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forming material in the cavity to form a silicone hydrogel contact lens.

The invention further provides a method for producing an ampbhiphilic, branched
polysiloxane prepolymer of the invention.
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DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. Generally, the nomenclature used herein and the laboratory procedures
are well known and commonly employed in the art. Conventional methods are used for
these procedures, such as those provided in the art and various general references. Where
a term is provided in the singular, the inventors also contemplate the plural of that term. The
nomenclature used herein and the laboratory procedures described below are those well
known and commonly employed in the art.

“Contact Lens” refers to a structure that can be placed on or within a wearer's eye.
A contact lens can correct, improve, or alter a user's eyesight, but that need not be the case.
A “silicone hydrogel contact lens” refers to a contact lens comprising a silicone hydrogel
material.

A “hydrogel” or “hydrogel material” refers to a polymeric material which can absorb at
least 10 percent by weight of water when it is fully hydrated.

A “silicone hydrogel” refers to a silicone-containing hydrogel obtained by
copolymerization of a polymerizable composition comprising at least one silicone-containing
vinylic monomer or macromer, a silicone-containing crosslinker, and/or at least one
crosslinkable silicone-containing prepolymer.

A “vinylic monomer” refers to a low molecular weight compound that has one sole
ethylenically-unsaturated group. Low molecular weight typically means average molecular
weights less than 700 Daltons.

A “vinylic macromer” refers to a medium and high molecular weight compound which
comprises one sole ethylenically unsaturated groups. Medium and high molecular weight
typically means average molecular weights greater than 700 Daltons.

The term “olefinically unsaturated group” or “ethylenically unsaturated group” is
employed herein in a broad sense and is intended to encompass any groups containing at
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least one >C=C< group. Exemplary ethylenically unsaturated groups include without

I b |
limitation (meth)acryloyl (—C—CH=CH; and/or —C—C=CHy), allyl, vinyl (—C=CHy),
styrenyl, or other C=C containing groups.

As used herein, “actinically” in reference to curing, crosslinking or polymerizing of a
polymerizable composition, a prepolymer or a material means that the curing (e.g.,
crosslinked and/or polymerized) is performed by actinic irradiation, such as, for example,
UV/visible irradiation, ionizing radiation (e.g. gamma ray or X-ray irradiation), microwave
irradiation, and the like. Thermal curing or actinic curing methods are well-known to a
person skilled in the art.

The term “(meth)acrylamide” refers to methacrylamide and/or acrylamide.

The term “(meth)acrylate” refers to methacrylate and/or acrylate.

A “hydrophilic vinylic monomer”, as used herein, refers to a vinylic monomer which
can be polymerized to form a homopolymer that is water-soluble or can absorb at least 10
percent by weight of water.

A “hydrophobic vinylic monomer” refers to a vinylic monomer which can be
polymerized to form a homopolymer that is insoluble in water and can absorb less than 10
percent by weight of water.

As used herein, the term “amino group” refers to a functional group of -NHR’ in

which R’ is hydrogen or a C4-Cog unsubstituted or substituted, linear or branched alkyl

group.
As used herein, the term “azlactone group” refers to a functional group having the
Ry2
17—N
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formula of @ , inwhich ris 0 or 1; Ry and Ry independently can be an alkyl

group having 1 to 14 carbon atoms, a cycloalkyl group having 3 to 14 carbon atoms, an aryl
group having 5 to 12 ring atoms, an arenyl group having 6 to 26 carbon and 0 to 3 sulfur,

nitrogen and/or oxygen atoms, or R1 and R» taken together with the carbon to which they

are joined can form a carbocyclic ring containing 4 to 12 ring atoms.
As used herein “polysiloxane” refers to a compound or a segment including at least

—-ofgro ol i

R, and R,q, independently of one another, are C1-C1g alkyl, C4-C1g aminoalkyl, C1-C1g

one divalent radical of in which R3, R4, Rs, Rg, R7, Rg,

hydroxyalkyl, C1-C4g ether, C4-C4 alkyl- or C4-C4- alkoxy-substituted phenyl, C1-C1g
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Cl-C6 al kyl ene divalent radical, RL1 is hydrogen or Cl1-C6 alkyl, and nis
an int eger of from1 to 10; mand p |ndependently of each other are an
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agent to wornmxumv@Zent bonds or |inkages under various Peaatsean/oesngi tions
wel |l known to a person skilled in the art, such as, for exanple,

oxi dation-reduction conditions, dehydration condensation conditions,
addition conditions, substitution (or displacenent) conditions, D els-Al der

r eagt It on condi: TPbF?ﬁ‘rﬁr nfcdhb Q'ﬂia@er@lr@ﬁﬁéd Mo%eﬁgn@lbﬁé &?ﬁore Ho?ﬁm@rl@e][" ng
conditions, e a ing con i nati ons er.eo

Koo it o SRRTRTARRER Bl ronirel SLBion SREmERaM (PPPha<OreaE T on
condi t i onsiditiet egnergatipaichaioframstdrcds ungesod épatpersen bkiliectin dealt. gr oups
sel ected fromthe group preferably consi sting of angno group (-NHR as

defi ned above), ¥droxyl rou carboxylic acid groMp acid halide groups
(-COX, X= O, ABRAFgagent re @aaﬁ#ig@éﬁitaft@ﬁwpmqﬁf Rz detyds groophicaR act one

group, isSQgya0@ ro@EZ)%H@haé?&Cl?‘a\dltlgﬁéM%amﬁ%é 54 Qid@%t&ﬁ%?%ne&ﬁﬂé&'m @equp. and
am de groups (- are g_‘aven bel ow for illustrative purposes. An am no

group rea%2t'§aO\PFtWaEH19c9é?HPo%‘d 6&?)”@‘!5“@“6?%5&““9&ﬁPfJf‘dEtS%E@%d Wﬁ’@rﬁk%‘iﬂ”further be
reduced; ipog@am no group -NHR reacts with an acid chloride or brom de gr oup

or with an acid anhydrid oy o.forman a i_.nkage CONR
i 0. or oup. < 1Sy Bieinahe AR Gy ey BhaRe et p B er G AeESR AT nkage
(- NR - C( & edNippopnd Birintéxitiet to @grsotilie thiNkiRe or eact ethywériidallagroemsohaye deerazi ri di ne

o o4P 10 SOSARAATINS, ROD L bl A B PSR el BT
an am no fgmﬁlg@algmpé Ofrtblampglymef br the e@mmyac@r@m td agpooplmgirrocede presence of

a coupling agept ethyl@ﬁééﬂ?ﬂ]n'cmngﬁzlr(gev r@hc mon&thdlY leteds (031 vi Ilgﬂ{ohyﬁéﬂﬂaﬂfﬁﬁr opyl )
car bodi i m de (EDC - di cycl ohexyl car bodi i m de

cyl cohexyPle3eqchy PﬁﬁB‘?'|9FR§@t°ﬁ9€I’5'%%frH§SHIP?PH9dEa cayRligs M GWP"”E'HQHSEI‘?“P% de, or
m Xt ur es Knbeh &od perben dkaledinatne atti de | i nkage; a hydroxyl reacts with an

i socyanate to form.a ur t hane X h oxy or
Loty e to fobniPifl BRRlon™ R R B ton S ARe ot i BlbrRRY: &
chl ori de fomctibna giodes grtioaipresancaot absamezacﬁlactoawihgdgqard@ groograteot handeoan est er

| i nkage; l?a{é)é%@é?%n&fs‘?fﬁ%t.i@@&%ﬁ.ok{! W&l 3BwAR é‘EérQ kgl'éQHﬂhé Elrttéaéh p§ esence
of a cat aI ysS forma © "a car boxyl

group red@&@‘aﬁp{eho’ﬂqﬁt'@’ﬂr&wcww 'i‘%‘sf Mﬁ’rﬁ?f’”e%of‘é‘?”sﬁ ”%ﬂ 'Q’H‘l @ﬁd't@f‘oup (- SH)
reacts WdoRdifdhsi mmamt 3rd.§p|afc@mah@cddaiti@ﬁ§irm@mh@rHeaai@agencﬁnowsc(0) S-); a
t hi ol grou r.eact or.aziridine to o m.a thioether |inkage
(50, O it Tt Sado™hmodnd b P corote PRt 81 or i th
an acid ammlomatlmtkgﬁremjp to forma thiolester linkage; a thiol group group
reacts vmtha forma

| i nkage (-C(0) 4'@&9%8%3&%()%{ nbpe%c% qﬁagﬁlgﬁ%usﬁgﬁaggﬁwﬁh&lg vi nyl group
based on Rehyesin-agiag of @atcmneﬁomévre ft"}‘ﬁt'@!‘a'éf%lpﬁ aeledtedifore Hied@ireurarieferdblyf or m a

t hi It ﬁet helrcohélélﬁhb%earﬁmg'g}oupmm ab Béled gb&)tép hry@asa% §roth tdar@ay@@t'cwlgewp ?r

nme acryo rou S I Tl ONn under prirate reacti on
Tonare oo R R0 R 2. H a5 by b GOy, ot RRso i et & ou "t hat
coupl i ng grgentsscyanath gtowp, epmagzgnoupz a‘zmndrnblgmmal thigh grows anmymloie grmmel in the

coupling r fjions. For exa a diisocyanate, di
di - car box(vf%P Mt e 9igAn. ng Bertrativgrpugos %&WBWBWET%%W“BEHE%Y@& in the

coupl i ng g?$upttmrmyac@m$asemharmyn@mﬁr B4 RBlucddan Qrﬂan@?‘dﬁlp —@WF&%ctst Wo epoxy
groups, or.combi n F?&gn t hereof ; a mne r _di hydr ox ound can be

used in t'HE GG SRGIBe" ‘?%'dP%&*ﬁé’ﬁm an agis ayESe 9P o %rm HHES two

car boxyl ,linkage (a@D-IRh g lah deninoayrodpMNHE Ireectsosith @rummpmat@groop)mﬁomaa uens

t her eof c n coupl ing
reacti ons“ng? tauzﬂﬁ) Rlﬁ%t %Axé)'ﬁ'ﬁo é%ﬂg gl_@r 'Zea\g/\tgl('vl'tﬁ Eﬁ &%9 ?agﬁ(ﬁ% QS t'§)k| lled in
the art. forman amlAg bgrgb@ Nlél);anmmlmq—mom@qemts I(fg]gtqu_nlng:) W|th an azlactone group

et hyl eni | v-f I oI t ducts

obt ai nedctgsor')e(l] g MQ& %) %‘ﬂ‘ E 1 @;&ﬁ:} l)jnct I 6?10a?ro%ﬁ(n%ﬁ[§er§£c tsiovt\ﬂ'ﬁ] et ween

an et hyl anmbayllcwcfdlgmtpnmnalpraseﬁ@ Mlarmhplmgﬁgmmmamma@ (e el-ethylst-(3r eact i ve

funct | onale g Q4B LRe R @%D@nwd,%maﬂs?ogmm By ng two or more

second rea uRct al'l Zi'ng vi Ic nnnone groups at a
nol ar equi valent ratio, REquivalent (i.e., eq ) of

6



[linear polysiloxane conpouncl]eq about 0.95 (or 95% or |ess, wherein one
first reactive functional group can react with one second reactive

functi onavogotupeton t he presence or absence of a coupl i rgTAgRIt/083800r di Ng
to a known coupling reaction as discussed later to forma coval ent |inkage.
As used herein, the term "xx% ethylenically-functionalized polysiloxane"
nmeans a m xture of products obtained in which the ratio of the

et hyl eni C@IcbNexfyltmpztm@r@a&unéétﬂg)c\éibemlnh.@e rawéuamm @F&dﬁn.ﬁa%w.m@!; tHefdoyjsi | oxane
conpound val ent r val ue

a
from aboup tf%@% taS"%Fo'B@?QE@?WdrBWéfG@FtéM @aaﬁmmaa*a&w f‘%@% ‘f%‘hé’b%'h“?‘a%% nor e
pr ef er ablhydfoxg meaksowith H0mokporedadidine ¥2fm ewemenmikegq:)(r@f)ea“la,tdquxyrfrem about 70%

to about R@n acid chlorlae ?@ﬁ'%r{ﬁ’ae Lc!uﬂ%? hith H(Sc.ﬁ?éﬂ{y@ %FJJ r%téﬁ?é?al

ponS|onane conmpoun ylenica i near
pol ysi | o%ah@ec@rm’pmw gTen ggets weh @@amme grewpcin iheeormn@q plareatalygt bups and

iyl e ranamn@eg PRt gh e R Dt bR B Sl o1 BR300~ ™

et hyl eni omd)dmtbtﬁmmtancmwr barat] apradlyeo up@>Sit) eedcss vathmnxwwmatﬁto(f@r)n @ |inear
polysilo k rm I al| ted

0T oupS. "tﬁ SarEJn??stS 5%83(@”26’@ %&5}’%‘%’0 % Pm&%!s v%haY] SBO aszlHﬁg)fférl&qu% h one
et hyl eni dalpetpenmmeur&‘ai @dhigiraneyp re@nts ‘Glﬁearsmmrldeacbrbwefgwmqrmﬁhlangr oup,

and (c) %Foeﬁ%&%e g'rdh%%fol?rﬁ'a%ﬁublle%@imﬁa Hm&@%ub%upn@é&s%m ;th two second
reactive functional groups. The percen a es c) of the

80% et hy|3HfCOaF Ewaﬁbt{‘? BF?éP”Cfé’éaﬁ%th’étﬁP &E’Qﬁé'”t‘%ﬂﬁ én}») OMB@MH'E‘? Qfo)&?‘rpl etion
of reactiDhjpl gam taaectesmh ﬁ&tr@[br&ﬁﬂﬁd’sédj a@tmweh@&a&mnlmemgomferrbﬁoﬁon

[Corrponent aI ent x UI va onent (h)] %= 2 x

REqui vl ST 1S i PR FENE oo GRLopor s SRR EMBA Y V2 ent)

( 1- REqui vaéthamryloytgupUp based on Mlcftaeismlod updenapdepsate ozhclidretonaitipnsi ty &irhmox ane

corrpound gm,ogfp,e,eﬁnrﬂgéeem cally functionalized can be a star conpound having
‘n" (e.g., 5) | ysli oxane arns each term nated with one reactive

functi onal gr &uﬁa'é%ww@r%oqslfthwpw“ag PO ThYIratwe GeRAtIY Y NFLIOBRIIF RS MPHEEnuNber

of Ffj hxél ame@aithycdupnﬁg]‘.ﬂe@a@hs mongxeﬁﬁ%:rald@gbcpémat-&.d Ralibei-capsyli@ant m xture

wou e

t t t
o oo R e eb RS ESA AR S R P B iy SRR
, (REqw M|m1grbumsltvﬁﬁmmoxallgmtp)srtwﬂz epoxy,gréubs REEGaimbabigmttherdsf; aigiadhirearei n, t he
term " mul r |n|t|ator can
be eit her(}ﬂﬁ’iB OE%I G ?%@a%agrbg\grgeoghttﬁhg)&ﬁgfng % IWQ 'St('garutngé E&% ?t‘lflvl tiator"
refers t @Za'd@ﬁetwp@awbom dwo paif hpligeeer tivp ééafﬁtwﬁ gfawp%@r@mbinak@nsqumfy meri zi ng

reaction by th@ewsRticHs coh@itins fopitd olE dBIABEY dHublindir@dciond ik wrlght i t hout
limtatian ergophenone a benzoyl phosphi ne

oxi de, thB‘?og‘ﬁ?B@/Eredﬁi,l@ﬁ’wrbﬁ?@n%ﬂrs%esg'ﬁﬂgm %(;? cure0 types of

phot oi ni ti at oAs,usedbkeréinghe term Opdrijgiie sthekeniphitytfaidtioraliaddopcdysilgxasd’ emeaalnbya

Da - d

o 1 at or WXPATy pRRRS BORRHE S FAa by AR BT PERERNGRORRBTb IR oG
bi s- (2, 6- arvcﬁtwﬂrma&bfenczt@yqyzm-vmlmm@wmﬁéﬁwws‘m|r¢e@tim<fu@rélonama>up

bi s- (2, 6- éifdcahhw.epa@aapéﬂb}aé chhaso/r{dnﬂemywmb BEcoRY rdlRtiveaRgibhy e

photoi nitiators which can be incorporate B" foraéexarrpnIEk, into faf macr omer or
can be u are S QURGHPRABING VINFUGHHPERCT eactive
phot oi ni tqggfpgfaégg]r%ga?% @éaelé}:g?ag'cl St EF[hﬁ@azp&gﬁloxmrcampounﬂpor)p(gr ated by
reference in its entirety. The polynerization can then be tri ggered of f by
actini c rabditdl-9oler 9%%) ordecanyhesein oghfirst reactiye funclianblegroupcaniredtt with oze sui t abl e
wavel engts*écoﬁ@'l%a&ﬁ?@%&@naff&w m%@ed?één%& dPRei @ h @bl 9&&1?56130%@493/ i f

appropriate, b dition sui tab otosensiti zers. r mal
initiatort® arké?"é? QOLPH‘%GE‘H@H?EQ'ISC‘{SH%‘? 'aFeﬁfchP%‘? agovalgnt inkpge. As used here'”

cr ossl i nkhé @i oyaTEthyIEhicyy- W@@ﬁida%d@blyé%ﬁarw@&le@ﬁs @mureae;srgcyuctﬁxarrpl es of
O L L T b
2, 2' - azolfusctip@al pelvmlykdmtcameawrtdratb@)olar@guuwemwlosﬁe,na|aso1be>rf1§o(ye per oxi de,
gng tggob}la‘sﬂ? i é’cﬁﬁoﬁ/{‘gﬁé %6re}bBDt%7%1‘BFé"1\'§r£b|§/ ﬂb%laﬁ&&rso]%st???r%urt|9§°/a°bm8reuv absor bi ng
agent" refers to a conpound conprising an ethylenically-unsaturated group

and a UV-absorbing noiety or a |latent UV-absorbing noiety.
7




A "UV-absorbing noiety" refers to an organic functional group which can
absorb or screen out UV radiation in the range from 200 nmto 400 nm as
under st oosiol12z1p®rson skilled in the art. A " polpgmarst@alokisod at ent
UV- absorbi ng agent” refers to a conpound conprising an ethylencially
unsat urated group and a UV-absorbing noi ety which has been protected by a
| abil e function group so that its absorption coefficients of UV radiation
in the waysheB@tdn £BUCY LUPodR 9 &VdPmdB(réidraBly BombBblt 720X @boltess,

pr ef erabl 70% or | ess, nore preferably about 90% or |ess of those of the
UV- absor On/tj noi ety W|thout the protected labile function group. The
term "l abi | e fAsratillustnative grawpé, ifreefandional poigsileedrewenipunat tb baathygnioally whi ch
can be r o) r i r rgtected by
The 1 abi 1T aps S 3 REk SRS ARUNERuI B B et Pactfh et °F

radi at i orgroynsfasd ¢hetraolanreasivaleptratir Roess: of An alllencalirdyngionatidnayinda i n t he

form of rrﬁé/r%nte‘ﬁtdjthé 6&9@6@% coﬁtBéur%K@QKHu?SO% fRea % 8% St GRdAIIRT conbi nati ons
thereof, to i at | al 3/ restricted manner, onto an area havi ng

n
a wel deff’”“rﬁ'e'ggo "e‘?‘?%ﬁé‘?x&f‘e AR Of (A &ingas RalysioRne SOPYRkSMNAYRG o5 bl e

radi at i orteinsinad bthgleniesllyiyisatsrateg geoupBs(ls) anpsolmas)enae vingancl mtgwomer acthadroroer

(e.g., WV Vrlmslrltal?ece\)nthoonen?hal?en ﬁeé’q Hj’rate ra pg‘r'%d ones CO reac |ve Mmcs:tlonale)
|nperneabFe region surf nat e Fadrari on- permeabl e tegion, and a

proj ect i cgtomaﬁmct)(@t unaciet Ilngatnoe/stimen@mnypowe@ Werematenentha@h wcpmreanttyer meabl e
and 1 adi 4} 48 GrEBAThE peegme%b%,ofeémﬁ&taﬁe%)' Gais sdt aﬁtm&aﬂg in the

drawi ngs of U. and 7,124 (Figs.
1-9), 7, 3‘8’210“8%2%(1:‘?%"OXf”%jaﬂeé?‘rtH’S*?”@%‘70“7@9“0(“@b%aCt'ol‘) 63" begstimgteduhi ch ar e

i ncor por adcestdiny tdméw@wmgfdrmubhel r entireties. The nmask or screen allows to
spatially prol cts a beam o rad| ion (e UV/ vi si bl e radi ati on) having
a cross-secti o OSFBtf ?é’ efved Dy tHe 651/?)] ection contour of the mask or
screen. The pi@jreminect (b@dnF Bk Readieat (1eMe( @)= 32%V/ vi si bl e radiation) linits
radiation (e. | eqrRdi at i ,on) )i Nghsng on a lens-formng materi al
l ocated in th mMeW é)’tll? or Eq“'va'etnb)pﬂ REémer ?nvt he first nolding surface to
t he second nol'tcﬁhﬁk;ﬂd §€|Pt‘%§o%¥th%{t FisiiglloxpRe coraryng e Bty | ens conpri ses

an ant er igfictisplit@candrfd éwd:ohh)éo(ﬁr’fmtaﬁ/lng S éT§| ditd1g) tﬁ)%lﬁ(ﬂ(ﬁﬁb arﬁ@ capposi te
posterior, sur a lens edge

e | ned_ By RS R TIa BRUNT Mg oo (g RN op WETraing § FapBreroBeah (f o, a
spatl al ITtmrtuatbemT etﬁylen&dliyaftmannoahzﬁﬁgeeacm Aoduts |mﬂ1edesftmanttnhtﬁu(ervmm in k| ng

i s radiaty - i era i on, i on,

el ectron e O(Q @%é%gpgﬁﬁﬁ%% Argrg?{ ivgl Fﬂ”é’e”SégiEétva'em ner!E Ve §r gﬁ erabl y
being in ( RﬁevaréndrmbRanvamﬁ)é@ ant(IRadeaynt)bﬁll"B*qh@(int) Deand- 'FiEq@féldtér on t he one hand
to achi eve goog u%é‘&ﬁérbuﬁtthé%rrﬂnﬂulﬂtﬁletr@%r&b*&%ohﬁ&@ efficient { use OI thg

ener gy. conventional cast - irst an
second nol di n@fﬁ?rr?%{‘&aeg"t@foréa%? %I'thﬁF%p'b?t‘e'E'Q%tBr ‘gg"atf‘ F'B%l%tﬂ %t her to forma
ci r cunf er‘gidtoiaitiatod néfae to 4 bmmnwdtttmhmduetes fres rddival @okptnkifg/mlyimesizing cont act
ons. _Beqalas, beShO3PIGRPELRae A B IRL LI SHLLGRR R dBR0e e

opti cal qua sur aces be ' reused. In
contrast, m¢thyltetter Igleymﬁacﬂ@ahﬁﬁpe@tﬂ#@ﬂne@ym%phlmﬁeowgehmrowcvfé@wwlant cont act

lens is %%nﬂ‘ﬂétbﬁ@‘ba%ﬁu%@tyﬁé%’tﬁ@ﬁ&tmﬂlilatt)Qeaﬁmtd%'cﬁ‘@@%ﬂeg%@@r%t&rfntle?t‘orgm d, but

instead by a E/atl al li_ation. cont act bet ween
t he mol diRigfe<y f%@é‘re@f 1%17%?‘31"9%011@58 %’@H‘pﬁ’é OUE‘%‘HO}"%'H@@E'%%P’W% o produce
h| gh qual.mt.atoreamtmietz4I@mmwuehioytmipgbnymmqum@d&ldbl tlyo) bis- 26- The term

"danglin |n reference to c, branched
ol vai o ST EB R s PR sk Pone SR ekl AR P Rhat the
copol ynerbutyiphendprsisyitmes oxidenirdasies phpteadiatqpoivhish tandzenecachrasted ferach of whi ch
conpri Sesex%ﬁle ho%&cr@r%a/&'cb% &dsa%%r@?)@&él rﬁ&%nteﬁar%%%%ruﬁé%l o the main

chain of the copol ynmer or {) ?Urrer t hr ough one si ng coval ent Ilnkage at
one of t@a%seﬁe@cta@ p!‘ﬁ*@'”ﬁ'é rﬁ&@éﬁé'séﬁdh” EP 632 329, ‘hegpéringpspaiateq

tsubstanctebytrb@tenb@mseleumle@ The @IJn%ﬂﬁatIo@rcﬁh nenfblemgéeféatoﬁrblyabmﬁd\dd‘ehat is used
O 1 ar col or r.a
scat tor IPgpmPie ioH R sgficyoy i i o 101B0E ok SRiar e SREPaTe P <l es)

that i s suasperdadlliechacotdimybys ff eppromite; byrpdditiani of suitablevghbobensttizers. | nsol ubl e.
"Surface nodification" or "surface treatnment”, as used herein, neans that
an article has been treated in a surface treatnent process (or a surface
modi fi cation process) prior to or postéerior to the formati on of the
article, in which (1) a coating is applied to the surface of the article,
(2) chem cal species are adsorbed onto the surface of the article, (3) the
chem cal nature (e.g., electrostatic charge) of chem cal groups on the
surface of the artlcle are altered or (4) the surface propertles of the

o o o p— o M o S



An "average contact angle" refers to a water contact angle (angle neasured
by Sessile Drop), which is obtai ned by averagi ng neasurenents of at |east 3
i ndi vi duavocorntmev7!l enses. An "antim crobi al agerCT/USa®l108$d9 her ei n
refers to a chemcal that is capable of decreasing or elimnating or
inhibiting the growth of m croorgani sns such as that termis known in the
art. Preferred exanples of antimcrobial agent include without limtation

S|I?/e{ sal ts, astlevfal nﬁt@ﬁﬂ?’f1%3%@§boa3éﬂeﬁﬂfaltﬂ§tnﬂ%é§ﬂa@icﬁls si |l ver-containing
zeolltes

r _nanoparti fer t articles
zeol | tos. Al B ke g pogiondy Rtoans o SRaay SpEnis o st MeBed' | han 1
m cr omet dnitiators include Thue arentot limigddco," X pgeis @ardmahylberttahe,mtrmk) 2@fazabigat eri al

i S the r Eer“ne% é@@!a%gnlﬁﬁg’f a\%dé G%&ﬁ%ﬁﬂgr%lﬁgn?) P&&% %(s)s%ch aé B'e ordance

V\nththelnve er neabi nre ence to a
cont act Imldﬁ?emthaweaﬁméﬁréw tmbjﬁg@wl mélrat@wtﬂ21a?<gblsmi>b,vfhyri>@trm&>dal?~l)ad with a

sample (film qr pbl?rﬂ&ﬂzaﬁ@‘@\ﬂﬂas@%u@%@eﬁ@?eférQ't&éf&?rﬁ&)uﬁé( €6m;§ﬂ%ﬁlgaarnea bei ng
measur ed accor di ng a kno per neabi | i's conventionally

expr essedMFNREIY %”Séfur%%‘? QreF%a”%HV@bG%B'Pg E}O*e“f ¢ ad%tPPHé\Ga%%’rt["(Q:rrB

oxygen) ( mMiety. (cn) ( sec) ( rrm Hg)] x 10-1. The "oxygen

Wil pass thr GusywSberRief St SRRl UL fubo R Einess "o
t [in unisceeofounyy ra@Nﬁélon tnHee wnga frprvi2Ag nimda 400 erd as Gn@ays,tﬂoct byaneerb@si bility is
convent i aifbd ¥ tBX B, essed i n units of barrers/mm where "barrers/ i i's

defi ned as [(an oxy P (cn®) (sec)(mm Hg)] x 10-9. The "ion
perneabi lity" A ﬁ?lwgwaae|'aéw§ Lorsebiioegeny toes (a2 smerndiconmrisindsnon

Coef fi ci ediiylentiagy ur&@tmfrdté!d(gr&uf Anisa 0U- aﬁaﬁt).ﬁg mo@tytwm& lﬁdsﬂae@ﬂbfoﬁec&fd byra2/ min]),

is determne a n ck's law a dc/ dx
where n TeStE o IRl ParleaSrdridiorfiortt oRE ragRid P wadeffosed [ e
dc = conoegiom e @AO dinftd d0GEnro erd abolf 30% ord&S@pItemraﬂan% oolgsd, em)sg [ M.

I'n gener adrefeFaB? abB )Y &'%s's%ﬁmbéee&fttﬁéju@ %b@or&h@%.egf@%ﬂh Bloldcegbr anched
ponS|onane prepolynmer o e I nvention |ng an

anphi phi |'pRlepyngieh@Bubol ysi | oxane prepol ymer of the invention, a nethod for

maki ng sili compe hyairRER ubdibhagloubensas o fretette MirkRcHay g tp ahich Ban event i on,

T e R e e T

anphi phi lgreupbr anched pol ysi | oxane prepol yner suitable for naking silicone
hydrogel cont ac r i The
pol ysi | oxane %r %%At?nmét'&f&%ﬁ{ém ?%S%R?rf Eﬁeﬂgé&% ?%es%%gwﬂtpg%uéj%% to
about 75%dipiasfieihedern af rayhiadimgted beokor wamlm@ EskEr seiRes op pemiinaliony f r om

about 15%é@ofaﬂaqmb.n %amauyrregtﬁct@d@ﬁameamﬁfo5ﬁé}eaamga3&%etf.ﬁe@bout 45%

b ht of
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pref erabl g Jcﬁ&ﬂét@?l%ﬁus?ra(tb& fh tﬁ@@ﬂé%v n%@oo/? U @Dbﬁteﬂrr\‘?&seé @@d Yoo 'F%@ f.ipmyfpout 4%
to about 28% | oxane chai ns of which is

t er m nat erG% 1tzﬁ 'é'ﬁs éfEHyT %@f‘i igé)l ?593 n@a? ?8&7d758r B'Q% 1-&ngl! ((fli‘ﬁh °F‘r%‘+n about
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ot her thaJﬁOJactRAI@Erntatgexhthe mask or screamTa@p,roJeafad@earmpt fadiatien Gemvéiwvmbig an
anphi phi 'Hfa&aﬁ?in?ﬂﬁuﬁquuQﬁHny Elg! Wk%l@Fa%%%M%meﬁ% éﬁ’b%k%rhﬂwg%a’iﬁﬂe”t or a

m xture two or nore solvent room -t erature so that a [ ens-formng

conposi t i Batecdnthe Ratthef the rafpd%t%ma%%wedfﬁmol@mwcm thheecsnd t he

anphi phi Ihédihg aurrfala@df @ﬁleSTrhé)ﬁé&EI@nWoﬁ@@i ¥ REEonfpRiBedd Mdrdt Siffice defined
Exarrpleq;c entsmcuesw

ut Jimtatijon te
ot r Ay HRCRe T PP e By B Pl e e i b BasgPEiEigey c o
met hyl etdueace, ebdhy lepnedgd qe:flodad by the sgdtiord| Ipefile dt dteqmajsctédU/visibiedestaone, net hyl
et hyl ketone, etc.), diethylene glycol n-butyl ether, diethylene glycol
nmet hyl ether, ethylene glycol phenyl ether, propylene glycol nethyl ether,
propyl ene glycol methyl ether acetate,® dipropyl ene glycol nethyl ether
acetate, propylene glycol n-propyl ether, dipropylene glycol n-propyl
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FG Gl- PDM5- &- FE1) CR(-G- PD M5- &- FGQai(2) in which GL and &

I ndependent of each other is a direct bond, a linear or branched Cl-Cl0

al kyl ene wpwal2ansooradi cal , a dival ent radical of 4alwW 02Talus2011/043809 whi ch g
is an integer of from1l to 5 and alk and al k' independent of each other are
a Cl-C6 al kyl ene divalent radical, or a divalent radical of

-R 1-X1-E-X2-R 2- in which R1 and R 2 independent of each other is a

direct bqn@l,a@pdt.mnmﬁtét.dhrofbéoﬁml@h)edh&aauﬁa& @debydrembecrdésmlmg rdoibeal , or a

di valent radical o | k- as defined abov X2 i ndependent
of each dt"REY: %SPSC'%J'YA@HW%B'E %‘%"881%‘8“’%@%3 %e@ %%Ha%'am%meﬂaa'of -p 0-, ORR

OR OOR Cadibtidnl thk Irddidtioh ienergNereferdbiyNbging ihtHE-form dd-aSublstantially-ParGiedNbeam O C- NH- ,
0000 1111 lon b e to a%h%/g"é'éod reSkiltion and o the Gtrdr har?dﬂ'gﬁic(?ent use of the
energy.

In the conventional cast-molding process, the first and second molding surfaces of a
mold are pressed against each other to form a circumferential contact line which defines the
edge of a result contact lens. Because the close contact of the molding surfaces can
damage the optical quality of the molding surfaces, the mold cannot be reused. In contrast,
in the Lightstream Technology ™, the edge of a resultant contact lens is not defined by the
contact of the molding surfaces of a mold, but instead by a spatial limitation of radiation.
Without any contact between the molding surfaces of a mold, the mold can be used
repeatedly to produce high quality contact lenses with high reproducibility.

The term “dangling polysiloxane chains” in reference to an amphiphilic branched
polysioloxane copolymer or prepolymer is intended to describe that the copolymer or
prepolymer comprises linear polysiloxane chains each of which comprises one or more
polysiloxane segments and is anchored to the main chain of the copolymer or prepolymer
through one single covalent linkage at one of the two ends of the polysiloxane chain.

“‘Dye” means a substance that is soluble in a lens-forming fluid material and that is
used to impart color. Dyes are typically translucent and absorb but do not scatter light.

A “pigment” means a powdered substance (particles) that is suspended in a lens-
forming composition in which it is insoluble.

"Surface modification" or “surface treatment”, as used herein, means that an article
has been treated in a surface treatment process (or a surface modification process) prior to
or posterior to the formation of the article, in which (1) a coating is applied to the surface of
the article, (2) chemical species are adsorbed onto the surface of the article, (3) the
chemical nature (e.g., electrostatic charge) of chemical groups on the surface of the article
are altered, or (4) the surface properties of the article are otherwise modified. Exemplary
surface treatment processes include, but are not limited to, a surface treatment by energy
(e.g., a plasma, a static electrical charge, irradiation, or other energy source), chemical
treatments, the grafting of hydrophilic vinylic monomers or macromers onto the surface of an
article, mold-transfer coating process disclosed in U.S. Patent No. 6,719,929 (herein
incorporated by reference in its entirety), the incorporation of wetting agents into a lens
formulation for making contact lenses proposed in U.S. Patent Nos. 6,367,929 and
6,822,016 (herein incorporated by references in their entireties), reinforced mold-transfer
coating disclosed in U.S. Patent Application No. 60/811,949 (herein incorporated by
reference in its entirety), and a hydrophilic coating composed of covalent attachment or
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HN-CS- in which R is Hor C1-C8 alkyl, Eis an alkyl diradical, a
cycl oal kyl diradical, an al kyl cycl oal kyl diradical, an al kylaryl diradical,
or an arwodnrzds@al with up to 40 carbon atons whi ch negTh®e@i1euisey, thio,
or am ne linkages in the main chain; PDVS is a polysiloxane dival ent

radi cal of formula (3) -D1+Ul-D24U2-D3)(3) in which v is 0 or 1, (0 is an
integer of fromO to 5, Ul and U2 independent of each other represent a

di val ent ;fh@éibélabp&ft.on&Mnﬁrdﬁyﬁs&o@%r%ﬁé Déﬂh!@\é @Er chtdlingal ent

radi cal of Irf4a|l§ %. Ik- as defined above, and i ndependent |y of
each ot heM87%’3d QMFS'¥Mt radi cal sel ected from t he group consisting of
- (CH2CH20) t - CHRdsturingrsuriiniectieatmens’, ianeferenegera sifcode byairebf@| mateRa-of 6€b2) a-

(OCFZCFZ)% %gnsdg% Xg:é %Ln'fa%%?rgg{mgnﬂ rﬁ?%%@?[hgplgﬁ)ﬁ%rpgggﬁer%@@hn%t% an integer

of 0to provi 0 30, and a
di val ent (gergpofdiie hysiraagl matedal or the sphretadkisns Rga mRY, R6, R7, R8, R9, and

R10, i ndepend@\nhtdfo;ﬂﬁhc%ﬂﬁaéénFPltrQ@Fenc@foea Qﬂebn&*br@dekhﬁhten@o‘r Q‘c@ntﬁé'iﬂleﬂw@,al kyl',
C-Go hydrox%{a C10 et her

al koxy- sUBRStht Q/1vdrogpl reteia PU@FG%.’P‘WYG”S@?S eyace hyfreetiifdy . cs- 18

aryl radi cma}a,c:teﬂyelf‘tq'(tﬁ&rn@bﬁ a@érkgdd)water&bkta(:t%b@@lﬁal)m QﬁdégreesrbrMBC h alk is

i | k I di d i
aOn lcgt 29 f%a%lfyr 8%16&_?% rrf%s Br esshawre pref(sﬁrabg/nag &%d% [ees orcf6 and n s

ent | y 23ch "are an
i nt eger qireffswabmafoowt@Ozis@reaﬁdrIQWp) is from 1 to 700, provi ded that at | east

one of DI, D2 anehdel onfaRIBRCRAGLLY bl Onladt ddle (ahd idardfih | val ent

organic radlcal having a val énce of al; al is an |nte er or 5; and
FGis sel%ﬁ'@@@%%'@ﬁ@ tanes bd@H%’?%'f‘g ﬁ‘&aﬁfre’aﬁﬁt%@?ﬁkéﬁt& '(‘d'NP{P@'ﬁgntéféﬂ ned
above), hyﬁi;re@xyl group, carboxylic acid group, acid halide groups (-COX, X=
a, Br, or aci d.an

i socyanate gr @\Rpant%%%f)g'%b%tﬂfg éﬁ?cﬁ?e&? ?Tée%&qﬁﬁ% g%' tha? 'Sg‘%ogﬂeﬁ‘gr glr:‘lpae
groups ( -deCidksii@dr. eliminating or inhibiting the growth of microorganisms such as that term is

known in the art. Preferred examples of antimicrobial agent include without limitation silver

salts, silver complexes, silver nanoparticles, silver-containing zeolites, and the likes

“Silver nanoparticles” refer to particles which are made essentially of silver metal and
have a size of less than 1 micrometer.

The intrinsic “oxygen permeability”, Dk, of a material is the rate at which oxygen will
pass through a material. In accordance with the invention, the term “oxygen permeability
(Dk)" in reference to a contact lens means an apparent oxygen permeability which is
measured with a sample (film or lens) having an average thickness over the area being
measured according to a known method. Oxygen permeability is conventionally expressed
in units of barrers, where “barrer” is defined as [(cm® oxygen)(mm) / (cm? )(sec)(mm Hg)] x
107°.

The “oxygen transmissibility”, Dk/t, of a lens or material is the rate at which oxygen
will pass through a specific lens or material with an average thickness of t [in units of mm]
over the area being measured. Oxygen transmissibility is conventionally expressed in units
of barrers/mm, where “barrers/mm’” is defined as [(cm® oxygen) / (cm? )(sec)(mm Hg)] x 10°.

The “ion permeability” through a lens correlates with the lonoflux Diffusion
Coefficient. The lonoflux Diffusion Coefficient, D (in units of [mm?/min]), is determined by
applying Fick’s law as follows:

=-n"/ (A x dc/dx)
where n’ = rate of ion transport [mol/min]; A = area of lens exposed [mm?]; dc =
concentration difference [mol/L]; dx = thickness of lens [mm].
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Preferably, in formula (1) or (2), PDV5 is a polysiloxane dival ent radical
of formula (3) in which: ViSO or 1, preferably 1, COis an integer of
fromO towB,2oab®mrably 1, Ul and U2 are as defi ned aboeer/ud2911D258and D3

i ndependently of each other are a divalent radical of fornmula (4) in which
R3 to RO independent of one another are nethyl groups, fluoro(Cl-C18-

al kyl), and/or -al k-(OCH2CH2) n-OR11 in which alk is Cl-C6-al kyl ene di val ent

radi cal and Rm?érerémné:ﬁv@h.lsuls,d.raasd Bd aa@rbfbmgmgmrc tfrémrbel &rpsné%nem and p
i ndependent | (mtp) is

ch ot her ar nin er o
rom 5t rarsymer of P vGihcs, Sefhod e criBHan 2Gebih it Paster PRYSBETR nat e
pol ysi | omemﬂyn(ar otthe ilvamtionga memosf.drmapmbymcdrmmuregsle;gmacttlermés fran@mul a (4))

b f lest, |
Fi or ocharg ot el AP EBNER: ol B feohplleqeeh RBREEERLS | oo cpar o

such di fmrenqlmpfkgewpnttoer m nat ed pol ysil oxanes according to procedures
known in the %Ehe%%@a%étcﬂiemnﬁdh p}&hkﬁééadn AfphPAliY BRAcheeipBRSidxandChem stry,
33, 1773 (199n%%%here| n i ncorporated reference inits entirety).
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chai n- extmmdammeysndlc@ya“htfh@pcrmme pRAOR ngr dfand mgermmcdrﬁprfses/(a)from
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coupling agent having two fourth reactive functional roup wherein the
third andPPut’ i %b@ab%ﬁ/v@rqf%rﬁ@r frem A0 AT 2ort T My pETordtb®Ach ot her

but reactdbest 58 tdaRacdsmt hereigH df @ﬂ}%ll@)@h@@ﬁoedquh@Umdsfd%n@d’dqtmr goast st i ng of
am no grou rou

t hi ql
o ool (o g B Sl b b Bl At e Braly SiRips, i
anhydr at g3pfrauphouh Peh gbimit 48% uprefesablydoimatmuls b tpabaus 3%y anere ereferaklp, epoxy
group, azjji %rﬁ'@b% 3lr>rrrﬁ abmt%%( rﬂ;& %ht%fldia L Ao RS crab&%rgbf whipoupl i ng

agent havin reactive grodps can i1 socyanate, a
di -acid H&Fei”d@ateﬁ"‘@ihBBQV‘MGW?@'W@”&%W@G@@%’QUW (43frem ageut §-2A%1 P deoonpound, a
di - azl actswq)rér@rrép@%d,abautcn 5%muﬁmm@r@@ref@rad 8B Bout® 759 @idbut A person

killed th ti ,
Gesor | bed ateR bl FRREDY I el RS %r?a?%%ﬁ@apvr%%ﬁﬁ%@rteﬁrfeﬁw%epg?ﬁoge

f unct i onaleriedugframm exha‘mdm:bfqmabgrslotrrexﬂnae a¢Fcagaot. Any suitable C4-C24
di i socyanat es d N,
i 1 socyanat o T AQPRaRUEth e b pichy i b b B AR 0 Rl Bh D BD e

hexanet hyig salulde ingf $odgalamaristurepf pva ¢ ragre ﬁ@'h@)t%tmfh&ﬂﬁ@etﬁtv@@@&%ﬁat e,
50| uene qeﬂltsslgﬁﬁ/ﬁ@@dn@posi@loﬁcorﬁénﬂh@ﬁwr a?bdt%%%ﬁ@it%%%y‘lweldiﬁ thé\yLm?t lhane
i i socyana iiso ate | ene i pheny
dii socyar?é‘f‘g“phﬁ'cgr%f:ﬁs/e (%) yﬁ'OXP%%%%BQY’BerrF@P F??IOE ALGEl ohexane, cycl ohexane
di i socyanat e, Exatpleofbiitabit isolents inelugesfwithout limitationyatet itéteshl @rofdaam nes can be
used int r a_li ranched
C2-C24 a tnr?rﬂée{] n%rbtlalcgﬁlh%tﬁ‘q e91 %gifb@x%hé‘g}/&g ImICe | %ﬁ%r, %tbylgr?eaélyc%f n-But?I
al i phati CGiWCHe@HIIGB ffhat ¢Q§t<dle;;m¢the ethyt k@%etmﬂl%hmtqwoldrbwl etfler.ar omat i c

di am ne. d%th&feQ?fc@%&ﬁﬂ%meF cfHyRAL %@Cél%h&l\yﬁ\emer proRerne glycol methyl ether,
bi s( hydr oxyet hyl hyl enedi am ne, - di et | enedi am

et hyl enecﬁr%ﬁﬁleﬂ@ y&pllmethyap%rtm?teh d@“f?ﬁ’@ﬁ%{ﬁ'&ﬂ' a}efrwbether acetate, propylene

N, N - di etdrry;cbrrinerpreaparm&ﬁb@me@l,yccpmqp@dwetﬂler&ndropwemeg|ydmuhan@re1he4 di am ne,
pent ane-

) di
Ry ou t dispr e AR R B, B cRRENe ATT o lent  CRABSR o e RTBIS of
pr ef er r ecethbirawpryldnalalydel nhamrl atther diprobyderte divcai dimetyloatiserf pofyethylene blyoels.de,
suberoyl G p&/lgﬁ?]gll'?(':bq:sc 'eﬁ‘l%ll acet deOBbtglecvcetBtet Pﬁbl%btafehh@fh&qgctatb Sé?ll%ht hal oyl

chl ori de, tere | ori Sebaco | oride, adi poyl chloride,
trinmet hyI'ﬁ‘d’f’tﬁdgﬂrORYHP@f?‘ied’@ethdﬂféﬁ %[Hgﬂdec%;blﬁﬁn%é prawebﬁw&maa?'cmaehd chl ori de,

Slﬁlw nld c crybrbrwad@,, cygrbplérﬂénor:arrmé@hmd@me@xzbwarrbhIsqrehdaor 2RekabIer acid
cnl ori ae.

suita di - ep, [ oun S d in the
Cnvent | orfesek g aB PSRl atheBlin Gl Eiia) SOt aecRee. Fagsmyl ol ycol
di gl yci dyrortetrirest, tertthutariol tterhady| odicathioly Ryaatiy-R-pettheel, 2,3-digeliek 2hednal 3-
di gl ycidyl ether, glycerol diglycidyl ether, ethylene glycol diglycidyl
et her, diethylene glycol diglycidyl ether, polyethylene glycol diglycidyl
et her, propyl ene glycol diglycidyl etHhér, and dipropyl ene glycol diglycidyl
et her. Such di-epoxy conpounds are available coomercially (e.g., those
DENACOL series di-epoxy conpounds from Nagase Chemt eX Cor poration).
Any suitable C2-C24 diols (i.e., conpounds with two hydroxyl groups) can be
used in the |nvent|on Exanples of preferred dIO|S |nclude mnthout

e . . -,



Any suitable C3-C24 di-carboxylic acid conpounds can be used in the

i nvention. Exanples of preferred di-carboxylic acid conmpounds include

wi t hout Iwoizbetdieoy7a | i near or branched C3-C24 al i phati ecaiusasibox3gh? c aci d,
a C5-C24 cycloaliphatic or aliphatic-cycloaliphatic dicarboxylic acid, a
C6- C24 aromatic or araliphatic dicarboxylic acid, or a dicarboxylic acid
whi ch contains amno or imdo groups or N-heterocyclic rings. Exanples of

sui tabl e raéthmagelnfandu weh%yawexam dsmath@:2- @s@wce, PQinféthyrebeah®, Aci d,
SUCCInIC ric a c ac g aF g suq ric a?ld
ORI R L TR AN B AN LIS IR N

di met hyI rmninelrhyleQ dtmadol Eambmglle&yémucm methya@hebtartdl i4rretthylidadipnol, &ci d, and

di meric arﬁ%]t Aol 1B, h%?ettrm)ﬂ E&R&“fh%thggs HORABILA ﬁ’ie%‘@ 'nbrPeﬁ%Lb‘Fne?r%f goxylic

aci ds, such as o ere sul tabl e cycl oal
di car boxwotaﬂola&eﬁyl Fhexangl, %ﬂt@ytyl oheptarbdi-ethyddieptanel. 4erapyl- 4 -heptanol, 4-

1, 3-cycl qm%n@%&é\m@wb.m@t C2- entalno3-1 rﬁaﬁy|éycra>p9df§rtdpheewr@/éb§@f{tm>a<yl ic

acid, 1,3- an car box cl ohexane

4, 4" - di cykeBrexelpPantang. Sb@&@?rqxx 33[3*?@' i 16161 SRYdPYumetay lscvslonrriendt 2
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- di pheny yl1c acid, gnedr €ar oxylic acid,
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sui tabl e C10 di - azl actone conpounds can be used in thé invention.
Exanpl es Rﬁ?p'wedNdﬁ?tﬁﬂt%rﬁ%'dt@@r’ﬁ)@[]%H%Xt%{P%thf’WSEe described in U S Patent

No. 4, 485, 236 A(nfmpmpnmc Bl@ﬁémﬁrp@tygld)x@r)é pﬁréﬁcﬁyrm’i@ﬁthleI’hvbht&n&@bbtélﬁéd/l)y
Any suitabl e nvent
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benzenedi rret hanet hi ol C%Itn col dimer c&gt oacet at e, et her di nmercaptan
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di ner capt.o hydr ol i 0|c
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1 Eh T oanrah Oy 1 Roct PATRNN B eI R MRS sBhnd 1 dhurb ARUBHRCAN

coupl i ng P &RGYEEACRARLEPEE bR é%lipé@!g pgenhiotierd @?W@lﬁ”&mépﬁlﬂﬁkﬁ@e SMeERf ne

groups, hM@I FdoxOré o%@d‘-ﬂ@ﬁ prdaaétlwwhse@ aflBstRBe pbl§§?l@¥aﬁfié§fr<%\ihﬁlfk@#ﬁp}%vm% bi ol
roups, (0] Vi n r S l.e..,. I n 11 eac
b s Rl el BStect ol el RS sk aBb g MM PBRIORT 951 oup or

t 0 oxygemmaaromérthagige at ladsd e sevondirdaativiedenctioraligeyup embatyeayt oneps, and
conbi nat i f.eh " de
e Thous | SRR SR FARTELS 30 CBESLE R B BTG Mo 08 o B
1,1, 1-t r i ¥hpE@fessaet wrpehqbwthmgznqmqrrmgn@mf@rﬁplm Pyprveeahebic vinylic
é 2t ﬁf PUtriktEl'%hfe'r fle:, ohe aa\ﬁﬁg é"&ﬂ%ﬁ)étﬁt&h grd%b)ﬂihé bﬁaﬁﬂ brar%%'ﬂb@@?ﬂ%th@i‘t‘hb@b
iethylenetria

NN by s SEAIR SeGh BGTEY o Ten SRR B9t B0RP R R e S Hding a thir

triet hyl enadtie¢ funntionel, groupe ancs@f ¥ &roeHranical initiatiefa phbtoimétieemet thyinesh itiator,

di i socya e A1 ) ne
trii socygﬁ f?rab@ a”tagrm%ﬂh‘d%ﬁuénngt l.)se?,{é,}’e%{} Qﬁyern&.E) Fés?'é'(’r:](;]?g]r?uatr'ﬁaéh ﬁm% aq?ﬁ)%ﬁor one
di i socyameiysioxane eapolyyler khieaetind ét, withyacdegbreketidenicatty Binetionalizingoimylic chl ori de,

triner achshorfdh REViEa folifith Bla¥Rle Y iSREYBOMLALR re(a'E@v@m onb 5bdWRl BYihp@r opane
trimethacrylate, pentaerythritol tetramethacrylate, triallyl i socyanurate

triallyl re%%%p.lggt@nalagfw ip the Riggeqce %retbls?rzpeé%paouplmg agent to form a covalent

1, 3, 5- cydinkdyx mBebY f@hb eeydrhshigdlictranthel folyisidxaré piepolimer, 5-

cycl ohexanetri carboxylic acid, 1,2,3 benzene tricarboxylic acid, 1,2,4
benzene tricarboxylic acid, 1,3,5-pentanetrithiol. A person skilled
in the art knows well how to prepare a3functional mnulti-armstar

pol ysil oxane of fornula (2) according to any known coupling reactions. For
exanpl e, a polysiloxane of formula (2) can be prepared as follows, A
branchi ng agent is reacted with an excess nol ar equival ent anount of a

di -functionalized pol ydisiloxane to forma functional nulti-armstar



In accordance with this aspect of the invention, any suitable hydrophilic
vinylic nononers can be used in the preparation of an anphiphilic branched
pol ysi | oxxasioeorapwyner of the invention. Suitabl e hydrephiusee1wissgd i c
nononers are, w thout this being an exhaustive list, hydroxyl-substituted
Cl-C6 al kyl (meth)acryl ates, hydroxyl-substituted Cl-C6 al kyl

(met h) acryl am des, hydroxyl -substituted Cl1-C6 al kyl vinyl ethers, ClL to C6

al kyl (et h) a(F*réﬁér%B‘ydﬁe ftﬂbn&glpo%llcﬁ(hké’&)mddm& [WtRE ptYrAdnzE8e célnyémh@/r role,
N-vi nyl - vi nyl oxazol i ne,

r
2-vi nyl - 415%3 3@PWVWbQé93??n 5-one, 2- and 4-vinylpyridine, olefinically
unsaturated carboxylic pelds—h@pmg—actoteé of 3 to(§ carbon atons,

am no-substituted Cl1-C6_al kyl - (where the term "am no" al so includes

quat ernary anmoni um, btél DMSyIGzaniFfoy( C1- B al kyl ) and di (Cl- C6
al kyl amip@hlchCl-C6 al kyl) (neth)acrylates or (neth)acrylam des, allyl

al cohol, vinylam ne, N-vinyl Cl-C6 al kylam de, Nvinyl-N Cl1-C6 al kyl

am de, and Gomtd Gaindepedetef eadh.other lsadlreEb(lmmpl &neaf orrafcbed €d-Chydr ophi i ¢
vinylic nononers are N, N-di met hyl acryl am de (DWVA),

N, N- di et hy kTS QK_M@Q] @)médimﬂ

3- acryloyla%$ﬁ% 1- E%%@%EE%HQ H?%%@ethyl acrylanldgﬁNmathan

N Rri s( hydr mtegmedtfliph) hietShankd etkcang| atirindepenblentet eadh-oBrer are a C1—Ce alkylene
nethylene 2-pyrrolidone, 1-ethyl-3-nethylene-2- pyrrolldone

1- et hyl - 5- #isdleRfracieal. Qraﬁya'ﬁbqra%aief Fh'é%h?’rXﬁRmeﬂmW' R4 2098r ol i done,

2o MRS SO 0 Y S0 g e

pyrrolidone, 1-isopro giRe-3+pykol i

1- |sopropyI“§mﬁb?W£ Eﬁé“f“ﬁ§$?%lldone -n- bﬁ???m§dﬁ@?%yﬁéﬁ@j§2pyrrol|done
1-tert- bUtWnd@pe'ﬁ@ér’mé\‘é‘élﬁoﬂTePHrTera(llnké?d%"s%lec?ed flawcthe ¥ivap bysBahdiactod ate (HEMA),
2-hydroxyethyl acryl ate (H hydrox propyl acryl ate, hydroxypropyl

met hacryi ate [HPMA)i, frinet) y?a 2-hydroxy"p|opylnetﬁacrylate
hydrochloride”‘aﬁrﬁbpmUDyT*hE@haCTWré%EN%ydro@ﬁT@rWdEg‘d?n@rHvraninoethyl
nmet hacryl ate (DN%ENA) glycerol nethacrg@late ¢ GVA), N vinyl-2-pyrrolidone
(NVP), allyl_ ﬁhﬁdﬁgb*_VquLéyLNﬁLne*{ﬁ_ - C4-{ kaxy_qobyet hyl ene gl ycol
(et h)acryl ate having a wei ght average nol ecul ar wei ght of up to 1500,

met hacrylic acidi N-vinyl formam de, N-vin acetam de, N-vin

i sopr opyl ani @€Y —RA Ay I WaigheR ST onesCadiy 'Slﬁ-”\ﬁ'kMW'raE'éﬁr%FﬂﬂaﬁMﬂ and
m xtures thgrork) aﬁampgyctofamwed.raa.@&%ﬁ&@ﬁ?ﬁ@ﬁ&ﬂ&m de i My PislkfoalRQIRRG S, t hose

free of any reactive functional group are particularly preferred for
i ncor por at i figCarBe HeMHWNGHEREY PAK "éh%’oﬁ'ﬁ“ﬁo%’i %’?'6?1"’?“893%? ﬁl@d‘i‘?"ﬂ\@haﬁ"he
anphi phi | i cPbmanca@dyﬂokemldn@mn@d@amfoyrﬁaé(3) I n accordance wth

this aspect of theinvention, sui t abl e hydrophobi c vinylic nononmers can
be used in the—pmeﬁanafm Up% hi philic branched pq% si | oxane

prepol yner of the invention. Exanples of preferred hydraophobic vinylic
mononer s i ncl udehiset RY or(IMBtidWraiateyéadf Gomeat byl U rad ), areydrakst of BAADY |
(meth)acrylate, isopropyl (neth)acrylate, butyl (meth)acrylate, sec-butyl
(et h) acryl at @thef Bemsea ({'Y?éﬁ”hﬁaé!@ﬁgﬂfaﬁe—xt{bﬁtﬁ 2 @ﬁr@?l’l}eé@%?‘fea@r@,

cycl ohexyl acryl ate, 2-ethy hexykgﬁ_ | ate, vinyl acetate, vinyl propionate,
vinyl butyrat @nvahehmb.camf y%/ KeNeas qiihar aore s, Dy iybs; chl or i de,
vinylidene chloride, acrylonitrile, 1-butene, butadiene, nmethacrylonitrile,
vinyl tol uene md@prnt@tq{?pcrbqth%rrare a divalent radical selected from the group consisting

per f | uor ohexy et iax,cfifth PRALRARY I A4 HlenBRY BAE 1Y @S- ocFopor nY!

nmet hacryl at e, trlfluoroethyl met hacryl at e, ﬁexaf | uor o- |sopropyl

met hacryl at e, (berRafHWOOCBL iilwhishtd ey IndésandantSF bamwﬂﬁermtuﬁegmrogow nylic
nononer, and m xtures thereof. Mst preferabl pol ymeri zabl e

conposi tion cdhp? Pewdedthglatys WHP%%%ES‘P@’\QPRQ/I“? P %ﬁaﬁéﬂ'vab%qr%wwd bul ky
hydr ophobi ¢ vifdgulag4yononers i ncl ude without |imtation
N-[tris(trinmethylsiloxy)silylpropyl]-(nmeth)acrylam de;

N[ tris(dinmethyl propyl siloxy)-silylpropyl] (meth)acryl am de;
N-[tris(dimethyl phenyl siloxy)- silylpropyl] (neth)acryl am de;
N-[tris(dinmethylethylsiloxy)silylpropyl] (neth)acrylam de; N-(2-

hydr oxy- 3- (3-(bi s(trimethyl silyloxy)nmethylsilyppropyl oxy) propyl) - 2- et hyl
acryl am de; N-(2-

hydr oxy- 3-(3-(bi s(trinethylsilyloxy)nmthylsilyl)propyl oxy) propyl)
acryl am de; N, N-bi s[ 2-

hydr oxy- 3- (3-(bi s(trimethylsilyloxy)methylsilyl)propyl oxy) propyl]-2-nethyl
acryl am de;

N, Nbi s[ 2- hydr oxy-3-(3-(bis(trimethylsilyloxy)nmethylsilyl)propyl oxy)propyl ]



containing vinylic nononers or macroners; and m xtures thereof. Exanples of
preferred pol ysil oxane-contai ning crosslinkers include without Iimtation

- (et h)worzgi2atied7pol ydi net hyl si |l oxanes (or so cal |l ed paolrgskéionasse9
crosslinkers) of various nolecular weight; di-vinyl carbonate-term nated
pol ydi nmet hyl si | oxanes (pol ysil oxane crosslinkers); di-vinyl
car bamat e-t erm nat ed polydinethylsiloxane (polysiloxane crosslinkers);

di -vinyl termnated poRydi VARSTE-) (pol ysi | oxane crosslinkers);
di - (met h) acryl am de-t egm g % ‘ %g Lhyl si onanes&%poly3|loxane
yl o y

crosslinkers); bis-3- tha roxypropylox ropyl
pol ydi met hyl si | oxane ( bl ys Poxéhe %ro%§W|nker

opyi - pol yai ey RbTan CheroR ot %ﬁ%éié@éé;%@m?n“eaén%% Cont ai ni ng.
TRCT T Sl SEl i OSSP CHRNT hbRAKR o VBT AR e, rd?@ B,

Macromer C, and Macromer D describ 7 0 (hereln I ncor por at ed
by reference gy dlksxy8uoibstitutddyphenfi N®;-C faftibioaypPC pauciudroethed | G50C @akyl

met hacryl ate with am no-functional polydi nmet hyl sil oxanes;

pol ysi | oxanec oatical, gyang(Crosalkyihkelks(Qfifte€HakedRi minWwid:h digis €ntCeNdiylene
4,136, 250, 4, 153 641, 4,182,822, 4,189,546, 4,343,927, 4, 254, 248

4, 355, 147, 4, §W€eﬂbﬁdmﬁ %273@0§w9H03Q1C88§W @“WBGaSYﬁ“ﬁﬁ°§K@1§§BO

4,605,712, 4, @r@e%oﬁ?ﬁde;fbn@&ﬂly%Bgach%thég§ne(%917|mteéler%3\$@ng@)@o 350 and (m+p) is

from 1 to 700, provided that at least one of D1, D2 and D3 is represented by formula
(3);
CR is a multivalent organic radical having a valence of af;
a1l is an integer of 3, 4 or 5; and
FG is selected from the group consisting of amino group (-NHR as defined above),
hydroxyl group, carboxylic acid group, acid halide groups (—COX, X= ClI, Br, or 1), acid
anhydrate group, aldehyde group, azlactone group, isocyanate group, epoxy group,
aziridine group, thiol (-SH), and amide groups (—CONH>).
Preferably, in formula (1) or (2), PDMS is a polysiloxane divalent radical of formula

(3) in which: vis 0 or 1, preferably 1, o is an integer of from 0 to 3, preferably 1, U1 and U>
are as defined above, D4, D> and D3 independently of each other are a divalent radical of
formula (4) in which R3 to Ry independent of one another are methyl groups, fluoro(C1-C4g-
alkyl), and/or —alk—(OCH>CH2)h—OR11 in which alk is C4-Cg-alkylene divalent radical and

R4 is C1-Cg alkyl, and n is an integer from 1 to 10, m and p independently of each other are

an integer of from 1 to 698 and (m+p) is from 2 to 700.

Various difunctional group (reactive) terminated polysiloxanes (i.e., having one sole
polysiloxane segment of formula (4)) can be obtained from commercial suppliers (e.g., from
Gelest, Inc, or Fluorochem). Otherwise, one skilled in the art will know how to prepare such
difunctional group-terminated polysiloxanes according to procedures known in the art and
described in Journal of Polymer Science — Chemistry, 33, 1773 (1995) (herein incorporated
by reference in its entirety).

Where a functional polysiloxane compound of formula (1) is a functional chain-
extended polysiloxane compound, namely having two to five polysiloxane segments of
formula (4), such functional chain-extended polysiloxane compound can be prepared by
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4,837,289, 4,954,586, 4,954,587, 5,010, 141, 5,034, 461, 5,070,170,
5,079, 319, 5039, 761, 5, 346, 946, 5, 358, 995, 5,387,632, 5,416, 132, 5,451,617,
5, 486, 579%W020 2EA61948, PCT/US2011/045809

reacting a difunctional group (reactive)-terminated polysiloxane compound having one sole
polysiloxane segment of formula (4) and two third reactive functional groups with a coupling
agent having two fourth reactive functional groups, wherein the third and fourth reactive
functional groups are different from each other but reactive with each other and are selected
from the group consisting of amino group (-NHR as defined above), hydroxyl group, thiol
group, carboxylic acid group, acid halide groups (—COX, X= ClI, Br, or I), acid anhydrate

group, aldehyde group, azlactone group, isocyanate group, epoxy group, aziridine group,
thiol (-SH), and amide groups (—CONH>). A coupling agent having two fourth reactive

functional groups can be a diisocyanate, a di-acid halide, a di-carboxylic acid compound, a
di-acid halide compound, a di-azlactone compound, a di-epoxy compound, a diamine, or a
diol. A person skilled in the art knows well to select a coupling reaction (e.g., anyone
described above in this application) and conditions thereof to prepare a functional chain-
extended polysiloxane compound.

Any suitable C4-C,4 diisocyanates can be used in the invention. Examples of
preferred diisocyanates include without limitation isophorone diisocyanate, hexamethyl-1,6-
diisocyanate, 4,4'-dicyclohexylmethane diisocyanate, toluene diisocyanate, 4,4'-diphenyl
diisocyanate, 4,4'-diphenylmethane diisocyanate, p-phenylene diisocyanate, 1,4-phenylene
4.4'-diphenyl diisocyanate, 1,3-bis-(4,4'-isocyanto methyl) cyclohexane, cyclohexane
diisocyanate, and combinations thereof.

Any suitable diamines can be used in the invention. An organic diamine can be a
linear or branched C,-C»4 aliphatic diamine, a Cs-Cy,4 cycloaliphatic or aliphatic-cycloaliphatic
diamine, or a Ce-Cy4 aromatic or alkyl-aromatic diamine. A preferred organic diamine is N,N'-
bis(hydroxyethyl)ethylenediamine, N,N'-dimethylethylenediamine, ethylenediamine, N,N'-
dimethyl-1,3-propanediamine, N,N'-diethyl-1,3-propanediamine, propane-1,3-diamine,
butane-1,4-diamine, pentane-1,5-diamine, hexamethylenediamine, and isophorone diamine.

Any suitable diacid halides can be used in the invention. Examples of preferred
diacid halide include without limitations fumaryl chloride, suberoyl chloride, succinyl chloride,
phthaloyl chloride, isophthaloyl chloride, terephthaloyl chloride, sebacoyl chloride, adipoyl
chloride, trimethyladipoyl chloride, azelaoyl chloride, dodecanedioic acid chloride, succinic
chloride, glutaric chloride, oxalyl chloride, and dimer acid chloride.

Any suitable di-epoxy compounds can be used in the invention. Examples of
preferred di-epoxy compounds are neopentyl glycol diglycidyl ether, 1,4-butanediol diglycidyl
ether, 1,6-hexanediol diglycidyl ether, glycerol diglycidyl ether, ethylene glycol diglycidyl
ether, diethylene glycol diglycidyl ether, polyethylene glycol diglycidyl ether, propylene glycol
diglycidyl ether, and dipropylene glycol diglycidyl ether. Such di-epoxy compounds are
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5,981, 675, 6,039,913, and 6,762,264 (here incorporated by reference in
their entireties); polysiloxane-containing crosslinkers disclosed in U S
Pat ent NowoO 241226609467, 4, 260, 725, and 4, 261, 875 (her ei npPCcmaseqonaised by
reference in their entireties); di- and tri-block crosslinkers consisting
of pol ydi met hyl si | oxane and pol yal kyl eneoxi des (e.g., nethacrylate end
capped
pol yet hyl Kagmd Mr@% eg\l wsér@ENxb@Llsex@r&ep&?cctsmaeuda@m’ewr@r@@%l de); and
nlxtures%gﬁ ég ; further class of preferred
pol ysil o ﬁP@PﬁVﬂB crosslinkers is silicon-containing prepol yners
conpri sing hy@m@ph@bb&bﬁ&gmemt&aamdmbwﬁswhphm@hﬂﬁsegmammﬁcammwwmdmtabIe of
si | i cone- tﬁ&fﬁb%h.@h %B%Lé(#&%h%d% fshndi rﬁﬂ@t'nhﬁm@ﬂ%ﬁ@}%ﬁ. ﬁy%\ hydr ohphobi ¢
us anpl'es or su S

segnments can I'nvention. I'cone- cont ai ni ng
prepolyné*@hﬂﬁﬁﬂuﬂ@|ﬂﬁﬁw@nﬁewgﬁﬂ@éwﬂwwnéﬁhﬁﬁnkyﬁﬁwhﬁﬂQMSﬂHﬁ@@ﬁmeNos

6, 039, 913y, Q4uRBaiol v&Bls BERanclioREGarbBnBafledtoid 3ha Uabus7. 521, 519
commonl y-owned US patent application publication Nos. US 2008-0015315 Al |,
US 2008- 07¥4'3emgnediols. ys 2008- 0143003 Al , US 2008- 0234457 Al , US

2008- 0231798 Ay sﬁ%lmmalefweécHSomb@m cappé ussatinh e ilNestion12/ 313, 546,
12/ 616, 1 1 i ncor i n b
referencgg AR %?ﬁe?r%@ﬁ %P%ﬁx“gmaég%ompo cﬁ'%%Panﬁ?%hmq?wn mFmﬁ%rlzable
conposi t itwanched CpLepiphatig dearbaxyit p@iid ¢£Cd@pmnﬂh@fdatlpgt @J@hat@xcadealtpbgml ynmer is
based on sehdodine, & RAIcaloRARY & aioNAB RAIYARE badld: Av AR RES

performed according to any known nethods and i'n any containers (reactors)
sui t abl e Wiggh %961%?@1”]'%%"6&‘40 gmves poNPRIEFICYAE rBgs: Exarpries efsyiable aliRheticat ed

t her mal | Ydlcaﬁ)d&gdlcmé laZeabkeeuc@aapﬁabm adid,fsaécié @cp@,rgluw.caala.daémm phid | i c

br anched ne can ol vin anents in

ey et B f e e g RS B R et PP ln Bbig PrecRERSE T S
obt ai ned ampHimeHiylnatorir zoit ketddgpylsyeinioacich ginutipdddymeacid, ket dinerietdigd eni cal | y
functi Onﬁofn?eﬁgatBﬁ g@l%gag 'oﬂ?wsblrur ‘{\éotéh ﬁ‘até%ﬁfb?%du@tam!?%}:&%é Naik Ha&t' onal i zi ng

vi nyl i ¢ nonomer ourt BCtive functiona group t obtaln an

anphi phi |E@ﬂl@feaﬁéﬁ@ablsﬁvwhpi@t@ﬁ@arﬁpé&ﬁ@?9%@@01‘ 31¢Y@Ohuwé¢ft>ar6wyhfp@<‘dﬁn ded
that the faujddpentarsdidarox@ic@ieR, € 8Narfders by hbXanebicar8bxylibgcid, aravandh 4second

t t I hi f t | abl
A L R RN K A B Ao
absence cn‘roraata:aitqalrbomglcagelaare tevefhtatic acud:msoahtealtc dcidné&-abtbalid dcid, $,3urdler st ood
L QU 0% bl R B Qlcc RIS A o LHAEHI RO AL 4L e UnT eact ed

Ichis re

functlon oxane sented’in the partially

et hyl eni cHMopyIBahons givaboniia age] 4 s Hiisielin - daboxti 3 peemgkenprRANRgane,
funCt'OnaiA%Rﬂeﬁ@eﬁgfﬂkﬁb&@hMﬁmi@&%ﬂ aﬁbgﬁﬁkhﬂ @bthh@at can be used toget her

with the resultant ranc oxane repol ymer in
preparing a I€ﬁ¥SWE@E&R&EWd%a?EEO%ﬁ%WHBU SF%EBﬁés enE%htact | enses.

I n accor CE«&ﬁtble‘ﬁnofklmhImeazlanwemtomuunﬁ:haemﬁdsaﬁeﬁﬁbedllalués.tPatat No. 4#83 488 second
ethylenlc i Y. noner to the anphiphilic
ponS|on§%%M'&%ﬁ%}&&P&!eéngge“{ge%ﬁ% 1, preferably fromabout 1 to about
1.2, nore prefAayawtaplefdithiaisspoie ugectip therionention. Exareplesofipyetedifhioig iaeledsl y from
about 1 tRthdutititafidnsics- d%{‘&l@fléﬁ]%%piahég e.¢.h&n A It tdrOPropyi dinktfcdpednar

equi val ent ratio should account all possi bl e reactive functional groups
of the arf¥ HRIrGaetan, RENEREN ST RRRtan. hﬁ@mu?dhyﬂfd‘etdﬂﬁ%réa%}’l ved fromthe
partiall weetameltr@mn@alnheyca‘pw'mcwamahylzreaimpcdaytsnIr@mamethylémmnnbheptghal n
transfer ent om any .ot her nmer|,.za aving a reactive
functionéf%an%h%emam?ﬁ ¥%8I§EH9£? tpgskgﬁﬁgsgﬁﬁ§%gn§gd§mgCﬁ@aﬁat|on can be
done basetipentens damartaptpnnbererneditsiof, oethyl-epatitutag betreneditiol. phi | i ¢ branched
P(J'n::f: ng%ﬂfer%eﬂ%ltﬁé'ﬁ&rhrol E@@ol%%ﬁé?éa%tc%%&% etﬂ%}l eiﬁé?d F@B%n?& 5‘%’&0‘?“' cal l'y

izing vinylic nmononer can preterab renoved from
t he resuldmrgpfca ﬂﬁhmﬁﬁﬁﬂp@mﬂﬁﬁweﬂéﬂaﬁﬁp mP@ﬁ@ﬁ% %F@ﬁ@P@her before t he

prepoly W&fmér’éa;ﬂ&;ﬂdpdnﬂl @rn%wptdbgtaaon @msrcé;ab;smﬁam @wd‘rwptdm}pndm &idl i cone
hydr ogel accor dance vention, the

t
vt gt pel ORI e S ERE Rt ERERP S A B T Tob e
pol ysi | oxane prepolynmer is determ ned by the polynerizabl e conposition or
m xture based on the total weight of all the polynerizable conponents of
the conposition or m xture used for preparing an anphi philic branched
pol ysi | oxane copol ynmer which in turn il$ ethylenically functionalized to
formthe prepolyner of the invention. For exanple, if a polynerizable
m xture, for preparing an anphi philic branched pol ysil oxane copol yner which
is in turn ethylenically functionalized to formthe prepolyner of the
invention conprlses about 4496by melght of a 8096ethy|en|cally

o o o . Y o -



It should be understood that although various preferred enbodi nents of the
i nvention may be separately described above, they can be conbined in any
desi rabl ewbastwmmro arrive at different preferred enmbosdcwarstsl10issphe

i nvention. In a second aspect, the invention provides a nmethod for
maki ng silicone hydrogel contact |enses. The nethod conprises the steps of:
(i) obtaining an anphiphilic branched polysiloxane prepolymer, wherein the

anphi phi l i ¢ bippehasg zq%y%lth@&ﬂ@@ftﬁéﬂm@I.dhaﬁhum@rmgﬂas&ﬂys@@Ianéléﬁcmsabout 5% to
about 75% greferag%fromabout &O%toao bly from

t efe
Shout  1ooAer e DGRt ETEY Brear B e o DRIt Bhabout | 45%
by wei ghtreadtivénfudctphi droupsnibivhroan perticipate s ahyrImMCdupMQ rebctioeasd a@ne

hydr ophi | f er abl
{7 om apod s eLdblie JRUP st dr A RBAR byl GBI BRI B0 01 6o
by wei ghtisasyansts grgvm%méroepmr@emm@wml QjﬂwFtSsV'@IIéQIQIdé%I 'f3r Brwhigh ¢ashst one

pol ysi | oxaRnthmoh |dbL'Iﬁ‘I@BorJI&Iaé’h6}QI|rE<YIf9 cBhnddléd®o 5@5%M?roup or to oxygen or
et hyl eni cal | yunsaturated gro from about. 2% bout 48% Pref erably

f r om aboutitrogss ARMIRSIR N aﬁ@%mH&r spw@f%wamng CPMBRAYTING MG R¥aMIEE 8T about
28% by weefghéd obnahagigens m«mbysuuth@xamaatroh@lyl@rolealglyc@él mblv&holl Sabigdi,m nat ed
wth an e eni cal | at ur up d) fr 0 % to about
5% pref e1:’Q%Itr'ShY&rO)%nyebhdpet%a@GSA) I?gr'sg (?ro gpr[rclgjo © 1 éft b §/'°|f1r%r%n about
0.75%to @bmﬁtrlcm%fytl@rv@mamee/twcéfmtbmrwtﬁanma alb?b*atmnpeﬂwld &bout 2% by

wei ght &Fgwnea.smesm ﬁlrblé{ﬁ'a%ogﬁfpkllygﬁtmferlqmI?rs@%%ﬁbh%%@@%fn%r agent ot her

than a ent 25' usi n anphi phi branche si | oxane
pr epol ynéf'etFIde"rﬁt%ﬁﬁI"@ el'%’ﬁéanlufﬁt?ﬁ”ﬁ‘&r QUI?ﬁS@J@PW'%’I? @Iﬁ?@ﬁ”@%rﬁ%? pdduenea) from
about 60%ikecyakaeltp, BORbG-triphiedliatetiahy trfs"o@yarabaouﬁd thd Yifliratiez0tiine® 7% nore

f bl O/t bout b ight of th i phili
b anchoa (58Fy7EMAR 2HEoRIPERE Riferatales fimes ot i cxBhosee- G aiticfmop©
pr ef er abloplofide rmiradyaagstd cIDIOﬁ% ttrig yarivly Usto c B raten (TS Q) Eimettasipsopbn@m about 0. 4% to
about 1. 5300 cVGleItint Ry tifitd ﬁ(ﬁ%ﬂegﬁ'cﬁlﬁqlte IR iRk Pnufe Mi #/éHth tor or a

thermal initrator, pre erea tolnitiator and rom0 to about

20% pr efaspaibt §C4. 1CiiA agish (3 52%@89@5@0?3@8%0 36kt & 3fr@mefubl §:5 r om about 4%
to about olfa%exayetw@rms/ndﬁc.daﬂ 2l 3RskerRfcaAsIxXyIRRIIZ ablieretfdrRameoxpiRl ect ed
fromthe % h@ LOoNns| St of a hydrophilic vinylic nononmer, a

si | i cone- i ”95 h&ﬂql c nonomer or macroner, a hydrophobic vinylic
nononer, a | i Mearsopekijied indheaarekroms s&ll hol & pr’emrerbrﬁnatc&dwa\hmuln drmatar

eLny! ent Cob e ASB HRAG) KB o BnPERRAb DO RAAREL i BlAge 3y ol coul ar

wei ght of neri za absorbi ng ‘agent, and
m xt ur es Roheilaxane ofifpratud &) @armé)epéﬂ@é@ﬁ %ﬁd@'@“@yA\hmngIMﬂg adentisigastRsSYid ana) - (¢)
are rel atéx\é@sstrﬁblér%uﬁlélkﬁ'amwta o@funétIolnalil@hb@éuéu%ﬂﬂe&o?&ﬂ@fﬂﬁ’d&bﬁal(' ncl udi ng

t hose not |jsted abov the | ens-form i on iij) introducin
o T emosmul B o C RN TG (A ek & g1l SR ar RS I st BoHE n 1 v o ol

hal f wi t Husctibnal gtouptdrdirtingr &Ectfoaﬁ@Cd{ﬁﬂlhgltd@ytkh%r&&it@fmg)fea&bhé mclediod a

cont act n I t e defining
t he postetfﬁ(lg%rﬁg%r ?d 38&% HF%& aqrg% % rporgth\%ﬁgﬁé; Olggﬁé)?dggtg’ 5@%Jt§%d second
nmol d hal ierctigna cb@mﬁxtgrweé@oty@llomr@enre@r@ch@b@vgpﬁebe gsediio telattwith &cavity for
recei vi ngy@inh@fentf ormng material is formed between said first and
second nol di n(1:; surfaces; and (iv) polyneri zi q the | ens-formng material in
the cavity to ™ @RI W'f%@ﬁ@vﬁyﬁpﬁ‘éls“%%ﬁ% enicgfiyfunctionalizing Wiyi¢ gys

enbodi menhenonieed ¢ beQispd @iftes rneéhtleﬁrhmﬁrepsamgspa@tfalmmphemballw@cbcmnz:dded

pol ysi | oxane, pr eno r adi t transf agents,
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macr oner snveniielr. djmwtﬁetstqmrhlydt the seoershatindgnicat i ttionklizing vagkmmendnzeyicag a

mol ecul arbeVIﬁf'regéHt 1B du?&éfeHB%fIdJrQQalll@IhB%Fb% ethEAQIu)!em?frdr% I@/v.@,méor bi ng
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thi s aspestanplestohghyiBvmemy-fi@ationalizing v.nynErr@ﬁ@ﬁ@«’eIrwudam.tm I fedtioh icg tdcanched
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functionalizing vinylic nmononer having a first reactive functional group
with a functional polysiloxane conpound having two or nore second reactive
functional groups at a nolar equivalent ratio of from about 40%to about
95% preferably from about 50%to about 95% nore preferably from about 60%
to about 92% even nore preferably from about 70%to about 90% (the

et hyI en| caI I y- functl onal | ZI ng VI nyI | C nononer to the functl onal
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Exanpl es of | eachable |ubricants include without limtation nucin-Ilike
materials (e.g., polyglycolic acid) and non-crosllinkable hydrophilic
pol ymer s W0.2e12/019497 hout et hyl eni cal | y unsat ur at ed gr oup®LT/US2011/04580My
hydrophilic polynmers or copolyners wi thout any ethylenically unsaturated
groups can be used as | eachable |ubricants. Preferred exanpl es of
non-crosl | i nkabl e hydrophilic polyners include, but are not limted to,
Eol yvi Pylv.@hmlamrbl?c\z’ﬁég a|k>@@hé&a)ab.a}%ﬁudep@ vk B akﬂgﬁmomtcyel aMgt one, a

onopol y

| act ea vin | actamin
Ol L T L P o e Ml R e o S R A Y
conononersepytachbicragd bytyiacryié agd)r M[m(hyteommetrm)nmmmhwmm@e I&Nc:opol ymer of
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o1 5ot I CARTEEBE a0 BTy} o Akl AR SRR iy O el TPDOTer
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pol ymer | BaIRF AFErTUBPYE 39% AFEC 066" Poz %‘fyb W@%%‘Pée Br éfkPERf S'/Y')rfflt‘%h 10,000 to
I300 gogl (efeenadnmteba@(lm@fzempn) wobqumeﬁtjbcawe t4q1belﬁdia§a§)buty| (meth)ackxaterpl es of
eachabl et ear iliz tati
phosphol i p| 'r'd'n%t) exél O(ﬁl%dl az'gr P(@ chltmec{H acrg,a[n) qc'd?'GI ycol i pi ds,
gl ycer ogl(yeti)aqylais,, VIrB'bsl’Jivm@d)Bmprl diy) glswl aityer ghgtb)@bﬂyim ahir heflige gypued cohol s,
fatty acidgoxrkoes d?'l)I §1 toetﬂqsd&é?tattfaﬁ(?I Frtéﬁﬂ&‘?&tlate Patz%fcf%é‘let)ﬁtamﬁg t/ﬁ?trc

stab|l|2|ng agent is a (P a nonog gcer| cerid
trigl ycerMe@mes leg)/@o\f'”y;'fi“d ’aeth'gﬂc%?@g?'%?’iep ﬂPOPé?P§%14Ag<B'F‘P%Y'd‘ 3-a
sphi ngo- Axpeshhispend, 2-ginflatt yth@Act-élh1a\3-6)@ z8int500n362 Gap lpenyhl omnghyl-a-bhgt-t y

al cohol hayin 0 36 ca n,.a , or a_mxture thereof. A

ener 1 or mKEREOEBEnE 2o LA BRLET SRl g LEBRPTYERMENSt ne desi rabl e
conponentdodesyl-dByoxszdlin-@hine, Zsbwepenykhdrdipheyl-d, 3pe@a®in-5sdael 2-sdpiopertyhe art .
Exanpl es pf. érHé%@thl@nesPé\éS?atHoﬁn é”oﬁe dze§&dr+;8a%9| _2hXS @ﬁ% leh&" 3%%&1’1‘19%-' nthis
aspect of tRe I nvention. ens for na cont act enses are
wel | knovifet gvigylet-diothylsi-prazelin 510@%8 viyt4-gethyl-4 B?Wé arppeolingrafeetpl oyed i n
cast nol digpgopehy m%awqasﬂneng 1,56WazEMEB TN 2-iSpropk Ay U frRsth g afensgith 8L NQ)
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first nolds-ngpzblor-6-opd, mdth2)virgyd Aaidestayird, 3t dxazdieseord (MDOMD) had B-isdefopaes a
second no Id hal ves are
cont 1 gur o Lk 2139840 Rokong WELRRS s BifertelizBboBel ARG i, 181 VoS BT b
bet ween tmenomerstangsoaingtiangitfesed and t he second nol di ng surface. The
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processes for forn1n hal vés are di scl osed Patent Nos.
4, 444, 7181 Y 'B@HQ&”hy&'r%%@ros@a@'qeay@o@ﬂﬁ‘ﬁ gglagipne graum ECYINBIeIIHOYIERIY | ; and
5, 894, 00row, Bﬂrwdmagrg@;r aeﬁdeagroupelm-chaig)e aad s@nbuﬁamh@m@a;‘oe%dr@preferemy

refer ence, mat.erial s ar.t ki ng nol ds
can be use ec?Cteg frls‘)ramkthe %’t’%gortg ?ngh%ckam'no Lot %’gﬁﬁlaesndseggedq%gve)e dor?p)ﬁypa pol yneric
mat eri al sgrowcdlrb@zs'hmﬂwyphg/Iaeldélallmrytmsdpy‘pé(né— ChBryst)yaziavoneBVMA, Topas(r)
E?gmng?ggﬁc%?Q?atefgﬁ?;( chb&ar gfratﬁ%ﬂhﬁﬁ@grg@pp%é( H&ﬁb.ﬁ’ét.oﬁé 1B SrAREg BRE QY nene,

New Jersey), or the like
can be udEd or&u%reaﬁmeéwoa%alawat) ) 'leé%"UOOI”PQﬁQO”E’Péwgﬂf%t”@ﬁ“%ﬁ’l‘%ﬁ be

used, sucdlo@Sin eHédrésentd aSdhsaird o$@|@@.hillﬁ§agent to form a bévaRnPinkbgy r ed errbodl ment ,

reusabl e nol ds, are, u 1 Ng.conmpqgsiti.on i s cure

ol ymer | zod) - 3§ piecrary el zaarely SRTen eV 1P icralRg Rokr e e bttt ai + on ¢ 0
form a silkast omepdiysiloxage vingomaotel ensacrémexriplieg abéaghped ethylemcallgusabl e nol ds
are those disclosed in U S. patent application Nos. 08/274,942 filed July
14, 1994, 10/732,566 filed Decenber 10, 2003, 10/721,913 filed Novenber 25,
2003, and U.S. Patent No. 6,627,124, Which are incorporated by reference in
their entireties. Reusable nolds can be nmade of quartz, glass, sapphire,
CaF2, a cyclic olefin copolynmer (such as for exanple, Topas(r) COG grade
8007-S10 (cl ear anorphous copol yner of ethylene and norbornene) from Ti cona
anH of Frankfurt Germany and Summit, New Jersey ZeonexO and ZeonorO from
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120 seconds, preferably in about 80 seconds, nore preferably in 50 about
seconds, even nore preferably in about 30 seconds, and nost preferably in 5
to 30 secwods12/016097 Where the | ens-form ng conpositi oRCTAIsPOI1HEIBOAN

anphi philic branched pol ysil oxane prepol yner having UV-absorbi ng noieties
and/or a polymerizabl e UV-absorbing agent, a benzoyl phosphi ne oxi de
photoinitiator is preferably used as the photoinitiator in the invention.

Preferr e%nban?a@éal g@&%@hu aaeaatbﬁardabm/‘equﬁa.&daag@w suaﬁgaglaloxurkhmwtc l'imtation
2,4,6-trinethyl benzoyl di henylo hosphi ne OXIg 2, 6-di chl or obenzoyl) -
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cont ai n abeutibndiz&05Restisxadbout 5% by wei ght of a wetting agent (e.g., a

hydr ophi | i d d/ i ty-enh t
(g et iyt TR RGeS R ot B uPh el SRR RRRO RGP D) S2e,
hydr oxyetrhgriomeed ¢anl beased HER) prephgrdiiamof pn epwhipkilid hranghed bl xane
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(di rectIy measur ed when testl n hi ckness of about 100

et oney T e Py Aty B! G G dlede QEaer 5 S o AR anpl es.
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about 2 preferab about

mR/ mi n. methylene-2xpyraidoney 1‘?@%%3 B‘Ptht’"ﬁee ?rW@?ﬂdP% 1f’ﬂt‘i’tt‘3ﬂérmq’t%3”§'%'vat er cont ent
of pr ef erghbydohe, mnetaMuhet&ﬁé}(oetz;pﬁbmwneYQ%etstmepfyehelzabtrw|dbh@ Babout 20%

hydrogel EOATYErS PeRtoigE B dan BB Gran i B Bl ke deatas || o™
di scl osedyiraliddge,5!- IS@QQM&-methylene -2- nwowmhl ‘rdomsmd}étmetltmer%merntldom provi des
a sili con1en BML’?I@E’.%yI%FP@E%%oI’dSﬁbS 1954 Bbt?l-esdmgt‘ﬁylbh?z 'E?Fr&@gné)fz the invention.

In a fourth asSpect i hvent1on provides a of preparin
anphi phi Ihyér%Y%MH@Ha%ﬂ?t9éH'?'UQaﬁé‘yﬁrPé%Tyyﬁ%Y'atet H%Ahﬁtqﬁ%p@ﬁwtﬂcw&?%g t he
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with a functional polysiloxane conpound having two or nore second reactive
functional groups at a nolar equivalent ratio of from about 40%to about
95% preferably from about 50%to abod? 95% nore preferably from about 60%
to about 92% even nore preferably from about 70%to about 90% (t he
functionalizing vinylic mononer to the |inear polysiloxane conpound),
wherein each first reactive functional group reacts with one second
reactl ve functl onal group. |n the presence or absence of a coupl | ng agent to
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Al'l of the various enbodi nents of the nolds, |ens-form ng conpositions and
conponents thereof, and spatial limtation of radiation, and contact |ens
of the i nwenvizonewescri bed above for the first and secomrdTamsp@aingssod t he

i nvention can be used in these two aspects of the invention. The
previous disclosure will enable one having ordinary skill in the art to
practice the invention. Various nodifications, variations, and conbi nations

can be rrwﬂﬂﬂptyﬁd.ﬁ&% oqamtémaﬁysat»aﬁwéﬁwycdﬁﬁ@mm?datb%mgﬁa wb.@hwvd.%@eto better
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addi t i on, mordongiotdntbehed mMdeg ﬁrbﬁ@dtldnhﬁfan aspriphisic irbndhiae pulagubm enbodi nent s
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Hg] =parti aItyldlm %Ifj'r%y'g?yqox%&)é%oﬁﬁ?é#yl?e'ﬁ'ge 3\@ t % Manﬁ) )&#eés(grze:jn ﬁiaﬁ orsrte': (ra?? Lmm

pressure t(umiﬂlmigthylﬁlwémrepylwmpyfm rrmh)l‘l-lgcralam © N-bis[2dydnoyy-8-€3-(t) (mm Hg)

Pwat er V%Wldiﬁé‘[ﬂylgim);.')’llgp}%xyﬁﬁ’opgl]a(jr}ﬂarﬁid¥‘,B§-m&ﬁ%r}lofﬂﬁb;&‘;@entamethyldisiloxane;
tris(trimethylsilyloxy)silylpropyl methacrylate (TRIS); (3-methacryloxy-2-
hydroxypropyloxy)propylbis(trimethylsiloxy)methylsilane); (3-methacryloxy-2-
hydroxypropyloxy)propyltris(trimethylsiloxy)silane; 3-methacryloxy-2-(2-hydroxyethoxy)-
propyloxy)propylbis(trimethylsiloxy)methylsilane; N-2-methacryloxyethyl-O-(methyl-bis-
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t —average thickness of the |l ens over the exposed test area (mm Dkapp is

expressed in units of barrers. The apparent oxygen transm ssibility
(Dk /t) oWbothesretseri al may be cal cul ated by divi di ng treTASp@N@MES0DXYgen
perneability (Dkapp) by the average thickness (t) of the |ens. The

above descri bed neasurenents are not corrected for the so-called boundary
| ayer effect which is attributable to the use of a water or saline bath on

It0|o of ]gpﬁmlgmmmy 3Jp%b§/|)§|wdamn¢ak@3Q%Mﬁmsf|>hy¢>bpwa§u¢é@6ﬁab 3-The boun]gary
ayer e ec causes (0] a
S AT A T A G TR A K G S

(Dk, ). Furatbdeerate; Bhigstrehahyilsiioxy)sip@proppfallyl herbboatadary | ayer effect is greater
for thinngr,.l i thi f t i at the
Fopor t e R ERASkIAAT b oGS Rte TR R iNE SRl B cakBa 8™ OF o o
remai n cdngethysilylethyl vinyl carhenate;timeikylsilyimiethyhyiny caybongte; dhstyldmethirendaiei mat ed

based on éi/clgfe g@br‘y%t&%!i&ﬁil %tﬁa@lfylatté"% p%?fglf(ﬁgr% -EREITRANRRC rRnoxygen flux
caused b Measure the apparent

y 't oundar er effect as
oxygen pe‘P??é%?o? iolstii"cf?é‘? ?f@é‘s)( NHEAPINFIPR e8Pt t he reference lotrafilcon A
(Focus @ N&DO fitriopelicldsih Mt @bbéaeammbcm hyatroghobit aini/llcamsmobhet Althert i XTM
from Q BA Ys%xane e olméoﬁ%ag\?e ab?e %?nslm%szle% eltmhll(r?ate o] ca?élelf ct?nfermanent
r ef er ence PEIEES AR 6P ST 1% optica P est eSS and are
measur ed defmmatianghddriyednirerh haring émnglm@sturmg In Iensemaéwfr@mtari@saxygen flux
t hrough 3foﬁrhﬁ{$ﬁ?rﬁ7%§|t|§r%dnﬁﬁlsﬁ§ tHeoﬁory%‘fldxbﬁ@ﬁ'reﬁbI%erl §Ltjd'h41‘e'fdr|99trbn%r()f)ﬁ:fa?r ence)

| enses usi ng sane e w{;ment accord 8 I’OCG ure for appar ent Dk
nmeasur enetefest e o ReEpanapbipklingtearhebseryed Ae thedensi Wﬁ contaect Lensyticelk, ) of the
refer enctehamtySAna&zérhcmuﬁwfte‘a ﬂfsl &% |§ﬂﬂv¢b%@Qmwas@eédﬂb&ﬂ(mmmb%rﬂgﬁl of

appr oxi mat e €. the .ran erence., | ens

R oneategeniina U s Rl pPRtondlet 1PARE 4 niendd BB o) SEERERITIS e

r ef er enceentiefg dsis vaisved thahelzesr adkydydiohkolsavimylie qunpmenis peserttfresuitestt | enses
and Sho“'lQnéeQ%s’?ﬂ ﬂnb’a lﬂ@alﬂgaeﬁ‘f%t‘?ﬁiat%ﬁ’rﬂlhgtg@ﬂ{qubﬁ%%%g%teh tﬁ%"@ldhg%arksenses- The
eqw prrent set UP ur enent aranet er nst ant

t hr oughouReceme reraémt ARRRFRN, d'SPﬁ@eqrﬁﬁ?r\ﬁl YQHImePRfird §-omepore Stiades @d nul tipl e

times if |ggsired. Det erm ne the reS| dual oxygen resi stance val ue, RN
fromthe re erence | ens h‘etﬁm ts tu5| n(% Eﬁ in the calculations. Vi
tL Dkapp Dki ' FCoPTaQR Wi the fnyenton. § 898”&’“?%?%?@}?88”?8 h8%Gnder

nmeasur enmghivl grounpd, for eﬂntplhaetwmmnbest poéfetahly onetrmlgrwe Wearseshamasosfed. Pl ot t he

i dual the f
51l gy AMEE P80 o, Ry f eyl e [
oxygen r¢€B ?@Q'W@ thlcplglgrqug %’Ghlﬁ'l‘a"t @a@fer@tpﬁr@b@ esedde atovigg fupetipnalty fost ance

val ue detgbgaquest BN Eo éﬂ@i&i&bfﬁ}Lﬁﬁsbﬂa%té‘ocb'r&ﬁﬁ%u@a&&&ﬁlnﬂﬁn%%én&ty Dk,
(estimted |J1tr|n e test |ense t /

Dk) Dk,
L) Mo pctidbigradig simary thioRigs veaPiAne B ST ectie B RO el ans can
be used tas, foabcimpid, @ydrbat aintme, MapR-a:@lkylabino( Ed¢eoxyiod) switabledtichiaatee been for a

standard i [l GKRGHSertedMRain hrahdl6: s8MEs b EFdodhaE BPIERIanRAT S bR tisauat i on 3.
having from 2 to about 24 carbon atoms and having a further reactive functional group
selected from amino, hydroxy and carboxy; accordingly, the preferred chain transfer agents
are aliphatic mercapto carboxylic acids, hydroxymercaptans or aminomercaptans. Examples
of preferred chain transfer agents are 2-mercaptoethanol, 2-aminoethane thiol (cysteamine),
2-mercaptopropinic acid, thioglycolic acid, thiolactic acid, ethanedithiol, propanedithiol, and
combinations thereof. In case of an amine or a carboxylic acid, the chain transfer agent may
be in form of the free amine or acid or, preferably, in form of a suitable salt thereof, for
example a hydrochloride in case of an amine or a sodium, potassium or amine salt in case
of an acid.

In a preferred embodiment, the polymerizable composition comprises a first
hydrophilic vinylic monomer free of any reactive functional group capable of participating in

22



Dka_std = tstd / [( tstd / Dkc)Rr_std](3) lon Perneability Measurenents.
The ion perneability of a lens is nmeasured according to procedures

descri bedwpreold/@e09Pat ent No. 5, 760, 100 (herei n i ncor por aceasbyi1nefsey ence i n
its entirety. The values of ion perneability reported in the follow ng
exanpl es are relative ionoflux diffusion coefficients (D/Dref) in reference
to a lens material, Alsacon, as reference material. Al sacon has an ionofl ux

di ffusi ory &Rl r@é&taﬁ with tHa- saé&ﬁle@w%nrmfeyma.uﬁa.zmy%wc rkéHohRebnd Mgl e (VCA)

Measur enent s. cont act an l(jrl 2} urenents are Pr{or med by the
sessi |l e dEEYIRY f?B "'W PWCH‘OB% rl*tf‘v P&p %‘f‘f‘é\%@” {37 LW ?9%‘5% from Kruss
GrbH, Gerpativipatimd the poupiing\@ietion (wWith ttkeasecsntt étaygienid¢aininction@Zirfy virflien at  20C) .
O TeaS SR, RHEPRES S GOULBR i EMRL Sk RfEMRE, dDBSLRTARE 01 Ul i o

With tweezers and excess st 8ntl e Shaki ng. The
cont act I@fvgteaz@lepfcm@@h@rhatt&fetlo pfeffoe ghaut 5:bfo 2boudk1. ﬁbpélrsahwr@@ﬂlﬁl y blotted

with a drwnﬁmoﬁdrﬁa% refekdh s‘éle\e@tferrowdh@gfoab c&r%%ﬂﬁ%)éff'mloﬁftéthﬁ pl) is then
dosed on ens a act angle over tine of

this wat émeﬁvtf@r'et'dgmtetwmwmeee ?.Wtf?'ﬁa”%ﬂofé'jY'?énerfMﬁ FrRFolioene WeA s
cal ;gl at gﬁmbmytaqmemylbnap@yratnuaﬁe afethyns- ngatt@tdnem%(drbl)dohe F-math@l- 3
UV- Absor ba enses I nt
fabricated %enelg)pff OI(I:%jjoe'nre gr%tylh mleth en?/\g p(y’%ol@grﬁ ﬁml ‘ftrf)%‘f "t"%@y Zﬂe of the
| ens as n:tyrrmhﬂsphel, Toe-piaherd-pethyemg2-oyrraidenee 1- I§th09y|l‘i’0ﬂnd@v|em%2-t)t’re0ﬂd@lﬂorrer ged
into a 1 ﬁl%ﬁéw%ln’?éff%ﬂé?\e%@'rﬂoﬁdo‘ﬁ@” n%Q@L@ht@ih?%n@b%?P&%Bﬁe lauttrtemgpb sal i ne

(PBS, he reference vi si bl e spectrpohof neter, such
as, Var| e{ﬂet@d?%? SpyrgldanessimeryigpincetnydRstoreiae. NavipH- QaPYLr&B@ﬁHe%% BRA- CA- 302
beam spl idikoRy pSyethyinel ghesl ( n@&ﬂadﬁﬁatb%dlnylﬂorhhhﬁdeﬁﬂﬁﬁfyfﬁﬁeﬂhde Re\g@ggt) o
transm ssi on spec a wavel ength_ e - nm wi t
OArval s B BT ENE T Arap O e WS A B0 R e ed ont o an
Excel sprigdaphibetinginchonsmer is prefheatdy selented ffont the graupsessigiog btinyaraxg- Cl ass 1 UV
absor ban ser i ons: UuvA
e A g P A L e e S ) i

Aver age%am'ﬁfeﬁl\'zbéétﬁtegé‘o -G atkygdmgi)acrylateaminerpyhsiiter Ce-@a@lkyln whi ch

Lum neSCG(ﬂ%Eh)%Fylérﬁldé ttﬂty@ttehag@yf’/ant.ﬁaraammurethdaaifween 380 and 780. Fol di ng

Mar k Det i t Ana
Havel oped o dup i Ao REkeafiec: o prafn EiTendbe ORI F e s at | ons
and ot herfodedlént & ampHighdlic bemtbert pdlysitsxand pepdyroer df e iprentiai ipbbktabkd bhe

Foucaul t deRle il Goh fishian BRSO LSH; (8 ditait DELBLENGe how Lo

sel ect, ange various o create coll'i'mating
l'i ght, td)refptaémfrﬁat@oat Wnth?é)putl s mOéﬁt@rete@Nya‘mmua@uaﬁO% iUt Th b devi ce

(for exanpight oﬁélﬁéﬂtleﬂ@ (4% QQBOQ?QM %}eferaﬂ?frbﬁ%fbout%% tU%Eodt'gb%mnﬂfét' ng the
contact |ens ni fe edge

o T he PR aTABOGE 0SB PopT 2t Y e o o FeR P i Tasd 2Bl pe
focused |90ghtethymndaltefphdtivhatiged pedysilowage (iaf, aguartiatybthllermisaliwifdrictienatiasdi ce, for

examl e QRAATRIAORI AoliBS, EQBSAYEL, KRR AT ardl 368  DELEad2 O

opti cal tor he cont ac rays passing tnrough the
cont act |meere peaderebly tioh gbog 1a% to lnbout AbYoeeved geore ptgfanay frenh abdus 2001to - focused

light wildpol€ss9], ‘B?'W%@hpéffat IeEQroné‘W‘rﬂféptﬁflétvﬁfyﬂ,ernérfb?né?p(E)f?o?M 0?(9515‘6&"55%“ has no

focusing function; &t/ lock the light fromhalf of the
lens to rEKEaPl f@&f@?oum It(eaktpo tHTéprre Hr&qua%fﬁ%aﬁb |1Eﬁ‘itt° al?‘fUt tfe cont act
| ens has &ven apte ;ﬁraferaﬂ)IySftcmf 4B0ONS5% B attost:ttm |b9ale|gh0d5fea bulkyenyavaphadicopt i cal zone

Il b | ocked b
the. ki 1 i EOdplr e itk RO Bl B REAT o0 o POl Bt sl “rens,
| i ght pas®h.mepre hremlg}tty tmnlabem@e@"/q ta agetnéf’/zalevelue@ermmferaw fromm@bout 1 mai n
focus andab'gﬁty?’}?%y%\fewﬂ%f éoéhfaﬁf‘t%ﬂs@vaéreh?othévtm SRAPT gg&g%ﬁfefetwthg%éﬂh or pass

through freely g pear i ng) fg Iy | evel con st not onl P/ depends
on the arff ”P‘?U%&e” ertiopgly Busrrefetablydnclysing aa’leé‘éf'vﬂétﬁ‘éf'ﬂi@' YAUR: Kt@f'foﬂtfeoposi tion
of the krgs sy adigat, prEfteawteffmbbowoavﬁaavawmghtaﬁore@mféranyfrtmabutttes in the

CLOQA i . . The Lfe-ed test w ualitative
Lot ng. gk Lyl 2 i S S P Pre e SRR et o e Fof By Rl O g
mar k st udyeighs otapaolyreetizeble Ud/sabioed biogsomiidund earall(f) romaabedt (a‘rt’(d/tmabqutm%

aut ocl aved contact |enses are used in the study. First, imges of the
contact |l enses are taken with the CLOQA. Second, each lens is folded with
fingers twice (creating two perpendicdfar fold lines) and then its image is
taken imedi ately with the CLOQA. Third, the inmage of each contact |ens
about 15 mnutes after folding is taken vvith the CLOQA. Three types of
CLOQA images are obtained: original one (i.e., without folding),

|rrrred| ateI y after foI d| ng, and about 15 m nut es after foI d| ng. The foI d| ng
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Vari ous percent ethylenically-functionalized polysiloxanes are prepared as
foll ows. KF-6001A (a,w bis(2-hydroxyet hoxypropyl)-pol ydi net hyl si |l oxane, M
= 2000, fwomhiinB@rsu) and KF- 6002A PCT/US2011/045809

(a, w bi s(2- hydr oxyet hoxypr opyl ) - pol ydi net hyl si | oxane, M = 3400, from
Shin-Etsu) are separately dried at about 60C for 12 hours (or overnight)
under high vacuumin a single neck flask. The OH nol ar equi val ent wei ghts

of KF- 60Q:kéreBl f%ﬁ@ﬂﬁaﬁ) 29,8 Qﬁiuem e daé«ertabm/rrram #DButdf. 3%ycd55v&vé%gr oups and

are used to calcul ar e n.the nt hesi s.
are Used dg oo Bizpyr i okt flh oS S e B o1 AR i s S
A one- | i tphotoinitatdriooa theesd dlitiats, @efacabtaettematinitinight Peroemmgm\b@vwetghsmfure and

e vacuu QKSR M dle s EORT0 2o B TER it O001A 1S

char ged react or T _ y distilled
i sophor or@”@pﬂ@&wmt@n (nICIDQ)P pdditongcnpdvineiripatde edmeponerts netrlistethere).eact or i s

purged w th nigds omﬁbna@@é @d aBEbrlgeEme\MuHQwﬁﬁdLﬁﬁhMlOﬂQQZh?&GX}QS 30 g of

di butyltin dllaurat % The reactor_is nd a
posi ti ve V&REBH)-4- P?’H@E‘ﬁzc}' 2n@|hM?ra%%%acry%PXWS?W&WTP%EBU%O'e a’-f t2'er whi ch
t he reacthyamxyBxteattiazrjlsniad meupics-teet ccyphedintersbiriazad, 253Chykdaixy-8-hours.  Af t er

e 10 BB g5 P45 SRR Rl OB R Y, 10,11

r eact or Stirred for
four hourmethtiybenzatiarae, & (@eydtixnetethadyloxveropglatt- btutylrpﬁeayl)l Pwed to cool

over ni Ghtencfin A48 BURAIoRy. 5omehas ABLbAYBReraNSkDfai ALl Olhyliduppened to

at mosphere f m nut es st |rr|ng? hy roxyl-termnated
pol ysi | Ox%ﬁ@trﬁxawo?%orgoywp@g)bp@)z)gg@éoIg,e’%glpp@mxg 4-acryloxy alkoxy benzophenone, 2-

HOhPIDNS |@lmox?m\ﬁaﬂhd%@lox?’@lk&dﬂénzd)ﬁeﬁ@feﬁﬁldd 2-59dro>8}®%zophenone 2- hydroxy-4-

ethyl eni ca nctionall ze .

oty anes BN nERReh B PRiate Bk TRt e i S et s sent W« n 200
4 of DBTDhe polifmwlzablacomposn@n$¢r|p|repadn§i @polglloxamercepolymer whimbris gthpeically i s

decant ed f@r%?r%hQ dalﬂ RS titélr?% Qb%ﬂeod?epofﬂergftﬁgﬁ{v@ﬁqoﬂ% ati@nlt OUS

per cent age 0] eni ca tl onal1 zat’i on oxane, various
quant i t i esffigent EAeea a%aqt leqs ahistre mage from |adwsﬁ@rmwdn@enal inplyging the o4

Et hyl eni caépd@mhh@wmbh a5dor bt RastPoMisEd gaxaneo\ile URTight iMhérahgd of@Sh 13. 98 ¢
(90 nkaq) A about 2?80 nm to about 370 nm that impinges on the lens. A person skilled in the art will
understand that the specific amount of UV-absorbing agent used in the polymerizable
composition will depend on the molecular weight of the UV-absorbing agent and its
extinction coefficient in the range from about 280 to about 370 nm. In accordance with the
invention, the polymerizable composition comprises about 0.2% to about 5.0%, preferably
about 0.3% to about 2.5%, more preferably about 0.5% to about 1.8%, by weight of a UV-
absorbing agent.

The polymerizable composition for preparing an amphiphilic branched polysiloxane
copolymer can further comprise a polysiloxane-containing vinylic macromer. A polysiloxane-
containing vinylic macromer can be prepared according to any known procedures, for
example, those described in U.S. patent Nos. 4,136,250, 4,486,577, 4,605,712, 5,034,461,
5,416,132, and 5,760,100, herein incorporated by reference in their entireties.

Examples of preferred polysiloxane-containing vinylic monomers or macromers
include without limitation mono-(meth)acrylate-terminated polydimethylsiloxanes of various
molecular weight (e.g., mono-3-methacryloxypropyl terminated, mono-butyl terminated
polydimethylsiloxane or mono-(3-methacryloxy-2-hydroxypropyloxy)propyl terminated,
mono-butyl terminated polydimethylsiloxane); mono-vinyl-terminated, mono-vinyl carbonate-
terminated or mono-vinyl carbamate-terminated polydimethylsiloxanes of various molecular

weight; polysiloxanylalkyl (meth)acrylic monomers; hydroxyl-functionalized siloxane-
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70% 16.31 g (105 neq) A-1.3 80% 18.64 g (120 neq) A-1.4 100% 23.30 g (150
nmeq) A-2. 100% (fully) ethylenically functionalized polysil oxane:

one- | it erwpeactdiia7vessel i s evacuated overni ght to rempce/usedigiowssey and

t he vacuum broken with dry nitrogen. 75.00 g (75 neq) of dried KF6001A is
charged to the reactor and dried at 60C under high vacuum for 8 hours, and
then 23.30 g (150 neq) of IEMis added to the reactor under nitrogen. After

30 mt nut Q:?n@fnm%;t\hrfyﬁé mgnorﬁbraogngéro@%%dlrﬁ.xt@ﬁé@%ré& E)Jéﬂlpf@sbf brefredne react or
is stirre a

our s rod ecant ed and
Cored urRladRs paiang GRS pses BRSOl imiige B @RReed s Cart ot eat he

ef f ect s qfolyenetiemdilagmeofor ed bgllleelpolgzalbkqnefamssnnkersabﬁvaadbusonolecfulqnmejgdi;si | oxane,
which is r Ry to nrepare | ens

For mul at 15 saeR ERA o RoBCBBRCTRIo 8} sl edesliBofh LRI R, 2T

of Anphi marban@tq;teawaﬁe@ip@wﬁmeweloxane polysimxalnemrqsawétswu viedéaroinates equi pped
W th 500-38lyafetayidieanks! %ulonrYeeérBé%ﬂM(e%)Jdl m&a)acry%ﬁﬂ.wsteﬁrﬁmasalser W th

nltrogen/vacuum i nl et ada t her nonet er sanpl ing adapter. 48.55 g
of parti S RAATRENES (A S%ﬁ’&?r%}??é{”‘ieﬁ%d’ Sp%1”$P§1aIC6(JPé}‘18 ( PDVB) pr epar ed in
Exanpl e zqydv%xglprdpw@(ymbm geISZH|ﬁ1@th§llb|&)xé|®((pblvsihxaﬁ%8&§§slmkTEI‘)eN RDVEI-A- 1 is

degassed q(er va n‘rperatpre for 30 m nut es.

te
After t he 'S 3 s T&d rT?O)él)é: ?‘rﬂ?xyghoé)éﬁbﬁha °7e a gns $"PYed with nit rogen gas
wai ting fmx*ydmmmyﬂﬁdoxq@emmxamﬁeroaﬁlnkme)r snbmruetqootalrwmn'pmeder@rele%dOGg of

N, N-di metdavl @elgidu %%@stlﬁwacr&%eﬂﬁ MhcRfmer B, Macromer C, and Macromer D
oxypropyl yacryl am de (TR S-Am), and 350 g of ethyl

(tris(trinet hyI Si

acet at e | 95SeHEH ¢ lngJ)GQ Ao @J‘GC?'WC%B‘HP‘PF’BhrGI‘f?Iﬁ’PF@I'” foentErtoathgireastied degas
U_ndﬁr yaqmuncfb(lﬁglyaayl w@thaﬁ:@@t@ Wﬂnmuhaimmm_ﬁbn%o;so|yb@némyw|_b%earpé|ytsmwaraq-ef| | | ed
W t nitro n. 1,.0on S e ondl t1 ons
for " adai (PRR ety R TRL D i ag? A TR A R B e (e
reactor. 4THS, &4éa4;343;927nﬂ>25¢|2@ |4§55|ea7t dR76d0BMBR 208, 484 1,38 A8MBIT, e

heati ng, AR ggtﬁ 885 ?&“E?é?%@ﬁ 654 583 4 R of r&é’é%tz%tb 8ol Eg g ransfer

agent, azol sobut ronltrl tiator g of et hyl

CT
acetate ik Wg@am Ty BA34 M. £i06R 17U P{EP. 3ﬂ%|50 %@1 15y348 88 HEF8i ng
process a@saﬁ&znp,mmz 5a51Ub1708.458680 stdwe, 5&385:@@67666@@@@3%@ reaches 64C,

the init iG?'PG%r,éGgI(-ﬁerg mcé)thpor%?edI bsy rg#erence mczhelr en?retlesa) po?ysnoxane conefgllﬁi%cj; on
crosslinkers disclosed in U.S. Patent Nos. 4,259,467, 4,260,725, and 4,261,875 (herein
incorporated by reference in their entireties); di- and tri-block crosslinkers consisting of
polydimethylsiloxane and polyalkyleneoxides (e.g., methacrylate end capped
polyethyleneoxide-block-polydimethylsiloxane-block-polyethyleneoxide); and mixtures
thereof.

A further class of preferred polysiloxane-containing crosslinkers is silicon-containing
prepolymers comprising hydrophilic segments and hydrohphobic segments. Any suitable of
silicone-containing prepolymers with hydrophilic segments and hydrohphobic segments can
be used in the invention. Examples of such silicone-containing prepolymers include those
described in commonly-owned US Patent Nos. 6,039,913, 6,043,328, 7,091,283, 7,268,189
and 7,238,750, 7,521,519; commonly-owned US patent application publication Nos. US
2008-0015315 A1, US 2008-0143958 A1, US 2008-0143003 A1, US 2008-0234457 A1, US
2008-0231798 A1, and commonly-owned US patent application Nos. 12/313,546,
12/616,166 and 12/616169; all of which are incorporated herein by references in their
entireties.

Polymerization of a polymerizable composition for preparing an amphiphilic
branched polysiloxane copolymer is based on well-known radical chain growth
polymerization and can be performed according to any known methods and in any
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Is perfornmed at 64C for 6 hours. After the copolynerization is conpleted,
reactor tenperature is cooled to roomtenperature. B-2. Synthesis of

Anphi phi Iwo 2br2zznedyed pr epol yner The copol yner solpatriuseoipnessay ed
above (B-1) is ethylenically functionalized to form an anphi philic branched
prepol yner by adding 4.52 g of IEM (or an anmount shown in Table 2) and 0. 15
g of DBTDL. The m xture is stirred at roomtenperature under a seal ed

condi t i onoh@inedrdelersy suittBR 1 RRATReatRh ERR! polRTerikatioh RefteetaBliitili#&d W th 100
ppm of hyﬁlrox tetr rret_hgll ene |.[?er‘on lOXrY' After.%he re CtIOP solvent is
oxc hangednergaly: Ay ishaiesPabla FSstion fobrepanrioaARNp i DEORPEbSRORH at | on.
Var i ous ampibephapared Hyrdissclhied albofepolpymantssin ang sytablp ableeht\whdvim toar jedsod

conbi nat i 3mFﬁ{}ltN@5&_ous % et hyl eni cal | y-functionalized pol ysil oxane, CTA

| evel s ant as indicated in Table 2. Table 2 Anphiphilic Branched

Prepol ymer % dhpygbteined ampliphiipranchad pelysiaxanelcorelyrest dires iCThvenicall B- 2a
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having a fourth reactive functional group to obtain an amphiphilic branched polysiloxane
prepolymer of the invention, provided that the fourth reactive group can react with one of the
terminal second reactive functional groups and the third functional groups (if available) of
the amphiphilic branched polysiloxane copolymer, in the presence or absence of a coupling
agent, to form a covalent linkage. It is understood that, during this step of ethylenical
functionalization, the unreacted functional polysiloxane, which is inherently presented in the
partially ethylenically functionalized polysiloxane, is also ethylenically functionalized to form
a polysiloxane crosslinker that can be used together with the resultant amphiphilic branched
polysiloxane prepolymer in preparing a lens formulation for making silicone hydrogel contact
lenses.

In accordance with the invention, the molar equivalent ratio of the second
ethylenically functionalizing vinylic monomer to the amphiphilic polysiloxane copolymer is
greater than 1, preferably from about 1 to about 1.2, more preferably from about 1 to about
1.1, even more preferably from about 1 to 1.05. It is understand that the calculation of the
molar equivalent ratio should account all of possible reactive functional groups of the
amphiphilic branched copolymer, including those derived from the partially ethylenically
functionalized polysiloxane, from the chain transfer agent, from any other polymerizable
components having a reactive functional group in the polyemrizable composition. Such
calculation can be done based on starting materials for preparing the amphiphilic branched
polisiloxane copolymer. The excess amount of the second ethylenically functionalizing
vinylic monomer can be (but preferably not be) removed from the resultant amphiphilic
branched polysiloxane prepolymer before the prepolymer is used in preparing a lens
formulation for making silicone hydrogel contact lenses.

In accordance with the invention, the weight percentages of the components of an
amphiphilic branched polysiloxane prepolymer is determined by the polymerizable
composition or mixture based on the total weight of all the polymerizable components of the
composition or mixture used for preparing an amphiphilic branched polysiloxane copolymer
which in turn is ethylenically functionalized to form the prepolymer of the invention. For
example, if a polymerizable mixture, for preparing an amphiphilic branched polysiloxane
copolymer which is in turn ethylenically functionalized to form the prepolymer of the
invention, comprises about 44% by weight of a 80%-ethylenically functionalized linear
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polydimethylsiloxane (which contains 64% of a linear polysiloxane crosslinker with two
ethylenically unsaturated groups, 32% of a linear polysiloxane with one ethylenically-
unsaturated group and one reactive functional group for ethylenical functionalization, 4% of
a linear polysiloxane with two terminal reactive functional groups which is not incorporated
into the amphiphilic branched prepolymer, the percentaged are calculated as described
above), about 28.5% by weight of at least one hydrophilic vinylic monomer, about 26% by
weight of a bulky hydrophobic vinylic monomer (e.g., TRIS or the like), and about 1.5% of a
chain transfer agent (e.g., mercaptoethanol), then the resultant amphiphilic branched
prepolymer comprise about 28% by weight of polysiloxane crosslinking units
(44%x64%x100), about 14% by weight of dangling polysiloxane chains each of which is
terminated with an ethylenically unsaturated group (44%x32%x100), about 28.5% by weight
of hydrophilic monomeric units, about 26% by weight of the bulky hydrophobic monomeric
units, and about 1.5% by weight of chain transfer units. A person skiled in the art will know
well how to determine the percentages of each components of an amphiphilic branched
prepolymer according to the procedure described above for the illustrative example.

An amphiphilic branched polysiloxane prepolymer of the invention can find particular
uses as a lens forming material for preparing silicone hydrogel contact lenses. It will be
particularly advantageous to use as an amphiphilic branched polysiloxane prepolymer of the
invention together with a small amount (i.e., less than 20% by weight relative to the total
amount of all polymerizable components) of one or more vinylic monomers in preparing a
lens-forming composition for making silicone hydrogel contact lenses. Curing of such lens
forming composition in molds would amount to a two-stage curing process, the first one
being a off-line curing (or precuring) of a lens formulation in a container and the other being
in-line curing of a lens formulation in molds. Such lens-forming composition can offer the
following advantages. First, the concentration of one or more vinylic monomers in the lens-
forming composition can be reduced and as such, shrinkage occurring upon polymerization
of the lens forming composition in molds for making contact lenses can be substantially
reduced. Second, ethylenically groups of an amphphilic branched polysiloxane prepolymer
are readily accessible for radical chain growth polymerization, because they are located at
the terminals of polymer chains. The curing time of the lens forming composition in molds
can be relatively short comparing to a lens forming composition made of a monomer mixture
(i.e., greater than 20% by weight of one or more vinylic monomer relative to the total amount
of all polymerizable components). Third, the viscosity of the lens forming composition can be
relatively low comparing to a lens forming composition made of one or more prepolymers,

because of the presence of one or more vinylic monomers.
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In a second aspect, the invention provides a method for making silicone hydrogel
contact lenses. The method comprises the steps of: (i) obtaining an amphiphilic branched
polysiloxane prepolymer, wherein the amphiphilic branched polysiloxane prepolymer
comprises (a) from about 5% to about 75%, preferably from about 10% to about 65%, more
preferably from about 15% to about 55%, even more preferably from about 20% to about
45%, by weight of hydrophilic monomeric units derived from at least one hydrophilic vinylic
monomer, (b) from about 1% to about 85%, preferably from about 2.5% to about 75%, more
preferably from about 5% to about 65%, by weight of polysiloxane crosslinking units derived
from at least one polysiloxane crosslinker having two or more terminal ethylenically-
unsaturated groups, (¢) from about 2% to about 48%, preferably from about 3% to about
38%, more preferably from from about 4% to about 28%, by weight of dangling polysiloxane
chains each of which is terminated with an ethylenically unsaturated group, and (d) from
about 0.25% to about 5%, preferably from about 0.5% to about 4%, more preferably from
about 0.75% to about 3%, even more preferably from about 1% to about 2%, by weight of
chain-transfer units derived from a chain transfer agent other than a RAFT agent; (ii) using
the amphiphilic branched polysiloxane prepolymer to prepare a lens-forming composition
which comprises (a) from about 60% to about 99%, preferably from about 75% to about
97%, more preferably from about 85% to about 95%, by weight of the amphiphilic branched
polysiloxane prepolymer, (b) from about 0.1% to about 5%, preferably from about 0.3% to
about 3%, more preferably from about 0.4% to about 1.5%, by weight of a free-radical
initiator (a photoinitiator or a thermal initiator, prefereably a photoinitiator), and (¢) from 0 to
about 20%, preferably from about 2% to about 16%, more preferably from about 4% to
about 12%, by weight of at least one polymerizable component selected from the group
consisting of a hydrophilic vinylic monomer, a silicone-containing vinylic monomer or
macromer, a hydrophobic vinylic monomer, a linear polysiloxane crosslinker terminated with
two ethylenically-unsaturated groups, a crosslinking agent having a molecular weight of less
than 700 Daltons, a polymerizable UV-absorbing agent, and mixtures thereof, wherein the
percentages by weight of components (a)-(c) are relative to the total amount of all
polymerizable components (including those not listed above) in the lens-forming
composition; (iii) introducing the lens-forming composition into a mold, wherein the mold has
a first mold half with a first molding surface defining the anterior surface of a contact lens
and a second mold half with a second molding surface defining the posterior surface of the
contact lens, wherein said first and second mold halves are configured to receive each other
such that a cavity for receiving the lens-forming material is formed between said first and
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second molding surfaces; and (iv) polymerizing the lens-forming material in the cavity to
form a silicone hydrogel contact lens.

Various embodiments including preferred embodiments of amphiphilic branched
polysiloxane prepolymers, free-radical initiators, chain transfer agents, hydrophilic vinylic
monomers, silicone-containing vinylic monomers or macromers, hydrophobic vinylic
monomers, crosslinking agents having a molecular weight of less than 700 Daltons,
polymerizable UV-absorbing agents, and linear polysiloxane crosslinkers terminated with
two ethylenically-unsaturated groups are described above and can be used in this aspect of
the invention.

Preferably, an amphiphilic branched polysiloxane prepolymer is obtained according
to a process comprising the steps of: (i) obtaining a partially ethylenically-functionalized
polysiloxane, wherein the partially ethylenically-functionalized polysiloxane is a mixture of
reaction products obtained by reacting a first functionalizing vinylic monomer having a first
reactive functional group with a functional polysiloxane compound having two or more
second reactive functional groups at a molar equivalent ratio of from about 40% to about
95%, preferably from about 50% to about 95%, more preferably from about 60% to about
92%, even more preferably from about 70% to about 90% (the ethylenically-functionalizing
vinylic monomer to the functional polysiloxane compound), wherein each first reactive
functional group reacts with one second reactive functional group in the presence or
absence of a coupling agent to form a covalent bond or linkage, wherein the mixture of
reaction product comprises at least one polysiloxane crosslinkers having at least two
ethylenically unsaturated groups and at least one polysiloxane vinylic monomer or
macromer having at least one second reactive functional group and at least one
ethylenically unsaturated group; (ii) using the amphiphilic branched polysiloxane copolymer
to prepare a polymerizable composition, wherein the polymerizable composition comprises
at least one hydrophilic vinylic monomer, a chain transfer agent which is not a RAFT agent
and optionally (but preferably) includes a third reactive functional group, and a free-radical
initiator; (iii) polymerizing the polymerizable composition to form an amphiphilic branched
polysiloxane copolymer comprising hydrophilic monomeric units derived from said at least
one hydrophilic vinylic monomer, polysiloxane crosslinking units derived from the
polysiloxane crosslinker, dangling polysiloxane chains each terminated with a second
reactive functional group and derived from the polysiloxane vinylic monomer or macromer,
and chain transfer units with or without third reactive functional groups derived from the
chain transfer agent; (iv) reacting the branched polysiloxane copolymer with a second
ethylenically functionalizing vinylic monomer having a fourth reactive functional group which
reacts with one second or third reactive functional group of the branched polysiloxane

copolymer in the presence or absence of a coupling agent to form a covalent linkage,
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thereby forming the ampbhiphilic branched polysiloxane prepolymer having dangling
polysiloxane chains each of which is terminated with one ethylenically-unsaturated group.

Various embodiments including various preferred embodiments of functional
polysiloxanes with reactive functional groups, ethylenically-functionalizing vinylic monomers,
hydrophilic vinylic monomers, hydrophobic vinylic monomers, bulky hydrophobic vinylic
monomers, free-radical initiators, polymerizable UV-absorbing agents, chains transfer
agents, and solvents, and polymerizable compositions for preparing an amphiphilic
branched polysiloxane copolymer are described above (e.g., for the first aspect of the
invention) and can be used in this aspect of the invention.

In accordance with the invention, the first and second ethylenically-functionalizing
vinylic monomers can be different from, but preferably identical to each other. Preferably,
the molar equivalent ratio of the second ethylenically functionalizing vinylic monomer to the
amphiphilic polysiloxane copolymer is greater than 1, preferably from about 1 to about 1.2,
more preferably from about 1 to about 1.1, even more preferably from about 1 to 1.05. The
amphiphilic branched polysiloxane copolymer can be (but preferably is not) purified prior to
ethylenical functionalization. The excess amount of the second ethylenically functionalizing
vinylic monomer can be (but preferably not be) removed from the resultant amphiphilic
branched polysiloxane prepolymer before the prepolymer is used in preparing a lens
formulation for making silicone hydrogel contact lenses.

The obtained amphiphilic branched polysiloxane prepolymer can be directly used in
preparation of a lens-forming composition for making silicone hydrogel contact lenses.
However, if the solvent used in prearing amphiphilic branched polysiloxane prepolymer is
not a solvent desired for preparing a lens-forming composition, it is desired to exchange the
solvent according to any suitable techniques known to a person skilled in the art (for
example, repeated cycles of condensation and dilution with a desired solvent). Alternatively,
the obtained amphiphilic branched polysiloxane prepolymer can be purified by any known
suitable techniques known to a person skilled in the art.

It must be understood that a lens-forming composition can also comprise various
components, such as, for example, a hydrophilic vinylic monomer, a hydrophobic vinylic
monomer, a bulky hydrophobic vinylic monomer, a visibility tinting agent (e.g., dyes,
pigments, or mixtures thereof), a polymerizable UV-absorbing agent, antimicrobial agents
(e.g., preferably silver nanoparticles), a bioactive agent, leachable lubricants, leachable tear-
stabilizing agents, and mixtures thereof, as known to a person skilled in the art.

The bioactive agent incorporated in the polymeric matrix is any compound that can
prevent a malady in the eye or reduce the symptoms of an eye malady. The bioactive agent
can be a drug, an amino acid (e.g., taurine, glycine, etc.), a polypeptide, a protein, a nucleic
acid, or any combination thereof. Examples of drugs useful herein include, but are not
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limited to, rebamipide, ketotifen, olaptidine, cromoglycolate, cyclosporine, nedocromil,
levocabastine, lodoxamide, ketotifen, or the pharmaceutically acceptable salt or ester
thereof. Other examples of bioactive agents include 2-pyrrolidone-5-carboxylic acid (PCA),
alpha hydroxyl acids (e.g., glycolic, lactic, malic, tartaric, mandelic and citric acids and salts
thereof, etc.), linoleic and gamma linoleic acids, and vitamins (e.g., B5, A, B6, etc.).

Examples of leachable lubricants include without limitation mucin-like materials (e.g.,
polyglycolic acid) and non-crosllinkable hydrophilic polymers (i.e., without ethylenically
unsaturated groups).

Any hydrophilic polymers or copolymers without any ethylenically unsaturated
groups can be used as leachable lubricants. Preferred examples of non-crosllinkable
hydrophilic polymers include, but are not limited to, polyvinyl alcohols (PVAS), polyamides,
polyimides, polylactone, a homopolymer of a vinyl lactam, a copolymer of at least one vinyl
lactam in the presence or in the absence of one or more hydrophilic vinylic comonomers, a
homopolymer of acrylamide or methacrylamide, a copolymer of acrylamide or
methacrylamide with one or more hydrophilic vinylic monomers, polyethylene oxide (i.e.,
polyethylene glycol (PEG)), a polyoxyethylene derivative, poly-N-N-dimethylacrylamide,
polyacrylic acid, poly 2 ethyl oxazoline, heparin polysaccharides, polysaccharides, and
mixtures thereof.

The weight-average molecular weight M;, of the non-crosslinkable hydrophilic polymer is
preferably from 5,000 to 500,000, more preferably from 10,000 to 300,000, even more
preferably from 20,000 to 100,000.

Examples of leachable tear-stabilizing agents include, without limitation,
phospholipids, monoglycerides, diglycerides, triglycerides, glycolipids, glyceroglycolipids,
sphingolipids, sphingo-glycolipids, fatty alcohols, fatty acids, mineral oils, and mixtures
thereof. Preferably, a tear stabilizing agent is a phospholipid, a monoglyceride, a diglyceride,
a triglyceride, a glycolipid, a glyceroglycolipid, a sphingolipid, a sphingo-glycolipid, a fatty
acid having 8 to 36 carbon atoms, a fatty alcohol having 8 to 36 carbon atoms, or a mixture
thereof.

A lens-forming composition can be prepared by dissolving all of the desirable
components in any suitable solvent known to a person skilled in the art. Examples of
suitable solvents are described above and can be used in this aspect of the invention.

Lens molds for making contact lenses are well known to a person skilled in the art
and, for example, are employed in cast molding or spin casting. For example, a mold (for
cast molding) generally comprises at least two mold sections (or portions) or mold halves,
i.e. first and second mold halves. The first mold half defines a first molding (or optical)
surface and the second mold half defines a second molding (or optical) surface. The first
and second mold halves are configured to receive each other such that a lens forming cavity
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transmission could be used, such as quartz glass and sapphire.

In a preferred embodiment, reusable molds are used and the lens-forming
composition is cured (i.e., polymerized) actinically under a spatial limitation of actinic
radiation to form a silicone hydrogel contact lens. Examples of preferred reusable molds are
those disclosed in U.S. patent application Nos. 08/274,942 filed July 14, 1994, 10/732,566
filed December 10, 2003, 10/721,913 filed November 25, 2003, and U.S. Patent No.
6,627,124, which are incorporated by reference in their entireties. Reusable molds can be
made of quartz, glass, sapphire, CaF,, a cyclic olefin copolymer (such as for example,
Topas® COC grade 8007-S10 (clear amorphous copolymer of ethylene and norbornene)
from Ticona GmbH of Frankfurt, Germany and Summit, New Jersey, Zeonex® and Zeonor®
from Zeon Chemicals LP, Louisville, KY), polymethylmethacrylate (PMMA),
polyoxymethylene from DuPont (Delrin), Ultem® (polyetherimide) from G.E. Plastics,
PrimoSpire®, etc..

In accordance with the invention, the lens-forming composition can be introduced
(dispensed) into a cavity formed by a mold according to any known methods.

After the lens-forming composition is dispensed into the mold, it is polymerized to
produce a contact lens. Crosslinking may be initiated thermally or actinically, preferably by
exposing the lens-forming composition in the mold to a spatial limitation of actinic radiation
to crosslink the polymerizable components in the lens-forming composition. The

crosslinking according to the invention may be effected in a very short time, e.g. in < about
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120 seconds, preferably in < about 80 seconds, more preferably in < 50 about seconds,

even more preferably in < about 30 seconds, and most preferably in 5 to 30 seconds.

Where the lens-forming composition comprises an amphiphilic branched
polysiloxane prepolymer having UV-absorbing moieties and/or a polymerizable UV-
absorbing agent, a benzoylphosphine oxide photoinitiator is preferably used as the
photoinitiator in the invention. Preferred benzoylphosphine oxide photoinitiators include
without limitation 2,4,6-trimethylbenzoyldiphenylophosphine oxide; bis-(2,6-dichlorobenzoyl)-
4-N-propylphenylphosphine oxide; and bis-(2,6-dichlorobenzoyl)-4-N-butylphenylphosphine
oxide. It is understood that any photoinitiators other than benzoylphosphine oxide initiators
can be used in the invention.

Opening of the mold so that the molded lens can be removed from the mold may
take place in a manner known per se.

The molded contact lens can be subject to lens extraction to remove unpolymerized
polymerizable components. The extraction solvent can be any solvent known to a person
skilled in the art. Examples of suitable extraction solvent are those described above. After
extraction, lenses can be hydrated in water or an aqueous solution of a wetting agent (e.g.,
a hydrophilic polymer).

The molded contact lenses can further subject to further processes, such as, for
example, surface treatment (for example, such as, plasma treatment, chemical treatments,
the grafting of hydrophilic monomers or macromers onto the surface of a lens, Layer-by-
layer coating, etc.); packaging in lens packages with a packaging solution which can contain
about 0.005% to about 5% by weight of a wetting agent (e.g., a hydrophilic polymer
described above) and/or a viscosity-enhancing agent (e.g., methyl cellulose (MC), ethyl
cellulose, hydroxymethylcellulose, hydroxyethyl cellulose (HEC), hydroxypropylcellulose
(HPC), hydroxypropylmethyl cellulose (HPMC), or a mixture thereof); sterilization; and the
like.

Preferred surfaces treatments are LbL coating such as those described in US Patent
Ser. No. 6,451,871, 6,719,929, 6,793,973, 6,811,805, 6,896,926 (herein incorporated by
references in their entirety) and plasma treatment. A preferred plasma treatment is those
processes in which an ionized gas is applied to the surface of an article as described in U.S.
Pat. Nos. 4,312,575 and 4,632,844 (incorporated herein by reference in their entireties).

A contact lens of the invention has an oxygen permeability of preferably at least
about 40 barrers, more preferably at least about 60 barrers, even more preferably at least
about 80 barrers. In accordance with the invention, an oxygen permeability is an apparent
(directly measured when testing a sample with a thickness of about 100 microns) oxygen

permeability according to procedures described in Examples.

33



kPa Viscosity mPa.s C-3.1 69% 6% 1. 0% 0. 75% 23. 25% 19 115 3200 C-3.2 70% 5%

WO 2012/016097 PCT/US2011/045809

A contact lens of the invention has an elastic modulus of about 2.0 MPa or less,
preferably about 1.5 MPa or less, more preferably about 1.2 or less, even more preferably
from about 0.4 MPa to about 1.0 MPa.

A contact lens of the invention further has an lonoflux Diffusion Coefficient, D, of,
preferably at least about 1.5 x 10°° mm?/min, more preferably at least about 2.6 x 10°
mm?/min, even more preferably at least about 6.4 x 10° mm?min.

A contact lens of the invention further has a water content of preferably from about
15% to about 70%, more preferably from about 20% to about 50% by weight when fully
hydrated. The water content of a silicone hydrogel contact lens can be measured according
to Bulk Technique as disclosed in US 5,849,811.

In a third aspect, the invention provides a silicone hydrogel contact lens obtained by
the method of the invention.

In a fourth aspect, the invention provides a method for preparing an amphiphilic
branched polysiloxane prepolymer, the method comprising the steps of: (i) obtaining a
partially ethylenically-functionalized polysiloxane, wherein the partially ethylenically-
functionalized polysiloxane is a mixture of reaction products obtained by reacting a first
functionalizing vinylic monomer having a first reactive functional group with a functional
polysiloxane compound having two or more second reactive functional groups at a molar
equivalent ratio of from about 40% to about 95%, preferably from about 50% to about 95%,
more preferably from about 60% to about 92%, even more preferably from about 70% to
about 90% (the functionalizing vinylic monomer to the linear polysiloxane compound),
wherein each first reactive functional group reacts with one second reactive functional group
in the presence or absence of a coupling agent to form a covalent bond or linkage, wherein
the mixture of reaction product comprises one or more polysiloxane vinylic monomers or
macromers having at least one second reactive functional group and at least one
ethylenically unsaturated group, one or more polysiloxane crosslinkers having at least two
ethylenically unsaturated groups, (ii) preparing a polymerizable composition comprising (a)
the partially ethylenically-functionalized polysiloxane, (b) at least one hydrophilic vinylic
monomer, (c) a chain transfer agent which is not a RAFT agent and optionally (but
preferably) includes a third reactive functional group, and (d) a free-radical initiator; (ii)
polymerizing the polymerizable composition to form an amphiphilic branched polysiloxane
copolymer comprising hydrophilic monomeric units derived from said at least one hydrophilic
vinylic monomer, polysiloxane crosslinking units derived from the polysiloxane crosslinkers,
dangling polysiloxane chains derived from the polysiloxane vinylic monomers or macromers
and each terminated with one second reactive functional group, and chain transfer units with
or without third reactive functional groups; (iii) reacting the branched polysiloxane copolymer

with a second functionalizing vinylic monomer having a fourth reactive functional group
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packages contalnlng fered sal jne and autoclaved The oxygen

per meabi 19585 OEBREPSS f i %ﬁtﬁ”daﬁ‘?aoﬂ PRt PaBINYERIgn EaTR)e Used e HPned
accor di ngasbecté bighgineatidor es described in Exanple 1. The properties, Dk
(barrers), IP (relative to Al sacon), elastic nodulus (E ), el ongati on at
break (EtB), dhdpwatoes disdesuenvill e9stig ongelaying)ordifiary biell in dresarbtoprastieeethert ed i n
Tabl e 5. ifahliéh. Vali®Ustnddifickdra) vakibné nd combinations can be made to the various

embodiment described herein. In order to better enable the reader to understand specific

embodiments and the advantages thereof, reference to the following examples is

suggested. It is intended that the specification and examples be considered as exemplary.

Although various embodiments of the invention have been described using specific

terms, devices, and methods, such description is for illustrative purposes only. The words

used are words of description rather than of limitation. It is to be understood that changes

and variations may be made by those skilled in the art without departing from the spirit or

scope of the present invention, which is set forth in the following claims. In addition, it should

be understood that aspects of the various embodiments may be interchanged either in

whole or in

part or can be combined in any manner and/or used together. Therefore, the spirit and

scope of the appended claims should not be limited to the description of the preferred

versions contained therein.

Example 1
Oxygen Permeability Measurements
The apparent oxygen permeability of a lens and oxygen transmissibility of a lens material is
determined according to a technique similar to the one described in U.S. Patent No.
5,760,100 and in an article by Winterton et al., (The Cornea: Transactions of the World
Congress on the Cornea 111, H.D. Cavanagh Ed., Raven Press: New York 1988, pp273-
280), both of which are herein incorporated by reference in their entireties. Oxygen fluxes
(J) are measured at 34°C in a wet cell (i.e., gas streams are maintained at about 100%
relative humidity) using a Dk1000 instrument (available from Applied Design and
Development Co., Norcross, GA), or similar analytical instrument. An air stream, having a
known percentage of oxygen (e.g., 21%), is passed across one side of the lens at a rate of
about 10 to 20 cm® /min., while a nitrogen stream is passed on the opposite side of the lens

at a rate of about 10 to 20 cm?® /min. A sample is equilibrated in a test media (i.e., saline or
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distilled water) at the prescribed test temperature for at least 30 minutes prior to
measurement but not more than 45 minutes. Any test media used as the overlayer is
equilibrated at the prescribed test temperature for at least 30 minutes prior to measurement
but not more than 45 minutes. The stir motor’s speed is set to 120050 rpm, corresponding
to an indicated setting of 400115 on the stepper motor controller. The barometric pressure
surrounding the system, P casureq, is measured. The thickness (t) of the lens in the area
being exposed for testing is determined by measuring about 10 locations with a Mitotoya
micrometer VL-50, or similar instrument, and averaging the measurements. The oxygen
concentration in the nitrogen stream (i.e., oxygen which diffuses through the lens) is
measured using the DK1000 instrument. The apparent oxygen permeability of the lens
material, Dkapp, is determined from the following formula:
DKapp =Jt/(Poxygen)

where J=oxygen flux [microliters O, /cm? -minute]

Poxygen =(Pmeasured ~Pwater Va@por)=(%0- in air stream) [mm Hg]=partial pressure of
oxygen in the air stream

Preasures =barometric pressure (mm Hg)

Puwater vapor =0 mm Hg at 34 °C (in a dry cell) (mm Hg)

Puwater vapor =40 mm Hg at 34 °C (in a wet cell) (mm Hg)

t=average thickness of the lens over the exposed test area (mm)

Dkapp is expressed in units of barrers.

The apparent oxygen transmissibility (Dk /t) of the material may be calculated by
dividing the apparent oxygen permeability (Dkqp,) by the average thickness (t) of the lens.

The above described measurements are not corrected for the so-called boundary
layer effect which is attributable to the use of a water or saline bath on top of the contact
lens during the oxygen flux measurement. The boundary layer effect causes the reported
value for the apparent Dk (Dk,pp) Of a silicone hydrogel material to be lower than the actual
intrinsic Dk value (Dk;). Further, the relative impact of the boundary layer effect is greater for
thinner lenses than with thicker lenses. The net effect is that the reported Dk appear to
change as a function of lens thickness when it should remain constant.

The intrinsic Dk value of a lens can be estimated based on a Dk value corrected for
the surface resistance to oxygen flux caused by the boundary layer effect as follows.

Measure the apparent oxygen permeability values (single point) of the reference
lotrafilcon A (Focus® N&D® from CIBA VISION CORPORATION) or lotrafilcon B (AirOptix™
from CIBA VISION CORPORATION) lenses using the same equipment. The reference
lenses are of similar optical power as the test lenses and are measured concurrently with

the test lenses.
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based on Equation 3.
DKa sta = tsta/ [( tsta/ Dke) + Ry sta] 3)

lon Permeability Measurements. The ion permeability of a lens is measured according to
procedures described in U.S. Patent No. 5,760,100 (herein incorporated by reference in its
entirety. The values of ion permeability reported in the following examples are relative

ionoflux diffusion coefficients (D/D.e) in reference to a lens material, Alsacon, as reference

material. Alsacon has an ionoflux diffusion coefficient of 0.314X10° mm?%minute.

Water Contact Angle (WCA) Measurements. Water contact angle (WCA) measurements
are performed by the sessile drop method with a DSA 10 drop shape analysis system from
Krass GmbH, Germany with pure water (Fluka, surface tension 72.5 mN/m at 20°C). For
measurement purposes a contact lens is taken off the storage solution with tweezers and

excess storage solution is removed by gentle shaking. The contact lens are placed on the
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Tabl e 6 composed of 26.06g of N,N-dimethylacrylamide (DMA), 23.14 g of
(tris(trimethylsilyl))siloxypropyl)-acrylamide (TRIS-Am), and 350 g of ethyl acetate is charged

to the 500-mL addition funnel followed with a degas under vacuum 100 mbar at room
temperature for 10 minutes and then refilled with nitrogen gas. The monomer solution is
degassed with same conditions for additional two cycles. The monomer solution is then
charged to the reactor. The reaction mixture is heated to 64°C with stirring. While heating,
a solution composed of 1.75 g of mercaptoethanol (chain transfer agent, CTA) and 0.30 g of
azoisobutyronitrile (Initiator) and 50 g of ethyl acetate is charged to the addition funnel
followed by same degassing process as the monomer solution. When the reactor
temperature reaches 64°C, the initiator/CTA solution is also added to reactor. The reaction
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is performed at 64°C for 6 hours. After the copolymerization is completed, reactor
temperature is cooled to room temperature.
B-2. Synthesis of Amphiphilic branched prepolymer

The copolymer solution prepared above (B-1) is ethylenically functionalized to form
an amphiphilic branched prepolymer by adding 4.52 g of IEM (or an amount shown in Table
2) and 0.15 g of DBTDL. The mixture is stirred at room temperature under a sealed
condition for 12 hours. The prepared prepolymer is then stabilized with 100 ppm of hydroxy-
tetramethylene piperonyloxy. After the reaction solvent is exchanged to 1-propanol, the
solution is ready to be used for formulation. Various amphiphilic branched prepolymers are
prepared with various combination of various % ethylenically-functionalized polysiloxane,
CTA levels and IEM as indicated in Table 2.

Amphiphilic Branched % ethyleniI:ﬁ;_(e-finctionalized CTA% IEM
Prepolymer polysiloxane
B-2a Example 2, A-1.1 (60%) 1.75% 4529
B-2b Example 2, A-1.2 (70% 1.75% 435¢9
B-2¢ Example 2, A-1.3 (80%) 1.75% 4179
B-2d Example 2, A-1.4 (100%) 1.75% 3.83¢g
B-2e Example 2, A-1.1 (60%) 1.25% 3.434¢g
B-2f Example 2, A-1.2 (70% 1.25% 3.25¢g
B-2g Example 2, A-1.3 (80%) 1.25% 3.08¢g

B-3: Preparation of Lens Formulations

Lens formulations are prepared by dissolving an amphiphilic branched prepolymer
prepared above (B-2a to B-2g) and other components shown in Table 3. Other ingredients
in each formulation include 1.0% of DC1173 (DAROCUR® 1173), 0.75% of DMPC (1,2-
dimyristoyl-sn-glycero-3-phosphocholine) and 23.25% of 1-PrOH (1-propanol).
Photorheologys of the prepared lens formulations are studied by using UV irradiation with an
intensity of 16 mW/cm? with 330 nm filter (mesured with ESE UV LOG) and also

summarized in Table 3.

Table 3
Lens Formulation Photorheology
Amphiphil Branched | pyys | Tris any CTfr::gg G | Viscosity
repolymer kPa mPa.s
seconds
65% of B-2a 5.3% 4.7% 19 90 1020
65% of B-2b 5.3% 4.7% 17 100 1850
65% of B-2¢ 5.3% 4.7% 16 110 2720
65% of B-2d 5.3% 4.7% 16 90 3150
65% of B-2¢e 5.3% 4.7% 15 100 2100
65% of B-2f 5.3% 4.7% 14 105 3280
65% of B-2g 5.3% 4.7% 16 105 5900
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* (tris(trimethylsilyl))siloxypropyl)-acrylamide (TRIS-Am)

Example 4

C-1: Synthesis of amphiphilic branched copolymer

A 4-L jacketed reactor is equipped with overhead stirring, reflux condenser with
nitrogen/vacuum inlet adapter, thermometer, and sampling adapter. A mixture of 78.35 g of
partially ethylenically-functionalized polysiloxane prepared in Example 2, A-1.3 and 8.71 g
of Example 2, A-2 is charged to the 4-L reactor and then degassed under vacuum less than
10 mbar at room temperature for 30 minutes. After the degassing, the reactor is filled with
nitrogen gas waiting for further process. The monomer solution composed of 52.51 g of
DMA, 56.65 g of TRIS-Am and 390 g of cyclohexane is transferred to the reactor. The final
mixture is degassed at 100 mbar for 5 minutes and then refilled with nitrogen gas. This
degas cycle is repeated for 4 more times. The reaction mixture is then heated to 64°C
followed by adding a degassed initiator/chain-transfer-agent solution composed of 0.60 g of
V-601 (Dimethyl 2,2'-azobis(2-methylpropionate, from WAKO Specialty Chemicals), 7.50 g
of mercaptoethanol (CTA) and 10 g of THF. The copolymerization is performed at 64°C
under nitrogen for totally 6 hours. After reaction is finished, reactor temperature is cooled to
room temperature.
C-2. Synthesis of amiphiphilic branched prepolymer

The copolymer solution prepared above (C-1) is ethylenically functionalized to form
an amphiphilic branched prepolymer by adding 7.50 g of IEM and 0.21 g of DBTDL, followed
by an agitation under a sealed dry condition at room temperature for 48 hours. The
prepared prepolymer is then stabilized with 100 ppm of hydroxy-tetramethylene
piperonyloxy. After a repeated processes of evaporation of the reaction solvent and addition
of 1-propanol are carried out to replace the reaction solvent with to 1-propanol, the solution
is ready to be used for formulation.
C-3: Preparation of lens formulations and photorheology

The amphiphilic branched prepolymer prepared above (C-3) is formulated with final
compositions listed in Table 4. Photorheology of prepared formulations is studied by using
UV irradiation with intensity 16 mW/cm? with 330 nm filter.

Table 4
Formulation Photorheology

Lot# | C2 | DMA | DC1173 | pmpc | 1-prow | Suring | G’ | Viscosity
Time (s) | kPa mPa.s

C-3.1 |1 69% | 6% 1.0% 0.75% | 23.25% 19 115 3200
C-3.2 | 70% | 5% 1.0% 0.75% | 23.25% 21 114 3400
DMPC: 1,2-dimyristoyl-sn-glycero-3-phosphocholine; DC1173: Darocur 1173
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C-4: Lens Preparation and Characterization

Contact lenses are prepared by cast-molding from a lens formulation prepared above
(C-3.1 and C-3.2) in a reusable mold, similar to the mold shown in Figs. 1-6 in U.S. patent
Nos.7,384,590 and 7,387,759 (Figs. 1-6). The mold comprises a female mold half made of
CaF; and a male mold half made of PMMA. The UV irradiation source is a Hamamatsu lamp
with the WG335 +TM297 cut off filter at an intensity of about 4 mW /cm? (measured with
ESE UV LOG). The lens formulation in the mold is irradiated with UV irradition for about 25
seconds. Prepared lenses are extracted with isopropanol, rinsed in pure water, coated with
polyacrylic acid (PAA) (M.W.: 450kDa, from Lubrizol) by dipping lenses in a 1-PrOH solution
of PAA (0.1% by weight, pH 2.5), and then hydrated with pure water. The coated lenses are
packaged in lens packages containing phosphate buffered saline and autoclaved. The
oxygen permeability (Dkap, and Dk;) and ion permeability (IP) are determined according to
the procedures described in Example 1. The properties, Dk (barrers), IP (relative to
Alsacon), elastic modulus (E’), elongation at break (EtB), and water content (% by weight) of
the lenses are reported in Table 5.

Table 5
Lot# E’ (MPa) [ EtB (%) | Dkap, | Dkc IP Water%
C-3.1 0.68 260% 83’ 136 5.1 34.0%
C-3.2 0.67 260% 86° 143 4.2 31.9%

1. Average lens center thickness: 113 um. 2. Average lens center thickness: 115 um.
# Lotrafilcon B lenses with an average lens center thickness of 80 um is used as reference lenses
and the intrinsic Dk of the reference lenses is 110 barrers.

Example 5

D-1. Synthesis of amphiphilic branched copolymer

A 1-L jacketed reactor is equipped with 500-mL addition funnel, overhead stirring,
reflux condenser with nitrogen/vacuum inlet adapter, thermometer, and sampling adapter.
45.60 g of partially ethylenically-functionalized polysiloxane prepared in Example 2, A-1.3 is
charged to the reaction vessel and then degassed under vacuum less than 1 mbar at room
temperature for 30 minutes. After the degassing, reactor is filled with nitrogen gas waiting
for further process. The monomer solution composed of 0.65 g of hydroxyethyl
methacrylate (HEMA), 25.80 g of DMA, 27.80 g of 3-[Tris{trimethylsiioxysilviipropyt
methacrylate (TRIS), and 279 g of ethyl acetate is charged to the 500-mL addition funnel
followed with a degas under vacuum 100 mbar at room temperature for 10 minutes and then
refilled with nitrogen gas. The monomer solution is degassed with same conditions for
additional two cycles. The monomer solution is then charged to the reactor. The reaction
mixture is heated to 67°C with stirring. While heating, a solution composed of 1.50 g of
mercaptoethanol (CTA) and 0.26 g of azoisobutyronitrile(initiator) and 39 g of ethyl acetate
is charged to the addition funnel followed by same degas process as the monomer solution.
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results a:rrepcﬂ,ymmrﬁ)&pquduredmwmjb% %, weight of DMA; 1% by weight of DC1173; 0.75% by
weight of DMPC; and 20.25% by weight of 1-PrOH. Photo-rheology is studied by using the
Hamamatsu lamp with a 330 nm long pass cutoff filter placed just before the sample. The
intensity (16 mW/cm?) is measured by using ESE UV LOG with a 297 nm cutoff filter, the
long pass filters are place before the sample for curing the formulation. The results of
photorheology study are: a curing time of about 12 seconds, G’ of 165 kPa, and a viscosity
of 5550 mPa.s.
D-4: Lens Characterization

Contact lenses are cast-molded from lens formulation D3, extracted with

isopropanol, rinsed in water, coated with PAA, hydrated in water, packaged/autoclaved in
lens packages, and characterized according to the procedures described in Example 4. The
obtained lenses have the following properties: E’=0.75 MPa; EtB%=212; Dkgp, = 95 (for
lenses with an average center thickness of 119 uym); DK =172 (using lotrafilcon B lenses as
reference lenses, an average center thickness of 81 ym and an intrinsic Dk 110); IP=3.6;
water%=29.0.

Example 6
E-1: Synthesis of UV-absorbing amphiphilic branched copolymer
A 1-L jacketed reactor is equipped with 500-mL addition funnel, overhead stirring,

reflux condenser with nitrogen/vacuum inlet adapter, thermometer, and sampling adapter.
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45.98 g of partially ethylenically functionalized polysiloxane prepared in Example 2, A-1.3 is
charged to the reaction flask and then degassed under vacuum less than 1 mbar at room
tempertaure for about 30 minutes. The monomer solution prepared by mixing 0.51 g of
HEMA, 25.35 g of DMA, 1.38 g of Norbloc methacrylate, 26.03 g of TRIS, and 263 g of ethyl
acetate is charged to the 500-mL addition funnel followed with a degas under vacuum 100
mbar at room temperature for 10 minutes and then refilled with nitrogen gas. The monomer
solution is degassed with same conditions for additional two cycles. The monomer solution
is then charged to the reactor. The reaction mixture is heated to 67°C with adequate
stirring. While heating, a solution composed of 1.48 g of mercaptoethanol (chain transfer
agent, CTA) and 0.26 g of azoisobutyronitrile(initiator) and 38 g of ethyl acetate is charged
to the addition funnel followed by same degas process as the monomer solution. When the
reactor temperature reaches 67°C, the initiator/CTA solution is also added to reactor. The
reaction is performed at 67°C for 8 hours. After the copolymerization is completed, reactor
temperature is cooled to room temperature.
E-2: Synthesis of UV-absorbing amphiphilic branched prepolymer

The copolymer solution prepared above (E-1) is ethylenically functionalized to form
an amphiphilic branched prepolymer by adding 3.84 g of IEM (or isocyanatoethyl
methacrylate in a desired molar equivalent amount) in the presence of 0.15g of DBTDL. The
mixture is stirred at room temperature under a sealed condition for 24 hours. The prepared
prepolymer is then stabilized with 100 ppm of hydroxy-tetramethylene piperonyloxy before
the solution is concentrated to 200 g (~50%) and filtered through 1um pore size filter paper.
After the reaction solvent is exchanged to 1-propanol through repeated cycles of
evaporation and dilution, the solution is ready to be used for formulation. The solid content is
measured via removing the solvent at vacuum oven at 80 C.
E-3: Preparation of lens formulation and photorheology

A lens formulation is prepared to have the following composition: 71% by weight of
prepolymer E2 prepared above; 4% by weight of DMA; 1% by weight of TPO; 0.75% by
weight of DMPC; and 23.25% by weight of 1-PrOH. Photo-rheology is studied by using the
Hamamatsu lamp with a stack of 330 nm and 388 nm long pass cutoff filters placed just
before the sample. The intensity (4.6 mW/cm?) is measured by using an IL1700 detector
using a SED005 sensor with a 297 nm cutoff filter from International light, the long pass
filters are placed before the sample for curing the formulation. The results of photorheology
study are: a curing time of about 22 seconds, G’ of 155 kPa, and a viscosity of 2900 mPa.s.
E-4: Lens characterization

Contact lenses are cast-molded from lens formulation E3, extracted with isopropanol,
rinsed in water, coated with PAA, hydrated in water, packaged/autoclaved in lens packages,
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and characterized according to the procedures described in Example 4. The obtained
lenses have the following properties: E’=0.72 MPa; EtB%=130; Dkgy, = 101 (for lenses with
an average center thickness of 122 ym); DK.=181 (using lotrafilcon B as reference lenses,
an average center thickness of 80 ym and an intrinsic Dk 110); IP=2.9; water%=26.9; and
UVA/UVB %T=4.3/0.09.

Example 7
A: Synthesis of 80% Ethylenically-Functionalized chain-extended polysiloxane

KF-6001A (a,w-bis(2-hydroxyethoxypropyl)-polydimethylsiloxane, Mn = 2000, from
Shin-Etsu) and KF-6002A (a,w-bis(2-hydroxyethoxypropyl)-polydimethylsiloxane, Mn =
3400, from Shin-Etsu) are separately dried at about 60°C for 12 hours (or overnight) under
high vacuum in a single neck flask. The OH molar equivalent weights of KF-6001A and KF-
6002A are determined by titration of hydroxyl groups and are used to calculate the millimolar
equivalent to be used in the synthesis.

A one-liter reaction vessel is evacuated overnight to remove moisture, and the
vacuum broken with dry nitrogen. 75.00 g (75 meq) of dried KF6001A is charged to the
reactor, and then 16.68 g (150 meq) of freshly distilled IPDI is added into the reactor. The
reactor is purged with nitrogen and heated to 45°C with stirring and then 0.30 g of DBTDL is
added. The reactor is sealed, and a positive flow of nitrogen is maintained. An exotherm
occurs, after which the reaction mixture is allowed to cool and stir at 55°C for 2 hours. After
reaching the exotherm, 248.00 g (150 meq) of dried KF6002A is added to the reactor at
55°C and then 100 uL of DBTDL is added. The reactor is stirred for four hours. Heating is
discontinued and the reactor is allowed to cool overnight. The nitrogen bubble is
discontinued and the reactor is opened to atmosphere for 30 minutes with moderate stirring.
A hydroxyl-terminated chain-extended polysiloxane having 3 polysiloxane segments, HO-
PDMS-IPDI-PDMS-IPDI-PDMS-OH (or HO-CE-PDMS-0OH), is formed.

For 80% ethylenically-functionalized polysiloxane, 18.64 g (120 meq) of IEM is
added to the reactor, along with 100 uL of DBTDL. The reactor is stirred for 24 hours, and
then product (80% IEM-capped CE-PDMS) is decanted and stored under refrigeration.

B: Synthesis of Non-UV-absorbing amphiphilic branched polysiloxane Prepolymer

A 1-L jacketed reactor is equipped with 500-mL addition funnel, overhead stirring,
reflux condenser with nitrogen/vacuum inlet adapter, thermometer, and sampling adapter.
The reactor is charged with 45.6 g of 80% IEM-capped CE-PDMS prepared above and
sealed. A solution of 0.65 g of hydroxyethyl methacrylate (HEMA), 25.80 g of DMA, 27.80 g
of (tris(trimethylsilyl))-siloxypropyl)methacrylate (TRIS), in 279 g of ethyl acetate is charged
to the addition funnel. The reactor is degassed at <1mbar for 30 minutes at RT with a high-
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vacuum pump. The monomer solution is degassed at 100 mbar and RT for 10 minutes for
three cycles, breaking vacuum with nitrogen between degas cycles. The monomer solution
is then charged to the reactor, and then the reaction mixture is stirred and heated to 67°C.
While heating, a solution of 1.50 g of mercaptoethanol (chain transfer agent, CTA) and 0.26
g of azoisobutyronitrile dissolved in 39 g of ethyl acetate is charged to the addition funnel
and deoxygenated three times at 100 mbar, RT for 10 minutes. When the reactor
temperature reaches 67°C, the initiator/CTA solution is added to the PDMS/monomer
solution in the reactor. The reaction is allowed to proceed for 8 hours, and then heating is
discontinued and reactor temperature is brought to room temperature within 15 minutes.

The resultant reaction mixture then is siphoned to a dry single-neck flask with airtight
lid, and 4.452 g of IEM is added with 0.21 g of DBTDL. The mixture is stirred 24 hs at room
temperature, forming non-UV-absorbing amphiphilic branched polysiloxane prepolymer. To
this mixture solution, 100 uL of hydroxy-tetramethylene piperonyloxy solution in ethyl
acetate (2 9/20 mL) is added. The solution is then concentrated to 200 g (~50%) using rota-
vap at 30 ‘C and filtered through 1um pore size filter paper. After solvent exchange to 1-
propanol, the solution is further concentrated to the desired concentration.
C. Synthesis of UV-absorbing amphiphilic branched polysiloxane Prepolymer

A 1-L jacketed reactor is equipped with 500-mL addition funnel, overhead stirring,
reflux condenser with nitrogen/vacuum inlet adapter, thermometer, and sampling adapter.
The reactor is then charged with 45.98 g of 80% IEM-capped CE- PDMS prepared above
and the reactor is sealed. A solution of 0.512 g of HEMA, 25.354 g of DMA, 1.38 g of
Norbloc methacrylate, 26.034 g of TRIS, in 263 g of ethyl acetate is charged to the addition
funnel. The reactor is degassed at <1mbar for 30 minutes at RT with a high-vacuum pump.
The monomer solution is degassed at 100 mbar and RT for 10 minutes for three cycles,
breaking vacuum with nitrogen between degas cycles. The monomer solution is then
charged to the reactor, and then the reaction mixture is stirred and heated to 67°C. While
heating, a solution of 1.480 g of mercaptoethanol (chain transfer agent, CTA) and 0.260 g of
azoisobutyronitrile dissolved in 38 g of ethyl acetate is charged to the addition funnel and
deoxygenated three times at 100 mbar, room temperature for 10 minutes. When the reactor
temperature reaches 67 °C, the initiator/CTA solution is added to the PDMS/monomer
solution in the reactor. The reaction is allowed to proceed for 8 hours, and then heating is
discontinued and reactor temperature is brought to room temperature within 15 min.

The resultant reaction mixture then is siphoned to a dry single-neck flask with airtight
lid, and 3.841 g of isocyanatoethyl acrylate is added with 0.15 g of DBTDL. The mixture is
stirred 24 hs at room temperature, forming a UV-absorbing amphiphilic branched
polysiloxane prepolymer. To this mixture solution, 100 uL of hydroxy-tetramethylene
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piperonyloxy solution in ethyl acetate (2 g/20 mL) is added. The solution is then
concentrated to 200 g (~50%) using rota-vap at 30 °C and filtered through 1um pore size
filter paper.

D-1: Lens formulation with Non-UV-absorbing polysiloxane prepolymer

In a 100 mL amber flask, 4.31 g of macromer solution (which is a solution of 82.39%
in 1-propanol, prepared from the macromer solution prepared above by repeated cycles of
evaporation of 1-propanol dilution of ) is added. In a 20 mL vial, 0.081 g of TPO and 0.045 g
of DMPC are dissolved in 10 g of 1-propanol and then transferred to the macromer solution.
After the mixture is concentrated to 5.64 g using rota-vap at 30 'C, 0.36 g of DMA is added
and the formulation is homogenized at room temperature. 6 g of clear lens formulation D-1
is obtained.

D-2: Lens formulation with UV-absorbing polysiloxane prepolymer (4% DMA)

In a 100 mL amber flask, 24.250 g of macromer solution (43.92% in ethyl acetate) is
added. In a 50 mL vial, 0.15 g of TPO and 0.75 g of DMPC is dissolved in 20 g of 1-propanol
and then transferred to the macromer solution. 20 g of solvent is pulled off using rota-vap at
30 C, followed by addition of 20 g of 1-propanol. After two cycles, the mixture is
concentrated to 14.40 g. 0.6 g of DMA is added to this mixture and the formulation is
homogenized at room temperature. 15 g of clear lens formulation D-2 is obtained.

D-3: Lens formulation with UV-absorbing polysiloxane prepolymer (2% DMA / 2%
HEA)

In a 100 mL amber flask, 24.250 g of macromer solution (43.92% in ethyl acetate) is
added. In a 50 mL vial, 0.15 g of TPO and 0.75 g of DMPC is dissolved in 20 g of 1-propanol
and then transferred to the macromer solution. 20 g of solvent is pulled off using rota-vap at
30 C, followed by addition of 20 g of 1-propanol. After two cycles, the mixture is
concentrated to 14.40 g. 0.3 g of DMA and 0.3 g of HEA is added to this mixture and the
formulation is homogenized at room temperature. 15 g of clear lens formulation D-3 is

obtained.

Example 8

E: Covalent attachment of modified PAE coating polymers

Monomers containing amine groups, N-(3-Aminopropyl)methacrylamide
hydrochloride (APMAA-HCI) or N-(2-aminoethyl) methacrylamide hydrochloride (AEMAA-
HCI) are purchased from Polysciences and used as received. Poly(amidoamine
epichlorohydrine) (PAE) is received from Ashland as an aqueous solution and used as
received. Poly(acrylamide-co-acrylic acid) (poly(AAm-co-AA) (90/10) from Polysciences,
mPEG-SH from Laysan Bio, and poly(MPC-co-AeMA) (i.e., a copolymer of
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APMAA-HCI monomer is dissolved in methanol and added to the lens formulations
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D-1, D-2 and D-3 (prepared in Example 7) to achieve a 1 wt% concentration.

Reactive packaging saline is prepared by dissolving the components listed in Table 6

(free of APMAA) 1 12 3-42 1052 2 52 3-42 942 3 02 32

along with appropriate buffer salts in DI water. After heated pre-treatment, the saline is

allowed to cool to room temperature and then filtered using a 0.2um PES filter.

Table 6
Package Saline Sample 1 2 3 4 5
pH 7.4 7.4 7.4 8 8
PAE 0.2% 0.2% | 0.2% 0.2% 0.2%
Poly(AAm-co-AA) (90/10) 0.07% 0.2% - - -
mPEG-SH, Mw=2000 -- - 0.3% - -
mPEG-SH, Mw=10000 -- - - 0.2% -
Poly(MPC-Co-AeMA) (90/10) -- - - - 0.2%
Pre-reaction condition 0 70°C, | 45°C, 0 65°C,
70°C, 4h 4h 4h 45°C, 4h oh

Lens formulation D-1, D-2 and D3 prepared in Example 7 is modified by addition of
the APMAA-HCI monomer (stock solution of APMMA-HCL in methanol). DSM lens is cured
at 16mW/cm? with 330nm filter while LS lens is cured at 4.6mW/cm? with 380nm filter.

DSM lenses. Female portions of polypropylene lens molds are filled with about 75
microliters of a lens formulation prepared as above, and the molds are closed with the male
portion of the polypropylene lens molds (base curve molds). Contact lenses are obtained by
curing the closed molds for about 5 minutes with an UV irradiation source (Hamamatsu lamp
with a 330 nm-cut-off filter at an intensity of about 16 mW /ocm?.

LS lenses. LS lenses are prepared by cast-molding from a lens formulation
prepared as above in a reusable mold, similar to the mold shown in Figs. 1-6 in U.S. patent
Nos.7,384,590 and 7,387,759 (Figs. 1-6). The mold comprises a female mold half made of
quartz (or CaF,) and a male mold half made of glass (or PMMA). The UV irradiation source
is a Hamamatsu lamp with a 380 nm-cut-off filter at an intensity of about about 4.6 mW /cm?.
The lens formulation in the mold is irradiated with UV irradiation for about 30 seconds.

Lens formulation D-1 (of Example 7) modified with APMAA-HCI is cured according to
DSM and LS methods described above, while with lens formulation D-2 or D-3 (of Example
7) is cured according to the LS method described above.

Molded lenses are extracted in methyl ethyl ketone, hydrated, and packaged in one
of the salines described in Table 6. Lenses are placed in a polypropylene lens packaging
shell with 0.6 mL of the IPC saline (half of the saline is added prior to inserting the lens).

The blister is then sealed with foil and autoclaved for 30 min at 121°C.
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Evaluation of the lens surface shows that all test lenses had no debris adhesion.
When observed under dark-field microscope, cracking lines are not visible after rubbing the
lenses between the fingers.

The lens surface wettability (WBUT), lubricity, and contact angle are measured and

results are summarized in Table 7.

Table 7
Lenrﬁaflt()it;‘rgullea;;lfor Saline’ | WBUT (second) | Lubricity Contact Angle [°]

D1 as control 1 0 4-5 114
(free of APMAA) 3 0 4 119
o 1 10 0-1 104

D1 w/1% APMAA 3 > o1 9
D2 as control 13 8 4é5 18?
(free of APMAA) 7 0? 3.7 1167
1 5 2-3 90

D2 w/1% APMAA 3 6 1 95
4 5-10° 3 106°
1 12 347 105°

D3 as control 2 57 347 947
(free of APMAA) 3 0° 3 112°
4 127 3° 36°
5 47 3° 102°
1 0° 42 1032

2 9° 3-47 97°

D3 w/1% APMAA 3 147 2-37 912
4 157 3° 547

5 137 2° 69°

1. The number is the packaging saline number shown in Table 5.
2. LSlenses.

The tested lenses are made according DSM method unless specified otherwise.
Lubricity is rated against a qualitative scale from 0 to 4 where lower numbers indicate
greater lubricity. In general, lens surface properties are somewhat improved after
application of the in-package coating.

Example 9
Lenses are fabricated using lens formulation D-2 (Example 7) to which APMAA
monomer has been added to a concentration of 1%. LS lenses are prepared by cast-
molding from a lens formulation prepared as above in a reusable mold, similar to the mold
shown in Figs. 1-6 in U.S. patent Nos.7,384,590 and 7,387,759 (Figs. 1-6). The mold
comprises a female mold half made of glass and a male mold half made of quartz. The UV
irradiation source is a Hamamatsu lamp with a 380 nm-cut-off filter at an intensity of about
4.6 mW /cm?. The lens formulation in the mold is irradiated with UV irradiation for about 30

seconds.
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Cast-molded lenses are extracted with methyl ethyl ketone (MEK), rinsed in water,
coated with polyacrylic acid (PAA) by dipping lenses in a propanol solution of PAA (0.0044%
by weight, acidified with formic acid to about pH 2.5), and hydrated in water.

IPC Saline is prepared from a composition containing about 0.07% PAAmM-PAA and
sufficient PAE to provide an initial azetidinium content of approximately 8.8 millimole
equivalents / Liter (~0.15% PAE) under pre-reaction conditions of 8 hrs at approximately
60°C.. 10 ppm hydrogen peroxide is then added to the IPC salines to prevent bioburden
growth and the IPC salines are filtered using a 0.22micron polyether sulphone [PES]
membrane filter Lenses are placed in a polypropylene lens packaging shell with 0.6 mL of
the IPC saline (half of the saline is added prior to inserting the lens). The blister is then
sealed with foil and autoclaved for 30 min at 121°C.

Evaluation of the lens surface shows that all test lenses have no debris adhesion.
When observed under dark-field microscope, cracking lines are not visible after rubbing the
lenses between the fingers. The lens surface wettability (WBUT) is greater than 10
seconds, lubricity is rated as “1°, and contact angle is approximately 20°.

Example 10

Synthesis of UV-absorbing amphiphilic branched copolymer

A 1-L jacketed reactor is equipped with 500-mL addition funnel, overhead stirring,
reflux condenser with nitrogen/vacuum inlet adapter, thermometer, and sampling adapter.
89.95 g of partially ethylenically functionalized polysiloxane prepared in Example 2, A-1.3 is
charged to the reactor and then degassed under vacuum less than 1 mbar at room
tempertaure for about 30 minutes. The monomer solution prepared by mixing 1.03 g of
HEMA, 50.73 g of DMA, 2.76 g of Norbloc methacrylate, 52.07 g of TRIS, and 526.05 g of
ethyl acetate is charged to the 500-mL addition funnel followed with a degas under vacuum
100 mbar at room temperature for 10 minutes and then refilled with nitrogen gas. The
monomer solution is degassed with same conditions for additional two cycles. The monomer
solution is then charged to the reactor. The reaction mixture is heated to 67°C with
adequate stirring. While heating, a solution composed of 2.96 g of mercaptoethanol (chain
transfer agent, CTA) and 0.72 g of dimethyl 2,2’-azobis(2-methylpropionate) (V-601 -
initiator) and 76.90 g of ethyl acetate is charged to the addition funnel followed by same
degas process as the monomer solution. When the reactor temperature reaches 67°C, the
initiator/CTA solution is also added to reactor. The reaction is performed at 67°C for 8 hours.
After the copolymerization is completed, reactor temperature is cooled to room temperature.
Synthesis of UV-absorbing amphiphilic branched prepolymer

The copolymer solution prepared above is ethylenically functionalized to form an
amphiphilic branched prepolymer by adding 8.44 g of IEM (or 2-isocyanatoethyl
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mold half made of glass and a male mold half made of quartz. The UV irradiation source is a
Hamamatsu lamp with a 380 nm-cut-off filter at an intensity of about 4.6 mW /cm?. The lens
formulation in the mold is irradiated with UV irradiation for about 30 seconds.

Cast-molded lenses are extracted with methyl ethyl ketone (MEK), rinsed in water,
coated with polyacrylic acid (PAA) by dipping lenses in a propanol solution of PAA (0.004%
by weight, acidified with formic acid to about pH 2.0), and hydrated in water.

IPC Saline is prepared from a composition containing about 0.07% PAAmM-PAA and
sufficient PAE to provide an initial azetidinium content of approximately 8.8 millimole
equivalents / Liter (~0.15% PAE) under pre-reaction conditions of 6 hrs at approximately
60°C.. 5 ppm hydrogen peroxide is then added to the IPC salines to prevent bioburden
growth and the IPC salines are filtered using a 0.22micron polyether sulphone [PES]
membrane filter Lenses are placed in a polypropylene lens packaging shell with 0.6 mL of
the IPC saline (half of the saline is added prior to inserting the lens). The blister is then
sealed with foil and autoclaved for 30 min at 121°C.

Lens characterization

The obtained lenses have the following properties: E'~0.82 MPa; DK;~ 159.4 (using
lotrafilcon B as reference lenses, an average center thickness of 80 um and an intrinsic Dk
110); IP~2.3; water%~26.9; and UVA/UVB %T~4.6/0.1.
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What is claimed is:

1. An amphiphilic branched prepolymer which is obtained

by:
(1) polymerizing a polymerizable composition to obtain an
amphiphilic branched polysiloxane copolymer, wherein
the polymerizable composition comprises
(a) from about 10% to about 94% by weight of a partially
ethylenically-functionalized polysiloxane, wherein
the partially ethylenically-functionalized polysilox-
ane 1s a mixture of reaction products obtained by
reacting a first ethyleincally functionalizing vinylic
monomer having a first reactive functional group with
a functional polysiloxane compound having two or
more second reactive functional groups at a molar
equivalent ratio, Re,,yuzene OF from about 40% to
about 95%, wherein each first reactive functional
group reacts with one second reactive functional
group in the presence or absence of a coupling agent
to form a covalent bond or linkage, wherein the mix-
ture of reaction product comprises at least one polysi-
loxane crosslinkers having at least two ethylenically
unsaturated groups and at least one polysiloxane
vinylic monomer or macromer having at least one
second reactive functional group and at least one eth-
ylenically unsaturated group,

(b) at least one hydrophilic vinylic monomer,

(c) optionally a hydrophobic vinylic monomer,

(d) a chain transfer agent other than a RAFT agent,
wherein the chain transfer agent optionally including
a third reactive functional group, and

(e) a free-radical imitiator: and

(1) ethylenically functionalizing the amphiphilic branched
polysiloxane copolymer by reacting it with a second
ethylenically functionalizing vinylic monomer having a
fourth reactive functional group which reacts with one
second or third reactive functional group in the presence
or absence of a coupling agent to form a covalent link-
age, thereby forming the amphiphilic branched polysi-
loxane prepolymer.
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2. The amphiphilic branched prepolymer of claim 1,
wherein the polymerizable composition comprising:

(a) trom about 20% to about 80% by weight of the partially

ethylenically-functionalized polysiloxane;

(b) from about 5% to about 75% by weight of at least one
hvdrophilic vinylic monomer;

(c) from O to about 55% by weight of a bulky hydrophobic
vinylic monomer;

(d) from about 0.25% to about 5% by weight of a chain
transfer agent other than a RAFT agent, wherein the
chain transfer agent optionally including a reactive func-
tional group;

(e) from O to 5% by weight by weight of a polymerizable
UV-abosorbing compound; and

(f) from about 0.1% to about 5% by weight ofa free radical
initiator,

wherein the percentages by weight of the above-listed
components are relative to the combined weight of all
polymerizable components.

3. The amphiphilic branched prepolymer of claim 1.
wherein the hydrophilic vinylic monomer is free of reactive
functional group capable of participating in a coupling reac-
tion with the second ethylenically functionalizing vinylic
maonomeer,

4. The amphiphilic branched prepolymer of claim 1.,
wherein the polymerizable composition comprises a first
hydrophilic vinylic monomer free of any reactive functional
group capable of participating in a coupling reaction with the
second ethylenically functionalizing vinylic monomer and a
second hydrophilic vinylic monomer having a reactive func-
tional group capable of participating the coupling reaction
with the second ethylenically functionalizing vinylic mono-
mer, wherein the first and second hydrophilic vinylic mono-
mers are present in the polymerizable composition at a ratio
of from about 5:1 to about 30:1.

5. The amphiphilic branched prepolymer of claim 2,
wherein the hydrophilic vinylic monomer is free of reactive
functional group capable of participating in a coupling reac-
tion with the second ethylenically functionalizing vinylic
monomer.
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6. The amphiphilic branched prepolymer of claim 2,
wherein the polymerizable composition comprises a first
hydrophilic vinylic monomer free of any reactive functional
group capable of participating in a coupling reaction with the
second ethylenically functionalizing vinylic monomer and a
second hydrophilic vinylic monomer having a reactive func-
tional group capable of participating the coupling reaction
with the second ethylenically functionalizing vinylic mono-
mer, wherein the first and second hydrophilic vinylic mono-
mers are present in the polymerizable composition at a ratio
of from about 5:1 to about 30:1.

7. The amphiphilic branched prepolymer of claim 4,
wherein the first hydrophilic vinylic monomer is selected
from the group consisting of N,N-dimethyl (meth)acryla-
mide. N-methyl-3-methylene-2-pyrrolidone, 1-ethyl-3-me-
thylene-2-pyrrolidone, 1-methyl-5-methylene-2-pyrroli-
done, 1-ethyl-5-methylene-2-pyrrolidone,  5-methyl-3-
methylene-2-pyrrolidone, 5-ethyl-3-methylene-2-
pyrrolidone, 1-n-propyl-3-methylene-2-pyrrolidone, 1-n-
propyl-3-methylene-2-pyrrolidone, 1-isopropyl-3-
methylene-2-pyrrolidone, I-isopropyl-5-methylene-2-
pyrrolidone, 1-n-butyl-3-methylene-2-pyrrolidone, 1-tert-
butyl-3-methylene-2-pyrrolidone, dimethylaminoethyl
(meth)acrylate, N-vinyl-2-pyrrolidone, a C,,C,-alkoxy poly-
ethylene glycol (methjacrylate, N-vinyl formamide, N-vinyl
acetamide, N-vinyl 1sopropylamide, N-vinyl-N-methyl
acetamide, and mixtures thereof; and wherein the second
hydrophilic vinylic monomer i1s selected from the group con-
sisting of hydroxyl-substituted C,-C,, alkyl (meth)acrylate,
hydroxyl-substituted C,-C, alkyl (meth)acrylamide, amino-
substituted C,-C, alkyl (meth)acrylate, amino-substituted
C,-C, alkyl (meth)acrylamide, allyl alcohol, allyl amine, and
mixture thereof.

8. The amphiphilic branched prepolymer of claim 7.
wherein the functional polysiloxane compound is defined by
formula (1) or (2)

FG-G-PDMS-G,-FG (1)

CR(-G,-PDMS-G,-FG),, (2)

in which
G, and G, independent of each other are a linear or
branched C,-C , alkylene divalent radical, a divalent
radical of
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—talk-OF—alk-

in which q is an integer of from 1 to 5 and alk and alk’
independent of each other 1s a C,-C, alkvlene divalent
radical, ora divalent radical of —R',—X -E-X,—R',—
i which R'| and R', independent of each other 1s a linear
or branched C-C |, alkylene divalent radical or a diva-
lent radical of

—talk-Oy—alk-

as defined above, X, and X, independent of each other
are a linkage selected from the group consisting of

R' 0O R
| |
0o—. C—N
RO R0
Ll [
—N—C—. —N—C—NH—
0 R 0
| I
—HN—C—N—., —0—C—NH—.
0 0
| |
—HN—(C—0—, —S§—C—NH—,
o} 0
DN S SR o
0
I
— HN—C—§—

inwhich R'is Hor C,-Cj, alkyl, E is an alky] diradical, a
cyvcloalkyl diradical, an alkylcycloalkyl diradical, an
alkylaryl diradical, or an aryl diradical with up to 40
carbon atoms which may have ether. thio, or amine
linkages in the main chain:

PDMS is a polysiloxane divalent radical of formula (3)

)]
—D+U—Ds— Ug—Dj‘!ﬁT
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in which vis O or 1, wis an integer of fromOto 5. U, and U,
independent of each other represent a divalent radical of
—R"—X,-E-X,—R',— as defined above or a divalent
radical of

—talk-O—alk-

as defined above, D,, D, and D, independently of each
other are a divalent radical selected from the group con-
sisting of —(CH,CH,0),—CH,CH,— in which t is an
integer of 3 to 40, —CF,—(OCF,),—(OCF,CF,),—
OCF ,— in which a and b independent of each other 1s an
integer of 0 to 10 provided that a+b 1s a number in the
range of 10 to 30, and a divalent group of formula (4)

i)
_51_U%EI—UHEI_UJ‘HI_
# Ry

in which R;. R, Rs, R, R4, Rg. Ry and R, indepen-
dently of one another, are C,-C,, alkyl, C,-C,, ami-
noalkyl, C,-C,, hydroxyalkyl, C,-C,, ether, C,-C,
alkyl- or C,-C,-alkoxy-substituted phenyl, C,-C,,
fluoroalkyl, C,-C, fluoroether., C,-C,. arvl radica]
cyvano(C -C, ,-alkyl), -alk-(OCH,CH,),—OR, |,
which alk 1s C,-C; alkylene divalent radical, R, is
hydrogen or C,-C, alkyl, and n is an integer of from 1
to 10; m and p independently of each other are an
integer of from 0 to 350 and (m+p) is from 1 to 700,
provided that at least one of D,. D, and D, 15 repre-
sented by formula (3);
CR 1s a multivalent organic radical having a valence of al;
al is an integer of 3, 4 or 5; and
FG is selected from the group consisting of amino group
(—NHR' as defined above), hydroxyl group, carboxylic
acid group, acid halide groups (—COX, X—CI, Br, or
I}, acid anhydrate group. aldehyde group. azlactone
group, isocyanate group, epoxy group, aziridine group,
thiol (—SH), and amide groups (—CONH,).
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9. The amphiphilic branched prepolymer of claim 8,
wherein the partially ethylenically functionalized polysilox-
ane is obtained by reacting the first ethylenically functional-
ized vinylic monomer with the functional polysiloxane com-
pound of formula (1) at a molar equivalent ratio of from about
70% to about 90%.

10. The amphiphilic branched prepolymer of claim 8,
wherein the polymerizable composition comprises a bulky
hydrophobic vinylic monomer selected from the group con-
sisting of N-[tris(trimethylsiloxy)silylpropyl]-(meth)acryla-
mide; N -[tris(dimethylpropylsiloxy)-silylpropyl] (meth)
acrylamide; N-[tris(dimethylphenylsiloxy) -silylpropyl]
(meth)acrylamide; N-[tris(dimethylethylsiloxy)silylpropyl]
(meth)acrylamide;  N-(2-hydroxy-3-(3-(bis(trimethylsily-
loxy )methylsilyl)propyloxy)propyl)-2-methvl  acrylamide:
N-(2-hydroxy-3-(3-(bis(trimethylsilyloxy)methylsilyljpro-
pyloxy)propyl) acrylamide: N.N-bis[2-hydroxy-3-(3-(his
(trimethylsilyloxy )methylsilyl)propyloxy jpropyl]-2-methyl
acrylamide; N,N-bis| 2-hydroxy-3-(3-(bis(trimethylsilyloxy)
methylsilyl)propyloxy)propyl] acrylamide; N-(2-hydroxy-3-
(3-(tris(trimethylsilyloxy)silyl)propyloxy jpropyl )-2-methyl
acrylamide; N-(2-hydroxy-3-(3-(tris(trimethylsilyloxy )silyl)
propyloxy )propyljacrylamide; N,N-bis[2-hydroxy-3-(3-(tris
(trimethylsilyloxy)silyl)propyloxy )propyl]-2-methyl acryla-
mide; N.N-bis| 2-hydroxy-3-(3-(tris(trimethylsilyloxy)silyl)
propyloxy )propyl|acrylamide; N-|2-hydroxy-3-(3-(t-
butyldimethylsilyl)propyloxy )propyl]-2-methyl acrylamide;
N-[2-hydroxy-3-(3-(t-butyldimethylsilyl )propyloxy )propyl]
acrylamide; N.N-bis|2-hydroxy-3-(3-(t-butyldimethylsilyl)
propyloxy jpropyl]-2-methyl  acrylamide; N.N-bis[2-hy-
droxy-3-(3-(t-butyldimethylsilyl )propyloxy )propyl]
acrylamide; 3-methacryloxy propylpentamethyldisiloxane:
tris(trimethylsilyloxy)silylpropyl  methacrylate  (TRIS):
(3-methacryloxy-2-hydroxypropyloxy Jpropylbis(trimethyl-
siloxy)methylsilane);  (3-methacryloxy-2-hydroxypropy-
loxy )propyltris(trimethylsiloxy)silane;  3-methacryloxy-2-
(2-hydroxyethoxy)-propyloxy )propylbis(trimethylsiloxy)
methylsilane; N-2-methacryloxyethyl-O-(methyl-bis-
trimethylsiloxy-3-propyl)sily]l carbamate; 3-(trimethylsilyl)
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propylvinyl carbonate; 3-(vinyloxycarbonylthio )propyl-tris
(trimethyl-siloxy)silane; 3-[tris(trimethylsiloxy)silyl]
propylvinyl carbamate; 3-[tris(trimethylsiloxy)silyl] propyl
allyl carbamate; 3-[tris(trimethylsiloxy)silyl]propyl vinyl
carbonate; t-butyldimethyl-siloxyethyl vinyl carbonate: trim-
ethylsilylethyl vinyl carbonate; trimethylsilylmethyl vinyl
carbonate;  t-butyl (meth)acrylate, cyclohexylacrylate,
isobornyl methacrylate, a polysiloxane-containing vinylic
monomer having 3 to 8 silicone atoms, and combinations
thereof.

11. The amphiphilic branched prepolymer of claim 10,
wherein the first reactive functional group. the second reac-
tive functional groups of the functional polysiloxane com-
pound, the third reactive functional group ofthe chain transfer
agent, and the fourth reactive functional group, independently
of each other, are selected from the group consisting of amino
group (—NHR' as defined above), hydroxyl group, carboxy-
lic acid group, acid halide groups (—COX, X-—CI. Br, or I),
acid anhydrate group, aldehyde group, azlactone group, iso-
cyanate group, epoxy group, aziridine group, amide groups
(—CONH,), and combinations thereof, provided that one
first or fourth reactive functional group can react with one
second or third reactive functional group in the presence or
absence of a coupling agent to form a covalent linkage.
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12. The amphiphilic branched prepolymer of claim 11,
wherein the first and second ethylenically functionalizing
vinylic monomers independently of each other are selected
from the group consisting of C, to C; hydroxylalkyl (meth)
acrylate, C, to C; hydroxyalkyl (meth)acrylamide, C, to C,
aminoalkyl (methjacrylate, allylalcohol, allylamine, C, to C,
aminoalkyl (meth)acrylamide, aziridinyl C,-C, , alkyl (meth)
acrylate (e.g., 2-(1-aziridinyl) ethyl (meth)acrylate, 3-(1-
aziridinyl) propyl (meth)acrylate, 4-(1-aziridinyl) butyl
(meth)acrylate, 6-(1-aziridinyl) hexyl (meth)acrylate, or
8-(1-axiridinyl) octyl (meth)acrylate), glycidyl (meth)acry-
late, C, to C; alkly (meth)acrylic acid, (meth)acrylic acid
halide (—COX, X=CI, Br, or I}, C, to C, isocyanatoalkyl
(meth)acrylate,  2-vinyl-4,4-dimethyl-1,3-oxazolin-5-one,
2-isopropenyl-4.4-dimethyl-1.3-oxazolin-5-one, 2-vinyl-4-
methyl-4-ethyl-1,3-oxazolin-5-one,  2-isopropenyl-4-me-
thyl-4-butyl-1,3-o0xazolin-5-one, 2-vinyl-4.4-dibutyl-1.3-0x-
azolin-5-one, 2-isopropenyl-4-methyl-4-dodecyl-1,3-
oxazolin-5-one, 2-isopropenyl-4,4-diphenyl-1,3-oxazolin-5-
one, 2-isopropenyl-4,4-pentamethylene-1,3-oxazolin-5-one,
2-isopropenyl-4.,4-tetramethylene- 1,3-oxazolin-5-one. 2-vi-
nyl-4.4-diethyl-1.3-oxazolin-5-one, 2-vinyl-4-methyl-4-
nonyl-1,3-oxazolin-3-one.  2-isopropenyl-4-methyl-4-phe-
nyl-1,3-oxazolin-3-one, 2-isopropenyl-4-methyl-4-benzyl-

1.3-oxazolin-5-one, 2-vinyl-4,4-pentamethylene-1,3-
oxazolin-5-one, and 2-vinyl-4.4-dimethyl-1,3-oxazolin-6-
one, with 2-vinyl-4.4-dimethyl-1,3-oxazolin-5-one

(VDMO), Z-isopropenyl-4.4-dimethyl-1,3-oxazolin-5-one
(IPDMO), and combinations thereof.

13. A method for making silicone hydrogel contact lenses,

comprising the steps of:

(1) obtaining an amphiphilic branched polysiloxane pre-
polymer which comprises (a) from about 5% to about
75% by weight of hydrophilic monomeric units derived
from at least one hydrophilic vinylic monomer. (b) from
about 1% to about 85% by weight of polysiloxane
crosslinking units derived from at least one polysiloxane
crosslinker having two or more terminal ethylenically-
unsaturated groups, (¢) from about 2% to about 48% by
weight of dangling polysiloxane chains each of which is
terminated with an ethylenically unsaturated group, and
(d) from about 0.25% to about 5% by weight of chain-
transter units derived from a chain transfer agent other
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than a RAFT agent, wherein the amphiphilic branched

polysiloxane prepolymer is obtained according to a pro-

cess comprising the steps of:

(a) obtaining a partially ethylenically-functionalized
polysiloxane, wherein the partially ethyvlenically-
functionalized polysiloxane is a mixture of reaction
products obtained by reacting a first ethylenically-
functionalizing vinylic monomer having a first reac-
tive functional group with a functional polysiloxane
compound having two or more second reactive func-
tional groups at a molar equivalent ratio of from about
40% to about 95%., wherein each first reactive func-
tional group reacts with one second reactive func-
tional group in the presence or absence of a coupling
agent to form a covalent bond or linkage. wherein the
mixture of reaction product comprises at least one
polysiloxane crosslinkers having at least two ethyl-
enically unsaturated groups and at least one polysi-
loxane vinylic monomer or macromer having at least
one second reactive functional group and at least one
ethylenically unsaturated group.

(b) using the partially ethylenically-functionalized pol-
ysiloxane to prepare a polymerizable composition,
wherein the polymerizable composition comprises at
least one hydrophilic vinylic monomer, a chain trans-
fer agent which is not a RAFT agent and optionally
includes a third reactive functional group, and a free-
radical initiator,

(c) polymerizing the polymerizable composition to form
an amphiphilic branched polysiloxane copolymer
comprising hydrophilic monomeric units derived
from said at least one hydrophilic vinylic monomer,
polysiloxane crosslinking units derived trom the pol-
ysiloxane crosslinker, dangling polysiloxane chains
each terminated with a second reactive functional
group and derived from the polysiloxane vinylic
monomer or macromer having at least one second
reactive functional group and at least one ethyleni-
cally unsaturated group, and chain transfer units with
or without third reactive functional groups derived
from the chain transfer agent, and
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(d) reacting the amphiphilic branched polysiloxane
copolymer with a second ethylenically functionaliz-
ing vinylic monomer having a fourth reactive func-
tional group which reacts with one second or third
reactive functional group of the branched polysilox-
ane copolymer in the presence or absence of a cou-
pling agent to form a covalent linkage, thereby form-
ing the amphiphilic branched polysiloxane
prepolymer having dangling polysiloxane chains
each of which 1s terminated with one ethylenically-
unsaturated group;
(11) using the amphiphilic branched polysiloxane prepoly-
mer to prepare a lens-forming composition which com-
prises
(a) from about 60% to about 99% by weight of the
amphiphilic branched polysiloxane prepolymer,

(b) from about 0.1% to about 5% by weight of a free-
radical initiator, and

(c) from 0 to about 20% by weight of at least one poly-
merizable component selected from the group con-
sisting of a hydrophilic vinylic monomer, a silicone-
containing vinylic monomer, a silicone-containing
vinylic macromer with one sole ethylenically-unsat-
urated group. a hydrophobic vinylic monomer, a lin-
ear polysiloxane crosslinker terminated with two eth-
vlenically-unsaturated groups, a crosslinking agent
having a molecular weight of less than 700 Daltons, a
polymerizable UV-absorbing agent, and mixtures
thereof’

wherein the percentages by weight of components (a)-
(c)are relative to the total amount of all polymerizable
components (including those not listed above) in the
lens-forming composition;

(111) introducing the lens-forming composition info amold,
wherein the mold has a first mold half with a first mold-
ing surface defining the anterior surface of a contact lens
and a second mold half with a second molding surface
defining the posterior surface of the contact lens,
wherein said first and second mold halves are configured
to receive each other such that a cavity for receiving the
lens-forming material is formed between said first and
second molding surfaces; and

(1v) polymerizing the lens-forming material in the cavity to
form a silicone hydrogel contact lens.
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14. The method of claim 13, wherein the mold is a reusable
mold, wherein the lens-forming material in the cavity is cured
actinically under a spatial limitation of actinic radiation to
form a silicone hydrogel contact lens.

15. A silicone hydrogel contact lens comprising a poly-
meric material which is a polymerization product of a lens-
forming composition including an amphiphilic branched pol-
ysiloxane prepolymer of claim 1.
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