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UV-Absorbing Vinylic Monomers and Uses Thereof

This invention is related to water-soluble vinylic monomers capable of absorbing
ultra-violet (UV) radiation and optionally high-energy-violet (HEVL) radiation and their uses
for producing hydrogel contact lenses capable of blocking ultra-violet (“UV”) radiation and
optionally (but preferably) violet radiation with wavelengths from 380 nm to 440 nm from a

water-based hydrogel lens formulation.

BACKGROUND

Most commercially-available hydrogel contact lenses are produced according to a
conventional cast molding technique involving use of disposable plastic molds and a
mixture of vinylic monomers and crosslinking agents. There are several disadvantages with
the conventional cast-molding technique. For example, a traditional cast-molding
manufacturing process often includes lens extraction in which unpolymerized monomers
must be removed from the lenses by using an organic solvent. Use of organic solvents can
be costly and is not environmentally friendly. In addition, disposable plastic molds
inherently have unavoidable dimensional variations, because, during injection-molding of
plastic molds, fluctuations in the dimensions of molds can occur as a result of fluctuations
in the production process (temperatures, pressures, material properties), and also because
the resultant molds may undergo non-uniformly shrinking after the injection molding. These
dimensional changes in the mold may lead to fluctuations in the parameters of contact
lenses to be produced (peak refractive index, diameter, basic curve, central thickness etc.)
and to a low fidelity in duplicating complex lens design.

The above described disadvantages encountered in a conventional cast-molding
technique can be overcome by using the so-called Lightstream Technology ™ (CIBA
Vision), which involves (1) a lens-forming composition being substantially free of
monomers and comprising a substantially-purified, water-soluble prepolymer with
ethylenically-unsaturated groups, (2) reusable molds produced in high precision, and (3)
curing under a spatial limitation of actinic radiation (e.g., UV), as described in U.S. Patent
Nos. 5,508,317, 5,583,163, 5,789,464, 5,849,810, 6,800,225, and 8,088,313. Lenses
produced according to the Lightstream Technology™ can have high consistency and high
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 short curing time, a high production yield, and free of lens extraction and in an
environmentally friendly manner because of use of water as solvent for preparing lens
formulations. However, the Lightstream Technology™ has not been applied to make
contact lenses capable of absorbing ultra-violet (UV) lights (between 280 nm and 380 nm)

and optionally high-energy violet lights (HEVL) (between 380 nm and 440 nm), largely
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because commercially-available polymerizable UV-absorbing vinylic monomers and those
disclosed in US patent Nos. 4,612,358, 4,528,311, 4,716,234, 7,803,359, 8,153,703,
8,232,326, and 8,585,938 (herein incorporated by reference in their entireties) are not
water-soluble and cannot be used in the production of contact lenses from a water-based
lens formulation.

Therefore, there are still needs for a new water-soluble UV-absorbing vinylic
monomer or a new water-soluble UV/HEVL-absorbing vinylic monomer for making UV-

absorbing or UV/HEVL-absorbing contact lenses from a water-based lens formulation.

SUMMARY

In one aspect, the invention provides an UV-absorbing vinylic monomer comprising
a moiety of benzophenone or benzotriazole, one or more hydrophilic moieties for rendering
the UV-absorbing vinylic monomer water-soluble, and a (meth)acryloyl group.

In another aspect, the invention provides a method for producing UV-absorbing
contact lenses from an aqueous lens formulation comprising at least one water-soluble,
UV-absorbing vinylic monomer of the invention.

The invention provides in a further aspect hydrogel contact lenses comprising

monomeric units of an UV-absorbing vinylic monomer of the invention.

BRIEF DESCRIPTIONS OF DRAWINGS

Figure 1 shows the UV-visible absorption spectra of a preferred water-soluble UV-
absorbing vinylic monomer of the invention in a protected form (curve 1) and an
unprotected form (curve 2).

Figure 2 shows the UV-visible transmission spectra of contact lenses: 0 wt% —
control contact lens prepared from a lens formulation having 0 wt% of any UV-absorbing
vinylic monomer; and 0.7 wt% - contact lens prepared from a lens formulation comprising
about 0.7 wt% of a UV-absorbing vinylic monomer of the invention according to a preferred
embodiment.

Figure 3 shows the UV-visible transmission spectra of contact lenses: 0 wt% —
control contact lens prepared from a lens formulation having 0 wt% of any UV-absorbing
vinylic monomer; and 1.5 wt% - contact lens prepared from a lens formulation comprising
about 1.5 wt% of a UV-absorbing vinylic monomer of the invention according to a preferred
embodiment.

Figure 4 shows the UV-visible absorption spectra of a preferred water-soluble UV-
absorbing vinylic monomer of the invention in a protected form (curve 1) and an
unprotected form (curve 2).

Figure 5 shows the UV-visible transmission spectra of contact lenses: 0 wt% —

control contact lens prepared from a lens formulation having 0 wt% of any UV-absorbing
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vinylic monomer; and 0.9 wt% - contact lens prepared from a lens formulation comprising
about 0.9 wt% of a UV-absorbing vinylic monomer of the invention according to a preferred
embodiment.

Figure 6 shows the UV-visible transmission spectra of contact lenses: 0 wt% —
control contact lens prepared from a lens formulation having 0 wt% of any UV-absorbing
vinylic monomer; and 1.4 wt% - contact lens prepared from a lens formulation comprising
about 1.4 wt% of a UV-absorbing vinylic monomer of the invention according to a preferred

embodiment.

DETAILED DESCRIPTION

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

"About" as used herein means that a number referred to as "about" comprises the
recited number plus or minus 1-10% of that recited number.

“Optional” or “optionally” means that the subsequently described event or
circumstance can or cannot occur, and that the description includes instances where the
event or circumstance occurs and instances where it does not.

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

As used in this application, the term “hydrogel” or “hydrogel material” refers to a
crosslinked polymeric material which is insoluble in water, but can hold at least 10 percent
by weight of water in its three-dimensional polymer networks (i.e., polymer matrix) when it
is fully hydrated.

A “vinylic monomer” refers to a compound that has one sole ethylenically-
unsaturated group and is soluble in a solvent.

The term “soluble”, in reference to a compound or material in a solvent, means that
the compound or material can be dissolved in the solvent to give a solution with a
concentration of at least about 0.1% by weight at room temperature (i.e., from about 20°C
to about 30°C).

The term “insoluble”, in reference to a compound or material in a solvent, means
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that the compound or material can be dissolved in the solvent to give a solution with a
concentration of less than 0.005% by weight at room temperature (as defined above).
The term “ethylenically unsaturated group” is employed herein in a broad sense and

is intended to encompass any groups containing at least one >C=C< group. Exemplary

0
ethylenically unsaturated groups include without limitation (meth)acryloyl (—C—CH=CH;

§ M - CHs
andfor —C—C=CH2 allyl, vinyl (T CH=CHz) 1_methylethenyl (—C=CH:), styrenyl, or the

likes.

0
The term “(meth)acryloylamido group” refers to a radical of ~NR°-C-CH=CH; and/or

Q CHs
—NR°-C-C=CH; in which R° is hydrogen or a C4-Cs alkyl.

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

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

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

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

“UVA” refers to radiation occurring at wavelengths between 315 and 380
nanometers; “UVB” refers to radiation occurring between 280 and 315 nanometers; “Violet”
refers to radiation occurring at wavelengths between 380 and 440 nanometers.

“UVA transmittance” (or “UVA %T"), “UVB transmittance” or “UVB %T”, and “violet-

transmittance” or “Violet %T” are calculated by the following formula

Average % Transmissionbetween 315and380nm x

UVA %T-= - 100
Luminescence %T
o L
UVB %T = Average % Transm|§3|on between 280 and315nm %100
Luminescence %T
o L
Violet %T — Average % Transmission between 380 and 440 nm %100

Luminescence %T
in which Luminescence %T is the ratio of luminous flux transmitted by the lens to the
incident luminous flux (ISO 13666:1998).

As used in this application, the term “macromer” or “prepolymer” refers to a medium
and high molecular weight compound or polymer that contains two or more ethylenically
unsaturated groups. Medium and high molecular weight typically means average molecular
weights greater than 700 Daltons.

As used in this application, the term “vinylic crosslinker” refers to a compound
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having at least two ethylenically unsaturated groups. A “vinylic crosslinking agent” refers to
a vinylic crosslinker having a molecular weight of about 700 Daltons or less.

As used in this application, the term “polymer” means a material formed by
polymerizing/crosslinking one or more monomers or macromers or prepolymers.

As used in this application, the term “molecular weight” of a polymeric material
(including monomeric or macromeric materials) refers to the weight-average molecular
weight unless otherwise specifically noted or unless testing conditions indicate otherwise.

The term “alkyl” refers to a monovalent radical obtained by removing a hydrogen
atom from a linear or branched alkane compound. An alkyl group (radical) forms one bond
with one other group in an organic compound.

The term “alkylene divalent group” or “alkylene diradical” or “alkyl diradical’
interchangeably refers to a divalent radical obtained by removing one hydrogen atom from
an alkyl. An alkylene divalent group forms two bonds with other groups in an organic
compound.

The term “alkyl triradical” refers to a trivalent radical obtained by removing two
hydrogen atoms from an alkyl. A alkyl triradical forms three bonds with other groups in an
organic compound.

The term “alkoxy” or “alkoxyl” refers to a monovalent radical obtained by removing
the hydrogen atom from the hydroxyl group of a linear or branched alkyl alcohol. An alkoxy
group (radical) forms one bond with one other group in an organic compound.

In this application, the term “substituted” in reference to an alkyl diradical or an alkyl
radical means that the alkyl diradical or the alkyl radical comprises at least one substituent
which replaces one hydrogen atom of the alkyl diradical or the alkyl radical and is selected
from the group consisting of hydroxy (-OH ), carboxy (-COOH), -NH;, sulfhydryl (-SH), C;-
C, alkyl, C+-C4 alkoxy, C4-C4 alkylthio (alkyl sulfide), C-C4 acylamino, C4-C, alkylamino, di-
C,-C4 alkylamino, halogen atom (Br or Cl), and combinations thereof.

A “photoinitiator” refers to a chemical that initiates free radical
crosslinking/polymerizing reaction by the use of light.

In this application, a "UV-absorbing vinylic monomer" refers to a vinylic monomer
comprising an ethylenically-unsaturated group and an UV-absorbing moiety
(benzophenone or benzotriazole moiety) which can absorb or screen out UV radiation in
the range from 200 nm to 400 nm as understood by a person skilled in the art.

A “spatial limitation of actinic radiation” refers to an act or process in which energy
radiation in the form of rays is directed by, for example, a mask or screen or combinations
thereof, to impinge, in a spatially restricted manner, onto an area having a well-defined
peripheral boundary. A spatial limitation of UV/visible radiation is obtained by using a mask

or screen having a radiation (e.g., UV and/or visible light) permeable region, a radiation
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(e.g., UV and/or visible light) impermeable region surrounding the radiation-permeable
region, and a projection contour which is the boundary between the radiation-impermeable
and radiation-permeable regions, as schematically illustrated in the drawings of U.S. Patent
Nos. 6,800,225 (Figs. 1-11), and 6,627,124 (Figs. 1-9), 7,384,590 (Figs. 1-6), and
7,387,759 (Figs. 1-6), all of which are incorporated by reference in their entireties. The
mask or screen allows to spatially projects a beam of radiation (e.g., UV radiation and/or
visible radiation) having a cross-sectional profile defined by the projection contour of the
mask or screen. The projected beam of radiation (e.g., UV radiation and/or visible
radiation) limits radiation impinging on a lens formulation located in the path of the
projected beam from the first molding surface to the second molding surface of a mold. The
resultant contact lens comprises an anterior surface defined by the first molding surface, an
opposite posterior surface defined by the second molding surface, and a lens edge defined
by the sectional profile of the projected UV and/or visible beam (i.e., a spatial limitation of
radiation). The radiation used for the crosslinking is radiation energy, especially UV
radiation (and/or visible radiation), gamma radiation, electron radiation or thermal radiation,
the radiation energy preferably being in the form of a substantially parallel beam in order on
the one hand to achieve good restriction and on the other hand efficient use of the energy.

The term “modulus” or “elastic modulus” in reference to a contact lens or a material
means the tensile modulus or Young’s modulus which is a measure of the stiffness of a
contact lens or a material. The modulus can be measured using a method in accordance
with ANSI Z80.20 standard. A person skilled in the art knows well how to determine the
elastic modulus of a silicone hydrogel material or a contact lens. For example, all
commercial contact lenses have reported values of elastic modulus.

In general, the invention is directed to a class of UV-absorbing vinylic monomers
which are soluble in water due to the presence of one or more hydrophilic moieties, and
can be used, in a water-based hydrogel lens formulation for making UV-absorbing hydrogel
contact lenses, in particularly, according to the Lightstream Technology™. Any unreacted
UV-absorbing vinylic monomer can be efficiently removed by water or an aqueous solution
as extraction solvent, if necessary.

In one aspect, the present invention provides a UV-absorbing vinylic monomer of

any one of formula (l) to (VII)
RD

|
N_O

Q..
Y OH
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g, n

Ry am

Ry'—— ~ 7 \y (V)
x N / /
L1'X1‘Y2‘]_Q2

N = m1
R1'—/@/ N, ) V)
XN /‘—/\R .

A=, 42=/R2'
Ry—— N
RSy } /\) Re (V1)

Rio (viry

in which:
R°is H, CHs or C;Hs;
Ri, Rz and R,’ independent of one other are H, CH;, CCl;, CF;, Cl, Br, OH, OCHj,
or NR’'R” in which R’ and R” independent of each other are H or C4-C, alkyl;
R:’ independent of each other are H, CH;, CCl;, CF3, Cl, Br, OH, OCHj3, SOzH,
SO;Na, or NR’'R” in which R’ and R” independent of each other are H or C4-C,

alkyl,
R; and R, independent of each other are H or a first hydrophilic group which is
9
*—CHZ-I:I:C3H6—ﬁ-O'
*~CH2—(0C;H4)11—OCHj3, *~CH>—(OC2H4)n1—OH, CHs o,
T fris 7 fris %
*—CHy~N=CHs *—CHZ-I;I*-CZH4-O-|ID—OR10 *—CHz—l}ltcg,HG—O-IID—ORm
CH, , CH, o , CHj; o ,or
GHa
*—CH,=N*CH,—C00
CHs , provided that at least one of R; and R, is the first hydrophilic
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group;

Rs is H, *~COOH, *~CONH-C;Hs—(OC3H4)n1—OCHs;, or —CONH-C;Hs~(OC3H4)n1—
OH;

one of Rg and R; is H or a second hydrophilic group which is *~CH—(OC;Hj)n1—

ChHs o CHs
+
*-CHZ-I}I+—C3H6—ﬁ-o' *—CH,~N=CHj
OCHs, *~CH,—(OC2H4)n—OH, CHy O | CHs
fls @ fs @
*—CHz-l}ltCZH4-O-I';’—OR1O *—CHz-l:lth,Hs-O-l?—ORm
CH, o ,or CHs, o while the other of Rg and R; is
R10 $1O R10
U U
*—N-Y—Qp TCHrN=Yi=Qr *—OC3Hs—N-Y,—Qy
Rg R8 or Rs .
1} (l? CI?
*_CaHe_ﬁ'o_ *—C2H4~0-P=ORqg *—C3Hg=O-P=OR1o
Rg is CH3, C2H5, o s o , or o X
s 9 e fre @
+
*_CHZ-,}I“—CSHG_ISI-O_ ~'C_CHZ-'}I_CH3 *—CHz":ltCZH4'O‘r;>_OR10
Rg is SOgNa, CH3 O , CH3 , CH3 o ,
o cr
*—CHp=N*C3Hg=0-P=OR1p  *—CH,-N*CH,—COO
CHs o or CH,
CHs Q GHs CHs o
+
*—CHZ-I}I+—03HG—ﬁ-O' *—CHp-N=CH;  *—CH,-N*C;H,-0-P=ORyg
Ry’ is H, SO;Na, CHs o | CHy CH, o ,
CH; 9 CHy
*—CHy=N*C3Hg-0-P=ORyo *—CHZ-I}ltCHZ—COO_
CH; o or CH; :

R1o is methyl or ethyl;

n N 1] . % 1] .
L1 is a direct bond or a linkage of *—C—*, *~CHa=C—" *=CoH4=C—"

? s @ :
*‘C3H6'S'CH2‘C-’ *_C3H6_S_CH—C_* or *—C3H6—8'02H4_C_*-

L2 is a linkage of “~CHz=" *=CoHs=" *=CsHe=" = *=CsHg=S=CoH,—"
GHs
*=C3Hg—=8=C3He—" o *—C3Hs—S—CH-CH,~*.
X1 is O or NR®; and
Y4, Y2, and Y; independent of one another are a C,-C, alkylene divalent radical;
Q1, Q2, and Q3 independent of one another are a (meth)acryloylamido or

(meth)acryloyloxy group;
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m1 is zero or 1, provided that if m1 is zero, then Q; is a (meth)acryloylamido group;
and

n1 is an integer of 2 to 20 (preferably 3 to 15, more preferably 4 to 10).

Preferred examples of a UV-absorbing vinylic monomer of formula (I) include

without limitation:

H H H
Qi<,-N Qi..N Qi<,.N
1Y1 OO OH 1Y1 Oo OH 1Y1 Oo OH
Ry | N | N R | xR
A R, A A
NaOsS NaOsS NaO5S
H H H
Q Q1\ .N Q
YN0 oy Yiy® o on v o oy
R1 | N R1 I N | N R2
/PR 7 R /~
NaOS 2 NaOsS g ' NaOsS
QN S
Sy g0 o OH “Yi~C o o
| x | N
R1 // R2 R’I //
NaO3S and NaO3S R2

in which: Q is (meth)acryloylamido or (meth)acryloyloxy group; Y, is an ethylene or
propylene divalent radical; Ry and R, independent of each other are H, CH;, CCl;, CF3, Cl,
Br, OH, OCHjs, or NR'R” in which R’ and R” independent of each other are H, methyl or
ethyl.

Preferred examples of a UV-absorbing vinylic monomer of formula (I1) include

without limitation:

H Q- 0 H
H Qi<y,.N Y1 O OH .
Qisy N0 vy o oH R AyNNO o on
Y O OH R
O Rj Rs Ry R3
H Q H H Q y
1~ O 1~v-NLO
Qie,.N Y O OH Q. .N Y OH
™v;i"° 5 OH R Re YiY° o OH R, ?
oo G ool UL
Ro. R | Rs, Ro R
Qo N Qiu N §
Iy 0 o OH I~y 0 o OH an. H o Q“Y;N 0 o OH
R1 R2 R1 Y1 O OH R1
Oh® (J R =
Ry Q R4 R
R3 R3 R4 R3 R2 3
Q.. N
H H 1‘Y’ O H
Qi.,.N 1 0 OH q N
Qisy;N O o oH "vity® o on "Yi"y° o oH
Ry ®
» :
R1 R1 R3 R3 R1 R4 R3
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H H
Q4. .N H
H 1oy 2N O 10y -N O
1 0O OH Q.,-N_o Y] OH
Gy NSO o on Re Y Y o OH R
SaealTS sasuEreas
Ri R
R4 RZ, R, , R4 Rs, 1 R, Rs
Qg N Q. N
"vi"O 5 oH Y‘"°65 oH . N
1.y -N O
SACEEN® TN
2
R1 R1 R2 0
, R3 , R3 , R1 R4 R37and
Q. N
"vi"° o oH
R1 O R4 O R3

in which: Q is (meth)acryloylamido or (meth)acryloyloxy group; Y, is an ethylene or
propylene divalent radical; Ry and R, independent of each other are CH;, CCl;, CF3, Cl, Br,
NR’R”, OH, or OCHs; R’ and R” independent of each other are H, methyl or ethyl; R; and
R, independent of each other are *~CH,—(OC,H,),—OCH3;, *~CH,—(OC;H,),+—OH,

CH; 0 CHs CH, o} CH; 0
1, - | s 1, 1l 1, 1]
*_CHz"}l_Cg,HG_ﬁ'O _CHZ-'}‘_CH3 *_CHz":l'CzH4—O'|?_OR10 *_CHz"}l'CngG—O'F:_OR']O
CHy, & CH3 CHs o CHs o or
i
*—CH,=N*CH,—COO
CHj3

; Ryo is methyl or ethyl.

Preferred examples of a UV-absorbing vinylic monomer of formula (l1l) include
without limitation:

HO. _.O HO. _.O HO._.O HO.__.O
0 OH g 0 OH g 0 OH g O OH
it R i’ " R R,
Y1 Y1 Y1 f8
@d\~Rs @&\~Rs Ri A\ Rs A\-Y—Qq
Rio | R1o Rio | R1p ,
HO_.O HO. _.O HO._.O
R O OH O OH R O OH HO. O
1 2
® e yor O v QR &
N-Rg Ri N-Rs R &R Q &N-Rg
R2 "Ryo , R1o 2 Ryg | R1g
HO_.O Q
HO. O HOZ0 0 OH :
.Q R i1
R, O OH Y1Q1 O OH i 1 SN-Re
O @ Rs Q @& Re R1o
Rio R+ R1o R2
HO._O HO$© Q, HO_O
1 OH L
o OH vy, 2 Y1 0 OH y:&i
BEE R casc
Cate OO Ak
Ry R1o, R, Ry R, 10
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Tt L, 00

in WhICh. Qqis (meth)acryloylamldo or (meth)acryloyloxy group; Y is an ethylene or
propylene divalent radical; Ry and R, independent of each other are CH;, CCl;, CF3, Cl, Br,
NR’R” OH, or OCHg; in which R’ and R” independent of each other are H or C-C, alkyl; Rg

o)
1} _ 1l 1]
_ﬁ'o *—CQH4'O'FI)-OR10 *—CgHe'O'FI’-ORm
is CH3, C,Hs, o | o , or o : Rig is methyl or

ethyl.
Preferred examples of a UV-absorbing vinylic monomer of formula (1V) or (V)

include without limitation:

SO;Na HO  SOuNa SOsNa
(I, KI
HN= Y2 HN- Y2 HN= Yz
(6]
HO
A =N, —\ R, HO HO
RWI_\C[\ N2 Q N T =N, v
A T W s T¥ e 2 vRV:
s, Y24 Ng/ NH o/
“7-NH O, N o N
0 : N\ voc— ,
j(\\?' OH
N-N
g o9, >\:<j
HO;S
/o 3
%,P\\ 7 Q; C[
o o ¥
—/ N SO,H

in which Ry’ is H, CHs, CCls, CF5, CI, Br, NR’'R” in which R’ and R” independent of each
other are H or C4-C4 alkyl, OH, or OCHj;; Q; is (meth)acryloylamido or (meth)acryloyloxy
group; Y, is an ethylene or propylene divalent radical.

Preferred examples of a UV-absorbing vinylic monomer of formula (V1) or (VII)

include without limitation:

HO
@fN\ Ts‘Qa
= N HO ®
= _ N=R
PN 1 IN
Rqp R X N
in which Ry’ is H, CH5, CCls;, CF3, Cl, Br, F, OH, or OCHs;, NR'R” in which R’ and R”
Q
*—CSH5-§'O-
independent of each other are H or C4-C, alkyl, Rg is CH3, CoHs, 0 ,
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Q Q
*_CzH4'O'|?-OR1O *_C3H6'O’|?-OR10
o ,or o} : Ry is methyl or ethyl; Q3 is (meth)acryloylamido

or (meth)acryloyloxy group; Y; is an ethylene or propylene divalent radical.
A UV-absorbing vinylic monomer of formula (l) defined above can be prepared

according to procedures illustrated in Scheme 1:

HO O O oy HOLO o OH
Oleum / RT/ 16h
N A
R Y, ——— kAL | R
T F R EP0314620A1 . \/)

SO3Na
R1, R2 = H, CH3, Halogen, amine, -OH, -OMe R1, R2 = H, CH3, Halogen, amine, -OH, -OMe
H
HoN=Y,—Q4 Q4. -N_O O OH
Y4
EDC/HOBt
J. Med. Chem. 1997, 40, 1570-1577; R, =— | —R
J Curr Pharm Res 2012; 10 (1): 22-24 T / \/) 2

R1, R2 = H, CH3, Halogen, amine, -OH, -OMe
Scheme 1

It is understood that in the 2™ step of Scheme 1 or 2 above, a vinylic monomer of
H,N-Y,—-Q; (as defined above) can be substituted with another vinylic monomer of HNR®-
Y—Q; (as defined above) in which R® is CH; or C,Hs for making other UV-absorbing vinylic
monomers of formula (1) or (II). Exemplary vinylic monomers of HNR°-Y—-Q; (as defined
above) include without limitation 2-(methylamino)ethyl (meth)acrylate, 2-(methylamino)ethyl
(meth)acrylamide, N-Methyl-N-[2-(methylamino)ethyl] (meth)acrylamide, ethylaminoethyl
(meth)acrylate, ethylaminoethyl (meth)acrylamide, methylaminopropyl (meth)acrylate,
methylaminopropyl (meth)acrylamide, ethylaminopropyl (meth)acrylate, and
ethylaminopropyl (meth)acrylamide.

A UV-absorbing vinylic monomer of formula (ll) defined above can be prepared

according to procedures illustrated in Scheme 2:
OH

[e]
e s
OH
OH Me2NII I} O
o —_— o — OH
| 1 Na-Acetoxy-BH4 | Toluene
¢} PLIN 5
J. Org. Chem. 1996, 61, 3849-3862 Reﬂux’ Dh ?
J. Chem. Soc,, 1933, 1264-1269 /N\
OH &

o)
$z0 © HoN=Y;—Q, “NH

\O o
EDC/HOBt O (]

—_ OH S o
J. Med. Ghem. 1997, 40, 1570-1577;
solvent O O/ 3Gl Pharm Res 2012; 10 (1) 22-24 OH
RT, 24h - © Ve
Tet. 45, No. Il /gWSO?’ - 0 ©
33633370, 1989 /g\/\/sos
Scheme 2

It is understood that in the 2™ step of Scheme 2 above, a vinylic monomer of H,N—
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Y—Q; (as defined above) can be substituted with another vinylic monomer of HNR°-Y—-Q,
(as defined above) in which R° is CH3 or C,Hs for making other UV-absorbing vinylic
monomers of formula (I1). It is also understood that the 3™ step of Scheme 2 can be altered
to form a phosphocholine group by reacting an alkyl alkylene phosphate (e.g., methyl
ethylene phosphate, ethyl ethylene phosphate, methyl propylene phosphate, or ethyl
propylene phosphate), instead of 1,3-propane sultone, under conditions known to a person
skilled in the art (Makromol. Chem., Rapid Commun. 3,457- 459 (1982), herein
incorporated by reference in its entirety).

A UV-absorbing vinylic monomer of formula (lll) defined above can be prepared
according to procedures illustrated in Scheme 3:

o} o}
G oH Oo)j\ oo)k

O O lPA’ NaOHY = O Q NBSY AlBNY — O O
—_— _—
pH 7.8 1.5h, 90C, 95%
(Synth Commun, 22, 2703, 1992) (JACS, 2008, 128, 1404-1405)
Br

~y Y1 o
N"T~q O  oH
2x 1 0 OJ\
NaHCO3, MeOH,
ACN, 40 C, 5h Q O 25C, 0.75h O O
_—
_—
o400 (0T 40 50 JACS 98, 746, 1971 |
Y
% s
-1, N, Q1
© T@ Q1 B |©

Br
Scheme 3

It is also understood that Scheme 3 can be modified by replacing a vinylic monomer
of (CH;)>.N-Y,—Q; can be substituted with another vinylic monomer of HNR°-Y,—Q, in
which R® is CH; or C;Hs and then by adding one step of reacting the product of the 3™ step
with 1,3-propane sultone or an alkyl alkylene phosphate (e.g., methyl ethylene phosphate,
ethyl ethylene phosphate, methyl propylene phosphate, or ethyl propylene phosphate)
under conditions known to a person skilled in the art to form a UV-absorbing vinylic
monomer of formula (lll) with Rg is a radical other than methyl.

Any 2-hydroxy-2’-carboxy benzophenones with substituents on either or both
benzene rings can be used in the preparation of a UV-absorbing vinylic monomer of
formula (1), (1) or (lll). A person knows how to prepare a 2-hydroxy-2’-carboxy
benzophenones with substituents from a substituted or unsubstituted phthalic anhydride
and a substituted or unsubstituted phenol (see, e.g., US5925787, herein incorporated in
reference in its entirety).

It is understood that in the 2™ step of Scheme 2 any 3- and 4-substituted phthalic
anhydride can be used to react with any mono- or di-substituted phenol to obtain a UV-

absorbing vinylic monomer of formula (1), (I1) or (lll). Various 3- and 4-substituted phthalic
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anhydrides are commercially available or can be prepared according to the procedures
described in J. Chem. Soc., Perkin Trans. (1977), 1: 2030-2036 (herein incorporated by
reference in its entirety).

A UV-absorbing vinylic monomer of formula (IV) or (V) defined above can be

prepared according to procedures illustrated in any one of Schemes 4 to 7:

HO HO
. _/Q/N:N \— 7R2 Oleum /RT/16h _/@:N:N \— 7)Rz
NN COOH EP0314620A1 NN < ~S05Na
R1, R2 = H, CH3, Halogen, amine, -OH, -OMe COOH

H,N—Y,—Q, N
EDC/HOBt R s N
. N

J. Med. Chem. 1997, 40, 1570-1577;
J Curr Pharm Res 2012; 10 (1): 22-24

Scheme 4
H2N_Y2‘Q2
HO
Ry HSCH,COOH EDC/HOBt AN /R,
R N __ABN Z N P
1 \ \ ‘\~ 3 R1 N A \ ‘JL
U§8262948 S0O3Na N X ~SO3Na
J. Med. Chem. 1997, 40. 1570-1577; S
R1, R2 = H, CH3, Halogen, amine, -OH, -OMe HOOC J Curr Pharm Res 2012; 10 (1): 22-24 :2
o ;YZ-QZ
N
H
Scheme 5

OH

ol = @ — JZI
HO,8 NO, H* reduction SOSH

COOH

Yz'Qz
Scheme 6
e Q oH
S
Ho)b/ Y
HO
5-sulfosalicylic acid fo) /YZ_QZ
(Carbosynth) OH HO NH
/@NHZ NaNO, ‘ ©:’ HoN-Y,—Q, ©:’N'
- ~ — ~ N
R NO, H* reduction N
SOzH SOzH
R=H, OH, CH;, CF3, F, Cl, COOH, SO;H
Scheme 7

A UV-absorbing vinylic monomer of formula (VI) or (V1) defined above can be

prepared according to procedures illustrated in Scheme 8 or 9:
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NBS AIBN, MeCN

>
o
/N\
N
oy e o
Br

pH 7.8 1.5h, 90C, 95%
(Synth Commun, 22, 2703, 1992) (JACS, 2006, 128, 1404-1405)
\N/Y3_Q3
2x HO
NaHCO3, MeOH, =N
ACN, 40 C, 5h 250 0.75h N
\NI
J°“;;siafo“3i;"afsri;c;zm s s “No &
Q3 Y3 QS_Y(S
Scheme 8
oﬁJL
5 HO. Dess Martin Oxidn HO
1.1x DMP,
CH2CI2 or ACN
OH  NaOH, aq EtOH OH 20mins, RT. OH
N’N‘N 6:1 OH:ester (mole) N Quench -1.3M NaOH N,N\N
——
?\ /E N — 3\ /E
US2014/000463A1
O J. Org. Chem. 1983 ,48,4155-4156
NORBLOC
©
H SO
1x  HaN—Y5—Q N., Qs YA
3 ‘O HN
NaOAc-BH4 1x N
(1.3-1.6 eq wrt ald and
amine) OH
THF or ACN or DCE N THF, RT, 16h OH
Tet, 45, (Il N N

J. Org. Chem. 1996, 61, 3849-3862

3363 to 3370. 1989

Scheme 9

Any benzotriazoles with substituents can be used in the preparation of a vinylic

monomer of any one of formula (IV) to (VII). A person knows how to prepare a

benzotriazole with different substituents according to a known procedure (see, e.g.,

US8262948, herein incorporated in reference in its entirety).

A water-soluble UV-absorbing vinylic monomer of the invention described above

can find particular uses in making UV-absorbing medical devices, preferably ophthalmic

devices, more preferably intraocular lenses, even more preferably contact lenses.

In another aspect, the invention provides a method for producing UV-absorbing

contact lenses, comprising the steps of: (1) obtaining a lens formulation comprising (a)
(from about 0.1% to about 4% by weight of, preferably from about 0.2% to about 3.0% by

weight of, more preferably from about 0.4% to about 2% by weight of, even more

preferably from about 0.6% to about 1.5% by weight of) a UV-absorbing vinylic monomer of
any one of formula () to (V1) (as defined above), (b) (from about 0.1% to about 2.0% by
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weight of, preferably from about 0.25% to about 1.75% by weight of, more preferably from
about 0.5% to about 1.5% by weight of, even more preferably from about 0.75% to about
1.25% by weight of) at least free-radical initiator, and (c) at least one polymerizable
components selected from the group consisting of a hydrophilic vinylic monomer, a water-
soluble silicone-free prepolymer, a silicone-containing prepolymer, a non-silicone
hydrophobic vinylic monomer, a siloxane-containing vinylic monomer, a siloxane-containing
vinylic macromer, a vinylic crosslinking agent, and combinations thereof; (2) introducing
the lens formulation into a mold for making a soft contact lens, wherein the mold has a first
mold half with a first molding surface defining the anterior surface of a contact lens and a
second mold half with a second molding surface defining the posterior surface of the
contact lens, wherein said first and second mold halves are configured to receive each
other such that a cavity is formed between said first and second molding surfaces; and (3)
curing thermally or actinically the lens formulation in the mold to form the UV-absorbing
contact lens, wherein the formed UV-absorbing contact lens is characterized by having the
UVB transmittance of about 10% or less (preferably about 5% or less, more preferably
about 2.5% or less, even more preferably about 1% or less) between 280 and 315
nanometers and a UVA transmittance of about 30% or less (preferably about 20% or less,
more preferably about 10% or less, even more preferably about 5% or less) between 315
and 380 nanometers and and optionally (but preferably) a Violet transmittance of about
60% or less, preferably about 50% or less, more preferably about 40% or less, even more
preferably about 30% or less) between 380 nm and 440 nm.

In accordance with the invention, a free-radical initiator can be a free-radical
thermal initiator or a free-radical photoinitiator.

Any thermal free-radical initiators can be used in the invention. Examples of
suitable thermal initiators include, but are not limited to, 2,2'-azobis (2,4-
dimethylpentanenitrile), 2,2'-azobis (2-methylpropanenitrile), 2,2'-azobis (2-
methylbutanenitrile), peroxides such as benzoyl peroxide, and the like. Preferably, the
thermal initiator is 2,2’-azobis(isobutyronitrile) (AIBN).

Any free-radical photoinitiators, which can absorb radiation in the range from 380
nm to 500 nm, can be used in the invention. Suitable photoinitiators are benzoin methyl
ether, diethoxyacetophenone, a benzoylphosphine oxide, 1-hydroxycyclohexyl phenyl
ketone and Darocur and Irgacur types, preferably Darocur 1173® and Darocur 2959®,
Germanium-based Norrish Type | photoinitiators. Examples of benzoylphosphine initiators
include phenyl(2,4,6-trimethylbenzoyl)phosphinic acid and its salts, bis(2,4,6-
trimethylbenzoyl)phosphinic acid and its salts, 2,4,6-trimethylbenzoyldiphenylophosphine
oxide; bis-(2,6-dichlorobenzoyl)-4-N-propylphenylphosphine oxide; and bis-(2,6-

dichlorobenzoyl)-4-N-butylphenylphosphine oxide. Reactive photoinitiators which can be
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incorporated, for example, into a macromer or can be used as a special monomer are also
suitable. Examples of reactive photoinitiators are those disclosed in EP 632 329, herein
incorporated by reference in its entirety. Most preferably, water-soluble Germanium-based
Norrish Type | photoinitiators, which are disclosed in copending U.S. patent application No.
62/169,722 filed June 2, 2015 (herein incorporated by reference in its entirety), are used in
the invention. The polymerization can then be triggered off by actinic radiation, for
example, UV and/or visible light of a suitable wavelength. The spectral requirements can
be controlled accordingly, if appropriate, by addition of suitable photosensitizers.

Nearly any hydrophilic vinylic monomer can be used in the invention. Suitable
hydrophilic vinylic monomers are, without this being an exhaustive list, N,N-
dimethylacrylamide (DMA), N,N-dimethylmethacrylamide (DMMA), 2-acrylamidoglycolic
acid, N-hydroxypropylacrylamide, N-hydroxyethyl acrylamide, N-
[tris(hydroxymethyl)methyl]-acrylamide, N-vinylpyrrolidone (NVP), N-vinyl formamide, N-
vinyl acetamide, N-vinyl isopropylamide, N-vinyl-N-methyl acetamide (VMA), N-methyl-3-
methylene-2-pyrrolidone, 1-methyl-5-methylene-2-pyrrolidone, 5-methyl-3-methylene-2-
pyrrolidone, 2-hydroxyethylmethacrylate (HEMA), 2-hydroxyethyl acrylate (HEA),
hydroxypropyl acrylate, hydroxypropyl methacrylate, methoxyethylmethacrylate (i.e.,
ethylene glycol methyl ether methacrylate, EGMA), trimethylammonium 2-hydroxy
propylmethacrylate hydrochloride, aminopropyl methacrylate hydrochloride,
dimethylaminoethyl methacrylate (DMAEMA), glycerol methacrylate (GMA), a C4-C4-alkoxy
polyethylene glycol (meth)acrylate having a weight average molecular weight of up to
1500, polyethylene glycol (meth)acrylate having a weight average molecular weight of up
to 1500, methacrylic acid, acrylic acid, and mixtures thereof.

Examples of water-soluble prepolymers free of silicone include without limitation: a
water-soluble crosslinkable poly(vinyl alcohol) prepolymer described in U.S. Pat. Nos.
5583163 and 6303687, a water-soluble vinyl group-terminated polyurethane prepolymer
described in U.S. Pat. No. 6995192; derivatives of a polyvinyl alcohol, polyethyleneimine or
polyvinylamine, which are disclosed in U.S. Pat. No. 5849841, a water-soluble
crosslinkable polyurea prepolymer described in U.S. Patent No. 6479587 and 7977430;
crosslinkable polyacrylamide; crosslinkable statistical copolymers of vinyl lactam, MMA and
a comonomer, which are disclosed in U.S. Pat. No. 5712356; crosslinkable copolymers of
vinyl lactam, vinyl acetate and vinyl alcohol, which are disclosed in U.S. Pat. No. 5665840;
polyether-polyester copolymers with crosslinkable side chains which are disclosed in U.S.
Pat. No. 6492478, branched polyalkylene glycol-urethane prepolymers disclosed in U.S.
Pat. No. 6165408, polyalkylene glycol-tetra(meth)acrylate prepolymers disclosed in U.S.
Pat. No. 6221303, crosslinkable polyallylamine gluconolactone prepolymers disclosed in

U.S. Pat. No. 6472489; all of which are incorporated herein by references in their entireties.
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Any suitable of silicone-containing prepolymers with hydrophilic segments and
hydrophobic segments can be used in the invention. Examples of such silicone-containing
prepolymers include those described in commonly-owned US Patent Nos. 6,039,913,
7,091,283, 7,268,189 and 7,238,750, 7,521,519; commonly-owned US patent application
publication Nos. US 2008-0015315 A1, US 2008-0143958 A1, US 2008-0143003 A1, US
2008-0234457 A1, US 2008-0231798 A1, US 2010-0296049 A1, and US 2010-0298446
A1; all of which are incorporated herein by references in their entireties.

A lens formulation of the invention can also comprise a non-silicone hydrophobic
monomer (i.e., free of silicone). By incorporating a certain amount of non-silicone
hydrophobic vinylic monomer in a lens formulation, the mechanical properties (e.g.,
modulus of elasticity) of the resultant polymer may be improved. Nearly any non-silicone
hydrophobic vinylic monomer can be used in the actinically polymerizable composition for
preparing the intermediary copolymer with pendant or terminal functional groups. Examples
of preferred non-silicone hydrophobic vinylic monomers include methylacrylate, ethyl-
acrylate, propylacrylate, isopropylacrylate, cyclohexylacrylate, 2-ethylhexylacrylate,
methylmethacrylate, ethylmethacrylate, propylmethacrylate, vinyl acetate, vinyl propionate,
vinyl butyrate, vinyl valerate, styrene, chloroprene, vinyl chloride, vinylidene chloride,
acrylonitrile, 1-butene, butadiene, methacrylonitrile, vinyl toluene, vinyl ethyl ether,
perfluorohexylethyl-thio-carbonyl-aminoethyl-methacrylate, isobornyl methacrylate,
trifluoroethyl methacrylate, hexafluoro-isopropyl methacrylate, hexafluorobutyl
methacrylate.

Any suitable siloxane-containing vinylic monomers can be used in the invention.
Examples of preferred siloxane-containing vinylic monomers include without limitation N-
[tris(trimethylsiloxy)silylpropyl]-(meth)acrylamide, N-[tris(dimethylpropylsiloxy)-silylpropyl]-
(meth)acrylamide, N-[tris(dimethylphenylsiloxy)silylpropyl] (meth)acrylamide, N-
[tris(dimethylethylsiloxy)silylpropyl] (meth)acrylamide, 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)propyllacrylamide; N,N-bis[2-hydroxy-3-(3-(t-
butyldimethylsilyl)-propyloxy)propyl]-2-methyl acrylamide; N,N-bis[2-hydroxy-3-(3-(t-
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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(trimethyl-
siloxy)silyl]propylvinyl 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);
monomethacrylated or monoacrylated polydimethylsiloxanes of various molecular weight
(e.g., mono-3-methacryloxypropyl terminated, mono-butyl terminated polydimethylsiloxane
or mono-(3-methacryloxy-2-hydroxypropyloxy)propyl terminated, mono-butyl terminated
polydimethylsiloxane); mono-vinyl carbonate-terminated polydimethylsiloxanes; mono-vinyl
carbamate-terminated polydimethylsiloxane; mono-methacrylamide-terminated
polydimethylsiloxanes; mono-acrylamide-terminated polydimethylsiloxanes; carbosiloxane
vinylic monomers disclosed in US Patent Nos. 7915323 and 8420711, in US Patent
Applicaton Publication Nos. 2012/244088 and 2012/245249 (herein incorporated by
references in their entireties); combinations thereof.

Any suitable siloxane-containing vinylic macromers (i.e., crosslinkers) can be used
in the invention. Examples of preferred siloxane-containing vinylic macromers
(crosslinkers) are dimethacrylated or diacrylated polydimethylsiloxanes of various
molecular weight; di-vinyl carbonate-terminated polydimethylsiloxanes; di-vinyl carbamate-
terminated polydimethylsiloxane; di-methacrylamide-terminated polydimethylsiloxanes; di-
acrylamide-terminated polydimethylsiloxanes; bis-3-methacryloxy-2-
hydroxypropyloxypropyl polydimethylsiloxane; N,N,N',N'-tetrakis(3-methacryloxy-2-
hydroxypropyl)-alpha,omega-bis-3-aminopropyl-polydimethylsiloxane; polysiloxanylalkyl
(meth)acrylic monomers; siloxane-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); chain-extended polysiloxabe vinylic
crosslinkers disclosed in US201008843A1 and US20120088844A1 (herein incorporated by
references in their entireties); 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, 4,153,641, 4,182,822, 4,189,546, 4,343,927, 4,254,248, 4,355,147,
4,276,402, 4,327,203, 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,
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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, 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).

Examples of preferred vinylic cross-linking agents include without limitation
tetraethyleneglycol diacrylate, triethyleneglycol diacrylate, diethyleneglycol diacrylate,
ethyleneglycol diacrylate, tetraethyleneglycol dimethacrylate, triethyleneglycol
dimethacrylate, diethyleneglycol dimethacrylate, ethyleneglycol dimethacrylate,
tetraethyleneglycol divinyl ether, triethyleneglycol divinyl ether, diethyleneglycol divinyl
ether, ethyleneglycol divinyl ether, trimethylopropane trimethacrylate, pentaerythritol
tetramethacrylate, bisphenol A dimethacrylate, vinyl methacrylate, ethylenediamine
dimethyacrylamide, ethylenediamine diacrylamide, glycerol dimethacrylate, triallyl
isocyanurate, triallyl cyanurate, allylmethacrylate, allylacrylate, N-allyl-methacrylamide, N-
allyl-acrylamide, 1,3-bis(methacrylamidopropyl)-1,1,3,3-tetrakis(trimethyl-siloxy)disiloxane,
N,N’-methylenebisacrylamide, N,N’-methylenebismethacrylamide, N,N’-
ethylenebisacrylamide, N,N’-ethylenebismethacrylamide,1,3-bis(N-methacrylamidopropyl)-
1,1,3,3-tetrakis-(trimethylsiloxy)disiloxane, 1,3-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, and combinations thereof. A preferred cross-linking
agent is tetra(ethyleneglycol) diacrylate, tri(ethyleneglycol) diacrylate, ethyleneglycol
diacrylate, di(ethyleneglycol) diacrylate, methylenebisacrylamide, triallyl isocyanurate, or
triallyl cyanurate. The amount of a cross-linking agent used is expressed in the weight
content with respect to the total polymer and is preferably in the range from about 0.05% to
about 3% (more preferably from about 0.1% to about 2%).

A lens formulation of the invention can further comprise visibility tinting agents (e.g.,
D&C Blue No. 6, D&C Green No. 6, D&C Violet No. 2, carbazole violet, certain copper
complexes, certain chromium oxides, various iron oxides, phthalocyanine green,
phthalocyanine blue, titanium dioxides, or mixtures thereof), antimicrobial agents (e.g.,
silver nanoparticles), a bioactive agent (e.g., a drug, an amino acid, a polypeptide, a
protein, a nucleic acid, 2-pyrrolidone-5-carboxylic acid (PCA), an alpha hydroxyl acid,
linoleic and gamma linoleic acids, vitamins, or any combination thereof), leachable
lubricants (e.g., a non-crosslinkable hydrophilic polymer having an average molecular
weight from 5,000 to 500,000, preferably from 10,000 to 300,000, more preferably from
20,000 to 100,000 Daltons), leachable tear-stabilizing agents (e.g., a phospholipid, a
monoglyceride, a diglyceride, a triglyceride, a glycolipid, a glyceroglycolipid, a sphingolipid,
a sphingo-glycolipid, a fatty acid having 8 to 36 carbon atoms, a fatty alcohol having 8 to 36
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carbon atoms, or a mixture thereof), and the like, as known to a person skilled in the art.
In a preferred embodiment, the lens formulation is a water-based lens formulation
which comprises one or more water-soluble actinically-crosslinkable poly(vinyl alcohol)

prepolymer. Preferably, a water-soluble, actinically-crosslinkable polyvinyl alcohol

N CH2
CIH N
prepolymer comprises repeating units of vinyl alcohol (i.e., OH ) and repeating units
of formula (VIII)
*Y\(CHZ\*
o Ri3 o (VIID)
Ri
Ry N

12
in which:

R4 is hydrogen or C4-C¢ alkyl (preferably hydrogen or C4-C, alkyl, more preferably
hydrogen or methyl or ethyl, even more preferably hydrogen or methyl);

R, is an ethylenically unsaturated group of

S P O I
*—C'NH R16'NH'C-O R17‘O—C—R18
ql or

4_(.? { i | 2
* C-NH R16—NH'C_O ql R17_O q2 C_R18

each another are zero or one, and Ry and Ry7 independently of each another are a

in which g1 and q2 independently of

C.-Cg alkylene divalent radical, Ryg is Co—Cg alkenyl,

Ris; can be hydrogen or a C4-Cg alkyl group (preferably hydrogen); and

Ri4 is a C4-Cs alkylene divalent radical(preferably a C4-C, alkylene divalent radical,

more preferably methylene or butylene divalent radical, even more preferably

methylene divalent radical).

In another preferred embodiment, a lens formulation comprises a water-soluble
silicone-containing prepolymer. Examples of water-soluble silicone-containing prepolymers
include without limitation those disclosed in US 9,187,601 (herein incorporated by
reference in its entirety).

A “water-based lens formulation” refers to a polymerizable composition which
comprises water as solvent or a solvent mixture comprising at least about 60% (preferably
at least about 80%, more preferably at least about 90%, even more preferably at least
about 95%, most preferably at least about 98%) by weight of water relative to the total
amount of the solvent mixture and polymerizable/crosslinkable components, and which can
be cured (i.e., polymerized and/or crosslinked) thermally or actinically to obtain a

crosslinked/polymerized polymeric material.
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It is understood that the amount of the UV-absorbing vinylic monomer present in the
lens formulation is sufficient to render a resultant contact lens, which is obtained from the
curing of the lens formulation, ability of blocking or absorbing (i.e., the inverse of
transmittance) at least 90% (preferably at least about 95%, more preferably at least about
97.5%, even more preferably at least about 99%) of UVB (between 280 and 315
nanometers), at least 70% (preferably at least about 80%, more preferably at least about
90%, even more preferably at least about 95%) of UVA transmittance (between 315 and
380 nanometers), and optionally (but preferably) at least 30% (preferably at least about
40%, more preferably at least about 50%, even more preferably at least about 60%) of
violet light between 380 nm and 440 nm, which impinge on the lens.

In accordance with the invention, a lens formulation can be a water-based lens
formulation, an organic solvent-based lens formulation, or a solventless formulation.

A lens formulation can be prepared by dissolving all of the desirable components in
water, a mixture of water and an organic solvent, an organic solvent, or a mixture of two or
more organic solvent, or by blending all polymerizable components without any solvent, as
known to a person skilled in the art.

In another preferred embodiment, the lens formulation comprises an UV-absorbing
vinylic monomer of any one of formula (I) to (VII) in which Q1, Q2, and Q3 are a
(meth)acryloylamido group (preferably an acryloylamido group). By having a
(meth)acryloylamido group (preferably an acryloylamido group), a relatively-short curing
time (e.g., less than 100 seconds, preferably less than 75 seconds, more preferably less
than 50 second, even more preferably about 30 seconds or less) can be achieved.

Lens molds for making contact lenses are well known to a person skilled in the art.
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 be formed
through various techniques, such as injection molding or lathing. Examples of suitable
processes for forming the mold halves are disclosed in U.S. Patent Nos. 4,444,711 to
Schad; 4,460,534 to Boehm et al.; 5,843,346 to Morrill; and 5,894,002 to Boneberger et
al., which are also incorporated herein by reference. Virtually all materials known in the art
for making molds can be used to make molds for making contact lenses. For example,
polymeric materials, such as polyethylene, polypropylene, polystyrene, PMMA, Topas®
COC grade 8007-S10 (clear amorphous copolymer of ethylene and norbornene, from
Ticona GmbH of Frankfurt, Germany and Summit, New Jersey), or the like can be used.
Other materials that allow UV light transmission could be used, such as quartz glass and

sapphire.
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Preferably, a reusable mold suitable for spatial limitation of radiation is used in the
invention, the projected beam of radiation (e.g., radiation from the light source including the
light in the region of 360 nm to 550 nm) limits radiation (e.g., UV radiation) impinging on the
mixture of the lens-forming materials located in the path of the projected beam from the
first molding surface to the second molding surface of the reusable mold. The resultant
contact lens comprises an anterior surface defined by the first molding surface, an opposite
posterior surface defined by the second molding surface, and a lens edge (with sharp edge
and high quality) defined by the sectional profile of the projected radiation beam (i.e., a
spatial limitation of radiation). Examples of reusable molds suitable for spatial limitation of
radiation include without limitation those disclosed in U.S. Patent Nos. 6,627,124,
6,800,225, 7,384,590, and 7,387,759, which are incorporated by reference in their
entireties.

For example, a preferred reusable mold comprises a first mold half having a first
molding surface and a second mold half having a second molding surface. The two mold
halves of the preferred reusable mold are not touching each other, but there is a thin gap of
annular design arranged between the two mold halves. The gap is connected to the mold
cavity formed between the first and second molding surfaces, so that excess mixture can
flow into the gap. It is understood that gaps with any design can be used in the invention.

In a preferred embodiment, at least one of the first and second molding surfaces is
permeable to a crosslinking radiation. More preferably, one of the first and second molding
surfaces is permeable to a crosslinking radiation while the other molding surface is poorly
permeable to the crosslinking radiation.

The reusable mold preferably comprises a mask which is fixed, constructed or
arranged in, at or on the mold half having the radiation-permeable molding surface. The
mask is impermeable or at least of poor permeability compared with the permeability of the
radiation-permeable molding surface. The mask extends inwardly right up to the mold
cavity and surrounds the mold cavity so as to screen all areas behind the mask with the
exception of the mold cavity.

The mask may preferably be a thin chromium layer, which can be produced
according to processes as known, for example, in photo and UV lithography. Other metals
or metal oxides may also be suitable mask materials. The mask can also be coated with a
protective layer, for example of silicon dioxide if the material used for the mold or mold half
is quartz.

Alternatively, the mask can be a masking collar made of a material comprising a
UV/visible light-absorber and substantially blocks curing energy therethrough as described
in U.S. Patent No. 7,387,759 (incorporated by reference in its entirety). In this preferred

embodiment, the mold half with the mask comprises a generally circular disc-shaped
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transmissive portion and a masking collar having an inner diameter adapted to fit in close
engagement with the transmissive portion, wherein said transmissive portion is made from
an optically clear material and allows passage of curing energy therethrough, and wherein
the masking collar is made from a material comprising a light-blocker and substantially
blocks passage of curing energy therethrough, wherein the masking collar generally
resembles a washer or a doughnut, with a center hole for receiving the transmissive
portion, wherein the transmissive portion is pressed into the center opening of the masking
collar and the masking collar is mounted within a bushing sleeve.

Reusable molds can be made of quartz, glass, sapphire, CaF,, a cyclic olefin
copolymer (such as for example, Topas® COC grade 8007-S10 (clear amorphous
copolymer of ethylene and norbornene) from Ticona GmbH of Frankfurt, Germany and
Summit, New Jersey, Zeonex® and Zeonor® from Zeon Chemicals LP, Louisville, KY),
polymethylmethacrylate (PMMA), polyoxymethylene from DuPont (Delrin), Ultem®
(polyetherimide) from G.E. Plastics, PrimoSpire®, etc.. 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 molding surfaces, 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.

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

After the lens formulation is dispensed into the mold, it is polymerized to produce a
contact lens. Crosslinking may be initiated thermally or upon exposure to a light source
including a light in a region between 380 nm to 500 nm, preferably under a spatial limitation
of actinic radiation, to crosslink the polymerizable components in the mixture.

In accordance with the invention, light source can be any ones emitting light in the
380-500 nm range sufficient to activate Germane-based Norrish Type | photoinitiators.
Blue-light sources are commercially available and include: the Palatray CU blue-light unit
(available from Heraeus Kulzer, Inc., Irvine, Calif.), the Fusion F450 blue light system
(available from TEAMCO, Richardson, Tex.), Dymax Blue Wave 200, LED light sources
from Opsytec (385 nm, 395 nm, 405 nm, 435 nm, 445 nm, 460 nm), LED light sources from
Hamamatsu (385 nm), and the GE 24" blue fluorescent lamp (available from General
Electric Company, U.S.). A preferred blue-light source is the UV LED from Opsytec (those
described above).

The intensity of the light source is preferably from about 2 to about 40 mW/cm?.,

preferably from about 4 to about 20 m\WW/cm? in the 400 nm to 550 nm region is more
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preferred. These intensity values are determined by weighting the lamp output using the
photoinitiator master spectrum.

The photocrosslinking according to the invention may be effected in a very short
time, e.g. in < about 120 seconds, preferably in < about 80 seconds, more preferably in <
50 about seconds, even more preferably in < about 30 seconds, and most preferably in 4 to
30 seconds.

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

The molded contact lens can be subject to lens extraction to remove unpolymerized
vinylic monomers and macromers. The extraction solvent is preferably water or an
aqueous solution. After extraction, lenses can be hydrated in water or an aqueous solution
of a wetting agent (e.g., a hydrophilic polymer); packaged in lens packages with a
packaging solution which can contain about 0.005% to about 5% by weight of a wetting
agent (e.g., a hydrophilic polymer), a viscosity-enhancing agent (e.g., methyl cellulose
(MC), ethyl cellulose, hydroxymethylcellulose, hydroxyethyl cellulose (HEC),
hydroxypropylcellulose (HPC), hydroxypropylmethyl cellulose (HPMC), or a mixture
thereof); sterilization such as autoclave at from 118 to 124°C for at least about 30 minutes;
and the like.

In a further aspect, the invention provides a hydrogel contact lens comprising a
crosslinked polymeric material which comprises repeating units of an UV-absorbing vinylic
monomer of any one of formula (I) to (VII).

A contact lens of the invention preferably is characterized by having an UVB
transmittance of about 10% or less (preferably about 5% or less, more preferably about
2.5% orless, even more preferably about 1% or less) between 280 and 315 nanometers
and a UVA transmittance of about 30% or less (preferably about 20% or less, more
preferably about 10% or less, even more preferably about 5% or less) between 315 and
380 nanometers and optionally (but preferably) a Violet transmittance of about 60% or less,
preferably about 50% or less, more preferably about 40% or less, even more preferably
about 30% or less) between 380 nm and 440 nm.

A contact lens of the invention further has a water content of preferably from about
15% to about 80%, more preferably from about 30% to about 70% by weight (at room
temperature, about 22°C to 28°C) when fully hydrated.

Although various embodiments of the invention have been described using specific
terms, devices, and methods, such description is for illustrative purposes only. The words
used are words of description rather than of limitation. It is to be understood that changes

and variations may be made by those skilled in the art without departing from the spirit or
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scope of the present invention, which is set forth in the following claims. In addition, it
should be understood that aspects of the various embodiments may be interchanged either
in whole or in part or can be combined in any manner and/or used together, as illustrated

below:

1. A UV-absorbing vinylic monomer of any one of formula (1) to (VII)

Ri—— | R a

Ry (m

Ry _ N )
NS X {
Ly-Xq~

4 /N\ - m?
Ry—— N )
1 @\N’ MO
Vs /N\N42=\/R2|
R,—
RN T /\) Re )
L

A =N\ Ry vin
R =2
x N I/\'_/’ Ry
in which:

R°is H or CHs;
Ri, R, and R,’ independent of one other are H, CH3, CCl;, CF;, CI, Br, OH, OCHj,
or NR'R” in which R’ and R” independent of each other are H or C4-C, alkyl,
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R;’ independent of each other are H, CH;, CCl;, CF3, Cl, Br, OH, OCH,3, SOz;H,
SO;Na, or NR’R” in which R’ and R” independent of each other are H or C4-C,

alkyl;
R; and R, independent of each other are H or a first hydrophilic group which is
o9
*—CHz—hll*—C;,Hﬁ—ﬁ-o'
*~CH,—(OC;H4)n1—OCHj3, *~CH»—(OC>H,),—OH, CHs o
fHs fHa 0 GHs @
.
*—CHy-N=CH, *—CHZ-I:ltCZHA,-O-I?—ORm *—CHZ—I}f—CSHG-O-F:—ORm
CH, CHj o CHs " or
fHa
*—CH,=N*CH,—C00
CH; , provided that at least one of R; and R, is the first hydrophilic
group;
Rs is H, *~COOH, *~CONH-C,;H~—(OC2H4),1—OCHj3, or -—CONH-C,;Hs—(OCyH4)n1—
OH;
one of Rg and R is H or a second hydrophilic group which is *~CH,—(OC,H,),1—
CHs o CHs
+
*—CHz-nll*—cha-ls-o- *—CH,=N=CHj
OCHj3, *~CH2—(OC2Hy)n1—OH, CHy o | CHs
GHa @ GHa @
*=CH,-N=CoHs-0-P-ORyg  *=CH,-N=C3Hs-0-P-ORyg
CHs o ,or CHs °} while the other of Rs and R; is
Rio '?10 Rio
U U
*—N=Y—Q, *=CHp-N=Y;—Qy *—0C3He—N=Y,—Q
Rg RS or RB .
@ @ 3
*_CsHe‘ﬁ'o_ *—C2H4=0-P=ORo *—C3Hg=0-P=OR1o
Rg is CHs, CoHs, o ) o , or o ;
fs 9 e GHa 0
+
*—CHZ-I}I+—C3H6—ﬁ-O_ ~'\‘_CHZ-':I_CH3 *—CHz"}ltCZH4'O'r}>_OR10
Rg is SOgNa, CH3 (@] , CH3 , CH3 (o} ,
GHs @ GHs
*—CHy=N*CgHg-O-P—=ORyg  *—CHp=N*CH,—COO
CHs o or CHs
¢ 9 e fHa 0
- * +
*—CHz-hll"—Ce,He—ﬁ-o —CHzN=CHy  *—CH,~N*C,H,~0-P—=ORyg
R’ is H, SO;Na, CH; o | CHy CHs o
Ghs @ GHs
*—CHy=N*CgHg-0-P=ORyo  *—CH,~N*CH,—COO
CHs o or CHs
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R0 is methyl or ethyl;

@]
" * " * * " *
L1 is a direct bond or a linkage of *—C—*, *—CHy=C—"* *=CoH4=C—"

Q GHa Q

“-CgHg-S-CHp-C—" *=C3Hg=S=CH—C—" ¢ *~CaHg=S-CaHy=C—",
L2 is a linkage of "~CH2=" "=CpHs=" *=CsHe="  "—C3Hg=S—-CoHs—"
G
*=C3He=S=CaHe=" qr *—CsHg=S—CH—CH,~*.
X1 is O or NR®; and
Y4, Yz, and Y; independent of one another are a C,-C, alkylene divalent radical,
Q1, Q2, and Q3 independent of one another are a (meth)acryloylamido or
(meth)acryloyloxy group;
m1 is zero or 1, provided that if m1 is zero, then Q; is a (meth)acryloylamido
group; and
n1 is an integer of 2 to 20 (preferably 3 to 15, more preferably 4 to 10).
The UV-absorbing vinylic monomer of invention 1, being a vinylic monomer of formula
0.
The UV-absorbing vinylic monomer of invention 2, being selected from a vinylic

monomer of any one of the following formula:

H H
Qiw,,.N Qi~...N Q1
YN o on Y o o
Rq | SN | X
// Ri &
NaO,S NaO,S
Q M Q H
.N 1Ny - (@]
“YiN© 5 oH Y] o OH
R4 | = Ry | \
/R, NaO s//
NaO,S a0sS R
Qi N Qe N
~ - -~ IN
“viNe© 5 o VIO 5 on
| ~x | ~
R1 // R2 R1 //
NaO3S ,and N803S R2

in which: Q4 is (meth)acryloylamido or (meth)acryloyloxy group; Y+ is an ethylene or
propylene divalent radical; Ry and R; independent of each other are H, CH;, CCl;,
CF;, ClI, Br, OH, OCHjs;, or NR’R” in which R’ and R” independent of each other are H,
methyl or ethyl.

The UV-absorbing vinylic monomer of invention 1, being a vinylic monomer of formula
.

The UV-absorbing vinylic monomer of invention 4, being selected from a vinylic
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monomer of any one of the following formula:
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CHs 0 CHy
*—CH,=N*CgHg-O-P—=ORyo  *—CH,~N*CH,—C0OO
CHs; o ,or CH, : Rqq is methyl or ethyl.

6. The UV-absorbing vinylic monomer of invention 1, being a vinylic monomer of formula
(.

7. The UV-absorbing vinylic monomer of invention 6, being selected from a vinylic
monomer of any one of the following formula:
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in which: Q is (meth)ac7ryloylamido or (meth)acryloyloxy group; Y, is an ethylene or
propylene divalent radical; Ry and R; independent of each other are CH;, CCl;, CF3,
Cl, Br, NR'’R” OH, or OCHg; in which R’ and R” independent of each other are H or
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*_C3H6‘O‘|I:II>_OR10
o : Rqp is methyl or ethyl.
8. The UV-absorbing vinylic monomer of invention 1, being a vinylic monomer of formula
(V) or (V).
9. The UV-absorbing vinylic monomer of invention 8, being selected from a vinylic

monomer of any one of the following formula:

HO SO3Na SO;Na HO SO;Na
/N\
= IN Q N ,QZ
N HN= Y2 HN- Y2 HN=Y>
o o
HO
ANz N, —\_R, HO HO
Ri _\(I\ N2 Q N N =N X
N X SONa G2 ©f N o Y o X
s, 2 SN g/ NH N/ NH
“7-NH  0O,5 N <)
0 EANEVAN voc— ,
HO Q
/N\
Crd 5
=N’ NH
ﬁ/ HO
s\ _N, o N
d /©; N HO NH
i HO,S N N
Ogh=0 NH ©:’ N
o o\, =\
) Q, SO4H

in which Ry’ is H, CH3, CCl;, CF;, Cl, Br, NR'R” in which R’ and R” independent of
each other are H or C4-C, alkyl, OH, or OCH3; Q; is (meth)acryloylamido or
(meth)acryloyloxy group; Y is an ethylene or propylene divalent radical.

10. The UV-absorbing vinylic monomer of invention 1, being a vinylic monomer of formula
(V1) or (VII).

11. The UV-absorbing vinylic monomer of invention 10, being selected from a vinylic

monomer of any one of the following formula:

Y3—Q3
I
. HO N R,
Y3—Q3 F N
@ =
X

in which Ry is H, CH3, CCl;, CF3, CI, Br, OH, or OCH3;, NR’'R” in which R and R”

-

*—C3H6—%—O'
independent of each other are H or C4-C, alkyl, Rg is CH3, C,Hs, )
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*—CZH4-O-II:II’—OR10 *—C3H6-O-II:}—OR10

o ,or o : Rqp is methyl or ethyl; Q; is
(meth)acryloylamido or (meth)acryloyloxy group; Y3 is an ethylene or propylene
divalent radical.

12. A hydrogel contact lens, comprising a crosslinked polymeric material which
comprises repeating units of a UV-absorbing vinylic monomer of any one of
inventions 1 to 11, wherein the hydrogel contact lens has: an UVB transmittance
(designated as UVB %T) of about 10% or less between 280 and 315 nanometers; a
UVA transmittance (designated as UVA %T) of about 30% or less between 315 and
380 nanometers; and a water content of from about 15% to about 80% by weight (at
room temperature, about 22°C to 28°C) when being fully hydrated.

13. The hydrogel contact lens of invention 12, wherein the hydrogel contact lens has an
UVB %T of about 5% or less (preferably about 2.5% or less, more preferably about
1% or less) between 280 and 315 nanometers.

14. The hydrogel contact lens of invention 12 or 13, wherein the hydrogel contact lens
has an UVA %T of about 20% or less (preferably about 10% or less, more preferably
about 5% or less) between 315 and 380 nanometers.

15. The hydrogel contact lens of any one of inventions 12 to 14, wherein the hydrogel
contact lens further has a Violet transmittance (designated as Violet %T) of about
60% or less (preferably about 50% or less, more preferably about 40% or less, even
more preferably about 30% or less) between 380 nm and 440 nm.

16. The hydrogel contact lens of any one of inventions 12 to 15, wherein the hydrogel
contact lens has a water content of from about 30% to about 75% by weight (at room
temperature, about 22°C to 28°C) when being fully hydrated.

17. The hydrogel contact lens of any one of inventions 12 to 16, wherein the hydrogel
contact lens is a silicone hydrogel contact lens, wherein the crosslinked polymeric
material which comprises repeating units of at least one hydrophilic vinylic monomer
and repeating units of at least one siloxane-containing vinylic monomer and/or
macromer.

18. The hydrogel contact lens of any one of inventions 12 to 16, wherein the crosslinked
polymeric material which comprises repeating units of an actinically-crosslinkable
polyvinyl alcohol prepolymer.

19. The hydrogel contact lens of invention 18, wherein the actinically-crosslinkable
polyvinyl alcohol prepolymer comprises repeating units of vinyl alcohol (i.e.,

*_ CH2

-

T
OH ) and repeating units of formula (VIII)
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20.

21.

22.

23.

*

wCHZ
Nk
o 5)50 (VIID
Ri

RiyN

N

Rpp
in which:
R+ is hydrogen or C4-Cg alkyl;

Rz is an ethylenically unsaturated group of

ol ) 8
*=C-NH R16'NH'C_O R17—O_C_R18
ql 0

_[_(.? { ® | ®
* C-NH=*R5~NH-C-0 q1 R47-0 q2 C—R1s

in which g1 and q2 independently of each another are zero or one, and R4z and

r

Ri; independently of each another are a C,-Cg alkylene divalent radical, Ryg is Co—
Cs alkenyl,
Ris; can be hydrogen or a C4-C¢ alkyl group; and
R14 is a C4-Cs alkylene divalent radical.
The hydrogel contact lens of invention 19, wherein in formul (VIIl) R44 is hydrogen or
C,-C, alkyl (preferably hydrogen or methyl or ethyl, more preferably hydrogen or
methyl).
The hydrogel contact lens of invention 19 or 20, wherein in formul (VIII) Ry is
hydrogen.
The hydrogel contact lens of any one of inventions 19 to 21, wherein in formul (VIII)
Ri4 is a C4-C4 alkylene divalent radical (preferably methylene or butylene divalent
radical, more preferably methylene divalent radical).
A method for producing UV-absorbing contact lenses, comprising the steps of:
(1) obtaining a lens formulation comprising
(a) a UV-absorbing vinylic monomer of any one of inventions 1 to 11,
(b) at least one free-radical initiator, and
(c) at least one polymerizable components selected from the group consisting of
a hydrophilic vinylic monomer, a water-soluble silicone-free prepolymer, a
silicone-containing prepolymer, a non-silicone hydrophobic vinylic monomer, a
siloxane-containing vinylic monomer, a siloxane-containing vinylic macromer,
a vinylic crosslinking agent, and combinations thereof;
(2) introducing the lens formulation into a mold for making a soft contact lens,
wherein the mold has a first mold half with a first molding surface defining the

anterior surface of a contact lens and a second mold half with a second molding
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surface defining the posterior surface of the contact lens, wherein said first and
second mold halves are configured to receive each other such that a cavity is
formed between said first and second molding surfaces; and

(3) curing thermally or actinically the lens formulation in the mold to form the UV-
absorbing contact lens, wherein the formed UV-absorbing contact lens is
characterized by having the UVB %T of about 10% or less between 280 and 315
nanometers and a UVA %T of about 30% or less between 315 and 380
nanometers.

24. The method of invention 23, wherein the lens formulation comprises from about 0.1%
to about 4% by weight of, preferably from about 0.2% to about 3.0% by weight of,
more preferably from about 0.4% to about 2% by weight of, even more preferably
from about 0.6% to about 1.5% by weight of, a UV-absorbing vinylic monomer of any
one of inventions 1 to 11.

25. The method of invention 23 or 24, wherein the lens formulation comprises from about
0.1% to about 2.0% by weight of, preferably from about 0.25% to about 1.75% by
weight of, more preferably from about 0.5% to about 1.5% by weight of, even more
preferably from about 0.75% to about 1.25% by weight of, at least one free-radical
initiator.

26. The method of any one of inventions 23 to 25, wherein the free-radical initiator is a
thermal initiator, wherein the step of curing is carried out thermally.

27. The method of any one of inventions 23 to 25, wherein the free-radical initiator is a
photoinitiator, wherein the step of curing is carried out by irradiation with a light
having a wavelength within the range from 380 nm to 500 nm.

28. The method of invention 27, wherein the photoinitiator is a benzoylphosphine oxide.

29. The method of invention 27, wherein the photoinitiator is a Germanium-based Norrish
Type | photoinitiator.

30. The method of any one of inventions 23 to 27, wherein the lens formulation
comprises at least one hydrophilic vinylic monomer, at least one siloxane-containing
vinylic monomer, at least one siloxane-containing vinylic macromer.

31. The method of any one of inventions 27 to 30, wherein the mold is a reusable mold,
wherein the step of curing is carried out by using a spatial limitation of actinic
radiation.

32. The method of any one of inventions 27 to 31, wherein the step of curing lasts for a
time period of about 120 seconds or less (preferably about 80 seconds or less, more
preferably about 50 seconds or less, even more preferably about 30 second or less,
most preferably from about 5 to about 30 seconds).

33. The method of any one of inventions 23 to 32, wherein the lens formulation is a
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34.

35.

36.

37.

38.

39.

40.

water-based lens formulation comprising at least one actinically-crosslinkable
polyvinyl alcohol prepolymer, wherein the actinically-crosslinkable polyvinyl alcohol
N CH2

-

CH N
I
prepolymer comprises repeating units of vinyl alcohol (i.e., ©OH ) and repeating

units of formula (VIII)

*

Y\rCHz\
o%ﬁo (VIII)
le 1

R,y N

N

ISP
in which:
R11 is hydrogen or C-Cs alkyl;

R, is an ethylenically unsaturated group of

I O I R
*=C=NH R16'NH'C-O R17'O-C—R18
ql o

_[_9 { i) | @
* C-NH R16'NH‘C-Oq R17'O q2 C_R1g

in which g1 and q2 independently of each another are zero or one, and R4z and

r

Ri; independently of each another are a C,-Cg alkylene divalent radical, Ryg is Co—

Cs alkenyl,

R1z can be hydrogen or a C4-Cg alkyl group; and

R14 is a C4-Cs alkylene divalent radical.
The method of invention 33, wherein in formul (VIII) Ry4 is hydrogen or C4-C, alkyl
(preferably hydrogen or methyl or ethyl, more preferably hydrogen or methyl).
The method of invention 33 or 34, wherein in formul (VIII) Ry3 is hydrogen.
The method of any one of inventions 33 to 35, wherein in formul (VIII) Ry, is a C4-Cy
alkylene divalent radical (preferably methylene or butylene divalent radical, more
preferably methylene divalent radical).
The method of any one of inventions 33 to 36, wherein in formul (VIIl) R44 is hydrogen
or methyl, Ry; is hydrogen, and R4, is methylene divalent radical.
The method of any one of inventions 23 to 37, wherein the formed UV-absorbing
contact lens has an UVB %T of about 5% or less (preferably about 2.5% or less,
more preferably about 1% or less) between 280 and 315 nanometers.
The hydrogel contact lens of any one of inventions 23 to 38, wherein the formed UV-
absorbing contact lens has an UVA %T of about 20% or less (preferably about 10%
or less, more preferably about 5% or less) between 315 and 380 nanometers.

The hydrogel contact lens of any one of inventions 23 to 39, wherein the hydrogel
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contact lens further has a Violet %T of about 60% or less (preferably about 50% or
less, more preferably about 40% or less, even more preferably about 30% or less)

between 380 nm and 440 nm.

The previous disclosure will enable one having ordinary skill in the art to practice
the invention. Various modifications, variations, and combinations can be made to the
various embodiment described herein. In order to better enable the reader to understand
specific embodiments and the advantages thereof, reference to the following examples is

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

Example 1
Transmittance. Contact lenses are manually placed into a specially fabricated sample
holder or the like which can maintain the shape of the lens as it would be when placing
onto eye. This holder is then submerged into a 1 cm path-length quartz cell containing

phosphate buffered saline (PBS, pH ~ 7.0 — 7.4) as the reference. A UV/visible

spectrophotometer, such as, Varian Cary 3E UV-Visible Spectrophotometer with a
LabSphere DRA-CA-302 beam splitter or the like, can be used in this measurement.
Percent transmission spectra are collected at a wavelength range of 250-800 nm with %T
values collected at 0.5 nm intervals. This data is transposed onto an Excel spreadsheet
and used to determine if the lenses conform to Class 1 UV absorbance. Transmittance is
calculated using the following equations:

Average % T between 380-316 nm

UVA %T = - x100
Luminescence %T
0 -
UVB %T = Average % T between 280-315nm <100
Luminescence %T
0 -
Violet %T — Average % T between 440-380nm <100

Luminescence %T
in which Luminescence %T is the average % transmission between 380 and 780.
Photo-rheology: The photo-rheology experiment measures the elastic (G’) and viscous
modulus (G”) as a function of time during curing. The experiment is conducted by using an
appropriate light source, optionally cutoff filters to select wavelengths of interest, and a
rheometer. The light source is a LED of appropriate wavelength (i.e. 385, 405, 435, 445, or
460 nm), or Mercury bulb in a Hamamatsu light source. The intensity of light source is set
by adjusting either the light source output or the shutter opening to get an appropriate
intensity measured by a radiometer. The sample is placed between a quartz plate that
allows UV light to pass through and the rheometer. The cure time is determined when the

elastic modulus (G’) reaches a plateau.
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Example 2
This example illustrates how to prepare a preferred UV-absorbing vinylic monomer

of the invention according the procedures shown in the following scheme.

Dry THF (10% solid (@] [e]
O OH 5 Mol D(MAPSOI K o o’ _ o o~
3 eq Ac20 (wrt alc) i} NeBCSN A2IlaN, @
2 eq Et3N (wrt anhyd) /‘)'\‘ eCN.2h. \/‘)\‘
OCH3; @ O OCH reflux Br OCH,
D RT, 18-24h an — am
@]
NN EthylAcetate
1 H I
1% KoCOj3 aq Oy~ o 0
]\ B RT/ 20h HN]\ Br o o'
- CH3COOK N
OCH3 ‘® OCHs

Step 1 - Synthesis of 2-acetyloxy-4-methoxy-4’-methyl-benzophenone

In a round bottom (rb) flask fitted with a stir bar and purged with dry nitrogen (dN,)
was taken 80g anhydrous tetrahydrofuran (THF, from Aldrich), 10g (41.29mmol/1.0eq) of
2-hydroxy-4-methoxy-4’-methylbenzophenone (HO-MeO-Me-Bzp) (from Alfa Aesar)
(compound I) and 0.25¢g of N,N-dimethyamino pyridine (DMAP) (5mol% with respect to
[wrt] to compound | from Alfa Aesar). About 5mL dry THF was used to rinse the DMAP vial
and then this was added to the reaction flask. The mixture was stirred at room temperature
(RT) to dissolve over 15mins. Then, 26g (6 eq) of triethylamine (TEA, from Aldrich) was
added via a syringe. The solution was stirred at RT for 15 minutes. Then, 13.17g (3.1eq)
Acetic anhydride (Ac20) was added slowly to the reaction mixture over 5 minutes. 15 mL
of anhydrous THF was added to the flask. The reaction solution was stirred under nitrogen
(N) at RT, overnight and then was concentrated under reduced pressure to remove about
80% of the volatiles. THF was added to make a total solution mass having a concentration
of about 30 wt% wrt starting benzophenone. The solution was stirred at RT for 5 mins. The
product was precipitated by slow addition of a 150 g mixture of 1:1 ice: water (5x by weight
[wt] of reaction solution) with stirring. The flask was place in ice water bath and stirred for 3
hours. After 3 hours, the pH of the solution phase was measured as 3.86 (pH meter) and
the mixture was filtered through a Whatman#4 (25 ym) filter paper under vacuum of
940mbar. The precipitate was washed with about 15009 of ice cold water until the
washings were clear colorless and the conductivity of the filtrate was <10 yS/cm and pH
neutral. The precipitate was collected and was suspended in 100mL cold DI Water and
swirled for 15mins. The obtained product was then frozen in IPA-dry ice and then
lyophilized. A white powder was obtained that was weighed (Net: 11.45g; Th Yield: 11.77g;
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Yield: 97.36%) and was confirmed by 1H-NMR in THF-d8 to be 2-acetyloxy-4-methoxy-4'-
methylbenzophenone (AcO-MeO-Me-Bzp) (compound II).
Step 2 - Synthesis of 2-acetyloxy-4-methoxy-4’-bromomethyl-benzophenone

Acetonitrile, N-Bromosuccinimide (NBS) and AIBN were purchased from Sigma
Aldrich and acetate protected benzophenone derivative (Il) was used as obtained from the
previous step. In a 500mL 3-neck flask fitted with condenser, a N, purge set up, a
thermocouple, an oil-bubbler air trap and a stir bar was added 8.85¢g (0.031mol/1.0 eq) of
AcO-MeO-Me-Bzp (ll) obtained in Step1 and was stirred under N, for 30mins. The
condenser was set to 9°C and 220mL of anhydrous acetonitrile was added to the reaction
flask. The mixture was stirred at RT. Once the condenser had reached around 9°C, the
reaction flask was gently purged with dry N, for 30 mins and the condenser was set to 4°C.
After condenser had reached 4°C or 30mins of N, purge (whichever is later), the reaction
mixture was quickly raised to reflux at 400rpm stirring and with a mildly positive N, flow.
The reaction solution came to reflux at ~80-82°C. Then 6.11 g (1.1 eq.) of N-
Bromosuccinimide (NBS) (from Sigma-Aldrich) and 0.52 g (0.1 eq.) of Aza-bis-
isobutyronitrile (from Sigma-Aldrich) were weighed out and added to the reaction flask
under positive N, flow. The reaction was continued, at reflux for 2h with mildly positive
nitrogen flow. After two hours the reaction was stopped by being allowed to cool to RT
under very mild flow of dry N,. The cooled reaction solution was filtered through a cotton
plug. The solution was then concentrated to about 50wt% under reduced pressure. The
product was precipitated form the reaction solution by addition of about 200g of 1:1 ice-
water mixture (about 3x the reaction solution wt.).

The mixture was stirred in an ice bath for 3 hours. After three hours the precipitate
was filtered through a Whatman #4 (25um) filter paper under 950mbar pressure. The
precipitate was washed 5x with 200mL cold DI Water, (~5x volume of ice-water used for
pptn) until the conductivity of the filtrate was less than 10uS/cm and neutral pH. The solid
sample was mixed with 100mL cold DI Water and the mixture was then frozen in dry-
ice/IPA bath and then lyophilized. A powdery off white solid was obtained (Net: 10.986g; Th
Y:11.307g; %Y; 97.17%) and confirmed by NMR to be product Ill, 2-acetyloxy-4-methoxy-
4’-bromomethyl-benzophenone (AcO-MeO-BrCH;-Bzp). The %purity of product Il was
estimated from NMR to be 85mol% with about 7% likely to be unreacted starting material
and about 8% other unidentified impurities.

Step 3 - Synthesis of 2-acetyloxy-4-methoxy-4’-(acrylamido-N,N-

dimethypropylaminomethyh-benzophenone
In a weighed 20mL amber glass vial with stir bar was taken 1.5g (0.004mol/1 eq) of
product (lll) from Step 2, AcO-MeO-BrCH>-Bzp. To this was added 8mL ethyl acetate with

stirring for 10mins at room temperature (RT). To the obtained solution was added 1.94g
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(0.0123mol/ 3.eq) of N,N-dimethylaminopropyl acrylamide (NN-DMAPrAAm) at RT with
stirring. A precipitate slowly formed and the reaction was stirred at RT overnight. To the
reaction mixture was added 1mL of hexane and the reaction mixture stirred for an hour at
RT. The clear supernatant was discarded. The residue was dissolved in 0.50mL
acetonitrile and stirred for 30mins to dissolve. The product in the solution was precipitated
using excess 1:1 Ethyl acetate:hexane mixture. The process is repeated 4 times. To the
solid residue obtained was added 5mL DI Water and the mixture allowed to dissolve.
MEHQ was added to make a concentration of ~150 mg/Kg (ppm) based on estimated final
product weight. The residual organics from the cloudy solution were removed under
reduced pressure to give a clear solution having neutral pH. The solution was frozen and
lyophilized overnight. Net: 1.4829g; Th.Y: 2.05g; %Y; 72.19%. The bulk sample was
deliquescent and was flushed with dry air and stored in a dessicator in the amber flask.
The product IV was obtained and estimated from NMR to have a purity of >90%.

Step 4 - Synthesis of 2-hydroxy-4-methoxy-4’-(acrylamido-N.N-

dimethypropylaminomethyl)-benzophenone
A 5.0mL solution of acetate protected UV-blocker (IV) in DI Water at 1000mg/L was
prepared. This solution was diluted to 20mg/L with pH7 buffer (12.5mM phosphate in DI

Water : n-propanol). The UV-Vis spectrum of this solution was collected (Figure 1, Curve
1).

Solid Potassium Carbonate (K,CO;) was added to the 1000mg/L solution to have a
K>CO; concentration of 1 w/v%. The solution was mixed to dissolve the K,COs and the
solution was allowed to stand overnight at RT to obtain the desired product (UV-absorbing
vinylic monomer, i.e., compound V in the scheme). The resultant solution was diluted to
have a concentration of 20mg/L for the UV-absorbing vinylic monomer with pH7 buffer
(12.5 mM phosphate in DI Water: n-propanol). The UV-Vis spectrum of this solution of the

UV-absorbing vinylic monomer was collected and is shown in Figure 1 (curve 2).

Example 3
The UV-absorbing vinylic monomer prepared in Example 2 was directly added to an
aqueous lens formulation, which is described in Example 8-8d of WO2002071106 (herein
incorporated by reference in its entirety), at a concentration of 0, 0.7 and 1.5 wt% and each
having 1.0 wt% Lithium salt of 2,4,6-trimethylbenzoyl-diphenylphosphine oxide (Li-TPO)

O SL?
0
(from TCI-America, © ) as the photoinitiator. Those three formulations are

determined by photo rheology studies (405nm LED source at 30mWW/cm?) to have a curing

time of about 21 seconds, about 23 seconds, or about 21 seconds respectively.
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Lenses were fabricated from those aqueous formulations according to an
automated lens manufacturing process described in Example 8 of W02002071106 except
that a lens formulation in a mold is irradiated with 405nm LED at an intensity of 30mWW/cm?
for about 25 seconds. The resultant lenses were packaged in blister packages containing
Saline 61, sealed and autoclaved at 121°C for 45mins. The % T (percentage transmittance)
of the autoclaved lenses was determined. Where the concentration of the UV-absorbing
vinylic monomer is 0 (i.e., control lenses), the control lenses have a %T-UVA ~ 96.30% and
a %T-UVB ~ 84.61%. Where the concentration of the UV-absorbing vinylic monomer is
0.70% by weight, the resultant lenses have a %T-UVA ~ 23.6% and a %T-UVB ~ 3.79%.
Where the concentration of the UV-absorbing vinylic monomer is 1.50% by weight, the
resultant lenses have a %T-UVA ~ 8.80% and a %T-UVB ~ 0.13%.

Figures 2 and 3 show the %T of the lenses having 0.7 wt% and 1.5 wt% of the UV-
absorbing vinylic monomer after autoclave along with control lenses (0 wt% of the UV-

absorbing vinylic monomer) after autoclave.

Example 4
This example illustrates how to prepare a preferred UV-absorbing vinylic monomer

of the invention according to the following scheme.

Dry THF (10% solids)
HO, 5 mol% DMAP i NBS, AIBN (}':O
Q,NN 3 eq Ac20 (wrt alc) MeCN, time, N
=y 2 eq Et3N (wrt anhyd) Q Q Reflux Q: N‘Q
—_— N
) RT 18-24h Br
(1) (ID)
(@]
~ N™~SNN EthylAcetate
o HI
o © o
,NNQ’ | Br AqK,CO; ©
~ -
O BN R Q
N —
H J\%
V) (W) y

Step 1 — Synthesis of 2-(2-acetyloxy-5-methylphenyl)benzotriazole (AcO-Me-Bzt)

In a weighed 2L rb flask fitted with a magnetic stir bar and purged with N, is added
340g anhydrous THF. The flask is purged with N, for a minute while stirring and then
capped. 40 g (177.4 mmol,1.0 eq) of 2-(2-Hydroxy-5-methylphenyl)benzotriazole (Me-Bzt-
OH, from TCI-America) is weighed and added to the flask. The reaction flask is quickly
purged with N, and then capped and stirred to allow the solid to dissolve. To this solution is
added 1.09 g (8.87mmol) of 4-dimethylaminopyridine (4-DMAP) (5mol% wrt benotriazole).
The flask is quickly purged with N, capped and the reaction mixture is allowed to stir to

allow the solid to dissolve. 108.96g (6 eq) of Triethyl amine (Et;N) is weighed out and
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slowly added to the reaction flask with stirring. 54.58g (3 eq) of Ac,O is weighed out and
then slowly added to the reaction solution. 20g of THF is added to the reaction. The flask is
purged with N,, capped tightly and the reaction solution is allowed stir under N, overnight.

The reaction solution is concentrated under reduced pressure, to remove ~65-70%
of the volatiles or until precipitation is observed, whichever is earlier. If precipitation is seen,
just enough THF is added to just dissolve the precipitate. The solution is stirred at RT for
30mins. The product is precipitated by addition of a mixture of 250g ice and 250g DI Water
with stirring. The obtained mixture had a pH of 4.75. The flask is place in an ice bath and
stirred for 3 hours. The mixture is filtered through a Whatman #4 (25um) filter paper under
vacuum of 950mbar. The precipitate is washed five times with 1Kg of ice-water until the
washings are clear colorless and the conductivity of the filtrate is <10uS/cm. The
precipitate is collected and mixed with 500mL cold DI water. The mixture is frozen and then
lyophilized to give a white powder (47.22 g) whose structure is confirmed by NMR to be
AcO-Me-Bzt. Net: 47.22g; Th Yield: 47.29g; Yield: 99.85%; Purity: >90%.
Step 2 — Synthesis of 2-(2-acetyloxy-5-bromomethylphenyl)benzotriazole (AcO-
BrCH,-Bzt)

In a 1L 3-neck flask fitted with condenser, a N, purge set up, a thermocouple and
an oil-bubbler air trap was added 20g (0.074mmol/1.0eq) of AcO-Me-Bzt (Il) from Step 2.
This solid was stirred under N for at least 45 mins. To this was added 480 mL of
anhydrous acetonitrile and the mixture was stirred at RT under N, to effect a solution. The
condenser was set to 9°C and the reaction solution was gently bubbled with dry N, for 30
mins. After condenser had reached 4°C or 30 mins of N, purge (whichever is later), the
reaction mixture was quickly raised to reflux, stirred at 400 rpm with a slightly positive N,
flow. The reaction solution came to reflux at ~81-82°C. 14.71 g (1.1 eq) of NBS and 1.25 g
(0.1 eq) of AIBN were added to the reaction flask under positive N, flow and the reaction
were allowed to continue at reflux under a slightly positive N, flow. After 2h 15m the
reaction was stopped by being allowed to cool to RT under N,. The reaction solution was
filtered through a cotton plug into a 1L rb flask. The solution was then concentrated under
reduced pressure to yield a solid material. To the sample was added 75mL of 6.67% ACN
in THF to dissolve the solid. About 2509 of 1:1 ice-water by weight was prepared (~2.5x the
total solution volume). The product was precipitated by slow addition of the ice-water
mixture with stirring. The flask was then placed in an ice bath and stirred for 3 hours. The
precipitate was filtered through a Whatman #4 (25um) filter paper under mild vacuum. The
precipitate was washed 5x with 500mL cold DI Water. (~10x volume of ice-water used for
precipitation) until the conductivity of the filtrate was <10uS/cm and neutral pH. The solid
sample obtained was transferred to a 1L rb flask and mixed 100mL cold DI Water. The

mixture was then frozen and then lyophilized to give a solid product (Net: 26.08g; Th. yield:
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25.83¢; %Yield: >100%; purity: 75% with 10% likely to be unreacted starting material and
15% unidentified material).
Step 3 — Synthesis of Compound IV

In weighed amber 1L flask with stir bar was taken 22g (0.058mol/ 1eq) of product
(Il (AcO-BrCH,-Bzt), assuming 92% purity based on NMR. To this was added 350 mL
ethyl acetate (EtAc) to dissolve. The solution was stirred at RT for an hour. During this time
27.5929/0.176mol/3 eq of NN-DMAPrAAm was measured out in a 50mL dropping funnel.
The NN-DMAPrAAm was slowly added to the reaction solution dropwise over 15minutes at
RT with stirring. A precipitate slowly began to form and the reaction was stirred at RT
overnight, covered in foil. The stirring was stopped and the precipitate was allowed to
settle. The supernatant was decanted from the reaction solution to give 70.4g of a solid. To
this was added 70mL acetonitrile and the mixture swirled for an hour in a foil covered flask
at RT, to dissolve. The resulting solution was concentrated under reduced pressure to
remove 80% of the volatiles. To the solution was slowly added 120mL of 16.7% hexane in
EtAc with stirring, to give a 2-phase mixture. The clear supernatant was decanted to give
about 30g of a viscous semi-solid. To the viscous residue was added 60mL of acetonitrile
and swirled for 15mins to dissolve the residue and then concentrated under reduced
pressure to remove 90-95% of the volatiles. A clear viscous liquid was obtained. To this
was added 120mL of 16.67% hexane in Ethyl acetate solution using a dropping funnel with
stirring. Two phases were observed a lower viscous paste-like solid and upper hazy
supernatant phase. The mixture was stirred gently at RT for 15 mins and then allowed to
stand for 45mins. The clear colorless supernatant was decanted to yield about 32g of a
viscous semi-solid. This process was repeated twice more to yield a viscous semi-solid
reside. The volatiles from the crude residue were removed under reduced pressure to give
about 25¢g of solid material. MEHQ, 3.7mg, was dissolved in Acetonitrile and added to the
residue (~150mg/Kg (ppm) MEHQ based on estimated product weight). About 50 mL of
acetonitrile was added to the residue and the mixture swirled to dissolve over 15minutes.
The solution was concentrated in an amber flask under reduced pressure to remove as
much of the volatiles as possible to give 21.21g of a solid mass. To the residue was added
200g DI Water and the mixture were stirred for 10minutes. The sample was gravity filtered,
in the dark, through a Whatman#5 (2.5um) filter paper, to give a clear solution having
neutral pH. This clear solution was frozen and lyophilized to give an off-white solid. Total
Yield 18g %Yield: 77%.
Step 4 — Synthesis of Compound V (UV-absorbing vinylic monomer having a
benzotriazole moiety)

A 5.0mL solution of product IV in DI Water at a concentration of 1000mg/L was

prepared. This aqueous solution was diluted to 20mg/L with pH7 buffer (12.5mM
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phosphate in DI Water: n-propanol). The UV-Vis spectrum of this solution was collected
(Figure 4, Curve 1).

Solid potassium carbonate (K.CO3;) was added to the 1000mg/L solution to have a
K>CO; concentration of 1 w/v%. The solution was mixed to dissolve the K,CO; and the
solution was allowed to stand overnight at RT to obtain the desired product — UV-absorbing
vinylic monomer (i.e., compound V in the scheme). The resultant solution was diluted to
20mg/L of the UV-absorbing vinylic monomer with pH7 buffer (12.5mM phosphate in DI
Water: n-propanol). The UV-Vis spectrum of this solution of the UV-absorbing vinylic

monomer was collected and is shown in Fig 4 (Curve 2).

Example 5

The UV-absorbing vinylic monomer prepared in Example 4 was directly added to an
aqueous lens formulation, which is described in Example 8-8d of WO2002071106 (herein
incorporated by reference in its entirety), at a concentration of 0, 0.91wt% and 1.4 wt% and
each having 1.0wt% Li-TPO as the photoinitiator. Those three formulations are determined
by photo rheology studies (405nm LED source at 30mW/cm?) to have a curing time of
about 25 seconds, about 60 seconds, or about 82 seconds respectively.

Lenses were fabricated from those aqueous formulations according to an
automated lens manufacturing process described in Example 8 of W02002071106 except
that a lens formulation in a mold is irradiated with 405nm LED at an intensity of 30mWW/cm?
for about 25 seconds. The resultant lenses were packaged in blister packages containing
Saline 61, sealed and autoclaved at 121°C for 45mins. The % T of the autoclaved lenses
was determined. Where the concentration of the UV-absorbing vinylic monomeris 0 (i.e.,
control lenses), the control lenses have a %T-UVA ~ 95.57% and a %T-UVB ~ 81.64%.
Where the concentration of the UV-absorbing vinylic monomer is 0.91% by weight, the
resultant lenses have a %T-UVA ~ 7.39% and a %T-UVB ~ 2.74%. Where the
concentration of the UV-absorbing vinylic monomer is 1.40% by weight, the resultant
lenses have a %T-UVA ~ 3.45% and a %T-UVB ~ 0.59%.

Figures 5 and 6 show the %T of the lenses having 0.91wt% and 1.4wt% of the UV-
absorbing vinylic monomer after autoclave along with control lenses (free of the UV-

absorbing vinylic monomer) after autoclave.
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What is claimed is:
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1. A UV-absorbing vinylic monomer of any one of formula (1) to (VII)

RO
|
Qiny N0 OH
R——
RO
1
Q1\YfN o o OH
R | S
1 |/ /9\/) 2
R4 R3
Rs o OH
N =
Ri— | —R>
> Lo
Rs Ry

Rg L1'X1‘Y2‘]_Q2
m1
HO, Li-Xy=Yo1—Q;
F /N‘N — m1
Ry'— N\
NSV KON
Rg R2
HO
N — _-R2
A N, N~
Ry'—— /N \ /
\ \N / Rg
: )
R Lz—'}P—Ys-Qa
R1o
Re

in which:
R°is H or CH;s;

(n

am

(V)

V)

V1)

Vi

Ri, R, and R,’ independent of one other are H, CH3, CCl;, CF;, CI, Br, OH, OCHj,
or NR'R” in which R’ and R” independent of each other are H or C4-C, alkyl,

R+’ independent of each other are H, CH;, CCl;, CF3, Cl, Br, OH, OCH3, SO;zH,
SO;Na, or NR’R” in which R’ and R” independent of each other are H or C4-C,

alkyl;

R; and R, independent of each other are H or a first hydrophilic group which is

*~CHz—(0OC2H4)n1—OCHs, *~CH2—(OC2;H4)n1—OH,
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e s 0 Ghs @
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*—CH,=N*CH,—C00
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group;
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OH;
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o g o
+
*-CH2-|}1+-C3H6—ﬁ-O' *=CHp-N=CH;,
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q T @
" * * L - - —
L1 is a direct bond or a linkage of *—C—*, "~CHz=C—" "=CoH4=C—"

: s @ ?
*'C3H6‘S'CH2‘C-* *_C3H6—S_CH—C_* or *_C3H6—S'CQH4_C_*-

L2 is a linkage of "~CHz—" *=CoHs=* *=CgHe=" = *—CsHe=S-CoHs—"
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GHs
*—=C3He—S-CaHe—" qr *—CsHg=S—CH—CH,=*.
X1 is O or NR®; and
Y4, Y2, and Y; independent of one another are a C,-C, alkylene divalent radical,
Q1, Q2, and Q3 independent of one another are a (meth)acryloylamido or
(meth)acryloyloxy group;
m1 is zero or 1, provided that if m1 is zero, then Q; is a (meth)acryloylamido
group; and
n1 is an integer of 2 to 20 (preferably 3 to 15, more preferably 4 to 10).

2. The UV-absorbing vinylic monomer of claim 1, being a vinylic monomer of formula (l).
The UV-absorbing vinylic monomer of claim 1, being a vinylic monomer of formula
.

4. The UV-absorbing vinylic monomer of claim 1, being a vinylic monomer of formula
(.

5. The UV-absorbing vinylic monomer of claim 1, being a vinylic monomer of formula
(V) or (V).

6. The UV-absorbing vinylic monomer of claim 1, being a vinylic monomer of formula
(V1) or (VII).

7. A hydrogel contact lens, comprising a crosslinked polymeric material which
comprises repeating units of a UV-absorbing vinylic monomer of any one of claims 1
to 6, wherein the hydrogel contact lens has: an UVB transmittance (designated as
UVB %T) of about 10% or less (preferably about 5% or less, more preferably about
2.5% or less, even more preferably about 1% or less) between 280 and 315
nanometers; an UVA transmittance (designated as UVA %T) of about 30% or less
(preferably about 20% or less, more preferably about 10% or less, even more
preferably about 5% or less) between 315 and 380 nanometers; optionally (but
preferably) a Violet transmittance (designated as Violet %T) of about 60% or less
(preferably about 50% or less, more preferably about 40% or less, even more
preferably about 30% or less) between 380 nm and 440 nm; and a water content of
from about 15% to about 80% by weight, preferably from about 30% to about 75% by
weight (at room temperature, about 22°C to 28°C) when being fully hydrated.

8. The hydrogel contact lens of claim 7, wherein the hydrogel contact lens is a silicone
hydrogel contact lens, wherein the crosslinked polymeric material which comprises
repeating units of at least one hydrophilic vinylic monomer and repeating units of at
least one siloxane-containing vinylic monomer and/or macromer.

9. The hydrogel contact lens of claim 7, wherein the crosslinked polymeric material

which comprises repeating units of an actinically-crosslinkable polyvinyl alcohol
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10.

11.

prepolymer.
The hydrogel contact lens of claim 9, wherein the actinically-crosslinkable polyvinyl
N CH2

-

CH N
|
alcohol prepolymer comprises repeating units of vinyl alcohol (i.e., ©H ) and

repeating units of formula (VIII)

*

Y\rCHz\
o%ﬁo (VIII)
le 1

R,y N

N

ISP
in which:
R11 is hydrogen or C4-Cs alkyl (preferably hydrogen or C4-C4 alkyl, more
preferably hydrogen or methyl or ethyl, even more preferably hydrogen or methyl);

R, is an ethylenically unsaturated group of

L @ ) @
*=C=NH R16'NH'C_O R17'O_C_R18
ql or

_[_(.? { @ | @
* C-NH R16‘NH'C-O ql R17'O q2 C_R13

in which g1 and q2 independently of each another are zero or one, and R4z and

Ri; independently of each another are a C,-Cg alkylene divalent radical, Ryg is Co—

Cs alkenyl,

R1z can be hydrogen or a C4-Cs alkyl group (preferably hydrogen); and

Ri4 is a C4-Cs alkylene divalent radical(preferably a C4-C, alkylene divalent

radical, more preferably methylene or butylene divalent radical, even more

preferably methylene divalent radical).
A method for producing UV-absorbing contact lenses, comprising the steps of:
(1) obtaining a lens formulation comprising

(a) (from about 0.1% to about 4% by weight of, preferably from about 0.2% to
about 3.0% by weight of, more preferably from about 0.4% to about 2% by
weight of, even more preferably from about 0.6% to about 1.5% by weight of)
a UV-absorbing vinylic monomer of any one of claims 1 to 6,

(b) (from about 0.1% to about 2.0% by weight of, preferably from about 0.25% to
about 1.75% by weight of, more preferably from about 0.5% to about 1.5% by
weight of, even more preferably from about 0.75% to about 1.25% by weight
of) at least one free-radical initiator, and

(c) at least one polymerizable components selected from the group consisting of

a hydrophilic vinylic monomer, a water-soluble silicone-free prepolymer, a
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12.

13.

14.

15.

silicone-containing prepolymer, a non-silicone hydrophobic vinylic monomer, a
siloxane-containing vinylic monomer, a siloxane-containing vinylic macromer,
a vinylic crosslinking agent, and combinations thereof;

(2) introducing the lens formulation into a mold for making a soft contact lens,
wherein the mold has a first mold half with a first molding surface defining the
anterior surface of a contact lens and a second mold half with a second molding
surface defining the posterior surface of the contact lens, wherein said first and
second mold halves are configured to receive each other such that a cavity is
formed between said first and second molding surfaces; and

(3) curing thermally or actinically the lens formulation in the mold to form the UV-
absorbing contact lens, wherein the formed UV-absorbing contact lens is
characterized by having a UVB %T of about 10% or less (preferably about 5% or
less, more preferably about 2.5% or less, even more preferably about 1% or less)
between 280 and 315 nanometers and a UVA %T of about 30% or less
(preferably about 20% or less, more preferably about 10% or less, even more
preferably about 5% or less) between 315 and 380 nanometers and and
optionally (but preferably) a Violet %T of about 60% or less, preferably about 50%
or less, more preferably about 40% or less, even more preferably about 30% or
less) between 380 nm and 440 nm.

The method of claim 11, wherein the free-radical initiator is a thermal initiator,

wherein the step of curing is carried out thermally.

The method of claim 11, wherein the free-radical initiator is a photoinitiator, wherein

the step of curing is carried out by irradiation with a light having a wavelength within

the range from 380 nm to 500 nm.

The method of any one of claims 11 to 13, wherein the lens formulation comprises at

least one hydrophilic vinylic monomer, at least one siloxane-containing vinylic

monomer, at least one siloxane-containing vinylic macromer.

The method of any one of claims 11 to 13, wherein the lens formulation is a water-

based lens formulation comprising at least one actinically-crosslinkable polyvinyl

alcohol prepolymer, wherein the actinically-crosslinkable polyvinyl alcohol prepolymer

comprises repeating units of vinyl alcohol (i.e., ©OH ) and repeating units of
formula (VIII)
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*

wCHZ
Nk
o 5)50 (VIID
Ri

RiyN

N

Ry>
in which:
R4 is hydrogen or C4-C¢ alkyl (preferably hydrogen or C4-C, alkyl, more
preferably hydrogen or methyl or ethyl, even more preferably hydrogen or methyl);

R, is an ethylenically unsaturated group of

i i) @
*=C-NH R16'NH'C_O R17'O_C_R18
ql or

_[_9 { 7 ) | %
* C-NH R16'NH'C-Oq R17'O q2 C_R18

in which g1 and q2 independently of each another are zero or one, and R4z and
Ri7 independently of each another are a C,-Cs alkylene divalent radical, Rqs is C—
Cs alkenyl,

Ris; can be hydrogen or a C4-C¢ alkyl group (preferably hydrogen); and

R14 is a C4-Cs alkylene divalent radical (preferably a C4-C, alkylene divalent
radical, more preferably methylene or butylene divalent radical, even more

preferably methylene divalent radical).
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