(12) STANDARD PATENT (11) Application No. AU 2010213730 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(21)
(87)
(30)

(31)

(74)

(56)

Title
Copolymers for intraocular lens systems

International Patent Classification(s)
CO8F 220/18 (2006.01)

Application No: 2010213730 (22) Date of Filing:  2010.02.11
WIPO No:  WO10/093823

Priority Data

Number (32) Date (33) Country
12/574,498 2009.10.06 us
61/152,496 2009.02.13 us
Publication Date: 2010.08.19

Accepted Journal Date: 2014.11.13

Applicant(s)
Visiogen, Inc.

Inventor(s)
Liao, Xiugao

Agent / Attorney
Davies Collison Cave, Level 15 1 Nicholson Street, MELBOURNE, VIC, 3000

Related Art

US 5002979 A

US 2004/020597 A1
US 2002/107568 A1




w0 2010/093823 A3 I} A0 00T 00 O 0O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date L
19 August 2010 (19.08.2010) PCT WO 2010/093823 A3
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
COSF 220/18 (2006.01) kind of national protection available): AE, AG, AL, AM,
. .. AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(21) International Application Number: CA. CH, CL, CN, CO, CR, CU. CZ, DE, DK, DM, DO,
PCT/US2010/023946 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
11 February 2010 (11.02.2010) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(25) Filing Language: English NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(26) Publication Language: English SE, SG, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN, TR,
TT,TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: . o
61/152.496 13 February 2009 (13.02.2009) us (84) Designated States (unless otherwise indicated, for every
12/574,498 6 October 2009 (06.10.2009) Us kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
(71) Applicant (for all designated States except US): VISIO- ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
GEN, INC. [US/US]; 2 Goodyear, Suite B, Irvine, CA TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
92618 (US). ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,

(72) Inventor; and TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

(75) Inventor/Applicant (for US only): LIAO, Xiugao
[US/US]; 16 Trinity, Irvine, CA 92612 (US). ML, MR, NE, SN, TD, TG).

(74) Agent: DELANEY, Karoline A.; Knobbe, Martens, Ol- ¢ ublished:
son & Bear, LLP, 2040 Main Street, 14th Floor, Irvine, —  with international search report (Art. 21(3))
CA 92614 (US).

[Continued on next page]

(54) Title: COPOLYMERS FOR INTRAOCULAR LENS SYSTEMS

(57) Abstract: Some embodiments
so0 Provide a copolymer comprising: an
acrylate recurring unit and an optional-
/ ly substituted vinylaryl recurring unit,
wherein a portion of at least one of the
recurring units comprises a vinyl-
dialkylsiloxy pendant group. The
106 copolymers may be useful as soft
acrylic haptics for intraocular lenses.
Some embodiments further relate to
intraocular lenses having a hydropho-
bic soft acrylic optic and a silicone
haptic, such as a dual optic accom-
modative lens a having hydrophobic
soft acrylic anterior and posterior optic
bodies and a silicone haptic. Related
copolymeric composite materials as
well as additional embodiments of in-
traocular lenses, are also described

herein.

FIG. 3



WO 2010/093823 A3 I 000 AT 0000

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(88) Date of publication of the international search report:
7 April 2011



WO 2010/093823 PCT/US2010/023946

COPOLYMERS FOR INTRAOCULAR LENS SYSTEMS

CROSS REFERENCE TO RELATED APPLICATIONS
10001] This application claims priority to United States Provisional Application
No. 61/152,496, filed February 13, 2009, and to United States Patent Application Serial
No. 12/574,498, filed October 6, 2009. Both of these documents are incorporated by
reference herein in their entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] Some embodiments provided herein are related to copolymers, such as
acrylate copolymers. In some embodiments, these copolymers may be used in lenses such

as intraocular lenses.

Description of the Related Art

[0003] The vast majority of cataract operations involve the implantation of an
artificial lens following cataract removal. Typically these lenses have a fixed focal length
or, in the case of bifocal or multifocal lenses, have several different fixed focal lengths.
Such fixed focal-length lenses lack the ability of the natural lens to dynamically change the
refractive power of the eye. While silicone components of these lenses may impart
flexibility, hydrophobic soft acrylic copolymeric components may have a higher refractive
index and controlled recoverability, as well as improved optical properties. Combining
hydrophobic soft acrylic copolymeric components and silicone components in a single
accommodative intraocular lens may not only significantly reduce lens thickness and

improve optical properties, but also maintain the haptic flexibility.

Summary of the Invention
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[0004a] The present invention provides for an intraocular lens comprising:
an optic body comprising a first hydrophobic soft acrylic copolymer; and
a haptic comprising a first silicone connected to the optic body.
wherein the hydrophobic soft acrylic copolymer comprises:
an acrylate recurring unit; and
an optionally substituted vinylaryl recurring unit;
wherein a portion of at least one of the recurring units comprises a
vinyldialkylsiloxy pendant group.
[0004b]  The present invention also provides for a copolymer comprising:
an acrylate recurring unit; and
an optionally substituted vinylaryl recurring unit;
wherein a portion of at least one of the recurring units comprises a
vinyldialkylsiloxy pendant group, and
wherein the copolymeric is prepared by a process comprising:
reacting:
monomer 1a, monomer 2, and monomer 3a; and
monomer 4 or monomer 5a;

wherein monomer 1a is represented by a formula:

X

R1
0 o

monomer 2 is represented by a formula:
X

R2
o) o

b

monomer 3a is represented by a formula:

Y1

Ph'

2

monomer 4 is represented by a formula:

-la-
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Y2

_-R

8 0]

N Ng Xy

3/ \R3 5/ \ 5

R R R ,and

0] 0]

monomer Sa represented by a formula:

Y3

Ph?

I
7
N NN
R4/ \R“Re/ \Rs - and
R' and R? are independently C, .}, alkyl or optionally substituted phenyl;
X is Cj.4alkyl;
Y', ¥? and Y are independently H or C,4 alkyl;
Ph' and Ph? are independently optionally substituted phenyl;
each R® and each R* is independently C;.4alkyl or

N X
/\

R® R® : and
each R’ and each R® is independently C,.4 alkyl ;

R’ is a covalent bond or C, alkyl; and
R®is C . alkyl.

[0004c] The present invention further provides for a copolymeric composite

material comprising:

an acrylic component; and
a silicone component;
wherein the acrylic component comprises a copolymer comprising:
an acrylate recurring unit; and
an optionally substituted vinylaryl recurring unit;
wherein a portion of at least one of the recurring units comprises a

vinyldialkylsiloxy pendant group; and

-1b-
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\

a plurality of silicon-carbon covalent bonds between a silicon atom
of the silicone component and a carbon atom of the vinyldialkylsiloxy
pendant group. _

[0004d] The present invention also provides for an intraocular lens

comprising the copolymeric composite material according to the invention.

-lc¢-
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[0004] Some embodiments provide an intraocular lens comprising: an optic
body comprising a first hydrophobic soft acrylic copolymer; and a haptic comprising a first
silicone connected to the optic body.

[0005] Some embodiments provide a copolymer comprising: an acrylate
recurring unit and an optionally substituted vinylaryl recurring unit, wherein a portion of at

least one of the recurring units comprises a vinyldialkylsiloxy pendant group.

[0006] In some embodiments, the copolymer comprises the following recurring
units:

Formula 1 Formula 3

XO
* Y1
Ra
(0] O/ , Ar1 ; and
Formula 4 Formula 5
Y3

Y? ¥

* Ar2

RS R’gs RS or Ré R'ré R
wherein R® is optionally substituted C., alkyl, -Ph?, -O-Ph®, -R>-Ph®, or -R°-O-Ph*
wherein —Ph? is optionally substituted phenyl, and R is optionally substituted C, 4 alkyl;
X° is H or C,4 alkyl; Y', Y? and Y are independently H or C, 4 alkyl; Ar' and Ar’ are
independently an optionally substituted aromatic group or an optionally substituted

heteroaromatic group; each R® and each R*® is independently C,4 alkyl

N X
/\

or R® R° ; each R° and each R® is independently C,4 alkyl; R’ is a
covalent bond or C,_ alkyl; and R%is Cy. alkyl.
[0007] Some embodiments provide a copolymeric composite material

comprising: an acrylic component comprising a copolymer described herein; and a silicone

2-
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component; and a plurality of silicon-carbon covalent bonds between a silicon atom of the
silicone component and a carbon atom of the vinyldialkylsiloxy pendant group of the
acrylic component.

[0008] Some embodiments provide an intraocular lens comprising a
copolymeric composite material described herein. Some embodiments provide an
intraocular lens comprising: an anterior viewing element; a posterior viewing element; and
a biasing structure connecting the anterior viewing element to the posterior viewing
element; wherein the biasing structure provides a variable spacing between the anterior
viewing element and the posterior viewing element; wherein at least a portion of at least
one of: the anterior viewing element and the posterior viewing element comprises at least a
portion of the acrylic component; at least a portion of at least one of the anterior viewing
element, the posterior viewing element, and the biasing structure comprises at least a
portion of the silicone component; and at least a portion of at least one of the anterior
viewing element, the posterior viewing element, and the biasing structure comprises at least
a portion of the plurality of silicon-carbon covalent bonds.

[0009] Some embodiments provide an intraocular lens comprising: an optic
body comprising a first hydrophobic soft acrylic copolymer; and a haptic comprising a first
silicone connected to the optic body.Some embodiments provided herein are related to
hydrophobic soft acrylic copolymers, such as hydrophobic soft acrylic copolymers
consisting of alkyl acrylate, alkyl methacrylate, styrene derivatives, and
methacryloxyalkyltris(vinyldimethylsiloxy)silane. In some embodiments, these
hydrophobic soft acrylic copolymers can be used in optic implants such as intraocular
lenses. In some embodiments these hydrophobic soft acrylic copolymers may be useful for
accommodative lenses wherein all or a portion of an optic body comprises the hydrophobic
soft acrylic copolymer and all or a portion of the haptics comprise a silicone.

[0010] Some embodiments provide an intraocular lens comprising a
copolymeric composite material described herein.

[0011] All of these aspects are intended to be within the scope of the invention
herein disclosed. These and other aspects of the invention will become readily apparent to
those skilled in the art from the following detailed description of the preferred embodiments
having reference to the attached figures, the invention not being limited to any particular

preferred embodiment(s) disclosed.
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Brief Description of the Drawings

[0012] Having thus summarized the general nature of the invention, certain
preferred embodiments and modifications thereof will become apparent to those skilled in the
art from the detailed description herein having reference to the figures that follow, of which:

[0013] Figure 1 is a sectional view of the human eye, with the lens in the
unaccommodated state.

[0014] Figure 2 is a sectional view of the human eye, with the lens in the
accommodated state.

[0015] Figure 3 is a depiction of one embodiment of an intraocular lens
system.

[0016] Figure 4 is a perspective view of one embodiment of an intraocular

lens system.

[0017] Figure 5 is a side view of the lens system.

[0018] Figure 6 is a rear perspective view of the lens system.

10019) Figure 7 is a front view of the lens system.

[0020] Figure 8 is a rear view of the lens system.

10021] Figure 9 is a top view of the lens system.

[0022] Figure 10 is a side sectional view of the lens system.

[0023] Figure 11 is a top sectional view of the lens system.

[0024) Figure 12 is a second perspective view of the lens system.

[0025] Figure 13 is a third perspective view of the lens system.

[0026] Figure 14 is a side view of the lens system in the unaccommodated
state.

[0027] Figure 15 is a side sectional view of the lens system in the

unaccommodated state.

[0028] Figure 16 is a top sectional view of the lens system in the
unaccommodated state.

[0029] Figure 17 is a sectional view of the human eye with the lens system
implanted in the capsular bag and the lens system in the accommodated state.

{0030} Figure 18 is a sectional view of the human eye with the lens system

implanted in the capsular bag and the lens system in the unaccommodated state.
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[0031] Figure 19 is a side view of a mold system for forming the lens
system.

[0032] Figure 20 is a side sectional view of the lens system.

[0033] Figure 21 is a perspective view of a first mold portion.

[0034] Figure 22 is a perspective view of a second mold portion.

[0035] Figure 23 is a top view of the second mold portion.

[0036] Figure 24 is a side sectional view of the mold system.

[0037] Figure 25 is a perspective view of a first mold portion.

[0038] Figure 26 is a bottom view of a second mold portion.

[0039] Figure 27 is a top view of the second mold portion.

[0040] Figure 28 is a sectional view of the center mold portion.

[0041] Figure 29 is another sectional view of the center mold portion.

[0042] Figure 30 is a perspective view of the center mold portion.

Detailed Description of the Preferred Embodiments

[0043] As used herein, the term “‘copolymeric composite material” has the
ordinary meaning understood by a person of ordinary skill in the art. In some
embodiments, the term “copolymeric composite material” refers to a material comprising
two at least two distinct polymeric or copolymeric phases having distinct compositions,
such as an acrylic copolymer and a silicone polymer.

[0044] As used herein, the term “silicone component’™ has the ordinary meaning
understood by a person of ordinary skill in the art. In some embodiments, the term
“silicone component™ refers to a polymeric material comprising silicon, carbon, hydrogen,
and oxygen. A polysiloxane is an example of a silicone, and may refer a polymeric
comprising a recurring —Si-O- unit, where the silicon atom may bear two groups selected
from: hydrogen and a hydrocarbon group. Poly(dimethylsiloxane) is an example of a
polysiloxane.

[0045] As used herein, the term “acrylic component™ or “acrylic copolymer™
has the ordinary meaning understood by a person of ordinary skill in the art. In some
embodiments, the term “acrylic component™ refers to a component of a device that
comprises an “acrylic copolymer.” In some embodiments, an ‘“acrylic copolymer”

comprises an acrylate recurring unit. Note that an “acrylic copolymer™ or an “acrylic

-5-
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component” may also contain other functional groups in addition to just the acrylic
functionality.

[0046] As used herein, the term “acrylate recurring unit” has the ordinary
meaning understood by a person of ordinary skill in the art. In some embodiments, the
term “acrylate recurring unit” may refer to a recurring unit derived from alkyl acrylate
monomer, derived from an alkyl alkylacrylate acid monomer, derived from a monomer
which is an ester of acrylic acid, or derived from a monomer which is an ester of an
alkylacrylic acid.

[0047] Some non-limiting examples of monomers which are esters of acrylic
acid include methyl acrylate, ethyl acrylate, propyl acrylate isomers (e.g n-propyl acrylate,
1sopropyl acrylate, etc.) butyl acrylate isomers, pentyl acrylate isomers, hexyl acrylate
1somers, heptyl acrylate isomers, octyl acrylate isomers, nonyl acrylate isomer, decyl
acrylate isomers, undecyl acrylate isomers, dodecyl acrylate isomer, tridecyl acrylate
1somers, phenyl acrylate; (vinyldialkylsiloxy)alkyl esters of acrylic acid; etc.

[0048] Some non-limiting examples of alkylacrylic acids include methacrylic
acid, ethylacrylic acid, propylacrylic acid isomer (e.g. n-propyl acrylate, isopropyl acrylate,
etc.), butylacrylic acid isomers, pentylacrylic acid isomers, etc.

[0049] Some non-limiting examples of monomers which are esters of
alkylacrylic acid include esters of methacrylic acid such as methyl methacrylate, ethyl
methacrylate, propyl methacrylate isomers (e.g n-propyl methacrylate, isopropyl
methacrylate, etc.) butyl methacrylate isomers, pentyl methacrylate isomers, hexyl
methacrylate isomers, heptyl methacrylate isomers, octyl methacrylate isomers, nonyl
methacrylate isomer, decyl methacrylate isomers, undecyl methacrylate isomers, dodecyl
methacrylate isomer, tridecyl methacrylate isomers, phenyl methacrylate, etc.; esters of
ethylacrylic acid such as methyl ethylacrylate, ethyl ethylacrylate, propyl ethylacrylate
1somers (e.g n-propyl ethylacrylate, isopropyl ethylacrylate, etc.) butyl ethylacrylate
1somers, pentyl ethylacrylate isomers, hexyl ethylacrylate isomers, heptyl ethylacrylate
1somers, octyl ethylacrylate isomers, nonyl ethylacrylate isomer, decyl ethylacrylate
1somers, undecyl ethylacrylate isomers, dodecyl ethylacrylate isomer, tridecyl ethylacrylate
1somers, phenyl ethacrylate etc.; esters of propylacrylic acid isomers such as methyl
propylacrylate isomers, ethyl propylacrylate isomers, propyl propylacrylate isomers (e.g n-
propyl propylacrylate, isopropyl propylacrylate, etc.) butyl propylacrylate isomers, pentyl

propylacrylate isomers, hexyl propylacrylate isomers, heptyl propylacrylate isomers, octyl

-6-
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propylacrylate isomers, nonyl propylacrylate isomer, decyl propylacrylate isomers, undecyl
propylacrylate isomers, dodecyl propylacrylate isomer, tridecyl propylacrylate isomers,
phenyl propylacrylate isomers, etc.; esters of butylacryic acid isomers such as methyl
butylacrylate isomers, ethyl butylacrylate isomers, propyl butylacrylate isomers (e.g »-
propyl butylacrylate, isopropyl butylacrylate, etc.) butyl butylacrylate isomers, pentyl
butylacrylate isomers, hexyl butylacrylate isomers, heptyl butylacrylate isomers, octyl
butylacrylate isomers, nonyl butylacrylate isomer, decyl butylacrylate isomers, undecyl
butylacrylate isomers, dodecyl butylacrylate isomer, tridecyl butylacrylate isomers, phenyl
butylacrylate isomers etc.; esters of pentylacrylic acid isomers such as methyl
pentylacrylate i1somers, ethyl pentylacrylate isomers, propyl pentylacrylate isomers (e.g n-
propyl pentylacrylate, isopropyl pentylacrylate, etc.) butyl pentylacrylate isomers, pentyl
pentylacrylate isomers, hexyl pentylacrylate isomers, heptyl pentylacrylate isomers, octyl
pentylacrylate isomers, nonyl pentylacrylate isomer, decyl pentylacrylate isomers, undecyl
pentylacrylate isomers, dodecyl pentylacrylate isomer, tridecyl pentylacrylate isomers,
phenyl pentylacrylate isomers, etc.; (vinyldialkylsiloxy)alkyl esters of alkyl acrylic acids;
etc.

[0050] As used herein the term “aryl” has the ordinary meaning understood by a
person of ordinary skill in the art. In some embodiments, the term “aryl” may refer to an
aromatic ring or aromatic ring system such as phenyl, naphthyl, etc. The term “heteroaryl”
also has the meaning understood by a person of ordinary skill in the art, and in some
embodiments, may refer to an “aryl” which has one or more heteroatoms in the ring or ring
system. Examples of “heteroaryl” may include, but are not limited to, pyridinyl, furyl,
thienyl, oxazolyl, thiazolyl, imidazolyl, quinolinyl, benzofuranyl, benzothienyl,
benzooxazolyl, benzothiazolyl, benzoimidazolyl, etc.

[0051] As used herein the term “vinylaryl recurring unit” has the ordinary
meaning understood by a person of ordinary skill in the art. In some embodiments, the
term “‘vinylaryl recurring unit” may refer to a recurring unit derived from an optionally
substituted vinylaryl or optionally substituted vinylheteroaryl monomer. In some
embodiments, the recurring unit may be derived from a polymerization reaction of the
vinylgroup to form a two carbon alkyl recurring unit with an aryl pendant group. In these
embodiments, the vinyl group may optionally have one or substituents, and the aryl group
may optionally have one or more substituents. Examples may include monomers derived

from optionally substituted vinylphenyl, or styrene, such as methyl styrene,

-7-
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(vinyl)methylphenyl, (vinyl)alkylsiloxyphenyl, etc.; monomers derived from optionally
substituted vinylnapthyl; monomers derived from optionally substituted vinylpyridine;
monomers derived from optionally substituted vinylfuran; monomers derived from
optionally substituted vinylthiophene; monomers derived from optionally substituted
vinylimidazole; monomers derived from optionally substituted vinylthiazole; monomers
derived from optionally substituted vinyloxazole; etc.

[0052] Unless otherwise indicated, when a chemical structural feature such as
alkyl, vinylaryl, aryl, phenyl, heteroaryl, etc. is referred to as being “optionally
substituted,” it is meant that the feature may have no substituents (i.e. be unsubstituted) or
may have one or more substituents. A feature that is “substituted” has one or more
substituents. The term “substituent” has the ordinary meaning known to one of ordinary
skill in the art. In some embodiments, the substituent is an ordinary organic moiety known
in the art, which may have a molecular weight (e.g. the sum of the atomic masses of the
atoms of the substituent) of less than about 500, about 300, about 200, about 100, or about
50. In some embodiments, the molecular weight of the substituent may be less than about
500. In some embodiments, the substituent comprises: about 0-30, about 0-20, about 0-10,
or about 0-5 carbon atoms; and about 0-30, about 0-20, about 0-10, or about 0-5
heteroatoms independently selected from: N, O, S, P, Si, F, Cl, Br, I, and combinations
thereof; provided that the substituent comprises at least one atom selected from: C, N, O, S,
Si, F, Cl, Br, and 1. In some embodiments, the substituent comprises: about 0-20 carbon
atoms; and about 0-30, about 0-20, about 0-10, or about 0-5 heteroatoms independently
selected from: N, O, S, P, Si and combinations thereof, and the substituent may be
substituted by one or more halogen selected from: F, Cl, and Br. In some embodiments, the
substituent may be halogen atom such as F, Cl, or Br. Examples of substituents include,
but are not limited to, alkyl, alkenyl, alkynyl, carbazolyl, cycloalkyl, cycloalkenyl,
cycloalkynyl, aryl, diarylamino, heteroaryl, heteroalicyclyl, aralkyl, heteroaralkyl,
(heteroalicyclyl)alkyl, hydroxy, protected hydroxy, alkoxy, aryloxy, acyl, ester, mercapto,
alkylthio, arylthio, cyano, halogen, carbonyl, thiocarbonyl, O-carbamyl, N-carbamyl,
O-thiocarbamyl, N-thiocarbamyl, C-amido, N-amido, S-sulfonamido, N-sulfonamido,
C-carboxy, protected C-carboxy, O-carboxy, isocyanato, thiocyanato, isothiocyanato, nitro,
silyl, sulfenyl, sulfinyl, sulfonyl, haloalkyl, haloalkoxyl, trihalomethanesulfonyl,
trihalomethanesulfonamido, and amino, including mono- and di-substituted amino groups,

and the protected derivatives thereof.
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[0053] As used herein, the term “alkyl” refers to a moiety composed of carbon
and hydrogen containing no double or triple bonds. Alkyl may be linear, branched, cyclic,
or a combination thereof, may be bonded to any other number of moieties (e.g. be bonded
to 1 other group, such as —CHj3, 2 other groups, such as —CH,-, or any number of other
groups) that the structure may bear, and in some embodiments, may contain from one to
thirty-five carbon atoms. Examples of alkyl groups include but are not limited to CHj (e.g.
methyl), C;Hs (e.g. ethyl), C3H7 (e.g. propyl isomers such as propyl, isopropyl, etc.), CsHg
(e.g. cyclopropyl), CsHy (e.g. butyl isomers) Cs;Hg (e.g. cyclobutyl isomers such as
cyclobutyl, methylcyclopropyl, etc.), CsH;; (e.g. pentyl isomers), CsHo (e.g. cyclopentyl
1somers such as cyclopentyl, methylcyclobutyl, dimethylcyclopropyl, etc.) C¢H,; (e.g.
hexyl isomers), C¢H), (e.g. cyclohexyl isomers), C;H s (e.g. heptyl isomers), C7H)s (e.g.
cycloheptyl isomers), CsH,7 (e.g. octyl isomers), CsH¢ (e.g. cyclooctyl isomers), CoH g
(e.g. nonyl isomers), CoH,g (e.g. cyclononyl isomers), C;oH»; (e.g. decyl isomers), C;oHzo
(e.g. cyclodecyl isomers), C;Hj; (e.g. undecyl isomers), C; Hj (e.g. cycloundecyl
1somers), CjoHys (e.g. dodecyl isomers), Ci,Ha4 (e.g. cyclododecyl isomers), C;3H,; (e.g.
tridecyl isomers), C,3H» (€.g. cyclotridecyl isomers), and the like.

[0054] As used herein, the term “phenoxy” refers to —O-phenyl.

[0055] Generally, an expression such as “Ce 19" (€.g. “a Ce.jo aromatic group™)
refers only to the number of carbon atoms in a parent group, and does not characterize or
limit the substituents in any way. However, for alkyl (e.g. “C,.;; alkyl™), all carbon atoms
are counted which are directly bonded and which have no double or triple bonds. For

example, the carbon atoms which are counted are numbered in the moieties below:

NN z/\?s
3 . 30/7251

Cs Cs Cs

[0056] As used herein, the term “vinyldialkylsiloxy pendant group™ has the
ordinary meaning understood by a person of ordinary skill in the art. In some
embodiments, the term “vinyldialkylsiloxy pendant group” may refer to a pendant group,
e.g. a group which hangs from the polymer backbone rather than being part of it, which
comprises a vinyldialkylsiloxy moiety, such as an —O-SiR’R”-vinyl moiety, wherein R* and

-9-
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R” are independently alkyl. While not intending to be limiting, one useful example of a
vinyldialkylsiloxy pendant group 1is a pendant group which comprises a
vinyldimethylsiloxy moiety.

[0057] As used herein, the term “silicon-carbon covalent bond™ has the ordinary
meaning understood by a person of ordinary skill in the art. In some embodiments, the
term “silicon-carbon covalent bond” may refer to a bond formed by a hydrosilation reaction
that is the reaction between carbon-carbon double bond and an H-Si moiety, wherein the H-
Si adds across the double bond such that a —Si-C-C-H unit is formed. Thus, in some
embodiments, a silicon atom from an H-Si of a silicone component may form a covalent
bond to a carbon atom from a C=C unit of a Si-vinyl group of an acrylic component,
resulting in a Si-C covalent bond between the silicone component and the acrylic

component.

1. COPOLYMERIC MATERIALS

[0058] Any component of any lens system described herein may comprise a
copolymer or a copolymeric composite material disclosed herein

[0059] With respect to a copolymer or an acrylic component of a copolymer
composite material, in some embodiments, an acrylate recurring unit may be represented by
Formula 1 or Formula 1a:

XO

Ra
/
o o (Formula 1).
[0060] In some embodiments, an acrylate recurring unit, such as an acrylate

recurring unit of Formula 1, may be derived from monomer 1:

XO

R2
O o (monomer 1) .
[0061] With respect to Formula 1 and monomer 1, X° may be H; or C,.4 alkyl,
such as methyl, ethyl, n-propyl, isopropyl, cyclopropyl, n-butyl, sec-butyl, t-butyl,

-10-
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cyclobutyl, methylcyclopropyl, and the like. In some embodiments, X° may be H, methyl
or ethyl.

[0062] With respect to Formula 1 and monomer 1, R® may be optionally
substituted C,.j, alkyl, such as methyl, ethyl, propyl isomers, cyclopropyl, butyl isomers,
cyclobutyl isomers (such as cyclobutyl, methylcyclopropyl, etc.), pentyl isomers,
cyclopentyl isomers, hexyl isomers, cyclohexyl isomers, heptyl isomers, cycloheptyl
isomers; octyl isomers, cyclooctyl isomers, nonyl isomers, cyclononyl isomers, decyl
1somers, cyclodecyl isomers, or the like. In some embodiments, the alkyl may have 0, 1, 2,
or 3 substituents, which may independently be selected from: C, 4 alkoxy, such as methoxy;
ethoxy; propoxy isomers (€.g. iSOpropoxy, n-propoxy, etc.), cyclopropoxy, butoxy isomers,
cyclobutoxy isomers such as cyclobutoxy, methylcyclobutoxy, etc.; C;4 acyl such as
formyl, acetyl, propionoyl, butyryl, isobutyryl, cyclopropanecarbonyl, etc.; C,4 acyloxy
such as formyloxy (e.g. -OC(O)H), acetyloxy, propionoyloxy butyryloxy, isobutyryloxy,
cyclopropanecarbonyloxy, etc.; C,4 alkyl carboxylate such as methyl carboxylate (e.g.
CO,CH;), ethyl carboxylate, propyl carboxylate, isopropyl carboxylate, cyclopropyl
carboxylate, etc; and the like

[0063] With respect to Formula 1 and monomer 1, R* may also be —Ph” or —~O-
Ph®, wherein Ph? is optionally substituted phenyl. In some embodiments, Ph® may have 0,
1, 2, 3, or 4 substituents independently selected from: C,, alkyl, such as methyl, ethyl,
propyl isomers, cyclopropyl, butyl isomers, cyclobutyl isomers (such as cyclobutyl,
methylcyclopropyl, etc.), pentyl isomers, cyclopentyl isomers, hexyl isomers, cyclohexyl
1somers, etc.; Cj alkoxy, such as methoxy, ethoxy, propoxy isomers (e.g. 1SOpropoxy, n-
propoxy, etc.), cyclopropoxy, butoxy isomers, cyclobutoxy isomers (such as cyclobutoxy,
methylcyclobutoxy, etc.), pentoxy isomers, cyclopentoxy isomers, hexoxy isomers,
cyclohexoxy isomers, etc.; Cj. acyl such as formyl, acetyl, propionoyl butyryl, isobutyryl,
cyclopropanecarbonyl, pentanoyl isomers (such as pentanoyl, methylbutanoyl, pivaloyl,
etc.), cyclobutanecarbonyl isomers (such as methylcyclopropane carbonyl,
cyclobutanecarbonyl, etc.), hexanoyl isomers, cyclopentanecarbonyl isomers, etc.; C
acyloxy such as —OC(O)H, acetyloxy, propionoyloxy, butyryloxy, isobutyryloxy,
cyclopropanecarbonyloxy, pentanoyloxy 1somers (such as pentanoyloxy,
methylbutanoyloxy, pivaloyloxy, etc.), cyclobutanecarbonyloxy isomers (such as
methylcyclopropanecarbonyloxy, cyclobutanecarbonyloxy, etc.), hexanoyloxy isomers,

cyclopentanecarbonyloxy isomers, etc.; Ca. alkyl carboxylate such as methyl carboxylate
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(e.g. CO,CH3), ethyl carboxylate, propyl carboxylate, isopropyl carboxylate, cyclopropyl
carboxylate, butyl carboxylate isomers (such as butyl carboxylate, isobutyl carboxylate,
etc.), cyclobutyl carboxylate isomers (such as cyclobutyl carboxylate, methylcyclopropyl
carboxylate, etc.), pentyl carboxylate isomers, cyclopentyl carboxylate isomers, etc.; and
the like.

[0064] With respect to Formula 1 and monomer 1, R® may also be -R°-Ph?,
wherein R® is optionally substituted C,4 alkyl and Ph® is optionally substituted phenyl as
described above, such as optionally substituted —CH,-phenyl, optionally substituted —
CH,CH,-phenyl or an isomer thereof (such as ~CH(CH3)-phenyl), optionally substituted —
CH,CH,CH;-phenyl or an isomer thereof, optionally substituted ~-CH,CH,CH,CH,-phenyl
or an isomer thereof, etc.; or R* may be -R°-O-Ph®, wherein R® is optionally substituted C, 4
alkyl as described above and Ph? is optionally substituted phenyl as described above, such
as optionally substituted —CH,-O-phenyl, optionally substituted -CH,CH,-O-phenyl or an
1somer thereof (such as —CH(CHj3)-O-phenyl), optionally substituted —CH,CH,CH,-O-
phenyl or an isomer thereof, optionally substituted —CH,CH,CH,CH,-O-phenyl or an
1somer thereof, etc.

[0065] In some embodiments, R® may have 0, 1, 2, or 3 substituents, which may
independently be selected from: C;.4 alkoxy, such as methoxy, ethoxy, propoxy isomers
(e.g. 1sopropoxy, n-propoxy, etc.), cyclopropoxy, butoxy isomers, cyclobutoxy isomers
such as cyclobutoxy, methylcyclobutoxy, etc.; C).4 acyl such as formyl, acetyl, propionoyl,
butyryl, isobutyryl, cyclopropanecarbonyl, and the like.

[0066] In some embodiments, monomer 1 may be: methyl methacrylate; ethyl
acrylate; ethyl methacrylate; n-propyl acrylate; n-propyl methacrylate; iso-propyl acrylate;
1sopropyl methacrylate; n-butyl acrylate; n-butyl methacrylate; isobutyl acrylate; isobutyl
methacrylate; n-pentyl acrylate; n-pentyl methacrylate; isopentyl acrylate; isopentyl
methacrylate; n-hexyl acrylate; n-hexyl methacrylate; isohexyl acrylate; isohexyl
methacrylate; n-heptyl acrylate; n-heptyl methacrylate; isoheptyl acrylate; isoheptyl
methacrylate; n-octyl acrylaté; n-octyl methacrylate; isooctyl acrylate; isooctyl
methacrylate; phenoxyethyl acrylate; phenoxyethyl methacrylate; phenylethyl acrylate;
phenylethyl methacrylate; phenoxypropyl acrylate; phenoxypropyl methacrlate;
phenylpropyl acrylate; phenylpropyl methacrylate; phenylbutyl acrytlate; phenylbutyl

methacrylate; and the like.
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[0067] The relative amounts of the recurring units in the copolymer may vary.
In some embodiments, the recurring unit of Formula 1 may be about 20% to about 90%,
about 40% to about 90%, about 30% to about 70%, or about 50% to about 70% of the mass
of the copolymer. In some embodiments, there may be more than one kind of recurring
unit of Formula 1. For example, the recurring units of Formula 1a and Formula 2 below
are specific types of recurring units according to Formula 1, and some embodiments may
include both kinds of recurring units. The amounts listed above are preferably the total of
the recurring units of Formula 1, with each type being present at the amounts discussed
above or at a lower amount, including about 15% to about 25%.

10068] In some embodiments, monomer 1 may represent about 20% to about
90%, about 40% to about 90%, about 30% to about 70%, or about 50% to about 70% of the
total weight of all monomers used to prepare the copolymer. In some embodiments, there
may be more than one kind of monomer of monomer 1. For example, monomer la and
monomer 2 below are specific types of the monomer 1, and some embodiments may
include both kinds of monomers. The amounts listed above are preferably the total of the
monomers of monomer 1, with each type being present at the amounts discussed above or
at a lower amount, including about 15% to about 25%.

[0069] In some embodiments, an acrylate recurring unit may be represented by

Formula Formula 1a:

R1
/
O 0 (Formula 1a).
[0070] In some embodiments, an acrylate recurring unit, such as an acrylate

recurring unit of Formula 1a, may be derived from monomer la:

X

R1
O o (monomer 1a).
[0071] For example, in some embodiments, monomer la may be reacted in the
presence of at least one other monomer from which the acrylate recurring unit or the

optionally substituted vinylaryl recurring unit may be derived.
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10072] With respect to Formula 1a and monomer 1a, R' may be C_j» alkyl such
as methyl, ethyl, propyl isomers, cyclopropyl, butyl isomers, cyclobutyl isomers (such as
cyclobutyl, methylcyclopropyl, etc.), pentyl isomers, cyclopentyl isomers, hexyl isomers,
cyclohexyl isomers, heptyl isomers, cycloheptyl isomers; octyl isomers, cyclooctyl
isomers, nonyl isomers, cyclononyl isomers, decyl isomers, cyclodecyl isomers, or the like;
or optionally substituted phenyl. In some embodiments, R' may be C alkyl. In some
embodiments, R' may be n-butyl.

[0073] In some embodiments, monomer la may be n-butyl acrylate. ethyl
acrylate, n-propyl acrylate, iso-propyl acrylate, n-butyl acrylate, isobutyl acrylate, n-pentyl
acrylate, isopentyl acrylate, n-hexyl acrylate, isohexyl acrylate, n-heptyl acrylate, isoheptyl
acrylate, n-octyl acrylate, isooctyl acrylate, or the like. In some embodiments, monomer 1a
may be ethyl acrylate, n-propyl acrylate, n-butyl acrylate, or n-hexyl acrylate.

[0074] The relative amounts of the recurring units in the copolymer may vary.
In some embodiments, the recurring unit of Formula 1a may be about 20% to about 90%,
about 40% to about 90%, about 20% to about 70%, about 30% to about 70%, about 50% to
about 70%, about 40% to about 55%, or about 15% to about 25% of the mass of the
copolymer.

[0075] In some embodiments, monomer la may represent about 20% to about
90%, about 40% to about 90%, about 20% to about 70%, about 30% to about 70%, about
50% to about 70%, about 40% to about 55%, or about 15% to about 25% of the total

weight of all monomers used to prepare the copolymer.

[0076] In some embodiments, an acrylate recurring unit may be represented by
Formula 2:
X
R2
0 O/ (Formula 2).
[0077] In some embodiments, an acrylate recurring unit, such as an acrylate

recurring unit of Formula 2, may be derived from monomer 2:
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R2

o 0/ (monomer 2).

[0078] With respect to Formula 2 and monomer 2, R? may be C,_j, alkyl such as
methyl, ethyl, propyl isomers, cyclopropyl, butyl isomers, cyclobutyl isomers (such as
cyclobutyl, methylcyclopropyl, etc.), pentyl isomers, cyclopentyl isomers, hexyl isomers,
cyclohexyl isomers, heptyl isomers, cycloheptyl isomers; octyl isomers, cyclooctyl
1somers, nonyl isomers, cyclononyl isomers, decyl isomers, cyclodecyl isomers, or the like;
or optionally substituted phenyl. In some embodiments R? may be C,, alkyl. In some
embodiments R” may be ethyl.

[0079] With respect to Formula 2 and monomer 2, X may be C, 4 alkyl such as
methyl, ethyl, n-propyl, isopropyl, cyclopropyl, n-butyl, sec-butyl, t-butyl, cyclobutyl,
methylcyclopropyl, and the like. In some embodiments, X may be methyl or ethyl..

10080] In some embodiments, monomer 2 may be methyl methacrylate, ethyl
methacrylate, n-propyl methacrylate, isopropyl methacrylate, n-butyl methacrylate, isobutyl
methacrylate, n-pentyl methacrylate, isopentyl methacrylate, n-hexyl methacrylate,
isohexyl methacrylate, n-heptyl methacrylate, isoheptyl methacrylate, n-octyl methacrylate,
1sooctyl methacrylate, or the like. In some embodiments, monomer 2 may be ethyl
methacrylate, n-butyl methacrylate, n-propyl methacrylate, or n-hexyl methacrylate. In
some embodiments, monomer 2 may be ethyl methacrylate.

[0081] The relative amounts of the recurring units in the copolymer may vary.
In some embodiments, the recurring unit of Formula 2 may be about 5% to about 60%,
about 20% to about 50%, about 25% to about 45%, or about 15% to about 25% of the mass
of the copolymer.

[0082] In some embodiments, monomer 2 may represent about 5% to about
60%, about 10% to about 40%, about 20% to about 50%, about 25% to about 45%, or
about 15% to about 25% of the total weight of all monomers used to prepare the
copolymer.

[0083] In some embodiments, the copolymer comprises an acrylate repeating
unit represented by Formula 1a and an acrylate repeating unit represented by Formula 2.

[0084] In some embodiments, an optionally substituted vinylaryl recurring unit

may be represented by Formula 3 or Formula 3a:
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A" (Formula 3) Ph'  (Formula 3a).
[0085] In some embodiments, an optionally substituted vinylaryl recurring unit,
such as an optionally substituted vinylaryl recurring unit of Formula 3 or Formula 3a, may

be derived from monomer 3, or (in the case of Formula 3a) monomer 3a:

Y1 Y1

Ar! (monomer 3) Ph' (monomer 3a).

[0086] With respect to Formula 3, Formula 3a, monomer 3, and monomer 3a,
Y' may be H, or C;4 alkyl such as methyl, ethyl, n-propyl, isopropyl, cyclopropyl, n-butyl,
sec-butyl, t-butyl, cyclobutyl, methylcyclopropyl, and the like. In some embodiments, Y
may be hydrogen or methyl.

[0087] With respect to Formula 3 and monomer 3, Ar' may be an optionally
substituted aromatic group, including an optionally substituted Cq.1p aromatic group, such
as optionally substituted phenyl or optionally substituted naphthyl; or Ar' may be an
optionally substituted heteroaromatic group, including a Cs.¢ heteroaromatic group, such as
optionally substituted pyridinyl, optionally substituted furyl, optionally substituted thienyl,
optionally substituted oxazolyl, optionally substituted thiazolyl, optionally substituted
imidazolyl, optionally substituted quinolinyl, etc.

[0088] With respect to Formula 3a and monomer 3a, Ph' may be optionally
substituted phenyl.

[0089] In some embodiments related to Formula 3, Formula 3a, monomer 3,
and monomer 3a, the aromatic group, the heteroaromatic group, or phenyl may have 0, 1, 2,
3, or 4 substituents independently selected from: C, alkyl, such as methyl, ethyl, propyl
isomers, cyclopropyl, butyl isomers, cyclobutyl isomers (such as cyclobutyl,
methylcyclopropyl, etc.), pentyl isomers, cyclopentyl isomers, hexyl isomers, cyclohexyl
1somers, etc.; C;¢ alkoxy, such as methoxy, ethoxy, propoxy isomers (e.g. 1SOpropoxy, n-
propoxy, etc.), cyclopropoxy, butoxy isomers, cyclobutoxy isomers (such as cyclobutoxy,
methylcyclobutoxy, etc.), pentoxy isomers, cyclopentoxy isomers, hexoxy isomers,
cyclohexoxy isomers, etc.; C).¢ acyl such as formyl, acetyl, propionoyl butyryl, isobutyryl,
cyclopropanecarbonyl, pentanoyl isomers (such as pentanoyl, methylbutanoyl, pivaloyl,
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etc.), cyclobutanecarbonyl isomers (such as methylcyclopropane carbonyl,
cyclobutanecarbonyl, etc.), hexanoyl isomers, cyclopentanecarbonyl isomers, etc.; C),
acyloxy such as formyloxy (e.g. —OC(O)H), acetyloxy, propionoyloxy butyryloxy,
1sobutyryloxy, cyclopropanecarbonyloxy, pentanoyloxy isomers (such as pentanoyloxy,
methylbutanoyloxy, pivaloyloxy, etc.), cyclobutanecarbonyloxy isomers (such as
methylcyclopropanecarbonyloxy, cyclobutanecarbonyloxy, etc.), hexanoyloxy isomers,
cyclopentanecarbonyloxy isomers, etc.; Ca.¢ alkyl carboxylate such as methyl carboxylate
(e.g. CO,CH3), ethyl carboxylate, propyl carboxylate, isopropyl carboxylate, cyclopropyl
carboxylate, butyl carboxylate isomers (such as butyl carboxylate, isobutyl carboxylate,
etc.), cyclobutyl carboxylate isomers (such as cyclobutyl carboxylate, methylcyclopropyl
carboxylate, etc.), pentyl carboxylate isomers, cyclopentyl carboxylate isomers, etc.; and
the like.

[0090] In some embodiments, monomer 3 or monomer 3a may be styrene;
methylstyrene; chlorostyrene; bromostyrene; methoxylstyrene; N,N-dimethylaminostyrene;
etc. In some embodiments, monomer 3 or monomer 3a may be alkystyrene (such as
methylstyrene, ethylstyrene, n-propylstyrene, isopropylstyrene, or the like) or
dialkylstyrene (such as dimethylstyrene, methylethylstyrene, methylisopropyl styrene, etc.).
In some embodiments, monomer 3 or monomer 3a may be methylstyrene.

[0091] In some embodiments, an vinylaryl recurring unit may be derived from
allyl benzene.

[0092] The relative amounts of the recurring units in the copolymer may vary.
In some embodiments, the relative amount of the recurring unit of Formula 3 may be varied
to modulate refractive index. In some embodiments, increasing the relative amount of
Formula 3 may increase the refractive index of the copolymer. In some embodiments, the
recurring unit of Formula 3 may be about 10% to about 30%, including about 15% to about
20% of the mass of the copolymer.

[0093] In some embodiments, monomer 3 or monomer 3a may represent about
about 5% to about 40%, -about 10% to about 30%, or about 15% to about 20% of the total
weight of all monomers used to prepare the copolymer.

[0094] At least a portion of at least one of the acrylate or vinylaryl recurring
units comprises a vinyldialkylsiloxy pendant group. For example, if an acrylate recurring

unit comprises a vinyldialkylsiloxy pendant group, it may be represented by Formula 4:
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R o}
o o e e TN
VANV
R® R® R° (Formula 4).

[0095] In some embodiments, an acrylate recurring unit comprising a
vinyldialkylsiloxy pendant group, such as a recurring unit of Formula 4, may be derived

from monomer 4:

R® R'RS RS (monomer 4)

[0096] With respect to Formula 4 and monomer 4, Y2is H, or C4 alkyl such as
methyl, ethyl, n-propyl, isopropyl, cyclopropyl, n-butyl, sec-butyl, t-butyl, cyclobutyl,
methylcyclopropyl, and the like. In some embodiments, Y? may be hydrogen or methyl.

[0097] With respect to Formula 4 and monomer 4, each R’ is independently C, 4
alkyl such as methyl, ethyl, n-propyl, isopropyl, cyclopropyl, n-butyl, sec-butyl, t-butyl,
cyclobutyl, methylcyclopropyl, and the like; or

*/O\Si/\
/\

R® R . In some embodiments each R® may independently be
vinyldimethylsiloxy or methyl.

[0098] With respect to Formula 4 and monomer 4, each R’is independently C) 4
alkyl such as methyl, ethyl, n-propyl, isopropyl, cyclopropyl, n-butyl, sec-butyl, t-butyl,
cyclobutyl, methylcyclopropyl, and the like. In some embodiments, each R’ may be
methyl or ethyl.

[0099] With respect to Formula 4 and monomer 4, R? is C).¢ alkyl, such as —
(CHy),- whereinnis 1, 2, 3, 4, 5, or 6, or a branched or cyclic isomers of a -(CH>),- (e.g. —
CH(CH3)-, -cyclopentyl-, -CH(CH3)CHs-, etc). In some embodiments, R® may be —(CH2)3—
or —(CHy)s-.

[0100] In some embodiments, monomer 4 may be:

methacryloxypropyltris(vinyldimethylsiloxy)silane,
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methacry]oxypropyldi(viny]dimethy]si]oxy)methylsi]ane,
methacryloxypropyl(vinyldimethylsiloxy)dimethylsilane,
acryloxypropyltris(vinyldimethylsiloxy)silane,
methacryloxybutyltris(vinyldimethylsilox y)silane,
acryloxybutyltris(vinyldimethylsiloxy)silane,
acryloxypropyldi(vinyldimethylsiloxy)methylsilane,
methacryloxybutyldi(vinyldimethylsiloxy)methylsilane,
acryloxybutylldi(vinyldimethylsiloxy)methylsilane,
acryloxypropyl(vinyldimethylsiloxy)dimethylsilane,
methacryloxybutyl(vinyldimethylsiloxy)dimethylsilane,
acryloxybutyl(vinyldimethylsiloxy)dimethylsilane, or the like.

[0101] The relative amounts of the recurring units in the copolymer may vary.
In some embodiments, the relative amount of the recurring unit of Formula 4 may be
increased to improve bonding of the copolymer to a silicone by increasing the number of
silicon-carbon covalent bonds between the copolymer and the silicone formed by the
hydrosilation reaction. In some embodiments, the recurring unit of Formula 4 may be
about 1% to about 20%, about 5% to about 15%, or about 8% to about 12%, of the mass of
the copolymer.

[0102] In some embodiments, monomer 4 may represent about 1% to about
20%, about 5% to about 15%, or about 8% to about 12% of the total weight of all
monomers used to prepare the copolymer.

[0103] If an optionally substituted vinylaryl recurring unit comprises a

vinyldialkylsiloxy pendant group, it may be represented by Formula 5 or Formula 5a:

Y3
il
R’ 0]
~
\/Si\ \/Si/\
R4 R4R6 \RG

(Formula 5)
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R* R4R6 RO (Formula 5a).
10104} In some embodiments, an optionally substituted vinylaryl recurring unit
comprising a vinyldialkylsiloxy pendant group, such as optionally substituted vinylaryl
recurring unit of Formula 5 or Formula 5a, may be derived from monomer 5, or (in the case

of Formula 5a) monomer 5a:

4
R? R R® RO (monomer 5)

"
R’ o)
g \Si/\
/N, 7\
RS

R+ R R® (monomer 5a).

[0105] With respect to Formula 5, Formula 5a, monomer 5, and monomer 5a,
Y’ is H, or C)4 alkyl such as methyl, ethyl, n-propyl, isopropyl, cyclopropyl, n-butyl, sec-
butyl, t-butyl, cyclobutyl, methylcyclopropyl, and the like. In some embodiments, Y? may
be hydrogen or methyl.

[0106] With respect to Formula 5 and monomer 5, Ar’ may be an optionally
substituted aromatic group, including a Cq.j¢ aromatic group, such as optionally substituted
phenyl or optionally substituted naphthyl; or Ar' may be optionally substituted aromatic
group, including a C;. heteroaromatic group, such as optionally substituted pyridinyl,

optionally substituted furyl, optionally substituted thienyl, optionally substituted oxazolyl,
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optionally substituted thiazolyl, optionally substituted imidazolyl, optionally substituted
quinolinyl, etc.

[0107] With respect to Formula 5a and monomer 5a, Ph’ may be optionally
substituted phenyl.

[0108] In some embodiments related to Formula 5, Formula 5a, monomer 5,
and monomer 5a, the aromatic group, heteroaromatic group, or phenyl may have 0, 1, 2, 3,
or 4 substituents independently selected from: C;¢ alkyl, such as methyl, ethyl, propyl
isomers, cyclopropyl, butyl isomers, cyclobutyl isomers (such as cyclobutyl,
methylcyclopropyl, etc.), pentyl isomers, cyclopentyl isomers, hexyl isomers, cyclohexyl
isomers, etc.; Ci¢ alkoxy, such as methoxy, ethoxy, propoxy isomers (e.g. 1SOpropoxy, n-
propoxy, etc.), cyclopropoxy, butoxy isomers, cyclobutoxy isomers (such as cyclobutoxy,
methylcyclobutoxy, etc.), pentoxy isomers, cyclopentoxy isomers, hexoxy isomers,
cyclohexoxy isomers, etc.; Ci¢ acyl such as formyl, acetyl, propionoyl butyryl, isobutyryl,
cyclopropanecarbonyl, pentanoyl isomers (such as pentanoyl, methylbutanoyl, pivaloyl,
etc.), cyclobutanecarbonyl isomers (such as methylcyclopropane carbonyl,
cyclobutanecarbonyl, etc.), hexanoyl isomers, cyclopentanecarbonyl isomers, etc.; Cj¢
acyloxy such as formyloxy (e.g. —OC(O)H), acetyloxy, propionoyloxy butyryloxy,
isobutyryloxy, cyclopropanecarbonyloxy, pentanoyloxy isomers (such as pentanoyloxy,
methylbutanoyloxy, pivaloyloxy, etc.), cyclobutanecarbonyloxy isomers (such as
methylcyclopropanecarbonyloxy, cyclobutanecarbonyloxy, etc.), hexanoyloxy isomers,
cyclopentanecarbonyloxy isomers, etc.; Co.¢ alkyl carboxylate such as methyl carboxylate
(e.g. CO,CHs), ethyl carboxylate, propyl carboxylate, isopropyl carboxylate, cyclopropyl
carboxylate, butyl carboxylate isomers (such as butyl carboxylate, isobutyl carboxylate,
etc.), cyclobutyl carboxylate isomers (such as cyclobutyl carboxylate, methylcyclopropyl
carboxylate, etc.), pentyl carboxylate isomers, cyclopentyl carboxylate isomers, etc.; and
the like.

[0109] With respect to Formula 5, Formula 5a, monomer 5, and monomer 5a,
R? is independently C,4 alkyl such as methyl, ethyl, n-propyl, isopropyl, cyclopropyl, n-
butyl, sec-butyl, t-butyl, cyclobutyl, methylcyclopropyl, and the like; or
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*\Si/\
/\
R5

R® , wherein R’ is the same as that described with respect to Formula 4 and
monomer 4. In some embodiments each R* may independently be vinyldimethylsiloxy or
methyl;

[0110] With respect to Formula 5, Formula 5a, monomer 5, and monomer 5a,
each R® is independently C,.4 alkyl such as methyl, ethyl, n-propyl, isopropyl, cyclopropyl,
n-butyl, sec-butyl, t-butyl, cyclobutyl, methylcyclopropyl, and the like. In some
embodiments, each R® may be methyl or ethyl.

[0111] With respect to Formula 5, Formula 5a, monomer 5, and monomer 5a,
R’ is a covalent bond (e.g. a covalent bond connecting the O atom directly to the Si atom)
or Cy. alkyl, such as —(CH,),- wherein n is 1, 2, 3, 4, 5, or 6, or a branched or cyclic
isomers of a —(CH;),- (e.g. -CH(CHs)-, -cyclopentyl-, -CH(CH;3)CH,-, etc). In some
embodiments, R’ may be a covalent bond, —-CH,-, -CH,CH,-, or -CH,CH,CH,-.

[0112] In some embodiments, monomer 5 or monomer 5a may be:
styrylmethyltris(vinyldimethylsiloxy)silane,
styrylethyltris(vinyldimethylsiloxy)silane, styrlmethyldi(vinyldimethylsiloxy)methylsilane,
styrylethyldi(vinyldimethylsiloxy)methylsilane,
styrylmethyl(vinyldimethylsiloxy)dimethylsilane,
styrylethyl(vinyldimethylsiloxy)dimethylsilane, or the like

[0113] The relative amounts of the recurring units in the copolymer may vary.
In some embodiments, the relative amount of the recurring unit of Formula 5 or Formula 5a
may be increased to improve bonding of the copolymer to a silicone by increasing the
number of silicon-carbon covalent bonds formed by the hydrosilation reaction between the
copolymer and the silicone. In some embodiments, the recurring unit of Formula 4 may be
about 1% to about 20%, about 5% to about 15%, or about 8% to about 12% of the mass of
the copolymer.

|0114] In some embodiments, monomer 5 or monomer 5a may represent about
1% to about 20%, about 5% to about 15%, or about 8% to about 12% of the total weight of
all monomers used to prepare the copolymer.

[0115] In some embodiments, the copolymer comprises about 20% to about
90%, about 40% to about 90%, about 30% to about 70%, or about 50% to about 70%

recurring units of Formula 1; about 10% to about 30%, including about 15% to about 20%
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recurring units of Formula 3; and about 1% to about 20%, about 5% to about 15%, or about
8 to about 12% recurring units of Formula 4 or Formula 5; based upon the weight of the
copolymer, or alternatively, based upon the molar percentages of each repeating unit.

[0116] Some embodiments are related to copolymers comprising the following
recurring units: a) a recurring unit of Formula 1 or Formula la, b) a recurring unit of
Formula 2, c) a recurring unit of Formula 3 or Formula 3a, and d) a recurring unit of
Formula 4. In some embodiments, these copolymers may be prepared by a process
comprising reacting: a) monomer 1 or monomer la, b) monomer 2, ¢) monomer 3 or
monomer 3a, and d) monomer 4. In these embodiments, these monomers may be reacted in
any combination or order, and may be reacted with another monomer of the same type (e.g.
monomer la reacting with monomer 1a), provided that there is at least one molecule of the
copolymer which comprises at least one recurring unit derived from at least one of each of:
a) monomer 1 or monomer la, b) monomer 2, ¢) monomer 3 or monomer 3a, and d)
monomer 4.

[0117] Some embodiments are related to copolymers comprising the following
recurring units: a) a recurring unit of Formula 1 or Formula 1a, b) a recurring unit of
Formula 2, c) a recurring unit of Formula 3 or Formula 3a, and d) a recurring unit of
Formula 5 or Formula 5a. In some embodiments, these copolymers may be prepared by a
process comprising reacting: a) monomer 1 or monomer la, b) monomer 2, ¢) monomer 3
or monomer 3a, and d) monomer 5 or monomer 5a. In these embodiments, these
monomers may be reacted in any combination or order, and may be reacted with another
monomer of the same type (e.g. monomer la reacting with monomer 1a), provided that
there is at least one molecule of the copolymer which comprises at least one recurring unit
derived from at least one of each of: a) monomer 1 or monomer la, b) monomer 2, c¢)
monomer 3 or monomer 3a, and d) monomer 5 or monomer 5a.

[0118] In some embodiments, R' is n-butyl, R? is ethyl, X is methyl or ethyl;
Y', Y% and Y? are independently hydrogen or methyl; Ph' and Ph’ are unsubstituted
phenyl, each R® and each R* is independently vinyldimethylsiloxy or methyl; R and R® are
methyl; R’ is a covalent bond, —CH,-, -CH,CH,-, or -CH,CH,CH,-; and R®is —(CH;);- or
—(CH2)4-.

[0119] In some embodiments, R' and R? are independently C, alkyl; X is
methyl or ethyl; Y', Y, and Y® are independently hydrogen or methyl; Ph' and Ph? are

unsubstituted phenyl, each R’ and each R* is independently vinyldimethylsiloxy or methyl;
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each R® and each R® is independently methyl or ethyl; R’ is a covalent bond, -CH,-, —
CH,CH;-, or —-CH,CH,CH,-; and R®is —(CH3)3- or -(CH>)4-.

[0120] The copolymer may also comprise a recurring unit or an additive which
may act as a UV absorber. In some embodiments, the UV absorber may be a recurring unit
or an additive comprising a benzophenone derivative or a benzotriazole derivative. For
example, in some embodiments, 2-[3-(2H-Benzotriazol-2-yl)-4-hydroxyphenyl]jethyl
methacrylate may be added at any point during a process comprising reacting: a) monomer
1 or monomer 1a, b) monomer 2, ¢) monomer 3 or monomer 3a, and d) monomer 4; or may
be added at any point during a process comprising reacting: a) monomer 1 or monomer la,
b) monomer 2, ¢c) monomer 3 or monomer 3a, and d) monomer 5 or monomer 5a.

[0121] The copolymer may also comprise a polymerizable yellow dye and/or a
polymerizable photochromic yellow dye which may provide yellow color and/or
photochromicity to the copolymer.

[0122] The reaction processes described herein for making acrylic copolymers
may be anionic, cationic, or free radical polymerization processes. In free radical
polymerization processes, the free radical initiating species may be a peroxide, an azo free
radical initiators, or a UV free radical initiator such as Darocure and Irgocure. In some
embodiments, 2,2°-azobisisobutyronitrile may be added as a free radical initiator at any
point during a process comprising reacting: a) monomer 1 or monomer la, b) monomer 2,
¢) monomer 3 or monomer 3a, and d) monomer 4; or may be added at any point during a
process comprising reacting: a) monomer 1 or monomer la, b) monomer 2, ¢) monomer 3
or monomer 3a, and d) monomer 5 or monomer 5a.

[0123] The copolymers may also comprise a crosslinker such as an ethylene
glycol dimethacrylates; an ethylene glycol diacrylates; a 1,3-propylene glycol
dimethacrylate; a 1,3-propylene glycol diacrylate; a 1,4-butylene glycol dimethacrylate; a
1,4-butylene glycol diacrylate; a 1,6-hexylene glycol dimethacrylate; a 1,6-hexylene glycol
diacrylate; 1,4-divinylbenzene; or the like. In some embodiments, the crosslinkers may be
an ethylene glycol dimethacrylate; an ethylene glycol diacrylate; a 1,4-butylene glycol
dimethacrylate; or al,4-butylene glycol diacrylates. In some embodiments, the crosslinkers
may be an ethylene glycol dimethacrylate or a 1,4-butylene glycol dimethacrylate.

[0124] In some embodiments, ethylene glycol dimethacrylate may be added as a
crosslinker at any point during a process comprising reacting: a) monomer 1 or monomer

la, b) monomer 2, ¢) monomer 3 or monomer 3a, and d) monomer 4; or may be added at
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any point during a process comprising reacting: a) monomer 1 or monomer la, b) monomer
2, ¢) monomer 3 or monomer 3a, and d) monomer 5 or monomer 5a.

[0125] In some embodiments, the copolymer is a reaction product of
methylstyrene, ethyl methacrylate, n-butyl acrylate, ethylene glycol dimethacrylate,
2-[3-(2h-benzotriazol-2-yl)-4-hydroxyphenyl]ethyl methacrylate,
methacryloxypropyltris(vinyldimethylsiloxy)silane, and
2,2'-azobisisobutyronitrile.

[0126] In these embodiments, the weight percents of each component may be as
follows: about 15% to about 20% methylstyrene, about 15% to about 25% ethyl
methacrylate, about 40% to about 60% n-butyl acrylate, about 2% to about 10% ethylene
glycol dimethacrylate, about 0.5% to about 3% 2-[3-(2h-benzotriazol-2-yl)-4-
hydroxyphenyl]ethyl methacrylate, about 2% to about 20%
methacryloxypropyltris(vinyldimethylsiloxy)silane, and about 0.01% to about 5% 2,2'-
azobisisobutyronitrile.

[0127] In some embodiments, these copolymers may be acrylic copolymers
with a refractive index of about 1.46 to about 1.56, or about 1.48 to about 1.52.

[0128] In some embodiments, an acrylic copolymer described herein has a glass
transition temperature lower than about 37°C or lower than about 20 °C.

[0129] In some embodiments, an acrylic copolymer described herein is optically
clear.

[0130] An acrylic copolymer described above may be useful as an acrylic
component of a copolymeric composite material comprising: an acrylic component, a
silicone component, and a plurality of silicon-carbon covalent bonds that are formed by a
hydrosilation reaction between a silicon atom of the silicone component and a carbon atom
of the vinyldialkylsiloxy pendant group of the acrylic component.

[0131] The silicone component may be any silicone material. In some
embodiments, the silicone component may have a refractive index from about 1.37 to about
1.50.

[0132] The copolymeric composite material comprises a plurality of silicon-
carbon covalent bonds formed by a hydrosilation reaction between a silicon atom of the
silicone component and a carbon atom of the vinyldialkylsiloxy pendant group of the

acrylic component. For example, in some embodiments, the plurality of silicon-carbon
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covalent bonds comprises a covalent bond between R’and Z' or R and Z?in a plurality of

recurring units represented Formula 6, Formula 6a, or Formula 7:
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[0133] In these embodiments, Arz, Ph’, Y, RS, R®, R7, R® are the same as those
described above with respect to Formula 4, monomer 4, Formula 5, monomer 5, or
monomer Sa.

[0134] With respect to Formula 6 and Formula 7, R’ and R'? are C,H,, and Z'
and Z* are an Si atom from an H-Si moiety of the silicone component wherein the H atom
has been replaced with R’ or R' in a hydrosilation reaction

[0135] For example, in some embodiments, R%-Z' and R"-Z% are a product of a
reaction between the vinyldialkylsiloxy groups of Formula 4, monomer 4, Formula 5, or
monomer 5, or monomer 5a, and an H-Si moiety of a silicone, as shown in one of reactions

a-d of Scheme 1.
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[0136] Thus, in some embodiments, R’ or R may be —-CH,CH,-, or —
CH(CHj3)-.

[0137] Some embodiments provide an intraocular lens comprising a
copolymeric composite material described above. In some embodiments, the intraocular
lens may be an accommodation intraocular lens system. In some embodiments, the
intraocular lens may be an intraocular refractive lens.

[0138] In some embodiments, the intraocular lenses described herein can
provide a higher refractive index, a thinner lens, and smaller incision than is currently
available. In some embodiments, the intraocular lenses described herein can provide
slower unfolding time than a full silicone lens (unfolding time in the eye within few
seconds), which can significantly reduce the capsular bag damage. In some embodiments,
the intraocular lenses described herein can provide a lower calcification and fiberousis than
that which can result from a hydrophilic or a silicone lens. In some embodiments, the
intraocular lenses described herein can result in a lower incidence of posterior capsule

opacification (“PCO”) than a hydrophilic lens or a silicone lens. In some embodiments, the
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intraocular lenses described herein can provide the optical advantages of an acrylic lens
with silicone haptic flexibility.

[0139] In some embodiments, the intraocular lens further comprises: an anterior
viewing element comprising an optic having refractive power of less than 55 diopters and a
posterior viewing element; and are connected to a biasing structure which allows the optics
to move relative to each other along the optical axis in response to a contractile force by the
ciliary muscle of the eye upon the capsular bag of the eye. The relative movement
corresponds to change in the combined power of the optics of at least one diopter.
Alternatively, the accommodating intraocular lens can further comprise a posterior viewing

element comprising an optic having a refractive power of zero to minus 25 diopters.

II. ADDITIONAL MATERIALS/SURFACE TREATMENTS

[0140] In addition to the copolymeric materials disclosed herein, any intraocular
lens system may comprise additional silicone, acrylics, polymethylmethacrylate (PMMA),
block copolymers of styrene-ethylene-butylene-styrene (C-FLEX) or other styrene-base
copolymers, polyvinyl alcohol (PVA), polyurethanes, hydrogels or any other suitable
polymers or monomers. In addition, any portion of any intraocular lens system other than
the optic(s) may be formed from stainless steel or a shape-memory alloy such as nitinol or
any iron-based shape-memory alloy. Metallic components may be coated with gold to
increase biocompatibility. Where feasible, material of a lower Shore A hardness may be
used for the optic(s), and material of higher hardness may be used for the balance of any
intraocular lens system. Finally, the optic(s) may be formed from a photosensitive silicone
to facilitate post-implantation power adjustment as taught in U.S. Patent No. 6,450,642, the
entire contents of which are hereby incorporated by reference herein.

[0141] The optics and/or the balance of any intraocular lens system can also be
formed from layers of differing materials. The layers may be arranged in a simple
sandwich fashion, or concentrically. In addition, the layers may include a series of polymer
layers, a mix of polymer and metallic layers, or a mix of polymer and monomer layers. In
particular, a nitinol ribbon core with a surrounding silicone jacket may be used for any
portion of a lens system except for the optics; an acrylic-over-silicone laminate, including
acrylic-over silicone laminates comprising the copolymeric materials disclosed herein, may

be employed for the optics. In addition to employing covalent bonds such as silicon-carbon
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covalent bonds formed by a hydrosilation reaction, a layered construction may be obtained
by pressing/bonding two or more layers together, or deposition or coating processes.

[0142] Where desired, the anterior optic may be formed from a material
different from that used to form the posterior optic. This may be done to take advantage of
differences between the respective materials in refractive index, mechanical properties or
resistance to PCO, or to achieve an appropriate balance of mechanical and optical
properties. Additionally, the use of differing materials can increase resistance to intra-
lenticular opacification ("ILO"). For example, the material forming the posterior optic may
be selected for its resistance to PCO, and/or for its rigidity (so as to form a relatively rigid
base for the biasing action of the biasing structure, thereby maximizing the range of
spacing between the anterior viewing element and the posterior viewing element). Thus,
the posterior optic may be formed from acrylic; for example, a hydrophobic acrylic such as
a copolymer described herein. The material forming the anterior optic may be selected for
its high index of refraction, to keep to a minimum the size and weight of the anterior optic
(and the lens system as a whole), thereby maximizing the range and speed of motion of the
anterior optic in response to a given biasing force. To achieve these properties the anterior
optic may be formed from silicone; for example, high-refractive-index silicones (generally,
silicones with a refractive index greater than about 1.43, or silicones with a refractive index
of about 1.46).

[0143] In other embodiments, the anterior optic may be formed from any
suitable material (including those disclosed herein), and the posterior optic may be formed
from any suitable material (including those disclosed herein) other than the material chosen
to form the anterior optic. In one embodiment the anterior optic is formed from silicone
and the posterior optic is formed from acrylic such as a copolymer described herein; in
another embodiment the anterior optic is formed from acrylic, such as a copolymer
described herein, and the posterior optic is formed from silicone.

[0144] In one embodiment, portions of any intraocular lens system other than
the optic(s) are formed from a shape-memory alloy. This embodiment takes advantage of
the exceptional mechanical properties of shape-memory alloys and provides fast,
consistent, highly responsive movement of the optic(s) within the capsular bag while
minimizing material fatigue in any intraocular lens system. In one embodiment, from the
biasing structure may comprise a shape-memory alloy such as nitinol or any iron-based

shape-memory alloy. Due to the flat stress-strain curve of nitinol, such biasing elements
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provide a highly consistent accommodation force over a wide range of displacement.
Furthermore, biasing elements formed from a shape-memory alloy, especially nitinol,
retain their spring properties when exposed to heat (as occurs upon implantation into a
human eye) while polymeric biasing elements tend to lose their spring properties, thus
detracting from the responsiveness of the lens system. For similar reasons, it is
advantageous to use shape-memory alloys such as those discussed above in forming any
portion of a conventional (non-accommodating) intraocular lens, other than the optic.

[0145] Where desired, various coatings are suitable for components of any
intraocular lens system. A heparin coating may be applied to appropriate locations on any
intraocular lens system to prevent inflammatory cell attachment (ICA) and/or posterior
capsule opacification (PCO); naturally, possible locations for such a coating include the
biasing structure. Coatings can also be applied to any intraocular lens system to improve
biocompatibility; such coatings include “active™ coatings like P-15 peptides or RGD
peptides, and “passive” coatings such as heparin and other mucopolysaccharides, collagen,
fibronectin and laminin.  Other coatings, including hirudin, teflon, teflon-like coatings,
PVDF, fluorinated polymers, and other coatings which are inert relative to the capsular bag
may be employed to increase lubricity at locations (such as the optics and distending
members) on the lens system which contact the bag, or Hema or silicone can be used to
impart hydrophilic or hydrophobic properties to any intraocular lens system.

[0146] It 1s also desirable to subject any intraocular lens system and/or the mold
surfaces to a surface passivation process to improve biocompatibility. This may be done
via conventional techniques such as chemical etching or plasma treatment.

[0147] Furthermore, appropriate surfaces (such as the outer edges/surfaces of
the viewing elements, biasing elements, distending members, retention members, etc.) of
any intraocular lens system can be textured or roughened to improve adhesion to the
capsular bag. This may be accomplished by using conventional procedures such as plasma
treatment, etching, dipping, vapor deposition, mold surface modification, etc. The selected
material and lens configuration should be able to withstand secondary operations after
molding/casting such as polishing, cleaning and sterilization processes involving the use of
an autoclave, or ethylene oxide or radiation. After the mold is opened, the lens should
undergo deflashing, polishing and cleaning operations, which typically involve a chemical
or mechanical process, or a combination thereof. Suitable mechanical processes include

tumbling, shaking and vibration; a tumbling process may involve the use of a barrel with
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varying grades of glass beads, fluids such as alcohol or water and polishing compounds
such as aluminum oxides. Process rates are material dependent; for example, a tumbling
process for silicone should utilize a 6” diameter barrel moving at 30-100 RPM. 1t is
contemplated that several different steps of polishing and cleaning may be employed before
the final surface quality is achieved.

[0148] In one embodiment, the lens system is held in a fixture to provide
increased separation between, and improved process effect on, the anterior and posterior
viewing elements during the deflashing/polishing/cleaning operations. In another
embodiment, the lens system is everted or turned “inside-out” so that the inner faces of the
viewing elements are better exposed during a portion of the deflashing/polishing/cleaning.
A curing process may also be desirable in manufacturing the lens system 100. If the lens
system is produced from silicone entirely at room temperature, the curing time can be as
long as several days. If the mold is maintained at about 50 °C, the curing time is reduced to
about 24 hours; if the mold is preheated to 100-200 °C the curing time can be as short as
about 3-15 minutes. Of course, the time-temperature combinations vary for other
materials.

[0149] US Pat. No. 6,884,261, incorporated by reference herein, describes
several other embodiments of an accommodating intraocular lens. Any part of any
embodiment disclosed in US Pat. No. 6,884,261 may comprise one of the materials

disclosed herein.

II1. THE HUMAN EYE AND ACCOMMODATION

[0150] Figures 1 and 2 show the human eye 50 in section. Of particular
relevance to the present disclosure are the cornea 52, the inis 54 and the lens 56, which is
situated within the elastic, membranous capsular bag or lens capsule 58. The capsular bag
58 is surrounded by and suspended within the ciliary muscle 60 by ligament-like structures
called zonules 62.

[0151] As light enters the eye 50, the cornea 52 and the lens 56 cooperate to
focus the incoming light and form an image on the retina 64 at the rear of the eye, thus
facilitating vision. In the process known as accommodation, the shape of the lens 56 is
altered (and its refractive properties thereby adjusted) to allow the eye 50 to focus on

objects at varying distances. A typical healthy eye has sufficient accommodation to enable
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focused vision of objects ranging in distance from infinity (generally defined as over 20
feet from the eye) to very near (closer than 10 inches).

[0152] The lens 56 has a natural elasticity, and in its relaxed state assumes a
shape that in cross-section resembles a football. Accommodation occurs when the ciliary
muscle 60 moves the lens from its relaxed or “unaccommodated” state (shown in Figure 1)
to a contracted or “accommodated” state (shown in Figure 2). Movement of the ciliary
muscle 60 to the relaxed/unaccommodated state increases tension in the zonules 62 and
capsular bag 58, which in turn causes the lens 56 to take on a thinner (as measured along
the optical axis) or taller shape as shown in Figure 1. In contrast, when the ciliary muscle
60 is in the contracted/accommodated state, tension in the zonules 62 and capsular bag 58
1s decreased and the lens 56 takes on the fatter or shorter shape shown in Figure 2. When
the ciliary muscles 60 contract and the capsular bag 58 and zonules 62 slacken, some

degree of tension i1s maintained in the capsular bag 58 and zonules 62.

IV. THE LENS SYSTEM: STRUCTURE

[0153] Generally, the embodiments provide intraocular lenses comprising: an
optic body comprising a first hydrophobic soft acrylic copolymer; and a haptic comprising
a first silicone connected to the optic body. In some embodiments, the hydrophobic soft
acrylic copolymer may be any copolymer described herein. In some embodiments, the
optic body consists essentially of the hydrophobic soft acrylic copolymer. Alternatively, a
portion of the optic body may be the hydrophobic soft acrylic copolymer. Additionally, the
optic body may further comprise a second silicone. For example, the optic body may be
partially hydrophobic soft acrylic copolymer and partially silicone.

[0154] In some embodiments, the intraocular lens 1s a dual optic
accommodative lens comprising an anterior optic body, a posterior optic body, and a haptic
connecting the anterior optic body to the posterior optic body. In some embodiments, the
anterior optic body comprises the first hydrophobic soft acrylic copolymer; the posterior
optic body comprises a second hydrophobic soft acrylic copolymer; and the haptic
comprises the first silicone. Alternatively, in some embodiments the anterior optic body
comprises the first hydrophobic soft acrylic copolymer; the posterior optic body comprises
the second silicone; and the haptic comprises the first silicone. In another alternative

embodiment, the anterior optic body comprises the second silicone; the posterior optic
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body comprises the first hydrophobic soft acrylic copolymer; and the haptic comprises the
first silicone.

[0155] In any of the above embodiments, the first silicone and the second
silicone may be the same or different; and the first and second soft acrylic copolymer may
be the same or different.

[0156] In some embodiments, the intraocular lens further comprises: an anterior
viewing element; a posterior viewing element; and a biasing structure connecting the
anterior viewing element to the posterior viewing element. With respect to these
embodiments, a biasing structure is a type of haptic which connects two viewing elements.
In these embodiments, the biasing structure may provide a variable spacing between the
anterior viewing element and the posterior viewing element. In these embodiments, (i) at
least a portion of at least one of the anterior viewing element and the posterior viewing
element comprises at least a portion of the acrylic component; (ii) at least a portion of at
least one of the anterior viewing element, the posterior viewing element, and the biasing
structure comprises at least a portion of the silicone component; and (iii) at least a portion
of at least one of the anterior viewing element, the posterior viewing element, and the
biasing structure comprises at least a portion of the plurality of silicon-carbon covalent
bonds formed from a hydrosilation reaction occurring between the acrylic component and
the silicone component. In some embodiments, the haptic portion of the lens comprises
silicone.

[0157] One embodiment depicted in Figure 3 shows one example of a lens
system 100 comprising an anterior viewing element 106, a posterior viewing element 118,
and a biasing structure 103. The viewing elements 106 and 118 and the biasing structure
may take many forms other than the ones depicted in Figure 3.

[0158] In some embodiments, the acrylic component comprises at least a
portion of the anterior viewing element or at least a portion of the posterior viewing
element, and the silicone component comprises at least a portion of the biasing structure.

[0159] In some embodiments, the acrylic component comprises at least a
portion of the anterior viewing element and at least a portion of the posterior viewing
element, and the silicone component comprises at least a portion of the biasing structure.

[0160] In some embodiments, at least a portion of the anterior viewing element

comprises at least a portion of the acrylic component, at least a portion of the posterior
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viewing element comprises at least a portion of the acrylic component, and at least a
portion of the biasing structure comprises at least a portion of the silicone component.

|0161] Thus, a viewing element may be composed entirely of the acrylic
copolymer described herein. Alternatively, a viewing element may be composed entirely
of silicone provided that there is a second viewing element that comprises the acrylic
copolymer.

[0162] Alternatively, a viewing element may comprise both the acrylic
copolymer and silicone. For example, the viewing element may have a central portion
comprising the acrylic copolymer. This center portion may be completely or at least
partially surrounded on the edges (e.g. along the circumference of the circular viewing
element) to form a frame comprising a silicone. The frame and the center portion may be
held together by silicon-carbon bonds formed by a hydrosilation reaction. In another
example, the viewing element may have an inner portion comprising the acrylic copolymer
which is completely or at least partially coated by a layer of silicone, and the inner acrylic
portion and the silicone coating may be held together by silicon-carbon bonds formed by a
hydrosilation reaction. Other combinations of acrylic and silicone are also possible.

[0163] Thus, in embodiments where there are an anterior and a posterior
viewing element, the anterior viewing element may be composed entirely of the acrylic
copolymer and the posterior viewing element may be composed entirely of the acrylic
copolymer. Alternatively, the anterior viewing element may be composed entirely of the
acrylic copolymer and the posterior viewing element may comprise both the acrylic
copolymer and a silicone. Alternatively, the anterior viewing element may be composed
entirely of the acrylic copolymer and the posterior viewing element may be composed
entirely of silicone. Alternatively, the anterior viewing element may comprise both the
acrylic copolymer and a silicone and the posterior viewing element may be composed
entirely of the acrylic copolymer. Alternatively, the anterior viewing element may comprise
both the acrylic copolymer and a silicone and the posterior viewing element may comprise
both the acrylic copolymer and a silicone. Alternatively, the anterior viewing element may
comprise both the acrylic copolymer and a silicone and the posterior viewing element may
be composed entirely of silicone. Alternatively, the anterior viewing element may be
composed entirely of silicone and the posterior viewing element may be composed entirely
of the acrylic copolymer. Alternatively, the anterior viewing element may be composed

entirely of silicone and the posterior viewing element may comprise both the acrylic
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copolymer and a silicone. Where a viewing element comprises both silicone and acrylic,
they may be present in any combination or orientation, including but not limited to where
the silicone is substantially on the circumference of an acrylic element (including on an
edge of the element and/or the periphery of an anterior and/or posterior surface of the
element) and where the silicone forms a coating on one or both of the anterior and posterior
surfaces of an acrylic element.

[0164] With respect to any of the embodiments related to the composition of the
viewing elements, in some embodiments, a haptic, including a biasing element may
comprise silicone. In these embodiments, the haptic may be entirely composed of silicone,
or may be partially composed of silicone, or may comprise both silicone and an acrylic
copolymer.

[0165] The embodiments above describe parts of the structure of an intraocular
lens where a silicone and an acrylic copolymer are in contact. At any part of the structure
where these two materials are in contact, they may be held together by a plurality of Si-C
covalent bonds from a hydrosilation reaction as described herein.

[0166] Figures 4-18-depict one embodiment of an intraocular lens system 100
which is configured for implantation into the capsular bag 58 in place of the natural lens
56, and is further configured to change the refractive properties of the eye in response to
the eye’s natural process of accommodation. With reference to Figure 4, a set of axes is
included to illustrate the sense of directional terminology which will be used herein to
describe various features of the lens system 100. The terms “anterior” and “‘posterior” refer
to the depicted directions on the optical axis of the lens 100 shown in Figure 4. When the
lens 100 1s implanted in an eye, the anterior direction extends toward the comea and the
posterior direction extends toward the retina, with the optical axis of the lens substantially
coincident with the optical axis of the eye shown in Figures 1 and 2. The terms “left” and
“right” refer to the directions shown on the lateral axis, which is orthogonal to the optical
axis. In addition, the terms “upper” and “lower” refer to the directions depicted on the
transverse axis which is orthogonal to both of the optical axis and the lateral axis.

[0167] This system of axes is depicted purely to facilitate description herein;
thus, it is not intended to limit the possible orientations which the lens system 100 may
assume during use. For example, the lens system 100 may rotate about, or may be
displaced along, the optical axis during use without detracting from the performance of the

lens. It is clear that, should the lens system 100 be so rotated about the optical axis, the
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transverse axis may no longer have an upper-lower orientation and the lateral axis may no
longer have a left-right orientation, but the lens system 100 will continue to function as it
would when oriented as depicted in Figure 4. Accordingly, when the terms “upper,”
“lower,” “left” or “right™ are used in describing features of the lens system 100, such use
should not be understood to require the described feature to occupy the indicated position at
any or all times during use of the lens system 100. Similarly, such use should not be
understood to require the lens system 100 to maintain the indicated orientation at any or all
times during use.

[0168] As best seen in Figure 5, the lens system 100 has an anterior portion 102
which is anterior or forward of the line A-A (which represents a plane substantially
orthogonal to the optical axis and intersecting first and second apices 112, 116) and a
posterior portion 104 which is posterior or rearward of the line A-A. The anterior portion
102 comprises an anterior viewing element 106 and an anterior biasing element 108. The
anterior biasing element 108 in turn comprises a first anterior translation member 110
which extends from the anterior viewing element 106 to the first apex 112 and a second
anterior translation member 114 which extends from the anterior viewing element 106 to
the second apex 116. In the illustrated embodiment the first anterior translation member
110 comprises a right arm 110a and a left arm 110b (see Figure 4). In addition, the
depicted second anterior translation member 114 comprises a right arm 114a and a left arm
114b. However, in other embodiments either or both of the first and second anterior
translation members 110, 114 may comprise a single arm or member, or more than two
arms or members.

[0169] As best seen in Figures 5, 6 and 8, the posterior portion 104 includes a
posterior viewing element 118 and a posterior biasing element 120. The posterior biasing
element 120 includes a first posterior translation member 122 extending from the posterior
viewing element 118 to the first apex 112 and a second posterior translation member 124
extending from the posterior viewing element 118 to the second apex 116. In the illustrated
embodiment, the first posterior translation member comprises a right arm 122a and a left
arm 122b. Likewise, the depicted second posterior translation member 124 comprises a
right arm 124a and a left arm 124b. However, in other embodiments either or both of the
first and second posterior translation members 122, 124 may comprise a single arm or

member, or more than two arms or members.
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10170] In the embodiment shown in Figure 4, the anterior biasing element 108
and the posterior biasing element are configured symmetrically with respect to the plane A-
A as the lens system 100 is viewed from the side. As used herein to describe the biasing
elements 108, 120, “symmetric” or “symmetrically” means that, as the lens system 100 is
viewed from the side, the first anterior translation member 110 and the first posterior
translation member 122 extend from the first apex 112 at substantially equal first anterior
and posterior biasing angles 6,, 6, with respect to the line A-A (which, again, represents the
edge of a plane which is substantially orthogonal to the optical axis and intersects the first
and second apices 112, 116) and/or that the second anterior translation member 114 and the
second posterior translation member 124 extend from the second apex 116 at substantially
equal second anterior and posterior biasing angles 63, 8; with respect to the line A-A.
Alternative or asymmetric configurations of the biasing elements are possible, as will be
discussed in further detail below. It should be further noted that a symmetric configuration
of the biasing elements 108, 120 does not dictate symmetric positioning of the viewing
elements with respect to the line A-A; in the embodiment shown in Figure 4 the anterior
viewing element 106 is closer to the line A-A than is the posterior viewing element.

[0171] Preferably, both the anterior viewing element 106 and the posterior
viewing element 118 comprise an optic or lens having refractive power. (As used herein,
the term “refractive” or “refractive power” shall include “diffractive” or “diffractive
power”.) The preferred power ranges for the optics are discussed in detail below. In
alternative embodiments one or both of the anterior and posterior viewing elements 106,
118 may comprise an optic with a surrounding or partially surrounding perimeter frame
member or members, with some or all of the biasing elements/translation members attached
to the frame member(s). As a further alternative, one of the viewing elements 106, 118
may comprise a perimeter frame with an open/empty central portion or void located on the
optical axis, or a perimeter frame member or members with a zero-power lens or
transparent member therein. In still further variations, one of the viewing elements 106,
118 may comprise only a zero-power lens or transparent member.

[0172] In a presently preferred embodiment, a retention portion 126 is coupled
to the anterior portion 102, preferably at the anterior viewing element 106. The retention
portion 126 preferably includes a first retention member 128 and a second retention
member 130, although in alternative embodiments the retention portion 126 may be

omitted altogether, or may comprise only one retention member or more than two retention
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members. The first retention member 128 is coupled (e.g. by silicon-carbon covalent bonds
formed by a hydrosilation reaction) to the anterior viewing element 106 at a fixed end 128a
and also includes a free end 128b opposite the fixed end 128a. Likewise, the second
retention member 130 includes a fixed end 130a and a free end 130b. The retention
members 128, 130 are illustrated as being coupled to the anterior viewing element 106 at
the upper and lower edges thereof, however, the retention members 128, 130 may
alternatively be attached (e.g. by silicon-carbon covalent bonds formed by a hydrosilation
reaction) to the anterior viewing element 106 at other suitable edge locations.

[0173] In the preferred embodiment, the posterior portion 104 includes a
distending portion 132, preferably attached (e.g. by silicon-carbon covalent bonds formed
by a hydrosilation reaction) to the posterior viewing element 118. The preferred distending
portion 132 includes a first distending member 134 which in turn includes a fixed end 134a,
a free end 134b opposite the fixed end 134a and preferably also includes an opening 134c
formed therein. The preferred distending portion 132 also comprises a second distending
member 136 with a fixed end 136a, a free end 136b and preferably an opening 136¢ formed
therein. In alternative embodiments, the distending portion 132 may be omitted altogether,
or may comprise a single distending member or more than two distending members. To
optimize their effectiveness, the preferred location for the distending members 134, 136 is
90 degrees away (about the optical axis) from the apices 112, 116 on the posterior portion
104. Where the biasing elements form more than two apices (or where two apices are not
spaced 180 degrees apart about the optical axis), one or more distending members may be
positioned angularly midway between the apices about the optical axis. Alternatively, the
distending member(s) may occupy other suitable positions relative to the apices (besides
the “angularly midway™ positions disclosed above); as further alternatives, the distending
member(s) may be located on the anterior portion 102 of the lens system 100, or even on

the apices themselves.

V. THE LENS SYSTEM: FUNCTION/OPTICS

[0174] The anterior and posterior biasing elements 108, 120 function in a
springlike manner to permit the anterior viewing element 106 and posterior viewing
element 118 to move relative to each other generally along the optical axis. The biasing
elements 108, 120 bias the viewing elements 106, 118 apart so that the elements 106, 108
separate to the accommodated position or accommodated state shown in Figure 5. Thus, in
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the absence of any external forces, the viewing elements are at their maximum separation
along the optical axis. The viewing elements 106, 118 of the lens system 100 may be
moved toward each other, in response to a ciliary muscle force of up to 2 grams, to provide
an unaccommodated position by applying appropriate forces upon the anterior and
posterior portions 102, 104 and/or the apices 112, 116.

[0175] When the lens system 100 is implanted in the capsular bag 58 (Figures
17-18) the above described biasing forces cause the lens system 100 to expand along the
optical axis so as to interact with both the posterior and anterior aspects of the capsular bag.
Such interaction occurs throughout the entire range of motion of the ciliary muscle 60. At
one extreme the ciliary muscle is relaxed and the zonules 62 pull the capsular bag 58
radially so as to cause the bag to become more disk shaped. The anterior and posterior
sides of the bag, in turn, apply force to the anterior and posterior portions 102, 104 of the
lens system 100, thereby forcing the viewing elements 106, 118 toward each other into the
accommodated position. At the other extreme, the ciliary muscle contracts and the zonules
62 move inwardly to provide slack in the capsular bag 58 and allow the bag to become
more football-shaped. The slack in the bag is taken up by the lens system due to the
biasing-apart of the anterior and posterior viewing elements 106, 118. As the radial tension
in the bag 1s reduced, the viewing elements 106, 118 move away from each other into an
accommodated position. Thus, the distance between the viewing elements 106, 118
depends on the degree of contraction or relaxation of the ciliary muscle 60. As the distance
between the anterior and posterior viewing elements 106, 118 is varied, the focal length of
the lens system 100 changes accordingly. Thus, when the lens system 100 is implanted
into the capsular bag (see Figures 17-18) the lens system 100 operates in conjunction with
the natural accommodation processes of the eye to move between the accommodated
(Figure 17) and unaccommodated (Figure 18) states in the same manner as would a healthy
“natural” lens. Preferably, the lens system 100 can move between the accommodated and
unaccommodated states in less than about one second.

[0176] The entire lens system 100, other than the optic(s), thus comprises an
articulated frame whose functions include holding the optic(s) in position within the
capsular bag and guiding and causing movement of the optic(s) between the accommodated
and unaccommodated positions.

[0177] In those embodiments where the optic(s) are installed into annular or

other perimeter frame member(s) (see discussion below), the articulated frame may
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comprise a single piece of material, to obtain the performance advantages discussed above.
It 1s believed that the assembly of the optic(s) to the articulated frame will not substantially
detract from the achievement of these advantages.

[0178] The lens system 100 has sufficient dynamic range that the anterior and
posterior viewing elements 106, 118 move about 0.5-4 mm, preferably about 1-3 mm, more
preferably about 1-2 mm, and most preferably about 1.5 mm closer together when the lens
system 100 moves from the accommodated state to the unaccommodated state. In other
words the separation distance X (see Figures 10-11, 15-16) between the anterior and
posterior viewing elements 106, 118, which distance may for present purposes be defined
as the distance along the optical axis (or a paralle] axis) between a point of axial
intersection with the posterior face of the anterior viewing element 106 and a point of axial
intersection with the anterior face of the posterior viewing element 118, decreases by the
amount(s) disclosed above upon movement of the lens system 100 to the unaccommodated
state. Simultaneously, in the preferred mode the total system thickness Y decreases from
about 3.0 - 4.0 mm in the accommodated state to about 1.5 - 2.5 mm in the
unaccommodated state.

10179} As may be best seen in Figure 7, the first anterior translation member
110 connects to the anterior viewing element 106 via connection of the left and right arms
110a, 110b to first and second transition members 138, 140 at attachment locations 142,
144. The second anterior translation member 114 connects to the anterior viewing element
106 via connection of left and rnight arms 114a, 114b to the first and second transition
members 138, 140 at attachment locations 146, 148. This is a presently preferred
arrangement for the first and second anterior translation members 110, 114; alternatively,
the first and second anterior translation members 110, 114 could be connected directly to
the anterior viewing element 106, as is the case with the connection of the first and second
posterior translation members 122, 124 to the posterior viewing element 118. In some
embodiments, at least one of attachment points 142, 144, 146, and 148 may comprise at
least a portion of the plurality of silicon-carbon covalent bonds formed by a hydrosilation
reaction.

[0180] However the connection is established between the first and second
anterior translation members 110, 114 and the anterior viewing element 106, it is preferred
that the attachment locations 142, 144 corresponding to the first anterior translation

member 110 be farther away from the first apex 112 than is the closest edge or the
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periphery of the anterior viewing element 106. This configuration increases the effective
length of the first anterior translation member 110/arms 110a, 110b, in comparison to a
direct or straight attachment between the apex 112 and the nearest/top edge of the anterior
viewing element 106. For the same reasons, it is preferred that the attachment locations
146, 148 associated with the second anterior translation member 114 be farther away from
the second apex 116 than is the closest/bottom edge of the anterior viewing element 106.

[0181] As best seen in Figure 8, the first posterior translation member 122 is
preferably connected directly to the posterior viewing element 118 via attachment of the
left and right arms 122a, 122b to the element 118 at attachment points 150, 152. Likewise,
the second posterior translation member 124 is preferably directly connected to the
posterior viewing element 118 via connection of the left and right arms 124a, 124b to the
element 118 at attachment points 154, 156, respectively. In some embodiments, at least
one of attachment points 150, 152, 154, and 156 may comprise at least a portion of the
plurality of silicon-carbon covalent bonds formed by a hydrosilation. In alternative
embodiments, the first and second posterior translation members 124, 122 can be connected
to the posterior viewing element via intervening members as is done with the anterior
viewing element 106. No matter how these connections are made, it is preferred that the
attachment locations 150, 152 be spaced further away from the first apex 112 than is the
nearest edge or the periphery of the posterior viewing element 118. Similarly, it is
preferred that the attachment locations 154, 156 be spaced further away from the second
apex 116 than is the closest edge of the posterior viewing element 118.

[0182] By increasing the effective length of some or all of the translation
members 110, 114, 122, 124 (and that of the arms 110a, 110b, 114a, 114b, 122a, 122b,
124a, 124b where such structure is employed), the preferred configuration of the
attachment locations 142, 144, 146, 148, 150, 152, 154, 156 relative to the first and second
apices 112, 116 enables the anterior and/or posterior viewing elements 106, 118 to move
with respect to one another a greater distance along the optical axis, for a given angular
displacement of the anterior and/or posterior translation members. This arrangement thus
facilitates a more responsive spring system for the lens system 100 and minimizes material
fatigue effects associated with prolonged exposure to repeated flexing.

[0183] In the illustrated embodiment, the attachment location 142 of the first
anterior translation member 110 is spaced from the corresponding attachment location 146

of the second anterior translation member 114 along the periphery of the anterior viewing
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element, and the same relationship exists between the other pairs of attachment locations
144, 148; 150, 154; and 152, 156. This arrangement advantageously broadens the support
base for the anterior and posterior viewing elements 106, 118 and prevents them from
twisting about an axis parallel to the lateral axis, as the viewing elements move between the
accommodated and unaccommodated positions.

[0184) It is also preferred that the attachment locations 142, 144 of the first
anterior translation member 110 be located equidistant from the first apex 112, and that the
right and left arms 110a, 110b of the member 110 be equal in length. Furthermore, the
arrangement of the attachment locations 146, 148, arms 114a, 114b and second apex
preferably mirrors that recited above regarding the first anterior translation member 110,
while the apices 112, 116 are preferably equidistant from the optical axis and are situated
180 degrees apart. This configuration maintains the anterior viewing element 106
orthogonal to the optical axis as the viewing element 106 moves back and forth and the
anterior viewing element flexes.

[0185] For the same reasons, a like combination of equidistance and equal
length is preferred for the first and second posterior translation members 122, 124 and their
constituent arms 122a, 122b, 124a, 124b and attachment points 150, 152, 154, 156, with
respect to the apices 112, 116. However, as shown the arms 122a, 122b, 124a, 124b need
not be equal in length to their counterparts 110a, 110b, 114a, 114b in the first and second
anterior translation members 110, 114.

[0186] Where any member or element connects to the periphery of the anterior
or posterior viewing elements 106, 118, the member defines a connection geometry or
attachment area with a connection width W and a connection thickness T (see Figure 5 and
the example illustrated therein, of the connection of the second posterior translation
member 124 to the posterior viewing element 118). For purposes of clarity, the connection
width 1s defined as being measured along a direction substantially parallel to the periphery
of the viewing element in question, and the connection thickness is defined as measured
along a direction substantially perpendicular to the periphery of the viewing element. (The
periphery itself is deemed to be oriented generally perpendicular to the optical axis as
shown in Figure 5.) Preferably, no attachment area employed in the lens system 100 has a
ratio of width to thickness less than 3. It has been found that such a geometry reduces
distortion of the viewing element/optic due to localized forces. For the same reasons, it is

also preferred that each of the translation members 110, 114, 122, 124 be connected to the
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periphery of the respective viewing elements at least two attachment areas, each having the
preferred geometry discussed above.

[0187] As discussed above, each of the anterior viewing element 106 and the
posterior viewing element 118 preferably comprises an optic having refractive power. In
one preferred embodiment, the anterior viewing element 106 comprises a biconvex lens
having positive refractive power and the posterior viewing element 118 comprises a
convexo-concave lens having negative refractive power. The anterior viewing element 106
may comprise a lens having a positive power advantageously less than 55 diopters,
preferably less than 40 diopters, more preferably less than 35 diopters, and most preferably
less than 30 diopters. The posterior viewing element 118 may comprise a lens having a
power which is advantageously between -25 and O diopters, and preferably between -25
and -15 diopters. In other embodiments, the posterior viewing element 118 comprises a
lens having a power which is between -15 and 0 diopters, preferably between -13 and -2
diopters, and most preferably between -10 and -5 diopters. Advantageously, the total
power of the optic(s) employed in the lens system 100 is about 5-35 diopters; preferably,
the total power is about 10-30 diopters; most preferably, the total power is about 15-25
diopters. (As used herein, the term “diopter” refers to lens or system power as measured
when the lens system 100 has been implanted in the human eye in the usual manner.) It
should be noted that if materials having a high index of refraction (e.g., higher than that of
silicone) are used, the optics may be made thinner which facilitates a wider range of motion
for the optics. This in turn allows the use of lower-power optics than those specified above.
In addition, higher-index materials allow the manufacture of a higher-power lens for a
given lens thickness and thereby reduce the range of motion needed to achieve a given
range of accommodation.

[0188] Some lens powers and radii of curvature presently preferred for use with
an embodiment of the lens system 100 with optic(s) having a refractive index of about
1.432 are as follows: a +31 diopter, biconvex lens with an anterior radius of curvature of
5.944 mm and a posterior radius of curvature of 5.944 mm; a +28 diopter, biconvex lens
with an anterior radius of curvature of 5.656 mm and a posterior radius of curvature of
7.788 mm; a +24 diopter, biconvex lens with an anterior radius of curvature of 6.961 mm
and a posterior radius of curvature of 8.5 mm; a -10 diopter, biconcave lens with an anterior
radius of curvature of 18.765 mm and a posterior radius of curvature of 18.765 mm; a -8

diopter, concavo-convex lens with an anterior radius of curvature of between 9 mm and
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9.534 mm and a posterior radius of curvature of 40 mm; and a -5 diopter, concavo-convex
lens with an anterior radius of curvature of between 9 mm and 9.534 mm and a posterior
radius of curvature of 20 mm. In one embodiment, the anterior viewing element comprises
the +31 diopter lens described above and the posterior viewing element comprises the -10
diopter lens described above. In another embodiment, the anterior viewing element
comprises the +28 diopter lens described above and the posterior viewing element
comprises the -8 diopter lens described above. In another embodiment, the anterior
viewing element comprises the +24 diopter lens described above and the posterior viewing
element comprises the -5 diopter lens described above.

[0189] The combinations of lens powers and radii of curvature specified herein
advantageously minimize image magnification. However, other designs and radii of
curvature provide modified magnification when desirable.

[0190] The lenses of the anterior viewing element 106 and the posterior viewing
element 118 are relatively moveable as discussed above; advantageously, this movement is
sufficient to produce an accommodation of at least one diopter, preferably at least two
diopters and most preferably at least three diopters. In other words, the movement of the
optics relative to each other and/or to the cornea is sufficient to create a difference between
(1) the refractive power of the user’s eye in the accommodated state and (ii) the refractive
power of the user’s eye in the unaccommodated state, having a magnitude expressed in
diopters as specified above. Where the lens system 100 has a single optic, the movement of
the optic relative to the cornea is sufficient to create a difference in focal power as specified
above.

[0191] Advantageously, the lens system 100 can be customized for an
individual patient’s needs by shaping or adjusting only one of the four lens faces, and
thereby altering the overall optical characteristics of the system 100. This in turn facilitates
easy manufacture and maintenance of an inventory of lens systems with lens powers which
will fit a large population of patients, without necessitating complex adjustment procedures
at the time of implantation. It is contemplated that all of the lens systems in the inventory
have a standard combination of lens powers, and that a system is fitted to a particular
patient by simply shaping only a designated “variable™ lens face. This custom-shaping
procedure can be performed to-order at a central manufacturing facility or laboratory, or by
a physician consulting with an individual patient. In one embodiment, the anterior face of

the anterior viewing element is the designated sole variable lens face. In another
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embodiment, the anterior face of the posterior viewing element is the only variable face.
However, any of the lens faces is suitable for such designation. The result is minimal
inventory burden with respect to lens power (all of the lens systems in stock have the same
lens powers) without requiring complex adjustment for individual patients (only one of the

four lens faces is adjusted in the fitting process).

V1. MOLD TOOLING

[0192] While there are many methods known in the art which may be adapted
to create the intraocular lens.systems described herein, in some embodiments, the lens
system may be prepared using a mold system.

[0193] While many mold systems are known in the art which may be used to
prepare a lens system described herein, Figures 19-34 depict a mold system 500 which is
suitable for molding the lens system 100 depicted in Figure 3-18. The mold system 500
generally comprises a first mold 502, a second mold 504 and a center mold 506. The
center mold 506 is adapted to be positioned between the first mold 502 and the second
mold 504 so as to define a mold space for injection molding or compression molding the
lens system 100. The mold system 500 may be formed from suitable metals, high-impact-
resistant plastics or a combination thereof, and can be produced by conventional machining
techniques such as lathing or milling, or by laser or electrical-discharge machining. The
mold surfaces can be finished or modified by sand blasting, etching or other texturing
techniques.

[0194] The first mold 502 includes a first mold cavity 508 with a first anterior
mold face 510 surrounded by an annular trough 512 and a first perimeter mold face 514.
The first mold 502 also includes a projection 516 which facilitates easier mating with the
second mold 504.

[0195] The center mold 506 includes a first center mold cavity 518 which
cooperates with the first mold cavity 508 to define a mold space for forming the anterior
portion 102 of the lens system 100. The first center mold cavity 518 includes a central
anterior mold face 520 which, upon placement of the center mold 506 in the first mold
cavity 508, cooperates with the first anterior mold face 510 to define a mold space for the
anterior viewing element 106. In so doing, the first anterior mold face 510 defines the
anterior face of the anterior viewing element 106 and the central anterior mold face 520
defines the posterior face of the anterior viewing element 106. In fluid communication
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with the chamber formed by the first anterior mold face 510 and the central anterior mold
face 520 are lateral channels 522, 524 (best seen in Figure 27) which form spaces for
molding the first and second transition members 138, 140, along with the arms 110a, 110b
of the first anterior translation member 110 as well as the arms 114a, 114b of the second
anterior translation member 114. Thé first center mold cavity 518 also includes retention
member cavities 526, 528 which define spaces for molding the first and second retention
members 128, 130 to the anterior viewing element 106.

[0196] The second mold 504 includes a second mold cavity 530 with a second
posterior mold space 532, a generally cylindrical transition 534 extending therefrom and
connecting to a second perimeter mold face 536. Lateral notches 538, 540 (best seen in
Figures 22 and 23) are formed in the second perimeter mold face 536. The second mold
504 also includes an input channel 542 connected to an input channel opening 544 for
introducing material into the mold system 500. Also formed in the second mold 504 is an
output channel 546 and an output channel opening 548. A generally cylindrical rim 550 is
included for mating with the projection 516 of the first mold 502.

[0197] The center mold 506 includes a second center mold cavity 552 which
cooperates with the second mold cavity 530 to define a mold space for the posterior portion
104 of the lens system 100. The second center mold cavity 552 includes a central posterior
mold face 554 which, upon placement of the center mold 506 in engagement with the
second mold cavity 530, cooperates with the second posterior mold face 532 and the
transition 534 to define a chamber for forming the posterior viewing element 118. In fluid
communication with the chamber formed by the central posterior mold face 554 and the
second posterior mold face 532 are lateral channels 556, 558, 560, 562 which provide a
mold space for forming the arms 122a, 122b of the first posterior translation member 122
and the arms 124a, 124b of the second posterior translation member 124. The second
center mold cavity 552 includes lateral projections 564, 566 which coact with the notches
538, 540 formed in the second mold cavity 530. The chambers formed therebetween are in
fluid communication with the chamber defined by the central posterior mold face 554 and
the second posterior mold face 532 to form the first and second distending members 134,
136 integrally with the posterior viewing element 118.

[0198] The center mold 506 includes a first reduced-diameter portion 568 and a
second reduced-diameter portion 570 each of which, upon assembly of the mold system

500, defines a mold space for the apices 112, 116 of the lens system 100.
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10199] In use, the mold system 500 is assembled with the center mold 506
positioned between the first mold 502 and the second mold 504. Once placed in this
configuration, the mold system 500 is held together under force by appropriate techniques,
and lens material is introduced into the mold system 500 via the input channel 542. The
lens material then fills the space defined by the first mold 502, second mold 504, and the
center mold 506 to take on the shape of the finished lens system 100.

[0200] The mold system 500 is then disassembled, and in one embodiment the
lens system 100 is left in position on the center mold 506 after removal of the first and
second molds 502, 504. This technique has been found to improve the effectiveness of any
polishing/tumbling/deflashing procedures which may be performed. Whether or not these
or any other additional process steps are performed, the lens system 100 is preferably
removed from the center mold 506 while maintaining the interconnection of the various
components of the lens system 100.

[0201] In another embodiment, the lens system 100 or a portion thereof is
formed by a casting or liquid-casting procedure in which one of the first or second molds is
first filled with a liquid and the center mold is placed then into engagement with the liquid-
filled mold. The exposed face of the center mold is then filled with liquid and the other of
the first and second molds is placed into engagement with the rest of the mold system. The
liquid is allowed or caused to set/cure and a finished casting may then removed from the
mold system.

[0202] The mold system 500 can advantageously be employed to produce a lens
system 100 as a single, integral unit. Alternatively, various portions of the lens system 100
can be separately molded, casted, machined, etc. and subsequently assembled to create a
finished lens system. Assembly can be performed as a part of centralized manufacturing
operations; alternatively, a physician can perform some or all of the assembly before or
during the implantation procedure, to select lens powers, biasing members, system sizes,
etc. which are appropriate for a particular patient.

[0203] The center mold 506 is depicted as comprising an integral unit with first
and second center mold cavities 518, 552. Alternatively, the center mold 506 may have a
modular configuration whereby the first and second mold cavities 518, 552 may be
interchangeable to adapt the center mold 506 for manufacturing a lens system 100
according to a desired prescription or specification, or to otherwise change the power(s) of

the lenses made with the mold. In this manner the manufacture of a wide variety of
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prescriptions may be facilitated by a set of mold cavities which can be assembled back-to-
back or to opposing sides of a main mold structure.

[0204] The molds may be manufactured by a number of different methods,
including those disclosed in US Pat. No. 6,884,261.

[0205] The mold system described herein may be modified as needed to create
the different lens systems described herein. The examples below describe how an
accommodative lens system with two viewing elements and a silicone haptic may be
prepared where both viewing elements are acrylic copolymer, or where one is acrylic
copolymer and the other is silicone. These procedures may be adapted to other device
configurations. For example, acrylic could be injected into the molding system instead of
silicone as described below to provide an acrylic haptic. Altemnatively, a combination of
silicone and acrylic could be injected, either simultaneously, serially, or in some other
manner. Alternatively, thinner sheets could be cast and coated with silicone, or smaller
diameter discs could be cut and a silicon frame then added to the circumference of the lens,
either before placing the viewing element in the mold, or by adding a feature to the mold.
Many other permutations are also possible. Furthermore, other methods known in the art

may be used instead of, or combined with, the methods described herein.

VII. EXPERIMENTAL EXAMPLES

10206] The copolymers of Examples 1-5 were prepared according to the
following procedure. All the components were added into a three necked round bottom
flask of 1L equipped with magnetic stirrer, nitrogen gas purging system, and mounted with
a Teflon tube connected with 0.2 um filter system. With stirring, the mixture was purged by
bubbling nitrogen gas through the mixture for 1 hour at room temperature. The mixture was
then transferred into a sheet casting chamber. The sheets were cast to 3 mm thickness at
about 50-80 °C for 8-16 hours and then at about 125-140 °C for another 8 hours. The sheets
were cooled to room temperature and cut to an appropriate size for extraction (6-20 mm
diameter round disks). The round disks were then extracted with methanol or ethanol, or a
mixture of methanol and ethanol using a soxhlet extractor for at least 24 hours, and dried at
35 °C for 24 hours, and then at 70 °C for another 48 hours until the weight was constant.
Example 1

[0207] A copolymer was prepared as described above using the following
components: 28.70% (w/w) ethyl methacrylate; 54.30% (w/w) n-butyl acrylate; 5.66%
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(w/w) ethylene glycol dimethacrylate; 1.33% (w/w) 2-[3-(2h-benzotriazol-2-yl)-4-
hydroxyphenyl]ethyl methacrylate; 10.00% (w/w) methacryloxypropyltris(vinyldimethylsil
oxy)silane; 0.125% (w/w) and 2,2-azobisisobutyronitrile. The crosslinked copolymer had
a refractive index of 1.476 at 25 °C, the tensile strength was greater than 500 psi,
elongation was greater than 100%, and shore A hardness was 60 at 20 °C.
Example 2

[0208] A copolymer was prepared as described above using the following
components: 25.50% (w/w) ethyl methacrylate; 52.50% (w/w) n-butyl acrylate; 5.66%
(w/w) ethylene glycol dimethacrylate; 1.33% (w/w) 2-[3-(2h-benzotriazol-2-yl)-4-
hydroxyphenyl]ethyl methacrylate; 15.00% (w/w) methacryloxypropyltris(vinyldimethylsil
oxy)silane; and 0.125% (w/w) 2,2"-azobisisobutyronitrile. The crosslinked copolymer had
a refractive index of 1.474 at 25°C, tensile strength was greater than 500 psi, elongation

was greater than 80%, and shore A hardness was 67 at 20 °C.

Example 3
[0209] A copolymer was prepared as described above using the following

components: 18.60% (w/w) methylstyrene; 18.10% (w/w) ethyl methacrylate; 46.50%
(w/w) n-butyl acrylate; 5.66% (w/w) ethylene glycol dimethacrylate; 1.33% (w/w) 2-[3-
(2h-benzotriazol-2-yl)-4-hydroxyphenyl]ethyl methacrylate; 10.00% (w/w) methacryloxy
propyltris(vinyldimethylsiloxy)silane; and 0.125% (w/w) 2,2’-azobisisobutyronitrile. The
crosslinked copolymer had a refractive index of 1.499 at 25 °C, tensile strength was greater
than 500 psi, elongation was greater than 80%, and shore A hardness was 65 at 20 °C.
Example 4

[0210] A copolymer was prepared as described above using the following
components: 17.4% (w/w) methylstyrene; 17.2% (w/w) ethyl methacrylate; 44.3% (w/w) n-
butyl acrylate; 5.39% (w/w) ethylene glycol dimethacrylate; 1.26% (w/w) 2-[3-(2h-
benzotriazol-2-yl)-4-hydroxyphenyl]ethyl methacrylate, 14.40% (w/w) methacryloxy
propyltris(vinyldimethylsiloxy)silane; and 0.12% (w/w) 2,2’-azobisisobutyronitrile. The
crosslinked copolymer had a refractive index of 1.499 at 25 °C, tensile strength greater than
500 psi, elongation greater than 80%, and shore A hardness of 70 at 20 °C.
Example 5

[0211] A copolymer was prepared as described above using the following
components: 17.4% (w/w) methylstyrene; 21.2% (w/w) ethyl methacrylate; 50.6% (w/w) n-

butyl acrylate; 5.39% (w/w) ethylene glycol dimethacrylate; 1.26% (w/w) 2-[3-(2h-
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benzotriazol-2-yl)-4-hydroxyphenyl]ethyl methacrylate; 4.10% (w/w) methacryloxypropyl
tris(vinyldimethylsiloxy)silane; 0.12% (w/w) 2,2’ -azobisisobutyronitrile. The crosslinked
copolymer had a refractive index of 1.498 at 25 °C, tensile strength greater than 500 psi,
elongation greater than 80%, shore A hardness of 60 at 20 °C, and glass transition
temperature of 11.0 °C.

Example 6

Preparation of an intraocular lens

Hydrophobic Acrylic Material Sheet Casting

[0212] All the components were added into a three necked round bottom flask
of 1L equipped with magnetic stirrer, nitrogen gas purging system, and mounted with a
Teflon tube connected with 0.2 um filter system. With stirring, the mixture was purged by
bubbling nitrogen gas through the mixture for 1 hour at room temperature. The mixture was
then transferred into a sheet casting chamber. The sheets were cast to 3 mm thickness at
about 65 °C for 16 hours and then at about 140 °C for another 8 hours. The sheets were
cooled to room temperature, separated, and cut to an appropriate size (6-20 mm diameter
round disks) for extraction.

Hydrophobic acrylic button extraction

[0213] The hydrophobic acrylic buttons are extracted with methanol or ethanol,
or a mixture of methanol and ethanol using a soxhlet extractor for at léast 24 hours, and
dried at 35 °C for 24 hours, and then at 70 °C for another 48 hours until the weight was
constant.

Antenor and posterior lenses preparation

[0214] The extracted hydrophobic acrylic buttons are lathe cut to form anterior
lens and posterior lenses at a temperature below 0 °C.

Hvydrophobic acrylic lens treatment

[0215] Hydrophobic anterior and posterior soft acrylic lenses may be pretreated
prior to molding or bonding with a silicone material with a solution of Si-H containing
crosslinker, such as X,L-1,2,3 (Nusil); X, L-1,1,1 (Nusil); tetrakis(dimethylsiloxy)silane,
etc., in heptanes or another hydrocarbon solvent for about 0 minutes to about 5 minutes, or
about 1 minute to about 3 minutes. The concentration of Si-H containing crosslinkers in
heptanes is from about 1% to 100%, or about 10% to about 20%. After the hydrophobic

acrylic lenses are treated, they are immediately rinsed at least once with fresh heptanes or
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another hydrocarbon solvent to remove extra crosslinker on the surface region of the lenses.
The lenses are then dried at about 85°C with or without vacuum for at least 1 hour.

Anterior and posterior hydrophobic acrylic dual optic lens molding procedure

[0216] Referring to Figure 20, the hydrophobic acrylic posterior lens is placed
in the second mold cavity 530 of the second mold 504, and the anterior lens is placed in the
first mold cavity 508 of the first mold 502. The silicone material is then injected on the
surfaces of hydrophobic acrylic posterior lens and anterior lens which face out of the
molds. The center mold 508 is then properly loaded onto the second mold 504, and the first
mold 502 is closed on the second mold 504. The mold is clamped under appropriate
pressure and the lens is molded at 115 °C for at least 120 minutes to allow the silicone
material to cure and for the silicon-carbon covalent bonds to form between the silicone and
acrylic components.

Anterior silicone and posterior hydrophobic acrylic dual optic lens molding procedure

[0217] The hydrophobic acrylic posterior lens is placed in the second mold
cavity 530 of the second mold 504. The silicone material is then injected on the surface of
the hydrophobic acrylic posterior lens which faces out of the second mold 504 and into the
first mold cavity 508 of the first mold 502. The center mold 508 is then properly loaded
onto the second mold 504, and the first mold 502 is closed on the second mold 504. The
mold is clamped and the lens is molded at 115 °C for at least 120 minutes to allow the
silicone material to cure and for the silicon-carbon covalent bonds to form between the
silicone and acrylic components.

Posterior silicone and anterior hydrophobic dual optic lens molding procedure

[0218] The hydrophobic acrylic posterior lens is placed in the first mold cavity
508 of the first mold 502. The silicone material is then injected on the surface of
hydrophobic acrylic anterior lens which faces out of the mold and into the second mold
cavity 530 of the second mold 504. The center mold 508 is then properly loaded onto the
second mold 504, and the first mold 502 is closed on the second mold 504. The mold is
clamped and the lens is molded at 115 °C for at least 120 minutes to allow the silicone
material to cure and for the silicon-carbon covalent bonds to form between the silicone and
acrylic components.

[0219] Although this invention has been disclosed in the context of certain
preferred émbodiments and examples, it will be understood by those skilled in the art that the

present invention extends beyond the specifically disclosed embodiments to other alternative
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embodiments and/or uses of the invention and obvious modifications and equivalents thereof.
Thus, it is intended that the scope of the present invention herein disclosed should not be
limited by the particular disclosed embodiments described above, but should be determined
only by a fair reading of the claims that follow.

[0220] Throughout this specification and the claims which follow, unless the
context requires otherwise, the word "comprise", and variations such as "comprises" and
"comprising", will be understood to imply the inclusion of a stated integer or step or group
of integers or steps but not the exclusion of any other integer or step or group of integers or
steps.

[0221] The reference in this specification to any prior publication (or
information derived from it), or to any matter which is known, is not, and should not be
taken as an acknowledgment or admission or any form of suggestion that that prior
publication (or information derived from it) or known matter forms part of the common

general knowledge in the field of endeavour to which this specification relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An intraocular lens comprising;:
an optic body comprising a first hydrophobic soft acrylic copolymer; and
a haptic comprising a first silicone connected to the optic body.
wherein the hydrophobic soft acrylic copolymer comprises:
an acrylate recurring unit; and
an optionally substituted vinylaryl recurring unit;
wherein a portion of at least one of the recurring units comprises a
vinyldialkylsiloxy pendant group.
2. The intraocular lens of claim 1, wherein the optic body consists essentially
of the hydrophobic soft acrylic copolymer.
3. The intraocular lens of claim 1, wherein a portion of the optic body is the
hydrophobic soft acrylic copolymer.
4, The intraocular lens of claim 3, wherein the optic body further comprises a
second silicone.
S. The intraocular lens of claim 1, which is a dual optic accommodative lens
comprising:
an anterior optic body comprising the first hydrophobic soft acrylic
copolymer;
a posterior optic body comprising a second hydrophobic soft acrylic
copolymer; and
a haptic comprising the first silicone connecting the anterior optic body to
the posterior optic body.
6. The intraocular lens of claim 1, which is a dual optic accommodative lens
comprising:
an anterior optic body comprising the first hydrophobic soft acrylic
copolymer;
a posterior optic body comprising a second silicone; and
wherein the haptic is also connected to the posterior optic body.
7. The intraocular lens of claim 1, which is a dual optic accommodative lens
comprising:

an anterior optic body comprising a second silicone;
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a posterior optic body comprising the first hydrophobic soft acrylic
copolymer; and
wherein the haptic is also connected to the posterior optic body.
8. A copolymer comprising:
an acrylate recurring unit; and
an optionally substituted vinylaryl recurring unit;
wherein a portion of at least one of the recurring units comprises a
vinyldialkylsiloxy pendant group, and
wherein the copolymeric is prepared by a process comprising:
reacting:
monomer la, monomer 2, and monomer 3a; and
monomer 4 or monomer S5a;

wherein monomer 1la is represented by a formula:

.
0 o )

monomer 2 is represented by a formula:

X
R2
;j::l::io///

monomer 3a is represented by a formula:

Yw
Ph’

monomer 4 is represented by a formula:

f:::I::j ,/'Rs \\\ ///?§§§>

Si

/\
3
R3 R RS R5 ,and
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monomer 5a represented by a formula:

[
R“/ \R“Rs/ \RG - and
R' and R? are independently C,., alkyl or optionally substituted phenyl;
X is Cy4alkyl;
Y', Y2, and Y? are independently H or C,4 alkyl;
Ph' and Ph? are independently optionally substituted phenyl;
each R*and each R* is independently C,_4alkyl or

N X
/\

R® R® : and
each R® and each R® is independently C, 4 alkyl;
R’ is a covalent bond or C,.¢ alkyl; and
R® is Cy. alkyl.

The copolymer of claim 8, comprising the following recurring units:
* Y1

Ra
(0] Ar' ; and

Y3
il
NN\ AN X
0 Si 5”7 X Si si” X
VANAN VANURVAN
R3 R R5 RS or R4 R R6 R6 .
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wherein R* is optionally substituted C.;; alkyl, -Ph®, -O-Ph?, -R®-Ph?, or -
R®-O-Ph®, wherein —Ph? is optionally substituted phenyl, and R® is optionally
substituted C,.4 alkyl;

X°is Hor C,.4alkyl,;

Y!, Y2, and Y? are independently H or C,.4 alkyl;

Ar' and Ar® are independently an optionally substituted aromatic group or
an optionally substituted heteroaromatic group;

each R*and each R* is independently C,.qalkyl or

N X
/\

RS RS :
each R’ and each R® is independently C ;. alkyl;
R’ is a covalent bond or C .6 alkyl; and

R¥is C . alkyl.

10 The copolymer of claim 9, comprising the following recurring units:
%jz /éﬁ Y1
/ / Ph' . and
Y3
v2 '
* Thz
RY O R? 0
O o \Si/ \Si/\ \Si/ \Si/\
/N 7\ VAANIVAN
R3 R R5 R5 or R4 R R6 RS .

wherein R' and R? are independently C,.; alkyl or optionally substituted
phenyl;

X is C).4alkyl; and

Ph' and Ph? are independently optionally substituted phenyl.

11.  The copolymer of claim 10, wherein:
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12.

13.

R' is n-butyl;

R? is ethyl;

X is methyl or ethyl;

Y', Y2 and Y? are independently hydrogen or methyl;

Ph' and Ph? are unsubstituted phenyl;

each R? and each R* is independently vinyldimethylsiloxy or methyl;
R’ and R® are methyl;

R is ~CH,- or -CH,CHp-; and

R? is —(CH,)s- or (CHa)s-.

The copolymer of claim 8, wherein:

R' and R*are independently C,.¢ alkyl;

X is methyl or ethyl;

Y', Y2 and Y? are independently hydrogen or methyl;

Ph' and Ph? are unsubstituted phenyl;

each R? and each R* is independently vinyldimethylsiloxy or methyl;
each R’ and each R® is independently methyl or ethyl;

R’ is ~CH,-, or -CH,CH,-; and

R® is —(CH,)s- or —(CHa)4-.

The copolymer of claim 8, wherein:

monomer la represents about 20% to about 70% of the total weight of all

monomers present in the process;

monomer 2 represents about 10% to about 40% of the total weight of all

monomers present in the process;

monomer 3a represents about 5% to about 40% of the total weight of all

monomers present in the process; and

monomer Sa represents about 1% to about 20% of the total weight of all

monomers present in the process.

14.

A copolymeric composite material comprising:

an acrylic component; and

a silicone component;

wherein the acrylic component comprises a copolymer comprising:
an acrylate recurring unit; and

an optionally substituted vinylaryl recurring unit;
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wherein a portion of at least one of the recurring units comprises a
vinyldialkylsiloxy pendant group; and
a plurality of silicon-carbon covalent bonds between a silicon atom of the
silicone component and a carbon atom of the vinyldialkylsiloxy pendant group.
15.  An intraocular lens comprising a copolymeric composite material of claim
14.
16.  The intraocular lens of claim 15, wherein the acrylic component comprises

the following recurring units:

* l|3h2
RS o R’ 0
o o~ \/s< \/Sl\/\ \/s< \/s.\/\
3 4
R3 R R5 R5 or R4 R RG RG :
wherein R' and R? are independently C,.,, alkyl or optionally substituted
phenyl;
X is Cj4alkyl;
Y', Y2, and Y? are independently H or C,4 alkyl;
Ph' and Ph? are independently optionally substituted phenyl;

each R* and each R* is independently C,.4alkyl or

i O\Si X
/' \

R® R® .
each R® and each R® is independently, C,4 alkyl;
R’ is a covalent bond or C, alkyl; and
R®is C\ alkyl.

-58-



2010213730 03 Oct 2014

17.  The intraocular lens of claim 16, further comprising:

an anterior viewing element;

a posterior viewing element; and

a biasing structure connecting the anterior viewing element to the posterior viewing
element;

wherein the biasing structure provides a variable spacing between the anterior
viewing element and the posterior viewing element;

wherein at least a portion of at least one of: the anterior viewing element and the
posterior viewing element comprises at least a portion of the acrylic component;

at least a portion of at least one of the anterior viewing element, the posterior
viewing element, and the biasing structure comprises at least a portion of the silicone
component; and

at least a portion of at least one of the anterior viewing elément, the posterior
viewing element, and the biasing structure comprises at least a portion of the plurality of
silicon-carbon covalent bonds.

18.  The intraocular lens of claim 17, wherein the acrylic component comprises
at least a portion of the anterior viewing element or at least a portion of the posterior
viewing element, and the silicone component comprises at least a portion of the biasing
structure.

19.  The intraocular lens of claim 17, wherein the acrylic component comprises
at least a portion of the anterior viewing element and at least a portion of the posterior
viewing element, and the silicone component comprises at least a portion of the biasing
structure.

20.  The intraocular lens of any one of claims 17-19, wherein R' of the acrylic
component is n-butyl.

21.  The intraocular lens of any one of claims 17-20, wherein R* of the acrylic
component is ethyl and X of the acrylate component is methyl.

22.  The intraocular lens of any one of claims 17-21, wherein each R® of the
acrylic component is vinyldimethylsiloxy or methyl.

23.  The intraocular lens of any one of claims 17-22, wherein each R* of the
acrylic component is vinyldimethylsiloxy or methyl.

24.  The intraocular lens of any one of claims 17-23, wherein each R® of the

acrylic component is methyl.
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25. The intraocular lens of any one of claims 17-24, wherein each R® of the
acrylic component is methyl.

26.  The intraocular lens of any one of claims 17-25, wherein R’ of the acrylic
component is —-CHj,-, -CH,CH,-, or -CH,CH,CH,-.

27. The intraocular lens of any one of claims 17-26, wherein R® of the acrylic
component is -(CH3)3- or -(CH,);s-.

28. The intraocular lens of any one of claims 17-27, wherein X of the acrylic
component is methyl.

29.  The intraocular lens of any one of claims 17-28, wherein Y' of the acrylic
component is hydrogen or methyl.

30.  The intraocular lens of any one of claims 17-29, wherein Y? of the acrylic
component is hydrogen or methyl.

31.  The intraocular lens of any one of claims 17-30, wherein Y* of the acrylic
component is hydrogen or methyl.

32.  The intraocular lens of any one of ciaims 17-31, wherein Ph' of the acrylic
component is unsubstituted phenyl.

33.  The intraocular lens of any one of claims 17-32, wherein Ph? of the acrylic
component is unsubstituted phenyl.

34.  The intraocular lens of any one of claims 17-33, wherein the acrylic
component is a copolymer prepared by a process comprising:

reacting:
monomer la, monomer 2, and monomer 3a; and
monomer 4 or monomer 5a;

wherein monomer 1la is represented by a formula:

X

R1
0 o

3

monomer 2 is represented by a formula:
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35.
acrylate.
36.

methacrylate.

monomer 3a is represented by a formula:

Y1

Ph'

b
monomer 4 is represented by a formula:

Y2

RS 0
o o~ \/Si\/ \/s|\ X
R3 R3R5 R5 , and

monomer 5a represented by a formula:

Y3
"
R7 o)
\Si\/ \/s\/\
R4 R4R6 RS - and

R' and R? are independently C,.j, alkyl or optionally substituted phenyl;
X is Cj4alkyl;

Y', Y2, and Y? are independently H or C,4 alkyl;

Ph' and Ph? are independently optionally substituted phenyl;

each R® and each R* is independently C,.4alkyl or

N X
/\

RS RS .
each R® and each R° is independently C., alkyl;
R’ is a covalent bond or C,. alkyl; and

R®is C).6 alkyl.

The intraocular lens of claim 34, wherein monomer la comprises n-butyl

The intraocular lens of claim 34 or 35, wherein monomer 2 comprises ethyl
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37. The intraocular lens of any one of claims 34-36, wherein monomer 3a
comprises methylstyrene.

38. The intraocular lens of any one of claims 34-37, wherein monomer Sa
comprises methacryloxypropyltris(vinyldimethylsiloxy)silane.

39.  The intraocular lens of any one of claims 34-38, further comprising reacting
ethylene glycol dimethacrylate at any point in the process.

40.  The intraocular lens of any one of claims 34-39, further comprising reacting
2-[3-(2H-benzotriazol-2-yl)-4-hydroxyphenyl]ethyl methacrylate at any point in the
process.

41.  The intraocular lens of any one of claims 34-40, wherein the process
comprises a radical process initiated by 2,2’-azobisisobutyronitrile.

42.  The intraocular lens of any one of claims 34-41, wherein monomer la
represents about 40% to about 55% of the total weight of all monomers present in the
process.

43.  The intraocular lens of any one of claims 34-42, wherein monomer 2
represents about 15% to about 25% of the total weight of all monomers present in the
process.

44,  The intraocular lens of any one of claims 34-43, wherein monomer 3a
represents about 15% to about 20% of the total weight of all monomers present in the
process.

45.  The intraocular lens of any one of claims 34-44, wherein monomer 4
represents about 2% to about 20% of the total weight of all monomers present in the
process.

46.  The intraocular lens of any one of claims 34-45, wherein the plurality of
silicon-carbon covalent bonds comprise a covalent bond between an R® and a Z' or an R'°

andaZ’ina plurality of recurring units represented by a formula:
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I

7

R\&/D\%r/m\r/)%
/N, /\ N
R* RRe Re NMLm or

wherein Y is H or C,.4 alkyl;
Ph? is optionally substituted phenyl;
each R? and each R* is independently C, 4alkyl or

M/’O\\Si//§§§
/\

R® R® ; and
each R® and each R° is independently C,4 alkyl;
R’ is a covalent bond or C .6 alkyl; and
R®is C.6 alkyl.
R’ and R'? are C,Hy; and
Z' and Z? are each a Si atom from an H-Si moiety of the silicone component

wherein the H atom has been replaced with R’ orR".
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