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fidelity to the original lens design, because of use of reusable, high precision molds. In

addition, contact lenses with high quality can be produced at relatively lower cost due to the

30  short curing time and a high production yield.
However, there is no actinically-crosslinkable siloxane-containing prepoplymer
suitable for making UV-absorbing silicone hydrogel contact lenses according to the

Lightstream Technology™. Therefore, there is still a need for such prepolymers.

35 SUMMARY OF THE INVENTION
In one aspect, the invention provides an actinically crosslinkable prepolymer capable

of being crosslinked to form a UV absorbing or blocking silicone hydrogel contact lens. The
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DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION
Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. Generally, the nomenclature used herein and the laboratory procedures
30  are well known and commonly employed in the art. Conventional methods are used for
these procedures, such as those provided in the art and various general references. Where
a term is provided in the singular, the inventors also contemplate the plural of that term.
The nomenclature used herein and the laboratory procedures described below are those
well known and commonly employed in the art.
35 A “hydrogel” or “hydrogel material” refers to a polymeric material which can absorb

at least 10 percent by weight of water when it is fully hydrated.
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The term “fluid” as used herein indicates that a material is capable of flowing like a
liquid.

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

A “hydrophobic vinylic monomer”, as used herein, refers to a vinylic monomer which
is polymerized to form a polymer that is insoluble in water and can absorb less than 10

25  percent by weight of water.

A “vinylic macromer” or “macromer” refers to a macromer which can be polymerized
actinically and comprises one or more ethylenically unsaturated groups. Medium and high
molecular weight typically means average molecular weights greater than 700 Daltons.

A “prepolymer” refers to a starting polymer which contains one or more ethylenically

30  unsaturated groups and can be cured (e.g., crosslinked) actinically to obtain a crosslinked
polymer having a molecular weight much higher than the starting polymer.

A “silicone-containing prepolymer” refers to a prepolymer which contains silicone
and can be crosslinked actinically to obtain a crosslinked polymer having a molecular weight
much higher than the starting polymer.

35
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radiation energy, especially UV/visible radiation, gamma radiation, electron radiation or

and

thermal radiation, the radiation energy preferably being in the form of a substantially parallel
30  beam in order on the one hand to achieve good restriction and on the other hand efficient
use of the energy.

In the conventional cast-molding process, the first and second molding surface of a
mold are pressed against each other to form a circumferential contact line which defines the
edge of a result contact lens. Because the close contact of the molding surfaces can

35  damage the optical quality of the molding surfaces, the mold cannot be reused. In contrast,
in the Lightstream Technology™, the edge of a resultant contact lens is not defined by the

contact of the molding surfaces of a mold, but instead by a spatial limitation of radiation.
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labile function group so that its absorbance of UV/visible radiation in the wavelength region
25 from 200 nm to 400 nm are about 50% or less, preferably 70% or less, more preferably
about 90% or less of those of the UV-absorbing moiety without the protected labile function
group.
The term “labile functional group” means a protective functional group which can be
removed (cleaved) from another functional group being protected by the protective
30 functional group by any chemical means.
The intrinsic “oxygen permeability”, Dk, of a material is the rate at which oxygen will
pass through a material. In accordance with the invention, the term “oxygen permeability
(Dk)” in reference to a contact lens means an apparent oxygen permeability which is
measured with a sample (film or lens) having an average thickness over the area being
35  measured according to a known method. Oxygen permeability is conventionally expressed
in units of barrers, where “barrer” is defined as [(cm® oxygen)(mm) / (cm? )(sec)(mm Hg)] x
107,
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group consi sai p@yﬂlbxmdfromr]kék” rdfére ito aeomBouidier mienerContairdndvaideastiwo D
described in US 5,760,100 (herein incorporated byR1reference inits

entirety); the reaction products of glycidyl h{acry ate with
am no-functi onal {‘s.—oig

15  ethylenically unsaturated groups and a divalent radical of Rz in which Ry and R,
are independently a monovalent C4-Cq alkyl, a monovalent C4-C4, aminoalkyl, a
monovalent of C4-C4o hydroxyalkyl, C4-C4o ether, C4-C+ fluoroalkyl, C4-C+o fluoroether or Ce-
Cqs aryl radical, trimethylsiloxyl, —alk—(OCH,CH,)n—ORs in which alk is C4-Cg alkylene
divalent radical, R; is hydrogen or C4-Cg alkyl, and m is an integer of from 1 to 10; nis an

20  integer of 2 to 800.

Any suitable polysiloxane crosslinkers can be used in the invention. Examples of
such polysiloxane crosslinkers are dimethacrylated or diacrylated polydimethylsiloxanes of
various molecular weight; vinyl carbonate-terminated polydimethylsiloxanes; vinyl
carbamate-terminated polydimethylsiloxane; vinyl terminated polydimethylsiloxanes of

25  various molecular weight; methacrylamide-terminated polydimethylsiloxanes; acrylamide-
terminated polydimethylsiloxanes; acrylate-terminated polydimethylsiloxanes; methacrylate-
terminated polydimethylsiloxanes; bis-3-methacryloxy-2-hydroxypropyloxypropyl
polydimethyisiloxane; N,N,N',N'-tetrakis(3-methacryloxy-2-hydroxypropyl)-alpha,omega-bis-
3-aminopropyl-polydimethylsiloxane; polysiloxanylalkyl (meth)acrylic monomers; siloxane-

30  containing macromer selected from the group consisting of Macromer A, Macromer B,
Macromer C, and Macromer D described in US 5,760,100 (herein incorporated by reference
in its entirety); the reaction products of glycidyl methacrylate with amino-functional
polydimethylsiloxanes; hydroxyl-functionalized siloxane-containing vinylic monomers or

macromers; polysiloxane-containing macromers disclosed in U.S. Patent Nos. 4,136,250,



pol ydi nmet hyl si | oxanes; hydroxyl-functionalized sil oxane-containing vinylic
nononmers or nmacroners; polysiloxane-containing macroners disclosed in U S
Pat ent NOXO 241113630250, WO 2011/ 034801 PCT/ US2010/ 0#8%8/B2¢10055664 1,
4,182,822, 4,189,546, 4,343,927, 4,254,248, 4,355,147, 4,276, 402,

4,327, 2030 4,241 859,» 4 480,871 5.4058% APy 80814324 o9 860 F 200
4,341,889, 4,486,577, 4,543,398, 4,605,712, 4,661,575, 4,684,538, 4,703,097, 4,833,218,
4,837,289, 4,954,586, 4,954,587, 5,010,141, 5,034,461, 5,070,170, 5,079,319, 5039,761,
5,346,946, 5,358,995, 5,387,632, 5,416,132, 5,451,617, 5,486,579, 5,962,548, 5,981,675,

5 6,039,913, and 6,762,264 (here incorporated by reference in their entireties); polysiloxane-
containing macromers disclosed in U.S. Patent Nos. 4,259,467, 4,260,725, and 4,261,875
(herein incorporated by reference in their entireties). Di and triblock macromers consisting of
polydimethyisiloxane and polyakyleneoxides could also be of utility. For example one might
use methacrylate end capped polyethyleneoxide-block-polydimethylsiloxane-block-

10  polyethyleneoxide to enhance oxygen permeability.
In a preferred embodiment, a polysiloxane crosslinker is defined by formula (1)

Q—Xy——A;—PDMS——A,—X,——Q )

in which

A; and A, independent of each other is a linear or branched C4—Cj, alkyl divalent
—alk—0)-ak—

and alk and alk’ independent of each other is a C1—Cs alkylene divalent radical, or a

15 radical, a divalent radical of in which q is an integer of from 1 to 5
divalent radical of -R’+—X4;—E—Xs—R’>— in which R’y and R’; independent of each other is

a direct bond, a linear or branched C1—C1, alkylene divalent radical, or a divalent radical

g —(—alk'—O-)E alk—

as defined above, X4 and X5 independent of each other are a

R o R R 0O
20 linkage selected from the group consisting of —O—, —lll—, —g—rlu—, —lll—y)—
TR PR 2 i i i
—N—C—NH—, —HN—C—N—, —O0—C—NH—, —HN—C—0—, —0—C—, and —C—0—,

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 up to 40 carbon

atoms;
25 X; and X, independent of each other are a linkage selected from the group consisting of
R o R R O R O o R
a direct bond, —O—, —lll—, —g—rlu—, —lll—ICI)— —lll—yl—NH—, —HN—g—lll—,
1l (I? ﬁ ﬁ .
—0—C—NH—, —HN—C—0—, —0—C—, and —C—0—, in which R’ is H or C4-Cgalkyl;

PDMS is a polysiloxane divalent radical of formula (2)

—D1—[—U1_D2_€U2_D3HT (2)

30 in which v is 0 or 1, w 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’,— as defined above or a
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10 provided that a+b is a number in the range of 10 to 30, and a divalent group of

formula (3)

- |
R4 Re Rs P Ry (3)

in which R, R4, Rs, Rs, R7, Rs, Rg and Ry, independently of one another, are C4-Cs-
alkyl, C4-C4 alkyl- or C4-C4- alkoxy-substituted phenyl, fluoro(C+-C4s-alkyl), cyano(C+-
Cqz-alkyl), —alk—(OCH,CH,),—OR44 in which alk is C4-Ce-alkylene divalent radical, R4
is C1-Cs 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, provided that at least one
of D4, D, and D3 is represented by formula (3); and

Q is an ethylenically unsaturated group of formula (4)

R N
Zi—As—CH2,—Cc=c¢C
_e ° qQ 29‘1_2 | AN
R4 Ris 4)

in which Z; and Z, independent of each other are a linear or branched C—C1,

15

alkylene divalent radical, a linear or branched C+—Cy, alkylene divalent radical

having one or more hydroxyl groups, a radical of —(CH,CH,0O),—CH,CH_— in which d

is an integer of 1 to 10, unsubstituted phenylene divalent radical, C4-C4 alkyl or C4-C4

alkoxy substituted phenylene divalent radical or C7-C, arakylene divalent radical; As
R

is —O—or —rlu— in which R’ is H or C4-Cg alkyl; g4 and q; independent of each other

are an integer of 0 or 1; Ry4 is hydrogen or C4-C;4 alkyl; Rys and R4 independent of

each other are hydrogen, C+-C,4 alkyl, phenyl, or carboxyl group.

A polysiloxane-containing vinylic macromer of formula (1) in which o is O can be
obtained from commercial sources or prepared by ethylenically functionalizing a
commercially-available di-functional polysiloxane (i.e., having two terminal, first reactive
functional groups selected from the group consisting of primary amino groups, secondary
amino groups, hydroxyl groups, carboxyl groups, epoxy groups, isocyanate groups, acid
anhydride groups, and combinations thereof ) using an ethylenically-functionalizing vinylic

monomer (i.e., a vinylic monomer having a hydroxyl, amino (primary or secondary),



15radical, a divalent radical of 4alki-0)-qalk-in which g is an integer of
froml to 5 and al k and al k' independent of each other is a Cl-C6 al kyl ene
di val ent waahti34806r a di val ent radi cal of -R 1-X4- E- X6 PRTAIS2016/0¢#5pth R 1
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C1-C10 al ne dival di cal a . dival radical a-(- 1k1-0)-al k-
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cycl oal kyl dEkeﬁdeé@bt etByledit&iylfayctionalidiyy vudjllbimﬁrm&ie,rs mpludé kithautyimitdiioradi cal ,
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10 acrylamidoglycolic acid, beta methyl-acrylic acid (crotonic acid), alpha-phenyl acrylic acid,
beta-acryloxy propionic acid, sorbic acid, angelic acid, cinnamic acid, 1-carobxy-4-phenyl
butadiene-1,3, itaconic acid, citraconic acid, mesaconic acid, glutaconic acid, aconitic acid,
maleic acid, fumaric acid, aziridinyl C4-C4; alkyl (meth)acrylate (e.g., 2-(1-aziridinyl) ethyl
(meth)acrylate, 3-(1-aziridinyl) propyl (meth)acrylate, 4-(1-aziridinyl) butyl (meth)acrylate, 6-

15  (1-aziridinyl) hexyl (meth)acrylate, or 8-(1-aziridinyl) octyl (meth)acrylate), glycidyl
(meth)acrylate, vinyl glycidyl ether, allyl glycidyl ether, (meth)acrylic acid halide groups
(—COX, X=ClI, Br, or I), C; to C, isocyanatoalkyl (meth)acrylate, azlactone-containing vinylic
monomers (e.g., 2-vinyl-4,4-dimethyl-1,3-oxazolin-5-one, 2-isopropenyl-4,4-dimethyl-1,3-
oxazolin-5-one, 2-vinyl-4-methyl-4-ethyl-1,3-oxazolin-5-one, 2-isopropenyl-4-methyl-4-butyl-

20  1,3-oxazolin-5-one, 2-vinyl-4,4-dibutyl-1,3-oxazolin-5-one, 2-isopropenyl-4-methyl-4-
dodecyl-1,3-oxazolin-5-one, 2-isopropenyl-4,4-diphenyl-1,3-oxazolin-5-one, 2-isopropenyl-
4,4-pentamethylene-1,3-oxazolin-5-one, 2-isopropenyl-4,4-tetramethylene-1,3-oxazolin-5-
one, 2-vinyl-4,4-diethyl-1,3-oxazolin-5-one, 2-vinyl-4-methyl-4-nonyl-1,3-oxazolin-5-one, 2-
isopropenyl-4-methyl-4-phenyl-1,3-oxazolin-5-one, 2-isopropenyl-4-methyl-4-benzyl-1,3-

25  oxazolin-5-one, 2-vinyl-4,4-pentamethylene-1,3-oxazolin-5-one, and 2-vinyl-4,4-dimethyl-
1,3-oxazolin-6-one, with 2-vinyl-4,4-dimethyl-1,3-oxazolin-5-one (VDMO) and 2-isopropenyl-
4,4-dimethyl-1,3-oxazolin-5-one (IPDMO) as preferred azlactone-containing vinylic
monomers), and combinations thereof.

Preferred polysiloxane-containing vinylic macromers of formula (1) in which w is 0

30  include without limitation di-3-methacryloxypropyl-terminated polydimethylsiloxane, di-vinyl-
terminated polydimethylsiloxane, a coupling product of an ethylenically functionalizing
vinylic monomer (selected from the group consisting of isocyanatoethyl (meth)acrylate,
glycidyl (meth)acrylate, vinyl glycidyl ether, allyl glycidyl ether, (meth)acrylic acid chloride, 2-
(1-aziridinyl) ethyl (meth)acrylate, 3-(1-aziridinyl) propyl (meth)acrylate, 4-(1-aziridinyl) buty!

35  (meth)acrylate, 6-(1-aziridinyl) hexyl (meth)acrylate, 8-(1-aziridinyl) octyl (meth)acrylate, 2-
vinyl-4,4-dimethyl-1,3-oxazolin-5-one, 2-isopropenyl-4,4-dimethyl-1,3-oxazolin-5-one, and

combination thereof) with di-(hydroxyethoxypropyl)-, di-hydroxy(polyethylenoxy)propyl-, di-

10



a-(-1-0)-al k- divalent radical oflkgas defined above, D1, D2 and D3

I ndependently of each other are a divalent radical selected fromthe group

consi st i NYOaP1/3@&H2CH20) 1- CH2CH2- in which t is an i nt e@€T/USROIB/OYSSCHO,

- CF2- (0CF2) a( OCF2CF2) b- OCF2- in which a and b independent of each other is
[ of 0t avi ded that. atb i s a nunber

an integer of 10 to
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Al oy~ HREVPINISG BALHYTNGT imQPopcrs cha Cia)rsvels b Ao BT £y )
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is Cl- Q is an inte é depe ntly of
cacts ot heaki@elieiioaties 21 CoTBRpurdese) 1l ey Sl BTE A 700
provi degolydimetrgtsiibemstin oreprodenod of BZadndibB@eias ar@mpmﬁmgeeﬁl dogouiptiigrul a ( 3) ;
and Qis et hyl eni caclf\ unsat ur.at ed rou of far I &\411 OR15 411
" as-cabroppot el ofpiesaly nRiGRIca VY e A5 oM e huent of each
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or br anched 06_&12 al e di valt ent ad% hwﬂaw ng on nmor e hydr oxyl
groups, @ colist acu{ éﬂmn@ ey BErEOn; PCHN @R ac?{q nteger of 1 to
10, 1(unseﬂhybhﬁndpe@byptwmyiamdiydnabtewbndmde trathe ptdseBde af ekyehrbodunﬁdle @d a20al koxy
substit ut%)g &Qenr}f[l ene Fgl val edntt rfad ?h | I ? iL ara 3(/ [e di val ent
radi cal © gent, & coughng product of an'e yenlca y functionalizingviny i€ mohdfer
(selected from the group consisting of C,-C4 hydroxyalkyl(meth)acrylate, C,-Cs4
hydroxyalkyl(meth)acrylamide, allyl alcohol, allylamine, amino—C,-Cs alkyl (meth)acrylate,
C1-Ce alkylamino—C,-Cg alkyl (meth)acrylate, vinylamine, amino—C,-Cs alkyl
15  (meth)acrylamide, C4-Cs alkylamino—C,-Ce alkyl (meth)acrylamide, (meth)acrylic acid, and
combination thereof) with di-(hydroxyethoxypropyl)-, di-(@aminopropyl)-, or di-
ethylaminopropyl-terminated polydimethylsiloxane through a di-epoxy compound (e.g., 1,4-
butanediol diglycidyl ether, 1,6-hexanediol diglycidyl ether, glycerol diglycidyl ether,
ethylene glycol diglycidyl ether, diethylene glycol diglycidyl ether, polyethylene glycol
20  diglycidyl ether, propylene glycol diglycidyl ether, dipropylene glycol diglycidyl ether, or
combinations thereof) or a di-isocyanate (e.g., isophorone diisocyanate, hexamethyl-1,6-
diisocyanate, or 4,4'-dicyclohexylmethane diisocyanate).
A polysiloxane-containing vinylic macromer of formula (1) in which ® is an integer of
from 1 to 5 (preferably w and v are integer of 1) can be prepared according to any known
25  procedures, for example, those described in U.S. patent Nos. 4,136,250, 4,486,577,
4,605,712, 5,034,461, 5,416,132, and 5,760,100, herein incorporated by reference in their
entireties. Preferably, in formula (1), ® and v are integer of 1; D4, D, and D3 independent of
one another are divalent radical of formula (3) in which R, R4, Rs, Rs, R7, R, Rg and Ry,
are methyl, m and p independently of each other are an integer of from 2 to 698, and (m+p)

30 is from 5 to 700; U, and U, independent of each other represent a divalent radical of -R’1—
o R R O

X+—E—X5—R’>— in which X, and Xs independent of each other are —c—rlu— or —lll g— Ry

—Qalk'—o-)q—alk—

an integer of from 1 to 5 and alk and alk’ independent of each other is a C—Cs alkylene

and R,’ independent of each other is a divalent radical of in which q is

divalent radical, and E is an alkyl diradical, a cycloalkyl diradical, an alkylcycloalkyl diradical,

35  an alkylaryl diradical, or an aryl diradical with up to 40 carbon atoms; As and A; independent
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N n which R is Hor Cl-Cs alkyl; ql and g2 i ndependent of each other are
an integer of 0 or 1; R14 is hydrogen or Crat alkyl; R15 and R16

i ndependeWwoD 20f1/6340im ot her are hydrogen, Crat alkyl, pheRgl/USer1004sSobxy!
group. A poI ysi | oxane-containing vinylic macroner of formula (1) in which
COis 0 b obt nedfromcormer ources qr .pr.epar.ed, by .

ot hyT enPaneh P RaTs Bierma MEmi Gommas EPa PPy e S GRRIE A Rdsan

pol ysi | @mwemcélly uhsatuateéd DepupWwd freura (maln wiHich B1, Zp.eRcti, \vg Rydriet,iamdak,e gr oups
sel ect ed fro roup con n rimary am no groups, secondary am no
gr oups, @}9?868%"1%56”%3&%%&&% '%ﬂllac“"ﬁ epoxy groups, isocyanate groups,
acid anhydrl Neaty anirs;draphiicamytic mahboBscAr ey eald in thesinvgntian. Suitable

et hyl enj fun tlonaI|2|n Vi n Qnonone nomer
haVI5ng yﬁ B:X\S}nylcgmnﬁwe(%? F@%}hlgé(&lgg&g&%&h%lét (?ne\{h)aXrylamlde dO
2011/ 03ﬂ8ﬁd@%/déﬁ®ﬁﬂtﬂ)/a6@&5ﬁde qar gy lalkye@asty)acarntidelinydroxgpizd bstitated,

i 1 d | i.d t b [ i

hoon ot alfHCe b oo dndlaler s, oG e e SRETCol BRI o 1o the
ar';] I(Or (rhél}a'l;‘a@rynm@@@@drroﬁﬂ -giiestitttiel ecivdrelighyinyl ExaspINesingibyrrole, N-vinyl-2-

et hyl eni ca

S0t ol iy RO A -BITOR AT Bty ot Ly fainé, ™ £ & 01
(metd) aclegisatlyd@satatatyd eérbomib acnab hyviagranetal Grsi tn@dazedaeateﬂnkyémmo(lower

am no, Codhs BIRRATYT Fep AN Pl atooep Bl i g g oy " "

(et h) aglkylb@mojigoweratkyl)iaad alt(lod/,er é]kylé}ﬁlr&l)(lltyﬁel@l‘k}yl)a@ylatﬂs(tnﬁenejhacryl‘atebacr ylic

t hyl I b t I | i d),
Nat 1 o BBl SRR MofyPRiata S e be ki dogl yeol i ¢ aci d,
beta net hyI aﬁsfe'r’red:hmm;ﬂnl(cqumomo@omm@re I\&Nflﬂmemplenwlanadas yl:I)MA) ALNd,

b b i d
=5 onrlmBh o sk tiniiny o EalbibeoBCH MendRin A g aconi .
aci d, ghiﬁir@%hbl ol-ayeireky ety bairy | midec N tris(raidedxymatiymethyfaictytanaide AN-neethyli di nyI

£ e G B o
gma';h) aq—nsllé)ahﬁjro@prd@( derglate; hyldrbxyp)r?MWIeIthe(cr‘MthIaEMW) atlmethglran}monlum 2- |
i yor ay PaspheprobuElbntgE i PEUNE, ShinBraS b TRE RIS o1 oL

(- CoX, kﬁm@mylarﬁhoemyl rﬁe)tha@wateo(m&mpIggnae:toomemk:rwammmq;rwmym-

I .
2% vt myl P E e ol S, UGB a5 S: 24 5 GpGrpon, ARSI 1- 1, 3-
oxazol i QIyEolcqmeth)é’eryllaI&yIavﬁ-‘rgrmNélght avreeddeytheldcBaroxeghtl df frof-200eto 1500,

2- |sopro y1l-4-butyl- 201, 3-o0xazo]ip-5-one . :

2 vy | FRREG APg 1y gabiden Neryhaceiat e, B e Rerony paidy N
dodecy! mbtti34 avaamldenallyt ainehol N-vegprappaagtdmiartt Imhlmhem;hbféqu oxazol i n-5-one,
2-i sopropeny ent anet 0Xazo

2-i %‘?)pr openy%nylswtqb Q(ﬁ%?rﬁ?%l?e%n\?f%go@ygfgﬁpﬁ a0 bgﬁjgéd in the invention.

2-vi nyl Pﬂeféradlyeé byllyﬂﬁrlﬁame(m/aibsbrtﬁig)agent comprlses a benzotriazole-moiety and/or a

2-vi nyl

is opr opgﬁffph ech}eﬁyg_legy Eﬁ%rm/)lles i)? %.retggrgg cﬂo?yﬁnésrlzawg UV absorbers include without
2- 1 sopr (piatich- memydwma (bem‘e?tbréerﬂloﬁoxy%qd()ahmyl)Fbeh'n-zollnezole 2-(2-hydroxy-5-

2-vinyl -4 oy thyl -
T oL yGy RO S AR (RS P P oS- hs RO o b kol 2 by~ and
2- i SOPr bpdroyl3- nﬂetﬁla@ylamtdbyﬂetﬂlyléﬁ-tmamjlpmﬁlamumeot(rlhﬂﬂNQ(Zahyqtmw ﬁr red

| i h f d
ARl S R T e R e L e S
30: ng I ud?;]wcixyh@ml trlaizofiet 242’ mlydnrbrxy-? nmethlaanyrqummm&}pwtjtzt memllyr)-@t- ed .

i me si | oxan erm nat e si | ox , u in
P ouact cprobRnediER, £l Pyibna TR SR eI TRt R 2REnuickg P r om
E het % ; oeprnemasnymypsrgpylbhersfobe/rmomaaelbhmhydmy Aaaoi gy atilexy Geyaaptighone, 2- I
met h) a Ly ic

th
e d bnetpRemethadtyfh e on s Bhone A PY PRSP ne STRHNPTG )
propyl (iedr)dexyyeatephehod- azi ridi nyl) butyl 35 (meth)acryl ate,
6-(1-aziridinyl) hexyl (meth)acrylate, 8-(1l-aziridinyl) octyl
(nmeth)acrylate, 2- vinyl-4,4-dinmethyl-1, 3-oxazolin-5-one,
2-1 sopropenyl-4, 4-di net hyl- 1, 3- oxazol i n-5-one, and conbi nati on t hereof)
wi th di -(hydroxyet hoxypropyl)-, di- hyd1r20xy( pol yet hyl enoxy) propyl -, di -



WO 2011/ 034801PCT/ US2010/ 048561 (am nopropyl)-, di-ethylam nopropyl-, or

di - car boxypropyl -term nat ed pol ydi net hyl si |l oxane, a coupling product of an
et hyl eni caDI2g1/a3#&ot i onal i zi ng vinylic nononer (sel ect edPCTAIS2A1084856bup
consisting of allylam ne, am no-CZ C6 al kyl (meth)acrylate, Cl-C6

| kyl am | k t.h t I C2-
(et by acry1 aPaum ol p i GraRsSios soutedin PR pfereral 9 e e ang
conbi natvemsoibirey &zh) dwchbediabmratmampfgdp)ahy keas\m matred kpolvyido mksphm | oxane

in the carb d|| e, as cou a cou roduct
of an cPRERERTERA o SRS AP BB T EY srarhsiiengRe GRS FRERE! he
group ceasiedtwithta priotectet IBhiRCarplip  @pivert adi\hybsehisg nbiatg inth a temy\acr yl i ¢
aci d but%a acréll ei acid, 2- acrylam doglycolic acid, and conbi nations

t her &of PSRRI ¥ri nopropyl - or di- 10et hyl ani nopropyl - t er mi nat ed

pol ydi Irns*t hyl Bbd @M@r&@;rlaﬂol@hﬁpepwﬂ%ﬂﬁmlr@fa@nt;aﬁéJIG)ﬁilrd)XVl daelmsmahepueﬂol ng agent
a coup uct .0 n ctl onal,l zl Vi n

(sel oot 80P BhAPEReo Grofm B O P are s g Gyl e by AT ot e,
C|2ka|4 hy@brﬁéy@édﬁyilxrﬁmt h&/aubwdbm@(d@ thaldrotbctazle@dnm ess@hilalllyamfﬂsehe am no- C2- C6
al Ky met acr acr

vi nyl ani3 ‘J(ﬁéngjﬂé? E?/T]p(i%‘(j tﬁ?tég? ?9%%88¥ ”@1’55%@ aﬁ'skﬁ} ﬂ’fyd%ﬂ@ C6
aI kyd (820 fa))zmc)rryh adngay, Ex(aﬁ‘tpid%)cﬁ@l‘c}téttm‘/eaﬂhlld graupd indude wittauolimitdtieneaélyl wi t h

h d t h
G ot M LOLE LRSS RN o Blriel ARSI ThdssTartectve S04 2 de. epoxy
Corr’]rpoundor(v%rtgd badk_ tél-a Wme@‘tdﬁ»bl @hogfqrhmg tcbyalnye(hbwn methdi éf&ammeldnsts)lﬁ adiregl, yci dy!
et her , cer | e er Cl er,
ot hot B o i i 15 BY RO T SRane s Sinti o st %6 e SlAPR R o ner
pr opyl epe pgifyraid bi'ls@bymgd)d ciebdipns irdéqiuapd woebgiate sblutbrodnchiedyihget her, or
conmbi nati ons th reo SOp or.one i Socyanat e,

Pexiiet hy 1- 1560 A7 2k BYor R G ot & et ol AR Sai 0385 anat e
A pol ysrdolfvty’slm l@@iﬂatpwcgd Agth \oinB Yo :)h;e amerr@rf&dsr{/emfprbtecmd Iabl(elgrompss)twhomha 0) is an
nt r No) refer an ar.
Ipr eggfe@?eo{g@%%g%b%mg@-ﬁﬁsdﬂe%&\%gﬁﬁpgw? }SFa%Egﬁﬁn\éeﬂegjﬁ%ggpdescr i bed
indU.SS%glgai{lgﬁ@ midiety bﬁreh&ﬁmﬂﬁl@e pﬁoté&&e?@dﬂe Hor05, '712t h5' 034, t461 t5 416, 132,

, , erein |ncor erence in ejr ireties.
oot orably ool BOTRBaFARI (Y ghabFliEREE oy 4% £y isoRidE
i ndepe nthedrit m/f-ab:smﬁ)lﬂgmfolfee{jlsgrr@‘embumrfemtf thieawifunatioradl cdrapoarda (Xg@@tr;bled nv\/fal ch ES
R4, R5, R6 , R8,, RO e nden of eac
ot her aF%’“@HﬁyFﬂV‘gﬁgrcobqe%pmrggb?t %@’g’?cag%’a WS@%@@%@@%@WS %QJO Ul and
U2 |ndeawﬁi@rﬁderﬂftleea'rth@rhdmehaerBﬁm&ﬁmdi; Uaefdl wahe Rtoduatibreafl OmithaliRi- (i1 7R 0
[l X4-E-X5-R. 2- .in whic %(@h? ? tofe rot erq{Fr@th'N' or
NG, RA"SeSniey '”08@8[%‘?1 te ‘B’F”%e 'E;‘H ré?y peaﬁs%ﬂ cd iy e Wi kngy
4alkl- Ohewlik piepgre suahccbnmomsdsan i nt eger of from 1 to 5 and alk and al k'
|nde endent 81‘3@ @ other is val ent radi,cal,,and E is an

al kyl diradi sprghe eaﬁamleaacflémcggnaﬁ C8Wp8'1’ lé{/‘fa&}%q REPRGH 45i0o¥seal , 35an
al kyl ar ybadjré 3959:611 (2- Iqmdr@dyemb)(y)plﬁbrrya(ﬂ tatirowy-Rkprogy| t leteH2) cam bereateas; Al

and A2 | q gc'?nlg g%hyd\/\ge %regh'}x |913frle g%/eHS%geln%é 9040853% Irgacure 2959-
monosuccinate. Norbloc (2-{3-(2H-Benxotriazol-2-yl)-4-hydroxyphenyl}ethyl methacrylate) is
reacted with the obtained Irgacure 2959-monosuccinate in the presence of N,N-dicyclohexyl

30  carbodiimde (DCC) and 4-(dimethylamino)pyridine (D-MAP) to obtain conjugated Irgacure
2959—-Norbloc.

In a preferred embodiment, an actinically crosslinkable prepolymer of the invention
comprises dual photoinitiating and latent UV-absorbing polymeric units. The latent UV-
absorbing moiety can be converted to a UV-absorbing moiety by removing the protective

35  labile group.
In accordance with the invention, a monoethylenically functionalized polysiloxane

vinylic monomer or macromer is defined by formula (5)
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of each other have the sane neanings as defined above generally for fornmula
(1); Qis an ethylenically unsaturated group of formula (4) in which Z1,

Z2, A5, OY0,20012480R14, R15, and R16 are as defined abov@Clgsaenoakssgl for
formula (4)). Nearly any hydrophilic vinylic nononer can be used in the

i nvention. Suitable ydropm lic V|F51yl | c npnorrers are, W thout this being

an exhaustive Ilst |rret h) ac yIa kyI (G to C6) (meth)acryl am de,
(C1 to C6) alkyl ¢ § _sbstltutedlower al kyl (Cl1 to
C6) (neth)acryl émble hydr b ltuted Iovver alkyl (Cl to ©6)

(et h) acryl at es, hyderxyI stl U d I yve al kyl vinyl ether 5(5)
N-vinyl pyrrol e, N-vinyl-2- pyrrolidone, 2-v{ nyl oxazol i ne,
2- vi nyl indyrich di al kyl oxazol i n-5-one, 2- and 4-vinylpyridine, 10olefinically

unsat ur at r.box I| CI ds havyi taI of 3 to 6 carbon atons,
Sool] ot AT ob e Dl b e,

am no(lo al so includes quaternary
anmoni um RsanG{SI Bwem RI; IQ@I Bl moald p\wes asaddxfyie)j ande ohi fotnavke (3);

al ky] am nq) (| ower al tes & al I | ho N-vi nyl
21100 an dd RATRYP AT RHAARYET G PRLFIRL. Ak el el Bhrer o
vinylic WEEID(DEI—SC@NR19N MO AORetdrHCBONR aRade n(d;)l‘dé)nprlsb Nydroxy group, primary,

15di net hyl net h cryI nd”ronohydrat e,

3-acryl oyl §ﬁ?rh 1y, frg‘ﬁr}ﬁ%ﬁ&'”e %%H%&a%&étgﬁ@p g?%/lﬁgxrﬁhﬁgc'
N4t ri s( hydn xamethyighigarigtumghiceate beap oé forMNulaed hyd G=fimet Iajobvme 2-pyrrolidone,

o o o M R o b b s PR P ¥ QOB RPF: Lo

trimet hycbuiwmam pmpﬁed bydt‘rgbeynophyofmyibmhmng yﬂ atnenhf;adctmbllmdl nﬂ:da/sulmnaspr opyl
met hacr Iate dro or 0d m noet hy|

a1 ycer of St e ey RO, sB G Rt it BReSer bR TG c oo
Vi nyl pygiotpn&H, aCO;dH @&paxy ghoup, Im@énablgm;p anmhMldenetcglthbcain

(meth)acryl at e V|n t avera m)lec l,a 0.to
1500, nEHeBln{ BNaRRaRAP Yl B R T dRo R iy s lled HogE ARG,

i sopr opwnamrmegroup\combn\mrmﬂhty\b tem&marfumtaonailqudp cﬁItImorInonhofunN;tmnaI;zIed

I I
OV Shsop b abenec bl el onning herdt i BRACSULAY o
pol yrer rrmaquectlddaaﬂnﬂmbem@sageuommrqnllymsnaﬂnlebergzo‘tom akdick - Aﬁﬁ@@nmw or a
_benzoph(énot'r}ﬁg hI%H,;oE E?Fégﬁ Ir%acS I\/F%)rrlsl?nrllgf BA' Igrefel?redyeng plze% f%o%eﬁ?l%ﬂfogw S

i ncl ude Wi
2-(2' h;mhbtlnmhﬁéd R&ysipxdrecrinlio ylomeoyrethigd hadremgts) intiede withola Zimitation mono-

% Eg Ez Irne) Ei %37 Y n%’;gyll)ge %IﬁL Zﬁoggrl_ﬁfj ir?lz%{zn% %qudlmtithz/lﬁlloxane mono-vinyl-
30hydr oteymahatael, hamogdlle;hiednmamdmdlydﬁnetbylslIaxeh@'Iepd:mlpymg bredudtaf azol e,
2-(2'-h y-5h' t hac h
RO R e R A R
2-(2' - hpdcm%cﬁ‘thytr&hétﬁ)ﬂtyﬂlamygjymmyIIm&h)atCﬂhmey\hmpb@nmw)etﬁer el ghyclbﬁnzot riazo
I 2-(2.,-h b i .
272" - gL i B Sy rerangD U RTREY € St sziiciny propy
2- hydr ogyethamoiiate okl -atikdiny) eyl metioaoylete, B-(1-35ingithy) gxy {nrethheocylgte 08y

I k h h I
B e Y e AU L N S ey S e Y et
UV- absonmm@eﬁgemﬁ -axapolines-pnes mad edmbimatioa theodof rweith mabd-e UV absor bi ng agent
d i bed ab Kk | 1 ed
O g oL b O PO RGO Bah DR A A o
be r eactretovammopargpynesiendkyil-andre- @Ieyiqmmnopromd)fmono—alkwv @lms@1obi Nng noi ety
into a Ia ent UV

5abs E ype
V- abeof BER ARSI Telorog = ereelinG oReli A ictuind
benzot r funztibrealining amyluccmnndneerr(eplbateddtom thi gmlmrmelstlmg/e‘ eIIIaIamlrm gmiup- t o
render t.he, age sent |aI Y, bsorb e ti roup
cosent i Sy ol i BRR G T TR B e b kP g fecrabias s EER T he
agent dGgLsmaikyl @rluﬂb)abry&smdde r@& ey atkylaminbeC,-Cs alkyl (meth)acrylamide, and
combinations thereof) with mono-carboxypropyl-mono-alkyl-terminated polydimethylsiloxane

in the presence of a carbodiimide as a coupling agent, a coupling product of an ethylenically
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10320 to 400 nmrange). Exanples of protective |abile groups include
without Iimtation acetyl radical, acetylal kylsilane, alkylether, and
al kyl est VO 2THés¢80pr ot ecti ve groups can be converted ba®kKTUuS2@EMysisDXYI
radi cal according to any known nethod after the lens is cured, thus

t he | ens. r enoyval rotecti Ve | abil e

deri . V- ab bi . F | e, f
S o AR S8 BE et RO o TPeULRLREE Lot
sol ut i osthgladrylieadid,@opyldssylicidcay, bytylaatylit aaid! 2-aaglamidogiyeylic acidiaal of the
phenol gr ouﬁ tOf ?%berﬁ}(l)vﬁgenon_e noi ety can be r|§|8l aced \m}h .one of the
af or e TR RRLPS e ORGSR s PR ALY P AP Y EHY AR BN bi ng
ni e': y. gﬂih@-alk@[—l@ﬂhin?kﬁd&i@g@{rﬁéthgsilm}aﬁ% _Lnl thapré%en@a)dg\/eedialtrbﬁhimeiﬁb/cammgbi gg
noi e renovi n rqQt ect,i ve. e.qraup. ol yneri zabl e 0
havi hy 255t tunte BeRHE danety e oG dslgRa v RyRorBone: GreCed MaBbor bi ng
noi et yI the pod esmiltiyg gmz-oagydwe?yaniyf(mam)@@yltaﬂe, CQmpouniI/s 1?165(2:” bfeplI i 3 a
commonl y- powned ¢o- pendi.ng. nt .application il.e
B e el SRR AR ah SEPh Bl iR e bt T e Ene
Product 'CQ@G@kyl@ﬁm&mzfﬁat’all{w_(iﬁéiB)ha'brWHi?,ejir_wlla}rﬁiﬁe,ra)ﬁiﬂa%@fcpalkylef er encehi nits
entirety. erson ski int r now how to prepare suc
conpoun ‘?t%%ar%ﬂae’i ($1I'{5%$E3ﬂ?ﬁn\?8_§3(§ﬁﬁ|k¥§\ﬂ (”E?trb??%ﬂﬂ%‘%’ i(@ﬁﬁﬁa%%lﬁan% an be
Er Smr ed%ralsinétﬁﬂnl tb@?o{) |vﬂigaﬁ¢lfcﬁ(hg%9ye(tﬁ?>(y§rd®ydﬁnm(memm?,(yh)opbﬁnéI - <(:| 2- O _

r oxy-2-pro one) can be r ed w .SuUcci nj c_an ride (re n
Y AR PR R Of b SR TR PSRk el AE | SRmbhfoe ™
(ZtE 3; g} adm}gztﬁﬁmobrgb?;—mbna-aw)z-étékﬂhr)aie@pglpdii_&myly}sﬂpMe r;rhmublaerdybafbwg is reacted
Wi e obt ai ne rgacure., - MONOSUCC e in. the presence o
N N di CORTBRE Sa 2P EnF S BRAET a o e Sl SRR e (o )
to obt aiji:gly@i@m atgat ettlylengalyoolalies®A bibieh|disthyléme glyq efghicidybeteahodi nent, an
actini ca

| vy, crosslinkabl e prepolyner of the.invention conprises dyal

hot bi P TRGE dvee R BOBE BT R sl RN SR SRRRE vl
U;]/- absodigiysigynahet yrb (&?ﬁbirlmiioﬁg theesdfeor 4 di-isodysinatb s@.phisophomne dilsdoyamaepvi ng
the protective 35 ile group., . . I n_accordance with the invention, a
nonoet hb?@%%@f'%ﬁ'&fﬁ%ﬁr%ﬁealof)ﬁé‘dd'&ﬁl%qu@]fgr}?@e\fﬁﬁ%ylaeatr?g'norrer or macr oner
i s defined by dcodbrdahee Wih theibatflidi/ HSIBARCTHthIBHg Myld BivGdme RS prétBrably
a vinylic monomer of formula (6)

¢ 9y oy
Gg—Si—QCHZ)—-Go—Y)—(—L—AS—Csz C=CH,

CI'\Jz p m q1 qQz (6)

in which: Rq4 is H or CH3; Z4 and Z, independent of each other are a linear or branched C4—

20

C12 alkylene divalent radical, a linear or branched C+—C+; alkylene divalent radical having
one or more hydroxyl groups, a radical of —-(CH,CH,0)s—CH,CH, in which d is an integer of
1 to 10, unsubstituted phenylene divalent radical, C4-C, alkyl or C4+-C, alkoxy substituted
R

25 phenylene divalent radical or C;-C4; arakylene divalent radical; As is —O—or —rlu— in which
R’is H or C4-Cgalkyl; g4 and g, independent of each other are an integer of 0 or 1; Y is a C4-
Ce alkylene divalent radical or a C4+-Cs alkylene divalent radical containing one or more
hydroxyl groups, m is an integer of 0 to 5, p is an integer of 1 to 6, and G;, G, and Gs
independent of each other are C4-Cg alkyl, phenyl, benzyl, or a radical of formula (7)

B1
—O—S:i—B3

30 B> (7)

in which B4, B, and B3 independent of each other are C4-Cg alkyl, phenyl, or benzyl;

provided that at least two of G4, G, and G; are radicals of formula (7).
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Examples of siloxane-containing vinylic monomers of formula (6) include without
limitation N-[tris(trimethylsiloxy)silylpropyllmethacrylamide, N-[tris(trimethylsiloxy)-
silylpropyllacrylamide, N-[tris(dimethylpropylsiloxy)silylpropyl]lacrylamide, N-
[tris(dimethylpropylsiloxy)silylpropyllmethacrylamide, N-[tris(dimethylphenylsiloxy)silylpropyl]
acrylamide, N-[tris(dimethylphenylsiloxy)silylpropyllmethacrylamide, N-
[tris(dimethylethylsiloxy)silylpropyl]acrylamide, N-[tris(dimethylethylsiloxy)silylpropyl]
methacrylamide, N-(2-hydroxy-3-(3-(bis(trimethylsilyloxy)methylsilyl)propyloxy)propyl)-2-
methyl acrylamide; N-(2-hydroxy-3-(3-(bis(trimethylsilyloxy)methylsilyl)propyloxy)propyl)
acrylamide; N,N-bis[2-hydroxy-3-(3-(bis(trimethylsilyloxy)methylsilyl)propyloxy)propyl]-2-
methyl acrylamide; N,N-bis[2-hydroxy-3-(3-
(bis(trimethylsilyloxy)methylsilyl)propyloxy)propyl] acrylamide; N-(2-hydroxy-3-(3-
(tris(trimethylsilyloxy)silyl)propyloxy)propyl)-2-methyl acrylamide; N-(2-hydroxy-3-(3-
(tris(trimethylsilyloxy)silyl)propyloxy)propyl)acrylamide; N,N-bis[2-hydroxy-3-(3-
(tris(trimethylsilyloxy)silyl)propyloxy )propyl]-2-methyl acrylamide; N,N-bis[2-hydroxy-3-(3-
(tris(trimethylsilyloxy)silyl)propyloxy)propyllacrylamide; N-[2-hydroxy-3-(3-(t-
butyldimethylsilyl)propyloxy)propyl]-2-methyl acrylamide; N-[2-hydroxy-3-(3-(t-
butyldimethylsilyl)propyloxy)propyl]acrylamide; N,N-bis[2-hydroxy-3-(3-(t-
butyldimethylsilyl)propyloxy)propyl]-2-methyl acrylamide; N,N-bis[2-hydroxy-3-(3-(t-
butyldimethylsilyl)propyloxy)propyllacrylamide; 3-methacryloxy
propylpentamethyldisiloxane, tris(trimethylsilyloxy)silylpropyl methacrylate (TRIS), (3-
methacryloxy-2-hydroxypropyloxy)propylbis(trimethylsiloxy)methylsilane), (3-methacryloxy-
2-hydroxypropyloxy )propyltris(trimethylsiloxy)silane, 3-methacryloxy-2-(2-hydroxyethoxy)-
propyloxy)propylbis(trimethylsiloxy)methylsilane, N-2-methacryloxyethyl-O-(methyl-bis-
trimethylsiloxy-3-propyl)silyl carbamate, 3-(trimethylsilyl)propylvinyl carbonate, 3-
(vinyloxycarbonylthio)propyl-tris(trimethyl-siloxy)silane, 3-[tris(trimethylsiloxy)silylJpropylvinyl
carbamate, 3-[tris(trimethylsiloxy)silyl] propyl allyl carbamate, 3-
[tris(trimethylsiloxy)silyl]propyl vinyl carbonate, t-butyldimethyl-siloxyethyl vinyl carbonate;
trimethylsilylethyl vinyl carbonate, and trimethylsilylmethyl vinyl carbonate). Most preferred
siloxane-containing (meth)acrylamide monomers of formula (1) are N-
[tris(trimethylsiloxy)silylpropyllacrylamide, TRIS, N-[2-hydroxy-3-(3-(t-
butyldimethylsilyl)propyloxy)propyllacrylamide.

A prepolymer of the invention can be obtained in a two-step process. In the first
step, an intermediary copolymer with pendant or terminal functional group is obtained by
copolymerizing a reactive mixture. In the second step, the intermediary copolymer is
ethylenically functionalized by reacting it with an ethylenically functionalizing vinylic

monomer according to a coupling reaction known to a person skilled in the art.
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vinylic monomer, provided that at least one of components (1) — (3) and (5) further

comprises at least one functional group through which an ethylenically unsaturated group

can be covalently linked to the obtained intermediary copolymer.

25 Any know suitable vinylic monomer containing at least one functional group can be
used in the actinically polymerizable composition for preparing the intermediary copolymer
with pendant or terminal functional groups. Preferred examples of such vinylic monomers
includes methacrylic acid (MAA), acrylic acid, glycidylmethacrylate, glycidylacrylate, HEMA,
HEA, methacrylic anhydride, N-hydroxymethylacrylamide (NHMA), 2-

30  bromoethylmethacrylate, and vinylbenzylchoride.

It should be understood that a vinylic monomer can be used both as a hydrophilic
vinylic monomer and as a functionalizing vinylic monomer in the actinically polymerizable
composition for preparing the intermediary copolymer with pendant or terminal functional
groups.

35 In a more preferred embodiment, the intermediary copolymer with pendant or
terminal functional groups is obtained by copolymerization of a composition comprising (1)

at least one polysiloxane-containing crosslinker; (2) one or more hydrophilic vinylic
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methacrylamidopropyl)-1,1,3,3-tetrakis-(trimethylsiloxy)disiloxane, 1,3-

30  bis(methacrylamidobutyl)-1,1,3,3-tetrakis(trimethylsiloxy)-disiloxane, 1,3-
bis(acrylamidopropyl)-1,1,3,3-tetrakis(trimethylsiloxy)disiloxane, 1,3-
bis(methacryloxyethylureidopropyl)-1,1,3,3-tetrakis(trimethylsiloxy)disiloxane) disclosed in
U.S. Patent No. 4,711,943 (herein incorporated by reference in its entirety), and
combinations thereof. A preferred cross-linking agent is tetra(ethyleneglycol) diacrylate,

35 tri(ethyleneglycol) diacrylate, ethyleneglycol diacylate, di(ethyleneglycol) diacrylate, triallyl

isocyanurate, or triallyl cyanurate.
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In accordance with the invention, ethylenically functionalizing of the intermediary
copolymer can be carried out by covalently attaching ethylenically unsaturated groups to the
functional groups (e.g., amine, hydroxyl, carboxyl, isocyanate, epoxy groups) of the

35  intermediary copolymer. Any vinylic monomer having a hydroxy, amino, carboxyl, epoxy,
acid-chloride, isocyanate group, which is coreactive with isocyanate, amine, hydroxyl,

carboxy, or epoxy groups of an intermediary copolymer in the absence or presence of a
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monoethylenically functionalized polysiloxane-containing vinylic monomers or macromers,
wherein the dangling polysiloxane units is free of ethylenically unsaturated group; and (5)
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35 In accordance with the invention, a lens-forming material is a fluid composition,
which can be a solution or a melt at a temperature from about 20°C to about 85°C.

Preferably, a lens-forming material is a solution of at least one prepolymer of the invention
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Where the prepolymer comprises UV-absorbing units and the curing of the lens is

35  performed by UV/visible irradiation, it is preferably (but not necessarily) that a
benzoylphosphine oxide initiator is used in the lens-forming material to initiate curing of the

lens-forming material in a mold.
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and reprodu0|b|I|ty 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

35  reproducibility of the contact lenses to be produced and high fidelity to the lens design.
In accordance with the invention, the lens-forming material can be introduced

(dispensed) into a cavity formed by a mold according to any known methods.
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non,grofgl i nkabl e hydrophilic polyner is preferably from5,000 to

500, 000, nore preferably from 10,000 to 300, 000, even nore 25preferably
from 20, 000 Pesfairs sigtces treatmenfseaig Libicaatindsiucharitirgedisasrnied in biSsRatentr o

wel | knewun NP6 @5 ef78 0817 54K bbd, @rgan7ishs, 83 tsogr@lagé oze ?r‘?é?é?ﬂph%orp@l‘ﬁe&ﬁw oyed in
cast nolding or spin casting. For exanple or cast nol di ng)

gener al reier@amﬁlnéw iR RN BrEmesb A rafﬁ%err(esﬂo 3se1a reatasntds these d
hal ves, plocBsseksiin #hichRH |§rﬁ£&ﬁ%asn?|agplté@|t8@r§e suHage bf s hrtieR & Rabhbedahiunes a
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secéhd Fat dos @6@5 @nd:é|6)°:2§ﬂﬁla%@porﬂ?@ hereia oy spfgresee shiersnirefedlves are
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between the first noldi surface and t second nol ding surface. The

nol di ngaketPAkaITsfs. w%p@fﬂablv af @aﬁr@oeh@ﬁ byrrereraven e Prale@blyrat {gast ol d

and in dh5a%h tfé%Fsaﬁwtad’@odenh@Wﬁhftﬁlmlé}ﬁloH’Bér%*y@bn p3mMIRds fapparent
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vel | knéliiecthomepgyed whep festing p pagelq with  gi@ess of abpHE1 M BicEYS) B¥Y9eRe
pr e%@nt pe@geza{mntg{]bcbﬁnﬁgﬁ& C;erd@dhﬁgzl, delc@ind iRgkhinplekar method of forming a
A contact lens of the invention has an elastic modulus of about 2.0 MPa or less,
preferably about 1.5 MPa or less, more preferably about 1.2 or less, even more preferably
from about 0.4 MPa to about 1.0 MPa.
A contact lens of the invention further has an lonoflux Diffusion Coefficient, D, of,
35  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.
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Although various aspects and embodiments of the |nvent|on have been described

using specific terms, devices, and methods, such description is for illustrative purposes
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35  oxygen in the air stream
Pmeasured =barometric pressure (mm Hg)

Puwater Vapor =0 mm Hg at 34 °C (in a dry cell) (mm Hg)
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but not  nor eTBQ%Poc% urg]ig teessélmeTahseusS('atdIfcr)r qu%sglnker E%%aedpt l780 areatmstcﬂt &[%\9850 rpm
35  diamine KF-8012, 62 grams of sodium carbonate monohydrate, 37.10 grams of acryloyl

chloride is used.
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charged to the reactor followed by 0.235 g of DBTDL. After 3 hours, an additional 3.3 g of

IEM are added and the reaction is allowed to proceed overnight. The following day, the
reaction mixture is cooled to 18°C to obtain IEM-PDMS-IPDI-PDMS-IPDI-PDMS-IEM (i.e.,
30  PDMS crosslinker C).

Preparation of Polydimethylsiloxane (PDMS) Crosslinker D

Step 1
Crosslinker D is made by the reaction of 2 equivalents of isophorone diisocyanate

35  (IPDI) with PDMS KF6001A using dibutyltin dilaurate as a catalyst. The KF6001A is

charged to the vessel, and the reactor is sealed and heated to 60°C. A vacuum is applied
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t he sanpl e wei ght renmains constant. Preparation of Pol ydi net hyl sil oxane
(PDVB) Crwo2011/113¢801B The procedure is the samPCILISAEQH44561
Crosslinker A except 700 grans of PDMS 35di arri ne KF-8012, 62 grans of
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orm ng |
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t her noneiaetion 8¢ miidqatvaledtsogfpP DENC el forathd Siet T Rgedctionatowive a nitetiolddapt er ,
and then dried by appligation of uum under an
at nﬁ%ph@P%ya@?gedpéleﬁgﬁ) 'o@bens,a”éezwe'gmo(%w i 7§ 8%9‘%%&8 FB (iﬁjgﬂ-[%g'&ed into the
react or rezetbrt Mee batch iy stiriedl fot4 howed fdllbwrrtgugdleF 600223 dijonfat BEBBirollest added to
the reactor. After the.react S war ne 4 | PDI added
t hr oughjaﬁﬁetéﬁ‘ap‘?ﬁagﬁe FI?HH%'P'”83%‘? reARUH Y Uéga %(?%’h% Eéoftpglrerﬂﬂ gep hﬁlﬁj(s:ler ate
stirri ngmeTh'Ee wmbm @cooedkte R0 th B5° Q. MbeStepa? pdGct i€ 88mpled forkE® @BEck
di ssol ved % g of distilled MEK is then added and stirred until a
hormgen?éad aé‘ayﬁlﬁl on is formed. 0.235 g of DBTDL is added, 25and the
reagé or i s hgtgh dt 55C overni ght under a bl anket of dry nitrogen. The next

o K LS SRS, B LA PN PO S5oh ek 3L lbeffbz?; . @
3 hour s|IEMReé&dtdi for theaBted 3 Jeqptioh equals on the number of IEM-NCO m|II|eqU|vaIents as
the number of KF-6002A-OH milliequivalents added to Step 2. A dry air sparge is started in
the Step 2 product, at a high rate of stirring. These materials are stirred for a minimum of
25 30 minutes at 20 to 25° C, to thoroughly aerate the solution. The IEM is then added to the
reactor, followed by the addition of the same weight of DBTDL as used in Step 1. The rate
of the dry air sparge is reduced and maintained throughout the reaction. The exotherm
should not exceed 40°C. Cooling is allowed to control the exotherm temperature. The
batch is stirred for at least 5 hours with no external cooling. After that time period, the batch
30  is sampled to check the disappearance of the isocyanate function via NMR analysis. If it
appears that the reaction is not finished, the batch continues to be stirred and sampled until

the free-NCO peak disappears or is not changing.

Preparation of Polydimethylsiloxane Crosslinker E
35 This preparation follows the preparation of Crosslinker D, except only 80% of the
desired |[EM is added.
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| EM are added and the reaction is allowed to proceed overnight. The

follow ng day, the reaction mxture is cooled to 18C to obtain
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i s addef OPB”? @‘%H asglfgvrtoftﬁ%mﬁglf@ﬁ”g??a‘to ?’Sé’li'%f or 4 hours follow ng the

KF- 6002A addlriarﬁifher&t)OmLCﬂm;kl‘eQUipﬁdd y\ﬂblaehagremaeﬂrauamaed racuninainhst agaptee
reaction mxture at 50 to 55C for . mai. ping. hol d tinme. ion is
Coof b BT ¥aVe.§ mahemersdhgR cpninyier i b SR NuBdisfdlyacsh BRids GRARPGD S T -
anal ysi ef Hyf&tyethyBacrylate (HEA)end ENT4 § caD4d yalﬂeebyotn’maﬂz yOf4-NVR for NCO end
The nunBaropR peRRB R Henn VAP ERL & sobhd Meve PSP Rt RocIRr G ©
mlli equiimaJee;mtr@ andgtbticatiShap 2. A dry air sparge is started in the Step 2
product, at stirrin es terials are d for a
oo of 28T faRe Srifersalpbad 0t P e Slnshh BT BRER of Lt fon.
Thez(?] EIVHI;csSoIT/éIEln Tadglef -propame. Aéaﬂrbesolufi(MSl oeedginset heicatdievaantiof td 5 sanme
wei ght o as use ate of. the. air sparge is
Feduced B0 MG SR oP oty ene KN e Es Dz RN aistRb: nrehoul d not
exceed 40C mmblnggomomsl m\m}ed by@ltssblwmb Otng e&HEA&&&gemeﬁamtme. The
batch is stlrredfo ]i' (ﬁ htour a% oI|n After that
e peBiegt o't opsiiotn "y Pes el 1§ 6kirbeR By ARG LAIRIAPURRENT ¢ he

i socyanart(ﬁjlaftmgahe siutioneathidivbh arselges iMsDeddssint SypleeabysAlltbett fot beleasta0t i on i s
not finish the batch continues to be stirred and sanpled until the

freé -chﬂrﬁg%ﬁ( di sappears or is not changing. Preparation of

Pol ydi met hyl sindexapesitvedmsd éfmitargek, the reactor is opened and the cysteamine

hydrochloride and the monomer solutions are charged to the reactor. A total of 124 g of 1-
propanol is used to rinse the glassware from these solutions and added to the reactor. Still
holding at 4°C, the reactor is degassed by evacuating to less than 5 mBar and holding for 5
30  minutes, then re-pressurizing with nitrogen. A total of four degassing cycles are performed.
The reactor is then heated to about 80°C over about 45 minutes. Once the solution
temperature reached at least 78°C, the AIBN solution is injected into the reactor under
nitrogen. At the same time, start the addition of the dosing solution at a rate of 0.146
mL/min. The temperature of the reaction mixture is maintained at 80°C for 3 hours. After 3
35  hours reaction mixture is then cooled to room temperature.
The solution is then transferred to a round bottom flask and about 400 mL of water is

added slowly with agitation. 1-Propanol is removed under vacuum at about 40°C / 100mBar
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three so ons_ are t t
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S]S)I lit i O(hdrrﬁnalrn&}?@d_rh Lﬁimiléygrdbels(fﬁ WON)@OD)\K/gh deiohiz&EAate? UBH tige pérnidde i n 21 grans
o] - propano| . 0S| 0 HPLC d
ci r Sl aEiySknes Bhdity on hsirBugh Ro sV Phcesdty T e dam by At tech for
at |least 30 25m nutes. Under a positive flow of nitrogen, the
r eact or ARsPiparstibredfdUV Bbs enbini ¢ Maciemdngdt arithininig Nerlsdlael t he nononer

S BBl el AR RaB A Bl ARl B oen PR S o,
Still helahed stirridCrefiur@onéackowith aitdggasseunbiyletudapiat theagndmeteesmdt han 5
nBar angarﬂglﬁn%lao%pI 45598 g Crosslinker E in Example 2 is charged to the reactor and the
reactor is sealed. A solution of 0.512 g of hydroxyethylmethacrylate, 25.354 g of
dimethylacrylamide, 1.38 g of Norbloc methacrylate, 26.034 g of
(tris(trimethylsilyl))siloxypropyl)methacrylate, in 263 g of ethyl acetate is charged to the
addition funnel. The reactor is degassed at <1 mbar for 30 minutes at RT with a high-
25  vacuum pump. The monomer solution is degassed three times at 100 mbar, RT for 10
minutes, breaking vacuum with nitrogen between degas cycles. The monomer solution is
then charged to the PDMS in the reactor, and then the reaction mixture is stirred and
heated to 67°C. While heating a solution of 1.480 g of mercaptoethanol and 0.260 g of
azoisobutyronitrile dissolved in 38 g of ethyl acetate is charged to the addition funnel and
30  deoxygenated three times at 100mbar, RT for 10 minutes. When the reactor is at
temperature, the initiator solution is added to the PDMS/monomer solution. The reaction is
allowed to proceed for 8 hours, and then heating is discontinued and reactor temperature is
brought to room temperature within 15 minutes.

UV-Macromer Synthesis. The above reaction mixture is decanted to a dry single-neck flask

35  with airtight lid, and 3.841 g of isocyanatoethyl acrylate is added with 0.15 g of dibutyltin
dilaurate. The mixture is stirred 24 hours at room temperature. 10.0 mg of hydroxy-

tetramethylene piperonyloxy is added to the macromer solution. The solution is
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br ogght Wgeelgr?qﬁnrade%%r lérn?olc\j\é grr(]altﬂen |rraﬁ1ateotf%r 68 seconds with a UV/Vis light
source having an intensity of about 21 mW/cm2. The molds are then opened, and the mold
halves which have a lens attached are soaked in ethanol for a minimum of 60 seconds.
The lenses are removed from the molds and placed into ethanol and extracted for
approximately 60 seconds with stirring. The lenses are then placed into a container with DI
35  water and stirred for a minimum of 30 seconds. This rinsing step is repeated two additional
times. After the third rinse step the lenses are stored in DI water. If a lens coating is not

desired, the lenses are autoclaved in about 2 mL of PBS (phosphate buffered saline).
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UV- Macr onmer Synt hesis. The above reaction m xture is decanted to a dry
single-neck flask 35with airtight Iid, and 3.841 g of isocyanatoethyl
acryl ate wo20udséon th 0.15 g of dibutyltin dilaurate. PRE/URKOO#S6] S
stirred 24 hours at roomtenperature. 10.0 ng of hydroxytetranethyl ene
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s fol d, to nmake t

gg 22521; ni‘%@@%ﬁfﬁﬁ%&%&f q.pj)uﬁgf (B:ﬁ/%rrng?) %\eaggﬁrgre&u oclaved in about L gﬁgég_ner

2- hydr oxy-4-acryl yl oxyet hoxy benzophenone (UV-416) is added. 10 C
Pr epar atH. ®repdrativh Al 8 AbsurbvgcMacrenser€@undaininggN&bloc and TRISPr ocedure Al is

foll dt i,nst. : whin265
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1- pr opa@pB1.4TheansndiRMANS.245 fidmseafdtEA, d517385rgnares<o1l '[RIiSanethm:rglam)damdl on is
concent [%?(gjﬁr%g{socgi%% "r?'oﬁ (ﬂeﬂqe m%gﬁjr%%th x?rﬁ?‘{{n?l tlﬂglsg@utlgn {e %Yﬁgre 51.52 g

of solu I|d I's Tecover o d e prepared by
di ssol vigetg betwied (gtoed °Q0[thlseluyd11 3 dégés&eldlhyeivhw&egm)ps;; thpincspBane oxi de

o .
For mul af?8RoGafah RF ogF ORI Ti e b ffbssiraitd FRABROME, e et PRESLAS
accmff](c:h ![sgepented(wrrpltetamf 2utmesont ai ni ng 46% of the nmacroner from exzzigpl et B,
24% e C r.fr X %

2o ot e TR b LG U o S A FRE TS it SRR s25c0nt o
Nor bl ocvz@cuaubsmfetbegiadt&r WAt ye(voe, Ophdl geqfea)zodm(tsabutytoensleh@llﬂlﬁ) icOBeplvad @ 40 | I ed

W th the.ofﬁér;ﬁglla%dh%n In {?Q%BOI%F%WRLI%U%QBQ tglf%ﬁ%g)j\é ?aerﬁ ln??\? ﬁgﬁdé’i@d 395

cutof f i are Clise ter-out sSho |at| on.
mol ds adiesdlezhini 2 gidinest af dndtisanob 80sex dinsksivad, the @/stBahWGsscblutgimtls sddﬂ'Ob@"Ohaw ng

an 5(').lt ev\;s:eg |th0 tlrrﬂ%ca}gtthez,&léq/% niﬁoe -Wf?s r%QNg nqstdgg%ggg?‘rﬂggﬁimggﬁ}/t _he mol d

hal ves I"'ens Jd 'are 503 nol ni mum of 60
secondseva‘ﬂmetld>re1t®§é)smaaleholdmg\Wdutﬁm(DcmtOkmmmelsdarmhhdnm-atﬁsslurizing)wim hanol and
extract Fﬁjr o1 appr oximately 60 seconds with stirring. The | enses are then
pl aced Nt d container with DI

In a separate scintillation vial, 1.60 grams of cysteamine hydrochloride is dissolved

in 2.4 gram of methanol. Once dissolved add this solution drop wise to 100 grams of t-amyl
25 alcohol with stirring. This dosing solution is degassed by using an HPLC pump and
circulating the solution through a Select™ Degassing System by Alltech for at least 30
minutes.
Heat solution in the reactor by setting the heater to 70°C. When the solution
temperature in reactor reached 64°C, add the AIBN/Cysteamine solution into the reactor
30  using a degassed syringe. At the same time, begin dosing the Cysteamine solution into the
reactor at a rate of 1 mL/min. The kinetics of copolymerization is followed by GC analysis.
After 5 hours the reaction mixture is then cooled to room temperature.
The solution is then transferred to a round bottom flask and the copolymer is solvent
exchanged from t-amyl alcohol to 2-propanol then to water. The copolymer is purified by
35  diafiltration using water with 10kDa membranes.
This mixture is then charged to a 2-L reactor equipped with overhead stirring,

refrigeration loop, thermometer, and the pH meter and dispensing tip of a Metrohm Model
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35water and stirred for a mninmum of 30 seconds. This rinsing step is
repeated two additional tinmes. After the third rinse step the I enses are
stored i WDI2014A413¢801 | f a | ens coating is not desired, tlﬁ'éTl%m@sleM%ﬁe
autocl aved in about 2 nmL of PBS (phosphate buffered sal i ne).
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1 nigar, niaorodtengokaa@rumm i@n;%'& -proputiol S\WWhan the gter cant@ites thermadrogembdure

nitrogen. T rocedure 15i.s re e r a total of 12 tines.

In a se\ﬁa{?sétqga'ﬁgg@qs’& tﬁ? rEped ' r?gg?%ffumﬂlﬁ' d with a magnetic stir bar

and a vacuumi nl et adapter with valve, 0.15 g of azo-bis(isobutyronitrile)

(Al BN) 1. Préhsatidry oflUVIABEDrgingF drmaiiatioral Catainind Noebld® ant TRISnt i | | ati on

vial, 0.80 g of st eani ne hl ori ) in 1.2 grams of
met hanol . i@"ﬁm&@%%ﬁ,pr?%e%giﬂea ¥1Rd O g'?é %ﬂj ri%éené{g%g@ drop 20 wise

Wi t Ins SL trinfdtigbdrzoyIRehdSphB sdrleu(T P@r)m dittugh rmmr@némﬁdlmrnn |fr$>rrdﬁg|as+sted t hr ee
times on t 50 nBar cuu

e or eoboFD e HAMs rEpige. e SxEosisASaTs Aoty Thdvr BBy Mobd "

1.60 gr ﬁm@vapfto%eﬁi@ambnﬁnémdhcmhiaﬂm di65%. di ssolved in 2.4 gram of

nmet hanol . Once di ssolved add this solution drop wise to 100 grans of t-anyl

25al coh Wi th t|r sr ng_.sol n. i.s assed, py using an HPLC
punp an Ei"?%? \&i Hébpﬂ%" ‘)Il?p uﬂ?t FE%"Q%B\'%% Eﬁ%ﬁraé ing System by
Al l bech for a5lgeass oBPOIanU D875 grams of [BME?’C aelgidhed into atdnealiraeatsdr otal.oy
settingthehater to? t.he, sol yti tenperature | £a rr reached
3G, aqBnoMR A arprsldin e Babttd B et aL Bt [ R e gassed
Syr i ngeforfulatibeissaa@omere Abbeld gradesif MgprdpenolissHddadinthesddl.uirotovamiso t he
used to remove about 14 mL of solvent. Another 9 grams of 1-propanol is added and about
11 mL of solvent is removed. This procedure is repeated twice more. Enough solvent is
25  removed the last time to get to a formulation weigh of 4.8 grams. Then 0.2 grams of DMA is

added. The formulation is mixed by slowly rolling for at least 2 hours.

J. Preparation of UV Absorbing Lenses Containing Norbloc and TRIS
Poly(propylene) contact lens molds (DSM) are filled with the formulation from
30  example 12 and the molds are closed. A 380 nm cutoff filters are used to filter-out shorter
wavelength radiation. The molds are then irradiated for 50 seconds with a UV/Vis light
source having an intensity of about 13 mW/cm?. The lenses are extracted with IPA in two
steps. The first step is 2 minutes and the second is 20 minutes in a separate IPA bath. The
lenses are then coated with poly(acrylic acid), then autoclaved in about 2 mL of PBS.
35
K. Preparation of Lenses from Formulation 12.
The formulation from 12 is centrifuged for 45 minutes at 4500 rpm in a dosing

syringe. The formulation is dosed into the front curve light stream (LS) mold. After closing
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reactor at a rate of 1 niL/mn. The kinetics of copolynerization is followed
by GC analysis. After 5 hours the reaction mxture is then cooled to room
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undé® vacuum using a r ot ovap to yield a nmacroner concentration of 65% 12.
Pr epar aki Brepgration qfﬂé‘babsw@nrm)Mmpmqr@r@rwlﬂtmmu ng Macroner Al 200. 05
grans of TPOrﬁé\fbuQWRé?c'éw@)'baH@s ab a%@tc%'eﬁle\“’ﬁi ﬂg@a'f&ﬁﬂla%oﬁrf@ll B*V@@iﬁlﬁﬁ vial .

Enough of macromer sol ution i s ad i el ranms of macromer
( 71% of extendgd PBMSFrasslioker 3, Z%ﬁam)acrymm @Vgp% 18 TROp0-8p%nol i s
added tEPEé@O(Yd ks, NOYDIRL 93%9(' ﬁp%eﬁoltgnor@wvmaggeﬁs.om m. of sol vent.

Anot her "9 grans o? 1-pr opano IS added and about 11 ml of solvent is
rembved. This procedure is repeated twice nmore. Enough solvent is 25renoved
t he | asM. Preparationef UV@bgorkinenMenaresriceergpulation. 8 grams. Then 0.2 grams of

DVA is addedgpd mom@%h@bu% &8 a'aué@fbge}heﬂ&%yeé%rmumoﬁom ab, teast 2
hours. J. Preparation of Absor b %SLenses Cont ai ni ng% | oc and TRI S
t

Pol y( pr egn DM@rﬁrézé%“nk@rrR 3905"@3"3' Ryylaanide.f33% BMADL 19 % ﬁ@of B£RM ati on

from 30@#@@%@0 A ﬂBFBIéJ‘QS@‘% %ré}faﬁo%@&M% fht3RPerprcutof f filters are
used to filter-out shorter wavel ength radiation. The nolds are then

irrddiated for 50 seconds with a UV/Vis |ight source having an intensity of
about 1M. kime Febrication andsAralysis of hntegnal Sdregstusingaress-semdiodseps. The first
step is 2 m Qs aaeerépaeed&wnﬁfbﬁn@&.dﬁgw&@aﬁnm@s@ BERRS Mt RingRAe bat h. The

|l enses are then coated with poly(acrylic acid), then autoclavéd in about 2
nL of PRScegdwe found in example K.” The only exceptions are the cutoff filters used and the light

intensity. The table below demonstrates the benefit of using macromer-based formulations
25  over monomer-based formulations. If a macromer-based formulation (12) is cured under the
same conditions, including intensity gradient, as a monomer-based formulation, the cross-
sections of the finished lenses are much better from the macromer-based formulation. The
intensity gradient is a calculation based on the amount of light used for curing that the
formulation absorbs over a 100 um path length. Too high of an intensity gradient will cause
30  different light dose seen by TPO at the bottom compared to the top of the formulation. This
effect could cause internal stresses in the lenses that may manifest itself by looking at the

shape of the cross-section. In the case of the monomer-based lenses, the cross-sections
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K. Preparation of Lenses from Fornul ation 12. The fornmulation from12 is
centrifuged for 45 mnutes at 4500 rpmin a dosing syringe. The formulation
i s dosed WOR011Y43¢80fir ont curve |ight stream (LS) nol d. APC&US20109#85g1 WO
2011/ 034801PCT/ US2010/ 048561 the molds, the formulation is cured by Iight
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7.2 73| {IcT=60) 11. F3%&CT=60) 0,8 J 9 good -
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What is claimed is:

1. An actinically crosslinkable prepolymer, comprising: in
the branched copolymer chains of the prepolymer, (1)
crosslinking polysiloxane polymeric units derived from at
feast one polysiloxane-containing crosslinker; (2) hydro-
philic polymeric nnits derived from one or more hydrophilic
vinylic monomers; (3) dval photo-functional polymericunits,
wherein the dual photo-functional polymeric unifs are
derived from a polymerizable compound having an ethyleni-
cally unsatarated group, a photoinitiating moiety and a UV-
absorbing or latent UV-absorbing moiety; (4) optiorally dan-
gling polysiloxane polymeric units derived from one or more
moncethylenically functionslized polysiloxane-containing
vinylic monomers or macromers, wherein 1he dangling pol-
ysiloxane units is free of ethylenically unsaturated group; and
(5) optionally siloxane polymeric units derived from at least
one siloxane-containing vinylic monomer, wherein the pre-
polymer comprises three or more ethylenically unsaturated
groups and is soluble in a solvent to form a solution and
capable of being actinically ¢rosslinked, in the absence of one
or more vinylic monomers or a crosslinking agent, to form a
UV absorbing or blocking silicone hydrogel contact lens.

2. The prepolymer of claim 1, wherein the polysiloxane
crosslinker is defined by formula (1)

Q-X;-A-PDMS-AxXpQ N
in which
A,and A, independent of each other is a linear or branched

C,-C,, alkyl diradical which optionally comprises one
or more hydroxyl or amino groups, a divalent radical of

—(—aLl:"—O-)q—':ﬂk—-“
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in which q is an integer of from 1 to 5 and alk and alk'
independent of each other is a C,-C; alkylene divalent
radical, or a divalent radical of —R',—X -B-Xs—R',—
in which R, and R, independent of each otheris a direct
bond, 2 linear or branched C,-C, , alkylene divalent radi-
cal, or a divalent radical of

~—alk—O0y-—alk—

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

)14 o W EF O
l | | ]
N ’ C—N ? N 3 ’
S 0 R
[ i | ]
—_N—C—NF—; ——HN——C—N—
O Q
| I
—0—C—NH— EN—C—Q—
O O
| |
et (3 e oy gmyed C—Q »

in which R' is H or C,-Cg alkyl E is an alkyl diradical, a
cycloalkyl diradical, an alkyleycloalkyl diradical, an
alkylaryl diradical, or an aryl diradical with up to 40
carbon atoms;

X, and X, independent of each other are alinkage selected
from the group consisting of a direct bond,
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in which R' is H or C,-Cyalkyl;
PDMS is a polysiloxane divalent radical of formula (2)

@
— D Ur—D—¢ U =Dyt

inwhichvis Qor 1, wis an integer of from 0 to 5, U, and
U, independent of each other represent a divalent
radical of —R',—X,-E-Xs—R',— as defined above
or a divalent radical of

as defined above, D,, D, and D, independently of
each other are a divalent radical selected from the
group consisting of —(CH,CH,0)—CH,CH,— in
which { is an integer of 3 o 40, —CF,—~(OCF,),—
(QCF,CF,),—OQCF,— in which a and b independent
ofeach other is an integer of 0 to 10 provided that a+b
is a pumber in the range of 10 to 30, and a divalent
group of formula (3)
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A
mSi—D—{Si-—D Ti Si

L

in which Ry, Ry, RS, Ry, Ry, Rg, Ry and R, indepen-
dently of one another, are C,-Cy-alkyl, C,-C, alkyl-or
C,-C,~ alkoxy-substituted phenyl, fluoro(C;-Cg-
alkyl), cyano(C,-C,,-alkyl), -alk-(OCH,CH,),—
OR,, in which alk is C -C,-alkylene divalent radical,
R,, is C;-C, alkyl and n is an integer from 1 10 10, m
and p independently of each other are an integer of
from 2 to 698 and (m-+p) is from 5 to 700, provided
that at least one of [y, D, and D, is represented by
formula (3); and

Q is an ethylenically nnsaturated group of formula (4)

@
0 R
N (R
Z—As—C T Z; o T:C\
Ry Tue

inwhich Z, and Z, independent of each other are a linear
or branched C,-C,, alkylene divalent radical, a linear
or branched C,-C,, alkylene divalent radical having
one or more hydroxyl groups, a radical of
—(CH,CH,0) ,—CH,CH,;—in which d is an integer
of 1 to 10, unsubstituted phenylene divalent radical,
C,-C, alkyl or C,;-C, alkoxy substituted. phenylene
divalent radical or C,-C, , arakylene divalent radical;
Agis —O—or
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in which R' is H or C,-C, alkyl; q, and g, independent

of each other are an integer of O or 1; R, , is hydrogen

orC,-C, alkyl; R, . and R ; independent of each other

are hydrogen, C, -C, alkyl, phenyl, or carboxyl group.

3. The prepolymer of claim 1, wherein the prepolymer

comprises siloxane polymeric units derived from at least one
siloxane-containing vinylic monomer of formula (6)

©

Gl 0 RM
] [ |
G_J_?l-(‘CHz '}F { O""Y )Iﬂ \Z;""”As“"c Zﬁqe—-c='CH;
gl
Gz

in which: R, is H or CH,; Z, and Z; independent of each
other are a linear or branched C,-C, , alkylene divalent radi-
cal, a linear or branched C,-C,, alkylene divalent radical
having one or more hydroxyl groups, a radical of
—(CH,CH,0) —CH,CH, inwhich d is an integerof 110 10,
unsubstituted phenylene divalent radical, C,-C, alkyl or
C,-C, alkoxy substituted phenylene divalent radical or
C,-C, , arakylene divalent radical; A, is —O~-or

Rl

wesmnn W] aemme

in which R'is Hor C,-Cy alkyl; q, and q, independent of each
other are an integer of 0 or 1;Y is a C,-C, alkylene divalent
radical or a C,-C, alkylene divalent radical containing one or
ntore hydroxyl groups, m is an integer of O to 5, p is an integer
of 1 to 6, and G, G, and G, independent of each other are
C,-Cg4 alkyl, phenyl, benzyl, or a radical of formula (7)
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in which B,, B, and B, independent of each other are C,-C
alkyl, phenyl, or benzyl; provided that at least two of G|, G,
and G, are radicals of formula (7).

4. The prepolymer of claim 1, wherein the prepolymer
comprises hydrophilic polymeric units derived from at least
one hydrophilic vinylic monomer selected from the group
consisting of N,N-dimethylacrylamide (DMA), N,N-dimeth-
ylmethacrylamide (DMMA), 2-acrylamidoglycolic acid
monohydrate, 3-acryloylamino-1-propanol, N-hydroxyethyl
acrylamide,  N-[tristhydroxymethyl)methyl}-acrylamide,
N-methyl-3-methylene-2-pyrrolidone, 2-hydroxyethyl-
methacrylate (HEMA), 2-hydroxyethyl acrylate (HEA),
hydroxypropyl acrylate, hydroxypropyl methacrylate
(HPMA), trimethylammonium 2-hydroxy propylmethacty-
late hydrochloride, aminopropyl methacrylate hydrochlo-
ride, dimethylaminoethyl methacrylate (DMAEMA), glyc-
erol methacrylate (GMA), N-vinyl-2-pyrrolidone (NVP),
allyl alcohol, vinylpyridine, aerylic acid, a C,-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 isopropyla-
mide, N-vinyl-N-methyl acetamiide, allyl alcohol, N-vinyl
caprolactam, and mixtures thereof,

44



5. An actinically crosslinkable prepolymer, comprising: in
the branched copolymer chains of the prepolymer, (1)
crosslinking polysiloxane polymeric units derived from at
least one polysiloxage-containing crosslinker; (2) hydro-
philic polymeric units derived from one or more hydrophilic
vinylic monomers; {3) UV-absorbing polymeric units, latent
TV-ahsorbing polymeric units, or dual photo-functional
polymeric units, whereln the UVeabsorbing polymeric units
are derived from a polymerizable UV-absorbing agent,
wherein the latent UV-absorbing polymeric units are derived
from a polymerizable latent UV-absorbing agent, wherein the
dual photo-functional polymeric units are derived from a
polymerizable compound having an efbylenically unsatur-
ated group, a photoinitiating moiety and a UV-absarbing or
latent UV-absorbing moiety; (4) optionally dangling polysi-
loxane polymeric units derived from one or more monoeth-
ylenically functionalized polysiloxane-containing vinylic
monomers or macromers, wherein the dangling polysiloxane
units is free of ethylenically unsaturated group; (5) optionally
siloxane polymeric units derived from at least one siloxane-
containing vinylic monomer, and (6) hydrophobic polymeric
units derived from at least one hydrophobic vinylic monomer
selected from. the group consisting of methylacrylate, ethyl-
acrylate, propylacrylate, isopropylacrylate, cyclohexylacry-

late, 2-cthylhexylacrylate, methylmethacrylate, ethyl-
methacrylate, propylmethacrylate, vinyl acetate, vinyl
propionate, vinyl butyrate, vinyl valerate, styrene, chioro-
prene, vinyl chloride, vinylidene chloride, acrylonitrile,
1-butene, butadiene, methacrylonitrile, vinyl loluene, vinyl
ethyl ether, perfluorohexylethyl-thio-carbonyl-aminoethyl-
methacrylate, isobomyl methacrylate, isobomyl acrylate,
norborny] methacrylate, norborny!l acrylate, triffucroethyl
methacrylate, hexafluoro-isopropyl methacrylate, hexafluo-
robutyl methacrylate, wherein the prepolymer comprises
three or more ethylenically unsaturated groups and is soluble
in a solvent to form a solution and capable of being actinically
crosslinked, in the absence of one or more vinylic monomers
or a crosslinking agent, to form a UV absorbing or blocking
silicone hydrogel contact lens.

45



6. A soft contact lens, having a UV-absorbing property
characterized by being able to absorbing at Jeast abouwt 80
percent of a UV light in the range of from about 280 nm to
about 370 nm that impinges on the lens; and comprising a
silicone hydrogel material that is obtained by curing a lens-
forming material in a mold, wherein the lens-forming mate-
rial comprises an actinically crosslinkable prepolymer which
comprises, in the branched copolymer chains of the prepoly-
mer, (1) crosslinking polysiloxane polymeric units derived
from at Jeast one polysiloxane-containing crosslinker; (2)
hydrophilic polymeric units derived from one or more hydto-
philic vinylic monomers; (3) dual photo-functional poly-
meric units, wherein the dual photo-functional polymeric
units are derived from a polymerizable compound having an
ethylenically unsaturated group, a photoinitiating moiety and
a UV-absorbing or latent UV-absorbing moiety; (4) option-
ally dangling polysiloxane polymeric units derived from one
or more monoethylenically fonctionalized polysiloxane-con-
taining vinylic monomers or macromers, wherein the dan-
aling polysiloxane units is free of ethylenically unsaturated
group; and (S) optionally siloxane polymeric units derived
from at least one siloxane-containing vinylic monomer.

7. The soft contact lens of ¢laim 6, wherein the polysilox-
ane crosslinker is defined by formula (1)

QX -A;-PDMS-A; X5 -Q (1)
in which
A,and A, independent of each other is a linear or branched

C,~C,, alkyl diradical which optionally comprises one
or more hydroxyl or amino groups, a divalent radical of
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in which q is an integex of from 1 10 5 and alk and alk'
independent of each other is a C,-Cy alkylene divalent
radical, or a divalent radical of —R'|—X 4-B-X g R'o—
in which R', and R, independent of each otheris a linear
or branched C,-C,, alkylene divalent radical or a diva-
lent radical of

—t-alk'—O—elk—

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

R 0 K R 0
| I |l
O—> —N—) —C—N— —=N—C——>
R 0 o R
|l | ]
—N—C—~NH— —HN—C~N-—
0 0
—o—nl:lz—-m{-—v —HN—C—0—

0 0 0
——§—e C—NH— —o—y:—-, -——-(I:m-o-——,
0
I

in which R is Hor C,-C, alkyl, E is an alkyl diradical, a
cyclealkyl diradical, an alkyleyeloalkyl diradical, an
alkylaryl diradical, or an aryl diradical with up to 4G
carbon atoms which may have ether, thio, or amine
linkages in the main chain;

X, and X, independent of each other are a linkage selected
from the group consisting of a direct hond,
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—Q—{—NH~—» —HN—C—0—:
0
: | l
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inwhich R' is H or C,-C; alkyl;
PDMS is a polysiloxane divalent radical of formula (2)

(23
—D=tU—D— U1 —

in whichvisQorl, @ isan integer of from 0 te 5, U, and
U, independent of each other represent a divalent
radical of —R'|—X,-B-Xs—R'y— as defined above
or a divalent radical of

—E k' —Upr—alk—

as defined above, DD,, D, and D, independently of
cach other are a divalent radical selected from the
group consisting of —(CH,CH,0),—CH,CH,—in
which t is an integer of 3 to 40, —CF,—(QCF,),—
(OCFE,CF,),—OCF.,— in which a and b independent
of each other is an integer of 0 to 10 provided that a+b
is a number in the range of 10 to 30, and a divalent
group of formula (3)
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in which R,, R4, Rs', Rg, Ry, Rgy Ry and R, o, indepen-
dently of one auofher, are C;-Cg-alkyl, C,-C; alkyl-or
C,-C,- alkoxy-substituied phenyl, fluoro(C,-C,¢-
alkyl), cyano{C;-C,,-alkyl), -alk-(OCCH,CH,),—
OR,, in which alk is C,-C4-alkylene divalent radical,
R,;i8 C,-C, alkyl and n is an integer from 1 to 10, m
and p independently of each other are an infeger of
from 2 to 698 and (m+p) is from 5 to 700, provided
that at least one of D, D; and D, is represented by
formula (3); and

Q is an ethylenically unsaturated group of formula (4)

o )
R
_(_ A /o
Z;—AS_C fq] LY Z:z )‘-I-g (‘Tmc\
R Rus

in which Z, and Z., independent of each otherare a linear or
branched C,-C, , alkylene divalent radical, a linear or
branched C,-C,, alkylene divalent radical having one or
morg hydroxyl groups, a radical of —(CH,CH,O),—
CH,CH,— in which d is an integer of 1 to 10, unsubsti-
tuted phenylene divalent radical, C,-C, alkyl or C,-C,
alkoxy substituted phenylene divalent radical or C,-C,,
arakylene divalent radical; Ag is —O—or
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inwhich R'is Hor C,-C; alkyl; q, and q, independent of
cach other are an integer of O or 1; R,, is hydrogen,
C,~-C,alkylorhalogen; R, ; and R, , independent of cach
other are hydrogen, C,-C, alkyl, phenyl, carboxy, halo-
gen, or a radical of

O
|
I— C— Xg—Rl']
in which X, is
RJ
I
0 ) N

as defined sbove or —S— and R, is a C,~C,, alkyl,
hydroxyalkyl, aminoalkyl, alkylaminoalkyl or diatky-
laminoalkyl radical.

8. The soft contact lens of claim 7, wherein the contact lens
has at least one property selected from the gronp consisting of
an oxygen permeability of at least about 40 barrers, an elastic
modulus of about 2.0 MPa or less, an lonoflux Diffusion
Coefficient, D, of at least about 1.5x10“® mm*/min, and a
water content of from about 15% to about 70%.

9, The soft contact lens of claim 7, further comprising a
visibility tinting agent, an antimicrobial agent, bioactive
apent, a leachable lubricant, or a combination thereof.
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