsaturated
moiety, preferably a monovalent group containing a styryl, vinyl, or methacrylate
moiety, more preferably a methacrylate moiety; each Ry is independently a
monovalent alkyl, or aryl group, which may be further substituted with alcohol,
amine, ketone, carboxylic acid or ether groups, preferably unsubstituted monovalent
alkyl or aryl groups, more preferably methyl; Ry is a monovalent alkyl, or aryl
group, which may be further substituted with alcohol, amine, ketone, carboxylic
acid or ether groups, preferably unsubstituted monovalent alkyl or aryl groups,
preferably a Cy.10 aliphatic or aromatic group which may include hetero atoms, more
preferably Cs alkyl groups, most preferably butyl; and Ry, is independently alkyl or
aromatic, preferably ethyl, methyl, benzyl, phenyl, or a monovalent siloxane chain

comprising from 1 to 100 repeating Si-O units.

The mPDMS type monomers are disclosed more completely in 5,998,498, which is

incorporated herein by reference.
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nmet hyl - 2- hydroxy-3-[3-[ 1,3,3,3-tetranethyl- | -
[trimethylsilyl)oxy]disiloxanyl]propoxy]propyl ester 0 O Si (CH3)3

O OM~Si - ®iE3200490€38Si (CH3) 3  and PCT/US2003/019700
( 3- net hacr yl oxy- 2- hydr oxypr opyl oxy) propyltris(trinethylsiloxy)silane -13
WD 2004/ 000888 PCT/ US2003/ 019700 O OSi (CH3)3 )fA0'-~O ---~Si-O Si (CH3) 3

OH Si (CH3)3 Additional suitable hydroxyl-functionalized silicone

contai ning nononers are disclosed in U S. Patent 4,235,985; 4,139,513 and
4,139, 692Prdferabliyén precSiEMA itypeamonaner silivonerand tsraftached exegenea@prigh pr oduct
of an electrophilic conpound and a macroner-precursor material in the
presence ghod 108IETBercehOsMaididneRdradrysibre proferabiy morethah aberit2§ cat al ysts
include, but are not limted to, tertiary am nes and bisnmuth catal ysts.

Bi smuth c I+ TG0 monBiefOntRde Rloa oMb oFar boxyl at es,
bi smut h ?Jre?%%?lggm%téf@ggﬂ@gspg?di bi ts?r%t ht ri oxi 3e) ?Bi 2003, bi smut h

ort ho- hydli:oxi dle Bi (OH)3, bisnmuthyl hydroxide BiQ(OH), bisnuth nitrate
(Bi O N3, T8HB Al ef erabl y, bismuth  carbonate (Bi O 2C08. Bi smuth
carboxyl ates preferably have a carboxyl ate portion

R F|<2
I
R'—R®—C—R®-Si—R?®

oH R

‘Wherein the substituen.ts are as defined in US 5,998,498, which is incorporated

herein by reference.

Specific examples of suitable SIGMA type monomers include 2-propenoic acid, 2-
methyl-2-hydroxy-3-[3-[1,3,3,3-tetramethyl-1-

[trimethylsilyl)oxy]disiloxanyl]propoxy]propyl ester

o) o Si(CHa)s
OH o)
Si(CH3)s

and (3-methacryloxy-2-hydroxypropyloxy)propyltris(trimethylsiloxy)silane
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conprising a C2-C30, saturated or unsaturated carboxyl term nated

hydr ocarbon or inertly substituted hydrocarbon chain. By inertly

substi t ut wd 2004/0G60888neant t hat the hydrocarbon chai n cormG/wTR003019700
substituent group which undesirably effects the catalytic behavior of the
macronmer-formng catalyst. Preferably the carboxylate portion is from
about 6 to about 22 carbon atons. Suitable carboxylate groups include, but
are not limted to, the ions of fatty acids, as well as branched

car boxyl at es @uch as neodecangp@i(@ei)el, and Versatic 911 Acid. Preferred

bi smuth cat 2- et hyl hexanoate (75-79%, CAS#:
[67874-71-9 Wéﬁoom 00%%8%@?‘?%82003/019700 whi ch is produced by

King | ndust Fi es, af¥! conpositPons containing bismuth carboxylates. These
bi smut h catalysts can be used Si(RYB} or as a mixture of two or nore
conponents. \Wen bismuth catalysts are used, the tinme for the reaction

bet ween the el ectrophilic conpound and the nacroner-precursor material is
about 3 hdditonalTentablehydwxyhémctiomaligerbsilipone continieg moneMesde o, tertiary
am nes having one nitrogen atomin a nolecule including, but not limted
to, ali phaiscsain8s. Pateat 4)28 3)9R85; B1189/508 and #,1B9,682t 0, tri-C - 6al kyl am ne
such as TEA and tributylam ne, |3 (di nethylam no)propionitrile), alicyclic
am nes (including, but not limted to, di-Cl- 6-al kyl-C3_Iocycl oal kyl am nes

i ncl usi ve ofheNrbedi MPEAINS the mRdtexdraniteeedtidn Brdductib Rinyléayphitibexyl ani ne;
N, N-di cycl ohexyl met hyl am ne), certain heterocyclic amnes (including, but

not limte g?h%d\mr&%o U%eppféchﬁ&’ m[ﬁ'eﬁﬁﬂﬁltﬁ@ﬁr@%bé B€a nferomer-

(2- hydroxy aromati ¢ amnes (including, but not limted

to, NN forming catalyst. The macromer-forming catalysts include, but are not limited to,

tertiary amines and bismuth catalysts.

Bismuth catalysts include, but are not limited to, bismuth carboxylates, bismuth
trioxide (also called dibismuthtrioxide) Bi,O3, bismuth ortho-hydroxide Bi(OH)s,
bismuthyl hydroxide BiO(OH), bismuth nitrate (BiO)NOs, and preferably, bismuth
carbonate (Bi0O),COs. Bismuth carboxylates preferably have a carboxylate portion
comprising a C,-Csp, saturated or unsaturated carboxyl terminated hydrocarbon or
inertly substituted hydrocarbon chain. By inertly substituted, it is meant that the
hydrocarbon chain contains no substituent group which undesirably effects the
catalytic behavior of the macromer-forming catalyst. Preferably the carboxylate
portion is from about 6 to about 22 carbon atoms. Suitable carboxylate groups
include, but are not limited to, the ions of fatty acids, as well as branched
carboxylates such as neodecanoic acid, and Versatic 911 Acid. Preferred bismuth

catalysts include bismuth(IIl) 2-ethylhexanoate (75-79%), CAS#: [67874-71-9],
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di rethyl -p-toluidine), tertiary amnes having two nitrogen atons in a

nol ecule including, but not limted to, aliphatic am nes (including, but
not | i m taw 2004000888\, N, ' N' -t et ramet hyl et hyl enedi am ne, PCT/US2003/019700

N, NN N ,N -tetramet hyl propane-1,3- diamne, N, NN ,6N -tetranethyl

hexane- 1, 6-di am ne, bi s(N, N-di net hyl am noethyl) ether,

bi s(2-di net hyl am noet hyl) ether, ethylene glycol bis(3-dinethylam nopropyl)
ether), alicyclic amnes (including, but not limted to, N -cyclohexyl-N, N
di met hyl f @hizand slodeded Hystiap dudistrics, @udicosmpoéitinod cmiitaigingbismutbt 1inited to,

N, N - di et hyl pi perazine, trinmethylpiperazine, 1,2-piperidinoethane,

bi s(ani nopLERYAXR PEleAZ bidRuiNHRYY banlbeudedyidpxit el Ayhikpirpef @i ore,
N-(N, N - -15 WD 2004/ 000888 PCT/ US2003/ 019700

di met hyl am noe I r i i j I, bs(2, 6-
di met hzl n%llpf)%co H)r(])géﬁg.yW%é@ﬁ%%\}tﬁf?%%ﬁ%%ﬁﬂ% ?ﬁfz%%ggrﬁicgg;ﬁgyl i m dazol e,

1,4- diazjne, djazabicyl. 2.2.2.] -.octane (DABCO 1

1, 4- di azaP7@ye %‘F §fe§?r8¥13ﬁf L%pg%?nd]la;“g?ﬁedﬁnﬁ%r “eYe Cél[sﬁr. 32 E]‘jfall()lrslg?%itéo’ n (DBN),
1, 8-di azabi cycl 0] 5. 4. 0] undece-7-en (DBU) and its phenol salt and octylic
aci d sal thourgertiary amines having three nitrogen atons in a nolecule
including, but not limted to, aliphatic am nes (including, but not
limted to, NNNN,N,N-pentamethyl diethylenetriamne, NNN,N,6 N -
pent amet hbrtidiypmoipgs wehide; @ﬁafﬁé}otﬂlmlﬁdrﬁ%tt%ﬁfygﬁaﬁlﬁ%hw&}% onq 1}1@9%511% c am nes
(including, but not limted to, N-cyclohexyl-N,N , N',6 N-tetranethyl

guani di neltom inetmslecyle irctuding, basndtilmataddo rediphbtic amises (inehidiag, hub not

N-net hyl - N - (2- di net hyl am no) et hyl pi per azi ne,

1,5, 7-tri gzakk ¢ o 4atyRhEecachag TEA dndrtiib@ylamineidres with four nitrogen
atons in a nolecule including, but not limted to,

(dimethylamino)propionitrile), alicyclic amines (including, but not limited to, di-G-

¢-alkyl-Cs.ocycloalkylamines inclusive of N,N-dimethylcyclohexylamine and N,N-
diethylcyclohexylamine; N,N-dicyclohexylmethylamine), certain heterocyclic
amines (including, but not limited to, N-methylmorpholine, N-ethylmorpholine, N-
(2-hydroxyethyl)morpholine), aromatic amines (including, but not limited to, N,N-
dimethyl-p-toluidine), tertiary amines having two nitrogen atoms in a molecule
including, but not limited to, aliphatic amines (including, but not limited to,
N,N,N,’N’-tetramethyl ethylenediamine, N,N,N’,N’-tetramethyl propane-1,3-
diamine, N,N,N’,N’-tetramethyl hexane-1,6-diamine, bis(N,N-dimethylaminoethyl)
ether, bis(2-dimethylaminoethyl) ether, ethylene glycol bis(3-dimethylaminopropyl)
ether), alicyclic amines (including, but not limited to, N’-cyclohexyl-N,N-
dimethylformamidine), heterocyclic amines (including, but not limited to, N,N’-
dimethylpiperazine, trimethylpiperazine, 1,2-piperidinoethane,

bis(aminopropyl)piperazine, N-methyl-N’-2-hydroxyethyl)piperazine, N-(N",N’-
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al i phatic amnes (including, but not limted to, 1, 1,4,7,10- 1

0- hexanet hyl triethylenetram ne), heterocyclic am nes (including, but not
limted two 2bp8omssst ri s( N, N-di met hyl propyl ) hexahydr o- 1, 2GytuS20@82i19m). These
tertiary am nes can be wused singly or as a mxture of two or nore ‘
conponents. \Wen tertiary amne catalysts are used, the tine for the
reacti on between the nonoi socyanate and the nacroner-precursor material is
about 24 to about 72 hours. In a preferred enbodi nent, a nmacroner conprises
t he reactjifahpaethirthydfmaphelim) sistmetphilitettiyhethar bisg2.6but not limted to,
2-(trimethylsiloxy) ethyl nethacrylate (TVMS-HEMR); nethyl nethacryl ate

(M) 5 TR St IRRMSho1816thy HMher X, Dafm & BYIROIdNE 10 DE-methalilydasied] #n t he
macronmer synthesis include, but are -16 WD 2004/ 000888 PCT/ US2003/ 019700

not limted. to.1aL MR LO) P shihBic§E8MeNgREs4-6h G udi ng, but
not |im tdi%fufeo,tha%?os}%}g?%g{%gﬁgﬁn? ﬁfc{?-grret)hjl si | ane?, E|oB-e3>2y ene, ot her
catal ysts_ (incl ydi but. no im t.e . WM R
3- chl or o5& Y‘g?i‘{?mnf)fl%\' 0 (bﬂi\:pg]l’itgn(ﬁ?%alg%c %@5@ prg;E erregygrg%odi ment of
the present invention includes the follow ng conpounds in th croner
synt hesi gnd s phenahselh prhpstiiy @%Faﬁ% LSRN %rfmq’ﬁs Bgﬁﬂg ﬁEﬁe grogen Giotl®
t et rabutyl ammoni um 3-chl orobenzoate (TBACB) in THE, p-xylene, MVA HENA,
met hy! t r iimetilbsilé includings bhiynd dimited tacedphatic smpgsinchrding, tibitianol |
di chl oroacetic acid, TM and bismuth(l11) 2-ethyl hexanoate as a
nacr onmer -ifAkdd BN, NAL A" t-per@imethyipdiethglenetdambreo MEN SV MRENR nmay be used in
the nononer mx include, but are not limted to, TRIS, N Ndinethyl
acryl am d;?enﬁa%iyl dipropylenetriamine, tetramethyl guanidine), alicyclic amines
(including, but not limited to, N-cyclohexyl-N",N’ N N”-tetramethyl guanidine),
heterocyclic amines (including, but not limited to, N-methyl-N’-(2-
‘dimethylamino)ethylpiperazine, 1,5,7 -triazabicyclo[4.4.0]dece-5-en), tertiary
amines with four nitrogen atoms in a molecule including, but not limited to,
aliphatic amines (including, but not limited to, 1,1,4,7,10-10-hexamethyl
triethylenetramine), heterocyclic amines (including, but not limited to, 1,3,5-
tris(N _N-dimethylpropyl)hexahydro-1,3,5-triazine). These tertiary amines can be
used singly or as a mixture of two or more components. When tertiary amine

catalysts are used, the time for the reaction between the monoisocyanate and the

macromer-precursor material is about 24 to about 72 hours.

In a preferred embodiment, a macromer comprises the reaction product of a
protected HEMA, including, but not limited to, 2-(trimethylsiloxy) ethyl
methacrylate (TMS-HEMA); methylmethacrylate (MMA); TRIS; mPDMS; and

TML Other compounds optionally used in the macromer synthesis include, but are
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t etraet hyl enegl ycol di net hacryl ate (TEGDMA), nPDMS and HEMA. The

el ectrophilic conpound and macroner-precursor material are exposed to a
nmacr oner - wor 20n41gpossst al yst in order to synthesize the madames2003ftie700
condensation reaction of the electrophilic conpound and the
macronmer-precursor material is catalyzed by the macromer-form ng catal yst.
When the electrophilic conmpound is an isocyanate, and the reactive groups
on t he nonomer-precursor are hydroxyls, the basic reaction is conducted in
t he presenggingitedao/mRebloyiRes ful-ar(THR), meistiry stavarsgers @hdladisg, bRINCO + R2CH - - - >
R1INHOOOR2 -17 WD 2004/ 000888 PCT/ US2003/019700 The preferred

MACr Oer - f; &Et@&l&ﬂb&%ﬁleﬁﬁﬂﬁn%fn{e{ﬂylml@ﬁé’) pRyTeRs, AherlthtMstd(ieaididg/sts, nost

preferably TEA or bisnmuthh ) 2-ethyl hexanoate. In a preferred

embodi rren#ll,lt ?g%}% (gig&an glaﬂn%ohﬂh{ 99%%%611%21@%‘&@&(%@rdﬁﬁtlﬂllﬁll?&s

el ectroph macr onmer - precur sor terial,” which react to form
the macroner. In another preferred enbodi ment, the bismuth catalyst is

i ntroduceq in.li form t he I t il

rrac][ oner dgrfgbﬁ%§§glﬁ einélo%%ﬁlpﬁeﬁel? ecetnrﬁgg cé#ﬁ%sa?e{@%rr‘g ﬂlrp oupds - not her
preferred enbodi nent, th f i

r eact ant sll"p@ﬁma:ﬁ&%%n éW@gﬁﬁg&&%@ﬂ%{l{nﬂP;%mca Sal St Ioiﬁg’ln (ra]'? t SWIpF R'the

Ml an), isophorone diisocyanate, a,w hydroxy opyI - t er m nat ed
pol ydi met teptabittybaemenitin. 3-600mbenzoaicSABAGR )0 Ipa‘lﬁi rexylense YEYiAs HEMH
met hacryl ate. The resul tant nmacroner
methyltrimethylsilyl dimethylketene acetal, mPDMS, TRIS, methanol,
dichloroacetic acid, TMI and bismuth(III) 2-ethylhexanoate as a macromer-forming

catalyst.

Other preferred monomers which may be used in the monomer mix include, but are
not limited to, TRIS; N,N-dimethyl acrylamide (DMA);

tetraethyleneglycoldimethacrylate (TEGDMA), mPDMS and HEMA.

The electrophilic compound and macromer-precursor material are exposed to a
macromer-forming catalyst in order to synthesize the macromer. The condensation
reaction of the electrophilic compound and the macromer-precursor material is
catalyzed by the macromer-forming catalyst. When the electrophilic compound is
an isocyanate, and the reactive groups on the monomer-precursor are hydroxyls, the
basic reaction is conducted in the presence of a macromer-forming catalyst as
follows:

R;NCO + R;0H ---> RjNHCOOR;
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I's used to produce contact |enses by subsequently reacting the macroner,
TRIS and DVA with an initiator. The resultant nacromer and subsequent
reacti on WO ®p40dosss to that disclosed in Exanples 131 aad/BRo@i010108.

Pat ent No. 5,760,100 except that in the present invention, TEA or bisnuth
catalyst is used instead of DBTDL and different initiators may be used. In
anot her preferred enbodi nent, the bisnuth catalyst is present with the
reactants, a polyvinyl alcohol and an isocyanate, which react to forma
pol yvi ny| Th¢ pehated mdBoMeEr-ROMMOEABREs RETYIBYCOBNER1Y tignuth eptplyatsi ve
macronmer. The pol yvi nyl al cohol derivative macromer, preferably having at

| east abopiosZAORrdbIyITEA ¢Rbigauth IT)\Wéthyihexdnoateude, but are not limted to,

-19 WO 2004/ 000888 PCT/ US2003/ 019700 one of the follow ng three fornmnul as:
-CHCHR2 OO0 I Il Rf-A- GA- G CH Il R Rk -CHCH2 0 C=0

In a preferred embodiment, the TEA catalyst is introduced in liquid form to the

electrophilic compound and macromer-precursor material, which react to form the

macromer.

In another preferred embodiment, the bismuth catalyst is introduced in liquid form
to the electrophilic compound and macromer-precursor material which react to form

the macromer.

In another preferred embodiment, the macromer-forming catalyst is present with the
reactants perfluoropolyether Fombline ® ZDOL (from Ausimont S.p.A. Milan),
isophorone diisocyanate, o,,»-hydroxypropyl-terminated polydimethylsiloxane KF-
6001 from Shin-Etsu and 2-isocyanatoethyl methacrylate. The resultant macromer
is used to produce contact lenses by subsequently reacting the macromer, TRIS and
DMA with an initiator. The resultant macromer and subsequent reaction is similar
to that disclosed in Examples B1 and B5 of U.S. Patent No. 5,760,100 excep;c that in
the present invention, TEA or bismuth catalyst is used instead of DBTDL and

different initiators may be used.

In another preferred embodiment, the bismuth catalyst is present with the reactants,

a polyvinyl alcohol and an isocyanate, which react to form a polyvinyl alcohol

18-



NHO Il Ra(Al Ro)nA- G C CH Il RCRd -CHCH 0=0 0=0 NHO I II

RI(Ar RMnA- G C=CHI I Rn Ro The polyvinyl alcohol reactant has the
f ol | owi ngwioozonubmsss -CH- CH2 | OH -20 WO 2004/ 000888 P@UTUS20653/10708700
The i socyanate has the followng fornula: O Il OCN - Re(Af Rf)"A- C C=CH

derivative macromer. The polyvinyl alcohol derivative macromer, preferably

having at least about 2000 number molecular weight, include, but are not limited to,
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| RO Rh The polyvinyl alcohol derivative macroner is reacted in a
subsequent reaction to produce ophthalmc |ens material. The pol yvi nyl
al cohol dwa wad/000888macr omrer and subsequent reaction i s FEIMUS2803/t19700 hat
disclosed in U S. Patent Nos. 4,665,123; 4, 978,713; 4,720,187, and
4,670,506, except that in the present invention, bisnuth catalyst is used
and different initiators may be used in the subsequent reaction. In another
preferred enbodi nent, the macroner-form ng catalyst is renoved from the
reacti on ggeosfithé fqifomdiue thaecdfprihtiles:el ect r ophi li ¢ conpound and t he macroner -
precursor material. The renoval of the macromer-form ng catal yst may be
effected by purification t%ﬁ?”kﬂHQS i ncluding, but not limted to,
extraction, crystalllzatlonl precépitation, distillation, evaporation, and
ot her purlflcatlon met hods. The r val of the macroner- fornlng cat al yst
may occur before, during or after he addltlon of an initiator to the
reacti on product produced b %%eg# c conpound and t he
macr omer - precursor material . nbodlnent t he
macronmer-formng catalyst is rennved prkorlto t he addltlon of the
initiator. In the prior art, DBTDL catdﬂyﬂ%ﬁ macroner contains about 15 to
about 105 ppmtin, foIIomIng macronmer synthesis and purification. In
conparison, the present invention of bisnuth -21 WO 2004/ 000888
PCT/ US2003/ 019700 catal yzed macroner contains |ess than about 9 ppm
bi snuth, follow ng macromer synthesis and purification. The macroners may
then be used in nedical devices, such as ophthal mc | enses.
—CH—CH,—

I

O

|

C=0

I

NH @)
I I
R,A—R)A—C— (|3= (|3H

Rc Rd

0
I I
R(A—R_) A—C—C=CH
|
Rn R0

The polyvinyl alcohol reactant has the following formula:
—CH—CH,—
I
OH
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The process of maki ng ophthal mc | enses proceeds by conbining the
conponents of a nononer mx together with the initiators and stabilizers
descri bedwoeroed/mmosssccor ding to well known met hods of | errcTfs2nestiigwosuch as
photoinitiated casting in |Ilens nolds. The preferred conponents of the
nmononer m x used to nake the silicone hydrogel |enses of this invention

i ncl udes macroner, and photoinitiator (which is added to the nononer m X
before the mx is placed in a lens nold for |ens production), and
optionally additional nononers. In certain enbodi nents, the nonomer m X
further conprises at |east one ultraviol et absorbing conpound Sui t abl e

ul travi ol ethe ishtSonde hgs thoipltuwidg fanldnown in the art, and fall into
several known classes which include, but are not linited to benzophenones,
benzotriazol es, triazines, substituted actylonitriles, salicyclic acid
derivatives, benzoic acid derivatives, nié? conplexes ci nnam c acid

derivatives, chal cone der d ne de ives, crotonic acid
derivatives, or any nixtdbégIt ﬁijéﬁTﬁgﬂﬁ éé ves may al so be present
and include, but are not limted to, stablllz reactive dyes, organic
and inorganic pignments, dyes, photochronlc nds, rel ease agents,
antim crobial conpounds, nold [ubricants, wetting agents, and conbi nations

t hereof . For exanple, the nmonomer m x may include but is not limted to
si | oxanes and -22 WD 2004/ 000888 PCT/ US2003/ 019700 acrylic/methacrylic

acid and dﬂ{ é¥$1f(}§salcoﬂ8 é’éﬂ\%ﬁlfe ﬁ%&%ﬂ%??sre&éf%i ﬁ'l?. éHuenthé difoh t§1 NY!

nononer s, or tri acr at es eneg ycol
triethyl eneg(l‘l\}/c%%lphthaﬁmc eergsh .'!ttgrrllaelg ¥1(e:%|olyvm lié{lcgh q%e%ve(l)uveanrl]gcrgn%)e(raaql% 1,6-diol;

subsequent reaction is similar to that disclosed in U.S. Patent Nos. 4,665,123; 4,
978,713; 4,720,187; and 4,670,506, except that in the present invention, bismuth

catalyst is used and different initiators may be used in the subsequent reaction.

In another preferred embodiment, the macromer-forming catalyst is removed from
the reaction product produced by the electrophilic compound and the macromer-
precursor material. The removal of the macromer-forming catalyst may be effected
by purification techniques, including, but not limited to, extraction, crystallization,
precipitation, distillation, evaporation, and other purification methods. The removal
of the macromer-forming catalyst may occur before, during or after the addition of
an initiator to the reaction product produced by the electrophilic compound and the
macromer-precursor material. In a preferred embodiment, the macromer-forming
catalyst is removed prior to the addition of the initiator. In the prior art, DBTDL
catalyzed macromer contains about 15 to about 105 ppm tin, following macromer

synthesis and purification. In comparison, the present invention of bismuth
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di vi nyl benzene. In a preferred enbodi ment, the sil oxane conponent is a

pol ydi met hyl siloxane. It is conbined with a hydrophilic nononer such as
DMA, N vi wyl pgs/embssdone (NVP), hydroxyet hyl net hacryl at ecwuszessydiatoe
derivative. |In another preferred enbodi nent, the nononers conprise nPDVS
such as nononet hacryl oxypropyl term nated pol ydi net hyl siloxane and a
macr onmer conprising the reaction product of HEMA, MMA, IRI'S, nPDMS and
TM. Additionally preferred nononers include, but are not limted to,
TR'S; DVApatalydediE@Dhier Qutiains leohitdae pbod Adpet biskuthy kelleyving Bemeaown i n t he
art for making silicone hydrogels can al so be used. Suitable

phot oi ni t aitkesss dndfpudiieation.t he present invention are those which are
activated by exposure to visible light. The photoinitiators of this

i nvention are those having the following structure: Structure |l O 2 il_Rl

R 3 R - 23 THOZLRMPORRBY BhRGY Udsd RBLA A dePicesBadteisiophlalmiddensennd R3 are
each independently Hor a Cl.12 substituted or unsubstituted al kyl,

cycl oal ky e i : t and B3
has the f g}hf géac%%%@%ﬂ%gﬁ %}éé[eg ?%CHS@ byRlonltBRaE 1@ nPon&ks of2
a monomer mix together with the initiators and stabilizers described herein

according to well known methods of lens formation such as photoinitiated casting in

lens molds.

The preferred components of the monomer mix used to make the silicone hydrogel
lenses of this invention includes macromer, and photoinitiator (which is added to the
monomer mix before the mix is placed in a lens mold for lens production), and
optionally additional monomers. In certain embodiments, the monomer mix further
comprises at least one ultraviolet absorbing compound. Suitable ultraviolet
absorbing compounds are known in the art, and fall into several known classes
which include, but are not limited to benzophenones, benzotriazoles, triazines,
substituted acrylonitriles, salicyclic acid derivatives, benzoic acid derivatives, nickel
complexes, cinnamic acid derivatives, chalcone derivatives, dypnone derivatives,
crotonic acid derivatives, or any mixtures thereof. Other additives may also be
present and include, but are not limited to, stabilizers, reactive dyes, organic and
inorganic pigments, dyes, photochromic compounds, release agents, antimicrobial
compounds, mold lubricants, wetting agents, and combinations thereof. For

example, the monomer mix may include but is not limited to siloxanes and
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RS R4 O 11 R6 C R7 R8 and is attached to the P at the acyl carbon, and
wherein, R4-R8 are independently, H or a Cl_3 substituted or unsubstituted
al kyl or wckmryooessety. | n each case, where an Rl1-R3 gr agqr/uosulstont ut ed,
t he substituent can conprise a hydroxy or Cl.4 al kyl, al koxy, al kenyl, or
al kynyl group. Substitution with hetero atoms such as nitrogen, sulfur,
and halo atons is possible but is not favored. It is preferred that RlL and
R2 are both Structure Il noieties with R4 and R8 substituents. It is nost
pr ef er r edadrilid/mBhaenytic BSidané devtvdtiors, potoind monpmiess, fypicalizdi- gidf erred in
this enbodi ment that R3 is a C1_10 alkyl, al koxy, or alkenyl group

subst i t ut gelyWnbRorkdrs Zuoh Ky Hi- OF Bi(BRih)sashtpbe lRtaidnsgheslybst i t ut ed pentyl
group. In a -24 WO 2004/000888 PCT/US2003/ 019700 . preferred enbodi nent,

both Rl apdy ! FhabilRnb iy W18 Ry 1Bleel 1 AtFhdRBnéms-te); Methyl and R3
may be pheny&?%.@g'?él’rgacu?enég%m’ A %r e?‘ge}?réed enbodi rr)\gnt has the followi ng

structur eélivin%&ﬁelﬁ%n%r In la Iplrefgéecf' en%ocﬁh]neht, the siloxane component is a

polydimethyl siloxane. It is combined with a hydrophilic monomer such as DMA,

N-vinylpyrrolidone (NVP), hydroxyethyl methacrylate or acrylate derivative.

In another preferred embodiment, the monomers comprise mPDMS such as
monomethacryloxypropyl terminated polydimethyl siloxane and a macromer
comprising the reaction product of HEMA, MMA, TRIS, mPDMS and TMI.
Additionally preferred monomers include, but are not limited to, TRIS; DMA; and
TEGDMA. Other monomers and crosslinking agents known in the art for making

silicone hydrogels can also be used.

Suitable photoinitiators for use in the present invention are those which are activated

by exposure to visible light. The photoinitiators of this invention are those having

the following structure:
Structure I
ﬁ
R>—p— R!
.,
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[RG5C P R7 RB 2 In a preferred enbodinment, RL and R2 are both Structure
Il noieties with R4 and R8 being nmethoxy groups; RL is a trinmethyl pentyl
group. Thexeophatoessni ti ators can be used al one or in corfgmes2oa@miwiobh ot her
initiators, including, but not limted to, benzoin nethyl ether,

1- hydr oxycycl ohexyl phenyl ketone (comrercially available as "lrgacure(r)
184"); 2-benzyl -2-n-di net hyl am no- 1-(4- norpholinophenyl)-1-butanone
(comrercially available as "lrgacure(r) 369"); 1- hydroxycycl ohexyl phenyl
ket one (50% by wei ght) plus benzophenone(comercially avail able as
“Irgacure(r) 500"); 4-(2- hydroxyethoxy) phenyl (2 hydr oxy propyl) ket one

(comTerC|aIIy av gble as "lrgacure(r) 2959");
hydr oxy- 2-Vier aﬁRph@M BE 6 1den9ﬁéen(dwbbm5ac2msubstimt6ﬁ@xy 2 -25 WO

2004/ 0008 ially

avai | abl e%ﬁ? ru‘“éi%%? (et BNEREERb R BRNR U Ly GRPRES,
T|tan|un1hrﬁn@léﬂasﬂﬁr@ﬂo%n@yﬁﬁmﬁmmtadlen 1-yl)bi s[ 2, 6-

di fl uoro-3-(1Hpyrrol -1-yl)phenyl] (CA-784);; 2-hydroxy-2-nethyl-I-phenyl -
propan-|-one (HWP) (comrercially avail able as "Darocur(r) 1173"); or

m xtures tgredfre IIThe fol |l owi ng exanpl es conpare the ophthal m c | enses
prepared fromthe present invention to those prepared according to the
prior art. Notably, the | enses prepared

=0

wc\
a

and is attached to the P at the acyl carbon, and wherein, R*-R® are independently, H

or a C;.3 substituted or unsubstituted alkyl or alkoxy moiety.

In each case, where an R'-R® group is substituted, the substituent can comprise a
hydroxy or Ci.4 alkyl, alkoxy, alkenyl, or alkynyl group. Substitution with hetero

atoms such as nitrogen, sulfur, and halo atoms is possible but is not favored.

It is preferred that R! and R? are both Structure I moieties with R* and R®
substituents. It is most preferred that R* and R® are methoxy groups. It is further
preferred in this embodiment that R’ is a Cy.1 alkyl, alkoxy, or alkenyl group

substituted with C;.; alkyl groups; most preferably a substituted pentyl group. In a
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according to the present invention are acceptable for use and are

equi valent to the reference |lenses. Exanple 1 The following is an exanple
of the pregemwns/omsssnti on' s nacroner synthesis. Table 1 rcirews2oes/o1vwoght (Q)
or volunme (m) bis(dinethylamno)-nethylsilane 5.72 g 1.0 M Sol uti on of
tetrabutyl ammonium 3- 2.6 m  chl orobenzoate (TBACB) in THE p-xyl ene 15.83
g MWA 29.44 g TMS-HEMA 361.16 g THE 840 g Methyltrinethylsilyl

di met hyl ket ene acetal 38.53 g -26 WD 2004/ 000888 PCT/ US2003/ 019700 0.4 M
sol uti on plfefdrfeﬁre&h:ﬁdjahammo‘thmhaﬁdRéareIStnimhncdﬂbwhtzro&“eR? aybe THF Step
2 TMS-HEMA 89.23 g nPDMS 693.00 g TRIS 701.46 ¢

methyl and R? may be phenyl (e.g. Irgacure 819).
A preferred embodiment has the following structure:

Structure 111

@)

R’ R®

In a preferred embodiment, R! and R? are both Structure I moieties with R* and R®

being methoxy groups; R! is a trimethyl pentyl group.

These photoinitiators can be used alone or in combination with other initiators,
including, but not limited to, benzoin methyl ether, 1-hydroxycyclohexyl phenyl
ketone (commercially available as “Irgacure® 184”); 2-benzyl-2-n-dimethylamino-
1-(4- morpholinophenyl)-1-butanone (commercially available as “Irgacure® 3697);
1- hydroxycyclohexyl phenyl ketone (50% by weight) plus
benzophenone(commercially available as “Irgacure® 5007); 4-(2- hydroxyethoxy)
phenyl-(2-hydroxy propyl)ketone (commercially available as “Irgacure® 29597); 2-

hydroxy-2-methyl-l1-phenyl-propan-l-one (HMPP); 2,2-dimethoxy-2-
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bi s(di met hyl am no)-nethylsilane 3.81 g Step 3 Solution of TWVM5-HEMA 361. 16
g MA 29.44 g bis(dinmethylam no)-nethylsilane 1.92 g THF 270 g Step 4
Wat er 93. wapooMewissnol 141.2 g Dichloroacetic acid 1. 68a/usshesn1s700
3-1sopropenyl - a, a-di met hyl benzyl isocyanate 169.07 g Bisnmuth catal yst

K- KAT 348 1.18 g TMs- HEMA, MVA, nPDMVS (about 800 to about 1000MAN, TRI S,

p- xyl ene and tetrahydrofuran (THF) were dried over preactivated 4A

mol ecul ar sieve, and THF, nPDM5, and TRI S were passed through al um num

oxi de col phenytretpbenme (BDK)dcammpersinbly aivaidablé as ‘AraneyreBosd Windes (Wi t r ogen was
added bi s(di net hyl am no)- nethylsilane, a 1M solution of tetrabutylamonium
3-chl or obenz gadl &Tmlgﬂmitwﬁmkﬁswh.em, 4-Mdoichtadli@dl yl)biel2e8-i ve to
initiator), -HEMA (8.5 eqv. relative -27 W 2004/000888

PCT/ US200 t@qﬁﬁt (WeTHA _7a0d ol e Ahpye gHexfiur € was

char ged tgﬁgl%gﬁr?gq%}{ K ecq]u?%l{)ﬂgéyl?\gw@?yg@f’ﬁeirﬂn%rogéﬁgl e ang ﬂgbfé}gndenser

connect ed p}ro%ag-l-rgnte r(ﬁ%l’)s(ggrgl&gr’cially available as “Darocur® 1173”); or mixtures

thereof.

The following examples compare the ophthalmic lenses prepared from the present
invention to those prepared according to the prior art. Notably, the lenses prepared
according to the present invention are acceptable for use and are equivalent to the

reference lenses.

Example 1

The following is an example of the present invention’s macromer synthesis.

Table 1
Chemical Weight (g) or
volume (ml)
bis(dimethylamino)-methylsilane 572¢g
1.0 M Solution of tetrabutylammonium 3- 2.6 ml

chlorobenzoate (TBACB) in THF

p-xylene 1583 ¢
MMA 29.44 g
TMS-HEMA 361.16 g
THF 840 g
Methyltrimethylsilyl dimethylketene acetal 3853 ¢
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To the reaction mxture was injected nethyltrinmethylsilyl
while stirring and purging with nitrogen.

acet al

di net
The reaction

hyl ket ene
was al | owed

t o exot hewa 1004/00mk83ut 65C and t hen after the tenperatureaiube/metont i on

dropped, a solution of
t hroughout the rest of the reaction.
i nPDVS (3.3 eqv.

(2.1 eqv.
initiator

to initiator),

and bi s(di net hyl am no) - net hyl si | ane,

TRI'S

prepared in dry box,

TBACB in dry THF (0.4 M was fed in slowy
Then in step 2, a m xture of TM5-HEMA
to initiator),

(7.9 eqv.
was

to

added und

0.4V tsolgien of il'd‘nﬁbutg&mrmﬁﬂurﬁth ure was

agailn al | oned tj

exothermto

approxi mately 42C and__t wed to cool to |32C. The solution was
stirred atchiored B@Z%Eﬁq Aa(?n} rature controlller and heating equi pnent for
about fivus&%s fmstep 3, a nmixture on of [VS-HEVA (8.5 eqvl. to
initiator (1.4 eqv. relative to _initiatagr) and

bi s(di net nyMs¥HEMANet hyl si | ane was added and t|H#9.2hgl e m xt urel allowed to
exot herm to-46 49C—After—the-mxture+eacted—aghegt—two—hoeurs, 270 g of
THF was a:iﬂ’é)é)Mg reduce the viscosity and the sjo tqoo% was stirfed for

addi ti ona[ gy M NUtes. In step 4, a m xture of| walgk, nethanol| and

di chl or oact

etic acid was added and the

m xture

was re%l uxed for,

five hours

t o de- bl otkis{dimethytingiad)-mgthytsdayes. The sol vent s| 3.8kge then renoyved by
di still at fop—and—t-ol-uene—was—added-to—at-d+n—+erpval—of—restdupl water
until a vhP#P 3 enperature reached 110C. -28 WD [2004/ 000888
A AR S Al Sl
m xture waMMA rred at 110C 2944 ¢

bis(dimethylamino)-methylsilane 192 ¢

THF 270 g

Step 4

Water 939¢g

Methanol 1412 ¢g

Dichloroacetic acid 1.68¢g

Step 5

3-Isopropenyl- o, a-dimethylbenzyl isocyanate 169.07 g

Bismuth catalyst K-KAT 348 1.18 g

TMS-HEMA, MMA, mPDMS (about 800 to about 1000MW), TRIS, p-xylene and

tetrahydrofuran (THF) were dried over preactivated 4A molecular sieve, and THF,

mPDMS, and TRIS were passed through aluminum oxide column before use.

To a dry container in a dry box under nitrogen was added bis(dimethylamino)-

methylsilane, a 1M solution of tetrabutylammonium 3-chlorobenzoate (TBACB) in

THF, p-xylene, MMA (1.4 eqy. relative to initiator), TMS-HEMA (8.5 eqv. relative
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for three hours and the di sappearance of the isocyanate peak was nonitored
by IR  The toluene was renoved under reduced pressure at around 45C to
give a rawoO 1wegosssr . Purification procedures were enpl ®@dusoeoyasmee hi gh
nol ecul ar wei ght species. The raw macroner was re-dissolved in acetone
(2:1 w/ w acetone to macroner) and the acetone solution was set overnight
to all ow high nol ecul ar wei ght species to separate. The top cl ear phase
was filtered throu?h a PTFE nenbr ane b%vpressure fi l(ir glon The filtrate
was sl ow o phedeigisiatarhers THE e A he abaveymixtyye jreg gharged 1o quy o@itipped: he
macronmer was precipitated out. The nmacroner was collected and dried using a
vacuum ov eqithat théfnoco6BlE and d epndensircetngsiasisio wmatrogani soutcher e was no wei ght
change. Further purification to renove | ow nol ecul ar wei ght speci es was

al so done by re- precipitation of the macronmer fromthe m xture of acetone
and acet oMotihé te@et{dl Minture was injedxdmetisliinAthil syl dmahylkétysd acatall a TEA
catal yst were each separately used to synthesize the nmacroner (as

descri bedyjpfe EXAMY &idpurgib ivedl n W%ehaméréb%ﬁénwasﬁﬂdﬁ@em@cbﬁ%ﬂi@o | enses.

The | enses were nmade via direct di ng, using a closed nold under

38331{6 S S e P O i’g?%&‘e ShPPEAT Ty C e“a‘r"ng\r?S bi smut h
gg: 2| g;ited %&%ﬁ%ﬁlr}’aﬁgﬁ 50 4ﬁ®a\¥%safgg{ Vﬁg@fﬁ@ﬁ ut t}u[e Fest of ftstﬁ% Eeacti & T

Then in step 2, a mixture of TMS-HEMA (2.1 eqv. to initiator), mPDMS (3.3 eqv.

to initiator), TRIS (7.9 eqv. to initiator) and bis(dimethylamino)-methylsilane,

prepared in dry box, was added under nitrogen.

The reaction mixture was again allowed to exotherm to approximately 42°C and
then allowed to cool to 32°C. The solution was stirred at 32°C by using a
temperature controller and heating equipment for about five hours. In step 3, a
mixture on of TMS-HEMA (8.5 eqv. to initiator), MMA (1.4 eqv. relative to
initiator) and bis(dimethylamino)-methylsilane was added and the whole mixture
allowed to exotherm to 46 — 49°C. After the mixture reacted about two hours, 270 g
of THF was added to reduce the viscosity and the solution was stirred for additional

30 minutes.

In step 4, a mixture of water, methanol and dichloroacetic acid was added and the
mixture was refluxed for five hours to de-block the protécting groups. The solvents
were then removed by distillation and toluene was added to aid in removal of

residual water until a vapor temperature reached 110°C.
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The results of this study are noted in the table below Table 2 Standard
deviations are noted in the parentheses. Lens TEA macroner Bisnuth
Property wacioosrensssVat er 40.0 (0.3) 40.0 (0.1) content RCHUSDabul1om061. 9
(3.7) 69.1 (5.3) (psi) Elongation 309 (32) 318 (61) (% Exanple 3 Anot her
study conpared the ophthal mc | enses nmade using TEA catal yst and DBTDL
catalyst in the macroner formation described in Exanple 1. The DBTDL

catal yzed nmacronmer al so uses acetic acid in the formati on process as

descri bedAiselutignof Tk andt0. 2meld GehismavthSatalyst KNGATGHBadetres oAl ¢ ast i ¢

nodul us val ues for |l enses from DBTDL-catal yzed nmacroner were conparable to
t he nmodul was fdited|te teedob¢ soluticiEA-tolbad. yPledwhuln oreture Was stirted aDBIOC- cat al yzed
macromer | enses were -30 WO 2004/ 000888 PCT/ US2003/ 019700 unacceptable to

wear beCaﬂﬁ%hr'é@ﬁb!ufé’%ﬁ@tﬂ’éicﬁ&@?@&ﬂw@ﬂﬁtﬁﬁ%dy@ﬁﬂe peali wgoachiedeeby IR. Accept abl e
nodul us val ues are about 30 to about 200 psi, nore preferably about 35 to

about 1507ps {o’lueql%%ngﬁlopédﬁ&%%%hﬁceﬁ%%su%%t LRUAAAYC t08vos faw Vater content

macromer.

Purification procedures were employed to remove high molecular weight species.
The raw macromer was re-dissolved in acetone (2:1 w / w acetone to macromer) and
the acetone solution was set overnight to allow high molecular weight species to
separate. The top clear phase was filtered through a PTFE membrane by pressure
filtration. The filtrate was slowly charged into water (4:1 v/ v water to filtrate) and
the macromer was precipitated out. The macromer was collected and dried using a

vacuum oven at 45 - 65°C under reduced pressure until there was no weight change.

Further purification to remove low molecular weight species was also done by re-

precipitation of the macromer from the mixture of acetone and acetonitrile (1:5 v/

V).
Example 2

A bismuth catalyst and a TEA catalyst were each separately used to synthesize the
macromer (as described in Example 1), which was later used to make ophthalmic
lenses. The lenses were made via direct molding, using a closed mold under

conventional molding conditions. These lenses were compared.
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values and Dk [units = x 10-9 (cmisec)(nL 02/ x mm Hg)] val ues show
little or no dependency on macroner-form ng catal yst used in the nacroner
synt hesi swo abbw@ssd ref |l ects the measurenents of rel evarRCTeszn@otieTonst i cs
for the average of 8 batches using TEA-catal yzed nmacronmer in nononmer m xes
and the average of 3 batches using DBTDL-catal yzed macroner in nonomner

m xes. Table 3: Mdul us, Elongation, Percent Water Content and Dk Val ues
for lenses nade from nononer m xes containing TEA and DBTDL-catal yzed

macr omer TBe fandes derdopticallysmhenr ail be hismaith ¢atalysiangsearasities selsasiadOonmer Modul us
El ongati on Water Dk* Macroner-formng (psi) (% Content catalyst (% TEA
81(5) 272we2R}hedBlifelut 35°C.08hATEA daBTed Aihctchher QS at(163st 3804videeli)shdlf8 (17)

*Dk units = x 10 (cnfisec)(nL 02/ nL x mm Hg) Exanple 4 A nonomer m X was
made frorrlli;rfrea&rgger, whi ch was made as described in Exanple 1, by conbining
the followng:""17.98 % (wt) macroner from Exanple 1, -31 WO 2004/000888
PCT/ US2003/ 019700 28. 0% nPDVS ( MW 800-1000), 14.0% TRI'S, 26.0% DVA, 5. 0%
HEMA, 1.0% TE 2. 0% Nor bl oc¢ ..

(2-(2" - hyé%SW%@fa% I?FB%‘?@FP]E}F&%?\WW%H benzotriazol e), 0.02% Bl ue
HEMA (product of the base-pronoted displacenment of one chloride of Reactive
Blue # 4 dgblely hydroxyethyl nethacrylate), 5.0% PVP

Standard deviations are noted in the parentheses.

Lens TEA macromer | Bismuth
Property - macromer
Water 40.0 (0.3) 40.0 (0.1)
content (%)
Modulus 61.9 (3.7) 69.1 (5.3)
(psi)
Elongation 309(32) 318 (61)
(%)

Example 3

Another study compared the ophthalmic lenses made using TEA catalyst and
DBTDL catalyst in the macromer formation described in Example 1. The DBTDL
catalyzed macromer also uses acetic acid in the formation process as described in
U.S. Patent Application Serial No. 01/09076. The elastic modulus values for lenses
from DBTDL-catalyzed macromer were comparable to the modulus for lenses from

TEA-catalyzed monomer, but the DBTDL-catalyzed macromer lenses were
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(K90), and 1.0% Cd 1850 (1:1 (w) blend of 1-hydroxycyclohexyl phenyl

ket one and bis(2, 6-di nmet hoxybenzoyl)-2,4-4-trinethyl pentyl phosphine

oxi de) bl wodmd4/oonsssh t he di |l uent 3, 7-di et hyl - 3- oct anol Bat/es20@sti19700f 80
parts (w) of the blend with 20 parts (wt) diluent. The enthal py of

phot opol yneri zati on was nmeasured using a TA Instrunents differenti al

phot ocal orinmeter with a nmercury vapor lanp, with the sanple at 70C under a
ni trogen atnosphere. The enthal py of photopol ynerization was neasured as a
function ohaceeptableto wear becarsadleestwere misshepa, anihad tersuor j22esd edgsiown i n
Figure 1, show ng nononer m xes nmade using macroner nmade using the

pr ocedur e Agteptibianmplialud vifuthark boit@0l towbog 208 psiomere prefarabiy abatdbyst s:  TEA,
DBTDL (with acetic acid) or K-KAT 348 bisnuth carboxylate catal yst. The

ent hal py yplgiee 160 i, atnla@n@éf@f@&ab@fabbmm%wtqmrﬁsﬁ Wagd coltgithal py val ues
for nononer m xes nmade using TEA or K-KAT 348 are statistically equival ent

and do no cr e $8u Q\gqgﬂ §i xes nade
usi ng DBTESEﬁlé%&@h]B Em?tgr )??(? (W?%gwgg@l%Qﬁﬂﬁl toest meechanl sm the
degradati on of the enthal Iues f ' usi ng DBTDL
r epr esent 80 §ERF4HD %]nm%‘frg%ﬁ% Qﬂné'?%‘fagalwtd‘ﬁ?({%ﬁg B’iaﬁ]iofrfeéﬁ %l}qReS%sZ
2004/ 000888 PCT/ US2003/ 019700 Exanple 5 A nononmer m x was made from t he
following: 17.98 % (w) macromer fraom 1 byt nade W|t DBTDL|n
ol ace of KaRI&P ISQBC%T@%@EE‘HWWBEN F@P@E@%t%ﬁws gﬁﬂé%‘ r‘FF?}ﬂ?/@
800-1000), 14.0% TRI'S, 26.0% DVA, 5.0%

batches using TEA—catalyzed macromer in monomer mixes and the average of 3

batches using DBTDL-catalyzed macromer in monomer mixes.

Table 3: Modulus, Elongation, Percent Water Content and Dk Values for lenses

made from monomer mixes containing TEA and DBTDL-catalyzed macromer

Standard deviations are noted in the parentheses

Macromer Modulus Eiongation Water Dk*
Macromer-forming (psi) (%) Content

catalyst (%)

TEA 81 (5) | 272 (20) 38 (0.2) 106 (11)
DBTDL 70 (3) 296 (6) 38 (0.6) 108 (17)

*Dk units = x 10” (cm/sec)(mL O,/mL x mm Hg)

Example 4

A monomer mix was made from macromer, which was made as described in

Example 1, by combining the following: 17.98 % (wt) macromer from Example 1,
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HEMA, 1.0% TEGDMA, 2. 0% Nor bl oc (2-(2'-hydroxy-5-

nmet hacryl yl oxyet hyl phenyl ) - 2H benzotri azol e), 0.02% Bl ue HEMA (product of
the basewarmowomsssdi spl acenment of one chloride of ReacticrUBbasa1%70d dye by
hydr oxyet hyl nethacrylate), 5.0% PVP (K90), and 1.0% Cd 1850 (1:1 (wt)
blend of 1 -hydroxycyclohexyl phenyl ketone and

bi s(2, 6-di net hoxybenzoyl)-2,4-4- trimethyl pentyl phosphi ne oxi de) bl ended
with the diluent 3,7-dinmethyl-3-octanol in a ratio of gl(\)%gar@ (w) of the
bl end wi 2B.0ZBmBPBMS (YW B0SH 100k &4.0V kR, 26 8/y DM A 1 0o oMér m x was
made, contact |enses were nmade by curing in plastic nolds under

i rradi at TEGHWNA, 30 Nobles (M2 thydisdyai-methiaghlyloxyesrdpleasD-251d bs  (Phi | i ps
TL 20W 03T fluorescent bul bs) at 45C. The nolds were opened and the | enses

were rel B 1178168003 FoAB1068 I AT(prokdtievf Sigstesel padmoteddispnemérdof each in
100% Yo and 25% (v/v) IPA1n water. The resulting | enses were round

and | symiet ke sidaRT BIRgULARY Satosun ReRmcAlLel SSPPURY the

nononer our “days at 56 nmononer m x"), second set of

| enses were mad j \ LOCESS., - ggé}lg aged
nononer OQA/@P&'é?&/%hggggﬁﬁ‘gﬁ&’??{lgffrloygﬁ@ﬁgagﬁa (1: pt 113 ééglgépti cal
surfaces. -33 WO 2004/000888 PCT/ US200 /01970(1}9 l.n _cont r)a@t dIenses made
with the wdibis(ddmeborysareyiddotrEimeylpaRty L Phospan aFiHe) g 15 yzed nacroner
(as described in Exanple 1) were symetrical and had snooth .o f;i cal
sur f aces veiftetheileentBeiidinfetbyhoetana e p raHo{S0MnEg (Waﬁfﬂl%@@%wg | onger at
56C.

20 parts (wt) diluent.

The enthalpy of photopolymerization was measured using a TA Instruments
differential photocalorimeter with a mercury vapor lamp, with the sample at 70°C
under a nitrogen atmosphere. The enthalpy of photopolymerization was measured
as a function of monomer mix storage time at 55°C. The results are shown in Figure
1, showing monomer mixes made using macromer made using the procedure of
Example 1 with the following macromer-forming catalysts: TEA, DBTDL (with
acetic acid) or K-KAT 348 bismuth carboxylate catalyst. The enthalpy values are

the average of two measurements each.

Enthalpy values for monomer mixes made using TEA or K-KAT 348 are
statistically equivalent and do not exhibit a decrease over time as compared to
monomer mixes made using DBTDL in the prior art. Without being limited to the
mechanism, the degradation of the enthalpy values for the monomer mixes made

using DBTDL represents degradation of the visible-light photoinitiator.
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It is understood that while the invention has been described in conjunction
with the detailed description thereof, that the foregoing description is

i nt ended W 1ob4/eregssate and not limt the scope of the irocaews20@m19%whi ch is
defined by the scope of the appended clains. O her aspects, advantages,
and nodifications are evident froma review of the followng clains. -34
WO 2004/ 000888 PCT/ US2003/ 019700 What is clainmed is: 1. A nononer m X
conposition conprising a nmacroner, wherein the nacronmer conprises a
reaction ExempletS of an el ectrophilic conpound and a macr oner - precur sor
material in the presence of a macroner-formng catalyst; and a visible

| i ght photoinitiator, wherein the macroner-formng catalyst is conpatible
with the phmbuomertmitwas made fom thofoblowing: obY. % Yod(vwd) madromse fieinn t he
macromer - precursor nmaterial conprises silicone. 3. The conposition of
claim 1 wegtapr I he maervadeDBTD I dacal &-KHNT 340bipmithasmrizoxlyld s base. 4.
The conposition of claim1l wherein said macroner-formng catalyst is

sel ect ed fcaﬁfsg?stt Be 095 APDHNS ISV 18004 006), RTONAEERINYGI09) DREA, 0% um
hydr oxi des, suffuric acids, trifluorodacetic acids, bisnuth salts, and

tertiary Al ﬁg.O"/?TECETﬁ\/IKP%%NB{b?& @f ki swherei n said
methacrylyloxyethylphenyl)-2H-benzotriazole), 0.02% Blue HEMA (product of the
base-promoted displacement of one chloride of Reactive Blue # 4 dye by
hydroxyethyl methacrylate), 5.0% PVP (K90), and 1.0% CGI 1850 (1:1 (wt) blend
of 1-hydroxycyclohexyl phenyl ketone and bis(2,6-dimethoxybenzoyl)-2,4-4-
trimethylpentyl phosphine oxide) blended with the diluent 3,7-dimethyl-3-octanol in

aratio of 80 parts (wt) of the blend with 20 parts (wt) diluent.

Immediately after this monomer mix was made, contact lensés were made by curing
in plastic molds under irradiation for 30 minutes with visible light fluorescent bulbs
(Philips TL 20W/03T fluorescent bulbs) at 45°C. The molds were opened and the
lenses were released in 60% IPA in water, then soaked at least one hour each in
100%, 75%, 50% and 25% (v/v) IPA in water. The resulting lenses were round and

symmetrical, and had smooth optical surfaces.

After storing the monomer mix for four days at 56°C (“aged monomer mix”), a
second set of lenses were made using the same process. These lenses made from
aged monomer mix were asymmetrical, and had rough and unacceptable optical

surfaces.
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catalyst is selected fromthe group consisting of bismuth carboxyl at es,
bi smuth trioxide Bi 203, bisnuth ortho-hydroxide Bi (OH) 3, bisnuthyl
hydr oxi dewoBlo®{/@eBss bi sruth nitrate (Bi O NO3, and bi snutACTeEs20@mad o
(Bi O 2C3B. 6. The conposition of claim1 wherein the nmacroner-formng
catal yst conprises bisnuth. 7. The conposition of claim1 wherein the
macroner-form ng catal yst conprises bismuth(ll1) 2-ethyl hexanoate. -35 WD
2004/ 000888 PCT/ U@ZOOS/O 9700, 8. The cor%osi tion of clai. ].[?#V\hetﬁiei n the
macr omer - FOFIRTAY, {ensesimde Witk fhe Spug Rrogess [ & monemer piix Fth S Mpigth g © g
conposition of claim1l wherein the macroner-formn ,catalﬁa% conpri ses
triet hyl apitalyzedimacromer (o sersibed snExample &) yere sypendrical eRd DAGIPRRTRY - f or mi ng
catalyst is in liquid form 11. The conposition of claim1l wherein the
el ect r ophbptical srfaeesiedkni whensehdecenl afmanonteh iy sougpl HoAsvesks ergonger
3-isopropenyl - a, a-di met hyl benzyl isocyanate, vinylbenzyl, chloride, allyl
chl oride, ;ywgelt( acryl oyl) chloride, (neth)acrylic anhydride, nethyl
met hacryl ate, methacryl am doacet al dehyde di net hyl acet al
4- et hacryl am dobut yr al dehyde di et hyl acetal, glycidyl (meth) acrylate,
2- 1 socyanat. : j -V b e,

&9 ﬁ{%ﬁg% hpGhAE ﬂ{eqnvc%lttlh% )k/%gr%e%ﬁ)é@%?fby @(;.}nlal%l %a IndtisR A @R

i sonmeric vin I'socyanat e yetl rylate, adduct of
hydr oxyet b SISO EreBR Tk v el R G AN ea RIHGHST 2
and not limit the scope of the invention, which is defined by the scope of the

appended claims. Other aspects, advantages, and modifications are evident from a

review of the following claims.
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hydr oxyet hyl netacryl ate and i sophorone diisocyanate, and m xtures thereof.
12. The conposition of claim1l wherein the electrophilic conpound

conpr i sesw® 1osomoegsenyl - a, a- di net hyl benzyl isocyanate. FT/0320030000Si ti on
of claim1l wherein the electrophilic conpound conprises 2-isocyanatoet hyl
met hacryl ate. 14. The conposition of claim1l wherein the macroner-precursor
material is selected fromthe group consisting of 2-hydroxyethyl acrylate,
hydr oxypr opyl "acryl ate, hydroxypropyl nethacryl ate, ethoxyl ated

hydr oxyet (lat isBBlibrahy! at e, pol ypropyl ene gl ycol nononethacryl ate,
caprol actone acrylate, beta carboxyethyl acrylate, hydroxyethyl vinyl

et her, N-(2-hydroxyethyl) nethacrylam de, 3, 4-di hydroxybutyl nethacryl ate,
N- hydr oxynmethyl  acr W mohaaer hixlvpdiposiyioe tombrisieg hacr yl am de,

2-t-butylam noethyl nethacrylate, acrylic acid, nethacrylic acid, itaconic
aci d, hydroxyethyl nethacrylate, polyvinyl acrylate, polyvinyl alcohol,

gl ycer yhnononet hacr y haasromerg@heseinhe 1yag@o88 SompIsasA0ation t of

met hyl di (tr] i OXHASHInA!2BA 9 RV Y& 6 bur 69 kA ixdfh@ preence of
hydr oxyet hy%lﬂgl{e{;}géc@;llllg%‘(_}e{?l dextran ﬁydr oﬁ{fpru(gpyl cel | ul ose,pr2?nceo

hydr oxyet hyP%i@PN!i‘ll‘?fsf@?m%&amb@FG?@rret hyl cel I ul ose; mi xtures thereof and
pol ynmers and copol yners nmade therefrom 15. The conposition of claim1l

wherein the macroner - p"eﬁgﬁ%ﬁﬂph\gﬁ@%i 1%1@8%,'[%126?‘§m%e Jnga%&e?-férﬁ‘grﬁéei ve groups.

16. The conposition 8f'¢ ] Aol ar ratio o ctrophilic
catalyst is compatible with the photoinitiator.

2. The composition of claim 1 wherein the macromer-precursor

material comprises silicone.

3. The composition of claim 1 wherein the macromer-forming catalyst

comprises a Lewis base.

4. The composition of claim 1 wherein said macromer-forming
catalyst is selected from the group consisting of amines, pyridines, sodium
hydroxides, sulfuric acids, trifluoroacetic acids, bismuth salts, and tertiary

amines.

5. The composition of claim 1 wherein said macromer-forming
catalyst is selected from the group consisting of bismuth carboxylates, bismuth
trioxide BiyOs, bismuth ortho-hydroxide Bi(OH)s, bismuthyl hydroxide
BiO(OH), bismuth nitrate (BiO)NO;, and bismuth carbonate (BiO),CO:;.

6. The composition of claim 1 wherein the macromer-forming catalyst

comprises bismuth.

7. The composition of claim 1 wherein the macromer-forming catalyst

comprises bismuth(IIl) 2-ethylhexanoate.
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conpound functional groups to the isocyanate-reacting functional groups is
at a nolar ratio of 1:2, wherein the isocyanate-reacting group conprises
at | east WO 10osg0a0psssat e-reacting functional groups. 17. TH@E/wmpoaprooon of
claim1 wherein the nolar ratio of electrophilic conpound functional
groups to the isocyanate-reacting functional groups is at a nolar ratio of
1: 8, wherein the isocyanate-reacting group conprises at |east 8

i socyanat e-reacting functional groups. 18. The conposition of claiml

wher ei n thegnol ar r aThecahpeittnt sfefdim i whereonthe urdrdmendoinging catglysups to t he
| socyanat e-react |

ng, f.unction sis at a nolar ratio of 1:1 to
0. 001: 1. .19?01111?1129565%%35&0{1?gerﬁ%y%?%e?m 1 wherein the nolar ratio of
el ectrophilic conpound functional groups to the isocyanate-reacting

functional groups istft \c;ﬁmp@ﬁcﬁf of MitO1 Rherbinliht SderddrXornd@g cdtaRst
conposition of claim]l etein the nolar ratio of electrophrlic conpound
functional eemBRASS tEethylamingocyanat e- reacting functional groups is at a

nolar ratio of 1:1 to 0.1:1. 21. The. conposition of claim7 wherein the

-f i t i S, b . 0 :
mole %1 el alive i o t bt erepesud e ChnBathhe iy ot beBbRE *°
PCT/ US2003/ 318 TiqQid 2Am. The conposition of claim9 wherein the

nmacroner-formng catalyst is present at about 0.1 nole %to about 2.0 nole
%relative to the electrophilic _ . e )
11. The composition of claim 1 wherein the electrophilic compound is

selected from the group consisting of 3-isopropenyl-o,a.-dimethylbenzyl
isocyanate, vinylbenzyl, chloride, allyl chloride, meth(acryloyl) chloride,
(meth)acrylic anhydride, methyl methacrylate, methacrylamidoacetaldehyde
dimethylacetal, 4-methacrylamidobutyraldehyde diethylacetal, glycidyl (meth)
acrylate, 2-isocyanatoethyl methacrylate, allyl isocyanate, vinyl isocyanate,
isomeric vinylbenzyl isocyanate of hydroxyethyl methacrylate, adduct of
hydroxyethyl methacrylate and 2,4-toluene diisocyanate, adduct of 2~
hydroxyethyl metacrylate and isophorone diisocyanate, and mixtures thereof.

12. The composition of claim 1 wherein the electrophilic compound

comprises 3-isopropenyl-o,o-dimethylbenzyl isocyanate.

13. The composition of claim 1 wherein the electrophilic compound
comprises 2-isocyanatoethyl methacrylate.

14. The composition of claim 1 wherein the macromer-precursor
material is selected from the group consisting of 2-hydroxyethyl acrylate,
hydroxypropyl acrylate, hydroxypropyl methacrylate, ethoxylated hydroxyethyl
methacrylate, polypropylene glycol monomethacrylate, caprolactone acrylate,
beta carboxyethyl acrylate, hydroxyethyl vinyl ether, N-(2-hydroxyethyl)
methacrylamide, 3,4-dihydroxybutyl methacrylate, N-hydroxymethyl
acrylamide, N-hydroxymethyl methacrylamide, 2-t-butylaminoethyl
methacrylate, acrylic acid, methacrylic acid, itaconic acid, hydroxyethyl
methacrylate, polyvinyl acrylate, polyvinyl alcohol, glycerylmonomethacrylate,
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compound. 23. The conposition of claim1l wherein the photoinitiator
conprises bis-(2,6-di methoxybenzoyl)-(2,4,4-trimethylpentyl) phosphine
oxi de. 24woTies/@osgsosi tion of claim 1l wherein the phot oirUTVUS20@01ETIDT | SES
bi s- (2,4, 6-trinethybenzoyl)-phenyl phosphi ne oxide. 25. The conposition of
claim1l wherein the photoinitiator conprises a phosphine oxide. 26. The
conposition of claim1 wherein the reaction product is substantially
produced in about 3 hours. 27. A nonomer m x conposition conprising a

nmacroner, Wasih§idi(ttifethyReloRyeylypesiiglsesolamethaaylawn2pr oduct of  an

el ectrophi | j c, conpoynd ,and cromer:prec lal in the presence of
a nacrorrer-]PWﬂ’f%g“y ﬁﬁa%’{a?eagﬁ@%‘%’%%ﬁég@gﬂ%_ phg%'oi nitiator, wherein
tlhe {mcr ﬁ_rr}e]giydroxyaﬂm)gcelmmm apdthyideoxymethybugllnfosesmixtwes thereef ¥ bet ween t he

el ectrophil | SLAUEl - Precursor material . 28. The
cpnp05|t|onpéyﬁggggﬁggyg&ﬂgﬁgﬁﬁkﬂﬁeenacroner-precursor mat erial conprises
silicone. 29. The conposition of claim27 wherein the macroner-form ng

catal yst coppri ses aThewbfip&ass oftfaimMhehe@iNBs nfdcmdfpredutsom 27 wher ei n
t he el ectrophi I_|a§hz(gﬁp ound is. selected fromthe group consisting of

3-i sopr openiRLeaL a4 TPanEKs STORS-

16. The composition of claim 1 wherein the molar ratio of electrophilic
compound functional groups to the isocyanate-reacting functional groups is at a
molar ratio of 1:2, wherein the isocyanate-reacting group comprises at least 2

isocyanate-reacting functional groups.

17. The composition of claim 1 wherein the molar ratio of electrophilic
compound functional groups to the isocyanate-reacting functional groups isata
molar ratio of 1:8, wherein the isocyanate-reacting group comprises at least 8

isocyanate-reacting functional groups.

18. The composition of claim 1 wherein the molar ratio of electrophilic
compound functional groups to the isocyanate-reacting functional groups isata
molar ratio of 1:1 to 0.001:1.

19. The composition of claim 1 wherein the molar ratio of electrophilic
compound functional groups to the isocyanate-reacting functional groups isata
molar ratio of 1:1 to 0.05:1.

20. The composition of claim 1 wherein the molar ratio of electrophilic
compound functional groups to the isocyanate-reacting functional groups is at a
molar ratio of 1:1 to 0.1:1.

21. - The composition of claim 7 wherein the macromer-forming catalyst

is present at about 0.02 mole % to about 2.0 mole % relative to the electrophilic
compound.
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WO 2004/ 000888 PCT/ US2003/ 019700 isocyanate, vinylbenzyl, chloride, allyl
chloride, nmeth(acryloyl) chloride, (neth)acrylic anhydride, nethyl

met hacr yl eioezoo4retobsscr yl am doacet al dehyde di net hyl acet alpCT/US2003/019700

4- met hacryl am dobut yr al dehyde di et hyl acetal, glycidyl (meth) acrylate,

2-i socyanat oet hyl nethacrylate, allyl isocyanate, vinyl isocyanate,

i sonmeric vinyl benzyl isocyanate of hydroxyethyl nethacryl ate, adduct of 2-
hydr oxyet hyl nethacryl ate and 2, 4-tol uene diisocyanate, adduct of 2-

hydr oxyet hyi2. met hacr Vhedompmsitioh £ phaim Srehatéin shrmpasramer-famdngiataliiftes
thereof. 31. Thec QS intii Q i v/ &y elin; icl 1 ¢ conpound
conpri ses 31-sip§et§5'? oaggﬁ%%pal,lg-gl jr‘?éf%i@({uggﬁ)zr{} |}§g%§§r$2§g% bgg(%tfoﬁlﬁgiccorrposi tion
of cl ai m 27conusiln t he el ectrophilic conpound conprises 2-isocyanat oet hyl
nmet hacryl ate. 33. The conposition of claim 27 wherein the

macr oner - precursor nmaterial conprjses one or re .of.the group consisting
of hydroxyethyl acrylsg @mpoﬁyﬂ’ﬁlg%? ByW ‘?EEWP%EOIWH%O&??%‘PBB I

net hacr yl at gjs-(2shmmetnak gstnbyyd)- (¥, atifiylethylgnhdrphospltiee oxidey pr opyl ene gl ycol
nononet hacryl ate, caprol actone acrylate, beta carboxyethyl acrylate,
hydroxyet hyl vinyl ether, N-(2-hydroxyethyl) nethacrylam de,,

3, 4-di hydr o34/but y| nFhéemmpdsiion, ofidladimdr wherais thg photaigiiatessog@rises

N- hydr oxynef. 2 1.6 < haoet hyl  nethacrylate, acrylic
acid, net ha%l%{z’id'b%e g[ch?r%f,i}yqet ac,};g)ﬁ?hc&lg}cplhg%ﬁ%%ﬁg&g%xyet hyl et hacryl at e,

pol yvi nyl acryl ate, polyvinyl alcohol, glyceryl nononethacryl ate,

net hyl di (trhsret hyl si irpxyosydsitiddr seydigl ywaéeln thephatoinytiadresomprises a

hydr oxyet hy{oﬁ%ﬂ%%roﬁdae:t e, dextran, hydroxypropylcellul ose, 2-

26. The composition of claim 1 wherein the reaction product is

substantially produced in about 3 hours.
27. A monomer mix composition comprising

a macromer, wherein the macromer comprises a reaction product of
an electrophilic compound and a macromer-precursor material in the presence of

a macromer-forming catalyst; and

a visible light photoinitiator, wherein the macromer-forming
catalyst is removed after the reaction between the electrophilic compound and the

macromer-precursor material.

28. The composition of claim 27 wherein the macromer-precursor

material comprises silicone.

29. The composition of claim 27 wherein the macromer-forming

catalyst comprises a Lewis base.

30. The composition of claim 27 wherein the electrophilic compound is

selected from the group consisting of 3-isopropenyl-o,a-dimethylbenzyl
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hydr oxyet hyl cel | ul ose, and hydroxynet hyl cel | ul ose, m xtures thereof and
pol ynmers and copolyners therefrom 34. The conposition of claim27 wherein

t he phot owu 200&000888coNpri ses
bi s- (2, 6-di met hoxybenzoyl )- (2,4, 4-trimethyl pentyl) phosphi ne oxi de.

conposition of claim27 wherein the photoinitiator conprises

bis-(2,4,6-trinmethybenzoyl) - phenyl phosphi ne oxi de.

PCT/ US2003/ 019700 36. The conposition of claim27 wherein the
phot oi ni ti aj@kymEPTin§BEnA/l, dERNAINE cBXiride, meR(aciieyly citpidd,t i on of claim

I LS

27 wherein
hours. 38.

el ect r ophi | ditnethytpeteti-arthaaryianidobeyrapdehyde disthylavetak ghwidyl (methy a
I hili
£S5l S0P SR e s«

nacr oner -

nacroner-foraj%
conpound ang Y iie

r

PCT/US2003/019700

35. The

-39 WO 2004/ 000888

form ng

cat al yst i sisoorepatvitylenaylisocyanate phxirpxystiyl prethastyiates addBet-ofand preparing a

mononer M X CARRY 1Bk tRadk A8k R, AHDEHE WiiSoyhie, Bl@GIFRNI |1 c conpound
and the macroner=-precursor” materi al

d . t.h h I . .
net hod of cha¢ﬁ¥gﬁhﬁﬁwﬂbw%ﬂ@Wémﬁﬁ%wagg96%%§Mw§$¥5ﬁ@5%$¢§%?&%8ﬁgrilgg

silicone.

31. The-composition of claim 27 wherein the electrophilic compound
comprises 3-isopropenyl-a,a-dimethylbenzyl isocyanate.

32. The composition of claim 27 wherein the electrophilic compound
comprises 2-isocyanatoethyl methacrylate.

33. The composition of claim 27 wherein the macromer-precursor
material comprises one or more of the group consisting of hydroxyethyl acrylate,
hydroxypropyl acrylate, hydroxypropyl methacrylate, ethoxylated hydroxyethyl
methacrylate, polypropylene glycol monomethacrylate, caprolactone acrylate,
beta carboxyethyl acrylate, hydroxyethyl vinyl ether, N-(2-hydroxyethyl)
methacrylamide, 3,4-dihydroxybutyl methacrylate, N-hydroxymethyl
acrylamide, N-hydroxymethyl methacrylamide, 2-t-butylaminoethyl
methacrylate, acrylic acid, methacrylic acid, itaconic acid, 2-hydroxyethyl
methacrylate, polyvinyl acrylate, polyvinyl alcohol, glycerylmonomethacrylate,
methyldi(trimethylsiloxy)sylylpropylglycerol methacrylate,
hydroxyethylmethacrylate, dextran, hydroxypropylcellulose, 2-
hydroxyethylcellulose, and hydroxymethylcellulose, mixtures thereof and
polymers and copolymers therefrom.

34. The composition of claim 27 wherein the photoinitiator comprises
bis-(2,6-dimethoxybenzoyl)-(2,4,4-trimethylpentyl) phosphine oxide.

35. The composition of claim 27 wherein the photoinitiator comprises
bis-(2,4,6-trimethybenzoyl)-phenylphosphine oxide.
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40. The nethod of claim 38 wherein the macroner-form ng catal yst conprises
a Lewis base. 41. The nethod of claim 38 wherein said macroner-form ng

cat al yst weo 208€b@888ed fromthe group consisting of am neCT/ysenediloms,

sodi um hydroxi des, sulfuric acids, , trifluoroacetic acids, bisnmuth salts,
and tertiary am nes. 42. The method of claim 38 wherein said
macroner-formng catalyst is selected fromthe group consisting of bismuth
carboxyl ates, bismuth trioxide Bi203, bismuth ortho-hydroxi de Bi (COH) 3,

bi smut hyl hyggr oxi de Bh&t&Xipositidti salbim 217 Whee th8ph)tbidBiatammmiyirsess h

car bonat e (B%%%ﬁCIB..-4O WO 2004/ 000888 PCT/ US2003/ 019700 43. The net hod
of clai m 38P BeR%id%e macroner-forning catal yst conprises bismuth. 44.

The net hod of claim 38 wherein the macromer-form ng catalyst conprises

e not Y e a0ARkSrioor o ey TFhARh B EibAbTpRRuAer o 1 | he

macr omer - f oM ng cat conprises at least one tertiary am ne. 46. The
net hod of clsebstangigliyproduaees infgboweh@Her - f or ni ng cat al yst ~ conpri ses
triethylamne. 47. The nmethod of claim 38 wherein the nacroner-formng
catalyst is_in liquid f rH1 48. The nethod of cl aim.38 wherein the

el ect r ophi | B8 conpould®r&iod Of psppERe # FIORPIRETYT CUBPENEi sting of

3-isopropenyl - a, a- di net hyl benzyl
combining an electrophilic compound and a macromer-precursor

material;

using a macromer-forming catalyst for a reaction between the
electrophilic compound and the macromer-precursor material, wherein the
macromer-forming catalyst is compatible with a visible light photoinitiator; and

preparing a monomer mix comprising a reaction product of the
electrophilic compound and the macromer-precursor material, and the

photoinitiator.

39. The method of claim 38 wherein the macromer-precursor material

comprises silicone.

40. The method of claim 38 wherein the macromer-forming catalyst

comprises a Lewis base.

41. The method of claim 38 wherein said macromer-forming catalyst is
selected from the group consisting of amines, pyridines, sodium hydroxides,
sulfuric acids, , trifluoroacetic acids, bismuth salts, and tertiary amines.

42. The method of claim 38 wherein said macromer-forming catalyst is
selected from the group consisting of bismuth carboxylates, bismuth trioxide
Bi,03, bismuth ortho-hydroxide Bi(OH)s, bismuthyl hydroxide BiO(OH),
bismuth nitrate (BiO)NO3, and bismuth carbonate (BiO),COs.
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i socyanate, vinylbenzyl, chloride, allyl chloride, neth(acryloyl) chloride,
(meth)acrylic anhydride, nethyl nethacryl ate, nethacryl am doacetal dehyde

di et hyl avet mb4/000888et hacr yl am dobut yr al dehyde di et hyl acetcal/ys2gésyad gl
(meth) acrylate, 2-isocyanatoethyl nethacrylate, allyl isocyanate, vinyl

i socyanate, isoneric vinylbenzyl isocyanate of hydroxyethyl methacrylate,
adduct of 2- hydroxyethyl nethacrylate and 2, 4-tol uene diisocyanate, adduct
of 2- hydroxyet hyl nethacrylate and i sophorone diisocyanate and m xtures
thereof. 493 The Wqﬂ@%eﬂ{o@d@ldﬂn@% WhgEiRithe nherogleeCirhgphidtilgstconpound
conprises 3-1S0pro a, a- di met hyl benzyl isocyanate. 50. The method of
claim 38 mhé?@?%“?% né%%ctrophlllc conpound conprises 2-isocyanat oet hyl
met hacrylate. 51. The nethod of claim 38 wherein the macroner-precursor

mat eri al sel ecte fro acryl ate,
e oxanr o her vt SrR A SEGUR GRASHI Ao BhePYARARY il
hydroxyethybmmpﬂhmdmwmmhéﬂ)Zﬁﬂmmvﬁa@ﬁ@ﬂ/000888 PCT/ US2003/ 019700

pol ypr opyl ene gl ycol nononet hacryl at e, caprolactone acryl ate, beta

car boxyet hyl acryl ate hydroxyethyl Vi nyl dr ox ethyl)

met hacr yl anitie, 3, 4- dibRyertend HAlgIM o hzeinyg %F@mnm@ éﬁ?ﬁ?@ﬁ@

acryl am de, CBh@MQﬁQ%Kﬁﬁhﬂ%hmﬁﬁbhﬁ@hy|anlde 2-1- butylanlnoethyl

met hacryl ate, acrylic acid, methacrylic acid, itaconic acid, 2-hydroxyethyl
met hacryl ate, pol yvinyl acrylate pol yvi nyl alcohol
glycerylnnn@ﬁethacryﬂ&henahmkahymnl1&Wh@ﬁmm®¢Buwmmy#é@mwmgﬁﬁévﬁglycerol

met hacryl at Somprises triethylamine.

47, The method of claim 38 wherein the macromer-forming catalyst is

in liquid form.

48. The method of claim 38 wherein the electrophilic compound is
selected from the group consisting of 3-isopropenyl-a,o-dimethylbenzyl
isocyanate, vinylbenzyl, chloride, allyl chloride, meth(acryloyl) chloride,
(meth)acrylic anhydride, methyl methacrylate, methacrylamidoacetaldehyde
dimethylacetal, 4-methacrylamidobutyraldehyde diethylacetal, glycidyl (meth)
acrylate, 2-isocyanatoethyl methacrylate, allyl isocyanate, vinyl isocyanate,
isomeric vinylbenzyl isocyanate of hydroxyethyl methacrylate, adduct of 2-
hydroxyethyl methacrylate and 2,4-toluene diisocyanate, adduct of 2-
hydroxyethyl methacrylate and isophorone diisocyanate and mixtures thereof.

49. The method of claim 38 wherein the electrophilic compound
comprises 3-isopropenyl-a,a-dimethylbenzyl isocyanate.

50. The method of claim 38 wherein the electrophilic compound
comprises 2-isocyanatoethyl methacrylate.

51. The method of claim 38 wherein the macromer-precursor material

is selected from the group consisting of hydroxyethyl acrylate, hydroxypropyl
acrylate, hydroxypropyl methacrylate, ethoxylated hydroxyethyl methacrylate,
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hydr oxyet hyhnet hacryl at e, dextran, hydroxypropylcellul ose, 2-

hydr oxyet hyl cel | ul ose, and hydroxynet hyl cel | ul ose, m xtures thereof and

pol ynmer s wakooomokssnmer s t hereof. 52. The net hod of cl ai mGABUSthevr@dT0t he
macronmer - precursor material has at |east 2 reactive groups. 53. The net hod
of claim 38 wherein the nolar ratio of electrophilic conmpound functional
groups to the isocyanate-reacting functional groups is at a nolar ratio of
1: 2, wherein the isocyanate-reacting group conprises at |east 2

| socyanat e- peBpidpyient @il moadmethadtpiate, bahrolabieneradrilatk, bétacl ai m 38 wherei n

t he nol t ) | hi.l f h
|socyan:'[ er?%r gﬂg% faﬁlf%’i%t? Idfdxgethipﬁﬁﬂ% N%w ?ﬁgpzfti t8 e\/\/nerel n
the i socyanatedaace,sdmmdwg3 Grdilysireobpiil g@ﬂlaatylatedﬁthyeroxmﬂyhnat e-reacting
functi onal &%ﬁda% %&?Kﬁ%fhgpﬂe@ifac lﬁhﬂé@&ﬂm aﬁhﬁbe‘im mol ar ratio of

el ectrophilic conpoun u s.t0 nat eactin
functional gredhasEylpts, asryliec acshmgthacky 106106#’ 1t§°°1“0c %Pl@ 70@% xYe a'é’li The mgt hod of
claim 3? W[‘ﬁdé?hd&r}flﬁl@ Ismyaﬁylra@tylaxe oﬁomh@y;tan@mbl lelyeerybmomankthackyiatet | onal
groups to e i an ea tio sis at a nolar ratio of
1:1 to 0.05M¢ hﬁg%‘ﬂﬁ%ﬁﬂb"d&d@é@ E‘Léi%fyﬁgrfg FB59HE 27 The net hod of

cl ai m 38 whayéionytthglnatharylataf destred, hydexypoplickilelosg @npound f unct i onal
groups to tRe;i SOSKBREH AL Ad hytlokdy#idhy 108 Rosa! MHRErel thefdof nd

polymers and copolymers thereof.

52. The method of claim 38 wherein the macromer-precursor material

has at least 2 reactive groups.

53. The method of claim 38 wherein the molar ratio of electrophilic
compound functional groups to the isocyanate-reacting functional groups is at a
molar ratio of 1:2, wherein the isocyanate-reacting group comprises at least 2

isocyanate-reacting functional groups.

54. The method of claim 38 wherein the molar ratio of electrophilic
compound functional groups to the isocyanate-reacting functional groups is at a
molar ratio of 1:8, wherein the isocyanate-reacting group comprises at least 8

isocyanate-reacting functional groups.

55. The method of claim 38 wherein the molar ratio of electrophﬂic
compound functional groups to the isocyanate-reacting functional groups is at a
molar ratio of 1:1 to 0.001:1.

56. ~ The method of claim 38 wherein the molar ratio of electrophilic

compound functional groups to the isocyanate-reacting functional groups is at a
molar ratio of 1:1 to 0.05:1.
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nolar ratio of 1:1 to 0.1:1. 58. The method of claim44 wherein the
macroner-formng catalyst is present at about 0.02 nole %to about 2.0

nol e % r evat 100€0a0888t he el ectrophilic conpound. 59. The praavbsedodafiombai m 46
wherein the macroner-form ng catalyst is present at about 0.1 nole %to
about 2.0 nole %relative to the electrophilic conpound. 60. The nethod of
claim38 further conprising renoving the macroner-form ng catalyst from
the el ectrophilic conmpound and the hydroxy- containing material, after the
reaction. 6157.The rret’ﬂhnjrneﬂhodbﬁélairlfﬁ88wﬂuereiaiﬂxeutmdaﬂnatiobﬁelcctrmﬂmi ses a

bi's- (2, 6- dic{{Bﬂ{ B m V\#l &.ﬁ) f‘?ﬁﬁé shORha P& lfﬂno‘%ﬁaﬁgg 9% fe.

The nmethod o e phot-ol nltlato conpri i S-
(2, 4, 6- t ri memplpbeatiofilyL pHehyl phosphi ne oxide. 63. The nmethod of claim 38
wherein the initiator conprises phosphine OXI de 64. The nethod of claim

38 wherein the reacti I S tan al | roduced in.about 3
hours. 65. A opht hal ﬁh@gafgeaeécle%ﬁg“&e ‘t%?fg%r Ofge alﬁ?ﬁ m 1, or
27. 66. A nestesat atddoic®@0Z aivhy Yostb agoit! 20 ﬁl@lﬁ%&blahwtodhe eleairophilior 27. 67.
A contact | ecrg)%ip%%nngri sing the conposition of claim1l or 27. -43

59. The method of claim 46 wherein the macromer-forming catalyst is
present at about 0.1 mole % to about 2.0 mole % relative to the electrophilic

compound.

60. The method of claim 38 further comprising removing the
macromer-forming catalyst from the electrophilic compound and the hydroxy-

containing material, after the reaction.

61. The method of claim 38 wherein the initiator comprises a bis-(2,6-
dimethoxybenzoyl)-(2,4,4-trimethylpentyl) phosphine oxide.

62. The method of claim 38 wherein the photoinitiator comprises bis-
(2,4,6-trimethybenzoyl)-phenylphosphine oxide.

63. The method of claim 38 wherein the initiator comprises phosphine
- oxide.
64. The method of claim 38 wherein the reaction product is

substantially produced in about 3 hours.

65. An ophthalmic device comprising the composition of claim 1, or
27.

66. A medical device comprising the composition of claim 1 or 27.
67. A contact lens comprising the composition of claim 1 or 27.
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WD 2004/ 000888 PCT/ US2003/ 019700 68. A silicone hydrogel |ens conprising
the conposition of claim1 or 27. 69. A nethod of preparing a macroner,

t he nmet howocmopedosssng: (a) reacting in tetrahydrofuran acd/gs2eysd/mamm

bi s(di met hyl am no) - net hyl silane, a solution of tetrabutyl amoni um

3-chl orobenzoate, nethylnethacrylate, (trinethylsiloxy)ethyl nmethacrylate,
and nethyltrinethylsilyl dinethylketene acetal to formreaction product
(a); (b) reacting reaction product (a) with (trinethylsiloxy)ethyl

met hacryl at 8. mono- alkylicohe hydoatldensuminyptisiret thy beipaxtémesf, clapr! Iptand

met hacryl ox% ropyl tris(trinethylsiloxy)silane to formreaction product (b);
( c) reactifig reaction product (b) with (trinmethylsiloxy)ethyl

nmet hacryl ate, and nethyl nethacryl ate, bis(di methylam no)-methylsilane, to

formreacti gy produch e of fpiil kflirdrRdch aBTGbaghisnge) [ et hanol

with water and dichloroacetic to forma nacroner precursor and (e)
reacting said macromer precursor with 3-isopropenyl-a,a- dinethylbenzyl
i socyanate, in the p(fHsenasy ﬁftetialsyﬁndsﬂhrmanﬂ)p leatdﬁwls(ﬁmx&t}nyiaxnmo)-to forma

macr oner and ad bi s i met hyl pentyl

phosphi ne o%egﬁ'?scﬂ%ﬁ%’% Sahﬁ%rc’éﬂ%&% tgf?al%g ei élgéfubg%nggﬁ 70. A rng)rrer

M X Cconposi tnediylmetﬂnpcnykimﬁnnwthmmmmhbdmﬁéhacgi g Eéldrrponent s formed from
methyltrimethylsilyl dimethylketene acetal to form reaction product (a);

(b) reacting reaction product (a) with (trimethylsiloxy)ethyl
methacrylate, mono-alkyl terminated polydimethylsiloxanes, TRIS and
methacryloxypropyltris(trimethylsiloxy)silane to form reaction product (b);

( ¢) reacting reaction product (b) with (trimethylsiloxy)ethyl
methacrylate, and methylmethacrylate, bis(di methylamino)-methylsilane, to

form reaction product ( c);

(d) reacting reaction product ( ¢) in methanol with water and

dichloroacetic acid; to form a macromer precursor and

(e) reacting said macromer precursor with 3-isopropenyl-a.,oi-
dimethylbenzyl isocyanate, in the presence of bismuth (II) 2-ethyl hexanoate; to

form a macromer and

adding bis-(2,6-dimethoxybenzoyl)-(2,4,4-trimethylpentyl)

phosphine oxide to said macromer for a subsequent reaction.
70. A monomer mix composition comprising:

a macromer comprising components formed from
methylmethacrylate, (trimethylsiloxy)ethyl methacrylate, methyltrimethylsilyl

dimethylketene acetal, mono-alkyl terminated polydimethylsiloxanes,
methacryloxypropyltris(trimethylsiloxy)silane, and 3-isopropenyl-oi,o.-
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met hyl met hacryl ate, (trinethylsiloxy)ethyl methacrylate,

methyl trinethylsilyl dinethyl ketene acetal, nono-al kyl term nated

pol ydi met W ®od/anossses, net hacryl oxypropyl tris(trimet hylit/usey)siibane, and
3-isopropenyl -a,a -44 WD 2004/ 000888 PCT/ US2003/ 019700 di net hyl benzyl

i socyanate in the presence of a bismuth(ll11) 2-ethyl hexanoate; and

bi s- (2, 6-di net hoxybenzoyl)-(2, 4, 4-trinet hyl pentyl) phosphine oxide. 71. A
conposition of matter conprising: a macronmer formed froman electrophilic
conpound andiimethglbensy isopyaaty iadhe preBdnee bbb bismuthi{(B02-ethghloexandate
macroner-form,ng catal yst; and a visible |light photoinitiator, wherein the
nacroner-fofﬁgng catalyst is conpatible with the photoinitiator. 72. The
conposition of claim71 further conprising at |east one additional

component _conpr i si ng s | 0K@0RBRERI ), UL Ak HABN B hincaNd i Xt ur es

thereof. 73. The conposition of clarm rein said additional conponent
is selected®*dom the group consi sting of unsaturated carboxylic acids,
vinyl lactams, acrylamdes, acrylic acids, acrylic substituted al cohol s,

hydrophi lic xi nyl carbonate nononers, vinyl carbamate nononers, hydrophilic
oxazol one &ﬁnoners?‘??ﬂ¥§§ﬁ8928ﬁ$%ﬁ?ﬂW%f omer having a pol yneri zerabl e
vinyl group and silicone containing nmacronmer having a polynerizerable

vinyl group 'a macromer formed from an electrophilic compound and a macromer-precursor

material in the presence of a macromer-forming catalyst; and

a visible light photoinitiator, wherein the macromer-forming

catalyst is compatible with the photoinitiator.

72. The composition of claim 71 further comprising at least one
additional component comprising siloxane monomers, hydrophilic monomers

and mixtures thereof.

73. The composition of claim 72 wherein said additional component is
selected from the group consisting of unsaturated carboxylic acids, vinyl lactams,
acrylamides, acrylic acids, acrylic substituted alcohols, hydrophilic vinyl
carbonate monomers, vinyl carbamate monomers, hydrophilic oxazolone
monomers, silicone-containing monomer having a polymerizerable vinyl group
and silicone containing macromer having a polymerizerable vinyl group,

mixtures thereof and polymers and copolymers thereof.

74. The composition of claim 72 wherein said additional component is
selected from the group consisting of methacrylic acid, 2-

hydroxyethylmethacrylate, 2-hydroxyethylacrylate, N-vinyl pyrrolidone,
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m xtures thereof and polynmers and copol yners thereof. 74. The conposition
of claim72 wherein said additional conponent is selected fromthe group
consi st i ngoofoosretoBsscr yl i ¢ aci d, 2- hydroxyet hyl net hacr y|pPaiTeysS2003/019700

2- hydr oxyet hyl acryl ate, N-vinyl pyrrolidone, -45 WO 2004/000888

PCT/ US2003/ 019700 nethacryl am de, N, N-di net hyl acryl am de, nono- al kyl

term nated pol ydi net hyl sil oxanes, Si GVA type nononers, TRI S type nononers,
m xtures thereof and polyners_and copol yners fhereof. 75. The comnposition

of clai m 72 mgaceiamids; N.Notmethylasrylasidgomen-2 ARoaed ot | east one

silicone containing nononer selected fromt heR?r oup consi sting of
met hacr y| ox pplydppéthylsidgxanesSiGlisstype syppemersn ERLS type apanoniess, AEKEres2 .-
nmet hyl - 2- hydroxy-3-[3-[ 1,3,3,3-tetranethyl- | -

[trimet hyl sitheréofany pdiysidroamindpphmmpothyiepf.opyl ester; (3-nmethacryl oxy- 2-
hydr oxypr opyl oxy) propyl tris(trinethylsiloxy)silane; and m xtures thereof.
76. The conposition of claim21 wherein macroner-precursor nmaterial

conprises 3t lTBasbmPoatiseaCilaine 7y vaeeinselcalditibral compdiengeonpiseonsi sting

of hydroxyl, am no, carboxyl, diol , thiol groups and conbi nations

thereof. -4 1east one silicone containing monomer selected from the group consisting of
methacryloxypropyltris(trimethylsiloxy)silane; 2-propenoic acid, 2-
methyl-2-hydroxy-3-[3-[1,3,3,3-tetramethyl-1-
[trimethylsilyl)oxy]disiloxanyl]propoxy]propyl ester; (3-methacryloxy-2-

hydroxypropyloxy)propyltris(trimethylsiloxy)silane; and mixtures thereof.

76. The composition of claim 1 wherein macromer-precursor material comprises
at least one reactive group selected from the group consisting of hydroxyl,

amino, carboxyl, diol , thiol groups and combinations thereof.
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