WO 2006/ 039467 PCTI US2005/ 035152 -] Bi onedi cal Devi ces Contai ning
Amphi philic Bl ock Copolynmers FIELD OF THE | NVENTION This invention rel ates
to silicone hydrogels that contain anphiphilic block 5 copolyners as well
as met hods fwo 2608@bd46Pr 0duct i on and use. BACKGROUND OF THE %@% Cont act
| enses have been used commercially for vision |nprovenent S|nce east
the 1950s. The first contact |enses were nade of hard materials and as such
to were sonewhat unconfortable to users. Mddem | enses have been devel oped
that are nade of softer materials, typically hydrogels and particularly
silicone hydrogels. Silicone hydrogels are water-swol | en pol yner networks
t hat have hi gh oxygen perneability and suffaces that can be nore
hydr ophobi ¢ t han hydrophilic. CIhers have tried to make silicone hydrogel
contact |enses nore h [ tings
t hereto. For exanpl e, Wﬁ%ﬁﬁﬂ&h%&gﬁ Isc géxhﬁngY Plcorl5 ggogel | enses
can be nmade nore conpatible with ocular surfaces by applylng pl asma
coatings to the } t gy the lenses with reactive hydrophilic
pol ymers. Incorplgggﬁ)ola y hydrophilic wetting agents such as PVP
and pol y-2- 20 et hyl - Phipmzention redatesamsiligot yryveogels slipt eongaim érapttiphilicblockt 0 a
si |'i cone ;hydr ogel sed. Hi gh nol ecul ar
wei ght hydrophllf?:lggﬂ%ggywel éﬁéﬂ%ﬁsﬂ@ﬁm&%ﬁﬂugmﬁgéfﬁgl wetting agents (1WA
in silicone hydrogel |enses, however, such polynmers may be difficult to
solubilize in re%ﬂﬂﬁﬁkﬁ%ﬁb efat vaqun in silicones. In order to 25
sol ubi I'i ze these ™ wetting agents, conpd 11izing conponents nust be used.
These conpatibili zi n@om:@nteoseehzhsbmrstsedmnmee;@ltyéoimsmamepamaﬁemmaep and
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10 were somewhat uncomfortable to users. Modern lenses have been developed that

are made of softer materials, typically hydrogels and particularly silicone hydrogels.
Silicone hydrogels are water-swollen polymer networks that have high oxygen
permeability and surfaces that can be more hydrophobic than hydrophilic.

Others have tried to make silicone hydrogel contact lenses more hydrophilic

15 by applying hydrophilic coatings thereto. For example, it has been disclosed that
silicone hydrogel lenses can be made more compatible with ocular surfaces by
applying plasma coatings to the lens, and treating the lenses with reactive
hydrophilic polymers. |

Incorporation of internal hydrophilic wetting agents such as PVP and poly-2-

20 ethyl-2-oxazoline, and polymerizable surfactants into a silicone hydrogel reaction
mixture has been disclosed.

High molecular weight hydrophilic polymers have been used as internal
wetting agents (IWA) in silicone hydrogel lenses, however, such polymers may be
difficult to solubilize in reaction mixtures that contain silicones. In order to

25 solubilize these wetting agents, compatibilizing components must be used. These
compatibilizing components must be prepared in a separate step and then

subsequently mixed with the remaining ingredients of the silicone hydrogel



-2 formul ation. This additional step (or steps) increases the cost and the
time it takes to produce these |enses. Therefore it woul d be advant ageous
to find a lens formulation that does not require the use of surface

treat ment twopewwswEe” eye wettability and resistance to PEIR2SAISIS2
depositions. SUMMARY OF THE | NVENTI ON The present invention relates to
anphi philic bl ock copolyners for use in bionedical devices. 10 The present
invention further relates to wettable silicone hydrogels conprising at

| east one sil oxane conponent, at |east one anphiphilic block copolyner, and
a conpati bilizing conponent. The present i4ivention further relates to
silicone hydrogel contact |enses conprising a silicone containing
conponent, a conpati bilizing component, and an 15 anount_ of anphiphilic

bl ock copol ymer <Umflaions nkhisadditipral step(of pleps Brteases the eoséand thy time 1t fakgide t abl e
surface. DETAI LERrJae@hisEEhétl OF THE | NVENTI ON The present invention

conpri ses, consists of and consists essentially of 20 anphiphilic bl ock
copol yners for use i nihsredere&ivoxld kyadyaamgeous ipdingiadvhs deresfationythet dogssnof or med

froma m xture ofegiréihk heurERE raitRéd & FTOARDNE WeitabRiity aHBLARMCE toc bl ock
copol ynmer, and a conpatibilizing conponent. It has been found that

bi onedi c8l devi c&¥acedPostionsi cul arly ophthal mic devices, without surface
nodi fication nay be nmade by including an effective 25 anobunt of an

anphi philic bl ock copolgner and a cogﬁatibilizing conponent in a silicone
hydrogel formula . : ern>a " bi omedi cal device" is any article
that i's designed for HgGrestfiihvRnRintrbifes boRmBhipRNc Giﬁmgbl?ﬂe& rsawem or fluid
and preferably on or in human WO 2006/ 039467 PCT/ US2005/ 035152
biomedical devices.
10 The present invention further relates to wettable silicone hydrogels
comprising at least one siloxane component, at least one amphiphilic block
copolymer, and a compatibilizing component.
The present invention further relates to silicone hydrogel contact lenses
comprising a silicone containing component, a compatibilizing component, and an
15 amount of amphiphilic block copolymer sufficient to provide the contact lenses with

a wettable surface.

DETAILED DESCRIPTION OF THE INVENTION
The present invention comprises, consists of and consists essentially of
20 amphiphilic block copolymers for use in biomedical devices, and biomedical
devices formed from a mixture of a silicone containing component, an amphiphilic
block copolymer, and a compatibilizing component.
It has been found that biomedical devices, and particularly ophthalmic
devices, without surface modification may be made by including an effective
25 amount of an amphiphilic block copolymer and a compatibilizing component in a
silicone hydrogel formulation.
As used herein, a "biomedical device" is any article that is designed for use

while either in or on mammalian tissues or fluid and preferably on or in human
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-3 tissues or fluid. Exanples of these devices include but are not |limted
to catheters, inplants, stents, and ophthal m c devices such as intraocul ar
| enses and contact |enses. The preferred bi onmedi cal devices are ophthalmc
devi ces, pawQewb/aImer contact | enses, nost particul arly pearisagbkiolsgoses made
fromsilicone hydrogels. s As used herein, the terns "lens" and "ophthal mc
device" refer to devices that reside in or on the eye. These devices can
provi de optical correction, wound care, drug delivery, diagnostic
functionality or cosnetic enhancenent or effect or a conbination of these
properties. The termlens includes but is3pnot limted to soft contact

| enses, hard contact |enses, intraocular |enses, overlay |enses, ocular
inserts, 10 and optical inserts. As used herein the term"nononmer" is a
conmpound cont ai ntiseges at filiéaBtanpiee of fhede Yiewees frrbide buraceipt Hindedatn cathierage

nmol ecul ar wei ght. o bout | ess an 2000 | t.ons, .a§ neasure ia gel

per meat i on chrorfﬁ‘tplf’ﬁga T\ ﬁ‘?%aﬁ’a@%%WFVég?ﬁd‘&?oeﬂ%ﬁ%ﬁ38 .condﬁ‘fgs, nononer s
i ncl ude di ners alekes. IMTHe @sterted Hddedical govieds are dphthhludd degicds patieugelyer s made from
nore than one nonoperic unit. As used herein, th hrase "wi t hout a surface
treat nent " rreanscof’ﬁ&ttlelis?isemoﬂff“@?‘flﬂfy Oppstienses e ?’ﬁg‘ SH??\‘}?eclgg%égs't he present
invention are not sepansdddereid, tRadrme "lem" andTopktiamichievieetrtfabioldetiyesof t he
device. Treatnents vvhcjﬁéh narytgbe f.Qr egone becaus

) g of . thead%{oesentdi nvention
i nclude, pl asma PRENIFIRPLOT BYPP LSS IERFF A POEER OR T SSRE RSB | i ke,
However, coati ngaremiug delpiety didghopticcipgotibnadisy d@icbedetit Bittiandemgthitax effecositd abi [ i ty,
such as, but not limted to anti n‘i.c;g_Fi al coatings may be applied to devices
of the present AR teobPoRtites P e r RPN PUvitngdeta 0 6l scl osed
herein. For conpautacidenstsliird gontlctienses, entinodudsn Wneds, Gletlaydenses Sculdrents)| ecul ar
wei ghts_reported herei p.are 25 cal cul ated based upon the nol ecul ar fornul a
and repbtted in Rog2 BS pol ymers,  nol ecul ar wei ghts (wei ght aver age)
are measured via gel AgekdtaRicimihe tefth M'OomRRYI8PEYMothd @atainiey at Rd@¥nglet ect i on
and reported in po )lnge%ggblg éroﬁapr &dqgg\%lflargg gnolecular weight of about less than 2000
Daltons, as measured via gel permeation chromatography using refractive index
detection. Thus, monomers include dimers and in some cases oligomers, including
15 oligomers made from more than one monomeric unit.
As used herein, the phrase "without a surface treatment" means that the
exterior surfaces of the devices of the present invention are not separately treated to
improve the wettability of the device. Treatments which may be foregone because of
the present invention include, plasma treatments, surface grafting, coating and the
20 like. However, coatings which provide properties other than improved wettability,
such as, but not limited to antimicrobial coatings may be applied to devices of the
present invention.
Various molecular weight ranges are disclosed herein. For compounds
having discrete molecular structures, the molecular weights reported herein are
25 calculated based upon the molecular formula and reported in gm/mol. For polymers,
molecular weights (weight average) are measured via gel permeation
chromatography refractive index detection and reported in Daltons or are measured

via kinematic viscosity measurements, as described in Encyclopedia of Polymer



via kinematic viscosity neasurenents, as described in Encycl opedi a of

Pol ymer WD 2006/ 039467 PCT/ US20051035152 -4 Sci ence and Engi neeri ng,

N-Vinyl Am de Pol yners, Second edition, Vol 17, pgs. 198-257, John Wley &
Sons Inc. avorwpedvsed i n K-val ues. As used herein, the tpefisiddsesstsa
copolynmer” is used to describe copolynmers having sequentially arranged

noi eti es or blocks which are conposed of snaller 5 repeating units. The
anphi philic bl ock copolynmers herein conprise silicone blocks and
nonsi | i cone bl ocks. The bl ock copol ynmers can be represented by the foll ow ng
structures: A-B structures, containing twp bl ock segnents; A-B-A, containing
three block segnents, and -(A-B), , wherein nis an integer of 2 or

greater, containing nultiple blocks. 10 The segnents A and B are |inked

t oget her t hr ouglscindeand Ehfindering, NIV Tyl Adiflle @blymak] Secom dddtian/YsiNnolpgzabl e bond

is a coval ent ban 2 t is.insignificantl cl eaved by an ordi nary aqueous
or sol vent hydr dP@'%% ??}E‘a@tl?y Sops Ipc. a reb‘i&eg&’gﬁélﬁes' about 6 and about 8.
Speci fic bonds that ak@sed@sreiy e it Z616¢kecopdlPmés BRed 16 dbdifibecopslipintrsed i n t he
art and include amides, esters, ethers aﬁﬁ k?e Jﬁke. 15 6£ on- hydrol yzabl e
bond bet ween sed’ﬁ’éﬂ% eapeng _ aErangpdimpaietiss Ft Whig U8 EYHRAEEY T8I yner can be
fornmed by polynBégeatingdings. smetaaighigmhvslbambélyﬁgrs HEISIABhprisa sllibéhedIRBENCE Of a
suitably functlongllzed hydr opho |ﬁ6nacr0|n|t|ator such that a bl ock of
units of the hydnbpmsiienciishetheglogheorppairscapbeToprRseated by iR &8s i zat i on
of the hydr ophoRirgetifes MOB BirichaésDEontaBikipl t0 bR B mehtE] A-Bak QbftaidRg e ude a
thermal 'y or photochenmically activatable radjcal initiator group. The
initiator group HSKkFsEMERt: a8 &) mPAESEUS AR INREET 29T BTEAETHFONANEE way t hat
provides a covangiple MBEshydrol yzabl e bond between the termnal group of the
hydr ophobic nmacroinitiator and the fjrst hydrophilic nopoper formng the
growi ng*%egment  dur ??Fg?eﬁﬁ‘é“tﬁﬁﬁﬂq 9ﬁ§rh“§%€ltt? of Brough & Bond tha 1y 1em- anphi phi lic
bl ock copol yner hyddiykibld. SA AbrSKydREabIE béhdlida EdvaRabhNBa TP REIERIcAYYy | Ng t he
copol yneri zation, such . . ,
cleaved by an ordinary aqueous or solvent hydrolysis reaction, e.g. at pH between
about 6 and about 8. Specific bonds that are non-hydrolyzable are known to those
skilled in the art and include amides, esters, ethers and the like.
15 A non-hydrolyzable bond between segments A and B in the amphiphilic
segmented copolymer can be formed by polymerizing a suitable hydrophilic
monomer in the presence of a suitably functionalized hydrophobic macroinitiator
such that a block of units of the hydrophilic monomer grows from the site of
functionalization of the hydrophobic macroinitiator. Suitable macroinitiators
20 include a thermally or photochemically activatable radical initiator group. The
initiator group is linked to the hydrophobic macroinitiator in a way that provides a
covalent non-hydrolyzable bond between the terminal group of the hydrophobic
macroinitiator and the first hydrophilic monomer forming the growing segment
during the copolymerization for preparing the amphiphilic block copolymer.
25 It is_ also possible to change the monomer during the copolymerization such
that, for example, first hydrophilic segments A are grown on a preformed
hydrophobic segment B and then hydrophilic segments A’ are attached to the
termini of the earlier prepared segments A. Similarly, a hydrophilic segment AA’



that, for exanple, first hydrophilic segnments A are grown on a preforned
hydr ophobi ¢ segnent B and then hydrophilic segnments A' are attached to the
termini of the earlier prepared segments A Simlarly, a hydrophilic segnent
AA WO 2006 MBWABBMSET/ US2005/ 035152 -5 can be grown onPET/HFWPHIEA

hydr ophobi ¢ segnment B, by simultaneously using 2 or nore hydrophilic
nmononmers. Accordingly, the anphiphilic block copolyner may consist in one
enbodi ment of one hydrophilic segment A and one hydrophobic segnent B (A-B-
5 type, diblock), or of one hydrophobic segnent B and two hydrophilic
segments A attached to its ternmini (A B-APfype, tri-block). In another
enbodi nent, the anphiphilic block copolyner may consi st of one hydrophilic

segnment AN nmade f¥0n12 or nore q¥€%8£$iLic non rs. aEd Onﬁ%h¥ﬁr° hobi ¢
segment B (A - B2 PGB8 AP BPEERCT BHIBHoRs ¥Rt o R OB L= BNHIEA Shnd ¢ wo
hydr ophi | i ¢ segrmétt fydddphilidnaiotmegshed to its termni (AA -B-AA, tri-block).
Additionally the anpgb hilic Iocﬁ.ﬁa b rs.are substantially non-
pol yneri zabl e. As us Bﬁ@P@Vﬁ?C ﬁg”éFEVmHHH?BBYQWEFV?QHPe means t hat
when the anphi pidotignchl sToke ByipaphilidBEgineal £ afidny hpdrogdbic\skgdnlienoOB &1B-
pol yneri zabl e conpqnents, the anphiphilic bboc copol r's are, incorporated
into hydtogel i sty?eo&ﬂﬁplé?t ?rdﬁgn‘?/\]i'yﬁﬁ’@b IGICRRT P fw%%(fié%gﬁ‘t: SEESIATEAY to the
hydrogel . The ahséhee tdits teraii@MAIB-8aRite, €iBIkE Mh aheihdienBodRamsthé hat while a
m nor degree of coyal ent bondi may be present, '@ is incidental to the
retention of th ﬁﬁh#FﬁEqﬁB%ER“%%ﬁEW?ﬁQPmﬁpﬂ“?h © fSEA1B rix.
\é\hat e}/ ;ar i nci denfeah 2 Qﬂmaﬂeﬁ@&roﬂﬁlﬁﬂhﬂ@fr{éﬁ)ﬁg{)&eﬂfﬁﬁﬁhﬁbﬁc deﬁmeMﬂBL(lﬁﬁ’-lBOt hbé it s;al f
e sufficient to reé,'n’t e a iphjlic OCE cqpol yner in the 20 hydroge
matri x. |nstead, Y8 Sl?&@t ?r)/’fﬁg‘g@@ﬁﬁph%{’ﬂ‘i fgmett é’@? P‘%‘ééﬁ“ﬁ’@“‘? KEEERS Y phi | i c
bl ock cepol yner asaee taitsaemibii AAL-BaAATydiRlgRd. i s entrapment. The anphiphilic
bl ock copolyner is ;%HLrapPed", ac %rdin to this specification, when it is
physical Iy retai ned Aff¥iRM4 yéhwwg £ bh‘ﬁ’% fapQlymersiae substapially 83 ent angl enent
of the polymer polymerizable. As used herein, substantially non-polymerizable means that when
the amphiphilic block copolymers are polymerized with other polymerizable
components, the amphiphilic block copolymers are incorporated into hydrogel
15 formulations without significant covalent bonding to the hydrogel. The absence of
significant covalent bonding means that while a minor degree of covalent bonding
may be present, it is incidental to the retention of the amphiphilic block copolymer
in the hydrogel matrix. Whatever incidental covalent bonding may be present, it
would not by itself be sufficient to retain the amphiphilic block copolymer in the
20 hydrogel matrix. Instead, the vastly predominating effect keeping the amphiphilic
block copolymer associated with the hydrogel is entrapment. The amphiphilic block
copolymer is "entrapped", according to this specification, when it is physically
retained within a hydrogel matrix. This is done via entanglement of the polymer
chain of the amphiphilic block copolymer within the hydrogel polymer matrix.
25 However, van der Waals forces, dipole-dipole interactions, electrostatic attraction
and hydrogen bonding can also contribute to this entrapment to a lesser extent.
The polymer that makes up the hydrophobic segment B usually has a number
average molecular weight Mn in the range from about 500 to about 50,000,



chain of the anphiphilic block copolymer within the hydrogel polymer matrix.
25 However, van der Waals forces, dipole-dipole interactions, electrostatic
attraction and hydrogen bonding can also contribute to this entrapnent to a
| esser ext eMO.20044B%94$3| ymer t hat nmakes up the hydr ophobi cPEEYS2808/03BI5AS Ual | Yy
has a nunber average nol ecul ar weight Mi in the range from about 500 to
about 50, 000, WO 2006/ 039467 PCTI US20051035152 -6 preferably in the range
from about 800 to about 30,000, nore preferably in the range of about 1,000
to 20,000, nost preferably in the range from about 2,000 to about 12, 000.
The length of one or nore segnents A or AA- which are to copol ynerized on
the starting hydrophobic segnent B can be easily controlled by controlling
the s amount of hydrophilic nononer which is added for the copol ynerization.

In this way thePr&femblydn the paes Bemrabrus S00He abayei G000 anprs PEeApratie indhasiange

control |l ed. Aftegrabfih YOP®IoI202b0, MbsPrefbAbly YHE ARN frdifk 260U 08U B absut CONPI et e,
the resul tant anphi ic block copolyners have a wei ght average mol ecul ar

hi |
wei ght sufficien lo@Bclﬁh@clﬁ%ﬁﬂl afang or pES SEEMSNYS AT A oThjheATs to spRAlY SRRt por at i on

to silicone hydrQagd stf:hdMlaaiph&S segthCntiB 8, ey@asfqmnﬂ@méd%picbﬁ&mhgfmet he cured
silicone hydrogels. Suitabl e weight average nol ecul ar weight for the

anphi phidic copoimayeief hydrophilicanenomenyhickisddded fgdhayppolymatizafers - In iy e

preferably betwegsy ROQM or Qe SRitdAd ARA WtioaPBbalBQ ok 1e@NA fiedTOT €
preferably still between about 140,000 to about 1,000,000 Daltons, nost

preferably aboutolyrsgzam of e fpdophiligeonomers pedompleds, theresuligat prhinkilier age

nol ecul ar  wei ghtyeckicspopithdrehdve a HERMNveraBd maBRIt: Riight Safftlide kuck BRAMMTET
i ncl ude from about 2 ?o about 15 wei ght percent, nore preferably about 4 to

about 15 per centamphiphilic cppabyreqranoy ingppartion o siligensdiydrogel ferpalatiens, al | based
upon the, total wWeihaRt wfwerhilit SAGHE tiBd siﬁ&HPQﬂﬁcg;%ﬁ: SUil® 1R BRidgh C bl ock
copol yner contai ns1 hYdr ophob; C segnents derived 20 1; rom pol 3/S| ['oxanes, such
as, for exanpl e, melprulaswstghtior the smphiphilic qopelymern & sqatep thyn abduh 10080 yner i zat i on
of am nopropyl tg1¥haaicatPRlbH bR LY idbi 18Y,86Ft0 GERIVED0EO6D Haltbns, more
preferably still between about 140,000 to about 1,000,000 Daltons, most preferably
about 180,000 to about 500,000 Daltons (all weight average molecular weight).
15 Suitable amounts of amphiphilic block copolymer include from about 2 to
about 15 weight percent, more preferably about 4 to about 15 percent, most
preferably about 5 to about 12 percent, all based upon the total weight of all reactive
components.
The amphiphilic block copolymer contains hydrophobic segments derived
20 from polysiloxanes, such as, for example, the product resulting from the step growth
polymerization of aminopropyl terminated polydimethylsiloxane (PDMS) and 4,4'-
Azobis(4-cyanovaleric acid) derivatives.
Suitable polysiloxanes include blocks may be formed from silicone
compounds with one or more reactive groups. Examples of such silicone
25 compounds include linear polydimethylsiloxanes with terminal reactive groups.
Reactive groups that may be useful include hydroxyl, carboxyl, amino, hydrosilyl,
vinylsilyl, isocyanato, azo, acid halide, silanol and alkoxysilyl groups. The silicone

groups may be positioned either in the primary chain or pendant to the primary



Azobi s(4-cyanoval eric acid) derivatives. Suitable polysiloxanes include
bl ocks nay be formed fromsilicone conpounds with one or nore reactive

gr oups. gg;es of such silicone 25 conpounds include |inear
pol ydi met hyMQ08(®¢S with terminal reactive groups. ReBETUS§20HIUBs t hat
may be useful include hydroxyl, carboxyl, amno, hydrosilyl, vinylsilyl,

i socyanato, azo, acid halide, silanol and al koxysilyl groups. The silicone
groups nmay be positioned either in the primary chain or pendant to the
primary WO 2006/ 039467 PCTI US2005/ 035152 -7 chain. These silicone conmpounds
may thensel ves be formed by any of a nunber of methods known to those
skilled in the art, including condensation, ring-opening equilibration, or
vi nyl polynerlzatlon fromstarting naterlaﬁf suc

as
oct amet hyl cycl ot Stafadiess,siijene %mgowgmasmhﬁfa Nl {Amdahwwf Hrebefane:

1,3-bis 5 hydr oxypih6edknbRh toAh®se bmhai if tleQitAREudiRY &dﬂh&i&ﬁ%hriﬁ{gt%hﬁhé ane,
1,1, 3, 3- tetranethyld|5|loxane 4,4 - azobls(4 .cyanoval erj ¢ aci d)

t ol uenedi i socyangiudibratioa, gy N’&V@?@ﬂ‘i‘?’éﬁ’@? garting materials such as

1, 3-bis-vinyltet BQMtﬁWdydlo&hhﬁ%ﬁdihe,’ 1,Bbis-aminopropyltetramethyldisiloxane; 1,3-bis-

nethacryloxyprop ltris(trinmet I5|ony )silane; pentaneth Id|5|loxanyl
nethylneﬁhacrylaxﬁkmﬁﬁﬂpﬂﬁFﬁyﬂ%W€¥4W%¥&ﬂ&@%@pﬁﬁgyﬁﬁPﬁab} Poxymet hyl ~si | ane;

10 nononet hacryl mraétﬁﬁmlsuax@ﬂerm na&z%as(a%afowmbtaxéid) t @mahémﬁ&daglanate
pol ydi nmet hyl si | oxane; 3-[tris trlneth | si | oxy) gropyl aIIyI car banmat e;

3- [tris(trimet hipPriormsdisggypsate ]13&%1593{“69%? yl@a}oasg}?a trimethylsilylethyl
vinyl carbonat emeihﬁdrﬂ@iﬁ gs}uﬁ%dnﬁﬁthgmhmegpsnm{e ﬁeﬂfahﬁﬂ?Idi%ﬂoﬁiﬂﬂl 2- propenoi ¢

acid, 2-nethyl - ydr oxy- tetrameth

[trinethylsilyl )alfwla}e&%l,e&nwd]rmﬂey%methﬁmbmwtha%lp&mﬂ%alaesnb. nati ons

t her eof ;4 An exanpbfondthabHfox dwl&eaqmnadax%wmmypteﬁ@wt also referred to
as nacro azo initiator or op. hobic macro azo initiator is shown in

Formul ae |. O CHlydimgh D‘FW@H@ pretrigityametieylyilexygilyl] prepy] iyl gacapmate; 3- NH( CHZ) 3
$1iO1: li-(CHZ) fh¥tkrimethylsiloxy)wily1] propyl vinyl carbamate; trimethylsilylethyl vinyl

carbonate; trimethylsilylmethyl vinyl carbonate; and 2-propenoic acid, 2-methyl-2-
hydroxy-3- [3-[1,3,3,3-tetramethyl-1- [trimethylsilyl)oxy]disiloxanyl]propoxy]
15 propyl ester, and combinations thereof.
An example of the resultant hydrophobic segment, also referred to as macro

azo initiator or hydrophobic macro azo initiator is shown in Formulae I.

0 CH, CH3 CH; \ CH,
HO (CH,)Z—J:—-N=N—é-(CHZ)2-A—NH(CHz)s—Jl—o 5!1—0 41—‘(CH2)3NH I

N N H, H, H,
X n

20
Under the appropriate reaction conditions the hydrophobic macro azo
initiator can be thermally or photolytically cleaved to generate a free radical species
that is capable of reacting with hydrophilic monomers to form the desired
amphiphilic block copolymer.
25 The hydrophobic segment comprises about 1 to about 20 weight% of the
amphiphilic block copolymer and preferably between about 2 to about 15 weight%.



& CN CH3 bH3 x CH3 n 20 Under the appropriate reaction conditions the

hydr ophobi ¢ nmacro azo initiator can be thermally or photolytically cl eaved
to generate a free radical species that is capable of reacting with

hydr ophi | i c WOAH83%6% 0 f orm t he desired anphi philic bl ®sR/Eemslogarsr . 25
The hydrophobi ¢ segnent conprises about 1 to about 20 wei ght % of the

anphi philic bl ock copol yner and preferably between about 2 to about 15

wei ght % WD 2006/ 039467 PCT/ US2005/ 035152 -6 The anphi philic bl ock

copol ymer al so contains hydrophilic segnents. Exanples of hydrophilic
segrments include but are not limted to seégnents derived from polyani des,
pol yl act ones, pol yi m des, polylactans and functionalized polyam des,

pol yl act ones, polyim des, | act ans, such as pol i nyl pyrrolidinone s
(PVP), ionic polymersThe 119 i blogk ?RPPW@T%}#%E@IHEKY%?HMMSWH{%H eof and

the like. Exanplggnais o?%&&réﬁﬂ?c dePdrfts RALETRL ste h&‘h‘nﬂt@&*to s@gﬁlexﬁsr i@t 1imted

to poly(acrylic acid (nethacrylic acid). Exanples of suitable

hydr ophi | i ¢ pol y&emyo sies,lpﬁbfi/ae@éesbmpﬂyl@rdés polylaptams endfuncgopmbiesdacr y| at es and
pol ymet hacryl at egol yahiaLs, ﬁoﬁylacﬁ&ley 'ﬂﬁ%ﬂl@&%dlﬁ&tﬁﬁ@é&g% po (ViR pyRSRIRIE: DY

initiating the p Iyrrerlzatlon using the macro azo inirtiator of
For mul aesl, anmphi@{R) iogic AOleaIiﬂdl}’ﬂFOBhllﬂ\c mlmwl%@aempmtrogs therepipndithedike. || and

11 are formed.  Sorafhid of Shith 58 phChiR g B Ao GERAAR 0 0 120

NH( CHz) ~ 5i - O $i amdi aHd @Hy@@ﬂﬁcxymczd)cﬂmlesmf puitalp hygjrophdticgiolymerylates
include but are not limited to polyacrylates and polymethacrylates, such as
polyHEMA and its analogs.

10 For example, by initiating the polymerization of NVP using the macro azo
initiator of Formulae I, amphiphilic A-B and A-B-A block copolymers of Formulae
I and III are formed.

cH, /cH,\ cH,
—(CH-CHZ)-E(CHZ)Z -NH(CH2)3—41—O d—o §1—(CH2),NH2 i
s b W) b

0 CH, [cH,\ CH,
H-CHZ)—E-(CHZ)A NH(CH,_)_-,-—gl—O d—o Jx—(CHz)aNH (CHy)y- é—(cnzcu%
b, \dw, ) &

H; / CH;

x=20-150
y+z=150-2,000
15

Those of skill in the art will recognize that molecular weights of the
hydrophilic segments in the above structures will vary depending on the reaction
parameters, such as amount of macro azo initiator present, reaction temperature, and

hydrophilic monomer concentration.



3 K3 N \/v-O ~VI x = 20-150r y + z = 150-2,000 15 Those of skill in the
art will recognize that nol ecular weights of the hydrophilic segnents in

t he above St&ﬁé@ S5 wi |l vary depending on the reaction araneters, such
as anount of 683%5T i nitiator present, reaction tenperBlyS2005/93%52

hydr ophi Il i ¢ nononer concentration. WO 2006/ 039467 PCT/ U52005/ 035152 -9 The
preferred hydrophilic segnents are those that contain N groups in their
backbone or pendant groups. Hydrophilic segnments include but are not limted
to segnents derived from pol y-N-vinyl-2-pyrrolidone,

pol y- N-vi nyl - 2- pi peri done, pol y- N-vi nyl -2=capr ol act am

pol y- N-vi nyl - 3-met hyl - 2- caprol actam pol y-Nvinyl -3 5 nethyl - 2- pi peri done,
pol y- N-vi nyl - 4- et hyl - 2- pi per.i done, . pol y- N-vi nyl nmet h 2-cap 0I act am

pol y- N-vi nyl - 3- et hyl - ilepff)’;‘?lﬁeh}’@@??éhc S&ﬁﬂe%ﬁr?ﬂlflﬁe\ﬂi‘aﬁwm"ﬁg 2-

pyrrolidone, pol Vackbohke bﬂp&a&@g@upsp@iyumbhlm gkl i mas Udt afélndﬁhmlted to
pol y-N-vinly- nmet hyl acet am pol yvi nyl al cohol acr%l i.c acid,

pol ynet hacryl | c seemants desived FomPel iRy 2-Raratideneypoly- )"m FsRiRsridEes n g

copol yners there 1y-1\Pvlﬂ>f1atda9f$1ab@mp§d1ymeﬁﬁyumﬁémgqla -cayreaoRi] ;Ldl}ﬂNFiﬁﬂyYHEF s
conprising poly-N-vinylpyrrolidone (PVP), N- et hacry nt}l

pol y- N- vBnyl - Ne ndetyl plaeridens @o WMV Eybmaty %WgendPH%P%TN'&P@JL’&F Yeul ar y

preferred. Asidexkinomdtie, pangvfdypﬁEdh%m@gﬂaldaﬂa) ) BhdpYly- Nsm@h%kmﬁa@ﬁl ymers,

it is expected that any a sef ul |nth|s
invention is pr %myarehdqnﬁ@@npwhmgda@&? Bk Iﬂﬁiﬂm‘?%yl‘i:ﬂrﬂ%rﬂld?:@ﬁm fo’é‘Iy N5 added

to a silicone hyﬂx@ﬁagﬁéednqawbmlhﬂmcoﬁd}qaowm?hmid bélyhbtaskylicapial ymer (a) does

not substantially &ase separate fromthe reaction mxture and (b) inparts

wettability to tPey(edrorvethy eth%?ﬂ@ﬂe)p’@}%iﬁran FopolyBIsEs theteRbafsemed it is
preferred that tBhaymaemhicRbé hydeophliRklymers comprising poly-N-vinylpyrrolidone (PVP),

poly-N, N-methacrylamide, poly-N-vinyl-N-methylacetamide and combinations
thereof are particularly preferred.

Aside from the specifically named amphiphilic block copolymers, it is
expected that any amphiphilic block copolymer will be useful in this invention

15 provided that when said amphiphilic block copolymer is added to a silicone
hydrogel formulation, the amphiphilic block copolymer (a) does not substantially
phase separate from the reaction mixture and (b) imparts wettability to the resulting
cured polymer. In some embodiments it is preferred that the amphiphilic block
copolymer be soluble in the diluent at processing temperatures.

20 In addition to the amphiphilic block copolymer, the hydrogels of the present
invention further comprise one or more silicone-containing components and,
optionally one or more hydrophilic components. The silicone-containing and
hydrophilic components used to make the polymer of this invention can be any of
the known components used in the prior art to make silicone hydrogels. These terms

25 silicone-containing component and hydrophilic component are not mutually
exclusive, in that, the silicone-containing component can be somewhat hydrophilic

and the hydrophilic component can comprise some silicone, because the silicone-



copol ymer be soluble in the diluent at processing tenperatures. 20 In
addition to the anphiphilic block copolyner, the hydrogels of the present

i nvention further conprise one or nore silicone-containing components and,
optional |y o¥@28f6/08%6€ hydrophilic conponents. The silicoMa/EBMSABIIFNg and
hydr ophi l i c conponents used to nmake the polyner of this invention can be any
of the known conponents used in the prior art to nake silicone hydrogels.
These ternms 25 silicone-containing conponent and hydrophilic conponent are
not nmutually exclusive, in that, the silicone-containing conponent can be
somewhat hydrophilic and the hydrophilicl€onponent can conprise sone
silicone, because the silicone WO 2006/ 039467 PCTI US2005/ 035152 -10
cont ai ni ng conponent can have hydrophilic _groups and the hydrophilic
conponents can WKeRf&nisg poreRamentrmbgYs hydrophilicegroups and the RedrertiicHoppprgnts

conponent (' s) andCQMQ§99n&hg%mﬁﬁgponent(s) can be reacted prior to
pol yneri zation to forma prepolynmer which is |ater polynerized 5 in the

presence of a dil uentFurler, silipaneisentpiping peppopentishand hydrophilis campongai(s can
prepol ymers or nRe el sridtEpdihdization atl(% ﬁﬁﬁ%ﬁe‘ﬁ&l&ﬁ@r WRcHPRIXFBbIyAeiAl | east

one silicone-containing nononer and east onhe hydrophilic nononer in the
presences of t he itthe preprnce gfiacdilaend ta fasn S polygeraf danmEentiphgWhtthoner s and t he

hydr ophi l'i c mng@%%@sfoi BhorohbtS ale @Bt {sHrdriraREpRErRE B 1B &RMPONENt s”  and
"hydrophilic io conponents” 1 nclude nononers, macronononers and prepol yners.

A si | i cone- cont aisiicong-copipgaranomer apf at leaseane dpdrerhikismenomeg iighe RIPRENE- Sj -
O-Si] group, in @r{eRRMES, wh@ﬁﬁlrtﬂf{@lﬁco%-cdﬂ{aﬁﬂﬁg HoBMmersPng iR h3Mbyhilid he S and

attached 0 are pr esent In the si |gqr_1e- cont al ni ng corrp(,)’nen"g I'n an anount
greater than 20 mgapgers difter.cEistterms neiliGepe-eongrininggoznpoyenty aad ‘dwdropiahc 30 wei ght

percent Qf the agohpnhtsREEEtheHomeR! HitorinomBS afd prefdifer§ONt ai ni ng
conponent. Useful silicone- containing conponents preferably conprise

pol yneri zabl e funct i ofailicgiccnopginingepmpanentigenp|that eontapsat leest phateSi—acr yl ani de,
met hacryl am de, RV&i¥oup,afh HShorhbr thdtYdr@TbARepolymer. Preferably, the Si and
attached O are present in the silicone-containing component in an amount greater
than 20 weight percent, and more preferably greater than 30 weight percent of the
15 total molecular weight of the silicone-containing component. Useful silicone-
containing components preferably comprise polymerizable functional groups such as
acrylate, methacrylate, acrylamide, methacrylamide, N-vinyl lactam, N-vinylamide,
and styryl functional groups. Examples of silicone-containing components which
are useful in this invention may be found in U.S. Pat. Nos. 3,808,178; 4,120,570;
20 4,136,250; 4,153,641; 4,740,533; 5,034,461 and 5,070,215, and EP080539. All of
the patents cited herein are hereby incorporated in their entireties by reference.
These references disclose many examples of olefinic silicone-containing
components.
Further examples of suitable silicone-containing monomers are

25 polysiloxanylalkyl(meth)acrylic monomers represented by the following formula:

Formula IV



and styryl functional groups. Exanples of silicone-containing conponents
which are useful in this invention may be found in U S. Pat. Nos.
3,808, 178; 4,120,570; 20 4,136, 250; 4,153,641; 4,740,533; 5,034,461 and
5,070, 215, AH428EHBVE539. Al of the patents cited herei RCEUS2008/PISHS?
incorporated in their entireties by reference. These references disclose
many exanples of olefinic silicone-containing conponents. Further exanples
of suitable silicone-containing nononers are 25
pol ysi |l oxanyl al | cyl (nmeth)acrylic nononmers represented by the foll ow ng
formula: Fornmula IV WD 2006/ 039467 PCT/ t/52005/ 035152 -11- O Z
X-(CH2)j-Si (OSi RIR2R3) 3 wherein: Z denotes H or |ower alkyl and preferably
H or nmethyl; X denotes 0 or NR4; each R4 independently denotes hydrogen or
methyl, s each R -R3 independent!yjdenotes a | ower al kyl radical or a phenyl
radical, and jislor3tol0. Exadpl of these polysil oxanyl al kyl
(nmet h)acrylic nononmers include t &dCMDpSW@$E¢@@R%giS(trinEthyIsiony)
si | ane, pentanet hyl di si | oxanyl t hyl net hacryl ate, and
met hyl di (trinmethyl sil oxy) met hacryl oxynmet hyl silane. 10 Met hacryl oxypr opyl
tris(trinethylsiloxy)silane is the nost preferred. One preferred class of
si | i cone- cont ai niwhgeiooiipemnen Heor ieveaalkygahd prefeghlyds o1 mothyleX deroggs @ orner
rO'eI'IpE (eSRS;] E id by F%ET;%LC% Ié"incggernrglélrlltﬁy d\f{notgs%y(lirsgénsor mlethlyl, A-(R9)-Si-[CSI [ m

5 each R'-R? independently denotes a lower alkyl radical or a phenyl radical, and

jislor3to 10.

Examples of these polysiloxanylalkyl (meth)acrylic monomers include
methacryloxypropy! tris(trimethylsiloxy) silane, pentamethyldisiloxanyl
methylmethacrylate, and methyldi(trimethylsiloxy)methacryloxymethyl silane.

10 Methacryloxypropy! tris(trimethylsiloxy)silane is the most preferred.

One preferred class of silicone-containing components is a

poly(organosiloxane) prepolymer represented by Formula V:

Formula V
Rs 7 5
I
A—(Re)—8i—[08i]—O8i—(R3)—A
I
15 wherein each A independently denotes an activated unsaturated group, such as an

ester or amide of an acrylic or a methacrylic acid or an alkyl or aryl group
(providing that at least one A comprises an activated unsaturated group capable of
undergoing radical polymerization); each of R®, R® R” and R® are independently
selected from the group consisting of a monovalent hydrocarbon radical or a halogen
20 substituted monovalent hydrocarbon radical having 1 to 18 carbon atoms which may
have ether linkages between carbon atoms;
R’ denotes a divalent hydrocarbon radical having from 1 to 22 carbon atoms,

and m is 0 or an integer greater than or equal to 1, and preferable 5 to 400, and more



R6 | R8 R6 15 wherein each A independently denotes an activated unsaturated
group, such as an ester or amde of an acrylic or a nethacrylic acid or an
al kyl or aryl group (providing that at | east one A conprises an activated
unsat ur at ed P sWp0¥4¢abl e of undergoi ng radi cal pol ymer iPcanisesvsn3sesech of
R5, R6, R7 and R8 are independently selected fromthe group consisting of a
nonoval ent hydrocarbon radi cal or a hal ogen 20 substituted nonoval ent

hydr ocarbon radical having | to 18 carbon atons which may have et her

| i nkages between carbon atons; RO denotes a dival ent hydrocarbon radical
having from|l to 22 carbon atonms, and mi% 0 or an integer greater than or
equal to 1, and preferable 5 to 400, and nore WO 2006/ 039467

PCT/ US2005/ 035152 -12 preferably 10 to 300. One specific exanple is a, a

- bi snet hacr yl oxypeforsply 1gde 300. @naspeaific skamplain @, ©-hismethesrylpxyptapyl rady-exanpl e i s

nPDVS  (nononet h : 0 ! Q- tyl term nated
pol ydi met hyl si | o@%ﬁé&gﬁs&&kh%g%%gg ﬁ&g?lgisgggqﬁmg?l i cone contai ni ng
conponent s i ncl u@esongthicederypropyritrminated gnopp-mybiutyt teryivaied e or vi nyl car bamat e

nononers of the | OW la: Formula VI z 01 H2C=1 -(CH2)g-O I
dlﬂ%h ok iHe| L Lo
l-Y1 RS1 d v\,herlge(’lq)}lh:1 }ger?g%{gs 0, Sor NHL RS denotes a silicone-containing

organi ¢ ¥adical; R ¥notherusefubcling df vligone enntafiningomabiepts includds pilieoher ably H or
methyl; dis 1, O 4 ' ' b i = t ai ni ng
organi ¢ radi cal sgoﬁgﬁm%‘gl?y& 8%9%% F gﬁ]gc\i%n% %rag'te t ?‘H@é%%{‘f‘?’M%?ﬁf@% - (
CH2) gSI ( OSi ( CH2) s CH3 Farmk ¥l
HoC==C—(CHp)y—0—C—| R®
d
wherein: Y denotes O, S or NH; R¥ denotes a silicone-containing organic radical; R
10 denotes hydrogen or lower alkyl, and preferably H or methyl; dis 1,2, 3 or4; and q

is 0 or 1. Suitable silicone-containing organic radicals R¥ include the following:

—(CH2)¢Si[(CH2)sCHals ;

—(CHy)¢SI[OSi(CH2)sCH3l3 ;

[?10
—(CHap)g ?iO R10;
R10
e
R10| R10
—(CH)gr—SiOT-SH—R10
im iw
e
wherein;
15 R denotes

'—(CHz)iS_" O0—C— CH'—-CH2



-(CH2 g SO Ro RI0O e RoRI0O -(CH2 q ?i-Ro RIORIO e wherein: .1s R10
denotes -(CH2)p O C CH=CH2 WD 2006/ 039467 PCT/ US2005/ 035152 -13 Wherein p
is 1 to 6; or an alkyl radical or a fluoroal kyl radical having 1 to 6
carbon at onsyo 2006/839367t 0 200; q is 1, 2, 3 or 4; and s ispRykedossssz 4 Or S.
The silicone-containing vinyl carbonate or vinyl carbamate nononers 5
specifically include:

1, 3- bi s[ 4- (vi nyl oxycar bonyl oxy) but - 1-yl Jtet ranet hyl -i si | oxane

3- (vinyl oxycarbonyl thi o) propyl-[tris (trimethylsiloxysilane]; 3-
[tris(trimethylsiloxy)silyl] propyl allyljscarbanate;
3-[tris(trinmethylsiloxy)wlyl] propyl vinyl carbamate; trinethylsilylethyl
vinyl carbonate; trinmethylsilylmethyl vinyl carbonate, and 9 GH3 EIl 3 H3
CH2-CHO QCH2)y I i- i-(CH2)4 OCH=CH2 H3 3 H3 25 10 Anot her cl ass of

si licone-containing conmponents includes conpounds of the follow ng
formul ae: Formul ae VWheresnpis 1 to 6; or an alkyl radical or a fluoroalkyl radical having 1 to 6

carbon atoms; e is 1 t0 200; qis 1,2,3 or4; andsis 0,1,2, 3,4 or 5.
The silicone-containing vinyl carbonate or vinyl carbamate monomers
5 specifically include: 1,3-bis[4-(vinyloxycarbonyloxy)but-1-yl]tetramethyl-isiloxane
3-(vinyloxycarbonylthio) propyl-[tris (trimethylsiloxysilane]; 3-
[tris(trimethylsiloxy)silyl] propyl allyl carbamate; 3-[tris(trimethylsiloxy)wily1]
propyl vinyl carbamate; trimethylsilylethyl vinyl carbonate; trimethylsilylmethyl

vinyl carbonate, and

W ?H3 ;Ha H, E
CH,;==CH—OCO(CH,),—Si—0S8i—0—Si—(CH, ),CO—CH=CH,
iH3 CH, | CH,
25
10
Another class of silicone-containing components includes compounds of the
following formulae:
Formulae VII-IX
(*D*A*D*G)a *D*D*El;
15 E(*D*G*D*A), *D*G*D*E' or;,
E(*D*A*D*G), *D*A*D*E'
wherein:
D denotes an alkyl diradical, an alkyl cycloalkyl diradical, a cycloalkyl
diradical, an aryl diradical or an alkylaryl diradical having 6 to 30 carbon atoms,

20 G denotes an alkyl diradical, a cycloalkyl diradical, an alkyl cycloalkyl
diradical, an aryl diradical or an alkylaryl diradical having 1 to 40 carbon atoms and
which may contain ether, thio or amine linkages in the main chain;

* denotes a urethane or ureido linkage;

«1satleast 1;



(*DA*D*Qa *DFD*El; is E(*DFGD*A)a *D*GD*El or;, E*D*A*D*Ga*DrA*D*EI
wherein: D denotes an al kyl diradical, an al kyl cycloal kyl diradical, a
cycloal kyl diradical, an aryl diradical or an al kylaryl diradical having 6
to 30 car boWo0@ms9467 20 G denotes an al kyl diradical, a gyt©aésdosbis

di radi cal, an al kyl cycloal kyl diradical, an aryl diradical or an afkylaryl
diradical having 1 to 40 carbon atons and which may contain ether, thin or
am ne linkages in the main chain; * denotes a urethane or ureido |inkage; a
is at least 1; WD 2006/ 039467 PCTI US2005/ 035152 -14 A denotes a dival ent
polyneric radical of formula: Fornmula X411 R11 -(CH2)" SIOSi-(CH2)n I" P
" 5 R' independently denotes an al kyl or fluoro-substituted al kyl group
having 1 to 10 carbon atons which nay contain ether |inkages between carbon
atonms; r is at |eastA dehotesandivilend pelymetxSradicalrof fefmyulavei ght of 400 to 10, 000;
each of E and El independgntly denotes a polynerizabl e unsaturated organic
radi cal represented B’g““l1 mula: to Fornmula XI Rl12 RI3CH=C-(CH2)a (x)b-(2)z
(Ar)c R14 wherein: R12 is hydrogen or nethyl; R13 is hydrogen, an al kyl
radical having 1 to 6 _jsS %a{bon atoms, or a -CO Y-R15 radical wherein Y is
-0-,Y-S or -NH; R

— (CHp)y+SiOt—Si—(CHo)y—

R11 p R11

R" independently denotes an alkyl or fluoro-substituted alkyl group having 1 to10
carbon atoms which may contain ether linkages between carbon atoms; r is at least
1; and p provides a moiety weight of 400 to 10,000; each of E and E' independently
denotes a polymerizable unsaturated organic radical represented by formula:

10 Formula XI

R12

R1CH=C— (CH2)a™ (X)p(2);— (Ar);—R"—

wherein: R' is hydrogen or methyl; R™ is hydrogen, an alkyl radical having 1 to 6
15 carbon atoms, or a —CO—Y—R"” radical wherein Y is —O—,Y—S— or —NH—;
R"is a divalent radical having 1 to 12 carbon atoms; X denotes —CO— or —
OCO—; Z denotes —O— or —NH—; Ar denotes an aromatic radical having 6 to
30 carbon atoms; ais0to 6; bisOorl;eisOorl;andcisOor 1.
A preferred silicone-containing component is represented by the following
20 formula:
Formula XII



R 14 is a divalent radical having 1 to 12 carbon atons; X denotes -CO or -
OCO-; Z denotes ---0-- or -NH; Ar denotes an aronmatic radical having 6 to
30 carbon atons; ai sQ06; bi sOor1;ei sOor1; andci sOorl. A preferred

si | i cone- comaioné/osgscconponent is represented by the foll rmul a:
Formula XI| WD 2006/ 039467 PCTI US20051035152 -15 9 0 g E&’E&&Oﬁg“éb‘g

C&Rf e-=q Hpvr+}CH# M 4CHd4;1 (oHJ aC, rilccKPWk6 +20 co-aaaoi™aJ CN6 1 H
HHH111 \~ HHH H wherein R16 is a diradical of a diisocyanate after
removal of the isocyanate group, such as the diradical of isophorone

di i socyanate. Another preferred silicones-containing macroner is conpound of
formula X (in which x + y is a nunber in the 5 range of 10 to 30) fornmed by
the reaction of fluoroether, hydroxy-term nated polydinmethyl sil oxane,

i sophorone diisocyanate and isocyanatoet hyl nethacrylate. Forrmula X1 00l
O--NH O-~{S TfezOpy, Sidki 5~0 N11,}1Q o (CCFZQ &b

(OCF, CF, ) y- OCF, Gﬁer*:@z:}‘@” Figne=(eBdy ot C%:H @-Wﬁ=%
silicone-contalnl%g onponents sul t abl e %r i"n thls anehtlon 10

i ncl ude those described is WD 96/ 31792 such as nacroners cont ai ni ng

pol ysi | oxane, yal kyl ene et her, i isocyagnate, polyfluorinated hydrocarbon,
pol yf I uori nat ed”%é’teﬁ’eq‘ %ir?cﬁlfﬁg‘f’%}%%@ﬁa‘iyﬁ’é?ée %}eb{s&gvﬁ ée IspgYanalk@oup.5, 321, 108;

5,387,662 and 3udhdf 1 bfadles of isdphofdad Fikbdyaxatd) @novdet ﬁeﬁn@@élmoné | uori nat ed

graft or containing macromer is compound of formula X (in which x +y is a number in the

5 range of 10 to 30) formed by the reaction of fluoroether, hydroxy-terminated
polydimethylsiloxane, isophorone diisocyanate and isocyanatoethylmethacrylate.

Formula XIII

o]

o]
0 o]
)}( \/\NHJLO/\/\(SMczO)uSMez/\/\O)L NH P
0 NH OCH;CF—(OCF3)— (0CF1CF1)Y-—OCF1CH10
0 0 0

O\/\NHJLO/\/\(SMezo)uSMez/\/\O)L NH )Z
fo} NH
7

Other silicone-containing components suitable for use in this invention
10 _include those described is WO 96/31792 such as macromers containing
polysiloxane, polyalkylene ether, diisocyanate, polyfluorinated hydrocarbon,
polyfluorinated ether and polysaccharide groups. U.S. Pat. Nos. 5,321,108;
5,387,662 and 5,539,016 describe polysiloxanes with a polar fluorinated graft or
side group having a hydrogen atom attached to a terminal difluoro-substituted
15 carbon atom. Such polysiloxanes can also be used as the silicone monomer in this
invention.
The hydrogels may further comprise hydrophilic components, such as those
which are capable of providing at least about 20% and preferably at least about 25%
water content to the resulting lens when combined with the remaining reactive

20 components. When present, suitable hydrophilic components may be present in



si de group having a hydrogen atom attached to a term nal

di fluoro-substituted is carbon atom Such pol ysil oxanes can al so be used as
the silicone nononer in this invention. The hydrogels may further conprise
hydr ophi | i cWs0WpE88467s, such as those which are capabl epof/upres/izdisag at

| east about 20% and preferably at |east about 25% water content to the
resulting | ens when conbined with the remai ning reactive 20 conponents. Wen
present, suitabl e hydrophilic conponents may be present in WO 2006/ 039467
PCT/ US2005/ 035152 -16 anounts up to about 60 weight % preferably between
about 10 to about 60 weight% nore prefet@bly between about 15 to about 50
wei ght % and nore preferably still between about 20 to about 40 weight %

al | based upon the weight of all reactive conponents. The hydrophilic
monomers that magmeetsygdlatost (ekeicht Hepstepmblyhetresn affout Hl to abewy6ht i on have at

| east one pol yney, 1§1f:5?| ﬁo@% fgé}ge&%joﬁtwltcﬁﬂ)%ﬁt 50" g%,]pyda@ HEH ic functional

group. Exanples o nct | oups wt pol yneri za | e bonds

i ncl ude acrylic, Prﬁ@tahb’(,stlklbﬂwee@bm}tlmm about 40rveight %o 91l basedupon therwetghtof mal ei c,
styryl, isoprope t i ylic,
0-vi nyI acetyl igy ?ﬁ% é)g%n\a@mﬁ?hg%%lﬂﬁy an 81¥ ﬂ%gtlg?ﬁm%obongme Such
hydrophi$ic nonomserﬁwhls inventioh hexs abba&tlsmoasnw@égdquhlhlbmgi and etieast

"Acrylic-type" o [(aTMale}: noner s
containing the %?r§@£@LE$%ﬁ%ﬁ%%éﬂﬁgcﬁﬁﬁﬁ?g&ﬁg@?@% &§§®“g$ CH3, R is H
al kyl or car bonypolymgrigable denbly bondsinclydaiaertilia metha¢rglic, adeylamwdot o pol yneri ze
readily, such as I Cr 1 (Egﬁg i icryl at e
gl ycerol nethacr y%”ﬁégﬁh%%%%yé%ﬁ{ﬂ gﬁ%lf c&?éﬁ#@g{,}é% %%OE%F eC%egI ycol
monomet hacr yl at evinylearbeaatey hliydic. e viylagetyl whd N-vanyilabtamm shdriy- xtnmltamsio dotide eof .
Hydr Oph}té IC Vinyhs6ondah H%d?@ohﬂl%’?&dﬁ%ﬁérs‘lﬁﬂg‘&{%m@m’es%@ uéa@%? %ha{{f% nyIL‘ o the

hydr ogel s of the present ention I nc € nonomers suc | act ans
(e.qg. “Acrylic-type” or “acrylic-containing” monomers are those monomers containing

the acrylic group (CR'H=CRCOX)
wherein R is H or CH3, R’ is H, alkyl or carbonyl, and X is O or N, which are also
known to polymerize readily, such as N,N-dimethylacrylamide (DMA), 2-

15 hydroxyethyl acrylate , glycerol methacrylate, 2-hydroxyethyl methacrylamide,
polyethyleneglycol monomethacrylate, methacrylic acid, acrylic acid and mixtures
thereof.

Hydrophilic vinyl-containing monomers which may be incorporated into the
hydrogels of the present invention include monomers such as N-vinyl lactams (e.g.

20 N-vinyl pyrrolidone (NVP)), N-vinyl-N-methyl acetamide, N-vinyl-N-ethyl
acetamide, N-vinyl-N-ethyl formamide, N-vinyl formamide, N-2-hydroxyethyl vinyl
carbamate, N-carboxy-8-alanine N-vinyl ester, with NVP being preferred.

Other hydrophilic monomers that can be employed in the invention include
polyoxyethylene polyols having one or more of the terminal hydroxyl groups

25 replaced with a functional group containing a polymerizable double bond.
Examples include polyethylene glycol with one or more of the terminal hydroxyl
groups replaced with a functional group containing a polymerizable double bond.

Examples include polyethylene glycol reacted with one or more molar equivalents



20 N-vinyl pyrrolidone (NVP)), N-vinyl-Nnmethyl acetam de, N-vinyl-Nethyl
acetam de, Nvinyl-Nethyl formam de, N vinyl formam de, N-2-hydroxyet hyl
vinyl carbamate, N-carboxy-B-alanine N-vinyl ester, with NVP being
preferred drophlllc nononers that can be enployed in the invention
i ncl ude poﬁ@%%@g? ¥4’ene pol yol s having one or nore of t RETHSRMS/MEIS2hydr oxy!
groups 25 replaced with a functional group containing a polynerizable double
bond. Exanpl es include polyethylene glycol with one or nore of the term nal
hydroxyl groups replaced with a functional group containing a polynerizable
doubl e bond. Exanples include polyethylene glycol reacted with one or nore
mol ar equi val ents WD 2006/ 039467 PCTI US23051035152 -17 of an end- cappi ng
group such as isocyanatoethyl nethacrylate ("IEM), nethacrylic anhydride,
met hacryl oyl chl oride, anbeenzozl chloride, or the like, to produce a

pol yet hyl ene pol%)8h eTLEAPRIAE &ABP Bich ppesyanaiopthidamethasTatiet TEMD) methAcetliF ni ¢

groups bonded t@nhjdige, R4S imde%ymenzobr&meldrméme tiPlofilde@S such as
carbamate or 5 est'er groups. further éexa es are the hydr ophi lic

vinyl car bonat e Rebetylsys palyal Bﬁfmfwe OFpPTe tEminalpobesigable ¢lpfinis moupsat |

No. 5, 070, 215, t hgndpdds &Q*ﬂblbétﬁyl%%%&ﬂx%ugmﬁ%&etﬂb sch Q§@a%ahﬁtelclr S. Pat. No.
4,910, 277 and hydrophilic oOxazoliné nononers such as 2-ethyl-2-oxazoline.

QO her sifitabl e I#y@rSpHISi i c nononers will 10 be apparent to one skllled in

the art. Mre prefer kg alipdr QRbHIE fe ﬁ@ﬂ&ﬁ?@ﬂhﬁw‘%ﬂﬁ&r@te%vhﬂ%%%&t@t ed into
the polynmer of the present invention include héﬂk %d i ¢ nononers such as
Spngic

N, N- di met hyl adrspomgisdisclopidan U.S Payie-QIM418y the @xazplogg dr oxyet hyl

methacrylate,  ghyeReRldidRtdas UY. iﬂ;teNo «;hadfﬁam.y&}xﬁmr%ﬁaaﬁw' am de,
N-vi nyl pyrrolidone (NVP), 15 and pol yethy enegl ycol nononet hacryl ate. Mst

preferred hydr ogmmmersmﬁﬁ@ﬂ -PrekazgkinepiQither lg hpdrephilic mengmersiyall e of .

10 be apparent to one skilled in the art.
More preferred hydrophilic monomers which may be incorporated into the
polymer of the present invention include hydrophilic monomers such as N,N-
dimethyl acrylamide (DMA), 2-hydroxyethyl acrylate, 2-hydroxyethyl methacrylate,
glycerol methacrylate, 2-hydroxyethyl methacrylamide, N-vinylpyrrolidone (NVP),
15 and polyethyleneglycol monomethacrylate.
Most preferred hydrophilic monomers include DMA, NVP and mixtures
thereof.
When the amphiphilic block copolymer of the present invention are
incorporated into a silicone hydrogel formulation, it may be desirable to include at
20 least one a hydroxyl containing component to help compatibilize the amphiphilic
block copolymerof the present invention and the silicone containing components.
The hydroxyl containing component that may be used to make the polymers of this
invention have at least one polymerizable double bond and at least one hydrophilic
functional group. Examples of polymerizable double bonds include acrylic,
25 methacrylic, acrylamido, methacrylamido, fumaric, maleic, styryl,
7 isopropenylphenyl, O-vinylcarbonate, O-vinylcarbamate, allylic, O-vinylacetyl and
N-vinyllactam and N-vinylamido double bonds. The hydroxyl containing

component may also act as a crosslinking agent. In addition the hydroxyl containing



When t he anphi philic block copol yner of the present invention are
incorporated into a silicone hydrogel forrmulation, it may be desirable to
include at 20 |east one a hydroxyl containing conponent to help

conpat i bi | i we wés3ssssphi philic bl ock copol ynerof the presgifyuéRysikispn and
the silicone containing conponents. The hydroxyl containing conponent that
may be used to nake the polyners of this invention have at | east one

pol ymeri zabl e doubl e bond and at | east one hydrophilic functional group.
Exanpl es of pol yneri zabl e doubl e bonds include acrylic, 25 nethacrylic,
acrylam do, nethacrylam do, fumaric, malLegc, styryl, isopropenyl phenyl,
O vi nyl carbonate, O vinylcarbamate, allylic, O0-vinylacetyl and
N-vinyl | actam and N-vi nyl am do doubl e bonds. The hydroxyl contai ning

conmponent nay aké&kpoRéit céi rfzse@meaixg Mébg”fﬁﬁﬁmro Bylgroagdraplb@mpﬁlheyhydr oxyl
cont ai ni ng WO 200 /03946 PCT/ US20051035152 onent conprises a
hydr oxyl group. SePdaryiy érrtdaty plegio @B“W%bﬁl‘iﬂafeﬁﬁﬁnalkﬂé’é@ﬁfhgﬂp or tertiary

al cohol group, gpgh xbfhfar&@r@an%n@g\nmne{skwmﬁyb@ﬁééhnﬂruquputare@sanpl es of
hydr oxyl contai ni ng. nononers be used include but are not limted

to 2- hydroxyethbW“ﬁﬁPﬁéﬂ??F&W@dn?¢ﬁ?ﬂﬁ@%§@@ﬁ?¥“§ﬂP?WEF@Zh?“ﬁ?@?%&yethyI s

net hacryl am de, mzth Ri86¥ Xtk xg6thvt ladlafiRie, We2drymod v Sinhddarbaindié| 2-car bomat e,
2- hydroxyet hyl vinyl carbonate, 2-hydroxypropyl nethacrylate hydroxyhexyl

net hacryl at e, hbﬁtﬁf‘ﬁ%?féﬁlt"wyl rasbanater I hvdroxyprapy! srekhesty el PSSRV t | onal
nmononers as di geth@gRskel de?bctﬁ HeBAlrSlate :aﬁ’cp@ché%gdroﬁllw&tl&ﬁﬁmo&n%@s 751 and

5, 311, 223. Preferred hy rox cont ai i ni ng monomers incl ude 2-hydroxyet hyl

met hacryl at e, r@ﬁ‘hﬁ?b’srﬁﬂﬂﬂb& atef"éﬁ@?? 678@{5 Omén%?%‘s 1hend P hg?23i | i cone or

si | oxane functi ppaled h 1 83HedniAiRg bFortbYAhQxae! - hydRixl RN Mehimedlagl | | cOne
cont ai ni ng nononers d.fﬁmgée fﬁ %wo3/022321 agg tkeR@onPaE?gr [izing

conponéft s conpfiddvArgxyifuncsignl mepemepinplyding Hj<one presilonpne fupetionalifics. one
si | oxane group agngi &ehﬁﬁ&@lmct\m&éeﬁ%ﬁ%gcoﬂd}ﬁn% Qb&&h&w&&os@& inwhi ch i's

|ncorporated herei n % r ef érence ecific exa es of is include

2- propenoi ¢ aci #/003/02¢3x1 pgnd the WP@&WCP@PWW‘B campyisingef leastepaagtive -
hydrogen and at least one siloxane group as disclosed in W003/022322, the

disclosure of which is incorporated herein by reference. Specific examples of
15 include 2-propenoic acid, 2- methyl-2-hydroxy-3-[3-[1,3,3,3- tetramethyl-1-
[trimethylsilyl)oxy]disiloxanyl]propoxy|propy! ester (which can also be named (3-
methacryloxy-2-hydroxypropyloxy)propylbis(trimethylsiloxy)methylsilane), 3-
methacryloxy-2- hydroxypropyloxy)propyltris(trimethylsiloxy)silane, bis-3-
methacryloxy-2-hydroxypropyloxypropyl polydimethylsiloxane, 3-methacryloxy-2-
20 (2-hydroxyethoxy)propyloxy) propylbis(trimethylsiloxy)methylsilane, N-2-
methacryloxyethyl-O-(methyl-bis-trimethylsiloxy-3-propyl)silyl carbamate and
N,N,N'N'-tetrakis(3-methacryloxy-2-hydroxypropyl)-a,®-bis-3-aminopropyl-
polydimethylsiloxane and mixtures thereof. include 2-hydroxyethyl methacrylate,
3-methacryloxy-2-hydroxypropyloxy)propylbis(trimethylsiloxy)methylsilane), 3-
25 methacryloxy-2- hydroxypropyloxy)propyltris(trimethylsiloxy)silane and mixtures
thereof are preferred.
When a compatibilizing component is used, effective amounts of

compatibilizing component in the polymer formulation include about 5 percent



[trinmethylsilyl)oxy]disiloxanyl]propoxy]propyl ester (which can also be

named ( 3-

met hacr yl oxy- 2- hydr oxypr opyl oxy) propyl bi s(t met hyl si | oxy) net hyl si |l ane), 3-

met hacryl ox&‘?zoog{?ﬂi‘ﬁxypr opyl oxy) propyl tris(trimethyl sil 8€yus2dosioss)Dhi s- 3-

met hacr yl oxy- 2- hydr oxypr opyl oxypropyl pol ydi net hyl si |l oxane, 3-nethacryl oxy-2

20 (2- hydr oxyet hoxy) propyl oxy) propyl bi s(trinmethyl sil oxy)nethyl silane, N-2-

met hacryl oxyet hyl - O (et hyl - bi s-tri net hyl sil oxy-3-propyl)silyl carbanmate and

N, N, N, N -tetraki s(3-nmethacryl oxy-2-hydr oxypropyl)-a, w bi s-3-am nopr opyl -

pol ydi net hyl si | oxane and m xtures thereof?-incl ude 2-hydroxyet hyl

net hacryl at e,

3- et hacr yl oxy- 2- hydr oxypr opyl oxy) propyl bi s(trinet hyl sil oxy) net hyl silane), 3

25 net hacr yl oxy{weiglypaicesty paseshon %szy)tqdrv@ps}ar t>frtil%(e@etivwmywms%w})gut|99ne and

mxtures -t her egtdh GribRlighhal10 Pheth b ARHPRIRER £hOGAORRONEH 20s used

effective anobunts of ~ conpatibilizing conponent in the polyner fornulation

i ncl ude about 5 Ppreend EXRLOMBOPEEEN 039467 PCT/ US2005/ 035152 -19 (wei ght

percent, based on th ; i O i :S) to about 90
Eltérf?aiu%li%‘ﬁgegg@gwﬁﬁm Bfaah%gt@%%%’rﬁaef%r{}?&%ﬂ b

percent, preferably about to a p ent, nDst_ﬁgeferably,
about 2@ per cehydrophilighydrogele @encradlyitheseiydrogelaiare matls frot ¢hediypioplihi¢ | i ¢ bl ock

copol ymer may be | i fﬂ%g iJ A G tihese
hygroéels arg ngﬁg&ﬁégggt %Bﬂg rOp%?ﬁ?bh*%%ﬁ%§@?§§$?§F§§9§E§§%¥@ ﬁnercially
avai | abl e hydr ogesinof lgnitedi te etafilaen, ipelyineade, vifiloen, genfidcondi andilemetieen Ao et afi | con,
pol ymacon, Vi f il con GGRANY WEAAARThob &R Ol ifin LI A a IeRGOREACT Ve

conponents are n{xed In a 'Iuent orma reaction mxture. I'tabl e

di | uents are knovktuien Stitablegdiluentsiqye Blogmdetheaft. sui t abl e dil uents for silicone
hydr ogel, reaction m o ther § l. hal i des,
si | aneg:l,0 am des, al cgﬁ%%&aéﬁlgg%‘gg&eﬁgt@gﬁgconfE%@Ea%* .req%ﬁxtnﬁlﬂgg%tuée%d%%}dgohol s are
preferred dil uemthsswestdss, aliotrolaikyhhalideg sitaneg aGdesc aledhotssandagpmbastitravi ng 10

to 20 carbon at oig.AenbN&d ahh ALLIId FE HYerdith Menf With alcohols having 2 to 20

carbons, amides having 10 to 20 carbon atoms derived from primary amines and

carboxylic acids having 8 to 20 carbon atoms. In some embodiments primary and

15 tertiary alcohols are preferred. Preferred classes include alcohols having 5 to 20
carbons and carboxylic acids having 10 to 20 carbon atoms.

Specific diluents which may be used include 1-ethoxy-2-propanol,
diisopropylaminoethanol, isopropanol, 3,7-dimethyl-3-octanol, 1-decanol, 1-
dodecanol, 1-octanol, 1-pentanol, 2-pentanol, 1-hexanol, 2-hexanol, 2-octanol, 3-

20 methyl-3-pentanol, tert-amyl alcohol, tert-butanol, 2-butanol, 1-butanol, 2-methyl-2-
pentanol, 2-propanol, 1-propanol, ethanol, 2-ethyl-1-butanol, SiGMA acetate, 1-tert-
butoxy-2-propanol, 3,3-dimethyl-2-butanol, ter¢-butoxyethanol, 2-octyl-1-
dodecanol, decanoic acid, octanoic acid, dodecanoic acid, 2-
(diisopropylamino)ethanol mixtures thereof and the like.

25 Preferred diluents include 3,7-dimethyl-3-octanol, 1-dodecanol, 1-decanol,
1-octanol, 1-pentanol, 1-hexanol, 2-hexanol, 2-octanol, 3-methyl-3-pentanol, 2-

pentanol, t-amyl alcohol, tert-butanol, 2-butanol, 1-butanol, 2-methyl-2-pentanol, 2-



carboxylic acids having 8 to 20 carbon atons. I n sonme enbodi nents primary
and is tertiary alcohols are preferred. Preferred classes include al cohols
having 5 to_20 carbons and carboxylic acids having 10 to 20 carbon atons.
Specific di WRHPYR#M’ch nmay be used include 1-ethoxy- 2- pPEPEALNS/035152

di i sopropyl am noet hanol , isopropanol, 3,7-dinethyl-3-octanol, 1-decanol, 1-
dodecanol , 1-octanol, 1-pentano|, 2-pentano|, 1- hexanol , 2-hexano|,
2-octanol, 3 20 nethyl-3-pentanol, tert-anyl al cohol, tert-butanol,

2- butanol, 1-butanol, 2-nmethyl-2- pentanol, 2-propanol, 1-propanol, ethanol,
2-ethyl -1-butanol, SiGVA acetate, 1-tert-20butoxy-2-propanol,

3, 3-di net hyl - 2- but anol , tert-butoxyethanol, 2-octyl-|l- dodecanol, decanoic
acid, octanoic acid, dodecanoic acid, 2- (d||sopropylan1no)ethanol m Xt ures

thereof and t he eivkEbutpmlmthanely 3, Edimethylrehutanqlicectidd -t decapmlofecsipic- 3- oct anol |

1- dodecanol , 1- qﬁgad@alnolc aélld QpaRRRio acﬂd’ &%ﬂﬁrﬁéreof%n&'ﬁéﬁﬁ@l 2- hexanol ,
2-oct anol , 3 met hyl - 3-pent anol , 2- pentanol, t-amyl al cohol tert- butanol

2-but anol, 1-but anoIMOQ-Hﬁ‘EfPIFﬁdIdﬂEe"ﬁelmlm 7-dimetjyg)- 329@%310@39196@03“01 1-

PCTI US2005/ 035 193€cans12o@hddY, 1=pehtandl UL A ol, 281eRBP b ocBnal; AhdBeLAY], 32- but anol ,
2-octyl -1 -dodecanol , decanci ¢ acid, octanoic acid, dodecanoic acid,

M xt ures t her eofmegiyit3 phrtanol,d epentmasl &-pantanel teet@my] alepbol &rt-hvangkie-
3, 7-di met hyl - 3- %ﬁ&ﬂdiol'-buténo% 191 d)elat}nol(ieﬁqwabumﬁol%%ﬁpﬁﬂl 1%9&9&13“0' 1

- hexanol , 2-hexanol, 3 pentano
1-pentanol , 2- pérﬂcarhé1dodqce¢0ﬂmnwesme@oﬁ@ﬁthetlé@t but anol 2 butanol ,
1- butanol, 2-nethyl - ent anol thyl -1 -butanol, 3,3 -dinethyl -2-butanol,
2-octyl - I - dodecanol , ‘ﬁgklﬁL‘}fl‘é"é‘tstfﬂ'eqoééﬂlcéﬂ?cfo’ﬁtﬂémg FeagtiongRixtuEs Sl | uent s f or

non-silicone COFgly%érEH Qtﬁylé&aﬁdopethm&tn%@%ll U1 Hkhte, G'Je Rhé éhlor@%hw ene
gl ycol, ethanol, nethanol, ethyl acetate, neth¥ ene chl oride

pol yet iyl ene gl PeBFthyIERs glyseb plerarylepelysel, oy aag "r?BPé\‘fEn‘B‘éfrP%F“QhPS PVP such as
di scl osed in US gfl:3ded iB368 4,013, 68Q,633836044d UdS, &90@9,114&&mg B&tnedi ng, but not

linited to boric acid esters of dihydric al cohols, conbinations thereof and
the like. limited to boric acid esters of dihydric alcohols, combinations thereof and the like.

Mixtures of diluents may be used. The diluents may be used in amounts up

to about 50% by weight of the total of all components in the reaction mixture. More

15 preferably the diluent is used in amounts less than about 45% and more preferably in
amounts between about 15 and about 40% by weight of the total of all components
in the reaction mixture.

In another embodiment, the diluent comprises a low molecular weight
hydrophilic polymer without reactive groups. The diluent may also comprise

20 additional components such as release agents. Suitable release agents are water
soluble and aid in lens deblocking.

One or more cross-linking agents may be added to the reaction mixture, such
as ethylene glycol dimethacrylate (“EGDMA?”), trimethylolpropane trimethacrylate
(“TMPTMA?), glycerol trimethacrylate, polyethylene glycol dimethacrylate

25 (wherein the polyethylene glycol preferably has a molecular weight up to, e.g., about
5000), and other polyacrylate and polymethacrylate esters, such as the end-capped

polyoxyethylene polyols described above containing two or more terminal



M xtures of diluents may be used. The diluents may be used in anmounts up to
about 50% by wei ght of the total of all conponents in the reaction m xture.
More is preferably the diluent is used in anobunts |ess than about 45% and
mor e pref er 3 300648946an0UNt S bet ween about 15 and about 4PdGR¥,0h048k, of the
total of all conponents in the reaction m xture. In another enbodi nent, the
di l uent conprises a | ow nol ecul ar wei ght hydrophilic polyner wthout
reactive groups. The diluent may al so conprise 20 additional conponents
such as rel ease agents. Suitable release agents are water soluble and aid
in | ens debl ocking. One or nore cross-I|i-nking agents nmay be added to the
reaction mxture, such as ethylene glycol dinethacrylate ("EGMA"),
trimethyl ol propane trinmethacrylate ("TMPTMA'"), glycerol trimethacrylate,
pol yet hyl ene gl yetHaciarahdienss.y Tiet os8-hinkiidapefts Bretubed ip Gle edahyrth@ns, g¢.y col
preferably has nol. ecul i ght to, e. about, 5000), and ot her

ol yacryl ot o andopbg it @hap Bt {8iskmolc i op Ry traesive dimptsas T

pol y;)xyet hyl ene/tmbacﬁbx;smdm&erMhedaabevmmerlttahab\nagytliin@inahe ﬂéﬁﬂiﬁnt er m Inal kWD
2006/ 039467 PCT/ US2005/ 0351 -21 nethacryl ate noieties. The cross-|inking
2gent s are. used THRIFACSTLES ATuHHH A0 A tghal PoproE AOUECbIOBE RS g about
(().ﬁ 156 snol e pelpaﬁeﬂthéjﬁtﬂﬂﬁlrdﬁftﬂeq@!}frﬂﬁiﬁA@@ﬂi@t@d&h@mﬁhéﬂydroblﬂﬁc moRdieron M xturﬁ.
The reactive conponents are everything in the reactjon mxture. except the
i | uent and. any SR ©BF Spone FrERERE AR RSt A gioRnkiEE 5EL AUENeRr | of ¢ he
structure of thefpedoysliking agdhtite tHdadactiedl iivixtukd is bitonily @k aphléd Jf Gydropmdner S

and/or the silicone-contalning nononers act as the cross-l.inking. agent, the
addition of a CTB8TFH MRICAGRLETEHG GOT I NeLERY AUHVIRLPIGFY dp Bot5iii®nal .
Exanpl es of hydrigatitibs of diddifi®iabcroddintiingtgent acthe actidienittaRIsdlideki ng agent
and when present do nqt ire the Q%dition,of an additional crosslinking

re
agent t¥ the reRePPHRIHeRe PH!Y draqripadabpye confaning O RY MRt ol s descri bed
above cont ai ni ngndthryBte MdiERest er m nal  net hacryl ate noi eti es.

An example of a silicone-containing monomer which can act as a
crosslinking agent and, when present, does not require the addition of a crosslinking
monomer to the reaction mixture includes a, ®-bismethacryloxypropyl

15 polydimethylsiloxane.

The reaction mixture may contain additional components such as, but not
limited to, UV absorbers, medicinal agents, antimicrobial compounds, reactive tints,
pigments, copolymerizable and nonpolymerizable dyes, release agents and
combinations thereof.

20 A polymerization catalyst or initiator is preferably included in the reaction
mixture. The polymerization initiators includes compounds such as lauryl peroxide,
benzoyl peroxide, isopropyl percarbonate, azobisisobutyronitrile, and the like, that
generate free radicals at moderately elevated temperatures, and photoinitiator
systems such as aromatic alpha-hydroxy ketones, alkoxyoxybenzoins,

25 acetophenones, acylphosphine oxides, bisacylphosphine oxides, and a tertiary amine
plus a diketone, mixtures thereof and the like. Illustrative examples of
photoinitiators are 1-hydroxycyclohexyl phenyl ketone, 2-hydroxy-2-methyl-1-
phenyl-propan-1-one, bis(2,6-dimethoxybenzoyl)-2,4-4-trimethylpentyl phosphine



An exanpl e of a silicone-containing nononer which can act as a crosslinking
agent and, when present, does not require the addition of a crosslinking
nononer to the reactlon m xture includes a, o-bismethacryl oxypropyl 15

pol ydi met hy | ¥P2ERANE7 The reaction mixture may contain ad§iySaM&0386ponent s
such as, but not I|imted to, UV absorbers, nedicinal agents, antimcrobial
conpounds, reactive tints, pignents, copolynerizable and nonpol yneri zabl e
dyes, rel ease agents and conbinations thereof. 20 A polynerization catal yst
or initiator is preferably included in the reaction mxture. The

pol yneri zation initiators includes conpowdfds such as |auryl peroxide,

benzoyl peroxide, isopropyl percarbonate, azobisisobutyronitrile, and the

li ke, that generate free radicals at npderately el evated tenperatures and

phot oi ni tiator SXdes(@MBARDWbISR 4&r‘6ﬁ6@‘V‘éef5Pﬁth}’%¥]cﬂh6§P§mE@? gacure

al koxyoxybenzoi ngg), 23 @&ﬁﬁe@l@ﬁlﬁ%ﬂz‘%ﬂlﬁp‘}mﬁﬁh{d RSBt MR 4 CDiithethibe@ey| Phosphi ne
oxi des, and a tertlary anm ne I"us di ket one, m xtures thereof and t he

like. |11 ustratidipheaylahqsplige gyide BW@W%FﬁﬂWﬁ%W%F@i%$@mEmH?Uﬁbxycyclohexyl

phenyl ketone, 2ecinpdg¥ivion: HEEdH |4 (N BRI SRYA s RA Y RARodke. Anmerciall
bi s(2, 6- dlnethoxf%gn£§ V=2, 4- ¥%r¢aethyl éhtyl phogzhlnén%%)£b06/039467

PCT/ US20951035 15%2/a11abiezwazzlp ashtelmmmtemsap@cdz Tgagire 8%&3%‘916589& HFgrpepheny|
phosphi neoxi de ({ goggg%%ﬁe8?91-%acu?e1%5@%111rﬂo%lbé’éﬁgﬁﬁybﬁ'énﬁmﬁﬁlﬁhd phasphi ne

oxide and 2,4,6-tri benzo g hi ne’ oxi de, "benzoi n net hyl
ether and a co nbmtqzwr&qvaxlmpq gm;fmyal]é(taﬁy]able UV photoinitiators

4- (N, N-di met hyl a0 B84 21 B anEPHRIreb Y (CbaSpakat @ﬁ%n?calé StieleSnbi i ght
initiator systens 1nclude Irgacure 819, Irgacure 1700, acure 1800,

|rgacure 819, | regberphetomgaorswhich may beriseil B displesaddn Nylu(m 10§1}t1aé9w Lucirin
TPO initjator (aféﬁFxleé‘RLuﬁch t@ﬁ@&ﬂéﬁmnm%ar f b Mty ¥ hza#ﬁb

photoinitiators 1 nclude Darocur cur 2959 (G ba %peC|aIty
Cheni cal s) . Thes@ﬂYPH@I&Etlﬂléﬂlkffh&“eﬁlm@eﬁfﬁlgy,\lﬂhnc‘ﬁﬂmdﬁensug@ﬁ ae di scl osed

in Volume I, Pﬁ%%ﬂ&ﬁ is %c@fp&ated herein by reference. The initiator is used in the reaction

mixture in effective amounts to initiate photopolymerization of the reaction mixture,
e.g., from about 0.1 to about 2 parts by weight per 100 parts of reactive monomer.

15 Polymerization of the reaction mixture can be initiated using the appropriate choice
of heat or visible or ultraviolet light or other means depending on the polymerization
initiator used. Alternatively, initiation can be conducted without a photoinitiator
using, for example, e-beam. However, when a photoinitiator is used, the preferred
initiators are bisacylphosphine oxides, such as bis(2,4,6-trimethylbenzoyl)-phenyl

20 phosphine oxide (Irgacure 819®) or a combination of 1-hydroxycyclohexyl phenyl
ketone and bis(2,6-dimethoxybenzoyl)-2,4-4-trimethylpentyl phosphine oxide
(DMBAPO) , and the preferred method of polymerization initiation is visible light.
The most preferred is bis(2,4,6-trimethylbenzoyl)-phenyl phosphine oxide (Irgacure
819®).

25 The invention further comprises, consists and consists essentially of a
silicone hydrogel, biomedical device, ophthalmic device and contact lenses each
comprising at least one amphiphilic block copolymer and formed from the

formulations shown below: (all numbers are preceded by the word “about”)
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The reaction mixtures of the present invention can be formed by any of the

methods know to those skilled in the art, such as shaking or stirring, and used to

form polymeric articles or devices by known methods.

For example, the biomedical devices of the invention may be prepared by

mixing reactive components and the diluent(s) with a polymerization initiator and

curing by appropriate conditions to form a product that can be subsequently formed

into the appropriate shape by lathing, cutting and the like. Alternatively, the

reaction mixture may be placed in a mold and subsequently cured into the

appropriate article.

Various processes are known for processing the reaction mixture in the

production of contact lenses, including spincasting and static casting. Spincasting
methods are disclosed in U.S. Pat. Nos. 3,408,429 and 3,660,545, and static casting
methods are disclosed in U.S. Pat. Nos. 4,113,224 and 4,197,266. The preferred

method for producing contact lenses comprising the polymer of this invention is by

the molding of the silicone hydrogels, which is economical, and enables precise
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cont ai ni ng conponent HMis hydrophilic nmonomer 5 CC is conpatibilizing
conponent TIVEO P@WAOIMEN M xtures of the present inventi onpearusk@sbssisged by
any of the nethods know to those skilled in the art, such as shaking or
stirring, and used to formpolyneric articles or devices by known nethods.
10 For exanple, the bionedical devices of the invention may be prepared by
m xi ng reactive conponents and the diluent(s) with a polynerization
initiator and curing by appropriate condig-ions to forma product that can
be subsequently forned into the appropriate shape by lathing, cutting and
the like. Alternatively, the reaction m xture nay be placed in a nold and
subsequent |y curcedtrélpier thehfinal shapeftiehytated lens.t Fo ks mdfasd, diesedoti@cesses are
known for processi i reacti ure in roduct.ion o nt act
onses. i el ud o< falediRg ahfheTing ieafaps B b oot Bsti Sl oPREo@Ehode. ar e
di scl osed i n U. Se.,Rater-silikn pSly$he aktiAfe @addion mdtitte Hbdbjeadiosbmiitions cast i ng
met hods are di sclos%d in U . Nos. 4,113,224 an 42/%&7 266. The
preferred 20 met WS& VH}EWBH‘EF&PE%“%WtQ@F“I & REEECA e nflﬁlé‘mﬁ%llnyrrer of
this i anlnt I OndItBe *hgll)e dffie fival dbisingl IﬁcfduT:ﬁ'I/G‘hﬁi thihen eh’ﬁﬂlieﬁgﬁ}x&;re istodegréd 1 S
econom cal, an ena reC| se 2006/.0 PCT1 US2005/ 035 -24
control over the" ‘115:9"6 %b‘:énoc‘f? ﬂ?vﬁgum?ﬂdé‘? “ﬁ’é‘?‘fgcelﬂbwﬂf‘ (R H{é’? t he
reaction m xt urssiliconghydeogel Haﬂmgla nﬁﬁéldlzblmﬂlsn@etmﬁbh&k’e?cpﬁe@iﬁmrahﬁ sl desired
glulbjl gg? :dh%/gr ggerfxldlfitsl?agﬁgf the ongmal moYc\iOé ptﬁymg %HX nt arhclg'n'?’hlg pn%thgg (?'agltble?xgedm xture is
to form contact lenses and is further described in U.S. Pat. Nos. 4,495,313;
10 4,680,336; 4,889,664; and 5,039,459, incorporated herein by reference.

The biomedical devices, and particularly ophthalmic lenses of the present

invention have a balance of properties which makes them particularly useful. Such
properties include clarity, water content, oxygen permeability and contact angle.
In another embodiment, the amphiphilic block copolymers may be used as

15 deblocking aids. In the manufacture of biomedical devices such as contact lenses,
after the lenses have been cured they are preferably removed from the mold. When
silicone components are used in the lens formulation, the finished lenses may be
“sticky” and difficult to release from the lens molds. Lenses can be deblocked
(removed from the mold half or tool supporting the lens) using a solvent, such as an

20 organic solvent. However, in one embodiment of the present invention at least one
amphiphilic block copolymer is added to the reaction mixture, the reaction mixture
is formed into the desired article, cured and deblocked in water or an aqueous
solution comprising, consisting essentially of and consisting of a small amount of
amphiphilic block copolymer. Suitable molecular weights for the amphiphilic

25 copolymer used in this embodiment include those less than about 40,000 Daltons,
preferably between less than about 20,000 Daltons. In this embodiment, the

amphiphilic block copolymer may be used in amounts up to about 20 wt%, more
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an aqueous solution conprising, consisting essentially of and consisting of
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preferably in anmgigsg between zlalgyénoﬁ a8 th-RBAYIL2-Bfirdiy % PREEKH 3pon the total

wei ght of the reactive conponents
tetramethyl-1- [trimethylsilyl)oxy)disiloxanyl]propoxy)

propyl ester
15 DMA N,N-dimethylacrylamide
HEMA 2-hydroxyethyl methacrylate
mPDMS 800-1000 MW (Mn) monomethacryloxypropyl terminated
mono-n-butyl terminated polydimethylsiloxane
Norbloc 2-(2'-hydroxy-5-methacrylyloxyethylphenyl)-2H-
20 benzotriazole
CGI 1850 1:1 (weight) blend of 1-hydroxycyclohexyl phenyl ketone and
bis(2,6-dimethoxybenzoyl)- 2,4-4-trimethylpentyl phosphine
oxide
CGI 819 2,4,6-trimethylbenzyldiphenyl phosphine oxide
25 HMWHC High molecular weight hydrophilic copolymer, a UV

fluorescent copolymer comprised of about 97.5/2.5 poly(N-
vinyl-2~pyrrolidone)-co-(9-vinylcarbazole)

LMWHC Low molecular weight hydrophilic copolymer, a UV



In order to illustrate the invention the follow ng exanples are included.
These exanples do not Iimt the invention. They are neant only to suggest a
met hod 5 of practicing the invention. Those know edgeabl e in contact |enses
as wel |l as WDheos/i3petTi al ties may find ot her methods of ps@Egtd06svasishe

i nvention. However, those nethods are deened to be within the scope of this
i nvention. EXAMPLES 10 The foll ow ng abbreviations are used in the exanpl es
bel ow. Si GVA 2-propenoi c acid, 2-nethyl-2-hydroxy-3- [3-[1,3,3,3
tetramethyl -1 - [trinmethylsilyl)oxy]disiloxanyl]propoxy] propyl ester 15 DVA
N, N-di met hyl acryl am de HEMA 2- hydr oxyet-bgl net hacryl ate nPDVS 800- 1000 MW
(M) nononet hacryl oxypropyl term nated nono-n-butyl term nated

pol ydi met hyl si | oxane Nor bl oc 2-(2'-hydroxy-5-net haci yl yl oxyet hyl phenyl ) - 2H
20 benzotriazole CE 1850 1: 1flfamescgintgpolyirencbngirisdd dfyubloun 29/t paly@hreixylt phenyl
ket one and bis(2, 6-di met hoxybhenz %ﬁl% 2, 4-.4-1tr{'§rre‘t yl pentyl phosphine

oxide CG 819 2,4, 6-trinet hyi '8??}@ ArdseRT Y RERsArhe oxi de 25 HMAHC Hi gh
nol ecul ar wei ghtABG/dr ophi | i ¢ sapiphiliclock @opdVymer) compasd @fpolysilpxany-rer
conprised of about 97.5/2.5 ppl y(N- . . :

vi nyl - 2- pyrrol i done) - co- ( 9- vi ﬁﬁf%}éyrdboﬂ%qweﬁegfmd@8%%“&%1’?&?01\%@?%ht

hydr ophisl i ¢ copol yner, a UV VWyd2éphbicGapetai PCTI US2005/ 035152 - 26
fluorescent cop mer conprised of ~abqut 99/ 1 pol y(N-vinyl -

2-pyrrolidone)- 81!3#( 9-vi nyl car B%BWY&%C&OE

D30 3,7-dimethyl-3-octanol
TEGDMA tetra(ethylene glycol) dimethacrylate
EGDMA ethyleneglycol dimethacrylate
10 MMA methyl methacrylate
THF tetrahydrofuran
Dioxane 1,4-dioxane
DMF N,N-dimethylformamide
DMAc N,N-dimethylacetamide
15 PVP low Poly(N-vinyl pyrrolidone), ~2500 MW
Example |

9-Vinylcarbazole (0.79 gm, 4.1 mmol) (Aldrich, Milwaukee, WI), 2,2'-
Azobis[N-(2-carboxyethyl)-2-methylpropionamidine]tetrahydrate (0.16 gm, 0.46
20 mmol) (Wako Chemicals USA, St. Louis, MO) and freshly distilled N-Vinyl-2-
pyrrolidone (NVP) (15.1 gm, 136 mmol) were added to a 250 mL round bottom
flask equipped with magnetic stirrer and nitrogen inlet. Methyl alcohol (19.2 gm)
and distilled water (23.4 gm) were added to the reaction mixture. The mixture was
degassed using 3 freeze-pump-thaw cycles and then allowed to warm to ambient
25 temperature. The reaction mixture was heated at 60°C for 16 hours, then
precipitated three times using acetone as a solvent to yield a white polymer with Mn,
Mw, and polydispersity values of 166,000, 420,000, and 2.6, respectively.
Molecular weights were measured by gel permeation chromatography (GPC) using



ABC anmphi philic bl ock copol yner, conprised of polysiloxane based hydrophobic
segnents and pol y(N-vinyl -2-pyrrolidone) 5 hydrophilic segnents |PA

i sopropyl al cohol D30 3, 7-dinmethyl-3-octanol TECGDVA tetra(ethylene glycol)
di net hacr yl YOL0HBMA et hyl enegl ycol dinethacryl ate 10 MEI/H$096/135152

met hacryl ate THE tetrahydrofuran D oxane 1,4-doxane DW

N, N- di net hyl f ormam de DMAc N, N-di net hyl acetam de rs PVP | ow Pol y(N-vi nyl
pyrrolidone), -2500 MW Exanple 1 9-Vinylcarbazole (0.79 gin, 4.1 mol)

(Al drich, MIwaukee, W), 2,2'-

Azobi s[ N- ( 2- car boxyet hyl ) - 2- met hyl pr opi oredmi di ne]tetrahydrate (0.16 gm 0. 46
20 mmol ) (Wako Chemicals USA, St. Louis, MD) and freshly distilled N-Vinyl-2
pyrrolidone (NVP) }kzlS_. 1 gr:r(}_ 136 mmpl ) were added to a 250 nlL rqund bottom
fiask equi pped viODRZ-NiEyrEtdipe) siapdardsand bryatiiorqisogropanal ppobile@base Hal cohol
(19.2 gm and digRibLed aata10-{ 2@nf 8B arbakyiCaradse ) 94lpmeagti on m xture.
The m xture was _degassed using 3 freeze-punp-thaw cycles and then all owed
Lo varm to anbi dRICTB) 2Eehbi et ORI ohbe ASbm At HUCHED 1Kol ed at 60C

for 16 hours, thep, piecHpCARIEY, {01 8,21 SCALSS acetone as a solvent to
yield a white pglgyrrer W th Nh,q M, g?\d’ pol ydi spersity val ues of 166, 000,

420, 000,% and 2.6, respectively. Mlecular weights were neasured by gel
perneati on chr ongapgleaphy (GPC) using WO 2006/ 039467 PCTI US2005/ 035152 - 27
di ne)

pol y(2-vinyl pyri st andards and hexaf | uor oi sopropanol as nobil e phase.
| H 9-Vinylcarbazole (Aldrich, Milwaukee, WI) (1.9 gm, 9.6 mmol), 2,2'-

Azobis[N-(2-carboxyethyl)-2-methylpropionamidine]tetrahydrate (Wako Chemicals
USA, St. Louis, MO) (0.56 gm, 1.4 mmol) and freshly distilled N-Vinyl-2-
10 pyrrolidone (NVP) (52.8 gm, 475 mmol) was added to a 1 L round bottom flask

equipped with magnetic stirrer and nitrogen inlet. Methyl alcohol (231.4 gm) was
added to the reaction mixture. The mixture was degassed using 3 freeze-pump-thaw
cycles and then allowed to warm to ambient temperature. The reaction mixture was
heated at 60°C for 4 hours, then isolated by precipitation (3 times) into diisopropyl

15 ether to yield a white polymer with Mn, Mw, and polydispersity values of 30,000,
110,000, and 3.7, respectively, using poly(2-vinylpyridine) standards and

hexafluoroisopropanol as mobile phase.

Example 3

20 N-vinyl-2-pyrrolidone (NVP) (Aldrich, Milwaukee, W) (38.6 gm, 347
mmol), 9-vinylcarbazole (Aldrich, Milwaukee, WI) (0.68 gm, 3.5 mmol), VPS-0501
PDMS (5,000 MW) macroinitiator (Wako Chemicals USA, St. Louis, MO) (1.9 gm,
0.38 mmol), 1,4-dioxane (70.3 gm), and 1-octanol (30.8 gm) were charged to a 500
mL round bottom flask equipped with magnetic stirrer and nitrogen inlet. The

25 reaction mixture was subjected to 3 freeze-pump-thaw cycles and then heated at
70°C for 21 hours. The clear reaction mixture turned slightly hazy during the
reaction. The polymer was isolated by precipitation into diisopropyl ether (three
times) to afford 33.4 gm (85 percent) of a white solid with Mn, Mw, and



NVR (D20): delta= 7.0-8.2 (bm 8H, carbazole aromatic H), 3.4-3.8 (bm 1H, -
CH2CH ), 2.8-3.3 (bm 21, -QQNCH2-), 2.0-2.4 (bm 2H, -QCH2-), 1.8-2.0
(bm 2H, -CH2CH2CH2-), 1.4-1.7 (bm 2H, -CH2CH). 5 Exanple 2

9- Vi nyl car bX23PW/BHSUri ch, M | waukee, W) (1.9 gm 9.6 rREI/YS2005/035152

Azobi s[ N- (2- car boxyet hyl ) - 2- net hyl propi onam di ne]tetrahydrate (Wako
Chemcals USA, St. Louis, M) (0.56 gm 1.4 mmol) and freshly distilled
N-Vinyl-2 10 pyrrolidone (NVP) (52.8 gm 475 mmvol) was added to a 1 L round
bottom flask equipped with magnetic stirrer and nitrogen inlet. Methyl

al cohol (231.4 gm) was added to the rea@Bron mi xture. The m xture was
degassed using 3 freeze-punp-thaw cycles and then allowed to warmto

anbi ent tenperature. The reaction m xture was heated at 60C for 4 hours,

then isol ated byolytisreryiy valupsnd 56.80, il X, andB6, wrnestshopsing pdy(ét her to i el d
a white polyner yy PnM?e) s%élaré’s%ldﬂ%ﬂgdr&%%?hﬁ&f a¥AbbiRnek. 30, 000, 110, 000,

and 3.7, respective usi ng pol y(2-vinylpyridine) standards and
hexafluor0|sopropanol as nobil e phase. Exanple 3 20 N-vinyl-2-pyrrolidone

(NVP) (Al drich, E%rlﬂmgkee W) (38.6 gm 347 mol), 9-vinylcarbazole
(Al drich, Mlvvau ee ) (0.68 gm 3.5 mmol), VPS-0501 PDM5 (5,000 MA
macr oi nist i at or (V\akoNEﬁé?ﬁ 4 8n.sH6 SMOI)SP-VIHMbUb@OICI‘((Dﬁ g(m 668 gmol), ¥P$8 nmol ),

1, 4- di oxane (70. 12%191‘]3}‘45@{'65003)'1\@@1?]@1@85&&&@Nﬂé&kh\@ﬁfc@ls?ﬁr gedoli® MoyP00 N

round bottom fl ask equi magnetic stirrer and nitrogen inlet. The 25
reaction m xtur él.9es, & @@Be%ﬁ@xgleﬁ@?)emﬁ@rmonah@lwlQ:%/Bﬂl)e’@salmigeﬂﬁen heat ed

At 700 for 21 auh fy 06 ehaAnIGAGLhARaEHAR ARl b ghthi, hagy during

the reaction. The polynmer was Isola eciplitation 1 nto dllsopropyl
et her (t hree t irgpsison mwstusﬁ\f/@rsdw%edatogrﬁneqzswumeﬁ@émyylemndahwhe@ted aolid with

M, ' 1oand WO %QQLstIOPZ’B() ﬁloqgs P[%I Hg'?rg&? é rﬁl‘}(gn?eztumeg §11ghtly hazy during the
reaction. The polymer was isolated by precipitation into ¢-butyl methy! ether (three
times) to afford 62.3 gm (83 percent) of carbazole-labeled PVP-polysiloxane
amphiphilic block copolymer with 4.5 Weight percent 10,000 MW polysiloxane
Block, as a white solid with Mn, Mw, and polydispersity values of 48,000, 179,000,

15 and 3.7, respectively, using poly(2-vinylpyridine) standards and

hexafluoroisopropanol as mobile phase.

Example 5: Synthesis of Carbazole-labeled PVP-Polysiloxane Amphiphilic Block
Copolymer with 9 Weight percent 10,000 MW Polysiloxane Block.

20 NVP (44.8 gm, 403 mmol), 9-vinylcarbazole (0.79 gm, 4.1 mmol), VPS-
1001 PDMS (10,000 MW) macroinitiator (4.4 gm, 0.44 mmol), l-octanol (116 g), . -
and 1,4-dioxane (40.8 gm) was charged to a 500 mL round bottom flask equipped
with magnetic stirrer and nitrogen inlet. The reaction mixture was subjected to 3
freeze-pump-thaw cycles and then heated at 60°C for 20 hours. The clear reaction

25 mixture turned cloudy during the reaction. The polymer was isolated by
precipitation into diisopropyl ether (three times) to afford 35.6 gm (78 percent) of a
white solid with Mn, Mw, and polydispersity values of 26,000, 73,000, and 2.8,



pol ydi spersity val ues of 56,000, 186,000, and 3.3, respectively, using

pol y(2- vinylpyridine) standards and hexafl uoroi sopropanol as nobil e phase.
Exanmple 4 s NVP (73.4 gm 661 mol ), 9-vinylcarbazole (1.3 gm 6.68 mmol),
VPS- 1001 PHOS0P6{1394960 MA) macroinitiator (Wako Chemi cal BCTBSR00BB515L0UI S,
M) (1.9 gm 0.19 mmol ), 1, 4-dioxane (94 gm, and 2-propanol (105 gn) was
charged to a 500 niL round bottom fl ask equi pped with magnetic stirrer and
nitrogen inlet. The reaction mxture was subjected to 3 freeze-punp-thaw
cycles and then heated at ..10 60C for 48 hours. The clear reaction mxture
turned slightly hazy during the reactio@2-The polymer was isol ated by
precipitation into t-butyl nmethyl ether (three tinmes) to afford 62.3 gm (83
percent) of carbazol e-| abel ed PVP-pol ysil oxane anphi philic bl ock copol yner
with 4.5 Wei ght respectisely, using 00lo(nuwipirilise) staedards ang hexaluorgisoprongipkas sol id with
M, My, and pol yoipgpeE.sd ty val ues of 48,000, 179,000, is and 3.7,
respectively, using poly(2-vinylpyridine) standards and

hexaf | uor oi sopropanol as nobile phase. Examlu a 5: Synthesis of

Car bazol e- | abel R i LiRhbirb. : ith 9
Wi ght percent %%?g§g§ﬂ%%%%%éslioxgﬁgmgpggtypggﬁkﬁ%5f44. d¥§9§8 mmol ),
9- vi nyl Gar bazol €opdlymer with 9 Weighipendent 5,00pSIW PolysilaxmpaBlodkd, 000 MW
macroinitiator (4.4 1 -@hoxane
(40.8 gm was chargegw?éggﬁéﬁgqgilPbuﬁggggyg%ﬁ%%ﬁgéggggh?gg@%mﬁﬁfQ magneti c
stirrer and nit r05gerDMABI(E00 MW mpeainitinon(106:em.2 42 warpls ispd eleelblt 0 3
freeze-punp-tha S e clear

punp 3’%%&1{3 arfdC ré;fkglgl O@ﬁ%@ iqxﬁagtcltxaﬁ%ﬁté 1 L.%Qunla%#ﬁén Ff)l%%ﬂ

reaction 2s mxture t'rned cl ' he reaction. yner was
i sol ated by pr ecnybredtwithmmagnetis stiir¢raopniopgen idethEre réachoremixtirewey to af ford

vai ea D' 26, boo B e bl B i bhadiue Ber o BOMKBLEREL™ (2o
respectivel y, usileagremaibly (n2etwe mrhgoystightly hedy detisgidieredstionnThe polymer was
hexaf | uor oi sopr C{;%%Qe%' by%%ecipitation into 50/50 ¢-butyl methyl ether/hexanes (three times) to

afford 82.5 gm (79 percent) of a white solid with Mn, Mw, and polydispersity values

0f 22,500, 81,000, and 3.6, respectively, using poly(2-vinylpyridine) standards and

1s hexafluoroisopropanol as mobile phase.

Example 7

The reaction components and diluent (¢-amy! alcohol) listed in Table 2 were
mixed together with stirring, shaking, or rolling for at least about 3 hours at 23°C.,,
20 until all components were dissolved. The reactive components on Table 2 are
reported as weight percent of all reactive components and the diluent and low
molecular weight PVP (PVP low) are weight percents of reaction mixture.
The reactive components were purged for approximately 15 minutes using
Na,. Approximately 40-50 ul of the reaction formulations were pipetted onto clean
25 polypropylene concave mold halves and covered with the complementary
polypropylene convex mold halves. The mold halves were compressed and the
mixtures were cured at 55°C for about 12 minutes in the presence of visible light

(0.8-5 mW/cm? using Philips TL 20W/03T fluorescent bulbs) as measured by an



nobi | e phase. Exanple 6: Synthesis of Carbazol e-|abel ed PVP-Pol ysi | oxane
Anmphi philic Block s Copolyner with 9 Wi ght percent 5,000 MW Pol ysi | oxane
Bl ock. NVP 2 7 n} 924.1 mol ), 9-vinylcarbazole (1.76 gm 9.11 nmol),
VPS- 0501 5@%@ MAN macroinitiator (10.6 gm 2.12 rI/YS2045035§2 al cohol
(135.2 gm, and 2-propanol (149 gm was charged to a | L round bottom fl ask
equi pped with magnetic stirrer and nitrogen inlet. The reaction m xture was
10 subjected to 3 freeze-punp-thaw cycles and then heated at 60C for 21
hours. The «clear reaction mxture turned slightly hazy during the reaction.
The polyner was isolated by precipitati-d8-into 50/50 t-butyl nethyl

et her/ hexanes (three tines) to afford 82.5 gm (79 percent) of a white solid
with M, My, and pol ydispersity values of 22,500, 81,000, and 3.6,
respectively, uéﬁlt?@atmrl}(léﬁ tAdiometsy photemeta). Theannidsrvrese afloiyed o cool to

hexaf | uor oi sopr QeARmpaatFD ik %p%@@ﬁ‘alves Eﬁ’éﬁ%&/eg and e feﬁé%@kérﬁl? conponent s
and diluent (t-anyl Ipcohol) listed in Table were m xed oether wth

stirring, shaki ﬁ@novs¢ U§iRg fveersTSf HENsgg Were &’§llgheé1t96@| fivemgp wrg@tsawo 20 unti |

al' | conmponents Wergs ¢brd Heh\Washed 1180 nftfdsliy B00GRIBORE NS add Qou-gétblr(g)agolare
reported as wei ght percent of all reactive conponents and the diluent and

low nolfecul ar WeTegiYe mygacedypnerasy angdiluenis 29 thep exteeied & 90 Pewert2i on i xture.

The reactive CORRAMEI ' drshh Pleb bt SbYanlwhit BYLAS t4!Si ng  N2.
Appr oxi mat el y 43’“% Bﬁd{? gofgg)?l Snw%%u{eﬁ?llgﬁs vve?néapl pettedtd(;nto cl ean

25 pol ypropyl enéo%msat?@eﬁw@hﬁé@ﬂeawfﬂlﬁd“@bw@iléhlow%Oﬂ?Olb’Wér conpl enent ary
pol ypropyl ene C0nVeXTI’ig)Lﬂ%}ﬁﬂlﬂYﬁo‘iock-EBﬁ‘olmrg(AHﬁ)%% WRh&iLe PhesR&d.and the

m xtures were cured at 55C for about 12 mnutés in"the presence of visible
light (0.8-5 mﬁmlwun@(phmpleﬁé)of@uqxewmsmymmn@gvcent bul bs) as neasured

by an W@ 2006/ 039467TF%OH§&Q9§;6&§§305&M&%1§/ ﬁBQEJ‘eﬁﬁﬂh%ﬁi pdc@ Nt
radi onet er/ photoneter). The nolds were allowed to cool
copolymers were first tested to determine whether photo-curing condltlons such as

for example, light intensity and heat, affect the emission of fluorescence of the
fluorophore. The resultant fluorescently labeled amphiphilic block copolymers were
then combined with reactive components and diluents to make contact lenses. The

15 release of amphiphilic block copolymers labeled with fluorescent carbazole groups
was measured from the extraction media using a Shimadzu RF5301-PC
spectrofluorometer (excitation A = 343 nm, emission A = 348 nm, slit width = 3 nm).
A standard calibration curve of amphiphilic block copolymer standards was used to
correlate the amount of amphiphilic block copolymer release from lenses. As a

20 control, the high molecular weight hydrophilic copolymer (HMWHC) of Example 1
and the low molecular weight hydrophilic copolymer (LMWHC) of Example 2 were
fluorescently labeled as described and used as controls. The lens compositions,
molecular weight of the internal wetting agent, and amount of internal wetting agent
extracted after 50-100 hrs in 2-propanol are shown in Table 3.

25

Table 2
TA 7B 7C 7D 7E TF

Component




roomtenperature. The top nold hal ves were renoved and the | enses gently
renoved using tweezers. Lenses were wei ghed and average wei ghts recorded.
Lenses were then washed for 30 minutes in 100 nL 60 percent agueous

2- propanol ¥OR¥W6{MH6T e unreacted nonomers and dil uents REI/UNIGNS/085152 act ed in
100 percent 2- propanol by rotating on jar rollers at anbient tenperature
for anywhere from 15 to 300 hours to neasure the rel ease of the anphiphilic
bl ock copol yner. The anphiphilic bl ock copolyners (ABC) were synthesized in
the presence of small amobunts (- 1 nole % of fluorescent vinyl nonomers.
10 The fluorescent probes and fluorescenBly | abel ed anphi philic bl ock
copolyners were first tested to determ ne whether photo-curing conditions,
such as for exanple, light intensity and heat, affect the em ssion of

fl uorescence of SKMAf| uor ophoBesS Thedk%esul B8At f1¥bFescedl |y | 3bel ed

anmphi philic bl ocRMWHEl yners wedk theh conmbifned wi®h readtive dbnponents
and diluents to EM¥EHCont act | efises. P¥He is Pel easelof ambhi phill c bl ock
copol yners | abel BC(ExR)f | uor es@ent cal bazol®l group® was heasur®kd fromthe
extraction nedi aABSi(Ay 4 Shi madfu RF53D1- PC Ospect 0df | uor dnet er { excitation
A = 343 nm emni s8BEE85)348 m, Oslit Wwdth =03 rim0 A stéandard cal i bration
curve of anphi phABCdEkI@ck copollyner s@ andard@s was Used t® corréelate the
anount of anphi pPMA c bl ock copdByner3lkr®el easé.5frondl.&nses3l As a3R0 control,
t he hi gh nol ecul MPDMS ght hydr @38i | i c2%Dbpol y&8r (HRAMHC) of2 Exanmdle 1 and

t he | ow nol ecul aHEWE&A ght hydroph® | i c 86pol ynks (LMAKC) of8.ExanpBé 2 were
fluorescently | abetbld as descrilBed andd used &s cont®ols. The | ehs

conposi tions, nBGEEA ar wei ght0.23f t h®23 nt e0dl we@23 ng dfBnt, &G2d anount of
internal wettingEad extractddd aft@v6 50- DOO hi sO.7¢ 2- pxBpandl.7%are shown
in Table 3. 25 TAWPéw 7A 7B 7CII/D 7EITF CohiponentIIV\D 2006/ 039467

PCT/ US2005103515pamyl alcohol 29 29 29 29 29
percent
Table 3

Ex. # 7A 7B 7C 7D 7E 7F
Extrctn time (hrs) | 100 104 120 121 120 122
ABC M, x 107 420 110 186 179 73 81
ABC PDI 2.6 3.7 3.3 3.7 2.8 3.6
Wt% ABC extrctd | 12 50 25 28 52 48

The results of Experiments 7A through 7F show that the reaction mixture
5 components and their amounts may be varied substantially. All lenses from Table 2
showed low haze. Accordingly, SIGMA, in combination with the other components,
is effective in compatibilizing amphiphilic block copolymers.
The amphiphilic block copolymers (ABC), as synthesized in Examples 3
through 6, were higher in molecular weight than the low molecular weight polymer
10 (LMWHC) of Example 2 and lower in molecular weight than the high molecular
weight control (HMWHC) of Example 1. The data in Table 3 shows that molecular
weights in excess of about 100,000 are preferred for the amphiphilic block

copolymers when they are incorporated into a contact lens.



-31 SiGVA 30.5 30.5 30.5 30.530 30 HWHC 6.1 0 0 000 LMHC 0 6.1 000
0 ABC (Ex. 3) 0061000 ABC (Ex. 4) 00 06.1 00 ABC(Ex. 5 0000
6 0 ABC (Ex. 0006 DWA31.531.531.531.5 31 31 MPDMS 22.3 22.3
22.3 22.3 2’202 6’“% 8.6 8.6 8.6 8.6 8.5 8.5 Norbloc FQG@5439521.5 CG
819 0.23 0.23 0.23 0.23 0.23 0.23 EGDVA 0.76 0.76 0.76 0.76 0.75 0.75 PVP
low 11 11 11 11 11 11 t-anyl alcohol 29 29 29 29 29 29 percent Table 3
Ex.# 7TA 7B 7C 7D 7E 7F Extrctn tinme (hrs) 100 104 120 121 120 122 ABC M x
10- 420 110 186 179 73 81 ABC PDI 2.6 3.7 3.3 3.7 2.8 3.6 W% ABC extrctd
12 50 25 28 52 48 The results of Experimédts 7A through 7F show that the
reaction mxture s conponents and their anmounts nmay be varied substantiallly.
Al'l lenses from_Table 2 showed | ow haze. Accordingly, SiGVA, in conbination
with the other E3#BBRénts, is effective in conpatibilizing anphiphilic
lél( ockI copgl ymers. Thrvarpin ph)4sh ekl ¥ 0PepDHVE ( 8,d00BBV) masomialohesi zed in
a es
P (1.3 gm, 0.13 mmol), 1,4-dioxane (64 gm), and 2-propanol (70 gm) was charged to a
500 mL round bottom flask equipped with magnetic stirrer and nitrogen inlet. The
5 reaction mixture was subjected to 3 freeze-pump-thaw cycles and then heated at

60°C for 8 hours. The clear reaction mixture turned slightly hazy during the

reaction. The polymer was isolated by precipitation into diisopropy] ether (three

times) to afford 44.7 gm (89 percent) of PVP-polysiloxane amphiphilic block

copolymer (4.5 wt% 10,000 MW polysiloxane block as a white solid with Mn, Mw,

10 and polydispersity values of 50,000, 191,000, and 3.8, respectively, using poly(2-

vinylpyridine) standards and hexafluoroisopropanol as mobile phase.

Example 9
NVP (40.0 gm, 360 mmol), VPS-0501 PDMS (5,000 MW) macroinitiator

15 (1.9 gm, 0.38 mmol), 1,4-dioxane (100 gm), and 1-octanol (44 gm) was charged to a
500 mL round bottom flask equipped with magnetic stirrer and nitrogen inlet. The
reaction mixture was subjected to 3 freeze-pump-thaw cycles and then heated at
60°C for 9 hours. The clear reaction mixture turned slightly hazy during the
reaction. The polymer was isolated by precipitation into diisopropy] ether (three

20 times) to afford 34 gm (85 percent) of a white solid, which was a PVP-polysiloxane
amphiphilic block copolymer (4.5 wt% 5,000 MW polysiloxane block) with Mn,
Mw, and polydispersity values of 47,000, 185,000, and 3.9, respectively, using

poly(2-vinylpyridine) standards and hexafluoroisopropanol as mobile phase.

25 Example 10:
Lenses containing amphiphilic block copolymer from Example 9 (no

fluorophore) were made as described in Example 7 (Experiment C). The cure



t hrough 6, were higher in nolecular weight than the | ow nol ecul ar wei ght
polymer 10 (LMAHC) of Exanple 2 and |ower in nolecular weight than the high
nol ecul ar wei ght control (HWWHC) of Exanple 1. The data in Table 3 shows

t hat nol eclYQP00Q¥¢tht s i n excess of about 100, 000 are PEEUSRGOSBSILr t he
anphi philic block copolyners when they are incorporated into a contact

| ens. WD 2006/ 039467 PCT/ US2005/ 035152 -32- Exanple 8 NVP (50.2 gin, 452
mol ), VPS-1001 PDVS (10,000 MN nacroinitiator (1.3 gm 0.13 mol),

1, 4-di oxane (64 gm, and 2-propanol (70 gm) was charged to a 500 niL round
bottom fl ask equi pped with magnetic stirPér and nitrogen inlet. The s
reaction m xture was subjected to 3 freeze-punp-thaw cycles and then heat ed
at 60C for 8 hours. The clear reaction mxture tamed slig htlg hazy during
the reaction. TiHensigotemmeratuiggnd ke a@rednam}aupﬂé&rpwmu%cmﬂd di i sopr opyl

ether (three IEEE of PVP-pol ysi | oxane
anphi philic bl oc %:Sbltﬁ C%Jegr?ezféé %ﬂgﬂgg%%?iﬁpo‘% ysi | oxane bl ock as a
white solid with Mn, My, 10 and pol ydi spersity val ues of 50,000, 191, 000,

and 3.8, respectively, usi ng poly(2- vinylpyridine) standards and

hexaf | uor oi sopropanol as nobil e phase. Exanple 9 NVP (40.0 gm 360 mol ),
VPS- 0501 PDVMS (5,000 MN macroinitiator is (1.9 gm 0.38 mmol), 1, 4-di oxane
(100 gm, and 1-octanol (44 gn) was charged to a 500 m, round bottom fl ask
equi pped with nagnetic stirrer and nitrogen inlet. The reaction m xture was
subjected to 3 freeze-punp-thaw cycles and then heated at 60C for 9 hours.
The clear reaction m xture turned slightly hazy during the reaction. The
pol ymer was isolated by precipitation into diisopropyl ether (three 20
times) to afford 34 gm (85 percent) of a white solid, which was a

PVP- pol ysi | oxane anphi philic bl ock copolyner (4.5 wt% 5, 000 MV pol ysi | oxane
bl ock) with Mh, Mwy, and pol ydi spersity val ues of 47,000, 185,000, and 3.9,
respectively, using



pol y(2-vinyl pyridi ne) standards and hexaf | uoroi sopropanol as nobil e phase.
25 Exanpl e 10: Lenses contai ni ng anphi philic bl ock copol yner from Exanple 9
(no fluorophore) were made as described in Exanple 7 (Experinment Q The
cure WD 2006/ 039467 PCTI US2005/ 035152 -33 intensity, tenperature, and tine
were mai ntained 4.0 mMWcnm, 55C, and 12 -3 nutes, respectively. Lenses with
| ow haze were observed. -34- What is clainmed is: 1. A silicone hydrogel
conprising the reaction product of a reaction mxture conprising at |east
one sili coneygkhttisitaired senmponent ; at | east one substantially

non- pol yneri zabl e anphi philic bl ock copol yner; and at | east one hydrophilic
conmponent. 2. The hydrogel of claim1 conprising about 1 percent to about 15

per cent bl RYlckfe yBRdge? SARDHERE thd oo YA RS aFeablH MhduROTPY ! ST g

about 3 percent copolymer. “4. The
hydL ogﬁl I of gltmpgslhgcatrleust snegsllmbﬁatcﬁﬁtanﬂngFomfpbn?mbaumaﬁﬁorm@scmantlally
arrplpllc ock c The 0g of claim1 erei,n

anphi phi | i ¢ BPBHP 3@6% {RAMR E’W&@ﬂg %Pixra@feaﬁmaé&ﬂ%mﬁéwamp?@ﬁc at | east
about 100, OOQOU“.@ %Hle hydrogel of claim1 wherein said anphiphilic block
copol yner has i aver age nol ecul ar wei ght of between about 100, 000 and
about 2, 000 000. 7. The hydrogel of claim1 wherein said anphiphilic block

copol yrer h | ecul ar i ght_ of t ween ﬁ%out 140, 000 and
Sbout 1000, dobhe BVbragdl ot A ZitoGitita Aot nsdten T RE U D Relse e
copol ymer coaRiphistiliciiedk co§o|ymeabout 20 wei ght % hydr ophobi ¢ segnents and
about 80 to about 99 wei ght

3. The hydrogel of claim 1 comprising about 3 percent to about 15 percent

amphiphilic block copolymer.

4. The hydrogel of claim 1 comprising about 5 percent to about 12 percent

amphiphilic block copolymer.

5. The hydrogel of claim 1 wherein said amphiphilic block copolymer has weight
average molecular weight of at least about 100,000.

6. The hydrogel of claim 1 wherein said amphiphilic block copolymer has weight

average molecular weight of between about 100,000 and about 2,000,000.

7. The hydrogel of claim 1 wherein said amphiphilic block copolymer has weight
average molecular weight of between about 140,000 and about 1,000,000.

8. The hydrogel of claim 1 wherein said amphiphilic copolymer comprises about
1 to about 20 weight % hydrophobic segments and about 80 to about 99 weight
% hydrophilic segments.

9. The hydrogel of claim 1 wherein said amphiphilic copolymer comprises about
2 to about 15 weight % hydrophobic segments and about 85 to about 98 weight
% hydrophilic segments.



% hydrophilic segnents. 9. The hydrogel of claim 1l wherein said anphiphilic
copol yner conprises about 2 to about 15 weight % hydrophobi c segnents and
about 85 to about 98 weight 9% hydrophilic segnments. -35- 10. The hydrogel
of claim8 wherein said hydrophilic segnents are derived from hydrophilic
pol ymers selected fromthe group consisting of polyam des, polylactones,
pol yi m des, polylactams and functionalizedggpol yam des, polylactones,

pol yi m des, polylactans, ionic polynmers, hydrophilic polyacrylates,

hydr ophi | i ¢ pol ynmet hacryl at es and conbi nati ons and copol yners thereof. 11.

The hyd I | i t d d f
e e e
pyrrolidone, rﬁydrdpmwwghe?s Qél@@tre'dcfﬂﬁﬁ’thé)@lo\bpl\éo‘ﬁb&!’hg of Pé%ﬁhd’ést am

pol y- N-vi nyl - “3- net hy caprol actam pol y-N-vinyl-3=ne 2- pi peri done,

pol y- N-vi nyl - molylaetiongs ;zalyjrrpdes wmctmswwfumﬁWMM%pdyBMQsapr ol act am
pol y- N-vi nyl

Dol y-N-vi nyl -0pBecRbhas pdiidcs. mafanARS. opicRaivperTusophic Rebyapryiates.

N-N-di net hyl alwdrbptmu@lpolyn@tmd\dflmesl ahd\earebiRatieecardteisolypetsythieredf. al cohol ,
pol yacrylic acid, polynethacrylic acid, poly(hydroxyethyl nethacrylate),

m xtures and copol ymers thereof 12. The hydr ogel of claim8 wherein said

hydrophilic seg @o%&e@?cia@% {hetin 8yid " gmrghmfc %@{@ﬁ%@a Rodfhlohr om

the group COI’ISI ‘st pyrroli acryl am de,
pol y- N-vi nyl Mdmpﬂn;rd: polghens delested frcm)mm gatupacuhsistidg ©f polyyNevirsyl-2her eof . 13.

The hydrogel of claim8 wherein_said 0 s are derived from

nydr ophobic. poIrIEPE RANEL Y7 Bier e, Iy Moyt EERREAETy ARV

pol ydi met hyl s3 patpnescaprofactehMbagIN- (lf?@PﬁJnYéth?HFb%ndéﬁe PONENIVIRY mel of

claim 8 wherein sald hydrophobic segnents are derived from hydrop obi c

pol yners f or nmethyl- amlmnd;mer Qob/s'ﬂfymyéé rmetbiyl-2eappiactpme oak-Nivimgr3-ethyl-2-
pyrrolidone, and poly-N-vinyl-4,5-dimethyl-2-pyrrolidone, polyvinylimidazole, poly-
N-N-dimethylacrylamide, poly-N-vinly-N-methylacetamide, polyvinyl alcohol,
polyacrylic acid, polymethacrylic acid, poly(hydroxyethyl methacrylate), mixtures

and copolymers thereof.

12. The hydrogel of claim 8 wherein said hydrophilic segments are derived from
hydrophilic polymers selected from the group consisting of poly-N-
vinylpyrrolidone, poly-N,N-methacrylamide, poly-N-vinyl-N-methylacetamide and
combinations and copolymers thereof.

13. The hydrogel of claim 8 wherein said hydrophobic segments are derived from
hydrophobic polymers selected from the group consisting of linear

polydimethylsiloxanes with terminal reactive groups.

14. The hydrogel of claim 8 wherein said hydrophobic segments are derived from
hydrophobic polymers formed from monomers selected from the group consisting
of octamethylcyclotetrasiloxane; 1,3-bis-aminopropyltetramethyldisiloxane; 1,3-
bis-hydroxypropyltetramethyldisiloxane; dichlorodimethylsilane, 1,1,3,3-
tetramethyldisiloxane; 4,4'-azobis(4-cyanovaleric acid); toluenediisocyanate,
isophoronediisocyanate; 1,3-bis-vinyltetramethyldisiloxane; 3-



of octanmet hyl cycl otetrasil oxane; 1, 3-bis-am nopropyltetranethyl disil oxane;
1, 3- bis-hydroxypropyl tetranethyl di sil oxane; dichlorodinethylsilane, 1,1,3,3
tetramet hyl di si | oxane; 4, 4'-azobi s(4-cyanoval eric acid);

t ol uenedi i socyanate, isophoronediisocyanate;

1, 3- bi s-vi nyl tetramet hyl di si | oxane; 3 -3636-

nmet hacryl oxypropyl tris(trimethylsiloxy)si |ane; pentanethyldisil oxanyl

met hyl met hacryl ate; and nethyldi (trinmethylsiloxy)nmeth acryl oxynet hyl sil ane;

rmlno (rjrpt h?(r:]r ?/@TIWIBCWMgtwtyfﬁiS(&lElﬁdthmoTy)siW beptlaquiéthleisdoTan%I -
0 | e SI Xane: - rs ri .S1']10 SI ro | car pamat e,
Doy e Y1 reeBy rasthasyiaie: ana melu el ISb ey mama @V RRyme B Slaer o by

vinyl carbo . i i ; i _ eatagand 2- propenoi c
acid. 2-met hgﬁ{:rgqméﬂhbwwb?ddy! terRiifted YAdh-n-Bbaly? RitRiRated

hydr oxy- 3- [ 3-folydimetrlsiloxanered-Hys (triméthyisieydsilyidrgpyl @iyl eiirbamaieady| | pr opoxy]
propyl ester, and c i.patia thereaof . 15  The hydr L, Q | aim 1, wherein
Pher amphi phi 11 BCHMEIV IR PREVERRVEReamp G BF TR BIYF WY o1 | done. and
pol y(di met hylgirbenedaerinfetaySiriethyfvinyinarborttewid 2prédeation dcidh2hadthylsai d
silicone containing conEonent is Rr esent in an amount between about 5
percent to ablvdroxys3-beft3d:3-tejeaseethribbitrimethylsivhexyldisilexarydreapoxyl prepylThe
hydr ogel of clai el i lsi cone containing conponent is present in
an anount beté\ﬁe?éegr?n;do%%&%ﬁ%ﬂiﬁ@eeﬁ%dfto about 50 percent, based upon all
reactive conponents. 18. The hydrogel of claim1l wherein said at |east one

silicone contaigin conponent i s selected fromthe grou onsi stjng of
silicone cont® ﬂ’:hﬁg‘ydﬁ%ﬁﬁr%F?,'msdi’ W {ﬁi@t%f\'ﬂﬁ? Hﬂ_hHEr tﬂ%@? M@%ﬁ'&_dﬁ_”&?@r es
thereof. 19. fihe ggﬁrtﬂlgﬁr?ylpﬁfombﬁéfépgl pMmlwt ﬂﬁ\é‘thﬁéﬂ&a‘ﬁb) Legpkn@ne silicone

contai ning conp is selected e group consisting of
pol ysi | oxyal kyl (neth)acrylic monomers, poly(organosiloxane)prepolymers,

ohr oot o B of BB e Shieons LS EBRBHEATE V1 Y
present in an amount between about 5 percent to about 75 percent, based upon

all reactive components.

17. The hydrogel of claim 1 wherein the silicone containing component is present
in an amount between about 10 percent to about 50 percent, based upon all

reactive components.

18. The hydrogel of claim 1 wherein said at least one silicone containing
component is selected from the group consisting of silicone containing

monomers, silicone containing macromers and mixtures thereof.

19. The hydrogel of claim 1 wherein said at least one silicone containing
component is selected from the group consisting of polysiloxyalkyl(meth)acrylic
monomers, poly(organosiloxane)prepolymers, silicone containing vinyl carbonate

monomers, silicone containing vinyl carbamate monomers, and mixtures thereof.



-37- 20. The hydrogel of claim1 wherein said at | east one silicone
containing conponent is selected fromthe group consisting of

a, W bi smet hacryl oxypropyl pol y-di net hyl sil oxane, nononet hacryl oxypr opyl
term nated nmono-n-butyl term nated pol ydi net hyl sil oxane, methacryl oxypropyl
tris(trinmethylsiloxy)silane and conbinat3bns thereof. 21. The hydrogel of
claim1l wherein said hydrophilic conponent is selected from the group

consi sting of acrylic containing nononmers, hydrophilic vinyl-containing
mononer s, hy@0ophelhydrogehyf claan Homsdreinosaid atlelastandgiliadre cwnmtaiming,

pol yoxyet hyl ene pol yol s an nbi pati ons thereof. 22. The hydrogel of claim
D wher win e cRReD s s eoted FR0H BiorPUS SO SRRION ¢ GBI A PUGHESMA i ot | ng
of N, N-di net ' BVNonofi Yh&Em I

met hacryl at efwlf ﬂ%ért%%& " met ﬁﬁ‘éﬁyyﬁrﬂéﬁgrbg%'fgﬁ'ﬁ@ eneglngjggllg&yp

nmononet hacr yltetneipatedt paiydifethylsiloixdne, aoethiactyl exypcgpyhtrisi(inymetbylsitaxy)silene,,

N-vi nyl - N- et r&yl ebcet an ﬂﬁ N-fvi nyl - N-et hyl acetam de, N-vinyl-Nethyl
formami de, N} ncgﬂm 'P%WP&? 8%9,0 N- 2- hydr oxyet hyl vi nyl carbamate,

N- car boxy- R-al anine N-vinyl ester, reactive polyethylene polyols,

ydrophi lic vinyl carbonates, vinyl carbamate nononers, hydrophilic

oxazol one nor’drdne hydiegeh ghriaire 1oxkersin said hydopbHis commenenhis spieGteshom

t hereof . 23. - of Iy [ L d.h i L i's
selected fr o%ﬁggﬁgel}bgé%gétg‘ n‘gggﬁ}llln@géogmrﬁlbﬁkr@b%%% H&@gﬁ'&#@é/@mgmﬁg

2- hydr oxyet hyhomamgisahgdrophilibwitiyd xxiohute orelitnd caybahate rgbyeraers,

nmet hacryl ate, 2-hydroxyethyl nethacryl am de, N-yinylpyrrolidone,

pol yet hyl eneﬁ%ﬁaﬁemﬁ%}?&%é@§?th"@"ﬁ%"@t'o@émrﬁagi ons thereof. 24. The
hydrogel of claim 1l wherein said hydrophilic conponent is selected from the

group consi sting of N, N-dinethylacrylam de, N-vinylpyrrolidone and m xtures
t her eof . - 38-22. The hydrogel of claim 1 wherein said hydrophilic component is selected from

the group consisting of N,N-dimethylacrylamide (DMA), 2-hydroxyethyl acrylate,
glycerol methacrylate, 2-hydroxyethyl methacrylamide, polyethyleneglycol
monomethacrylate, methacrylic acid, acrylic acid, N-vinyl pyrrolidone, N-vinyl-N-
methyl acetamide, N-vinyl-N-ethyl acetamide, N-vinyl-N-ethyl formamide, N-vinyl
formamide, N-2-hydroxyethyl vinyl carbamate, N-carboxy-f-alanine N-vinyl ester,
reactive polyethylene polyols, ydrophilic vinyl carbonates, vinyl carbamate
monomers, hydrophilic oxazolone monomers, hydrophilic oxazoline monomers

and combinations thereof.

23. The hydrogel of claim 1 wherein said hydrophilic component is selected from
the group consisting of N,N-dimethyl acrylamide, 2-hydroxyethyl acrylate, 2-
hydroxyethyl methacrylate, glycerol methacrylate, 2-hydroxyethyl
methacrylamide, N-vinylpyrrolidone, polyethyleneglycol monomethacrylate and
combinations thereof.

24. The hydrogel of claim 1 wherein said hydrophilic component is selected from
the group consisting of N,N-dimethylacrylamide, N-vinylpyrrolidone and mixtures
thereof.



25. The hydrogel of claim1l wherein said at | east one hydrophilic conponent
Is present in amunts of about 0 to about 70 wei ght percent. 26. The
hydrogel of claim 1l wherein said at | east one hydrophilic conponent is
present in amounts of about 5 to about 60 weight percent. 27. The hydrogel
of claim1 wherein said at | east one hydr®philic component is present in
anounts of about 10 to 50 wei ght percent. 28. The hydrogel of claim1l
wherein said reaction m xture optionally further conprises at |east one
conpati bi | i zi2%g Themydrage of claimn 1ammarsin dad weleastdeihydrophitid cahpoheRliswei ght

percent. 29. The hydrogel , of, claim 28 wherein said conpatibilizing conponent
conprises atPresei{n Bm%uﬁiﬁd‘?f&ﬂu" ?JH@QPHK Wﬂ;ﬁﬁﬁﬁfceﬁﬁ- macr oner. 30. The
hydrogel of claim 28 wherein said conpatibilizing component conprises at
| east one hydroxyl containing nononer selected fromthe group consisting of

2- hydr oxyet hya6. rbewdrodehvéclait Hywhereinesdiy at least/ore bydmphifid cormpenkpl is

nmet hacryl am de, 2-hydroxyethyl acryl am d N- 2-hydr oxyet hyl vinyl carbamate,
2- hydr oxyet hﬂré%rﬁﬁa \égsngf{aé)o@SW@rbBQﬁ%Q Wﬁiﬂht#ﬁf% rylate, hydroxyhexyl
met hacryl ate, hydroxyoctyl nethacrylate, hydroxyl functional nononers
including silicone or siloxane functionalities, and conbi nations thereof.
31. The hydr &feiThethydregekopelaimdrwhereiiiosaid ablegst emg hygrionhilic sepweagnt is
conprises at . N3] @)eﬂ r selected fromthe group
consi sting O@ré%&ﬁ%?@@y@ﬁé@%ﬁ&ﬁggé%Pg&&egh - p?%%’enoi c acid,

2- et hyl - 2- hydroxy-3-[3-[1, 3, 3, 3-

t et thyl -1- i met hyl si |yl di sj | | ] [ | t whi ch
et vamet L el o ) 4 enanpoReeul oGRS, (4 <
propyl bi s(tr 'd?i'?ﬁzd'?hé&g'alt@%\é} ongf?:b aﬁbilii‘iﬂg)colmgonzent in an amoun between about 0

3- et hacryl oxy- roxypr opyl oxy) propyftr trimet hyl si |l oxy)sil ane,

bi s- 3- net hacrandeabout 9Bywightymarogntl oxypr opyl  pol ydi net hyl si | oxane,

3- et hacryl oxy- 2- ( 2- hydr oxyet hoxy) propyl oxy) - 39-

propyl bi s(trimethyl sil oxy) et hyl silane, N 2-nethacryl oxyethyl -0 (et hyl -bi s-

29. The hydrogel of claim 28 wherein said compatibilizing component comprises

at least one hydroxyl containing monomer or macromer.

30. The hydrogel of claim 28 wherein said compatibilizing component comprises
at least one hydroxyl containing monomer selected from the group consisting of
2-hydroxyethyl methacrylate, 2-hydroxyethyl acrylate, 2-hydroxyethyl
methacrylamide, 2-hydroxyethyl acrylamide, N-2-hydroxyethyl vinyl carbamate,
2-hydroxyethyl vinyl carbonate, 2-hydroxypropyl methacrylate, hydroxyhexyl
methacrylate, hydroxyoctyl methacrylate, hydroxyl functional monomers including

silicone or siloxane functionalities, and combinations thereof.

31. The hydrogel of claim 28 wherein said compatibilizing component comprises
at least one hydroxyl containing monomer selected from the group consisting of
2-hydroxyethyl methacrylate, 2-propenoic acid, 2-methyl-2-hydroxy-3-[3-[1,3,3,3-
tetramethyl-1-[trimethylsilyl)oxy]disiloxanyl]propoxy]propy! ester (which can also
be named (3-methacryloxy-2-hydroxypropyloxy) propylbis(trimethylsiloxy)
methylsilane), 3-methacryloxy-2-hydroxypropyloxy)propyltris
(trimethylsiloxy)silane, bis-3-methacryloxy-2-hydroxypropyloxypropyl
polydimethylsiloxane, 3-methacryloxy-2-(2-hydroxyethoxy)propyloxy)



trimethyl siloxy-3-propyl)silyl carbamate and N, N, N,

N -tetrakis(3-nethacryl oxy-2-

hydr oxypr opyl ) - a, w bi s- 3-am nopr opyl - pol ydi net hyl si | oxane and m xt ures
thereof. 32. The hydrogel of claim28 wherein said conpatibilizing
conponent conprises at |east one hydroxy®-containing nononmer sel ected from
the group consisting of 2-hydroxyethyl nethacrylate,

3- et hacryl oxy- 2- hydr oxypr opyl oxy) propyl bis (trinethyl sil oxy)nethyl sil ane),

3-met hacry! wpﬁbhﬂdmmpslmy)mémylsﬂ@rwIN-rZLmethéat:ryldrcybh')MI$) (métmsbnbane and
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steps of (a) ‘mxi | ow nol ecul wei ght stantially non-pol yneri zabl e
anphi philic polymer and reactive conponents conprising at |east one

il | t d t, (b
curi ng. the prod MEISFR &b Sl T wRE sl S0 SoPpAPYE B RmRAne R CHBRITS and
(c) debl ocki ftdesstiohed/drdda/l Bbhtafhiyd ARNbAREMNsSRICEEd RO theg?ouﬂam‘@tn@qﬂ of
cl aim 36 wherein said bionedical device conprises an ophthal m c device. 38.

The net hod of-hydrgxyetds! mﬁma@matgaadn@ba@wéqu%hwwmopxloay)@mnyé@ﬁe hydr ogel

contact |ens I wei ght
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about 40, OOO(truﬁ)aihylsnexy)sMTe d@ftd mblteresethéredf.of cI aim 36 wherein said | ow

nol ecul ar wei ght anphi philic polynmer is present in anounts up to about 20
wt % based upon total weight of the reactive conponents.

33. A biomedical device comprising the hydrogel of claim 1.
34. An ophthalmic device comprising the hydrogel of claim 1.
35. A contact lens comprising the hydrogel of claim 1.

36. A method comprising the steps of (a) mixing a low molecular weight,
substantially non-polymerizable amphiphilic polymer and reactive components
comprising at least one silicone containing component and at least one
hydrophilic component, (b) curing the product of step (a) in a mold to form a
biomedical device and (c) deblocking said ophthalmic device from said mold.

37. The method of claim 36 wherein said biomedical device comprises an

ophthalmic device.

38. The method of claim 36 wherein said ophthalmic device is a silicone hydrogel

contact lens.

39. The method of claim 36 wherein said low molecular weight amphiphilic
polymer has a number average molecular weight of less than about 40,000

Daltons.
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40. The method of claim 36 wherein said low molecular weight amphiphilic
polymer is present in amounts up to about 20 wt %, based upon total weight of
the reactive components.



