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[ 0011] An "ophthal mc device", as used herein, refers to a contact |ens
(hard or soft), an intraocular |lens, a corneal onlay, other ophthalmc
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[ 0026] "Mol ecul ar weight" of a polyneric material (including nononeric or
macroneri c materials), as used herein, refers to the nunber-average
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preferred t.he resist on-t o n
Pueous  solliTlofe SinRgaTan e yRaE nohi 1B oy ic BoteEusd wAEh B e reans
t hat an arsiicoh& has been treated in a surface treat ment process (or a

surface nogipid) CaﬁwéQe'?'m%l%%%@)un@étb@fedtg%uﬁror@&ﬁ}l@fdaw uﬁs@tum&‘d 4@!&%“ on of the
article, in WhICh %g) a.co sg gﬁ{)%‘ ﬁg) he surface of the article,
(2) cheni c&MP'Y5FELPELTIRA LR §6’? &8¢ sittence eé‘t‘i?’f‘%??éaB\fgrPH%"&PtaI“&gé (3) the
chem cal naCxC<gréwn. dExemplbgycthyEsicaltyiunsatirated gjoupd inclhdenwithalit lignitetigps on t he
surface of e )cdde roperties of the
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i nclude, but are not limted to, plasma processes in which an ionized gas
is applied to the surface of an article (see, for exanple, U S. Pat. Nos.
4,312,575 and 4,632,844 herein incorporated by reference in its entirety);
a surface treatnment by energy other than plasma (e.g., a static electrical
charge, irradiation, or other energy source); chemcal treatnents; the
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article; nmold-transfer coating process disclosed in U S. Patent No.
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[ 0040] An "antim crobial agent"”, as used herein, refers to a chem cal that
is capabl e of decreasing or elimnating or inhibiting the growth of

m cr oor gawmo2B/SeEskh as that termis known in the art. [ @0FAjS20000639%4 cr obi al
nmetal s" are netal s whose ions have an antim crobial effect and which are
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present in@ne or nore of its oxidation states. For exanple,
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transm ssi of a lens, as used herein, is the rate at whi ch oxygen
will pass ﬁmmhgh hadrs;pmi(clvfnyhz: rogiotried Irefers td & visylic @oyigraer wHichiearbesi bi lity,

Didt, is C%leﬁéﬂzw Q?Hcﬁllyqaf Wrrﬁ%%%ﬁmkapthéi%\yv erogo %%r%éééﬂ?&{bha%%&% I's the

aver age thi ckness o terial [I1n uni e area being
nmeasur ed aREfceBay wephtpivates defined as: (an oxygen) / (cn®)(sec)(mm Hg)] X
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oes no tr|n3| ty.is the
rate at whi ﬁ'ﬂglzg@a&%ggllyltmogssepto ﬁrrngrutﬂ?lt % m?ﬂﬂ %! Pﬁ'g%r 6%?5‘8& fﬁb ’?@gg‘ia?i ty is

convent i ondf psrcwpywslgbidvateﬁ units of barrers, where "barrer” is defined as:
(cn8 OXyge[l)OQﬁ‘PT)A /ma(:ﬁ)ﬁ%) G@f@@)t& gmeb'lg%]anéf héQhﬂaleE@@ﬁﬁ‘en?ﬁ @orﬁ&ﬁn&'ﬂhﬁ:ﬁcﬁp monl y

used in th n or nS|stet W use in the art,
Uhesuni t  BapRisperey Forc Hrabink arioirii A g Syl B Ge  o &
| ens havi ngeansDivemfe 50lebaanvesighty dreatsrdieam 768 Datarisi Ihiatgordemce witlsthg and a

thi ckness %e,%.gnryrﬁgmregn DQQPB;vme{h%nQ%vmo emy%.cgn &Qﬁuﬂaféwersl mm

(oxygen transm ssi b barre I n accordance e I nvention, a
hi gh oxygef™pet ﬁe%{'BM"iet‘:?“t?ﬁ'"BéTaéﬁO&%ésﬁ B‘a‘é{mﬁﬁrt"\é‘?‘iheﬂmtékns &icanA @AY 2N Rens
char act er i zesslibhedapfragagynt oxygen perneability of at least 40 barrers or

| ar ger d W 0 t hi ckness.
[0096] Tna 2B Avollolndf e ld sorfidfoph i ScR ontals AUGIERINER | 1 F1e

| onof | ux Dpﬂo'ﬁsuska@w aces RREFashe cufed (¢ BecrPesfitiedlectitiealipt ariziba Fiopsfinked

Coeffi ci enbolgﬁ&%ﬁhg d h\@lel:@émélghl(m&rfﬁlyﬁk%n @@%fafﬂngl euyrner is determ ned by
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and can be crosslinked actinically to obtain a crosslinked polymer having a molecular weight
much higher than the starting polymer.

[0026] “Molecular weight” of a polymeric material (including monomeric or macromeric
materials), as used herein, refers to the number-average molecular weight unless otherwise
specifically noted or unless testing conditions indicate otherwise.

[0027] “Polymer’ means a material formed by polymerizing one or more monomers.
[0028] As used herein, the term “multiple” refers to at least two, preferably at least three.
[0029] The term “dangling” in reference to a hydrophilic polymer chain or a polysiloxane
polymer chain in a polymer is intended to describe that the polymer chain which is anchored
to the main chain of the polymer through one single covalent linkage (preferably at one of
the ends of the polymer chain).

[0030] A “photoinitiator” refers to a chemical that initiates radical crosslinking/polymerizing
reaction by the use of light. Suitable photoinitiators include, without limitation, benzoin methyl
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[0034] “Dye” means a substance that is soluble in a solvent and that is used to impart

color. Dyes are typically translucent and absorb but do not scatter light. Any suitable

biocompatible dye can be used in the present invention.

[0035] A “Pigment” means a powdered substance that is suspended in a liquid in which it

is insoluble. A pigment can be a fluorescent pigment, phosphorescent pigment, pearlescent

pigment, or conventional pigment. While any suitable pigment may be employed, it is

presently preferred that the pigment be heat resistant, non-toxic and insoluble in aqueous

solutions.

[0036] "Surface modification”, 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
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radi cal ;

which R
or -N-;

r adi cal
a linear

-N-C NH,

X1, X2 and X3 independent of each other are a |inkage sel ected
fromthe group 999 consisting of a direct bond, -0-, -N, -CN, -NGC,
- N- G NH ,wolbto@sbéss 0000 -0-C-NH-, -HN-C-0-, -S-C NH, @ow/Uskio@siB44 i n

is Hor Cl1-C8 alkyl; L1 and L2 independent of each other are -CH

PDMS is a polysiloxane divalent radical of forrmula (11)
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- -HN-G-0-, -S-C
expressed in Units of barrers/mm where t is the average thlckness of the material [in units of

mm] over the area being measured and "barrer/mm” is defined as:
(cm?® oxygen) / (cm? )(sec)(mm Hg)] x 10°°
[0045] The intrinsic “oxygen permeability”, Dk, of a lens material does not depend on lens
thickness. Intrinsic oxygen permeability is the rate at which oxygen will pass through a
material. Oxygen permeability is conventionally expressed in units of barrers, where “barrer”
is defined as:
(cm?® oxygen)(mm) / (cm? )(sec)(mm Hg)] x 10"
These are the units commonly used in the art. Thus, in order to be consistent with the use in
the art, the unit "barrer’ will have the meanings as defined above. For example, a lens
having a Dk of 90 barrers (“oxygen permeability barrers™) and a thickness of 90 microns
(0.090 mm) would have a Dk/t of 100 barrers/mm (oxygen transmissibility barrers/mm). In
accordance with the invention, a high oxygen permeability in reference to a material or a
contact lens characterized by apparent oxygen permeability of at least 40 barrers or larger
measured with a sample (film or lens) of 100 microns in thickness.
[0046] The “ion permeability” through a lens correlates with both the lonoflux Diffusion
Coefficient and the lonoton lon Permeability Coefficient.
[0047] The lonoflux Diffusion Coefficient, D, is determined by applying Fick’s law as
follows:
D=-n'/(A xdc/dx)

where n' = rate of ion transport [mol/min]

A = area of lens exposed [mm?]

D = lonoflux Diffusion Coefficient [mm?/min]

dc = concentration difference [mol/L]

dx = thickness of lens [mm]
[0048] The lonoton lon Permeability Coefficient, P, is then determined in accordance with
the following equation:

In( 1 -2C(t)/C(0) } = -2APt/ Vd

where: C(t) = concentration of sodium ions at time t in the receiving cell

C(0) = initial concentration of sodium ions in donor cell

A= membrane area, i.e., lens area exposed to cells

V= volume of cell compartment (3.0 ml)
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and -HN-CG-S- 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 arywodnreadsesal with 1 to 40 carbon atons whi ch maycChmaseoceobs®ns t hi o,
or am ne |linkages in the main chain, D1, D2 and D3 independently of each
ot her represent a divalent group of formula (I1l) R31 R5 Sli Ti R6 R7-
SIi0O Rg 11 (I11€8F - Sverag@lens thickness in the area exposed

P = permeability coefficient
[0049] An lonoflux Diffusion Coefficient, D, of greater than about 1.5 x 10°® mm2min is
preferred, while greater than about 2.6 x 10°° mm?min is more preferred and greater than
about 6.4 x 10 mm?min is most preferred.
[0050] Itis known that on-eye movement of the lens is required to ensure good tear
exchange, and ultimately, to ensure good corneal health. lon permeability is one of the
predictors of on-eye movement, because the permeability of ions is believed to be directly
proportional to the permeability of water.
[0051] In general, the invention is directed to a class of actinically crosslinkable
polysiloxane with one or two dangling hydrophilic polymer chains. Such prepolymers can be
used to prepare silicone hydrogel contact lenses. It is known that a silicone hydrogel
material typically has a surface or at least some areas of its surface, which is hydrophobic
(non-wettable). Hydrophobic surface or surface areas will up-take lipids or proteins from the
ocular environment and may adhere to the eye. Thus, a silicone hydrogel contact lens will
generally require a surface modification which is typically carried out after cast-molding of
the lens.
[0052] However, actinically crosslinkable polysiloxane copolymer of the invention can be
used to as internal wetting agent in preparing silicon hydrogel contact lenses with a high
oxygen permeability and a hydrophilic surface without post-curing surface treatment. It is
believed that when a liquid lens forming material including an actinically crosslinkable
polysiloxane of the invention is introduced in a mold for making contact lenses, the dangling
hydrophilic polymer chains of the polysiloxane is preferably adsorbed at the interface
between the mold and the lens forming material. Where the dangling hydrophilic polymer
chains are present in an amount sufficient, an interfacial films, which is composed essentially
of dangling hydrophilic polymer chains and has adequate thickness, can be formed at the
mold-liquid interface prior to curing (polymerization) and subsequently preserved after
curing. ltis also believed that because the crosslinking sites being located at the end(s) of
polysiloxane segment and lack of crosslinking sites in the hydrophilic chains, the migration of
polysiloxane is restricted by crosslinkers while the hydrophilic chains may migrate out of the
lens surface. As such, one can make a silicone hydrogel contact lens with a hydrophilic
interfacial film thereon without any post curing surface treatment.
[0053] There are several potential unique features associated with use of actinically
crosslinkable polysiloxanea copolymer of the invention in making silicone hydrogel contact
lens. First, an actinically crosslinkable polysiloxane copolymer of the invention is compatible
with both hydrophobic or hydrophilic components in a silicone hdyrogel lens forming
material. There is no need for any compatibilizing agent. Second, unlike a hydrophilic



R& O0m Rg- Si- | pR1O in which R3, R4, R5', Rs, R7, Rg,
Rl o, independently of one another, are Cl-C8- al kyl, Cl-C4 al kyl - or
al koxy- suwetntouseséphenyl , fl uor o( Cl- C15-al kyl ), cyano( ECTAB2009ab3oyd ),

-al k- (OCH2CH2) n- ORIl in which alk is Cl-C6-al kyl ene dival ent radical,

Is C1-C8 alkyl and nis an integer fromlto 10, mand p independently of

Rg and
Cl- ¢4-

R11

each ot her pelmeras anrttergal wetihg hgemmal attmicadBeregsiinkabie polysildxdne @Bpdyried off 00; Y1

and Y2 indgp

(1V) or (V) R

7B oA 1HHGH asiRBin 3 f2itng Bo6He Ytedl: ARk P 70T

resultant smcone hydrogel lenses hydrophilic because of the presence of dangling
hydrophilic polymer chains, but also can enhance the oxygen permeability of the resultant
lenses because of the presence of polysiloxane segment. Third, the internal wetting agent is
covalently attached to the polymer matrix of a resultant silicone hydrogel lens and cannot be
removed during extraction and/or hydration process. Fourth, it is believed that because of
amphiphilic nature of a polysiloxane copolymer of the invention, it may facilitate the
microscopic phase separation of a resultant silicone hydrogel material into a silicone-rich
microscopic phase and a hydrophilic microscopic phase. With the existence of a co-
continuous bi-phase structure (in microscopic scale), the silicone hydrogel material can have
relatively high oxygen and ion permeabilities.

[0054] The present invention, in one aspect, provides an actinically-crosslinkable linear
polysiloxane copolymer comprising at least one linear polysiloxane segment end-capped at
least at one of the two ends of the polysiloxane segment with one hydrophilic polymer chain
through a linkage and at least one ethylencially unsaturated group covalently linked to the
linkage, wherein the hydrophilic chains is composed of one or more monomer units selected
from the group consisting of units of N-vinyl-2-pyrrolidone (NVP), N,N-dimethylacrylamide
(DMA), dimethylaminoethyl methacrylate, dimethylaminoethyl acrylate, viny! alcohol,
dimethylaminoethylmethacrylamide, a C4-C,-alkoxy polyethylene glycol (meth)acrylate
having a weight average molecular weight of from 200 to 15600, N-vinyl-N-methyl
isopropylamide, N-vinyl-N-methyl acetamide, and mixtures thereof.

[0055] If desired, the wetting properties or hydrophilicity of the hydrophilic chains can be
modulated through copolymerization of hydrophilic monomers with hydrophabic or
amphiphilic monomers during chain extension of PDMS. For example one decrease
hydrophilicity of of by allowing hydrophilic monomers such as DMA, NVP, or N-vinyl-methyl
acetamide to copolymerize with monomers such as MMA, EOEMA, or cyclohexylmethyl
methacrylated during chain extension of PDMS. The wetting properties of the hydrophilic
chains could also be modulated by altering the end groups. This might be accomplished by
incorporation of chain transfer agents during chain extension of PDMS. For example, one
might chain extend PDMS with DMA in the presence of chain transfer agents. Possible
chain transfer units include carbon tetrachloride, carbon tetrabromide,
bromotrichloromethane, thiols such as isooctyl-3-mercaptopropionate, 3-mercaptoproprionic
acide, 6-mercaptohexanoic acid, 15-mercaptopentadecanoic acid, 11-mercaptoundecanoic
acid, mercaptopolyethyleneglycolmonomethylether, thiophenol, 4-methylbenzenethiol, O[2-
(3-mercaptopropionylamino)ethyl]-O’'methyipolyethylene glycol, tert-nonylmercaptan,

mul a



alk'- 0 11 alk'-A4- A3(V) in which

ot her are hydrogen, C1-05 al kyl, Cl1-05 cycloal kyl, or Cl1-05 aryl, or

R2 t oget hwo 2aro05648€H2) g- where g is an integer from 2 t ®C®/USa00RI063984 a

RI

R12 and R13 i ndependent of each

and
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[0056] In accordance with the invention, the term “derived from” in reference to polymeric
units in the polymer chain means that the polymeric units are obtained from a specified
monomer in a polymerization reaction.

[0057] In accordance with the invention, an actinically-crosslinkable linear polysiloxane

copelymer is defined by formula (1)
Q—X; X3—Q
T—Y1—L—x,—A1—PDMS—AZ—(——XZ—LZ—YZ——T)r 0
in which
ris an integer of O or 1;
A and A; independent of each other is a linear or branched C,-C, alkylene divalent
radical;

Xy, Xz and X; independent of each other are a linkage selected from the group

R ?
consisting of a direct bond, -O—, -N-, —C—N—, —N—C—, —N—C—NH—, —HN—C~N—,
il lol il
I} . . s
—0—C—NH—, —HN—C—0—, —S—C—NH—, and —HN—C—S— in which R’ is H or C;-Cg
alky!;

I
L1 and L independent of each other are —CH— or —N—;
PDMS is a polysiloxane divalent radical of formula (l1)

— D U—Dp U —Dafl )

in which vis 0 or 1, @ is an integer of from 0 to 5, U; and U, independent of each
other represent a divalent radical of -R,—X,—E—Xs—R,— in which R, and R, independent of
each other is a linear or branched C,—C,, alkylene divalent radical, X, and X5 independent of

o R
. . nol
each other are a linkage selected from the group consisting of -O—, -N—, —C—n—,
R O R O o]
Lo £ T i 1l I
—N—C—, —N—C—NH—, —HN—C—N—, —0—C—NH—, —HN—C—0—, —S—C—NH—,

and —HN—C—s— in which R’ is H or C+-Cg alkyl, E is an alky! diradical, a cycloalkyl
diradical, an alkylcycloalkyl diradical, an alkylaryl diradical, or an aryl diradical with 1 to 40
carbon atoms which may have ether, thio, or amine linkages in the main chain, D,, D, and D,
independently of each other represent a divalent group of formula (111)

R4 Re Rg P Ry (1N
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HN-C-S-; Qis an organic radical containing an ethylenically unsaturated
group; and T is a nonoval ent hydrophilic polynmer chain conposed of
nononer WwNORe10fosesssone or nore hydrophilic vinylic nonomerass@omeivad from
the group consisting of N-vinyl-2- pyrrolidone (NVP),

N, N- di met hyl acryl am de (DvA), di net hyl am noet hyl nethacryl at e,

di met hyl am noetimwhiclaBs, YRs.8Rs& Rs, R7 Rt RyarairR 5 drele paridently lvhoveydrathed @re @-Ce-

CL- C4- al koxjy Rel d,%ikwL%1ec49£|x&glsuégigﬁéa)@95w'ﬂpéﬁdﬂ%{%agﬂ)acyaﬁb&hb aver age

nol ecul ar wel ght N Vi ng’ { oprop f am de,
N vi nyl - N- Ay k-AREHGH2eOR a AMRISH A 's St -CoRlyenestivatest maEg), RS
et hyl eni cablkyl abs Btauliréged frem 0 Ue 18 m drarpTdepeddéhlly & eatt dther-ate @n mbééer-oZZR/ 5

c4-k.c ql ch 11 and Z2 independent of each ot her
are a i necgrfr?mg\rtoigaancﬁmap)g Oé[g 0 | ene dival ent radical, unsubstituted

phenyl ene di valYe@nd P’a'di"%?&ﬂde”mfe@qh@t aryepresenta digziens Fadisryof saimyiailVuere d
phenyl ene gdnval ent radical or C7-Cl2 arakylene divalent radical; A5 is -0-
or -NH; qi andgg2_ i ndependent of each other are an integer of 0 or 1; Rl4
i s hydrogen, Cl- \GTZaIkyI or hal ogen; R15 and R16 independent of each ot her
are hydrogen, Ci- Cﬁ\akak——phenyl car boxy or halogﬁ . [0058] As an
illustrative exanple an actlnlcally crosslinkabl e |near pol ysi | oxane
copol ynmer of theli ntion can be prepared in a nmultiple-step process as
foll ows. [0059]" ¢‘%§§Q,PFWSTAGTep, one or nore phengne groups are
covalently attached t 0% pol ysi | oxane through its t 8mi nal functi onal
group(s) (e.g. nantno, epoxy, chloroalkyl, brompal kyl, or hydroxyl group)
based on a kno [ f fdnction
groups, to obtggﬁ&%qeéaggﬁﬁagghg%§¥Pﬁ%ﬂﬁ? dﬁ’?@fgép mﬁpﬁrﬁ &kbnaY‘%henone
group(s). F0OB6aY. 9riRija8d RelopetRei@it sz)ﬁ-méheéﬁQ isten dnteggr e 2 t©f. mat chi ng
reactive groupslicii IlﬁéﬁrmBraﬁ&\‘éabeiﬂmémw%e@ﬁ/albhtﬂ&ﬁm under known coupling
reaction condltlo such % h %ﬁ: ﬁ%uct _condi tions, dehydration
8lq i 0

condensati on céhdl {V8H§pa§ tltutlon (or

di spl acenent) conditions, Di der reaction conditioffs§ catf opic
crosslinki ng cdhéiglingsee Se?ﬁﬁdgﬁ'm@ﬁ HAPROAFIFHGI ChThym: t‘[“cynsC For eXatipt e, an
amino group Rreacts with @lflehydeegroup to forma ScHpff base which nmay
further be et —aN-gaTtNTe, g10m9pN+r-eac-tF$l—w-td1—aﬁ- -dNH:-I‘H ard de to forman
am de |i nakge ?-COHN-) an amno group reacts with an isocyanate to forma
urea | i nkageyn—a&r-sari N0 group reacts with an epoxy group to forman am ne

l'i nkage (-NH r an hydr oxyl
reacts with an%lg 'gggly ﬁglgéadééllgf?onta‘nldg o et"?ﬁﬁ'ﬁ%w}‘ﬁ“ra@%%@"ar oxyl reacts
with an epoxy tlds @ Slopp\v@enkiverhiic pﬂbﬁ@eécnanmcgmpoaeqﬁimqggwr W@&E@@OW% an
acid chl oringe hwomrcrw@rb 6riofierd deﬂ%ﬁgQom&tadbfdfﬁbbﬁsugrn@upmvm S Wt Ihkaln

i socyanat e ra u ¥ Y r.onoal ky

group can PR ong r&\ﬁp)ahﬁ_?.wgﬁ%ﬂagﬁéﬁ%‘ Dﬁm dfh ﬁi%%'}%% IorerrtnIQ%ryEaéCOndary am ne
l'i nkage (- diRethylamichétoy! eeryigl dimpthwﬁmmﬂhﬁmthwd%@rpwcéta?d:ltoxw th a secondary

2m gfoglr Eu I)(@WE‘P%) gut,ébu n@étm;h@fy@@rhtamg' Xwéﬁﬁt%@erh%@ﬂﬁ@lg&rlérwﬁhb of f@hrﬂob?c{) Iuy
ek N R R i L A AR A Il

coval ent bonds Rnefedablml@g@n emsrlemhalaruesdtmataedrobmbfvfmmmlaqw)r s of crosslinkable
groups, include wthoutglimtation R gster, ether, acetal, ketal, vinyl

ether, carbamatel urge a..")ug K_E_a@i am ne, ami de, enanine, inine, oxine,
am di ne, i m noes er car/pprfalag] ort hoest er, phosphonate, phosphi nate,

sul fonate, sulfinate, sulfide,Risul f%iﬁe di sul fide, sulfi(Mam de,

sul fonam de, th ﬁﬁéﬂ' f,randézg %Hepeﬁbér@ﬁfeacﬁ bthmsa.néaewrsmssa €sC,,

t hi ocar bonat e, i ocar banmat honam
alkylene dlvalent radical, unsubstltuted gheny ene divalent radlcal C4-C, alkyl or C4-C,

alkoxy substituted phenylene divalent radical or C+-C,, arakylene divalent radical; As is —O-
or -NH-; g, and q. independent of each other are an integer of 0 or 1; Ry4 is hydrogen, C,-
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[ 0062] Exenplary reactive groups include hydroxyl group, am ne group, am de
group, anhydride group, sulfhydryl group, -COOR (R and R are hydrogen or
Cl to CBwbkylogseaps), halide (chloride, brom de, iodi @ex/usaaglocidhs ori de,

i sot hi ocyanate, isocyanate, nonochlorotriazine, dichlorotriazine, nono- or
di - hal ogen substituted pyridine, nono- or di-hal ogen substituted diazine,
phosphor anfCelfltd or haidgen:felend Rz indengndent ofsakli othgrl aréiaydraben, C:-C, alkyl,
hydroxysucghéﬁ,yméﬂ&,,@g;@enogehydroxysul f osucci ni m de est er i mdo ester,

hydr azi ne, donitr E gn? azide, 3-(2-py

di t hi o) pr OEH%? nfﬁlaaé““ %?ﬁ P %Eﬁ%ﬁ‘?ﬂ@'y °§1§6‘5P§ab'i UGB@P'VISHW@EG eAPa¥MSE ood
that coupl piite agmtiorscame pItEpatesletda mhiltiple @tep BRcess &3 fevWHOdi i m de can be used
the. ol ecueilp iPhesEEp Y br A0 sihoREbdte e (AR A B eyt oo (ot
di met hyl anPHeeEps hyquah Bwrm'm'a@ oeexgroup& fe-9- dareine leppreyxshiarealivbdi | mi de

( ch:) : 1- sighoaike oy ﬁ¥d30)(yfzgr6(ﬁi) pé&? lon@ekhdswd doupiing @ekictish skdweeid p?a%lf ay!
carpoarrm reao X I N m
N- hydr oxys%?ftggtué’g}ioﬁlglrﬁugg g gta'Bg RS- 9%1{{? 0 qlﬁécj Sigreae i”’ﬁh @E{P'Bgd’f‘??ﬁnae (e.g.,

EDC) - nedi agredP(®oupl i ng reaction to inpr ove coupling (conjugation)
effici enCY[OOE@CItWQI l@@wNFﬁhé £t Gal D6k fhatchiRS HalaEﬁv@%rduFﬁééh g act i vat ed

site on a nole &p Fmsg( NHS- est er can react amnes to form
ani des. [Oﬁ%’ﬁ'f"t i %’r"&fﬁgﬁ Unde{&neWHRAUPIA SgactirnrepLitions el 88 iHatRe coupl i ng
reacti ons feductipn eqraitiomeydetgdiatier copdersativnicogditpak, \sdlditiarxe@nditionsi §ubstitetioai nal
phenonepgrcavmw&m%&sa&.s& IR J??eagﬁ&hbgn&%?c%%rﬂgcrggshm%r oxyl groups

(-OH) rimary am no grou am no NHR) , car boxyl
groups (- (m‘lal'°"sem°§’r’ﬁﬂ%"”gﬁ Wﬂé“b‘?’@[ﬂﬁé «‘enm@woam?étsg«tbups

(- CONH2) , aeshglddgrbupche f@WlTMhlc%aﬁunhime )r(élfucéd an bﬁ\ﬁnb@kc?@@l‘@d%&_t 3

groups, is r. = r aci

anhydri de &ﬁ%%na%h Ch%dgéjl%ﬁ%rmha% gnﬁ% '% %Q%é N9 [%‘@é‘g’]‘O %Olip r’eﬁ‘gelfﬁESJHRe“’"Z:orrpound can
be used mlsveqyénq@f@mrmwemhmgeaan amine group eaactsaith ag epody gsiupdxterme am t h

t erm nal DMH@nmagg@NnL%b N0 of NHp- a%e. tv@-alk ﬁdm@ngcamgumwmts%tns a
functi onal rou

I
s Tt o P T A S S S S,
hydr oxy cy clakégexy®-pladwgrioky teante Witk amgeid chigrid2 tafetrhgn esterihieagg:la iydpxppanone,  2-
br ori SObuérXu&r‘eQélé‘m{‘&) |so&aﬁk¥%9&¥%c&&tﬂmq|ﬂ%@v ard dUHRPRAG RS- BRIRARDE: 2

am noacet ophenone drochlori d
2- benzy1- 29"RUREAAIGAST N 2PATHR5Y am'cagw bl 1A SsMarneagndany apinedintias, (-
2- met hy| - 1KM4-)( omibrbytkyll bi rdmbéekyy drbuReanmoegeheit asgeoagannamieo glolp 6RH-)Any

pol v 110Xty W4 BhoPiGn Ol A1) "Gl iy &rspaﬁda.dpﬁdf@geeangﬁg . chloro,

bromo) termn grioups can prepar rm nal
phenone gr Wity tsitiaryBrinesres (dYR- )stqéwrfpwlagemawmw (aﬁl Redlimkegeci al |y

ﬁ/\t/)al | abl IeI [0061)- Exérﬁmﬁ/eémdnp&bndmg@bbh& 48 form&d bEWEHIRIR opr Gel est, Inc,
rrisvi e

I b
i funct 1 orprUbaeRgRyed an R P afed Pro e ekl RechBr 2 °
pol ysi | oxateshap@tpraieasuretbance aming, aniideh eranaie, dnihe oximer anidine.aminoeerge accor di ng

t o procedugfsnd@Ssihbbsst bH&sMoﬁatePp%lb?ﬂ?ﬁnawosmémﬁg"iulﬂ@ale AMde stifde, 132 (herein
i ncorporated by references In tgl r entireti esa@(ﬁée gﬁfﬁlﬂ In the second step

for the pr@i}gldﬁﬁugﬁa’a‘fjecsﬂﬁq”ﬁm&?t ke Fh ?}@P‘?& YRS, the terninal
phenone griispdrsgnatef thicaarbsradte grd @hadphorgnintel ysi | oxane is served as

ht oi ni t f f
ot e hydr obfia); Berly réaBe/ Aslpt Roublaf il i Y BB oF Rl PEE 010 %%
conposi t i ofhEdiesBrosp, rﬁg"ﬂa/dFVé@!P%I'C@@ﬁéRéPi’ ﬁga’GBY‘VSQqnd’kgnlé’ FrAliYHRIOURS} ni nal
phenone grrmuax(@b\lomdbremie%dmr@yruwnarepruotmdcyanafeyisb@anmoners and/ or vi nyl

acetat e, er%&: %989 ﬁe gi Bﬁ%tria?'ﬂg Ir'r? ecgr ol Eﬁlg%eb\éﬁbsft {U?et%ﬁ&?g o?'ae attached

to the ponS| oxane er c eave oxane each
initiati nghaﬂqgeesut&uu@dplaéinmnhomhewnwltmmmtdez%ﬁdm %fFfOFtYh'éa“é? mor e
hydrophilic vinylic nononers and/or vinyl acetate in the conposition. As
such, a hydrophilic polynmer chains can be forned which extends froma
portion of the phenone group(s) which is still attached to the

pol ysi |l oxane. [0068] It shoul d be underestood that for preparing an
actinically crosslinkabl e polysiloxane copol yner of the invention, a
hydrophilic vinylic nononmer should be free of functional group so as to
avoi d introducing nore than two ethylenically unsaturated groups into the
pol ysi | oxane copolyner. It is believed that by keeping the hydrophilic
pol ymer chains free of ethylenically unsaturated groups, they can stil
dangle freely even after they are copolynerized with other |ens-form ng
naterlals to forn1a Iens Such dangllng hydrophlllc polyner chaln may

ey o 4 I o



0O CH3 O OH L--\-CH2-04CH2TPDM34CH2430- CH2-1- catal yst OHOH
0-*CH2- 3- TPDVB4-CH24i0 0 Step 2V H (CH -CHO C) NCO 04- CH24TPDMs- 4- CH20
CH2- CH) - HVD 2010/056686 PCT/US2009/063944

hydroxysuccinimide ester, hydroxysulfosuccinimide ester, imido ester, hydrazine,
axidonitrophenyl group, azide, 3-(2-pyridyl dithio)proprionamide, glyoxal, aldehyde, epoxy.
[0063] Itis understood that coupling agents may be used. For example, a carbodiimide can
be used in the coupling of a carboxyl and an amine to form an amide linkage between the
molecules being coupled. Examples of carbodiimides are 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide (EDC), N,N'-dicyclohexylcarbodiimide (DCC), 1-
cylcohexyl-3-(2-morpholinoethyl)carbodiimide, diisopropyl carbodiimide, or mixtures thereof.
N-hydroxysuccinimide (NHS) or N-hydroxysulfosuccinimide may be desirably included in
carbodiimide (e.g., EDC)-mediated coupling reaction to improve coupling (conjugation)
efficiency. EDC couples NHS to carboxyls, resulting in an NHS-activated site on a molecule.
The formed NHS-ester can react with amines to form amides.

[0064] Preferably, the functional groups involved in the coupling reactions for preparing
radical-generating polysiloxanes with terminal phenone groups are selected from the group
consisting of hydroxy| groups (—OH), primary amino groups (—NH,), secondary amino
groups (—NHR), carboxyl groups (—COOH), epoxy groups, aldehyde groups (—CHOQ), amide
groups (—CONH,), acid halide groups (—COX, X= ClI, Br, or |), isothiocyanate groups,
isocyanate groups, halide groups (—X, X= Cl, Br, or |), acid anhydride groups, and
combinations thereof.

[0065] Any phenone compound can be used in the preparation of a radical-generating
polysiloxane with terminal phenone group(s), so long as the phenone compound contains a
functional group, such as, amino, epoxy, chloroalkyl, bromoalkyl, or hydroxyl group.
Examples of phenone compounds include, without limitation,
hydroxycycolhexylphenylketone, 2-hydroxy-2-methyl-1-phenyl-1-propanone, 2-
bromoisobutyrolphenone), 2-hydroxyacetophenone, 2-bromoacetophenone, 2-
aminoacetophenone hydrochloride, 2-benzyl-2-N,N-dimethylamino-1-(4-morpholinophenyl)-
1-butanone, 2-methyl-1-[4-(methylthio)phenyl]-2-morpholinopropanone.

[0066] Any polysiloxane with one or two amino, hydroxyl, epoxy, halogen (e.g., chloro,
bromo) terminal groups can be used to prepare a polysiloxane with terminal phenone
group(s). Examples of such polysiloxanes are commercially available, e.g., from Aldrich,
ABCR GmbH & Co., Fluorochem, or Gelest, Inc, Morrisville, PA. Such polysiloxanes can
also be used to prepare a difunctionalized polysiloxane of formula (ll) containing several
polysiloxane segments connected with each other through a linkage according to procedures
described in U.S. Patent No. 5,034,461 and 5,416,132 (herein incorporated by references in
their entireties).

[0067] In the second step for the preparation of chain-extended polysiloxane copolymer,
the terminal phenone group(s) of radical-generating polysiloxane is served as phtoinitiator
for the free-radical chain-growth polymerization of one or more hydrophilic vinylic monomers.
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00P)----NHO Scheme 1 W/ N OH CH2 CH2 - NH
) 3PDVB( CH2) 3N- CH24CH2- T el i +- 1 C
WO 2010/056686 PCT/US2009/063944

When irradiating with UV radiation a composition comprising a radical-generating
polysiloxane having terminal phenone group(s) and one or more hydrophilic vinylic
monomers and/or vinyl acetate, each phenone group is cleaved into two free radicals, one
attached to the polysiloxane and the other cleaved off from the polysiloxane, each initiating
free-radical chain-growth polymerization of one or more hydrophilic vinylic monomers and/or
vinyl acetate in the composition. As such, a hydrophilic polymer chains can be formed which
extends from a portion of the phenone group(s) which is still attached to the polysiloxane.
[0068] It should be understood that for preparing an actinically crosslinkable polysiloxane
copolymer of the invention, a hydrophilic vinylic monomer should be free of functional group
so as to avoid introducing more than two ethylenically unsaturated groups into the
polysiloxane copolymer. It is believed that by keeping the hydrophilic polymer chains free of
ethylenically unsaturated groups, they can still dangle freely even after they are
copolymerized with other lens-forming materials to form a lens. Such dangling hydrophilic
polymer chain may migrate to the lens surface to make the lens surface hydrophilic. To
minimize the migration of polysiloxane segments, it is desirable that the actinically-
crosslinking sites would be located in the polysiloxane segments or near their ends.
However, with respect to a non-crosslinkable polysiloxane copolymer, any hydrophilic vinylic
monomer can be used as described later.

[0069] Where T in formula (I) is a polymer chain including viny! alcohol units, those vinyl
alcohol units can be obtained by hydrolyzing vinyl acetate units after the ethylenically
functionalizing step.

[0070] Where a C,-C4-alkoxy polyethylene glycol (meth)acrylate having a weight average
molecular weight of from 200 to 1500 is used to prepare a chain-extended polysiloxane
copolymer (step 2), the resultant polysiloxane copolymer of the invention can have a bottle-
brush-type (i.e., a polymer main chain with short hydrophilic side chains) hydrophilic chain.
[0071] In the third step, the obtained chained-extended polysiloxane copolymer can be
ethylenically functionalized, by reacting it with an ethylenically-functionalizing vinylic
monomer having a functional group, such as, isocyanate, epoxy, acid chloride group or
anhydride, which can react with the hydroxyl group or secondary amine linkage of the chain-
extended polysiloxane copolymer, so as to obtain an actinically-crossiinkable polysiloxane
copolymer of the invention. Any suitable vinylic monomers containing a functional group
selected from the group consisting of isocyanate, epoxy, anhydride, and acid chloride group,
can be used as an ethylenically unsaturated vinylic monomer in the invention.

[0072] Schemes 1-5 illustrate several examples of preparation of preferred actinically-
crosslinkable polysiloxane copolymers of the invention based on the muitiple-step process
discussed above. It is understood that by replacing reactants in the schemes, one can
prepare different polysiloxane copolymers of the invention. A person skilled in the art will
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ImC=0 C= OH0 N Cl Scheme 2 HO2CSH
0- (CH2) 3PDMB( CH2) 3-N-CH2-- (CH2-C--)-S -(8 - CH2)-- CH2-NH
L WO02e101086686 /| N PCT/US2009/063944

understand well how to select catalysts, reagents, and reaction conditions as illustrated in
Schemes 1-5.

Q

0
@’“\(CHS A
2 HaC ~OH L\—CHz—O-(-CHZ-)3—PDMS-(-CH2-)30—-CH2—A
Step 1 catalyst

o) OH OH o
©)S<O\)\/\O-(-CH2-)-3—PDMS-(—CH2');O/\/\/ o>(u\©

(o}
Step 2 le T ‘b

OH OH
H<CE-CH2)t7<O\/\/\O_(.CH2-)?pDMS-(-CHz-)so/\/\/o>(((CH2—C|H>t—H
O <)

O, 0
Step 3 :-8_0\_\ Catalyst ;I/O\/\NCO /O_;
(o]
HN—<O 5

»—NH
o o)
H(CH-—CH O\M /\/'\/0 CH —CH)—H
rL 2)t7< 0+ CH, ¥ PDMS £ CH, %0 2
0 o N

Cr e

Scheme 1
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Scheme 4 Schene 5 [0073] An actinically-crosslinkable polysiloxane

copol yner of the invention can find particular use in nmaking silicone

hydr ogel waterim@bee6and sili cone-contai ni ng prepol yners. PCOMB4}090b4pr esent
invention, in another aspect, provides a silicone hydrogel contact |ens.
The silicone hydrogel contact |ens of the invention cogprises: a silicone
hydr ogel nater‘aLH3 nd dangl i ng hydrophilic polyner chgtgs whi ch are
covalently ﬁﬁchore to 1-yoretrCHet-PIME—OFH 1 tPe—S Tt e hydrogel

mat eri al , erein the silicone hydrogel material is obtained by

pol ynerizing a | ens-form ng mat eri|@hse¢acl udi ng an actinically-crosslinkable
| i near pol ysil oxane copol yner, wherein the actinically-crosslinkable |inear

pol ysi | oxane copel yngr @onprises at | east one Iinmaerobysiloxane segnent

end- capped at | east ai/bgg~g;ﬁthe t wo ends_gj/{ggkgp ne segnment with
a hydrophi | i r chai n ThPoFRr AT RKage and at 1easi gdne
et hyl enci al | y™insat ur at ed grOﬁﬁ c%v lently linked to the |1 nkage, wherein

t he dangling hydrophilic poly hai ns=ar €°Jesivgd fromthe o
actinically-crosslinkable polysil gxan¥ copol ynmer, wherein the dan ?lng
hydrophilic polynmer chains in the silicone hydroggl water,al i pabl e of

inparting t sil{cone hydraogel (%%Dhga?a h ro,bth il 6, SLY e W t hout
post-curi ngi%nfta}ec%wat nt > [ 0076] | of varioUs enmbddi meht's: of
actinical | y-drossi® nkabl e 8l ysi | okane copol ynmers can be usedyFiP this
aspect of th T fventi on. [0076] A [lensoformng material” refers to a

pol yneri zabl _conposition which cap ke cured (i.e., polynepriéa\and/or
crosslinkedy’fhernally or actinically in a nold to obtain a contact |ens.
Lens-formng nmaterials are well known to a person skilled in the art. In
accordance with the ini&ntion, a lens-fornmng material can be prepatdd by
addi ng an actinical%x;f ossl i nkabl e polysionanemcopolyj?%mof t.he—T nventi on

I 0
f

to any lens fornu a'*_hs for m '@gm§9£paggqug;LL9nseaﬁ y |l ens
formul atio -Aahpe et i

0 rmtation the fornulatioQ§ | pt/maf i | con A,
lotrafilcon B, etahilcon Agygenifilcon A lenefilco  pol yn&Ton,
acquafil con A=1al afilcon, senofilcon A and the like. Preferably, a
silicone hydrpgel lens-formng material used in the present”invention
conprises a/AiNi cone-containing vinylic nononer, macronmer or prepolyner. A
| ens-formng material can further include other conmponents, such as, one or
nmore hydrophilic vinylic nononers, one or nore hydrophobic vinylic
nononers, one or nore hydrophilic prepol rs, polymerization initiators
(e.g., photoinitiator or thermal ini?'%T%H?, avisibility tinting agent
(e.g., dyes, pignents, or mxtures thereof), UV-blocking (absorbing) agent,
phot osensitizers, inhibitors, antimcrobial agents (e.g., preferably silver
nanoparticl es), bioactive agent, |eachable lubricants, fillers, and the
i ke, as known to a person skilled in the art. [0077] Any known suitable
silicone-containing vinylic nononers or macroners or prepolynmers with one
or nore ethylenically unsaturated groups can be used in the |lens-formng
material. Preferred exanples of such nonomers or macroners are
nononet hacryl ated or nonoacryl ated pol ydi nmet hyl si | oxanes of vari ous
nol ecul ar wei ght (e.g., nono-3-nethacryl oxypropyl term nated, nono-butyl
term nat ed pol ydi net hyl si | oxane or
nono- ( 3- met hacr yl oxy- 2- hydr oxypr opyl oxy) propyl term nated, nono-butyl
term nat ed pol ydi net hyl sil oxane); dinmethacrylated or diacryl ated
pol ydi net hyl si | oxanes of various nol ecul ar wei ght; vinyl term nated
pol ydi met hyl si | oxanes; vinyl term nated pol ydi net hyl sil oxanes of vari ous
nol ecul ar wei ght; nethacryl am de-term nated pol ydi et hyl si | oxanes;
acryl am de-term nat ed pol ydi net hyl si | oxanes; acryl ate-term nated
pol ydi nmet hyl si | oxanes; nethacryl ate-term nated pol ydi net hyl si | oxanes;
bi s- 3- met hacryl oxy2- hydr oxypr opyl oxpropyl pol ydi net hyl si | oxane;

N, N, N, N -tetraki s(3-nethacryl oxy- 2-

hydr oxypr opy1l) - al pha, onega- bi s- 3- am nopr opyl - pol ydi net hyl si | oxane;

pol ysi | oxanyl al kyl (nmeth)acrylic nononers; siloxane-containing macromner

sel ected fromthe group consisting of NMdcromer A Macroner B, Macromer C,
and Macromer D described in US 5,760,100 (herein incorporated by reference
inits entirety); the reaction products of glycidyl nethacrylate with

am no-functional polydi nmethyl sil oxanes; hydroxyl-functionalized

si | oxanecont ai ni ng nononers or nacroners; siloxane-containing macroners
disclosed in U S. Patent No. 6,762,264 (here incorporated by reference in
its entirety). D and triblock macroners consisting of polydi nethylsil oxane
and pol yakyl eneoxi des could al so be of utility. For exanple one m ght use
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[0079] In accordance with the present invention, a silicone hydrogel

| ens-form ng material can al so conprise a hydrophilic vinylic nononer.
Near |y arwohydvispdssl i ¢ vinyli c nononer can be used in tir€eTASROMI0CHIS Y
pol ymeri zabl e conposition for preparing the internediary copolynmer with
pendant or ternin% functional groups. Suitable hydrophilic vinylic
nononers are, wW.thout t bei ng an exhaustive list, hyd§roxyl-substituted
hydroxyl-subs[fty%éﬁiﬁl- EheyHoaetophat rops-arichmet-hets es, acryl am de,
met hacryl am ¢, “C1l- C8 al kyl acryl anjdes, Cl- C8 al kyl nmet hacryl am des,
ethoxylatedﬂggrylates, et hoxyl at ed| pgt hacryl ates, hydroxyl - substi tuted
Cl- C8 al kyl ggryl am des, hydroxyl -substituted Cl-C8 al kyl net hacryl am des,
hydr oxyl - substituted épower al kyl vIinyl etherg, sodiumvinylsulfonate,

sodiun1styrenesqlE nate,~ 2- acryl am do- 2- | ppopanes oni id,
N-vi nyl pyrrolfe, ??%&TTETﬁV?@ Fﬂﬁﬁw@?ﬁzgpﬁ?%de§é§§Pr2£i>—ggé@&
2-vinyl 4, 4" -anal kyl oxazol i n- vone, =&- and 4-vinyl pyridine, vinylically
unsat ur at ed rboxylic mgeds haying &®otal of 3 to 5 carbon atons,
am no( | ower Ryl ) - (where the st rrrMami®$™ al so i ncl udes guat er nary
anmoni un , o(l ower al kyl am no) (I ower al kyl) and di (| ower
alkylanino)(f%mer al kyl )acryl ates and net hacrapl at es, Iogd%Mﬁﬁgol, N- vi nyl
al kyl am de, N yi pgl A T e CHIsIRUS(@HI® N R0636% JAmong the preferred
hydr ophi | i @wilnyl i c nmonoggrs are N, N-di nmet hyl acryl am de (DVA), CHCHCOH
2- hydr oxyet h Inethacny

€

hacryl ate (HEMA), 2-hydroxyethyl acrylate (H EA),
hydr oxypr opy °'y‘3%”?yﬁ at C,Hzcﬁi/Hdr oxypropyl (et hacryl ate (HPMA),
tri met hyl anmoni um 2- hydr oxy propyl netlhacryl ate hydrochl ori de, Am nopropyl
met hacryl ate hydrochl ori de, dinethyla 'noethM{ met hacr ylcat e ( DMAEMA) ,
gl ycerol nethacry] ate (GVA), NVinybuse rrpliglo e/(?rﬂypwmmmﬁ
dinethylanhggﬁ;hﬁ*ﬁﬁ?%%ﬁf?%ﬁﬁ?%é,@acryf?ﬁ%ﬁé?”ﬁé?ﬁ&br am de, émb%h»H

al cohol , vi yridine, ® (1, 1di nethyl-3 e*zgrtyl)acrylanide, acrylic acid,

a Cl- C4- al keayompalyaichybane gl ycol (FiiEeh) acryat e havi ng a wei ght aver age
nol ecul ar weight of from 200 to 1500, tlkacrylic acid, Nvinyl formam de,
N-vi nyl acetam de, N-vinyl isopropylamdg, Nvinyl-Nnmethyl acetam de, allyl
al cohol, and N-vinyl caprolactam [0081]'A sifi coge hydrogel |ens-form ng
material can al so conprises a hydrophobic nnngﬁe#? By incqrporating a

certain anmount of hydrophobic vinylic nonomer §in a pol Fagbhee 1 uid
conposi tion, the-freehan ope F?@%“f@P%TY)thh+ﬂ3r€?FgTastikity) of the
resul t ant I r may be igproved. Nearly any hydrophobic vinyl$c nononer
can be used | n the actinica Opol yneri zabl e conposition for prép8Pg the
i nt er medi ar yrogowpt-gromeeH,atH h [pendant or terminal functional groups. Suitable
hydr ophobi c vinylic monomer SN ncl ude, without |initation,

Cl -G g-al kyl acryl ates and -net hacryl ates, C3-Cl al kyl acryl am des and -

met hacryl am des, acrylonitrile, nethpgéywdpnitrile, vinyl-C -G g-al kanoat es,
C2-C 8-al kenes, C2-C 8- hal o-al kenes, styrene, Cl-C6-alkyl styrene,

vi nyl al kyl ethers in which the alkyl noiety has Ito 6 carbon atons,

C2- G o-perfluoral kyl -acryl ates and -nethacryl ates or correspondi ngly
partially fluorinated acrylates and net hacryl ates, C3-G

2- perfluoral kyl -ethyl - thiocarbonyl am noet hyl -acryl ates and -net hacryl at es,
acryl oxy and net hacryl oxyal kyl si | oxanes, N vinyl carbazol e,

C -Cl2-al kyl esters of maleic acid, fumaric acid, itaconic acid, nesaconic
acid and the like. Preference is given e.g. to G -C4-al kyl esters of
vinylically unsaturated carboxylic acids with 3 to 5 carbon atons or

vinyl esters of carboxylic acids with up to 5 carbon atons. [0082] Exanples
of preferred hydrophobic vinylic nmononmers include nethylacryl at e,

et hyl acryl ate, propylacrylate, isopropylacrylate, cyclohexylacryl ate,

2- et hyl hexyl acryl ate, nethyl met hacryl ate, ethyl nethacryl at e,
propyl met hacryl ate, vinyl acetate, vinyl propionate, vinyl butyrate, vinyl
val erate, styrene, chloroprene, vinyl chloride, vinylidene chloride,
acrylonitrile, 1-butene, butadiene, nethacrylonitrile, vinyl toluene, vinyl
et hyl ether, perfluorohexylethyl-thio-carbonyl-am noethyl -nnet hacryl at e,

i sobornyl nethacrylate, trifluoroethyll&ethacryl ate, hexafl uoro-i sopropyl
met hacryl ate, hexafl uorobutyl methacryl ate,
tris-trinmethylsilyloxy-silyl-propyl methacrylate,

3- et hacryl oxypr opyl - pent anet hyl - di si | oxane and

bi s(met hacryl oxypropyl)-tetranet hyl -di sil oxane. [0083] A silicone hydrogel
| ens-form ng nmaterial can further conprise an antimcrobial agent,
preferably antimcrobial netal nanoparticles, nore preferably silver
nanoparticles. [0084] In accordance with the present invention, a silicone
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U light of a suitable wavel ength. The spectral requirenents can be
controlled accordingly, if appropriate, by addition of suitable

phot osenswOi2avs6¢80089] Exanpl es of suitabl e thernmal i niPCiratSees/o63ves ude,

but are not limted to, 2,2 -azobis (2,4-dinethylpentanenitrile),

2,2 -azobis (2-methyl propanenitrile), 2,2'-azobis (2- nethyl butanenitrile),
peroxi des such as benzoyl peroxide, and the liJke. Prefer bly, t he t hernal
initiator is azobbsiso ni 644&w&m&mﬁp\LﬂQgﬁl/Egéﬁbﬁﬁ?(%W"ﬁreferred

pi gnents in any S%ftfgﬁ?/EZrnitted in nedical devices and &ppttied by
the FDA, suchl as D&C Bl ue®No. 6, D& C Green No. 6, D&C Violet No. 2,

car bazol e vi 6B CEFTEP R copper conpl exady, CEEHHERRCENEDN um oxi des,
various iron oxides, phthal ocyanine green, phthhal ocyanine blue, titanium

di oxi des, etc. See Marm om DM Handbook of| 2JiE8/psCol orants for a |ist of
colorants that may be used with the presgnt invention. A nore preferred
enbodi nent of a pignent include (Cl. is the color ind no.), w thout
limtation, for a blue color, phthal ocyani ne blue (prgment blue 15:3, C |
74160), cobalt blue (pignent blue 36, C.I. 77343) Toner cyan BG
(Clariant), Permajet blue B2G (d ariant); for ®s—green col or, phthal ocyani ne
green (Pignent green 7, C. |I. 74260) and chromdim sesquo0 ngwvjor yel | ow,
red, brown and black_ eg TOUEHRPNSITHx e s O , PV154J for violet,
car bazol e vi oPor bIWI ith black G K (ClBA Speci al t y*"CheHi cal s) .
[0091] The bi oacti vE“EG&ht \i ncorporated in the polyneric matrix is any

conpound that E¥M"™5F event lady in the eye or reduce the synptons of an
eye mal ady. The bioactivé®agent can be adrug, an anino acid (e.g.,
taurine, glycine, etc.), Ampﬁbypépi}fkhN rotein, a nucleic acid, or any
conbi nati on thereof. Exanples of drugs"useflul herein ¢ nclude, but are not
linmted to, rebadipi t 'of—emz)spmsamd\dﬁqgg\,cxo feerate,

cycl ospori ne edocrom I, Tevocabastine, | odoxani de, ketotifeén  ?or the
phar maceut i %m&ysaccept |l e salt or ester thereof. O her exanples of

bi oactive agents]incl ude /Z=pyrrol i done-5-carboxylic acid (PCA), al pha
hydroxyl acids (€.-g., giycolic, lactic, malic, tartaric, mandelic and
citric acids and salts thereof, etc.), linoleic and gamma |inol eic acids,
and vitamns (e.g., B5, A B6, etc.). [0092] Exanples of |eachable

| ubricants include wtho Ny ation nmucin-like materials (e.g.,

pol yglycolic acid) and non-cr¢sl|inkable hydrophilic polynmers (i.e.,

wi t hout ethylenically unsaturated groups). [0093] Any hydrophilic polyners
or copolynmers w thout any ethylenic%kbgnggsaturated groups can be used as
| eachabl e | ubricants. Preferred exanples of non-crosllinkable hydrophilic
polynmers include, but are not limted to, polyvinyl alcohols (PVAs),

pol yan despoops] Winsciisally-80$<ihible PBRsiorRandRBRNPhel BEthe Mvertiol cayfindl act am  a
copol yner of.ah¥least gne.ﬁin¥h %%%an1i$ tQF1ﬁresenfe‘or inlthe absence of
one or nor B BEHI MEENY PRPIE &Y MRS 2N RN BE RSP B YISy | ami de or
met hacryl afo0d4, Tae peperit ywentionfin amather asnedteprovidess dilcone/hyarmgdeconiattiensne or
more hydr o djjicEne/ty@MabicoRBRMR b the RREMBH BYh5HREs: @6lieehe(HydRgel rirget hy! ene
gl ycol (F%K%%$$a_gol¥ox ethﬁlene derivative, OI%-N-N-dlne?hylacrylanlde,
pol yacryli#8 gling Bydropiic Lo mer i2igs whickare Cﬂ@b‘g‘r"Y nahetey dube RSy Mefes

pol ysacchamatiesf thasilitong kydusgesmatheal ediereid 66 Siidond hgdregenipeterial vsobdareediyp| ecul ar
wei ght M , - Gl i : r e - I1S.r y from
5 000 ¢ o SEUBUG"S S SRR AR Rt Rl B8 iRy Red Bl ST

pr ef er abl ycaPPyReRyherel therclineripomssinkrptinearpolgiosineLaeyetcamprges shvent i on,
a lens-for @wgnmffer;bowsndxsneazegmmbrciamd\ggbm gcca? dﬂfhefM(S@rids][oif te ]g)r a melt
at a tenmperature from about . out re ens-form ng
mat or a1 e e peefleREit fipebfe AP chmteli R RIS duadt e, or yan ¢
sol vent , oethdengiajtt unsatucsted gieusrcougientlp ieked to the linkage, ghaleln thoflansing. [ 0096] A
sol ution Ohygedphilicleshniet BhBnLNEBENEA trém GR achifcdly-ERadIifkhbR)poisifox@he/ i NY them in
any suitable solvent known to a person skilled in the art. Exanple of
organi c solvents includes without limtation tetrahydrofuran, tripropylene
gl ycol methyl ether, dipropylene glycol nethyl ether, ethylene glycol
n-butyl ether, diethylene glycol n-butiyd ether, diethylene glycol nethyl

et her, ethyl ene glycol phenyl ether, propylene glycol nethyl ether,

propyl ene gl ycol nethyl ether acetate, dipropylene glycol nethyl ether
acetate, propylene glycol n-propyl ether, dipropylene glycol n-propyl
ether, tripropylene glycol n-butyl ether, propylene glycol n-butyl ether,
di propyl ene glycol n-butyl ether, tripropylene glycol n-butyl ether,

propyl ene gl ycol phenyl ether dipropyl ene glycol dinetyl ether,

pol yet hyl ene gl ycol s, pol ypropyl ene glycols, ethyl acetate, butyl acetate,

. o .. .. ..



be fornmed through various techniques, such as injection nolding or |athing.
Exanpl es of suitable processes for formng the nold hal ves are disclosed in
U. S. Pat ewO 2blo#056686444, 711 to Schad; 4, 460, 534 t o BoehmpeT/usk009/0639843, 346
to Morrill; and 5,894,002 to Boneberger et al., which are al so incorporated
herei n by ref erence. [00100] Virtually all materials known in the art for
maki ng nol ERPOY AN whergiadie danglipglbydraphiligPolymer ghaiap dytheglicppe hydrogebmetesal For

exanpl e, pwelcypable ot mﬁﬁé’f‘tﬁig it sflicorfeliyBrogd chthdt RinB ¥ IhgdrephillR LMD RYbR PBst-

pol ystyren ol efin copolyners (e.g., Topas(r) COC from Ti cona
GTbH of Fr%uﬁ'ﬁ?%be aanjr%ﬁ and Summt, New Jersey; Zeonex(r) and Zeonor(r)

from Zeon [0AEEH Adbkvaripys q_mmd@\ﬁhtSIOéactimll,v -coasslinkablé pdtysilo@ne bepolyseds. ca@ her
mat er i aI S 541@@@“},,@%54& Aflﬂg!ht,vew,@,nsm ssion could be used, such as quartz,

gl ass, eferred enbodi nent, reusable
nol ds can é87ﬁsgd%3§ "P'H% ”ﬁ' E‘?%F!ﬁtﬁlarﬂwg’ef' le| GORLOF NG CARPRFYET can be
exposed t ofi.e, pyhaberiaéd aridfar cabsliokedd theamatly o actimieedly aitd mold toookt#ins sortad t he

prepol ymerg,o Lémam ﬁg%atr.én@gg@gg&omg Xsié aﬂ?&tﬁskmtd AYRE Lt .rpéccg géﬁéz wihe those

disclosed 1n U'S I'S I ncorporate ref erence
in their eWFiWV%’tt'P%§ 'erlsrf°t"H”95m§F§r|t?é€?" betﬂﬁ%PaF%‘rPé/ 3P6'f‘$na'h@Ct'ﬁﬁ?'é/rqf‘asls“flkéb'ﬁour ed
|ntﬁ a rr:ol pblyeMaxahes¢dpBgmer of tivedinvepliah th&thI@r%forhtiﬁhbﬂﬂomé%d'@h\éer&acfwt tOECm ng
each ot her . . . tween them
The gap 1 s ehetk RIBAR GrorttiialBh Ry BN R S AR LRI RRGIRRT

mat eri al cArotfafilen Brﬂtafﬂqoné gruffilcon Asleesficon M"WP@@W@N@OMI@@NCHM can be

used only gMefeoniA, ah@themsesnamf@amyora sl’lu@dh‘é&h%r@géll!éﬂé ?o?mm@'n%?e‘ilal FR@Rhe € nol ds
to be used ion.of alens hese nol ds can be

cl eaned r a?JF%ﬁ"{}'"ét?&°’b?%é'ttigfet"§°teo°‘tﬂgatﬁtﬂ Yy ji Bnamed ”F?é’f°é'?ﬁr87 s and ot her
resi dues, prspahgnenat lens-forming saietial lshrefugigrireivde othartcoopnndnts, dudhed, avetdn ai r .
Reusabl e ”Hlar‘é%g&ré&m%'vﬁ@ncbrﬁod&ﬁﬂ% QHe&}nSbY&MdFop%tﬁé t.ﬁ]m&%ﬂér% Tone SHRBre@S foOr

exanpl e, Topas COC gr ade 07-S10 (cl ear anor phous copol'ynmer of et hyl ene
and nor bor 'PYQFP@ lig FPFSPH'VF“%%HS'VW“%T'”'W%’HW Qtrﬁh°t°t§éttaFPéﬁS/th5rﬁ?f' @lHPr‘FH)ta New
Jersey, Zedsigitetiraingl agemo @y, alyés, crgmzetsrbr@hbemresmbmol),mv-bjccku@\(atbéoﬂmngb(Y Because

of the r eu%g%ﬁfhgﬁc}tgseﬁgltlz%gelﬂﬁgltoqs ﬁ a'gblalaagérﬁé %td ep%f? a&k%ﬂe%ﬁnﬂ%{r&&&@ f be

expended a ctron

extrenely tPiPaj’ﬁvepﬁgé@ti EF‘&ﬁb'ar'tﬂ’“?@Eﬁ titgre P th? t"S? asnqwe tq :eerpes] ilpdiniles do not
touch eachgpther in the region of the lens to be produced, i.e. the cavity
or actual fac as a result. of contact is ruled out. This
onsures o WP 687 Goun FIRE B ah BRRg Y Tlaairefer slelorelior - o so

ensur es hi gepalymeroitrcaneior more efffiylanivellyomsatargted lgeawpeean e used pprtbrlieced and hi gh

fidelity tgmhi ﬁ?mét@fh? Fd@f@tr&f‘exa[nggggf@uc%%ﬁ‘dmér?@r Hté%?o?ﬁér@ér@ ng material is
di spensed | nto uce a contact | ens.

O obel ki FEMEYragu TR of matar i NS SRy VaHn SOBPIB T ¢
radi at i on, (eguoionas-rdthdacrytaxgpreyll @rminated)inDhorutyldehritatedpo(ydimpthylsiaane or X-r ay
I rradiatio &)monLSQ%Qﬁ’ﬁh rg BS- ?ﬁ@%&ébrﬂpdfdxgﬁ o%?l‘ié}h%fé@ fh d°\t/ Qﬁyﬂté?r‘ﬁﬁqg{e on may be

effected in Y tes ant ag eousyln
m nut es, pRAiEIe] 59°’iaﬂe)1@mﬁ‘hﬂ‘ift'6§ orgiagrylatet Raysimatinsilpyanes ofvatiQuss |
parti cul ar mlequize iveightbVibly| teimiated pSPdimepsidganas dvimpimipated i cul arly in 5 to 30

seconds. 90(?]6 e]thy%??xalngsgof%nqtggﬁtolggugr v?eﬁ,)f;ht %tthatc&%n-{;g%-tg%qna%o“ cle can be

renmoved fr'o se. [00105] The
mol ded conm%@tmqtrerif,é@@nwﬁcwlamtdhéefm@a@p@glvdlmethvlatomr@rs %wd%%@sfé@ate@uch as,

for exarrpl Soly dmﬁyﬁq&ahéseatefﬁa&tlatestrﬁmatédzpatyu.mathy@martégeb.tamme{cww A

cont act i nve n_oxy. er ef erably at
| east abou"t(| ﬁ‘@éoxﬁ%{f’?yéqx%pro?%P‘gydbrpgﬁg‘%g’fﬂ"ﬁ '\gﬁq\i &atgﬁsg% EWIB er s, even
nore pref emyabalxyprenyl)ta@aabmagmbls 38mr‘@ampxdmslydImnthalsmarthan@msnwamwat(ﬁe

i nvention, m%th)fweﬁtaﬂ ahé Eé/nténﬁn@fﬂa@&ﬁ&rs@@&teé ftbmretdryupr&%wned when

testing a sa hi ckness of

per neabi | i ¢ Wacmiﬁﬂa%”ﬁ%ﬁt Magromghe an’ Ntaﬁr@”tehgéﬁ?"f'%j éruéf%%e%l% has an

el asti ¢ no@edeinsnodfpofateairbyabiotehcdin Rs ditizety)ptha kraationDrdiub®af glpaidyf er ably from
about 0.3 MPa to about 1.5 MPa, nore preferably fromabout 0.4 MPa to about
1.2, even nore preferably fromabout 0.5 MPa to about 1.0 MPa. [00108] A
contact lens of the invention has an I1%¥noflux Diffusion Coefficient, D, of,
preferably at |east about 1.5 x 10-6 mm2/min, nore preferably at |east
about 2.6 x 10-6 M2/ m n, even nore preferably at |east about 6.4 x 10-6
m®/ mn. [00109] A contact lens of the invention further has a water
content of preferably from about 15%to about 60% nore preferably from
about 20%to about 55% by wei ght when fully hydrated. The water content of
a silicone hydrogel contact |ens can be nmeasured according to Bul k

Techm que as d| scI osed |n USS 849 811 [00110] A cont act Iens of the
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[00112] All of the various enbodi nents of phenone conpounds, polysil oxanes
with various functional term nal groups, coupling reactions, hydrophilic
vi nyl i ¢ nwoansvsee8¢i nyl acetate, ethylenically unsaturaP€ea/usengloszv44ronomner s
can be used in this aspect of invention. [00113] Preferably, the phenone
nmoiety is a radical of formula (VII1) RL7 0 1 \|I R18/\R19 I n which
R19 is a | mﬁwagﬁéte Mith @mingfynctignalpolydmieti@isioxahes kydrox@ifu@idnaliz&d silokdre- or -
NR20R21 i nconirtiy g mancbr Rkrohieele BRRERMon@Ming dlrottdielisdsed My &8 al kyl; R17
and R18 i ngaetgﬁrﬂ%eg%%zo{dﬁ“ ﬁeCrQ' o(t)rherrt are q%dro en, Cl-tOB alkyl, Cl1-C8
cycl oal kyl | 2or €128 rj >re feoTparated g T rg”cfg'b'ést%’&e YarRd ang éﬁ??ﬂ where u
an i nt eger magromerg censisng odolydimathlyisitvixarpeand eblgaityededxidescalR Bso BFbf Wity 1 11 |
the group ﬁ&@ﬁérﬁ%lé Bk rﬁiklr_\t‘tgémetﬂyé lafeenblca -egP gyet 1%8&8\@ SR 000 TTEE
-Dlock= . ,
NG N QL O SOENNTE SN POy S RO which R s
or Cl-C8 aPR{MeUMsierpePacheonfiyiesnedistsde emancamueen rRImesbiity Suiledlse, X6 i s
t er m nat edmoeadfinctidnarhy@bxT8uratidtialized [siiR3deddonirtngnh@deits dna\seidbieon, in a still
further aspeGtinctiBi R HES-RAndiBRs1 i : lLysil oxane copolymer (i.e.

. -fdndliBR5IZd LshiExank: ’
wi t hout any et %yPenlycaﬁ?y unsat'.ur a{ﬁecfngr oupI mﬁﬁ’\?%{%&garﬁoclo%}eﬁ%%y ne segnent
end- capped®@tad5ofan €res. laadterigvile PFdne hydrophilic pol ymer chain, which is
:.lsef ul as ?upa]SE%mms mni&dnfa@omeiaing plePblyi&H ind@ds WithuPtabidrithegel cont act

enses wit r 1 li.c surface '.t{no post, - ing.s éeatment.
Pr ef er abl yc,j'sctI %d 'ﬁ(@%} %art%nstsp?lﬁ%%ﬁbé‘mﬁ% '%P qsoéjo;ﬂ/g(dg;&%%ﬁg# E‘?@%& %‘wﬁé’d by
formul a (\andi2P0§/@Q16815 A1, US Patent No. 6,039,913, co-pending U.S. patent application Nos.

12/001562, 12/001521, 60/896,326, and 60/896,325, which are incorporated herein by
references in their entireties.

[0079] In accordance with the present invention, a silicone hydrogel lens-forming material
can also comprise a hydrophilic vinylic monomer. Nearly any hydrophilic vinylic monomer
can be used in the actinically polymerizable composition for preparing the intermediary
copolymer with pendant or terminal functional groups. Suitable hydrophilic vinylic monomers
are, without this being an exhaustive list, hydroxyl-substituted hydroxyl-substituted C4-Cg
alkylacrylates and methacrylates, acrylamide, methacrylamide, C4-Cs alkylacrylamides, C;-
C; alkylmethacrylamides, ethoxylated acrylates, ethoxylated methacrylates, hydroxyl-
substituted C4-Cs alkylacrylamides, hydroxyl-substituted C4-Cg alkylmethacrylamides,
hydroxyl-substituted lower alkyl vinyl ethers, sodium vinylsulfonate, sodium styrenesulfonate,
2-acrylamido-2-methylpropanesulfonic acid, N-vinylpyrrole, N-vinyl-2-pyrrolidone, 2-
vinyloxazoline, 2-vinyl4,4'-dialkyloxazolin-5-one, 2- and 4-vinylpyridine, vinylically
unsaturated carboxylic acids having a total of 3 to 5 carbon atoms, amino(lower alkyl)-
(where the term "amino" also includes quaternary ammonium), mono(lower
alkylamino)(lower alkyl) and di(lower alkylamino)(lower alkyl)acrylates and methacrylates,
allyl alcohol, N-vinyl alkylamide, N-vinyl-N-alkylamide, and the like.

[0080] Among the preferred hydrophilic vinylic monomers are N,N-dimethylacrylamide
(DMA), 2-hydroxyethylmethacrylate (HEMA), 2-hydroxyethyl acrylate (HEA), hydroxypropyl
acrylate, hydroxypropyl methacrylate (HPMA), trimethylammonium 2-hydroxy
propylmethacrylate hydrochloride, Aminopropyl methacrylate hydrochloride,
dimethylaminoethyl methacrylate (DMAEMA), glycerol methacrylate (GMA), N-vinyl-2-
pyrrolidone (NVP), dimethylaminoethylmethacrylamide, acrylamide, methacrylamide, allyl
alcohol, vinylpyridine, N-(1,1dimethyl-3-oxobutyl)acrylamide, acrylic acid, a C,-C4-alkoxy
polyethylene glycol (meth)acrylate having a weight average molecular weight of from 200 to
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in which Yi, Li, X1, A, and PDVS are defined as those in formula (1); and
T1 is a nonoval ent hydrophilic polyner chain conposed of nononmer units from
one or nowe 2bwdseshi | ic vinylic nononers with or w t hourCams260em639itonal
group. [00115] Nearly any hydrophilic vinylic nonomer can be used in this
aspect of the invention. Suitable hydrophilic vinylic nononers are, w thout
t hi s bei ng 1800, eethacrgliciacid, Nivay!, fomyndwdexmmsltdost'amtdul Rdinfiysbpsylamriget i t ut ed
Cl- C8 al ky I g met hacryl am de, Cl-C8
al kyl acryl gﬁﬁd%@%@%céﬁﬂmﬁ% I;I%II:I)K(I';I%Irng%Iavr'nIIII'gIS &IIng | at ed acryl ates,

et hoxyl at edPOftk rfa%f‘?'l‘ea'ﬁyééf’ge %fBWWQ@%IHﬁI FQ’\E‘@CFO(DPE'% adIYRpPRabIy | ani des,

hydr oxyl - SU‘bsdsméruB)eldccﬁ'Iorﬁ&galchstélmfem&l&@bM‘Iyarﬁbl%ﬁ: vnIWd?Im@ﬁ%eTﬁNebSt i tuted | over
al kyl viny S di um st yrene

> aeryl am BaTEHERT 106 LBt heSbocnSlBh rongiis (8, offiasr sichelh orie

N-vi nyl - 2- fRprikast WQII@??émaZbeirﬂm\@ﬂdiQﬂ”V ARy, hyﬂth’P}Q\dnyﬂC mdheohel ghmieausedim- 5- one,

2- and 4- We%ﬂnﬁ&éﬂy ﬁhly’rhﬁbnzéﬁlé\éﬂrﬁdééhdnyforlb?éﬁrn ﬁEﬁﬁerﬁ@&Q@éﬁbdl;ﬁnéWltqs having a
total of 3 to re t term "am no"

al so incl uf¥s aEfL?éf‘ é’I“IIng g?ﬁ%?f?fﬁﬁg I?@%(‘If&%@%cgww&r&%%& S(PYEr al kyl) and
di (I ower aWk'}dualmltabqr( DmﬁaB -adidylagry lates pRd aetmcyatbsn@3- hwalwameamdad dng!-

| cohol , I A th
N B Ml B oy 5. Blen 72
hydr oxyet h?h@shalofay@aasest(melm CéalkMrreJ@evmwalkymb‘Teyd iatwdich MEEAYIkyl moiety

hyd A
tIll Ince)I(%I/)I S%Inﬁﬁ%g’%hgﬁﬁgigi BX%EI/'IWI c ngn % I;/IgeI’ i°le, Ami nopr opy!
met hacr yl at@reaguhdinglip Ipanhaluélpomhatedtabryla&mand)mbihyd:rylates ICaeC J-@erituotADyRERH) |

I I th t N-vinyl:2- Lid P
i Tt nyl amIeBA DAY RUERETE e e bt B0 Rl e e, 11
al cohol , valkysilpyanesiNwenylagrazold, di 1net2ra)kylegtecsal mateid ackic fuyraderacia itacamicy | | ¢ aci d,
Cl- C4- al I ' I
P e o L NGRS e AL s VRS
N- vi nyl acemsatwa!@d carpowyliayprids witpd toPydashen atomsiur vinylgsterblofaartioxylicacids with de,
allyl al cob&{o5&m3n|§|romsnyl caprol actam [00116] A non-crosslinkable

I I th b d bed ab
Por” act i Bipdly Eartiles omeaibTed RO TbIc A e e Rt o
third st epac(rylate propylatiytatet, lsbb’repwaadwdtemy@r&IekWacMme:tzl-emeeuwaamatst ep). [00117]
The previ Oﬁéthﬂh%% Htre et |%Lth§£§ﬁ£k§ac@i§ﬁmeﬂ%\é Gsbf?kﬂ' Eéiét! ﬁ@eé%?ubﬁbté he art to

practice t nven tter o under st and
speci fic eWpOautKBIR §”>éHiIer?I?eSIHG%ﬁI"ﬁr@€f§”? W@V'éBP”der ¥ipgiderreaiget he f ol | owi ng
non-limti a@ylaxtaﬁm -Biteries bta@ @S metacryiomeileeviny| toené @InIy[B{\anthérxarpr es shoul d

not be rea rface

hvdr ophi | i g rIIuorth |%t%¥h?q-§a3§’o%$l-ea§{|%oeb?brhéﬁ III\%’II SObE% an%l e on a

cont act | efifudresthy! gethaerdate niexafivoe-isdprapiemey ® hhwl#@rpmtyhnmtftayry(a&

wett abili tm)s-tmetrtylrsﬁy@@rsm%top |€Iﬁl=§hacIy'Ihtep@frﬁéthényHS(ypr@pyI paMtaMRdtR)-demibmCct angl e
correspondsdteﬁ mor ?QX EII II I:I a@ Average contact angles (advanci ng)
of cont act 2MENYRENAFUOHRE tg ARIYgisl9%a8 | ¢ drop method. [00119] Oxygen
per neabi | i [0983fe AsdiliceneshytimgelTéne-forygemateiat capdither ¢ompoibe an drdimicratial oxygen
{ransmi sSi Bldni birebonParFRFotEF Rt fnobaitichR! RbioRAgalf SREMiAod R, t echni que

simlar to one descrihb U S Pat ent and 1n an article
by Wi nt er [99B#1edn 2cordancpith dhs piesent inyeqtianaa silicare AR BBigRless on

t he Cor neacahjfarxheHcdhwpr|€avamagtbrﬁﬂbnentRau@\rasErcss-ﬁnkM‘gmgeMerakch]aﬁn&&nsfprpz73 280),
bot h of wh or e ties.
O<ygen £l E%eIfIt ?{ﬁt%top%\ﬁén%gg%% lngIIo%ﬁ%rpIélsanﬁfxeEﬁ‘@%@ﬁﬁt?(et% &yre e{n;&eam ar e
mai nt ai nedOFﬁ'Xta@éd‘tefePOOa/S"P%qt'&Q aggat, FILﬁ?F'éﬁbIe)berﬁéfitr@‘déh‘%jl@(ﬁ?d(”%%@r%rrent

(avai | abl epdrsgnsciftepihittecarDesi gn and Devel opment Co., Norcross, GA), or
simlar anglytical instrunent. An al 056184 ent age of
oxygen (e. @.o,xgl2%85,5'"?@"%%9&%6"53@?&% tg apreye, ru‘IOIIF'raI'IIIggraIy ‘ICI % "'5aqrate of
about 10 t strepgthc@mbless of crossHinking agentstinalige witkeut bmitatips tefraetheneghicalhe opposi t e
side of the lens at a rate of about 10 to 20 cnB /mn. A sanple is
equilibrated in a test nedia (i.e., saline or distilled water) at the
prescribed test tenperature for at leam 30 mnutes prior to neasurenent
but not nore than 45 mnutes. Any test nedia used as the overlayer is
equilibrated at the prescribed test tenperature for at |east 30 m nutes
prior to neasurenent but not nore than 45 minutes. The stir notor's speed
is set to 120050 rpm corresponding to an indicated setting of 40015 on the
stepper notor controller. The baronetric pressure surroundi ng the system
Pneasured, is neasured. The thickness (t) of the lens in the area being
exposed for testl ng |s det erm ned by rreasurl ng about 10 Iocatl ons W|th a

o, o . o o



Pmeasured =baronetric pressure (mm Hg) Pwater vapor =0 nmHg at 34 C (in a
dry cell) (mmHg) Pwater vapor =40 mmHg at 34 C (in a wet cell) (mm Hg)

t =aver agewOhnokisesss of the | ens over the exposed test aPea/USaonp/063944

where Dkapp is expressed in units of barrers. The oxygen transmissibility
(Dk /t) of the material may be cal cul ated by dividing the oxygen

per meabi | i dimeftPkaiate)(TEGDMAR tmreagg}ydbm:eukthasﬁaté'(‘DrEGDMtAb]QtHy%ﬁsglycbDOlZO] | on

Per meabi | i ?é@fm ; e S measured
accordi ng ’tabén g%ée{%lur es @g%@%ﬁ%&ﬁ{ﬁ%ﬁ?@ %t o@k%\%e%e Q’éﬁ?‘ 100 (herein

i ncor por at StneBpcy Bieetrigetiwlopiepanedrimethacnyate, pertaery et tetsargntiashylatrer meabi | i t y
reported i Bls‘pt’fbﬂolfﬁodlldnm&igatéx\ﬁﬁw:hwétﬁa@ﬂﬁe l’@ﬂyﬁnbdﬁ&ni’n@Bﬂfekﬁ%crﬂbiﬁwfd‘ésglﬁ@rol

coefficien r n S

ref erence 1éjra h%%{% ?&F@n'égcﬂaﬁﬁag gtﬂa"y C%Wrﬁ{% t&?@?‘{l@f*@aﬁé @@é’f‘?alﬁ%‘ir%ﬂ? of

0. 314X103 Andeambingtiens tereaiA @refzrremassthn@ng adenbg ety len@glpcahdirethabtige® wi t h
2- Hydr oxv- Gm\hﬂvt'nal%ﬁ .@J;@aydrat@r&%rm &&9121}

2- Hydr oxy- | - ;8 opanone Dgr acure 73, from ClBA) (19.8791
grans) is e 8%?? 'F’g'ﬁﬁ agInt KSR *%/e’ipéﬁsFﬁ in feqveight GaeRViy | si | oxane
( PDVB) (DIVBSMtcfthe)ma@dl)emﬁ)and B (prefiralny inrhet lapgechiroen .05 ri%lanandrdd. 1530 gr ans
of borontrb;‘e}elrgy}),g%erggd'e%%ddpgo san conpl ex. The tenperature of the

reaction mxture is increased from about 22C to about 33C after the
reacti on cHBOnHtaorsfer exprRlg, selgried frommatarials el pnnder suplbuseisiiser at ur e of
the reacti polymerieatiohert maylecinaakeadch tho leabaiting fateriéifih 6ideotd @timdee, AAYES at room

temper at Ur feabiihe 1. Hln0lolELBAAl AR A5 D1, JIBHEASK Aol 1 ur e and

stirred continuous e reac eis
diluted w tnﬁ'aﬁlsmtvmfwt'mreéﬁlon%tTh9mﬁ@r@aﬂt@ra rietoitiatos ot 2 @Gt"@ﬁﬂ'nﬂ!ﬁph 10%

sodi um car [possyt & ;&@{oﬁmtiawa cérﬁn%at@ﬂe&hﬁmal%&ﬁ@ﬁz‘aﬂ& AMdidn cm@aﬁk.ngfbthéﬁ/g gtmandd
rom an

t hen dried t
met(:aﬂyl relng E?Oﬂv 9%%”%|? %’Wg%té?t%flarﬁ%r OI%t 3(!18 g'e%?’@fzé @\fﬁ%’%ﬁ' 4tion. Steam
di stillati benzpyphesmithetaxideetrindeoxpsyciobexyphiamd ketsrye- dhdrisrdeyt art-igaeutyipepr opanone

from the PRMedBRIIRAH H?%b%rnd DIF&:@r 2'9§9@|@}§m9¥s é\‘%@hibgl AEDHIe fitiafllks OF wat er

tothereactlon m Xxture an en su amdlstlllatlon
Al 1 onal MR B SIS ey R PRI OPAPSP R AUEE: Bis-(E AR BROETH TGt L & and
st eam di st pdob;amheoylphospmrmrmdeuamﬂ higr@2j6kdichioeob@hzly i) iNabugy iprsenglbleasphind he

PDMVE- macr o544 tﬂe@&tﬁé pP&tS’QM%FO“ ffﬂ\égﬁ G@'mé Tt W@&%ﬁleﬁﬂ% 'rr?‘acFH %Pd W th

about 75 m‘Z' ['ene ¢ dri e over About
21.54 gram%a"dfe tts%ammabm@rqmef ?r&tab;P spitablehExg OéfeP@rVerﬁ’E?tH'W'étﬁ@ chlori de

[ ?‘ r emveckiarbyhdseaig%s;emggmaa %%gherﬁgédg&p&@&lﬂbﬁ réiezr&fcemﬁlfdéﬁhmi% r6rgé or1 2£(3 Zeat )
SNOWs peaks near
1171, 1111PoMpBESatogsEn thﬁﬁge t”&ﬂ%fe‘g% YR r%\???ﬂ é gﬁaam‘ij/f b L Prycular

macr oi ni ti ut/dmhtpha suithbie waveldngtha Tke specteah cpaairesenistdan he p@&ﬂ@lleﬂem:p@rdlegly nfear 245
nmand a s dhste, W@,t,gﬁgfsmgmb@gé@ﬁ,kégl c of a phenone derivati ve.
Exampl e 3 tio iato Preparation of

Pl v DV - RS ERODp ARy Eole oA MR okt SRl Tgyied s 2 2zohs

PDIVS- macr o(2¥-dimethyiperftanenitriiey cthjaeotils (Rsnettyiriopaeehitviiel, B 2atmmbis (30. 06 granms of

N, IV di met o igibuth uRlle), bobitles 30h kWinstl ooy 1AE oAb Bretdbiy2nl! asti C

beaker. ar 1s ture and the beaker 1s sealed with a
pol yet hyl efemphigitiatphis agqbisisepeyraitria (AIBNAG whi | e be| ng irradiated with UVA
light at a[pode]t Exampiys afpraé}wdtp;gaqeﬁtsnhuwaﬁny &fidrat pb@iitted in Medichl abeckst or a

total of a c XL AT, about 13 ngy
of 4-hydr og dJaFﬁ%l‘f’%O@{tgesg ’?%s %1% ug?é nfD%fjérehpraCe gt\)é\élét%egrmss of

the reacti @ﬁﬁbaﬁ?'ﬁt\/@fe{a Cieganaqqnpgrt@mpteeses@lmn chenigy anﬁesu variguyren axieaddi ti on of
et hyl acet ghtgalodpnadréert phtFtbdy e bigs) alahizatdickiie®letdabe/ MEMRIm BRIVE- Pol v ( DVAL

Handbook of U.S. Colorants for a list of colorants that may be used with the present
invention. A more preferred embodiment of a pigment include (C.1. is the color index no.),
without limitation, for a blue color, phthalocyanine blue (pigment blue 15:3, C.I. 74160),
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[00123] About 140 granms of the copol yner solution from Exanple 3 are
conbi ned with about 2.599 grans of 2-isocyanatoethyl nethacrylate (IEM, and
about 0. M80 2greenss6s6f di butyltindilaurate (DBTDL). The niPkTaIseomvseiveat ed at
about 40C for about one hour and then stored at roomtenperature. After
being stored at roomtenperature for a about 18 hours, the isocyanate from
| EM i s neafPRAItOWARIgraRN Blye B dgled” My), Faner RyanAfb(@ar@niyiPenhajetatilesBa® ar e added
to the reagtiamnt)ford green @, ghiRRCFMINKGRIR (P15 RertgFdeRReE | BY2EALATY .
evapor at i OQhroﬁuﬁhs Ll iRQethon of Lhe copol ﬁlrrer olution (- 3'nl) mxture is
mi xed with ACTeW ar OpL ost DA fr% PP nd Rlagk golagy ¥arioys ifop pedesekRRRed to LV
light (- 2P¥13\oewelpt carhazolsaniniatdortiask, Marblity blackvCK(CIBALSpetiany CRsmicahg) vent i s
renmoved fr j1h i : | ration and
fUBB4]NErhe BiBELRE Q@er@ﬂ@&kﬂr%& nitRd by .c%rrxﬁ]égﬁ @ﬁ\é@ﬁ% ytﬁgt Rl

repl aced vvlthfresar et hyl "acetate. The copolyner | SN € dCetate is
dosed wi t hPEXEhATAACY nafe B/ reguch ke SYmAters ofian eye Malagy. aThe kidachBEDEN After 3
dﬁys, ex?:esan HelEeMrug aquevmolaed (81 fautinee glgcshtl, Bicora stlypepide! a é;@teml‘_aﬂi,c,@% hgnol :
The copoly I j i Lt.e cetate is_renpve y

g&d, o?%g%hgﬁaflo% therbdf Egéjh@%%f EJﬁﬁs S&FﬂX Lerg“lpilnc?gjdg, Otwf grﬁtngg

rotary evaporation and replaced “ethano e SO0 f the IEM
f unct i onal "ited 1@ SFRFMRIAE: kesptifenp Plaptioine) cromegiiSolpts) gycoRRYine alededramil, i s
](czlet er Im nedlegdcawasiimg, Iddeadmide, kexotFen, agmybhé’;&aé(%"égcagyaéaab@b@ shiP&Re} SLS 85 )
ornmulatio e m xi.n et acon , rans), DMA . : grams),
TR S ( 19, 28elsBh R Aoy Bt g5 e b morin e B Ne e s g e
Cont act | edReashydioayl geidpiergdivaslicd@stisr indlisdtaitaricTabhdelid andEetanpadids 29d[s8I6125]
About 20 giharsr, 8it.) MAbYic R antMRoRR 24Pl vitdnifd @Y., BBCRLEY. Btcfyr om Exanpl e 3
i's concent f°ﬁ§?ﬁd I:J)%/ r'o%%r% ev?e[)loratl on to near dr_éness at_whi ch @m nt about
20 mL of e o FXFraPles Rl derchable IHaricadss Py drayithoyiimitatigngpuein-ike siatgrialst ed t o
further solewemblyglygdlipacid)@nthyonr-obslinkatbe/ aypicpalic polyriens (i ewedhduy etagenicdlipn of
fresh et haﬂ}%ktura-@ai&?o kpcess is repeated once again and the sanple is
concentrated to 40. 2% solids. Alens fornulation is prepared by m xing
0. 7401 gr alfR9Ys Apy,BYdIRPhicPRIYRYE PhEAPOINBETS Mithayt an ethyiemeathoungataratedof et hanol
and 14. 165grogssaan be lisddess seakmabnailipricams Fréforadmsamplsofnonoxaaiimadle?

Wetting ag . i I n ded in Transfe ent A) [00126]
About 5. 09 arRE B L R o8 o e B PR A% PRl e w th
about 30. OrPlyinidess pelylagtpns, a borngreymer efiesvinyt lagtart crleapaliesehof@k least@nd GOy . of

et hyl acet @égmiimthé prekérek bFin ARAIEBENE RElordelt? hofd RBRPHIIS Vihy D OSMEHRRRKSa A Sti T
bar is added toI t he m xlture and ht hq beaker IS se?l ed] w th pol yethyl ene. The
m xture i s"EIPPYRE UAFYBMEECHEEINPIUATEE AFRPYREGUACYIPRE ©At an intensity of
about 3.7 mutham@amidé withy oreair mgpre mydecgbhibid @yli¢ monandrs tpalyetoylersbmide (8.hour s, t he
reaction Mol ené §|%éoﬁ‘(ﬁé@))t, QgoI%#chﬂQ%Lgeri\Ja%vé’,“«Bof?fN-ﬁ-'dWéiiﬁ K1ahfdd>O di ssol ved
in about 5 nmL Of efthyl acétate. The mass of the'reaction mxture is

adj ust ed t RPNAFliRacitsbrly? Sihy! ROl ReRarR PAlYRECEhabdrsoPOSEFRfRrdeSeiNt . The
reacti on niniutdsehdréofconbi ned with 2.69 grans of (EM and 0. 1944 grans of

DBTDL and e ut . 4 [ t ] Iyl .2 grams of
IEMis add@gﬁl Agfﬁlfr%}r%gg\t’ﬁri%qg% (l)Jl?f W?Q@M%%i}agyéﬁgﬁaéﬁg r{yﬁ%gﬁigcacti on

m xture. Apsdimer Bpreferably frem BH00 toR00/088 tmaie Bieferbly from 13:009de8e0.Q9. eved react i on
m xture, iseeYyafahly rdm 36,00d toAb@esent as judged by FT-IR Excess IEMis

hed w hanol d.sql vent ved by rot \V ation. About
200 . of DSl EPRe R Bied b B BB BBl 2 pr e R B Rl o
renoved f reambelasoluticroiriagneltrat # tamperatyre from abgut @0°&yto pbaut 8% CaReefaréldy, eesul ti ng

sanpl e is ghbiRRkEHathal fsH Jofbn Siidil BB cbRporRRe i wRBE A Wrgdc about 10- 20
nmbar. An additional 200 nL of ethanol iIs added to the reaction m xture and

the sanpl eSPVENeRifcBiXreRf d@ter Bnonedr MIee YN ERIVeYF about 55. 7% Exanpl e 8

[ 00127] Lejosgs] oAriutidn adnll desirple pampadenty candretpreparey by .dikg8lvigy them iménya 55. 7%
sol ution of . f A . i i of

Dar acure l%gﬁg%é%g% 8‘7@%}} g%ns Q# ﬁeedzlﬂyr%oﬁ% E@ﬁ{'eaegt&#gﬁg g'ggﬂgsr gagé%par ed as
descri bed Vithoytdigyitation tetrahydrofuran, tripropylene glycol methyl ether, dipropylene glycol methyl

ether, ethylene glyco! n-butyl ether, diethylene glycol n-butyl ether, diethylene glycol methyl
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Exanple 9 [00128] A lens formulation is prepared by conbi ning 0.5522 grans
of a 55.7% solution of copolyner in ethanol fromExanple 7 with 14.5561
grans of wensimssesdl ati on from Exanple 5. Contact | ensegCaris2@oopned as
described in Table 1. Exanple 10 [00129] A lens formulation is prepared by
conmbi ning 1.3627 grans of a 55.7% sol ution of copolynmer in ethanol from

Exanpl e 7 wihthethpefe/diytogphan® etier, b@p@edediytul mdthy Bther, Qmpﬁ% @l fRethy¥ont act
formitati ofeokatsi dBReAER Yoo Bl pPUR hedi-bop 80k Jrer
solution f ﬂ@mﬁﬁwce' rupr@pst' ﬁthmtrm@pwer@rml robutyl ether, Powianealyehn-butdym Exanpl e
i | Cont ?ct eihleﬂt&@@pﬂér% dcenabRgd efher, d@ﬁdb Ilerl’kegﬂydofh Eﬁﬁple&eﬂ- pro%mn@ Ifcol 2 [00|131]

ens or nu 1,0N 0 Copol yner
sol ution f P&V If)?henﬂ'lp@p@ Q/ﬁoﬁ¥1°°€%m§tél§g"eérpgl¥§tﬂﬂ?"q é*‘?g'sf‘lﬂ%r?[ﬂpé'ﬂ‘%ﬂy#som Exanpl e
5. Exanpl eeth® acetate, (Rtyhatdtaie anfyl RN, Methy Dadtate,tethat loctate) itdrodyMBctater epar at i on

f PVP-P A tor f
oxampl & 2 [onyens tiyge e o MR E o %é*gf’a‘%%‘"%“%”%%ﬁm BB e (P “and

100 L of EX398ReMeRlPRentARk B 8”"5@&1@6’?""‘% 3t'1’?é?{‘°h135(%h31fﬁtbma”ﬂo?mgenous A
stir bar i bematded-ottandl eenomiand| 2-decamd, I-dutanbie adcbdrnéd, tereBltanmbl, tavt-ariyl,

ol yet hyl e T ' | |.at.ed with UVA |ight
B 1t ool 2yt bfigicl 24 bl herk ST LOORIEHT i) AT ter
being irr amewévloﬁwe*anal oY -Bhexapdut 7-dimefyhi-actanohd-ch éR:% metya-xture is
i nhi bi t ed wlopdhoR Ronsthyl2-hBEtam, 2dmétiglo@snd EVPRethyS5 adréRel, 2-metipotit 3 L of

et hanol . Ethangql., LS e vedfro reactio b, oration
ona 195 i PaAng B STRE R el P B RepR Bl ool Py bRl Ly
rotary evapoeiyl-bactaned 31@8'\%‘@ ngharﬂfyﬂﬁthﬂl4ﬂor@ddle3}n‘@ﬁwb3 egjanoh 3fethyi-dwed by
rotary evaﬁéa(aa&umeth@rsaféataﬁbﬁ Lihg- ﬁsp)anb|84 a&taﬁd r@pfahélrﬂls%rgﬁ‘yl-ﬁpl | oned by

rotary eva portion of

or at 0po
dry THE ange L?Q@HB? 'i’yig ew%’ﬁ ’E‘R}ﬁ’@é’ﬁ 'Ea"fﬁ [eggtprep@mjt Tonal i zati on of
PVP- PDVS- PetRylwyictoberitdtivl, 3TFpdrody-HEmethplel-guieare, &bydnmxyehnéthy)mugxlap'qmtaaollz S rri xed

with 2. 6893héﬁflla2”§ro;§éfnoll EMe%Qy Qn%%ﬁz Erroazmﬁl 98 4W%| 4l gnéﬁdl r:{?&’im% yIr O
addi t 8)

t enper at ur e. an 24

added to tﬁ@Ctﬁ%@er\?ﬁy'ﬁT@k’ﬁﬁP'ez m,&fhﬁfb?p'l?@}"r?g‘”%ﬁa@i"é’d‘d@tﬂthyéiﬁtﬂﬁ‘ﬁta’ﬁ 1days
| socyanat eethoxyreafrohabie Chiethylg-ploparial, t-dig alcelas tisapropaholt Uimethyi-glimoidoagl Wi th 75

nL of etha . ) at.i nd THE i s
exchanged &ﬂ-ﬂmé&ﬁhéﬁ@%ﬁa%dﬁe@ ﬂ”érﬁ#%éc’ﬂg% % %;é%gﬁ{)er &'h’%{hégd ing 75 mL
portions opropiptaaids, Ntraethyh eyrratidiens, ard WXM%rﬂée"PQil | owed by rotary evaporation.
The sol i ds[gaent endccordatditith@RCihveRtlonTihs I forinfng dr%tt@ramam% ift@degabout 62. 7%

O o e iorens e 1S oo e bR VSRR e MR cvarr B S i
14. 5598 gr WA88]Jofehsengds for makieg ¢ootactlenses Erave keovwd taageBGo0 6liRddgr thasrtof
ethanol . Cf RFkxdnPRS8R RipfyRd RRALFDIAR HESik EadRRG FoPexbfleCa told (for
cast molding) generally comprises at least two moid sections (or portions) or moid halves,
i.e. first and second mold halves. The first mold half defines a first moiding (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 is
formed between the first molding surface and the second molding surface. The molding
surface of a mold half is the cavity-forming surface of the mold and in direct contact with
lens-forming material.
[0099] Methods of manufacturing mold sections for cast-molding a contact lens are
generally well known to those of ordinary skill in the art. The process of the present
invention is not limited to any particular method of forming a mold. In fact, any method of
forming a mold can be used in the present invention. The first and second mold halves can
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Exanpl e 16 [00135] A lens fornulation is prepared by conbining 1.2152 grans
(62. 7% sol ution) of copolyner from Exanple 14 with 13.6798 grans of |ens

f or mul at iwo 2broassd8kanpl e 9 and 0. 1538 grans of et hanol . PContSaaw/ob®nses are
prepared as described in Table 1. Exanple 17 [00136] A lens forrmulation is
prepared by conbi ning 4.7865 granms (62. 7% sol ution) of copolynmer from
Exanpl e 14efpriied thromhSarigusteshoifiueBasust as pjettion3ncidinh @ .1atGHg. greawiesof et hanol .

Contact | eifstie sHb@ssIbra36@thAfie MERAPENEESe bRcIdBEUS. Patd@NG]. 444207qul ation
Exanpl e # Ogrrfl;rent 4?@n§€ct én I e of Lens6es. §ﬁ|_andar d deviation in
par ent hesd®2&138, 4¢#PEP ‘f@@—%—’gf;ﬁv&ﬁﬁaﬁ dn Mgtrill; 35g 5894 0P vBaneberger et
Pol y( DVA) -dRDwBicPPetealsoNfcprpaetdd hegeirigeneferedice.
[00100] Virtually all materials known in the art for making molds can be used to make molds
for preparing ocular lenses. For example, polymeric materials, such as polyethylene,
polypropylene, polystyrene, PMMA, cycliic olefin copolymers (e.g., Topas® COC from Ticona
GmbH of Frankfurt, Germany and Summit, New Jersey; Zeonex® and Zeonor® from Zeon
Chemicals LP, Louisville, KY), or the like can be used. Other materials that allow UV light
transmission could be used, such as quartz, glass, CaF,, and sapphire.
[00101] In a preferred embodiment, reusable molds can be used and the mold containing
the lens-forming material can be exposed to a spatial limitation of actinic radiation to
crosslink the prepolymers.. Examples of reusable molds made of quartz or glass are those
disclosed in U.S. Patent No. 6,627,124, which is incorporated by reference in their entireties.
In this aspect, the lens-forming material is poured into a mold consisting of two mold halves,
the two mold halves not touching each other but having a thin gap of annular design
arranged between them. The gap is connected to the mold cavity, so that excess lens-
forming material can flow into the gap. Instead of polypropylene molds that can be used
only once, it is possible for reusable quartz, glass, sapphire molds to be used, since,
following the production of a lens, these molds can be cleaned rapidly and effectively to
remove unreacted materials and other residues, using water or a suitable solvent, and can
be dried with air. Reusable molds can also be made of 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. Because of the reusability of the
mold halves, a relatively high outlay can be expended at the time of their production in order
to obtain molds of extremely high precision and reproducibility. Since the mold halves do not
touch each other in the region of the lens to be produced, i.e. the cavity or actual mold faces,
damage as a result of contact is ruled out. This ensures a high service life of the molds,
which, in particular, also ensures high reproducibility of the contact lenses to be produced
and high fidelity to the lens design.
[00102] After the lens-forming material is dispensed into the mold, it is polymerized to
produce a contact lens. Crosslinking may be initiated in the mold e.g. by means of actinic
radiation, such as UV irradiation, ionizing radiation (e.g., gamma or X-ray irradiation).
[00103] The crosslinking according to the invention may be effected in a very short time,

e.g. in <60 minutes, advantageously in <20 minutes, preferably in < 10 minutes, most
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Lens made fromwetting agent 300 (3) 9 2% wetting agent (CTA type) in 990
|l ens formulation. (3) 10 4. 9% wetting agent 87 (CTA type) in lens
f or mul at w0 2010/056686 PCT/US2009/063944

preferably in < § minutes, particularly preferably in 5 to 90 seconds and most particularly in 5
to 30 seconds.

[00104] Opening of the mold so that the molded article can be removed from the mold may
take place in a manner known per se.

[00105] The molded contact lenses can further subject to further processes, such as, for
example, surface treatment, sterilization, and the like.

[00106] A contact lens of the invention has an oxygen permeability of preferably at least
about 35 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.

[00107] A contact lens of the invention preferably has an elastic modulus of from about 0.2
MPa to about 2.0 MPa, preferably from about 0.3 MPa to about 1.5 MPa, more preferably
from about 0.4 MPa to about 1.2, even more preferably from about 0.5 MPa to about 1.0
MPa.

[00108] A contact lens of the invention 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.

[00109] A contact lens of the invention further has a water content of preferably from about
15% to about 60%, more preferably from about 20% to about 55% by weight when fully
hydrated. The water content of a silicone hydrogel contact lens can be measured according
to Bulk Technique as disclosed in US5,849,811.

[00110] A contact lens of the invention has a surface hydrophilicity characterized by having
an averaged water contact angle of about 80 degrees or less, preferably about 80 degrees
or less, more preferably about 70 degrees or less, more preferably about 60 degrees or less.
[00111] The present invention, in a further aspect, provides a method for an actinically-
crosslinkable polysiloxane copolymer of the invention, the method comprising the steps of;
(a) mixing at least one hydrophilic vinylic monomer with a radical-generating polysiloxane
having at least one phenone moiety and at least one first functional group to form
polymerizable composition; (b) UV-irradiating the composition to form a chain-extended
polysiloxane copolymer having the first functional group and at least one hydrophilic polymer
chain extending from a portion of the phenone moiety attached to the polysiloxane
copolymer; and (c) covalently attaching an ethylencially unsaturated group to the chain-
extended polysiloxane copolymer by reacting it with an ethylenically-functionalizing vinylic
monomer having a second function group which is co-reactive with the first functional group.
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(3) 11 2% wetting agent (non-CTA type) 940 in lens fornulation (6)
Eval uation of I EM functionalized Pol y(NVP)-PDV5- Pol y(NVP) wetting agent 15
2% wet ti nyoagmnsedsn | ens 101 fornulation (2) 16 5% wet PCRgSagent3dsh | ens

[00112] All of the various embodiments of phenone compounds, polysiloxanes with various
functional terminal groups, coupling reactions, hydrophilic vinylic monomers, viny! acetate,
ethylenically unsaturated vinylic monomers can be used in this aspect of invention.

[00113] Preferably, the phenone moiety is a radical of formula (VII)

g
Rig \\

Rig (Vi
in which Ry is a linkage, H, C-Cyzalkyl, C4-C;; alkoxy, C,-C;; alkyl-NH- or —
NRzR21 in which Rz and R4 independent of each other are C;-Cs alkyl; Ri7 and Rys
independent of each other are hydrogen, C,-Cq alkyl, C4-C4 cycloalkyl, or C4-Cg aryl, or Ry7
and Rqg together are —(CH,),— where u is an integer from 2 to 6; Xs is a linkage selected from

R
the group consisting of -O—, -N—, —C—N—, —N—C—, —N—C—NH—,
¢ K 0 1 0
—HN—C—N—, —O0—C—NH—, —HN—C—0—, —S—C—NH—, and
o

—HN—|CI:—S— in which R’ is H or C4-Cs alkyl. It should be understood that where R is a
linkage, X¢ is terminated with H or C4-Cgq alkyl.
{00114] The present invention, in a still further aspect, provides a non-crosslinkable
polysiloxane copolymer (i.e., without any ethylenically unsaturated group) having a
polysiloxane segment end-capped at both ends each with one hydrophilic polymer chain,
which is useful as an internal wetting agent for making silicone hydrogel contact lenses with
hydrophilic surfaces without post-curing surface treatment. Preferably, the non-crosslinkable
polysiloxane copolymer is defined by formula (VIII)

T—Y,—Li—X;—A{—PDMS—A—X;—L;—Y—T, (VI

in which Yy, Ly, X4, Ay, and PDMS are defined as those in formula (I); and T, is a
monovalent hydrophilic polymer chain composed of monomer units from one or more
hydrophilic vinylic monomers with or without any functional group.
[00115] Nearly any hydrophilic vinylic monomer can be used in this aspect of the invention.
Suitable hydrophilic vinylic monomers are, without this being an exhaustive list, hydroxyl-
substituted hydroxyl-substituted C,-Cs alkylacrylates and methacrylates, acrylamide,
methacrylamide, C+-Cg alkylacrylamides, C4-Cg alkylmethacrylamides, ethoxylated acrylates,
ethoxylated methacrylates, hydroxyl-substituted C4-Cg alkylacrylamides, hydroxyl-substituted
C,-Cs alkylmethacrylamides, hydroxyl-substituted lower alkyl vinyl ethers, sodium
vinylsuifonate, sodium styrenesulfonate, 2-acrylamido-2-methylpropanesulfonic acid, N-
vinylpyrrole, N-vinyl-2-pyrrolidone, 2-vinyloxazoline, 2-vinyl4,4'-dialkyloxazolin-5-one, 2- and
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103 formulation (5) 17 Lens nmade fromwetting agent 76 (-60% in ethanol

plus Daracure (5) 1173(0.9%. Contact |enses are prepared from

f or mul at iwo0iwmses8anpl es 5, 8-11, 12, and 15-17 accor di RgTiUuS2e¢0086394 | owi ng

procedure: Pol ypropylene lens nolds are filled with about 75 mcro-liters

of lens formulation and then irradiated with UV-1ight (UVA) for about 30
4-vinylpyridine, vinylically unsaturated carboxylic acids having a total of 3 to 5 carbon atoms,

amino(lower alkyl)- (where the term "amino" also includes quaternary ammonium),
mono(lower alkylamino)(lower alkyl) and di(lower alkylamino)(lower alkyl)acrylates and
methacrylates, allyl alcohol, N-vinyl alkylamide, N-vinyl-N-alkylamide, and the like. Among
the preferred hydrophilic vinylic monomers are N,N-dimethylacrylamide (DMA), 2-
hydroxyethylmethacrylate (HEMA), 2-hydroxyethyl acrylate (HEA), hydroxypropy| acrylate,
hydroxypropy! methacrylate (HPMA), trimethylammonium 2-hydroxy propylmethacrylate
hydrochloride, Aminopropyl methacrylate hydrochloride, dimethylaminoethyl methacrylate
(DMAEMA), glycerol methacrylate (GMA), N-vinyl-2-pyrrolidone (NVP),
dimethylaminoethylmethacrylamide, acrylamide, methacrylamide, allyl alcohol, vinylpyridine,
N-(1,1dimethyl-3-oxobutyl)acrylamide, acrylic acid, a C4-C,-alkoxy polyethylene glycol
(meth)acrylate having a weight average molecular weight of from 200 to 1500, methacrylic
acid, N-vinyl formamide, N-vinyl acetamide, N-vinyl isopropylamide, N-vinyl-N-methyl
acetamide, allyl alcohol, and N-viny| caprolactam.

[00116] A non-crosslinkable polysiloxane copolymer of the invention can be prepared as
described above for actinically-crosslinkable polysiloxane copolymers, except with the third
step (i.e., without the ethylenically-functionalizing step).

[00117] The previous disclosure will enable one having ordinary skill in the art to practice
the invention. In order to better enable the reader to understand specific embodiments and
the advantages thereof, reference to the following non-limiting examples is suggested.
However, the following examples should not be read to limit the scope of the invention.

Example 1

Surface hydrophilicity (wettability) Tests
[00118] Water contact angle on a contact lens is a general measure of the surface
hydrophilicity (or wettability) of the contact lens. In particular, a low water contact angle
corresponds to more hydrophilic surface. Average contact angles (advancing) of contact
lenses are measured using sessile drop method.
[00119] Oxygen permeability measurements. The 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
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m nutes at about 3.5 mWcnR. Lenses are extracted twice with isopropanol
for about 30 m nutes or nore each tinme. The |l enses are then extracted tw ce
in de-i onwoedivebes for about 30 minutes or nore, place®Cirsgloasnsins al s
containing PBS and sterilization. Varying degrees of haziness is observed
in lenses containing wetting agents. After de-salination of |enses,

advanci ng ¢sabsiateasigbsut 9 tok-dnPMhia S Ahied @irodRR sirdkn sPBSRE oh theliph&dita ned.
| ens faormul ation from Exanple 5
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addi ng about 250,44 P—on% Rlix Mcr{,,pg.s BERRE LR t%/);t ure and then subjecting it

; T f

to steamdistillation. tiona orfl_on_s 0 ter are added to the
reaction m xt ur ePoamd™Erearm-BistVBPI i 1 BNN Bk sEeam) (MNdteltpattial presseredifsti | | at e
is clear. dhygelPMe distiedmi nitiator product recovered fromthe still pot is

diluted wi th about 200, .m.. of | hl ori de, washed with water,
separated from %‘"‘é o b ri eeSI'C ve%sgédé&éeﬁ filtered and then concentrated by

rotary evapor at i e v@et 80 feHg et My L din@ dohtelly (mieHy)s r enoved from t he
recovered producs,, D&k 040k Y AB) °C &n §\Wet @af @fh kg further stripping by

t ti f t 1 hut es. About, .2 f th
PONE. ot o i ¢ 4087308 1Pt e R0V e 8P 8 P APB I bor aphy (GPO
anal ysi s of the vRiokPkpds exprassed intiots of bayress. ahe oxygereteBmisaibitiyl (Bt air  wei ght
as compar efhel SRR kICk BleTD 8l o PRIy dMEreabitl RRSLTRE Shthy Vel oht
is Mv = 8366, M =

of the PDM5-macroinitiator as neasufed by C = 3859. The
nol ecul ar EKER$E (th3f i8NS poxy-t er ni nat ed PDVS (DVB- E12) as neasured by GPC
is: Mv = 2R6%20] léh PerrRaBility(Meais0tkniedtsC Theoion pérmidatsiiag oif Bedslis thewburéy

epoxy-terni - ' [ j ' i ' f PDVS units
T bel | ovel P 1d oEkau RS OBechb APl i ki % 86,10 Rl Acthpcrdledly
wei ght . FTreferensainitsiestirgly. Thevafes/sfiorparmeabilit eearsd insthe ipdowaaRemples
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about 3400,0,2902, £91001s288 Bas 2O Son tb2htiert H121489 mrtiSie 1023

Example 2
Reaction of Epoxy terminated PDMS with 2-Hydroxy-2-methyl-1-phenyl-propanone:
[00121] 2-Hydroxy-2-methyl-1-phenyl-propanone (Daracure 1173, from CIBA) (19.8791
grams) is mixed with 20.0231 grams of epoxy terminated polydimethylsiloxane (PDMS)
(DMS-EQ9 from Gelest), 40 mL of methylene chloride and 0.1530 grams of borontrifluoride
tetrahydrofuran complex. The temperature of the reaction mixture is increased from about

22°C to about 33°C after the reaction components are mixed. After about 30 minutes the
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[00139] UWV-VIS analysis of the macroinitiator in ethanol shows a strong

absorption peaks centered near 207 nm, 244 nm and shoul der near 280 nm

char act erwet2ow/5668a phenone derivative. Exanpl e 19 ReacPComsSedoBeivEs

Macro-lInitiator with DVA: Preparation of Polv(DWVA) -PDVS- Pol v(DVRA) [00140]

PDVS- Macroi nitiator fromexanple 18 (5.0112 grans), is conbined with DVA
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t
Mh = 6590. rﬁh{S'thr 2P tfﬁﬁi%‘!ﬁ m&%@ﬂ%%‘%&"ﬁm rﬁ‘f’?‘%ﬁ b?é“f)‘?’% 2R OBy Ehbi ni ng
6. 5824 gr apealysBf BRErobitiator (MAJt) fows oeaks pear34# 7, SASERAIF 18120598 14630. 0303
grams of DajfCHes, 1]2]533117@"1‘41916@5—%59%@65%9‘(79@&9”\9\/VIST%rﬁQ%PfHQemS are

m xed until hompgenous. Plastic nolds are formul ati on and

t hen irradM3ERANGRRE A ehone! gy @ Sfong BRRGIPIaN BeakiApRiRed N3 24P A48 i nut es.
Lenses ar e staideesdae?Blama chidnaterietict of aphednadetivativer i | | zed as descri bed in
table 1. Water contact angle (static) is found to be about 79. Lenses are
noted to be hazy and mechanically weak. Exanple 22 Reaction of

PDVB- Macro-lnitiator with DMA and l\/ﬁhamP'Pﬁepar ation of

Pol v( DMA/ MVA) ré&¥ekbn BoboSMdc M hitiatdr With Aediv sriPRli(DMARPDIMEOM exanpl e
18 (5.0605 grans) 1s conbined with Bl\g@[é!ﬂ_]g 1524 grams), MVA (2.1592 grans),
1- dodecanet hi ol (0.1549 grans), and 100 nL of ethylacetate in a
pl astic bel00#22] Aogt502 dsams ¢fsheatfoStmacroiniiigtor Eere Exasmpler? jstaambinadhdith he beaker
ImSN Sﬁg" eg Bl{/bu%d)@ﬂ %f%?wh@ﬂﬁilrh@lgjlacmlégd(bmr) &nd $00i rhll ﬁ@tr@i scbtad .g%b%(ﬂ 3| 3 -
¢ ° plastic begxer A stlr bar is adde% to ’}he mixture anc?the %eaker is seéied \BI hrr!l ° anpt e

polyethylene bag. The mixture is stirred while being irradiated with UVA light at an intensity

of about 3.5 mW/cm?. After being irradiated for a total of about 6 hours, the reaction mixture

is inhibited with about 13 mg of 4-hydroxy-TEMPO dissolved in about 5 mL of ethyl acetate.

The mass of the reaction mixture is adjusted to about 160 grams through the addition of

ethyl acetate.

Example 4
IEM functionalization of Poly(DMA)-PDMS-Poly(DMA)
[00123] About 140 grams of the copolymer solution from Example 3 are combined with
about 2.599 grams of 2-isocyanatoethylmethacrylate (IEM), and about 0.182 grams of
dibutyltindilaurate (DBTDL). The mixture is heated at about 40°C for about one hour and
then stored at room temperature. After being stored at room temperature for a about 18
hours, the isocyanate from |EM is nearly consumed as judged by FT-IR. About 3 mL of
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| EM functional i zati on of Pol v(DVW MVA) - PDVS- Pol v( DMV MVRA) [ 00144] A
m xture consi sting of about 6.1623 grans of | EM and 0.2316 grans of
di butyl t iwgi2oeunsedse i s added to copol yner sol ution frompexarspdog/ 0244 The
vial used for I1EM and dibutyltindilaurate is rinsed with about 5 nL of
ethyl acetate and the rinse is added to the reaction mxture. The reaction
m xt ure i setheml @d addedatb thetreatfi@h fmixturesdrauhentolvents areasrippediByrotin} owed t o cool .
The reacti ur, | . nd t hen
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t he preci pethdeesiats isldoged withsanyrsiditienati6 fJ2 orams of Kedhand Oat2rarhsefdBTIDL. cent ri f uge

tubes. Hexames dayseea‘égl@ﬁmueqté?@héar»ﬂ@lum éd%tueﬁo%duttﬂoentsaféﬂlaﬁﬂ #hé mdxed and
e soli IS

then centri fug ﬁg %Fé ds seﬁ E)Q fromthe solid
washed t woSRAHMET SLPN & fitsred 3% he f1RY Afrite ISTREOEIIDY (IR SYRROFAtPR AR ssol ved i n
about 80 ntepletediby@tr@palndhe solids tdnéemt ofdimeclENt furatierdhliad dopdlansr ot PEP@IVE)4 ON.

Addi ti onal I ﬁ@a?r?:'a k by concentration
by rotary Zﬂgﬁgmﬁ SF@tlﬁﬂgg%e%@‘%dgﬁ Wbefaﬁédégﬁ? wei ght of the

sanpl e is determ ned by gel perneation chronotagraphy (GPC). GPC anal ysis
shows Mv = 21646, Mh = 10219. The rEgahpled product is analyzed by FT-IR

Sel ect FT- 7 1 4 499, 1453,
1402, 1361||05<l§§g§,§ f%@%’i%&ﬁ%@ﬁ g Bhtoct{ 28101 S ‘?@* b g%’00145] A | ens
formul ati o8fams). m@;ﬁa& %QJWBWS npirlaﬁtje 517136902 gtamaf(d%\am%(%%wﬁmﬁ) of

copol ynmer o4 lexsudRkeEprésardd 4dueler®é§ih 1@b@ns of Daracure 1173. Plastic |lens
nolds are filled with fornulation, and then cured at about 3.5 nWcnR of
UVA |ight for about 30 minutes. Lenses are harvested from nolds, and then
extracted and sterilized as descri bExample6able 1. Cl ear contact |enses with

a vater stbizs Agelk20 breah PoRDYARPLMSEVIOMALIN BRGH dibhaROREAE et © Of

about of out 67 and a recedi ng contact ‘an bout 31 are obtai ned.

The Dkapp '®&onspiateddy refa cyaporatixn i ear dzy‘efagﬁ%mh RetRARAVEEY B Af ¢thalebr from
exanpl e 18is Gdded@B1H8 copotymmey. Tiee saomielinaudbjestet o fither §318enB 2tTidpiny Byvelary MVA
3.9916 gr f . r. Astir
E)ar i's agd c%rat?o? gcé%?g%% izogﬁloﬂ‘lkfxf%‘gh Sﬁgﬁ%aﬁﬁé pt E r@pe‘%’te%sogéééoé% ﬁﬂ%ﬁde a |
pl astic balje saprie is&encepimted tl‘?l“ﬁ&"/t?f‘i’édsoé’dk@rf%"ﬁﬂﬁt'ﬁﬁ Fa’feé’éfeﬁnbb’ Mg ¢-&9adn and

t hen deflajraels aﬁthéMZ% c@5c>|y3netwrmnmrth 0 1620gras brktisRal fd 14 Tbss gramé b € i s
i rradi atedI ft uaaé% E&WE S‘re cn2 of UVA light while being stirred over a
i BN TSI B

si x hour p 00147] The reaction m xture from exanple 25
is conbined with 26 ng of 4-hydroxyTEMPO, 12.0175 grans of IEM 0.4150
grams of dibutyltindilaurate and thegpigi@psferred to a glass reacation
kettle. The mxture |s heatd at about 40C for 3hou 4 hours under an air
at nospher e. Thefe&Hi3ds Dres pf @ | : B2l of et hanol
and al | owejd0128] Kbait 51’06.ra{m oadﬂlPtDanhcrdmlhaiorrfrraExaMpietmspcmmhemthvents are

stripped by, L%%ﬁ;ra‘?r‘(sa&gjﬁv?m'o%1 mé‘gmdfé Q%bthi’o@?nd’%o%L ﬁteq:ﬁm?:letateﬁn added to

the reacti on m xt e an e Sa e IS en concentrat ed e reaction
product i s2 BpSHF geakef #ndghenpized W tqnvﬁgnqyﬁ PR BN 24da93P &eimixtpigrasd 50 il
centri f ugethé b&Rer is JduedSAINpoR sthpére. WWas hﬁ(ﬁjré\nstéﬂrrécﬁwmléabma@raaﬁntdaﬂ.\mtﬁortl ons of

hexanes by, U\{Z&iﬁﬂgp $ aﬁl?n%l 2& a%gutn}'{ e /(grﬁzx%'ﬁgrsbe dﬁfc%] ecff?p é {gﬁal gga%out"ébe

shaking the't cen 85 Al W ng of f hexanes
fromthe censihe tneféthnmétyrmglnhglt@ V}ﬂih@ét’lttéz Mg dihygrexy- é'sﬁﬂj)‘tedﬂfhed from
the centrifddoes hubashyl Scelt@CRE rhdds f thé AaktioAMixtGR TAdREEIMb bbudpgut 200 ni of

et hanol and about 1 I\/PO The et hano nged with
T b opanol SBYS Dl e gt AH EERen O e)%‘ftt?f‘é‘“’ftﬁrlel'so?iaé‘t?’t?§wﬂt€§§§

evapor at i ogram§ofdEN ang|0e1944 graoscENBTRI W heated ehabopetOenftes apautis hafr at he

sanpl e i s fQupeh tarahf's oartiw.g afdedS YadMioRd| fxhh (BB 7 raRe) iy fdtd tothereaBloRcul ar

wei ght of the sanple is determ ned by gel permeation chronotagraphy (GPC).
GPC anal ysis shows Mv = 26217, M = 12582. FT-IR anal ysis shows peaks
characteristic of am de, ester and PDM8 nvieties. FT-1R peaks observed near
3318, 2930, 1721, 1641, 1504, 1458, 1394, 1260, 1160, 1096, 1095, 809 cm1.
Exanpl e 27 [00148] A lens fornulation is prepared by m xing 4.4319 grans
(67.8% sol ution) of copolymer from Exanple 26 with 0.0288 grans of Daracure
1173 and 0.5991 grans of 1- propanol. Plastic nolds are filled wth about
75 mcroliters of forrmulation and then irradiated with UVB for about 20
second and then harvested from nol ds. Lenses are extracted and then
sterlllzed as descrlbed in tabIe 1 Clear contact | enses W|th a water

o, 4 o o I o o Y I -—




Exanpl e 28 Reaction of Epoxy term nated PDVS with

4- (2- hysi roxyet hoxy) phenv1-12- hydr oxy- 2- et hyl propyl | ketone [00149] A

sol ut i on wonegiwtssesg of 15. 0461 grans of PCT/US2009/063944

4- (2- hydr oxyet hoxy) phenyl - (2- hydr oxy- 2- net hyl propyl ) ketone (Irgacure 2959
from CIBA) in about 200 nL of warmchloroformis placed in a reaction
vessel . Epxyret dhont #ERaues 36T heliaseddsg PSFEMdsadsied (uthe cegiongristes) ( DVMBE21 from

Sfel gﬁlt ér IO ?soo@;déilﬁté id Qlllb%e&%ﬁ@f&@éfﬁﬁﬁl@' (kb8 |EM %ﬂ?e?;lﬂgbﬁ'wﬁﬁ‘elﬂﬁ'ﬁﬂl Iamcpgagngot Lﬂén
| XT U
o 3 0s e s SR ThoiRs by Rl pieSialior Ardiheld G afetndslp e AR o

The r eact ireattion mixiuree The ethanolie cenzived foomtheeegstiorahiniues Byoptageavepadtionor e hour s
and then %éi&deéuﬁm&@%&e fLQ@oJE&éd t@*ﬁﬂ%r &ndéﬁb_l;ffor abdlt®né RAR L Mdufodgire is

all owed to cool tracted with a 10% sol ution
of Na2CCB kg A'Z%"t'ﬁﬂ?j' 2°9rﬁ‘é °F@5%’1°i 'éﬁd‘?ﬁdﬁ? E‘Péeal°§°rtfﬁ'éwrecao{}dé%?%"§Peé§tract ed
W t h war mcoeadeatrateditoa dotidsgentepteti alsansiarxer (in order to avoid pressure build
up) with a total of 12 x 250 nL of warmwater. Chloroformextraction |ayers
are periodically checked by FT-1R The chloroformsolution is dried over
MySH, filtered and then the chl or @MPle& renpved by rotary evaporation to

yield abOL[boﬁ?] @ﬁsgfrﬂmﬁtucﬁiﬁs Bre patedPbyOsbbining 1470 Igramitadf ¥ 6 7 %0dolutiBe ol |y product

shows peaks a St ietie e near 1668
cm1, C=C 8?‘@5%1 r8m Xﬁrﬂplﬁgé'?etﬁ%gw'gﬂfﬁmgﬁa@% Fr%leét% %%'%%g&gg absor pti ons
near 1093 gramslqf eM2col.c Geritact BDeesate preparkd 34 ®saribgd ysTableof. t he macroi niti at or
in ethanol shows a strong absorption peaks centered near 220 nm, 274 nm
and a tail near 320-360 nm char actgg_l BT?E?C of a phenone derivative. Exanple
29 [00150] PDMs-nmacro-initiator (1 rams) from exanple 28 is conbi ned
Wi th 26. 2560128y Afs toirmisionadsore 06 wmoabunagmsaz%msefa f5.8% Bolutigrenf pl asti c
beaker co i and t he
bag was H%ﬁda{}h %&h%unfhn#r)%{aénﬁ andmaﬁ1 1b'% a*otf}?)%g‘%g?ht%m i me The
sanpl e i s SsEPHMAG ENERFPre Pfﬁa%fP‘é?%‘éFsﬁrﬂbeSHb[ﬂb'eB 3 rcher with WA for a tot al
of about 12 hours. The progress of the reaction is nonitored periodically
by FT-1R FT-I1R shows peaks char aCtE%rhﬁ% g of PDVS units and PVP nvieties
(for exanple, C=0 from PVP units near ; cm 1) Exanple 30 g00151] The
reaction ﬂﬂmablé\ lenp Eanmelatianys krepeged by coawiingd BoRT 9r|amrsefw B3 7P BotioN Ans) |

di butyl ti &@bélﬁﬁl{rﬁ{aha(n@l fméxmp@éﬁwltramb?és aseHs @X nd loMRAtlod FromExeingieol ved i n
about 5 of etégr/1 acetate 1mxture is heated at about 40C

for about 4Cﬂ’3€ﬁt S¢S1are P{eaﬂ)ﬁ?%??%bregf%ta%peactl on ni xture shows the
presence of NCO The reaction mxture is dosed with additional |EM (about
1.14 grams) and heated at 40C. Afteh.mpeyYy 1 hour, the NCO peak is

di m ni shed but still visible by FT- IR Addi tional dose of |IEMis added to
t he react ilB¢3@ MQGF@”QWGUQ”H%F@%?{WtéV9°§‘bWé‘§t°ea(§1%9raﬂE€f?%W%B’Eﬁﬁmeﬂ hours and
al | owed t aomBeH fronPExaMplR abiEDT401510grans ofilehs formsiildtioe from EB@mpIRS5. Daotactddi t i onal
doses of ILEM ded to the reaction m xture and the
sanple is I% %gg%}%{p %8(% gé«% gd' IL‘rgm?’jlqajst dose of IEM an NCO peak persists
as neasured by FT-1R About 50 nm. of ethanol are added to the reaction

m xture and al | owed to react vvith @gs.apra 1izsocyanate prior to renoval of

sol vents or at.i on. e et th et hanol
by repeat gléoégfj? "1'\'/18 atéot”H%ﬁrSPar? b‘ﬁ?@b%mg?tcfﬁ é %’lmft% L@EJ{J%P%%&@" by rotary
evapor at i cmluud'rhfmm:Em:rmlﬁﬁ? witreth. t5aagtaesiof lepwigrrewation fromdxample b. | i t er of
de-ionized water and the resulting precipitate is collected. The
precipitate is washed with water (4 x 100_nlL), washed with petrol eum et her
(3 x 150 nL), washed with tol uene (E§'>T<' 'féé rrL) and flnaIIy washed with 3 x
150 nL of pet Reactiomot PDMS-Madea-ritistbr ittt NVIP: gitatic NP-POMSERMP ar e r enpved

fromthe ﬁAtgéﬁt ? gr%n%%f ﬁgg’DMSOrﬂaé?&mg%Qr f%hw&gﬁbl'egq§cd?ﬁblmﬁtﬂm to the

sanpl e fo evapor ati on he et hanol gol ution
are spreadabQWZQORleGlmScﬂf kV'rB(fPMFO!'CI’P@eK'é\éPdIaPF AP ’F‘FP?ﬁ”i’@%H’Iacﬁ\ﬁéEF B3k A% at  about
40C for ahpei mikéd htinbnfgendusd- ARticdaals\adei ts rewsixtpeals thedeaket G/staledy 1 ( C=0
fromPVP units), 1720 cm1 (C=0, ester units), 1093 (PDV5 units), 1021
(PDMS units). The ethanol is exchanged with 1-propanol by addi ng 1-propanol
to the reaction mxture followed by rdBary evaporation until the percent
solids is about 77.2% Exanple 31 [00152] A lens formulation is prepared by
m xi ng 5.22318 grans of copol ynmer solution fromexanple 30 with 1.1770
grans of DMA, 2.1642 grans of Trisacrylam de, 0.0244 grans of

nmet hyl enebi sacryl am de, 0.1069 grans of Daracure 1173, 1.4791 grans of

2- hydroxyet hyl acrylate and 1.4791 grans of 1-propanol. The fornulation is
m xed and then observed to be cloudy. Exanple 32 Reaction of Epoxy

term nated PDVS with




442- hydr oxyet hoxv) Pheny1l- ( 2- hydr oxy- 2- met hyl pr opyl ) ketone [00153] A

sol ution consisting of 500 nL of chloroform 30.1065 grans of 442-

hydr oxyetwoxgopisessygl - ( 2- hydr oxy- 2- et hyl propyl ) ket one ( PCgasSaeoe/ 02939 from
CIBA), 95.1156 grans of grans of epoxy term nated pol ydi nmethyl sil oxane
(DVs-E21 from CGelest), and 0.7680 grans of borontrifluoride tetrahydrofuran
conpl ex i switerplyethylgne. abheueixty@ds tivied whitaheinp4rragiaiedswithTU\A kabt aftandnterisy t hen
heated to JQEodtf.0 RDMLH? (Atehgtyrn‘éartwer na@a)cwfte,rbemgxﬁrwaeed for AotpP¥Rfbolto cool to

) Tho  EReUPaRE RS o 1 AP b Pt o1 BT B ERIPQ Bt B 1 n

I ar ge openalpohl @l nkethgnoh Ednadhelis termoasd)frain memtmrrembturel by rofa)y evapdrat@nt ot al of
12 x 250 rr:LrIdOIfZS R tof H@Q&Fahycﬁ’@ﬂrah Eﬁd M rebfovd @i of hot water.

Extractio ayers a eri odi cal FT-1 R Extractlon of the
chl or of or rr?"@B?rBtﬂq”@l’id\k?{)ﬁ‘L RS JHE é‘radidgd %’Ifﬁtaﬂ?i’ﬂl@dm‘lﬁ?tqylrm?ﬁé*"?'&ﬁ@l“vol ume of
wat gr US§dFrle§h BHIPOURS ) ik iatidsdsa thitdhtingg fofiowetbiy sotary Eva(ppﬂidor‘f mmdogbaaymaaszh ion
product by \Y S added to the
resul ting tgé{?%ﬁégwgq? @E B&H ?Q%He%%gg%hg %ngﬁ%elaiﬂﬂ CMI tional 50 nL of
et hanol is added to sanple and then renoved by rotary evaporation. After
the ethanol is renoved, the sanpl e gya ugb|4ect ed to further stripping by

rotary eva ion at 3 resulting sanple
is then di @%"3&1 Fynef °5'F 8" °ﬁ'9f'°mk8@'6 Iﬁ{ﬂ 'é'h'(t%m ﬁ@eeﬁfﬁjgoggﬁ lrl %5 " ni of
pet r ol eum fegrinexampie t8dslmiked Witk 26897 gampofdEN ahd 216 nymﬂpwEﬁgPLamd stirred
centrifugaki Qi tedErafuk 2htdrinftrd fﬁnah Ba hdlfs &?ﬂdfﬂbiﬁéﬂggﬂg%fhﬁw E@dhé‘o‘%ed and

subjected to rotary evaporation, About gr ans uct ecovered

after sol v@ﬁfeaF‘éWdWéFPre Iﬁ‘f‘erl@'"&ﬁéﬂr‘iﬁsfPrsabQHtoWab%'a‘?&a@ﬁea'ﬁéﬂ cheldlbé T phenone

noi eti es ard TROMIACHEDI rmiktueds dildeawith @5 3R df Bi04rd | SdRiEhS-anaEn@vedbyt rotyor  ( 20. 25

grams) fromaggﬁg{mla%d%%p.é?xw@wm dhdr %F%Q%%ﬁmd%th%cﬂp t 500 ni
e sa ace

of et hyl acet ast| c beaker le 1s on stir
pl ate and % Mk pertionsref pthangbiedbrisacsion mixiye faewsddy rPtérYrﬂVéF?Pé%imPnTb?%% $c bag
and the bagynieht bfitfd rahdtign Wixtile Ridefeftifed t13be abdLe 62.UB by gtaminetric hethad. of three
tinmes. The sanple is irradiated at about 3.3 mWcnR for about six hours.
FT-1R anal ysis shows peaks characteristic of poly(DWVA) blocks and PDVS
units. About 27 ng of 4-hydroxy- TENP@etol ved i n about 3 nL of

ethyl aceta 61342A4Q%@8|m¢u1%u&hi‘§ pFe%ar‘éH bpeorﬁmmﬁg% @957%@@6@7%&0[&&%5] The
sanple fro . 0091

copnsi stin
grans of IEWP%XWB”CP”??@Q“’&%%"“&]A 53?%?[?'9? P 'ﬁlfxf?rglﬁ’ﬁﬂ?'e %{RE"?’P@%Q% ted at
about 40C. 0.8615ajrards df@thanolaCoathctignsdO4le peeparbiCas ddssredtin Gablé § di mi ni shed but
still visible by FT-IR About 10 nL of ethanol is added to the reaction
vessel and heating continued for an additional hour. The NCO absorption is
no | onger visible by FT-IR The copoM81&o| ution i s concentrated by
rotary evapeis 'AQQns fehinluigtieslis\WrépBrea Ib@ usmbifingTl.2 tH2 gedrisa(Bl7 %asotiticgé ent r at ed

further  Fies 8 18 Pt T P.AToR s BFEOhRu B nGABRLK I SR, U1 on T

addi t i onal °3R° oA §° 8RS8 St on

recovered Gomﬂgjmofsemauoh @nnﬁast Ie’emm pwagrﬁéas descheedingbl8Tx 100 ni of

hept ane. The sanple is further washed by addi ng nore heptane foll owed by

vi gorous shaking. This results in the formati on of an enul sion. The heptane
is removed by rotary evaporation and®e® tesulting gel is washed with 4 x
250 nlL of ptmﬂamﬂzml‘ommaon is Prapaced hp kgmizining 4 A§A5arans @RI ¥otoludign)ioh about 100

. of et hapglo, ff {1%% @e&gﬁeemxee&ea&wm ob«few:gramef of the
solvent is re romt e copo fresh_et hanol (- is added to

it foll owedthpyol. c@ﬁb@ﬁt’?"&ﬁ ¥R pEﬁParPBPQF?SCEéQFQd’bT%Pﬁ . GPC anal ysi s of
copolymer that is recovered after evaporation of ethanol shows Mv = 14041,
Wh = 7805. Addition of 1-propanol to copolynmer solution in ethanol solution
results in a cloudy appearance. The 1-propanol in the copolyner solution is
exchanged with et hanol by addi ng ethanol followed by rotary evaporation.
The copol yner solution is concentrated to about 70 grans and then
precipitated in about 200 nmL of water. The resulting gel is washed with 4 x
150 nmL of petroleumether and then subjected to rotary evaporation. About
50 nL of ethanol is added to the copol $4rer foll owed by concentration by
rotary evaporation. The addition of about 50 nL portions of ethanol

foll owed by rotary evaporation is repeated three nore tinmes. The copol yner
solution is concentrated to about 63. 7% solids. FT-1R analysis of a film
cast on a NaCl plate followed by drying shows peaks near 3335, 2966, 2925,
2869, 1718, 1641, 1499, 1458, 1402, 1356, 1261, 1141, 1095, 1025, 870 cm1.
Exanpl e 35 [00156] A lens fornulation is prepared by m xing 6.7323 grans
copolyner sanple fron1exanp|e 34 mnth 0 8868 grans of DNA 0 3568 grams of

o ~ o, PNOOA AN - Y -~



Exanpl e 37 Reaction of Epoxy term nated PDVS with

4- ( 2- hydr oxyet hoxy) phenyl - ( 2- hydr oxy- 2- net hyl propyl ) ketone [00158] A

m xt ure cwobaNGasegg6of 60. 13 grams of PCT/US2009/063944

4- ( 2- hydr oxyet hoxy) phenyl - ( 2- hydr oxy- 2- met hyl propyl ) ketone (Irgacure 2959
from ClBA) in about 600 nL of chloroformis warned until a honpbgenous
solution fornmed. A solution consistiiigblefl 190. 69 gram; epoxy term nat ed
PDVE ( DVBEFrhuialigP CelT@3inmeHf SSUT ved T mabout cafifnmhgeiorghtegrohorm i s

m xed Wi t bxdnfigie £hl or ofform sol ution contai ni NYgtandar d V|at|on in

4- (2- hydr oxy- et hoxy) pheny- (2- hydr oxy-2- net hyl psafieskket one. reaction
m xture is5allowed to sContrat room tenperature fger abour 20 mngtes and
then borontrifluoride getrahydrofuran conpl ex (2:} 5152 gramns) izrjadded to

Z[‘(e z?ﬂlyg; DE RSP M CroRd Zéd B JIDMA)-PDNS-Poly (DMA) \%efig B8eNt 2 edoxy

pg yeLmoxy pneny VA
term nate:iéPDIVB The resu’?tl ng mw tt[T‘](gaﬁénfstl ?%% at roomterrperature for
about 24 hgurs and the Do totat—of—abeut 48 hours.
The reaction m xture |<>|e},gwﬁn@g§ornact ed WI F’E a| &Y% sodi um car bonat e sol ution
(2 x 300 mg. The reactyom v@tiigHgentl S Then cajgiul Ty extracted w th warm
water in a |large open ¢@mAatypsin lengforiuthgion t 0 Agpi d pressure build up) with
1-liter ppttions of wal¥%westtag agett (MonadToitipe?4| 84t ers of water 1S coll ected.
and then gxtracted w thinlensforp@tiorl. of hot waié@j. The reaction mxture is

!

then extracted with 1-liter portions of warmwater until about 24 liters of

water are| eiagsiAtEm FuFEtBnblfze&lbeNwsipbﬂs%MM %‘ttin& agél@' yze the

chl or of or m ayer _during 0_ he extraction process Qra rm solutiion is
concentrat 8 at about | é“éfﬂﬂgtaﬂﬂﬁ'”f'ﬂ?st her o g)éntrat ed at about 90C to
renpve repigual—water—|EHaT 20 ti-Rg_POMS- ipitiator is dilluted with
about 500 of petrol e?&ﬁ"]r‘l”ﬁeﬁ PO |y ?'Er ed and gqen concentrated|by rotary

evapor at i ppyto-yretd—abpg f tet—F—+R-anatysi s of the
product shows peak abs 3(%5%%%&%%1 %g?dc% c| @ phenone noieties and PDVS
noi eties.| FT-1 R anal ysi $13109%). peaks near 3456, 2963, 2904, 1666, 1601,

1446, 14? ontatbl@nsel Bfpre fdiadlironBformuldtidRs i Mxdmpled/s EL& anahy 3657 Of |t he
nacr oi ni

Kk t d 220
L LY e R e
derivati vers rﬁnramtarsofwsmmolatlmndﬁhelﬁmd;atecbmﬂmLMMQ@d(LMH)/Brabaun 30
4- (2-hydr O%M%?%EM%WW&# DYeoX% e:?crr W.'c@&vﬁrpbébark%%eﬁ& eny Qo159 A

sol ution gonsi sting rans of 4- dr oxyet j(Z- hydr m 2-
met hyl pr op3f ’)"R\ét?%?fém("? F@‘é‘é'{’ﬂee 8 posesainer Qﬁ')a"tieﬁ t"ﬁ‘EFd[]f’e'P“IZP? er of
chl or of or pwater f@rradpar3e thinulessw Imoke, olacédomglaﬁvmgcomiaurﬁr&opﬂgargf ans epoxy

term nat edstg) %or( % %%eg[r%]ers%?mgﬁwl |E ))bs%'rviﬁﬂ'{lgr?s%s Ic@nt \twetﬁr%) m. of

chIoroformls m xe ormso Ion con
( 2- hydr ox yageﬂqﬁoﬁ%rﬁﬁéﬂ'jnaﬂqnzafFgwa%%id)fazc'monyaptmnswﬁ%tooﬁed waiﬁr &ddi ti onal 500
nmL of chl oth@feage@.g @etg’td\dﬁd and the reaction mxture followed by warm ng
until the xture |s ntrlf uoride tetr dr of uran conpl ex
(- 121" or AMkShe ool el RN e BRE b S i PR Y e

4- (2- hy dr oeopelymensygtparethgt-( Bxampde irteraisivith IONSlerpebyingtiopleasand  epoxy

t er m nat eogeggpy{fbnamh,gm@ner@ﬁgg g,qrpageom, BENIBRel S Sti r r ed at roomtenperature
for aboutl4 _ : s . 2 40 s_at about
40C, the reactl on mxture is refI uxed for about 24 hours The reaction

m xture is then extracted with a 1Eamspri18m car bonate solution (2 x 500

m.). The rﬁ&%ﬁl#ﬁ:ﬁ! Efq&g Wrﬁlllia%at ﬁﬁﬁs ﬁh ﬂ ré’x?—?%gﬂﬂ Fglﬁé#"a éggﬁ&?e Ope(r)lf

containin

vat er ar e [0867] atydaxy-Fmethr-1-ghenylinropaaener(Baigete dHisc Bem ¢IBM Aty 2395t he

chlor OL OL NGrhrag) ey coptibinied Witk n40. wssrgmmsl o@spd&y mmmted quy@r:h@tﬁpgmaﬁl (ED?/IBF Ih s
removed by _ratary e rat i a o urt her
subj ect ed (Péﬂ% '%Itzaﬁy Yaglp ora Sé)n 00 g§ hdze apgsoﬁl%t"é ﬁrg%s%?

PDMVS- macr qumntrlfla@rop tet@hmwfurlaedowlmn atao @fanIOGIO Afier abouifimipltesiphreammer
filtered and then concentrated by rotary evaporation to yield 161.03 grans
of product. FT-1R analysis of the product shows peak absorptions
characteristic of phenone noieties an®d5PDVS noieties. FT-1R anal ysis shows
peaks near 3456, 2963, 2906, 1666, 1602, 1574, 1509, 1447, 1413, 1373,
1314, 1259, 1164, 1087, 1020, 865, 800 cm1l. WV-VIS analysis of the
macroinitiator in ethanol shows a strong absorption peaks centered near 220
nm, 274 nmand a tail near 320-360 nm characteristic of a phenone
derivative. Exanple 39 [00160] PDMS-nacro-initiator (22.5826 grans) from
exanple 37 is conbined with DVA (22.5651), MVA (5.3851 grans), and about
500 m_ of et hyI acetate |n a 1 Ilter pI astl c beaker The sarrpl e |s pI aced on

.=

o, - o



[ 00161] The sanple from exanple 39 is conbined with 5.3523 grans of | EM and
0. 2805 grans of dibutyltindilaurate. and then heated at about 40C The
consunpt iwo 20f0/d8&@B6f rom | EM units is nonitored by FT-1 RPCAUSe009MNeIM4 S nO

| onger visible by FT-1R, additional doses of |IEM (4.205 grans) are added to
the reaction mxture. This is continued until NCO absorption persists as
measur ed B§MAETRtYUrRabe 30Q mEOf additighal metuieng clileside ikcrsided and the mxsewdson vessel
and Iheatl rwovcéan& gtnm%bmhldhymt h@hwﬁmnla@a.t.érﬁau WﬁmLEfrﬁétmfl&wetBhloFa-é KR tTlhe
copo yner concentr on unti otal nass
o Pabout 7S dhe MekVisheconters MR rabuinvih m OB hR PO UuTHatoRR T w ¢ h
about 500 xmﬁ nuﬁ) exttzadtesiwitherhtendd o7 5 mﬂmdrtlmmdrrled neprptg8Okpi tate is allowed to
soak in t ﬁ)1‘§§’1tﬁfe%ﬂ\'a&mwmafgn§s PR fmn%ﬂgé& 5@ ﬁ&ﬁnenesc%%a@rsed fromthe

solid product.” The copolyner 1 s was petrol eum et her
and t hen §%lB?V§€P\éﬂ>tac%e‘faBP@F‘§F e tisttiation is “Fﬁ%t%SBBYW?Sﬁ%th‘i’f%G wi t h about
200 L of nstHyanphengstopdnene feammthe PDOMB-Racrbiyitiatort ahl icdonp oy addityabodt fil mof is

prepar ed. bto RPLPaLLA RBOLYTRE 0o Mol A0SAnYLbhe T11 m under a

stream of i near: 3374,
2963, 172Additi oortiopa of watesge a Q@thqzaasztlonmgreamgstsamygzlﬁtloww 1261,

]P-.][-)E/‘é 109%ont|1a01£?d3’ungl9(5é1d|§lﬁlﬁl@ is G, 3@-P[§MS%ac%&ﬁfﬁi&rQ)rd’cht[r@&L@%% from éhe 'h DVA
nmacro-.j nitiato rom exa S C in W
(25 5075y Silygsls ettt Giohaop it elnylste ShsR R dith JrEC BRAed 1 o

1-liter pliastwaterhiial ever MBSO4siersdand theprercentratad kytrotarysivagoeatandOsts r r ed
until honpgengnlishe c-rqllaﬁdéjig?é?ﬁd’vea ﬁorﬁ#t@qgéé)vérgd Prloa&tt rrﬁacpcﬁfgth glsrsb'tﬁeé?é?:g i's

inflated wwith nitrogen and times. After
being irr é‘&ﬁ“&'i‘eédt”aﬁ'“%%@fa%ev@p‘?fW%‘rW apgt 35%‘5954 ‘%b"Hb%?r%’am? g% i on nixture
i s anal yz@dMs/macteihifitorAs dbhthined. Get perneation NarGmatgchphh@P Q) mhalgbisufder a stream

T726, - 1007 oM 90 lbcr B h Freatd Ak g Sq SARERLEY R 1250570
cm 1. Aft éermisgied §OMS (BMSHE-39). Thsr melequisr weiglirof BIBFAMBMAgainEatohds r eact i on
M xture i sneaOneehy GRE RAIMWY 8668, Mny= 3868.PDricrholedulzn ved iiads the/pbxy-teRtdied

el o 1 s PSBIGEE A BBBte L Sl et Tr Qb . RGPS Crai n |
ext ensi on Dafacureddi3 with epoxyPieguinated-PBMA soxeermherizationgnd lor Dmegzatigmefat e ( HDI )

fol I owed %Mse@ﬁ& Is%hé%& B defelvhtrib @4 &3the J&%w@@mpﬂesse‘ ih %\éamamé@t%ﬂ S
conbined with 0, 317 ranms of hexanet hyl ene- 0. 0798

e
grans of dR B’ﬂﬁ'%ﬁlstqfﬂ‘ﬁl ~Rpgo- mA@{ﬂrthyﬁgpal&qt@,qager t'&f’g"r\egm}fdﬂ’@ il the
t ot al nmassnaidties. NEelett RT-R aeaksolaslacmu adboutganRo6Re10y28aaIness, setettddd at
about 40C, Iy t nger visible as neasured by FT-IR The
copol yner ?2} %16d ?Wﬁhﬁoﬁ%ﬂ ?z 36@ addi ng 5.0226 grans of |EM 0.2233
grams of dedIaeHU-Visdinalsis af the aacroBitiatgr io thand gl :eystroEg/gotRtion peake eact i on
m xture folLhoagdedYoNRAL 228 nAtandRRdtidefRéar 286 5H EhPaRrisHOSRSphRAoNeEM ar e added
to the reaction mxture until the presence of isocyanate as neasured by
FT- 1R per SP&@Ee. Apout 50 nlL of ethanol is added to the reaction vessel and

Example 19
Reaction of PDMS Macro-Initiator with DMA : Preparation of Poly(DMA)-PDMS-
Poly(DMA)

[00140] PDMS-Macroinitiator from example 18 (5.0112 grams), is combined with DMA
(12.0667 grams), 1-dodecanethiol (0.1448 grams), and about 100 mL of ethylacetate in a
plastic beaker. A stir bar is added to the reaction mixture and the beaker was sealed with a
polyethylene bag. The mixture is irradiated at about 3.3 mW/cm? of UVA light while being
stirred over a six hour period. After about six hours of irradiation, about 7 mg of 4-hydroxy-
TEMPO is dissolved in about 3 mL of ethylacetate iss added to the reaction mixture.
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heating continued until NCO absorption is not visible by FT-IR The

copol ynmer solution is concentrated by rotary evaporation about 100 nlL of
sol vent iwoOcoldmsetsed. Fresh et hanol is added and t he samprasc@Ineiveent r at ed
to a mass of about 105 grans. The copol ynmer solution is subdivided into 50
mL centrifuge tubes and washed with 25 nL portions of water. The product is
further washed with water until about 500 nL of liquid is collected from
the wash process. The copol ynmer i gxampe 20ashed with 4 x 250 ni of

petrol eum et her. Petlr h s, ed f | o:g- sanppl e and about 200
mL of ethanol is addes S In - - Yok rated by rotary
evapor at i goo141t THe cdpsipaer sﬁlﬁtldih‘tw{ exaa.pgrrar@coarbrreawnh fEM @006 MFams]he copol yner

sol ution 'd?oumtlhrﬁguéme (?2 M&Lm%sagd ﬁ%at&{ at%g QBJch‘SPa a fhour thl%wfe?(t} le is

pl aced in ce es  an to separ t he
sol i d. Théhesasditign Pf§bw§ﬁ@mhmf@ha@$ TrLergﬁﬂtI@n @HEWQ)*F he@te@atfi@rﬁ ifor aabout 250 nl

of i quid ddsitishal 3 Iﬁiﬁﬁﬁéhd tﬂ-éhﬁ:oﬁébfhﬂbt)édrw rotapy EliaB&ralione dhé @th'y’l@éé‘ﬁatgé n1_ of

th I d.th trat t dded
Puo mor e CRHEBSRATRaTEa Sy srseia sbdledsh Be AR Fermcion mudie o vatior -
copol yner retaryekepogtibmnie reactidemixtune i @duredintpeabaltd00 réAfhexanes. aTherret r iC
anal ysi s. cfndiyherni )&ﬂcre ﬁ%h@enﬁzteg 95/ Bfa‘?\]@aﬁdraﬁbﬂp@ e)éhr@{haﬁ& Iis'"gd'dé’d]to éﬁe‘l% in

et hanol) is recovere React 1 on o erm nate W th

o (- byt G Ry o MG b B RRproTe (R 9FBDS P RE [SGREN Fraseion] A

chl or of or shewad M =@926; ¢nst 8590ng of 15. 8824 grans

4- (2- hydr oxyet hoxy) phenyl - (2- hydr oxy-2- et hyl propyl ) ketone (1rgacure 2959
fromCIBA) in about 300 mL of chloroformis prepared. Epoxy tern nated- PDMS
(DVBE- E21 from Gel est) (49.92 grank¥am@ledlided to the sol ution of epoxy

t er mi nat eqodtlhyca reiherm@a@hlrmeﬂareduyrcambmmgBlsezedamt (W ol @nd 0. 2960

rans of bor ntr ra of ur an xture is
S TTT od atobair rmERpfle oF WiE OYS0 (kS B SRR e B aBR Thoc f or
about 24 ethang. TMHheempeperts ara mrnesdtuumldaomggeemsr :ﬂtasedmmds Rrelfiled wigdensm car bonat e
sol ution G&mﬁlaﬂoﬁ%nﬁ@en%ra@é@ﬁﬁq}mrgm étabd/@@@rm\ﬁl/%mxfolégbum minlifa€. I eaction

m xture IS concentrated % r ot arg evapor ati on, Ibqs ed with about 500 nlL of
wat er and LEWR5F 8&herreptsd andipen pgfrtghan A&S%Ufedﬁ?(ﬁiefﬁ_' 8 ndaRubyVaiesti 1 1 ate i s
col | ect ed cantact bigle @tatit)i$ foabd oeiabowud 78T drbsenaethoteBite bs hagylaedi n t he still pot

IS tra”Sf%{ﬁéHcta eparatory funnel and the aqueous |ayer is separated

fromthe oi @ PDVS-macroinitiator). The water layer is washed with
hexanes and the hexane washes are added to the oily layer. The hexane

sol ution containing the PDVS-macr OEkiﬂmmbaZOr is carefully extracted with

hot water in a |argegopen c [ X I ] contai ni ng

PDMS- macr oi ni ti at or dtyion of P ﬁlkw? ro'"t}'a oerﬁv ¥ HH O nL),dried over

magnesi um sul f at e, ai’re 2 VA xlom t he

PDVB- macr Eodﬂ.gtli’[ﬁ\;l@ Mg@%m‘t%oﬁfr%@%@rﬂ;%%( ?05 %%S)P%%d%t‘n?S A ator sanple

is divide out nL of hexanes
are added (1%158ééﬁﬁ§hﬁw"e(2f1(§93 8Rew): BWOWE‘%{?'P'(SW%?(BF%% NdrakgEt’PB ML The
liquidisor aﬁy}abedté‘rh arpidstieoearert wistittge istadbesto aecttesdaibiy aduré andsthé begked by

rotary evap ayion to 12 sis of

t he sanpl & seﬁgd 'na%oé?fgxle ar%‘ﬁ?gé%'sfﬁ Farr%her%%(ga&g%g% J’f%‘fft féhbs/ Sel ect
FT-1R peawllab@aﬁﬂyecrm@daﬁeélpuwszmb, 2963, 1666, 1601, 1412, 1260, 1093,
1023, and 800 cm 1. Exanple 44 [00165] PDMs-Macroinitiator from exanple 43
(16.0535 grans) is conbined with DgAasrﬁG 529 grans), and about 460 nL of
et hyl acetate in a pl astr C beaker R'? “Har |s added to the reaction

m xture and the HEN : b g o210 AMMA) i nfl ated with
ni t rogen ef | te r iated with at
L 05" R ﬁnaﬁffagvﬁtr“g%éra@&'@ﬂr?éﬁ 0923”§a%c%1&£%?'s.x hour s.
Exanpl e 45hbptymmeleq:ra@o§>@ﬂdyﬁﬁrcogdvmﬁsohtl¢rrfmm 5eaW|§I 22 Jhe vigl ysestE'EBM th | EM

(4. 0755 graadBibutylfidiatirate td ivded @it o6t 5 AL 82k @B ERhd dtdinkE RadBeAb &k at  about
40C. After NCOis not visible by IR an additional dose of IEM (1.0137
grans) is added to the reaction m xture and heating is continued.

Et hyl acet ate was exchanged wi th ethanol by stripping ethylacetate by rotary
evaporation followed by the repeated &ddition of ethanol and rotary
evaporation. After the sanple was concentrated to about 100 grans, it was
precipitated by mxing with petroleumether. The sanple is separated from
the sol vents, washed with petrol eumether, dissolved in ethanol and
concentrated to about 59% The ethanol is exchanged with 1-propanol by
addi ng 1-proponol to the copolymer solution followed by repeated
concentration by rotary evaporation. Afilmis cast on a NaCl disk and then
dr| ed under ‘a stream of nitrogen for about 3 mnutes. FT-IR analysis of the
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1498, 1457, 1431, 1401, 1356, 1297, 1261, 1142, 1096, 1058, and 804 cm 1.
Exanpl e 46 [00167] A lens formulation is prepared by m xing 4.3869 grans of
copol ymerweaburasess6f r om exanpl e 41 with 0.0675 grans of pDRfuSae0e/043I8 and
0.2051 grans of ethanol. Plastic lens nolds are filled with about 75
mcroliters of formulation and irradiated at about 4.4 mWcn2 of UVA for
about 15 niepsipemixture nJbe regetionmixtyre &t hegted @kahoyt408@ farabout Rédnursiaed then zed as

ges ; L i Sﬁf'. a||ewéoatblcs%|r1 (;I'hb?éb‘éﬁ’&n @&@rmea.mcbdtﬂhl@somo@ il @f ethé/msnd therc! @i med i s:
S a oxa ,

at | east %‘8‘"’?4 tﬁi‘ﬁ %t%h}?%ré a@@gﬁiﬁ %%8” E%S’QEWQ&%V%%% atcggg“ofs ! tn ﬂe

two ends 0¢V8D¢t§|0poWp%ethﬂﬁaﬂetemg(mued/wrﬂmtmgl dyyreweage ddditorpafieghapol te hai n

through a thé @é&%ﬁ nﬁme%||o¢v@@§,trofaaﬁevssémloﬁn%@ elaé’t:oH'Prﬁﬁ&Hérsaéoﬁ 4P

covalently | wher el n ic chains is

ked e,
conposed oLf"t'Hﬁé“ﬂ rmar?ﬁ fsébﬁ'ﬂ)tr§8 ﬁéa?“ Aine ?%@”é’?ﬁ‘%@ %l‘ihS'i‘rP?%%d iglockputo8h §T'—st i ng of
units of Nfiheydnearalthe precipitatezi oMV sepaidtéd: fetinrediVeyiisaed ylased id eertiivdy |

di met hyl
o) conol | BT el Bl o Heprodi Rl Bl ARG e dRRORBYED L IV ene
gl ycol ( neqenyla@w %&I\@nhlawwgat%d ] é‘ﬁtsmé?\ﬁéﬁ' gesolirp é'eﬁneértwwic{gtwoaldifneﬁr om 200

to 1500, Nyiwl Hé)(én'eN' mt&wa pﬂoamrswblaémﬁlebouk\bo/mnysf +-prop&idnand tAset am de, and
m xtures there

| ysil f
Dy "1 or mul sEA0 9 Teietakisiy Seaaialer 4RO RDRLERRR TR s GG s Bheymet! LR, CE LT
an i nt egerfollsive@ by eontentyatiorabydrotapy dvaphsgtion deaiouis%esatits. off hremolieeula Weiahkar or
branched Qslmgsfameielfe/éeeé}ﬁurféa%@barbtam{e@ﬁumlmmo&fapm&%f@ @om ggndent of

each other are a |inkage selected fromthe
shows Mw = 21646, "Mn = 10219. The reaction producgl’ Is anglyz by I-JT-IR ZelectFﬁ'lR

peaks observed at 2930, 2871, 1722, 1641, 1546, 1499, 1453, 1402, 1361, 1260, 1141,
1105, 1059, and 803 cm™".

Example 24
[00145] A lens formulation is prepared by mixing 5.1690 grams (58.4% solution) of
copolymer from Example 23 with 0.0381 grams of Daracure 1173. Plastic lens molds are
filled with formulation, and then cured at about 3.5 mW/cm2 of UVA light for about 30
minutes . Lenses are harvested from molds, and then extracted and sterilized as described
in table 1. Clear contact lenses with a water static contact angle of about 62° an advancing
contact angle of about of about 67 ° and a receding contact angle of about 31 ° are obtained.

The Dkgpyp is about 35 barrer.

Example 25
[00146] PDMS-Macroinitiator from example 18 (10.0869 grams) is combined with DMA
(19.3271 grams), MMA (3.9916 grams) and about 200 mL of ethylacetate in a plastic beaker.
A stir bar is added to the reaction mixture and the beaker is placed inside a plastic bag. The
bag containing the beaker is inflated with nitrogen and then deflated at total of 3 times prior
to being sealed. The mixture is irradiated with at about 3.3 mW/cm? of UVA light while being

stirred over a six hour period.

Example 26

[00147] The reaction mixture from example 25 is combined with 26 mg of 4-hydroxy-
TEMPO, 12.0175 grams of IEM, 0.4150 grams of dibutyltindilaurate and then transferred to a
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consisting of a direct bond, -0-, -N, -GN, -NC, -NCNH, 0 ROO0O 1|
-HN-CG N, -0-CNH, -HNCO0-, -S-CNH, and -HN-C-S- in which R is Hor
Cl1- C8al kywo 2bho/snes6L2 | ndependent of each other are - CHPCOMUS2009/069DMS i s a
pol ysi | oxane dival ent radical of forrmula (11) -D1--E-Ul-D24U2 D3), (1.1 in
which v is 0 or 1, cois an integer of fromO to 5, Ul and U2 independent
of each ot bless reaqatiesiatite. Thelimidlre isthettad btaboutofo°C 3t aboht 4 kot ufigr ah Bir Wwhi ch R1

and R2 i nd gféFE 'Ijﬁfe gﬁgﬁ%ﬂm iS Hiﬁjd?d \%lfh%?gﬁt 18§]mlaro?&ﬁ£'neo(flan%1a"?19q(t%l kyl ene

di val ent otheér aré a
sel ect ed fh%ﬁﬁqrﬁ@a@wma' 4deS|quh'eh point sgwmaré@ﬁ@p@tbyrfgtao'fevamrat»onNAn -GN,

-N-GC, -r- aNﬂronaIGB@QQQ)f ethanol is addéd| th kHe'réédld)d mrx{dN.r eﬁd'\he san%l&s'fﬂé‘n -HN-C-0-,
-S-C N - ' e cntrar"él-q’eea i0 d t d dst rtj Ié M al kyl
di radi cal , A€V EGal RS [*2 r"ef&o el "él?ue df Q)ﬂr%%/%cl b°£F I??{/Pa g %“RJ:%'P "o
al kyl aryl éfD magerwuge f@beSarT halsqmpleh Fraveshed with sévetal 20-28 (L portions of

hexanes by adding about 20-25 mL of hexanes to each centrifuge tube, shaking the tubes,

centrifuging the samples and finally drawing off hexanes from the centrifuge tubes using a
pipette. Copolymer sample obtained from the centrifuge tubes is placed in a flask and
combined with about 200 mL of ethanol and about 15 mg of 4-hydroxy-TEMPO. The ethanol
is exchanged with 1-propanol by adding 1-propanol to the mixture followed by rotary
evaporation. The sample is concentrated and the percent solids of the sample is found to be
about 67.8% by gravimetric analysis. The molecular weight of the sample is determined by
gel permeation chromotagraphy (GPC). GPC analysis shows Mw = 26217, Mn = 12582.
FT-IR analysis shows peaks characteristic of amide, ester and PDMS moieties. FT-IR peaks
observed near 3318, 2930, 1721, 1641, 1504, 1458, 1394, 1260, 1160, 1096, 1095,

809 cm™.

Example 27
[00148] A lens formulation is prepared by mixing 4.4319 grams (67.8% solution) of
copolymer from Example 26 with 0.0288 grams of Daracure 1173 and 0.5991 grams of 1-
propanol. Plastic molds are filled with about 75 microliters of formulation and then irradiated
with UVB for about 20 second and then harvested from molds. Lenses are extracted and
then sterilized as described in table 1. Clear contact lenses with a water static contact angle
of about 54°, and advancing contact angle of about 74°, and receding contact angle of about
35° are obtained.

Example 28

Reaction of Epoxy terminated PDMS with

4-(2-hydroxyethoxy)phenyl-(2-hydroxy-2-methylpropyllketone
[00149] A solution consisting of 15.0461 grams of 4-(2-hydroxyethoxy)phenyl-(2-hydroxy-2-
methylpropyl)ketone (Irgacure 2959 from CIBA) in about 200 mL of warm chloroform is
placed in a reaction vessel. Epoxy terminated polydimethylsiloxane (47.0842 grams) (DMS-
E21 from Gelest) is added to the chloroform solution along with an additional 50 mL of
chloroform. The reaction mixture is stirred at room temperature and then 0.3168 grams of
borontrifluoride tetrahydrofuran complex is added to it. The reaction mixture is stirred at
room temperature for several more hours and then heated to about 40°C for about 2 days.
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carbon atonms which nmay have ether, thio, or amne |linkages in the main
chain, D1, D2 and D3 i ndependently of each other represent a dival ent group
of formulawoQablsed®8 | RS 1 R7 RO 1 1 -Si-0 R4 Si-0 1 RET/US2009/063944

The reaction mixture is allowed to cool to room temperature and then extracted with a 10%
solution of Na,CQj3 (2 x 200 mL). The reaction mixture is then carefully extracted with warm
water in a large open container (in order to avoid pressure build up) with a total of 12 x 250
mL of warm water. Chloroform extraction layers are periodically checked by FT-IR. The
chloroform solution is dried over MgSQ,, filtered and then the chloroform is removed by
rotary evaporation to yield about 39.50 grams of oily product. FT-IR analysis of the oily
product shows peaks characteristic of phenone moieties (e.g. C=0 phenone near 1668 cm™
C=C aromatic ring near 1602 cm™") and PDMS moieties (e.g. absorptions near 1093 cm
11023 cm™, 800 cm™. UV-VIS analysis of the macroinitiator in ethanol shows a strong
absorption peaks centered near 220 nm, 274 nm and a tail near 320-360 nm characteristic
of a phenone derivative.

Example 29
[00150] PDMS-macro-initiator (16.0908 grams) from example 28 is combined with 26.2587
grams of NVP and 500 mL of ethylacetate in a 1-liter plastic beaker containing a stir bar.
The beaker is place in a plastic bag and the bag was inflated with nitrogen and then deflated
a total of two times. The sample is stirred and irradiated at about 3.3 mW/cm? with UVA for
a total of about 12 hours. The progress of the reaction is monitored periodically by FT-IR.
FT-IR shows peaks characteristic of PDMS units and PVP moieties (for example, C=0 from
PVP units near 1678 cm™)

Example 30

[00151] The reaction product from example 29 is combined with [EM (4.2119 grams),
dibutyltindilaurate (0.2298 grams) and 4-hydroxy-TEMPO (23 mg dissolved in about 5 mL of
ethyl acetate). The reaction mixture is heated at about 40°C for about 4 hours. FT-IR
analysis of the reaction mixture shows the presence of NCO. The reaction mixture is dosed
with additional IEM (about 1.14 grams) and heated at 40°C. After about 1 hour, the NCO
peak is diminished but still visible by FT-IR. Additional dose of IEM is added to the reaction
mixture and the sample is heated at 40 °C for about 4 hours and allowed to cool. An NCO
absorption is not visible by FT-IR. Two additional doses of IEM (about 2.1 grams) are
added to the reaction mixture and the sample is heated at 40°C. After the last dose of IEM,
an NCO peak persists as measured by FT-IR. About 50 mL of ethanol are added to the
reaction mixture and allowed to react with excess isocyanate prior to removal of solvents by
rotary evaporation. The ethyl acetate is exchanged with ethanol by repeated addition of
ethanol to the reaction mixture followed by rotary evaporation. The concentrated sample is
poured into about 1 liter of de-ionized water and the resulting precipitate is collected. The
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mSi-0 -R5-P Si- RIO(II1) in which R3, R4, RS', R6, R7, R8, R9 and R10,

I ndependently of one another, are C C8-al kyl, CL-C4 al kyl- or Cl-C4-

al koxy- suwetntunsesdéphenyl , fl uoro(Cl- Cl8-al kyl), cyano(@CTak2e0al0k3gl)

-al k- (OCH2CH2) n- OR11 in which alk is Cl-C6-al kyl ene dival ent radical, Rl1l
Is C1-C6 alkyl and nis an integer from1l to 10, mand p i ndependently of
each ot her pragipitatens washedavith ofatef (4om B nilo, véEdBedawith detnbleimicthef (30M50 rilg, 700; VI

alnd Y2 i ndﬁ@%@? G/mlto%tzem‘]ﬁ@qg Sg\trm_ﬁr nb ARAIG B EHed it 3 \@s6 L Jf %gtiro(feaulm Qhef Ormul a
(1V) or ( Vfliesidua?petr’oleum ether and tgluene are removed from the sample by repeated addition of

200 mL portions of ethanol to the sample followed by rotary evaporation. A few drops of the

ethanol solution are spread on a NaCl disk and the resulting film is allowed to dry at about

40 °C for about 10 minutes. FT-IR analysis shows peaks near 1677 cm-1 (C=0 from PVP

units), 1720 cm-1 (C=0, ester units), 1093 (PDMS units), 1021 (PDMS units). The ethanol

is exchanged with 1-propanol by adding 1-propanol to the reaction mixture followed by rotary

evaporation until the percent solids is about 77.2%.

Example 31
[00152] A lens formulation is prepared by mixing 5.22318 grams of copolymer solution from
example 30 with 1.1770 grams of DMA, 2.1642 grams of Trisacrylamide, 0.0244 grams of
methylenebisacrylamide, 0.1069 grams of Daracure 1173, 1.4791 grams of 2-hydroxy-
ethylacrylate and 1.4791 grams of 1-propanol. The formulation is mixed and then observed
to be cloudy.

Example 32

Reaction of Epoxy terminated PDMS with

4-(2-hydroxyethoxy)phenyl-(2-hydroxy-2-methylpropyl)ketone
[00153) A solution consisting of 500 mL of chloroform, 30.1065 grams of 4-(2-
hydroxyethoxy)phenyl-(2-hydroxy-2-methylpropyl)ketone (Irgacure 2959 from CIBA),
95.1156 grams of grams of epoxy terminated polydimethylsiloxane (DMS-E21 from Gelest),
and 0.7680 grams of borontrifluoride tetrahydrofuran complex is heated at about 40°C for
about 24 hours. The solution is then heated to 70°C for about 4 hours. The reaction mixture
is allowed to cool to room temperature and then extracted with a 10% solution of Na,CO; (4
x 250 mL). The reaction mixture is then carefully extracted with hot water in a large open
container (in order to avoid pressure build up) with a total of 12 x 250 mL of hot water. and
then extracted with 12 x 250 mL of hot water. Extraction layers are periodically checked by
FT-IR. Extraction of the chloroform solution with hot water is continued until the total volume
of water used is about 12 liters. Chloroform is stripped from the reaction product by rotary
evaporation. About 50 mL of ethanol is added to the resulting sample followed by rotary
evaporation. An additional 50 mL of ethanol is added to sample and then removed by rotary
evaporation. After the ethanol is removed, the sample is subjected to further stripping by
rotary evaporation at about 90°C for about 30 minutes. The resulting sample is then divided
and placed in two 50 mL centrifuge tubes. About 25 mL of petroleum ether is added to each
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grams

the bag is inflated with nitrogen and then deflated at total of three times. The sample is
irradiated at about 3.3 mW/cm? for about six hours. FT-IR analysis shows peaks
characteristic of poly(DMA) blocks and PDMS units. About 27 mg of 4-hydroxy-TEMPO
dissolved in about 3 mL of ethylacetate is added to the reaction mixture.

Example 34
[00155] The sample from example 33 is combined with a mixture consisting of 5.0091
grams of IEM and 0.2292 grams of dibutyltindilaurate and then heated at about 40°C. After
4 hours at about 40 °C, an NCO absorption is diminished but still visible by FT-IR.  About
10 mL of ethanol is added to the reaction vessel and heating continued for an additional
hour. The NCO absorption is no longer visible by FT-IR. The copolymer solution is
concentrated by rotary evaporation, diluted with about 75 mL of ethanol and concentrated
further. Fresh ethanol (about 75 mL) is added to the copolymer solution two additional times
followed by rotary evaporation. About 70 grams of recovered copolymer solution is gently
washed with about 3 x 100 mL of heptane. The sample is further washed by adding more
heptane followed by vigorous shaking. This results in the formation of an emulsion. The
heptane is removed by rotary evaporation and the resulting gel is washed with 4 x 250 mL of
de-ionized water. The copolymer sample is dissolved in about 100 mL of ethanol and
concentrated by rotary evaporation. After most of the solvent is removed from the
copolymer, fresh ethanol (~ 100 mL) is added to it followed by concentration by rotary
evaporation. GPC analysis of copolymer that is recovered after evaporation of ethanol
shows Mw = 14041, Mn = 7805. Addition of 1-propanol to copolymer solution in ethanol
solution results in a cloudy appearance. The 1-propanol in the copolymer solution is
exchanged with ethanol by adding ethanol followed by rotary evaporation. The copolymer
solution is concentrated to about 70 grams and then precipitated in about 200 mL of water.
The resulting gel is washed with 4 x 150 mL of petroleum ether and then subjected to rotary
evaporation. About 50 mL of ethanol is added to the copolymer followed by concentration by
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3. The pol ysil oxane copolynmer of claim2, wherein Qis an ethylenically
unsaturated group of formula (M) O /R15 -(--zi-A5-04z2-)-c=c qi q2i
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POy formulations with UVB light at about 4 mW/cm? for about 20 seconds and for about 40

seconds. The lenses obtained after curing for 40 seconds are judged to be stronger than
those cured for 20 seconds. Lenses are extracted and sterilized as described in table 1. All
the lenses are noted to be slippery to the touch, but are also cloudy, blotchy and floppy.
Sometime after mixing, the lens formulation begins to phase separate.

Example 37

Reaction of Epoxy terminated PDMS with
4-{2-hydroxyethoxy)phenyl-{2-hydroxy-2-methylpropyl)ketone
[00158] A mixture consisting of 60.13 grams of 4-(2-hydroxyethoxy)phenyl-(2-hydroxy-2-
methylipropyl)ketone (Irgacure 2959 from CIBA) in about 600 mL of chloroform is warmed
until a homogenous solution formed. A solution consisting of 190.69 grams epoxy
terminated PDMS (DMSE-21, from Gelest) dissolved in about 400 mL of chloroform is mixed

43



Q T313-Q T-Y1-Li-Xi-A -PDVB- A2- (- X2-1-2-Y2-T)r in which r is an integer of
0 or 1; Al and A2 independent of each other is a |inear or branched Cl-C10
al kyl ene wpvaloamstessadi cal ; X1, X2 and X3 i ndependent of Peadalis2ahevsare a

| i nkage selected fromthe group OR7 ?Fr Si' consisting of a direct bond,
-0-, -N, -c-N, -NC, -NCNH, OR 0000 FT18ITTTiT -HNCG N,

- 0- 0- NH- -, withHihe @yoform RluBlonlebntaisingl4-(2-iydExBethbxy)pteng{2-drdxg-2H or Ci - C8

al kyl; 11 rhéthﬁﬂgpylﬁzetbrﬂéqu@ r?éja%mn rﬁitu%"’}g%\lo&%{? stlF‘%? n@@}m%@y gl‘obg D}VS ' S a
pol ysi | oxane dival'ent radical 3 u 30?'
20 minutes and then borontnﬂuonde tetrahydrofuran complex (1.5152 grams) is added to the

chloroform solution containing 4-(2-hydroxyethoxy)pheny-(2-hydroxy-2-methylpropyl)ketone
and epoxy terminated PDMS. The resulting mixture is stirred at room temperature for about
24 hours and then heated to about 40°C for a total of about 48 hours. The reaction mixture
is then extracted with a 10% sodium carbonate solution (2 x 300 mL). The reaction mixture
is then carefully extracted with warm water in a large open container (in order to avoid
pressure build up) with 1-liter portions of warm water until about 24 liters of water is
collected. and then extracted with 12 x 250 mL of hot water. The reaction mixture is then
extracted with 1-liter portions of warm water until about 24 liters of water are collected. FT-
IR is utilized to periodically analyze the chloroform layer during the extraction process.
Chloroform solution is concentrated at about 40°C and then further concentrated at about
90°C to remove residual water. The resulting PDMS-macro-initiator is diluted with about 500
mL of petroleum ether, filtered and then concentrated by rotary evaporation to yield about
150.32 grams of product. FT-IR analysis of the product shows peak absorptions
characteristic of phenone moieties and PDMS moieties. FT-IR analysis shows peaks near
3456, 2963, 2904, 1666, 1601, 1446, 1409, 1260, 1089, 1021, 868, 800 cm™. UV-VIS
analysis of the macroinitiator in ethanol shows a strong absorption peaks centered near 220
nm, 274 nm and a tail near 320-360 nm characteristic of a phenone derivative.

Example 38

Reaction of Epoxy terminated PDMS with

4-(2-hydroxyethoxy)phenyl-(2-hydroxy-2-methylpropyllketone
[00159] A solution consisting of 120.08 grams of 4-(2-hydroxyethoxy)pheny-(2-hydroxy-2-
methylpropyi)ketone (Irgacure 2959 from CIBA) in about 1 liter of chioroform is prepared . A
solution consisting of 380.74 grams epoxy terminated PDMS (DMSE 21, from Gelest)
dissolved in about 500 mL of chloroform is mixed with the chloroform solution containing 4-
(2-hydroxy-ethoxy)phenyl-(2-hydroxy-2-methyipropyi)ketone. An additional 500 mL of
chloroform is added and the reaction mixture followed by warming until the mixture is
homogenous. Borontrifluoride tetrahydrofuran complex (3.121 grams) is added to the
chioroform solution containing 4-(2-hydroxyethoxy)pheny-(2-hydroxy-2-methylpropyl)ketone
and epoxy terminated PDMS and the resulting mixture is stirred at room temperature for
about 4 hours and then heated to about 40°C. After 24 hours at about 40°C, the reaction
mixture is refluxed for about 24 hours. The reaction mixture is then extracted with a 10%
sodium carbonate solution (2 x 500 mL). The reaction mixture is then carefully extracted in a
large open containing with 1-liter portions of hot water until about 24 liters of water are
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peak absorptions characteristic of phenone moieties and PDMS moieties. FT-IR analysis
shows peaks near 3456, 2963, 2906, 1666, 1602, 1574, 1509, 1447, 1413, 1373, 1314,
1259, 1164, 1087, 1020, 865, 800 cm*. UV-VIS analysis of the macroinitiator in ethanol
shows a strong absorption peaks centered near 220 nm, 274 nm and a tail near 320-360

nm characteristic of a phenone derivative.

Example 39

[00160] PDMS-macro-initiator (22.5826 grams) from example 37 is combined with DMA
(22.5651), MMA (5.3851 grams), and about 500 mL of ethylacetate in a 1-liter plastic
beaker. The sample is placed on stir plate and stirred until homogeneous. The beaker is
placed in plastic bag and the bag is inflated with nitrogen and then deflated at total of three
times. The sample is irradiated under UVA lights while being stirred for about 6 hours. The
ethylacetate is exchanged with ethanol. The reaction mixture is concentrated to a mass of
about 76 grams. The reaction product is precipitated by mixing the ethanol solution with
about 500 mL of water. The product is separated from solvents and then washed with 4 x
250 mL of petroleum ether. Residual petroleum ether is removed by rotary evaporation and
the product is dissolved in ethanol. The ethanol solution is concentrated and a film is cast
on a NaCl disk. The film is dried under a stream of nitrogen for about 2 minutes. FT-IR
peaks are observed near. 3374, 2963, 1721, 1684, 1641, 1558, 1500, 1452, 1401, 1358,
1321, 1297, 1261, 1164, 1094, 1023, 954, 864, and 801 cm’".

Example 40

[00161] The sample from example 39 is combined with 5.3523 grams of IEM and 0.2805
grams of dibutyltindilaurate. and then heated at about 40°C. The consumption of NCO from
IEM units is monitored by FT-IR. After NCO is no longer visible by FT-IR, additional doses
of IEM (4.205 grams) are added to the reaction mixture. This is continued until NCO
absorption persists as measured by FT-IR. About 50 mL of ethanol is added to the reaction
vessel and heating continues until NCO absorption is not visible by FT-IR. The copolymer
solution is concentrated by rotary evaporation until a total mass of about 75 grams is
obtained. The resulting solution is then mixed with about 500 mL of de-ionized water. The
resulting precipitate is allowed to soak in the water overnight. The water mixture is then
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separated from the solid product. The copolymer is washed with 4 x 250 mL of petroleum
ether and then subjected to rotary evaporation. The copolymer is mixed with about 200 mL
of ethanol and then concentrated by rotary evaporation. A film of is prepared by spreading
copolymer on a NaCl disk and drying the film under a stream of nitrogen. FT-IR analysis of
the film shows peaks near: 3374, 2963, 1721, 1684, 1641, 1558, 1500, 1452, 1401, 1358,
1321, 1297, 1261, 1164, 1094, 1023, 954, 864, and 801 cm".

Example 41
[00162] PDMS-macro-initiator (22.5827 grams) from example 37 is combined with DMA
(22.5971), MMA (5.3380 grams), and about 500 mL of ethylacetate in a 1-liter plastic
beaker. The sample is placed on stir plate and stirred until homogeneous. The beaker is
placed in plastic bag and the bag is inflated with nitrogen and then deflated at total of three
times. After being irradiated at about 3.6 mW/cm? for about 4.5 hours, reaction mixture is
analyzed by FT-IR. A film is cast on NaCl and then dried under a stream of nitrogen for
about 2 minutes. FT-IR peaks are observed near: 3482, 2963, 1726, 1641, 1497, 1458,
1414, 1400, 1357, 1261, 1095, 1024, 865 and 802 cm-1. After being irradiated for a total of
about 6 hours the reaction mixture is concentrated by rotary evaporation at about 40°C.
Fresh ethylacetate is added and the sample is concentrated to near dryness. The sample is
dissolved in about 200 mL of ethylacetate.

Example 42
Chain extension of reaction of Product form example 41 with Diisocyanate (HDI)
followed by reaction with IEM
[00163] The sample from example 41 is combined with 0.3178 grams of hexamethylene-
diisocyanate (HDI), 0.0798 grams of dibutyltindilaurate. Additional ethylacetate is added
until the total mass of the mixture is about 250 grams. The mixture is heated at about 40°C

until isocyanate is no longer visible as measured by FT-IR. The copolymer is then
functionalized by adding 5.0226 grams of IEM, 0.2233 grams of dibutyltindilaurate and 9 mg
of 4-hydroxy-TEMPO to the reaction mixture followed by heating at about 40°C. Additional
doses of IEM are added to the reaction mixture until the presence of isocyanate as
measured by FT-IR persists. About 50 mL of ethano! is added to the reaction vessel and
heating continued until NCO absorption is not visible by FT-IR. The copolymer solution is
concentrated by rotary evaporation about 100 mL of solvent is collected. Fresh ethanol is
added and the sample is concentrated to a mass of about 105 grams. The copolymer
solution is subdivided into 50 mL centrifuge tubes and washed with 25 mL portions of water.
The product is further washed with water until about 500 mL of liquid is collected from the
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The copolymer is dissolved in about 75 mL of ethanol and then concentrated by rotary

evaporation. Fresh ethanol is added two more times followed by rotary evaporation. The
concentration of copolymer in the ethanol is determined to be about 64% by gravimetric
analysis. A total of about 17.79 grams of copolymer solution (64% in ethanol) is recovered.

Example 43

Reaction of Epoxy terminated PDMS with

4-(2-hydroxyethoxy)phenyl-{2-hydroxy-2-methylpropyl)ketone
[00164] A chloroform solution consisting of 15.8824 grams 4-(2-hydroxyethoxy)phenyl-(2-
hydroxy-2-methylpropyl)ketone (Irgacure 2959 from CIBA) in about 300 mL of chloroform is
prepared . Epoxy terminated-PDMS (DMSE-E21 from Gelest) (49.92 grams) is added to the
solution of epoxy terminated-PDMS. The reaction mixture is stirred at about 25°C and
0.2960 grams of borontrifluorid tetrahydrofuran complex is added. The mixture is stirred at
about 25°C for about 7 hours and then heated to about 40°C for about 24 hours. The
reaction mixture is extracted with 10% sodium carbonate solution (3 x 150 mL) and extracted
with water (3 x 150 mL). The reaction mixture is concentrated by rotary evaporation, diluted
with about 500 mL of water and subjected to distillation. About 200 mL of cloudy distillate is
collected and the distillation is discontinued. The sample in the still pot is transferred to a
separatory funnel and the aqueous layer is separated from the oily layer (PDMS-macro-
initiator). The water layer is washed with hexanes and the hexane washes are added to the
oily layer. The hexane solution containing the PDMS-macro-initiator is carefully extracted
with hot water in a large open container. The hexane solution containing PDMS-macro-
initiator is diluted with ethyl acetate ( ~ 700 mL),dried over magnesium sulfate, and filtered.
Solvents are removed from the PDMS-macro-initiator by rotary evaporation. The PDMS-
macro-initiator sample is divided and placed in two 50 mL centrifuge tubes. About 25 mL of
hexanes are added to each sample followed by agitation and centrifugation. The liquid is
removed from the centrifuge tubes and solvent is stripped by rotary evaporation to yield
about 35 grams of product. FT-IR analysis of the sample shows peaks characteristic of
phenone and PDMS moieties. Select FT-IR peaks are observed near: 3400, 2963, 1666,
1601, 1412, 1260, 1093, 1023, and 800 cm’".
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of UVA light while being stirred for about six hours.

Example 45
[00166] Copolymer solution from example 44 is mixed with IEM (4.0755 grams),
dibutyltinditaurate (0.2215 grams) and then heated at about 40°C. After NCO is not visible
by IR an additional dose of IEM (1.0137 grams) is added to the reaction mixture and heating
is continued. Ethylacetate was exchanged with ethanol by stripping ethylacetate by rotary
evaporation followed by the repeated addition of ethanol and rotary evaporation. After the
sample was concentrated to about 100 grams, it was precipitated by mixing with petroleum
ether. The sample is separated from the solvents, washed with petroleum ether, dissolved
in ethanol and concentrated to about 59%. The ethanol is exchanged with 1-propanol by
adding 1-proponol to the copolymer solution followed by repeated concentration by rotary
evaporation. A film is cast on a NaCl disk and then dried under a stream of nitrogen for
about 3 minutes. FT-IR analysis of the film shows peaks near 3504, 2929, 1717, 1639,
1498, 1457, 1431, 1401, 1356, 1297, 1261, 1142, 1096, 1058, and 804 cm™".

Example 46
[00167] A lens formulation is prepared by mixing 4.3869 grams of copolymer solution from
example 41 with 0.0675 grams of Darcure 1173 and 0.2051 grams of ethanol. Plastic lens
molds are filled with about 75 microliters of formulation and irradiated at about 4.4 mW/cm2
of UVA for about 15 minutes. Lenses are harvested, extracted and then sterilized as
described in table 1. Lenses are noted to be brittle.
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in which Z1 and Z2 i ndependent of each other are a |inear or branched
Cl-Cl12 al kyl ene dival ent radical, unsubstituted phenyl ene dival ent radical,
Cl- C4 al kwb 20tr0/08868€4 al koq substituted phenyl ene di val emCTrisdioomb3ses C7- Cl2
arakyl ene divalent radical; A5 is -0- or - NH; gl and g2 independent of
each other are an integer of 0 or 1; R14 is hydrogen, Cl-C4 al kyl or

hal ogen; RYEatismtkiREddsi ndependent of each ot her are hydrogen, Cl1-C4 al kyl,

phenyl, cafr boxyy, Qétlnréalllngé‘d@hnka@g lmeEhﬁ'oly%h&Jaﬁ@&?po@%@F QERbrish @S&t o|r1§n5 of
cIa|m11 wherein the 'silico mat eri al _further

conpri ses "a?arng'éﬁlPX??ﬁée%‘?ﬁS8?1@??["%%%?&%‘15% Op¢ Bfnq“? Wé? %F%Q{ﬁh%m%si'%ﬂﬁg of a
si | i cone- cegmerit with gnev/iydydphitic palynaerehain thraaigh b tkage ahdtdeast org etrg@hoagr , a
silicone- 1 , a

nycr ophopi i aa) BRuBERRRIK/Teq 8 YRR Whirtn HelrofERGREL:. P |\ ng
agent's, arfOBRARSEROEPNSHIr Ao RIAMer amtf»ﬁalpﬁeq ?%W@Ol@g’éﬂﬁ'ﬁmg aindapf Nni ti at or,
V- absor befirgl-2-pyiralidbine QNBR), IN,N Hﬁfemylawysmmel DY), WinitttyReni@eipt s, a bi oactive

agent, a | eac cha aIte ;mue r cant . faa%%la?e i nal Ig‘qn thereof. 13. The silicone
hydr ogel CEAEEY dR rfgl " Y@l R"The contact |ens has at |east

one pr operdjryetméﬂrmmeﬁﬂlnﬁqﬂmmamdegﬂ&rﬁrekbmmgly?thzje@fglml (OwfoRaryigter meabi ity
of at | eaaiav.ﬁ@wta.gﬁlfav@@@é %récularnvé.gcan&ffﬂomm& {9081 QUiInHAekEingl ent, D, of at

| east abouyt 1. nodul us of from about 0.3 MPa
L2 hont ogropparion, LR N el Bre S P PfuBy PSP D oout a0k o about
60% an awer agéhe payistoxacocdpalynecoiglaen bfbembdefined Oy teguleds or | ess, and a
conbi nation theregf_x, 14. The silicone hyds(pg-fd contact |lens of claim12,
wherein wherein T |s|a nonoval ent hydro hi Ili ¢ pol ymer chai n conpri sing
units of N vinyT=2-pyrr r’&l"‘cf@né’DQ"RlVP)“z 5. “h&?si I/i cone(ihydr ogel cont act
| ens of clai, n Wherein T is a nonoval ent hydrophilic polymer chain
conprising units of N, N-di nethylacrylamde (DMVA), dinethylam noet hyl
met hacryl at e, tl'isﬁﬁtfﬁgﬂlea?ﬁorﬂﬁét hyl acryl ate, and/or
di met hyl am noephardgitt@péndertisr 84ch othbbis aTinear st brafdhae CCls Sgedne@malenct | ens
of claim 12, V\A‘éﬁl’&‘l n T iIs a nonoval ent hydrophilic polymer chain conprising
units of a Cl E\ koxy pol yethyl ene glycol (neth)acrylate having a wei ght
aver age mol ecuKa. ami ghindepéndeniieadi(pthes are30Dkage Belecteh fomithe araure  hydr ogel
contact lens of claim12, wherein Tis @ m)novralent hydm ophi l'i ¢ pol yner
chain conpri si eghsidtrigtes a@fredlxlbunmyd)- NNy —i, serb%é)pyl—amcieuH—N— vi nyl - N- net hyl
acetam de. 18. Thg gili con@ hydr ogel pcontact lbens of claimd2, wherein T
is a nonoval ent Jydr fphi L cl npl yuerychapn cogpeiSHng diitsy-0f—yiny!
al cohol . 19. A non-crosslinkabl'e pol ysil oxane copolyner, conprising a
pol ysi | oxane s¥BRRtS BeaCe5pd®4 at both ends each with one hydrophiiic
pol ymer chain, wherein the noncrosslinkabl e pol ybil oxane copolyner is free
of et hyl eni cal H2dhe ReeReatem otpast ptherate et e BY Fornula (VI I 1)
M Y1- L1- X1- Al- PDMB-is"d pofifsildxahe didaldnt t4didal df formula (Whi ch Al is a |inear or
branched C1-C10 al kyl ene dival ent ,radical; X1 is a |inkage selected from
t he group consi sttrg—pUraldilectD , -0-, -N, ORR OR OR OO (I
LR Errrriall

in which vis 0 or 1,  is an integer of from 0 to 5, U, and U; independent of each

other represent a divalent radical of -R1—X4s~E=Xs—R2— in which Ry and R;
independent of each other is a linear or branched C1-C1o alkylene divalent
radical, X4 and Xs independent of each other are a linkage selected from the

o R R’ O R’ O
T I )
group consisting of -O—, ~N-, —C—N—, —N—C—, —N—C—NH——
q ¥ q (I? (I? [
—HN—C—N—, —0—C—NH—, —HN—C—0—, —S—C—NH—, and —HN—C—S—

in which R’ is H or C4-Cs alkyl, E is an alkyl diradical, a cycloalkyi diradical, an
alkylcycloalkyl diradical, an alkylary! diradical, or an aryl diradical with 1 to 40
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CN, -NG, -NCNH, -HNCGN, -0-CNH, -HNCGO-, 00 S-CGNH, and
-HNNCG-S-- inwhich R is Hor Cl-0O5alkyl; L1 is -CH or -N; PDM5is a

pol ysi | oxsioeotiosedsent radi cal of forrmula (11) -D1-[-Ul- PRAWR2003iH63944) (11)
in which Vis O or 1, 0) is an integer of fromO to 5, Ul and U2

I ndependent of each other represent a dival ent radical of -Rl-X4-E-X5-R2-
in which RL and Rérbonaejpeneimhtmayfhaeaetherpthdesr dntinedlinkade@ad the malivhaihed Cl- C10

al kyl ene di val ent?:ﬁdérﬁiads lr&ﬁﬂ%’\ggﬂ%?eééﬂ%%?& F“e@%nt%fdl %C&roﬁphﬁfor%[zleé ﬁl—

| i nkage sel ected om t he roup con

NG, -NCNH, 0000 III||IIIIII -HN-C- , -0-C NH, -HN-C-O-,
-S-C N+, and HN-CRS- 7 1S, HRor Cl-05al kyl, Eis an aI kyl
diradical, a cycloalkyl adl all, an aﬂkylcycloalkyl di radi cal, an

al kyl aryl diradi c—l—s"(T‘o S'a‘r“;ﬂ fcé—with 1 to 40 carbon atons which
may have et her, th| ne |nkag slin the main chain, D1, D2 and D3

| ndependent |y of eacﬁiﬁ ot he Fe repr deent "aRdi val ent group of foﬂl%l a (Ill) R3
R5 in which R, Rs, Rs', Re, R7, Rs, Rg and Ry, independently of one another, are C;-

Cs-alkyl, C4-C, alkyl- or C-C4- alkoxy-substituted phenyl, fluoro(C4-Cys-alkyl),
cyano(C4-Cyz-alkyl), ~alk~(OCH,CH;),—OR1 in which alk is C;-C¢-alkylene
divalent radical, Ry is C-Cg alkyl and n is an integer from 1 to 10, m and p
independently of each other are an integer of from 2 to 698 and (m+p) is from 5

to 700;
Y, and Y2 independent of each other represent a divalent radical of formula (IV) or
V)
R12/R12
SNy (V)

(0]
Il =
QoA
3

in which

V)

R:2 and Ry; independent of each other are hydrogen, C,-C; alkyl, C4-Cs
cycloalkyl, or C1-Cs aryl, or Ry and R, together are —(CH,),~ where g is an integer
from 2 to 6,

alk’ is a linear or branched C,~C, alkylene divalent radical,

A and A, independent of each other -O—, -NR'-, or —-S—;

R
. . o |
A; is a linkage selected from the group consisting of -O—, ~N—, —C—N—,

R 0O R O o R o) o)
[ £ ) i il
—N—C—, —N—C—NH—, —HN—C—N—, —0—C—NH—, —HN—C—0—,
o)

—S—g—NH—, and —HN—g—S—;
Q is an organic radical containing an ethylenically unsaturated group; and
T is a monovalent hydrophilic polymer chain composed of monomer units from one or
more hydrophilic vinylic monomers selected from the group consisting of N-vinyl-2-
pyrrolidone (NVP), N,N-dimethylacrylamide (DMA), dimethylaminoethyl
methacrylate, dimethylaminoethyl acrylate, dimethylaminoethylmethacrylamide, a C-
C4-alkoxy polyethylene glycol (meth)acrylate having a weight average molecular
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weight of from 200 to 1500, N-vinyl-N-methyl isopropylamide, N-vinyl-N-methyl
acetamide, and vinyl alcohol.

3. The polysiloxane copolymer of claim 2, wherein Q is an ethylenically unsaturated
group of formula (VI)
Q /R15
—ez1—A5—C Z,-—C=C
Q @l N\
Ria  Ris (V1)

in which Z; and Z, independent of each other are a linear or branched C,—C;, alkylene
divalent radical, unsubstituted phenylene divalent radical, C-C, alky! or C,-C, alkoxy
substituted phenylene divalent radical or C;-C, arakylene divalent radical; As is —O- or —
NH-; g, and g, independent of each other are an integer of 0 or 1; Ry4 is hydrogen, C4-C,
alkyl or halogen; Rs and R¢ independent of each other are hydrogen, C,-C, alkyl, phenyl,
carboxy or halogen.

4. The polysiloxane copolymer of claim 3, wherein T is a monovalent hydrophilic
polymer chain comprising units of N-vinyl-2-pyrrolidone (NVP).

5. The polysiloxane copolymer of claim 3, wherein T is a monovalent hydrophilic
polymer chain comprising units of N,N-dimethylacrylamide (DMA), dimethylaminoethyl
methacrylate, dimethylaminoethyl acrylate, and/or dimethylaminoethylmethacrylamide.

6. The polysiloxane copolymer of claim 3, wherein T is a monovalent hydrophilic
polymer chain comprising units of a C,-C,-alkoxy polyethylene glycol (meth)acrylate having
a weight average molecular weight of from 200 to 1500.

7. The polysiloxane copolymer of claim 3, wherein T is a monovalent hydrophilic
polymer chain comprising units of N-vinyl-N-methy! isopropylamide, N-vinyl-N-methyl
acetamide.

8. The polysiloxane copolymer of claim 3, wherein T is a monovalent hydrophilic
polymer chain comprising units of vinyl alcohol.

9. A silicone hydrogel contact lens, comprising: a silicone hydrogel material and
dangling hydrophilic polymer chains which are covalently anchored to the polymer matrix of
the silicone hydrogel material, wherein the silicone hydrogel material is obtained by
polymerizing a lens-forming material including an actinically-crosslinkable linear polysiloxane
copolymer, wherein the actinically-crosslinkable linear polysiloxane copolymer comprises at
least one linear polysiloxane segment end-capped at least at ane of the two ends of the
polysiloxane segment with a hydrophilic polymer chain through a linkage and at least one
ethylencially unsaturated group covalently linked to the linkage, wherein the dangling
hydrophilic polymer chains are derived from the actinically-crosslinkable polysiloxane
copolymer, wherein the dangling hydrophilic polymer chains in the silicone hydrogel material
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-m RAR6 -RB PRio(lll) in which R3, R4, R5', R6, R7, RO, R9 and R10,

I ndependent|ly of one another, are Cl1C5-al kyl, Cl1-C4 al kyl- or Cl-C4-

al koxy- suwetntunsesdéphenyl , fl uoro( Cl- C15-al kyl ), cyano( €CTaBk26e0al0k39l)

-al k- (0CH2CH2) n-0R11 in which alk is Cl-C6-al kyl ene divalent radical, Ril
Is C1-C6 alkyl and nis an integer fromlto 10, mand p independently of
each ot heris garableaf impartingsthe sificahe bydrogel eonéBBleasaihydnapplic s@fate vithdnt past-700; Y,

r epr esent sugngiuMadearbtmieadi cal of formula (1V) or (V) R13 R 2 \' / -C \A
(V) 10

linear polysiloxane copolymer is defined by formula (1)
Q_X3 Xa—Q

The silicone hydrogel contact lens of claim 9, wherein the actinically-crosslinkable

T—Y;—L—Xy——A—PDMS—A,~{—X,—L,—Y,—T), 0

in which
ris an integer of 0 or 1;
A; and A; independent of each other is a linear or branched C4—C, alkylene divalent
radical;
X1, Xz and X3 independent of each other are a linkage selected from the group

o R R O R O
consisting of a direct bond, -O-, -N-, —g—t!l—, —rll—é':—, —N— "—NH—,
? '?' 9 (u) (I? i
—HN—C—N—, —0—C—NH—, —HN—C—0—, —S—C—NH—, and —HN—C~S—in

which R’ is H or C4-Cg alkyl;

I
L« and L independent of each other are —CH— or —N—;
PDMS is a polysiloxane divalent radical of formula (Il)

—DU—Df U3l ()

in which v is 0 or 1, @ is an integer of from 0 to 5, U, and U, independent of each
other represent a divalent radical of —-R,—Xs—E—Xs—R— in which Ry and R,
independent of each other is a linear or branched C,—C, alkylene divalent
radical, X4 and Xs independent of each other are a linkage selected from the

o R R O R O
. g T U | 1]
group consisting of -O—, -N-, —C—N—, —N—C—, —N—C—NH—,
e f % 1 0
Il 1l
—HN—C—N—, —0—C—NH—, —HN—C~-0—, —S—C—NH—, and —HN—C—S—

in which R’ is H or C4-Cg alkyl, E is an alkyl diradical, a cycloalkyl diradical, an
alkylcycloalkyl diradical, an alkylaryl diradical, or an aryl diradical with 1 to 40
carbon atoms which may have ether, thio, or amine linkages in the main chain,
D,, D; and D; independently of each other represent a divalent group of formula

(1
R R5 R7 Rg
| | | |
—S8i—0 Si—O Si—O0 Si—
| _ |
R4 Re Rs P Ry (l “)
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(V) in which R12 and R13 independent of each other are hydrogen, Cl1-C8

al kyl, C1-C8 cycloal kyl, or C1-C8 aryl, or RL and R2 together are -(CH2)(-
where g iwoaniwiossasger from2 to 6, alk' is a linear or pCcanshed/oeh4LC10

al kyl ene divalent radical, A and As independent of each other -0-, -NR -,
or -S-; A3 is a linkage selected fromthe group consisting of-O, -N,
-GN, R OR 00Rehieh R4, RkIRs} Ré. IRy, RsNRq@nd RigNindepgindently jlafpr@-aaother, @reC:NH- |
-HN-C-0-, 00 - S- @Myl caodalkyiNr €;-8;-ralkbky-éubstRuts® prenail mPo(bft_dr&n(w),l i c pol ymer

|

chai n conposed of_ no r its, f mor.e hydr c vinylic
nononers sel ect e&y?'}"%[@ﬁglﬂg)r 6%5'@@&%&@%@%”5?”’(9\/%?1?%? -S'alaﬁ‘!/'??%l i done
(NVP), N, N-di net kivakotradieati Rieis CoapIky! @ndre isranl istegen fretytb 10t bedtp yI at e,
di met hyl am noet h t i l.am I g, 1-
Ccal koxy pol yet hﬁdgg%{débtgcogfa%ﬁ)maécaﬁ;ﬂta gbﬁbgﬁfg%gﬁ\%{é %tltpqg\;rgﬁage

mol ecul ar wei ght f%% rom 200 to 1500, N-vinyl-N-nmethyl isopropyl ani de,
N-vi nyl - N- met hy| araicktimdeperelentarfidachi ather repleserdtaldivalent radical of formula (1V) or

)
j\‘;/Rﬁ
\A/alk'— (V)
D
—Cc—4 alk —A—
0y V)
in which

R;2 and Ry; independent of each other are hydrogen, C4-Cs alkyl, C4-Cs
cycloalkyl, or C4-Cs aryl, or Ry and R; together are —(CH,)— where g is an integer
from 2 to 6,

alk’ is a linear or branched C,-C; alkylene divalent radical,

A and A, independent of each other -O—, -NR’-, or -S—;

o R
. . . 1
A; is a linkage selected from the group consisting of -O~, -N—, —C—N—,
R O R O o R 0
U (| i 1l Il
—N—C—, —N—C—NH—, —HN—C—N—, —0—C—NH—, —HN—C—0—,

—S—g—NH—, and —HN—g—s—;
Q is an organic radical containing an ethylenically unsaturated group; and
T is a monovalent hydrophilic polymer chain composed of monomer units from one or
more hydrophilic vinylic monomers selected from the group consisting of N-vinyl-2-
pyrrolidone (NVP), N,N-dimethylacrylamide (DMA), dimethylaminoethyl
methacrylate, dimethylaminoethyl acrylate, dimethylaminoethylmethacrylamide, a C,-
C.-alkoxy polyethylene glycol (meth)acrylate having a weight average molecular
weight of from 200 to 1500, N-vinyl-N-methy| isopropylamide, N-vinyl-N-methyl
acetamide, and vinyl alcohol.
11.  The silicone hydrogel contact lens of claim 10, wherein Q is an ethylenically
unsaturated group of formula (V1)

f /
Z—Ae—CH -2, —c=c
—e T g ztl N
R14

Ris

Ris (V1)
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20. A nethod for an actinically-crosslinkabl e polysil oxane copol ynmer of the
I nvention, the nethod, conprising the steps of: (a) mxing at |east one
hydr ophi IWO 20iomgbése nononer with a radi cal - generati ng peCydisc@ras®4havi ng
at | east one phenone noiety and at |east one first functional group to form
pol ymeri zabl e conposition; I_éb UV-irradiating the composition to forma
chai n- ext éhybigh HAY Fe ingRraFdent ghrACY Atber 3@ g lirgpr pHwafched €+—Curatkviedgal gr oup and
at |east aelehyrddiepninbibstifRl yrgtyleabaiaemxddadicne, bikRar 8,-04lkdgn of the
e
pol ysi | oxad¥te-; aogndlay imdepengent ebrach ather are an integenof 8toh ¢l Ramistadirogerf GRCi i onal i zi ng
vinylic noQrehabgen RY afd REGAIRFedddRicr BN dtHePH2 Nitogdh, £5.c5 akfigfHehjive Wi th
the first functional group.

carboxy or halogen:

12.  The silicone hydrogel contact lens of claim 11, wherein the silicone hydrogel lens-

forming material further comprises at least one component selected from the group

consisting of a silicone-containing vinylic monomer, a silicone-containing macromer, a

silicone-containing prepolymer, a hydrophilic vinylic monomer, a hydrophobic vinylic

monomer, a hydrophilic prepolymer, a cross-linking agents, an antimicrobial agent, a chain

transfer agent, radical initiator, UV-absorbers, inhibitors, fillers, visibility tinting agents, a

bioactive agent, a leachable lubricant, and combination thereof.

13.  The silicone hydrogel contact lens of claim 12, wherein the contact lens has at least

one property selected from the group consisting of an oxygen permeability of at least about

35 barrers, an lonoflux Diffusion Coefficient, D, of at least about 1.5 x 10°® mm?%min, an

elastic modulus of from about 0.3 MPa to about 1.5 MPa, a water content of preferably from

about 15% to about 60%, an averaged water contact angle of about 70 degrees or less, and

a combination thereof.

14.  The silicone hydrogel contact lens of claim 12, wherein wherein T is a monovalent

hydrophilic polymer chain comprising units of N-vinyl-2-pyrrolidone (NVP).

15.  The silicone hydrogel contact lens of claim 12, wherein T is a monovalent hydrophilic

polymer chain comprising units of N,N-dimethylacrylamide (DMA), dimethylaminoethyl

methacrylate, dimethylaminoethy! acrylate, and/or dimethylaminoethylmethacrylamide.

16. The silicone hydrogel contact lens of claim 12, wherein T is a monovalent hydrophilic

polymer chain comprising units of a C4-C,-alkoxy polyethylene glycol (meth)acrylate having

a weight average molecular weight of from 200 to 1500.

17. The silicone hydrogel contact lens of claim 12, wherein T is a monovalent hydrophilic

polymer chain comprising units of N-vinyl-N-methyl isopropylamide, N-vinyl-N-methyl

acetamide.

18. The silicone hydrogel contact lens of claim 12, wherein T is a monovalent hydrophilic

polymer chain comprising units of vinyl alcohol.

19. A non-crosslinkable polysiloxane copolymer, comprising a polysiloxane segment

end-capped at both ends each with one hydrophilic polymer chain, wherein the non-

crosslinkable polysiloxane copolymer is free of ethylenically unsaturated group and defined

by formula (Vill)
Tr—Y;—L—X——A;—PDMS—A—X——L—Y;—T4 (VIIT)
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in which
A, is a linear or branched C,—Cy, alkylene divalent radical;
X1 is a linkage selected from the group consisting of a direct bond, —O—, —-N—,

S S § R 2 i
1]
—C—~N—, —N—C—, —N—C—NH—, —HN—C—N—, —0—C—NH—, —HN—C—0—,
o}

Il
—S—C—NH—, and —HN—C—s— in which R’ is H or C-Cs alkyl;

| |
Lyis —CH=— or —N—;

PDMS is a polysiloxane divalent radical of formula (II)

— D U—D U, — sl ()

in which vis 0 or 1, o is an integer of from 0 to 5, U, and U, independent of each
other represent a divalent radical of -R—X4—E-Xs—R2— in which Ry and R,
independent of each other is a linear or branched C,—C1, alkylene divalent
radical, X4 and Xs independent of each other are a linkage selected from the

R
group consisting of -O—, -N—, —C—N—, —N—C—, —N—C—NH—,
D i il I i
—HN—C—N—, ~-0—C—NH—, —HN—C—0—, —S—C—NH—, and —HN—C—S—

in which R’ is H or C-Cg alkyl, E is an alkyl diradical, a cycloalkyl diradical, an
alkylcycloalkyl diradical, an alkylaryl diradical, or an aryl diradical with 1 to 40
carbon atoms which may have ether, thio, or amine linkages in the main chain,
D4, D; and D; independently of each other represent a divalent group of formula

(nny

m |
R4 Re Rg P Ro (1

in which Rs3, R4, Rs', Rg, R7, Rs, Re and Ryq, independently of one another, are C;-
Cs-alkyl, C-C4 alkyl- or C4-C4- alkoxy-substituted phenyl, fluoro(C;-Cs-alkyl),
cyano(C4-C,-alkyl), —alk—-(OCH,CH,)s—OR44 in which alk is C4-Cg-alkylene
divalent radical, Ry is C{-Ce¢ alkyl and n is an integer from 1 to 10, m and p
independently of each other are an integer of from 2 to 698 and (m+p) is from 5
to 700;

Y, represents a divalent radical of formula (IV) or (V)

R R
$ R

_C ,
\A/ alk'— (V)
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20.

O
4@ wam
A V)

in which

Ri2 and Ry3 independent of each other are hydrogen, C-Cs alkyl, C;-Cs
cycloalkyl, or C4-Cq aryl, or Ry and R, together are «(CH.),~ where g is an integer
from 2 to 6,

alk’ is a linear or branched C1-C, alkylene divalent radical,

A and A, independent of each other -O—, -NR'—, or -S—;

o R
. . o g 1l
As is a linkage selected from the group consisting of ~O—, —=N—, —c—r':—,
R O R O R
UN ] U 9 | (ll) C')
—N—C—, —N—C—NH—, —HN—C—N—, —0—C—NH—, —HN—C—0—,

i il
—S8—C—NH—, and —HN—C—S5—;

T, is a monovalent hydrophilic polymer chain composed of monomer units from one
or more hydrophilic vinylic monomers selected from the group consisting of N-vinyl-2-
pyrrolidone (NVP), N,N-dimethylacrylamide (DMA), dimethylaminoethyl
methacrylate, dimethylaminoethyl acrylate, dimethylaminoethyimethacrylamide, a C+-
C-alkoxy polyethylene glycol (meth)acrylate having a weight average molecular
weight of from 200 to 1500, N-vinyl-N-methyl isopropylamide, N-vinyl-N-methyl
acetamide, and vinyl alcohol.

A method for an actinically-crosslinkable polysiloxane copolymer of the invention, the

method, comprising the steps of:

(a) mixing at least one hydrophilic vinylic monomer with a radical-generating
polysiloxane having at least one phenone moiety and at least one first functional group
to form polymerizable composition;

(b) UV-irradiating the composition to form a chain-extended polysiloxane copolymer
having the first functional group and at least one hydrophilic polymer chain extending
from a portion of the phenone moiety attached to the polysiloxane copolymer; and

(c) covalently attaching an ethylencially unsaturated group to the chain-extended
polysiloxane copolymer by reacting it with an ethylenically-functionalizing vinylic
monomer having a second function group which is co-reactive with the first functional

group.
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